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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)



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:

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

e To develop local language computing support for Asian languages

e 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



Table of Contents

I I S 1 L6 L O N TR 1
VAV VAN I S I O N I 2N I 1 NS 3
CHARACTER SET AND ENCODING ... .uttiiiitiiie ettt sttt e e ettt eate e e s ettt e e e sate e e e sabeeeeabbeeesantaeeesabeeeearbeeesnes 3
FONTS AND RENDERING .....eeiiitiiieiitieeesitteeessieeessteeeestbeeesssteeesssteeaeasteeeeassesesasbeeesansaeeesnseeesssbeeesasseeeesnnens 5
KEYBOARD LAYOUT AND INPUT METHOD ENGINES .....ccciiiiieeiiiiiieiiieee s stee e e sitne e e snitee e snneeeessnveeesnnnneeesnnneas 5
(70 I 17y 1 ] PSRRIt 6
0T R 7
INTERFACE TERMINOLOGY ...tttieiiutiteeiuteeeesitteeesastesessseeaeasstssesasssssssnssssesassesesanssssesnssssessssssesansessesnssesessssenenn 7
ADVANCED APPLICATIONS. ... tttteitieeeesttetesssteeaeasteeesassesessseseeansaeeeaasseeessseeeeassereesasesessssseeesssseeesanseseesnsenes 7
DEVELOPMENT PLATFORMS ...ttt ittt ettt ettt e et e sttt e e e ettee e s s abee e e s tte e e sabee e s aabeeesanbaeeesnsaeeessbbaeeeanteeeesareeas 8
REFERENCES. ... .ttiiiiittee et ittt e e ettt e e ettt e et et eeeaatee e e s baee e s bbeeeeaateeeesabeeeeaabbeeeasbesesasbeeeeaabaesesnsbeeesasbeeesanteeeesnreeas 8
A Y = 1 P 9
CHARACTER SET AND ENCODING ... .uuiiiiiiiie ettt ettt e ettt e e e e st e e e e sata e e e s abeeaeabbeeesaataeeesabeeeearaeeesnes 9
FONTS AND RENDERING .....ciiiititieiittie e e ittt e e ettt e e stteeesstbeeeasateeeesateeaesatbaeeaaasssaesasaeeeasbeeesassesesssseeaesateeeesanes 10
=72 10 7 ] PR 11
(70 I 171y 1 0] PSSR 12
0o =SSP 12
INTERFACE TERMINOLOGY TRANSLATION ..uettiiutitieitteeesitiereesteeeessssneesssnsesesssssessssnsesssssssesnssseesnsnsessnsenes 14
STATUS OF ADVANCED APPLICATIONS ... uveeittteiteeitteeseeestreesseessseessseessssessssessssesssesssssesssssssssesssessssesseesses 17
L = T = PSP 19
BENGALLI ...ttt st s e e st e e st e e s tb e e eabe e sbbeeeabe e stbeeebeeesbbeeeaeeestbeeabeeestreeanreees 20
CHARACTER SET AND ENCODING .....cuviiiiiiiie ettt ettt ettt e ettt eettee e s et e e e etae e e e are e e s stbeeeeanbaeeesnreeessabeeeaan 20
FONTS AND RENDERING .. .vceiiitiiieiittee e i ettt e e ettt e e steee et etbeeesastaesesebeeeesatbesesaatessesabaeesasbesesasseseesssenessatresesanes 20
KEYBOARD ...ttt ettt ettt e e ettt e e ettt e e e ettt e e e eat et e e e abeeeeatbeeeaaateeeesabeeaeastbeeessseeesaabeeeeanteeeesnbreeeeatbeeeeanteeeeanreas 21
COLLATION L.etiii ettt eette ettt e e ettt e e et e e e e ab e e e e e abe e e e e aeeeessabeeeeasteeeeasbaeessabeeeeasteeeeansseeeessbeeeeantbeeesnreeesaareeanan 23
