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ABSTRACT Keywords

This paperpresentsa methodof information hanestingand con-
solidationto supportthemultilingual informationrequirements$or

cross-languagmformationretrieval within digital library systems.

We describea way to createboth customizedilingual dictionar

ies and multilingual query mappingsfrom a sourcelanguageto

mary target languages.We will describea multilingual concep-
tual mappingresourcewith broadcoverage(over 100 written lan-
guagescan be supported}hatis truly multilingual asopposedo

bilingual paringsusually derived from machinetranslation. This
resourceis derived from the 10+ million title online library cata-
log of the University of California. It is createdstatisticallyvia
maximumlik elihood association$rom word and phrasesn book
titles of mary languaged€o humanassignedsubjectheadingsin

English. The 150,000subjectheadingsanform interlinguamap-
pingsbetweenpairsof language®r from onelanguageo several
languages.While our currentdemonstratiorprototypemapsbe-
tweenten languagegEnglish, Arabic, Chinese French,German,
Italian, JapaneseRortugueselRussian Spanish) extensiongto ad-
ditional languagesre straightforvard. We alsodescribehow this

resourceis being expandedfor languagesvherelinguistic cover

ageis limited in our initial databaseby automaticallyhanesting
new information from internationalonline library catalogsusing
theZ39.50networkedlibrary searchprotocol.

Categoriesand Subject Descriptors

H.3.3[Information Search and Retrieval]: SearctprocessH.3.7
[Digital Libraries]: SystemsssuesH.5.2[UserInterfaces]: Nat-
uralLanguage

General Terms
Algorithms, Design
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try Vocahulary Indexes

1. INTRODUCTION

As digital libraries expandin scopeand contentto includere-
sourcesn avariety of languagedrom internationalsourcesthere
is anincreasingneedfor multilingual informationaccesdo those
resources. Researchprograms,such as those sponsoredby the
DARPA TIDES (The Translinguallnformation Detection,Extrac-
tionandSummarizatioprogram) have beendevelopingnen meth-
odsto acceleraténformation interchangeacrosslanguagebarri-
ers. Although automaticmachinetranslationbetweerpairsof lan-
guagess moderatelyvell-developedbetweerEnglishandtheworld’s

majorlanguagesgincludingChinesefFrench German|talian, Japanese,

Portuguesand Spanish)}the samefacilities do not exist between
otherpairs of theselanguagegfor examplebetweenGermanand
Japanesegndareeven morerarewhendealingwith lesscommon
languagesuchasthoseof the Indian Subcontinent.

Theresourceequirementfor commerciabualitymachingrans-
lation are significant— it hasbeenestimatedthat a high quality
generalbilingual dictionary of at least250,000wordsis a mini-
mal resourcdor agoodmachinetranslationrsystem.Theemeging
field of statisticalmachinetranslation[3] utilizes entirely differ-
entresources- parallelcorporawhich cantrain statisticaldecoding
algorithmsfor automatictransferbetweenlanguages.The major
parallelcorporawhich have beenutilized thusfar have comefrom
political bodiesin developedcountrieswvhich have arequiremento
usehumando translatebetweerpfficial language®f thebody vis
theCanadiarHansard¢English,French)11] andtheofficial docu-
mentsof theUnitedNations(Arabic[16], ChineseEnglish,French
andRussian) Whenonestepsoutsidethesdanguagesparallelre-
sourcesaredifficult, if notimpossibleto obtain. Evenwith these
languagespneis facedwith the developmentof sentencealign-
mentalgorithmswhich accountfor variationsin sentencdength,
word orderandword lengthbetweerthetwo languages.

