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Abstract

The paper presentsdomain ontolagy systemas
an enablingcomponentof the semanticwWeh A
domain ontology systemis a shared,distributed
knowledge-baseallowing terms (as strings)to be
associate@ precisemeaningwrt to a cateyory on-
tology. A domainontology systemcan be used
by a rangeof semanticWeb applications,suchas
yellow-pagecatalogor by IR searctenginedo re-
ne or disambiguatgueryterms.A morecomplex
applicationof a domainontologysystemis to per
form subsumption-basddferenceandknowledge-
basedsearchand generalization. This paperde-
scribesadomainontologysenercalledWesK B-2
and a semanticWeb applicationthat usesthe do-
mainontologysystem.

1 Intr oduction

Thedomainontology systenis analogouso thedomainname
system(DNS) usedon the World Wide Weh A DNS re-
solvesdomainnamesto IP addressest is distributed (mir-
rored)andhasawell understoogropagatiormechanisnior
update. Similarly, the domainontology systemis intended
to resole textual termsto their semantianeaning.In addi-
tion, it mustinclude a meta-update-mechanit¢s distribute
andpropagatehanges.

This paper describesa rst generationdomain ontol-
ogy systemcalled WEBKB-2. WEBKB-2 hasan object-
relationaldatabas®ack-endhatis scalableandpermitsfast,
multi-useracces@andupdateto knowledge.It canbequeried
and amendedn a controlledway, allows multiple domain
views, multiple usersandhasarich contentinitialized from
WORDNET?! combinedwith our own top-level ontology The
paperdescribeghe domainontology systemand illustrates
how we appliedit to constructa semantidMebapplicationfor
creatingandretrieving documentneta-dataWWe demonstrate
how knowledge can be searched,generalizedand hyper
navigatedusingthedomainontologysystento retrieve docu-
mentsbasednrepresentationsf their semanticontentwith
interoperabilitywith W3C recommendationsuchasXML.

http://www.cogsci.princeton.edu/“wn/

2 Background

Oneassumptiomf the“semantiaVeb” is thatknowledgepro-
ducerswill generat&knowledge(asmeta-datar contentde-
scriptors)thatcanbe automaticallycompared A domainon-
tology systenmustaim at helpingknowledgeconsumersnd
producergo useunambiguouslescriptors.

For example,if | usetheterm*“switch”, adomainontology
systemshouldknow aboutthe variousmeaningf “switch”:
(i) a mechanicalglectricaldevice; (ii) a e xible instrument
for punishmentfiii) a substitute(iv) a basletballmaneuer,
etc. Thedomainontologysener interveneso helpre ne the
term until the string is classi ed to a category with its in-
tendedmeaning. The category canthen be comparedwith
otheridentical categoriesof “switch” usedas meta-datale-
scriptorsassociateavith documents.

Oftenwhentermsareusedin contet, they canbe disam-
biguatedautomatically“Switch onawall” is enoughcontext
to discounta numberof meaningsof switch sincethe sig-
natureof the spatialrelation“on” provides a restrictionon
the category type?. Furthermorea domainontologysystem
needsfacilities for individualsor teamsto work togetherto
createandre ne catgyories,maintainmeaningfulviews and
giveaccessecurityof thecateyoriesthatthey own. Thenum-
ber of categoriesfor “switch” (andtheir intendedmeanings)
for acompaly (or industry)thatmanugctureswitcheswill
needto complementhemoregenerameaninggivenearlier
For this reasorna mechanisnto describecategoriesandtheir
placein atypehierarchyis necessaryasare Iters to accom-
modatemultiple views.

Both generalandspeci c large-scaleontologiesexist (e.g.
CYC, WordNet,UMLS and Snomed).Theseontologiesare
so large thatit is impracticalto usethemvia inclusioninto
RDF schemales. Given that a large-scaleontology must
have a databaséack-endto implementan ontology sener
that is acceptablyscalable,we surwey previous approaches
basednthisidea.

