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1, Introduction

1.0 Program Description

~

s - -
This report is a preliminary description of a prototype of a
second generation version of the PLATO IV student terminal.. This

prototype has evolved from a program whibh has been'pursued for the _ﬂ__;__v_.aﬁ-;_.

last two years and which has two primész obﬁectives: 1) the develop- ‘ -
ment of a more economical version of the existing PLATO IV terminal

and 2) the design of a second generation (PLATO V) terminal with

greatly expanded capabilities and improvéé performance. The develop~

ment program has, from the beginning, concentrated on developing a

terminal architecture which can simultaneously satisfy both of the -

above stat®d objectives. Y

o

A terminal architecture has been designed which is actually a
miniature computer system containing all of the standard features of
large computer systems including a processing unit, memory and an )
input-output (I0) structure. This miniature ‘computer system is made
to perform as a PLATO terminal by simply attaéhing a plasma display

¢ panel to the IO structure.

) As with any computer system, the contents of the .memory define
the operating characteristics of the terminal. It is this programmable
characteristic feature that equles the same terminal architecture to
" behave as a PLATO IV terminal or as a moreé powerful terminal with
"additional capaﬁilities. fIt is even possible tojpperate this terminal

as a standard ASCII unit.) & -

The memory hierarhhy in the prototype presently contains 4K words
(8 bits) of read-onl; memory (ROM) and 8K words of random access- memory
(RAM) and is expandable to a total of 64K words. The RAM portion of
the memor& can be used to store data to be éisplayed or programs to be
executed locally (at the terminal). This concept of locally~executable
programs representf a marked departure from the existing PLATO IV

terminal where the memory can énly be used to store data.

N ] fj~ . 7.




It should be émphasized that the terminéé/ﬁescriﬁed here is a 4

prototype and 1s still undergoing changes as the program develops;

FAL
rodk

*

. therefore, from time to time this report will refer to chandes

that are being considered but which are not yet implemented.

In addition to the design of the terminal 1tseIf, several closely e w
‘related tasks are being pursued. These include the development of a
library of programs which can be loaded into the terminal, the investi- '

aatlon of the system ifmplications of using such a termlnaliuafrtlcularly‘

on the PLATO foruiattlng program,,_and a study_of the poss:.b:.l:.ty of ,

transferring some processing ‘tasks from the central system to the

"<

terminal. Additional efforts are being directed at developing a set

of self-diagnostic routines which can be used to maintain the terminal.

The prototype terminal is shown in Figure 1. . : ,

.

Figure 1. Prbtotype Terminal

. , .
.
: . s




2.0 Terminal Processor Unit (TPU)

-3- . .

2. , Terminal Description

A block diagram depicting the main functional “units of the terminal
is shown_in Figure 2.0. Opgration of the terminal is under the super-
vigion and con;rol of thé/ erminal Processing Unit (TPU) which is an

Intel 8080 microprocessor constructed 'on a single LSI chip. This chip

O

ERIC

Aruitoxt provided by Eic:

'y

—18 an 8-bit-§arallel processor with a basic 2ls instruetion cycle time
and contains six 8-bit data registers, an 8-bit aecﬁmulator,ifour'flag ’ “;
bits, a 16-bit program counter and a 16-bit stack pointer ;egistei

which is used to control a last in-first out stack contained in memory.

An 8-bit bidirectional data bus (D) connects the TPU:to the 9tﬁer7
functional units within the terminal and to I/O devices external to Lot
the terminal. The data bus acts as a highway over which inférmation o ' i
flows Between internal (and‘external) portions of the terminal. 1In ' ) 1
addition to performing display generation calculations, the TPU mﬁst 1
manage the flow of information on the highway. Also present but not ' ." ' .J
shown is a 1§-bit address bus (a) which is used to speéify memory and’ l

- -

input-output device addresses.

The 5-bit status register specifies the type of machine cycle
presently being executed by the TPU. The five types of qpchine cycles
are- input, output, memory read, memory write, and interrupt. The
outputs ;f this register aré used to assist in controlling the attach-

"ment of units to the D bus.

.
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»

""Serial Input Register (SIR)

.

-Data from the central computer arrives as 21-bit words at a rate
- - !
of 60 words per second. Each wordvcontains a message start bit and %0

information bits. The modem removes essage .start bit and passes

the inforﬁation bits to the SIR where ey are accumulated. After a
20rbit word is assembled, the SIR interrupt is generated indicating
'to the TPU the presehce of a new word in the $IR. The TPU responds

to_the inferxupt”bygtransferring;the,contentSfofftheﬁSIRﬁinto the TRU..

O

ERIC
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--—— The data in-the SIR is disassembled into 3 eight-bit bytés for transfer

to the TPU. The format of these bytes along.with all other word formats

will be discussed later.

.

The SIR automatically performs a parity check on each word as it
is being accumulated. If the woré contéins an error, the Parity Errsr/
Lost Data flag is setkwhilé if there is no error this flag is cleared.
This flag is.transferred to the TPU as part of the SIR data. In the
event the TPU fails' to respond to the SIR interrupt prior to the arrival
of another word, the Parity Error/Lost Data flag is set, the missed word

is discarded and the .new word is assembled in the SIR.

r
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2.2 Serial Output Register (SOR)

[4 N o
’ 4

-

B The SOR is a 12- b1t shift reglster used to transmlt data from
the terminal’ to the central computer. This register is loaded by t e
TPU in<two parts as sHown ln Figure 2.1. Following the loadiné of the
lower 8 bits, the-entire contents of the SOR are transmltted to the
central computer. The upper bits of the SOR must, therefore, always
be loaded prior to the lower 8 bits. Loading the lower 8 bits of the; T
o SOR will set the SOR Reag& flag to "zero," indicating the register is o

=— . _ _busy. This_flag will remain "zero" until the contents of the SOR have

been transmitted, at which time it is automatically set to "one." Each

time this flag is set to "one" the SOR interrupt is generated, which

" , R &
L informs the TPU that the SOR is available for use.' This flag is also
transferred to the TPU as a part of the SIR data. N . H
. ‘ D BUS )
SOR| 1
l C o, READY
FLAG| O
* k]
. —_
T0 ’ —] . —
mopem 1 ! 3 8ITS 8 BITS “
: Figure 2.1. SOR Word Assembly °
. -
o P -
2.3 Interrupt Control . . .
- L : EY - .
All service requests to the TPU are made via the, Interrupt Control —
- e
) Unit (ICU). ~A device requesting service originates an’ interrupt and
. presents it to the ICU. Within the ICU the interrupt requests have
‘ a w1red-1nprlor1ty,and the ICU will pass to the TPU the interrupt -

- )

request hav1ng the hlghest priority.

- -

When an interrupt request is accepted by the TPUJ normal program
Sequencing is halted; the present contents of the Program Counter (PC) »
are pushed into the stack in memory; and a RST (unconditional jump)

instruction to location 70 is forced into the TPU instruction register.
Ve

Following the interrupt, the TPU inputs a word from the U which contains

the address of the interrupting source. '

Q . 1() = -




The ICU presenily provides for eight interrupt sources with the

-

pridrity and addresses shown in Table 1. - ' . .
. ~ ! 9

- 'Request N ’ ) RST Address (octal)

SIR | highest priority ’ 000 , \

KST . 001

P 002

SOR | . _ . 003 . <.

EXTO ' 004

EXT 1-3 005~-007

-, . < B R & ‘\
I - Table 1. Interrupt Priority .

’ I'd

The processing time for the various types of SIR words is given
in the discussion of word formats in section 3. Propessing time for

KST,- TP, or EXT interrupts is 175us while the SOR requires 120us.

Within the TPU is an interrupt enable flag which myst be set \
before any interrupt requests will be accepted from the ICU. This

flag can be set by the EI (enable interrupt) and reset by the DI 1

(disable interrupt) instructions. Each time an interrupt is accepted
by the TPU, this flag is automatically reset thus disabling further

interrypts until set by an EI instruction. This flag is also réeset

by the CLEAR switch. -

r The ICU conﬁa}ns an’ 8-bit Interrupt Mask Register, -each bit ‘of
which is a§sociéted with an ihterrupt source as shown in Figure 2.2. -
An interrupt is enabled if the associated bit in the Mask Registef is
a "Sne," disapled if’it is a "zero." An interrupt.will not be passed
through the ICU unless it‘is enabled. Thg~TPU can, therefore, selectively
-enable or disable inferrupts by the data loaded into the Mask Register.
The data to be loaded into the Mask Register is maintained in a protected

location in memory. An interrupt is said to be 'armed' if the associated

resident program can selectively set (arm) or clear (disarm) bits in

this word before senéing it to the Mask Register. Tﬁhs, an interrupt

o,

may be armed but temporarily disabled by the resident.

