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Abstract

Auctionshave beena popular trading paradigmfor cen-
turies but have gained new interest through world-wide
trading on the Internet. Many B2C sitesare embiacing
reverseauctionsas an additional serviceto registered cus-
tomes. In all thesecasegheefficientnotificationof thepar-
ticipantsis essentialln this paperwedevelopthe notionof
a meta-auctiorthat allows a potentialbuyerto roamauto-
matically acrossauctionsitesandwe identify critical com-
municationand notificationrequirementof the next gener
ation of Internet-scaldrading systemsFir st, today’sinfor-
mationsystemsre limited in their growth andinteraction
potentialbecausehetypical client-serveiandn-tier system
architectuesare solelybasedon a request/esponsenter-
action; secondthe userinitiated querymetaphorfromthe
databasedomainis the primary meandor informationac-
quisition; and third, manyassumptionsiboutthe meaning
of data and natificationsprovided and exchanged through
theInternetare left implicit.

We argue that Internet-scale business applications
require publish/subscribeas an additional interaction
paradigm, shouldleverage proactiveinformationdissemi-
nation and caching medianisms,and that there is a com-
pelling need for metadata-basednfrastructues provid-
ing commornvocahilariesfor semanticallyneaningfulex-
change of dataand notifications.We illustrate thesepoints
through examplesfrom the auctiondomainand the devel-
opmenbfthemeta-auctiorconcept.

1. Intr oduction

Auctions are a popular trading mechanismwhen multi-

ple buyerscompetefor scarceresources.Famousauction
housessuchasSothebysor Christiesfor artor high-priced
collectiblescomeimmediatelyto mind. Theadwentof auc-
tion sitesontheInternet,suchaseBay Yahooor ricardo.de
haspopularizedheauctionparadignandhasmadeit acces-
sibleto a broadpublic thatcantradein a consumeto con-
sumerinteractionanything from beeng-babiego electron-
ics andfrom comicsto vintagefountainpens. The mech-
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anismhasbecomeso popularthat mary e-husinessesre
now offering a reverseauctionmechanismasan additional
serviceto their registeredcustomers.

Seriousart collectorshave usedsimilar servicedor cen-
turies. Agentsor gallery ownersnotify a potentialbuyer
wheneeranarticlethatmightinteresta customeibecomes
available. In the moremundaneworld of Internet-auctions
collectorswould like to enjoy a similar servicethat would
alertthemwheneer a certainobjectcomeson the market.
In addition,a collectormight preferto dealwith onecom-
mon auctionportal insteadof registeringherinterestswith
multiple auctionsites. Therefore we introducethe notion
of ameta-auctionA meta-auctiorallows a potentialbuyer
to roam automaticallyand seamlesshacrossauctionsites
for auctionsanditemsof interest.

To realize the meta-auctionseveral problemsmust be
solved. We arguethattoday’s systemghat are basedpri-
marily on userinitiated communicationare not adequate
and will not scaleproperly The large numberof inter-
connectedusersand systems,as well as their wide-area
distribution imposesparticularrestrictionswith respectto
responsdimesand network bandwidth. Internet-scalen-
formation systemstherefore must leverage proactie in-
formation disseminationand cachingtechniques. How-
ever, typicalclient/sererandn-tier systemarchitecturesre
merelybasedon a request/respongateractionanddo not
take into accountthe asymmetricnatureof suchsystems
[1, 16], wherethe significantdataflow is from a (database)
baclend-tierwhich storesoperationaddata— suchasitems
to be sold— to the application-tieiwhich thenprovidesac-
cesdor end-usershrougha Web gatevay.

Furthermorethe querymetaphoifrom the databaselo-
mainis currentlythe primary meandor informationacqui-
sition, which resultsin the user polling for changesand
happening®f interest. We argue, that notificationsabout
events, suchas the placementof a highestbid, and their
timely delivery to the userrepresentaluableinformation.
Therefore, publish-subscribeas an additional interaction
paradigmis neededo make the efficient disseminatiorof
processelatedinformationpossible.



Eachsite participatingin the meta-auctiorsystempro-
videsinformationaboutitemsandthe auctionprocessout
doesnot sharea global dataschemanor may we assumea
globalschemdor notifications. Still, all participantscome
from the sameapplicationdomainand at leastconceptu-
ally, sharea common— domain-specificout participant-
independent vocahulary. While in mostof today'ssystems
the vocahlulary is left implicit, we proposean ontology-
basedinfrastructurefor explicit metadata-managemeoi
top of which the meta-auctiorservicecanberealized.The
suggestedntology-basednfrastructureprovidescommon
vocahulariesfor semanticallyneaningfulexchangeof data
and notifications,and supportsincrementalintegration of
participatinginformationsystemsasneeded.

In Section2 we describethe mechanicsof a typical
auction,andintroducethe meta-auctiorservice. Section3
describesthe architectureof a meta-auctionsite. In
Section4 we addresshe semanticissuesand presentan
ontology-basedframework for creating and managing
the neededcommon vocahlulary. Section5 puts it all
together Section6 addresseeelatedwork while Section7
summarizesindprovidesanoutlook.

2. Meta-Auctions

Person-to-Persoanline-auctionsas provided by services
like eBay ricardo.de,and Yahoo look all very similar.
Typical entitiesinvolved are Sellet Item, Bidder and Bid.
Itemsrepresenthoseobjectsthatareon sale,eachof them
is describedusinga uniqueid, atitle, a descriptionanda
picture. Itemsare classifiedusing a hierarchicalcategory
organization|ik e thosedepictedn Figurel.
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Figure 1. Item categories.

