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Abstdn

Bridgin levels of scale and ontex are key problens for
int n Bio- and Health Ih s F Arma ogic-based
ontologies using expessive foi are nauraly
'1fna"and provide new methods to support these aims.
The basic notion ofcomposition can be used to bridge scales;
aximns can be used to cany implicit specific
contex markers can be included in defnifrions and a
hierarchy of mantic links can be used to repeset subtle

in point of view. E rence with OpeGALE
the UK Drug Ontology and new e ents with the Gene
Ontology and Foundational Model of Anatomy suggest that
theseamxpowerf toolsprovideprctal sohtion

Twokeyproblensininkinghealth- andbio nfomaticsare:
* Bridging levels of scale - between the atomic and

molecular scales tyjpical of bioinformatics, and the orga,
orguism, and even organisional scales typical of
clicalmexicineandheathi

* Expressing differences in contea - betwee the views of
differt professios, between homologous infrmation
in different ansms or stages of development and
betw n andabomalanatomyandphysiology.

Logic based, rigorous ontologies - imnI opiit
secifications of aed concptuaisatons [1, 2] - have
usually been thought of i healh inforr-tics primaily as
ways of o terinologies, e.g SNTMED-
RTE/Cr or the nALEN resources[41 However,
thy also prvide powerlil means of ling diffaing
ontologies - for exanple the diffet scales to ingrate
health- and bio-infti- and for contextual
informatn and views- e.g the stict ucual view of the
antmisAorthemreagnaicvviewoofthedlinicdan
The findamel pinciples for managing scale and context
arebasedon:
* Cmpoite concepts, made up of subconcepts from two

ormoreonologies, canbridgebetween those ontologies.
* sM for context can be included ditly within such

compositeconcepts.

* Varitsanticink canbeusedmindifferent contxts
* The resoer or 'classifiers' th manpulate th

ontologies can identify equivalces, suboncept
elatons (subsion)i andinconsistecies.

A major advantage of fonnal ontologies for such tasks is hat
thy are natrally '"factal" - tW allow paten to be
repeat at p ely f levels of detail and smaller
scale Unlie nmy database techniques, decisions
concirg specific levels of detail or stucure need not be
fixed Strucftscanbeelbabat andevolveasrequhL
These techniqus are of increasing ipotn because
rigorus fonnal ontlogies are becoming widespead in the
biomedical co runiy and unrkp much of the new work
on the Semantic Web by the W3& incdfig its new
language - known variously as "OIL", "DAM-OL" and
,OWU04 [51 (e we refer to it as '¶)AM4"OTLOWL".)
The bioinfom-atics mmRnity, in parctic , is playi a
ladmg role. Exawples in this pap wil be take both firm
work with an older ontolg language, GRAIL, and the

stndard DA +OILUWVI, and from
I s in clinil nedi in OpiGALEN [6] using

the Digital Atomi Fonational Model of AnatoyM,
andtheGenentoloR]/ .

C&TULOGES

The terminology used differs between knowledge
repesetatonlanuags,but most logic-basedl ontologies

consistofatleast
* P,imiis conwept - usuially placed in a sikeleton

hierrchy and adiinlydescibe by necessy
conditions exprssed as boolean comibinations of other
prmtvsdescriptorsorcormpositeconmapts .

* Compoxsite concepts - defind by necesary and
sr4jiient conditionsexpressedinthesarmeway.

6
* Pmoperties - whichi express the semantc links betwee

concepts and can themslves be placed in a hierarhy,
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declared equal to the inverse of oer pepezlies, and can
befinctionalr hisv.

* Descr@to, - prperty-cornpt pais qulified by eiti
"some" (3) oJr n g,g " hwm-
Lg'g "hoaerko l"etc.

* Aioms - which declare concepts eitw to be disjoit or
to inply d ps or odw concepts. (Tie expessive
power of axioms difs geaty angst aotogy

* A asoner - which infers furhe superyoncept-
sbconcept (sbsumtion) relations and equivalences on
the basis d' the definitions, dsripin and axioms and
canchck fortheir giWcal istency.

