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ABSTRACT

- The basie fdea of the present'workfis to deﬁelop
different Indian iaﬁguages script on‘the‘CRT terminal ‘
'usihg'facilities'gf 8275 CRT5controller5 since the general
purpose CRT termlnal is used to 1mp1ement these languages,‘p
a monltor program is developed to suit all the requxrements.
'Extra hardware 1s added to the ex1st1ng CRT interface for
"developdng the scrlpts. Thls gives facility of many 1anguages
to be used in the system, There is PTUVlSlon for 8 1anguages

‘1n the present system. The 1anguages attenpted for the
present'work ar e, Engllsh, hlndl,iMarathl and Kannada.

;Keyboardsof these languages are’ de51gned aceu rglnrly,

| Next phase of thls work lS the Editor software. Thls
‘helps to correct the typed 1nfonnat10n. Edltor can work

A 1rrespect1ve of the language selected for use, For the‘
"developmeﬁt of Edltor, 8086 Mlcrocomputer kit is used.
(VMC-86/3 manufactured by VINYTLCS PERIPHARALS Pvt.Ltd)

Standard functlons are developed in the editor to oorrect

; the data.

. The prlnter 1nfaced is done in the prcsent'work to.
get the hard copy of the typed mfomat:.on. The languages
| 4that prlnter oan prlnt are, English, Hlndl,lﬂarathl, Software
program 1s developed to get printing in’ Hlndl and,Marathl. |
‘. Printer is used ;n the dot addressable graph;c mode for the

pUrpose.
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CHAPTER - 1

INTRODUCTI ON

1.1 GENERAL

Of all the achievements of the human mind, the birth
of the alphabet is the most momentous. Every SCript'has con~
tained the spirit of its age, of its people, of the inven-
fions and tools of that time. Almost every language has its
own way‘of) writting the scripts. This way of writting the

scripts changes as the ages pass.

india is the only counﬁry, which has an integration
of different‘languages and scripts, Different languages are
used in the different parts of the country for the communi-
cation, This communication is restricted to that particular
part of the country, Nowdéyg - computers are widely used
for the commumication. But English béing the only language
to use thése computers, other languages can not be‘communi-
cated through computers, Nowadays the use of Indian lan-

guages on computers is highly encouraged.

The basic philosophy of using Indian languages.on
computers, is to develop scripts for these 1anguages. Putting
these languages onto the computer has, for some time now,
’caught the fancy of résearcher. It is very difficult to
produce Indian scripts in a satisfactory manmer on computers,
This difficulty even increases if the COhventional ways of
implementation are used. The conventional way of implementing'

the English on the computer is simp&e'as it has fixed
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characters fonnét and each characfer is required sequen~
tially. But in case of Indian ianguages the script may be
of differéntiéize and shape. There are "matras' to put

on the scripts. Anthhis requires some special approach

to develop these languages on compauters.

1,2 NBEGESRITY  OF INDIAN LANGUAGES ON COMPUTERS.

In IndiaAthere‘are many languages used for communica-
tibn. The tradition of using the local langgage as an offi-~
cial language is sfill present in the Government sector.
Nowadays the oomputers>have entered into the government'
secﬁor as well. The combination of these two, that is to
use local language and also to use computers, makes it

necessary to develop Indian languages on the computers.

A :

Nowadays personal computers (PC)'-are available with
sophisticated softwares. This prompted the researéhers to use
Indian languages on it. According to MAHABALA [ 8 ] the use of
Indian languages-for the daté Processing is most desirable.
Computer society of India (CSI) haé chosen Information
Technology in Indian languages as a theme of CSI-88. CSI is
encouraging the Hardware and software development for Indian
languages applied for Information Technology. CSI is:also
tryihg~to-use the Indian languages as programming languages,
CSI is equally interested in the use of High level language in
English with facility to perfqrm_lnput/Output.in Indian A
languages.



The most essential thing for using the Indian languages
for data prooessing'is to adopt the standards, The stardards
needed are &egyboard standards, internal representation,

_ and data communication. Some - of these_etandards are given

by DOE Journal [ 9 1, - - -  ---

e s, -
N e

Some other works done in this area are briefly

enumerated below?

i) Prof Donald Becker of the University of Wisconsin,

has done extensive work in creating software that
prints out Devnagari, Telugu from IBM PC on to Toshiba
printers.

ii) Zhang Liansheng, a visiting lecturer at Berkeley
from Peking, has developed a Tibetan script for the