A typical usecasefor an auctionsite consistsof the fol-
lowing steps:The usersearche®r browsesthe cateyories
looking for anitem of interest.Oncetheitem is found she

cantrack the auctionprocessby continuouslypolling the
auctionsite’s sener. Notice that reachingthe deadlineof

theauctioncouldtake somedays.In anascending-pricer

Englishauctionbiddersincreaseahe priceduringthe course
of theauctionuntil its deadline Whenthe auctiondeadline
is reachedthebidderwhosebid is thehighest'wins”. If the
minimumprice hasnot beenreachedtheitem mightnotbe
soldandthebiddermustbe notified.

Now considerthe caseof a collector With the current
auctionsites,shehasto manuallysearcHor theitem of in-
terest,possiblyvisiting morethanoneauctionsite. If suc-
cessful,shemight endup beingengagedn differentauc-
tionsat multiple auctionsites.Therearetwo obviousshort-
comingsto this approachFirst, the usermustpoll for new
informationandmightmissthewindow of opportunity and
secondtheusemusthandledifferentauctionsiteswith dif-
ferentcategory setupsanddifferenthandlings. This moti-
vatesthe needfor the meta-auctiorbroker.

The meta-auctionbroker provides a unified view of
differentauctionsitesand servicesfor cateyory browsing,
item searchauctionparticipationand auctiontracking, as
depictedn Figure2.
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Figure 2. Meta-Auction Broker.

The realizationof sucha broker serviceis a major chal-
lenge,dueto thelarge numberof usersthe expectedwide-
areadistribution of thecooperatingnformationsystemsnd
thedynamicnatureof interconnectedystemsWebcaching
techniquesalone are not adequateas most of the opera-
tional datais keptin baclend-datastores.Web sener con-
tentis generatedby theapplicationgatevaysandis thusfre-
guently changing. Therefore site replicationusing proac-
tiveinformationdisseminatioris a betterapproach.

While userinteractionssuchas placing an offer, plac-
ing a bid, or browsing cateyoriesarewell supportedy the
request/replynatureof the Weh The above scenariore-
vealsafundamentalveaknes®sf today's WWW infrastruc-
ture, namely the missing supportfor a publish/subscribe
paradigmandtimely notifications.In fact, eventsthatarise
in the context of an auctionprocessshouldbe treatedas
first classinformationandpropagateésnotificationsto the
userswho subscribedo the event. Propagatiorof events
leadsto a usefulandefficient non-pollingrealizationof an
auctiontrackingservice.

Finally, we identify the needto copewith heterogeneity
andthe goal to provide a unified view aswell asunified



accesgo different participatingauctionsites. Today the
exact meaningof terms, entities and notifications used
by differentauctionsitesis still left implicit. To enable
the brokering betweendifferent participatingauctionsites
the preciseunderstandingf the termsusedby eachsite
is neededand shouldbe madeexplicit througha domain-
specificcommonvocatulary.

3. Meta-Auction Broker Ar chitecture

The meta-auctiorsystemshouldbe seenas a cooperatie
information system where autonomoussites participate
[10].

NotificaTtion
Service

—— —

category

item bidder auction
search agent trackin
T VAN

browser

eta-Auction Broker

f._

semantic objects (MIX) >

Wrapper Wrapper Wrapper

/-\uctlon Auctlon Aucllon
Site Site Site

ebay.com  de.auctions.yahoo.com ricardo.de

""" > notifies
<> request/reply

Figure 3. Infrastructure for Meta-Auctions.

One of the main challengesof cooperatre information
systemds to provide communicatiorprotocolsthat allow
efficient andtransparentooperatiorin distributed hetero-
geneousernvironments. In the following we presentcore
technologyfor proactive information disseminationpub-
lish/subscribeébasedevent notificationand ontology-based
meta-datananagementhat shouldbe in placeto support
a scalableandfeasiblesolutionfor a meta-auctiorsystem
shavnin Figure3.

3.1 Information Dissemination

The scalability of a meta-auctiorcooperatie information
systemdependon its componensystems.Giventhatthe
operationaldata, like item data, auction data, bids, etc.
is typically storedin databaséaclends, WWW caching
techniquesalone are not sufiicient to provide response
timesandavailability with adequatejuality of service. In
suchsystemghe significantdataflow is from a (database)
baclend-tierto the application-tiemhich thenprovidesac-
cesdor alargenumberof end-usershrougha WWW gate-
way. Theresultinginformation-disseminatiobasedarchi-
tectureconsistsof a multi-tier multi-sited auctionservice,
where multiple (quasireplicated)applicationseners to-
gethemwith thecorrespondingVWW gatevaysaccessper
ationaldatathrougha push-base€CORBA PersistenGtate
Service(PSS)[23] (seeFigure4).

The CORBA PSSprototypearchitecturemakes use of
a commercialmulticast-enablegublish-subscribeVilOM
(MessageOrientedMiddleware)[30]. Insteadof address-
ing by location(i.e.,IP numberDB listenersocletaddress),
publish-subscribéteractionusesthe genericcommunica-
tion paradigmof subjectbasedaddressing27]. Publishers
sendmessagesnderspecificsubjects. Every listenerthat
hassubscribedo thatsubjectwill recevethemessagegub-
lishedundertherespectie subject.

In [17], the nodesin a generaldistributed information
systemare classifiedinto: i) data sourceswhich provide
the basedatathat is to be disseminatedii) clientswhich
are net consumersof information and iii) information
brokers (mediators)that acquire information from data
sourcesand provide the informationto the clients. Data
delivery mechanismsare distinguishedalong three main
dimensions: pushvs. pull, periodicvs. aperiodicand
1:1 vs. 1:n. Basedon theseclassification,the CORBA
PSSthat we implementedprovides proactve information
disseminatiorasfollows:

1. The implementationof the PSSusesa hierarchyof
subjectnamedo addres®bjects.Severaldatasources
may befederatedn asingledatasourcedomain.

