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ABSTRACT 

This report describes the architecture and programming of the 

PLATO V terminal. This terminal contains an 8080 microprocessor and is 

capable of being operated by programs resident i n the terminal or by pro­

grams located in a host computer . The terminal contains 8k of memory 

for storing local programs, a 4k ROM resident program which supervises 

terminal operation, a 2k ROM character set and 2k of spare ROM memory. 
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l . TERMINAL ARCHITECTURE 

l. 0 General 

The PLATO V terminal is actually a micro computer system contain­

ing a l l of the standard features of large computer systems including a 

processing un i t , memory , and an input- output (IO) structure . Attach­

i ng a pla sma panel to the I O structure a nd l oading the appropriate pro­

gram i n memory will make t hi s system behav e as a PLATO terminal . As 

with any comp u ter system, the contents of t he memory determine the sys­

tem operating characteristics . This programmable feature enables the 

terminal to be operated as a standard PLATO IV t erminal or as a more 

powerful PLATO V terminal with enhanced gr aph i cs capabi liti es . 

This terminal may be op erated by progr ams located in the central 

computer , as in PLATO IV , or by local programs residing i n the termina l 

memory . The l atter may be loaded into the terminal in much the same 

manner as character set data is l oaded , or they may b e loaded from f loppy 

d i sks o r othe r storage devi ces attached to the terminal . The termi nal 

i s a l so capable of be i ng oper ated in a t ime s hared mode between l ocal 

and centrally resi dent p r ogr ams . 

I t is thi s local programming feature which dramatically expands 

the powerful a nd unique graphics capabil ities of the PLATO system . In­

c luded in t hese graph ics enh ancements are : 

A character plotti ng rat e in excess of 3000 characters per sec­
ond. 

Character p l otting in both hori zontal a nd vertical modes . 

Cha r a cter p l otting i n two d i recti ons i n both modes . 

Char acter magnification. 

A 6000 character per second sel ective block e rase function . 

A b l ock diagram of the terminal is shown in Figure 1 . 0 . Operation 

of the terminal i s under the supervision and control of an 8080 micro ­

processor constru cted on a single LSI chi p. This chip i s an 8-bit par­

a llel processor operati ng with a 2~s instruction time containing 7 in­

ternal worki ng registe r s . 
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An 8-bit bidirectional data bus connects the 8080 to the other 

functional units within the terminal and to IO devices external to the 

terminal . The data bus acts as a highway over which information flows 

between internal {and external) portions of the terminal. In addition 

to performing d i splay generation functions , the 8080 must manage the 

flow of information on this highway . Al so present but not shown is a 

16- bit address bus which i s used to specify memory and input- output d e ­

vice addresses. 

This terminal operates as an interrupt driven device ; i . e ., all 

activity occurs as a result of an interrupt requesting service . 

All service r equests to the 8080 are made via the Interrupt Con­

trol Unit {ICU) . A device requesting service originates an interrupt 

and presents it to the ICU . Within the ICU the interrupt requests have 

a wired- in priori ty , and the ICU will pass to the 8080 the interrupt 

request having t he highest priority. 

When an i nterrupt request is accepted by t he 8080 , normal program 

sequencing is ha l ted ; the present contents of the program counter {PC) 

are pushed into the stack in memory; and a n RST {unconditional jump) 

instruction to location 70 is forced into the instruction register . 

Followi ng the i nterrupt, the 8080 reads a word from the ICU which con­

tains the address of the interrupti ng source . Program control is then 

trans ferred to the processing routine for the interrupting source . 

Within the 8080 is an interrupt enable flag whi ch must be set be­

f 0Le ~ny inter rupt requests will be accepted from the ICU . Thi s flag 

can be set by t he EI (enable i nterrupt) and reset by t he DI {disable 

interrupt) instructions. Each time an interrupt i s accep t ed by the 8080 , 

this f lag is automatically reset , thus d i sabl ing further interrupts un­

til set by an EI instruction . 

The ICU contains an 8 - bit Interrupt l'1ask Register , each bit of which 

i s associated with an interrupt source . An interrupt is enabled if the 

associated bit i n the Mask Register is a "one ," d i sabled if it is a "zero . " 

An interrupt will not be passed through the ICU unless it is enabled. 
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The 8080 can , therefore , selectively enable or disable interrupts by 

the data loaded into the Mask Register. The data to be l oad ed into the 

Mask Register is maintained in a protected l ocation i n memory . An inter­

rupt is said to be ' armed ' if the associated bit i n th i s location is a 

"one ," ' disarmed ' if it is a " zero." The resident program can selective­

ly set (arm) or cl ear (disarm) bits in this word before sending i t to 

the Mask Reg i s t er . Thus, an interrupt may be armed , but temporari l y 

disabled by the r esident . 

Figure 1 . 1 and 1 . 2 contain the flow charts describing the process­

ing for each type of interrupt . I n these diagrams the symbol RTN means 

r eturn to the program in progress when the interrupt occurred; SAVE 

means save the present contents of the r egisters and flags in the stack . 

I n performing RTN the saved information wi ll be r estored t o the regis ­

ters , and interrupts wil l be enabl ed as they are then armed . 

The ICU provides for eight interrupt sources with the priority and 

addr esses shown in Table l . 

1 . 1 Serial IO (SIR a nd SOR) 

PLATO data from the central computer arrives as 21-bit words at 

a rate of 57. 14 words per second (1200 bps). The format of this data 

i s described i n section 2 . 0. After each 8-bit byte of input data is re­

ceived , the SI R interrupt i s generat ed to indicate the arrival of a 

new byte . 

The 8080 responds t o the interrupt by reading t he data byte and 

storing it i n memory. After three bytes have been received, the data 

is a ssembl ed into a PLATO j ob (a job is a PLATO word) and p l aced in the 

job stack . The job stack i s a section of memory reserved for stori ng 

incoming PLATO jobs in the event they arrive while t he termina l i s busy . 

The job stack can hold up to 1 . 48 seconds of PLATO output (85 jobs) . 

The SOR interrupt indicates that the transmitter section of the se­

rial IO port is avai l abl e for use. The 8080 responds by loading any data 

awai t i ng t r ansmission or, if no data is waiting , by disabling the SOR 

interrupt . 
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In addition to data, the serial IO port contains thre e IO status 

flag s : the Lost Data flag, the XMIT Ready flag, and the RCV Ready flag . 

The Lost Data flag i ndicates that the 8080 failed to input one or more 

previously received words. The XMIT Ready flag indicates the present 

status of the transmitter . If this bit is " zero, " the transmitter is 

busy transmitting data; while if it is "one , " the transmitte r is avail­

able for use . Before loading data into the transmitter, the 8080 ex­

amines this flag to determine availability . The RCV Ready flag indi­

cates the arrival of an 8-bit byte in the port. 

1.2 Abort Mode 

Request 

SIR highest priority 

KST 

TP 

SOR 

EXTO 

EXT! 

CONSOLE 

CARRIER 

InterruEt Address 

00 

Ol 

02 

03 

04 

05 

06 

07 

Table 1. Interrupt Priority 

(hex) 

The 8080 maintains a record (word count) of the number of non - NOP 

(described in section 2.1) words received . Each time a non - NOP word is 

transferred into the 8080 , the word count is incremented by 1. Upon 

r e ceipt of a word containing a parity error or an indication of lost 

data , the 8080 automatically transmits the val ue 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 . 

The ABORT Mode flag indicates the error mode status of the termi­

nal. If this flag is " zero, " the terminal is operating normally; while 

if it is "one , " the terminal is in the ABORT mode of operation . A red 



81TS - Ii'J 

I I 

READ 

I I BYTE- 0 DATA 
MODE WORD TO UAR T BYTE 
SYNC WORD TO UART 
COMMAND WORD TO UART . 

~"' 
N I 

I 
NO 

I 
m(BYTEl<rDATAI 

I 
BYTE<rBYTE+I 

BITS<)-BITS + 8 NO 

YES 

BITS <1- FNeB 

&-No 
YE S 

BITS<I-BITS-21 

I 

~'"1 BYTE<I-Ii'J I 

I 

NO 

l 
BYTE <I-I 

NO 

ASSEMBLE 
WORD 

NO 

I 

Figure 1.1. 

I ~ 
I I I 

YES~ 
~ 

YES-~ \.!:!;) 

SIR Flow Chart 

~YEsBI 
NO 

~0 p >-NOl 

INC 
WORD 
COUNT 

YES 

r 

YES 

CLEAR A90RT 
LOAD WORD 

COUNT 

DEC 
WORD 
COUNT 

I 

NO 

I 

I 

I I 
STORE 

IN 
JOB STACK 

I I INC 
J OB COUNT 

I I 
INC 

WORD 
COUNT 

0'1 



DISABLE 
INTERRUPTS 

SAVE 

DISARM 
XMIT INTR 

Figure 1. 2 . 

7 

DISABLE 
INTERRUPTS 

XMIT 
DATA 

DISARM ALL 

BUT XMIT, RCV 

RESTORE 

ENABLE 
ARMED 

INTERRUPTS 

EXIT TO 
INTERRUPTED 

PROGRAM 

SOR, KST , TP, EXT Interrupts 

DISABLE 
INTERRUPTS 

SAVE 

USER 
PROGRAM 



8 

indi cator located on the front of the terminal i ndicates the status of 

the ABORT flag. 

