12. Encoding of Indic Script : ISCII & Unicode

ASCII is a well known encoding scheme for (Latin
script that is used for) English. In order to represent
Indic languages with their own scripts different from
Latin script, efforts were made at national level during
1960s and 1970s. During 1980s, ISO made provision
for evolving multi-octet code for simultaneous
representation of world-languages in addition to
English. This article discusses intricacies of ISCII
(Indian Script Standard Code for Indic Scripts) and
their representation in Unicode. Unlike Latin, Indic
scripts are non-linear, and hence rendering mechanism
becomes important. Indic Scripts are Brahmi Script
based and phonetic in nature. There is Alphabetic
similarity among the Indic scripts. To illustrate, we
cite examples in Devanagari script. A character
represents a phoneme. The grapheme (the shape of
character) may vary from one language to another.

History of Indic Scripts:
All Indic scripts derived from Brahmi Script. The

Indian scripts may be further divided into two major
linguistic groups, Indo-European languages in the
north and Dravidian languages in the south of India.
The Indo-European group languages are Devanagari,
Gurumukhi, Gujarti, Bengali, and Oriya. The
Dravidian languages include Telugu, Tamil, Kannada
and Malayalam.

Sounds of Indic languages:

Sounds in Indic languages are divided into four groups
Vowels, Consonants, Nasals and Conjuncts. Vowels
are pure sounds, Consonants are combination of one
sound and a vowel, Nasals are nasal sounds along with
vowels & consonants. The conjuncts are combination
sounds of two or more sounds.

Indian languages are read as they are written because
Script used by Indic languages is a Syllabic alphabet
representation. The Syllabic alphabet is basically
divided into Swar (Vowel) and Vyanjan (Consonant).
Swars may be short Swars or long Swars . The
Vyanjans are classified into vargs (Tables).

The uniqueness of Indic language is that each
phonemes has been assigned a letter and this the reason
the alphabet tends to be quite large. The table on next
page shows a superset of Indic consonant sounds.

Some important facts about Indian Languages:

+ InIndian languages, retroflex variants of a basic
sound are found,

+  All the plosive sounds have an as aspirated and
un-aspirated version,

+  InIndian languages the recognise combinations
of one or more sound (character) is considered
to be a single unit for sorting purposes.

Characteristics of Indic Scripts:

India is a mult-lingual country with 22 constitutional
languages and 11 different scripts. Twenty two
constitutional Indian Languages are mentioned as
follows with their scripts within parentheses: Hindi
(Devanagari), Konkani (Devanagari), Marathi
(Devanagari), Nepali (Devanagari), Sanskrit
Bodo
(Devanagari), Mathili (Devanagari), Sindhi

(Devanagari), (Devanagari), Dogri
(Devanagari/Urdu), Kashmiri (Devanagari/Urdu),
Santhali (Santhali), Assamese (Bangali), Manipuri
(Bangali), Bangla (Bangali), Oriya (Oriya), Gujarati
(Gujarati), Punjabi (Gurumukhi), Telugu (Telugu),
Kannada (Kannada), Tamil (Tamil), Malayalam
(Malayalam) and Urdu (Urdu). These are in vogue in

different states.

There are less than 5 percent people in India who can
work in English. In spite of the plurality of Indian
languages and scripts, their script grammar and
language grammars are quite similar, and they have
40 to 80 percent vocabularies in common.

Indic Scripts are very complex in nature however they
have a common phonetic nature. All major Indic
scripts run left to right, although some vowel sign
(matra) may appear to the left or right, above or below
the base consonant, and sometimes surrounds the base
consonant on more than one side appear to the left of
their base character for display. In a number of scripts,
characters commonly have a headstroke (know as
shirorekha) and a high baseline (know as kana). Such
characters fix at top from the line when written. The
various characteristics of Indic scripts are described
below.
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Manner of articulation

R Voicl ORI | G Nasals
Unaspirated Aspirated Unaspir. aspirated
Vel & (ka) @ (kha) T (ga)  (gha) | & (Nha)
bk  (cha) & (chha) & () % (ha) | F (nha)
_ | Retoflexes T (Ta) S(Thy) | S@Da | @Dha) | o (Na
2 | Denals 9 (ta) o (tha) < (da) & (dha) (el
g 05k T (pa) % (pha) 9 (ba) H (bha) 7 (ma)
<§ Stk T (ya) R (va)
= Liquid R (ra) < (la)
S 31 (sha) ¥ (Sa) 9 (sa)
Glottal g (Ha)
& (kSa) F (ra) | 9 (nha)