2. The PSSon the CORBA side interactswith the data
sourcesat the baclend in aperiodic pull combined
with 1:n delivery. A persistenstateobjectlookupre-
guests initiatedon applicationdemand Theresponse
is publishedby the DB Connectounderanassociated
subjectandall PSSinstanceghat have subscribedo
thatkind of objectwill snoopthe resultingmessages
andpossiblyrefreshtheir objectcache.

3. Updatedo persistenstateobjectsresultin publishing
update notifications under an associatedsubject
including the new stateof the object, i.e., aperiodic
push combinedwith 1:n delivery. Again, the PSS
instancesnoopthe updatenotificationsto refreshthe
objectcacheandnotify theapplicationof theupdate.

4. In addition to update natifications, creation and
deletioneventscan be signaledto the applicationby
letting the PSSsnoopthe respectie messages.The
applicationis thusrelieved from polling and, equally
important, may extend the chain of notification to
the client-tierin orderto facilitatetimely information
delivery.

Given the potentialdistribution of auctionsiteswe ex-
pectto benefitfrom referencdocality notonly in thescope
of asinglePSSinstancéut becausef thesnoopingof load
repliesand updatenotificationswe benefitfrom reference
locality throughouthe datastorelomainacrossall sitesof
the auctionserviceprovider. Thusthe operationaldatais
proactively disseminatetb the auctionsites.

The proposedarchitectureis integrated with a noti-
fication service. Notifications are reificationsof events



and event context. An event is a happeningof interest
andrepresentprocesselatedinformation. Event context

provides supplementaryinformation to understandthe

circumstancesinder which the event was raised and to

supportdecisionmaking for appropriatereactionsby the

consumer The notification serviceleverageghe publish-
subscribeparadigmfor loosely coupling event producers
and event consumers. Notifications are publishedunder
a subjectand propagatedto subscribedconsumerswho

are automaticallynotified. Notification context may carry

data objectsby value or reference. Referencesnay be

implementeddy a backchannehddresgo the datasource,
for examplea URL or anlOR to a CORBA object.
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Figure 4. Information dissemination.

The use of a notification service for publishing auction
relatedeventsreduceghe load of auctionsitesthat other
wise would be swampedby continuouslypolling clients.
For example, subscriptionto creation of new bids and
insertionsof new itemsof a specificcateyory are possible
and whenthe event occurswill resultin a notificationto
the subscribinguseror application(i.e., the meta-auction
broker). Thereby timely notificationscan be provided as
first classinformationto the userof anauctionsite,whoin
turn mayreactappropriately

4. Using Ontologiesfor Data Exchange

To represennotificationsmessageontent,or datain gen-
eral, in an unambiguousvay, we usedomain-specifion-
tologies.An ontologyprovidesanagreemenéboutashared
setof terms,or conceptsof a given subjectdomain[20].
The conceptgyivenin the ontologyprovide a commonvo-

cahulary for which no further negotiationconcerningheir
meanings necessary

In thisway, anontologycansene asacommonbasisfor
the interpretationof dataand notifications. This provides
a prerequisitefor semanticallyneaningfulinformationex-
changebetweena frequentlychangingset of independent
participantdn alarge-scaléusinesscenariolike theauc-
tion scenariove describechere.In particular commonvo-
calulariesareneedednthreelevelsin our scenario:

e Userlevel. For communicatiorbetweenindependent
participantsj.e., participantshat may have never met be-
fore,we haveto establistsomekind of commorvocatulary.
Auction sitesapproachhis by providing a cateyorizationof
possibleauctionitems.However, thecatejoriesvaryamong
auctionsitesasshowvn in Figure1l. For a meta-auctiorwe
mustprovide for propermappingsamongcateyory hierar
chies. The sameis valid for the representatiorf all the
descriptve information,suchasprice,deadlinegtc.

e Infrastructur e level. Our infrastructureis basedon
the exchangeof notificationsand datacreatedrom differ-
ent components.For example,in our framewvork we may
have to dealwith messagefom differentauctionsitesbe-
ing totally differentin physical representatiorand terms
used howeverall “saying” thata userwasoutbid by some-
oneelse.To make themessagesompatiblethe underlying
assumptionsegardingstructureand organizationmustbe
madeexplicit asadditionalmetadata.

This metadatdnasto be basedon acommonvocahulary,
or ontology to supportits semanticallycorrectinterpreta-
tion. Otherwisewe will facethe diversity problemon the
metadatdevel. Sucha commondescriptiorbasishasto be
managedndependentlyof participatingdataprovidersor
consumergndshouldbe extensible.

e Heterogeneityat the data store level. Relevantdata
in the auction systemcomesfrom different auction sites
whichmayprovide heterogeneitiewith respecto structure
andsemanticsTheavailabledatahasto beintegratedto be
usableby abroker. Differentauctionsitescanbeintegrated
into the systemby mappingthemto a commonrepresenta-
tion modelbasecbn asharecntology

This mappingresohes heterogeneitiesvith regard to
organizationand structure of the data, and the use of
differenttermsreferringto the samereal-world aspectsin
addition, metadatds addedto the available datato malke
implicit modeling assumptionsconcerning organization
andmeaningexplicit. Basedon this representatiohetero-
geneitiedn the semanticof the data,e.g.,useof different
unitsof measurescalefactors derivationformulas,coding,
or namingschemagcanberesohed by the systemat query
time. The meta-auctiorbroker thenseeghe availabledata
and notification basedon a commonrepresentatiorfwith
additionalmetadata)andbasedon a commonvocatulary.
The use of semanticmetadatafor the integration of data



from heterogeneousatasourcess discussedh moredetail
in [7].

