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all of the variant equivalents for that term. are free to choose a style after they have become familiar
For current evaluation purposes, the query window alswith all alternatives. Tasks types are varied and experimental
has the TREC-5 queries built in, and the retrieved documemibservations are made of the choices users make to solve the
lists are persistent between sessions for each user, beitagks. It may be that the syntactic and functional errors that
saved to local, hidden files named by user and query numbare in the English gloss translations make the added value of
Retrieval and translation times are currently somewhathe translations primarily in the area of vocabulary discovery,
slow, with a mean query time of 56 seconds on the 2but that users will rely on the Spanish document for process-
TREC-5 queries. Translation times are highly dependent oimg the logical flow of the document discussion. By provid-
the length of the document, with short documents like théng the choice for a user to use both together and observing
one shown in Figure 1 on Page 6 taking 16 seconds to trarfsew they actually use the two document representations, it
late, while a longer document from the same set and thremeay be possible to determine that additional tools could be
times as long requires 31 seconds to translate. Since the P@fective in aiding the processes of document understanding
tagger is called as an external process, the number of setjrd making relevance judgments.
ments between native paragraph tags plays a significant role
in the amount of time spent on the translation. Incorporating

the POS tagger as a linked library to the main QUILT system Mundial: CLTR on the WWW
should substantially decrease the start-up costs associated |

with tagging operations. Parts of QUILT have been applied to the WWW, providing
an interface to existing search engines that are freely accessi-
ble. The basic interface is shown in Figure 2 on Page 8. The
Evaluating QUILT floating frame at the top of the browser window allows a user
to enter search terms, select a search service and choose to
A complete CLTR system presents special evaluation proliranslate or not translate a query. In the prototype shown
lems that are not relevant to monolingual retrieval scenariofiere, a user may also get a gloss translation of the returned
We are currently designing experiments to attempt to test trdocument from the search engine. Due to security limitations
QUILT model. inherent in Netscape 3.0 and Microsoft Internet Explorer
The first problem is that the standard relevance asses3:0, only the returned listing from the search engine can be
ment model used in the ad hoc and routing forums of TRE@anslated. Arbitrary web pages found by “clicking-through”
is not appropriate to the complete CLTR system. One of theannot be translated.
goals of QUILT is to assist users in judging the relevance of A version of Mundial is publicly accessible at:
retrieved documents in non-native languages. The evaluation
criteria therefore must be the number of relevant non-native http://crl.nmsu.edu/users/madavis/mundial.html.
documents correctly identified. This requires assessing the
impact of a user’s knowledge of the document language with
or without the aid of the QUILT system. Conclusions
Our approach is to pre-test users to ascertain their

knowledge of Spanish using a multiple-choice test that hag 1 js a significant step towards fulfilling the need for
vocabulary specifically chosen over the TREC-5 querieSgirieval in one language over collections in other languages,
The users are then randomly assigned to attempt to evalualfy aliowing the user to assess and understand the retrieved
the relevance of the Spanish documents to the original quegcyments in the query language. The close integration of
either with or without the gloss translations. The hypothesig,,chine translation techniques with retrieval technology in
is that users with very_ little Spamsh_ knowledge will be a_bleQUILT appears to have increase the success rate of each
to better make those judgments using the gloss translationgepnology alone in query translation. The same techniques
Better judgments will be determined by comparing the closespnear 1o be effective in providing gloss translations of the
ness of the relevance judgements by the evaluation users iQrieved documents for the user although significant evalua-
the TREC relevance judgments provided for those queries. tion efforts remain to be done.

An alternative methodology that we are currently o5 ongoing work involves marshaling in-house devel-
e_xplormg is the use_of user ch0|_ce analysu_s to ascertain Pr8bment of Unicode processing tools and display technology
cisely how users might use various user interfaces tools—tb expand the QUILT model to other languages, and investi-

including_ glqss translatio_ns—to arrive a_t an effective Strat'gating new approaches to rapidly acquiring bilingual lexical
egy for finding and making use of foreign language doCUitormation from large corpora. The advances seen in

ment_s. In user cho?ce analysis,_ more than one altemat"(SUILT provide a positive preliminary answer to the basic
user interface style is made available to a test user and thGMestion of whether a complete CLTR system is possible.
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Figure 1. Components of the QUILT graphical user interface, showing the query/document list win-
dow (top left), the document views for the top-ranked Spanish document (bottom left) and the gloss
translation of the Spanish document (bottom right). The variants of the term “nursery” are shown in
the top right window. The variant list was shown by clicking on the term “nursery” in the translation
window. Faintly visible are the highlighted query terms and their translations in both windows,
allowing the user to quickly locate the query terms regardless of language.




