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Abstract

The amount of non-English information on the Web
has proliferated so rapidly in recent years that it often is
difficult for a user to retrieve documents in an unfamiliar
language. In this study, we report the design and
evaluation of a multilingual Web portal in the business
domain in English, Chinese, Japanese, Spanish, and
German. Web pages relevant to the domain were
collected. Search queries were translated using bilingual
dictionaries, while phrasal translation and co-occurrence
analysis were used for query translation disambiguation.
Pivot translations were also used for language-pairs
where bilingual dictionaries were not available. A user
evaluation study showed that on average, multilingual
performance  achieved  72.99%  of  monolingual
performance. In evaluating pivot translation, we found
that it achieved 40% performance of monolingual
retrieval, which was not as good as direct translation.
Overall, our results are encouraging and show promise of
successful application of MLIR techniques to Web
retrieval.

1. Introduction

The World Wide Web has become a major channel for
information service. There are Web pages in almost
every popular language including various European,
Asian, and Middle East languages. While approximately
70% of Web content is in English, the number of native
English speakers constitutes only 36.5% of the world’s
online population [12]. The broad diversity of the Web
presents a substantial research challenge in the field of
information retrieval. There are a wide variety of
circumstances in which a user totally unfamiliar with the
language of the document collection might find
multilingual retrieval useful, for instance, intelligence
agencies seeking global intelligence, national security
agencies seeking terrorism information, researchers
seeking to determine who has conducted research on a
particular topic, companies seeking international business
communications and opportunities, and so on. However,
language boundaries prevent information sharing among

countries and communities. Multilingual Information
Retrieval (MLIR), the study of responding to a query by
searching for documents in more than one language [6], is
a promising approach to the multilingual problem.

Most MLIR research has used standard TREC
collections, predominately news articles, as their training
and testing set, but little research has investigated Web-
based MLIR systems. Several researchers [14, 20] have
suggested that operational applications will be the next
step in MLIR research. While MLIR techniques have
been shown to be promising, it remains unclear how well
these techniques would apply to Web-based content. First,
while traditional MLIR only addresses effectiveness,
measured by recall and precision, a Web-based MLIR
system also considers efficiency and interaction. Second,
Web pages are comparatively unstructured and are very
diverse in terms of document content and document
format (such as HTML, PDF, PHP or ASP). Third, a
Web-based MLIR system requires a robust spider
algorithm to collect multilingual documents from the
Internet. All these aspects add difficulties to multilingual
Web retrieval.

The paper is structured as follows. Section 2 reviews
related research, including fundamental approaches to
MLIR: addressing translation ambiguity and linguistic-
resource problems and designing Web-based MLIR
system issues. In Section 3, we discuss problems of using
existing MLIR techniques in Web applications and
present our research questions. In Section 4, we propose
our Web-based multilingual retrieval system design.
Section 5 discusses the system architecture and
implementation details of a prototype Multilingual Web
in the business domain. Section 6 reports the setup and
results of an experiment designed to evaluate the
performance of the prototype. Finally, in Section 7 we
conclude our work and suggest some future directions.

2. Related Work: MLIR on the Web

2.1 Query Translation Approaches

In multilingual information retrieval, two fundamental
approaches are often considered: query translation or
document translation. Query translation translates queries
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into all target document languages, and monolingual
retrieval is carried out separately for each document
language. Most reported research in the field has applied
query translation approach. There are three main
approaches in CLIR and MLIR: using machine translation
(MT), a parallel corpus, or a bilingual dictionary.

Machine translation-based (MT-based) approach uses
existing machine translation techniques to provide
automatic translation of queries. Sakai [24] used MT
Avenue, a free web-based Japanese-English translation
service, and achieved reasonable effectiveness with the
aid of pseudo-relevance feedback. The MT-based
approach is simple to apply, but the output quality of MT
is still not very satisfying, especially for western and
oriental language pairs. Also, typical search queries lack
the contextual information which is necessary for MT to
correctly perform word sense disambiguation [24].

