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Abstract

TheWeb containsa huge volumeof unstructured data,
which is dif�cult to manage. In digital libraries, on the
other hand,informationis explicitly organized,described,
andmanaged.Community-orientedservicesarebuilt to at-
tend speci�c information needsand tasks. In this paper,
wedescribean environment,Web-DL,that allows thecon-
structionof digital librariesfromtheWeb. TheWeb-DLen-
vironmentwill allow usto collectdatafromtheWeb,stan-
dardizeit, and publishit througha digital library system.
It providessupportto servicesandorganizationalstructure
normally availablein digital libraries, but bene�ting from
thebreadthof theWebcontents.We experimentedwith ap-
plying the Web-DL environmentto the Networked Digital
Library of ThesesandDissertations(NDLTD), thusdemon-
strating that therapid constructionof DLs fromtheWebis
possible. Also,Web-DLprovidesan alternativeasa large-
scalesolutionfor interoperability betweenindependentdig-
ital libraries.

c
�

ACM, 2003. This is the author' s version of the
work. It is postedhere by permissionof ACM for your
personaluse. Not for redistribution. The de�niti ve ver-
sion was published in Proceedingsof the ACM/IEEE
Joint Conferenceon Digital Libraries, JCDL 2003(May
2003)http://doi.acm.org/10.1145/827201

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-
mation is grantedthroughbrowsing andsearching,which
normally involvesno assumptionsabouttheusers'tasksor
theirspeci�c informationneeds.Ontheotherhand,wehave
databases,wheredatahasa rigid structureandservicesare
providedfor specializedusers.Digital libraries(DLs) stand
in the middle. We cansaythat DL usershave broaderin-
tereststhandatabaseusers,but morespeci�c intereststhan
regularWebusers.Also, within DLs informationis explic-
itly organized,described,andmanaged—targetedfor com-
munitiesof userswith speci�c informationneedsandtasks,
but without therigidnessof databasesystems.

In this paperwe presentWeb-DL, an environmentthat
allows the constructionof digital libraries from the Web.
Web-DL allowsusto collectdatafrom Webpages,normal-
ize it to a standardformat,andstoreit for usewith digital
library systems.By usingstandardprotocolsandarchival
technologies,Web-DL enablesopen,organized,andstruc-
turedaccessto several heterogeneousanddistributeddigi-
tal librariesandthe easyincorporationof powerful digital
library anddataextractiontools. The overall environment
thussupportsservicesandorganizationavailablein digital
libraries,but bene�ting from the breadthof the Web con-
tents.

By moving fromWebto DL weareprovidingqualityser-
vicesfor communitiesof usersinterestedin speci�c domain
information. Serviceslike searchingover several different



DLs, browsing,andrecommendingaremadeavailablewith
highquality, sincewereducethesearchspace,restrictingit
to thedatarelatedto theusers'interest,andstructuringand
integratingsuchdatathroughcanonicalmetadatastandards.

Wedemonstratethefeasibilityof ourapproachby imple-
mentingthe proposedenvironmentfor a digital library of
electronicthesesanddissertations(ETDs),in thecontext of
theNetworkedDigital Library of ThesesandDissertations
(NDLTD). The NDLTD currently hasover 160 members
amonguniversitiesandresearchinstitutions,providing sup-
port for the implementationof DL servicesusingstandard
protocols,but is de�cient in dealingwith membersthatpub-
licize theirETDsonly throughtheWeb. Fortunately, ourap-
proachmatcheswith thegrowing tendency amongsitesthat
publishETDsto createa Webpagefor eachETD, contain-
ing all therelevantdata(or metadata).Usingour proposal,
wewill beableto addsuchETDsto theNDLTD collection
with little usereffort.

The Web-DL environmentbuilds upon tools and tech-
niquesfor collectingWebpages,describedin [10], extract-
ing semi-structureddata,describedin [6, 14], andmanag-
ing digital libraries, describedin [12]. In this paperwe
show how thesetoolsareseamlesslyintegratedunderWeb-
DL andextendedto provide solutionsfor datanormaliza-
tion problems,usuallyfoundwhenextractingdatafrom the
Web. Experimentsperformedin thecontext of theNDLTD
con�rm the quality of the resultsreportedin [4], now ob-
tainedwith a more generalsolution and lessusereffort,
since the data extraction processhas been further auto-
mated.

The rest of this paper is organizedas follows. Sec-
tion 2 discussessomerelatedworks. Section3 presentsan
overview of thearchitectureproposedfor theWeb-DLenvi-
ronment.Sections4,5,and6 describethemaincomponents
of Web-DL, andtheASByE, DEByE andMARIAN tools,
respectively. Section7 presentsour approachfor the Web
datanormalizationproblem. Section8 shows an example
digital library built usingWeb-DL.Finally, in Section9 we
discusssomeof theproblemsfoundandpresentourconclu-
sions.