Macintosh microcomputer.,

iii) Hinditron Equipments manufacturing ltd. has developed

a bilingual software naned AALFKH,

iv) ORG systems has developed a multilMngual word

processor software,

1.3 SCRIPT DEVELOPMENT TEC-NIQUES

A script development on computer becomes the Ist
stage of producing different languages. Different techniques are_
tried by different researchers. Geosge L. Hart [ 3 ] when tried

to geﬁ the script of the Seuth,Indien.languages on APPLE~11
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- he faced many difficulties, Later after few years Magin-
Ttosh micro computer appeared, Using Masistoah George Hart.
developed Tamil and Devnagari script. Theiﬁacintosh differs
from other computérs-and specially for non-Roman alphabets.
For exampie, on mos® microéomputer, when"a' is Pressed
on the keyboard, the machine looks in ROM, retrieves the
pattern corresponding to 'a' and pats it at the current A
‘screen posifion. On the Macintosh, when 'a' is Pressed, the
" operating system lodks to see what the character ffont
(character set) is, what the current character size is; and
what the chafaoter attribute is, If it does not have that
font alfeady in memory (RAM), it loads it in from a file
called 'system', and then proceeds to print the character in
the desired pattern, using foutines built into the operating
system. | _
The process of implementing Devhagari and other Indian .
languages onlwaqintosh is relatively simple. It consists éf
defining a matrix mapping for each character, deciding width
and placement of the character and then patting that informa-
tion, a1l coded in the right format, call Yresource' into the
opefating system:using the option keys. The macintosh can.
generatef$the‘em many characters as a normal typewriter,
" The diffioulty of using this machine is thgt,”it is unsble
to write in Arabic script. The Arabic scripts doesnot follow
the alphabetic rule and hence did not get the place on the

computers easily.
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This method of developing scripts is used by mAarny
nanufacturers. All of them use the script in a graphics
node., Software paokages can be developed to produce scripts

m the computers. This method is relatively simple as the

script is predefined in the software.

The other méthod of developing a script on the
somputer is to use ROM as a character generatof. The required
sharacter pattern,is accessed by the systén gfter Pressing
:he key. This method is the most convinient but it requires

. Hardware modification in normal computers.

This ROM based displaying of script is done by
GARWAL [ 1] et.al. They hgve ﬁéed the CRT controller chip:.
his chip handles Roman script easily, but for other scripts
ome extra hardware is to be developed with this chip.
GARWAL [ 1] et.al. uses the method of composite character
eneration. Each ccmposite character is made up of a
onsonant and a matra The internal form of the text is
hat consonant is followed by the matras,. Six bits are used
or coding consonant and matras and fhe seventh bit is used
> signify the composite group., Bach group starts with 1 in
lag bit position and ends with a 0 in the flag bitvposition,
For eéch composite character all primitives in that
roup are fetched from 8275 by simulating a character pulse
ad are routed to different patterh PROMS » Figure 1.1
nows the way composite.front.shapes are  generated by

sing PR@ﬂ’outputs, and by shifting of matras.
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1.4 CONTRIBULION OF AUTHOR

The technique adopted in the present work is unique.
It differs from all other techniques used eériiér. The other
techniques were developed‘earlier~on the.speoial machines.
But for the present work the terminal’made\for English
languages is comverted for use in Indian languages., With-
out changing the available hardware, MMmp%zremﬁeto
develop Indian languages on it, The extra hardware is
interfaced with the available hardware, which makes the
terminal self controlled, displaying script. This technique
eliminétes the need of software package to display script -
through graphics.

In the present work the facility is provided such-
that the useg can use any one language out of thefeight
specified. The editqr software is‘prepared to correct the
typed information. The Editor develcped in the present work
is very simple to uée. Attenpts are also made to £€% the hard
copy on the dot matrix-printer. This system consists of CRT

terminal, microcomputer 8086 kit and a dot matrix printer,



CHAPTER -~ 2

| EXISTING, CRT INTERFACE-OF-VDT-?BS TERMINAL
2.1 BASIC GRT

On the CRT the imege is displayed which is generated
by the series.of 1inés éalled rastgr. This,display~is called .
the rastefgécéh,displayb Genefally; the béam(starts.from the
upper left hand corner of the dispiay and simulténeously
moves left to .right and top to bottom. This horizontal and
vertical mo&ement_ofibéam is controlled by two independent .
but simultaneadsly opérating circuits, Whiié_the electron
b eam is:moving.écbroés the CRT the third ci;éuit contréls
the flowing cﬁrrent in the'beam,'The brightness of the ﬁﬁége -

is proportional to this current.

When the beam réaches the end of a line, it‘is brought
back fo the begining of the next line at the rate which is
much faster than that was used to geﬁerate the line. ?his is
called 'Retrace. Retrace does not appear cn thékscfeen; As
the beam is ﬁoving across the soreeﬁ‘horizontally,'it is
also moviné aanward. And because of this, each successivé
1iné starts slightly below the préviéué iine.:When the
béém finally reaches the bottom right hand_cqrner/of the .
screen, it retraces back vert;cally to the top left cofnef.l
The total time taken by the beaﬁ to travel from top to
bottom énd’again,to fop isfeiered to as frame. The horizontal
isweep fréquenoy iS'decided'by circuitary which is in the

‘range of KHz, and the vertical sweep frequency is 50 Hz.



AS ‘the horizontal frequgncy increasés the number of |
‘horizontal lines per frame increases, Thus thé resolution -
on the vertical axis increases For graphic terminals and
special text editing témina:;s high resolution is needed.

