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I\BSTRACT

The present work deals with the realization of Bengali key-

board and character encoding for computer applications. The only.,
available Bengali key-board used for mechanical typewritting-the

'Optima Hunir'is unsuitable for computer applications from different

point of views, which have been studied in detail in the present
\.J •.

research. For developing new Beng~li key-board suitable for com-

puter applications, a 434 Bengali Character set has been identi-

fied among which 302 are Compound Byanjana Varnas having complex.

graphics. A 131 Bengali Graphic Symbol Set (BGS) has been selec-

ted by which the 434 Bengali characters can be generated. Based

on the frequency of occurrence of the Bengali Graphic symbols,

two key-board iay-outs have been deviced, one with 56 main keys

and other with 47 main keys, such that the load is equally dis-'

tributed on all the active fingers. Both the key-board lay-outs

have been deviced with two shift keys. A 95 Bengali Impression

Symbol Set (BIS) have been selected by which 127 Bengali Graphic

symbols can be represented in typically used solid font printers

if superposition is allowed. The 131 Bengali Graphic Symbols

along with SPace, DELete and 32 ASCII standard control code have
been encoded in an 8-bit coding scheme and a code mapping scheme

ha~ been proposed for the data COh@unication systems which handle

7-bit characters. An algorithm has been developed for changing
".t

the notionally different English key-board, available with all

microcomputers, to Bengali key-board and an assembly language

interface prograio based on this algorithms has been developed for
r',

IBM PC Microcomputer.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL

About one thousand years ago, in this land of Bengal, the

old Indian Arza- language had evolved a Prakrita- language -

•BangIa' or Bengal i, which by the passage of thi's one thousand

years has become the 6th language of the world on the oasis of

population. Bengali is,now, being spoken by more than 200 million

peoples of Bangladesh, West Bengal and some parts of Asham.

Official correspondence, bussiness transactions and education

upto the level of University education, in this region, are being

successfully performed by Bengali. The unimagining achievement of

computer technology has so established its social impact that the

use of computers is being rooted in the every-day life. To avail

the blessing of this technological achievement, the use of Bengali

as a medium of ,information interchange with a computer is needed.

1.2 FIELDS OF IMPLIMENTATION OF BENGALI IN COMPUTER APPLICATIONS

Bengali can be used as a medium of information interchange

with an existing computer in graphics mode. But the notable

disadvantages of graphics mode application are:

- it consumes more time for processing.

it requires more internal memory space for information
storage.
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- it can not be used in high-speed applications, viz~
real-time applications.

- it increases computer overhead.

To overcome these disadvantages, hard-wire implementation is

required and the distinct fields of such implementation, though

closely rel.ated and dependent upon each other, are:

- Text entry key-board

_.soft-copy display devices
- Hard-copy printing devices
- Internal representation and processing
- Data communication.

Proper implementation of Bengali in computer applications .deser-

ves equal attention and extensive research in all these fields.

1.3 OBJECTIVE OF THE PRESENT WORK

The important and primary thing, for implementation of

Bengali in computer applications, is to design a standard text

entry key-board and to encode the characters accomodated on the

key-board such that the same characters and their codes can ~e

use~ in soft-copy display devices, hand-copy printing devices,

internal representation and processing and data communication.

The objective of the present work is to design such a Bengali

key-board and to encode the characters accomodated on the key-

board.
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1.4 WHY IS STANDARDIZATION OF BENGALI KEY-BOARD NEEDED?

The ultimate goal of using a language in computer is to

have a visual feedback of the text entered through the key-board

on a video-display unit and to have a soft-copy display or a

hard-copy printing of the processed text on a video-display

unit or a hard-copy printer. Two other important things/though

not visible to the high-level users/are interval representation

and processing and data communication. Information flow in the

pipe-line of text processing is shown in Fig. 1.1.

Design of a video-display unit and a hard-copy printer •

requires a set of predifined characters to be displayed or prin-

ted on the devices and their corresponding codes to be firm-wired

in the devices. Internal representation and processing requires

a set of internally representable codes of characters such that

each character can be uniquely identified and processed. Data

communication also requires a set of codes of characters such

that during data transmission each character can'be uniquely

identified and transmission error can be detected, for recogni-

zing the original character transmitted.

Implementation of Bengali in all of the above fields

requires a set of predifined characters and their corresponding

codes by which Bengali language can be represented and processed

by'the above devices and processes. As key-board is the first
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Video
display
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Text Internal
.. Key Representation,
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Assistant board Data Communica-
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<-
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Fig. 11 Information Flow in the Pipe-line of Text Processing.
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step irithe pipe-line of text processing, it should.be provided

with the predefined set of characters such that corresponding

codes can be generated from the key-board for use in other devi-

ces and processes. Before giving attention to all other fields

of implementation, the key-board should be made standard such

that a coding scheme can be adopted for the characters accomoda-

ted on the key-board and independent persons can work on the

other fields of implementation.

1.5 METHODOLOGY OF THE PRESENT WORK

To design a Bengali key-board, the following methodological

procedures are required:

- Determination of a linguistically acceptable theoretical

framework for selecting the key-board primitives, i.e.,

the elements corresponding to each keyof'a key-board by

which a text'is to be entered into a computer.

- Determination of total character set of Bengali language

and selecting a graphic primiset such that:

i) the primitives can be accomodated on a handy size of

key-board,
ii) the primitives can be used to represent Bengali text

in the linguistically acceptable form, and

iii) the primitives can be encoded by a standard size of

code bits.

)~, ,
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- Determination of key-board lay-out of the selected

graphic primitives on the basis of the statistical

analysis of frequency of occurrence of the primitives.

_ Encoding the selected graphic primitives for internal

representation and data communication and realization

of codes from the designed key-board.

1.6 LITERATURE SURVEY OF RELATED WORKS

In 1976, Prabir Kumar Das 1 made a survey on the frequency

of occurrence of the Bengali characters on the basis of 44126,

no. of occurrence for computing the inf~rmation content of the'

Bengali .characters. But in this survey, Space has not ,been

counted as a character though the Space is considered as a charac-

ter in both co~nunication and computer applications.

2In 1984, Tapan Kumar Ghoshal et a1. developed a Bengali-

"

Ahamia text processing attachment and named 'VIDYASAGAR',' This

text processing system comprises of a text entry terminal with

VDU, a dot-matrix printer and software routines. This system

uses a Z-80-based Orion 8000 microcomputer with CP/M 2.2 oper-

ating system and the hardware attachments are connected to the

host through industry standard RS-232C serial links to form

D
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a word processor, file creation unit or a file enquiry unit

for Bengali/ Ahamia text. The coding scheme (BIIC) and the

QWERTY style key-board employ simple consonants, vowels, opera-

tors and are accommodated in 7-bit, 96 character ASCII space.

Host resident software are used to edit BIIC files, convert them

to justified, paragraphed and paginated printable files with

composite consonants, display the file in VDU or print them in

the dot-matrix printer either with complex conjunct consonants
,

or in analysed mode (without consonant conjuncts). In this text

processing system, Vowel operators or Swara-kars are entered

inwediately after the consonant sequence on which they operate.

But in Bengali text, some of the Vowel operators are Placediat

the left of the consonant sequence on which they operate and
Isome are placed at the both side of the consonant sequence.:

Entering these Vowel d~,ators after the consonant sequence *ill,

obviously, be cumbersome for an ordinary text entry assistant.

Compound consonants are entered by using conjuctive operator

and the constituent consonant letters. But some of the compound

consonant letters.of Bengali language are found with unusual

shapes, i.e., the constituent letters are not readily recogpi-

zable from their shapes. Entering these compound consonant letters

by using conjunctive operator and constituent letters will be

difficult for an ordinary text entry assistant.

In 1984, Sagar Mitra et al.3 developed a character-mode

raster-scan VDU for representing variable width composite conso-

nant text. In this system, each symbol is split up into unit

".,
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width components ( sub symbols) and an n-unit width 'symbol

is generated by n-sub symbols and the variabl~ width phenomenon

is tackled using a fixed width display. Motorola MC 6845 CRTC

and ( notionally incompatible) Intel 8085A MPU were used for

designing the VDU.

In 1984, Gourhari Das et a1.4 proposed a 95 impression sym-

bbl set (BMIS) by which the 159 extended Sen and Datta graphic

symbol set (SDBM)can be represented in Line printers and Daisy

Wheel printers if superposition is allowed. As the SDBM does

not contain all possible compound consonant letters with unusual

shape, the BMIS is insufficient for generating all possible

compound consonant letters. They also made a survey on the fre-

quency of occurrence of the SDBM on the basis of 66,752 no. of

occurrence.

Last year, the BangIa Academy had taken a project to

improve the existing'Optima Muni'rI Bengali key-board and collected

opinions from general peoples. The opinions are now under con-

sideration of an expert committee and no official decision has

yet been published.

Researches have also been carried on in the department of
Computer Engineering of the Bangladesh University of Engineering

5 6and Technology, Dhaka. Recently, syed Mahbubur Rahman et al. '

have developed methods for Bengali Alphanumeric dot matrix dis-

play. They used 14 x 8 dot matrix for representing unit width
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characters and 14 x 4 dot matrix for representing half width

characters. Unit width character matrix is actually divided

into two 14 x 4 half width matrices. For representing compound

consonant letters, the unit is further divided'into 4 horizontal

sub~units. Representation of compound consonant letters are

effected by superposition of units. A.N.M. Mesbahul Karim

et al.7 have designed a variable width character generator for

displaying variable width texts in VDU. The system is experimented

with the Bengali text and the variable width requirement of the
, .

Bengali characters are satisfied by splitting

into fixed width sub-symbols.

up the characters
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CHAPTER 2

THEORETICAL FRAMEWORK DEVELOPMENT

2.1 INTRODUCTION

Key-board is the first step in the pipe-line of text pro-

cessing. For selec~ing the key-board primitives, i.e., the elements

corresponding to each key of a key-board by which a text is to

be entered into a computer, a linguistically acceptable theoretical

framework is needed. Total Bengali character set has been identi-

fied and such a framework is developed and discussed in this

chapter.

2.2 BENGALI CHARACTER SET

Bengali character set consists of several types of charac-

ters, viz. Varnas or letters ( Alphabet), Diacritical marks, Swara-

kars or Vowel-operators, Compound byanjana varnas or compound

consonant letters, Aksharas. with unusual shape of swara-kars, Num-

erals, Punctuation marks and special graphic symbols which are

discussed in the following articles.

2.2.1 Bengali Alphabet

Bengali alphabet has 11 Swara-varnas or Vowel letters as

listed in Table 2.1a. Beside these, one more swara varna , ~ or

\!lIT , though not included in the alphabet, is used in Bengali

script.
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Bengali alphabet has 39 Byanjana Varnas or Consonant letters

1S listed in Table 2.lb .

2.2.2 Diacritical Marks

In Bengali script, 3 diacritical marks are used as listed in

Table 2.1c.

Urdha comma (') is used to indicate umlanted \3 ,i.e., -d ,viz.;

All Byanjana Varnas except ~ o, - , ~ are symbols of Byanjanas

Nith inherent ~ swara. To indicate only the Byanjana, Hashanta (,)

Ls used with the Byanjana Varna, viz.,

Chandrabindu (~) is used with a Swara to indicate it~ nasal

sound , viz.,~t •

2.2.3 Swara-Kars or Vowel-operators

10 Swaras except ~, when operate on any consonant, change

their original shapes and take their kar forms as listed iriTable

2.1d.

2.2.4 Compound Byanjana Varnas or Compound Consonant Letters

One or more Byanjanas combine with another Byanjana with

inherent 'Cll swara leading to a Compound Byanjana Varna. Theoretically
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the numbers of compound Byanjana Varnas are unlimited though a
bulk majority of these may not be used in Bengali. 302 Compound

Byanjana Varnas have been identified in use and in other cases

byanjanas are conjuncted ~sing hasanta I,). In practice Com-

pound Byanjana Varans with two byanjanas, three byanjanas and

four byanjanas are found. 222 Byanjana Varnas with two byanjanas,
74 Byanjana Varnas with three byanjanas and 6 Byanjana Varnas with
four byanjanas have been identified and listed in Table 2.1e,2.1£ '
and 2.1g respectively.

2.2.5 .Aksharas With Unusual Shape of Swara-Kars

25 Aksharas are found in use with unusual shape of Swara-

kars as listed in Table 2.1h.

2.2.6 Numerals

10 numerals are used as listed in Table 2.1i.

2.2.7 Punctuation Marks

12 punctuation marks are used in Bengali script as listed in

Table 2.1j.

2.2.8 Special Graphic Symbols

For business and scientific purposes 21 graphic symbols

including arithmetic operators are used as listed in Table 2.1k.

r~-,.
. \
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TABLE 2.10, SWARA VARNAS

\.)

\3\ \5lI ~
, 1 2 3

'0l5t / ~)t
12

"'3c i3 ts ,~
4 5 6 7

~ ~ \2> ..3
8 9 10 11

TABLE 2.1b BYANJANA VARNAS

<f> ~ 51 ~ ~
13 14 15 \6 17
E> &. \Sr ~ ~
18 19 20 21 22
~ ~ \S '{; cf ! ;,
23 24 25 26 27 ,~ f.,
~ ~ ~ ~ ~
28 29 30 31 32
~ '~ <I \!1 ~
33 34 35 36 37
'Z:I ~ R <t "'138 39 40 41 42
">l ." ~ ~ '5
43 44 45 46 47
I? ~ 0 0....• 0

48 49 50 SI
\')

TABLE. 2.Ie DJACR ITICAL MARK 5

? v

52 53 54

TABLE 2.1d SWARA-KARS

1
55 56 57

0-..

58
c...... <.. r.. t '1
59 60 61 62 63 64
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COMPOUND BYANJANA VARNAS WITH TWO BYANJANAS

"" I)

~dl '" 'Ol '" '" ~ E> ••• "ift ~ ~ 'G ~ '!:I G i <t <5 '21" " It 01 ..,. '1l' " ~ "'>l "iI '\! 0'1 oot "I ~ ~ '5l '1i ~ ":
~!
q, I ~6S sl""l ~ 1 '66"!t I 69't 7011 .,1') n;zfr $7) 7' lO1' 7S>jil

67

">l'
I i I

. 76'>1177$.
1

"1 <;1787~ <;180J 81'.It '82~ i .::6) 'lI Ij'<t} ,~ 1;1
8' _.8-L _ff7.

~ : ~8B 1 'il ' 9~~ S91' 89'

~ ~92' -- ~9' ~ i .~
9)

0; l'i&979~
~ !

~OO99 1-- f---- -~-- .- -_ .. f---

J;,. ~Ol

'St ~'O = 'lb ~'OS .<:j;l'06 i3lil,07,'!I,0&10) 10'
41 I :, I ,
~ ~09 ~1I0 ~1I1 ~'2 I i
'& ~II) I~" ~'I' ~1I6 ~l1l7 ~ II", .

~ I I
,

! ~1I9:--
'5 ::s~" ~21 ;$122 ~12 ) '5,;1, 2 'S/2S 'gr,2

'G G117

-f ~'28 ~'29 ~')O #'G
131 :f 1)2 :t'l) ! '<I'l' -ti,) S -iJ 1)6 .

-:> G')7 -,)& ~')9 : ~"O <!il, " '0)"2 "l ")

<It "-l!',,, ~"S ~,'S
'i "'IT ~"8 "7 "9 'at,SO 'a, SI ~'Sl 'il'S) tiJ,s, a,SS

"7
~ ~'S6!

Jl'l ~S, ll},S9 .!f'60IS7

'l >f.'61 ~'61 :;;'6) "!:l'6' ~'6S ""66 'it,67 :l16&; '1'69 OU'70 ';Il,71 ""'172

91 ~l7li "';!'m ":f17S'~'76 .••••••,7 -We -9l},79~'80 ~'81 ~1

'5l' i ""-1., a,., ~'R<- _.

;j er'86
1

4r
'
87 1,'88

, 'l'I 'S,90 4\'91 31'91 ~ 193, , 1&9

~ ; 1
~9'

~ ""19S ""9.

>l 11
'
97 ''''n8 ~99 ~ 100 ~101 ">1101 '>l.l10)al0, ~10S

"iI I ':/2['6 'il) 207
I I.

">t
l09

<tl10 'ill II
,;

~1IJ ~1" <SIllS fj21S : ;5117 ,
--'.{ . ~ ._:.£

'!!ill I ~111 ;:(113111' ~11sl<t"e -" '>1118 '>i119 ~31 -.t 1)1 '5l133
-<

<J~~ •••108 111 -L...1~~ J.2 Q
\SI2l.7 ~30 ~ 2 ~lo

M ~136 _9l117_ (it, "!>1)91
. ,

~240~_~2 ~3t~44
C'lJ2,s 82,&

~ .

23& I ----'-'- . 1'1

"'f ""'0, "'1;t. ,,, I ":llS0' ".\ lSI ."""1S2""J1S) ;!I1S, ~2SS ~1S6
-

'il ~lS7
"'.;r> ~ ~ 1"3>261 !~62 ao>.263'j 16' 1lJl16S'B)266
lS8, 129 •.J.00

1 :lOl178.
,

~ "it,., ""!, •• >t;69 i "!>270~171 . """ ""'"27' "il17S ~76 ~177 ~279"iI172 17

'< I ~ 280 ~181 ~al ~83 ~284 318S.~28~

'>J

~
1;;;

d
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TABLE 2.11 COMPOUND BYANJANA VARNAS WITH THREE BYANJANAS

~~
287

~
288
?\l
289
~ ~ ~) m ~ ~J ~J ~ ~ ~J ~~

290 291 292 293 294 295 296 297 298 299 300
~ m -;g ~ ~~ ~ t:fS ~J ~ ~ ~

301 302 303 304 . 305 306 307 308 309 310 311
':l'G) ~
312 313
@; ~ ~ ~ ~ ~ el ~ ~ ~

'lR~

314 315 316 3\7 318 319 320 321 322 323 324- -.
~~ ~ ~ ~ 5Jf ~

325 326 327 328 329 330 33\
':!if .~ I9t6.l ~ ~ ~

332 333 334 335 336 337
~ &f, t4 ~ G> ~ ~ .. ~

,
~: ~8 ~~

338 339 340 341 342 343 344 345 346 347 349

~
,

~ ~ ~ <t3 ~ ~ ~ "$ ~!f
350 35\ 352 . 353 354 355 356 357 358 359 360

TABLE 2.19 COMPOUND BYANJANA VARNAS WITH FOUR BYANJANAS

~
/~:5

36\ 362
~:5 3D ~~} '.. .
363 364 365

~
366
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TABLE 2.lh AKSHARAS WITH UNUSUAL SHAPE OF SWARA-KARS

~
. kar 0'-.. "'- <-Varnas

5't -3
367 .

~ ~ ~
368 369

1151"
. ~ 370

~ ~ 371
~

. . 372

~ ~
373

ca
~ 374.

~ ~
375

31 ~ "a1
376 377

E ,s. J:iJ
378 379

~ .!t> 380 .!!ti 381

$f ~ $fI
382 383

3f - 3f> 384 3ft 385
.

31 ~ '!:tl 387386

@t $. ~
388 389

5" Sf- .390 ~ 391



TABLE 2.1i

2- 8

NUMERALS

o ~<.'=> B <Z~9 \,-..;>
392 393 394 395 396 397 398 399 400 401

TABL E 2.1 j PUN CTUATlON MARKS

, , . I ?.
402 ..403 404 405 406 407 408 409

" " Co ,
410 411 412 413

TAI3LE 2.1k SPECIAL GRAPHIC SYMBOLS

# t + - )( <. ) I 0/0 . *
414 415 416417 418 419 420 42\ 422 423 42/,

& []
425 426 427 428 429 430 431 432 433 434
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Though # , & and @ symbols are not normally used in Bengali

texts, they have been included in this list for business and

scientific purposes, specially for computer applications as

delemeters.

2.3 LEXICAL PRIMITIVES

Lexical primitives are the elements with which a word is

lexically analysed and ordered. Conversely; a sequence of lexi-

cal primitives corresponds to a unique word. Varnas of the
\.

Jengali alphabet correspond to the Lexical primitives of Ben-

gali language. The set of Bengali Lexical primitives is divided

into two subsets- Swaras or vowels and Byanjanas or consonants.

The Swara subset consists of 11 Swaras and .the Byanjana subset

consists of 39 Byanjanas, which combinedly form the Bengali

Lexical primiset.

2.4 AKSHARAS

Traditional visual representation of a Bengali word is

formed by a sequence of 'Aksharas'. Theaksharas are generated

by. special sequences of lexical primitives called Syll able:;;.

There are four classes of Bengali syllables:

- Mono-vowel Syll abIes which correspond to all Swaras.

- Single consonant-vowel Syllables which correspond to
all Byanjanas, except': ,~, ~, with inherent ~- swara
or operated on by other swara-kars or vowel operators.

- singie. consonant syllables which correspond to all
Byanjanas.
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Poly-consonant-vowel Syllables which correspond to all
Compound Byanjanas with inherent ~-swara or operated
on by other swara-kars.

The visual forms of lexical primitives, are called Varnas

and the visual forms of syllables are called Aksharas.

2.5 GRAPHIC MOLECULES

Visual form of all syllables, i.e., all aksharas, all numer-

als, punctuation marks and special graphic symbols combine'dly

form the set of Graphic Molecules.

The possible mono-vowel aksharas are generated by 11 swara

varnas, <;!lIlt or I/ln ( though they are phonetically same, they

ar~ equally used in Bengali script), umlanted 1$ and their var-

ious nasal forms, i.e., operated on by the chandrabindu. The

possible single consonant-vowel aksharas are generated by 36

byanjana, varnas, except,:, ~ , ~, with inherent '51 -swara and

operated on by other swara-kars and their nasal forms. The

possible single consonant aksharas are gener~ted by ~ ,~ , :

and other 36 byanjana varnas operated on by the hashanta. The

number'of possible poly-consonant- vowel syllables are theore-

tically infinite and fo~ that the number of possible poly-

consonant-vowel aksharas are, also, theoretically infinite.

If those' compound byanjanas which are conjuncted by hashanta
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are treated as combination of seperatesingle consonant aksharas

and single consonant-vowel aksharas, then the possible poly-

consonant-vowel aksharas are generated by the identified 302

compound byanjana varnas with inherent ~-swaraand operated

•

on by other swara-kars and their nasal forms. With numerals,

punctuation marks and special graphic symbols, the (~heoreti-

cally possible number of Graphic Molecules might be inconvenien-

tly large, though a bulk majority of these Inay not be used in

Bengali.

2.6 GRAPHIC PRIMITIVES

The number of theoretically possible graphic molecules

are inconveniently large. Though a bulk majority of these may

not be used in Bengali, the usable set of graphic molecules is

still inconveniently large. The graphic molecules can, however,

be generated from a smaller set of graphics, using graphic

transformation. 'I'hesimplest graphic transformation is concate-

nation, i.e., placing one symbol after another. Bengali langu-

age generate the large number of graphic molecules by concate-

nating a smaller number of graphic symbols. Such graphic symbols

are called graphic primitives. Selection of the graphic primiset

is discussed in Chapter 3.

~ .•,
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2.7 IMPRESSION PRIMITIVES

The Bengali graphic primitive's can, however, be generated

by a smaller set of impression symbols if superposition is

allowed. These impression symbols are called impression primi-

tives. Selection of the impression primiset, is discussed in'

Chapter 4.

2.8 KEY-BOARD PRIMITIVES

The elements corresponding to each key of a Key-board by

which a text is entered into a computer is called Key-board

primitives. For one-to-one correspondence between input and

output, the Bengali graphic primitives are needed to be used as

~ey-board primitives for entering text into a computer. The

Bengali lexical primitives can, also, be used as Key-board

primitives, but in this case, a complex mapping will be needed

for realizing the possible graphic molecules. Selection of the

Key-board primiset and its Key-board lay-out are discussed in

Chapter 3.

2.9 INFORMATION PRHIITIVES

The entities that are used for entering a text into a

computer is called the Information primitives. An important

aspect of Information primitives is that each primitive will

'. ,..
.. '
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have a unique numeric code needed for machine representation

and a unique graphic needed for visual feedback at the text-

entry terminal. Information primiset should also contain appro-

priate control codes for computer usage.

While a text is entered through a key-board into a computer,

the keys correspond to the Bengali graphic symbols selected for

entering text into a computer and therefore are Information pri-

mitives. The coding scheme of the Information primiset is dis-

cussed in Chapter 5.

v
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CHAPTER 3

BENGALI KEY";BOARD PRIMITIVES SELECTION AND KEY-BOARD LAY-OUT

3.1 INTRODUCTION

Though a bulk majority of the theoretically possible gra-

phic molecules may not be used in Bengali texts,' the usable set

of graphic molucules is still inconveniently large and their
,

number is not even specific and predictable. The unpredictable

set of graphic molecules is traditionally mapped in letter press

printing by about 500 characters, or graphic primitives,. The number

is reduced by simplification, e.g., by Linotype. In 1982, Sen &

.Datta 8 proposed a 142 graphic symbol set which can adequately

represent the Bengali language. Gourhari Das etal.4 had extended

the Sen & Datta's graphic symbol set to 159 symbols ( appendix-A)

to include special symbols, punctuation marks,arithmetic and logi-

cal operators required for commercial and technical work.

In computer applications, printing of a Bengali text is not

only the point of consideration. Inputing the tex~ into the com-

puter also plays a vital rOle in this work. That is why, a corres-

pondence between the input and the output is required, i.e., a

correspondence should be made between the key-board primitives and

the graphic primitives for printing the text. As a visual feed-

back is needed at the text entry terminal during the text entry

through the key-board, a one-to-one' correspondence between the

key-board primitives and the graphic primitives is desirable,



i.e., the key-board primitives and the graphic primitives are

desired to be identical.

Selection of graphic primitives~ key-board primitives and~

their key-board lay-out is dis~ussed in this chapter.

3.2 SELECTION CRITERIA OF KEY-BOARD PRIMITIVES

As the Bengali compound byanjana varnas are of various

shape9,generation of the Bengali graphic molecules by them becomes

complex. The Bengali graphic molecules can, however, be generated

by two methods. In one method, the generation of the graphic mole-

cules can be done under software control. In this method, the

compound byanjana varnas and aksharas with unusual shape are to

be kept themselves as key-board primitives and other compound

byanjana varnasare to be generated from their constituent yarnas

under software control. Obviously, this method will be complex ,time

consuming and cumbersome. In the other method, the shape of the

compound byanjana varnas and aksharas are needed to be slightly

changed inli~guistically and aesthetically acceptable form such

that the graphic molecules can be generated directiy by concat-

aneting a smaller set of graphic primitives. In this method, the

graphic primitives can be used as the key-board primitives and

a one-to-one correspondence between input and output will be possible.

Key-board primitives selection for two methods are discu-

ssed in the following articles.
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3.3 KEY-BOARD PRIMITIVES SELECTION FOR SOFTWARE MAPPED
,GRAPHIC MOLECULES

All possible Bengali graphic molecules c~n be mapped by

the 434 set of Bengali characters identified in Table 2.1a to

2.1k under software control. But ..thel;::) set of characters would

not be accomodated on a handy size of key-board and these

characters will need 2 bytes .( Ida434 = 1.095 Le. ,2)for encoding

them for machine representation. The number of key-board primiti-

ves can, however, be reduced if some complex algorithm is adapted

for mapping graphic molecules.

The Swara Varnas of Table 2.1a can be mapped by the key-

.board primitives of .Table 3.1a. '$ is to be mapped by \"Jl and

of Table 3.1d. m. or ~\t are to be mapped by '(Jl or L"l ,

) of Table 3.1e and t of Table 3.1d. The algorithm of mapping

these Swara Varnas is simple and given in Fig. 3.1a.

The Byanjana Varnas of Table 2.1b can be mapped by the

key-board primitives of Table 3.1b. The shape of ~ and internal

~ are similar and for that, the internal ~ can be mapped by the

~ of Table 3.1b. Mapping of Byanjana Varnas is direct and

simple and the algorithm is given in Fig. 3.1a.

The Diacritical Marks of Table 2.1c can be used for mapping

graphic molecules by the key-board primitives of Table 3.1c.
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To place \ and ~ at the bottom and at the top of a varna res-

pectively, a left conjunction operator is needed. ' is to be

entered as normal and \ and ~ are to be entered with a prefix

left operator. A software routine then place' them at the

appropriate position. The algorithm is a little bit complex and

given in Fig. 3.1b.

The Swara-Kars of Table 2.1d can be used with'byanjana

varnas by the key-board primitives of Table 3.1d. ~ t is to'be

mapped by Co and t and C t is to be mapped by ~ and ~ • For placing

~ , ~ and ,at the bottom of the concerned byanjana varnas, a

left conjunction operator is needed. These kars are to'be entered

with this prefix left operator and others are to be entered as

normal. A software routine then place them at the appropriate

position. The algorithm is a little bit complex and given in

Fig. 3.1c.

Mapping the compound Byanjana Varnas, of Table 2.1e to 2.1g

are much complex. A first approach can be made by using a conjunc~

tive operator with the constituent byanjana varnas, i.e., for

mapping the Compound Byanjana Varnas, the constituent byanjana

varnas are to be entered in their normal shape'with a conjunc-

tive operator in between them. A software routine then decides

the shape of the Compound Byanjana Varnas by searching a table

of Compound Byanjana Varnas. In this method, a three level of

conjunction will be needed for mapping Compound Byanjana Varnas

,',I
:,'
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with two byanjanas, three byanjanas and four byanjanas. A more

complex algorithm will be needed in this method and such an

algorithm is given in Fig. 3.1d.A notable problem will arise

with this method that a considerable number of Compound Byan-

jana Varnasare of unusual shape, i.e., the constituent varnasof

these Compound Byanjana Varnas are not readily recognizable

from their shape. Entering these Compound Byanjana Varnas by

their constituent byanjana varnas and a conjunctive operator

will be problematic and slow for an ordinary text entry assis-

tant. This problem can, however, be overcome by a second approach,

where Compound Byanjana Varnas with unusual shape themselves

are to be kept as key-board primitives and other Compound Byan-

jana Varnas are to be mapped by their constituent byanjana

varnas and a conjunctive operator by an algorithm similar to

that of Fig. 3.ld. As, in this method, the Compound Byanjana

Varnas are to be mapped by searcning a table under a complex

algorithm, the process will be considerably slow reducing the

text entry speed. The text entry speed can, however, be impro-

ved by reducing the algorithmic complexity and a ~hird approach

can be made by keeping Compound Byanjana Varnas with unusual

shape themselves as key-board primitives and analyzing the con-

junction of other Compound Byanjana Varnas for devicing a simpler

algorithm. Conjunction analysis of the Compound Byanjana Varnas

with two byanjanas, three byanjanas and fourbyanjanas of Table

2.le, 2.lf and 2.lg are given in Table 3.2a, 3.2b and 3.2c

respectively. This analysis reveals that 31 compound byanjana

varnas are of unusual shape and ref ("), ~-fala, "-fala, •

fala; ~-fala, ,-fala, ~-fala and M-fala can be conjuncted as
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separate entities. At the first place, byanjana varnas conJunct

at three positions, viz., at the normal position, at the top

position and at the left-top position. At the second place, byan-

jana varnas conjuct at three positions, viz., at the right posi-

tion, ~t the bottom position and at the right-bottom position.