More recently the vastinformation contentof the WWW has
beenlookedto asa sourcefor parallelcorpora.Webpagesn Ger
man or Japanesefor example,may have analogougpagesin En-
glish on the samesite which have beentranslatedrom the origi-
nal languagepage.Algorithmsandsoftwaremustbe developedto
mine theseweb pagesandto extract paralleltext fragments(sen-
tencesparagraphsgjocumentsyvhich cansene thesamepurposes
asthe parallelreserwirs of literaturepublishedby socio-political



entities[15, 12]. Web resourcef this type arelesslikely to be
developedwith the samedegreeof attentionto detail astransla-
tions doneby professionatranslatorgor official governmentpur-
poses.Thatis to say from a statisticalpoint of view, they arenoisy
channels. In addition, if the desireis to go beyond the world’s
mainstreanfanguageso, sayArabic, Farsi,or arny Indiansubcon-
tinentlanguagepnefinds extremelylimited parallelresourcesnd
is facedwith ananarchyof charactesetsandfont representations
usedby websites.

Finally, cross-languagiaformationretrieval cannot,in general,
be directly performedacrossmultiple groupsof languagesin the
multilingual retrieval evaluationof CLEF (Cross-Languagé&val-
uationForum[13, 14]), accessrom non-Englishqueriesto other
non-Englishdocumentss usually performedby translatingtwice,
from query sourcelanguageto Englishandthenfrom Englishto
targetlanguages.Thus, Englishis usedasan intermediatepivot
language'(Dutchhasalsobeenusedin this fashionin CLEF[7].)

2. USING ONLINE LIBRARY CATALOGS
ASTRANSLINGUAL VOCABULARY RE-
SOURCES

Our searchfor a nev sourceof multilingual resourceslerives
from a backgroundof library researchTheworld’s greatresearch
anduniversity librarieshave book contentwhich spangheworld’s
languagesFor examplein the University of California’s electronic
catalogMELVYL ! nearlyhalf its 13 million title collectionis non-
English.As anexamplewe mightsubmitthequery“find subjectis-
lamic FundamentalisPAND LanguagéArabic” andobtainscreens
of resultsasin Figurel.

Whatdoesthisimply? Thatasinglequeryto this library catalog
yields 130 Arabic languagesamplescodedwith the topic “Islamic
Fundamentalism”.The implicationsfor multilingual information
accessare enormous.Indeed,if we further submitanotherquery
“Find subjectlslamic FundamentalistAND Languagenot (En-
glish or Arabic)” we would obtainanother55 bookrecordscover-
ing nine additionallanguageg¢Bengali9 bookrecords Frenchl3,
German9, Hebrav 3, Indonesiar3, Malay 2, Russiard, Turkish
4 andUrdu 2). The University of Californialibrary catalogis but
oneof morethan1000remotelysearchabléibrary catalogsvorld-
wide. Mary (if notmost)of thesecatalogsaresearchabl@singthe
internationaktandardsearchandretrieval protocolZ39.50[1]. For
example,CORAC, thelibrary catalogof the United Kingdom and
Ireland’s academidibrarie$ containsover 9 million recordswith
44,321in Arabic. We describethe methodfor “harvesting” such
resourcedn alatersection.

Thereareotheradwantagego exploiting library catalogfor mul-
tilingual tasks. Library catalogdatabaseare structuredaccording
to internationalstandardgor metadatasuchasthe MARC format
which hasbeenin usefor morethan30 years(asopposedo Web
pageswhich possessio standardormat). The dataaretaggedwith
rich metadatdwhile Webpageshave limited or non-istentmeta-
data). Thedatacontentis identifiedaccordingto well-definedrules
andcontrolledvocahulariessuchasAACR2(Anglo-AmericanCat-
aloging Rules, 2nd Edition) andthe Library of CongressSubject
HeadinggLCSH). In contrastWebpagegarelyhave their content
identified. Moreover, while electroniconline library catalogsare
limited in size (for example 13 million itemsat the University of
California) versusthe billions of web pagesthey may containthe
only extant resourcesn specializedanguages.For all the atten-

Lhttp://www.dbs.cdliborg/?CSdb=cat
Zhttp://www.copac.ac.uk/copac

tion paidto mining webpagedor paralleltexts, they cangleanfew
resource®utsidethe mainstreamanguages- for exampleparallel
webpageof ArabicandEnglisharecurrentlyalmostnon-eistent,
partly becausgherewas, until recently no standarccharacterep-
resentatiorin usefor Arabic onthe WWW.