_ The characters that are diép&ayed on the screen are
>f0rmed’by{a series of dots that are shifted:but of the
controllerkﬁhiie the electren beam-movés across the CRT
face. The circuits that create this timing are referred to
as the dot clock and the charécter clogk, The character
clock frequency is equal to the'dot clock frequency divided by
the numbcr of dots used to fann a character along the horizon—

tal axise

2,2 FUNCTIONING OF 8275

The 8275 programmable CRT controller has a function to
refresh the diéplay by buffering the informatioﬁ from the
main memory. It constantly keeps track of the dlsplay posztlon

on the screen.

2,2.1 DISPLAY REFFléEéMNG

The 8275 used. for specific screen fonnat generates a
series of MA rquestSLgnals which results ln the transfer
of a row of characters from display memory to. the 8275 s
row buffers. The 8275 has two row buffers. Whlle one row
buffer is belng used for display, the other 1S belng filled

with'the next row of characters to be dlsplayed; The number



of display charactcrs per row and number of character
rows per frame are software progremmable. The 8275

- requests IMA or CPU tc fill the row buffer that is not
'being used for display. It displays characfer rows one
at a time. The 8275 Provides special control eides which
~ can be used to minimize load on the software. It also
generates the cursoy, its position is software con-

trolled.

The 8275‘presénts the character codes to the
external charaotér>gonerator using its output signals
CCO=CC6. External dot timing logic is then used to transfer
the parallel output data from the character generator ROM
serially to the video input of the CRT, This chip has 4
line count outputs, LCO~LC3 which are applied to the
character generator to perform the liﬁe seiection function.
Lines are displayed one by one, For each display same process
ié-repeated. At the beginning of the last disblayed row, the
. 8275 issues an interrupt by setting the IRQ output line.
The 8275 interrupt output,will normally be connected to the
inteffupt input of the CPU, which causes the CPU to execute
the Interrupt Service Subroutine (ISS). This typical ISS
has to ferinifialize different parameters for the naxt dis~
play refresh cycle, and to execute appropriate functions.
The 8275 hés two types of programming registers, the
- command register (PREG) and Status Pﬁgisters (SﬁEG). The

command register can only be written into. The other one
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that SREG can only b¢ reads Generally the 8275 expects
command followed by a sequence of parmmeters (maximum 4),
The 8275 instruction sct consist of eight commands as

given in the appendix A=2¢

To‘éenerate display format the ~8_275 provides a
nunber of display paramet:rs. Display formate 1like 1 to
80 characters per row 1 to 64 rows per screen, and 1 to 16
horizontal linés per row can be used. In addition to the
refreshing of characters from memory to the CRT screen, the
: 8275 also controls the cufSof. The curscr pesition is
decided by X and Y cursor position registers. Any qdrsor

format can be used.
2,2,2 CRT TIMING

There are two timing outputs provided by the 8275
called HRTC and VRIC, These two timing eutput syncronise
the Vértical and horizontal oscillator in refresh cyele,
fhere is one more timing output called Video subress (VSP),
This VSP is active when HRIC or VRTC is active., This output
éends the blinking signéi to the.dot timing logic.

The light enable (LTEN) signal is used to enable

(O]

the video signal to the CRT, This output is active at the
programmed - Underline cursor position and at the position
specified by attribute codes. Another timing output High-
1ight (HLGT) is used to increase the CRT beam intensity
greater than normélly used.  The 8275 has aﬁother output

called Reverse Video (RVV) which causes the system video to
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be inverted. The‘dot timing logic is shown in the figure
2.1 and figure 2.2 , Basic requirement of the Dot Timing
Logic is to have a 11,34 MHz clock frequency. A éeparéte
crystal is used to generate this frequency. A shift register
'74L8166 and a counter 7418163 uses this frequency, This
generated 11,34MHz frequency is called Dot Clock. Using |
Dot Clock,counter 7418163 generates character clock,(CCLK).
Character clock is applied to 8275 to generate character .
counts (CCO-CC ). Using character count, character generator
finds character and sends it tc shift register, Shift

register outputs the character to video.

2.3 HARDWARE DISCRIPTION

The hecart of the CRT terminal is the 8085 micropro-
Cessor. The 8085 1n1t1$11zes all dGV1ces 1n the system It
progrems the CRT controllpr, ssembles characters to be
transmltted.‘lt decﬂdes The lncomlng charwcters and determines
'where the charact;r is to be placed on the screen. Thus all

the wuy CPU is qulue busy. Thg layout of hardware is shown

ln ‘the APP.L:NDIX." ALI-

‘The 8275 is used as ‘the CRT controller in the
system, 2716 is used as a charactermgenerator, It uses fbgr .
6116 chips. There provides 8K RAM area, Tt has - 4K ROM |
having addressrfrom 0000 onwards‘fpf the monitor Program, Tob
support the CPU these are some standardﬁLSI periphefal devices

arround 8085. Thewre afe three 825?5; one is used for receiving
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characters from the keyboard, another for RS-232 Main for
serial communication, and third one is used for auxilary

R3-283 gerial communication.

