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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.
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in the AP document set. The performance of this frequency- The first problem is that the standard relevance assessment
ordered substitution scheme was not compared against the morenodel used in the ad hoc and routing forums of TREC is not
sophisticated corpus-based approach. Since the user has accessappropriate to the complete CLTR system. One of the goals of
all equivalents, this arrangement has a high likelihood of choosingQUILT is to assist users in judging the relevance of retrieved docu-
the correct equivalent but allows the user to browse all equivalentsments in non-native languages. The evaluation criteria therefore
as well. Generating gloss translations using a word-for-word must be the number of relevant non-native documents correctly
approach like this leaves much to be desired in terms of readabilityidentified. This requires assessing the impact of a user’'s knowl-
of course, and we present this merely as demonstrating a direcedge of the document language with or without the aid of the
application of the techniques used in query translation to translat-QUILT system.
ing the document. Part of our ongoing work is to assess just how Our approach is to pre-test users to ascertain their knowledge
little translation can be performed in delivering useful documents of Spanish using a multiple-choice test that has vocabulary specifi-
to the monolingual end-user. cally chosen over the TREC-5 queries. The users are then ran-
The GUI for QUILT contains numerous features: domly assigned to attempt to evaluate the relevance of the Spanish
documents to the original query either with or without the gloss
translations. The hypothesis is that users with very little Spanish
«  Menu options for displaying limited numbers of returned doc- knowledge will be able to better make those judgments using the
uments. gloss translations. Better judgments will be determined by compar-
. ) . ) ing the closeness of the relevance judgements by the evaluation
+  Options for displaying the query translation terms from the  ysers to the TREC relevance judgments provided for those queries.
bilingual lexicon. An alternative methodology that we are currently exploring is
the use of user choice analysis to ascertain precisely how users
might use various user interfaces tools—including gloss transla-
tions—to arrive at an effective strategy for finding and making use
e« A document list window. of foreign language documents. In user choice analysis, more than
) ) ) one alternative user interface style is made available to a test user
*  Pop-up windows that show the Spanish document with trans- and they are free to choose a style after they have become familiar
lated Spanish query terms highlighted. with all alternatives. Tasks types are varied and experimental
observations are made of the choices users make to solve the tasks.
It may be that the syntactic and functional errors that are in the
English gloss translations make the added value of the translations
« A pop-up window that shows the variant translations of each Primarily in the area of vocabulary discovery, but that users will
English term in the gloss translation. rely on the Spanish document for processing the logical flow of the
document discussion. By providing the choice for a user to use
eboth together and observing how they actually use the two docu-
ment representations, it may be possible to determine that addi-
tional tools could be effective in aiding the processes of document
understanding and making relevance judgments.

¢ A query window

«  Options for saving, loading and printing queries and docu-
ment lists.

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

The primary components are shown in Figure 1 on Page 7. In th

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 Spanish document win

dow appears with translated query terms highlighted in red. Press- .

ing the “View Translation” button at the window’s base replaces & Conclusions

the window contents with the gloss translation. Each translated

term is lightly highlighted in brown, and English query terms are QUILT is a significant step towards fulfilling the need for retrieval

shown in red in the translations window. Further, by clicking on in one language over collections in other languages, and allowing

any translated term in the window, a small dialog box appears thatthe user to assess and understand the retrieved documents in the

shows all of the variant equivalents for that term. query language. The close integration of machine translation tech-
For current evaluation purposes, the query window also hashiques with retrieval technology in QUILT appears to have

the TREC-5 queries built in, and the retrieved document lists areincrease the success rate of each technology alone in query transla-

persistent between sessions for each user, being saved to local, hidion. The same techniques appear to be effective in providing gloss

den files named by user and query number. translations of the retrieved documents for the user although sig-
Retrieval and translation times have recently been improved, hificant evaluation efforts remain to be done.

