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Abstract -

As Internet resources become accessible to more and more countries, there is a need to develop
methods for Cross Language Information Retrieval for European and Asian languages such as
English, French, Japanese, Chinese, Arabic, .... Most Cross-Language Information Retrieval
researches have focused on dictionary-based method with a combination to statistical approach to
avoid the problem of ambiguity. Query expansion is used to improve precision and recall in the
process of information retrieval and to dramatically reduce the errors such an approach normally
makes. In this paper, we discuss the approach of using a bilingual dictionary, by including an
automatic feedback loop in the task of query expansion before translation. A French-English
similarity thesaurus is applied after the disambiguation of the translated candidates. We apply this
method to a French-English module, in the Multilingual Knowledgc Discovery System A
combination of French-English and En ghsh—J apanese modules is in prospect.
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1. Introduction

Interest in Cross-Language Information
Retrieval (CLIR) has grown rapidly in recent
years. The diversity of information sources
and the explosive growth of the Internet
Worldwide are compelling evidence of the
need for IR systems that can cross language
boundaries.  Cross-Language Information
Retrieval consists of providing a query in one
language and searching document collections
in one or multiple languages. One can envision
many ways to bridge the language barrier
between query and collection.

In this paper, we focus on the query
translation, disambiguation and methods to
improve the effectiveness of information
retrieval. We are interested in finding methods
for performing cross-lingual retrieval, which
do not rely on scarce resources such as parallel
corpora.  Bilingual - Machine  Readable
Dictionaries (MRDs), more prevalent than
parallel texts seem to be a good alternative.
However, simple translations tend to be
ambiguous and give poor results, A
combination with statistical approach for a
disambiguation can significantly reduce the
error associated with polysemy' in dictionary
translation. Historically, statistical approach
has been viewed as operationally impractical
because, while it has helped recall, it generally
hurts precision at the top of the result list.

Our main hypothesis is that query expansion
via relevance feedback will improve the
precision of information retrieval, while a
similarity thesaurus will improve the recall.
We apply a statistical approach to reduce the
errors that a simple dictionary translation will
produce. The query expansion is based on a
local feedback before the query translation and
on similarity thesaurus after the query
translation, to improve information retrieval
effectiveness. The rest of this paper is

! Polysemy is a word, which has more than one meaning.

organized as follows. Section 2 gives a brief
overview of related work. The multilingual
knowledge discovery system is described in
Section 3. The overview of the proposed
information - retrieval subsystem and the
dictionary-based method with disambiguation
are described in Section 4. Query expansion
and its effectiveness in information retrieval
are described in Section 5. Section 6 concludes
the paper.

2. Previous works in CLIR

Work on Cross-Language Information
Retrieval dates back to the early seventies
when Salton [13] [14], established that
performance of English-French cross-language
retrieval was comparable to the performance
of monolingual retrieval when manually
developed resources were employed for query
translation. 20 years after these original
experiments, the availability of linguistic
resources has showed the possibility to attempt
multilingual retrieval with minimal manual
intervention. Current approaches to Cross-
Language Information Retrieval may be
classified usefully into three classes: Those
which use Machine Readable Dictionary
(MRD) translation, those which rely on
parallel or comparable corpora and those
which employ existing linguistic resources.
The problem with using parallel or comparable
texts is that test corpora are costly to acquire
and not readily available, it is difficult to find
already existing translations of the right kind
of documents and translated versions are
expensive to create. For this reason, there has
been more interest recently in the potential of
knowledge-based  technology.  Automatic
machine-readable dictionary’s query
translation, on its own, has been found to lead
to a drop in effectiveness of 40-60 % of
monolingual retrieval (Hull and Grefenstette
[8], Ballesteros and Croft [2]). Yamabana [17],



Ballesteros [2] and Hull [9] have used machine
translation approach successfully, for query
translation and information retrieval.- On the
other hand, techniques to improve the
precision-recall of information retrieval, such
as query expansion via relevance feedback
have been used in many researches [2]. A
thesaurus such as WordNet is being used
extensively in word- similarity measurement
technique, to enhance the information
extraction systems [18]. A thesaurus is a type
of an ontology, specialized to the organization
of terminology for a language. There are now
a number of thesaurus-based systems available
commercially. Fujii [5] claims that better result
can be obtained by the integration of the two
approaches: statistics-based for word sense
disambiguation and thesaurus-based
approaches. This combined technique = is
evaluated as an effective method in its
application to a word sense disambiguation
task [18]. However, most of researches on
Cross-Language Information Retrieval were

Document

concentrated on European languages while
integrating Asian languages is neglected.

