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Abstract

We describea mediatordesignedspecificallyfor an in-
tranetratherthananinternet.Our intranetmediatorallows
data reconciliationand integration to be completedlong
before the query is executed.This is becauseinformation
about the data sourcesis knownand a combinedschema
can be definedprior to the query. On the internet,source
schemasare not availableso integration cannotoccur be-
fore thequery. In our approach, a datawarehouseis used
for reconciliationof structureddata. We proposea new ar-
chitecture anddescribean initial prototypebuilt to testthe
architecture.

1. Intr oduction

Mediatorsprovide unifiedaccessto disparatedata. The
ideais thataqueryenteredby theuseris sentto themediator
which sendsthequeryto avarietyof sourcesandcombines
theresults.Typically, within a givenenterprisea singlein-
tranetprovidesa vast resourcefor electronicinformation.
Using an intranetmediator, one-stop-shoppingcanbe pro-
videdfor this information.

Much work hasbeendoneon internetmediatorswhere
sourcesare reconciledthrough form-basedinterfaces. A
query that asksfor information aboutbooksmay well be
sentto the Amazonand the Waldenbooksweb sites. The
correspondingform-basedinterfacesarethenusedto access
dataateachsite.Themediatorreconcilesany conflicts(e.g.,
onesite may not have a publicationdate,anothermay not
have theISBN number)andpresentsa resultsetto theuser
thatappearsto havecomefrom asingledatarepository. The
key hereis thatall datareconciliationis doneatquerytime,
asthe internetmediatordoesnot have accessto the actual
sourcedatabases— only theform basedwebsites.

Onan intranet, schemaintegrationcanbedonein a data
warehouselong beforea query is submitted. This allows
usto focuson thequestionof how to identify thebestdata
sourcesfor a givennaturallanguagequery. To explorethis
question,we developedanarchitecturethatspecificallytar-
getstheintranetproblemandimplementedaprototype(cur-
rently about10,000lines of Java sourcecode). Section2

Figure 1: Typical Internet data integration architecture

givesrelevant backgroundon internetand intranetmedia-
tors. Section3 presentsprior work. Section4 describes
thearchitecturewith detailsof our prototypeandSection5
containsasummaryanddirectionsfor futurework.

2. Background

A typical architecturefor internetdataintegrationsys-
temsis shown in Figure1. The mediationunit in internet
dataintegrationsystemsis complex, asmuchwork needsto
bedoneduringquerytime to ensureschemaintegration.

Intranet mediators,on the other hand, use data ware-
housesto addressschemaintegration. In this way, prob-
lemsthatplaguetheinternetmediatordisappear, aswenow
have a singlecleansourcefor structureddata. Almost ev-
ery Fortune-500company hasor hasplansto build a data
warehouse[21, 22].

Thepresenceof adatawarehousemightseemto obviate
the needfor a mediator, asqueriesgoing to thedataware-
housewould be facilitatedby existing databaseaccessand
query tools. [21, 22]. However, a stand-alonedataware-
houseonly interpretsdatain structuredsources.Migrating
terabytesof unstructureddata(e.g. text, imagesandvideo)
into a warehouseis not feasible[4, 5]. Our mediatoruses
a datawarehousefor storingandintegrating its structured



data,while accessingunstructuredsourcessimultaneously.

3. Prior Work

Prior work canbebrokendown into researchon datain-
tegration in a datawarehouseand internetmediationand
metasearch.Work hasalsobeendoneon naturallanguage
conceptidentificationandautomatedquerygeneration.

Our grouphasworkedon fusionof informationretrieval
[29], whereseparateretrieval strategies are usedtogether
to improve retrieval effectiveness.Prior work in this area
is describedin [1, 34, 32, 13, 26, 29, 31]. Previously, we
have shown how to integratestructuredand unstructured
datawithin a single datawarehouse[18, 19, 28]. A sur-
vey of work donein theintegrationof distributed,heteroge-
neousdatabasesystemsis foundin [12]. Researchhasalso
goneinto migratingdatainto commonformats(e.g. XML)
thatsupporteasiermediation[2, 6].

