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INTRODUCTION

This chapter reviews reseach and pradicein CrossLanguage Information
Retrieval (CLIR) that seeksto support the processof finding documents written in one
natural language (e.g., English or Portuguese) with automated systems that can accept
gueries expressd in other languages. With the globalization of the eonomy and the
continued internationalization of the Internet, CLIR is becoming an increasingly important
cgpabili ty that fadlitates the dfedive exchange of information. For retrospedive retrieval,
CLIR dlows usersto state queriesin their native language and then retrieve documentsin
any supported language. This can smplify seaching by multilingual users and, if
trandation resources are limited, can allow monolingual seachersto alocae those
resources to the most promising documents. In seledive dissemination applicaions, CLIR
allows monolingual usersto spedfy a profile using words from one language and then use
that profile to identify promising documents in many languages. Adaptive filtering
systems that seek to lean profiles automaticdly can use CLIR to processtraining
documents that may not be in the same language & the documents that later must be
seleded.

Thisreview uses the term "documents’ fairly broadly, since CLIR can be gplied
to avariety of modalities including charader coded text, scanned images of printed pages,
and recordings of human speed. Similarly, supporting the processof finding documents
should be @nstrued broadly as well, including both fully automated functions and
cgpabilities that support productive human-system interadion. CLIR aso appeasinthe
literature a multilingual information retrieval (HULL & GREFENSTETTE), and as
trandlingual information retrieval (CARBONELL ET AL.), but all work conforming to the
definition stated above is described in this chapter as CLIR for consistency.

Thefirst reported work on CLIR was the development of the International Road
Reseach Documentation system that used a cntrolled vocabulary thesaurus with aigned
indexing terms in English, French and German (PIGUR). PEVZNER (1969 1972 aso
implemented a Boolean exad match text retrieval system, trandating a Russan thesaurus
into English. SALTON (197Q 1973 conducted some smaller studies, augmenting the
SMART system with hand-constructed bilingual term lists. By the mid-1970s it had been
established that systems built using these techniques could achieve performance acoss
languages on a par with their within-language performance  Commercial acceptance soon
followed, and by 19771LJON was able to identify four multilingual text retrieval systems
operating in Europe. Standardizaion quickly emerged as an important issie. In 1978the
International Standards Organization formally adopted 1SO Standard 59640n the
construction of multilingual thesauri (INTERNATIONAL ORGANIZATION FOR
STANDARDIZATION), and that standard has remained unmodified since 1985

Multilingual thesauri do not, however, completely solve the CLIR problem.
DUBOIS identified threefadors that motivate the seach for other techniques. cost,
currency and usability. First, indexing and maintenance @sts limit the scdabili ty of



thesaurus-based systems, athough some automated tools are &le to asgst with these
tasks. Seoond, thesauri in production applicaions often lag somewhat behind the aurrent
use of terminology because new words enter human languages ead yea. But perhapsthe
most serious limitation of thesaurus-based techniques is that untrained users seemto have
difficulty exploiting their capabilities. Seaching freetext is the obvious aternative to use
of a controlled vocabulary, and LANDAUER & LITTMAN (19901997 were thefirst to
explore the potential for freetext CLIR. Extending an automeatic technique for reducing
the dfed of vocabulary differences on retrieval effediveness they sought to partially
overcome the systematic vocabulary differences that result from choosing a different
language. RADWAN & FLUHR began work in 19910n an aternative technique that was
based on trandating the queries using manually encoded trandation knowledge. Although
much progresshas been made sincethat time, these two ealy explorations of broad-
coverage freetext CLIR defined the two dominant themes that still guide research and
pradice corpus-based and knowledge-based approades.

Scope

This review brings together historicad and contemporary reseach on automated
tedhniques for crosslanguage retrieval of written and spoken text, both for retrospedive
retrieval and for seledive disemination. The review does not cover gestural languages
such as American Sign Language, nor does it addresslanguage-independent techniques for
recommending documents based either on ratings assgned by other users or on hypertext
links. Thisisthefirst ARIST review of CLIR, but ERES previoudly reviewed
international information transfer and METOYER-DURAN reviewed work on transfer of
information aaosslanguage barriersin a domestic context. Other surveys have addressd
CLIR with more limited scope. PIGUR described ealy work on CLIR, with particular
emphasis on developments in the former Soviet Union. FLUHR provided an overview of
modern approadies, and OARD (1997) provided a more recet overview. JONES &
JAMES reviewed the field with particular attention to crosslanguage speed retrieval, and
OARD & DORR (1996 produced the most extensive survey to date.

Organization

The review begins with an examination of the literature on user needs for of CLIR.
The main part of the dhapter then follows the retrieval system nodel shown in Figure 1,
adapted from OARD (1997%). Ead sedion highlights the unique requirements imposed
on one or more stages of that model in crosslanguage retrieval applicaions. The
matching stage is covered in the somewhat greaer detall, refleding the treament in the
literature. Evaluation techniques are then described, and the review concludes with some
observations regarding future reseach diredions.
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Figure 1. Information retrieval system nodel.

USER NEEDS

MEADOWS cited a number of studies that together suggest that in the ealy
1970s about half of the world's sientific literature was published in English. WELL ISCH
observed that English-language secondary sources (e.g., indexing and abstrading services)
addto thistotal. Several massve trandation efforts also contribute to the avail ability of
information in English. World Trandations Index, for example, lists 269journals for
which cover-to-cover trandations (mostly into English) of every issue ae prepared, and
hundreds more that are seledively trandated on aregular basis INTERNATIONAL
TRANSLATIONS CENTRE). STUDEMAN reported that the U.S. Foreign Broadcast
Information Servicetrandated 200million words in a single yea from over 3,500
publicaionsin 55 languages. So English does %rve, to some degree as what
WELL ISCH cdled the “lingua franca of information retrieval tools.”