listed by category The steps of the document translation process are:

1. Annotate the document with SGML sentence delime-

Table 1 Average Precision For All Methods ters

EtneE a(0) A IONG Tag the document around any existing SGMLmarkup.
MONO5 0.2895 — ]
MONOZ 0.1874 — .Sﬁparatlra r]hle tggged terms and look them up in the Span-
QUILT 02127 735 ish-English lexicon. _

POSS 0.1949 673 4. Choose the_equwalent tha_t has the hlgh_est frequency of
ALLS 01422 291 occurrence in a Iarge Enghsh AP coII_ect|on.

Each of these stages is essentially equivalent to the corre-

CORP4 0.1250 66.7 sponding stage of the query-translation process, except for
CORP5 0.1153 39.8 some minor variations. For one, the Spanish-English bilin-
ALL4 0.0783 41.8 gual lexicon does not contain the English equivalents in

stemmed form so that the translated document does not con-

Automatically translating a query into another |anguagéain difficult to read term stems rather than their root forms.
can C|ear|y have a substantial performance pena|ty, but b@econdly, statistics were collected for 450,000 terms from
performing some simple disambiguation of query termaround 400 Mb of English AP news wires and the English
equivalents, the penalty can be reduced substantially. equivalents in the lexicon were rearranged so that the first

MONO4, ALL4 and CORPUS4 results are includedequivalent is the one with the highest frequency of occur-
because they show a slightly different pattern than the corréence in the AP document set. Since the user has access to all
sponding results for TREC-5. In the TREC-4 results, ther€quivalents, this arrangement has a high likelihood of choos-
was a clear performance gain that resulted from Corpuéﬂg the correct equivalent but allows the user to browse all
based disambiguation of the translation equivalents. For ttfRguivalents as well.

TREC-5 results, however, corpus disambiguation decreased
performance when used alone but was advantageous whgn
combined with POS-based disambiguation. Exactly why this
occurred is not altogether clear. It certainly must be due to
substantial disambiguation errors being made over incorrect
POS equivalents present in the TREC-5 query equivalent
sets. If we consider the monolingual performance of the
basic QUILT retrieval engine as a baseline, the POS5 disam-
biguation component performed 67.3% as well as the mono-
lingual system alone, while adding in the corpus-based
component (QUILT) raised the percentage to 73.5%. .

The monolingual QUILT retrieval engine is very basic,,
however, and should be considered as a vehicle for proofing
the value of CLTR components, not as an exceptionally
capable system in and of itself. It is comparable in design tb
early SMART systems. Substantial improvements in perfor-
mance can be expected as the handling of phrases is incorpo-
rated into the system and, especially, as Rocchio-style
automated feedback methods are added.

The GUI for QUILT contains numerous features:
A query window

Menu options for displaying limited numbers of
returned documents.

Options for displaying the query translation terms from
the bilingual lexicon.

Options for saving, loading and printing queries and
document lists.

A document list window.

Pop-up windows that show the Spanish document with
translated Spanish query terms highlighted.

Options for displaying the English gloss translation of
the Spanish document.

A pop-up window that shows the variant translations of
each English term in the gloss translation.