2. Context and relatedwork

Digital libraries involve rich collectionsof digital ob-
jectsandcommunity-orientedspecializedservicessuchas
searching,browsing, and recommending.Many DLs are
built asfederationsof autonomous,possiblyheterogeneous
DL systems,distributed acrossthe Internet [8, 17]. The
objective of such federationsis to provide userswith a
transparent,integratedview of their collectionsandinfor-
mation services. Challengesfacedby federatedDLs in-
clude interoperabilityamongdifferent digital library sys-
tems/protocols,resourcediscovery (e.g., selectionof the

bestsitesto be searched),issuesin datafusion (merging
of resultsinto a uniqueranked list), andaspectsof quality
of dataandservices.

Onesuchfederateddigital library is theNetworkedDig-
ital Library of ThesesandDissertations(NDLTD) [7], an
internationalfederationof universities,libraries,andother
supportinginstitutions focusedon efforts relatedto elec-
tronic thesesanddissertations(ETDs).Althoughproviding
many of theadvantagesof a federatedDL, NDLTD haspar-
ticular characteristicsthat complicateinteroperabilityand
transparentresourcediscovery acrossits members.For in-
stance,institutionsare autonomous,eachmanagingmost
servicesindependentlyandnot beingrequiredto reportei-
ther collectionupdatesor changesto centralcoordinators.
Also, all NDLTD membersdo not (yet) supportthe same
standardsor protocols.Thediversityin termsof naturallan-
guage,metadata,protocols,repositorytechnologies,char-
actercoding,natureof thedata(structured,semi-structured,
unstructured,multimedia), as well as usercharacteristics
andpreferencesmake themquite heterogeneous.Finally,
NDLTD alreadyhasmany membersandeventuallywill aim
at supportingall thosethatwill produceETDs. New mem-
bersareconstantlyaddedandthereis a continuing�o w of
new data,asthesesanddissertationsaresubmitted.

In DL caseslike NDLTD, therearebasicallythreeap-
proachesfor interoperabilityandtransparentresourcedis-
covery. They differ in theamountof standardizationor ef-
fort requiredby theDL [19], asfollows:

� Federatedservices: In this approachto interoperabil-
ity a groupof organizationsdecidethat their 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 dynamicenviron-
mentsuchastheNDLTD.

� Harvesting: A dif�culty in creatinglarge federations
is increasingmotivation. So, somerecentefforts aim
at creatingloosergroupingsof digital libraries. The
underlyingconceptis that theparticipantsmake some
small efforts to enablesomebasic sharedservices,
without specifyinga completesetof agreements.The
bestexampleis illustratedby the OpenArchivesIni-
tiative (OAI) [16], which promotesthe useof Dublin
Coreasa standardmetadataformatandde�nesa sim-
ple standardmetadataharvestingprotocol. Metadata
from DLs implementingtheprotocolcanbeharvested
to centralrepositoriesuponwhich DL servicescanbe
built. Particularlyin thecaseof OAI, thereis aninitial
impedancefor its implementationby somearchives
sinceit involvessmall amountsof codingandbuild-



ing of middlewarelayers,especiallyfor local reposito-
ries that sometimesdo not matchvery well the OAI
infrastructure,such as, for example, thosereposito-
riesbasedon theZ39.50protocol.Further, verysmall
archivesmay lack staff resourcesto install andmain-
tain a server. Moreover, somearchiveswill not take
any active stepsto opentheir contentsat all, making
gathering,thenext approach,theonly availableoption.

� Gathering: If the variousorganizationsare not pre-
paredto cooperatein any formal manner, a baselevel
of interoperabilityis still possibleby gatheringopenly
accessibleinformation.Thebestexampleof gathering
is via Web searchengines.Becausethereis minimal
staff cost,gatheringcanprovideservicesthatembrace
largenumbersof digital libraries,but theservicesare
of poorerquality than thosethat can be achieved by
partnerswhocooperatemorefully. This is mainlydue
to thequalityof thedatathatcanbegathered,including
aspectsof lackof structureandabsenceof provenance
information.

For NDLTD, acombinationof federatedsearch(for asmall
numberwith Z39.50support),harvesting(from institutions
whoagreeto useasetof standardprotocols),andgathering
(from institutionswho cannot,or do not want to usesuch
protocols)is thebestsolution.

