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THE PLATO IV STUDENT TERMINAI,
*1

-Jacky Stifle

Coordinated Science, Labora tory

and
4

Computer -based Education-,Research Laboratory

/(-

.1,

UniverSity of Illinois, Urbana, Illinois 61801

' ABSTRACT

; .

This report describes a graphics terminal designed:for use as

a-remote computer input - output' terminal.. The terminal features a

plasma display panel. seif7contained character and tine generators

and the Ability to communicate over voice grade telephone circuits.

7.

This'work was supported in party by the Joint'Services Electronics.
Program (U.S. Army, U.S. Navy, and U:S. Air Force) under Contract
PAAB-07-67-C-0199.,

1This report was originally titled, "A Plasma Dispiay Terminal," phen
published in March, 1970 and March,,1971.

4

A



TABLE OF CONTENTS
A

CHAPTER 1 - DESCRIPTION Page

1.0 INTRODUCTION 1

1.1 TERMINAL DESCRIPTION. 4'

1.2 AUXILIARY-EQUIPMENT 6

CHAPTER 2 -0PERATING MQDES

2.0 WORD FORMAT T, 8

2.1 CONTROL WORD 8

2.2'MODE WORD ...ti 12

2..3 MODE 00 13

. 4 MODE 01 /. 13

2.5' MODE 10

2:6 MODE 11

2.7 CONTROL CHARACTERS

2.8 ERROR CONTROL

CHAPTER 3 - TERMINAL GENERAT

3.0 DATA SOURCES -

3.1 OUTPUT WORD FORMAT

DATA

13

ti 15 -

16

4 21

22



CHAPTER 1 - DESCRIPTION

1,0 Introduction

This report- describes the student terminal ,(remote computer
,

terminal), designed for use in the PLATO IIVOomputeraided -instrliction (CAI)

system. Although the termina.IJs intended for use in teaching applications,

it has many features which make it useful in many other computcq- terminal

anplications. These features include:

1. An 8 1/2-inch square plasma display nnel.that is readable in a

brightly lighted room withoUt eyestrain.

2. Permanent storage of information on the display Screen without

flicker. 'Absolutely no refreshing of the display panel 'by the

compute is required:

)

3. Self-con aired character and line generatdrs,

4. A Character writing speed of 180 characte s per second and the

capability of displaying unto 2048 chary term on the screen.
.

51 A-11ne drawing speed. of 60 lines per secon0.

6. A character repertoire of'256 characters, 128 of which are

alterable via the computer program..

7. The ability to transmit.arid receive data on voice grade telephone

circuits.

.8. A random-access slide projector f'dF rear nro ection of stat.it

infOrmation on the display screen.

9. Additional input-outnut channels for the control of auxiliary

equipment.

10. An optional random-access audio response unit.

There are three general requirements Which'may he cased to characterize

a OAT computer terminal.

Fitst, the terminal must be capable f serving the'needs of a broad
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class of relatively. unsophisticated asersi most of WhOM:will be encountering
V

computer terminals for the first time. Userg might includei. for examine,.

grade school students studying drithMgtic or keography,..high school.stuOgnts

studying French Or Spanish, Andicollege,students-studying biology or chemistry.

.The terminal-must present information to each of these ugers.in a orm that

he.dan- readily understand.
;-.

Second, the terminal must be capable. of.remote operation via low grade

telephone lines. This requirement is essential:to permit the locating of
,.-

. .A'/ A V.terminals in widely separate schoold'wtthOut. the need-for expensive communi- .

i. . . . :
,,d,

cation links.

4. .-..'

Third, the terminal d4ould cost less"than.,$5000 to be competitive .with
. . .;-.

the present costs of education.
1. ./

,-,,

..,

11
J

4.
. , .

To megtihe first reqUiremenp mentioned above, the termini' must have

capahility. It must be able to piesent pictoral information such'
-'

/
Some typg-ofasmaps, graphs, circuit dtagrams, anatomical draWings; etc.

