PRV

o s

B
v
]
.
4
.
“
¢
&

.

»

. 4 .
L4
2
4
.
f
w
L)
-
L
1
»
5
: -
‘.
' '
x, .

n
.

v &‘
¥
Y
.
,
. ,
,
)
.
oo .
.
. ° N
‘
K} L
I
~
B e
.
, .
. N M
L L
. o °
. .
. N
.
. .
<]
.
L]
- .
.
’ n
, ‘
C

\

)
\ :
el . ’
v
\ :
.
T
.
- I,'b
v ¥
-
.
: ,
T
e
.
T
. .
. '
- N
. ‘
C
‘ .
L

e b bmsq b b 48y 4

i
»
<
[
1
] '
>
5
L3
.
14
T

T i
-~
PR
.« .
B N .
, 8
B : ) .
o
3
»
u




.

v,

rguidance, encouragement, many fruitful suggestions- .and .-

Professor Atwood's untiring helping tendency and - kindness

'ACKNOWLEDGEMENTS . '. A
y v . 7 g

(NG

.I am greatly ‘indebted S to  my suﬁervisqrs

Prof, J.W. Atwood ‘'and ° Prof. T. Radb;krishﬁiﬁ “‘for ‘their
* . ' Co N s .

comments during the course of this research. It

o in.S e

Ce

. . ! . < )
both financially and otherwisg which enabled me to jein the-
. . ‘ o ‘ .
I71_1niversi‘t:y. It is the unforgetful and invalwably friendly

. sadVice and help of -Prof. Radhakrishnan which enabled me .to

-~

- “'sustain many hardships in life: The best way_@o ‘express my

R ]

thanks, .1I felt, is to 'deditate this thesis )to

a . -

supervisors. .. - : :
. . : L . -
f B ' ) N b v

N 14

. 1 wish to express my sincere gratitude to many .of my

friends in Canada and- India, in -paﬁticular, Mr. Pervesz

[y ' P A

Ahmad, Mr . Ramon, Mr. Muréliq hf.'Roy, Mr . Selyaraj,

Hr.'v.'C. Bhavsar, . Mr.'R. D. Kuamr and - Mr. P. Chinnuswamy
. o o

-

for their assistance and companionship. ‘ . ’
. ' . ’

4
a
. o

* 1The grants frbm the Godtej Foundation and Ehe wadia
= gran j .

Trust, and the educational loan from the Sethna Trust were

[y

*

very helpful towards my travel and initial ‘expémaitures.

Theié timely help is sincerely acknowledged. .-




N ‘\\*

W v s

< "

*r .

£ Vi ;
" N

i s -~

Prof. J. R. Isééc,,Profg'H:'B. Kekre and other calie&éue# of

{

the 1Indian Institure of ~fe¢hnology, Bombay, India ‘for-

" granting me “s;u@y le;vé' to pursue’ graduate -studies at
Concordia Universjty. | r o - 0'~

‘ I.am gratéful to Conéaxdia'UnEversity fof éwa;diﬁg' me
thé-."céncordiav University Grqgugﬁe ?elléwship' during
1979-'81. "1 also wish to:thang theAmémberg‘of fﬁe. faﬁulﬁy

«0f the Department of Computer Science ,and the Dean of

Engineering, Concordia University .fot ,adTitting me as a

%

", member . bﬁ‘ phrt;timé faculty whichnﬂelped me to support.my

family while studying. Finally, - the -sec?etarieé of * the

1
\ .

départment need to be thanked for their help.

¢ . . . Y
¢ . .
N ¢ \
- v ]

This study was partially :supborted *by the Quebec

‘Ministry of Education's Formation des Chercheurs et Action
A ' : '
Concertee, (FCAC) program, and by a Concordia Fellowship.

.
*

- . . v b o

*
N
o~
&

I also wish “to éhank Prof. A. K. De (Ditector),'

o

S A B



fr—

.

AL

ABSTRAC%'o’o-’nooc:o;o-coooocoﬁlnuo'n.

ACKNOWLEDGEMENT «.va'seeesnaesiunss

Y

o K TABLE OF CONTENTS -

~ L] v . -

v,

1

“

e 0 e,
.
5

]
‘

0
. ‘
.
200400
. >

e 0000000000
|

TA.BLE OF CQNTENTS 0.0...“‘l".."l“..‘.’..‘l%‘liittt‘QO

’ LIST‘OF‘BTABLaéa c..’.o;.-‘“...lo“lcc:.ol-oocona‘-

‘D
o
.
L)
R N4 :1,
1 2 <«
“
R 1
- ’
.
Ty
-
v
"
. '
>
- ~
’ '
'
N
\
7
L
.
r/
.
9

c et P e e s

1.1

i

1.2

".LIST OF FIGURES

" CHAPTER 1

1.3.

! ‘l - 4
1.5
1.6

CHAPTER

CHAPTER

3.1

®

-

©

7
.coo--)-cav‘oao-u‘.-o

-

INTRODUCTION soeeseny

'p 8 2000080

co'}coo'-(o.;noc

2

Numerals, Scripts and Languages .....

A

& +

The Need for a Multi%cribt System ...

. .
Present Coﬁput%ng Systems
Universal System '........

Séope of the Thes{s csees

-
‘
d0 00000000
°

s e s et

s e DB esssas e

Organization of the Thesis sevvsvesse

@

[

o e e e

2 : STATE OF THE ART

!

s e e s et beTtee

9
‘

-Indian”Scripts and Languages .....;..

Input

LI A S R B I B Y B ]

a

Output
\Coding, Programming and P

Applications t.eeiececnss

AR
)

3 : AN INPUT DEVICE _FOR A

Input Devices sueiseeanas

AN
3.2 Multilingual Keyboard Design ssseessessssssass 35

la

L R e

S 8 0.0 8000 80800880000

[

|
0 80 n 0o s s s s e

r\!scessing e

' k‘:‘&
TEXTWRITER

&

sS4 e s ea0ssss0e

R B 5 1

v.

se e s e e
o e

s s 000000 Vii

X

@8 e 80400

xi

1

4 ade s oo

1

® 680 00 ¢ 000 T

{odevnnne 127

?
® ow e s 000

17

18’

/

22

A

-'oa.la.:c 24

»

25

oocoolc-c.zs

»

.l..l.'l.‘\ 26

27

s

4

.‘t‘abc:-o 28

"30

34"

e« 2 es 0000 s

34 o

w

X




<

‘mmwA [

y

CHAPTER {

3.3

3.3.5

viii

~

Structure of Indian Cnﬁracters cesesnes

Characteristics of Indian.Languages ...

3 -

Character’AnaIYSlS in.,n--nocl-.o\--‘..-n.

Keyboard Layout .

.
Reduction of Keys

® 4 606060080 soes s s e 0 sse e

L]
N .
t4es s ccass s s st
1]

Key~-top Symb61 Disprayffechhiques..:..:

Basic~Letter-Sound Basedukeyboard‘Design ceees

3.4.1
3,4.2

3.4‘3

BaSiC-Let_ter’SoundS'.-‘................-

BLS Based Keyboard Léyout creesecvorsae

.Pla'%eme’nt Ql’iteria'..'....‘.....-.......‘.

3.5 ;Comparison of S?mbolic and BLS Keyboards ceenn

4.’1’

4.2

4.3

4.4

\

: AN OUTPUT DEVICE FOR A TEXTWRITER vevevcvess

Problems in Character Generation ...eeeeecssss

Unifie5 Approache

to Multiscript

Char ctert Generétl o O

4.2.1

4.2.2

A

General H1erarch1cal Approach cevatssas

An Approach Based

of Characters, ««e.

’Print/Display Algorithm

on Orthography

LIS AT EE SR NE S N N SR B N R BEBE IR R BN N

”»
--c-po-.‘.pnoo.....a...

Symbol Generatlon Methods ....vecvecernncceces

4.4.1
4'4.2

4.4,3

Line Segment Method Csesesesecssse e

Linguistic Method

Dot Matrix Method

s es s 0 s e essnsasnscnce

a-oooo.o-‘.oaooooocc'oo

-Based Multilingpal ﬁeybea}d Deéign_...h'

MultilingualTeXt Entfy_......-.;.-.--. N

~

68

41

61 ‘
65 [ \’

68

72

72 .

86
86
87
89

96



e

-

. 4.5 ROM Storage for Symbols Creieectesecesnenonsss 97
} A
4.5.1 Data Structure for ROM Storage ZA....,. 97

‘
3

~4.,5.2 Storage Mlnlmlzatxon and Selch1on
of prlmltlves 0..'00....C..‘.{..O‘.‘.Cl'l 101

4.6 Determination of Dot Matrix Size sefdeenaecas.. 108

MaNUaL MEEROd esueeseionrenoesosnonsss 108
& . /

/
/

_Automatic Method ......ﬂ..;............ 112

L
Scillnq Algorlthm ....,................ 118

Comparison of the Methods teeessenenees Y119

\
4.7 ‘Character fonts and Elgctronlé Dot

1

Patte[’n DeSi‘gn BOéfd -oo.ono-,o-’o.---‘oi-(-cu-tc 119
4-701 Font. DESig.n and Evaluation s 0o e s ee P o b 119

4.7.2 ‘Electronic,Dot Paﬁtern‘Design Board .., 121
- ié ‘
. - [
CHAPTER 5 : APPLICATIONS OF A TEXTWRITER ,eecscsseoess 129

4

5.1 Multlllnqual Telex System tesessescccaneansess 129
5. 20 Data Acqu151t10n/Database Appllcatlons eessess 135

Se 3 Automatlc Translltératlon of Text......u...... 141

I /
.

5.4. Teachlng of Scrlﬁts and Languages cesesacaness 187

/"f

-CHAP'fE:RG‘:.’CONCLUSIOYN l".‘l:..‘...“.l...:'.‘...“..?‘. 154

“ ! ' ' /, e .""’ . , . ) .
RBFERENCES -o-n.oo---n.n.-o.olo-lnn"o..oooto'.culv'oolco 158 : ‘
B N .a‘ f N ‘ “ . ' »
-~ . i L . . . F
. , . . E
. ' \ 7 i \ . ,
b . . .
) . .
L\l
. L Y \ ' . .
3 A - ]
- .
. \ )
H . - v
\
N P VIR g ' -

e ot e P .- N . - S
M : ' ' N ~ . ! ' .
4 * ! . ¢ :
e e o2 L - L o, L N




e

[ S

e b Eeaw

’ ~

LIST OF TABLES:

& o ’ b 4

TABLE§.

IT
III

IV

Y
¢ v
s
[
.
N
.
b
.
.
N
t
'
L
. C A4
)

Fréquencies of Tamil Charagters ..

TITLE

N

¥

0 ! ¢

Set of. = s of  Indian Laﬁguages swessesseas 58

‘¢ 9 e s 0w a0

'Shift In‘formation'....;..-.‘

v

partial Mapping of Tamil and

Mgld&alam Characters .. .

CEC R B 3 L BB SRR A )

’

.
¢ .
N
« N !
. .
.
f -
.
- .
.
N '
v b
]
. .
[
-
* .
>
’ ]
, .
L 4
[y
» 0
"o
v - S -
+
- .
‘
-
. i
‘., .
.
— -
. +
.
' .
. .

N

.

a0 0 9090 voe

¢

PAGE#

-
[ ‘ ) .
64 L
102 Co. :
‘ ~ ;'
133 f ]
- ’ . . h
R .
-1
13
. ;
.
{
- L]
‘|
¢ 1
5
. '
"
.
.
.
" L
.
.
.
. .



_ Y - - .
’ ' ]
/ LN / ' 1
e M { R -
— ‘ )
LIST OF FIGURES S ) .
. ,}
' . . . ‘//' —l‘
FIG.§" g " e  TITLE /- , PAGE#
. . ! . . . L4
L . l.1 Additional Characters of the L/t1n Script ¢.oee.. 3 , X
1.2 Additional Characters of the g?yllic\SgTipt cesee 5 ;
‘ i ’ s J" ’ ..a“ \
1.3 Basic Characters of a Few Indian Languages +..... 7
R L . v ' ' - ’ 1
104 Sample Arabic Te.xt s et 8 o0 b oo 00....y0b..‘l.ihcl,.co~ 8 &
1.5 Sample Chinese Characters .:...,u.;;j%....f...... 10- '}
A b o (
1.6 Sample Text of a Few:Pictoria}l Languages ........ 11. )

[y

.tlu'-.’..ao..-..l.o 13 '

o :
1.7 Code for .the Braille System .

J——

1.8 Numerals in Different Language

R e

sSss s e m PR 1'4

1.9 . Universal Computing Systém ceeelesissaiseevaenens 19

1.10 Modular Language Processor ,....\,;;.......;,l... 21

3‘lv Slxet of Témil Charact‘:Ers '.;.l.;.:.‘ lll.”‘l“?“..- 37

‘

\3-2‘Set0f Tamil Symbols oo-.;oh-\.--D‘ro‘a.o.ooon.oo‘uo' “544

3.3 Set of Malayalam SYMbBOLS ‘weessneusenssonly. 45

3.4 Multilingual,Syﬁbolic,xeyboard with
Talilil Symbols .:‘.‘......O'.’.Q"..':"."“‘l"l..". ’47’
- 3.5 Mu%tilingual Text Repre;gntatién - 1
* 3.6 Langua’ge Coding—.n.'.ll...lt.l...O;IUQ..IIIOCIQQQQ‘O' 50
3.7 Lexical ordering of o¢-codéd TeXt «ccevsoasesss 55
3.8 Multilinguai BLS Keyboard with s of ' . ' ',
Indian Languages o..ob..Oct..lu‘.-oo‘:lbkoooood.‘.-;’toooo' ‘5‘9
B 0 0y ," ‘
' . | ~ ' ‘-‘\
Al 4 . \
- I / M
. 1




-
L]
'
2 -y
J
A Y
v
L}
Iy »
-
N >
«
*
”’
»
"\
»
®
N
N L]
. . A
a

3 Multilingu‘al BLS Keyboard -with - . . .

Enélish Cbéractets‘.....:.,v...........:......... 60 L

3.10 MqltiiinggailBngzkéyboard with %s of Tamil ... 60 ' v
4.1 Scimme for Generating Text from.BLS ﬁode .”,.%... 69 ‘L,—
4.2 Hieri?chical Model of a Te;f'Generator )
~ from BLS Code .;..................ﬂ...........ﬁ;. 74
4.3 Two State Machine for Generatlng Tamll TeXxt .suees 78 )
4.4 ,Three State Machine for Generatxng Text for L
Languages allowing C-C-V Characters wissessssseea ' 78 F }1
4.5 lSiéns and Symbol Structure for , '
Tamil Characters .eeusesasesina?TTNGeeeneneneees 80 R
4.6 Data Structuké of BLS Te;t éneratqg or Témil ;. 084’
.4.7 Hierarchical Modeiiof Text \Generator :....,.ﬁ.... 85‘ ‘
4.8 Line(se%ments;fot S (TA) éndqﬁ U.(PA) «.i..c... 88
4.9 ﬂist df“faﬁ;g,‘qu;gsh,.and'Special‘Symbols Co '
Cééeratéd by the Line Segménthethod,¥.....;..... 90. oﬂ
4.10 Pattern Interconnectlon .....:....\..:..i...,7... 55 ’
4.11’Der1vatlon Tree fé; L.(TA) and esssas 95 . I P
4.12 Data Strhqture-lrfor ROM~Storage ...a........:.. 99 : R
4.13 Data Structure-2 for ROM Sworaje S X[
4.14 set of Priﬁitives'for\generafion of Tamil ' -'/

Characters by the anguxstlctMethod ...:...;..ﬂ.. 104 « e
*.4.15 Dot Mmatrices for & (KA) and ‘& (CA) e deeienn 105 iy |
;A.le quefical‘Repgésentation of & (KA) . s s

~and &‘xdi) ..............;.....a', .....;2.;..; 108 ) ) ‘s‘
4.17 Manually Coded Dot Matrices for Tamxl Symbols «es’ 109
. , : / ; T
. | | ) N b

'
. ™ a8 el iyl el



‘ -
. . ~
* 2, N
S

i l !
ET/ \ -

3 ’ .

.

« o

[ P RIPOINPIA S AP gl Jo-dyr gy iy im0 woige Svivigviint el

xiii-

Analysis of a Mahpally Coded Tamil Symbol ceseeas
Scheme, for Automatic Metgod §f ﬁot,maérix'

Size DeterminaE}on‘............t..:.:............
Digitized Tamil Charéciéf € (0) weaveneceosoges
Thinned Tamil Character 8 ()

Analysis of Thinned Char8CLErS seeveveseceronnnns

Neighbours of the DOt 'D' wevesesrsonssnaarancens
Dbt ‘Pattern Design Board ....}...;...;(?2~Q......
Multilinguai Telex Message FOIMAt «ueeeeeeeoncans

. <
A Microprocessor Based Multilingual

Telex, System Architecture ..../.
AN

A Sampie ‘Land Revenue Record 4f Tamil Nadu ......

c

a Sample Land T;xes,éeéord of, Tamil
Di;tfiﬂuted.bapabase for Lana-Revenue Record ....
Code fo;' "ots of Indian LahgqageE et
Code for X 5 of Tamil ...f......;21........;...

Code for s of'malayalamﬂ......;.......t......

. . . ] |
‘A SampH®* Transliteration from
! ' &

‘ iTém‘il to Ma’laya‘jlam o..-‘.-0-‘--...--....oo,---'.-0--

Mapping of Certain Tamil-hmalayalam Characters ...

A Sample' Text for Computer Aided

aaepw{sé Geheration of Character

. v -
~ i
. e
kY

S0 e s a8 08 a0s 0 0rsn
. ‘

5]
Nadu ..3ab%iae

Teaching «.e.c...

113

114
115
116
117

123

126

131

134

136

137

139 .
142
143
i44/

145

148

150

151



%3 o

In

€ ' s

]

1. INTRODUCTION

v .V s ‘ . < L L
1.1 Numerals, Scripts and Languages

T ’ -

.
[y

“Compbtef%-are used in linguisticaliy different parﬁsqu

the' world, in areas as different as medicine; :agriculture,

word processing, etc. The data to be processed  for these .
o,

applications’, are genérated and haintained in different

»

natural languages depending on the region. 'I‘,o~ get a’

‘lihgﬁistic' picture of the worla, letr us e: amine the major
. . R \4 . (e \’
world languages and numerals that are used by more than 90%
. T8 , . o,
of the world population. . Based on their script, ‘'the

v

langhages couiﬂ-ﬁe classified into thé following categories:
1. Latin:script languages . |
2. Cry}%ic scribt lanquages
3l~Indo~Aéian_lgﬁguages ’ , . e
4. Arabic languages

S. Ideographic‘languages

v |

6. Pictorial languagés C gy

7. Scpipts'fér blind persons. “ : .
N : h

-~
o

‘A.brief description of each of these categorfes_is given‘ in
the fol}ogihg paragraphs. ' :

k4

'

" .o ' \;

Latin Script ' Languages: Most -of the European languageé use

&

. . \ b ’ - - ) )
the Latin script. The well-known'languages such as English,



«

French and German féll into this category. The characters
of theée languages include A to 2 {albko a to Z) anqd a ﬁew

« . .
additional characters. Some additional <characters of the

. !

,l@nguages’ of this category are listed in figure 1.1 [1]. A

‘careful consideration "reveals that they consist of the.

: .
s

'symbois a to Z with = diacritical marks such <as-~

eyt *,lv,rv; ‘. The writing is from lef to‘fight and top.

to botfom.?;ﬁngli§&'is the mother tongue of fore than ,360'
v milliéﬁ“vﬁeopl;.' Number ' of -peopie who speak English with

atleast some degree of proficienéw tqtals‘mahy million more.