Dan Brickley [Brickley, 1999 implementeda Web sener
providing supertypes of a given term in WordNet. The
RDF/XML notationis usedto presenthesesupertypes.The
senercanbereferenceasif it werea le containinganRDF
schemaaboutthe given term. However, Brickley's sener

2In this casethepresencef “on” excludesthelasttwo meanings
of switch(givenabove).



usestermsasif they wereuniqueidenti ers. The presented
links arethereforeoftenincorrecg.

Guarino[Guarinoet. al, 1999 developedOntoseekto
exploit WordNet and usessimple conceptualgraphs(pos-
itive non-nestedexistentially quanti ed CGs) to store the
contentof yellow-pages-like productcatalogs. They shav
that structuredcontentrepresentationsoupledwith linguis-
tic ontologiesincreasesrecall and precision for content-
basedretrieval. OntoseekeusesSENSUS* which mostlyin-
cludesWordNet and the Penmantop-level ontology The
authorsacknavledgethat the lack of informationaboutex-
clusion betweentypes in WordNet limits checksthat can
be performedwith this approach. For example, the graph

[person] (child) [student]  would beacceptecind
[person] (child) [plant]  rejectedsinceaplantcan-
notbeasubtypeof child but[eat] (patient) [house]
and [table] (patient) [house] would be accepted

becauséoth table and houseare not exclusive subtypesof
patient Thereis thereforeno signaturechecksappliedto
relationsin Ontoseekand so nonsense&knowledge suchas
“tabling ahouse”canbeentered.

Figurel: Queryfor the subtypesof pm#thingthatbelongto
the userpm The useris askingfor ary links, part-of, in-
stance subtype supertype etcreachabldrom pm#thingthat
are ltered (seebottomof screen-shotjelatedto rdf andnot
createcby a#aussieor ausernamed_modave

Unlike Brickley's WordNet sener, in WEBKB-2 a cate-
gory may be accesseavith a nameor with a catgyory iden-
ti er, andvariouslinks recursvely explored. All directlinks
from thecategory arealsopresentedlf theselectedanguage
is not RDF/XML, all thegraphswhich usea categorywith an
universalquanti er arepresented|

®In Brickley's words: “the currentdemocon ates word senses'
with thewordsassociateavith thosesenses”.

http:/iwwwilc.pi.cnritt EAGLES96/rep2/node23.htm

SWEBK B-2 doesnot translateconceptuagraphsto RDF/XML;

Figure2: Screershotof theresultof Fig. 1 returningRDF as
its output.

Thus, WEBKB-2 hassimilaritiesin intent and approach
with Ontoseek.In our view, the contentof a yellow-pages-
like catalogis no lessimportantor complex thanary other
technicaldocumentcontent. However, in Ontoseekgcorrect-
nessis de-emphasized the knowledgeis only intendedto
be usedasanindex for productsin a catalog,not reusedor
uni ed with knowledgegeneratedy multiple-users.Thisis
amajordifferencein the WEBK B-2 approach.

Most ontology seners also permit the constructionof
graphswithout universalquanti ers and thereforecould be
called “knowledgebaseseners”. The possibility of mod-
ifying the ontology is a rarer featurehowever. WEeBKB-
1 [Martin and Eklund, 1999;2000 and WEBKB-2 useop-
posing approachesn handling cooperationbetweenusers:
while mostontologyseners(e.g. Ontolingu&, Ontosauru$
Ikaru$, TadzebamndWebOntd) storethe userknowledge
asindependenmodules/ leson the sener-side, WEBK B-1
usesWeb-accessiblées ontheclient-side.WEBK B-2 how-
ever storesheknowledgeof userdn asingleknowledgebase
on the sener-side. Someontology seners, e.g. Ontolingua
and Ontosauruspermit ary useror a group of usersto edit
the modulebut, apartfrom locking and semaphorenecha-
nisms,no supportfor asynchronousooperations provided
(norecordof creatordor terms/links/grapharekeptandno
updateprotocolsenforced) An exceptionis Co4° whichhas

the RDF modeldoesnot explain how to representiniversalquanti-

ers suchasthoseusedin conceptuagiraphs.
Shttp://WWWLKSL-SVC .stanford.edu:5915
"http://wwwisi.edu/isd/ontosaurus.html
8http:/ww.csi.uottava.ca/kavanagh/Ikarus/Ikarusinfo.html
Shttp://ksi.cpsc.ucalgarya:80/KAN/KAWI8/domingue/
Ohttp://ksi.cpsc.ucalgamya/KANV/KAW96/euzenat/euzenat9atml



protocolsmodeledon submissionproceduredor academic
journals. This resultsin a hierarchyof knowledgebasesand
while duplicationleveragessomeproblemsof module-based
approachit cannotscaleto very large knowledge basesor
largenumbersof users.

