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ABSTRACT

The advent of World Wide Web(WWW) has created a novel means for information dissemination
whereby information resources all over the world can be made available to a user connected to the net
anywhere and anytime. As more and more information resources are becoming available on the WWW,
providing easy access to these information resources has become a significant service. In this paper we
present iAgent, a system for information collection and retrieval designed specifically for networked
Tamil and multilingual information resources. It fulfils the critical role of an information search tool to
access the rapidly growing pool of WWW resources provided in Tamil or other Asian languages. The
system is build around a multilingual architecture that confines language processing requirements into
specialised modules. These modules share a standard library which allows the user to collect, index,
retrieve and set profiles on networked information resources. We demonstrate the usefulness of this
system by showing how it can be applied to search and retrieve Tamil webpages from all over the
world. The engine can also support several major languages in Asia, including English, Malay, Bahasa

Indonesia, Thai, Chinese, Japanese and Korean.

Keywords: Tamil on WWW, Tamil information processing, Multilingual information resources,
Information retrieval, Search engines.
1. INTRODUCTION

The revolution brought about by Internet is now a well-known and fully felt phenomenon. With the
availability of services like World Wide Web (WWW) , Newsgroups and Email, Internet has made it
possible to disseminate information to a user connected to the net anywhere and anytime. Among these
servcies, WWW has grown explosively during the recent years resulting in a novel networked
information resource. The growth of the web is positive on one hand because more information can be
accessed now. However, as more and more information resources are becoming available on the
WWW, locating the desired information has become difficult [1]. Hence, providing easy accessto such
networked information resources has become a significant service. Currently, several commercial
search sites such as AltaVista (http://www.altavista.digital.com), Excite (http://www.excite.com),
Infoseek (http://www.infoseek.com) and Y ahoo (http://www.yahoo.com) are very popular, generating

millions of hit daily.

Having originated from the West, these search engines have not been developed with multilingualismin

mind. As a result, native languages often take a back-seat due to technology limitations. For the vision
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of international information superhighway to be realised, providing multiligual search capability is
important. Currently, there are few search engines available for tackling native languages [2]. (These
engine are sometimes confused with engines like, for example, Theni Search [3], which actually search
in English and hence cannot be called native.) However, most of them are simplilistic because they are
either tailored for one specific language or do not have spidering capabilities. As an example, for Tamil,
a search engine has been developed by Internet Research and Devel opment Unit(IRDU), Singapore for
searching Tamil documents [4]. The engine accepts search strings in Tamil through a JAVA applet
front-end and employs a simple WAIS-SF indexer to search and retrieve documents. It does not have
spidering capabilities. Instead, it assumes all documents to search are available a priori on the local

machine. Also, inits present form, it can search only Tamil documents.

This paper describes iAgent (http://iagent.iti.gov.sg), an information collection and retrieval system
designed specifically for multilingual information resources. We designed and built a multilingual
architecture which confines language processing requirements into specialised modules. These modules
share a standard library which allows the user to collect, index, retrieve and set profiles on networked
information resources. We have demonstrated the usefulness of this system by showing how it can be
applied to search and retrieve Tamil webpages from all over the world. The engine can aso support
several other major languages in the South East Asia, including English, Malay, Bahasa Indonesia,
Thai, Chinese, Japanese, Korean and Filipino Tagalog.

2. SYSTEM DESCRIPTION
Figure 1 shows the system architecture for iAgent. The various components are described in the

following sections.
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Figure 1. ComponentsiniAgent

2.1 Information Gathering

iAgent currently supports the following protocols, which allows it to automatically collect information

widely distributed on the Internet:

e HyperText Transport Protocol (HTTP). Based on this protocol, a knowledge robot, or web spider
is developed. The robot starts from a list of known sites, and automatically traverses the web’s
hypertext structure by retrieving a“valid” document, and recursively retrieving all valid documents
that are referenced. A “valid” document is that which is judged to have been produced by a website
selected for information gathering. The system employs simple heuristics which rely on domain
name restrictions (e.g. http://*.gov.sg), directory level restrictions, as well as “kill list” (e.g. do not

visit http://abs.xyz) to determine if a document is valid.

¢ Network News Transport Protocol (NNTP). The system uses the NNTP protocol to interrogate
USENET news server for selected newsgroups. During each access, the system retrieves new

postings from these newsgroups and formats them for subseguent indexing and retrieval.

