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ABSTRACT
This paperpresentsa methodof informationharvestingandcon-
solidationto supportthemultilingual informationrequirementsfor
cross-languageinformationretrieval within digital library systems.
We describea way to createboth customizedbilingual dictionar-
ies and multilingual query mappingsfrom a sourcelanguageto
many target languages.We will describea multilingual concep-
tual mappingresourcewith broadcoverage(over 100written lan-
guagescanbe supported)that is truly multilingual asopposedto
bilingual paringsusuallyderived from machinetranslation. This
resourceis derived from the 10+ million title online library cata-
log of the University of California. It is createdstatisticallyvia
maximumlikelihoodassociationsfrom word andphrasesin book
titles of many languagesto humanassignedsubjectheadingsin
English. The150,000subjectheadingscanform interlinguamap-
pingsbetweenpairsof languagesor from onelanguageto several
languages.While our currentdemonstrationprototypemapsbe-
tweenten languages(English,Arabic, Chinese,French,German,
Italian, Japanese,Portuguese,Russian,Spanish),extensionsto ad-
ditional languagesarestraightforward. We alsodescribehow this
resourceis beingexpandedfor languageswherelinguistic cover-
ageis limited in our initial database,by automaticallyharvesting
new information from internationalonline library catalogsusing
theZ39.50networkedlibrary searchprotocol.
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1. INTRODUCTION
As digital libraries expandin scopeandcontentto include re-

sourcesin a varietyof languagesfrom internationalsources,there
is an increasingneedfor multilingual informationaccessto those
resources. Researchprograms,such as thosesponsoredby the
DARPA TIDES (TheTranslingualInformationDetection,Extrac-
tion andSummarizationprogram),havebeendevelopingnew meth-
ods to accelerateinformation interchangeacrosslanguagebarri-
ers.Althoughautomaticmachinetranslationbetweenpairsof lan-
guagesismoderatelywell-developedbetweenEnglishandtheworld’s
majorlanguages(includingChinese,French,German,Italian,Japanese,
PortugueseandSpanish)the samefacilities do not exist between
otherpairsof theselanguages(for examplebetweenGermanand
Japanese)andareevenmorerarewhendealingwith lesscommon
languagessuchasthoseof theIndianSubcontinent.

Theresourcerequirementsfor commercialqualitymachinetrans-
lation are significant– it hasbeenestimatedthat a high quality
generalbilingual dictionary of at least250,000words is a mini-
mal resourcefor agoodmachinetranslationsystem.Theemerging
field of statisticalmachinetranslation[3] utilizes entirely differ-
entresources– parallelcorporawhichcantrainstatisticaldecoding
algorithmsfor automatictransferbetweenlanguages.The major
parallelcorporawhich have beenutilized thusfar have comefrom
political bodiesin developedcountrieswhichhavearequirementto
usehumansto translatebetweenofficial languagesof thebody, vis
theCanadianHansards(English,French)[11] andtheofficial docu-
mentsof theUnitedNations(Arabic[16], Chinese,English,French
andRussian).Whenonestepsoutsidetheselanguages,parallelre-
sourcesaredifficult, if not impossible,to obtain. Evenwith these
languages,one is facedwith the developmentof sentencealign-
mentalgorithmswhich accountfor variationsin sentencelength,
word orderandword lengthbetweenthetwo languages.

More recently the vast information contentof the WWW has
beenlookedto asa sourcefor parallelcorpora.Webpagesin Ger-
manor Japanese,for example,may have analogouspagesin En-
glish on the samesite which have beentranslatedfrom the origi-
nal languagepage.Algorithmsandsoftwaremustbedevelopedto
mine theseweb pagesandto extract parallel text fragments(sen-
tences,paragraphs,documents)whichcanserve thesamepurposes
asthe parallel reservoirs of literaturepublishedby socio-political



entities[15, 12]. Web resourcesof this type are lesslikely to be
developed

�
with the samedegreeof attentionto detail as transla-

tionsdoneby professionaltranslatorsfor official governmentpur-
poses.Thatis to say, from astatisticalpointof view, they arenoisy
channels. In addition, if the desireis to go beyond the world’s
mainstreamlanguagesto, sayArabic, Farsi,or any Indiansubcon-
tinent language,onefindsextremelylimited parallelresourcesand
is facedwith ananarchyof charactersetsandfont representations
usedby websites.