. . ~ “
o . N
r §oa

2 o

Cryllic Script 'Languages: More than  fifty 'different

I

ylanguages use the C;yllic script or an extépded version, as

_with the Latin script. The Russian .language comes under
’ ‘ o B
this category. Most nations of the Soviet Union and sgme

N

* .. . other nat;onS'of ﬁor?ign countries use écripts bas%d cn: #he
'Rdssién afphabet; ‘Certain languages "use, apart frqm:the-
Russiaﬁ.éhafacters, Some additiénal cHaracters. Thé set of
additional .characters of‘q fe@ Cryllic scripﬁ languages is

.. listed in figure 1.2 [1]. The writing is from left to right

' and top to bottom. The Cryllic script is used by more than®
250 million, people. '

4

\

It is ‘interesting to 'note, that the languages using

Latin and Cryllic scripts have a small number of characters

of the order of a few tens. These characters have. simple

L
- .

graphemes oflalﬁost uniform size.
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By ﬁ‘. Y o N
R . o, .
) i
Y N
. 3 . ;
|
' ? ~
AN (\‘
lj/ w
' Q.l ¢
L] .I * v
Albanian ¢ € t e ¥ - .
Aymara it ! .
. Basque & i, f . .
Breton eeéiuﬁé
Bui B, a3 0,um, r, 49, b, 3, 3 7
Catalan . oA, & & e T, 0, o, 4, i .
Choctaw Yo, I 2y . !
. ’ Chuana .4, 8,58 .
, - . : greeh i i . . . , - .-
.. zec ij¢, d' (d,d, D), é,¢ 1, A, 6,F 3 I yU, 0, Y, 2
: . Danish i,20 .4 FT), 0y, 2 ‘ . : :
Delaware 4,610, 1 6. 8 ., . 74
Eskimo i &0, 8,r ' R . ‘
Esperanto | & g, H; j, 3, & . ' '
. ' gs!onian 3(5' g, ﬂ( F , = <7 o
’ . we A 9,349 %%7T,37351dgha: ) .
: _— Faroese a,s),fa b T o ST » (4 & 1 8, 2) ' Qa\
.. ' Fiji i, &1 0, u . T
Finnish ) . Lo .
\T . French’ 34,868 88,T, t.c. d, i, 4 . !
C. Frisian® a,&1,6,4,1 . ‘
. Fulbe i b, g. &ugnd,a,w
. German a, a, .& N ’
Guarani i, 4,¢¢&1,1,4,6.0,4 8,979 ’
B . Hausa 8(B), £ (D), R(IC)
. § ‘ Hungarian a,¢1,8,6,6i 4, i '
i . ' Icelandic i,z 3(D), éi,6,6,b,d, Yy . *
- Irish - . 4, é1,6,u
, o . talian é.é.éfl.io.buu'
N * Javanese d, ¢ ¢, ’
- ' " Juang B, 3, r;.ﬂ.x,:«x,.b,az ,5.ux o ‘
Kasubian - -a.&, & & 1,1,06,0,5,§ Y, £
. Kurdish ¢, 6 (in Iraq); -
< Lahu . & &Lg 0, X% (in Syria) - e «
! . ,Latiﬂ av ‘ zv er é Il hL 51 6 @, ur -
k Lettish LEEE (G ik ling, ; G i
. Lingala ni,f,9,3,3 54 ’ . ! :
: i Lithuanian q. I N AT A .
¢ , .Lisu b, A, 3v sy Dedy, w, M, E, A, A, w4 . /
Luba ' i, (s) 4
+ Madura d, & '
c Miao | fl, 3, a,u, ,Qo, 2 S ;.,uEa,s.xc S
o Malagash é i, e.t‘. fLhodyy .
h - Malay . -
<L Mandingo a.a¢e,é c.e.g.l.ln.O.o 3,5, 6.8, K
» , ' - ' ¢ :
* Fig. Iyl Additional Characters of the Latin Script
4 . o~ :
4 ' < '
. N
; . A .
i ‘e 3 ‘ -
e et ova o = . B At Satantransd
- ey T ppes PP ———y R T“.w b

WA, LS A i > ey



, *Minankabaw  F4, 8, fhug, 1 ]
Mgohawk b - .
™~ Mossi i,4,3, 4458 (;). & ¢\ T a8 (o) p,t
Navaho &K, e, f, ¢
Norwegian | .2 8 :
Qccidental U4, 81,6, 4 (or &, 81,9, u) .
e \ Ojibwe e ?, 1058 v
. * Polish" "~ aée i, 4,812
, " Portuguese 4,8 a,3,5¢.¢8,¢, T ii6,0,6,3,d,d
Quechua <A, i,6, 4
. - Rhaeto-Romanic &, 4, &, &, 8, 8, G *
* Rumanian At \
Sainean 5. o. : ' C -
Seneca ® ‘
. Serbo- Croallan é c. d‘ (D), ssi R '
~ Sioux q.c é.ﬂ'k' (R ck l]-P D S,g',l{,l,
. Slovak i d & d@d’ & GT(L), 6 8,67, 8, ¢ & 1. 6,
& Vi
‘Stovene . 1R ; :
Spanish i, &1, A, 6, i, u
Suto 86§ !
Sundancse & )
Swalili ng'
4 * ¢ Swedish. 44,6
t | Tagalog (g .
- R Turkish ac a8 s 0
Ublio b, d, A
Vietnamese :\,.’: ¢ (D), &6, o', 0%
, ' vowels in combinalion with dmcntlcal signs fo dennte |
: ' the tones:
. ' - Volapik a. &b, 0
! Welsh §4.4,6,6,6,%, y. W
. : Wendish & & &L n. o, k z, F
. Wolof 3, ‘ﬁ)l
Y - .. anao“'ntoamu J
] Yoruba o, h Lk d *
. Zula’ B(5), *
s . , 4
- Fig'o 1.1 (Contd-)
¥
* .. \/ . . - N
) « '
/ e




=

Fig. 1.2
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'Indo-Asian Landhages:,Many'different Indian ‘langhageql and

Asian languages such as Sinhalese, Burmese, Thai and so on

o .

use a variety of sCripts. Devanagari, Dravidian 'an&_ Pali

arp the most commonly used. The number of chardcters in

each of these languages vary from ‘4 few hundreds tbqga few

'

thousands. In fact, some of these languages, sluch as the

Indiad language-Telugl, can have a theoretically infinite’
number 'of characters. . In practice the number is limited &p

about two thoydand. The characters.of these

~

languages  are

more complicated than the characters of thé Latin and
Cryllic scripts. They also vary din size. The Qriting' is

from 'left to right and top to bottom. These languages are

spoken By morefthan 500 million ﬁeople. Figqure 1.3 gives

o . - , s
the basic characters of a -few Indian 1languages. More

E5d

information about Indian languages is given in "later

: ] hid
sections.

Arabic Languages: The Arabic, yYrdu, and Farsi lhnguagés
. ' <
belong to this groug. These languages are wide-spread -in

the United . Arab Republic, Iran; Kuwéif, India and other

Arabic countries. The complexity of the characters (refer

to figu:e 1.4) of these languages falls betweed' the
\Indo-Asian languagés'and the 1Ideographic 1languages. Thel
‘writing is from right - to left and. tovp to bottom. These

~scripts are used by more than 300 millibn people.

[ .

.
a ke & e S
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Idéographic_Languages: Chinese, Japanese, and to a certain

extent }Korean, are examples of ideographic languages. The

:

Chinese language has an amazing number of characters, -about

‘o, ¢

48,000; around 5000 characters are used in writing and "about
3000 in printing [2]. The presence of Katakana and Hiragana
syllabic .alphabets distinéuighés Japanese from Chinese.

. R ' °
Japanese chayacters are somewhat simpler than Chinese

. v .
characters, still the graphemes 'of these languages are

"extremely .complicated. To i;iustrate, a few ' Chinese

‘ ;
characters are shown in figure 1.5 ([1}. The Chinese

|
'

‘characters cannot be accommodated on a, keybocard of normal

.~

size. The direction of writing is«frbm.top downward, from

right to left. Since 1956 the direction of writing in most

"publications has been from left to right (as in

IhdoﬁEuropean'languages), ‘Repeated attempts have been made
to simplify the script of Chinesee(hierographs). ChineSe{

Japanese and Korean are used by approximpately 600, 100 and

30 million people respectiveéy.
. Y . N

Pictorial Lanquages: Languages and scripts like Nasi, Maya,

old Babylonian, the hieroglyphic’ form of the Egyptian
script, the Creto-Mycenaean script,‘ and the Hittite’
Hieroglyphic .script belong to the pictorial ¢lass of
scripts. They use pictures (refer to figure 1.6) to cpnvey‘
info:ﬁation rather than .characters as in other" languages.
These scripts are extremely c&mplicated both to write énd“
for Eoméuterizaéion. Also they are used by & ‘very 'smali

L
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CHINESE
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Fig. 1.5 Sampl® Chinese Characters
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. fraction of the pbpulation of the wbrld,'and many of them

. t
. are becoming ‘extinct.

R ‘¢

Scripts for the Blind: Keyboards suitable for' blind people

to communicate with comﬁuters are aQEilable.~ The Braille
S : . , .

. ' . sq?ipi is used for outputting text. Braille is a system of
¢ f

©

n

‘faised characters *formed by using combinations of six dotsﬂ
in three rows and-.two columns as shown in figure 1.,7. ' The
- .dots repreéentnthe projections on'the output paper.
. " . s !

.

\ n

N -

] . o . v
Numerals: In most parts of the world, the graphics used for

the numgrals are 0 to g, .From fiémre 1.8 (11 it is

s )

. interesting to note that there are lahguages using different

o gragpics to represent the decim§1 digits. Some of these

languages, such as Tamil, Telugu, Malayalam, etc.,.’ do. not

use these graphics any more in practice. Howeve;,.langUageé

"

3

’ graphics shown in %ure 1.8, and not g to. 9, ’

i ‘ ‘ !
(\ ) . 0 ¢ s
¢ . . . )

1.2 The=Need for A Multiséript System. .

. : , . j
. . . s s . wU.
. R Text processing and ‘text editing with computers have

) Y

. H /
.0f the characters of natural languages. ?he»dufput from the

computing systems . should be in a form'comﬁrehénsible‘go

. o , . i
users with minimal computer ‘knowledge, and ‘training. The
4

N 3
1

like Hindi, Marathi and so on,» predomfnantly .use the’

created a need for input, output and internal representation .

-

J
.

A I

B
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symposium ‘on. !Linguistic Implieatione of - Computer Based

Information ‘Systems' held in India has considered some of
these ,problems.. For the past decade or so the Chinese and
’ ' Japanese have been ‘actively involved in computer}zed

information handling in their languages [3, 4]. Much of the
work for Arablc and Far51 languages has been carrled out by, |

.

Ryder &nd Earhami et;al.IS, 6, 7). Computers capab1e~
S : R '
handling data .presented in  the Russian language already

exidt .[8). The emergence of, word' processors , in French,

. . . - f

German;'and English is an example of this awarenéée among

i s

\ .other nations. e ‘ o

Unlike-other nations,'lndia faces a unique situation.
‘ % » . ’

' Thete are about ,800° languages and dlalects prevalant in

‘Indla [9], ‘of Lwhlch flfteen reglonal languages are

]
well developed and recognlzed by the national constitution.

8
"
o

< There are ahout ten dlfferent scrlpts, and each scrlpt " has’
L ' hundreds of characters _and complex orthographlcs. Of the

51x hundred m;lllon people only 40, m11110n know Engllsh In
‘-the publlc and p§1Vate sectors much of the ’1ntormatlon is

. - generated and malntalned in Ihdlan languages¢

» . v

.
. i ) . . '
Py . . .\ -
. . . . : .

’

FWOr ' cohﬁuter—related operatidns : requige\ such;
dataproce551ng if thelr usage is toi'pe beneficialrﬂ ”The‘

» , $edtor of the publ1c ;;Qo1céd .with newspapet'puhlishinéh
. «:~‘f needs to~avo%d the tedious joh of’ translating~:informatiow

supplied‘ by °central bureaus in . English.j Pergorming‘the

e e e - it me fea . . " Gl g




, 16

translation in;d' regional languages once, at the source

itself would no doubt be advantageous, but transmission

would require the telex system to handle information in all

those languages., The present-day telex Systemé in India,
except for a few major post offices having separate telex

systems. in Hindi,‘operatgé only in'Engli%h. To facilitate

multilingual information handiing, a multilingual telex.

system would be: imperativg.‘ The feasybility of designing

LA . D
*such '3 system is examined in a, later chalpter in this thesis.

In dnother area of computer applidétion, photocomgosing,. the

,presént‘compu;er facilities accept only English text; the

advantaées\ of thfs‘pfobess cannot be enjbyed by typesetters

i

for othér’languages even if they possess a cdmputer. Here

again we need a system to handle multiple scripts. The list

3

of such problems could beeeasily eéxtended.
¢  With the introduction of microprocessors and. the

--developmépnt of'micrdbomputeré at. eyer4declining cost, the

~

day i8] not fFar off when, even in underdeveloped countries, .

- A .
» primary schoels "and many small businessmen may possess
4 .

computers. Microcomputers may be in as wide use as the

.

,trans;stor’radios of’today, In such circumstances it will

‘even be necessary te develop prggramming languages that will

;—-have'the\flavour of the -users' native laﬁguages.[IO].

g . . }
As with | India, there are countries in the world where
. . ~ o N
more than one language (with possibly different scripts) is

® )

NS ! s .

3
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o

-

“in, use. Textual information exists in those different

scripts. Sometimes the same information is. written and

rewritten iﬁ, different languages an@/ar differeét scripts.
jAttempts have béén made tovprscesé texts in a single script
at  a time. We are intérqsted in a unified facility to

handle texts written 1in multiple scripts and multiple®

languages., ‘ ‘

°

'
\

.
v - f S

V ' , i .
1.3 Present Computing Systems: - , s

.

Right from 'the inception of computing Systems, there

t

P

‘were continuous efforts to generalize one facet or the other

. of a computing system. There are four important facets for

9. .

any computingjsysteﬁ.

’

l... Data representation.

2, Computational languagesg_used for communicat}on ¢
between users and computing system. !
-3. Algorithms. e -

“ ' - . =
4. Natural language aspects of datd.

Computing systems' emerged initially with the

&

capabilitiy of handling 'numerical’ d%ta and were-later . lm,

generalized to handle non-numeric data as well.

Languages for using computers grew from machine

‘languégq totassembly language to higPer level languagés, and

are now heading towards the natural-language-like query .

N
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\languagés. The -large volume of data to be handled in

enterprises and the government, and the non-availability of
appropriate information at the ”YighE time for decision

making, has resulted L in the development of data base

systems.

-

1.4 Universal System

1 4
L]

An ideal computing system suitable for "the dsér
\, . . . : i ‘ .
communities of the world could be depicted as in figure 1.9.

i

-

In ' this system, the user may write programs in any natural
: _— , \ , .
language of his/her choice. The programming language could

be any of the existing languages such as PASCAL, PL/I,

13

COBOL, SNOBOL, . FORTRAN, etc. Thé program may contain

v '

non~numeric literals (character strings) of more than one
) .

language. Finally, the program may handle data (both input

and output) in one or more languages. The progtams ‘so

written could be fed either from term}nais or through batch.

1

IT short, this is a multilingual computing system gffering

no linguistic barrier to its users.-

In order to realise the goals of a universal system,

r - -

the following would be required:\
| 1. Multilihguai input devices.
2. Multildngual ou;pﬁ; devices. -
3. Idgntification of suaitable inte;nal~coding schemes.

» 5

e

s . . . . . : .
b ard it s ST pUliaRet K A e . N -
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, English

Hindi
Russian

Tamil |

et b

French’
‘German

> e Chinese

: Japanese

[
L]

Sinhalese .

o Burmese,
< ' —
‘ )
Batch .
Programs in‘the
user language
of the word
Fig. 1.9 Universal Computing System i
. / ‘ ;
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4, Programmihé lahguages with the flavour of the

hi o

natural languages.

.
v, . -

. It is a well known fact that developing lanquage

processors and other system software is very expensive. The
. ) v ' . .

.cost will be exorbitant if the same must be developed for

.each and every language of the world. No doubt, this system

is wvery .expensive to realize. Instead, modularities could

be introduced into language processors in such a way that

-

' only the‘ lexical analyser is, ianquagé dependent.

¥

Diagramatically it could be représented as in figure 1.10.

/
Another &lternative to reduce cost and yet achieve the

goal 1is 'to make use of the existing software in English and
only to develop language dépendent pre- ané post- p;ocesso;s
for the programé. The pre-processor will accept programs '
. : ]
written in a particular language and ., convert them ingo '
equivalent prqgfams in English and then feed ‘éhem to fthe
existing language processors. The compiled-and-run output
will form -the input to the post-processor yhich will

reproduce the program and the result, in the original 3
s .

language. This will réduce the cost considerably.

o
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1.5 Scope of the Thesis

\

The objective of  this thesis is to  study .the
feasibility and limitations of designing a facility to

input, output and process texts written in more than one

script. We call such a facility a' 'textwriter'. The

. . : . ‘ ‘ ‘
studies are restricted to two‘'sets of‘scripts as they are

used in some of the languages of India, to show theé

"viability of the textwriter proposed in the thesis.

The H;sigﬁ of a textwriter requires the follewing:
1. Cﬁar&ctet set analysis _ . ‘f
2« Character decomp&sition ' -

3. Character generation

4. keyboa:dadesign for text inpﬁt v
5. Output device design

6. Mulﬁilingual text representation ' ./

‘
L]

]

!
<*In the past attempts have been made to handle scripts

in isolation, that is, only one language such as. Hindi,
Telugu or any other (11, 12]. ‘This thesis examines a

multiscript system, - .

Regarding-'the work in character set analysis,  the

characters of the selected lénguages are analysedujand the
feasibility - of accommodating them in a keyboard of

' . . « ’ .
reasonable size -is studied. ( .
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Indian languages  have huﬁd;eds of characters.

, % Therefore, to accommodate them on- a reasonable sized

keyboard dééompositiqn is necessary. The , decomposition
C b :
should be dope .in such a way as to simplify character

' génetat@on) representation and manipulation. Methods a’t

“

suggested to decompose the characters of the selected.

\ .

15nguages and to designka multiscript keyboard. L

’

The dot-matrix method is quite popular for generation

3
3

of English characters, numerals and spec}al characters.

B M ’

Besides Ehe’dot—matrix,methbd,,linquiStic methods based on a

set of primitives and syntaétic rules have been reported for

| | o .
English alphabets [13]. Thé suitability of these methods

. - . o .
for generation of the characters of Indlan.languagés is

studied. '
v . /e

3
a

The task of character generation involves many factors

such as multiplicity of scripts, large number of characters,, .

complex graphics and varying sizes of characters.- It is
felt that implementation through high level language will be
& ’ T " . l/

"slow, and hardwiring will be complex and inflexible to

script changes. . Therefore, a microprocessor/microprogrammed

»imélémentation is suggested. Also, some selected

applications of the textwriter are considered.: -

)

¢
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1.6 Organizatién of the Thesis
. M - AD r

L

The work done in this and related areas is sbrveyéd in

.Chapter -II  with an emphasis on Indian languages. 1In

Chapter III, the  design' of  symbolic  and ' BLS

]

] Y L ’ .
(basic-letter-sound) based ' keyboards are explained for the

2

, input/éutbut of text written in multiple scripts.. Then the

. v ' 4 :

two different’ keyboards are compared. In Chapter IV, two
~ * b . '

hierarchically structured approaches  for multiscript

character generation are proposed; The suitability of

linguistic, line .segment “and dot-matrix’
[ - -

generation are examined.

means for the determination of optimal dot-matrix “size are

7

Ry

studied. Methods .for organizing

Only Memory (Rdg). storage age p}oposed." The use of
N ' D . .

microprocessors and micropro@ramming.for textwriter design
. L} . . B

is mentioned. Selected applications of the -textwriter ‘are

‘studied

in Chapter V. Chapter VI provides a conclusion and

this

a list of suggested problems for future research in

arede.

techniques for

and qptimi;ing_th@ Read /

'
I

.

[

/

Manual and automatic’
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2. STATE OF THE ART - .

] . ’ °

° .

" “ In this chapter, we present a brief summary of the work -

.

* ' reborted to date in computerized information handling in
. [ 4 ¢

) L o .
Indian 1languages. The summary 1is -organized into five

sections: ™ (1) Indian scripts and languégés,d (25 input

. ! N > ° . .
HP devices, (3) output devices, (4) coding, processing and
programmer's interface in Indian languages and (5) selected -

1

éyplicatgon areas such as text composition, language ¥

.
\\\\ : : prbcessing,. language instruétion and word processing. * An
extensive survey o? the work» done inv eqigggg;izea
’ inforﬁation 'handling in Indian. lénéuages can gé found in
tl4]. Due. 'to .space limitations, the. complete 1list of . o
_feferénces is not'given in the surviey. A\fhll list of_mo;e
than 150’references with keyword aut oflcontéxt (gbbC)uindeink
' .~ . is avaifable in [15]. | | . \&

.
'

3
o

2.1 Indian Scripts and Languages

oy *In  India there are 'many languages with different

N,

scripts and each language has many cﬁaracteps with vabyind
sizeuand'cohplex graphemes.- Notwitﬁstanding the problems’
i ST . (16] of many scripts, a nuqur of new scripts were developed

and proposed‘ as unified scrfpté for all Indian languages:

» ’ [y o
! - ' . i . v
At . . " . e ’
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The Abasama script [17],'Sulipi~[i8] and handaka Alpha?ets-

’
d

[19] are a few examples. There seems to be no ratig@ale

behind Ereating ‘new , scripts for Indian Languageé. The

- c*

~absence of a formalism 'for script ' design, that.iSy the

K

fbsence of a scientific tool either- ta :-analyse and to

evaluate an existing scrlpt or to des1gn a new script, from a
[ » Y {, [
glven set of constraxnts is p01nted out in [20]. '

M >

Since a unified languages or script is—difficult to
achieve, many have ahvocatedeevaﬁﬁiiri or enhanced Roman

f21] as common scripts. For .many reasons (16}, adapting

either of these as a common scrlpt has not heen acceptable

«

. to the Ind1an people at 1arge. Instead, scrlpt refinements

_ 2.2 Input . //(f’//~—\\x g
' ‘

‘horizontally (side by side).