A number of popular metasearchsystems of web
basedinformationretrieval enginesarein widespreaduse.
Popular metasearchengines include www.inquirus.com,
www.mamma.com, www.dogpile.com, www.savvy-
search.com,andwww.metacrawler.com. Resultcombina-
tion [10, 20, 24, 23] and cachingstrategies [24, 23] are
essentialto data integration in metasearchengines. In
addition, specializedindexes that develop summariesof
sourcecollectionsmaybeusedto effectively choosewhich
sourcesystemis mostlikely to containtheresults[15, 16].

Work hasalso beenconductedon semanticquerypro-
cessingfor the automationof executablequerygeneration
and phraseand conceptrecognition. This aids in the de-
velopmentof naturallanguagebasedqueryinterfaces.[27]
discussesissuesrelatedto conceptidentificationin queries
and [11, 33, 35, 9] examinenaturallanguageparsingand
querygeneration.

4. Ar chitecture

This sectionprovidesanoverview of thearchitectureof
themediatorengineasillustratedin Figure2. An objectori-
entedapproachwasadoptedin thedesignof themediator.

Therearethreehigh-level componentsto theengine:the
userinterface,the core mediator, and the query modules.
The user interfaceconsistsof a simple text form and an
optionalselectionbox of availablestructuredsources.The
mediator’s responsibilityis to propagateinformationin the
query to relevant query modules. The query modules,in
turn,posequeriesto structuredandunstructuredsources.

Themediator, whichcarriesout theprimaryfunctionsof
theengine,is similarly subdividedinto severalmodules.A
queryprocessorobjectperformsa “translation”of a user’s
query into a machinedecipherabletree of conceptsand
Booleanrelations.A seriesof targetsourcedecisionmaking
modulesarethenresponsiblefor selectingdatasourcesrel-
evantto a queryandsendingit to thequerymodulespaired

Figure 2: Architecture of the intranet mediator engine

with thosesources.Thesourceselectionprocessis aidedby
arepositoryof metadatathatwemaintainabouteachsource,
storedin theMetadataManagercomponentof themediator.

Resultsfrom thevariousquerymoduleswill besentback
up to the mediator, which containstwo additionalobjects:
theacceptorandresultsmanager. They acceptresultsfrom
thevariousrunningmodulesandcombinetheminto anag-
gregatepacket to besentbackto theuserinterface. Incor-
poratingresultsfrom all modulesrequiresinterpretingrel-
evanceranksgiven by the disparatesourcesand deciding
which sourcesaremorerelevantfor thegivenquery.

4.1. Query Processingand Dispatching
This sectiondetailsthe requirementsandstructuringof

componentsin theenginethatcarryout thequeryprocess-
ing andsourcedispatchingactions.

4.1.1. Metadata Requirements. A primary item of
concernwasan optimal structuringof metadatarelatedto
sourcesthatwouldallow for efficientdecisionmakingasto
the relevanceof a sourceper posedquery. The metadata
resourcealsocontainsstopwordandsynonym lists.

Weproposeaschemewherein,for eachstructuredsource
available, a seriesof relations betweenthe source’s at-
tributesandrelationnamesanda list of keywordsor “syn-
onyms” areconstructed.If a matchoccursbetweenquery
conceptsand synonym relation items it increasesthe rel-
evanceof the relatedsourceto the query. This structure
allows easily automatedinsertions,as distinct individual
recordvaluesfor sourcerelationdomainswould generally
qualify assynonymsfor its attributename.

Oraclesystemtablesareusedto createrelationsfor tar-
getedsourceswithin the datawarehouse,which residesin
an Oracledatabase.Synonym lists werecompiledanden-
teredtogetherwith theadditionof sourcesto theengine.



4.1.2. Query Processing. When a query arrives from
the userinterface,it is translatedinto a machinedecipher-
ableconcepttreeusing relationalBooleanoperators.The
engineis capableof building anexpressiontreefrom a nat-
ural languagequery, joining nodesof thetreewith ORoper-
ators,exceptwhereexplicit Booleanexpressionsarespeci-
fied. No automaticphraseprocessingor stopword removal
is donehere;thelatteris left asanoptionfor thelower level
querymodulesuponsendingqueriesto specificsources.

