v Tl

OPTIMAL REALIZATION OF BENGALI KEY-BOARD AND CHARACTER
. ENCODING FOK COMPUTER APPLICATIONS :

BY \ -

MD., MOZAMMEL HU{Q) AZAD KHAN

_ . A THESIS ' ' . ..
SUBMITTED TC THE DEPARTMENT OF COMPUTER ENGINEERING
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE .
DEGREE OF MASTER OF SCIENCE IN ENGINEERING (COMPUTER)

FACULTY OF ELECTRICAL AND ELECTRONIC ENGINEERING
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY
DHAKA, BANGLADESH

i

OCTOBER, 1986 ' , S

om0 5

E———— s e



CERTIFICATE

This is to certify that this Thesis work was done by me and

it has not been submitted elsewnere for the award of any

degree OY diploma.

Signature of the Candidate

/@/KJ/\OM

%\)\@%\\D WJO R
(MD. MO ZAMMEL HUQ AZAD KHAN)

(DR. SYED MAHBUBUR RAHMAN)
Supervisor _

codtersigned

¥



i

Accepted as satisfactory for partial fulfilment of the require-
ments for the degree of Master of Science in Engineering (Computer),

Bangladesh Universiity of Engineering & Technclogy, Dhaka.

EXAMINERS
@S»LLM“ 2o
Q§xl/ vO\
20
1. (DR. SYED MAHBUBUR RAHMAN) Chairman and
Acszociate Professor, JSupervisor

Department of Computer
Engineering, BUET.

@lea& 26//0/6“

2. {(DR. SHAMSUDDIN AHMED) i Member
Head, : ) '
Department of Computer Engineering
&

Prcofessor and Dean,
Faculty of Electrical and
Electronic Engineering, RUET,.

’)M C-Kum

3. (MR. DULAL CHANDRA KAR) Member
Assistant Professor,
Department of Computer
Engineering, BUET,.

Y

Oy + B Far= e

20fr0 |g¢

4. (DR. ABDUL MATIN PATWARI) Member
Vice-Chancellor, External
Bangladesh University of
Engineering and Technology,Dhaka.




The present work deéls with the realization.of Bengali key-
beoard and.character encoding for computer applications. The only -
available Bengall key—board used for nechanical £§bewritting—the
'Optima Munir'is unsuitable for computer applicationsfrom aifferent
point of views, which have been studied ip‘detail in the.present
research. For developing new Bengali key~b5ard suitable for com-
puter applications, a 434 Benééli 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 selecj
ted by which the-434 Bengall characters can be generated.'Based
on the frequency of occurrence of ‘the Bengali Graphic Symbels,
two key-board 1ay—outs-have been deviced, one with 56 main keys
and other with 47 main keys, such that the léad is egually dis-
tributed on all the active fingers. Both the key-beoard lay-outs.
have been deviced with two shift keys. A 95 Bengali Impression
Symboi'Set (BRIS) have been selected by which 127 Bengali Graphic
Syﬁbols can be represented in typically used solid font printers
if superposition is allowed. The 131 Bengali Graphic Symbols
aloﬁg with SPace, DELete and 32 ASCII étandard control code have
been encoded in én 8-~bit coding scheme and a code mapping Scheme
has been proposed for the déta-communication systems which handile
7-bit characters. An algo;%thm has been developed for changing

the notionally different English key~bocard, available with all .

microcomputers, to Bengalil key-board and an assembly language
interface prograin based On this algorithms -has been developed for

IRM PC Microcomputer.
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CHAPTER 1

INTRODUCTION

Fose
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1.1 GENERAL

ABout one thousand years ago, in this land of Bengal, the
0old Indian Arza— language had evolved a Prakrita- language -
'Bangla' or Bengali, which by the passage of this one thousand
years has become the 6th language of the world on the basis of
populatiOn; Bengali is,now, being spoken by moré thén 200 millicn
peoples of Bangladesh, West Bengal and some parts of Asham. |
Officié; correspondence, bussiness transactions and education
upto the leveIAof University education, in this region, are being
successfully performed by Bengali._The unimagining achievement of
computér technology has so established its social impact that the
use of computers is.being'rooted in the every—déyllife. 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 CéMPUTER APPLICATIONS

Bengali can be used as a medium of information interchange
with an existing computer in graphics mode. But the notable

diéadvantages of graphics mode application aré:

- it consumes more time for processing.

- it requires more internal memory space for information

storage.



- it can not be used in high-speed applicatiohs, viz,

"real-time applications.

- 1t increases computer overhead.

To overcome these disadvantages, hard-wire implementation is
required and the distinct fields of such implemehtation, though

closely related and dependent upon each other, are:
- Text entry key-board

~lSoft—copy display devices
- Hard-copy printing devices
- Internal representation and procesSihg
-~ DPata communication.
Proper implémentatién_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 charactefs accomodated dn the
key-board such that the same chéracters and their codes can be
useq in soft-copy display devices, hand-copy printing devices,
internal representation and proéessing and data commﬁnication.
The objective of the present work is to design-suéhla Bengali
key-bcocard and to encode the éharacters accomodated on the key-

board.



1.4 WHY IS STANDARDIZATION OF BENGALI KEY-BOARD NEEDED 2

The ultimate goal of using a language in computer .is to
have a visual feedback of the texf entered through the key-board
on a video-display unit and to have a soft-copy diéplay or a
hard-copy printing of the processed text oh a video-display
unit or a hard—copy.printer. Tw$ other important things,though
not visible to the high-level usérs,are iﬁterval 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 aﬁd their corresponding codes to be firm-wired
in the devices. Internal representation and'proceséing reguires
a set of internally representable codes of characters sucﬁ that
"each character can be uniqueiy identifiéd and processed. Data
comgunication also requires a set of codes ©of characters such
that during data transmission eéch character can bhe ﬁniquely
identified and transmission error can be detected,fdr 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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step in the pipe-line of text processing, it should be provided
with the preaéfined set of characters such that corresponding
codes can be generated from the key-board fo; usé in other devi-
ces and prpceéses. 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 accomodé—
ted on the key-becard and independent persons can wprk‘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 key of "a key-board by

which a text-is to be entered intoc a computer.

- Determination of total character set of Bengali language

and selecting a graphic primiset such that:

i) the primitives can be accomodated oﬁ a handy size of
key-becard, | |
'ii) the primitives can be used to represent Bengall text
in the linguistically acceptable form, and
iii) the primitives can Be encoded by a standard size of

code bits.



- 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 43126
no. of occurrence for computing the information 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 communication and computer applications.

In 1984, Tapan Kumar Ghoshal et al.‘2 developed a BengaliF
Ahamia text processing attachment and hamed 'VIDYASAGARY This
text processing system_COmprises of a text entry terminal with
VD[-.I,‘r a dot-matrix printer:and software routines. This system
uses a Z—BO—based‘Orion §000 microcomputer Qith CP/M 2.2.oper-
ating systemland the hardware attachments are connected to the

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



' a word processor, file creation unit or a file enguiry uniti

for Bengéli/ Ahamia text. The coding scheme (BIIC) and the I
QWERTY style key—board employ simple consonants, vowels, opera-
tors and are accommodé£ed in 7-bit, 96 character ASCII space.
Host resident software.are used to edit BIIC filgs, convert |[them
to justified, paragraphed and paginated printable files with
composite consonants, display thé file in VDU or print themlin
the dot-matrix brinter either with complex conjunct consonants
or in analysed mode (without consonant conjuncts). In this Eext
processing system, Vowel operators or Swara-kars are entered
immediately after the consonant sequence on which they operate.
But in-Bengali text,_séme of the Vowel operators are placediat
the left of the consonant sequence on which théy operate anL
some are placed at the both side of the consonant sequence. |
Entering these Vowel opéiators after the consonant sequence will,
obviously, be cuﬁbersome for an ordihary text entry assistant.
compound consonants are entered by using conjuctive operator

and the constituent consonant letters. Buﬁ some éf the compound .
consonant letters of Bengall language ére found with unugual
shapes, i.e., the c0nstitu¢nt letters are not readiiy recogni-
zable from their shaﬁes. Entering these compound conscnant 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, edch symbol is split up into unit



width components ( sub symbols) and an n-unit width symbol

is génerated by n-sub symbols and the variable width phenomenon
is tackled wusing a fixed width display. Motorola MC 6845‘CRTC
and ( notioﬁally incpmpatible) Intel 8085A MPU were used for

designing the VDU.

In 1984, Gourhari Das et al;4'p;oposed a 95 impression sym-
.bol set (BMIS) by which the 159 extendea Sern and Datta graphic
symbol set.(SDBM)can be répresénted 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 oOn the‘fre-
quency of occurrence of the SDBM on the basis of 66,752 no. of

occurrence.

Last year, the Bangla Academy had taken a project to
improve the existindOptima Munir' 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
~and Technolcgy, Dhaka.'Recehtly, Syed Mahbubur Rahman et al.5'6

have developed methods for Bengali Alphanumeric dot matrix dis-

play. They used 14 x 8 dot matrix for representing unit width



‘characters and 14 x 4 dot matrix for representing half width
characters. Unit width character matrix 1@ actually divided

into two 14 x 4 half width matrices. For representlng compound
consonant letters, the unit is further dividea'into 4 horizontal
sub-units. Represéntation of compound cons&nant létters are
effected by supérposition of units. A.N.M. Mesbahul Karim

et al. L have designed a varlable width character generator for
displaying varlable width texts in vDbU. The system 1s experlmented
with the Bengali text and the variable width requirgment of the
Bengali characters are satisfied bysﬂnitﬁu@ up ‘the characters

into fixed width sub-symbols.



CHAPTER 2

THEORETICAL FRAMEWORK DEVELOPMENT

2.1 INTRODUCTION

Key-board is the first step in the pipé—line of text pro-
cessing; For selecting the key—Board primitives, i,e., the elements
corresponding to each key of a key—board by which a text is to
bé entered into a computer, a linguistically acceptablé theoretical
framework is needed.'Totai 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 se£ consists of sevefal 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 swéra—kars, Num-
erals, Punctuation marks and sbecial 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.la. Beside these, one more swara varna , ' oOr
air , though not included in the alphabet, 1is used in Bengali

script.



Bengali alphabet has 39 Byanjana Varnas or Consonant letters

18 listed in Table 2.1b.

2.2.2 Diacritical Marks

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

Tahle 2.1lc.

Urdha comma (?) is used to indicate umlanted 3 ,i.e., @ ,viz,

Fea.

All Byanjana Varnas except € , 2, 2 are symbols of Byanjanas
Jith inherent W swara. To indicate only the Byanjana, Hashanta (.{)

is used with the Byanjana Varna, viz, & .

Chandrabindu (%) is used with a Swara to indicate it's nasal

sound , viz, @ .

2.2.3 Swara—Karé or Vowel-operators

10 Swaras except ¥ , when operate on any cénsoﬁant, change

their original shapes and take their kar forms as listed in Table

2.2.4 Compound Byanjana Varnas or Compound Consonant Letters

One ©or more Byanjénas combine with another Byanjana with

inherent ™ swara leading to a Compound Byanjana Varna. Theoretically



thé,numbers of Compound Byanjana Varnas are unlimited thoughra
bulk majority of these may not be used in Bengali. 302 Ccompound
Byanjana Varnas have been identified in use and in other cases’
byanjanas are conjuncted using hasanta {( (). 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.le, 2 1z

and 2.1g respectlvely.

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 2.1lh.

2.2.6 Numerals

10 numerals are used as listed in Table 2.11i.

2.2.7 Punctuation Marks

12 punctuation marks are used in Bengali script as listed 1in

Table 2.1].

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,
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TABLE 2.1a .SWARA VARNAS

TABLE 2.1b

TABLE. 2.1¢c

TABLE 2.1d

Bl ST 2 D W aR e
| 2 3 4 5 6 7 8 9 10
G/ At

12

BYANJANA VARNAS -

2l Y |

17 15 16 1_7

& X

19 20 21 22

3 0® B d
23 26, 25 26 27
S R 2
28 29 30 3 32
PR I 0B
33 L 35 36 37
5 q A =
38 39 40 4l 42
a A = k3| S
43 44 L5 46 L
B g 2 p

5

DIACRITICAL MARKS

~
52 53 54
SWARA- KARS

1T F Y T et
55 56 57 58 59 60 61 62 63

¢t

64

==
- .
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TABLE 2.1e COMPOUND BYANJANA VARNAS WITH TWO BYANJANAS
,sr"""*'ﬂﬂﬂé’s!aamﬂ%eaqsﬂﬁta]ﬂnaswﬂaa-nr'a'n'i 5 | R
3 | Fes o™ <., ! N | 69 X B Tl T e R
A , i : %0 7_73
n g 138 R0 T Y Pl % | T
b - Ry | By 20 | Gy
SR RS L Paal
B R foa % i | ~ oo |
R ' ]
S nod 103 | o R05 Fiog| Fion! Hiog
@ l !
P s | Bo| B[ R | | |
B g||3 an‘ ailf h“5 alyll"!"glls
> Fyg.
S S 52 [ 9 04 Zhs| Sg
G . l t;'IIZ']
l Boe Bis| Bi3o]®in | Ais2 Ay | 43, Wiys | Dise
° B3z | s Rio | Fho 1B [P [P
T ql&& .-.61&5 aILE
n a7 heg t-."i’u.g 50 ; T35 %5, qlsa qlel. G5
hl ama! iy W g Trsol s o
A AENED e Rigs| 66| st Riss g Higo| alyr!
i ,.GI',’} 451714 ﬂl!'.l“igﬂ“i'ﬁ ml?‘ ‘,1';718 .ﬂ’”g 180 glal ‘Pglrﬁz
= . . . T LITY
T Bnigs ! %1197 Russ ! 1 Tes] Emo Broi | D192 |8 193
o ! I o [Hos [Buse
¥ Hig7 i’ﬁa koo ™ 200 Y 201 M0z D 20320 [F205
B | : L, E E:’r;-r: ﬂ}zov
T 1% 08| a0 i |Fan oz (2o B [ Ras I“;zlsg G ] Yo 5o j’_g Yo [Hin :{223!';2:. ﬁzzsrdue € 01 [P 220 [H 228 Tyo 00 [Faa P [ 2 3
A [Fasl By t%zm: F‘E’zsgl B a7t ot A PPPY PP o TP AT ) v
il vl R ; 50, ™ s ™Moz |™Bas3 [ ®pse [Fas s Hass
q %y u‘?sa?%_ggiggo | ®2er 62| P53 | 36 Fos| Dose
A |y m"zsaﬂ SE’269 i Ba20| R A ™ Bs e "32?73278_?327&
R %280 258 farty Ry Diae[Baes, < ues
k!
T
v




2-6

"TABLE 2./f COMPOUND BYANJANA VARNAS WITH THREE BYANJANAS

Oy

287

£

288

£

289 | - .

OO W W OH KD P O W

290 291 292 293 294 295 296 297 298 299 300

S W T W I T W W TP

300 302 303 304 305 .305 307 308 309 310 3N

ORI |

312 - N3 = :

T B oW ¥ R & F T/ FH T

314 315 316 317 318 319 320 321 322 323 324

7L S K om % H

325 326 327 328 329. 330 33

T R Ty 3 R T \

332 333 334 335 336 337 , :

7/ . e

o % w5 ® & K b T 4 a‘l %

338 339 .31‘0 341 342 343 344 345 346 347 ILB 349
¥ ®& & = P o o B K

350 351 352 -~ 353 354 355 356 357 358 359 360

TABLE 2.1g COMPOUND BYANJANA VARNAS WITH FOUR BYANJANAS.-

w0 RS

361 362 ;

23 - ) O SR

163 364 365

166 )
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AKSHARAS WITH UNUSUAL SHAPE OF SWARA-—KARS

TABLE 2.1h
~Swara
vVarnas kar o o~
st 3B
367
2 " &
368 369
Lt B
370
- —
. R 171 372
< 5
173
3
o 374
£ -
375
3 vy “h
: 376/ 377
5 % O
378 379
3 * 380! a 38
382 - 383
= 3? 384 35'335
&5 & C
386 i 187
s % &h
, 388 389
¥ P I Y'Y




“TABLE 2.1i NUMERALS

0 2 v 8 @ v a v »
392 393 394 395 396 397 398 399 400 401

TABLE 2.1j PUNCTUATION MARKS

> 3 \ ?

W02 403 LO& 405 406 407 408 409

1 55 ¢ 9
L0 M 412 413

TABLE 2.1k SPECIAL GRAPHIC SYMBOLS

# 2 O+ — x < > 7 e w
FATA .LIS L6 417 L8 619 420 421 422 L23 4L24

- & @ () £}y ©C 1

425 426 427 428 429 430 431 432 433 434



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
le#iCally analysed and ordered. Conversely, a sequénce of lexi-
cal primitives corresponds to a uniqué word. Varqas.of the
L .
gehgali alphabet correspond to the Lexical primitives of Ben-
gali language. The set of Bengali Lexical pfiﬁitives_is divided
into-two subsets— Swaras or vowels and Byanjanas oOr consonanté.
' The Swara subset consists of 11 Swaras and'fhe 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'. The aksharas are generated

by special sequences of lexical primitives called Syllables.

There are four classes of Bengali syllables:

= Mono-vowel Syllables which correspond to all Swaras.

- Single consonant-vowel Syllables which correspond to
all Byanjanas, except § ,2, 2, with inherent ©of- swara

or operated on by other swara-kars or vowel operators.

- Single‘consonant Syllables which correspond to all

Byanjanas.



- Poly-consonant-vowel Syllables which correspond to all
Compound Byanjanas with inherent W -swara or operated

on by other swara-kars.

The visual forms of lexical primitives are called Varnas

_and the visual formsrof gvllabkles 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 combinedly

form the set of Graphic Molecules.

The possiblé mono-vowel aksharas are generated by ll swara
varnas, gt or Wt ( though they are bhonetically same, they
are equally used in Bengali script), umlanted @ and their var-
icus nasal forms,.i;e., operated on by the chandrabindu. The
possible single consonant-vowel aksharas are generated by 36
byanjana varnas, exceptg, e, 2, with inherent ™ -swara and
operated on by other swara-kars and their nasal forms. Thg
possible single consconant aksharas are generated by % ,2 , %
and other 36 byanjana varnas operated on by the hashanta. The
number'of possible'polyeCOnsonantf vowel syllables are theore-
tically infinite and for that the number of possible poly-

consconant-vowel aksharas are, also, theoretically infinite.

'If those compound byanjanas which are conjuncted by hashanta
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are treated as combination of seperéte:single consonant aksharas
'and single consonant-vowel aksharas, then the possible poly-
consoﬂant-VOWel aksharas are generéted by the identified 302
compqund byanjana varnas with inherent Eﬁ—swaré,and operated
on by 6£her swara-kars and their nasal formé. With numergls,
punctuatién marks and special graphic symbols, the {theoreti-
callyrpossible number of Graphic Molecules might be inconvenien-

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

Bengali.

2.6 GRAPHIC PRIMITIVES

. |
The number of theoretically possible graphic molecules

are inconveniently large. Though a bulk majérity of these may
not be used in Bengali, the usable set of graphic molecules is
still inconveniently,large. The graphic'moleéuleslgan, however,
be-generatéd from a smaller set Qf grapﬁics, ﬁsing graphic
transformation. The simplest 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 numbgr of graphic symbols. Such graphic symbols
are called graphic primitives. Selectioh of the graphic primiset

is discussed in Chapter 3.



2.7 IMPRESSION PRIMITIVES

The Bengali graphic primitives can, however}'be generated -
by a smaller set of impression symbols if superposition is
allowgd. These impressioﬁ symbols are called impression primi-
tives. Selection of the imprgssion primiset is diécussed in’

'Chapter 4.

2.8 KEY-BOARD PRIMITIVES

The eleménts corresponding to each key of a Key-board by
which a text is entered into a éomputer is cailed Key-board
‘primitives. For one;to—one corréspondence between input and
output, the Bengali graphic primitives are needed to be used as'
Hey-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 c0m§lex ma?ping will be needed
for realizing the possible graphic molecules. Selection éf the
Key-board primiset and its Key-board lay-out are discussed in

Chapter 3.

P Y
-y

2.9 INFORMATION PRIMITIVES

The entities that are used for.entéring a text into a
computer is called the Information primitives. An important

aspect of Information primitives is that each primitive will



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—béard into a computer,
the keys correspond tp the Bengali graphic symbols selected for
éﬁtering text into a computer and therefore are Information pri-
mitives. The coding scheme of the Information primiset is dis-

cussed in Chapter 5.
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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 mdy not be used in Bengali texts,'thg usable set
of graphic molucules is still inconveniently large and their

| .

nﬁmber is not even specific and predictable. The unpredictable
set of graphic molecules is traditionally mappéd in letter press
printing by about 500 characters_or graphic primitives,. The number
is redﬁced by simplification, e.g.,-by Linotype. In 1982, Sen &
.Datta 8 p;oposed a 142 graphic symbol set which‘cah adequateély
represent the Béngali language. Gourhari Das et‘al.4 had extended
the Sen & Datta's graphic symbol set to 159 symbols ( appendix-3a)

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

cal operators regquired for commercial and technical work.

In computer applicafions, printing of a Bengaii text is'not
only the point of consideration. Inputing the text iﬁto the com-
puter also plays .a vital role in this work. That is why, a corres-
pondence between the input and the output is.féquired, il.e.,a
cdrrespondenée‘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 éntry ;erminal 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 discussed. in this chapter.

- 3.2 SELECTION CRITERIA OF KEY-BOARD PRIMITIVES

As the Bengall compound byanjana varnas are of various
shapeé,generation of the Bengali graphic molééules 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 akoharas with uuusual shape are to
be kept themselves as key-board primitives aud othe; compound
byanjana varnas.are to be generated from £heir constituent varnas
under software control. Obviously, this method will be complex ,time
consuming and cumbersome. In the other method,lthe shape of the
compound byanjana varnas and aksharas are needed to be slightly
changed inlifjiguistically and aesthetically acceptable form such
that the graphic molecules can be generated diréctiy by concat-
anetiug a smaller set of graphic primitives. In this method, the
graphlc prlmltlves can be used as the keey-board primitives and

.Aa one-to-one correspondence between input and output will be pOSSlble

Key-board primitives selection for two methods are discu-

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

All possible Bengali graphic molecules can be mapped by
thé_434 set of Bengali characters identified in Table 2.la to
2.1k under software control. But-the( > set of characters would

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

1d 434 _
8

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

- characters will need 2 bytes ( 1.0951.e.,2)for encoding

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

for mapping graphic molecules.

The Swara Varnas of Table 2.la can bé.ﬁapped by the key-
-board primitives of.Tablé 3.la. @ 1s to be mapped by ™ and
t of Table 3.1d. Wt -or it are to be mapéed by <M or Q ’
3 of Table 3.le-and T/of Tabie,B.ld. The algorithm of mapping

these Swara Varnas is simple and given in Fig. 3.la.

The Byanjana Varnas of Table 2.1b can be mapped. by the
key-board primitives of Table 3llb.Tﬁe shape of R and internéi
3 are similar and for that, thé internal & can be mapped by the
4 of Table 3.1b. Mapping of Byanjana varnas is direct and

simple and the algorifhm is given in Fig, 3.1&.-

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

graphic molecules by the key-board primitives of Table 3.lc.



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—Rars of Table 2.1d can be used with ‘byanjana
varnas by the key-board primitives of Table 3.1d. U 1 is to be
.mapped by & and 't and C‘* is to be mapped.by C_and} . For placing
£ , 4 and ( at ehe bottom of the concerned byanjana varnas, 5
1eftlconjunction operator is needed. These kars are to be entered
with this prefix left operator and others are to be ehtered es
normal. A software routine then place them at the eppropriaee

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

Fig. 3.1c.

Mapping the compound Byanjana Varnas, of Table 2.le to 2.lge
co ;

are much complex. A first approach can be ﬁade 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 tab;e

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

conjunction.will be needed for mapping Compound Byanjana Varnas



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 Varnas are of unusual shape, i.e.,the constituent varnas of
tﬁeée Compound Byanjana Varnas are not readily recognizable

. from their shape. Entering these Compound Byanjana varnas by
their constituent byanjana‘varnaé and a conjuncti&e 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 Byaﬂjana Varnas with unusual shape themselves

are to be kept as key-board primitives and other Compound Byan-
jana Varhas are to be mapped by their constituent byanjana
varnas and a conjunctive operator by an algorithm similar to
that of Fig. 3.1d. As, in this ﬁethod, the Compound Byanjana
Varnas are to be mapped by searching a table under a complex
algorithm, the process will be considerably slow reducing the
text entry speed. The text entry speed c¢an, however, be impro-
ved by reducing the algorithmic complexity and a third approach
can be made by keeping Compound Byanjana varnas with unusual
sﬁape themselves as key-board primitives and analyzing the con-
junction of other Compound Byanjana Varnas for devicing a simpler
algorithﬁ. Conjunction analysis ¢of the Compound Byanjana Varnas
with two byanjanas, three byanjanas and féur‘byahjanas cf Table
2.1e, 2.1f and 2.1g 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 (i), n-fala, «-fala, .-

fala, ¥-fala, S-fala, .-fala and ~-fala can be conjuncted as



separafé entities. At the first place, byanjana varnas conjunct
at three positicns, viz., at the normal position, at the top
position and at the lefit-top position. At the second place, byan-
jana varnas conjuct atlthree positions, viz., at the right posi-
tion, 'at the bottom position and at the right-bottom position.

In the third approach of maﬁping Compound Byanjana Varnas, 31
éompound byanjana varnas with unusual sh;pe, 1 ref and 7 falas
can be kept as key-board primitives. For ref and 5 falas, except
A-fala and J-fala, 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 p;ace‘and three fdr the
second place, viz., top, left-top, right, pottom and right-~hottom
respectively can be introduced. For entering compound byanjana
varnas, each constituent byanjana varnas of normal shape are to
be ehtered as normal or with an appropriate prefix operator. A
software routine then display the constituent byanjana varnas

‘at the appropriate pOSitiOn of the compound byaﬁjaha 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.le. 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



operators{isg to be redgced by intr&ducing additional symbols
on the basis éf the conjuction analysis of the Cohpound Byan-
jana varnas of Table 3.2a to 3.2c. Fof conjunction at the nor-
mal position, at the right position and at the right-bottom
position, key-board pfimitives of Table 3.1b are adequately suff-
-icient.'For conjuction at the top positiqn and at the left-top
position; 17 small sized symbdls of byanjana varnas are regquired
( Table 3.le). For conjunction at the bottom position, 12 small
sized symbols bf byanjana varnas without'matra' are required.
Aniong these, st., n , & 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 requireé
as a separate entity. Among 7 falas, < is common with the é?mbols
reqﬁired for conjuction at the top position and at the left-top
| position.-;,z and = are common with the symbols required for
conjunction at the bottom position. Symbols for other 3 falas are
'.required ( Table 3.le). 31 Compound Byanjana Varnas with unusual
shape.themselves are reqﬁired to be kept as key-board primitives.
211l these key-board primitives for mapping Compcund Byanjana
Varnas are listed in Table 3.le. In this final approach, three
conjunction-operators; viz., bottom operator,leff operator, and
right operator, will be fequired. Symbols for normal position,
top position, left—tép 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 A and § are to be entered with a preffix
left 0perator. Symbols for right position, right—bottom position
" andds23are to be entered with a preffix right operator. Symbols
for bottom position are to be entered w1th a preffix bottom
operator., A software routine then display the concerned Compound
Byanjana Varnas. The algorithm of this final appreoach 'is given

in Fig. 3.1f.

The Aksharas Wlth unusual shape of swara-kars of Table
2.1h can be mapped by the key- board primitives of Table 3.1f.
.Among the i0 swara Kars, only ea-kar, q-kar and wkar change
their shapes during operation on some specific’ byanjana varnas,
A variant_of a-kar, i.e., - , can be introduced as .a key-
board primitive and other aksharas with unusual shape of qekar
are required to be kept as key-board primitivee. For ¢-kar, a
variantf i.e., 7, can also be introduced as a key-board primitive:
_The <—kar only changes its shape during operatlon on 3 and this
akshara is kept as a key-board prlmitive; because no benifit can
_be obtained by introducing a seperate variant of (fkar. The
variants of o~ kar and -kar, i.e., v and 5 , are to be
entered eeperately at the right of the concerned byanjana varnas.
Mapping of these aksharas with unusual shape of swara-kars 1s

direct and simple and the algorithm is given in Fig. 3.la.