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

further information except for an LDM instruction (described in section 

2 . 1) . Receipt of an LDM instruction wit h bit 14, a "one" will clear the 

ABORT flag and return the terminal to normal operating mode. Thi s method 

of error control prevents the terminal from pr ocessing data in the wrong 

mode i n the event an erroneous mode change word is received . 

Over f l owing the job stack wi ll also cause the terminal to enter the 

ABORT mode. In this case the offending word is treated as though it ar­

rived containing an error. 

1.3 Keyset (KST) 

The KST interrupt indicates that a key has been pushed on the key­

set . The layout and coding of the keyse t are shown in Figure 1 . 3. 

1 . 4 Touch Panel (TP) 

The Touch Panel is an input device which allows the terminal use r 

to touch the displ ay surface and input positional informati on directl y 

to the microprocessor. The touch sensitive surface is a 16 x 16 array 

of squares and the TP interrupt is gener a ted whenever any square i s touched . 

A short audio tone is generated each time the TP interrupt is accepted 

by the microprocessor. 

1.5 External Input-Output (EXT0) 

The EXT0 i nterrupt i ndicates that a device attached to the exter-

nal data bus is requesting service . The terminal provides for the attach­

ment to the IO bus of up to 32 input and 32 output devices. Such devices, 

all optional , include a random- access s l i de projector for the projection 

of slide image s on the r ear of the plasma panel , a random- access audio 

unit which can play back to the terminal user pre-recorded audio messages, 

a ROM programmer, and a floppy disk system. Other user- defined output 

devices may also be attached . Data rates in excess of 25K bytes per s ec­

ond may ea sily be accompli shed on the IO Bus . 
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The EXT 1 interrupt is used internally by the terminal. 

1. 6 Console Mode (CONSOLE) 

Contained within the resident program is a routi ne which permits 

the keyboard and display to be used as program debugging aids . To en­

ter this routine, the RUN- CONSOLE switch must be placed in the CONSOLE 

position. 

In CONSOLE mode the user may display the contents of the 8080 regi s ­

ters , the contents of memory, alter· the contents of memory, step through 

programs one instruction at a step , set a breakpoint , and jump to other 

programs . This feature is descr i bed in detai l in section 3.3. 

1.7 Carrier Interrupt (CARRIER) 

This signal is used to i ndicate an interruption of communication 

with the central computer. The resident program will generate a message 

on the display indicating loss of communication . (Use of this feature 

requires a modem with carrier detect capability .) 

1 . 8 Display Interface Unit (DIU) 

The DIU contains the registers and control circuits required to 

efficiently attach a plasma panel to the data bus. The DIU, shown in 

Figure 1 . 4 , contains the 9- bit x and y display address registers , a 

16-bit paralle l data register (PDL/U) , a 3- bit display mode (PDM) regis­

ter and the write-erase control circuits. Data for the registers and 

control information is supplied to the DIU from the data bus. The x and 

y registers are bi d i rectional counters _which can be independently con­

trolled by the 8080. The parallel data register consists of the 8 -bit 

paral l el data upper (PDU) and parallel data lower (PDL) registers . The 

PDU/L registers are used onl y when operating par a llel input display de­

vices . 

The format of the PDM register i s shown in Figure 1 . 5. Bits 0 and 

1 specify the write/erase mode, and bit 2, the panel operating mode . 

If bit 2 is "zero," the display is operating in the serial mode; and the 

contents of the x and y registers specify the address of a point to be 
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1 . 9 Memory 

The terminal memory consists of 16k (k = 1024) words , half of which 

is ROM and half RAM. The ROM portion of memory contains the resident pro­

gram and the data for the standard PLATO character set . The resident 

provides all of the programs necessary to process PLATO data plus pro­

grams to service all interrupts . Al l graphical and IO routines in the 

resident are callable and may be accessed by user programs located in 

RAM. 

More will be said about the reside nt in section 3. 
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2 . OPERATING MODES 

2 . 0 PLATO Word Format 

The dala to be p rocessed by the t e rminal consists o f 20 - bit words 

(wi t h sLart bit r e moved) with the format shown in Figure 2 . 0 . 

19 18 01 00 

~.~oj _________________ o_Ar_A ________________ ~~~P I 
Figure 2 . 0 . Te rmina l Word Format 

Bit 00 Parity bit - even par jty 

Bits 01 - 18 Data 

Bit 19 Control bit - 0 
- l 

cont r o l word 
data word 

Te rmina l words may be o f two t ypes : control words and/or data words . 

Data words (c = l) contain the data to be processed by the termina l whil e 

control words (c = 0) are instructions u sed to establ i sh op0rat ing con­

ditions with i n the terminal . 

2 .1 Control Word Formats 

The PLATO control word format i s s ho wn in Pigure 2 . 1 . 

19 18 17 16 15 01 00 

CONT ROL INFORMATION 

Fi gure 2 . 1 . Control Word Format 

Bits 01 - 15 Control Information 

Bits 16 - 18 Type of Cont rol Wo rd 

D 000 (NOP) 

19 18 17 16 15 01 00 

1 o 1 o o o o- - - - - - - - - - ---- j xE 
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Thi s word is a NOP (no- operati on i nst r uction ) . Ther e are two types 

of NOP words, those generated by the PLATO communica tions har dware 

(bi t 01 = 0) and those generated by the PLATO softwar e (bit 01 = 1) . 

The hardware NOP is generated automat ical l y when the central computer 

has no data to be transmitted to the terminal . The software NOP can be 

used by system software to insert t imi ng del ays i n the output da t a stre~ . 

The softwar e NOP will cause the terminal word count to be i ncremented 
' 

while the har dwar e NOP will not aff ect the terminal s tat u s in any way . 

Neither of the NOPs is stored i n the job stack . 

D = 001 (LDM) Load Mode (267~s) 

19 18 17 16 15 14 13 0 7 0 6 OJ 00 

WORD COUNT MODE WORD 

This instruction establishes the operating mode of the terminal . 

For each mode of t erminal oper ati on, there is an associated mode word 

(bi ts 01 - 06) which directs the processing of incoming data . Once 

placed i n a g i ven mode , the termi nal xemains i n that mode unti l receipt 

of a new LDM instruction. 

Eight different processing modes are available, five of which are 

incorporated in the terminal res i dent and three of which are reserved 

for local programs. The processing modes are descri bed l ater in this 

sect ion . 

If bit 14 (WC) of the LDM word i s "one ," the wor d count register 

wi ll be set to the value specified by bits 07 - 13. I t is the receipt 

of this instructi on with bit 14 set which will restore the termi nal t o 

normal mode i f i t i s i n the ABORT mode. This is the onl y instructi on 

which the terminal will accept if it is i n ABORT mode . Receipt of the 

LDM instructi on while in the ABORT mode will c l ear t he ABORT flag and 

in i tialize the word count , but will not alter the terminal processing . 

Bi t 15 of the LDM word is used to actuate or inhibit external 



15 

devices attached t o the terminal . Receipt of an LDM wo r d with b i t 15 

a "one " will disable the TP and EXTO inte rrupt. 

19 

I 0 I 

i't 

The terminal mo d e word format i s shown in Figur e 2 . 2 . 

D 

18 

0 

Bit 1 

Bits 02 - 03 

0 
0 
1 

l 

0 
1 
0 

1 

Bits 04 - 06 

= 01 0 (LDC) Load 

I 
17 16 15 14 13 

0 ~ M 

06 05 04 03 02 OJ 

I MODE 

Figur e 2 . 2 . Mode Word Format 

Screen Command . I f this bit is " 1 ," 
the entire display is e rased. 

Se l ect wr ite o r erase function in the 
DIU as follows : 

Erase , write character background. " 
Write , e r ase characte r background . 
Erase , s uppress character background 
write . 
Write , s upp r ess characte r backgro und 
erase . 

Sp~cify termi nal p r ocess ing mode . 

Co - ordinate (225JJs ) 

\ 0 c- .-
' 

12 II 10 09 I 01 ()() 

I R I s IX/YI X(Y) 
I p I 

Thib j ~struction l oads the x regis t e r (bit 10 = 0 ) or the y r egis -

ter (bit 1 0 = 1) with data as f o llows : t 

R 5 

0 
1 

1 

X 

0 

1 

Load register with bits 0 1 - 09 . 
Load register wi th the a rithmetic 
sum of its p r esent value and bits 
01 - 09 . 
Load r eg i s t e r with t he a rithmetic 
difference between its present value 
and bits 0 1 - 09 . 
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In addition , if M (bit 13) = 1 , the resultant value is also stored 

in memory location m. margin. All carriage returns performed by the ter ­

minal will set the x register (y register if plotting vertically) to the 

value contained in m.margin . 

D = 011 (LDE) S tatus Request ( 267~s) 

19 18 17 16 15 08 07 01 00 

I 0 I 0 ~/ ~ STATUS REQUEST 

This word is used to request inf0rrn.1 tion from the terminal or to 

request certain operatio ns to b e perfor:n·:d . Presently used codes are: 

Code (hex) Operat ion 

70 

7B 

Reql:e st terminal type. Terminal 
respond s with code 73. 
Gene rate 1 second audible tone. 
(Touch panel must be attached for 
thi s operation .) 

D 100 (LOA) Load Memory Address (229~s) 

19 18 17 16 15 0 1 00 

INITIAL MEMORY !>70 RE ADDRESS 

This instruction loads the Memory .~r.dress Register (MAR) . This 

data word s pecifies the first storage ad ::: r ess to be used upon e ntry into 

a Mode 2 operation . 

