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Abstract

In the past few years, the World Wide Web (WWW)
grows explosively and has become the most useful
and powerful information retrieval and accessing
system in the Internet. However, the language
barrier becomes the major problem to search and
retrieve WWW documents in different languages.
This paper deals with how to incorporate the
capability of language translation into WWW.
Several design issues are discussed, including which
material is translated, what roles the HTML tags play
in translation, the tradeoff between the speed
performance and the translation performance, and
what form the translated result is presented in. We
propose a meta-server architecture to communicate
with clients and servers. An online and real-time
English-to-Chinese machine translation system is
developed. It is acted as a proxy system and an MT
service system for retrieving WWW documents.
The MT meta-server can not only be used as an
assistant tool to access and retrieve information by the
end-users in the client, but also can be treated as a
Chinese document generating system to produce the
Chinese or the bilingual English-Chinese versions of
documents dynamically.

I. Introduction

In the past few years, the World Wide Web (WWW) grows
explosively and has become the most useful and powerful
information retrieval and accessing system in the Internet.
A number of search engines (e.g., AltaVista, Infoseek,
Lycos, Yahoo, etc.) and information discovery systems
(Bowman et al. 1995; Selberg and Etzioni 1995; Yuwono
1995) have been introduced in the Intemet for users to
locate interesting and relevant information. Although
these services are helpful and quite popular, the language
barrier becomes the major problem for people to search,
retrieve, and understand WWW documents in different
languages. That decreases the dissemination power of the
WWW to some extent.

To alleviate this barrier, some information providers and
WWW servers keep multiple copies of their information in
different languages for multilingual service. Due to the
dynamic nature of the WWW environment, the provided
information is updated frequently. This approach is
involved with the data inconsistency problem and the
management problem of multilingual documents. How to
incorporate the capability of language translation into
WWW becomes indispensable for multilingual service.
The major issues to design such machine translation (MT)
systems for WWW are shown as follows:

(1) Which material is translated, the query to the
search engine or the retrieved file or both?
Users may issue queries in one language to
retrieve WWW documents in another language.
The retrieved file may be composed of several
kinds of media, i.e., text, image, voice, etc.

(2) What roles do the HTML tags play in machine
translation, positive or negative effects?
The retrieved WWW documents are mostly
HTML (HyperText Markup Language) files.
The tagging information provides some clues for
text processing, but also introduces noise. How
to determine the translation segments is critical
for MT systems.

(3) What is the tradeoff between the speed
performance and the translation performance?
For the browsing behavior of users, the service of
such machine translation system must be real-
time. It may pay the cost of translation
performance.

(4) What form is the translated result presented in,
monolingual text or bilingual text?
Intuitively, only text in target language is shown
for users. However, bilingual text represents a
compromise if the speed performance is gained at
the expense of translation performance.

(5) Where is the translation capability implemented,
client or server or else?
A machine translation system must be supported
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by large-scale dictionaries and other knowledge
bases. We must consider the cost to put all the
resources on each browser (client) or the Web
server. Especially, the WWW documents should
be translated in real time.

This paper will propose a machine translation (MT)
meta-server for accessing and retrieving information on the
WWW. This system, called MTIR (Machine Translation
meta-server for Information Retrieval) later, is an on-line
and real-time English-Chinese translation system. It
helps Chinese users to access English resources on WWW.
Section 2 shows the architecture of our MTIR system,
including the user interface, the query processing, the
communication, the HTML analyzer, and the machine
translation (MT) subsystems. The last three subsystems
are discussed in detail in Sections 3, 4 and 5, respectively.
The tradeoff between speed and quality is pointed out in
Section 6. Section 7 concludes the remarks.