The Numerals, Punctuation Marks and.Special Graphic
Symbols of Tablé 2;11{ 2.1j and 2.1k can be mapped'by the key-
board primitives of Table 3.lg, ﬁ.lh and 31li respectively. The
~mapping is direct and simple and-the algorithm is given in

Fig. 3.1la.

In this methéd-of mapping graphic molecules.under software
control, a 172 key-board primiset of Table 3.la to 3.1i is |
required,lwhich'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
.contrecl has the advantége’that the graphic mélecules 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 kebeoard primitiyes on a key-board with
47 main keys, 4 symbols are required to be assigned to
each key, which is much préblematic for human eye,
because the human eyé can identify at most three entities

as a group at a time.



3-10

TABLE 3.1a K.EY—BOARD PRIMITIVES FOR SWARA VARNAS FOR SOFTWARE -
MAPPED GRAPHIC MOLECULES

AT FTTS e

TABLE 3.1b KEY-BOARD PRIMITIVES FOR BYANJANA VARNAS FOR
' SOFT WARE MAPPED GRAPHIC MOLECULES

F o4 S @ ©

F &% @& ¥

53 % s B 4

S 'ar R 4 =

# % 3 B R

X T R =t

= = 7T ¥ T ',
5 ¢ 2.3

TABLE 3.1c KEY-BOARD .PRIMETIVES FOR DIACRITICAL MARKS FOR SOFTWARE
' MAPPED GRAPHIC MOLECULES
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" TABLE 3.1d KEY~BOARD PRIMITIVES FOR SWARA-KARS FOR SOFTWARE
MAPPED GRAPHIC MOLECULES -

i‘f“%t,\c\gctﬁ

TABLE 3.le KEY-BOARD PRIMITIVES FOR MAPPING COMPOUND

BYANJANA VARNAS FOR SOFTWARE MAPPED GRAPHIC
MOLECULES '

2 N & B & B B A4 KH A M IARA WM o

¢ g v v A 4 ¢ o
S T
F @ R TR W RS P G R RBE G B AT

o2 R H S ™ R RRAER R B R



TABLE 3.1t

TABLE 3.1g

TABLE 3.lh

TABLE 3.1j

3-12

KEY-BOARD PRIMITIVES FOR MAPPING AXSHARAS
WITH UNUSUAL SHAPE OF SWARA-KARS FOR
SOFTWARE MAPPED GRAPHIC MOLECULES

& ® T B BB T

'KEY- BOARD PRIMITIVES FOR NUMERALS FOR SOFTWARE

MAPPED GRAPHIC MOLECULES
0O 9 2V 8 &€ YV 4 Vv o

KEY—~BOARD PRIMITIVES FOR PUNCTUATION MARKS FOR

SOFTWARE MAPPED GRAPHIC MOLECULES

93:'?"—_ ;.6‘9‘-' cC ?

KEY - BOARD -PRIMITIVES FOR SPECIAL GRAPHIC SYMBOLS
FOR SOFTWARE MAPPED GRAPHIC MOLECULES

4V r- X <Y/% x.=28@

¢ » {3 L]

—



TJABLE 3.2a. CONJUNCTION ANALYSIS OF COMPOUND_- BYANJANA VARNAS WITH TWO BYANJANAS

Conjunction at the first place Conjunction qt the second place
' : Remarks
VarnagNormal | Top ILeft-TopZS%‘ehceial Unusual ng‘h‘t 'Botto.nlw g:)%{‘gm l?s::hete:rial Unusual
Position |Position (Position| Pgsition | Shape Position; Positior| position|position | Shdpe
b kS k. > Lk k: £
2 - ) | Faf _
a1 st P st £, B9 o =
% % saT -
5 ®does not conjunct
@ € By F T atthe sgcncond pQAﬁQn ]
= B> 5 % P '
% 2 2 B
a 3 By at H 2 &Kk
wdoes not conjunct al
X b ? the_first position
with <Bat the first pos
i »RGE B o Lition gll are of urpluguu
shape
51 % 55 B £ 5 P
51 B 22
) g B51 T ) &
G B b : |
2t < A e 0z, = L =8 - fala
= 2 B WA < 3 S _ _
| g U Ty T [on cxcep oo of unaua
Y i b "t 52 1 ! '
with ® gl the second posit
=4 I RS T F Jion aticxeept Ware of unusgal

El—¢
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TABLE 3.2a CONTD.
Conjunction at the first place Conjunction at the second place
Varnas -
Normal | Top  [Left-top g;:?:rial Unusugl |Right | Bottom Right- 18}32%{(“ Unusual Remarks
Position/Position | posttion| pEGticdn | Shape Position! Position Egstitﬂg?'\ position| Shape
Gl I S - 2 - & 2 ! = «-fala
2t | P % 5 Tof =®
- =3 | “he
2 R ™ - % W o 7 2 fala
© )] = %
N = 3 = s | h A fata
= g ' T 5- fala
Z — . o= [ReF{<} ot the First position
s * q R B :-!nt alolth: :cco:; :oo:ih':n
A Gl G 0 = ! Ey «- fala
i x5 K b k.|
: ith /] it
=3 | % | 3 - R
= =5 K Ty 2 2 ol
T | 2 Rl d
T does not conjuncl ot the
= first or the second posilion
Hdoes not conjunct al the
Q-.5' fustorthe second position
T does notconpucted ol the
B fwst or the second position
- ol The st posilion” €75 wr
: 3 e, LS e,
o at the Tirs! or second posili
~ gs written seperately
o at thc first or second
° postlio nhs writien seperately
& g
Ly

7i—€



TABLE 3.2b CONJUNCTION 'ANALYSIS OF COMPOUND BYANJANA VARNAS WITH THREE BYANJANAS

,' VARNAS CONJUNCTION AT THE FIRST PLACE CONJUNCTION AT THE LAST PLACE WITH REMARKS
WITH COMPOUND BYANJANA VARNAS COMPOUND BYANJANA VARNAS WITH |
WITH TwO BYANJANAS | TWO BYANJANAS
Left- top position Special position Special position Un usual shape
"R ) G5y : o : With ‘n'c-mly
k) Afala with
3 ' | 5 3 fala
2 | | | = 2 fala with =
] | | ) 3 fala
. ’ . — L
2 o | g m /L & T et ’““im

gl -t



CONJUNCTION ANALYSIS OF COMPOUND BYANJANA VARNAS WITH FOUR

TABLE 3.2¢
BYANJANAS
: Conjuction at the last place with compound Byanjana
Varnas | varnas with three Byanjanas ' Remarks
3 % , z-fala
= %3 3-fala

9l -t

3
L L



3-17

i .

Read key-board
Input & Save

Display the
Character

{

Increase Cursor
Position
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¥

Fig. 3.la: Algorithm of Mapping Swara Varnas,
Read key-baord Byanjana Varnas,Aksharas with unusual shape of
Input & -Save Swara-Rars, Nunerals, Punctuation Marks and

: : ~ Special Graphic Symbols for Software Mapped
- Graphic Molecules.

Yes

Read next kéy—
board Input &

left operas
to

{ Save

Display the
character

Increase Cursor| | | Pecrease Cursor
position B051tlon

S Dlspla the chara-
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Fig. 3.1lb: Algorithm of Using Dlacrltlcal Marks for Software
Mapped Graphic kMolecules. '
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L A AR
Read key-becard : Increase Curs or]
Input & Save I Position

!

Display the
Charadter

Left Opera-
tor

Read next key- Display verti- Display Verti-

board Input & ' cal part cal pért
Save ‘

Increase Cursor Decrease Cursarj
Positicon | Positien

S ;

Display| top part
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P : ba ting character
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[ I B!

#ig., 3.1C : Algorithm of Using Swara-Kars for Software Mapped

Gréphic Molecﬁles.




Read key-board
Input & Save

Yes Count =

Congunc%lve Count + 1

NoO
iHove the Character . Read next Key-
4 | to first position ' - { board Input
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Display the
Character

|

Increase Cursor
Position,
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, junction Buffer

Save the Searched
Character

Move the searché . Display the
Character to first .~ Chagac{er i
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rig. 3 ld Algorlthm of Mapping Compound Byanjana Varnas from Consti-
tuent Byanjana Varnas of wormal Shape and a Con

junctlve
Operator.
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1: -ad key-board ' ' Increase Cursor
put & Save A Position '

}

Display the
character

.f'key-boar-

4+ Yes - .
Read next key- Read next key- | | Read next key-
board Input & 7 board Input & board Input &
Deve , Save ' Save K

- * No
crease Cursoy Display the chara-| | pgcrease Cursor
cter at appropria- Position

sition - <
te position

Display ref or | Display the chara-

falas at appropri-| . , | . |cter at the bottom
ate position positicn

. 1_4 ) ‘4 j
ITncrease Cursor

Position .

i

Fi . 3.le: Algorithim of Mapping Compound Byanjana Varnas from Consti-

tuent Byanjana Varnas of Normal Shape and Position Operators.




3-21

Start
{ — —3
Read key-board . : . Increase Cursor
Input & Save . , _ ' ‘ Position

Display the
Character

End
of key-board
~.Entry ?

|

No

Is ‘ No Is = .
Left Opera- = right opera- '§i>
\ggg,/’/// ~~tor
3 ; Yes €s
Read next key- : Read next key- Read next key-
board Input & _ { board Input & board Input &
Save . Save Save

o

- End
of key-board of key-board 6f key-board -
Entry ? Entry ?

.+ No No
becrease Cursor| - |Display the chara= Decrease Cursor
Position . cter at appropri- Pcosition

ate position

{ | !
| Display the chara- ' Display the chara-
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Fig. 3.1f.Algorithm of Mapping 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 Lineprinter.

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-

néting these graphic primitives, i.e., in this method, each and

every graphic symbols arée 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

—



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 symbels
- 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 gré?hic 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 th¢ fo1lowing articles.

3.5 SELECTION OF BENGALI GRAPHIC PRIMITIVES

In the letter press printing of Bengali texts, no stahdard-
is being maintained about the shaﬁe of the Bengali compbund
byaﬁjana varnas. The shape of these compound byanjana varnas,
varieé widely from one letter press to another. On the other
hand, the éhape of these compound byanjana varnas of 1ino-
type 1is completely different from that of letter press prin-
ting. For selecting the Bengall graphic primitives, need for

" the standardization of shape of the Bengali characters is



felt. For éelecting the' graphic primitives for the preéent
work, a shape for each character has been aséumed and graphic -
primitives are selected based on that propoéed Shapes. Proposed
graphics of all the Beﬁgali characters of Table 2.la to 2.1k,

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

The Swara Varans of Table 2.la can be mapped by the graphic
symbols of Table 3.3a. W 1is to be mapped by concatenating ™
and T of Table 3.3d. Wl or 4% are to be mapped'by concate-

nating W or v, § of Table 3.3e and 1 of Table 3.3d.

The Byanjana Varnas of Table 2.1b can be mapped by thé
. graphic symbols of'Tab1e 3.3b. The shape of @ and internal 12 is

identical and for that the internal @ is to be mapped by the?.

The Diacritical Marks of Table 2.lc 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~kérs of Table 2.1d can be mapped by the graphic

symbols of Table 3.3d.1T A Pt ol o

and ki ‘are to be placed
'at the right and T , ¢ and t are to be placed at the left
of the concerned byanjana varnas.f and E‘ are not overlaped'

- on the concerned byanjana varnas, U T is to be mapped by U and

1 and L\ is to be mapped by T and %..



 Graphic symbols for mapéing Compound Byanjana vVarnas
of Table 2.le, 2.1f and 2.1g are selected based on tﬁe conjunc-
tion anélysis of eompound 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 appllcable as dlscussed latter. For
conjuncticn at the. top and left-top positions, 16 spec1ally
shaped small symbols of byanjana varnas,are introduced ‘which
are to be placed at the left of the secbnd varnas of normal
shape and”size. Among'the 17 cases of conjunctioﬁ at the top
and left-top positions, 16 specially shaped small symbols of
-byanjana varnas are 1ntroduced and no such symbol is 1ntroduced
for T , because T conjuncts in this position for only one case,
i.e.,lﬁ) ", which is not presently used in Bengali text and can
be represented as G.b if needed. A symbol for ref ( £y is
‘introduced which is to be placed at the right of the concerned
varnas. For conjunction at the right, bottom and right?bottom
positions, graphic symbo;s of Table 3.3b are adequately‘sﬁffi-
cient, which are to be placéd at the right of the ¢oncerned
specially shaéed small;byanjana varnas és applicable. For
c0njunc£ibnrat other ﬁlaces, 7 fala symbols are introduced,
-which;iexCept ol s aréito be placed at the right of . the concer-
‘ned byanjana varnas and the. «« 1is to be superposégﬁéunder

“the concerned byanjana varnas as the aesthetics is highly



hampered if',q is placed at the right of the concerned vafnas.
VIn the case of & , zﬁ y T o0 R and T , all two byanjana
varnas are of normal shape. In thié:case, specially shaped
small varnas are used at the first position for ¥ and " with
normal varnas at the second position. For other cases fala
sfmbols are used at the second position wifh normal varnas at the
first position,as no specially shaped small symbols are introduced
for 4 and ¥ . Among the 26 compound byanjana varnas with two |
byanjanas and with unusual shape, 7 are kept in their unusual
shapes andlother 19 are proposed to write in their normal shapes{
i.e., writing two byanjana varnas side by side or superposings: -
V4-as applicable for other cases. ahd'ﬂﬁ' are kep£ in tﬁeir
unusual shapes because their sound is completely deviated from
the conjunct sound of their constituent varnas- % ‘sounds like
4{ and ® sounds like & . § and % are kept in their
unusual shapes because no additional benifit is obtained from
spliting their shapes. & ,%2f and B aré kept in their unﬁsual
shapes because aesthetics is highly-hampered on spliting their
shapes. An additional specially shaped small symbol for \P is
introdubed ﬁo split'the shape of all the-uﬁusual shaped com-
pound byanjana varnas with u? at the first place. In the case
of compound byanjana varnas with three byanjahas, specially
ghaped small symbol for \% , ref (ty, d-fala, a-fala, - fala{
3. fala and u~fala are to be placed at fhe.appropriate place

with the appropriate compound byahjana varnas with two byanjanas



of proposed Shape as aéplicable. All 5 unusual shaped compound
byanjana varnas with three byanjanas are to be written in their
normal shapes, i.e., .4 1is to be superposed under the concerned
compound byanjana varnas with ﬁwo byanjanas of proposed shape.
In the case of compound byanjana varnas with four byanjanas,

| 4 - fala and Y- fala | are to be placed at.the right of the
concerned compound byanjana varnas with three byanjanas of
brdposed shape. All these graphic syﬁbqls for mapping compound

byanjana varnas are given in Table 3.3e.

All Aksharas with unusual shape of swara-kars of Table

2.1h are proposed to write in their normal shapes, i;e.,':‘, «
and | are to Be placed at the right of the concerned byanjana
varnés or compound byanjana vainas of proédsed shapg. 50, no
additional graphic symbol is needed for mapping akshafas with

unusual shape of swara-kars.

The Numerals of Table 2.li can be mapped by the graphic

'symbols of Table 3.3f.

The Punctuation Marks of Table 2.1j 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 same symbol “ and ¢ and 7 are to be

‘mapped by the same symbol ' .



The Special Graphic Symbols of Table 2.lk can be mapped by
 the graphic symbols of Table 3.3h. Minus sign ( - ) is to be

mapped by the hyphen éymbol (-} of Table 3.3g.

All these 131 Bengali Graphic Symbols (BGS) of Table 3.3a to
3.M1anagiwﬁ{in,fable 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 proposed graphicg. The algorithm of mapping all

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

3.6 STATISTICS OF THE BENGALI GRAPHIC PRIMITIVES

Pfabir Kumar Dasl, in 1976, made a survey ‘on the frequency
of occurrence of Bengali characters on the basis of 43,126 no. of
occurfence { appendix B ), Another survey was ‘made in 1984 by
Gourhari Das et al? on the frequency of occurrence of Extended
éen & Daﬁta éraphic Symbol Set (SDBM)'on'the basisrof 66,752 no.
of occurrence ( appendix, A). During the present work, aﬁother
survey was made On the frequency of occurrence of Bengali charac-
ters on the basis of 16,090 no. of occurrence from various recent
pericdicals covering poetry, general article, technical article,
infernatiOnal affair and literature critisism etc. at random.
This frequency bf occurrence of Eengali cﬁaracters is given in
Table 3.6. Combining all these three survey repérts-(Table A-2,
B-1 and 3;6),_frequehcy éf occurrence of the Bengali Graphic

Symbols (BGS) has been computed on the basis of 140,688 no. bf
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TABLE 3.3a GRAPHIC SYMBOLS FOR MAFFING SWARA VARNAS

A R RIS A v @32

TABLE 3.3b GRAPHIC SYMBOLS FOR MA.PPING BYANJANA VARNAS

a4 t 7q @
B .Q § A e
B 5 S B e
3 €+ ® % r|
ol w g O H
n T *t

= W T W

B § 2 32

TABLE 3.3c GRAPHIC SYMBOLS FOR MAPPING DIACRITICAL MARKS
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TABLE 3.3d GRAPHIC SYMBOLS FOR MAPPING SWARA-KARS
T Y = o2 T

«~

TABLE 3.3e GRAPHIC SYMBOLS FOR MAPPING COMPOUND BYANJANA
VARNAS ' : '

& & % B @ B ¢ KHF F 4 F R W ® T ¥

I3 2 235 . 43

T T U B N B R

TABLE 3.3f GRAPHIC SYMBOLS FOR MAPPING NUMERALS

0 RV 3836 VIt
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TABLE 3.3g GRAPHIC SYMBOLS FOR MAPPING PUNCTUATION
' MARKS ' ' '

33 b p o — "

TABLE 3.3h GRAPHIC SYMBOL S- FOR MAPPING SPECIAL GRAPHIC
' SYMBOLS :

_#’{,E+ X < > /7% x .= & @ ()

1y



12

13

‘TABLE 3.4 BENGALI

(#3]
I
(#3]
w

GRAPHIC SYMBOL SET (BGS)

0 ! 2 3 4 5 7 9

al 2| % & | 8 | w9 @ | @
3 | e 9 3 | A | et Al w| | wn
§| ¥ || B 3| B B|d4]| 5|«
|l % | ] | 3|l n| 9|z
& A | A| 2| A | S| B| 8§ T
PLY | = = - |ec|z|Y] =]~

o [ <.

o B C: P S « | = '.'-: > q
» = » | & - - T ) - |
IS d | R T | B | 2| R
? .

N 0 2 2 ) 3 @ b
SR B 2 IR R ¢ T
n ! :ﬂ; :t + x < > / 0/°
* = & @ ( A R } C
]

(36 )= (127}= { etc. -

N

Su
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TABLE 3.5 SCHEDULE OF BE_NGALI CHARACTERS, PRESENT LINO-

GRAPHICS, PROPOSED GRAPHICS AND MECHANISM

OF

GENERATION BY BENGALI GRAPHIC SYMBOLS (BGS )

Characte-

Proposed Mechonisrh

Characte

Present

Proposed

rs Eirre\:::nt Graphics |of generation -rs | (i : Mechanism - of
o Lino- , | Graphics | generation by
Graphics by BGS ™ * Graphics 86 s™*

= R | (o) T ot t {27)

=) =\ =\l (01) (49) S S S, (28)

2 3 3 (02) al a o (29)

= 3 % | (03) R w = 30)

3 =) 3 {04} Y ' u o (31}

3 S 3 (05) a A A (32)

“H 2 2 (06) » Kl > 33)

“ “ @ | (07) % o = (34)

- <P @ {08) ] = | q (351

T\ .3 3 {0S) % S ® (36)

3 2@ 3 | 00) x| = = (371
SOt/ | S0/ 95 | S99 o0ty s S = = | 138
@ % &+ {13) | a ] {39)

a8 . ar (14) & [ = (40}

5t " a (15) 2 | (35)

< o, ha (16) =t d w | (4l)

& & o (17) k: b -] (62)

B B B | (18) = R R (43)

B, B 7, {(19) = k-] = (44)

& 3 & (20) | = 2 (45)-

® & X (21) S © T (& 6)

P P o (22) G G s |47}

B B B (23) g 3 ¢ (48)

> % % (24) 2 g L ()

5 B B (25) A 2 2 (12)
B B B (27) i ? ? (90)

“\



TABLE 3.5 (CONTINUED)

.
%

|

Characters |Present | Proposed Mechanism | Characte |Present Proposed/Mechanism of
Lino = Graphics | of generation -rs |Lino— Graphicsj generation by
Graphic; ' by ‘PGS*’ Graphics |- BGS™ ~

o . N = (91) X { B e . |(63) + (20)
- < * (92), 2 _ @@ |(63) + (21)
T T T (49) B B B (85)
£ £ f s, ) B%  [(231+91) + (24)
= ) Y [ s 35y TSt [(64) + (15)
- g —y 152) 55 TYH A\ 6a) + (25)
" T - {53) IB Th . (64) ~ (26}
< < < (54 ) & | ~& (65 + (23)
N T [ (55 ) >3 ~% % | (65) + (24
2 [ 2 (56) a3 ~% % |{65) + (25)
zY 21 A (55) +(49) bt ~6  [{65) + (26)
z1 zY zZY  [(55) +(57 3 3 S (86)
F 3 x5 |(58) +(13) A | 2| (87
ol S| =t |(58) *(14) st Wt | (BB1+{15)
& | 2.30 | > [(58) +(23) %) g (({66) + (16)
& 3,30 *% 58] +(28) = Wik =T |{66) + {30)
» =% = {83) % Lt wy (66) + (31)
£l ! 3R |(58) + (43) ) "S5 R&- | (66) + (36)
B S |(59) + (i5) B =B = (67) + (23)
ol *4 |(59) +(16) =3 ) 7B |67 + (24)
- % 4 1{59) + (31) 3 =% =% i(67) + {25)
w F o3 &% ((60) +({13) S =3 2% . |(67) + (28)
o Yy war  1(60) +{4) | R [FR,FA | FH (67 + (29)
Ei sl @y (60) + (19) & | %R =% 1(67) + (30)
= o= eq |60} +(16) | @ =y =y | (67 + (31)
5 55 127 B4 + (18) = | =R [(67) + (43)
5 B B {61 +(19) | B »8 (68 + {23)
B\ B®  |(61) * (22) 5 »3 ~3 |(68) + (28)
% S w®  ((62) * (200 ¢ A = | Sor |(68) + (33)
a2y s |62) * (21) | T® ~x |(68) * (34)
@ = B ((84) P 5 |(68) + 43
® 5,0 @5 |63 +(8) | & am | (69) * 20
B 2,9 PR an ag - [{69) =+ (30)

63+ 19) /| =

ol

O
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TABLE 3.5 (CONTINUED)
Present | Proposed Mechanism Present |Proposed{Mechanism of
{CharactersiLino- | Graphics|of generationCharactefLino- Graphics| generation by
Graphics by BGS™*|: -S{ Graphics BGS* *
g ay ay (69) + (31) ) 2 (16) + (77)
T, 3B | (69) + (36) ot ~a | (65) + (32)
- e L = |(70) +(33) | B 34 | (L4) + (76)
Rip *Ip (70} + (34} 3 g2 S |{28) + (77)
= - | ¥ |(70) + @36 ] g« M2 (31} + (77)
= =3 R (71} + (13) | =] R 167 + (32)
£l =5t (my + (15) - | #] =~ |(68) 4+ (32
=% =B =B |7 + (23) ] =3 =2  [{70) + (32)
T =3B =T (T + (25)] 3 *a | (72) + (32
G| = =m0 (7] + {33) = TR =a [ (74} + (32)
o by % ((T) + (34) £ T 23 | {LL) + (77)
% % {7 _+ (36)) T ' Fz [ 03) + (78)
a3 % [T+ )| e =2 | (59) + (35)
B 5 *5  [{72) + (18) 9 N ®3 [ (20) + (78)
wi =5 (120 + (19} & B |(23) +  (78)
= =xr | (72) + (&) 3 ®a | (25) + (78)
=3 TF T [(73) + (13) ) ~Z ~a [(65) + (35)
p o |[(13) + (22)] 3 3 ®s | (28) + (78)
% =B B  1(73) + (23)] o A3 [ (29) + (78}
E) 3 s [{73) + (4)] g %3, 53 w3 | (66) +  (35)
= = -n  [(88) W o wy |3+ U (78)
2o | s et ({73} + (33) ! 3 X {(67) + (35)
Ty TR [{73) + {34) bk | 3 bl (69) + (35)
% =z =3  |(74) & (13)] = x3 3 | {70) + (35)]
Sy =af  [(74) + (14) 3 a7 [(38) + (78)}
B =B =B |74 + (23} 9 »F (1) + (35)
Ry EIC) 35 (74 (28) W ®3 =3 | (720 + (35)
=% > T > 764 + (29) g . —ji:l;' {42y + (78)
= Ehal & ({Ta) (33} 2 ks g | (74 +  (35)
=ip =% [(4) T (34) == 33 %35 |(L4) + (78)
T e\ -3/ | (89) ¥ ®n |03 + (79)
A et (59) +(27)] | 7 [us) +  (79)
q A p6) + (76)]  UW v3 07+ 79
o ~ (65 +(27] @& & (200 + (79)
A HG ca  |(589) + (32) ™ o [ (23) + (79)



CharactersjPresent [Proposed |Mechanism Characters Present | ProposediMechanism
- Lino'-; . |CGraphics of generagoiP Lino- Graphics| of generation
Graphics by BGS Graphics byBGS™ ™
Il S (25) + (79) R} N3 3 {(37) + (80)
~5 ~n |(65) + (37) 1) -3 T3 [ (38) + (B0)
x ©3 h) (28) + (79) [} 2} A3 | L0) + (80) -
5 . |y (o) + (79)]  #3 3 w3 (4l + (8O)
W] 4a {3y + (79} HJ HS ) (42) + (80)
"R, = AR |(67) + (37) ko) =3 sip {(43) 4+ (80)
o |33+ (M) B - %% [{ae) v (80)
s | wm | xm o) + (3] & z 3 |u3en
=l =7 (M) + (37 A o | (14) /(81)
*H T4 + (79 A Al = (15) / (81)
o TR 173} + (37)] H & (16} /(81)
i k. ROO|(74) » 37)] ¥ g ] (20) /{81)
33 7 & |(13) +(80)| B & B | (23)/(81)
=5 s A5 [1a) + (80} J|/ R ¥ | (25)/(81)
B 51 S5 |{15) + (80) a a g . |(28)/(81)
3 =5 [(16) + (80) i A 1(29)/(81)
B} B By {{18) + (80)| & U] | (30)/(81)
&3 25" [ (19) + (80) g g [(31/(81)
&3 5 Y (200 ~+ {80) &= Sal = (33)/{81)
[ B B3 [(23) + (80)] X Ry g | {34)/1(81).
33 % [(2¢) *+ 80| 3 3 3 | (35)/ (81
5 T3 |{25) + (80) ) & 2 (36) / (81)
£3) 15! (26). + (80) k| A (37 /1(81)
45 , 3 [{27 +(80) = &r =t (41)7(81)
T3 DR B3 [(28) +(80) = 3 A (43) /7( 81)
N3 Af A3 {29) + (80) = 2 (44) / (81}
w3 15} w3 |(30) +(80)| - F T @A | (13)+(82)
oy ) a3 ({3 +1{80) 2 *@ | (59)+(40)
a3 3 [y |32) .+ (80) 2 - = [(68)+ {40}
=13 0! o5 |(33) + (80) b7 A [ (34)+ (82)
3 =3 =3 [34) + (80 3 aa  |{35)+ (82)
a3 3 43 |{(35) * (80) K T4 |{36)+ (82)
)] &3 (O (36) + (80} - = =R | (70)+ (40}




TABLE 3.5 (CONTINUED)

3~-38

Charactersl Present |Proposed|Mechanism [CharactergPresent |Proposed|Mechanism of
Lino- x Graphics ofgenerut’i.o;\ Lino- w Graphics generatio‘r:*
Graphics by BGS Graphics by BGS