3. The Multilingunal Knowledge
Discovery System (MKDS)

We initiated the idea of a multilingual
information system for . collecting, indexing
and retrieving- documents [12]. Some parts
such as the user interface and the query
translation for Japanese and English are
implemented, while other parts are substituted
by an existing search engine. Currently, we are
working on the integration of a French-English
module while other modules combining Asian
and European languages such ‘as a Japanese-
French module, will be added to the MKD
system. The integration of new languages to
the system, such as Arabic, is in prospect. An
overview of the actual multilingual knowledge
discovery system is shown in Fig 1.
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Fig 2. Overview of the proposed French-English Information Retrieval Subsystem.

4. Overview of the proposed
Information Retrieval Subsystem

The Information Retrieval is a part of the
multilingual knowledge discovery system.
First, user’s requests  are translated to the
language the user specified, then documents
are retrieved using a search engine and
returned to the user. An overview of the
proposed retrieval system is shown in Fig 2.

4.1 The Dictionary-based Method for Query
Translation

Cross-Language  Information  Retrieval
requires some form of query translation. It has
been shown that dictionary-based method,
where each term or phrase in the query is
replaced by a list of all its possible translations,
represents an acceptable first pass at cross-

language information retrieval although such
simple methods clearly show performance
below that of monolingual retrieval [7].

In our study, query translation is performed
after simple stemming process of query terms
to replace each term with its inflectional root,
to remove most plural word forms, to replace
each verb with its infinitive form and to
remove stop words and stop phrases. The next
step is a term-by-term translation using a term
list built from a bilingual machine-readable
dictionary. However, there are two factors that
limit the performance of such approach. First
is the limitation of  general-purpose
dictionaries, especially for specialized
vocabulary. The second factor is related to the
presence of spurious translations or polysemy,
which is further discussed in Section 4.2.
Missing words in the dictionary, which are
essential for the correct interpretation of the
query, can be solved by an automatic



compensation through a synonym dictionary
related to that language or by an existing
thesaurus. This case requires an extra step of
looking up the query term in the synonym
dictionary, when missing words in the
bilingual machine-readable dictionary, to find
the equivalent terms or the synonyms of the
concerned term in the query, before query
translation. When using a thesaurus, the task
of findmg equivalent terms in the target
language is identical to finding synonyms, in
fact it is looking for synonyms but in the same
language. Consider for instance, lexical items
or lemmas in one language that do not have
equivalents in another. In order to provide an
exact translation, we must find the synonyms
of this lemma or term and then translate it to
the target language. An example is canapé, a

term in French which doesn’t have an
equivalent English translation in Collins
Bilingual French-English Dictionary. The

closest lexical term is meuble, which means
furniture in English. A retrieval system
looking for canapé in this case will retrieve
documents related to the term meuble.

4.2 Using Statistical
disambiguation

approach for a

A word is Polysemous, if it has senses that

are different but closely related; as a noun, for
example, right can mean something that is
morally approved, or something that is
factually correct, or something that is due one.
This word is considered as ambiguous.
The standard problem caused by polysemy
when retrieving by exact term matching is that,
besides pertinent documents, we will also
retrieve others unsuitable to the query.
The expansion of ambiguation makes cross-
language retrieval much harder than its
monolingual counterpart. v

In our system, disambiguation of the English
translation candidates was performed, by

selecting the best English term, equivalent to
each French query term, by applying a
statistical process called “Co-occurrence
Frequency” [16]. There are some possible
estimation functions based on co-occurrence
frequency: Mutual Information method [4],
Gale’s method [6] and Kay’s method [10].

Estimation Function 1

If two elements often co-occur in the corpus,
then they have a high chance to be the best
translations among the candidates of the
queries term. This estimation uses mutual
information as the Metric for significance of
word co-occurrence frequency [4]. It is
defined as follows:

Z gwuwzl
MI(W, Wy)=Log, __N___
f(w)) f(wy)

N N

Where N is the size of the corpus, f (w) is the
number of times the word w occurs in the

corpus and f (w;,w,) is the number of times

both w; and w, occur together in a sentence
bead.

Estimation Function 2

Gale’s method [6] has been proposed as an
alternative to MI and will tend to favor high
frequencies more. This is calculated by the
phi-squared (¢*) as follows:

(ad-bc)?

¥ =
(a+b) (a+c) (b+d)(c+d)

where 0 <¢? <1

Where the feature a is the number of times the
two words occur in a sentence bead. The
feature b is the number of times the first word
occurs but the second does not. Similarly, ¢ is



the number of times the second word occurs
but the first does not. Finally, d is the number
of times both words do not occur in the
sentence bead.

Estimation Function 3

The validity of word correspondence wjand

w, is estimated, depending on Kay’s method
[10] as follows :

2 f(w;, w,)
flw)+ f(w,)

H(w,w,) =

Two factors limit the statistical approach. The
first one concerns the choice of a corpus and
the second factor concerns the case of short
queries of one word for information retrieval.
Incorporating the Hansard® corpus [7], which
is one of the only existing corpora for both
French and English, can be considered as a
solution to the statistical approach problem.
However, huge amount of text is necessary to
acquire an effective knowledge, since the co-
occurence tendency is based on examples and
statistics, the larger the corpus size, the more
accurate the translation quality. Is there a
corpus larger than the Internet Natural
Language? The proposed method treats the
WWW homepages as though they are a
constructed-corpus stored in a local machine.
For this purpose, collecting documents from
the WWW, by using a web robot is the best
alternative to make a corpus.

