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Abstract

Although various search services are available on the
World-Wide Web, there are only a few services that
can help people access web pages in a foreign language.
In order to solve this problem we have developed a
cross-linguistic WWW search engine, TITANl, which
provides users with an interface to query in their na~
tire languages (e.g.,Japanese) while performing multi-
lingua] searches on the WWW. This paper outlines
TITAN, and details two modules in the system, which
are essentiM in cross-linguistic search of web pages;
a module for identifying languages of the pages, and
a simple MT module, which performs bi-directionaJ
translation between Japanese and English, employed
by the navigation interface of the system.

Introduction
Major search engines currently available on the
WWW, such as Yahoo, Lycos, and AIta Vista, are vi-
tal tools in navigating the global information space,
and widely used. These engines locate web resources
containing or relating to user’s topic of interest.

However these major search engines are primarily
for English-sl)eaking people. That is, many of them
are monolingual (English-based), while others are ’lan-
guage indifferent’, in the sense that they search for doc-
uments by string matching. Therefore users whose na-
tive language is not English must put much effort into
translating their queries into English in which target
information might be written. Also they must choose
the desired documents from the listing of titles given
in English, even if the search is successful.

Above is just an example with English-based search
engines and uon-English-speaking users. As (Oard
& Dorr 1996) surveys, cross-linguistic search facilities
are becoming more important and demanding even for
English-speaking people, if they want information in
other languages.

In summary, to solve/ease these problems, search
systems should have the following cross-linguistic fea-
tures:

i http://isserv.ta.~.ntt.co.jp/chisho/titan-e.html

F0 The system should properly handle (analyze, index,
retrieve) a web page as long as they are written in
one of the system’s target languages.

F1 The system should be able to form a cross-linguistic
query from a user query given in a language of
his/her choice.

F2 The system should present an outline of the page in
the user’s native (or selected) language.

However the list does not end here. For example,
if a user wants to retrieve documents only in English
and his query word is ’internet’, then the results might
include French or Japanese documents as long as they
contain the string ’internet’. This is a problem with
the ’language indifference’ systems, and the problem
becomes serious, if the search space is global and un-
restricted. We therefore add the following to the list.

F3 The system should provide users with an option to
restrict their searches by specifying document lan-
guages.

The next section overviews our novel cross-linguistic
search system, TITAN, and the following sections
detail modules of the system related to the cross-
linguistic issues.

Overview of TITAN
TITAN accepts query phrases in the native language of
the user (for now, English and Japanese), and searches
for web pages that contain given query phrase or their
translation (into English and Japanese). The user also
can restrict his/her search by specifying the server do-
mains and/or page languages.

The search results presented to the user with a query
is a list of URLs (Uniform Resource Locators) of the
searched pages with annotations. Translations of the
page titles are also given in order to help user select a
relevant page from the list.

The system is a typical ’robot-based search engine’
(Cheong 1996) augmented by two particular functions
for the cross-linguistic retrieval. The overall architec-
ture of the system is shown in Figure 1.

The system can be divided into three parts: a cat-
alog database builder, a navigation interface, and a
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Figure 1: Overall architecture of TITAN.

text-search engine. As the text-search engine, includ-
ing the indexer, utilized by TITAN is WAIS-sf 2, a
popular text-search engine, the following subsections
outline the former two parts.

Catalog Database Builder

The catalog database builder is responsible for creat-
ing a database called a "catalog." Conceptually, the
database is a compressed and annotated representa-
tion of the target search space, while it is a set of files,
called content files, actually.

The catalog database builder consists of an interact
robot and a content analyzer. The former automati-
cally traverses the WWW space, which is a network of
WWW documents (e.g., HTML files), starting from 
given list of URLs basically in breadth-first order. It
fetches the web page of every visited URL and sends
it to the content analyzer.

The content analyzer creates content files in the fol-
lowing steps.

1. Identifies the coding system and the language of the
given web page.

2. Parses the page structure if marked up by HTML,
and extracts text segments along with their sur-
rounding HTML tags.

3. Tokenizes the text segments if it includes a Japanese
string.

~ftp:Hls6-
www.inform~tik.unidortmund.de/pub/w~is/FAQ

4. Eliminates (Japanese) stop words.

The first step will be detailed in the next section.
The third and the fourth steps handle only Japanese
portions of the page, because paragraphs in English
(and other Western-European languages) are processed
by the indexer of WAIS-sf.

