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Abstract

The paperpresentsa domainontolagy serviceas
an enablingcomponentof the semanticWeh A

domain ontology serviceis a shared,distributed
knowledge-basallowing terms(as strings)to be
assignech precisemeaningwrt to a cateyory on-
tology. A domainontology servicecan be used
by a rangeof semanticWeb applications,suchas
yellow-pagecatalogor by IR searchenginego re-
ne or disambiguate&uerysterms. A more com-
plex applicationof a domainontologyserviceis to

performsubsumption-basadferenceandperform
knowledge-basedearctandgeneralization.

1 Intr oduction

Oneassumptiomf the“semantidVeb” is thatknowledgepro-
ducerswill generatéknowledge(as metadataor contentde-
scriptors)that is comparable.Whenyou or | usethe term
“switch”, a domainontology servicelocally proposesvari-
ousmeaning®f “switch”: (i) amechanicalelectricaldevice;
(i) a exible instrumentor punishment(iii) a subsitutg(iv)
a basletball maneuer, etc. Termre nementcontinuesun-
til the stringis classi edto a catgyory consistentvith its in-
tendedneaninglt canthenbecomparedvith otheridentical
catgyoriesof “switch”. Often whentermsare connectedn
contet, they canbe disambiguatedhaturally “Switch on a
wall” is enoughcontet to discounta numberof meaningf
switchfrom theontologysincethesignatureof the spatialre-
lation“on” providesarestrictiononthecateyorytype. In this
casethe presencef “on” excludesthe lasttwo meaningof
switch (givenabove).
Furthermoreadomainontologyserviceneeddacilitiesfor
individualsor teamgo work togetherto de ne andre ne cat-
egories,maintainingviews andgiving securityandownership
of new cateyoriesthat users'createandre-use.The number
of categoriesfor “switch” (andtheirintendedneaningsjor a
compary (or industry)thatmanuficturesswitcheswill need
to complementhe moregeneraimeaninggivenearlier For
thisreasoramechanisnto describecateyoriesandtheirplace
in atypehierarchyis necessanasare Iters asamechanism
to describerelationshipdhetweercatayories: providing mul-
tiple re nementsof thesandustry-speci contologicalviews.

The domainontology serviceis analogoudo the domain
nameservice (DNS) mechanismusedon the World Wide
Weh A DNS resohesdomainnamesto IP addressest is
distributed(mirrored)andhasawell understoogropagation
mechanisnfor update. Similarly, the domainontology ser
viceisintendedo resoletextualtermsto their semanticon-
text. In additionit mustincludea meta-update-mechanits
distributeandpropogatechanges.

This paperdescribesa rst generationdomainontology
senercalledWEBKB-2. WEBK B-2 hasanobject-relational
databaséaclendthatis scalableandpermitsfast,multi-user
accessand updateto Web-accessibl&nowledge. It canbe
queriedandamendedhn acontrolledway, allows multiple do-
main views, multiple usersandhasa rich contentinitialized
from WORDNET! combinedwith our own top-level ontol-
ogy. Thepapershavshow we appliedWEBK B-2 in thecon-
structionof a semantidMeb applicationfor intelligentdocu-
mentandmetadataetrieval usingknowledge-basetechnol-
ogy, namelyconcepgraphgCGs)[Sowa, 1984 while main-
taininginteroperabilitywith W3C recommendationsuchas
XML. We demonstatdow knowledgecanbe searchedgen-
eralizedandhypernaigatedirom thedomainontologysener
backto thedocumentdrom wherethe knowledgecame.

2 Background

Both generaland speci ¢ large-scaleontologiesexist (e.g.
CYC, WordNet,UMLS and Snomed).Theseontologiesare
solargethatit is impracticalto reusethemvia inclusionas
RDF schemales. Given that a large-scaleontology must
have a databasébaclend to implementan ontology sener
acceptablyfast, we surwey previous approachesdasedon
this idea. Dan Brickley[Brickley, 1999 implementeca Web
sener providing supertypesf agiventermin WordNet. The
RDF/XML notationis usedto presenthesesupertypesThe
sener canbe referencedand usedasif it werea document
containingan RDF schemaaboutthe giventerm. However,
Brickley'ssenerusegermsasif they wereuniqueidenti ers.
Thepresentedinks arethereforeoftenincorrect.
GuarindGuarinoet. al, 1999 developed Ontoseekto
exploit WordNet and uses simple existential conceptual

http:/Iwww.cogsci.princeton.edu/wn/
2In Brickley's words: “the currentdemocon ates'w ord senses'
with thewordsassociateavith thosesenses”.