Despite these dforts, much of the world' s information is not available in English.
HUTCHENSET AL. found that about athird of the reseachers at the University of
Sheffield (United Kingdom) suspeded that they had failed to learn of relevant work ina
non-English speaking country. It turned out that a similar proportion hed in faa
discovered foreign language work that would have been more useful had it turned up
ealier. MEADOWS found corroborating evidence for this problem on alarger scae,
noting that researchers writing in English tend to over-cite other work in English and to
under-use foreign language work, when compared to the linguistic distribution of scholarly
writing in their field.

Discovering documentsin a foreign language is, of course, only part of the
problem. GOLDSTEIN found that between 20% and 4% of eledricd engineasin
Mexico encountered documents in unfamiliar languages at least once eab month, and
WOOD (1967 and ELL EN obtained similar results for a broad range of disciplinesin the
United Kingdom. WOOD (1974 offered some insight into the assstancethat may be
needed, reporting that over half the researchers requesting full-text trandations from the
British Library felt that summary trandations of the results along with trandations of
figure and table captions were sufficient to provide the information that they required.



The recent growth of the global Internet has focused increased attention on the
nedal for information exchange acosslinguistic barriers. A 1997study by the INTERNET
SOCIETY & ALISTECHNOLOGIES, for example, found that 12% of World Wide Web
pages that were randomly seleded contained material in one of fourteen languages other
than English. With upwards of 100 milli on web pages alrealy indexed by the largest web
seach engines, this trandates into an enormous potential demand for CLIR services.
Projedions during periods of exponential growth are dways sibjed to question, but
PIONEER CONSULTING estimates that by the year 2002eledronic oollaborations will
produce over 500 milli on messages per day that crossnational borders.

DOCUMENT PREPROCESSING

Documents exist in many modalities, including charader-coded text, printed pages
and recorded speed. Eadch modality can, in turn, have severa alternate representations.
Charader coded text can be expressed using dfferent charader sets, and asingle
charader set may have dternative encodings. Some encoding schemes include dternate
representations for the same charader, and popular usage can introduce similar
complicaions (e.g., acceits on upper case Spanish charaders are typicaly present in some
countries but omitted in others). Similarly, printed pages may be available digitaly in a
number of formats, including page description languages or page images. For recorded
speed, the speed rate can vary, avariety of acceits may be present, and technicd
charaderistics sich as encoding and compresson schemes can affed the fidelity of a
recording. One goa of document preprocessng isto reducethis range of possble
representations to a cnsistent charader-coded text representation for ead language that
IS present in a document.

Before such a representation can be @nstructed, the languages present in a
document must be identified. This may be known a priori, it may be coded using a
markup convention, or it may need to be determined from the contents of the document.
GREFENSTETTE compared two automatic language identification techniques for ten
Western European languages. A tedhnique based on the observed predominance of three
letter sequences (charader trigrams) performed well, corredly classfying more than 93%
of the evaluation sentences that contained at least six words and at least 99.8% of those
that contained sixteen or more words. KIKUI integrated similar techniques with
automeatic charader set detedion for World Wide Web documents. ZISSMAN has siown
that fairly acairate aitomatic spoken language identification is aso possble, corredly
classfying 8% of al 45 second speed samples as one of eleven languages. LEE ETAL.
adhieved corred language identification among six languages in 95% of scanned page
images, atask complicated somewhat by the need for language-independent skew
detedion and by the variety of charader fonts that might be used for eat language.

Oncethe modality, language and encoding of ead document are known, indexing
feaures must be identified. In English, the most common indexing feaures for charader
coded text are word stems formed by automatic suffix removal. The utility of automatic
suffix removal algorithms varies by language, with some languages exhibiting more
productive morphology than English (and thus redizing a greaer benefit from suffix
removal) and other languages lading any morphologicd variation at all. Construction of



a sophisticated stemmer for a new language might require wnsiderable dfort, but
BUCKLEY ET AL. (1994 developed a useful Spanish stemmer in lessthan one day by
manually identifying common suffix patterns. Short phrases that are deteded by word
cooccurrence, syntadic parsing, or dictionary lookup are sometimes indexed as well.
Languages that permit fairly free @nstruction of compositional compounds (e.g., German)
make phrase detedion straightforward, but compound splitting is then needed to identify
constituent words within a cmpound term. For example, the German compound
Kraftwagenfuehrerschein consists of Kraftwagen (truck or lorry) and Fuehrerschein
(driverslicense). WECHSLER ET AL. described afairly effedive compound splitting
tedhnique based on longest substring matching that requires only alist of terms for the
language in question. Users might search for an entire phrase or compound, or they may
seach only for one of the mnstituent terms, so it is common to use both the phrase (or
compound) and its constituent terms as indexing feaures. Some languages ladk explicit
word boundaries altogether in their written form (e.g., Chinese), introducing an extreme
version of the compound splitting problem known as ssgmentation. GUO summarized
prior work on Chinese segmentation and compared a number of tedhniques based on
longest substring matching. WILKENSON has reported, however, that overlapping two
charader sequences (charader bigrams) provided indexing feaures for Chinese that were
about as effedive a those discovered using dctionary-based longest substring matching.