A corpus-based approach analyzes large document
collections (parallel or comparable corpus) to construct a
statistical translation model. Although the approach is
promising, the performance relied largely on the quality
of the corpus. Davis and Dunning [8] applied
evolutionary programming on a parallel Spanish-English
collection, and reported 75% of monolingual IR
performance. Sheridan and Ballerini [25] applied
thesaurus-based query expansion techniques on a
comparable Italian-English collection. A corpus-based
approach does not depend on manually built bilingual
dictionaries, and is good for emerging domains where
bilingual dictionaries are not available. However, parallel
corpus is very difficult to obtain, especially for western
and oriental language pairs.

In a dictionary-based approach, queries are translated
by looking up terms in a bilingual dictionary and using
some or all of the translated terms. This is the most
popular approach because of its simplicity and the wide
availability of machine-readable dictionaries. Ballesteros
and Croft [1, 2] investigated dictionary-based Spanish-
English CLIR. Chen et al. [S] focused on short query
translation by combining multiple sources in English-
Chinese. Bilingual machine-readable dictionary (MRD) is
more widely available than parallel corpora. However,
there are several challenges to this approach: multiple
definitions of a word which could introduce noise into the
translated query (a.k.a. ambiguity); failure to translate
technical/new terminology; and failure to translate multi-
term concepts as phrases [1].

2.2 Reducing Translation Ambiguities and Errors

Phrasal translation techniques are often used to
identify multi-word concepts in the query and translate
them as phrases. Hull and Grefenstette [13] showed that
effectiveness of CLIR is significantly improved when
phrases are manually translated. The effectiveness also
can be improved by using phrase information in machine-

readable dictionaries [3, 9]. The major challenge in using
phrasal translation is that many phrases are not covered
by dictionaries.

Co-occurrence statistics also has been used in selecting
the best translation(s) among the candidates. This
technique assumes that the correct translations of query
terms tend to co-occur more frequently than the incorrect
translations do in documents written in the target
language. Co-occurrence analysis has been successfully
used in many previous studies to resolve translation
ambiguity [3, 11, 17, 23] and some improved co-
occurrence analysis methods have been suggested [19].
Previous  studies using co-occurrence  analysis
disambiguation have reported much improvement in
MLIR performance. However, the heavy computational
and storage requirements of co-occurrence analysis have
limited its use in practical retrieval systems where
efficiency is a major concern. The corpus used for co-
occurrence training needs to be highly relevant to the
search domain. Current MLIR training data are mostly
news articles from previous TREC collections. Such
corpora may not be suitable for a Web-based MLIR
system, where new terminologies frequently emerge.

2.3 Scarce Resource Problem in MLIR

Query translation and translation disambiguation often
require extensive machine translation or linguistic
resources. Automatic machine translation systems are
well developed between English and the world’s major
languages, such as Chinese, French, German, Italian,
Japanese, Portuguese and Spanish. However, such
systems between other pairs of languages are rare. Of the
linguistic resources, bilingual dictionaries between major
languages are more prevalent than parallel texts of
sufficient in a large domain. However, even relatively
widely available bilingual dictionaries, they are available
only for certain language pairs (in most cases between
English and another language). Very often, the available
dictionaries have different vocabulary coverage for
different language pairs, which significantly affects
translation quality [18]. Several efforts have been made
to investigate the scarce resources problem in MLIR.

Obtain Resources from the Web. The Web is
becoming the largest data repository in the world. In a
new trend arising in natural language processing, some
breakthroughs have resulted from effectively using Web
data for linguistic purposes. Although the Web has
become a promising resource for MLIR research, the
diversity of Web pages makes significant work necessary
for construction of reasonable MILIR resources from
Web collections.

Combine Available Resources. Previous research has
shown that by combining multiple resources, MLIR
achieves higher precision than that of any single resource.
Kwok [15] used a machine translation system and a small
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bilingual wordlist and found the bilingual wordlist to
complement the machine translation. Nie et al. [19]
combined a parallel corpus mined from the Web with a
bilingual wordlist as translation resource. Different
MLIR resources often complement each other and could
improve MLIR system performance.

