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Governor Fatima Bevi Talk

| have great pleasure in Participating in the Inaugural Session of the International Conference
and Seminar on the use of Tamil in Information Technology, hosted by the state level task force
of the Government of Tamil Nadu on Information Technology.

| welcome the Ministers and high dignitaries from abroad and the International experts and
delegate to this conference, which will set on course the process of making tamil an integral part
of information superhighway.

Information technology can be used as a vehicle for all-round development in creation of new
jobs and in making assess to information amazingly easy. Today's Internet links about 170
countries in the world, links people who speak many different languages on a 24 hour basis.
Internet has come a long way since the today it first went online in 1969, initially conceived in
huge mainframes and later survived in the era of personal computers. After the invention of
world wide web, internet has become user-friendly providing access to information without any
barriers between the users and no occupies the centre stage in the modern world. The world
wide web consisting of documents of a staggering volume and the easy access to the entire
world of data, through the internet, are among the finest contributions, after telephone, radio and
television, by science to global communication and human interaction. Earlier in the 80s, the
internet was considered as a people's network meant for variety of academic purposes. In the
90s, the usage of network was opened to individuals facilitating thousands to join the Internet
everyday.

Ture to the scientific tradition of the state, Tamil Nadu has taken progressive strides in
information Technology. The state Government has established a separate department for
information technology and is very enthusiastic in making optimum use of the immense human
capital of the state and its long tradition of academic excellence to attain serious growth in
information technology. | congratulate the Government of Tamil Nadu on setting the pace for
this growth in information Industry. The TamilNet 1999 is another laudable endeavour in this
line. The Government is willing to take advantage of the competitiveness of the private sector in
information industry and is happy to acknowledge the contribution being made by individuals at
private firms to the development of software, especially in Tamil Language and the creation of
websites carrying information on Tamil Language and literature. But all these products lack in
uniform standards and global organization. In addition to the millions in tamil nadu, there are
lakhs of tamil people living in different parts of the world. Their love for their mother tongue and
zeal for its preservation and promotion are extraordinary. Since internet has become a daily
after in individual life the world over, it i absolutely necessary to have a tamilnet with uniform
codes which will be able to harmonise promotional efforts from various quarters in future. The
Government of Tamil Nadu can perform this hard task and remain the central guide fro tamil
network usage in future. | wish to place on record my deep appreciation of the number of
individuals who have made serious and notable efforts to introduce tamil language on an
international scale, by producing several tamil softwares and creating websites. With their



sincere and enthusiastic cooperation, i am sure that tamilnet will soon attains a place of
prominence in the information superhighway. Already the use of Tamil

in Internet is far greater than any other indian languages. With the implementation of uniform
coding standards, tamilnet will be a huge success in both emerging as a prominent network and
in involving a broad community of tamil internauts in working together and accomplishing the
dissemination of information on tamil and Tamil Nadu. The most significant achievement will be
the ability of tamilnet to bring the large rural population of tamil nadu - the non - english
speaking and non - academics - in the fold of internet. This is the progressive step which will
place tamil on the information superhighway thereby rendering access to international scholars
in tamil and is conducive o intensive development in tamil language. The credit for this is solely
due to the hon'ble chief minister of tamil nadu who has given the needed fillip for modernising
both teaching and learning of tamil language across the world. | congratulate thiru. Maran for his
perseverance and determination to modernise many dimensions in the state administration for
the larger benefit of the people.

I am delighted to extend my warm greetings and best wishes to all the participants in this
conference for success in future endeavours. | wish te "TamilNET '99" a grand success. Jai
Hind.



Towards a Total Internet Solution
for the Tamil Language through Singapore Research

by Naa Govindasamy
Lecturer, National Institute of Education (NIE), Nanyang Technological University
(NTU)469, Bukit Timah Road, Singapore 259756

(This Paper was presented at the SAARC Conference on Extending the Use of Multilingual &
Multimedia Information Technology at Pune, India, on September 14, 1998. The present paper
has added new developments which took place after September 1998. The author wish to thank
Dr Tan Tin Wee, Associate Director for the Centre for Internet Research (CIR), National
University of Singapore and Mr Leong Kok Yong, Research Officer of CIR, for giving valuable
advice in the preparation of this paper.)

Abstract

The internet revolution has enabled the widespread dissemination of information throughout the
world. Most of the content is in Romanized characters. Research is going on in some countries
to enable non-Roman scripts accessible on the Internet. This paper will discuss and
demonstrate how, through a successful research collaboration in Singapore, Tamil language
content is now freely accessible, searchable, conveniently emailable and easily composed and
edited on the Internet through all three popular platforms Unix, PC and Mac. The important part
of this paper is latest development, which took place in Singapore after September 1998.

Multilingual TextEditor For Unix, Windows and Mac.

Text is saved in Unicode and Tamilnet code. This is the first Unicode Tamil Editor to be seen on
the Internet for free downloading.

Multilingual multiscript URL is another important development in Singapore Research.

My presentation will focus on these two important development.

The Need for A Multilingual Internet in Singapore

Singapore is a multilingual and a multiracial country. English, Chinese, Malay and Tamil are the
official languages. Most of the government and public documents are published in these four
official languages. However, until recently, it was not possible for the Chinese and Tamil
languages to be disseminated through the World Wide Web on the Internet.

In 1994 Dr Tan Tin Wee, my research collaborator initiated work in this area while he was the
head of Technet Unit, the first Internet service provider for Research and Educational
Institutions in Singapore. Technet Unit was directly under the supervision of the Computer
Centre of the National University of Singapore. (Technet Unit has since been commercialised to
become Pacific Internet, one of the three ISPs for Singapore. The others are Singnet and
Cyberway.) By mid-1994, Technet Unit initiated the Singapore INFOMAP project which provided



a one-stop WWW home page for Singapore. He wanted the four official languages to be
represented in the INFOMAP.

Since English and Malay are using the Roman script, displaying these two languages on the
WEB was not a problem. By the end of 1994, Technet had successfully implemented an
Experimental Chinese WEB server in Singapore. So the problem of displaying the Chinese
script on the Web was solved. However, displaying Tamil script on the Web, and communicating
through Tamil on Internet was a problem. There was no Tamil Information System on the
Internet which provides a display system in Tamil and English simultaneously on the Text Mode
using a Tamil-English single font file. There were a few servers, which were providing Tamil
script using GIF image files.

Tamil Eelam Page (http://www.eelam.com) was and is still very active in this direction. Tamil
Nadu Home Page, and Tamil Electronic Library .
(http://www.geocities.com/Athens/5180/index.html) are other popular Tamil Web Sites on
Internet at that time. Tamil Electronic Library was using (and is still using) a mono 7bit font
(Mylai) for the Tamil display on the Web.However, Mylai font cannot support native emailing at
that time.

So there was a need to develop a Tamil Internet System which should go beyond Web display.
In May 1995, | met Dr Tan at the Technet Unit, National University of Singapore, soon to
become the Internet Research and Development Unit (IRDU) (now upgraded to Centre for
Internet Research). We identified the potential solutions and agreed for a possible research
collaboration between NUS and my institution, NIE, NTU, the two instititutions of higher learning
in Singapore at that time.

At that time, on my own, | was in the process of developing True Type fonts and a Tamil
software for Windows Applications (KanianA)A Tamil Software). As the service provider arm of
the Technet was sold to a private consortium and renamed Pacific Internet in September 1995,
the nascentTamil Internet Research was inherited by the newly formed Internet Research and
Development Unit (IRDU). This Research Unit was funded by the National Science and
Technology Board (NSTB ) (http://www.nstb.gov.sg) of Singapore. Mr Leong Kok Yong, just
graduated from the Nanyang Technological University, joined IRDU, and became one of the key
member for the TamilWEB project.

Objective

During the Technet period, when Dr Tan and |, conceptulised the TamilWEB Project. We had a
very clear objective.That is: to develop a bilingual font system for The Total Internet
Communication in the Tamil language. That means, the system that we intended to develop:
should provide display of Tamil & English Text simultaneously on the Internet Applications.
(Web Browsers & Email sofware packages.)



Tamil and English text should be easily communicated and retrieved in Plain Text.

should work across Platforms. (PC, Mac & Unix) should be searchable in Tamil

should let the user type Tamil in the Web browser's Forms, and the typed word should be seen
in Tamil.

Should allow the user to read Tamil & English in terminal emulation mode (telnet).

Prototype Testing, Preview and Official launch

The prototype of our system was tested during the launch of PoemWEB. PoemWeb is an
electronic selection of representative poems from the four official languages, from the book ,
Journeys: Words, Home and Nation - Anthology of Singapore Poetry (1984-1995) which was
published by The Centre for the Arts, National University of Singapore. This book was launched
by H.E. Mr Ong Teng Cheong, President, Republic of Singapore on Friday 27 Oct 1995.

The preview of the first phase of TamilWEB project was shown to the public and to the Press at
the Internet for Everyone 1995 at Suntec City Exibition Hall during 13 December 1995.
TamilWeb was officially launched by the Honourable Member of Parliament, Dr Ong Chit Chung
(Chairman, GPC for Education and MP for Bukit Batok) on 2 February 1996.

Since then the Tamil language teachers in Singapore and the Internet Users from locally and
abroad, are using the Singapore System to communicate in Tamil & English over Internet and
have created a significant volume of bilingual Web pages in Tamil and English. One of the most
important Web site for teaching and learning of Tamil language was created by University of
Pennsylvania's Penn Language Center (PLC).

Using our system, the Center created a bilingual Website for Learning and Teaching Tamil in
1996. The project is funded partially by a grant from the Consortium for Language Teaching and
Learning, with the joint participation of Tamil-teaching faculty at the Universities of Chicago,
Cornell, and Pennsylvania. The ruling party of Tamil Nadu Dravida Munneetra Kazhagam
(DMK) Website is another important site, using our system. (http://www.thedmk.org)

Purpose of this paper

This paper will try to explain and demonstrate, how Tamil, one of the Indian languages, has
achieved the Total Internet Solution, through Singapore Research. Most of my presentation will
be done through Internet. When Dr Tan and | conceptualised the TamilWEB project in 1994,
there were only two major graphical Web browsers on the Internet, Mosaic and Netscape?2.
Eudora was the one of the most preferred graphical Email program. PINE was the most
preferred, Text-mode Unix Emailer, and LYNX was the Textual Browser on the Unix platform.
Font Tagging was not available at that time. Content on the Web was almost exclusively in
Romanized characters. English language was dominating the Web. Content in non-Roman
languages was limited. With these background, we delivered these Internet Tools for our Tamil
users.



Tamil Internet tools from Singapore

These Internet Tools originating from our research and software development are free for
downloading:

TamilNet.ttf (PC propotional font)
TamilFix.ttf (PC fix width font)

Tamilnet.hgx (Mac propotional font)
Tamilfix.hgx (Mac fix width font)
Tamilnet18.bdf (Unix font)

Tamilfix.bdf (Unix Font)

Tamil Keyboard Manager (for PC)

Tamil Keyboard Manager (for Mac)
Xkeymap (Tamil input system for UNIX)
Mirage (CGI Application Software for rendering Multilingual encoding text into GIF images for
display on web browser

Applet input sysytem for Tamil word search

Font encoding

The key tool for the project was the creation and design of a Bilingual Tamil-English single font
system. We have designed a bilingual font set for the display of both Tamil and English
simultaneously. This was done by making use of the upper extended ASCII character range for
the Tamil characters, while retaining the basic English alphabet and punctuation intact in the
lower ASCII range. This will allow most of the Web world in English (or other Romanized
languages) to be traversed; at the same time, Tamil codes will be recognized and displayed
correctly when they occur, without having to change font set. Figure below shows the character
map for the Tamil-English font set.

One important point to note is that the upper ASCII portion does not have enough code space to
include all the possible Tamil character glyphs (>>200). As such, we made use of the kerning
feature built into the Postscript and the True-Type font technology to combine two Tamil
characters into a new character glyph not found in the above ASCII table.

With the combination of two simpler character glyphs to give a more complex glyph, we can
then include the entire Tamil character set within one single font, together with the English
alphabet. To allow users to input these Tamil characters, a corresponding keyboard layout
mapping has been devised by mapping the keys on a normal English (QWERTY) keyboard to
the extended ASCII range where these Tamil characters reside. A toggle key enables the user
to switch between the two modes. Tamilnet propotional font was developed to display Tamil &
English on the Web browser. However, the variable proportional font cannot be viewed in the
Web browser's Forms.



For this purpose, a fixed width font, Tamilfix was developed. This font is very similar to the
courier font. The Tamilfix font is simply doing the work of the Courier font. Only with this fixed
width font, Tamil can be typed in the Web browser Forms. In the Web browser, the form filling
feature is a very important component for interactivity. If the user wish to communicate in Tamil
to webmaster or the author of the webpage, he or she has to type Tamil into the Form.

Keying in the Tamil characters in the Forms

When the user is keying in Tamil script in the Form, the Tamil Characters should appear on the
Forms as they are typed for immediate visual feedback. Only then can meaningful
communication and interactivity take place. We achieved this through the Tamilfix font and the
keyboard input system. Another important factor in any database creation is the Search
function. If a Search function is not possible in a particular system, creating a database, is out of
the question. When we launched the TamilWEB on 2.2.1996, we demonstrated the Search
function.

In the search form, Tamil words were keyed in for searching against a database of Tamil text.
For search and retrieval, the submitted string in extended ASCII for Tamil (and in English as well
for bilingual searches) is parsed by the httpd server and submitted as a search string to any
indexing engine that has multilingual capability. In the case of Tamil, we used a simple
WAIS-SF indexer and demonstrated the utility.

Hits were returned in the same encoding, and displayed in the same way as described above,
with bilingual capability. In fact, this powerful search function is taking place across the various
platforms. In the Singapore Government Web site ( http://www.gov.sg ), searching for Tamil
keywords by typing Tamil script is possible. The | Agent search engine will deliver the results in
the form of webpages, using Singapore Tamil font encoding.

However, in some cases, users are unable to use our fonts and encoding system for unknown
reasons. In this situation, we have invented another solution. Our research team has produced
a CGl Application software for rendering multilingual encoding text directly into images for
display on any web browser as embedded images. It is called Mirage.

When this application is added on to the server, the server is capable of rendering Unicode
Tamiltext into images for the client browsers, without any helper application or any font
installation. The significance of this system is that, in the client browser, the user should be able
to view multilingual information, originally coded using Unicode. For that matter, any encoding
can also be transformed into images using the MIRAGE system, eg. Unicode, ISCII,
Kanian-Tamilnet etc. simply by modifying the code table mappings to character glyphs. Now, |
will be demonstrating another of the important feature of our system.