If a tracte reasoing a ith is komwn for the set of
feaues in an ontology language we desnbe hat lang
as ' al'. Typical coa al ontoBgy
languages ~ilude the logic used in SNOMED-
RTCT, GRAIL used in OpGALEN, and
DAMLOIL4 WL

We t that pelt of the hieahy cisig only of the
primitive cc its 'primitive skeletn". An ontDolgy is
'Imuiise!' if its pimitive skelton a) coniss of pLue
sin1e ies of disjont acn - ie each primie
mncept has exacy one primitive paret b) oMns to
basic nctions of essoutlinedbyGuaio[8J

For xevity and darity, we use an inTmal noti
Quantificatio in ontogies is oftm an inpant sorme of
cmnfision so, where applprae, we include tlhe Tu_lifer
"son'" ouinely to idicate exsetial even
dhg i makes the Engl awkwd Conspodingly we
use "te' or omit the qulfier entirly indxLc universal
quantifition of a shile-vahled (funcional) prperty or slot
I this way, all noti can be ngorou and dnc

latedintol thefdralntatmoofDAML+OHLOWL

Composite conepts can be thught of as inking nomia d
sbotogie For ampe, in SNOMED-RT/CT and
GALEN, ubotolgies of aatomy, disease pcess, micro-
oranismi, etc. are linked by slndad elations to fonn sets
ofcompoiitbnalstements-eg:

"Iiflammatn ofsome lg caused by some infecdon with
somepneumccwxu'"
In ths familix emp, oions fiun swae

7 Son stonncd' in,s' oontahws"o"aiteia".
NMdethGRAL is uminusing'"si s'r%d

8 lnth oaaoya sandd tl,ice
u've¶Wus-fbsi sbestudw4oLodas"iona d
.W'.

9 'I= -da'in the =ft DAML40 WLT

sbontolgies - n oy, atmy, and
n _croorganim - are lined logicaly int a orm t
bridgingte onologies This sn approach woics equaly
wellwhnteonogiesare fiv dffes tscales-eg:
"SNPonophismn of CFTRGene ausg some Dfect in
some MmbmeTrrnort of Chorideon casutg some
Inacrse in the rlsas of some Muc in smie
CyscFibris"
Note tat in this exmple, as in most cases, most of the
concxpts come from well sepaed ies, each
appipnat to a specific scale: SNPobmophasm and Gen
from the celar, ChoWdon flum tlt mnd Iar, flrsy
and Acus firn the nmo, and Cs&dvFsis fium fr
disease section of the mano scale. The one pottiay
toublesome notion is "'raspore' which has been

mbiguated as Memb Tnerspori, a noin which
cleart coesfim theontogyofthe dlular sae.

This clear separi is the key TiSimI for ition
acro ontlogies to worc as 1excd - i.e. that the
ontlogies t be l d a i t and ncemlisc Mr
inb l on g may be as nlly complc as
requir but for t prces of in by c osti to
wodc, Wy must not overap. Oti wise, n may be
unmrtoalconfised.

Whm the ontologies to be liked aready ov pd e are
two posse satgie Mr f&, which OpeiA1N cals
magl' [91, is to dcnstt the individual otloges

into dijoint on-oerl subo gie, lik tese, and
then reombine and recotuct the orinl ontDloge using
composite coes from the sub ogie The clasifier
can then be used to identfy equivalent cncepts and relations
betw n concepts This is nally the tchnique used by
GALEN-N-USE in recof s cl

- froim dfert cxnie& The second srat -

variants of which are used by Francon [lq, Swar[ll]
and Faruha4I2]- is to ietify caddat eivalxies
between the two source ontologies, assert that tey are
eqtuvalent by axoms in the joint ontology, and hen use the
dassir to idei incnis e he un
techniqu is a ay iate bridg*g sciles and
anuariesandisthe ajcofthispaper.

N GlLEYFSFSCAILE

Bridging scales is aided by n of reing
princples in rbetween and witin scales A
useful way t cagi pi is to two
dimansions:
* Fnstal vs scal-ecific prncls- i.e. wher or not

he samne patennrpeatsatmultiple scal
* Within scale vs bgIng scale priciples - e.g. whethr

th primiple applies widin any one scale or liks two or
murescale
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EanplesofallfourpossibletypesaregiveninFigure 1:

Wihhiscale dsm*enKsaesaI ansmaebgndedin
niadeofaknus clinical moifee

amt sMt
B gig 9cg aMIetsofmofdIseaf IoXulactfion istdhie

nvlc u mediaismfor

e.g.,cdMstig protopurnp
nibimisthe

iitigaid

Figure 1: Clasiflcationofpdnciples

To flludte how these pinciples wakd in mo detail,
emples of the partitiv inks filun the exnded
OpenGAIEN ontokg [6] are gnm in Figure 2. (In each
case the relaion given is only the parent relation of a
hFrady.)
In gne c links are fiactal: some hold within
each scale, some linking paiis of scales at successive levels.
The patern by mhich Mulples of discre Strucwes at one
scale 'make up" mass Substnces at higher scales is
paticaly imtant It holds fir examle flm mlecules
to subsances, cells to tissues, and even people to crowds,
although it breaks down at die quantum scale. ("Multiples"
are not sets - thei idntity is not deived stiWy fnm their
meni p. A 'bar of steer', "my liver tisde", and 'te
crowd at the fir' may all be considerd to have a continuous
idmtity even diough all the individual units whi make
demnuphavebeenreplaced. SeeWeltyandGuai o[8])
Sone fictionl links are mlarly frcal - P res "act
on" Subsances, Soucwos, and odi Pmces. Hoever,
many nmore funtioal lins are eif to a given aLe-, e.g.
Genes'° "code fat" Proteins and EnzZnes "catalyse"
Reactions at the molecular scale. The notion that mezyne
ins "mediate" Py*slgic Response liks the nolecula

and highs micr) and macro scales. Specific Bindings at the
ndecuar scale are "the mechanism fad' Membrane
llisportattihcelIularscale,etc.

Scales ar not abslute. hyare, at least in pa a matter of
our concealisations. Naue does not always oblige by
providing entites to match those conceptualisations. A
special poblem arses when notions which are usually at two
different scales appea at a single scale - eg for glar
cellular oganisms the aganisn and the cell ooincide. In
these cases it is usually best to maintain a consistent pattem
even tiough the 'scales' ae fcial, eg to treat a
'an"terium as being made up of a single 'ateial cell" and
to seak of the "wall of the cell of the bacter" ither than
the"walloftlebcteiwum".

MANWGCOIIXf: VARIANS F
REAIONSEPSAMDCONCE

Mearing vanes with cnt i nal lan . In frmnal
Iose ontext uist be saitedexplicidy.
Handing context in tiaditional logic.based representation
foralisin has been difficult beca ontology lg e
developed prior to the mid 1990s .g. Cassie, Loom, KRSS,
etc.) had no cnstucts to make additional descriptive
sttments about defined concepts, so it was not possible to
make mat ts about "All Hma Hars", "All
Anamily nomml Lu ', etc. One of GRAlL's
Iin oIant feas was to provide such constcts in the foim
of necessary nnts", albeit the reasoner for thean was
not logically complete. One of the ma ntributi of
Horucks' development of the FaCT reasoner uinepinning
DAML+OII4OW[(13] is that it provides logically compnlte
tmtable inferences with such consucts (now known as
"genal ln axi) Llkewie many eary
fomaisms did not pmvide for a hieadhy of prperqse
semantic links ves") but only of oncepts. Agan,
GRAIL provided an initial -al sution, and Hanrek's
FaCIrreasonerhasprvidedkoicallycmpleteifene=.

Given support for both the further description of defined
corncpts and for a hienuhy of semaic inks, there are two
approaches todlingwithcotext
* By incklding context mase in composite concepts, eg.

"'anatomically nornaihnds' have fivefngesr"
* By usmg viants of the sematic link to convey subtly

FhsW win/ Scale Object ink Target
between !

TiakesUpiPat .Siae C Tendon
etCmporectff-H

........................ ............ ............... ............................. ........ ................ ............

between mac/microtlceOS. ivShuctuie Va-CeI
between macro/mro / cel to at-WatiMolecule

no ............hemical.
within chemical Chi_i_ca r agenAtcm

F%g2:FExnetsofetofandScalIwpLdk,i-4thid wnandetawle scesinicnmforparivwreadou
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dfferut meanings, eg. to convey the strict smcunl
view of pat-whole m the Foundational Model of
Anatom ficm a filctioa and clical view

ofptw lat nededfordinical a

The fit aproach including context m in cmposite
concepts- is approptiae whme te are nim sbly
differt ccepts which have much in ommnnn but whmle
some ting depend on oontext One amnlk is in delg
with nically nomial and vaiant sturs For
exarre we can ixcate that; in all posible cntxs, all
hands are subivisions of the upper extmity, but add that in

the '4nartnilyNotmd' oont , hands have eaty five

Hand -*irSuionOfsom eUUpperEtreily
Hand&AnatomicalyNomau-o

hasSuisione wactSfm5 s

In a language with a conplete reasoner such as

DAML+OILIOWL, the reasors wll infrthat any hand

with fewer or mre finge does not fit the context

AnaomialyNorma1. In GRAIL which ntd and

whose reasoner is not complet- additional axom are

necessaryto express this inferencedirectly, e.g

Hand& hasSubdivisionFinger6
AnatomilNonlonNmu

In eithe case, the rasor can detenine wheln or not a

given concept fits a given cocnext, but the
DAML+OILIOWL solion is dearly ncre dect ah
morelxp ive.