graphs (positve non-nestedexistentially quanti ed CGs)
to store the content of yellow-pagesand product cata-
logs. Guarinoet. al shav that structuredcontentrep-
resentationsoupledwith linguistic ontologiesincreasere-
call and precisionfor content-basedetrieval. More pre-
cisely OntoseekreusesSENSUS® which mostly includes
WordNet and the Penmantop-level ontology The au-
thors acknavledge 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]  wouldbeacceptednd
[person] (child) [plant]  rejected,sincea plant is
not a subtypeof child but [eat] (patient) [house]
and [table] (patient) [house] would be accepted
becausdothtableandhouseareconsideregubtypeof pa-
tient Thereis thereforeno signaturechecksappliedto rela-
tionson Ontoseekandsonon-sensicaknowledgesuchas*“a
tableeatingahouse”canbeentered.
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Search terms in WebKB (documentarion here!

Selection options

Identifier or name (English noun/adjective) for the required term(s): |pmithing

Alternatively, or in addition fo a name, you rmay select

alink between the required term and ancther term: any link
destination term (eptional; identifier only): |4 Clear

Display options
Only the required terms should be showm (with the links that are directly connected to them)
These terms should be shown plus those indirectly reachable from them via links: > (subtype)

Exploration depth (optional number): |4

Only if created by |ikdf, M pm#KvVO_g  and not created by |i» $aussie, £ mo Clear| EJ
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Figurel: Queryfor the subtypesof pm#thingthatbelongto
the userpm pmis askingfor ary links, part-of, instance,
subtype supertypestcfrom pm#thingthatarefurther ltered
(seebottomof screenshotlelatedto rdf andnot createdoy a
usertype#aussieor anindividualnamed_modave

Unlike Brickley's WordNetsener, in WEBKB-2 a cate-
gory may be accesseavith a nameor with a cateyory iden-
ti er, andvariouslinks recursvely explored. All directlinks
from thecateyory arealsopresentedif theselectedanguage
is notRDF/XML, all thegraphswhich usea catgyorywith an
universalquanti er arepresenteti

Thus, WEBKB-2 hassimilaritiesin intent and approach
with OntoseekHowever, we believe thenotationproposedn
Ontoseelsinsufcient for anadequat®r preciserepresenta-

3http:/iwwwilc.pi.cnritt EAGLES96/rep2/node23.html

*“WEeBK B-2 doesnottranslateconceptuatyraphsto RDF/XML;
becaus¢he RDF modeldoesnot explain how to representiniversal
guanti erssuchasthoseusedin conceptuagraphs.
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<rdfs:Class rdf:ID="Thing">
<rdfs:comment>anything that is not a relation</rdfs:comment>

<pmsauthoring date>12/12/2000¢/pn: authoring dat
<rdfitype rdfiresource="http://umm.u3. org/TR/lBBB/PR rdf-schema-199903034Class" />
<pm:exclusiveclass rdf:resource="jrelation”/

</rdfs:class>

<rdfs:Class rdf:ID="Situation"
<rdfs:comment>thing that "ocours’ in a (real or imagined) region of time and s
<rdfs:subClassOf rdf:resource="§Thing"/>
<pm:exclusiveClass rdf:rescurce="4Entity"/>
</rdfs:Class>

<rdfs:Class rdf:ID="State'>
<rdfs:comment>situation not changing and not making 2 change during a given
SrdfsisubClassof rdfiresource="4§ituation’/>
pm: exclusiveClass rdf:resource="}Process'/>
</ehfsttianes

<rdfsiclass rdfi-"process’
ot comment b2 15 uat don. £hat makes 3 changs during soms pericd of timec/rds
CrferenbClageot pdf:resources "45ituation
<pm:exclusiveclass rdf:resource="jstate” 7
</rdfs:Class>

<rdfs:Class rdf:ID="Event">
<rdfs: comment >process considered instantaneous from some viewpoint; clas
<rdfs:subClassOf rdf:resource="4Process"/:

</rdfs:Class>

<rdfs:Class rdf:ID="ProblemfolvingProcess">
<rdfs:comment>cognitive sctivity to solve a probleme/rdfs:comment>
<rdfs:subClassOf rdf:resource="jprocess" />