A &

and standardlzatlons[ll, 20, 21)] are taking place in almost
all languages. The main reform suggested 1sw11nearrzatien.

‘That 1is, instead of writing the symbols .of composite

characters vertically - one ° below: ' the other as in

g0 . L

;; (STRE), lineaxization‘:euggeets -writing the symbols

¢

L

Much of the research wo doneggg/:n the development of

»
. [

-llnput/output devxcesawﬂemeéhaniéal typewrlters which are

.
f'h.g » ]

based on the .graphemes of the script§ are’ COmmeréially
\

-~ & ‘ °

avallable for all .major Indlan lanquages, 'Many questions
; .

. v .
may .be raiged about the su1tab111ty Qf and optimal,

" - T e et S oy, % i i " e fe
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i} ) / . - . - . 3
s ' d‘distribution of symbols on the mechanical keyboards (11].".
T :‘ élso we f;nd that the dead Kexs in * typewriters not.
< - suitabl& for computer appl)cations.’_Attaching dideritical
. 4 N « 2 ’
o r‘ “» N . . P ! Y > ' > . *
) "K'. . marKS'zstdlffxcolt,gorothe:keybqar%}operétor. The‘desxgh of
“ a keyboard without dead'keys, and with a - 'new syﬁbol set for

?Devanageri, is sudéeSted by Mudur and Wakankar [Ll]. New

leoéer frequen¢1es, based on ﬁbdern prose, were obtalned for
[ 3 - .

mahy Ind1anLIangUages such as Tamll (22, 231, Telugu [24],

e

Huui? [25], ﬁahnada ,[26]. New sets of symbols for Hlnd1
v, \ . \ R , 7

‘[11],',and| Telugi' [27] have been 1dent1£;ed whlch are
. v ’ ’ : - v

suitablé ‘for typewrlters, computer ¥ed printing "and for

"‘ L ’ "
. machxne representatlon. Based on the’ letter: frequencies,

N -

‘keyboards w(rh new symbol dlstrlbﬁtmons were proposed forwy

H1n¢i [ll], Kannada b26]/éhd Tamll t23]. MUCh of thls work
'?% was. done by statist1c1ans as early as 1960 for the purpose

- of telecommun1catlon and has hardly affected the desxgn of*u

’ 3 N - (n ©
o mechanical typewriters. o e LI o
' oo v e ~ K T . - ' = . . - N »
/ ‘IP v . - Lo “'. . . e - :u . N .
\ - Y v L, . . . ' ] - ' e . . -
. ‘ N . , [ ™ - s o . . «/ s L. 4 . o -
[ 4 . q . - .
2.3 Output _; o ‘ . . .
- . - 5 K ’._‘ . .

\ ’ S

e vae~yary1ng iz q{i:dlan characteﬁ% fas d1ctated\thag\

. designers opq fo

L ices. Various op1nions were expressed. about the "matfix

) L) . ‘ , g oo .- .
e \ size needed Lo dlsplay a character of a language and’
:\' different ad hoc sizes oE{ dot matrices have -been "tried:':

AT x 1. [28], 24 x #8 [29], 11 x 9 [30], 7 x 7 [10]. Where
/ . . v E il .
. % N ) . " .\ ' ' : ..“

o -

- et
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" ? otmatrlx type printers and dlsplay ;r*
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j* » the mattlx size is small, for- example 7 x'7, a threé
‘{ ‘ o adjoxnlng ‘tier system (that 15, three rows to generate one

' . ' line of ﬁbxt)'has been,proposed [lO]. Aeworklng model, |if

not an acceptab}e model, was developed by Koteswara Rao, et

al [10] by changing parts ‘0f the hardware of a commerc1ally
e . ‘available CRT dis lay in order to dis ay Hindi and -Telequ.

characters. The 'characters are distindu shable but are not
good -aesthetically. o o ' K

. . f
~ o . Slnce no electronac keyboard spec1a11y meant for Indian

' &
‘languages is -available, the, exlstlng Roman keyboards have

R ﬁbeen used by relabeling'tne key tops with the primitive

. o symbols of"ghe required Indian languages.. Under program
. - . o ¢ - v . " A
' . control the input string. was .analysed for  character
(v . . '”h_ . . .
’ I\generation.“ This techinique was used. for keying-in '
\ N

Nalayalam (31, 32] end Hindi (11, 31, 32). . Line segment ;

- .,

\
displays were de51gned to . dlsplay Devanagar1 [33] and Fars1

{6 numerals. It shouLd- be noted thatf the graph1cs of

LIS - .

, \hum rals in Indlan languages dlffer from those of the Arabic.
numerals (0 to-9). ‘. o f»“i“‘:_A};’”me?~

. . ,.
e ! ST T

ramming and Processing " .o L

«r . , IR

1

.= 2.4 coding, Pri

_ _— «Liétle' work has been done i dev151ng schemes for
Hcomputer codlng, that 1s, 1nterna1’representation of Indian -
Aa%guage characters. In fact, more. work has been done to %

_develop teleconmunifglion' ‘codes—; (26, 34, 35]) “for

.
N . .
. . ~’ - LY
N . & 3 -
) ) “‘ . \/ o =T
- @ . . s o
. .,

s
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- transmission 'than for . computers.
. multilingual text it is  necessary to ‘- develop ‘a suitable.

intérnal representation. . Such a -code should have ° thé

>

73

T alsgébetic‘property, that is, the
»

text

internal’ coding should

o " permit a to, be sorted into the accepted collating

sequence. Coding schemes based on the graphemes of a script

o

do not have. the alphabelié property. ,Hence, the- mbchanicai
typewriters which are based on the graphemas of a script are

. .not suitable as computer input devices. -,
i
) v .There is a
o . ° L ‘ '

. programming langanes and job control lanquages (§CL).' For

flavour of natural language .in some

<~ . R [ . Lo . .
example, consider the following COBOL- sentences:
! B . - ) p

\,

P

‘

s . -, IF GROSS-SALARY IS GREATER THAN DEDUCTION

: 'THEN‘PERFORM ERROR—IN-SALARY—ROUTFNE.‘

) " . “ N
' . " ¢ ~ . :

. Diagnostic;,—meésages' are other  exampleg. For user

3 " F
uage constructs
4

Voo compunication in Indian languages, these. lar
. ~ ° \‘.
i B

. 'Gould be 'redefined. . Preprocessing and

techniques using.

t

have been tried to process programs

. :‘ cdqstrucis written in Telugu [27}, Tamil ([36] and'H;ndi (37,

s A ¢

38].

For 'processing of

" ADD ALLOWANCES TO BASIC-SALARY GIVING. GROSS<SALARY. .

postprocessing

PR
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2.5 Applications

toa
*

In  addition - to the 6 development of 1I/0 devices,,

proq;aﬁming languages and associated compilers and
' ! ’ ' —, - ’
assemblers, efforts were also made on various application

areas such’ as text composition, wordprocessing, language
o . . .

translation, ‘efc. They are briefly reviewed in  the

folloQing paragraphs.

f

L

Introduction ' of 'Indian languadges 1in 'computer based

typesetting and photocomposition poses the ’'greatest
: : I :

difficulty due to very high resolution and superior qualify -

' Lo

- of script composition and gqeneration demanded . in various

fonts and character sizes. In India, the most common
technique for printing is hand composition. . However, .in
large newspaper companfeg, keyboard activated semi-dutomatic
ad ' ' ' '
methodi’ are used. Some electronic eryboards based on
b;njUncflcharaéters are already in use for Devaﬁagsri and

they employ shift and dead keys. These keyborads have no

visual feedback and need concious and tedious .keystnokihq.

©

" A CRT based phototypesetting for Indian languages ‘is

"

explained in [39]; The unavailability of suitable I1/0

-

. . . Coy . . :
devices is a major obstacle to the development of vernacular

]\:‘A" N "

phototypesetters.

-

Changes were suggested for message transmission through-

the telex and telecommunication -‘networks. Krishnaya and

Vishwanathan (40} have . stressed the need for

, . ) . .

v
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telecommunication systems t§ carry news in thg language of
ité origiﬁétion as well as 1in Enélish, thus elimiqating
Qﬁﬁecessar§5Itragslation' from reg{onaL }anguages to English
and back tg the reéional languages. iCodes syitable for
telex! . and telegraph,in\indian languages have been developed
‘{24, 26,:‘34,-‘35], ’ Ramgkqishqa f34) has - éevelopéd
information thegretic médéis for ﬁran;cription of Indian
languages into Enélish and vfce versas Mahapala Jand Raman
[41]"h;Qe proposed methods for animated film titles in a
8 : regiodal'languéae with the help of computers.  An extensiv§
veview of typesetting‘dévefopment§ in Indian languages and

utilization of computers can be found in (42, 43].

'An approdch to the design of word processors using the
ZILOG 280 microprocessor is expiaiﬁed-iﬁ (44].. One of the
problems in word processiﬁg is hyphenation [44-46]. Becduse
of the pﬁonetic na;ure of Indian scripts, gyphenagipn cin
Indian lénghages"is relatively simple. For instanée, thg
» T ‘ following simple rLles could accommodate most of tAe case;
‘Q 2d‘. far hyphenation of Tamil kexts: S | l}
. ;ule l: The first character of a 1line should ho£ b; 5 £
consonant‘such as é (K}, nﬁ(NG),.ch. . .
f - Rule 2: The symbol constituting a character should not be
| broken. ‘For example, the chaEZEter 6?& (KE) should not be
broken'iﬁto the symbol € in oné lipe and the symbol &

in the next line.

’ ‘ Rule 3: A line should nog'end with just the first character

.
3
kS
. ’
u )
4
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of.a word except when the. word itself. contains only one
character.

v SN i :
Medical information sug&maé;patlent history, hospital-
; X : : , , )

] . s .
resources, etc., are processed thanually in India. Hence,

there is a considerable amount of .delay in processing and

resource allocation. - Automated written communication
I3 i :
L B between’' the hospital and the patient cannot be done in
. \
1
d vernacular languages using existing computers. Researchers

~

\![47ﬂ 481 have propoéed ~database dgsigns §0{_ yedical
information ;ystems. The textwriter prog§sed in this thesis
could be used for automated written communication in native

"languages: \Sihce' ﬁuch of the information on health and
Family\planning is generated and maintained in the Indian

- regiona\‘l nguages, such systems will be very useful.
| Y 1;5\ s . : , R ° \
’ E Machine translation within limited scope has been
b .+ studied by several authoné:" Namperumal has  developed

e
algorithms for transLa;ion}of simple English sentences into

| , .
| -+~ scheme involving human interaction. Chakraborty, et al {51}
‘ . ? v

| have. experimented with machine ~tranélation¢from Hindi to
Beﬁgalj.’ These experiments are at- a primitive stage and are

. far from any bractical épplication.

© The lack of suitable 1/0 devices and computing -'systems
o in 'Indian langlbages have been felt by linguists for .many

' years. They circumvented the problem by transliterating
. | )

-

-~

|
\ |

[
o
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Tamil [49]. Ganeshsundaram [50] proposed a translation

.
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WS {52] into Roman script, doing research in areas such as

"deciding authorship of poems (53], concordance (54], etc.
e s '

-

Qur survey,indicafeb that most of the efforts' are
directéd towards the development of I/0 devices. . Yet,
suitable I/O‘devides are not Qet av?ilable iﬁ whe market.
. Standardization in aspects such as jntgrnaiﬁdcoding and

transliteration® . considered.

have not ) bgsn

Micpoprocessor;based 1/0 dévices For Indian lanquages is &

concept worth exploring in detail. /
/
cited at appropriate places in the following chapters.
. . . : ’ Ve

© ' o

Further/ r%ferences are

’[ ' ’ ‘
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3. AN INPUT DEVICE FOR ‘A TEXTWRITER

—

.

3.1 Input Devices

There 4are thrfee methods for the input of textual data:

- ' » . @
}1) k®yboard,. (2) document reading and (3) .speech. Much of

- the work for Indian languages is in the area Sf keyboard

design. As far as 'voice data 'entry 1is cdncerned @ .

v 9 »
substantial work of practical importance is yet to be done.
) .

In a document data enﬁry' system, the inpu& tekt may _ be

either handwritten or printed and it could. be entered

<‘on-line or off-line.  Commercial optical character

recognition (OCR) devices are yet to Be developed for Indian

languades. However, experimental techniques to recognize

‘Tamil (55, 56], Telugu [57), Devanagari [58, 59], Bengali’

{60). have been reported. It is“Qorthwhile to .develop one
LY i
powerful recognition technique for all Indian languages than

one technique for each language,.

For most. applicatipns, the d$£a entry is, and will be
for .the fofeseeable “future, through a keybdard.” Of the
three metﬁods, fhis is’ the most successful 'and Treliable
method of enferiné inf;rmatioﬁ at this time. The design of
keYbo;rds can be broadly classified inﬁo_\ﬁwo types:' (1)

unifinguql keyboards and (2) multilingual keyboards. With a

" unilingual keyboard, we can enter text of only one language,

%

' X D i hsin i ]
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whereas aL ﬁultifingual keypoara facilitétés entering of . v
texts in’moreathan one langqage from‘ fﬁe same keyboard.
Existing typewriter keyboards are of hnilingual ﬁypé}° New
keyboards [1l1, 23] suggested as modifications. of existing

mechanical keyboards are also of this type only.

’ .

Since there are many languages’to be handled in the
Indian contéxt, it will be ecoiimical and convenient to have

one keyboard through wifich we \could enter texts in - any

language. The. design of such multilingual keyboards for a ‘ .

textwriter is dealt with in this éhapﬁer. s )

*

ot Co . i L
7 . ' *

3.2 Multilipgual Keyboard Design’

P »
)

Let, C = {cy, ¢y o o e | i} S
be the set Qf characters in a 1$nguage. " The cardinalitfﬁ
[IClIl of C gives the total ?uﬁber (i.e., n) of characters in‘- | %ﬁ
;hé "language. For keyboard design, if IfC1I is small, then
we can assign each character in C to a’key posiéion on the
.. keyboard. For example, [lgll foriénélish is only 52 (26 }
uppercase letters, A to Z and 2? lowercase léﬁters; a to z}. o

1 N {
\ s

Since this number is small,. edch -.of these characters is

~

assigned a key position in the keyboards..

If |lcll 1is high, then 1it. will not ‘be possible to
assign each character a key position. This is 'pafti;ularly |

. true- for —Indian languages. To get an’ idea, let us briefly

T A o . B o R P T e R R >
b o
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review the structure of Indian language characters.
. : A

’

3.2.]1 Structure of Indian Characters

[2

The chéracté;s of " the Indian languages can be
classified into’ four ;ypesﬁ Thesé are (1) vowels, .(2)

cdnsonants, {3) special characters and (4) © composite

" characters. .Characters othér than- composite characters are

<

“basic to a language. We_call.this'set of basic characters,

énd ‘the . sound associated with each’ of them; the

'Basic-Legter-Sounds' (BLS). Composite, characters are -

~

- obtained by the combination of consonants and vowels. These

i ‘
can be furthetr subdivided into consonant-vowel (c-v)

»

. ' ! K
characters and conjunct characters., C-V characters are

obtained by the combination of one consonant and onpe vowel;

conjunct characters are obtained By the combination ‘of' two
or more consonants with a onel. Conjunct characters are
present in all Indian languages except Tamil. Speciai
characters are those which do not combine with any other

characters.

As an illustration consider the set of Tamil characters

" shown- in figure 3.1, It has 18 consonants, B (K) to

s st (N) \sbown in column 13, 12 vowels,' S (A) to

e

€ ot (AU) shpwn in row 1 and one special character

fo*(AKH). The c-v characters are shown within the

rectgﬁ@le and there are 18 x 12 = 216 of theﬁh They are

/N .

s a t

S e e

e e 4
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- | < "
é‘if%“@"ﬁﬂ—'@ﬂﬂg@‘@,@m. |
5 o1 & & @ & G5 Gs @& Qe Gar Gaer, @
wowr ol o W B Gm Gw omGhmi Gar Gt |
,sxem 4§ s & Gs Gs 5 Gsr Gen Qs & o
& 1 ) é © o Qs (2@ W@@@n(’é@n@@m & .
Lo b e G G Glo G am_G!ur L, Glsm -
Lo W@Wlff @@W@m@m&m@r @m@wmf”‘m o
5 51 4 5 &z g1 @5 G5 ez Qs G GW//@/
m mro sl 5 Lk g,n @rsj G o Gsm Cmm Glrsem E
P U @ 8 g lag, Gu Gu - sou Gur Gur Guar |
| o 4TL& S Qp e \GJLQ.(BLD snw Glor Gor @ms;r L'D.
wowr @ oy oy Qu Gy ow Qunr Gurr Glwst v
v ogr A Ff @- ey @r Gr sop Al @Urr.erm m
o or o & @ o Qe Gao %0 Glsor Gor Glaver | &
ot our el o e ey Qer Ger meu Gleur Gour Qeusr 6l
1o wrod § @ Oy Gy mp Ggr Gyr Qparr|
ov etn afl of @ g Gler Ger G Glomm Gerr @ amsr 6
p @ H 5 o Gp Gy mp Aw Gg Gpo|H -
m@&aﬂﬂ‘?@j w@m@m&m @@G@Omm&ﬁ

Fig.

3.1 '‘Set of Tamil Characters
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'figure 3.1, In figuré 3.1, it could be.observed that the

'is the sign of the vowel !

38

obtained by the combination of the vowels and consonants in

“qhgir respective columns and rows. . For example, +the c-v

character - & (Kér is obtained by thé combinatién of the™\
vowel 6T (E) and the consonant & (K) o &
‘That is, 85 A Y- . '
’x - E KE . , o
- T ,
In modern Tamil literature, five additional consonants

-and their associated c¢-v  characters are also,_ used

occasionally. They are listed on the bohtom five 1lines ‘in

1]

composite characters of a row are similar (in appearence or
grapheme) to. the consonant of that row. The combining

- . A A
vowel, with a few exceptions, assumes .a specific graphic

'symbol, called the sign 6f the vowel, in the ¢-v character.

"For example, ' 6 ' is the sign of the vowel e (E); ' T !

- /

‘ S (A) -with the' é;ception of
) fyé); o (RA) and . &% (NA); and so on. - ‘

»

Just as an illustratjon, a few conjunct charaétqrs from
Telugu are.-shdwn below with the method of derivation (the‘

characters to the right of the equal sign are the conjhncﬁ

v

charactérs).

t - N . v

g§‘+ S P (. 52 - : . _— N ad o

. s T E . sTE S . s

‘e
'
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»f' o E. 5+ 854+ B+ & - ‘ | |
~ ‘ . . K8 T . ke R E KSTRE ' )

: SR ‘ | . - -

, . , " It should -be statéd_that'the derivation procedure for
the sounds of the composite characters is systematic. For

~example, consider all the c-v characters oBtained by the
- * ¢ - - . .
‘ combination of the ' vowel & (E) im Tamil (refer to:

figure 3.,1). ngﬁr graphemeé ‘are .easfly obtained ,by"

concatenating. the vowel sign € with the graphemes of the"

-

L . ' c-v characters in column 2, whereas such a simple 'rule Iis

« -
»

not wvalid for the c-v characters of . 2_.(Uf andaﬁ,agz'(ﬁa.'

o N m . s - PR
it -
- n Ed
. s S . .
- . » s .

. - 3.2.2 Characteristics of Indian Ldﬁguages IR {‘}

w o . L i
A4 o

summarized below: ‘ S P
¢ * : L o "
: ., ‘

L ~+ (1) There are many languages }n'QSeuahd in each”language’

+ ’ &

‘ ) : ) \ D AN
N . """ 247 in Tamil to over 2000 in Telugy.: - . R
. : A ' X .

T s SR L AE g

"(2) The characters are not uniform “in’ size and extend "

widely both horizontally and verticalby; ’ )

- - i

. A{3) ‘Indian-characters are complex to §enqrate due to vowel "

. . . L Y
symbols, half characters,, and conjunct characters which

k] o, .,
~ e

i lead to complex grapﬂics.'

The “important characteristics of ihaian“.iahqgagés, are

. there are many characters, ranging ‘from’ 'a minimum . of™ -

P

b v . .
o . v .
st . ' . , ' M . .
4 . 2 ' ' * ! . .