Although the problemof quality with Web datais well
known, many have collecteddatafrom the Web in order
to develop collectionsof suitablesizefor variousDL-lik e
systems.The Harvestsystem,oneof the �rst systemsto
apply focusedgathering,hadsimpleHTML-awareextrac-
tion tools [3]. PhysNet[20], a project to collect Physics
information from the Web, still usesHarvest. The New
Zealanddigital library (http://www.nzdl.org) hasbeende-
velopingcollectionssince1995basedoncontentdistributed
over the Internet. Recentenhancementsto theGreenstone
systemprovide additionalsupport,but requirethe manual
constructionandprogrammingof wrappers,calledplugins
andclassi�ers [21]. On a differentapproach,theCiteSeer
system[18] collectsscienti�c publicationsfrom the Web
andautomaticallyextractscitation information. The data
extractionprocess,however, is speci�c for identifying au-
thor, title, citations,andother �elds commonto scienti�c
papers.Similarly, Bergmark[2] proposestheuseof cluster-
ing techniquesto collectpagesonscienti�c topicsfrom the
Web,but doesnotapproachtheissueof how to extractrele-
vantdatafrom suchpages.Nevertheless,theseworksshow
that,with suf�cient manualintervention,usefulservicescan
bebuilt with datafrom theWeb.

In thefollowing,wepresentthearchitectureof theWeb-
DL environment,which (1) combinesharvestingandgath-
ering to broadenthe scopeof interoperabilityin federated
digital libraries,and(2) providesa framework to integrate

a numberof technologies,suchas focusedcrawling, data
extraction,anddigital library toolkits. Ultimately Web-DL
providesan infrastructurefor building high-qualitydigital
libraries from Web contents. We illustrate the usefulness
of our approachby using the Web-DL environmentto in-
tegratedatafrom OAI andnon-OAI compliantmembersof
NDLTD.

3. The Web-DL envir onmentarchitecture

To build anarchivefrom theWeb,datamustbecollected
from Websitesandintegratedinto aDL system.Thisoper-
ationhasthreemainsteps:(1) crawl theWebsitesto collect
thepagescontainingthedata,(2) parsethecollectedpages
to extracttherelevantdata,and(3) make thedataavailable
througha standardprotocol. Figure1 shows the Web-DL
environmentandarchitecturefor the integrationandbuild-
ing of adigital library from theWeb.

CollectingWebpageswith thetargetinformationis done
by usingtheASByE tool, describedin detail in Section4.
After providing ASByE with a simplenavigationexample,
a Web crawler is createdfor thesite. This crawler collects
all the relevant pages,leaving themavailable for dataex-
traction.

Collectedpagesthenmustbe parsedto extract the rel-
evant data. This is accomplishedby the DEByE tool, de-
scribedin detail in Section5. Givenoneor moreexample
pages,DEByE is ableto createa wrapperfor thesiteto be
collected.Thesitepagesarethenparsedby DEByE gener-
atedwrappersandthedatais extractedandstoredlocally in
a relationaldatabase.

In order to be usedby mostdigital library systems(in
our case,the MARIAN system[12]), datamustbe stored
in a structuredway, (e.g.,MARC or XML), usuallyusing
community-orientedsemanticstandards(e.g.,Dublin Core,
or FGDCfor geospatialdata). In thework reportedin this
paper, we useETD-MS,a metadatastandardfor electronic
thesesanddissertations[1], whichbuildsuponDublinCore.
Nonetheless,sincedatain Web sitesis frequentlyin non-
standard,non-structuredformats,weneedsomenormaliza-
tion procedure. In Section7, our approachto normalize
the extracteddatais described.This approachpresentsa
moregeneralsolutionthantheoneproposedin [4], allow-
ing Web-DL to beeasilyusedin differentdomains.

After the data in ETD-MS format is stored, an OAI
serversetupon topof thelocaldatabasewill make it avail-
able to anyone using the OAI protocol for metadatahar-
vesting(OAI-PMH), in our particularcase,availableto the
MARIAN system.TheMARIAN system,describedin Sec-
tion 6, usesan OAI harvesterto collect the metadatapro-
videdby DEByE,extractedfrom theWebpages.This data
is storedin a union archive, using MARIAN' s indexing
modules. DL regular servicesaremadeavailableto users
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Figure 1. Proposed architecture for the Web­DL envir onment.

throughtheunionarchivecreatedby MARIAN.
The following sectionsdescribein detailall themecha-

nismsusedto build thearchitectureproposedhere.

4. Obtaining pagesfr om the ETD sites:
the ASByE tool

In this sectionwe describehow we usetheASByE tool
for generatingthe agentsthat automaticallycollect pages
containingdataof interestfrom theWeb. Theseagentscan
be seenasspecializedcrawlers that automaticallytraverse
thepublishingsites,exploringhyperlinks,�lling forms,and
following threadsof pagesuntil they �nd the target pages,
that is, the pagesthat containdataof interest. Eachtarget
pagefoundis retrievedandcanhavetheir dataextractedby
awrapper.