Modulesare an easyway to delimit knowledge abouta
particularsubjectand handlecompetingformalizations,but
since categories betweenmodulesare generally not inter-
connectedautomaticallycomparingknowledgeor re-using
differentmodulesis unlikely to succeed.For the samerea-
son,evenwhengenerabescription®f thecontentof modules
aremadeusinggraphsthe selectionof adequatenodulesto
reuseor searchis adif cult task.

Figure3: Screenshotf theresultof Fig. 1. Returnedasnon-
RDF output. Theindentationis basednthesubclasselation
(' ' symbol),the*!” indicatesexclusionandthe” ” identi-
es instances Eachcateory is hyperlinkedto its complete
de nition including the WordNetsynsetsanda listing of all

relationtypes.

3 WEBKB-2 — SystemOverview

3.1 The Ontology

WEBKB-2 is initialized with the naturallanguageontology
WordNetand our own top-level ontology A portion of the
top-level ontologyis shavn in Fig. 3. Initialization of the
ontologycreatesneaningfulcontenton which to experiment
andour designrationaleis describedn [Martin, 2004. Cat-
egoriesfrom the ontology can be usedfor representinghe
contentof documentsand indexing them. Creatingandre-
trieving knowledgepermitsgreaterprecisionthan keyword-
baseddocumentretrieval. Our ontology contains 94,500
nouns,66,000cateyoriesreferredto by nouns,21,000adjec-
tivesand7,900catayoriesreferredto by adjectves. The on-

tology senercanalsobeusedto storeandretrieve conceptual
graphgdSawa, 1984.

Figure 4: Comparingtwo types “switch” and “phone”.
The various meaningsof each are shavn. Where the
meaning of “switch” as a situation is comparedto the
meaning of “phone” as an entity, exclusion relation-
ships are asserted. In the secondgroup, #switch/3 and
#earphoneearpiece_headphonephonehave asa common
supertype the secondmeaningof “device”, namely #de-
vice/2.

The domainontology describedabove is a large database
and new cateyoriescan be addedat ary time. This being
the case,the ontology cannotbe storeddirectly within the
schemaof an object-orienteddatabase.We useda GPL li-
censedbject-orientednain-memorydatabaseystemcalled
FAsTDB! with aC++ API*2. FASTDB hasfacilitiessuchas
the automatichandlingof reverselinks, concurrentaccesgo
the data,log-lesstransactiongndzerotime recovery. In the
eventthattheontologydatabasgrowsto belargerthan4Gb,
adisk-basedersioncalledGIGABA SE canbeusedwith the
sameAPI. Our currentexperimentalontologysener (mostly
populatedvith WordNetontologybut alsoothergenerakcon-
ceptualgraphs)s approximately67Mb.

3.2 Subsumption

Subsumptionis necessarfor graphsearchvia generaliza-
tion, specializatioror otherknowledge-basethferencesuch

as forward and backward chaining. WEBKB-2 allows the

minimalcommonsupertypesof two cateyoriesto bereturned
from the ontologysener. An exampleof a querycomparing
“switch' with “phone”in Fig. 4 shovsthecomparisonsf the

individual category meanings.

Uhttp:/wwwispras.ruknizhnik/fastdbhtml

e consideredPARKA-DB
(http://www.cs.umd.edu/projects/plusifka/parka-diintml) which
is designedo be a scalableknowvledge representatiorsystembut
couldnot nd sufcient informationto determineif it could be ex-
tendedto supportour datastructuresand knovledge management
procedures.