Note : Memory addresses be low 230 1 (HEX) are reserved for u se by 
the resident p r ogram. Attcm~ting to write below this address 
may result in e rratic term1nc..l b e havior . 

D 1 01 (SSF) Func tion ( 223~ s) 5 • I 

I 0 I 0 IO ADDRESS 

19 18 17 16 15 II 10 09 08 0 1 00 

DATA 



17 

This instruction is used to read and write data to devices attached 

to the external bus and to enable interrupts . 

Bits ll - 1 5 
Bit 10 

Bit 09 

specify the device address . 
specifi es a read (input) operation 
if a " 1 ," a write (output} if a "0 . " 
inhibits the actual read or write 
function , but permits tb.e d e vice ad ­
dress to be saved by the termina l. 
The inhibit write function can be used 
to establish a ;rrite address for 
later use by the EXT command. The 
inhibit read function can be used to 
establ ish a read address to be used 
upon the occurrence of an external 
interrupt . If location m. extpa con­
tains 0 , the r esident will perfor m 
a read from the selected device and 
transmit the data to PLATO via an 
External input word. PLATO may use 
a local program to process the in ­
terrupt by previously loading the 
program and storing the program ad­
dress in m.extpa . 

Write addresses 0 and l are spec i al cases of the SSF instruction . 

Address 0 is assigned to the s l ide selector and for this d e vice only 

the data f ield is 1 0 bits long. The SSF word format for this device 

is shown below. 

19 18 17 16 15 II 10 09 08 05 04 01 00 

1 o 1 o o o X y 

Bits Ol - 08 are sent to address 00 and b i ts 9 - 10 to address 01. 

Bits 01 - 08 sel ect one of 256 slides for displ ay on the plasma panel . 

Bit 09 controls the projector shutter . For normal operation this bit 

is always " 0. " However , if thi s bit is a "1," the shutter will be closed 

and remain c l osed until receipt of a load slide command with bit 09 

" 0 . " Bit 10 control s the project lamp . The lamp will be turned on if 

bit 10 is a "l" and off if bit 10 is a " 0 ." 
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Devi ce address 1 is assigned to the Inte rrupt Mask register located 

in t he ICU . The SSF word format for thi s address i s s hown below . Mem­

o r y l ocation m . enab~ will b e l oaded with a copy of t h e interrupt mask 

data. 

Bit 06 enables the Touch Panel i f a "1, " disables it if a " 0 . " 

Bit 04 enables the External bus interrupt if a "1," disables it if a 

"0 ." (This data is not actually transmi t t ed t o address 01 b e cause the 

Interrupt Mask Regi ster is internal to the termina l . ) 

Following execution of this instructi on , me mor y l ocation m. enab 

will contai n a copy of t h e mask dat a . 

D = llx (EXT) Load Exte rnal (2751Js) 

19 18 17 16 09 08 01 00 

BYTE 0 BYTE 1 

This instruction transf ers two 8- bit by t es , byte 0 f irs t, to the 

e xternal device sel e c ted by a previous SSF instruct i on . 

2 . 2 Processing Modes - Mode 0 

In normal operation , the terminal i s assigne d an operati ng mode by 

sending it a LDM i n struction f o llowed b y a ll of t h e data to b e p r ocessed 

in that mode . 

The t erminal reside nt program contains the programs for p r ocessing 

data in five modes. In addition, up to three additional user-defined ­

mode programs can be l oaded into RAM. 

Mode 0 is a point- plotting mode. Each mode 0 data word , F i gure 2.3, 

specifies the address of a point on the p anel to be written or e r ased . 



2 . 3 

I 

19 

The W/Eo bit in the mode word determines which operation is performed . 

19 18 10 09 01 00 

I X y I p I 
Figur e 2 . 3 . Mode 0 Data Word 

The processing time for a Mode 0 word is 238~s. 

Mode 1 

Mode 1 is a line drawing mode . Each data word , Figure 2 . 4, speci-

fies the terminal coordinates of a line , the origin of which is contained 

in the x and y registers. 

19 18 10 09 01 00 

I I X· I Y· I 

F i gure 2 . 4 . t-Iode 1 Data Format 

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

gin of the next line . Line origins may be relocated , ho~ever, by the use 

of the LDC command without exiting from Mode 01 . 

The processing time for a Mode 1 word ranges from lms for a line 

length of one dot to ll . lms for the maximum line length of 512 dots . 

2 . 4 Mode 2 

Mode 2 is a load memory mode . Each Mode 2 data word , Figure 2 . 5 , 

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

are stored , lower first , in two successive locations starting with the 

present contents of the memory address register (MAR) . After each byte 

is stor ed , the MAR is automatically incremented by 1 . 

19 18 17 16 0 9 08 01 00 

BYTE I BYTE 0 

Figure 2 . 5 . Mode 2 Data Word 
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As each byte is stored, a longitudinal parity check is performed by 

exclusive "oring" each byte with a check word and left shifting the re­

sult . This check should be all zeros at the conclusion of the transmis-

sion of a block of data . 

Bi ts 17 and 18 (C0 , C1l act i va t e the block error check as follows : 

0 

0 

1 

1 

0 

1 

0 

1 

Store data . 

Byte 0 is the last byte of this trans­
mission and contains the block check 
character to make the longitudinal 
check word all "zeros ." 

Byte 1 is the last byte of this trans­
mi ssion and contains the bl ock check 
character . 

Not used . 

After receipt of the block check byte , if the check word is not zero , 

the terminal a ut omatica l ly transmits the STATUS REPORT code (OSH) to 

the central computer . If the data being l oaded is character data , it will 

appear when displ ayed as a vertical column with bit 01 of byte 0 at the 

bottom and bit 16 of byte 1 at the top . 

The processi ng time for a Mode 2 word is 288~s. 

2. 5 Mode 3 

Mode 3 is a character-p l otting mode . The data words in thi s mode 

contain three 6- bit character codes as shown in Figure 2 . 6 . Each code 

sel ects one of 63 character s from one of the character sets contained 

in the terminal. 

19 18 13 12 07 06 OJ 00 

I I CHAR I CHAR 2 CHAR 3 

Fi gur e 2 . 6 . Mode 3 Data Word 
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The terminal provides for up to eight characte r sets of 63 c harac ­

ters each . Character sets MO and Ml a r e conta i ned withi n ROM memory 

and hold the c haracte rs shown in Table 2. The other character sets con -

tain use r - defined characters and a r e s tored in RAM . 

The contents of the character memories are p rocessed in Mode 3 a s 

63 arrays of s ixteen 8 - bit words . The contents of 16 consecutive addresses 

are displayed as one character within a matr i x as shown i n Figure 2 . 7. 

The top three rows and bottom row of all character matr i ces from MO and 

Ml are always unfille d . 

word 
no. 

I 3 57 9 II 13 15 

___.. 0 2 4 6 810 1214 

MATRIX 
ORGANIZAT ION 

word 
f 
0 00100000 
I 0000 I I I 0 
2 00010000 
3 00 0 10001 
4 00010000 
5 000 1 0001 
6 00 0 1 0000 
7 00010001 
8 000 1 000 0 
9 000 1 000 1 

10 00010000 
II 000 I 000 I 
12 11 100000 
13 0000 I 000 
14 00000000 
15 00000000 

STORED 
DATA 

character 
origin if 
forwa rd plot 

RESULTING 
DISPLAY 

Figure 2 .7 . Character Matrix 

~ 
character 
orig in if 
reverse plot 

The data for the characters stored in ROM is shown in Figure s 2.8 . 0 -

2.8.3. 

The contents of any character memory can be enlarged via se l ect i on 

of character size 2 (s i ze 0 i s normal size). Selection of size 2 will 

result i n a 2X magnif ication of the char acters. Figure 2 .8.4 illustrates 

characters drawn in size 2 . All character format operations will be a uto ­

matically adjusted when using size 2 characters . The method of specifying 

character size is described later in this section. 
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Character write/erase i s specified by the write/erase bits WEO , 

WE l in the mode wor d . (See LDM ins truction . ) I f WEO = l , characters 

are written; if WEO = 0 , characters are erased . The inverse of the oper a ­

tion cal l ed for by WEO will be p e rformed on the background or unfill ed 

por t i on of the character matrix if WEl = 0 ; while if WEl = l, the back­

g round remains unaltered . 

Cha racter p l otting speed ranges from a minimum of 355 character s 

p er seco nd u s ing a serial plasma pane l a nd up to 3080 characters per second 

u s i ng a parallel p l asma panel . 

There are several non - plotting control c haracters available for 

formatting the display of data in Mode 3 . These control characters may 

be accessed via the use of the "uncover" code (77) . Upon receipt of a 

77 code, the terminal interprets t he next character cod e as a control char­

acter instead of a character to b e plotted . Followi ng e x ecution of the 

control character , norma l plotting mod e is resumed . If several uncover 

codes are sent in sequence , the f i rst non- unc ove r code wil l b e treated 

as t he control c haracte r . 

The operati ons performed by each of the control characters a r e shown 

in Table 3 . In the case o f some characters , the operation performed 1 s 

a function of the character memory , the p l otting mode , horizontal or 

vertical , and the p l otting direction , f orward or r everse , which is b e ing 

used . 