Two 8253 supports the control card to Prcvide clock

frequencies to different chips and circuits,

Other than sbove chips same chips like multiplexer,
Demultiplexérs, shift registers and buffers are used. All

peripheral devices are I/0 mapped.

2.4 SYSTEM QPERATION

| The starting operastion of the control card is to
initialize all the chips in proper mode of dperation. The basgiec
CRT system disgram is shown in the figure 2.3 .As the initia-
lization is Gvef*the CPU has to poll the 8251 connected tn
the keyboard €ontinusly  in local mode, and other 8251
in line mode. When the CPU receives the character it has to
decode it and to take appropriate action.While the 8085 is
executing the above program, it is being interrupted after
a particular interval by'the 8275, There are two interrupts
from the 8275 at different fixed time. These interrupt service
subroutines are used to refresh and tc load the rcw Wuffers

on the 8275. This ISS gives the status of the 8275,

Generally the perticular set of instructions is used
to rapidly move the.contents of the display RAM into the row
buffers of the 8275. These are nothing but codes of the display
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characters, These codes zre trénsfefred to the character
code Oubputs CCO- CC6b. These output 11ncs are connected to
the address lln s of the chﬂrgcter gener tor as* shown in
the figure 2+l Line count. nutputs LCO-LC2 of the 8275
are ccnnected to the anp?har ‘address lines ofatheﬂcharacter
generator, Line count catputs are used tb select the
line which has a character selected by the eddreés lines of
the character genaratof: Following the transfer{of the
first line to the othef timing logic, the line count
is incremented and then the second line of character row
is selected, Thls proo;ss of transfer is continued until
-the last 11ne of the row is transferred to the dot tlmlng

§

logic.

After the charhcter row has traﬁéferred to the dot
timing logic, the ddt timing logic latches the output of
the character generator ROM into'é parallel in serial ;ﬁt
synchirous shift register 7418166, Through this shift register
charactér is tra nsfurred to the video one by one blt i.e.
sbrlolly. Normally for ore character, shlft reglster has to
transfer seven bytes serially. The clock applied to the
shift register is fixed by the dot timing logic. Thus

continuosly 1t supplies the ch ructer lnput to the CRT
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2.5 FILLING ROW BUFFERS OF 8275

Normally the 8275 is used with the DMA controllers
In case of f£filling the row buffers of}the 8275, the IMA
‘transfers data rapidly. IMA controller incfeases a need of
additional circuitary. Need of IMA controller can be elimi-
nated by using interrupt driven routines'which transfers
data to 8275, For the present work.RST 7.5 1s used instead of
DMA controller,

~

The present system makes a use of SQOD line of 8085
This is used as a.special transfer bit, Filling the row
buffer of 8275 with the help of S0D line makes use of decoder
741,8157 Figure 2+5 , This decoder generates the required

signal whenever necessary,

To £fill the row buffer of 8275, a special technique
is used. This technique transfers data to 8275 using a set

of 40 PQP instruction, This transfers data rapidly.

Decoder 74LS157 along with the SOD forces 8275 to
write the data whencver necessary. As shown in the Fig, 2,6,
the input § determincs the data transfer alongwith B (low),
The S input of the decoder 1s SOD. The SOD converts the
prooessdr's read into DACGK and WR. It masks processor fetch
cycles from the 8275, so that a fetch cycle does not write
into the 8275. SOD functions along with S¢ of 8085 which is

low during read opcration,

As discussed carlier the data is transferred by POP

instruction., To read this data stack pointer is loaded with
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thét specified memory location while the stack pointer issaved
in DE register earlier, When the first POP instruction

Op code comes on the data bus,'the mask provided doesnot
write this data on 8275. The C?U’executes'this POP instruc- .
tion by reading data from the specified memory locations

When this data 1s on data bus, it tries to load the L regls~
ter, since the 8275 is ready to wrlte data, same data is
written into 8275 SLmultaneously. It the next read of this
_instruction, again the same process ocou.rc EXCCpt the
register filled is H. Thus for all the 40 POP 1nstructlons
data (read by CPU) of 30 bytes can be transfered to 8275
regardless of loading the HL 40 times. This process of trans-
fer is very fast as the same data is transfered to HL register

and 8275 simultaneously from data bus.

Thus whenever SOD line 1s high every memory read
machine cycle makcs WR and DAGK low for writting onto the
8275 buffer from data bus and inhibits this writting for any

operation fetch cycle,
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CHAPTER - 3

BT T e S ——

HARDWARE DEVELOPMENT

3.1 NECESSITY

The original hardware made for the CRT terminal is
for English language usage, This ,hardware has very limitted
facility as being used for general purpose, In the present
dissertation work multilangueges are used to display the
script on the CRT terminal, of course ,many cheracter
generators have.been used to solve the problém. for each
language a seperate character generator is used. This use
of many character generators necessiates the extra hard-
ware.