‘ »
d AT RN AN ol Voo A b st oo 18 07~ G e e e e e N v - . .,
- “ TV
M L]

R 16 7 S A8 A 7 Py - o . PP, e TRy g, PP (3 Loy T3 A SR sl d
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] . E]

3

, (4) Some of the rules for attaching modifiers and forming
conjunct characters are context dependent.

(5) There are exceptions in-the rules for the generation of

~

A ~graphemes’ of the ¢c~v and conjunct characters.

- -

. {(6) Although the Indlan languages haVe diffeteht 5cripés,
5 ] K
. they possse’s common bas1c letter- sound characteristics.

-+
°

AR

o R Two ' approaches may be’ « considered for Euilding

keyboards: .
I -~ ¢

f. symbol based approach.

2. aasic-letter-sqund Eased‘approach.
KN s N . - ,

. . ’
LY i . *

‘ . . ‘ N . . -
- . .

. 3.3 Symbol Based Multilingual Keyboard Design:
. c P feo. :\' ; . \
Lo ", . ' In this approach, the character set C of a language is

B

¢

K 'analysed, decomposed and a set of primitive symbols .are ~*

“ .

1 . L . identifiedn Let' .k » \ ) ' R ?. .
ST : {sl' 91 ¢ *Sp)

\ ';' be the set of symbols. Each'symb6}‘is'quartial graphic of

canstruct@d by using one or more symbols in S. The

decomposxtxon of . chardcters in C should be done in such a
N he ) T

S way»thaf I]SII is small (as in Bnglish). /To get an insight

into character " analysis and symbolic®decomposition, let us

1S » .

¢

. v a .character. Therefore, any character- in° C could ‘be’

v i a2

ERRTE Y




E %

\ v

LT,

"colulmn.

-

-»

smaller
”

2 %y =

"601umﬁ£5: _fhe

analyse the characters,of Tam1l in
' . *

~
1 t

3.3.1 Character Agal&sis

‘fsymbols:

' Column 2:

.

~
"Column 3: The  cav

’

Column 1:

\ 90‘ C

only‘diff1cult, but also 1nconven1ent

»

sxppo}s. s Hemcs we will

O NAEL oy LT

~ W

-’ /' 4
symboks in colufn 1

a ‘ -

‘(RA):n~ - éﬁ (NA) and

using  the

Tbe;s'are 19 symbols in this

_—

to

" - > - -
‘. ’ \ . ¢ .
: . - - ¢ )
) a1 /
'k. ‘

. !
figure 3,1,

L

The characters 1n column 1 are bas1c.

break

col

umn by

It is not

them

into-
I N

A .
treat them as primitive:

" (A).

v

column

.plus.

Hénce
Ay

.
‘

T

»

{ & (). to

-

The characters 1ﬂ§thls column oould be obtalned by

Pl (NA).

‘these

symbols qun the set of ba51o symbols from column 1.

-
" . - - . s

» 13

» < .

characters in

obtalnéﬁ by appendan the symbol !

7

‘Epis

f),‘ ]

ko -

‘column

s

the

'co'uld ‘é

symbols, in‘

five

,colpmn l,gapxcept for the charactqm TR %TI)&%or whlch the

.
place of appending 1s alfferent f:om the -

H%@ce, t%ree .symbols: &\ (I);
this column join- the basic symbols.
Lo~ f" -

here i ! e,

column are (I), .

-

. @ (TI), and .

e

other

Therefore, the three new symb

a@ iy ang !

.

N - frgh

from this, -

fqgr: c-v 'oharaoteré\\ Ry (qux,.

Y

. (PU) .,

(\in

°

|

!

,characters,“

N

) .
© - - Column 4: Same\\s tolumnh 3 except that the appendlngf symbol o

g o




\
s

? -

Y (Yu), and ﬁ-‘ (VUY , are -obtained by 'af:pendihg the

[y

‘symbolw' y ' with their respective symbols %ﬁ ‘column 1. The

‘remainlnqa are to be retained without " change. , ‘Hence there

are fifteen plus one, sixteen new symbols from this column.
} 4 X . ‘

o

Column 6: The four c-v characters f{‘f-;b NGUY, ‘;b (P'U),

. > , - 7 ‘. . A 5
Wh (YU) and- @b (V0) could be obtaimed by adding’-the

- symbol O ' to their counterparts ‘in column 1.'. The

gha'racter,s' - &I (6NU), - @T (ND), % &7 (1D, /'é'
8T (LO), T (RU) and gy (ND) could be obtaihe ',by

/a\ppending_',the symbol ' T ! to their counterparts in column

5. The characters' & (th), & ), . RDH, & 1)

and @ (“l":ﬁ) could be obtained. by appending ' the symbol
) : v s o

' © ' to their counterparts in column S., Thus the additions

c : . L
f;om _this c¢olumn are-* T ', ' o *, . i

- ¢
and 22 ().
Column 7:' oF (E) and = € are the additional' symbol's

_required to obt,ai>'ll the characters in this column.
- T

Column 8: 6 (E)* and &

‘are the lad(ii'tion’al symbols

required te aobtain the characters in this ‘column.

° »

., \

r . ' . ; . : ’
- Column 9: The symfol,s from this column are ' en " - and

2 and the vowel D a1). ‘

/

Column 10-12: Require only the two vowel symbols 6 [0)

vané ‘3 (('2).‘ -The symbols constituting _ the ‘vowel

b §

kD), & JEUR

[y

.
)




4

. . *
., Lo,

(AU) were:alreééy includéd, o . ' .

-

s . - . ‘ . . \ ‘ '_ .‘ \
Column 13: ' o ' 1is, the new -symbol required for this
column. @ . ’

r .
LN

Therefore the. total number .of symbéls required to

generate all the'Tamil characters is 61; they are listed in

figure 3.2. This is a reasonable number ' compared to 52

" symbels for English. and could be easii?haccdmmédéted on'a

3 .

kgyboard of reasonable size. The charécters' of‘ Malayalam‘

-

ma}; t;e analysed by a similar procedu?to obtain the
£ 3 * ' 1 B .

primitive set df/symbéls. They are listedW¥n figure 3.3. -

-

To simplify our-problem of decbmpostion, the mechanical
. Lo ‘ ‘
typewriter designers have.done the analysis to "a’ certain

LS o

extent.’- Symbol-based mechahicalitYpewriters are available

for most of the Inaian languages. But it may not be -

\

possible to. adopt’ them as such for éompuper dpplications

w[lll.‘ Nevertheless they‘coﬁld be useé as a starting poinf

and ‘refined further (11. . - ! .
‘ . E - ' . ¢
- A ’ ‘ L
< . K Lt
3.3.% Keyboard Layout - ]

<
N

¢ a

. The primitive set of symbols, S, corresponding 'to the

chagacters of 'a languqqe are éssigned to the Keys on the

keyboard according to their frequencies of occurrences. .

. Since symbol ' based. kéyboards for., major Indo-European

'languages usipg the Latin script and the Indian scripts are
/ . ‘ s -
) ' ' ‘ . e ) "

! [N

N\

¥

& . . N N ¢ L AP b A b g

.
P - P P . O I T P S P
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3.3 Set of Malayalam Symbols
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nvailablé, it will be advantaggous‘ if the multilingual
ke?board layout also does\not depart apprec1ably from those.
existing. Moreover, we w1ll be growxng yncrea51ng1y towards
> ; multipquose keyboard, that is, the same keyboard will be‘
wdsed for an electric typewriter, data preparation, telex and'
computer communication. Therefore, it will be better to
‘adapt the exlstlng typewriter keyboards; perhaps with a few

extra keys as indicated in the followxng paragraphs. Also,

-~ this has the advanggge that conventional typing schoolﬁ can .
train éhe operators in developing speed. '

> . Fiqure 3i4J gives tne layout of a nultilingual keybo@fd

with Tamil syngnls. It consists of 72 keys including (the
space Dbar. This keyboard 8iffers narginaliy from the

existing typewriter keyboard'éor Tamil. The differences are

- . “

the following. N

’ ' ’ \
1. The .increased number .of ‘keys is duye t%%én increase in-

)

the number of special symbols and the addition of a
language seleqtion Eode (L.S;C)." *
v .

2. The lchatacéer géy (NU) is obtained by one -key
‘ ‘erression\ in _the’ multilinéual' keyboard whereas in i
mechanical. typewriéers it ,is obtained by two key
depressions. It is designed\ so in the mechanicnl
typewriter due to larger length of the character and
mechanical design constraints which will not _be there

in an electronic keyboard. 'Such changes, if LényTQ—are,

Ve e bttt 4 g e i e e e e e

TN TNTY e TY

)
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. to be made ’fbr other language keyboards also.

P

3. The character SO (HA) is provided a a separate

character whereas in mechanical typewriters it is
1 \ .

obtained \by typing the characters 2. (u) and 'p(BA)\

]

one after another and manually adjustmg the space to .

., touch each other. 2. (U) and 'D (F}A) are themselves

.

" two i‘ndependent, characters. By typing  them

- . whether‘ the combination is one rcharacter @ nMD-(HA) or

two ‘charac;ters, e (V) a}nd %) (i@A). Similar changes

are aléo to be mg;de in other iangu*age keyboards

wherever applicable. ‘ o

4, Tpe .character .¢ (GNU) is provided. . This chacécter is. '
not "pre‘sent in‘tbe mechanical t}\/pewriter‘.a it is algo

not used by printers. ‘ ' . \ |

>

- 5. There .is no dead key in the proposed keyboard. T

< B The character 1like @ {KI) must be typed in nth',e order:
. o . & , and. 1 whereas it is typed in the mechanical

keyboard as n ,  and &~ using the dead key

containing the symbol ...

The meaning and functlons of the’ keys 1ike TAB, SHIFT, SHIFT
\ LOCK, LINE FEED,’ RETURN, ett., &t the same as those of any.

standard computer terminal keyboard such' as in Digi‘tal/

Decwr‘lter 11, ADM- 3A, Tektronix tetmlnals.

D

P T NV RSSO PUPRIRSE D S Ol B P

consecutively, \it will- not be possible to decide., \'1_

e - T T N T Ny T
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3.3.3 Multilingual Text Entry.

2

The keyboard 1in figure 3.4 could be used to gﬁter the .
text of major Indian languages and European languages :such

» . ' as English, rﬁegmgh, French and others. Sipce our interest

L] e ‘

is to héndle {or enter)  text <of ‘many languaggs having °
different scripts,$it is necessaty to indicate thg selec;ed
. language by means of ~a code, Such a 'cod&ng shoglq be.
‘suitable for internal representation as well. 1In other . ;
words, éiven a string of s?mbols, the set of consecutive . : |
symbolig' belonging to a particular language' must be

S e - . PO . .
.fidegtxfled. This could be achieved by prefixing - a "unique
< . .

&
language code to the text as shown -in Eigurg 3.5. By this
scheme the text of. any nhﬁbér of. languages "could be" ‘

C represenéed. L : L L
. Impiementing tﬁ: 'languagetcéde"dn tﬁe Reybéa;d may be
~ i
done in ‘many .ways. One possible method is_ shown in - .
"fiéhre 3.6, The 'language Selectioﬂ Cobe{ is a“uAique one \
l o ‘byte code (constant), the ocqur;encé of which,indicétes‘that |
f( ) the text Qqék the current lénguagehhas ended and a text of
| ? anoéher‘ langlage ié géing to follow. .%h{;: language 2 !

- selection code is generated by depressing the key

) " provided on the multilingual kgyboard (figure 3.4). . Once we ¥
o - know that thege is a change ﬁq the language, then the next
; ’ queétion is to which language the“change is taking place.

2

3
N
. - b ¢ o e o ‘ ‘e SR I . et v o+ 303 Pt 4 e ren ot emt o asoaiem J
Dt Bt R SVt B LR Tl vk ARV el - . - e T et deshbadidAilh ik S
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-This is indicated by the 'kanguage number'. In other words,
the language number tells to whlch language phe succeeding

D text'belongs to. Each language is assigned a number such as

-

2 ke

» . . . : ‘ ’
Engl;sh 0, Tamil 1, Malayalam 2 andxso on. ) The number of %:

digits used. for language number depends on the total" number

'of 1anguages supported by the computlng system one digit up

L. .

. ) languages, two up to 100 languages, and S0 on. It' is

necessary,to understand the’need.for sepa(atlng the language

2

J
' - selection code and the lbnguage number.” The fygction of the N
language selection code is. to merely. indicate -that the . i
‘ !

language change %s taking place; it does not sa& tq'whiph

language the change is taking pléce. This is indicated by
. ©  the language.number.

by

3:3.W‘Reduction of Keys

The - number of keys could be reducqe by associating:
\
special symbols Sych as # T *¥ %2 & * " only Jith the English

language -version of the keyboard. iThé SVerhgad in QOing so’
Qo will be that.fog specifying the Speciél symbols,\a ianguage
change must " be indfcated;‘uTo avoid'frequéﬁt changes, the.'
most commoﬂly used characters could be included- in tpe
« symbof set for all languages. ’This will,” of codrse,
-increase the ' number of keys' correspondingly. Another

W

o ' s
_alternative is to use 'CTRL' key (which gives a third shift)

. . Ve . o ) .

¥

o . Y. ' . ‘; 5 . . ) . ) ,———T———*\
- . R « »
»

’ SRR
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. ) t . p . . . ,. -
for special symbols and to use the communication code as
’bart of English. S - | ¢
’
" 3.3.5 Kgy-TopfSymbol Display Techniques

K

Since . the samée keyboard |unit is used - to enter
multilingual text, it is neceesary to disblay on the key-top
) Y PR

the = .appropriate Symbolé rof thé' language it currently

- handles. This could be achieved in many ways ‘of whiéh three ./ i
: " : « o7
are explained below: , . . \{<
N . . . . , ) [
Key Replacement: In this method the keys on the Eeyboa:d,ére

o .

replacgd.manuaily one. by one whenever a chaqgé of 1anguégé
'takés‘ place. This is inexpensive, but sﬁitable only i§ the
gﬂange“does ndt-téke place often. Since there is a definite .
pbssibility of pisplacing the keys, theyvéhquld be replaced - | . //"'
.wifh thg help'of a keyboard layout and vefified thoroughly

.

before entering new data. iy :

-

Template Replacement: Hefe,‘instead of replacing the keys,

all the key symbols are placed on replaceable templates, one K
for each of the lénguages éupportéd. De;ignéd in one of
several wa&s, and with appropriate markings on movable keys,
it may be inserted on .various’ keybocard modely {with
* comparative siﬁplicity. With 'currént technology, the

Tae

flexibility of "touch-tone" type systems could also be |,

eaéfly adapted for this purpose.

[ ' .

- ]
.
' 9 . V . .
T . C e o s e b g e , N L s e - A e i a "
) s > | PUBPY TSy e a i prs
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Display Panel:' Instead of the mechaniqal':and manually

replaceable templates, electtonic disﬁlays, especially the

plasma display type panels, would.be suited for our purpose.
g . ‘

- Each ' key disnlay could be designed to have a plasma panel

4

and a driver or ;he entire key display could be driven by
one driver. The code for the symbols of each lagauage could
be sto{ed in ROMs® As of now, the cost of plasma panels is
~high for an application of thi's kind, npt as .thg cost qai_

electronic display compbnents is decrea51ng, it is likely

-

that su1table displays will be availabie soon:i- -
[ . , "}l ) ‘ , i

The key top symbsl display problem- could ‘be Smellfled
L S ,
to a certain extent by grouping the characters of languages“

having similar scripts and perhaps dlfferlngi in a .few"

Eharaq%ers. _ For example, a 51ngle keyboard layout could be

R r R * ~

prcvxded by grouping, the' dlact}tlcal marys for- dxfferent

-

Latin scrlpt languages. ' fhe ké& top dlsplay ‘could be

retained, thhout change for all- the 1anguages in one group.
Such a group exist even in Indlan languages. For example,

) Hlndi, Marath1 and Sanskrit have 1dentical characters except

40

for a féw; Assamese, Bengali and Manipuri have 51m11ar

characterlstlcs. The "effect of such a keyboard is that it

.

will have relatively more keys.




be the set of - basic-letter-sounds. ‘Any character in a

‘3. The ¢°(-codea ‘text.. when sorted gives the .text in

54 '

&
3.4 Basic-Letter-Sound Based Keyboard Design

& L
3 . -

’

For Europeanﬁlanguages having very feé§§haracters with

‘o J . "\
simple graphemes,  the need for alternate designs for

keyboards did not arise. Such is not the case’ with/;ggdiaﬁ
ianguagesL. An alternate keyboard design‘could be‘baééa on
the common Baéic—letter-soupd characteristics bf Indian

languages. Such a design i%fﬁescribed in this section.

1

9 | T o

'

§

3.4.1 Basic-Letter-Sounds

H
[V

Iy

that the vowéls, consonants ahd special charadters are the
- - - e

- sy . + .
13

v - .
asociated with unique sounds. ‘Let ''us’ call these basic

< basig characters ' in hny"ihdian langzqge‘ and' they are

characﬁeri;EEQ s;i”yf:bqsiéoletter-soundé or BLS. .lLet

v C LY R 4 i »,
T BLS 2 DS, Ry / & n!

v a ) ”
language could be obtained by a combination of ' o s from

>

the set BLS. The interesting propertigs-offthe set'ﬁLS\ are

. ©

the following: - .

1. ' The |IBLS]|| fo; ahy'Iﬁdian language is small (oflthe
order of 55). ~" o | \7 ST "
2. s,'k string of s unambigisusly .identifies the
characters in the lanquage. - l . -'.: —~
v

t

lexical order (refer to;figure 3.7). This is not' the

-

*

‘ihe*anélYSis of Indianm language character® has revealed
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A " Indian languages is also small (of the vordef' of 70).’

Ve a

, e

case with symbpolically coded text.
N ) R . - ‘ ’ .

4. The cardinality 'of the union of BLS sets for a set of

-

~ <
. This "is because there arexw many basic-letterzsounds .

1.
©

common among Indian languages. ' . . N C

3 o < . . » . .’ . . ) -
The set BLS for Tamil is , , '
BLS = { & to Qm, Vo, & toer | : - : -

.which has only 31 ,basicﬁletterosounds. The composite‘ 'kw

. characters like & (KA) are obtained’bytghe combination of . =
two basic—le;ter-souhds~ ' é (K) and S iA). (Thesefore. . h

/ * IR oL ) 4".' n\l } : )

& (KA) - could be expressed as & H (KA).. Similarly, the

. 1) . o e A . - f
‘other composité . characters could be éxpressed, as'’ S i ¢

+ tombinations of s,
oot o
F3 . R — o
. ' v . . ‘. N " - e - & )
I T . S L ' Y
3.4.2 BLS Based Reyboard Layout ~ « - . e
N a. ' H v ' "

‘ ' . . .
P ¢ . .
? . 0 . © B ¥

- .
- .

+A mbltilingual keyboard could'be,deéigned;basedaoh'thei
ir basic-letter-sounds by alloting each - & to ' a  key
o ésigned® in two |

. . Position. The , BLS basgé keyboqra could be
. . . , ) ; B

,.. ways... ' . N - »

! v ! 3 o V ) ' ® o L 2
Method 1 : The & s of a langua;e afe assighed to the keys

¢

"jbne at a time. It is quite possible to &ccommodate the'
o 8he existing

equires

. .

v
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.o - . . I
. , ,
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X . ' . e
1

the ; o s of dif‘fe-rent languages to be'displé_yed on the key

N ' top wh.ehgaver there is a thange in languagé.‘ .
| o Me‘t’hod. 2 : In order to. avoid the eanguag'e"de"pendent ‘k'eyl top ~
display 'fof each 1a.nguac;e,- one could use the uUnion of otls.
" of the set of all Ir;i:lia'n laﬁéua;és. To ‘aesigh" such a
keyboard,l t,'he “'ﬁ;axslic-le,ﬁter'-sounds ‘of 12 Indiaxn iangurages o
. we=rer obtainéd and are ‘ listed in Table I. ‘only the \
, trans teration .info Roman 'script\ (according to tfle Library z
'of Congress Cataloging éulletin-): is shéwn~‘in..'the ’Table ‘to
- N . A * N

#

avoid a jléngthy prefse"ntation.
. : : T

A keyboard layout with the o¢s of Table I is g‘i\}en in

e -

‘figure 3.8. . It' \h“és :62" keys excludihg\g_t&\sgpace"bar. " In

" this keyboard, some of the keys wil‘l‘ remain unused for a

particular language corresponding to those s which are
. . . . ; - , S
not present in that. language. Figures 3.9 and 3.10 give-the

keyboard layoutl‘ with English * cHaracters 'and.u Tamil < s
\ , . e

resﬁgcti\;ely.; The . unused . key positions are crossed. It - .