Finally, cross-languageinformationretrieval cannot,in general,
bedirectly performedacrossmultiple groupsof languages.In the
multilingual retrieval evaluationof CLEF (Cross-LanguageEval-
uationForum [13, 14]), accessfrom non-Englishqueriesto other
non-Englishdocumentsis usuallyperformedby translatingtwice,
from querysourcelanguageto Englishandthen from English to
target languages.Thus,English is usedasan intermediate’pivot
language’(Dutchhasalsobeenusedin this fashionin CLEF[7].)

2. USING ONLINE LIBRAR Y CATALOGS
ASTRANSLINGU AL VOCABULARY RE-
SOURCES

Our searchfor a new sourceof multilingual resourcesderives
from a backgroundof library research.Theworld’s greatresearch
anduniversity librarieshave bookcontentwhich spanstheworld’s
languages.For examplein theUniversityof California’selectronic
catalogMELVYL 1 nearlyhalf its 13million title collectionis non-
English.As anexamplewemightsubmitthequery“find subjectIs-
lamicFundamentalismAND LanguageArabic” andobtainscreens
of resultsasin Figure1.

Whatdoesthis imply? Thatasinglequeryto this library catalog
yields130Arabic languagesamplescodedwith thetopic “Islamic
Fundamentalism”.The implicationsfor multilingual information
accessareenormous.Indeed,if we further submitanotherquery
“Find subjectIslamic FundamentalismAND Languagenot (En-
glish or Arabic)” we would obtainanother55 bookrecordscover-
ing nineadditionallanguages(Bengali9 bookrecords,French13,
German9, Hebrew 3, Indonesian3, Malay 2, Russian4, Turkish
4 andUrdu 2). TheUniversity of California library catalogis but
oneof morethan1000remotelysearchablelibrary catalogsworld-
wide. Many (if notmost)of thesecatalogsaresearchableusingthe
internationalstandardsearchandretrieval protocolZ39.50[1]. For
example,COPAC, the library catalogof the UnitedKingdom and
Ireland’s academiclibraries2 containsover 9 million recordswith
44,321in Arabic. We describethe methodfor “harvesting” such
resourcesin a latersection.

Thereareotheradvantagesto exploiting library catalogsfor mul-
tilingual tasks.Library catalogdatabasesarestructuredaccording
to internationalstandardsfor metadata,suchastheMARC format
which hasbeenin usefor morethan30 years(asopposedto Web
pageswhichpossessnostandardformat).Thedataaretaggedwith
rich metadata(while Webpageshave limited or non-existentmeta-
data).Thedatacontentis identifiedaccordingto well-definedrules
andcontrolledvocabulariessuchasAACR2(Anglo-AmericanCat-
alogingRules,2nd Edition) andthe Library of CongressSubject
Headings(LCSH).In contrast,Webpagesrarelyhave their content
identified. Moreover, while electroniconline library catalogsare
limited in size(for example13 million itemsat the University of
California)versusthebillions of webpages,they maycontainthe
only extant resourcesin specializedlanguages.For all the atten-
�
http://www.dbs.cdlib.org/?CSdb=cat�
http://www.copac.ac.uk/copac

tion paidto miningwebpagesfor paralleltexts,they cangleanfew
resourcesoutsidethemainstreamlanguages– for exampleparallel
webpagesof ArabicandEnglisharecurrentlyalmostnon-existent,
partly becausetherewas,until recently, no standardcharacterrep-
resentationin usefor Arabicon theWWW.

3. ENTRY VOCABULARY INDEXES TO MAP
LIBRAR Y CATALOG DATA

For the pastseveral years,our researchgrouphasbeendevel-
opingwhatwe termEntry Vocabulary Indexes(EVIs). Entry Voc-
abulary Indexes provide statisticalmappingsbetweenwords and
phrasesin documentsandsubjectcategoriesor topical classifica-
tionswhich have beenassignedby humansto thedocuments.By
creatingthesestatisticalassociations,uservocabulary (’entry voc-
abulary’) can be mappedto the controlledvocabulary termsas-
signedby humanindexersto characterizethedocumentcontent.