There are vowels and consonants in each Indian script. The vowels for Devanagari script are as given below:
(a) Vowels:

Vowels are independent letters in Indic scripts but these Independent vowels always come as first Akshar or
after a preceding vowel with no intervening consonant. The following table illustrates their correspondant the
most common independent vowels and vowel signs in Devanagari:

), 2

(B wrl? IWLAINIIKA U, STIWIVUKL UYJ, 31\U),

Unic ame AJAA ([Tl |II |U (UU|vR |E |EE (Al [O | OO | AU
'“""lim“cﬂt Flaw (s (& |5 |5 |= |v |¢ | |3 |3 |3
Vow L Sl 13 Yo o o |12 |[& || |of

o] ™~ (3

Difference in Devanagari between #1 [kee] and #g[kai].

%1 follows the base consonant with a vowel sign and %2 with an independent vowel. In the second case
only, the independentvowel sound is retained immediately after the initial [k], and the sequence is pronounced
with two distinct vowel sounds.

(b) Consonants:

The word consonantis used to refer to letters of an alphabet that denote a consonant sound. In Indic scripts a
consonant character carries an inherent vowel with it. In Indic scripts consonant characters represent a consonant
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+ vowel syllable. Each consonant is followed by
inherent vowel sound and inherent vowel can vary in
pronunciation from script to script.

For example: Character % in Hindi (Devanagari script)
is pronounced [ka] rather than just [k]. The [a] sound
is the inherent vowel, and is usually transcribed as a.

At places where the inherent vowel sound is not
required, the inherent vowel sound is killed by use of
Halant. Halant is a small diacritic mark, attached with
the consonant to kill its inherent vowel sound. It is

called a Virama in the Unicode Standard.

Examples:

\2 [8ay)
(& Mo

sl

In these examples consonants pronounced without
the inherent vowel.

Some important facts about inherent vowels:
+  Inherentvowel is not always pronounced.

+  Inherentvowels are needed for round trip script
conversion (transliteration).

+  Inherent vowels are not trivial case. They are not
contained in every consonant cluster even when
that cluster does not contain a visual dependent
vowel.

+  Inherentvowels are useful for preserving phonetic
value in dictionaries or text-to-speech
applications.

(c) Vowel signs:

The sound of a consonant is modified with the use
of Vowel signs. Vowel signs are better knowns as
matra in Hindi. This vowel sign overrides the inherent
vowel with a different sound. In Indic scripts vowel
signs are all combining characters. A consonant can
only support one vowel sign at a time. A vowel sign
may appear to the left or right, above or below the
base consonant, and sometimes surrounds the base
consonant on more than one side.

Examples:

Use of vowel signs with the % consonant in Hindi,
and the resultant sounds:

w1 [ki] = [ke] ®| [ku]

Vowel signs may also appear to the left of the base
consonant they are related to. For example:

Devanagri, %+ fo = f& [ki]

Combination of base character and vowel sign
produces a change in the basic shape of either base
character or vowel sign or both.

(d) Consonant clusters:

A consonant cluster is a group or sequence of
consonants that appear together in a syllable without
avowel between them. There are two main approaches
to indicate that the inherent vowels have disappeared,
either (a) change the shape of the consonants or merge
them together in some way (a conjunct form), or (b)
use a special diacritic to indicate the absence of
intervening vowels.

For example, ¥ [s] + @ [ma] - ¥ [smal].

A cluster is not limited to two consonants in all case,
eg.

L [r] +7 [g] + & [gha] ->7&  [gargh]

(e) Vowel signs used with consonant clusters:

The placement of the vowel sign after consonant
cluster may need attention. For example in
Devanagari, where a vowel sign that is normally placed
to the left of a character is pronounced immediately
after the cluster, in 9RY™ [paridhan], the fo is
pronounced after the 2.

(f) Nasalisation and alternative nasal letter
representations:

Nasalization is the production of a sound while the
velum is lowered, so thatair escapes partially or wholly
through the nose during the production of the sound.
The diacritics of nasalization vary from script to script.
The following are a few examples of usage.

+  In Devanagari, nasalisation of vowel sounds is
indicated using the candrabindu or anusvara

diacritics, eg. &% [kai], & [han].
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The anusvara is written above the headstroke, at
the right-hand end of the preceding character in
following example:

fa<t = fa=<¥ [bindi], @9 = @™ [khambha]
(g) Numbers:

Differentscripts have different number shapes. While
some scripts, such as Modern Tamil uses European
numerals.