A9

|
|
|
|
bit in this location is a “one," 'disarmed' if it is a "zero." The
\
|
|
|
|




2.4

: Figures 2.3 and 2.4 contain the flow charts desgribing the processing

v

for each type of interrupt. 1In these‘diagraps the symbol RTN %eans

return.to'the @rogram in progreés.when the interrupt occurred; SAVE ' .
means save the present contentsuof.the regist%fs and flags in ;he stack. R "'
n performiné Q@N the saved.information wili be restored to the register,‘

and interruptg'aiil be enabled as the are ﬁhen armed. ’ " 4

. ‘ 1f*”

) 7 6 5.4 3 2 1 0 .
sIR|ksT| TP {SOR|EXTI u | U | U | | -
Figure 2.2. Interrupt Mask Register Bit Assignment o

-

Memory -
—_— !‘ . -

The terminal memory presently consists of 12,288 words, 4096 of
which are ROM and 8192 of which are RAM. The lower 2K words of ROM !
» ) . - .

contain the terminal resident program. (The present version of the

i

resident occupies approximately 2000 wofds.) r
, I |
The resident contains all of the‘pngramé to emulate the existing

PLATO IV terminal plus programs for processing interrupts, handling.

10, error processing, and some additional characgér mode features. . \
These ,additional character features include the ability to write ,\
characters from right to left and vertically in both directions. Also \

\
included is the ability to plot characters that are, twice the size of
the standard character set. New brograms are presesply Heing developed‘ " *

\
which may be incorporated in the resident to become standard features
. ) |
of the terminal.

“The upper 2K words of ROM contain the data for the ROM characters \

-

existing in tﬁe'present PLATO IV terminal. .. . \\
The RAM memory begins at location 4096 and extends through location ‘ )
12,287. The first 2048 words of RAM, location 4096 through 6143, are

’

usually reserved for the'loadable.character set data, M2 and M3, as in
¢

the existing PLATO terminal. (Sixteen 8-bit words are required per

character.) . < .




DISABLE

INTERRUPTS

XMIT
'WORDB COUNT

¢

INPUT
DATA ROY

INPUT DATA
(3 BYTES)

STORE
| WORD COUNT

:

CLEAR

ABORT MODE
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Figure 2.3 SIR Interrupt
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NO

'

INCREMENT
WORD COUNT .

¢ )

PLATO
NOP

) ENABLE
CTRL INTERRUPTS °
' ., J o
LOAD MODE ’
LOAD COORDINATE
n . !
STATUS REQUEST /
[-] .
LOAD MEMORY
\ ADDRESS )
| ’ .
——@ FUNCTION .
" .
‘ —»@ EXTERNAL DATA
) ’\ s
1) ] @
* - Figure 2.3 (continued)
Q /

14

POINT MODE

>

LINE MODE

-

LOAD MEMORY

)

CHARACTER MODE

BLOCKERASE MODE
4 ?

.

>USER DEFINED MODES

[
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[y . o - 1 1.—
s - - - - _ -
¢ . ’ . :
SOR . ' . .
INTR
. ’ ‘ 1 b P
J DISABLE . DISABLE * DISABLE
" INTERRUPTS . INTERRUPTS . INTERRUPTS
1 3 ‘
i SAVE / SAVE . SAVE
Y 4
“ Y , Y
. DISARM - XMIT s USER
SOR INTR - DATA PROGRAM
DISARM ALL .
BUT SOR, SIR _ #
v ; i
. \‘
, . i
‘\
s, .‘
i
. , . RESTORE . | . !
: T ENABLE = b
- ARMED A ‘
. INTERRUPTS . .
i
1
/ » . '
~ EXIT TO ’
’ INTERRUPTED ' , ’ Lt
. PROGRAM i‘
? i !
Figure 2.4 KST, TP, SOR and EXT Interrupts ’ ', R d
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POU POL X Y POM
. 8 9 9
3
! 9 BITS 9 BITS
X ADDRESS Y ADDRESS - ,
\ g WRITE, _
16 BITS DATA o PLASMA G’E,RASE
PANEL g BULK
READY
i '

. Pigure 2.5.
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.The'top 64 words of RAM are reserved ‘for use by the resident

-7

program. - Just below this reserved section is the portion of memory

used d4s a last in-firstjout stack by the TPU. The terminal resident .
2 8

program will prevent éhe‘loading of data from the central cemputer

into any area of the memory currently qtcupied by the stack.

-
. &«
e

2.5 Panel Interface Unit (PIU) -

The PIU contains the registeré‘and control circuits required to
efficiently attach a plasma panel to the D bus. The PIU, shown in

Figure 2.5, contalns the 9-b1t x and y panel address registet¥s, a 16-

+ bit parallel data.register (PDL/U), a 3-bit panel display mode (PDM)
register and the write-erase control circuits. Data for the regigters

.and control information is supplied to the PIU via the D bus., 2!
and ¥ registers are bidirectional counters which ¢an be indepfndently °

controlled by the TPU. The parallel data register consis of the 8-

bit parallel data upper (PDU) and parallel data lower DL). Yegisters.

The PDU/L registers are used" orily when operating papéllel input plasma

v
”

: panels.

The format of the PDM register is shg in Figure 2.6. Bits 0 and 1

specify the write/erase mode, ang bj ~the‘panel operating mode, If
bit 2 ls ”zero," the panel is operating in the serial mode, and the
contents of the x and y register specify the address of a point to be
written or erased. .If bit 2 is "one," the panel is operating in the

parallel mode, and the contents of PDL/U will be written or erased on

the panel at the address specified by the contents of the x and y '

°

registers. The data will be displayed in a vertical column with bit 0
of PDL at the bottom and bit 7 of, PDU at* the top. o ’

- ’ -’
-

Information is written on the display if WE1 = 1 or erased if WEO = 0.
The use of the WE; bit is explaihed in Section 3.5 in the discussion of

Mode 3.

PM |WE, |WEo

Figure 2.6. PDM Register ™




2.3, Input-Output .

The present prototype terminal proviaes for the attachment to the
. D bus of up to 32 input and 32 output devices. Input devices include
a keyset (standard), touch panel (optional) and other optional input )
A equipment. Output devices, all optional; include a ‘random-access slide
prOJectox fox .the prOJectlon of slmde images on the rear of the plasma
‘panel, a random-agcess audlo unit whlch can play back to the terminal .-
user pre-recorded audio messages, a ROM programmer, aqd a floppy disk

system. Other user-defined output devices may also be attached. Data

rates in excess of 25K bytes per second mangasily.be accomplished-op

the IO Bus.
) .
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3.0

w
v
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3. Operating Modes

PLATO Word Format . . ,

The data to be processed by the terminal consists Qf 20-bit
words (with start' bit removed) with the format shown in Figure 3.0.

~

19 18" . _ ] * ol 00 °*
c/D ' DATA ’

A}

Figure 3.0. Terminal Word Format

-
~

Bit 00 ™ . Parity bit - even pari%y
Bits 01 - 18 . :’ Data -
' Bit 19 ‘ Control bit - 0 = control word

' . _ -.1 = data word'\q

—

Terminal words may be of two ty#es: control words and/or data words.
Data words (c = 1) contain the ﬁata to be processed by the terminal
while control words (c = 0) ar# instructions used to establish operating

conditions within the terminall

'
.

The SIR checkslgach word for parity and disassembles the word
into three 8-bit -bytes for transfer into the TPU. The format of these
bytes along with the TPU input address assignment is showyn in Figure 3.1.

)

INPUT ADDRESS SIR BYTE FORMAT
00 Dos |Do7 {Dos |Dos |Do4 {Po3'{Do2 {Dor | SIR BYTE O
o1 ! - .|Dis |Dis {Dis |Di3 |Diz |1y [Dio [Dosj SIR BYTE
02 _ uls | a|oe [0wl0e |0 | Pl sir BYTE 2

" J L \ ’ L ’:

. . ! 4
i iSEmAL PANEL ABORT FLAG * PARITY ERROR
0=.PARALLEL PANEL, _ . LOST DATA FLAG

.

SOR READY FLAG

Figure 3.1. SIR Byte Format

~o 19
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In addition to SIR data, hyte 2 contains three IO status flags.
The Parity Error/Lost Data flag indicates that either the present SIR
word contains an error or that the TPU failed to input one or more

previously received SIR words. ' .

The ABORT Mode flag indicates the error mode status of the terminal.

If this flag is "zero,“ the terminal is operating normally, while if it

%7 "one," the terminal is in the ABORT mode of operation. The TPU

maintains a record (word count) of the number of non-NOP words received. ~
P * 1

Each time 3 non-NOP word is tr;nsferred into Ehe TPU, the word count
is in?reméntéd by 1. Upon receipt of a word contaifiing a parity
errer or an indication of lost data, the TPU, automatically transmits
the value of the word count to the computer center, sets the ABORT
flag and enters the ABORT mode of operation. The value of the word
count transmitted will indicate to the center the address of the

word containing the error or the word that was lost.

”

>

Once in the ABORT mode, the terminal will refuse to accept any

-

further information except for a LDM instruction (described later).

Receipt of an LDM instruction with bit 14 a "one" will clear the
»

ABORT flag‘and return the terminal to normal operating mode. This

A ' ’ . "

method of error control prevents the terminal from processing data 5,

in the wrong mode in the event an erroneous mode change word is received.
b . - - " - -

. L. ¥ -
The SOR Ready flag indicates thé present status of the SOR. ‘If .
this bit is "zero," the SOR is busy transmitting gata, while if it is

"one,” the SOR is available for use. Before loading data into the SOR,

the TPU examines this flag to determine SOR availability. .
‘ b 't> T «° N
In the Qiscussion of word fprmats which follows, the processing

~

times quoted include the time required to interrupt and save,the
present status of the TPU, the execution time for the word and the -

time required to restore the TPU to its original state.