Hori zontal plotting mode i s set by the 30 code; vertical plotting , 

by the 31 code. Forward plotti ng , s e t b y the 32 code, is from l eft to 

right in horizontal mode and from bottom to top i n v e rtical mod e . Reverse 

p lotting direction, set by the 33 c od e , i s from right to left in horizon­

tal mode and from t op to bottom in vertica l mode. 

Boldface characters are selected by the 35 code , normal size by 

the 34 code. 

The t erminator code (OO ) is used to termi nate character strin g p l otti ng 

f r om local programs . See the d i scussi on of r.chars in section 3 . 1 . 
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. I e• c-r •. ... I . ;_ ,.,. 
'·ri--L • - :..!. •. I 

_;:tt• 
I le I 
l te •• 1 

-L+ 
I 

I I 

02 05 06 07 

I I 
I I I 

•• I I ' • . , • • I 

•• I le t I I I 

-~ I ! 

• •• I 
I 

I • 
lei .. ' ••• • 

I 

• • • 
I I I 

I • • 
~·· 

I• I I • ' .. I • • • ·lie ., • ., 
• •• .. le •• • I • le I • !teo •• I • I • .. .. • I • • • • ., I • • •• • • • • • • lei I 
lei ••• • ••• • • I • • •• • • 

I I' 
I ' 

' 
• I 

I H- I I 

08 09 OA 08 oc OD OE OF 

I 
I 

I 
H++tH+ 

I -H-H -++ 
- I 

i • • 
I 

I I 

I 

I 
I 
I I 

I l I 
tel . • •• •• •• ••• • I • .. I. e l I I le i 

• I • • • • I .. 'I 

• • I •• • • • :e .. 
• • I • • I 

• • • • • I I • I I 

• ••~e I •• • •• ••• •• •• I lei • • I I 

: I 
I I I I ' 

10 I I 12 13 14 15 16 17 

=t-:-H-:-H-
' I 

L I. • I • I 

I! I ••• .,. .. ., • • • • • tel I 

·~ --~~ • I. !e I 

•• •• I 

le tel 
·+ 

- • ' • • 
• I 

• -L r.-

•• .. 1 •• 

-· tH-+ H-h-± 
• • 

' ·f-
- :- •• 

ll# =i= 
18 19 l A 18 IC I D IE 

F igure 2 . 8 . 0 . MO Charact ers 00 - 1F 
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I 

I 
I I I -

•••••• I 
r---L '~ 

I 'r 
I . I I 

1 _1. I .. I 

• I I 

tel I 

'I r-.- , 
I 

I ! 

21 22 23 24 25 26 27 

I I ' 
I 

: - I 
I I I 

r-.-' .,. I • 
I I 

' : 
I • • I•• • • I I I 

I' • • • • • I I I ' • I . I • ;e , 
' 

te l • • •• •• ljlt • ' I I 
[e 1 I :. • I I 

I • I • • • • •• •I• I I I 

• • •• le•l 

l!r- ' : jlt ' • I 
I 

• I I •• ' ' 
;....._+rri-

' r.tH-H± 
28 29 2A 28 2C 20 2E 2F 

! I 
I 

I H I 
I I I I I , I I I I I , 

I I I I 
I I •• •• • • • • I • I I • 

j_ . l .I 
I .I • I 

• • • I • ' le i • • : I • • • I I I I ' 
' ' i • I •• • • •• I 

··~··· • • • • 
I I • e l • • ••• ' I I I I 

' • I I • I . I I • • I , 
i 

I I ' • • I , I I 
I I I I I • ••• I ' I ' 
I I I I I ~ ! 

I I I : i I I ' : 
I I 

30 31 32 33 34 35 36 37 

I 

' 
' I I I I 

le 

+ • • I 
I ' I I ' 

I 
I 

J!!l •• I 

• I .. 
I . I 

• • • 
I 

I 
I I I I 

I I• 

• 
. I I 

I •• • I 
• I • I I I 

I I 
i• • I ' • • I ; • I • I I 
I • I I. I I • I I 

' I . I 
I 

I 
I I 

I I I I 

1 •• I 
. I 

•• 
I 

I 

I 

I 
-jlt • 

• 
I 

: 
I 
I 

. ...~ I ., ! I 

I ••• 
I 

38 39 3A 38 3C 30 3E 3F 

Figure 2 . 8. 1. MO Characters 20 - 3F 



25 

·!-+ 
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e l I 

• 

I 
I I I 

:-; ~I A I 
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•• ' • ••• •• • •• • • 
• 
• 

• .. I 
le 

• • l • .. • • • 
• • • .I 
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..... l 
I I 

I 

• ' l •• 
I 

• • I . I 
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..... 1 
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.. 
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I 

I I l I I I I I 

•• •• • • • ••• • ••• •• • ,. •• •• • • • •• •I••• • ~ • I • • • • ' 1.1 
• I I I .I 

• • • • • • • • ~ l e i 
I • • • • • • • I I • • .. .I 

•• •••• • • •• ••• • • • • • , . • • • I I • • • • • • ~ •• 1 I • • • :et I • • • • I • • • te l • • .. I • • • • • • • .. • • I • ' 1 I 

'el I I • • • • ••• • ••• •• •• I 

I 
• !eel 

I 
I 

I 
I 

' : -
I I I I I 

I I I I 

10 II 12 13 14 15 16 17 

I 

• • -r. • • 
• • 

• • 
• • • • • 

• 
• 

I I 
I I 

·t-r 

•• 
' 

J'!' I 

I I 
I 

' I 

f-~ ~~C!= t 
r-1-r+ R= -t-f-i I 

I 

• • • I 
• • • • I 

I ' I H- I ~ I 

I• I • I I I I I •• • I I I I I I 

I I I 
I 1 ., I I I 

t± I I 
I 

I 

18 19 l A IB IC ID IE IF 

Figure 2 . 8 . 2 M1 Characters 00 - 1F 
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I I 
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-r++-+-M-H 

+ t--t-1-H-H 

28 
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38 

21 

I 

I ' ' •• 
' • I 

I I 
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' •• 

• 
• I 

• t• 

29 

•• • • • I 

• • • •• • 

31 

I, I 

I ' 
I --~ ,. • 

I 

• le i 

: r-~ • 
~~t-~ I 

I 

39 

22 23 

I I 
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jel ••• e; I 

•• I 

I 
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•• •I"• • • 
n! 
I'll 

32 33 
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I I 

• I 

• ••I I • 
• • .. I 
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-

I i r- I ' 

3A 38 

Figure 2 . 8 .3 
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I I 
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I 
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• .. ' • • •• • 
I 
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• I I 

• • : I I I 

••• • • • • • • •• •• •• • . .. • I • • • I e I 

. ~--r-
1 ,. 

• . .- I 

• • • • • • • •• 
I• ' • 

I 
• • 

'"'"' • • • I 

- ~r H=F 
•• -

' I 
I 

I 
I 

I 

' ' 
-r+l+h 

3C 3D 3E 3F 

M1 Characters 20 - 3F 
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Thi~ tPrminal is a prototype 
for a PLATU V terminal. It 1s 
opPrated under the supervision 
and control of an INTEL 8080 

m1croprocP~~or. It is actually 
a miniaturP interrupt driven 
t 1 r- - -l- - ,.- - -J - - r- f- 1_1 t - ,.-. <= I •s t err _ 11e- :=· l•::t .• ·e·:-~ .:_:·:_:. 11 _:• . _ e 1 ._. ; .. • 1 

with a pla~ma panPl attached 
to thP i/o bu~. ThP terminal 
contain~ 12k byte~ of memory, 
Sk of which arP RAM which can 
L-. .c 1 1·- ,.:=.. .-J t .-. .- t .-. ,.-.,.:=.. .-J- t- ---.r· 
~-) ·- -. ·=• ·- '·-~ - 1

·-·
1 ·=• - 1

·-·
1 

I ·-
1·-~ d . - d . •._.. 

program~ which can bP PXecuted 
- t t ,_ .c t .o,.-.r- 1. ,.- .::=t 1 d. _ _ r 1 ._ _ ._ 1 11 1 1 _. • 

ABCDEFI~HIJKLMNOPQR~;TUVWXYZ »*?! 
(".,.( 1 ..-) ":• 4 C", .- 7 ·=· .-. .... ··.. [ ] ·:t:· •.•. · I . I . 1.··. ·.J' + . . . ·"-
Y.J '- • .J -· 0 ,r 1_1 ::' ••• ••• ·+· .:.·;:. ····· - '7' .•. ' 'f"" ' • ....... ; ·Tt 

Fi gure 2 . 8 . 4 " Boldface" Character Set 
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ADDRESS I MO M1 ADDRESS MO M1 

(OCTAL) CHAR CHAR (OCTAL) CHAR CHAR 
)\I ')(; 1, , t'\( I I IJt~ 

0 : # 40 - 5 t 

1 a A 4 1 2 J 6 -+ 

2 b B 4 2 7 + 

3 c c 43 ·. ~ 8 + 

4 d D 44 ~ 9 'V 

5 e E 45 -' + E 

6 f F 46 . - fj_ 

7 g G 47 } 1 * u 

10 <6 h H 50 't I n 

11 1 i I 51 I ( { 

12 l j J 5 2 0... ) } 

1 3 ) k K 5 3 l> $ & 

14 - 1 L 5 4 ' = "'I 

15 ~ I m M 55 r.l SP SP 

16 D n N 56 ' I 
17 ~ 0 57 ) l 0 

0 . 
20 I'> p p 60 to ... -

2 1 II q Q 6 1 I [ a. 

