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Wedescribeanontologyengineeringnethodologyby which conceptuaknowledgeis extracted
from an informal medicalthesaurugUMLS) and automaticallycorvertedinto a formal de-
scriptionlogics system(LOOM). Our approactconsistsof four steps:conceptdefinitionsare
automaticallygeneratedrom the UMLS, integrity checkingof taxonomicandpartonomichier

archiess performedby LOOM's terminologicalclassifier cyclesandinconsistencieareelim-

inated,aswell asincrementatefinemenof theevolving knovledgebaseis performedby ado-

mainexpert. We reporton experimentswith a very large knovledgebasecomposeaf 164,000
conceptaand76,000relations.

1 Intr oduction

Unlike mary otherdisciplinesmedicinehasalongstandingraditionin structuringits

domainknowledge,e.g, diseasdaxonomiesmedicalproceduresanatomicakerms,
in awide variety of medicalterminologiesthesaurandclassificatiorsystemsThese
efforts aretypically restrictecto the provision of broaderandnarroverterms,related
termsor synorymousterms. Thisis mostevidentin the UML S, the Unified Medical

Language System, anumbrellasystemwhich coversmorethan60 medicalthesauri
andclassificationge.g.,MeSH,ICD, SNOMED, Digital Anatomist).

Froma conceptuaperspectie, the UMLS canbe divided into two major parts.
The UMLS SemantidNetwork(SN) on the onehand,formsthe upperontologyand
consistof 134semantidypeslinkedby 54 typesof semantiaelationswhichmakesa
total of 7,473edges,The UML S Metathesauruson the otherhand,contains/ 76,940
conceptg2002version),eachof which is assignedo oneor moreUMLS SN types.
Theseconceptarelinkedby thesemantiaelationsalsosuppliedby theUMLS SN.In
total, 10,147,41%emantidinks betweertheseMetathesaurusonceptsexist, mostof
themdirectly takenfrom the sourcessomeaddedby the UMLS developers.Thevast
majority of thesdinks introducethesaurus-lik broader/narravertermrelationships.

Both, the UMLS SN andthe Metathesaurugprm a hugesemantinetwork. Its
semanticss shallov and entirely intuitive, which is dueto the fact that their us-
agewasprimarily intendedfor humansn orderto supporthealth-relatedknowledge
managemeniGiventhe size,the evolutionarydiversityandinherentheterogeneityf
the UMLS, thereis no surprisethatthe lack of a formal semanticfoundationleads



to inconsistenciesgircular definitions, etc.2:3. This may not causeutterly severe
problemswhenhumansarein theloop andits useis limited to diseaseor procedure
encodingaccountang or documentetrieval tasks.However, anticipatingits usefor
more knowledge-intensie applicationssuchas medicaldecisionmaking or the un-
derstandingf medicalnarrativesthoseshortcomingsnightleadto animpasse.

As aconsequencdormal modelsfor dealingwith medicalknowledgehave been
proposedsuchasconceptuagraphs,semanticnetworks or descriptionlogics*:5:6:7.
Not surprisingly thereis a priceto be paidfor moreexpressvenessandformal rigor,
viz. increasingmodelingefforts and, hence,increasingmaintenanceosts. Opera-
tional systemamakingfull useof suchrigid approachesgspeciallythosewhich em-
ploy high-endknowledgerepresentatiotanguagesare usually restrictedto rather
small subdomains. The most comprehensie of thesesourceswe know of is the
GRAIL-encodedGALEN knowledgebasewhich coversup to 9,800concept$. The
limited coveragethenhampergheir routine usage an issuewhich is always highly
rewardedin the medicalinformaticscommunity

Almost all of the knowledgebasesdevelopedon the basisof formal represen-
tation languageave beendesignedrom scratch— without making systematiause
of the large body of knowledge containedin widely spreadmedicalterminologies.
Hence,it would be an intriguing approachto join the massve coverage offered by
informal medicalterminologieswith the high level of expressivenesandreasoning
capabilitiessupportedy rigid knowledgerepresentatiosystemsn orderto develop
formally solid medicalknowledgebasesonalargerscale. Thisideahasalreadybeen
fosteredby Pisanelliet al.® who extractedknowledgefrom the UMLS SN andfrom
partsof the Metathesaurusand mergedthemwith logic-basedop-level ontologies
from varioussources.Anotherexampleis the re-engineeringgf SNOMED? from a
multi-axial codingsysteminto a formally foundedontology?:2.