Charader reaognition errors make the acarate identification of indexing feaures
even more challenging when processng scanned page images. Opticd charader
reaognition systems typicdly depend on extensive training using manually assembled
examples, and acairate systems are presently available for only a limited set of languages.
Furthermore, recognition acairacy degrades rapidly when presented with poor
reproductions or handwritten manuscripts. SMEATON & SHTZ sought to minimize
these limitations while enhancing indexing speed by constructing indexing feaures for
English words using encoded charader shape groups (e.g., “b” and “h” might be assgned
the same shape a@de) rather than individual charader codes, and COOPER applied a
similar techniqueto Thai. Retrieval effediveness siffered significantly in English when
compared to charader coded text, but lessof an adverse dfed was apparent in Thai.

Rerded speed poses an even greder challenge, both with resped to speed and
acaracy. Speed typicdly ladks explicit boundary markers between words, so the
problem resembles the segmentation problem in languages sich as Chinese, and variations
in pronunciation, spe&ing rate, and the fidelity of the recording make speed reagnition
vastly more complex. Speed recognition systems trained on manually prepared time-
synchronized transcripts can produce useful indexing feaures, but the needed training
meaterial is available for only alimited set of languages, recognition acairacy degrades
when presented with applications for which the training material was not representative,
and present processng speeds limit the size of the olledions that can be indexed.
SHERIDAN ET AL. (1997 used overlapping three phoneme sequences (phone trigrams)
as indexing feaures for recorded German speed in an attempt to overcome these
limitations. Their initial results were disappointing, but NG & ZUE found have that phone
trigrams can offer aviable dternative to word-based indexing for spoken documentsin
English.



QUERY FORMULATION

TAYLOR observed that users must compromise their information needs to match
the percaved cgpabili ties of avail able information systems when creding queries.
Information retrieval systems ek to support this processby providing fadli ties for query
spedfication and through incorporation of query refinement techniques such as relevance
feadbadk. Userswith little exposure to controlled vocabulary searching, for example,
often find that formulation of effedive queries using a printed thesaurus is difficult. Such
users might benefit from a query interfacethat depicts the available indexing terms and
their relationships in their preferred language. L1 ET AL. developed such a system for
English and Japanese, using versions of the INSPEC thesaurus in eat language.
Although no user study results were reported for multilingual applicaions, SMITH &
POLLITT performed a quditative assessnent of a monolingual version of the same
system.

The fully automatic query trandation techniques described in the next sedion can
be viewed as one type of support for query formulation in freetext CLIR systems, but
more interadive gproades have dso been implemented. The QUILT system described
by DAVIS & OGDEN (1997, for example, optionaly displayed the Spanish trandation of
English query terms. A user who is able to read Spanish might thus be a@le to reagnize
erroneous trandations, even if they laded the fluency necessary to form effedive queries
without asgstance If so, they could then switch to a monolingual mode and enter the
corred Spanishterms. YAMABANA ET AL. implemented a more sophisticated
approac in which candidate trandations of ead term were displayed immediately, along
with retrandations of ead candidate badk into the query language. Users unableto read
the candidate trandations could quickly skim the retrandations, and an alternate candidate
could be dhosen if necessary. An Internet demonstration of the READWARE system
from Management Information Tedhnologies, Inc. illustrated a further extension of this
approach that could acoommodate several languages smultaneousy. READWARE
depicted known senses of every query term using one nea-synonym in the query language
for eat sense and allowed the user to designate the intended senses. For ead seleded
word sense, a set of nea-synonyms in English, German and French was passed on to the
matching stage a a multilingual query. Together these three @proadesill ustrate arange
of optionsthat illustrate dternative ways of balancing cgpability with interface omplexity.
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Figure 2. Matching strategies

M atching Strategies

Broadly stated, information retrieval systems construct representations of the
documents and the information need and then match those representations to identify
documentsthat are most likely to satisfy the need. Inwhat MALONE ETAL. cdled
"content-based" tedhniques, the representations are constructed from terms (e.g., stems,
words, phrases, or charader n-grams) that appea in the documents and the queries.
Tedhniques for matching representations constructed from different vocabularies thus
form a central component of CLIR systems. FURNASET AL. observed that information
retrieval systems suffer from a vocabulary problem that resultsin part from variability in
word usage. CLIR is smply an extreme cae of this problem in which the words are
seleded from nealy digoint vocabularies. Four general approades to crosslanguage
matching have emerged in CLIR: cognate matching, query transation, document
trandation, and interlingual techniques.

Cognate matching. Cognate matching esentially automates the processby which
realers might try to guessthe meaning of an unfamiliar term based on similaritiesin
spelling or pronunciation. A smple version of cognate matching in which untrandatable
terms are retained unchanged is often used in CLIR systems to match proper nouns and
technicd terminology (BALLESTEROS & CROFT 1997 GEY & CHEN, DAVIS &
OGDEN, 1998 ELKATEB & FLUHR, HULL & GREFENSTETTE; KRAAIJ &
HIEMSTRA). DAVIS extended this tedhnique using fuzzy matching to discover Spanish
cognates for English words that did not appea in a bilingual dictionary. BUCKLEY ET
AL. (1998 applied a more sophisticated approad, creding equivalence dasses for letter



sequences with similar sounds (e.g., “c,” “k,” and “qu’ share an equivalence dasg. Since
the trandation knowledge is embedded dredly in the matching scheme, cognate matching
can beused inisolation. Most often, however, cognate matching is combined with other
crosslanguage matching approadies.

