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Abstract
Auctionshavebeena popular trading paradigmfor cen-
turies but have gained new interest through world-wide
trading on the Internet. Many B2C sitesare embracing
reverseauctionsasan additionalserviceto registeredcus-
tomers. In all thesecasestheefficientnotificationof thepar-
ticipantsis essential.In thispaperwedevelopthenotionof
a meta-auctionthat allowsa potentialbuyer to roamauto-
maticallyacrossauctionsitesandweidentifycritical com-
municationandnotificationrequirementsof thenext gener-
ationof Internet-scaletradingsystems:First, today’s infor-
mationsystemsare limited in their growthand interaction
potentialbecausethetypicalclient-serverandn-tier system
architecturesare solelybasedon a request/responseinter-
action; second,theuser-initiated querymetaphorfromthe
databasedomainis theprimary meansfor informationac-
quisition; and third, manyassumptionsaboutthemeaning
of data and notificationsprovidedand exchanged through
theInternetare left implicit.

We argue that Internet-scale business applications
require publish/subscribeas an additional interaction
paradigm,shouldleverage proactiveinformationdissemi-
nation and caching mechanisms,and that there is a com-
pelling need for metadata-basedinfrastructures provid-
ing commonvocabularies for semanticallymeaningfulex-
changeof dataandnotifications.We illustratethesepoints
throughexamplesfrom the auctiondomainand the devel-
opmentof themeta-auctionconcept.

1. Intr oduction
Auctions are a popular trading mechanismwhen multi-
ple buyerscompetefor scarceresources.Famousauction
houses,suchasSotheby’sor Christie’sfor artor high-priced
collectiblescomeimmediatelyto mind. Theadventof auc-
tion siteson theInternet,suchaseBay, Yahooor ricardo.de
haspopularizedtheauctionparadigmandhasmadeit acces-
sibleto a broadpublic thatcantradein a consumerto con-
sumerinteractionanythingfrom beeney-babiesto electron-
ics andfrom comicsto vintagefountainpens. The mech-

�
Also ISISTAN, Facultyof Sciences,UNICEN, Tandil,Argentina.

anismhasbecomeso popularthat many e-businessesare
now offering a reverseauctionmechanismasanadditional
serviceto their registeredcustomers.

Seriousart collectorshaveusedsimilarservicesfor cen-
turies. Agentsor gallery ownersnotify a potentialbuyer
wheneveranarticlethatmight interesta customerbecomes
available. In themoremundaneworld of Internet-auctions
collectorswould like to enjoy a similar servicethat would
alert themwhenever a certainobjectcomeson themarket.
In addition,a collectormight preferto dealwith onecom-
monauctionportal insteadof registeringher interestswith
multiple auctionsites. Therefore,we introducethe notion
of a meta-auction.A meta-auctionallows a potentialbuyer
to roamautomaticallyandseamlesslyacrossauctionsites
for auctionsanditemsof interest.

To realize the meta-auctionseveral problemsmust be
solved. We arguethat today’s systemsthat arebasedpri-
marily on user-initiated communicationare not adequate
and will not scaleproperly. The large numberof inter-
connectedusersand systems,as well as their wide-area
distribution imposesparticularrestrictionswith respectto
responsetimesandnetwork bandwidth. Internet-scalein-
formation systemsthereforemust leverageproactive in-
formation disseminationand cachingtechniques. How-
ever, typicalclient/serverandn-tiersystemarchitecturesare
merelybasedon a request/responseinteractionanddo not
take into accountthe asymmetricnatureof suchsystems
[1, 16], wherethesignificantdataflow is from a (database)
backend-tierwhich storesoperationaldata– suchasitems
to besold– to theapplication-tierwhich thenprovidesac-
cessfor end-usersthrougha Webgateway.

Furthermore,thequerymetaphorfrom thedatabasedo-
mainis currentlytheprimarymeansfor informationacqui-
sition, which resultsin the user polling for changesand
happeningsof interest. We argue, that notificationsabout
events,suchas the placementof a highestbid, and their
timely delivery to the userrepresentvaluableinformation.
Therefore,publish-subscribeas an additional interaction
paradigmis neededto make the efficient disseminationof
processrelatedinformationpossible.



Eachsite participatingin the meta-auctionsystempro-
videsinformationaboutitemsandthe auctionprocessbut
doesnot sharea globaldataschemanor maywe assumea
globalschemafor notifications.Still, all participantscome
from the sameapplicationdomainand at leastconceptu-
ally, sharea common– domain-specificbut participant-
independent– vocabulary. While in mostof today’ssystems
the vocabulary is left implicit, we proposean ontology-
basedinfrastructurefor explicit metadata-managementon
top of which themeta-auctionservicecanberealized.The
suggestedontology-basedinfrastructureprovidescommon
vocabulariesfor semanticallymeaningfulexchangeof data
and notifications,and supportsincrementalintegration of
participatinginformationsystemsasneeded.

In Section2 we describethe mechanicsof a typical
auction,andintroducethemeta-auctionservice.Section3
describesthe architectureof a meta-auctionsite. In
Section4 we addressthe semanticissuesand presentan
ontology-basedframework for creating and managing
the neededcommon vocabulary. Section 5 puts it all
together. Section6 addressesrelatedwork while Section7
summarizesandprovidesanoutlook.

2. Meta-Auctions
Person-to-Persononline-auctions,asprovided by services
like eBay, ricardo.de,and Yahoo look all very similar.
Typical entitiesinvolvedareSeller, Item, Bidder andBid.
Itemsrepresentthoseobjectsthatareon sale,eachof them
is describedusinga uniqueid, a title, a descriptionanda
picture. Itemsareclassifiedusinga hierarchicalcategory
organization,like thosedepictedin Figure1.
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Figure 1. Item categories.

