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Preface 
This report is an effort to document the state of localization in Asia.  There are a lot of different 
initiatives undertaken to localize technology across Asia.  However, no study surveys the extent 
of work completed. It is necessary to document the status to formulate effective and coordinated 
strategies for further development.  Therefore, current work was undertaken to collect the 
available data to baseline local language computing in Asia.  This work has been done through 
PAN Localization project. 
 
There are about 2200 languages spoken in Asia.  It is difficult to undertake the task of 
documenting the status of all these languages.  Twenty languages are being surveyed to assess 
the level of language computing across Asia.  The selected languages have official status in 
Asian countries of Middle East, South, South East and East Asia.  The selection has been done 
to cover a variety of scripts and languages of Asia, but is eventually arbitrary.   
   
Information in the survey has been collected from what is published on the internet in English, 
and through surveys conducted by PAN Localization for different countries from resources known 
to be working in localization.  Internet has been used as a primary source because it reports the 
most recent status.  However, the survey is bound to have missed some information, especially 
which is not published or reported.  Accuracy of the information also depends on what is 
published and reported.  The information has not been confirmed by actually testing the reported 
software, as that would require an extremely diverse team and significantly more effort.  Finally, 
the information reported is what was available at the time of data collection (first half of 2005).   
 
This survey covers computing standards and language technology.  There are many other 
significant aspects of localization and language processing in addition to technology.  For 
example, it is not easily possible to develop local language computing technology without local 
expertise.  Similarly, as localization and language computing is a long term process, it requires 
sustained funding focus, only achievable through explicit policies.  These aspects are not 
addressed in the current study.  .  
 
Initially data was collected through the partner countries in PAN Localization project and by those 
invited for trainings conducted through this project.   We are thankful to Omar Mansoor Ansari, 
Amar Gurung, Chea Sok Huor, Mumit Khan, Phonpassit Phissamay, Sangay Wangchuk and 
Ruvan Weerasinghe (PAN Localization country project leaders) and PAN Localization country 
team members for contributing data on their respective languages and countries, and their 
participation in the review process.  Furthermore, we are thankful to all our training participants 
who provided initial data for other languages.  We would also acknowledge the contribution of 
Norbert Klien for collecting initial information for East and South East Asian languages (and 
people who volunteered information to him) and Guntupalli Karunakar for data on Hindi and 
Assamese (latter not included in this report).  Moreover, we would like to acknowledge the 
contribution of Ahmed Muaz in collecting some of the data published in this report through the 
internet.  We would finally like to show our gratitude to Maria Ng Lee Hoon for her feedback at 
various stages, from the inception of the project, and Phyllis Lim for her continued support.   
 
This work has been possible through the support of National University of Computer and 
Emerging Sciences (NUCES), Pakistan, and Pan Asia Networking (PAN) program of International 
Development Research Center (IDRC), Canada. 
 
 

        Sarmad Hussain 
        Nadir Durrani 
        Sana Gul 
        (Lahore, Pakistan) 
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PAN Localization Project 
Enabling local language computing is essential for access and generation of information, and also 
urgently required for development of Asian countries.  PAN Localization project is a regional 
initiative to develop local language computing capacity in Asia.  It is a partnership, sampling eight 
countries from South and South-East Asia, to research into the challenges and solutions for local 
language computing development.  One of the basic principles of the project is to develop and 
enhance capacity of local institutions and resources to develop their own language solutions.   
 
The PAN Localization Project has three broad objectives:  
 

• To raise sustainable human resource capacity in the Asian region for R&D in local 
language computing 

 
• To develop local language computing support for Asian languages 

 
• To advance policy for local language content creation and access across Asia for 

development 
 
Human resource development is being addressed through national and regional trainings and 
through a regional support network being established.  The trainings are both short and long term 
to address the needs of relevant Asian community.  In partner countries, resource and 
organizational development is also carried out by their involvement in development of local 
language computing solutions.  This also caters to the second objective.  The research being 
carried out by the partner countries is strategically located at different research entry points along 
the technology spectrum, with each country conducting research that is critical in terms of the 
applications that need to be delivered to the country’s user market.  Moreover, PAN Localization 
project is playing an active role in raising awareness of the potential of local language computing 
for the development of Asian population.  This will help focus the required attention and urgency 
to this important aspect of ICTs, and create the appropriate policy framework for its sustainable 
growth across Asia.    
 
The scope of the PAN Localization project encompasses language computing in a broader sense, 
including linguistic standardization, computing applications, development platforms, content 
publishing and access, effective marketing and dissemination strategies and intellectual property 
rights issues.  As the PAN Localization project researches into problems and solutions for local 
language computing across Asia, it is designed to sample the cultural and linguistic diversity in 
the whole region.  The project also builds an Asian network of researchers to share learning and 
knowledge and publishes research outputs, including a comprehensive review at the end of the 
project, documenting effective processes, results and recommendations. 
 
Countries (and languages) directly involved in the project include Afghanistan (Pashto and Dari), 
Bangladesh (Bangla), Bhutan (Dzongkha), Cambodia (Khmer), Laos (Lao), Nepal (Nepali), Sri 
Lanka (Sinhala and Tamil) and Pakistan, which is the regional secretariat.  The project started in 
January 2004 and will continue for three years, supporting a team of seventy five resources 
across these eight countries to research and develop local language computing solutions.  
Further details of the project, its partner organizations, activities and outputs are available from its 
website, www.PANL10n.net. 
  
 

 vi 



 vii

Table of Contents 
INTRODUCTION ........................................................................................................................................ 1 
WHAT IS LOCALIZATION? .................................................................................................................... 3 

CHARACTER SET AND ENCODING............................................................................................................... 3 
FONTS AND RENDERING ............................................................................................................................. 5 
KEYBOARD LAYOUT AND INPUT METHOD ENGINES .................................................................................. 5 
COLLATION ................................................................................................................................................ 6 
LOCALE ...................................................................................................................................................... 7 
INTERFACE TERMINOLOGY......................................................................................................................... 7 
ADVANCED APPLICATIONS......................................................................................................................... 7 
DEVELOPMENT PLATFORMS ....................................................................................................................... 8 
REFERENCES............................................................................................................................................... 8 

ARABIC ........................................................................................................................................................ 9 
CHARACTER SET AND ENCODING............................................................................................................... 9 
FONTS AND RENDERING ........................................................................................................................... 10 
KEYBOARD............................................................................................................................................... 11 
COLLATION .............................................................................................................................................. 12 
LOCALE .................................................................................................................................................... 12 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 14 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 17 
REFERENCES............................................................................................................................................. 19 

BENGALI ................................................................................................................................................... 20 
CHARACTER SET AND ENCODING............................................................................................................. 20 
FONTS AND RENDERING ........................................................................................................................... 20 
KEYBOARD............................................................................................................................................... 21 
COLLATION .............................................................................................................................................. 23 
LOCALE .................................................................................................................................................... 23 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 25 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 28 
REFERENCES............................................................................................................................................. 30 

BURMESE .................................................................................................................................................. 31 
CHARACTER SET AND ENCODING............................................................................................................. 31 
FONTS AND RENDERING ........................................................................................................................... 31 
KEYBOARD............................................................................................................................................... 31 
COLLATION .............................................................................................................................................. 33 
LOCALE .................................................................................................................................................... 34 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 34 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 34 
REFERENCES............................................................................................................................................. 35 

CHINESE.................................................................................................................................................... 36 
CHARACTER SET AND ENCODING............................................................................................................. 36 
FONTS AND RENDERING ........................................................................................................................... 37 
KEYBOARD AND INPUT METHOD ENGINES............................................................................................... 38 
COLLATION .............................................................................................................................................. 40 
LOCALE .................................................................................................................................................... 41 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 42 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 45 
REFERENCES............................................................................................................................................. 45 



 viii 

DZONGKHA .............................................................................................................................................. 47 
CHARACTER SET AND ENCODING............................................................................................................. 47 
FONTS AND RENDERING ........................................................................................................................... 47 
KEYBOARD............................................................................................................................................... 48 
COLLATION .............................................................................................................................................. 50 
LOCALE .................................................................................................................................................... 50 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 51 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 51 
REFERENCES............................................................................................................................................. 51 

FARSI (PERSIAN)..................................................................................................................................... 52 
CHARACTER SET AND ENCODING............................................................................................................. 52 
FONTS AND RENDERING ........................................................................................................................... 53 
KEYBOARD............................................................................................................................................... 53 
COLLATION .............................................................................................................................................. 55 
LOCALE .................................................................................................................................................... 55 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 56 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 60 
REFERENCES............................................................................................................................................. 60 

HINDI.......................................................................................................................................................... 61 
CHARACTER SET AND ENCODING............................................................................................................. 61 
FONTS AND RENDERING ........................................................................................................................... 62 
KEYBOARD............................................................................................................................................... 64 
COLLATION .............................................................................................................................................. 65 
LOCALE .................................................................................................................................................... 65 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 66 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 68 
REFERENCES............................................................................................................................................. 68 

INDONESIAN ............................................................................................................................................ 69 
CHARACTER SET AND ENCODING............................................................................................................. 69 
FONTS AND RENDERING ........................................................................................................................... 69 
KEYBOARD............................................................................................................................................... 69 
COLLATION .............................................................................................................................................. 69 
LOCALE .................................................................................................................................................... 69 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 70 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 70 
REFERENCES............................................................................................................................................. 71 

JAPANESE ................................................................................................................................................. 72 
CHARACTER SET AND ENCODING............................................................................................................. 72 
FONTS AND RENDERING ........................................................................................................................... 72 
KEYBOARD AND INPUT METHOD ENGINES............................................................................................... 73 
COLLATION .............................................................................................................................................. 76 
LOCALE .................................................................................................................................................... 76 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 76 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 77 
REFERENCES............................................................................................................................................. 79 

KHMER ...................................................................................................................................................... 80 
CHARACTER SET AND ENCODING............................................................................................................. 80 
FONTS AND RENDERING ........................................................................................................................... 80 
KEYBOARD............................................................................................................................................... 80 
COLLATION .............................................................................................................................................. 82 



 ix

LOCALE .................................................................................................................................................... 84 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 84 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 84 
REFERENCES............................................................................................................................................. 84 

KOREAN .................................................................................................................................................... 85 
CHARACTER SET AND ENCODING............................................................................................................. 85 
FONTS AND RENDERING ........................................................................................................................... 86 
KEYBOARD AND INPUT METHOD ENGINES............................................................................................... 86 
COLLATION .............................................................................................................................................. 88 
LOCALE .................................................................................................................................................... 88 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................... 89 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 89 
REFERENCES............................................................................................................................................. 89 

LAO ............................................................................................................................................................. 91 
CHARACTER SET AND ENCODING............................................................................................................. 91 
FONTS AND RENDERING ........................................................................................................................... 91 
KEYBOARD............................................................................................................................................... 92 
COLLATION .............................................................................................................................................. 94 
LOCALE .................................................................................................................................................... 94 
INTERFACE TERMINOLOGY....................................................................................................................... 94 
STATUS OF ADVANCED APPLICATIONS..................................................................................................... 95 
REFERENCES............................................................................................................................................. 95 

MONGOLIAN............................................................................................................................................ 96 
CHARACTER SET AND ENCODING............................................................................................................. 96 
FONTS AND RENDERING ........................................................................................................................... 96 
KEYBOARD............................................................................................................................................... 98 
COLLATION ............................................................................................................................................ 100 
LOCALE .................................................................................................................................................. 100 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 101 
STATUS OF ADVANCED APPLICATIONS................................................................................................... 101 
REFERENCES........................................................................................................................................... 102 

NEPALI..................................................................................................................................................... 103 
CHARACTER SET AND ENCODING........................................................................................................... 103 
FONTS AND RENDERING ......................................................................................................................... 104 
KEYBOARD............................................................................................................................................. 105 
COLLATION ............................................................................................................................................ 106 
LOCALE .................................................................................................................................................. 106 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 107 
STATUS OF ADVANCED APPLICATIONS................................................................................................... 107 
REFERENCES........................................................................................................................................... 107 

PASHTO ................................................................................................................................................... 108 
CHARACTER SET AND ENCODING........................................................................................................... 108 
FONTS AND RENDERING ......................................................................................................................... 108 
KEYBOARD............................................................................................................................................. 109 
COLLATION ............................................................................................................................................ 111 
LOCALE .................................................................................................................................................. 111 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 111 
STATUS OF ADVANCED APPLICATIONS................................................................................................... 112 
REFERENCES........................................................................................................................................... 112 

 



 x 

SINHALA.................................................................................................................................................. 113 
CHARACTER SET AND ENCODING........................................................................................................... 113 
FONTS AND RENDERING ......................................................................................................................... 113 
KEYBOARD............................................................................................................................................. 114 
COLLATION ............................................................................................................................................ 115 
LOCALE .................................................................................................................................................. 115 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 116 
STATUS OF ADVANCED APPLICATIONS................................................................................................... 117 
REFERENCES........................................................................................................................................... 117 

TELUGU................................................................................................................................................... 118 
CHARACTER SET AND ENCODING........................................................................................................... 118 
FONTS AND RENDERING ......................................................................................................................... 118 
KEYBOARD............................................................................................................................................. 119 
COLLATION ............................................................................................................................................ 120 
LOCALE .................................................................................................................................................. 120 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 121 
STATUS OF ADVANCED APPLICATIONS................................................................................................... 122 
REFERENCES........................................................................................................................................... 122 

THAI.......................................................................................................................................................... 123 
CHARACTER SET AND ENCODING........................................................................................................... 123 
FONTS AND RENDERING ......................................................................................................................... 124 
KEYBOARD............................................................................................................................................. 125 
COLLATION ............................................................................................................................................ 127 
LOCALE .................................................................................................................................................. 127 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 129 
STATUS OF STATUS OF ADVANCED APPLICATIONS................................................................................. 129 
REFERENCES........................................................................................................................................... 130 

URDU ........................................................................................................................................................ 132 
CHARACTER SET AND ENCODING ........................................................................................................... 132 
FONTS AND RENDERING ......................................................................................................................... 133 
KEYBOARD LAYOUT............................................................................................................................... 135 
COLLATION SEQUENCE........................................................................................................................... 136 
LOCALE .................................................................................................................................................. 136 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 138 
STATUS OF ADVANCED APPLICATIONS................................................................................................... 139 
REFERENCES........................................................................................................................................... 140 

VIETNAMESE ......................................................................................................................................... 141 
CHARACTER SET AND ENCODING........................................................................................................... 141 
FONTS AND RENDERING ......................................................................................................................... 143 
KEYBOARD............................................................................................................................................. 143 
COLLATION ............................................................................................................................................ 144 
LOCALE .................................................................................................................................................. 144 
INTERFACE TERMINOLOGY TRANSLATION ............................................................................................. 145 
STATUS OF ADVANCED APPLICATIONS................................................................................................... 147 
REFERENCES........................................................................................................................................... 147 

SUMMARY............................................................................................................................................... 148 
GLOSSARY.............................................................................................................................................. 149 
 



Introduction 
Asia is the largest and the most culturally and linguistically diverse continent.  It covers 39 million 
square kilometers, about 60% of land area of the world [1], and has an estimated 3.8 billion 
population, which is approximately 60% of the world’s population [2].  There are more than 50 
countries and roughly 2200 languages spoken in Asia.  Being the largest, most populous and 
most diverse, the challenge of development of Asian community is equally important, urgent and 
formidable. Utilization of Information and Communication Technology  (ICT) to store, process and 
communicate information promises an effective and efficient remedy to socio-economic problems 
of poverty, health, education, gender parity, governance, etc. across this continent.  This 
technology is increasingly being leveraged in the developed and developing countries across the 
world, and is bound to play significant role in Asia’s future. 
 
Most of Asia still lags in effectively gaining the promised benefits of ICT.  As a measure, Asia has 
only 34.5% of total Internet users in the world. 90% of these are in seven Asian countries [3].  
There are a variety of reasons why Asia is still behind in leveraging ICTs.  One of the key factors 
has been the limited ICT infrastructure.  However, significant investment has been made over 
past decade to improve this infrastructure in Asia.  This has had significant impact.  As 
infrastructure has improved and information has started to flow, it has increasingly been realized 
that the information is not usable unless it is generated or converted in languages that Asian 
populations can understand.  About 10-15% of Asians can communicate in non-Asian languages, 
and only 11% of content on the Internet is available in Asian languages [4], most of which is in 
Chinese, Japanese and Korean.  This indicates a significant barrier for Asians to access 
information, and therefore to synthesize this information for their development. 
 
The solution is to empower Asian people to generate and access culturally relevant information 
content.  But, before the problem of content can be addressed, it is an essential precursor to 
enable ICTs in Asian languages.  Developing ICT “software framework,” including standards, 
terminology, utilities and applications, to enable information processing in local language is called 
localization.  Clearly, the foremost task is to develop this software framework for Asian 
languages.  Once ICTs are enabled in local languages, they can be more effectively used 
towards generating and accessing the much needed local language content.   
 
Unfortunately, large population in Asia is also deprived from information due to high illiteracy.  
However, with today’s technology it is also possible to overcome this barrier by employing more 
innovative forms of ICT interface for accessing and generating information.  This includes speech 
interface, visual interface using touch-screens, and usage of increasing pervasive mobile 
technology.  After basic local language computing support has been achieved, the second step is 
to provide these higher-end user-centric tools which catalyze generation and access of content 
and overcome illiteracy and similar barriers.  Advanced speech and language processing 
applications like Machine Translation, Text-to-Speech, Speech Recognition and Optical 
Character Recognition systems are some such tools. 
 
This report surveys the availability of basic standards for localization, the extent of localization on 
different computing platforms, and also looks at the extent of work in speech and language 
processing applications for the languages covered.  Advanced speech and language processing 
applications are included, in addition to basic localization requirements, because they present a 
very good indicator for the level of maturity of language technology for a language and are also 
significant in terms of providing end-user accessibility, as has been discussed.  Mobile computing 
and platforms will also play a significant role in the future development of Asia.  However, these 
are not considered in the current survey.  
 
In the next chapter the scope and process of localization is introduced and some associated 
terminology and functionality is explained.  This is followed by a chapter on each language 
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surveyed.  There are twenty languages covered in the survey, mostly the national languages of 
East, South East and South Asian countries, representing a variety of scripts and language 
families.  The choice has been made to sample a reasonable diversity, but still may not be 
representative of the whole of Asia.  A much larger task needs to be undertaken for that purpose.  
A comparative summary is given at the end of this report.  

References 
[1] http://www.nationsonline.org/oneworld/asia.htm 
[2] PRB 2004 World Population Data Sheet, http://www.prb.org 
[3] http://www.Internetworldstats.com/stats3.htm#asia 
[4] Knowledge Indicators Measuring Information Societies, http://www.itu.int/ITU-

D/ict/papers/2003/Knowledge%20indicators%20-%20measuring%20information 
%20societies%20in%20AP.pdf 
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What is Localization? 
Localization is the process of enabling computing experience in local culture and language.  This 
would require developing solutions to input, process and output information in local language.  
For oral cultures, which do not have written languages, this would also mean ability to input, 
process and output speech instead of text.  Also, it is important that the input, processing and 
output are agreeable with culturally acceptable norms, e.g. writing direction (left to right, right to 
left, top to bottom, etc.), formatting (e.g. Arabic script does not have italics form of text), color (red 
color represents friendship in China but danger in North America), etc.  This is not easily possible, 
as current computing has evolved out of western cultural traditions and languages and also 
because Asian languages and conventions are not always as well defined as required for 
computational modeling.  This chapter explains the scope of localization for a language.   
 
A greater part of localization is dependent on modeling linguistic details of languages.  In order for 
proper computational modeling, very precise definitions are required for all the relevant linguistic 
phenomena.  For many languages spoken in developing countries, these linguistic details are 
either not studied or at best partially and imprecisely defined.  This poses a significant obstacle to 
localization.  Therefore many times, a significant linguistic analysis is required before taking the 
localization process forward.  Similar challenges also exist in cultural conventions, which are 
known but normally not documented.  Thus, it becomes very important to involve native experts in 
the process.   
 
As localization involves definition and standardization of linguistic phenomena for computers, the 
process requires technical experts and technical organizations (e.g. Ministries of Communication 
or IT) to work with linguists and related organizations (e.g. National Language Authorities and/or 
Cultural Ministries).  This poses another challenge because in most of the developing countries 
there is little cooperation between these two disciplines and hardly any people who have cross-
disciplinary expertise. In fact, many developing Asian countries have very limited number of 
formally trained and practicing computational linguists. 
 
Listed below are some of the linguistic requirements and the corresponding modeling for 
localization. Though the linguistic side of modeling is briefly presented, it is not discussed in detail 
as that is beyond the scope of this survey.  This report primarily focuses on the computational 
modeling or localization.   

Character Set and Encoding 
The most fundamental and foremost requirement of localization is the definition of the character 
set or alphabet of a language.  This includes the basic characters, digits, punctuation marks, 
currency symbol, special symbols (e.g. honorifics, etc.), diacritical marks, and any other symbols 
conventionally used in dictionary making and publishing.  Though the basic repository is normally 
known, it has been the experience of the authors that when more precise definition is required, 
especially for standardization, there are always a few ambiguities.  Some common linguistic level 
challenges faced during standardization process are listed below, to illustrate the kind of decision 
standardization bodies may need to make.   
 

• It is not always clear what is part of basic character set and what is to be included in 
auxiliary characters 

• It is sometimes ambiguous if diacritics should be independently included or extra 
characters need to be defined which have the diacritics fused within them 

• Though basic character set is known, larger set used for dictionary making and 
publishing is not known or well documented 

• Some characters are not defined, e.g. currency symbols 
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Authors have also observed that there is always temptation to find solutions which are motivated 
by computational requirements and therefore careful analysis and screening is needed to try to 
capture the independent linguistic intuition.  Until character set is not defined, through this 
collaborative process of relevant organizations, the localization process cannot proceed 
effectively.  However, these decisions take considerable time.  Also, as these decisions are 
made, national and international standards need to be appropriately formulated based on them.   
 
After the character set is agreed at linguistic-level, the next step is to assign unique numbers or 
codes to each character so that it may be represented in a computer.  This encoding scheme is 
critical to standardize so that all users use same codes, to enable them to exchange information 
in local language.  Both national and international encoding standards need to be defined and 
aligned.  This encoding may be done by assigning a unique number between 1 to 128 (7 bits) or 
1 to 256 (8 bits)1 to each character.  This mapping of characters to numbers for a language is 
also referred to as a Code Page. 7-8 bits are used for code pages so that they are relatively less 
costly to store and transmit over networks.  However, 256 numbers are barely enough to encode 
characters of a single language.  Consequently, normally there is a separate code page for each 
language (e.g. IBM code pages [1], Windows code pages [2, 3], ISO 8859-x standards [4], etc.).   
 
When multilingual computing initially started, where multiple languages needed to be written 
within the same document, code pages had to be switched frequently.  However, the demand for 
multilingual computing has grown so radically (especially with the advent of the Internet) that 
code page switching has become cumbersome.  Multilingual community therefore felt the need to 
develop a new code page large enough to store all characters of all the languages of world, to 
avoid toggling among smaller code pages.  As is obvious, much more than 256 slots were 
needed to store these characters, therefore 16 bits (216 = 65536 slots) were designated for it.  
This code page was initially developed by Unicode consortium and later also adopted by 
International Standards Organization (ISO), and is called Unicode or ISO IEC 10646 [5] standard.  
This is a script based standard, meaning that same code is used for a letter of a script for all 
languages which use it.  For example, letter ‘a’ of Latin script has the same code whether it is 
used for English, French, Spanish, Turkish, Vietnamese or Malay.   Unicode already supports 
many scripts and languages, and work is still actively being done to encode the characters which 
are missing.  As most computing platforms now support Unicode, it is essential for all languages 
to get their character repository incorporated in this standard. 
 
