-

L]
_ DOCUMENT RESUME - w ,
ED 126 150 B [ ' IR 003 538

B o - o v
aurnoa . stifle, Jack . . ' » s |
TITLE , " . The PLATO IV Student Terminal. - e
INSTITUTION ~ Illinois Univ., Urbana. Computer- Based Education_w

.Lab. i

SPON§vAGENCY-A‘ Advanced Research Projects Agency (DOD), Hashinggon,
' R D.CmJ\JOlnt Servlces Electronics Program, Fort
“Monmouth, N.J. ,

) REponTyﬁo CERL-R-X-15 o o . _ : L s
‘ PUB DATE Nov 74 i ' : .
CONTRACT . .. DAAB=-07-67< c-o199 P ’ v "
GRANT . .7._.ONR-Nonr-398%(08)
NOTE v " 30p.; For related docunents see ED 050 577; 078
670 ..

AVAILABLE FROM PLATO‘Publlcatlons, Conpnter-based Education Research
' ' ' Lab, 252 Bngineering Research Lab, Univ. of Illinois,
Urbana, Illinois 61801 ($1.00, prepayment

" required) o - .
BDRS PRICE ~ MF-$0.83 ac-sz.os Plus'Postage..

'DESCRIPTORS *Autoinstructional Aids; *Compiter Assisted :
. Instruction; *Computer G6raphics; Computer Oriénted
Prograns; Computers; Fducational Technology. *Input
. . output Devices; Instructional Media -
IDENTIFIERS - Computer Terminals; Plasma Displays; *PEATO IV.
: ‘Programned Loglc for Autonatlc Teaching Ope atlons

ABSTRACT . _ ] . .

This report describes the remote computer terminal
designed «or student use in the PLATO IV computer-a551sted
instruction system. The terminal features a plasma display panel,

self-contained character and line, generators, and the ability to

* communicate over voice grade telephone .circuits. Opgratlng modes and -
-control characters are desecribed in detail. A summary of terminal
generated data and its ontput format is also 1ncluded. (CH)

*

****N;‘****************************************************-************,

* ° Documents acqulredﬂby ERIC include many informal unpublished *
* paterials not available from other sources. ERIC makes,every effort *
* to obtain. the best copy available. Nevertheless, items of marginal . *
~ * reproducibility are often ‘encountered and this affects the gquality *
* of the microfiche and hardcopy reprodnctions ERIC makes available’ *
* via- the ERIC Document Reproduction Service (EDRS) . EDRS.is not . *
* responsible for the guality of the original document. Reproductions *
* i
* *

supplied by EDRS are the best that can be made’ from the original.
*********************************************************************

2 /

-

. A c . ¢ ; o . . ‘
i - . TP
MC ) ’ . » ‘/
. ° L} .o -
ooy N B ) .
0 N -

s




ED124150

Y
]

JRA Fiext Provided by ERC

a
"

St f e e )

1 . . -~

-

~ THE PLATO IV =~

. . . ;‘ .
. ‘ .
. . i
’ oo . \ .n
) ' ’ - \d * 1w
. " . o L
. . /‘ K] N
. - . e . - .
JACK STIFLE L ,
d . .
[ .
\
. . )
.
. * , 7
. L
' . . - ’ ] +
- I .
- -
e - '
. ’ 3 R .
Y : ) . . , [
” LY 4 B
-+ ¢ *
’ -
- . ¢
* A r -
- . " » .
US DEPARTMENT OF HEALTH, .
EDUCATION & WELFARE BEHMINEON S RESHCDIECE ThEe 0Py
NATIONAL INSTITUTE OF - FIGHEE D MATERIAL 1A BEER GRANTED HY 55
EDUCATION )

THIS iDOCUMENT HAS BEEN REPRO- dﬂb )
DUCED EXACTLY AS"RECEIVED FROM . , ‘e
THE PERSON OR ORGANIZATION ORIGIN- T bR AN HOANIFATIONG - BERATING

ATING IT POINTS OF VIEW OR OPINIONS UNDER AGHEEMENT %110 THE NATIONAL IN
STATED DO NOT NECESSARILY REPRE- STITUTE. OF EDACATION . FUMTHER HEPHO
SENT OFF.ICIAL NATIONAL INSTITUTE OF BULTION 0T THE £H SYaTEM 8E
EDUCATION POSITION OR POLICY QUIRES PEAMISSION GF THE  COPYRIGHT

OWNEH |, * .

3 "

T

. Combufer-l_)as_cd Education Research I.aborq'or‘y
‘Universityi_of. llinois : .Urbdﬁa Hlineis .
L2 o |
s ' _ ) . :




This work was supported in part by the Joint Se&vices Electroniés
Program (U.S. Army, U.S. Navy, and U.S. Air Force) jnder Contract Se
~~. DAAB 07-67-C-0199; in part by the Advanced Research Projects Agéncy I
- under grant ONR Nonr 3985(08); in part by, Project Grant NBG-188 .
- under the Nurse Training Act of 1964,. Division of Nursing, Public ) ,
Health Service, U.S. Dept. of Health, Education, ,and welfare, and 1n e
part by the State of Illinois. Lot e . o A

r” . ' t E Pl

. / N . . . Lo . . . » K
Copyright C) November 1974 by Board of Trustees 7; e el
\ of the University of Ill:lnois ‘ N T e

L3

1 P : - \

First Printing March 1970. -~ - S A
Revised . June 1973 .. - o]
. - Revigsed - = Navember 1974 -, S . ¥

+ - . ¢

s .
w

s . )
Reproduction in whole or in part is permitted for any purpos& of &7
t:he Unit:ed ,St:at:es GoVerpment:. s

.