</rdfs:Class>

<rdfs:Class rdf:ID="Task">
<rdfsicomnent>processes modelled in knowledge scquisition, e.g. & dia
<rdfs:subClassOf rdf:resource="hProblenfolvingProcess”

</rdfe:Class>

<rdfs:class rdf:ID="FrocessPlayingaRole’>

<rdfs:subClassOf rdf:resource="4Process"/>

<rdfs:subClassOf rdf:resource="4SituaticnPlayingSomeRole"/>
</rdfs:Class>

<rdfs:Class rdf:ID="Phenomenon"
<rdfs:comment>situation known through the senses rather than by reasoning</
<rdfs:subclassof rdf:resource="#Situation"/>
</rdfs: Class>

<rdfs:Class rdf:ID="situationPlayingSomeRole">
<rdfs:comment>s.g. 3 causal situstion</rdfs:comment>
<rdfs:subClassOf rdf:resource="hSituation’ />
<rdfs:subClassOf rdf:resource="#ThingPlayingsomerole"/>
</rdfs:Class> 7]
7

=] =
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Figure2: Screenshotof theresultof Fig. 1. On this occa-
sionreturningRDF asits output. Theindentationshavs and
' ' symbolindicatethe subclasgelation,the “!” indicates
exclusionandthe“ ” indicatesand instance. Eachof the
cateyoriesis hyperlinkedto its completede nition whichin-

cludesthe WordNetsynsetsanda listing of its relationtypes.

tion of yellow-pages-lile catalogswith detaileddescriptions
of productsor services.In our view, the contentof a yellow-
pages-lile catalogis no lessimportantor complex thanary
other technicaldocumentcontent. However, in Ontoseek,
precisionor correctnesseemdeemphasizeith the sensehat
the knowledgeis only intendedto be usedas an index for
productsin a catalog,not reusedor uni ed with knowledge
generatedy multiple-usersThisis amajordifferencen the
WEBKB-2 approach.

Most ontology seners permit the constructionof graphs
without universalquanti ers and thereforecould be called
“knowledgebaseseners”. The possibility of modifying the
ontologyis ararerfeaturehowever. WEBK B-1 [Martin and
Eklund, 1998; 2000 and WEBKB-2 are two oppositeex-
tremesin the handlingof cooperatiorbetweenusers:while
mostotherontologyseners(e.g. Ontolingu&, Ontosauruy
Ikarus, TadzebamndWebOntd) storethe userknowledge
as independanimodules/ les on the senerside WEBK B-
1 usesWeb-accessibleles on the client-side. WEBKB-
2, on the other hand, storesthe knowledge of usersin a
single knowledge baseon the sener-side. Someontology
seners,e.g. Ontolinguaand Ontosauruspermitany useror
a groupof usersto edit the modulebut, apartfrom locking

Shttp://IWWW-KSL-SVC.stanford.edu:5915
Shttp://wwwisi.edu/isd/ontosaurus.html

http://www csi.uottava.ca/kavanagh/lkarus/Ikarusinfo.html
8http://ksi.cpsc.ucalgaiya:80/KAV/KAWI8/domingue/



andsemaphorénechanismsno particularsupportfor asyn-
chronougooperatioris generallyprovided(no recordof cre-
atorsfor terms/links/graphsre kept and no corventionsor
protocolsenforced). An exceptionwe know of is the Co4°
systemwhich hasprotocolsmodelledon submissiorproce-
duresfor academidournals(i.e. on peerreview) resulting
in a hierarchyof knowledgebases.This approactcertainly
leveragessomeproblemsof module-basedpproachbut can
it scaleto largeknowledgebasesor alargenumberof users?

Modules are an easyway to delimit knowledge about
a particular subjectand handle competingformalizations,
but since terms betweenmodulesare generally not inter-
connectedautomaticallycomparingknowledgeor re-using
differentmodulesis unlikely to succeed.For the samerea-
son,evenwhengeneratlescription®f theconteniof modules
aremadeusinggraphsthe selectionof adequatenodulesto
reuseor searchis adif cult task.
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pmithing (*anything that is not a relation®) 12/12/2000
|

> pmsituation (~thing that "occurs" in a (real or imagined) region of time and space’)
S pmistate (fsituation not changing and not making 2 changs during a given period of
> pmiprocess ("situation that makes a change during some period of time#)
> pmievent (‘process considered instantanecus from some viewpoint; classification
= pm;;problem solvmg process (“cognitive activity to solve a problem