A typical usecasefor an auctionsite consistsof the fol-
lowing steps:The usersearchesor browsesthe categories
looking for an item of interest.Oncetheitem is foundshe

can track the auctionprocessby continuouslypolling the
auctionsite’s server. Notice that reachingthe deadlineof
theauctioncouldtake somedays.In anascending-priceor
Englishauctionbiddersincreasethepriceduringthecourse
of theauctionuntil its deadline.Whentheauctiondeadline
is reached,thebidderwhosebid is thehighest“wins”. If the
minimumpricehasnotbeenreached,theitemmightnotbe
soldandthebiddermustbenotified.

Now considerthe caseof a collector. With the current
auctionsites,shehasto manuallysearchfor theitemof in-
terest,possiblyvisiting morethanoneauctionsite. If suc-
cessful,shemight endup beingengagedin differentauc-
tionsatmultipleauctionsites.Therearetwo obviousshort-
comingsto this approach:First, theusermustpoll for new
informationandmightmissthewindow of opportunity, and
second,theusermusthandledifferentauctionsiteswith dif-
ferentcategory setupsanddifferenthandlings.This moti-
vatestheneedfor themeta-auctionbroker.

The meta-auctionbroker provides a unified view of
differentauctionsitesandservicesfor category browsing,
item search,auctionparticipationandauctiontracking,as
depictedin Figure2.
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Figure 2. Meta-Auction Broker.
The realizationof sucha broker serviceis a major chal-
lenge,dueto thelargenumberof users,theexpectedwide-
areadistributionof thecooperatinginformationsystemsand
thedynamicnatureof interconnectedsystems.Webcaching
techniquesaloneare not adequate,as most of the opera-
tional datais kept in backend-datastores.Webserver con-
tentis generatedby theapplicationgatewaysandis thusfre-
quentlychanging.Therefore,site replicationusingproac-
tive informationdisseminationis abetterapproach.

While userinteractionssuchas placing an offer, plac-
ing a bid, or browsingcategoriesarewell supportedby the
request/replynatureof the Web. The above scenariore-
vealsa fundamentalweaknessof today’sWWW infrastruc-
ture, namely, the missingsupportfor a publish/subscribe
paradigmandtimely notifications.In fact,eventsthatarise
in the context of an auctionprocessshouldbe treatedas
first classinformationandpropagatedasnotificationsto the
userswho subscribedto the event. Propagationof events
leadsto a usefulandefficient non-pollingrealizationof an
auctiontrackingservice.

Finally, we identify theneedto copewith heterogeneity
and the goal to provide a unified view as well as unified



accessto different participatingauctionsites. Today, the
exact meaningof terms, entities and notifications used
by different auctionsites is still left implicit. To enable
the brokering betweendifferentparticipatingauctionsites
the preciseunderstandingof the termsusedby eachsite
is neededandshouldbe madeexplicit througha domain-
specificcommonvocabulary.

3. Meta-Auction Broker Ar chitecture
The meta-auctionsystemshouldbe seenasa cooperative
information system where autonomoussites participate
[10].
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Figure 3. Infrastructure for Meta-Auctions.

One of the main challengesof cooperative information
systemsis to provide communicationprotocolsthat allow
efficient andtransparentcooperationin distributedhetero-
geneousenvironments. In the following we presentcore
technologyfor proactive information dissemination,pub-
lish/subscribebasedevent notificationandontology-based
meta-datamanagementthat shouldbe in placeto support
a scalableandfeasiblesolutionfor a meta-auctionsystem
shown in Figure3.

3.1. Inf ormation Dissemination

The scalabilityof a meta-auctioncooperative information
systemdependson its componentsystems.Given that the
operationaldata, like item data, auction data, bids, etc.
is typically storedin databasebackends,WWW caching
techniquesalone are not sufficient to provide response
timesandavailability with adequatequality of service. In
suchsystemsthesignificantdataflow is from a (database)
backend-tierto theapplication-tierwhich thenprovidesac-
cessfor a largenumberof end-usersthroughaWWW gate-
way. Theresultinginformation-disseminationbasedarchi-
tectureconsistsof a multi-tier multi-sitedauctionservice,
where multiple (quasi replicated)applicationservers to-
getherwith thecorrespondingWWW gatewaysaccessoper-
ationaldatathrougha push-basedCORBA PersistentState
Service(PSS)[23] (seeFigure4).

The CORBA PSSprototypearchitecturemakes useof
a commercialmulticast-enabledpublish-subscribeMOM
(MessageOrientedMiddleware)[30]. Insteadof address-
ingby location(i.e.,IPnumber, DB listenersocketaddress),
publish-subscribeinteractionusesthegenericcommunica-
tion paradigmof subjectbasedaddressing[27]. Publishers
sendmessagesunderspecificsubjects.Every listenerthat
hassubscribedto thatsubjectwill receivethemessagespub-
lishedundertherespectivesubject.

In [17], the nodesin a generaldistributed information
systemare classifiedinto: i) data sourceswhich provide
the basedatathat is to be disseminated,ii) clients which
are net consumersof information and iii) information
brokers (mediators)that acquire information from data
sourcesand provide the information to the clients. Data
delivery mechanismsare distinguishedalong three main
dimensions: push vs. pull, periodic vs. aperiodicand
1:1 vs. 1:n. Basedon theseclassification,the CORBA
PSSthat we implementedprovidesproactive information
disseminationasfollows:

1. The implementationof the PSSusesa hierarchyof
subjectnamesto addressobjects.Severaldatasources
maybefederatedin asingledatasourcedomain.

