
Domain Ontology Serviceson the WWW

Content Areas:ontologies,distributed AI, conceptualgraphs
TrackingNumber:000

Abstract

The paperpresentsa domainontology serviceas
an enablingcomponentof the semanticWeb. A
domain ontology serviceis a shared,distributed
knowledge-baseallowing terms(as strings)to be
assigneda precisemeaningwrt to a category on-
tology. A domainontology servicecan be used
by a rangeof semanticWeb applications,suchas
yellow-pagecatalogsor by IR searchenginesto re-
�ne or disambiguatequerysterms. A morecom-
plex applicationof a domainontologyserviceis to
performsubsumption-basedinferenceandperform
knowledge-basedsearchandgeneralization.

1 Intr oduction
Oneassumptionof the“semanticWeb” is thatknowledgepro-
ducerswill generateknowledge(asmetadataor contentde-
scriptors)that is comparable.When you or I usethe term
“switch”, a domainontologyservicelocally proposesvari-
ousmeaningsof “switch”: (i) amechanical,electricaldevice;
(ii) a �e xible instrumentfor punishment;(iii) a subsitute(iv)
a basketball maneuver, etc. Term re�nementcontinuesun-
til thestringis classi�ed to a category consistentwith its in-
tendedmeaning.It canthenbecomparedwith otheridentical
categoriesof “switch”. Often whentermsareconnectedin
context, they canbe disambiguatednaturally. “Switch on a
wall” is enoughcontext to discounta numberof meaningsof
switchfrom theontologysincethesignatureof thespatialre-
lation“on” providesarestrictiononthecategorytype.In this
casethepresenceof “on” excludesthe last two meaningsof
switch(givenabove).

Furthermore,adomainontologyserviceneedsfacilitiesfor
individualsor teamstowork together, to de�ne andre�ne cat-
egories,maintainingviewsandgivingsecurityandownership
of new categoriesthatusers'createandre-use.Thenumber
of categoriesfor “switch” (andtheir intendedmeanings)for a
company (or industry)thatmanufacturesswitches,will need
to complementthemoregeneralmeaningsgivenearlier. For
thisreasonamechanismtodescribecategoriesandtheirplace
in a typehierarchyis necessary, asare�lters asa mechanism
to describerelationshipsbetweencategories:providing mul-
tiple re�nementsof theseindustry-speci�contologicalviews.

The domainontologyserviceis analogousto the domain
nameservice(DNS) mechanismusedon the World Wide
Web. A DNS resolvesdomainnamesto IP addresses,it is
distributed(mirrored)andhasa well understoodpropagation
mechanismfor update.Similarly, the domainontologyser-
viceis intendedto resolvetextualtermsto theirsemanticcon-
text. In additionit mustincludea meta-update-mechanicsto
distributeandpropogatechanges.

This paperdescribesa �rst generationdomainontology
servercalledWEBKB-2. WEBKB-2 hasanobject-relational
databasebackendthatis scalableandpermitsfast,multi-user
accessandupdateto Web-accessibleknowledge. It canbe
queriedandamendedin acontrolledway, allowsmultipledo-
mainviews, multiple usersandhasa rich contentinitialized
from WORDNET1 combinedwith our own top-level ontol-
ogy. Thepapershowshow weappliedWEBKB-2 in thecon-
structionof a semanticWebapplicationfor intelligentdocu-
mentandmetadataretrieval usingknowledge-basedtechnol-
ogy, namelyconceptgraphs(CGs)[Sowa,1984] while main-
taininginteroperabilitywith W3Crecommendations,suchas
XML. We demonstatehow knowledgecanbesearched,gen-
eralizedandhypernavigatedfrom thedomainontologyserver
backto thedocumentsfrom wheretheknowledgecame.

2 Background
Both generaland speci�c large-scaleontologiesexist (e.g.
CYC, WordNet,UMLS andSnomed).Theseontologiesare
so large that it is impracticalto reusethemvia inclusionas
RDF schema�les. Given that a large-scaleontologymust
have a databasebackend to implementan ontology server
acceptablyfast, we survey previous approachesbasedon
this idea. DanBrickley[Brickley, 1999] implementeda Web
serverproviding supertypesof agiventermin WordNet.The
RDF/XML notationis usedto presentthesesupertypes.The
server canbe referencedandusedas if it werea document
containingan RDF schemaaboutthe given term. However,
Brickley'sserverusestermsasif they wereuniqueidenti�ers.
Thepresentedlinks arethereforeoftenincorrect2.