1] f ?

could be notilced. that the layout' for. English is exactly the b
same aﬁs that” "of \_thé present keyboards except for "the -

: ‘addi}:ion,of keyys for. language seléc’giori code ta make it a
multilingual keyboard. . - .
. oa ' . R | Q PR )

4 . - C
The layout: for Tamil includes only  a -few special

"

t - symbol#needed very-often, Other special symbols could ° be X\
, » Specified. as .Eng'lis'h symbols by indicating the appr‘optiate’

-'. ,' - i R . - . ) ) .
' -, language code’ or by using the: 'CTRL' key. ,
LN : ~ L ! - ' ' ’ g

I'
v ) ,\\ ' {/ .
+ N ’ ~ ce r ® : - N N ’ = N ~ : ‘ A .
. " s R — - - e e - - — &
o s Sy - M@mmwmmmm“m“ NG ._\__:A




‘Table I Set of

.

e

o s of Indian Languages

!

. Vowels and Special Characters
P .

_a\‘;“ - ’ — ) N . -
A ¢ 1 1 U W& R R L L
; A - g T w A -
E € E - E K Aar 8 0o & B
v ' .
AU AU AM AK AKH SHRI ,
. : T ~N
Consonants P
: o . o x
K Ki- 6., GH- N ¢ € cH J. J
2
Ja N T T D R -DH RH - N T
o - ! ) '
T TH. D DH = N P PH B BH M
vy Y R L W A" LeLr" R N
s % s m K- F z R RXH Q
, 1}
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: 2. The keys are laid in a 'V' shape.

@indi and Telugu whs propésed by Narasfmhah and Sinﬁa (29,
62, 63f.ﬁ Their propo§$l has the followingkshOttcomings:

1. - Apart from giving the‘coréect sequence of . ots and

dfécg} ical “marks, it is also necessary to. indicate

which jof them are to be grouped to form composite

characters, . , O
' 3

e

3. A large number of keys (62)®are in a single shift which

makes’ touch typing difficult.y -

4. They are unilingual keyboards.

5. It was designed only. for Ind#an' languages. :

(\: -
LN

s ‘ .

.

- . « +

" 3.4.3 Placement Criteria s

r, .

In order to allocate the ' o s to various keys, we

; . : > . . . .
S obtain the frequency distribution of the =« s’ that may vary

©

from one 'lggguage to
¥

approximated 'as the average over all languages. A simple

‘another. The. frequency could be

expressison for estimating the frequency of an & is ‘given

[
»-

.below: ' \
Let L : be the number of languages '
c

k '\; : the set of characters in language' k

where k varies from 1 to L

J'Ckll : total number of characters ,in kth language,

-~

o
~

Y

. ; .
' . o
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: “ A '
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+ .
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‘ kai'\ : the character frequenqy of jth character in ‘
kth, language where i varies ‘from 1 . to «Hc'k‘ll
‘ BLS ‘s the set 6f_ & s v o ‘
I . Y
g , IBLS|| : fotal number of s
,;l_; BLSj : jth =" in BLS where' j 'varies =
“from 1 to '| IBLS||
. L . ‘ f.BLSkj the frequency of ,jth o in kt-:h language
' fBLSj : the average- ffequency of jth . over
. . L3
Voo L languages - ~ ) '
» - o ‘ i
| R I'het ] o
. Then' fBLSkj‘ = /Z mi * ‘j.cki
X je= 1 _ L. §
where m; is the number of times the BLS) 5 occurs 'in the
character cki' " For example,
m; = wﬂen BLSkj is .a vowel and ij is a . ,
. consonant, - ? N g }
[ * iy , v ! |
mg =1 wh:an both Cyxy and BL‘Skj‘ are the P
. same consonant’ | ¢ f
) m, = %! for a composite character of type c-c-v
o {two consonants and one vowel) having
both the consonants of the same type as
-~ ‘ '
., that of BLSkj' )
LY . 1 s
‘ L
' fBL . = . ‘
] Then, SJ" 1/L 3 fBLSkJ .
v e Kk =1 ' |
- A . P i
. ’ ' ) M o ’ ‘. ’ : - ‘ ‘. |
e e vy -~ ,,;WWWW




. the. expression could be modified as:

- . ——— —

¢ . - 63

\ ' f .

As an illustration consider the Tamil characters in
figure 3.1. The frequencies of these ' characters bbtqined

from a sample of 14,000 qharacte:s-takeh'frpm modern prose
o : :

are given in Table II [23]. The frequency of ) & =

S (A) " is obtained by summing the values in column 1 and

-

that of * = B (K) is obtained by summing the values in
row 2. The special characters % (AKH) and pgg (STRE)
. . . e

h%@g.thé values as in Table II. a

The" agéxe expression for £BLS, is based on the

assumption that the probability of occurence of a text of 'a

1

particular .laﬁguage is’ the same as that of the other. But
tﬁis ﬁay not be ﬁrue. Depending oﬁ” thq; region where tﬁu
nachine is dséd, the probability will differi-’¥$r example, .
a machine in &amillNadu'is likey to handle more Tamil téx;

. ' & . B . ,
than text of .any other language . Taking this into account,

4.
Y
J

o

L

. " fBLS. = - p., * fBLS,.

‘ ‘ q 2: Tk k?
. k'= 1.

where  p, ﬁs('tbé probability of’ occurence of ‘text of
language k. BuUt this will result -in non-uniformity of -

keyboard® layout ffom region to’'region, and is’

not desirable )
from the point of vie§ o£ manufacturing, portability, etc.
. . 4
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' Table II Frequéncies of Tamil Charaétgrs
= A& B w2 a 2 & G Gm 35 b
277 077,224 006 089 009 200 024 010 058 007 000 000 00
616 126 168 009 232 041 005 025 052 073 022 000 430 &
002 Q0O 000 000800 000 000 000 000 000 000 000 135
115 020 121 010 032 003 048 013 015 031 007 001 087 &
007 002 0007900 000 000 000 000 001 000 60§ 0G0 011 5
166 044.146 003 176 001 002 O16- 0B4 001000 000 189 . .2
056005 027 001 002 OUO Q00 000 BGO5 00O 000 000 146
382 118 248 007 332 008 033 027 063 018 020 000 362
D62 066 037 023 002 011 Q0T 007 002 000 010 000 243
286 0g2 109 007 065 006 062 022 011 037 061 000 251
144 096 040 007 110 006 004 014 047 004 004 001 493
247 018 095 000 070 002 005 025 039 000 D11 000 062
189 062 117 011 278 .001 002 006 026 002 005 000 322

126 053 061 000 049 P02 005 022 076 GO0 005 goo 318

4

3

354 083 150 015 053 001 025 064 019 000 001 000 025
032 002 031 000 031 000 000 ‘000 015 0G0 000 000 041
055 017 064 003 043. 004 001 002 067 001 004 000 228

118 042 080 0@0 148 000 001 008 042 003 003 000 162
150 058 060 000 038 002 OO0 009 047 002 007 000 494
020.003 000 00t 000 000 ObO 004 003 000 000 Q00 004

B3 ] 33 % o2 Q£ g C W éa re & 2_”*

.

23 013 004 000 000 00O 000 OO0 0OO' OO0 00O 000 000 0Q9
/6~ 002 000 002 000 000 000 000 000 000 000 000 000 029

4

oM 011 001 001 000 000 000 OO0 000 000 000 000 000 000
fw9 000 002 000 .000 000 000 00 000 000 00Q 000 GO0 000 &y

KR

) ' vy
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‘3.5°Comparison of Symbolic and BLS Baskd Keybgptds.

l.

There is an ‘inherent but wunavoidable drawback in

Ibasic »sound are placed on aifferent keys for different

‘languages.

oog'the keyboard operator -lies in adapting to the ‘e

~alleviated to a certain extent by the sgbgptimabmload

. [N \ 65 .t . .
. S [ . : . '

.

allocating symbols to keys in a symbol-based keyboard.

'y . ) ey '
That is, the symbols of. characters having the same

v

For example, & (A) in Tamil and % (A) .
in Hindi will be in different key positions, begause‘
S

the‘frequencigé of two characters having the same basic
N . ' -~

|l
x\

sound may differ from. languagé to languags. o . ,

An effect of this language'éependenu,distribution

¥

X e i s s by R

\ .
changes in language. More errors in typing will occur
. o «

if language chénges are frequent. This could be

distribution to fingers. On the  other hand “the BLS

baéed kéyboard does not suffer from this problem

3

because there is only one key for a given &

i -
v ‘ :
) " . c . 1
Jn the symbolic keyboard there will be immediate “f Lo
feeaback (echo) .for each key depression whereas in a °

BLS based keyboard, the charactér will appear >pnly

& -code of 'the concerned o

-

after keying the K complete

« ?

character. ' ‘ -

A key-top symbol displéy is needed for the symbolic

keyboard, Whg;eaé it may be eliminated with BLS based
i .
' \

y ot N
e nerincim o sl T e

fn i et e e
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-
=

keyboards. = *

4. ~With the BLS based keyboard, the operator has to learn,

<

in.additioh to the.graphemes, tbe-BLS—structuré of the

N - : \\

script.

'1yJ ~. 4 ﬂ - ‘ -
5 5. The leyboards could be compared on the basis of the -

-

average ﬁumber of key depressions (AVG) required peri

A . character. This could be computed by using ‘the

b v ~n . : "
o C following expression:

; ﬁ S . T AP

‘ ‘AV:G = p; * a;" . ey

‘ .‘ - R - .. . . . 14
. B 1=1 w‘ -

v
o o oAt

‘ L ot .
where pi»is the probability of occurrence of character

g i, di is the number ‘of key depressions required for

v chéracter i and ||Cl|. is the total number of characters -

.in the language. d;. will be different Sog the symbolic y{i
' keyboard and the ' BLS bas?g ‘keybaard. Using the ; . .;
L. . o i
o : .character frequency in Table\IT, the average number of’ : §
: i
!

key depreSSﬁoné réquired using the ’'symbolic keyboard

v >
was found te¢ be 1.557, and’ that for the BLS keyboard

’

/ 1.627. This shows that both the' keybodrds are equally

S almost efficient. It should- be noted that the-

' A o X character frequency of those characters requiring tgree 4}
L :Zkey dépressions are mostly zero in(%able II. With more
- "~ samples they will have non-zero entries, This will =~ .

increase the .average key depressions per, ¢haracter’ in
» . . PR

. . ' . !
» . .

b [ ; [

[ Y . " o P T . I PO
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the cAse of the symboli¢ keyboard and decrease the ~

: o average  key depreés;;RE‘“Tﬁ the case of the BLS .

: TN

‘. '.~ - . .
.hﬁeyboa;d, since the BLS keyboard requires only two key

" depressions for these characters. , _ L

) . .
. ' S ' s
6. Internal machine coding based on BLS ¢ cter{stics
, gives the text 1§§'collat1ng sequehce on sorting,
N S & ' .- , .
*. . whereas symbel, based coding does not. ! -
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'

’ téxt generator for each language supporte

4. AN OUTPUT DEVICE FOR A TEXIWRITER

'The' text entered from a keyboard must be echoed.  As’
2 .

/
weéll, output f;om,the‘computer"eeds ‘to be elther prlnted or
diéplaiéd in the_selected'language. A scheme for displaying

~coded.t£xt "is firsgt

text is-shown in figure'4.1.' Th%

t

decoded - and then‘the«abpropriate cha acters are generated.

it is'necessary to have one BLS deqdher

and .an associated

N »

non-uhiform size 'of characters, the - large .number of

.

characters and the many languages involved,

pdssible to'~‘design' . electromechanical prilters wieh

Becaqee of the

.. 9 )
t.will not be
hd

‘typefaces' - (fof ‘egamﬁle,‘ mechanical typedqite $, drum

‘ printers, chain p}inters).l The feasible"output bevices' are

({8

. \ . I C T
- computer, the .internal code °must be dezkghd. In| this

‘e

dotmatrix typ% printers, 11ne type plotters and dotmatrlx or

1 .
"line type d1sp1ay devicea. S : °.'.- .

L] * .
3 . , -

' . L
f » L »

4.% Problems in'Charaqtex'Generation

.

. ! , . - L

‘) Td dlsplay (or pthtyfthe informatlon entered,sthe key
. I

code mUst be 1nterpreted to .generate the requ1red

v

charactérs.‘g To display - (prlnt) the information=fto;\?he

\ . A o * w ’ + \‘
context the following complications atrise:’ T .
PR - §

A . ’ : .

. ' - ‘
i ' “ ! ‘ ° N
. . , .

. ..

3.

A g

e o A e e+ e

4
1
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N
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3. .

“Characters

is two (

The characte¥s in a combinatipn do

AThe Ccharacters vary in ‘éothl'height " and hidth,
-exapple

. Tamil of

note‘/an
. .in Indian languages and
each symbol én the key is a- complete character.

~
ocharacten

Such is not’ghe case w1th Indlan

N . . 0

a

wil}'

°

ihave'different.lengthé of ‘et -code

E‘ot example, é ("K) is ohe ua.n‘it l?ang; but & (K&)‘

. & (KKA)  is . N

( & ,JS’and ﬂé?xﬁletc. . - o SR o
' o ’ t ' '

»

&“and H); three

¥

" not

always apgear-‘

»

51de as

side by .in ‘English. In some cases, one is
beDﬁW'the other, either rtouching or not - { éb (K}
ﬁb (KLU), "s (STE)}; in' some cases ‘they'extend

horxzontally as well as

in other cases sllghtly shifted

vertically { & (ci)}; and

below and sideways

¢
-

YBR
11 { X GR,‘ S (RA). - S
as .we ‘{ \)  (GRY \_()} - . . B

For

.

vt (NA) and

and M which are unequal in size.
. ' : -

1111

. ! v
languages,

i pll

\

‘a : “r"" R . *

Indlan there aae very many
N\ A . '
. cha@pcters, the MUmber varying from ’247 in Tamil to
. over 2000 in Telugdk Lo ' 4

ﬂﬁpo?tant dlfference between generating characters

v
n English §E‘a European keyboard,
%

the &

v

Hence, -

could be disp ayed w1thout the qeed to keep tratk

' Qf the preceding oF succeedlng symbols{(characters) entered.

dharacters. generate S

~ ‘ I'

lcunnxgé) arg two cchbiqations‘in‘“ ],

PR
ﬁ@fore goéng 1nto the tecHnlques of:generaﬂéon, we must‘

J
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¥

B
v >

: j , some of the characters of Indian 1-anguages§ it mey be

necessary to appehd. (ettach) the currently entered symbol to

consist of ‘one or more of-the symbols on the®keys. 1In the

[

corwfntiona\l ‘Tamil t“ypewr(itver, the com,bin'ation ) é\ (K1) is

« . obtained by typing the ‘symbol\s & and 1 - in the reverse
.order. To' assure that symbols do pot appear separgtely as

‘ ' . N . ' ! v ' .
: &r) . the key with symbol ") is a dead Key. If .the

.

’ ' R . ‘
- same typing order is carried over to computer terminals, the

( . :
' ~occurrence of the symbol q must be remembered until the

& \’ . . .
% next key dep%ession.l But this will deny, immedi;\te -visual

L ' - ¥
ﬁeed&ck‘. to ‘the operators. To av#id this we can enter thé
y . &

g . symisol & first and ) second, which Qg also the

natural ord®r of writing, ~ . 3
01 ”,

- 5 o
To show the variations, let us ‘see another eﬁﬂargple. On
. . ¢ ' -~ 5

the Dpﬁan'ag‘éri‘keyboard, the s bol £ is .the sign of the

vowel $ (1): Even th gh it appears always before the

owner’ consonant., in a syllable, it «can ‘appear in two

- L} ' " - ‘
.different forms as 'ﬁ'ﬁ and 'ﬁ. . K

- . * . ' .
e o . . ) o . \ :
\ ' The sequence of entries are “Pc‘ and % to g@ ;
' " and | £ ", % anda B  to get Ea A We see tha®\ the
' ey’ . : . ) . ' -
A symbol - 'P d‘Se§ not get attached- to the immediately
succeeding symbol but may extend beyond.® These are not the
! N only exceptions; every Indian language has a number of
. 1 > ‘ " -5 . . ‘ . N
« N . fl ' Nﬂ -
) y d ‘ i v o " .
.y ' b 4 . N
"'""v- \_,; > ’ o R

the. prévious symbol or vice versa, because a character ‘may
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such

, trivial.
E N
The

devices
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. devices

analysis

. revealed
§ ‘ ¥y

for multilingual text generation, -

to generate text from

special

)
<

4.2 Unified Approaches to

cases.

———nn - iw'.— Rd

J
L

-

_Hence, character

j -

-
N »
.

L

. )
C . .

{ 3 s
generation 1s not

|

fMultiscfipt Character Generation

)

restriited tqeone type.

‘could

generation

1 rd

device o
{_/’

output '

be wused.

system should

and

of the scrlpts

that

-
-

' ]

. . in the following sections,

- . .
e, , , 3

One

-

v . s

approach

. . is to store the

dotmattix

£ a

. Therefore, a

,be

»-
possible in order ®o be portable between different types

between different makes of the . same type./
5

of major

, ! : - _ L
v 4.2.1 General Hierarchical Approach

(or

p

textwritef‘ need not

'In other words many types of output

\

" such as dotmatrlx printer, dlsplay dev1ce, plotter,

multillngual text

device as

as independent

AY .
of .

Our, .

ﬁas
L

world . languages,

it is possgble'to develop ‘a uﬁlfled approach

Two dlfferenb

apgroaches .

o -coded input strings are explained

s g

to geﬁerage,;he charaéZers of a language
i : . -

be -

11ne

. Segments)

for

every

(- . character in the language (as done for English characters in

the’

For exam

the 247

dotmatrices,

fo@

existlng qoqpuelng systems).

the

Tamil[

L]

char

j:e, we. cén store !
ters and then, '

the

matrix

to

'ﬁbe

\-
display

appropriate

corresponding

n

. At
L} . . B viw
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character. This.approach is simple to implement but will
. o . L

require\a@ large memory. ‘

. : i o
LI ! .

A ose look at the Tamil char.acters revead that it is
possible . to~ gene‘r’ate the\ 247 characters ' by storing the

dotmatrices for the basic symbols ‘(refer to figure 3:2.)

only. The charascters in cclumn i, 7, &end 10 to 12 could

bbe generated by storing the dotmdtrices for - chara‘cq:ers in

=

., { . -
column I~and the .symbols T , €, and G . In other

werds, the characters & (KE) and H & T (KO) cgulii be’
A

v -

.

, < -
Therefore, it is sufficiént to store the symbols 6 { &
o “ ' {

Indian languages", could be realized as an hierarchical mbdel‘
~ ‘ - .

as shownlin figure 42, “

R v
o J
“;L
¥ . .

Device Primitives" E'a‘E.h basic éymboll“couldo’ be realized By

'

using the device primitjves’such as (1} pen up, peh down and

P

w o iEthe device i ¢ ' :
draw a Mine: if the device is a plotter,”eh) beam on, beam

off ax;d griw a J.inego( point ' (dot)/ if the . device 1is a

'displa& of (3) activation of appropriate pins if the device

is a'dotmatrix printer.

v

Symbol Gen;\tqg;.zrhere could be mariy methods. to - génerate

suitable r syinbo)lAg'enenation: {1) line segment methoé‘, (2)
_g’ R J' R R
lthguistic method and  (3) dotmatrix " method. . These
techniques are explained latey "in this chapter. -’ ’

\ " [§

generated by juxtpposing the symbols 6V, & anda .,

and only. The BLS text generator, suitable for the

7/ the symg;;f of a language, The following three m‘et;hods are .




BLS
Decoder

Text'
Generator

Character
"Geherator

Symbol
Generator

Device
Primitives

- e

.

Fig. 4.2  Hierarchital Model of a Text Generator‘€}om

BLS 'Code
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.

’

% ' .
Character Generator: Appending of symbols, “to get. the
required‘character,'is the task of - a. character generator..
There will be one character generator_fof each language, - — .

) LS . L : R .
more precisely for each script. Sometimes it is possible to\\\
. . o \

construct a single character enegatorr .for a set : of
C geneq .

- )

languages having the same script. For examp?é, Hindi,

© L) . ”
~8anskrit and Marathi have the same script '‘and, hence it |is

sufficient to have a single character generator for these

~

' languages. Sometime it 1is also possible to have one

character generator for a set of languages having a majority

v . »
ofr their characters in commen. For example, Bengali,

Assamese and Manipg@é have the same bharacters except'foF a

difference of‘,{six charactersy they couldk be gréupe@l . §

together. \Similiriy; the Latin scripf languages discussed
1earlier could bé gtoupeé tog;ther when thé numbern of g : /)
diacritical marés:@s not largk. L » " S

Cogs S .

. . ! :
The task of a character generator depends on the type

of internal coding scheme adopted, whether symholic or BLS. o ‘

» / - . :
In the symbolic goding one or more. symbols constitutes a

character. . Therefore, the character generatof should | -
generage a character’using the set of‘ consecutive symbolé o :
constituting 1it. -Here, it isv possible to have illegal ;
combinatidns of symbols thch do not <constitute a wvalid
character *in a language, a unique situation w;}eh‘will not

be enéounﬁered with the existing computing systems (handling o
Co- R

Eﬁglish). Therefore,~sthe. character generatok should be \t
v L B :

-
.