2. The PSSon the CORBA side interactswith the data
sourcesat the backend in aperiodic pull combined
with 1:n delivery. A persistentstateobjectlookupre-
questis initiatedonapplicationdemand.Theresponse
is publishedby theDB Connectorunderanassociated
subjectandall PSSinstancesthat have subscribedto
that kind of objectwill snoopthe resultingmessages
andpossiblyrefreshtheirobjectcache.

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

4. In addition to update notifications, creation and
deletioneventscanbe signaledto the applicationby
letting the PSSsnoopthe respective messages.The
applicationis thusrelieved from polling and,equally
important, may extend the chain of notification to
theclient-tier in orderto facilitatetimely information
delivery.

Given the potentialdistribution of auctionsiteswe ex-
pectto benefitfrom referencelocality notonly in thescope
of asinglePSSinstancebut becauseof thesnoopingof load
repliesandupdatenotificationswe benefitfrom reference
locality throughoutthedatastoredomainacrossall sitesof
the auctionserviceprovider. Thusthe operationaldatais
proactively disseminatedto theauctionsites.

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



and event context. An event is a happeningof interest
andrepresentsprocessrelatedinformation. Event context
provides supplementaryinformation to understandthe
circumstancesunder which the event was raisedand to
supportdecisionmaking for appropriatereactionsby the
consumer. The notificationserviceleveragesthe publish-
subscribeparadigmfor loosely coupling event producers
and event consumers. Notificationsare publishedunder
a subject and propagatedto subscribedconsumerswho
areautomaticallynotified. Notification context may carry
data objectsby value or reference. Referencesmay be
implementedby a backchanneladdressto thedatasource,
for examplea URL or anIOR to a CORBA object.
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Figure 4. Information dissemination.

The use of a notification service for publishing auction
relatedeventsreducesthe load of auctionsitesthat other-
wise would be swampedby continuouslypolling clients.
For example, subscriptionto creation of new bids and
insertionsof new itemsof a specificcategory arepossible
and when the event occurswill result in a notification to
the subscribinguseror application(i.e., the meta-auction
broker). Thereby, timely notificationscanbe provided as
first classinformationto theuserof anauctionsite,who in
turnmayreactappropriately.

4. UsingOntologiesfor Data Exchange
To representnotifications,messagecontent,or datain gen-
eral, in an unambiguousway, we usedomain-specificon-
tologies.An ontologyprovidesanagreementaboutashared
setof terms,or concepts,of a given subjectdomain[20].
Theconceptsgivenin theontologyprovide a commonvo-

cabulary for which no furthernegotiationconcerningtheir
meaningis necessary.

In thisway, anontologycanserveasacommonbasisfor
the interpretationof dataandnotifications. This provides
a prerequisitefor semanticallymeaningfulinformationex-
changebetweena frequentlychangingsetof independent
participantsin a large-scalebusinessscenario,like theauc-
tion scenariowedescribedhere.In particular, commonvo-
cabulariesareneededonthreelevelsin ourscenario:+ User level. For communicationbetweenindependent
participants,i.e., participantsthat may have never met be-
fore,wehavetoestablishsomekindof commonvocabulary.
Auctionsitesapproachthisby providingacategorizationof
possibleauctionitems.However, thecategoriesvaryamong
auctionsitesasshown in Figure1. For a meta-auctionwe
mustprovide for propermappingsamongcategory hierar-
chies. The sameis valid for the representationof all the
descriptive information,suchasprice,deadline,etc.+ Infrastructur e level. Our infrastructureis basedon
theexchangeof notificationsanddatacreatedfrom differ-
ent components.For example,in our framework we may
have to dealwith messagesfrom differentauctionsitesbe-
ing totally different in physical representationand terms
used,howeverall “saying” thata userwasoutbidby some-
oneelse.To makethemessagescompatible,theunderlying
assumptionsregardingstructureandorganizationmustbe
madeexplicit asadditionalmetadata.

Thismetadatahasto bebasedonacommonvocabulary,
or ontology, to supportits semanticallycorrectinterpreta-
tion. Otherwisewe will facethe diversity problemon the
metadatalevel. Sucha commondescriptionbasishasto be
managedindependentlyof participatingdataprovidersor
consumersandshouldbeextensible.+ Heterogeneityat the data store level. Relevantdata
in the auctionsystemcomesfrom different auctionsites
whichmayprovideheterogeneitieswith respectto structure
andsemantics.Theavailabledatahasto beintegratedto be
usableby abroker. Differentauctionsitescanbeintegrated
into thesystemby mappingthemto a commonrepresenta-
tion modelbasedonasharedontology.

This mappingresolves heterogeneitieswith regard to
organizationand structureof the data, and the use of
differenttermsreferringto thesamereal-world aspects.In
addition,metadatais addedto the availabledatato make
implicit modeling assumptionsconcerningorganization
andmeaningexplicit. Basedon this representationhetero-
geneitiesin thesemanticsof thedata,e.g.,useof different
unitsof measure,scalefactors,derivationformulas,coding,
or namingschema,canberesolvedby thesystemat query
time. Themeta-auctionbroker thenseestheavailabledata
and notification basedon a commonrepresentation(with
additionalmetadata),andbasedon a commonvocabulary.
The useof semanticmetadatafor the integration of data



from heterogeneousdatasourcesis discussedin moredetail
in [7].