Guarino[Guarino et. al, 1999] developedOntoseekto
exploit WordNet and uses simple existential conceptual

1http://www.cogsci.princeton.edu/˜wn/
2In Brickley's words:“the currentdemocon�ates'word senses'

with thewordsassociatedwith thosesenses”.



graphs (positive non-nestedexistentially quanti�ed CGs)
to store the content of yellow-pages and product cata-
logs. Guarino et. al show that structuredcontent rep-
resentationscoupledwith linguistic ontologiesincreasere-
call and precision for content-basedretrieval. More pre-
cisely, OntoseekreusesSENSUS3 which mostly includes
WordNet and the Penmantop-level ontology. The au-
thors acknowledge that the lack of information about ex-
clusion betweentypes in WordNet limits checksthat can
be performedwith this approach. For example, the graph
[person]

�

(child)
�

[student] would beacceptedand
[person] � (child) � [plant] rejected,sincea plant is
not a subtypeof child but [eat] � (patient) � [house]
and [table] � (patient) � [house] would be accepted
becausebothtableandhouseareconsideredsubtypesof pa-
tient. Thereis thereforeno signaturechecksappliedto rela-
tionson Ontoseekandsonon-sensicalknowledgesuchas“a
tableeatingahouse”canbeentered.

Figure1: Queryfor thesubtypesof pm#thingthatbelongto
the userpm. pm is askingfor any links, part-of, instance,
subtype,supertypeetcfrom pm#thingthatarefurther�ltered
(seebottomof screenshot)relatedto rdf andnot createdby a
usertype#aussieor anindividualnamedf modave.

Unlike Brickley's WordNetserver, in WEBKB-2 a cate-
gory maybe accessedwith a nameor with a category iden-
ti�er , andvariouslinks recursively explored.All direct links
from thecategoryarealsopresented.If theselectedlanguage
is notRDF/XML, all thegraphswhichuseacategorywith an
universalquanti�er arepresented4.

Thus, WEBKB-2 hassimilarities in intent and approach
with Ontoseek.However, webelievethenotationproposedin
Ontoseekis insuf�cient for anadequateor preciserepresenta-

3http://www.ilc.pi.cnr.it/EAGLES96/rep2/node23.html
4WEBKB-2 doesnot translateconceptualgraphsto RDF/XML;

becausetheRDFmodeldoesnotexplainhow to representuniversal
quanti�erssuchasthoseusedin conceptualgraphs.

Figure2: Screenshotof the resultof Fig. 1. On this occa-
sionreturningRDF asits output.Theindentationshows and
' � ' symbol indicatethe subclassrelation,the “!” indicates
exclusionand the “ � ” indicatesand instance. Eachof the
categoriesis hyperlinkedto its completede�nition which in-
cludestheWordNetsynsetsanda listing of its relationtypes.

tion of yellow-pages-like catalogswith detaileddescriptions
of productsor services.In our view, thecontentof a yellow-
pages-like catalogis no lessimportantor complex thanany
other technicaldocumentcontent. However, in Ontoseek,
precisionor correctnessseemdeemphasizedin thesensethat
the knowledgeis only intendedto be usedas an index for
productsin a catalog,not reusedor uni�ed with knowledge
generatedby multiple-users.This is amajordifferencein the
WEBKB-2 approach.

Most ontologyserverspermit the constructionof graphs
without universalquanti�ers and thereforecould be called
“knowledgebaseservers”. Thepossibilityof modifying the
ontologyis a rarerfeaturehowever. WEBKB-1 [Martin and
Eklund, 1998; 2000] and WEBKB-2 are two oppositeex-
tremesin the handlingof cooperationbetweenusers:while
mostotherontologyservers(e.g. Ontolingua5, Ontosaurus6,
Ikarus7, TadzebaoandWebOnto8) storethe userknowledge
as independantmodules/�les on the server-side WEBKB-
1 usesWeb-accessible�les on the client-side. WEBKB-
2, on the other hand, storesthe knowledge of usersin a
single knowledgebaseon the server-side. Someontology
servers,e.g. OntolinguaandOntosaurus,permitany useror
a groupof usersto edit the modulebut, apartfrom locking