2. The Architecture of the MTIR System

Figure 1 shows the basic architecture of our MTIR system.
The user interface to access the system is an HTML form
which can be invoked by standard WWW browser. The
form allows users to input the URL of a home page or a
WWW site to navigate. Alternatively, users can type a
query in English or in Chinese and select one of the search
engines: Alta Vista, Infoseek, Lycos, MetaCrawler
(Selberg and Etzioni 1995), and Yahoo. Some of these
Web search services support multi-service search to
integrate many existing services automatically. For a
Chinese query, it is translated into the English counterpart
using Chinese-English bilingual dictionaries. After the
query expansion, the system sends the query candidates to
the searching tool selected by user. The mechanism for
user interface is implemented using the standard Common
Gateway Interface (CGI). The query subsystem checks
which interface mode, i.e., a URL or a query, is used.

The user interface is the starting point to connect to the
MTIR system. The subsequent navigation on WWW is
under the control of the communication subsystem. To
minimize the traffic of lnternet, the caching module is
integrated in this subsystem and some proxy systems are
used to process the request. At first, this subsystem
checks if the object is cached when it receives an HTTP
request. If the object is not found, it fetches the HTML
file (.htm or .html file) or text file (.txt or .text file) 
the neighboring proxy systems or the original server.
Upon the requested file is received, the HTML analyzer
scans this file and modifies some URLs. The URLs of
anchors, which link to HTML files or text files, are
changed into the virtual ones (see next section). The
other URLs, including inline images and external MIME

objects, are changed into their absolute URLs. In
addition, the HTML analyzer divides the whole file into
several translation segments for the machine translation
subsystem. Some elements of HTML tags are considered
for text processing. After translation, the resultant
Chinese or the bilingual aligned English-Chinese HTML
file is sent to the users, and stored in the cache. When the
communication subsystem finds the requested object in the
cache, it transfers the data to the client directly. To
communicate with proxy systems and cache objects, it will
speed up the performance. An initial prototype of our
MTIR system is accessible with the following URL:

http://nlg3.csie.ntu.edu.tw/mtir.html
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Figure 1. The Overall Architecture of the MTIR System

3. A Meta-Server Model for Communication

After receiving the first translated document, users may
access other information through the hyperlinks. If the
traditional client/server architecture is adopted, the
successive data will come from the original servers, i.e.,
these data will not be translated. Figure 2 shows a meta-
server between client and servers to resolve this problem.
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Figure 2. The Meta-Server Architecture between Client and Server

In the WWW document, the URLs linking to another
HTML and text resources are redirected as follows. We
transform such anchors into CGI accessing links to keep
the successive connections. We call them virtual URLs.
For example, the original URL and the virtual bilingual
URL of the Yahoo Web are shown below.

[the original URL] http://www.yahoo.com
[the virtual URL] http://nlg3.csie.ntu.edu.tw/cgi-bin/

mtir?http://www.yahoo.com
The URL of our MTIR system is attached. In this way,
the client receives the translated versions of HTML
document and text document from the meta-server. The
others (inline images and external MIME objects) are
provided by the original servers. To achieve this goal,
the relative URLs are changed into absolute URLs by the
HTML analyzer.

With the mechanism of URL redirection, our MTIR
system can generate the virtual bilingual WWW for any
English WWW sites. The only necessity is to add an
anchor with the virtual URL of the original Web site,
which is an entry point for the virtual English-Chinese
WWW site.

The system based on the meta-server architecture is
different from the proxy server. In the former scheme,
the client continues to connect with the meta-server during
accessing other WWW servers. But using the proxy
server needs to setup the configuration of the WWW
browser in the client. And the latter is used to cache all
of the objects including HTML files, images, audio files,
etc.

4. HTML Analyzer

The elements of HTML tags have both positive and
negative effects for the traditional MT systems. Some

tags provide lexical cues to analyze the source sentence,
but some produce the problem of unknown words in
source sentence and affect the skeleton transfer of
sentence.