ASByE (Agent Speci�cation By Example) is a user
driven tool thatgeneratesagentsfor automaticallycollect-
ing setsof dynamicor staticWeb pages.TheASByE tool
featuresa visualmetaphorfor specifyingnavigationexam-
ples,automaticidenti�cation of collectionsof relatedlinks,
automaticidenti�cation of threadsof answerpagesgener-
atedfrom queries,and dynamically�lling of forms from
parametersprovidedfor theagents,by theuser. In a typical
interactionwith thetool, theuserprovidesexamplesof (1)
how to reachthe target pages,�lling any form, if needed,
and(2) how to grouptogetherrelatedpages.Theoutputof
the tool is a parameterizedagentthat fetchesthe selected

pages.TheASByE tool is fully describedin [10].
Thegraphicalinterfaceof theASByE tool usesa graph-

likestructurein whichnodesdisplayedin aworkspacerep-
resentpages(or pagesets)anddirectedarcsrepresenthy-
perlinks. The usernavigatesfrom nodeto nodeexploring
thehyperlinksaccordingto herinterests.Thesourcenodes
in thegraph(i.e.,theonesnotpointedto by any othernode)
arecalledWebentrypointsandaredirectly selectedby the
userby enteringthe URL of the pageusedto startthe ex-
ploration.Thetool thenfetchesthepageandbuilds a node
correspondingto it. From this point onward, the usercan
select,for eachnode,an operationto perform. The setof
operationsavailabledependson the type of nodereached.
Themostcommonandsimpleoperationallows theuserto
accessadocumentto exploreby selectingoneof thehyper-
links.

In Figure2, we illustrate other featuresof the ASByE
tool showing how to generateanagentfor retrieving pages
from the Virginia Tech ETD Collection. The user be-
gins by selectingthe URL http://scholar.lib.vt.edu/theses/
browse/byauthor/all.htmas an entry point. The pageat
this URL containsa list of hyperlinksto eachone of the
targetpagescontainingthedocumentsavailableon theVir-
ginia TechETD Collection. Using a numberof heuristics
basedon criteria suchashyperlink distribution, hyperlink
placement,similarity amongURLs, andsimilarity among
hyperlink labels,the tool identi�es the list of links to the
targetpages,i.e., the pagesto be collected. The userthen



Figure 2. Snapshot of an agent speci�cation session with the ASByE tool.

can selectthe agent generation operation. The agentre-
sulting from this speci�cationsessionwill �rst retrieve the
entrypointURL, extractfrom it all URLscurrentlybelong-
ing to thelink collection,andthenretrieveeachtargetpage
correspondingto theseURLs,giving themasits output.

In somesites,thereis nowayto browsethewholedocu-
mentcollection.Theonly way of reachingthetargetpages
is by �lling anHTML form, submittingit, andthennavigat-
ing throughtheanswerpages.AlthoughASByE is capable
of generatingagentsto performsuchoperations,this fea-
turewasnotusedfor theproblempresentedin thispaper. A
detaileddescriptionof thefeaturecanbefoundin [10].

5. Wrapping publishing sites: the DEByE tool

We now describethe useof the DEByE tool for gener-
atingwrappersthatextractdatafrom pagesin thecollected
sites.For a full discussionof theDEByE tool andtheDE-
ByE approach,werefertheinterestedreaderto [14].

DEByE(DataExtractionBy Example)is a tool thatgen-
erateswrappersfor extractingdatafrom Web pages. It is
fully basedon a visual paradigmwhich allows the userto
specify a set of examplesof the objectsto be extracted.
Theseexampleobjectsare taken from a samplepageof
thesameWeb sourcefrom which otherobjects(data)will
be extracted.By examiningthe structureof theWeb page
andtheHTML text surroundingtheexampledata,thetool
derivesan ObjectExtractionPattern (OEP), a setof regu-
lar expressionsthatincludesinformationon thestructureof
theobjectsto beextractedandalsoon thetextualcontext in
which thedataappearsin theWebpages.TheOEPis then
passedto a generalpurposewrapperthat usesit to extract
datafrom new pagesin thesameWebsource,providedthat
they have structureandcontentsimilar to thesamplepage,
by applying the regular expressionsand somestructuring

operations.
DEByE is currentlyimplementedasa systemthatfunc-

tions asa Web service,to be usedby any applicationthat
wishesto provide dataextraction functionality to the end
users. This allows us to implementany type of interface
on top of theDEByE coreroutines.For instance,for gen-
eral dataextraction solutions,we usea DEByE interface
basedontheparadigmof nestedtables[5], which is simple,
intuitive, andyet powerful enoughto describehierarchical
structuresvery commonin dataavailableon theWeb. For
the Web-DL environment,we have built an ETD-MS spe-
ci�c interface,with whichtheusercanextractexamplesand
assignthemdirectly to ETD-MS �elds. TheDEByE/Web-
DL interfacewasfully implementedin Javascriptandcan
beusedvia any Webbrowserthatsupportsthelanguage.