A |

The quoted times assume a TPU clock frequency of 2 MHz (.5us per

¢

~

state) and a maximum memory access time of .5us.

¢
N
L

- ’




3.1

f lnst;uctlon whlle in the ABORT mode w111 clear the ‘ABORT" “flag and

Control Word Formats .

-

The PLATO control word format is shown in Figure 3.2.

19 18 7 B I5 . 01 00
0 ) . CONTROL INFORMATION ’ P
Figure 3.2." Control Wor@d Format
Bits 01 ~ 15 . Control Inform%tion ’
. " "Bits 16 - 18 ,. Type of Control Word
D = 000 (NOP) - : .
9 18 17 16 I5 a * 0l 00
ofo 0o 0|0— —— —— —— — — ——— —— X0
N & ;

This word is. a NOP (no-operation) instruction. There are two ‘_”
types of‘NOP hqrds, those generated by the NIU and those generated by ’
PLATO software. The PLATO NOP will cause the terminal woyd count to be :
increhented while the NIU NOP will not affect the terminai status in

any way.

D = 001 (LDM) Load Mode (267Hs)

- L
. B — .
- . /

9 .8 7 16 15 14 13 “— 07 06 - Q1 "00
oj]o O 1 1 |wC WORD COUNT_ MODE WORD } P
This instruction establishés the operating mode,of the terminal. .

For each mode of terminal operation there is an associhted mode, wbrd
(blts 01 - 06) which dlrect? the procé§51ng of incoming data. Once

placed in a glven‘MGﬁe, the terminal remains in that mdde until receipt ",
14 N L3

of a new LDM inmstruction.
If bit 14 (WC) of the LDM wordris "one," the'word'cbunt reéister - .
w111 be set to the wvalue spec1f1ed by bltS 07 - 13. ‘It is the receipt
of this instruction with blt 14 set whlch w111 restore the termlnal to
normal mode if it lS in the ABQRT mode.' Thls is the only 1nstruct10n
whlch the TPU w1ll accept if 1t is in- ABORT mode. Recezpt of the HM#

=
i

initialize the word count but will not alter the terminal processmng

PN

‘mOQe.
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Bit lS of the LDM word is used to actuate or inhibit external
devices attached to the terminal. Receipt of an LDM word with bit 15
a-ﬁone".will disable the interruﬁts from all external devices excep£
the keyset. They will remain’inhibited until receipt of an LDM word

with bit 15 & “"zero," N

. MODE WE, WEg| S

_Figure 3.3. _Mode Word Format

Bit 01 Screen Command. If this bit is "1," the
. - entire display panel is erased.
s, -~ ___Bits 02 - 03 "~_ Select write or erase function in the PIU
: - . as follows:
, e " .
\Q\ 0 . Erase, write character background . i
0 1 Write, erase character background ’
_ 1 0 Erase, suppress character background write /
- Lo 1. Write, suppress character background erase ;
Bits 04 - 06 _Specify terminal processing mode, ‘ .
The modes are, described later. P
. o f » .
h D = 010 (LﬁC) Load Co-ordinate (225us) v :
9 18 17 1615 il_10 09 - 000 e
KM/l :
1o " Z
- ° ‘t &‘ . . . .a‘-’ ’ 1

.
o LY N
g ‘ .

This instruction loads the X register (bit 10 = 0) or the Y register
(bit 10 = 1) with bits 01 - 09. Bits. 11 - 15 are unused. It is anticipated
—— ,thatlthis instruction will also be used for relatfive addreséing. Bits
will be inserted in the unused portion of the word to indicate relative
or absoIlte addressing. Used‘in relative gddressing, pits 10 - 09 would

’\ . -~ » H . .
be added to or subtracted from the present contents of the specified

—_—

register.
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{ ///// |
D =100 (LDE) Status Réquest {267us)
19 18 17 KB 15 ‘ 08 07 » 0100
olo « 07 sws reavest P

It is proposed that this word, presently used as an ECHO code, be used

to reduest the status of variouqycondftions within the terminal. The

terminal would respond to the status request command by issuing a unique

status response code.

(See section 3.7.). In the present PLATO syséem

the términal merely pechoes the data contained in bits 01 - 07.

D = 100 (LbA) Load Memory Address (229us) N
9 I8 17 15 IS5 . ol 00
ol1 7o o INITIAL MEMORY STORE ADDRESS P

This instructidn loads’ the Memory Address Register (MAR). This

data word specifies the first storage address to be used upon entry /
. IS

info a Mode 2 operation. RAM memory begins at lecation 4096 (100008)
* ¢

which is the lowest useable address. The terminal rESident’will prevent

the loadind of data into locations above 277008 or into any locations

above the present valud@vof the stack pointer register.

19

D

101 (FCT) Func;i.ok-ezzéusg:.

18

17

16

&————-

15

Ol

00 ‘

18

&)

{

FUNCTION {

P N

within the terminal. .One use would be to‘speéiﬁy an external output L

AN

device to which all subsequently received EXT words would be sent. The

format of the FCT instrBction in this case is shown below.

’

This instruction i% proposed for use to establish special functions
L]

00 -

23.
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Bits i
¢ 01-03 ’ ) . specify external deyice address ‘
*
. 04-06 specify external channel number
A - External channel
: // 00 -4 A
' A0 T 5
N / 10 - ,/ 6 )
| ~ 11 , T 7 .

\

Channels 0-3+are used internal to the
terminal and are not available for use by
this instruction.

D = 11x (EXT) Load External (275us) .
9 18 17 16 09 08 . - . 0l 00 - g
ol 1 ) " BYTE 1 BYTE O “{p

This instruction transfers two 8-bit bytes, byte 0 first, to the

’

- external device selected by a previous FCT instruction.

In the present PLATO IV Qerminql only 15 bits can be sent to an
ot external device (see Appendix). . . . - .
. ”

9

.
1
N

3.2 Processing Modes - Made 0

In normal operation, the terminal is assigned ah.operating mode by

sending'it a LDM instruction fallowed by all of the data to be processed

g N .

in that mode. ’ .

i -

. he terminal resident program contains the programs for processing . !

data in the four modes presently used in PEATO. IV. In addition, up to

four additional user-defined-mode programs can be loaded into RAM.
« - . ® '-

4 ’ v =
Mode 0 is a point plotting mode. Each mode 0 data word, Figuré 3.4,

specifies the address of a point on the panel to be written or erased.

The W/Eo‘bit in the mode wo}d determines which operation is performed.

) I9 18 ~ 1009 ‘ o 00 .
| X . . Y P
Figure 3.4. Mode 0 Data Word . \
‘ A " The proceséing time for a Mode 0 word i§ 238ys. ‘

.
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Mode 1
AN

Mode 1 is a llne,drawxng,mode. Each data word, ' Figure 3.5, specifies

- the termlnal coordlnates of a line, the origin of whlch is contained .
in the X and Y registers. ‘
19 18 i 009 o_o0 = .
I X, Y, p

v
» T

Figure 3.5. Mode 1 Data Format

The teiminal point of a given line is also interpreted as the

origin of the next line. Line origins may be relocated, however, by

the use of the LDC command without exiting from Mode 01.

-

The processing time for a Mode 1 word ranges from 1ms for a

" ‘ |
line length of one dot to 11.1ms for the maximum line length of 512 dots.'

' “ - ¢ ,

- » . ’ d

Mode 2 } ’ .
. 7

Mode 2 is a load memory mode. Each Mode 2 data word, Figure 3.6,
. , ¥

contains two eight-bit words to be stored in RAM memory. These words

are stored, lowet first, in two successive locations starting with the
present contents of the memor& address register (MAR). After each

8-bit word is stored, the MAR is automatically lncremented by 1. The

re51dent program will refuse to load data lnto memory above the presént

value of the stack pointer reglsEEr,or above ‘location 277098. An:
attempt to load ;nto/those areas wili bause‘thq store operation to be
‘discarded and an illegal store code will he sent to the computer center.
A longltudlnal parity check will be added to tHe Mode 2 resident .
Whlch will permlt the TPU to call for the retransmlsSLOn of any block

“wn o . o ,;-_ Y ..
of data containiing an error. - ' -
‘

19 18 17 16 09 08 5 “ol_00

a% T w1 WORD O 0

(B -
Figure 3.6. Mode 2 Dasf/%ord

. »

ottom and.16 of word 1 at the top.

The stored data when displayed on' the panel appears as a vertical
column with bit 01 of \word 0 at the

The processing time for a Mg;e 2 word is 288us.
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3.5 #ode 3

Jdode 3 1s a character plotting mode. The data words in this mode
contain three f-Rit character codes ag shown in Figure 3.7 Each code

selects one of 63 characters from one of the character sets contained
9 ‘ap the terminal.
L2 . »
) 13 12 07 06 -

000
. ! CHAR | .| . CHARE

-

. . Figure 3.7. Mode 3 Data vgorr . ’
- % »
o - .

v.