All categories are hyperlinked, and becauseof the ob-
ject databaseaccessallows primary keys indexed on cat-
egory names. It is therefore quick to navigate within
the ontology For example, by clicking on #device/2
in Fig. 4, Fig. 5 is displayed. The API is a
parameterizedcall to CGI sener, for example in this

case, http://tempus.int.gu.edu.au/cgi-bin/webKB/termSearch.cgi?

term=%23deice%2f2&recursLink=%3C&hyperlinks

Figure5: Selecting#device/2in Fig. 4 revealsthedirectsub-
typesandsupertypesof #device/2.

3.3 Graph Search, Specializationand
Generalization

Fig. 6 shavs WEBKB-2's interfacefor searchinggraphs.
Menusmay be usedasan aid for building the query graph
but aswe have shavn, queriesareformulatedasURL's. Fig.
6 shavs how a quanti er anda constrainttype hasbeense-
lectedfor the rst objectof the querygraphandhow the rst
relationhasbeenadded.Names,insteadof termidenti ers,
have beenused. pm hasbeenspeci ed asthe creatorof the
graphsto retrieve. Fig. 7 shows theresult. Sincetwo cate-
goriessharethenameGold_Coast achoicehasbeenmadeto
selectthe rst category asthe intendedmeaning.Both cate-
goriesarepresentedo permittheuserto evaluatethechoice.

Similarly, the graphsshawvn in Fig. 7 area interpretation
of the original graphplacedinto the knowledgebase. The
original graphwasof theform,

[philippe.martin@gu.edu.au,
agent of: (the renting,
object: (an apartment,
part: 1 bedroom,
location: Southport),
instrument: 140 Australian_dollars,
period: a calendar_week,
beneficiary: pm#Spirit_Of_Finance)](pm);

but would beretrievedby thequery“?[a renting]’ as,

[philippe.martin@gu.edu.au,
pm#agent of: (some #renting,
pm#object:  (some #apartment,
pm#part: 1 #bedroom,
pm#location: QLD#Southport),
pm#instrument: 140 #Australian_dollar,
#time_period: some #calendar_week,
pmibeneficiary: pm#Spirit_Of_Finance)]];

herewe obsenethateachof thetermsin theinitial graphhave
beenunambiguouslyresohed to catejoriesby WEBKB-2.
This interpretationof termsascateyoriesis indicative of the
ontologydomainsystemservice.

Figure6: Queryfor thespecialization®f agraphconcerning
anything aboutrentingandapartmenbnthe“Gold Coast”.

Figure 7: The Queryresult of the graphin Fig. 6. The
term “Gold Coast”’is ambiguousn the queryandhasbeen
assumedo resoheto the rst category.

4 HiBKB: asemanticWeb application

Applications of the semanticWeb are easyto imagine but
have beenslow to realize. Oneexampleis a subscribeicon-
structedyellow-pages-like catalog.Sucha catalogwould ex-
presssemanticstructureby interrelatingcategories: express-
ing the category typesand contets with interconnectiongo
relatedsynoryms. Consumergjuerythe yellow-pagescata-
log for goodsandservicesandproducergenerat&nowledge
mark-upthat pro les the semanticmeaningand context of



Figure 8: HiBKB returns a list of documents,
each hyperlinked title of the document followed
by its number of relevance rating according to MG
(http://www.mds.rmit.edu.au/mg/)

their product(s).

We now detail one semanticWeb application,developed
by the authorsandthe Distributed SystemsTechnologyRe-
searchCentre- DSTC' called HiBKB. The HiBKB is a
group-ware knowledge managemensystemthat performs
precision-basednowledgeacquisition. Analysis tasksare
supportedby the creationof a WEBKB-2 ontology as re-
usablecatagyories. The ontologyis usedasa structureddic-
tionary of re-usabletypesand relationsand can be usedto
constructconceptuagraphsas meta-datadescribingseman-
tic contentatthe sentencdevel.