5http://WWW-KSL-SVC.stanford.edu:5915
6http://www.isi.edu/isd/ontosaurus.html
7http://www.csi.uottawa.ca/kavanagh/Ikarus/IkarusInfo.html
8http://ksi.cpsc.ucalgary.ca:80/KAW/KAW98/domingue/



andsemaphoremechanisms,no particularsupportfor asyn-
chronouscooperationis generallyprovided(norecordof cre-
atorsfor terms/links/graphsarekept andno conventionsor
protocolsenforced).An exceptionwe know of is the CO49

systemwhich hasprotocolsmodelledon submissionproce-
duresfor academicjournals(i.e. on peer-review) resulting
in a hierarchyof knowledgebases.This approachcertainly
leveragessomeproblemsof module-basedapproachbut can
it scaleto largeknowledgebasesor a largenumberof users?

Modules are an easy way to delimit knowledge about
a particular subject and handlecompetingformalizations,
but since terms betweenmodulesare generallynot inter-
connected,automaticallycomparingknowledgeor re-using
differentmodulesis unlikely to succeed.For the samerea-
son,evenwhengeneraldescriptionsof thecontentof modules
aremadeusinggraphs,theselectionof adequatemodulesto
reuseor searchis adif�cult task.

Figure 3: Screenshotof the result of Fig. 1. Returnedas
non-RDFoutput.

3 The Ontology
WEBKB-2 is initialisedwith the naturallanguageontology
WordNetandatop-leveluniversalontologyfor managingup-
dates. A portion of the top-level ontologyis shown in Fig.
3. Initialisation of the ontologyis doneto createmeaning-
ful contenton which to experimentandour designrationale
is describedin [Martin, 2000]. WEBKB-2 hasa relational
databasebackendandis scalable.It canbeusedfor represent-
ing the contentof documentsand thereforeindexing them,
althoughthe creationand retrieval of knowledge is �ner -
grainedpermitinggreaterprecisionthankeyword-baseddoc-

9http://ksi.cpsc.ucalgary.ca/KAW/KAW96/euzenat/euzenat96b.html

umentretrieval. Weclaimthatthefeaturesetof WEBKB-210

representsthe minimum requirementfor an ontology-based
semanticWeb, suchas that describedby Tim Berners-Lee.
Our ontologycontains94,500nouns,66,000termsreferred
to by nouns,20,1000adjectivesand7,900termsreferedto by
adjectives.Theontologyservercanalsobeusedto storeand
retrieveconceptualgraphs.

Figure4: Comparingtwo types“switch” and“phone”. Note
thatthevariousmeaningsof eacharecomparedrespectively.
Wherethemeaningof “switch” asa situationis comparedto
themeaningof “phone” asanentity, exclusionrelationships
areasserted.Note that in the secondgroup,#switch/3and
#earphoneearpiece headphonephonehave asa common
supertypethesecondmeaningof “device”, namely#device/2

.

The domainontologydescribedabove is a largedatabase
andnew termscanbeaddedatany time. Thisbeingthecase,
the ontologycannotbe storeddirectly within the schemaof
anobject-orienteddatabase.We useda GPL licencedobject-
orientedmain-memorydatabasesystemcalled FASTDB11

with a high-level C++ API. FASTDB hasinterestingfacili-
tiessuchastheautomatichandlingof reverselinks, concur-
rentaccessto thedata,log-lesstransactionsandzerotimere-
covery. Furthermore,in theeventthat theontologydatabase
grows to be larger than4Gba disk-basedversioncalledGI-
GABASE canbeusedwith thesameAPI. We decidedto use
this systemandour currentdatabase(mostly containingthe
WordNetontology)is approximately. 67Mb12.

10WEBKB-2 canbequeriedat
http://tempus.int.gu.edu.au/p̃hmartin/WebKB/webKBshared.html

11http://www.ispras.ru/knizhnik/fastdb.html
12WeconsideredPARKA-DB

(http://www.cs.umd.edu/projects/plus/Parka/parka-db.html) which
is designedto be a scalableknowledgerepresentationsystembut
could not �nd sif�cient informationto determineif it could be ex-
tendedto supportour complex datastructuresandknowledgeman-
agementprocedures.In PARKA-DB the ontology is alsoentirely
loadedin memorybut thegraphsremainon disk



3.1 Subsumption
Subsumptionis necessaryfor graphsearchin generalization
andspecializationas well as for inferencein its own right.
WEBKB-2 hasasubsumptionenginethatallowstheminimal
commonsupertypesof two categoriesto bereturnedfrom the
ontologyserver. An exampleof a querycomparing“switch'
with “phone”shows thecomparisionsof theindividual cate-
gorymeaningsin eachcontext with oneanother.