The following table shows the number symbols:

European (0123456789
- ijo ¢

an _obl .....
____nukhi |[°© U yeoxce
Gujarati |01R3¥USIOCE¢
Tamil &2_h & ([hEn613|&o (no zero)
Telugu cno3vRE2UF
Kannada |00 9%9a¥ B e o€
Malayalam |[© £ - M @ 6 @ © Jb

Shapes of Tamil numbers are not based on the decimal
system thats why there is no zero.

(h) Text units & punctuation:

Words are separated with spaces. In most cases modern
text uses western punctuation as (,, , , etc), but
some scripts use traditional punctuation also for
example, the DANDA Tin Devanagariand DOUBLE
DANDA I in Telugu in place of (.) in English to
end the sentence.

Computer is basically a number crunching machine.
Information is stored in flip-flops as 0/1. Human
communication necessitates a language which has
alphabets. Alphabet representation is comprehensible
to human being, but quite incomprehensible by
computer in its original form. Alphabet needs numeric
representation of fixed length for the purpose of
information processing and exchange. This
representation is called coding scheme. For English
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alphabet 7-bit code ASCII (American Standard Code
for Information Interchange) was evolved that may
represent 128 symbols including alphabet, numerals,
punctuation marks, special characters and control
characters. Later-on 8-bit byte became the minimal
unit for information storage with 256 available code-
points.

ISCII:

In India since 1970s, different committees of the
Department of Official Languages and the
Department of Electronics (DOE) have been
developing different character encodings schemes,
which would cater to all the Indian scripts. In July
1983, the DOE announced the 7-bit ISCII-83
code, which complied with the ISO 8-bit
recommendations. There was a revision of the ISCII
code by the DOE in 1988. Bureau of Standards (BIS)
adopted ISCII-88 with minor revision in 1991 and
remains the prevalent national standard today [ISCII-
91 orI1S13194:1991].

ISCII (Indian Script Code for Information
Interchange) is a fixed-length 8-bit encoding. The
lower 128(0-127) code points are plain ASCII and
the upper 95(160-255) code points are ISCII-specific,
which is used for all Indian Script based on Brahmi
script. This makes it possible to use an Indian Script
along with latin script in an 8-bit environment. This
facilitates 8-bit bi-lingual representation with Indic
Script selection code.

The ISCII code contains the basic alphabet required
by the Indian Scripts. All composite characters are
formed by combining these basic characters. The
alphabet in each script may vary but they all share a
common phonetic structure. The differences between
scripts are mainly in their written forms. ISCII
encoding is completely independent from the glyphs
used for display, making it possible for a script to be
displayed in a variety of styles. So, ISCII has an
advantage that immediate transliteration between
different Indian Script is possible by just changing
the script display modes.

Unicode is based on ISCII-1988 and incorporates
minor revisions of ISCII-1991, thus conversion
between one to another is possible without loss of
information.



Properties of ISCII: -

in an Indian script can be displayed in a variety
of styles depending on the conjunct repertoire