Query Trandation. Query trandation is a more general strategy in which the query
(or some internal representation of the query) is automaticaly converted into every
supported language. Query trandation is relatively efficient and can be done on the fly.
The principal limitation of query trandation is that queries are often short and short
gueries provide little cntext for disambiguation. Homonymous words (those with more
than one distinct meaning) produce undesirable matches even in monolingual retrieval
(KROVETZ & CROFT). Trandation ambiguity compounds this problem, potentialy
introducing additional terms that are themselves homonymous. For this reason,
controlling trandation ambiguity is a cedtral issue in the design of effedive query
trandation techniques. Phrases typicdly exhibit lesstrandation ambiguity than single
words, and the literature suggests that phrase recognition strategies can substantially
improve retrieval effediveness BALLESTEROS & CROFT (1997) observed beneficial
effeds from manual trandation of phrases identified through syntadic analysis, and both
RADWAN & FLUHR and KRAAIJ & HIEMSTRA explored techniques for automaticdly
choosing an appropriate word order for phrasesin which the onstituent words had been
trandated separately. HULL & GREFENSTETTE investigated the dfed of
noncompositional phrases that cannot be reconstructed from trandations of the constituent
terms and found an additional benefit.

Document trandation. Document trandation isjust the opposite of query
trandation, automaticadly converting all of the documents (or their representations) into
eadt supported query language. Documents typicaly provide more context than queries,
so more dfedive strategies to limit the dfed of trandation ambiguity may be possble.
Another potential advantage is that seleded documents can be presented to the user for
examination without on-demand trandation (KRAAIJ). On the other hand, massve
trandation can be an expensive undertaking, and the wsts are even greder if severa query
languages must be supported. Asaresult, relatively few experiments have compared
document trandation with query translation (OARD ET AL.), and ERBACH ET AL.
suggested using document trandation only for small colledionsin limited domains.

Interlingual techniques. Interlingual techniques convert both the query and the
documents into a unified language-independent representation. Controlled vocabulary
tedhniques based on multilingual thesauri are the most common examples of this approadh.
Because eat controlled vocabulary term typicaly corresponds to exadly one ancept,
terms from any language may be used to index documents or to form queries. HLAVA
ET AL. described atednique for partially automating the essgnment of indexing termsto
documentsin several languages. Some fully automated interlingual techniques have dso
been implemented. Latent semantic indexing (LANDAUER & LITTMAN, 1990 1997,
DUMAISET AL.; BERRY & YOUNG; REHDER ET AL.) and the generaized vedor
spacemodel (CARBONNELL ET AL.) both use adocument aligned training corpus to
learn a mapping from one or more languages into a language-neutral representation.
Document and query representations from either language can be mapped into this gace
allowing similarity measures to be computed both within and aaosslanguages.
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Sour ces of Trandation Knowledge

Ead of the four matching approadhesto CLIR depends on some form of
trandation knowledge. That knowledge may be encoded manually or extraded
automaticadly from corpora, and CLIR techniques may take exploit trandation knowledge
in more than one form. The literature typicdly refers to techniques using trandation
knowledge from manually encoded trandation knowledge & knowledge-based
approaches. Tedhniques using trandation knowledge from corpora ae referred to as
corpus-based tedhniques. The @rrespondence rules used for cognate matching represent
one form of manually encoded trandation knowledge. Threeother manually encoded
sources of trandation knowledge have been applied to CLIR: ontologies, machine
trandation lexicons, and bilingual dictionaries. Threetypes of corpora have dso been
used: document-aligned corpora, sentence and term aligned corpora, and unaligned
corpora. This ®dion considers ead of the six sources of trandation knowledge in turn.

Ontologies. Ontologies are structures that encode domain knowledge by
speafying relationships between concepts. Thesauri are ontologies that are designed
spedficdly to support information retrieval. At present multilingual thesauri are the



dominant sources of trandation knowledge in operational CLIR systems. Thesauri can
support both controlled vocabulary and freetext retrieval, providing insight into both
hierarchicd relationships (broader terms, narrower terms), synonymy, and more genera
asociations (related terms). Such relationships can help experienced users define better
gueries by enhancing their understanding of the structure of knowledge for the topic being
seached. The European Parliament’ s multilingual EUROVOC thesaurusis one example
of amultilingual thesaurus. A common approad to creade amultilingual thesaurusisto
trandate an existing monolingual thesaurus, and KALACHKINA provides algorithms to
ded with termsthat lack dired trandations. SOERGEL, however, cautions against
merely trandating an existing thesaurus sncethe expresson of concepts in the original
language will then dominate the cnceptual structure. General-purpose ontologies such as
WordNet (MILLER) are emerging as aternatives to traditional thesauri because their
broader coverage permits use of sophisticated knowledge structuresin broader domains
that has heretofore been possble. By encoding additional relationships sich as “part-
whole” and “kind-of,” WordNet explicitly cgptures a broader range of structural
knowledge than traditional thesauri. The EuroWordNet projed is developing a
multilingual ontology resembling WordNet with componentsin Dutch, English, Italian and
Spanish that are linked by an “interlingual index.” CLIR support is a spedfic design goal
of the projed, and GILARRANZ ET AL. (19974, 199M) have described how
EuroWordNet might be used to support a query trandation strategy. Other projeds (e.g.,
GermaNet described by HAMP & FELDWEG) are extending these ideas to other
languages.