4.1 MIX —An Ontology-basedintegration Model

Dataandmessagefom differentauctionsitesaremapped
to an ontology-basedrepresentatiormodel called MIX
wheretermsfrom the sharedvocahulary are usedto make
theirintendedmeaningexplicit to provide a commoninter-
pretationbasis. MIX (MetadatabasedIntegration model
for data X-chang) is a self-describingdatamodelin the
sensethat structureand semanticof the datais given as
part of the available dataitself. This makes transferred
dataself-containecaindallows a flexible associatiorof ad-
ditional metadatd6, 7].

The modelis basedon the concepiof a semantimbject
which representslatatogetherwith its underlyingseman-
tic context, which is a variableset of meta-attrilutesthat
explicitly describeimplicit assumptiongboutthe organi-
zation and semanticof the representediataobject. For
example,the useof differentcurrenciedike US Dollar or
Eurofor itemprices,or differenttime zonesandformatsfor
time anddatevaluescanbedescribedy thecontext of ase-
manticobject. A semanticobjectmay represenary object
thatis relevantto anauctionsuchasa givennotification,or
informationcontentof a messagéo betransferred.

In addition,eachsemantimbjecthasa conceptabel as-
sociatedwith it that providesadditionalinformationabout
theintendedmeaningof the dataobject. Theseconcepta-
belsaretakenfrom anontology Thus,theconceptabeland
the semanticcontext of a semanticobjecthelpto describe
its supposedneaning.

In MIX we distinguishbetweersimpleandcomple se-
mantic objects. Simplesemanticobjectsrepresentatomic
dataitems, suchas simple numbervaluesor text strings.
In contrast,complex semanticobjectscan be understood
as heterogeneousollectionsof semanticobjects,eachof
which describesexactly one attribute of the represented
real-world object. Thesesubobjectsare groupedundera
correspondingntologyconcept.The attributesgivenfor a
complex semanti®bjectaredividedinto mandatorywhich
maybe usedto identify anobjectbelongingto a givencon-
cept,andadditional(optional)attributes. Thussemantiob-
jectsbelongingto the sameontologyconcepimay have dif-
ferentsetsof attributes.

For exampleanauctionitemin our systemcanberepre-
sentedhsacomplex semanti@bjectof conceptiuctionltem
shavn by the semanticobjectof Figure7. Mandatoryat-
tributes,i.e., AuctionSite-ldentifieandItemldentifier have
beenunderlined. Optionalattributeslik e temCatgory, or
ItemPictue may not be given for eachAuctionltemobject
(dependingon the information madeavailable by the re-
spectve site). NoticethatltemCatgoryis specifiedaccord-
ing to theeBaytaxonomy

Semantic objects can be corverted among different
semanticcontets by using corversionfunctions. These
functionsarespecifiedn the underlyingontology asfaras
they are concept-specifidout application-independengr
may be storedin anapplication-specificorversionlibrary.
Basedon thesemappingfunctions,semanticobjectsfrom
differentsourcecanbe comparecaindusedin combination
by corverting themto a commonsemanticcontext. For
example,currenciescanbe corvertedor category classifi-
cationscanbemapped.Thus,the MIX modelis capableof
representingotificationsanddatafrom differentsourcesn
a uniform way, and, by referringto a commonvocatulary,
on a commoninterpretatiorbasis.For a moredetailedand
formal presentatiomf our representatiomodelsee[5, 6].

4.2 The Role of the Ontology Server

We useanontologysenerto storeandmanageghecommon
vocahulary usedin our framework. This vocahlulary pro-
videsthe extensibledescriptionbasisfor the meta-auction
systemto whichwrappersandinteractive usersrefer.

In anidealsituation,all participantshouldadheredo the
correspondingntology In animperfectrealworld, the vo-
calulary mustbeextensibleto adapit to changingheedson
dataprovideror consumeside.Ontologiesaswe usethem,
shouldfollow existing standards$f possibleto enhancehe
chanceshatthey will beacceptedy otherparticipants.

Aspectsof the auctionscenaridor which no suchstan-
dardsor conventionsexist requirenew conceptso bespeci-
fied andregisteredwith thesener. To ensureconsisteng of
theontology new concepthaveto beintroducedoy extend-
ing or specializingexisting conceptsn a predefinedvay to
avoid ambiguousspecificationsr homoryms. By provid-
ing a way to extendthe ontology we believe that we can
claim a reasonableombinationof rigor andflexibility that
makes our infrastructureapplicablein real-life situations.
The approachhasbeensuccessfullytestedwith real appli-
cationdatafrom thetravel domain.

We useJavaclasseso representntologyconceptsThis
providestwo mainadwantagesFirst, conceptcanbe made
availableaspre-compiledlava classewia ontologyseners.
Using Java as the conceptspecificationlanguageallows
their shipping,aswell asthatof thecorresponding/IX ob-
jects,betweerdifferentplatformswithoutary furthertrans-
formations. Second,by mappinglocal dataand natifica-
tions of an auctionsite to the correspondingonceptswe
specifyhow local datais mappedo Java objectswhich can
be used,accordingto the semanticf the conceptassoci-
ated, without ary additionaltranslation. This avoids ary
impedancenismatchbetweenprogramminganguageand
ontology specificationlanguage.Wrapperand clientscan
loadtherespectie concepspecificationgrom theontology
senerwhenneeded.