A =8 8|70+ {W0) 0w wne [(83)+ (76) |
= @ *=@  |{72) + (40)

a A |(74) + (40) W =3 =3 | (83} + (79)
A 2a  |{L4) + (B82) =B K3 | (13B)+ (80)
3 34 2 (13} + (75) ED) 35 (13)+(82) + (80
Y] A ey + (75 W3 ) %y | (83) + (80)
st ! 2 o5y + (75)] | say [(59) +(32) + (8
o = = [e) + (75)] o &5 [0Srel) + (80)
B B4 g4 |[118) + (715)] W sy | (60)+(13}+(80)
% w09+ 75)] W o515 {(60)+ {15)+(80)
& I & | (200 % (75) o5y oqy [(60)+ (16)+(60)
4 al |+ (19 W ~%5  [(65)+ (24)+ (80)
S 5+ B |(231+ 05| o ~zy |(65) + (25)+(80)
3 % s [(25)+ (75 = T s |(28) + (79)+(80)
of 44 AL 121+ (115 =3 =y [(28V81)+(80)
3 st B¢ 128)+ (75) a3 was [{66)+ {35+ (80)
of at a‘ | (29} (79)| T =3y |(67)+ (28)+(80)
¢ w4 w {300+ (75)] W =wy |(67) + (30)+(80)
of q’ vt 31+ (75)] =43 9y [{67) + (31) + (80)
= | 2 = (32) + (75) B =]y |(67) + (32)+(80)
o ore ~° | (23)+ (75) 213 ) &y [(68) + {40)+ (80)
% = | {34)+ (75)| =3 w3 ((88)+ (80)

3 -l Tt 1351+ (15| W sB5 {(73)+(23)+ (80)
© C ¢ | 360+ (715)] & a%s |(73)+(24)+{80)
= = = | @3N+ (75)] = smy | (73) + (37)+(80)
€ wu* =< [ (38) + (75) W =By =By 1(74) +_(23)+(80)
= & =¢ (L0) + (75) 35 =3y {74+ (28)+(80)
wf wt? = | (L) + (7)) & S | (58)+ (28)(81)
= =~ =4 (42) + (75) ¥ sz |{60)+(13}/{81)
s{ =4 =4 [ (L3)+ (75)] o s (60)+ (14}/(81)
E % | (4a)+ (75) 8 vg | (60)+(16V(BI1)
¢’ s {{48)+ (75} & w |(61)+(19)A81)
v5p &R | (60)+ (B3) oy ~5 |(65)+{25V(81)




TABLE 35 {(CONTINUED)

3-39

Characters |Present | Proposed| Mechanism |Characters Present |Proposed| Mechanism of
Lino- , | Graphics|of generation Lino- _ | Graphics generation by
Graphics by BGS *¥*| Graphics BGS ™ ™
= & (86)/(81) £ ag |69}« (36)+ (75)
= =3 =g ((6T1+(28M8) ‘s f35)+ (75)+(80)
5 =5 =5 [67+o0vey o =R’ (70} + (37) +(75)
3 - =y [67)+(3ue) | B o 25 1(38) + (75)+(80)
oy 2 x2¢  |(70)+(33M8n | % =3 =24 |(T2)+ (35)+(75)
= =g  [(70)+(30) /8N b = |{88)+ (75)
o5 sg  |(73)+03)/(81) =5 =5 1(42) + (75)+{80)
% G s% (713238 = mes ggg;:g“’*
Seal s2r {73 14(33M81) % syt [661{3N(78) +(75
% 5§ | =& |m)+p3yen| b w3 [701+(37)+ (751480
5 =3 =5 |(74)+(28)/(81)] _ mwy =y [83)+(79)+(80)
Fey =2 |74) + 33)/(81) 23 =gy [67+(28)/(81)+{80)
S T, (83 +(78) YB3 >33y | (60)+(83) #(8 0}
= BR, |(61)+{19)+(78) B S sto. | {151+ (52)
B, wa;, | swe  |(62)+(20)478] = A, a | (39+(52)
3 35 3; |(86)+(78) w® E Fn [(39)+(53)
3 =y [(B7)+(2878) = 7 = |+ (52)
T — =52 [67)+(30)+(78)] = % = [l6d) + (52)
0 =% |(16)+ (75)+(80) k) 2 T [4s) +(54)
5% st (B +(8)+T7S)] [ [ =8,7% 237 N67 + (28)+(52)
5% 55t (61 +(19)+(75) 7B ' =az |(71) +(15)+(52)
ot az’ [(62)+0M075)] = | =s, >3 xeo [TL)+(28)+(52)
o) B  R61+(75)+80) & 3% gz |(28)/(81)+(52)
i 15 271+ (75)+(80) G2 |(28)/(81 « (53)
3 3t [(86)+(79) | = T |(30)/(81+(52)
< S5 |(28)+ (15+B0f I %o |[30)/(81)+(53)
of A5 [29)+(75)+80) . o [(30/(81) + (52)
R AR [66)+ (30)+(75)  H oo (30180 +(53)
% Rf (66)+BN+(7S) T+ 224 |(33)1/8 1) + (52)
{ =a* [[66)+(351+(75)) . Eh = 3+ (53)
"5 - w4 [30)+ (7S}+(80)  F o [35M81) + (52)°
g g H* |30/ (8)+(75) T (35181 +(53)
o 94 [N+ 78 +05) . * T [(361/(8N4(52) |
o = (69+(3N+(75)] S & [36)/481)+(53) 1
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- TABLE - 35 (CONTINUE D)

- Characters| Present Proposed|Mechanism [Characters Present | Proposed [Mechanism of
Lino-r " Graphics|of generation Lino- - Graphics | generation by
Graphics by BGS™™ Graphics BGS * ™

>3 . =z -(Lj)/(BlH(SZ) b P4 . 7 (119 )
= o @z [en+(53)] ¥ | (120 )
= = 63181 +(52) _ _ .ol
= 3o [43)/81) +(53) = = (122 )
0 o o |193) & - & 1 (123)
ol > > 194) @ @ (124)
b < R {35) ( C ( (125)
(5 L) o | {96) ) ) ) (126)
3 8 8 (97 £ { (127)
e e e |1(98) ) _ D) (128)
v o) ) (99) L C (129}
il 9 i (100 ) ] ] (130).
\r ©be b (101} - — (131)
> - ~» (102)
» 5 ? (103)
; ; 3 1104)
: : {105)
i i I (106)
? ? ? (107)
) C ! (108 )
_ - = lpo9)
— - — 109)
ce " (110)
72 ? (110 )
¢ ¢ oy
> ? ‘ ()
# # (12}
2 [ {(1n3)
+ + (14)
P ' - (109)
X X {115)
< < |uis)
> > (117)
/ / lue)




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

during survey.

2, More than one entry means more than
found.

one graphics

** Note: 1. (' ) means graphic syhbol of Table 3.4

corresponding to number enclosed.
2. + means ccncatenation.

3. / means superposition.
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"1

Read key-board
Input & Save

4

i End
0f key-board
Entry ?

Yes

.Display the
Character

- " Stop

Decrease Cursor
Position

1

Superpose the «
under the previous
character

|
&~

Increase Cursor
«|Position

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 5eq. occurrence Uccurrence er Sed. 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) 86 - 1~l§59‘ (031) 54 0.;356
(009) .3 0.0186 -
(010) 110 0.6836 (032) . 606 3.7663
' (o11) 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 2.1317
(016) 27 0.1678 " (038) 79 0.4909
(017) 5 0.0310 (039) - 8s3 . 5,30;4
(018) - 72 _ 0.4474 (040) | 360 2.2374
(019) 160 0.9944  (04l) o . 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



Table'3;6 Contd.

Chérac— No. of % of Charac- No, of % of

ter Seq. Occurrence_Occurrence ter Seq. Occurrence Occurrence
No, : 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;006?
(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) - o ' 0.0000
(058) 217 1.3486 (080) o 10.0000
(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 00,0372 (086) 13 0.2050
(065) 2 0.0124 (087) 0 10.0000
{066) 0 0.0000 (088) 0 ' 0.0000

(067) 2 0.0124 (089) 0 0.0000



Table 3.6 Contd.

Charac- No. of % of Charac- No. of % of

ter Seq. Occurrence Occur;eﬂce ter Sedqg. Occurrence Occurrence
No. ) - No. :

-i090)_ 0 0.0000 (111) 9 0.0559
(091) 0 0.0000 (112) 0 0.0000
(092) g3 ' 0.0683 _ (113) 1 0.0062

(093) 2 0.0124 (114) 0 0.0000
(094) 26 _ 0.1615 | (115) -0 0.0000
(095) .1 ' 0.0062 (116) o 0.0000
(096) ‘ 0 - 0.0000 S (117) ' 1 0.0062
(097) 3 0.0186 (118) 1 0.0062
(098) 19 0.1180 (119) 0 0.0000
(099) o 0.0000 (120) 0 0.0000
(tooy 1 0.0062 (121 1  0.0062
(101) . 0 0.0000 (122) o 0.0000
(102) 2 0.0124  (123) 0 0.0000
(103) 0. 6.0000 (124) 0 040000
(104) 3 0.0186" (125) | 0 . 0.0000
(105) 2 '~ 0.0124 (126) 1  0.0062
(106) 0 0.0000 Ca2n 0 . 0.0000
(107) 18 0.1118 (128) - 0 0.0000
(108) 1 0.0062 ©(129) | 1 0.0062
(109) 32 0.1988 (130) 9  0.0559

{110) . 1 - 0.0062 {131} 0 0.0000



Table 3.6 Contd.

Charac- ~ No. of % of " Charac- No. of % of

ter Seq. Occur;ence ‘Occurrence ter Seq. Occurrence QOccurrence
No. - o ' No.
(132) 0o 0.0000 (152) 1 0.0062
(133) | 0 0.0000 (153) 1 . 0.0062
(134)- 1~ 0.0062 (154) . 22 0.1367
(135) o 0.0000 (155) 5 0.0310
(136) 0 0.0000 (156) 0 0.0000
(137) - 13 ~ 0.0807 1sm) o 0.0000
(138) o - 0.0000 (158) 0 © 0.0000
(139) 2 0.0124 (159) 13 0.0807 .
(1e0) 7 © 0.0435 (160) 0 ' 0.0000
(141) i - 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) o3 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
(La9) 2 9.0124 (169) 1 0.0062
{150) 19 ~ 0.1180 (170) .~ 4 0.0248

(151) 2 0.0124 (171) 32 ~0.1388
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Table 3.6 Contd.

Charac- No. of % of " Charac- No. of % of
ter Seq. Occurrence Occurrence ter Seq. Qccurrence 0Occurrence
No. No.

(172)'_ 2 | 0.0124 (195) 1 0.0062
(173) R ~0.0000 (196) . o 0.0000
(174) 2 0.0124 (197) o 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) 0o '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 0.0000

(187) 1 0.0062 (2100 .. 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

(194) 1 0.0062 (217) . 1 ~ 0.0062
i

tE



Table 3.6 Contd.

Charac- No. of % of Charac-~ No. of % of

ter Seq. Occurrence Occurrenée ter Seq. Occurrencé Occurrence
No. | ' No. -
(218) . 10 0.0621 (239) 1 0.0062
(219) 10 0.0621 (240) "24 0.1491 -
(220) 9 0.0559 (241) S0 0.0000
(221y 1 0.0062 (242) o 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) o 0.0000 (246) -5 0.0310
“(226) 19 - 0.1180 (247 0O 0.0000
(227) 1 . 0.0062 (248) | 11 0.0683
(228) 6 ©0.0372 (249) 0 0.0000
(229) 2 . o.0124 (250) 3 . 0.0186
(230) 1 0.0062 (251} 2 ©0.0124
(231) | 3 5.0186 (252) o 0.0000
(232) 8 0.0497 S (253) 2 © 0.0124
(233) 1 0.0062  (254) 8 © 0.0497
(234) 0 10.0000 (255) 2 0.0124
(235) 0 0.0000 (256) 0o 0.:0000
(236) 1 0.0062 (257) 1 0.0062
3 o 0.0000 (258) 0 0.0000

(238) 1 0.0062 (259) - 18 0.1118



 Tab1e 3.6 Ccontd.

charac- No. of % of . Charac; No. of % of

ter Seqg. Occurrence Occurrence ter Seqg. Occurrence Occurrence
No. | No.

(260) 9 N 0.0559 . (281) 1 0.0062
(261) 1 0.0062 (282) 1 | 0.0062
(262) 1 0.0062 (283) | 1 . 0.0062
(263) 0 0.0000 (284) 0 © 0.0000
(264) 0 0.0000 (285) 0 0.0000
(265) ' 0 0.0000 (286) 0 | ~0.0000
(266) | 3 0.0186 (287) 'o | 0.0000
(267)l | 7 0.0435 (288) ' 0o 020000
(268) 0 10.0000' - (289) 1 0.0062
(269) 1 0.0062 - (290) 1 0.0062"
(270) 12 - 0.0745 (291) 0 - 0.0000
(271) - 20 0.1243 (292) 6 - 0.0372
(272) 1 0.0062 (293) 0 0.0000
(273) B 0.0062 (294) . 0  0.0000
(274) 0 | 0.0000 (295) 0 0.0000
(275) : 8 0.0497 (296) o 0.0000
(276) . 3 0.0186 . '(297) 0 | 0.0000 °
(277) © 9 040559 \ (298) 0 0.0000
(278) - 1 0:0062 (299) 0 0.0000
(279) - . 0 0.0000. (300) 0 0.0000

(280) - 0 0.0000 (301) 0 0.0000
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Table 3.6 Contd, .
Charac- No. of % of Chaféc; No. of % of
ter Seq. Occurrence Qccurrence ter Seqg. Occurrence Occurrence
No. No.
(302) 0 0.0000 (322) 8 0.0497
(303) 0 ~0.0000 1 (323) 0 0.0000
(304) 0 0.0000 (324) 2 | 0.0124
“(305) 1 0.0062 (325) 79 0.0000

£308) - ‘0 ;b-bddB 12523 b | 3.0000
(307) 1 0.0062 (327 2 0.0124
(308) 0 ~0.0000 (328) 0 0.0000
(309) 0 0.0000 (329) o2 0.0124
(310) 0 0.0000 (330) 1 0.0062
(311) 0 - 0.0000 (331) 0 0.0000
(312) 1 0.0062 (332) 0 0.0000
(313) 0 0.0000 (333) 0 0.0000
(314) .0 . .0.0000 {334) 2 0.0124
(315) o (335) 2 0.0124
(316) 0 2336) 0 0.0000
(317) ' 0 {337y 1 0.0062
(318) 0 (338) 0 0.0000
(319) ' 0 00000 (339) 0 o.booo
(320) 0 6.0069' © O qzen) 0 0.0000

(321) 11 <. 0.0683 (341) 0 " 0.0000



Table 3.6 Contd.

Charac- No. of % of ) Charac- No. of - % of

ter Seqg. Occurrence Occurrence ter Seq. Occurrence Occurrence
- No. ' No. -
(342) - 0 0.0000 : -(363)" 0 0.0000
(343)© 0" 0.0000 (364) | 0 0.0000
(344 0 0.0000  (365) 0 0.0000
(345) 0 0.0000 (366) 0 . 0.0000
(346) 0 0.0000 ° (367) 17 1 0.1056
(347) 0 0.0000 (368) 16 0.0994
(348) 0 0.0000 (369) 6 0.0372
(349) 0 0.0000 (370) - 13 . 0.0807
(350) 0 0.0000 (371) 4 0.0248
(351) 1 o0.0062  (372) 4 0.0248
(352) 0 © 0.0000 (373) : 9 0.0559
(353) 0 0.0000  (374) 0 0.0000
- (354) 0 b.oooo (375) -1 0.0062
(355) 0 0.0000 (376) 1 ' 6.0062
(356) 0o 0.0000 (37171 0 .  0.0000
(357) 1 0.0062 - (378) .0 0.0000
(358) 1 0.0062 ©(3719) o 0.0000
(359) 0 0.0000 (380) 0 0.0000
(360) 0 0.0000 (3sl) 0. 0.0000
(361) 0 0.0000 (382) 0. 0.0000

(362) : 0 0.0000 (383) ' 0 0.0000



Tablel3.6 Contd,

Charac- No. of % oOf : 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) o 0.0000 (408) 54 0.3356
(387) 0 0.0000 (409) 12 0.0745
(388) 1 © 0.0062  (410) 0 0.0000
(389) 0o © 0.0000 (411) 0 0.0000
(390) 0 0.0000 (412) 7 0.0435
1(3§1)_. 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 o0.2921 (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) o 0.0000
(398) 39 0.2423 (420) 0 °  0.0000
(399) 25 0.1553 (421) 0 0.0000
(400) | 37 0.2299 (422) ‘ 1 o.odsz
(401) 38 0.2361 (423) 0 0.0000
(402) 112 - 0.6960 (424) 51  0.3169
(403) 3 0.0186 (425) 0 0.0000
(404) R 0.0062 (426) 0 0.0000

(405) 188 1.1684 (427) 0 0.0000



Table 3.6 Contd.

Charac- No., of % of
ter Seqg. Occurrence QOccurrence
No.

(428) 6  0.0372
(429) 6 0.0372
(430) 0 0.0000
(431) 0 0.0000
(432) | o' ' 0.0000
(433) 0 . - 0.0000
(434) o 0.0000

SPACE 2,927 18.1914



occurrence, which is given in Table 3.7.

~'gpace' has not been counted és a character in the survey
made by Prabir Kumar Das ( Table B—l); For computiﬂg the fref
quency of occurrence of Bengali Graphic Symbols, no. of occurr-
ence of 'Space' for this:survey has been estimated as disqussed

-below.

It has been assumed that the observations in all these threec

9
surveys are random ~, i.e.,

- the method of sampling was unbiased and all samples were

collected in an idealistic condition,

- thoﬁgh there is.linguiséic relationship among the charac-
ters being observed, for the sake of simplicity it has
been assumed thatrtﬂere is no relation among the occurr-
ences of the characters, i.e., each character in thé
uﬁiverée of the printed Bengali-text has the same chance

of occurring.

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

“the no., of occurrence of é character in a large volume of printed
text follows,Poissoh di;£ributionlo. The estimation of Poisson
probébility is eﬁpréssed by the equation

: C
Plc) =e " . =, I € 2



where; e = 2.71828
m =.NP.
N = size of sample
'p = basic probability

c = no, O0f items the event in consideration 1s occurrcd.

'As all three sets of data of Table 3.7 have heen observed in
the same universe of printed Bengali text, the Poissén probability
of any fixed no. of occurrence of 'Space' in a fixed size of sample
will bhe 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 averége-of the Poiéson
probabilities of actual océurrence of 'Space' for setll and set 3
for the same size of sample forlall 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..

Aé the computation of factorial is invol&ed 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
existing machines. For the -present cases, it has been found that
a sampie size of 400 satisfiés the above requirement and for this
purpoée all data of_all'thé seté have been transferred to the

scale of 400.
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For set 1, Poisson probability of obsérved.no. of occurrence

"of 'Space' in the scale of 400 is

€1
o cm.
P(Cl) = g l-E'—'
l.
(_400) 400 66
132 (137 ) s -63
= e T = 5.32306 x 10
66!
‘ _ _ 1
where, m,- = Nl p, = 400, 135
Nl = sampie size = 400
3 . e 1
P, = basic probability = 133
c. = no. of occurrence of 'Space'-in the scale of

400 = 66.1837 i.e., 66.

For set 3, Poisson probability of observed no. of occurr-

cnce of 'Space' in the scale of 400 is

c
R T ’
P (03) = e E;?
400 '
( 32 ) (400)67
v A ~64
= e o 571 2,4075? X 10
_ _ 1
where, m3 = NBPB 400 133

=
Il

sample size = 400



-

basic probability = 733

gol
| 5
il

€y = no. of bccurrencé 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

' _ 2
el = pley) +pley) =M my
P 1€ 2 , S-S
_ , o 2-
D ‘C.2
- =63 ' -64 (400 400
r, 5.32306 x 10 + 2.40753 x 10 e ( ng) (135)
2 - : c,l
o =62 <,
oer, 5.75952 x 10 c,t = (3.030303)
62 ' 2
f(cz)'= 5.75952 x 10 cét' - (3.030303) =0  (3.2)
where, m, = ﬁ p- = 400 -
! 2 252 *132
N2 = sample size = 400
L R |
P, = basic probability = 733
c, = no. of expected occurrénce of 'Space' being estimated

in the scaleée!of 400.

The equation (3.2) is .solved by using Incremental-Search

: 11 , L -
Method. and the incremental value of Co is taken an integer as



w
i
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factorial of a fractional number can not be computed. Between
two consecutive values of 5 with unit-increment, where the func-
tion flc,) changes its sign, that valu: of c, is taken as the
final value of Cy whose absoluté value is sﬁaller, i.e;, which

approaches more towards the zero, Here

66 31

£(66)= 5.75952 x 107 %% 2 661~ (3.030303) "= -2.8638 x 10

62 67 33

and £(67) = 5.75952 x 10 °° x 67l- (3.7030303) '= 1.91877 x 10
The function f(c2) changes its sign between the value of c2'of 66
and 67 and as the absolute value of £{66) is smaller than the
absolute value of £(67), the final value of c, is taken as 66 and no
other approximation using other method is done because = can not

be a fractional number as its factorial is.involved in f(cz).

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

scale of 400 can be expressed as

. X |
c, = oL X 400 ©(3.3)
- 131 '
r X, + X
=1 * sp
where, xsp = estimated no. of occurrence of 'Space' for set 2
X. = no. of occurrence of ith BGS for set 2.

1



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

for set 2 1is

131
C. ¥ X. - :
g - =L _ 66 x 45809
sp _ 400 - C, 400 - 66
= 9052.0778
i.e., 9052.

The frequehcy distribution of occurrence of the Bengali
Graphic Symbol Set is shown in Fig. 3.4 . The distribution is
,hot uniform—it ranges from 0.0000% to a peak frequency of

16.5515% for 'Space’.

3.7 KEY-BOARD LAY-OUT OF THE BENGALI GRAPHIC PRIMIVIVES

As the frequency distribution of occurrence of the Bengall
Graphic Symbols ( Fig., 3.4) is not uniform, no lexical ordering
is possible to be maintained, for enéuring the enhancemﬁnt of
typing speed, in devicing the key-board lay-out of the-Beng;;i
Graphic'Primitiveé. On the other hand, the nos. of the Bengali
Graphic Symbols are 131 which is ﬁuch to be accomodafed oh a
handy size of key-board Gith maintaining lexical similaritics
and orderiﬁg. However, Lwo kéy-board lay-outs have beoon propouscd-
one with 56 main keys and other with 47 main keys similar to 5
OWERTY style English key-board, i.e., a typical key-board that
‘begins with these six letters, left -tp—rightf in %he top row

below the numerals.



Table 3.,7: Frequency of Cccurrence { on the basis of 140,688 no, of

occurrence) of Bengali Graphic Symbols (2GS)

BGS Set 1 Set 2 : Set 3 Total

o, from Table A-2 from Tabkle B-1 from Table 3.6 Set 1 + Set 2+ set 3
. Ez?' No, of No. of No. of No. of No. of No. of No. Of, % of
oCcCcurr-cccurrence  occurr— occurre— OCCcuri-.- occurre-— oCTuUr LC—  Qocubronae
ence in 400 T ence nce in ence nce in nce '
scale 400 scale 400 scale

(01) 1,121 6.5616 939 6.8464 224 5.1229 2;284 | 1.6234
(02) 754  4.4134 - 691 5.0382 160 3.6592 1,665  1.laou
(03) . 700  4.0973 4l . 0.2989 0 0.0000 741 0.5267
(04) - 233 - 1.3638 263 1.9176 55 1.2579 551 0.35165
0s) 12 0.0702 0 0.0000 - O . 0.0000 12 0.C085
(06) 3 0.0176 2 . 0.0146 0 0.0000 5 0.0036
(07) 634  3.7110 555 4.0466 187 4.2767 1,376 0.5975]
(08) . 20 0.1171 20 0.1458 3 0.0686 43 0.0306
(09) 393 2.3004 340 2.4790 110 2.5157 843 0.5982
(10) 2°  0.0117 0  0.00000 - 1 °  0.0229 3 0.0271
(11) 253 1.4809 0 0.0000 62 1.4180 315 0.2239
12 26 0.1522 8 0.3500 12 0.2744 56 0.0621
(13) 2,522 14.7621 2,260 ,16.4580' 546 12.4871 5,328 . 3.7871
(14) 380 2.2243 . 342 2.4936 84 1.9211 806 0.5729
(15) 726 4.2495 411 2.997 197 4.5054 1}334 PR
(16) 120 0.7024 71 0.5177 29 0.6632 220 09,1564
(17) 13 0.0761 30 0.2187 = 5  0.1144 43 C.0341
{1.8) 587  3.4359 297 2.1655 | 120 2.7444 1,004 G713
(19) 567  3.3188 356 2.5956 180 4.1165 1,103 . 0.7249

{20) 654 3.8281 519 3.7841 165 3.7736 1,328 G.wL10
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fTablé 3.7 Contd, |
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— OCCUrren- OCCUrT= OCCUrren OCCUrr-= occurrence
ence ce in nce 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 Q 0.0000 0 0.0000 6 0.0043
(23) 633 3.7052 488 3.5581 197 4.5b54 1,318 0.9368
‘(24) - 146 0.8546 131 I 0.9551 27 0.6175 304 0.2161°
(25] o8 ' 0.5736 65 ‘0.4739 54 1.2350 217 0.1542
20 20 o7 29 0.2124 © 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" 2.8144 123 2.8130 889 0.6319
(30) ll,160 6.7899- 936 | 6.8245 = 308 7.0440 2,404‘ 1.708%
(3i) 493 2,8857 282 2.0561 115 , 2.6301 890 0.6326
(325 _2,642, 15.4645 1,871 - 13.6417 659 15.0715 5,172 3.6762
(33) 1,260 ' 7.3752' 1,114 ?.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 8.5453 1,169 8.5234 374 8.5535 3,003 2.1345
(38) . 400 2.3413 4?3 oo 3;1571 83 1.8982 916 0.6511
(39) 3,698 R 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 .
(al) 754 4.4134 95 3.6091 162 3.7050 1,411 1.0029

(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,

BGS Set 1 Set 2 Set 3 Total

Seqg. from Table A-2 from Table B-1 from Table 3,6 Set 1 + Set 2 + Set 3
No. {o. of No. of No. of No. of No. of No, of No. of % of

occurr- occgrren- occurr- occgrren— occurr- occgrren- occurr= occurrence
ence | ce 1n - ence ce 1n ence ce 1n ence
400 scale 400 scale ‘ 400,sca1e‘

(44) 809 4,7354 840 6.1246 195 4.4597 1,844 1.3107
(45)‘ 1,214 7.1060 939 6.8464 249 5.6947 2,402 1.7073
(46) 293 1.7150 214 1.5603 62 1.4180 569 0.4044
(47) 0 0.0000 3 0.0219 1 0.0229 4 0.0028
(48) 73 0.4273 110 0.8020 = 41 0.9377 224 0.1592
(49) 7,122 41.6875 6,210 45.2780 1,691  38.6735 15,023 10.6782
(50) 3,277 19.1814 2,641 . 19.2559 732 16.7410 6,650 - 4.7268
(51) 693 4.0564 - 471 3.4341 133 3.0417 1,297 . 0.9219
(52) 1,137 6.6553 617 4.4986 279 6.3808 2,033 1.4450
(53) 175 © - 1.0243 148 1.0791 49 - 1.1206 372 0.2644
(54) 146 0.8546 154' 1.1228 | 40 0.9148 340 0.2417
(555, 5,780  33.8323 4,406 © 32,1248 1,501 34,3282 11,687 .-8.3070
56' 46 0.2693 39 l0.2844 20 0.4574 . 105 0.0746
(57) 46 0.2693 58 0.4229 6 0.1372 110 0.0782
(58) 112 - | 0.6556 104 | 0.7583 23 0.5360 - . 239 0.1699
(599 30,0176 2 0.0146 2 0.0457 7 0.0050
(60) 126 0.73i5 1 0.0073 40 0.9148 167  0.1187
(61) 53 0.3104 31 ©0.2260 22 0.5031 106  0.0753
(62) 6 0.0351 4 0.0292 4 0.0915 '14 0.0100
(63) 33 0.1932 37 0.2698 ° 42 0.9605 112 0.0796
(64) 4 . 0.0234 0 ~ 0.0000 1 0.0229 5 0.0036
(65) 42' 0.2458 | 6 0.6437', 11 0.2516 59  0.0419