In Figure3 we show a snapshotof a user's sessionfor
specifyinganexampleobjectononeor moresamplepages.
Thesamplepagesaredisplayedin theupperwindow, also
calledtheSourcewindow. In thelowerwindow, alsocalled
theFields window, all the ETD-MS �elds, suchasIdenti-
�er , Title, etc.,areavailable. Theusercanselectpiecesof
dataof interestfrom the sourcewindow and“paste” them
ontherespectivecellsof the�elds window. After giving an
exampleattribute, the usercanselectthe “TestAttribute”
button,to verify if DEByE is ableto collecttheselectedat-
tributesfrom thesamplepages,and�nally , afterspecifying
all theexampleobjects,theusercanclick on the“Generate
Wrapper”buttonto generatethecorrespondingOEP, which
encompassesstructuralandtextual informationon the ob-
jectspresentin thesamplepages.Oncegenerated,thisOEP
is usedby anExtractormodulethat,whenreceiving a page
similar to thesamplepage,will performtheactualdataex-
tractionof new objectsandthenwill outputthemusingan
XML-basedrepresentation.

Sincewe are using ETD-MS, all the extractedobjects



Figure 3. Snapshot of an example speci�cation session with the DEByE/Web­DL interface .

are plain, i.e., they do not have a hierarchicalor nested
structure.In practice,theETD-MS �eld thesis.degreecon-
tainsfour nested�elds: name,level, discipline,andgrantor.
However, to simplify the interface,we choseto represent
themasindependent�elds. It is interestingto notethatDE-
ByE alsois capableof dealingwith morecomplex objects,
by usingaso-calledbottom-upassemblystrategy, explained
in [14].

6. Providing DL services: the MARIAN system

MARIAN is a digital library systemdesignedandbuilt
to store, searchover, retrieve, and browse large num-
bersof diverseobjectsin a network of relationships[12]
(Seealso aboutJava MARIAN at http://www.dlib.vt.edu/
projects/MarianJava/index.html). MARIAN is built upon
four basicprinciples: uni�ed representationbasedon se-
mantic networks, weighting schemes,a classsystemand
classmanagers,andextensiveuseof lazyevaluation.

In MARIAN, semanticnetworks, which arelabeleddi-
rectedgraphs,arepromotedto �rst-class objectsandused
to representany kind of digital library structureincluding
internalstructuresof digital objectsandmetadataanddif-
ferent typesof relationshipsamongobjectsand concepts
(e.g.,asin thesauriandclassi�cationhierarchies).In order
to supportinformationretrieval services,nodesandlinks in
MARIAN' s semanticnetworkscanbe weighted.The fun-

damentalconceptis thatof weightedobjectset:asetof ob-
jectswhoserelationshipto someexternalpropositionis en-
codedin their decreasingweightwithin theset.Nodesand
links arefurtherorganizedin hierarchiesof object-oriented
classes.Eachclassin a particulardigital library collection
is theresponsibilityof a classmanager. Amongtheir other
functions,eachMARIAN classmanagerimplementsone
or moresearchmethods. All MARIAN searchersarede-
signedto operate“lazily”. During resultpresentation,only
asmallsubsetof resultsis presenteduntil theuserexplicitly
requeststhe remaininganswers.The numberof instances
requested,and thus the transmissioncostsacrossthe net-
work, are severely limited relative to the size of the sets
they manage.

In the context of the Web-DL environment,MARIAN
providessearchingandbrowsing servicesfor the DL built
from theWeb. Datafrom OAI providersandfrom non-OAI-
compliantmemberscomingfrom theWeb-DLenvironment
areintegratedinto a Union Catalog.MARIAN is equipped
with OAI harvestersableto collect dataperiodicallyfrom
theUnionCatalog.

MARIAN is completelyrecon�gurablefor differentDL
collections; it usesdigital library generatorsand a spe-
cial DL declarative languagecalled5SL [11] for this pur-
pose. Using these,speci�c loadersfor differentmetadata
formats(e.g.,ETD-MS)canbegenerated.Onceanew sub-
collectionis harvested,the loadingprocessis applied. For



every OAI recordin the new sub-collection,a new part of
the semanticnetwork for the metadatarecord is created,
representingits internalstructureaccordingto a metadata
standardand the connectionsamongtext terms and text
parts.Thenew partof thesemanticnetwork for therecord
is thenintegratedinto theMARIAN knowledgebase.At the
endof theloadingprocessweightsfor theresultingcollec-
tion network arerecomputedto considerglobalstatistics.