> ’ ) . * - £ N
. Distribution of the report is-unlimited.. = - A IR N
. a K} - . ' . . ' 5

. . N . X . N - . "
) . ' L3 . o T AN
. . B .




-

s

.
.

- ) . ‘ N N - *
THE PLATO IV STUDENT TERMINAL
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T * ABSTRACT A
This 'ré'port describes a grap'hicé' term

inal desighéd;fbrvuse as

‘- a-remote computer‘input-outpuf?ferminal; The terminal features a
o PR . i v -

A \
Y plasma display panel, self-contained character .and line generator

S

Y

and the’abiiity to communicate over voice grade telephone.circdits}
A

. K
- N . .. .
~ - L
.

* X B s w s . - . " .
‘This work was supported in part, by the Joint Serviges Electronics.

Program (U.S. Army, U.S. Navy, and U.S. Air Force) under Contract
DAAB-07-67-C-0199 .,
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This report was originally titled, "A Plasma Display Terminal," when
qu}ishedvin March, 1970 and March,,1971. 7

.
-

o




’

]

. X ) ‘ .
s o " TABLE OF CONTENTS
-""cf;ll\AP'miR 1 - DESCRIPTION .

1.0 INTRODUCTION............ e ereieneaas
1 TéRMI'NAi DESCRIPTION..;...'._..iz.“'......n...... ....... ceeen
j 1.2 AUXILiARY.EQUIPMENT.....‘..‘...'.......‘.. Ceeerenes

CHAPTER 2 = OPERATING MQDES - |

2.0 WORD FORMAT . v evvenneneenenns ;;i s

2.1 CONTROL WORD....vvvennn.. eeeeeees Cveeeaes e
S .2.2°MODE WORD........... e K :

j 2.3 MODE 00 .vuvvernrnsrnnnnn, aeeenes e e,
'2“.4.'MVODE.01...'....’.A...._..........-...'.... ......... Cevepes
| 2.5 MODE 10+ ++.vtreenibarsnnnns eeeeee v
26 MODE 1l...... ,\\ ............. R .

2.7 ‘CONTROL CHARACTERS . Joweens e

. 2.8 ERROR"cdﬁTROL..,....]:.......... ..... [SXTTLEREIRRY .

*

. -




oo % LY )
™ . h s
¥ S S P T S
' o CHAPTER 1 - DESCRIPTION e . . I
. . _ L
1.0 Introduction ’ . ,_:>~ » , -

This report describes the student terminal (remote compuctr ) T

Y

terminal), designed for use in the PLATO IV computer-aided instrugtion (LAI)

1 . [} '

. system, Although the termina;*}s 1ntended fot use in teaching applications,

v .

it has nanv features which maLe it useful 1n manv other computer terminal .
. e N ’ . \ ot . B .
. anplications. These features include: =~ | X - o
. v ) ‘ . \ ' &
- 1. An 8 1/2-inch square plasma displav nanel that is readable in a _
. brighth'lighted room witpout evestrain. . : f

- .
- . 4

2 Permanent storage of informatipn on the disnlav écreen without
flicker., 'Absolutely mo refreshing of rVe displav panel bv the

- ' ) ) compute is reaquired. . o o
. ) . Lo : \ = .
i . 3. Self-con ained character and line penerators., : SN
: S b, Aveharacter writing speed of 180 charactexs per second and the
capabilitv of displaving up 'to 2048 characters on the screen, ‘.
B . . : . \\ ’ g ‘ ) . . .
N v L . [} » \
5. A.line drawing speed of 60 lines per seconﬂ. : . . .
/ . . \ '
A . 6. A character renertoire of ©256 charactere,_th of whfch are » , >
J o - alterable via the computer program... . A\ : (

Joo _ .
[ . ‘ 7. _The ability to transmit. and receive data on voice grade telephonc
P - * circuits. N '
T . N . : - N o

/ , .8. A random-access qlide projector fo? rear nrojectlon “of stﬁ&ac_

A

. " information on the displav screen. L -
9. Additional input-output channels for the control of HUYlllarV ; o
equipment. ' s ‘ .
? . . . ' Tl » .. R \

10, An optional random-access.audio resnense uditr: , R
rl -
There are three gemsralk requirenents which may be wqed to ‘characterize
-~ ,4 ¥ \‘

a AT computer terninal.

- . “y

First, the terminal must be canable of servine the needs of a broad - -

. " -
N ‘ ! ) - » ) "'._'. o .. . ’
" ;} o - » , . \J‘ . . 6 . L e v ] ‘ . P
FRIC. . . ¥
rurerorieioene B
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olass of relatively unsophisticated uaers; magst of whom will be encountering

]

computer terminals-for the first time..

‘ b4

grade school students studving arithmetic or Qeographv, ‘high school _students A
- g

studying French Ot Spanish, and’ college students studying'biology or chemistrv. "

Users might include@ for examgle, o) '

‘The terminal must present infotmatipn to each o£ ;hese users in a form that

. v ;‘r’. * u‘."" . - . T
heccpn“readilv understand. , T A .
. N e . s . s ’ . vy . P

- '; i - . - - -

Second, the terminal must be capable of remoBe oneration via low grade

B3

sl

‘l

- 1
the present costs of education.

~fline~generator which can be used to gene;ate such objects*is thus required

-~ symbols which may be unique to a oarticular‘subject under study.