The primary components are shown in Figure 1 on Page 6. In
the figure, the main window has a query entry box in the top
center. Ranked documents are shown in the lower listing. By
clicking on one of the documents in the ranked list, the Span-
ish document window appears with translated query terms
The final step in the QUILT process is producing gloss transhighlighted in red. Pressing the “View Translation” button at

lations of the retrieved documents for the end-user. The cuthe window’s base replaces the window contents with the
rent implementation uses the same basic design as the quegiess translation. Each translated term is lightly highlighted

translation process to translate the documents to English, bigt brown, and English query terms are shown in red in the
substitutes a frequency-based scheme for the expensive caanslations window. Further, by clicking on any translated

pus-based disambiguation process. term in the window, a small dialog box appears that shows

The Complete System



amenaz perr fiebr afect intern comerc the size of the original document collection. Posting vectors
S ] ] are incrementally written to B-tree databases to conserve
Compare this with the Spanish version produced by HUMaemqory and then merged at the end of the process without
translation: the necessity of sorting the individual posting sets. Addi-
A : - . tional options allow for the creation of a database of com-
¢, Qué efecto ha tenido en el comercio internacio- . .
nal la enfermedad “fiebre porcino?” pressed document signatures which are useful for
experimenting with automatic document feedback, although
The comparison is clearer if one examines the stemmed atitese features are not currently supported by QUILT.
killed version of the query:

efect tenid comerc intern enfermedad fiebr por- . .
cin Evaluating Retrieval Performance

Note that except for “afect” instead of “efecto,” and the lackThe query translation component of QUILT has been evalu-
of translations “enfermidad” and “tenid”, which are modifier agted in the context of TREC-4 and TREC-5, using the

terms in the query, all of the significant terms are present inglish description fields of the queries only to produce

the disambiguated query. The notable exception is the use gfnked document lists that could be compared to monolin-
“perr” instead of “porcin.” gual Spanish retrieval engines also participating in TREC.
) ) ) The results are encouraging and are reported in Davis
0.7 Check for inclusion of terms that did not translate (1996), but summarized below for completeness.

Although in this query all relevant terms translated, itis con-  The NIST query-relevance judgments were combined

ceivable that proper names, abbreviations or loan-wordgith the English portions of the TREC-4 and TREC-5 que-

might not have entries in the bilingual lexicon. An added fearies (English description fields only) to assess the perfor-
ture of QUILT is that these terms will be included in themance of the QUILT engine. The English description fields

query if they also occur in the target database. The Englistontain a human translation of the Spanish description fields
query terms are thus stemmed with the Spanish stemmer ansed by the monolingual Spanish systems.

checked against the target database term list. If they occur, In the discussion that follows, the monolingual Spanish

they are included. results will be referred to as MONO4 and MONOS5. For
. . ] . comparison with the QUILT disambiguation approaches,
0.8 Submit query to Spanish retrieval engine runs were also done using all of the Spanish bilingual equiv-

QUILT takes the resulting query, consisting of Spanish termalents without any attempt at disambiguation. These runs are
from 0.6 and 0.7, and submits them to the Spanish monolifabeled ALL4 and ALLS5, respectively. The QUILT corpus-
gual retrieval engine. The QUILT retrieval engine uses a simbased disambiguation method was also used without POS-
ple tf-idf document and term weighting scheme similar tdbased disambiguation to ascertain its relative contribution to
the SMART (Salton and Buckley, 1988) system for querythe disambiguation process. These sets are referred to as
document scoring. As a prototype system, the flexibility ofCORP4 and CORPS5. Similarily, the POS approach was
the vector-based tf-idf approach suggested that it was a reapplied independently of the corpus-based method to deter-
sonable approach. Further, a vector model is an inherentiyine its performance in query translation. This set is referred
linear combination of term weightings, making the substituto as POS5 (the same experiment was not done for TREC-4
tions of term equivalents in a CLTR scenario straightfor-queries). The complete QUILT approach is QUILTS5, and
ward, with special handling of phrasal components an addesas also only evaluated for the TREC-5 queries.
option that can be accommodated easily without significant The pooled query-relevance judgements (qgrels) from
modification of the system. NIST were used to evaluate the system for several of these

For QUILT, the tf-idf strategy has some substantialruns. It is possible that the stemming algorithm that was used
modifications over the Smart system from Cornell. Amondor Spanish might conflate Spanish terms in a manner not
these was the development of new Spanish stemmer baseghresented in the other systems, so the pooled grels are
on the Porter stemmer model that contains 145 rules fgrobably not a perfect measure of the system’s performance.
stemming Spanish terminology. The complexity of irregularThe effect of this probably does not significantly impact on
Spanish verbs was partially handled within this frameworkthe results presented here, however.
although it was decided to do without specifying irregular ~ The performance of the various methods is shown in
verb paradigms precisely to maintain the speed of the steriiable 1. The non-interpolated average precision values are
ming algorithm.