Viewing Tamil on PC Terminal Emulation



When we developed the Tamilfix font, we knew that it will make Tamil readable in the PC
Terminal emulation (eg Telnet). A Shell access user can read Tamil text in the WWW textual
browser LYNX. He can also read Tamil in the Terminal Email software PINE. This is a very
important development for the Tamil language. In many developing countries, the number of
SHELL access users typically outnumbers the TCP account users. Most users access the
internet through a character-based terminal emulation rather than a graphical user interface. As
such, our system benefits a lot of SHELL access Internet users. This was made possible with
our Tamilfix font.

Keyboard Input Systems

Based on the Phonetic system, a phonetic keyboard for the Hindi language was developed by
Mohan Thambi in India in 1983. This was subsequently adopted as the main keyboard for the
Indian languages by the Department of Electronics (DOE) of India. However, this keyboard is
based on Devanagiri script. Since Tamil is from the Dravidian language group rather than the
Indo-Aryan, of which numerous other Indian languages belong (e.g., Hindi, Marathi, Punjabi,

Bengali) (Grimes, 1992), the DOE keyboard is not particularly suitable for the Tamil language.

To overcome the keyboard problem for the Tamil language, the author began an investigation
into the frequency of occurrence of the Tamil vowels and consonants used within the language.
Based on this research, a Tamil phonetic keyboard layout was introduced for Tamil computing
(Govindasamy, 1989), named the Singapore Tamil Keyboard (Govindasamy, 1994a). Later in
September 1994, the name was changed to Kanian Keyboard at the First Computer-Tamil
Conference at the Anna University, Madras, India (Govindasamy, 1994b).

The keyboard consists of the 12 basic Tamil vowels placed on the left-hand side of the
keyboard and the 18 consonants. The 28 basic vowels and consonants are placed in the lower
case of the keyboard, while the 2 least frequently occurring Tamil consonants are placed at the
upper case with the 5 Sanskrit sound consonants. For modern Tamil, a vowel will not appear in
the middle or at the end of a Tamil word; it will appear only at the beginning of a word. These
basic rules were taken into account when this keyboard layout was designed.

The advantage of this keyboard layout is that 99.5 percent of the time, Tamil characters can be
typed without pressing the shift key at all. Moreover, the most frequently used vowels and the
consonants are placed at the home keys (the middle row of the keyboard). This allows the user
to type 68 percent of the Tamil words by using only home keys. Because of its simplicity and the
incorporation of the Tamil grammar, this keyboard layout is very popular in Singapore and
Malaysia and has been incorporated in numerous Tamil front-end processing software and word
processors, including a commercial version available from the author (Govindasamy, Kanian
Bilingual Wordproceesor for PC, Mac & Internet).



The project team has devised a Tamil type writer version for PC & Mac, using KeyMan
Keyboard Manager. From our server we are using KeyMan keyboard Manager. For Unix
Xkeymap was used to develop the Keyboard Manager for Tamil. These three input devises are
downloadable from our Website.

Toward Java keyboard input systems for total cross platform compatibility using Unicode.

Java Input Method Engine (JIME) for Java from CIR, bundled native input methods and
character display support in a set of applets. At present the users can input Chinese, Japanese
or Korean text in HTML form irregardless of the locale of the user platform. The Tamilweb
project team has developed the Multilingual JIMEWORD. Text editor. JIMEWord - JIMEWord is
a multilingual WYSIWYG text editor.

It supports Chinese, Japanese, Korean, French, German, Thai, Cyrillic, Greek and Tamil. It's
implemented in Java 1.1 and run on all JDK 1.1 compliant platform. It runs on Unix,
Windows95/NT and Mac. Able to edit, load and save text in Unicode UTF-8 and UTF-7
encoding as well as other native encoding like GB2312, BIG5, JIS, KSC, TIS and
Tamilnet-Kanian (Singapore Tamil encoding). (Now this Java Input Engine is used in Yahoo
Chinese Search - http://www.gime.com ) As for Tamil, this is the first Text editor, which runs on
all platforms and saves the text in the Unicode encoding. (NTS which is supporting Tamil and
Devanagiri is yet to come on the market.)

Future Direction and Conclusion
Multilingual multiscript URL

Today, the Internet has reached the four corners of the world to a diverse community with
different languages and cultures. The World Wide Web has progressed to address the
localization needs of its audience with Web pages in different languages a reality today.
However, the Internet Domain Name System (DNS) which started out to be strictly based on a
subset of the Latin 1 alphabet, is still mainly English.

This restriction also applies to other aspects of the Internet which makes use of domain names
as well, e.g. telnet, ftp,email, etc. Now CIR is creating an experimental internationalized DNS as
proof of concept that it is viable. It is also creating tools and applications that will enable users to
key in URLs in multilingual characters (e.g. Chinese, Japanese, Korean, Tamil etc) It is also
designing a URL forwarding system for multilingual-character URLSs.

When we achieve multilingual directory and filenames, we will have fully delivered a Tamil script
URL in addition to Tamil content on the internet. For the proof of concept visit
http://www.idns.apng.org . Now TamilWeb Project is slowly moving to Unicode text archive.



The whole Thirukural and part of Purananuru are in two coding in our server. One in Singapore
"kanian/tamilnet" coding. The next coding is the Unicode. In future most of the digitalized Tamil
text in our will be in these two coding. With Multilingual Domain Name System, in future, the
Domain name and the URL can be typed in the Tamil language.
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A Glyph-Based Font Encoding Scheme
- TSCII as a candidate for Tamil Computing

K.Kalyanasundaram and Muthu Nedumaran
Singapore Internet Working Group for Tools and Standards for Tamil Computing

Introduction

Dravidian Languages such as Tamil use non-Roman characters. Historically, transliterated form
of writing Tamil text using Roman characters was the common practice, particularly amongst
western scholars. Dedicated softwares (text editors and word-processors) capable of rendering
tamil scripts using built-in Tamil fonts made their debut in eighties and soon became popular
particularly in Malaysia and Singapore region. These commercial softwares were rather
expensive and so their usage was restricted largely to publishing houses.

Free, self-standing font faces became available in the Internet in the early nineties and this
resulted in a major explosion in the number of people who can handle materials directly in their
personal computers. Though exact numbers are not yet available, it is likely that today at least a
quarter of a million can handle tamil materials in tamil script on computers. This number is likely
to double as another year passes by.

Last decade also saw phenomenal growth and establishment of Internet as one of the major
modes of information interchange. Enormous amount of materials are being produced using
computers using different operating systems and with different softwares. Information is also
being exchanged through different exchange protocols (SMTP, NNTP, POP, HTTP, ...). Facile
flow of information through different computers and protocols require in a mandatory way some
standardized font encoding scheme.

A font encoding scheme is an explicitly written convention for handling of language script(s) by
the computer systems. An encoding scheme can be glyph-based where one uses a series of
graphic characters (glyphs) stored at specific locations of a font to generate the script. All font
(font faces) then use this same standardized format.

An encoding scheme can also be character-based where one simply defines the basic elements
required to define the entire alphabet and leave the details of rendering of the script to
softwares. Unfortunately there has not been any single encoding scheme universally accepted
for Tamil and used by everyone. This has resulted in mushrooming of hundreds of Tamil font
faces (7- and 8-bit monolingaul and bilingual) in the Internet and near impossible situation of
exchange of information between individuals. This paper proposes a glyph-based encoding
TSCIl as a possible candidate for fonts used in Tamil computing.

TSCIl Initiative



Two major developments were responsible for the present initiative. Almost three years ago,
world-wide discussions started through two Email discussion lists "webmasters@tamil.net" and
"tamilnet@tamilnews.org.sg". The participants with different background (software developers,
typographers, linguists , academic scholars, users) are all interested to see an encoding
standard defined soon. Earlier conference in this series TamilNet'97 held in Singapore
(organized by the National University of Singapore) recognized the urgent need to define a
standard and welcomed initiatives in this regard. The two mailing lists were soon merged into
one. The present proposal TSCII is the outcome of discussions of an Internet Working Group for
Development of Tools and Standards for Computing.

Existing Tamil Standards

During this decade nearly all major representatives of hardware and software industry joined
together and launched a global encoding initiative called UNICODE. Unicode is an ambitious
character-based encoding scheme to handle all world languages with specific segments
allocated for each language including. While Unicode is nearly implemented for English and
European Languages, it is not yet ready for Indic languages.

Before Unicode, in the eighties, Government of India proposed an Indian Standard called ISCII
to handle all Indian Languages under a single character-based encoding scheme. CDAC, Pune
developed softwares based on this ISCII standard and these are used in state and federal govt.
establishments within India. For Indic languages, Unicode has adopted the character-based
encoding schemes of ISCII. In spite of this parentage of Unicode with ISCII (as far as Indic
languages are concerned), implementation of Unicode is quite different from that of ISCII.
Neither the softwares nor text files/databases of one scheme applicable directly to the other.

Due to the difficulties in implementing ISCII in widely used information exchange protocols of
Internet, CDAC recently proposed a "secondary layer standard" ISFOC. ISFOC is a glyph-based
encoding standard with no direct inter-convertibility to the parent ISCII. The complexity of file
transfers between these glyph- and character-based encoding standards takes away all benefits
of cross-language advantages of this standard. So the situation is far from satisfactory. The
complexity of these two schemes does not allow usage of any of the thousands of shrink-wrap
softwares that are available for English language. ISCII scheme can be implemented only
through dedicated hardware and/or softwares. Fortunately language is comparatively a simple
language adequately handled by a glyph-based encoding scheme.

Biggest challenge today
The goal today is not to introduce one more font encoding to the arena. The biggest challenge

facing us today is unification of hundreds of font encodings that are in use for today. Any
standard font encoding scheme proposed today must allow facile migration of legacy



documents, texts and fonts. Through its elaborate design goals, TSCII initiative attempts to
address all these pressing requirements. The initiative recognizes that soon (possibly in a
decade) Unicode will firmly establish itself as the world-standard for multi-lingual computing
needs. Hence the initiative proposes a glyph-based encoding scheme as an "interim" option till
Unicode is firmly established in all computer OS and softwares for the market.

Design Goals of TSCII initiative
The following are some of the key Design Goals of the proposed TSCII initiative:

the encoding SCHEME MUST BE IMPLEMENTABLE ON ALL COMMONLY USED
COMPUTER PLATFORMS (Unix, Windows, Mac and others). New generationsof more
powerful computers and associated softwares are being released every couple of years.

The encoding standard should be such that it can be used in all computers released during the
last decade (backward compatibility)

the encoding SCHEME MUST BE OPEN. There will no need to get permission from anyone to
implement the encoding standard in hardwares and softwares. No copyright restrictions of any
kind. Nearly all of the International Standards for Information Interchange are OPEN standards.
the encoding SCHEME WILL BE AN 8-BIT BILINGUAL (ROMAN/TAMIL). The widely used
lower ASCII set (roman characters and punctuation marks) take its standard location (slots
0-127). Tamil glyphs occupy the upper ASCII berth (slots 128-255). This is based on the
recognition that information exchange via widely used methods such as Email and Web is best
assured if key information (tags) on the nature/content of the file are indicated using the usual
lower ASCII set.

the encoding SCHEME PROPOSED WILL BE GLYPH-BASED ONE WITH A UNIQUE
COLLECTION OF GLYPHS to generate the entire alphabet. The encoding scheme should be
such that there are no ambiguities in the interpretation of the resulting text (by search and sort
engines for example), no redundancy nor repetition of old style of writing some alphabets (lai,
Lai, Naa, naa and Raa). The encoding will allow text input as per the current practice of Tamils
worldwide, without enforcing any language reforms. In view of the near absence of usage of
numerals, their inclusion can be viewed as an exception. Two main reasons for this exception
are:

the need for the encoding scheme to handle very ancient manuscripts (Etext archives) where
these numerals were in use;

to allow join the main stream where many of the classical languages have their own numerals.
Unicode does recognize this key fact in providing slots for these in many language segments.
The scheme will not include any idiosyncratic, personal, novel, rarely exchanged or private-use
characters.

the encoding SCEME WILL BE UNIVERSAL IN SCOPE. While keeping grantha characters and
numerals as part of the glyph choices, the encoding scheme is designed such that the basic
glyphs are collected in widely used Latin-1 (8859-x) standards. This will ensure that the "pure



Tamil" message gets through even in the poorest/bad local implementation scenarios.
Supplementary characters such as granthas, numerals and rarely used alphabets (such as nju,
ngu, njuU, ngU) are to be placed in rows 8 and 9. By providing a couple of encoding slot
positions as vacant, the scheme will allow software developers to use them as "escape routes"
to bring in additional (special characters such as old-style Lai/lai/fNaa/naa/Raa) characters if
necessary.

The encoding SCHEME HAS TO PROVIDE COMPATIBILITY to Unicode (and hence ISCII)
scheme. Proposed inclusion of grantha characters and numerals is relevant in this context.
Compatibility to Unicode will ensure easy migration of documents to and fro during and after the
transition period.

Efforts will be made to provide appropriate softwares that will ALLOW SMOOTH MIGRATION
FROM HUNDREDS OF CURRENT FONT ENCODING SCHEMES. For conversion of legacy
documents "Converters" will be provided that allow inter-conversion of files between widely used
encoding schemes and proposed TSCII. The converters will also allow any user to quickly
generate converter plug-ins for any custom encoding. For text/data input, several keyboard
editors will be provided allowing input as per widely used keyboard layouts and existing font
encodings. This way anyone can continue to do the input in nearly the same manner as before
but all with the same encode-conformant fonts. Transition to TSCII thus will be smooth and
rapid.

Details of TSCIl encoding

This presents in the form of a compact table glyph choices and their slot allocations (code
positions) of the proposed 8-bit bilingual encoding. < tscii.gif >

It can be noted that the encoding scheme includes in addition to characters of tamil alphabet the
following: single and double curly quotes and copyright sign at their code-positions of widely
used Latin-1 scheme. Having these curly quotes allow ready usage of shrink-wrap software (for
word-processing, graphics etc.) that are available for use in English and European languages.
Copyright sign (at its ANSI slot #169) is increasingly used in many of the Internet-based
documents particularly in Web pages. Presence of this will avoid un-necessary switching to
other Roman font faces. Two slots (254, 255) have been left vacant as "private use area" for
software developers.

TSCIl encoding and desktop publishing

Undoubtedly, the major use of the tamil fonts (Tamil computing) is in the word-processing
application. Desktop publishing is becoming the widely used mode for printing even in
professional publishing houses. During our 2-year long discussions, it was repeatedly pointed
out that the glyph choices should be such that high quality printing required by professional



publishing houses must be met adequately. Many of the tamil alphabets are complex forms
graphically.

