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ABSTRACT
Web datasourcesaremostly textual andoften provide full-
text searchoptionsto accessdata. However accessingWeb
sourcesfilling forms,browsingandreadingis tedious.Most
usersareusedtoaccessandmanipulatedatawith arichquery
languageandexpectto queryWebdatasourcesthesameway.
To satisfy users,we proposean approachbasedon a non-
materializedobject view of Web datasources.Eachquery
againstthe object view generatescalls onto the Web data-
source.Retrieveddocumentsareparsedto extractdataused
to generatenew calls or to build the output returnedto the
user. Unlikethewarehouseapproachwheredatais transfered
andstoredin a databasesystem,we choosenot to material-
ize theview in orderto insureour usersto accessup-to-date
data.

Our approachhasbeendevelopedanddemonstratedaspart
of themultidatabasesystemsupportingqueriesvia uniform
ObjectProtocolModel (OPM) interfaces.

Keywords: InformationRetrieval, InformationExtraction,
XML, Web,ObjectViews

1 Intr oduction
Thegrowth of theInternethassignificantlychangedtheway
informationis managedandaccessed.However, thesuccess
of databasesystemsinvitesusersto expectthebest:theabil-
ity to queryany sourcewith a realrich querylanguagesuch
asSQL or OQL. To satisfyusers,we proposean approach
basedonanon-materializedobjectview of Webdatasources.
Eachqueryagainsttheobjectview generatescallssentto the
Webdatasource.Retrieveddocumentsareparsed,datais ex-
tractedandusedto generatenew callsor returnedto theuser.

In general,the taskof wrappingdatafrom a databasesys-
tem to anotheris a difficult task when the datamodeland
querylanguageof bothsidesareknown. Webdatasourcesare

semi-structured[Abi97, Bun97] andtheir partially unknown
structureenhancesthedifficulty of wrapping.Moreover, ac-
cessfacilitiesavailablefor Websourcesareratherpoor. Web
datasourceshavea few entrypoints(keys in a CGI form, for
example)which combinedwith browsing allow to retrieve
relevant documents. A view of a Web datasourceis con-
strainedby both theaccessandbrowsingfacilitiesprovided
by thesourceandtheextractioncapabilitiesof thesystem.

In this paper, we describethe Web wrapperimplemented
undertheOPM multidatabasesystem[CKMS98], basedon
theObjectProtocolModel (OPM) [CM95] to designobject
views [CKMS97] of thesourcesandits querylanguage,an
OQL-like query language[Bea97]. The OPM Web wrap-
per is composedof a retrieval componentand a XML en-
gine. The former generatesthe calls againstthe Web data-
source,when the latter extractsthe datafrom cacheddoc-
uments. We illustrate our approachwith Web biomedical
datasourcessuchasGeneCards[Gen] that integratesinfor-
mation about the functionsof genesand their productsas
well asinformationaboutthebiomedicalapplicationsbased
onthisknowledge,or SwissProt[BA99], acuratedsequence
databasewhich strivesto providea high level of annotations
(suchasthe descriptionof a protein, its domainsstructure,
post-translationalmodifications,variants,etc.) a minimal
level of redundancy andhigh level of integrationwith other
databases.Amongthecharacteristicsof ourapproachwecan
cite thefollowing.

Full-text search: To designan objectview of a Web data-
source,wefirst defineasearch view thatexpressthemapping
betweentheWebdatasourceandits objectview. Obviouslya
pureobjectapproachwould dramaticallyrestricttheexpres-
sivepowerof users’queries.Webdatasourcesaremostlytex-
tual andusuallyprovide full-text searchaccess(searchfor a
patternor expressionof abooleanexpressionof patterns)and
thestandardfor theObjectQueryLanguage(OQL) [Bea97]
doesnot allow the userto expressfull-text searchqueries.
Themappingexpressedin our searchviews takesadvantage
of all providedsearchfacilities to allow the userto express
full-text conditionsagainsttheobjectview.

Explicit links: Ourapproachis a multidatabaseapproachas
opposedto a mediatedapproach.Webdatasourcesarecon-
nectedandbrowsinga Webdatasource,oneeasilyjumpsto



another. For example,whenclicking on a proteinproductof
a genecard� in GeneCards[Gen], a usersendsa call to Swis-
sProt[BA99]. Web datasourcesareexplicitly linked when
theirobjectviewsaredesigned.Thiscancanbedonein two
ways. Either eachWeb datasourcehasits own objectview
and links aredefinedat the level of the multidatabasesys-
tem,or Websourcesaremergedin a singleobjectview and
thelinks aredefinedat thelevel of thesearchview.