3. ENTRY VOCABULARY INDEXES TO MAP
LIBRAR Y CATALOG DATA

For the pastseveral years,our researctgroup hasbeendevel-
opingwhatwe term Entry Vocahulary Indexes(EVIs). Entry Voc-
alulary Indexes provide statisticalmappingsbetweenwords and
phrasesn documentsand subjectcategoriesor topical classifica-
tionswhich have beenassignedy humansto the documents By
creatingthesestatisticalassociationsjservocahulary ('entry voc-
alulary’) can be mappedto the controlledvocalulary terms as-
signedby humanindexersto characterizéhe documentontent.

The basicmethodis foundedon work donea decadeagowith
library classificatior]9, 8]. This methodrelieson four elements:

1. A training setof documentghat have beenindexed using
the vocahulary. This training setmustbe of sufiicient size
to provide adequatstatisticalcorrelationbetweercontrolled
vocahulary wordsandwordsin thetext of thedocuments.

2. NLP methodssuchaspartof speechiaggersdictionarylookups,
etc. areused wheneer possibleto identify nounphrasesn
thelanguagef thetext. If notavailablefor agivenlanguage,
individual words (or sggmentedsetsof characterdor lan-
guageswithout orthographicseparatiorof words) are used
instead.

3. Softwareandalgorithmsto generate probabilisticmapping
betweenthe words and phrasesextractedfrom documents
andthe controlledvocalulary usedin the collection.

4. Softwareto provide searctcapabilitiedor thegeneratednap-
pings. This software takeswordsor phrasesn naturallan-
guagesand,usingthemappingsproducesarankedlist of the
mosthighly associatetermsin the controlledvocalulary.

To obtainthe collectionof documentdor the first elementusu-
ally requiresthata large databasde acquired,or thatnetwork ac-
cessibleresourcede “mined” to obtain large setsof appropriate
records. In a later sectionwe discusshow the Z39.50protocolis
usedto derive suchsampledrom onlinelibrary catalogs.

The mappingcurrently usedfor our Entry Vocalulary Indexes
is basedon a maximumlik elihoodweightingassociatedavith each
term(wordor phrasepndeachclassificationln effectwe construct
two-way contingenyg tablefor eachpairof word/phraseéermst and
classificationg” asshavn in table1, wherea is thenumberof doc-

Cc -C
t a b
-t | C d

Table 1: Contingencytable from words/phrasesto classification

umenttitles/abstractgontainingthe word or phraseandclassified
by the classification;b is the numberof documenttitles/abstracts
containingthe word or phrasebut not the classifiedby the classi-
fication; ¢ is the numberof titles/abstractsot containingthe word
or phrasebut is classifiedby theclassificationandd is thenumber
of documenttitles/abstractseithercontainingthe word or phrase
nor beingclassifiedby the classification.



Figure 1: Library CatalogQuery “Islamic FundamentalismAND LanguageArabic”

Theassociatiorscore, C' t , betweeraword/phrase andan
classificationC, is computedollowing Dunning|[5].

Ct 1aa b scec d (1)
aa b cec d 2)
where
(3)
and 4, —, 2 —,and

Furtherdetailsonthe methodusedmaybefoundin our papern
HLT-2001[6].

4. PROTOTYPE TRANSLINGU AL VOCAB-
ULARY MAPPING SOFTWARE

Thanksto a specialarrangementvith the California Digital Li-
brary(CDL)3, we obtaineda privatecopy of theUniversityof Cali-

fornia'sMELVYL catalogdatabasehichcontainsl0,091,73%ecords,

http://www.cdlib.org/

of which 4,626,793were non-English.We utilized the entry voc-

alulary index methodologyto createmappingsfrom Library of

CongressSubjectHeadingsto words found in book titles in the
following nine languagesArabic, ChineseFrench,German tal-

ian, JapanesdlortugueseRussiarandSpanish Figure2 shavs an

examplemappingfrom the LCSH term“Islamic Fundamentalism’
to the highestranked threewordsin theselanguages.