In the third approach of mapping Compound Byanjana Varnas, 31

compound byanjana varnas with unusual shape, 1 ref and 7 falas

can be kept as key-board primitives. For ref and 5 falas, except

~-fala and J-falaj a left operator can be introduced. When these

symbols are entered with prefix left operator, a software routine

then display them at the appropriate position. In other cases,

five position operators, two for the first place and three for the

second place, viz., top, left-top, right, ~ottom and right-bottom

respectively can be introduced. For entering compound byanjana

varnas, each constituent byanjana varnas of normal shape are to

be e~tered as normal or with an appropriate prefix operator. A

software routine then display the constituent byanjana varnas

at the appropriate position of the compound byanjana varna . As

no table searching is needed in this approach,algorithmic com-

plexity will be simpler than that of the second approach. Such

an algorithm is given in Fig. 3.1e. But the algorithm is still

complex and the text entry speed will be reduced by a huge number

of position operators. Moreover, various shapes and positions of

a single character are to be decided by this algorithm from the

same key-board input. These problems can, however, be reduced

by a fourth and final approach, where the number of the position
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operators (is~to be reduced by introducing additional symbols

on the basis of the conjuction analysis of the Compound Byan-

jana Varnas of Table 3.2ato 3.2c. For conjunction at the nor-

mal position, at the right position and at the right-bottom

position, key-board primitives of Table 3.1b are adequat",:l'1'suff-

icient. For conjuction at the top position and at the left-top

position, 17 small sized symbols of byanjana varnas are required

( Table 3.1e). For conjunction at the bottom position, 12 small

sized s~nbols of byanjana varnas without'matra' are required.

Among these,.51., •.• ,<>\ and'" are common with the, symbols required

for conjunction at the top position and at the left-top position.

Other 8 such symbols are required ( Table 3,le). Ref is required

as a separate entity. Among 7 falas, ~ is common with the symbols

required for conjuction at the top position and at the left-top

position. rI," and", are common wi.th the symbols required for

conjunction at the bottom position. Symbols for other 3 falas are

required ( Table 3 .1e) . ,31 Compound Byanjana Varnas with unusual

shape themselves are required to be kept as key-board primitives.

All these key-board primitives for mapping Compound Byanjana

Varnas are listed in Table 3.1e. In this final approach, three

conjunction operators, viz., bottom operator,left operator, and

right operator, will be required. Symbols for normal position,

top position, left-top position and compound byanjana varnas

with unusual shape are to be entered as normal. Symbols for ref
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and 5 falas other than ~ and I are to be entered with a preffix

left operator. Symbols for right position, right-bottom position

and~~)are to be entered with a preffix right operator. Symbols

for bottom position are to be entered with a preffix bottom

operator. A software routine then display the concerned Compound

Byanjana Varnas. The algorithm of this final approach is given

in Fig. 3.1£.

The Aksharas with unusual shape of swara-kars of Table,

2.1h can be mapped by the key-board primitives of Table 3.1f.

Among the 10 swara-kars, only ~-kar, ~-kar and ~-kar change

•

their shapes during operation on some specificbyanjana varnas.

A variant of ~-kar, i.e., ~ , can be introduced as .a key-

board primitive and other aksharas with unusual shape of ~-kar

are required to be kept as key-board primitives. For ,-kar, a

variant, i.e., 1, can also be introduced as a key-board primitive;
The ~-kar only changes its shape during operation on ~ and this

akshara is kept as a key-board primitive, because no benifit can

be obtained by introducing a seperate variant of ,-kar. The

variants of ~- kar and ,-kar, i ..e., v arid 1 , are to be

entered seperately at the right of the concerned byanjana varnas.

Happing of these aksharas with unusual shape of swara-kars is

direct and simple and the algorithm is given in Fig. 3.1a.
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The Numerals, Punctuation Marks and Special Graphic

Symbols of Table 2.1i, 2.lj and 2.1k can be mapped by the key-

board primitives of Table 3.1g, 3.1h and 3.1i respectively. The

mapping is direct and simple and the algorithm is given in

Fig. 3.1a.

In this method of mapping graphic molecules under software

control, a 172 key-board primiset of Table 3.1a to 3.1i is

required, which is much to be accomodated on a handy size of

key-board. If these 172 key-board primitives are accomodated

on a key-board with 47 main keys, 4 symbols are required to be

assigned to each key (one normal and three shift symbols) 'with

three conjunction operators, viz., bottom, left and right oper-

ators. Such a key-board lay-out might be as given in Fig. 3.2.

This method of mapping graphic molecules under software

control has the advantag~ that the graphic molecules can be

mapped in the conventional form. But this method does have a

lot of notable problems as follows:

- The numbers of key-board primitives are 172. For accomo-

dating these 172 key-board primitives on a key-board with

47 main keys, 4 symbols are required to be assigned to

each key, which is much problematic for human eye,

because the human eye can identify at most three entities

as a group at a time.

/ ~.,
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TABLE 3.10 KEY-BOARD PRIMITIVES FOR SWARA VARNAS FOR SOFTWARE
MAPPED GRAPHIC MOLECULES

TABLE 3.1b KEY':'BOARD PRIMITIVES FOR BYANJANA VARNAS FOR

SOFTWARE MAPPED GRAPHIC MOLECULES

<fa '!It. ~ ~ ~

S ~ ~ <:If ~

G ~ -S "G .-t

\3 -.:It ~ lit ~

'9f ~ "I ~ ~

21 ~ C'l -.t

"Jil ~ ~ ~ '1?

"C1 ~
0 D~ 0

TABLE 3.1c KEY- BOARD PRIMITIVES FOR DIACRITICAL MARKS FOR SOFTWARE

MAPPED GRAPHIC MOLECULES

, -:J,.

(-'-1, .
't ...}
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TABLE 3.ld KEY-BOARD PRIMITIVES FOR SWARA-I(ARS FOR SOFTWARE

MAPPED GRAPHIC MOLEC UL E S

t {"'1-

TABLE 3.1e KEY-BOARD PRI~.lITIV E S FOR MAPPING COMPOUND

BYANJANA VARNAS FOR SOFTWARE MAPPED GRAPHIC

MOLECULE S

.L

" .
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TABLE '3.11 KEY-BOARD PRIMITIVES FOR MAPPING AKSHARAS. .
WITH UNUSUAL SHAPE OF SWARA-KARS FOR

SOFTWARE MAPPED GRAPHIC MOLECULES

TABLE 3.1g .KEY- BOARD PRIMITIVES FOR NUMERALS FOR SOFTWARE

MAPPED GRAPHIC MOLECULE 5

TABLE 3.1h KEYTBOARD PRIMITIVES FOR PUNCTUATION MARK S FOR

SOFTWARE MAPPED GRAPHIC MOLECULES

TABLE 3.li KEY- BOARD ,PRIMITIVES FOR SPECIAL GRAPHIC SYMBOLS
FOR. SOFTWARE MAPPED GRAPHIC MOLECULE S

:It 1. + -)<. < > / % 7f , = & @

( ) tJ []
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TABLE 3.2a - CONJUNCTION ANALYSIS OF COMPOUND BYANJANA VARNAS WITH TWO BYANJANAS

--

Conjunction al the first place Conjunction al the second place

Lefl- Top' Olh~r RighI IBollom Right- Other
Remarks

Varna5 Normal Top Unusual Unusual." !speclal Boltom special
Position Posilion Position Position Shape Position P_~,sitioTposition position ShQp~

"l' ~ "l ""'>l' 3~'>\>~ "i: 'Ii
-

,
<If ~ "'">r
~ ~s ~ ~ <'Ji 'l>~ \1 ~

~ ~ <"Of
-------

~ ~ -e...r - $" 'f . ~d oes not conjunct

1'7 D) "e6 l:b :j3
-c-

E31 ~ Ef1I. ~

~ \!i ~ ~ ~ ~ :st
<I{ ::llI<rt :f> >Il~~;Sfi~otconjunct a

"rs. ",.,,,itinn

= :j3 ~.:sr~ "6'-$ '!l3 ~i.th ~~l the first pos
!lon areof unusua

S ~
@)- ~ <t q snape

-

~ 1iJ ih
;:, ~

~'S"T '9i!> ~ \3

«i Ei) 'l7"G

.,. <1) ";\ ~ ~ ~ ~ I "l> "1 fa la
;

\3 "'i' i3'l2t~ ~ ;:3>'0
"'if '2t~~

twrth '2[01' Slltlc.na position

<>f r?~_:.~ccpt ~r;,(e or unusual

l7 "0 '3 'i1't >:iJ "l1 "r
':t i<1:"'~~

twilh ~ 01 the second poSit

~
~~no.t1except \{or~ of U(lU$

'"I
'"



TABLE 3.2a CONTD.

(

•••
'"I

en

••tl'

Conjunction at the first place Con junction at the second place
Varnas Other Righl- Other RemarksNormal Top Left-top Unusual Right Botlom Unusual

Position Position position I ~'Pe.c.ial Position Position I ~oUftm
special

ShapeoSition Shupe OSI Ion position

~ 015 ~ ;(, ~ ~ ~ lil ~ ••- fala

o?t ~ ~ ...0 ~ ~

'2i> ~ """'"
~ <Jll ~ <tr ~ ~ '>.t l' ." fala

~ ~ \!ii l(!, -

~ ~ ':a ~ ~ <11;1
"""

"il tala

':i:l ~ <f) y tala
.

, Ref f~l at the first position
~ q. :E! ;a.;:a"" '-'4"'tal at I" secord posilio"

M ~ ~ ..r. ~ 1;{ l' ,,- tala
.

~'lOT "l61) ~ ~ ..

-

~ ':l ?{. ~ ~. ~
With ilO~~Ond position one

. is o!~~\IS I.shope and oth£
.

'5l ~ ~ ~ :x-~ "'fl ~.

~ ;1 ~"Al ~
'7;ldoesnol conjunct at the

~ fllst or the second position

'?
'qdoes not conJunct at the

. ,.,51 orthc secol"ld position

~ docs not CClnJUCted at lhe
l? fIost or the' second position

~ {
01 the fllSI poSluon._~~s Wtl 4
sepet'Qlely :I~the Sf-cond
DOsllion con uel onrY;'WII~

SZ
Ofthe 'ust Ofsecane POSllI

. ~IS wrl1ten sepelolcly

0
01 the first or second

"
positIon ••, written scperotely

()
tl"'

......
0" ,
, .j
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TABLE 3.2b CONJUNCTION ANALYSIS OF COMPOUND aYANJANA VARt':JAS WITH THREE BYANJANAS .

VARNAS CONJUNCTION AT THE FIRST PLACE CONJUNCTION AT THE LAST PLACE WITH REMARK S

WITH COMPOUND BYANJANA VARNAS COMPOUND BYANJANA VARNAS WITH

WITH TWO BYANJANAS TWO BYANJANAS

Left-top. position Spec ial position Special posi t i on Un usual shape

~. ""~
With ~only

or{ ~
-ifala with

.

~
., ;q fala

'Jl
~

~ tala with.

~
\:io1 J fala

~
rot ~ a :s"t Cl5- ':i!I ref ( .lland

"'-fal~

".

l-' ,.

W
I

U'I
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TABLE 3.2c CONJUNCTION ANALYSIS OF COMPOUND BYANJANA VARNAS WITH FOUR

BYANJANAS

-c

Varnas
Conjuct ion at the lost place with compound Byanjana

Remarks
varnas with three Byanjanas

.

<J ~.
<[-1010

':fl ~5 "S- lola

••••
I

a>

l
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Start

Read key-board
Input & Save

Display the
Character

Increase Curso r
Position

Stop

Read key-baord
Iriput & .save

Display the
character

Increase Curso r
position

Fig. 3 .la: Algorithm of Mapping Swara varnas,
Byanjana Varnas,Aksharas with unusual shape of
Swara-Kars, NUlnerals, Punctuation Marks ana
Special Graphic SYltlbOlSfor Software dapped
Graphic Molecules.

Read next key-
board Input &
Save

Display the chara-cter at approprl-
ate pcsitioJ

Fig. 3 .lb: Algori thlilof Using Diacritical ["larksfor Software
Mapped Graphic MOlecules.
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Start

Read key-board
Input & Save

Read next key-
board Input &
Save

Decrease Curso r
position

Yes

Display verti-
cal part

Increase Cursor
Position

Display top
part

No

I

IIncrease Curso
Posit~on

I
I

DiSPlJy the
Charadter

I
I 1<0

Is

Display e chara-
cter at the appro-priate position

Increase Curso r
Position

Increaise Cursor
Positilon

I

Increaise Cursor
Posi tilon

Fig. 3.1C Algorithm of Using Swara-Kars for Software Mapped
Graphic Molecules.
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Count - 0

Head key-board
Input & Save

of

Count = 1
yds

I

31
~~

I

Head next Key-
board InpuJ

Is Yes
Conjunctive
erator I

~o I
~lovethe character
to next position
of ConjunctiohBuff

Yes

Count =
Count + 1

Yes

YesEnd
key-boarEntry

Is
Conjunctiveoperato

Count = 0

Increase Cursor
Position

No
Hove the Characte.
to firstposition
of ConjunctionBuff; r:-
!Display the
!Character

Decrease
Position

I
Search l~le Using
ThD CharacterI Con
junctionBuff~r

Move searc e
Characterto firs
positionof Conju.

Display th~
Character

I
Increase cJrsor
Position

3.ld: Algorithm of Napping Compound Byanjana Varnas flom Consti-
tuent Byanjana Varnas of Normal Shape and a con!unctive
Operator.
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Stop