4.3. Provider-SpecificWrappers

In ourinfrastructurevrappersareusedio wrapdataandno-
tificationsof therespectie auctionsitein semanticallycor-
respondingMIX objects. Therefore heterogeneitiem the
organizationandthe termsusedby differentauctionsites
areresoled, and differencedn the underlyingsemantics,
e.g.,differentunits of measurescalingfactors,derivation
formulas,or codingandnamingschemasaremadeexplicit.
Thesesemanticheterogeneitiesanberesohedby the bro-
ker by usingappropriatecorversionfunctions.

Becausehe meaningof dataandnotificationsis usually
known locally, it is preferablethat the mappingsto MIX
objectsare specifiedby the institution runningthe auction
site. However, if they arenotwilling to investin the effort
in orderto participatein the meta-auctionwrappersanbe
built by the institution providing the meta-auctiorservice
by evaluatinglocal interfaces. The wrappersdo not affect
eitherthe auctionsitenorlocal users.

Wrappersare registeredwith the meta-auctionbroker
andareusedby it to interoperatavith the availableauction
sites.Becausehey areinstantiatecbnthe samemachineas
thebroker, thelocal siteremainsunafectedby theuseof a
wrapperwhich appearsimply asanothemserto it. In ad-
dition, metadatas addedon the meta-auctiormachineand
doesnot needto be transferredrom the machineon which
therespectie auctionsite operates.

Wrappersare supposedo provide threeservicesn our
architecture. First, they map global requestgor auction-
related information concerning Auctionltens, etc., to
correspondingueriesfor the local provider, andin return
presentanswersn form of MIX objectsbackto the broker.
Second,they provide a unified interfacefor registeringa
userwith anauctionsite. Third, they wrap/filter/compose
provider-specific notificationsto the correspondingViiX
objects,andprovide ontology-basedubscription.Eachof
thesefunctionsis discussedh thefollowing subsections.

Mapping MIX Objectsto Local Queries,and Local Data
to MIX Objects. Wrappershave to mapglobalinforma-
tion requestse.g.,requestconcerninganitem, the sched-
uled startand endtimesof anauctionprocessor a seller
Suchrequestdave to be expressedasedon the common
vocahulary asqueriesprocessabléy thelocal auctionsite.
For this mapping, the wrapperfirst hasto translatethe
global vocahulary, thatis the termsfrom the commonon-
tology to the correspondindocal terms. To accesshe ac-
tualdatait hasto usethespecificinterfaceof theunderlying
auctionsite. The underlyingsitesin mostcasenly allow
theuseof forms.

An examplefor anitem requesgivenin a SQL-like no-
tationis showvn belonv whereadditionalinformation,in par
ticular ItemDescriptionltemLongDescriptiopandPicture,
abouta certainAuctionltemis requested.

select ItemDescriptionltemLongDescriptiontemPictue

from Auctionltem

where AuctionSiteldentifier “eBay” and
ItemIdentifier= “217316338"

The wrapperhasto wrapthe answerto a requesinto a
MIX objectwhichis thenreturnedo thebroker. Thiscom-
prisesthe mappingof local termsand structurego corre-
spondingontology conceptsand representatiortonstructs
of MIX. In addition, metadatds addedthat explicitly de-
scribesthe semanticcontet, e.g., TimeZoneand TimeFor-
mat, or Currency Since,this metadatas representedsan
integral part of a MIX objectit is shippedwith the object
anddirectly accessiblat client side. For example,a given
Auctionltemmaylook lik e the objectsshawvn in Figure?.

For both directions,i.e., from global requestgo local
gueriesandlocal datato MIX objects the underlyingmap-
ping rulesarespecificfor the auctionsite andcodedin the
programmindogic of therespectre wrappercomponent.

Wrapping Notifications. As far as possible, the
event-drivenlogic of themeta-auctiorbroker shouldbeim-
plementedn an auctionsite independentvay. Therefore,
the notificationservicewrapperrealizesthe abstractiorof
concept-basedddressing By subscribingo a notification
conceptdefinedin the commonvocahulary, the auction
tracking servicelayer is able to receve notificationslike
for example NewltemOfinteest AuctionBgin, NiceTry,
OutBid Thewrappemapsa subscriptiorto a conceptinto
subscriptiongo notifications. On incoming notifications,
the wrappertransformsthe auction-sitedependennotifi-
cationsto providerindependensemanticobjects. In our
ontology we classifythenotificationsasshavn in Figure5.
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Figure 5. Classification of Notifications.

Weassumehatabasicinternetotificationservicewill pro-
vide publish-subscribeubject-basea@ddressingunction-
ality, asquasistandardizedy the JMS specification21].
Typically, the subjectnamespaces hierarchically struc-



turedandsubjectpatternsaresupportedasfor examplein
[30, 22]. We suggesto addmoreadwancedservicesuchas
filtering of notificationsby contentandto computenatifi-
cationswhich representompositesvents(sequencetime-
relative, and, or, not) [25, 23]. The wrapperthenusesan
event-drivenrule engine,similar to the conceptof Event-
Condition-Actionrulesin active databaseg§l1], to trans-
form notificationsinto semantidnaotification)objects.

With respecto subscriptiormappingwe distinguishtwo
major casesdirectmappingandcomple« mapping.Direct
mappingis possibleif the auctionsite announces notifi-
cationwhich directly supportsheaddressedoncepiof the
notificationontology The notificationmight be moregen-
eralthanthe addressedonceptjn which casethewrapper
mustinstall a filter. For example, the auctionsite might
raise“end of auction”eventswhenanauctionis closedand
addmoredetailsaboutthe outcomeof the auctionprocess
in the notificationcontext. If the userwantsto subscribe
to the Sold::YouWon concepta filter on the context dataof
thenotificationmustbe usedto discriminatebetweermore
specificconcepts.