The messagénot in the training set” meanghat for therewere
no booksonthatsubjectin thatlanguage.

This exampleshawvs a singleuseof the resource We have also
developedthereversemappinggrom non-Englisnanguageso Li-
braryof Congres$SubjectHeadingslf thisfeatureis used,onecan
entera Germanword suchas wirtschaftspolitik’ and the system
will returntheLCSH headingeconomicpolicy’, whichis anexact
Englishtranslationof theword. We have attachedh keyboardfea-
ture which supportsthe Cyrillic alphabetso a Russianword such
as can be enteredand the systemwill returnthe sub-
jectheading TranslatingandInterpreting’. The queryword Uber
setzungn a Germanquerywould returnthe samel CSH heading,
leadingto the possibleequivalenceof to Ubersetzung
in a bi-lingual Russian-Germatexicon. In this way the assigned
LCSH headingfunctionsas an interlingual betweenthe Russian

4



Figure 2: Mapping SubjectHeading “Islamic Fundamentalism” to several languages

andGermananguages.

Languagecoverageandsizeof our resourcds shavn in thefol-
lowing table2 for languagesvith morethan20,000recordsin the
catalog:

Language | N Docs | Language | N Docs
German 840,032| Danish 41,517
Spanish 641,025| Hebrev 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-croatl 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,thereare 106 additionallanguagesvith atleast500
catalogrecords.Notethat,unlike web pagesasignificantpresence
of theLatin languages presentNotealsothatanumberof Eastern
Europeanianguagesrerepresentedaswell asfour of the major
IndiansubcontinentanguagegHindi, Urdu, Bengaliand Tamil).

Our prototypetranslingualvocahulary resourcecanbe found at
http://otlet.sims.berdey.edu/mulem?2.html

5. EXTRACTING LANGUAGE RESOURCES
FROM ONLINE LIBRARY CATALOGS

A multilingual resourcesuchastheonedescribedabore, canbe
developedin two ways: 1) aquiringa large multilingual database,
suchasthe MELVYL databaseor 2) incrementallyextractingin-
formationin the desiredlanguagesrom multiple online catalog
databased-or over two decadesesearchacademicandpublic li-
brarieshave beenmaving their cataloginformationto digital form.
Onerequiremenfor mary of thesesystemsvasthe ability to use
theZ39.50protocolto receve queriesrom remoteusergoftenvia
someotheronline catalogsystem). Over this period mary public
anduniversity librariesthatwerecreatingor purchasingan online
catalogsystemrequiredthat the systemsupportZ39.50. This has
resultedin a large installed baseof 239.50 Seners that provide
(usually)MARC bibliographicinformationof the sortusedto cre-
atethe multilingual resourcedescribecearlierin this paper

The 239.50Informationretrieval protocolis madeup of a num-
ber of "facilities”, suchas Initialization, Seach, and Retrieval.
Eachfacility is a logical group of services(or in somecasesa
singleservice)thatperformvariousfunctionsin theinteractionbe-
tweena client (origin) anda sener (target). The facilitiesthatwe
will beconcernedvith in whatfollows arethe SearchFacility, the
Retrieval Facility, the Explain Facility, andthe BrowseFacility.

5.1 The Search Facility

Thez39.50Searcltfacility permitstheclientto submitaarbitrar
ily comple query(usuallyBoolean althoughsomesystemspermit
ranked searchesiswell) to a Z39.50sener in a standardizedep-
resentationThesener, in turn, returnsto the clienta standardized
representationf thesearchresults(e.g.,numberof itemsretrieved,
diagnosticor error information, a result setidentifier, etc.) and
optionally someor all of the matchingrecords,alsoin a standard
recordsyntax. A basicsetof searchattributeshasbeendefinedin
the Z39.50standardknown asBIB-1. TheBIB-1 attribute sethas



beenbasediargely on the requirementof bibliographicretrieval
for onlinelibrary catalogsandincludesstandardepresentationfor
searchelementsuchaspersonabhndcorporateauthorstitles, sub-
jects,date,andlanguaggandmary otherelementdargely derived
from theelementof theMARC recordsusedin onlinecatalogsys-
tems).