Structuredsearchesaresupportedby processingclasses,
classmanagers,and speci�c user interfacesalso created
during the DL generationprocess. Resultsof structured
queriesaredisplayedasrankedlists for browsingwith en-
tries and links createdby speci�c XSL stylesheets.Pre-
sentationsof full documents,also generatedwith special
stylesheets,containlinks thatallow navigationto theorigi-
nally collectedWebpage.

7. Converting the extracteddata

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 operationsneed to be
performed. Four main problemswere found, when con-
verting datato standardformat: (1) mandatorydatais not
presentin thepage;(2) datais present,but only implicitly;
(3) datais not in a requiredformat; and(4) the extracted
datais not in theappropriateencoding.

Regardingthe�rst problem,whendatais not presentin
the page,somereplacementmustbe found. The solution
for most mandatory�elds is to use a default value, like
“none”. For other �elds, like “identi�er”, a uniquevalue
mustbe generated,for instanceby usingsequentialvalues
or timestamps.The secondproblemhappenswhensome
pieceof informationis known, but thedatais not explicitly
representedin thepage.For instance,for the dc.publisher
�eld, wemayknow wearecollectingfromtheVirginiaTech
site,but this informationappearsnowherein thepage.The
third problemoccurredmainly for thedc.date�eld. As re-
quiredby theETD-MS,thedateshouldbein ISO8601for-
mat. Therefore,datescollectedfrom the Web pagesmust
be convertedbeforebeing stored. Finally, in many ETD
pages,many formattingHTML tagsandHTML entitiesare
found within the text �elds extracted. Also, non-English
sitesusemany different characterencodingsto represent
foreign characters.Somecleaningroutinesare neededto
eliminatespurioustagsand to convert betweencharacter
encodingsystems.

A generalsolutionto this datacleaningandconversion
problemis veryhardto �nd. In Web-DL,wechoseto usean
intermediatesolutionbetweenfully automatingtheprocess
andmanualuserintervention.A setof prede�nedmodules

for processingthe datais availableandthe usercanselect
which onesto apply to thedatabeingextracted.This pro-
cessis fully implementedin theDEByE/Web-DLinterface,
providing a seamlessintegration to the Web-DL environ-
ment.For instance,asshown in Figure4, for thedate�eld,
the usercanapply a �lter that convertsthe collecteddate
to ISO 8061format. A �lter to inserta default valuealso
canbeappliedto all �elds. Filters to convert thecharacter
encodingandto strip HTML tagscanbeselectedusingthe
checkboxeson the bottomof the window, sincethesewill
be appliedto all objectscollected,independentlyof their
valueor type. Whenextractingthedatafrom a Web page,
the DEByE generatedparserappliesthe selectedmodules
to the objects. As a result all datawill be in the desired
standardformatandcanbestoredusingETD-MS.

The datacleaningand conversionmodulesare simply
stringprocessingroutines.They take a stringasinput,pro-
cessit, andreturnthe resultingstring asoutput. This pro-
videsgreat�e xibility for theconstructionof suchmodules.
Thus,userscanimplementdatacleaningmodulesaccord-
ing to their own speci�c needs,using any available pro-
gramminglanguage.More complex modulescanbe built
makinguseof an API providedby DEByE, which allows,
for instance,thepassageof parametersotherthanthestring
to beprocessed.Of course,a setof prede�nedmodulesis
alreadyincludedin DEByE, to provide userswith no pro-
grammingexperiencewith asmuchdatacleaningfunction-
ality aspossible.Thesearefully reusableandappropriate
for any project.Thisapproachsolvestheproblemsfoundon
ourpreliminaryexperimentswith Web-DL[4], while main-
taining themodularityof theenvironmentandminimizing
userinterventionin theprocessof building a digital library
from theWeb.

Onceall the normalizingproblemsaresolved,datacan
bestoredin a relationaldatabase,laterto berenderedusing
ETD-MS.Thedatabaseis thenmadeaccessiblethroughan
OAI server. Using the OAI-PMH, the dataextractedfrom
theWeb canbe sharedwith any DL actingasan OAI ser-
vice provider. In our environment, the extracteddata is
harvested,and integratedwith dataharvestedfrom other
NDLTD memberswithin MARIAN.

8. An exampleWebETD digital library

For thiswork, wecollectedpagescontainingETDsfrom
the sitesof 21 different institutionsselectedfrom the list
of NDLTD members,available at http://www.theses.org.
Theseexperimentswereperformedin thesamecontext as
reportedin [4], but usingthenew integrateddatacleaning
andconversionmodules. The ETD sitescontaineda total
of 9595ETDs. It wasnot possibleto collect information
from thesitesof 7 institutions,sincethesewereoff-line or
availableonly througha searchinterface.