with a 8 seconds on the 25 TREC-5 queries. Translation times are  Our ongoing work involves marshaling in-house development

highly dependent on the length of the document, with short docu-©f Unicode processing tools and display technology to expand the

ments like the one shown in Figure 1 on Page 7 taking 16 secondQUILT model to other languages, and investigating new

to translate, while a longer document from the same set and thre@pproaches to rapidly acquiring bilingual lexical information from

times as long requires 31 seconds to translate. Since the POS ta¢arge corpora. The advances seen in QUILT provide a positive pre-

ger is called as an external process, the number of segmentiminary answer to the basic question of whether a complete CLTR

between native paragraph tags plays a significant role in theSystem is possible.

amount of time spent on the translation. Incorporating the POS

tagger as a linked library to the main QUILT system should sub- 7 References

stantially decrease the start-up costs associated with tagging operddavis, M. W. (1996) New Experiments in Cross-Language Text

tions. Retrieval at New Mexico State University’s Computing Research
] Laboratory. InProceedings of the Fifth Text Retrieval Evaluation
5 Evaluating QUILT ConferenceGaithersburg, MD, National Institute of Standards and
Technology..

A complete CLTR system presents special evaluation problems
that are not relevant to monolingual retrieval scenarios. We are cur-Davis, M. W. and T. Dunning (1996) Query Translation Using
rently designing experiments to attempt to test the QUILT model. Evolutionary Programming for Multi-Lingual Information



experimenting with automatic document feedback, although thesefrom corpus-based disambiguation of the translation equivalents.

features are not currently supported by QUILT. For the TREC-5 results, however, corpus disambiguation
decreased performance when used alone but was advantageous
3 Evaluating Retrieval Performance when combined with POS-based disambiguation. Exactly why this

occurred is not altogether clear. It certainly must be due to substan-

The query translation component of QUILT has been evaluated intial disambiguation errors being made over incorrect POS equiva-
the context of TREC-4 and TREC-5. The English description lents present in the TREC-5 query equivalent sets. If we consider
fields of the TREC queries were used as the initial queries againsthe monolingual performance of the basic QUILT retrieval engine
the Spanish TREC document collections. The resulting rankedas a baseline, the TREC-5 POS disambiguation component per-
document lists that could be compared to monolingual Spanishformed 67.3% as well as the monolingual system alone, while add-
retrieval engines also participating in TREC. The results are ing in the corpus-based component (QUILT) raised the percentage
encouraging and are reported in Davis (1996), but summarizedto 73.5%.

below for completeness. The monolingual QUILT retrieval engine is very basic, how-

The NIST query-relevance judgments were combined with ever, and should be considered as a vehicle for proofing the value
the English portions of the TREC-4 and TREC-5 queries (English of CLTR components, not as an exceptionally capable system in
description fields only) to assess the performance of the QUILT and of itself. It is comparable in design to early SMART systems.
engine. The English description fields contain a human translationSubstantial improvements in performance can be expected as the
of the Spanish description fields used by the monolingual Spanishhandling of phrases is incorporated into the system and, especially,
systems. as Rocchio-style automated feedback methods are added.

For comparison with the QUILT disambiguation approaches,
runs were done using all of the Spanish bilingual equivalents with-4 The Complete System
out any attempt at disambiguation. The QUILT corpus-based dis-
ambiguation method was also used without POS-basedThe final step in the QUILT process is producing gloss translations
disambiguation to ascertain its relative contribution to the disam- of the retrieved documents for the end-user. The current implemen-
biguation process. Similarily, the POS approach was applied inde-tation uses the same basic design as the query-translation process
pendently of the corpus-based method to determine itsto translate the documents to English, but substitutes a frequency-
performance in query translation. Due to limitations in disk based scheme for the expensive corpus-based disambiguation pro-
resources, and the fact that the TREC-4 and TREC-5 approachesess.
used different document collections, the combined POS and cor- The steps of the document translation process are:
ﬁg:—based disambiguation was only evaluated for the TREC-5quey  »nhotate the document with SGML sentence delimeters.