This requirement is essential to permit the locating of
- Y N
terminals in widelv seoarat% schools” wiﬁhout the need for expensive commun%-

telephone lines.

| RN SR T T , Do '
cation links. T . Pt
. - e
‘ o - . Y . -

Third, the terminal should oost less than. $5000 to be competitive with

' 4

e . e . .
A . e e e s, L
Y ) - ’ oo “ - 2 o T

To meet the first requirement mentioned abgve, the termigal must have Lo

s L -

graphi?al capability. It must be able to present pictoral information such’

) . ’

as maps, graphs, circuit diagrams, anatomical drawings, etc. Qome tvpo of

» -

L]

A very versatile character generator is also required The terminal

must be capable of displaving pot only .upper and. lower case English alpha-

T

: ”»
numeric characters, butralso foreign languageucharacters and any special

-

Suéh a

Px —
a3 A

need implies a chardcter penerator whose repertoire can be dynamically "/2/

altered by the comnuter. . v P -
. . . - * . J
L4

The need for operation over low grade telephone lines implies a 1imited :

.

*

™
.

»

-

D

0

1D ‘Alpert and D. Bitzer, "Advances in Computer-based’ Education," Science,

March 20, 1970 Volume 167, PP. "1582-1590.

’
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available bangwidth ofuapproximately 1200 bits/second. Such Hﬁﬁcbandwidch

3 . E . ) . . ) Lo
2 necessitates loqal storage of informativn within the -%erminal. .
- -« ’ o r'~ . ‘ .\ ’ : v, ’ . - . .
a " Depending upon the data format used, anywhere ftom 75K to 230K bits of°

. .\

memory nay be reQuired to store lmmages for presentation on a cathode-ray

' L4
-

T . tube (CRT) with 500 line'resolutioni? A relatively hlgh bandwidth, typlcally

o

. 4.5 Mz, is reqULred ‘between thls memory and the CRF to prevent fllcker of
Y . oo " , .
-~ - the £magc. ‘Fast digital to analog (DA)'Converters may be required to inter-

# » r

s,

/
- virect v1ewing storage tubes may be 9%ed to overc0me the fllc‘er problem
4 " p

o put tiede devices suffer from low brlghtness andwthe 1nability to perform
PR~ . L3 L el

L - v -
: -

selective erase operations ofn the displayed data. : .ﬂ, . .

} , - ’
A "~ The -use of a plasma panel, 2 on the other hand withpits 1nnerent .

- e

memory, elrmxnates the refresh memory whlle preserving the sélective’ erase

function. Betause each point is stored one the panel as it is displayed,

»

. . "tne terminal‘elertronijirneed operate only fast enough to stay.nhedd of the

incominé'datd. A pane writing rate" of 30 KHz is adequate for thls appllcatlon.

- -«
- €

The dlthal nature of the plasma panel also eliminates tho need for any DA
converters. -

» S
W

. N ’ ) ) - .
The thin transparent structure of the plasma panel permits the panel . .

. . : 4 . .
t be used as a screen for the viewing of information in the form of slides
¢ : _ . € L .
- M S . - C. Lt \
e - i’ - R L3

~or microfiche which Tan be projected on the rear of the pamel. Such informa-
N ) \ . * . ' .

Cre .
St . RS ta . '

.. P . P
N . = - - “ , BN ) .. ¥
' - #

e _ 2R, L. . 1ohnson, D. L Bitzer, and H. G. Slottow, 'The Device Characperistics
‘ ) ofuthe Plasma JlggLay Element-," IEEEL Transactions on Electron Dev(ﬁ%s, - -
s ) ~ Vol. LD-18, No. 9 September 1971, pp..64°-649., ‘ L

.~ B “ ~

Aruitoxt provided by Eic: . - ®
. . - .
.
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? ’ : : ,
‘results in more efficient use.of the communication link, -

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

) il 1 4 « . " .

control, thus’ providing a presentation of dvnamic computer generated data

[

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

N Y

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

v .
.

- - B L ] * .

k

.

1.1 Terminal Description - : . ‘ ‘ -

r

A blocl: diagram of the rototype terminal is hown in Figure'1.0.. . The -
P ¢ >

& B v,

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

bits/second in the for&\of a frequency—mbdulated (fm) signal which permits

I

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

’ »
.

word size is 20 bits and therefore the terminal word rate 1 60 words per

'y

second. The terminal word format is discussed in Chapter.2,

The demodulator recevers the data from the fm sign and shifts the-a

i .
<

data into the serial input re%ister (SIR). After a full word has been

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

I
The 20-bit D register is the distribution center of the terminal

Y ‘ ' .

‘From thls reglster ‘data mav be’transferred to ‘all internal sections of

' v
the terminal as well ‘as any external equipment connected to the terminal

_The 5 bit mode register (M) {s analogous to the instruction repister

in a,digital computer, This~reg{ster'directs the Ierminal Control section’

v

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

and control signals for controlling the flow of data within the termlnal

.

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

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

A

*Trademark of Owens-Illinois, Inc.
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,  Voice . .
% Grade — - — SIR" External . )
- Line .» Output
~ (Serial Input) @ - Chonnet, °
N : Co . tee (15 bits)
| s s
M- e . e x ' | Slide
| > . J vI‘, T ‘ ' : > pfO]“
[ I ’ T X : Y . )
Character K gl Y 9] Line. L
. Generator y —— y Generator ' .
! I Decode | | Decode _ y !
| ) o 4“‘.
vl ‘Terminal Plasma | " \
Controt Panel . . '
’ : -512x512 o .
. Voice P ) ,
- -Grode «+—1 NOD J&—- ~4{"  SOR . : : .
Line - o A . |
. .« (Serial Output) \ T External : !
‘ _ N S " Input
! , . Chann\el
- ‘ 'Keyset
. / DS-153'9
: ,. = Figure L. Terminal- Block Diagram '
~ -
‘e
- ¢ -
) i .
* R
. i 210
" ,;,‘ ‘ al F . ) " N
. , x B .