L _ISCH gpseh e -l ta.ble, whic.h e bz e used. ISCII codes however allow a complete
in ISO-10646 compatible environments. It o fLe :
- } - delinking of the codes from the displayed fonts.
allows English and Indian script alphabet to be
used simultaneously. 5. The INSCRIPT keyboard overlay has one-to-
d ith the ISCII code. Thi
2. TheISCII characters, within a word, are kept in one correspordence with the coce. T
way, typing of word does not depend upon its
the same order, as they would get pronounced. di
: C : isplayed form.
Since there are variations in ordering of a few
consonants between different Indian scripts, it~ 6. The ISCII codes are rendered on the display device
is not possible to achieve perfect sorting in all according to the display composition
Indian scripts. Special routines would be required methodology of the selected script.
when some characters like Nukta need to be Transliteration to another script can thus be
ignored for the purpose of sorting. For most obtained by merely redisplaying the same text in
purposes, however, the direct sorting achieved a different script.
hrough the ISCII houl fficient.
through the ISCII code should be sufficient ISCII and ASCII Co-Existence:
" Dici : b
) 1 lotionary SOTUNg SEQUETLOES Vel Withn & H g aihitaan et BB ek lower 128 chatacier:
anguage vary. Hence soft-sequence for sort may _
be used (0-127) confirm to ASCII standard. The higher 128
' characters (128-255) cater to superset alphabet that
4. By using only the basic charactersin ISCIL, there  can represent any one of 9 Indian scripts on switching
is only one unique way of typingaword. Aword  the display mode.
ISCII Code Table
Hex 0 1 21 3 4 56 7| 8 9] Al B| C| D| E| F
Hex Dec O 16 |32 | 48| 64 80 | 96| 112 [128 [144 | 160 |176 (192 | 208 | 224 | 240
oo [nuL [DEL[SP| o] @] P <] »p | | 1| o] o
1 |1 |[SOH |DCI ! 1] Al Q| a| ¢ Sler| w| 2 3| a
2 12 [STX |[DC2 | “| 2| B| R| b r at | a| 3| 3| =2
313 ETX |DC3 # 3 C S c H I 4 o] 3
4 |4 |EOT |DC4| $| 4| D| T| d| t | @| & s5| o s
55 [|ENQ |[NAK [ % 5 E| U| el u am| w| & 6| of g
6 |6 [ACK |SYN|[ & 6| F| V| f| v s | a| | 7| o] =&
7 |7 |BEL | EIB ¢ 71 G| W[ g| w s s | 7| 8| o o
8 |8 |[BS CAN ( 8| H|f X | h| x S| 3| 9| 9 ¢
919 [HT EM | ) 9 I Y i| vy | ®| ® ]
A |10 |LF SUB [ * Il Z]| j| z ®| S| 49| or
B |11 [Vl [ESC| + ;] K [ k[ Tl w| 9| B
C | 12 |FF FS ¢ < L \ | | vl | @] AN
D |13 [CR GS| -| =| M ]| mf } Tl 2| T g
E | 14 |SO RS . >| N & n| ~ 1y Ll Y
F | 15 |SI us| /| ?| O _| o|DEL aft I o«
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Examples:
1. Symbol ISCII Representation (Hex)
A 41
a 61
/ 2F
2 32
ED B3
o DB
<) A4
2 F3

2. Ram in ISCII will be stored as 52 61 6D and ™
as CF DA CC.

Unicode:

Two individual and independent project ISO 10646
project of ISO (International Organization for
Standardization), and Unicode project by
manufacturers of multi-lingual software were launched
in late 80s in order to create a single unified character
set. But from 1991, they united in favor of world
need and published their own tables. But they made
them compatible and agreed to perform any future
extension with coordination. Unicode 1.1
corresponded to ISO 10646-1:1993, Unicode 3.0
corresponded to ISO 10646-1:2000, Unicode 3.2
added ISO 10646-2:2001, and Unicode 4.0
corresponds to ISO 10646:2003. All Unicode versions
since 2.0 are compatible, only new characters will be
added; no existing characters will be removed or
renamed in the future.

Computers store everything by assigning a number
to it because it can store two bit 0 & 1. Unicode
provides a unique number for every character, no
matter what the platform, program or language.

Unicode is the universal character encoding,
maintained by the Unicode Consortium. Unicode
provides a unique number to every character of all
the scripts of world. This encoding standard provides
the basis for processing, storage and interchange of
text data in any language in all modern software and
information technology protocols.

Unicode covers all the modern and ancient characters,
technical symbols, punctuations, and many other
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characters used in writing text for all the writing
systems of the world.

Unicode enables a single software product or a single
website to be targeted across multiple platforms,
languages and countries without re-engineering. It
allows data to be transported through many different
systems without corruption.

Scripts covered:

Unicode covers almost all scripts (writing systems) in
current use today.

That includes:
e Arabic

e Armenian
e Bengali

o Braille embossing patterns
o Canadian Aboriginal Syllabics .

o Cherokee

e Coptic

o Ciyrillic

e Devanagari
o Ethiopic

e Georgian

o Greek

e Gujarat

e Gurmukhi

e Hangul (Korean)
o Han (Kanji, Hanja, Hanzi)
o Japanese(Kanji, Hiragana and Katakana)

e  Hebrew
e  Hiragana

e  Katakana

e Khmer (Cambodian)
e Kannada

e lLao

e Latin

e Malayalam

e Mongolian
e Myanmar (Burmese)

¢ Oriya

e  Syriac

e  Tamil

e Thai

e  Tibetan
e Yi

e Zhuyin (Bopomofo) and more



Unicode Standard for Indic Scripts:

The Unicode Indic ranges are based on the Indian
standard ISCII (Indian Standard Code for Information
Interchange, 1988).Later updates have been made.
Latest version is UNICODE verstion 4.1.0.

Following table gives a list of scripts, Unicode range,
languages which use these scripts.

