The Web-DL Environmentfor Building Digital Libraries from the Web

Pawel P. Calado MarcosA. Gonalves EdwardA. Fox

BerthierRibeiro-Neto

AlbertoH. F. Laender Altigran S.daSilva Davi C.Reis PabloA. Roberto
MoniqueV. Vieira JulianoP. Lage

FederalUniversity of
Minas Gerais
Dep. of ComputerScience
31270-901Belo Horizonte,
MG, Brazil
pavel, alti, berthier laendey
palmieri,davi, pabloa,
monique @dcc.ufmg.br

Abstract

The Web containsa huge volumeof unstructued data,
which is dif cult to manage. In digital libraries, on the
other hand,informationis explicitly organized,described,
andmanajed. Community-orientedervicesare built to at-
tend speci ¢ information needsand tasks. In this paper
we describean ervironment Web-DL, that allows the con-
structionof digital librariesfromtheWeh TheWeb-DLen-
vironmentwill allow usto collectdatafromthe Web, stan-

dardizeit, and publishit througha digital library system.

It providessupportto servicesand organizationalstructuie
normally availablein digital libraries, but bene ting from
the breadthof the Web contents e experimentedvith ap-
plying the Web-DL ervironmentto the Networled Digital
Library of ThesesandDissertation{NDLTD), thusdemon-
strating that the rapid constructionof DLs fromthe Web is
possible Also, Web-DL providesan alternativeasa large-
scalesolutionfor interoperability betweenndependendig-
ital libraries.
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1. Intr oduction

The Web containsa hugevolume of information. Al-
most all of it is storedin the form of unstructureddata
andis, therefore dif cult to manage.Accessto the infor-
mationis grantedthroughbrowsing and searchingwhich
normallyinvolvesno assumptionsiboutthe users'tasksor
theirspeci c informationneeds Ontheotherhand we have
databasesayheredatahasa rigid structureandservicesare
providedfor specializedisers Digital libraries(DLs) stand
in the middle. We cansaythat DL usershave broaderin-
terestshandatabaseisers,but morespeci ¢ interestghan
regularWebusers.Also, within DLs informationis explic-
itly organizeddescribedandmanaged—tayetedfor com-
munitiesof userawith speci ¢ informationneedsandtasks,
but without therigidnessof databassystems.

In this paperwe presentWeb-DL, an ervironmentthat
allows the constructionof digital libraries from the Weh
Web-DL allows usto collectdatafrom Web pagesnormal-
ize it to a standardormat, andstoreit for usewith digital
library systems.By using standardprotocolsandarchial
technologies\Web-DL enablesopen,organized,andstruc-
turedaccesdo several heterogeneouanddistributed digi-
tal libraries andthe easyincorporationof powerful digital
library anddataextractiontools. The overall environment
thussupportsservicesand organizationavailablein digital
libraries, but bene ting from the breadthof the Web con-
tents.

By moving from Webto DL we areproviding quality ser
vicesfor communitieof usergnterestedn speci c domain
information. Servicedik e searchingover several different



DLs, browsing,andrecommendingremadeavailablewith
high quality, sincewe reducethe searchspacerestrictingit
to the datarelatedto the users'interestandstructuringand
integratingsuchdatathroughcanonicalmetadatatandards.

We demonstrat¢hefeasibility of ourapproactby imple-
mentingthe proposedervironmentfor a digital library of
electronictheseanddissertation¢ETDs),in thecontext of
the Networked Digital Library of Thesesand Dissertations
(NDLTD). The NDLTD currently hasover 160 members
amonguniversitiesandresearclhinstitutions,providing sup-
port for the implementatiorof DL servicesusingstandard
protocolsputis de cientin dealingwith memberghatpub-
licize theirETDsonly throughtheWeh Fortunatelyourap-
proachmatcheswith thegrowing tendeng amongsitesthat
publishETDsto createa Web pagefor eachETD, contain-
ing all therelevantdata(or metadata)Using our proposal,
wewill beableto addsuchETDsto theNDLTD collection
with little usereffort.

The Web-DL ernvironmentbuilds upontools and tech-
niguesfor collectingWeb pagesdescribedn [10], extract-
ing semi-structuredlata,describedn [6, 14], andmanag-
ing digital libraries, describedin [12]. In this paperwe
shav how thesetoolsareseamlesslyntegratedunderWeb-
DL andextendedto provide solutionsfor datanormaliza-
tion problemsusuallyfoundwhenextractingdatafrom the
Weh Experimentgperformedn the context of the NDLTD
con rm the quality of the resultsreportedin [4], now ob-
tainedwith a more generalsolution and less user effort,
since the data extraction processhas been further auto-
mated.