O ALE ... ettt et et e e e e e b be e e e ettt e e e ——eaeatteeeaa—eeeeabeee e ettt eeaaareeeaatbeeeaantaeeeanaeas 23
INTERFACE TERMINOLOGY TRANSLATION ..uteiiititieitteeesitteeeeatteeesassneesssneesssssseessssssessssssssssssseessssssessnsenes 25
STATUS OF ADVANCED APPLICATIONS. ... .utteiiititeeeitieeesiteeeaatreeessssesessssesesassseessssesessssesessnssssesnsssesssseeeas 28
REFERENCES.......utttieitiete sttt e e sttt e e sttt e e s s tte e e e asteeeesaseeeesstbeeeaasteeeessseeeeastbeeeaaateeeesasaeeeassbeeesanseseessnanaessreeenane 30
BURIMESE ..ottt ettt ettt st e s e e s ab e e s ab e e sbb e e ebee e sbbe e ebeeesbbeeabeeebeeaabbeesbbeeabeeestbeesaneeses 31
CHARACTER SET AND ENCODING .....cutiiiiieiti e it e ite e sttt e stveesaveestveestaeestveessaeestaeesaaeestseesseeestnsessseessnsensenenes 31
FONTS AND RENDERING .. .ueeiiitiiieittee e i ettt e e ettt e e sttee et etbeeesaateesesebeeeesetbeseaaatessessbaeesabbesesasseseessbaneesatresesnses 31
KEYBOARD ...ttt e ittt e ettt e e ettt e ettt e e e ettt e e eatee e e eabeee e e ebbeeeaaabeeeesabeeeeasbbeeeabbaeesaabeeeeanbeeeesnbreeesabbeeeaanteeeeanreas 31
(70| I Iy [0 SO OURRR ST 33
O ALE ... ettt ettt e et e e e e e et be e e e e —ee e e e ——eaeatteeeaaa—aeeeabeeeeatreeeaaareeeaatbeeeaantaeeeanaeas 34
INTERFACE TERMINOLOGY TRANSLATION ...eiiiitiiieiitiieesitteeeeetteeesetreeesstbeeesstbeeesassaesssssseaesssseeesassssessnsenss 34
STATUS OF ADVANCED APPLICATIONS. ... .ttieiiititteiitteeesiteeeeatteeesatseeessabeeesateseesassesesssbseesateeeesassesessseeanas 34
REFERENCES.......utitieitiete s ittt e e sttt e e ette e e s s tte e e e astee e e saseeeesstbeeeaasteeeeasseaeesstbeeeaanteeeesaseeeeassbeeesanseeeesssanaesnsreeennnen 35
(OF o 1 1A PO 36
CHARACTER SET AND ENCODING ......uviiiiiiiee et ciiee ettt e st s e e s st e e e st e e e snaa e e s snbeeeeanteeeesnnneeesanneeeaas 36
FONTS AND RENDERING .....tttitieiiteetee i iteesteessteestessteessseessseesssesssteesssessssaesnsessnsessssessnsessssesssessssessnsessnnes 37
KEYBOARD AND INPUT METHOD ENGINES .....utiiiiiiiiie ettt stee e re e tve e sne e stve e snne e snveesnnee e 38
(0N 17y ] NSRS 40
L OCALE ... ettt ettt ettt e et e e et et e e ——e e e i b—eeeabbeeeaa—aeeeabaeeeatteeeabrraeaatbeeeaataeeearreas 41
INTERFACE TERMINOLOGY TRANSLATION L..eeiiiitiiieiitreeeiitieeeeeteeeesetreeesitbeeessteesesesseesssssseesssssesessssessssnsenss 42
STATUS OF ADVANCED APPLICATIONS. ... .ttteiiititteeetteeesiteeeeatteeesetseeessbeeesasteesesasseeesssbeeesaateesesasresessreeeans 45
REFERENCES. ... uttii e ittt e s ittt e e ettt e e ettt e s ettt e e eatee e e sbeeeesebbeeeaasteeeesabeeaesabbaeeaaatsseesaseeeeassbeeesassaseessbanaesateeeesanes 45