Script Unicode Range Major Languages
Devanagari U+0900 to U+097F Hindi,
Marathi, Sanskrit, Kankari, Sindhi
Bengali U+0980 to U+09FF Bengali,
Assamese, Manipuri
Gurumukhi ~ U+0A00 to U+0OA7F Punjabi
Guyjarati U+0A80 to U+OAFF Gujarati
Oriya U+0B00 to U+0B7F Oriya
Tamil U+0B80 to U+0BFF Tamil
Telugu U+0C00 to U+0C7F Telugu
Kannada U+0C80 to U+0CFF Kannada
Malayalam U+0D00 to U+0D7F Malayalam

Devanagari Script: A Brief
Introduction:

Around the 11th century AD, Devanagari alphabet
derived from the Brahmi script. It was developed for
writing Sanskrit but later adapted for writing many
other languages. The Devanagari block of the Unicode
Standard is based on ISCII-1988. Unicode Standard
encodes Devanagari characters in the same relative
position as those coded in position AO-FF416 in the
ISCII-1988 standard.

Important points:

o Consonant character carry with it an inherent
vowel which can be changed or muted by
diacritics or matra as eg.

F o+ —

o Vowels can be written as independent letters also.

e Devanagari conjuncts the consonants that lose
the vowel typically lose their characteristic vertical
bar such glyphs are referred to as half-forms. For
example,

¥ [s] + A [ma] -> & [smal].
Devanagari alphabet:
Independent Vowels Letters:

The independent vowels in Devanagari are letters that
stand on their own. The writing system treats
independent vowels as orthographic Consonant-
Vowel syllables in which the consonant is null. The
independent vowel letters are used to write syllables
that start with a vowel.

Dependent Vowel Sign (Matras):

Dependent vowels used for writing noninherent
vowels and are generally referred to as vowel signs, or
as Matras. Dependent vowels do not stand alone.
Explicit appearance of a dependent vowel in a syllable
overrides the inherent vowel of a single consonant

Primary Indep als
Long Diphthongs
Initia acritic | Initial Diacritic | Initial Diacritic
a T pa AT aa |9 paa
i | opi | e | pee
jid
L I u 9 pu F oo |Y poo
= 1 |g pi |%& re |9 pre
:ndent vowels
T ¢ g pe v oai lij pai
! Mmoo @ po 3 a |ut pa

letter. A one-to-one correspondence exists between
the independent vowels and the dependent vowel
signs.

Y B
5] k]

&

‘C?T ‘f\\r‘\ﬁ'

% “Z CET‘ ‘(Z‘r\‘ ‘C‘r‘f ‘

]
3

Consonants Letters:

Each consonant letter represents a single consonantal
sound but also having an inherent vowel, generally
the short vowel /a/ in Devanagari. Thus Devanagari
Letter represents not just /k/ but also /ka/. In the
presence of a dependent vowel the inherent vowel
associated with a consonant letter is overridden by
the dependent vowel.

101



Vi es Nasals
unasph awcu adpu awcd unas v adpu atad
Velar F  ka g kha |7 _ 12 I g fa
Palatal T ca T cha |F ja S jha | |fia
Retroflex |&  tal S  ltha] |3 da 3 o) S
e d ta |¥ tha |§ da |9 dha |d na
Labial q pa T pha |9 ba H bha |H ma
Occlusives
Palatal Retroflex Dental Labial
Sonorants )| ya T ra of la qd va
Sibilants 9T sa sa q sa
Sonorants and fricatives one with it. This shyuktakshar is called as consonant
conjuncts.
Other Letters
Example: Conjunct Formations
€ ha
(1) GAd¢ + DHA1 » GAh+DHAn
) anus vowel T O+ g >0
CoT ot " (2 KA¢+KA1 > KKAn
— e s aen e ® + @& - & (avartical conjunct)
viran s vowel Explicit Halant
Nl A hal sign used to create dead consonant, that is
combined with subsequent consonants to form
o 9 R 3 ¥ Y & BV < § 90 conjuncts. Thisbehavior of hal sign results hal sign
0 1 2 3 4 5 6 7 8 9 10 not being show visually. However, this default

Halant Sign:

A hal sign is used to show a consonant without its
inherent vowel. Hal sign has been wrongly annotated
as Virama in Unicode.

TAn + HALn - TAd
d + @

Y

— d

Consonant Conjuncts:

When two consonant combined, then first consonant
appear without its inherent vowel where as second
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behavior is not desired when a dead consonant should
be excluded from conjunct formation, in which case
the hal sign is visibly rendered. For this Unicode
Standard adopts the convention of placing the
character U+200C ZERO WIDTH NON-JOINER
immediately after the encoded dead consonant that
is to be excluded from conjunct formation. In this
case, the hal sign is always depicted as appropriate for
the consonant to which it is attached.

