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ABSTRACT

Web datasourceare mostly textual and often provide full-
text searchoptionsto accesglata. However accessing/\Veb
sourcedilling forms, browsingandreadingis tedious.Most
usersareusedio accessindmanipulatedatawith arich query
languagendexpectto queryWebdatasourcethesameway.
To satisfy users,we proposean approachbasedon a non-
materializedobjectview of Web datasources.Eachquery
againstthe objectview generategalls onto the Web data-
source.Retrisveddocumentsareparsedo extractdataused
to generatenew calls or to build the outputreturnedto the
user Unlikethewarehous@pproaciwheredatais transfered
andstoredin a databaseystemwe choosenot to material-
ize theview in orderto insureour usersto accessup-to-date
data.

Our approachasbeendevelopedanddemonstratedspart
of the multidatabaseystemsupportingqueriesvia uniform
ObjectProtocolModel (OPM)interfaces.

Keywords: InformationRetrieval, InformationExtraction,
XML, Web,ObjectViews

1 Introduction

Thegrowth of the Internethassignificantlychangedheway
informationis manage&ndaccessedHowever, the success
of databassystemsnvitesusersto expectthebest:theabil-
ity to queryary sourcewith arealrich querylanguagesuch
asSQL or OQL. To satisfyusers,we proposean approach
basednanon-materializedbjectview of Webdatasources.
Eachqueryagainstheobjectview generatesallssentto the
WebdatasourceRetrieveddocumentsareparseddatais ex-
tractedandusedto generateew callsor returnedo theuser

In general,the task of wrappingdatafrom a databasesys-
tem to anotheris a difficult task whenthe datamodeland
guerylanguagef bothsidesareknown. Webdatasourcesre

semi-structure@Abi97, Bun97 andtheir partially unknavn
structureenhanceshe difficulty of wrapping.Moreover, ac-
cesdacilitiesavailablefor Websourcesreratherpoor. Web
datasourcebave afew entrypoints(keysin a CGl form, for
example)which combinedwith browsing allow to retrieve
relevant documents. A view of a Web datasourceés con-
strainedby boththe accessaindbrowsingfacilities provided
by the sourceandthe extractioncapabilitiesof the system.

In this paper we describethe Web wrapperimplemented
underthe OPM multidatabasesystem[CKMS98], basedon
the ObjectProtocolModel (OPM) [CM95] to designobject
views [CKMS97] of the sourcesandits querylanguagean
OQL-like querylanguage[Bea91. The OPM Web wrap-
peris composecdf a retrieval componentanda XML en-
gine. The former generateshe calls againstthe Web data-
source,whenthe latter extractsthe datafrom cacheddoc-
uments. We illustrate our approachwith Web biomedical
datasourcesuchas GeneCard$Gen that integratesinfor-
mation aboutthe functionsof genesand their productsas
well asinformationaboutthe biomedicalapplicationsased
onthisknowledge,or SwissProfBA99], acuratedsequence
databasevhich strivesto provide a high level of annotations
(suchasthe descriptionof a protein, its domainsstructure,
post-translationamodifications,variants, etc.) a minimal
level of redundang andhigh level of integrationwith other
databasesAmongthecharacteristicef ourapproactwe can
cite thefollowing.

Full-text search: To designan objectview of a Web data-
sourcewefirstdefineaseach view thatexpresshemapping
betweertheWebdatasourcandits objectview. Obviouslya
pureobjectapproachwould dramaticallyrestrictthe expres-
sivepowerof users’queries Webdatasourcearemostlytex-
tual andusuallyprovide full-text searchaccesgsearchor a
patternor expressiorof aboolearexpressiorof patternsand
thestandardor the ObjectQueryLanguaggOQL) [Bea91
doesnot allow the userto expressfull-text searchqueries.
The mappingexpressedn our searchviews takesadwantage
of all provided searchfacilities to allow the userto express
full-text conditionsagainsthe objectview.

Explicit links: Ourapproachs a multidatabas@pproachas
opposedo a mediatedapproach.Web datasourcearecon-
nectedandbrowsinga Web datasourcepneeasilyjumpsto



another For example whenclicking on a proteinproductof
agemecardn GeneCard§Ger], ausersendsa call to Swis-
sProt[BA99]. Web datasourcesare explicitly linked when
their objectviews aredesignedThis cancanbe donein two
ways. Either eachWeb datasourcénasits own objectview
andlinks aredefinedat the level of the multidatabasesys-
tem, or Web sourcesaremeigedin a singleobjectview and
thelinks aredefinedatthe level of the searchview.