Unfortunately the efforts madeso far are entirely focusedon generalization-
basedreasoningalongtaxonomiesand lack a reasonableoverageof partonomies.
As the latter form a crucial part of medicalknowledge, modeling efforts not only
have to be directedat generalizatiorhierarchiesand taxonomicreasoningout must
incorporatepart-wholeknowledgeand partonomicreasoningaswell. We herede-
scribesuchanintegratedknowledgeengineeringnethodology Theresultingmedical
ontologywill form thedomainknowledgebackboneof MEDSYNDIKATE, a system
for the automaticacquisitionof knowledgefrom medicalfinding reports 3.

2 ReasoningAlong Part-Whole Hierar chies

Medical knowledgeis typically organizedaroundgeneralizationhierarchies— on
which taxonomicreasoningalong is-a relationsis based— and part-wholehierar
chies— allowing partonomicreasoningalong part-of or has-partrelations. Unlike



generalization-basedkasoningn concepttaxonomiesno fully conclusve mecha-
nism exists up to now for reasoningalong part-wholehierarchieg(for a survey of
differentapproachesf. Artale etal.').

Within thedescriptionlogics (DL) paradigmseveralextensiondo representation
language$ave beenproposedvhich provide specialconstructorgor part-wholerea-
sonindg-'?. Thisseemsreasonablevayto proceedaslongasthetransitivity property
of arelationcanbeassumedn generaln themedical®, aswell asin commonsense
domains 18, however, this view hasbeeninvalidated. Obviously, variousexcep-
tionsexist suchthatthetransitvity of part-of relationscannotbe grantedjn general.
Hence,both the expressionof regular transitve use,aswell as exceptionhandling
for nontransitve part-of relationshave to be takeninto consideration Anotherchal-
lengecomeswith the propagatiorof propertiesacrosspart-wholehierarchiespften
referredto as'‘inheritanceacrosgransitive roles’ (e.g.,inflammation-of part-of —
inflammation-0f'°. Especiallywith biomedicalknowledgethis reasoningpattern
cannotbegeneralizedsinceit facedots of exceptionstoo.

Motivatedby previous approache®-2!, we formalizeda modelof partonomic
reasoning® that accountsfor the above considerationsind, also, doesnot exceed
the expressvenesf the well-understoodparsimoniousonceptianguageA£C 222
Our proposals centeredarounda particulardatastructurefor partonomicreasoning,
so-calledSEPtriplets (cf. Figurel). They defineacharacteristipatternof is-ahierar
chieswhich supportthe emulationof inferencegypical of transitive part-of relations.
In this formalism,the relationanatomical-part-ofdescribeghe partitive relationbe-
tweenphysicalpartsof anorganism.

” Hand

anatomical-

Figurel: SEPTriplets: Partitive Relationswithin Taxonomies

A triplet consistsfirst of all, of a compositeStructue concept,the so-called
S-node(e.g., Hand-Structue, Hg). Each Structue conceptsubsumedlirectly an
anatomicaEntity conceptpntheonehand,andacommonsubsumeof anything that

@ ALC allows for the constructionof concepthierarchieswhere'C’ denotessubsumptiorand ‘=’
definitionalequivalence Existential(3) anduniversal(V) quantificationnegation(—), disjunction(r) and
conjunction(Ll) are alsosupported.Rolefiller constraintge.g., typing by C) arelinked to the relation
nameR by adot,3R.C.