Decrease Curso
position

~~~~~~~~curt r
I

No I
IsbTl.positioliloperator

Yes I
Read next key-
board Input /;
Save .1

IYes,

Display the
character

Yes
Read next key-
board Input &
Save

No
Display the chara-
cter at appropria-
te position

No

Stop

No
crease Cur so
sition

Yes
Read next key-
board Input &
Seve

I: 'ad key~boardL .put & Save

l
Display ref or
falas at appropri-
ate position

Display the chata-
cter at the bottcm
position

ncrease Cursor
Position

Pi 3 .le: Algori thr,lof !'lapping COli1pound Byanjana Varnas from Consti-
tuent Byanjana Varnas of Normal Shape and Position Operators,
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Increase Cur$or
Position I

I
Display the
Character

Read next key-
board Input 8.
Save

I
I

No I
Decrease Cursor
Position I

I

Display the chata-,cter at appropr~-
ate position

No Is
ottom opera-tor '

es
Read next key-
board Input &
Save

No
Display thechara-
cter at appropri-
ate position

No

Yesd
of key-boara
Entry ?

No
Is

Left Opera-
tor

Yes

Display the chara-
cter at appropri-
ate position

No
Decrease Cursor
Position

Read key-board
Input & Save

Ilead next key-
board Input &
Save

Increase Cursor
Position

j~ ~Fig. '3.If: Algori thm of Happing Compound Byanjana Varnas from Special
Shaped Symbols and Conjunction Operators.
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- Remembering the location of 172 primitives on a key-

board will be difficult.

- The algorithm of implementing this method is highly

complex and the speed of text entry, processing and

displaying the text will be highly slow.

- This method can only be used in dot matrix printer.

The 172 symbols can not be accomodated on a Daisy-wheel

or a Line PJinter.

- Computer resource requirement and overhead will be consid-

erably high in this method.

- This method can not be used in real-time applications.

3.4 KEY-BOARD PRIMITIVES SELECTION FOR DIRECTLY MAPPED GRAPHIC
MOLECULES

To overcome the problems associated with the method of mapp-

ing graphic molecules under software control, a method of direct

mapping the graphic molecules is required. In this direct mapping

of graphic molecules, a set of graphic primitives are needed such

that each and every graphic molecules can be generated by concata-
nating these graphic primitives, i.e., in this method, each and

every graphic symbols are to be entered and displayed or printed

seperately as a seperate entity and all graphic molecules are to

be generated by these graphic symbols. The same set of graphic

primitives are to be used as key-board primitives and the selection
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of these graphic symbols should be such that

_ each symbol has its own lexical meaning such that, when

represented internally in a computer.system, lexical

analysis can be done on the symbols

_ all symbols can be encoded by a standard size of code bits

_ all symbols can be accomodated on a standard size of key-

board

_ all graphic molecules can be directly mapped adequately by

these symbols without the help of any software facilities

such that the same Key-board can be used in an electronic

type writer.

Selection of Bengali Graphic Primitives and their key-board lay-

out Are discussed in the following articles.

3.5 SELECTION OF BENGALI GRAPHIC PRIMITIVES

In the letter press printing of BengAli texts, no standard

is being maintained about the shape of the Bengali compound

byanjana varnas. The shape of these compound byanjana varnas.

varies widely from one letter press to another. On the other

hand, the shape of these compound byanjana varnas of lino-

type is completely different from that of letter press prin-

ting. For selecting the Bengali graphic primitives, need for

the standardization of shape of the Bengali characters is
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felt. For selecting the graphic primitives for the present

work, a shape for each character has been assumed and graphic

primitives are selected. based on that proposed shapes. Proposed

graphics of all the Bengali characters of Table 2.1a to 2.1k,

along with present lino-graphics, are given in Table 3.5.

The Swara Varans of Table 2.1a can be mapped by the graphic

symbols of Table 3.3a. ~ is to be mapped by concatenating ~

and T of Table 3.3d. ~ 'or \!lTI are to be mapped by concate- t

nating ~ or ~, ~ of Table 3.3e and 1 of Table 3.3d.

_.0.

The Byanjana Varnas of Table 2.1b can be mapped by the

graphic symbols of Table 3.3b~ The shape of ~ and internal ~ is

identical and for that the internal ~ is to be mapped by the't.

The Diacritical Marks of Table 2.1c can be mapped by the

graphic symbols of Table 3.3c. All these three diacritical

marks are to be placed at the right of the concerned varnas.'.

The Swara-kars of Table 2.1d can be mapped by the graphic

symbols of Table 3.3d. 1 ,,,,:., :..'~ and t are to be placed

at the right and f , , and t are to be placed at the left

of the concerned byanjana varnas. f and 1 are not overlaped
c: l is

and'

on the concerned byanjana varnas,

1 and t 1 is to be mapped by r.
to be mapped by C and
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Graphic symbols for mapping Compound Byanjana Varnas

of Table 2.1e, .2~lf and 2.1g are selected based on the conjunc-

tion analysis of compound byanjana varnas of Table 3.2a, 3.2b

and 3.2c. In the case of compound byanjana varnas with two

byanjanas, for conjunction at the normal position, graphic

symbols of Table 3.3b are adequately sufficient and the second

varnas are to be placed'as applicable as discussed latter. For

conjunction at the top 'and left-top positions, 16 specially

shaped small symbols of byanjana varnas are introduced which

are to be placed at the left of the second varnas of normal

shape and size. Among the 17 cases of conjunction at the top

and left-top positions, 16 specially shaped small symbols of

byanjana varnas are introduced and no such symbol is introduced

for t , because t conjuncts in this position for o~ly one case,

i.e., ~ , which is not presently used in Bengali text and can

be represented as "G:t if needed. A symbol for ref (.t) is

introduced which is to be placed at the right of the concerned

varna.s. For conjunction at,the right, bottom and right-bottom

positions, graphic symbols of Table 3.3b are adequately suffi-

cient, which are to be placed at the right of the concerned

specially shaped smallbyanjana varnas as applicable. For

conjunction at other places, 7 fala symbols are introduced,

which, ,except •...•, are' to be placed at the right of, the concer-

ned byanjana varnas arid the ""' is to be superpos'~_~bunder

the concerned byanjana varnas as the aesthetics is highly
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hampered if --< is placed at the right of the concerned varnas.

In the case of ~ , _ , "l!l: , ~ and ~ ,all two byanjana

varnas are of normal shape. In this case, specially shaped

small varnas are used at the first position for ~ and ~ with

normal varnas at the second position. For other cases fala

symbols are used at the second position with normal varnas at the

first position,as no specially shaped small symbols are introduced

for ~ and ~ Among the 26 compound byanjana varnas with two

byanjanas and with unusual shape, 7 are kept in their unusual

shapes and other 19 are proposed to write in,their normal shapes,

i.e., writing two byanjana varnas side by side or superposi~g~1

'"" as applicable for other cases. ".ll> and '15' are kept in their

unusual shapes because their sound is completely deviated from

the conjunct sound of their constituent varnas- ~ sounds like

~ and \S> sounds like and "lIh are kept in their

unusual shapes because no additional benifit is obtained from

spliting their shapes. "\'S" ,':2! and 1l> are kept in their unusual

shapes because aesthetics is highly hampered on spliting their

shapes. An additional specially shaped small symbol for ~ is

introduced to split the shape of all the unusual shaped com-

pound byanjana varnas with ~ at the first place. In the case

of compound byanjana varnas with three byanjanas, specially

shaped small symbol for ~ , ref (.L ), "f-fala, 4-fala, ~ - fala,

)~ fala and ~-fala are to be placed at the appropriate place

with the appropriate compound byanjana varnas with two byanjanas
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of proposed shape as applicable. All 5 unusual shaped compound

byanjana varnas with three byanjanas are to be written in their

normal shapes, i.e., ~ is to be superposed under the concerned

compound byanjana varnas with two byanjanas of proposed shape.

In the case of compound byanjana varnas with four byanjanas,

4- fala and ~- fala are to be placed at the right of the

concerned compoundbyanjana varnas with three byanjanas of

proposed shape. All these graphic symbols for mapping compound

byanjana varnas are given in Table 3.3e.

All Aksharas with unusual shape of swara-kars of Table

2.lh are proposed to write in their normal shapes, i.e.,:, ~

and ~ are to be placed at the right of the concerned byanjana

varnas or compound byanjana varnas of proposed shape. So, no

additional graphic symbol is needed for mapping aksharas with

unusual shape of swara-kars.

The Numerals of Table 2.1i can be mapped by the graphic

symbols of Table 3.3f.

The Punctuation Marks of Table 2.lj can be mapped by the

graphic symbols of Table 3.3g. Hyphen (-) and dash (-) are

to be mapped by the same symbol for hyphen ( - )..••and" are

to be mapped by the saine symbol 1/ and • and ., are to be

mapped by the same symbol I
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The Special Graphic Symbols of Table 2.1k can be mapped by

the graphic symbols of Table 3.3h. Minus sign

mapped by the hyphen symbol (-) of Table 3.3g.
) is to be

All these 131 Bengali Graphic Symbols (BGS) of Table 3.3a to

3.3h are given in. 'rablp.3.4 in their lexical order. Mechanism of

generation of all the 434 Bengali characters by the selected

Bengali Graphic Symbols are given in Table 3.5 along with present

Lino-graphics and propose~ graphics. The algorithm of mapping all

these Bengali characters is simple and given in Fig. 3.3.

3.6 STATISTICS OF THE BENGALI GRAPHIC PRIMITIVES

1Prabir Kumar Das , in 1976, made a survey'on the frequency

of occurrence of Bengali characters on the basis of 43,126 no. of
occurrence (

Gourhari Das
appendix B ). Another survey was made in 1984 by

4et al. on the frequency of occurrence of Extended

Sen & Datta Graphic Symbol Set (SDBM) on the basis of 66,752 no.

of occurrence ( appendix A). During the present work, another

survey was made on the frequency of occurrence of Bengali charac-

ters on the basis of 16,090 no. of occurrence from various recent

periodicals covering poetry, general article, technical article,

international affair and literaturecritisism etc. at random.

This frequency of occurrence of Bengali characters is given in

Table 3.6. Combining all these three survey reports (Table A-2,

B-1 and 3.6), frequency of occurrence of the Bengali Graphic

Symbols (BGS) has been computed on the basis of 140,688 no. of
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TABLE 3.3a GRAP HIC SYMBOLS FOR MAPPING SWARA VARNAS

TABLE 3.3b GRAPHIC SYMBOLS FOR MAPPING BYANJANA VARNAS

TABLE 3.3c GRAPHIC SYMBOLS FOR MAPPING DIACRITICAL MARK S

•...
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TABLE 3.3d GRAPHIC SYMBOL S FOR MAPPING SWARA- KARS

T f -
TABLE 3.3e GRAPHIC SYMBOLS FOR MAPPING COMPOUND BYANJANA

VARNAS

••

TABLE 3.31 GRAPHIC SYMBOLS FOR MAPPING NUMERALS



3 - 32

TABLE 3.3g GRAPHIC SYMBOLS FOR MAPPING PUNCTUATION

MARKS

•,) . /I •

TABLE 3.3h GRAPHIC SYMBOL S FOR MAPPING SPECIAL GRAPHIC

SYMBOLS

:It 1. + X < > /%

{3 [ J

- & @ ( )
•
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TABLE 3.4 BENGALI GRAPHIC SYMBOL SET IBGS)

o 2 3 4 5 6 7 8 9

o

2

3

4

5

6

7

8

9

10

II

12

13

'3l '" ~ ~ G ~ <!l ~ \S~

-3 0 0 ~ '!:It st 'i:t ~ D &"' 0

~ <J.t \Q3 S 15 \5 lP <i '5 ~

.

Yi ~ ~ '9\" ~ <I \!1 ~ ':Q ~

c;;1 ~ ':q 51 ~ ~ ~ 1? S 1

f '\- - - - <: t t q. .-
"'- "'- <.

'b 17 ~ ~ '5 <' ,:; "" 9- <r

~ n; "$0 IS" "'>' -" of ;j - '1••

"5 ~ ~ ~ ~ \3 '2f ~ ?\l
-l

~
'"- 0 ~ <. '=> 3 a \.':>

"-

Cj if ~. . I ? ! -
. ~ ; .
II I =If 1 + < > / '/,.x ..

* = & @ ( ) t } [

]

- I.

,~ ,-.
)- ,,'.
'.. \

(36 )= \!; (127) •• { etc.

••._~.f
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TABLE 3.5 SCHEDULE OF BENGALI CHARACTERS, PRESENT L1NO-
GRAPHICS) PROPOSED GRAPHICS AND MECHANISM OF
GENERATION BY,BENGALI GRAPHIC SYMBOLS (BG S )

Characte- Present Proposed Mechanism Characte
,

Present Proposed Mechanism of
rs Lino-. _ Graphics of generation -rs Lino- •• Graphics generation by

Graphics by BGS It •• Graphics BGS ••••

-

'5l \5l \51 ( 01) If 't -t ( 27)

'SIt 611 611 (Oil (49) '" \3 '" (28)

••• -'" -" (02) ~ , ~ ~ (29)~ ~ :i!

-'" ~ ~ (03) I'i l:i 'l'i (30)
, "r

;s ~ ~ (04) '"
,

'" !If (3\ )

~ ~ \i3 (05) 01 ~ 01 (32)

~ ~ ":4l (06) "'i "'i '9f (33)

~ ~ I!l (07) "if 1:i' ~ (34)

~ C ~ (08) <i <f <i (35 J

\8 ~ '3 (09) '\& ~ -ee; (36)

.;3 -8 3 110) ~ ~ '~ (37 )

~/~ GlYI/ l=lJ] \:il51/~Jl IO~~:I,~~!+~~~~~ ~ ":il (311 )
01 .•

<i' <i' •• (13) ~ <;r 'i'l (39)

-ot ~ ,
-lit (14) ~ ~ c;:j (40)

"" """
~ (15) <I <f (35 )

'il 'il 'iI. (16) 1111 1fif 'l5t (41 )

<!I ol!l ~ (f7) '2 ":if ~ (42 )

1> 1> 1> (l8) ~ ~ ~ (43) "

v.z. "i. 'it. (19) ~' ~ =<! (44) ,

\5l ~ ~ (20) ~ ~ ~ (45)-

41 Ql <il (211 ~ \!? '? (46)

~ ~ -=P (22 ) to tP ~,

(47)
,

G G G (23) ~ ~ ~ (48)

~ ~ ~ (24) " ~ " (11 ).•..• ....• .
,

(25 ) 0 " " (12 );S \5 \5 " " 0

(27 J •• •• ,
( 90)1:> 1:> 1:>
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!characters

-----

Present Proposed Mechanism Characle Present Proposed Mechanism of

I Lino -' Graphics of generatio -rs Lino- Graphics generation by
I ••
I •• by ,BGS •••• Graphics BGS" ,.
, GraphicsI <

!

! - - (91 ) <Yi ~ "P'iit (63) .•. (20)
'" - -

I . '" '" ""' (921, ~ 1:P4I (63) + (21)

1 .
"{ T (49) ~ ~ ~ (85 )

f
- ~iI G-~

. f' of (SO) (23).•(91) + (24).,

'1 , ~ ..
..

(51 ) ;&5"1 ~sr (64) -i" (\5)

( 52) ~ '5'5 ~\!:> (64) -i" (2 S)

'" 0.. . . 0..
- (53) ~u ~u (64) -to (~6)

"'- '" '"- - (54 ) coG ~G (6S) -\" (23)
<.. <. <.
r; C;; ~ (SS ) ~ ~~ -~ (6S) + (24)

~ ~ t (56) ~ ~"I& -\5 (6S) + (2S).

~t <:'1 G1 (55)+(49) -u ~G (65)+ (26)

?;1 ~T ~T (55) + (57) ~ 'l5 -a (B6 )

$ $ 'l'q. (58) +(13) '2( '2( (B71

<l">t "'''! (58) +(14) 'iff ~it (66) .•.(15)

~ ~, q:t- . <loG (58) +(23) ~ "'il (66)-to(l6)

I
'0' ~,<fo~ "''0 (S8) 1" (2B) "1 .;~ 1i'i (66) + {30l

!
.'i1' ~ ~ ( 83) 1jj ..~

I "l:f (66) -to (31)

I ~ ~ CI'''l (5B) :;: (43) ~ Ii@; I 'i~ (66) + (36)

"Ji .
'l'S'{ (59) + (15) ~ ~G ••r- (67) + (23)

<\;f ..~ (59)1"(16) ,,~ ~':! ;:)j (67)1"(24)

~ "'if (59) +(31) "'!> "\5 "\5 . (67) 1" (25)

~ ';It. ~~ ol!1<f> (60) + (13) "'!" -'::'3 ••.\5 (67) + (2 B)

~ ~~ '!>':It (60), + (.14) ~ - ~ ) ';\2{ "'2( (67) + (29)

~ <!>'5'T ~?t (60) + (15) 0Jt "'Ii 7<1:1 (67) + (30)

~'il <!Oil <!l'il (60) + (16)
,

"'l:f (67) + PI)~ 7<!l'
69 6t; Pl' (61) + (18) ~ -;::~ -;:~ (67) l' (4'3)

~ ~ 6!1l. (61) +(\9) ~ .••a (68) + (23)

1''''l3 '6~ 16t) + (22) ""0 "'0 "''3 (68) + (2 B)

~ ~ ~~ (62) + (20) <;£ .•."", """'t (6B) -to (33)_.-

"'<II '"'<R (62) + (21) ~ "''5jo (6B) + (34)

\9io 'ilii' ~ (114) .•••5:[ "'5:[ (68) + (43)

';p "'.'9 •.••1> (63)4-(18) ~ "1St (691 + (20)

T ~ ~.~ ""Ii (63) + (\9) 4, ,,~ <I"i (69) -;- . (30)

()
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Present Proposed Mechanism Pr esent Proposed Mechanism of
Character s Lino- Graphics of generation Characte Lino - It Graphic s generation by

>f
Graphics by B G5" It . -s Graphics BGS1f •••

--
~ <l~ 'Ill' (69) + (311 ~ 'iIOl ( 16 ) + (77)

'!S <l1@i (69) + (36) ~ . ";I (65) + (32)

>l'l'i ]I;'l'i ]l;9( (70) -+ (33) ~ ~rf (44) -t (76)
.

>l:£r '>:Ii' (70) + (34) 'iii ';;>l G::I (28) + (77)

~ ~"" ""Q; (?O) -to (36) ~ l(;j (31) + (77)

':l- o"P<f t;'.q; (71) + (13) :I "0'1 "'" (67) + (32)

~ ~st (7\) + (IS) ~ "';I "';:a (68) + (32)

i& n:j; ;;;[j 171l -to (23) 11 ~~ "s;;l (70) + (32)
..

~ ;;'\5 ~\5 (71l -+ (25) ~ --0'1 .•••;:a (72) + (32)

~ ~""l ~""l (71l -+ (33 ) ~ "';:a "'01 (74 ) + (32)

n:lir ;;:.~ M~ (71) -+ (34 ) ~ ~ ~~ (44) + (77)

~ ~\!> (71)' -to (36) ~ <10; (13) + (78)

I iTl~ ~~ (71) -+ (44 ) ••• "'<{ (59) + (35)

.,.,; "'6 ""& (72) -+ (18) "'.I \91; ~;; (20) + (78)

.•..~ "'l?{ (72) + (19) ~ n;; (23) + (7 8)

~. """"1' (72) + (41l 'i . ~~ (25) + (78)

~ <>.q. 'l>.q. (73) + (t 3) -I ~<l ~<I (65 ) + (35)

•••.-=1' zr.:p (73) -to (22) ~ G:q '5'4 (28) + (78 )

~ "'& ts:~ (73) + (23) "l;\ ">.l;; (29) + (78)

~ 1» ~); (73) + (24) 'a '1~,I;;; ..•~ (66) + (35)

~ ~ "$ (88) * ~;; (31) + . (78)

$1>f <$'91' <>''"'1' (73) + (:i3 ) ~ '=J "'<I (67) .•. (35)

~ lS',.. (73) -+ (34) ~ 'Rl <rei (69) .•. (35 )
- ---- ----

~ ~q. "<F (74 ) -+ (13) ~ ~'<l ~4 (70) .•. (35 1
.._.

"'""I >:~ (74) + It 4) ~ ~'4 (38) + (78)

<:l
-

5t ~G "G (74) + (23 "'4 (71l + (35)

""'-.:0 ~;::, "'\3 (74) -+ (28) -....t. lO'<j I .••.<i (72) + ( 35)
---."-

~ ~:>':>I '5':>1 (74) + (29) ~. 'II;; (42) • (78)

:A1-..{ "''''1 '5''Pf (74) + (33) ~ "'<f "'<i (74) + (35 )

~ '5',.. (74) + (34) ~ ~;; ~;; (44) + (78)

~ .. ~ .~ ( 89) .~ 'fJ (13 ) + (79).
'o::t "'<'{' (59) + (27) "'Q ""tl f'l0l 115) + (79)

'i:J
. 'ij<f (161 -+ (76) ~ lSo>l (17) + (79)

i .:f .
r<t (£lSI + (27) ~ 3hi ("20) + (79)

I ':t "';;j .•..;;j (59) ..• (32 l\\ ~" (23) + (79) -
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Characters Present Proposed Mechanism Character~ Present Proposed Mechanism

Lino:" * Graphics of generation Lino- Graphics of generation
by jS G 5""

. It bySGS" ••Graphics Graphics

\5iI. Oil (25) ;- (79) ~} ~} ~3 (37) + (80)

A~ ~~ (65) + (37) ':ilJ ':il} ':il3 (3B) + (B0)

QQ 'Oil. ;:;'1 (28) + (79) CVI~ M} M"5 (40) .• (B0) ,
.'

'i1 'i~ '11>:1 (30) + (79) 1tI} >Of} aot) (41) •• (BOI

I '1;1 "'I (31) + (79) "lilJ ':iU ' ~J (42) + (eo)

,,~.. "'l ,,~ (&7) + (37) '$I} '51) 'U (43) + (80)~

,
"l{ ..," (33) t (79) ~} ~'S (44)+ (eo)

. ", --
,.::\:~ '" '"':II J:'Jt (70) .• (37) ~ $ $ (13)/(81) .-
~

' "'~ (71) + (37) ~ ~. (14)1(81)

1IJl ""it (41) + ( 79) .jl .jl $t (15) I (el)

eP>l l>~ (73) .• ( 37) .9 ~ (l&) I( B1)

~ ""'51 'S''51 (74) -+ (37) ;a. ~ ~ (20) l(e1)-" 'fJ '<f} <i'} (13) + (80) ~ ~ ~ (23)/(B1)

J.>{} '!ll5 -'JI.I (14) + (BO) SI .sa ~ (25)/{Bl)

"'1} "5 ""'5 (15) + (80) a .::l ~,
(28)/(e1)

'>lJ "i1} (1&) ..•. (80) ~ 31 (29)/(81)

l>.l 'E» 17; , (IB) + (BO) -.5 l'i -.5 (30)1 (Bl)•..•
~) ~) '. (19) + (80) ~ ~ (3t1/(Bl)

~ '3;5 ~3 ' (20) .•. (BO) $I: ~ <!l't (3 3) I ( 81)

GJ U,) GJ (23) + (80) ~ ~ !f (34)/(81)

~5 ~) (24) .• (BO) -?l ~ ~ (35)1 (Bll

;03 '5J (25) .• (eO) ;!a ~ ~ (36) I (81)

e; 'GJ (2&) + (80) '!! :B (37) 1(81)

-u -U (27) + (80) ~ i!ll" & (41 )/(BI)

'3J ""J "') (28) +(80) I ~, ~ Zl (431 I ( 8 1)

?ol) ~ ?tJ (29) + (BO) ~ ~ (44)1 (81)

113 l'i3 ~ (30) .• (801 ~ :f <i'.;l (13) +(82)

~} ~ ~ 1311 + (BO ) ~ "'<'1 (59)+ (40)

-;jJ ;j) O1J (32) + (80) 'tT 1:1 .•••<'\ (&e l-t (" a )

45 "i13 45 (33) + (8,0) ~ ~~ (34)+ (82)

"itJ ' "it3 "it) (3L.) + (801 ~ <l0l ('35)+ (82)

<fJ <rJ <1) 135) .•. (80) ~ 'b;;l (36) + (82)

'!:oJ '!O} 'Y) (3&) + (8 0) ~ "c:'l "'c:'l (70) + (40)-_. .
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i 3 - 3 &

Charactersl Present Proposed Mechanism Character Present Proposed Mechanism of
Llno.- Graphics of generatior Lino- Graphic~ generation
G .* * •• •• BG 5 ••••

raphlcs by B G 5 Graphics by

~ "'rI ;;;rI (71) + (40) ~
~. (83) 1- (76 )

'1ll ..•", ,.'" (72) + (40)

~ "'C'I (74) + (4 0) ~ 'loll 'lo:l (83) ..• ( 79)

~ ~;l (44) ..• (S 2 ) '5') $S $J (13Y\81)+ (80)

~ :q." ~" 113) + (75) s-1 ";IS (l3H8'2)+ (801
,

'>l" (83) ~ (BO)oil{ (\4) 1- (75) ~J ~1 """'5
-<t ..r .-r~ (15) + (75) ~ "Ol~ (59) + (32) + (SO

...t l;l~ "il~ (16) + (75) ~ -!f5 n5YI8l) -to (BO)

~ 5" '1>" (lS) 1- (75) ~) 6'1':5 ( 60)+(I3)+(BO)

Ii ~" (19) + ('75) OI'J ~1'f5 (60)~ (15)+(&0)

~ ;gf w(- (20) + ('75) '6'ilJ oII'il} (60)+ (\6)+(60)

<II <l\~ (2l) -+ (75) ~J ,,~} (65)+ (24)+ (80)

iJ 1';" ~'" (23);' ('75) ~J •.•'!:I} (65) + (25)+(80)

~ 'ff ",," (25) ;. (75)
. (28) + (79)+ (80)~) \3~

.( '1'" ~" " (2&V(81)-+ (80)(27) + (75) ~ ~~
,

'" _J. (28)+ (75) (66)+ (35)+ (80)
'" '"' '"' 'a'S >;<r~

,.f ?t~ ?t' (29) ;. (75) ~ ""\3J (b7)+ (28)+(BO)

C. ,," I'i" (30) + (75) ~J '" 1;) (67) + (30);.(80)

~ ",' \l'" (31) + (75 ) ~) "'~ ""\I} (67) + (31)+ (BO)

of . Ol" Ol.i (32) + (75) :lJ '" ~} (67) -+ (32)+(BO)

9{ '91'" ...r (3~) + (75 ) ~ 'P'<.OIl 'P'rlJ (68) -+ (40) + (80)

~ "",.L ~J. (34)+ (75) "il>J ':IPJ (88)+ (BO)

~ <{'" <£" ' (35) + (75) ~ ~~j (73)-..(23)'" (80)

~ _.L -'" (361+ (75) <03 It'~J (73) + (24).+(BO)
1& '" '".,( ~. ~" (37) + (75) """J !t:RJ (73) + (37)+(80)

~ 'ij'" 'ij" (38) + (751 '>l» os!!>} ;:~J (74) -1", (23}-t(80)

c;( <.01" ",'" (40) + (75) >b) 'S"G3 (74)+ ('28)+(80)

-.of 'l«.i ...,' (41) + (75) ~
~- (58)+ ('2BY(81)

.
'S

">\ ':il'" ':il~ (4'2) + (75 ) :1' 63l' (60)-l-(13)/(Bl )

,,( . "," ",.i (43) + (75) <!o~ 6'2:1 (60l.r( 14)/(81)

..J .L (41, ) -+ (75 ) .!I '$:ij (60) + (16V(Bl)
"1 "?

f ~.L (48) ..• (75 ) ~ OS (611-+119)/(81)->h~ ~ (.60) + (83) ~ <'Sl (65)1'( 25V(81)

, ,
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CharacterS Present Proposed Mechanism Character, Present Proposed Mechanism of
Lino-

*
Graphics of 'gene ratio . Lino- Graphics generation by,.

Graphics by BGS" " Graphics B GS ,. ••

a gj (86)/(81) 't oif\!,.L (69)+ (36)+ (75)

~ ""I ,,- (67)+(28)1(81 <tJ -a"s 35) + (75)+(80)
~

__ iff "'.!j "!j 67)+(30)/(81) ..u "ll' (70)+ (37)+(75)

1t "..!f 1(7) + (31)/(81) 'if; "l"J ':Q"; (38) + (75) +(80)

"'~ ~~ ,,~ (70)+(33)/(81) "i .•.~' .••.~' (72)+ (35)+(75)

~ "$ (70)+(3&)/(81) ...,. ....~ (B8)+(75)

"'.!i- "'s (73)+03)/(81 ) "li\J "'1'5 (42) + (75)1-(80)

~ ""if &'3 (73)+(23)/( 81) ~ >;'1"; I {,~~!;!~~,l+
6J$f ..~ (7~)+(33)/(81) t -c;S:t:;t (6)+(31)~(78)+(75

'& '-fi 5'"& (74)+(23)/(B1) >U'~ "ll"S 70)+ (37)+(75)+(~

~ "3 ' "'S; (74) +(2 8)/(81) ~~ ~>l~ (83)+(79)+(80)

"'~ ~~ (74) + (33)/(81) "'!::l') -gl) 67)+(281/(81)+(80)

'51' ~- (B3) +(78) ~~3 <!>~5 (60 )+(8 3) +(8 0)
• •
~ "Ii(:' (61)+(19)+(7 8) ~ ..,.- "1- (15) + (52)•. •.

----.--~~

~ 'lf~-;; ~-; (62)+(20)+178 ~ 1i':" ~:. (39) + (52)

I--'--~ :3~ <Ei; (86)+(78) ;;, ~.:. c;l~ (39)+ (53)

~ ;;0:; (67)+(2B)1{78) ~ ""- -.or- (4ll + (52)•. "'f--. .- ----
'!i ;i;'i.i "t:t; (67)+(30)+(78) "!l ~:... ~ (44) + (52)

.'i(s 'ii's. (16)-1-(75)1-(80 ~ "!(~ :/;:. (44)+(54)

sf, "6~ (61)+(18)+(75) "'S ;;:~ I •• 'i... ;:;."-='::. (67) + (28)+(52)

~ "fii<~ 61)+(19)-.(75 ~ ;;:.e;,:.. (71) + (15)+ (52)

~ ~~ 62) + (20)+(75) ~ "!I "'- ~'C;.. (74)+ (28)+(52),'i.

~ u>'J 126)+(75)+ (80) ~ ~:.. ~-;... (28)/(81) + (52)

-Ij -it) 27)+ (75)+(80 a, og;'" (28) I(B 1)+ (53)

.~
~L (86)+(75) I .s- . 5:- (3Ol/(B I) + (52)

\35 '5"'5 (28)+ (75)+(80, Si . ~:.(30)/{Bl).H53)

-;f <>11 29)+ (75) +(80 • ,*,. ~~ (31)I(BI) -+ (52)

ti,
.

<;1';" 6~)+ (30)+(7 5) ~ ~~ (31)/(81) + (53)

. ~ .l'f' (66)+(31)+ r;5)! ~ ~- (3 31/(81) ~ (52)"'..._------ - --- -
tj <;.elL (66)+(35)+(75) . ~ ~. (33)Il a 11+ (53)•...
<;J 11.L; (30)+ (75)+(80) '* . ~:.. 35)/(81)+ (52)'

5 .s~ 5" (30)/ (81)+(75) ~ ~ (35)/(81)+(53)

~ ~~L 31)+ (78)+(75) ,0 -.!>' ~:.. (36)/(8n .•~

~ "'Ii (69) + (35) -+ (7S) 3h ~~ (3 6 )/(81)+ (5~
'--- ----- -
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I
fhoracters Present Proposed Mechanism Character Present Proposed Mechanism of

Lino- Graphics of generation Lino- Graphics generation by•• ••I Graphics b BGS •••• Graphics BGS ••••,y
., ,

-
! ~ ~;;,. :!l;:' (41)/(81)+(52) "/. Yo Yo ( 119 )

--_ .•._ ..
I ~ . -!lc:. (41 )/(81)+(5 3) * *" (120 )

I * .,,- (43)1(B1)+(52) . ( 12 I )-...
laJ. ~c:. 43)/(81) +(53) - = (122 )
0 0 0 (93 ) & 8- (123 )

~ :.> :> (.94 ) @ @ ( 12 4 )

:z ~ ~ (95 ) ( ( ( ( 125)
\:) \:> \I:) (9& ) ) ) ) (126 )

! 8 2. 8 (97) ~ t ( 127)

I <Z e e (98) } ) ( 128 )
,

0 0 (99) [ [ (129 )i 0

9 9 "\ (100 ) ] J (130 )

\r \r Ir- ( 10 I ) (131 )

I
-l> .;> .;> (102)

> , , (103)

;; > ; (104 ) .

. . (105). . .
I I I (106)

? ? ? (107)

I ! ! (l08 )

- - - (109)
- - - 11(9)
~, " (I 10 )
» " (\10 ), , - - .... -

I (111 ), , I ( 111 1
I # # (112 )
;

1: tI ( II 3 )I + + (114 ) .,
I - (109 )i -
i x X ( II 5 )
I < . < (116 )I
I > > (117)
r / / ( 1 I 8 ) .

.
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* Note: 1. An empty entry indicates no character found
during survey.

2. More than one entry means more than one graphics
found.

** Note: 1. ) means graphic symbol of Table 3.4
corresponding to number enclosed.

2. + means concatenation.

3. / means superposition.

, .
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Read key-board
Input & Save

Decrease Cursor
Position

.Display the
Character

Increase Cursor
•.Position

-~".

Yes

Yes

Superpose
under the
character

the •...•
previous

Fig. 3.3: Algorithm of Mapping Bengali Characters by the
Bengali Graphic Symbols.
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Table 3.6: Frequency of Occurrence ( On the Basis of 16,090 No.
of Occurrence) of Bengali Characters

Charac- No. of % of Charact- No •.of % of
ter Seq. occurrence Occurrence er Seq. Occurrence .Occurrence
No. No.

(001) 114 0.7085 (024) 16 0.0994

(002) 109 0.6774 (025) 37 0.2299

(003) 160 0.9944 (026) 3 0.0186

(004) 0 0.0000 (027) 59 0.3666

(005) 55 0.3418 (028) 387 2.4052

(006) 0 0.0000 (029) 87 0.5407

(007) 0 0.0000 (030) 256 1.5910
(008) 186 1.1559 (031) 54 0.3356
(009) 3 0.0186
(010) 110 0.6836 .(032) 606 3.7663
(011) 1 0.0062 (033) 246 1.5288
(012) 2 0.0124 (034) 26 0.1615

(013) 505 3.1385 (035) 453 2.8154
(014) 77 0.4785 (036) 96 0.5966
(015) 112 0.6960 (037) 343 2.13'17

(016) 27 0.1678 (038) 79 0.4909

(017) 5 0.0310 (039) 853 5.3014
'"

(018) 72 0.4474 (040) 360 2.2374

(019) 160 0.9944 (041) 0 0.0000

(020) 125 0.7768 (042) 135 0.8390

(021) 16 0.0994 (043) 23 0.1429

(022) 0 0.0000 (044) 391 2.4300

(023) 146 0.9073 (045) 185 1.1497

,
/
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Table 3.6 Contd.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No;

(046) 249 1.5475 (068) 17 0.1056

(047) 62 0.3853 (069) . 0 0.0000

(048) 1 0.0062 (070) 0 0.0000

(049) 41 0.2548 (071) 1 0.0062

(050) 62 0.3853 (072) 8 0.0497

(051) 12 0.0745 (073) 1 0.0062

(052) 10 0.0621 (074) 45 0.2796

(053) 1 0.0062 (075) 2 0.0124

(054) 32 0.1988 (076) 5 0.0310.

(055) 1,366 8.4897 (077) 0 0.0000
(056) 732 4.5494 (078) 0 0.0000
(057) 133 0.8266 (079) 0 0.0000
(058) 217 1.3486 (080) 0 0.0000
(059) 43 0.2672 (081) 0 0.0000
(060) 36 0.2237 (082) 1 0.0062

(061) 1,281 7.9614 (083) 0 0.0000

(062) 20 0.-1243 (084) 1 0.0062

(063) 214 1.3300 (085) 2 0.0124

(064) 6 0.0372 (086) 33 0.2050
(065) 2 0.0124 (087) 0 0.006b
(066) 0 0.0000 (088) 0 o.ooCib

(067) 2 0.0124 (089) 0 0.0000

'.f
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Charac- - No. of % of Charac- No. of % of

ter Seq. Occurrence Occurrence ter Seq. Occurrence Occurrence

NO. No.

.

(132) 0 0.0000 (152) 1 0.0062

(133) 0 0.0000 (153) 1 0.0062

(134) 1 0.0062 (154) 22 0.1367
Ii

(135) 0 0.0000 (155) 5 0.0310

(136) 0 0.0000 (156) 0 0.0000

(137) 13 0.0807 (157) 0 0.0000

(138) 0 0.0000 (158) 0 0.0000

(139) 2 0.0124 (159) 13 0.0807

(140) 7 0.0435 (160) 0 0.0000

(141) 2 0.0124 (161) 13 0.0807

(142) 22 0.1367 (162) 1 0.0062

(143) 19 0.1180 (163) 4 0.0248

(144) 0 0.0000 (164) 16 0.0994

(145) 3 0.0186 (165) 4 0.0248

(146) 0 0.0000 (166) 10 0.0621

(147) 0 '0.0000 (167) 26 0.1615

(148) 0 '0.0000 (168) 12 0.0745

(149) 2 0.0124 (169) 1 0.0062

(150) 19 0.1180 0.70) 4 0.0248

(151) 2 0.0124 (171) 32 0.1988

-r
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Table 3.6 Contd.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No.

(172) 2 0.0124 (195) 1 0.0062

(173) 0 0.0000 (196) 0 0.0000

(174) 2 0.0124 (197) 1 0.0062

(175) 2 0.0124 (198) 16 0.0994

(176) 1 0.0062 (199) 0 0.0000

(177) 0 0.0000 (200) 10 0.0621

(178) 0 0.0000 (201) 3 0.0186

(179) 1 0.0062 (202) 5 0.0310

(180) 77 0.4785 (203) 12 0.0745

(181) 1 0.0062 (204) 0 0.0000

(182) 0 0.0000 (205) 2 0.0124

(183) 1 0.0062 (206) 0 0.0000

(184) 16 0.0994 (207) 1 0.0062

(185) 0 0.0000 (208) 8 0.0497

(186) 0 0.0000 (209) 0 0.0'000

(187) 1 0.0062 (210) .7 0.0435

(188) 1 0.0062 (211) 1 0.0062

(189) 1 0.0062 (212) 1 0.0062

(190) 0 0.0000 (213) 0 0.0000

(191) 13 0.0807 (214) 6 0.0372

(192) 2 0.0124 (215) 0 0.0000

(193) 0 0.0000 (216) 9 0.0559

(i 94) 1 0.0062 (217) 1 0,0062
\ }

. ,
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Charac- No. of % of Charac- No. of % of
ter Seq. Occurrence Occurrence ter Seq. Occurrence Occurrence
No. No.

(218) 10 0.0621 (239) 1 0.0062

(219) 10 0.0621 (240) 24 0.1491

(220) 9 0.0559 (241) 0 0.0000

(221) 1 0.0062 (242) 0 0.0000

(222) 1 0.0062 (243) 0 0.0000

(223) 1 0.0062 (244) 0 0.0000

(224) 1 0.0062 (245) 4 0.0248

(225) 0 0.0000 (246) 5 0.0310

.(226) 19 0.1180 (247) 0 0.0000

(227) 1 0.0062 (248) V 0.0683

(228) 6 0.0372 (249) o. 0.0000

(229) 2 0.0124 (250) 3 0.0186

(230) 1 0.0062 (251) 2 0.0124
~

(231) 3 0.0186 (252) 0 0.0000

(232) 8 0.0497 (253) 2 0.0124

(233) 1 0.0062 (254) 8 0.0497

(234) 0 .0.0000 (255) 2 0.10124

(235) 0 0.0000 (256) 0 0 •.;0000

(236) 1 0.0062 (257) 1 0.0062

(237) 0 0.0000 (258) 0 0.0000

(238) 1 0.0062 (259) 18 0:1118
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Table 3.6 Contd.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No.