The basicmethodis foundedon work donea decadeagowith
library classification[9, 8]. Thismethodrelieson four elements:

1. A training set of documentsthat have beenindexed using
the vocabulary. This training setmustbe of sufficient size
to provideadequatestatisticalcorrelationbetweencontrolled
vocabulary wordsandwordsin thetext of thedocuments.

2. NLPmethodssuchaspartof speechtaggers,dictionarylookups,
etc. areused,whenever possible,to identify nounphrasesin
thelanguageof thetext. If notavailablefor agivenlanguage,
individual words (or segmentedsetsof charactersfor lan-
guageswithout orthographicseparationof words)areused
instead.

3. Softwareandalgorithmsto generatea probabilisticmapping
betweenthe words and phrasesextractedfrom documents
andthecontrolledvocabulary usedin thecollection.

4. Softwaretoprovidesearchcapabilitiesfor thegeneratedmap-
pings. This softwaretakeswordsor phrasesin naturallan-
guagesand,usingthemappings,producesarankedlist of the
mosthighly associatedtermsin thecontrolledvocabulary.

To obtainthecollectionof documentsfor thefirst elementusu-
ally requiresthata largedatabasebeacquired,or thatnetwork ac-
cessibleresourcesbe “mined” to obtain large setsof appropriate
records. In a later sectionwe discusshow the Z39.50protocol is
usedto derive suchsamplesfrom onlinelibrary catalogs.

The mappingcurrentlyusedfor our Entry Vocabulary Indexes
is basedon a maximumlikelihoodweightingassociatedwith each
term(wordor phrase)andeachclassification.In effectweconstruct
two-waycontingency tablefor eachpairof word/phraseterms� and
classifications� asshown in table1, where� is thenumberof doc-

� ���
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Table1: Contingencytable fr omwords/phrasesto classification

umenttitles/abstractscontainingtheword or phraseandclassified
by the classification;	 is the numberof documenttitles/abstracts
containingthe word or phrasebut not the classifiedby the classi-
fication; 
 is thenumberof titles/abstractsnot containingtheword
or phrasebut is classifiedby theclassification;and � is thenumber
of documenttitles/abstractsneithercontainingthe word or phrase
norbeingclassifiedby theclassification.



Figure1: Library Catalog Query “Islamic FundamentalismAND LanguageArabic”

Theassociationscore,��
�������� , betweenaword/phrase� andan
classification� , is computedfollowing Dunning[5].
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and% � � BB�C2D , % � � EE.C2F , and%G� BHC2EB�C&D�C+E.C2F .
Furtherdetailson themethodusedmaybefoundin ourpaperin

HLT-2001[6].

4. PROTOTYPE TRANSLINGU AL VOCAB-
ULARY MAPPING SOFTWARE

Thanksto a specialarrangementwith theCaliforniaDigital Li-
brary(CDL)3, weobtainedaprivatecopy of theUniversityof Cali-
fornia’sMELVYL catalogdatabasewhichcontains10,091,737records,
I
http://www.cdlib.org/

of which 4,626,793werenon-English.We utilized the entryvoc-
abulary index methodologyto createmappingsfrom Library of
CongressSubjectHeadingsto words found in book titles in the
following nine languages:Arabic, Chinese,French,German,Ital-
ian,Japanese,Portuguese,RussianandSpanish.Figure2 showsan
examplemappingfrom theLCSH term“Islamic Fundamentalism”
to thehighestrankedthreewordsin theselanguages.

Themessage“not in the trainingset” meansthat for therewere
nobookson thatsubjectin thatlanguage.