A survey of severalpackagesfor part-of-speechtagging
andobjectidentificationwithin querieshasbeenconducted,
andinitial work hasbeendoneto integratenaturallanguage
syntacticrepresentationsof queriesinto thesystem.

4.1.3. TargetSourceSelectionand Dispatching. After
queryprocessingis complete,thequeryis passedto thede-
cision makingcomponentsof the mediator. Conceptsex-
tractedfrom the query expressiontree and synonym data
are usedto decideif any of the available conceptsindi-
catepossiblerelatedsourcesof structureddata.If suchev-
idenceis found, the query is passedto the structureddis-
patcher, which thenusesmetadatato target specificstruc-
turedsources.The query is alwayspassedto the unstruc-
tureddispatcher, even in theeventof no structuredsources
being chosen. Modulesare subsequentlyinstantiatedfor
eachsourceselected.

4.2. ResultAccumulation and Ranking
As the querymodulesrun in separatethreadsof execu-

tion, theresultsthey returnto themediatorhaveno inherent
ordering. The acceptorobject,which containsopenpipes
to all active querymodules,accumulatesthe resultpackets
from themodulesasynchronously. It thenpassestheaccu-
mulatedresultsto theResultManagerobjectfor reconcili-
ationof relevancerankingsandplacementinto the Results
Cache.Thequerymodulesaredetailedbelow.

4.2.1. Unstructur ed Result Retrieval. Each unstruc-
tureddatasourcehasanassociatedmoduleresponsiblefor
low-level queryformulation,queryposing,andresultgath-
ering.Wehaveimplementedanumberof thesemodulesfor
popularwebsearchengines.

The concurrentnatureof the executingquery modules
presentsuswith a conflict betweentwo of the majorgoals
of the system:providing a well-unified resultsetandpre-
sentingtheresultsetto theuserquickly.

Alternativesweconsideredfor resultmanagementwere:
� Purelyasynchronousresultgathering� Asynchronousresultgatheringandfinal reranking� Asynchronousresultgatheringanddynamicreranking� Synchronizedcompletionof resultgathering� Our approach:Synchronizedcompletionof gathering

a thresholdnumberof resultsfrom all sources

A purelyasynchronousapproachdisplaysresultsassoon

asthey arrive in theacceptor, but slowerperformingsource
applicationsmight return high ranked resultsafter results
have alreadybeendisplayed. Final rerankingprovesboth
inconvenientand unresponsive, as the delay for the final
ranking correspondsto the time for gatheringall results.
Dynamic reranking,demonstratedin Inquirus 2 [14], re-
quiresarriving resultsto bedirectly propagatedto the user
interface,which needsacoexisting facility for dynamicup-
dates.This canbe confusingto the userasthe resultsdis-
play is constantlybeingrefreshed.Thesynchronizedcom-
pletionof all modulesensuresoptimalresultunification,but
reducestheengineto worst link drivenperformance.

We usea resultsmanagementschemethatcompromises
betweenpurely asynchronousresult propagationand syn-
chronizedcompletionof resultgatheringfrom eachsource.
The algorithmwe proposeis given in Figure3. We begin
by submitting the query to our unstructuredsourcesand
queuingthe asynchronouslyarriving resultswithin the ac-
ceptorfor processingin theresultsmanager. This prevents
a singleslow or inoperativesourcefrom affectingtotal sys-
temperformance.As resultsareobtainedfrom theacceptor
andplacedin a cache,duplicatesareremoved. Not until a
thresholdof D resultsarecachedfor thecurrentdisplaypro-
jectionareresultsorderedandsentto theuserinterface.In
the meantime,moreresultsarebeingasynchronouslycol-
lectedandcachedin theacceptorandresultsmanageruntil
a presetthresholdof R total resultshasbeencached.

In practice,we find thatvarying the thresholdof results
obtainedbeforeresultscombinationbeyondthe sizeof the
result set displayedin the user interfaceallows for more
controlover theresultsourcedistribution.