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Table 3.6 Contd.

Charac-
ter Seq.
No.

(302)

(303)

P04)

No. of % of Charac- No. of % of
Occurrence Occurrence ter Seq. Occurrence Occurrence

No.

o 0.0000 (322) 8 0.0497

o 0.0000 .(323) 0 0.0000

o 0.0000 (324) 2 0.0124

. (305)

;J~9.~)
(307)

(308)

(309)

(310)

(311)

(312)

(313)
(314)

(315)

(316),
(317)

(318)

(319)

(320)

(321)

1

1

o
o
o
o

1

o
o

o
o
o
o

o
o
11

0.0000

0.0062

0.0000

0.0000

0.0000

0.0000

0.0062

0.0000
0.0000

0.0000

0.0000

0,0000

o.oodO
0.0683

'. : ,- '., ~

(325)
J~~;'.~':
(326)

(327)

(328)

(329)

(330)

(331)

(332)

(333)
(334)

(335)
(336)
1,
(337)

(338)

(339)

(340)

(341)

p
~;~

o
2

o
2

1

o
o
o
2

2

o
1

o
o
o
o

0.0000

0.0000

0.0124

0.0000

0.0124

0.0062

0.0000

0.0000

0.0000
0.0124

0.0124

0.0000,
0.0062

0.0000

o.pooo
0.0000

o.pooo
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Table 3.6 Contd.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No.

Charac- NO. of % of
ter Seq. Occurrence Occurrence
No.

(342) 0 0.0000 (363) 0 0.0000

(343) 0 0.0000 (364) 0 0.0000

(344) a 0.0000 (365) 0 0.0000

(345) 0 0.0000 (366) 0 0.0000

(346) 0 0.0000 (367) 17 0.1056

(347) 0 0.0000 (368) 16 0.0994

(348) 0 0.0.000 (369) 6 0.0372

(349) 0 0.0000 (370) 13 0.0807

(350) 0 0.0000 (371) 4 0.0248

(351) 1 0.00.62 (372) 4 0.0248

(352) a 0.0000 (373) 9 0.0559

(353) 0 0.0000 (374) 0 0.0000

(354) 0 0.0000 (375) 1 0.0062

(355) 0 0.0000 (376) 1 0.0062

(356) 0 0.0000 (377) 0 0.0000

(357) 1 0.0062 (378) 0 0.0000

(358) 1 0.0062 (379) 0 0.0000

(359) 0 0.0000 (380) 0 0.0000

(360) 0 0.0000 (381 ) 0 0.0000

(361) 0 0.0000 (382 ) 0 0.0000

(362) 0 0.0.0.00 (383 ) 0 0.0000

. ,
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Table 3.6 Contd.

Charac- No. of % of Charac- No. of % of
ter Seq. Occurrence Occurrence ter Seq. Occurrence Occurrence
No. No.

(384) 0 0.0000 (406) 10 0.0621

(385) 0 0.0000 (407) 7 0.0435

(386) 0 0.0000 (408) 54 0.3356

(387) 0 0.0000 (409) 12 0.0745

(388) 1 0.0062 (410) 0 0.0000

(389) 0 0.0000 (411) 0 0.0000

(390) 0 0.0000 (412) 7 0.0435

(391) 0 0.0000 (413) 7 0.0435

(392) 41 0.2548 (414) 0 0.0000

(393) 69 0.4288 (415) 0 0.0000

(394) 47 0.2921 (416) 0 0.0000

(395) 40 0.2486 (417) 0 0.0000

(396) 34 0.2113 (418) 0 0.0000

(397) 47 0.2921 (419) 0 0.0000

(398) 39 0.2423 (420) 0 0.0000

(399) 25 0.1553 (421) 0 0.0000

(400) 37 0.2299 (422) 1 0.0062

(401) 38 0.2361 (423) a 0.0000

(402) 112 0.6960 (424) 51 0.3169

(403) 3 0.0186 (425) 0 0.0000

(404) 1 0.•0062 (426) a 0.0000

(405) 188 1..1684 (427) a 0.0000 f -'.,
I
"'.
!r,
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Table 3.6 Contd.

Charac- No. of % of
ter Seq. Occurrence Occurrence
No.

(428) 6 0.0372

(429) 6 0.0372

(430) 0 0.0000

(431) 0 0.0000

(432) 0 0.0000

(433) 0 0.0000

(434) 0 0.0000

SPACE 2,927 18.1914

••

r
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occurrence, which is given in Table 3.7.

'Space' has not been counted as a character in the survey

made by Prabir Kumar Das (Table B-1). For computing the fre-

quency of occurrence of Bengali Graphic Symbols, no. of occurr-

ence of 'Space' for this survey has been estimated as discussed

.below.

It has been assumed that the observations in all these three
9surveys are random , i.e.,

- the method of sampling was unbiased and all samples were

collected in an idealistic condition,

though there is linguistic relationship among the charac-

ters being observed, for the sake of simplicity it has

been assumed that there is no relation among the occurr-

ences of the characters, i.e., each character in the
universe of the printed Bengali text has the same chance

of occurring.

For the case of random sampling, this type of variate, i.e.,

the no. of occurrence of a character in a large volume of printed
. 10text follows Poisson distribution The estimation of Poisson

9probability is expressed by the equation

P (c)
-m= e (3.1)
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where, e = 2.71828

m = Np
N = size of sample

p = basic probability

c = no. of items the event in consideration is occurred.

As all three sets of data of Table 3.7 have heen observed in

the same universe of printed Bengali text, the Poisson probabil~ty

of any fixed no. of occurrence of 'Space' in a fixed size of sample

will be equal for all three cases. Under this assumption,the

Poisson probability of expected no. of occurrence of 'Space' being

estimated for set 2 can be.estimated as the average of the Poisson

probabili tj.esof actual occurrence of 'Space' for set 1 and set 3

for -the same size of sample for all three sets. From this estima-

ted no. of occurrence of 'Space' for the assumed size of sample,

the no. of occurrence of 'Space' for set 2 can be back calculated.

As the computation of factorial is involved in the estimation

of Poisson probability, the assumed size of the sample is SO

chosen that the corresponding no. of occurrence of 'Space' for

each set of data lies within the computational limit of the

exist-ing machines . For the present cases ,i t has been found th-at

a sample size of 400 satisfies the above requirement and for-this

purpose all data of all the sets have been transferred to the

scale of 400.
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For set 1, Poisson probability of observed no. of occurrence
of 'Space' in the scale of 400 is

= 5.32306 x 10-63
66

)
400
ITI
661= e

where, ml

N1 = sample size = 400

P1 = basic probability = 1
132

c1 = no. of occurrence of 'Space' in the scale of
400 = 66.1837 i.e., 66.

For set 3, Poi.sson pl'obability of observed no. of occ urr-
ence of 'Space' in the scale of 400 is

= e

400
- 132 400 67

'(ITI) =2.40753 x 10-64
67 !

where,

N3 = sample size =400
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P3 = basic probability 1= 132

p(c1) + ~(c3) = e-m2
2

c3 = no. of occurrence of 'Space' in the scale of
400 = 66.9411 i.e., 67.

For set 2, Poisson probability of expected no. of occurr-

ence of 'Space' being estimated in the scale of 400 is
c2

m2
c2!

or,
5.32306 x 10-63+ 2.40753 x 10-64

2
,== e

. -62or, 5.75952 x 10
C

:0 (3.030303) 2

c
(3.030303) 2 = 0 (3.2)

where,

N2 = sample size = 400

P2 = basic probability = 1
ill

c2 = no. of expected occurrence of 'Space' being estimated

in the scal~'of 400.

The equation (3.2) is solved by using Incremental-Search
11Method and the incremental value of c2 is taken an integer as
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factorial of a fractional number can not be computed. Between

two consecutive values of c2 with unit increment, where the func-

tion f (c2) changes its sign, that valu'; of c2 is taken as the

final value of c2 whose absolute value is smaller, i.e., which

approaches more towards the zero, Here

f(66)= 5.75952 x 10-62 x 66!- (3.030303)66= -2.8638 x 1031

and f (67) , -62 67= 5.75952 x 10 x 67!- (3.n30303) = 1.91877 x 1033

The function f(c2) changes its sign between the value of c2 'of 66

and 67 and as the absolute value of f(66) is smaller than the

absolute value of f(67), the final value of c2 is taken as 66 and no

other approximation using other method ,isdone because c2 can not

be a fractional number as its factorial is involved in f(c2),

The estimated no. of occurrence of 'Space' for set 2 in the

scale of 400 can be expressed as

x sp
131

1:
i=l

X,
l

+ Xsp

x 400 (3 .3)

Itlhere, X = esti.mated no. of occurrence of 'Space' for set 2sp

X, = no. Of occurrence of ith BGS for set 2.
l



From equation (3.3), the estimated no. of oecurrence of 'Space'

for set 2 is

131
C2 l:

i=l
400 -

x.~
= 66 x 45809

400 - 66

= 9052.0778

i.e., 9052 .

The frequency distribution of occurrence of the Bengali

Graphic Symbol Set is shown in Fig. 3.4 • The distribution is

not uniform-it ranges from 0.0000% to a peak frequency of

16.5515% for 'Space'.

3.7 KEY-BOA1W LAY-OUT OF 'I'HE BENGALI GRAPHIC PRUlI'l'IVES------- ,

As the frequency distribution of occurrence of the Bengali

Graphic Symbols ( Fig. 3.4) is not uniform, no lexical ordering

is possible to be maintailled, for ensuring the enhancement of
typing speed, in devicingthe key-board lay-out of the Dengali.

Graphic Primitives. On the other Jland, the nos. of the Bengali

Graphic Symbols are 131 which is much to be accomodated on a

handy size of key-board witll maintaining lexical similarities

and ordering. However, two key-board lay-outs have been propuscd-
one with 56 main keys and other with,. 7 main key" ,d'".11ar tu a

QWERTY stYle "English key-board, i.e., a typical key-board t!1at

begins with these six letters, left -to-ri']ht; in

below the numerals.

the
\.

t:op
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Table 3.7: Frequency of Occurrence ( on the basis of 1<10,688 ;',0. of
occurrence) of Bengali Graphic Symbols (BGS)

BGS
SC:.cj.
No.

Set 1
from Table A-2
No. of No. of
occutr-occurrence
ence in 400

scale

Set 2
from Table B-1
No. of NQ. of
occurr- occurrc-
ence nee in

400 scale

Se-t 3
from Table 3.6
No. of No. of
occurr-. occurre-
ence nee in

400 scale

Tota I
Set 1 + Set 2+ set 3
No. of % of ----.
occur n~- OCCUtTC'r~ce

nee

(01) 1,121 6.5616

(02) 754 4.4134

(03) 700 4.0973

(04) 233 1.3638

(05) 12 0.0702
(06) 3 0.0176

(07) 634 3.7110

(08) 20 0.1171

(09) 393 2.3004

(10) 2 - 0.0117

(11) 253 1.4809

(12) 26 0.1522

(13) 2,522 14.7621

(14) 380 2.2243
(15) 726 4.2495

(16) 120 0.7024

(17) 13 0.0761

(18) 587 3.4359

(19) 567 3.3188

(20) 654 3.8281

939

691

41

263

o

2

555

20

340

o
o

48

2/260

342

411

71

30

297

356

519

6.8464

5.0382

0.2989

1.9176

0.0000
0.0146

4.0466

0.1458

2.4790

0.0000

0.0000

0.3500

16.4780

2.4936

2.9967

0.5177

0.2187

2.1655

2.5956

3.7841

224

160

o
55

o

a

187

3

110

1

62

12

546

84

197

29

5

120

180

165

5.1229

3.6592

0.0000

1.2579

0.0000

0.0000

4.2767

0.0686

2.5157

0.0229

1.4180

0.2744

12.4871

1. 92J 1

4.5054

0.6632

0.1144

4.11.65

3.7736

2,284

1/605

741

551
12

5

1,376

43

843
.,~

315
,

86

806

220

11(;Cl~

1,103

1.6234

1.14t)g

0.S767

O.3S1G
O. (!08S

O.003G
O.978J

0.0306

O. 59~j2

0.2239

O.(kH

3.7871

0.5739

c. Cj.-.jl

O,1J.3(
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BGS Set 1 Set 2 Set 3 Total
Seq. from Table A-2 from Table B-1 from Table 3.6 Set 1 + Set 2 + Set 3
No. No •.of No. of No. of No. of No. of No. of No. of % of

occurr- occur ren- occurre- occur ren- occurr- occurren occurr- occurrence
ence ce in nee ce in ence ce in ence

400 scale 400 scale 400 scale

(21) 53 0.3102 33 0.2406 16 0.3659 102 0.0725

(22) 6 0.0351 0 0.0000 0 0.0000 6 0.0043

(23) 633 3.7052 488 3.5581 197 4.5054 1,318 0.9368

(24) 146 0.8546 131 0.9551 27 0.6175 304 0.2161.
"(25) 98 0.5736 65 .0.4739 54 1.2350 217 0.1542
I"(26) 20 O.U71 29 0.2114 3 0.0686 52 0.0370

(27) 228 1.3346 326 2.3769 69 1.5780 623 0.4428

(28) 2,441 14.2880 2,189 15.9603 519 11.8696 5,149 3.6599

(29) 380 2.2243 386 r. 2.8144 123 2.8130 889 0.6319

(30) 1,160 6.7899 936 6.8245 308 7.0440 2,404 1.7087

(31) 493 2.8857 282 2.0561 115 2.6301 890 0.6326
(32) 2,642 15.4645 1,871 13.6417 659 15.0715 5,172 3.6762

(33) 1,260 7.3752 1,114 8.1223 370 8.4620 2,744 1.9504

(34) 117 0.6848 68 0.4958 43 0.9834 228 0.1621

(35) 2,242 13.1232 1,646 12.0012 513 11.7324 4,401 3.1282

(36) 426 2.4935 271 1.9759 103 2.3556 800 0.5686

(37) 1,460 8.5459 1,169 8.5234 374 8.5535 3,003 2.1345

(38) 400 2.3413 433 3.1571 83 1.8982 916 0.6511
•

(39) 3,698 .21.6457 3,002 21.8880 875 20.0114 7,575 5.3843,

(40) 1,655 9.6873 1,041 7.5901 376 8.5992 3,072 .2.1836
'. \", '

(41) 754 4.4134 495 a.6091 162 3.7050 1,411 1.0029
f

(42) 206 1.2058 164 1.1957 34 0.7776 404 0.2872

(43) 1,545 9.0434 944 6.8828 406 9.2853 2,895 2.0577

. ,
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Table 3.7 Contd.

DGS Set 1 Set 2 Set 3 Total
S-cCJ. from Table A-2 from Table B-1 from Table 3.6 Set 1 + Set 2 + Set 3
1'10. -No. of No. of No. of No. of No. of No. of No. of g6 of

occurr - occurren- occurr- occurren- occurr- occurren-0C8urrence occurrence
ence ce in ence ce in ence ce in

400 scale 400 scale 400 scale

(67) 480 2.8096 202 1.4728 123 2.8130 805 0.5722
(68) 26 0.1522 7 0.0510 7 0.1601 40 0.0284
(69) 13 0.0761 9 0.0656 3 0.0686 25 0.0178
(70) 66 0.3863 76 0.5541 39 0.8919 181 0.1287
(71) 13 0.0761 41 0.2989 32 0.7318 86 0.0611n

, ,

(72) 33 0.1932 30 0.2187 19 0.4345 82 0.0583
(73) 106 0.6205 113 0.8239 31 0.7090 250 0.1777
(74) 206 1.2058 192 1.3999 58 1.3265 456 0.3241
(75) 325 1.9023 283 2.0634 110 2.5157 718 0.5103
(76) 2 0.0117 0 0.0000 0 0.0000 2 0.0014
(77) 26 0.1522 12 0.0875 3 0.0686 41 0.0291
(78) 246 1.4399 34 0.2479 15 0.3431 295 0.2097
(79)'. 86 0.5034 27 0.1969 4 0.0915 117 0.0832
(80) 593 3.4710 531 3.8716 180 4.1166 1,304 0.9269
(81) 689 4.0330 496 3.6164 203 4.6427 1,388 0.9866

.
(82) 40 0.2341 6 0.0437 1 0.0229 47 0.0334
(83) 120 0.7024 137 0.9989 52 1.1893 309 0.2196
(84) 26 0.1522 29 0.2114 3 0.0686 58 p.0412

(85) 4 0.0234 0 0.0000 1 0.0229 5 0.0036
(86) 80 0.4683 58 0.4229 15 0.3431 153 0.1088
(87) a 0.0000 0 0.0000 0 0.0000 0 0.0000
(Sil) 2 0.0117 ~ 0.0583 1 0.0229 11 0.0078 ,-

(89) 0 0.0000 5 0.0365 1 0.0229 6 0.0043
(90) 0 0.0000 0 0.0000 10 0.2287 10 0.0971

r
,
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BGS Set 1 Set 2 Set 3 Total
from Table A-2 From Table B-1 from Table 3.6 Set 1 + Set 2 + Set 3

Seq. No. of No. of No, of No. of No. of No. of No. of % of
No, occurr- occurrence occurr- occurren- occurr- occurrence occurr- occurrence

ence in ence ce in ence in ence
400 scale 400 scale 400 scale

(~l) 73 0.4273 64 0.4666 1 0.0229 138 0.0981
(92) 186 .1.0887 76 0.5541 32 0.7318 294 0.2090

,
(93) 4 0.0234 0 0.0000 41 0.9377 45 0.0320
(94) 14 0.0819 0 0.0000 69 1.5780 83 0.0590
(95) 1 0.0059 0 0.0000 47 1.0749 48 0.0341
(96) 1 0.0059 a 0.0000 40 0.9148 41 0.0291
(n) 2 O.0117 a 0.0000 34 0.7776 36 0.0256
(98) 2 0.0117 a 0.0000 47 1.0749 49 0.0348
(9~i) 1 0.0059 a 0.0000 39 0.8919 40 0.0284

(100) 4 0.0234 a 0.0000 25 0.5718 29 0.0206
(101) a 0.0000 a 0.0000 37 0.8462 37 0.0263

"
(102) 0 0.0000 a J 0.0000 38 0.8691 38 0.0270

(103) 76 0.'1449 199 1.4509 112 2.5615 3.87 0.2751
(104) 4 0.0234 213 (1.5530 3 0.0686 220 0.1564
(105) a 0.0000 . 74 0.5395 1 0.0229 75 0.0533
(106) 92 0.5385 513 3.7404 188 4.2996 793 0.5637
(107) 9 0.0527 22 0.1604 10 0.2287 41 0.0291

(108) 1 0.0059 11 0.0802 7 0.1601 19 0,,0135

(l09) 140 0.8195 775 5.6506 66 1.5094 981 0.6973
(110) 15 0.0878 56 0.4083 a 0.0000 71 0.0505
(111) a 0.0000 178 1.2978 14 0.3202 192 0.1365

~\(112) a 0.0000 a 0.0000 0 0.0000 a 0.0000 ", ,
I

/

\
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ecs Set 1 Set 2 Set 3 Total
Seq. from Table A-2 from Table B-1 from Table 3.6. Set 1+ Set 2 + Set 3..
No. No. of No. of No. of No. of No. of No. of No. of % ofoccurr- occurrence occurr-Occurrence ocurr- occurrence occurr- occurrence

ence in 400 ence in 400 ence in 400 encescale scale scale ..
(J.l3) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(114) a 0.0000 a 0.0000 a 0.0000 a 0.0000 •
(115) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(116) a 0.0000 a 0.0000 a 0.0000 a 0.0000

, .(117) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(118) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(119) a 0.0000 a 0.0000 1 0.0229 1 0.0007
(120) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(121) a 0.0000 a 0.0000 51 1.1664 51 0.0363
(122) 170 0.9951 a 0.0000 a 0.0000 170 0.1208
(123) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(124) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(125) a 0.0000 a 0.0000 6 0.1372 6 0.0043
(126) 0 0.0000 a 0.0000 6 0.1372 6 0.0043
(127) 0 0.0000 a 0.0000 a 0.0000 a 0.0000
(128) a 0.0000 a 0.0000 a 0.0000 a 0.0000
(129) 0 0.0000 a 0.0000 a 0.0000 a 0.0000
(130) a 0.0000 a 0.0000 0 0.0000 a 0.0000
(131) a 0.0000 0 0.0000 a 0.0000 0 0.0000

SPACE 11,307 66.1837 . 9,052 65.9995 2,927 66.9411 23,286 16.5515

I
. I

I

0.', ,
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To make proper load distribution on all the active figures

and to enhance the typing speed, key-board lay-outs have been

deviced under the assumptions that

Two shifts are used to assign three symbols to some keys

(one normal and two shift symbols) and two symbols to

other keys ( one normal and one shift symbol) for accom-

odating all the 131 Bengali Graphic Symbols on a handy

size of key-board.

- Common symbols of English and Bengali are kep~ as much

as possible, at the same position of English key-board
for facilitating typing English and Bengali by the same

typist.

- Main lexical symbols are kept in the bottom three lines

with keeping special symbols in the top line for ensuring

easy access to lexical symbols.

- Most frequent symbol.s are kept at the middle of the middle

two lines and other less frequent symbols are kept at
the two sides of the middle two lines and at the bottom

line for enhancing the typing speed.

- Main symbol, special shaped symbol and fala symbol ofa
varna are kept at the same key for ensuring easy reffer-

ence to the symbols.

- In some cases,different symbols.but having closest rela-

tions are kept on-the same key for ticcomodat~ngall sym-

bols on the lim1t~d keys.
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- Symbols of swara varnas and their kar symbols are kept

at the same key for ensuring easy refference to them.

- Swara-kars are kept at the normal position with keeping
Swara Varnas at the shift 1 position, a.s the swara-kars

are much more frequent than the Swara Varnas.

Main symbol,. amon~ symbols assigned to a key, is kept at

the normal position with keeping special-shaped symbol at

the shift 1 position and fala or other closely related

symbol at the shIft 2 position for ensuring easy refferc-

nee to the symbols.

- In most cases, unless otherwise guided by other assumpt-

ions, most frequent symbol among symbols assigned to a

key is kept at the normal position and other symbol or

symbols are kept at the shift position for reducing the

average key-stroke per symbol.

Key-board lay-out with 56 main keys has been deviced with the
aim to design a new Bengali key-board of handy size with other

assumptions mentioned earlier. This key- board lay-out is shown

in Fig. 3.5 and named the BCII key-board, i.e., key-board for
producing Bell codes. The other key~board lay-out with 47 main

keys has been deviced wi~h the aim to change the existing QWERTY

Style English key-board to a Bengali key-board. This key-board

lay-out is shown in Fig. 3.6 and named the ABCII key-board, i.e.,

adapted BCII key-board. The first one is suggested for final

!
>
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use and the second one is suggested for present use until the

first one is introduced completely.

STA'nS'l'ICAL CuNSID£:j{A'l'Il!l~S IN LJEVICING jmY-BOARD LAY-OUTS3.8 _

OF THE BENGALI GRAPHIC PRIMITIVES

To enhance the typing speed, one should attempt to reduce

the average key-stroke per symbol required, i.e., to reduce the

no. of symbols where shift-key-stroke is required. As the shift

keys can not be eliminated, it has been attempted that the

Graphic Symbols which occur most frequently should be placed at
the normal key-positions under other assumptions mentioned earlier.

In order to achieve this, the frequency of occurrence of Bengali

Graphic Symbols of Table 3.7 has been used. The summary of this

statistics is given in Table 3.8.

Several factors are worth noting in Table 3.8:

_ The frequency distribution is not uniform.

_ 32 graphic symbols (with individual frequencies of 0.6%

and above: Called GroupI ) account for 72.3727% of the

total occurrence.

_ Another 32 graphic symbols (with inidividual frequencies

of 0.196 and above.but below 0.6%: Called Group II ) take

up 9.3726% of the total occurrence.
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- Rest 67 graphic symbols (with individual freq'uencies of

below 0.1% : Called Group III) take up the remaining

1.7030% of the total occurrence.

In the key-board lay-out with 56 main keys (BCII key-board)

from Group I , 25 symbols with cummulative frequency of 65.4922%

have been allocated to normal key-position, 3 symbols with cummu-

lative frequency of 2.7700% have been allocated to shift l-key-

position and remaining 4 symbols with cummulative frequency of

4.1105% have been allocated to shift 2- key-position. From

Group II, 12 symbols with cummulative frequency of 3.7843% have

been allocated to normal key-position, 13 symbols with cu~nula-

tive frequency of 4.1034% have been allocated to shift 1-

key-position and remaining 7 symbols with cummulative frequency

of 1.4849% have been allocated to shift 2- key position. From

Group 111,19 symbols with ,cummulative frequency of 0.5814% have

been allocated to normal key-position, 35 symbols with cummula-
tive frequency of 0.7371% have been allocated to shift 1- key-

position and remaining 13 symbols with cummulative frequency of

0.3845% have been allocated to shift 2- key-position. This

results to allocation of 56 symbols with cummulative frequency,
of 69.8579% to normal key-position, 51 symbols with cummulativc

frequency of 7.6105% to shift l-key-position and remaining 24
symbols with cummulative frequency of 5.9799% to shift 2- kcy-

position, leading to

Average character/Key,
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56
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= 2.3393

where, Cav1 - average character/key in BCn key-board

N = tot.al nos. of charactersc

Nk1 = total nos. of keys in BCll key-board

and
Aver~ge Key-stroke/character,

s =av1

2
l: i.cii=l
2
l: c.
i.=l l

= 1 x 86.4094 + 2 x 13.5904
86.4094 + 13.5904

= 1.1359

where, S = average key-stroke/character in BC II key-boardav1
Ci = % cunUTIU1at.ive frequency for i-stroke symbols

i = 1 for single-stroke symbOls & space

= 2 for double-stroke symbols.

In the key-board lay-out with 47 main keys (ABC II key-board),
from Group I, 25 symbols wit.h cummulative frequency of 65.4922%

have been allocated to normal key-position, 3 symbols with Cummu-

lative frequency of 2.7700% have been allocated to shift 1-kcy-

position and remaining 4.symbols with cummulative frequency of

4.1105% have been allocated to shift 2- key-position. From Group II,
8 symbols with cummulative frequency of 2.6526% have been allocated

t.onormal key-position, 12 symbols with cummulative frequency of.
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3.8944% have been allocated to shift 1-key-position and remaining

,12 symbols with cummulative frequency of 2.8256% have been alloca-
ted to shift 2-key-position. From Group Ill, 14 symbols with CUIllIllU-

lative frequency of 0.5408% have been allocated to normal key-

position, 30 symbols with cummulative frequency of 0.6995% have

been allocated to shift 1- key-position and remaining 23 symbols

with cummulative frequency of 0.4627% have been allocated to shift 2-

key-position. This results to allocation of 47 symbols with cummu-

lative frequency of 68.6856% to normal key- position, 45 symbols

with cummulative frequency of 7.3639% to shift 1-key-position

and remaining 39 symbols with cummulative frequency of 7.3988%

to shift, 2 -key-position, leading to

Average Character/Key,

131
47 = 2.7872

where, Cav2 = average character/key in ABC II key-board

Nc = total nos. of characters
Nk2 = total nos. of keys in ABC II key-board

and
Average Key-stroke/c haracter, ,

s =av2

2
l:

i=1
2
l:

i=1
c, '

-'-

=
1 x 85.2371 + 2 x 14.7627

85.2371 + 14.7627

= 1.1476
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where, Sav2 = average key-stroke/character in ABcn key-board

Ci = % cununulative frequency for i-stroke symbols

i = 1 for single-stroke symbols & space

= 2 for double -stroke symbols.

3.9 COMPARATIVE STUDY OF THE PROPOSED KEY-BOARDS WITH THE

OPTIMA MUNIR KEY-BOARD

The only available Bengali key-board used in Bangladesh

is the 'Optima Hunir' key-board which has the following

inherent drawbacks which makes it unsuitable for computer app-

lications:

i) It has some symbols, used for generating Bengali Varnas by

superposition or concatenation with other symbols, which
do not have any lexical identify.If this key-board is used

in computer applications, lexical analysis will not be

possible with these symbols.

ii) It requires superposition or concate~ation of more
than one symbols for generating some frequently used

Bengali Varnas which is difficult and cumbersome for

a typist. Horeover, this will make the computer slow
because the superposition is to be effected either by

.software or bi inbuilt hardware decision logic.



Table.3.8 Summary Statistics of Bengali Graphic Symbols (BGS)

Group Total Currunula- Position in key-boards
(on the No. tive fre- ABCII key-board t
basis of of BCII key-board
% of BGS que~cy Normal Shift 1 Shift 2 Normal Shift 1 Shift 2

occurren- ~n position position posi t.ion position position position

ce) No. Cummula- No. Cummula- No. Currunula-No. Currunula- No. Cummula- No. Currunula-.
of tive of tive of tive of .tive of tive of tive
BGS frq. in BGS frq. in BGS frq. in BGS frq. in BGS Frq. in BGS frq. in

% % % % % %

I
(0.6% & 32 72.3727 . 25 65.4922 3 2.7700 4 4.1105 25 65.4922 3 2.7700 4 4.1105
:~ve) .. . .

II
(0.1% &
above but 32 9.3726 12 3.7843 13 4.1034 7 1.4849 8 2.6526 12 3.8944 12 2.8256
below 0.6%)

III
(Below 67 1.7030 19 0.5814 35 0.7371 13 0.3845 14 0.5408 30 0.6995 23 0.4627
0.1%)

Total

SPACE

131 83.4483

16.5515

56 69.8579 51 7.6105 24 5.9799 47 68.6856 45 7.3639 39 7.3988

W
I
--J

'"
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iii) It generates most of the compound byanjana varnas

by concatenation or by superposition of the cons-

tituent varnas of normal shape and size, which hiyhly

hampers the legibility of the compound byanjanavarnas

and for that, the compound byanjaIla varnas can not Le

generated in their original shapes.

iv) It does not have some frequently used special graphic

symbols which are essential in computer applications.

On the other hand, this sorts of drawbacks have been removed

from the proposed key-boards. Each of the 131 Bengali Graphic

Syn~ols accomodated on the proposed key-boards has its own

unique lexical identity and no superposition is required to

yenerate these graphic symbols. All of the compoundbyanjana

varna?, except that with -A-fala, are generated by concatena-

tion of specially shaped varnas, normal shaped varnas and fala
symbols as required by the compound byanjana varnas such that
the shape of the compound byanjana varnas correspond to the
shapCl'resentlyused in Iino-type. Most of the widely used spec iaI

graphic symbols have been accomodated in these proposed key-

boards.

The 'Optima Munir' key-board also has the fOllowing pro-

blems with its key-board lay-out (appendix-C):



i) The \3 '5 .., 6 '>a
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varnas have been placed in the top

line. As the freqUency of occurrence of these varnas arc

considerably high, place~ent of these varnas reduces

the typing speed. Instead of these varnas, least fre-

quent special graphic symbols could be placed in the

top line and these varnas could be placed in the middle

two lines for increa~ing the typing speed.

ii) The :'is '2lI ~ varnas and the = / x symbols have

been placed in the middle two lines, though their

frequency of occurrence is considerably low. These
varnas and symbols could be placed in the top li"e

or at the extrel1l'Dright or left of the midd1e tHO

lines.

iii) The numerals have been placed at the upper C288 of

the top 1ine in the order of ':>:t \:) B 11 0 .:;,b- 'I ~ .

This ordering makes logical problem with numerical
ordering. Th~ numerals could be placed in the order

of ";)z'::> '0 i'~ '1 b" ~ 0 .

On the other hand, the proposed key-board lay-out~ have beell devi-

eed based on the frequency of occurrence of the graphic symbols

and most frequent symbols have been placed illthe middle of the

middle t"IO lines and other less frequent symbols have been
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The 'Optima Munir' key-board accomodates only 92 symbols,

on the other hand, the proposed key-boards accomodate 131

Bengali Graphic Symbols. Moreover,17 graphic symbols of Table

3.4 requires two impressions to be generated by 'Optima Nunir'

key-board, among which some are of considerably high frequency

of occurrence. Beside these, 14 graphic symbols of Table 3.4

can not be generated by the 'Optima Munir' key-board, among

which some are lexical symbols with considerable frequency of,
occurrence. List of these symbols along with their position

based on the frequency of occurrence is given in Table 3.9.

Using the frequency of occurrence of Bengali Graphic

Symbols of Table 3.7, it has been calculated that the cl'I'lUlative

frequency of the single stroke symbols of 'Optima 1-lunir'key
board and the space is 93.7353 and that of the two-stroke

symbols, i.e., which requires an addition shift-key stroke,
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Table 3.9: List of Bengali Graphic Symbols Which Require
Two .Impressions To Be Generated And That Which Can
Not Be Generated By Optima Munir Key-Board

Position Based Symbol Superposition or Can Not Beon Freq. of Concatenation of GeneratedDeer. Two Symbols
Needed

14 ~ x

18 ~ x

24 {; x

41 \S x

42 % x

64 ~ x

68 a X

69 r x

71 ~ x