Example:

P+ ¥ > &
KA 4+ SSHA1 > KA a+ SSHA!



KA ¢+ ZWN]J + SSHA1 - KA 4+ SSHA

% + ZWN] + § > 3y

Explicit Half-Consonants:

Dead consonant form diminished into the conjunct
form in forming a conjunct, only remain visible as a
half-consonant form. A half-consonant form loss its

inherent vowel stem.

To explicitly encode a half-consonant form, the
Unicode Standard adopts the convention of placing
the character U+200D ZERO WIDTH JOINER

immediately after the encoded dead consonant.
Example:
KAd+ ZW] + SSHA1 - KAn+ SSHA.
P+ ZW] + ¥ > 9

This encoding of half-consonant forms also applies
in the absence of a base letterform.

Example:

GAd +ZW] >  GAs
T +ZWI > T

Example:
q_tﬁﬁ'ﬂ =7 < X a & @ Q I} ol

092A 094D 0930 0924 0940 0958 094D 0937 093E
Bengali Script: A Brief
Introduction:

Bangla is fourth most popular language in the world.
Bengali alphabet is derived from the Brahmi alphabet
and closely related to the Devanagari alphabet.
Bengali has two literary styles, Sadhubhasa (elegant
language) and Chaltibhasa (current language).
Differences between Sadhubhasa and Chaltibhasa are

in pronouns and verb conjugations.
Important points:

o Special conjunct letters are used, when consonants
occur together in clusters. The inherent vowel
only applies to the final consonant.

o The Bengali alphabet is a syllabic alphabet in
which consonants all have an inherent vowel
which has two different pronunciations.

o Vowels can be written as independent letters also.

e Bengaliscript used to write Bengali, Assamese,
Manipuri, Garo, Mundari languages.

Bengali alphabet:
Vowels and vowel diacritics:

There are 11 vowels in Bangla. In Unicode
independent vowels are placed in the range U+0985
to U+0994. Some of the places are reserved (098D,
098E, 0991, 0992).

T R T T g & e @
[:u] [:=] [I.Ia] [71 [u.uu:l [:1 [’!” [a.am:l [::] [:] [::]
T RFHIT I T ETE@®A
ka ki ki kT ku ki kr ke kal ko kau
Consonants:

There are 39 consonant in modern Bangla alphabet.
In Unicode consonants are placed in the range
U+0995 to U+09B9 and again from U+09DC to
U+09DE

TP o (o] Y ki 1 [w] fa []
P o ] W i 1 [%9] fa [no]
F B[] 3’ t[ro] G va (0] T ohereol & o0a (o)
T 6ol § il W ea [p] ¥ ohafpo] | a [m]
A p o(po] T oprafpa] T ba (o] W oha (o] [ ma[ma]
Y [ m(r]l @ & [&]

LN Toen [p] W sa [pea] B ha [Re]

Qe { Fia F ko ¥ikma e Frs e Feoms
e d

Twe &gy Ggre Moo Y om T ta Woneo
tma. B ct _om B OEFE
W e B e $res !ﬁchn % fina i‘m Fm % m
G G O — — “  Tm LB
‘I""' A R § - . g Y s
W rtoa W ora Wyna Gocha W Fooa W nes B oa g m
A oona [pa psa Fppta o €FTona 1 rona T mphe
q omoa Gy e .‘;'Ita ¥ iga 1|ha Yia ¥ shcha P eka 'Bw
L 'ﬁam gu mm Feve Wona W hma Ehha K tia
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Additional symbols:

- lises the vows| Ilts attached to

{ anusviira - adds an ‘ng’ [n] sound to a consonant, e.g. 3{ = bam [ban]

. hasanta - mutes the Inherent vows| of a consonant, e.g. q=pap 1 =b [

Numerals:

0 d R W 8 €& Vv
sunna ek dul tn cir pinc chay =it & nay daé (Bengall)
ek dui  tnl &l pls say khit &th na dah (Assamese)
1} 1 2 3 4 & B 7 [:} ] 10

9 r » »0

Sample text in Bengali:

TENE, WET M7 AN Gl

e |

Transliteration

Shémosto manush shadhinbhabe sh6man moérjada
ebong odhikar nie jonmogrohon kore. Tader bibek
ebong buddhi achhe; shutorang shokoleri éke 6perer
proti bhratrittoshulobh ménobhab nie achoron kéra
uchit.