Language computing existed before international standardization. This has been possible 
because vendors had developed their own code pages. Therefore a number of ad hoc or national 
encoding schemes also exist, and there is significant amount of data already available based on 
these schemes. Thus encoding converters are normally required to port this previously generated 
data to the more recent encoding.   
 
Finally, it should also be noted that even though the new international standard, Unicode, is 
getting popular in many countries, previous non-Unicode encodings are still used in many 
countries for various reasons, some of which are listed below. 
 

• Unicode still does not completely support the language (or script) 
• Unicode recently supported the language, but international vendors have not had time to 

incorporate the support in their software 
• Unicode support is available in recent operating systems, e.g. Microsoft Windows XP, but 

users are still using earlier versions (e.g. Windows 95 or 98) which are not based on 
Unicode.  The switching cost (e.g. buying new and more powerful computers to run the 
more recent operating systems, or training on newer software) is too high for the users 

                                                 
1 As computers use binary numbering system (0 or 1, on or off), most numbers used in computers are 
multiples of 2, e.g. 2, 4, 8 , 16, 32, 64, 128, 256, … 
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• Users are locked-in with software which is based on non-Unicode encoding.  This is 
mostly true for the publishing industry 

• National standards do not agree with international Unicode standard and former 
standards are still prevalent 

 
However, with the multilingual Internet becoming so widespread, Unicode is bound to become 
more prevalent.  There is no other international encoding standard which supports such a diverse 
set of scripts and languages. 

Fonts and Rendering 
Defining an encoding is not sufficient for supporting a language in computers.  The internal codes 
must be displayed on the screen in terms of textual characters for it to be put to any significant 
use.  This is done through fonts and rendering.  Fonts represent the shapes of characters (also 
called glyphs) corresponding to each code for the language and also rules to indicate how these 
characters may alter shape or position on the screen in context of other characters.  Font files 
store this information.  A software (called a rendering engine) is required to take the input from 
user and corresponding shapes and rules from a font file to generate the actual shape and 
position for display on the screen.  
 
Initially fonts were “simple” as they were designed for Latin script in which character shapes or 
positions are not context dependent.  For example, an ‘a’ always looks the same where ever it 
occurs and is always on the baseline.  These fonts only stored the basic shape and position of 
each letter, e.g. True Type fonts (TTF).  However, as more scripts were computerized, it was 
realized that they were context-sensitive, cursive and required multiple shapes and variable 
positioning for their characters.  For example, in Arabic script, letters have different shape in 
isolation, and in word-initial, word-medial and word-final positions.  So font formalisms were 
extended and improved to store multiple shapes for each character and positioning and 
contextual rules for them, e.g. Open Type fonts (OTF, open standard by Microsoft and Adobe) [6] 
and Apple Advanced Typography (AAT by Apple) [7]. 
 
As explained earlier, displaying output requires a rendering engine, which can read a font file and 
create appropriate output against the input.  There are a few rendering engines being used.  
Microsoft has developed Uniscribe rendering engine (shipped as USP10.dll file), which allows 
Open Type fonts to be displayed on Windows platform [8].  Similarly, Apple has a rendering 
engine associated with its AAT fonts [7].  Graphite engine by Summer Institute of Linguistics (SIL) 
is available for both Microsoft and Linux platforms [9].  Pango is another engine available for 
GNOME (GTK+) platform on Linux [10].  A short comparison is given at [11].  These engines 
support Unicode but provide varying degree of support for different scripts and languages.  Level 
of support by some of these engines is discussed for each language later in this report. 

Keyboard Layout and Input Method Engines 
After character set is finalized, the next step is to place the characters across the keyboard to 
allow users to key-in the text.  In our experience, for keyboards lack of standards is normally not 
the problem; the problem is that there are multiple standards.  These standards can be 
categorized in the following manner. 
 

• Most of these standards are inherited from layout for typewriters, tele-printers and other 
such devices 

• Due to easy to configure utilities, which enable users to define their own on-screen 
keyboard layouts for most languages, there are “phonetic” versions of keyboard layouts.  
These are defined by users who are used to English layout and map English letters to the 
similar sounding characters in their language 

• Many vendors also offer their own keyboard layouts, based on their own encoding 
schemes.  These may be arbitrarily different from others 
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The existing standards may be adopted and adapted for newer standards.  The decision could be 
based on a variety of (not always scientific) reasons.  Some of the problems associated with 
keyboards are listed below, which would need rectification. 
 

• A keyboard layout may not include all characters in a language encoded by current 
computing standards, e.g. Unicode, because character set inventory has been expanded 
or altered from the earlier definition, e.g. tele-printers had different requirements from 
publishing industry so layouts for them may not have all the characters.  Also, many 
countries are now introducing currency symbols, which did not exist earlier 

• Due to mechanical limitations, earlier layout was not intuitive for writing system of a 
language; those mechanical limitations are not applicable to computing paradigm any 
more.  For example, single vowels which surround a consonant from left and right in Thai, 
Lao, Khmer, etc. had to be broken into two parts, one typed before the consonant and 
other after the consonant due to mechanical limitations.  This is not a limitation in 
computing paradigm 

• Sometimes encoding has implications on keyboards.  For example, Unicode has 
redundancies due to some design decisions, e.g. backward compatibility.  It has been a 
compromise between practical and academic challenges.  So it has to be decided which 
letter(s) within the encoding need to be placed on the keyboard. 

 
Faced with these challenges, the countries need to reach a consensus on a formal layout which 
can serve their languages as comprehensively as possible and is intuitive for the users.   
 
Some languages have many more “characters” (ideo- or pictograms) than can conveniently fit on 
a keyboard, e.g. Chinese, Japanese and Korean.  Therefore, innovative ways have been defined 
to input these languages.  They include typing strokes or typing Latin based “phonetic” 
sequences, which eventually create the required symbol(s).  This requires intelligent programs 
working with the keyboards.  These companion programs are normally referred to as Input 
Method Engines (IMEs). Languages may require them in the background, in addition to a 
keyboard.  IMEs may also require algorithmic definition and standardization at national and 
international levels. 

Collation 
For applications which go beyond basic word processing, one of the most significant standards 
required for processing of any language is the definition of collation or sorting sequence, also 
sometimes called lexicographic sequence.  Given different words in any language, collation 
determines the order in which they would be arranged, as is expected by the users.  This is 
defined by their arrangement in the dictionaries.  This standard is required for indexing in 
databases and any significant textual processing, e.g. making voter lists. 
 
Encoding standards are normally implicitly based on character order, but often do not determine 
collation completely.  This is especially true for Unicode standard, which defines an arbitrary 
collation order (based on default character collation weights given in DUCET) which does not sort 
languages properly.  Unicode standard requires language specific collation weights specified and 
standardized independently by relevant organizations for each language.  These weights can be 
used with Unicode Collation Algorithm (UCA, available at Unicode website [5]) for sorting.  This 
algorithm orders words based on collation weights provided to it for a language (see [13] for 
further explanation). 
 
Languages use a variety of mechanisms to collate strings.  This may be based on stroke count or 
phonetically equivalent Latin strings (e.g. in Chinese, Japanese and Korean), letter sequence 
along with diacritics and/or capitalization (e.g. in Latin based scripts), consonantal root (e.g. in 
Arabic language), dictionary order (e.g. in Khmer on Choun Nat Dictionary) or syllabic content 
(e.g. in Lao), etc. (see [12] for examples).  For many languages in developing countries, this 
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sequence is not very precisely defined.  In authors’ own experience, analyses have shown that 
different dictionaries in at least some languages do not agree in collation especially in finer 
details.  However, for the computer, these orders must be defined to last detail.  First step, again, 
is to involve language and cultural authorities and other relevant organizations to finalize the 
linguistic level standards for collation very precisely for all the characters encoded.  This has to be 
done at the level of each language, for at least a country or a region.  Second step would then 
involve developing effective algorithms or collation weights to realize that order.  Many times 
lexicographic order for existing words may be determined based on dictionaries.  However, in 
these cases mechanisms still have to be devised for the introduction of new words and proper 
names not present in the dictionaries.   

Locale 
Locale is used to define some basic language and cultural conventions for the user interface of 
computers and other ICT devices.  It includes definition of date, time, number and other formats 
preferred by different countries.  For example, fractional part in a number is separated by a dot in 
US and UK but by a comma in some European countries.  It also specifies day, month and other 
common strings, currency symbols and calendars used by different cultures.  Locales need to be 
defined in standard repositories so that same information can be used by everybody for 
consistency.  One such repository, recently established to eliminate any variations, is Common 
Locale Data Repository (CLDR), available through Unicode website [5]. IBM ICU also has locale 
definitions.  Locales are also maintained by other vendors.  Locales are defined for every 
language for every country.  Therefore, a combined language and country identification is used, 
e.g. ur_PK indicates Urdu as spoken in Pakistan and ur_IN indicates Urdu as spoken in India.  
These language and country codes are standardized through ISO 639.2 [14] and ISO 3166 [15] 
standards respectively. 
 
Many developing countries are still not decided on standard conventions and therefore it 
becomes difficult to define these locales.  For example, in Urdu in Pakistan both Latin and Arabic 
script digits are used and people disagree on which conventions should be used in the future.  
Once the conventions are defined by a country for a language they are submitted for 
standardization. 

Interface Terminology Translation 
With input and output of text possible, and basic locale defined, another task is to translate the 
remaining software interface in local languages.  This means translating all the words of an 
application which appear on the screen into local language. This includes words or phrases in 
menu items, help files, error messages, etc. Basic interface words and phrases per application 
are normally less than 5000, and need to be translated to have core interface available.  
However, for complete translation, including help files, the number of words and phrases goes 
into hundreds of thousands.  This is a formidable task, especially because consistency and 
quality of translation requires careful analysis.  Translation memory softwares are normally used 
to assist in this task.   
 
Many times another challenge is that no words in local language are not available to provide the 
sense required.  Thus, considerable invention is required within language for the translation.  
Other possibility is to transliterate and adopt the foreign language words (e.g. “Computer” in many 
languages is the same word transliterated; an author’s experience has shown “cursor” as another 
difficult word to translate).  The decision between coining a new word or sense of a word versus 
transliteration is often difficult.  Furthermore, in many developing countries linguists are not very 
proficient in computer usage and computer scientists are not very linguistically competent.  This 
makes the translation task even harder.  Many platforms (e.g. Microsoft and Linux) provide 
glossaries with English examples to assist in translation, for example, the glossaries for Linux are 
provided in *.po files.  To allow basic use of computers, it would be essential to localize at least a 
word processor, an email client and a web browser. 
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Advanced Applications 
Basic localization paves the way to access and generate information.  However, if ability of user 
to access and generate information is the criteria, basic localization is not sufficient.  More 
advanced language processing applications are required to enable end-users to completely 
leverage the ability of the ICTs.  Language based applications facilitate and enhance the 
information access and generation process.  Simpler user-end applications include spelling 
checkers, find/replace utilities, etc. which assist word processing.  However, advanced language 
applications give the end-user significantly more accessibility.  Speech applications would provide 
illiterate and handicapped population access to technology.  Users will be able to hear their email, 
even if they cannot read it, using text-to-speech systems.  They will be able to generate and send 
email using speech recognition systems.  Automatic machine translation systems make existing 
information from other languages available in local languages.  Optical character recognition 
systems quickly convert culturally relevant typewritten content in textual (and therefore 
searchable and concise) format.  These applications are now mostly developed based on 
statistical modeling for higher performance and accuracy.  However, statistical modeling is not 
possible without lexica and corpora (parallel corpora for applications like machine translation, in 
which same text is available and aligned in multiple languages).  Development of these 
applications requires significant linguistic and computational skills and numerous linguistic 
resources.  

Development Platforms 
Localization and language processing can be done on proprietary or open platforms.  Currently, 
Microsoft Windows platform is widely used in developing Asia.  In addition, Linux platform, being 
open and free, is slowly gaining strength as a viable alternative.  There are additional platforms, 
including Apple, Unix, etc.  However, the survey is limited to the first two because of their 
presence or potential for end-user deployment in developing Asia.  Within Linux there are many 
environments, e.g. Xwindows, KDE, GNOME etc.  Many of these have also been discussed.  In 
addition, localization of Open Office suite, which can work with both Microsoft and Linux 
platforms, is also evaluated.  Enabling applications on these platforms requires following through 
all the steps discussed earlier in this section.     
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Arabic 
Arabic is a Semitic language spoken by about 206 million people across the world, especially in 
Middle East and North Africa, where it is also the national language of many countries [1]. There 
are many dialectical variations of Arabic across this region.  It is widely used as a medium of 
communication in schools, government institutions and media in most of these Arabic speaking 
countries.  Figure 1 below shows the linguistic lineage of standard Arabic [1]. 
     

 

Afro-Asiatic 
  Semitic 

Central 
South 

Arabic 
ARABIC, STANDARD  

 
Figure 1: Language Family Tree for Arabic [1] 

 
Arabic script has evolved from the ancient Aramaic script, and has been in use since the 4th 
century AD.  Earliest known Arabic inscriptions date back to 512 AD [2]. 

Character Set and Encoding 
Unicode Arabic script block ranging from 0600-06FF is the standard character set encoding used 
for Arabic language.  There is an additional set of code tables given for Arabic.  Arabic 
Supplement (0750-0764) contains additional Arabic script characters used in African languages 
and Arabic Presentation Forms A and B (FB50-FDFF and FE70-FEFF respectively).  
Presentation forms have been introduced for backward compatibility and except for ligatures 
(FDFx) other codes are not recommended for current use.   
 
ISO 8859-6 is also widely used, and is shown in Figure 2.  This standard contains Arabic in 
addition to basic Latin characters and is an 8-bit standard.   
 
These standards have been derived from earlier standards, e.g. ASMO 449, CODAR-U and ISO 
9036.  For a more comprehensive overview and reference list see [4].  Microsoft also used Arabic 
code page 1256 based on these earlier standards [5]. 
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Figure 2: ISO 8859-6 Code Page for Arabic [3] 

Fonts and Rendering 
Arabic fonts are widely available. In addition, these fonts are well supported on multiple platforms.   

Microsoft Platform 
Microsoft ships an exclusive version of Windows and Office products in Arabic language.  
Microsoft Arabic Windows includes a rich inventory of fonts for Arabic, many of which are not 
available in the English version of Microsoft Windows.   

Linux Platform 
Arabic script is fully supported on all Linux based applications. However, Open Type fonts do not 
exhibit satisfactory results. Arabic distributions provide support for rendering only basic four 
shaped fonts.  Arabic text in Figure 3 is written in Open Office version 1.1.0. 
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Figure 3: Ae_Dimnah Font in Open Office 1.1.0 
 
Results of rendering Open Type fonts in Linux distributions vary with applications as different 
applications in Linux use rendering support from different rendering engines.  Comparative font 
rendering results in GNOME, KDE, Open Office and Mozilla are presented below.   
 
 
 

 

Simple Four-Shaped 
Font 

Simple Open Type 
Font 

Complex Open Type 
Font 

   
   

(a) Font Rendering in GNOME 

   
   

(b) Font Rendering in KDE 

 
  

   
(c) Font Rendering in Open Office 

   
   

(d) Font Rendering in Mozilla 

Figure 4: Font Rendering on Linux Platform 
 
Figure 4 shows that GNOME displays the best results, but still does not work properly for Open 
Type fonts.  KDE does not render Open Type fonts, Open Office only displays True Type fonts, 
and Mozilla defaults to a simple four shaped True Type font fonts because it fails to display Open 
Type fonts properly. 

Keyboard 
Microsoft Platform 
Microsoft Windows XP provides an Arabic keyboard layout both in Arabic and English versions. 
Arabic keyboard layout is enabled by default in Arabic version. This layout is shown in Figure 5 
below.  Also see [6]. 
 

 
 

(a) 
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(b) 
 

Figure 5: (a) Normal and (b) Shift Version of Keyboard on MS Windows 

Linux Platform 
Red Hat 9 provides an Arabic keyboard layout which can be used both with KDE and GNOME. 
Once enabled the Arabic keyboard can be used on all Unicode compliant applications.   

Collation 
Arabic collation is supported in Arabic Windows.  LC_COLLATE for Arabic language has not 
been defined yet. Default sequence for sorting is used, which sorts data similar to original 
collation sequence for Arabic language. 

Locale 
Arabic (ar) locales are defined in IBM ICU library and CLDR 1.3 for different countries. They 
support Arabic date, time and number formats, currency symbol and collation.  The locale is 
available for many countries where Arabic is spoken as a national language (see [7] for a 
complete list). 

Microsoft Platform 
Both versions of Microsoft Windows (Arabic and English version of Microsoft XP) provide locale 
settings for date, time and number formats.  They also support currency symbol for some 
countries.  Figure 6 displays the text box to set the country specific Arabic locale in Arabic 
Windows. 
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Figure 6: Available Locales of Different Countries in Arabic Windows 
 
In addition, different calendars such as Mailadi and Hijri can also be enabled, as shown for 
Lebanese Arabic in Figure 7. 
 

 
 

Figure 7: Calendar and Date Settings  

Linux Platform 
Eighteen locales have been defined in Glibc locale file for different Arabic speaking countries.  
Each locale includes localized settings for date, time, number formats, and collation specific to 
the country.  Two Arabic locales, Egypt and Lebanon, are also available in Red Hat 9.  Figure 8 
shows date settings for Egypt and Lebanon from this distribution. 
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Arabic Egypt Arabic Lebanon 
 

Figure 8: Calendar Settings, in GNOME for Egypt and Lebanon in Red Hat 9 
 
Both Mozilla and Open Office (within Linux distribution) also provide locale support for Arabic. 

Interface Terminology Translation 
Microsoft Platform 
As discussed before, Microsoft ships a complete Arabic version for Windows and Office products.  
This is different from other language versions, which are based on the English systems and then 
localized.  Arabic version of Microsoft Windows is completely localized in Arabic language.  All 
dialogue boxes, menu, messages and help files have been translated.  This version has been 
available for a long time.  Figure 9 below shows the localized version of Arabic Windows desktop 
and Internet Explorer.   
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(a) 
 

 
 

(b) 
 
Figure 9: (a) Localized Start-Up Menus in Arabic Windows, and (b) Arabic Internet Explorer 
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Linux Platform 
Arrabix, a Debian based Linux distribution, has been localized for Arabic.  Arrabix provides 
complete translation of the graphical user interface in Arabic.  It has completely localized versions 
of all desktop applications including Open Office, Mozilla suite, spell checking utility (Duali), 
Arabic fonts, localized version of development tools like C/C++ environment, Python 
Development Kit and also the multimedia software and graphics tools.  The following figures 
show desktop terminology translation in Arrabix CD. 
 
 

 
 

Figure 10: GNOME Start-Up Menus in Arrabix  
 

 
 

Figure 11: Terminal in Arrabix 0.8 
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Interface terminology translation for Arabic GNOME is 51% complete.   Only basic desktop files, 
GNOME lib files, Nautilus browser files, etc. have been partially localized in Red Hat.  Interface 
terminology translation for Arabic KDE is 99% complete.  Mozilla 1.6 is partially localized in 
Arabic.  However Mozilla version 1.4 provides maximum terminology translations for Arabic 
language.  The latest version of Open Office has been completely localized in Arabic.  All 
applications of Open Office, including Writer, Spread Sheet and Presentation etc. are available in 
Arabic. 
 

 
 

Figure 12: Open Office Writer 

Status of Advanced Applications 
A lot of work has been done and is currently underway across the world for development of 
Arabic language applications.  Language applications available include encoding converters (e.g. 
see [8]), bidirectional writing utilities and spell checkers (e.g. Arabic Word Corrector, ARWOC 
[10], Duali (for Linux) [11], and products by Microsoft and Sakhr [12]). 
 
Sakhr Automatic Reader [12] is a commonly used OCR. Other OCRs include Arabic OCR and 
ICR (intelligent character recognition) by CIYA [13].  Arabic lexicon, English-Arabic lexicon, 
Arabic text-to-speech system, Arabic speech recognition system, machine translation between 
English and Arabic and a variety of other applications are also available through Sakhr [12] and 
other vendors.  For example, other vendor applications include text-to-speech systems by IBM, 
MBROLA, Lingvosoft and ArabTalk, Speech recognition systems by Natural Speech 
Communication, machine translation systems for English to Arabic by An-Nakel, ITRANS 
(Intelligent Translation System) WebTrans™ and Almisbar, and handwriting recognition systems 
by PackNet Arabizer Suite, IMAGiNET Arabic Writer and IFN/ENET.  Some screen shots of these 
applications are given below.   
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Figure 13: Lane’s Arabic English Lexicon [14] 
 

 
 

Figure 14: An-Nakel Machine Translation [15] 
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Figure 15: IMAGiNET Arabic Writer [16] 
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Bengali 
Bengali (ethnonym: Bangla) is an Indo Aryan language spoken by about 170 million people 
across the world out of which about 100 million Bengali speaking population resides in 
Bangladesh.  Populations of Bengali speakers are also found in India, Nepal and Singapore [1].  
Bengali is the national language of Bangladesh and it is also the state language of the Indian 
state of West Bengal.  
 

 
 

Indo-European 
            Indo-Iranian 

        Indo-Aryan  
                 Eastern zone 

                                         Bengali-Assamese 
                                                    BENGALI   

Figure 1: Language Family Tree for Bengali [1] 
 

Bengali is written using Bengali script which is derived from Brahmi.  Bengali script is also closely 
related to the Devnagari script [2].  

Character Set and Encoding 
Bengali character set encoding is included in Unicode 4.0. Unicode block 0980-09FF is the 
standard encoding used for Bengali script in computers.  Bengali code block is also available in 
ISCII-91, for which the code page identifier for Bengali is 57003 [3, 4, 19].  This is shown in 
Figure 2.  
 

 
 

Figure 2: Language Family Tree for Bengali [19] 
 
A Bangladesh national standard for Bengali text encoding, BSD 1520, has also been 
recommended by Bangladesh Standards and Testing Institute (BSTI) in 1995.  However, this 
encoding is used infrequently.  This standard was revised in 2000 and eventually Unicode was 
also formally adopted as national standard.   A detailed overview is given in [22].  Most of the 
recent software development being done for Bengali is based on Unicode. 

Fonts and Rendering 
Many Bengali fonts are available free of cost and through private vendors (e.g. [5, 6, 7, 8]). 



Bengali 

Microsoft Platform 
Microsoft does not have in-built Bengali fonts.  However many Bengali Unicode based fonts are 
available which can be appropriately rendered on Microsoft platform [5, 6, 7, 8].  Figure 3 
presents results of using some of these fonts. 
 

 
 

Figure 3: Unicode Based Fonts on Microsoft Platform [8] 
 
Open Type font support for Bengali was first included in Service Pack 2 update for Microsoft 
Windows XP. This service pack installs an upgraded version of the Uniscribe engine as well as 
an on-screen keyboard based on Inscript layout for Bengali (details given later).  

Linux Platform 
Bengali fonts are shipped with all the Bengali Linux distributions. Ankur live CD includes Bengali 
fonts Aakash and Luxi. These are rendered adequately on all Linux platforms as shown in Figure 
4 below. 

 
(a) 

 
(b) 

 
Figure 4: Bengali Fonts Rendered in (a) G-Edit (GNOME) and (b) Open Office 2.0 

Keyboard 
Bijoy keyboard layout [9] (see Figure 5) has been the de-facto standard since late 1980’s, 
spreading beyond the border to the Indian state of West Bengal. While there have been recent 
layouts developed, all of these have been variations of Bijoy, e.g. UniBijoy. Another standard is 
based on Inscript keyboard layout, developed and standardized by Government of India. 
 