Becauseall thecategoriesarehyperlinked,andbecauseof
the objectdatabaseaccessthat allows primarykeys indexed
oncategorynames,it is easyto navigatewithing theontology
byclickingon#device/2in Fig. 4,Fig. 5 is quicklydisplayed.

Figure5: Selecting#device/2 in Fig. 4 revealsthe relation
detailof thecategory#device/2,in thiscasethesubtypesand
supertypesonly.
.

3.2 Graph Search, Specializationand
Generalization

Fig. 6 shows one of WEBKB-2's interfacesfor searching
graphs.Menusmaybeusedasanaid for building thequery
graph. Fig. 6 shows how a quanti�er anda constrainttype
hasbeenselectedfor the �rst objectof the querygraphand
how the�rst relationhasbeenadded.Names,insteadof term
identi�ers, have beenused.Finally, pmhasbeenspeci�edas
thecreatorof thegraphsto retrieve. Fig. 7 shows theresult.
It indicatesthat two termssharethe nameGold Coastand
that the �rst meaninghasbeenselected.Both arepresented
to permittheuserto evaluateif thechoicewascorrect.Then,
a graphansweringthequeryis presented.

It is importantto pointout thatthegraphsshown in Fig. 7
area re�nementof theoriginal graphplacedinto theknowl-
edgebase.Theoriginalgraphwasof 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);

wouldberetrievedby thequery“?[a renting]” as,

[philippe.martin@gu.edu.au,
pm#agent of: (some #renting,

pm#object: (some #apartment,
pm#part: 1 #bedroom,

Figure6: Queryfor thespecializationsof agraphconcerning
anythingaboutrentingandapartmenton theGoldCoast.

Figure7: TheQueryresultof thegraphin Fig. 6. Notethat
thecategory “Gold Coast'is ambigiousin thequeryandhas
beenassumedto resolveto the�rst category.

pm#location: QLD#Southport),
pm#instrument: 140 #Australian_dollar,
#time_period: some #calendar_week,
pm#beneficiary: pm#Spirit_Of_Finance)]

];

herewe observe that eachof the termsin the initial graph
unabiguouslyresolvedto categoriesby WEBKB-2.



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/).

4 HiBKB: a semanticWebapplication
Applicationsof the semanticWeb have beenslow to realise
but areeasyto imagine. Oneexampleis a subscribercon-
structedyellow-pages-likecatalogue.Suchacataloguewould
expressdeepsemanticstructure,by interrelatingterms: ex-
pressingthe category typesand contexts with interconnec-
tions to relatedmeanings.Consumersof the Yellow-pages
query the catalogfor goodsand servicesand contentpro-
ducersgenerateknowledgemarkupthatpro�les thesemantic
meaningandcontext of theirproduct(s).

Wenow detailonesemanticWebapplication,developedby
theauthorsandtheDistributedSystemsTechnologyResearch
Centre- DSTC13 called HiBKB. HiBKB was contractre-
searchfor a defenseintelligencecustomer, anddemonstrates
theuseof thedomainontologyserviceelementsin apractical
system.TheHiBKB is a groupwareknowledgemanagement
systemthatperformsprecision-basedknowledgeacquisition.
Analysistasksaresupportedby thecreationof a WEBKB-2
ontologyasre-usablecatagories.Theseareorderedhierchi-
cally andaugmentedby WORDNET. The ontologyis used
asastructureddictionaryof re-usabletypesandrelationsand
canbe usedto constructconceptualgraphsasmetadatade-
scribingsemanticcontent.

