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Abstract

We describe Junglee's Virtual Database (VDB) technol ogy, which makes the World W de 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 databaséVDB) technologymakesheWorld Wide Webandotherexternaldatasourcesehaveasanex-
tensionof anenterprises relationaldatabaséRDBMS) system.Accordingto someestimatesasmuchas90%
of theworld’s datais outsideof relationaldatabassystemsVital datais scatteredcrossvebsites file systems,
databassystemsandlegacyapplications. Thesedatasourcediffer in the way they organizethe data,in the
vocabulartheyuse,andin theirdata-accessiechanismsMany of themdo notevensupportativequeryoper
ations. Writing applicationghatcombinedatafrom thesesourcess a complex,oftenimpossible taskbecause
of the heterogeneitynvolved.

Junglees patent-pendinyy DB technologycanfundamentallyransformenterpriseomputingandtheWorld-
Wide Web by providing a solutionto this datascattemproblem.VDB technologyletsapplicationsaskpowerful
gueriesof datathatis scatteredver a variety of datasources.The VDB gathersstructuresandintegrateghe
datafrom thesedisparatedatasourcesand providesthe applicationprogrammemith the appearancef a sin-
gle, unifiedrelationaldatabaseystem.VDB technologyenableghe developmenbf anexciting new breedof
applicationghatuseall thedata.

As anillustrationof theapplicationsenabledoy VDB technologyconsideijob huntingontheWeb. In order
to makea meaningfulcareerchoice,ajob seekemeedsnformationon availableopportunitiesaswell asrelated
data— suchasinformationon housing schooldistricts,andcrime statisticsin thejob area.Informationon job
openingss scattere@crosshousandsf differentwebsites— companyhomepagesandseverabhggregatsites,

Copyright 1998 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material for ad-
vertising or promotional purposes or for creating new collective works for resale or redistribution to servers or lists, or to reuse any
copyrighted component of thiswork in other works must be obtained from the | EEE.

Bulletin of the |[EEE Computer Society Technical Committee on Data Engineering

*Phone(408)522-9494Fax (408)522-9470.For moreinformationcontactAnandRajaramarat anand @junglee.com



SELECT *
FROM books, reviews |
WHERE books.author = “gardner”
AND books.isbn =reviews.isbn

P

ODBC or JDBC

_ VDB
Virtual Database administration

Eai s
VDB Server J i
—— :
Amazon.com Powell’'s Books NY Times
Wrapper Wrapper Reviews Wrapper o

HTTP/FTP/HTTPS
HTML/XML

Internet

-:Amazon.com= P-c;well’s Books: NY Times Book Re=view

Figurel: TheBooksVirtual Database

suchasnewspapeclassifiedsites.Keywordsearctcapabilitiesonwordsappearingn thejob listing aretheonly
availablesearclchoice.

VDB technologyconvertsall thesedatasourcesnto asinglevirtual relationaldatabaseUsinganapplication
basedn VDB technologythejob seekecannow obtainanswerdo thefollowing queryposedo theWeb,“find
marketingmanagepositionsin a companythatis within 15 miles of SanFranciscoandwhosestockprice has
beengrowingatarateof atleast25%peryearoverthelastthreeyears.” This singlequerywould spanthe Web
employmentistings of manycorporationsin additionto websitesthathavegeographicamappinginformation
andwebsitesthat containhistorical recordsof corporateequity prices. The querywould alsoreturn,for each
position,relatedinformationincluding statisticson housingprices,schooldistricts,andcrimestatistics.Section
3 providegdetailsonthisandotherVDB applicationghataredeployednseverahigh-trafic websites,including
thoseof Yahoo!, TheWall StreetJournal, The WashingtorPost,andSanJoseMercury News.

2 Technology Architecture

Figurel is a run-timeview of a simple Virtual Databas€VDB), which we’ll call the BooksVDB for future
referenceThis VDB integrateghe contentf two bookstoregAmazon.comandPowell’s Books)andthe New
York Times Book Reviewsand presentsa unified schemawith two tables,booksandreviews. The database
applicationoperate®nthisunifiedschemaissuingSQL querieghroughtheJDBCor ODBCAPI; theapplication
itelf canbe built usingstandardRAD toolssuchasDelphi, PowerBuildeyVisual Basic,or similar Javatoolkits.



TheVDB isaccessethroughthe VDB Serverandis administeredhroughthebrowserbasedVDB Console.
TheVDB alsocontainsfor eachexternadatasourceawrappetthatinterfaceghedatasourceo theVDB server
A wrappemakesanarbitraryexternaldatasource suchasawebsite, behavdike anRDBMS, while the VDB
Serverintegrategheseseparateelationaldatabasemto a unified Virtual Databas€VDB).