These samem can be used to exprss cotexts
based on differences between species, homologies or

orthologies For ccanl, ther are may facts about hands
thatarecomninthecontex'tine",e.g.

HandofPKmate-ohasSubdivision extalc- Thwnb

but some which are dffent in the subcontt 'HuTia" and
'¶Nonu e g.imee:

ThwnbofHandofHwnan
hasFeaurOppOsabe

7uhnbofHandofNonl!umanPriae--
nothasFeaitareOpposable

Ushgmadintsemaud tktDonvey onte
The second mechanism- usin the hirachy of senmaic
liri- is appowpaewhere are dflertt views

about the mning of reion as between the Digital
Anatomist Founational Model of Anatomy strict stnutural
view of and the looser view taken by clinician
The technique is illustt detail in F re 3. Stully,

dte riu is a separate organ fiom the heat as

Fgre 3: Extact of semntic ink hieuardy for pari-whole
reiaons shoing tin 1 bet

and slict snilural for Foundati Modd of Anatomy
(FMA) pkis exaple of hevig fi
as aheart withoutdbtubiie theFMAdassltcatioAL
rep d in the Foudationl Model of AnatoMy.
However, clicaly, w wi "picrda disease" to be
classified with "diseases of the heait just as other diseases of
partsofthe heartare classified as diseasesofthe heart

To achieve this, as shwn in Figure 3, we use two sibling
Rmc lations "i lavPaWQf and

"isCia cPanOf, with a canmum parnt
"isGmene yPanOf'.
Using this instuction it is possible to query the knowledge
baseeithefortheprecise:

BodyPart& i&Snw lPartOfsome Heart

(ienot ircud the riu ),or forthemregenal

BodyPart&isGene lPOfsome Heawt

Since being eidt a CnlPawt or aStmucturalPart inies
being a GenealPan, this allows us to add variant notions of
pat-whole rlaions witot conuping the careful design of

theDigital Anatmist's sticternotionofpwanomy.
If we could be crtain that being a "snhtual par1' always
impied being a "clinical part", thb iYClicaPa0f could

subsm isur.tULPwI0f direcly. However, alhogh no
one has yet a otnmter example, it is
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methodologically cleaner in early t to make
each potntial flavour of context, such as pa y, clearly
separte and provide a common parent For the same reasons
we have dstinguis isFM4StwuPa f fin
sSicwzzlPanOf to allow for the poss,iity at these are
altemafive views of ntual y ly, even
thoughweexpect toshowth to be equivalent

DISCUSSION

Issues of scale and context pervade knowledge
irpesentaion The expeience of OpeGAEN and rlated
projects on the UK Drug Ontology [14] is that notions of
scale tend to emerge fium the prss of nonnlising and
'"nangling" taxonies wheeas notions of context tend to
entefom the icts wemdisciplirn
Notions of scale are often cited as ite mayor problems, but in
our experience thy follow a compratively regula and
herefore tactable patem, provided auto are careful to
distingus notions with similar nmes at difenmf scales -

eg."wae'fimrn'`atrnoleul".
The key requirement is that the ontologies at each scale be
' YmalsecF' and disjoint Given this ampto, faml
nmethos can guaranrtee conect classification of the resulting
linked ontology. Correspodingly, enrs in the c fi
ofen incate violations of that assumption, typicaly though
inclusion of concepts with overlapping, or ambiguous,