The rest of this paperis organizedas follows. Sec-
tion 2 discussesomerelatedworks. Section3 presentsan
overview of thearchitecturgroposedor theWeb-DL envi-
ronment.Sectionst, 5, and6 describehemaincomponents
of Web-DL, andthe ASByE, DEBYE andMARIAN tools,
respectiely. Section7 presentour approachfor the Web
datanormalizationproblem. Section8 shavs an example
digital library built usingWeb-DL. Finally, in Section9 we
discusssomeof theproblemgoundandpresenburconclu-
sions.

2. Context and relatedwork

Digital libraries involve rich collectionsof digital ob-
jectsand community-orientedspecializedservicessuchas
searching browsing, and recommending.Many DLs are
built asfederationsf autonomouspossiblyheterogeneous
DL systemsdistributed acrossthe Internet[8, 17]. The
objectve of such federationsis to provide userswith a
transparentintegratedview of their collectionsandinfor-
mation services. Challengesfacedby federatedDLs in-
clude interoperabilityamongdifferent digital library sys-
tems/protocolsresourcediscovery (e.g., selectionof the

bestsitesto be searched)jssuesin datafusion (meiging
of resultsinto a uniqueranked list), andaspectof quality
of dataandservices.

Onesuchfederatedligital library is the NetworkedDig-
ital Library of Thesesand DissertationgNDLTD) [7], an
internationalfederationof universities libraries,andother
supportinginstitutions focusedon efforts relatedto elec-
tronic thesesaanddissertation§ETDs). Although providing
mary of theadvantage®f afederateddL, NDLTD haspar
ticular characteristicghat complicateinteroperabilityand
transparentesourcaliscovery acrossts members.For in-
stance,institutions are autonomousgachmanagingmost
servicesndependentlyandnot beingrequiredto reportei-
ther collectionupdatesor changedo centralcoordinators.
Also, all NDLTD membersdo not (yet) supportthe same
standardser protocols.Thediversityin termsof naturallan-
guage,metadataprotocols,repositorytechnologieschar
actercoding,natureof thedata(structuredsemi-structured,
unstructured multimedia), as well as user characteristics
and preferencesnake them quite heterogeneousFinally,
NDLTD alreadyhasmary memberandeventuallywill aim
at supportingall thosethatwill produceETDs. New mem-
bersare constantlyaddedandthereis a continuing o w of
new data,asthesesanddissertationsiresubmitted.

In DL casedike NDLTD, thereare basicallythreeap-
proachedor interoperabilityandtransparentesourcedis-
covery. They differ in the amountof standardizatiomr ef-
fort requiredby the DL [19], asfollows:

Federatedservices In this approacho interoperabil-
ity a groupof organizationdecidethattheir services
will be built accordingto a numberof agreedupon
speci cations, normally selectedfrom formal stan-
dards. The work of forming a federationis the effort

requiredby eachorganizationto implementandkeep
currentwith all the agreements.This normally does
not provide a feasiblesolutionin a dynamicerviron-

mentsuchasthe NDLTD.

Harvesting A dif culty in creatinglarge federations
is increasingmotivation. So, somerecentefforts aim
at creatingloosergroupingsof digital libraries. The
underlyingconcepts thatthe participantanake some
small efforts to enable some basic sharedservices,
without specifyinga completesetof agreementsThe
bestexampleis illustratedby the OpenArchives|ni-
tiative (OAI) [16], which promotesthe useof Dublin
Coreasa standardnetadatdormatandde nesasim-
ple standardmetadataeharestingprotocol. Metadata
from DLs implementingthe protocolcanbe hanested
to centralrepositoriesuponwhich DL servicescanbe
built. Particularlyin the caseof OAl, thereis aninitial
impedancefor its implementationby somearchives
sinceit involves small amountsof coding and build-



ing of middlewarelayers,especiallyfor local reposito-
ries that sometimesdo not matchvery well the OAI

infrastructure,such as, for example, thosereposito-
riesbasedonthe Z39.50protocol. Further very small
archvesmay lack staf resourcego install andmain-
tain a sener. Moreover, somearchiveswill not take
ary active stepsto opentheir contentsat all, making
gatheringthenext approachtheonly availableoption.

Gathering: If the variousorganizationsare not pre-
paredto cooperaten ary formal mannera baselevel
of interoperabilityis still possibleby gatheringopenly
accessiblénformation. The bestexampleof gathering
is via Web searchengines.Becausehereis minimal
staf cost,gatheringcanprovide serviceghatembrace
large numbersof digital libraries,but the servicesare
of poorerquality than thosethat can be achieved by
partnersvho cooperatenorefully. Thisis mainly due
tothequality of thedatathatcanbegatheredincluding
aspect®f lack of structureandabsenc®f provenance
information.

For NDLTD, acombinationof federatecsearchfor asmall
numberwith Z39.50support) hanesting(from institutions
who agreeto usea setof standargrotocols),andgathering
(from institutionswho cannot,or do not wantto usesuch
protocols)is the bestsolution.

