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ABSTRACT

Some of the shortcomings of the present scheme for Tamil in Unicode is pointed out first. Two
alternative schemes are presented here for Tamil for possible adoption in the Unicode. One uses 384
locations. The other uses the same 128 locations provided for Tamil, and extends the existing scheme
by including the pure consonants. The advantages of these schemes are as follows. In the first
scheme, the space requirement is just around 70% of what is needed in the current Unicode scheme.
The manipulations needed for the NLP applications are enormously simplified and speeded up, as the
vowel and consonant parts are available as blocks of bits in the code itself. The second scheme
facilitates the splitting of a letter as consonant and a vowel in the right way. It will reduce the memory
required by about 10%. No new space is required, and it is backward compatible with the current
code. But this will not be as efficient as the first scheme.

1. Some shortcoming of the Tamil coding in the Unicode

2. The Tamil scholars have very aptly defined consonants and vowels. Except for the aaytham, the
other Tamil letters are a combination of a consonant and a vowel. Unfortunately, the consonants do
not find a place in this scheme. Instead consonants with the vowel a is included. This leads to the
unnatural way of representing a pure consonant as a combination of one letter with another symbol
pulli. It has been pointed out by others that this leads to problems while doing processing, due to its
incorrect representation. Should we forget what was discovered thousands of years ago?

3. There is a character called ow length marker. Note that to represent the vowel ow, there is already a
matra present in the scheme. What is introduced here as ow length marker is nothing but a glyph.
But Unicode is supposed to code only characters and not glyphs! It should be noted that the reason
behind this inclusion is differentiating this glyph from the glyph for the letter la. But one cannot
differentiate between these two, as in today's writing, both the glyphs are identical. Even if we change
them into two differently looking glyphs, a glyph should not find a place in the Unicode.

4. The explanations given for the creation of the glyphs for koo etc. are not worded properly. It gives
the meaning as if the character koo is equivalent to kee and the thunai ezhthu.

5. The rendering of old type of letters for lai, raa etc. are provided. One has to recall that many years
ago, the government of Tamil Nadu, by Government notification has changed all these. This old type
rendering should not find a place in a current document.
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6. There is nothing called anushwar in Tamil. This is used only in some other Indian languages, and
not in Tamil. The Tamil code starts with this wrong symbol.

7. The aaythm is shown as a vowel modifier, by including a dotted circle, which is not correct. It is an
independent letter.

2. Scheme 1

To make the use of Tamil very effective in terms of memory, it has been already proposed by a few
that all the Tamil letters should be given individual positions in the Unicode scheme. The scheme
proposed below is an extension of that thought. Whereas in such schemes of others, the letters are
put one after other, in a continuos sequence, here we use a different approach. This leads to
enormous simplicity in programming and processing.

The design of this scheme is influenced by the way the ASCII code is designed. In the ASCII code
the lower case English alphabets are not put immediately following the upper case alphabets. It is put
in such a way that the corresponding upper and lower case letters differ exactly in 32 positions. This
will make the conversion of one from the other just by bit manipulation, which is faster than the table
look up.

In the case of Tamil, this principle of 'use bit manipulations to speed up processing' can be used more
effectively, as given below.

In Tamil, each consonant combines with 12 vowels. Including the pure consonant, there are 13 letters
for each consonant. The aaytham and the 12 vowels also form 13 letters. There are 18 pure Tamil
consonants and 5 grandha consonants. The grandha letter sri stands alone. So, there are 24 blocks of
13 letters each, and one single letter. Apart from these, the symbols for the numerals, and day, month
etc. are to be accommodated. They number about 20. The arrangement of these letters and symbols,
each block of 13 letters in one block of 16 places, is the basic idea in this scheme. Since there are 24
blocks exactly 128 x 3 = 384 positions are enough for the Tamil letters. In case we can get 128 x 4 =
512 places, the symbols can be accommodated after all the Tamil letters, and this will be the ideal
scheme. In case we have to settle for 384 places, then, as in the case of ASCII, the remaining 3
positions in each block can be used for symbols,. The scheme is given below.