. .
../. .,

'1.inggenerator which can be used to genetate such objectsis thus required.
. ,

0,
a

A very versatile character generator,is also required. Thg terminal
.

. .,.

must be capable of displaying pot anly.upper and. case 'English alpha-
T v

W 0. .t
numeric characters, butealso forelgn languSge,characters and any special

6
symbols which may be unique to a particular subject under stab,. SUgh atr,

1

need implies a chardcter generatorWhoge repertoire can be dynamiially

altered-by. the computer.

The need tor operation over' low -grade telephone lines implies a limited

- -
D, Alpert and D. Bitzer, "Advances in'ComputerZased'Education," Science
March 20, 1970, Volume 167,'pp.'1582-1590.

t

ity
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available bandwidth 'of approximately 1200 bits/second. Such TarthandwidC0

necessitates local storage of information within the-terminal.

AF' .

Depending upon the data format used, anywhere froM 75K to 230K' bits of'

memory may be retluired to store images for presentation on a cathode-ray

.-tube (CRT) with 50 ling A-relativelyAligh bandwidth, typically

,4:5 MHz,. is required this memory and the CST 'to prevent flicker of
.

,
,

the image. -Past digital to analog (DA) 'converters maybe required to inter-

-f:ace.the terminal processi unit twthe CRT.
, .

Direct viewing storage tubes may be t ecl'Eo overcome the flicker problem

4 '

but thege devites suffer from low' bri:01.tnesa And-the inability to-perTorm
9 ,

selective erase operations on the displayed data.

2
k

The-use of a plasma panel, on the other hand, withp its inherent

memory, eliminates the refresh memory while preserving the sdlective.'erse
.

pr a.

n)nctipti. Betajse each point is 'Stored oat the panel as it is displayed,

, "tee terminal'electron4 need operate only fast enough to stay, ahead of the

1 ,

incomine:data. A pane writing rateof.30' KHz is adequate for this application.

The digital nature of the plasma panel also eliminates the need for any DA

Converters.

The thin transparent structure of the plasma panel permits the panel

t,o be used as a screen for the viewing of information in the form of slides

or microfiche which rcanlpe projected on the rear of the panel. Such inforTa-

l'

. ,

.

-R. L. Johnson, D. L. Bltzer, and H.'0. Slottow- , "The Deyice Charac eristics

of the Plasma Di lay Element-,' IEEE Transactions on Electron Devices,

1"CVol.D-8
...,

No. 9, September 1971, pp..642-649.1
,



tion can be stored in the terminal and projected on the panel, under computer

control, thus'providing a preseDtation of dynamic computer generated data
:

superimposed on static (slide) data. This local storage of static informa-

tion reduces the memory required in the central computer and at,the same time

results in more efficient use.of the communication link.

r.

4

4

1.1 Terminal Description

A block diagramof the prototype terminal is 4hown ip Figure 1.p., The

serial input port is designed to accept data erriYing at a rate of 1200

bits /second in the forth a frequency-modulated (fm) signal, which permits

the terminal to operate on voice grade'telephone circuit The terminal

word size is"20 bits and therefore the terminal word, rate

second. The terminal word fOrmat is discussed in Chapter

60 words per ,

The demodulator recovers the data from the fm. 'sisn and shifts the
t

data into the serial input register (SIR). After a full word has been

assembled in the SIR, it is.transferred to the Data (D) Register.

The 20-bit D register is,the distribution center 41 the terminal.,
)

From this register data may be transferred to'al1 internal sections of

the terminal as well as any, external equipment connected to the terminal.

_The 5 bit mode register (1) is analokous to the instruction register

in a digital computer. This,register directs the Terminal Control section

in the processing of incoming data. Terminal Control provides the timing

and control signals for controlling the flow of data within the terminal.

Four modes'of operation are available and are discussed in Chapter 2.