It was pointed out that excessive use of kerning (as is the case with 7-bit fonts) renders delivery
of high quality glyphs rather difficult. Since the number of slots available in upper-ASCII
segment (#128-255) is much less than the required ones to allocate one slot for each of 240+
tamil alphabets, choices have to be made on which of the Tamil alphabets are to be included in
the native form, which are to generated using modifiers (several keystrokes in sequence).

Choice of glyphs will determine the quality of the output and the slot allocations will determine
the trouble-free performance across different computer platforms. It may also be pointed out
the quality of any font face (outline definition of the glyphs) will largely determine the quality of
the output. Most of the freely distributed Tamil fonts in the Internet perform poorly in this context.
Whatever the encoding scheme the Tamilnadu Government adopts as the standard, the world
of Tamil Computing will benefit enormously if the Government distributes free at least a couple
of "high quality" font faces through the Internet.

Two factors guide the selection of glyphs

One is the FREQUENCY OF OCCURRENCE OF THE ALPHABETS STRUCTURAL
COMPLEXITY OF THE TAMIL ALPHABET so that they can be generated nicely in on-screen
display and in print with or without the add of kerning and other basic font handling techniques
already available for over a decade in all computer platforms. It is not a good idea to go for an
encoding scheme where 80% of the chosen glyphs occur for less than 30% of the actual text.
Assuming that the quality of the glyphs in the font face are of exceptionally good quality, more
the number of alphabets in native form, better will be the quality of the Tamil text. A good
balance has to be made between frequency of occurrence and the structural complexity of
some of the alphabets.

Fortunately several of the Tamil alphabets are written as a composite of two or three basic
components (referred to as "modifiers"). e.g. aakara, ekara, Ekara, okara, Okara, aikara and
aukara varisai alphabets. Along with the basic consonants (mei), it suffices to have a select
collection of modifiers (aakara, ekara, Ekara, aikara, aukara) in the encoding scheme to
generate all these compound (uyirmei) characters. There is no need to have these as unique
glyphs in the encoding scheme. Similar logic can be applied to grantha series as well. It
suffices to include the special ukara and uukara modifiers and can use the Tamil modifier glyphs
for the rest. After an in-depth analysis of various options, it was decided to invoke modifiers for
the "ikara" and "iikara" varisai alphabets and rest of the series are generated directly.

There have been several analyses of the frequency of occurrence of Tamil alphabets and they
have been used earlier in determination of the keyboard layout. With the choice of glyphs
discussed above , we have NEARLY 87.07% OF THE TAMIL CHARACTERS
ACCOMMODATED IN NATIVE FORM in the encoding scheme: meis with pulLLis 28.85%;



basic meis (akaram eRRiya meis) 23.50%; ukara varisai 11.88%; entire uyirs: 7.00 %; aakara
varisai (with stand alone "aa" modifier) 6.39 %; aikara varisai (with stand alone "ai" modifier)
4.41%; eekara varisai (with stand alone "ee" modifier) 1.88%; ekara varisai (with stand alone "e"
modifier) 1.44%; ti and tii 1.06%; uukara varisai 0.62% and aukara varisai (with e, au modifiers)
0.04%. It means that, nearly 87% of the Tamil characters are rendered as native ones without
any kerning. Their quality will be dependent purely on the quality of the font face design.

Even in the ca. 13% generated via kerning (used mainly in the ikara and iikara varisai), majority
of them can be generated in quite satisfactory way using kerning procedures. Kerning is a
routine font handling technique now available in all of the common computer platforms/OS. As
a right-end modifier, the ikara and iikara varisai uyirmeis can be rendered fairly precise on all
platforms.

So it is likely that, using the proposed glyph encoding scheme, over 98% of the Tamil
characters can be rendered easily on screen and in print without any loss of quality.
Techniques such as pair-wise kerning can handle even the residuals adequately. Professional
publishing houses with more stringent requirements on the glyph display invariably use more
sophisticated printing equipment and high-end computer systems. Advanced font handling
techniques such as glyph substitution (GSUB) through (or without) Open True Type fonts are
already implemented at the OS level. Hence it should not be problem for these cases to use
dedicated software where single form of these alphabets are stored elsewhere and brought in
wherever they are needed.

TSCII encoding and information exchange

A second major area of application of the font encoding is information exchange through
Email and WWW. We will discuss each of these one by one. With the emergence of 16-bit
Unicode as the encoding for multi-lingualism, nearly all of the widely used computer operating
systems now can handle correctly information at this 16-bit level. Computers released in this
decade (target coverage of proosed TSCII) all can handle 8-bit encoded messages.

EMAIL: Nearly all of Email softwares (including those that are used in shell account access such
as PINE) are 8-bit compliant. A routinely used communication protocol is MIME (also known as
Quoted-printable or base 64 encoding). MIME was designed to allow email exchanges in all of
the world languages without worrying much into the details of the font encoding used. MIME
simply sends the code positions of the characters (A0, B2, EA etc) and the user/client-software
recodes the information as the local choice of font face and associated font encoding.

Using MIME it is possible to exchange information across different computer platforms very
reliably. During the testing of TSCII encoding, we have successfully used most of the commonly
used Email softwares on all three computer platforms. We have already a handful of email
discussion lists where TSCII-based tamil exchanges are taking place routinely and the
participants use many different softwares running on Mac or Unix or Windows-based computers.



WERB: Current versions of both of the dominant Web browsers Internet Explorer and Netscape
are Unicode-intelligent. Using the "user-defined" case for the font-encoding, we have shown
successfully that it is possible to present formatted tamil texts (TSCII based) in the form of Web
pages. Users can read the Tamil materials locally using their preferred web-browser and font
face of his personal chocie. We have also shown successful demonstrations of information
exchange of formatted tamil text materials via "portable document format (PDF)" on all three
Mac/windows/Unix platforms. PDF format is increasingly becoming the preferred mode of
distribution of formatted materials (e.g. catalogs and annual reports of business
establishments).

TSCIl encoding and database applications

Another major area of concern is on Database Applications. Any encoding scheme should allow
facile search and sorting of stored/saved tamil information. The information searched could be a
tamil text viewed on a word-processing application or large database in a business or
governmental organization. Database handling can be considered in three stages; storing,
sorting and searching. The database could be directly as plain 8-bit text as per the TSCI|I
encoding. Sorting of the 8-bit tscii data can be done through an intermediate layer where glyphs
are substituted by de-coupled characters and use any of the standard sorting algorithms. A
demo software "varisai characters

With the very likelihood of Unicode taking the place as the international encoding standard,
alternate possibility would be in Unicode. An on-fly convertor associated with the application can
convert tscii data -> unicode for saving in the database and also render data back to the
application via another unicode -> tscii conversion. The intermediate layering can be transparent
only to the application developers. Except for an encoding scheme that lists the entire 240+
alphabets in the required sorting sequence, usage of an intermediate layer in any glyph-based
scheme in inevitable.

Unicode has already released some standardised sorting options as RFCs and there are
already software developers working on developing softwares based on this option. Double-byte
sorting has also been proposed as an option. Clearly there will be more than one way one can
do the search and sorting.

Concluding Remarks

The proposed glyph-based encoding is the outcome of nearly three years of discussions in a
public forum accompanied by extensive field testing by a group of intemet-linked volunteers
group. It has been shown to be a very viable "interim" option for Tamil Computing. It has the
support of a broad spectrum of Internet Tamil community. In a short span of two months since
the present encoding scheme was adopted as the final form by the Internet Working Group,
many Tamil commercial software developers have produced several TSCIl-encoding based



tools and softwares and agreed to distribute them FREE: Tamil font faces and keyboard editors
for use in Windows, Mac platforms, text converters to go between TSCIl and popular Tamil font
faces and vice versa, Email software that allow exchanges directly in Tamil, On-fly converters of
web-pages, etc.

A dedicated Web site for TSCII.

http://www.tamil.net/tscii has also been formed to provide all the necessary technical assistance
for quick implementation of the standard and to serve as "the site" where anyone can download
above type of TSCIl-based tools. Hence we strongly believe that the proposed standard is a
very viable one, guaranteed to deliver the goods it promises. We sincerely hope that the
Tamilnadu Government will give a fair hearing to this proposal and possibly adopt it for Tamil
Computing as soon as possible.



iDNS, a DNS SYSTEM WITH MULTILINGUAL SUPPORT
Mr Ching-Hong Seng & Dr Tin-Wee Tan Singapore

Abstract

The Internet is based on IP technology. Packets are routed using IP address which is in
numerical form, for example 137.132.19.110. While this is useful for routing purposes, it is
difficult to remember. Thus, we have a domain name system or DNS which translate domain
names, eg www.nus.edu.sg to IP addresses and vice versa. Navertheless, the current DNS only
allows a very limited set of characters. While this is not a problem for most English speaking
countries, this is not so for many countries in the Asia Pacific region where its own national
language is more used. Thus, with the internationalisation of the Internet, and the proliferation of
non-English content, there is a growing need for a DNS system which is able to handle
multilingual and multiscript features. In addition, with the development of Unicode which
encompass most languages in the world, including Tamil, it is high time a DNS system is
designed for non-English speaking countries.

The iDNS aims to address this issue by

1.Providing a mechanism for the DNS system to adopt multilingual character set thus allowing
non-English language domain names.

2.Retains compatibility with the current DNS standards.

3.Transparently transform different language encoding to a universally adopted format Unicode
4 .Minimum changes on the client/server easy installation for the system administrator allowing

end-users to immediately use multilingual domain names
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TAMIL FONT ENCODING STANDARDS - A CRITICAL STUDY
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Synopsis

The use of tamil in the word processing / DTP environment has been well established for
nearly a decade now. The use of Tamil was made possible by the development of a
number of fonts by many enthusiastic tamils and software houses. Although every one

was aware of the non-standard encoding schemes used by these developers, no

serious effort was made to standardise them as it was not a major concern because
interchange of text between users was very restricted and in the few cases were it was
required, the problem was overcome by translating programs. But with the advent of
Internet Computing in the 90s people started communicating with each other and
suddenly everyone started feeling the urgency for standardisation. Fortunately or
unfortunately we are in the process of standardising at a time when the world is moving
towards a global standard (UNICODE) for information interchange. This is a transition
stage and one has not only to think of the present but also the future while evolving a
standard.

Another major factor to be considered during this process is the fact that

in the near future the use of Tamil in computers will not only be restricted to mere word
processing or DTP but also database operations. Hence if due and proper consideration
is not given to these major issues the future of Tamil Computing will be at stake. It is with
this serious concern in mind that this paper attempts to critically analyse the existing and
proposed standards. This paper does not deal with the Tamil Keyboard Layout
standards as it is a separate issue all together.

Introduction

Before proceeding to analyse the available and proposed standards, one has to decide
on the criteria or design goals these standards have to meet. Any standard must
necessarily satisfy the following condition<%0>s:

1. It must be capable of accommodating all the Tamil and grantha characters and their
variants.

2. It should enable unique character to glyph mapping as far as possible because the
quality of the printed text is as important as text interchange. Any attempt to create
character representation by combining glyphs through keming will greatly affect the
quality of the printed output because:



a) Not all word processors support kerning. b) In those word processors that support

it, aesthetics of the Tamil character will be lost. ¢) Softwares with only basic justification
capabilities pull the combining glyphs apart. This is not a desirable feature in the print
media. And even in softwares where you can prevent addition of intercharacter spacing
during justification, the look of the output will suffer. d) It inhibits the creativity of the font
designer from freely designing character shapes. Examples of these problems are
given in Annexure-A.

3. It should facilitate easy sorting and searching as it is essential for database applications.

4. It should be usable on all computing platforms available today and of course without
doubt on future platforms too. The text based Operating Systems have given way to the
graphics based OS and are almost obsolete except may be in POS terminals and hence
need not be considered. Having stated the broad design guidelines, we now have to look
at the existing encoding schemes in terms of its advantages and disadvantages. This is
a very daunting task as there are number of different schemes in the market today.

However for the purpose of this study these different schemes are grouped under the
following heads and each of the heads analysed separately :

1.Bilingual Vs. Monolingual
2.128 Characters Vs. 256 Characters 3.Single Byte Vs. Double Byte

Bilingual Vs. Monolingual :

In Bilingual fonts Character Sets of two different languages co-exist and they share the
available 256 slots in the font. The concept of Bilingual fonts came into existence in
Europe where almost all the European languages shared a common script and varied
only in a few accented characters. It is the similarity of the script which prompted the
emergence of the Bilingual font system and not the need for simultaneous usage of two
languages. A Bilingual font system meant that font developers could sell the same font
for all languages. At the same time and more importantly no major compromises were
made to accommodate two languages in the same font. There was a perfect one to one
character to glyph mapping. Of course an added advantage was that several European
languages could be used simultaneously without change of font. The use of a Bilingual
font system for Tamil with the lower 128 character set being used by the Roman Script
means that only 128 slots are available for the Tamil Character set and even out of these
slots a few are unavailable because of some OS restrictions. In the Multilingual font
system as envisaged by the ISCII standard too only 128 slots are available. Although the
Tamil language has 256+ characters which are unique, the design of these individual
characters fortunately allow them to be constructed by adjacent placement of two or more
component or glyphs. By using this advantage we were able to accomodate the entire
Tamil character set in a 256 character system and at the same time did not compromise



on the individual characteristic of each character. Kerning was completely avoided in this
system and hence the print quality of the text and the display quality too did not suffer in
any way. If we have to live with only 128 slots then only two options are available. The first
is to use sophisticated Glyph Substitution techniques to ensure that each tamil character
had a unique glyph and the second is to compromise on the quality of the printed text.

The first altemative is just evolving and is currently not available on low end software
packages. Hence only those users who can afford these expensive packages can benefit
form it. The second alternative is really not an alternative and is only a poor man's choice
to say the least. Having said that, the pertinent question now is Why Compromise at all?
Why should English be used along with Tamil in the first place? Is it to satisfy the needs
of a few who would like to use English along with Tamil without changing the font? In the
few cases where arguments are forwarded for the necessity of co-existence of English
and Tamil can we not find a work around? Is it really impossible to use Tamil on the
Intemet without providing for the English script in the Tamil font? Is it because of
convenience that we choose to have a bilingual font? Is it that this is the only solution
which will ensure a trouble free use in database applications? Should the quality of the
Printed Output suffer because of this unnecessary compromise? By using monolingual
fonts have not English-Tamil Dictionaries been printed by using available off the shelf
DTP packages? Have not ordinary users printed great looking letters and articles
containing Tamil and English text by using monolingual fonts even on low end word
processors? Should the Publishers and Printers, who produce millions of books and
magazines, go in for expensive software just to satisfy the needs of a few who need
English along with Tamil in the same font? The above questions which repeatedly come
to our mind cannot be simply ignored or wished away. The argument that by using a
bilingual font like TSCII vl.6 one can print a text that has nearly 87.07% of its characters
looking correct is simply not acceptable. Does it mean that the remaining 13% of the
characters should be overlooked because of the compromise? Is it acceptable to us if
87% of an image in a photograph is in good focus and the remaining not? Well,
compromises can be made and should be made if there is no other alternative and if the
future of Tamil is at stake. But till then let us not talk or even think about compromises.