Although the problemof quality with Web datais well
known, mary have collecteddatafrom the Web in order
to develop collectionsof suitablesizefor variousDL-lik e
systems. The Harvestsystem,one of the rst systemsto
apply focusedgathering,had simple HTML-aware extrac-
tion tools [3]. PhysNet[20], a projectto collect Physics
information from the Web, still usesHarvest. The New
Zealanddigital library (http://www.nzdl.og) hasbeende-
velopingcollectionssincel995basedn contentdistributed
over the Internet. Recentenhancement® the Greenstone
systemprovide additionalsupport,but requirethe manual
constructionand programmingof wrapperscalledplugins
andclassi ers[21]. On adifferentapproachthe CiteSeer
system[18] collectsscienti ¢ publicationsfrom the Web
and automaticallyextractscitation information. The data
extractionprocesshowever, is speci ¢ for identifying au-
thor, title, citations,and other elds commonto scienti ¢
papersSimilarly, Bergmark[2] proposesheuseof cluster
ing techniquego collectpageson scienti ¢ topicsfrom the
Web, but doesnotapproachheissueof how to extractrele-
vantdatafrom suchpages Neverthelesstheseworks shov
that,with sufcient manuaintervention,usefulservicesan
be built with datafrom the Weh

In thefollowing, we presenthearchitectureof the Web-
DL ervironment,which (1) combinesharestingandgath-
ering to broadenthe scopeof interoperabilityin federated
digital libraries,and (2) providesa framawork to integrate

a numberof technologiessuchasfocusedcrawling, data
extraction,anddigital library toolkits. Ultimately Web-DL
providesan infrastructurefor building high-quality digital
libraries from Web contents. We illustrate the usefulness
of our approachby usingthe Web-DL ervironmentto in-
tegratedatafrom OAl andnon-CAl compliantmemberof
NDLTD.

3. The Web-DL ernvironmentarchitecture

To build anarchive from the Web,datamustbecollected
from Web sitesandintegratedinto a DL system.This oper
ationhasthreemainsteps:(1) crawvl theWebsitesto collect
the pagescontainingthe data,(2) parsethe collectedpages
to extracttherelevantdata,and(3) make the dataavailable
througha standardprotocol. Figure1 shows the Web-DL
ervironmentandarchitecturefor the integrationandbuild-
ing of adigital library from the Weh

CollectingWebpageswith thetargetinformationis done
by usingthe ASBYE tool, describedn detailin Section4.
After providing ASBYE with a simplenavigation example,
aWeb crawler is createdfor the site. This crawler collects
all the relevant pages leaving them available for dataex-
traction.

Collectedpagesthenmustbe parsedto extract the rel-
evantdata. This is accomplishedy the DEBYE tool, de-
scribedin detailin Section5. Givenoneor moreexample
pagesDEBYE is ableto createa wrapperfor the siteto be
collected.The site pagesarethenparsedoy DEBYE gener
atedwrappersandthedatais extractedandstorediocally in
arelationaldatabase.

In orderto be usedby mostdigital library systemg(in
our case,the MARIAN system[12]), datamustbe stored
in a structuredway, (e.g.,MARC or XML), usuallyusing
community-orientegemanticstandardge.g.,Dublin Core,
or FGDCfor geospatiallata). In thework reportedin this
paperwe useETD-MS, a metadatastandardor electronic
thesesanddissertation§l], whichbuildsuponDublin Core.
Nonethelesssincedatain Web sitesis frequentlyin non-
standardnon-structuredormats,we needsomenormaliza-
tion procedure. In Section7, our approachto normalize
the extracteddatais described. This approachpresentsa
moregeneralsolutionthanthe one proposedn [4], allow-
ing Web-DL to beeasilyusedin differentdomains.

After the datain ETD-MS format is stored, an OAl
sener setup ontop of thelocal databasevill malke it avail-
ableto anyone using the OAIl protocol for metadatahar
vesting(OAI-PMH), in our particularcase availableto the
MARIAN system.TheMARIAN systemdescribedn Sec-
tion 6, usesan OAl harwesterto collect the metadategpro-
vided by DEBYE, extractedfrom the Web pages.This data
is storedin a union archie, using MARIAN' s indexing
modules. DL regular servicesare madeavailableto users
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Figure 1. Proposed architecture for the Web-DL environment.

throughthe unionarchive createdoy MARIAN.
The following sectionsdescribein detail all the mecha-
nismsusedto build thearchitecturgoroposecere.