Puttask™ ("procBsses modelled in knowlsdge acquisition, eig. a d)agnost)c )
> pmiprocess pl
> pmibhohomencn ™ (5ituzelen khown through the senses rather than by reasonings)

> pmisituation plaving some role (“e.g. a csusal situation’)
pmiprocess playing a_role
> pmnentlty ("thing that can be "involved" in a situation®)
> pmispatial entity (°space region or thing occupying a space region?)
S pmispacs (/point or extent in space’)
> pmiphysical entity (“cpatial entity made of matters)
S ient ity that can bealive  (serg. an animal, & cells)
> Dmientity_that_canmot be slive (*e.g. a bottler)
> pmidead_entity (° ent)ty that is no more alive)
> pminonspatialentity (¢e.g. knowledge, motivation, language, measure")
> pmipeychological entity (rfeaturs/product of mental activity, e.g. feeling®)
> pmiinformation entity (*content/element of a description®)
> pmidescription (*description of a situation®)
> pmidescription_container (“e.g. file, image (but not disk or paper)
1 kg, frequency, [2- 3] hz, o

> pmiattribute of measure (fe.g. mass, mass unit,

> pmfeollection {’something gathering ceparated things (entities/situations)n)

> rdifproperty (“all binary relatien classes are instance of that object®)
> pmjundivisible entity (‘classification under this category is application-dependan
>

pmidivisible emtity
> pmidivisible_entity without discrete parts
> pmicomposite entity (~diviSible entIty with discrete partst)
> pmicollection (*something gathering separated things (entitiss/situations)?)

> pmjentity plaving_soms_role
oured_entity

entity part
process_recipient (frecipient of a processt)
rocess object

1 entit

"e.g. sn agent, an owner®

(*something (animal or software agemt) able to acts)
pmiliving entity ("entity that is alivet)
pmigoal directed agent (*goal directed causal entity (ex:a problem solver or
piperhaps goal Tirected_causal entity ("e.g. supernatural forces)
pmiwitholit_goal causal entity [Anon conscious eniity and mot AT_Agentn)
> pmﬂlmag)nary EREILY ("an entity that has been imagined’) -
pmiimaginary spatial entity (*e.g, 3 cartoon character?)
> Qmﬂthlng playing_soms role (“category to classify things acoording to roles/viewpoint
pmincdiotion “(*Pelree/Soua’s notion of "thirdness!s
1 Dhitbing pesded for. come prosese (n e.g. something needed for an applications)
> pmithing needed Tor kiowledge_enginéering
S pmithing needed For KADS knowledge engineering
> pmisitustion playing Some role” ("e.g. a causal sitiation’)
biiprocess plaving o rele
= pmﬂentlty playing_some_role (*e.g. an agent, an ounerw)
puouned_ent ity

=l |
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Figure 3: Screenshoof the resultof Fig. 1. Returnedas
non-RDFoutput.

3 The Ontology

WEBKB-2 is initialised with the naturallanguageontology
WordNetandatop-level universalontologyfor managingup-
dates. A portion of the top-level ontologyis shavn in Fig.
3. Initialisation of the ontologyis doneto createmeaning-
ful contenton which to experimentandour designrationale
is describedn [Martin, 2000. WEBKB-2 hasa relational
databaséaclendandis scalablelt canbeusedfor represent-
ing the contentof documentsand thereforeindexing them,
althoughthe creationand retrieval of knowledgeis ner-
grainedpermitinggreateiprecisionthankeyword-basedioc-

umentretrieval. We claimthatthefeaturesetof WEBK B-210
representshe minimum requirementor an ontology-based
semanticWeb, suchasthat describedby Tim Berners-Lee.
Our ontology contains94,500nouns,66,000termsreferred
to by nouns20,1000adjectvesand?,900termsreferedto by
adjectves. The ontologysener canalsobe usedto storeand
retrieve conceptuagraphs.
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Figure4: Comparingtwo types“switch” and“phone”. Note
thatthe variousmeaningf eacharecomparedespectiely.
Wherethe meaningof “switch” asa situationis comparedo
the meaningof “phone” asan entity, exclusionrelationships
are asserted.Note thatin the secondgroup, #switch/3and
#earphoneearpiece_headphonephonehave asa common
supertypehe secondneaningof “device”, namely#device/2