Vi



DZONGKHA L. 47

CHARACTER SET AND ENCODING ... cuttiiiiiiiiiciitiiiee ettt e ettt et s e s s sttt e e e s e s s sebbabesasesssasabrbeeesesssassbenes 47
FONTS AND RENDERING ..uvttiiieiiiiitttiiiiieeeseiitbbete s e e e s s sesbbbbsessesssasbbbbaessesssesbbbbasasaessssabbbabasasesssasbbebseesesssassberes 47
NG =10 )N 2] o TR 48
(070 ]I - 1 (0] AP UTRTRRRTRRTIN 50
0 10N =SOSR 50
INTERFACE TERMINOLOGY TRANSLATION ...iiiiutttitieeeiiiitirtteesessiitbsseessesssaissssesssesssassssssssssssseissssssssesssnins 51
STATUS OF ADVANCED APPLICATIONS .....ciiitttttitteeeiiiitbrtteeee st iaitbstseesesssasbsssessesssassbasesssesssasssresssesssassssnes 51
REFERENCES. ... tttttitieeiiiittteetee e s seittbeeeeeeesssiabbaaeeeeeessasbbbsseeeeessasbabbeeesaessassstbaeaeeeesssabbaseeeeesssassbrbeeeseessassnrres 51
FARSIT (PERSIAN) ...ttt ettt bbbt e e b e b b e bt s bt bt e bt et et e eb et e e neaneennentas 52
CHARACTER SET AND ENCODING .....uvviiiiittiie ettt eettee ettt e e ettt eatee e s st e e s eatae s e snnaeeessabaeesanbaesesnneneessnreneeas 52
FONTS AND RENDERING ...vvviiieiiiiitttitiiieeesesittbeteeeessssesbbtstsesesssasasbaessesssassbsbasssasssessbbasasasesssabbesseesesssasrrres 53
[RGS10 7121 o TSR 53
(070 ]I - 1 (0] AP UTRTRRRTRRTIN 55
0 10N N =TSR 55
INTERFACE TERMINOLOGY TRANSLATION ...iiitttiiiieieisiiibtiieesesssiibasesssesssssbbsbasssesssessbsbssssesssessssbanssessssins 56
STATUS OF ADVANCED APPLICATIONS .....ciiiiittttittiesiiiitbttteeee st ieitbstesssesssabbtssessesssaisbabasesesssasbrresssesssassssnes 60
REFERENCES. .. uttttiitieeiiiitittett e e et s ettt b et e e e e s s s bbb e e e e e e st saa b bbb e e e seessas bbb b e eeseessa bbb baaeeeeeessab b babeseeeessaabbbaaeeseessasnares 60
[ 1 N1 TR 61
CHARACTER SET AND ENCODING .....uuviiiiittiie ettt eettee ettt e e ettt eatee e s st e e s eabae s s ssateeessabaeesanbeesesneneessareneeas 61
FONTS AND RENDERING .....oeiiitiiieitteeesetteeeeetet e s steeeesstbeessesbeeesssbeeessesbeessasteseesabaeesassaesesassessessbenessssensesnnes 62
N7 =10\ ] 1 64
(O7a ]I - 1 (o] AT RTRTRRRR 65
0 10N N =R 65
INTERFACE TERMINOLOGY TRANSLATION ...ciiitttiiiieeeisiittettiesesssesbaseeesessssbsssesssesssasssssesssesssessssresssessssins 66