The code for a Tamil letter is given as follows. Assume that abcd efg0 0000 0000 is the starting
location for the block provided for Tamil. Consider the position given by the 16 bit binary number
abcd efgh ijkl mnop. Consider the Tamil letter, say kaa. This has the first consonant and the second
vowel in it. Then efg0 0001 0010 gives the position of kaa. Here the binary number mnop (between
0 and 12) gives the vowel present in the letter. Also the binary number hijkl, which is between 1 and
23, gives the consonant present in that letter. If one of these numbers is zero then it represents a letter
which is a pure vowel or a pure consonant. mnop = 13 and hijkl = 0 gives the position of the
aaytham. mnop = 13 and hijkl = 23 gives the position of the the letter sree. The symbols for rupee,
number, merpadi, date, month, year, debit, credit and Tamil numerals can be kept in the last row with
mnop = 15.



In this scheme, the vowels come first. Then the aaythm comes. Then the uirmei letters of a particular
mei follow that mei. this happens for the 18 + 5 consonants. then the letter sree comes. As in the case
of the ASCII code for English, symbols come inbetween. Leaving these symbols, the Tamil letters
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come in the correct order. Note that since the uirmei letters depend on the mei letters, it is natural that
the mei comes before the uirmeis.

The following is in the tabular form. The first 7 bits abcd efg are not shown here.
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15 Tamil symbols and Tamil numerals come in this row
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15 Tamil Symbols and Tamil Numerals come in this row
The advantages of this 384 place scheme are enumerated below.

1. In Tamil, a letter can be a pure vowel, a pure consonant, or it can be formed by combining a
consonant and a vowel. Also, a word is formed by combining many parts, sometimes as much as
eight parts. In natural language processing, while splitting a word to get its components, the splitting
rules, which are the reverse of the combining rules, often needs information of the following type,
about a letter.

1. Whether a letter is a pure vowel?

2. Whether a letter is a pure consonant?

3.Whether a letter is a ukaram?

4. Whether a letter has a particular consonant?

5. Whether a letter has a hard consonant?

6. Whether a letter is the soft consonant pair of a given hard consonant?

In all these cases, the answers can be got just by checking some bit positions, since both the vowel
number and the consonant number are directly available as blocks of bits in the code itself. This will
lead to enormous simplification in the programming and also in the Natural language processing.
Note that NLP is going to be the hot topic in the coming years. And this may effectively seal the fate
of many languages. Note that in the case of table look up it may take more time for all processing.

2. In NLP, many times it is necessary to combine a vowel and a consonant, or to split a letter into its
component vowel and consonant. This can also be achieved by bit manipulations.

3. The memory needed to store any text will be just around 60% of what will be needed if the
existing Unicode is used. Obviously the communication time required also becomes just half.

4. If 512 locations are used, no special algorithm is needed to sort in the Tamil order. In the case of
384 places, if the special Tamil symbols are not used in the text, any normal sorting algorithm will
work without any modification. In case the special symbols are also used, then they may have to be
separated first, and then the text and the symbols have to be sorted using any commonly available
algorithm, and then they have to be combined. Since in most of the cases, the symbols are not used,
any sorting algorithm will work. This will be a boon since any data base software can be used even
for Tamil sorting, without any modification.

1. It is shown that the proposed scheme scores over all the other schemes, in terms of memory,
communication speed, and processing speed. These three are very important factors which may be
crucial in determining whether a language is going to be a language used effectively in the future.

3. An alternative scheme
We have already noted that the ow length marker at position 0BD7 is not necessary. It is not at all a

character, and hence can be safely removed from the code. This gives 25 continuous vacant places
from OBCE to OBE6. The pure consonants 18 + 5 + 23 in number can be accommodated in this slot,
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say, starting from position OBCE. The Grandha letter sree is treated as a single character in Tamil.
As such one position has to be given for that, after these 23 places.

This will avoid the problem in processing. Also the both the pure consonants and the half consonants
( those with a) can be represented by a single codes. This may save about 10% of the space.
Backward compatibility will be maintained. Though this is obviously not the best choice, this is also
being proposed purely because of its backward compatibility.