Bilingual dictionaries. Madine-readable hilingual dictionaries have been widely
used to support query trandation strategies (BALLESTEROS & CROFT, 1997 GEY &
CHEN, DAVIS, DAVIS & OGDEN 1998 FLUHR ET AL., HULL &
GREFENSTETTE, KRAAIJ & HIEMSTRA; KWOK; NGUYEN ET AL.; YAMABANA
ET AL.). Bilingual dictionaries are typicdly designed for human use, so trandations of
individual terms are often augmented with examples $owing how those terms could be
used in context. It would be difficult to extrad generalizaions from those examples that
could be used automaticdly, so macdine readable dictionaries are typicaly processed
manually or automaticdly to reducethem to a bilingual term list, perhaps with additional
information such as part-of-speed. In essence dictionary-based trandation consists of
looking upead query term in the resulting bilingual term list and seleding the gpropriate
trandation equivalents. The simplest way of using such a bilingual term list isto selea
every known trandation for ead term, and that approad is often used as a baseline in
dictionary-based CLIR evauations. Both RADWAN & FLUHR and DAVIS have shown
that limiting the trandations to those with the same part-of-speed (e.g., noun or verb) can
improve retrieval effediveness and KRAAIJ & HIEMSTRA experimented with the use of
preferred trandations that were noted in their dictionary. OARD ET AL. demonstrated
that arbitrarily choosing a single trandlation can be just as good (by the average predsion
measure), apparently becaise on balance a many queries are helped asare hurt. HULL
explored the ability of structured queriesto further limit translation ambiguity,
implementing a weighted Boolean matching strategy that exploited the observation that
corred trandations are more likely to cooccur than incorred trandations. Dictionary-
based CLIR can suffer from limited dictionary coverage, inacairades during automatic
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construction of the hilingual term list, and incorred seledion of the gpropriate trandation
equivaents (BALLESTEROS & CROFT, 1997 FLUHR ET AL.; GAUSSERET AL
HULL & GREFENSTETTE; NGUYEN ET AL.), but it is sufficiently efficient and
effedive to be useful in many applications.

Machine trandation lexicons. Madhine trandation systems are becoming fairly
widely available, although madhine-readable dictionaries gill cover a greaer number of
language pairs (KRAALJ). Madine trandation systems encode trandation knowledge in a
“lexicon” that contains the information needed for automatic analysis, trandation and
generation of natural language. One goal of natural language analysisisto disambiguate
termsin ways that can limit trandation ambiguity, and the lexicon is often designed to
provide information that is useful for this purpose. The most straightforward way to apply
amadine trandation lexicon to CLIR isto smply use the machine trandation system to
trandate ather the queries or the document colledion. Queries are rarely provided as well
formed sentences, however, so the dfedivenessof this approach may be limited in query
trandation applications (HULL & GREFENSTETTE, KRAALJ). Madine trandation
systems necessarily choose asingle preferred trandation for ead term, and ERBACH ET
AL. have observed that such a singular choice might adversely affed retrieval
effediveness Examples of the use of machine trandation for query and document
trandation can be found in OARD & HACKETT.

Document aligned corpora. Document aligned corpora ae document colledions
in which useful relationships between sets of documents in different languages are known.
Parallel corpora ae made up of trandation equivalent sets, eat containing a document
and one or more trandations. Comparable mlledions, on the other hand, are typicaly
separately authored but related by topicd content. Aligned document setsin comparable
corpora may contain one or more documents in ead language (PETERS & PICCHII;
SHERIDAN & BALLERINI). The basic strategy for using document aligned corporais
to represent eat term using the pattern of aligned sets in which that term occurs and then
to construct language-neutral representations of documents in any supported language
using the resulting term representations. Tedniques from linea agebra ae typicaly used
to compute and manipulate these term representations. When the language of ead
document is known, ead termsis typicaly tagged with alanguage marker in order to
avoid undesired conflation of different conceptsin other languages. CARBONELL ET
AL. implemented one such technique, the Generdlized Vedor SpaceModel (GVSM),
using a parallel corpus. Latent Semantic Indexing (LSI) extends this approad by
conflating terms that have smilar representations, often increasing recdl without adversely
affeding predsion. Both paralel corpora(LANDAUER & LITTMAN 199Q 1991
DUMAISET AL.) and comparable mrpora (REHDER) have been used with LS.
BARRY & YOUNG found that the dfedivenessof LSI could be improved by using an
aligned corpus of short passages rather than one formed from longer documents. Although
LSl is ometimes more dfedive than GVSM, computation of the term conflation step is
computationaly intensive (CARBONELL ET AL.). SHERIDAN & BALLERINI and
MATEEV ET AL. investigated an aternative gproad, building a bilingual term list for
query trandation using term representations computed from a cmparable @rpus of news
stories that was aligned using classficaion codes, publicaion dates and cognates. They
found the terms in ead language that were most smilar to eat query term (using a
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vedor similarity measure) and then used several of the most similar terms as the trandated
query. While LSI uses more sophisticaed techniques to conflate smilar terms,
SHERIDAN & BALERINI’stednique is more dficient.