Figure 4. Data cleaning and conversion in the DEByE/Web­DL interface .

Of the6 mandatoryETD-MS�elds, anaverageof 29.5%
were missing in the collectedpages,and were therefore
�lled with a default value. This value was insertedby
the DL builder through the “default value �lter” of the
DEByE/Web-DL interface,thusrequiringonly onesimple
operationper �eld. The default value �lter also allowed
for thecreationof uniqueidenti�ers by appendinga serial
numberto thedc.identi�er �eld. This wasoneof themajor
problemsfoundin ourpreviousexperiments[4], whichhad
requiredthe manualimplementationof datainsertionrou-
tines.Here,it wassolvedby simply selectingoptionsfrom
the userinterface. Table1 shows the numberof ETDs in
whichmandatory�elds 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.identi�er 4800(50%)

Table 1. Mandator y �elds missing from the
collected ETDs.

Table2 showsthenumbersfor eachsitecollected.It can
beseenthat,althoughnot all, mostof the informationwas
collectedandextracted. It is interestingto notethat �elds
like dc.publisheror dc.type, which areoftenimplicit in the
collectedsite entry pages,but not availableasextractable
examples,couldbeeasilyinsertedasadefaultvaluefor the
whole site. This meansthat the userneededonly to type
onevaluefor eachsite,whereasin ourpreviousexperiments
eachsiterequiredtheimplementationof a separateroutine.

Thework requiredto includea site in thedigital library
consistedof providing setsof examplesto theASByE and
DEByEtools.For eachcollectedsiteonly oneexamplewas
neededto createthe crawling agents.To generateparsers
for dataextraction, an averageof 2–3 examplesper �eld
wererequired.This representedanaverageof 9 minutesof
work per site, by a specializeduser, muchlessthanprevi-
ouslyreportedin [4]. Thereductionin timewasgreatlydue
to thenew automatedprocessof convertingdatato a stan-
dardformat. An interestingexampleis that of the dc.date
�eld, whichpreviouslyrequiredthattheuserextractedeach
part of the date(day, month,year) individually or imple-
menteda conversionroutinefor theISO8061format.

For the21 institutionsin our example,thetotal effort of
theusersummedup to approximately3 hoursand15 min-
utes. Notice that most of this is due to processingtime,
which can be improved by further optimizing the system
codeor usingfasterhardware.Sincewe donotexpectWeb
sitesto bemassively submittedto thesystem,this is a rea-
sonablehumaneffort to collect the dataof interest. In the
future,weexpectto furtherautomatethisprocess,to reduce
thetimerequired,asmoresitesareharvested.

To illustrate,Figure5 showsanETD publishedby Upp-
salaUniversity. Oncecollectedandextracted,all themeta-
datais storedandmadeavailableby theMARIAN system.
Figure6 shows the resultsof a queryover the ETDs col-
lectedfrom theWeb,usingtheMARIAN system.By using
Web-DL, not only searching,but any numberof DL ser-
vices,suchasbrowsingand�ltering, amongothers,canbe
performedover thedataextractedfrom theWeb.



ETD Site
Numberof Fieldsper Mandatory Optional

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
QueenslandU.T. 53 5 3 4
RhodesU. 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
UppsalaU. 1567 3 3 5
VictoriaU.T. 3 5 3 4
VirginiaTech 3278 9 0 2
WorcesterP.I. 122 10 0 2

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

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



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

9. Summary and conclusions

We proposedtheWeb-DL environmentfor theconstruc-
tion of digital librariesfrom the Web. Our demonstration
environmentintegratesstandardprotocols,dataextraction,
and digital library tools to build a digital library of elec-
tronic thesesanddissertations.Theproposedenvironment
providesanimportant�rst steptowardstherapidconstruc-
tion of large DLs from the Web, as well as a large-scale
solutionfor interoperabilitybetweenindependentdigital li-
braries.

In this paper, Web-DL was applied to the Networked
Digital Library of ThesesandDissertations,wherewewere
ableto collectdatafrom morethan9000electronictheses
and dissertations.Due to the �e xibility of the tools that
composeWeb-DL, we expect it to be easilyapplicableto
any otherdomain,requiring,at most, changesin the user
interface.Differentinterfacesareeasilyimplementablefor
speci�c areas.Alternatively, a generalinterfacelike nested
tablescanbeusedfor themajority of dataavailableon the
Web.