4. Conclusion

Some of the drawbacks of the preset Unicode scheme for Tamil has been pointed out. One scheme
proposed uses 383 places and is shown to be best suited when we consider the future of Tamil in a
competitive world. Another scheme is presented which is an extension of the current scheme.
Though this is not the best, it offers backward compatibility, and solves one important problem. The
Tamil community should take a decision after carefully considering the future requirement of Tamil
processing in a highly competitive global scenario.
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Qament(h 512 @ ui(heemer emwss sulfl 2_ewr(h. Ww,elCamb wemmule SN TWSSHISSEHES S
03158 (H ClFLW ClFwed mer (efficient) B &s GHWI(H SiemLLLG Sieud Wioml el

Sievd Gl Wemm

s LOIUTHIL LweTUTL (ha0lHer 6TETHMETUD Fnl L 60, SPSS60, OLHSSH, 6UGSIH6V
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L (pOgTD 2 HauTsEs Luweybd. SAupMD e 32 LLhsmers  Senuolmluler
sL_(hUUTL(h&S 6Tem G1&H 6l L Geuemriq Wl (h&E M. eTarGou 616hS QBULGST 224 @l UlL_mis6T
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SHwempulev Glrssb 65,536 GHIUhsT 1SS WD. LQDUmMDUID GlEmETOILI(DS SIS SEM6TLD
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8. QT, @&, &MY 2_UITOIDW 6TIPSSISS6T 2.69

Omawusdear afl @nsGnd OFLWLLLL gnésGmpw 4 L&D 6TWSIISH6T
OarewrL LGZ W6l HBS SN TWSSISSNT LRSS UDBIW Lo AT SS6I60Hm6TE SH6uT &S
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0D TWSHSIESHaMeET LWTUTL Q60 GOl 6TRSSISBHEBD, AST 2 TOIWDW 6T(DS IS EH0
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Tamil Encoding in Unicode - A Comparative Study

P.Chellappan
Palaniappan Bros., 14, Peters Road, Chennai - 600014
<Email: chellappan@vsnl.com>

INTRODUCTION

During the TamiNet99 Conference, which was held in Chennai, several papers were presented
regarding the need to change the present Encoding of the Tamil Script in Unicode that occupies the
Unicode locations U+0B80 to U+0OBFF. Among the people who wanted a change, there were two
schools of thought. There was one group that wanted assignment of unique locations only for the
Uyir, Ayutham, Mei and Grantha characters (12+1+18+5+1). The other group wanted allocation of
space for all the 313 Tamil characters. The author of this paper had also presented a paper calling for
an encoding scheme that has a unique allocation for each of the 313 Tamil characters (Uyir, Mei and
Uyir-Mei including the Grantha characters) and also for other Tamil Symbols. The purpose of this
paper is to make a comparative study of the three different encoding schemes, so that a decision can
be taken at the earliest.

THREE SCHEMES
1) THE PRESENT UNICODE SCHEME

This scheme allocates unique locations for the Uyir, Akaram Eriya Mei, Vowel Modifier and Symbol.
Instead of treating an Uyir-Mei character as a combination of a Mei character and an Uyir character, it
is treated as a combination of an Akaram Eriya Mei character and a Vowel modifier character. It also
treats the Tamil Grantha characters 'ksha' and 'sri' as conjunct consonants. In order to be compatible to
the other Indic scripts, the allocation of these characters are not as per the Tamil sort order. 128
locations are sufficient for this scheme.

Advantages:

All the Indic languages are allocated a block of 128 locations each and similar characters occupy
the same relative location within the block. This enables easy transliteration possible between the
Indic languages. Just a relative shift of locations would be sufficient for transliteration from one
Indic language to another.

It helps in Natural Language Processing, Spell Check etc since the Uyir-Meis are already split into
its basic components.

Disadvantages:

Since the Uyir-Meis are represented as combinations of an Akaram Eriya Mei and a Vowel
Modifier each one of these characters would take up 32 bits (16 bits each for the Akaram Eriya
Mei and Vowel Modifier characters). This results in large file sizes and also poor efficiency in
processing.
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Because of the same reason, there is no 1:1 relationship between characters and glyphs. Hence
Glyph substitution will be required for proper display rendering. Tamil cannot be implemented in
Level 1 of Unicode like English and the CJK (Chinese, Japanese and Korean) languages.

It ignores the natural sort order of the Tamil script. Hence it requires a separate Weight Table for
proper sorting.

Only softwares that are Tamil enabled can be used.
This scheme does not follow the proper Tamil Grammatical rules.
2) PROPOSAL 1
In this scheme unique locations are allotted only for the Uyir, Mei, Grantha and symbol characters.