5.2 The Retrieval Facility

The Z39.50Retrieval Facility allows the client to requestsome
numberof recordsderived from thoseidentified by a Searchin a
specificrecordsyntax. Although differentseners supportdiffer-
entrecordsyntaxes,for onlinelibrary catalogshe variousMARC
recordsyntaxes or the SUTRS(Simple UnstructuredText Record
Syntax)aremostcommon.

5.3 The Explain Facility

The Z39.50Explain facility permitsthe client to obtaininfor-
mationaboutthe sener implementationjncluding informationon
databasesupportedattribute setsused(an attribute set specifies
the allowablesearcHields andsemanticgor a database)liagnos-
tic or error information, record syntaxes and information on de-
fined subsetf record elementsthat may be requestedrom the
sener (called elementsets).The sener (optionally) maintainsa
databasef Explaininformationaboutitself andmay maintainEx-
plain databasefor otherseners. The explain databaseppearso
the client asary otherdatabaseand usesthe Z39.50 Searchand
Retrieval facilitiesto queryandretrieve informationfrom it. There
arespecificattributes,searchtermsandrecordsyntaxesdefinedin
the standardfor the Explain databaséo facilitate interoperability
amongdifferentsenerimplementations.

5.4 Z39.50BrowseFacility

As thenameof this facility implies, it wasoriginally intendedto
supportbrowsing of the sener contents specificallythe items ex-
tractedfor indexing thedatabasesT hesingleservicein the Browse
facility istheScanservice.lt is usedto scananorderedist of terms
(subjectheadingstitles, keyword, text terms,etc.) dravn from the
database.Most implementationf the Scanservicedirectly ac-
cessthe contentsof theindexeson the sener andreturnrequested
portionsof thoseindexesasanorderedist of termsalongwith the
documenfrequeny for eachterm.

5.5 Using Z39.50 to Harvest Linguistic Re-
sources

Thereareseveralapproachefor usingZ39.50to extractrecords
thatmay be usedto build linguistic resourcesik e the multilingual
EVM describechbore. The methoduseddependsn thefacilities
available on a given Z39.50 sener, and on the supportedsearch
attributesof thesener.

Theoptimalsituationis wherethe sener supportsall of thefacil-
ities describedn the precedingsections.n this casethe extraction
programcanusethe explain facility to discover the searchablele-
mentsfor the sener, andmay usethe scanfacility to extractterms
fromtheindexesof thesener (se€/10] for adiscussiorof thistech-
nique). If the sener permitsdirect searchby languagethenthe
completesetof recordsin a givenlanguagecanbe retrieved from
the sener andusedto build a mapping. If (aswith someseners)
languagecanonly be usedin conjunctionwith anothersearchel-
ementto restrictthe resultsetio recordsin thatlanguagethenthe
extraction programmay needto usemultiple searchego selecta
topicalor othersubsebf therecordsn thetargetlanguage.

Systemghat provide this sort of optimal accessvia Z39.50in-

cludetheMELVYL catalogandthe COFAC cataloghostedby Manch-

esterComputingin the U.K. In the CORAC catalog,for example,
a Z39.50searchfor language=arabiceturns44549recordswith
Arabic titles. OtherZ39.50accessibldibrary catalogsncludethe
catalogof the Library of Congressaswell assenersfor the Na-
tional Libraries of Australia, Poland,and Walesamonghundreds
of otheruniversity andpublic librariesor consortieof libraries.

The“worst case”scenaridfor hanestinginformationto build a
multilingual resourcés wherethesenerdoesnt supportsearchor
limitation of asearchpy thelanguageusedin therecordsandlim-
itationsareplacedon sener suchasa limited numberof itemsthat
may retrieved. Evenin this casemultiple topical or othersearches
may be performedandtherestrictionto thetargetlanguagenaybe
doneontheclientside.