Documentsrelevant to the analysistaskareidenti�ed us-
ing information retrieval, in particular a query by re�ne-
mentenginedevelopedat theDSTCcalledtheHyper-Index
Browser[Bruza,2000]14. Oncethetargetdocumentsareiden-
ti�ed as shown in Fig. 8, text within documentsis high-
lighted only if it containsthe searchtermsandoneor more

13TheW3C's Australianof�ce – http://www.dstc.edu.au
14AKA http://www.guidebeam.com

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

Figure10: Thedocument'stext is segmentedintoparagraphs.
Eachparagraphor sentencecontainingsearchkeywordsand
thistheme'sontologytermscanbeselectedby clickingonthe
correspondingcheckbox.

ontologyterms. This is illustratedin Fig. 10. The level of
inheritancein theontology, andthereforelevel of generality
of thetext high-lighted,canbeadjustedby theuserasshown
in Fig 8. Text (asasentenceor aparagraph)oncehighlighted,
is parsedandoutputasastructuredknowledgerepresentation
calleda “frame conceptualgraph” (FCG).This is shown in
Fig 11. TheFCGsarestoredin WEBKB-2 andcanbeused



Figure 11: Once a document and selected para-
graphs/sentencesarechoosenHiBKB parsestheselectedtext
segmentsand generatesFCGsto index them and save the
FCGsin theWebKB-2Server.

Figure12: TheQueryinterfaceto theWEBKB-2 knowledge
base.

to searchandnavigatebackthroughthe original documents
andtheir context asshown in Fig. 12. For semanticWebap-
plications,themainreusablefeatureof theHiBKB is a scal-
ableontologyserver WEBKB-2. This allows thecentralised
control of access,updateand the serviceof concepts,rela-
tions(ascategories)andtheir interconnections(formulations
asCGs).

5 Discussion
The architectureof the WWW andthe desirabilityof a se-
manticWebgivesriseto aneedfor domainontologyservers.

The creationof this domainontologyservicesin turn give
rise to a numberof social and organisationalissues. We
mentionedthesebut offer no solutions. Oneissueis ontol-
ogy squatting. In the sameway that we have seendomain
namesquatting,so too, if left unchecked,thedomainontol-
ogyservercouldbecommerciallyexploited.Giventhatsome
trademarkandbrandnamesalreadyappearin Wordnetsuch
as“coca cola” and“cassette”it seemsreasonablethatcom-
mercialinterestswill emergeto own categorynamingrights.
In sodoing,theseownerswouldcontrolcontentin thevertical
domainsthecategoriesreferto.

A secondissueis what constitutesa domain? Is therea
directcorrespondenceto a domainasa view on theontology
anda domainnameon the WWW? For instancethe “.edu”
domainontologywouldnaturallyconsistof scienti�c subject
headingsfrom ISO or ANSII standards.The “.edu.au”on-
tologymightbea copy of the“.edu” ontologyincludingspe-
cializationsrelatingto Australianscienti�c subjectheadings
specializedfrom the ISO or ANSII. Alternatively, a domain
might be constitutedfor a businessso that everyonewithin
that enterprisehasaccessto a proprietrycategory ontology.
Would therebe a universal top-level ontology usedin the
“.com” domaininto which, for instance,the “.dell.com” or
“compaq.com”ontologieswouldbesupersets?

Thesequestionsarenoteasilyanswered.Importantlyhow-
ever a domainontologyserver musthave protocolsthat ac-
commodateall the above possibilities: retrictedas well as
universalaccessandupdaterights, multiple ontologyviews
andcategory ownership.We believe theprototypepresented
in thispapercanbeadaptedto satisfytheserequirements.

6 Conclusion
This paperpresentsthe �rst domainontologyserver called
WEBKB-2. A domainontologyserver is a distributedWeb
ontologythatresidesat importantDNS-like junctureson the
WWW. Its taskis to disambiguite,query-re�nementandalso
actasa corporatememoryfor categoriesthatcanbere-used
in managingorganizationalknowledge. It musthave an in-
ferencingcapabilityandcanbe usedto storeorganisational
knowledgeasgraphsor structuredmetadata.

A domainontologyserver mustbeupdateable,secureand
includemultiple-viewsandaccesspointsto its database.The
domainontologyserver we have createdre-usesa largepor-
tion of the WordNetcatalogandis supportedby a top-level
ontologycreatedby theauthors.Wearecurrentlyworkingon
theprotocolfor hierarchicalupdateandchangepropogation
for our domainontologyserver. WEBKB canbe obtained
undertheGPL.
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