For some Eastern-Asian languages, including Chi-
nese, Japanese, and Korean, it is not easy to segment
a text into words, because a text has no explicit word
delimiters (e.g., spaces in European languages). The
system carries out the third step by using JUMAN
(Matsumoto et al. 1994), a morphological analyzer for
Japanese texts.

Normally, IR systems remove a set of stop words,
useless words for information retrieval, from the in-
dex terms (for example, (Fox 1992)). The problem
is how to define "useless words." TITAN uses a sim-
ple definition relying on syntactic categories assigned
by the morphological analyzer. The system regards
nouns and the ’unknown category’ as "useful words."
The remaining categories (including functional words
and some content words) are regarded as stop words
and are discarded.

In addition to the above mainstream process, the
content analyzer classifies web pages with two mea-
sures. One measure designates to what extent a web
page contains information in itself. This is done with
a heuristic which refers to the text length and number
of paragraphs. The other measure is associated with
number of hyper-links which the page provides. As de-
scribed later, this additional information is presented
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to users in order to help they choose a relevant page
from the result list.

The resulted content files are paired with their
URLs, and converted to index file (inverted file). This
process is managed by WAIS-sf.indexer, which is par-
tially modified for East-Asian languages, specifically
Japanese.

Navigation Interface
The navigation interface is responsible for providing an
interface between the user and the catalog database.
It is invoked from WWW clients via CGI (Common
Gateway Interface). Figure 2 displays the input form
of the system.

Figure 2: Query input form.

The interface interprets user queries, then converts
them into Boolean expressions consisting of words in
the original query and its translation. The text-search
engine (WAIS-sf) searches for content files that match
the converted expression. If matching files exist, a
search result page is presented..

Converting User’s Query: The system accepts a
phrase in English or Japanese. First, if the phrase is
in Japanese, it is segmented into words. Then, the re-
sulting words are translated. If the original phrase is in

Japanese, it is translated into English. If the original
phrase is in English, it is. translated into Japanese. Fi-
nally, the original and translated words are combined
with conjunctive (AND) or disjunctive (OR) opera-
tions.

Creating Output Page: The search results are for-
matted into a page which consists of the query section
and the result section. The query section contains the
input query and its Boolean form. The result section
shows web page information, with the line entries dis-
played in the order of the highest to lowest score re-
flecting how closely they match the Boolean expression
converted from the user’s query. As shown in Figure
3, each line contains the original title of the page, its
Japanese translation, and some icons that correspond
to the information analyzed by the content analyzer,
such as the server domain, media (MIME) type, page
type, and document’ language. These annotations are
helpful for a user to choose a page from the result list.
For example, it is easy for a user to choose a page
submitted from the U.S.A. with many hyper-links.

~ ~ ~:’~ ...-~:::~.: ~:~;..’~

Translated Title, Domain, Media, Type, Language

Figure 3: An example of the searched item.

Cross-linguistic Modules

It may be good to summarize the roles of the two cross-
linguistic modules of the system here.

¯ Language Identification (LI) module (embedded 
the catalog builder).
It is inevitably necessary to correctly apply language
dependent processes (e.g., segmentation, tagging,
and stemming) in the text extraction phase. This
is essential for the required feature F0. Also, the
information about what language each document is
written in enables the system to realize the search
option based on document languages, which is the
required feature F3.

¯ Machine Translation (MT) module (embedded in 
navigation interface).
The MT module is bi-directional; one way is used
for converting a user’s query into a cross-linguistic
Boolean form. This achieves the required feature
F1. The other way is used for translating titles of
the searched web pages. This partially satisfies the
required feature F2.

The Language Identifier
Automatic language identification has been discussed
in the field of document processing. Several statistic
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models have been tried including using the N-gram of
characters (Cavner & Trenkle 1994), diacritics, special
characters (Beesley 1988), and using the word unigram
with heuristics (Henrich 1989). Among these methods,
the result Of N-gram statistics (Cavner & Trenkle 1994)
shows the best accuracy level, over 95%.

These methods, however, are not sufficient for doc-
uments on the WWW, mainly for two reasons. First,
they presuppose that the target document is correctly
decoded. This is hard to expect for the unrestricted
web pages coming from all over the world. Also, it is
sometimes difficult to properly identify the coding sys-
tem of a page without knowing the language in which it
is written. Second, they cannot handle East-Asian lan-
guages, because they presuppose that the target doc-
ument is easily segmented into words, which does not
hold true for these languages.

