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Abstract

We describe Junglee’s Virtual Database (VDB) technology, which makes the World Wide Web and other
external data sources behave as an extension of an enterprise’s relational database (RDBMS) system.
We provide examples of powerful applications enabled by the technology. We then consider XML, a new
markup language standard; we conjecture how XML will transform the web, and the role that will be
played by Virtual Database technology in this transformation.

1 Introduction

Virtual database(VDB) technologymakestheWorld WideWebandotherexternaldatasourcesbehaveasanex-
tensionof anenterprise’s relationaldatabase(RDBMS) system.Accordingto someestimates,asmuchas90%
of theworld’sdatais outsideof relationaldatabasesystems.Vital datais scatteredacrosswebsites,file systems,
databasesystems,andlegacyapplications.Thesedatasourcesdiffer in theway theyorganizethedata,in the
vocabularytheyuse,andin theirdata-accessmechanisms.Manyof themdonotevensupportnativequeryoper-
ations.Writing applicationsthatcombinedatafrom thesesourcesis a complex,oftenimpossible,taskbecause
of theheterogeneityinvolved.

Junglee’spatent-pendingVDB technologycanfundamentallytransformenterprisecomputingandtheWorld-
Wide Webby providinga solutionto this datascatterproblem.VDB technologyletsapplicationsaskpowerful
queriesof datathat is scatteredovera varietyof datasources.TheVDB gathers,structuresandintegratesthe
datafrom thesedisparatedatasourcesandprovidestheapplicationprogrammerwith theappearanceof a sin-
gle, unifiedrelationaldatabasesystem.VDB technologyenablesthedevelopmentof anexcitingnewbreedof
applicationsthatuseall thedata.

As anillustrationof theapplicationsenabledby VDB technology, considerjob huntingontheWeb. In order
to makeameaningfulcareerchoice,a job seekerneedsinformationonavailableopportunitiesaswell asrelated
data— suchasinformationon housing,schooldistricts,andcrimestatisticsin thejob area.Informationon job
openingsis scatteredacrossthousandsof differentwebsites— companyhomepagesandseveralaggregatesites,
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suchasnewspaperclassifiedssites.Keywordsearchcapabilitiesonwordsappearingin thejob listingaretheonly
availablesearchchoice.

VDB technologyconvertsall thesedatasourcesintoasinglevirtual relationaldatabase.Usinganapplication
basedonVDB technology, thejob seekercannowobtainanswersto thefollowing queryposedto theWeb,“find
marketingmanagerpositionsin a companythat is within 15 milesof SanFranciscoandwhosestockpricehas
beengrowingata rateof at least25%peryearoverthelastthreeyears.”ThissinglequerywouldspantheWeb
employmentlistingsof manycorporations,in additionto websitesthathavegeographicalmappinginformation
andwebsitesthat containhistoricalrecordsof corporateequityprices. Thequerywould alsoreturn,for each
position,relatedinformationincludingstatisticsonhousingprices,schooldistricts,andcrimestatistics.Section
3providesdetailsonthisandotherVDB applicationsthataredeployedonseveralhigh-traffic websites,including
thoseof Yahoo!,TheWall StreetJournal,TheWashingtonPost,andSanJoseMercuryNews.

2 Technology Architecture

Figure1 is a run-timeview of a simpleVirtual Database(VDB), which we’ll call the BooksVDB for future
reference.ThisVDB integratesthecontentsof two bookstores(Amazon.comandPowell’sBooks)andtheNew
York TimesBook Reviewsandpresentsa unified schemawith two tables,booksandreviews. The database
applicationoperatesonthisunifiedschema,issuingSQLqueriesthroughtheJDBCorODBCAPI; theapplication
itelf canbebuilt usingstandardRAD toolssuchasDelphi,PowerBuilder, VisualBasic,or similarJavatoolkits.
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TheVDB isaccessedthroughtheVDB Server, andisadministeredthroughthebrowser-basedVDB Console.
TheVDB alsocontains,for eachexternaldatasource,awrapperthatinterfacesthedatasourceto theVDB server.
A wrappermakesanarbitraryexternaldatasource,suchasa website,behavelike anRDBMS,while theVDB
Serverintegratestheseseparaterelationaldatabasesinto aunifiedVirtual Database(VDB).

A wrapperinterfaceswith awebsite,typically usingHTTPandHTML or XML. It handlesHTTPprotocol-
relatedissuessuchasforms,cookies,andauthentication.Thewrapperis accessedvia theJDBCAPI, through
whichclientscanissueSQLqueries.A SQLqueryissuedto thewrappermightresultin thewrapperfilling outa
HTML form ontheAmazon.comwebsite,navigatingandparsingtheresultingHTML pages,andtransforming
thedatainto rowsin a relationaltable. Thewrapperusesextractionrulesto applysophisticatedlinguistic pro-
cessingto extractattributesfrom thewebpages,usesdatatransformationrulesto transformandformatthedata
to fit theschema,andusesthedatavalidationrulesto ensuredataintegrity.

