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Abstract. Biomedicalterminologieslackaclear-cutunderstanding
of the semanticsof part-wholerelations.In order to designa con-
ceptuallyadequateontologyfor thebiomedicaldomain,we investi-
gatedifferentformsof ontologicaldependenciesbetweenpartsand
wholes.We then suggest,for naturalkinds at least,a move away
from modeling the relationsbetweenpartsand wholesand advo-
cate insteadconceptuallysimpler though expressive spatial inclu-
sion/containmentrelations.Weoutlineamulti-facettedencodingpat-
ternfor biologicalconcepts,whichis centeredaroundtheserelations.

1 Intr oduction

Tangiblepartsof organismssuchasorgans,tissues,cells,molecules
constitutethe locationof biologicalprocessesandarethe targetsof
experimental,diagnosticand therapeuticinterventions.This notion
of ‘biological structure’playsakey role for ontologiesin thelife sci-
ences[6, 16,17, 9]. Many of themencodeterminologicalknowledge
in an informal, thesaurus-styleway [12] suchasthesourcevocabu-
lariesof the UMLS metathesaurus[18]. Oneof the few exceptions
is the‘FoundationalModel of Anatomy’ (FMA) [17, 14], whoseax-
iomaticbasisis just goingto beformalized[24].

The lack of semanticexplicitnessis alsoevidencedby the cellu-
lar componentbranchof the Geneontology (GO) [9], a symbolic
model of species-independentrelationsbetweencell components.
Thesameappliesto OBO,1 anopenaccessumbrellasystemof spe-
cific animal and plant ‘anatomies’.2 Although thesesystemsmeet
urgentknowledgeorganizationrequirementsformulatedby thebiol-
ogy researchcommunity, they arebeingconstructedin a ratherad
hocway, without theformal rigor theontologyresearchcommunity
[24] demandsasa prerequisitefor any supportof automatedreason-
ing. Therefore,a moreprincipledaccountfor biologicalstructureis
overdue.A first stepwouldbeto critically revisetherepresentational
primitivesthesesystemsuse.Whatis sharedby mostdescriptive ac-
countsof bio(medical)domainknowledgeis a bipartite hierarchy,
�
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characterizedby taxonomic(is-a) andpartonomic(part-of) relations.
While taxonomichierarchiesand their inherentreasoningpatterns
arequite well understood[5], we lack an equalform of consensus
for part/whole-relatedreasoning[1].

With regardto the partonomichierarchiesin biomedicalontolo-
gies,we identify thefollowing shortcomings:

1. Thereisnoclearcommitmentto thealgebraic foundationof mere-
ologicalrelationsin termsof transitivity, reflexivity andsymmetry.

2. Thesemanticsoften lacksstabledescriptionalcommitments,i.e.,
it is largely a matterof tasteof thedevelopersof suchterminolo-
gieswhetherpartsandwholesareto beunderstoodin afunctional
or in a topologicalsense.

3. While mereologyrequirespart-wholerelationshipsto hold be-
tween individual entities, OBO ontologies,but also FMA and
UMLS establishPart-Of and Has-Part3 relationshipsbetween
concepts, i.e., classesof individuals.4 A statementsuchasA Rel
B (relatingtwo classes,e.g.,Cell Has-Part Axon, in GO) leaves
unclearwhetherB shouldbeinterpreted(a) assomekind of range
restrictionof thefiller of rel5 (the“obligatory parts” reading), or
(b) asanexistentialconditionfor A with respectto rel (the“possi-
bleparts” reading).In addition,wehaveto makeclear(i) whether
Has-Part is theinverserelationof Part-Of or (ii) whetherit is not.