4.2.2. Structur ed Result Retrieval. The backend for
our datawarehousewasimplementedasa setof relational
tablesin anOracleRDBMS. As such,thestructuredquery
moduleswererequiredto convert the queryposedinto an
equivalentSQLstatement.Thisprocessis aidedby thesyn-
onym datacontainedin the metadatamanager. More de-
tailedconceptmatchingis performedonthequery, andrele-
vantattributenamesareretrieved.Theseattributenamesare
usedasthebasisfor theconstructionof theSQL query. In
thefuture,we intendto provide increasedsupportfor natu-
ral languagequeries,andwewill useprior work onconvert-
ing naturallanguageto SQL [30, 3, 8]. Oncetheappropri-
ateSQL statementis constructed,themediator’s structured
querymodulesusetheJava DatabaseConnectivity (JDBC)
API to querythedatabaseandretrieve resultsets.Oncethe
resultsetsareretrieved,they arestoredin Resultobjectsas
describedabove,andreturnedto themediatorvia theaccep-
tor object.

4.2.3. Unified ResultRanking andCaching. Whenthe
acceptorreceivesresultobjectsfrom the varioussourcesit
compilestheminto a resultpacket which will bepassedto



ALGORITHM Metasearch (Q, D, R)
Begin

Query Q
/* numberof resultsto displayperscreen*/
DisplayThreshhold D
/* totalnumberof resultsto retrieve */
ResultThreshhold R
ResultSet S �����
HistorySet H �����
k � 0
Asynchronously submit Q to
unstructured sources
loop until k 	 R
Begin

Retrieve result 
 from asynchronous
queue
if 
��
 H
Begin

k � k � 1
S � S ����
��
H � H � ��
��

End
if � S ��	 D
Begin

Sort S by normalized rank
Display S to user
Wait for request of D resultsa

S �����
End

End
End

acontinuefilling asynchronousqueueduringthewait

Figure 3: Metasearch results accumulation algorithm

theresultsmanagerfor analysis.Theresultsmanagermain-
tainsa cacheof availableresultswhich removesduplicates
andsortsthe resultsby their normalizedranks.Resultsre-
turnedfrom structuredsourcesaretakento beof greaterrel-
evancethanthosereturnedfrom unstructuredsources,and
they areorderedfirst in theresultpackets.

4.3. User Interface

A Java servlet is used to generateHTML pagesand
presentresultsto theuser. A singletontuple returnedfrom
thestructuredsourcesis displayedasan“answer”,while a
largernumberof resultsemanatingfrom structuredsources
aredisplayedin atable.Relatedlinks to unstructuredsource
informationon theInternetarealsodisplayed.

5. Summary and Dir ectionsfor Future Work

We have describedan initial architecturefor an intranet
mediator. Our mediatoris fundamentallydifferentfrom an
internetmediatorbecauseit performsschemaintegration
usingadatawarehouseprior to thequery, allowing usto fo-
cuson theproblemof decidingwhich sourcesarerelevant
to a given query. Internetmediatorsmustattemptschema
integrationat queryexecutiontime.

Structuredsourcesneed to be added to the existing
framework, as this will allow more testing of individual

modulesand decisionmaking components.Unstructured
sourcesthatdealwith itemssuchasimageryandvideowill
alsobeintegratedinto thesystem.

An additionalrepositoryof metadatadescribingunstruc-
turedsourceswill becreated.This repositorywill be used
to determinewhichunstructuredsourcesareappropriatefor
a given query. For example, a query about audio/video
clips would besentto a searchenginewhich specializesin
searchingfor documentsrelatedto multimedia. The new
metadatacould alsobe usedto judgethe relevanceof un-
structuredvs. structuredsources.

The processof addingsynonyms and keywords to the
metadatamanagerwill be automated,anda rulesdatabase
implementedto allow usersto enterselectioncriteria for
a particular source. Feedbackfrom the user in such a
tool would aid the developmentof machinelearningalgo-
rithmsbasedonmanualexclusionor selectionof structured
sourcesfor userqueries.

Finally, the intranetmediatorpresentsa new framework
within whichrelevancefeedbackcanbeprovidedto theuser
— relevancefeedbackitemsfrom structuredsourcescould
potentiallyhavemuchhigherrelevancethanthoseobtained
from unstructuredsources.
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