 21



PAN Localization Survey of Language Computing in Asia 2005 
 

 
 

Figure 5: Bijoy Bengali Keyboard Layout [9] 
 
Bangladesh Computer Council published Bangladesh Jatiyo (national) keyboard standard in 
2003, based on a phonetic layout.  However it is reported to be used rarely [10]. 

Microsoft Platform 
Bengali keyboard is available with Microsoft Windows XP.  It is based on Inscript keyboard layout 
as shown in Figure 6. 

 

 
(a) 

 

 
(b) 

 
Figure 6: Inscript Based Bengali On-Screen Keyboard, (a) Normal, and (b) Shift Version 
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Linux Platform 
Linux platform supports two pre-defined Bengali keyboard layouts.  These are extended Bengali 
and Probhat keyboard layouts. The phonetic based Probhat has been modified to deal with the 
latest Unicode 4.1 changes and has been incorporated into the Ankur live CD through Bangla 
Linux project [11].  Figure 7 shows Probhat phonetic keyboard layout in Linux. 
 

 
 

Figure 7: Probhat Phonetic Keyboard Layout [11] 

Collation 
Collation sequence for Bengali is yet to be standardized.  However, Bangla Academy publishes a 
dictionary which defines the official collation sequence for Bangladesh.  The Bangla Academy 
dictionary is also widely used in the Indian state of West Bengal. 
 
Bengali sorting is not supported by Microsoft or Linux platforms. 

Locale 
Bengali Locale is defined in CLDR 1.3.  There are two locales bn_BD and bn_IN for Bangladesh 
and India respectively. 

Microsoft Platform 
Microsoft provides partial support for Bengali locale in Windows XP.  When the system locale is 
switched to Bengali, date, time and numbers, etc. change to Bengali.  Figure 8 below shows 
Bengali settings for India for number and long date formats, and currency symbol in Windows XP. 
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Figure 8: Bengali Locale on Windows Platform 

Linux Platform 
Bengali locale has also been defined on the Linux platform.  The live Ankur CD developed 
through the Bangla Ankur Project includes a Bengali locale for Bangladesh [12].  Figure 9 shows 
the locale setting of Bengali Linux distribution.  

 

 
 

Figure 9: Bengali Locale on Ankur Live CD 
  

Locale data has also been added for Bengali (bn_BD) in OpenOffice.org 2.0 Beta 2 [13] (see 
Figure 10 below). 
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Figure 10: Open Office Language Settings 

Interface Terminology Translation 
The Bangla Linux developers have formulated a style guide for Bengali translations to be used for 
Linux.  The complete list of translated strings in Bengali is available at Bangla Linux project 
website as well [14].   

Microsoft Platform 
Recently Microsoft has signed a Memorandum of Understanding with the Government of West 
Bengal in India to develop localized computing applications by providing LIP in Bengali for 
Windows and Office 2003.  Bengali LIP for Microsoft Windows and Office 2003 editions is now 
under development. This support will offer a complete Bengali user experience.   

Linux Platform 
Red Hat has launched a beta version of Bengali Linux distribution.  Red Hat Enterprise Linux 
Bengali version includes applications such as Office suite with a word processor, spread sheet, 
presentation tool, as well as a web browser and an e-mail client [15]. 
 
Ankur Bangla project is working on translations for KDE, GNOME, Fedora Core 4, SUSE and 
Mandrake [16]. Translations for GNOME 2.6 have been completed while 35% of the KDE 
translations have also been done. Ankur project is also working on developing Bengali translation 
and localization of Open Office and Mozilla.  Figure 11 presents the localized Konqueror 
interface, partially localized KDE start up menu and localized Fedora Core 4. 
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(a) 

 

 
(b) 
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(c) 

 

 
(d) 

 
Figure 11: (a) Localized Konqueror (KDE) Interface, (b) Localized KDE Start-Up Menu, (c) 

Localized Fedora Core 4, and (d) Localized Open Office 
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Status of Advanced Applications 
A Bengali spell checker [17, 19] has been developed by the Bangla Resource Center at Indian 
Statistical Institute (ISI), Kolkata, which works in online and offline mode. 
 

 
 

Figure 12: Bengali Spell Checker [19] 
 
Bspeller, another spell checker shown in Figure 13, has been developed by Bangla Linux project 
[15], which builds on Bangla dictionary project, and uses its word list [18]. 

 

Figure 13: Bspeller Interface [18] 
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Bengali 

 
Significant amount of work has been done on Bengali dictionaries.  These include the dictionaries 
by Indian Statistical Institute [19], which contains 65,000 words with parts-of-speech and 
meaning, and Bangla Linux project dictionary, which only contains a word list [18].   
 

 
 

Figure 14: Bengali Dictionary by ISI [19] 
 
ISI has also developed a Bengali OCR.  It deals with single column text image. The application 
can handle small amount of skew, in the range of –5 to + 5 degree. The reported average 
character level accuracy is about 96% and word level accuracy is about 86% [19]. A Bengali text 
and image corpus has also been developed, which can also be used for testing any Bengali OCR 
system [19].  The output of this system is shown in Figure 15. 
 
 

  
 

Figure 15: Bengali Image Input and Bengali Text Output of OCR [19] 
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Work is also being done on Bengali handwriting system [19], English-Bengali machine translation 
system [20], encoding converters, Bengali POS tagger and morpho-phonological analyzer at IIT 
Kharagpur. Additionally, Named Entity Tagger is being developed by Jadavpur Univeristy in India 
[20].  Limited Bengali corpus is also available through Central Institute of Indian Languages [20]. 
Work is also underway to develop Bengali spell checker for Open Office, Bengali lexicon, 
morphological analyzer and OCR through PAN Localization project [21]. 

References 
[1] http://www.ethnologue.com 
[2]  http://www.omniglot.com/writing/bengali.htm 
[3] http://www.cicc.or.jp/english/hyoujyunka/mlit4/7-3India/India.htm 
[4] http://msdn2.microsoft.com/library/78bsyefa(en-us,vs.80).aspx  
[5] http://www.angelfire.com/tx/rezaul/font.htm 
[6] http://www.nongnu.org/freebangfont/downloads.html 
[7] http://www.sil.org/computing/fonts/Lang/bengali.html 
[8] http://salrc.uchicago.edu/resources/fonts/bengalifonts.html  
[9] http://www.angelfire.com/tx/rezaul/bijoy.htm  
[10] http://www.bcc.net.bd 
[11] http://www.bengalinux.org/images/probhat_layout.png 
[12]  http://www.bengalinux.org/downloads/bn_BD 
[13] http://bn.openoffice.org/ 
[14] http://www.bengalinux.org/devel_guide/ch03s04.html  
[15] http://www.in.redhat.com/news/article/45.html  
[16] http://www.bengalinux.org/ 
[17] http://tdil.mit.gov.in/TDIL-OCT-2003/spell%20checkers%20in%20indian%20langauges.pdf 
[18] http://www.bengalinux.org/projects/dictionary/bspeller.php 
[19] http://www.isical.ac.in/~rc_bangla/Brochure.pdf 
[20] Asia Pacific Association for Machine Translation Journal, Specila Issue, Thailand 2005 
[21] http://www.PANL10n.net 
[22] Haque, S.  “Bangladesh Experience on Unicode Standardization,” in Proceedings of Seminar 

on Enhancement of the International Standardization Activities in Asia Pacific Region on 
Information Technology (SEISA-AP/IT) 2003, Mongolia.   

 
 

 30 



Burmese 
Burmese belongs to Tibeto-Burman language family and derives from Sino-Tibetan, as shown in 
Figure 1.  It is the official language of Myanmar, where 32 million people speak it as their first 
language [1, 2].  Some people in China and India also speak Burmese. 
 

Sino-Tibetan 
        Tibeto-Burman 
                 Lolo-Burmese 
                                 Burmish 
                                          Southern 
                                                BURMESE [BMS]  

 
 
 
 
 
 
 

Figure 1: Language Family Tree of Burmese [2] 
 
Myanmar or Burmese script is used to write Burmese language.  The script has been developed 
from the Mon script, adapted from southern Indian Pali script.  The earliest known inscriptions in 
Burmese script date back to 11th century [3]. 

Character Set and Encoding 
Unicode code chart 1000-109F is the internationally standardized character set encoding for 
Myanmar script [4] but is not frequently used.  Two other ad hoc character set encoding schemes, 
MyaZedi (developed by Solveware Solutions) and Win/CE/Geocomp, are more frequently used at 
the national level [5].   

Fonts and Rendering 
Microsoft’s support for TTF and OTF fonts is able to render Myanmar fonts but fonts shipped by 
Microsoft do not support Myanmar.  Many Myanmar Unicode fonts have been developed by local 
vendors and are available, e.g.  MyaZedi [6], Pdadauk (Graphite) [7], MyaZedi M17N [8] and 
Myanmar_OTF [8].  Work is under progress to provide support in Pango rendering engine for 
GNOME.  Mozilla (Firefox and Thunderbird) builds are also partially available in Myanmar [17]. 

Keyboard 
Many keyboard layouts have been developed for Burmese character set.  Popularly used 
keyboard layouts are Win/CE/Geocomp, SCIM-KMFL–Unicode, WIN Myanmar and MyaZedi.   In 
terms of usage WIN/CE/Geocomp and MyaZedi are used widely by business, publishers, and 
government agencies [9]. SCIM-M17N developed by Myanmar Development Lab is the national 
standard, but it is not widely used [5].  A comprehensive list is given in [9].  Figure 2 shows the 
MyaZedi keyboard layout. 
 
If Unicode is used, a more complex input mechanism is required.  Unicode has released a short 
technical note which explains these issues [14]. 
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Figure 2: MyaZedi Keyboard Layout [10]. 

Microsoft Platform 
Microsoft does not provide support for a Myanmar keyboard. However various keyboard layouts 
developed by local vendors can be used on Microsoft platform.  A few of these keyboard layouts 
are based on layouts previously mentioned [9]. Following figures show the four different states of 
the SOAS Myanmar Keyboard layout, also available for Microsoft platform.  
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Figure 3: SOAS Myanmar Keyboard Layout [11] 

Linux 
SCIM-M17N keyboard (by Myanmar NLP Lab [8]) and Ava and traditional Win keyboards (by 
Myanmar Linux Users Group (LUG) [15]) are available for Linux but are rarely used [5].   

Collation 
There are two main collation sequences used for Myanmar, Pali order used for older dictionaries, 
and Spelling Book order used in modern dictionaries [16].  Non-Unicode fonts allow variable 
sequence of keystrokes to generate the same surface string, making it difficult to develop sorting 
sequences.  However, Unicode enables a unique input sequence, on which collation can be built.  
Details of how to develop a collation sequence based on modern lexicographic order are 
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available in [16].  A Myanmar collation sequence developed by Myanmar NLP has been 
standardized nationally but is not widely known and used yet [5].  
 
Microsoft platform does not provide collation support for Burmese.  Myanmar NLP Research 
Center has developed a Myanmar sorter, which can sort Myanmar text in Unicode.  GeoComp 
has also developed a sorting engine based on GeoComp Myanmar font encoding [12]. 
 
Myanmar collation is defined in IBM ICU and Glibc for open source platforms [18]. 

Locale 
Burmese locale language name is “my” and country abbreviation is “mm” (earlier “bu” in ISO 
3166).  Myanmar locale data is not defined in the latest version of CLDR or IBM ICU.  Microsoft 
does not provide support for Myanmar locale. Locale is being defined on Linux platform by 
Myanmar LUG and Myanmar NLP Research Center.   

Interface Terminology Translation 
Through the Myanmar Enabling Kit project [13], Myanmar LUG is developing interface 
terminology translations for the Linux based applications.  Open Office 1.1.1 has already been 
released (with few reported errors) and work is in progress to translate applications on GNOME 
[17].  LIP for Myanmar on Microsoft platform has not been initiated but localized versions of 
Microsoft products are available from other vendors [18]. 

Status of Advanced Applications 
Advanced local language applications for Myanmar language are being researched and 
developed by local vendors.  Work has been done on defining line breaking [19] and developing 
utilities for its implementation (in Java [20]).  Myanmar Spell Checker is also under development.   
Myanmar Unicode and NLP Research Center has released an initial version of Myanmar spell 
checker [5, 12]. Figure 4 shows the screen of this spell checker. 

 

 
 

Figure 4: Myanmar Spell Checker [12] 
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Research on Myanmar OCR application has also been initiated.  The current version of OCR, 
developed by Myanmar NLP Research Center, recognizes Myanmar digits.  Work has also 
started on Myanmar speech recognition and text-to-speech systems [12].   
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Chinese 
Chinese is a Sino-Tibetan language spoken by about 867 million people across the globe.  One 
fifth of people in the world speak some dialect of Chinese. It is the national and the official 
language of China, Taiwan, Singapore and United Nations. Chinese is spoken in more than fifty 
different dialects within China and also in Brunei, Cambodia, Indonesia (Java and Bali), Laos, 
Malaysia (Peninsular), Mauritius, Mongolia, Philippines, Russia (Asia), Singapore, Taiwan, 
Thailand, United Kingdom, USA and Vietnam [1]. 
 

 
 

Sino-Tibetan
CHINESE 

Figure 1: Language Family Tree for Chinese [1] 
 
Chinese is written with characters known as Hanzi.  Each Chinese character represents a syllable 
of spoken Chinese and also has a meaning. The characters were originally pictures of people, 
animals or other things, but over the centuries they have become increasingly stylized and no 
longer resemble the things they represent.  Many characters are actually compounds of two or 
more characters [2].   The simplified script (Simplified Chinese) was officially developed in the 
People's Republic of China in 1949 in an effort to improve literacy. The simplified script is also 
used in Singapore but the older traditional characters are still used in Taiwan, Hong Kong, Macau 
and Malaysia. Further simplifications were published in 1977 but proved very unpopular and 
abandoned in 1986 [3]. 
 

Character Set and Encoding 
There are three different sets of character encodings for Chinese, (i) Guobiao code [4] for 
Simplified Chinese for Mainland China, (ii) Big5 for Traditional Chinese for Hong Kong and 
Taiwan [5], and (iii) Unicode, which combines the two Chinese forms.  See [6] for an overview.  
Also, see [30] for more encodings. 
 
Many different standards exist for Simplified Chinese, collectively known as Guobiao code [4].  
GB 2312 is the official character set standard for China (GB abbreviates Guojia Biaozhun 
(national standard) in Chinese).  GB 2312 (1980) includes 6,763 Chinese characters, symbols 
and punctuation, Japanese Kana, the Greek and Cyrillic alphabets, Zhuyin, and a double-byte set 
of Pinyin letters with tone marks. GB 2312 has a counterpart standard for Traditional Chinese 
(Fanti) forms replacing Simplified Chinese (Jianti) forms, known as GB/T 12345.  GB based fonts 
are normally available for both forms.  GB 2312 covers 99.75% of the characters used for 
Chinese input, but does not have effective coverage for historical texts and names, and is very 
widely used [7].  When Unicode 1.1 was announced with Traditional Chinese character set and 
Chinese characters simplified after 1980 (when GB 2312 was released), GB13000.1-93 was 
announced as the equivalent Chinese standard.  The extra characters in these equivalent 
standards were also added to GB 2312 in empty slots resulting in GBK (or GB extension).  This 
was implemented in Microsoft Windows 95 (Code Page 936), and thus became very popular.  
Encodings of GBK is compatible with GB 2312 but does not agree with Unicode 1.1 (or equivalent 
GB 13000.1-93) [9].  Eventually, GBK was also extended in 2000 to GB 18030-2000.  This 
standard has more characters and also allows four bytes to represent a character (previously up 
to two bytes).  It is similar to UTF-8 encoding of Unicode but has a different encoding scheme [8].  
Since September 1, 2001, support of GB 18030 is mandatory for all operating systems sold in 
China [8]. 
 
Big5 encoding was developed by a consortium of five Taiwan based companies in 1984.  This 
was later extended to include missing characters in 1995 by Hong Kong government.  Further 
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additions were made in 1999 for Hong Kong Supplementary character set.  It is still widely used 
in Taiwan and Hong Kong.  The extended form is sometimes referred to as Big5e [5].   
 
ISO 2022 (or ISO IEC 2022) is also standardized for Chinese (ISO-2022-CN) which enables the 
characters to be represented as a sequence of 7-bit characters, similar to UTF-8 encoding 
mechanism for Unicode.  It is different from UTF-8 because it enables switching to different 
encoding schemes depending on the escape sequence (while UTF-8 is limited to Unicode 
encoding).  More details are given in [10, 11].  A related standard is EUC-CN (which is also based 
on ISO-2022) specifically to use GB standards [12].  Its variant HZ [13, 14] is also used. 
 

 

Figure 2: Screen Shot Showing Different Encoding Support in Applications [15] 
 

Fonts and Rendering 
Free and vendor fonts for different encodings are available for Chinese, e.g. see [3, 16].  
Rendering is also supported well on many different platforms.  A number of Chinese fonts are 
available for both Microsoft and Linux platforms.  On Debian Arphic TT Chinese fonts, xfonts-intl-
chinese, xfonts-cjk and Unifont, and on Red Hat taipeifonts, ttfonts-zh_CN, ttfonts-zh_TW, are 
among many Chinese fonts being used. 
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Figure 3: Chinese Fonts Used on Windows Platform [16] 
 
Keyboard and Input Method Engines 
With so many distinct characters, a keyboard having unique keys for them would be very large 
and not very efficient to use (e.g. [17]).  Therefore, many input methods have been devised to 
input large number of Chinese characters effectively.  These methods can be classified in three 
categories: input based on (i) encoding, (ii) pronunciation, (iii) character structure.  Multiple 
methods in each category exist for inputting Chinese text.  Going in detail of all the variety of 
methods is beyond the scope of this survey, however, a comprehensive overview is given at [18, 
21] and associated links.  
 
In the first category, input can be entered by directly entering the internal encoding (based on 
schemes discussed in the earlier section) or an indirect way of doing the same.  The 
pronunciation based methods (e.g. the popular Pinyin method) requires input in Latin text to 
phonetically “spell” a word, which is then looked up in a lexicon to replace it with the appropriate 
Chinese character.  The rules for Romanization have been defined, e.g. see [19].  Finally, 
structure based input methods require the character structure to be defined as a sequence of 
strokes and is input accordingly.  For example, CKC Chinese Input system requires entry of a 
sequence of up to 4 digits (0 through 9), each digit representing a set of similar strokes.  An 
internal engine determines the corresponding output character.  This method only requires the 
numeric pad as the keyboard [20].  Extension of this uses graffiti handwriting recognition, in which 
the sequence of strokes allows user to see the possible input characters available.  However, this 
method is less accurate.   

Microsoft Platform 
Microsoft Windows XP provides support for built-in Chinese keyboards. Once a keyboard is 
enabled it will facilitate Chinese typing on all Microsoft applications like Internet Explorer, 
Microsoft Office, Notepad, Word Pad, etc.  The keyboard also depends on the choice of input 
method. 
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Figure 4: A Keyboard Layout for Chinese on Microsoft Platform 
 
Microsoft has developed multiple IMEs for Simplified and Traditional Chinese character input [15, 
21] including many of the methods listed in [20] based on multiple encoding systems, as 
discussed in previous sections.  A detailed overview is provided in [21].  Further details are also 
provided in [29]. 
 

 
 

Figure 5: IME Pad for Chinese Character Input [15] 

Linux Platform 
A variety of input methods is also available on Linux platforms.  Figure 6 below shows the 
available input methods available for Chinese based on Ubuntu [23]. 
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Figure 6: IME for Ubuntu CJK (Linux) for Simplified and Traditional Chinese [23] 
 
Collation 
Like input methods, collation may also be done in a variety of ways, including phonetic, 
alphabetic (e.g. based on Latin input), stroke based or dictionary based, for example, Chinese 
Big5 order,  PRC Chinese Phonetic order,  Chinese Unicode order,  PRC Chinese Stroke Count 
order and  Traditional Chinese Bopomofo order [24].  Many of these methods are available on 
various platforms, including Linux and Microsoft.  Also see [30] for a list of collation possibilities. 
  
Windows XP provides built in support for sorting Chinese characters.  The table below shows the 
Chinese collation options available on SQL Server.   
 

Chinese (Taiwan) 0x30404 Chinese_Taiwan_Bopomofo 950 

Chinese (Taiwan) 0x404 Chinese_Taiwan_Stroke 950 

Chinese (People's Republic of China) 0x804 Chinese_PRC 936 

Chinese (People's Republic of China) 0x20804 Chinese_PRC_Stroke 936 

Chinese (Singapore) 0x1004 Chinese_PRC 936 

 
Table 1: Locale, Local ID, Collation Designator and Code Page for Windows [25] 

 
Figure 7 shows the Chinese sorting options in Windows XP for different locales.   
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Figure 7: Sort Options for Chinese in Office 2003 
Locale 
Locales for both Traditional and Simplified Chinese have been defined in IBM ICU [27].  Locales 
for Chinese are also available in the CLDR1.3.  The locales are zh_CN (for China), zh_TW (for 
Taiwan), zh_HK (for Hong Kong) and zh_SP (for Singapore) (e.g. see [26, 30]).  

Microsoft Platform 
Microsoft provides support for Chinese locales in Windows.  If the system locale is switched to 
Chinese, changes in date, time, and currency symbols is observed in all application of Microsoft.  
Figure 8 below shows Chinese settings for long date format and currency symbol within the 
Windows XP locale settings.  Figure 7 above lists the locales available for Chinese. 

Linux Platform 
Chinese locale is available for all Chinese distributions for Linux, which also include KDE, 
GNOME, Mozilla and Open Office. 
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Figure 8: Chinese (Taiwan) Locale on Windows XP 
 

Interface Terminology Translation 
Interface terminology is available for Chinese on multiple platforms. 

Microsoft Platform 
Microsoft provides full support for Chinese language. The original version comes with Chinese 
fonts, locale, keyboard and input methods on top of which the MUI pack can be run to obtain 
Chinese interface [28, 31].   

Linux Platform 
A project on translation of KDE has been initiated. This group has recently started out and 
presently (July 2005) 34% KDE is translated for Traditional Chinese and 85.69% KDE is 
translated for Simplified Chinese [32]. For GNOME 99.23% strings have been translated for 
Simplified Chinese and 96.66% strings have been translated for Traditional Chinese [33].  A 
completely localized Chinese version of Open Office is also available to run on Microsoft 
Windows and Linux [34].  FireFox 1.0.6 is available in Chinese [35].  The figures given below 
show the localized interfaces of KDE, Mozilla and Mandarake in Chinese [36]. 
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Figure 9: KDE K-Word for Simplified Chinese [36] 
 

 
 

Figure 10: Mozilla Browser [36] 
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Figure 11: KDE Traditional Chinese [36] 
 

 
 

Figure 12: Simplified Chinese Mandrake [36] 
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Status of Advanced Applications                        
There has been significant work on Chinese language processing.  Chinese and multilingual 
corpora and dictionaries are available (e.g. see [38, 39, 49]).  There is also significant work done 
on Chinese word and line segmentation, spell checkers, and machine translation software.  The 
work on MT continues to-date.  Chinese to English MT software include CITAC, TransWhiz and 
Systran Professional Premium. Some Chinese to English MT web services are Babelfish, 
Transtar, Amikai, Netat and WorldLingo. English to Chinese MT web services include IBM 
AlphaWorks, Gist-in-Time System, Babelfish, ReadWorld, EWTransLite and WorldLingo [40].  
Also see [41]. 

