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Abstract

We describea mediatordesignedspecificallyfor an in-
tranetratherthananinternet.Our intranetmediatorallows
data reconciliation and integration to be completediong
befoe the queryis executed. This is becausanformation
aboutthe data sourcesis knownand a combinedschema
can be definedprior to the query On theinternet, souice
schemasare not available so integration cannotoccur be-
fore thequery In our approad, a datawarehouses used
for reconciliationof structured data. e proposea new ar-
chitectuie and describean initial prototypebuilt to testthe
architecture.

1. Intr oduction

Mediatorsprovide unified accesgo disparatedata. The
ideais thataqueryenteredyy theuseris sentto themediator
which sendghequeryto avariety of sourceandcombines
theresults. Typically, within a givenenterprisea singlein-
tranetprovides a vastresourcefor electronicinformation.
Using anintranetmediator one-stop-shoppinganbe pro-
videdfor thisinformation.

Much work hasbeendoneon internetmediatorswhere
sourcesare reconciledthrough form-basedinterfaces. A
guery that asksfor information aboutbooks may well be
sentto the Amazonandthe Waldenbooksweb sites. The
correspondindorm-basednterfacesarethenusedto access
dataateachsite. Themediatorreconcilesary conflicts(e.g.,
onesite may not have a publicationdate,anothermay not
have the ISBN number)andpresenta resultsetto the user
thatappearso have comefrom asingledatarepository The
key hereis thatall datareconciliationis doneat querytime,
asthe internetmediatordoesnot have accesdo the actual
sourcedatabases— only theform basedwvebsites.

Onanintranet schemantegrationcanbedonein a data
warehousdong beforea queryis submitted. This allows
usto focuson the questionof how to identify the bestdata
sourcedor a givennaturallanguageguery To explorethis
guestionwe developedanarchitecturghatspecificallytar-
getstheintranetproblemandimplementedaprototype(cur-
rently about10,000lines of Java sourcecode). Section2
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Figure 1: Typical Internet data integration architecture

givesrelevant backgroundon internetandintranetmedia-
tors. Section3 presentsprior work. Section4 describes
the architecturewith detailsof our prototypeandSection5
containsa summaryanddirectionsfor futurework.

2. Background

A typical architecturefor internetdataintegration sys-
temsis shown in Figurel. The mediationunit in internet
dataintegrationsystemss comples, asmuchwork needgo
be doneduringquerytime to ensureschemantegration.

Intranet mediators,on the other hand, use data ware-
housesto addressschemaintegration. In this way, prob-
lemsthatplaguetheinternetmediatordisappearaswe now
have a single cleansourcefor structureddata. Almost ev-
ery Fortune-500compary hasor hasplansto build a data
warehousg§?1, 22].

Thepresencef adatawarehousenight seemto obviate
the needfor a mediator asqueriesgoingto the dataware-
housewould be facilitatedby existing databaseccessand
querytools. [21, 22]. However, a stand-alonedataware-
houseonly interpretsdatain structuredsources.Migrating
terabyteof unstructurediata(e.qg. text, imagesandvideo)
into a warehouses not feasible[4, 5]. Our mediatoruses
a datawarehousdor storingandintegratingits structured



data,while accessinginstructuredgourcesimultaneously
3. Prior Work

Priorwork canbe brokendown into researcton datain-
tegrationin a datawarehouseand internetmediationand
metasearchWork hasalsobeendoneon naturallanguage
conceptdentificationandautomatedjuerygeneration.

Our grouphasworkedon fusion of informationretrieval
[29], whereseparateaetrieval stratgies are usedtogether
to improve retrieval effectiveness. Prior work in this area
is describedn [1, 34, 32, 13, 26, 29, 31]. Previously, we
have shovn how to integrate structuredand unstructured
datawithin a single datawarehousg18, 19, 28]. A sur
vey of work donein theintegrationof distributed,heteroge-
neousdatabasaystemss foundin [12]. Researcthasalso
goneinto migratingdatainto commonformats(e.g. XML)
thatsupporteasiemediation[2, 6].