is a Part of thatentity concept,on the otherhand. Thesetwo conceptsarecalled E-
nodeandP-node e.g.,Hand-Entity(H ) andHand-Rart (Hp), respectiely. Whereas
E-nodesdenotethe anatomicalconceptsproperto be modelledin our domain, S-
nodesandP-nodesonstituterepresentationartifactsrequiredfor the formal recon-
structionof the systematigatternsandexceptionsunderlyingpartonomicreasoning.
More precisely a P-nodeis the commonsubsumenf thoseconceptghat have their
role anatomical-part-ofilled by the correspondinde-nodeconceptasan existential
condition. For example,Hand-Rart subsumeshoseconceptsall instancesf which
have a Hand-Entityasa necessaryhole. As an additionalconstraint,E-nodesand
P-nodesanbe modelledasbeingmutually disjoint. Thisis areasonabl@assumption
for mostconceptsdenotingsingletonobjects,wherepartsand wholescannotbe of
the sametype (aredblood cell cannotbe part of yet anotheredblood cell). Onthe
contrary masse&ndcollectionscanhave partsandwholesof the sametype, e.g.,a
tissuecanbepartof anothettissue.

Forthereconstructiomf theanatomical-part-ofelationby taxonomicaeasoning,
we assumeC'g and Dg to denoteE-nodes,Cs and Dg to denotethe S-nodeshat
subsumeC'g and Dg, respectiely, andCp and Dp to denotethe P-nodegelated
to Cg and Dg, respectiely, via the role anatomical-part-of(cf. Figure 1). These
cornventionscanbe capturedby thefollowing terminologicalexpressions:

CrCCsC DpC Dg 1)
Dg C Dg 2

The P-nodeis definedasfollows (we hereintroducethe disjointnessconstraint
betweenDg and Dp, i.e., no instanceof D can be anatomical-part-ofary other
instanceof D):

Dp = Dg N —~Dg N 3Janatomical-part-of.Dg 3)

Since Cg is subsumedby Dp (accordingto (1)), we infer that the relation
anatomical-part-oholdsbetweenC'r andD g, too®

Cg C Janatomical-part-of Dg (4)

The encodingof concepthierarchiesn termsof SEPtriplets allows the knowl-
edgeengineerto switch the transitiity propertyof part-wholerelationsoff andon,
dependenbn whetherthe E-nodeor the S-node,respectiely, is addresseas the
target conceptfor a conceptuakelation. In the first case,the propagationof roles

b An extensionof this encodingschemewhich allows additionalreasoningabouthas-partin a similar
way, is proposedn?3, thoughit hasnot beenconsideredn the knowledgebasedescribedn this paper
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Figure2: Enabling/Disablindrole Propagatiorin a SEP-Encode@artonomy

acrosgpart-wholehierarchieds disabled,n the secondcaseit is enabled.As anex-
ample(cf. Figure 2), Enteritis is definedashas-locationintestings, i.e., the range
of the relationhas-locationis restrictedto the E-nodeof Intestine This precludes,
e.g., the classificationof Appendicitisas Enteritis thoughthe Appendixis related
to the Intestinevia an anatomical-part-ofrelation. In the ‘switch-on’ mode, how-
ever, Glomerulonephritighas-locationGlomeruluny) is classifiedasNephritis(has-
locationKidneys), with Glomerulumbeingananatomical-part-othe Kidney. In the
sameway, Perforation-of-Appendixs classifiedasIntestinal-Rerforation (cf. Hahnet
al.'8 for anin-depthanalysisof thesephenomena).

3 Ontology Engineering Workflow

Our goal is to extract conceptualknowledge from two major subdomainsof the
UMLS, viz. anatomyand pathology in orderto constructa formally soundknowl-
edgebasebasedon AL C-type descriptionlogics?2. Sucha researchprogramputs
considerabl@ressurenwell-engineerederminologicakeasoningystemssincewe



requiretheir inferenceengineto perform classification-basedeasoningeliably on
very largedatasets(>> 100,000items). Hence we considerthe LOOM systent4, at
the systemlevel, the mostconvenientmatchof our requirementandthe stateof the
artin terminologicalreasoningfor anempiricalstudy cf. Heinsohnetal.?%).

Theontologyengineeringaskwill bedividedinto four steps:(1) automatiogen-
erationof terminologicalexpressions(2) automaticconsisteng checkingby atermi-
nologicalclassifier (3) manualrestitutionof formal consisteng in caseof inconsis-
tenciesand,(4) manualcurationof theformal representatiostructures.