The original hardware is used only fd% English
languages The characters developed for this language are
of the fixed format and 6f lesser size.‘2716 EPROM works as
a charaéter generator, In case of Indian languages the
uniformity in the script is not these. So the character
developed for these languages have got a different format.
Other than this, Indian 1angqages uses matras., Becauée of
these matras the size of the cursor and corresponding
character to be displayed is of greater dimension. Though
}the format of the characters has changed to bigger one,
the number of characters to be generated are same. Hence the
character generator having more menory capacity (2732) has
to be used. This changed character generator requires some

extra hardware.



17

The selection of the languagé which is to be dis-
played is done through software only: For this perpose the

additionai hardware helps,

3.2  FUNCTIONING

The extra hardware developed supports the original
hardware, Because of this some more facilities has increaseds
The circuit diagrem of the supbporting hardware isAshown in
the Appendix-A4 This contains commonly used peripheral chips,

ROM, buffers and logic circuits,

A1l the data lines, power supply lines, address lines
are taken from the main CRT control gards ALl the data lines
address lines, reset signal, chip select signal, data lines
of the 8275 etec, are buffered to avoid the loading, Simi-
larlly all the output data of the character generator which

is input to the CRT is also being buffered,

3.2,%  GHARACTER GENZRATOR

The main idea behind this hardware development is
to suit all the reinremants, The first basic requirément is
to increase the size of the character, Such féoility is pro-
 vided by the 8275. Accordingly character generator has to be
changed. The charscter generator has an impdrtant role to plot
for displaying the characters., The character code data is
subplied to the.charécter generator frmn the 8275 as 7 bit

address and is shown in the figure 2.M4
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Normally'for English the dot matrix dimensions 6f
the character is 5{7. And this 5X7idot1natrix is aoodmo_
dated in the 7X10 fiéld on the CRT terminals These dimeﬁ—
sions are prcgrammables, For the standerd English keyboard
these are 128 characters to Be displayed. Thus coﬁsidering
the 5X7 dot matrix character size, 2716 can accomodate all

the characters,

In the present dissertétion work the character
field has been changed to 7Xl6, and the character size is
7¥16 dot matrix maximum, The character dimensions are changed
depending omthe language, For the English same standard

dimensions i.e, 5X7 is used but in the 7X16 field._

2732 EPROM is used as character generator for each
~ language, The working of the dharacter generator with the
8275 interface is very straight forward. The 8275 has‘four
line count outputs LCO;LCB. Théae are comected to the four
lower order address lines of the character generator (AO~A3).
Similarly the character count outputs CCO=~CC6 of the 8275
are connected to the A4-All address lines of the character
gonerator., The cheracter data from the manory location,
identified by the address is inputted to the video through
shift register,

Any character which is to be displayed is read through
the'charaqtér generator. The character generator basically

has a fixed bit pa“tern at different addresses. For the
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Present work since 7X16 dot format is used, 16 bytes

aré reserved for each character. Accerding to thg ASCIT

codes each character has its own address in the character
gene;ator CeBo 'A' in English has a ASCII code 41H, and

for 'A' the address in the character gencerator. is 0410 to
O41F. The bit pattern for '4' is shown in Fig, 3.2

From next location the bit pattern of the next ASCIT code
viz. for B, is stored., Thus only one character will be
accessed at a time. The bit pattern fof the 'gf ' letter in
Devnagari is as shown in the figuré 3+3a, Similarly for

all the characters of the different languages, bit pattern

1s arranged, For matras of the Indian languages also a bit
pattern is developed., This is shown in the Figure 3.3b.

Cfor "' of devanagari language. Once the bit map of the
identified character is obtained as explained, this fixed
dimensioned bit map (16 byte) is transferred to the shift
register, one after another byte. This single byte becomes

a parallel-input of the shift register, This parallel to serial
converting shift register is used for seven bit input maximum.
The seven bit_datq is sent to the VDU serially; This displaying
of one by one bit on CRT is at a very fast rate (arcund

11, 34 MHz).

342 42 THE DECODING LOGIC CIRCULIT FOR SELECTING CHARACTER
GINERATOR

. This logic circult is necessary for selecting the
character generator of different languages., This circuit

consist of a decoder 74LS138 which has a 1 of 8 decoding
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facility, This TIL chip is driven by the PFI 8255, the
port C upﬁer is used as the input to the decoder, The
necessary address lines; data lines, controlsignal lines
are takenout from the main PCB of the CRT teminal. A1l
these lincs are bufferéd before using thé same in the

character genergtgr unit fobricateds

The 8255 is progreammed in the monifor program of
the CRT terminales This is pregrammed in such a way that for
the specified keys, the bit pattern of port C upper
changes as desired, These Port-C lines are directly used
as %ﬁe input of the decoder Depending upon the status of
thege three input lines corrcsponding output of the decoder
beccomes low. This is the CE signal of the cbrresponding

character generator,

In‘theladdi?ional hardware the facility for eight
character generator is prcvided. For thege eight character .
generators, eight chip enable (C) SLgnuls are generated.
At a tine cnly one CO signal will be act1VC i.e. cnly one
| cheracter generatcr will be sclected, 21l other character

generatcrs has high CE signals and hence disabled.