To deal with the first problem, our algorithm (Kikui
1996) uses a statistic language model to select the cor-
rectly decoded string as well as to determine the lan-
guage. To solve the second problem, our algorithm
combines two statistic language identification modules:
one is for Western European languages, and the other
is for East-Asian languages.

The Overall Algorithm

As there are web pages in which more than one lan-
guages are appeared, the overall "algorithm is designed
for handling texts that contain at most one East-Asian
language and one West-European language.

The algorithm first extracts East-Asian language
parts in the input document if they exist, and iden-
tifies their language. The algorithm then identifies the
rest part as one of West-European languages.

In both steps, a process responsible for decoding the
input code sequence into text string, and identifying
its language is employed. We call the process ’identifi-
cation process’.

Extracting East-Aslan Language Parts: It is
easy to identify East-Asian characters in a code string
if it contains escape sequences defined in ISO 2022.
This is because these escape sequences explicitly indi-
cate the character set (e.g., Korean characters or the
West-European alphabet) of every part in the code
string. For code string without escape sequences3, this
step is further divided into the following two sub-steps.
First, a tentative set of East-Asian substrings are esti-
mated for each East-Asian coding system by applying
regular expression patterns to the input string. For ex-
ample, if a sub-sequence consists of an even number of
bytes greater than 0xA14 and smaller than 0xFE, this
sub-sequence is estimated as Japanese Kanji characters
encoded with EUC-JIS, or Korean characters encoded

SSome coding systems, such as EUC-.IIS or BIGS, indi-
cates East-Asian characters by setting eighth bits of some
character codes.

40x stands for the hexadecimal sign.

with EUC-KS etc. The identification process for East-
Asian languages is then ’applied to each tentative set
of code substrings. If the identification process fails
for any of the tentative set, the algorithm judges that
there are no East-Asian parts in the document, and the
identification process for West-European languages is
invoked.

The Identification Process: Figure 4 exemplifies
an identification process. It first decodes the given
code string for every possible coding system. For ex-
ample, the code string shown in Figure 4(a) is decoded
into the strings in Figure 4(b). Then, the statistic-
based language identifier calculates the most likely lan-
guage and its likelihood score for each decoded string
by using statistic-based language models described in
the next subsection. For example, for each string in
Figure 4(b), the algorithm outputs the language and
its score as shown in Figure 4(c). Finally, the algorithm
chooses the decoded string with the highest likelihood
score. Since the highest score in Figure 4(c) is -6.9 for
String-1 (i.e., the result of Decoder1), string-1 is the
most likely decoding and its language is estimated as
Japanese. Note that an identification failure can be
occurred, when every invoked statistic-based language
identifier returns "fail."

b8cO b8ec bcbl cacc ..... (a) code string

r(h)
string-n

~r Chinese (-12.64) Korean (- 14.39)

Japanese (-6.9) (c) language (likelihood)

Figure 4: An example of the identification process.

This process is implemented in two separate mod-
ules: one is only for West-European languages and the
other is only for East-Asian languages. These modules
employ decoders and statistic language identifier as-
sociated with their target languages, while they share
the same architecture.

Statistic-based Language Identifier

Each statistic-based language identifier regards a text
as a list of tokens where a token is a word in European
languages, or a character in East-Asian languages. The
identifier first calculates the likelihood of a text (=
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a list of tokens) with regards to each language, then
chooses the language with the highest likelihood. If
the highest likelihood does not exceed a predetermined
threshold, it returns "fail."

The likelihood of a list of tokens with regard to a lan-
guage is the product of unigram probabilities for the
class of every token in the list. The class of a token in
a European language is the token itself when it con-
sists of less than n characters, where n is empirically
determined, otherwise, the last n characters following
"X-". For example, if n is set to 4, classes of’the" and
"searching" are "the" and "X-hing," respectively. For
East-Asian languages the class is defined as the token
(i.e., character) itself 

Formally, let TEXT be the set of tokens in a text,
then the likelihood of TEXT with regard to language
l is given as follows.

1
P(TEXT, I)=-~ Z log(Pt(t))

tETEXT

Here, Pl(t) is the unigram probability of token class
t in language l, which is estimated from the text corpus
(called the ’training corpus’) in language l, and N 
the number of tokens in TEXT.

Experiments on Language identification

The Corpora: We collected about 100,000 web
pages using our internet robot. From these pages, sam-
ple pages were extracted and correct languages were
assigned to them in the following way.