The data is displayed on a Digivue* Plasma Display Panel. This panel

*Trademark of Owens-Illinois, Inc.
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A

is a 8 1/2-inch square panel containing 512 addressable points along each

"axis or a total of 262,144 points. The- address of any point'on the panel

is specified by the contents Of. the 9 bit X and y registers. The outputs

of there registe'rs are sent to the decoding and driving circuits which,

drive the display panel.

The line generator contains the.circuits.used in plotting lines on the

panel. Lines nf any length may be diefan at the rate of 60 lines per second.

The character generator contains four memoriev'each containing the.

-)2

points for plotting °64 characters or total o f 256 characters. Two of the
..,

memories are read -only memories {ROM) and tgo are random access (RAM),
. ,n

In the latter case ,the memories are loaded by the computer with special

character or graphical. .data as required by the terminal user. Characters
I.

, .. c .
. . g

-are plotted'at a tate of 180 per second.
.,,

A 64 Character keyboard provides the terminal-operator with an input

link to the computer center. Data from the keyhoard is entered into the

serial output register iSORY.:4. From the SOR dta is shifted into the
.J , ,.'7 c4;

:4_

modulator where it is encodesd as an fm, ignal for transmission to the
. .

compute r center.

Three additional inputs Co the SOR are proVided. One port ,permits

T
Terminal Control to transmit terminal condition inforpation to the computer

.,0::'
q

while the other ports provide access to1 the computer center for externally
,

et, 'connected 'equipment..

1.2 Auxiliary Equipment

Three 15 bit output channels'-are pro bled to permit operation of

external' equipment.

i

..4
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,."
One channel is used to transmit data to a:rtuldom access slide projector3.

.

which can project slides on the rear of the plasma display panel. The-slide
. .

,
.

projecto will 'contain a 256 slide memory with ad' access time of .2 second..
. r

A eConcl channel maybe used to addre'ls an:audio response unit. The

audio unit will, upon command from the computer center, _play back a messaRe

the terminal 'operator, Up to 15 minutes of prereco?ded audio messages

may be available with an average access time of .5 second.

Other types of 'equipment.which might: he

4.

attached to the terminal

include printers, or other hard copy de;ices and various types cif data

acquisition and recording equipment.

3D. U. Bitzer, R. L. Johnson, and D. Skaperdas, "A Digitally Addressable
Randdh-Access Image Selector and Random Access Audio System," CEIL
Report X-13, Computer-based Education Research Laborato v, UnivePsity
of llinols, AugUst, 1970.

4Ihid.
I
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2.0 Weird Format

The date to be processed by the terminal consists of 20 hitmwords

with the format sho.w in Figure 2.0.

8

CNAPTER 2 - OPERATING MODES.

19 18 01 no

Figure 20 Terminal Word Format

Bi$.00

,Bits 01 - 18

Bit 19

Parity bit' -even parity

Data

Control bit - 0 control.word
-11 data word

terminal. Words may 'be of tOo types; control words and/or data Words. Data

words (c = 1) contain the,'data to be processed by the terminal while control

words-(a = 0) are instructions used to establish certain conditions within'

the terminal:

2.1 Control Word

The control.word format is shown in FigTee 2.1..

17 16.15 . 01 00

I 1

DATA
. ... .

Figure.2.1 ContrOl Word Format

Bits01 -15

Bits 16 - 18

Data-

Destination'of data within ;the
terminal
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D = 000 (NOP)

19 18 17 16 15 (- 01'00

0 0 .0,110 01 01

This word is a NOP (no-operation) iffstruction. The word is iLkit by

he terminal but the terminal condition is not altered in any way.