3.2,3 QVERALL SYSTHM OPERATTON

The b“SlO syscgn operation without hardware developmnent
is  already explained ln the chapter-II (section 2 i), Beoause
of the additionalghardware the overall system operation has

changed to multilingual C.R,T. terminal. The circuit diagram
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of the overall system (Jnclumlng addltlonﬂl hardware

developed) is shown in the AppPendix-A4 That portlon of

the ex1st1ng hardware which are not relevant tc this

‘discertation are not shown-in this figure
The facilities given in the present system are
(a) Interface to microcomputer through the RS-232C
‘ Main port (existing).

‘(b) Language selection through software’(developed),

(¢) Increased dimension of the cursor and the character

to be displayed (develrped)

(d) Superimposition of the two characters which is

required in the scripts of Indian languages (developed).
(e) Two screen memories of cqual size are used.

The character digplayed on the CRT terminal uses
the principle of scanhing. These characters are formed on
the CRT using dots. Twc'diéplay RAMS (screen mcmories)varé
used for storing the-displaying characters, Firstly the
character received from the kéyboard is stored in the RMM,
The charaqter code decides in which RM to store the character,
From this display R&M,CPU has to send these characters tc
the 8275 whenever it demands, CPU takes the action according
to character ccde, If the code is for language selection then
it is not transmitted to 8275. The 8275 fills its row buffer
with the character code sent by CPU, and then scndsg code to

the cheracter generator, For the character generators this code
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isea.address of‘thelcharacter stored, The bit map correspon-
ding to this address is accesseds Thig bit map may be e cha-
racter to be displayed, Depending upon the character generator
lSeleoted fof use, the character may be matra:s The character
generator cutputs the one byte of character to the shift
register which transmits this serially tc the video Display
unit (VDU), One after anothor all bytes of a character are

sent to display, this forms a single character., .

Present systom works in such a way that it takes the
decision only after receiving two characters, This principle
is Quite useful for displaying Indian‘languages. After recei-
ving the first character it is placed in one display RMM and
the system is displaying alternating beth digplay RAMs, Since
only once RAM is having character and other one has blank codes,
the display somewhat flickers. When it receives the next
character, it decodes it whether to be superimposed on the
previous character. If this charucter is to be superlnposed
then it is placed in the sccend display RAM W1th the same
position as the first character has. Both the characters are
displayed alternately with a Zfast rate and seems to be one
character, If The second received character is not
to be superimposed on first character, fhen first character
is plaoed'in'bath the display RMs in the identical location,
The displaying of this charccter will be brighter as at bath.
the tine of alterﬁate displaying same character is displayed.‘
The second character is placed ih the next location of first

display RAM. Again the next character is che ckcﬂ for supc
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L4

imposition; placed in th’e'ccrresponcling clisplay RAM 4

This pfocess is repeateds For example displaying of

i'3—#; L‘;-" word, firstly ':},g-' is pressed, then it is placed
in Ist scraen memcrys When 3‘ is {%‘ess‘ed the systom

knows that hext charecter is not/be superimposed on
previcus cne. In beth the screen memsry '33"' is placed

in same identified location,' T is placedin next location.
of the first screcn memory and checks the necxt character.

Similarly 'qr' is placed and gisplayeds

In case of ccumposite characteres o gs 'u'ﬂ' tﬁe system
réceives first character, places it in first merncr'y As the
second character is matra it is placed in the same identi-
fied position of the secrnd screen memory, Both '¢§ ' and

' ' are displayed albternatcly and seams to be ' d; ', After

e

g

s 5 B .
receiving 'jg ' the word 'ﬂg is displayed,
! i ,
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CiR. T:MONITOR SOFTWARE DEVELOPMENT

4.1  GENERAL OVERVIEW

The soitware developed for the CRT monitor uses the
interrupt routines, All the available interrupts of the
8085 arc used for this purpose, The 8275 CRT controller works
‘efficiently with +the help of DMA controlier, however
since DdM,As ig not used in the existing hardware, the CPU
is loaded heavily., Since the existing hardware is modified.
in this dissertation, this dissertaﬁion'work does noé involve
DMA., The important functions of the CRT controller such as
refreshing the display, reading the data from the display
RAM, are done through interrupt driven routines., These
interrupts occdrs‘after every fixed specified time ‘and keeps
the display refreshed, Another interrupt is used to read thé

character received from the microcomputer,

Other software techniques used in this work are,

: alternatg displaying of the characters, seclcecting any specism |
fied oharacter generafor.‘The alternate displaying of the
character bacomes very important while, using the Indian
languages, In these languages matfas are present along with
the character. This a;ternatc'displaying is done using o
display RAM as explained in Chapter ~III, Different memory

pointers are.very cfficiently handlled in this software,
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4.2  SOFTWARE ORGANIZATTON

The software is organized in the following manneri
A Initialization of all the pointers, cursor position,