Sentence and term aligned corpora. Comparable crpora can be digned only to
the document level, but many individual sentencesin parallel corpora can be digned
automaticaly using dynamic programming techniques. DAVIS used a sentence-aligned
parallel corpus diredly to augment dictionary based query trandation without substantial
improvement over asmpler dictionary-based technique. OARD (1996 1997a) used
sentence dignments as a basis for aligning individual terms, but again found that
knowledge based tedhniques (in this case, madhine trandation) were more dfedive when
the corpus based technique was required to extrad trandation knowledge from one
colledion and then apply it to another. Inthose experiments, a set of sentence digned
trandations of United Nations documents was used as a source of trandation knowledge,
and a monolingual colledion of Spanish newswire aticles was used for evaluation.
CARBONELL ET AL. implemented a similar approad, evaluating retrieval effediveness
on aportion of the same rpus from which trandation knowledge had been extraded.
Under those conditions, the sentence digned corpus that was used to produceterm
alignments outperformed every other technique they tried. OARD (19973) saw a similar
improvement when comparing the same-colledion performance of LS| with the
performance of the same dgorithm when trained on a different colledion. It thus appeas
that document and sentence digned techniques may be most useful when the needed
alignments are known within some portion of the same wlledion from which retrieval is
desired. Although such a situation may exist in afew applications (e.g., if trandations are
being made routinely, but they are not available immediately), this fador islikely to
somewhat circumscribe the utili ty of techniques based on document and sentence digned
corpora.

Unaligned corpora. A representative monolingual document colledion is, of
course, available in any in application of CLIR to retrospedive retrieval. Such colledions
are often assembled for filtering applicaions as well becaise they provide useful colledion
frequency statistics. When representative documents in more than one language ae
present in (or can be alded to) such a wlledion, the olledionitself can be used in
conjunction with a bilingual term list as an additional source of trandation knowledge even
if a priori document alignments are not known. BALLESTEROS & CROFT (1997
applied fully automatic passage-level pseudo-relevance feedbad using the query language
portion of their unaligned corpus to refine the query representation. By augmenting the
original query with terms appeaing in top-ranked passages, monolingual pseudo-
relevance feedbadk often improves recd without a significant adverse dfed on predsion.
They then applied dctionary based query trandation to produce aversion of the query in
the desired language, followed by fully automeatic passage-level pseudo-relevance feedbadk
using the portion of the unaligned corpus containing documents in that language. When
applied individually, ead pseudo-relevance feedbad step improved CLIR effediveness
and the combination outperformed either step aone. KROVETZ & CROFT and
SANDERSON have shown that ranked retrieval techniques tend to reinforcethe
appropriate interpretation of words that admit more than one interpretation. Viewed in
this light, the first pseudo-relevance feedbadk step servesto limit the alverse dfed of
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trandation ambiguity by including additional termsthat are related to the origina query
terms. YAMABANA ET AL. sought to adhieve the same result more diredly. For eat
guery term, they identified one related term in the unaligned corpus that often appeaed in
a sentence with the query term. They then seleded the candidate that most often appeaed
in the same sentence & mMe possble trandation of the related term. YAMABANA ET
AL. obtained some improvement in translation acairacgy using this technique, but they did
not evaluate the dfed of that improvement on retrieva effediveness PICCHI &
PETERS have proposed a similar technique that exploits more @ntext by considering the
possble trandations of groups of words surrounding ead query term in the unaligned
corpus. Although techniques based on unaligned corpora gpea promising, SHERIDAN
ET AL. (1997 failed to find any improvement when using languages and colledions
different from those used by BALLESTEROS & CROFT. It thus appeas the nature of
the unaligned corpus and/or the way in which additional context-reveding terms context
are dhosen can substantially affed the results.

SELECTION, EXAMINATION AND DELIVERY

As MARCHIONINI has observed, seaching and browsing are complementary adivities.
Automated systems apply rather smple techniques to enormous volumes of information,
while humans can effedively exploit quite sophisticated seledion heuristics on fairly small
sets. Oneimportant goal of the user interfaceis to expose the information on which users
can base these dedsions. Retrieval systems containing full text typicdly support two
browsing strategies: seledion of documents from alist of promising candidates identified
by the system, and detailed examination of individual documents.

Support for seledion presents unique callenges when the documents are written
in an unfamiliar language. Monolingual seledion interfaces typicaly present document
titles along with some information about the source of the material and when it was
produced. Occasionaly some form of summary such the first few lines or some individual
words automaticdly extraded from the document are dso presented. Conversion of
names and dates using simple tranditeration schemes is relatively straightforward, but title
trandation is more complex. Trandlation of titles using a fully automatic macine
trandation is a possbility, but titles rarely form the sort of well-formed linguistic
expressons that typicad madine trandation systems are optimized for. KIKUI ET AL.
reported that choosing the most common candidate trandation (using a monolingual
corpus) and then reordering the terms using some simple rules produced usable
trandations of English web page titles into Japanese. RESNIK evaluated an aternative
strategy for trandating brief listings into English, displaying as many as three dternative
trandations when faced with trandation ambiguity. Using a dedsion theoretic measure,
they found that such trandations were more dfedive than a naive Bayesian classfier, but
not as effedive & monolingual seledion.

Support for examination poses an even greder challenge. Several companies
market trandation software that is compatible with popular web browsers, and proxy
trandation servers are becoming available on the Internet. Typicd madine trandation
systems are not yet fast enough to kegp upwith interadive seledion and scrolling
behavior, however, so interadive searching isinhibited to some extent when query
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trandationis used. Approacdes based on advancetrandation of every document avoid
this problem, but the time and expense involved limit application of those techniques.
Rapid word-by-word trandation like that explored by KIKUI ET AL. and RESNIK could
in principle be used with query trandation, but the utility of such techniques for examining
relatively long documentsin a CLIR system has not yet been explored. Traditional
abstrading services such as INSFEC have alopted a more parsmonious approad,
manually preparing abstrads for every document in the supported query language (usualy
English) regardlessof the estraded documents' language. FRANZEN & KARLGREN
(1997 proposed automeating this processby trandating brief extrads or summaries as an
aternative to trandating entire documents on demand, but research on crosslanguage
summarizaion isjust beginning.