The terminal presently provides for up to eight,character sets
of .63 characters each. Character sets MO ‘and M1 are contalned within

_the *terminal re51dent and hold the characters shown in Table 2. The
. other characfer sets contain. user*deflned ShargCters and are storéd.in
_RAM beglgnlng at.locatlon 109008. ' - . , e
S - The conténts_g§ the character memérigs.ere processed ig Mode 3 és
’ : 63 arrays of sixteen 8—bit-wbrds. -TheDCOnﬁents of 16 gpnsecutive .
" w-addresses are dispiayed as one“chérai%er within a matrix as shown in :
Figure 3.8. Phe top three rows and bottom row of all character matrlces '
- . from MO and M1 are glways unfilled. *

.
- -
¢ .

-
.e
.
~

Q ;

ERIC

.
Aruitoxt provided by Eic:
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ADDRESS MO M ADDRESS 40 M1
(OCTAL) CHAR CHAR. (OCTAL) CHAR CHAR
0 § 40 5. +
) 1 ‘a a H‘ 41 % >
2 b B 42 7 ¥
3 c C 43 8 <
4 .a D 44 9 ~
5 e E 45" + z
6 £ F 46 - A
7 g G 47 * % U
- 10 h H 50 / "
Iy i I 51 ( {
12 j I 52 ) //
13 X K 53 $ &
14 L1 L 54 = CF
15 m M 55 // Sp
‘16 n . N 56 |
17 . © o 57 °
20 P P 60 =
21. q ) 61 M
22 r R 62 . _ ] B
23 s s 63 / % 8
24 t T 64 X A
25 0 U 65 - = w
26 v ' 66 ' 7
27. W W 67 " p
30 Yo X .70 | o .
51 k y: h Y 71 - ; [
2 z ﬁ , 72 < <
| /33,3 0 - 73 > ">
34 TR " 74 _ 8
35 2 - - 75 i - @
36 ° 3 S 76 » ] \
37 N 4/ R 77 UNE:OVER UNCOVER
¢ /.
Table 2. )

ROM Characters

g7 .
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The contents of any character memory can be enlarged via selection

of character size 1 (size O is normal size). Selection of size 1 will
. 1]

result in a 2X magnification of the characters. Figure 3.9 illustrates
~characters drawn in size 1. All character format operation will be

automatically adjusted when using size 1 characters.

Character write/erase 1s specified by the write/eraée bits WEO,
WE1 in the modk word. (See LDM instruction.) If WEO = 1, characters"
are written; if QEO = 0, characters are erased.’ The inverse of the '
operation called for by WEO will‘be performed on the background or
unfilled portion of the character ma;rix if WE1 ='0, while if WE1 = 1,

“

the background remains unaltered.

) Character p;otﬁing spéed ranges from a minimum of 316 characters.
. 3
_per second (3.16ms/char) using a serial plasma panel up to 2020 charac-

-

. tets per second (495us/char) using,a.parallel:;gasmé panel. .
m¥d v

0O 00100000
) Q00011110
2 00010000
3 00010001
113]si719{n|aiy 4 00010000
S 0001 000!
6 00010000
7 00010001
8 00010000
9 0001 000!
. 10 00010000

2lae{sfofe iz 99968886 u

olzjalslsjoueal n

. word—"" 13 00001000 -
no - 14 00000000
L,A/ ‘ 15 00000000 -
i - ! -
’ MATRIX ' STORED RESULTING.
ORGANIZATION ' DATA . DISPLAY
3.‘ / /
Figure 3.8. Character Matrix
/ . . S v
//// . | ///////
/ - (\

ERIC

Aruitoxt provided by Eic

i3]
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Thls terminal is & prototype
a PLATO V terminal. It is.
nrﬁrated under the 5upervi§ion
ard control of an INTEL 8888 |
microprocessor. It 1s actually 3
a2 miniature interrupt driven |
~+1me—:hcr&d computer system
with a plasma panel attached
to +hﬁ iso bus. The terminal
dJn+:1nd 12k kbytes of memory, .
/ gk of which are RAM which can
- be used to store data or , |
programs which can be executed .
at the terminal. | |
'HBFDEFFHIJVLMHDPDP STUYIWRYZ >#?'
ﬁL25456?H95/[]$%_ ) +-+xgE, ./

i
-

g -~
- “"Boldface" Character Fqnt




N

, =26-

>

There' are several non-plotting control characters available for
formatting the display of data in Mode 3. These control characters .
may be accessed via the use of the "uncover" code (17 . Upon receipt
of a 77 code, the terminal interprets the next character code as.a
control character instead of a character to be plotted. Followiﬁg ' ,
execution of the cdhprol charécter, normal plotting mode i§ resumed.
K If several ,uncover codes are sent in sequence, the first non-uncover

code will be treated as the con;rol character.

-
[

The operations performed by each of the control characters are
shown in Table 3. -In the case of some characters, the operation
performed is a function of the charécter memory, the plotting mode,

horizontal or vertical, and the plotting direction, forward or reverse, A .

,
.

which is being used.

Horizontal plotting moée is set by the 30 code; vertical plotting,
by the 31 code. Forward plotting direction, éet by the 32 code,“is
from left to right in horizontal mo@e and from bottém to top’in vertical
mode. Reverse plotting direction set by the 33 codé, is from right to +

left in horizontal mode and from top to bottom in vertical mode.

The CRM@ and’ CRM1 (70, 71T\e§§P pe;;;;m,a-ca;riage return and .
then set-the panel address equailgg the contents of memory location
- MARGS Sr MARG1, respectively. The TAgﬂ and TAB1 (72, 73) codes are
iynamically adjustable tab settings. The contents of MARGH, 1 and'TABﬂ,1

are specified by the user.

3

El{l‘fc . o / 3() - - /’

r B r.
FullText Provided by ERIC » - !
-
. . . . .
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~ SIZE g SIZE 1
OCTAL . " HORIZONTAL VERTICAL HORIZONTAL " VERTICAL
CODE FUNCTION FWD RVS Fwo RVS FWD RVS FWD RVS
10 |Backspace x-8 * x+8 y-8 y+8 x-16 x+16 y-16 y+16
i1 Tab” « | x+8 x-8 - y+8 y-8 || x+16 x-16 y+16 y-16
12 Line Feed y-16 y-1.6 x+16~ ‘x+16~ y-3é y-32 ‘x+32' x+32‘
13 Vertical Tgb _y+16 'y+16A Xx-16 x-16 y+32 y+32 x=-32 X-32
14 |Form Feed 1« -g x *504 |’y «g y+5g4| x+g x+496 | yeg' y«496
e y*+496 y+496| x*15 x<15 || y+480 y <480 x<31 x <31
15 |Carriage Return| x<g ‘x*5ﬂ4 y*g y+5g4| x+g x +496.] y<g y +496
y-16 y-16 x+16 x+16 y-32 y-32 - X+32 x+32
16 |superscript .} y+5  y+5 | x-5 -5 y+i0  y#10 | x-10  %-10
A17 Subscript y=5 'y-S x+5 © X+5 y-10 y-10 x+10 x+10
20.’ Select MZ \ select character memory g (ROM)
21 Select M1 select character mgmofy 1 (ROM)
22 Select M2_ select character memory % (gAM)
23 Selgct M3 _ select character memory 3 (RAM)
24 |Select M4 select chafgctgr meinory 4 (RAM)
25 Select M5 select ,character memory 5 (RAM) -
26 |Select M6 select character memory 6 -(RAM) ]
27 S;lect M7 i select cha&actér memoxry 7 {RAM)
30 |Horizont&al ° select horizontal plot mode
31 Yertical g . select vertical plot mode
32 | Forward ) . g ;elect forward plét direction o
33 Reﬁerée select reverse plot direcéion 3
34 | Select Size g select norkal-size char;cters }
"35 |Select size 2 . .. select large-size characters.
70 |crup y-16 © o x#16 . y-16 x+16
) X #=MARGf y -MARGH X «MARGE - y +-MARGf
71 | crMI y=16 X +16 - y-16 % +16 /
¥ x +MARG1 y <-MARG1 x +MARG1 y «-MARG1:
72 | TABS o X +TA y <TABf e x «TAB@ ’ y +«TABg
73. . TAB1' -4 x +TAB1 y +TAB1 x ~TAB1 y<-TAB1/
77 Uncover next character is control character P /e

i

Table: 3.

* , N

LI

R ~
Control Chachters///

- 31
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3.6 Md&e 4 i

Mode 04 is presently being considered for use as a block erase '
.mode. In this mode each pair of data words would specify the corners

of an area to be erased. The area erased is that enclosed by - .

. fo' = IXZ’X1| andIAyI = IYZ"Y1li If X2=X1 and yz-yl, a single point
is erased while, if X,=x,, a vertical line is erased, and lf‘y2=¥q, a
horizontal line is erased. - ; - ‘
IS I8 10 08 ) Ot 00
' . X, Y, P | WORD 1
19 18 : 1009 0100 S
1 : X, . Y, P |WORD 2 .

Figuyre 4.0. Mode 4 Word Format

3.7 SOR Word Format
'3

'S

Data transmitted from the terminal to the computer center consists

of 12-bit words with the format shown in Figure 4.1. - .
1l 10 03 08 o 00 o 7
P -~ .
I 10 < DATA P
Start Bit, T T identifies %T— Parity Bit, ‘
Aiways 1" Type of Data 4 Odd Pority TS
// ?
Figure‘4.1. "SOR Word Format ‘. - =

/ "y

-~ The format for the various typeé of data are shown in Figure 4.2.