The pooled query-relevance judgements (grels) from NIST 2. Tag the document around any existing SGML markup.
were used to evaluate the system for several of these runs. It is pos:
sible that the stemming algorithm that was used for Spanish might~
conflate Spanish terms in a manner not represented in the other
systems, so the pooled grels are probably not a perfect measure of.  Choose the equivalent that has the highest frequency of occur-
the system’s performance. The effect of this probably does not sig- rence in a large English AP collection.
nificantly impact on the results presented here, however.

The performance of the various methods is shown in Table 1.Each of these stages is essentially equivalent to the corresponding
The non-interpolated average precision values are listed by catestage of the query-translation process, except for some minor vari-
gory. Automatically translating a query into another language can ations. For one, the Spanish-English bilingual lexicon does not
clearly have a substantial performance penalty, but by performingcontain the English equivalents in stemmed form so that the trans-
some simple disambiguation of query term equivalents, the penaltylated document does not contain difficult to read term stems rather
can be reduced substantially. than their root forms. Secondly, statistics were collected for

The TREC-4 results are included because they show a slightly450,000 terms from around 400 Mb of English AP news wires and
different pattern than the corresponding results for TREC-5. In thethe English equivalents in the lexicon were rearranged so that the
TREC-4 results, there was a clear performance gain that resultedirst equivalent is the one with the highest frequency of occurrence

Separate the tagged terms and look them up in the Spanish-
English lexicon.

Method PR (NI) % of Monolingual Results
Monolingual (TREC-5) 0.2895 —
Monolingual (TREC-4) 0.1874 —
QUILT [POS- and Corpus-based] (TREC-5) 0.2127 735
Parts-of-Speech (TREC -5) 0.1949 67.3
All Equivalents (TREC-5) 0.1422 49.1
Corpus-based Disambiguation (TREC-4) 0.1250 66.7
Corpus-based Disambiguation (TREC-5) 0.1153 39.8
All Equivalents TREC-4 0.0783 41.8

Table 1 Average Precision For All Methods



spondences using training methodologies. Although the results“swine fever” is, in fact, “fiebre porcino,” so that equivalent is a

were encouraging, the process was computationally expensivegood choice among the four. For this query, the resulting disambig-

Davis and Dunning (1995, 1996) applied evolutionary program- uated query is:

ming methods to attempt to refine Spanish translation of English

queries by iteratively comparing the retrieval profiles of English amenaz perr fiebr afect intern comerc

and Spanish queries over a parallel corpus. In Davis and Dunning

(1995a), a transfer dictionary was used to create the Spanish queompare this with the Spanish version produced by Human trans-

ries, but no large-scale retrievals were performed, and the latedation:

work (Davis and Dunning, 1995b) used initial Spanish equivalents

derived directly from a parallel corpus. Results from the latter were ¢Qué efecto ha tenido en el comercio interna-

shown to be comparatively poorer than even the full transfer dic- cional la enfermedad “fiebre porcino?”

tionary methods. In both cases, the evolutionary optimization

methods were computationally expensive, requiring around 50,000The comparison is clearer if one examines the stemmed and killed

retrievals per query to achieve acceptable levels of optimization.version of the query:

The combined results of these experiments suggested that if a com-

putationally-tractable alternative to the EP methods could be found efect tenid comerc intern enfermedad fiebr por-

that leveraged the value of bilingual lexicons, corpus-based meth- cin

ods might present an opportunity for improving query translation.

In Davis (1996), evaluations of the current approach were pre-Note that except for “afect” instead of “efecto,” and the lack of

sented, demonstrating that under the correct circumstances, anttanslations “enfermidad” and “tenid”, which are modifier terms in

especially when combined with POS-disambiguated terms, cor-the query, all of the significant terms are present in the disambigu-

pus-based disambiguation can improve query translation. ated query. The notable exception is the use of “perr” instead of

For the method in QUILT, the first step involves performing a “porcin.”

retrieval using the original English query to generate a vector of

scored English document numbers. The current implementation of

QUILT contains parallel texts from the 1991 United Nations col-

lection of documents. The parallel documents were automatically

aligned (Davis, Dunning and Ogden, 1995) resulting in 97,594 S - .