4.1. MIX – An Ontology-basedIntegration Model

Dataandmessagesfrom differentauctionsitesaremapped
to an ontology-basedrepresentationmodel called MIX
wheretermsfrom the sharedvocabulary areusedto make
their intendedmeaningexplicit to providea commoninter-
pretationbasis. MIX ( , etadatabased- ntegration model
for data . -change) is a self-describingdatamodel in the
sensethat structureand semanticsof the datais given as
part of the available data itself. This makes transferred
dataself-containedandallows a flexible associationof ad-
ditionalmetadata[6, 7].

Themodelis basedon theconceptof a semanticobject
which representsdatatogetherwith its underlyingseman-
tic context, which is a variableset of meta-attributesthat
explicitly describeimplicit assumptionsaboutthe organi-
zation and semanticsof the representeddataobject. For
example,the useof differentcurrencieslike US Dollar or
Eurofor itemprices,or differenttimezonesandformatsfor
timeanddatevaluescanbedescribedby thecontext of ase-
manticobject.A semanticobjectmayrepresentany object
thatis relevantto anauctionsuchasa givennotification,or
informationcontentof a messageto betransferred.

In addition,eachsemanticobjecthasaconceptlabelas-
sociatedwith it that providesadditionalinformationabout
theintendedmeaningof thedataobject.Theseconceptla-
belsaretakenfromanontology. Thus,theconceptlabeland
the semanticcontext of a semanticobjecthelp to describe
its supposedmeaning.

In MIX we distinguishbetweensimpleandcomplex se-
manticobjects. Simplesemanticobjectsrepresentatomic
dataitems, suchas simple numbervaluesor text strings.
In contrast,complex semanticobjectscan be understood
as heterogeneouscollectionsof semanticobjects,eachof
which describesexactly one attribute of the represented
real-world object. Thesesubobjectsare groupedundera
correspondingontologyconcept.Theattributesgivenfor a
complex semanticobjectaredividedinto mandatory, which
maybeusedto identify anobjectbelongingto a givencon-
cept,andadditional(optional)attributes.Thussemanticob-
jectsbelongingto thesameontologyconceptmayhavedif-
ferentsetsof attributes.

For exampleanauctionitemin oursystemcanberepre-
sentedasacomplex semanticobjectof conceptAuctionItem
shown by the semanticobjectof Figure7. Mandatoryat-
tributes,i.e., AuctionSite-IdentifierandItemIdentifier, have
beenunderlined.Optionalattributeslike ItemCategory, or
ItemPicture may not be given for eachAuctionItemobject
(dependingon the information madeavailable by the re-
spectivesite).NoticethatItemCategory is specifiedaccord-
ing to theeBaytaxonomy.

Semantic objects can be converted among different
semanticcontexts by using conversion functions. These
functionsarespecifiedin theunderlyingontology, asfar as
they are concept-specificbut application-independent,or
maybestoredin anapplication-specificconversionlibrary.
Basedon thesemappingfunctions,semanticobjectsfrom
differentsourcescanbecomparedandusedin combination
by converting them to a commonsemanticcontext. For
example,currenciescanbe convertedor category classifi-
cationscanbemapped.Thus,theMIX modelis capableof
representingnotificationsanddatafrom differentsourcesin
a uniform way, and,by referringto a commonvocabulary,
on a commoninterpretationbasis.For a moredetailedand
formalpresentationof our representationmodelsee[5, 6].

4.2. The Roleof the Ontology Server

Weuseanontologyserverto storeandmanagethecommon
vocabulary usedin our framework. This vocabulary pro-
videsthe extensibledescriptionbasisfor the meta-auction
systemto whichwrappersandinteractiveusersrefer.

In anidealsituation,all participantsshouldadhereto the
correspondingontology. In animperfectrealworld, thevo-
cabularymustbeextensibleto adaptit to changingneedson
dataproviderorconsumerside.Ontologies,asweusethem,
shouldfollow existing standardsif possibleto enhancethe
chancesthatthey will beacceptedby otherparticipants.

Aspectsof theauctionscenariofor which no suchstan-
dardsor conventionsexist requirenew conceptsto bespeci-
fiedandregisteredwith theserver. To ensureconsistency of
theontology,new conceptshavetobeintroducedbyextend-
ing or specializingexistingconceptsin a predefinedway to
avoid ambiguousspecificationsor homonyms. By provid-
ing a way to extendthe ontology, we believe that we can
claim a reasonablecombinationof rigor andflexibility that
makes our infrastructureapplicablein real-life situations.
Theapproachhasbeensuccessfullytestedwith realappli-
cationdatafrom thetravel domain.

WeuseJavaclassesto representontologyconcepts.This
providestwo mainadvantages:First,conceptscanbemade
availableaspre-compiledJavaclassesvia ontologyservers.
Using Java as the conceptspecificationlanguageallows
theirshipping,aswell asthatof thecorrespondingMIX ob-
jects,betweendifferentplatformswithoutany furthertrans-
formations. Second,by mappinglocal dataand notifica-
tions of an auctionsite to the correspondingconceptswe
specifyhow localdatais mappedto Java objectswhichcan
beused,accordingto the semanticsof the conceptassoci-
ated,without any additionaltranslation. This avoids any
impedancemismatchbetweenprogramminglanguageand
ontologyspecificationlanguage.Wrapperandclientscan
loadtherespectiveconceptspecificationsfrom theontology
serverwhenneeded.



4.3. Provider-SpecificWrappers

In our infrastructurewrappersareusedto wrapdataandno-
tificationsof therespectiveauctionsitein semanticallycor-
respondingMIX objects.Therefore,heterogeneitiesin the
organizationandthe termsusedby differentauctionsites
areresolved, anddifferencesin the underlyingsemantics,
e.g.,differentunits of measure,scalingfactors,derivation
formulas,or codingandnamingschemas,aremadeexplicit.
Thesesemanticheterogeneitiescanberesolvedby thebro-
kerby usingappropriateconversionfunctions.