22 l r P.. 62 ] 8 

23 s s 6 3 % 0 

24 ... t T 6 4 X A 

2 5 
... u 65 /L 
~ u ... Jl 

26 , ... v v 66 1 1T 

27 \1 w w 67 1 11 p 

30 '"{ X X 70 r ! cr 

3 1 \ ' y y 71 i w 

32 ')-.. z z 72 0.. < ~ 

33 0 0 - 73 > ~ 

34 - 1 
.. 

74 e -
35 ~- 2 

A 

75 J ? @ 

36 .... 3 
,. 

76 ~ \ -
37 - 4 

... 
77 UNCOVER UNCOVER 

1 

Table 2 . RQl\1 Char acters 
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. ,. SIZE ~ SIZE 2 
0eTAL HORIZONTAL VERTICAL HORIZONTAL VERTICAL 
CODE FUNCTION FWD RVS FWD RVS FWD RVS FWD RVS 

,, 

00 Terminate Terminate Character String Plotting 

10 ., Backspace x - 8 x+8 y - 8 y+8 x - 16 x+l6 y - 16 y+l6 

11 Tab x+8 x - 8 y+8 y - 8 x+l6 x-16 y+l6 y - 16 

12 Line Feed y- 1 6 y - 16 x+l6 x+l6 y - 32 y - 32 x +32 x+32 

l3 Vertical Tab y+l6 y+ln x-16 x -16 y+32 y+32 x-32 x - 32 

14 Form Feed x-~ x-5~4 y-~ y-5~4 x-~ x-496 y-~ y - 496 
y - 496 y- 496 x-15 x-15 y - 480 y - 480 x - 31 x - 31 

15 Carriage Return x - (MARGIN) y-(MARGIN) x - (MARGIN) y-(MARGIN) 
y- 16 y-16 x+l6 x+l6 y - 32 y - 32 x+32 x+32 

16 Superscript y+5 y+5 x - 5 x - 5 y+ l O y+lO x - 10 x - 10 

17 Subscript y- 5 y - 5 x+5 x+5 y - 1 0 y - 10 x+lO x+lO 

20 Se l ect M~ select character memory ~ (ROM ) 

21 Select Ml select character memory l (ROM) 

22 Select M2 select character memory 2 (RAM) 

23 Select M3 select character memory 3 (RAM) 

24 Select M4 select character memory 4 (RAM) 

25 Select M5 select character memory 5 (RAM) 

26 Select M6 I select character memory 6 (RAM) 

27 Se l ect M7 sel ect character memory 7 (RAM) 

30 Horizontal select horizontal p l ot mode 

31 Vertical select vertical plot mode 

32 Forward select forward plot direction 

33 Reverse .. select reverse plot direction 

34 Select Size ~ select normal - size characters 

35 Se l ect Size 2 sel ect large- size characters 

77 Uncover next character is control character 

Table 3 . Control Characters 
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Six memory locations a r e reserved as address r eg i sters specifying 

the origins of the loadable character sets . These l ocation s , shown in 

Table 4 , are normally l oaded by PLATO and the character sets are r efer -

enced by the codes in Ta ble 3 . 

Address Func tion 

2306 ~o' Character set 02 origin . 

2308 l_..o 'l: Character se t 03 origin. 

230a ~(I CA. Character set 04 origin . 

230b _'~()C. Char acter set OS origin. 

230e I. 10 Character set 06 origin. 

2310 .!.10 Character set 07 origin . 

Table 4 . Character set Address Registers 

2 . 6 Mode 4 

Mode 04 i s a bl ock erase mode . In this mode each pair of data words 

specifies the corners of an area to be erased . The area erased i s that 

enclosed by l~x l = lx2- x 1 1 and I~YI = jy2- y1 1. If x2 = x1 and Y2 = Yl' 

a single point is erased ; while if x2 = x1 and y2 ~ y1 , a vertical line 

is erased; a nd if y2 = y1 and x2 ~ x1 , a hori zontal line i s erased . 

The pr evi ous description assumes WEQ = 0 ; if WEo = 1, the area is written . 

19 18 10 09 01 00 

I ~--~~--------------x-~ --------------~---------------Y-1 ------------~~L_P_jjwoRo 1 

19 18 10 09 01 00 

I ~--~~--------------x __ 2 ______________ -L ________________ v_2 ____________ ~~-P~IwoRD 2 

Figure 2 . 9 . Mode 4 Word Format 

After processing each pair of words in this mode , the terminal l eaves 

the display address r egi sters set to x1 a nd y
1

- 1s . This is the address 

appr opri ate to begin writing character s in t he erased area . 
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2 . 7 Modes 5 , 6 , 7 

The word format f o r any of t hese mode s i s defi ned by the user . When 

operating in any o f these modes , the resident p laces the PLATO data in 

the C , D, and E registers as s hown in Figur e 2 .10, and transfers control 

to the l ocal program . 

19 18 17 16 09 08 01 

~~------------~~------------/~------------~------------~ 

~ 
c 0 E 

Figure 2 .10 . Modes 5, 6 ,7 Word Format 

Three memory l ocations are r eserved for u se as address r eg i s ter s 

specifying the origins of the loca l programs . These addresses are 

shown in Table 5 . 

Address Symbol Function 

-~00 oe 3c m5 Mode 5 program origin. 

2-:30-2 3• m6 Mod e 6 program origin . 

2-3 04· :.' m7 Mode 7 program o rigin. 

Table 5 . Local Prog ram Address Registers 

Note : Onc e the resident has transferre d control t o a local p r ogram , 
control of the terminal remains with that program until a 
r e turn instruction i s exec uted (or until the c l ear switch 
i s depr e ssed) . I f the interrup t s a re l eft enabl ed the resi ­
dent wil l continue to perform a ll IO function s . 
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2 . 8 Output Data Format 

Data transmitted from the t erminal to the computer c enter consists 

of 12- bit words with the f ormat shown below . 

II 10 09 08 0 1 00 

I I ID I DATA I p I 
Start Bit 1 ___j t_ Identifies L Parity Bit 1 

Always "1" Type of Data Odd Parity 

The six types of terminal data words a r e s hown be l ow : 

II 10 09 08 07 01 00 

I I 0 0 lo I KEYBOARD DATA I p I 
II 10 09 08 07 01 00 

I I 0 0 I STATUS RESPONSE I p I 
II 10 09 08 05 04 01 00 

I I 0 
TOUCH PANEL I p I X y 

II 10 09 08 01 00 

0 EXTERNAL DATA I p I 
II 10' 09 08 07 01 00 

I I I o I WORD COUNT I p I 
II 10 09 08 07 01 00 

I I I I UNSOLICITED STATUS REPORT I p 

Status Request code 70H is used to request t erminal type . A re -

sponse of 73H indicates an 8080- type terminal with 8k of RAM memory . 
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The Unsol i cited Status Report codes are used t o inform the central 

computer of the occurrence of some spec i al event within the terminal . 

A list o f the presentl y used codes is shown in Table 6 . 

Status Report 

(hex ) Event Reported 

02 Reset (clear switch has bee n d e ­
p r essed) . 

05 Longitudinal parity e rror o c curred 
in Mode 2 . 

Table 6 . Unsol i cited Status Report Codes 
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3. RESIDENT PROGRAM 

3 . 0 General 

The t e rmina l memory allocation is shown in Figure 3.0. All of ROM 

and that portion of RAM below address 2300 (hex ) is reserved for use 

by the resident. The resident program contains those programs required 

to process PLATO data plus routines for operating the s erial communication 

port , the parallel IO bus , servicing interrupts and communicating with 

the Display Interface Unit. 

The push down stack is used by the resident to store the status of 

the terminal during the processing of interrupts . The job stack provides 

temporary storage for incoming jobs in the event the processor is busy. 

The resident and PLATO variable sections of memory contain terminal status 

information which may be used by both the resident and user programs . 

3 . 1 Resident Subroutines 

The r esident program provides several callable subroutines which 

may be referenced by user programs. In us ing these subroutines the follow­

ing convention should be observed : 

1. Single argument subroutines will have the argument passed in 
the HL register pair . 

2. Double argument subroutines will have one argument passed in 
HL and the other in DE. 

3. Results are returned from subroutines in HL . 

4. The user must provide for saving and restoring any register 
or status he wants preserved. 

5. Referense to a subroutine should always be by symbol and not 
memory address. 



ROM 

RAM 

0...------~ 

RESIDENT 

M(IJ,M1 
CHARACTER 

DATA 
1 FFF _.__ ______ ...J 

2000 

PUSH DOWN 
STACK 

JOB STACK 

RESIDENT 
VARIAB LES 

2300--• 
PLATO 

VARIABLES 

USER 
STORAGE 

I 
I 

I 

I I 

3FFF 

L I 
------ _ _J 

,. 

Figure 3 . 0 . 
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MODE 05 

MODE 06 

MODE 07 

CHARSET 2 

CHARSET 3 

CHARSET 4 

CHARSET 5 

CHARSET 6 

CHARSET 7 

Memor y Allocat ion 
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Following is a list of the s ubroutines. 

r.init {40) 

This r outine will initialize the termina l opera ting condit i ons as 

follows : 

a . The screen will be erased . 
b . Memory locations m.margin, m.ksw , and m. extpa will set 

to zero . 
c . M. enab will set to enable the serial input port {SIR , 

SOR , CARRIER) , and the keyset {KST ) interrupts . 
d . Se l ec t character memory mO; se l ect normal charac t er size ; 

select horizonta l left to right plotting mode . 
e . Initialize other pointers r equired by the r esident . 
f . Remove ABORT conditio n if it exists . 