The ultimate delivery of seleded documents in a usable form may be asomewhat
more tradable problem than support for interadive examination if adequate time for
trandation can be dlowed when arranging for delivery. O'HAGAN provided an overview
of the trandation industry and observed that globally interconneded networks will make it
possble to marsha worldwide trandation resources upon demand. Although fully
automatic macdhine trandlation can presently only produce high quality trandations in very
limited subjed areas, O’ HAGAN suggested that a robust and responsive trandation
infrastructure wuld be built using madine asssted human trandation. The human effort
involved will li kely make delivery the most expensive component on a per-document basis,
S0 effedive reaognition of the most promising documents using the query formulation,
matching, seledion and examination stages is particularly important.

EVALUATION

Experimental evaluation of CLIR systems poses unique challenges becaise the
languages covered by the trandation resources must match the languages covered by the
evaluation resources. The situation is further complicaed when alternative techniques
that require different trandation resources are mmpared. A CLIR test colledion thus
consists of a set of documents in one or more languages, a set of queriesin alanguage or
languages different from that of the documents, relevance judgments for eat query-
document pair, and trandation resources such as dictionaries, bilingual corpora, or
cognate matching rules.

LANDAUER & LITTMAN (1990 developed a simple evaluation technique
known as mate finding for use with document-aligned corpora. Mate finding is a variation
on known itemretrieval, a dassc evaluation strategy in which the rank assgned to a
unigue item that is known to be relevant to the query is used as the measure of
effediveness LANDAUER & LITTMAN (199Q 1991) partitioned an English-French
paralel colledion, extrading trandation knowledge from one part and using the other part
for evaluation. Eacdh English document was then used as a query, and statistics describing
the rank of the known French trandation for ead document were presented.
CARBONELL ET AL. found that mate retrieval was lessable to discriminate anong fairly
good techniques than more traditional strategies in which recdl and predsion were
reported, but mate retrieval remains useful as a smple strategy for identifying promising
CLIR techniques when more sophisticated evaluation resources are not available.
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RADWAN & FLUHR used French trandations of the 1,398 abstradsin the
English Cranfield colledion to compute predsion-recdl graphs and an average predsion
measure. DAVIS & DUNNING adopted an dternate strategy, manually trandating
Spanish topic descriptions into English and then using those topic descriptions to
construct English queries to retrieve Spanish newswire aticles from the Text REtrieval
Conference (TREC). Manual trandation of queriesis now awidely used evaluation
strategy because it permits existing test colledions to be inexpensively extended to any
language pair for which trandation resources are available. Because manual trandation
requires the goplication of human judgment, evaluation colledions constructed in this way
exhibit some variabili ty based on the terminology chosen by a particular trandator. But if
a standard set of trandations is agreed upon, such a strategy offers a meaningful basis for
seleding between alternative CLIR tedniques.

There ae, however, some gplicaions for which manual query trandation would
not produce an adequate test colledion. Corpus-based techniques, for example, may not
perform well on colledionsthat differ markedly from the corpora on which they were
trained. There presently is no widely accepted metric for reporting the smilarity of two
corpora, so same-corpus (i.e., best case) evaluations are typicaly performed using a held-
bad portion of the corpus. CARBONELL ET AL. produced atest colledion in this way
by exhaustively performing 33630 relevancejudgments for a portion of a parallel
colledion of English and Spanish documents. This produced atest colledion that was
about the same size & the Cranfield colledion used by RADWAN & FLUHR, but with
the alded charaderistic that the remainder of the parallel corpus was avail able for the
extradion of trandation knowledge. SHERIDAN & BALLERINI aso built atest
colledion from a document aligned corpus, but they developed a genre-spedfic strategy
for newswire aticles. By constructing queries for unpredicted events and ending their
seach threedays after the event (which produced a different colledion sizefor eadh
guery) they cut down the number of relevance judgments considerably. Newswire stories
arefairly reaily available in charader-coded form, so this evaluation strategy may provide
an economicd alternative for many applicaions.

Evaluation of adaptive filtering techniques that learn to seled documents in one
language based on user readions to documents in other languages imposes further
reguirements on an evaluation colledion becaise athird partition of the evaluation
colledion may be neaded. OARD (1997a) constructed such a @lledion using
monolingual test colledions in English and Spanish for which four topic descriptions were
closely aligned and a parallel corpus of English and Spanish documents for which no
relevancejudgments were needed. In addition to the adaptive filtering evaluation, some
indication of the degreeof smilarity between one of the monolingual test colledions and
the parallel corpuswas aso dbtained.

Relatively large document colledions are needed to acaurately refled the
performance of IR systemsin large-scde gplications, and potential need to subdivide the
colledion two or threeways exacebates the situation. Obtaining statistica significance
will often require more queries for query translation experiments than for monolingual
experiments on the same mlledion becaise uneven trandation acaracy introduces an
additional source of variation. And colledions covering awide range of languages and
modalities will be needed to asessthe dfed of variations in morphology, word boundary
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marking, and reagnition acairagy. At present the TREC CLIR colledion described by
MATEEV ET AL. and SCHAUBLE & SHERIDAN is the most comprehensive step in
that diredion. Using an approad known as pooled relevance asessment, relevance
judgments for about 100,000 newswire aticlesin ead of threelanguages (English, French
and German) were developed by judgng documents sleded using several different
retrieval techniques. The documents are not trandations of ead other, but they are drawn
from the same genre and time frame and SHERIDAN ET AL. (1998 have aitomaticdly
identified some posshble dignments between some of the French and German documents
in the wlledion.