One final thought on this subject. If the Tamil scholars agree to simplify the tamil script
and form words just by placing consonants and vowels like the Roman Script then of
course it will be possible to even have a multilingual font without any compromises
instead of a bilingual one !!

128 Characters Vs. 256 Characters :

Most of the above arguments in favour of monolingual fonts apply here too. Suffice it to
say that only a 256 character based monolingual font will be capable of meeting the
needs of the Tamil Text Processing enviromnent. As far as the database applications go
both the monolingual and bilingual font systems based on a 128 character set will pose



varying degree of problems in areas for sorting and searching which is so vital to these
applications. But several attempts have been made and it is definitely possible to arrive at
a solution once we decide on a standard character encoding scheme. This may not be a
big stumbling block.

Single Byte Vs. Double Byte :

The double byte system has been widely used by the Chinese, Japanese and Koreans.
This has helped them to accommodate the several thousand characters in their script.
The far eastern edition of Microsoft Windows edition supports several double byte
character sets. Why not try to develop a double byte character set system for Tamil also ?

On the face of it, it might be a ridiculous suggestion. But in reality it is not. We are only
now in the process of standardisation. We should have an open mind and discuss the
pros and cons of this system and if the pros outweigh the cons we should definitely adopt
the double byte system. The single byte based Tamil fonts have been in use for over a
decade and we have had no problem except that of standardisation. In fact we are all very
comfortable with this system and all readily available software packages are able to
handle Tamil easily. Then Why a double byte system? Let me now answer that question.

Mind you the thoughts that | am now making have not been researched but only serve to
kindle us to think with an open mind before making a final decision on Standardisation.
Till a few years back the use of computers in India was mainly limited to business
houses whose requirement of Tamil, if at all any, was limited only to the word processing
environment. But the present policy of the Government of India and several State
Governments has brought the computer within reach of the common man. In this
changed scenario we can now think of extending the use of Tamil to database
applications also. As we are aware sorting and searching processes are very vital to
these application. The present single byte encoding schemes can be used provided we
have a separate sorting algorithm for Tamil.

he computing world is now moving towards UNICODE which has established a global standard
for text information interchange. The
UNICODE standard only aims at having a single comprehensive coding scheme for all
the different world languages and is not concerned about transliteration of these
languages as envisaged by the ISCII standard for Indic languages. The ISCII standard
specifies only a 128 character set for each of the Indic languages and all the
disadvantages of the 128 character set as discussed earlier applies to the ISCII
standard. The ISCII standard gives unique location for each of the vowel, consonant, and
modifier characters and leaves the screen rendering process to the software / Hardware.
This has been adopted to make transliteration between the Indian languages possible.
But transliteration is not perfect because of the inherent differences in the languages.
Even presuming without admitting that the available transliteration is sufficient, the use of



transliteration is very insignificant and the standardisation process should not consider
this as a major criteria. In cases were transliteration is required separate transliteration
software can be developed. The simple solution will be to disregard the ISCII standard
and evolve a separate standard for Tamil. But the problem does not end here.

Unfortunately UNICODE has adopted the ISCII standard and allotted only 128 locations
for Tamil (U+0B80 to U+0BFF). It will not be out of place to mention that several
languages have been allotted more than 256 locations in the UNICODE structure.
Examples are Ethiopian (U+1200 to U+137F) and Canadian syllabics (U+ 1400 to
U+167F) in addition to of course the CJK languages. This being the case why can't we
get the required number of locations in the UNICODE structure to accommodate each of
the 256+ Tamil characters individually and not rely on the advantage of creating these
characters by adjacent placement of two or more glyphs. By doing this we have a simple
one to one mapping between the glyphs and each of the 256+ tamil characters. This will
greatly simplify the sorting and searching process in database applications also. The

next question that comes to our mind is what about software? More and more
applications are now becoming UNICODE compliant and the day is not far off when
almost all software will become UNICODE compliant. Hence the question of Software
compatibility is only a temporary phase. Let us try to utilise the big opportunity given by the
UNICODE structure to our advantage. Let us not be myopic and still think that only a
maximum of 128 or 256 character sets are available to us and that we have to cut our feet
to match our shoes.

Conclusion :

The above discussion clearly leads to the conclusion that for the present we should
standardise on a Single Byte Monolingual font system which facilitates easy sorting and
searching. The existing Monolingual font systems should be analysed from this point of
view and a suitable one could be adopted as the standard. A possible starting point could

be the Chennai code Version 1.4 which has been proposed by Dr.V.Krishnamoorthy.

These fonts should also without doubt ensure a high quality of printed text which is of
utmost importance not only to the Print media but also to the cause of Tamil in general.
But the future of computing lies in UNICODE and we should try to exploit the wonderful
opportunities thrown open by it. We should seriously think about the Double byte
encoding scheme as it will greatly help in database applications and we should certainly
not try to live within the confines of the 256 character limitation.

Annexure - Problems associated with Kerning
1. Kerned characters loose their aesthetics. As can you clearly see below a single kokki

glyph will not suffice. The gap between the character and the glyph will be inconsistent
and in fact for the letters ‘'ma' and “sha' it will almost coincide with the letter itself while for



the letters “ka' and “sa' it will be far apart.

2. During justification the glyphs of the kerned charactrer will be pulled apart. As you can
see below the Tamil letter “sa' and the “kokki' are pulled apart in the first row. The letter
‘ma'’ looks ok in the first row but in the second row it is pulled apart.

3. Because of kerning, characters such as those shown below in the first row cannot be
designed as you have a choice of only one “kokki'. With kerning you can only have
characters as shown in the second row.
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Introduction

Tamil is the only living classical language of the world. It creates interest among the
researchers world wide. Various universities, Institutions and individuals around the
world doing linguistic analysis, are involved in Tamil literature archive and analysis for
various requirernents. The efforts of these universities and institutions are funded by
various Governments, semi-governments and non- government institutions, which
involve crores of rupees. For the lack of a standard - which could meet their requirements,
Tamil data portability is lost. The data of various projects are being archived in their own
coding schemes, which is accessible only by those, who created such data bases. There
is an invisible difficulty in exchanging the information and processing such information, by
others - other than those who had created these data bases. Computers have become
an inevitable part of lifestyle of mankind. The Tamilnadu Government headed by Dr. Mu.
Karunanidhi is having aspirations of making Tamilnadu a computer literate state.

Computers are being introduced at school levels, it is the foundation to prepare trained
manpower to meet the future requirements. Amidst Computerisation at various levels in
government offices, departments, undertakings, educational institutions etc. a vacuum
felt in data portability of Tamil digital texts, be it a simple letter or a volume of literature. It
s noteworthy mentioning that, wayback during 1995 | came forward to offer my software
christened Surabhi Professional ver 2.00 to the Government of Tamilnadu, free of cost to
be distributed to the needy users by a centralised agency. However, a response is yet
awaited

Need for standard code

Tamil being a well structured and having well defined grammar even at word level, a
need arises for everyone to convert the available data to a character level coding, which
helps in various processing requirements. It can be mentioned that, the advanced
technical development such as spellchecker translation, OCR etc., could happen only on
the basis of Character coding not on the basis of glyph coding. character coding is a
must for information processing and interchange.

Need for separate standard for Tamil

Tamil language is well structured with rich grammar. Tamil language is having different



character order than any other Indian Languages, which can in no way be achieved along
with any other language. In principle the ISCIl is designed based on Devanagari script
(please note that ISCII is not phonetic or character coding scheme), which is having
contrasting script structure than Tamil. In unicode, all Indian languages are coded as
separate standard, which will help to maintain the traditional identity of the languages.
Tamil language is wrongly coded in the Unicode standard. As far as ISCII is concerned,
the revision of ISCII is ruled out in the near future. The way in which Tamil characters are
coded in ISCII is a bottleneck in all the projects. With these backgrounds it becomes
necessary to have a separate standard for Tamil. Unicode will emerge as an

international standard when the stand alone operating system like Windows 2000 comes
supporting it or when the Windows NT becomes the standard desktop operating system.
Microsoft has already developed Windows NT lab version with Tamil Unicode. If we could
Come out with a standard character code for Tamil, the Tamilnadu Government can
appraise Microsoft in using the standard and push to Unicode.

Need for Multiple coding Schemes

Any of the present OS can't handle Tamil character codes. These 0Ss are supporting
fonts of different formats. However, there are certain application softwares which do not
allow selection of fonts. One such application could be terminal emulation softwares. To
meet the various requirements of the users, the proposal for Tamil standard consists of
three coding systems, namely:

1. Character based coding

2. Glyph based, monolingual font coding

3. Glyph based, bilingual font coding The ISCII is also having different coding
system to meet different requirements. In any character based coding system, a
font is a must for rendering of proper text.

ISCII compatibility

The Government of India is spending crores of rupees on projects of National importance
and on Indian Language enabling technologies. To make use of the benefits of such
projects and for portability of data it is a must for any software developed for Tamil to
support ISCII atleast in the form of export or import facility. Irrespective of the problems or
shortcomings in the ISCII, it is a National standard for Indian Languages.

1. Character based coding
We are witnessmg a new horizon blooming for Tamil computing. There is a lot of projects

initiated by the Govt of India, which is of national importance. These projects involve lot of
processing on data, which is in Indian Languages.



It is evident from the National and International standards, the coding has to be based on
characters and not on glyphs. Following table shows Tamil character coding scheme.

Data identification
In the present day computers, English is playing a vital role as every aspect of computer
is designed using English. It becomes more than necessity to co-exist with English. This
bilingual character based coding system is flexible in data identifsication. This is an
important feature for data processing, communication, rendering etc.

Information processing

Character coding provides Language analysis and processing facilities, which is the
basic requirement for any further development of Tamil specific applications.

Phonetic coding and archiving Tamil literature

As the coding is, in its basic phonemic level, it becomes handy to archive old and new

literature alike. The display rendering system could take care of the script pattern to be
used for the data. It means that, by using the phonetic coding system, the literature can
be well preserved.

Less space requirement
As the language is being coded in its basic form, the archiving of data will require less
space.

Phonetic spelling

The spelling of a word is the basic constituent alphabets (characters phonetic spelling is
essential for grammar based processing such as spell checkers, dictionaries and
OCRs. These phonetic spelling is also important in search operations.

Portability

As the data is in its pure alphabetic code, the data can be shared amongst the various
researchers, developers for their various requirements with converting the data.

Word boundary
In applications, the minimum feature supported is search. It entirely depends on isolating
words, this coding meets such requirement.

Conjuncts
When two or more consonants occur together, these consonants join together to form a
syllable, and take a different shape, which is very different from its constituent
consonants. As these syllables are derived and can be converted to its constituent
characters, are not coded.



Abbreviations or signs
To increase the writing speed of Tamil script, certain abbreviations, were used. Theses
abbreviations are difficult to decipher into character codes, without a lookup table. These
abbreviations are coded as symbols. This is not exhaustive, and could be finalised to
meet the requirement.

Convertibility to 7-bit systems
There are installations of 7-bit UNIX systems, which are being used for linguistic analysis
and processing. This coding system is designed in such a way that, with simple "bit'
operations or addition/subtraction operation, the data can be converted from 8-bit to 7-bit
and vice versa.

Usability on 7-bit systems

On conversion from 8-bit coding, the data is mapped on to the English alphabets, which is a
must for processing.

Numerals
Tamil is having its own distinct numerals

2. based, monolingual font coding s 1. Character based coding , which is in Indian
Languages.



TOWARDS DEFINING THE DESIGN GOALS WHILE PLACING TAMIL IN THE UNICODE
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Abstract

This paper tries to seek and define certain objectives based on the experience of working
with various Tamil Desk Top Publishing packages and Word processors while thinking
seriously about the present attempts of various forums in finding slots in the UNICODE
for Tamil. The approach is basically as that of a user and at the end a researcher in Tamil
computing. The objectives are termed Design Goals and an attempt is made to make a
study of the existing codes at present in view of these Design Goals. Based on the study
an earnest appeal is made to the forums concerned to ask for more slots for Tamil in
UNICODE.

The study finds and arrives at the following Design Goals:

1.We must have unique Tamil fonts, which could be used in all widely used computer systems
throughout the world.

2.The font system should accommodate all the possible variants of Tamil fonts and
the few grantha characters. Each one should have a glyph on its own without any kerning.

3. Any attempt in evolving a unique font system should not sacrifice the aesthetic quality of the
printed Tamil text.

4.The font system to be devised should not end up with the ultimate goal of promoting DTP
possibilities alone. It should provide easy way for data processing by yielding to sorting and
searching operations

5.The font system should give adequate place to the creative imagination of the font designer.

The study at the end justifies the finding that a minimum of 256 slots are to be asked for
Tamil and any encoding scheme must utilise them to have unique glyph based
characters. Tamil has subjected itself to various and varying factors of influence and has
changed at various points of time. No doubt it has changed succumbing to the demands
of its developing society and its people. Now it has to face a major force viz. the spread of
information technology without which no walk of life could continue to grow.From the

time that computers have started setting in the land of Tamils, throughout the world
attempts have been made to use Tamil in computers. While English continues to be the
language in the operating systems and software packages in the computers even today,



Tamil enthusiasts have not attempted to alter it and introduce Tamil. Most of their efforts
ended in finding the language in the screen and to use it to have just texts in Tamil. Even
capable Tamil technocrats in this field did not think of the laymen in Tamilnadu who have
no other language to communicate to the world. They must have been and are carried
away by the faith that most of the Tamil population are educated up to a level of
understanding certain core words in English which are found necessary to operate a
package in the systems. Unfortunately it is not the case. The use of the systems has
penetrated to a great extent in the society that the uneducated while attempting to use the
packages found it difficult to comprehend and grasp the use of it. This factor is to be
borne in mind when one takes up the task of fixing Tamil in UNICODE.