alignment pairs at the sentence or double-sentence level. Thé\lthough in this query all relevant terms translated, it is conceiv-

English documents contained 91,915 unique terms out of a total of2P!€ that proper names, abbreviations or loan-words might not

4,483,677. On the Spanish side, there were 122,827 unique term%"’“’e entries in the _b|||ngyal IeX|co_n. An added _feature of QUILT IS

in a total of 5,259,124. The alignment process has previously beel;t at these terms will be included in the query if they also occur in

estimated to be 83% correct, although a comprehensive evaluation € {@rget database. The English query terms are thus stemmed

of the UN alignments has not been performed. The 1991 UN docu-With the Spanish stemmer and checked against the target database

ment set was chosen because it was suspected that current issul§™ list. If they occur, they are included.

might be better represented by the most current document set from

the UN collection, which includes years 1988 through 1991.

The English set of aligned texts was indexed using the QUILT 2.8 Submit query to Spanish retrieval engine

engine. The Spanish set was similarily indexed simultaneously,

with alignment blocks sharing document numbers between theQuILT takes the resulting query, consisting of Spanish terms from

parallel sets. The resulting indexes occupy a total of 77 Mb of disk 2.6 and 2.7, and submits them to the Spanish monolingual retrieval

space, including inverse term token-term dictionaries for testing engine. The QUILT retrieval engine uses a simple tf-idf document

purposes. The indexing took approximately 20 minutes on a Sparcand term weighting scheme similar to the SMART (Salton and

S. Buckley, 1988) system for query-document scoring. As a proto-
type system, the flexibility of the vector-based tf-idf approach sug-
gested that it was a reasonable approach. Further, a vector model is

2.5 Speculatively retrieve Spanish documents an inherently linear combination of term weightings, making the
substitutions of term equivalents in a CLTR scenario straightfor-

The next step is to retrieve documents using Spanish equivalents a\g/ar_d, with special handiing of phras_al components an adde_d
query terms. For each English headword from 2.3, this involves option that can be accommodated easily without significant modi-

i : fication of the system.
retrieving a scored document vector for each equivalent term. . . .
9 q For QUILT, the tf-idf strategy has some substantial modifica-

tions over the Smart system from Cornell. Among these was the
) ) development of new Spanish stemmer based on the Porter stemmer
2.6 Choose the best equivalent for each English head- model that contains 145 rules for stemming Spanish terminology.
word The complexity of irregular Spanish verbs was partially handled
within this framework, although it was decided to do without spec-
In this step, the normalized dot product of each equivalent’s docu-ifying irregular verb paradigms precisely to maintain the speed of
ment vector and the original English vector is calculated. For eachthe stemming algorithm. o
equivalent set, the equivalent with the highest score is selected. In ~ The system is capable of indexing at around 200 Mb per hour,

2.7 Check for inclusion of terms that did not translate

the case of the headword: Spanish or English, and creates indexes of around 0.5 the size of
the original document collection. Posting vectors are incrementally
NN_fever written to B-tree databases to conserve memory and then merged

at the end of the process without the necessity of sorting the indi-

the dot product calculations indicate that “fiebr” is the best of the Vidual posting sets. Additional options allow for the creation of a
four available equivalents. A standard translation of the phrasedatabase of compressed document signatures which are useful for



English side of a parallel, aligned corpus. 2.2 Stem the marked-up terms

5. Speculatively retrieve document sets for each Spanish term on . . .
the Spanish side of the parallel, aligned corpus. The second step in the query translation process involves stem-
) ] ] ming the resulting terms using a standard English stemming algo-
6. Choose the Spanish equivalent terms that produce retrieved rithm based on the Porter stemmer, but modified to ignore the POS
documents that most resemble the English retrieval results.  prefix codes. Terms in a 571 term Kkill list are also removed at this
7. Examine the remaining Spanish equivalents to determine if ~Stage. For the query above, this results in:
they occur in the target Spanish document database. If they do ) )
not occur, see if the English term, stemmed with a Spanish ~ NN_threatNN_swine NN_fever VB_affectJJ_intern
stemmer, occurs in the target Spanish database. NN_trade
8.  Construct a Spanish query based on the collected Spanish  \where “has” has been removed by the kil procedure and

equivalents from (6) and (7). “affected” and “international” have both been reduced to root

forms.