4. Obtaining pagesfrom the ETD sites:
the ASBYE tool

In this sectionwe describehow we usethe ASBYE tool
for generatingthe agentsthat automaticallycollect pages
containingdataof interestfrom the Weh Theseagentscan
be seenasspecializedcrawlers that automaticallytraverse
thepublishingsites,exploring hyperlinks, lling forms,and
following threadsof pagesuntil they nd thetarget pages
thatis, the pagesthat containdataof interest. Eachtarget
pagefoundis retrievedandcanhave their dataextractedby
awrapper

ASBYE (Agent Speci cation By Example)is a user
driventool that generatesgentsfor automaticallycollect-
ing setsof dynamicor staticWeb pages.The ASBYE tool
featuresa visualmetaphofifor specifyingnavigation exam-
ples,automatiadenti cation of collectionsof relatedlinks,
automaticidenti cation of threadsof answerpagesgener
atedfrom queries,and dynamically lling of forms from
parameterprovidedfor theagentspy theuser In atypical
interactionwith thetool, the userprovidesexamplesof (1)
how to reachthe tamget pages, lling ary form, if needed,
and(2) how to grouptogetherrelatedpages.The outputof
the tool is a parameterizegentthat fetchesthe selected

pagesThe ASByE tool is fully describedn [10].

The graphicalinterfaceof the ASByYE tool usesa graph-
like structurein which nodesdisplayedn aworkspaceep-
resentpages(or pagesets)anddirectedarcsrepresenhy-
perlinks. The usernavigatesfrom nodeto nodeexploring
thehyperlinksaccordingto herinterests.The sourcenodes
in thegraph(i.e.,the onesnot pointedto by ary othernode)
arecalledWeb entry pointsandaredirectly selectedby the
userby enteringthe URL of the pageusedto startthe ex-
ploration. Thetool thenfetchesthe pageandbuilds a node
correspondingo it. From this point onward, the usercan
select,for eachnode,an operationto perform. The setof
operationsavailable dependson the type of nodereached.
The mostcommonandsimpleoperationallows the userto
acces@documento exploreby selectingoneof thehyper
links.

In Figure 2, we illustrate other featuresof the ASByE
tool shaving how to generatean agentfor retrieving pages
from the Virginia Tech ETD Collection. The user be-
gins by selectingthe URL http://scholatib.vt.edu/theses/
browse/byauthor/all.htmas an entry point. The pageat
this URL containsa list of hyperlinksto eachone of the
targetpagescontainingthe documentsvailableon the Vir-
ginia TechETD Collection. Using a numberof heuristics
basedon criteria suchas hyperlink distribution, hyperlink
placementsimilarity amongURLSs, and similarity among
hyperlink labels, the tool identi es the list of links to the
targetpages,.e., the pagesto be collected. The userthen
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can selectthe agent geneition operation. The agentre-
sulting from this speci cationsessiorwill rst retrieve the
entrypointURL, extractfrom it all URLs currentlybelong-
ing to thelink collection,andthenretrieve eachtargetpage
correspondingo theseURLSs, giving themasits output.

In somesites,thereis noway to browsethewholedocu-
mentcollection. The only way of reachingthetargetpages
isby lling anHTML form, submittingit, andthennavigat-
ing throughthe answempages Although ASBYE is capable
of generatingagentsto perform suchoperationsthis fea-
turewasnotusedfor theproblempresentedh this paper A
detaileddescriptionof thefeaturecanbefoundin [10].

5. Wrapping publishing sites: the DEBYE tool

We now describethe useof the DEBYE tool for gener
atingwrapperghatextractdatafrom pagesn the collected
sites. For afull discussiorof the DEBYE tool andthe DE-
ByE approachyve refertheinterestedeaderto [14].

DEBYE (DataExtractionBy Example)is atool thatgen-
erateswrappersfor extractingdatafrom Web pages. It is
fully basedon a visual paradigmwhich allows the userto
specify a set of examplesof the objectsto be extracted.
Theseexample objectsare taken from a samplepage of
the sameWeb sourcefrom which otherobjects(data)will
be extracted. By examiningthe structureof the Web page
andthe HTML text surroundinghe exampledata,thetool
derivesan ObjectExtraction Pattern (OEP), a setof regu-
lar expressionshatincludesinformationon the structureof
theobjectsto be extractedandalsoon thetextual context in
which the dataappearsn the Web pages.The OEPis then
passedo a generalpurposewrapperthat usesit to extract
datafrom new pagesn thesameéWebsource providedthat
they have structureandcontentsimilar to the samplepage,
by applying the regular expressionsand somestructuring

session with the ASBYE tool.

operations.

DEByE is currentlyimplementedasa systemthatfunc-
tions asa Web service,to be usedby ary applicationthat
wishesto provide dataextraction functionality to the end
users. This allows us to implementary type of interface
on top of the DEBYE coreroutines. For instance for gen-
eral dataextraction solutions,we usea DEBYE interface
basedntheparadigmof nestedables[5], whichis simple,
intuitive, andyet powerful enoughto describehierarchical
structuresvery commonin dataavailableon the Weh For
the Web-DL ervironment,we have built an ETD-MS spe-
ci ¢ interface with whichtheusercanextractexamplesand
assignthemdirectly to ETD-MS elds. The DEByE/Web-
DL interfacewasfully implementedn Javascriptandcan
beusedvia ary Webbrowserthatsupportghelanguage.