None of the already mentionedconceptualmodels of human
anatomyor biological structuremake sufficient claims regarding
thesethreecontroversialissues,mainlybecausethey neglect,by and
large,thedichotomybetweenconcept-to-conceptrelations(Rel) and
instance-to-instancerelations(rel). Both FMA andGO have a clear
commitmentto item 1., at leastregardingthetransitivity propertyof
the generalpart-of relation.The sameappliesto GALEN with re-
gardto part-ofsubrelations[16]. A rudimentarycommitmentto item
2. is reflectedby the introductionof several part-of subrelationsin
FMA andGALEN. Concerningtheinterpretationof part-ofbetween
�
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classes,theGALEN modeladopted3b(ii) (implicitly, becausethere
areno explicit inverserelations),while FMA recentlysubscribedto
3b(i) [24] andGOadoptedtheinterpretation3a.TheUMLS metathe-
saurusmaybeinterpretedas3aor 3b(i).

This brief review of biomedicalknowledgeorganizationmay il-
lustratetheneedto conveneuponclearepistemologicalandsemantic
assumptionsasanindispensablepremisefor thedevelopment,main-
tenance,andfusionof computationallyusableontologiesfor natural
kinds [15]. We hereprovide a formal characterizationof theserela-
tions in orderto promotea clearerunderstandingof the conceptual
foundationsunderlyingthenaturalsciences.

2 Considering MereologicalRelations

In the following we reconsiderthe threecontroversial issuesfrom
Section1 andarticulateour commitments,which areintendedto re-
flect theparticularitiesof ontologiesin thebiomedicaldomain.

2.1 Epistemic Statusand Algebraic Properties

In classical(axiomatic) mereology[7, 23], genericparthood(be-
tweenindividual objects)is treatedasreflexive, antisymmetricand
transitive. The transitivity of part-of, however, hasbeenrefutedby
linguists and cognitive scientists[8, 25], who distinguishseveral
part-wholerelation types(e.g.,component-of, member-of) with di-
verging relationproperties,e.g.,non-transitivity. Yet, consensushas
beenachieved thatparthoodin its broadest,i.e., mostgeneral,sense
mustbetransitive, indeed.

2.2 Parthood vs.Location

Evenrestrictingtheuseof mereologicalrelationsto thebasic(most
general)relationpair

�
part-of, has-part� , with has-part= part-of� � ,

thereis still a broadrangeof interpretationbetweena mainly func-
tional anda strictly topologicalaccount.From a functionalpoint of
view, a liver tumormaynot beviewedasbeingpartof the liver, be-
causeit doesnot contributeto its function.Froma topologicalview,
it doubtlesslyoccupiesapartof theliver. Non-topologicalviewsgive
leewayto discretionaryconceptualmodelingdecisions.For instance,
onecouldarguethataprimarylivertumorispartof theliver(because
it consistsof degeneratedlivercells),but alivermetastasisis not(be-
causethecellshavemigratedinto theliverbut emanatefrom another
organor tissue).Onecould alsocontendthat the oral cavity is not
partof thehead(but is partof theexteriorspace),but whataboutthe
lumina of the esophagus,the bronchi, the gastricglands?If a bac-
teriumis in a cell, it is certainlynot partof thecell. At which stage
of the processof digestion(phagocytosis) do bacteriacomponents
becomepartsof the ingestingcell?Moving on to biological tissues,
arethe red blood cells in the liver capillariespart of the liver?Are
theimmunocompetentcellswhichhavemigratedfrom thebloodinto
theconnective tissuepartof theconnective tissue?An otherexample
is theso-calledendosymbionthypothesiswhich assumesthatsemi-
autonomouscell componentssuchasmitochondriaandchloroplasts
wereoriginally endosymbioticbacteria.This meansthatduringevo-
lution their ontologicalstatushasgraduallychangedfrom topologi-
cal includeesto propercell parts.

We postulatethatonly a strictly topologicalinterpretationavoids
conflictingviews. In [19] we arguedto conceptualizebiologicalob-
jects basedon their convex hull, becauseotherwisethe cavernous
characterof mostbiologicalobjectswouldpermeateeachmillimeter

of biologicalmatterby extensionsof theexteriorspace– whichcon-
tradictscommonconceptualizations.In [22] werefinedthisapproach
andproposedto dropentirelythenotionof strictparthoodin favor of
a mereotopologicalview andso rendera lesscontroversial,yet still
usefuldescriptionof thephysicalstructureof naturalkinds.