» A‘is - 3 . \ .‘. l N \
is a 8 1/2 inch square _panel containing 512 addressable points along each;,

+ \

_axis or a total of 262, 144 points,’ The»addre9s of any point'on‘the panel

~ . . . N 3

;f~ is specified by the contents of the 9 bit X and Y.reéisters. The outputs

) -
e
« Bt

of the;e registers are sent to the decodlng and driving circuits which. '

, oo " “
' drive the d1splay panel ’ : H.i "
< . ‘ ';-._ ;‘ , . . . .
»  The line generator contairs the.circudts‘used'in plotting lines on the

[ ! - -

panel. Lines of any length may be drawn at- the rate ‘of 60 lines Der second,

e -~ ' > i

The character penerator contains four memories each containing the
- . r N . ’» "
‘ points for plotting 64 characters or*a total of 256 characters Two of the °

memor ies. are read-only memories (ROM) and tWo are random aCcess (RAM) ‘ ¥

.
\ *

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

~character or graphicdl data as required by the terminal user. Characters
: k ‘ » © . . Y K2 . . ] ‘ N
-are plotted-at a rate of.180 per second. : ’ S, N

- . . ' .

A 64,Eharacter keyboard provides the termiﬁal ooerabor With an input

link to the computer center.. Data from the kevboarg is entered into the ’
e l . . ’
# B .

serial output register (QOR).t From the 90R data 1is shifted into the

¢ LI

"’ s "*lv
modulator where it is encoded as an fm,signal fOr transmission to the

2 , . .
i » . . N
. .

. , computer center.- N : w“ " " . '

R . o .,

—} - ) . N
. Three additional anuts to the SOR are provided . One port .permits
Terminal Control to transmit tenninal cond1t1on infor@at1on to the computer

ret i ,’N“‘

while the other ports prov1de access to the computef center for externally

connected equipment. I o

v

1.2 Auxiliary Equipment o _f\i

N >

Three 15 bit output channels'are proxdded to permit operation of

-

~ external’ equ1pment ) - I

lmjzRJ!:o" | vﬁ . g | : i. /nc g : ﬁ L

Aruitoxt provided by Eic:
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ERIC

JAruitoxt providsa by enic [l
. .

projectq% will contain a

One channel ig used

which can project slides

7

»

o™

to transmit data to a.vhndom access

. . : o
on the rear of the p1a§ma

.

t ¢ \

~A'Sébond-ch@nne1 may:be used to -address an’audio response unit. The

&

-

to the terminal‘qperator; Up to 15 minutes‘of-prerec

maVv be availahle\with én:aver
s

. audio unit will, upon cohmanq;frbm t

N 2

o 4 .
ape aecess time of .5 second. R

‘ Otber‘tvpes~of”equipméntuwhiéh might. be attached to the ﬁerminul

’ v

acquisition and recording equipnent.

v

3b. L. Bitzer, R. L. Johnson, and D. Skaperdas, "A Digitallv Addressable

?

'

W s

Random-Access Imape Selector and Random Access Audio System," CE
Report X-13, Computer-based Education Research Laborato;v, Unive

of Tllinois, August, 1970.

4

Ibid.

0

t

ity'
i

-

o

orded audio messages

J

\

include printers, or other Hard copy. deVices énd yarfous types bf Qafa. :

v

displav panél,‘ The. slide:

256 slide memorv with gﬁ%aécess time of .. sécondtu

o - ! . . -* b
he computer center, plav back a message

slide préﬁector{‘
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- ¢ CHAPTER 2 - OPERATING MODES . .
- 2.0 Word Format ' ‘) e ) T
‘The data to be prnceésed by the terminal consists of 20 hit -words
with the format shonn in ﬁiudré 2.0. ‘\ :’ '
) : ' R g
19 18 , L " > 01 00
-C . ) DATA h R L
‘. : H .
L Figure 2,0 Terminal Word Fermat - .
. - _ B . .
. Bip.00 . Parity bit - even parity .
? * : ‘f\ N . ' ’ -\
B Bits 01 - 18 Pt ’ " Data .
'Bif;19 Control bit - 0 = control ‘word
o - ‘* . =1 = data word
. N - P} 4 . ., )
ierminal words may ‘be of two tvpes; control words and/or data words. Data

words (c = 1) ~contain the data to be processed bv the terminal while control

3 ' a~

.

words (c = 0) are instructions used to establish cercain conditions within

ghe terminal.

-

Q

+Bits 01 - 15 -

Bits 16 - 18

.Da,ta ) " : -. .

. s . b l
Destination of data within zhe
terminal

« A J
2. 1 Control Word X ; -
. ~ The control word format is shown in Ff”“?e 2 1.. ’ N :}
l@:‘. \'!v ’ , i - &; ' .
o 79’98 17 16.15 -+t D1 00
! ’ ) ) " . ) - K B
‘o] p ‘ DATA —TI5] .
Figure‘é.l Cont:?i'Word Format o ' o




= 000 (NOP) - = B

1V 18 17 16 15

[ ¢

. 0

This word is a WOP (no-operation) instruction,

«
I3

the

*D

001 (LDM) Ldad Hode

- 19 18 17 6" 1514 13"

-

terminal but the terminal condition is not altered 'in any way,

1]

07 06 05

0t 00

olo o 1{L]¥

~ WORD COUNT

Eza MODL WORD

P

L

ifnis ;ustruction loadb the Mode register (M) with bits 01 Js, In-

addition, if bit 14 (WC) is a "1" the Word Count register will be loaded

with bits 07-13.