Note : A jump may be made to this routine in which case control 
will be returned to the resident after execution . 

r .dot {43) 

This routine will write {or erase ) the point on the display screen 

specified by the contents of the HL and DE r egisters . 

H L 

o's ~Xoal jxo7lxoslxo5lxo4lxo3lxo2 lxo, lxool 
0 E 

6
1

l ~Yoal 
The WE0 bit in l ocation m. mode specifi es a write operation if a 

"1, " an erase operation of a " 0 . " 7\f t e r execution of this r o u t ine 

the x and y register s in t he DIU will contai n the values entered 

in HL and DE . 

r . line {4 6 ) 

This routire will write {or erase ) a line on the display screen 

originating at the c urrent address given by the x and y r eg i ster s 

and terminating at the address cont~ ined in HL and DE . 

H L 

0 E 

~Yoal 



•' \lt u- 1 ~ n l·-
ft\ 

"" r(lw 
't, 

.ct r , . , ,, 
...,, If' .. 
I ' . 

~ 

tl' I f• 

••• J ·: 

.~ " 

37 

The WE0 bit in m.mode specifies a write operation if a " 1, " an 

erase operation if a "0." After execution of this routine the x 

and y registers in the DIU will contain the values entered in HL 

and DE . 

r.chars (49) p1~'1rl 

This routine wil l write (or erase) a string of characters on the 

display . Register pair HL specifi es the string origin address . 

The string must be terminated with an uncover code followed by the 

terminator code (7700). Character coding is the same as shown in 

Tables 2 and 3. Character write/erase is specified by the WE
0 

and 

WE bits in location m. mode as described iu the discussion of mode 
1 

l ' 
3. 

r.block (4c) 

This routine wil l erase (or write) a n area of the display screen 

specified by a list of coordinates stored i n memory . Register pair 

HL contains the origin address of the list. The coordinates are 

stored in the following order : 

hl x7------x0 xl l ower 

hl+l OOOOOOOxB xl upper 

hl+2 y7---- - -y0 yl lower 

hl+3 0000000y8 y l upper 

hl+4 x7------x0 x2 lower 

hl+S OOOOOOOxB x2 upper 

hl+6 y7 - --- --y0 y2 lower 

hl+7 OOOOOOOyB y2 upper 

I 

Coordinates x
1

y
1 

and x
2

y
2 

are a n y two corners of the area involved . 

The area will be erased if t he WE
0 

in l ocation m. mode i s " 0 , " wr itt- f'!n 

if it is a " 1." 
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r . inpx (4f) 

This routine will return the current d i spl ay x address i n HL . 

H L 

0 0 0 0 I 0 0 0 I Xoel 

r. inpy (52 ) 

This routine wil l return the current display y addr ess in HL . 

H L 

0 I 0 I 0 I 0 I 0 I 0 I 0 IY08 I 

r . out x (55 ) 

This routine will load the displ ay x address register wi th the con­

tents (lower 9 b its) of HL . 

H L 

0 I 0 I 0 0 I 0 0 o I X08 I 

r. outy (58 ) 

This r outine will load the displ ay y address register with the con­

tents (lower 9 bits) of HL . 

H L 

0 0 I o I 0 I 0 0 0 IY0 8 I 

r . xmit (5b) 

This r out i ne will transmit t o PLATO the contents (lower 10 b its) of 

HL . 

H L 

DATA 



,I 
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i
1

i
0 

identify the source of data as follows : 

0 0 

0 1 

1 0 

1 1 

keyset or status response word. 

touch panel word . 

external input word. 

word count or unsolicited status word . 

The o utput word formats are described i n more detail in section 

2.7. 

r .mode (Se) 

This routine will load location m. mode with the terminal and dis­
• ) play operating mode as specified by the contents of HL. 

s specif i es a ful l screen erase (the screen will 
be erased when this routine is called i f s i s 
"1 ," the screen is not affected if this bit is 
"0 " ) . 

speci fy the write erase mode as follows: 

00 erase , rewrite mode . 
01 write , rewrite mode. r '. 
10 erase , overstrike mode. 
11 writ e , overstrike mode . 

specify terminal processing mode. 

Note : The screen bit i s discarded before storing the dat~ leaving 
m.mode with the fo l lowing format: 

0 0 
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r.stepx (61) 

This routine will increment or decrement the displ ay x address regis ­

ter. The contents of location m.dir specify the operation to be 

performed as follows : 

xd 

yd 

r . stepy (64 ) 

li I 0 I 0 I 0 I 0 I 0 I xo I YO I 

specifies x direction as fol l ows : 

0 fon,ard (increment) 
1 reverse (decrement) 

specifies y direction. 

This routine will i ncr ement or decrement the display y address regis ­

t e r . The contents of location m.dir specify the o peration to be 

performed as in r.stepx . 

r . we (67) 

Thi s r o utine will write (or erase)
1
\ the current x y address. 

r . dir (6a ) 

This routine will setup the x and y directio n flag s for l ater use 

by the r. stepx and r .stepy routines . Location m. dir will b e l oaded 
I ;:;> j ~ ( , 

with conte nts of HL . 

\-1 

0 /) 

xd 

yd 

0 0 0 xo I YO I 

specifies x d i r ection as follows : 

0 forward (inc r e ment) 
l reverse (decrement) 

specifies y d i rect i on . 
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r.input (6d) 

This routine will return in HL the last keyset , touch panel or ex­

ternal word r ecei ved by the terminal . If location m. ksw is 0 , the 

word will also have been sent to PLATO . If m.ksw = 3 , the word is 

returned only to the use~s program . 

The format of the data is shown below. 

~ 
H L 

- I I D I 0 l ol olol 0 I l o1 I Iool DATA 

'\ 

1;-
d " 0 " if data present , "1" erf no data. 

specify source of data as follows: 

0 0 keyset word . 
0 1 touch panel word . 
1 0 external word . 

r.ssf (70) '"' 

This routine is used to read and write data to devices on the ex­

terna l bus and to enable interrupts . i 

a4 - a 0 

r/w 

i 

data 

L 

DATA 

specify the device address . 

specifies a read (input) if "1," a write (output) 
if 11 0 . II 

if this bit is " 1," the device address will be 
saved by the resident, but the actual read or 
write operation will be inhibited. 

in a n ssf write operati on, L contains the data to 
be sent to the external device. In an ssf read 
operation , r.ssf will return in L the data read 
from the external device. 

f ' 



-
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The inhibit write ssf is normally used to establi sh a write address 

for l ater use by the r . extout routine (described later) . The in­

hi bit read ssf is used to establish a read address for l ater use by 

an external i nter rupt pr ocessing program. In t his case , the user 

must have pr evi o us l y l oaded l ocat ion m. extpa with the address of the 

interrup t pr ogram . I f m. extpa contains 0 , t he r esident wi l l per for m 

t he read oper ation when t he externa l interrup t occurs . The data wil l 

be stored i n memory and may be retrieved v i a t he r.input r outine . 

Note that i f the r esident interrupt program is used , location m. ksw 

must contain a 3 to prevent the data from also being sent to PLATO . 

Write addresses 0 and 1 are special cas e s of the ssf routine . De­

vice address 0 is assigned to the slide sel ector and for this device 

only , the data bits are sent to address 0 and bits 09 and 10 are 

sent to address 1 . 

Devi ce address 1 i s assigned to t he Inter rupt Mask register which 

is l ocated within the t ermi nal . The data fo rmat for t his r egi ster 

i s descr i bed be l ow. 

s i r 

kst 

tp 

ex t 0 
con 

car 

serial input port interrupt 

keyset interrupt 

touch panel i nterrupt 

external IO i nterrupt 

console swi tch interrupt 

modem carrier interrupt 

An interrupt is enabl ed if the associated bit is a "1," d i sabl ed 

if "0. " Memory location m. enable wil l be loaded wi th a copy of 

the interrupt mask data . 
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r.ccr (73) 

This routine is used to establish character plotting conditions for 

use by the r.chars routine . 

H L 

~lulo l 

u 

d 

s 

c2clc0 

r 

specifies that the last character plotted was the 
"uncover " code (77) . This bit should normally 
be set to "0 ." 

specifies the character plotting direction . A 
"0" = forward, a "1" = reverse . Forward direc ­
tion is left to right in horizontal plotting and 
bottom to top in vertical plotting . 

specifies character size , 0 = normal , 1 = large . 

specifies character memory . ,, 
j ~ f ' \,1 r • 

specifies horizontal plot if " 0 ,11 vertical plot 
if "1." 

Location m. ccr will be loaded with the data . 

r . extout (76) 

This routine will transmit the data stored in a buffer to the cur-

rently sel ected device on the external IO bus . The device address 

may be set by the r . ssf routine. 

Regi ster HL specifies the origin of the string and DE the length. 

r. exec (79) 

This routine may be used to execute the jobs waiting in the job 

stack . The job stack can hold a maximum of 1.48 seconds of PLATO 

output (excluding NOPs). The number of jobs awaiting execution is 

contai ned in location m.jobs . 

Careful use of this routine will permi t time sharing of the termi­

nal by PLATO and local programs. 
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r.gjob (7c ) 

This routine may be used to ~etrieve the next job awaiting execution 

in the job stack. The job i s returned in registers DE and HL with 

the format shown below. 