Step 1: Automatic Generation of Terminological Expressions. Sourcesfor
conceptandrelationswerethe1999releasef theUMLS SNandtheUMLS metathe-
saurus. Figure 3 exhibits the semanticlinks betweentwo UMLS CUIs (concept
uniqueidentifier)¢ Thesetables,availableasASCII files, wereimportedinto a Mi-
crosoftAccessrelationaldatabasandmanipulatedusingSQL embeddedh the VBA
programminganguage For eachCUI in the mrrel subseits alphanumericodewas
substitutedy the Englishpreferrecterm.

C0005847 CHD C0014261 part_of MSH99 MSH99
C0005847 CHD C0014261 CSP98 CSP98
C0005847 CHD C0025962 isa MSH99 MSH99
C0005847 CHD C0026844 part_of MSH99 MSH99
C0005847 CHD C0026844 CsP98 CSP98
C0005847 CHD C0034052 SNMI98 SNMI98
C0005847 CHD C0035330 isa MSH99 MSH99
C0005847 CHD C0042366 part_of MSH99 MSH99
C0005847 CHD C0042367 part_of MSH99 MSH99
C0005847 CHD C0042367 SNM2 SNM2

€0005847 CHD C0042449 isa MSH99 MSH99

Figure3: SemantidRelationsin the UMLS Metathesaurus

After manuakemodelingof thetop-level concept®ftheUMLS SNweextracted,
from atotal of 85,899metathesaurusoncepts38,059anatomyand50,087pathology
concepts.The criterion for the inclusioninto one of thesesetsis the assignmento
predefinedJMLS SNtypes.Also, 2,247conceptappeareih bothsets anatomyand
pathology Sincewe wantedto keepthe two subdomainstrictly disjoint, we dupli-
catedtheseoverlappingconceptsandprefixedall conceptdy ana-or pat- according
to their propersubdomain.Indeed thesehybrid conceptanirror multiple meanings.
For instancetumor hasthe meaningof a malignantdiseasepn the onehand,andof
ananatomicaktructure pnthe otherhand.

¢As acorventionin UMLS, ary two CUIs mustbe connectedy at leasta shallav relation(in Figure
3, CHIlD relationsin the columnREL areassumedetweenCUIs). Shallav relationsmay be refinedin
the columnRELA, if athesauruss available which containsmore specificinformation. SomeCUIls are
linked eitherby part-of oris-a. In ary casethe sourcethesaurugor therelationsandthe CUIs involvedis
specifiedn thecolumnsX andY (e.g.,MeSH1999,SNOMED Internationall 998).



As tamgetstructuregor theanatomydomainwe choseSEPtriplets. Only UMLS-
suppliedpart-of (including conceptual-part-df has-part(including has-conceptual-
part) andis-a relation attributeswere consideredor the constructionof taxonomic
and partonomichierarchies.Hence,for eachanatomyconceptone SEPtriplet was
created. For the pathologydomain,we treatedCHD (child) and RN (narrower re-
lation) from the UMLS as indicating taxonomic(is-a) links. No part-wholerela-
tionswereconsideredsincetherewereonly two occurencesf the relationattribute
part-of betweerpathologyconceptsn thewhole metathesaurus-urthermorefor all
anatomyconceptxontainedn the definitionalstatement®f pathologyconceptghe
S-nodeis thedefault concepto which they arelinked, thusenablingthe propagation
of rolesacrosghe part-wholehierarchy

As afundamentahssumptionall rolesgeneratedh this processvereconsidered
asbeingexistentiallyquantified.Thismeanshatary relationr (part-of, has-location
etc.) which holdsbetweertwo concepts A and B, is mappedo a correspondingjole
7.B whichis anecessargonditionin the definitionof the conceptA. All conceptual
constraintdor a conceptdefinitionaremappedo a conjunctionof constraints.

Anotherbasicassumptiorconcernghe strict antisymmetryof is-a and part-of.
As a consequenceye did not procesgeflexive relationssuchas“C1 broaderthan
C1” (n = 9,546casesf reflexive hierarchicarelationswerefound).