'display RMM location stack pointer,
ba The interrupt routines used in development work,

Ce Initialization of two display RAM loading blanks in
all memory location, Initialization of the 8275 and
all other used peripheral chips (8251,l8253,8255);

de  Receiving the character from the keyboard. Decides
whether received oharactgr is for language selection
ard if not then in which RAL 1% has o be stored. Decide
the position of‘the character on the display,QCalculation
of the-cursor position, Determiné the position in the
row and if iﬁ is 80Th character, mto carriage return
end Linefeed, These Process is repeated untill the 17th
row, At the end of 17th row scrolling is provided. 17
rows are used because of enlarged curser dimension to

accommodate Indian languages with'matras'.\

4,3  SQFTWARE DESCRIPTION

4.3.1 Initialization

In this part of the software all the memory pointers
used are initiaiized. Stack pointer is initialized aS.6FOOH.
Both the display manory arca are defined. One display‘mémory is
initialized as 2100H and another One-is 3100H. Thege are

available memory space in the oxisting hardware., Different
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pointers used in these sections are,

i) TPIES-l Starting address of Ist display meméry;

ii) TPDLS=2, Starting address of 2nd display memory.

iii) CURAD Current address of the cursor,

iv) CURSX Xwposition of the curssor.

V) CURSY Y;position of the cursor,

vi) LASTI Last address of the Ist display me@ory.
~vii)  LAST2 Last address of the 2nd dispiay memory .

After initializing all the pointers, theAdisplay memory
§pace_is blanked Qut by loading 20H in all memory locations,
I+t this is not done the CRT will display some unknown cha=
racters.

L

Next step is to initialize the 8275 chip. This CRT
controller chip has wide varicty of programming facilities,.
The 1listT of programming commands avallable in the 8275 is

given in the Appendlx=-A2 ’ The iﬁportant commands are

i) Reset comaand ¥ As this command is written, IMA requests
stops, all the 8275 inTerrupts arc disabled. The VSP output
is used to blank the screen, HRIC and VRIC aré not
affected. This command has four paranetér bytes.

Using these fourbytes 8275 is initialized,

1i)  Start display command s+ All the 8275 interrupts are

¢nabled, DMA requests starts and the video enable status

flag is set.
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iii) Load cursor command  This is a two byte command
which places the row number and column number in the

cursor positi n registers.

iv) Preset counters command This presets all the internél
Timing counters corresponding to a screcn display position

at the top left corner,

The details of these commands are given in Appendix, A=2

 Initialization of all the other peripheral chips is
then carried out. All the three converters of the 8253 times -
are used for genérating clocks necessary fér different circuits.
countero and counter? arc used as the T™XC and RXC of the 8251~1
and 82512 respecivively, 8251-1 is used to input the charaoter'-
code from keyboard to (RT while 8251-2 is used for creating
main RS~232C interfocce for the 'communicatibn with microcomputer,
Required clocks are obtﬁined by loading the counters proverty.
The mode and command Words of 8251 s are loaded as per require4
-ment. The interval resct of the chip is done threough programminé;
For the communication of the 8251-2; which is used as a é8-232 |
Main port, a;dwnmy-character Ol is used, for -transmission from
CRT to microcomputer, this dummy character climinates the

need of modan signals.

4.3.2 BST_5,5 INTERRUPT

Use of -this interrupt driven routine is very straight-
forward, For the present work the CRT is used only in the
on line mode, so what ever the character pressed is

displayed only after rcceiving back from the microcomputer.
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The job of receiving this cheracter from microcomputer

and storing it in tenporary location is done by.this
interrupt routine;_@eceiver ready (RXRDY) of the 8251

1s connected the RST 5,5 pin of the CPU, This pin senses
that a character has to be received anﬁ causes the corres- -

ponding ISS to be execcuted,

4,3,3 RST_ 6,5 INTERRUPT

This routine is used in conjunction with the 8275,
This ISS is a framc routine which occurss once every 20
milliseccnd, gince the frame is of 50 Hzy The main perpose
of this intermupt is to read the status of‘the 8275, IRQ pin of
the 8275 is connected to RST 6,5 Pin of the CPU,

This interrupt updates the CURAD pointer. This pointer
has a current starting address of the screen memory., Thus
’reading the status of the 8275 and updating the current

address is the main feature of this interrupt.