To underlinethis shift in perspective, we generalizehas-part to
the relation includer-of (with the meaningof “includes”, “location
of”) and part-of to containee-of, (with the meaningof “contained
in”, “haslocation”)abbreviatedasi andc, respectively, with i = c � � .
Wedefinei andc asbeingtransitive,reflexive andantisymmetric.

2.3 RelationsbetweenConcepts

Both i and c establishrelationsbetweenindividual objectsin the
sameway as the mereologicalrelationspart-of and has-part do.
However, thereseemsto beaneedfor expressingmereo(topo)logical
conceptualinterrelationshipsin the biomedicaldomain by simple
two-valuedpredicateswhich hold betweenconceptclassesaswell.
Therefore,we introducethe following concept-to-conceptrelations,
in a similar way asproposedby Smith & Rosse[24]. The irreflex-
ive, non-transitive and antisymmetricrelation � (abbreviation for
instance-of) representsclassmembership, i.e., it relatesan instance
with a correspondingclass.On this basis,we defineclassinclusion
via Is-A, a reflexive, transitive, andantisymmetricrelationbetween
conceptclassesA andB, asfollows:

	�

- ����������������������! "��#$�%�#���'&(�)$�*������� (1)

We use the following notation:Concept(universal, class)vari-
ablesarerepresentedby upper-caseletters,instances(particulars,in-
dividuals)by lower-caseletters.Namesof relationsbetweenconcept
classeshave anupper-caseinitial letter, namesof relationsbetween
instancesarein lower case.We definethe concept-to-conceptrela-
tions +', (specificcontainee) and + 	 (specificincluder) asfollows:

+',-����#���'� �.��� �/�0 1�)$�*���2��&43�56 1�#$5/�#�-�87:9;$�%��5<� (2)

+ 	 ��6���2�=���.�����/56 >�#$5?�@�-��&43��! >�#$�%�@�2�87:A#$5/���?� (3)

If we want to expressunilateraldependence,e.g., that cells exist
with and without cell nuclei, we state: +�,-B,2CEDFDHG0I�9�DHCJI 
 �.,2CEDFD$� ,
but not + 	 B,2CKDHDL�),2CKDHDHGMI�9NDHCJI 
 � . As cellsincludeenzymes,westate
+ 	 B,2CKDHDL�@OQP*R;5�S0CE� , but asenzymesalsooccuroutsideof cells,we
do not state+�,-�OQP8RT5US!C1�#,2CKDHD$� . As theexamplesuggests,thetwo
definitionsarenotequivalent,i.e. (3) is not justa specialcaseof (2).
Weformally prove thisstipulationby counterexample.Let

�#$� � ���2�87M�#$� � �#���*7V�=$�?�W T�:�X� �ZY �:�[� ��Y!\ �)$�%�@�2� (4)

�#$5 � �)���?70�)$5 � �#���*7V�=$5<�W 15-�[5 � Y 5-�[5 � Y0\ �#$5?���-� (5)

i.e.,theclass� only hastheinstances� � and� � , theclass� only has
5 � and 5 � asinstances.Let 9T$� � ��5 � � and 9T$� � ��5 � � . Then +�,-��]�#���
holdsfor theseassignments.Apart from reflexivity, let thesebe the
only casesin which 9 holds,i.e.,

�Z$�?�W 1�^�_� �%Y �:�X� �'Y $�a`�[� � 7M�b`�X� � 7^�=$5<�W \ 9;$�%��5<��� (6)

SinceA=�[9 � � , we canrewrite (3):

�=$5<�W >�#$5/�����'&438$�?�c T�)$�*�#�2�87:9;$�%��5<� (7)

Weinstantiate5 with 5 � . Sincethereis no � for which 9T$�%�@5 � � holds,
the right-handsideof (7) is falsefor theseassignments.Therefore,\ + 	 ��^���2� . Hence(3) is not a specialcaseof (2) q.e.d.(theinverse



canbeshown analogously).Thus,thetwo definitionsareindeeddis-
tinct.