In Figure 3 we shav a snapshobf a users sessiorfor
specifyinganexampleobjecton oneor moresamplepages.
The samplepagesare displayedin the upperwindow, also
calledthe Soucewindow. In thelowerwindow, alsocalled
the Fieldswindow, all the ETD-MS elds, suchasldenti-

er, Title, etc.,areavailable. The usercanselectpiecesof

dataof interestfrom the sourcewindow and“paste” them
ontherespectie cellsof the elds window. After giving an
exampleattribute, the usercan selectthe “Test Attribute”
button, to verify if DEBYE is ableto collectthe selectedht-
tributesfrom the samplepagesand nally , afterspecifying
all theexampleobjects theusercanclick onthe“Generate
Wrapper”buttonto generatehe correspondin@ER which
encompassestructuralandtextual information on the ob-
jectspresentn thesamplepages Oncegeneratedthis OEP
is usedby an Extractormodulethat,whenreceving a page
similarto the samplepage will performthe actualdataex-
tractionof new objectsandthenwill outputthemusingan
XML-basedrepresentation.

Sincewe are using ETD-MS, all the extractedobjects
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are plain, i.e., they do not have a hierarchicalor nested
structure.In practicetheETD-MS eld thesis.dgreecon-

tainsfour nestedelds: name Jevel, discipline,andgrantor

However, to simplify the interface,we choseto represent
themasindependentelds. It is interestingo notethatDE-

ByE alsois capableof dealingwith morecomplex objects,
by usingaso-callethottom-upassemblystratayy, explained

in [14].

6. Providing DL sewvices:the MARIAN system

MARIAN is adigital library systemdesignedand built
to store, searchover, retrieve, and browse large num-
bersof diverseobjectsin a network of relationshipg12]
(Seealso aboutJara MARIAN at http://www.dlib.vt.edu/
projects/MarianJda/index.html). MARIAN is built upon
four basicprinciples: uni ed representatiorbasedon se-
mantic networks, weighting schemesa classsystemand
classmanagersandextensie useof lazy evaluation.

In MARIAN, semanticnetworks, which arelabeleddi-
rectedgraphs,are promotedto rst-class objectsandused
to representry kind of digital library structureincluding
internal structuresof digital objectsand metadataanddif-
ferenttypes of relationshipsamongobjectsand concepts
(e.g.,asin thesauriandclassi cationhierarchies)In order
to supportinformationretrieval servicesnodesandlinks in
MARIAN' s semanticnetworks canbe weighted. The fun-

)

session with the DEByE/Web-DL interface .

damentatoncepis thatof weightedobjectset: a setof ob-
jectswhoserelationshipto someexternalpropositionis en-
codedin their decreasingveightwithin the set. Nodesand
links arefurtherorganizedn hierarchief object-oriented
classesEachclassin a particulardigital library collection
is the responsibilityof a classmanager Amongtheir other
functions,eachMARIAN classmanagelimplementsone
or more searchmethods. All MARIAN searchersrede-
signedto operatelazily”. During resultpresentationpnly
asmallsubsebdf resultss presentedintil the userexplicitly
requestghe remaininganswers.The numberof instances
requestedand thus the transmissiorcostsacrossthe net-
work, are severely limited relative to the size of the sets
they manage.

In the context of the Web-DL ervironment, MARIAN
providessearchingand browsing servicesfor the DL built
fromtheWeh Datafrom OAI providersandfrom non-QAl-
compliantmembersomingfrom theWeb-DL ervironment
areintegratedinto a Union Catalog.MARIAN is equipped
with OAl harwestersableto collect dataperiodicallyfrom
theUnion Catalog.

MARIAN is completelyrecon gurablefor differentDL
collections; it usesdigital library generatorsand a spe-
cial DL declaratve languagecalled5SL [11] for this pur
pose. Using these,speci c loadersfor differentmetadata
formats(e.g.,ETD-MS) canbegeneratedOncea new sub-
collectionis hanestedthe loadingprocesss applied. For



every OAI recordin the new sub-collectiona new part of
the semanticnetwork for the metadatarecordis created,
representingts internal structureaccordingto a metadata
standardand the connectionsamongtext terms and text
parts. The new partof the semanticnetwork for therecord
is thenintegratednto theMARIAN knowledgebase At the
endof the loadingprocesswveightsfor the resultingcollec-
tion network arerecomputedo considerglobal statistics.

Structuredsearchearesupportedy processinglasses,
classmanagersand speci ¢ user interfacesalso created
during the DL generationprocess. Resultsof structured
gueriesaredisplayedasranked lists for browsingwith en-
tries and links createdby speci c XSL stylesheets.Pre-
sentationof full documentsalso generatedwvith special
stylesheets;ontainlinks thatallow navigationto the origi-
nally collectedwebpage.