Translation

All human beings are born free and equal in dignity
and rights. They are endowed with reason and
conscience and should act towards one another in a

spirit of brotherhood.
Malayalam Script: A Brief
Introduction:

Malayalam script developed from vattezhuthu (round
writing) script, a descendant of the Brahmi script.
Consonant and diacritics written as separately for
printing purpose, because it was not easy to print the
Malayalam script.

Important points:

e Thisisasyllabic alphabet in which all consonants
have an inherent vowel. Diacritics are used to
change the inherent vowel.

o When they appear the beginning of a syllable,

vowels are written as independent letters.

e When certain consonants occur together, special
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conjunct symbols are used which combine the
essential parts of each letter.

Malayalam alphabet:

Independent Vowels (svaram) Letters:

Independent vowels in Malayalam are signs that stand
on their own. These are used to write syllables, which
start with a vowel.

Y»)M OO Q D B e | Baf) B B0 @D
| T u a 4 al ] a au
1 011 (k1 [w] [w] [A] [ | [al [e] [o] [ay]

Dependent vowel signs:

These occur only in combination with a base
consisting of a sign for a single consonant or a
consonant cluster. Explicitappearance of a dependent
vowel in a syllable overrides the inherent vowel of
the consonant/consonant cluster.

Example: Vowel diacritics with ka

& A0 & B S ) @) § B 0 A

ka k& ] Kkr ku LU] (14 ke ké
DD Ochd GhD D dho & D

kal ko ki kau kam kah k

Consonants (vyanjanam) Letters:

Each consonant letter represents a single consonant
sound followed by the inherent vowel /a/.

& vapea; B wnapea] O ga[ga] "B gha [ga] 6B ra [pa]

al o) 8 ons [a) jo [ga] W pa [gwa) @O 1a [a)
8 il O marpe) O garq) O g [ga) M ga [ra)
@ wip] 1O targal B dafga] W ool M raa)
ol pafpa; RO prerpa] 6T pa [ba) bha [t'a] @ ma{ma)
el @ npa B wper @ v

R topoe] M g0 (p] M s (ea] @O b [ra

B i ¢ v 0w

A selection of conjunct consonants

He W
e (5 O Y O T o B )

kk kt Rk 4] fifi fic ot nd it tm nt nd éc

Pt Al sy

|

13

RS
#



Numerals

aameé @ me B o
B edy M MOE P ¢~ -°t -7 GNP oD
@) AME) aYm) MOE) SRy &, |, ., S0 o0

onnu  raptu  mannu Ny aficu U B ety onpsty pattu
1 2 3 i ] B 7 ;] ] 10

Sample text:

Traditional orthography

OO RAIM MAINALLIBEAAEIG MMATG
mokmg K0Go S| UROET. BMAUYMR

Qi e au e BNy g (U HLROO 2 leammE.

Reformed orthography

»OUREER mnmm)sau
A1l U"“‘lu Iﬂ In Im"l .5 III\IA“'M“TW
allenia Jlabma anm.
Transliteration

Syarellavarum tulyavakasannalotum antassotum
svatantryattotumkuti janiccavaran marusyannu
vivekabuddhiyum manassaksiyum

siddhamayirikkunnat.
Translation

All human beings are born free and equal in dignity
and rights. They are endowed with reason and
conscience and should act towards one another in a

spirit of brotherhood.
UTE:

A Universal transformation format (UTF) is an
algorithmic mapping from every Unicode code point
(except surrogate code points) to a unique byte
sequence.

Actual implementations in computer systems
represent integers in specific code units of particular
size (8 bit, 16 bit, or 32 bit). Encoding forms specify
how each integer (code point) for a Unicode character
is to be expressed as a sequence of one or more code
units.

UTF-16: UTF-16 is a variable-width encoding form.
In the UTF-16 encoding form, code points in the
range U+0000...U+FFFF are represented as a single

16-bit code unit; code points in the supplementary
planes, in the range U+10000..U+10FFFE are instead
represented as pairs of 16-bit code units. These pairs

of special code unitare known as surrogate pairs.

UTEF-16 optimizes the representation of characters
in the Basic Multilingual Plane (BMP) thatis, the
range U+0000..U+FFFE. BMP contains the vast
majority of common-use characters for all modern
scripts of the world, each character requires only one
16-bit code unit, thus requiring just half the memory
or storage of the UTF-32 encoding form.

UTF-8: To meet the requirements of byte-oriented,
ASCIlI-based systems, UTF-8 is used. Itis a variable-
width encoding form that preserves ASCII

transparency, making use of 8-bit code units.