&

.

. represented by a setsof syntactic rules as follow:

v VR b
./ ,

capable of detecting such illeéal combinations and printing

a character indicating the illegal combination. If the BLS:

coding scheme 1is adopted, then the BLS decoder should be

capable of decoding the text. ' f)

A

Text Generator: A text generatorv'is ‘concerned with such

- [
- —

L
details as language coaﬁkv‘intercharacter‘ gap, carriage’
> .

return, line“feed, erase, back space, clear page, etc,

BLS Decoder: The 'decodEr accepts 1input either from the

°

keyboard or from the central processing unit, analyses it,
. R ;.

. extraéfs the characters and calls the text generator, to

.~

LY

'}benerate them, The walid input sequences:- équld be

| 4

. L .
<input> ::= <cohsonant-vowel> | <consonant> | <vowel> |

¢special symbol> ‘| <special characters>
s ‘

<consonant-vowel> ::= <consonanﬂ> <vowel>

[ * °

. o o . N o
' <consonant> I ™) &) ) .. o7
- Xvowel> :i= S Syl &1 M ... | B -

[
LA

<spedial characters> ::i= o°% : ‘ t

’ ‘ . t

- <special symbel> ::a * -8 l“liﬁefegd I cee




ats

. 7 o ,

Pigure 4.3. gives a two state machine for the ‘abové

grammar .

t(

~ A three state machine for the BLS decoder for languages

allowing ‘consonant-consonat-vowél' type conjunct characters

.is shown in figure 4.4.  The number of states will increase

if the language permits conjunct characters with three, ‘or
: ) . |
more consonants with a vowel..

~

The decoder cSuld'be realized using well-known parsing
: : . : .
techniques. Table driven parsing techniques have the

particular advantage that by changing the contents of the
’ : ' - T g o
table, we could generate text of different languages without
changidg the parser.
- ’ ' . .

4.2.2 ‘An Appro%ch Based .on Ofthog;apﬁy of Charqctérs

“The character gerferation -method explained. in this

3

secgion is the outcome of out analysis of the orfhogrgphy of

» v ’ N - / N I
- Tamilvtharacters. It has been stated in Chapter 3_th§‘ whern

. 1 N
a vowel combines with a consonant to generate a composite

character, the vowel assumes a specifft gfapheme calleﬁf?the

'sign' of the vowel, in the feshlting character. Astgh may

‘consists §f zero.or mqre symbols.. In Tamil, we have Yound

¢ oy . . @ . . ar -

‘that the sign of a'vowel has at most two S$ymbols (exampleﬂ

N 4

the . sign of €& (0)). Thg/symbols &onstitping a sign may -
< ) . L. .. 4 ) , .

»
»

'appearj;ffore or after the symbol of a ;conéonaqt (example, '
: L . ] . '
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& (KA), &1 (KA), a6 (KE) and agr (KO)). It is
also pdssible that the symbol gf a,xfign may get appended /

v/

with the consonant symbol (example, én(KI) and lg (Kf)).‘
& — - .

»

. There ' are exceptjpns to the rule of vowel sign. As arn
' ! ' N ' ‘ i:o/ -

"illustration consider the composite characters generated by
. the vowel S (A). The sign of this yowel i§ .m- and it
appears after the consonant symbol. The exceptions are the

" characters 5% (NA)y, - D (RA) -and ) (NA). It is also

. .
N -

found that certain vowels '(example 2. (U) and 9o (U)); \
) . [}

do not have any sbecific'symbol as a sign., Therefore, fhe

'generation of the)Compgsite characters 'of 9. (U) and
. s 3 e

2 (0) is tréatednas a special case. higure 4.5 gives the

sigp of various vowelf. It fso indicates the position of

3

.appearahce of the symbols with respect to the consonant
syhbél. That i§, symbols in the first column appear before
the consqnaht symbol and %&mbéls in the second ¢olﬁmn appear‘

after the cqnsonant symbol. Absence of either the sign or
symbol in a position is 4ndicated as blank entry. - _
S v . os .

For character‘generation‘purposes, the characters ate,

- o .

grouped into four categories: : ’ .
ﬁ\J 1. ,special characters'such as o’s (AKH) \ o /
3.\vowels g , ,
" 3. consonants A I ' ‘
I. e On‘ n Ps i . . . .
! : . . ) .
ha 4. composite characters. " e e
Co - A ' . . v - ) ' R
T e . v
) A
- R ot ' . @

-t
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|

sequentially from the first until the last, qor;espoﬁdiﬁg to.

that symbol.  Fiqure 4.9 and figure 3.3 give. the 'hard' copy

ohtput of the set of Tamil, English and Mhlayaiam symbols

* ~
.2

generated using this method.

4 v
- 4
'

Thi's method  is simple and straightforward as compared
A\ ¢ f

to the ;inquistic method (to 'be discusse next), but

.

. “ . , '. . L
requires rrore. memory space., . ‘The "gene{;tive information

expressed. as above could be easily converted for a . plotter

by simply interpreting 'BN as pen down and BF éé pen up which’

-

are the primitive actions for a'plotter. N

2
4.4.2 Lipguistic Method :

9
1
.

" ‘ ¢

This approach, well suited to a language with a large

number of characters, would use a set of picture primitives"

.ylike straight lines, curves and* loops, £from which any

character of the language could be generated. primitives
could be linked to form intermediate picture patterns, which

-
a

could be linked with prfmitivés and/or intermediate pibtufe

€ .
. > .

‘pattg:ns to result in another intermediate pictureée pattern,

°

until the complete character is generated. - °

¢

Each primitive would be. associated ‘with a set of

attributes ‘such as ’leﬁgth and thickness. They ‘and the

‘intermediate ~ picture .patterns would have in them

distinguished picture pcinfs called vertices, identﬁféd‘ by

*
. N EN
' . s

’)\
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o a, L,

-. ordina¥ts

1y

2,. 3, etc., at which the’ primitivg or

“intermediate patterns can be linkéq to form

o

intermediate

picture -patterns, The vertex set of an intermediate pattern

o -

is, a specific subset of the union of vertex sets of its

components.

linking

which is the Tamil cha}acter.'TA; further “ by linking the

o

N\

patterns, we can dgenerate ' an

Just as a generative grammar

the

"~ #s an fllustration consider figure 4.10.

the

~

primitives 'v!

5

language, 

A

a generative

|

o .0
éharacters has been devised b

If this grammar model wer

and 'E’ywe get the picture L

prfmitive 'v', we get the Tamil char

-

_the method of linking the bgtterns

Narasimhan  and

5

A

foer' W (PA).

By repeatédly applying }ewrfti-g rul%s, which specify

obtain ,interqediate

€haracter of the lahguage.

n generate the

sentences of

' Reddy [13],

directly applied to Indian

characters, however, the set of\ rewriting rules ' would be

Ld

A\

very Ya;g& since phrase names|, for all characters of the

/ . 5
language have¢ to be given, and because o

y

N

i

“

Y complexity of the

“ 19 '
characters, the number of intermediate phréses would be

. s A
large. Further):such a straightfarward model would not take

into account the similarities in the. structural' derivation

of compdsite characterb.

°

. The grammar model of- Narasimhan and Reddy has been

modified to overcome the above drawbacks and simulated using

a'Tektronics display as the output medium.

!

The

/\_ .

primitives .

rammar for handprinted.English'

’

——te

ke
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" ) C hs 3 ’/- ’ .
of this model are realized in terms of the'primitive actions.

of the -.display device, which in this c?se'are drawing
straight line segments between a pair of points wi;hibeam on ’
and beam off conditiong. The primitives ?nd intermediate

patterns are associated with a start poih%fénq'aﬁ end point.
; Ce T
- Also they have attributes, such asf/magnificétion and
'rétation. The moaified }ewritiﬁg ruleé/gf‘tge _grammar are
of the form: _ v . '

- q

. ' ;‘ .
- . ‘ 1P -—-"> IPl(M'l,R.l)“+ IPZ(MZ'RQ) + . .. + IP(Mn,_Rn)

. L
, © ’ : : . . . .
where IP is the name of'theAintermediate pattern defined. .

. Q > L4
. P .

o« Each IPj,-j =1, 2, . « . n is the name of the intermediate
picture _pattern or primiiive. The symbols Mj and

'Rj correspond to the attribute values of the picture pattern ’

0 IPj; Mj'is the magnification factor- and Bj is the

rotation if 1Py is an intermediate picture pattern;

if IPj is a primitive (BN or BF), tHen(Mj and Rj correspond

to the ‘relative x and y coordinate-valués. The symbol '+'’

)

z

séparates t%g various components in °~ the rule, The
.intermediate picture pattern named IP is generated by

generating the intermediate patterns ‘and primitives,
1 R S

specified by  the right hand side qof the rewriting rule, in
séquence from left to right. The primitive or intermediate

pattern IPj+l is attached to the pattern derived up to that
: .point, such that the starting poiﬁt of ‘the  pattern

s




! . 94 i ’ >

IPJ-+l coincides with the end point . of 'the intermediate
pattern.: Thesend point: of the pattern derived up to ‘the

.- (§+1)st comporient is the same as that of the (j+l)st
scomponent., THe'phrase generator starts with a given phrase

! . . . . -
and’ reduces the intermediate phrases and primitives in: the

rewriting rule, corresponding .to the phrase name, to .a
‘o A . . . .

sequence of primitive actions of the display and generates

i

B

the phrase. ‘ .

9
-
k]

e
As an illdstrétion, consider the generéiion of symboié
- (TA) and LA(QA)-used in the line_sggment hethod. The

_same two symbols are selected to demonstrate the differences

[

¢ «"between the line segment method and the liﬁguistic method,
. ! [}

- P

. ®

(OL: ) TA-"‘,’"')"BF(‘leYl) "+ BN(XQI?Q) + BN(X;.'YO)

. ( Q) PA —====> TI}(l,O)"" B\N(Xllyl) '

L
.

where TA(1l,0) .indicates that TA is the intermediate picture
pattern with no magnification (mégnification'fqétof is 1)
and no rotation (angle of rotation is 0) from the phrése

name TA defined in, the%“earlie?— line. The generation
T L
procedure of a phrase can be .represented as a tree as shown

4

in figure 4.11 for TA ‘and PA. ‘e o

i

1 ) , S
A comparison of the generative proceduresbof C W (TA)

-
[

and - u (PA) wusing the 1line segment method and the

linguistic method clearly shows the saving in space by the.
. -

+




.
.
A3
7
@
.
°
!
.
.
L]
.
1
.
N
.
.
-
.
u
-
/ .
.
.
!
. .
-
, .
o
\
-
.
\J ~ -
-
e .
. : . ' Fig.
’
:
:
e »
' v
-
.
t
13
v
.
L)
s -
.
.
-
.
p
.
o
- -
.
P T, T T T, T o

(a) Derfvation Tree for

(b) Derivation Tree for \J (PA

[

4.11 Dber i\é‘ati,on'

L (TA)

PR ¥
.
+
» -
'
.
.
- .
f -
N >
.
N
- é , b
f
.
.4 N
© 1 T T
.
N v
. s,
.
- +
- — .
i
W' .
+ - . -~
A
+ > 4
€
< %t
. .
¢ %
%

~
-

o
L = TS PRRERIP A R

. ,
\
.
L] . 1 14 L}
. 13
. - I3
* -
3 . *
.
.
. + § b
. + | 3 -
A - . >
. N -
v, N
\ t
N qa
’ . - .
.
¥ . . .
- :'
) B . . Ay . Al '
, .
. . . -
. N . e . - i
N . Y .
Tree for - L (TAy and U (PA) .
; i : ‘
, . . v 9 H
. .
:
- - ° '.‘) . h !
. v TN
- A :
.
. )
a A . ¢ . .
1
- ! s [ N
o
. .
. \ . :
- PR .
v . * -
. L
. - .
. . 5
5 . ,
. ! [} . .
A 1Y -
a - + .
) A ' .
¢ - . N , .
\ -
\ \ .
.
- . [ N -
. . B .
‘a
I A . ~
L R et - s A e e N .
- : ! N Pe , . '
A - I (



i . ¥ .t e PR - B
R R 2 Y ) NG gt drp Sy PO Saduy ea W 3o p - FOU . W AT R T7 § 2L I FOA 1

96 . o ’

»
i

"«  later method. -Of caurse, the Yinguistic _method will take

A ¢ more computer time for generation and the program will be
=t v

more cbmplicatea (hence. taking more space for the program)

A than' in the line segment method..

|

| o ' . .

| :
e o

4.4.3 Dotmatrix Method ’
- o This methog vdiffers. from thevprevious! two methods in'

L4

the sense tHat each symbol is represenffed as matXix of °

dots instead .of line segments... Dot matriz type \displays and

" printers are available for Roman characters. In these
1 L] ‘ - ad L -
bt

. s N o « .
* devikes a fixed size say 9 x 7, dot matrix for each Roman ’

’ : . . '

], ‘ , character  is assumed: Such an assumption is not valid for o,
|

|

7

“ . non-Engiish’laqguabe chara

& because they vary-in heiéht

as swell. as in -wid lso providing a constant size for

line and symbol 11 fesult~in unequal i térchag cter .gaps,

) y '
. - -and . interljine

‘, in the mulgilinguai o

interline gap
s " - must ber variable. isplay ould tréat‘!the' ’
. entire page (scre rix of dots to'aIIOW'fixeq S
. . ] . . .

inﬁercha?acte; and® interline lspabes. A set of symbols,

N genérated “using the' dotmatrix mgthoé is shown in figure 3.2, e
; ' o .Y !
Y , , The dot matrix printing could.be of three different e

“




Nttt s o e For o g e e
B}

P N POy SR Pt W 1 ) (e A A St M ATy Vi (Y L N M ng ST o

Y.
' 3 . . .
- .
B , " .
v . , s .

!

\ 1. Column matrix in which the symbol is‘printed'COIUMn by

column Eaking more than-one print stroke per symbol and

Zhence’ per character but having: dess complicated

o hardware. The nine pins (one per ‘'dot) per column
P availabl; with 'the existing printers are too small to
. , N il N
print multilingual texts. ©
¢ ' ' T
| B . . . ) . .
2. . The dot matrix could be of one symbgl size. Unlike

éolumq' printers, this could print one symbol in one

3

stroké. The size of the dot matrix should be such that
L L .
" the lérgest symbd@ - .in any ldnguage could be

- accommodated in it. The estimated size of the matrix

- »

is 15 x 17. o
!

* . . -

<

3. A line matrix‘ with which we can print the entire “line

.in one stroke, wfil be.expensive. -It could be used for
. B¥gh speed line printers.

' 4

(28

4.5 ROM Storage for:Symbols . , N

..

' 4.5.1 Data Structure for ROM Storage

" . ’

- e

"The dot matrices‘fdr various symb&ls coyu be stored in

‘s a read‘only m§;6ry (ROM) in many dj rént ways. Depending
f s on ﬁﬁe data structure chdéen, the~“program to implement the

o

symbol ? generator will wvary. Two possible methbdg are
' . ‘I\ .

-~'discu4;ed below: . ' oo~




2

! R - . . . e’
. " L
Data Structure-l: The symbols vary in sizé. One way to code

’
P ]

| .
the symbols is to assume a constant dot.matrix size for all

symbols équal~ to the size of the largest symbol and store .
. them. The advgntage of this method 1is that -the stéftiﬁg

address of_ a symbol could be thained eaéfly as shown in

fiqure 4.12. s o a ’ .

\
Data Structure-2: It is possible to reduce, the storage-

requirement by qtoribg the ‘actual dot matrix size of each
- & h .
symbol instead of one large uniform size. Then it |is

’ 1 * . - v
necessary to store the size of a symbol as it varies from
. [ . . ‘o

.
%

As&mbol to symbol.  This organization. is  shown in

figure 4:13. It" is possible that the'ézble of pointers to
" symbols could be gboidéq by incdrporatihél them as an
ihiggfal part - of the symbol generator p;ogtahibéeause the,
starting aédresseé‘of the,symﬁdls are known once they are

} stored'in the ROM. : . '

8
°
s

Shift Information: As stated earlier, Ssometimes it’\isll

.

necessé%y to append a symbol either with the preceding or
the. succeeding symbol to get a character. . For examp}é, the

-

symbol*® N "is ﬁq be appenaed to the preceaing symbolv &g
in order to.get the°character &) kKI). The symbol . 2 is - ) v
to be appended ' to 'fhe succeedi&g symBoI our , to-get
&ﬂ (NAI). It is also clear from the above example that ‘the o0

number of columns to be sh1fted to append a symbol (zero for S

&m (NAI) and, non—zero for é; (KI)) varies. Therefore, it

. > o, R v
. ”
A »
. '
. . . r

o



)

The start address of i

where C is the dot matrix size of a symbol.

-

+

~ "

- Fig. 4.12 ;Data Structure-1 for ROM Storage

symbol = (i-1)*C .
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is necessary to incorpbrate such shift ‘information for the’
various symbols. Fortunately, the amount to be shifted is
the same forJ mosE of the symbols. Therefore, we can make
this "sonstant the standard value by default and specify’in a

table only those requiring the non-standard values.as shown

in Table III.

ey

4.5.2 Storage Minimization and Selection of Primitives

4 : :
One of the challenges of the linguistic method is the

selection of primi;ives. IThere are two. extreﬁe cases
possible in)’.the, selection of picfure primi&jves for
genég&fing a,7}a§s 6f pictures, namely (1) select a quimum
‘\number of primitives and (2) seleét a miﬁimum number of
primitives. In the first case, a large amount of storage
would be required to store-ail‘the primitives. However, the
number of rewrit;ng rules would be small and the computat;on
‘fime, for interconnecting the primitives to ge;erate the
Picture elgments woulq be éméll, In the second case, tﬁe
Storage required for primitives would be smaller,.but the
number af rewriting rules would be lafée. Also .the
coméutation time for interconnection of picture primitives
would be high. The Erimitjves shogld be selected such that'
an acceptable compromise is achieved between the storage and’

gomputation time requirements. In the case where the set of

primitives is the same as the symbol set to be generated,
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the syntactié picture‘ generation reduqésﬁ to triviality.

°

Unfortunately no'forma; methods are available to select thg ‘

set  of z}imitives for a specified class. of pictures.

2 4 1

Symbols must‘ beﬂcargfﬁllyjstudied aﬁd'then deéompésed‘into
éSmponehts; The decomposition is to pe done in such a way
thatltﬁe compqgehts afe few in number and that they occur in
many symbols; This process has to bg .iterétiﬁe. A

decomposition for Tafiil symbols is shown in figure 4:.14.

. n

- " i . ' '
Optimization: Let us consider the 'dot matrices for the.

t

symbols & (KA) and & (ca) ih.fig&re\4.ls. Represent
’ ‘ . . )

these dot matrici§ as a series of numbers as in flgure 4.16,
where each number represenfs a vertical column and is

obtained 'by treating the dots in each column as a binary -

=

number of fixed size. Comparison of the two strings reveals

4

that there is a common Substring which corresponds to the
common graphic pattern .between & (KA) and & (CA):

' Suppose, . . : ' ;o
3

,ssl. <0036, 0041, 0041, 1741, 1041, 1041, 1041, 1776>

]

SS, ' <1041, 1041, 1036>

- ~ss3' <1040, 1040, 1040>
-now, 5 (KA) and & (Ca) could foe written by the
. e .