E H L 

The job retrieved will not be executed by the resident . Location 

m. jobs will be decremented for each job retrieved. 

Note: Attempting to use this routine when m.jobs is zero (emtHY 
job stack) will cause erroneous data to be returned in DE 
and HL . 

r.xjob (7f) 

This routine may be used to pass to the resident for execution the 

job contained in registers E, H and L. The format of the job is 

the same as for r.gjob. 

3 . 2 Resident Variabl es 

This section of memory contains information used by the resident 

which may also be used by local programs. This data may be read direct­

ly by local programs , with the exception of m.dir and m. ksw , should be 

written using the callable routines described earlier. 

Note : Access to this data should always be by symbol and not by 
address ! 

Address 

22EB 

22EC 

22EE 

Symbol 

m.type 

m.clock 

m.extpa 

Function 

specifies terminal type. 

16 bit clock having a period of 
6 . 67ms . The SIR interrupt must 
be enabled to i nsure accurate 
timing. 

specifies address of program to 
process external interrupts. A 
value of 0 specifies the resi ­
dent interrupt processing program. 



r 
Address ., . 

1.2. { D 22FO 

.:· 22F2 

22F4 

22F6 

22F8 

22FA 

22FC 

C:.i 

Symbol 

m.margin 
) Q f) I 

m. jobs 

m. ccr 

m.mode 

m. dir 

m.ksw 

m. enab 
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Function 

specifies present margin setting 
to be used for carriage returns. 

specifies number of jobs re ­
maining in job stack. See 
r.gjob and r.exec for use of 
this data. 

specifies character mode plotting 
cond i tions . See r.eAar~ for 
definition of data. '-

spec i f i es terminal operating 
mode. See r.mode for defini ­
tion of data . 

specifies directional infor­
mation for display address 
registers. See r . dir , r . stepx , 
and r . stepy. 

controls transmission of data 
to central computer . If this 
l ocation contains 0 , data i s 
tran smitted to central computer; 
if thi s l ocation contains 3, 
data i s retained at terminal. 
See r.input for more details. 

spec i fies i nterrupt se l ection. 
See r . ssf for more detai l s . 

3.3 Console Program 

This program is provided in the resident for use as a program diag­

nostic tool. It permits the keyset and display to be used as a computer 

conso l e. To gain access to this program, the RUN-CONSOLE switch must 

be placed in the CONSOLE position. The contents of the 8080 registers 

will then be displ ayed across the top of the display screen and an arrow 

appears in the lower l eft corner where directives may be entered from 

the keyset. These directives and their function are described below . 

Keyboard Entry 

dxxxx 

ixxxx , DD 

bxxxx 

Function 

Display 256 bytes of memory starting 
at address xxxx

16
. 

Insert Data DD
16 

into memory loca ­
tion xxxx

16
. 

Set breakpoint register (BP) to xxxx
16

. 



Keyboar d Entry 

j xxxx 

cxxxx 

(space Bar) 

~ ke y 

shift~ 

f xxxx , nn , cc 

rn , xx 

s top 
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Function 

Jump (call) to location xxxx . If 
RUN - CONSOLE switch i s in CON~BLE 
position, one instruction will be 
executed at xxxx and control will 
return to the CONSOLE program . If 
the switch i s in RUN position , an 
exit from CONSOLE mode will occur 
to address xxxx . 

Call program at address xxxx 
(called program must contain1~ RTN 
instruction t o return t o CONSOLE 
routine) . 

Step. Execute one instruction at 
the pr esent value of the program 
counter (PC) . 

Exe cute program s tarting at the pre­
sent value of PC and continue until 
the breakpoint address i s encounter ed . 
The contents of the 8080 r egis t ers 
are displayed during program execu­
tion . 

Same as above , but do not update regis­
ter disp lay . The p rogram will be 
executed faster than above . 

Fil l memory, beginning at addr ess 
xxxx

16 
and continue f o r nn

16 
loca­

tions , with data cc
16

. The full 
character will be assumed 0 if cc 
is absent . 

Load regis t er n with data xx
16

. 
The regis t er s are number ed f r om left 
to r ight as they are displayed across 
the t op of the screen. 0 = A, 
1 =flags (P), 2 = B, 3 = C, 4 = D, 
5 = E, 6 = H, 7 = L 

Stop program execution . 

Placing the RUN-CONSOLE switch in the RUN position and pr essing 

SHIFT- STOP or SHIFT-BACK will return control to the resident . Pressing 

the CLEAR switch wil l also r eturn control to the r esident , but will also 

initialize the terminal. 

te., " · 
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3 . 4 Input- Output Addresses 

Input and output operations are performed by the IN and OUT instruc ­

tions and involve the transmission of 8 - bit data words between the accu­

mulator (A) register and devices external to the 8080 processor . In some 

cases the OUT instructi on i s used to set control flags in the Displ ay 

Interface Unit , and no data is actual ly transferred . In these cases the 

contents of A are immaterial . 

The format of the I/0 address is shown in Figure 3 . 1 . 

7 6 5 4 0 

0 0 VO ADDRESS 

Figure 3 .1. I/0 Address Format 

Addr esses 0 through lF (hex) are used internally by the terminal 

while 20 through 3F are u sed external l y . Only external addresses may 

be specified by the SSF instruction . 

The address assignments are tabul ated on the fol l owing pages . They 

appear here for i nformation purposes onl y; the user should not write 

programs using these addresses, but instead should make use of the call abl e 

subroutines described earl i er . 
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INPUT 

Input Address Mnemonic Function 
(hex) 

!J!J SIO Input seri al dat a byte 

I Doe Do1 Dos Dos Do4 Do3 Doz Dor 

/J1 COMSTAT Input communication port status 

I Tx Rx X X L X X X I L L L_ 1 ~ '"' RCV dolo 
Reci;:e Doto Ready 

I= Transmitter Ready 
0= Not Ready 

/J2 INTVECT Input interrupt vector and displ ay type 

D X X X X A A A I 
L Display Type: ~ 

{21 = Para llel Inter rupt Device Address 

1 = Ser ia l as Follows : 

000 S I R 

00 1 KST 
0 10 TP 
011 SOR 

100 EXT cp 
101 EXT 1 

110 CONSOLE 

Ill CARRIER 

Jl3 Unused 

,04 KST Input keyset word 

0 Kas Ko~ Ko4 Ko3 Koz Kor K00 I 

JlS TP Input touch panel word 

I Xo3 Xoz X or Xoo Yo3 Yoz Yor Yoo 

Horizontal Vertical Position 
Position of of Touch 

Touch 

jl6- j1F Unused 



I npu t Address 
(hex ) 

10 

1 1 

12 

13 

14- 1F 

24- 3F 

Mnemonic 

XL 

xu 

YL 

YU 

Unused 
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Function 

Input lowe r 8 bits of x r eg i s t er 

I npu t most s i gni f i cant bit (x
8

) of x and 
t he x d i r ection f l ag 

X X X X X 

REVE RSE 

0 = FORWARD 

Input l ower 8 bits of y r eg ister 

Input mos t signi f i cant bi t (y
8

) of y and 
the y direction , long vect or , and l\BORT 

f l ags 

ABORT F L AG - -....J 

I = ABORT 

0 =NORMAL l L_ Y
1 

__ DIRECTION 

RE VERSE 
0 = FORWA RD 

LONG VECTOR 
I : X 
O = Y 

Ava i labl e for user programs 



Out put Address 
(hex) 

0'1 

.i13 

/J4- /J7 

/JB 

~9 

~B 

Mnemonic 

SIO 

COMSTAT 

Unused 

I MASK 

Unused 

XLONG 

YLONG 

SETXR 

SETXF 
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OUTPUT 

Functi on 

Load the transmitter with t he contents 
of A and transmit to the centra l computer 

Load the serial I O port with the following 
status word . Thi s word conditions the 
port to receive PLATO data. 

0 0 0 

Load the interrupt mask register with the 
contents of A 

I R K T Eo Ei CN CR I 

LJ I 
Touch 
Panel Xmit 

L L L c arr ier 

Console 

External 
Device 1 

'----External 
Device 0 

Set the l ong vect or in the DI U to x . 
The contents of A are unused . See OUT CLOCKL 
instruction for use of t his f l ag . 

Set the long vector in t he DIU to y . 
The contents of A are unused . See OUT CLOCKL 
instruction for use of this flag. 

Set the x d i rection flag in the DIU . The 
x register will be decremented by all sub­
sequent clock x signal s . The contents of 
A are unused. 

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



Output Address 
(hex) 

.£1D 

1,£1 

11 

12 

13 

14 

15 

16 

~1nemonic 

SETYR 

SETYF 

SETABT 

CLRABT 

XL 

xu 

YL 

YU 

POL 

PDU 

PDM 
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Function 

Set the y direction flag ln t he DIU . The 
y register will be decremented by all sub­
sequent c l ock y signals. The contents of 
A are unused . 

Reset (CLEAR) the y direction flag in the 
DIU . The y register will be incremented 
by all subsequent clock y signals . 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. 

Reset (CLEAR) the ABORT flag . This instruc­
tion p l aces t he terminal in the normal 
operating mode . The contents of A are 
unused . 

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

Load the most significant bit (x
8

) of the 
x register 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 significant bit (y
8

) of the 
y register with bit~ A~ of the accumulator . ~----­

The other bits of A are unused . 

Load the lower 8 bits of the panel parallel 
data register with the contents of A. 