(66) 80  0.4683 29 0.2114 24 0.5289 133 0.0945
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12G8 Set 1 Set 2 Set 3 Total
Seq from Table A-2 from Table B-1 from Table 3.6 Set l+—Set 2 + Set 3
MO . -No. of No. of No. of No. of No. of No. of No. of % of

OCCUrr- OCCUrren-- occurr- Occurren- OCCUrr- oOoccurren—-occurrence occurrence

ence ce 1n ence ce 1n ence ce 1n

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 0.0234
(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 - 0.0611 /™
(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 10,3241
(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 a1 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 0.2114 3 0.0686 58 0.0412
(£5) 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
(27) 0 0.0000 0 0.0000 o 0.0000 | 0 0.0000
(8%) 2 0.0117 8 0.0583 1 ©0.0229 1 $0.0078
(89) 0 0.0000 5 0.0365 1 0.0229 . 6 0.0043
(90) 0 0.06C0 '

0.0000

10 0.2287 10 0.0071
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Table 3.7 Contd.
BGS set 1 B 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, QCCurr- c_)(l:currenc.e occurr- OCCQFIGH‘ OCCL}I‘I‘“ O(?currence oCccurr- occurrence
ence in ence ce 1n ence in ence '
400 scale - - 400 scale 400 scale
CIVEN & 0.4273 64 0.4666 1 0.0229 138 0.0981
(92) 186  1.0887 76 10.5541 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
(969 1 0.0059 0 0.0000 40 0.9148 a 0.0291
(97) 2 0.0117 -0 0.0000 34 0.7776 36 ~0.0256
(96) 2 0.0117 0 0.0000 47 1.0749 49 . 0.0348
(59) I 0.0059 0 0.0000 39 0.8919 40 0.0284
100y 4  0.0234 - 0 0.0000 25 0.5718 29 0.0206
(101) 0 0.0000 0 ~0..0000 37 0.8462 37 0.0263
(102) 0. 0.0000 0 ,0.0000 - 38 0.8691 38 0.0270
(103) 76 0.4449 199 11,4509 112 2.5615 387 0.2751
(104) - 4 0.0234 213 ‘1.5530 . 3 0.0686 220 0.1564
(105) 0 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) g .0.0527 22 0.1604 10  0.2287 . 41 - 0.0291
(108) 1 . 0.0059 1 0.0802 7 0.1601 19 0.0135
(109)','140.- 0.8195. 775 5.6506 66 1.5094 981 0.6973
(110) - 15 0.0878 56 ~ 0.4083 0 0.0000 71 - 0.0505
(111) . © 0.0000 | 178 1.2978 14 0.3202 192 . 0.1365

(112) 0 0.0000 o 0.0000 0 0.0000 0 0.0000



Table 3.7 Contd.

nGS 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
oCcCcurr—- occurrence OCCLII‘I‘—OCCUI'I'EHCE OCurr- occurrence oCccurr—- occurrence
ence in 400 ence in 400 ence in 400 ence
: scale scale scale
(113) 0 0.0000 . 0 0.0000 0 0.0000 0 0.0000
(114) 0 0.0000 0 0.0000 0 0.0000 = 0 - 0.0000
(115) 0 0.0000 0 ~0.0000 0 0.0000 0- 0.0000
(116) - 0 -o.oooo 0 0.0000 0 0.0000 o 0.0000
(117) 0 0.0000 0 0.0000 0 0.0000 0 0.0000
(118) 0 0.0000 0 ~0.0000 0. 0.0000 0 0.0000
(119) 0 0.0000 = @ 0.0000 1 0.0229 1 0.0007
(120) 0 0.0000 0 0.0000 0 0.0000 0 0.0000
(121) 0 0.0000 0 0.0000 51 . 1.1664 51 0.0363
(122; 170 0.9951 0 © 0.0000 0 0.0000 170 0.1208
(123) 0 0.0000 0 0.0000 0 0.0000 0 0.0000
(124) 0 10.0000 0 0.0000 0 . 0.0000 0 °  0.0000
(125) 0 0.0000 0 0.0000 6  0.1372 6 0.0043
(126)  © 0. 0.0000 - 0 0.0000 6 0.1372 6 0.0043
(127) ) 0.0000 0 0.0000 0 0.0000 ¢ - 0.0000
(128) 0 0.0000 - 0 © 0.0000 0 0.0000 o 0.0000
1z2e 0 0.00006 0 0.0000 0 0.0000 0 0.0000
(130) 0 0.0000 0 0.0000 0 0.0000 0 0.0000
(131) 0 0.0000 0 0.0000 0  0.0000 0 0.0000

SPACE " 11,307 66.1837 . 9,052 - 65.9995 2,927 66.9411 23,286 . 16.5515
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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 afe used to assign three symbols to some keys
{one normal and fwo shift symbols) and two symbols to
other keys-( cone normél 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 kept as much
as possible, at the same position of English key-board
for facilitating typing Engiish 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 énsuring

easy access to lexical éymbols.

- Most frequent symbols 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 épeed.

- Main symbol, special shaped symbol and fala symbol of a
'-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 kKept on:the same key for accomodating ‘all sym-

bols on the limited keys. ' -



- 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, as the swara-kars

are much more frequént than the Swara Varnas.
1

- Main symbol, amohg symbols assigned to a key;_is kept atl
the ﬁormal positioﬁ with keeping speéial—shaped symbol at
the shift l.position and fala or other closely related
symbol at the shift 2 pesition for ensuring easy refferc—'

nce to the symbols,

‘7 In most cases, unless otherwise guided by other assumpt-
ions, most frequent symbecl among symbols assigned to a
key is kept at the normal position and other symbol or
symbols are kept at the shift positicn fo: reducing the

average key-stroke per symbol,

Key;board lay-out with 56 méin keys has been deviced wifh 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 BCIT codes._The other key-boérd lay-out with 47 main .
keys has been deviced withlthe aim to change the existing QWERTY
Style English key-board to a Bengali key-board. Thislkey—board
lay-out is shown in Fig. 3.6 and named the ABCII key-board, i.e.,

adapted BCII-key-board. The first ane is suggested for final

™
:
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'use and the second one is suggested for presént use until the

first one is introduced completely.

3.8 STATISTICAL CUNSIDERATIVNS IN DEVICING KEY-BOARD LAY-0UTS

OI" THE BENGALI GRAPHIC PRIMITIVES

Torenhance the typing épeed, one should attempt.to'reduce'
fhe averagé key-stroke per éymbol required, i.e., to reduce the
no. of symbols where shigf-keyFstroke is required. As the shift
keys can not be eliminated, it has been‘attempted-that the
Graphic Symbolsrwhich océﬁr most frequently should be placed at
the.normallkey—positions'under other assumptions mentioned earlier.
In order to achieve;this, the fréquency 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 graphié symbols (with inidividual frequencies
of 0.1% and above but below 0.6%: Called Group II) take

up 9.3726% of the total occurrence.



- Rest 67 graphic symbols (with individual frequenciecs of
below 0,1% : Called Group III) take'up thelremaihing
1.7030% of the total occurrence.

In the key-board lay-out with 56 main keys (BCLT key-board) ,

" from Grou@I , 25 symbbls 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 1-key-

_.position and remaining 4 éymbols with cummulative frequency of

4.llb5% have béen allocated to shift 2~'key~pdsition. From |

GroupII,.lZ symbols with cummulative frequency of 3.7843% have--

been allocaféd to normal key-position, 13 symbols with cummula-~

tive frequency of 4.1034% have been alloéated to shift 1-

key-position and remaining 7 symbols with cummulative frequency

of 1.4849% have been allocated to shift 2- key positioﬁ. From

Group IILlQ_syﬁbols with cummulative frequency of 0.5814% have

been allocated t5 normal_kéyuposition, 35 symbols with cummula-

'tive ffequency of O.737l%,haVe been allocated to shift 1- key-

position and remaining 13msymbols with cummulative frequency of

'0.3845% have beeﬁ allocated to shift 2- key—pdsition. This

_fesults to allocation of 56 symbols with cummulative frequency

of 69.8579% to normél key-position, 51 symbols with cummuiativé

.frequency of 7,6105% to shift l-key=-position and remaining 24

symbols with cummulative frequency of 5.9799% to shift 2= koy-

pesition, leading to

Average Character/Key,
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_ ¢ _ 131 _
C =T~ Tse¢ 2.3393

where; G = average character/key in BCII key-board
avl S o .
Né = total nos. of characters
Ny = total nos. of keys in BCII key-board

and

-Average Key—stroke/cﬁaracter,

2
) i.cy - -
5 - i=1 _ 1 x 86.4094 + 2 x 13.5904
avl 2 : v 86.4094 + 13.5904
LG
' i=1 '
= 1.1359
'where, Sévl = average keyfstroke/character in BCII-key-board‘
_ Ci = % cummulative frequency for i-stroke symbols
i = 1 for single-stroke symbols & space

= 2 for double-stroke symbols,

In thé_key—board 1a§-out with 47 main keys (ABCiUZkey—boardL
from Group I, 25 symbols with cummulative frequency of 65.4922%
have been éllogated to normal key-position, 3 symbols with cummu-
lative frequency of 2.7700% have been allocated to shift l-kéy—
position and remaining 4 symbols with cummulative frequency of
4.1105% have been allocated-to shift 2~ key-position. From Group I,
8 symbols with cuhmulative frequency of 2.6526% have been allocatea

to normal key-position, 12 symbols with cummulative frequency of



3.8944% have been allocated to shift l-key-position and remainiﬁg
12 symbols with cummulative freduency of 2,8256% have.been alloca-
ted to éhift 2-key-position., From Group 111, 14 symﬁols with cummu-
lative frequency of 0.5408% have been allocated to normal key-
position, 30 symbols with cummulative frequéncy of 0.6995% have
been allocated to shift 1; key-position and remaining 23 symbols
with cummﬁlative 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 frequencf of 7.3988%

to shift 2 -key-position, leading to

Average (Character/Key,

. .
N T1a
Cov2 "W = 77 T 2-7872

~
N

where,'c

av? average character/key in ABC II key-board
Nc = total nos. of characters
Ny, = total nos. of keys in ABC II key-board
and

Average Key-Stroke/Character,’

| 18-
'—l
9]

._d-

'_J

1l x 85.2371 + 2 x 14.7627
85.2371 + 14.7627

3]
1
'—l-
|

ave

fll 180
o]

’.d.
=
-

= 1.1476
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where, ©S

av2 average key—stroke/character in ABCIY key-board

0
I

% cummulative frequency for i-stroke symbols

i = 1 for single-~stroke symbols & space

1§

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 Bangladésh
is the 'Optima Munir' key-board which has the following
inherent drawbacks which makes it unsuitable for computer app-

lications:

i) It has some symbols, used for generating Bengall Varnas by
supérpositiOn or concatenation with other symbols, which
do not haﬁe any lexical identify.If this key-~board isrused
in computer applications, lexical analysis will not be

possible with these symbols.

ii) It requires superposition or goncatepation of more
than one symbols for generating some frequently used
Bengali Varnas which 1is difficult and cumbersome for
a typist. Moreover, this will make the computer slow
because the superﬁosition is to be effected either by

‘software or by inbuilt hardware decision logic.



Table. 3.8

Summary Statistics of Bengali GraphicISymbols'(BGS)

Group Total Cummula- _ - _ Position in key-boards
gzgizhif I;? " tigicrre"Bcn key-board ABCII key-board
% of BGS ?n 5 Y ~Normal Shift 1 Shift 2 Normal Shift 1 Shift 2
occurren- p051t10n pOSlt%On position position position position :
ce) . No. cCummula- No. Cummula- No. Cummula-No, Cummula- NO. Cummula- NO. Cummula=
of tive of tive of = tive of . tive of tive cf tive
BGS frg. in BGS frg. in BGS frg. in BGS frq. in BGS Frg. in BGS . frg. in-
% % "% % % ' %
. =
(0;3:)& 32 72,3727 - 25 65.4922 3 2.7700 4 4,1105 25 . 65.4922 3 2.7700 4 4.1105
it
(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%) -
111 o : , _
{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 131 83.4433 56 69.8579 51 7.6105 24 5.9799 47 68.6856 45 -7.36397 39 7.3988
SPACE 16.5515

9/-¢



iii) It genefates most of the_COmpound byanjana varnas
| -by~éoncatenation or by superposition of the cons-
+ tituent varnas of norﬁal shape and size, which:highiy
hampers the legibility §f the compound byanjana'varnas
and for that,_£he compound byanjana varnas can not be

. generated in their original shapes.

iv) It does'not have some-frequenth/used speéiai 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 13; Béngali Graphic
Symbols accomodated on the proposed key-boards haS»its'own
uniqhe lexical iaentity and no superposition is required to

- - generate these gfaphic symbolé. All of the compound'byahjana
varnas, egcept thatlwith s-fala, ére genérated by concatena-
tion_bf 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 thé 
sﬁapelmemﬂﬁiy used in liné—type. Mcst of the widely uséd spectal
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 W & s & ®  varnas have been placed,inuthe_top
line. As the freguency of occurrence'of these varnas arc
considerably high, plaeement of these‘varnes reduces
the typing speed. Insfeadrofrthese 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 increasing the typing speed.

ii) The & 2 % | varnas and the =/ x symbols have
been placed in the middle th lines, though their
frequencyrof occurrence is considerably low. TheSe
varnas and syhbols could be placed in the top line

or ‘at the extremijy right or left of the middle twe

lines.

iii) The numerals have been placed at the upper ca:se of
the top line in the order of b).\:aao;)trc\\b
This orderlng makes logical problem with numcrical

ordering. The numerals could be placed in the order

0f YW tw IO,

On the other hand, the proposed key-board ley—oute have been devi-
- ced based on the frequency of occurrence of the graphic symbols
and most fregquent symbols have been placed in the middle of the

middle two lines and other less frequent symbbls have been’



placed in the top line, bottom line and a£ the two sides of
the middlé two lines. Special graphic symbOIS‘have becn placed
in the t0p 11ne and numerals are ordered in the order of
VIV R 4L AN A O ' . Normal symbol, spec1ally shapod
symbol and fala symbol of a varna have been placed in a.51nglé
"key andlother symbols have been placed with logical ordering
such that the position of the graphic symbhols can be reﬁcmberud
easily. | | |

. The 'dptima Munir' keywboara aCCOmodates only 92 symbolé;
on the other hand, the proposed key-boards accomodate 131
'ﬁehgéli Graphic Symbols. Moreover,l7 graphic symbols of Table
3.4 réquires two impressions to'be generated byr'Optima Muhir'
key-board, among which some are of considerably high frequency
eroééurrence. Bgside these, 14 graphié symbols of Table 3{4
can not be generatéd by the 'Optima Munir' key-board, amohg
which some are lexical symbols with considerable frequency ol
occurrence. List ofrthese symbols along with their stition
baéed on tﬁe frequency of occurrence is given ianable 3.9
'dging the frequency'of OCCufrence'of Bengali Graphic
‘gymbols of Table 3.7, it has been calculated that the_cumulative
frequency of the single stroke symbols of 'Optimé'Munir' key
board and the spacc is 93 7353 and that of the two-stroke

symbols, i.e., whlch requ1res an addition shift-key stroke



Table 3.9: List of Bengali Graphic Symbols Which Require
Two Impressions To Be Generated And That wWhich Can
Not Be Generated By Optima Munir Key-Board

Position Based Symbol Superposition or Can Not Be
on Freq. of Concatenation of Generated
Occr. Two Symbols
o " Needed
14 P2} X
18 3 x
24 . E-- X
41 S X
42 B X
64 b X
68 B X
69 ? ' X
--717 , _ i - ' X
77 - S o ' x
78 Loy '
79 - & | | X
88 . X
59 ! X
102 P X
104 \p X
106 ) X
111 t 7 "X
llél 8 x
114 \3 X



Table 3,9 Contd,.

Position Based Symbol ‘Superposition or Can not be
cn Freq., of - .. Concatenation of Generated
Occr. . Two Symbos ' s
: o Needed

llé m} b4

llf #H X

121 < x

122 > x

125 % x
‘126 @. X

127 { x

128 - } X

129 [ -x

130 1 X

131 ' : X



is 11.2784. This leads to

Average key-stroke/symbol,

[\

I 1. CT - . '
KM= i=1 _ l1.x 93.7353 + 2 x 11.2784
av 2 93,7353 + 11.2784
m
) Ci :
i=1
= 1.1074
Where'KZV.= average key-strdke/_symbol for Optima Munir key-board
CT = cumulative frequency of i-th stroke symbol for
Optima Munir 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 obvicus that the average
'key—stroke/eharacter for Optima Munir key-board and that fer tne
proposed key-boards are more or less equal. Moreover, the pro-
posed key-beards over come all of the inherent drawbacks of the
Optina Munir key-board and provides opportunity for generating
:much more‘legible ﬁarnas with a logically organized key—beard

-lay-out.
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CHAPTER - 4
REPRESENTING BENGALI TEXT IN VARIOUS SOIT-COPY
AND HARD-COPY PRINTING DEVICES

4.1 INTRODUCTION

An important ijective.of text processing is to have a visual
feédback of the text entered through the key-board on a Video Dis-
piay Uﬁit {VvDU) and to have a soft-copy or a hard—COpy printiné
of the processed text on a VDU or a hard-copy printer. As thé 131
Bengali Graphic Symhols of Tablel3.4 haﬁe been selected for gene-
rating all.possible Bengali graphic molecules and the same graphic
symbbls have been selected as key-board primitives for entering
text into a computer, representing these 131 graphic symbols in
various soft-copy and hard—cdpy printing devices is réquired.
Guide line to.such representation schemes is discussed in this

chapter.

4.2 REPRESENTING BENGALI TEXT IN VIDEO DISPLAY UNIT

‘The 131 Bengali Graphic Symbol set. (BGS) can be represented’

in VDU in two ways:

- in graphic mode, and
< in character mode.
But thesc Béngali graphic symbols are of unedqual horizontal pitch,

‘i;e., they are of different widths. Usually these symbols are Of

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 modé
CRT contféller. 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 fepresentéd in typically available 96 character fixed
width charécter mode VDU‘by carefully selecting a 96 character
set by which the 131 graphic symbols can be mapped. These l3l
variable width graphic Symbols can, however, be represented by
satisfying variable widﬁh requirement in the specially designed
variable width character mode raster-scan VDUBK? 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 printeré 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, éasily{
be re?résented in the dot matrix printers and this can be done
in two ways: |

- iﬁ graphic mode, and

- in character modes

In graphic mode, all the 131 Béngali graphic symbols can be
- represented by Satisfyiﬁg the variable width requirements.
A variable width dot matrix printer controller can, also, be

.designed“for representing all the 131 Bengali graphic symbols



for satifying the variable width requirement by spliting up

the variable width syﬁbOls 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
queiity printing. Line printers are used for bulk printing and
,daisy wheel printers are used for. letter qualitf printinéf But
the 131 Bengali graphic symbol set is inconyenient to accommoaate
in standara daisy wheel and line printers which typiceily use
96 character set.lAmong these 96 character set, a character is
dedicated for space and on closer observation, a 95 Bengali im-

. pression symbol set (BIS) can be seiected by which Bengali graphic
symbols can be generated if sﬁperposition is alloﬁed.-By selecting
e 95 impression symbol set, existingl96 charaeter line‘prinfers

and daisy wheel printers can be modified for printing Bengali text.
Selection of Bengeli impression symbols (BIS) and formation of
Bengali graphic erbols by them are discuSsed in the.fol;owing

articie.

4.5 SELECTION OF BENGALI IMPRESSION SYMBOLS AND FORMATION OF
GRAPHIC SYMBOLS IN SOLID FONT PRINTERS '

On careful and 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



symbols, except # , & , @ and __ , among the 131 Bengali
graphic symbols. This 95 impression symbol set in given in Table

4.1.

Seclection of the impression symbols hés been made on the

" assumption that the Bengali graphic symbOls are to be generated
by superposition or by concatenation oOr by combination ofr
superposition and concatenation of more than one impression
symbols. The Bengali graphic symbols have been categbrized into
four groups in abcordance with the number of impression symbol
required for its formation, e.g., one action, where only ohe
'impression éymbol will form one graphic symbol, two action where
two impression symbols will form one graphic symbol either by
superposition or by concatenation of the symbocls, etc. Mechanism
of generation of the'Bengali graphic symbols by the Bengéli
impression symbols is shown in Table 4.2 élong with the actiocn
technique needed. Among the 131 graphic symbols, # &, @ and __
can not be gencrated by the selected impression symbols, because
the'number of the impressidn symbols needed fbr othef lexical and
most frequent symbols can not be reduced to less than 95 in any
way. The symbol A is taken as one action symbol, though it

can be genérated by superposing.,on the & , because the frequency
of occurrehce of 2 ig extreemly high, its pQSition is third
from the most frequent graphic symbol. For accomodating the
'required imbression symbols in a 95 symbol set, shape of some

specially shaped small sized symbols of byanjana varnas and that



L=5

" TABLE 4.1 BENGAL! IMPRESSION SYMBOL SET{BIS])

0 1 2 3 4 5 6 7 8 9
ool v v | ¢ | ¢ ) A =

i | B | 3| 6| w | Y| = |3
20 s |3 s | FL Y] 2| ) Dt
3 T 5 & B c | ) 5 o~ = b
4 - 2 = = 3 > < q 7 -
> = S0 o O N T w e
6 > z \© 1 04 ) q b > 2
7] ? | - Ty < | v / =
N IO T U N A U A O IS I R A
9 CH I AN : .

| -

(37)= o (88)=") etc.




Table 4.2: Schédule”of Bengali Graphic Symbols (BGS) and

. Mechanism of Generation by Bengali Impression Symbols

(BIS)
BGS Mechanism Action Techni- BCS Mechanism of Action Technique
Seq. of Genera- que needed Seq. Generation needed
Ho. ;igg-by 102 3 -4 No. by BIS* 12 3 4
(01) (62)/(84)/(85) x | (22)  (03)/(90) x
(02) (86)/(87) ox @y 1s)/6n ox
(03)  (0L) X - (20)  (14) o x
(G4)  (65)/(87) x - (25)  (65)/1(84) x
(05) (65)/(8)/(94) x @) (s X |
(06)  (02) 7 X (27)  (37)/(89) , X
(07)  (03) x ' (28) - (62)/(84) X
(08) (03)/(88) x (29)  (86)/(89) X
(09) (0a) x . (30)  (16) o x
(10) (04)/(88) x ‘ (31) (17 ' x
Can o x | (32 (39)/(89) x
(12)  (06) x . C o (33) (40)/(89) x
(13)  (07) X g (34)  (18) | x
(14) (08 x | (35) (19 x
(15)  (31)/(89) ke (36)  (20) x
(16) (09) x 3D (42)/(89) ox
a7n  ao X - | 38 (/@) X
@ 0y x (39)  (21) x
a9 2 X | | (40)  (43)/(89) x
(2oj'_(13) L X, | (4 (44)/(89)  x

(21)  (19)/(85) x (42)  (91)/(92)/(89) x



Table 4,2 contd.

BGS Mechanism of Action Technique BG5S Mechanism of Action Technique
Seq. Generation by needed Seg. Generation by needed

No. BIS* 1 2 3 4 No. BIS* 1 2 3 4
(43) (45))(895_ x (66) (38) | x
(445.(86)/(84) X (67)  (39) a X

(45) (91)/(78)/(89) x (68)  (40) | x

(46) (65)/1(84)/(78) X (69) (41) X

(47) (15)/(78) X (70)  (42) o

(48) (22) x (1) (43) | X

(49) (23) X (72)  (44) . X

(50) (24) X (73)  (91)/(92) x

{51) (25) X (74) (45) X

(52) (26) X (75)  (46) o ox

(53) (27). X (76) (47) ' X

(54) (28) x (77)  (48) : X

(55) (29) X (78)  (49) Cx

(56) (29)/(87)  x (79)  (50) X

(57) (23)/(87) x (80) (51) x

(58) k30) X (81)  (52) x

(59) (31) x | (82) (53 - «x

(60) (32) x (83)  (54) X

(61) (33) X (84) ‘(13)/(90), X
(62) (34) X (85) (15)}/(87)/(94) X
(63) (35) x (86) (04)/(84)  x
(64) (36) X . (87) (55) | X

(65) (88)  (91)/(92)/(89)/

- (27)

(90) ox



{

{
_Table 4.2 dontd._

BGS Mechanism of Action Technigque- BGS Mechanism of Action Technigue

Seg. Generation by needed Seq. Generation by needed
(89)  (56) x (111)  (73) x
(90): {73) X - {112} _
(91) (57) o x (113) (74). X
(92) (58) . . X - (114) (70)}/(72) o ox
(93)  (59) x (115) (77)/(92) X
(94) (60) x . _ {116) (?5) X
(95)  (61) Cx C o (117)  (76) X
(96) (62) x o 118y (1M x
©97)  (63) x C (119 (95)/(77)/(78) x
(98) (64) x . (120)  (70)/(72)/(77)/
' (92) ‘ X
(99} (65) X
' : (121)  (78) X
(100) (66) X ' - _
(122) (79) x
(101) (67) : x
. ' (123)
(102) (68) : X
_ : (124)
(103) (69) X '
_ _ (125) (80) X
(104) ( .69)/(95) : x _
(126) (81) X
(105) (78)/(95) : x -
' (127) (82) - X
(106) (70) x -
' : (128) {83) X
(107) (71) X B
- o (129) (70)/(93) X
(108) (70)/(78) | X .
. , (130) (93)/89) X
(109) (72) X
(131)

(110) (73) + (73) X



* Note : 1. ( . )} means impression symbol of Table 4.1

corresponding to number enclosed.
2. / means superposition.
3. + means concatenation.

4. An empty entry indicates that character can not be

generated by BIS, .



of the ﬁrdhaéomma of Table 3.4 have to be changed, e.g., & is

to be generated as ® , etc,

In the line printer{ the superﬁosition of symbols can be
effected by Multipass,i.é., printing the same line with several
passes. In.the daisy wheel printers, the same can be effected
by stop.carriagé.where the print head is not allowed to ﬁove
after printing a symbol so that the next symbol can be super-
posed. Line printers have an inhérenﬁ drawback that all characters
occupy equal horizontal space. Over and above this, there ié a
mandatory space between any"tWOTEﬁéCéséiﬁe ¢haracter positions.
A line printer obviously can not satisfy the variabie width
requirement of the Bengali graphic symbols and its output would
therefore be of poor typographical gquality. 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 SELECTICN 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 superﬁdsition cannot be eliminated, it has been attempted‘that
ﬁhé Graphic symbols which occur most ffeéuentlyshould.have‘a mini-
mum of supérposition. In order to'achieve this, the frequéncy of
bcburrence of the Bengali graphic symbols of Table 3.7 has becn

~used. The frequency of occurrence of thé Bengali impression sym-

bols have been computed from Table 3.7 on the basis of 186,037



no. of occurrence and given in Table 4.3. Frequency distribution

of occurrence of'these.impression symbols is given in Fig. 4.1l.