Furthermoretype-to-typerelationsfrom the UMLS SN (e.g.,AnatomicalStruc-
ture location-ofDiseaseor Syndomeé werenot consideredsincethey indicate“pos-
sible” relationsthatcannotbe adequatelexpressedn descriptioniogics.

Step2: Automatic ConsistencyCheckingby the Loom Classifier. Theimport
of UMLS anatomyconceptsresultedin 38,059deftriplet expressionsfor anatom-
ical conceptsand 50,087 defconcepexpressiondor pathologicalconcepts. Each
deftriplet was expandedinto three defconcep{(S-, E-, and P-nodes),and two def-
relation (anatomical-part-of-x inv-anatomical-part-of-x expressionssummingup
to 114,177conceptsThisyielded(togethemwith theconceptdrom the UMLS SN) a
total of 240,764definitoryLoom expressions.

From 38,059anatomytriplets, 1,219deftriplet statementgontaineda :has-part
clausefollowedby alist of avariablenumberof triplets,with morethanoneargument
in 823caseg3.3,0naverage) 4,043deftripletstatementsontaineda :part-of clause,
only in 332 casedollowed by morethanoneargument(1.1, on average). We then
submittedthe resultingknowledgebaseto theterminologicalclassifier theinference
enginewhich computessubsumptiorrelations,and checled for terminologicalcy-
clesandconsisteng. In theanatomysubdomainpneterminologicalcycle and2,328
inconsistentconceptswere found, in the pathologysubdomain355 terminological
cyclesthoughnot a singleinconsistentonceptweredetermined.

Step3: Manual Restitution of Consistency Theinconsistenciem theanatomy
part of the knowledge baseidentified by the classifiercould all be tracedback to



the simultaneoudinkage of two triplets by both is-a and part-of links, an encoding
that raisesa conflict due to the disjointnessrequiredfor corresponding?- and E-
nodes(cf. expression(3)). In mostof thesecaseshe parentsinvolved belongedto
a classof conceptghat obviously cannotbe appropriatelynodeledas SEPtriplets,
e.g.,Subdivision-Of-Ascending-Aortar Organ-FRart. The meaningof eachof these
conceptalmostparaphrasethatof a P-node sothattheviolation of the SEP-internal
disjointnesscondition could be accountedor by substitutingthe triplets involved
with simple LoomM concepts by matchingthem with alreadyexisting P-nodes,or
by disablingis-a or part-of links. B In the pathologypart of the knowledgebase,
we expecteda large numberof terminologicalcyclesto occur simply asa conse-
guenceof interpretingthe extremelyweaknarrowertermandchild relationsin terms
of taxonomicsubsumptioris-a). Bearingin mindthesizeof theknowledgebasewe
consider355cyclesquitealow number(Bodenreidet foundatotal of 1,920cyclesin
the complete2001 metathesauruselease.) Thosecycleswereprimarily dueto very
similar conceptse.g.,Arteriosclepsisvs. Atheiosclepsis Amaupsisvs. Blindness
andresidualcategories(“other”, “NOS” = not otherwisespecified. Theseconcepts
weredirectly inheritedfrom the sourceterminologiesandarenotoriouslydifficult to
interpretout of theirdefinitionalcontext, e.g.,OtherMalignant-Neoplasm-of-Skivs.
Malignant-Neoplasm-of-Skin-NOB mary caseghedecisionwhichrelationscould
be maintainedandwhich oneshadto be eliminatedwas taken arbitrarily, sincefor
biomedicalterminologyoften no consensusanbe reachedn the exact meaningof
terms.As theresultof theanalysiswve obtaineda negative list which consistedf 630
conceptpairs. In a subsequengxtractioncycle we incorporatedhis list in the auto-
matedconstructiorof the LOOM conceptdefinitionsand,with thesenew constraints
addedafully consistenknowledgebasewasgeneratedfinally.

