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Abstract
Our goal is to evaluate the utility of a lexical resource containing Lexical Conceptual Structures �LCS� for use in cross�language

information retrieval� Our evaluation makes use of a combination of techniques from interlingual machine translation �Dorr� ���	� with
conventional information retrieval techniques �Oard� ���
� OardandDorr� ���
�� Given a query in one language� we transform the query
into the corresponding terms in a second language� We evaluate this approach by comparing the resulting retrieval effectiveness with two
translation�based techniques as well as two techniques for determining the lower and upper bound� The main innovation of this work is
that it provides a principled framework for controlling translation ambiguity in cross�language information retrieval applications� Our
focus is on the construction of disambiguated �target�language� queries by using verb�based entries in our lexicon to construct Lexical
Conceptual Structures �LCS��We view our approach as a crucial step toward the evaluation of the utility of our LCS�basedmultilingual
lexicon� Inaddition� this work provides abasis formeasuring the extentto which disambiguation can enhance cross�language information
retrieval effectiveness�

� Introduction

We have constructed a large database of lexical entries for
English� Spanish� and Arabic using a combination of auto

matic andsemi
automatic techniques	 Thedatabasepresently
contains approximately ������ entries per language	 Each
entryconsistsof a linguistically
motivatedrepresentationcalled
Lexical Conceptual Structure �LCS	 Our goal is to evalu

ate the utility of this representation in the context of cross

language informationretrieval �CLIR�using techniques from
bothinterlingualmachine translation�MT�Dorr� ����and
conventional IR�Oard� �����OardandDorr� ����	 As such�
we view this endeavoras a rststep toward establishing our
LCS
based lexiconas a large
scale lexical resource thathas
applicability to multilingual problems other than machine
translation	

We adoptanapproachtoCLIRthatusesNLPtechniques
basedonthe LCS representationto transformaquery inone
language into the correspondingterms fordocumentretrieval
in a second language	 Query translationhas emerged as the
mostpopularstrategy forfullyautomaticbroadcoverageCLIR�Oard�
����b	 This technique can be quite ef cient when short
queriesare presented�butsimplequerytranslationapproaches
suffer a severe penalty in effectiveness� usually achieving
abouthalf of the retrieval effectivenessof correspondingmono

lingual techniques when typical measures such as average
precisionare used	 ResearchonCLIRhas shownthattrans

lation ambiguity compounds the problem� producing a sig

ni cantadverse effectonretrieval effectiveness �Oard� ����c	
Anumberof studieshave reportedthatsimple linguistic pro

cessing suchas limiting candidate translations forqueryterms
to thosewith the same partof speech� or indexing phrases as
well as individual words� can raise this performance to per

haps ��� of themonolingual effectiveness �c	f	� �Davis and
Ogden� ����� Hull andGrefenstette� ����	

We describe a new LCS
based query translation tech

nique thattakes advantage of this key insight	 The main in

novation of this technique is that it provides a framework

fordealing with the translationambiguity problem	 Our fo

cus for initial experimentation is on construction of disam

biguated �target
language queries from verb
based entries
inourlexicon	 We evaluate the effectivenessof ourapproach
translating �� queries fromEnglish into Spanish� using the
Inquery text retrieval system to retrieve a ranked list of the
documents bestmatching each translated query� comparing
the top ranked documents to the setof documents thathave
beenjudgedto be relevantto thatquery�andthencomputing
standard IR effectiveness measures such as recall and pre

cision	

In order to establish a sound basis for comparison� we
implemented two additional approaches� MT
based query
translation�translationof eachquery into the documentlan

guageusinganexisting fullyautomaticMTsystemanddictionary

basedquerytranslation�replacementof eachquerytermwith
approrpiate translation fromanonline bilingual dictionary	
Finally� we implemented two baseline techniques without
any translation component� query construction in the same
language as the documents� and the presentation of queries
in a language differentfromthatof the documents	 We take
the rst to provide an upper bound for CLIR effectiveness
and the second to provide a lower bound	 The lower bound
is importantbecause proper names� foreign language terms
embedded in the documents� andwords with the same writ

ten form in the each language can result in fortuitous cog

nate matches thatmight� if undetected� produce the impres

sionof betterperformance fromaCLIRtechnique thanwould
be justi ed	

� Experiment Design

TheTextREtrievalConference �TREChasdevelopedlarge

scalemultilanguagecollectionsdesignedspeci callyto sup

portCLIRexperiments	 We have evaluatedourLCSdatabase
as lexical resource for CLIR using the Spanish collection
from TREC
� � El Norte  for which English queries are
available	 This collectioncontains ������Spanishnewswire