7. Converting the extracted data

For our particular problem, to store the data ex-
tracted by DEBYE wrappers, we chose to use the
ETD-MS format, to comply with the OAI-PMH.
Web sites, however, are far from containing standard-
ized data, and some normalizing operationsneedto be
performed. Four main problemswere found, when con-
verting datato standardormat: (1) mandatorydatais not
presenin the page;(2) datais presentput only implicitly;
(3) datais not in a requiredformat; and (4) the extracted
datais notin theappropriateencoding.

Regardingthe rst problem,whendatais not presentn
the page,somereplacementnustbe found. The solution
for most mandatory elds is to use a default value, like
“none”. For other elds, like “identi er”, a uniguevalue
mustbe generatedfor instanceby usingsequentialvalues
or timestamps. The secondproblemhappensvhen some
pieceof informationis known, but the datais not explicitly
representeéh the page. For instancefor the dc.publisher
eld, wemayknow we arecollectingfromtheVirginiaTech
site, but this informationappearsowherein the page.The
third problemoccurredmainly for thedc.date eld. Asre-
quiredby theETD-MS, thedateshouldbein ISO 8601 for-
mat. Therefore,datescollectedfrom the Web pagesmust
be corvertedbefore being stored. Finally, in mary ETD
pagesmary formattingHTML tagsandHTML entitiesare
found within the text elds extracted. Also, non-English
sitesuse mary different characterencodingsto represent
foreign characters.Somecleaningroutinesare neededo
eliminate spurioustagsand to corvert betweencharacter
encodingsystems.

A generalsolutionto this datacleaningand corversion
problemis veryhardto nd. In Web-DL,we choseo usean
intermediatesolutionbetweerfully automatingheprocess
andmanualuserintervention. A setof prede nedmodules

for processinghe datais availableandthe usercanselect
which onesto apply to the databeing extracted. This pro-
cesss fully implementedn the DEByE/Web-DL interface,
providing a seamlessntegrationto the Web-DL environ-
ment. For instanceasshawn in Figure4, for thedate eld,
the usercanapply a lter that corvertsthe collecteddate
to ISO 8061 format. A lter to inserta default valuealso
canbe appliedto all elds. Filtersto corvertthe character
encodingandto strip HTML tagscanbe selectedisingthe
checkboxson the bottomof the window, sincethesewill
be appliedto all objectscollected,independentiyof their
valueor type. Whenextractingthe datafrom a Web page,
the DEBYE generatecparserappliesthe selectedmodules
to the objects. As a resultall datawill be in the desired
standardormatandcanbe storedusingETD-MS.

The datacleaningand corversionmodulesare simply
string processingoutines.They take a stringasinput, pro-
cessit, andreturnthe resultingstring asoutput. This pro-
videsgreat e xibility for the constructiorof suchmodules.
Thus, userscanimplementdatacleaningmodulesaccord-
ing to their own speci ¢ needs,using ary available pro-
gramminglanguage.More complex modulescan be built
makinguseof an API provided by DEBYE, which allows,
for instancethe passagef parameterstherthanthestring
to be processedOf course,a setof prede nedmodulesis
alreadyincludedin DEBYE, to provide userswith no pro-
grammingexperiencewith asmuchdatacleaningfunction-
ality aspossible. Thesearefully reusableand appropriate
for any project. Thisapproactsolvestheproblemsoundon
our preliminaryexperimentswith Web-DL [4], while main-
taining the modularity of the environmentand minimizing
userinterventionin the procesof building a digital library
from theWeh

Onceall the normalizingproblemsare solved, datacan
bestoredin arelationaldatabasdaterto berenderedising
ETD-MS. Thedatabasés thenmadeaccessibléhroughan
OAl sener. Usingthe OAI-PMH, the dataextractedfrom
the Web canbe sharedwith arny DL actingasan OAl ser
vice provider. In our ervironment, the extracteddatais
hanested,and integratedwith data hanestedfrom other
NDLTD memberswithin MARIAN.

8. An exampleWeb ETD digital library

For thiswork, we collectedpagescontainingE TDsfrom
the sitesof 21 differentinstitutions selectedirom the list
of NDLTD members,available at http://www.theses.ar.
Theseexperimentswvere performedin the samecontext as
reportedin [4], but usingthe new integrateddatacleaning
and corversionmodules. The ETD sitescontaineda total
of 9595ETDs. It wasnot possibleto collect information
from the sitesof 7 institutions,sincethesewereoff-line or
availableonly througha searchinterface.
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Figure 4. Data cleaning and conversion in the DEByE/Web-DL interface .