The proper grammatical structure of Tamil is implemented in this scheme. All Uyir-Mei characters are
represented as combinations of a Mei and a Uyir character. 128 locations are sufficient.

Advantages:
It helps in Natural Language Processing, Spell Check etc since the Uyir-Meis are already split into
its basic components.

It maintains the Grammatical Structure of the Tamil language.

Since the proper sort order is maintained while allocation itself, straightforward sorting, without
the need for a separate sort table, is possible.

Disadvantages:
File sizes are large since the Uyir-Meis are treated as combination character of Mei and Uyir
character. This in turn leads to poor efficiency.

Since there is no 1:1 relationship between Characters and Glyphs, Level 1 implementation of
Unicode is not possible.

Only softwares that are Tamil enabled can be used.

Transliteration to other Indic languages is slightly more difficult than the existing scheme.
3) PROPOSAL 2
This proposal envisages allocation of unique locations for each of the 313 Tamil characters and all the
required Tamil Symbols. In this scheme all Uyir, Mei and Uyir-Mei characters including the Grantha
characters are represented as single 16 bit characters (Unicode Characters) and not as combinations of

Mei and Uyir characters. This proposal will require increase of the number of locations assigned for
the Tamil script from 128 to 313+.
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Advantages:
Since all the characters are represented only as 16 bit characters, the file sizes are smaller and as a
result it is more efficient.

There is a perfect 1:1 relationship between characters and glyphs. Hence Tamil can beimplemented
even in a software that is Unicode Level 1 compliant. Literally all available softwares can be used
for Tamil, without difficulty.

Sorting is easy and there is no need for separate Sort Weight Tables.

Disadvantages:

Since all Uyir-Meis are stored as single characters, one will have to use a mathematical
manipulation to split it into its Mei and Uyir component. Hence at a first glance one will be led to
believe that it is not suited for Natural Language Processing, Spell Check etc., But since efficiency
is lost only in a memory operation as opposed to the loss of efficiency in a storage device
read/write operation, this scheme still results in a better performance than the first two schemes.

Transliteration to other Indic languages is slightly more difficult than the existing scheme.
TESTING

The above comparison of the three schemes clearly shows that the all character representation scheme
(Proposal 3) is the best. However all the theoretical discussions will have to be verified by proper
testing.

Since both the Existing Scheme and Proposal 1 encode the Uyir-Mei characters as combination
characters, efficiency of both these schemes would be similar except maybe in Natural Language
Processing, Spell checking etc., where Proposal 1 could be better.

Hence as a matter of convenience, testing was done only to compare Proposal 1 and Proposal 2.

METHODOLOGY

As a preliminary testing process, a Pseudo Testing scheme was designed. A sample text of 25 pages
was taken from an existing book and it was re-encoded according to Proposal 1 and Proposal 2 as
show below.

Encoding:
Proposal 1 : Each Uyir and Mei character was encoded as a series of two bytes (8x2). The first byte
would contain the Uyir or Mei character and the second byte would be blank.

eg =9 and & =&

Each Uyir-Mei character was encoded as a series of four bytes (8x4). The first pair of bytes (16 bits)
contains the Mei character and the second pair (16 bits) contains the Uyir character.

eg H=6L and =& &
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Proposal 2 : Each Uyir and Mei character was encoded exactly as in Proposal 1.
cg =9 and & = &_
However each Uyir-Mei character was encoded only as a series of two byte (8x2) characters.
eg. & =88 and O&T =&
The above two pseudo encoding schemes simulate the real situation fairly well.

The text derived from the above re-encoding process was used for testing various parameters that
would affect the efficiency of the two schemes. For this purpose the following tests were carried out:

1. File size

2. Compressed file size using Pkzip

3. File copy using windows copy command (100 times)

4. Database Sorting of words from the text (20 times)

5. Database Indexing of words from the text (20 times)

6. Full word search for 'sjeuiy' in the complete text

7. Search for characters 'sjer' in any word in the complete text. e.g. in Sjeuer

TEST RESULTS
The results obtained from the above tests are tabulated below :

S1. Test Proposal 2 Proposal 1 Difference
1. File Size 116394 bytes 173904 bytes 49.41 %
2. Compressed 35917 bytes 39467 bytes 9.88 %
3. File Copy 1540 msecs 2080 msecs 35.06 %
4. Database Sort 2310 msecs 3020 msecs 30.74 %
5. Database Indexing 5490 msecs 7910 msecs 44.08 %
6. Full word search 38450 msecs 58220 msecs 51.42 %
7. 'oje0r' search 38010 msecs 57900 msecs 52.32 %

The pseudo test results are very clearly in favour of Proposal 2.