The language should be placed in such a way that it must give way for all computing jobs
involving data analysis including in the web and not just for the jobs related to Desk Top
Publishing alone. This should be the primary Design Goal while placing Tamil in the
UNICODE. So far, lot of work has been carried out in different parts of the world in
developing Tamil word processors. The developers are many in the field and hence it
has resulted in many non standard-encoding schemes. The enthusiasm and happiness
that one achieved in creating and setting Tamil fonts on the monitor and just a text on the
paper overshadowed the handicap in such non-standardization. But of late the
proliferation of the Internet usage and the World Wide Web has made the Tamil using
community to go in for standardization. And incidentally the intense striving for a
standardization of Tamil has got up at a time when the computing world itself is moving
towards a UNICODE, which will provide a universal standard for exchange of data and
products. Hence our responsibility in recommending and endorsing a standard code for
Tamil has become of vital and utmost importance. To achieve this end we must have our
Design Goals defined and designed properly targeting all our needs not only at present
and also in future. Here again we are placed in an embarrassing situation. There have
already been attempts towards standardization. Each group and individuals have
propelled their word processing packages based on different coding systems to the
public. Facility for transmission between these packages is provided only within a few.

The developers of these coding systems continue to work with the same zeal and
interest. With the result now each one would like to have his or the group's coding system
get standardized. This tendency must be avoided and future needs alone be the criteria in
setting the standardization. Among all the attempts made, the coding given in TSCII
scheme is of much significance. The Tamil using community must stand grateful to the
group that has evolved it. An important point to recall is that it was evolved after hectic
work for two years by leading Tamil technocrats on the globe. Among most of the
information interchange packages (like Murasu Anjal) also follow the same coding
system. This system deprives us of lot of flexibility and benefits, which are available in a
monolingual fonts system which is prevalent in most of the DTP packages in Tamilnadu.



First of all if an encoding system for Tamil is to be universal in scope it can be achieved in
the given context in monolingual font system alone. In a bilingual font system kerning has
to be done and it makes the execution slower. Secondly if one takes into account of the
number of users of bilingual fonts and compare them with the number of users who use
only monolingual, the second category outnumbers the first. Moreover a driver that
switches to the other font can be easily made available. Hence one need not sacrifice the
benefits of a monolingual font system for the sake of the existing bilingual systems. As a
third criterion we can think of the future needs where we require a package like MS Office

in Tamil. We may need to search or sort out large databases. This can easily be done at
a good speed only in a monolingual font system. Though it could also be tackled in a
bilingual system it will take lot of time. Anyhow as many desire phonetic encoding could
also coexist as a standard just for information exchange. Most of us think of inputting the
text and getting it in print without much quality. While embedding the glyphs through
kerning the beauty of the printed text is lost. The printed text does have an aesthetic
appeal, especially to the young learners and at any cost it should be preserved. This can
be maintained only in the case of a monolingual font system with reference to Tamil.
While designing a font, a font designer should have adequate place for his creative

imagination. This can be made possible only if we have place for all the characters in
Tamil through monolingual font system. Each possible character should be represented
as a separate glyph. Then only it will be easy for a graphic based system to work fast. We
are sure that we will not reverse ourselves back to text based system. Hence to
accommodate all the Tamil characters along with the needed few grantha characters we
have to follow the monolingual font system. A change, though for more power and
facilities, is looked at with askance by those who are reluctant to change the track. Hence
nowadays voice of objection is heard from the quarters of the technocrats who were
responsible for the early well-knit attempts in Tamil computing. They even recommend to
have some adjustment and sacrifice with the language use. What we do today will be
passed to our future generations. Let our successors do not blame us in future for not
resorting to a change for the best. First of all why should we give up certain benefits and
why should we sacrifice for a few.

Hence the above arguments place before us the following as our Design Goals before us:-

1.We must have unique Tamil fonts, which could be used in all widely usedcomputer systems
throughout the world.

2.The font system should accommodate all the possible variants of Tamil fonts and
the few grantha characters. Each one should have a glyph on its own without any kerning.

3.Any attempt in evolving a unique font system should not sacrifice the aesthetic quality of the
printed Tamil text.



4.The font system to be devised should not end up with the ultimate goal of promoting DTP
possibilities alone. It should provide easy way for data processing by yielding to sorting and
searching operations.

5.The font system should give adequate place to the creative imagination of the font designer.

These Design Goals naturally lead us to have at least a minimum of256 locations in the
UNICODE system. But unfortunately the Unicode Consortium
based on ISCII has assigned only 128 locations to Tamil. This was done without
taking into consideration the complexities of character formation in Tamil. ISClI's
goal was to provide a computing environment where users without knowing the
Indian languages can learn them through transliteration. In the process of
achieving this a lot was sacrificed and end goal was also achieved only to the
extent of transliterating proper nouns. Moreover there are lot of difficulties in the
ISCII standards which are obviously felt in tasks like sorting, indexing and in
identifying the characters. With the above Design Goals and the encoding
schemes available, the Chennai Code Version 1.3 satisfies most of the needs
enumerated above. But our needs grow and timely revisions and formation of new
codes are necessary. Let us get the required locations from the Unicode
consortium and work on. We are safe in the sense that we have time to press
forward our request for more locations. Now it should be our endeavour to seek
for a minimum of 256 locations and if possible more. We are not greedy in asking
for more; in future we may include a few more characters in Tamil due to the
spread of knowledge in new vistas or we may modify some of the existing
characters. In the light of some of the world languages that have got more than
256 locations let us also ask for more. More locations will have more flexibility in
providing a suitable system in this fast changing and growing world. The situation
that we meet today is only a transitory one and we can get things done if we
construct or reconstruct our theories first. Let us all work together keeping the
future needs and generations in mind. In our world nothing is permanent except
the change. Let us change for the best.
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Introduction

Any language needs a standard encoding system for easy transportability of data across
platforms (DOS, Windows, Unix, Mac, etc.) and application softwares. ASCII is one such
standard for all the languages using Roman Script. There are many basic differences between
these languages and Tamil. The writing system of the languages like English is basically a
spelling based one whereas Tamil, for that matter any Indian language, is a syllabic language.
Due to this difference and the complexity of Tamil scripts, there are problems in constituting a
single encoding system. Again due to the lack of a standard code, many codes came to exist
and created hindrances in data transportability and information interchange in Tamil.

Standard Encoding System:
Whether Glyph Based or Character Based

In information technology Characters are abstract information elements in the domain of coding
for data interchange whereas glyphs are abstract presentation elements in the domain of
presentation processing....... Further - A character conveys distinctions in the meaning or sound.
A character has no intrinsic appearance. -A glyph conveys distinction in form or appearance. A
glyph has no intrinsic meaning (ISO/IEC Working Draft, 1996. page 3). It means that characters
represent sound and meaning of a language whereas glyphs represent the writing of the
language. Even historically speech preceeds the writing system of a language. Writing.... is a
late cultural invention and it comes later than articulacy in the history of individuals and writing is
a device to record and a tool to represent speech (Srivatsava and Gupta 1990:12-13). It is clear
that the basic encoding system for information interchange must be a character based rather
than a glyph based one.

Glyph Based Encoding System

As far as Tamil is concerned, character based encoding system alone cannot meet the
requirements of Tamil computing. The reasons are

1) not having one-to-one correspondence between character and glyph,
2) more number of graphic characters due to the syllabic nature of the language,
3) not having uniformity in consonant-vowel clustering and more importantly



4) limitation of technology at system level for handling the complexity of writing systems of
Tamil like anguages. For different applications like document preparation, database creation,
e-mail, web page creation, browsing, and searching, etc. on popular platforms like Windows, at
present, there is a need for glyph based encoding system.

Disadvantage of Glyph Based Encoding System

Data on a glyph based encoding cannot be usable directly for a number of applications, listed
under category lll later in this paper. For any linguistic study on Tamil, characters have to be
identified and recognized by the system, which is not easy with glyph based encoding system.
Characters are represented with varying number of glyphs.

For example,

1) single glyph for two characters (phonemes) h =k + u

2) two glyphs for single characterC,= i

3) three glyphs for two characters L = k + 0, etc That is, number of bytes per character is
not uniform.

So it is difficult to locate the character boundary. Sorting, which is a minimum requirement
for word indexing, dictionary making, etc. is not possible with glyph encoding.

Character Based Encoding System

As mentioned earlier, character encoding system is the basis for information interchange.
Standard codes, ASCII, Unicode, ISCII, etc. are character based encoding system. The
advantages are

1) sorting is simple,

2) easy data transportability across platforms and applications softwares and 3) Straight
away usable for NLP related works.

Short-comings of ISCII for Tamil Computing ISCII code is a character based encoding system.
It is a standard code common to all Indian Languages. But it cannot be taken as a standard for
Tamil, for the following reasons:

i) The inherent "a' in a consonant does not have a code. This is because of the considerations
that L + .= e; this derivation is unnatural. Because of the lack of code for "a' matra, it is
impossible to separate the vowel "a' from a consonant. In Tamil, for example, "a' is a morpheme
denoting relative participle(RP) marker(peyarecca vikuti), etc

eg:TzR=Tz++Averb+Past tense+RP marker

ii) Vowels and their corresponding matras are having two different codes, though they are
phonetically same. eg:7=+ B| When segmenting "a: Tu' from "ni:r,'one will get "| which is first of



all meaningless and while searching for B|, "| will not be counted automatically, as they have
different codes. Similar problems are there for all other vowels.

i) ISCII follows the alphabetic order of Hindi, and therefore a number of characters are (*, \, Z,
[, ]) dislocated from their regular alphabetic order of Tamil. So, sorting is not possible without an
additional programming.

iv) Indian language numerals are not in the regular slots of Arabic numerals and therefore any
computation, when it is needed, is not possible.

v) Each of the five plossive sounds (L, N, T, P, R) has three more consonants as its varg-
as<%-2>pirated, voiced and voiced appirated- in all Indian languages except Tamil. In the case
of Tamil, ISCII represents all the four consonants with single letter and thereby a consonant is
enco<%0>ded with four codes. Thus, unambigious representation of character is not possible
with ISCII. For the reasons mentioned above, ISCIl cannot be adopted as a standard for Tamil.
Similar is the case with Unicode, as it almost follows the pattern of ISCII. So, there is a need for
a separate character based encoding as a standard for Tamil.

Applications of Computers in Tamil Studies

It is mentioned in the proposal for TSCllpage 5) that it is likely that over 90% of Tamil computing
is in the form of simple wordprocessing of plain text. It is worth to mention here that Tamil texts
have to be first inputted mostly through a word processor to have the data in machine readable
form. A number of research Organisations and institutions have been working for the last one
decade on various aspects of Tamil language. To mention a few,

1) the Central Institute of Indian Languages, Mysore has built a machine readable corpora to a
size of above three million words for many Indian languages including Tamil; software tools for
the processing of corpora have been developed and currently working on Lexical Resources
development for 5 Indian languages including Tamil.

2)IIT, Kanpur and University of Hyderabad are collaborately working on a Machine Aided
Translation between Tamil and Hindi.

3) C-DAC Pune is working on Spell Checker for Tamil.

4) Tamil University, Thanjavur has prepared a word index for Sangam literature. In most of
these works Roman characters are used to represent Tamil, due to nonavailability of a
standard character based encoding system. If an appropriate character encoding is not made
available to the researchers, they are, further encouraged indirectly to use Roman characters.
The greatest advantage of computer itself is that data are stored in electronic media and
therefore any manupulations on the data can easily be done. Here the type of applications of
computer on Tamil are broadly grouped under three categories.



Category I:
Document preparation, Information exchange through Internet and e-mail, searching, CAl and
CALL packages, Multimedia Titles, etc.

Category Il:

Calligraphic works - Desk Top Publishing in publishing houses, Newspapers, Magazines,
Advertisement agencies, etc. Category lll:Sorting, Indexing, Information processing and
retrieval, Corpus building including literary archives, NLP works which includes morphological
analysis, syntactic parsers, semantic analysis, etc, Machine Aided Translation,
(Electronic)Dictionary compilation, Language Standardisation, Style

analysis, Text-to-speech(Speech Synthesis) and Speech-to-text (Speech recognition), etc.The
above classification is made on the basis of the requirement of different encoding systems for
Tamil. They are

1. = A Bilingual Glyph based encoding for category |

2. A Monolingual Glyph based encoding for category |l

3. A Bilingual Character based encoding for categoy Ill O. S. like windows has the feature of
storing the text in 1) the format of the packages used 2) print-files and 3) ASCII format. It
shows that data created can be stored in different formats depending upon the future use of the
data. In case of Tamil, the same principle can be extended to the coding level, by considering
the innate complexity of Tamil writing system and other facts mentioned earlier in this paper.

Three Standards for Encoding of Tamil
1. Bilingual Glyph based encoding system:

At present a number encoding systems are in use. | studied the characteristic features of four
such bilingual encoding systems, produced by 1) ING-TSC(TSCII), 2) C-DAC, Pune, 3)
Govindaswamy, Singapore and 4) Krishnamoorthy, Chennai.

The chart given below compares the features of them. No., Features, TSCII(1), C-DAC(2),
Govindaswamy(3), Krishnamoorthy(4) 1. Slots between 128 and 160 are left free, No, No, Only
3 charactersin 150,, 151,, 157, No 2., Whether all characters are represented or not, Yes, Yes,
Yes, Yes 3., Whether character representation is unambiguos, expect, No, No, Yes 4. Tamil
numerals included or not, Yes, No, No, No 5., Special symbols included or not, No, Yes, No,
only The encodings is for bilingual use (i.e using Tamil and English together) for the
applications listed under category |. So the features 4 and 5 are not seriously considered. All the
four satisfy the feature given in 2. The features (1) and (3) are more crucial. If the slats between
128 and 160 are defined with Tamil characters, on terminals there is a chance for not getting
them displayed. So, it is advisable that codes should be above 161. Generally the encoding
system of Govindaswamy is better and only 3 characters, that too rarly used ones are defined in
those locations. The other vital features to be considered is that the encoding is unambigious in
generating graphic characters. Encoding system of Krishnamurthy is unambigious, if we take



the glyphs defined only in Upper ASCII. To suit the requirements by keeping the constraints in
view, a bilingual encoding system has been defined and proposed herewith. (Table 2.4.1). It
satisfies all the three features which are necessary for the applications mentioned under
category |I.

2. A monolingual glyph based encoding

The purpose of this encoding is to meet the requirements of DTP works. If the encoding takes
care of all the graphics characters, numerals, and special symbols with no or minimum of
kerning, that will be a better suitable one for the purposes mentioned under category Il. Though
different monolingual encodings meet this requirements, the one proposed by Anbarasan M/s
Applesoft has 3 additional features.