A wrapperinterfaceswith awebsite, typically usingHTTP andHTML or XML. It handleHTTP protocol-
relatedissuessuchasforms, cookies,andauthentication.Thewrapperis accessedia the JIDBC API, through
whichclientscanissueSQL queries. A SQL queryissuedo thewrappemightresultin thewrappeffilling outa
HTML form onthe Amazon.conwebsite, navigatingandparsingtheresultingHTML pagesandtransforming
the datainto rowsin arelationaltable. The wrapperusesextractionrulesto apply sophisticatedinguistic pro-
cessingo extractattributesfrom theweb pagesusesdatatransformatiorrulesto transformandformatthe data
to fit the schemaandusesthe datavalidationrulesto ensuredataintegrity.

LightweightJavaapplicationghatinteractwith one(or afew) datasourcesaninterfacedirectly with wrap-
pers. The applicationseeseachdatasourceasa separate DBC sourcewith its own schemaandmustconnect
to eachsourceseparatelyandcombinethe dataasneeded.

Sophisticatedpplicationghat usemorethana few datasourcesusethe full functionality of the VDBMS,
asshownin Figurel. The VDBMS exposegablesin multiple datasourcesasvirtual tablesin a singleVirtual
Databas€VDB), andsupportdull RDBMSfunctionalityovervirtual tablesncludingview definitionsandquery
processin@crosssourcesin theexampleof Figure3, the VDB definegheview booksasthe unionof theama-
zonandpowell’s virtual tables.Whenthe VDBMS receiveghe queryshownin thefigure,the queryprocessor
componentlecomposethe query determineshefragmentgo be sentdownto theindividual datasourcesand
combinegheirresults.Thequeryresultcachecachesesultsfrom datasourcedor performanceln addition,the
publishingsystencanbesetupto periodicallycreatephysicalsnapshotsf virtual tablesin alocalrelationaldata
storein orderto speedip dataaccess.

3 TheVDB At Work: Real-World Applications

JungleehasappliedVDB technologyin severalkey domains: EmploymentClassifiedsConsumerShopping,
RealEstate andApartmentlistings. We describebelowtwo suchapplications.

3.1 Online Recruitment

The JobCanopyDB applicationintegrategob listings from over 700 datasourcesjncluding employerweb
sites flatfiles,andlegacydatafeeds.Theschemdor this VDB includes31attributesof interesto employersand
jobseekersncludingjobtitle, job categoryjoblocation,andcontacinformation. Thesedatasourcesrescoured
eachweekto ensurehatthe informationis alwaysfresh. Listings from differentemployersarenormalizedto
havethe samesetof fieldsandthe samevocabulary The JobCanopyroductis accessiblérom the web sitesof
severalmajor newspaperandonline mediacompaniesincluding The Wall StreetJournallnteractiveEdition,
TheWashingtorPost, The SanJoseMercury News, Classifieds200(andWestechVirtual JobFair.

3.2 Web Commerce

The ShopCanopyDB applicationallows comparisorshoppingover 40 merchantsn 8 categoriesincluding
Books, Music, ComputerHardware and ConsumeiElectronics. ShopCanopys deployedon the Yahoo! Visa
ShoppingGuidewebsite at http://shopguide.yato.com.

The ShopCanopwpplicationbringstogetherbuyersand sellersonline to createmarketplace®n the Web.
ShopCanopyllows consumergo easilyaccessaandcompareproductandpricing informationfrom merchants
simultaneouslyandthenlink to aspecificmerchans siteto makea purchaseVDB technologyreduceghetime
spentlooking for specificitemsby searchinghroughatffiliated online merchantsandcompilinga singlelist of



all thevendorghatoffer the specifiedtem, plusavailability, shipping,pricing andotherinformationhelpful for
makingproductchoices.

4 The Three Phasesof XML

Theeverincreasingeachof theWebis basedo alargeextentonthesimplicity of HTML, whichenablesuthors
to distributedocumentsat low costandwith ease.Most document®©n the Webtodayare storedandtransmit-
tedin HTML. HTML is adequatdor handlingthe presentatioraspect®f smallandsimpledocuments Going

beyondpresentatiomf dataanddocumentsHTML is usedtodayto representheform-basedjuerycapabilities
andtransactionafunctionality of Websites.Forexample abookstorevould allow shoppers$o searcHor books
by authoror title. This querycapabilityis presentedhroughanHTML form. A transactionge.g.,the ability to

buy abookandorderits shipmentjs alsopresentedhroughHTML.