Documentsare initially identi ed using information re-
trieval, in particulara queryby re nementenginecalledthe
HyperIindex Browser [Bruza, 2000%*. Oncetarget docu-
mentsareidenti ed asshavnin Fig. 8, text within documents
is high-lightedif it containsthe searchtermsand one (or
more)ontologycatayories.Thisis illustratedin Fig. 10. The
level of inheritancen the ontology andthereforethelevel of
generalityof thetext high-lighted,canbeadjustedyy theuser
asshavn in Fig 9. Text (asa sentencer a paragraphpnce
highlighted,is parsedy anaturallanguagearsethatwe de-
velopedfor thisapplication.Thenaturallanguagearsemuses
theontologyto normalizeconceptsandconnectingelations.
The ontologythereforede nes the outputvocahulary of the
parser The outputis a structuredknowledgerepresentation
calleda “frame conceptuafraph” (FCG) [Martin, 2004. A
sampleof thisoutputis shovnin Fig 11. TheFCGsarestored
in WEBK B-2 andcanbeusedto searctandnavigatefromthe
ontologysener backto the original documentsas shavn in
Fig. 12.

3TheW3C's Australianof ce — http://www.dstc.edu.au
MAKA http://www.guidebeam.com

Figure9: View a documentby clicking on its title. A new
window openscontainingthedocumengsshovn in Fig. 10.

Figure10: Thedocumentstext is sggmentednto paragraphs.
Eachparagraplor sentenceontainingsearchkeywordsand
this themes ontology cateyoriescan be selecteddy clicking
onthecorrespondingheck-box.

5 Discussion

The architectureof the WWW and the desirability of a se-
manticWeb createa needfor a domainontologysystemand
this in turn givesrise to a numberorganizationaldif cul-

ties. Oneproblemis the prospectof category squatting. In
the sameway thatdomainnamesquattinghasbecomeprob-



Figure 11: Once a document and selected para-
graphs/sentencesechosenHiBKB parseghe selectedext
segmentsand generated=CGsto index them and save the
FCGsin theWebKB-2Sener.

Figure 12: The Query interfaceto the HIBKB knowledge
base.

lematic,sotoo, if left unchecled,the domainontology sys-
temcouldbeover-exploited. Giventhatsometrademarkand

brandnamesalreadyappearin Wordnetsuchas“coca.cola”

and “Polaroid” commercialinterestswill emepge to assert
ownershipof category names. In so doing, theseowners
would control contentin the vertical domainsthe cateyories
referto. Becauseahe WEBK B ontologysystemcanmanage
catgyoriesandtheir creatorsthis problemhasatechnicalac-

commodation.

A secondissueis what constitutesa domain? Is therea
directcorrespondend® a domainasanontologyview anda
domainnameonthe WWW? For example the“.edu” domain

ontology might consistof scienti ¢ subjectheadingsfrom
ISO or ANSII standards.The “.edu.au” ontology might be
amirror of the“.edu” ontologybut includespecializationse-
lating to otherAustralianscienti ¢ headingsAlternatively, a
domainmight be constitutedfor an organizationakentity. In
this way everyonewithin the organizationwould have access
to a proprietarycateyory ontology relatedto the purposeof
theorganization.

Should there be a universal top-level ontology usedin
the “.com” domain into which the “.comparyx.com” or
“acme.com”ontologieswould be supersets?This question
is not easily answered. More importantly a domainontol-
ogy systemmusthave protocolsthataccommodatéhe above
possibilities: private as well as universalaccessand update
rights, multiple ontologyviews andcategory ownership.The
architecturepresentedn this papersatis es theserequire-
ments.

6 Conclusion

This paperpresentshe ideaandexampleof a domainontol-
ogy systemcalled WEBKB-2. A domainontology system
is a distributedWeb ontologythatresidesatimportantDNS-
like junctureson the WWW. Its taskis to disambiguateper
form query-re nementandactasa storeor corporatemem-
ory for categoriesthatcanbere-usedn managingorganiza-
tional knowledge. A domainontology systemmusthave an
inferencingcapabilityandstoreorganizationaknowledgeas
structuredandsearch-ableneta-data.

A domainontology systemmust be fast, updatable,se-
cure and include multiple-views and accesspoints to its
database. The domain ontology systemwe have created
re-usesa large portion of the WordNet catalogandis sup-
portedby a top-level ontology createdby the authors. We
claim that the feature set of WEBKB-21° representshe
minimum requiremenfor an ontology-basedemanticNeh
We are currently working on the protocol for hierarchical
update and changepropagationfor our domain ontology
system. More detail on WEBKB can be found at URL
http://tempus.int.gu.edu.aufipatin/WebKB/.
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