Other Languages: The concept of encoding all characters even if they are syllables, has been utilised
by many languages. Primary examples are the Japanese Hiragana and Katakana script and the Korean
Hangul Syllable block.
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The Hiragana and Katakana Script allocates separate locations for syllable characters. e.g. 'ka', 'ki',
'ku', 'ke', 'ko', 'sa', 'si', 'su', 'se', 'so', and 'ta', 'ti', 'tu’, 'te', 'to’.

Similarly, the Hangul Syllable block allocates a different location for each one of its syllables that are
either a consonant-vowel-consonant combination or a consonant-vowel combination. In fact there are
over 11172 such syllables which are allotted individual locations in Unicode (U+AC00 - U+D7A3).
Apart from this the Hangul script also has a separate block called Hangul Jamo Blocl (U+1100 -
U+11FF) which encodes the consonants and vowels alone without its combinations.

Another point to be noted is that the Canadian Syllabics have been alloted over 700 locations in
Unicode 3.0

CONCLUSION:

Preliminary pseudo test results point clearly towards the All Character Encoding Scheme. But before
proceeding further, it is necessary to test it out in the actual Unicode environment. This would require
development of fonts and keyboard drivers. For this purpose the Tamils could come to a private
understanding and use the End User subarea of the Private Use Area of Unicode (U+E000 -
U+F8FF) for encoding all the Tamil characters. Once this testing is done, we would be in a position
to take a final decision about how to proceed further. In case the results favour an All Character
Encoding scheme, we should press further and get this implemented through the Unicode
Consortium.

Author : The author is a partner of M/s Palaniappa Bros., which is one of the leading Tamil book
publishing houses in Tamil Nadu. He is a Production Engineer with a Masters degree in Business
Administration specialising in Finance and Information Systems. He has been involved in the fields
of Font and Software development and DTP for over 15 years.

Contact : Palaniappan Bros.
14, Peters Road, Chennai - 600014, India.
Phone : 91-44-8268035, Fax : 91-44-8284067, eMail : chellappan@vsnl.com
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Wweon Capmig 6V 6160 WM SHIMI6T

. SperorGLT T
&S S0DFFHSE C\FWevmeriy
Softview Computers,
40, Nelson Manickam Road, Chennai 600 029, Tamilnadu, India
Email: sve@giasmdO1.vsnl.net.in  Internet: http//www.tamilcinema.com

SO TWSSTEHS LIGWN SEn6 elpsiTy) eUenSHemTEs L7l &S&6VILD.

1. QEMEVFT6UIQ SH6TT HTELLD
2. SIFFD NFHSCHMTULGE6T STEVID
3. sell LGIUmHl &mevid

Gy &.09.1517 &y peorh eudy SOIDOIWTH S el Sefed  SooleL(heemeGLo
CelllsslUlL gl ST BreuuLlgeard srmsbumguien CurrsfssAw urdmwmy 2 geilu|L e
SIMWESULLL D &FFSD dpewrsGau gl Qwmf srdgmnsaln wHLOTFS GILUDDS.
QENVE &6l S6T FF S TID LemL_FSem6U. ST SMmIS6M 6L Siemel GGG STELRISET LISV 619 651 L_L 6.
Berenpw HemeGuim sewiLGILIMN S&meuiD.