A number of popular metasearchsystems of web
basedinformationretrieval enginesarein widespreadise.
Popular metasearchenginesinclude www.inquirus.com,
www.mamma.com, www.dogpile.com, www.sa/vy-
search.comand www.metacravler.com. Resultcombina-
tion [10, 20, 24, 23] and cachingstratgjies [24, 23] are
essentialto data integration in metasearchengines. In
addition, specializedindexes that develop summariesof
sourcecollectionsmay be usedto effectively choosewhich
sourcesystemis mostlikely to containtheresults[15, 16)].

Work hasalso beenconductedon semanticquery pro-
cessingfor the automationof executablequery generation
and phraseand conceptrecognition. This aidsin the de-
velopmentof naturallanguagebasedjueryinterfaces.[27]
discussesssueselatedto conceptidentificationin queries
and[11, 33, 35, 9] examinenaturallanguageparsingand
guerygeneration.

4. Architecture

This sectionprovidesan overview of the architectureof
themediatorengineasillustratedin Figure2. An objectori-
entedapproachwasadoptedn thedesignof the mediator

Therearethreehigh-level componentso theengine:the
userinterface, the core mediator and the query modules.
The userinterface consistsof a simple text form and an
optionalselectionbox of available structuredsources.The
mediators responsibilityis to propagatenformationin the
gueryto relevant query modules. The query modules,in
turn, posequeriesto structuredandunstructuredgources.

Themediatorwhich carriesout the primary functionsof
theengine,is similarly subdvidedinto seseralmodules.A
gueryprocessopbjectperformsa “translation” of a users
query into a machinedecipherabletree of conceptsand
Boolearrelations.A seriesof targetsourcedecisionmaking
modulesarethenresponsibldor selectingdatasourcesel-
evantto aqueryandsendingit to the querymodulespaired
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Figure 2: Architecture of the intranet mediator engine

with thosesourcesThesourceselectiorprocesss aidedby
arepositoryof metadatahatwe maintainabouteachsource,
storedin the Metadatavianagercomponenbf the mediator

Resultsrom thevariousquerymoduleswill besentback
up to the mediator which containstwo additionalobjects:
the acceptorandresultsmanager They acceptresultsfrom
thevariousrunningmodulesandcombinetheminto anag-
gregatepaclet to be sentbackto the userinterface. Incor-
poratingresultsfrom all modulesrequiresinterpretingrel-
evanceranksgiven by the disparatesourcesand deciding
which sourcesaremorerelevantfor the givenquery

4.1. Query Processingand Dispatching

This sectiondetailsthe requirementand structuringof
componentsn the enginethatcarry out the queryprocess-
ing andsourcedispatchingactions.

4.1.1. Metadata Requirements. A primary item of
concernwas an optimal structuringof metadatarelatedto
sourceghatwould allow for efficientdecisionmakingasto
the relevanceof a sourceper posedquery The metadata
resourcealsocontainsstopword andsynorym lists.

We proposeaschemeavherein for eachstructuredsource
available, a seriesof relations betweenthe source$ at-
tributesandrelationnamesanda list of keywordsor “syn-
onyms” are constructed.If a matchoccursbetweenquery
conceptsand synorym relation items it increaseshe rel-
evanceof the relatedsourceto the query This structure
allows easily automatedinsertions,as distinct individual
recordvaluesfor sourcerelationdomainswould generally
qualify assynorymsfor its attribute name.

Oraclesystemtablesareusedto createrelationsfor tar
getedsourceswithin the datawarehousewhich residesin
an Oracledatabase Synorym lists werecompiledand en-
teredtogethemwith the additionof sourcego theengine.