The Status gesponse word was formerly. called ECHO code. It ié proposed .
that Ehé/ﬁCHO command would become a Status Request cbmmaﬁd énd the - -
present’ECHO code would becomg the responée to the Status Request. One
of the .Status Reéuest codes would be called ECHO inp which case the ‘

ECHO code would return exactly as in the present system. ; .
? » N . 0 ¢ ‘\ Al

0

~

~ . /
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Status Request code 1608'is used to reqﬁestséerminal‘type. A
" Status Response code of 1608 indicates an existing PLATO IV terminal -

while a re;ponse_of 1628 indicate§lan 8080-ty§e terminal.

W?

W o 09 08 o L o 00
1lo oo KEYBOARD' DATA P
. ~;
Il 1009 08 07 s 0 ®
\\§\~ 1{o o |1 . STATUS RESPO&SE; P
Il_10__09 08 05 04 © 0l__00 .
o TOXH PaNEL s [ g
) I~ 10. 09 08 , . ol 00
I EXTERNAL DATA . | P’
- 5
& % . 1l_10 09 08 O7 o0
vl i o WORD COUNT Pl .
Y P hd - &
1_1o 09 08 07 ol 00 \
e TPU REPORT P

Figure 4.2. SOR Word Formats:

_ ¥
> ” ~
- The TPU report codes are/ﬁsed‘tgzinform the central computer of
the occurrence of some special evgnt within the terminal. A list of
. the presently used TPU report codes is shown in, Table 4. -
, tc Fﬁgcizi?rt : ) Event Reported )
000 - Terminal has just been turned on )
! ,001~ . Not used . ' . “
2, 002 . Reset (clear switch has been.depxressed)
003" ‘ Automatically 16ad the terminal RAM with
, . with some program (bootstrap) :
004 ; An attempt to write in an illegal area
- or RAM during Mode 2
005 ) Longithdinaf parity error occu;red in Mode 2
A .006 o Rejecf, terminal busy
Q / ‘ ‘ Table 4. TPU Report Codes -/

ERIC | 33
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4. Instruction Set

Terminal processor instructions may be from oné to three 8-bit bytes
(words) in length with the bytes for a multiple byte instruction stored in
successive memory iocation. The first byte always contains the instructioﬁ
operation code while ;he second and third bytes contain operands or memory

&
addresses.

The following symbols wi}l be used in the detailed description of the

instruction set.

Symbol . ’fefinition .
<B2”> Second byte of the instruction '
<B3” Third byte of the instruction
r Scratch pad or mefory register designation -
r Register |
000 B ) '
’ 001 c
. 010 ’ D
- 011 E
100 H )
101 . L
110 Memory
111 A (accumulator)
M Memory location indicated by the contents of <;k\\\;\~
registers H and L —

Contents of location or register
Logical product

—
~—

@ Exclusive "or" |
‘v Inclusive "or"
A; ’ Bit i of the A-register
)% Stack Pointer
PC Program Counter ' .
- o o* Is transferred to ) .
, -
. R
1The instruction set described here is from the "Intel 8080 Microcomputer -

System Manual," January 1975, published by the Intel Corp., 3065 Bowers Ave.,
Santa Clara, CA  95051. The input-output device assignments are unique to
this terminal. -
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Execution

. Descriptio £ erati
Time (us) scrip n of Oper on

. Ob Code
. Mnemonic, (octal)

ir,r 2.5 Load geglster r, with the .

HLT

MVI r
<B.>

MVI M
<B_>
2

INR r

12 . .

. 16r
16

156

0r6

066

Or4

Ors

064

065

3.5

1

- incremented by\one.

(r e,
content of r.,. The content of r,
remains unchanged.

(M)« (r) Load the memory location
addressed by the contents of registers
H and L with the content of register r-

(r)«(M) Load register r with the .
content of the memory location addressed
by the contents of registers H and L.

On receipt of the Halt Instruction,
the activity of the processor is im-
mediately suspended in the STOPPED
state. The content of all registers
and memory is unchanged and the PC .-

has been updated. . <, - o

(r)<<B_>- Load byte two of the instruc-
tion ifito reglster r.

(M)<<B.> Load byte two of the 1nstruc-
tion ifito the memory location addressed
by the contents of registers H and L.

{r)<«(r)+1 The content of register r
is incremented by one. All the con*> -
dition flip-flops except carry are
affected by the result.

(xr)+(r)-1 The content of register r
is decremented by-one. All of the
condition flip-flops except carry are
affected by the result.

{M)«[M]}+1. The content of memory
designated by registers H and L is
All of the con-
dltlon ,£lip-flops except .carry are
affected by the result. -

[M}<«[M]-1. , The content of memory ‘o
designated /by registers H.and L is
decrement¢d by one. All of the con- z
dition flip-flops eXcept carry are ...~
affected by the result.: o .

(A)<(a)+(r) Add the content of

register r to_the content of register
A and place-the result into register A.

_/—,7}\11 flags affected.) / .

e




Op Code
‘(octal)
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Execution
Time (us)

Description of Operation

21r

_ng

SBB r

24r

206 0 T

216
226

. 236
246

s6 -/

Ty,

266, T ~—

2.0

-

2.0

&

(A)+(a)+(r)+(carry) . Add the content
of‘req}ster r and the contents of thg
carry flip-flop to the content of the

. A register and place the result into

Register A. (All flags affected.)

(A)<(aA)-(r) Subtract the content of
register r from the content of register

id place the result into register A.
‘Two's complement subtraction is used.
(All flaqs affected.)

(A)<(A)-(r)-(borrow) Subtract the

" -content of register r and the content

2.0

[4

~ 3.5

™ T3.5 T« (A)+(M)+(carry) ADD with carry

3.5

3.5
3.5 *

3.5 1 e

3.5

of the carry flip-flop from the con-

" tent of register A and place the result

into register A. (all flags affected.)

(A)<(a)¥. (r) Place the logical product
of the register A and register r into
register A. (Resets carry.) .

(a)«(a)®(r) Place the "exciusive-or"
of the cohtent of register A and
register r into register A. (Resets
‘carry.). '

(A)<(A)V (rJ Place the "inclusive~or"

of the content of register ,A and
register r into register A. (Resets
carry.)

(A)-(r) Compare_the content of register
A with the conté;E\Qj register r. The
content of register A\reggins unchanged.

The flag flip-flops are set by the

result of the subtraction. Equality
(A=r) is indicated by the.zero flip-
flop set to~ll." Less than (A<r) is
indicated by the carry flip-flop, set
to "1." -

(A)«(A)+(M) aADD

(a)<(A)- (M) SUBTRACT '
WA)ﬁjA)-(M);(bérrow) SUBTRACT with borrow
(A)¢(A)+ (M) Logical AND
(A)«@)8 (M)
(A)<@)vm)

Exclusive OR

Inclusive OR
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Mnemonic ?ECE:i? gz:ZuE::? Description of Operation
. 3
CMP M 276 3.5 (A)-(M) COMPARE --
ADI 306 3.5 (A)+(A)+<Bz>
<B,> - ADD
ACT 316 3.5  (A)«(A)+<B_>+ (carry)
<B,> - ADD with carry
SUI 326 3.5 (A)+(A)-<Bz>
<B2> SUBTRACT
SBI 336 3.5 (A)<(a)~<B_>- (borrow)
<BZ> . SUBTRACT with borrow
ANI - 346 3.5 (A)<(a) -<B_>
<B2> Iogical
XRI 357 3.5 (A)<(A)®<B_>
<B2> Exclusive 8R
ORI 366 3.5 (A)+« (A) V<B,>
<B2> Inclusive OR
CPI 376 3.5 (A)-<B,> .
<Bg> ‘ COMP .
RIC 007 2.0 Ai+1+Ai,A0+ 77 (carry)+A7
Rotate the content of register A left
Y one bit. Rotate A into‘Xb and into
the carry flip-flop.
RRC 017 2.0 ‘F§+A.+1,A <A _, {carry)<A
' R&tate thé dontent of reégister A right
one bit. Rotate A_ into A7 and into
the carry flip-flop. : :
RAL 027, 2.0 A, B, A *(carzry), (carry)« :
o Rozate the content of Register A left
, _one bit. Rotate the content of the
caxry flip-flop into A . Rotate A,
+ into the carry flip-flop.
* RAR.__ . 037 2.0 AR A “(carry), (carry)+a, -
‘ Rotate the content of register A right
one bit. Rotate the content of the
caxry flip-flop into A,. Rotate 50
- ) into the carry flip-flop. )
JMP 303 5.0 (PC)+<B3><B > Jump unconditionally
<B,> to ths_instruction located in memory
. <B2> location addressed by byte two and —

byte three.