For senersthatsupportthe OAl (OpenArchivesinitiative) pro-
tocol* anddo not supportZ39.50,it shouldbe possibleto usethe
“ListRecords”verbin OAl to extractall recordsfrom a givendata-
base,andto then selectthosein the language®f intereston the
clientside.

6. ISSUESAND CURRENT DEVELOPMENT

Two majorissuesemainto beresolhed by furtherdevelopment
to morecompletelyexploit the potentialof this new resource They
aretransliteratiorandback-transliteratiofor non-Europeascripted
languagesand phrasemappingfor non-Englishlanguages.You
will notefrom figure 2 thatthe Arabic wordsreturnedin response
to the Englishqueryarein a Romanizeccharacteset,thatis they
have beentransliteratedrom their original Arabic. In order for
themto beusefulin searchthewordswill haveto be“backtranslit-
erated”. Transliteratiorof thetitle wordshasbeendoneby library
cataloguersvho follow rulessetout by the AmericanLibrary As-
sociationand the Library of Congresq2] — however theserules
have not, in general,beeninstantiatedin software. Our project
will, atleast,wantto provide “back transliterationto the original
languages alphabetand scriptin orderto make the wordsrecog-
nizableandusefulfor online search.This latteris problematicfor
somelanguagebecausehepreferedALA/LC transliteratioris not
reversablewithout considerablgrocessinge.g.,similar sounding
character®r groupsof charactersn the sourcelanguagemay be
mappedo a single phoneticallysimilar transliteration put it may
beverydifficult to infer whatthe original charactersverefrom that
transliteration).

Secondthecurrentversionof thelibrary languagemappingdeals
with singlewordsonly in thetargetlanguagdalthoughit will search
for phrasedn Englishwithin theLibrary of CongresSubjectHead-
ings). Thus,for example,in figure 2, the Italian word 'fondamen-
talismo’ would properly be replaced/relatetb the phras€Fonda-
mentalismdslamico’. To dothisthoroughlywould requirepart-of-
speechtaggingin all targetlanguagesHowever, a simpleform of
statisticalphraseidentificationcanbe doneby examiningbigrams
(consistingof two adjacentwords) using the expectedmutualin-
formationmeasurewhich computeghedeviation from randomex-
pectationof finding thetwo constituenwordsadjacenin a corpus
The authorshave previously utilized this techniquefor statistical
segmentatiorof Chinesdext [4].

In additionwe are currently undertakingexperimentsto evalu-
ate our multilingual EVM resourcen cross-languagaformation
retrieval. A particularly good venuefor evaluationis the CLEF
collection, utilizing the LCSH to all languagedor translationof
CLEF queriesfrom Englishto French,German ltalian and Span-
ish. Anotherexampleof evaluationwould be to randomlysample
the Germancollection of titles to simulatelessdenselanguages.

http://www.openarchies.og



For example,to simulatethe Tamil languagewvould requirea Ger
mansampleof 20,232titles, andthusthe samplingfractionwould
be . Theeffectivenesf a sampledvoc-
alulary couldthenbe measuredgainsta full vocalulary in cross-
languageetrieval evaluations.

We are also testingthe use of the multilingual EVMs that we
have developedastoolsto automaticallyassigncontrolledvocab-
ulary to documentsasedon the mappingsdescribedabove. For
this purposewe are usingsamplesof recordsandthencomparing
the actualassignment®f subjectheadingsby humanindexersto
the highly ranked subjectssuggestedby thethe EVM whentheti-
tlesaresubmittedasa query We hopeto reporton this work atthe
meeting. Somepreliminaryresults(using Englishlanguagemate-
rials only) indicatethatexactprediction(wherethedesirecheading
is the top-ranled headingfrom the EVM) only occursabout12%
of thetime, but thatthe “correct” headings amongthetop 10 sug-
gestedby the EVM over 40% of the time (usinga sampleof over
100,000recordsthatwerenotusedin building the EVM).
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