Pivot Language Translation. For non-English
language pairs, resources are even more difficult to obtain
than language pairs involving English. In these cases,
MLIR cannot be directly performed across non-English
languages. Usually, a language with more available
resources is used as an intermediate language [16]. This
special form of MLIR is known as pivot language
approach (or trans-lingual approach). For example, to
perform a Chinese-to-Japanese query translation,
Chinese-to-English translation is carried out first and
followed by English- to-Japanese translation (Chinese ->
English -> Japanese). In this case, English serves as the
intermediate or “pivot” language. For language pairs with
scant translation resources, pivot translation is a viable
approach.

2.4 MLIR for Web applications

As discussed earlier, traditional MLIR techniques are
promising, they cannot be adopted directly in Web
applications. Web-based MLIR differs from traditional
MLIR in the following aspects:

Collection building: Traditional MLIR systems are
often tested on standard, readily available collections
(mostly news articles), while Web-based MLIR requires
an extensive crawling (spidering) process to build
multilingual collections.

Collection size: Traditional MLIR systems are often
tested on smaller collections (usually less than 1G data),
while Web-based MLIR wusually deals with larger
collections (more than several Giga data). Taking the
document collection in TREC 2002 as an example, the
collection for the Cross-language Track is 869 Megabytes,
and the Web Track in TREC contains 18.1G data.

Text format: Traditional MLIR wuses standard
collections, where all the documents are tagged in
structured data format. Web-based MLIR needs to deal
with different formats of documents, including HTML,
ASP, PDF, PS, Word, and etc.

Efficiency: Traditional MLIR usually focuses on
effectiveness of the performance, and efficiency is usually
ignored. However, efficiency is important for end users
in Web retrieval scenario.

Query length: Traditional MLIR usually uses long
query texts, a sentence description or sometimes a
narrative paragraph. Queries on Internet are much shorter
and have an average length of 2.21 words [26]. Short
queries offer less context information for translation
disambiguation, and thus are more challenging in MLIR
research.

Several commercial Web search engines such as
Google, Yahoo!, and AltaVista can handle multiple
languages in addition to English and can specify the target
language of the documents to be retrieved. Google
currently supports searching in 78 languages as well as
provide machine translation services for certain languages.
However, from the wuser’s perspective these search
engines are essentially a collection of monolingual search
engines. None of the big search engines have
incorporated MLIR technology as a service. Although
not widely studied, some Web-based MLIR systems have
been made available. Some of them are Keizai,
TwentyOne and MULINEX. Keizai, developed at the
New Mexico State University, is an interactive Web-
based MLIR system that accepts English queries and
returns Japanese and Korean documents [21]. TwentyOne
is developed in Irion Technologies in The Netherlands
and supports 6 European languages. MULINEX is a
comparatively more mature multilingual Web search and
navigation tool, developed in DFKI Language
Technology Lab [4] for English, French and German.
However, the major problem for most of these systems is
that no systematic evaluations are available, leaving their
effectiveness uncertain.

3. Research Questions

The Web has become a major information source for
people worldwide in any knowledge field. The use of
MLIR techniques in Web retrieval is expected to address
the multilingual information needs of Web users. Based
on our review, we believe MLIR techniques offer a
promising solution to the problems of practical
multilingual Web retrieval systems and Web portals,
especially when query translations are combined with
various translation disambiguation techniques. In this
study, we posed the following research questions:

1. How can we develop a generic approach for
multilingual Web retrieval system that incorporates
European and Asian languages?

2. How can we mine the Web for useful linguistic

resources to improve multilingual Web retrieval
performance?
3. Does pivot language translation achieve

reasonable effectiveness in multilingual Web retrieval?
The remainder of the paper presents our work in
studying these questions.