The domainontologydescribedabove is a large database
andnew termscanbeaddedatary time. This beingthecase,
the ontology cannotbe storeddirectly within the schemeof
anobject-orientedlatabaseWe useda GPL licencedobject-
oriented main-memorydatabasesystemcalled FAsTDB!!
with a high-level C++ API. FASTDB hasinterestingfacili-
ties suchasthe automatichandlingof reverselinks, concur
rentaccesso thedata,log-lesstransactiongandzerotime re-
covery. Furthermorein the eventthatthe ontologydatabase
grows to belargerthan4Gb a disk-basedrersioncalled Gi-
GABASE canbeusedwith the sameAPI. We decidedo use
this systemand our currentdatabas€émostly containingthe
WordNetontology)is approximately67Mb?!2.

1%WEBK B-2 canbequeriedat
http://tempus.int.gu.edu.dalimartin/lebKB/webKBshared.html

Uhttp:/imvwwispras.ruknizhnik/fastdbhtml

12We consideredPARKA-DB
(http://www.cs.umd.edu/projects/plusifRa/parka-dintml)  which
is designedo be a scalableknovledge representatiorsystembut
couldnot nd sif cient informationto determineif it could be ex-
tendedto supportour complex datastructuresandknowvledgeman-
agementprocedures.In PARKA-DB the ontologyis also entirely

°http://ksi.cpsc.ucalgaya/KAN/KAW96/euzenat/euzenat9btml loadedin memorybut the graphsremainon disk



3.1 Subsumption

Subsumptions necessaryor graphsearchin generalization
and specializatioras well asfor inferencein its own right.
WEBK B-2 hasasubsumptiomnginethatallowstheminimal
commonsupertypesf two cateyoriesto bereturnedromthe
ontologysener. An exampleof a querycomparing‘switch’
with “phone” shavs the comparision®f theindividual cate-
gory meaningsn eachcontext with oneanother

Becausall the catgoriesarehyperlinked,andbecausef
the objectdatabasaccesghat allows primary keys indexed
oncategory namesit is easyto navigatewithing theontology
by clicking on#device/2in Fig. 4, Fig. 5is quickly displayed.

Fle Edt View Go_Communicator elp |
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Back Fonwad Relbad  Home  Seach MNetscape  Prnt  Secuty  Shop stop,
™ Bookmarks i Location: [k . qu. ed 7| @7 whats R'\akd‘
2 apcmag.com shop: A computer magazine 2 SlashdotNews for . uff that Maters. 4 Coastal Watch - Su. Live Beach Cameras 2 The Sydney Moming Herald ‘

#device/2 (“an instrumentality invented for a particular purpose; "the device is small enoufd
> facoustic_device #adaptor #afterburner #airfoil #warning device #contraption #ap)
< #instrumentality/2_ instrumentation (“an artifact (or system of artifacts) that is in

< fartifact_artefact (“a man-made object”)

< #physical_object_ object_ physical_object
< pm#entity_that_cannot be_alive (“e.g. a bottle
< pmifphysical entity (“spatial entity made of matter”)
< pmifspatial_entity (“space region or thing occupying a space region”)
< pm#entity (“thing that can be "involved” in a situation”)
< pmfthing (“anything that is not a relation®) 12/12/2000
< #entity_ something ~(“anything having existence (living or nonliving)”)

(“a physical (tangible and visible) e
~)

7

=
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Figure5: Selecting#derice/2in Fig. 4 revealsthe relation
detailof the catgyory #device/2,in this casethe subtypesand
supertypesnly.

3.2 Graph Search, Specializationand
Generalization

Fig. 6 shawvs one of WEBKB-2's interfacesfor searching
graphs.Menusmay be usedasanaid for building the query
graph. Fig. 6 shavs how a quanti er anda constrainttype
hasbeenselectedor the rst objectof the querygraphand
how the rst relationhasbeenadded Namesjnsteadof term
identi ers, have beenused.Finally, pmhasbeenspeci edas
the creatorof the graphsto retrieve. Fig. 7 shavs theresult.
It indicatesthat two termssharethe nameGold_Coastand
thatthe rst meaninghasbeenselected.Both arepresented
to permittheuserto evaluateif thechoicewascorrect.Then,
agraphansweringhe queryis presented.