This exampleshows a singleuseof the resource.We have also
developedthereversemappingsfrom non-Englishlanguagesto Li-
braryof CongressSubjectHeadings.If thisfeatureis used,onecan
entera Germanword suchas ’wirtschaftspolitik’ and the system
will returntheLCSHheading’economicpolicy’, which is anexact
Englishtranslationof theword. We have attacheda keyboardfea-
turewhich supportstheCyrillic alphabet,soa Russianword such
as J9KML<K�NPO#Q can be enteredand the systemwill return the sub-
ject heading’TranslatingandInterpreting’.Thequeryword Über-
setzungin a Germanquerywould returnthesameLCSH heading,
leadingto the possibleequivalenceof J9KML�KRNPO*Q to Übersetzung
in a bi-lingual Russian-Germanlexicon. In this way the assigned
LCSH headingfunctionsas an interlingual betweenthe Russian



Figure2: Mapping SubjectHeading “Islamic Fundamentalism” to several languages

andGermanlanguages.
Languagecoverageandsizeof our resourceis shown in thefol-

lowing table2 for languageswith morethan20,000recordsin the
catalog:

Language N Docs Language N Docs
German 840,032 Danish 41,517
Spanish 641,025 Hebrew 41,468
French 609,089 Czech 35,432
Russian 341,050 Urdu 30,206
Italian 266,424 Turkish 30,015
Portuguese 149,389 Bulgarian 27,850
Chinese 127,636 Norwegian 26,478
Japanese 110,956 Korean 25,979
Arabic 96,124 Rumanian 25,874
Dutch 90,170 Finnish 25,027
Latin 88,818 Thai 24,693
Polish 81,698 Serbo-croat 24,601
Indonesian 59,445 Greek 23,926
Swedish 53,854 Bengali 23,430
Hungarian 46,330 Catalan 20.392
Hindi 42,886 Tamil 20,232

Table 2: University of California Catalog’s Non-English Lan-
guageDistrib ution

In addition,thereare106additionallanguageswith at least500
catalogrecords.Notethat,unlikewebpages,asignificantpresence
of theLatin languageis present.Notealsothatanumberof Eastern
Europeanlanguagesarerepresented,aswell asfour of the major
Indiansubcontinentlanguages(Hindi, Urdu,BengaliandTamil).

Our prototypetranslingualvocabulary resourcecanbefoundat
http://otlet.sims.berkeley.edu/mulevm2.html

5. EXTRACTING LANGUAGE RESOURCES
FROM ONLINE LIBRAR Y CATALOGS

A multilingual resource,suchastheonedescribedabove,canbe
developedin two ways: 1) aquiringa largemultilingual database,
suchastheMELVYL database,or 2) incrementallyextractingin-
formation in the desiredlanguagesfrom multiple online catalog
databases.For over two decadesresearch,academic,andpublic li-
brarieshavebeenmoving their cataloginformationto digital form.
Onerequirementfor many of thesesystemswastheability to use
theZ39.50protocolto receivequeriesfrom remoteusers(oftenvia
someotheronline catalogsystem).Over this periodmany public
anduniversity librariesthatwerecreatingor purchasinganonline
catalogsystemrequiredthat thesystemsupportZ39.50. This has
resultedin a large installedbaseof Z39.50Servers that provide
(usually)MARC bibliographicinformationof thesortusedto cre-
atethemultilingual resourcedescribedearlierin this paper.

TheZ39.50Informationretrieval protocolis madeup of a num-
ber of ”f acilities”, such as Initialization, Search, and Retrieval.
Eachfacility is a logical group of services(or in somecases,a
singleservice)thatperformvariousfunctionsin theinteractionbe-
tweena client (origin) anda server (target). The facilities thatwe
will beconcernedwith in whatfollows aretheSearchFacility, the
Retrieval Facility, theExplainFacility, andtheBrowseFacility.

5.1 The Search Facility
TheZ39.50Searchfacility permitstheclientto submitaarbitrar-

ily complex query(usuallyBoolean,althoughsomesystemspermit
ranked searchesaswell) to a Z39.50server in a standardizedrep-
resentation.Theserver, in turn, returnsto theclient a standardized
representationof thesearchresults(e.g.,numberof itemsretrieved,
diagnosticor error information, a result set identifier, etc.) and
optionally someor all of thematchingrecords,alsoin a standard
recordsyntax.A basicsetof searchattributeshasbeendefinedin
theZ39.50standard,known asBIB-1. TheBIB-1 attributesethas



beenbasedlargely on the requirementsof bibliographicretrieval
for onlineS library catalogsandincludesstandardrepresentationsfor
searchelementssuchaspersonalandcorporateauthors,titles,sub-
jects,date,andlanguage(andmany otherelementslargelyderived
from theelementsof theMARC recordsusedin onlinecatalogsys-
tems).