'D = 001 (LDM) Lciad Mode

1,9 18 17 1'6'15-14 13

0 0 1
1J

I c

07 06 05 01 00

WORD COUNT FA MODL WORD

,instruction loads the Mode register (M) with bits 01-J5. In

addition, if bit 14 (WC) is a .fir". the Word CountregiSter will be ioaded

with bits 07-13. .-The mode is described in Section 2.2 and the Word

Count in Section 2.8. Receipt of an LDM instruction while the terminal is in

the ABORT mode' will load the Wora.Count'register but will not atter the 40,101

register. Bit 15 is .used to actuate or inhibit external' devices attached to

the terminal'. Receipt of an'LDM instruction with bit 15 F 1will inhibit arl

inputs from external, devices. These Devices will remain inhibited until receipt

of an LDM instruction with bit 15 = O.

910 (LDC) Load Co-ordinate .

A

19 18 17 lb 15 11 1' 09 01 00

0 1 Ob., 'N':1X/11 X(Y)

This instruction roads the X register (bit_10 = 0) or the 1. register

Chit 10 = 1) with bits 01-09. 'Bits 11 -15 are unused.

A

= 011 (LUIS) Load Lcho

19 l3 17 16 15 08 07 01 00

ECHO
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This instruction loads the terminal output register (S0i) with bits

01 -07.. This word is then' transmitted bacleto the computer center.

Programming Note: This instruction should not be sent to the terminal

at a rate greater than once even' 32 words., (Once every 64 words if external.

4nput devices are present at the terminal.) Exceeding this rate may cause

erroneous data to be returned, to the computer 'center,

.D = 100N(tDA) Load Mem4y) Address

191,812 16 15

011 0 0r),-
-11 10 01 00

MEMORY ADDRESS

instruction loads the Memory Address Register (MAR) with bits

01-10. Bits 11-15 are unused. This data word specifies the first storage

addl-'ess.to he used upon entry into a Mode 2 operation.

,D = 101*1SSL) Load' Slide

19 18,1716 15 11 10 09. 03

1'

05 04 01 00

0 1V ALIS1 X
I

Y

This instruction is used to onerate ale slide project*. Bits 01 -08

select one of 256,slides for display on the plasma panel. Bit 09 controls

the projector shutter. For normal oneration this bit is always "0".

However, if this hit is a"1", the shutter will he closed and remain closed

until receipt of a load slide command with hit 09 = "0". Bit 10 controls.:

the ordlector 1ario. The laMn will he turned on if bit 10 is a "1%andoff

Ak
if bit 10 is a "O':.

4°:
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D a-110 (AUD) Load Audio

19 18 17 16 15 01 00

0 1 / ,, AUDIO-DATA , P

'This instruction is used to contx,o1 the audio respOnse unit. The

audio response unicrequtres two of these instructions per audio operation.

. -

The formats of each of these instructions is described below.

4

15 14 11 12
.

1 E

.

Y

.
.

TRACK
,

.

SECTOR

Bits 01 - 12

Bits 13 - 14 .

Bit 15

15 14 08 07

First audio
instruction

Specify the message:starting
address; bits 01 - 05 specify
one of 32 sectorscand bits
06 - 12 one of 128 tracks.

Specify playback or erase as.
_1A

follows:
__

00 - do nothing
01 - play message
10 - do nothing,
11 - record message

AlTlays "1". Tderitilies first
of two audio instruction

0
MESSAGE LENGTH
. IN SECTORS

Bits Ql - 07

Bits 08 - 44

Second audio
instruction

Specify length of message in
terms of sectors. One sector
equals ti 1/3-seconds.

Unused

Bit 15 Always "0" - identifies second
audio instruction. .

I 16
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D.= 111 (EXT) Load External Channel'

19 18 17 16 15

1011 1 1

01 00

EXTERNAL DATA

This instruction transfers bits 01 - 15 to any equipment attached to

the external output channel of the terminal.

2.2 Mode Nord
0

For each mode of terminal operation there is an associated mode word

which directs the tetminal.prbcessing of incoming data. (Ince placed in

any given mode-the terminal remains in thatimode until receipt of a new
vv.

LDM instruction. The'mode word rmat is shown in Figure 2.2

-at

05 04 , 03 02 01
,

M1 . . M
0

W/E
1

..