articles from a Mexican news service that were generated
in ����	 The collection has been assessed at NIST for ��
topics using apooledassessmentmethodologybasedon the
top one hundred documents from �� differentmonolingual
Spanish retrieval systems	 Topic descriptions in TREC
�
lacked title and narr elds� so only short queries can
be constructedfortheTREC
�ElNorte collection	 The orig

inal topic descriptions are in Spanish and human
prepared
English translations of the topic descriptions are available	
WhentwoEnglishtranslationswere providedwiththeTREC

� El Norte collection� we chose the rstone whichwas gen

erally the more direct �although frequently somewhatawk

ward translation	

For text retrieval we ran version �	�p� of the Inquery
systemfromtheUniversityofMassachusettsonasingleSPARC
��underthe Solaris �	� operating system	 The Inquery kstem
stemmerandthe standardEnglishInquerystopwordlistwere
usedwhenprocessing theAPdocuments andwhenprocess

ing English translations of the SDA�NZZ documents	 The
Inquery Spanish stemmer and Spanish stopword list were
usedwhen processing the Spanish El Norte documents	

Thenext ve sections summarize the veCLIRapproaches
thatwe have implemented	

� LCS�Based Query Translation �LCSQT�

Lexical conceptual structures are automatically constructed
linguistic representations that are based on lexicalized reg

ularities thatreveal meaningful semantic relationships	 Our
LCS
Basedquerytranslationapproachinvolves the construc

tionof disambiguated�target
languagequeries fromevent

basedentries in our lexicon	 The rststage of this approach
involvesasentenceanalysis componentthatbuilds asyntac

tic structure producedby aparser calledREAP�RightEdge
Adjunction Parser �Weinberg et al	� ����	 For example�
the parse tree producedforthe sentence WhatareMexico�s
attitudes toward press censorship has the following struc

ture�
� CP What i

� S ar e
� NP mexi c o
� N at t i t ude s
� PP t owar d
� NP pr e s s c e ns or s hi p� � � �

� VP ei� � �
Thenextstageof querytranslationinvolves the construc


tion of a language
independent� compositional representa

tioncalledLexicalConceptual Structure �LCS�Dorr� �����
Dorr and Olsen� ����	 For example� the LCS representa

tion for the verb be is�

� be i de nt � � t hi ng x�
� at i de nt � t hi ng x� � � t hi ng y� � �

This LCS is uninstantiated� i	e	� ithas un lledargumentpo

sitions �as indicatedby the � marker	 During the process of
LCS composition� argumentpositions are lled	 For exam

ple� the sentence above would correspond to the following
composed representation�

� be i de nt
� at t i t ude

� mexi c o � t owar d � c e ns or s hi p � pr e s s � � � � �
� at i de nt
� at t i t ude
� mexi c o
� t owar d � c e ns or s hi p � pr e s s � � � � �

� wh� t hi ng� � �

We have developed a technique for representing instan

tiatedLCS formsas queries intheParka
DBknowledge rep

resentationsystem�Evett�Hendler� andSpector� ����	 Parka

DBprovidesanef cienttechnique formatchinggraphstruc

tures thatwe use to generate the terms forthe target
language
query	 The systemproduces a collection of terms in the tar

get language based on the structure of the composed LCS	
The scalability of the Parka
DB system allows us to repre

sentlarge lexicons for the languages of interest	 The gener

ation of target
language terms entails lexical selection from
the composedLCS associatedwith each event
based term	

Our evaluation of LCSQT is based on topics SP��
��
from the TREC
� El Norte collection	� For example� the
English shortquery for topic SP�� is�

Mexi c o� s at t i t ude s t owar d
pr e s s c e ns or s hi p

The LCS for this query would be�
� at t i t ude � mexi c o � t owar d
� c e ns or s hi p � pr e s s � � � � �

and the Spanish terms generated for this LCS are�
� ac t i t ud mexi c o hac i a�
c e ns ur a pul s e pr e ns a�

Forcomparison�the of cial Spanishversionof the SP�� short
query is�

Ac t i t ude s e n Mexi c o s obr e
l a c e ns ur a de l a pr e ns a

��� MT�Based Query Translation �MTQT�

Machine translationsystemsseekto translatedocuments from
one language to another� either as an aid for human transla

tors or fordirectuse as a fairly rapid and inexpensive rough
translation	 This providesanobviousapproachto querytrans

lation� butwe are aware of only one prior experimentto use
such a technique �Radwan and Fluhr� ����	 In that exper

iment� Radwan and Fluhr compared the retrieval effective

ness of queries translated from French into English by the
SYSTRAN machine translation system with the effective

ness of their EMIR dictionary
based query translation sys

temusingaversionof the smallCran eldcollectionforwhich
Frenchqueries were available	 In thatstudy they found that
theEMIRwasmore effective thantheirMT
basedquerytrans

lation technique using SYSTRAN	 Our experiments offer
some insightinto the performanceof aMT
basedquerytrans

lation approach on larger test collections	

The Logos machine translation system thatwe used for
our experiments is a commercial product that is designed

�Of these queries� we were able to achieve full syntactic and
semantic analysis for �� case� The remaining  cases were notan�
alyzable by theREAPparser� Modi cations toREAPare currently
underway to accommodate the syntactic phenomena that occur in
those sentences� The queries thatwere handledwere� SP�
� SP���
SP�� SP��� SP	�� SP		� SP	�� SP	�� SP	
� SP	�� SP��� SP���
SP��� SP��� SP�� and SP���



to assisthumantranslators byautomaticallypreparing fairly
good translations of individual documents	� The system is
typicallyusedbytranslationbureausandotherorganizations
as the rst stage of a machine
assisted translation process�
and we have previously used it for cross
language routing
experiments �Oard� ����a	 The Logos system includes ex

tensive facilities for adding domain
speci c technical ter

minology and new linguistic constructs� but for the experi

ments reportedhere we usedonly themachine readable dic

tionaries and semantic rules that are delivered as standard
components of the product	

We used the Logos system to translate English queries
into Spanish for use with the El Norte collection	 Since the
Logos systemis designedto generate readable translation� it
generates only a single best guess translation for any in

put	 ThusMTQTis mostsimilar to the DQT
SWtechnique
in which a single candidate translation is retained	

��� Dictionary�Based Query Translation �DQT�

By far the mostcommonly used query translationapproach
is to replace each query term with appropriate translations
thatare automaticallyextractedfromanonlinebilingual dic

tionary �c	f	� �Hull and Grefenstette� ����� Ballesteros and
Croft� ����	 Fortranslatingqueries fromEnglishinto Span

ishwe used aSpanish
Englishbilingual dictionary thatwas
producedspeci cally for this evaluation froma lexicon that
had originally been developed for a foreign language tutor

ing application �Dorr� ����� Weinberg et al	� ����	 The
original lexiconcontained������uniqueSpanishstems cor

responding to ������� morphological variants and ������
bilingual pairs	 We usedatwo
levelKimmo
basedmorphol

ogy system�Antworth� ���� to generate all morphological
variants of termsmatching the English terms �stemmedand
unstemmed for the subset of the topics that we processed
in the El Norte collection	

It is common for a single word to have several trans

lations� some with very differentmeanings	 It is not at all
clear how one should design an algorithm to extract only
the appropriate translations using this information� so we
have implementedfoursimpledictionary
basedquerytrans

lationtechniques thattogetherexplore the effects of winner

take
all� word
match and stem
match approaches	� We il

lustrate the effectof each technique with a Spanish transla

tion of query SP�� above�

Single Word �SW� The rstexactsinglewhole
wordmatch
in the dictionary	�

� �

Single Word� Stemmed �SWS� The rstexactsinglewhole

wordmatch if present� otherwise the rstexactsingle

�LogosCorporation� ��� HowardBoulevard� Suite ����Mount
Arlington� NJ���
 USA

�Bilingual dictionaries typically provide phrasal level entries
as well� We were limited in the current experiment to single�word
entries� Subsequent experiments will make use of an enhanced
lexicon that contains phrasal level translations entries for both the
source and target languages�

�An exact match is one inwhich the two character strings are
the same lengthandeachcharacter inthe two strings matches anda
whole word is a string of characters thatappear in the document�

stemmatch	�

� �

EveryWord �EW� Every exact single whole
wordmatch
in the dictionary	
� �

EveryWord� Stemmed �EWS� Everyexactsingle stemmatch
in the dictionary	
� �

In every case we replace each word in the query with the
correspondingword ineverymatching bilingual pair to pro

duce a version of the query that can be compared with the
documents in the collection	 Words thatappear in the stan

dardEnglishInquerystopwordlistare nottranslatedandthus
donotaffectthe translatedquery�butwords thatdonotmatch
any dictionary entry are included unchanged in the trans

lated query	 Because our dictionaries are sorted in alpha

betical orderrather thanwith regard to the predominance of
a give translationwithin a known domain� the semantic ef

fectof techniques SWandSWS are likely to be close to that
achieved by random selection of a single translation from
the sets produced in techniques EWandEWS respectively	