Becausethemeaningof dataandnotificationsis usually
known locally, it is preferablethat the mappingsto MIX
objectsarespecifiedby the institution runningthe auction
site. However, if they arenot willing to investin theeffort
in orderto participatein themeta-auction,wrapperscanbe
built by the institution providing the meta-auctionservice
by evaluatinglocal interfaces.The wrappersdo not affect
eithertheauctionsitenor localusers.

Wrappersare registeredwith the meta-auctionbroker
andareusedby it to interoperatewith theavailableauction
sites.Becausethey areinstantiatedon thesamemachineas
thebroker, thelocal siteremainsunaffectedby theuseof a
wrapper, which appearssimply asanotheruserto it. In ad-
dition, metadatais addedon themeta-auctionmachineand
doesnot needto betransferredfrom themachineon which
therespectiveauctionsiteoperates.

Wrappersaresupposedto provide threeservicesin our
architecture.First, they map global requestsfor auction-
related information concerning AuctionItems, etc., to
correspondingqueriesfor the local provider, andin return
presentanswersin form of MIX objectsbackto thebroker.
Second,they provide a unified interfacefor registeringa
userwith an auctionsite. Third, they wrap/filter/compose
provider-specificnotifications to the correspondingMIX
objects,andprovide ontology-basedsubscription.Eachof
thesefunctionsis discussedin thefollowing subsections.

Mapping MIX Objectsto Local Queries,and Local Data
to MIX Objects. Wrappershave to mapglobal informa-
tion requests,e.g.,requestsconcerningan item, thesched-
uled startandendtimesof an auctionprocess,or a seller.
Suchrequestshave to be expressedbasedon the common
vocabularyasqueriesprocessableby thelocal auctionsite.
For this mapping, the wrapperfirst has to translatethe
global vocabulary, that is the termsfrom the commonon-
tology to the correspondinglocal terms. To accesstheac-
tualdatait hasto usethespecificinterfaceof theunderlying
auctionsite. Theunderlyingsitesin mostcasesonly allow
theuseof forms.

An examplefor anitem requestgivenin a SQL-like no-
tationis shown below whereadditionalinformation,in par-
ticular ItemDescription, ItemLongDescription, andPicture,
aboutacertainAuctionItemis requested.

/1032 05436
ItemDescription, ItemLongDescription, ItemPicture7983:1;
AuctionItem<>= 0 8 0 AuctionSiteIdentifier= “eBay” ?A@CB
ItemIdentifier= “217316338”

Thewrapperhasto wrap the answerto a requestinto a
MIX objectwhich is thenreturnedto thebroker. Thiscom-
prisesthe mappingof local termsandstructuresto corre-
spondingontologyconceptsand representationconstructs
of MIX. In addition,metadatais addedthat explicitly de-
scribesthesemanticcontext, e.g.,TimeZoneandTimeFor-
mat, or Currency. Since,this metadatais representedasan
integral part of a MIX object it is shippedwith the object
anddirectly accessibleat client side. For example,a given
AuctionItemmaylook like theobjectsshown in Figure7.

For both directions,i.e., from global requeststo local
queriesandlocal datato MIX objects,theunderlyingmap-
ping rulesarespecificfor theauctionsiteandcodedin the
programminglogic of therespectivewrappercomponent.

Wrapping Notifications. As far as possible, the
event-drivenlogic of themeta-auctionbrokershouldbeim-
plementedin an auctionsite independentway. Therefore,
the notificationservicewrapperrealizesthe abstractionof
concept-basedaddressing. By subscribingto a notification
conceptdefined in the commonvocabulary, the auction
tracking servicelayer is able to receive notificationslike
for example NewItemOfInterest, AuctionBegin, NiceTry,
OutBid. Thewrappermapsa subscriptionto a conceptinto
subscriptionsto notifications. On incomingnotifications,
the wrappertransformsthe auction-sitedependentnotifi-
cationsto provider-independentsemanticobjects. In our
ontology, weclassifythenotificationsasshown in Figure5.
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Figure 5. Classification of Notifications.

WeassumethatabasicInternetnotificationservicewill pro-
vide publish-subscribesubject-basedaddressingfunction-
ality, asquasistandardizedby the JMS specification[21].
Typically, the subjectnamespaceis hierarchicallystruc-



turedandsubjectpatternsaresupported,asfor examplein
[30, 22]. Wesuggestto addmoreadvancedservicessuchas
filtering of notificationsby contentandto computenotifi-
cationswhich representcompositeevents(sequence,time-
relative, and,or, not) [25, 23]. The wrapperthenusesan
event-driven rule engine,similar to the conceptof Event-
Condition-Actionrules in active databases[11], to trans-
form notificationsinto semantic(notification)objects.

With respectto subscriptionmappingwedistinguishtwo
majorcases,directmappingandcomplex mapping.Direct
mappingis possibleif the auctionsite announcesa notifi-
cationwhichdirectlysupportstheaddressedconceptof the
notificationontology. Thenotificationmight bemoregen-
eral thantheaddressedconcept,in which casethewrapper
must install a filter. For example, the auctionsite might
raise“endof auction”eventswhenanauctionis closedand
addmoredetailsabouttheoutcomeof theauctionprocess
in the notificationcontext. If the userwantsto subscribe
to theSold::YouWonconcept,a filter on thecontext dataof
thenotificationmustbeusedto discriminatebetweenmore
specificconcepts.