STATUS OF ADVANCED APPLICATIONS . ....ciiiittttiiteeesiitbttieesesssebbatesesesssssbbbbaessesssabbabasasesssasbbbbasssesssassrerns 68
REFERENCES. .. uttttiiiiie i ittt e e e ettt e e e e s e s bbb a bt e e e e e s saa b bbb e e e s e e s sas bbb b e essaesse bbb beaaeeeesssabbbabeeesessssbbbbaeesesssasbebes 68
LN T\ ] 7N 1 69
CHARACTER SET AND ENCODING ... utttiiiiiiiiiiiitiiis ettt e st seitbt e e st seabbbba e s s e s s sebbabasesessssbbbbaseseessasaneres 69
FONTS AND RENDERING ..11vitiiiiiiiitttiitieeeesiitbbeseees e st sesbbtseessesssabbbbasssesssessstbasasesssssabbasasesesssabbrssessesssassreres 69
NG =10 7 2] o TSRO 69
(70 I 17y 1 [0 69
0T 18 =S 69
INTERFACE TERMINOLOGY TRANSLATION ...iiiuttiiiieeeisiitiettiesesssetbasteesesssebbssesssesssasssssesssesssessssrasssessssins 70
STATUS OF ADVANCED APPLICATIONS .....ciiiittttiiteeeiieittttteesesssassbsteresesssasstseessesssassbasesesesssassrrsesssesssassnnes 70
REFERENCES. ... ttviiitie et ittt e e e e e ettt e e e e e st e et e e e e e s ses bbbt e e e sesssas bbb b eeeseessessbbbeaasaeesesabbbasasasesssasbbbbseesesssassbrres 71
N AN AN | ] 72
CHARACTER SET AND ENCODING ....uuttiiiiiiiiiititiiis ettt e sttt e s st b e e s s e s s s e bbb b e e e s e s s sabbbbanssessseaberns 12
FONTS AND RENDERING ..uvtiiiiiiiiiitttiiiiieeessiitbbeteeeeesssasbbbbeesseessasbbbbaessesssesabbbasasasssssabbbabasasesssasbbebseesesssassberns 12
KEYBOARD AND INPUT METHOD ENGINES ......ciiiiiitiiiiei et iiititiiee e et seibtbee s e e s s s sibbbre s s e s s s s snbbaas e e s e s s sabbaneeeees 73
(000 I Y- 1 (0] RSP UPRPURRRTRRTIN 76
0 10N =SSP ORTR 76
INTERFACE TERMINOLOGY TRANSLATION ...ciiiittttetieeeiiiittreeeeeessiitssseessesssaitsssesssesssassssessessssssssssssseessnnins 76
STATUS OF ADVANCED APPLICATIONS. ... .ttteiiititeeiitteeesitteeeesteesessssesessabesssaseesessssessssssesessssessesssessessssesesns 77
L] 1T N L0 =R 79
LR Y71 1 R 80
CHARACTER SET AND ENCODING ... .vttiiiiiiiiiititiiie ettt e e ettt et s e s s sttt e e e s e s s sebbabasasesssesbbrbeeesesssassbenes 80
FONTS AND RENDERING ...vviiiieiiiiitttttitieeeeesittbetteeessssestbtstsesesssasasbeassesssassstbasasasssssabbasasasesssassbesseesesssasrrres 80
NG =10 N1 o TSR 80
(OLo ]I - 1 (0] AP UTRTRRRRTRRTN 82