W/ Eo ,

Bit 01,

Figure 2.2. Mode Word Format

Screen Command. If this bit is
a "1", the entire display panel
is erased at the time.the Mode
Word is loaded intp the M register.

Bits 02 - 03 Select, write pr erase function as.

0

1

wqo

Bits 04 05

follows:

Erase

Write

Write; suppress all bickground erase:
perations. This operation is
escribed in more detail in Section
.6.

,1

y .

pecify operating mode

F.
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2.3 Mode 0Q..

A
'Mode Q is a Point-plotting mode. Each mode 0 data word (Figure 2.3)

*

,

* .-_- : f
\specifies. the address-, of a- poi.,4t on the panel to bewilitten or erased. The

WM
0
lit in the mode word derertines which operationAs performed.

-19 1 10 ok,,_

Li
X

03. 00

Y
API

Figure 2.3 Mode 0 Datp.Word
e7"

2.4 Mode 01

'Mode 1 is a line drawing mode. each data'wOrd, Figure, 2.4,,s0ecifies

the terminal coordinates of a Tine,.

X and Y registers.

the origin of which is ccntained in the

Figure 2.4.MOde 1 rata Format

/.-

The terminal point of a given line is also interpreted as the origin
.

. % ,

marbe reloCated, how ter, by the,use ofof the net line. Line origins

the LDC command.without'exiting from- Moyle 01:
I -. '

An example of. a.Mode,01 operation Is.shOwn in Figure 2.5,

2.5 Mode 1N

Mode '2 is a,load terminal memory mode. Each mode 2 data wort (Figure

4

Z-4

2.6) contains a 16 bit word to bestored in the memory loca)eiori specified

.

by the pre Sent contents of the memory address 'register (MARY Up to 1024

16 hit words may be stored in 60 terminal. After the data has been stored



1.9 18 17 16 15 11 10 09.4

14

01 00

, G LDC Ao xo P

L D C //MA 1 YO P

[ 1 X1 Y1

X2 Y
,

P

1 X3
4

Y3 P

I

1

LDC 017///il 0
P

\O L,DC WW:// P =

X5

1 X6[ - . Y6 P

4-,

1

DATA

_Figure 2.'5 Mode 01 Example

9.

DISPLAY
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19 18 17 16 01 00

MEMORY DATA WORD'
(

Figure 2.6 Mbde 2 Data Word--

the MAR is automatically incremented by 1. Thus, data may he stored

,

sequentially in memory by transmitting only Mode 2 data words. The contents

of the MAR may be changed at any time via the LDA instruction.
-

The data, when diSplayed on the panel, anpears as a vertical ppliimn

with bit 01 at the bottom and hit 16 at the top. The stored data is

displayed via Mode 3 Which is described to the next section.
0

2.6 Mode 11

Mode 3 is a character' plotting riode, The data words in this tede

contain three 6 bit character codes as shown in Figure 2.7.

19 18 13 12 . 07 06 01 00

1 (.K CHAR 1 CHAR 2 I CHAR 3.

Figure 2:1 Mode 3 Data Word

Pouf 64,character.memories are proYided in the terminal. Mbmories M0

- and M
1
are read-only memories (ROM) which contain the characters' shown in

Table 2.1. Memories M 9 and m
3
are random access memories (RAM), each con-

.

taining 512 x 16 hit words,,the contents of which are'loaded via mode 2.

51*,-

The contents of M
2
and M

3
are processed'bN, Mode 03 as 64, arrays of 8 x 16

bits each. The contents of 8 consecutive' addresses are displayed as one

character. All Characters-are displayed within an 8 x'16 matrix as ShoWn

in Figure 2.8. 'The top,three and the bottom rows of the matrices for all

characters from yM0 and M
1
are always' unfilled.