Complex mappingsare needed|f the addressedaotifi-
cationconcepts notdirectly supportedy the auctionsite,
but the conceptmay be composedut of differentnotifica-
tions. For example,the auctionsite might announcespe-
cific notificationsfor new itemsper cateory or distinguish
betweencommercialoffers and private offers. As the no-
tification ontology only providesa rathergeneralconcept
NewltemOfinteestthe wrappemustsubscribeo all of the
more specific notificationsand signal the event if ary of
the notificationsarisesusingan OR-composition-operator
Complex mappingscan also be constructedusing locally
generatedvents. This is especiallyusefulin conjunction
with time-relatecdhotificationconceptsywhich might not be
supporteday the auction-sitebut canbe generatedocally,
for exampleto provide subscriptionto ApproacdingEndor
subscriptiorto AuctionBgin.

In all of the above cases,the wrappermust compose
a subject-namédor subscriptionwith the auction-site. In
the simplestcase the auctionsite usesa flat, unstructured
subjectnamespacelt is to be expected however, thatthe
subject-namespads structured. “end of auction” notifi-
cationsmight include the auction-site,category-id, item-
id, notificationtype and bidderid in the subjectnameas
shavn in Tablel. As you cansee,somecontext informa-
tion is codedinto the subjectname. This allows the no-
tification serviceto efficiently routeandfilter notifications
for deliveryto thepotentiallargenumberof subscriberand
providesthe consumemith a simpleyet powerful subject-
patternbasedsubscriptiormechanism.

Note, thatthe subscriptiormappingsmight not be com-
plete,in thecasethata notificationconcepis notsupported
by the auctionsite in ary way. The meta-auctiorbroker

shouldinform the useraboutincompletemappings.

The secondservice of the wrapper with respectto
notificationsis to transformthe notification contet into a
MIX object. The valuesto fill the attributesof the MIX
objectmaybe extractedfrom the subjectname be shipped
as payload data in the notification context or may be
hardcodedn thewrapper The payloaddatamayrepresent
dataobjectsby valueor by reference.In thefirst casethe
contet datais wrappedinto semanticallycorresponding
MIX objects. In the secondcase,the neededdatato fill
the attributes of the MIX objectis not shippedwith the
notification but must be acquiredby a requestthrougha
givenbackchannel.

[ ebay. com 4101. 217316338. Endof Aucti on. 6603 |

Ts 1999/12/17 16:07: 35

Itemid 217316338

URL 264.71.201. 176/ aucti on/ 217316338
Seller-id | 3213

Price 215.50

Comment Congratulations ! Pay quickly !

Table 1. Site-specific notification.

The examplein Table 1 shavs an “end of auction” no-
tification for item 217316338in cateyory 4101 to the
buyer 6603, which indicatesthat the userhas“won” the
auction. In orderto receve this notificationthe usermust
have subscribedo the conceptYouWbn for the respectre
auctionandthe wrapperin turn hassubscribedor subject
ebay. com 4101. 217316338. Endof Auct i on. 6603.
When receving this notification, the wrapperhasto go
backto the given URL in orderto retrieve the dataneeded
to createthe AuctionltemMIX objectwhich is part of the
YouWbn notification presentedo the user The composed
MIX objectis shovnin Figure6.

5. Putting it All Together

To identify anitem of interestthe mostcorvenientway for
theusermaybeto usethe category browsingserviceof the
meta-auctiotbroker. This serviceprovidesahandyway for
aninteractive userto find an item shewantsto bid for by
browsingthrougha tree of objectcategories. The auction
broker providesdifferentviews to the setof availableitems
accordingto the categyory taxonomiesof the auctionsites
participating.Figurel shovsaclipping of the cateyorytax-
onomiesof eBay and Yahoo, respectiely. This allows a
userto apply the category taxonomyof the local auction
site sheis familiar with.

In addition, the meta-auctiorbroker provides a global
catgyorization of items available via the sum of partici-
patingproviders. This broker-specificclassificatiorshould
compriselocal taxonomiedo be a singleentry point to all
accessibleateories.

Whenthe userof the meta-auctiorservicelooks for a
certainproduct,e.g.,basebalkards,shemayfind herway
througheithera provider-specific,or the global taxonomy



< YouWon, {
< AuctionSiteldentifier, “eBay”,
< CreationTime, “17/12/99 16:07:35",
< ReceptionTime, “17/12/99 16:07:36”,
< Auctionltem, {
< AuctionSiteldentifier, “eBay”,
< Itemldentifier, “217316338" >,
< Buyerldentifier, “6603” >,
< Sellerldentifier, “3213" >,
< Price, 215.50,

{<AuctionSiteldentifierCode, “FullSiteName”>} >,
{<DateFormat, “DD/MM/YY HH:MM:SS">} >,
{<DateFormat, “DD/MM/YY HH:MM:SS">} >,

{<AuctionSiteldentifierCode, “FullSiteName”>} >,
{<IdentifierCode>, “eBayCode"} >,

{<IdentifierCode>, “eBayCode"} >,
{<Currency, “USD">, <Scale, 1>} >

> 1> 1>

Figure 6. MIX representation for YouWon notification.

Whensheendsup atthe mostspecificcateggory sheexpects
theitem to be foundin, shegetsthe sumof all itemsfrom
theparticipatingauctionsitesthatprovideitemsof this cate-
gory. For example,SportsMemorabilia. Therebythe meta-
auctionbroker can provide a unified interfaceto all avail-
ableauctionsites.