The system is capable of indexing at around 200 Mb per
hour, Spanish or English, and creates indexes of around 0.5



lents were stemmed and duplicates eliminated, and tH&0,000 retrievals per query to achieve acceptable levels of
resulting lists were loaded into a btree-based database for uggtimization. The combined results of these experiments
by the QUILT system. The relevant dictionary entries for thesuggested that if a computationally-tractable alternative to
results from 0.2 are shown below in their parsed format: the EP methods could be found that leveraged the value of
bilingual lexicons, corpus-based methods might present an

NN_threat achorlamaglamenaz|bravat|conmindis- opportunity for improving query translation. In Davis
fuerzlespantinublar|peligriretironc (1996), evaluations of the current approach were presented,
demonstrating that under the correct circumstances, and

NN_swine

canall|cochin|galdufjet|malajlmam|mar- especially when combined with POS-disambiguated terms,
ran|papal|perr|puercirajar|sinvergonz|ver- corpus-based disambiguation can improve query translation.
gajjvillan For the method in QUILT, the first step involves per-

forming a retrieval using the original English query to gener-

NN_fever calentur|chuch|fiebrjpasm .
ate a vector of scored English document numbers. The

NN_intern intern current implementation of QUILT contains parallel texts
S from the 1991 United Nations collection of documents. The
NN_trade comercjcontratinegocjofic]sindi- parallel documents were automatically aligned (Davis, Dun-

cat|trafag|trafic|trapich

ning and Ogden, 1995) resulting in 97,594 alignment pairs at

The stemmed Spanish equivalents are separated by vertid@f sentence or double-sentence level. The English docu-
bars. Note that the lexicon is highly “noisy” because thén€nts contained 91,915 unique terms out of a total of

English-Spanish version of the lexicon is, in fact, an inver®483,677. On the Spanish side, there were 122,827 unique
sion of the Spanish-English lexicon because of parsing prof¢'Ms in & total of 5,259,124. The alignment process has pre-

lems with the English-Spanish dictionary. This process oY!0Usly been estimated to be 83% correct, although a com-

using an inverted dictionary is clearly not the ideal situationP"€nensive evaluation of the UN alignments has not been
but it does provide a quick path to a reverse lexicon Whe_ﬂerformed. The 1991 UN document set was chosen because

only one direction is available. The consequences of usinlfy Was suspected that current issues might be better repre-

this lexicon are described later. sented by the most current document set from the UN collec-
The resulting English-Spanish lexicon contains 33, 36410 Which includes years 1988 through 1991. _

entries with a mean of 2.11 equivalents per headword. The 1he English set of aligned texts was indexed using the

Spanish-English lexicon contains 40, 252 entries with &UILT engine. The Spanish set was similarily indexed
mean of 1.39 equivalents per headword. simultaneously, with alignment blocks sharing document

numbers between the parallel sets. The resulting indexes
0.4 Retrieve english documents on parallel text database occupy a total of 77 Mb of disk space, including inverse term
I_.ltoken-term dictionaries for testing purposes. The indexing

The corpus-based disambiguation component of QUI ) .
b ! 'guat P Q k approximately 20 minutes on a Sparc 5.

uses a parallel, aligned database of texts to attempt to chod88

among the variants produced by 0.3. The corpus-basgﬂ5 Speculatively retrieve Spanish documents
method is the product of numerous experimental efforts to ) ] ) ) )
he next step is to retrieve documents using Spanish equiva-

incorporate aligned corpora into the translation task. Earl )
efforts (Dunning and Davis, 1993) involved solving for a ents as query terms. For each English headword from 0.3,

translation matrix of document-term correspondences usingiS involves retrieving a scored document vector for each

training methodologies. Although the results were encouragtauivalent term.

g, the process was compu_tauonally EXpENsIve. Daws_artsj.e Choose the best equivalent for each English headword
Dunning (1995, 1996) applied evolutionary programming ) ’ ]
methods to attempt to refine Spanish translation of English! this step, the normalized dot product of each equivalent's
queries by iteratively comparing the retrieval profiles ofdocument vector and the original English vector is calcu-