Learpb USG VLG LG MBS aT(heeEnsGSL er BT ensularme Cuermensil WG58
sl QwmPew sTGIGaumom sTearn FHEHSE [HlemeCw 2 6Tengl. SiBS6TeSHES HewNLGILTDH eueTTFS
OQuilw Siemellsv sl veuemLID 6T(HSGl6TenG). 6l Fevmev sllemFl Lvemsuley cTWSMSS SL_(heuGg Sl
STPGID WPMPWTSS Fnl MDD, Goaid Gerenpw Hensouley semnlGlLTMES DMLY 6THS
Qumfl euemgss CUNAPCsT By CwmPuler eaumTeEd SamgluTs AHETLSS D GaTDTLO
BmEGL. PO PSeVL TOLSLTTENS SLgmu MDSS STHTLS LIHOGLT BiVVG
sLOUTNS FGlmpuled WL b udsGh WbHTUArCssEunm sni B SHWOIDFBTL G660 SO
CQurise Wbeaaadlwue gGmpule AMEGSD WPESEHWSSIUSMS 6T SH6606me0  6TaTLS
SOUIL$5555. SO0 dlenglunma bbb mowrssd CFLs8s GlUfiW FTHme 6TeTL LIS
6T600T600T| SO\ S MM (HSS DTTHET NG Saum). Sl LGILTM S SN LMH BHHB MWTESSD 6TaOTLS
B0 OLOILTH &G 208 SiemeleL HenL_ GG AMSSTTED HYGW. SO 6lmFLLVMS TS STTD
(H B TL HemeGuWTGD. SsTESSH 0 AFALUULTS LGan QmevFSallqS6T, L& WhiseT
S WwanemnCh sl LOLTMUIeL LS BESTCL Gemewwd dpsuords LLEaM ©CFWITSSmISm6TEL
uepD 6Tl gTaEl LwaTU(bhsS & Glsmereamemd. Qmss ST iblelwe, elenemwmi_(h, LOIHSSI6ULD
oo SO 2 odeeTem imaTsFIL LfeysmerGh Gumglsurs SeiLoumBlulwey Smemrwb
surleoral udle) CFwLgl, CarTeLGULmL g GlsmebLlwT suny LTTemalll(hd C\&meTaTeumLD.
sTULG W HESTID  QBF BHHMOWTEESSSHEETE U(HRSTL FHSHEHM  SONE ATHEF
S60TIq LILITE LOMESTS.

seonLoILTH  euemFFS  BrEHSES BT cphdled ID  eueTFoug GUTaTET  UeTTFS WTEGSLD.
semn LMWl 6T 6TS S wWeapew &TaCss ismaley Glurg Glomfls GNulL b wapwrs
'Geon GarL_! sTa0Tn SlLL LD Lergmid Hev BILSeMev 2 uemsGuw SpemLGUTE MG &b Weon Gasm
S L sdlev g0 (10&55Me el WmISP Ceuemriq wi L6V 6 OgIEIS6T 2 6Termeo.
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sn@UTgIeTeT YmidBlev 6TsHSE GSHlUi(hsem samnulurdluley Ldley GFwwn Curgl 256 SIS
GHUbpsmms udle GFLwlL(hSamer. Leme SO (WESTE LWOTLHSS wHOID Ude] GlEFwWD
Gurgl ymde TWsSIEENT QHeSHLSH0 sy udHsg LwaTLbhSSLUbGEDS. Ceueurm
Sphid 058160 L (HId L6 GlEFwLWD psnm pevdl (ASCII-American Standard Code For Information
Interchange) st SimwEsLLGEDS. QBEHWw CwmPEmer ude GFLWD wemn Qv (ISCII-
Indian Standard Code For Informataion Interchange) stenr SiemwéslLbE 0. L& ISCIL emmsnw
LSS W STFTRSFHMS G617 LTSS WTIHD LweTU(bdglud seme. &bs ISCII wpenpwrers)
Opdow siglumLwress Osmem egambssuulLgl. &bs ISCIL wompomw LQuGums)
Sy Cu well@Garl L sdlev dlengss M amarlusme) BTD Lo &&s00EmeT SOl Glompluley
618117 Gl meiem @eveworiq w6memg.

pendl CGarl wempuley sailGlurdule udley GFwLw 8 WL (BseEnn, wealGsrl wempuis
saiLourMuley udley QFuw 16 W (haEnd SgUumLWTE 2 6mangl. WalCarl L sms
Grrsdwrer wmmuled pTTLFS CFWG 2 60l e6Tem MG GIMHSMETWD 2 6T S W
g7ouBss  OuTgIOWLTHE GOl eamn swrfss eMLugneETs unicode consrtium eTerm
SImLLLY  AMLSSULL(HeTongl. 2 eodleemer  GQufiw  seeiuGlumn)  HpieueThieEst, pTTUEFS
OWMISET, TS [HDIeUeTRISET, SH606lWmLLILEET GBS LI 2 ML erTEeTTs 2 6TaTe].
weN Car I L sdl6v s0ps Sirab 2 nlllarrms GmULg UTITLL 5655 SDSFTGLD.