1. The fonts defined below 128, match with typewriter keyboard layout; 2) All the glyphs defined
below 128 can make all graphics characters, and therefore, usable in the 7-bits systems like
pagers, and 3) the alternant forms which was there earlier in use; Nai,'lai' and 'Lai' are also
available in the system. Because of these merits, the monolingual encoding systems of
Anbarasan can be taken as a standard.

3. Bilingual Character based encoding system

To my knowledge only Anbarasan, M/s AppleSoft has defined the bilingual character based
encoding systems for Tamil, other than ISCII and Unicode. The character codes are defined
such a way that 1) Tamil Characters occupy safely, above 193 as various standard packages
often use some slots which are normally below 192, 2) Through bit manipulation Tamil
characters will occupy only the slots of Roman Characters but not the symbols, 3) Tamil
Numerals are assigned the codes of Arabic numerals, so that any computing can, even, be
done with Tamil numerals. 4) Any addition of special symbols, need to be included can be done
without disturbing the system. Further this encoding overcomes the shortings of ISCIl and
therefore it can be taken as a standard for character based encoding system.

Conclusion

This paper establishes the need for three standards of encodings, till technology develops to
handle languages like Tamil only with a character encodings. Provision have to be made for
conversion from one encoding to another.
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Abstract

This paper describes the development of a limited vocabulary, preliminary speech synthesis
system for Tamil, incorporating some rules representing the knowledge sources. A speech
synthesis system has many applications, such as natural language interface for computers,
multimedia education packages in Tamil, automatic telephone based enquiry systems in
TamilNadu Government organizations, audio on-line help in Tamil based IT software, Virtual
teacher on CD ROM/ Internet, computer based Tamil teaching, automatic document reading
machines in Tamil for the blind, speech output in Government Online projects (such as that
proposed with World Tel), and intelligent toys/multimedia aids for children. Speech synthesis
involves synthesizing intelligible and natural-like speech from text in coded form (ISCIl or
unicode). This involves two major phases (i) the text analysis phase and (ii) the speech
synthesis phase. The text analysis phase parses the input text into a sequence of basic units of
speech. The speech synthesis phase involves the concatenation of the parameters of these
units and synthesis, after the application of bath segmental and suprasegmental rules for n
naturalness. Since Tamil is phonetic in nature, characters are chosen as the appropriate basic
units. Acoustic parameters such as linear prediction coefficients, formant frequencies,
bandwidths, pitch and gain are presto red for the basic speech sound units corresponding to the
orthographic characters of Tamil. The parameters are concatenated based on the imp~ text for
synthesizing speech. In order for the synthesized speech to appear natural, we need to
adequately model the various features of natural speech, such as courticulation, intonation and
duration. These knowledge sources are stored in the form of rules. Courticulation rules specify
the pattern of joining the basic units. Intonation rules specify the overall pitch contour for the
utterance. Duration roles modify the duration of the basic units based on the linguistic context in
which they occur.

Introduction

Speech synthesis involves synthesizing,

Intelligible and natural-like speech from unrestricted text of ~a language. Progress in
speech synthesis has been made possible by advances in linguistic theory, acoustic-phonetic
characterization of sound patterns, mathematical modeling of speech production, ~structured
programming and computer hardware design. Potential Applications of a speech synthesis
~system in Tamil include



1. Natural language interface for computers

2. Self-learning multimedia education packages in Tamil

3. Automatic telephone-based enquiry systems in all Thailand Government organizations.

4. Audio on-line help in (futuristic, but positively feasible) Tamil based IT software

5. Virtual teacher on CD ROM/ Internet (for distance learning/ Open Universities)

6. Computer based Tamil teaching (speaking books, multimedia dictionaries)

7. Text to speech in Tamil and voice mail

8. Automatic document reading machines in Tamil for the blind

9. Learning IT in Tamil

10. Speech Output in Government Online projects (such as that proposed with World Tel)

11. Intelligent teaching toys/ multimedia aids for children.

Developing a complete speech synthesis system requires proper insight into the human speech
production mechanism and knowledge of the perceptual significance of various acoustic
parameters of the speech model. The major issues in the design of a speech synthesis system
are the following:

? Choice of an appropriate speech synthesis model. ? Collection of data required for segmental
synthesis. ? Acquisition, representation and incorporation of various ~  knowledge  sources
that account for the naturalness of speech.

~The common approaches followed for speech synthesis are:

81 '? Concatenation method.
? Synthesis by rule method.

~ The concatenation method involves collecting and storing the basic units of speech "[O'
Shaugnessy 1984, Lukaszewicz et al 1987]. The basic units in the text to be synthesized are
~identified and the stored basic units are concatenated to get the speech output. In synthesis by
rule ~method, a set of rules operate on the given text to produce a parameter sequence which is
then d~synthesized. The rules are for the generation of basic speech units (acoustic -phonetic
knowledge) ~and for the naturalness of the synthesized speech (Allen 1976).



Materials and Methods

Characters are more compact than phonemes, but their sounds vary with the place of
occurrence in a word, especially for non-phonetic languages. Whereas for phonetic languages,
each character has a unique script and pronunciation. Since Tamil is phonetic in nature,
character could be an appropriate choice as basic unit, which we have chosen. A character in
Tamil can be any one of (i) consonant-vowel sequence (CV) (ii) consonant alone (C) (iii) vowel
alone (V). Cluster characters such as CCV and CCCV etc can be generated by combining
appropriate Cs and a CV.

The other advantages in choosing the character as the basic unit are

'? The number of characters are not so large (around 250 in Tamil). '? Consonant to vowel
transitions are preserved in the characters itself. '? characters have a more natural
pronunciation than the phonemes, diphones, etc.

Model of speech production

Speech sounds are produced as a result of acoustic excitation of the human vocal tract. When
the vocal tract is excited by a series of nearly periodic pulses generated by the vocal cords, the
sounds produced are termed as voiced sounds. All the vowels come under this category. When
the excitation | is produced by air passing turbulently through constrictions on the vocal tract,
the sounds produced - are called unvoiced. The consonants like \pa\ & \sa\ come under this
category. The speech production model has been developed with an assumption that the
variations in the vocal tract shape with time can be approximated with sufficient accuracy by a
succession of stationary shapes. These set of stationary shapes of the vocal tract are modeled
as discrete time varying digital filters. With this basic idea of speech production model, the
various acoustic parameters can be understood well. The acoustic parameters and their relation
to the human speech production model are described below.

? Pitch : It is the fundamental frequency, ${F_0}$ of the vocal cords. The typical values
are

50-200 Hz for men, 150-300 Hz for women and 200-400 Hz for children.
? Formants: These are the resonant frequencies of the vocal tract. Their values depend on
what is uttered. Only the first three formant frequencies are perceptually significant and they lie
below 3000 Hz.

? Bandwidths: Bandwidths determine the concentration and distribution of energy near the
formant frequencies in the spectra of the signal.

?LPC : These are the linear predictive coefficients, i.e, filter coefficients of the all-pole
model of the vocal tract.



? Gain : Energy of vibration of the vocal cord.
Construction of the basic unit database

The basic unit database has to be developed with great care as the quality of the synthetic
speech 'predominantly depends on the quality of the basic units. Certain guidelines need to be
followed in developing the database. They are as follows.

? The basic speech unit has to be embedded in some carrier word which needs to be
meaningless in ~order to avoid any prosodic bias.

'? The carrier word should be so chosen that the basic unit of interest is easily separable *om it.
The motivation behind extracting the basic units from some carrier word rather than uttering it in
isolation is that, we can use the duration of the basic unit extracted from the carrier word as the
default length for synthesis. The carrier words recorded are digitized at a sampling rate of 10
KHz. Waveforms of the basic speech units are carefully separated from the carrier words using
an interactive audio

editor package, Goldwave.
|Pitch extraction

'We have used the simplified inverse filtering technique (SIFT)} for pitch extraction (Markel
1972). ! The speech waveform s (t) is first filtered by a low pass filter with a cut-off at 0.8 KHz.
After sampling

*The filter output at 2 kHz, the first five terms of the short-term autocorrelation sequence are
calculated ~for an appropriate input length (corresponding to 32 msec) of data. Then a set of
linear equations are solved for inverse filter coefficients a_i. Knowing a_i, the inverse filter
output y_n can be calculated. The output autocorrelation sequence r n is then calculated as the
autocorrelation sequence of y_n. Atter r n is obtained, the largest peak within specified limits is
Found. If the peak is above 'a threshold (0.4), then that frame is classified as voiced and the
Reciprocal of the location of the peak is the pitch, F_O. If the peak is less than the threshold, the
corresponding frame is classified as unvoiced, with F_O =0. The advantage of the SIFT
algorithm over other algorithms is that, the voiced ~and the unvoiced regions are satisfactorily
classified with the same threshold for all the frames.

Linear prediction coefficients and Gain computation
~We have used the Levison-Durbints recursion algorithm to extract the linear prediction

coefficients *and gain for each frame of the data. Linear prediction synthesis There are two
parametric models of ~speech synthesis. They are



? The linear prediction synthesis. "7 The formant synthesis

The linear prediction (LP) method (Makhoul, 1975) is based on the speech production
model, where the vocal tract is modeled as an all-pole digital filter of order 'p' and gain, G. Here
every 'speech sample is computed as the linear combination of a certain no of previous speech
samples and a sample of the excitation signal. The advantages of the LP model are the
following: It can represent fairly well most of the speech sounds except nasals and voiced
fricatives. '? Efficient methods for automatic extraction of linear prediction coefficients are
available. The disadvantages are the ~following: ? It cannot model zeros in the speech
spectrum and hence it does not model speech sounds.like nasals satisfactorily. '? It is very rigid
against spectral level modification. Because of these disadvantages, adjustments of peak
frequencies (formants) in the spectrum are not possible. The second disadvantage is very
severe making it impossible to incorporate the knowledge due to coarticulation 'which modify the
spectral peaks contextually. The formant synthesis requires the estimation of bandwidths from
the spectrogram of the signal. The spectrogram required for the accurate ~measurement of
bandwidth should be of very good resolution. Since we do not have the necessary ~equipment
to get a very good resolution spectrogram, we could not use the formant synthesis.

Excitation source

The quality of the synthetic speech generated by these parametric models depends on the
excitation~ signal used as input. The excitation signal should be such that its spectrum is white.
This is because,' it is easier to shape the white spectrum according to a model, compared to a
colored spectrum. Based~ on the type of the sound to be synthesized, the excitation signal
should be either a white noise. Sequence (for unvoiced sounds) or periodic pulses a pitch
period apart (for voiced sounds). We have' used the Fant's excitation model for excitation signal
generation (Childers, 19). In this model, the' energy is distributed over one pitch period. Hence
the synthesized speech obtained using this type; of excitation is significantly better compared to
the speech generated using impulse excitation. The~ parameters of the model are T1 =50% of
pitch period and T2 = 12% of pitch period.

Knowledge sources for naturalness

Mere concatenation of the signals corresponding to the basic units of speech does not produce'
intelligible and natural sounding speech. To produce speech from a given text, human beings
use~ several knowledge sources such as phonetics, phonology, morphology, syntax, semantics
and' pragmatics (V.R. Ramachandran, 1991). It is necessary to incorporate these knowledge
sources in a~ suitable form in the system to accomplish the same task. Human speech is
characterized by segmental ~ and suprasegmental features which collectively contribute to the
naturalness of speech. A segment' rel’ers to some small chosen unit of speech (eg phonemes,
syllables etc). Segmental features refer to | those, which decide the phonetic quality of the
segment. Suprasegmental or prosodic features have i their domain extended over more than



one segment. The suprasegmental features are influenced by~ factors such as phonetic and
syntactic context, semantics and emotional state of the speaker. In' continuous speech, the
segmental features are subjected to changes decided by phonetic context. These ~ changes
are caused by the co articulation effect and give rise to certain joining patterns between'
adjacent speech units. One needs to acquire the knowledge pertaining to these features from
natural specch. Their incorporation into the system makes the synthesized speech sound
intelligible and natural. Some of the knowledge sources identified here are co articulation,
intonation and duration. ~ Intonation in Tamil

j

With the knowledge of the general declining tendency of the pitch contour of declarative
sentences ~ (A.S.Madhukumar et al,1991), we have developed a model to synthesize intonation
pattern for simple | declarative sentences. The model is developed based on the observations
from a set of 25 declarative sentences read out by an adult, male, native speaker of Tamil. The
model assumes that? F_0 for~ any simple declarative sentence fluctuates between two abstract
lines, a base line and a top line. ?

The top line is determined by the value of the first peak of the first word and the last peak of
the~ last word of the sentence.

? The base line is determined by the valley following the first peak of the first word and
the valley of the final word of the sentence.

? The intonation contour is characterized by the local falls and rises of F_0 based on the
stress on the words of the sentence.

The F 0 values of the valleys and the peaks in each word are computed from the corresponding
values taken from the base line and the top line respectively. The intonation knowledge modifies
the default pitch values of the basic units. The nature of the underlying sentence (declarative,
interrogative, yes/no type, etc.) is determined and based on that, the corresponding intonation is
provided to the

Pitch contour, prior to synthesizing.
Incorporation of duration knowledge
Studies have been made to determine the change of duration of the basic units in different
contexts (B.Yegnanarayana, 1994). From these studies, rules are formulated to modify the

duration of the basic units during synthesis, depending on the context in the input text. Some of
the rules are the. Following.



? Positional effect: The duration of a character at the beginning of a word is increased by
10% 736 and that at the final position, is increased by 30%.

? Prepausal lengthening effect: The duration of a character appearing before a pause is
increased. If the pause is due to a punctuation like comma, then the final character of the word
preceding the pause is increased by 35\%. If the pause is due to sentence ending, then the
increase will be by 35\%. If the pause is due to any other syntactic boundary, then the duration
of the character will be increased by 30%.

The base duration, D_O, of the basic unit is taken from the carrier word. Since the carrier
word is spoken in isolation, the actual base duration in continuous speech is about 70% of the
corresponding D_O. Therefore, the actual base duration, D for each basic unit is taken to be
70% of D_0. Now, depending upon the context of each basic unit, various rules may be applied.
Each of these modifies the base duration, D for that particular unit using the expression
D_{final} =D + alpha*D/ 1 00 where alpha is the percentage value specified in each rule. The
basic units are synthesized for D_{final} duration. The duration knowledge does not modify any
of the other parameters used for synthesis.