PenPower Chinese OCR Pro is a commercial product. It recognizes hand-written and print 
characters [42].  Other available OCRs are Han Wang Chinese OCR [43], SunmiPage ScanInsert 
Chinese OCR [44] and Dan Ching Gold [45]. 

MSRA Chinese text-to-speech (TTS) system is a product developed by MSRAsia Speech Group. 
MSRA is conducting research in voice technologies including speech recognition, speech 
synthesis and speech enabled information search in Asia [46]. Other TTS systems include those 
developed by Bell Labs [47], and IBM [48].  Similarly, significant work is being done on Chinese 
speech recognition and speech to speech translation (e.g. see [50, 51]). 

Chinese online handwriting recognition systems including Twin-Bridge, Pen Power and 
QuickStroke systems are also available (see [37]). 
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Dzongkha 
Dzongkha is a Sino-Tibetan language related to Tibetan.  It has 0.13 million first-language 
speakers [1] and approximately 0.5 million total speakers [3] in Bhutan.  Dzongkha is the native 
language of eight western districts of Bhutan (Thimphu, Paro, Punakha, Wangdue, Phodrang, 
Gasa, Ha, Dhakana, and Chukha) and also recognized as the national and official language of 
the country. Dzongkha speakers also reside in India (specifically West Bengal) and Nepal [2].  
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Tibeto-Burman  

Himalayish 
Tibeto-Kanauri 

     Tibetic  
Tibetan 
        Southern 
 DZONGKHA 

 
 
 
 
 
 
 
 
 

Figure 1: Language Family Tree of Dzongkha [1] 
 
Dzongkha is written in Tibetan script, which was modeled on Devanagari script [3]. 

Character Set and Encoding 
Dzongkha character set was not standardized prior to the release of Unicode 4.0.  Unicode block 
0F00-0FFF is the standard character set encoding used for Tibetan script in computers [4], which 
is also accepted as national as well as international standard for encoding Dzongkha text [5]. 

Fonts and Rendering 
Tibetan script is complex and not possible to implement using True Type fonts.  Open Type fonts 
have been developed for Tibetan script for Tibetan and Dzongkha by different people and 
organizations.  These fonts include fonts developed by Department of IT and Dzongkha 
Development Authority in Bhutan, e.g. Tsuyig, Joyig, Tashi, xTashi, Uchen, Wangdi, [5, 6, 7]. 

Microsoft Platform 
Until recently Dzongkha was not supported on the Microsoft platform.  However, the latest version 
of Uniscribe (USP10.dll, version 1.453.3665.0) supports layout tables for Tibetan script. This 
version is shipped with Office 2003 Service Pack 1.   Inclusion of Tibetan in the latest version of 
Uniscribe has facilitated typing and web-browsing in Tibetan script for Dzongkha. 
 
Microsoft does not ship fonts for Tibetan script. However, third-party Tibetan script fonts can be 
used on Microsoft platform for Dzongkha text input and display [6, 8]. Rendering results of some 
of these fonts are shown in Figure 2 below. 
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Figure 2: Unicode Dzongkha Fonts on Microsoft Platform [6] 

Linux Platform 
Dzongkha Development Authority, Department of Information Technology and Sherubste College 
are working together to enable Dzongkha computing on Linux operating system [9, 10] through 
the PAN Localization project [12].  Up till now the project has developed support for inclusion and 
rendering of Dzongkha Open Type fonts in X-Windows, Red Hat Linux, Fedora Core2 and Open 
Office 2.0 (though some technical challenges are still faced).  Dzongkha Open Type fonts 
developed have also been successfully rendered through Pango in GNOME [11]. 

Keyboard  
The Royal Government of Bhutan has nationally standardized a keyboard layout for Dzongkha.  
This has been designed by the Dzongkha Development Authority following consultation with all 
the major Dzongkha users and the Department of Information Technology.  Figure 3 shows the 
standard keyboard layout [5]. 
 

 
(a) 
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(b) 

 

 
(c) 

 

 
(d) 

 
Figure 3: Standardized Dzongkha Keyboard in (a) Normal, (b) Shift, (c) Alt+Ctrl and (d) Alt-

Ctrl-Shift States [5] 

Microsoft Platform 
Based on layout designed jointly by the Dzongkha Development Authority (DDA) and Department 
of Information Technology (DoIT), Royal Government of Bhutan, Tibetan and Himalayan Digital 
Library (THDL) project has created keyboards for Dzongkha using MSKLC for Microsoft platform. 
It can be used to input Dzongkha or Tibetan Unicode text [13, 15]. 

Linux Platform 
Keyboard support for Dzongkha on Linux platform has also been developed using the standard 
and is being distributed with the Linux distribution being developed by Department of IT through 
PAN Localization project [12].    
 
 

 49



PAN Localization Survey of Language Computing in Asia 2005 
 

Collation 
Collation rules are being finalized through collaboration of Dzongkha Development Authority 
(DDA) and Department of IT in Bhutan.  They are based on the dictionary published by DDA. 

Microsoft Platform 
Microsoft lists Dzongkha in the Sort Options in its latest releases, but the sort is based on 
DUCET.  Thus, Dzongkha sort is not realized.  Figure 4 shows the Sort Options on MS Office 
2003.  
 
 

 
 

Figure 4: Sort Options for Dzongkha on Microsoft Platform 
 

Linux Platform 
Collation rules developed by DDA have been implemented on Linux platform.   They are 
supported in Dzongkha version of Open Office 2.0 developed by Department of IT of Government 
of Bhutan, through PAN Localization project [12].   

Locale 
A nationally standardized locale definition for Dzongkha for Bhutan (dz_BT) has been compiled 
by Dzongkha Development Authority (DDA) in consultation with major computer vendors and 
language experts. Dzongkha (also known as Bhutani) is now included as a distinct 
language/culture within ISO 639, with the language codes "dz" and "dzo" [16].  Dzongkha locale 
definition has been included in CLDR 1.3 in 2004.  The locale definitions described include date, 
time, calendar formats, name of days, months and numbers, etc.   
 
Microsoft Windows XP does not include locale definition for Dzongkha.   
 
Through the research efforts of Bhutan team of PAN Localization project, Dzongkha locale is now 
supported on Linux platform [11].  Locale for GNU C library has been created and implemented in 
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Linux operating system.  Support for locale and collation rules has also been added to Open 
Office 2.0. 

Interface Terminology Translation 
Microsoft Platform 
Dzongkha version of Microsoft is currently not available.  However development of a localized 
version of Windows in Dzongkha is on the short term agenda of Microsoft [14].   

Linux Platform 
Glossary translation of KDE for Dzongkha has been initialized but there is still no significant 
progress [17].  However, GNOME desktop is complete and work is underway for complete 
translation of Open Office through PAN Localization project [18].  

Status of Advanced Applications 
There is little progress on the development of advanced applications in Dzongkha.  Most of the 
work under progress is on localization of Linux, specifically GNOME and Open Office platforms.   
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Farsi (Persian) 
Farsi belongs to Iranian branch of Indo-European language family.   Persian or Western Farsi is 
spoken by about 22 million people residing in Iran.  A close variant, Dari (Eastern Farsi), is 
spoken by seven million people in Afghanistan, Iran and Pakistan.  Both varieties are also spoken 
in some other countries as well [1, 2].  Figure 1 shows the language family tree of Farsi. 
 
 
 

 
 
 
 
 
 
 

 
Indo-European  

Indo-Iranian  
Iranian 

Western  
South Western 

    Persian 
              FARSI

 
Figure 1: Language Tree Farsi of Language [1] 

 
Farsi has been written with a number of different scripts, including Old Persian Cuneiform, 
Pahlavi, Aramaic, and Avestan. However after 642 AD Arabic script has been used for writing 
Farsi [2]. Nastalique style for Arabic script is used for writing Farsi. 

Character Set and Encoding 
Unicode Arabic script block from 0600-06FF is the standard character set encoding used for 
Farsi.  A national standard based on relevant Unicode character subset within Arabic script block 
is also defined by Institute of Standards and Industrial Research in Iran (ISIRI) [3]. Earlier popular 
Farsi character set used for encoding was “Iran System”.  The figure below shows this character 
set encoding. 
 

 
 

Figure 2: Farsi Character Set Encoding for “Iran System” 
 



Farsi 

Fonts and Rendering 
Microsoft Platform 
Microsoft Windows fonts Tahoma and Microsoft Sans Serif can be used for typing Farsi text.  In 
addition to this there are other Unicode Farsi fonts available, some of which have been shown in 
the figure below. All these fonts follow the Naskh style of Arabic script.  No Nastalique style font is 
available by Microsoft.  Nastalique Open Type fonts are available from other organizations, which 
can be used for Persian, e.g. Nafees Nastalique [4]. 
  

 
(a) 

 
(b) 

 
(c) 

 
Figure 3: Farsi Text Written in Arash, Sorkhpust and Times New Roman Fonts 

Linux Platform 
Open Type support for Nastalique style is not available on Linux platform as shown in Figure 4, 
which shows three fonts rendered on GNOME. 
   

   
 

Persian (TTF) 
 

Nafees Naskh (OTF) 
 

Nafees Nastalique (OTF) 

         
Figure 4: Farsi Fonts on GNOME 

 
KDE only displays True Type fonts properly and does not display Open Type fonts, like Nafees 
Nastalique as shown in Figure 5. 
 

 
 

Persian Naskh (TTF) 
 

Nafees Nastalique (OTF) 
      

Figure 5: Farsi Fonts on KDE 
 
Persian live CD Shabdix provides localized distribution of Persian on KDE 3.1.2.  It has many 
built in Persian fonts but the rendering results are similar to those obtained on any KDE 
distribution [5]. 
 

Keyboard 
ISIRI has published keyboard standard ISIRI 2901:1994 [6], shown in Figure 6.   
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Figure 6: Iranian Standard ISIRI 2901 for Keyboard Layout [6] 
 

Microsoft Platform 
Microsoft Windows XP provides a Farsi keyboard, slightly different from ISIRI 2901.  This can be 
used with all Unicode compatible applications.  Figure 7 given below shows Farsi on-screen 
keyboard layout on Microsoft platform (see [7]).  ISIRI 2901 compatible keyboards for Microsoft 
platform are also available from other organizations, e.g. see [8]. 
 

 
Figure 7: Microsoft Onscreen Keyboard Layout for Farsi [7] 
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Linux Platform 
Red Hat 9 provides a Farsi keyboard layout which can be used both with KDE and GNOME. 
Keyboard support is part of input locale and runs at XWindows in Linux. Therefore, once enabled 
it works for all Unicode based technologies like Open Office and Mozilla. GNOME and KDE 
editors also support Farsi text.  Farsi live distribution Shabdix also provides Farsi keyboard [5]. 

Collation 
Collation sequence for Farsi has been defined for GNU C Library, but it has not been 
standardized.   
 
Farsi collation is supported by Microsoft through Farsi Language Interface Pack (LIP) [9].  Farsi 
collation is also supported on Linux platform.   

Locale 
Locale for Persian (fa_IR) is defined in CLDR 1.3.     

Microsoft Platform 
Microsoft XP provides Farsi locale enabling appropriate changes, as shown in Figure 8. 
 

 
 

Figure 8: Farsi Locale in Windows XP  
 

Linux Platform 
Locale definition for Farsi has been defined in Red Hat Linux 9.  Farsi locale is enabled by default 
in Shabdix.  Figure 9 shows KDE module localized in Shabdix.  

 55



PAN Localization Survey of Language Computing in Asia 2005 
 

 
 

 
 

Figure 9: Farsi Date and Time Settings in Shabdix [4] 

Interface Terminology Translation 
Interface terminology for computers exists in Farsi, but has not been standardized. 

Microsoft Platform 
Microsoft provides complete Farsi interface through Farsi LIP (except Microsoft Office help files) 
for Windows 2000 and XP and Office 2003 [10].  Figure 10 shows the localized interface of 
Microsoft Word and Outlook in Farsi. 
 

 56 



Farsi 

 
 

(a) 
 

 
 

(b) 
 

Figure 10: Localized Microsoft (a) Word, and (b) Outlook in Farsi 
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Linux Platform 
Red Hat does not provide a localized Farsi interface for GNOME or KDE, but efforts are 
underway for the translation.  GNOME 2.12 has been translated up to 45.89%, GNOME 2.10 is 
about 48% complete, nd  KDE has been done up to 20%. Figure 11 below shows the Farsi 
translation in KDE on Red Hat distribution. 
 

 

 
 

(a) 
 

(b) 
 

 

 
 

(c) 
 
Figure 11: Partially Localized Red Hat 9 (a) File Save Dialogue, (b) Font Dialogue Box, and 

(c) Start-Up Menus  
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Shabdix provides a partial Farsi graphical user interface. Only the base KDE desktop menu files, 
an editor and Konqueror web browser are fully localized.  Figure 12 shows the screen shots of 
Shabdix distribution.  Farsi interface, desktop menus, editor menus all are designed to move from 
right-to-left, which is conventional for Arabic script based languages. This release is based on 
KNOPPIX 3.4 and includes an updated and modified Farsi KDE [5]. 
 
 

 
 

(a) 
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(b) 
 

Figure 12: (a) Start-Up Menu, and (b) Control Panel in Shabdix KDE 
 

Status of Advanced Applications 
Work is under progress to develop Farsi text-to-speech systems, lexicon, spell checker and 
thesaurus.  However, these products are not commercially available.   
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Hindi 
The word “Hindi” is derived from Sanskrit word ‘Hindva’ meaning 'language of Hind’. About 180 
million people speak Hindi as their first language and many more across the globe use it as a 
second language. Hindi is the national language of India and is also widely spoken in 
Bangladesh, Fiji, Indonesia, Malaysia, Mauritius, Nepal, South Africa, Uganda and Yemen. It is 
the third most spoken language and comes after Chinese and English. Hindi belongs to the Indo-
European language family and has influences from Persian and Arabic [1]. Its formal vocabulary 
is derived from Sanskrit and Prakrit. 
 

 
Indo-European  

Indo-Iranian  
Indo-Aryan 

Central zone  
Western Hindi 

Hindustani 
HINDI

 
 
 
 
 
 
 
 
 

Figure 1: Language Family Tree for Hindi [1] 
 
Hindi is written with Devanagari script, which was derived from Brahmi script [2].   

Character Set and Encoding 
ISCII (IS 13194:1991, earlier IS 13194:1988) is the national standard for Devanagari character 
set encoding, based on earlier standard IS 10402:1982 [3]. ISCII is a standard for Devanagari 
script and may be used for other languages.  It is widely used in India.  The standard contains 
ASCII in lower 128 slots and Devanagari alphabet superset in upper 128 slots and therefore it is a 
single byte standard. Though it is primarily an encoding standard (and sorting is usually not 
catered directly in such standards, e.g. see Collation section below), the standard was devised to 
do some implicit sorting directly on encoding. Variations of ISCII include PC-ISCII and language 
specific ISCII charts (see [4] for some details).  ISCII standard is shown in Figure 2 below.  
Official standard publication is available at [12]. 
 
Unicode provides an international standard for Devanagari character set encoding based on IS 
13194:1988 from 0900 till 097F (and therefore is not exactly equivalent to IS 13194:1991; also 
see [5, 14]). This may be used for Hindi and other Devanagari script based languages, including 
Marathi, Sanskrit, Prakrit, Sindhi, etc. 
 
There are other encodings which have been used by vendors, in addition to those discussed.  
However, they are not as prevalent anymore.  There are also encoding converters available 
which can convert among various encodings and platforms (e.g. [6, 7]). 
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Figure 2: ISCII Code Chart IS 13194:1991 [3] 

Fonts and Rendering 
There are many fonts available to write Hindi on different platforms. Some are listed below. 

Microsoft Platform 
Windows provides Mangal font, which has been developed by CDAC, India, and other fonts for 
Hindi. Windows uses Uniscribe as the rendering engine, which supports rendering of Open Type 
fonts for Devanagari script.  Results of Hindi fonts rendered on Microsoft are shown in Figure 3 
below. 
 

मंगल फ़ॉÛट 
(a) 

कोǑकला फ़ॉÛट 
(b) 

एǐरयल यूिनकोड एम एस फ़ॉÛट 
(c) 

 
Figure 3:  (a) Mangal, (b) Kokila, and (c) Arial Fonts on Microsoft Office 2003 

Linux Platform 
In Red Hat Fedora Core 3 Linux, system level support for Hindi fonts is now available. Red Hat 
has bundled Lohit series of Indic fonts with its distribution. Raghu and Gargi fonts have also been 
available for some time. Presented below are examples of a Hindi on G-Edit using Gargi and 
Raghu fonts. 
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 (a) 

 

 
(b) 

 
Figure 4:  (a) Gargi and (b) Raghu Fonts on G-Edit in GNOME 

 
Pango rendering engine gives better results as it is more aware of substitution and positioning 
rules but these needs to be improved further.  KDE does not provide any support for rendering 
Open Type fonts. Below is the demonstration of typing Hindi text using Gargi, on K-edit that runs 
Qt. 

 

 
 

Figure 5: Gargi Font on K-Edit in KDE 
 

Rendering engine of Open Office extracts and consequently displays only the True Type 
features from the font file.  Rendering through Open Office 1.1.1 is shown in Figure 6. 
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Figure 6: Hindi Rendering in Open Office Version 1.1.1 
 
A Pango enabled Mozilla renders Hindi reasonably well.  Where required, India Linux project has 
updated the rendering engine to work for Devanagari script [8]. 

Keyboard 
As for Hindi character set encoding formats, different software vendors have implemented many 
different keyboard layouts e.g. Godrej, Ramington, Phonetic, Shusha, and Traditional keyboard 
layout. Inscript is the standard Hindi keyboard layout and is the most commonly used [9, 11].  It is 
shown in Figure 7 below. 
 

 
 

Figure 7: Inscript Keyboard for Hindi [11] 

Microsoft Platform 
Microsoft provides support for a built-in Hindi keyboard in Traditional layout, shown in Figure 8. 
Once this keyboard is enabled it supports Hindi typing on all Microsoft applications.  Further 
details are provided in [10]. 
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Figure 8: Traditional Keyboard Layout for Microsoft Platform 

Linux Platform 
There is built in support for Hindi keyboard in Red Hat Fedora Core 3 Linux. There are many 
Hindi keyboards available that include Inscript, Devrom and Bolnagri, which provide support for 
all Unicode applications running on Linux, including Open Office, Mozilla, etc.  A live Linux 
Morphix-based CD has been developed by Indlinux.org. This is a complete Linux distribution in 
Hindi, which also has many Hindi keyboards such as Phonetic, Bolnagri and Inscript packaged 
within it [8].  

Collation 
Work had been in progress to finalize a single collation sequence standard for Government of 
India.  However, ambiguities in the linguistic sorting order of the Hindi character set has 
hampered this standardization [8].  The work is still in progress. 

Microsoft Platform 
A collation sequence for Hindi is supported on Microsoft platform [13].  This order gives 
satisfactory results for Hindi users.   

Linux Platform 
Collation on Linux platform is done using LC_COLLATE in the locale definition. The current hi_IN 
locale file does not have collation data included, so default sort order is used. As such this 
suffices for basic Hindi sorting, because Devanagari range in Unicode is based on ISCII-88 
document, which does implicit sorting for Hindi.  

Locale 
No significant effort at national or regional level has been undertaken to standardize Hindi locale 
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(hi_IN), though it is included in CLDR 1.3. Some work has been done by CDAC in defining a 
locale for Microsoft to enable Hindi in Windows [15]. 

Microsoft Platform 
Microsoft Windows XP does provide support for Hindi locale. If system locale is switched to Hindi, 
appropriate changes are observed in all application of Microsoft. An example of setting User 
locale to Hindi is shown for Microsoft Windows XP in Figure 9. 
 

 
 

Figure 9: Hindi Locale Definition on Microsoft Platform 

Linux Platform 
Locale for Hindi is defined in Red Hat Linux version 9 and above. Though not complete, it still 
provides significant Hindi related information. Most Linux distributions support Hindi locale. 
 
Open Office and Mozilla suites pick locale definitions from their underlying system locale 
definitions. Therefore as Hindi locale has been defined in Linux, it is also available in these 
applications.  Figure 10 below shows calendar in Hindi. 
 

 
 

Figure 10: Hindi Calendar on Linux 

Interface Terminology Translation 
Hindi Interface is available on both Microsoft and Linux platforms.  Microsoft provides a 
completely localized version of Windows and Office [16], as illustrated in Figure 11. 
 
Interface terminology translation has been performed in the Hindi Linux distribution developed by 
IndLinux. In this distribution, KDE base files and desktop files have been fully translated, and 
GNOME files have been partially translated.  Localized interface is illustrated in Figure 12. 
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Figure 11: Localized Microsoft Windows XP 
 

 
 

Figure 12: Localized Start-Up Menus for Hindi Linux Distribution 
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Status of Advanced Applications 
Significant work is being done on Hindi language processing in Indian language technology 
centers at universities, CDAC and TDIL resource centers across India.  Applications being 
developed include Hindi spell checkers, Hindi mono- and multi-lingual lexicons, Hindi text-to-
speech systems and Hindi speech recognition systems.  Work is also being done on Hindi 
machine translations systems with English and Indic languages, Hindi OCR systems and other 
related applications and resources including corpora, POS taggers, morphological analyzers, etc. 
Information about this work is available at [15, 17, 18, 19, 20, 21, 22].   Hindi WordNet has also 
been recently released [19].  Work is also in progress on online handwriting recognition. 
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Indonesian 
Indonesian or Bhasha Indonesia is similar to Malay language.  It is the lingua franca and official 
language of Indonesia [1, 3].  Indonesian is spoken by 30 million people in Indonesia and other 
countries [2].  Indonesian vocabulary constitutes many foreign words from Arabic, English, 
Portuguese, etc. The language family tree of Indonesian is shown below. 
 

 
 

Austronesian  
         Malayo-Polynesian 
                  Malayic 

              Malayan 
                        Local Malay 

                    INDONESIAN

Figure 1: Language Family Tree for Indonesian [1] 
 
Indonesian is written in Latin script, though sometimes Arabic script is also used [1, 2].  Latin 
script was first introduced during the period of Dutch colonization, and later after independence in 
1930, the script was formally adopted for writing Indonesian [2]. 

Character Set and Encoding 
Unicode code values for Latin script character set are also used for Indonesian.  Eight-bit Latin 
standard ISO 8859 is also used. 

Fonts and Rendering 
Usual Latin fonts and rendering is used for Indonesian. 

Keyboard 
Usual Latin characters based keyboard layout is used for Indonesian. 

Collation 
English collation order is used for Indonesian, which is available on most platforms. 

Locale 
Standard Locale for Indonesian has been defined in IBM ICU (id_ID).  This locale definition has 
localized settings [4].  CLDR 1.3 also includes a locale for Indonesian.  
 
Microsoft Windows XP provides support for Indonesian locale, as shown in Figure 2 below.  The 
definition is also available in the Language Interface Pack for Indonesian [5]. Locale is also being 
incorporated in the Linux distributions. 
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Figure 2: Indonesian Locale on Microsoft Platform 

Interface Terminology Translation 
Microsoft provides LIP for Indonesian which includes local language interface [5,6].  A complete 
Linux distribution in Indonesian is also available [11].  A team working on localizing GNOME in 
Indonesian language is currently active and GNOME glossary translation work has almost 
completed.  Almost 87% of developers.lib and 84% of desktop strings have been translated [7].  
In addition there are localized open source tools available through web portals in Indonesian (e.g. 
[8, 9, 10]).   
 
The government of Indonesia has launched “Indonesia Go Open Source” program in 2004.  This 
project is collaboration between Ministry of Research and Technology, Ministry of Communication 
and Information and the Indonesian Institute of Sciences.  Through this project it is aimed to 
strengthen national information technology system and develop and freely disseminate OSS in 
Indonesian [12].  Following the objectives of the project it is believed that very soon a number of 
localized OSS applications will be available in Indonesian. 