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 freguency
of 0.6% and above having cumulative freguency of 72.3727%; 17 |
graphic symbols w1th cumulative frequency of 46.7573% have bee
selected as one action symbols, 13 graphic symbols with cumula—
tive frequency of 22.2847% have been selected as two action sym-
bols and remsining 2 graphic symbols with cumulative frequency
of 3.3307% have beeh 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% hav1ng cumulative fre-
quency of 9.3726%, 25 graphlc symbols w1th cumulative freguency
‘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 as three action
symbols. From Group III consisting of 67 graphic symbols with
individual frequency of below 0.1% having cumulative frequency

of 1.7030%, 43 graphic symbols with cumulative frequency of’

1.2588% have been selected as one action symbol, 15 graphic_symbols

with cumulative frequency of 0.4236% have been selected as two

"action symbols, 3 graphic symbols with cumulative frequency of



Table 4.3: Fréquendy of Occurrence { on the basis of 186,037 no.

of occurrence)of Bengali Impression Symbols (BIS)

BIS No. of % of ©  BIS No, of % of

Seq. Occurrence* OQOccurrence Seq. Occurrence* Occurrenée‘
NoO. ) No. -
(01) 741 0.3983  (23) 15,133 8.1344
02y s 0.0026 0 (24) 6,650 3.5745
(03) 1,425 © 0.7659 (25) 1,297 . 0.6971
(04) 999  0.5369 (26) 2,033 1.0927
k05) | 315 6.1693 (27} 372 ' 0.1999
(06) - 86 0.0862  (28) 340  0.1827
(07). 5,328 . 2.8639 (29) 11,792 6.3385
. (08) 806 - 0.4332 Goy 239 0.1284
(09) 220 o.1182 (31) 1,341 . 0.7208
(10) - a8 . 0.0258 (32) 167 0.0897
(11) 1,006  0.5396 (33) 106 0.0569
(12) - 1,163 . 0.5928 (34) 14 0.0075
(13) 1,396 0.7503 (35) 112 0.0602
1) 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
(7 - 890 0.4783 (39) 5,977 3.2128
(18) 228 0.1225  (40) 2,784 1.4964
9 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



Tablé 4.3 Contd.

BIS Seg. No. of % of . BIS Seg. No. of % of
No. Occurrence* (QOccurrence 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) a1 0.0220 (75) 0 0.0000
(49) | 295 ' 0.1585 (76) 0 0.0000
(50) 117 © 0.0628 o | 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 10.0741 (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 4.0174 . (89) 24,876 13,3715
(63) 36 0.0193 (90) - 75 0.0403
(64) u_ | 45 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) o 37 0.0198 (94) 17 0.0091
(68) 38 0.0204 (95) 296 0.1591
(69) 607 0.3262 SPACE 23,286 12.51€68
(70) 812 0.4364
(71) 41 0.0220

* Note: Computed from Table 3.7.
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Table 4.

Statistics of Bengali Graphic Symbol‘(BGS) Generation

Bengali Impression Symbols{BIS)

By

Group Total - Cumla 1 action Tech- 2 action Tech- 3 action Tech- 4 action Tech- BGSnot be
(on the basis No.of tive nigque nique nigque nique Generated
of % of BGS fregs. ‘ ' .
occurrence) in % Total Cumul. Total Cuml. Tetal Cumul. Total  Cunul. Total Cumal.
No.of fregs. No.of fregs. No.of fregs. No.of  fregs. No.of Ifregs.
BGS in % BGS in % BGS in % " BGS in % BGS in %
I : |
(0.6% & above) 32 72.3727 17 46.7573 13 22.2847 2 3.3307 0 ¢.0000 g 0.0000
1T
(0.1% & above _ ' o
but below 0.6%) 32 9.3726 25 7.4272 5 lf2538 2 _0.691§ 0 0.0000 0 - 0.0000
IIT : S
{Below 0.1%) 67 1.7030 43 1.2588 15 0.4236 3 0.0128 2 0.0078 4 .0000
Total 131 83.4483 85 55.4433 33 23.9621 7 4.0331 2 0.0078 4 .~ 0.0000
SPACE 16,5515

b}
3

ST-%



0.0128% have Been selected as three action symbols, 2 graphic
fj symbo1S with cemulative frequency of 0.d078% have beeneeelected
.as foﬁr actioﬁlsymﬁols aﬁd remaining'4 graphic symbole with.eumu-
lative frequency of 0.0000% are not to be generated by impre-
ssion symbols. This results to selection of 85 graphic symbels
with cumulative frequencyrof 55.4433% as one action symbols, 33
graphic symbdls with cumuiative frequency of 23.9621% .as two
action symbols, 7 graphic symbols with cumulative frequency of
4.035% as three action symbols, 2 graphicreymbols with cumulative
frequeney of'0.0078% as four action symbolsland remainiﬁé 4 |
graphie symbhols 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 Sfmbol,

[
'_‘

ot s ) s

av

1§
'_l
-

1l 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, S

av average no. of superposition/ graphic symbol

C. = % 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 speedfpenalty for line printer is more diffi-
culf; If‘ a linelprinter'is assumed with 132 graphic symbols line,
.as thé cumulatiye frequehcy-of 2'action symbols is 23.9621%,: |
31.6299 symbols out of 132 will need a second pass, i.e.,aa schnd
pasé is mandatory for all lines. As the cumulative frequenéy--l
of 3 action symbols is 4.6351%, 5.3263 symbols out of 132 will
~need a third pass, i.e., a third pass is, also, mandatory for.all
‘lines, Aé the cumulétive frequency of 4 action syﬁbols is 0.0078%,.
'0.0103-symbols out éf 132 will need a fourth pass, i.e., 103'1ines_
out of 10,000 lines would need a fourth pass. Thus average number
of ?ass would be | |

3 x 10,000 + 103 _°
15,600 - ='3.0103.




CHAPTER - 5 _
ENCODING BENGALI INFORMATION PRIMITIVES

5.1 INTRODUCTION

~The 131 Bengali Graphic Symbol Set (BGS) ef Table 3.4 has
been selected for entering texf into computer thrOth key board
“and the same will be used for Information Interchange, i.e.,
the same symbols ere selected as Bengali'Information Primitives.
The Informatioﬁ pfimiseé‘sﬁould also contain appropriate control
ccde for computer usaée:'ﬁumeric codes for these information pri-
mitives are needed for machine representation and data communication

over remocte places.

5.2 CODING SCHEME

Along with_the 131 Bengali Graphic Symbols, fwo more charac-
ters are neecded as-information primitives, they are Space and
Delete charactefs. Space is needed for inserting space between
th 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 conﬁiol codes for the preeent coding scheme,
With 32 control codes, -Space and Delete character, the total nos.
of Bengall Information pfimitives become 165. These 165 Informa-

tion‘primitives will need 1ld l§5=?.3663,i.e., 8 bits for encoding.



If a parity bit is used for error checking, the number
of bits required will be 9. The Inlet 8251A Programmable Commu-
-nication'Interface12 can handle 5-8 bit chafactérs by insértinql
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 daté communication systems handle a 7-bit
character with an additiOnéi parity bit resulting the total bits
‘required is'S. On £he other hand, for parallel data communica-
tion and machine representation, this 8-bit coding scheme with
'én additional parity bi£'can not be used, because no fractional
byte can be represented in altypical gomputér system. In this
case 2 bytes, i.e., 16 bits are to be used for representing
165 Bengali Informatioﬁ Primitives with a parity bit, which
will obviously be inefficient from the view point of computer
resource regquirement,. i.e., more intefnal memory will be requi-

red for machine representation.

Tb make the coding séheme efficient, it has been dicidod
that an 8—bit.coding scheme will be used for machine represen-
tation. For error cheékihg in serial and parallel data communica-
.tion, a speciai code mapping is to be used for inserting paritj
" bit as discussed in the next article. For these special code
' méppiné scheme, énother information primitive, i.e., CXT {(Code

'eX Tender) is required.



All these lée information pfimitives are encoded in‘an
8-bit coding schecme and'named the BCII c¢ode, i.e., DBengali
Code for Information Interchange. Thése &odes afe”given in
Table 5.1},Con£rol codes, Space and numerals .are kept ASCII'
compatible. fhe lexical'syﬁbdls are encoded in their lexical
order of Table 3.4 such:that theif lexicél ordering can be
analyzed by numeric analysié. Code Space 80 Hex to 9F Hex is
kept unused to provide future provision of extending control

codes if needed. DElete character is encoded as FF Hex and

Code eXTender (CXT) is encoded as 7F Hex

5.3 ERROR CHECKING IN DATA COMMUNICATION

The normal practice of error checking in either pérallel or
VSerial'data communication is to use a parity bit in additioh 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 pafity bit is placed at the 7th
bit and the 7-bit character is placed from the 6th to 0th bits
of an 8-bit code. As tﬁe BCILI coding scheme employs.B—bits for
~encbding the information primitives, an additional pafity Lit
cah'be inée:téd with the B;bi£ character which can easily be

handied by the Intel 8251A Programmable Communication Interface.



" Table S.1: Bengali Code For Information Interchange (BCII)

Code

Code

/o

‘Char Code Char Char Code Char

(Hex} {Hex) {Hex) {Hex)

00 NUL 16 SYN 2¢ o 42 -
01 SOH 17 ETB 2D , 43 ot
02 STX 18 CAN 2E - 44 .
03 ETX 19 EM 2F - 45 @
04 - EOT- 1A SUB 30 o 46 B
05 ENQ 1B ~ ESC 31 > 47 5

- 06 ACk 1c FS 32 2 48 &
07 BEL 1D GS 33 - 49 e
08 BS 1E RS 34 . 4a o
09 HT 1F Us 35 e 4B

0& LF 20 SP. 36 ® ac S
01 VT 21 = 37 a 4D ©
oc FF 22 3 38 ” 4E -
oD CR 23 3 39 5 4T "
OE SO 24 3 3 ) 50 5
OF SI 25 2 3B s 51 ”
10 DLE 26 - ' 3C 52 i
11 pCl 27 a 3D ] 53 \
12 DC2 28 = 3K , 54 A
13 DC3 - 29 . 3F ; 55 -
14 DC4 2A = 40 ~ 56 %
15 NAK 2B - 41 > 57

. Al



Table 5.1 Contd.

Char

Code

6E

Code Code Char  Code Char
{Hex) (Hex} (Hex) (Hex)
| 58 o 6F = 86 9D
59 - - 70 @ 87 9E
52 5 71 . 88 oF
5B 3 72 & 89 -4 )
5C A 73 o 8A Al i
5D ';l 74 . 8B A2 q
5E ﬂ' 75 o 8C A3 =
SF = 76 . 8D A4 ;
60 > 77 = 8E AS .
61 2 78 - 8F a6 _
‘62 S 79 a _9d A?l 1
63 5 7A ;' 91 A8 ﬁ'
64 ¢ 7B - 92" A9 @?
65. T 7C - 93 AA 3.
66 s 7D s 94  AB .
67 A 7E > 95" AC -
68 = 7F cxr 96 AD =
69 - 80 .97 - AE w
6A " 8L 98 AF p
6B T 82 99 BO ,
6C > 83 9a Bl "
60 Y 84 9B B2 )
85 9C B3 .



Table 5.1 Cdntd.

Char

- BE

. c5

Code Char Code Code Code
{Hex) {Hex) (Hex) (Hex)
B4 T C7 DA ED
'B5 ¢ c8 DB EE
B6 5 C9 DC EF
B7- / CA DD FO
387 % - .CE DE Fl
BY s cc DF 2
BA CD EO F3 .
BB = CE El F4
BC & CF E2 F5
BD @ DO E3 F6
y D1 Eé F?
BF B D2 E5 F8
Co { D3 E6 F9
Cl } D4 E7 FA
C2 [ D5 E8 FB
c3 ] . D6 E9 FC
Cc4 - D7 EA 'FD
D8 EB FE
cé D9 EC FF

DEL
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As most of the'typicallserial data communication systems handle

a 7-bit character'and'inseft‘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 ana the CXKT ;ode extender will be used dor éxtending the

codes,

The BCII codeé are divided into two groups4 the Ist group N
with characters having codes from OOHex to 7F Hex, i.é., with
the‘7th bit O(zeroj and the 2nd group with characters haﬁihg
codes from 80 Hex to FF Hex, i.e., with the 7th bit 1. For béth
the groups, in fhis code maéping scheme, parity bit is to be
set at the 7th bit and the 6th to Oth bits are to be transmitted
aé cbntained in the actual BCII code. For differentiating the

-codé group,ra prefix CXT code byte-is to be transmitted with
approppiafe parity set at the 7th bit with the codes of the
2nd éroup for indicating.the code extention. At the reéeiviﬁg
end, the 7th bit of the.code following a CXT code is to be set
tp l.and other bits, i.e., the 6th to Oth bits are tb be'fés—

tored as transnitted. In other cases, where the code is not

preceded by a CXT code, the 7th bit is to be set to O {zexro)

and fhe 6th to Oth bits are to be restored as transmitted. The
algorithms of code wapping at both thé transmitting and receiving
end Qf a §erial data“communicétion'system are given in Fig.'S.l

.and 5.2 respéctively.
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Fig. 5.2: Algorithm of Code: Mapping at the Réceiving End.
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For parallel data communication by 8 parallel lines,
the same code mapping scheme is tO be used as in serial data

communication.

5.4 STATISTICAL CONSIDERATION IN CODING SCHEME

1o reduce the average bit requiréd per information primi-
tive, i.e.; to roducc the cases where the CXT code is_fequired
to be transmitted, 38 least ffequent information primitives
are encoded. in the 2nd group of codes, i.e., in the code space
80 Hex to FI' Hex and the other 128 most frequent and ASCIL com-
patlble information primitives are encoded in the Ist group of
;odes, i.e., in the code space 00 ‘Lex to 7" llecx. The cumulative
frequency of the Ist group codes is 96.4800% and that of the

2nd group codes is 3.5193%. This leads to

Average Bits/Information Primitive,

L b..ci ‘ '
5 = izl * 8 % 96.4800 + 16 x 3.5193
av 2 - 96.4800 + 3.5193
L c,
i=1 *
= §.2815
where, Bav = éﬁerage bits/informatioh primitive

o
i

bits/information primitive'for group 1 -
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o. = % cumulative frequency of information primitives of

i
group i
i = 1 for the ist group of codes

I

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 when the 8-bit BCII codes are to be serially transmitted

with an additional parity bit.



CUARPTER 6

ADAPTATION OF IBM PC KEY-BOARD AS BENGALI KEY~BOARD

6.1 INTRODUCTION

The Adapted BCIL key—board lay-out of Fig. 3.6 has becen devi-
ced with the aim to change the existing microcomputer key—board
to Bengali key-board for using with the sawme computer. l'or this
" purpose, the widely used .I_U-M ¢ omdcrocomnpuboer has bézen sclected,
becahse‘a nunaber of microcomputers manufactured by other manufac-
turers are avallable ‘which are compatibkle w1th the IBM PC. The
selection of IBM PC will provide the opp01tun1ty of easy imple-

mentation of the devolopCd key-board handler routine with a

number of widely used microcomputers.

Key~board handler routines for generating BCII code from
the IBM PC key-board have been deve loped 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 key function-

R

- zone l: Typewriter keys and Control key
— zone 2: Numeric keypad

- zone 3: Function keys.

Lay-out of the key-board is shown in rig. 6.1..
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‘The standard typewriter keys are locéted in the center
of the key-board, i.e., 1n zZone 1. This zone contains 47 alpha-
numeric keys, 1 space bar and 10 control keys. The-numeric key P
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
NUM LOCK “"off" position, pressing the keys moves the curser
according to the directioﬁ on the key, in the-NUM LOCK Poﬁ" posi-
tion the numeric keypad Funclions Like a calculatof keypad o
This zone contains 15 kéys including éome special control-keQS.
The .function keys (zone 3) are located on the left-hand side of
the key board. These keys ¢aﬁ have different functions for diff-

erent programs. This zone contains 10 function keys.

The key-board is an iﬁ£érrupt 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
paralied data. Wwhen the data output register of the interface
hardware is rcady, it produces an interrupt request to 8259 pro-
grammable interrupt controlle;%. The 8259 then produces a type
Y interruptﬂ@ fequust. The interrupt handler routine pointed

to by the iﬁferrupt vector at location 0024H, i.e., the interrupt
vector of type % interrupt, reads thé key-board data from tﬁe
data output register 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 significant bit of the scan code is set to 1.



if a key is kept at pressed condition for a long time, £he
key-board processor gives a delay and then sends the same
scan code repeatedly until the key is reioased. when more than-?
one keys are pressed simultaneousiy, 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 Uperation Ccontrol Word 1 (OCWl) of the
8259 is 21H and that of the operation control Word 2 (OCW2) and
Operation Ccontrol word 3 (OCW3) is 20H. The address of the data

output register of the interfacc hardware is 60H.

6.3 CONVERSION OF IBM PC KEY-BOARD TOQ ADAPTED BCII KEY-BOARD

The key-board lay-out of ABCII key-board hés 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‘E7"£;ys according to the ABCII key-board
lay=-out. Space bar is kept“hﬁchanced. Two shift keys of this
zone have been used as shift 1 keys of ABCII key-board. 'Aalt'

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 unchanged. Lay-out

of this Adaptod DBCTT Loy=board iz shown in Fig. 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 BCII code
correspoﬁding to the symbol assigﬂed to the normal position of
that key. IE cithef of shift 1 keys is pressed with any key, . ‘o
the key will produce BCIL code corresponding to the symbol assign-
ed to the shift 1 position éf that.key. If either of shift 2

keys is pressed with any key, the key will produce BCII cbde
correspdﬁding to the symbol_assigned to the shift é position

of that key. IE fﬁﬂ; (ctrl)‘key is pressed with another key,
the key will produce_control-codeIassigﬁed to that key. If
FMAR(Num Lock) key is pressed with any key of the numeric key{ﬂ"
pad, the key‘will produce BCILI code corrcsbonding to the numeral
assigned to that key. If no éymbol is assigned to either of the,
shift positions or if any combination of either fhg;. or WU
Q%Y keys with anf_other key is undefined, that combinatioh of

control key and other key will produce NULL (OCH) code.

The éeneratéd BCII code, for all 5 types of combination,
corrésp0nding to each key of the ABCII key—boardAalong with-the
corresponding key-board-scan code 1is shown in Table 6.1. The
don't3care (xx} value of the table indicates that,  for the com-
hination of that coﬁtroilkey with thé corresﬁonding kef, space
has been kept in the developed routine such that:user-program.
.dependable codé can be generated from that key cdmbination

after inserting the'desired code at that place'of the code

table of the developed routine.

L
o



Table 6.1: Generated BCII Code From ABCII Key-~Board

cenecated BCII Code KHex)

Key {ey-hoard Scan L
code (Hex) Normal Shift 1 Shift 2 Cctrl Num
Press Release Locxk
T&a 01 81 1B 00 00 00 00
| < 02 82 31 ir B5 XX 00
o]
® > 03 83" 32 BD 36 XX 00
“ , 04 84 33 Bl 3A XX 00
p)
5 05 85 34 B2 iB XX 00
% .
" 06 86 35 B8 3C XX 00
¢
x 07 87 36 B4 BA XX 00
g
& 08 88 37 BC AT XX 00
q. . -- e
% 09 89 38 B9 BO XX 00
b o -
oA 8A 39  BE Co XX 00
s
Sy 0B 81 30 BT Cl XX 00
e :
_—_— oC 8C 40 c4 c2 XX 00
‘ : 0D 8D BB B3 C3 XX 00 .
+ = 1
-—— OE 3D 08 08 08 Xx 00
':; " oF . 8F 09 00 00 00 00
g 10 90 6A 26 00 XX 00
'S
o o 11 91 45 70 2B x 00
R\ : )
w 12 92 21 00 61 XX 0o .
a .
" - 13 93 60 2C AL ®X 0o -
=
RN C 14 94 51 7L 00 XX 00
A o
-~ 15 95 55 78 .00 KX 00
e
= 7 16 96 59 7 Ad XX 00
= |



Table 6.1 Contd.

GCenerated BCII Code (lex)

ey . Key~board scan

code (Hex) Normal Shift 1 Shift 2 Ctrl Num
Press Releasce " Lock ,’
= 2 17 97 . 5C 7B AT . XX 00
- .
. 18 98 68 24 2D X% 00
W 19 99 s2 76 53 xx 00
17 .
B 1A 9A 69 25 3D X% 00
- .
= 1B 913 5L 7D AD XX 00
2 .
- 1C 9C QD5 - 00 . 00 00 00
- 1D 9D 00 00 - 00 00 00
—_— 15 9L .46 71 47 XX 00
1= T
oy 1r 9T 51 00 AC xx =~ 00
a .
2 5 20 A0 50 64 . AB XX 00
@ . . :
a . 21 Al 57 79 N3 XX 00
i _ .
: g
P 22 © A2 5B AO A6 X% 00
Gl :
3 23 A3 66 22 00 XX 00
. o
a 24 “A4 6B 27 : 00 KX 00 -
z
> 25 AS 65 29 00 XX t14)
T
= 3 - . 26 A6 T 54 77 A2 xx . 00
2 DL _
& 27 A7 41" 6L 00 XX 00
] .
= . 28 - A8 67 23 B7 XX 00
N _
/ .
ﬂs > _29 A9 A5 5A 3E, XX 00
[ﬂ o 21 MM 0o 00 00 - 00 00
: i
A 213 Al 6C 28 2 1 xx 00
G . .
2D AD 4r 75 Al XX 00

. o
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Table 6.1 Contc.

Generated BCII Code (Hex)

ey Key-board scan

. e e - :
code (Hex) Y Normal Shift 1 Shift 2 Ctrl. Num-

e
Press Release Lotk
P ® 2E AE 4D 74 62 XX 00
T -
s 2 AT 43 6F 44 NX 00
] 30 O 413 4C NA ) MK Q0
Es) 31 Bl 48 72 N9 XX 00

1 32 B2 : 5D 7C 00 . X 00
H P! . o e ’

S 33 - B3 5 . 49 56 XX 00
-m.”z» 31 134 7 -42 AN A8 ®H . 00
Sy 35 B5 6D 2R 73 XX 00
N i.,h" 3 . .

f] {23 36 B6 00 00 00 00 00
b I w: : ) . .
e = 37 B7 ) B9 XX XX XX 00
(1] 38 B8 00 00 00 00 00
Sl 39 B9 20 20 20 xx 00
[t 3A BA 00 00 00 00 00
- 3B BB - xx 00 00 00 00
I 2 . 3C BC X 00 630 . 00 00
EXRC ' 3D BD XX 00 00 00 00
% g 3p . BE XX 00 " 00 00 00
¢ 3F  BF X% .00 00 00 00
T 40 co XX 00 00 oo . 00
e 41 c1 %X 00 00 00 00
R 12 C2 C X 00 00 . - o Gy

T2 43 c3 %X 00 00 00 00



Teble 6.1 Contd.

G—-10

Generated BCII Code (Hex)

~eY Key—board scan Normal Shift 1 shift 2 Cltri. Num,
code (Hex) Locl: -
Press Release
T30 44 c4 XX 00 00 00 00
Frst ARy 45 o 00 00 Q0 00 00
+i%1 2 46 C6 XX XX xX ‘ux 00
.9 - =
LN a7 C7 00 .00 00 05 37
7y 48 ca i 00 00 ¢ 28
Vb 49 c9 XX XX XX XA 39
- 4Ap CA 40 40 40 XX 40

%, 4B CB Dy XX XX XX - 38
¢ ac ce 00 00 00 xx 35
W 4D CD ggj XX XX XX 36
-+ 414 CcL B3 B3 133 uX 133
> 4T Cr XX XX PP XX 31
z=y
_? 50 DO _E@j H XX XX 32.
:i 51 . D1 XX XX XX wx 33
PEIC . ‘ _

QﬂHVI 52 D2 xX XX XX %X 30
Cresie 53 D3 FI" FT FF XX DA
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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-BOARD HANDLING ROUTINES

Though the 1IBM PC key—board is an interrupt driven key-
board, phe key-board can also be handlcd in the non-intermup-
ting mode by masking out the key-board interrupt by the Interrupt
Mask Register (IMR) programmed through-the Operation Control
‘Word 1 (OCWl) of the 8259 FIC. e key-board daté can be péllcd
From the data output register of the interface hardware by check-~
ing the.key-board interrupt request in the Interrupt Request
Register (IRR) via fhe Operation Control Word 3{ocw3) of the 8259
PIC. This non—-interrupting mode key-board handler can be used
in small and dcdicatgd applications. But for the large, gencrali-
zed and flexible applications, interrupting mode key-board hand-
ler ié eésentiéi.

software routines for both the non-interrupting and interr-

upting node key-board handling have been developed and discus-

sed in the following articles.

6.5 NON—INTERRUPTING MODE KEY-BOARD HANDLING ROUTINE

The non-interrupting mode key-board handling routine has

" Dbeen written in sAsTC M3 and compilcdl4 and linkedl1ld to produce
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an erecutable file such that the executable file <can be loaded
- 16 . - . . s
under System”  forx execution. The roultine conktains f[our portlons
whose algorithm 1s discussed seperately in Lhe following articles
. '

and the progran listing of the routine is given in pable 6.2,

£.5.1 Initialization

The initialization 1s the first gtep of the non-interrupting
mode key-board handliﬁj routine. Tﬂis portion first reads code
tables in the memory and then mask outs the key-board interrupt‘

by the IMR programmned chrough the OCWL of Lthe 8259 PIC, The iy =

. board interrupt requgst line is connected to the IRI line of the
Interrup£ Request Regis£er (IRR) of the 8259 PIC. An 1 at the
first bit of the OCW1l, when programedmask outs the key-board
interrupt. This initialization portion then sends read IRR on

next RD pulse command by writting OAH in the OCW3. After initia-
1ization, thelc0ntrol is transferred to the code generation porticn
of thé key-board handlinglroutine. Algorithm of fhe initiali-

zation process is given in Fig. 6.3a.

6.5.2 Key-Board Data Reading

Kcy—board data‘reading process 1s a subroutine cailed by
Lhe code generation portion of the non=-interyupting mode‘kcy~
hoard handling routinc. Mis subroutine first toggles the clock
at the 7th bit of the port 61H and then tests the prescnce of

the key-board interrupt reguest in the Interrupt Request
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Register (IRR) via the Operation Control wWord 3 (OCW3) of the
8259 PIC. An 1 at the first bit of the OCW3 indicateds that the y
key-board interrupt request iz present in the IRR. This 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, £he subroutine reads
the key-board data from thoe data output regislbor (por£ 60MH) and
then control is ernufurrud back Lo Lhe calling roubtine., Algori-

thm of this key-board data reading subroutine is given in l'ig.

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 Rey—board data is key-released data or not. If it is key-
released- -data, the conEIST_is‘transferred to the étarting of the
process. 1IE not, ik tests For the shift 1, shift 2, Ctvl and
,Num Lock key pressoed. If eitﬁer of thesc control keys is pressecd,
the control is transferred to the corresponding portion of the
.process. If not, it geﬁerates the BCII code corresponding to

the symbol assigned to the normal position of thg‘pressed key

LW

from Lhe normal group of code table. This process then calls
the processing routine and control is transferred to the start-

ing of the code gencration prcocess after returning frem the



processing & throutine.

Phe portion corresponding LO the shift 1 key- pressed of
* Ehis process first calls the key-board data reading subrouting
¥

and then tests whether the shilt 1 key is released or not. 1L

the shift L key is relcased, the control is transferred ©o the

m

sktarting of the code gencration pProcess. If_not, it tests for

che shift 1 key press. Lf shift 1 key is pressed, the contxol ig
~transferred to the stérting of the. shift 1 key pressed portion.
1L nof, it tests for the key release. If the pressad key is rele-
ased, the control is transferred tolthe_startiﬁg of the shift 1
ey pressed portidn. If-not, the pfoccss generates the'BCiI

code corxesponding to the symbol assigned Lo tha shift 1l posi-
tion of the pressed key from the shift 1 group of the code table.,
The process'thcn calls the processing subroutine and control -is

transferred to the starting of the ahift 1 key pressoed portion

after returning from the processing subroutine.

The portion corresponding to the shift 2 key pressed and
that corresponding to the ctrl key presscd of this process do
tasks similar to that of the shift 1 key pressed portion of

this process.

Thé portion corresponding to the num lock key prressed of
this process first calls the key-board data rceading subroutine
and then tests whether the nun lock key is presscd again or nat,
because the num lock key is a toggle key in naturc. If the num

lock key is pressed again, the control is transfeired to the
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starting of the code generation process. If not, it Lkests for
tha num loclk key ralease. If num lock key is releascd, conliol
is transferred to the starting of the num lock pressed portion.
. If not, it tests for the key release. If the pressed Xey is _(
- . L]
released, the control 1is transferred to the starting of the nunm
lock key pressed porticn. If not, the process generates tiie
'ﬁCII code corresponding to the numerals aﬁsigned Lo the pressed
kaeypad © kay Lrom “the num lock K_]J.“’Omp of the code tablo. The procorns
then calls the processing aubroutine and control iz transferraed

to the starting of the num lock key pressed portion afler return-

ing from the proccssing subrouline.