Non-materialized view: The non-materializatioris moti-
vatedby the needto accessup-to-datedata. Indeed, Web
datasourcesuchasGeneCard®r SwissProtare constantly
updated.

Automated browsing: Our Webwrappersuccessiely gen-
eratesasmary callsasnecessaryo completehesearchFor
examplea queryagainstGeneCardsisinga full-text search

conditionreturnsto the wrappera list of relevantgenecards

(seeFigured). For eachgenecardthe wrapperextractsthe
name(HUGO name)andgenerates call to retrieve its full
description(seeFigure3).

XML format: Eachretrieveddocuments parsedandcached
in XML format. The extractorcomponenbdf the Webwrap-
peris an XML engine.WhendataprovidersgenerateXML
format,our XML enginewill only translatehedatafrom one
DTD to another

2 Architecture

| CPR sub-gquery |

\'
OPM VWeb
VWirapper

Za call

et

Figure 1: Architecture of the OPM Web wrapper .

As illustratedin Figure 1, our systemis composeaf a mul-

tidatabasesystemanda Web wrapper itself composef a
retrieval andanextractioncomponent.

We briefly presensomefeaturesof the OPM Multidatabase
QuerySystem(MQS) [CKMS9§] basedon the OPM model
[CM95]. It follows the ODMG standard$Bea97 with ob-
jectsidentifiedby a uniqueobjectidentifier, qualifiedby at-
tributesandclassifiednto classesAttributesareeithersim-
ple or tuple of simple attributes and classesare organized
within a sub-classingelationship. OPM*QL is an object-
orientedquerylanguagesimilarto OQL [Bea97.

DATASQURCE GeneCar ds
CLASS GCenecard
WRAPPER per| wrapper. perl
KEY ATTRI BUTE hugo_nane
CA http://bioinformatics.weizmann. ac. il
/ car ds- bi n/ carddi sp?
PARSER CeneCar d
SEARCH ATTRI BUTE t ext _search
Cd http://bioinformatics.weizmann. ac. il
/ cards- bi n/ cardsearch. pl ?
PARSER Sear chCard

DATASOURCE Swi ssPr ot
CLASS Protein
WRAPPER per| wrapper. perl
KEY ATTRI BUTE swi ss_prot _id
Cd http://ww. expasy. ch/ cgi-bin/get-spr
ot-entry?
PARSER Swi ssPr ot

Figure 2: Search view

Thedesignof theOPMview is donetogethemith thesearch
view which expresseshe mappingbetweenthe Web data-
sourceandits objectview. In a searchview (seeFigure?2),
eachclasshasa key attribute andoptionalseach attributes
A key attributeis associateavith a CGlI call thatretrievesa
documentontainingthe whole descriptionof aninstanceof
aclassextractedwith a parser For example thekey attribute
hugo_nane of classGeneCar d is associatevith theURL
http://bioinformatics.weizmann. ac.il/car
ds- bi n/ car ddi sp? andtheparserGeneCar d to parse
documentsuchasgivenin Figure3.

A searchattributeis associateavith a CGl call thatretrieves
alist of instanceshatsatisfya searclconditionexpressedn

thequerywith the MATCH operator Finally, whenererafull-

text searclcall is available,asearchattributet ext _sear ch

associatedavith a CGl call thatreturnsa list of instanceof
ary classof the datasourcés defined(seeFigure4). Each
classof the searchview definesan objectclasswith its key
attributesandits extractedattributes

Queryevaluationis performedn threesuccessie steps First
MQS processeandsplitstheinput queryin suchaway that
eachsub-queryconsistsin retrieving a single setof objects
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Figure 3: Genecard for TP53.

of anOPM classandordersthe generatedub-queriesSec-
ondly, sub-queriesare successiely sentto the Web wrap-
perto retrieve document@andextractexpecteddata. Finally,

MQS evaluategshequeryoverthedatasentbackby thewrap-
per The retrieval componentprocesseshe query sentby

MQS andgenerateshe CGI calls readingthe searchview.

To performits task,it associatea seach valueto eachsub-
gueryasfollows. A search conditionis anexpressiorof the
form@. attribute = "string" or@. attribute
MATCH "string" whereattri but e is eitherakey or

searchattribute of the classwhere @ belongs. A search
conditionis of searchvaluet r ue if "string" is anon
emptystring. Any otherconditionis of searchvaluef al se.