��� Upper Bound	 Same Language Query �SLQ�

To approximate an upper bound for the performance of any
CLIRsystem�we comparedthe retrieval effectivenessof our
three experimental approaches with the retrieval effective

ness achieved by using queries that are given in the same
languageas the documents	 Forexample� querySP��would
be presentedas � Ac t i t ude s e n Mexi c o s obr e l a
c e ns ur a de l a pr e ns a� whenretrievingElNortedoc

umentsandas � Mexi c o� s at t i t ude s t owar d pr e s s
c e ns or s hi p� when retrieving English documents	

��
 Lower Bound	 Foreign Language Query �FLQ�

Monolingual information retrieval systems sometimes pro

duce useful results because of fortuitous matches between
words indifferentlanguages�propernames thatare rendered
inthe sameway indifferentlanguages�andforeignlanguage
terms in the documents that happen to be in the query lan

guage	 Forexample� theEnglishversionof querySP�� shown
above contains the propername Mexico which also often
appears inrelevantSpanishdocuments	 Inorderto establish
a practical lower bound on retrieval effectiveness we have
used both untranslated queries and untranslated documents
to reveal the effectof these cognate matches	

	 Results

Table � summarizes the non
interpolated average precision
results for the El Norte collection	 The average precision
for the LCSQTwas better than that achieved by any DQT
technique andcomparable to thatachievedbyMTQT	From
this we conclude that further investigation of the LCSQT
approach is justi ed	�

�We used the Porter stemmer for English that is available from
ftp���ftp�vt�edu�pub�reuse�IR�code�for this purpose�

�Interestingly� the average precision of LCSQTsurpassed that
of even SLQ on topic SP	�� A closer examination reveals that



Topic
Technique SP�� SP�� SP�� Average

SLQ �	���� �	���� �	���� �	����

DQT
SW �	���� �	���� �	���� �	����
DQT
SWS �	���� �	���� �	���� �	����
DQT
EW �	���� �	���� �	���� �	����
DQT
EWS �	���� �	���� �	���� �	����
MTQT �	���� �	���� �	���� �	����
LCSQT �	���� �	���� �	���� �	����

FLQ �	���� �	���� �	���� �	����

Table �� Non
interpolated average precision for three
queries in the El Norte collection	


 Conclusions

We have examined the questionof whetherLCS
based lex

icons are a useful lexical resource for CLIR	 Our evalua

tion of the utility of the LCS representation consisted of a
comparison of the LCS
based query translation technique
withseveral alternativeCLIRtechniques	 Itis clearlypossi

ble to craftmore sophisticatedtechniques	 Forexample� we
could take advantage of redundancy in the dictionary to im

prove our translation choices in the DQT
SWmethod	 And
in MTQTwe could preserve some additional terms in the
face of unresolvable ambiguity by coupling the translation
and retrieval systemsmore tightly	 Butwe have shown that
documenttranslationis apractical approachforcross
language
textretrieval onmoderately large collections� thatMT
based
query translation performs well� and that arbitrary transla

tionselectionappears to workas well as anyothertechnique
for dictionary
based query translation	 As cross
language
testcollections improve these results shouldprovideasound
basis for further research on knowledge
based techniques
for cross
language information retrieval	

��� Acknowledgments

The authors are grateful to Maria Katsova andWade Shen
for their help with parsing� LCS composition� and genera

tion of target
language terms� Paul Hackett for implemen

tationof the informationretrieval techniques� ScottBennett
and Harriet Leventhal for their assistance with the Logos
translation system� the University of Massachusetts for the
use of Inquery� and James Allan for helpwith Inquery con

guration	 The authorshavebeensupported� inpart� byArmy
ResearchLaboratorycontractDAAL��
��
C
����andLET

TER������NSFPFFIRI
������� andLogosCorporation�
NSFCNRS INT
�������� DARPA�ITOContractN�����


this was brought about by two distinctions between the LCSQT
terms � s e nal f ue r z a ne r vi o de bi l i dad e j e r c i t o
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