9.1. Lessonslearned

Moving from the Web to a digital library is not a triv-
ial task. Besidespagecollecting, we are facedwith the
dif�cult problemof transformingsemi-structureddatainto
structureddata. Sincetheremay not be a generalsolution
for this problem,it is importantto summarizetheproblems
found and solutionsappliedwhen building the digital li-
braryof ETDsfrom theWeb.

Oneof the main problemsfound wasthat someof the
ETD sitesto be collectedprovide accessto their dataonly
throughsearchinterfaces,resultingin thehiddenwebprob-
lem[13]. Althoughwedid notapproachthisproblemin our
experiments,it canbepartiallysolvedby theuseof theAS-
ByE tool, whichallows�lling formsandsubmittingqueries

to reachthe hiddenpages. Thus, althoughit is impossi-
ble to guaranteethatall datawill becollected,theWeb-DL
environmentis ableto minimize thehiddenWeb problem,
allowing usto obtaininformationotherwiseunavailableby
commonWebcrawlers.

Although there are many approachesfor data extrac-
tion, asdiscussedin [15], caseswill alwaysbefoundwhere
wrappersmustbebuilt manually. For instance,Webpages
within a sitecanbevery differentfrom eachother, making
it veryhardto build agenericwrapperfor thewholesite. In
ourexperiments,theuseof theDEByEtoolavoidedall such
problemsandall wrapperswerebuilt with minimumeffort.
This maybedueto thefactthatmostETD siteswerequite
regular, but otherexperimentalresults[14] haveshown that
our approachfor Web dataextractionmight be equallyef-
fective in moregeneralandcomplex environments.

Finally, we facetheproblemof makingtheunstructured
Web data�t a standardpattern. In Web-DL, we adopteda
compromisesolution,wherea setof prede�neddataclean-
ing andconversionmodulesis availableandcanbeselected
by theusercollectingdata.To keepthesolutionasgeneral
as possible,we allow usersto implementtheir own extra
modules,accordingto their speci�c needs. This solution
still requiressomeuserintervention,but it is very general,
andusereffort is reducedto aminimum.

In sum,eachof thetasksfor extractinginformationfrom
the Web into a DL environment presentsits own set of
problems.A generalsolutionfor building digital libraries
from the Web dependson generalsolutionsfor eachof
thesetasksandonanef�cient integrationof suchsolutions.
TheWeb-DLenvironmentprovidessuchanintegrationand,
throughexperiments,hasshown itself to bea fastandef�-
cient DL colectionbuilding tool. Further, usingWeb-DL
to achieve interoperabilitybetweenindependentdigital li-
brariesrequiresas little effort as a gatheringsolution but
providesthe quality of dataandservicesusuallyobtained
only by harvestingor federatedsolutions.



9.2. Futur ework

The MARIAN systemallows for harvestingdatafrom
NDLTD membersitesusing a variety of standardproto-
cols. Therefore,an immediate�rst stepis to integratethe
dataextractedfrom theWebwith datacollectedfrom other
membersites. A needresulting from this integration is
that of deduping: e.g., recognizingtwo instancesof the
sameobject,comingfrom differentsources,or combining
searchresultscomingfrom internalrepositoriesandexter-
nal sources. Approachesto theseproblemsare currently
beingstudiedandwill beimplementedin thefuture.MAR-
IAN alsoallows for theuseof probabilityestimatesfor the
qualityof theextracteddataandtheirutilization in retrieval
operations[12]. We arecurrentlystudyinga coherentway
of computingtheseprobabilitiesdirectly from the DEByE
tool.

In thecurrentstageof ourwork, thegenerationof wrap-
persfor eachWeb sourcewasaccomplishedby using the
DEByE tool by selectingexampleobjects(i.e., bibliogra-
phy entries)from samplepagesfrom eachof the sources.
As weexpectthenumberof sourcesto increaserapidly, we
intendto deploy theautomaticexamplegenerationmethod
describedin [9]. Suchamethodallowsusingdataavailable
on a pre-existing repository(e.g.,titles,authornames,key-
words,subjectareas,etc.) to automaticallyidentify similar
datain samplepagesof new sourcesand to assembleex-
ampleobjects.By usingit, we expectto automatethegen-
erationof wrappers,at leastfor a considerablenumberof
cases.

We alsowill beextendingthecurrentWeb-DL environ-
ment to considerclassi�cation of dataextractedfrom the
Webusinga numberof classi�cationschemes,suchasthe
ACM or theLibrary of Congressclassi�cationschemesand
domain-speci�contologies.Finally, thecurrentwork onthe
Web-DL environmentis largelyconcentratedon improving
quality of data. In the nearfuture we will extendand in-
corporatenew kindsof networks(e.g.,beliefnetworks)into
MARIAN to improve thequality of currentandfutureDL
services.
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