It is importantto pointoutthatthe graphsshavn in Fig. 7
areare nementof the original graphplacedinto the knowl-
edgebase.Theoriginal 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);

would beretrievedby thequery” ?[a renting]’ as,

[philippe.martin@gu.edu.au,
pm#agent of: (some #renting,
pm#object:  (some #apartment,
pm#part: 1 #bedroom,
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Search statements in WebKB =

{documentation and conver]

Central object of the query Clear
. =] - Nemefdemifier - — | siustion =
a I:renting |;s ituaticn
Add a relation (or property) to the central object = | Add Clear
Relation: |object object —» thing =] relarion_from_des

relarion_from_sparial_entity = thing 1 | relation_from_collection = thin|

aurbutve_relaton -> thing =] ordering r
Destinstion a =] - Name/dentfier - | sparial_ently =
object: - B ; s
| Bpartment I,spatlaliem: ity
Formalization of the query in Frame-CG = Clear ——- Examples ———

spec [a renting \‘\situation,
cbject: (an apartment ‘\spatial_entity,
locaticn: (a district, part of: Gold Coast))]

&

Display options - with hyperlinked terms: < yes v no

- only statements created by | prf and not created by: | Clear
Submit to |:nu1,://t.myu;.imt qu. edu. am/cg ‘objectHandling. cgi
7l

o =

I} -
{4 oz @ 2

Figure6: Queryfor thespecializationsf agraphconcerning
arything aboutrentingandapartmenbnthe Gold Coast.

Help ‘
A
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Line 1. Warning: there are 2 terms with name ’Gold_cCoast’:

QLD{#Gold Coast
. distric
p OLD}Arundel QLDf{Ashmore QLD#Coolangatta QLD}Labrador QLD{Herang OLI
P #Queensland;

ijhana Gold Coast (“a republic in West Africa on the Gulf of Guinea;
#African country,

[

"Ghana

#Ghanian,
jAccra,
#africa,
#Ghanaian;

=T e

THE TERM 1 HAS BEEH SELECTED!
If this selection was not the one you wanted,
please modify the query using the identifier of the right term

[#Graphd405419 [philippe.martin@gu.edu.au
pméagent of: (some grenting,
pmicbiect: (some #apartment
pmipart: (1 bedroom),
Emilocation: (QLDEGouthport)),
pm#instrument: (140 gaustralian dollar)
#period: (some fworkweek),
pmibeneficiary: (pmiSpirit Of Finance))]

! |

IE}‘ T

=
e 0w @ 2

Figure7: The Queryresultof the graphin Fig. 6. Notethat
the category “Gold Coast'is ambigiousin the queryandhas
beenassumedo resolheto the rst cataory.

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

pm#beneficiary: pm#Spirit_Of_Finance)]

herewe obsere that eachof the termsin the initial graph
unabiguouslyesohedto cateyoriesby WEBK B-2.



3% Hyperindex Browser -switch router - Netscape
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Current Theme Ontolo Current CC Index indexfile  THeme:  comms

-Hyper-index browser -

Gz switch router

°E switch router 15000 (100)

€ nortel switch router (100)

°E versalar switch router (100)

£ networks switch router (1000

Our initial query "router”

is refined to "cisco switch"
"E LAN switch (100)

Click on links to
refine your query further

°E series router
Click on images to
retrieve documents

e 2B
Enter topic of interest: |switeh router =

Please note: do not use any scarch engine-specific options ke % +,- ctc

Search

Make a comment or suzgestion.  »|
=

==

|Document; Done

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://mvwwmds.rmit.edu.au/mg/)

4 HiBKB: asemanticWeb application

Applicationsof the semantidWeb have beenslow to realise
but are easyto imagine. One exampleis a subscribercon-
structedyellow-pages-lile catalogueSuchacataloguevould
expressdeepsemanticstructure by interrelatingterms: ex-
pressingthe category typesand contets with interconnec-
tions to relatedmeanings. Consumersf the Yellow-pages
guery the catalogfor goodsand servicesand contentpro-
ducerggenerat&knowledgemarkupthatpro les thesemantic
meaningandcontext of their product(s).

We now detailonesemantidVebapplicationdevelopedby
theauthorsandtheDistributedSystemdechnologyResearch
Centre- DSTC'® called HiIBKB. HiBKB was contractre-
searchfor adefensantelligencecustomeranddemonstrates
theuseof thedomainontologyserviceelementsn apractical
system.TheHiBKB is a groupwareknowledgemanagement
systemthatperformsprecision-basekinowledgeacquisition.
Analysistasksaresupportedy the creationof a WEBK B-2
ontologyasre-usablecatagories.Theseareorderedhierchi-
cally andaugmentedy WORDNET. The ontologyis used
asastructurediictionaryof re-usablaypesandrelationsand
canbe usedto constructconceptuabraphsas metadatade-
scribingsemanticontent.