The algorithm of the code generation process is given in

I'ig. 6.3c.

6.5.4 Procazsing

The processing process 1s a”subfoutine called Ly the code
generatidn process for processing the gencrated‘BCII'coée for
whatever préccssing heeded by the applicaticn pregram. For the
demonstration purposc of the present work, the gencraled BCII code
is printéd in the screen. The algorithn §f this demcnstration

processing is given in Iig. 6.3d.

6.6 TNTERRUPTING MODE KIY-BOARD NANDLING ROUTTI

The interrupting mode key-board bhandling routine consists

of a main routine or processing routine written in BASIC, two
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Table 6.2: Program Listing of Non-lnterrupting Mode

Key-Board Handling Routine. PAGE 1
10-05-86

15:45:17

~ Offset Data Source Line IBM Personal Computer BASIC Compiler V1.00

001A aonz S REM #pagesize:54
001A 0002 6 REM Flinasize:70

001A goo2 10 DEFINT A-Z e e
oola 0002 12 REM initialization
001A 0002 15 REM read code tables e

~001A 0002 20 DIM CA(4,83)
001A 0002 30 FOR 1=0 TQ 4:FOR J=1 TO 63
0036 .034A 40 READ CACL,J)
004A 034E 50 NEXT J,1I
0066 034E 55 REM mask keyhoard interrupt
noes 034E 60 OUT &H21,8H2
no6D N34E 65 REM send interruph request register read command
006D 034E 70 OUT &HZ0,8HA ' ' -
0074 N34E 72 REM code generation
0074 034E 75 REM call keyboard data reading subroutine
0074 034E 80 GOSUB 500
0077 034E 85 REM if key released code then branch to start of
0077  034E .86 REM code generation
nez7 034K 00 T=A AND KD
0080 0352 100 IF T<>0 THEN 80
0087 0352 105 REM if shiftl pressed then branch to shiftl oort1
on
0087 0352 110 IF A=8H2A OR A=8H36 THEN 180
00AB 0352 115 REM if shift2 pressed then branch to shiftz2 porti

on
QoA 0352 120 IF A=8H38 OR A=3H3A THEN 260

00C5 0352 125 REM if ctrl pressed then branch to ctrl portion
00C5 0352 130 .IF A=&H1D THEN 340 .
00CF 0352 135 REM if num lock pressed then branch to

00CF 0352 136 REM num lock portion

00CF 0352 140 IF A=8H45 THEN 420

‘00D9 0352 145 REM normal portion

00D9 0352 147 REM get code from normal groun

ooDs 0352 150 N=0

00DF =~ 0354 155 C=CA(N A}

00F4 0356 157 REM call demonstration processing subroutine
NOF4 0356 160 GOSUB 570

00F7 . 0356 165 REM branch to start of code generation

00F7 0356 170 GOTO 80

00FA 0356 175 REM shiftl portion

00FA 0356 180 N=1 ..

0100 0356 185 REM call keyboard data reading subroutine



Offset

0L00
0103
0103
0103
0124-
0124
0124
0140
0140
0140
0149
0150
0150
0165
Q165
N168
0168
0168
0i6B
0171
0171
0174
0174
0174
0195
0195
0195
01B1
01B1
01B1
D1BA'
pici
- p1c1
01D6
01D6
01D9

n1iD9 -

01DC
01DC
01E2
01E2

N1ES -

Data

0356
0356
03586
0356
N356

0356 -

0356
0356
0356
0356
0356
0356
0356
0356
Q356
0356
0356
0356
0356
0356
0356
0356
0356
0356

0356,

0356
0356
03586
0356
0356
0356
0356

0356

0356
0356
0356
0356
0356
0356

0356

0356

0356

PAGE 2
10~-05-86
15:45:17

Source LinelBM Personal Computer BASIC Compiler Vi.00

190

19%

196
200
20%
206
210
215
218
220
230
232
235
237
249
245
250
255
260

. 2B%

270
275

.276

280
285
286
230
295
296
300
310
312
315
317

320
325

330
335
3410
345
350
355

GOSUB 500

REM if shiftl released then branch to

REM start of code generabion

IF A=8HAA OR A=8HRE THEN £0

REM if shiftl still pressed then branch to
REM start of shiftl pertion

IF A=3H2A OR A=8H36 THEN 190

REM if previuos pressed key released Lhen
REM branch to start of shiftl portion '
T=A AND B8H80

IF T<>0 THEN 190

REM get code from shiftl group

C=CA{N, A)

BEM call demonstrabtion processing subroutine
GosuB 570 :

REM branch to start of shiftl portion
GOTO 190

REM shift2 portion

N=2

REM cal! keyboard data reading subroutine
GOsUB 500

REM if shift2 released then branch te

REM start of code generation

IF A=&HBS OR A=&HBA THEN 80

REM if shift2 still pressed then branch to
REM start of-shifid portion

IF A=&H38 OR A=&H3A THEN 270"

REM if previous pressed key released then
REM hranch to start of shift2 portion

T=A AND &HB8D

IF T<>0 THEN -270 :

REM get code from shift2 group

C=CA(N,A)

REM call demonstration processing subroutine
GoSUB 570

REM branch to start of shift2 portion
GOTO 270 ) :

REM ctrl portion

N=3

REM call keyboard data reading subroutine
GosuB 500

REM if ctrl released then branch to



Of fset

01ES
01E5
0lFO
01F0
01F0
01F7
01F7
01F7
0200

0207 °

0207
021C
021C
" 021F
021F
0222
0222
0228
0228
022B
" 022B
022B
0235
0235
0235
023D
023D
023D
0246
024D
024D
0262
- 0262
. 0265
0265
0268
0268
0268
026F
0276
0276
027F

Data

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

PAGE 3
‘ : : 10-05-86
‘15:45:17

Source LinelBM Personal Computer BASIC Compller v1.00

356
360
365
366
370
375
376
3sn

39N

392
395
397
400
405
410
415
420
42%
430
435
436
440
445
446
450
455
456
460
470
472
475
477
480
485
490
495
497
500
510
515
520
530

REM start nf code generation

IF A=8&H9D THEN 80

REM if ctrl still pressed then brlnrh Lo
REM start of cirl portion

IF A=8H1D THEN 350

REM if previous pressed key released then
REM branch to start of ckrl portion

T=A AND 3H80

IE T<>0 THEN 350

REM get code from ctrl group

C=CA(N,A}

REM call demonstration DFDLESSIHQ subrout ine
GOSUB 570

REM branch to start of ctrl portion

GOTO 350
REM num lock portion
N=4

REM call Peybolrd data reading subroutine
GOSUB 500

REM if num lock pressed again Lhen branch Lo
REM start of code generation

IF A=&H45 THEN 80

REM if num lock released then branch to

REM start of num lock portion

IF A=8HCS5 THEN 430

REM if previous pressed key released then
REM branch te start of num lock portion

T=A AND &H80

IF T<>0 THEN 430

REM get code from num lock group

C=CA(N,A)

REM call demonstration processing subroutine
GOSUB 570

REM branch to start of num lock portion
GOTO 430

EEM kevboard data reading subraoutine

REM toggle clock

OUT 8H61,8HCC

00T &H61,8H4C

REM check for~afy-interrupt reguest present
D=INP(&H20)

D=D AND &Hz e



Offset

nzaa
020F
028K
0298
0299
0299
299
02AA
NzZaA
02BB
02RE
02BE

N2BF

02C3
N2C4
nz2ecs

02C6
02Cc7

02C8

02C9

Data

n350
0358
0358
0358
0358
0358
0358
0358

nis

$3s8
0358
0458

N3s58

‘0358

0358

0358

0358

n3sa

N358

N3s58
0358

nisa .

0358

0358
0358
0358

0358

‘566,

Source Lin

1F D=0
REM re
A=1HE(
REETUR
REM de
REM pr
IF C<1
PRINT
SO0 RETORN
999 LND
1000 REM «
1001 DATA
8,8H39
1002 DATA
0,&HSFEF
1003 DATA
n,8KH416
1004 DATA
1,8H67
1005 DATA
8,&HSD
1006 DATA
0,&HOO
1007 DATA
0,8H00
1008 DATA
0,&HOO
1009 DATA
1010 DATA
9,&HBE -
1011 DATA
C,3H7E
1012 DATA

540
545
5510
560
565

570
5890

1 0,8H71

1013 DATA
E,8H23
1014 DATA
2.8H7C
1015 DATA
0,8H0O
1016 DATA
0,&HUN

6—22

FPAGE 4
10-05-86
15:45:17

2]BM Personal Computer BASIC Compiler V1.0O0

THEN 520

ad keyboard data and retdrn

5HE0)

N

monstration processing subruotine -

ints code on screen

£ THEN PRINT "0";

HEX&(C);" ";

nde hables
&HlB,&HJl,BHHH.&H33,5H34,&H35.HHHG.SHR?.

&H3
SH30,&H40 ,SHER, SHOB . 8HOG ,3HEA, 8HAS  BH21,8H6
4H55 . GHEG , AHSC . SHAS , &HS 2, 3HAY , SHSE, 81ND, 4H0
8H51,8HS0,3HS7 , $HSB, SHEG : 3HER ,8HES , SHS 4, 8HY
SHAS .&HOO , 8H6C , SHAE, 8HAF, 8HAD,3H43 ,3H4B , 8H4
&HS8,8H42,8H6D, 8HON , 8HBY, 8HOO,8H20,&H00, 8HO
8HOO0,8H00,8HOD, SHNO, SHOO, SHOO,8HNO, 8HOD , SHO

&HON, 8HNN , RHON ,8H4D,8HON , 8HON ,8HOD,8HB3, 8HO-

&HNO,&HND, 8HFF
&HOO,&H3F,8HBD, &HB1,3HB2,8HRS,3HB4,8HBC,8HB

&HEF,&HC4,8HR23,8HNA,3HNN,8H26,8H70 K00, 8H2
3H78,8H7A,8H7R,8H24,8H76,81125,8170,8H00, 8HD
8H00,8H64{8H%9,&HAO.&HZ?,&HZ?;&HZQ,&H??.&HB
8HSA.8H00,&H28.&H2E.&H7S.8H74.&H5F.&H4C.&H7
&H49.&H4A.&H2A,&HOD.&HUO,&H00.8H2D,&H00,&HO

3H00.&HQO,&HUU,&HDO,&HUD,&HOD.&EOO,&HDO.&HD



Offset

02Dz
-0203
02D4
02D5
n2D6
02D7

0208
0209

02DA
0208
02DC
02DD
ozoé

02DF

02E1
02E2

02E3 °
b

N2E4

Data
N358

0358
0358

0358
0358
03548
0358

0358

0358

0358
0358

0358
03548
3358
0358
03548
0358

0358

. 0358

0358

0358

PAGLE 5
10-05-86
15:45:17

Source LineIBM Personal Computer BASIC Compiler V1.00

1017 DATA
0.&HDO
1018 DATA
1019 DATA
0,8HCO
1020 DATA
E,&HON
1021 DATA
0,8H47
1022 DATA
0,&HB7
1023 DATA
9,3H00
1024 DATA
0,8H0D
1025 DATA
n,&1100
1026 DATA
0,8H00
1027 DATA
1028 DATA
0,8H00
1029 DATA
0.8HOO
1030 DATA
0,8H0D
1031 DATA
0,8H00
1032 DATA

-0,8H00

1033 DATA
0,8K00
1034 DATA
n,3HO0N
1035 DATA
0,4H0D
1636 DATA
1037 DATA
0,&HOD
1038 DATA
0,3HOD
1039 [DATA

240N, 8100, 8100 81440, 81400, 8100, 8HOD , 31B3, 8HO

4100, &8HOD , &HFF
S&HOO,&8HBS, 4HB6,&H3A,8H3B,&H3C, 8HBA, 4HAF, 8HB

81C1,8HC2,8HC3, 8108, 3HON 8100, 8H2B, 8161, 8HA
8HOO,8HA4, 8HA7 ,8H2D, 81453, 8HID, 3HAD . 8H00 , 81H0
&HAC.BHAB.&HA?,SHAG.&HOD.SHOQ.SHDD.SHAZ.AHU
SHIE, 8HNO ,8H2F ,8H63,8HA1 ,8H62, 81444, 8HAA , 8HA
&HS6 , 8HAS, 8H73,8H00, 3HNO ,8HOO,8H20 , 3HOO, 8HD
&100, SHOD , 8HDO, RHOO, 8HNO, &HOD, $HON , 8O0, 3HD
£H00,SHNN, 8HON ,4H40, 8HON ,8HOO,8HO0 , SHB3, 8HO

&HO0,8HOO, SHFE
&H00,&HON,8H0O0, &HON,8HO0,8HO0,8H00,3HO0, 3HO

&HNO,8HON,&HNO,8HON,&HOO0,83H00, &HOO,&HNO, 8HO
&HNNO,&HNO,&HNO,3HND , &HOD,&HNG, &HON , &H0D , 3HD
&HOO0 ,&H00,8HN0O,&1100,8HNN , &HOO , &HO0, 81NN, 3HO
&K00,8H00,8HNN,&HN0, &HNO,&1H00,&H00,83HO0, &HD
&HQO.&HOO.&HOO.&HOQ,&HDO.SHOO.&HOO.&HOO,&HO
&H00,8HON, 81400,&1H00, 31100, 8H00, 81NN . &1100 . 31O
&HNO,8HGH ,SHHO, 3HNO, &HON, &HOO, 81400, 81{0N, &HN

8H00,8H00, 8HOO - - -
&H00,8H00,8HN0,&H00,8HO0, 8HOO,8HOO, 8400, 8HD

&H00,8H0N,&HNO,&HNO, &HO0,8H00,8H00,&H00,8HO

RHON,&BHO0, &HOO, U0, 8HOD, 8HO0,8HOD ,&HNO, 8HO



Offset

02ES
02E6
02E7
02E8
N2E9
N2EA

02EB
N2EE

Data

0358
0358
0358
0358
0358

0350
0358

0358

PAGE 6

16-05-86

_ 15:45:17

Source LinelBM Personal Computer BASIC Compiler V1.00

N,8Ho0 : :
1040 DATA &HOO.&HOO,&HOO,&HOU,&HOU.&HOU.&HOO,&HUO,&HO
0,8HOD '

1041 DATA 3HDO,&HOO.8H00,&HOO.EHDO.&HOOL&HOO[&HOD;SHD‘l'

0,&HOO

1042 DATA ZHON .RHOD,&HNO ,83HO0, 4HOD,3HO0,83HNN,8HA0 , &HD
0,8Ho00 - - X

1043 DATA SHOO.&HOO.&HOO.&HOQ.&HDO.&HOO.&HDO,&HUO,&HO
0,4H00 , :

1044 DATA &H37.%H38,8H39,&H40,8H38.8H35,3H36.3HB3,8H3
1,8H32

1045 DATA 8I1133,3H30,8HEA

22151 Bytes Available

20504 Bytes Free

0 Warning Error(s)
0 Severe Error{s)



Start -
00000H
002EEN
00350H
00360H
00C10H
00E10H
01A50H
01A50H
01A50H
01A50H
01A50H
01DASBH
01DB0NH
01DCOH
02670H

Orf@in
00EL1:0

Program

Stop Lenagth
002EDH 002EEH
00348H 0005BH
0035FH 00010H
00CN4H 008ASH
00EOCH 001FDH
N1A4EH N0C3FH
01A50H 00N0DOH
01A50H 00000H
01A50H 00000OH
01AS0H 000001
01DA7H 003%8H
01DABH 00000H
N1DBFH 000D10H
02664H 00BALH
N286FH N0200H

Group -
DGROUP

Name
BC CODE
CODE
BC_ICN
BC_1DS
INIT
CONST
DATA
COMMON
CONST
DATA

BC_DATA - =

BC_FT
BC_CN
BC_D5
STACK

entry point at 0000:001A

Class
CODE

TCOLE

INIT
INIT
INIT
RT_DATA
RT_DATA

- BLANK.

CONSGT
DATA
DATA
DATA
DATA
DATA
STACK



ET

machine language subroutines accessible from the main routine’
for reading BCII code from the code buffer and 'an interrupt
handling routine toO generate BCII code from the key board scan

code.

S The ‘©two assenmbley lanquagc subroutines and the

' 17.
assembley language interrupt handling routine 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-board 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 modc is to get BCII code from the .

interrupt handlcr code buffcr and to proccss “the code for what-

‘ever prbcessing needed by the application program. The maln

"routlnc can read code in two ways. In the first method, the main

routJnc calls a code reading subroutine which waits until any

'code is avallable in the code buffer and then control is trans-

" forred back to the calling routine with passing BCII 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 passes code to the main routine
with setting a flag to indicate that a code is passed to the
nain routine. If no code is available in the code bulffer, the
Asubroutine transfers control back to the main routine with
setting a flag to indicate that no code 1is available in .the
code buffer; In the first method of getting code, the main roﬁt—
ine processes the code as neecded by the application program.

In the second method of getting'code,the main routiﬁe procesées
“the code as needed by the application program if a-édde is
passed to the main routine, else the—main.réutine do another
task as needed by thé application program.. The processing of
the code might be anything neacded by the application program,
but for demonstration purpose of the present wérk, the BCII
code is printed in the screen. Twé probable algorithms of thg
main routine are givenmin Fig. 6.4a for two methods of getting

codes and the program listing is given in Table 6.3a.

ro

- %6.6.2 Machine Language Subroutine With BASIC

The two code reading subroutines aﬁd the intérrupt handl=
ing routine are written in assembly language, then assembled
_and linked td produce machine langﬁage subroutine. This machine
language subroutine éhould be accessible from the BASIC main
routine‘and the subroutine should be written such a way that‘
pafamcters can be passcd between the BASIC mailn routine and

the machine language subroutine. Fortunately the BASIC language
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has set rule513 of w.ritting such machine language subroutine

and of saving the subroutine in such a way that the BASIC pro-
dram can load the subroutinerinto wemory priox Lo subroutlne

.éall.

The widely used way of getting machine language subroutine
code into memory is to load a file, containing the snbroutine
code saved earlier by the BSAVE conmand, by the BLbAD commnand
at the outside”memory‘location of the BASIC wotk area. Methods

of creating such a file is described below:

i} The subroutine is Qritten in assembly language, assem-
bled and linked'with the /H switch to produce LKL file
smjythabthefile is loaded at the high memory location
outside the BASIC work area.
1 .
ii)} BASIC.COM is loaded under DEBUG 8 and CS,IP,SS, SP,DE,ES

reglster values are recorded using R command where the

BASIC.COM 1is loaded.

iii) The .EXE file is loaded using DEBUG and CS, IP register
'values are recorded using R command where the subroutine

is loaded.

iv) The registers‘are res&t to value where the BASIC. COM
was loadcd nsing R command and branched to BASIC entry

point using G conmand .



v) When BASIC prompt, the BASIC application érogram is
loaded and the DEF SEG and the variable name of the CALL
rstatement'are edited with the CS and IP register valﬁes
where the subroutine was ioaded.lCS value is used for
DLF SEG and IP value is used for the variable name of the

CALL statement,

vi) The subroutine area is saved by BSAVE command in direct
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 program is edited to contain BLOAD
command after DEF SEG that sets the proper value of

CS for subroutine.

viii) Resultinyg modified-BASIC appliéation pragram is then

saved.

The simplest way of calling a machine languade subroutine:
from BASIC main routine is to use CALL statement. The syntax

of the CALL statement 1s as below:

CALL numvar (variable list)

where numnvar is a name Qf a numeric variable whose value 1s
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 1list 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,55 are set to the address
of BASIC's data space and CS confains the value specified by
-latest DEF SEG. The étéck pointer indicates a stack that has
only 16 bytes ( 8 wordé) 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

prior to return.

values can be returned to BASIC through the argumnents by
changing the values of the variables in the argument list. If

the argument is a string, the offset for the argument points



-tdlthe three~ byte string descriptor where the byte 0 indicates
the length of the string (0-255), byte 1 indicétes low byte

of offset of string ¢and' byte 2 indicates high byte of offset Qf
~string. FParameters are refferenced by adding a positive offset
~to BP éfter the called routine moves the current stack pointér

into BP. The first instruction in the subroutine should be

PUSH BP

MOV BP,SE

The offset into the stack of any one particular argument is cal-

culated as

-offset froﬁ BP = 2 *(n-m} + 6

where n = total no. of argument passed

m position of the specific argument.

The return from the subroutine must be with a RET n instruction

where 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 intefrupt vector of the key-board

interrupt (type 9) is set or not. If the interrupt vector is



not set, it 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.

Thg subroutine then puts the interrupt vector set flag on to
indicate that the interrupt vector is set and then checks the
coae-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 thep_transferred to check
the code counter. If the code counter 1is féund to be zero; i.e.,
no code is iﬁ 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,lthe suBroutine then
-gets the BCII code pointed to by the réad pointer from the code
puffer and passes to the calling routine. It then decrements

the codelgounter by 1 to indicate that one code 1is iéad 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 poiﬁter. If it becoﬁes 16, it
is set to zero and then'control is transferred back to the call-

ing routine.

The second code reading subroutine do the same job as the
first code reading subroutine but with.the excep#iOn that aftér
checking the code counter, if the coae counter is found. to be
zero, the control is transferred back to the main routine,

rather than waiting for code availability, with setting the



status flag to zerou to indicate fhat no code 1is found in the
code puffer. 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 interrﬁpt handling routine reads the key—board scan codce,
in response tb the key-boafd interrupt, from the butput data
régister of the interface hardware and generates the BCII eode
corresponding to the pressed key. It then saves the BCII code
into-a 16 byte code buffer for later use by the main processing
routine. fFor managing the.code buffer, one read pointer whicn
index the buffer locatioﬁ fromlwhere code to be read by the code
rcading subréutine, one write pointer which index the buffer
location where the néxt code to be saved by the interrupt handl-
ing routine and a code counter which‘indicates the number of
codes present 1n the code buffer @@é used, At the starting of the
process, two pointers and the code counter ére set to zero.

When a code is saved intﬁ the buffer, the code counter is incre-

mented by 1 and the write pointer is also incremented by 1 to



index the buffer location where the next COdeito be saved. When
a code 1is read froh 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 peointer value_become; le, it is reset‘to.zero because the
buffer length is- 16 bytes. The zero codé counter value indicates
that no code is present in the éode buffer and the 16 code coun-
ter value indicates that the code buffer is fu1ll, i.e., thére

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) 1is used
which indicates the group of code tab;e from where the BCII code
" to be generated corresponding-to any key-board scan code. This
pointer 1is norﬁally set to zero and is:set to 1,2,3 and 4 wheh
either of the shift 1 keys; either of éhe shift 2 key, the ctrl

key and the Num 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 theh reacs
the key-board scan code from the data oﬁtput register of the
interface hadware (port 60H) anq toggles the clock in the 7th
bit of the port 61H. The routine-thenltests the code counter

value for 16. If the code counter value is found to be le,
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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 ¢, 1,2,3 and 4 and
calls one of the CODEOQ, CODEl,CODEZ,CODEB and CODE4 procedures
cé:responding to the group'pointer value found. It then gets
prepared for returning from the intefrupt routine.'Prior.to
return from the interrupt routine, it clears the interrupt flag
so that no iﬁterrupt can occur before retufﬁing from the interrupt
routine. It then sends the non-specific end of interrupt command
to the Qperation Control Word 2(0OCW2) (porﬁ 20H} of the 8259 PIC
A 20H in this OCW2 commands the non-gpecific end of interrupt.

It then restores all saved registers and returns to the interrup-
ted main routine. During~retgrning 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 flaé set though the same is cleared within the interrupt

routine.

The CODEQ procedure 1is called by the intefrupt handling
routine which first tests whether the previously pressed key
is released or not. If the prebiously pressed key is released,
the procedure returns to the calling routine. Else, the proce=
dﬁfe tests for any one of the shift l'keys, shift 2 keyg,ctrl

key and Num Lock key pressed. If any one 0of these keys 1s' pre-

ssed, the procedure sets the corresponding group pointer value and



returns to the calling routine. Else, it generates the BCII
éode'corresponding to-thé normal symbol assigned to the pre-
ssed key from the normal group of the code table. The proce-
dure then saves the generated BéII_code into the éode 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 handlihg
routine which first tests whether the shift 1 key is released
or not. If the shift 1 key is released, it sets the group
pointer value to zero and returns to the calling routine. Llse,
the procedure tests whether the shift 1 key is still pressed
or not. If the shift 1 key is still preSsed, it retufns to the
calling routine. Else, it tests yhether the éreviously pressed
key is released or not. If the previously. pressed ke? is relea-
‘sed, the_procedure returns fo the calling routine.'Else, it
generates the BCII code corresponding to the symbol assigned to
the shift 1 position of the pressgd'key from the shift 1 group
of the code table. The procedure then saves the genecrated 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 roptine.

The CODE2 and CODE3 procedures are called by the interrupt
handling routine and do the similar tasks as that of the CODEL

procedure.



The CODE4 proéedure is called by the interrupt haﬁdling
routine which first tests whetﬁer the Num Lock key is pressed
again or not, because the Num Lock key ié toggle in nature. If
the Num Lock key is pressed again, the procedure set the group
pointer value to zero ahd returns to the Cailing routine. Else,
it tests whethér the Num Lock key is released or not. If_the
Num Lock kéy is released, .the procedure returns to the éalling
routine, Else, it tests whethef'the previoﬁsly pressed key‘is
;eleased or not. If the préviously pressed key_is reléased, the
procedure returns to the caliing routine. Else, itfgenerates
the BCII'coﬁe corresponding to the numeral aSsignéd,to phe
ﬁreééed keybmi key from the Num Lock‘group of the code table.
The procedure £hen saves the generaﬁed BCII code into the code
buffer at the location po;nted to by the write pointer. It then
calls the PSET proceduré and.returns to the calling routine.

The BFULL procedure is'called by the interfupt handling
routine which tests the group pointer value for 0,1,2,3 and
4 and calls one of the FULLO,FULL1l. ,FULI2Z ,FULL3 and FULL4
procedures corresponding to the group poihfer.valué found.

It then calls the BEEP procedure and retufns 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



returns to the calling procedure. Else, it tests whether any
rone-af the shift 1, shift 2, ctrl andINum Lock keys is pressed
or not. If any one of these keys is pressed, the procedure
sets the_corresponding group pointer value and returns to the

calling procedure.

Tﬁe FULLL , FULLZ , FULL3 and FULL4V'procedures are called
by the BFULL procedure. The FULLL ,FULL2 anleULL3 procedﬁres
"tests whether the shift 1, shift 2 and ctrl key respectively
is released or no£. If the corresponding key is released,rthese
procedﬁres set the group pointer value to zero and return to
the caliing procedure. The FULL4 procedure tésts whether the
Num Lock key is pressed again or not. Iflthé Num Lock key is
pressed again, the prdcedqre sets the group pointer value to
zero and retufns to the calling procedure.

' Actually the FULLo, FULLL , FULL2 , FULL3 and FULL4
procedures ‘do the similar job as that of the CODEO,CODEL.,CODEZ ,
CODE3- and CODE4 procedures respectively e%cept that these
procedures do not geﬁerate any BCIi code. These procedures are
called oply when the code buffer is full to keep track of the

group pointer value.

The PSET procedure is called by the CODEO,CODE1 ,CODE?2 ,

CODE3 and CODE4 - procedures. This procedure first increments



'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
write pointer value becomes 16 or not.:If the wrife pointer
Qalue becomes 16, it sets the inte poinfer valué to zero. The
procedure then increments the code counter value by 1 and tests
whether the code counter value becomes 16 or not. If the code
counter value becomes 16 indicating that fhe code buffer gets
fuli, the précedure 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 givé beép to inform the user that the code buffer is full
and the next code will not be saved unless an? code is read fron
the code buffer. This proceduré first enables the speaker and
turns on the modulating signal to the speaker by writting logic
1 in bit O 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 by writting logic O 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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CODE@ -

Set Int.
vector

!

On Int.
set Flag

vector]

, Get Pointed
Code

Set Code Not
Ready status’

Get Pointed
Code

rDecrement Code
-2ounter By 1

!

Increment Read
rointer By 1

ead
Pointer=16

{

!

‘Pointer = 0

Read

i

Decrement Code
Counter By 1

!