English and Spanish queries over a parallel corpus. In Daviated. For each equivalent set, the equivalent with the highest
and Dunning (1995a), a transfer dictionary was used to crécore is selected. In the case of the headword:

ate the Spanish queries, but no large-scale retrievals wer
performed, and the later work (Davis and Dunning, 1995b)
used initial Spanish equivalents derived directly from a parthe dot product calculations indicate that “fiebr” is the best
allel corpus. Results from the latter were shown to be consf the four available equivalents. A standard translation of
paratively poorer than even the full transfer dictionaryihe phrase “swine fever” is, in fact, “fiebre porcino,” so that

ods were computationally expensive, requiring arounghe resulting disambiguated query is:

(?\I N_fever



the GUI in allowing users with varying degrees of bilingualends of sentences. As an example, the following TREC-5
knowledge to distinguish good documents from bad ones guery (English description portion):

currently ongoing.
How has the threat of swine fever affected

international trade?

Query Translation tags to:

The first step in the QUIL_T approac_h to CLTR is to translate_ ;';’;‘ EIoesxj\j/gSESTI:ot\éveiﬁg)j)ielzgxp::::’:‘/ﬁfThr;:;d
the English user query into Spanish. Other approaches ingjeys <iex pos=IN> of </lex> <lex pos=NNS>
recent literature are not reliant on query translation (Dumais, swine </lex> <lex pos=NN> fever </lex> <lex
1996). For QUILT, the ability to perform query translation pos=VBD> affected </lex> <lex pos=JJ> interna-
means that the translated queries can potentially be used t§onal </lex> <lex pos=NN> trade? </lex>
guery text retrieval systems other than the current one impl
mented in this prototype.

The query translation process contains numerous step

R further filtering step is performed by collapsing the spec-

trum of noun and verb tags generated by the MITRE POS

%agger to JJ, NN,VB, CD, IN, DTD, PRP and FW, and then

1. Tag the English query with a statistical parts-of-speechprefixing each query term with the POS tag. Other tags are
tagger. discarded. For the query above, this results in:

2. .Reduc.e the English query terms to their stems and eI|m—VB_has NN._threat NN_swine NN_ fever VB, affected
inate kill words, preserving the tagger markup from (1). 33 international NN trade

3. Look-up the stemmed English query terms in a bilingual
lexicon, selecting Spanish equivalents that match the
part-of-speech of the query term.

Overall, the performance of the MITRE tagger appears to be
very good. On the 25 TREC queries, there were 8 errors by
the MITRE tagger over a total of 222 labelled terms in 25
4. Retrieve a document set using the English query on thgueries, resulting in a 3.6% error rate on query tagging.
English side of a parallel, aligned corpus. Notable errors included: “in” was identified as a Foreign

5. Speculatively retrieve document sets for each Spanish Word (FW), “steps” was incorrectly identified as a Verb

term on the Spanish side of the parallel, aligned corpus{VB) twice, and “extinction” was incorrectly identified as a

) ] Verb (VB) once. This evaluation did not examine the CD,
6. Choose the Spanish equivalent terms that produce IN, DTD and PRP categories.

retrieved documents that most resemble the English
retrieval resullts. 0.2 Stem the marked-up terms

7. Examine the remaining Spanish equivalents to deter- The second step in the query translation process involves
mine if they occur in the target Spanish document datastemming the resulting terms using a standard English stem-

base. If they do not occur, see if the English term, ming algorithm based on the Porter stemmer, but modified to
stemmed with a Spanish stemmer, occurs in the target ignore the POS prefix codes. Terms in a 571 term kill list are
Spanish database. also removed at this stage. For the query above, this results

8. Construct a Spanish query based on the collected Spam:

ish equalents from (6) and (7) NN_threat NN_swine NN_fever VB_affect JJ_intern

NN_trade
The final query is thus constructed from terms in a bilingual

lexicon that have been disambiguated on a parallel documewhere “has” has been removed by the kill procedure and
corpus. Terms that are not in the lexicon are handled spéffected” and “international” have both been reduced to
cially in step (7) because they may be proper nouns, Spanigpot forms.
terms or loan-words that occurred in the English query. ) _ - )