20.
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16,

wasio1111MINIIIIIIII
mismasi.111111

1111 111111111:9II g11 MOM NI1111111
11111111gf1111 IN11 11

, A
Figure 2.8 Character Matrix

%
0

Chatacter write/erase is controlled by the rite/erase bits in the

mode _word. If W /E0 = 1, characters are written; if WE() = 0, characters are

erased.- If WE, = 0, the b ckgrouhd or normally unfilled portion of each

character matrix Mill be erased, if WE
1

=i1 the .batkground remains_ unaltered.

UP to 32 lines of farchracters each may be plotted for a. total of

2048characters'. In comparison, a typical Page:of double spaced type'

consists of 27 lines of 72 characters or,a total of 1944 characters.

2.7 Control Characters--

"The "uncover" code (77) is used to gain access to 12 control characters,

These characters are useful in controlling display format in Node 1 operations.

Upon receipt of a 77 code, the terminal interprets the next character'

code as a control character rather than a memory addreas. Following

execution of'the control character normal-Mode 3 operations are resumed. A

description of eaCp:control function is given below.
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M1
CHAR

ADDRESS.

(OCTAL)

MO

CHAR

If

M1

CHAR

0 ,
.. . it 40 5 +

1 a A 41 6

2 b B 42 , I . 4.

3 c C 43 8 . 4-

4 d, D 44 9 1

5 e
.

E 45 + E.
6 f ' F 46 - A

7 g . ,G 4. 47 *

10 h H . /. 50 / . n

11 i I 51 ( {

li- j J ... 52 ) ../")

13 k K 53 $ &
.

.

14 1 L 54' = 0

15 m M. 55 SP SP

16 n - N 56 ,
v

i

17 o 0 57 o

20 . P P 60 -.t.

21 q Q 61 - [ '
.-

4 2; r R - 62 ]

23 s S 63 . 7: . 6

24 . t _ T 64- x X
',.

25, u 65 - P

26 v .. V 66 I w

27 -, W 67 . of
P

30 x X 70 ..I a -

31 Y
1..

Y 71
. .

. ;il, . w

32 z Z . 72 < s
33 ' 0 .73 > .

34 1 . 74 - - 8

2 .
75 l ?

to

36 - 3 76 >> , A
37 4 4 77 UNCOVER UNCOVER

Table ,2.1 Character Co fe
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Uncover (77)

This code instructs the terminal to, obey thenext character address as a
1

control function. If several, uncover codes are sent in sequence, the, first

non-uncover code will be treated as the.control character.

3ackspace (10)

This character decreases by 8 the panel x address, i.e., moues one-

character position to the left. &backspace over a displayed character does

not erase the character.

Tab (11)

This character increases by 8 the panel x address, i.e., moves one

character position to the right. A tap over a displayed character does not

erase the character.

Line Feed (12)

This character decreases by 16 the panel y,address, i.e., moves down one

character position. A -line feed over a displayed character does not erase the

charactei.

Vertical Tab (13)

This character increases by16 the panel y address, i.e., moves up one

charaoter position. A .vertical cab over a displayed character does not erase

the character.

Form Feed (14)

This character sets the panel address to the upper left cornet (x = 0,

y 496). This-is the first cha actet position on the top line of the displ4y:

No displayed data is erased in,thia operation.

'Carriage Reen/m (15)

This charactektl-

3r

(sets to0) the panel x address and decreases by

16 the y address, The screen address is thus aet to the first character

post ion o'a,the 11"/Immediately below the present line. Nq displayed

. 3
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data 4s erased in this operation.

Superscript (16) ,

.This character increase$ the panel v address by 5: All Characters
A

received following thisscdde,,appear3as 'shoran in.Fi,guTe 2.9. This selection

may be remov ed by receipt of a subseript(17) code. No data is erased in a

sapscript operationf,
nomammmm

111111
MM111' ,II ,lIlIlCO ME MEMOS. .1111./Mi

" MN. naS' Bill
NNW ,MINONIONAMnu

NOMISINMImu

Figure '2.9 Supetscript"Operation

-Shb4ctipt (17)'

This-character decreases' b,y 5 the panel y addreSs. /6.1

receivea,following this code appear as shown in Figure 2.9.1. This

.1%

characterS.

character may be used .to remove a superscript selection (16) and the super-
*

script code may be .used to remove this selection. ,No.data'cis erased it Ti

i
cript operation. .

wle.