4. Proposed Approach to Multilingual
Retrieval on the Web
In this section, we report our experience in

implementing a multilingual Web retrieval system using
the proposed MLIR approach, a Multilingual Web portal
for business intelligence in the information technology
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(IT) domain. The prototype initially uses English,
Spanish, German, Chinese, and Japanese, but it is
designed to be extensible to other languages. The
proposed system architecture is shown in Figure 1. Our
system architecture consists of three major components:
(1) Multilingual Collection Building, (2) Query
Translation, and (3) Document Retrieval. In the
following, we describe each component in detail.
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Figure 1: Proposed architecture for multilingual Web
retrieval system

4.1 Multilingual Collection Building

Web spiders, or crawlers, are programs that retrieve
pages from the Web by recursively following URL links
in pages using standard HTTP protocols [7]. The Web
Spider component is responsible for building our
document collections. Document collections in two or
more languages are needed for a multilingual Web portal.
These documents are not only the information resources
provided to users, but also a comparable corpus that can
be used for translation disambiguation and query
expansion. To address these needs, we propose a
collection building method that combines traditional
focused crawling and meta-searching. Similarly to

traditional focused crawlers, we start with a set of starting
URLs and fetch relevant pages back. At the same time,
new starting URLs are identified by querying multiple
search engines and combining their top results. This
provides both diversity and relevance for our collection.
After the Web pages are collected, they can be indexed by
Web page indexers to support document retrieval.

4.2 Query Translation

We propose to use a dictionary-based approach
combined with phrasal translation and co-occurrence
analysis for translation disambiguation.  Phrasal
translation is used to improve translation accuracy. In the
dictionary lookup process, the entry with the smallest
number of translation will be preferred to other
candidates. In addition, we also propose maximum phrase
matching. Translations containing more continuous key
words will be ranked higher than those containing
discontinuous key words.

Co-occurrence analysis also is used to help choose the
best translation among candidates. All possible definition
pairs in the dictionary are extracted and their co-
occurrence scores in our own document collections are
calculated. Our method is similar to that of [17] in which
they sent definition pairs to other search engines and used
the number of returned documents to calculate the co-
occurrence scores. What differentiates our proposed
method from theirs is that while they calculated the co-
occurrence scores “on the fly”, we calculated co-
occurrence scores in advance, which will not affect run
time efficiency and is more suitable for Web applications.

It is not always ecasy to find suitable bilingual
dictionaries between languages. For language pairs L1
and L3, if bilingual dictionaries are not good enough or
are not available, direct translation between L1 and L3
may not be possible. However, if there is a dictionary
between L1 and L*, and one between L* and L3, it is
possible first to translate L1 to L* and then translate from
L* to L3. We propose to use pivot language translation
where direct translation is not available.

4.3 Document Retrieval

The Document Retrieval component takes the query in
the target language and retrieving the relevant documents
from the text collection. This component can be designed
based on similar retrieval component in traditional
retrieval systems.
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Figure 2: User interface of Multilingual Business Intelligence Portal

5. A Multilingual Web Portal for Business
Intelligence

In order to demonstrate the feasibility and evaluate the
performance of the proposed approach, we implemented a
prototype system using the proposed MLIR approach, a
Multilingual Web portal for business intelligence in the
information technology (IT) domain. The prototype
initially uses English, Spanish, German, Chinese, and
Japanese, but it is designed to be extensible to other
languages. We will also discuss some important issues in
multilingual Web retrieval system development.

Figure 2 shows a sample screenshot of the Multilingual
Business Intelligence Web Portal prototype. A user can
choose a source language to form his/her query, enter a
search query in the box provided, and choose among the
different target languages and translation methods. The

query will be passed to the system for query translation. A
set of relevant documents will be retrieved by the system
and returned to the user. The translated queries are also
displayed to the user so he/she may use the terms to refine
the query manually.

5.1 Spidering

The Al Lab SpidersRUs toolkit
(http://ai.bpa.arizona.edu/spidersrus/), a digital library
development tool developed by our research group, i
used to build the multilingual collections for the Web
portal. For each collection, a list of business-related
starting URLs and a list of typical business-related queries
were selected by domain experts. During the spidering
process, pages were fetched from the Web by recursively
following URL links. At the same time, the queries
identified by the experts were sent to four major search
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engines, Google (http://www.google.com/), Yahoo!
(http://www.yahoo.com/), AltaVista
(http://www.altavista.com/), and HotBot

(http://www.hotbot.com/). These four search engines
were chosen for their ability to search documents in the
chosen languages. The spider program was set to stop
after collecting 100,000 pages to make collections
comparable in size. Running on a Pentium-4 PC, the
spiders spent about 6-10 hours collecting 100,000
IT/business related Web pages for each language.