Count in Section 2.8,

-

.~The mode is_described in Sect;on 2.2 and the Nord

Receipt of an LDM instruction while the terminal is in

The word is iiput by ’

the ABORT mnde“wiil load tie Word Count register but will not alter thu'ﬂndJ‘
) . kK . C

~
L]

register.

the terminal. Receipt of an LDM instruction with bit 15 =

- L0
inputs from external, devicces.,

ol én LDM instruction with bit

D = 010 (LDC) Lodd Co-ordinate

b

19 18 17 16 15

Bit 15 is wsed to actuate or inh@kit external devices attached to

1'will inhibit all
. . v
These Devices will remain inhibited until receipt
15 = 0. e S ’
v .
s r uﬂ , )
1117 o 01 00 e -.

P
P
- ':&

v ol o 1 o R ‘<I:::§::§::\\x/ . TAL(YS , e

"This instruction loads the X register (bit .10 =

(hit 10 =

1) with bits 01-09.
* B
o = J1l1 (LvE) Load Lcho

19 18 17 16 15

S

0) .or the Y register

"Bits 11-15 are unused.

.

08 07 0l 0v

Lo vy h\;\\\:::;::>::5:i:j\\f\- 'EC§O ) ol e |

P ’ wh




4

. 01-07., This word }s then’ transmitted back” to the computer center. b . .

"'*".l;.o 10 1/////4"*' 5 X LU Ll

* . ) . R .r_
' 10

This instruction loads the terminal 6dtput register (SOR) with bits

»

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

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

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

- s
-~

errdqeous data to be returned ta the computer ‘center.

D= 100\(ﬁDA) Load Memo&i?AJdress ' o - . . .

19 18 T2 16 15 C-11 10 S .01 00

of1 o ‘OW/ , MEMORY ADDRESS P T

K3

. This instruction loads fhe_Memorv Address Regisfef'(MAR) with bits

‘01-10.; Bits 11-15 are ‘unused. This data word specifies the first storégev

add?ess'to he usea upon entrv into a Médé 2 operatibn. '. N
‘D = 101-(SSL) Load’'Slide - - . . ‘ .
19 18 1716 15 " 11 10 09 08 . 05 04 0L 00

This instruction is used to onerate the slide profector. Bits 01-08

select one o% 256 slides for d{spléy\op the plasmé panel. B;t 09 controls
the p:;jgctor Ehufter. For normal oneration thts éit is alwavs 0", -
Ho&ever; if this bhit is a\"l", the shuttér will be closed ané fémain'clqsgd‘
until ;;ceipt of a load slid; command with bit 09 = “0".“'Bit 10 contrgiéj
- . .o . vt
the projector lamp. The lamp will be‘;urned on if bit.lo is a "1Y and-off ’
{F bit' 10 4s a "0V, | .
N B

- : ' .

| )
(]

. . . -
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e N . ,
D =110 (AUD) Load Audio . - J
- 4
- 19 18 17 16 15 ' - 01 00
olt 1 o . AUDIO “DATA P

- -

—L

'This Instruction is used to. contxol the audio response unit. Thé ‘.
audio response unit requires two of these instructions per audio operation. .
The formatq of each of these instructions is described below. o

! s . I =
LT . ' o ’ A e ' e
15 14 13 12 06 4 05 0 a . N
o : . . ' . First audio ., -
I DR N TRACK SECTOR ' instruction
. . Bits 01 - 12 - Specify the message 'starting /
' . . ' address; bits 01 - 05 specify
. .one of 32 sectors *and bits
. . | 06 - 12 one of 128 tracks. .
Bits 13 - 14 . ) Specify pleyback or erase’as
- o ‘ follows: .. A
P C . 00 - do nothing ‘ ¥ ,
- v . . 01 - play message [
! - L . 10 - do nothing
h : 11 - record message >
- 1 . . E— .
Bit 15 Alvavs '"1". Tdentifies first™
of two audio instrupti::ii) s -
15 14 08 07 01 . ‘, .
) MESSAGE LENGTH * Second audio
ORI TR 0 IN SECTORS instruction
. Bits 01 - 07 ’ Specifv length of message in -
‘ terms of sectors. One sector
equals v 1/3-seconds. e
; . . ' A
Bits 08 - 14 Unused Y )
Bit 15 gf Alvavs "O" - {dentifies second
audio instruétion. i
~:. w“ LN ’