Status of Advanced Applications 
Work is being done in language processing of Indonesian.  There are many Indonesian and 
Indonesian-English dictionaries available online (e.g. see [13]).  Spell checkers and 
morphological parsers for Indonesian are also available.  There is very limited work on corpus 
[14, 15].  Indonesian text-to-speech system based on MBROLA was released in 2003 [16] and 
work has started on speech recognition [17] and machine translation with other languages. 
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Japanese 
Japanese, the national language of Japan, is spoken by about 127 million people across the 
globe [1].  Two forms of Japanese language are popularly in use, standard Japanese and 
common Japanese.  The former is used as a medium of instruction in schools, print media and 
official documentation [3]. 
 
 
 

 
 

Japanese   
Japanese   

                        JAPANESE  
 

Figure 1: Language Family Tree for Japanese [1] 
 
Japanese script is used to write Japanese language.  The script was formerly written using 
classical Chinese and eventually a hybrid Japanese-Chinese style.  Currently, three styles are 
used collectively.  First is a set of characters used to write Chinese loan words or similar 
Japanese words, called Kanji.  In addition two syllabic (moraic) systems are used; Hiragana 
(used to write words either not present or too obscure in Kanji script) and Katakana (used to write 
sounds, scientific words, foreign words, etc.) [2, 3]. 

Character Set and Encoding 
Japan has developed many Japanese Industrial Standards for character set encodings [4].  JIS X 
0208-1990, is the most popular character set.  It includes 6879 characters, Hiragana and 
Katakana syllabaries, 6355 Kanji, the Roman, Greek, and Cyrillic alphabets, numerals, and a 
number of typographic symbols. Normally, if JIS is not followed by a number, it refers to the JIS X 
0208-1990 character set.  This is not a single byte standard, and there are mechanisms to 
represent it in a sequence of two bytes.  This is done by ISO 2022-JP [15] and EUC standards.  
Shift JIS is Microsoft’s encoding for a Japanese character set containing approximately 7000 
characters [4]. Unicode also supports Japanese characters. A detailed overview is given in [7]. 

Fonts and Rendering 
There are several fonts which properly render Japanese script.  Rendering is appropriately 
supported on most platforms. 

Microsoft Platform 
Currently, the Japanese version of Microsoft Windows comes with a set of fonts.  Some 
Japanese fonts are Heisei Kaku Gothic, Heisei Maru Gothic, Heisei Mincho, MS Gothic, 
MS Mincho and Arial Unicode.   The following figures show Japanese font rendering on Microsoft 
platform. 

 
(a) 

 

 
(b) 

 
(c) 

 
Figure 2: (a) MS Gothic, (b) MS Mincho and (c) Arial Unicode [5] 



Japanese 

Linux Platform 
Commercial distributions of Linux use commercial fonts. The costs for these fonts are covered by 
the package price of the distribution.  GNOME, KDE, Open Office and Mozilla use the font 
support from the underlying operating system.  There are also a few open source Japanese fonts 
available [6]. 

Keyboard and Input Method Engines 
There is currently one national standard for keyboard layout, called JIS X 6002-1980, "Keyboard 
layout for information processing using the JIS 7 bit coded character set". Although the standard 
describes itself as a keyboard layout for seven bit coded characters, it is widely and commonly 
used for the input of any Japanese encoding.  This standard was later improved to JIS X 6004-
1986 [7].  Another national standard, JIS X 4063-2000, "Keystroke to KANA Transfer Method 
Using Latin Letter Key for Japanese Input Method" defines the rules for input method for 
conversion from a combination of Latin characters to Japanese characters [8]. 

Microsoft Platform 
Input Method Engines (IMEs) are widely used for converting key combinations of Latin letters into 
Japanese characters and then into Chinese characters.  Microsoft Office provides a wide variety 
of IMEs for Japanese text input, which are explained in [9], and summarized below. 
 
Keyboard and related functionality for Japanese is supported by Microsoft operating systems and 
.NET framework.  The figure below shows the Hiragana/Katakana (JIS layout) IME used as a 
default. Once characters are entered conversion routines can be used to change characters from 
Katakana to the Kanji.  The figure given below shows the normal state Hiragna/Katakana 
keyboard layout for Japanese. 

 

Figure 3: Hiragana/Katakana Keyboard Layout [9] 

 

Figure 4: Hiragana/Katakana Syllabic Keyboard Layout [9] 
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The Japanese numeric and date keyboard layout gives the user access to the Kanji used for 
dates and time.  

 
 

Figure 5: Date and Time Keyboard Layout [9] 

Another form of character input mechanism developed for Japanese character input facilitates 
users to select characters from two lists: one being the Shift JIS list which displays the characters 
based on JIS standard, and the second is based on Unicode Japanese characters. 

 

Figure 6: JIS Based Character List [9] 
 

 
 

Figure 7: Character List Based on Unicode CJK Characters [9] 

Microsoft additionally provides a stroke utility within the Japanese IME Pad.  It provides the user 
to look up a Japanese character by the strokes it takes to write the character.  Figure 8 given 
below shows the Japanese strokes utility of the Japanese Input Method Engine.  

 74 



Japanese 

 

Figure 8: Strokes Utility in IME Pad [9] 

Similar to the strokes utility, the radical utility for Japanese characters allows the user to look up a 
Japanese character in groups of main radicals of the Japanese language.  The following figure 
shows the Japanese radical utility of the Japanese IME Pad. 

 
 

Figure 9:  Radical Utility in IME Pad [9] 

Linux Platform 
Qt3/KDE3 support different styles of input methods and editing as defined in the XIM standard (X 
Input Method).  They include “on the spot”, the pre-edit, over the spot, off the spot and root IME 
layout.  The following figure shows the “on the spot” Japanese IME in KDE.  
 

 
 

Figure 10: X-Input Method in K-Edit [10] 
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Collation 
The JIS X 4061:1996, "Collation of Japanese character string" standardizes collation rules for 
Japanese characters [7].  However this standard is not widely implemented in computer software. 

Microsoft Platform 
Collation according to the Japanese character order as appears in Unicode has been supported 
in Microsoft platform.  Microsoft Office components MS Word/Excel/Access and MS Outlook 
support dictionary order for Japanese.  In the Microsoft .Net framework, string comparison is 
based on character sequence. 

Linux Platform 
Applications on Linux platform do not sort Japanese text in lexicographic order.   

Locale 
Japanese locale is defined in IBM ICU [11] and CLDR 1.3. The locale for Japanese in Japan is 
ja_JP.   
 
Locale for Japanese has been implemented on Microsoft platform, and is available for all 
applications on this platform.  On the Linux platform locale for Japanese (ja_JP.eucJP) has been 
implemented.  GNOME, KDE, Open Office and Mozilla also support Japanese locale.  

Interface Terminology Translation 
There is no standardized terminology or glossary for the user interface of software.  However, 
over the past decade of software development and localization, interface terminology has 
become fairly consistent among various software vendors, which has created a considerable 
similarity in the translation of interface across various software applications. 

Microsoft Platform 
Microsoft ships a complete localized version of Windows in Japanese.  In addition to the 
applications and Microsoft Office suite, the .Net Framework has been completely localized in 
Japanese. 

Linux Platform 
In GNOME almost 81% of the glossary has been localized [12], in KDE 99% of the glossary has 
been translated [13], and Mozilla and Open Office have been completely localized. 

Status of Advanced Applications 
On Microsoft platform line breaking algorithm is implemented at the application level.  Office 
applications including Word and PowerPoint provide a more sophisticated line breaking 
mechanism with user customization enabled, while Excel and Access provide only limited line 
breaking.  Line breaking algorithm is also supported in Microsoft Outlook and Internet Explorer, 
but it supports only one level, although there are multiple levels of line breaking in Japanese text. 
Microsoft .Net framework also supports line breaking for Japanese. 
 
Automatic line breaking algorithm is also implemented at the level of individual applications in 
KDE, but desktop environment does not provide any support.  In Open Office, line breaking 
algorithm is implemented at different levels for different components (Writer, Calc, Impress, Draw 
and Database). Writer and Impress provide more sophisticated line breaking with user 
customization compared to other components. 
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Microsoft spell checker has been implemented for Japanese, which is available in Word and 
Outlook.  On Linux platform, KDE spell checker is implemented at the level of individual 
applications, and desktop environment does not provide any support.  In Mozilla no spell 
checking is provided for Japanese.  In Open Office applications no Japanese spell checking is 
implemented. However, there is spell checking done in Japanese in the course of Kana-Kanji 
conversion, which is provided by the system. 
 
Japanese and multilingual dictionaries (with Japanese) are also widely available.   
 
Text-to-speech synthesis systems have also been developed but are still being studied for 
enhanced naturalness. Consumer products, such as voice browsers are also available.  Speech 
recognition systems have also been implemented for Japanese and associated consumer 
products such as voice input method engines (IME) are also available. Latest versions of 
Microsoft Windows also provide voice input. Machine translation systems have also been 
implemented for a variety of language pairs, including English, Thai and some other languages.  
Work is also in progress on speech to speech translation. 
 
Optical character recognition systems have been developed.  Handwriting (graffiti) recognition for 
Japanese is also available.  Some localized handheld devices that include PalmOS devices, 
Pocket PCs and Apple iPod, are available with Japanese graffiti recognition.  Other than these 
some domestic devices are also available, such as Sharp Zaurus.  The handwriting recognition 
applet of the IME Pad has been developed by Microsoft. The utility allows user to put a stroke to 
search for next possible Kanji. The IME tries to recognize the character after each stroke is 
written. The following figure shows the complete process to enter the Kanji character. 
 
Links to these applications are not provided because there are many such applications by 
different organizations and universities, using various techniques, and may be found through 
most search engines (e.g. ATR laboratories [14]). 
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Figure 11: Handwriting IME for Kanji Characters [9] 
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Khmer 
Khmer is the official language of the Kingdom of Cambodia.  It is spoken by about 13 million 
speakers, mostly residing in Cambodia, Vietnam, Laos, Thailand, China, France and the USA [1].  
Khmer belongs to Mon-Khmer group of Austro-Asiatic languages (see Figure 1), and shares 
many features and vocabulary with Thai as a result of centuries of two-way borrowing.  Khmer 
also has significant influence of Sanskrit, Pali, French, and Chinese languages [2].  
 
 Austro-Asiatic 

Mon-Khmer 
Eastern Mon-Khmer 

     Khmer 
KHMER, CENTRAL 

 
 
 
 

 
 

Figure 1: Language Family Tree of Khmer [1] 
 
Khmer alphabet is derived from Brahmi script and resembles Thai and Lao writing systems.  The 
earliest known inscriptions in Khmer, found at Angkor Borei (in Takev Province south of Phnom 
Penh), dates back to 611 AD [2]. 

Character Set and Encoding 
Unicode chart 1780-17FF [3] is the standard encoding for Khmer character set.  This encoding is 
being increasingly used at the national level.  However other ad hoc 8-bit encodings are also 
being used nationally.  Among the few more popular encodings used are Limon, Khek and ABC. 
Encoding converters between Unicode and these fonts are available through PAN Localization 
Cambodian component [4] and Khmer OS Project [5]. 

Fonts and Rendering 
As mentioned above, most fonts currently being used are based on ad hoc 8-bit encoding 
schemes.  However, now increasing number of Unicode based fonts are available, which can 
work on both Microsoft and Linux systems, if rendering support is available.  For a list see [5, 7]. 

Microsoft Platform 
Microsoft Office 2003 with Service Pack 1 have now included support for rendering Khmer text, 
but Khmer fonts are not shipped.  Microsoft has published some guidelines to develop Khmer 
fonts based on Unicode [6]. 

Linux Platform 
Khmer OS has been working on developing rendering support for Khmer on Linux.  Qt shipped 
with KDE 3.3, now supports complete rendering for Khmer in KDE.  Patch for Pango has also 
been developed for support in GNOME [5]. 

Keyboard  
No standard keyboard layout exists for Khmer. AZERTY keyboard layout is commonly used.  This 
is shown in Figure 2 below. 
 



Khmer 

 
 

Figure 2: AZERTY French Khmer Keyboard [5] 
 
Additional keyboard layouts are being proposed by various individuals and organizations, 
especially to cater to Unicode standard, e.g. by National Committee for Standardization Khmer 
Script in Computers (NCSKSC) and KhmerOS [5] (see Figure 3).  Keyboard by NCSKSC has 
been submitted for standardization. 
 

 
(a) 

 

 81



PAN Localization Survey of Language Computing in Asia 2005 
 

 
(b) 

 
Figure 3: Unicode Based Khmer Keyboards by (a) NCSKSC and (b) KhmerOS [5] 

Microsoft Platform 
Microsoft does not provide built-in keyboard support for Khmer. However keyboard setups based 
on MSKLC have been developed (e.g. see Figure 3).   

Linux Platform 
Keyboard driver for Khmer has also been developed.  Both AZERTY and KhmerOS versions are 
available [5].   

Collation  
Standardization of a single linguistic Khmer sorting sequence is currently under review by 
national as well as international organizations.  This collation is based on the Chuonnat 
dictionary, the only official Khmer dictionary.  A different collation based on Headley’s Khmer-
English Dictionary is also possible [5]. 

Microsoft Platform 
Microsoft does not support Khmer sorting according to Chuonnat dictionary.  However, sorting 
utility has been developed by PAN Localization Cambodian component [4], which can sort data in 
Microsoft Office applications.  New words, not in Chuonnat dictionary, are sorted through a 
phonetic mechanism.  Screenshots of this application for Word and Excel are given in Figure 4 
below.   
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(a) 

 

 
(b) 

 
Figure 4: Khmer Sorting Utility for (a) Excel, and (b) Word for Microsoft Office 2003 by PAN 

Localization Project 

Linux Platform 
KhmerOS has also developed collation algorithms based on Headly’s and Chuonnat dictionaries 
which can be compiled on Linux [5] and on other platforms. 

Locale 
Khmer locale is defined in CLDR 1.3 [8].  It has been incorporated in some Linux platforms [5].  
However, there is still no support for Khmer locale in Microsoft. 
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Interface Terminology Translation 
No standard terminology translations exist for Khmer.  There is no support on Microsoft platform.  
However, significant work is being done for open source applications through KhmerOS initiative 
for Microsoft and Linux platforms.  Localization of many open source applications has now been 
initiated.  For example a completely localized beta version of Open Office 2.0 is available in 
Khmer language.  Localized Firefox and Thunderbird, Internet and email clients based on Mozilla, 
are also available.   

Status of Advanced Applications 
Work is under progress on development of line breaking algorithm by both PAN Localization and 
KhmerOS projects.  Both are lexically based.  Algorithm being developed through PAN 
Localization is also statistical and based on Khmer corpus.   
 
Khmer corpus and lexicon are also being developed by PAN Localization Cambodian component.  
The lexicon contains lexemes and additional information, e.g. parts-of-speech. In addition, work is 
also under progress within this project to develop Khmer a spell checker [4].  . 
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Korean 
Korean is the national language of Korea spoken by about 78 million people [1], mostly in North 
and South Korea.  Scholars conflict on the development of Korean language.  Few believe that 
Korean is related to Japanese while others disagree and argue its independent development. 
 

Language Isolate 
       KOREAN  

 
Figure 1: Language Family Tree for Korean [1] 

 
Korean uses two writing systems known as Hangul and Hanja. Hangul is the syllabic writing 
system used in Korea.  Hanja refers to the Chinese ideograph characters.  Earlier, since about 5 
AD, Korean has been written in Chinese script.  The Korean alphabet started during the reign of 
King Sejong (1418-1450). The alphabet was originally called Hunmin jeongeum, or "The correct 
sounds for the instruction of the people", but has also been known as Eonmeun (vulgar script) 
and Gukmeun (national writing). The modern name, Hangeul, was given by a Korean linguist Ju 
Si-gyeong (1876-1914).  The academic papers and official documents tend to be written in a 
mixture of Hangul and Hanja [2]. 

Character Set and Encoding 
The primary character set encoding is KSC 5601 standard for Hangul and Hanja.  This includes 
17,100 characters [3].  This was augmented by KSC 5657.  However, these standards have been 
superseded by KSC 5700, which contains the same set of characters as in Unicode.  Other 
Korean standards include ANSI Z39.64 (also called as REAC), EACC, CCCII, CP949, EUC-KR, 
GB12052, ISO2022-KR, KS C 5636 and MOJIKYO [4].  Also see [6]. 
 
One of the encoding that emerged in 1992 is Johab standard.  Johab is a 16 bit-code having first 
bit denoting the Johab encoding, the following 5 bits for initial consonant, next 5 for vowels and 
the last 5 for final consonant.  Following figure shows some relative positions of the symbols.  
This standard has now been replaced by other standards discussed above [5]. 
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Figure 2: Johab Encoding for Korean [5] 

Fonts and Rendering 
Many Korean fonts are available for most of the computing platforms, which are based on 
different encodings discussed in the previous section.  Bating, Dotum, Gulim, Gungsuh and Arial 
Unicode are some fonts which work for Microsoft platform.  Hanyang font is available for Linux 
with commercial license terms, Baekmuk font is supplied under BSD license, while Un-font is 
available under GPL license.   

Keyboard and Input Method Engine 
KSC 5715 is the standard keyboard layout [6].  However, there are other phonetic layouts also 
available (e.g. see [7]).  Dubeolsik is also a common Hangul keyboard layout in use in South 
Korea [8].  In addition, various platforms also provide support for entering Korean, which require 
complex input methods in addition to the keyboard. 

Microsoft Platform 
Microsoft Windows supports the Korean standard and alternative keyboard layouts.  The Korean 
IME enables users to input Korean (Hangul) and Chinese characters (Hanja).  Hangul is entered 
by Jamos, which are 24 basic elements and combination of elements, on the standard 101 
keyboard. By combining these Jamos, all 11,172 Hangul character combinations are produced 
[9].  Figure 3 shows MS keyboard layout for Korean language.  
 

 
 

Figure 3 Korean Keyboard Layout [9] 
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The following figure explains how the Korean characters are entered into an application. 

 
 

Figure 4: Process of Input of Korean Characters through MS Korean Keyboard [9] 
 
Once Hangul has been formed, the user can then press a Hanja key that will allow Hangul to be 
transformed into corresponding Chinese characters.  Microsoft also provides IME Pad that allows 
the user to input Hangul via soft keyboard, shown in Figure 5.  In addition, Microsoft also provides 
a handwriting recognition based interface to input Korean, also shown in Figure 5. 
 

 

 
 

Figure 5: Soft Pad for Korean and Handwriting Recognition Based Input Method by 
Microsoft [7] 

Linux Platform 
Korean input methods in Linux support both the standard and alternative keyboards.  The 
standard keyboard is widely used.  “Ami” is an input method used for Korean [12]. 
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Collation 
Korean collation is supported in all MS applications, Linux platforms, and also defined in Glibc.  
There is some work on defining a standard collation of Korean.  See [10] for Korean collation 
methodology.  Collation rules are also defined in the locale definition of Korean (see below). 

Locale 
Standard Locale for Korean has been defined in IBM ICU.  The code is ko_KR (for South Korea).  
This locale definition constitutes localized settings for date, time, days, months, currency 
symbols, number format and collation [10].  CLDR 1.3 also includes a locale for Korean. 

Microsoft Platform 
Microsoft Windows XP provides support for Korean locale.  If system locale is switched to 
Korean, changes may be monitored in the date, time, and currency symbols within all application 
of Microsoft Windows.  The following figure shows Korean locale on MS platform. 
 

 
 

Figure 6: Korean Locale on Microsoft Platform 
 

Linux Platform 
Korean locale is also available on Linux platforms, e.g. see [12].   
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Interface Terminology Translation 
Most of famous Linux distributions such as RedHat Linux, Fedora Core, Debian GNU/Linux, 
Mandrake and Novell Linux (or Suse Linux) support Korean.  In addition, there are also Linux 
distributions by Korean vendors, which include Hansoft Linux, Hancom Linux, and Wow Linux.  

Microsoft Platform 
A complete version of MS Windows is shipped in Korean.  The Korean Windows has translated 
interface, menus and dialogue boxes. 

Linux Platform 
Terminology translation for localization of GNOME is managed by GNOME Korean user 
community [13].  94% for GNOME 2.12 has been translated for Korean language [14] while 14% 
of KDE has been done [15].  Mozilla terminology is maintained by volunteers under the Hangul 
Mozilla project [16].  On the Linux platform the Open Office interface and help files have also 
been localized [17].  There is a significant push by Korean government to develop open source 
platforms and many other initiatives are under progress [18]. 

Status of Advanced Applications 
Significant language resources are available for Korean language, including lexicons, corpora 
(e.g. [19]), spell checkers and grammar checkers.  Korean grammar checker has been embedded 
in Microsoft products (e.g. Word) [20] and Hangul (Korean-made word processing program).  
Word breaking utilities, stemmers and morphological parsers are also available, e.g. [21].   
 
Korean text-to-speech systems [22, 23], and speech recognition systems [24, 25] are also 
commercially available. OCR software and handwriting recognition systems for Korean are widely 
available for a variety of platforms [26].  There are also Korean machine translation systems 
available for multiple languages, e.g. [27, 28]. 
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Lao 
Lao is a Thai-Kadai language spoken by approximately 15 million people in Laos and Thailand 
[1].  It is one of the many Tai languages of the Southwestern branch. The origins of the Tai 
language can be traced back to Guangxi-Guizhou-Hunan region in southern China and bordering 
areas of northern Vietnam about 2000 years ago [2]. 
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Figure 1: Language Family Tree for Lao [1] 
 
Traditionally, Lao language and its literature have been written in two scripts, Lao and Tham.  Lao 
script has been largely influenced by the ancient Thai script that was developed from the old 
Khmer script [2].   

Character Set and Encoding 
Lao computing has progressed slowly due to lack of Lao encoding standards [3].  Laos’ Science 
Technology and Environment Agency (STEA) is currently working towards IT standardization.  
Due attention is being given to formulation and implementation of national standards and 
adoption of available international standards [3].  Unicode has also included Lao script from 
0E80-0EFF but is not widely used.  Current ad hoc standard is based on encoding developed Lao 
Script for Windows [4].  Earlier Lao encoding includes IBM ISO-8 Code Page 01033 and EBCDIC 
Code Page 01032 developed by STEA [3].   

Fonts and Rendering 
Multiple fonts are available for Lao based on ad hoc encodings [4] and based on Unicode 
standard (e.g. [5]), in TTF and OTF formats. Even though basic research in Lao font development 
has been conducted, advanced issues e.g. mark to mark positioning and hinting, are still 
unresolved.  The most widely used font for Lao is Saysettha OT.  It is developed by Lao Script for 
Windows [4] and includes proper hinting.  STEA, through PAN Localization project, has also 
developed two Lao fonts [5].   

Microsoft Platform 
Windows XP does not provide in-built fonts that support Lao script.  Locally some of the fonts 
have been developed that adequately satisfy Lao script requirements.  The following figure 
presents the Lao font rendering on Microsoft platform. 
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Figure 2: Two Lao fonts Displayed on Microsoft Platform [5] 
 

Linux Platform 
Several Lao Open Type fonts are developed to be used on the Linux platform.  Popularly used 
are Saysettha OT and Jason variety Lao Unicode fonts. These can also be rendered in Open 
Office and Mozilla. 

Keyboard Standard 
No keyboard layout has been standardized for Lao language.  However there are few ad hoc 
standards that are popularly used for Lao text input.  A commonly used Lao keyboard is based on 
the Lao typewriter layout.  Figure 3 shows the keyboard layout based on the typewriter. 
 