"4,

1
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MOMMI

.sumE
wool MMMEMMOM imilom
mum rm. Elm

w' m mow mO O MMOMM EM II. am.
ISOMOR GI OR

' ElmIMO

Figure 2.9.1 Subscript Operation

This codes selects character memory 0. All succeeding characters will

he read from the memory until receipt of.a different memory select code.

/-
Select M

1
(21)

This code selects character memory 1. A11 succeeding. characters will

be read from this memory until receipt of a different memory select code.

Sele4; M2 (22)

This code selects character memory 2. All succeeding characters

will be read from this memory until receipt of-a different memory select code.
;

ti

Select M
3

(23) -

This code selects character memory 3. All succeeding characters Will

be read from this memoryfuntil receipt of a different memory select code,

2 5
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6

Contained within the terminal is a 7 bit Wor Count (WC) register,

which maintains a record of the'number.of non -NOP words received by "the

terminal. Each time 'a non.--OP word is-transferred into the terminal the
.

Word Count ncreMented by 1.

Upon receipt of'aogord with.a paritv error the 'terminal enters the .

ABORT mode of operation. this made the terMinal transmits the contents-
.

of the X: to the computer. The WC will contain the,addtess:of the word

containing the. error.

Once in the ABORT mo de the terminal Will refuse, to accept any furthet

information exteplJor a LDM instruction Wf.th bit 14'.a"1":. Receipt of

this word will-Ctear th,0 ABORT Mode and -return the terminal to n

operation. This metoo "of :error coraro:prevents the terminal f

processin',4 data the wrong Mode in the event an erroneous,-mo
. v'

received.

6
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CHAPTER 3 - TERMINAL GENERATED DATA

411

Data may be generated by any of four sources within the.terminil or

by an external device connected to the external input channel. Internal

sources of data are:

'1. A 64 key keyboard shown is Figure 3.0 with the coding shown

in Figure 3.1. V
1.%

N 2. The echo Code. See. LDE instruction in Section 2.1,
-4-Yr

3. The Word Count register. SeO Section 2.8.

4. The,Touch .Pahel. This is an optical input device which

permits the terminal operator to eriffr data into 'the

'computer by pointing at areas of' plasma panel with his

finger.

3.1 Output Word Format

The data transmitted from the terminal consists of 11 bit words.with

the format shown in Fiiiire

10 09 .08 0100

DATA P

4 Figure 3.2 Output'Word Format

Bit 00 Parity bit - even parity

Bits of - 08 Data Field '

Bits
)
09. - 10 Identity s06rce of data

2 7
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The word formats folt each of the input sources is describe below:

10 09 08 07 01 00

0 0..0
,

. ..,

KEYBOARD DATA
...

10 09 08 07 oi oo
,

0 b I ECHO CODE

10 09 08 05 04 01 00

0 1

.

TOUCH
X'

.

PANEL'
Y.

10 '09 08. 01 00

1 0 EXTERNAL DATA

10 09 08 01 00

1 1 0 WORD COUNT P

10 09 08 01 00
.

1 UNUSED P

-

Where several. terminals (up:to 32) share a common link to the colputer

center tie data is sent to a multiplexor which assigns a termlnal identity

code and adjusts the parity bit before transmitting the data on to the

center. In this case, the data has the format shown in Figure 3.3. Except

for the identity code, bit assignments are the same as in Figure 3.2.

'15

TERMINAL
IDENTITY

11 10

DATA

01 00'

P

Figure 3.3 Multiplexed Word Format
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