Queries tend to be very short (case of one
headword) which is inconvenient for the co-
occurence tendency measure. Local feedback,
before translation is a method to expand the
query. Specifically, the query will be modified
using information derived from documents

? Hansard is a bilingual French-English parallel corpus, from
the Proceedings of the Canadian Parliament.

whose relevance to the query is known.
Typically terms found in the relevant
documents are added to the query.

5. Query Expansion

Relevance feedback, which modifies queries
using judgements of the relevance of a few
highly-ranked documents, has historically
been an important method for increasing
performance of information retrieval systems.
We apply a local feedback before translation
for query expansion. Following the research
reported by Ballesteros and Croft [2], on the
use of relevance feedback, adding terms that
emphasize query concepts in the pre-
translation phase, improves precision. After
translation, a similarity thesaurus is used to
reduce the ambiguity by de-emphasizing
irrelevant terms added by translation. This
method will improve recall. '

5.1 Query expansion before translation

This query expansion is performed before
translation. Local feedback is different from
relevance feedback only in the way that we fix
the number of retrieved documents, for
example by assuming the top-ranking
documents obtained in an initial retrieval
without human judgements. The standard
approach is to add some term concepts, about
10 terms from a fixed number of the top
retrieved documents (about 50 top documents),
which occur frequently in conjunction with the
query terms, on a presumption that those
documents are relevant, to make a new query.

As a new process in our query translation
module, following the research reported by
Ballesteros and Croft [2], on the use of
relevance feedback, is the disambiguation of
translated queries after query expansion. An
important distinction here is that without
disambiguation, the expanded collection of the



translated candidates in the query, increase
exponentially the problem of relevant
documents and thus besides the pertinent
documents, an useless ones will be retrieved.
As a second advantage, creating a stronger
base for the short queries in the
disambiguation process, in the purpose of
using co-occurrence frequency approach.

5.2 Query expansion after translation

So far, one of the best known and tested
approaches to CLIR are dictionary-based using
a thesaurus, although these are generally used
in information retrieval, where each document
is indexed with keywords from thesaurus. This
is another distinction point to the research
reported by Ballesteros and Croft [2], where
the post-translation phase concerns a local
feedback loop. The motivation for integrating
a thesaurus is based on the fundamental idea of
doing query expansion and measuring retrieval
effectiveness. A similarity thesaurus is a term-
vs-term similarity matrix, based on how the
terms of the collection are indexed. In query
expansion, the top 10 ranked associated
thesaurus items are retrieved for a particular
query and are added into the query. These
similar term concepts are used as candidates to
emphasize the query, before the retrieval of
documents. This approach improves recall and
retrieval performance significantly.

The building of a similarity thesaurus, which
identifies the term relationship in the whole
training collection such as corpora, is possible
but not easy to implement. In this case the
query expansion module is simply a matter of
thesaurus look up. In this first step of our study,
we use an existing thesaurus. A thesaurus-
construct is one of our further plans in Cross-
Language Information Retrieval field.

5.3 Combined local feedback and snmllanty
thesaurus expansion

We believe that a combination of a query
expansion based on a local feedback before
translation, with a query expansion based on a
similarity thesaurus after translation, will
improve the precision-recall and then the
effectiveness of the information retrieval.
However, poor translations can counteract any
improved gained by the local feedback loop.
Statistical approach for the disambiguation of
the translated candidates for each query term
will improve the quality of translations.

6. Conclusion and Future work

Dictionary-based method is attractive
because it is cost effective and easy to perform,
resources are readily available and
performance is similar to that of other Cross-
Language Information Retrieval methods.
Ambiguity from failure to translate queries is
largely responsible for the large drops in
effectiveness below monolingual performance
[2].

What we presented in this paper, is a rather
straightforward integration of existing system
modules and a combination to new concepts to
achieve an original basis for Cross-Language
Information Retrieval. However, further
implementation for the evaluation of the
performance and the effectiveness of this study
are considered, as one of our next steps in
Cross-Language Information Retrieval field.

Our ongoing work involves the combination
of existing query translators, such as French-
English and English-Japanese query translators,
by considering an intermediate language (Ex.
English). However, The integration of Arabic
in our system [12] is a real challenge in Cross-
Language Information Retrieval field and
offers an excellent opportunity for further
works.

It must be stressed that what we reported here,
represents our first step in the direction of
Cross-Language Information Retrieval.



Our aim is to establish a significant step
towards fulfilling the need for Cross-Language
Information Retrieval. '
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