 
 

Figure 3: The Old Typewriter Based Keyboard Layout [6] 
 
Lao Script for Windows is a shareware Lao solution for Windows.  Its LSWin version 5.0 has a 
separate keyboard interface specifically designed for Lao input [4].  
 

 
 

Figure 4: Keyboard Layout Based for LSWIN [4] 
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Lao Software [7] has developed Lao Unikey, the Lao keyboard drivers compatible with Unicode.  
Five popularly used Lao keyboards have been included in Lao Unikey.  They are Duang Jan, Lao 
US, Lao France, Lao France New and Sida Thong.  Figure 5 shows the Lao Unikey developed by 
Lao software. Other keyboards are also available, e.g. [6]. 
 

 
 

Figure 5: Lao Unikey [7] 
 
Microsoft Windows does not provide keyboard for Lao language.  However many Lao localization 
groups have developed keyboards for Lao.  The following figure displays the facility to enable Lao 
keyboard support on Windows platform.  
 

 
 

Figure 6: Setting-up Lao Keyboard on MS Windows 
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Keyboards based on popularly used Lao ad hoc encodings are being developed for KDE and 
GNOME through LaoNux project [8]. 

Collation Sequence 
There is no collation standard for Lao language.  However two most popularly used schemes are 
based on lexical order in dictionaries.  Projects are underway at National University of Laos and 
STEA, through PAN Localization project, to standardize the collation order of Lao. 
 
Lao sorting utility has been developed by STEA based on lexicographic orders.  It does syllable 
based sorting, after rule-based syllabification of input string.  Sorting utility is also available 
through LSWIN and Lao Software projects.  These orders are based on existing dictionaries. 

Locale 
CLDR 1.3 includes locale definitions for Lao (lo_LA).  It includes date, time, currency symbol and 
names of the days and months.  In addition the National University of Laos (NUoL) is working on 
compiling NLS file for Lao language.  Currently Lao locale is not included in any version of 
Microsoft Windows.  Locale file is being developed under LaoNux project to enable Lao locale on 
Linux platform.  Until now the date, time and currency formats have been defined.  LaoNux is a 
KDE based Lao Linux distribution [8]. 

Interface Terminology 
No terminology standard exists for Lao.  Lao version does not exist for Microsoft software.  A Lao 
Editor has been developed on Microsoft platform by STEA through PAN Localization project.  The 
Lao Editor provides Lao and English interface.  Help files have also been translated in Lao 
language. 
 
The LaoNux project team is working to develop Lao technical glossary for localization of open 
source software.  Currently there are no considerable outputs on the glossary translation of Linux 
applications.  The LaoNux project is at its initial phases [8].  There is also some work on KDE 
translation of Lao, as shown in the figure below. 
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Lao 

 
 

Figure 7: Localized KDE environment in Lao [9] 

Status of Advanced Applications 
Some research is presently underway for the development of Lao language processing 
applications.  STEA, through PAN Localization project, has already developed encoding 
convertors, Lao syllabification and sorting utility and a Lao lexicon, all incorporated within a Lao 
text editor.  Lao lexicon is also available through Lao Software [7].  Lao Software has developed 
support for Lao online translation service.  The Lao translation applications developed include, 
Lao- French-Lao word translation and transcription of texts utility from Thai to Lao [7]. 
 
Lao script does not have space between words.  Thus, line breaking utilities are needed for basic 
word processing.  LSWIN has developed a lexicon based utility.  STEA has also developed a 
utility based on the syllable structure in Lao language [5].  Reordering is also done during line 
breaking algorithm when some of the vowels and tone marks are used in reverse order.  Work is 
under progress on more advanced applications through PAN Localization project. 
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Mongolian 
Mongolian is an Altaic language spoken by approximately 2 million speakers in Mongolia [1].  
Khalkha Mongolian (the most widely used dialect for Mongolian language) is the national 
language of Mongolia.  It is also spoken in some parts of China, Afghanistan and Russia [1].  The 
figure given below shows the language family tree of Mongolian language. 
  

 
 

Figure 1: Language Family Tree for Mongolian [1] 
 
Traditional Mongolian alphabet was derived from Uighur alphabet in the 12th century, which in 
turn evolved from Sogdian alphabet, which ultimately came from Aramaic.  Mongolian has also 
been written in Chinese, Arabic and Tibetan alphabet.  Eventually, due to Soviet Union, Latin 
alphabet was adopted in 1931 and eventually changed to Cyrillic alphabet, which is still widely 
used.  In 1941, Mongolian government abolished Mongolian alphabet.  However, since 1994 
there is move to revive the Mongolian alphabet [2, 3].  Traditionally, Mongolian script is written 
from top to bottom, left to right [2, 20].   

Character Set and Encoding 
Mongolian, written in the Mongolian script uses Unicode code block 1800-18AF as the standard 
encoding [4].  Mongolian written in Cyrillic script uses the Unicode Cyrillic code page 0400-04FF 
as the standard encoding. 
 
For the Mongolian character set based on Cyrillic script adopted, Microsoft code page 866 and 
Windows code page 1251 are adopted as national standards [5].  Some guidelines to convert 
between these encodings are available at [9].  Other encodings include ISO 8859-5 and KO18 
[14]. 
 
The Mongolian national standards development body, National Center for Standardization and 
Metrology (MNCSM) has recently adopted 31 ISO standards on IT terminology as their Mongolian 
national standards.  For Mongolian script, the ISO/IEC 10646 (Unicode) character encoding 
standard has been adopted as the national standard [4].  

Fonts and Rendering 
Cyrillic script fonts are available through vendors.  Mongolian script fonts are fewer and not as 
readily available.  Both are rendered well on various platforms (see [7, 13] for a list of (mostly) 
Cyrillic fonts based on various encoding schemes).  

Microsoft Platform 
Cyrillic script is supported in the Microsoft platform.  Many Mongolian language Cyrillic fonts have 
also been developed by other research groups.  Figure 2 shows few of the Cyrillic script fonts for 
Mongolian on Microsoft platform.  
 

Altaic 
       Mongolian 

       Eastern 
   Oirat-Khalkha 

Khalkha-Buriat  
MONGOLIAN PROPER 



Mongolian 
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Figure 2: Unicode Cyrillic Script Fonts for Mongolian [7] 
 
Mongolian script fonts are presently not provided by Microsoft, but Microsoft does provide some 
guidelines to develop these fonts [8].  Mongolian script Unicode based fonts have been 
developed by other vendors.  Figure 3 shows a sample of Mongolian font rendered on MS 
platform. 
 

 
 

Figure 3: Unicode Mongolian  Script Fonts [10] 



PAN Localization Survey of Language Computing in Asia 2005 
 

 98 

Linux Platform 
Mongolian Cyrillic script fonts are available and supported on Linux platform.  However, there is 
no support for Mongolian script fonts.  See [11, 12] for details.   

Keyboard 
Cyrillic keyboard standard is available.  In addition, phonetic based and other layouts are also 
used, e.g. see [15, 16, 17].  These keyboards are available for all the different encoding used for 
Cyrillic.  Keyboard standard for Mongolian script is not available.  However, ad hoc layouts are 
available, e.g. the one shown in Figure 4.   
 
 

Normal mode (Mongolian Cyrillic) 

 
 

With shift (Mongolian Cyrillic) 

 
 

With Capslock (Mongolian Cyrillic) 

 
 



Mongolian 
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Demo! normal mode (Mongolian Classical) 

 
 

Demo! with shift (Mongolian Classical) 

 

 
Figure 4:   Cyrillic and Mongolian Script Keyboard Layouts for Mongolian [19] 

 

Microsoft Platform 
Microsoft Windows XP provides Cyrillic based in-built support for Mongolian keyboard.  Once this 
keyboard layout is enabled it will facilitate Mongolian (Cyrillic) text input.  Figure 5 below shows 
Mongolian keyboard layout (normal state and shift state) on Microsoft platform (also see [18]). 
 

 
(a) 
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(b) 

 
Figure 5: (a) Normal  and (b) Shift State for Mongolian (Cyrillic) Keyboard on Microsoft 

Platform 
 
Linux Platform 
There are multiple keyboards available for different encodings for Cyrillic on Linux platform (e.g. 
see [17]).  However Mongolian script keyboards are not available. 

Collation 
Collation for Cyrillic has been defined.  However, there is no standard for Mongolian script.  
Cyrillic is supported by Microsoft and Linux platforms. 

Locale 
Locale for Mongolian has not been defined in IBM ICU [21].  CLDR 1.3 includes a locale for 
Mongolian, which is partially defined. The locale for Mongolian is mn_MN.  

Microsoft Platform 
Microsoft Windows XP provides support for Mongolian (Cyrillic) locale.  If system locale is 
switched to Mongolian, changes may be monitored in the date, time, and currency symbol within 
all application of Microsoft Windows.  Figure 6 shows an example of setting user locale to 
Mongolian for Microsoft Windows XP.  Mongolian script based locale is not available. 

 



Mongolian 
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Figure 6: Mongolian (Cyrillic) Locale on Microsoft Platform 

Linux Platform 
Cyrillic based locale is also defined for Linux platform for Mongolian language, e.g. see [22].   

Interface Terminology Translation 
Mongolian interface is not available on Microsoft platform [23, 24].  Majority of localization work 
done on Linux platform has been done for Cyrillic.  A complete Mongolian Linux distribution, 
Soyombo, with completely localized Mozilla has been developed by the OpenMN research Group 
for Cyrillic [12].  In addition the localization teams for Mongolian have also registered for 
translating GNOME 2.2 where about 99% of Developers.lib and 74% of Desktop strings have 
been translated [25].  Cyrillic glossary translation for KDE [26] and Open Office [27] in Mongolian 
is also under progress. 

Status of Advanced Applications 
There are a few Mongolian-English dictionaries available on the Internet.  Some links are listed in 
[2].  Though most of them are in Cyrillic, some are also in Mongolian script [28].  However there is 
very limited work on Mongolian within Mongolia on other language technologies.  Spell checkers 
are available [29].  Some work has been initiated on Mongolian text-to-speech system based on 
Cyrillic input [30].  Work is also being done on Cyrillic based OCR. 
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Nepali 
Nepali is an Indo Aryan language spoken by about 17 million people in Nepal, Bhutan and some 
parts of India, and is the national and official language of Nepal [1].  Figure 2 shows the family 
tree for Nepali language. 
 

Indo-European 
            Indo-Iranian 
                      Indo-Aryan 
                     Northern zone 
                                          Eastern Pahari 
                                                       NEPALI  

 
  

 
 
 
 
 

 
Figure 1: Language Family Tree of Nepali [1] 

 
Bhujimol script was earlier used to write Nepali language.  Now Nepali is written using 
Devanagari script [2,3]. 

Character Set and Encoding 
Nepali uses the internationally standardized Devanagari block 0900-097F of Unicode.  This 
standard is gaining popularity in Nepal.  Unicode has adopted encoding characteristics from ISCII 
standard.   However, there are still vendor specific encodings being used.  Two of the other 
commonly used encoding schemes, Sabdatara and Anapurna are given in Figure 2 [4]. 
 
Another character set encoding standard was developed by the Nepali Fonts Standardization 
Committee in 1998 [4], but is not frequently used.   
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Figure 2: Popularly Used Nepali Encodings [4] 

Fonts and Rendering 
Microsoft provides support for Devanagari script in Arial and Mangal fonts, which are shipped with 
Windows and Office.  These fonts can be used for Nepali.  Many other Nepali Unicode fonts have 
also developed by other groups.  Some of these fonts are Gauri, Himali, Fontasy Himali, 
Kanchan, Kantipur, MtEverest, Nepali, Kalimati, and Kanjiwari [5, 6, 7].  Figure 3 shows results of 
rendering Nepali text using Devanagari fonts on MS platform.  Devanagari  script is also 
supported on Linux, through work done by India Linux [8] and Madan Puraskar Pustakalaya 
(through PAN Localization Nepali component) [7,9]. 
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Figure 3: Devanagari Fonts for Nepali [6] 

Keyboard  
Keyboard layout for Nepali has not been standardized yet.  Commonly used Nepali keyboard 
layouts, Remington and phonetic, are shown in Figure 4 [4]. 
 
 

 
(a) 
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(b) 

 
Figure 4: (a) Remington, and (b) Phonetic Keyboard Layouts for Nepali 

 
These keyboard layouts are also available for Linux platform [7], and may also be created on 
Microsoft platform through its MSKLC tool [10].  Microsoft has also released Nepali LIP, through 
which a Nepali on-screen Keyboard is provided.   

Collation  
Two different collation sequences are followed in Nepal.  One which treats three conjoined 
characters a sequence of original characters and other which treats them as new characters.  
The former is taught in schools and used in phone books, and the latter has been used by Royal 
Nepal Academy to print its dictionary, Brihat Shabdakosh.  Recently, after debate through Nepali 
language in IT committee, former was standardized nationally [11].   

Microsoft Platform 
Microsoft does not support Nepali sorting.  Krama, a sorting utility developed by Madan Puraskar 
Pustakalya sorts Nepali strings.  Sorting through this utility can be customized through various 
sort options provides in the utility [7].  

Linux Platform 
Support for Nepali collation has also been developed for Linux platform.   

Locale 
Nepali locale (ne_NP) has not been standardized, however some work on it has started [12].  
Microsoft has released its Nepali LIP, which has Nepali locale data.  Nepali Linux by MPP also 
has Nepali locale defined. 

Interface Terminology Translation 
Nepali glossary has been translated and standardized by Nepali language in IT committee.  It has 
also been implemented to develop Nepali Linux through PAN Localization project.    

Microsoft Platform 
This translation has been used to produce Microsoft LIP for Nepali.   
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Linux Platform 
On the Linux platform 84.85% of GNOME 2.12 has been done by the Nepali team [13] through 
PAN Localization project [9].  A linux distribution is available including localized Open Office, 
Nepali GNOME desktop and Mozilla browser. 

Status of Advanced Applications 
Madan Puraskar Pustakalya is currently developing support for advanced Nepali applications.  
Currently the MPP team has developed an encoding conversion utility Rupanter that converts 
non-Unicode Nepali text in to the Nepali Unicode text.  Non-Unicode text might be in ad hoc True 
Type font encodings for Preeti, Kantipur etc.   MPP has also developed a prototype version of 
Nepali spell checker, a Nepali 800 word dictionary, and a Nepali thesaurus of about 800 words. 
Work is also underway on English-Nepali Machine Translation project [7]. 
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Pashto 
Pashto is an Indo-Iranian language spoken by about 25 million people in Afghanistan, India, Iran, 
Pakistan, Tajikistan, the UAE and the UK.  There are three main varieties of Pashto: Northern 
Pashto and Central Pashto (spoken mainly in Pakistan), and Southern Pashto (spoken mainly in 
Afghanistan).  Pashto was made the national language of Afghanistan by royal decree in 1936. 
Today both Dari and Pashto are official languages in that region.  Pashto is also a state language 
of Pakistan. 

 

 
Indo-European 

Indo-Iranian 
Iranian 

Eastern 
South Eastern 

PASHTO 

 
Figure 1:  Language Family Tree for Pashto [1] 

 
Pashto first appeared in writing during the 16th century in the form of an account of Sheikh Mali's 
conquest of Swat.  It is written with modified Arabic script [2].   

Character Set and Encoding 
Unicode Arabic script code block 0600-06FF is used for Pashto text encoding.  Most of 
contemporary Pashto is supported.  However, older version of script developed by Khushal Khan 
Khattak is still not supported.  A few other ad hoc encodings have also been in use.  However, 
most of the recent work is being done using Unicode. 

Fonts and Rendering 
Pashto fonts are available in Open Type format (e.g. [3]).   

Microsoft Platform 
Tahoma and Sans Serif fonts provide complete support for Pashto character set.  These are built-
in fonts shipped with XP.  Some of the Pashto fonts have been developed by Pashto localization 
vendors.  Figure 2 shows Microsoft Tahoma, Pashto Breshna and Nafees Pakistani Naskh on 
Microsoft platform.  
 

 
(a) 

 

 
(b) 
 
 



Pashto 

 
(c) 
 

Figure 2: (a) Tahoma, (b) Nafees Pakistani Naskh and (c) Pashto Breshna [8] on MS Office 
2003 

Linux Platform 
Linux supports rendering of four shaped fonts for Arabic script.  Pashto written through these 
fonts can be adequately rendered on Linux platform.  The following figures show rendering 
Pashto text in various applications running in Linux platform.  However there are still some 
rendering issues with some characters.  Open Type Pashto fonts cannot be used on KDE.  The 
platform only supports True Type Pashto fonts.   
 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Figure 3: (a) Four-Shaped Pashto Font on Open Office, (b) Nafees Naskh in GNOME, and 

(c) Pashto TTF Naskh on KDE 

Keyboard 
No standard keyboard layout exists for Pashto language.  There are keyboard layouts available 
based on Arabic or Persian layouts or phonetic layouts based on English QWERTY.  These 
keyboard layouts have been developed by local vendors (e.g. [5, 6]).  A recent study has been 
conducted by UNDP which recommends specifications [4].  Work is currently in progress to 
standardize the keyboard (and other localization related issues) through Afghanistan Localization 
Program [7].  The keyboard layouts in following figures are recommended by UNDP in the draft 
locale requirements for Afghanistan, and those developed by Khapla Pashto Software and Liwal 
Software. 

 109



PAN Localization Survey of Language Computing in Asia 2005 
 

 
 

Figure 4: UNDP Recommended Pashto Keyboard (see [4] for clearer Image) 
 

 
  

 
 

 
 

Figure 5: Pashto Keyboard by Khpala Software [5] 
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Pashto 

 
 

 
 

 
 

Figure 6: Pashto Keyboard by Liwal Software [6] 
 
Microsoft or Linux platforms do not provide built-in keyboard layout for Pashto.  

Collation 
UNDP has given recommendations on collation order of Pashto text [4].  However, it has not 
been standardized.  Work is currently in progress through PAN Localization project to standardize 
Pashto sequence for Afghanistan [7]. 
 
Microsoft and Linux platforms do not support Pashto collation. 

Locale 
A draft for Pashto locale requirements for Afghanistan has been developed by UNDP [8].  
Incomplete versions of locale are available through IBM ICU and CLDR 1.3.  The locale is also 
being standardized by Afghanistan (pa_AF).  No such work has been initiated in Pakistan 
(pa_PK).   
 
There is no locale support in Microsoft or Linux platforms.  However, work is in progress to 
develop Microsoft Language Interface Pack for Pashto in Afghanistan [7]. 

Interface Terminology Translation 
No standard terminology exists for Pashto.  Work is in progress through Afghanistan Localization 
program to develop this terminology [7]. 
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Status of Advanced Applications 
Few language processing resources are available for Pashto.  Some initial work has been done 
on Pashto lexica (e.g. [9]).  Work has also been done on Arabic script based OCR by vendors, 
which can potentially be extended for Pashto.  Pashto TTS and ASR systems are also being 
developed.  Pashto-English machine translation systems are available through private vendors, 
e.g. [10, 11].  Most of this work is being done outside Afghanistan and Pakistan.   
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Sinhala 
Sinhala (also called Sinhalese) is an Indo-Aryan language spoken in Sri Lanka by about 13 
million people [1]. A considerable number of speakers reside in Singapore, Thailand, Canada and 
the United Arab Emirates as well [1].  Sinhala is the national language of Sri Lanka. Figure 1 
shows the family tree of Sinhala. 
 

 
 

Indo-European  
Indo-Iranian  

Indo-Aryan  
Sinhala-Maldivian 

     SINHALA [SNH]  

Figure 1: Language Family Tree for Sinhala [1] 
 
Sinhala is written using the Sinhala script.  The script is believed to be an off-shoot of Brahmi 
script [2].  The structure of Sinhala script is similar to that of Sanskrit while it has imported few 
Tamil characters as well [3]. 

Character Set and Encoding 
SLS1134, developed in 1997 by the Sri Lanka Standards Institute (SLSI), has been the national 
standard for Sinhala.  Unicode code block from 0D80-0DFF is the international standard encoding 
scheme for Sinhala character set [10], also being adopted at national level but is still not widely 
used.  Prior to the inclusion of Sinhala code page in Unicode in 2003, various character 
encodings had been developed by local vendors.  As reported by University of Colombo School 
of Computing (UCSC), Sri Lanka, these are still popularly used encoding schemes, and include 
Thibus, Kaputa, AQNCL, Microimage, Phonetic and SLS1134.   

Fonts and Rendering 
True Type and Open Type fonts are available for Sinhala.  These include free fonts and those 
developed by various vendors.  However, they use different encoding schemes.  These include 
Kaputadotcom, Mi_Dasun Tall (which have Open Type support as well), Dil-Silumina, FM-Basuru, 
FS-Dilu, Amallee Palin, thibus and Sarasavi.  Most of these fonts use phonetic encoding, and 
Sarasavi Sinhal font uses the national standard SLS1134 encoding.  Unicode based fonts are 
also available [4, 5].   

Microsoft Platform 
With the inclusion of Sinhala characters in Unicode, Sinhala text can now be rendered on 
Microsoft platform.  Iskola Pota is packaged with the beta version of Sinhala kit for Windows XP 
which is available for download (through ICT Agency of Sri Lanka) [4, 6].  Outputs of a few fonts 
for Microsoft platform are given in Figure 2. 
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Figure 2: Sinhala Fonts on Microsoft Platform [5] 

Linux Platform 
Sinhala GNU/Linux 0.1 contains Sinhala language patch for Pango having Sinhala Open Type 
font support.  The figure below shows Sinhala fonts rendering in G-edit and Konquorer. 

 

 
 (a)  

 

 
(b)  

 
Figure 3: Font Rendering in (a) GNOME and (b) KDE [7] 

Keyboard 
The standard keyboard layout is based on Wijesekara layout.  It was first standardized in 1996 
and minor modifications were made in 2001.  In 2004 it was further modified and now it is used as 
the national standard for Sinhala keyboard layout (SLS1134:2004).  The following figure shows 
this keyboard layout (see [9] for a more comprehensive overview of this and other standardization 
for Sinhala and [11] for the evolution of Sinhala keyboard).  Another popular keyboard is based 
on phonetic mapping of Sinahala characters on QWERTY keyboard of English. 
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Sinhala 

 
 

Figure 4: Standard Keyboard Layout [8] 

Microsoft Platform 
Microsoft does not provide support for Sinhala text input.  However, a built-in Sinhala keyboard 
layout is installed with the beta version of the Sinhala Language Kit [4].  Once the kit is installed, 
the Sinhala keyboard is available.  

Linux Platform 
A phonetic-based keyboard layout is shipped with Sinhala Linux distribution. 

Collation 
To date, no standard collation order exists for Sinhala character set.  However, currently a 
standard is being developed at University of Colombo School of Computing (UCSC) for 
Information Communication Technologies Agency (ICTA) which will be standardized through 
SLSI. 
 
As no standard collation exists, there is no collation implemented on Microsoft or Linux platforms. 

Locale 
Sinhala locale has neither been defined in the IBM ICU nor in the CLDR 1.3 release.  Currently 
Sinhala locale definition for Microsoft is being finalized by ICTA [6].  Locale definition for Sinhala 
and Sinhala interface terminology translation is also being done in parallel by a Lanka Linux User 
Group (LkLUG) [7]. 
 