5.2 Indexing and Stemming

These Web pages need to be indexed differently from
traditional text documents. Because documents from the
Web can be in various formats, such as HTML, ASP, JSP,
PDF or MSWord, Web-specific indexers are designed to
work with a specific Web page structure (e.g., removing
markup tags from HTML documents). Encoding is
another problem to be considered when indexing
multilingual documents.

Our collections were indexed in two ways: first
employing character-based/word-based index, and then
using dictionary translations as indexing terms. Using
word-based indexing and character-based indexing during
our general indexing process avoided information loss.
Therefore, we indexed all the pages against their
analogous dictionaries. ~ The dictionary word-based
indexed terms are potential translations from bilingual
dictionaries, and would be wused in co-occurrence
calculation for translation disambiguation purposes.

Word normalization will lead to much greater
improvements in  retrieval effectiveness for
morphologically rich and lexically complex languages.
The indexing procedure uses stemming algorithms for
English, Spanish, and German. As a standard, the Porter
stemmer is used for the English collection [22]. For
Spanish, we implemented the Snowball stemming
algorithm, a description of which is available at
http://snowball.tartarus.org/spanish/stemmer.html. In
German, compound words are widely used and this
causes more difficulties than English compound words.
According to Chen [6], including both compounds and
their composite parts during indexing would improve the
performance. We took a completely dictionary-based
approach to German word normalization. In a case where
a word was not found in the dictionary, we would then
search for substrings of the word to see if we could find a
match for the word through a matching series of
substrings. In Chinese and Japanese, noun phrases do not
have morphological variations, so no stemming algorithm
was applied to these two languages.

5.3 Query Translation
We use a dictionary-based approach combined with
phrasal translation and corpus-based co-occurrence

analysis for translation disambiguation. Query term
translations were performed using bilingual dictionaries.
Table 1 summarizes the dictionaries we used for each
language pair.

Language Pair Bilingual Dictionary # of
(English-X) Used Entries
Chinese LDC Wordlist 120,000
Japanese EDICT 106,012
Spanish EFN Wordlist 25,535
German TravLang Dictionary 18,554

Table 1: Bilingual dictionaries used in query
translation

Word co-occurrence information trained from a target
language text collection was used to disambiguate the
translations of query terms. Co-occurrence analysis was
implemented by extracting all the terms that appeared in
corresponding dictionaries from the documents in the
Multilingual Portal collections.

For each translation pair, all possible definition pairs
{D;, D} in the bilingual dictionary are extracted such that
D, is a definition of a term 1 in the source language and
D; is a definition of a term 2 in the target language. Each
pair is used as a query to retrieve documents in the
indexed collections. The co-occurrence score between
two definitions D; and D, then can be calculated as
follows:

Ny
N, +N,

where N;;, is the number of Web pages returned when
performing an “AND” search using both D; and D, in the
query and N;, N, are the numbers of documents returned
respectively when using only D; or D, in the query.

Besides direct translation, we were interested in
investigating the performance of pivot language
translation. We experimented with Chinese->Japanese as
our initial step in studying this problem. In our pivot
language study, Chinese queries were first translated into
English using LDC wordlist. The translated English
queries were translated into Japanese using EDICT in this
use of English as a pivot language between the Chinese-
Japanese translation. In both steps, phrasal translation
and co-occurrence analysis were performed.

Co—occur(D,,D,) =

5.4 Document Retrieval

The document retrieval component was performed as
in monolingual retrieval. It was supported by the Al Lab
SpidersRUs toolkit and the design was relatively
straightforward. After a target query had been built, it was
passed to the search module of the toolkit. The search
module searched the document indexes and looked up the
documents that were most relevant to the search query.
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The retrieved documents then were ranked by their tf*idf
scores and returned to the user through the Web-based
interface.

6. System Evaluation

In order to evaluate the performance of our system, an
experiment was designed and conducted. In this section,
we discuss the experimental results of our study.