Documentgelevantto the analysistaskareidenti ed us-
ing information retrieval, in particulara query by re ne-
mentenginedevelopedat the DSTC calledthe HyperIndex
BrowsetBruza,2000%. Oncethetargetdocumentsireiden-
tied asshowvn in Fig. 8, text within documentss high-
lighted only if it containsthe searchtermsandoneor more

BTheW3C's Australianof ce — http://wwwdstc.edu.au
MAKA http://iwwwguidebeam.com
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The ontology is deployed.
We are now looking for sentences
in which the anchor term
“cisco switch" occurs with
an ontology term

Click on these checkboxes
to highlight synonyms

i} . N
ogiome+ | Levell ]I;:;’iis . when viewinga document
Concept types gev‘mﬁ * Comvept types, Use Synonyms for Ontology Terms
only. oncept lypes supertypes and
z;:;ps;nypes el Use Synonyms for Keywords v

(grandparents)

Search Keywords

Query: cisco swiich

Click toSet Level, CusrentLevel: [1]

Click on the titles

to view documents.

Datapre: 28 July 1099; Cisco Systems Vendor Profile A document will be
Documant Number 505, weight = 1 023635426421 RS G RN 200
window

Datapre: 24 May 1999: Cisco Systems Catalyst 30XX Token Ring LAN Switches
Document Number 1505, weight = 08066 50562341

==

'Document: Done

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

¥ Document View - Netscape.
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Document 1610

Cisco Systems Catalyst 1200 LAN Switch

Section 1 of 1 04 June 1999 By : Elspeth M Parris Analytical Source : Kamini Urnrania
In This Report

2 i g arters Overview Analysis Pricing - - GSA Pricing Competitors Strengths
The markup shows where

search terms and ontology terms

combine in the document.

(green terms are search terms,

red terms are ontology terms)

I Established in 1986 and shipping switches since 1994, Cisco has become a leader in the networking field,
with a wide range of products from the small business environment to the enterprise. [ Cisco has developed its

™ LAN switching product Ine which now consists of a family of high-performance switches enabling
organizations to migrate traditional shared LANs to fully switched networks. The 1200 switch series offers
Ethernet workgroup connectivity with uphinks to FDDI and CDDI.

The boxes can be checked
if the candidate text is important

I The 1200 switeh cotmes in four versions , with fwa sizes of MAC address tables provided for either copper J
" or fier connections. FTEISNSTE NPT SRIISINE L PRl multicasting and routing. The 1200 also
P el Checkbox is checked - synonyms

isdisplayed.

Ontelogy Term
Synoaym: fbre
*Synonyrms for Keywords" checked

SIS ERRSEERIIENEE Checkbox will highlight in black.

k On mouseOver short explanation

all search keywords synonyms

Ciseo Systems , Inc

170 W. Tasman Drive

Cil [

=l
7

Figure10: Thedocumentstext is segmentednto paragraphs.
Eachparagraptor sentenceontainingsearchkeywordsand
thisthemesontologytermscanbeselectedy clickingonthe
correspondingheckbox.

ontologyterms. This is illustratedin Fig. 10. The level of
inheritancen the ontology andthereforelevel of generality
of thetext high-lighted,canbe adjustedby theuserasshavn
in Fig 8. Text (asasentencer aparagraphpncehighlighted,
is parsedandoutputasa structurecknowledgerepresentation
calleda “frame conceptuabraph” (FCG). This is shavn in
Fig 11. The FCGsarestoredin WEBKB-2 andcanbe used
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Save Document 1610 in Repository

The selected sentences are

converted into a k-repr format|
Summary of Conceptual Graph e ICl3 CHHocr)
Indexations are generated
 Suving Document Elomert e )
The Catalyst series supports all LAN and ATM switching technologies , including Ethernst , Fast Bthernat , Fast
BtherChannel, FDDI, token-ring , Gigabit Bthernet . and ATM switching modules.
, and corresponding indesation:
[t seriss, relation: catadyst, agent of fa supporting, object a LAN, attribute: all, logical_binaryrel:(some
technologies, relation: aim, relation: switching, including:(some ethernet, logical_binaryrel:(some etherne,
atiribute: fast, logical_binaryrel:(some etherchannel, attribute: fast, logical_binaryrel:(same FDDI,
logical_binaryrel:(some token-ring, logical_binaryrel(some ethernet, relation: gigabit, logical_binaryrel (some
madules, relation: atm, relation: switching )))WD].