. '/.f.. r( "' v
. \ - .12 - A L .
D.= 111 (EXT) Load External Channel’ , A
19 18 17 16 15 R 01 00 | ‘ |
< rs A7 - d
o1 1 1% EXTERNAL DATA % R b
r] . - : . ‘ - - .
" l :
This instruction transfers bits 01 - 15 to any equipment attached to
' . . o LR . . -
the external output channel of the terminal. . ' '
: . L A ’ . . -7 Yo
BRI M < -0 St s .
: - ‘ ‘ Ce o ) 3
2.2 Mode Yord \
=3 . . o ) .
For each mode of terminal operation there is an assoeiated mode word‘
which directs the terminal prbcessing of incoming data. Once placed in
bany given mode*the terminal remains in that 'mode until receipt of a new
: . »'
- LDM instruction. The mode word\fqggft~}s‘shOWn in Figure 2.2 .
| | | , o sha . 8
} 05 046 ., 03 02 01
] S 4 . ] N o Y. N . D
. . : AR . _ v _L‘ - .
T 4/E) - W/E, S | I
Ffﬁure 2.2 Mode Vord Format s - - )
. ‘ _ Y
Bit 01. - - ‘Scveen Command. If this bit is
: ‘ a "1", the entire display panel
¢ .
T - - is erased at the time the Mode ™
Vord_ is loaded into the M register.
Bits 02 - 03 . " Select write por erase function as .
: EN EOIIOWS. _ ¥ u
W/El W/IEO .
- X ; 0 - .- FErase N
. i : ’ ’ > ‘ ‘
0 b : . Write \7 v .
1 1 ; B Write; suppress all background erase -
‘ . , perations. This operation is
. : . escribed in more detail in Section
b . o . I6.
Bl . _, o - . ‘ 5 "‘ ’ ‘.
Bits 04 = 05 Specify operating mode - - .
. b . N
< [ ] e
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2. 3 Mode 0Q «

Mode 0 is a noint nlotting mode.

W/E '%1t in the mode word determines which operation«is performed

\

o

(3

»*

. i - !

10 0%

haeh mode 0 data word (Figure 2.3)

v

specifiesvthe sﬁdress of a- DoLnt on the panef to he wpitten or erased,

-
s,

The

0v00 {

219 18 *
Lol '

X

N~

p

2.4 Mode 01
.

.

AN

L3 o

224
\

* o N

K é o
‘Mode 1 is a line drawing mode.

« ’

-the termlnal coordinates of a lme,l the oripin of which is contained in the

‘Each data* word Fxgure 2.4,

Jgigore 2.3 Mode 0 Dotp,WOrd

4 .

specifies

<m . ) P

-

19 18

X and Y registersg

»

#

@

01 00

.. 1 <

© " ; ,
3 . . ! t . - : /-"
The terminal point.of a plven_}ine is also_interpreted as the oriptn
. & LA - b ) H

.

Figure 2.% Mode 1 Data qumé:

of* Ehe neﬁt line.

v
[ ]

the LDC command without ex1t1ng from Mo¢e Ol

¢

An example of,é.ﬂode.Ol onerat}on‘io
2.5 Mode 10\ 7

2.6) contains a 16 bit word to be stored in the memory 1oc3€10n specified
by the present contents of the memory address register (MAR)

16 hxt words may be stored in the term1nal

-8

-

L3

%

’

I

-

!

5

Line origins mav he relocated

3 . . " " *
: ,-hgﬁﬁ@er, bv the use of ‘
[ 1 3

. ¢
L}

~

‘Mode 2 is'a load terminal memory mede .

‘

PN

shown 1in Plgure 2 5

Eech mode 2

After the data has been btorod

A .
'

data worlf (Figure:

Up to 1024

»

-




v * - f\
14 .
] - . P
19 18 17 16 15 1110 097w - 01 00 -
}e | voc, ///////A . X, e - ‘
A3 7//////0 e
( : ° ~
. . = - A
1 X Y P
1 X, Y2 P
i B
-y »
j 2 X Y, P .
: my//////o D R
- ‘- R R . XOYO . - .X3Y3
- ] ) s . ‘.I- . . ~¢("
””""//////) W 1
b a - . ! 4‘ - N
\ ' " DISPLAY
1 Xg Y, P |
1 . X6 Y6 P \
- ir ] :
! X Xy P
DATA ) X
Figure 2.5 Mode 01 Example
. ‘ ’ ) ‘ «
— . ) " ~
t B 5 -
) P9




15
19 18 17 16 ‘ L 01 00 .
v / / . N o . . <
- 1 ‘ MEMORY DATA WORP' : P
\ ‘j; Figure 2.6 Mode 2 Data Word — -
1 7 the MAR is automaticallv incremented by 1. ‘1Hus, data may be stored

sequentially in memorv bv transmitting only Mode f.dafa vards. The contents

of the MAR»ma} be changed at anv time via the LDA instruction. .

- .

.. . ¥
k " The data, when di@plaved on the panel, anpears as a vertical cefumn
w1th bit 01 at the bottom and bit 16 at the top. The stored data is

' v displaved via Mode 3 which is descrlbed in the next section.

2.6 Mode 11 11

- Mode 3'i§ a character' plotting mode. The data words in this mode’

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

- e :
- . 07 06 - -- 01 00
1 cHAR 1  ClAR 2 : CHAR 3. P

kg

e 19 18 i 13 12

Figure 2.7 Mode 3 Data Word D

1 _ ' , s, -
Four 64 character memories are’proVided in the terminal. Memories MO‘ o

- and M1 are read-only memories (ROM) which contain the cliaracters sliown in

Ao

Table 2.1. Memories M, and'N3 are random access memories (RAM), each conﬂ-)D

A " taining 512 x 16 bit words, .the contents of which are loaded via mode 2. T
The contents of M2 and M3 are processeaﬁbvlﬂode 03 as 64.arravs of 8 x 16

bits each. The_contents of 8 consecutive'addresses are displayed as one .
. . » R "‘\

character.. ~“All characters are dasplaved with1n an 8 x 16 ma trix as éhown o ) ¢« -

‘in Figure "2.8. ~The top, three and the bottom rows of the matrlces for all

. -

characters from M. and M, aré alwavs' unfilled, .