Load the upper 8 bits of the panel parallel 
data register with the contents of A and 
write (WE~1) o r eras e (WE~=4) the contents 
of the parallel data r egister (16 bits) 
on the d i splay. 

Load the DIU mode register with the lower 
3 bits o f A. 

X X X X X M WE01 wEOOJ 

Oporot;,, Modo __j 1 
0 = Serial 
I = Parallel 

Write I Erase Mode 



Output Address 
(hex) 

17 

18 

19 

1A 

1B 

1C 

1D 

Mnemonic 

PDLU 

CLOCKX 

CLOCKY 

CLOCKXY 

CLOCKL 

HCHAR 
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Function 

Load both PDL and PDU with the contents 
of A and write (WE=~) o r erase (WE =1) 
the contents of t~ parallel data ~gister 
on the displ ay. 
NOTE : The write (erase) operation is 

reversed in this operation . 

Cl ock the x register. The x direction 
f l ag specifi es the d i rect ion; forward 
if reset (~), r everse if set ( 1 ) . The 
contents of A are unused. 

Cl ock the y register . The y direction 
f l ag specifies the d irecti on; forward 
if reset (~), reverse i f set (1) . The 
contents of A are unused. 

Clock both the x and y registers and 
write (WE!if=1) or erase (WE~=~) .the resulting 
address ofi the panel. The x and y direction 
flag s specify direction of change . The 
contents of A are unused . 

Clock the long vector, x or y , (as specified 
by the long vector f l ag ) in the DIU i f 
A~=~ ; c l ock both the x and y regi s t ers if 
Alif=1. The resulting address is then written 
(WE

0
=1) or erased (WE~=4) on the display . 

The direction f l ags specify directi on of 
xy c hange . 

Clock t he y register and write (or erase) 
the resulting address o n the panel . The 
contents of A and the WE bits in the 
Panel !-lode re~ister specify the operation 
performed as follows : 

A~ WE 
1 WE~ FUNCTION 

~ ~ ~ write 
~ ~ 1 erase 
~ ~ nop 
~ 1 1 nop 

~ j1 erase 
~ 1 write 

~ erase 
write 

Clock the x register and write (or erase) 
the resulting address on the panel as 
shown in the table for OUT HCHAR instruction. 



Output Address 
(hex) 

lE 

lF 

2.0 

21 

22 

23 

24 

25 

26-3F 

Mnemonic 

WE 

SCREEN 

SLIDEL 

SLIDEU 
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Function 

Write if ''ffi.eJ=l or erase if WE.eJ=.eJ the 
address specified by the contents of the 
x and y r egisters . The contents of A 
are unused . 

Erase the entire display . The contents 
of A are unused . 

Load the lower 8 bits of the slide pro­
jector register with the contents of A. 

Slide X 
Address 

Slide Y 
Address 

Load the upper 2 bits of the slide pro­
jector with the lower 2 bits of A. 

X X X X X X L s 

lomp_j J 
Shutter 

Note: This address cannot be speci­
fied by an SSF instruction . 
This operation occurs automati­
cally when using address 20 . 

Availabl e for user defined equi pment . 

Avail abl e for user defined equipment . 

PLATO IV Peripherals. 

PLATO IV Peripherals . 

Availabl e for user defined equipment. 
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4. IO BUS INTERFACE 

4 . 0 IO Si gnal Definition 

This section contains the information needed to design peripheral 

equipment to be attached to the external IO bus. 

External devices communicate wi th the terminal via the I O bus shown 

in Figure 4 . 0. 

TE RMINAL 

/ ~ 

~ 
v 

~ 

v 

A 
~ 

~ 

DATA (8) 

IO 
ADDRESS(6) 

EXT WR 

EXT RD 

WRO 

EXT0 
EXT ROY 

Figure 4 . 0 . IO Bus 

The function of these signals is described below . All signals are posi­

tive logic TTL leve ls . 

DATA 

IO ADDRESS 

EXT WR 

EXT RD 

wro 

EXTO 

8 bits of bidirectional data . 

6 bits of IO address specifying the 
external equipment to receive or send 
data . 

Low l evel indicates that IO address is 
an output (WRITE) address . 

Low l evel indica t es that IO address is 
an input (READ) address . 

Low l eve l indicates data bus contains 
valid data to be used by external device . 

Low l evel indicates that a device 
attached to the IO bus requests ser­
vice . This l ine should be hel d l ow 
until the requested service is performed . 



EXT RDY 

4 .1 IO Ti ming 
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High level indicates that external 
equipment specified by address bus can 
perform requested oper ation. Addressed 
device should take this line low if it 
is unable to perform requested opera­
tion. Terminal will then halt until 
device is ready . 

The timing diagram for the input operation is shown in Figure 4 . 1 . 

All times a r e in nanoseconds (NS) . No earlier than 90NS after placing 

the I O address on the address bus , the termina l issues the EXT RD s ignal . 

The selected device p l aces the data on the bus within 350NS after receipt 

Of the EXT RD signal. If the device cannot s upply data within this time , 

it must take the EXT RDY line low within SONS after receipt of the EXT RD 

signal o r within 140NS after decoding the address . 

10 ADDRESS ~~-------------------------------------------------------
: l.t4•-----639-874 ----~·J( 
r-90MIN ----L -

~~------------------------------~ 

EXT RD 
I 

I EXT ROY 
-: 50MAX 1- I 

'- - - - - - - - - - - -r- - - - - - -
! I 

----------~----------~----------~ - -------
X«~T/~B;E %: INPUT DATA 

-----------------------7-1 ---------------' I I - - - - - - - -
I I 
I I 

1-- 350MAX --•~1 

Figure 4 .1. Inpu t Timing 

The t ermi nal will t hen wa i t unt il the device has data ready. ~·7hen ready , 

the selected devi ce places the data on the bus and raises the EXT ROY 

line . Once i ssued , data mu st rema in stable unt i l the EXT RD is termi-

nat ed by the t e rmi na l. 
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The timing diagram for the output operation is shown in Figure 4.2. 

No earlier than 90NS a fter placing the I O address on the address bus, 

the terminal issues the EXT WR s ignal indicating to the selected device 

that data is forthcoming . The terminal places the data on the data bus 

at l east 200NS before i ssuing the WRO signal. The sel ected devi ce can use 

this s ignal to read the data . If the selected device is not r eady to 

receive data, it must take the EXT ROY line low within SONS after receipt 

of the EXT WR s ignal or within 140NS after decodi ng the addr ess . The 

terminal will still issue the WRO signal , but will halt with this signal 

l ow until the selected device raises the EXT ROY signal. After receipt 

of the EXT ROY signal , the terminal will hold the WR0 signal and the data 

signals stable for SOONS befor e terminating the output operation . 

-_________ '\~ !:l ;f ---------------------------------------------------------10 ADDR ESS _J.\._ 
I 

~.o.,.-1.._ _______________ ___,f 
I I 1 --------

E XT WR 

OUTPUT DATA ~500 ///~iT~~;~~/~: 
---------

WRO 

I I 
1,----------

1 I ( 
I 14~---- 500NIN lj 

---1 2QQMIN ~ j ...._ ________________ ___, 

EXT ROY 

Figure 4.2 . Output Timing 
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4.2 External Device Specifications 

All equipment designed to operate on the external bus should adhere 

to the fo llowing specifications : 

1. Al l voltage levels must be TTL compatibl e . 

2. All receivers should present no more than one s tandard TTL load to 
the bus . 

Note: Address line A
05 

is a special case . This line should 
contain a 3.3k pull-up resistor to +Svdc . This resistor 
will help insure that the equipment will operate with 
other PLATO terminals . 

3. All transmitters must be tri - state and be c ap able o f driving 
20 TTL loads. Re commended type s are National 8097 or 81LS97, 
Signetics 8T97, and TI74367 . 

4. All equipment must look at the address lines at all times and 
must place signals on the bus only when the e quipment address 
appears on the bus. 

5. No equipment should interfere with bus operation whe n the 
power is removed . 

6 . Two identical connectors should be provided on each device to 
permit "daisy chaining" of the bus. 

7. All cables should be twisted pair type . 

8 . The device address should be s witch selectable s o that it can 
be easily changed later. 

9 . Th e EXT RDY line will stop the 8080 on IO operations if it is 
hel d low. Extreme care should, therefore , be e xercised in i t s 
use. If possibl e , the equipment should be designed such that 
it is always ready to send or receive data. The EXT RDY line 
may then be left disconnected . 

10. The pin assignment for the IO connector is shown in Table 7 . 
The mating connector is ITT Cannon DBC - 25s or e qui va l ent. 

Pin Function 

1 Gnd 

2 Address line Aoo 

3 Address line AO l 

4 Address line A02 

5 Addr ess line A0 3 

6 Address line A04 

• 
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Pin Function 

7 Addr ess l ine Aos 

8 EXT WR (external write address) 

9 \VRO (write output) 

10 EXT RD (external read address ) 

11 EXT ROY (external ready) 

1 2 EXT 0 (external interrupt) 

13 Gnd 

14 Gnd 

15 Doo data bit 0 (lsb) 

16 DO l data bit l 

17 D02 data bit 2 

18 DOJ data bit 3 

19 Gnd 

20 Gnd 

21 D04 data bit 4 

22 DOS data bit 5 

23 D06 data bit 6 

24 D07 data bit 7 (msb) 

25 Gnd 

Table 7 . External IO Connector 