Microsoft does not provide a locale for Sinhala.  On the Linux platform the Lanka Linux User 
Group (LkLUG) has included limited support for a Sinhala locale in Glibc in the Sinhala Linux 
distribution GNU/Linux 0.1 [7]. 
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Interface Terminology Translation 
Microsoft Platform 
Microsoft developed a Sinhala version [12] at an accelerated pace to help support Tsunami relief 
in 2005 in collaboration with ICTA, Sri Lanka.  A Sinhala LIP for Windows XP and a Sinhala kit for 
Microsoft Office 2003 is available for download [4].  However, more mature version of interface 
translation is still under development.  ICTA has completed initial phase in translating interface 
terminology. The LkLUG has done more work on this than is available on Microsoft platform at 
present.  They had a small project to translate the 200 most common UI terms.  There is some 
on-going work on terminology translation (of some 2500 words) at UCSC which will be 
incorporated in future.  This work will also be adopted by ICTA, as reported by University of 
Colombo School of Computing.  

Linux Platform 
A complete Sinhala Linux distribution GNU/Linux 0.1 has been developed and released by 
LkLUG.  This distribution includes Sinhala fonts, phonetic keyboard, locale and a language patch 
for Pango.  It is partially localized, as shown in Figure 5. 
 

 
 

Figure 5:  GUI for G-Edit [7] 
 
Translation teams for both KDE and GNOME have been registered on their official websites.  
Some work on the glossary translation of open source applications is currently underway.  
Language teams for Sinhala have registered on the official websites of KDE and Mozilla.  
Glossary translation of GNOME and Open Office has not been initiated yet.   
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Status of Advanced Applications 
As reported by the University of Colombo School Of Computing, work is in progress to develop 
local language applications in Sinhala.  The language processing teams have developed 
experimental versions of Sinhala Lexicon, corpus and spell checker.  Spell checker has also been 
developed by LkLUG, incorporated in Linux distribution, as shown in Figure 6. 
 

 
Figure 6:  GUI for G-Edit [13] 

 
Through PAN Localization project, UCSC has developed and already released alpha versions of 
Sinhala OCR and text-to-speech system [14].  The work is underway for maturing these systems. 
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Telugu 
Telugu is a Dravidian language spoken in southern Indian states, and is the official language of 
Andhra Pradesh.  It is considered to be the the second most widely spoken language in India 
after Hindi.  There are 75 million first language and about 5 million second language speakers of 
Telugu [1].  Figure 1 shows the language tree for Telugu. 

 

 
Dravidian 
               South-Central 
                                     TELUGU 

Figure 1: Language Family Tree of Telugu [1] 
 
Telugu script derives from Brahmi script, and is similar to Kannada script.  The earliest known 
inscriptions in the Telugu language date back from the 6th century AD.  Telugu has been written in 
an old style.  However, the writing system was modernized in second half of 20th century to agree 
more with the spoken language [2].  

Character Set and Encoding 
ISCII includes encoding for Telugu characters, with code page identifier 57006.  Telugu script has 
also been incorporated in Unicode from 0C00-0C7F [3].  
 
There are also other ad hoc encodings which are in use.  Encoding converters between ISCII and 
these Telugu ad hoc encodings have also been developed [17]. 

Fonts and Rendering 
Many Open Type fonts are available, which can be used for rendering Telugu script, e.g. Akshar 
Unicode, Code 2000, Pothana 2000 and Vemana 2000 [4]. 

Microsoft Platform 
Microsoft supports Telugu rendering, and provides font support for this script, e.g. in Arial 
Unicode MS font.  Figure 2 shows results of rendering some of these fonts on Microsoft platform 
[4].  Microsoft also provides a guide to develop Open Type fonts for Telugu [8]. 

Linux Platform 
Telugu Open Type fonts are not rendered on Linux platform in regular distributions.  However, 
rendering support has been developed in Pango for GNOME and Firefox, and Qt engine for KDE.  
Upgraded versions are available at [5]. 
 

 



Telugu 

 
 

Figure 2: Telugu Unicode fonts [4] 

Keyboard 
Three different keyboard layouts are used by Telugu, Inscript, RTS and WX, of which first two are 
very popular.  RTS and WX are phonetic based [5].  Inscript is standardized through Government 
of India [6, 7] and is shown in Figure 3. 
 

 
 

Figure 3: Inscript Telugu Keyboard Layout [7] 
 

Microsoft Platform 
Microsoft provides a Telugu keyboard, enabling support in all Microsoft applications. Figure 4 
shows the keyboard layout provided by Microsoft. 
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(a) 

 

 
(b) 

Figure 4: Microsoft On-Screen Keyboard for Telugu: (a) Normal, and (b) Shift State 

Linux Platform 
All keyboard layouts mentioned above (RTS, Inscript and WX) are available on Linux platform.  
The support is not built-in and has to be installed [5]. 

Collation 
Telugu locale is defined but not standardized.  Basic support is available on Microsoft and Linux 
platforms e.g. see [10].   

Locale 
Telugu locale (te_IN) is partially defined and is standardized through posting at IBM ICU and 
CLDR 1.  Further information is available at [5].   

Microsoft Platform 
Microsoft provides a complete LIP for Telugu.  Figure 5 shows a snapshot of the locale settings 
for Telugu. 
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Figure 5: Telugu Locale on Windows XP 

Linux Platform 
Support for Telugu locale is available in Glib C.  The Telugu locale for India has also been 
defined officially in Red Hat Linux [9].  It is also supported on other open source platforms [10]. 

Interface Terminology Translation 
Interface terminology is not standardized, but is available on many platforms. 

Microsoft Platform 
Microsoft supports Telugu LIP, which contains Telugu interface for its applications [11].  

Linux Platform 
A “Native Language Project” has been initiated for localizing Open Office version 2.0.  Its team 
has just started therefore no output from this group has been committed [12].  The India Linux 
project also includes a language team for localizing Linux in Telugu [14].  However no output of 
the team has been published.  GNOME translation has started for Telugu and about 85% 
translations of glossary have been accomplished [15].  This team is working independently and 
has not registered at the www.GNOME.org for translating GNOME 2.8 GUI messages to local 
languages [15].  A Telugu localization team has also registered on the Mozilla Localization 
Project (MLP).  This team is working on localizing Mozilla version 1.2.1.  No outputs of this project 
are posted [13]. 
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Status of Advanced Applications 
Telugu support has been added into the Unicode text editor Yudit [10].  Work has also been done 
for Telugu Lexicon, open source spell checker Aspell [10] and prototypical work on optical 
character recognition system.  Significant work on Telugu text-to-speech, lexicon and Telugu-
Hindi machine translation is also under progress, with working systems already released [16, 17]. 

References 
[1] http://www.ethnologue.com/show_language.asp?code=tel  
[2] http://www.omniglot.com/writing/telugu.htm 
[3]http://www.unicode.org/charts/PDF/U0C00.pdf  
[4] http://salrc.uchicago.edu/resources/fonts/telugufonts.html  
[5] http://telugu.sarovar.org/wiki/  
[6] http://tdil.mit.gov.in/keyoverlay.htm 
[7] http://tdil.mit.gov.in/isciichart.pdf 
[8] http://www.microsoft.com/typography/OpenType%20Dev/telugu/intro.mspx 
[9] http://www.indlinux.org/downloads/locale/Locales/te_IN  
[10] http://telugu.sarovar.org/wiki/index.php/Status 
[11] http://www.bhashaindia.com/downloadsV2/Category.aspx?ID=8 
[12]  http://te.openoffice.org 
[13] http://www.mozilla.org/projects/l10n/mlp_status.html  
[14] http://indlinux.org/lang/  
[15] http://l10n-status.GNOME.org/GNOME-2.8/index.html  
[16] http://ltrc.iiit.net/showfile.php?filename=research/ 
[17] http://ltrc.iiit.net/showfile.php?filename=downloads/ 
 

 122 



Thai 
Thai belongs to the Tai language family of the Kadai or Kam-Tai family, latter arguably regarded, 
along with Austronesian, as a branch of Austro-Tai [1].  About 20 million people speak Thai in 
Thailand, where it also the official language of the country.  Figure 1 shows the language tree for 
Thai [1]. 
 

 
 

Tai-Kadai 
         Kam-Tai 
               Be-Tai 
                    Tai-Sek 
                              Tai  
                                  Southwestern 
                                           East Central 
                                                 Chiang Saeng 
                                                                     THAI  

Figure 1: Language Family Tree for Thai 
 
Thai is written using the Thai script, which was derived from Brahmi scripts around 12th century 
AD.  Thai script is known to have been influenced by Khmer script [2]. 

Character Set and Encoding 
Thailand Industrial Standards Institute (TISI) develops standards in response to the government 
policy [3].  TISI has approved many standards for local language computing, e.g. for characters 
set, keyboard, encoding, etc.  Before Unicode more than a score different Thai code pages, 
defined by local vendors, were in use.  This led to the lack of interoperability between 
applications.  To counter the problem TISI introduced a national encoding standard TIS 620-
2529/1986, later upgraded in TIS 620-2533/1990 [4, 5].  TIS 620-2533/1990 was used as a basis 
for IBM code page 874 (cp-874), Microsoft code page 874 (windows-874) and Apple Thai 
(MacThai) [4].  Eventually, Unicode character set was introduced, which is now widely used.  The 
encoding for Thai ranges from 0E00-0E7F in Unicode.  Figure 2 shows Thai code chart for TIS 
620-2533 [6].  A comparison of TIS 620 and Unicode is presented in [7].  In 1999, the 
international standard ISO/IEC 8859-11 Latin/Thai characters was also reactivated but not 
accepted [8].  Also see [8] for a comprehensive coverage of historical development of standards 
and [14] for a complete list of standards.  Microsoft has been using another encoding standard for 
Thai [31].  
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Figure 2: Thai Character Code Chart TIS 620-2533 [7] 

Fonts and Rendering 
Microsoft Platform 
Microsoft provides rendering support for Thai, ships Thai fonts with its Thai version of Windows 
and Office [11], and also provides guidelines for Thai font development [12].  Figure 3 shows 
rendering results of some Thai fonts [9].  Many more Thai fonts are available through other 
organizations (e.g. [10]). 
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  Angsana 

  Courier Mono Thai 

  Courier Proportional Thai 
 

Figure 3: Thai Fonts on Microsoft Platform [9] 

Linux Platform 
Thai rendering is also supported on Linux and open source platforms, e.g. in Pango, the 
rendering engine of GNOME, as shown in Figure 4.   
 

 
 

Figure 4: Thai Font Rendering on Pango  
 
The following Thai fonts are supported on Linux.  The encoding standard that has been used for 
the specific fonts is also given along with each font specification. 
 

TIS-620 BDF fonts 
Manop 
Phaisarn 
Yenbut 
NECTEC 
Type1 fonts 
DearBook 
Omega /NECTEC 
ISO10646 BDF fonts 
XFree86 
TrueType fonts 
Omega/NECTEC 

 
Figure 5: Thai Fonts and Encodings 
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Keyboard 
TIS 820-2531 was the initial national keyboard standard [13], later modified to TIS 820-2538. 
Both these layouts are based on Ketmanee layout [8].  
 

 
 

Figure 6: Standard Keyboard Layout TIS 820-2538 [8] 
 
Thai language requires a complex input method, to use the keyboard and give adequate output.  
Though there is no official standard, there is now a single ad hoc solution supported by most 
vendors, e.g. Microsoft and Thai Language Environment (TLE) on Solaris.  Details of this 
proposed standard, WTT 2.0, are given in [8]. 

Microsoft Platform 
Microsoft Windows provides built-in support for Thai keyboard.  Two different Thai keyboard 
layouts, Thai Ketmanee and Thai Pattachote, are available on Windows XP, shown in Figure 7. 

 

 
(a) 
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(b) 

 
 

 
(c) 

 

 
(d) 

 
Figure 7: Microsoft On-Screen Keyboard Layout for (a) Ketmanee (Normal Version), (b) 

Ketmanee (Shift Version), (c) Pattachote (Normal Version), and (d) Pattachote (Shift 
Version) 

Linux Platform 
Thai keyboard is available in Linux Red Hat version 9 and many other Thai Linux distributions.  
Ketmanee keymap has been supported as the standard keyboard layout in Thai Linux 
distributions. 
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Collation 
Thai collation standard is defined, and is based on Thai Royal Institute Dictionary 2525 B.E. 
edition, the official Thai dictionary.  Thai encoding standards TIS 620 is based on this dictionary.  
Thai collation rules based on this collation order are also defined [8, 15, 16].  Thai collation is 
available on Linux platform, and also works on Microsoft platform.   

Locale 
Work started in 1990’s for definition of Thai locale, which is now available and supported in 
Microsoft and Linux platforms [see 17].  Thai locale (th_TH) is completely supported in the IBM 
ICU locale data repository [18].  Both the Gregorian calendar and the Thai official Buddhist 
calendar are supported within the locale definition.  In addition, the date format (long, medium, 
short), number formats, currency symbol, and weight and measures specific to the Thai 
conventions have been defined in the IBM ICU locale [18].  Thai locale is also available within 
CLDR 1.3.  Also see [28, 29, 30] for further details. 

Microsoft Platform 
Microsoft provides support for Thai locale in Windows XP editions.  If the system locale is 
switched to Thai, changes in date, time, and currency symbol of all application of Microsoft are 
displayed.  This is shown in Figure 8.  

 

 
 

Figure 8: Thai Locale Settings on Microsoft Windows 
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Linux Platform 
Thai locale is available on multiple platforms within Linux, including definition in Open Office and 
GNOME platforms [4, 19, 20]. 

Interface Terminology Translation 
Microsoft Platform 
Localized versions of Microsoft Windows XP and Microsoft Office are available [11].  Proofing 
tools for the MUI pack of Office 2003 are also available to facilitate advanced desktop processing 
in Microsoft platform. 

Linux Platform 
Multiple Linux distributions are available.  These are Kaiwal Linux, Linux School Internet Server 
(Linux SIS) with Thai Language Extension (Linux-TLE), and Burapha Linux [4].  In addition, the 
latest version of GNOME 2.12 and Firefox have been released, and work is also in progress on 
KDE [20].  Thai version of Open Office is also available [19].  Figure 9 below shows Thai Linux 
developed by the Thai Linux Working Group (TLWG). 
 

 
 

Figure 9: Thai Linux Distribution Developed by Thai Linux Working Group (TLWG) [20] 

 129



PAN Localization Survey of Language Computing in Asia 2005 
 

Status of Advanced Applications 
Thailand has significantly progressed in Thai language processing, with R&D at NECTEC, the 
statutory government organization under Ministry of Science and Technology.  The Center has 
established R&D cell to develop the fundamental resources such as sorting, line breaking and 
word breaking, lexicons and font development to support use of Thai language in software and 
operating systems.   
 
NECTEC has developed the following projects (also see [23]): 
 

• Khian Thai and Khat Thai, two Thai word processors  
• Thai Sorting Program 
• Thai word segmentation and line breaking  
• Orchid, Thai text corpus [21] and POS annotated corpus  
• Thai part-of-speech tagging program based on Orchid 
• Lexitron, [22], an online English-Thai-English dictionary which is based on the Royal 

Institute Electronic dictionary also developed by NECTEC.     
• Initial work on thesaurus and grammar checker for Thai has also been done 
• ARN Thai, a Thai optical character recognition application [24] 
• Parsit, an English-to-Thai machine translation system [25] 
• Vaja, a Thai text to speech system [26] 
• Sansarn, a Thai-English search engine [27] 

 
Significant more work continues on further maturing these applications at NECTEC, universities 
and organizations across Thailand. 
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Urdu 
Urdu belongs to the Indo-European language family, has influences from Persian and Arabic and 
is closely related to Hindi.  About 104 million people speak Urdu as its first or second language 
across the globe.  Urdu is the national language of Pakistan and is also widely spoken in 
Afghanistan, Bahrain, Bangladesh, Botswana, Fiji, Germany, Guyana, India, Malawi, Mauritius, 
Nepal, Norway, Oman, Qatar, Saudi Arabia, South Africa, Thailand, UAE, United Kingdom and 
Zambia [1, 2].  Figure 1 shows the language tree for Urdu. 
 

 

Indo-European 
Indo-Iranian 

Indo-Aryan 
Central zone 

Western Hindi 
Hindustani 

URDU
 

Figure 1: Language Family Tree for Urdu [1] 
 
Perso-Arabic script written in Nastalique style is widely used for Urdu orthography [3]. 

Character set and Encoding 
Vendors had developed multiple encoding schemes for Urdu language in 1980’s.  These 
encodings did not allow users to exchange data, and therefore, efforts were taken to standardize 
Urdu encoding in 1998.  These efforts resulted in the formation of Urdu Zabta Takhti (UZT 1.01), 
the national standard for Pakistan in 2000 (see [4] for details).  This standard is given in Figure 2 
below.  Though the standard is not widely utilized, it has been used to update the Unicode 
support for Urdu.   
 
Unicode provides an international standard for Urdu character set encoding.  Arabic script block 
from 0600 to 06FF and ligatures FDFx are used.  This standard was updated in Unicode 4.0 after 
a gap analysis with UZT [5]. 
 
Though Unicode is increasingly being used, especially for web development, currently, most of 
the publishing and other word processing is still done using the ad hoc encoding based on Inpage 
Urdu word processing software.  Other ad hoc encodings are not widely used anymore. 



Urdu 

 
 

Figure 2: Urdu Zabta Takhti (UZT 1.01) [4] 

Fonts and Rendering 
Microsoft Platform 
Microsoft Windows XP provides rendering support for Urdu.  It also ship two fonts, Tahoma and 
Sans Serif, which provide Urdu character support in Naskh style but not the preferred Nastalique 
style, latter being very complex [6].  Nafees Nastalique [7] is developed in Urdu style by Centre 
for Research in Urdu Language Processing (CRULP) using Open Type font format.  Figure 3 
shows the results for Tahoma and Nafees Nastalique as typed on Windows XP. 
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(a) 

 
(b) 

 
Figure 3: (a) Tahoma and (b) Nafees Nastalique Fonts on Microsoft Platform 

 
One of the most unique fonts for Urdu Nastalique, and still the most widely used, is a ligature 
based font, which stores about 32,000 ligatures.  It is not based on any standard encoding and 
can only be used by its parent application, Inpage word processor. 

Linux Platform 
Urdu is not rendered properly on Linux, as Linux cannot render complex font formats like Open 
Type font.  However, simpler four-shaped Naskh style fonts can be rendered as they do not use 
positioning and substitution tables of Open Type fonts.  Complex rule-based fonts like Nafees 
Nastaleeq and Nafees Naskh are not rendered properly.  Figure 4 displays results of rendering 
three fonts in G-Edit, which uses Pango rendering engine. 
 
 

   
       (a)    (b)    (c) 
 
 Figure 4 (a) Nafees Naskh, (b) Nafees Nastalique and (c) Simple Four-Shaped Fonts 

Rendered on G-Edit (GNOME platform) 
 
Pango rendering engine gives better results than KDE.  Latter displays boxes when an Open 
Type font is used on K-Edit, as shown in Figure 5.  
 

  
(a)   (b) 

 
Figure 5: (a) Nafees Nastaleeq and (b) Simple Four-Shaped Fonts on KDE 

 
Open Office renders Urdu text using its own rendering engine.  It extracts and consequently 
displays only the True Type features from Open Type font file and does not use other rules in the 
font to connect letters, as shown for Open Office 1.1 in Figure 6 below. 

 
Figure 6: Urdu Text Written in Nafees Naskh in Open Office Version 1.1.0 

 
Results of rendering Urdu Open Type fonts on Mozilla are similar to those obtained through 
KDE’s rendering engine However, Mozilla, instead of displaying boxes when rendering Open 
Type fonts (as in KDE), displays the same text in a simple four-shaped Naskh font.   
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Keyboard Layout 
Work is underway to standardize Urdu keyboard layout in Pakistan.  Similar to Urdu character set 
encoding formats, different software vendors have implemented different layouts for sequencing 
Urdu characters on the keyboard e.g. Katib, Rakim , Inpage, IBM, NLA and Microsoft keyboard 
layout [8, 9].  The keyboard layouts provided by Inpage are the most commonly used, and include 
Inpage and Phonetic layouts. 

Microsoft Platform 
Microsoft Windows XP provides support for a built-in Urdu keyboard, shown in Figure 7.  This is 
based on the keyboard layout given by National Language Authority [9].  However, this layout is 
not widely used.   
 

 
 

(a) 
 

 
 

(b) 
 

Figure 7: (a) Normal and (b) Shift Versions of Microsoft Urdu Keyboard  
 
A phonetic keyboard extended from Inpage keyboard to incorporate Unicode character set for 
Urdu is distributed by Center for Research in Urdu Language Processing (CRULP) for Microsoft 
platform [10], and is shown in Figure 8. 
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Figure 8: Urdu Phonetic Keyboard Layout by CRULP Extended From InPage Phonetic 
Keyboard [10] 

Linux Platform 
There is no in-built keyboard for Urdu in Red Hat or any other Linux distributions.  However, Urdu 
keyboard has been added in the Urdu Distribution developed by CRULP.  It is based on phonetic 
layout shown in Figure 8 [10].  Another Urdu keyboard available for Linux platform has been 
developed by Sindhi Computing group [11].  

Collation Sequence 
Urdu collation sequence has recently been standardized and published by National Language 
Authority of Pakistan [12].  The collation sequence for characters and diacritics is shown in Figure 
9.  This is not yet supported on any platform. 
 
 

 
 

Figure 9: Standard Collation Sequence for Urdu [12] 

Locale 
Urdu locale has not been standardized nationally in Pakistan or India, but there has been some 
work towards its definition internationally.  Urdu locale (ur_PK) is partially defined in CLDR 1.3.   
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Microsoft Platform 
Microsoft Windows XP provides support for Urdu locale.  If system locale is switched to Urdu, 
changes may be monitored in the date, time, and currency symbol for all applications of 
Microsoft.  This is shown in Figure 10. 

 
 

Figure 10: Urdu Locale on Microsoft Platform 
 

Microsoft also displays localized information for Urdu language by enabling a thread locale for 
Urdu.  If the user locale is set to Urdu, it automatically retrieves Urdu version of a multilingual 
resource file even if no explicit settings are made.  For example, accessing Google with Urdu 
locale will automatically retrieve Urdu version of Google as shown in Figure 11. 
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Figure 11: Urdu Version of a Multilingual Website www.Google.com with Urdu Locale  

Linux Platform 
Locale for Urdu is defined in Red Hat Linux version 9 and above.  Though incomplete, locale 
definitions for Urdu time, month names and days of week etc. are displayed, as shown in Figure 
12. 
 

 
 

Figure 12: Urdu Calendar in Urdu Distribution for Linux 
 

Interface Terminology Translation 
Standard translation for interface has recently been published by National Language Authority of 
Pakistan, after the translation work for Microsoft [12].  This terminology has been realized on 
Microsoft platform.  Urdu LIP for Microsoft is due to be released in 2006.  Partial interface 
terminology translation has been performed in the Urdu Linux distribution by CRULP. In this 
distribution, KDE base files, desktop files and K-Office suite have been partially translated as 
shown in Figure 13. 
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Figure 13: Localized Start-Up Menu for KDE in Urdu Distribution by CRULP 
 

Status of Advanced Applications  
CRULP has been working on developing advanced solutions for Urdu.  To date, it has developed 
the following applications [10]. 
 

• Urdu spell checker 
• Prototype Hindi to Urdu transliteration engine 
• Prototype Urdu Naskh and Nastalique optical character recognition system 
• Prototype Urdu speech recognition system 
• Urdu morphological parser 
• Urdu Corpus  
• Urdu Lexicon 
• English to Urdu machine translation system 
• Urdu text-to-speech system 
• Website and email reader (based on Urdu TTS) 
• Website and email translator (based on English to Urdu MT) 

 
The Urdu lexicon, Urdu text-to-speech system and English to Urdu machine translation system 
are being developed through Urdu Localization project, an initiative of E-Government Directorate 
of Ministry of IT, Government of Pakistan. 
 