« Post Office Protocol (POP). Using the POP protocol, the system is able to retrieve electronic mail

from personal mailbox for subsequent indexing and retrieval.
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With these tools, a system administrator has the flexibility to target selected websites, newsgroups and
mailboxes for information gathering. For example, by providing alist of desired Tamil website URL’s,
an archive of Tamil webpages can be easily constructed by sending the web spiders to collect al web

pages at these URL’s.

2.2 Free-Text Engine

This component creates the inverted index [5] of all documents collected by the information gatherer.
The inverted index will then be used during document retrieval. In our multilingual architecture,
language-specific processing is confined to dedicated modules. The database layer is unaware of the
language type of the tokens being indexed and retrieved. Logically, the inverted index table has the
following structure (Table 1):

Token Inverted Entries

Compute DoclD, tf, posl, pos2, ...., DoclID, tf, posl, pos2, ...., .....
YO AO DoclD, tf, posl, pos2, ...., DoclD, tf, posl, pos2, ...., .....

Table1: Logical Structure of Inverted Index
Thus, if a uses wishes to retrieve documents containing the word “compute’, the corresponding
document id’s (DoclD) in the inverted table are retrieved, together with their term frequencies (tf) and
positions (posl, pos2, etc.). The term frequencies are used in the ranking of the document, while the

positions are used to determine if consecutive query terms constitute a phrase (e.g. @ ¥&* U. AD).

The following sections describe the various modules in more detail.

221 Indexing

The first step of automatic indexing is lexical analysis; it converts an input stream of characters into a
stream of words or tokens, then generates lists of index terms. A tokeniser is used to identify words
within the document structure that contribute to the content. Tokenising is easy for Tamil whereas it is
nontrivial for some Asian languages like Chinese. Chinese text has its own characteristics; it includes a

large set of characters, about several thousands for common use.

Most words are indexed except for very common words, which are maintained in a stopword list.
Stopword removal is required to discard words that are non-content bearing and hence do not contribute
to the description of the document [6]. They typically consist of terms that are too frequently present to
be a good discriminator; a search using one of these words is likely to retrieve amost every item in a
database regardless of its relevance. Examples of such words in English include “the”, “is’, “with”,

“this’, “and”, etc. Similar stopwords also exist in Chinese text. The selection of stopwords depends on
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the database and features of the users and the indexing process. It may vary from application to
application. For example, a computer literature database probably need not use index terms like

“computer”, “program” and “language”’. However, these words should be indexed in other applications

such as movie stories.

Stemming is another way to improve the performance of the information retrieval. It is used to reduce
the size of index files. Content bearing words are then stemmed to remove the redundancy of word
variants and also to reduce the indexing overhead. So in English document, rather than storing the
words “computer”, “computers’, “compute”, and “computing” separately, these words are stemmed to a
common root form “comput”. Only this stemmed word or index term is stored. There are severa
approaches to stemming, such as table lookup stemmer, successor variety stemmer, n-gram stemmer,
and affix removal stemmer, etc. Porter's stemming algorithm [7] is used here, because it is more
compact than other algorithms. This algorithm belongs to affix removal ones, and it consists of a set of
condition/action rules. It may be noted that, for some Asian languages like Chinese, stemming is not

applicable due to the different nature of characters.

During indexing, important sentences from the input documents are extracted and stored as document
summaries. The summary consists of a set of sentences that is judged to be representative of the
document. The number of sentences to be extracted can be specified by users. In addition, the titles and

the URL’s of the original documents are also stored so that users can easily retrieve them.

222 Retrieval
After indexing all the required documents, the system is then ready to accept queries and retrieve
documents. The query strings can consist of phrases in any of the languages supported, as well as
Boolean operators (AND, OR, NOT). The system will return the titles, summaries, URL’s and the
matching scores of documents found. The scores are computed using the dot product of term frequency
(tf) and inverse document frequency (idf) weighting. idf is measured as follow:

idf, =log N/ n; )
where N = the number of documents in the collection, n; = the total number of occurrences of index
termi in the collection. Thus, the score of document j dueto termi isgiven by :

score(doc;, termy) = tfy; * idf; ()]

Fuzzy boolean operators are used. Thus

term; and term, = min(score(- , termy ), score(-, termy)) (3.1
term,or term, > max(score(-, termy ), score(-, termy,)) (3.2
term not term, = min(score(- ,termy), 1 - score(-, term,)) (3.3

Retrieved documents are ranked in decreasing order of similarity to the query. For phrase search (e.g.
@ AG U AAQD), the system will perform full-text search for documents containing the each of the
congtituent words (e.g. @ AG; U, AAQD). The documents retrieved are then checked for adjacency of

these terms.
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In addition, the system provides a suite of information retrieval tools for the users to query the

databases :

e Group into clusters. The system analyses the contents of the retrieved articles, and automatically
groups these articlesinto clusters. A cluster consists of two or more articles with significant overlap
in the contents. Users can therefore quickly inspect the different categories produced to locate the

right piece of information.

e Document extracts. The system automatically extracts the most important sentences from a
document to form the document extract. This allows users to quickly form opinions about

usefulness of the document before retrieving the entire length.