- Saving Document Element.

For smaller organizations Ciseo offers the Catalyst 1200 which is a multilayer switch for smaller applications
needing managed switching of Bthernet/FDDI networks , such as CADICAM groups or financial service
organizations.

. and corresponding indexation:

Soome cisco, attribute: smaller, relation: orgaizations, agent af-(an offering, object (a switch, relation: catalyst,
guantity: 1200, atiribute: a, atiribute: muitilaver, atiribute: smatler, 1
Switehing, relation:(some networks, relation: ethernet[fddi, as:come groups, relation: cadfcam,
logical_binaryrelfsome organizations, atiribute: financial, relation: service) ).

- Saving Document Element
Cisco has developed its LAN switching product line which now consists of a family of high-performance switches
enabling arganizations to migrate iraditional shared LANs to fully switched netvaris.

. and corresponding indexation:

ffsome cisco, has_developed:(a ine, relation: LAN, relation: switching, relation. product, agent of (consisting,
= =0=[ [Document Done Eb N =

N

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

Figurel12: The Queryinterfaceto the WEBK B-2 knowledge
base.

to searchand navigate backthroughthe original documents
andtheir context asshavn in Fig. 12. For semantidNVeb ap-

plications,the mainreusabldeatureof the HIBKB is a scal-

ableontologysener WEBK B-2. This allows the centralised
control of accessupdateand the serviceof conceptsyela-

tions (ascateyories)andtheir interconnectiongformulations
asCGs).

5 Discussion

The architectureof the WWW andthe desirability of a se-
manticWeb givesriseto a needfor domainontologyseners.

The creationof this domainontology servicesin 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,sotoo, if left unchecled,the domainontol-
ogy senercouldbecommerciallyexploited. Giventhatsome
trademarkandbrandnamesalreadyappeaiin Wordnetsuch
as“cocacola” and“cassette’it seemgeasonablehatcom-
mercialinterestswill emegeto own catgory namingrights.
In sodoing,theseownerswould controlcontentin thevertical
domainghe cateyoriesreferto.

A secondissueis what constitutesa domain? Is therea
directcorrespondenc® a domainasa view on the ontology
anda domainnameon the WWW? For instancethe “.edu”
domainontologywould naturallyconsistof scienti ¢ subject
headingsrom ISO or ANSII standards.The “.edu.au”on-
tology mightbea copy of the“.edu” ontologyincludingspe-
cializationsrelatingto Australianscienti ¢ subjectheadings
specializedrom the ISO or ANSII. Alternatively, a domain
might be constitutedfor a businessso that everyonewithin
thatenterprisehasaccesgo a proprietry cateyory ontology
Would there be a universaltop-level ontology usedin the
“.com” domaininto which, for instance the “.dell.com” or
“compag.com’ontologiesnvould be supersets?

Theseaguestiongirenoteasilyansweredlmportantlyhow-
ever a domainontology sener musthave protocolsthat ac-
commodateall the above possibilities: retrictedas well as
universalaccessand updaterights, multiple ontologyviews
andcateyory ownership.We believe the prototypepresented
in this papercanbeadaptedo satisfytheserequirements.

6 Conclusion

This paperpresentghe rst domainontology sener called
WEBKB-2. A domainontologysener is a distributed Web
ontologythatresidesatimportantDNS-like junctureson the
WWW. Its taskis to disambiguitequery-re nemengandalso
actasa corporatememoryfor categyoriesthatcanbere-used
in managingorganizationaknowledge. It musthave anin-
ferencingcapabilityand canbe usedto storeorganisational
knowledgeasgraphsor structurednetadata.

A domainontologysener mustbe updateablesecureand
includemultiple-vievs andaccesgointsto its databaseThe
domainontologysener we have createdre-usesa large por-
tion of the WordNetcatalogandis supportecby a top-level
ontologycreatedy theauthors We arecurrentlyworkingon
the protocolfor hierarchicalupdateand changepropogation
for our domainontology sener. WEBKB canbe obtained
underthe GPL.
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