4.1.2. Query Processing When a query arrives from
the userinterface, it is translatednto a machinedecipher
able concepttree using relationalBooleanoperators. The
engineis capableof building anexpressiortreefrom a nat-
urallanguagejuery joining nodesof thetreewith OR oper
ators,exceptwhereexplicit Booleanexpressionarespeci-
fied. No automaticphraseprocessingr stopword removal
is donehere;thelatteris left asanoptionfor thelowerlevel
guerymodulesuponsendingqueriesto specificsources.

A surwy of severalpackagedor part-of-speechagging
andobjectidentificationwithin querieshasbeenconducted,
andinitial work hasbeendoneto integratenaturallanguage
syntacticrepresentationsf queriesinto thesystem.

4.1.3. TargetSourceSelectionand Dispatching. After
gueryprocessings completethe queryis passedo thede-
cision making componentof the mediator Conceptsex-
tractedfrom the query expressiontree and synorym data
are usedto decideif ary of the available conceptsindi-
catepossiblerelatedsourceof structureddata. If suchev-
idenceis found, the queryis passedo the structureddis-
patchey which thenusesmetadatao target specificstruc-
turedsources.The queryis always passedo the unstruc-
tureddispatcherevenin the eventof no structuredsources
being chosen. Modules are subsequentlynstantiatedfor
eachsourceselected.

4.2. ResultAccumulation and Ranking

As the querymodulesrun in separatehreadsof execu-
tion, theresultsthey returnto the mediatorhave noinherent
ordering. The acceptorobject, which containsopenpipes
to all active querymodules,accumulateshe resultpaclets
from the modulesasynchronouslylt thenpasseshe accu-
mulatedresultsto the ResultManagerobjectfor reconcili-
ation of relevancerankingsand placemeninto the Results
Cache.Thequerymodulesaredetailedbelow.

4.2.1. Unstructured Result Retrieval. Each unstruc-
tureddatasourcehasan associateanoduleresponsibldor
low-level queryformulation,queryposing,andresultgath-
ering. We have implementeda numberof thesemodulesfor
popularwebsearchengines.

The concurrentnatureof the executingquery modules
presentsiswith a conflict betweentwo of the major goals
of the system:providing a well-unified resultsetand pre-
sentingtheresultsetto the userquickly.

Alternativeswe consideredor resultmanagementere:

Purelyasynchronousesultgathering
Asynchronousesultgatheringandfinal reranking
Asynchronousesultgatheringanddynamicreranking
Synchronizedompletionof resultgathering

Our approach:Synchronizeccompletionof gathering
athresholdnumberof resultsfrom all sources

A purelyasynchronouapproachdisplaysresultsassoon

asthey arrivein the acceptorbut slower performingsource
applicationsmight return high ranked resultsafter results
have alreadybeendisplayed. Final rerankingprovesboth
incorvenientand unresponsie, as the delay for the final

ranking correspondgo the time for gatheringall results.
Dynamic reranking,demonstratedn Inquirus 2 [14], re-

quiresarriving resultsto be directly propagatedo the user
interface,which needsa coexisting facility for dynamicup-

dates. This canbe confusingto the userasthe resultsdis-

play is constantlybeingrefreshed.The synchronizedcom-
pletionof all modulesensuresptimalresultunification,but

reduceghe engineto worstlink drivenperformance.

We usearesultsmanagemenschemehatcompromises
betweenpurely asynchronousesult propagationand syn-
chronizedcompletionof resultgatheringfrom eachsource.
The algorithmwe proposeis givenin Figure 3. We begin
by submitting the query to our unstructuredsourcesand
gueuingthe asynchronouslyrriving resultswithin the ac-
ceptorfor processingn the resultsmanager This prevents
asingleslow or inoperatve sourcefrom affectingtotal sys-
temperformanceAs resultsareobtainedrom the acceptor
andplacedin a cacheduplicatesareremoved. Not until a
thresholdof D resultsarecachedor the currentdisplaypro-
jectionareresultsorderedandsentto the userinterface.In
the meantime more resultsare beingasynchronouslyol-
lectedandcachedn the acceptorandresultsmanageuntil
apresethresholdof R total resultshasbeencached.