6.1 Experimental Design and Measures

In order to evaluate the performance of our system, an
experiment was designed and conducted. In this section,
we discuss the experimental and results of that study.

In general, we followed the standard TREC evaluation
process in our experiment design. However, because our
study involved Web pages instead of standard collections,
there was no established relevance judgment available for
precision and recall. Therefore, we recruited human
experts to judge the relevance of each document. Since
we were particularly interested in how well these
techniques would work for Web content in a business
intelligence portal, we recruited experts in the business
domain. Four bilingual business school students served
as domain experts, all fluent in English and one of the
target languages (Chinese, Japanese, Spanish, and
German). They identified 10 English queries of interest
in the business/IT domain and translated these queries
into the target language as the base queries. These
queries contain 2-4 words (2.4 words on average) and
resembled queries often submitted by an end-user of a
Web search engine in terms of length. The human-
translated queries were used to get monolingual runs. As
discussed, such monolingual retrieval represents the
performance of best-case multilingual information
retrieval.

The English base queries were used to get multilingual
runs based on four settings: word-by-word translation
(WBW), phrasal translation, co-occurrence analysis
translation, phrasal translation with co-occurrence
analysis (Ph-Co).

The experts individually submitted each query to the
system under the different settings. The results of the
target retrieval were compared with the two standard
benchmark settings: (1) monolingual information retrieval
(the best-case scenario), and (2) word-by-word translation
(the worst-case scenario). Word-by-word translation
picked the first translation in the dictionary and ignored
all the other translation candidates. With ten queries and
five different settings, each expert performed a total 50
searches using the system. Each expert went through the
top 10 Web pages returned for each query and gave each
page a score of 0 (irrelevant ) or 1 (relevant to the search).
The time spent for retrieval was recorded as a
measurement of the efficiency of the system.

To compare the effectiveness of the system, we used
precision only for the top 10 retrieved documents for each
query and setting, a measurement referred to as target
retrieval in the NTCIR workshop [10]. Precision is
calculated as

Precision=

number of relevant documents retrieved by the system
number of all documents retrieved by the system

Efficiency is measured by time spent in the system. It
was recorded during retrieval.

6.2 Experimental Results and Discussions

Multilingual and Monolingual Comparison. Table 2
compares the best case multilingual performance with that
of monolingual performance, measured in precision. On
average, multilingual performance achieved 72.99% of

monolingual performance, in excess of 2/3 of
monolingual performance. This result is encouraging.

. % of

o | ol G ot
Chinese 0.68 0.52 76.47%
Japanese 0.54 0.46 85.18%
Spanish 0.58 0.36 62.07%
German 0.76 0.54 70.59%
Average 0.63112 0.4606 72.99%

Table 2: Average precision of monolingual retrieval
and multilingual retrieval

Phrasal Translation and Co-occurrence
Disambiguation. When comparing improvement from
phrasal translation and co-occurrence analysis, we
observed performance differences between European
languages (Spanish and German) and Asian languages
(Chinese and Japanese). For the two Asian languages,
phrasal translation alone and co-occurrence alone both
significantly improved performance, and using both co-
occurrence and phrasal translation further improved
performance. For the two European languages phrasal
translation alone did not significantly improve the
performance, while co-occurrence significantly improved
German translation but not Spanish translation.

This result could be explained by looking at the
different resources used for each languages pair. English-
Chinese and English-Japanese dictionaries are more
comprehensive, and contain much more phrase
information than German and Spanish dictionaries. The
English-Chinese (E-C) dictionary contains 120,000
entries and the English-Japanese (E-J) dictionary contains
106,012 entries. Compared with 18,554 entries in the
English-German (E-G) dictionary and 25,535 entries in
the English-Spanish (E-S) dictionary, there was no doubt
that E-C and E-J dictionaries provided more phrase
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information, which made performance improvement of
phrasal translation possible. However, E-G and E-S
dictionaries contained very little phrase information and
led to little improvement in phrasal translation. We
confirmed that having linguistic resources available could
significantly improve phrasal translation performance.
The performance of phrasal translation is limited by the
availability of linguistic resources.