Corpus has also been developed by EMILLE project [13].   
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Vietnamese 
Vietnamese is an Austro-Asiatic language spoken by about 68 million people of Vietnam.  
Vietnamese is the official language in Vietnam and is also spoken in some parts of Australia, 
Cambodia, Canada, China and Thailand [1, 2].   

 
 

Austro-Asiatic 
Mon-Khmer 

Viet-Muong 
VIETNAMESE

Figure 1: Language Family Tree of Vietnamese [1] 
 

Vietnamese was initially written in classical Chinese writing Chữ-nho.  This was later adapted in 
10th century AD and called Chữ-nôm.  In 17th centuary, western missionaries started developing a 
Latin based script, called Quốc Ngữ, which is now in widespread use [3].  Quốc Ngữ is the 
nationally adopted standard since 1945 [4].  Use of Chữ-nho and Chữ-nôm continued until about 
1918.  However, these are no longer in use (see [3] for more details). 

Character Set and Encoding 
Initially, due to absence of any standards, more than 30 different encodings were developed by 
different national and international vendors.  These included single byte code table, e.g., 3C30 
(3C Corporation), Cyrillix, VW1, VSCII, Daisy, 2font, Vietkey, ACAD, ABC, etc., and two byte 
code tables, e.g., 3C25, VW2, ATM2, VNij, VNI, etc. [4].   
 
To resolve the situation, a task force was set up in 1991 by the Ministry of Science and 
Technology, which produced a draft for Vietnamese Standard Code Set for Information 
Interchange (VSCII) or TCVN 5712:1993, which was approved in 1993 as the first national 
standard in IT [4, 5]. This standard has been revised to TCVN 5712:1999 in 1999 [9].  Other 
encodings include Microsoft’s cp 1258 (developed in 1996) and IBM’s cp 1129 (developed in 
1997), which are slightly different from each other [4]. 
 
Now Unicode is increasingly used.  As Latin script is used, Vietnamese does not have a separate 
code table within Unicode, but characters within the Latin tables are used.  These characters are 
spread across multiple tables within Unicode. For one byte, VSCII provides an alternative.  
However, there is a national standard for two-byte standard as well, TVCN 6909:2001. 
 
There has also been work to revive the earlier writing systems.  Relevant national standards 
include Chu Nom 16-bit character encoding standard TCVN 5773:1993 and Chu Nom Han 16-bit 
character encoding standard TCVN 6056:1995 [9]. 
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Figure 2: VSCII 1993 Character Set Encoding [5] 
 
Text conversion utilities among various encodings are also available [10, 11].  Figure 3 shows 
one such utility. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Encoding Conversion Utility for Vietnamese [10] 
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Fonts and Rendering 
Latin script is supported by most platforms and many Vietnamese fonts are available for use.  
These fonts are based on a variety of encodings discussed above (e.g. see [6]). 

Windows Platform 
Microsoft XP does not include specific fonts for Vietnamese language but fonts for Unicode (e.g. 
Arial Unicode MS) cover the characters in Vietnamese as well.  However many Vietnamese 
Unicode Open Type and True Type fonts have been developed by different research groups [4].   

Linux Platform 
On the Linux platform, fonts based on Unicode [6], TCVN, VNI and VPS [7] encodings can be 
adequately used to input Vietnamese text. 

Keyboard 
A national standard for Vietnamese keyboard TCVN 6064:1995 has been developed.  It is based 
on international keyboard layout ISO 9995.  TELEX and VNI are two other popularly used 
standards [4].  These keyboards are available, e.g. Unikey keyboard which allows user to 
configure any of these layouts on the keyboard for any of the encodings, as shown in Figure 4.   
 

 
 

Figure 4: Unikey, Vietnamese Keyboard Layout Utility [11] 
 
Keyboards use different schemes to generate the characters.  Some generate pre-composed 
characters while others generate base character and diacritics separately.  The variation in output 
has to be normalized before further processing.  Normalization utilities are also available. 

Microsoft Platform 
Microsoft provides built-in Vietnamese keyboard.  The basic Vietnamese characters are in similar 
position as in default QWERTY keyboard layout.  Figure 5 below shows the normal state 
Vietnamese keyboard layout on MS platform. 
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Figure 5: Keyboard Layout for Vietnamese [8] 

Linux Platform 
XVNKB is a Vietnamese keyboard input for X-Window.  It provides a useful way for editing 
Vietnamese on X-Windows environment with popular input methods and character sets.  This 
software has been released under GPL license [12]. 

 

 
 

Figure 6: XVNKB Menus [12] 

Collation 
Collation order for Vietnamese written in Quoc Ngu has been developed as part of TCVN 
5712:1993 standard [4] (also see [13, 14] for details of collation sequence).  Sorting for 
Vietnamese has been enabled on Microsoft and Linux platforms, with minor problems still 
persisting [15]. 

Locale 
Locale for Vietnamese (vi_VN) has been developed.  TCVN/JTC1 and ITSC developed basic 
locale definition such as date, time, length, volume and weight measurements, and a conversion 
between the Gregorian (Western) and Lunar (Vietnamese) calendars.  Standard locale for 
Vietnamese has also been included in IBM ICU and CLDR 1.3.   

Microsoft Platform 
Microsoft Windows XP provides support for Vietnamese locale.  If system locale is switched to 
Vietnamese, changes may be monitored in date, time, and currency symbol within all application 
of Microsoft.  The following figure shows Vietnamese locale on MS platform. 
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Figure 7: Vietnamese Locale on MS Platform 
 

Interface Terminology Translation 
TCVN/JTC1 also established glossary of Vietnamese and English terms for all the graphical user 
interface (GUI), icon names, dialogue boxes in 2000 through the standard TCVN 6695-1:2000. 
 
Localized interface in Vietnamese is available on both Microsoft and Linux platforms.  Microsoft 
support has been available for a long time, since Windows 95.  Microsoft Language Interface 
Pack for Vietnamese is available [17].  
 
Linux support has been developed later.  The project on the development of VNLinux consists of 
two sub-modules:  Development of a VNLinuxCD based on Mandriva Linux, designed for desktop 
use, and a VNLS server oriented distribution based on EnGarde Secure Linux [16].  A 
Vietnamese localization team has registered for GNOME glossary translation.  As reported on the 
website about 96.41% of the GNOME glossary translation has been completed [18] while 
glossary translation of KDE has also been completed [19].  Figure 8 given below shows localized 
GNOME and KDE based Linux in Vietnamese. 
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(a) 

 

 
(b) 

 
Figure 8 (a) Konqueror KDE Browser, (b) Localized KDE Start-Up Menus 
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Status of Advanced Applications 
Much work has been done on Vietnamese language processing.  Vietnamese spell checkers are 
available for Microsoft [21] and Linux platforms, and through other vendors (e.g. [20]).  There has 
also been considerable work on Vietnamese and Vietnamese-English lexicons.  English-
Vietnamese machine translation systems were available as early as early 1990’s.  Much more 
work has been done on it and on Vietnamese-French machine translation systems [22].  
Vietnamese text to speech systems and speech recognition systems are also available through 
private vendors.  Work has also started on Vietnamese hand writing recognition systems. 

References 
[1] http://www.ethnologue.com/show_language.asp?code=vie  
[2] http://www.omniglot.com/writing/vietnamese.htm  
[3] http://www.omniglot.com/writing/chunom.htm 
[4] Chuong, T., Hoang, N., Nhan, N., Phuoc, D., Viet, D. “Current Status of Vietnamese Language 

Processing Multilingual Processing,” in Proceeding of MLIT ’97, Tokyo, Japan, 1997.  Also 
available at http://www.informatik.uni-leipzig.de/~duc/software/misc/viet.html 

[5] http://czyborra.com/charsets/vietnamese.html 
[6] http://www.vietgate.net/fonts/ 
[7] http://www.fedu.uec.ac.jp/~vuhung/linux/font-rpms/  
[8] http://www.microsoft.com/globaldev/keyboards/kbdvntc.htm 
[9] “Human Resource Development Policies of Information Technology in Vietnam.” 

http://www.cicc.or.jp/japanese/kouryu/pdf_ppt/vietnam.pdf 
[10] http://www.vps.org/article.php3?id_article=274 
[11] http://unikey.sourceforge.net/ 
[12] http://xvnkb.sourceforge.net/ 
[13] Lương, V. “Vietnamese Sorting Rules for Dictionary Entries.” Vietnam Lexicography Center. 

http://vietunicode.sourceforge.net/charset/quytacABC_en.html 
[14] http://vietunicode.sourceforge.net/charset/vietalphabet.html 
[15] http://blogs.msdn.com/michkap/archive/2005/08/27/457224.aspx 
[16] http://distrowatch.com/table.php?distribution=vnlinux 
[17] http://www.microsoft.com/downloads/details.aspx?FamilyID=0db2e8f9-79c4-4625-a07a-0cc1 

b341be7c&DisplayLang=vi
[18] http://l10n-status.GNOME.org/GNOME-2.8/vi/index.html  
[19] http://i18n.KDE.org/teams/index.php?a=i&t=vi 
[20] http://www.vnisoft.com/?http://www.vnisoft.com/xpfeatures.html 
[21] http://www.worldlanguage.com/ProductScreenShots/104793.htm 
[22] Dien, D. and Kiem, H. “State of Art of Machine Translation in Vietnam,” in AAMT Journal, 

Special Issue, September 2005, Thailand. 
 

 147



Summary 
The survey has looked at the extent to which twenty Asian languages and their scripts have been 
localized, reporting on the development of standards and basic and advanced localization 
applications in these languages.  The study shows that these languages have a varying degree of 
support.  Because a diverse set of development is surveyed, it is not easily possible to develop a 
quantitative scale to measure this development.  Nevertheless, it is still possible to qualitatively 
gauge the level of maturity in language computing across these languages.   
 
For many of these languages, national standards required for localization have been defined.  
These standards have been reviewed and revised over time and generally agree with the current 
international standards.   However, there are also languages for which the national standards 
have only recently been devised or still remain undefined.  The survey indicates that Chinese, 
Japanese and Korean have very mature standards.  There has also been significant amount of 
work on Thai and Vietnamese standards.  Arabic, Bengali, Nepali, Hindi, Mongolian (Cyrillic 
script) and Urdu standards are mostly defined, though some of these standards have been 
recently developed and therefore will mature over next few years.  Some work on standards for 
Burmese, Dzongkha, Farsi, Indonesian, Sinhala and Telugu has been done, but more work is 
needed.  Finally, much more work is required for Lao, Khmer, Mongolian (Mongolian script) and 
Pashto languages.   
 
Localization support for Chinese, Japanese, Korean and Thai is well developed and deployed.  
Such applications are also available for Arabic, Bengali, Hindi and Vietnamese, though need 
further development.  To a slightly lesser extent, these applications are also available for 
Burmese, Dzongkha, Nepali, Farsi, Khmer, Sinhalese, Telugu and Urdu.  Most work needs to be 
done for Indonesian, Lao, Mongolian and Pashto.   
 
Advanced applications require most resources, effort and expertise.  Consequently, these 
applications are not available for most languages.  Again, Chinese, Japanese and Korean have 
most of the advanced applications available, and Arabic is almost similarly developed.  There is 
also reasonable amount of work in progress on Hindi, Thai, Urdu and Vietnamese.   Most of the 
other languages, including, Bengali, Indonesian, Sinhalese and Telugu have little work done in 
this area.  And there is almost no available work for development of advanced applications for 
Burmese, Dzongkha, Nepali, Farsi, Khmer, Lao, Mongolian and Pashto.   
 
Overall, Chinese, Korean and Japanese language computing is very mature.  Arabic and Thai 
also have reasonably mature language computing.  There is also reasonable progress being 
made for Hindi, Urdu and Vietnamese.  Other languages, including, Bengali, Sinhalese, Telugu 
are lagging but still there is some work being done.  However the remaining languages covered in 
the survey have very limited computing support and significant work needs to be undertaken for 
the maturity of language technology in these languages.   
 
Currently there is considerable focus on local language computing, as the technology is finally 
ripe to support it and ICT is increasingly getting significant in daily life of Asian populations.  The 
implications of local language computing on development are tremendous, but so are the 
challenges to achieve the goals.  Even for the twenty languages surveyed a lot of ground has to 
be covered to enable computing for most of them, though these hold national and official 
language status in Asian countries.  For the remaining about 2180 languages of Asia, especially 
the non-official languages, the challenges are even more severe.  Enabling local language 
computing for Asia, therefore, requires long term commitment and significant focus within ICT 
policy.  Only sustained investment in language technology will enable us to completely harness 
the promised benefits of ICTs for the development of Asian populations. 
 



Glossary 
A 

American Standard Code for Information Interchange (ASCII):  A 7-bit (128 character) 
standard to code English text in computers. Also adopted by International Standards Organization 
as ISO IEC 646, and similar to 8-bit ISO 8859-1 standard.  ASCII has also been adopted within 
Unicode standard from 0000-00FF. 

Apple Advanced Typography:  Font formalism by Apple which can be used to model complex 
scripts.  

ASMO: ASMO 449 is a 7-bit character encoding standard for Arabic. ASMO 708 is another code 
page based on ISO 8859.  These are created by Arab Organization for Standardization and 
Metrology. 

Automatic Speech Recognition (ASR): Automatic Speech Recognition is a technology that 
recognizes human speech input into text in a computer.  

B 

Bidirectional Scripts:  Some scripts (and languages) are written from right to left and with digits 
written from left to right.   These are known as bidirectional Scripts (and languages) and include 
Arabic, Hebrew and Syriac.    
 
Bidirectional Algorithm: Unicode has defined a standard algorithm to hand the bidirectional 
behavior of different scripts.  This is called bidirectional algorithm. 

C 

CJK: Chinese, Japanese and Korean.  All these languages share similar writing systems. 
Sometimes Vietnamese is also grouped, acronym CJKV, when written in traditional script. 
 
CODAR-U: A 7-bit character encoding standard for Arabic developed by the Institut d’Etudes et 
de Recherches pour l’Arabisation (Rabat) in 1982. 
 
Collation: Sorting of words according to lexicographic (dictionary) order of a language. 

Common Locale Data Repository (CLDR): Repository that maintains locale information of all 
languages. Data is stored in XML format which would make the exchange of locale data 
convenient between different applications and keep it consistent across platforms.  

Corpus: A collection of tagged text documents and sources for a language used for statistical 
modeling in language processing. 

D 

Distribution: A distribution comprises of an operating system on top of which different desktops, 
application suites and development tools etc. are included. A Linux distribution is GNU/Based.  
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Popular distributions for Linux include Red Hat (now released as Fedora Core), Debian, Caldera, 
SUSE and Mandrake (or Mandrivia) etc.  
 
Default Unicode Collation Element Table (DUCET): A table which provides the default collation 
elements or weights for each character for each language. These are used by Unicode Collation 
Algorithm for sorting Unicode strings if language specific weights are not otherwise standardized. 

E 

Extended Binary Coded Decimal Interchange Code (EBCDIC): An 8-bit character encoding 
used on IBM mainframe operating systems. The first four (zone) bits represent the category of a 
character and the last four (digit) represents the character itself. 
 
Extended Unix Coding (EUC): An 8-bit character encoding standard, used to represent 
character sets which can not be encoded within 7 bits. The structure of EUC is based on ISO 
2022 and it is mainly used for CJK. EUC-JP stands for EUC-Japanese. 

F 

Firefox: Firefox, also known as FireBird or Phoenix, is a Mozilla based web browser. Firefox can 
be used on multiple platforms including Linux and Microsoft. 

G 

G-Edit:  The formal text-editor for GNOME desktop.  
 
GLIBC: GNU C library, also known as GLIBC, deals with system calls and is used with other 
important components in GNU system.  Locale is also defined in GLIBC as well. 
 
Glyph: A physical or visual representation of a character(s). 
 
GNOME: A Unix/Linux based multilingual desktop environment shipped with browsers, editors 
and development tools etc.  
 
GNU: GNU is a UNIX like operating system. The term stands for hybrid approach having Linux 
kernel running on GNU based systems. 
 
GPL: The GNU General Public License (GNU GPL or simply GPL) is a license for free and open 
software.    

H 

Han Characters: These are traditionally used characters (ideograms and pictograms) for writing 
Chinese. They are also known as Hanzi. 
 
Hangul: Hangul is indigenous character set used now days for Korean. They initially used the 
Hanja system borrowed from China. Hangul is phonemic based. 
 
Hanja: Koreans initially borrowed some of the Han characters and incorporated them into their 
language. This set of characters is known as Hanja. 
 
Hiragana: One of the three Japanese writing systems, Hiragna (ordinary syllabic script) is 
commonly used by children and for the words for which Kanji variant is not available.  
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Hinting: A process used to enhance the quality of glyph/image at smaller font sizes. 

I 

IBM International Components for Unicode (ICU): A software library providing support for 
internationalizing software using Unicode.  
 
Indian Standard Code for Information Interchange (ISCII): Eight bit character encoding 
standard for Indic languages developed by Government of India. 
 
Intelligent Character Recognition (ICR):  See OCR. 
 
Input Method Engine (IME): Software used along with keyboard to generate the required 
sequence of codes based on the keys typed by the user.  Input method engine is widely for CJK.  
 
Inscript: A keyboard standard for Indic languages developed by. 

ISO 639: A standard that defines 2 or 3 character language codes for all languages. 
 
ISO 9995: Keyboards are defined by the ISO 9995 standard. 
 
ISO IEC 2022: A standard mechanism devised to include multiple encodings of variable size in a 
single encoding scheme 

ISO IEC 8859: A series of 8-bit character encoding standards for different languages, e.g. 8859-1 
(Latin), 8859-6 (Arabic). 

ISO IEC 10646: See Unicode standard. 
 
ISO IEC 14651: A standard that provides a method for sorting multilingual data satisfying their 
lexicographic needs. It provides a general purpose ordering template to cater to different cultural 
requirements. 
 
ISO IEC 646: See ASCII 

J 

Jamo: The 51 letters that compose Korean language are known as Jamo or Natsori. 24 of these 
are atomic characters (14 consonants + 10 vowels) while other 27 are formations combining 2 or 
sometimes 3 characters from the first 24 characters. 

K 

Kana: A term used to refer to the syllable based Japanese writing systems Hiragana and 
Katakana.  
 
Kanji: Japanese initially borrowed some of the Han characters and incorporated into their 
language. These characters are known as Kanji in Japanese language. 
 
Katakana: Katakana is a syllable based Japanese writing system used mainly to write foreign 
words/names or for putting prominence as is done with italics in Latin.  
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KDE: KDE is a Linux based multilingual desktop suite that provides word processing facilities, 
office suites, browsing and e-mail clients and development tools. 

K-Edit: A KDE based text editor. 

Knoppix: A Debian based live CD having KDE as standard desktop. It boots and runs from CD, 
can be customized to add/remove packages or to localize it through a procedure known as re-
mastering. 
 
Konqueror: A KDE based web browser and file manager. 

L 

LaoNux: A KDE based live distribution localized in Lao. 
 
LC_COLLATE: A part of locale in GLIBC that defines collation of strings. 
 
LC_MONETARY: A part of locale in GLIBC that defines the monetary conventions. 
 
Line Breaking: An algorithmic solution to determine end of line place for writing systems which 
do not have space between words, e.g. Thai, Lao, Khmer, Chinese.  This is required for word 
processing. 

Language Interface Pack (LIP): Language Interface Pack provides localized environment such 
as menus, dialogue boxes and pop up messages for Microsoft platform.  

Live CD: A CD that boots operating system without needing installation on the hard disk. 
 
Locale: A set of formats and word translations for cultural information (date, time, days of 
week/months, monetary values and collation etc.) in local language which define basic interface 
requirements for that language as spoken in a particular country. 

M 

Machine Translation (MT): Process of using a computer program to translate text from one 
language to another. 

Microsoft Keyboard Layout Creator (MSKLC): It is a multilingual KB layout creator for 
Microsoft platform. 

Morphix: A Debian based live CD. It can be customized by adding/removing packages and 
localized through a procedure called as morphing. 
 
Morphological Analyzer:  A computer application which can analyze a word into its 
morphological structure or vice versa. 
 
Mozilla: An open source multilingual browser that can be used on multiple platforms. Mozilla 
suite comes up with Mozilla browser and e-mail client. 
 
Multiple User Interface (MUI):  A software package that enables installation and use of multiple 
language interfaces on Microsoft platform, as compared to LIP that adds one language at a time. 
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N 

Nautilus: A GNOME based file manager. 
 
National Language Support (NLS) File: It is an alternative name used for locale information. 

O 

Optical Character Recognition (OCR): software that recognizes and extracts type-written text 
from a scanned image and creates a corresponding text file. 
 
Open Office: An open source multilingual office suite that can be used on Microsoft and Linux 
platforms.  
 
Open Source Software (OSS): Software distributed with the source code.  
 
Open Type Fonts (OTF): An open standard for developing intelligent fonts.  The standard is 
developed by Microsoft and Adobe, and contains glyph outlines in TTF format and additional 
rules to select and join these glyphs. 

P 

Pango: A library that is concerned with rendering of text in GNOME. 
 
PO Files: These files provide translations of standard strings for Linux platform. These are 
compiled to become MO (Machine Objects) files which are read by Operating System to display 
the translated strings for a particular locale instead of English strings. 
 
Part of Speech (POS): Syntactic category of a word, e.g. noun, verb, etc. 
 
Part of Speech (POS) Tagger: A software which guesses and tags the POS for words in input 
text.  
 
Positioning: Process in OTF which use rules to determine glyph position in context. 
 
Python: An object-oriented programming language used mostly on Unix/Linux based platform. 

Q 

QT: Basic engine behind KDE environment on Linux. 

R 

Rendering: A process which involves reading font file to generate the display on the screen 
against an input text. 

Reordering: Process of swapping characters for proper display, required for scripts in which 
typing order differs from visual placement order of some characters, e.g. in Devanagari and Thai.   
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S 

Simplified Chinese: A new approach of writing Chinese introduced in 1949.  It simplified the 
traditional Chinese and reduced the character set into fewer and simpler glyphs to improve the 
literacy. 
 
Substitution: Process in OTF which use rules to choose one of many glyph shapes depending 
on the context. 

T 

TCVN: First national character encoding standard for Vietnamese. 
 
TLE: Thai Language Environment. 
 
Traditional Chinese: Chinese written with Han characters. 
 
Thunderbird: An open source Mozilla based e-mail client that can be used on multiple platforms. 
 
True Type Font (TTF): A font format which stores glyph shapes in forms of outlines (or splines) 
along with basic character position.   
 
Text-to-Speech (TTS) System: A computer software application which generates speech 
against an input text for a language.   

U 

Unicode:  An international standard used to encode all scripts of the world.  Also known as ISO 
IEC 10646.  Most languages are encoded in a space of 16 bits.   
 
Uniscribe: A rendering engine for OT fonts developed by Microsoft. 
 
Urdu Zabta Takhti (UZT): A national  8-bitstandard for Urdu character encoding in Pakistan. 
 
UTF-8: 8-bit format to encode Unicode text. 
 
UTF-16:  16-bit format to encode Unicode text. 

V 

Vietnamese Standard Code Set for Information Interchange (VSCII): An 8–bit encoding for 
Vietnamese. 

W 

WordNet:  An extensive network of words and their senses, with information on how words are 
related to each other in various relationships, e.g. synonymy. 
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X 

X Input Method (XIM): An input method for Xwindows for complex language systems e.g. CJK.  
 
XVNKB: A keyboard for Vietnamese on Xwindows. 
 
Xwindows: A window based wrapper on Unix and Linux operating systems providing a graphical 
user interface.  
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