Virtual databas¢echnologytransformsthe Web into a databaseusingadaptergcalledwrappers) thatan-
alyzethe HTML from Web sitesto presenthemasrelationaldatasources.The limited descriptivecapability
of HTML necessitatemanualanalysisfor the creationof adapters. XML will addthe nextlevel of automa-
tion. As datasourcesbecomeself-describingVDB technologywill automaticallycreatethe adapters.Virtual
databasesf severahundredhousandlatasourcewill occur In fact, theentireWebcouldbecomeoneunified
databasefulfilling Jungleewision. With the increasingcomplexityof documentsandtheir interrelationships,
theWebis evolvingfrom a collectionof hyperlinkeddocumentgo dynamiccontentthatis generatedrom rela-
tionaldatabasesiocumentibrariesandotherformsof organizeccontent.Thelimitationsof HTML — stemming
from thefactthatstructure contentandpresentatiomreintermingledin HTML — is becomingncreasinglyev-
identto WebdevelopersThe needfor extensibility structureandvalidationis the basisfor the evolutionof the
WebtowardsXML. BothHTML andXML arederivedfrom SGML (StandardseneralizedVarkup Language,
ISO8879). SGML allowsdocumentso beself-describingthroughthespecificatiorof tagsetsandthestructural
relationshipbetweerthetags. Thisspecificatioris referredto astheDocumeniTypeDefinition,or DTD. HTML
is asmallhard-wiredsetof about70tagsand50 attributeswhich allowsHTML usergo skiptheself-describing
aspecfrom adocument XML, ontheotherhand,retainsthekey SGML advantag®f self-descriptiorthrough
DTDs, while avoidingthe complexityof full-blown SGML

The XML specificatiorwasadoptedasa standardy theW3C in Februaryl998. Sincethen,therehasbeen
a groundswellof supportfor XML from the developmentommunity We believethat XML will becomethe
dominantdatainterchangdormatontheweb,andthatthistransitionwill happenin threephase®utlinedbelow

41 Phasel: Datain XML

Thedeliveryof XML contentto browsersrom Web sitesenableghe distributionof a significantproportionof
the processindoad from the Web serverto the Web client. Sorting,groupingandpaginationcanbe performed
locally, avoidinground-tripsto the Web server The highly structureddelivery of dataenableslientsto present
differentviews of the samedatato differentusersthroughstyle sheets.

Phasel representa gigantic leap forward towardsstructureddatainterchangebetweenWeb serversand
browsersandpotentiallybetweenWeb servergdhemselves.

4.2 Phase2: Dataand queriesin XML

Thegrowthin the numberof query-basedVebdatasourcegpresentsa challengeandabusines®pportunityfor
WebsearchenginesWebportalsandWebcontentaggregatorghatwill pushXML to thenextlevel. In Phase?,
Websiteswill describeheirquerycapabilitiegshroughXML to facilitateintegrationof individual Websitesinto
structuredsearchenginesand contentsyndicates.For example a bookstores web site may statethatit allows
searchesy authoror by title, but nota searchthatwill enumerateall thebooksin thestore.
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A key benefitfrom describingquerycapabilitiesn XML is the ability to presenthe querybasedon a style
sheet,enablingcustomsearchforms for individual users. In addition, it would enableWeb clientsto mediate
betweersmallcollectionsof heterogeneoud/ebdatasources.

In Phase?, VDB technologywill betheenablingtechnologyfor the nextgeneratiorof searchengines.This
nextgeneratiorwill go beyondmerekeywordsearchesallowing domain-specifiattribute-basedearcheskor
example a corporateprocuremensearchenginewould allow procuremenanalystgo searclthe entirecollec-
tion of suppliercatalogonthe Webby suppliedocation,productcategorycategory-specifiattributesandprice
range. Cross-domairsearchesvill presentnew businessopportunities. VDB technologywill normalizethe
guerycapabilitiesacrossNVebsites,presentinginiform querycapabilitiesacrossrastcollectionsof autonomous
Web sitesconceivablythe entireWeb.

4.3 Phase 3: Data, queriesand transactionsin XML

Phase3 will acceleratéhe paceof virtualizationof organizationswhereeachorganizationfocuseson its core
competenciesgndincreasinglyuseWeb-basear extranet-basedutsourcingof ancillary services However to
the consumerthereis anillusion of a completeservice-providerTherearesignsof this trendeventodayin fi-
nancialserviceshealthcare retail, business-to-busingsuppliersandelectroniomarketplacesvYDB technology
will form thebasisfor thevirtual organizationJeveragingts ability to pull togetherdisparatdransactiorcapa-
bilities intoacommonmodel. Web-basedransactionintegrationfollows naturallyfrom theWebdataintegration
capabilitiesof the precedingphasesin otherwords,the VDB searchenginesof Phase will naturallygravitate
to full-servicetransactiorfacilities, to cementheir positionin the valuechainto the consumer

5 Conclusion

VDB technologyenablegapiddeploymenbf applicationswith atleastoneof thefollowing characteristics:
e Largenumbersof datasources
e Datasourcesareautonomousthereis no centralizeccontrol
e Datasourcesanhavea mixture of structuredandunstructurediata

The World Wide Web, and mostIntranets,haveall of thesecharacteristics.The emegenceof XML and
relatedstandardssuchasRDF, will accelerat¢hedeploymenbf VDB technologysincetheyhavethe potential
to lower drasticallythe costof incorporatinga web siteinto a virtual database.
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