Non-materialized view: The non-materializationis moti-
vatedby the needto accessup-to-datedata. Indeed,Web
datasourcessuchasGeneCardsor SwissProtareconstantly
updated.

Automated browsing: Our Webwrappersuccessively gen-
eratesasmany callsasnecessaryto completethesearch.For
examplea queryagainstGeneCardsusinga full-text search
conditionreturnsto thewrappera list of relevantgenecards
(seeFigure4). For eachgenecard,the wrapperextractsthe
name(HUGO name)andgeneratesa call to retrieve its full
description(seeFigure3).

XML format: Eachretrieveddocumentisparsedandcached
in XML format. Theextractorcomponentof theWebwrap-
per is anXML engine.WhendataprovidersgenerateXML
format,ourXML enginewill only translatethedatafromone
DTD to another.

2 Architecture

Figure 1: Architecture of the OPM Web wrapper .

As illustratedin Figure1, our systemis composedof a mul-

tidatabasesystemanda Web wrapper, itself composedof a
retrieval andanextractioncomponent.

We briefly presentsomefeaturesof theOPM Multidatabase
QuerySystem(MQS) [CKMS98] basedon theOPM model
[CM95]. It follows the ODMG standards[Bea97] with ob-
jectsidentifiedby a uniqueobjectidentifier, qualifiedby at-
tributesandclassifiedinto classes.Attributesareeithersim-
ple or tuple of simple attributesand classesare organized
within a sub-classingrelationship. OPM

�
QL is an object-

orientedquerylanguagesimilar to OQL [Bea97].

DATASOURCE GeneCards
CLASS Genecard
WRAPPER perl wrapper.perl
KEY ATTRIBUTE hugo_name

CGI http://bioinformatics.weizmann.ac.il
/cards-bin/carddisp?

PARSER GeneCard
SEARCH ATTRIBUTE text_search

CGI http://bioinformatics.weizmann.ac.il
/cards-bin/cardsearch.pl?

PARSER SearchCard

DATASOURCE SwissProt
CLASS Protein
WRAPPER perl wrapper.perl
KEY ATTRIBUTE swiss_prot_id

CGI http://www.expasy.ch/cgi-bin/get-spr
ot-entry?

PARSER SwissProt

Figure 2: Search view

Thedesignof theOPMview is donetogetherwith thesearch
view which expressesthe mappingbetweenthe Web data-
sourceandits objectview. In a searchview (seeFigure2),
eachclasshasa key attributeandoptionalsearch attributes.
A key attribute is associatedwith a CGI call that retrievesa
documentcontainingthewholedescriptionof aninstanceof
aclassextractedwith aparser. For example,thekey attribute
hugo name of classGeneCard is associatedwith theURL
http://bioinformatics.weizmann.ac.il/car
ds-bin/carddisp? andtheparserGeneCard to parse
documentssuchasgivenin Figure3.

A searchattributeis associatedwith a CGI call thatretrieves
a list of instancesthatsatisfyasearchconditionexpressedin
thequerywith theMATCH operator. Finally, wheneverafull-
text searchcall isavailable,asearchattributetext search
associatedwith a CGI call that returnsa list of instancesof
any classof the datasourceis defined(seeFigure4). Each
classof thesearchview definesan objectclasswith its key
attributesandits extractedattributes.

Queryevaluationis performedin threesuccessivesteps.First
MQSprocessesandsplitstheinput queryin sucha way that
eachsub-queryconsistsin retrieving a singlesetof objects



Figure 3: Genecar d for TP53.

of anOPMclass,andordersthegeneratedsub-queries.Sec-
ondly, sub-queriesare successively sentto the Web wrap-
perto retrievedocumentsandextractexpecteddata.Finally,
MQSevaluatesthequeryoverthedatasentbackby thewrap-
per. The retrieval componentprocessesthe query sentby
MQS andgeneratesthe CGI calls readingthe searchview.
To performits task,it associatesa search valueto eachsub-
queryasfollows. A search conditionis anexpressionof the
form@o.attribute = "string" or@o.attribute
MATCH "string" whereattribute is eithera key or
searchattribute of the classwhere@o belongs. A search
condition is of searchvaluetrue if "string" is a non
emptystring.Any otherconditionis of searchvaluefalse.
A conjunctionof expressionshasa truesearchvalueif any
of its sub-expressionsis of true searchvalue. A disjunc-
tion of expressionshasa true searchvalue if both its sub-
expressionsaretrue.A negationis of searchvaluefalse.The
retrieval componentgeneratesone or more retrieval call(s)
from queriesof truesearchvalue. It alsoassociatesto each
call a file nameto cachethereturneddocument.It sendsthe
file namesto be processedto the extractioncomponent,an
XML engine.As soonasit is retrievedfrom a Websource,
a documentis parsedandall the datait contains(the value
of all attributesof theOPMclass)is extractedandcachedin
XML format.