A conjunctionof expressionsasa true searchvalueif ary

of its sub-epressionss of true searchvalue. A disjunc-
tion of expressionshasa true searchvalueif bothits sub-
expressionaretrue. A negationis of searchvaluefalse.The
retrieval componenigenerate®ne or moreretrieval call(s)
from queriesof true searchvalue. It alsoassociateso each
call afile nameto cachethereturneddocumentlt sendshe
file namesto be processedo the extractioncomponentan
XML engine.As soonasit is retrievedfrom a Web source,
a documents parsedandall the datait contains(the value
of all attributesof the OPM class)is extractedandcachedn

XML format.

Considetthe query“what arethe HUGO namesof thegenes
in GeneCardsuchthatthestrings" TP53*" and" apop*"
occurin their descriptionandtheir chromosomalocationis
on chrmosomel7”, expressedn OPM in Figure5. The

SELECT g. hugo_nane

FROM g in GeneCards: Genecard
WHERE g.text_search MATCH "TP53* AND apop*"
AND g. chronosonal _I oc. chronmobsone = " 17"

Figure 5: OPM query

searchvalueof thequeryis trueandtheCGl callht t p: / /
bi oi nformati cs. wei zmann. ac.il/cards-bin/
car dsear ch. pl ?TP53* +AND+apop* is generateénd
sentto the Web datasourceThe output(seeFigure4) is re-
trievedandcachedn XML formatasillustratedin Figure6.

<?xm version="1.0"7?>

<GeneCar ds>

<Genecard oi d="TP53" >
<t ext _search>TP53* AND apop*</text_search>
<hugo_nanme>TP53</ hugo_nane>

</ Genecar d>

<Genecard oi d="TNFRSF10A" >
<t ext _sear ch>TP53* AND apop*</text_search>
<hugo_nanme>TNFRSF10A</ hugo_nane>

</ Genecar d>

</ GeneCar ds>

Figure 6: Output cached in XML format
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Figure 4: Full text search for TP53* AND APOP*.

Givenasub-querytheXML enginegenerateanoutputtem-
plate, fills it up with dataextractedfrom the cacheddocu-
mentsandreturngheoutputto MQS. Wheneerdatais miss-
ing to returnthe outputto MQS, the XML enginegenerates
thequeriescorrespondingo themissingdataandsendghem
to theretrieval componenfor more CGI calls until the out-
put is completeandis returnedto MQS. In particular the
latter happensvhena call is generatedrom a searchcon-
dition built with a searchattribute. To answerthe query
givenin Figure5, thevalueof attributechr onosone_l oc
is missing. In searchmode,the XML engineextractsthe
HUGO nameof the six genecardsatisfyingthe searchcon-
dition to generatesix CGI callsandretrieve the full descrip-
tion of eachgenecard.It returnsthe value of the attributes
t ext _sear ch, hugo_nane andchr onosomnal | oc of
the six genecards$o MQS for evaluation. The resultof the
queryis TP53 sinceonly this geneis locatedon chromo-
somel?.

3 Conclusion

In this paperwe describean approachto accessNVeb data-
sourceghroughanobjectdatabas&iew. Theobjectschema
correspondso the users’understandingf the dataandthe
guerylanguagdacilitatestheexpressiorof querieswith path
expressions.The Web wrapperis genericand canbe easily
extendedto new Web sourcegyiventheir CGl accesseand
correspondingarsers EachWeb datasourcés describedn
a seach view that characterizethe mappingbetweeneach
Web datasourceand its objectview. Web datasourcegsre
usuallyflat file sourcesandareassociatedavith a searchen-

gineto retrieve relevantdocumentsOur objectviews allow
theuserto expresssearchconditionswhenaskingqueriesto
take full advantageof the availablesearcHacilities provided
by the sources.

The useof a multidatabasaystemconsiderablyextendsthe
approactwith theability to combinedataretrievedfrom the
Webwith dataextractedfrom othersources.Not only these
datasourcesan be queriedwith a real query languagebut
theuseris ableto askqueriesover several sourcesexplicitly
linkedin a global OPM schema.The XML engineis also
usedas the extraction componentor local textual sources
storedin XML [Lac99.

The OPM Web wrapperhasbeenimplementeddy the Data
Logic groupat GenelLogic. The OPM Webwrapperis cur-
rently able to processtextual information. However, Web
biomedicaldatasourcealsoprovide picturesandmaps.An

extensionof ourapproacho mapmethodsspecificto display
imagesavailableatthe multidatabassystemevel [TKM99]

to the correspondingcall to retrieve the dataon the Web
sourcds currentlyunderimplementation.
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