Apart from the above content-based search capabilities, field search capability is also available in the
system. A field structure file is defined to describe the document fields such as document identification
number, database name, title, URL, date, and summary, etc. Each of these fields can be set to be

searchable.

2.3 WWW Interface

Users interact with iAgent via simple World-Wide-Web (WWW) interface, using standard web
browsers such as Netscape or Microsoft's Internet Explorer. Search requests are submitted using
HTML forms. To input Tamil search strings, at present, we are using the Keyboard Manager software
available for free download from the IRDU, Singapore's TamilWeb site (http://irdu.nus.sg/tamilweb).
In this non-commercial version, the keyboard manager uses the Tamil typewriter keyboard layout. Since
this is a standard keyboard layout and followed worldwide for Tamil input, there is no need to learn a
new layout. Our interface can also support the Kanian Keyboard layout [8] and the Romanized Tamil
Keyboard layout (http://mwww.murasu.com) through suitable keyboard management utilities. In future,
Tamil input will be provided through a JAVA applet and consequently, no keyboard management

software needs to be present at the client side.

After the search request is submitted, the results returned are formatted into HTML pages. Users can
retrieve the full-text of any document by clicking on the hyperlink; the browser will then fetch the

document based on the Uniform Resource Locators (URL) of the document.

3. EXAMPLE: Tamil Web Page Search
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We use iAgent to collect Tamil webpages from a list of specified websites and gather the information
regularly using the web spider, create inverted index of webpages collected, and allow users to submit

query to the information resource.

Figure 2 shows a snapshot of the search interface. User can select various information resources to

search and enter their search string in the box provided.

yis Netzcape - [iAgent: Tamil Search]
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Figure2: A Form Interface for WWW Search
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Figures 3.1 and 3.2 show the results from the sample query “»¥¥ ”. It can be seen that search results

from various Tamil websites satisfying the query are returned. The titles, summaries and URL’s are

shown to the user.

yts Netscape - [Search Resultz]

Agent : Tamil Search

Tamil Net - 18 Hits. Documents 1 to 5 about: LD

1. TN Budget
dobck [ 054/100) g plelemEsn SMEE ST flleml HemnlL |,
LOLOPLAL 1 Blpdghlh OB 1EZMT UL & S e pe & Sidg 10 sl o
(Rl e gall, Limde Lnemes mad g, eu 7 11 spgdeiinp o 20 g
BUIITE, LY TLUT, LIMFar STEamm £6T, S0 S L F&, andhsin,
Bebramgmy LImEm £67T;, LImEEIm 6T, gy Quimhker, Qeu eimtenll,
Bneme, BETOETES), By Moal ooy, e G ImmL &6 rasr [y
Uesed Mg 4 Faoms o figammi, Bar, .
Site: TH Budget
Updated On: Apri 22, 1997

2. TAMIL NADU BUDGET
dek [ 0.45/100) s Oyt Snlieno @ S b d
GLimesinesul e @ermafiy Fesu e £ W TEEe 0 o 6y Ham Ehayl s er
shpreGerm® GEmory QEreTerallh bl & GEmo e Lm
HIEBMEgEL GriLh Anmfleen goiin le Eom GEmsTerauwn e Ll
 FEEMNIL G| eTamm el 1L 1em & DEmelenTy| L ar 1968-Gds
BT ANTRT iefrenm e rEermes [Frled D@ 197 0muh ueimeg e
ILNE STF EMeuddEes oeoasd sBpmomiss Binjen ambn Lidhe
Site: TH Budget
Updated On: Apri 22, 1997

Word From Kalaingar
ok [ 0.40/1.00) afgngymamns GuLgmpEl Ligal o eriEEnEghn GhRSE
ameudEes FLnmul & agpaluiier e mikume eefil ) Ee mer raer

Figure 3.1: Search Results for a Sample Query
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yts Netscape - [Search Resultz]

—SHEY [T @'r_n@ja;(%‘&;'r_numm e:.g)uma;(‘%&@umm i, a@@ﬁaner
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Fomfoms prer wreiv® £ Ss erem 2oy fm eram