These steps are described in more detail in the followin§-3 Find equivalents by bilingual lexicon lookup

sections. The current QUILT implementation relies on the Collins
_ Spanish-English and English-Spanish bilingual dictionaries.
0.1 Tag English query In a preprocessing stage, the Spanish-English dictionary was

The first step in QUILT query translation is tagging the origparsed from their original format by extracting sense and
inal query with parts-of-speech markup. The English quergubsense equivalents along with their POS information. The
is passed to the English POS tagger from MITRE Corp. aftdteadwords were then prefixed with the POS tag and
the inclusion of SGML markup to delineate the start andstemmed by the correct stemming algorithm. The equiva-
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Abstract The Query User Interface with Light Translations
(QUILT) system is designed to address the need for a CLTR

QUILT (Query User Interface with Light Translations) is a system that takes queries in one language and returns docu-
prototype implementation of a complete cross-language text Ments in that same language, despite the fact that the under-
retrieval system that takes English queries and produces lying text retrieval system has indexed documents in a
English gloss translations of Spanish documents. The system different language. The prototype system makes use of a
indexes the Spanish documents in Spanish, but converts the bilingual lexicon to generate translation equivalents, then
English query into a Spanish equivalent set through a novel chooses among those equivalents based on a combination of
combination of lexical methods and parallel-corpus disam-  corpus-based methods and lexical decision-making. The cur-
biguation. Similar m_ethods are applied to the returned_ docu- rent prototype accepts queries in English for document col-
?Oenrltstoa%riggusce ak5|mpile translattrllon tl?at can bef (te:arglned bytlections in Spanish. The entire system is presented to the
panish speakers fo gauge the relevance ot tne document, o as a GUI that allows entering queries, viewing, saving
to the original English query. The system integrates tradi- o . - L
tional, glossary-based machine translation technology with and printing _que”es_ and document_ lists, and _V'eW'ng d0(_:u-
information retrieval approaches and demonstrates that rela- MeNts both in Spanish and as a simple English translation.
tively simple term substituton and disambiguation Search terms are highlighted in the documents and the user
approaches can be viable for cross-language text retrieval. can quickly examine alternative translations of terms in the
Components of QUILT have been used to build a CLTR inter- English translation.
face to WWW-based search services. The potential value of a system like QUILT is that ana-
lysts and researchers with little or no knowledge of a lan-
guage can nevertheless access textual databases in the
Introduction language. They can also potentially make sense of the docu-
ments they discover without having to burden additional
éranslation resources within their organization. The Spanish

A Cross-language Text Retrieval (CLTR) system retrieve ; ) RSN
guag ( ) Sy ocuments are still available for examination in QUILT,

documents in a language that is different from the query lan- . " .
guag query owever, and so those with better bilingual skills can com-

guage. A user of a CLTR system can enter a query in o th iqinal with the t lati Th tem thus h
language, but the returned documents will be in the Ianguai@re € original wi € transiation. The system thus has

of the document collection. Some have speculated that o Qe potential for assisting in language learning in addition to

. . . trieval.
conceivable scenario is that a user might have some knowFf . . .
g This paper presents an overview of the design of QUILT.

edge of the document language, but have difficulty formula-h N lati thodoloa loved in th ¢
ing effective queries. This sort of user might very well be € transiation methodologies employed In the system are

able to distinguish good documents from bad document%imple' but appear to provide an adequate basis for further
Iréasearch and development of “full-route” CLTR systems.

based on their limited knowledge. Such a user could the s of th em h b tested | I
send the documents that they have judged relevant on to qs ? S N sysherg ave ;aen_ efhe on ;avteryf atrr?e cTo ?C'
translation service bureau or machine translation syste on of spanish documents in the context o e &x
The more pressing scenario, however, is a user who does tn_eval Evaluation Conference (TREC_). This collection
have the time or the ability to judge documents in Ianguage%ons'_StS of around 165,000 doc_uments In over 30.0 Mb.Of
panish text from AFP news wire. Standard queries with

other than their own. A user with no knowledge of a lan- | ud ¢ dt luate th ¢
guage must pass all of the retrieved documents to Othgpown relevance judgments were used to evaluate the pertor-
ance of the query translation and document retrieval com-

resources, which could constitute a significant load on aff! ; o
organization. ponent. Experimental determination of the added value of