Unicode code points U+0000..U+007F are converted
to single bytes 0x00..0x7F in UTF-8, and are thus
indistinguishable from ASCII itself. Beyond the
ASCII range of Unicode, many of the non-ideographic
scripts are represented by two bytes per code point in
UTF-0800 and U+FFFF are represented by three
bytes; and supplementary code points above U+FFFF

require four bytes.

UTE-8 is typically the preferred encoding 8; all non-
surrogate code points between U+ form for HTML
and similar protocols, particularly for the Internet. It
isalready inherently byte-serialized, as for most existing
8-bit character sets; strings of UTF-8 work easily with

C or other programming languages.

UTEF-32: Each Unicode point is represented directly
by a single 32-bit code unit.

Itis a fixed-width character encoding form.
For ex.
U+10000 is represented as <00010000> in UTF-32.

UTEF-32 preferred where memory for character is no
particular concern, but where fixed-width, single code

unit access to char is desire.
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Conversion from UTF-16 to UTF-8:
Use this table for converting UTF-16 to UTF-8

U-00000000 U-0000007F: Osexxxsxx

U-00000080 U-000007FF: 110xxxxx 10xxxxxx

U-00000800 U-0000FFFF: 111 0xxxx 10xxxxx 1 0xxxoexox

U-00010000 U-001FFFFEF: 11110xxx 10xxxxxx 10xxxxxx 10xxxxox

U-00200000 U-03FFFFFF: 111110xx 10xxxxxx 10xxxxx 10xxxxx 10xxxxxx
U-04000000 U-7FFFFFFEF: 1111110x 10xxxxxx 10xxxxxx 10xxxxxx 10xxxxxx 10x0xxxx

Devanagari script lies between U+0900 - U+097E Thus we will use 3™ row of above table. To explain the
process of conversion, we will consider one word of hindi language.

Example: ECINGEL

Take an alphabet one by one from starting of word. So, '#' is the first character. UTF-16 code (Hexadecimal
equivalent) of 9 is 092D and its binary is 0000 1001 0010 1101.

Now, fallow the formula of above table for changing code from UTF-16 to UTE-8. Put binary digits below
the symbol x in formula from right to left and just copy the binary digit 1 and 0 asitis.

Now, make the six pairs of 4 digits of resultant bits. Write down its hexadecimal equivalent. It will be the
UTEF-8 code of #.

o H(nUI - 09 ( 010 1101(Binary fc
.110x .. e emmeaXX 1C.....xxx
11100000 10100100 10101101
E 0 A 4 A D

#(in UTF-8) - EO0A4AD

Follow the same process for other characters:

e O(inUT™*— - C°°T 000" *~°1 0011 1110(Binary ~ )
110x 10x XX 1¢( XXX
11100000 10100100 10111110
E 0 A 4 B E

f (in UTF-8) - EOA4BE

e T(in UTF-16) - 0930 0000 1001 0011 0000(Binary form)
»1110xxxXx 10xxxxxX 10xxxxXX
11100000 101 )0 10110000
E 0 A ! B 0

{(in UTF-8) - EOA4BO
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e d(in UTF-16) 000! Binary )
> 11_ ... e e _JXXXXXX
111001 10100100 10 100
E A 4 4
Ain UTF-8) - EOA4A4
e d(in UTF-16) -0935 0000 1001 0011 0101 (Binary form)
> 1110xxxx 10XXXXXX 1 (XXX
11100000 10100100 lu119101
E 0 A 4 B 5
din UTF-8) - EOA4B5
e J(in UTF-16) - 0930 0000 1001 0011 0000(Binary form)
> 11 10x X X 1(
11 101 00 1C
E 0 A 4 B 0
Yin UTF-8) - E0A4BO
e o(in UTF-16) - 094D 0000 1001 0100 1101 (Binary form)
> 1110x--~ 10x~---xx Ps=s===
111001 101 01 10
{»(in UTF-8) -E.__.D

e UY(in UTF-16) -0937
» 1110xxxx

11100¢
E

&(in UTF-8)

Memory Comparison:

0000 1001 0011 0111(Binary form)

10xxxxXX 10xxxXxXXX
101 00 10 111
A ! _ 7

— EOA4B7

UTF-16 taking 2 bytes for storing each alphabet, whereas UTF-8 takes 3 bytes for each alphabet of Devanagari
script. In the above example takes 7*2 bytes in UTF-16 format and 7*3 bytes in UTF-8 format. Memory
requirement for UTF-8 will be 1.5 times more than UTF-16.
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