B
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.addressed by byte two and byte three

. Op Code Execution C y .
. D
Mnemonic (octal) Time (us) escription of Operation
Jc 332 5.0 If (Carry)=1(pC)+%B3><32> :
<B,> .
<B%> ' Otherwi%e (PC)=(PC)+3 ,
JNC 322 5.0 If (Carry)=0(PC)+<B_><B >
< - 3 2
B>
<B3 Otherwise (PC)=(PC)+3
= «<B_><B >
iz 312 5.0 If (Zero)=1(PC)*<B_><B,
B.> -
<B_> Otherwise (PC)=(PC)+3
JNZ 302 . 5.0 If (Zero)=0(PC)<<B_><B_>
3 2
<B > -
<B;> ' . Otherwise (PC)=(PC)+3 —
. . .
JP 362 5.0 If (Sign)=0(PC)+<B_><B_> .
<32> . -3 2
<B3> . : Otherwise (PC)=(PC)+3 - .
M = 372 5.0 If (Sign)=1(PC)<B ><B2=e—
<B_> - —
<> : Otherwise (PC)=(PC)+3
JPE 352 % 5.0 If (Parity)=1(PC)¥<B ><B> 4
<32> — « mee—
<33> Otherwise (PC)=(PC)+3 :
JPO 342 5.0 If (Parity)=0(PC)+<B_><B_>
<B> , 32
<g2> ‘ Otherwise (PC)=(RC)+3 ‘
CALL 315 8.5 [sp-1] [SP=2]+(BC) , (SP)=(SP) -2
<B,> 4 (PC)<<B,><B,>
<B<>
82 - Transfer the content of BC to xha—- -

pushdown stack in memory addressed

by the register SP. - —
The content of SP is decremented by

two. Jump uncondltlonally to the
instruction located in memory location

of the instruction.

If - (carty)=1{SP-1] [SP-2]<PC,
(sp)=(sp)—z,(;é$\
otherwise (PC)=(P

If (carry)=0[SP-1}[SP-2]+EC,

:>,48P7 (SP)-2, (PC)4<B_><B_*;
dtherwise (PC)= (P?)+3
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Mnemo;i Op Code Execution ' - Description of b erétion‘
¢ (octal) Time (us) P P
CZ 314 5.5/8.5 If (zero)=1[SP-1] [SP=2]*PC,
<B_> (SP)=(SP) -2, (PC)*<B_><B_>; . ;
<B3> * otherwise (PC)=(PC)+3 .
. [ H . . ‘ ’ . w
CNZ 304, 5.5/8.5 if (zero)=0[SP-1] [SP-2]+PC, )
<B,> , (SPY=(SP) -2, (PC)+<B_><B_>;
<B3> otherwise (PC)2(PC)+3 )
cp 364 5.5/8.5 . If (sign)=0[SP-1] [SP-2]%EC,
<32> (SP)= (SP) -2, (PC)+<B_><B_>;
<B3> otherwise (PC)=(PC)+3
M, 374. 5.5/8.5 *If (sign)=1[SP-1] [SP-2]+PC,
<B_» (SP)=(SP) -2, (PC)+<B_><B_>; o
<B3> - " otherwise (PC)=(PC)+3 : .
" CPE ® 354 5.5/8.5 If (partty)=1[SP-1][SP-2]+PC, .
<B,> . (5P)=(SP)=~2, (PC)+<B_><B_>; /
<B3> ) - otherwise (PC)=(PC)+3
A .
. CPO 344 5.5/8.5 If. (parity)=0[SP-1] [SP-2]*PC,
<B,> - (SP)=(SP) -2, (PC)+<B_><B_>;
<B™> 3 “
By otherwise fﬁg}t(PC)+3.
RET 311 5.0 (PC)+([sP][SB+1] (SPJ=(SP)+2. Return - . =
N . to the'instruction in the memory
location addressed by the ‘last values o
- ~——shifted into the pushdown stack: .
addressed by SP.
RC 330 2.5/5.5 1f (carry)=1(PC)+[SP],[SP+1],
¢ - (§P)=(SP)+2; .
otherwise (RC)=(PC)+1 \\ Lo T
) RNC™ - 320 2.5/5.5 If (carry)=0(PC)«[SP], [SP+11, S
- (SP)=(SP)+2; L :
oy rwise (PC)= -
RZ - 310 . 2.5/5.5 If (zéro)= 1@)+[sp] [sp+1], . T
[ N : (SP)= (SP)+2; :
T m—— otherwise (PC)=(PC)+1 -
RNZ 300 2.5/5.5 If (zero)=0(PC)<[SP], [SP+1], ‘
\\\ . (SP)=(SP)+2; A o .
otherwise (BC)=(PC)+1 B .
RD. - 360 2 .5/5.5 -"‘"“??‘&ﬁxnﬁ-o(PC)+[sp] [se+11, .
(SP)=(SP) +2; ,
. otherwise {PC)=(PC)+1 !
c 2
//. . 39 K. « 7
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. o ' t
. ,‘ . . . . . . \v.
’ . Op Code Execution s .
Mnemornic ‘ (octal) ~Time (us) ‘ Dg§cr1ptlon of Opgratlon o
- RM, ' 370 2.5/5.5  If (sign)=1(PC)<[SP], [SP+1],
[ \ ’ (SP)=(SP)+2; '
: * , atherwise (PC)=(PC)+1
" RPE 350 - 2.5/5.5 ' If (parity)=1(PC)<[SP],[SP+1], ‘
) T . (SP)=(SP)+2; :
. A . ,otherwise (PC)=(PC) +1
RPO 340 2.5/5.5 If (parity)=0(PC)+[SP],[SP+1], B
- (sP)=(sSP)+2; ) ]
otherwise (PC)=(PC)+1
RST 387 5.5 [SP-1] [SP-2]+(PC), -
o (sp)=(sp)=-2
v ’ (PC)+(0000AQ)
IN . 333 . 5.0 (A)<INPUT data ' :
.. <By> . ‘ Input a byte of data to A from the
’ ' ‘device specified by (B.). See Input-
Output sections for I0"address assign- N
, s . ments. ., ‘
OuT - ©323 5.0 OUTPUT+ (A '
<B 2> C ok ; . Output the\ contents of the accumulator - .
N * to the deyice specified by (B_)). See ;
—_— ' ﬁnput-OuE gt section for IO address
‘ *I\ qssu;nmg/nts. N \ ) “ .
LXI B 001 5.0 (C)4<B_>; {B)+<B_> .
<B,> ) _ Load hyte ltwo o% the instruction into
, <B3> C. Load te three 6f the instruction ,
' into B. )

3 . ‘ 3 into' D.

LXI D -, 021 _ 5.0 (}?)*‘<Bé>" (D)+<B> . ”
K ‘ <}32> \/ | (?/ Load byte two o% the insf@;f:tion into )
<B> ' . ¢ * . E. Load bﬁlt‘ e of thé instruction

- IXIH 041 - 5.0 + JL)4<B,, (H)+<B ‘ :

. <B_> & ‘ ' Load fbyte two<o thé&instruc_tion into.
, <B3> ’ ;e/élree of the instruction

B '/ ~ ° ‘\:\ h ~

LXI SP 061 - (sp)<<B_>, (SP) +<B_> '

5 < . b L 2 H 3 .

B.> N ’ - a - . . .
2 . -~ Load byte-two of the instruction into

the lower order 8-bit of the stack .

L , 3 S s N
) /; jwd byte three into the higher
o . . order 8=bit of the stack pointer.

3
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4

: ,0p Code Execution ® Y. :
. t £
¥nemonic (octal) Time ( s) ), Descrip ion o Operation
— - 7 N = - ¢
PUSH PSW . 356 * 5.5 {SP-1]+«(A), [8P-2]+«(F), (SP)=(SP)-2
’ Save the cofitents of A and F (5-flags)
into the shdown stack addressed
by the SP/register. The content of
- SP is détkement’ed by two. The flag
- woxd will appear as follows:
—_— il 7 ' ' )
\ \\"? d - y * *
~— T z|ojevfo P sz
~ N ‘T_O\) . L .
. : / Zero Carry
5 ’ a B POfify
« )
PUSH B . 305 5.5 [SP-1]<(B) [SP-2]%(C), (SP)=(SP)~2
« PUSH D 325 5.5 [SP=1]< (D) [SP~2]+(E) , (SP)=(SP)-2
) plsH H ' 345 5.5 . [SP—I}*(H)[SP-2]4(L),(SP)=(SP)-2 o
- 1
POP PSW 361 (F)<([SP], (A)<[6P+1], (SP)=(SP)+2
. . Restore the last values in the push-
i " down stack addressed by SP into A
. and F. The content of SP is incre-
R . . mented by two.
- v . X
POP B 301 5.0 (CY<[SP1, (B)<[SP+1], (SP)&(SP)+2
POP D 321 5.0 (E)<[SP], (D)« (SP+1] , ($P)=(SP)+2"
POP H 341 5% / (L)<«[sP], (H)*‘{§P+1] , (SP)=(SP)+2 .
STA 032 645 [<B3><B,>]*(A) ¢
. <B,”> ' : Store the accumulator content into
« <By> ‘ the memory location addressed by
R byte two; and byte three of the |
~ - 1nstruot10n. =
L]
LDA _ 072 6.5 '(A)+[<B3><B >] - .
. B> S ‘ Load the accumulatqr with the content -
<B3> - of the .memory location addressed by
byte two and byte three of the
k 1nstruct10n.
" MCHG 353 2.0 (H)+>(D) (E)+*+(L) ~ ;
) : . i Exchange thegcontents of registers
v H and L and registers D and E.
~

-
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Op Code Execution
(octal) Time (us)

Description of Operation .=
% .