77 x

78 . I, x

79 \S> x

88 ~ x

99 x

102 » x

104 ~ x

106 ~ x

111 t .x

112 G x

114 \3 x



Table 3.9 Contd.

Position Based
on Freq. of
Occr.

Symbol
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Superposition or
Concatenation of
Two Symbos
Needed

Can not be
Generated

116 ~ x

117 #' x

121 < x

122 > x

125 &- x

126 @ x

127 { x

128 1 x
129 [ x

130 ] x
131 x
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is 11.2704. This leads to

Average key-stroke/symbol,
2
l: i. mci

Km i=l 1 x 93.7353 + 2 x 11. 2784= =av 2 93.7353 + 11.2784
l: C~

i=l ~

= 1.1074

where Km = average key-stroke/ symbol for Optima Munir key-board
av

Cm = cumulative frequency of i-th stroke symbol for
~

Optima Hunir key-board

i - 1 for single stroke symbols & space

= 2 for double stroke symbols.

On the other hand, the average key-stroke/character for the

BCII key-board is 1.1359 and that for the ABCII key-board is

1.1476. From the above data, it is obvious that the average

key-stroke/character for Optima Hunir key-board and that for the

proposed key-boards are more or less equal. Horeover, the pro-

posed key-boards over come all of the inherent drawbacks of the

Optima Hunir key-board and provides opportunity for generating

much more legible varnas with a logically organized key-board

lay-out.
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CHAPTER - 4
REPRESENTING BENGALI TEXT IN VARIOUS SOPT-COPY
AND HARD-COPY PRINTING DEVICES

4.1 INTRODUCTION

An important objective of text processing is to have a visual

feedback of the text enter'ed through the key-board on a Video Dis-
play Unit (VDU) and to have a soft-copy or a hard-copy printing

of the processed text on a VDU or a hard-copy printer. As the 131

Bengali Graphic Symbols of Table 3.4 have been selected for gene-

rating all possible Bengali graphic molecules and the same graphic

symbols have been selected as 'key-board primitives for, entering

text into a computer, representing these, 131 graphic symbols in

various soft-copy and hard-copy printing devices is required.

Guide line to such representation schemes is discussed in this
chapter.

4.2 REPRESENTING BENGALI TEXT IN VIDEO DISPLAY UNIT

'The 131 B~ngali Graphic Symbol set (BGS) can be represented
in VDU in two ways:

- in graphic mode, and

- in character mode •
.
But these Bengali graphic symbols are of unequal horizontal pif~h.

i~e .• they are of different widths. Usually these symbols are 6f

0.5 unit, 1.0 unit and 1.5 unit widths. These variable width
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requirement can easily be satisfied by using graphic mode

CRT controller. But the typically used character mode raster-

scan VDUs can display only 96 fixed width characters. By sacri-

ficing the variable width requirement, these 131 graphic symbol

set can be represented in typically available 96 character fixed

width character mode VDU by carefully selecting a 96 character

set by which the 131 graphic symbols can be mapped. These 131

variable width graphic symbols can, however, be represented by

satisfying variable width requirement in the specially designed
3,7variable width character mode raster-scan VDU by spliting

up the variable width symbols into a set of fixed width sub-

symbols.

4.3 REPRESENTING BENGALI TEXT IN DOT MATRIX PRINTER

Dot matrix printers are widely used for hard-copy generation

in those text processing systems where solid font letters of

the target language are not available. Bengali text can, easily, ~

be represented in the dot matrix printers and this can be done

in two ways:

- in graphic mode, and

- in character mode'"

In graphic mode, all the 131 Bengali graphic symbols can be
represented by satisfying the variable width requirements.
A variable width dot matrix printer controller can, also, be

designed for representing all the 131 Bengali graphic symbols
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for satifying the variable width requirement by spliting up

the variable width symbols into a set of fixed width sub-symbols.

4.4 REPRESENTING BENGALI TEXT IN SOLID FONT PRINTER

Solid font printers are widely used for bulk and letter

quality printing. Line printers are us~d for bulk printing and

daisy wheel printers are used for letter quality printing. But
the 131 Bengali graphic symbol set is inconvenient to accommodate

in standard daisy wheel and line printers which typically use

96 character set. Among these 96 character set, a character is

dedicated for space and on closer observation, a 95 Bengali im-

pression symbol set (BIS) can be selected by which Bengali graphic

symbols can be generated if superposition is allowed ..By selecting

a 95 impression symbol set, existing 96 character line printers

and daisy wheel printers can be modified for printing Bengali text.
Selection of Bengali ~mpression symbols (BIS) and formation of

Bengali graphic symbols by them are discussed in the following
article.

4.5 SELECTION OF BENGALI IMPRESSION SYMBOLS AND FORMATION OF
GRAPHIC SYMBOLS IN SOLID FONT PRINTERS

On carefuland closer observation on the 131 Bengali graphic

symbol. set, a 95 Bengali impression symbol set (BIS) has been

selected which can adequetely represent 127 Bengali graphic
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symbols, except -It, & , @ and _ , among the 131 Bengali

graphic symbols. This 95 impression symbol set in given in Table

4.1.

Selection of the impression symbols has been made on the

assumption that the Bengali graphic symbols are to be generated

by superposition or by concatenation or by combination of
superposition and concatenation of more than one impression

symbols. The Bengali graphic symbols have been categorized into

four groups in accordance with the number of impression symbol

required for its formation, e.g., one action, where only one

impression symbol will form one graphic symbol, two action where

two impression symbols will form one graphic symbol either by

superposition or by concatenation of the symbols, etc. Mechanism

of generation of the Bengali graphic symbols by the Bengali

impression symbols is shown in Table 4.2 along with the action
technique needed. Among the 131 graphic symbols, " &, @ and _

can not be generated by the selected impression symbols, because

the number of the impression symbols needed for other lexical and

most frequent symbols can not be reduced to less than 95 in any

way. The symbol '?l is taken as one action symbol, though it
can be generated by superposing.on the "2l , because the frequency

of occurrence of '!lis extreemly high, its position is third
from the most frequent graphic symbol. For accomodating the

required impression symbols in a 95 symbol set, shape of some

specially shaped sinall sized symbols of byanjana varnas and that



TABLE 1,.1 BENGALI IMPRESSION SYMBOL SET (BIS)
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Table 4.2: Schedule of Bengali Graphic Symbols (EGS) and
Mechanism of Generation by Bengali Impression Symbols
(BIS)

Action Technique
needed

BGS
Seq.
No.

Mechanism
of Genera-
tion by
B1S*.

Action Techni-
que needed
1 2 3 4

BGS
Seq.
No.

Mechanism of
Generation
by B1S* 1 2 3 4

( 0-1) (62) / (84) / (85) x (22) (03) / (90) x

(02) (86)/(87) x (23) (15) / (87) x

(03) (01) x (24) (14) x

(04) (65) / (87) x (25) (65) / (84) x

(05) (65) / (87) / (94) x (26) (15) x

(06) (02) x (27) (37) / (89) x

(07) (03) x (28) (62) / (84) x

(08) (03) / (88) x (29) (86)/(89) x

(09) (04) x (30) (16) x

(10) (04) / (88) .x (31) (17) x

(11) (05) x (32) (39) / (89) x

(12) (06) x (33) (40) / (89) .x

(13) (07) x (34) (18) x

(14) (08) x (35) (19) x

(15) (31) / (89) x (36) (20) x

(16) (09) x (37) (42) / (89) x

(17) (10) x (38) (91)/(89) x

(18) (11) x (39) (21) x

(19) (12) x (40) (43) / (89) x

(20) (13) x (41) (44) / (89) x

(21) (19) / (85) x (42) (91) / (92) / (89) x
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) means impression symbol of Table 4.1

corresponding to number enclosed.

2. I means superposition.

3. + means concatena.tion.

4. An empty entry indicates that character can not be

generated by BIS.
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of the urdhacomma of Table 3.4 have to be changed, e.g., ~ is
to be generated as ,. , etc.

In the line printer, the superposition of symbols can be

effected by Multipass,i.e., printing the same line with several

passes. In the daisy wheel printers, the same can be effected

by stop carriage where the print head is not allowed to move
after printing a symbol so that the next symbol can be super-

posed. Line printers have an inherent drawback that all characters
occupy equal horizontal space. Over and above this, there is a

mandatory space between any twO.'.'Efjlc"c.essi:vecharacter positions.

A line printer obviously "can not satisfy the variable width

requirement of the Bengali graphic symbols and its output would

therefore be of poor typographical quality. Daisy wheel printers

allow null and fine increment of carriage movement and variable

width requirement can be. satisfied in this device.

4.6 STATISTICAL CONSIDERATION IN SELECTION OF BENGALI IMPRESSION
SYMBOLS

To reduce complexity and loss of printing speed, one should

attempt to minimise the number of passes required,i.e., the

number of cases where superposition will have to be effected. As

the superposition cannot be eliminated, it has been attempted that
the Graphic symbols which occur most frequently should have a lllini-

mum of superposition. In order to achieve this, the frequency of

occurrence of the Bengali graphic symbols of Table 3.7 has been

used. The frequency of occurrence of the Bengali impression sym-

bols have been computed from Table 3.7 on the basis of 186,037
'.
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no. of occurrence and given in Table 4.3. Frequency distribution

of occurrence of these impression symbols is.given in Fig. 4.1.

statistics of Bengali Graphic Symbol (BGS) generation by the

Bengali Impression Symbols (BIS) is given in Table 4.4. From

Group I consisting of 32 .graphic symbols .with individual frequency

of 0.6% and above having cumulative frequency of 72.3727%, 17

graphic symbols with cumulative frequency of 46.7573% have been

selected as one action symbols, 13 graphic symbols with cumula-

tive frequency of 22.2847% have been selected as two action sym-

bols and remaining 2 graphic symbols with cumulative frequency

of 3.3307% have been selected as three action symbols. From

Group II consisting of 32 graphic symbols with individual fre-

quency of 0.1% and above but below 0.6% having cumulative fre-

quency of 9.3726%, 25 graphic symbols with cumulative frequency

of 7.4272% have been selected as one action symbols, 5 graphic
symbols with cumulative frequency of 1.2538% have been selected

as two action symbols and remaining 2 graphic symbols with cumula-
tive frequency of 0.6916% have been selected 4S three action
symbols. From .Group III consisting of 67 graphic symbols with

individual frequency of below 0.1% having cumulative frequency

of i.7030%, 43 graphic symbols with cumulative frequency of
1.2588% have been selected as one action symbol, 15 graphic symbols

with cumulative frequency of 0.423£% have been selected as two

action symbols, 3 graphic symbols with cumulative frequency of

c
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Table 4.3: Frequency of Occurrence ( on the basis of 186,037 no.
of occurrence)of Bengali Impression Symbols (BIS)

BIS No. of % of
Seq. Occurrence* Occurrence
No.

BIS
Seq.
No.

No. of
Occurrence*

% of
Occurrence

(01) 741 0.3983 (23) 15,133 8.1344

(02) 5 0.0026 (24) 6,650 3.5745

(03) 1,425 0.7659 (25) 1;297 0.6971

(04) 999 0.5369 (26) 2,033 1.0927

(05) 315 0.1693 (27) 372 0.1999

(06) 86 0.0462 .(28) 340 0.1827

(On 5,328 2.8639 (29) 11,792 6.3385

(08) 806 0.4332 (30) 239 0.1284

(09) 220 0.1182 (31) 1,341 0.7208

(10) 48 0.0258 (32) 167 0.0897

(11) 1,004 0.5396 (33) 106 0.0569
(12) 1,103 0.5928 (34) 14 0.0075
(13) 1,396 0.7503 (35) 112 0.0602.

(14) 304 0.1634 (36) 5 0.0026

(15) 1,379 0.7412 (37) 682 0.3665
(16) 2,404 1.2922 (38) 133 0.0714
(17) 890 0.4783 (39) 5,977. 3.2128

(18) 228 0.1225 (40) 2,784 1.4964
(19) 4,503 2.4204 (41) 25 0.0134
(20) 800 0.4300 (42) 3,184 1.7114

(21) 7,575 4.0717 (43) 3,158 1.6975

(22) 224 0.1204 (44) 1,493 0.8025

0'
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BIS Seq. No. of % of BIS Seq. No. of % of
No. Occurrence* Occurrence No. Occrrence* Occurrence

(45) 3,351 1.8012 (72) 981 0.5273

(46) 718 0.3859 (73) 344 0.1849

(47) 2 0.0010 (74) 0 0.0000

(48) 41 0.0220 (75) 0 0.0000

(49) 295 0.1585 (76) 0 0.0000

(50) 117 0.0628 (77) 1 0.0005

(51) 1,304 0.7009 (78) 3,121 1.6776

(52) 1,388 0.7460 (79) 170 0.0913

(53) 47 0.0252 (80) 6 0.0032

(54) 309 0.1660 (81) 6 0.0032

(55) 0 0.0000 (82) 0 0.0000

(56) 6, 0.0032 (83) 0 0.0000

(57) 138 0.0741 (84) 10,216 5.4913

(58) 294 0.1580 (85) 2,386 1.2825

(59) 45 0.0241 (86) 4,338 2.3317

(60) 83 0.0446 (87) 3,706 1.9920

(61) 48 0.0258 (88) 46 0.0247

(62) 7,474 4.0;174 (89) 24,876 13 .3715

(63) 36 0.0193 (90) 75 0.0403

(64) 49 0.0263 (91) 3,983 2.1409

(65) 1,389 0.7466 (92) 665 0.3574

(66) 29 0.0155 (93) 0 0.0000
(67) 37 0.0198 (94) 17 0.0091

;

(68) 38 0.0204 (95) 296 0.1591
(69) 607 0.3262 SPACE 23,286 12.5168
(70) 812 0.4364
(71) 41 0.0220

*.Note: Computed from Table 3.7.
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Table 4.4: Statistics of Bengali Graphic Symbol (BGS) Generation By
Bengali Impression Symbols (BIS)

Group Total Ctnuula 1 action Tech- 2 action Tech- 3 action Tech- 4 action Tech- BGSnot be
(on the basis No.of live nique nique nique nique Generated
of % of BGS freqs.
occurrence) in % Total Cumul. Total C1.lmu1. Total Cumul. Total Curnul. Total Cu"ul.

NO.of freqs. NO.of freqs. NO.of freqs. No.of freqs. NO.of freqs.
BGS in % BGS in% BGS in % BGS in% BGS in %

I
(0.6% & arove) 32 72.3727 17 46.7573 13 22.2847 2 3.3307 0 0.0000 0 0.0000

II
(0.1% & arove 32 9.3726 25 7.4272 5 1.2538 2 0.6916 0 0.0000 0 0.0000
butbelow 0.6%)

III
(Below 0.1%) 67 1.7030 43 1.2588 15 0.4236 3 0.0128 2 0.0078 4 0.0000

r)~.rJ
:~..-

Total

SPACE

131 83.4483

16.5515

85 55.4433 33

"

23.9621 7

,',

4.0351 2 0.0078 4 0.0000

'"1
f-"
lJ1
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0.0128% have been selected as three action symbols, 2 grapllic

s~nbols with cumulative frequency of 0.0078% have been selected
as four action symbols and remaining 4 graphic symbols with cumu-

lative frequency of 0.0000% are not to be generated by impre-

ssion symbols'. This results to selection of 85 graphic symbols

with cumulative frequency of 55.4433% as one action symbols, 33
graphic symbols with cumulative frequency of 23.9621% as two

action symbols, 7 graphic symbols with cumulative frequency of

4.035% as three action symbols, 2 graphic symbols with cumulative
frequency of 0.0078% as four action symbols and remaining 4
graphic symbols with cumulative frequency of 0.000% are not to

be generated by impression symbols.

This selection of impression symbols will result to

Average No. of Superposition/Graphic Symbol,

Sav =

4
1:

i=l
4
1:
i=l

c.~

= 1 x 71.9948 + 2 x 23.9621 + 3 x 4.0351 + 4 x 0.0078
71.9948 + 23.9621 + 4.0351 + 0.0078

= 1.3205



where,
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S = average no. of superposition/ graphic symbolav
Ci = % cumulative frequency of ith action symbols

i = 1 for 1 action symbols & space

= 2,3,4 for 2 action, 3 action, 4 action symbols res-
pectivel.

Therefore, the speed penalty in case of daisy wheel printer will

not be much pessimistic.

Computation of speed. penalty for line printer is more diffi-

cult. If a line printer is assumed with 132 graphic symbols line,

as the cumulative frequency of 2 action symbols is 23.9621%,

31.6299 symbols out of 132 will rieed a second pass, i.e., a second

pass is mandatory for all lines. As the cumulative frequency

of 3 action symbols is 4.0351%, 5.3263 symbols out of 132 will

need a third pass, i.e., a third pass is, also, mandatory for all

lines. As the cumulative frequency of 4 action symbols is 0.0078%,
0.0103 symbols out of 132 will need a fourth pass, Le., 103 lines

out of 10,000 lines would need a fourth pass. Thus av~rage number
of pass would be

3 X 10,000 + 103 =
10,000 3.0103.
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CHAPTER - 5
ENCODING BENGALI INFORMATION PRIMITIVES

5,.1 IN'l'RODUCTION

The 131 Bengali Graphic Symbol Set (BGS) of Table 3.4 has

been selected for entering text into computer through key board

and the same will be used for Information Interchange, i.e.,

the same symbols are selected as Bengali Information Primitives.

The Information primiset should also contain appropriate control
code for computer usage. Numeric codes for these information pri-

mitives are neededformachine representation and data communication

over remote places.

5.2 CODING SCHEME

Along with the 131 Bengali Graphic Symbols, two more charac-

ters are needed as information primitives, they are Space and

Delete characters. Space is needed for inserting space between

two consecutive words and Delete character is needed for indi-

cating the character which is deleted from the record.

The 32 industry standard ASCII control codes (appendix D)
have been taken as cont'rol codes for the present c.oding scher,1e.

With 32 control codes, Space and Delete character, the total nOs.

of Bengali Information primitives become 165. These 165 Informa-

tion primitives will need Id 165=j.3663.i.e., 8 bits for encoding.
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If a parity bit is used for error checking, the number

of bits required will be 9. The Inlet 8251A Programmable Commu-
12nication Interface can handle 5-8 bj.t characters by inserting

an additional parity bit for serial data communication. This

8-bit coding scheme for 165 Bengali Information Primitives can

be handled by the Intel 8251A for serial data communication. But

most of the serial data cOMDunication systems handle a 7-bit

character with an additional parity bit resulting the total biis

required is 8. On the other hand, for parallel data communica-

tion and machine representation, this a-bit coding scheme with

an additional parity bit can not be used, because no fractional

byte can be represented in a typical computer system. In this

case 2 bytes, i.e., 16 bits are to be used for representing

165 Bengali Information Primitives with a parity bit, which

will obviously be inefficient from the view point of computer

resource requirement, i.e., more internal memory will be requi-

red for machine representation.

To make the coding scheme efficient, it has been dicided
that an a-bit coding scheme will be used for machine represen-

tation; For error checking in serial and parallel data communica-

tion, a special code mapping is to be used for inserting parity

bit as discussed in the next article. For these special code

mapping scheme~ another information primitive, i.e., CXT (Code

eX Tende.r) is required ..
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All these 1~6 information primitives are encoded in an

8-bit coding scheme and named the Bell code, i.e., Bengali

Code for Information Interchange. These codes 8.re given in

Table 5.1. Con~rol codes, Space and numerals are kept ASCII

compatible. The lexical symbOls are encoded in their lexical

order of Table 3.4 such that their lexical ordering can be

analyzed by numeric analysis. Code Space 80 Hex to 91"Hex is

kept unused to provide future provision of extending control

codes if needed. DELete character is encoded as PI"Hex and
Code eXTender (CXT) is encoded as 71"Hex

5.3 ERROR CHECKING IN DATA COMMUNICATION

The normal practice of error checking in either parallel or

serial data communication is to use a parity bit in addition with

the character bits. Normally the additional parity bit is placed
at the most significant position of the code, i.e., with a 7-bit

coding scheme, the additional parity bit is placed at the 7th

bit and the 7-bit character is pla~ed from the 6th to Oth bits

of an 8-bit code. As the BCII coding scheme employs 8-bits for
ellcoding the information primitives, an additional parity bit

can be inserted with the 8-bit character which can easily be

handled by the Intel 825-IA Programmable Communication Interface.
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Table 5.1: Bengali Code For Information Interchange (BCII)

Code Char Co-cle Char Code Char Code Char
(Hex) (Hex) (Hex) (Hex)

'00 NUL 16 SYN 2C 0 42" "-'I

01 SOH 17 ETB 2D , 43 'iT

02 S'}lX 18 CAN 2E 44 'ij

03 STX 19 E!'i 2F ~ 45 '!2

04 EOT 1A SUB 30 0 46 D

05 ENQ 1B ESC 31 -;;, 47 '"
U6 ACK 1C FS 32 <. 48 'l~

07 BEL 1D GS 33 \:> 49 ;;;

08 BS IE RS 34 8 4A <.:p

09 HT IF US 35 (): 4B (;

01\ LF 20 SP 36 '6 4C '."
013 VT 21 Gl 37 "I 4D '"
OC FF 22 ", 38 lr 4E 13"
OD CR 23 "'" 39 4F .j"t ;;J

OE SO 24 -;5 3A , 50 '0

OF SI 25 :.s 3B 51 "-'I

10 DLE 26 ~41 3C 52 \:1

11 DC1 27 q 3D 53 '4

12 DC2 28 --=i> 3E
?

54 ;j

13 DC3. 29 \3 3F 55 o9i

14 DC4 2A .:B 40 56 ".
15 NAK 2B ~ 41 57 <;
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Code Char Code Char Code Char .Code Char
(Hex) (Hex) (Hex) (Hex)

B4 >< C7 DA ED

B5 < C8 DB EE

B6 > C9 DC EF

B7 / CA DD FO

B8 1- CB DE Fl

B9 7'i CC DF F2

BA CD EO F3

BB = CE El F4

BC & CF E2 F5

BD @ DO E3 F6

BE ( Dl E4 F7

BF ) D2 E5 F8

CO { D3 E6 F9

Cl } D4 E7 FA

C2 [ 05 E8 FB

C3 ] D6 E9 FC

C4 D7 EA FD

C5 D8 EB FE

C6 D9 EC FF DEL
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As most of the typical serial data communication systems handle

a 7-bit character and insert. an additional parity bit at the

7th bit: of the 8-bit code,.a code mapping scheme is proposed for these

cases where the 7th bit of an 8-bit code will be used as parity

bit and the CXT code extender will be used dar extending the

codes.

The BCII codes are divided into two groups- the 1st group

with characters havihg codes from OOHex to 7F Hex, i.e., with

the 7th bit O(zero) and the 2nd group with characters having

codes from 80 Hex to FF Hex, i.e., with the 7th bit 1. For both

the groups, in this code mapping scheme, parity bit is to be

set at the 7th bit and the 6th to Oth bits are to be transmitted

as contained in the actual BCII code. For differentiating the

code group, a prefix CXT code byte is to be transmitted with

appropriate parity set at the 7th bit with the codes of the
2nd group for indicating,the code extention. At the receiving

end, the 7th bit of the;.code following a CXT code is to be set

to 1 and other bits, i.e., the 6th to Oth bits are to be res-

tored as transmitted. In other cases, where the code is not

preceded by a CXT code, the 7th bit is to be set to 0 (zero)

and the 6th to Oth bits are to be restored as transmitted. The

algorithms of code lnapping at both the transmitting and receiving

end of a ,serial data communication system are given in Fig. 5.1

and 5.2 respectively.



,-,.,
5 "-u

Get next byte

Yes

Yes Transmit CXT
Code byte

Get next
X-mitted byte

of

CXT

Ho
Set the-7th
bit to 0

Save the data

No
Set parity at
the 7th bit

Transmit the
byte

Fig. 5.1: Algorithm of Code Mapping At the
Transmitting End.

~2S

Get next
X-mitted byte

Set th'e 7th bi
to 1

Fig. 5.2: Algorithm of Code, Hopping at the Receiving End.



For parallel data communication by 8 parallel lines,

the same code mapping scheme is to be used as in serial data

COffiJnunic.u"t:Lon.

5.4 STATISTICAL CONSIDERATION IN CODING SCHEME

~o rcdllCC tile nvcrilgc bj.t required per i.nformation primi-
tive, i.e., to reduce the cases where the CXT code is required

to be transmitted, 38 least frequent information primitives

are encoded in the 2nd group of codes, i.e., in the code space

80 Hex to FF Hex and the other 128 mos~ frequent and ASCII com-

patible information primitives are encoded in the 1st group of

codes, i.e., in the code space OOUex to 7F Hex. The cumulative

frequency of the 1st group codes is 96.4800% and that of the

2nd group codes is 3.519~~~This leads to

••

Average Bits/Information Primitive,
.,

B =av

2
L: bi.cii=1
2
L: c,
i=1 J,

=
8 x 96.4800+ 16 x 3.5193

96.4800 + 3.5193

where,

= ,). 2815

B = average bits/information primitiveav
b, = bits/information primitive for grotip i
J,
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ci ~ % cumulative frequency of information primitives of
group i

i ~ 1 for the 1st gruup uf codes

~ 2 for the 2nd group of codes.

Therefore, in this code mapping scheme, average bit required

•, '

per information primitive is less than 9, which would be requi-

red whcn the 8-bit BCII codes are to be serially transmitted

with an additional parity bit.
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ClJAP'l'El{ 6

ADAPTATION OF IBivlPC KEY-BOARD AS BENGALI KEY-BOARD

.
"

6.1 INTRODUCTION

The Adapted BCII key-board lay-out of Fig. 3.6 has been devi-

ced with the ailllto change the exis~ing microcomputer key-board

to Bengali key-board for using with the same computer. i'or this

purpose, .tJ1C widely usc.~d .LUM I.'e lILi.t':.n)CUllllJutclr 11'::1:5DCCll ~:;cl'cctcLl,

because a number of microcomputers manufactured by other manufac-

turers are available which are compatible with the IBM PC. The
selection of IBM PC will provide the opportunity of easy imple-

mentation of the developed key-board handler routine with a

number of widely used microcomputers.

Key-board handler routines for generating BCII code from

the 113M PC key-iJOd.I:rJhave iJe'-,,,developed and discussed in this

chapter.

6.2 BRIEF DESCRIPTION OF IBM PC KEY-BOARD

The IBM PC key-board has 83 keys and the key-board is divided

into three zones according to Fey function-

_ zone 1: Typewriter keys and Control key

- zone 2: Numeric keypad

- zone 3: Function keys.

Lay-out of the key-board is shown in Fig. 6.1.
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The standard typewriter keys are located in the center

of the key-board, i.e., in zone 1. This zone contains 47 alpha-

numeric keys, 1 spac,? b<J.rand 10 control keys. Th0 numeric key
pad (zone 2) is on the right hand side of the key-board. The

keys can be used to move the curser, or produce numbers. In the
NUH LOCl, "off" position, pressing the keys moves the curser

•
"

according to the dircc.ti.onon the key, in the NUM LOCl; :'on" posi-

tion the nUllleJ:-i.c j.'~<...;yi.Xld fUllcl::i.ons like 0. c<tlculu'l:or keYJx\d '\

This zone contains 15 keys including some special control keys.

The .function keys (zone 3) are located on the left-hand side of

the key board. These keys can have different functions for diff-

erent programs. This zone contains 10 function keys.

The key-board is an interrupt driven key-board. When a

•key is pressed, the key-board processor serially sends the
hexa decimal scan code (location value) of the pressed key.

A hardware interface circuit on the microcomputer main board
receives the serial data and then converts the serial data into

paralled data. When the data output register of the interface

hardware is ready, it produces an interrupt request to 8259 pro-
12

grammable interrupt controller'. The 8259 then produces a type

~ interrupt<::Drcquust. 'l'huinterrupt handler routine pointed

to by the interrupt vector at location 0024H, i.e., the interrupt

vector of type 9 interrupt, reads the key-board data from the

data output regi.stur of the interface hardware and produces

the corresponding ASCII code for final processing. When a key

is released from its pressed position, the same phenomenon occures

but the most si.gnificant bit of the sca'n code is set to 1.



key-board processor gives a delay and then sends the same

/
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If a key is kept at pressed condition for a long time, the

•
scan code repeatedly until the key is released. Wilen more thall"

one keys are pressed simultaneously, the key-board processor

accepts the last key pressed and sends scan code of that key

ignoring all other pressed keys.

The address of the Operation control Vlord 1 (OCVl1) of the

8259 is 218 and that of the operation control Vlord 2 (OCVl2) and

Operation control Vlord 3 (OCVl3) is 208. The address of the data

output reujster of the interface hardware is 608.

6.3 CONVERSION OF IBM PC KEY-BOARD '1'0 ADAPTED BCIl KEY-BOAPD

The key-board lay-out of ABCII key-board has been deviced

with 47 main keys which correspond to the 47 alphanumeric keys

of zone 1 of IBM PC key-board. 131 Bengali Graphic Symbols have

been placed on these 47 keys according to the ABCII key-board

lay-out. Space bar is kept unchanced. Two shift keys of this
zOne have been used as sllift 1 keys of ABCII key-board. 'Alt'
and "caps Lock" keys have been used as shift 2 keys. Other 6

control keys of this zone have been kept unchanged. 15 keys of

zone 2 and 10 keys of zone 3 have been kept unchang~d. Lay-out

of tid" AdclJ)l:<-,d nell k"y-h'Xlrcl L; ,.;hOlvn in Pi<]. 6.2.

Each key of the Adapted BCII key-board produces 5 types

of code depending upon the control key pressed along with that
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key. If a single key is pressed, it will produce Bell code
corresponding to the sYlnbol assigned to the normal position of

that key. If either of shift 1 keys is pressed with any key,