First, the collected pages are classified into an ASCII
set and a non-ASCII set. The former consists of all
the files that contain only ASCII characters excluding
the escape character (0x0B). The latter consists of the
remaining files. Then, a tentative language name was
assigned to each file. The tentative name is determined
by the domain name of the URL.

Next, the tentative language labels are corrected by
humans. The resulting data are 1400 pages in the fol-
lowing languages.

1. European languages
Danish, German, English, Spanish, Finnish, French,
Italian, Dutch, Norwegian, Portuguese, Swedish.

2. Asian languages
Chinese (traditional, simplified), Japanese, Korean.

These texts are encoded with the following coding
systems.

ISO-8859-1 (ISO-latin-1), EUC-JIS (Japanese),
EUC-KS (Korean), EUC-GB (Chinese), BIG5 (Chi-
nese), SJIS (Japanese), ISO-2022-JP (Japanese), 
2022-KR (Korean), ISO-2022-1NT.

These data are then randomly divided into two non:
overlapping sets: a training set and a test set.

6This is reasonable; for example, a Kanji character c~r-
ries its own meaning.

Results: We trained the statistic model of each lan-
guage with 200 kB of web pages in the training set.
Then, it is used to estimate languages of 640 web pages
taken from the test set.

Table 1 shows the confusion matrix for the Western-
European language results. The columns correspond
to the outputs from the system, and the rows cor-
respond to the correct answers. The value of n, the
length of characters for determining classes, is set to 4,
which gives the fewest errors for the training set.

The average error rate is 4.8%. Error occurs when
the document is not a normal text (e.g., computer pro-
grams, a list of proper names or network addresses).
The result shows that our method achieved the level
of correctness equivalent to the previous methods that
presuppose correctly decoded character strings.

We experimented the algorithm with different sizes
of training data, from 50 kB to 400 kB. The accuracy
saturates at the size of 100 kB. This results suggests
that 100 kB is sufficient for a training corpus of one
language. Since the average size of a WWW page is
around 8 kB, 100 kB is equal to 120 WWW pages on
average. This is small enough and easy to collect.

Table 2: Confusion Matrix for East-Asian(CJK) Lan-
guages

jpn=Japanese, kor=Korean, zho=Chinese
jpn kor zho ELSE

jpn 123 0 0 4
kor 1 7 0 0
zho 2 0 47 0
ELSE 1 0 2 8

Table 2 shows the confusion matrix for East-Asian
languages. It displays that the system performs fairly
well also for East-Asian languages. Most errors occur
when the document includes only a few East-Asian
characters. There are many pages which are written
mostly in English but only proper names are written
in Asian characters.

The Simple MT Module
Again, the role of the MT module is to help users access
pages on the WWW by translating input queries and
titles of retrieved web pages. Since queries and titles
are short and are relatively simple, complete MT sys-
tems for full texts are not necessary or are sometimes
wasteful.

Cross-linguistic Query Formation

The system converts a user query into a Boolean ex-
pression consisting of words in the original query and
its translation. It supports bi-directional translation
between Japanese, our native language, and English,
the dominant language on the Internet.
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Table 1: Confusion Matrix for European Languages

dan=Dauish, deu=German, eng=English, els--Spanish, fin=Finnish, fra-French, ita-Italian, nld-Dutch,
nor--Norwegean, por=Portuguese, swe--Swedish

dan den eng esl fin fra ita nld nor pot swe ELSE
dan 8 1
deu 47 1
eng 1 96 1 1 4
esl 25 1
fin 29
fra 48 1
ita 29 1
nld 49 1
nor 1 1 1 29 1
por 8 I
swe 26
ELSE 1 i 42

The conversion process proceeds as follows. First,
the system tokenizes the user query into words. If the
query is in Japanese, JUMAN is used to split it into
words.

Second, it consults bilingual dictionaries. If the
query is in Japanese, then the Japanese-to-English dic-
tionary for ALT-J/E (Ikehara et al. 1991), a Japanese-
to-English translation system, is consulted. If the
query is in English, it consults the English-to-Japanese
dictionary converted from the former dictionary. The
system searches for a dictionary entry corresponding to
the longest sequence of words from left to right of the
query. For example, if the input string is "information
retrieval system," and if the dictionary contains "in-
formation" and "information retrieval," then the lat-
ter entry is chosen for the leftmost part of the query.
Then, it searches for the entry with "system." If there
are two or more translations for one dictionary entry,
the module chooses the most frequently used words (or
phrases) in a text corpus collected from the WWW.