The WWW documents are different from the traditional
written text in several ways. In written text, each
sentence always has a sentence delimiter such as full stop
("."), question mark ("?") and exclamation mark ("!").
These symbols split each document into several processing
segments. In HTML documents, many word strings
don’t have such sentence terminators to indicate the
boundary of meaning. Hopefully, some of the HTML
tags provide cues to decide the quasi-sentences. These
tags are listed below:

¯ Title (TITLE)
¯ Headings (HI, H2 ..... H6)
¯ Unordered Lists (UL, LI)
¯ Ordered Lists (OL, LI)
¯ Definition Lists (DL, DT, DD)
¯ Forms (FORM, OPTION)
¯ Tables (TABLE, TD, TH, TR)

Further, punctuation symbols such as ’r and ’:’ in HTML
files may have the same effect for NLP systems. For
example, the menu anchors can appear in a WWW
document as follows:

Menu-1 I Menu-2 I Menu-3 I Menu-4 I Menu-5
These menu items and the quasi-sentences will be

treated as separated processing units to reduce the
computational complexity in statistical MT systems.
Besides, they also avoid the problems of incorrect skeleton
transfer and word reordering in machine translation.
Similarly, the words bounded by the paired anchor tags
should be treated as a whole syntactic constituent for
parsing and transferring.

12



In HTML documents, some preformatted text and
embedded objects need not to be translated. PRE
(preformatted text) and APPLET (embedded objects) 
can help to judge whether they are description commands
or program codes.

In contrast to the above tags, the font style elements may
introduce noise. Especially, bold (B), italic (I),
superscripts (SUP), subscripts (SUB), and font (font) 
can be used within a word to show emphases. These tags
may produce many unknown words because the whole
word is split into several parts. Thus these font style
elements should be hidden from the attributed words
during translation processing. However, these HTML
meta information will bring back the appearance of source
texts in the target texts when the translated results are
generated.

Besides the tags to determine the translation segments,
some tags are useful for communicative purposes. The
anchors (A) and inline images (IMG) denote the hypertext
and hypermedia of the HTML documents, respectively.
The URLs specified by these tags may be the relative
URLs related to the URL of the current HTML document,
or the absolute URLs composed of full resource location
with host, path and filename. Because the original
relative path will be incorrect when the client receives the
source HTML file through the meta-server, the relative
URLs should be changed to the absolute ones. And the
URLs, linking to another HTML or text resources, are
modified as virtual URLs.

5. MT Subsystem

Many different approaches to machine translation design
have been proposed (Baker et al. 1994; Bennett and
Slocum 1985; Brown et al. 1990; Mitamura et al. 1991;
Nagao 1985). These include rule-based, example-based,
statistics-based and knowledge-based approaches. A
hybrid approach (Chen and Chen 1995) integrates the
advantages of these approaches and tries to get rid of their
disadvantages. We follow this design strategy and
consider the design issues mentioned in Section 1 to
implement the MT subsystem.

The HTML tagging elements of WWW documents are
important meta-information for machine translation. Not
only does the pre-processing of the MT system take the
advantages of the HTML meta-information, but also the
synthesis module of MT system uses these to produce a
bilingual aligned translation document. The overall
translation model is shown in Figure 3. The analysis
module is composed of a tagger, a chunker, and a detector
for predicate-argument structures. The basic processing

unit is the sentence or the quasi-sentence from the source
HTML file. The source sentence is first tagged by a
probabilistic part-of-speech (POS) tagger, which has 
95% correct rate. Then a robust partial parser (Chen and
Chen 1994a) is employed to segment the tags into 
sequence of chunks. The predicate argument structures
are determined by using the chunk sequence and word
information (Chen and Chen 1994b). The PP attachment
is based on rule templates (Chen and Chen 1996).

Within our MT system, there are about 60,000 word
entries in an English-Chinese dictionary and 5,500 idioms
in a phrasal dictionary. In addition, some domain specific
dictionaries are required for better translation performance.

The transfer module consists of a simple structure
transfer component and a lexical selection component.
Predicate-argument structure forms the skeleton of a
simple sentence, and the other constituents are the
modifying components. The simple transfer focuses on
the relationship between predicate and arguments. A set
of rules (Chen and Chen 1995) is responsible for transfer
of predicate-argument structures across language pairs.
The lexical selection deals with the multiple sense problem.
It is based on the parts of speech of the source words, and
the target word association norm (Church and Hanks
1990).