viii



0 10N N =SSR 84

INTERFACE TERMINOLOGY TRANSLATION ...iiiutttiiieeeesiittetiiesesssetbeseeesesssebbssesssesssesssssesssessssssssrasssessssins 84
STATUS OF ADVANCED APPLICATIONS . ....ciiiittttiieeeeiiiitbttieesesssebbatesesesssabbasaessesssabbabasasesssassbbbssssesssassbsnns 84
REFERENCES. .. uttttiiiiie i ittt e e e ettt e e e e s e s bbb a bt e e e e e s saa b bbb e e e s e e s sas bbb b e essaesse bbb beaaeeeesssabbbabeeesessssbbbbaeesesssasbebes 84
RO ] = 2N N 85
CHARACTER SET AND ENCODING ... utttiiiiiiiiiiiitiiie ettt s st sebbate e e st seab bbb e e s s e s s se bbbt asasesssssbbbbaseseessasanares 85
FONTS AND RENDERING ..11vitiiiiiiiitttiitieeeesiitbbeseees e st sesbbtseessesssabbbbasssesssessstbasasesssssabbasasesesssabbrssessesssassreres 86
KEYBOARD AND INPUT METHOD ENGINES ......ciiiiiiitiiiii ettt e sttt s e e s s e sibbbae s s e s s s s sabbaas e e s s s s sabbanaeeeas 86
(70 I 17y 1 [0 88
0T 18 =S 88
INTERFACE TERMINOLOGY TRANSLATION L..eiiiitiiieiteeeesitreeeseteeeessseeessssessssssesssssaessssssssssssssesssssessssssens 89
STATUS OF ADVANCED APPLICATIONS .....ciiiittttiieeeesieitbttteesessseitbateresesssasbtseessesssassbasasasesssassbrsesssesssasssnnes 89
REFERENCES. ... vttiiitie ettt ittt e e e e et ettt e e e e e st a bt e e e e s s s es b et e e e seessasb bbb e eeseessesab b beeasaeesesabbbabasasesssasbbebseesesssassreres 89
2 91
CHARACTER SET AND ENCODING ....uuttiiiiiiiiiiitiiie ettt s sttt e e s st b e e s s e s s s abbab e e e s e s s s abbbbanesessseaberes 91
FONTS AND RENDERING ...vtiiiiiiiiiitttitiiieeessiitbbeteseeesssisbbbbtessesssasbbbbaessesssesabbbasaeasssssabbbabasasesssasbbbbseesesssasberes 91
NG =10 7N 2] o TSRS 92
(000 I Y- (0] SOOI 94
0 10N =SOSR 94
INTERFACE TERMINOLOGY ..uuttviiiieeiiiittreeeeeeesaiistseeesessssiatssseessesssasssssssssesssassssssssesssnmssssesseesssnissrssssesssnins 94
STATUS OF ADVANCED APPLICATIONS. ... .ttieiiiteteeiitteeesitereeettesesssseeessabesssasessessssesssssbesessssessessssssesssseneens 95
L] 1T N L0 =R 95
1Y/ (@ ]\ [T T I N N U 96
CHARACTER SET AND ENCODING ... cuttiiiiiiiiiiiitiiiee ettt e e ettt et s e e s sttt e e s e s s sebbabasasesssesabrbenesesssassbenes 96
FONTS AND RENDERING ...vvviiieiiieitttitiiieeesesittbetteesssssesbatsesesesssasassaessesssassbsbasasaessessbbasasasesssasbbesseesesssasberes 96
NG =10 )N 2] o TR 98
(070 I - 1 (0] APPSR 100
0 10N =SSR 100
INTERFACE TERMINOLOGY TRANSLATION L..iiiitttiiitieeiiiitttieeseesssaistseessesssasssbesssesssassssrssssssssssssssesssssssnins 101
STATUS OF ADVANCED APPLICATIONS . ...iiiiiiiitttitteeettiiitbrttee s e st sibbaseeesesssabsbteessesssassbtbasssesssssistbesssesssnins 101
REFERENCES. .. uttttittiiiiiitittiee e e et it bbbt e e s e et s et b b e e s e e s s e bbb b e ee s e e e s e bbb b e e e e e e esa s bt baeeeeeeessabbbbaeeeeeessabbbaaaeesesssabbeees 102
T AN TR 103
CHARACTER SET AND ENCODING .....uvviiiiitiie ettt ettt e et eetae e s e bee e e s tbe e s s eatee s s sabaeessbbeeesnnteseesnrenas 103
FONTS AND RENDERING ...vviiiieiiiittttiitieessestttttetsesssesssabestsasssessabbaassassssssbbasseasesssasbbabesesesssasbbebasssesssasrrres 104
NG =10 121 o RO 105
(O7a ]I - 1 (0] O 106
0 107N =SOSR 106
INTERFACE TERMINOLOGY TRANSLATION L..tutiiiiieiiieititiiesiessseisbbbaessesssasassbasssesssessssbssssessssssssssssassssins 107
STATUS OF ADVANCED APPLICATIONS . ...ciiiiiitttiiiiee et siitbbttieesssssebbaresesessssbbbbae st esssessbbbasssesssasbbbaaseesseens 107
REFERENCES. .. uttttitiieiiiiitttt et e e et sttt e e e et s eaba e e e s e et s e bbb b e aeseeesabb b b e e e e e e sse s bt baeeeeessesabbbbaeeeeeessabbbbaaeeseessaabbeees 107
NS o N 1O LT 108
CHARACTER SET AND ENCODING ... .uuttiiiiii ittt ittt sttt e e s sebbbba e s s e s s s ebbb b e e e e e e s sa bbb aneeesseeaes 108
FONTS AND RENDERING .. .veiiiititieiettee et ittt e e eetie s e eetteeessabeessssteesssbaeessssbeeesasbeesesseeaesssbesesasseesssrenessssrenenns 108
(N7 =70\ 2] 1 109
(70 I 17y i (0] 111
0 10 N =S 111
INTERFACE TERMINOLOGY TRANSLATION ....uuvtiiiiieeiieitttiesiesssesstreessesssessssesssesssessstssssesssssssssesesesssains 111
STATUS OF ADVANCED APPLICATIONS . ....ciiiiittttiiieestsiitbetteesesssetbateresesssasbtseessesssasbrbasssesssasssrbeessesssains 112
REFERENCES. ... tttiiiiiiii ittt e e ettt et s e e s s e bbb e et e e e s s e bbb b et s e e esesab b baaeeaeesssa bbb abeeeseessaab b b besesesssasbbbbaeesesssasbbrbes 112