Furthermore,from thecombinationof expression(1) with (2) and
(3) we deducethattherelationsSCandSI propagatevia Is-A:

+�,-��]�#���*7 	�
 - ����^�),Q��&d+�,-��]�#,Q� (8)

+ 	 ��^�����*7 	�
 - �������e6�'&d+ 	 ��6��e6� (9)

We introducetheinverserelationsof both +', and + 	 asfollows:
f ,-��]���-��g ����� + 	 ��^�#�2� (10)f 	 ��^�#�2�=gh���@��+�,-��]���-� (11)

OC canbeparaphrasedasis-obligatory-containee-for, andOI asis-
obligatory-includer-for. Note that thepropagationvia Is-A doesnot
hold for theserelations.As an example,Hemoglobin is an obliga-
tory containeeof RedBloodCell, but not of its parentCell. Instead,
theserelationspropagatein theoppositedirection,asa simplecon-
sequenceof beingtheconverserelations.In ourexample,Cell Mem-
braneis anobligatorycontaineeof Cell, thereforeit is alsoanoblig-
atorycontaineeof any subclassof Cell, suchasRedBloodCell.
+�, and + 	 arebothtransitive.FromFormula(2), togetherwith

+�,-��6�#,Q�'���.�����/5^ >�#$5/������&i3<R- T�)�R��),Q�*7:9T$5/��R>� (12)

we get:

���! >�#$�%�����'&43�5/�#R- 1�)$5/�����87M�#�R<�),Q�87M9T$�%�j5<�*769T$5/�#R>� (13)

Becauseof thetransitivity of 9 we infer:

���0 >�#$�%�#����&d3<R- T�#�R<�),Q�87M9T$�%�@R>� (14)

which is equivalent to the expression+�,-��]�),Q� . In an analogous
way we canprove the transitivity of + 	 . As a consequence,the in-
verserelations

f , and
f 	

aretransitive aswell. Fig. 1 depictsan
example.
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Figure 1. Concept-to-Conceptrelations.ExampleCell Nucleus.

3 Includer/Containee Extensionof Taxonomies

In the following, we demonstratehow the proposedsolution can
be encodedas an extendedtaxonomy. In order to avoid concept-
to-conceptrelations Ô-�������� we introducethe following reificator

nodes
	�


- ����^�#�ÖÕØ×=�'���.����+',-��^�#��� (15)	�

- ����^�#� ÕBÙ �����.����+ 	 ��^�#��� (16)

Theseadditionalnodescanbedescribedasfollows (cf. Fig. 1, in
whichA correspondsto Cell Nucleus) :
Ú �ÛÕÜ× (specific containee nodes of A) subsumesthoseclasses
�]�@� � �#� � �3Ý3Ý3ÝJ�#�ßÞ whoseinstancesmustberelatedto aninstance
of A by the relationc. Here,the (SC-)containeesdepend6 on the
includer, or theincluderis obligatoryfor (SC-)containeesto exist.
As anexample,Nucleolusis a specificcontaineeof Cell Nucleus
(it occursonly there).It is, however, not anobligatorycontainee,
becausecell nucleiwithoutnucleoliexist.Ú �ÛÕBÙ (specific includer node of A) subsumesthose classes
�]�@� � �#� � �3Ý3Ý3ÝJ�#� Þ whoseinstancesmustberelatedto aninstance
of A by therelationi. Here,the(SI-)includersdependon thecon-
tainee,or thecontaineeis obligatoryfor the(SI-)includers.As an
example,Tissueis a specific includer of Cell Nucleus, because
therearecell nuclei in any instanceof tissue.