SPHL

PCHL_
. DAD B
DAD D
DAD H

DAD SP

¥

343. | 9.0

374 . R

351 2.5
011 5.0
~-031 ' 5.0
051 5.0

071 5.0

002 ° 3.5
;022 ) 3.5
012 3.5

032 - 3.5

(L)+>{sSP}, (H)**>[SP+1]

Exchange the contents of registers

H, L and the.last values in the’
pushdown stack addressed by registers
SP. The SP register itself is not
changes. (S)=(SP)

(sp)+«(H) (L)
Transfer the contents of registers
H and L into register SP.

(PC)<(H) (L) JUMP INDIRECT
(H) (L)< (H) (L)+(B) (C)
(H) (L)< (H) (L)+(D) (E)

(H) (L)« (H) (L)+(H) (L) )
(double precision shift left H and L)

(H) (L)< (H) (L) +(SP)

Add the content of register SP to the
content of registers H and L and placg
the\gesultqinto registers H and L.

If the overflow is generated, the
carry flip-flop is reset. The other
condition flip-flops are not affected.
This is useful for addressing data

in the stack. '

[(B) (C)1+(a)
Store the accumulator content in the
memory location addressed by the con-

‘tent of registers B and C.

[(D) (E)]«(a) .

Store the accumulator content into the
memory location addressed by the con-
tent of register D, and E.

(A)*[(B) (C)]

Load the accumulator with the vontent
of the memory location addressed by
the content of registers B.and C.

(a)<[ (D) (E)]

Load the accumulator with the contept
of memory location addresséd by the
content of register D and E.

e




-39~

« Op Code Execution . s Ll .
Mnemonicr (octal) Time (us) o Description of Operation
INX B 003 2.5 . (B) (C)«(B) (C)+1 ’
‘" The content of register pair B and
C is incremented by one. All of the
condition flip-flops are not affected.
INX D' 023 . 2.5 (D) (B)+(D) (E)+1
) INX H 043 2.5 (H) (L) <(H) (L)+1
' The content of register H and.L is
incremented by one. All of the con~
dition flip-flops are not affected.
INX SP 063 2.5 (SP)<(SP)+1 —
~ DPCX B 013 2.5 (B) (C)<«(B) (C) -1
DCX H 053 2.5 (H) (L)< (H) (L) -1
DCX D . 033 2,5 \')(D) (E)<(D)LE) -1 N
DCX SP 073 2.5 (SP)+(SP) -1 s
cMA 057 .20 . (A)+<(A) ‘
~ ) The ‘content of accumulator is gom-
plemented. The condition flip-flops
) are not affected. .
STC 067 © 2.0 (Carry)<1
- ‘ Set the carry flip-flop to 1. ‘The
other condition fllp-flops are not
affected. . '
. oMC , 077 - . 2.0 G (carry)+(carry) :
. ’ - : .The content of carry is complemented
- _  The other condition .flip-flops are
) ~ . not affected.
DAA — 047 2.0 Decimal Adjust Accumulator

The 8-bit value in the accumulator
' _containing the result from an arith- ",
: . - ‘ - metic operation on decimal operands
' is adjusted to contain-two valid BCD
- ; digits by adding & varue accordlng to
) . the following rules: '
- 7 4 3| 0

¢ . -

. _ ACCUMULATOR

. ﬁ P -
. VA .If (¥210) or (carry from bit 3) then
. Y=Y+6 with carry to X digit.
<, If (X210) or (carry from bit 7) ox
u . o {l¥210) and (X=9)] then X=X+6
: e/ (which sets the carry. flip-flop)."”




Op Code Execution‘

. o D . . - . !
Mnemonic (octal) Time (ns) escription of Operation y

DAA (cont.) ' Two carry flip-flops are used for

v . . this instruction. CY1 represents the
. . ) carry fyom bit 3 (the fourth bit) and
is accessible as a fifth flag. C¥2
is the carry fromﬂﬁ"”’7 and is the
usual carry blt1~\ v

. All condition flip-flops are affected

¢

by this instruction. : , R

SHLD 042 8.0 ' [<B3><B_>]<(L),[<B_3<B_>+1]<(H)
<82> Store the contents  of rggisters H
<B.> and L into the memory location addressed
3 by the byte two and~“byte three of the
- . instructions.

~ EALD ‘5§h~ 052 8.0 " (L)«[<B_><B_>1, (H)<[<B_.><B >+1]
<82> Load thé registers H and L with the
<83> . contents of the memory location ad-
dressed by byte two and byte three
of gﬁe instruction.

EI 373- 2.0 Interrupt System Enable

" 363 2.0 Interrupt System Disable . oo

R ‘ - : The terminal interrupt system can
be enabled or disabled using the
“ ' : : above instructions. An interrupt
' will be accepted only if #he interrupt
‘ ) system is enabled. Upon receipt of )
an interrupt, the 1nterrupt system
) will be automatically disabled. It
: . - . . - .must be re-enabled by the' program. o
- _ ' Quring execution of Enable or Digable ~

E . terrupt instructions, an%interrupt
‘ : - willl not be accepted. .

—_

DI

Nop . * 000 2.0 No operation

"y




9

“r

ERIC

Aruitoxt provided by Eic:

-4

-~ 5.

InputLOutput .o ‘ . o

Input and output operations are performed by. the IN and OUT instructions

and involve the transmission of 8-bit data words between the accumulator (A)

register and devices exterpal to the termlnal processor. In-.some cases the
s

ouT 1nstructlon is.used to set control flags in .the PaneI‘Idt rface Unit

In “these cases the contents.of A are

LY B ' N

(PIU) and no data is actually transferred.
immaterial. - ) . ' '

» r . .

- . - N .

\
1
1
\

The- format of the I/0 address is shown in Figure 5.0.

~ . . - . . I
7 6 & 3.2 .0 |
. CHANNEL DEVICE ‘
I N }
;.--:-\ﬁ 7/ N\ - —

¢ .
1/0 CHANNEL ——-1 .

’

'[-‘-‘DEVWE ADDRESS

7

ON 1/0 CHANNEL

N ‘ o ’n‘ |
, - Figure_§.0. I/0 Address Format | :
I/0 Channels 0-3 are used internally; and Channels 4-7, exte#nally.
— : ) ' '\ L .
. N . '

’

The input and Sutput device address assignments and function§ are

¥

tabulated on the following pages. .

+ 3
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” ) Input . i
Input Address Mnemonic Function .
(octal) i
/00 'SIRS . Input SIR byte 0
: ! . . - 1 ..
‘. - Dog Do? Dos Dbs Dos Do3. Doz Do
- P - ~
01 SIRl Input SIR byte 1

10 Dis Dy Dj3 Dz Dy Dyp Dog

02 SIR2 énput SIR byte 2 and IO contr:
&

flags

u s A Die. Oy Dig-Dig P

.

. . , i — = . )
1 = Senial Panél _T L SIR dota

Parity Error
- or
0= Porailel Parel Abort Flag Lost Data
Serial Ohtput Regisfer .
. Reody Flag
03 - . INTVECT Input interrupt vector
‘ .
X X X X X A A A .
\ v _—
Interrupt Device Address
as Follows: .
¢ . ‘ . ) Y. 000 SIR
. T -, . 00i KST
. o0 - TP
‘ i o SOR
. : 100 EXT ¢~
. o 101 EXT {
- . e . ||0 : . EXTZ °
: s H1 - EXT3
,, 04 KST Input keyset word . .
v 7 * .
. 0 Kos Kos Kosa Koz Koz Koy Koo
. N
05-17 o, *  unused T - .( ‘ ‘
. 20 . XL o

Input lower 8 bits of x register

- 21 Xu ) Input most significant bit (xg) of x
x .. register fo Ag '
" ~23 YL Input lower 8 bits of y register i

S 1
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L2

-4 3~

cInput Address ' Mnemonic Function
(octal)
23_ YU Input most significant bit (?é) of v .
. register to AO,-
24-37 unused
40 TP . Input touch panel word
, Xo3 Xoz Xo1 Xoo Yoz Yoz Yo ‘Yoo
:’ s- L2 ~— I\ ~— —
- Horizontol Vertical Fosition
Position of of Touch
Touch *
. ; ‘.
42-44 unused
. - . \ L 2
45 ) EXT 0 . Input word from external device 0
46-77 unused ) P
. \/ o 1
" ! . - 1. ~
* .
¢ L
!
(.3
4 &
" ~ - R
<4 .
* £
*
Q 1 “ )
« . -
ERIC - : ., : «
. )
. .
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Output Address

Output

(AN

~V

Mnemonic Function . .-
(octal) . P
00 SOR Lodd the lowef 8 bits of the SOR with the -
contents of A, and transmit the entire: con- o
ténts’ (12 bits) of the SOR to ‘the central _
3 computer. The-upper 4 bits of the SOR are
asslimed to have been pfev1ously loaded by
the ouT SORI 1ﬁstruct10n .
) A= |Dg; Dog. Dos' 004/003‘-.002 Dor Doo )
. . Lo ———
2 4
01 SORI Set ‘the SOR message start- bit (bit 11). to ~
T “"1" and: load bits 8-10 of the SOR with the
lower 3 blts of A. '
- Azl x x x -x X Dio Dog Dog
] ? 3
02 RESET Reset the message start flag®in ‘the demodu-
. lator section of the modem. The contents ! o
N . of A are unused.
03-05 unused L. -
’ 06 EXTRDY Generate EXTERNAL DATA READY signal for
. ' serial output channel data. The contents
: : of A are unused. . ’
. 07 IMASK Load the interrupt mask reglster with the
- contents of A.
~ - ' @ 1
, A=|s K .T 1| Eo U U U ( )
& . —
. ] Unused .
SIR b
v
KST -
. Touch -External
- Pdnel SUR - Device O
.3 e
o\ . ’ .
10 XLONG * - Set thé&long vector in the PIU to x.
- The contents of A are unused. See OUT CLOCKL
s instruction for use of this flag. - v
11 YIONG Set the long vector flag in the PIU to y.
. The contents of A are unused. See OUT CLOCKL

instruction for use of this flag. !