Of the6 mandatonETD-MS elds, anaverageof 29.5%
were missingin the collected pages,and were therefore
lled with a default value. This value was insertedby
the DL builder through the “default value Iter” of the
DEBYE/Web-DL interface,thusrequiringonly onesimple
operationper eld. The default value Iter also allowed
for the creationof uniqueidenti ers by appendinga serial
numberto thedc.identi er eld. Thiswasoneof the major
problemsfoundin our previousexperimentd4], which had
requiredthe manualimplementatiorof datainsertionrou-
tines. Here,it wassolved by simply selectingoptionsfrom
the userinterface. Table 1 shavs the numberof ETDs in

which mandatoryelds weremissing.

Fieldname | ETDsmissing |

dc.title 43(0.4%)
dc.creator 23(0.2%)
dc.subject 2349(24%)
dc.date 283(3%)
dc.type 703(7%)
dc.identier | 4800(50%)

Table 1. Mandatory elds missing from the
collected ETDs.

Table2 shavsthenumberdor eachsite collected.It can
be seenthat, althoughnot all, mostof theinformationwas
collectedand extracted. It is interestingto notethat elds
like dc.publisheror dc.type which areoftenimplicit in the
collectedsite entry pages,but not available as extractable
examplesgcouldbeeasilyinsertedasa default valuefor the
whole site. This meansthat the userneededonly to type
onevaluefor eachsite,whereasn our previousexperiments
eachsiterequiredtheimplementatiorof a separateoutine.

Thework requiredto includea sitein the digital library
consistedf providing setsof examplesto the ASBYE and
DEByE tools. For eachcollectedsite only oneexamplewas
neededo createthe cravling agents. To generateparsers
for dataextraction, an averageof 2—3 examplesper eld
wererequired.This representedn averageof 9 minutesof
work per site, by a specializeduser muchlessthanprevi-
ouslyreportedn [4]. Thereductionin time wasgreatlydue
to the new automategrocessof corvertingdatato a stan-
dardformat. An interestingexampleis that of the dc.date

eld, whichpreviouslyrequiredthattheuserextractedeach
part of the date (day, month, year)individually or imple-
menteda corversionroutinefor the ISO 8061 format.

For the 21 institutionsin our example,thetotal effort of
the usersummedup to approximately3 hoursand15 min-
utes. Notice that most of this is due to processingime,
which can be improved by further optimizing the system
codeor usingfasterhardware. Sincewe do not expectWeb
sitesto be massiely submittedto the systemthisis area-
sonablehumaneffort to collectthe dataof interest. In the
future,we expectto furtherautomatehis processto reduce
thetime required asmoresitesareharested.

To illustrate,Figure5 shavs anETD publishedby Upp-
salaUniversity Oncecollectedandextracted,all the meta-
datais storedandmadeavailableby the MARIAN system.
Figure 6 shavs the resultsof a query over the ETDs col-
lectedfrom the Web,usingthe MARIAN system.By using
Web-DL, not only searchingbut any humberof DL ser
vices,suchasbrowsingand ltering, amongothers,canbe
performedover the dataextractedfrom the Weh



Numberof | Fieldsper | Mandatory Optional
ETD Site
ETDs ETD elds missing | elds inserted
AdelaideU. 19 4 3 5
AustraliaN.U. 39 5 3 4
ConcordiaU. 3 9 0 2
CurtinU.T. 57 10 0 2
Grif th U. 40 5 3 4
H-U. Berlin 439 7 1 2
N.S.Y.U. Taiwan 1786 9 1 3
OhioLINK 932 6 2 4
Queensland).T. 53 5 3 4
RhodesJ. 134 5 3 5
U. Kentucky 30 9 1 2
U. New SouthWales 89 5 3 4
U. Tennessee 10 8 1 3
U. Virginia 619 8 0 2
U. Waterloo 105 5 3 5
U. Wollongong 6 5 3 4
U.P. Valencia 264 6 1 3
Uppsalal. 1567 3 3 5
VictoriaU.T. 3 5 3 4
VirginiaTech 3278 9 0 2
WorcesteRl. 122 10 0 2

Table 2. Statistics for the data collected from the ETD sites.

Figure 5. Metadata for an ETD, available at the Uppsala Univer sity Web site .




Figure 6. Search results for query “fusion medical images” over the ETDs collected from the Web.

9. Summary and conclusions

We proposedhe Web-DL ervironmentfor the construc-
tion of digital librariesfrom the Weh Our demonstration
ervironmentintegratesstandardprotocols,dataextraction,
and digital library tools to build a digital library of elec-
tronic thesesanddissertations.The proposecdervironment
providesanimportant rst steptowardstherapidconstruc-
tion of large DLs from the Web, aswell as a large-scale
solutionfor interoperabilitybetweerindependendligital li-
braries.