RN - ' W0 : l )
20. © ,

-




<& -
| N » 16 *
. , . .
. N . .
Al -
3
* rd
0 !
L]
| X 0O - -
1111 . , :
. e *
]
» - - »
. & - .
R <
Al 'M_ ' - @
"'@- 3, ‘~'
- . .
. . -
“woe , N ‘ .
o n [ N
' LN )
: -7 ' ’ v ) LS ‘
- Figurg 2.8 Character Matrix T o e
. R 4\ r . . .

i

. S o T . -
~ Character write/erasexistcontrofled by the write/erase bits in the

. . Eope

mode word. If W/E0‘= 1, cHaracte;s are written; if w/EO =.0, charéctér? g}e.
éré§ed; If W/El =0, the'b%ckgrouhd or,ﬁ;gm;ilv uafilled portion of each
'égarécter matfixigill-be éré%ga,vif W/El f{I the:§pckgroqnd'remainsiunaltéred.
» Up to 32 1ine§>of 64/éhgnacteré égch may be‘;lotted fof a. total of - .

. -
. v

2048 .characters. . In comparison, a tvpical page of double spaced tvpe’ <

consists of 27 1lines of 72 characﬁe:s or a total of 1944 characters.

' N -

- A,
Lo ';‘K )

- . 1 P . 1o

')o.

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

]

2.7 Cont;ol Characters ~ ~

These characters are psefu1~ih controlling disﬁlay fogpat in Mode 3 operations. '
Upon receipt of a 77 code, the terminal interpyets the next‘charactef~\’
;’ i . : ] /' -~ )

code as a control character rather than a memorv address. - Fbllowing

J

. execetion of ‘the contrgl character normal Mode 3 operations are resumed. A

- description of ‘each control function is given below, PR L

.Y

LS
s’
)
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.ADDRESS,

. ADDRESS

Ml

CHAR

MO

Ml

CHAR *

MO

CHAR

(OCTAL)

CHAR

. Taible 2.1 Charac‘ter Cco

,(OCTAL) -

o _—
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" control function.

+ Uncover (77) ., -

not erase

the charactern'

This

character

Y

position.

charactéer.,:

character decreases by
A dine feed

> -

VerLLLal Tab (x3)

ka8 *

This code instructs the terminal to obey thesnext character address as a

. § .

If several uncover codes are sent in sequence, the first

-

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

Backspace (19) . .
This ciraracter decreases by 8 the pahel x address, i.e., moves ohe. -
character position to the left. A backspace overga displayed character does

. -

Tab (11) -
Ihis character ;acreases.by 8 the'panel x.address,'i.e.,.moves dne \
'character'ppsitioa to the.righr. ~A tap over'awdiSplayed'charaeter does not
- erast the character. o N | - R . ’
’ . Line Feed (12) * o PR

L L . -~

16 thé'paneliy\address, i.e., moves down one

ober‘a displayed character does not erase the

Q v E - . T

This character 1ncreases by 16 the panel v address, i.e., moves up one .

chara tcr position. 'Afvertical iﬁb over a displayed character does not erase‘

the cHaracter.

Form Feed (14) .; . o - , C ey

' This character‘seis the panel address to the upper left corner (x = 0, e

/
‘y = 496). This is the first chayécter pos1t10n on .the top line of the display

| . _ No displayed data is erased in  this. operation. ‘

«

~Carriage Retusn (15) _ - Y /4,

NS . . . . -

_This characte%\clc

S S
> o .
(sets to.0) the panel x address and decreases by

P

16 the y address. .The screen address is thus set to the first character

} | posxtxon o the ll/g/&mmcdlatelv below the present line. No d1sp1ayed

A o " l./‘-_ | . . _‘,l ‘-_4 L, -
JERIC . L a3

. - o
A et provided by ERic: . 4 . .
. . . . - '




% . ) .
N . . ' ¢
- - s 1 : »
.
N ” - L4 '
- : . .
,h > /> .
: o 19 ' .
s B
. o N A L7 R . , ) ' ¢ . »
: data is erased in this operationm. . ’ .
. . o
\ ) . . , .
¢ - 1 A
. . o ’ ’
K Superscript (16) « - . . ‘ "
- — R D : - N T e ) N ] Lo
.This character increases the panel v address bv 5. All characters
. P N . . . E2N . N . :
. ‘ received following this ‘cdde.appear as shown im Figure 2.9, This selection
N s . b ‘ e . e ' v
R . . . . ' . } . . . i ' a DN - >
3 P . * . N :
may be remdved by receipt of a subscript (17) code. No data is erased in a
. - : A o , N i
supscript operation¥ ' Lo ’ ‘
. ~‘~ ,'-, : p p . . . ; N ,“ .
. [ K . - . . - N
- . L) ) » .
i - 3 . " r -
’ I - - b ' . . s
’4 N v . = ~
. ; , 2 . o . .
lh’ - “
. A 12 o
v ! P n m -~ . . -
, ;- - . Ty ' » . . - .
- ¢ - 1 u -,
>, . . ) - ) - . . 4,
. - ~
- rs i * . v
o ® . * -
s 4‘{:\ N N J : ﬂ~ y .
; : =y , ’
2 » o 4 o~ © - “ * -
T . v do v -
v " .
R » .y n - . R . A
N . ! - . . o ) b .
. C . N v ’
. . v . ! T ot 3
PR “ *
¢ N -, . . I \ .
- f , : ; * g s
] - - - - J o » .
s s e , : - ) . ’
. 1 ’ ' “ . e . !
; o - g 2.9 Superscript’Operation . -
N - - l“. v i < . ? -
’ . N . > «%” . e v,
> . . e ) o ' ! ¢ N
v - ‘H A - . . z); o - ' - - . - ’
- » «Subgeript (17) 2 ’ .
T : , n
LA . : . . ‘ o B - 4\' P
This- character decreases by 5 the panel y address. °‘All characters:
- .f)', oo e - M - < . N L.
- + 'received following this cod¢ appear as shown in Figure 2.9.1. This R
‘j\ ‘ v N . -+ i) . . .
character mav be used .to remove a superscript selection (16) ahd the super-
, LA * o o : B - o -
t . . . R . . » , S o
\ . script code may be cused to remove this selection. -No.data'is erased ian a
Q"- L . \ Y . . :3. - B - ' s '
siperscript operation. . =~ "' ' - T
‘! - [ . ) -
- T
\ ‘ , . w .
; . . b T . .
L . o . N\ . . .
s : ) - - 7 )” '_‘ -
. » W, e, . . P
. R ‘ y . - - Ry
" ' . - , -~ v . . . B
~+ P )‘ : - &4 ) .
\)4 Kid ) Vo . & f . )
ERIC -~ -..c 2\ o S
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oo S P o, : . - :
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/Select Mb