SINHALA e bbb 113

CHARACTER SET AND ENCODING ... .uuttiiiiiii ittt sttttt e e e e sttt e e s e s s sttt a e e s e s s s eabbb e e e s e e s sasabbbaeesaeesees 113
FONTS AND RENDERING ..vvviiiiiiiiitittiiiie e s seitbtbiee s e s s s esaabbestsasssesabbbaaasasasssabbbaassesesssasbbbbasesesssasbbabaeesesssassrrres 113
NG =10 )N =] o TSRO 114
(070 ]I - 1 (0] N APPSR 115
0 107N I =SSR O 115
INTERFACE TERMINOLOGY TRANSLATION L..iiiuvtiiiiieeiieititiiesteesieistseessesssasssbssssesssssssssssssssssssssssesssssssnins 116
STATUS OF ADVANCED APPLICATIONS . ...iiiiiiiitttttiteettiiitbrttees e st iibbareeesessssbbbbaessesssassbtbasseesssasistbasssesssains 117
REFERENCES. .. uttttiitieiiiiititttee e e et seitbbteee e e et seetbb b e eeseessasabsbeeeseeesassssbaeeeeeesasastbaeseeeesasaabbaseeeeeessnbbaaeeeeenssnsrrnnes 117
B I = O O TR 118
CHARACTER SET AND ENCODING .....cuviiiiitiie ettt ettt e sttt eettee s e bee e e s tte e s e eatee s s sabaeesstbeessnteeeesareeas 118
FONTS AND RENDERING ..vvviiiiiiiiittttiitie et sesistttetsesssassatbestsesssessabbaassassssssbbasssasesssasbbbbesesesssasbbebasesesssasrrres 118
NG =10 7121 o O 119
(070 ]I - 1 (0] N APPSR 120
0 10N =SSR 120
INTERFACE TERMINOLOGY TRANSLATION L...ttttiiiiieiiiiiittiessessseiibtbiessessssissbbaessessssssssbssssessssssssssssasssains 121
STATUS OF ADVANCED APPLICATIONS . ...iiiiiiiittttttieetiiiitbrtteesessiibbsreeesesssasbbbbeessesssassbtbasesesssssbtbasssesssains 122
REFERENCES. .. uttttiitiiiiiittttiee e e et ittt e e e et s e bbb e e s e et s e ab e b e eeseeesab bbb aeeeeesse bbb baeeeeessesabbbbeeeeeeessabbbbaaeeeeessaabbaees 122
B I 1 TR 123
CHARACTER SET AND ENCODING .....cuviiiiitiie ettt ettt e sttt eetee s e vee e e st e e s s eatee s s sabaeessetbeeesnnteeessnneeas 123
FONTS AND RENDERING .. .veiiiitiiieittee e sttt e e etee s e eateeessabeessasbeessssbaeeessabeeesasbeesesseesesssbesesassessesrenessssrenenns 124
(N7 =70\ 2] 1 125
(O7a ]I - 1 (0] ORISR 127
0 10 N =S 127
INTERFACE TERMINOLOGY TRANSLATION ....utvtiiiiieeiietittieesesssessstseessesssassssssssesssasssssssssesssssssssesssesssains 129
STATUS OF STATUS OF ADVANCED APPLICATIONS.....cictttiiiiiiiiiititiiie e e s s ssbbsteessesssesassbssssesssssssssssssesssens 129
REFERENCES. ... tttiiiiii ittt et e e sttt et s e e s s e bbb e et s e e s s e bbb b e et s e e e s esb b bbb e e e e e e s e bbb b e e s e e e e s e sabbbbbeeeesessabbbbaaeesesssasbbeees 130
L1115 1O R 132
CHARACTER SET AND ENCODING ... .uutiiiiiii ittt ettt bba e e s s bbb e e e e e e s s s bbb ane e e e e e e 132
FONTS AND RENDERING .11tviiiiiiiiitttteesie et ieiibtbeessesssessstbestsessssssstbasssasessssbbaaseesesssasbbbbssesesssabbabasssesssassrrres 133
NG =10 ) I n I\ 701U i PR OR 135
COLLATION SEQUENCE. ... utuieeiitteeeieteeesiteeeesesteeesessessssbarassasbesesastasessbeeesasseseaastesssssbesessssresesassessesrens 136
10T 18 =S 136
INTERFACE TERMINOLOGY TRANSLATION ...uvvtiiiiieiiieittiessesssesistseessesssassssssssesssesssssssssessssssssesssesssains 138