C1".- ••

..
•

the key will produce BCll code corresponding to the symbol assign-

ed to the shift 1 position of that key. If either of shift 2

keys is pressed with any key, the key will produce BCII code

corresponding to the symbol assigned to the shift 2 position

of .that key. If (ctrl) key is pressed with another key,

the key will produce control code assigned to that key. If c:T
J\~~l\\'l{'r(NumLock) key is pressed with any key of the numeric key
pad, the key will produce Bell code corresponding to the nUlneral

assigned to that key. If no symbol is assigned to either of the

shift positions or if any combination of either

/

Z\{tr keys with any other key is undefined, that combination of

control key and other key will produce NULL (OOHI code.

The generated BCII code, for all 5 types of combination,

corresponding to each key of the'ABCII key-board along with-the

corresponding key-board-scan code is shown in Table 6.1. The

don't care (xx) value of the-.table indicates that, .for the com-
bination of that control key with the corresponding key, space

has been kept in the developed routine such that user-program

dependable code can be generated from that key combination
after inserting the desired code at that place'of the code

lable of the developed routine.

f
- \,

\..
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Table 6.1: Generated BCII Code From ABCIl Key-Board

}(ey l<ey-board Scan GeneClted BCII Code (Hex)
code (Hex) Normal Shift 1 Shift 2 ctr 1 Nun\•
Press Release

,Lock

<f~ri 01 81 lB 00 00 00 00

< 0.2 82 31 31' B5 xx 00
:>

@ > 03 83 32 BD B6 xx 00
::::

•• 04 84 33 Bl 31\ xx 00

'" 05 85 34 B2 3B xx 00
"/ g
%

06 86 35 B8 3C xx 00
C

x 07 87 36 B4 B1\ xx 00
~

& II 08 88 37 BC AI' xx 00
"1.

* I 09 89 38 B9 BO xx 00
17

( -'I {
OA 8A 39 BE CO xx 00

.,
/.) J

DB 8B 30 BF C1 xx 00
. 0

[
DC 8C 40 C4 C2 xx 00

OD 8D BB B3 C3 xx 00
+ J= DE 8E 08 08 08 xx 00

'--1 OF 81' 09 00 00 00 00

"4< 10 90 6A 26 00 xx 00

'-
~,

'-!., ~
11 91 45 70 2B xV 00

";;I 12 92 21 00 61 xx 00 .
a

" ':"I, 13 93 60 2C 1\E xx 00
" 'Z
5'

14 94 SF 7E 00 xx 00
'J1

'"
15 95 55 78 00 xx 00

'9i

'" >l 16 96 59 71'- A4 xx 00
'I
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Tilble 6.1 Contd.

Rey-board scan
Generated BCII Code (Hex)

Key code (Hex) Normal Shift 1 Shift 2 Ctrl Num
Press Release Lock

'" ;:1 17 97 5C 7D A7 xx 00
ii1

~ 18 98 68 24 2D xx 00
~

"' '1
19 99 52 76 53 xx 00

'i

'b
.IA 9A 69 25 3D xx 00

'"
'" .,., IB 9B 5E 7D 1\ll xx 00

'>l

_-I IC 9C QJ;JJJ 00 00 00 00 ...,.

~ 1ll 9ll 00 00 00 00 00
T"".:l.~:

u ,''- IE 98 16 .(I 17 xx 00
B

'2l 11' 91' 51 00 AC xX 00
?!

<; ;:>, 20 AO 50 64 AB xx 00
<5

~ .- 21 7\1 57 79 7\3 xx 00
'.<J

1- 22 7\2 5B AD 7\.6 xx 00
'-'i'I

n 23 7\3 66 22 00 xx 00
'" -('

q 24 .A4 6B 27 00 xx 00
(;

0
25 AS 65 29 00 xx 00'

T

-- ';l 26 A6 -'-54 77 A2 xx 00
';l

••• 27 A7 41- . 6E 00 xx 00
<j>

.-=. / 28 A8 67 23 B7 xx 00
)" '1-
'1 7

29 A9 AS SA 3E xX 00
3

[!J 2A 7\7\ 00 00 00 00 00

.. , ':. 2]) 7\13 6C 28 21" xx 00
,"".

-- L:' 2C l\C ~ I,; 2E G3 xx 00
,

13

2D AD 41' 75 A1 xx 00•.. ~
- .\

f' .
'. "c.-
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Gene rai:ed 13CII Code (He>:) •
Key Key-board scan .__~.ormal Shi.ft 1 Shift 2 Ctrl. NUi\)'

code (Hex)
Press l1elease

Lot:}~>

'" ""
2E AE 4D 74 62 xx 00

'",". 'ij/ ?1 21" AI" 43 6F 44 xx 00
>;;) l'

t;; " 30 DO 413 4C 1\1\ 00xx

'" '3>

"" 31 131 48 72 1\9 xx 00
. ..,. ..1 32 132 50 7C 00 xx 00

'II ~~j' .l33 'SG 00 j

'"
33 58 1~ xx

,-p 'l. 3~ 1.\1 ~7. ~i\ 7\8 00
•~,I

xx .

-3 T '-'l' 35 135 6D 2A 73 xx 00

rn ill 36 B6 00 00 00 00 00

7j : ;" 37 B7 B9 00
* "- xx xx xx

rn 38 B8 00 00 00 00 00

"4'l<fot 39 139 20 20 20 xx 00

I1l 31\ l3A 00 00 00 00 00

"" -~ 313 1313 xx 00 00 00 00

""~ 3C BC xx 00 00 00 00

'Lj- \:) 3D BD xx 00 00 00 00

'iJ.€ 3E 13E xx 00 00 00 00

-;;'Q 31" B1" xx 00 00 00 00

-;;."" 40 CO xx 00 00 00 00

I.i' ') 41 C1 xx 00 00 00 00

T.f' \1~ -12 C2 xx 00 00 . 00 00

-;;.,;;, 43 C3 xx 00 00 . 00 00



TC'ble 6.1 Contd.

Key-board scan
code (H8X)
Press Ee1ease

6-10

Generated BCll Code (Ilex) .;
Normal Sh:Ltt 1 Shif-t 2 el:rl. Num,,-

Lac), -

r, ~o 44 C4 xx 00 00 00 00

-::q"J}f.>! <r:;1l 45 C5 00 00 00 00 00

~p~rq~ 46 C6 xx xx xx xx 00

'" 47 C7 00 00 00 -Dla 37
~1fi=i:;'~1;1

17
...•.

t 48 C8 -IE) 00 00 xx 32-

~ "H": 7:;>' 49 C9 xx xx xx xx 39
", -

4A CA 40 40 40 xx 40

8 4B CB @j xx xx xx 38

~ 4C CC 00 00 00 xx 35

"" 4D CD 't9 xx xx xx 36-
+ 4E CE IJ3 D3 D3 xx lJ3

'" 4F Cl' xx xx xx xx 31
1;"'1"'l

<: 50 DO ~ xx xx xx 32
I

'" 51 D1 xx xx xx xx 33
..-r: 'it;, '

~\ 52 D2 xx xx xx xx 30
~fr..::P'1

r 53 1)3 l'F l'l' l'l' xx BA
>1 ~1t:;;lt1'
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Key-board handling routines for generating BCII code from

the adapted BCII key-board have been developed and discussed in,

the following articles.

6.4 DEVELOPMENT OF BENGALI KEY-BOAl'D HANDLING l'OUTINES

Though the IBM PC key-bo~rd is an interrupt driven key~

bOClrd, the key-board can also b" handled ill the non-inten:up-

ting mode by masking out the key-board interrupt by the Interrupt

Mask l'egister (IMl')programmed through the Operation Control
Word I (OCWl) of the 8259 PIC. TIle key-board data can be palled
from the datCl output register of the interface hardware by check-

ing the key-board interrupt request in the Interrupt l'equest

Register (Il'l')via the Operation Control Word 3(OCW3) of the 8259
PIC. This non-interrupting n~de key-board handler can be used,
in smnll iJnd dcdicu.tcd applications. But for t:he large, ~Jener(lli-

zed and flexible applications, interrupting mode key-board hand-

ler 1s essentiai.

Software routines for both the non-interrupting and interr-

upting mode key-board handling have been developed and discus-

sed in the following articles.

6.5 NON-INTEHRUPTING I'IODEKEY-BOARD HANDLING l'OUTI1,m

The non-interrupting mode key-board handling routine has

b':lenwritten in IJA,;JC13 C1nd eOlllp.i.lcd14 and linked 15 to produce
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an executable file such that the executable file can be loaded
. 16under system for execution. 'Ehe rou"tine COlltaj.lls four portions

and the progrillnlisting of the routine is given in Table 6.2. '

whose algorithm is discussed :::..;epcrately in the follo\vil1Cj Lrt.iclcs

.'rhe initialization is the fil:'St step of the l'Jon-intc.l:-rupti,lV]

n~de key-board handling routine. This portion first reads code
tables in the memory and then mask outs the key-board interrupt

board interrupt request line is connected to tile IR1 line of the

Interrupt Request Register (IRR) of the 8259 PIC. An 1 at the

first bit of the OCW1, when programed,mask outs the key-board

interrupt. This initialization portion then sends read IRR on

lization, the control is transferred to the code generation portion

next RD pulse command by writting OAII in the OCI'I3.After initia-

of the key-board handling routine. Algorithm of the initial i-

zation process is given in Fig. 6.3a.

6.5.2 Key-Board Data Reading

Key-board data reading process is a subroutine called by

at the 7th bit of the port 6111 and then tests the presence of

board handlin0 routinc. '1'1l1s subroutinc finit toggles th(e clock

tilecode generation portj.on of the lIon-interrupting mode kcy-

the key-board interrupt request in the Interrupt Request
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Register (IRR) via the Operation Control Word 3 (OeW3) of the
8259 PIC. An I at the first bit of the OeW3 indicateds that the
key-board illterrupt request is present in the II~R.Tilis presence
of key-board interrupt request indicates that key-board data 'is

ready at the data output register of the interface hardware.
When the data output register gets ready, the subroutine reads
the key-board data fJ70m the clata outl'>l.ltreg:cc;[:er(port 6011) L\Llei

tlunof this key-board data reading subroutine is given in Fig.

6.3b.

6.5.3 Code Generation

Code generation process is the main process of the non-inter-

rupting mode key-board handling routine. This portion first calls
the key-board data reading subroutine and then generates the
BCII code corresponding to the key-pressed. It first tests whether

the key-board data is key-released data or not. If it is key~

released,data, the contr6T-is 'transferred to the starting of the

,Num Lock key pressed. If either of these control keys is pressed,

the control is trallsferred to the corresponding portion of the

process. If not, it generates the Dell code correspoJ1ding to
t.hc sYlllbol assigned to t:,hc normal position of the: pres:3cd key

" '

' ... -,.

[J:om Lhe normiJl 0I"OUP of: COde table. This pI"OCeSSUlcn calls

the processing routine and control is transferred to the start-

illg of the code gcncrntioll precess after returni.Jlg {rom the
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,

processing ;;:~broul:.illc.

The portion correspondtng to Ule '.<hiftJ. kcy- pressed of

l:h:i,:1 prOCe!:;;~3 f:i.rr-,:l: calls t:11Cl:ey-bocJ.rc1 data readin~J subrotltinr~ ,
and then tests whether the shift J. key is released or not. If

thc~ shtft 1 key is released, the con'trol is transferred to the

~.;d:<:lJ:-'Ling of .tIle code <]cncration proc8s~:;. If not, it tes-::'s for

the s],lEl:J. key press. If Shlft I key is pressed, the control is

transferred to the starting of the Slllft 1 key pressed portion.

If not, it tests for the key release. If the pressed key is rele-

ased, the COlltrol j.s trnllsferred t9 tIle.starting of the shift 1
key pressed portion. If not, the process generates the Dell
codo C0J:J:e:::ponc1:i Il(J to the s:Vmbo~. -ns:.>:i,<]llod to t.hl'J shift .1.por.d.-

tion of Ule pressed key from the ,ihift 1 group of the code taLle.

The process then calls the processing subroutine and COl11~1~ol.is
tl~;)nGfcrrCl1 to Lhe s-tarti1l9 oJ: the ::;hift: 1 key P1~csscd portion

after returning fronl tile processing sul)routinc.

Th~ portion corresponding to the shift 2 key pressed and

that corresporlding to the ctrl key pressed of this process do
tasks silllilarto that of the shift J. key pressed portion of

this process.

tbis process firs-t culls the kcy-bo3:rc1 d,Ttn. rCudin'J subrc"elinc

and £hcn tests whether the num lock key is pressed again or nat,

because the mim lock key is a toggle key in nature. If the num

lock key is pressed again, the control is transferred to the



st~rting of the co~e 0cncration process. I,f not, it tests for
the Durn 10c]< lcey ]~i~leasc.If num lock J(0y is relcGscd, cont]~ol

1.'"., tJ:ilnsferreclto the stClrting oLlhe num lock pressed pOL-tion.

If not, it tests f6r the_ key release. If the preroscd key .is '.

r':.:~lc()sccl, the conf:rol is transferred to th0 st:(lrt.inc; of -the nurn

locJc key pressed portioh. If not, the process gellcrates tl'l8

/ JJCJJ (;0(18 corrc::;polldinq t:o '1:11e lltlmeraJ.:3 u.:~;si0ncd to t.:he prc,~3~.,cd

key f:l':,01\l t,hc:: rnl1~1 lock {Jroup of t.Ile code 1:.:11;;lc. The procc.:":;:;

then calls the proccssiJv] [~ubroutinc a,nd cont.rol is t.rzlllsfcrred

to the starting of the num lock key pressed portion after return-

Jnfj fJ~Oln Llle P.l:'O(.:c:~~;::;j.l'IIJ!:i\.ll)r/)ll't:ine.

The algorithm of the code generation process is given in

Fig. 6.3c.

6.5.4 Eroc~ssinSl

The processing process is a subroutine called by the code

generation process for processing the generated Belr code for

l-l!lateverprocessing needed by the uI'pli.ca.tionprogrcom. Forlbc
dcrnons'tru.'tion purpo!:;c of -the prcscn't work, t.hc genera L(:~dBCII code

is printed in the scrcen~ rJ'he algorit.lurl of ,this c1cYllcnstrotion

procossin'} is given in Fig. G.3cl.

The intcn:upt:Lng mode key-board hanclling .routinc consists

of a main routine or processing routine written in BAsrC,tw6
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Read Code
Tables

i.las]: key-board
Interrupt

Send Int. reg.
reg. read comm-
and

Fig. 6.3a: Algorithm of Initialization
In Non'-Interrupting Hode.

Print the
BCll Code

Toggle Clocl:

Yes
Read key-board
Data

Fig. 6.3b: Algorith',lof Reading
Key-board Data In
Non-Interru,)ting
Hode.

Fig. 6.3d. Algorithm of Printing BCII Code in
the Screan.
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Call Key-Board
Data Reading
subroutine

Call Key-Board
Data l<eading
Subroutine

Is Yes
shift I Released A

No

No

No

Call Process in
Subroutine

Get Code Fronl
Shift I Group

Yes IsShift I Pre-
. ~;:;;ed

Is Yes
shift 2 pre
ssed. C

Get Code Frolil
i~orl1lalGroup

Call Processing
:Subroutine

Fig. 6.3c: Algorithm of Code Generatioll in
Non-Interrupting Mode.
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Call Key-Board
Data Reading
subroutine

Call Key-Board
Data Reading
subroutine

A

No
Is

Shift 2)ressed

Is Yes
Shift 2 Re- Aleased

Yes

Get Code From
Shift 2 Group

Call.Processing
.Subroutine

Call Key-Board
Data Reading
Subroutine

bJO

Yes I!:,
Key Relea-

sed
No

Get Code From
Ctrl Group

Call Processin
Subroutine

A

No
Get Code From
Num Lock Group

Call Processing
Subroutine

Fig. 6.3c Contd.
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on

on

110 IF A=&H2A OR A=&H36 THEN 180
115 REM if shift2 pressed then branch to shifl2 porti

Table 6.2: Program Listing of Non-Interrupting Mode
Key-Board Handling Routine. PAGE 1

10-05-86
15:45: 17

Compiler Vl.OOIBM Personal Computer BASIC

120 IF A=&H38 OR A=&H3A THEN 260
125 REM if clrl pressed lhen branch, lo clrl portion
130 IF A=&HID THEN 340
135 REM if num lock pressed lhen branch lo
136 REM num lock portion
140 IF A=&H45 THEN 420
145 REM normal porllon
147 REM get code from normal group
150 N=O
155 C=CA(N,A)
157 REM call demonstralion processing subroullne
160 GOSIJB 570
165 REM branch to slart of code generation
170 GOTO 80
175 REM shifll porllon
180 N=1
185 REM -call ~;eyboard data reading subrouline

Source Line
5 REM $pagesize:54
6 REM $linesize:70
10 DEFINT A-Z '...----
12 REM lnitiallzatlon
15 REM read code tables
20 DIM CA(4,83)
30 FOR 1=0 TO 4:FOR J=1 TO 83
40 READ CA( I ,J)
50 ,NEXT J, I
55 REM mask keyboard interrupt
60 OUT &H21, &H2
65 REM send interrupt request register read command
70 OUT &H20,&HA
72 REM code generation
75 REM call keyboard dala read In'~ subroul ine
80 GOSUB 500
85 REM lf key released code lhen branch lo sta(-l of
86 REM code general ion
flO T-A AND ,~11f\1l
100 IF T<>O THEN 80
105 REM if shift1 pressed then branch lo shiftl porli

Offset Data

001A 0002
001A 0002
001A 0002
001A 0002
001A 0002
001A 0002
001A 0002
0036 .0'')4A

/004A 034E
0066 034E
0066 034E
006D 034E
006D 034E
0074 034E
0074 034E
0074 034E
0077 034E
0077 034E
0077 034E
0080 0352
0087 0352

0087 0352
00A6 0352

00A6 0352
00C5 0352
00C5 0352
OOCF 0352
OOCF 0352
DOCF 0352
'OOD9 0352
00D9 0352
00D9 0352
OODF' 0354
OOF4 0356
00F4 0356
00F7, 0356
00F'7 0356
OOFA 0356
OOF'A 0356
0100 0356
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PAGE: 2
10-05-8b
15:45:17

Source LinelBM Personal Computer BASIC Compiler Vl.OO

0100
0103
0103
0103
0124-
0124
0121
0110
0140
0140
0119
0150
0150
0165
0165
0168
0168
0168
016B
0171
0171
0174
0174
0174
0195
0195
0195
OIBI
01Bl
OlBl
01BA'
01el
OlCl
0106
0106
0109
0109
OlOC
01DC
01E2
o lE2 -
01E5

0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356 __
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356

190 GOSOB 500
-195 REM if shift1 released lhen branch to
196 REM '3t.art. of codl;' generalion
200 IF A;&HAA OR A=&HB6 THEN 80
205 REM if shifll still pressed lhen branch t.o
206 REM slarl of shlfll port.ion
210 IF A;&H2A OR A;&H36 THEN 190
215 REM if previuos pressed key released lhen
216 REM branch t.o st.arl of shifll port.ion
220 T;A AND SH80
230 IF TOO THEN 190
232 REM get. code from shifll group
235 C;CA<N.A)
237 REM call demonst.ration processing subroutine
240 GOSlJB 570
245 REM branch lo start. of shirll port.ion
250 GOIO 190
255 REM shift.2 port.ion
260 N;2
265 REM calL keyboard data reading subroultne
270 GOSUB 500
275 REM If shifl2 released lhen branch t.o
_276 REM slarl of code general ion
280 IF A;&HB8 OR A=&HBA THEN 80
285 REM if shifl2 st.ill pressed lhen branch lo
286 REM slart. of.-5hi-f.j.-2porllon
290 IF A=SH38 OR A;SH3A THEN 270"
295 REM if previous pressed key released then
296 REM branch lo slarl of shifl2 porlion
300 T=A AND SH80
310 IF T()O THEN 270
312 REM gel code from shifl2 group
315 C;CA<N,A)
317 REM call demonst.ralion processing subrouline
320 GOSU8 570
325 REM branch lo slart. of shifl2 porlion
330 GOTO 270
3:~5 REM clr1 po rlion
340 N=3
345 REM call keyboard dat.a readinq subrouline
350 GOSUB 500
355 REM if clrl released t.hen branch lo
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PAGE 3
10-05-86
15:45:17

Source LineIBM Personal Compuler BASIC Compiler Vl.OO

'I

0lE5
0lE5
OIFO
OIFO
OIFO
0lF7
0lF7
0lF7
0200
0207
0207
021C
021C
021F
021F
0222
0222
0228
0228
022B
022B
022B
0235
0235
.0235
023D
0230
0230
0246
0240
024D
0262
0262
0265
026.5
0268
0268
0268
026F
0276
0276
027F

/

.,

0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
.0356
0356
0356
0356
0356
0356
0356
0356
0356
0356
0356.
0356
0356
0356
0356
0356
0356
0358

356 REM slar l of code general ion
360 IF A=&H90 THEN 80
365 REM if clrl slill pressed lhen branch lo
366 REM slarl of clrl porlion
370 IF A=&HID THEN 350
375 REM lf previous pressed key released lhen
376 REM branch lo slad of clrl portion
380 T=A AND &H80
390 IF TOO THEN 350
392 REM gel code from elrl group
395 C=CA(N,A)
397 REM call demonstralion proceSSing subroutine
400 GOSUB 570
405 REM branch lo slarl of elrl porlion
410 GOTO 350
415 REM num lock porlion
420 N=4
425 REM call keybo~rlj d~tn readillg SUbrOIJtille
430 GOSUB 500
435 REM if num lock pressed aga lh I.hen branch lo
436 REM sI.arl of code generAl ion
440 IF A=&H45 THEN 80
445 REM if num lock released lhen branch lo
446 REM slarl of num lock porlion
450 IF A=&HC5 THEN 430
455 REM if previous pressed key released lhen
456 REM branch 1.0 slarl of num lock porlion
460 T=A AND &H80
470 IF T<>O THEN 430
472 REM gel code from num lock group
475 C=CA(N,A)
477 REM call demonslralion processing subrouline
480 GOSUB 570
485 REM branch lo slart of num lock portion
490 GOTO 430
495 REM keyboard data reading subroutine
497 REM loggle clock
500 OUT &H61,&HCC
510 OUT &H61,&H4C
515 REM check fot--arl'Y-inl.erruplrequesl presenl
520 D=INP(&H20)
530 D=D AND &H2

•



Offset. Dat.a

0288 0350
028F 0355
028F 0358
0298 0358
0299 0358
0299 0358
0299 0358
02AA 0358
02BA 111:'0
02BB 0358
02BE 0158
02BE O:~50

02BF 0358

02CO 0358

02C1 0358

02C2 0358

02C3 0358

02C4, 0358

02C5 0358

02C6 0358
02C7 0358

02C8 0358 _

02C9 0358

02CA 0358

02CB 0358

02CC 0358

02CD 0358

0-/.2

PAGE 4
10-05-86
15:45:17

Source LineIBM Personal Comput.er BASIC Compiler V1.00

~)40 IF 0=0 THEN 520
545 REM re~d keybonrd dala and retUrn
550 A=INP(&H60)
560 RFTURN
565 REM demonstration processing subruotine -

"566 REM prin,ls code on screen
570 IF C<l6 THEN PRINT "0";
580 PRINT HEX$IC);"
Sl)rJ nr~nJPH
999 END
lOOn REM t:l)rle t81,les
1 fJ (11 [lATA t\1-I1n , (~Jn.1 • ,~;H :l,~,~HLI:) t'~H:3 '1 • SH 3 ~l • \~!i:.IC . &HJ7 . &H 3

8,&H39
1002 DATA &H30,&H40.&HBB.8H08.&HOO.&H6A,&H45.&H21.&H6
0.&H5F
1003 DATA &H55.&H59.&H5C.&HP'8.8H52.8H69.&H5E.8HOO.&HO
O,&H46
1004 DATA &H51.&H50 ..~H57 .&H5B.&H66:&H6B.&H65.&H54.&H4
1,&H67 _
1005 DATA &HA5,&HOO,&H6C,&H4E,&H4F,&H4D,&H43,&H4B.&H4
8,&H5D
1006 DATA &H58,&H42,&H6D,&HOO,&H89,&HOO.&H20.&HOO.&HO
O,&HOO
1007 DATA &HOO,&HOO.&HOO,&HOO,&HOO,&HOO.&HOO,&HOO.&HO
O.&HOO
1008 DATA ~HOO.&HOil,~HOO.&H40.&HOO.&HOO,&HOO.&HB3.&HO
O,&HOO
1009 DATA &HOO,&HOO,&HFF
1010 DATA SHOO.&H3F.&HBD.&HBI ,&HB2,&HBB.&HB4.&HBC.&HB
9.&HBE
1011 DATA &HBF.SHC4.SHB3.&H08.SHOO,&H26.&H70.&HOO.&H2
C,&H7E
1012 DATA &H7B,&H7A.&H7B,&H24.&H76.&H25,&Ii7D.&HOO.&HO
O,&H71
1013 DATA &HOO.&H64.&H79.&HAO,&H22.&H27.&H29.&H77.&H6
E,&H23
1014 DATA &H5A.&HOO.&H2B,&H2E,&IJ75,&H74.&H6F,&H4C.&H7
2.&H7C
1015 DATA &H49.&H4A,&H2A,&HOO.&HOO.&HOO.&H20.&l!OO,&HO
O.&HOO
1016 DATA &HOO.&HOO.&HOO.&HOO,&HOO.&HOO.&EOO.&HOO.&HO
O.&HOO
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02CE 0358

02CF' 0358
02DO 0358

0201 0358

02D2 0358

02D3 0350

02D4 0358

OZD5 0358

OZD6 03'50
iJ ZD7 0358

OZD8 0358
02D9 0358

02DA 0358

OZDB 0358

02DC 0358

OZDD 0358

020E 0358

02DF' 0358

02EO 0358

02El 0358
02E2 0358

02E3 , 0358
/

02E4 0350

6-23

PAGE 5
10-05-86
15:45:17

Source LinelBM Personal Compuler BASIC Comp,Ier V1.00

1017 DATA 8HOO.8J!00,8J!00,SH40,8HOO,8HOO,8HOO,8J!B3,8HO
O,&HOO
1018 DATA &1100,8HOO,8HFF
1019 DATA &HOO,8HB5,&HB6,8H3A,&H3B,8H3C,8HBA,8HAF',&HB
O,&HCO
1020 DATA &HC1,&HC2,&HC3,&H08,&HOO,&HOO,8H2B,8H61,&HA
E,&HOO
1021 DATA &HOO,8HM,8HA7,8H2D,&H53,8H3D,8HAD,&HOO,&IlO
O,&H47
1022 DATil &1-111<;,81-1118,&1-1113,,HIM, ,Ulno ,&1-100,&1-I1l0,&I-IA2,SHO
O,&HB7
1023 DATA &H3E,&HOO,&HZF,&H63,&HA1,&H6Z,&H44,&HAA,&HA
9,&HOO
10Z4 DATA &H56,&HA6,&H73,&HOO,&HOO,&HOO;&I-IZO,&1-I00,&HO
O,&HOO
1025 DATA &1-100,&1-100,81-100,,~I-100,MIOO ,81-100,&1-100,MIOO ,&HO
0,&1100
1026 DATA &1-I00,&1-I00,&I-IOO;&1-I40,&I-IOO,&HOO,&I-IOO,&HB3,&HO
O,&HOO
1027 DATA &HOO,&HOO,&HF'F'
1028 DATA &HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HO
O;&HOO
1029 DATA &HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HO
O,&HOO
1030 DATA &HOO,&HOO,8HOO,8HIl0,&HOO,&HOO,&HIlO,8HIlIl,&HO
O,&HOO
1031 DATA &HOO,&HOO,&HOO,&1I00,&HOO,&HOO,&HOO,&HOO,&HO
O,&HOO
1032 DATA &HOO,&HOO,&HOO,8HOO,8HOO,81100,8HOO,&HOO,8HO
'O,&HOO
1033 DATA &HOO,&HOO,8HOO,&HOO,&1100,&HOO,&HOO,&HOO,&HO
O,&HOO
1034 DATA &HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&IlOO.&1100,&IlO
O,&HOO
1035 DATA &HOO,&HIW,ftIfflO,&HOO,&HOO,&HOO,&IlOO.&HOO,&IlO
O,&HOO
1036 DATA &HOO,&HOO,&HOO-"
1037 DATA &HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HO
0,&HOO
1038 DATA &HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HO
O,&HOO
1039 DATA BHOO,BHOO,&IIOO,RIIIl0,BHOO,RHOO,&HOO,&HOO,8HO
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PAGE 6
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Source Lin~]tiM Personal Compuler DASle Compiler VI.OO

0,&HOO
02E5 0358 1040 DATA

O,&HOO
02E6 0358 1041 DATA

O,&HOO
02E7 0358 1042 DATA

0,&1100 .
02E8 0358 1043 DATA

O,&HOO
02E9 0358 1044 DATA

I,&H32
02EA 0358 1045 DATA
02EB 0358
02EE 0358

22151 Byles Available
20504 Byles Free

0 Warning Error(s)
0 Severe Error(s)

.,

&HOO,&HOO,&HOO,&HOO,&HOO,&HOO,&HOO.&HOO,&HO

&HOO,&HOO.&HOO.&HOO,&HOO,&HOO,&HOO.&HOO,&HO.

&HOO.&HOO.&HOO.&HOO,&HOO,&HOO,&HOO,&HOO.&HO

&HOO.&HOO,&1I00.&HOO,&HOO,&HOO,&1l00.&HOO,&HO

&H37.&1l38,&H39,&H40,&H38,&1I35,&H36,&HB3,&H3

&1l33,.~H30 ,&HBA
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Slarl' Stop Leng ~.hName Class
OOOOOH 002EDH 002EEH BC.CODE CODE
002EEll 00348H 0005BH CODE CODE
00350H 0035FH OOOIOH BC- ICN INIT
00360H OOC04H 008A5H BC- IDS INIT
OOCIOH OOEOCH OOlFDH INIT IN IT
OOEIOH 01A4EH 00C3FH CONST RT_DATA
OlA50H OlA50H OOOOOH DATA RT_DATA
01A50H OlA50H OOOOOH COMMON BLANK.
OlA50H 01A50H OOOOfJHCONST CONST
OlA50H OlA50H 0000011DATA DATA
OlA50H o lDA7H 00358H BC_DATA -- ._-_ .. DATA
OlDA5H OlDA8H OOOO(IHBCfT DATA
OlDBOH OlDBFH OOOIOH BC CN DATA
o IDCOH 02664H 008A5H BC_DS DATA
02670H 0286FH 00200H STACK STACK

Origin Group
OOEl:O DGROUP

Program enlry!,oinl al OOOO:OOIA
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"

machine language subroutines accessible from U1e main routine
for reading BCII code from U10 codo buffer <1nd'<1ninterrupt

handling routine to generate BCII code from the key-board scan

code.

.Thco 'I:woassembley lanCjuage subroutines and the
" . .. 17

assembley language interrupt handllng routlne are assembled

and linked to produce executable file and the executable file

is saved in such a way that the BASIC main routine can be able

to access the machine language subroutine.

All'modules of this interrupting mode key-bo<1rd handling

routine are discussed seperately in the following articles.

6.6.1 Main Routine

The responsibility of the main routine or the processing

routine .in the interrupting mode is to get BCII code from the

interrupt handler code buffer and to process the code for what-

ever processing needed by the application program. The main

,routine can read code in two ways. In the first method, the main

routine calls a code reading subroutine which waits until any
code is available in the code buffer and then control is trans-

ferred back to the calling routine with passing BCIl code to

the calling routine. In the second method/the main routine calls

another code reading subroutine which tests for the availability
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;

of code in the code buffer and pas~es code to the main routine

with setting a flag to indicate that a code is passed to the

main routine. If no code is available in the code buffer, the

subroutine transfers control back to the main routine with

setting a flag to indicate that no code is available in the

code buffer. In the first n~thod of getting code, the main rout~

inc processes the code as needed by the application program.
In the second method of getting code,the main routine process~s

the code as needed by the application program if a code is
passed to the main routine, else the main routine do another
task as needed by the application program. The processing of
the code .night be anyl:hinq ne(;ded by the applica.tion program,

but for demonstration purpose of the present work, the BCII

code is printed in the screen. Two probable algorithms of the

main routine are given in Fig. 6.4a for two methods of getting

codes and the program listing is given in Table 6.3a .

.,
6.6.2 Machine Langua~e subroutine With BASIC

The two code reading subroutines and the interrupt handl~

ing routine arc written in assembly language, then assembled

and linked to produce machine language subroutine. This machine

language subroutine should be accessible from the BASIC main

routine and the subroutine should be written such a way that

p<:ll:alllcLcn; can bc pi\3SCc1 betwecn thc Bl\SIC Iilainroutine and

the machine language subroutine. Fortunately the BASIC language
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;

and of saving the subroutine in such a way that the BASIC pro-

grall'can load the subrouU.ne into lHCClilorypriol: to subroutillcc

The widely used way of getting machine language subroutine

code into merlloryis to load a file, containing the subroutine
code saved earlier by .the BSAVE cOIllmand,.by the llLOAD cOHunand

at.the outside wemory. location of the BASIC work area. Hethods

of creating such a file is described below:

i) The subroutine is written in assembly language, assem-

bled and linked with the /H switch to produce .EKE file

such..that.;thefileis loaded at; the high memory location

outside the BASIC work area.

d d
. 18.,ii) BASIC.COM is loa e under DEBUG anu CS,IP,SS,SP,DE,ES

register values are recorded using R cOIT@and where the

BASIC.COM is loaded.

iii) The.EKE file is loaded using DEBUG and CS,IP register
values are recorded using R command where the subroutine

is loaded.

iv) The registers are reseJ.to value where the BASIC. CO~l
was loaued usiny R COllllllandand branched to BASIC entry

point using G command.
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v) Vlhen BASIC prompt, the BASIC application program is

loaded and the DEF SEG and the variable name of the CALL

statement are edited with the CS and IP register values

where the subroutine was loaded. CS value is used for

DEF SEG and IP value is used for the variable name of the

CALL statement.

vi) The subroutine area is saved by BSAVE command in direc.t

mode in BASIC using CS and IP register value where the

subroutine was loaded as starting address and code

length from the LINK MAP.

vii) BASIC application prograrJ is edited to contain BLOAD

command after DBF SEG that sets the proper value of

CS for subroutine.

viii) Resultin<j modified BASIC application program is then

saved.

The simplest way of calling a machine langua<je subroutine

frow BASIC main routine is to use CALL statement. The syntax

of the CALL statement is as below:

CALL numvar (variable list)

llumvar is a name of a numeric variable whose value is

the offset from the segment set by DEF SEG, i.e., the

starting point of the subroutine being called, and
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variable list is a list of variables seperated by commas

that are to be passed as argument ('not constant) .

Execuation of a CALL statement causes the fOllowing:

i) Variables location is pushed onto the stack. The loca-

tion is specified as a two-byte offset into BASIC's

data segment.

ii) The return address specified in the CS and offset are

pushed onto the stack.

iii) Control 'is transferred to using address specified in

last DEF SEG and offset specified by numvar.

At entry to, the subroutine, DS,ES,SS are set to the address

of BASIC's data space and CS contains the value specified by

latest DEF SEG. The stack pointer indicates a stack that has

only 16 bytes 8 words) available for use in the subroutine.

Prior to exit from the subroutine, all segment registers and

SP must be restored and the return should be inter-segment return

( FAR PROC). If interrupts were, disabled, they should be enabled

pri.or t,o return.

Values can be returned to BASIC through the arguments by

changing the values of the variables in the argument list. If

the argument is a string, the offset for the argument points