The synthesis module generates the target sentences, and
presents the results based on HTML meta-information.
The HTML elements that appear in the document body fall
into one of two groups: block level elements and text level
elements (HTML 3.2). The former introduces paragraph
breaks, and the latter does not. Common block level
elements include H1 to H6 (headers), P (paragraphs), 
(list items), and HR (horizontal rules). Besides, TITLE
(document title), TABLE (tables), and the FORM (forms)
elements have the same effect. The English-Chinese
bilingual documents are generated and aligned by blocks
which are segmented by these specialized tags and the
punctuation symbols (’r and ’:’) for menu items. The
following example shows the segments aligned by
paragraph.

¯ AltaVista gives you access to the largest Web
index: 30 million pages found on 275,600 servers,
and four million articles from 14,000 Usenet news
groups. It is accessed over 21 million times per
weekday.

¯ AltaVista ~ ~ ~S~ ~lJ ~I ~)~1~ ~:~’~

275,600 ~-~r, ~ [] -~ ~ ~ 14,000
Usenet ~i:~ ~t ~. ~ ~ ~S~ ~ 21 -I~
:~ ~ ~.
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Figure 3. The Overall Translation Model

In the translation segments, users can read both the
English and the Chinese blocks simultaneously. Figure 4
demonstrates a complete translation example. The
bilingual home page of Yahoo WWW server is shown.
Bilingual aligned document is a better representation
scheme when both the translation performance and the
speed performance are considered.

6. The Tradeoffbetween Speed and Quality

Selberg and Etzioni (1995) measure the response time
of some search engines. On the average, the search
engines will take approximately 10 - 20 seconds to
process a request. How much time users can endure in a
real-time service is an important issue. The following
shows some discussions.

Traditional MT systems are used to translate the written
documents in the off-line batch mode. In general, a full
parser is adopted to analyze the sentences of source
language. Such analysis costs much time in rule
inference to get the complete syntactical structures.
Brown (1995) proposes a high speed parser, which takes
about 0.5 seconds for a 7-word sentence. Bray (1996)
presents some qualitative results for measuring the Web.
The size of the average home page is about 1,050 words on
one snapshot of 1.524 million pages from 223,851 servers.
With the mentioned parser, it seems to take 75 seconds to
parse a page. However, the parsing stage is a portion of
the whole MT system.

Another major cost is the lexicai selection in the transfer
module to disambiguate the senses of words. Statistical
approach is usually applied to deal with this problem.

We make an experiment on the pure statistical translation
model to show the cost.

Several texts about Netscape Mail features are used to
analyze the lexical transfer time. On the average, a
source document has about 200 words and 15 sentences.
A simple selection method selects the sense with the
highest probability for each word. Another complex
selection method deals with the sense association to decide
the word meanings for the whole sentence using dynamic
programming. The former takes only I second, but the
latter costs 100 seconds. Because the second method
needs to access a bi-gram table of Chinese words, which is
huge with 2,147,571 records, most of time is spent on I/O
and only 15% of processing time is used by CPU.

With fully parsing and complete lexical transfer, the MT
system is impossible to be acted as a real-time service.
Some tradeoffs must be done between the translation
performance and the speed performance. To reduce the
cost, the real-time MT service may need only a partial
parser to get the skeleton of sentence to narrow down the
analysis of the source sentence structure.

7. Concluding Remarks

This paper proposes a meta-server architecture to
incorporate the machine translation capability to WWW.
An on-line and real-time English-to-Chinese machine
translation system is developed. Under this design, we do
not have to modify any configuration, and install any
additional software in client and server. The interaction
between users and our MTIR system is transparent. The
translated WWW documents can be shared across the net
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based on the caching module in MTIR system. It is acted
as a gateway, a proxy system and an MT service system
for retrieving WWW documents.

The proposed MT meta-server can not only be used as
an assistant tool to access and retrieve information by the

end-users in the client, but also can be treated as a Chinese
document generating system to produce the Chinese or the
bilingual English-Chinese versions of documents
dynamically by WWW servers.

Figure 4. Bilingual Home Page of Yahoo WWW Server
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