weN@asm Gloml cpeoomd Lley GEFLWLLL L seiuolumd Gasmlysmer Aemergg O
saiLOuTMled LweTU(hHSSeomD. wweud SisFafieng, Csbse Uemlsst, auflenelubSse,
a6u60 CailLIL, H&6u6L LR LTHMLD, GTev 2 F&FFl UL & Weuhenn Henerdgl GIompl&@L wel Gam
Sl 1oms 6 6T6M MLOWITENT (PEMMUITE MSWITOTLLIL 66T Gl. SLLWL LT sTaTmTE60 pmid 0SS 6V
L GG wwb eTarn oW WelGasm FHLLb WwHugsH Smardg O &sEnsED
seT LOIUmM LweTL(HOULY 6Ulq UDDSSLILIL(HETETSI. pET6V. .......

sl CEprEasds) 30 SN TWsSISsEHD, SHP AESHECsTUY Wammuler 314(247+67 s
TWSSISBEEHD ) S PphEvs sy SaMlLCLTNE CFWNTES WODES 95 T(WRSSISSEHLD
(Bilingual), snC@urengw udlus sBlLGBEL 99 (Monolingual), wempuley sWlLGLTHSE 213
TS SIBEBD SISSLLIL(HeTemer. Spemmey wel CETL penpullsy D Glomfl&E ief&asuuL(heTsT
(musrfl @MWUL(h LLmasst OB80 gy OBFF eauemy) @LCom 128 grear. Qe urd&@n
GuouL L QL m&sT &relwreGa LwarLbhEsUUL TG 2_sTemer. 2 NCTWsS 12, Clwb\wWws s
18, Spws Twwss 1, LSemewly ewssissst 14, gD eTeaosst 12, e Owmp 4 eter 61
TS5 Csm LweTL(bSSUUL(heTergl. 128 BL-S8l60 67 L)L M&E6T STE0WTeS 2 6T6men. 6760r 6TeTm)
SITWHS UTTSSTL el LOmMulley aMbg Hmibd wHm e GlmH&EneE gomULLg. wel GHmL
FLLEMmE mwSs onBuWT@L. Goeaid He SN (BOL WMD) TWSSIEEHD  LeLemev.
Bevssaiug 2 OTwWssIn CLwLOWWSEID C&TBes e SN WSS LUnSHng 6TarmTaILD,
S0 Glomluler GUT(R TWSSISGLD BT BIDOLUSEBD STS5S @LL (D 2 6Temer. &G BT
welCar L sdlev Qablaur wsdng sl QL Csug BD sLmwwTG. wen G
weplug 2 WCrWwssisEnn CuLOWWsSsEnCn SblWessTs el EsUuL(heTengl. Cserme
BT SewonLOLMullev w1l il SGSLD BeS LSS SPTESHSEneEs b MeTTULImW 1§ o0&
LwerU(hds Geuemrig W [Hlemev auFeULD.

2 FMTETSEH DS QaTmMS GM UL 60D
'Sleroeil' sTeorn GlFmeL QUCLTMSW HewnLGILTH LSleyls Ly BrenG GMluibsemTeCa Ll aum@ib.
Speormey Wesl GEmL emmLLILg. 'lerioemi' 6T6iTm ClEFTLEVTETS &+ 8 +60T+Di+HD+i+ 601+ )" 6T60T
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6TL(b @MUi(hsenTs LS TEGD. BTMOTW 2 06 TLCLTGL SeolLoumley GBs wWemmulev
SO emSsWTeTLLL L M6V LiFl6y GIFWWD (pemmuilev & &6, L aEETSE Fn(hPH60 SL_L6wTld GlFevsi (Hib
e, Camlller ey OlUfisrsslLbsn, SaonUolLTHUlL LIGSSD WOMID TSI WD
Mg, ASTUflmELLBHS00L CBID an(hz, Cabse L sEneEd CBID & (Hsen, SHeue
CelllsEn uamisEh CBrEhsmb, 6I6ILMTS GTMmLLL, SSHSMET I $8 60 HbS
wHOWT®m BLsdnE SmilyngnCs L el CBID GlFmal(hn flw Heme goubb. &HS
&g pepulend, @ Geauamer WaNCaml wemrhesle Lsp olupmell L me [BD Sl
Qumfl ypssan sasLUL(H Qb mde Glumblamw LweTUbhsSIn Henswb ( GUGuTg 2 sTerg Gume)
67 DLIL_6VITLD.