Conclusion

The present speech synthesis system for TtS conversion in Tamil is successful in generating al]
vowels, all CV units except those that have the consonants \r/, \vl & \p/. The consonants have
not been synthesized properly owing to their very short duration. Words without consonants
have been synthesized with a reasonable amount of intelligibility using the present speech
synthesis system. Attempts have also been made to synthesize some declarative sentences.
Proper pitch contour has been provided to the declarative sentences synthesized, in order to
give proper intonation.

The main contributions of this work are the following:

1. The basic units of speech that are suitable for speech synthesis in the context of TtS
Conversion is collected from natural speech.

2. Some knowledge sources that account for the naturalness of speech are identified and
acquired.

3. A representation scheme is proposed for the basic speech units which is flexible enough
to

4.

Allow incorporation of the knowledge sources.



Demonstration of a limited vocabulary speech synthesis system for a TtS conversion system in
Tamil, incorporating some of the rules that represent the knowledge sources.

Text to Speech conversion has been one of the focus areas of research for the speech
scientists for over three decades. Currently available TtS conversion systems in English, that
are capable of producing highly intelligible speech, are the result of this research. The foci of
research have only been English, French, German and Hindi. As far as our knowledge goes, no
work has been done in developing a TtS conversion system for Tamil. So, this is the first
attempt in this direction.
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TAMIL IN CYBERSPACE

Ramalingam Shanmugalingam (Appu Archie)
36, Farrell Court, Marblehead, MA 01945 (USA)

Courage is the keyword that comes to mind as one ponders about the rapid changes that are
taking place before our eyes, and ears. One needs courage to face new situations that at the
outset may be perplexing and signal deep changes in our ways of life. Cyberspace to put it
simply is, “"The virtual space created by Computer Systems. There are many numbers of
questions that may arise out of making this world into a “*Global Village.Until such lofty ideas
take any shape, life has to go on and we have to find ways to overcome fears of new
challenges and opportunities that will serve to make our lives better.

Tamil, more than anything-else, is the mother tongue of more than 70 M people. The tradition
and culture of the Tamils allow them to mix and assimilate easily with other ethnic groups and
yet maintain their identity in tact in most cases. Absence of a free Tamil country has begun to
show signs of loss of Tamil identity. Nevertheless, the enthusiasm and interest in Tamil shown
by a few Tamil expatriates in the so called Developed countries is a good omen to future
retention of Tamil interest via Cyberspace as well. It becomes necessary to ignore the realities
of most Tamil lives in developing countries, as economic conditions will dictate a more somber
attitude towards investment in more sophisticated technological advances when there is still the
hang-ups about basic human needs. Thus hampering much needed technological advances. In
the meantime, we should not feel increasingly isolated, dependent on others, apparently
without needed resources to find a lifestyle we deserve. The days of a rigid agrarian society are
a distant memory and happily so, even though a larger population is dependent on Agri based
industries.

Technology proved to be a major gift in changing the rigid society in the last 50 years into a
society open to its promise and given the environment, learn well enough to use technology
properly. But unlike the Americans. Tamils should not replace a solid based hardware industrial
complex with a more abstract cyberspaced virtual reality type of bubble economy. It is said that,
that the most valuable corporation in the US and the world is Microsoft, the software company.
If the world economy is dominated by “information' companies, financial shocks are bound to
happen and this may lead to the inevitable

Big church some scientists predict will happen sooner than later. In short we should develop
our own software that we can use to make our life better but not to spell disaster by depending
on others. Computers can break through barriers in life and connect with other people.
Computers are beginning to bring the whole to us. It is true that many of us are threatened by
computers and all the mysterious things connected with it. The car is a complicated piece of
equipment and we are not threatened by its ability to function with the least effort and
knowledge of it by us. Yet its dangers on the road are not minimized by our affinity for the car.
Similarly, the computer in addition to being a hobby can also cut down distance and time to



bring people closer in spirit through esprit de corps. The computer can send messages in
numbers unlike the telephone, where it is a one-on-one mode of communication. Today, we
can face each other though in virtual reality as photo-images, discuss and decide matters as if
we are physically present together. Also unlike TV with its limited channels, time and distance
of access, the INTERNET is almost an endless ocean of data in Cyberspace, where much of
the world's information can be found. | am no Technophile, nor a neophyte, on computers. | am
learning to be an expert in the use of a computer, and leave the web of designing and
developing the more complicated technology to experts. There still are some important useful
people in the USA who claim to live out their days Computer-free.l have found the computer to
be a source of inspiration to learn more, communicate better, and less strain on the purse. It
will be even more economical, if its use is widespread and in native languages. It is this desire
that prompted me to get involved in the design and development of a computer tool for Tamil. |
was disappointed in the many English translations of THIRUKKURAL

Most translations appeared to me as either paraphrases or non-couplets English according to
Richard Lederer, in his book Miracle of English as a preferred second language outnumbers
those who use it natively. English is first or official language of 45 countries. Thirukkural, in its
native Tamil is unmatched for brevity, the soul of wit.Yet, English with its large vocabulary,
burrowed or added to its dark age low Germanic tongue in the mid 5th century, through the
Anglo Saxon Old English until William Duke of Normandy led Normans invade England in 1066,
conquered Saxons and Danes. Duke William became King of England. Free Mix of French
words into Old English gave way to Middle English.European renaissance between the 14th to
17th centuries began as educated people rediscovered the world of ancient Greece and Rome.
Love affair for anything classical led to taking of Latin and Greek words that could describe new
discoveries in Medicine, Art, Science, Geography, etc., These classical words entered into
English through writing-often scholarly writings.It is estimated, that there are more than one
million words in the English language although only about 615,000 have been listed in the
Oxford English Dictionary. Poet Carl Sandberg said, The English Language hasn't got where it
is by being pure Naturally. | began to wonder, why, that THIRUKKURAL that can claim to
biblical usefulness, has no English version in couplet form e.g. "perukkattu vEnhdum panhital;

Humility in Prosperity
Dignity in Adversity.

English by Appu Archie *| am using and will use Yarzhan Key to pronunciation when using
English Phonemes in all my writings. An Alphabet Chart in Roman Script for Tamil is given
below: | had difficulty typewriting Tamil in computers before 1993. Whatever software or Fonts
available for Tamil then were based on the Typewriter Keyboard. One look at the Keyboard
Matrix convinced me that there must be a better way to make Tamil typewriting with computers
easy and logical, a prerequisite for any Tamil software. My engineering background and love
for my mother tongue prompted me to look for a Tamil answer to a word processing problem in
Tamil depending on a Western or English origin computer for Tamil. Every language has its
share of Literature, Music and Drama, but Tamil is perhaps the only language that has given



language a life and body, namely "ujir and mej' and all Tamil letters are either life or body and a
combination of body and life give body with life letters or "ujirmej ezuttukkalL.'Tamil has 247
letters, depending on 31 Basic Letters thus: Vowels - "ujir', "aA, il,, uU, eE, y, 00, w(av)(Of the
12 "ujir' 5 are short and 7 are long vowels.)Velar Fricative - (<$Esymbol

1Consonants - ‘'mej'18

Total Basic LettersEach Consonant in combination with each Vowel can produce a third letter
or a dependent letter called "ujirmej." 18 Consonants and 12 Vowels produce Dependencies -

Total number of Tamil 247 The 5 pairs of short and long vowels can be represented by 5 upper
and lower cases of the QWERTY Keyboard

Number of Keys required to represent 31 basic letters is (31-5)s26

Please refer to the CPD- YARZHAN TAMIL-EDITOR CHARACTER MATRIX below:
Obviously, Tamil language with its renown antiquity falls easily into modernity by being easily
represented by the 26 Keys of the QWERTY Keyboard without exception. There is one

shortcoming in using all 26 Keys to represent Tamil, as any transliteration will not be accurate,
since letters represented by sounds not in Tamil will give rise to confusion.
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B mid (a8 GBS sTaTaID. G LISGHHNGT BIIGLIG) FRGSILLL (PlaGeels LbH

S BHEHSH QM (Pea| sBElSSIU B QFUOLOGSILMHLD.

L&GaHt mGeugy deuiser Guaid Guirgy virtual tamil world 2@ansGaemtBld eteot GMIAL L ide.
AF60T HigLuenL1T6d, 6% NiG60) LIGHEVBHBPHD QBT B 6TemTeRULETET HBM(G, 2ABIH6T
Aenodu et ce2608 SO Blemerotii) UaGas SHLPSDCE 6160t M) QUL (HlaTGeret.

SOILPl6) QETOUTGHAT 2HaNSSHANGIE Cemes HHHns Bl BEHHNG). CLoet QUG aTgFASHIS
SO Guoest Qurmet AHwIDd oe(Tamil Software fund)epestay 2HEaTSSILEGILD.



Web browsing, voice processing, handwriting processing. Optical character recogniton @emeom
FHAUPCCW 2GHoLTHS (PLNAS6T THSSHILMHILD.

QFeTemenTi 60 26TT6T {ETOTEIIT LIIGHEDEISHBLEHD Gehtener LTTHIT UaIFH606USHPHD, H(HEFE L6T0TL 60
QuIriluwied FHeeyTh bl H6alsil HemlLseme eedt M) b6 HFHOSH6 FHUHSHHILGID.

S hPe) Qe dQm" bwie| wHMID eueTidSsns 5 Caiy erum A egisaiu Mg
Bis H5a Ganle LUl UIL & LIy WSSt e WCIETDIHLD 6TETLGIGITET 6IBIGHT GHISEHLD.

Electronic Government d{evwow Qlke wnmrbsnet (a6 ug AHU6Lrg) BICung Bimliug Cute 6@
transparant Government 9{gteugy epentOaosme; Bletang QeusmOlLEmL WiteT HgeTmsD HeoLoud.
Bletted epumeTsle MG SRS (PWeugid 1000 &(ua s Ble TQm. eBIGT HeSSIUGLD. Hrs:
SIOMLN6 26IT6T GTERUT LigeuBIEHETBLD SO, Sbmidleud eteot @lgeuoi(hl GuomPilleyid e &@Lbuty

Qe wiu@ld. Blig, grwend Agbund Qeteven GAUACL gGure el Tamil Global village is in the
making etestm) @NUAC L. HevaGw EBred @NUAL emouHCmest. ks (Tamil Global Village)
2(HeUTS HeveotarBBd LWL Ceerot(blD.



slp@leveronid 99
2608 SO Bleverid SHSHIBIG IEI(H!
FHOY QBB LHUWIGT LG

gD Ple) 66l ?2uri 211 B?0Hws euflengamicset @lerU?uib yeNGa (?) semisumrt L GdHe
STOBHSHTET (LPWNEUD

Q. QFBHle) FHIgeT
gieoeot AN, QliHuir GEL

Q.F60T6menT
20y

S QEEBSINHEEHSHTET (SHSIH GO B HU??2ub deoaiuame HU?2ub
SIOBOSHAEGLD Qs HHONSHN, SO CEHBHENSACHEL Hea LA afaiyambiGeamen
Ga1isaGaueblD stettm B\tg el CanmAng. AnGiomPeMdlmhg) 66l ? 2wiid@id Cuig) e
LUETSEBSSTET Gl afaigald &Nl Baansms g hssi Kb Biks Abiie| emnsGiu
LW ugemIE6T 2HTSHHILL () Hevelld STOEBGGHILL CeusmtlLD sTeaTdmg,).

g. ch,d,dh,b,x,z, abHuwi(bmHe) epeliwettaens? Qlevsmnuns, audmeg SI6LIG)
LWESTUESSABOLD 1S gisamar 20U Ans g (e afalaIBIGET 2(HANSS (LPEETLD
(P SHHHEMET (PHAWSHG D G N5 HFHeelws G unbseet aiPuirs e (Pyeisemer b
(PEOTERUSE M.

ceCRLINMRIGID H(HSHEGID WNHHESD reNESd BifansGar Ginorsan il 1g.
D?etU2wU 261D saa5CaTH Sk ?F6ae (D oS rhmeld SkSSad CaemiGlb. Qo aeug)
2008? @?0C19? @200’ 26,8167 e D?0issw. D?0MEEGAS S106816E iU
rmmiuL Geuet(hid.cece

- B ? 2GHlwid

@22 ?2uD Sl Bl 2gud - e ?Odtuntisne

&L Ue S LkissNad soavdBad, 206, 20g18GeD, Hiu, ase e, Abnideab, Bk
Donest s ueo QuomPaGena(® Qg QateTer @26 281 SHeumm?et Qaten, s ?2U?7? gedliieuet
261616060601 2\ 2LDMEIS6TLID D?M 261 29 BEANSG. Db

eugeunm ) Loreoteotenslille, epell ? 2wt Py Aygeventemi S 611Uy EDSHITETTL &) 6T60TLIEDS
S(HSSHLONS UTTLGUILD. 6él? Wi 2y GNSS SO 27U? Hfuwnosd Heg wrpmestst 20 meGet
Buengg). (PonUNNG).

e Quom Pl wHg) CFtnsemst SOl(WaG Catantbleumd CuTg Devd 6Ly 61(LPS 6T6TLG)
&N g Qenasriioun srasHCtL e Wiy BBEHABSHNG.



ceoeas?Qn Setsfl eu? 261 ?HMr<E) 61?0 Yetihg Gataer G0 ?oece

61601 [RITMUT6N6DT pLpeulD QBTSN Fo i eUTDLOMEST HipUiemL 160 HNEFHGHD,HM 261D AbeHl
e 2mander. Qhs Qranibsldasiar s eliPe e1?6ae 66l ? ALissCnbE N Cutg)

e QuomPEasiet aiflalgald SSHI CaidgIeC\GIeETON L 1g). Blemeomet eifleilaimidet
BBSEDeUTE G LINHNGESITETENLD 616G SHNEF? (PO (2EAT6E0ILD : 2BI2GD).

Bleveurs Gug SOl s 26 HBIAW, 61H&H??? 61 LIWETLHIGS CalsmiblLd 6aTUg)
SM?6UD (261D 26569D - PGHHLD).

?0nsnas8s SDpsHHe FoadHeD D?arHead afles Curgid weasililyarsr 2U?
CaradSLUBLIGID al  2emibionetU2winet wéest Qs dldlsamaCu Aaunfletiss. Qhs 20D7?
?0m? gy, eseet, 201 eGrn’iw QuomPaeMelBhg) 6l ? 2w ? 2 2CUIgid IeTGIm? 7. 28,
2ggeoID: Qg (W&D? g, AMNsg, 207776, Qndankg), 2aanbet Doresu ? 2wisQarnae.