5.2 The Retrieval Facility
TheZ39.50Retrieval Facility allows the client to requestsome

numberof recordsderived from thoseidentifiedby a Searchin a
specificrecordsyntax. Although differentserverssupportdiffer-
ent recordsyntaxes,for online library catalogsthevariousMARC
recordsyntaxesor the SUTRS(SimpleUnstructuredText Record
Syntax)aremostcommon.

5.3 The Explain Facility
The Z39.50Explain facility permitsthe client to obtain infor-

mationabouttheserver implementation,includinginformationon
databasessupported,attribute setsused(an attribute set specifies
theallowablesearchfieldsandsemanticsfor a database),diagnos-
tic or error information, recordsyntaxes and information on de-
fined subsetsof recordelementsthat may be requestedfrom the
server (called elementsets).The server (optionally) maintainsa
databaseof Explaininformationaboutitself andmaymaintainEx-
plain databasesfor otherservers. Theexplain databaseappearsto
the client asany otherdatabase,andusesthe Z39.50Searchand
Retrieval facilitiesto queryandretrieve informationfrom it. There
arespecificattributes,searchtermsandrecordsyntaxesdefinedin
the standardfor the Explain databaseto facilitate interoperability
amongdifferentserver implementations.

5.4 Z39.50BrowseFacility
As thenameof this facility implies,it wasoriginally intendedto

supportbrowsingof theserver contents,specificallythe itemsex-
tractedfor indexing thedatabases.Thesingleservicein theBrowse
facility is theScanservice.It is usedto scananorderedlist of terms
(subjectheadings,titles,keyword, text terms,etc.) drawn from the
database.Most implementationsof the Scanservicedirectly ac-
cessthecontentsof the indexeson theserver andreturnrequested
portionsof thoseindexesasanorderedlist of termsalongwith the
documentfrequency for eachterm.

5.5 Using Z39.50 to Harvest Linguistic Re-
sources

Thereareseveralapproachesfor usingZ39.50to extractrecords
thatmaybeusedto build linguistic resourceslike themultilingual
EVM describedabove. Themethoduseddependson thefacilities
available on a given Z39.50server, and on the supportedsearch
attributesof theserver.

Theoptimalsituationis wheretheserversupportsall of thefacil-
itiesdescribedin theprecedingsections.In thiscasetheextraction
programcanusetheexplain facility to discover thesearchableele-
mentsfor theserver, andmayusethescanfacility to extractterms
from theindexesof theserver(see[10] for adiscussionof thistech-
nique). If the server permitsdirect searchby language,then the
completesetof recordsin a given languagecanberetrieved from
the server andusedto build a mapping. If (aswith someservers)
languagecanonly be usedin conjunctionwith anothersearchel-
ementto restricttheresultsetto recordsin that language,thenthe
extractionprogrammay needto usemultiple searchesto selecta
topicalor othersubsetof therecordsin thetargetlanguage.

Systemsthat provide this sort of optimal accessvia Z39.50in-
cludetheMELVYL catalogandtheCOPACcataloghostedbyManch-

esterComputingin the U.K. In the COPAC catalog,for example,
a Z39.50searchfor language=arabicreturns44549recordswith
Arabic titles. OtherZ39.50accessiblelibrary catalogsincludethe
catalogof the Library of Congress,aswell asserversfor the Na-
tional Librariesof Australia,Poland,andWalesamonghundreds
of otheruniversityandpublic librariesor consortiaof libraries.

The“worst case”scenariofor harvestinginformationto build a
multilingual resourceis wheretheserverdoesn’t supportsearch(or
limitation of asearch)by thelanguageusedin therecords,andlim-
itationsareplacedonserver suchasa limited numberof itemsthat
mayretrieved. Evenin this casemultiple topicalor othersearches
maybeperformedandtherestrictionto thetargetlanguagemaybe
doneon theclient side.