gl Glomfl Syllabic Language <@Wb. pmidlev GQuomfl Spelling Language <@wWw. egliumediw
Quwmf Morphinic Language <@b. semiuoumbluley pmidley OumisE sder eufleuig b
Si6M &S LLL_(HeTemg). L) O &S Caeuermdlf sufl ulg UGS weoll @amL_1q 60
sieM&sUUL(eTongl. guureaiw Owrflég ammar (Han), afgreramsrm (Hirangana), &L L &eonm
(Katakana) <pdlw eufleuqeumiset LweTU(hSSLL(HE armenr. Seueumm eulq eumiSEnHD O &EmpLo
OmCam Ufeset aaLg SOLINL 55855 wWonCGaml seam SHLb 1988 b ey
Feussiuul(h, 1991 <y opeorlh  WenGsML  SOTFMTQWoTs  LIOU@GHD — SEMLLULITES
Bmeulul(beTengl.  Seueuemoll  QeuGleuT(h BILTS pTTULFR WTETTSET  66u0)6uT [Heu(HL D
QsrLiTy Qasrewi(h Gbsl Gurg Cwrmhs L sHo marsdg Cwmbamamuyn UG s 1991
YIO PGHS B YOD SHSSTHMSWD Bl abHDg. Qpsran® psab 30 s
@&ULbu 2- susmyullevmenr CHd s6Med AR Ee &60GLITiTa wWimell Q6T FTaTWEmen 6TETM BB 6V
wel G 601 FiTeuCaa Sirmidlev 'Well G&m -3.0" 6Te0Tn &S LWeTL(BSSIDLIq Wmer Lgw S L D
SN wasLUBSSUUL BTGl BBss L GF 6L 208 QM &6 SmarsHDGSL 65,000 GL ks
OIISSUUL(Hetemer. oM QEsE  GOULE LLsde  shlwsE 128 LG mgEsT
SN ssLUL(emengl. Qemeripn wenGasml dlLgdleo 7,800 @MUibSEmEETOT G M&E6T
srelwres 2 ememer. IO SOD CurHse SUCLTCs I CarThssmn SHss GO (b
BL_migmen Seuwniq LuTsL O\Lm LY Wb.

GHULpsare ds LLmsmer 6lupwpyCor sam FHEEFsL LMHBSTOID  &aUmEVLILIL
Geuemrig wiglsvemev. eTOlemssNey We&GamLliqer el 6@ OLTHUIET QauGleTTH 6TWSS 6T
&G0 Caupurhst &m&Es Caemrbb. QEs iglumLle urTssmo SHlpempulan o1, &,
&, &, g eTar AOT® TWESHDGL ClbuaiGsuy 660GW 2 6morgl. Goeaubd Sl CLTHES IH S
O CalLm Qurfl Amgybwer LmD SmHEEDTTE. AHed SOHULBH G Glarug
sl LUl ler 2 sTolFweoLTL_(H5Cs. <paCa smarwegmen WIBTLIGNG wWarLrsCa boES
ad86s5 GHUL(H GLmser Cameublwer BTD @Grev sTUL Cousmrig W Sieugy Hleneuudev 2_em@emmib.

128 QL msmens smar welGaml GHluiL g6 el SgietenmiisCet, sTauCss SiTmide GmgslL
siFswrs 0D GHUL(H LBLsma MUt 6Ter [Hlenares Gousmrmb. golarsne Gl&miiw
(anmhiGn) ObrisEe GssmIuouThls L sde 11217 GLms6T QSESSUUL (heTeTe.
Smerws sl dEbasEED ShET 2 flmwaamer unicode.org 6o G S0SH DS
D ETETEHFE)  APOUDTE SRS — SHSSIGMET  SIILLTD.  WelGasr Sl  earug
Sl LOLTH &ETar aubmisTol GuTgdLLb. QuGurg il Lme Uharusdle &L 0815
Casle puurg. odls eHULb LGLb HoLgsme BowamLw b  arfasasrGer
SiniLell SaL CUTE DTS

TS SLOlLD!