To do so, a mapping from a “leaf” category of a
specifictaxonomyto the correspondingateyoriesof other
participatingauctionsitesis required.Within this mapping
we have to distinguishbetweerfour cases.

1. In the simplestcase,a given “leaf” cateyory directly
correspondgo a “leaf” category of anotherauction
site. Itemsfrom this cateyory have to be displayedto
theuser However, in generalwe will nothave sucha
simpleone-to-onenapping.

2. Morecommonlytheselecteatatagorywill correspond
to a more abstractcategory, i.e., not a leaf category,
of anotherauctionsite. In this case,all itemsof the
sub-catgoriesof this category have to be displayed.
The more generalcategory can be understoodas a
hyperrym of the selecteccateyory.

3. The mostdifficult situationoccurswhenthe selected
“leaf” category correspondgo different cateyories
of the classificationof anothersite. Sincewe cannot
further classifytheitemsfoundin thesecategorieswe
have to displaythemall. Thisin generaleadsto loss
of precisionj.e.,theresultingsetof itemsmaycontain
objectsnotcorrespondingo the selecteccateyory.

4. Finally, we may not find a correspondingategory at
all. Thatis, the otherauctionsite providesno itemsof
this category. In this casetherespectre auctionsiteis
nottakeninto consideratiorary further.

Startingfrom the taxonomieshavn in Figurel a map-
ping table for the mappingfrom the meta-auctiorto the
site-specifictaxonomiescan be definedas shovn in Ta-
ble 2. Mapping from the meta-auctionCoins::Nicklesto
eBaysCoins::Nicklesprovides an exampleof the one-to-
one mappingof casel. Case2 is reflectedby mapping
Coins::Nicklesfrom meta-auctiorto Coins::Nicklesof Ya-
hoo, sincethe latteris further subdivided. Coins::Australia
from meta-auctionto Yahoo, i.e., to Coins::World and
Coins::Ancient,is an example for case3. Finally, for
Stamps::USArom themeta-brolerto the Yahootaxonomy
is not possiblej.e., representanexamplefor cased.

In additionto providing a mappingbetweendifferent
taxonomies, the category browser must keep track of
changesin the category taxonomiesof the local auction
sites to reflect thesechangesto the user and adaptthe
mapping. Therefore, the browsercomponenheedsto be
notified by a NewCategory notification from the corre-
spondingwrapper Since,in generalthe correspondences
of a new category and existing classificationscannot
be derived automaticallythe cateyory browser logs the
notifications for later intervention by the meta-auction
administrator

[ Mapping Table for Meta-Auction Taxonomy |
Meta-Auction Yahoo!A uctions eBay

Coins::Australia
Coins::Nickles

Coins::World, Coins::Acient
Coins::Nickles

Coins::Australia
Coins::Nickles

Stamps::USA - Stamps

Table 2. Mapping table for taxonomies.

Anotherway of locatingitemsof interestis in specifyinga
keyword or searchtext, e.g.,"BaseballCardsIindians”via
theitemsearctserviceof themeta-auctionThebrokerthen
passeshe givenstringto the availableauctionsites. These
in generaimplementa simplepattern-basetext searchon
availableitem headlinesandreturna (rathershort)descrip-
tion of items matchingthe given searchtext. For exam-
ple, Figure7 shavstwo Auctionltemgyivenby two different
auctionsites.

The resultingdatais thenwrappedby the correspond-
ing wrappersandgiven backto the broker asMIX objects
of conceptAuctionltem Notice thatdifferentauctionsites
in generaimay describalifferentaspectof anitem. Thus,
Auctionltemobjectsfrom differentsitesmay have different
attributes. However, they arerepresentetbhasedon a com-
mon vocahulary and provide additional metadataadded.
The first objectgivenin Figure 7, for example, provides
informationaboutthetime left until the endof auction,and
a pictureof the item which is not givenin the second.On
theotherhand thesecondbjectprovidesinformationcon-
cerningthedeadlineof theauction.In addition,bothobjects
arerepresenteavith regardto differentcontexts, i.e., refer
to differentcategory schemasandcurrencies.

The item searchservicewill then integrate the given
MIX objectsby corvertingthemto a commoncontet with



< Auctionltem, {
< AuctionSiteldentifier, “eBay”,
< ltemldentifier, “217316338” >,
< ltemCategory, “Sports Memorabilia”,
< ltemHeadline, “1953 Topps Baseball Cards 5 Indians” >,
< ltemPicture, “http://www. . ./53ind.jpg”,
< TimeLeft, “01:15:25",
< Price, 19.99,

< Auctionltem, {
< AuctionSiteldentifier, “Yahoo!Auctions”,
< ltemldentifier, “11699203" >,
< ItemCategory, “Baseball”,
< ltemHeadline, “1957 Topps Baseball Yogi Berra Card” >,
< ltemDescription, “Five 1953 Topps Baseball Cards . . .” >,
< AuctionDeadline, “12/17 06:20",
< TimeLeft, “02:17:25",
< Price, 37.99,

{ <AuctionSiteldentifierCode, “FullSiteName™>} >,
{<CategorySchema, “eBayTaxonomy”>} >,
{<PictureFormat, “JPEG">} >,

{<TimeFormat, “HH:MM:SS">} >,
{<Currency, “USD">, <Scale, 1>} > }> } >

{ <AuctionSiteldentifierCode, “FullSiteName”>} >,
{ < CategorySchema, “Yahoo!Taxonomy”">} >,
{<DateFormat, “MM/DD hh:mm">} >,

{<TimeFormat, “HH:MM:SS">} >,
{<Currency, “EUR">, <Scale, 1>} > }> } >

Figure 7. Two Auctionltem objects from diff erent auction sites.

regard to curreng, naming corventions, etc. The item
searchthusprovidesanintegratedview on the setof items
availablethroughdifferentauctionsites.