. \
production rules:

B (KA). --=> S5, + SS,
& (CA) =--- 88, + S8,

where +.1is used as the .linear concatenation operator. Ssl,/

~

SIPPEIUVIUG R
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(b) Dot Matrix of & (CA) |
> ) ' T T ) 1] l .
‘ Fig. 4.15 Dot Matrices for B (KA) and & (cA)

0036, 0041, o041, 1741, 7041, 1041, 1043, 1776, 1041, 1041, 1036,
. | '
. ] | ,
i ) 3 ,
.. (a) Sequence of Numbérs for & ~(KA.) in Octal
® o

14 *

A

.
k4

(b) Sequence of Numbers for & . (CA) in ‘Octal

Note: Dot matrix size is 10x10. Coding is column by

o, %
column considering the bottom~most dot as the
least significant digit.
.' e | '
. B . . \
Fig. 4.16 Numerical Representation of & (KA) .and & (Cca)

0036, 0041, 0041, 1741, 104], 1041, 1041, 1174‘76, 1040,.°1041, 1040,@3
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S5,, and 85, are the picture primitives in the
2 g I ,

@

We a@ould generalize

"

this method for .a

method and (KA) and (CA) are the production rules.

class of m

linquistic

)

. symbols. Suppose Si denotes ‘the sehuencé of integers
. correspdnding to the.'symboi.'i. )yé define the following
setsi” ’ // .
A . ) ) S
. I‘ . S={Sl’ SZ' R "Sm’};l
2 // S - /7

/ i S - {Ssl ' SSZZ - . . 2 ssn:} - N

v ' The set SS*is -constructed such that every SSi is a

‘subseduence of .integers contained in at least one Sj; and

. every S, can be constructed as

one or more SS.s. Let PRikdenbte the production rule

J

for the symbol Si énd M(Kk) denote the storage for the

k.. Then,

M(S)

II‘ ME

© . M(SS)

.mj

v
(=4
i

=

m

>3

1=

.M{PR)

4

A~

.T(PRi)

between them. Our objective then_is to maximize-?A

¥
»,

ulvmtn‘u"ﬁ"“ﬂkﬁd?ﬁm&-uﬂ{y{:a““bwm) e e L [T NP R PR e vy

s R . s .
LA L R '#n L rw.huwrn.op—,w-—.a-—-ws‘ PO Sabtn g s 3 U e g

TP £ B DU SN g, PR T el

&

a1k &

“

.2 linear concatenation of

If M(S) is much greatet than M(SS) + M(PR), we have reduced

the storage requirement by an amount equal to the‘differenté

bl

“item

!
i
. ;




. Represent the production rules, PRs for éach symbol as

id s ~

- once in-S. Therefore, by storing ‘these values directly 'in

‘e . .o \

107

4 -
v

M(S) - [M(SS) + M(PR)]

Since M(S) is fixed for glven set mof symbols, we try to

minimize M(SS] WIthoumﬁﬁﬁduly lnctea51ng M(PR) . — »

AN —-“"‘«‘7 .
zj"‘{ ' * N *

As a further work 19 optimiz2ation, the following
analysis has been done using| the Tamil 5ympois ;shown in

figure 3.2.

L . \

W

s { Tamil symbols shown in figure 3.2 }

5SS

{ Unique numbers ?;‘grams) in_S" sequences:}

<k> (<index to SS>R¥
where k is the  number of columns in a symbol. .and
. La w . .

{(index to SS))k mganS'thét <index to SS> s repeated k

times, For Tamil symbols, it has been found that
. M P t

’

T "m = 63 s ¢ - . .
» ,}‘ o N ' . .t \ kKl
‘ (, n= 270
M(S) = 2442 bytes . ' .
' M(SS) = 810 bytes | T . L
M(PR) = 916 bytes o |

M(S) - [M(SS) + M(PR)] = 716 bytes o

. . - L
By this method there is 29% savings in memory.

f .

L}

We have observed that many elements in SS gppear only

-the PRs in place of indices as L ;

, .
TR b ey Len e R Ao 0T e a0 s
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: 4.6.i Manual Method '
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/

I

1. e k \
cho_(ceypes (Cindex e 552, ,,

where 'type' is a one.bit flag which indicates whether the

number following is an index to SS or the actual value of a

c¢olumn . in the symbol, and ({ }‘ stands for select either -’

)

<index to Sgﬁ or <value>. In this case,,6 SS cqnéains only K
those sequence ' numbers - appeéring twice or more in S. By

"this method, there is 34% 'savings in memory. '_ to

4.6 Determination of Dot ‘Matrix Size ¢ .

P S, e '
For display using the dot matrik mefhod, it is

necessary to identify the minimum dot matrix size, required

to code the characters of different languages. This can | be

a

determined either manually or by automatic methods.

.

“a ‘ |

-~ + In ,this\method} the symbols of each lanquagé are drawn
: * ' * ~>

on graph sheets assuming a particular dotmatrix size as

shown in figure 4.17. Then, they are coded and displayed on

"a gqgraphic display ‘terminal. The coded symbols.may or may
not be optimal in size. Therefore, the sizes of- various T

symbols .are either reduced or enlarged as necessafy and
displayed. 'The aesthetic features and distinguishability. ]
. Ve , el

?re studied for different sizes. The.smallest size that

°
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+ could be clearly identified:is selected. as the size /of the
* o . ) ’ . : \
dot matrix. . ' . .

Our experiments (reféf to figure 4.18) with the Tamil

_ symbols shown in " figure 3.2 using ''the Tektronix display.
v device reveal a reasonable size to be'15 x 17.°

’ . v
1) ' g , N .
w

. 4.6.2 Automatic Method . ' . ,
* ' . * .
?n alternative to the-manual method is the automatic - . .
) . .-

method shown in, figure 4.19. In this method ‘instead of hand - j

coding the symbeols; the ‘printed icharactérs of a language
. . . )

under study are digitized (to a binary‘pattern);using a

. diditgl écanner., Then the skeleton of the digitized pattern’

'is derived using a thinning algorithﬁ. “The .thinned

character is then. analysed -as* in the mannual method to

" s -

aetgrhine thg?oétimal dot matrix’ size. .. Experiments ' have

been conducted on a "set of- Tamil characters using this

R .. 'method. The result of the study ' on character €3 (5) is 7
iy . .

i . shown in figures,4ﬂ26 through 5.22;- The”thfnning algorithm: -~ ‘v ;

used is ;hat of Deutsch [64]., JThe do;: matrix siz§ for
»;,, | ’ °3 (0) Sy thls method is found. to be- 12 x 11, The dot " :

matrix size computed from this, experiment to display any . . 1

, symbol is 14 x 16,

* . N % * . -
. . v .

Co . The Tektronix gréphdcs terminal used ‘in our experiments
’ ' ’ ‘ ) ASRY ! M i’ '
» - has a high.resolution of A00 dots(points) per inch. . However

A

3 -
8 ’

. . .
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? 0

due to the hallow éround dots on the screep, two‘céhsecupive I
dots appear BtogetHer (touching) . on the screen. In our
equrmimenfs, one point was' left ' blank between two
guqees;ivé dots. .The dot matrix sizes obtained ate, thus,‘

influenced by the view screen to a certain extent.

"
s v

e : D : : .
4.6.3 Scaling Algorithm . .

~

The following algprithm was used to scéle down or fcale
up the characters ' studied under both the 'automatic and
manual  methods for size determination. The digitized
picture pattern (characEer)‘is treated as binar? 'matri¥ of
size m rows and n columns. . "
m x n : the number of picture points - o

- %

in the pattern

< S '+ scale factor (s is less ﬁhan’l for scaling
S down and greater than l_fof séaling up)
»’\~ bij : value ldot or blépk)‘of the picture point (
' "at the ifth roQ and ij column in the ’

¢

unscaled picture pattern

. Spkl;ﬂ: value _(dot aqr blank)_gf,the picture point at

the k*™ row and 1t column in the
scaled picture.pattern.

Theh,~the picture points in the scaled picture are given by’

<

Whefe i-= l e s m' j = 1 ..l.’ l'i,’

—_— y '
B e B A e B amabs a2 o e R R L S K FP I SR T A sheddin e Exk s

3 e P A o TR e TS DS ) > ’, o \‘...L,',,ﬂ,,‘m,w_‘* P P A

7
M
P
i
4
i
!
:

o
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k = TRUNC(i * s)..and 1 = TRUNC(j * s).
"TRUNC' is . a function which gives the " truncated value
(nearest lower integer) giQen a.real value., One may also - . ' se

employ rounding instead of truncdtion. —

4 v

4.6.4 Comparison of the Methods .

Both methods are suitable only for determination of the

dot matrix $ize of the characters or symbols.. The ~actual

¢

., dot pattern (foné design) needs to be done manually after

[

‘ determining the size. In this respect the thinned character

from the automatic metho&lcould be easily modified to obtain

the final pattern whereas the manual Eoding is difficult and .

time consuming. The . automatic method will. give better

results compared to the manual method because the characters

v
e taken ' for." analysis are the printed characters. The

automatic method is convenient and faster compared to the

ymanual method. l
A

1 B

\A‘. [N . -

t .
.

t . ' °

4.7 Character Fonts and Electrénic Dot-Pattern Design Board

KJ

¥ ﬂ ot i
4.7.1 Font Design and Evaluation ' A ;
o [ ' ) . i .

o

Vo , s - \

B e T i S N SV,

Font Design: The parameters to be considgred in designing

hy

_dot matrix type characters are character size, luminance,

\

e b ks i il s mat 0 el L v ks 4wt .J' A ket ﬂ‘ _““"_‘_“/* Tt “*'“'M«:\ A oW e v
- - . o

T Ly S
Lt R e R e
bt L T Y R -, + e WU Ameie st N 21 L S T
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lumiﬁance contrast (ﬁodulation), aspect ratiq, font, percent
active area, dot si;e,.dot}shape, dot spacing and number of
éots; Expér{mental results [65] available for English
characters could be 'tékenfihpp consideration in designihg

.dot matrix fonts for.&ndian characters.

Font Analysis: Within .a given dot. matrix size, it is

)

possible to design chdraptérs'With different fonts., Many

fdn;s are available for English characters. Font styles
méke_a,great difference in 1egibility. Thereﬁore,‘t?gy need
,toype evaluated to idgntify the most suitable one(s). Al;o,
‘ a font ldesigp needs to be evaluqtea for its effectiveness
before fabrication. Eéthoéologies‘ were. developed for
-evaluatihg vérious fonts for upper case'English characters.
Questions 'still ;emain about Bptimal fonts . for lower ca;e
letters, superscripts, subscripts, italics and otheér symbols

(66] .

. 1

Y

Suen and Shiau ([67] designed aﬁ iterative method of '

determining the most distinctive set of 5%7 dotmatrix

English characters for computer output display systems. In

their ‘investigation eight quantitative measurements

(similarity functions, hamming distances, linear correlation.

"functions, cross correlation fbnctions, information content,

entropy, nearest—neighbor'distanée-l and -2) were used in an

iterative procéss to eliminate undesirable fonts and thus
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determine the most distinctive set of fonts. 1In each stage =
, .« of ~the iterative procéss; ©all ”:eight quantitative

‘measurements were computed and compared among different’

B iy d +
fonts of the same symbol.
d - '

~

o

A two-phase study was conducted By Maddox [(68] which =~ '

\ - , -

- related the confusions among dot matrix English characters
to the two-dimensional spatial frequency similarities of..
these characters. The purpose of this*sﬁhdy’was to evaluate 1, ”\\

the utility of various dot matrix fonts . when displayed in

.~ common dot matrix sizes and to ascertain the effectiveness
of the spatial frequency analysis model“of the visual system . \ oy

-

“in accounting for ebserved human performance.
. ¢ , . N : !

. E] : v (-3 . . N / X . !

These techniques could be suctessfully applied to ;

evaluate various dot - matrix fonts for Indian characters.

"However, this is beyond the scope of this thesis.q

"4,7.2 Electronic Dot Pattern Design Board

-
'

Font design is to a large extent a manual ‘operation.

Developing dot matrices for characters of many languages is
. ’ . .

“a very long process, even for single font, ifl done mapually.

R Coding hundreds of ;héracters is not oniy painful ‘but also,

t ’
.

}
ti@g,‘consumipg. Even then one 1is not sure that the iA
characters when printed or displayed will look as they do in !

. the drawiﬁg.~ If they do"m:t,~ then the data is to be chéngéd L

.
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.
v

and tried again. This iterative off-line dot matrix design

(3 ) & . » ’ s
is , a slow process. Clearly what is required 'is -an

,"electronic dot pattern design board" where allgfrials could
“be conveniently made electronically (on-lihe);, to arrive at.

a final font fotr the symbols. The design of Qné such
: s ‘ . F

drawing board is explained below. -

. -

n s

An electropic dot pattern design board should ‘providé

the following facilities: L
. R . )
'i., Declaration of a dot matrix \of required size. Lo

2. An Z@engifi;ble cursor (single dot or a cfoss). )
3. “~The possibilit;: of moving (poéition}ng) tbe~cursqr to

; any desired dot. L ' BRI L c
4._ The possibility of ploting/delétinq one or Tofe.dbts in

. any of the eight principal neighbourhopds of .a  given

dot. The eight neighbours of a dot, D, are shown in
A ' \ v

. figure 4.23.

5. Tﬁe possibility of storing the final or intérmediate:
dot pattern in secondary memory. | .

‘6. The possibilfty of {ettieving any character ft;m thes .

secondafy memory and displaying it at ahy de§iréd

"position iq the dSt matri;, wi;h or without affecting

th§ pattern already existing, This is neces§éry to-

o identify whether or not the symbols get propérly

X3
-

appended to another /desirga . symbol. ° For example,'-h

consider  the ¢haracters &) (KI), S} (PI) and.

v . o
oy S ik shm o Yo PUPTRR. L AT RRIRE DL T R R L A E
g

Ll

Y o ‘H%lﬁill 5
0

et > o A ins s

"

]
H
[
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. N » - SN, o
T -, & BN (MI). in Tamil,” They are. obtained *by , appending the
o < ( 77 P . T f
S © symbb1 LN to - & (KA),’. U (PA). and \& (MA)
L ' | respéc&ively. In all. the ‘three cases 1t is Anecessary «that
. . N the appendlnggﬁsymbol "N should prope;ly touch the main- -
a, % S . ﬂ n T
~/ .t ‘Symbol. Obv1ously, the symbol‘s B, w , w , 9. -
. ) . o 0 & b \ s

designed 1ndependently,ﬂ need._ to be. checked for ptoper

? *appénding. This feature w111 also be useful f)F— comparxgon
TZ%JT : . Bf the optical and’ psychploglcal effects.of different fonts.
.t ?g ) =" \ ' ' ‘{ ;' ' ‘
’ . » . Lot . ‘. . ¢ | . . ’ | l
e . The following facilitjés are desirable, but not essential:

‘
o . ‘0”

/‘Eg? . " 7.  Automatic display of the cdmmand?éruinstruction-issued
- AL 1 '
i ? A

fbyvthe désigner. Thls will enﬁble the desxgner to make

.'¢‘f . _g' sure that the commanduéssued 1s correct before' making
N e % __an chan s attern.’ : >
L \’ . R - ’\ y g ta Q p " Q » . \

. ( g. af fac1lx@y to scale ‘a given dot pattern up or dowﬂf in

‘f‘: . 1 ) ‘otder to be able to studx the, optlcal and psychologlcal
IR LN o "

N, - 71\\ . * bffects of dlfferent sizes. and the effect of vscaylng

. 1§»d.->\-' ‘. dxstortlon. . . o A

\,\. f‘ N (/ . N , ] . .

T " ,«. 9. The .ability to store the present-pattern ‘as a "previous

. S - , oo : 4 B . .

:m;‘. s /_ ' Apatgern" ‘before executing a command; abort the p;eseht4

‘r;\ ‘ M ‘ . ) .
.command and restore the pattern to the .previous pattern
13 i . ‘“.if'ditected by the ‘designer. This will enabl&\ the
) { ' By \ e T S~ ‘
P 3 des1gner o )get back the old pattern in case of an
N s, IS »
W R - incorrect command or 1nstruct10n, thus sav1ng the time
A A & ’ ;- and gjﬁort'of reconstruction. L S
Ly ‘ ~ . ' e
. Y < .
- -"*.‘ ;‘ R - i . ¢ o,
. - .
) [] k / ' / - \
y ! ’ - K ' s
gw“hummmm.-wn PO Ty » PPy By .uu..“ww vl ool

TN e i ol it
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*In'this'desién'the dis%lay screeniis divided vertically

SO

into two parts.--one for aisplaying the comhand/iﬁstrucqipn

hd 0

and the other for the dot matrix as shown in figure 4.24.
. . B (

. 1] . s R .
Commands are displayed one after another. and oné below the .
o v * :
other. When a: command is typed at the last display line,

™ then the commands are moved up by one line, as wiﬁh‘a normal

~

computer display terminal,‘ ’leaéing the” af pattern
unaffeéted (unshiftéﬁ). ‘The various commands are explained ’

below: ) oo

MOVE CURSOR:

. A., < MC' [',C >

.
? N ) . ) .
. !

The cursor will be positioned to ‘the dot at row 'r' and

. ¢olumn 'c'. S e - . ‘ i
; ‘.g C - ‘ 1 o ) ; ‘ T
DECLARE MATRIX: | ' ' ‘
) ‘ ' ) o~
- : < ‘DM, r,ec > S e

2 : . L o Coo-
% This command will create a dot matrix-having ‘r' rrows - and \
ot . 1 ' . ' '
qb' columns. - After creation the cursor will automatically ® -

- [

.be positioned to dlY, the dot at “row-l and column-l. - An
error message will be printed if the 'size declared cannot be o ¥

‘accomm@dated with the available memo%y.‘

.

<
¢ ~

. DRAW DOTS:
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This will . draw 'd' dots in the neighbourhcod 'n' from thé
present cursor position. If the cursor reaches the boundary :
M . ) - 2 . ..
before drawing 'd'" dots, then the operation will . be
terminated and the cursor will be positioned at the

boundary: The character’ 'B" will be displayed at the end of

the operation against the command to -indicate that  the"

boundary condition has -occured. ( S o 4
DRAW SPACES: ©. ,
®.< DS, n,d >
\ LY
THis command is identical to 'draw dofs"w;th the diffe;ence
that spaces will be left instead of dots. If a dot aiready
a ! . , -
exists, it will be made into a space.
STORE PATTERN: ,
Format-1 « ' ¢ 8P, id > .
Format-2 < sb, id,sr,sc,fr,fc > -
Format-3 © < sp, 1id,sr,sc ‘>
Three formats are possible here. Format-l'stores the entire
dot matrix in the.secondary memory with the identification, - . __-
‘ 'ig'. Format-2 stores a partial matrix/starting from row
'sr' and .column 'sc' to row 'fr' and column 'fc'. Ig ‘fr!
"and 'fc'la:e omitted IForﬁat¥3),'then they are-assumed to bg
the maximum values declared.
- ( )
y H , . .
L ]
RTIRTTY. D . y i danalatitngs,
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' DISPLAY PATTERN: \ - : " . L 2
C Format-1 < Dp > ) . | :
Format-2 ) ' < bP, id >
" Format-3 <.pbp, id,sr,sc >
Format-1 will clear the dot matrix. Format-2 will cause the )
;pattern 'idW will be retrieved from secondary storage. The ) A(
entire dot matrix will be cleared, and the pattern will be
\ S N
displayed starting from row-1 and column-l. Format-3 will
retrieve the pattern id, and display it starting from. row
'sr' and column sc'. The rest of the dots will remain
unaffected. - ' ’ . P -
: : , -1 4
. SCALE PATTERN: ‘ _ o Co ‘
. . < s, fc >.
Thxs command will scale down (fc is less than l) or scale up }
(fc greater than 1) the character under dlsplay on the 9
' screen, ﬂy the amount (fc) specified, and then dlsplay the i
B, scaled character.
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‘ . 5. APPLICATIONS OF A TEXTWRITER‘
s ' '

N

[ . The textw;ifer ,,is a  system for the deneration,

| production and editing of texts written é&ssibly in more

f“ . \ éhan one script. Input/output, coding, and prog}amming
faci}ities are the basic requiréments'for sueh a system:; In

addition, an individual‘ applicatien may pose its .own

\

- ' prob%Lms. To get an 1insight 1into the problems in a
. G ' |

multilingual environment the following applications . are

sconsidered in detail:

¢
o 1..A Multilingyal Telex éystem
_ D . . | 2.'Data)Acquisition/Da£aba$e Applications .
ﬂ 3. Autématié Trahsliteration
'e 4. Teaching'Scripts and Léng%agés; »
. v
S.l-MultilingOal'Telex System [69]
. . ;oo
With the\modern development in scfénce and technology,
there ‘are more mesgages exchanged today than 'in the past.
. Alsq the centers of rural areas have become sources or ’
, ' . destinations of sucﬁ ﬁessage‘tfansfers. : Message t:ansfers
‘in India cross the linguistically-oriented state boundaries: .;n' K
S ' ' Automatic machine translation of messages from one laﬁguage j
’ ) to another is desirable, but it is still a reséafch prébiem. ] '
.mﬂ:iu;;mfw~@~ci, ”“%L:fmm“m“”u;w;;3:ﬁ$;ﬁ:f;:;x&;mwwm&;:w;w~ﬁprfWﬁMMmwfmwuuuwﬁﬁ__jl
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However it may be remarked that machine translation in a

.limited and well defined contekt, such &as the weather‘repo}t

[70]), Hhas been achieved with: a good degree ™t success. In h
the case of a telex message which consist of three basic o
components, receiver's name and address, message, and ;

sender's name, the follow1ng ‘may be COn51dered . o
{(a) Translation of a message from languagec L1 to another . T

language L2 which is limited*to a well defined context.