The final query is thus constructed from terms in a bilingual lexi-

con that have been disambiguated on a parallel document corpus . . - .

Terms that are not in the lexicon are handled specially in step (7)2-3 Find equivalents by bilingual lexicon lookup

because they may be proper nouns, Spanish terms or loan-words ) ) ) ) )

that occurred in the English query. The current QUILT implementation relies on the Collins Spanish-
These steps are described in more detail in the following sec-English and English-Spanish bilingual dictionaries. In a prepro-

tions. cessing stage, the Spanish-English dictionary was parsed from

their original format by extracting sense and subsense equivalents

along with their POS information. The headwords were then pre-

fixed with the POS tag and stemmed by the correct stemming algo-

rithm. The equivalents were stemmed and duplicates eliminated,

] ) o ] o and the resulting lists were loaded into a btree-based database for

The first step in QUILT query translation is tagging the original yse by the QUILT system. The relevant dictionary entries for the

query with parts-of-speech markup. The English query is passed tqesults from 2.2 are shown below in their parsed format:
the English POS tagger from MITRE Corp. after the inclusion of

SGML markup to delineate the start and ends of sentences. As an NN_threat achorlamag|amenaz|bravat|conmin|dis-
example, the following TREC-5 query (English description por-  fuerz|espant|nublar|peligr|ret|ronc
tion):

2.1 Tag English query

NN_swine
canall|cochin|galduf|jetjmalajlmam|mar-
ran|papallperr|puerc|rajar|sinvergonz|ver-
gaj|villan

How has the threat of swine fever affected
international trade?

tags to:

NN_fever calentur|chuch|fiebr|pasm
<lex pos=WRB> How </lex> <lex pos=VBZ> has </
lex> <lex pos=DT> the </lex> <lex 0s=NN> threat
</lex> <lex pos=IN> of </lex> <lex pos=NNS>
swine </lex> <lex pos=NN> fever </lex> <lex
pos=VBD> affected </lex> <lex pos=JJ> interna-
tional </lex> <lex pos=NN> trade? </lex>

NN_intern intern

NN_trade comerc|contrat|negoc|ofic|sindi-
catltrafag|trafic|trapich

o ) ) The stemmed Spanish equivalents are separated by vertical bars.
A further filtering step is performed by collapsing the spectrum of Note that the lexicon is highly “noisy” because the English-Span-
noun and verb tags generated by the MITRE POS tagger to JJish version of the lexicon is, in fact, an inversion of the Spanish-
NN,VB, CD, IN, DTD, PRP and FW, and then prefixing each English lexicon because of parsing problems with the English-
query term with the POS tag. Other tags are discarded. For thespanish dictionary. This process of using an inverted dictionary is

query above, this results in:

VB_has NN_threat NN_swine NN_fever VB_affected
JJ_international NN_trade

clearly not the ideal situation, but it does provide a quick path to a
reverse lexicon when only one direction is available. The conse-
qguences of using this lexicon are described later.

The resulting English-Spanish lexicon contains 33, 360
entries with a mean of 2.11 equivalents per headword. The Span-

Overall, the performance of the MITRE tagger appears to be veryjsh-English lexicon contains 40, 252 entries with a mean of 1.39
good. On the 25 TREC queries, there were 8 errors by the MITREequivalents per headword.

tagger over a total of 222 labelled terms in 25 queries, resulting in

a 3.6% error rate on query tagging. Notable errors included: “in”
was identified as a Foreign Word (FW), “steps” was incorrectly
identified as a Verb (VB) twice, and “extinction” was incorrectly
identified as a Verb (VB) once. This evaluation did not examine the
CD, IN, DTD and PRP categories.