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to the three- byte string descriptor where the byte 0 indicates

the length of the string (0-255), byte 1 indicates low byte

of offset of string Cand'byte 2 indicates high byte of offset of

string. Parameters are refferenced by adding. a positive offset

to BP after the called routine moves the current stack pointer
,

into BP. The first instruction in the subroutine should be

PUSH BP

HOV BP,SP

The offset into the stack of anyone particular argument is cal-

culated as

offset from BP = 2 *(n-m) + 6

where n = total no. of argument passed

m = position of the specific argumen~.

The return from the subroutine must be with a RET n instruction

\vhere n is 2 times the number of arguments.

6.6.3 Code Reading Subroutines

The first code reading subroutine, at the entry to the

subroutine, checks if the interrupt vector of the key-board

interrupt (type 9) is set or not. If the interrupt vector is
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not set, II moves the offset address of the interrupt handling

routine to the 0024H location and segment address to the 0026H

location which is the vector index of the type 9 interrupt.

The subroutine then puts the interrupt vector set flag on to

indicate that the interrupt vector is set and then checks the

code counter for the availability of code in the code buffer.
If, at the entry to the subroutine, it finds that the interrupt

vector is already set, the control is then transferred to check

the code counter. If the code counter .is found to be zero, i.e.,

no code is in the code buffer, the subroutine waits until any

code is available in the code buffer. If any code is present, i.e.,

the code counter is found to be non-zero, the subroutine then

gets the Bell code pointed to by the read pointer from the code

buffer and passes to the calling routine. It then" decrements

the code counter by 1 to indicate that one code is read from the

code buffer and increments the read pointer by 1 to point the

next code to be read and checks whether the read pointer ,becomes

16 or not after incrementing the pointer. If it becomes 16, it

is set to zero and then control is transferred back to the call-

ing routine.
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status flag to zero to indicate that no code is found in the

code buffer. Else, it passes the code pointed to by the read

pointer to the main routine with the flag set to 1 to indicate

that a code is passed to the main routine and then returns

from the subroutine.

Algorithms of two code reading subroutines are given in

Fig. 6.4b and the program listing is given in Table 6.3b.

6.6.4 Interrupt Handling Routine

The interrupt handling routine reads the key-board scan code,

in response to the key-board interrupt, from the output data

register of the interface hardware and generates the BCII code

corresponding to the pressed key. It then saves the BCII code

into a 16 byte code buffer for later use by the main process illY
routine. For lIIanagingthe code buffer, one read pointer which

index the buffer location from where code to be r.ead by the code

reading subroutine, one write pointer. which index the buffer

location where the next code to be saved by the interrupt handl-

ing routine and a code cobnter which indicates the number of

codes present in the c.ode buffer ~~ used. At the starting of the

process, two pointers and the code counter are set to zero.

When a code is saved into the buffer, the code counter is incre-

mented by 1 and the write pointer is also incremented by 1 to
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index the buffer location where the next code to be saved. When

a code is read from the buffer, the code counter is decremented

by 1 and the read pointer is incremented by 1 to index the

buffer location from where the next code to be read. When either

of the pointer value becomes 16, it is reset to .zero because the

buffer length is. 16 bytes. The zero code counter value 1ildicates

that no code is present in the code buffer and the 16 code COUll-

ter value indicates that the code buffer is full, i.e., there
,

is no room for a new code to .be saved into the buffer unless

one is read from the buffer.

Another pointer called the group pointer (GPT) is used

which indicates the group of code table from where the Bell code

to be generated corresponding to any key-board scan code. This

pointer is normally set to zero and is.set to 1,2,3 and 4 when

either of the shift 1 keys, either of the shift 2 key, the ctrl

key and the NunL Lock key is pressed respectively.

The interrupt handling routine (INTR) first sets the

interrupt enable flag so that any other interrupt request can

occur and then saves the previous register values. It then reads

the key-board scan code from the data output register of the

intetface hadware (port 60H) and toggles the clock in the 7th

bit of the port 61H. The routine then tests the code counter

value for 16. If the code counter value is found to be 16,
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it 'calls the BFULL procedure and control is transferred to be

prepared for returning from the interrupt routine. Else', the

routine tests the group pointer value for 0, 1,2,3 and 4 and

calls one of the CODEO, CODE1,CODE2,CODE3 and CODE4 procedures

corresponding to the group pointer value found. It then gets

prepared for retuining from the interrupt routine. Prior,to

return from the int~rrupt routine, it clears the interrupt flag

so that no interrupt can occur before returning from the interrupt

routine. It then sends the non-specific end of interrupt command

to the Operation Control Word 2(OCW2) (port 20H) of the 8259 PIC

A 20H in this OCW2 co~nands the non-specific end of interrupt.

It then restores all saved registers and returns to the' interrup-

ted main routine. During -returning from the interrupt routine,

the CPU POPes the status flags from the stack, which was saved

during entering the interrupt routine, 'restoring the interrupt

enable flag set though the same is cleared within the interrupt

routine.

The CODEO procedure is called by the interrupt handling

routine which first tests whether the previously pressed key

is released or not. If the previously pressed key is released,

the procedure returns to the calling routine. Else, the proce~

dure tests for anyone of the shift 1 keys, shift 2 key~, ctrl

key and Num Lock key pressed. If anyone of these keys is' pre-

ssed, the procedure sets the corresponding group pointer value and
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returns to the calling routine. Else, it generates the Bell

code.corresponding to the normal symbol assigned to the pre-

ssed key from the normal group of the code table. The proce-

dure then saves the generated Bell code into the code buffer

at the location pointed to by the write pointer. It then calls

the PSET procedure and returns to the calling routine.

The CODEl procedure is called by the interrupt handling

routine which first tests whether the shift 1 key is released

or not. If the shift I key is released, it sets the group

pointer value to zero and returns to the calling routine. Else,

the procedure tests whether the shift I key is still pressed

or not. If the shift I key is still pressed, it returns to the

calling routine. Else, it tests whether the previously pressed..
key is released or not. If the previously pressed key is relea-

sed, the procedure returns to the calling routine. Else, it

generates the Bell code corresponding to the symbol assigned to

the shift 1 position of the pressed key from the shift 1 group

of the code table. The procedure then saves the generated Bell

code into the code buffer at the location pointed to by the

write pointer. It then calls the PSET procedure and returns to

the calling routine.

The CODE2 and CODE3 procedures are called by the interrupt

handling routine and do the similar tasks as that of the CODEl

procedure.
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The CODE4 procedure is called by the interrupt handling

routine which first tests whether the Num Lock key is pressed

again or not, because the Num Lock key is toggle in nature. If

the Num Lock key is pressed again, the procedure set the group

pointer value to zero and returns to the call-ing routine. Else,

it tests whether the Num Lock key is released or not. If the

Num Lock key is released, .the procedure returns to the calling

routine. Else, it tests whether the previo~sly pressed key is

released or not. If the previously pressed key is released, th£

procedure returns to the calling routine. Else, it generates

the BCII code corresponding to the numeral assigned to ~he

pressed keypad key from the Num Lock group of the code table.

The procedure then saves the generated BCII code into the code

buffer at the location pointed to by the write pointer. It then

calls the PSET procedure and returns to the calling routine.

The BFULL procedure is called by the interrupt handling

routine which tests the group pointer value for 0,1,2,3 and

4 and calls one of the FULLO,FULLl ,FULL2 ;FULL3 and FULL4

procedures corresponding to the group pointer. value found.

It then calls the" BEEP procedure and returns to the calling

routine.

The FULLO procedure is called by the BFULL procedure which

first tests whether the previously pressed key is released or

not. If the previously pressed key is released, the procedure

•
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returns to the calling procedure. Else, it tests whether any
,

one -of the shift 1, shift 2, ctrl and Hum Lock keys is pressed

or not. If anyone of these keys is pressed, the procedure

sets the corresponding group pointer value and returns to the

calling procedure.

The FULLL , FULL2 , FULL3 and FULL4 procedures are called

by the BFULL procedure. The FULLl ,FULL 2 and FULL3 procedures

tests whether the shift 1, shift 2 and ctrl key respectively

is released or not. If the corresponding key is released, these

procedures set the group pointer value to zero and return to

the calling procedure. The FULL4 procedure tests whether the

Num Lock key is pressed again or not. If the Nu~ Lock key is

pressed again, the procedure sets the group pointer value to

zero and returns to the calling procedure.

Actually the FULLO, FULL1 , FULL2 ,FULL3 and FULL4

procedures 'do the similar job as that of the CODEO,CODE1 ,CODE2 ,

CODE3 and CODE4 procedures respectively except that these

procedures do not generate any Bell code. These procedures are

called only when the code buffer is full to keep track of the

group pointer value.

The PSET procedure is called by the CODE O,CODE 1 ,CODE 2 ,

CODE3 and CODE4 procedures. This procedure first increments
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the write pointer value by 1 to index the location of the code

buffer where the next code to be saved and tests whether the

writ~ pointer value becomes 16 or not. If the write pointer

value becomes 16, it sets the write pointer value to zero. The

procedure then increments the code counter val~e by 1 and tests

whether the code counter value becomes 16 or not. If the code

counter value becomes 16 indicating that the code buffer gets

full, the procedure calls the BEEP procedure and then returns

to the calling procedure.

The BEEP procedure is called by the interrupt handling

routine and the PSET procedure. The purpose of this procedure

is to give beep to inform the user that the code buffer is full

and the next code will not be saved unless any code is read fra,

the code buffer. This procedure first enables the speaker and

turns on the modulating signal to the speaker by writting logic

1 in bit 0 and bit 1 of the port 61H respectively. The procedure

then gives a delay for a time for which the speaker continues

to sound and then the speaker is disabled and the modulating

signal to the speaker is turned off bywritting logic 0 in the

corresponding bits of 'the port 61H. The procedure then returns'

to the calling routine.

The algorithm of the interrupt handling routine is given

in Fig. 6.4c and the program listing is given in Table 6.3b.
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Call Code
Houtine

ProceS;s~JCode

,

Call Code~
Routine

•

Yes Process Code

Process As Desir-
ed

Fig. 6. 4a: Algori thm of Main Routine in Interrupting !'lode.



6- 41

Set Int. vector

On Int. vector
set Flag

('et Pointed
Code

:)ecrer,lentCode
:ounter By 1

Increment Read
f'ointer By 1

Set Code Not
Ready status.

Y

N

Set Int.
vector

On Int. vecto
set Flag

N

Get Pointed
Code

Decrement Code
Counter By 1

Increment Read
Pointer By 1

Y. Read
Pointer = 0

Set Code Ready
Status

Read
Pointer=Q

Fig. 6.4b: Algorithm of Code Reading Subroutines
in Interrupting Mode.



Call BFULL
y
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Enable Int. &
Save Registers

Read Key-Board
Scan Code

Toggle -Clock

N

INTR

y Call CODED

, Disable Int.

Send Non-Speci
fie End of Int.
Command

Restore Regis-
ters

y,

y

y

y

I Call CODEI

Call CODE2

Call CODE3

Call CODE4

H

Fig. 6.4c: Algorithm of Interrupt Handling Routfne
in Interrupting Mode.



Get 'Code
From Normal
Group

Save Code
J:nto Buffer

Call PSET

y

GPT=2

GPT=3

Gi"T=4
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Get Code
From Shift
1 Groul)

Save Code
Into Buffer

Call PSET

Retl,lrn

GPT =0

II
I'ig'. 6.4c Contd.
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Is yKey Rele-as,ed
N

Get Code From.
Shift 2 Group

Save Code In.to
Buffer

Call PSET

y

y

GPT=O
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Get Code From
Ctrl Group

Save Code Into
Buffer

Call PSET

y

y

GPT =0

Fig ..6.4c Contd.



Get Code From
i~um Lock Group

GPT ~O
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N

y
Call FULLO

"

II

Save Code Into
Buffer

Call PSET

Fig. 6.4c Contd.

Call BBEP

Call FULLl

Call FULL2

Call FULL3

Call FULL4

I



y

GPT=l

GPT=2

GPT=3

GP'l'=4

GPT=O
N

Fig. 6.4c Contd.
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GPT=O

GPT=O

GPT=O



Increment vlrit
Pointer By 1

Increment Code
Counter By 1

N

Fig. 6.4c Contd.
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Wri te Poin.ter
~O

•

Call BEEP

Enable Speaker&
Audio Signal

Give Delay

Disable Speake
&

A.udio Signal
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ble 6.3a: Program Listing of Main Routine of the
Interrupting Mode Key-Board Handling Routine.

5 REM set se9 addr of subrtn
10 DEF SEG=&P.3FAO
15 REM load subrtn into memory
20 BLOAD "SUBRT.EXE" ,0
25 REM call subr tn
30 V=O
40 CALL VCCODE%)
95 REM prlnl Bel I code on screen
100 IF CODEY,<16 THEN FRINT "0";
110 PR INT iiEX$(CO[lE%);" ";
115 REM call subrtn agaIn
:~O GOTO 40
.:0 END

I
5 REM set 58!] addr of subrt.n
10 DEF SEG=&E3FAO
15 REM load subrt.n int.omemol'Y
20 BLOAD "SUBRT.EXE" ,0
25 REM call subrtn
30 VI =&ii66
40 CALL Vl(C%,ST%}
45 REM if no code [1lond,call again
50 IF ST%=O TEEN 40
55 REM If code found,prlnt on screen

.60 iF C%<16 TriEN PRINT "0";
70 PRINT HEXX,(C%J;" ";
75 REM call subrtn agaIn
89 GOTO 40
9.1 END
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','able 6. 3b: Program Listing of Code Reading Subroutines And Interrupt
Handling Routine Of The Interrupting Mode Key-Board

Handling Routine.

The M!cros,)ft MACRO Assembler, Versll)h 1.27 Paqe 1-

1
[0-05-88

CGROUP
CSEG

PAGE
GROUP
SEGMENT
ASSUME

40,75
CSEG ,DSEG

CS :CGROUP ,DS:CGROUP ,ES :CG;:

jfor gettIng argo

;.save B? 8. IfJad Wi

BP ,SPHOV
lh SP

OUP
;code readlng subruotine which walts until
I
;any code available
CODE PROC FAR

PI):3H BP

000 [ 8B EC

0000
0000 55'

OOi)J 06
addr,

PU:311 ES isave ES & use for
;addresslng sub." d

0004 2.8 R
ala

MOV AX,CGROUP ;load ES wilh gr

0007
0009

8E CO
26: 80 3E 0000 R FF

oup
MOV
CMP

ES,AX ;seq addr
BYTE PTR ES: F, OFFH ;1 f In l

OOD=,
0(1 11

74 IE
IE

JE
PUSH

NT
DS

jvec. 5.et,read code
isave DS for use In su

0012 Bd 0000
b.

MOV AX,OOOOH ;load DS wilh se

0015 8E D8
9

MOV DS,AX ;o.f lnt vee t.abl

0017
OOIA
OOi[l
(I U 1 F

B8 OODE R
BF 0024
89 05
B8 P

e
MOV
MOV
MOV
MOV

AX,OFFSET CGROUP:JNTR ;sel
DJ. 002.4H ;lOl vee of J.',~y
IIORD PTR lD J] .AX ;boad r
AX, SEG CGROUP: INTl' ;1n l by
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The M11~rosoft MACRO Assembler. Version l.27

2

Page 1-

10-05-86

1)022 BF 0026 MOV or,0026E ;addr of lnt

002" 89 05 MOV WORD PTR [011,AX jfout.lne
0027 IF POP DS ;restore DS
0020') 26: C6 06 0000 R FF MOV ES:F,OFFH jon Int set flag

%
OO'2F 26: 80 3E 0013 R 00 NT: CMP ES:CTR,OOH ;checl< for code
0035 74 F8 JE NT ;availabllily
0037 26: 88 36 0015 R MOV 5I,E5:RPT ;load point.ed
003C B4 00 MOV AH, OH ;code In AL ;/1 t

h AH
003E 2G: 8A 84 0001 R MOV AL,BYTE PTR E5:BUFF[SJ] . =,

0
(1043 8B 7E 06 MOV DJ, [BPl+6 ;pass code in
0046 89 05 MOV [oll,AX jcalling rout. in

e
0048 26: FE OE 0013 R DEC ES:CTR jupdar.e code co

unl
004D 26: FF 06 0015 R INC ES:RPT ;update
00:-,2 26: 83 =<1;: 0015 R 10 CMP ES:RPT,16 ;read
OOS13 75 07 JNE R
005A 26: C7 06 0015 R 0000 MOV ES:RPT,OH ;polnt.er
0(161 07 R: POP ES ;save ES
0062 SD POP BP ;& BP
OOE<~ CA 0002 RET 2 j return
006E- CODE ENDP

; code readinq subroutine WhlCh pass code
;wi th flag selling

0066 CODE$ PROC FAR
006e. 55 PUSH BP jsave ElP&

00'67 8B EC MOV BP,5P i load wi th SP
0069 06 PUSH ES jsave ES for use
006A B8 R MOV AX,CGROUP ;load ES WI th
006D 8E CO MOV ES,AX ;5e9 of group
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The Microsoft MACRO Assembler, Verslon 1,27

3

Page 1-

10-05~86

<.

006F 26 : 80 3E 0000 R FF CMP BYTE PTR ES:F,OFFH ; if. ,nt
0075 74 10 JE NH jvec set, read code
0077 lE PUSH OS j save DS
0078 B8 0000 MOV AX,OOOOl! ; load DS wlt.h seg
007B 8E 08 MOV DS,AX j add r of lnt tabl

e
0070 B8 OODE R MOV AX,OFFSET CGROUP:INTR jset

int.
0080 BF 0024 MOV Ol,0024H jvec of key

0083 89 05 MOV WORO PTR [OIl ,AX ;board In
t

0085 B8 R MOV AX,SEG CGROUP:INTR ;by add
r

0088 BF 0026 MOV 01,0026H ; bf int
008B 89 05 MOV WORD PTR [oll,AX ;routin

e
0080 IF POP OS ; restore DB
OOBE 26: C6 06 0000 R FF MOV BYTE PTR ES:F,OFFH jon inl

j5et f1
ag

0094 26: 80 3E 0013 R 00 NH: CMP ES :CTR,OOH ;if no code ,re
t.

009A 74 35 JE F$ jwith flag set
00ge 26: 8B 36 0015 R MOV SI,ES:RPT ; load pOInted
OOAI B4 00 MOV AH,OH jcode In AL wit

h AH
OOA3 26: 8A 84 0001 R MOV AL,BYTE PTR ES:BUFFESI 1 ; ;;

0
00A8 88 7E 08 MOV 01,[BPl+8 ipa-ss code t.o
OOAB 89 as HOV [oll,AX ;calling roullo

e
OOAO 26: FE OE 0013 R DEC ES:CTR ;update code (Qun
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Th~ MIcrosoft MACRO Assembler. Version 1.27

4

Page 1-

L
00B2 26: FF 06 0015 R INC ES:RPT jupdate
00B7 26: 83 :{E0015 R 10 CM? ES:RPT,I6 ;read
OOBD 75 07 JNE N$
OOBF 26: C7 06 0015 R 0000 MOV ES:RPT, OH ipointer
00C6 8B 7E 06 N$: MOV 01, lBPJ+6 ;pass Lo call1Og

OOC9 .88 000\ MOV AX,IH ;roollne code
OOCC 89 05 MOV COJJ,AX ;passing fJag se

t.
OOCE EB 09 90 JMP R$
0001 8B 7E 06 F$ : MOV OI,CBPl+6 ;pass Lo calling
0004 B8 0000 MOV AX,OH ;foutine code no

L
0007 89 05 MOV COIl,AX ;passing fJag se

L
0009 07 R$ : POP ES ;restore
OOOA 50 POP BP ;ES & BP
0(i08 CA 0004 RET 4 jreturn
OOOE COOE$ ENOP

;inlerrupl hand ling routine
OODE INTR PROC NEAR
OODE FB STI jenable inl.
ODDF 50 PUSH AX ;save
OOEO 53 PUSH BX
nOEl 51 PUSH CX
00E2 52 PUSH OX
o O.E3 56 PUSH SI
00E4 57 PUSH OJ
00E5 IE PUSH OS
00E6 06 PUSH ES jreglsters
00E7 E4 60 IN AL,60H ;read keyboard scan
002:9 50 PUSH AX ; cod e and save
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OOEA E4 61 IN AL,61H ;loggle
OOEC 5A EO MOV AH,AL ;cloc~~

OOEE OC 50 OR AL,80H ;at lhe
OOFO E6 61 OUT 61H,AL ;71h bil
00F2 86 C4 XCHG AL,AH jof port
00F4 E6 61 OUT 61H,AL ;60H
00"'6 B8 R MOV AX,cmiOUP ;load DS by seg

00F9 5E D8 MOV DS,AX ;addr of group

O(IFB 58 POP AX jreslore kb scan code

OOFT 50 3E 0013 R 10 CMP CTR,16 ; if buff not. full ,
0101 75 06 JNE NI ;gen. code.else
0103 E8 027CR CALL BFULL ;cal1 BFULL &

0101',EB 3F 90 JMP Rl ;relurn
0109 50 3E 0014 R 00 NI: CMP GPT,OOH ; if group powler
010E 75 06 JNE N2 ;0, call
0110 E5 0188 R CALL CODEO ;CODEO &

» 113 EB 32 90 JMP Rl ;return

0116 . 50 3E.0014 R 01 N2 : CMP GPT,IH ; if group powler
011B 75- 06 JNE N3 ;l,call

o lID E5 0!D8 R CALL CODEI ;CODEI &

0120 EB 25 90 JMP Rl ;return

0.123 80 3E 0014 R 02 N3 : CMP GPT,2H ; if group pOInter
0128 75 06 JNE N4 ;2, call
012A E8 0205 R CALL CODE2 ;CODE2 &

012D EB 18 90 JMP Rl jreturn

0130 80 3E 0014 R 03 N4: CMP GPT,3H ; if. grou? pOInter
0135 75 06 JNE NS ; 3 I ca 11

0137 E8 0232 R CALL CODE3 ;CODE3 &

OnA EB OB 90 JMP RI ; ret.urn

0130 50 3E 0014 R 04 N5: CMP GPT ,4H ; if group pointer
0142 75 03 JNE Rl ;4, call CODE4
0144 E8 0257 R CALL CODE4 ;& return

0147 FA FlI: CLI jdisable interrupt.
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0146 BO 20 MOV AL,20H ; send non-specIfIc

014A E6 20 OUT 20H,AL jend of int, comma
nd

014C 07 POP ES jrestore
014D IF POP DS
014E SF POP DI
014F 5E POP SI
0150 5A POP DX
(1151 S.9 POP CX
0152 S8 POP .BX
0153 se POP AX ;reglsters
0154 I'" IRET jret.urn-'
0155 INTR ENDP

;glves audio s.gnal on buff ful1
o 1~l5 BEEP PROC NEAR
0155 £4 61 IN AL,611l ;enable
0157 6A EO MOV AH,AL jspeaker
0159 ilC 03 OR AL,03H ;"& audio

0158 E6 61 OUT 6IH,AL jsignal
015[1 B9 FFFF. MOV CX,OFFFFH ;give
0160 90 A: Nap
0161 ~? FD LOOP A ;delay"""0163 5A C4 MOV .AL,AH ;d.sable spea~;e'r
0165 E6 61 OUT 6IH,AL j&- audio signal
0167 C3 RET jrelurn
0165 BEEP ENDP

;write point.er & code counter updat lng
0166 PSET FROC NEAR
0166 FF 06 0011 R INC WPT ;update
OIBC 83 3E 0011 R 10 CMP WPT,16 ;write pointer
0.171 75 06 JNE N6 ;after savlng .
n 1 7 ') C1 06 001 1 R 0000 MOV \lPT,OH ~one code
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0179 FE 06 0013 R N6: INC CTR ;updat.e code
0170 80 3E 0013 R 10 CMP CTR,16 jcounter and.
0182 75 03 JNE R2 ical1 BEEP lf
01B4 E8 0155 R CALL BEEP ;buff full
018'1 Cj R2 : RET ;return
01B8 PSET ENDP

jnormal code group
01B8 CODED PROC NEAR
1)[ BB AB BO TEST AL,80H i 1[ key relea.sed,
01810. 75 4B JNZ R3 ;relurn
OlBC :JC 210. CMP AL,2AH j if shlftl,
018E 74 26 JE Cl iset
0190 3C 36 CMP AL.36B ;gfOUp pOlnll:?f
0192 74 22 JE Cl ;;::'0
0194 3C 38 CMP AL,38B ; if shift2,
0196 '14 27 JE C2 ;sel
0198 :3C 3A CMP AL,3Ali ;group pOinter \
OlgA 74 23 JE C2 ; =0
O19C 3C 10 CMP AL,1DH ; if ct.rl,sBt.
019E .74 28 JE C3 ;group poinl.er=O
0110.0 3C 45 CMP AL,45B ; if nom locK I set.
OlA2 74 20 JE C4 ;group pointer::O
0lA4 32- 0017 R MOV BX,OFFSET CGROIJP:COOEOO ;9

el .
o If.? D7 XLAT COOEOO .icode from
0110.8 8B :1£ 0011 R MOV OJ, '<IPT ;.normal group a

nd
011o.C BB 85 0001 R MOV BYTE PTR BIJFFCDJ l,AL i.save
01BO E8 0168 R CALL PSET ;ca 11 pOlnt.er sel
o lB3 iCB 22 90 JMP R3 ;and return
o lB6 C6 06 0014 R 01 90 Cl : MOV GPT,IH ;set gpl=1 on Shlft.

1
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o IBC EB 19 90 JMP R3 jand return
OIBF C6 06 0014 R 02 90 C2 : MOV GPT,2H jset gpl=2 on shlfl

2
DiCS E8 10 90 JMP R3 ;a.nd return
01C8 C6 06 00.l4R 03 90 C3: MOV GPT,3H ;5el gpl=3 on clrl
OICE EB 07 90 JMP R3 jand return
0101 C6 06 0014 R 04 90 C4: MOV GPT,4H iSet gpl=4 on num

o iD7 C3 R3 : HET jlock and ret.Urn

OWS CODEO ENDP
;shlfl! code group

o IDS CODEI PROC NEAR
01 [If) 3C AA CMP AL,OAAH j if shlfl!

o IDA 74 22 JE C5 i.released
o l[IC 3C B6 CMP AL,08611 j5et group pOInter
01DE 74 IE JE C5 ;=0
OlEO 3C 2A CMP AL,2AH j if shifl!
rJlE2 74 20 JE R4 ;slill
o lE4 3C 36 CMP AL,36H ;present,
OIEE> 74 lC JE R4 ; retur.n

OIES A8 80 TEST AL.80H ; 1f preVIOUS press
ed

OlEA 75 18 JNZ R4 ;J.'.ey released,relu
rn

OIEC BB 006B R MOV BX,OFFSET CGROUP:CODEID ;9
el

OIEF D7 XLAT CODElD ;code from
OIFO 8B 3E 0011 R MOV 01,VlPT ishietl group and
01['4 88 85 0001 R MOV BYTE PTR BUFF[DI1,AL ; save
01['8 ES 0168 R CALL PSET ;c.aII poinler sel
OlFB EB 07 90 JM? R4 ;and return
Ij 1FE C6 06 0014 R 00 90 C5: MOV G?T,OH ;set gpl=O on shIfl

•
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0204 C3 R4: RET ;released and ret.ur

n
020:; CODE1 ENDP

ishift.2 eode group
0205 CODE2 PROC NEAR
0205 JC B8 CMP AL.OB8H j if shift2
0207 74 i2 JE C6 ;released,
0209 :jC BA CMP AL,OBAH ;sel
020B 74 IE JE C6 ;group pOlnler=O
0200 :3C 38 CMP AL,38H j if shift2
020F 74 20 JE R5 ;sti11
0211 3C 3A CMP AL,3AH ;presenl,
0213 74 1C JE R5 jrelurn
021~ A8 80 TEST AL,80H ; if prl VI ous 1y pres

sed
.0217 75 18 JNZ R5 ;.key released,retur

n
0219 BB OOBF R MOV BX,OFFSET CGROiJP:CODE2D ;9

et
021C 07 XLAT COOE2D ; code from
0210 8B 3E 0011 R MOV D1, WPT ;shifl.2 group and
0221 88 85 0001 R MOV BYTE PTR BlIFF[Dl] ,AL i save
0225 E8 0168 R CALL PSET ;call pOInter set.
0228 EB 07 90 JMP R5 ;and ret.urn
022B CIo-:i 06 0014 R 00 90 C6: MOV GPT,OH ;set gpt~O on shIft

2
0231 C3 R5: RET ;released and retur

n
0232 CODE2 ENDP

jet r 1 code gro.up
0232 CODE) PROC NEAR
fJ 212 3C 9[1 CMP AL,90H i i f etrl releas~d.
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0234 74 lA JE C7 jsel gpt=O
0236 3C 10 CMP AL, lDH i if ctrl stlll
0238 74 lC JE R6 ;pressed,relurn
O~3A AS 80 TEST AL,8011 ;if prv key
023C 75 18 JNZ R6 ;released,relurn
023£ BEl 0113 R MOV aX,OFFSET CGROIJP:COOEJO ;q

et
0241 07 XLAT COOE30 ;code from.
0242 8133E 0011 R MOV 01,WPT jetrl group and
0246 88 85 0001 R MOV BYTE PTR BIJFF[D]],AL ;save
024A E8 0168 R CALL PSET ; call pOInter set
0240 EEl 07 90 JMP R6 ;and return
0250 C6 06 0014 R 00 90 C7: MOV GPT,OH jset gpt=O on ctr

1
0256. C3 R6: RET ;released and ret

urn
0257 COOE3 ENDP

inurn lock code group
025.7 COOE4 PROC NEAR
I) 2.5 7 :lC45 CMP AL,45H ; if num lock.press

ed
0259 74 IA JE C8 ;again,set gpt=O
025B 3C C5 CMP AL,OC5H j if num Iocr,

0250 74 lC JE R7 ;relea5ed.retur~
025F A8 80 TEST AL,80H ; if prv pressed ke

y
0261 75 18 .JNZ R7 ;released,return
0263 32. 0167 R MOV ax,OFFSET 'CGROIJP:COOE40 j'g

et
02fl( 07 XLAT COOE40 jcode from
(1267 . 88 3E (1011R MOV 01,WPT inurn lock group

and
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0268 85 85 0001 R MOV BYTE PTR BUFF[[JI],AL isave
n ::;::? 5:811168R CALL PSET ; ca 11 pOlnt.er se

l
027.2 EB 07 90 JMP R7 ;and return
(J 275' C6 06 0014 R 00 90 C8: MOV GPT, On i5el gpl~O on nu

m
027B C3 R7: RET ;loeK pr-es~ed & felue

n
(127C COOE4 ENDP

;code buffer full
027C 'BFULL PROC NEAR
027C 80 3E 0014 R 00 CMP GPT, OH ; 1f group pOinter
0281 75 06 JNE L! j :: O.
0283 E8 02BE R CALL FULLO ;call FULLO
0286 EB 3.290 JMP L5 ;and BEEP
0289 80 3E 0014 R 01 L!: CMP GPT,lH ; ~f group pOInter
1l282:75 06 JNE L2 ;::1.
0290 E8 02FF R CALL FULL! ;call FULL!
0293 EB 25 90 JMP L5 ;& BEEP
0296 80 3E 0014 R 02 L2: CMP GPT.2H jif group pointer
029B 75 06 JNE L3 ;=2.
0290 E8 030E R CALL FULL2 ; call F'ULL2
02AO EB 18 90 JMP L5 ;& BEEP
02A3 80 3E 0014 R 03 L3: CMP GPT,3H ;i f group pointer
02A8 75 06 JNE L4 ;=3,
02AA E8 0310 R CALL FULL3 ;eall F'ULL3
02AD EB DB 90 JMP L5 ;& BEEP
02BO 80 3E 0014 R 04 L4: CMP GPT,4H ; if group pointer
C!2Br:-, 75 03 JNE L5 ; =4.
022,7 28 0328 R CALL FULL4 j ca 11 FULL4
IJ2BA E8 0155 R L5: CALL BEEP ;& BEEP
022.0 C3 RET jret.urn
02~E BFULL ENDP
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;buffer fu 11 on normal code group

02BE FULLO PROC NEAR
02BE A8 80 TEST AL,80H ; if pry key
02CO 75 3C JNZ LlO jreleased,return
o 2C2 3C 2A CMP AL,2AB ; if shU l!
02C4 74 17 JE L6 ;pressed,
0.2C5 1C 36 CMP AL,36B ; set.
02C8 74 13 JE L6 ;gpl~2
O~CA 3C 38 CMP AL,38H ; if shlfl2
02CC 74 18 JE L7 ipressed,
02CE 3C 3A CMP AL,3AB jset

O=':DO 74 14 JE L7 ;gpl~4
0202 3C 10 CMP AL,1DH ; if clrl pressed,
I] 2L)4 74 19 JE L8 ;set gpl;3
02D6 3C 45 eMP AL,45H ;i f nUrn lock press8

d,
CJ2D8 74 IE JE L9 ;set gpl;4
Q2DA EB 22 90 JMP LlO ; return
0200 C6 06 0014 R 01 90 L6, MOV GPT,IH j5et gpl;1 on sh 1fl

1
02E3 EB 19 90 JMP LlO ;pressed and return

02E6 C6 05 0014 R 02 90 L7, MOV GPT,2H jset gpt.~2 on sh 1ft.
2

02EC EB 10 90 JMP Ll0 ;pressed and ret.urn

02EF C6 06 0014 R 03 90 L8: MOV GPT,3H jset gpl~3 on.ctrl
02FS EB 07 90 JMP L10 ;pressed and return

.O2?8 C6 06 00 l4 R 04 90 L9, MOV OPT ,4H ;sel gpl;4 on num I

ock
Q""I:"'''''''' C3 LlO: RET ;pressed and ret.urn". ""
02FF FULLO ENOP

;buff full on shifl! code group
0.., .......... FULLl PROC NEAR.:.t'r
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02FF' 3C AA CMP AL,OAAH i if
0301 74 04 JE Ll1 ;shlfll
0303 3C B6 CMP AL,OB6H ;released,
0305 75 06 JNE Ll2 ;set
0307 C6 06 0014 R 00 90 Ll1 : MOV GPT,OH ;gpl;O
WJOD C3 Ll2 : RET ;and return
030;;: FULLl ENDP

:buff full on Shl H2 code group
030;;: FULL2 PROC NEAR
(13CJE jC 88 CHP AL,OB8H ; 1f
0310 74 04 JE Ll3 :shlft.2
0.,.....1 ? :<C8A CMP AL ,I1BAH ;released,O.~

0314 75 06 JNE Ll4 ;sel
C131E; r- (J6 0014 R 00 90 Ll3 : MOV GPT,OH ;9Pt.;0_Q

031C C3 Ll4 : RET ;and return
031[1 FlJLL2 ENDP

:buff full on ct.cl code grollp
0310 FULL3 PROC NEAR
O:l:D 3C 9D CMP AL,9DH j 1f etfl
031F' 75 06 JNE Ll5 ;released,
0321 C6 06 0014 R 00 90 MOV GPT,OH ;set gpl;O
0327 C3 Ll5 : RET ;and return
0328 FULL3 ENDP

;buff fu II on num lock code group
0328 FULL4 PROC NEAR
0328 3C 45 CMP AL,45H ; 1f num lod:
032A 75 06 JNE Ll6 ;pressed aga-i n.
G32C C6 06 0014 R 00 90 MOV GPT,OH ;set gpt.;O
0332 C3 Ll6 : RET ;and return
0333 FULL4 ENDP
0333 CSEG ENDS
0000 DSEG SEGMENT BYTE
0000 00 F DB 0 jlnt set flag

(
I
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00 00 00 00
OlgA 00 00 00 00 00 00 DB OOOH,OOOH,OOOH,OOOH,OOOH,O

OOH,OODH,OOOH,OOOH,OOOH
00 00 00 00

o 1M 00 00 00 00 00 00 DB OOOH,OOOH,OOOH,OOOH,OOOH.O
OOH,OOOH,OOnH,OOOH,OOOH

O!J (J CI 00 00
OlA£ 37 ',8 '39 40 303 35 DB 037H, 038H. 03911,04011,0381,,0