After a userhasidentifiedan item shewantsto bid for
shehasto join thecorresponding@uctionproces®f thecor-
respondingauctionsite. This meansshefirst hasto register
with the performingauctionsite. For thisthe auctiontrack-
ing serviceprovidesa unified interfaceto all participating
auctionsites. To registerthe userhasto specifyan Actor
Nameanda provider-specificpassverd.

Theusercannow getadditionalinformationconcerning
the availableauctionsites,ongoingauctionprocessesid-
ding histories,etc. by usingthe auctionproxy serviceof
the meta-auctiorbroker. The auctionproxy serviceagain
providesa unified view on available auctionsites,auction
processesndotheractorslik e sellersin theform of corre-
spondingMIX objects.

In addition, to track anitem during an auctionprocess,
for exampleto ascertairthat anotherbidderhasreacheca
highestbid, his agentwasoutbid,or thatthe deadlineof an
auctionis approachingthe auctiontrackingserviceallows
theuserto subscribdor certainnotifications.The usersees
notifications, like process-and offer-related notifications
asidentifiedin Figure 5, basedon the commonontology
Thus, we call this subscription service concept based
subscription For example,an item sold notification that
saysthat the deadlineof an auctionprocesswas reached
and the bidder who receves the notificationis the “win-
ner” of thisauctioncanberepresentedsshovnin Figure6.

6. Related Work

Theresearchssuescoveredby this work spana variety of
researchdomainsand technology A broadand in-depth
discussions out of the scopeof this paper

The significanceof online auctionsfor e-commercénas
beeninvestigatedn [12]. More insighton a particularsuc-
cessfulauction-sitecanbefoundin [29].

To provide infrastructurefor cachingin the WWW has
beenthe topic of mary researchefforts for some time

[14, 18]. However, the casefor efficiently accessingp-
erational data is not appropriatelycovered by theseef-
forts. Ourwork regardingthe push-base®SSsharesnary
ideaswith theresearcton broadcastlisksandinformation-
disseminatiorsystemd1, 16] andcombineghemwith ac-
tive databaséeatureq15, 11]. In contrasto themorepow-
erful content-basedubscriptiorfor informationdissemina-
tion [17, 2] our approachmakesuseof the applicationdo-
mainknowledgeaboutprocesselatedeventsto proactvely
disseminatelataandthereforea notification serviceusing
subject-basedddressingcheme§?1, 27] is sufficient. Nu-
merousnotificationserviceghat provide advancedeatures
suchasfiltering, contentransformatiorandeventcomposi-
tion have beenproposedndprototypicallydevelopede.g.,
[25, 19, 28, 22, 24]. CommerciaMOM productsareavail-
able that provide meansfor messageontentfiltering and
transformation30, 31]. However, none of them provide
the paradigmof concept-basedddressingndleave the se-
manticof notificationsandmessagesnplicit.

With regardto usingontologiesasa commonbasisfor
dataintegration a numberof projectshave beencarried
out. Amongthemare Carnot[13] or thefollow-on project
of InfoSleuth[4], SIMS [3], OBSER/ER [26], andCOIN
[9] to mentiononly a few. The mostsignificantdifference
betweenthesesystemsand our approacHies in represent-
ing and managingcommonvocalularies. They all use
logic-basedepresentatiotanguageso representoncepts
andrelationshipshetweenthem. In contrast,we useJava
classes.Thus,the resultingdataobjectsarerepresenteds
classinstancesn which semanticsaand representatioare
determined. Furthermore,becausesemanticmetadatais
part of the resultingobjects,it is directly availableto the
applicationasadditionalobjectattributes.

7. Curr ent Statusand Outlook

The needfor the kind of servicesdescribecherebecomes
apparenfrom the factthatwhile we arewriting this paper
Yahoo!beganofferingits messengeservice.However, Ya-
hoo's serviceis limited to a single auctionsite and much



morelimited in scope. We have detailedin this paperthe
infrastructurefor a moreambitiousapproachandare con-
vincedthatsuchanapproacttanbesuccessful.

This paper reportedwork in progresson the meta-
auction.At presenttheinfrastructuredescribedn thepaper
hasbeenimplementedln particulay we have implemented
a notification servicebasedon TIBCO’s messagingnid-
dleware and our own implementatiorof the CORBA PSS
basedn the publish-subscribparadigm.As infrastructure
for theintegrationof heterogeneousformationfrom mul-
tiple sourcesve have developedthe MIX modelandimple-
mentedthe MIBIA ervironmentfor representatiorf on-
tologiesandintegrationof dataobtainedrom the Internet.

Theconcepbf themeta-auctioasbeendevelopedand
integrationof the major componentss underway. A first
proof of concepimplementatiorwill necessarilyhaze lim-
ited functionality as no cooperatiorcan be expectedfrom
establisheductionsites.

We describedheinfrastructurefor integrationof multi-
ple auctionsites. More work is neededn the analysisof
specificsites,the developmentof rulesfor the integration
of notificationsfrom multiple sites,and all this while the
currentauctionsitesevolve at thetypical Internetpace.

The problemsdiscussederein the contet of auctions
aredefinitelynotlimited to this domain.We arguethatthis
infrastructurels beneficialto any large-scalee-businessn
which the componentsan act as cooperatre information
systemsThereforewhile motivatedby a concreteapplica-
tion scenariothe underlyingmechanisris applicablebe-
yondauctions.

An extendedversionof this papercanbefoundin [8].
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