Site: Kalgnar

Updated On: harch 15, 1997
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Updated On: Apri 22, 1997
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LGl FAD arm of the Mationsl Computer Board. The opinions and inforrration expressec in
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provided on FAgeEnt seErver

Figure 3.2: Search Results for a Sample Query

It can be seen that there were 18 hits for the sample query above and the results are returned from
various Tamil websites. Suppose it is desired to use the same query but focus the search to get results

from a specific website, say Kalaignar's web home. We have provided a means for implementing this
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focussed search. For example, a focussed search on the “Mu. Ka’ site can be implemented by just

clicking on the link pointing to “Mu. Ka’ at the bottom of the page. (See Figure 3.2.) The refined

search results are shown in Figure 4.

Agent : Tamil Search

Tamil Net - 2 Hits. Documents 1 to 2 about: U and dbname contain

Kalaignar
Try relaxing your query wsing fzzy rratching: Ul and dbname contain  Kalaignar

1. A Word From Kalaingar
ke [ 0.40/1.00) ahgngrmars GupEl Loald e errEHREGL BESSE
ameudEes Flnmu & aimaluiier e mikume eefl ) Ee mer raer
i@ TEET EM@EET DU, SO amEETMLIaLL B(F LGB
(EBTemms emUl (BLUMT- ([ e SiE EEm] ohEensEum- mim
- ML messeu Uik [Hemes esu Eam- g Bau ) Exmanmi £efis
FraiE g = Gdn efltssgenst Tar® wEpLEnmo. Serhill (d
Sumdyma Eresr wmesR £ ks erair = e Amy erenm
Site: Kalaignar
Updated On: hdarch 15, 1997

2. About This Page...
* [ 023/100) GerLgEEl. Bemid R L sees Qarard sk
Semard mieu s FHEUE B sgrosdigon [ emal ), World wide WebgyLn
Ged Lfuemmmn Belpe e, 1995 @ mofes T S nmaE
Frislr Gefol LdiasaesshehEem National University of Singapore
, EerLrEE. hey Annom @ e e nternet RED Unit
SOEIME Eemeogbiar @esEdull] UEEh 0w GE el S0 EIey

Site: Kalaignar
Updated On: harch 15, 1997

Figure 4. Results of the Focussed Search on Kalaignar’s web home

4. CONCLUSION
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We have described iAgent, an information collection and retrieval system designed specifically for
multilingual information resources. We have designed and built a multilingual architecture which
confines language processing requirements into specialised modules. These modules share a standrad
library which allows the user to collect, index, retrieve and set profiles on networked information
resources. We have demonstrated the usefulness of iAgent by showing how it can be applied for
searching information resources containing Tamil web pages. The user interface has been designed to
accept search strings directly in the native language. We have illustrated this by showing how Tamil can
be input through the standard Tamil typewriter layout.

Ours is the first attempt at designing such a search service for networked Tamil resources. A specia
feature of our engineisthat it isinsensitive to the encoding standard used for composing the documents.
The engine can support any bilingual encoding standard(i.e. the lower ASCII rangeisin English and the
upper range in the respective language), e.g. Tamil Kanian (http://irdu.nus.sg/tamilweb), Murasu
(http://lwww.murasu.com) , Nalinam (http://www.au.malaysia.net/tamil). It may be noted that the same
Tamil typewriter layout can be used for input under all these encodings. However, iAgent currently
does not use a single internal representation and hence the system needs to treat each enconding
separately. Our current work involves generalising the iAgent architecture so that multiple encoding
standards can be handled wunder a unified formaism. We plan to adopt
Unicode(http://www.unicode.org) as the base encoding and employ character mapping tables for
handling the different enconding standards, especially for Tamil, prevalent on the WWW today.
Adopting Unicode also enables future compatibility. We are also investigating encoding detection
algorithms which can be deployed in iAgent so that documents can be searched without even knowing

the encoding standard of the documents.

With the explosive growth of the WWW, more and more webpages will be published in Asian
languages in the near future. A multilingual search engine like iAgent fulfills an important educational
role for usersto search for relevant information they need. The provision of search tools likeiAgent isa
first step towards supporting usersin their information needs. Users also need to know how to use them
effectively. For information resources in the English language, learners need to learn the skills and
practice of information search such as how to refine their search based on the current hit-IisF". The
advent of search engines for Tamil and multilingual information resources may also bring about the

need for different user search strategies for looking up information in each different language.
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