STATUS OF ADVANCED APPLICATIONS .....ciiiiittttitieeetsiittetteesesssebbatesesesssasstseessesssasbtbasssesssasirresssesssains 139
L= == N Lo =L 140
VIETINAMESE ... oottt ettt e e et e e e st e e s e e e e e eab e e e e sbeeeesebeeeesabbeeeenneeeeesnres 141
CHARACTER SET AND ENCODING ... .uutiiiiiiiiiiiitiiii ettt ettt e e s bbb e s s e s s s e bbb b e e e s e s s s s sabbbaaeeaeseeans 141
FONTS AND RENDERING ..vvtiiiiiiiiittttiiti e e s seitttbies s e e s sessabbastsasssesabbbaaesasasssabbbabseasssssaabbbbasesesssasbbabasesesssasrrres 143
NG =10 N 2] o TSR 143
(000 I Y-y 1 (0] O OPPTUPRRRN 144
0 10N =SSP O 144
INTERFACE TERMINOLOGY TRANSLATION ....icitttiieteeeiiiiitreeseeessaissreeseesssasssrasesesssssssssessessssssssssseeesennins 145
STATUS OF ADVANCED APPLICATIONS. ... .vvteeiitiieeietetesiteeessettesesesteesssbesesssssessssssesssssresesssssesssssssssssssenes 147
REFERENCES. .. uttttiitietiiiitirttee e e st seitttreee e e et s etbbbeeeseessaababaeeseeesasaasbaeeeaeesassbtbaesaeessesasbbbseeeeeessnbbraaeeeenssnsrrrnes 147
S LY 1LY AN TR 148
(€] O I TN A 2R 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.
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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.

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

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

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

e 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 uniqgue 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)"' 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.

e 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

e 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

! 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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e Users are locked-in with software which is based on non-Unicode encoding. This is
mostly true for the publishing industry

e 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.

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

e 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

e Many vendors also offer their own keyboard layouts, based on their own encoding
schemes. These may be arbitrarily different from others



PAN Localization Survey of Language Computing in Asia 2005

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.

e 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

o 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

e 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 4"
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 Simple Open Type Complex Open Type
Font Font Font

(a) Font Rendering in GNOME
\_9‘19-‘-““ U.u.a.G.J o o o L gy

(b) Font Rendering in KDE
Gl ) S =Uuvsey

(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].

aslill ol Fsliall is J ==
Gledes  Zlalog)  modliodl dasl e
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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 wi