In all cases, co-occurrence analysis quite consistently
improved translation performance. We found
improvement larger than that in traditional MLIR that
could have resulted from the high quality of our Web
page collections. In traditional MLIR, general news
articles are used as the co-occurrence training set, and the
query terms and their translations are less sensitive to that
general training set. In a domain specific multilingual
Web retrieval, the corpus is built to be highly relevant to
the domain. This helps co-occurrence analysis assign
high scores to translations that are most relevant to the
domain. Our experiment results showed that in domain-
specific multilingual Web retrieval, corpora mined from
the Web provide a good training set for co-occurrence
analysis. These comparable corpora have potential to
replace some linguistic resources that are not widely
available, and could serve in various corpus-based
approaches.

Pivot language translation. Our pivot language
translation takes Chinese queries and gets Japanese
documents through Chinese->English and English-
>Japanese translations. The pivot translation achieved
40% of the performance of monolingual retrieval.
Compared with direct translation, it yielded a 52% drop.
The performance is encouraging nevertheless, since our
pivot language translation is an initial step toward
investigating this area and could be used as our
benchmark in later research.

Efficiency. Efficiency is another important aspect of
Web retrieval. Long system response time (time elapsed
between the moment when the search button is clicked
and the results’ final appearance on the screen) can cause
users to lose patience and thus lower user satisfaction. To
investigate the effect of MLIR techniques on system
efficiency, we conducted a preliminary simulation in
which system response times for performing various
MLIR tasks were recorded and compared. As system
response time also depends on factors such as hardware
performance and network traffic, we analyzed the
processes of different MLIR techniques and defined a
baseline estimation of their effect on system efficiency.
Table 3 summarizes the average time spent under each
system setting. Our results showed that phrasal
translation with co-occurrence disambiguation took 3.5
times as long as monolingual translation. When pivot
translation was involved, the retrieval time increased to
4.7 times that of monolingual retrieval. It should be
noticed that our prototype was run on a personal computer

that is much less powerful than machines used in
commercial search engines. The retrieval time would be
much shorter on a powerful machine in a real Web
retrieval system. With most calculation done during
indexing time, the efficiency of the prototype is
satisfactory.

Method Average Time Spent
(Sec)
Monolingual 5.84
WBW 7.25
Co-occurrence 16.47
Phrasal 8.07
Co+Phr 17.48
Pivot 27.35
Table 3: Efficiency of Multilingual Business

Intelligence Portal

7. Conclusions and Future Directions

Relatively large-scale test collections for MLIR
experiments are available for evaluation of different
retrieval approaches. However, few Web-based systems
for online cross-lingual information retrieval are
available. In this paper, we have presented our experience
in using a multilingual Web retrieval system with five
languages (English, Chinese, Japanese, Spanish, and
German) in the business IT domain. The system combines
our knowledge of Web retrieval, system building, and
MLIR techniques to address the need for multilingual
Web retrieval. An experiment was conducted to measure
the effectiveness and efficiency of our Web portal,
following TREC evaluation procedures. Our results
showed that our system’s phrasal translation and co-
occurrence disambiguation led to great improvement in
performance. Pivot language translation yielded a 52%
drop in performance compared with direct translation, but
the approach is still promising. The Web portal was
reasonably efficient run on a PC and should achieve better
efficiency on a more powerful machine. In sum, our study
demonstrated the feasibility of applying MLIR techniques
in Web applications and the experimental results are
encouraging.

We plan to expand our research in several directions.
First, we plan to conduct an interactive user evaluation of
the usefulness of this multilingual Web retrieval system to
real users. In such an interactive user evaluation, all the
retrieved documents will be translated to the user’s
familiar language using a commercial machine translation
product. We are also investigating how the speed of the
system can be improved to achieve faster response time,
which is necessary for a Web portal. In addition, we plan
to expand the Web portal to more languages. Such
expansion will allow us to study whether MLIR
techniques will perform differently for a multilingual
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Web portal when more than two languages are involved.
Lastly, because we believe that different domains might
have different effects on the performance of MLIR
techniques, we are interested in testing our approach in
other domains, such as medicine.
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