For the preseht work the RST 6,5 interrupt is used for
alternate display of the scrcen memory in addition to the
above two purposes, Fig.4.2 shows the working principle
of this routine. TAG is a- pointer which is initial;zed as -
Ol. In this routine after rcading the 8275 status the TAG
is checked. If~it ié not 01 then the first‘screen nenory
is refreshed., This namory is used to store normal characters.
A1l the pointers arc updated according to the first screen -
menory., The value of TAG is decremented so that in the next

interrupt the next scrcen mumory will come into picture,
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When the TAG has 00 value then it selects the
second to be refreshed scroen momory;uThis nemory is
selected by adding 1000 to first memory, while storing
the first memory pointors zs it is. Ail the commonly
used pointer are ncow updated according fo the second . -
screen memorys After this agéin the TAG is incremented

for the selecticn ¢f the first memory,

4,34 RST 7.5 INTERRUPT

The RST 7.5 does the functions of the DMA controller,
This routine transfers the data from the memory to the row

buffers of the 8275 rapidly.,

The rate of The execution of thig'routine depends -
upon the horizohtal frequency applied'to the CRT., At a time
this routine transfers a full row fro@ nemnory to the row
buffer. iﬁ this_proﬁéss the speed of transfer is important.
And hence a special technique with POP instructions is used.
In this routine the CURAD which is a address of the current
lihe to be displayed is transfcred to the stack pcinter
after saving the monitor stack pointer in (D,E);'The
stack pointer is pointing to the memory location having the
data to Le transfered, The POP instructions are used tc move
this dota to the 8275, Using fourty POP instructions a full
row is filleg. This.method cf data transfer is fully explained
in section 2.5, At the end ¢f this routine the menitcr stack

saved in (D,E) is transferred back to stack.
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4.3.5 CURSOR ADDRESS. CALGULATITON

Tc find the bosition of the curscr on screen, the
CALCU subrcutine is used, This rcutine tnkes the 7-position
of the cursor and colculates the X-positicn correspending.

The finel cursor position is obtained in the HL pair.

The next part of this:is to put a charagter on the

screen and to incremcnt the X~position of the cursor, On

the 8lst Decimal character this part of the progran
provides a autc carriage Return and Line fced, This process
is done by CHRPUT routine with the help of CALCU. One by one
the character is placed c¢cn the screen, The cﬁrrent position
of the curscr is always noted, At the end of the last row
. the‘first row is clearcd. Instead a new line can be added.
"This is a scrolling principle of the CRT terminal when the
last character cf the last row is reached the starting |
address of the first line is noted by LOCBO peinter. Using
this pointer the first line 1s cleored, To clear the line

a set of PUSH instruction ig used, CLLINE rcutine dces the
jow, This rcutine disables all.theinterruptsin the beginning,
It takes the starting address of the linc which is to be
cleared through LOC80 pcinter, Stack pointer register is
again made use of to transfer blank code 20H to the required
memory locaticn using PUSH H instruction forty lines current
SP content is saved during this process and restored after
this process is overs, The second line becomes the first one
after tae scrolling. If one more line is added then again
first line gets clearcd, This precess éan be repeated toc any

extent,
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While executing the-dbove subrcutine the care is
taken to know the X=~positicn of the cursoriy The autc carriage.
return and Line feed i's provided after the end of each line,
This process 1is done by subroutine, CGRT'and LNFD4 The CGRT
routine find the curscr X-position and brings.it to initial ;
positiony So in the next turn curscr Ccmeé to initial
positionAalong the X=direction, After this a linefesd werks
which inérements the curser Y-pogition by oﬁé; Thus the

‘curser ccme -in the next line of the screen display.

Other subrcutines which works in this part of the
software are LEFT ond ADK. The subroutine LEFT is used to
decrement the curscr X-position by one, This subroutine
doesnot affect -all other pointer, The subroutine ADX helps
to calgulate the line position as well as cursor X-pcsition

on the screen.

For getting the starting address address of each
line a look-up teble LINTAB is used. This lock-up table
has starting address cf cach line having 80 Decimal characters.
The starting address of each line in the second screen
menory is ob%ained by adding the offset of 1000H to each

of the gtarting addresscse

4,3.6 TERMINAL INTERFACE TO MICROCOMPUTER

The character whnich is tc be displayed on the
screen is received from the microcemputer. This means the
. . . N \ : .
CRT terminal is uscd only in 'on line'mode. The character is

displayed only aftir receiving the transnitted character.
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The terminal mcniter takes care that which character is
to be sent, ESCAPE sequence character are nct transmitted
vto the microccmputer as these are.used for the selection.
of langusge tu be used. Alsc at the end of each line a
auto carrlage Returq and linec fCud provided by CRT for
its 1ntcrnal use are not trunsmltted to th mlcrocomputer.
In the same way while receiving the characters from mic-
rocomputer the terminal Juesnot need a CR and LF after

80th decimal charactecr,

The character reccived from the microcomputer is
first eheokedwhether it_is‘to be placed in the first screen
nemcry or in the seccad cne., All the special characﬁers
like 'matras"are % be placed in the seccnd sorceen memory,
The monltor is developed in such a way to have a special
ohardcter only after a\normal one, Affer receiving ﬁhe
character from the microcomputer it is placed in first
-Screen.memory and displayeds IT is not displayed bn ancther

men ory untill the secznd-oharacﬁér is recelved and checked.
| Aésuming the first charactoer to be normal if the seeond cne
is also normal then the first character is placed in both
the screen memory in the identical location. So in the
alternate displaying, the same character is displayed
twice, On the cther hand if the‘sedund chﬁracter is a
special one (Viz. o Matra) then the first chargeter is

placed in the first