35H, 0~i6H,IIB3H,031H, 032H
:16 83 31 32

iJl~8 :33 30 BA DB 033H,030i1,OBA.H
01BB DSEG ENDS

END
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Seament.s and groups:

N a ro e Size allgn .combine l:la"ss

C-CiRCli)P GROUP
CSEG 0333 PARA NONE
DSEG 01BB .BYTE NONE

Symbols:

N a ro e Type Value AUr

A. L NEAR 0160 CSEG
BEEP N PROC 0155 CSE:G Length 000

13
2F~.:LL. N PROC 027C CSFG Lenqt.h =00

42
3U?F L BYTE 0001 DSEG Lenqth =OIJ

10
Cl L NEAR 01B6 CSEG
C2 L NEAR OIBF CSEG
C3 L NEAR 0lC8 CSEG

C4 L NEAR OlDl CSEG
C5 L NEAR 01FE CSEG
C6 L NEAR 022B CSEG
C7 L NEAR 0250 CSEG
C6 L NEAR 0275 CSEG
C(J~f£ F PROC 0000 CSEG Lengt.h =00

66
CU.::,'E:f. F PROC 0066 CSEG Len9 t.h =00

78
CCJ[I~;:I. N PROC 0188 CSEG Len9t.h = I) 0

:,0
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CO~IEfJD L BYTE 0017 OSEG
CODE~ . N PROC 0108 CSEG Lengt.h =00

20
CODE1D L BYTE DD6B DSEG
CODE2. N PROC 0205 CSEG Length =00

20
CODE2D L BYTE OOBF DSEG
CCJDE~1 . N PROC 0232 CSEG Length =00

25
CODE:m L BYTE 0113 DSEG
CODE4. N PROC 0257 CSEG Length =00

25
CO~IE:4C) L BYTE 0167 DSEG
CTR. L BYTE 001:~ DSEG

L BYTE DODO DSEG
"'$ L NEAR 0001 CSEG
FUL~[). N PROt: 021'1E CSEG Lenath =00

41
FULL1. N PROC 02FF CSEG Len9t.h =0.0

OF
FW ..L2. N PROC D3DE CSEG Lenqt.h :(1)

OF
FUL~~ . N PROC 031D CSEG Lenqth :00

OB
r[J~~4. N PROC 0328 CSEG Lenqt.h :1)1)

OB.
GF'T. L BYTE 0014 DSEG
I~'?? N PROC OODE CSEG Length =00

77
Ll L NEAR 0289 CSEG
LID. L NEAR 02FE CSEG
!... ~ 1 . L NEAR 0307 CSEG
I..l2 . L NEAR 0300 CSEG



The ~11:rOslJft MACRO Assembler

6-69

VerSion 1.27

mb"ls-.1

Page Sy

10-05-86

L13. L NEAR 0316 CSEG
L14. L NEAR 031C CSEG
L15. L NEAR 0327 CSEG
~ 'I--~ L NEAR 0332 CSEGL.L.) .

L2 L NEAR 0296 CSEG
L3 L NEAR 02A3 CSEG
T • L NEAR 02BO CSEG-q
L5 L NEAR 02BA CSEG
LG L NEAR 0200 CSEG
L7 L NEAR 02E6 CSEG
L8 L NEAR 02EF CSEG
L9 L NEAR 02F8 CSEG
r';$ L NEAR 00C6 CSEG
Nt L NEAR 0109 CSEG
.r') L NEAR 0116 CSEG~~•..,., L NEAR .012, CSEG
N4 L NEAR 0130 CSEG
N5 L NEAR 013[1 CSEG
.... L NEAR 0179 CSEG!' r)

i';-:" L NEAR 002" CSb:G
r~T$ . L NEAR 0094 CSEG
PSET N PROC 0168 CSEG Lengt.h =00

20
~ L NEAR 0061 CSEG=,..
S~r L NEAR 01109 CSEG
21 L NEAR Ol47 CSEG
:<2 L NEAR 0187 CSEG
?-3 L NEAR OlD7 CSEG
"'4 L NEAR 0204 CSEG
RS L NEAR 0231 CSEG
S'6 L NEAR 0256 CSEG
87 L NEAR 0278 CSEG
RF'T. L WORD 0015 OSEG



6-70

lne Ml,:rosoft MACRO Assembler. Version 1.27

mbr)i.s-4

Page Sy

10-05-86

\IPT.

Warnln9 Sever€'.
Errors Errocs
CJ 0

•.,•.B.e.: ng :-t.: I~h
Warnll)O: ~ri STACK segment

L \lORD 0011 DSEG

:;t.ar~.
(.1(1(1 (!:)i-i

Sto!=,
00332H

L~ngt.h
03 :1.3E
OlSBH

~~3.me
C'SE1J
DSEG

Class
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6.6.5 Calling The Code Reading Subroutines

The two code reading subroutines and the interrupt handling

routine are written in assembly language as a single source

file. The source file then assembled and linked with IH switch

to produce executable file such that the executable file is

loaded at the upper available location of the memory. The produced

executable file then loaded, in a IBM PC with 256 K byte memory,

under DEBUG and saved by the BSAVE command with the file name

"SUBRT. EXE" such that the file can be loaded by the BASIC main

program prior to subroutine call.

From the LINK MAP it is found that the code length of

the file is 4EEH byte. Using DEBUG commands, it is found that

the file is loaded at the segment address 3FAOH. The offset

address of the code reading subroutine, which wai:ts until any

code is available in the code buffer, is OOOOH and that of the

code reading subroutine, which returns with status flag set to

indicate whether any code is found or not, is 0066H.

The main routine should contain the following two state-

ments prior to any subroutine call to specify the segment

address of the subroutines and to load the subroutine code

into,memory:

DEF SEG = &H3FAO

13LOAD "SUBR'I',EXE", 0
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If the main routine 'calls the code reading subroutine which

waits until any code is available in the code buffer, the

CALL statement should be as below:

numvar = a

CALL numvar (argu)

I

where the numvar is any numeric variable which is assigned the

value of the offset address of the called code reading sub~ou-

tine. After returning from the subroutine, the argument will

contain the BCII code read from the code buffer. If the main

routine calls the code reading subroutine which returns ,with

status flag set to indicate whether any code is found or not,

the CALL statement should be as below:

numvar = &H66

CALL numvar (argu 1, argu 2)

where the numvar is any numeric variables which is assigned

the value of the offset address of the called code reading

subroutine. After returning from the subroutine, the first

argument will contain the BCII code read from the code buffer,

if anY,and the second argument will contain the status, i.e.,

the a value of the second argument indicates that no code was

found during subroutine call and the I value of the second

argument indicates that a code is passed from the code reading

subroutine.
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CHAPTER 7
RESULT, DISCUSSION AND CONCLUSION

7.1 RESULT AND DISCUSSION

The project was first initiated from the observation that

the only available Bengali key-board in Bangladesh-the 'Optima

Munir' key-board is completely unsuitable for computer appli-

cations. The need for developing a new Bengali key-board suit-

able for computer applications has been felt. Development of

such key-board requires that the key-board should accomodate

those characters by which Bengali script can be represented in

linguistically acceptable form and the same characters can be

represented in various soft-copy and hard-copy printing devices.

The number of the characters should be such that the characters

can be encoded by a standard size of code bits'. Beside these,

for the sake of standerdization,the key-board should be such

that the same key-board can be used in mechanical and electric'

typewriter.

At the begining of the project life-cycle, the need for
•

a linguistically acceptable theoretical framewon< for selecting

the key-board primitives is felt. Such a theoretical frame \'!ark

is developed and the total character set used in Bengali script

has been identified. The identified Bengali chara~ters amount

to 434 which is too much to be accomodated in ~ handy size

.,
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,
of key-board as well as in various hard-copy printing devices.

These 434 characters require 2 bytes for encoding them which

is inconvenient from the view point of computer resource

requirements. To make the developed system optimal, need for

selecting a set of graphic symbols arises by which the 434

Bengali characters can be represented in the linguistically

acceptable form. The selected set of graphic symbols should be

such that the graphic symbols can be accomodated on a handy

size of key-board and the same graphic symbols can be represen-

ted in various soft-copy and hard-copy printing devices. The

n~mber of the selected graphic symbols should also be such

that the selected graphic symbols can be encoded by a standard

size of code bits.

For selecting the desired graphic symbols set, the first

approach has been made with the view that the Bengali characters

are to be mapped under software .control. It was found that a

172 graphic symbol set is required to map all the Bengali

characters in their conventional letter press form. But a num-

ber of notable problems have been identified which makes this

approach inconvenient. One of the notable.problems of this

approach is that this approach will not be convenient for real-

time applications. Another notable problem will arise with

this approach that representing these huge number of graphic

symbo'ls in various hard-copy printing devices and in mechanical

and electric typewriters will be difficult.



7-3

To overcome the shortcomings of the software mapped

approach, a direct method of realizing the Bengali characters

is needed, i.e., a set of graphic symbols is required by which

the 434 Bengali character set can be generated by concatena-

tion of graphic symbols with a minimum of superposition, if

that can not be removed completely. Selection of the graphic

symbols should be such that the selected graphic symbols can

be represented in various hard-copy printing devices. The

symbol set should also consists of such number of graphic

symbols that the symbols can be encoded with a maximum of

8-bit coding scheme. Working in this approach, it has been

found that no standard is being maintained about the shape

of the Bengali characters in various letter press printing

systems. On the other hand, the shape of these characters

in lino-type is completely different from that of letter press

printing. For selecting the desired graphic symbol set, need

for the standar~ization of shape of the Bengali characters iSj

felt. As no such standard is found,for the sake of the present

work, shape for each of the 434 Bengali characters has been
,
assumed. About more than 90% of the assumed graphics are simi-

lar to that presently used in lino-type. For the sake of sim-

plicity and ease of computer implementation, shapes of ~ome of

the less frequent unusual shaped compound byanjana varnas have

been simplified in the linguistically acceptable form. Based on
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this assumed graphics, a 131 graphic symbol set has been selec-

ted where each of the graphic symbols has its own lexical

identity for providing the opportunity of lexical analysis

by computer.

Based on the statistical analysis of frequency of

occurrence of the 131 selected Bengali 'graphic symbols, two

key-board lay-outs have been deviced- one with 56 main keys

and other with 47 main keys. The key-board lay~out with 56

main keys has been deviced with the aim to. implement with

a new hardware design and the key-board lay-out with 47 main

keys has been deviced for adapting the existing english key-

board of the widely used microcomputers as Bengali key-board.

Place'ment of the graphic symbols. on the key-board is so made

that the load is equally distributed on all the active figgers

and at the same time the key-board lay-out provides some

logical ordering of the symbols such that remembering the

position of the symbols can be guided by same logical manner.

All the 131 Bengali graphic symbols can easily be re-

presented in VDUs and dot matrix printers. But the problem

arises. with the Line printers and Daisy-wheel printers. For-

tunately, a set of 95 impression symbols has been selected

by which all of the Bellgali graphic symbols, except rarely

used~,&, @ and _ special graphic symbols, can adequately

•
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be generated if superposition is allowed. These 95 impression

symbols with a space totalling 96 symbols can be represented

in typically used 96 character Line printers and Daisy-wheel

printers. In Daisy-wheel printers, the speed penalty will

not be much peSSimistic because the average no,. of superposi-

tion/character is statistically estimated to be 1.3205. But

the speed penalty for a Line printer with 132 character line

will be much high. It has been statistically estimated that

on average 3.0103 passes will be required for each line.

The 131 Bengali graphic symbols along with Space; Delete

and 32 ASCII standard control codes have been encoded using

8-bit coding scheme. In serial data communication systems with

capability of handling 8-bit characters with additional parity

setting, this 8-bit code can be used directly. In'serial data

communication system, which handle 7-bit character with parity

~etting at the 7th bit and in parallel data communication sys-

tems where the 7th bit is used for parity setting, a code

mapping scheme has been proposed such that the parity can be
set for error checking. It has been statistically estimated

'that, in this code mapping scheme, average bits per character

will be 8.2815 which is infact less than 9 bits which would

be required in those systems which handle 8-bit character

with additional parity setting.

. / ,
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As no industrial back-up is still available in Bangla-

desh'to produce new Bengali key-board suitable for computer

applications, the Adapted BCII key-board lay-out has been

deviced dor adapting the existing english key-board with 47

main keys available with all available microcomputers as

Bengali key-board. The key configuration of these key-boards

allow to implement the Adapted BCII key-board lay-out with these

t key-boards, but the nature of the key-board operation and the

code generation mechanism are required to be completely chan-

ged from the existing key-board operation and the code gene-

ration mechanism. As the available key-board handling routine

cannot be used for the present purpose, an algorithm is deve-

loped to make the key-board suitable for adaptation as Bengali

key-board. This algorithm bypasses the original key-board

handling routine of the concerned microcomputer and changes

the nature of the key-board operation as needed by the ABClI

k~y-board for generating the BCII codes from the adapted

key-board. Implimentation of this algorithm provides the

opportunity of adapting the existing key-board of any available

microcomputer without changing any hardware configuration.

This algorithm has been experimented with IBM PC microcompu-

ter. The IBM PC is chosen for the present experimentation

because a number of microcomputers, manufactured by other

manufacturers, are available which are compatable with the

IBM PC. The selection of the IBM PC will provide the opportunity

of implementing the developed routine based on the developed

"
•
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algorithm in a variety of microcomputers. Two key-board hand-

ling routines have been developed-one in non-interrupting

mode and the other in interrupting mode. The interrupting

mode routine is varsetile, flexible and suitable for large

applications and has been written in assembly language with

providing the provision that the routine can be called from
any processing routine, written in BASIC language, according

to some set rules.

7 .2 FUTURE SCOPE OF WORK

Based on the developed key-board lay-out and the deve-

loped key-board handling algorithm for adapting the existing

microcomputer key-board as Bengali key-board, the following

future research works can be carried on:

i) Bengali Information Processing systems can be deve-

loped using the developed key-board.

ii) A complete hardware, including key-board processor,

serial to parallel data conversion and interrupt

management support as required, can be developed with

required software support for the Bell key-board

lay-out having 56 main keys such that the developed

system can be interfaced with available microcom-

puter ~'lstems.
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iii) Software routines can b~developed for printing

the Bengali text in typically used 96 character

Line printers and Daisy wheel printers using the

95 Bengali Impression Symbol Set.

iv) Software routines can also be developed for printing

Bengali text in dot matrix printer and VDUs in gra-

phics mode using the 131 Bengali Graphic Symbol Set.

v) Hardware as well as softare interface can be developed

for the BCII code mapping scheme for the data conunu-

nication systems which handle a 7~bit character.

7.3 CONCLUSION

The key-board lay-outs have been deviced with the expec-

tation that each and every key-stroke will produce a uniquely

identifiable graphic symbol having lexical identity as well

as numeric code. All compound byanjana varnas and aksharas

are to be generated by concatenating the constituent Bengali

graphic symbols and superposing the ,-,"falaonly. ~lore than

90% of the generated characters will be similar to that of

the Lino-type presently practiced. The graphics of only a few

number of less frequent characters have been altered in the

linguistically acceptable form and this little sacrifice of

conventional graphics of these Bengali characters is intro-

ducedto make the developed system 'optimal' from the view
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point of implementation in all the fields of implementation

concerning computer applications, because the selected

graphic symbols can be represented in various typically

used soft-copy and hard-copy printing devices and the gra-

phic symbols have been encoded in an 8-bit coding scheme.

Moreover, the selection of these graphic symbols and the

key-board lay-outs makes it possible to adapt the.existing

english key-board of the available microcomputers as Bengali

key-board without any additional support. The proposed key-

board lay-outs have been deviced based on the frequency of

occurrence of the Bengali graphic symbols to distribute the

load equally on all the active fingers for enhancing the

typing speed which makes the key-board lay-outs 'optimal'

from. the view point of typing speed. Algorithm and software

routine has been developed for adapting the exis~ing english

key-board of the available microcomputers as Bengali key-

board, which provides the opportunity of having a Bengali key

board with any available microcomputer without changing any

hardware configuration. This requires no industrial back-up

for producing required hardware interface and makes the

developed system 'optimal' from the view point of industrial

involvement.
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APPENDIX A
EXTENDED SEN AND DATTA GRAPHIC SYMBOL SET AND THEIR
FREQUENCY OF OCCURRENCE

TABLE A-I: EXTENDED SEN AND DATTA GRAPHIC SYMBOL
SET (SDBM)
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TABLE A-2: FREQUENCY OF OCCURRENCE ( ON THE BASIS OF 66,752 NO.
OF OCCURRENCE) OF EXTENDED SEN AND DATTA GRAPHIC
SYMBOL SET (SDBM) ( Gourhari Das et a1., 1984)

SDBM No. of % of SD8M No. of % of
Seq.No.Occurrence* Occurrence Seq.No. OCcurrence* Occurrence

(01) 73 0.110 (31) 1 0.001
(02) 12 0.019 (32) 4 0.006
(03) 0 0.000 (33) 0 0.000
(04) 0 0.000 (34) 0 0.000
(05) 15 0.023 (35) 1,121 1.680
(06) 0 0.000 (36) 754 1.130
(07) 0 0.000 (37) 700 1.050
(08) 0 0.000 (38) 233 0.350
(09) 0 0.000 (39) 12 0.018
(10) 0 0.000 (40) 3 0.005
(11) 0 0.000 (41) 634 0.950
(12) 0 0.000 (42) 20 0.030
(13) 76 0.114 (43) 393 0.590
(14) 0 0.000 (44) 2 0.003
(15) 128 0.192 (45) 253 0.380
(16) 0 0.000 (46) 26 0.040
(17) 0 0.000 (47) 33 0.050
(18) 0 0.000 (48) 2,476 3.710
(19) 0 0.000 (49) 380 0.570
(20) 4 0.006 (50) 660 0.990
(21) 92 0.139 (51) 120 0.180
(22) 170 0.255 (52) 13 0.020
(23) 1 0.001 (53) 587 0.880
(24) 9 0.014 (54) 567 0.850
(25) 4 0.006 (55) 654 0.980
(26) 14 0'.021 (56) 53 0.080
(27) 1 0'.001 (57) 6 0.010
(28) 1 0'.001 (58) 607 0.910
(29) 2 0.003 (59) 146 0.220
(30) 2 6.003 (60) 93 0.140
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Table A-2 (continued)

-----_ .... --

SDBH No. of % of SDBH No. of % of
Seq. No. Occurrence* Occurrence Seq. No. Occurrence* Occurrence

(95) 126 0.190
(61) 239 0.440 (96).. 53 0.080
(62) 20 0.030 (97) 6 0.010
(63) 0 0.000 (98) 33 0.050
(64) 226 0.340 (99) 40 0.060
(65) 2,209 3.310 (100) 80 0.120
(66) 380 0.570 (101) 427 0.640

~
(67) 1,114 1.670 (102) 26 0.040
(68) 493 0.740 (103) 13 0.020
..(69) 2,589 3.880 (104) 66 0.100
(70) 967 1.450 (105) 13 0.020
(71) 113 0.170 (106) 33 0.050
(72) 2,236 3.350 (107) 106 0.160
(73) 420 0.630 (108) 206 0.310
(74) 1,455 2.180 (109) 253 0.380
(75) 400 0.600 (110) 0 0.000
(76) 1,214 1.820 (111) 26 0.040
(77) 3,698 5.540 (112) 246 0.370
(78) 1,655 .2.480 (113) 80 0.120

.. ,
(79) 0 0.000 (114) 587 0.880
(80) 206 0.310 (115) 6 o.oo~
(81) 694 1.040 (116) 40 0.060
(82) 1,535 2.300 (117) 140 0.210
(83) 807 1.210 (118) 60 0.090
(84) 6,922 10.370 (i19) 13 0.020
(85) 3,277 4.910 (120) 4 0.006
(86) 687 1.030 (121) 6 0.010
(87) 1,114 1.670 (122) 0 O.OOU

(88) 173 0.260 (123) 2 0.003
(89) 146 0.220 (124) 6 0.009
(90) 5,780 8.660 (125) 73 O.llU

(91) 46 0.070 (126) 40 0.060
(92) 46 0.060 (127) 66 0.100
(93) 0 0.000 (128) 0 0.000
(94) " 0.005.;)
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TABLE A-2 ( Continued)

,

SDB,', No. of % of
Seq. No. Occurrence* Occurrence

SDBIYi No. of
Seq. No. Occurrence*

% of
Occurrence

(129) 26 0.040
(130) 1 0.002
(131) 126 0.190 (146) 6 .0.010.
(132) 0 0.000 (147) 120 0.180
(133) 46 0.070 (148) 2 0.003
(134) 0 0.000 (149) 2 0.003
(135) 293 0.440 (150) 2 0.003
(136) 4 0.007 (151) 0 0.000
(137) 6 0.010 (152) 6 0.009
(138) 6 0.009 (153) 53 0.080
(139) 5 0.008 (154) 0 0.000
(140) 60 0.090 .(155) 80 0.120
(141) 4 0.007 (156) 0 0.000
(142) 0 0.000 .(157) 4 0.007
(143) 6 0.010 (158) 4 0.006
(144) 100 0.150 (159) 26 0.040
(145) 0 0.000 SPACE 11,307 16.940

* Note: No. of occurrence has been computed from % of
occurrence and total no. of occurrence.

i
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APPENDIX B

FREQUENCY OF OCCURRENCE OF BENGALI CHARACTERS ( Prabir Kumar

Das, 1976) .

TABLE B-1: FREQUENCY OF OCCURRENCE ( ON THE BASIS OF 43,126 No.
OF OCCURRENCE) OF BENGALI CHARACTERS ( Prabir Kumar
Das, 1976) .

Chara- No. of Occurrence % of
cter*. Tex tEl: 29,725 Fictions Technical Newspapers. Total occurr-

occurrence) (3,529 Texts (1,000 (43,126 ence
occurr- (8,872 oc- occurrencEi occurre-
ence) currence) .nce)

~ 312 17 92 5 426 0.9878
\3l1 378 79 49 7 513 1.1895
~ 488 75 105 23 691 1.6023

~ 36 4 0 1 41 0.0951

~ 209 5 35 14 263 0.6098

~ 0 0 0 0 0 0.0000

:IlJ 2 0 0 0 2 0.0046
\:l 369 64 115 7 555 1.2869

I.:i 9 0 11 0 20 0.0464
\3 232 37 66 5. 340 0.7884
\$' 0 0 0 0 0 0.0000"
'1' 3,538 503 846 144 5,031 11.6658
f' 1,689 282 634 36 2,641 6.1239

i 340 29 81 21 471 1.0921

'" 94 6 91 194 385 0.8927

"' 73 4 30 3 110 0.2551

.(, 103 3 41 2 149 0.3455 ;;~
~- ..•

l:. ~.. '
2,421 387 817 57 3,682 8.5378 ~1

C; 24 2 11 2 39 0.0904

(",~
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B-2

Charac- No. of Occurrence % of
ter* Texts(29,725 Fictions Technical Newspapers Total occrr-

occurrence) (3,529 Texts (1,000 (43,126 ence
OCCurr- (8,872 (occ-occrrence) occrre-
ence) urrence) nce)

ti 479 21 145 21 666 1.5443

CoT 46 2 9 1 58 0.1345

<:r 1,524 263 389 30 2,206 5.1152

~ 218 16 107 1 342 0.7930

~ 274 23 63 7 367 0.8510

';:l 33 13 24 0 70 0.1623

~ 30 0 0 0 30 0.0696

Ei 200 24 24 6 254 0.5890

Ii 260 20 49 7 336 0.7791

i5..' 343 31 105 15 494 1.1455

~ 21 6 6 0 33 0.0765

4' 0 0 0 0 0 0.0000

~, 227 37 135 19 418 0.9693
..
"'i;

~ 65 10 22 0 97 0.2249

\'3 30 11 0 8 49 0.l136

U 20 6 3 0 29 0.0672

'1 218 5 102 1 326 0.7559

\5 1,380 88 360 8 I',836 ,4.2573

:ll 262 22 45 3 332 0.7698

~ 607 53 185 15 860 1.9942

~ 171 14 58 3 246 0.5704

;l 1,392 131 300 38 1,861 4.3153 \I •

\,\ '
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B-3

Cl.arac- No. of Occurrence % of
1E'r * Occurr"'"Texts(29,725 Fictions Technical Newspapers Total

\ (3,529 oc- Texts (1,000 (43,126 enceoccurrence
currence) (8,872 occurrence) occur-

occurrence) ence)

'Y1 698 37 282 27 1,044 2.4208

"& 43 9 15 1 68 0.1577

<:l 1,088 178 271 29 1,566 3.6312

\S 187 16 43 15 261 0.6052

d'l 924 107 119 16 1,166 2.7037

~ 309 25 97 2 433 1.0040

?l 2,123 258 518 47 2,946 6.831:.

<9 765 69 175 12 1,021 2.3675

"t 287 32 134 9 462 1.0713

"l 99 2 60 3 164 0.3803

•• 669 42 151 19 881 2.0429

"!< 639 26 146 10 821 1.9037

~ 663 58 198 20 939 2.1773

'\5 123 20 71 0 214 0.4962

1) 3 0 .0 0 3 0.0070

') 40 1 68 1 110 0.2551
0 0 0 0 0 0 0.0000,

0 35 2 11 0 48 0.1113•

'" 59 11 4 2 76 0.1762

, 47 3 12 2 6'4 0.1484

\';0 47 55 0 104 0.2412

~ 93 5 34 5 137 0.3177

~ 2 0 0 0 2 0.0046
.,,~.-

\
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B-4

''larac- No. of Occurrence % of

:r* Texts(29,725 Fictions Technical Newspapers Total occurr-
occurrence) (3,529 Texts (1,000 (43,126 ence

occurren- (8,872 occurrence) occurr-
ce) occurre ence)

nee)

""l<l 0 0 1 0 1 0.0023

""
11 0 0 0 11 0.0255

~ 18 0 0 0 18 0.0417

~ 4 0 0 0 4 0.0093

~ 15 2 12 0 29 0.06n

4- 15 0 1 0 16 0.0371

~ 13 6 2 0 21 0.0487

'3 0 0 0 6 6 0.0139

-3 37 0 0 0 37 0.0858

~ 7 0 7 0 14 0.0325

'S 4 6 0 0 10 0.0232

-3 27 0 13 0 40 0.0928

~ 2 0 1 0 3 0.0070

'Ii. '23 1 6 0 30 0.0696

'l1 12 8 0 0 20 0.0464

".il 12 0 2 0 14 0.0325 '

~ 7 0 0 0 7 0.0162

~ 4 0 5 0 9 0.0209

"'>f ' 29 1 4 0 34 0.0788

~ 4 0 6 0 10 0.0232

~ 11 0 14 0 25 0.0580

~ 2 1 0 0 3 0.0070

~ 23 0 2 0 25 0.058"
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.dble B-1 (contd.)

Charac- No. of Occurrence
ter* -----------------~----------

Texts(29,725 Fictions Technical Newspapers Total
occurrence) (3,529 Texts (1,000, (43,126

occurr- (8,872 oc- occurrence) occurr-
ence) currence) ence)

~ 11 1 4 0 16 0.0371

"'0 13 0 3 0 16 0.0371

~ 5 0 5 0 10 0.0232

.se 46 5 18 0 69 0.1600

~ 33 0 1 0 34 0.0788

» 8 0 0 0 8 0'.0186

'If> 13 0 0 0 13 0.0301

~ 0 0 1 0 1 0.0023

3 29 1 19 0 49 0.1136

"i 32 6 13 0 51 0.1183

~ 2 0 3 0 5 0.0116

"'Of 4 "3 4 0 11 0.0255

~ 4 0 1 0 5 0.0,l16

';} 5 4 0 O. 9 0.0209

~ 3 0 2 0 5 0.0116

~ 3 0 0 0 3 0.0070

W 5 2 2 0 9 0.0209

i3 9 0 6 0 15 0.0348

~ 8 0 1 0 9 0.0209

~ 22 2 7 0 31 0.0719

~ 2 0 0 0 2 0.0046

~ 7 16 0 27 0.0626



Table B-1 (contd.)

8-6

Charac- No. of Occurrence % of
ter* Texts(29,725 Fictions Technical Newspapers Total occur-

occurrence) (3,529 Texts (1,000 (43,126 ence
occurr- (8,872 occurrence) occurr-
ence) occur- ence)

ence)

~ 16 3 6 0 25 0.0580

'!l 27 2 0 0 29 0.0672

~ 4 0 2 0 6 0.0139

~ 3 0 1 0 4 0.0093

'S 23 2 12 0 37 0.0858

~ 2 0 0 0 2 0.0046

~ 4 0 17 0 21 0.0487
J. 136 18 119 10 283 0.6562

) 339 19 163 10 531 1.2313

--' 243 15 139 8 405 0.9391

5 23 3 18 0 44 0.1020

~ 15 3 0 0 18 0.0417

~ 12 0 26 0 38 0.0881

~ 31 2 0 0 33 ,0.0765

~ 32 8 4 0 44 0.1020
'l: 0 0 5 0 5 0.0116
'2. 4 0 10 0 14 0.0325
~ 37 5 6 0 48 0.1113
~ 10 0 21 0 31 0.0719

416 28 128 16 588 ,1.3634
298 108 102 5 513 1.1895

)' 154 8 49 2 213 0.4939
112 6 62 7 187 0.4336
63 0 11 0 74 0.1716., 60 0 29 0 89 0.2064
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rable B-1 (contd.)

~harac- No. of Occurrence % of
. ter* Texts(29,725 Fictions Technical Newspapers Total occurr-

occurrence) (3,529 Texts (1,000 (43,126 ence
occurr- (8,872 occurrence) occurr-
ence) occurren- ence)

ce)

" " 25 0 3 0 28 0.0649

? 18 0 4 0 22 0.0510

, 12 48 127 12 199 0.46l<l

2 2 7 0 11 0.0255

*Note: Space has not been counted as a character.
I
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APPENDIX - C

OPTIMA MUNIR KEY- BOARD LAY- OUT

c

'" <. \.::) 8 ~ 0 ,"\) lr '1 \!:::>::>
3

- I I

\b ( ~ 'p 0 ~ ( )G "'"
,

, '
/ X ~ <f\ ~ '~ + 'Yo'ii' ~ ~

"" '-. ;:; '1 &. G '51 "il ~ ~ /' -"- . "3 ~ ') -"" ~ ':t ~ ~ *<. '"
~

,

~ ~ ~ t '0
,..,

t..-l ~' T <f <f>.
-

of :;I;J tV 'ij> ;, \b - ":If 0..• '
0

D "'i q \Si '16f Cil I
<l , ,

,

FIG. C -1 OPTIMA MUNIR KEY- BOARD LAY-OUT
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APPENDIX-D
THE ASCII CHARACTER CODE

TABLE D-1 American Standard Code for Information Interchange

(ASCII), Standard No. X3A-196B of Ihe American National Standards

Institute--~---_.~_._-----_._----_._----------- -------_._. -_._ .._-

h,;/"," I (l'O\UI1l11)

-_...,----_ .._---_._ ..._-_._._-- --_. __ ._-

row 000 001 010 01 I 100 III I I 10 III

/J)')J1h" (hex) 0 I 2 3 4 , h J

. 0000 0 NUL DI.E SP 0 @ p P

lIOOI I SO II DC1 1 A Q a q

0010 2 SIX DC~ 2 B H b

001 I .1 EIX DO , 3 c s c s
o 1110 4 EOI DC4 $ 4 0 T d t

0101 , ENe) NAK % 5 E U e 1I

01 10 h ,\CK SYN & 6 F V f v

0111 7 IlEI. ETIl 7 G W g w

woo X IlS CAN ( B II X h x

1001 9 11'1' EM ) 9 I Y Y
III 10 A 1.1' SUIl * .J Z j z
101 I Il VI ESC + K I k \
I11HI C 1'1' FS < L \ I I
I 10 I D CJ( (is M I m I

I 110 E SO J(S > N n

1111 I' SI US / ? 0 0 Il 1'1.
~-----_._-------- -_... --- --

Contrul Code ...
---_._._-~------_._-------~~----._._._- --_._------ ----
NUL
SOil
SIX
EIX
EOI
ENl)
,\CK
ilEI.
lIS
III
1.1'
VT
1'1'
CJ(
SO
SI
SI'

Null
Slart of-heading
Start of lext
End of le.,t
btl! of tran,mi ...sion
En4uiry
.'\cklltn ....lcdgc
ilell
Ibckspace
ifnril.onl,d lah
I.inc ked
Vertical lah
hI rill fecd
Clrriagc ITI"rll
Shift (luI
Shift in
Sr;L(C

IlI.E
IlCI
DC
IlO
IlC4
NAK
SYN
ETil
CAN
EM
SU II
I':SC
FS
(is
RS
US
1l1',1.

1),11,\ link t.'~L:\rC

Devi(e conlrol I
Device control ::!
1)cvil.:c conlrnl ,'\
Ikvil:c I.:tlntnl\ .t
Negativc al.:kIHlwlcd~t.'
Synchronize
End tran"imincd hhH.:k
Cancel
End of mcdium
Suh:-.lillilc
E",c;\rc
File "icparalor
{inllJp •.•cpar:I!t)1
Rl.:(ord ~l'r;I1',lt\\r

Unit ~l'p;lraltlr

Iklcll.: or ruhollt


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170
	00000171
	00000172
	00000173
	00000174
	00000175
	00000176
	00000177
	00000178
	00000179
	00000180
	00000181
	00000182
	00000183
	00000184
	00000185
	00000186
	00000187
	00000188
	00000189
	00000190
	00000191
	00000192
	00000193
	00000194
	00000195
	00000196
	00000197
	00000198
	00000199
	00000200
	00000201
	00000202
	00000203
	00000204
	00000205
	00000206
	00000207
	00000208
	00000209
	00000210
	00000211
	00000212
	00000213
	00000214
	00000215
	00000216
	00000217
	00000218
	00000219
	00000220
	00000221
	00000222
	00000223
	00000224
	00000225
	00000226
	00000227
	00000228
	00000229
	00000230
	00000231
	00000232
	00000233
	00000234
	00000235
	00000236
	00000237