Complex mappingsareneeded,if the addressednotifi-
cationconceptis not directly supportedby theauctionsite,
but theconceptmaybecomposedout of differentnotifica-
tions. For example,the auctionsite might announcespe-
cific notificationsfor new itemspercategoryor distinguish
betweencommercialoffers andprivateoffers. As the no-
tification ontologyonly providesa rathergeneralconcept
NewItemOfInterestthewrappermustsubscribeto all of the
more specificnotificationsand signal the event if any of
the notificationsarisesusingan OR-composition-operator.
Complex mappingscan also be constructedusing locally
generatedevents. This is especiallyuseful in conjunction
with time-relatednotificationconcepts,whichmight notbe
supportedby theauction-sitebut canbegeneratedlocally,
for exampleto provide subscriptionto ApproachingEndor
subscriptionto AuctionBegin.

In all of the above cases,the wrappermust compose
a subject-namefor subscriptionwith the auction-site. In
the simplestcase,the auctionsite usesa flat, unstructured
subjectnamespace.It is to be expected,however, that the
subject-namespaceis structured. “end of auction” notifi-
cationsmight include the auction-site,category-id, item-
id, notification type and bidder-id in the subjectnameas
shown in Table1. As you cansee,somecontext informa-
tion is codedinto the subjectname. This allows the no-
tification serviceto efficiently routeandfilter notifications
for deliveryto thepotentiallargenumberof subscribersand
providestheconsumerwith a simpleyet powerful subject-
patternbasedsubscriptionmechanism.

Note,thatthesubscriptionmappingsmight not becom-
plete,in thecasethatanotificationconceptis notsupported
by the auctionsite in any way. The meta-auctionbroker

shouldinform theuseraboutincompletemappings.
The secondservice of the wrapper with respect to

notificationsis to transformthe notificationcontext into a
MIX object. The valuesto fill the attributesof the MIX
objectmaybeextractedfrom thesubjectname,beshipped
as payload data in the notification context or may be
hardcodedin thewrapper. Thepayloaddatamayrepresent
dataobjectsby valueor by reference.In thefirst case,the
context data is wrappedinto semanticallycorresponding
MIX objects. In the secondcase,the neededdatato fill
the attributesof the MIX object is not shippedwith the
notification but must be acquiredby a requestthrougha
givenbackchannel.

ebay.com.4101.217316338.EndofAuction.6603

Ts 1999/12/17 16:07:35
Item-id 217316338
URL 264.71.201.176/auction/217316338
Seller-id 3213
Price 215.50
Comment Congratulations ! Pay quickly !IJIKI IJIJI

Table 1. Site-specific notification.

The example in Table 1 shows an “end of auction” no-
tification for item 217316338in category 4101 to the
buyer 6603, which indicatesthat the userhas“won” the
auction. In orderto receive this notificationthe usermust
have subscribedto the conceptYouWon for the respective
auctionandthe wrapperin turn hassubscribedfor subject
ebay.com.4101.217316338.EndofAuction.6603.
When receiving this notification, the wrapperhas to go
backto thegivenURL in orderto retrieve thedataneeded
to createthe AuctionItemMIX objectwhich is part of the
YouWon notificationpresentedto the user. The composed
MIX objectis shown in Figure6.

5. Putting it All Together
To identify an item of interestthemostconvenientway for
theusermaybeto usethecategorybrowsingserviceof the
meta-auctionbroker. Thisserviceprovidesahandywayfor
an interactive userto find an item shewantsto bid for by
browsing througha treeof objectcategories. The auction
brokerprovidesdifferentviews to thesetof availableitems
accordingto the category taxonomiesof the auctionsites
participating.Figure1 showsaclippingof thecategorytax-
onomiesof eBay and Yahoo,respectively. This allows a
userto apply the category taxonomyof the local auction
sitesheis familiarwith.

In addition, the meta-auctionbroker providesa global
categorization of items available via the sum of partici-
patingproviders.This broker-specificclassificationshould
compriselocal taxonomiesto bea singleentrypoint to all
accessiblecategories.

When the userof the meta-auctionservicelooks for a
certainproduct,e.g.,baseballcards,shemayfind herway
througheithera provider-specific,or theglobal taxonomy.



L YouWon, ML AuctionSiteIdentifier, “eBay”, M L AuctionSiteIdentifierCode, “FullSiteName” NPOQN ,L CreationTime, “17/12/99 16:07:35”, M L DateFormat, “DD/MM/YY HH:MM:SS” NROQN ,L ReceptionTime, “17/12/99 16:07:36”, M L DateFormat, “DD/MM/YY HH:MM:SS” NROQN ,L AuctionItem, ML AuctionSiteIdentifier, “eBay”, M L AuctionSiteIdentifierCode, “FullSiteName” NPOQN ,L ItemIdentifier, “217316338” N ,L BuyerIdentifier, “6603” N , M L IdentifierCode N , “eBayCode” OSN ,L SellerIdentifier, “3213” N , M L IdentifierCode N , “eBayCode” OSN ,L Price, 215.50, M L Currency, “USD” N , L Scale, 1 NPOQN OTNUOVNUOTN
Figure 6. MIX representation for YouWon notification.

Whensheendsupat themostspecificcategorysheexpects
the item to be foundin, shegetsthesumof all itemsfrom
theparticipatingauctionsitesthatprovideitemsof thiscate-
gory. For example,SportsMemorabilia.Therebythemeta-
auctionbroker canprovide a unified interfaceto all avail-
ableauctionsites.

To do so, a mapping from a “leaf” category of a
specifictaxonomyto thecorrespondingcategoriesof other
participatingauctionsitesis required.Within this mapping
wehave to distinguishbetweenfour cases.