In practice ,we find thatvaryingthe thresholdof results
obtainedbeforeresultscombinationbeyondthe size of the
result set displayedin the userinterface allows for more
controlovertheresultsourcedistribution.

4.2.2. Structured Result Retrieval. The baclend for
our datawarehouseavasimplementedasa setof relational
tablesin an OracleRDBMS. As such,the structuredquery
moduleswere requiredto corvert the query posedinto an
equivalentSQL statementThis processs aidedby thesyn-
onym datacontainedin the metadatamanager More de-
tailedconcepimatchings performednthequery andrele-
vantattributenamesreretrieved. Theseattributenamesare
usedasthe basisfor the constructionof the SQL query In
thefuture,we intendto provide increasedsupportfor natu-
ral languageyueriesandwe will useprior work oncorvert-
ing naturallanguageo SQL [30, 3, 8]. Oncethe appropri-
ate SQL statements constructedthe mediators structured
querymodulesusethe Java Database&Connectvity (JDBC)
API to querythe databaseandretrieve resultsets.Oncethe
resultsetsareretrieved,they arestoredin Resultobjectsas
describedhibore,andreturnedo themediatorvia theaccep-
tor object.

4.2.3. Unified ResultRanking and Caching. Whenthe
acceptorrecevesresultobjectsfrom the varioussourcest
compilestheminto aresultpacket which will be passedo
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Figure 3: Metasearch results accumulation algorithm

theresultsmanagefor analysis.Theresultsmanagemain-

tainsa cacheof availableresultswhich removesduplicates
andsortsthe resultsby their normalizedranks. Resultsre-

turnedfrom structuredsourcesaretakento beof greaterrel-

evancethanthosereturnedfrom unstructuredsourcesand
they areorderedirst in theresultpaclets.

4.3. Userlnterface

A Java servletis usedto generateHTML pagesand
presentresultsto theuser A singletontuple returnedfrom
the structuredsourcesds displayedasan “answer”, while a
largernumberof resultsemanatingrom structuredsources
aredisplayedn atable.Relatedinks to unstructuregource
informationon the Internetarealsodisplayed.

5. Summary and Dir ectionsfor Future Work

We have describedaninitial architecturefor anintranet
mediator Our mediatoris fundamentallydifferentfrom an
internetmediatorbecauseat performsschemaintegration
usingadatawarehous@rior to thequery, allowing usto fo-
cuson the problemof decidingwhich sourcesarerelevant
to a givenquery Internetmediatorsmustattemptschema
integrationat queryexecutiontime.

Structuredsourcesneedto be addedto the existing
framawork, as this will allow more testing of individual

modulesand decisionmaking components. Unstructured
sourceghatdealwith itemssuchasimageryandvideowill
alsobeintegratedinto the system.

An additionalrepositoryof metadatalescribingunstruc-
turedsourceswill be created.This repositorywill be used
to determinawhich unstructuredgourcesareappropriatdor
a given query For example, a query about audio/video
clips would be sentto a searchenginewhich specializesn
searchingfor documentgelatedto multimedia. The new
metadatacould alsobe usedto judgethe relevanceof un-
structuredvs. structuredsources.

The processof adding synoryms and keywords to the
metadatananagemill be automatedanda rulesdatabase
implementedto allow usersto enter selectioncriteria for
a particular source. Feedbackfrom the userin sucha
tool would aid the developmentof machinelearningalgo-
rithmsbasedn manualexclusionor selectionof structured
sourcedor userqueries.

Finally, the intranetmediatorpresents new framewnork
within whichrelevancefeedbaclcanbeprovidedto theuser
— relevancefeedbackitemsfrom structuredsourcescould
potentiallyhave muchhigherrelevancethanthoseobtained
from unstructuredources.
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