Step4: Manual Curation of the KnowledgeBase.To setup this high-volume
knowledgebasencludingtheaforementioneavorking stepsrequiredthreemonthsof
work for asingleperson.Thefourth step— whenperformedor thewholeknowledge
base- is very time-consumingand requiresbroad and in-depthmedical expertise.
Randomsamplesrom both subdomainsvere analyzedby the secondauthor a do-
mainexpert. Thedatawe heresupplyreferto the analysisof two randomsampleof
each100anatomyand100 pathologyconcepts.This took onepersonabouta single
month. Fromtheexperienceve gainedsofar, thefollowing workflow canbederived:

e Chedingthe correctnes®of thetaxonomicand partonomichierarchies. Taxo-
nomicandpartonomidinks aremanuallyaddedor removed.

Results:In the anatomysample,only 76 in 100 conceptscould be unequvo-
cally classifiedasbelongingto ‘canonical’anatomy(Theremaindere.g.,ana-
Phalanx-of-Supernumary-Digit-of-Hand, referringto pathologicalanatomy
wasimmediatelyexcludedfrom analysis.)Besidegheassignmento theUMLS



semantiaypes,only 27 (direct) taxonomiclinks werefound. 83 UMLS rela-
tions (mostly child or narrower relations)were manually upgradedto taxo-
nomic links. 12 (direct) part-of and 19 has-partrelationswere found. Four
part-of relationsand one has-partrelationhadto be removed, sincewe con-
sideredthem as implausible. 51 UMLS relations(mostly child or narrower
relations)weremanuallyupgradedo part-ofrelations,and94 UMLS relations
(mostly parentor broaderrelations)wereupgradedo has-partrelations. Af-
ter this workup andupgradeof shallaov UMLS relationsto semanticallynore
specificrelations the samplewaschecledfor completenesagain.As aresult,
14is-aand37 part-of relationswerestill considerecsmissing.

In the patholagy sample the assignmento the pathologysubdomairwascon-
sideredplausiblefor 99 of 100conceptsA total of 15 falseis-a relationswas
identifiedin 12 conceptdefinitions.24 is-arelationswerefoundto be missing.

Chek of the :has-partargumentsassuming‘real anatomy’. In the UMLS
sourcespart-of and has-partrelationsare considerecas symmetric. Accord-
ing to our transformatiorrules, the attachmenof a role has-anatomical-part
to an E-node Bg, with its rangerestrictedto Ag, implies the existenceof a
conceptA for the definition of a conceptB. On the other hand, the classifi-
cationof Ag assubsumee®f the P-nodeBp, the latter beingdefinedvia the
role anatomical-part-ofestrictedo B, impliesthe existenceof Bg giventhe
existenceof Ag.

Theseconstraintslo notalwaysconformto ‘real’ anatomyi.e., anatomicakn-
tities that may exhibit pathologicalmodifications. Figure 4 (left) sketchesa
conceptA thatis necessarilyanatomical-part-ofa conceptB, but whoseex-
istenceis not requiredfor the definition of B. This is typical of the resultsof
sumical interventions,e.g., a large intestinewithout an appendix,or an oral
cavity withoutteeth,etc.

Results:All 112 has-partrelationsobtainedby the automaticimport andthe

manualworkup of our samplewerechecled. The analysisrevealedthatmore
than half of them (62) shouldbe eliminatedin order not to obviate a coher

ent classificationof pathologicallymodifiedanatomicabbjects. For instance,
maintaininghas-anatomical-part. Thurmdisan existentialrestrictionin thedef-

inition of Hand would disallow to classify asHand all thoseanatomicalen-

tities thathave no thumbdueto congenitalor acquiredabnormalities.As an-

otherexample mostinstance®f leumdo notcontaina Medkel’s Diverticulum

whereasall instancesof Medkel's Diverticulum are necessarilyanatomical-
part-of lleum Many sumgical interventionsthat remove anatomicalstructures
(appendixgallbladderetc.),producesimilar patterns.



Figure4: Patternsfor Part-WholeReasonindJsing SEPtriplets

In formalismwe proposethis correspondso a singletaxonomiclink between
an S-nodeand a P-node(cf. Figure 4, left part). The contraryis also possi-
ble (cf. Figure4, right part): the definitionof Ag doesnotimply thattherole

anatomical-part-otbefilled by Bg, but Bg doesimply that the inverserole,

has-anatomical-partbefilled by Ag. As anexample,a Lymph-nodeneces-
sarily containsLymph-follicles but thereexist Lymph-folliclesthatarenot part

of a Lymph-node This patternis typical of the mereologicarelationbetween
macroscopig¢countablebjects,suchasorgans,and multiple uniform micro-

scopicobjects.