LightweightJavaapplicationsthatinteractwith one(or a few) datasourcescaninterfacedirectlywith wrap-
pers.Theapplicationseeseachdatasourceasa separateJDBCsourcewith its own schema,andmustconnect
to eachsourceseparatelyandcombinethedataasneeded.

Sophisticatedapplicationsthatusemorethana few datasourcesusethe full functionalityof theVDBMS,
asshownin Figure1. TheVDBMS exposestablesin multiple datasourcesasvirtual tablesin a singleVirtual
Database(VDB), andsupportsfull RDBMSfunctionalityovervirtual tablesincludingviewdefinitionsandquery
processingacrosssources.In theexampleof Figure3, theVDB definestheview booksastheunionof theama-
zonandpowell’s virtual tables.WhentheVDBMS receivesthequeryshownin thefigure,thequeryprocessor
componentdecomposesthequery, determinesthefragmentsto besentdownto theindividualdatasources,and
combinestheirresults.Thequeryresultcachecachesresultsfrom datasourcesfor performance.In addition,the
publishingsystemcanbesetupto periodicallycreatephysicalsnapshotsof virtual tablesin alocalrelationaldata
storein orderto speedupdataaccess.

3 The VDB At Work: Real-World Applications

JungleehasappliedVDB technologyin severalkey domains:EmploymentClassifieds,ConsumerShopping,
RealEstate,andApartmentlistings.Wedescribebelowtwo suchapplications.

3.1 Online Recruitment

The JobCanopyVDB applicationintegratesjob listings from over 700 datasources,including employerweb
sites,flatfiles,andlegacydatafeeds.Theschemafor thisVDB includes31attributesof interesttoemployersand
jobseekers,includingjobtitle, jobcategory, job location,andcontactinformation.Thesedatasourcesarescoured
eachweekto ensurethat the informationis alwaysfresh. Listings from differentemployersarenormalizedto
havethesamesetof fieldsandthesamevocabulary. TheJobCanopyproductis accessiblefrom thewebsitesof
severalmajornewspapersandonlinemediacompanies,includingTheWall StreetJournalInteractiveEdition,
TheWashingtonPost,TheSanJoseMercuryNews,Classifieds2000,andWestechVirtual JobFair.

3.2 Web Commerce

The ShopCanopyVDB applicationallows comparisonshoppingover 40 merchantsin 8 categories,including
Books,Music, ComputerHardware,andConsumerElectronics.ShopCanopyis deployedon theYahoo! Visa
ShoppingGuidewebsiteat http://shopguide.yahoo.com.

TheShopCanopyapplicationbringstogetherbuyersandsellersonline to createmarketplaceson theWeb.
ShopCanopyallowsconsumersto easilyaccessandcompareproductandpricing informationfrom merchants
simultaneously, andthenlink to aspecificmerchant’ssiteto makeapurchase.VDB technologyreducesthetime
spentlooking for specificitemsby searchingthroughaffiliated onlinemerchantsandcompilinga singlelist of
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all thevendorsthatoffer thespecifieditem,plusavailability, shipping,pricingandotherinformationhelpful for
makingproductchoices.

4 The Three Phases of XML

Theever-increasingreachof theWebis basedto alargeextentonthesimplicity of HTML, whichenablesauthors
to distributedocumentsat low costandwith ease.Most documentson theWebtodayarestoredandtransmit-
tedin HTML. HTML is adequatefor handlingthepresentationaspectsof smallandsimpledocuments.Going
beyondpresentationof dataanddocuments,HTML is usedtodayto representtheform-basedquerycapabilities
andtransactionalfunctionalityof Websites.Forexample,abookstorewouldallow shoppersto searchfor books
by authoror title. This querycapabilityis presentedthroughanHTML form. A transaction,e.g.,theability to
buyabookandorderits shipment,is alsopresentedthroughHTML.