The problemsstatedin the previous sectionare addressedby
conceptencodingpatternswhich we have introducedpreviously
[11,21, 20]. It makestaxonomicreasoningimmediatelyavailablefor
mereotopologicalreasoning.Onereasonfor thisis thatclassification-
basedreasoningis well-understoodand powerful implementations
(e.g.,basedondescriptionlogics[2]) exist.

As an example, we constructa containmenthierarchy of the
classesA, B, andC, in which A is a specificcontaineeof B, andB
is a specificcontaineeof C. We defineC asa specificincluderof B,
andthe latterasa specificincluderof A. We emulatethis hierarchy
by ataxonomy:For eachof theclassesA,B,andC, wefirst introduce
two reificatornodesfor therelationsi andc:

�/�! T�#$�%�#� ÕÜ× ��&d3U56 "��)$5/�#���?7:9T$�*��5<��� (17)

���! >�#$�%��� ÕBÙ �'&43�5^ ���#$5/�#�2�?76A)$�*��5<��� (18)

�/�! 1�)$�*���ÛÕÜ×��'&d3�5^ "��)$5/�����87:9T$�*��5<��� (19)

���0 >�#$�%�#�ÖÕÜÙN�'&d3�5^ ���#$5/�����*76A)$�*��5<��� (20)

�/�! 1�)$�*�#, ÕÜ× �'&43�56 "��#$5/�),Q�87:9T$�*��5<��� (21)

���0 >�#$�%�), ÕBÙ ��&d3U5: <��#$5?�#,Q�*76A)$�*��5<��� (22)

, ÕÜ× subsumesall specificcontaineesof C (i.e. thosewhich have
C as an obligatory includer). , ÕBÙ subsumesall specific includers
of C, i.e. thoseconceptswhich have C as a obligatory containee.
Cascadingsubsumptionof classesemulatestransitivity of c and i
evenfor languageswhich do not supportthetransitivity of relations
(e.g.,thestandarddescriptionlogics àâáäã [3]). Thesameappliesto
i: In this case,theSI nodeof a classis subsumedby SI nodesof its
obligatorycontainees.

	�

- �]��]�#� ÕBÙ � (23)	�

- ����]�@� ÕÜ× � (24)	�

- �]��6�@�ÛÕBÙK� (25)	�

- ����^�#�ÛÕÜ×�� (26)	�

- �]B,��#, ÕBÙ � (27)

	�

- ��B,��), ÕÜ× � (28)	�


- �]�� ÕÜ× �#� ÕÜ× � (29)	�

- ����ÛÕÜ×W�.,åÕÜ×=� (30)	�

- ��B,åÕBÙK�)�ÛÕBÙJ� (31)	�

- ���� ÕBÙ ��� ÕBÙ � (32)

In this mannerthe following propertiesarepropagatedvia taxo-
nomicsubsumption:A inheritstheproperties(19) and(21),B inher-
its (21)and(18),andC inherits(20)and(18).Theresultingcomplex
æ

Ontologicaldependencein thesenseof genericdependence[23].



graphis still acyclic with respectto theIs-Arelationswhichemulatei
andc hierarchies,giventhattherearenocyclesin eitherof thesesub-
graphs.Notethatthesituationgivenby theseexamplesis highly ide-
alizedin thesensethatbothbranches,c andi, arepresentthroughout
thehierarchy. Accordingto ourproof in Section2.3,

	�

- �]��]��� ÕÜ× �

doesnot imply
	�


- ����^��� ÕÜÙ � , which is widely reflectedby numer-
ousexamplesin biologyandmedicineasarguedabove.

UsingtheauxiliarynodesSCandSI for eachclass,it is notyetpos-
sible to directly addressobligatory containees(OC) andobligatory
includers (OI). Therearecasesin which this is useful,particularly
for conceptdefinitionsin whichrolevalueshave to berestricted.For
a morethoroughanalysisin a descriptionlogicscontext cf. [10].