Increment Read
Pointer By 1

Read
Pointer=16

Read
Pointer=0Q

¥

Set Code Ready

Status

Fig. 6.4b: Algorithm of Code Reading Subroutines

in Interrupting Mode.




Enable Int. &
Save Registers

!

Read Key-Board
Scan Code

!

Toggle -Clock

Call BFULL

Code
Counter=16

Group
Pointer=3

Group
Pointer=4

Call CGDEQ

Call COUDEl

Call CODE2Z2

Call CODE3

Call CODE4

Disable Int.

!

.Send Non-Speci-
fic End of Int.
Commanci

:

Restore Regis-
ters '

Fig. 6.4c: Algorithm of Interrupt Handling Routine

in Intefrupting Mode.
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Fig. 6.4c Contd.
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Get Code
From Shift
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Save Code

| Into Buffer

R

Call PSET
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ased

GPT=0
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!
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Buffer
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|

Fig. 6.4c Contd.

Key Rele-
ased

Get Code From
Ctrl Group

!

Save Code Into
Buffer

'

Call PSET

Return )_




Num Lock GPT =0

Is
Num Logk
Released

ey Release

Get Code From

wum Lock Group Call FULLO

!

Save Code Into

Buffer Call FULLL

R}

Call PSET Call FULLZ2

Call FULL3

- Call FULL4

Call BEEP

_

. Fig. 6.4c Contd. ' :




GPT=(0
Releasegd
)
GPT=1 ™
GPT=2 "
GPT=0
GPT=3 ]
1
EPT=4 _— - R.etu‘rn
Return
FULL4
GPT=0 GPT=0
1 I

Return ~Return

Fig. 6.4c Contd.



PSET
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Pointer By 1

Write
Pointer=16

n

Enable Speakers
Audio Signal

1
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=0 '

Give Delay .
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Counter By 1

Counter=16

Disable Speaker]
' & N I
Audio Signal

Call BEEP

Fig. 6.4c Contd.

Return
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“ ble 6.3a:-Program Listing of Main Routine of the

Interrupting Mode Key-Board Handling Routilne.

REM cet seg addr of subrin

5

10 DEF SEG=&HIFAD

15 REM lpad -subritn into memory

20 BLOAD "SUBRT.EXE",0

25 REM call subrtn

30 v=0

40 CALL V{(CODE%}

95 REM print BCII code on screen

100 IF CODE%<16 THEN FRINT “G";
110 PRINT HEX$(COD=%) ;"
115 REM ¢all subrin again
120 GOTO 40
"0 END

10
15
20
25
30
40
45
50
55
.60
70
75
89
9

FEEM set seaq addr of subrtn

DEF SEG=8E3FAQ

REM load subrtn into memory

BLOAD "SUBRT.EXE", 0

REM call subrtn

V1=8H66

CALL V1(C%,5T%}

REM if no code fuond,call '‘again
IF ST%=0 THEN 40

REM 1f code found,print on screen

[F C%<16 THEN PRINT "0";

PRINT HEXT(Cx);" ";

REM call subrtn again

GOTO 40

END



T'able 6.3b: Progranm Listing of Code Reading Subroutines And Interrupt
Handling Routine Of The Interrupting lkode Key-Board
" mandling Routine. '

Tﬂe szroeoft'MACéo Assembnler Version 1.27 7 Page 1=
10-05-86
PAGE 40,75
CGROUP GROUF CSEG [DSEG
aaan _ . CSEG SEGMENT
: ' ASSUME CS:CGROUF D5 : CGROUE ES: CGR
oup
;code reading subruotine which waiks until
1
. ~ ;any code available
2000 ‘ CODE PROC FAR , _
aogn 5% FOSH BF ;save BP 8 load wi
) ‘ th 5P :
anel 88 EC Co ‘ MOV Bp ,5F ;for getting arg.
- ~addr.
-0003 N6 - PUSH ES ;save ES & use for
;éddr8951ng sub. d
_ ata .
nGnga 28 ---- R . MOV AX,CGROUP ;load E5 with ar
- - oup 7
Qoo7  BE CO . : . MGV . ES,AX ;seq addr
0009 26: 80 2E 0000 R FF CMP BYTE PTR ES:F,0FFH ;1f 1int
nous 74 LE . JE . NT ;vec. set,read code
ooty LE PUSH DS ;save D5 for use 1n su
' b. :
ool B 0000 o MOV AX,0000H ;load DS with se
, . q 7 .
NHiS  BE D8 MOV DS, AX ;of 1nt Vvec tabl
. e )
0017  BH NODE R . - MDV AX,OFFSET CGROUP: INTR ;set
001A  BE 0024 . S ‘ : MOV DI,0024H ;int vec of key
- oLD 89 05 . MOV WORD PTR [DI1.AX ;boadr
I#1F B ---- E _ MOV AX,SEG CGROUP:INTR ;int by
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npzz e

noze
noz7
nozZs

ng2s
003%
0037
0H3cC

003E

(1473
U046

G04s

004D
anse
nnea
N0SA
Onel
nnez
0nea3
Nno6E

Noes
DDEBE
0nes7?
oneY
0O0BA
0oeD

83
133

26

a0

26

74

26

%)
r

88
59

26

o)
I

el
£

47
S0
CA

55
EB
06
=35
8E

6

C6 0o

B30 3E
F8

8B 36
00

A 84

7E 06
05

: FE NE

FF 06
83 3
n7

C7 08

Goo2

Qnoon

not3

6015

0001

0013

0015
0015

nols

R FF .

R 00

1

y

Version 1.27

]

MOV
MOV
POP
MOV

NT: ! CMP
JE
MOV
MOV
h AH
MOV

MOV
MOV

DEC
unt -
~INC
CMP
JNE
MOV
R: POPF
POP
RET -
CODE ENDP

Page 1-

10-05-86

DI,0N2614 ;addr of 1nt
WORD PTR [DI11,AX ;routine
0s ;restore D&
ES:F,0FFH ;on int set fiag

E5:CTR,00H ;check for code

NT ;availahiiity
SI,ES:RFT ;load pointed
AH,OH : ;code in AL wat

AL ,BYTE PTR ES:BUFFISI1] ;=

DI,[BPJ+6 ;pass code in

[D11],AX ;calling routin
ES:CTR ;update code co
ES:RPT ;update
ES:RPT, 16 ;read

R ;

ES:RPT,0H ;pointer

ES - ;save ES

BP ' ;& BP

2 ;jreturn

":scode reading subroutine which pass code
iwith flag seitting

CODES PROC
PUSH
MOV
PUSH
MOV
MOV

FAR .

BP ;save- BP &

BP,5P ;load with SF

ES ;save ES for use
AX,CGROUF ;load ES with

~ES5,AX  ;seg of group
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006F
1075
0a77

0078 .

G078

007D

ooso

0083
0045

0088
008B

008D
,‘DUBE
0094
No9A
¢09c
N0Al

- 00A3

00AB

NagAB

00AD

26:

74
1E
B8
8E

o
o2}

80 3E
tD

0000
D8

00DE R
0024

05

0000 R FF

-—— R !

n026

05
. C6 N6

: B0 3E

35
8B 36
0o

BA. 84

78 08

0%

: FE OE

0000
0013

001%

oot

0013

R FF

R 00

3

int

ag

" NTS:

h AH

CMP
JE .
FPUSH
MOV
MOV
MOV
MOV
MOV
MoV

MOV
MOV

POP
MOV
CMP
JE
MOV
MOV
MOV

MOV
MOV

Page 1-

10-05-86

BYTE PTR ES:F,0FFH ;if 1nt
NTS ;vec set,read code
bs ;save DS

AX.00001 ;load DS with seg

DS,AX  ;addr of int tabl
AX,OFFSET CGROUP: INTR ;set
DI,0024H ;vec of key

WORD PTR (DI1,AX ;board 1n
AX,SEG ‘CGROUP: INTR. ;by add

D1, 0026H
WORD PTR (DI1,AX

;of 1nt
;routin
DS ;restore DS

BYTE PTR ES:F,0FFH ;on int
;set fl

ES:CTR,00H ;if no code ,re

Fs$ - ;with flag set
S1,ES:RPT ;load pointed

AH, QH jcode 1n AL wiL.

AL,BYTE PTR ES:BUFFLSI] ;=

DI,[(BP1+8 ;pass code to
(D11],AX ;calling routin

ES:CTR  ;update code coun
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noRz
anB7
Gnen
NUBE
noce

ooece
once

00CE

nobl-
onD4

0no?

00D
N0DA
0008

UoDE .

Q00E
anoDE

. 00DF

npzn
-0EL
NGE2
O0E3
NUE4
NNES
NOEB
Q0E?
N0E9

26
26

75

26

e1)

BB
89

Ex

/B

B8

69

a7
5D

CA

FB

50

53
51

52

56
57

1E
06
E4

50

FF 06

0015 R

£3 3E 0615 R 10

07
C7 08
TE 08

1001
05

¢9 90
TE 16
0000

05

0004

680

0015 R 0000

4

N§:

Fs:

(as

CODES

INTR

52

N%-86

calling
code

flag se
callfng

code no

flag se

Page . 1-
in-
INC ES:RPT ;update
CMP ES:RPT,16 ;read
JNE N$ :
MOV ES:RPT,0H ;pointer
MOV D1,[(BP)+6 ;pass to
MOV AX,1H ;rtootine
MOV [DI},AX ;passing
JMP RS )
MOV Di,[BP1+6 ;pass Lo
MOV AX,0H  ;routine
MOV [DI),AX ;Passing
POP ES ;restore
POP BP ;E5 & BP
RET 4. ;jreturn
ENDF
;interrupt handling routine

PROC NEAR
5T1 ;enable 1int.
PUSH AX ;save
PUSH | BX ;
PUSH cxX ;
FUSH DX ;
PUSH St ;
FUSH Dl ;
PUSH DS ;
FUSH ES ;registers
IN AL,60H ;read keyboard scan
FUSH aAX

;jcode and save
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0GEA
NOEC
OOEE
0080
0urz2
D0F4
HOE6

00F9-

CQuFB
doEC
0101
Nina
0106

0109 .

010E
0118
0113

NLih -

01ig
a11bh
0120
0123

012e

0124

012D

Eq
BA
Gc

—

=9

86
E6
B8
5E

<8

81
75
ER

EB
80

61
EO
80
61
C4
61
~w-— R
Da

3E 0013
06
027C R
3F 90
3E 0014
06

0188 R
32 90
3E 0014
06

0108 R
25 90 .
3E D014
06 _
p205 R
18 90

3E D0t4

06
0232 R
(B 90

‘3E 0014

03
n257 &

o)

10

00

01

02

03

04

5

Nl:

N2 :

N3:

N4 :

N5«

El:

 poP
LCMP -

IN -~
MOV
OR

ouT
XCHG
ouT
MOV
MOV

JNE
CALL
JIMP
CMP
JNE
CALL
JMP
CMP
JNE

CALL

JIMP
CMP
JNE
CALL
IMP
CMP
INE
CALL

-JMP

CMP
JNE
CALL

- CLI

10-05-86

AL,BiH ;toggle
AH,AL ;clock
AL ,80H ;at the

61H,AL ;7th bit

AL,AH ;of port

61H,AL ;60H

AX,CGROUP ;load DS by seg
DS, AX ;addr of group

- AX ;restore kb scan code

CTR.,16 ;if buff not full,

N1 ;gen. code.else
-BFULL ;call BFULL &

Rl -jreturn

GPT,00H ;if group pointer
N2 ;0, call

CODED ;CODED &

R1 ;return

GPT,iH ;if group pointer
N3 ;1,call

CODEL ;CODEL &

Rl . ;return

GPT,2H ;if aroup pointer
N4 ;2, call

CODE2 ;CODEZ 8

R1 ;return

GPT,3H ;if grouw pointer
N5 ;3, call '
CODE3 ;CODE3 &

R1 " ;return

GPT,4H ;if group pointer
R1 ;4, call CODE4 .

CODE4 ;& return .
;disable 1nterrcunt
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0148
Oi4a

0140
014D
N14E
614F

0150,

015t
nLse
0153
0154
n1s5

015%
0155

0187

1159
NisSE
015D
Q160
5161
Nie3
0165
0167
0168

N1e8
Nies
n1e6cC
D171
61773

BO

07

E4
HA
0e
E6
B9
90
E2
BA
E6

Cc3

20

20

61
ED
03
61 .
FFFF.

FD
c4
61

06 0011 R

3E 6011 R 10
06 -

06 D011 R 0040

6

nd

- INTR

;glves
BEEP

BEEP

;write

PSET

MOV

00T

- POP

FOP
pOpP
POP

- POP

POP
POP
POP
IRET
ENDP

 BX

'Page 1=
10-05-86

AL,20H ;send non-specific

_EOH,AL ;end of int. conma

ES ;restore

Ds F

D1 ;

S1 ;

DX ;

X -

AX ;registers
sreturn

audio signal on buff full

FROC
IN
MOV
OR
ouT
MOV
NOP

LOOP
MoV

ouT
RET
ENDP

" NEAR

AL,61H ienable

AH,AL ;speaker
AL,03H ;8 audro

61H, AL ;signatl
CX,0FFFFH ;give

A ;delay

-AL,AH ;disable speaker

61H AL ;& audio signal
;jreturn

pointer & code counkter updating

PROC
INC
CMP
JNE

MOV

NEAR ,

WPT ;update

WPT,16 ;write pointer
N&’ ;after saving -
WPT,GH ;one code )
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0179
0L70

0182

$184
0187
0166

1188
1188
118A
S 01AC
018K
0190
n1s2
N194
0196
G198
i19A

19C
019E
N1AD
01A2
Nird

D1A7

01A8

31AC

01B0D
0iB3
01BG

[ 5 R s ]
X N o

s

AB
75
3C
74
C
74
ic
7

3c
74
3c

74

3C
74
3B

D7
8B
B8
E£8

EB
€6

06 0013 R
3E 06013 R 19
03 -

0155 R

80
48
2A
26
36
22
38
27
3A
23.
1D
28
45
2D .
N7 R

JE 0611 R

85 0001 R
0168 R
22 910

06 0014 R 01 90

Page . f-

7 ) :
10-05-86
N6 : INC CTR ;update code
CMP CTR,16 ;counter and .
JNE R2 ;call BEEP if
CALL BEEP ;buff full
R2: RET sreturn
PSET  ENDP
jnormal code group
CCDEG PROC NEAR - ‘
' TEST AL,B80H ;1f Key released,
JNZ R3 ;return
CMP AL, 2AH ;if shiftl,
JE Cl ;set’ '
CHP AL,36H ;aroup pointer
JE C1 ;=0
CMP AL,38H ;if shift2,
JE cz ;set :
CMP AL,3AH ;group pointer
JE cz ;=0
CMP AL,1DH ;if ctrl,set
JE C3 ;aroup pointer=0
CMP AL ,45H ;if nom lock,set
JE c4 ;group poinbter=0
_ MoV BX,0OFFSET CGROUFP:CODEND ;g
el’ .
: XLAT - CODEND . ;code from
MOV DI,WPT ynorma l groub a
nd
MOV BYTE PTR BUFFCDI},AL ;save
CALL" FPSET ;call pointer set
JMP K3 ;and return
C1 MOV

GPT,1H ;set gpt=1 on shift
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) .
10-05-86
J1BC EB 19 30 o JMP R3 ;and return
OD1BF (6 06 0014 R 02 90 C2: MOV GPT,2H ;set gpt=2 on shift
o 5 .
0iC5 EB 10 90 : ' JIMP R2 ;and return
0iCc8 Ce nNe o6ni14 R 03 SO0 - C3: MOV " GPT,3H ;set gpt=3 on ctrl
GiCE EB 07 90 o JMP . R3 ;and return '
NiD1 C6& 06 0014 R 04 90 Cq: MOV GPT,4H ;set gpt=4 on num
nin?  C3 _ © R3: . KET - ;lock and return
nia ' . ’ : CODEQ ENDP '
‘ ) ' ;shiftl code group
(1DA ) CCDE1 PROC NEAR
018A  3C AA : CMP AL,O0AAH ;1f shiftl-
01DA 74 22 , . “JE " C5 ;released
0L0C  3C B6 : CMP AL ,0B6I1 ;set group pointer
D1DE 74 1E ‘ JE cs ;=0 '
NLED 3¢ 2A CMP AL,2AH ;1f shiftl
S niE2 74 zn , . JE R4 sstill
N1E4 -3C 36 o : CMP AL,36H ;present,
NiEe 74 1C JE R4 yreturn ) .
NIEA A8 80 ; TEST AL .B80H ;1f previous press
SR T . ed . o
D1EA 75 18 . - INZ R4 ;key released,retu
rn :
01EC BB 0068 R . MOV BX .0OFFSET CGROUP:CODELID ;g
. " et ) :
NiEF D7 ) : XLAT COCELD ;code from
iF0 8B 3E 0011 R : MOV DI, ,WPT ;shietl group and
N1F4 88 35 0001 R MOV BYTE PTR BUFF[DI1,AL ;save
i1F8 EB D168 R : N " CALL PSET ;call pointer set
QLFE. EB 67 90 - . : ‘ JME R4 ;and return -

GIFE CH 06 0014 R GO 90 C5: MOV | GET,0H ;set gpt=0G on shift-
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02104

oy

oo
o
()

020%
Nz0s
nzo7
nzoa
nzoB
1z00
020F
nz1i
213

e
nz2is

peic
geip
nzz1
022%
nzane
nzze

3

3c

74
aC
74
ac
74
3C
74
A8

D7,

BE
a8
Ea
ER
Ch

Cc3

3C

B
22
BA
1E
38

2

3A

1C
80
18

00BF R

3E 0011 R

85 0001 R

0168 R

07 90

06 0014 R 00 90

9D

10-0S-86

jreleased and cetur

‘NEAR

AL ,0B8BH ;if shift2

Co- ;released,

AL ,0BAH ;set

ce © ;troup pointer=0
AL,38H ;if shift2

RS ©o;still

AL,3AH - ;present,

R5 ;jreturn

AL,80H ;if privicusly pres

RS ;key released,retur
BX,0FFSET CGROUP:CODE2D ;g

CODEZ2D ;code from

- DI,WPT ;shift2 group and.

EYTE PTR BUFEF[DII,AL ;save
PSET ;call pointer set

-R5 sand return

GPT,0H ;set gpﬁ=0 on shift

“;released and retur

NEAR . |
AL 9DH ;if ctrllreleaséd,

9
1
R4: RET
n
CODE! ENDP
;shift2 code group
CODEZ PROC
CMP
JE
CHP
JE
CMP
JE
CHP
JE
TEST
sed '
JNZ
n .
. MOV
et
XLAT
MOV
MOV
CALL
JMP
C6: MOV
2 .
R5: RET
i\ .
CODEZ ENDP
jctr! code group
CODE3  PROC.
¢ CMP
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0234
236
0z38
0Z3A
0z23c
D23k

n241
0242
246
0Z4A
n24D
G250

Loy
ro
(]
~J

74
3cC
74
AR
75
=)=

D7
8B
as
E3
EB
CE

Cc3

3C

74
3c

74
AB

07
- 88

1A
1D
1C

a0

18
0113 R

3E 0011 R

85 nO0t R

0168 R

N7 90

06 0014 R 00 90

45

14
C5

‘1C

8G

18

B 0167 R

3E 0011 R

Page i-
10-05-86
c7 ;set gnt=0
AL,1DH ;if ctrl still
R6 ;oressed,return

CAL,B0i ;if prv key

R6 ;released,return .
BX,0FFSET CGROUP:CODEID ;g

CODE3D ;code from

D1 ,WPT ;ebrl group and
BYTE PTR BUFFCDI1,AL ;save
PSET ;call pointer set
R6 © ;and return '
GPT,0H ;set qupt=0 on ctr

;released and ret

;num lock code group

10
JE
" CMP
JE
TEST |
JNZ
MOV
et
XLAT
MOV
MOV
CALL
JMP
C7; MOV
\ :
RE: RET
urn
CODE3 ENDP
CODE4 FPROQC
CMP
ed ]
JE
CMP
JE
TEST
y
JNZ
o MOV
et
XLAT
MOV

and

NEAR
AL,45H ;if num lock press

cs ;again,set gpt=0
AL,0C5H ;if pum lock

R7 ;released, return
AL,B0H ;if prv pressed Ke

R7 ' ;released, return
BX,0OFFSET CGROUP:CODE4D ;g

CODE4D jcode from
DI,WPT ;num lock group
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nz7c
pz7¢e
nz2at
0253
0286
U289
28z
0290
0293
0296

0298

nzaD
02A0
N2A3

2AR8
N2AA
024D
nz2gn
DIES
nza7
nzea
8220

0z

S

oSy
[z

2 3]
o w

e
. (e

80
75
EB
ER
B0
75
ES
J 1)
&0
75
£8
EB
80
75
E8
EB
B0
75

—

E8
C3

85 0001
Nies R

D7 90

06 0014

3E 0014
06

0ZBE R
32 90
3E 0014
06

02FF R
25 20
JE 0014
06

030E R
18 90
3E 0014
96

031D R

0B 90
3E D014
03

N3Zz8 R
0155 R

00 90

00

Ul

02

03

04

Version 1.27
11 .

MOV
CALL

. JMP
C8: MOV
m

R7: RET

n
CODE4 ENDP-

Page 1-.

10-G5-86

BYTE PTR BUFFID!1,AL ;save

PSET ;eall pointer se

R7 - ;and return
GPT, 0H ;set gpt=0 on nu

;lock pressed & retur

icode buffer full

BFULL PROC
CMP

JNE

CALL
~JMP

L1: CMP
INE

CALL

JMP

L2: CMP
JINE

CALL

IMP

L3: CMP
JNE
CALL

‘ JMP -
L4: CHP
' JINE
. CALL

LS: CALL
RET

BFULL ENDP

NEAR
GPT,0H ;1f group pointer
L1 ; =0,
FULLO ;call FULLO
LS ;and BEEP
GPT,1H ;if group pointer
L2 5=1,
FULLY? ;call FULL1
L5 ;& BEEP
GPT.2H ;if group pointer’
L3 =2, :
FULL2 ;call FULL2
LS ;8 BEEP
GPT,3H ;if group pointer
L4 =3,
FULL3 ;call FULL3
LS ;& BEEP '
GPT,4H ;if group pointer
LS ;=4,
FULL4 ;call FULL4
BEEP ;& BEEP

;return
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DzBE
D2BE
N2C0
nzce
nzc4

N2CH

G2C8
NzCA
nace
N2CE

gD
202
DE04
0206

r

[wa)

[

D
N
D

A o B AN}

0 »

+

lem)
1

BIZES

s
ro
&
ol

Lo B we B e )
@ T e

(2 £2 B 10
1y 7)oy

P
o

o 0
[ RSR a)
= )

™ m

o
[
M
]

AB
75
ic
74
3Cc
74
3c

74

i
74
icC
74
3
74

EB
e

26

6

3

80
3C
24
17

36 -

13
38
18
3A

19
06

10

5 06

07
06

an
0014 R G1

90
0014 R 02

91 .
0014 R 03
90

0014 R N4

90

90

90

90

12

;huffer full on normal

FULLD

La:

LY

.ock

L10:
FULLO

PROC
TEST
JINZ
CMP

IE

CMP
JE
CMP
JE

CMP

JE
CMP

(="

CMP

J=
JIMP
MOV

JMP
MOV

JMP
MOV
JMP
MOV

RET
ENDP

NEAR
AL, 80H
L10
AL, 2AH
L6

AL, 36H
L6
AL,38H
L?

AL, 3AH

L7
AL,1DH
La
AL,45H

L9
L10
GPT, 1H

L1G -
GPT, 2H

L1G
GPT, 34
L10
GPT.,4H

Page 1-
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code group

;if prv key
;released,return
;1f shiftl
;pressed,

;set

;gpt=2

;if shift2
;pressed,

;set -

igpt=4

;1f ctrl pressed,
;set gpt=3

;if num lock presse

;set gpt=4
;return
;set gpt=1 on shift

- ;pressed and return

;set gpt=2 on shift

;pressed and refturn
;set gpt=3 on.ctrl

;pressed and return
;set gpt=4 on num 1

;pressed and return

;buff full on shiftl code group

FULLY

PROC

NEAR
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OZFF 30 AA CMP . AL,0AAH ;if
nany 74 04 ‘ JE Li1 . ;shiftl
1303  3C BE _ CMP AL,0B6H ;released,
6305 75 06 ' JNE L1i2 ;set
N307 6 D6 0014 R D0 90 Lil: MoV GPT.0H ;qpt=0
030D C3 . ] L12: RET . : ;and return
030 FULL1 ENDP

: o ' ;huff full on shift2 code group
N3NE ' . FULL2 FROC NEAR
(302 3C B8 CMP AL,0BBH ;1f
D310 74 04 JE . L13.  ;shift2
G312 3C BA ‘ . : CMP AL, NBAH :released,
1314 75 08 _ JNE Lid - ;set
0316 €% 06 0014 R 00 90 L13;: MOV GPT,O0H - ;gpt=0
n31c €3 ' L14: _ RET ;and return
3310 FULL2 ENDP

’ . .buff full on ctr! code group
031D ‘ FULL3 PROC NEAR :
0110 3T 9D CMP AL,9DH  ;1if ctri
grigr 75 06 JINE L1% ;released,
1321 . 6 N6 0014 R 00 90 MOV - GPT,0H ;set gpt=0
wiz7 C3 L15: RET ;and return
0328 FULL3 ENDP
;buff full on num lock code group

03528 : : FULL4 PROC = NEAR
niza  ac 45 o ' . CMP AL,4a5H :1f num lock
0324 75 06 _ JNE Li6 ;oressed agatin,
n32C <6 06 N014 R 00 90 MoV GPT,0H ;set gpt=0
0332 €3 ' ~ L16: RET ;and return
0333 : FULL4 ENDP
0333 ~ : “CSEG  ENDS
0000 . : - DSEG ~ SEGMENT BYTE

0000 00 F 0B 0 int set flag
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(UREENAY 10°L ) . . BUFF DB 16 DUP(G}Y ;code buffer
oo . '
]
0sil 3000 ' _ . WPT DwW 0 jwrite pointer ..
0413 00 A CTR OB 0 ;code counter
1014 00 . GPT 03 0 : ;group pointer
aois 0900 ' _ RPT DW 3 ;read pointer
;jnormal group code table . .
na17 00 - CODEOD DB 0 -
Gols LB 31 32 23 34 35 DB 01BH,031K,032H,033H,034K,8
: ' 35H,036H,037H,038H,039H
: 36 37 3839 _ ' ,
6022 20 40 BR.08 00 6A 0B 030H,040H,0BBH,N0&H, 000K, 0
- - 6AH,045H,021H,060H, 0SFH
4% 21 60 5F .
onz2c 5% 59 5L 68 52 69 LB 055H,059H,05CH, 068H,052H,0
' © &YH,05EH,000H,000H,046H
5E 00 00 46 ‘
0036 5t 50 57 5B 66 6B DB 051H.0%0H, 057H,058H,066H,0
B 6BH, 065H,054H,041H,067H
£5 54 41 67

7040  A5.00 6C 4E 4F 4D 0B NASH,000H,06CH,04EH,04FH., 0

4DH, 043H,D4BH, 048K, 05DH

. 43 4B 43 5D .
0044 58 42 6D 00 B9 00 DB 058H,042H, 06DH, 000H, 0B9IH, 0
. 00H,020H, 000H, 000H, GOOH
.20 00 00 00 .
0054 GG GO 20 G0 00 00 DB 000H,090H, 000H, 000H, 000H, 0
' NOH, 0004, 000H, 000H, 000H
GO D0 0D 00 . S -
205E 90 0D 00 40 40 00 DB 000H,000H, 000H, 040H, 000H, 0