© selegt M, (22) -

LLL1E]

Figqre 2.9.1 Subscript Operatlon.-

20y

This ccdezselects character memory 0 L All succeeding characters will

’be read from the memory until receipt of a different memorv select code.

Select M, (21)

[y

.

This code selects character memory 1..fAll succeediﬁg'characters will

be read from this memdry_until\receipt of a different memorv éeiect_code.

»

; .
¥ . -
N . .

This code selects character hemorv 2.

All succeeding characters

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

° [P

N

&5

Seiect M3 (23) - St .
- LY v .

¢ ,This code selects character memonry 3,

All succeeding charactere will

® © P )

-

be read from this mEmory,until-receipt‘of a_differentlmemory select code.

. . B i
. "
- ~ . .
. . PR
- ,
’




2.8 Error Control . x

| f

“ ‘ ' . ‘ ~? .
Contained within the terminal is a 7 bit Word Count (WC) register,
" s : ' : \ o

. o . .

- : S ; \
. - which maintains a record of the number: of non-NOP words received bv the
Te .

terminal., TFach time ‘a non—lﬂP word 1q**%nnsfefred'inta the terminal the

Word Count .is dncremented by_l. ) < am : .

- ! . AN

"
s

e - Upon receipt Of‘a~word wvith,a paritv error the'terminal'énters the

N . I l

ABORT mode of operatibn.' I'n tth mgde the termlnal transmits the rontents
» N
of the W to the computer._ The UC w111 contain the address of thv word

\.."’\ > . . o -

containing the.error.qkz _ . . 4‘-f T 1:TQ'{” S,

REHE S -
1

Once in *he ABORT mode the termlnal wxll refuse to accept any further

o B ...:

. information Lxcep; for a LDH instructlon with b1t 14 a "1"'> Receipt of

" -

S this word wlll clear thé ABORT mode and teturn the tbrmlnal to n

operatfon, This metngd of_brror conLrolvprevents the terminal f
processing data in, the wrong wode in the event an
P . ’ ’ v o i o \ - . “

L o received.

P

.




. 22
b CHAPTER 3 - TERMINAL GENERATED DATA . , '
* ..‘ 3.0 Data Sources’ 1‘
. Data may be geﬁerated by any of four sddrces within the ‘terminal or’ .
" by an external device connected to the external input channel. Ihternalv N {_
N /- . v . . . " : .

sources of data are:

1. A 64 key keyboard shown ia Figure 3,0 with the coding shown

in Figure 3.1. ° o ) - o
| , | - = / ',
S " 2. The echo ‘dede. See LDE instruction in Sectien 2.1.
' 3. The Woxd Count register. See Section 2.8. - o .

4. Ihe‘Touch,Paﬁel. This is an oﬁtical‘input device which
' permits.thé terminal operator to edtz; data into ‘the -
B » ’ o, ' e a . “
o '~ computer bv pointing at areas of plasma panel with his

~fi‘.‘ger. 7 : P . - . - ’i‘ .

v . v N . ‘ . ' I
¢ Vo

3.1 Output Word Format - ' Lo ' : . -

The data transmitted from the terminal consists of Il bit words.wifh

]

the format shown in Fighre’3.2; e

10 09 08 . "0100

- . . A

I | - DATA P

B - ) . . . . '
v B . ' '
. Ky ‘ ) ) . . ’
e .} Figure 3.2 Output ‘Word Format o

. Bit 00 ) ‘ Parity bit - even parity -,

'Bits OI' - 08 . Data Field * - ,
. Bits)09 - 10 Identity:sqﬁrce of data w
»\l‘ : . . . K N
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The word formats for'€ach of the input sources is described below:

10 09 08 07

I3

»

=

0100
° Ry . T °
"o o]jo KEYBOARD DATA - Pl .
' wosobor - - 01 .00 )
o of1|  Ecwo CODE P ’
1009 08 0504 - 0100 ' ) ‘
[ [
10 09 08 01 00 ° :
1 0| Exrervav bATA - P -
) 10 09 08 - 01 00 "y
1 a1]o WORD COUNT P '
10 09 08 - ' 01 00 : -
1 1}1 UNUSED P Y

1
v

Yy

’

Wherg several -terminals (up, to 32) share a common link to the co%pu;er
center the data is sent to a multiplexor which assigns a terminal identity

code and adjusts the parity bit béfore_xransmitting'the data on to the

A

.

" _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.
. R . ' .

+

. Figﬁ;e 3.3

-t

-

30

-Multiplexeq Word Format

-

15 1110 . 01 00"
' . .| TERMINAL ) |
L IDENTITY - DATA P