UsingtheSCandSI auxiliary nodes,we make thefollowing stip-
ulations:

Ú Reflexivity: EachclassA is subsumedby its correspondingAÕØ×
andAÕBÙ nodesasa consequenceof the reflexivity we assumeto
hold for c andi;Ú TaxonomicSubsumption: For eachclassA, which is subsumedby
a superclassB, BÕÜ× subsumesAÕÜ× , andBÕBÙ subsumesAÕÜÙ .Ú Mereotopological Hierarchies as Taxonomies: For classesin an
includer-containeehierarchy(I for includer, C for containee),we
subsumeCÕÜ× by I ÕÜ× in orderto expressthe dependenceof the
containeeclassontheincluderclass.In ananalogousway, wesub-
sumeI ÕBÙ by CÕBÙ in orderto expresstheontologicaldependence
of theincluderclasson thecontaineeclass.

Theflexibility of this approachis shown in Fig. 2:
(i) A EukaryoticCell is a Cell;
(ii) A Cell is a specificincluderof Water, but Water is not a specific
containeeof Cell;
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Figure 2. ExtendedIncluder/ ContaineeGraphwith artificial
nodes.All arrows representtaxonomicsubsumption(Is-A). Thick
arrows link domainnodes(Cell, EukaryoticCell, ...), thin arrows
link a domainnodewith a reificatornode.Dottedarrows depict

taxonomiclinks emulatingi, dashedarrows depicttaxonomiclinks
emulatingc. Thecurvedarrows relatereificatornodesacrossthe

classhierarchyof domainnodes.

(iii) A Cell Nucleusis a specificcontaineeof a EukaryoticCell;
(iv) EukaryoticCellswithoutCell Nucleimayexist;
(v) A Cell Nucleusobligatorily includesaNuclearMembrane;
(vi) A Nuclear Membrane is obligatorily a containeeof a Cell
Nucleus;
(vii) A NuclearMembraneis anIntracellular Membrane.

In this graph,eachsquaredepictsthe domainconceptclassasa
white nodein the center, togetherwith the auxiliary nodesSCand
SI in thecorners.All arrowsrepresentIs-A relations.Thethin arrows
within thesquarevisualizethetaxonomiclinks betweeneachdomain
conceptclassandits SIandSCnodes.

(i) is reflectedby the subsumptionof E by C, EÕÜ× by CÕÜ× , and
EÕBÙ by CÕBÙ . Due to (ii), thereis only one Is-A link from CÕBÙ to
WÕBÙ . (iii) is alsoreflectedby one Is-A link, but hereinvolving the
SCnode,and(iv) is expressedby the absenceof links betweenthe
SI nodes.The mutual dependence(v) and (vi) is reflectedby Is-A
links betweenbothauxiliary nodes.Finally (vii) – thesubsumption
of Nuclear Membrane by Intracellular Membrane is expressedin
thesameway asdonewith EukaryoticCell andCell. The resulting
“circuit diagram”allows includer/containeerelatedinferencessuch
as
	�


- �]�G0� 	 ÕBÙK� , 	�
 - ��cb_�#,åÕØ×=� , 	�
 - ���OV�ed ÕBÙJ� , etc.
Finally we will analyzehow “possible” associationscan be ex-

pressedwith our coding scheme.As we, intentionally, do not use
modal logics we cannotexpressthis notion by a specificoperator.
Dependentonthelanguagein whichweimplementourontology, e.g.
descriptionlogics,we subscribeto anopen-world assumption.This
meansthattheabsenceof informationis interpretedaslackof knowl-
edge,but notasnegative indication(suchasin databases)[3]. Given
two classesA andB, we can thereforerelateany pair of instancesf and g ( �# f ���2�ih��#�g;���-��� by a relationsuchas A or 9 as long this
doesnot violateexisting constraints.This is a way in which we can
expressthe notion of “possible” relationshipsasalreadydiscussed
consideringthe meaningof “part-of” in the GeneOntology. In do-
ing so, the knowledgeengineerhasto ensurea partitioning of the
ontology in a way suchthat it obviatesunwantedconclusions.For
instance,we maywant to expressthat theclassesA andB areinclu-
sionally disjoint (

	 e ), i.e., thereis no objectin the world which is
includedin any instanceof bothA andB:

���%�@56 >�#$�%�#���87:�)$5/�#����& \ 3<R- T9T�R<�@�?�*769T�R<�@5"� (33)

Usingthis formalismin orderto declareSCnodesasmutuallyexclu-
sive, inclusionaldisjointnesscanbe expressedon a high level, and
is thenpropagatedthroughall subsumednodes.As anexample,we
wouldstate:

	 e!_jlk;I"Pnm/�eo C fp � . Given
	�


- ��_j�qsrSk f �%�cjlk;I"PnmÜÕÜ×��
togetherwith

	�

- ����tk f A�P=�eo C fp ÕØ× � the assertion�)�gE�#�tk f A�P*�W7

�#_u��vj[q!rwk f �?�/7MA#_u��yx�� would thenbeinconsistent.

4 CONCLUSIONS

We proposeda semanticallyexplicit representationfor the compo-
sitionalstructuresof spatiallyrelevantentitiesin bio-ontologies.By
stipulatingartificial conceptswereify themereotopologicalrelations
includer-of andcontainee-of, thusobtainingadomainrepresentation
asanextendedtaxonomy.

In orderto geta realisticestimationof thesizedimensionof such
encodingpatterns,we calculatedthenumberof nodesandedgesfor
the2003UMLS [18] releaseof theFoundationalModelof Anatomy
with 53,400 concepts,relatedby 110,446taxonomicand 37,388
mereologiclinks. Thelatteronesare,in their entirety, bilateralPart-
Of / Has-Part concept-to-conceptrelations.As a consequence,each



of the original taxonomiclinks is representedby three Is-A links,
eachmereologicassociationby two Is-A links,andeachdomaincon-
ceptis representedby threenodesandtwo Is-A links. The result is
a lattice of 160,200nodes,woven togetherby 331,338+ 74,776+
106,800= 512,914Is-A links. The numbersimplied by this encod-
ing areprohibitive for any attemptof manualknowledgeediting.The
useof an intermediaterepresentationformat for the knowledgeen-
gineeris thereforemandatory. For this purposewe useProt́eǵe [13],
togetherwith appropriateexport routinesthatconstructthecomplex
hierarchies[4].

In thecontext of biomedicine,oneshouldemphasizethatthis ap-
parentlyhugedomainmodelstill constitutesa lower growth bound,
becauseit comprises“only” theroughstructureof thehumanbody,
excludingmolecular, functionalanddysfunctionalaspects.Thesize
of theUMLS metathesaurus– which hasrecentlygonethroughthe
roof of onemillion domainconcepts– pointsat therealsizedimen-
sionadvancedreasoningsystemswill beexposedto whenever a se-
riousbiomedicalapplicationis considered.

This is also the main reasonwhy we diverge from the conclu-
sionsdrawn in many theoreticalstudiesdealingwith theproperrep-
resentationof partsandwholes[1]. We, intentionally, do not give
mereo(topological)knowledgea dedicated‘first-classcitizen’ status
at the representationlevel becausethis would requireto implement
entirelynew typesof reasoningengines(‘partifiers’ ratherthanjust
classifiers).Giventhehugesizeof biomedicalknowledgebases,we
have to rely on really robustreasoningengines,currentlyonly avail-
ableasterminologicalclassifiers(if at all). Therefore,we choseto
encodepartonomiesastaxonomies.Therfore,we subscribedto par-
simoniousvariantsof descriptionlogicsratherto muchmoreexpres-
sive ones(e.g., including modal extensions)and chosetaxonomic
subsumptionasa simplereasoningmode.
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