1. In the simplestcase,a given “leaf” category directly
correspondsto a “leaf” category of anotherauction
site. Itemsfrom this category have to bedisplayedto
theuser. However, in generalwe will not have sucha
simpleone-to-onemapping.

2. Morecommonly, theselectedcategorywill correspond
to a moreabstractcategory, i.e., not a leaf category,
of anotherauctionsite. In this case,all itemsof the
sub-categoriesof this category have to be displayed.
The more generalcategory can be understoodas a
hypernym of theselectedcategory.

3. The mostdifficult situationoccurswhenthe selected
“leaf” category correspondsto different categories
of the classificationof anothersite. Sincewe cannot
furtherclassifytheitemsfoundin thesecategorieswe
have to displaythemall. This in generalleadsto loss
of precision,i.e.,theresultingsetof itemsmaycontain
objectsnotcorrespondingto theselectedcategory.

4. Finally, we may not find a correspondingcategory at
all. Thatis, theotherauctionsiteprovidesno itemsof
thiscategory. In this casetherespectiveauctionsiteis
not takeninto considerationany further.

Startingfrom the taxonomiesshown in Figure1 a map-
ping table for the mappingfrom the meta-auctionto the
site-specifictaxonomiescan be definedas shown in Ta-
ble 2. Mapping from the meta-auctionCoins::Nicklesto
eBaysCoins::Nicklesprovidesan exampleof the one-to-
one mappingof case1. Case2 is reflectedby mapping
Coins::Nicklesfrom meta-auctionto Coins::Nicklesof Ya-
hoo,sincethelatter is furthersubdivided. Coins::Australia
from meta-auctionto Yahoo, i.e., to Coins::World and
Coins::Ancient, is an example for case3. Finally, for
Stamps::USAfrom themeta-brokerto theYahootaxonomy
is notpossible,i.e., representsanexamplefor case4.

In addition to 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 adapt the
mapping. Therefore,the browsercomponentneedsto be
notified by a NewCategory notification from the corre-
spondingwrapper. Since,in general,the correspondences
of a new category and existing classificationscannot
be derived automatically the category browser logs the
notifications for later intervention by the meta-auction
administrator.

Mapping Table for Meta-Auction Taxonom y

Meta-Auction Yahoo!A uctions eBay IJIJIIJIJI IJIJI IJIJI IJIJI
Coins::Australia Coins::World, Coins::Acient Coins::Australia IJIJI
Coins::Nickles Coins::Nickles Coins::Nickles IJIJIIJIJI IJIJI IJIJI IJIJI
Stamps::USA – Stamps IJIJIIJIJI IJIJI IJIJI IJIJI

Table 2. Mapping table for taxonomies.

Anotherway of locatingitemsof interestis in specifyinga
keyword or searchtext, e.g.,“BaseballCardsIndians” via
theitemsearchserviceof themeta-auction.Thebrokerthen
passesthegivenstringto theavailableauctionsites.These
in generalimplementa simplepattern-basedtext searchon
availableitemheadlinesandreturna (rathershort)descrip-
tion of items matchingthe given searchtext. For exam-
ple,Figure7 showstwo AuctionItemsgivenby two different
auctionsites.

The resultingdatais then wrappedby the correspond-
ing wrappersandgivenbackto thebroker asMIX objects
of conceptAuctionItem. Notice thatdifferentauctionsites
in generalmaydescribedifferentaspectsof an item. Thus,
AuctionItemobjectsfrom differentsitesmayhave different
attributes. However, they arerepresentedbasedon a com-
mon vocabulary and provide additional metadataadded.
The first object given in Figure 7, for example,provides
informationaboutthetime left until theendof auction,and
a pictureof the item which is not givenin thesecond.On
theotherhand,thesecondobjectprovidesinformationcon-
cerningthedeadlineof theauction.In addition,bothobjects
arerepresentedwith regardto differentcontexts, i.e., refer
to differentcategoryschemas,andcurrencies.

The item searchservicewill then integrate the given
MIX objectsby convertingthemto a commoncontext with



L AuctionItem, ML AuctionSiteIdentifier, “eBay”, M L AuctionSiteIdentifierCode, “FullSiteName” NPOQN ,L ItemIdentifier, “217316338” N ,L ItemCategory, “Sports Memorabilia”, M L CategorySchema, “eBayTaxonomy” NROQN ,L ItemHeadline, “1953 Topps Baseball Cards 5 Indians” N ,L ItemPicture, “http://www IKIKI /53ind.jpg”, M L PictureFormat, “JPEG” NPOQN ,L TimeLeft, “01:15:25”, M L TimeFormat, “HH:MM:SS” NROQN ,L Price, 19.99, M L Currency, “USD” N , L Scale, 1 NPOQN OQN OSNL AuctionItem, ML AuctionSiteIdentifier, “Yahoo!Auctions”, M L AuctionSiteIdentifierCode, “FullSiteName” NPOQN ,L ItemIdentifier, “11699203” N ,L ItemCategory, “Baseball”, M L CategorySchema, “Yahoo!Taxonomy” NROQN ,L ItemHeadline, “1957 Topps Baseball Yogi Berra Card” N ,L ItemDescription, “Five 1953 Topps Baseball Cards IKIJI ” N ,L AuctionDeadline, “12/17 06:20”, M L DateFormat, “MM/DD hh:mm” NPOQN ,L TimeLeft, “02:17:25”, M L TimeFormat, “HH:MM:SS” NROQN ,L Price, 37.99, M L Currency, “EUR” N , L Scale, 1 NPOQN OQN OSN
Figure 7. Two AuctionItem objects from diff erent auction sites.

regard to currency, naming conventions,etc. The item
searchthusprovidesanintegratedview on thesetof items
availablethroughdifferentauctionsites.