Query: ~I’ ~,’~’ --36 W b ©1~

Tokens: 4’ ~,,--,~ ~ }" / 60 z/~J~i~

Translation: intemet information retrieval

Boolean Expression:
(OR (AND -4 >" ~--~ ~ b ~ ~)

(AND interact information retrieval))

Figure 5: An example of query formation.

Finally, the words in the original query and the
words in the translation are separately combined us-
ing "AND" operators. Then, the resulting two con-

junctions are combined using an "OR" operator.
Figure 5 outlines an example of query formation.

Translating WWW Page Titles

The title translation mode is more complicated because
outputs should be understandable and possibly natu-
ral for humans. Currently, only English-to-Japanese
translation is supported. We regard titles as a simple
noun phrase, where no relative clauses are included.

Figure 6 exemplifies a title translation process.

Original Title:
Future problems in telecommunications in EU

Translated Sub-NP¢ ¢ /

(09: post-positional particle in Japanese)

Figure 6: An example of title translation.

The module first consults a dictionary in the same
way as the query translation, then sets a phrase bound-
ary marker before each preposition (i.e., prepositional
phrase), and finally applies transformation operations
to convert head-first structures in English into head-
last structures in Japanese.

Although the quality of the translation may not be
very high, Japanese users can quickly judge whether
or not retrieved web pages are relevant to their needs.
This feature is proven useful as a navigation aid as well
as other annotations attached to the search results.
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Discussion
Although TITAN achieves a cross-linguistic search
function between Japanese and English, it is still prim-
itive.

First, the accuracy of the searches might not be suf-
ficient. To improve the accuracy, the query translation
process must be further improved. Although we have
implemented a special routine to handle Japanese com-
pound nouns, other techniques to reduce the transla-
tion ambiguities should be introduced. As’ contextual
information is required for the disambiguation, appli-
cation of cross-linguistic relevance feedback techniques
(Oard & Dorr 1996) seems promising.

Second, the system currently only supports cross-
linguistic searches between Japanese and English,
while it can distinguish web pages written in other
languages. To expand the set of languages which
are searchable, some common representation (an in-
terlingua) should be incorporated. However, as discus-
sions in the machine translation arena show, it would
be difficult to signify a fine-grained concept given in
a specific language with some interlingual represen-
tation (assumed it can be developed). To solve the
problem, an iterative deepening approach seems effec-
tive. With this approach, a user first roughly speci-
fies topic of interests with an interlingual support pro-
vided by the system. After some set of relevant pages
is retrieved, the user precisely describes his/her infor-
mation need, and the system performs language-pair-
dependent cross-linguistic searches.

A general issue particularly crucial in a multi-lingual
cross-linguistic search system is document ranking al-
gorithm. Currently used ranking algorithms (Harman
1992) are developed for mono-lingual contexts. We
thus may need to expand the algorithms in order to
handle a set of documents written in several languages.
Use of interlingual concept symbols instead of words in
natural languages may be a straight expansion, while
its effectiveness has not been proved so far.

The final issue we’d like to mention here, particu-
larly for the searches on the WWW, is a cross-linguistic
navigation interface. It is very important to facilitates
the iterative process which emPloys the cross-linguistic
relevance feedback and/or the iterative deepening of
query concepts. Cross-linguistic text summarization
will be beneficial for users to screen irrelevant items
out from the result lists. Use of a type of hyper-links,
which we call ’cross-linguistic link’, will provide a good
clue in selecting a page with equivalent content in a
different language. Those links are usually marked by
particular linguistic expressions (e.g., "Click for French
page"), and easy to extract for the internet robot.

Concluding Remarks
This paper detailed two cross-linguistic modules imple-
mented in a working system, TITAN. These modules
serves users, especially those who stick to Japanese,
to explore the WWW in their native language. The

system has been in experimental service since Decem-
ber 1995, and appreciated as one of the representative
engines in Japan (Lawson I996).

We are also experimenting on an interactive/visual
navigation interface (Susaki, Hayashi, & Kikui 1996).
In the trial version, a user can adjust his/her query
with a GUI, by which he/her can directly manipulate
document sets classified by index terms with so-called
Venn-diagram. Furthermore, the items in a result list
are visualized in a 3D space, in which the axes are
normalized relevance score from WAIS-sf, the amount
of text information, and the number of hyper-links in
the pages.
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