Some insight into the contribution of alternative translation techniques can be
obtained by comparing CLIR results with the dfedivenessof a similar monolingual
tedhnique on the same wlledion. Typicdly expressed as a percentage of monolingual
effediveness reported values typicdly range from around 50% for unconstrained
dictionary based query trandation to 75% or so for more sophisticaed techniques. Dired
comparisons are difficult, however, because the monolingual referencetednique is often
different, parameter variations can introduce alditional variations even when the reference
technique is nominaly the same, the dfed of differing colledions on relative dfediveness
isnot well charaderized, and dfferent effedivenessmeasures may have been used. HULL
& GREFENSTETTE reported preasion averaged over severa fixed numbers of
documentsto charaderize high predsion interadive seaching, while BALLESTEROS &
CROFT (1997 reported predsion averaged over the full range of recd values. Relative
performancefigures can help identify particularly promising techniques, however, and then
the most promising techniques can be subjeded to a more rigorous sde by side
comparison.

RESEARCH DIRECTIONS

Nealy threedecales of reseach on and pradice of controlled vocabulary
techniques for CLIR and eight yeas of reseach on freetext techniques have produced a
wide aray of useful techniques, but more remains to be done. Existing reseach on user
needs for CLIR, for example, addresses the deliberate disseemination of information well
but the impad of ubiquitous networking and the resulting trend towards flattened
organizational structures has yet to be adldresed. Some isaues, such asthe impad of
networked communications on the trandation infrastructure supporting utimate use of
seleded documents, have implications for both controlled vocabulary and freetext CLIR,
But freetext techniques are still relatively new, and it is there that many of the open
reseach questions are to be found.

Important reseach isaues are found in ead stage of the model shown in Figure 1. The
distinction between user-asssted and fully automatic query trandation is rather sharply
drawn at present, with users either being offered the opportunity to help resolve
trandation ambiguity for every term or for none of them. More sophisticaied strategies
might retain much of the benefit of user-asgsted trandation while avoiding unnecessary
allocation of user effort and screen spaceto that task. Present document preprocessng
systems are typicadly language spedfic, often using hand-built components for tasks such
as charader set conversion, compound splitting, and stemming. The development of
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easly configured tools for such tasks would make the aldition of additional languages a
far more tradable task. The matching stage has recaved a greda ded of attention, but
cognate matching has only recently been investigated carefully. Further work on
additional language pairs and strategies for combining cognate matching with other
tedhniques appea to be the natura next steps. The importance of seledion, examination
and delivery for CLIR system design is now beginning to be recognized, but much remains
to bedone. Itisnot yet clea, for example, whether rapid trandation of the entire text or
automatic generation of trandated summeries will provide the best support for
examination, and answering that question may require the development of new evaluation
tedhniques. Other evaluation issues also require dtention. Perhaps most importantly, it
will not be possble to acarrately charaderize the performance of document and sentence
aligned corpus-based techniques in pradicd applicaions without some way to measure
the degreeof difference between the crpus from which the trandation knowledge is
extraded and the olledion from which retrieval is desired.

As CLIR has matured, increasingly integrated approacdes have been investigated.
Dictionary based query trandation has been improved using unaligned corpora
(BALLESTEROS & CROFT 19961997, and term aligned corpora have been refined by
sedling the dignments using a bilingual dictionary (YANG ET AL. 1997). Fully
automatic query trandation techniques are being augmented with user asssted query
trandation. Thistrend will li kely continue, encompassng other components and
tedhniques as productive interadions are discovered. GACHOT ET AL., for example, has
observed that closer coupling between madine trandation and matching techniques might
be helpful because aditional linguistic information would be available. Ultimately the
distinctions that have been drawn in this chapter between separate components and
different techniques may be & useful for explaining how they are coupled as for how they
are different.

CONCLUSION

Controlled vocabulary CLIR techniques are now widely deployed, and freetext
systems for pradicd applicaions are beginning to appea. Although monolingual retrieval
is gill more dfedive for freetext than CLIR, severa useful CLIR tedniques are known.
Query trandation, document trandation, interlingual tedhniques and cognate matching
provide arange of alternatives that can be tailored to spedfic goplicaions. Document
preprocessng strategies have been developed for scanned page images and recorded
speed, but charader coded text remains the most easily processed format. Interadive
applications pose alditional challenges, since users may not have the language skill s that
would be neeled to seled and examine documents in their original language. Additional
opportunities are present as well, however, sincethe user can help refine trandation
knowledge that is extraded from dictionaries, bilingual corpora, or other sources.
Evaluation poses additional challenges that the recent development of the TREC CLIR
test colledion has begun to address

Many modern information systems support only a single language, but that
limitation will li kely become increasingly untenable in an era of ubiquitous global networks
and vast international information flows. Crosslanguage information retrieval is one
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component of the technologicd infrastructure that will help make the World Wide Web a
truly worldwide resource, and it will undoubtedly find widespread application in other
parts of the information industry aswell. Although much remains to be done, the
tedniques that have been developed and the ways in which they have been applied
provide useful signposts for developers that wish to begin exploring the opportunities that
crosslanguage information retrieval presents.
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