00H,000H, 0B3H, 000H, 000H
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anea

n06B
- 008C

0080 -

0n8aA

094

G09E

noAH

0050

00BY
norco

0da
iin

no

00 73

B4

BF

G0
0

60 B
aDl

4a
00

B3
00

BC
C4q

00

7A

00
64

77

00 z

4C 7
4A -2

0o
a0

04
no

G

Al

BD

B9
B3

2C
7B

0o
79

oo

a0

0o

no

=

o
&

oo

Bl

BE
ns

71

AD

23
2E

00

00

00
40

0o

A

Page 1~
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000H,000H, OFFH

;shiftl group code table

Assembler , Version 1.27°
15
0B
CODEID Db

‘Bz B8 DB

-0
000H, 04FH, 0BDH, 0B1H,DB2H, D

BBH, 0B4H, OBCH, 0B9H, 0BEX

no 26 DB

NBFH,NC4H,0B3H,008E,000H,0

26H,070H,000H,02CH, 07EH

76 25 DB

078H,07AH,07BH,024H,076H,0

25H,070DH,000H,000H,071H . :

22 27 DB |

ONOH,064H,079H, 0AOH, 022H, 0

27H,029H,077H,06EH, 023K

75 74 DB

05AH, 00O, 028H, 02EH, 0754, 0

74H, G6FH, 04CH,072H,07CH

po 00 . OB

049H,04AH,02AH,000H,000H,0

00H,020H,000H,000H, 000H

00 00 DB

000H,N0GH, 0004, 000K, 000H, D

00K, Q00H,0N0H, 000H, 000K

00 Qo u)c

000H,000H,000H, 0401, 000K, 0

004, 000H, 0B3H, 000H, 000H

DB

000H, 000, OFFH

;shift2 group code table

_ ‘CODE2D DB
B 3C - DB

0 .
000H, UBSH, 0B6H, 03AH, U3BH, 0

3CH, OBAH, DAFH, 0BOH,0COH
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0GCA

0nog

N0ES

NOF2
NOFC
n106

LLif)

i

Mz
J114

0128

AD

. AC

no
35

—

44
56
20
a0

00
a0

ne B
ng

01

0n

.00
00

00
no

00
AR

A2

G0

AA
AB

00
00

00
an

00

00
0o

00
00

j=30]

2 C3

AE

A7

an
A3

A9
73

00
no

00
0o

an

-

)
0n
00

o0
oo

Co

038

00
2D

47
AB

B7
63

0o
no

0o
00

0n
40

o

53

00

Al

0o

00

no

0o

00

0n-

00

no

0o

00

no

no

30
00
62
00
00

00

0n
no

nn

16

DB

00H,02BH,061H,

BB

30H, 0ADH, 000H,

DB

O00H,0N00H, OAZH,

DB

62H, 044H, 0AAH,

DB

00H,020H, 0004,

DB

0NH, 000H, 000H,

DB

00H,000H, OB3H,

B

Page' 1-
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OCLH,0C2H,0C3H,008I1, 000K,
OAEH, 00CH

000H,0A4H, 0A714, 020,053, 0
000K, 047H

OACH,0ABH,0A3H,0A6H,0004,0
000H, 0B7H

03EH,000H,02FH,063H,0A1H,0
0A9H,000H

056H, 0ABH, 07 3H, 000H, 000K, 0
000K, 000K -

000H,000H, 000H, 000H, NG0H, )
000H,000H

000H,000H, 000H, 040H, 000H, 0
000H, 000K

000H,000H, OFFH

;etrl group code table

COLE3D DB
DB

00K,000H,000H,

DB

00H,000H,000H,

0B

00H, 000K, 000H,

0
000H, DNOOH, O0OH, GO0, 00NH, D
000H,000H

000H,000H,000i, 000!, 000K, ]
000H, 000H

000H,000H,000(,000K,000H, 0
000H,000H



~
Y

M

19

n13c

0L45

0120

NiSA -

0;64
BLa7
Hio8
n172
nizc

0186

190

{0
no

a0
an

¢o
nn

00

S no

00
00
o0
o
an

04

0%
o0

nrosoft

0n
0N

un
nf

Uy
0n

00

nn

an
no

no

0o

0o

00
G0

0a
00

6o
00

0o
no

MACRO Assembler

D]
nn

0o
00

06
no

00

00

00
no

oo
00
00

on
Lo

01
a0

00
NG

]
0o

00
no

iy
on

nn
00

00
on

00

0o

00

00

00
00

00
oo

0o
0o

00
an

0o

00

no

00

no

00

00

no

.00

00

00

1o

no

00

0o

)]
no
0o

00

na

Version 1.27

17

LB
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000H, NOO0H, N0, 0001, 000i,0

00H,000H,000H,000H,000H

DB

DQOH,ODDH.DOOH.DODH.OUUH.D

OCGH,000H,000H, 000H,000H

LB

NONH,NNDO0H, 000, 000H,000H,0

00X, 0004, 000H, 000H, D00

DB

000H,N0NH,000H,0N0H, NN0H, 0

00H,000%,000K,000H,000H :

DB

000H,0N0H, C00H, 000H, D00H, 0

00H,000H,000H, 000DH, D00H

DB

"ON0OH, 000H,000H

;num lock group code tabie

CODE4D DB
DB

0 : o
000K, 000K, 000H,000H,000H,0

00H,000H,000H,000H, 000H

UB

NO0OH,000H,000H,000H,N00H. O

00H,000H,000H, 000H, 000H

DB

OnNH,NO0H, 0N0E, D0NH, 00011, 0

(0%,000H,000H,000H, 0004

0B

N00H,HONH, 000H, 000H, G0DNiL, 0

netH, 000, 000H,000H, 0004

DB

000H, 000K, 000H,000H, 0004, 0

noH, 0005, 000H, 000H, 000K : :
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D194
H1A4
NiAg

nizs
01585

0n
no

£n
nG

04

37 3

0o
00
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00

00.

&40
nn

Lo
39

Al
-t

0o
G0

00
oo

00

41

32

00 00

0o

0o

Fage 1-
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DB VOODH,DOOH,OOOH,OUOH.ODUH,U'
00H,0005,000H,000H, 000H

DB 0D00H,N00H,000H,000H,000H.0
G0H,000H,000H,000H,000H

DB 037H,038H,0391,04011,0381,0
35H, (36H, !B3H,031H,032H

R 033H,030H, 08aH
DSEG  ENDS :
" END
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Seaments and groups:

Name Size alian “combine class
CHROUE ' GROUP
CSEG 0333 . PARA NONE
LSRG 01BB "BYTE NONE
Symbols:
Namne Type Value Attr
AL L o Lo _ L NEAR 0160 CSEG
SEEE . . .. e N PROC 0155 CSKG Length =00
13 .
BECLL. L0 0 o 0l N PROC 027C {5FG Length =00
' 42 '

'
i
3
-

BYTE 0001 DSEG Lenath =00

10
c1 ' L NEAR D01B& CSEG
c2 L NEAR 01BF CSEG
C3 L NEAR '01C8 CSEG
c4 L NEAR 01Dl CSEG
Cs L NEAR OIFE CSEG
76 . L NEAR  022B - CSEG
C7 L NEAR 0250 CSEG
CE oL " L NEAR 0275 CSEG
CooE . F PROC 0000 CSEG Length =00
66
COLEE, . F PROC - 0066 CSEG Length =00
. 78 -
CODED . N

. FROC 0148 CSEG Length =00
50 :
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CODEDD .

COnE:

CODE:D |

CODEZ.

CODE2D .

CODES,

CODEZD .

COD=4 .

™
Is
171

i O
o

[V

e ST A I 5 IO B i

mbols-2

2D

a5

A41
.OF
oF
.UB

B .

77

ZoCoee ZC r

s

z

| o S

BYTE
FROC

BYTE

. PROC

BYTE
PROC

BYTE

-PROC

BYTE
BYTE
BYTE
NEAR
FPROC

PROC
PROC
PROC
PROC

BYTE
PROC

NEAR
NEAR
NEAR
NEAR

n31D

0328 .

0014
00DE

0289
02FE
0307

030D

Page

-DSEG

CSEG

DSEG
CSEG

DSEG

CSEG

DSEG
CSEG

SEG
DSEG
DSEG
CSEG
CSEG

DSEG
CSEG

CSEG
CSEG
CSEG
CSEG

oY
iN-n%-66
Length =00
Length =00
Length =00
Length =00
Length =00
Length =nn
Lenagth =00
Lenoth =00
Length =00
Lenath =00
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L13 L NEAR 0316 CSEG

L14. L NEAR 031C CSEG

L1%. L NEAR 0327 CSEG

Lik. L NEAR 07332 CSEG

L2 L NEAR 0296 CSEG

L3 L NEAR 02A3 CSEG

L L NEAR 02B0 CSEG

L% L NEAR O02BA CSEG

Ls L' NEAR 02DD C5EG

L7 L NEAR D02EB CSEG

La L NEAR OZEF CSEG

L9 L NEAR " 02F8 CSEG

N L NEAR 00C6  CSEG

N1 L NEAR 0109 C5EG

Nz L NEAR 0116 C5EG

N3 L NEAR -0123 CSEG

N4 L NEAR 0130  CSEG

NG L NEAR 013D CSEG

R L NEAR 0179 CSEG

NT L NEAR 002F CSkEG

HTSF . L NEAR 0094 C5EG

PEET . N PROC 0168 CSEG Length =00

20 P '

= L NEAR 0061 C3EG

i L NEAR 00D9 " CSEG

=i L NEAR 0147 "CSEG

R2 L NEAR 0187 CSEG

23 L NEAR 01D7 CSEG

=4 L NEAR 0204 CSEG

RE L NEAR 0231 CSEG

=B L NEAR 0256 CSEG

w7 L NEAR 027B CSEG

AF L WORD 0015% DSEG

BN
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WeT. .o o000 s L WORD 0011 DSEG

Warning Severe
Errors Errors

0 0

LOACing SAlalh

Warnino: No DTACK seqment

Start  Stop Length  Nane . Class




6.6.5 Calling The Code Reading Subroutines
' i
The two code reading subroutines and the interrupt handling

routine are wrltten in assembly language as a SLngle source’

file. The source file then assembled and llnked with /H sw1tch
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 memdry,
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, i£ is found that
the file is loaded at the segment address 3FAOH. The offset
address of the code reading subroutine, which waits until aﬁy
code is available in the code buffer, is 0000H and that of the
code reading subroutine, which returns with etatus 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 speéify the segment
address of the subroutines and to load the subroutine code

into memory:

DEF SEG = &H3FAQ

BLOAD "SUBRT. EXE",O ' '
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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 = 0

CALL numvar (argu)

where the numvar 1s any numeric variabie wﬁich is assigﬁed the
valﬁe of the offset address of the called code reading subrou-
tine. After returning from the subroﬁtine, the argument Qill
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 whethér 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 1is assigned
the value of the offset address of the calledlcode reading
subroutine. After returning from the subroutine, the first
qrgument will contain the BCII code read from the code buffer,
if any,and the second argument will COntain the status, i.e.,
the.O value of the second argument indicates that no code was
found during subroutine call and the 1 value of the second
argument indicates that a code is passed from the code reading

subroutine,



o
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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 aQailable Bengali key-board in Bangladesh-the 'Op£ima_
Munir' key-board is completely unsuitable for computer eppli-'
catiohs. 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'fepresented in
linguistically acceptaele form and the same characters can be
represented in various soft-copy and hard-copy printing devices,
The number ef 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 l?fe~cycle, the need for
a linguistically acceptable theoretical framework for sclecting
the key-board primitives is felt. Such a thecoretical framework
;s developed and the total character set used in Bengali script
has been identified. The identified Bengali characters amouet

to 434 which is too much to be accomodated.ih a handy size

o,

e
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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 compute% 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 selgcted set of graphic éymbols'should be
sﬁch 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
number 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 éraphic symbol set is required to ﬁap.all the Bengali
characters in their conventional letter press form. But a num?.
ber of notable problems have been identified which mékeé this
approach inconvenient. One of the notable. problems of this
approach is that this approach will not be cénvenient for real-
time applications. Another notable problem will arise with
this approach that representing these huge number of graphic
symbols in various hard-copy printihg devices and in mechanical

and electric typewriters will be difficuilt.



"To overcome the shortcomings of thélsoftware 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-
tién'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 éymbol_set, need
for the standardization of shape of the Bengali characters i,
felt.lAs 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-
' pliciiy and eaée of computer implementation, shapes of some of
the leés frequent unusual shaped compound byanjana varnas have

been simplified in the linguistically acceptable form. Based on



this assumed graphics, a 131 graphic symbol set has been selec-
ted where each oi the graphic symbols has its own lexical
identity for providing the opportunity of lexical analysis

by computer.

Based on the statistical analfsis of frequency of
occurrence of the 131 selected Bengali:graphic symbols, twd
key-board lay-outs have been deviced- one with 56 main Kkeys
and other with 47 ﬁain keys. The key-board ;ayAOut 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 aé Bengali key-board.
Placement of the graphic symbols on the key-board is so made
that the load is equally distributed on all the aétive fingers
and at the same time the key-boérd 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
ariseé,with the Line printers and Daisy-wheel printers. For-
tunately, a set of 95 impression symbols has been selected
by which all of the Bengali graphic symbols, except rarely

used #,&, @ and _ special graphic symbols, can adequately



be generated if superposition is alloWed. These 95 impression -
symbols with a space totalliné 96 symbols can be represented.
in typically used 96 character Line prihters and Daisy-wheel
‘printers. In Daisy~wheel printers, the speed penalty will

not be much pessimiétic because the average no. of superposi-
tion/character is statistically estimated to be 1.3205. But
the speed penalty for a Line printer Qith 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 327ASCIi standard control codes have been encoded using
g-bit coding scheme. In serial data communication systems with
cépability of handling 8-bit characters with additional parity
setting, this 8-bit code can be used airectly. In'serial data
communication system, which héndle 7-bit charaéter withlparity
setting at the 7th bit and in parallel data communication sys-
tems where the 7th bit is used for parity setting, a code
mapping schemé has been proposed such that the parity can be
set for error checking. It has been statistlcally 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.



As no industrial back-up is still available in Bangia—
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 coqfiguration of these key-boards
allow to implement the Adapted BCII key-board lay-out with these
key~boards, but the nature of the key—béard operation and the
code generation mechanism are required to be cbmpletely chan-
ged from_the existing key-board operation and the code gene-
ration mechanism. As the évailable 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—boa:d. This algorithm bpypasses the ofiginallkey-board
handling routine of the concerned micrbCOmputer and chaﬁges
the nature of the key-board operation as needed by the ABCII
key-board for generating the BCII codes from the adapted
key-board. Iﬁplimentation of.this algorithm providés the
opportunity of .adapting the-existing key=-board ofJany available
microcomputer without changing any hardware configuration.
Thislalgorithm has been experimented with IBM PC microcompu-
ter. The IBM PC is chosen for the present experiﬁentation
because a number of microcomputers, manufactured by other
manufacturers, are available which are_compatable with the
,iBM PC. The selecticon of tﬁe IBM PC will providé the opportunity

of implementing the developed routine based on the developed



aléorithm in a variety of microcomputers. Two key-board hand-
1ing 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 ianguage with
providing the provision that the fbutine can be called from

" any processing routine, written in BASIC langﬁage, 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 Bengall key-board, the following

future research works can be carried on:

1) 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 convefsion and interrupt
management support as required,'can be developed with
required software support for thelBCII key-board
lay-out having 56 main keys such that the'developed
sysﬁem can be interfaced with available microcom-

puter =vstems,



iii) Software routines can be developed for printing
the Béngali text in typically used 96 character
Line pfinters and Daisy wheel printers using the

95 Bengali Impression Symbol Set.

iv) Software routines can also bhe 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 developéd
for the BCII code mapping scheme for the data commu-

nication systems which handle a 7-bit character,

7.3 CONCLUSION

lThé key~board lay-outs have been deviced with the expec~
tation that each and every key-stroke will produce a uniguely
identifiable graphic symbol having lexical identity as well
as numeric code. All compound byanjana varnas and aksharas
are to be generatéd by concatenating the constituent Bengali
graphic symbols and superposing the «-fala only. More 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 freguent characters have been altered in the
linguistically acceptable form and this little sacrifice of
conventional graphics of these Bengali characters is intro-

duced to make the developed system 'optimal' from the view



point of implementation in all fhe fields of implementation
concerning computer applications, because the selected
graphic symbols can be repreéented in varicus typically
.used soft-copy and hard-copylprinting devices and the gra-
phic symbols have been encoded in an 8-bit coding scheme.

" Moreover, the seleétion of tﬁese graphic symbols and the
key-board lay-outs makes it possible to adap£ the .existing
english key-board of the available microcomputers as Bengali
key-board without any additional support. The proposed‘key—
poard lay-outs have been deviced based on the fregquency of
occurrence of the Bengall gfaphic 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 softwafe
routine has been developed for adapting the existing english
key-board of the avéilable microcomputérs as Bengali key-
board, which provides the opportunity of having a Bengéli 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-1l: 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
SYMBQL SET (SDBM) ( Gourhari Das et al., 1984)

-.SDBM No. of % of SDBM . No. of % of

Seq.No.Occurrence* Qccurrence Seq.No. O¢ccurrence* 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 0021 (56) 53 0.080
(27) ! 0.001 (57) 6 0.010
(28) 1 0001 (58) 607 0.910
(29) 2 0.003 (59) 146 0.220
(30) 2 0.003  (60) 93 0.140



~Table A-2 ({continued)

SDBM No, of % of SDBM No. of % of

Seg. No. Occurrence* Occurrence Seq. No. Occurrence* Occurrence
g _ (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 1 0.570 (101) 427 0.640
(67) Y 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 C(111) 26 0.040
(77) 3,698 5.540 (112) 246 0.370
178) 1,655 .12.480 (113) 80 0.120
(79) . 0 0.000 (114) 587 - 0.880
(80) 206 0.310 (115) 6 0.009
(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 “(119) ‘ 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 0.000
(88) - 173 0.260 - (123) 2 0.003:
(89) 146 0.220 (124) 6 0.009
(90) 5,780 8.660 (125) 73 0.110
(91) 46 0.070 - (126) 40 0.060
(92) 46 0.060 (127) 66 0.100
iiii | 9 9, 099 (128) | 0 0.000



TABLE A-2 ( Continued)

SDB5im No. of % of SDBM No. of % of

Seqg. No. Occurrence* Occurrence Seq. No. Occurrence¥* Occurrence
(129) 26 0.040

(130) 1 0.002

(131) 126 0.190 (146) 6 1 0.010 .
(132) 0 0.000 (147) 120 0.180
(133) 46 0.070 (148) 2 0.003
(134) 0. 0.000 L (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.



. APPENDIX B

FREQUENCY OF OCCURRENCE OF BENGALI CHARACTERS ( Prabir Kumar

Das, 1976).

TABLE B-1l: FREQUENCY OF OCCURRENCE ( ON THE BASIS OF 43,126 No.
OF OCCURRENCE) OF BENGALI CHARACTERS ( Prabir Kumar

Das, 1976).
Chara- No. of Occurrence % of
CEer*  pext29,725 Fictions Technical. Newspapers  Total occuri=
occurrence) {3,529 . Texts (1,000 {43,126 ence
" occurr- (8,872 oc- occurrence occurre-
ence) currence) C nce)
o 312 17 92 ‘5 426  0.9878
e 378 79 49 7 513 1.1895
3 488 75 105 23 691 1.6023
K 36 4 0 1 41 0.0951
B 209 5 35 14 . 263 0.6098
) 0 0 0 0 0 0.0000.
2 2 0 0 0 2 0.0046
\ 369 64 115 7 555 1.2869
W 9 0 11 . 0 20 0.0464
3 232 37 66 5. 340 0.7884
3 0 0 0 0 0 0.0000"
t 3,538 503 846 144 5,031  11.6658
£ 1,689 282 634 36 2,641 6.1239
3 1340 29 81 21" 471 1.0921
o~ 94 6 91 194 385 0.8927
o 73 4 30 3 110 .0.2551
. 103 3 41 2 149 0.3455 e
T 2,421 387 817 57 3,682 8.5376 }f

z - 24 - L2 .11 : 2 39 0.0904



" Table B-

1 (contd.)
- Charac- No. of Occurrence of
ter* Texts(29,725 Fictions Technical Newspapers Total Zig;r—
occcurrence) (3,529 Texts (1,000 {43,126 _
occurr- (8,872 (occ—-occrrence) occrre-
ence) urrence) nce)

Ty 479 21 145 21 666 1.5443
Y 46 2 9 1 58 0.1345
¥ . 1,524 263 389 30 2,206 5.1152
24 218 16 107 - 1 342 0.7930
oy 274 23 63 7 367 0.8510
| 33 13 24 0 70 0.1623
% 30 0 0 0 30 1 0.0696
b 200 24 24 6 254 0.5890
Y 260 20 49 7 336 0.7791
w 343 31 105 15 494 1.1455
gl 21 6 6 0 33 0.0765
B 0 0 0 0 0 0.0000
; kel 227 37 135 19 418 0.9693
% 65 10 22 0 97 0.2249
5 30 11 0 8 49 0.1136
G 20 6 3 0 29 0.0672
nt 218 5 102 1 326 0.7559
u} 1,380 88 360 8 1,836 . 4.2573
A 262 22 45 3 332 0.7698
17 607 53 185 15 860 1.9942
a 171 14 58 3 246 0.5704
n 1,392 131 300 38 1,861 4.3153



Table B-1 { Contd.)

B-3

Clarac- No. of Occurrence % of
ter * : .
Texts (29,725 Fictions Technical Newspapers Total 2§§2rr*
occurrence | (3,529 oc- Texts (1,000 (43,126 °J
: currence) (8,872 occurrence)l occur-
occurrence) ence)
- ‘698 37 282 27 1,044 2.4208
™ 43 9 15 1 68 0.1577
a 1,088 178 271 29 1,566 3.6312
G 187 16 43 15 261 0.6052
X 924 107 119 16 1,166 2.7037
b3 309 25 97 2 433 1.0040
2 2,123 258 518 47 2,946 6.831
= 765 69 175 12 1,021 2.3675
- 287 32 134 9 462 1.0713
R 99 2 60 3 164 0.3803
R 669 42 151 19 881 2.0429
) 639 26 146 10 821 1.9037
p 663 58 198 20 939 2.1773
"B 123 20 71 0 214 0.4962
G 3 0 .0 0 3 0.0070
] 40 1 68 1 1110 0.2551
2 0 0 0 0 0 0.0000
g 35 2 11 0 48 0.1113
¥ 59 11 4 2 76 Ql.l762
. 47 3 12 2 64 0.1484
@ a7 " 55 0 104 0.2412
£ 93 5 34 5 137 0.3177
% 2 0 0 0 2 0.0046



Table B-1 (contd.)

‘“Warac-— : No, of Occurrence ‘ % of
ar* Texts(29,725 Fictions Technical Newspapers Total occurr=
occurrence) (3,529 Texts (1,000 (43,126 SNC®
occurren- (8,872 occurrence) occurr-
ce) occurre - ence)
| : nce)

®5 0 0 1 0 1 0.0023
& 11 0 0 0 1l ©0.0255
- 18 0 0 0 18 0.0417
o5 4 0 0 0 4 0.0093
T 15 2 12 . 0 29 0.0672
2 15 0 1 -0 16 0.0371
3R 13 ' 6' 2 0 21 0.0487

) 0 ' 0 0 _ é . 6 0.0139
3 37 . 0 0 0 .37 ' 0.0858
178 7 0 7 O”. 14 0.0325
% 4 - 6 0 o 10 0.0232
3 27 0 13 0 40 0.0928
% 2 0 1 0 3 0.0070
£ 23 1 6 0 30 0.0696
) 12 | 8 0 0 20 0.0464
= 12 0 2 0 14 0.0325"
% 7 0 0 0o . 7 0.0162
e 4 0 5 0 9 0.0209
s 29 : 1 4 0 34 0.0788
2 4 0 6 0 10 - 0.0232
L 11 0 14 o 25  0.0580
! 2 1 0 | 0 3 0.0070
! 23 0 2 0 25 0.058¢C



.able B=1 (contd.)

B-5

Charac- No. of Occurrence of

ter* v'Texts(29,725_ Fictions Technical‘ Newspapers Total Zgzzrr—
occurrence) {3,529 Texts {43,126 -
occurr- (8,872 oc- occurrence) occurr-
ence) currence) ence)

A 11 1 4 16 0.037;
=5 13 0 3 16 0.0371
>, 5 0 5 10 0.0232
= 46 —5 18 69 0.1600
-9 33 0 1 34 0.0788
= 8 0 0 8 0.0186
% ‘ 13 0 o 13 0.0301
% .0 0 1 1 0.0023
) 29 1 19 49 0.1136
- 32 6 13 51 0.1183
R 2 0 3 5 0.01le
Sof 4 *3 4 11 0.0255
= 4 0 1 5 0.0116
] 5l 4 Q 9 0.020%
B2 3 0 2 5 0.0116
b 3 0 0 3 0.0070
- 5 2 2 9 0.0209
G 9 0 6 15 0.0348
L) 8 0 1 9 0.0209
3 22 2 7 31 © 0.0719
= 2 Q 0 2 0.0046
T 7 16 27 0.0626



'Table B-1 (contd.)

Charac- No. of Occurrence % OF
ter* Texts (29,725 Fictions Technical Newspapers Total Zﬁggr_
occurrence) {3,529 Texts (1,000 (43,126
occurr- {8,872 occurrence) occurr-
ence) occur- ence)
ence)

S 16 3 6 0 25 0.0580
a 27 2 0. 0 29 0.0672
T 4 0 2 0 6 0.0139
3 3 0 1 0 4 0.0093
) 23 2 12 0 37 0.0858
o8, 2 0 0 0 2 0.004e6
3 4 0 17 0 21 0.0487
+ 136 18 119 10 283 - 0.6562
T 339 19 163 10 531 1.2313
J 243 15 139 8 405 0.9391
3 23 3 18 .0 44 0.1020
2 15 3 0 0 18 0.0417
El 12 0 26 0 38 0.0881
k2! 31 2 0 0 33 . 0.0765
& - 32 8 #] 44 0.1020
I 0 0 0 5 0.0116
o 4 #] 10 0 14 0.0325
3 37 5 ) 0 48 0.1113
Y 10 0 21 0 31 0.0719
- 416 28 128 16 588 1.3634
} 298 108 _102 5 513 1.1895
3 154 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



rable B-1 (contd.)

*Note: Space has not been counted as a character.

“harac- No., of Occurrence % of
Lok * ) —
-ex Texts (29,725 Fictions Technical Newspapers Total Ziggrr
occurrence) (3,529 Texts (1,000 (43,126

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 0.4614&
' 2 2 7 0 11 0.0255
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APPENDIX - C

" OPTIMA MUNIR KEY-BOARD LAY-OUT

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

" (ASCll), Standard No. X3.4-1968 of the American National Standards

Institute.
Dby teolunm
rOwW 600 411]] 0 ull 100 113} 110 (N g
fhub by (hex) 0 1 2 3 4 h 6 7
OO 0 NUL DLY 5P v [ P * P
(30 ] SOH  DCI 1 1 A 0 a q
000 2 Stx De:ooot 2 B R b
1 3 ETX DO ] 3 c S c s
0100 4 EOT  DC4 S 4 3] T d 3
alot s ENGQ NAK ) 5 E u e u
0110 {] ACK SYN & 6 F v r. v
oLt 7 BEL ETB -7 G W 9 w
100 L 135 CAN { 8 H X h X
1001 9 nr [P ) 9 1 Y i ¥
1010 A LE o sun s : J z j z
TURE B v ESC + ; K { k {
nw - C Pl IS ’ < L \ 1 b
1 b} R Gs - = M 1 m 1
1110 1< 50 RS . > N - n -
it F stuUs o/ ? o _ o DEL
Control Codes
NUL  Nul IR Dita link escape
SOH Start of hewding D Device contiol |
STX Start of text pC2 Device control 2
ETX Lind of text DCA Device control 3
O Fad of transmission NC4 Device controt 4
ENC()  Enguiry NAK  Negative acknowledee
S ACK  Acknowledge SYN Synchronize
BT, el ; - LT End transmitted block
i3S Backspuce CAN  Cancel )
HT  Horizontal tab M tnd of medium
Le iine leed S5UB Substitule
VT Vertical tab EsC Fiscape
B Forn leed S ° File separator
R Carriape return GS Crroup separnitor
S50 Shitt oul KRS Record separatr
St Shift in Us Linit sepuritor

SP Space BT ielete or rubout

Al

N
- i i L I

arra™. LIRS
‘l-..‘”ﬂi{:—///‘

T S —



	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