After a userhasidentifiedan item shewantsto bid for
shehasto join thecorrespondingauctionprocessof thecor-
respondingauctionsite.Thismeansshefirst hasto register
with theperformingauctionsite.For this theauctiontrack-
ing serviceprovidesa unified interfaceto all participating
auctionsites. To registerthe userhasto specifyan Actor-
Nameandaprovider-specificpassword.

Theusercannow getadditionalinformationconcerning
theavailableauctionsites,ongoingauctionprocesses,bid-
ding histories,etc. by using the auctionproxy serviceof
the meta-auctionbroker. The auctionproxy serviceagain
providesa unified view on availableauctionsites,auction
processes,andotheractorslike sellersin theform of corre-
spondingMIX objects.

In addition,to track an item during an auctionprocess,
for exampleto ascertainthat anotherbidderhasreacheda
highestbid, his agentwasoutbid,or thatthedeadlineof an
auctionis approaching,theauctiontrackingserviceallows
theuserto subscribefor certainnotifications.Theusersees
notifications, like process-and offer-relatednotifications
as identified in Figure5, basedon the commonontology.
Thus, we call this subscriptionservice concept based
subscription. For example,an item sold notification that
saysthat the deadlineof an auctionprocesswas reached
and the bidder who receives the notification is the “win-
ner” of thisauctioncanberepresentedasshown in Figure6.

6. RelatedWork
Theresearchissuescoveredby this work spana varietyof
researchdomainsand technology. A broadand in-depth
discussionis outof thescopeof thispaper.

Thesignificanceof onlineauctionsfor e-commercehas
beeninvestigatedin [12]. More insighton a particularsuc-
cessfulauction-sitecanbefoundin [29].

To provide infrastructurefor cachingin the WWW has
been the topic of many researchefforts for some time

[14, 18]. However, the casefor efficiently accessingop-
erational data is not appropriatelycovered by theseef-
forts. Ourwork regardingthepush-basedPSSsharesmany
ideaswith theresearchonbroadcastdisksandinformation-
disseminationsystems[1, 16] andcombinesthemwith ac-
tivedatabasefeatures[15, 11]. In contrastto themorepow-
erful content-basedsubscriptionfor informationdissemina-
tion [17, 2] our approachmakesuseof theapplicationdo-
mainknowledgeaboutprocessrelatedeventsto proactively
disseminatedataandthereforea notificationserviceusing
subject-basedaddressingschemes[21, 27] is sufficient. Nu-
merousnotificationservicesthatprovideadvancedfeatures
suchasfiltering,contenttransformationandeventcomposi-
tion havebeenproposedandprototypicallydeveloped,e.g.,
[25, 19, 28, 22, 24]. CommercialMOM productsareavail-
able that provide meansfor messagecontentfiltering and
transformation[30, 31]. However, noneof them provide
theparadigmof concept-basedaddressingandleave these-
manticof notificationsandmessagesimplicit.

With regardto usingontologiesasa commonbasisfor
data integration a numberof projectshave beencarried
out. AmongthemareCarnot[13] or the follow-on project
of InfoSleuth[4], SIMS [3], OBSERVER [26], andCOIN
[9] to mentiononly a few. Themostsignificantdifference
betweenthesesystemsandour approachlies in represent-
ing and managingcommonvocabularies. They all use
logic-basedrepresentationlanguagesto representconcepts
andrelationshipsbetweenthem. In contrast,we useJava
classes.Thus,the resultingdataobjectsarerepresentedas
classinstancesin which semanticsand representationare
determined. Furthermore,becausesemanticmetadatais
part of the resultingobjects,it is directly available to the
applicationasadditionalobjectattributes.

7. Curr ent Statusand Outlook

The needfor the kind of servicesdescribedherebecomes
apparentfrom the fact thatwhile we arewriting this paper
Yahoo!beganofferingits messengerservice.However, Ya-
hoo’s serviceis limited to a singleauctionsite andmuch



morelimited in scope.We have detailedin this paperthe
infrastructurefor a moreambitiousapproachandarecon-
vincedthatsuchanapproachcanbesuccessful.

This paper reported work in progresson the meta-
auction.At present,theinfrastructuredescribedin thepaper
hasbeenimplemented.In particular, wehave implemented
a notification servicebasedon TIBCO’s messagingmid-
dlewareandour own implementationof the CORBA PSS
basedon thepublish-subscribeparadigm.As infrastructure
for theintegrationof heterogeneousinformationfrom mul-
tiple sourceswehavedevelopedtheMIX modelandimple-
mentedthe MIBIA environmentfor representationof on-
tologiesandintegrationof dataobtainedfrom theInternet.

Theconceptof themeta-auctionhasbeendevelopedand
integrationof the major componentsis underway. A first
proofof conceptimplementationwill necessarilyhave lim-
ited functionality asno cooperationcanbe expectedfrom
establishedauctionsites.

We describedthe infrastructurefor integrationof multi-
ple auctionsites. More work is neededin the analysisof
specificsites,the developmentof rulesfor the integration
of notificationsfrom multiple sites,andall this while the
currentauctionsitesevolveat thetypical Internetpace.

The problemsdiscussedherein the context of auctions
aredefinitelynot limited to this domain.We arguethatthis
infrastructureis beneficialto any large-scalee-businessin
which the componentscanact ascooperative information
systems.Therefore,while motivatedby a concreteapplica-
tion scenario,the underlyingmechanismis applicablebe-
yondauctions.

An extendedversionof thispapercanbefoundin [8].
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