For serversthatsupporttheOAI (OpenArchivesInitiative) pro-
tocol4 anddo not supportZ39.50,it shouldbepossibleto usethe
“ListRecords”verbin OAI to extractall recordsfrom agivendata-
base,and to thenselectthosein the languagesof intereston the
client side.

6. ISSUESAND CURRENT DEVELOPMENT
Two major issuesremainto beresolvedby furtherdevelopment

to morecompletelyexploit thepotentialof thisnew resource.They
aretransliterationandback-transliterationfor non-Europeanscripted
languages,and phrasemappingfor non-Englishlanguages.You
will notefrom figure2 that theArabic wordsreturnedin response
to theEnglishqueryarein a Romanizedcharacterset,that is they
have beentransliteratedfrom their original Arabic. In order for
themto beusefulin search,thewordswill haveto be“backtranslit-
erated”.Transliterationof thetitle wordshasbeendoneby library
cataloguerswho follow rulessetout by theAmericanLibrary As-
sociationand the Library of Congress[2] – however theserules
have not, in general,beeninstantiatedin software. Our project
will, at least,want to provide “back transliteration”to theoriginal
language’s alphabetandscript in order to make the wordsrecog-
nizableandusefulfor onlinesearch.This latter is problematicfor
somelanguagesbecausethepreferedALA/LC transliterationis not
reversablewithout considerableprocessing(e.g.,similar sounding
charactersor groupsof charactersin the sourcelanguagemay be
mappedto a singlephoneticallysimilar transliteration,but it may
beverydifficult to infer whattheoriginalcharacterswerefrom that
transliteration).

Second,thecurrentversionof thelibrary languagemappingdeals
with singlewordsonly in thetargetlanguage(althoughit will search
for phrasesin Englishwithin theLibrary of CongressSubjectHead-
ings). Thus,for example,in figure2, theItalian word ’fondamen-
talismo’ would properlybe replaced/relatedto thephrase’Fonda-
mentalismoislamico’. To dothisthoroughlywouldrequirepart-of-
speechtaggingin all target languages.However, a simpleform of
statisticalphraseidentificationcanbedoneby examiningbigrams
(consistingof two adjacentwords)using the expectedmutual in-
formationmeasure,whichcomputesthedeviationfrom randomex-
pectationof finding thetwo constituentwordsadjacentin a corpus
The authorshave previously utilized this techniquefor statistical
segmentationof Chinesetext [4].

In additionwe arecurrentlyundertakingexperimentsto evalu-
ateour multilingual EVM resourcein cross-languageinformation
retrieval. A particularly good venuefor evaluation is the CLEF
collection, utilizing the LCSH to all languagesfor translationof
CLEF queriesfrom Englishto French,German,Italian andSpan-
ish. Anotherexampleof evaluationwould be to randomlysample
the Germancollection of titles to simulatelessdenselanguages.
T
http://www.openarchives.org



For example,to simulatetheTamil languagewould requirea Ger-
mansampleU of 20,232titles, andthusthesamplingfractionwould
be ��V��XW��*Y5Z\[XV�V�W��]�^V0_ V���[�@ . Theeffectivenessof a sampledvoc-
abulary could thenbemeasuredagainsta full vocabulary in cross-
languageretrieval evaluations.

We arealso testingthe useof the multilingual EVMs that we
have developedastools to automaticallyassigncontrolledvocab-
ulary to documentsbasedon the mappingsdescribedabove. For
this purposewe areusingsamplesof recordsandthencomparing
the actualassignmentsof subjectheadingsby humanindexers to
thehighly rankedsubjectssuggestedby the theEVM whentheti-
tlesaresubmittedasa query. Wehopeto reporton this work at the
meeting.Somepreliminaryresults(usingEnglishlanguagemate-
rialsonly) indicatethatexactprediction(wherethedesiredheading
is the top-ranked headingfrom the EVM) only occursabout12%
of thetime,but thatthe“correct” headingis amongthetop10sug-
gestedby theEVM over 40%of the time (usinga sampleof over
100,000recordsthatwerenotusedin building theEVM).
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