Virtual databasetechnologytransformstheWeb into a database,usingadapters(calledwrappers) thatan-
alyzetheHTML from Websitesto presentthemasrelationaldatasources.The limited descriptivecapability
of HTML necessitatesmanualanalysisfor the creationof adapters.XML will addthe next level of automa-
tion. As datasourcesbecomeself-describing,VDB technologywill automaticallycreatetheadapters.Virtual
databasesof severalhundredthousanddatasourceswill occur. In fact, theentireWebcouldbecomeoneunified
database,fulfilling Jungleesvision. With theincreasingcomplexityof documentsandtheir inter-relationships,
theWebis evolvingfrom acollectionof hyperlinkeddocumentsto dynamiccontentthatis generatedfrom rela-
tionaldatabases,documentlibrariesandotherformsof organizedcontent.Thelimitationsof HTML — stemming
from thefact thatstructure,contentandpresentationareintermingledin HTML — is becomingincreasinglyev-
identto Webdevelopers.Theneedfor extensibility, structureandvalidationis thebasisfor theevolutionof the
WebtowardsXML. Both HTML andXML arederivedfrom SGML (StandardGeneralizedMarkupLanguage,
ISO8879).SGML allowsdocumentsto beself-describing,throughthespecificationof tagsetsandthestructural
relationshipsbetweenthetags.Thisspecificationis referredtoastheDocumentTypeDefinition,orDTD. HTML
is asmallhard-wiredsetof about70tagsand50attributes,whichallowsHTML usersto skiptheself-describing
aspectfrom a document.XML, on theotherhand,retainsthekey SGML advantageof self-descriptionthrough
DTDs,while avoidingthecomplexityof full-blown SGML

TheXML specificationwasadoptedasastandardby theW3Cin February1998.Sincethen,therehasbeen
a groundswellof supportfor XML from thedevelopmentcommunity. We believethatXML will becomethe
dominantdatainterchangeformatontheweb,andthatthis transitionwill happenin threephasesoutlinedbelow.

4.1 Phase 1: Data in XML

Thedeliveryof XML contentto browsersfrom Websitesenablesthedistributionof a significantproportionof
theprocessingloadfrom theWebserverto theWebclient. Sorting,groupingandpaginationcanbeperformed
locally, avoidinground-tripsto theWebserver. Thehighly structureddeliveryof dataenablesclientsto present
differentviewsof thesamedatato differentusersthroughstylesheets.

Phase1 representsa gigantic leapforward towardsstructureddatainterchangebetweenWeb serversand
browsers,andpotentiallybetweenWebserversthemselves.

4.2 Phase 2: Data and queries in XML

Thegrowthin thenumberof query-basedWebdatasourcespresentsachallengeandabusinessopportunityfor
Websearchengines,WebportalsandWebcontentaggregatorsthatwill pushXML to thenextlevel. In Phase2,
Websiteswill describetheirquerycapabilitiesthroughXML to facilitateintegrationof individualWebsitesinto
structuredsearchenginesandcontentsyndicates.For example,a bookstore’s websitemaystatethat it allows
searchesby authoror by title, butnotasearchthatwill enumerateall thebooksin thestore.
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A key benefitfrom describingquerycapabilitiesin XML is theability to presentthequerybasedon a style
sheet,enablingcustomsearchforms for individual users.In addition,it would enableWeb clientsto mediate
betweensmallcollectionsof heterogeneousWebdatasources.

In Phase2, VDB technologywill betheenablingtechnologyfor thenextgenerationof searchengines.This
nextgenerationwill gobeyondmerekeywordsearches,allowingdomain-specificattribute-basedsearches.For
example,a corporateprocurementsearchenginewould allow procurementanalyststo searchtheentirecollec-
tion of suppliercatalogsontheWebby supplierlocation,productcategory, category-specificattributesandprice
range. Cross-domainsearcheswill presentnew businessopportunities. VDB technologywill normalizethe
querycapabilitiesacrossWebsites,presentinguniformquerycapabilitiesacrossvastcollectionsof autonomous
WebsitesconceivablytheentireWeb.

4.3 Phase 3: Data, queries and transactions in XML

Phase3 will acceleratethepaceof virtualizationof organizations,whereeachorganizationfocuseson its core
competencies,andincreasinglyuseWeb-basedor extranet-basedoutsourcingof ancillaryservices.However, to
theconsumer, thereis anillusion of a completeservice-provider. Therearesignsof this trendeventodayin fi-
nancialservices,healthcare,retail,business-to-businesssuppliersandelectronicmarketplaces.VDB technology
will form thebasisfor thevirtual organization,leveragingits ability to pull togetherdisparatetransactioncapa-
bilities intoacommonmodel.Web-basedtransactionintegrationfollows naturallyfrom theWebdataintegration
capabilitiesof theprecedingphases.In otherwords,theVDB searchenginesof Phase2 will naturallygravitate
to full-servicetransactionfacilities, to cementtheirpositionin thevaluechainto theconsumer.

5 Conclusion

VDB technologyenablesrapiddeploymentof applicationswith at leastoneof thefollowing characteristics:

� Largenumbersof datasources

� Datasourcesareautonomous,thereis no centralizedcontrol

� Datasourcescanhaveamixtureof structuredandunstructureddata

The World Wide Web, andmost Intranets,haveall of thesecharacteristics.The emergenceof XML and
relatedstandards,suchasRDF, will acceleratethedeploymentof VDB technologysincetheyhavethepotential
to lower drasticallythecostof incorporatingawebsiteinto avirtual database.
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