Sysmatic amination of the clasficaion
for specific types of emns is therefoe an impott part of
the empincal validation of that the assurption holds. Since
the meings of concepts are ulimately a nmaer of hma
inteitaton, the validity of the assmpon must always be
testdenpircally.
More work rmains to be done onm gig contex, but the
tools provided by expressive ontology ln g such as
DAMLOIL'OWL albw s to be conducted
fleilbly, using the reasoner underlying the language to
identify the consequences of the expeiments. Such
lgg are expressive enough to support a nmetodology
which defrss 'ontogical conniton' urntil enincal
evidence is available to suapport it - e.g whethr or not the
clinicalnotionofpatoomyalways subsmesthesructual.
An imortat caveat is that none of these nwchanss, nor
any othes likely to solve these problem, are intuitive to
geneal usesm The logic-based ontology employng these
mechaisms is best regrded as an "assembly lguae" to
be hidden fom users by rmoe intuitive dmain-otiented
"Inenlediate Representations" as described elswhere
[4191
Initial eperints with the Digital Ananiist Fudatinal
Model of Anatony (FMA), with mouse anatomy and with
cogenital ab:ties all idcate the flexibility of the
aMproach. However, experiments to date are of modest scale,
and it canot yet be said with craty that the mehods scale

up to ontologies with tens or hundreds of thousands of
concepts. Likewise, ther main question about how much
complexity can be comi in a snge otogy withxt
enoutengirm cntable corputationalobstles
Despite these sevaios, cmnnt exiience is sufficient to
indicate the usefulness and wide aplicability of the
tehiques. The fiidanxtally fiwal r re of fomal
ontoDogies, their ability to cm-bine indeicdet
suontologies, and their ability to manage subtle differenoes
in the meaning of semtic links makes them in attools
for the bridging of scales and contexts typical of
bioinfURa% Csa xclindcaI bir tics

Rernces
1. Gnibr TR. A tnsiaIn a ch to ptable ntlogi&

Kfi eAqL&Nu 1993;5(2):199-220.
2. Ushkld M, GCiu r Ni 0rtologies: prnciples, meiods

and Kel mi*Re gRe 1996;11(2}
3. Spadun KA, Car(pell KE, C6t6 RA. SNONMED-RT: A

iie= Tmmology for Heakh Cam JAm Med bfAsxoc
(AM) l997(Sypnipecliais):64w-644.

4. Rectr AL Cinial Tam jk. Why is it sobd? Meh bf
Med1999,38:239-252.

5. Fensel D, van Hamdlm F, Hocks L McGusm D, Pael-
Sdchider P. OIL An otogy infistrsctuv fo thesenr tiic
web. EEEbEettnS2001;16(2) 38-45.

6. Rector A, Ragps J. Ckoo*al iss in using a desa#m
bg to rp medical cmaets E1qeienSe firm
GALEN.MeAhk!fM2002(inpress).

7. Roe C, Shapi IG, Brinkley JF. The Digital Anatomis
fculotona modeitRies ft defining d stucring is
conept dnai J Am Mel Inf Assc 1998(1998 Fai
SymposilTSpecialissw):820-824.

8. Weky C, G urhn N. 9Wotti:ng onlogi aulsis of
bnaxonic t De[a and KroNge
2001.

9. Rector A, Wne C, Roges J, Robert A. Untargling
taxorns art rcld:ip Ptssonal and PMpFblm
in bosey eddekipTot of hug acogies hr Gil Y,
Musen M, Saivlk J, editem FPrxo Pos ht CW on
Kiww e Cq*oe (K-C4P 2001);; Vxkt* BC, Cnda:
ACM;2001.p. 139-146

10. Frazsxn E A Semantic Wiuah ft schsm evdtin and
'u 'n in o1ject-oiented dataPC Ihr t MCaLf on
RuksandObjeiDaaba (DOOD20X0); 2000;

11. Svut W, Paul R, Kg K, Russ T. Towad distributed
we of hV-scale on gis i GaCins B, Musen M, eds
Tent Anwl Kowae Aauit firKnia
Ssyem Wch 4W96);;Baf,CaJda 1996.

12. Faow A, Fkes R, Prdt W, Rice J. Collabrtie Ontoy
Cnsinction ft Inhiman hnfreLa Tedmical Repoit
Knwed Systm Labotatory, Sadd Univi, 1995.
RepotNo.:KSL-95-6

13. Hondxs I, Ster U, Tobies S. P xtica iasming for vuy
epessive descptm bgic& Jxw,d f the berest GqW in
P"adAA4GPoi2000;8(3P)293-323.

14. Sokonm WD, Wme C, Rogrs JE, Rector A. A referei
terirrikigy ft dngs J Am Med bf Asoc 1999fall
SymnponSpeciallssue):152-155.

646