In this paper Web-DL was appliedto the Networked
Digital Library of ThesesindDissertationswherewe were
ableto collectdatafrom morethan9000electronictheses
and dissertations. Due to the e xibility of the tools that
composeWeb-DL, we expectit to be easily applicableto
ary otherdomain,requiring, at most, changesn the user
interface. Differentinterfacesare easilyimplementabldor
speci c areas.Alternatively, a generainterfacelike nested
tablescanbe usedfor the majority of dataavailableon the
Weh

9.1 Lessondearned

Moving from the Web to a digital library is not a triv-
ial task. Besidespagecollecting, we are facedwith the
dif cult problemof transformingsemi-structurediatainto
structureddata. Sincetheremay not be a generalsolution
for this problemiit is importantto summarizehe problems
found and solutionsapplied when building the digital li-
braryof ETDsfrom the Weh

One of the main problemsfound wasthat someof the
ETD sitesto be collectedprovide accesgo their dataonly
throughsearchnterfacesyesultingin the hiddenwebprob-
lem[13]. Althoughwedid notapproachhisproblemin our
experimentsit canbepartially solvedby theuseof the AS-
ByE tool, whichallows lling formsandsubmittingqueries

to reachthe hiddenpages. Thus, althoughit is impossi-
ble to guarante¢hatall datawill be collectedtheWeb-DL
ervironmentis ableto minimize the hiddenWeb problem,
allowing usto obtaininformationotherwiseunavailableby
commonWeb crawlers.

Although there are mary approachedor data extrac-
tion, asdiscussedh [15], casewill alwaysbefoundwhere
wrappersnustbe built manually For instance Web pages
within a site canbe very differentfrom eachother making
it very hardto build agenericwrapperfor thewholesite. In
ourexperimentstheuseof the DEByEtool avoidedall such
problemsandall wrapperaverebuilt with minimum effort.
This maybe dueto thefactthatmostETD siteswerequite
regular, but otherexperimentakresults[14] have shavn that
our approachor Web dataextractionmight be equally ef-
fectivein moregeneralandcomplex ervironments.

Finally, we facethe problemof makingthe unstructured
Webdata t astandardpattern.In Web-DL, we adopteda
compromisesolution,wherea setof prede neddataclean-
ing andcornversionmoduleds availableandcanbeselected
by the usercollectingdata. To keepthe solutionasgeneral
as possible,we allow usersto implementtheir own extra
modules,accordingto their speci ¢ needs. This solution
still requiressomeuserintervention,but it is very general,
andusereffort is reducedo aminimum.

In sum,eachof thetasksfor extractinginformationfrom
the Web into a DL ervironment presentsits own set of
problems. A generalsolutionfor building digital libraries
from the Web dependson generalsolutionsfor each of
thesetasksandon anef cient integrationof suchsolutions.
TheWeb-DL environmentprovidessuchanintegrationand,
throughexperimentshasshawn itself to be a fastandef -
cient DL colectionbuilding tool. Further using Web-DL
to achieve interoperabilitybetweenindependentligital li-
brariesrequiresas little effort asa gatheringsolution but
providesthe quality of dataand servicesusually obtained
only by hanestingor federatedsolutions.



9.2 Futur ework

The MARIAN systemallows for harestingdatafrom
NDLTD membersitesusing a variety of standardproto-
cols. Therefore,animmediate rst stepis to integratethe
dataextractedfrom the Web with datacollectedfrom other
membersites. A needresulting from this integration is
that of deduping e.g., recognizingtwo instancesof the
sameobject,comingfrom differentsourcespr combining
searctresultscomingfrom internalrepositoriesand exter-
nal sources. Approachego theseproblemsare currently
beingstudiedandwill beimplementedn thefuture. MAR-
IAN alsoallows for the useof probability estimatedor the
quality of the extracteddataandtheir utilizationin retrieval
operationg12]. We arecurrentlystudyinga coherentay
of computingtheseprobabilitiesdirectly from the DEBYE
tool.

In the currentstageof our work, the generatiorof wrap-
persfor eachWeb sourcewas accomplishedy using the
DEBYE tool by selectingexampleobjects(i.e., bibliogra-
phy entries)from samplepagesfrom eachof the sources.
As we expectthe numberof sourcego increaseapidly, we
intendto deploy the automaticexamplegeneratiormethod
describedn [9]. Sucha methodallows usingdataavailable
on apre-«isting repository(e.qg.,titles, authornameskey-
words,subjectareasgetc.) to automaticallyidentify similar
datain samplepagesof newv sourcesandto assemblesx-
ampleobjects.By usingit, we expectto automatehe gen-
erationof wrappers,at leastfor a considerableaumberof
cases.

We alsowill be extendingthe currentWeb-DL environ-
mentto considerclassi cation of dataextractedfrom the
Web usinga humberof classi cationschemessuchasthe
ACM ortheLibrary of Congresglassi cationschemeand
domain-speci contologies Finally, thecurrentwork onthe
Web-DL ervironmentis largely concentrate@n improving
quality of data. In the nearfuture we will extendandin-
corporatenew kindsof networks(e.g.,beliefnetworks)into
MARIAN to improve the quality of currentandfuture DL
services.
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