‘al




B

Output Address
(octal)

Mnemonic

N\

-45-

Function . .+ ¥

1 -

12

13

15
16
17

20

¢

21

22
23

24

25

-}

SETXR

SETXF
SETYR

SETYF

SETABT

CLRABT

XL

YL
YU .

PDL

PDU

4
' « £

Set the x dirkction flag im the PI4. The:
x régister will be decremented by all
subsequent clock x signals. The contents '
of A are unused.

Reset (CLEAR) the x direction flag in the
PIU. The x register will be incremented .
by all subsequent clock x signals. The
contents of A are unused. .

The

Set the y direction flag in the PIU.

y register will be decremented by all
subsequent'clock‘y signals. The contents
of A are unused.

Reset (CLEAR) the y direction flag in the
PIU. The y register will be incremented,
by all subsequent clock y 51gnals. The
contents of A are unused. ’

-

*Set,the ABORT flag.  This instruction *
places the terminal in the ABORT mode.
The contents of A are unused. . .t

Reset (CLEAR) the ABORT flag. This instruc-
tion places the terminal in the normal N
operating mode. The contents of A are

5 .

unused. t

Load the lower 8 bits of the x reglster
with the contents of A.

Load’ the most significant bit (ﬁg& of the
X reglster with bit A of the accumulator.
The other bits of A%are”unused.

Load‘the lower 8 bits of the y register.

" Load the most elgnlflcant b1t (y8) of the
"y register with bit A_-of the accumulator.
The other bits of A are unused. '

Load the lower 8 bits of the panebAparallel

. data register with the contents of A.

Load the upper 8 bits of the panel parallel
data register with the conténts of A and
write (or erase) the contents of the
paxallel.data reglster (16 bits) on the
panel. ’

A ]
.




~Outpyt Addxéss

Mnemonic

e ,
Function -

Y

(octal)

26

30

PDM

&

.

- ’ :‘Q
Load the PIU(mode register with the lower
3 bits of A, T,

>

WE;TWE»

XX CX X M, ,

b — '
Operating Mode ———— . s
00 = Serwl 4 s
0l = Pataliel ) .

‘ Writs /Erass Mode w

Az x

-

'Load both PDL and PDU with the contents.
of A and write (or erase) the contents '
(16 bits) on the ‘panel. - .

- Cloc¢k the x register. The x direction
flag specifies.the-direction; forward |,
if reset (0), reyerse if set (1). The
contents of A .are unused. ‘

Clock the y register. The y direction-

flag specifies the direction; forward

if reset (0), reverse if set {1). The L.
contents of A are unused.

‘Clock both the x and, y registers and write
{or erase) the resulting address on the
panel. . The x‘énd y direction flags specify
direction of change. The contents of A

are unused. ’

Clock the long vector, x or y, (as specified
by the long vector flag) in the PIU if

- A,=0; clock both the x and y registers
i Ap=1. The resulting éddress is then .
written (or erased) on the panel. The
direction flags specify direction of
change. The other bits of A are unused.

Clock the y register and write (or erase)
the resulting address on the panel.

contents of A and’ the WE bits in the
Panel Mode register specify the operation
performed as follows:

WE, WE;

-

Aq FUNCTION -

write’ -

erase .

nop

nop )

erase
- write

erase

- O = O =0 = 0O

N =m0 000
- = OO0 = -0

write
e

at
O

The ‘:
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1 - \ :
¢ N . . B
., *O?tput Address Mnemonic : Punction
(octal) R — -
"to35 -——~~\ " VCHAR - Clock the x register .and write (or erase)
. the resulting adgress on the .panel as
, .shown in the table for OUT HCHAR 1nstruct10n.
h T 36 « , WE ' Write if WE0=1 or erase 1f WE ;=0 the -
3 address specified by the contents of the
T ) . x and y registers. The contents of A are
o ) ' h unused. - .
) v ’ N : I ) B N b
W 37 b ‘*"SCREEN Erase the ent;:Lre panel The contents of
’ ' A are unused.
40 . SLIDEL load-the lower 8 bits of the slide pro- ‘
v R jector register with the contents of A.
’ e Xo3 Xo2 Xor Xoo Yoz Yoz Yor Yoo
- h ' ~ AN -/ J o ~ v 4
~ " . SlideXx , * Slide Y '
. - Address Address
41 SLIDEU Load the upper 2 bits of the slide pro-
L. Jjector with the lower 2 bits of A.

4 1

! YX. %, X X X X .L S|

- : . - i : r Y y
- . . 7‘ N .
: ’ ) g ' Lamp —]"

N @

K . ~ ¥ Shutter

. 42 AUDIOT . -—_-lLoad the audio unit Track 'Address register
. with the contents of A.

X Tos Tos Tos To3 Toz Toir Too

’

' \43 . ‘ AUDIOS | Load the audlo um.t Sector Address ‘register
R 5. . ' ©, ..and the Record/Playback flags with the' N
' © T o ‘contents- of 'A. R S U

v e T po—

+P Soa Sos Soz Sor Soo K

N i .. ] _T N V - /—
. N . " \ iy s
. ' . Record Sector ‘Address L )
SRS 0 ’ /
e Playback
44 AUDIOL Ioad the audio unit Message Length Register

with the contents of A and play the message
addressed by the Track and Sector registers.

-
—_—

’ o : Loz Los Los ‘Los Los Loz Loi Loo

Q . 51

ERIC. - - -~ . .
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45 EXTO Load external device 0 with the contents of A.
/ : . .
' . 46 EXT1 Load external .device 1 with the contents of A,
) 47 EXT2 Load external device 2 with the contents of A,
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APPENDIX

El

In the present, PLATO.termlnal the D

the formats shown below.

»

= 101, 110, 11T control words have

®
%

D = 101 (SSL) Load Slide (223us)

19 I18. 17 I8 15 - n 100 09 08 05 04

¢
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Thls instruction is used to operate tﬁe'sllde\;;ojector. Bits

01 - 08 select one of 256 slides for display-on. the plasma panel.” Bit
09 controls the ptojector shutter. For normal operation this bit is
However, if thli bit is a "1", the shutter will be closed
and remain closed until receipt of a ;oad slide command with bit 09 = "0"

Bit 10 controls the projector lamp:

+ always "0"

The lamp will be turned on if bit
and off if bit 10 is a "0". '
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10.is a "1"
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5 » D =110 (AUD) Load Audio {2)3us) b
9 1B 17T K 15 . ‘ ” ~ 000,
\
o1 1 © ‘ . AUDIO DATA . P \
. Thls instruction is used to cohtrol the audio respoﬁse unit
The audio response unltirequ;res two of these 1nstructlon per audlo -
’ operatlon; The formdts of each 'of these 1nstertlon are described below.
5 14 13 12 »~ 06 05 - o "
. - : Fifst audio” .b
o N N -3 - TRACK SECTOR: instruction
' ,\ . I\ ’ B |
v . . - A . \
Bits 01 - 12 ’ Specify the message starting address; J
R . bits 01 - 05 specify one of 32 sectorspy
. » and bits 06 - 12, one of 128 tracks.

. |
Bits 13 - 14 Specify playback or erase as follows:
? . <00 - do nothing .

- \
01 - play message ™~ \
s - 10 - do-nothing .o . N
' . . 1} = record meSsage » |
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Bit 15 Always "1"., Identifies first of two audio N
. ’ ~ instructions. v
r-3 * h - <7 . .
15 14 o8 o7 HESSAGE LENGTH ol Second,audio . ;
‘ 0O|l0—— —w — —— —0 ' ESS‘W \SECTORS » J.nstructJ.(I)n .
! ’ ‘ V - .
i ‘Bits 01 - 07 Specify length of message in terms of sectors,
One sector equals Vv 1/3 seconds. T,
Bits 08 ~ 14 Unused . ; d
. A
Bit 15 Always "0" - identifies gecohd audio instructicn.

" D = 111 (EXT) Load External (275us)

P

9 18 17 1§ 15 ) ' of 00
ol ot EXTERNAL DATA ' . p

This instruction transfers bits 01 - 15 to any’' equipment attached .

to tﬁg_extennhl output channel of~the terminal-.

- P

, \ * ! ' ©y '