[}

; Co N For example, words like 'STREET' need 'to be translated. , %
(b) ‘Trénsliteration or rewr1t1ng£7\f p» the components of a 3 ‘
‘ . . message written.in the script  of langquage L1 to that in ' { ]
, ‘ L2. E | . | ' ‘ §
‘ ”J‘f Translation of .general  texts is difficult, but f
'traqsliﬁeration nahd' tnanélat%on of bounded _scope are R :
‘ possible. ) E

a

A message format for the proposed multLingual telex

system is shown in figure 5.1. Each component of a message

- | may- follow the formats:’ :

]

<language code, text>
“~ ' ' : . -

The text.may be encoded using either the symbolic coding or

the BLS coding. The selection of either of the coding

-
e it P YPPO ST N

“schemes could be based on the avérage number of. bytes of

information to be transmitted pér character. Suppose a text L

in a language L1 is X -coded with the set of its oXg .

'3 [

(éay,,Pl) and S in figure 5.1 is set to indicate 'Ll. Then,

, A if°' D is different from S, say L2, ei;hér translation or

‘ £ e M
B N L T L L T L o e e e L T N L T r S 1 WY L PO (VRN T Y

L LI PR TV Y ——— ‘
| e T R ey oy TIPS R, A S VL W TIR TR R Y
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transliteration is required. To accomplish such . &

4

translation/transliteration, a mapping is required from Pl

to P2. . Two Indian languages Tamil and Malayélam were

»

considered to study the complexity of this mapping. "For

"example, the Tamil,wordf\\ 0 @wo¥) (MANI) i; tranéliterated
into ' Malayalam word DV (MANI) by means of the partial Y
. mapping shown in Table IV. fhis érocess is not trivial when
the complete mapping is considered. One %as to consider the

't
ways to handle one-to-many and many-to-one mappings between

the .scripts and their dependencies on conteéext. ' Automatic
transliteration of text.from dne Indian languagé to another ' i

is discussed in detail in section 5.3.

s

d An architecture to support the multilingual telex
operation is given ' in figure 5.2. It consists of a

: . . y
textwriter, read only memories (ROMs), random aFcess

demories (RAMs) , a mass storage (back-up sﬁ%rage) and a

modem, In addition, there is a code interpreter to perform

4

translation of bounded scope and transliteration of the

\
v

i
.

telex messages. .

The keyboard of the peleprintei {textwriter) coﬁld be .

b hd

either symbol-based or BLS~based. ROMs are wused for the
storage of ‘the monitor program, the software fér the
communication protocol, code interpreter and charactey i

generators for the printers. The dot-matrices .for the

symbols of different languages could be either stored

"

i
1
i : 1
i . ' h
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. ' Table IV . Partial Mafap,in;; of Tamil and Malayalam Cl'iatjacters %
. Tamil Malayalam
' Character Code Character’ Code
? e e e e PR . -I'—. —~ e e e e et e e e i e e o e —
0 D A 0 D @)
L} : '
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s ' Comm. .
. ‘\' y Line
) Modem ‘
g 5 -
. . > * . o
/ . 4 ] . ROMs
' , B Mass Micro-
. R ' ' Memory . Processor ,
: , R » RAMs
\/ ) -_‘M——ﬁ_’—‘ \
. : ' _ Code | Character
. S Interpreter ' . _Generator
. : ) . o
' 1
) d
. -
..‘ ’
. R v v " r
T Textwriter
N o - : Keyboard and
7 : Display R
Fig. 5.2 A Microprocessor Based Multilingual
. . Telex System Architecture
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T

completely in ROMs or both in ROMs and mass memory based on

used for

their frequency ?j usage. The RAMs are data

- storage and in some configurations for storage of programs.

" In areas where the number of
m

limited
- ‘ ' . »
v generators could be-stored in

[
be excluded from the system.

A

L

5.2 Data Acquisition/Database

Data .on land revenue,
are collected nation-wide and

, regional languages in India.

and ’figure 5.4. For

to one- or two as

administrative

languages to be handled is

in rural areas, the character

ROMs and the mass memory may

o , A

n

Appiications

family planning, census, etc.,

maintained in their respective

'As an illustration, part ‘of

the land ' revenue . record maintained by the Tamil Nadu (the

P

language spoken is Tamil) Government is given in figureg 5.3-

purposes the Indian

¢ A d -

N MWM‘M=5(

subcontinent is divided into Statés'andWquon Tdrritories on

tHe basis of the language spoken by the majority of _the
people in° that regfon.

\ '

. - further divided into Districts, Districts

Each State or Union Tertitofy is ® '

into Taluks .and

Taluks intbﬂ‘Villages. The items in figure 5.3 are listed

below in order: -

1. Serial number o
2. District ‘$ K E g
o . : - >~ B , «3 ,
o 3.- Taluk R » ‘ o oo , - , . a
. 4. Village o d
»
‘ . N X .
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. IR x 5. Plﬂote\numﬁ'ér T, ‘& .
s 7o > * : - . n
" 4 e - o
? s, 6. Nafme df land owner - ' . 7
» X y ! \ - Cr ‘
- T 7.r Name of father- . ' T, ' .
. . - - - (/
A , 8. Address | B - "
» \;?_ . - 1 - . . . . . N 1 ‘*
. ?‘ - - L] , . - " - L4 . -
o : 9. Lapd type < . , , o
. N '7 ¢ V . . B i .» A . L] . : .
. - 10 Crop culti%ated. in the last :Fagli (crop season). R ' .
- »* . P ol . .
’ ‘ . . ) " R ‘ L [ ,r
Ca .+ Int ¥igure S5 4 various types of taxes'to be paid .and possible
‘ . v oe ¢ - ] b
' -deductions are given. T . .
i e s India® having large ,humber of land owners, this : °* ' -
“f ) - ) [ , ‘ , P \.lx' -
oL, agricultural, land ' records yield voluminous but at&he same ~ §
St time valuable data. To make this.information available in §
» N 1 . r . 3 . . }
: . . ‘ o . !
. .0 timé@kfor decisien making, nationmal planping, to extract !
- I3 N \ . 4 2 . ., . H
» . ' Yyt o . 3
r T, -statistical info;mationk etc., computers could be of great -
@ . & ' . V- R ad . E )
- v Service. Using the architecture of figure 5.2 suc ata can»A\\ N
ot . . L .- - ' / RV <54 N
ot “@F be rollected and maintained. , )
: . ~ v I . . ‘ -
. AN (I . SR !
ot . Sinc€ information is cCollected nation-wide (a vib%éae .
. A\] 1] " . [l
4_ . . . M o » N ° -
A being the lowest “‘@dministrative’ leyel of informationyg . .
o - ‘ o, ' o i
o, " generation), a. 'di8tributéd database as shown in figure 5.5
) »could. be created. Each State will «maintaim *a reéionél ‘ !
. ¢, 'Gf ) A T AEY .
R database (RDB); ‘terminals or databage servers* [71] situated "
o ' ' \g y 4 \ \ ' .
---'.—.---T--‘——.----q—h-'---‘- ------ te ‘. ) ‘
.. s -+ *A possibly portable ‘microcomputer enabling remote access to
. H ’ ' - . . . \
» ‘ . T : .
S0 L, -and uke of ‘a ,supsidiaYy database'which is "refreshed" at -
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- at each taluk wi)l‘ be cohnected to-rtheir respective RDBs

héhrough cpmmunication'networks. The RDES in turn will be
) L R N o
linked to the central database htwthe headquartéers. 1If one

. wants, the databaée servers at taluk level could be
»” . . . -

connected ' to their respective districts and districts in

Ll ) . ’ ~ N,
turn to RDBs. *However the system ' ‘become more complex.

®

+

\\-' - Such a data ' base system should’ have .the following '
capabilities: ‘
1. Data acquisitidﬁ in multiple "languages.

i
4

o 2. Information in any RDB must be made availéble' in, any

other RDB. The information so~furgished by the source
R .

RDB may be in its own language or in "~ the language of

the receiving RDB, Hence, RDBs (possibly t?e database

e e P T e A O Pk B T b e Vehe ey e 1 s

. servers) should have the capabilities to corfecily

-

: * 1- ' [3 -‘ )
. interpret the _information in different laﬁguages. To

~
-

I

v am

. t f
do so it may be- necessary gg&}kansliterate and or dé

‘bounded scope translation of the information.:-

- -

Capability (1) could be met with the textwriter. For

P Y

z

capability (2),‘thé textwriter could be .expanded to be a

’ : ' . database server with the addition of a floppy disk and the
o oy & ‘ .o L. LT

necessary micro<DBMS (71). With improving .tgchnologQ, the

database servers could be made portable in‘'which case they
‘ - ' . \ . N
could be carried to remote villages to collect .information ‘

. . ‘ .
and refresh the central database at intervals. ' Thus the

-
'

database remains up to ddte. T o
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" 5.3 Automgtic Transliteration of Text

. . ' AN .
One of the advantages of the BLS code is that- it

° -

simplifies transliteration . of text. A technique for

automatic tfanslitgrgﬁion of. A'-coded text from one Indian

Lo : . ‘ : : )
langage to . another is presented 'in this section; the

’ agéociatpd problems are ‘discussed with respect to the

ladéuaggs Tamil and Malayalam. .

N t

- @

While coding the d-s,"the A s common  among

different’ languages .are given the same internal.code. - One
. .

possible code ‘for the set of ®s of Indian characters in

Table I is shown in figure 5.6; in particular the code for

the «s of Tamil and Malay%lém are shown in figure 5.7 and

figure 5.8 respectively. It could be observed that %rom the

coding scheme, the internal representation of a -text becgmes'

LY

almost language invariant. For exampl&,” the « -code for

the word KAMALAM is the same whether in Tamil, Malayalam or

in any other Ipdian language. Therefore; a‘text entered in

Tamii .qould be . printed in Malayalaﬁ or &dny othex Indian
language by simply consideriﬁg it as a text in that
language. Thus at first sight, the transliteration looks
tri;ial with BLS coding. However linguistic characteristics
make translitératibn a non-trivial task. Figure 5.9 éives

the result of transliteration of a set of names from Tamil

‘to Malayalam. The following points are "tqken into

-
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5.9 A Sample Transliteration from Tamil to P:ai’ayalam
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[3

consideration in the transliteration.
"1. For each‘charaeter in) the source lénguage, there should
be an e"qdi\./alent representation1 in the target language.
DFor exampl‘e, ~the Tamil characters an' (N) and

e (AKH) dre not presenht in Malayalaﬁ, They have to-

<«

be realized using one 6r more charecters in-.Malayalam,

In our case, the Malayalam characters mY (N) and

i (K) are used as equivalent characﬁers. ¢

a

%ﬂ Syliables like . & & . (KKA) in ~ Tamil must be
transliterated as a conjunct <character &n (KKA) in

' ra ,'* .
Malayalam and vice versa .since there is no cenjunct

character in Tamil. .
3. The"drthography of .certain ch;racters are ‘contegt'
dependen!i ,As an 1illustration, consider’” the Tamil
character & (R). Its Malayalam equ}valen; is JQ“(QI.
However '~ 1Y (R) can appear either as rb; or as A ¢
depending on the' context. Similérly, the,Mélayaﬁam
a\s?araqter mY (N)' has to be tranliterated into Tamil as

efther  '® or ar depeﬁding on (the contenxt.

4. Words ending‘with 0 (M) in Tamil should. appe#r in

ﬁalayélam"as ° and not as Y (M) . ' For example,”
\s‘ﬁ\@ w &0 (VINAYAGAM) in Tamil must be

transliterated . ~into : ‘ Malayalaﬁ ) \ps,:
n‘ru'} I Q) Mo (VINAYAGAM'). . h‘a‘nd not’; . as-

Al mo © & B (vinavacam) .

2 . ' »

oIt e A don .

e
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5. Another ”méjot‘ problem’ is the one to many and many to
’one.mappfné of dharacfers as shown /ip figure S5.10.
Mapping many chargcterk' into a siﬁgle character does |
not create any problem. However, the inverse mapping,
th§t is, one‘és mang.is diffiéult because it depends qg<-~ 

. o -]
the context of the word (example, ~&® H o

(KANTHAN), . - &M eD& '(GANGKAI)). The contextual .

information is not explicitly present in the o code

R

of a chgracgér. In geherél, we coul séy that many to
; o one mapping* is trivial whereas one to many mapping is

. . " difficult énd it could be resolved by context analysis.

.
o s e i

¥ .

5.4 Teaching of SCEipts a;E‘Languageé

X ) R v \ ) o,

The textwriter could be made usefulxto'the public and
4 ’ ‘ '

to school <children in areas such as teaching scrﬁpts and L

- languaggé, question—answéfing,uetc. In 1India, ;yhere the
. . ‘ N |
' o flliteracy rate is high and where many different scripts and i
’ languages are used  (even . within a single region), ™ !

broadingcasting through satellites could be: used to teach
these scripts and languages. At different time different ¥
1angbage lessons could be broadcast. In countries 1like

.o Canada where teachers are scarce, language teaching could be

abcompljshed through -media such as 'Cable TV', 'Persohal

. Computer' or 'Videotex Networks' {72]. Using the home TV

g T8 s bl - vorcmnmmrne B e o ‘ e
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Fig. 5.10 Mapping of Cértain .Tamil~Malayalam Characters

S
]

\
O N pt —_— Rt R Y
'
@
° ©
’
®,
v
° 1
\
]
)
. .
3
‘
.
¢
.
-
P
<
o,
“
N :
o «
a
’
v L]
. .
L]
~
»
. .
- 1
v N
L]
N
s
L
.
.|‘
|
v
. o
Kl
o
[
.
] 0




‘(2) language dependent sub-database. As an  1illustration
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k]

-

screen, videotex networks can provide easy, inexpensive

access to vast amounts of information.

Teaching requires ‘both audio and visual aids. We need

a detilingua{ database suitable for teaching multiple

languages. The content of the database could be divided

into two" portions: (1) language invariant sub-database and

L} ° -

/
consider figure 5.11. Here the aim is to teach tﬁéfwbrd

'FLOWER' and 1its physical counterpart. ,(The ' pictorial

representation . is language invariant, whereas the word

'FLOWER' will changé from 1angdage to language. In
figure 5.11, the equivalent wori for flower is listed in

Témil¢ Hindi and Malayalam, in that order. .Depending-pn the

lanhguage to be taught, the appropriate word could bea‘t

selected and displayed.

~
%

‘Character Generator: The character generator needed for

Vo
teaching will be different from that of the text generator

explained in Chapter IV. The character generator required

for teaching should (1) display the characters ,in large '

size, preferably one character in the entire screen, and (2)

S should write the characters 'step-wise' as in normal
bos . , . \
g . B
é writing, as shown in figure S5.12. There should be
: . ) .
i sufficient time delay between each segment written to show.
? _ ,
%, the method of writing. If possible, the ‘current segment
' i } * - .
j added could bé made ' to flicker for* a while for better |
i o . . ]
i .- 4
k] I“ %
o E
- oIE
" . . . )
[ | . .
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.. of the genaratlon of a chayacter. It should notbe sounded

~
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' attenkion. Dot matrix #type character generators may not be -*

<

O good for this' purpose. ' A superior character generator

*should be'capable of draw1ng the clrves required for' 1Indian

2

s characters: : o SN : ’ Cos T

“ Audio Suggortib To .teach the characters'of languagé, audio
N > . . .,
4

support.is aTso neéded. while wrgtxng the characters, Nthe

— appropriate sound of the character should alsS“Be Produced. -

s - gl " R

The qhi}ity of the sopnd shquLd’be high and the sound should

. be repeateo at appropriate intervals for the entire duration
ey

v ‘

-« » just once. Such eXxperiments wére conducted for Tam@l 3 .
. U 4

L3
.l : .
- the system was the BLS code. The outcome of the experiment
P M ’(
. was encouraging.' However, the dot' matrix type character

[ ' ) , -

.. ;4Qenerator was fohnd unsuitable.  The charactgrs “were
prbhouncedvonly once. Due to the /11m1tat10ns of Votrax
. used, jthe qhality 3d§‘ the sound  for some of thé'Tamil_
¢ charactars_was not. .good. The important boutcome “of the
exéertnent';is that 1t revealéd the @pa51bi11ty of teaching

Fl

. A
sa;xpts through 51mple dev1ces such as the textwrxter anda a t
; ! X
votce synthes1zer. % { .

. . u T .o

>

Question-answeriné Systen' By having display devices with a
[ 3

lxght pen, it is possible to g1ve writlng exerceée to the

learners. Thel system could pronounce a character and mhe ?
olv’ &

- persqp,could bé asked to write the chardcter on the screen
/ , ‘ T .

N .
LI 3\ ‘ « v -
v ’ A} . 1

usipg a dot matrix type character generator. The ‘'input to io N
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| ~using the ligh;-pen. "In this casg'fhé syétem should ‘be able

to detect an_ illegal cdﬂgfnation of symbols which do. not

-

(s

constitute a legal chatacter,[74].’ For example’, the symbol
. 4

combination T T g not a legal combination in Tamil.

An”élementary script and language teaching s?sﬁém could . pé

AN i *

augmented with a sophisticated guestion-answering system for

-~

v evaluation and ~advanced teaching..'The stsitability of the

3
.

textwriter for teachingl’sciiptg and’ languages could be .
: . . ) }

‘easily visualizéd.

e

- Another mpotant %pplicafion jrea for“the.textwritér'ﬁs

text composition for printers. A)singlé textwriter could be,

5 ¢ *

dsed to compose.any Indian language #éxt. By incorporating

the hypenation rules, the textwriter“could as‘Qélap be used

as a stand-alone unit. The textwriter will be economical

B 1 .
and convenient. .Thege are hot the only applications of a

k¥

I3 1 . A - N * . -
textwriter. The 1ist.could be extended very easily., -
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s ‘ . " 6. CONCLUSION ~ -

©

- .+ ' The work: reported in this thesis is interdisciplinary"

'\}A nature, encompassinﬁ\computer science and lihguistics.
In fact, the .challenge ‘'seems to-be more from linguistics

s T - . .
than from computer science due. to the large number of

»

languages and their individual characteristics. . . ( v

. . '
4
\ [
¢

. - Outlined in the thesis are the variousvdesigh aspects
: . . ) . . . -0 et f

of a textwriter suitable for input/output of the text of one

or more languages and some applications of the textwriter'.

Eroblemg‘ specific to each ,of ‘these gﬁplications have been

studied. - B ' ‘ .

3 \- R . : v ' v

p ‘ \Thé processor based textwriter is flexible to meet¢ the

. +« changes. . (addftipn ~and ‘deletion) in the number of languages o
supported by it. It could be uséd for multiple purposes,’ o

for example,’ as an I/0 terminal for word processing in ,

. ' ) 1 o . : ‘. . \ . R
‘offices, as_a data entry terminal, a computer terminal or.as .
L s

-

a telex tefminal.

L
o 1)

‘The keyboard of the_te{ﬁwritér could be either sym?pZ//q f(

; v . . . .
SR ‘;Qesed /Jor LS  based., A code suitable for representing
mul flingual text.is given., The o~coding of text proposed

in tpis ‘thesis has the’ advantage of’ giving the~ text™® in

~ . - '
.
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. . ' . p( X . \
collating sequence suitable for sorting whereas thHe symbolic .
\ .

‘coding does not.

Two hierarchical models have beén\ proposed for

Dcharacterﬂ,generatibn. They have the generality of being

N applicable to a large number of scripts _and languages.-

Simple device dependent primitives used in these methods
. ‘ ’ %

, enable easy transportability among different devices such as .

a

plétter,‘printer and display.
AN - o

By combining the proposed scheme for the automatic

Anethod of determiniﬁg dot @atrix size with our dot pattern

] ~

q$sign beard, and making the ;eéulting 'system interactive,
we could automate the ehtire process of font design, font
analysig, font evaluation and generation. (optimal or

non-optimal) of ROM storage for the symbols.. This will

'

‘enable ‘the design of different fonts at _much faster rate

[

than a manual methéd. . o ‘

\J

¢

Many schemes were proposed for key top ?ymbol diépléy
. lof which the ?lasma pénel display seems: to be promising.
The decregsing colt of hardware\COmﬁonents wi%l.enshre the

. economic viability of such a term#nal. Our software testing

A . ’ e
of the textwriter shows its technical feasibility..

Ny

)

. R

- ' .o &
. This thesis, apart from its reported coriributions, h&i “\
; ’ ' , ! ) .
brought out .a number of problems requiring further resegrch:
| . ’ ' : - .
* (1Y Hardware/firmware: realization of the. textwriter. (2)
A ' - o . »
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of tﬁe textwriterl (4)'

T T . 156 . ° b

Software implementétion of the dot pattern‘design board.

(3). Micro coding (rather than macro coding) of the‘.text

generator, in order to'imprqye the performance and the speed {.l
Experiments’ on the selectidn of

primitives, and on ROM storage optimization. (5) Extension

b of the character generator for aesthetic appearences (6)-
- .
; , g . . AND
' Extension of the facility fér transliteration of text, .
™, order to take <care of. the one-to-many mapping using
o contextual inforhation [75]. (7) Design of a data base
t server using tHe.textwrlter as an \nputﬁopt device. .
i '
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