Analysisof thesibling relations.In UMLS, the SIBrelationlinks conceptghat
sharethe sameparentin ataxonomicor partonomichierarchy

Results:We found on the average6.8 siblingsper conceptin the anatomydo-
main, 8.8in the pathologydomain.Sofar, the analysisof sibling relationshas
beenperformedonly for theanatomydomain.Fromatotal of 521 sibling rela-
tions,9 wereidentifiedasis-a, 14 aspart-of, and17 ashas-part whereast04
referredto topologicallydisconnectedoncepts.

Completionand modificationof anatomy—patholgy relations. Surprisingly

only very few pathologyconceptscontainedan explicit referenceto a corre-
spondinganatomyconcept. Therefore theserelationshave to be addedby a

domainexpert. In eachcase,a decisionmustbe madewhetherthe E-nodeor

the S-nodehasto be addressedsthe targetconceptfor modificationsuchthat
the propagatiorof rolesacrosspart-wholehierarchiess disabledor enabled,
respectiely (cf. Figure2).

Results:In thesamplewe found522anatomy-pathologyelations from which
358 (i.e., 69%!) werejudgedincorrectby the domainexpert. In 36 casesan
adequatanatomy-pathologyelationwasmissing. All 164 has-locationroles
wereanalyzedasto whetherthey hadto befilled by an S-nodeor an E-node
of ananatomicalriplet. In 153 casesthe S-node(which allows propagation



acrossthe part-wholehierarchy)was consideredo be adequateijn 11 cases
the E-nodewaspreferred.Theanalysisof the 100 pathologyconceptsevealed
thatonly 17 hadto belinkedwith ananatomyconcept.In 15 casesthe default

linkageto the S-nodewasconsiderediscorrect,in onecasethelinkageto the

E-nodewaspreferredjn anothercasethelinkagewasconsideredasfalse.

Thehighnumberof implausibleconstraintgointsto thelightweightsemantics
of has-locationlinks in the UMLS sources.While we interpretedthemasa
conjunctionfor the mappingprocedurea disjunctive meaningseemdo prevail
implicitly in mary definitionsof top-level conceptssuchas Tuberculosis In
this example,all anatomicalconceptghat canbe affectedby this diseaseare
linkedby has-location All theseconstraintge.g.,has-locationUrinary-Tract)
are inheritedto subconceptsuchas Tuberculosis-of-Bonchus A thorough
analysisof the top-level pathologyconceptds necessaryand conjunctionsof
constraintawill have to be substitutedy disjunctionswherenecessary

In conclusion,our study shaws that it is relatively straightforvard to restitute
consisteng of the UMLS knowledgebase put it is nearlyimpossibleto reacha high
degreeof both adequag andcompletenesdueto the hugeamountof manualwork
required.Restitutingadequag should,however, notbe consideregrimarily aselim-
inating obviouscateayorization‘errors’ from the UMLS sourceshut ratherasmaking
choicesbetweeralternatve conceptualizationsf medicaltermswhosemeaningdif-
fersslightly dueto the heterogeneityf theknowledgesources Anotheraspecis the
needfor the curationof conceptdefinitions. Thesemay have becomeobsoleteasa
consequencef imposingparticularlyrigid axiomaticassumption®n them. For in-
stancethe conjunctive readingof definingattributesis nottruein all casesand,thus,
necessarilyrequiresindividual manualspecification. Finally, from a technicalper
spectve, we found the implicationsof usingthe terminologicalclassifierof utmost
importanceand of outstandingheuristicvalue. Hence,the knowledgerefinement
cyclesaretruly semi-automaticfed by medicalexpertiseon the side of the human
knowledgeengineer but alsodriven by the reasoningsystemwhich makes explicit
theconsequencesf (im)properconceptdefinitions.
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