26602 ?Ogeunenid etpeunnss &0l 2605 ?U 2060 260 TGS 611G SISSSIT L 2HSH60T. Ibe0Tied
SHeuiified, Bledry g, av.a2.am AHW Aibs

WS GISS6T 2O 2emibionetU2unatariseas qnmeosteie 2 o GEHng. ks wrer?
s aWSSISSEHD HOP 20w ??60? SageoiD,

B Bung) Qa0 8IS e QEFTNHST FI(LGIRIBHSIS {ela 26 bHidle
660l ? W P F606TT 6T(LYGHIIBNHTHE6 LOTHRD

LLSTLRSSOHEESGTNET 6aTLCSs. aflrsas ATCsmas Bl Osaa??07Cse (b atm)
SIS Ghic o6t 61 mie: ?aeidn Bletenmu

2?0gi61ps? s ?onevet & 2ot 6o IbevhCreluinemes baGHHCTOLT aaTCNT 611G NIDS
N MISCSIETEISSHOT JSHAUPD G661, Bl 615 GIS6MeT Chemes NHSNSHHHIN Heve)
Qeveucs g6l L 6ot.

Abeotied, FoaVABSH QBEBIGETECHIE 2eBmid 26120 ?0wHgId ?0ndrel. Quompaer
Aeuneom HOueCu M2 ?? CUIGID, @GNS 7 &b &, &,?, &,? AbS 6e06leTRIGEHEHHTE0T
amad gflw, HfieU2w, HHieid ansgb gMw kha,ga, gha et (ariss) s(pégissamen

&b Crrse?Osiena aratmigd 2?2628 Coomainst ?OgdaamatCur® Qlgn?eter 2ga?iU? 20 GEIb
endaupn?@CamDd. agremons, Sl &, ka, ga,ha Adws 20m?mrdlemen
(allophones)?s 20 GEANS. seiC e&HE alids W& giIGEia ga edde@n?U? &) cesce
@Ta616? FH\25 78 absg). D2 ensrd@Hw aspirated edluaisst sl Bues? ?Onters)
aredrm) 651?227 2601, gL edr eu_Quom P Qae) euge ?an ?ions ?Oaslaibs Sie?-en 2?0 dldeamer
LINMID Vg 0FH6AELD Cahemey 61pslelsmen. eTYHEA BB UHW aifleugaumidss (Lpetd? eubEHHHELD.
2 GH1J60TLONS, F 61601 JbBiHlen 6pe0lillement GMLr? &? 61601m UH dnl ?2WSHG) 2GeunsHs
Qasaien? 2 2605 ? D206,

Blig el ?2wii 24 eugenm Bei@ (eHuwinet 2?U?smend &t SH& QEng.

(PSTEIGHTS, CHeveas iU L Gurg) - dgar 200 ?2maD HWHHWETG) - SO HusGiomh
EULETTEHEHSHHTS LB euflegeIBIGHE6T 6DmE).



Blyent_meugs, Bibs eiub eCrriiu QuomPleslkhg) el ? 2wiees Ganows 200 2HH1D
a53?065 Qraans gisiuLg). ?Oy&aanTaones).

stedTlenud Qhe MM CUIGILOTETENe R, &, ?, &, ? A& Iest? (Pl
cueEllesTBITEHLD Glarmees? 2@l ??e0lleadams P ihg) aumeUTg ga,da,dha,ba eellsemen
GMNSHeiment. eraiCaigiet. London stetdlm Qe 6éll? 2wiids??C ? Cuigy BuwsiongGa geelwiond
0?7?61 stedrm HU?G&81. astmigd B85 edla el ?2wiss? 7 ? Qetanis? wedaib Bmdulsib
?7??WYWSHFHF HENHGID eUHEUTS Gieoelond ks epelldemet & ? 2UUeTLblGS
Peaifleiena. (28ngentegis? Goliath, CAD) Qlgiset &y, Bk 6

eAluTeEns? Qatanis? (pasdaid BU2aid Bmdliaib aks Bl SHe abstain
265?080 d0?2U%8 s6AD afelamisoa 2Gan&Snes Ah@b.Benstat & Crisau
PLDAWTS oo ALCTFEETHE6IT GlEUTHSHG I ? 61SH6I(HLOLH CmeoT.

?0a001b afleigamissier 20U Awins LHu afalgamisme aiklEEH0 20SBGHHT e

Quom Plaseiled 26T6 61606V 660l EH(HM PLSBEHHGD HOLPI6D TP SHIHHEET 2HOUTHH S HTid G661
61601 ?&6060 Qb b 106y lert GHIHED. bmidahHle) 266 a6

AT EBHGD SO Bleretiseme 2HANSBGIGID dn.? QG CrIss ?2606. 2eteL 26l
220816018 gHsAHEED, il rdurs SIAEEGSD QFE?? ? Qarnsoer Sbnidab aif
660l 22wt @d Cungy FEASEN G Ogdenetemi Seigaald 6pell ? 2Lt 2L0MET pPEILITE SHH66)
Aeosaisn? QLD s168. 208 aar?snsnsab 2°037? @ik winm gHuOE CasmiGLb eerm ks
Abe e 66l MSSIH NG

A N&et &Tiene) CHISHH ILCETFEEOISH6IT 616016017

&, 8,2, AAW wrear? dHiaunm aedlamesier didisster ?0mn?nrdasmear g,d,dh,b
AbAWeNMIH? SIS L6t ? LB 6THEHIHHEET 2HaTdE Caidgis QETeTEnHHe.

ATt 6106 GIES6MaT 2866LnE &-Get 20M?mrdlattet s-21d 6v-21D &HEeTCes
e1m&s ? 2 (heiteent. Jbeotrey Ch 61601AM 66 WIETISHTET SO GUlgaD 2(HETSHHIUL GereToT(HILD.

X,Z AW ee0esTH e euflaugaid st Geewibld.

Ban? ComauLet afalpameaet iy 2HaTSEGG) 66l Caeisladtat ?Hea SlPe o,
6,6, e, ?, AbAweney mas? 7 ?Her reTeTerTI 6N Hbg:) 6(HEIBHEVLD. (LPSH6D L6 ? 6T(LHSHIHHEHLD
S0 aifletaisCarE U isw, &) 20196 i QuomPew WS RIGISIS LSLEGS? 7, &L
615 GI5ECI(E alpes GHMU20nsa(Dd 26177 QTHS 6(968i6EN0GHS) &S ? 2L 261 66T 26
Ale) ARGt U2 afaige sldSung b Geenns @?0?60 Lar. »? seugid ?U?(pemile
261611 QU SO 61 GIHS6MNET &n L (HGHTET.

Bis Aol Caidmaeula, UHL afalpamae 2Hasgag) dar?s5n? 2?7?7206
26iten alflangamssier 200 Swins, e LINNHGOET 26?8 LHIW QlyaIBIGEIITsS N
AN PECEE GGG a6t isSABEGHS 251?206 g sflunet aifuns B HeH@LD st
Carent MANG). SUSHEWIL AbGeuTEFemerTgHemet GUITESEHeLD.



"\'Se0eugy '/'Deveugy .08 TSI G MU 66sten AHALTFCEBHSHSHID GMronss
LILESTUB\GEEITLD. 28TTETE:SISH?, 0es0e 616t auflalgaidgi a1 Bhs epathle gCaT e @M U?
Blevemniggl es0e eieg) 0es0e IangI0esee BN 6 alpaIsms 2HISH o Ja 66
25565 Geuerot(BlLD 61601 lHGS6uTD.HCSH & 2wid Qs UHW GHUrhser 6l ? 2wii?us? 2 6D?
aerm ap?0?Cami@ld. Blts 26658 aigar 3{U???06 a@égis0st6ma? 2 ? 61
ROLIGTHEESHSHTET SO aulga BB &CL I 2euememt QI lo(hHHEMET.

Blis 26658 aflalgabisler (PHHI I DFBIGIT:

1.868 aflaigamst SHCUTS IHMIS LLETLOGSEAEHLD afaiyamssiear 20" Sew.
60186y LI eloaImbisT ST S1? alsaihHler eduler ?0m?mrdew aaums aafde ?0emond@in.
STeRIT LI 69 mIeahaGD 2CT aImaTeT Ugis @M U? 6?2561 epaions Seve 2Cg
Bleteenas Catihboeme) 6lETUDSILD SHIL? (P (2HT6u0TLONS, G Hr® BiHHeTe

g AT ?emd asiug) D?Oe)

2.4PF1S HTOHHGHS? ?a6ien sWHGIH GHLL G (peom(Character encoding),
slevguaens Bl 286550 (keyboard layout) dlAwemaubd Qlks wanHm e(SgIGEaT gHug)
616M1lG)1. dn (DB eUgaIBIBITaT Qb 6fleveotud &MUt B 70 pwele) &n Bl

S(PSHHHHONS JNH(PRU(LD. 6Alena iLaendseiL? U MGEHaT, du b G Hlests
2Cr 2w slevgen 2816 2agat cpaud ?07&aematenw &g 26D, b, e Seter 28
&’ U?6 Cati??a6 epan@? 6pdll? i 2 Saumeves (pMligss( el b eterm Cgeiains QaNams;.

B5? B8 gt buba I L 6% (PSHAIL (PEIEIHITE0ISHS 6IHSHGHIL (Hlag) ?60608).
De1b NGl weEGsn sbute iU L i sa?ste  HNP?0ms denssgis? s
(PHAWG SISO D6NFHGHLD.

LW TS GiFSHemen CFiga) WheNCHIL SHLD eumii] - CHEUBISEN (PESTEYHTEIID - 63(( LITT6m6)
argfle) The Unicode Consortium Gesslc (siter The Unicode Standard, Version 2.0 udw
(WS GIGHHET CFiSS 6l HLLAINHERSHEG bMiGoNs &hHNG.QEAL G heaer? QUINGHaET,
ISCII-Il 6v61Gw gy eev HTOBHSSHNS 1BSHGIS 781 20 BSANG. BEe HICEOSHD SHheo?
QUI MIGEEIDT (LH(LELLITETCST (LPMUITETCEST Hale sTTN Gamean U? ?mes (lolng) 6erTUsns
FNNSLSTTEHD Bhe Aber Calmiwm Catansddkhgl IS AHbamser Saveubaon 66l ? 2w 2y
GNSHSH Abe s LWETLHGHH SO S TETRHB B MisHS CHTatdmng).

steveut @A QuonPlaendaiat G G pwiRsslaid fe QI B sdliaragde
BFiSBEHG 9 OINEUOIBISEHHHIS 61601 1) HTLTH SHHH UHEHHANG). 1HSHHHHI LIS,
S8 ?Fan 8i6s??? OB80 - OBF2 aidweummiédU2arer 115 Qi niseiea 54 Bl miset
SIS QL1016 waisd GSANG. Bk QI Bigla s (Hlaa ool IBiseeT (Pemily
QIS GIFHOBIT6ITETOILD. 2T, HeoteotGHD T SHebrest UHW aiflaugaidhnd ey Caidgis
2019 GEANG). CoHeaupnaNdatet @l (Bl? ulpwiene

Ay dBUT ), 61 (PSHEW IHMD 26t ?HAmg). Various Signs stetdln Qletadled ce.oe
sTeTAM 65 Fo (D60 uflaugad Caidaiu b, lsnenet srgewions for extending the alphabet to
new letters steotad @&Mur??? 1w BSANg). B6H (eom GUUTSH, GRWI,  BIGIETD bl
QuomPlasetiest @ MurbeMend wret@Gnn? 2 BHENG).



Bis dlflendapanaow Caaptai sty LLBTLOGHBHSHNG) seaTUme 6% UL 19wiedey
3| g CaicgFH0\ETewIbleer Hlev YHIW  61(YHTIHHe061E QEHTemi(h 616TSHa(PlglLd.

Ay Qum el mhan Ghures s Bmsaid fa ?0r66ws eilgmen 6l ? isg)
awgesnens ?0aalb afelansd Saainfler s Ll eaon meaihg 3o LHW aflalpalors
20 v & g1I50E6IED 2686w Biks (om WIGTGHNBNS). 2ST6w1D: CoHaETSTIT T&T 6(H&EIS?
&6Y & LeTelevaid gl Aevd SO aeveller cemae e

660l 22w ??snaient euflegeud steorm ISCII-II sungwumsH meHAng U pweledwhg)

0931 DEVANAGARI LETTER LLLA(for transcrbing Tamil alveolar r) @ @?0eaCa: for
transcribing Tamil alveolar n, for

trnascribing Tamil | eteotmy G Huw 1960 epesty euflegaimisenst G g s GETemt @ BHHM).
B?endlgmeflL GuomPeseiieot

a1 liS G Melseume 61, 6 AbHweineon el ? 2wiiss Qi gnHloa afaiyangaoen g CHisgs
QaiT60Te HHAMG.

Caoupnafsaet el (peomile Bkhe DIHNBIGELSE TETEETHT I{e)E(LPen
200 2856881 sedls Gnm QmPslald LISIGHNGS6E). B85 Mol e &bl uLENGaT
SN eI @ &0 G U? Caigg uHu afetanemer Caidss e wsmib.

(PleelEDIIITS

20?201 @ aG\GGEETN U? &t 1&sn e 6165t m) CaTet mclma). 2606y é:e:600t&e160t
H(h& ?FH WS GGHHmanD (Ideographs) efgasmetr

&?ae aerm B Coumi?? 66l ?? 0w QBEBISETSOSUD HEFT LTEIGHMID & omesi
QuomPluyd &n.?, ApHWw GuomPeeMemss

660l ?2wiids DG Curgy getellions QLG IEHIBILD 61601 ?HNEHTSH & 2HTET 61(HHEIHH6I
Seveumeom 20 vég) 6?0 20 uHu

afleugaIbieeer 2GasAS 761?78 eoluneiu GuomPulet Mgy QlhEHNeT ey (peon
Bia aaide (PHCEISHHIES).

SIS0 @ gl B8 e D Qunplaegpsstst 3{U2wnab.

Bltg 8 shwe@d 2?0GEgID. GD?0?70? e (ataisnTad Bi,? 2eaud (pe1d?
20118650, Qi Cung) MM F GGt aflalpe

Cxemaien ?07??Csuemiipi SHETeH 26TCad. HHCUTGETET SO CEHBIGTSRN LS
QeSS Qlaihem Blhe b e 6T

QLI PBSHIEID 65 ? 2SS 60T Higluen e Bleufennm LWETLHSSIeIBNSTET 61
arr???0a18 l6flé:a?? 2auib.

Bg &fise deontg dandidg simflbs (s ?aEss Haponud STEEESAA L O ig)
FHOWE? T (OB 260605 SH(HLD 6T60TLEDS

a1 le (eom QuomPl??uii??Oetedt stetelm etet Qg e ?aisHdmhg 208D Sy é8)F
Q6060 (LPlgLL|LD.
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