Considerthequery“what aretheHUGOnamesof thegenes
in GeneCardssuchthatthestrings"TP53*" and"apop*"
occurin their descriptionandtheir chromosomallocationis
on chrmosome17”, expressedin OPM in Figure 5. The

SELECT g.hugo_name
FROM g in GeneCards:Genecard
WHERE g.text_search MATCH "TP53* AND apop*"
AND g.chromosomal_loc.chromosome = "17"

Figure 5: OPM quer y

searchvalueof thequeryis trueandtheCGI call http://
bioinformatics.weizmann.ac.il/cards-bin/
cardsearch.pl?TP53*+AND+apop* is generatedand
sentto theWebdatasource.Theoutput(seeFigure4) is re-
trievedandcachedin XML formatasillustratedin Figure6.

<?xml version="1.0"?>
<GeneCards>
<Genecard oid="TP53">
<text_search>TP53* AND apop*</text_search>
<hugo_name>TP53</hugo_name>

</Genecard>
<Genecard oid="TNFRSF10A">
<text_search>TP53* AND apop*</text_search>
<hugo_name>TNFRSF10A</hugo_name>

</Genecard>
...

</GeneCards>

Figure 6: Output cached in XML format



Figure 4: Full text search for TP53
�

AND APOP
�
.

Givenasub-query, theXML enginegeneratesanoutputtem-
plate,fills it up with dataextractedfrom the cacheddocu-
mentsandreturnstheoutputtoMQS.Wheneverdatais miss-
ing to returntheoutputto MQS, theXML enginegenerates
thequeriescorrespondingto themissingdataandsendsthem
to theretrieval componentfor moreCGI callsuntil theout-
put is completeand is returnedto MQS. In particular, the
latter happenswhena call is generatedfrom a searchcon-
dition built with a searchattribute. To answerthe query
givenin Figure5, thevalueof attributechromosome loc
is missing. In searchmode,the XML engineextractsthe
HUGO nameof thesix genecardssatisfyingthesearchcon-
dition to generatesix CGI callsandretrieve thefull descrip-
tion of eachgenecard.It returnsthe valueof the attributes
text search, hugo name andchromosomal loc of
the six genecardsto MQS for evaluation. The resultof the
query is TP53 sinceonly this geneis locatedon chromo-
some17.

3 Conc lusion

In this paperwe describean approachto accessWeb data-
sourcesthroughanobjectdatabaseview. Theobjectschema
correspondsto the users’understandingof the dataandthe
querylanguagefacilitatestheexpressionof querieswith path
expressions.TheWeb wrapperis genericandcanbeeasily
extendedto new Web sourcesgiven their CGI accessesand
correspondingparsers.EachWebdatasourceis describedin
a search view that characterizesthe mappingbetweeneach
Web datasourceand its object view. Web datasourcesare
usuallyflat file sourcesandareassociatedwith a searchen-

gineto retrieve relevantdocuments.Our objectviews allow
theuserto expresssearchconditionswhenaskingqueriesto
take full advantageof theavailablesearchfacilitiesprovided
by thesources.

Theuseof a multidatabasesystemconsiderablyextendsthe
approachwith theability to combinedataretrievedfrom the
Webwith dataextractedfrom othersources.Not only these
datasourcescanbe queriedwith a real query languagebut
theuseris ableto askqueriesoverseveralsourcesexplicitly
linked in a global OPM schema.The XML engineis also
usedas the extractioncomponentfor local textual sources
storedin XML [Lac99].

TheOPM Web wrapperhasbeenimplementedby the Data
Logic groupat GeneLogic. TheOPM Webwrapperis cur-
rently able to processtextual information. However, Web
biomedicaldatasourcesalsoprovide picturesandmaps.An
extensionof ourapproachto mapmethodsspecificto display
imagesavailableat themultidatabasesystemlevel [TKM99]
to the correspondingcall to retrieve the data on the Web
sourceis currentlyunderimplementation.
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