2.4 Retrieve english documents on parallel text database

The corpus-based disambiguation component of QUILT uses
a parallel, aligned database of texts to attempt to choose among the

variants produced by 2.3. The corpus-based method is the product

of numerous experimental efforts to incorporate aligned corpora
into the translation task. Early efforts (Dunning and Davis, 1993)
involved solving for a translation matrix of document-term corre-
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Abstract combination of corpus-based methods and lexical decision-making.
The current prototype accepts queries in English for document col-
lections in Spanish. The entire system is presented to the user as a
type implementation of a complete cross-language text retrievalGY! that allows entering queries, viewing, saving and printing que-
system that takes English queries and produces English glos&i®S @nd document lists, and viewing documents both in Spanish
translations of Spanish documents. The system indexes the Spar‘Flnd as a simple English translatlon._ Search terms are hlg_hllghted in
ish documents in Spanish, but converts the English query into ain€ documents and the user can quickly examine alternative transla-
Spanish equivalent set through a novel combination of lexical 1OnS Of terms in the English translation. .

methods and parallel-corpus disambiguation. Similar methods are The potential _valu_e of a system like QUILT is that analysts
applied to the returned document to produce a simple translatiord researchers with little or no knowledge of a language can nev-

that can be examined by non-Spanish speakers to gauge the re|‘§z_rtheless access textual databases in the language. They can also

vance of the document to the original English query. The System_potentially make sense of the documents they discover without hav-

integrates traditional, glossary-based machine translation technoliNd t0 burden additional translation resources within their organiza-
ogy with information retrieval approaches and demonstrates thattion The Spanish documents are still available for examination in

relatively simple term substitution and disambiguation approachesQUILT' hOW*?V_eﬁ an(_:i so those with _better bilingual skills can com-
can be viable for cross-language text retrieval. pare the original with the translation. The system thus has the

potential for assisting in language learning in addition to retrieval.
This paper presents an overview of the design of QUILT. The
translation methodologies employed in the system are simple, but
. . appear to provide an adequate basis for further research and devel-
A Cros_s-lanlguage Texg R‘?t”de_;a' (CL-er) s;;]stem retr||eves doc”Aopment of “full-route” CLTR systems. Parts of the system have
ments in a language that Is different from the query language. Apeqn tested on a very large collection of Spanish documents in the

user of a CLTR system can enter a query in one language, but the, eyt of the Text REtrieval Evaluation Conference (TREC). This
returned documents will be in the language of the document col-

QUILT (Query User Interface with Light Translations) is a proto-

1 Introduction

but have difficulty formulating effective queries. This sort of user
might very well be able to distinguish good documents from bad
documents based on their limited knowledge. Such a user coul
then send the documents that they have judged relevant on to
translation service bureau or machine translation system. Th
more pressing scenario, however, is a user who does not have th
time or the ability to judge documents in languages other than

their own. A user with no knowledge of a language must pass all i . .
of the retrieved documents to other resources, which could consti-The first step in the QUILT approach to CLTR is to translate the

tute a significant load on an organization English user query into Spanish. Other approaches in recent litera-
The Query User Interface with Light Translations (QUILT) tuLeIL_?rehnot br_(le_llant on fquery translat|on| (!Dumals, 199h6)' I;or

system is designed to address the need for a CLTR system tha®  the ability to perform query translation means that the

takes queries in one language and returns documents in that sanjgAnslated queries can potentially be used to query text retrieval sys-

language, despite the fact that the underlying text retrieval syste emsT%ther than the <|:uqrent one implemented in this prototype.

has indexed documents in a different language. The prototype sys- e query transation process contains numerous steps:

tem makes use of a bilingual lexicon to generate translation equiv-1. Tag the English query with a statistical parts-of-speech tagger.

alents, then chooses among those equivalents based on 3

guery translation and document retrieval component. Experimental
etermination of the added value of the GUI in allowing users with
arying degrees of bilingual knowledge to distinguish good docu-
e1"}1ents from bad ones is currently ongoing.

5 Query-Translation

Reduce the English query terms to their stems and eliminate
kill words, preserving the tagger markup from (1).

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

4. Retrieve a document set using the English query on the



