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The, plasma display interactive computer termunal uwsed in the Air Force Advanced Instructional
System computer network provided no facibity for the productian of printed copy of display images. This
prevented the programmer/author from captunng information created during program development for
analysis and debugging. Proposed hard copy umits under commercial development appeared to be too costly
and- unrehable for volume use within the training environment. The purpose of this work unit was to
nvestigate an altémative approach to the hard copy problem and to obtain an in-house unit for use if the
approach proved successful,

Approach ~ | .
The desired approach was to develop a special random access digital rﬁemory using the same dot

igital dot map of the 512
by 512 array,of dots presented visually by the plasma panel. The contents of this memory could thus be
printed on d8mand on a dot line printér. Sinct the construction of this memory would be rather time
consumung, it was decided that the memory would be simulated on an atailable PDP-11 minicomputer A
simple mnterface from the plasma display connector to the PDP-11 was built to allow the PDP-11 to monitor
wnte and.erase requests to the plasma panel. A program to enable the PDF. 11 o print the contents of the

-

amulated remory on a Versatec dot printer resides in the nﬁnicomputer\«.)\i]e the hard copy process is

active. 4 .
: -
Results i . ’ .
» h ¢ .
The thgital approach to makifig hard copy worked as anficipated and is feasible for use in volume in
the traming environment. The dot pnnter used 1n this device appears to be highly reliable and produces high
quality, hugh contrast copies. The production of actual hardware for the dot memory would be possible with

in-house r? urces if no acceptable cammercial alterative becomes available. ! .

Condusio?s oo ‘ -
The. development of the wn-house capability to make hard copy has proven quite beneficial for
software development and represents a feasible alternative for future hard copy devices for use in the

authoring environment.
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DEVELOPMENT OF A PLASMA PANEL HARD COPY UNIT
: :

A

: ' L INTRODUCTION i - .

. The Air Force Human Resources Laboratory, Technical Traning Division (AFHRL-TT), Lowry Air
Force Base, Colorado, 1s responsible for the development of the Advanced Instructional Syst¢m (AIS); The -
AlS includes a large computer system to prescribe instructional resources and present on-line instruction at
nteractive graphic computer termufials. The termunal used in this system is built around a plasma discharge
screen which_displays computer generated graphics and characters in an amray of 512 by 512 dots This
array appears to the user as glowmng orange dots on a black background, in an approximately 8.5 by 8 §
inch square. Each dot can be mndividually set or reset and will remember its state until further altered. In
addition the entire screen may-be erased in a single operation. , -t

Although there are many advantages to developing software at such a terminal, a significant
dnsadvantgge s that graphic 1mages, and often mnteractively bult up character groupings, cannot be printed
on a system hne pnnter for program debugmng and analysis. This causes problems during instructional
matenals authonng since the results of a debugging session disappear as a program i$ run, leaving the author
nothing to work with but notes and memories. :

- This-work umt was estabbshed to obtain an in-house capability to produce hard copy, and to
investigate an all digital approach to the construction of such a.unit. Several constrdining factors were the
limited manpower to support hardware development_and a strong desire to obtain the hard copy capability
as soon-as possible. Consequently, the approach undertaken minimized hardware design and reduced gffon
to approxinately four man-weeks. The resulting device has been in use for many months. and-has proven
the feasibility of the technique and the rebability of a digital rather than optical approach’to this problem

»

v ] L. THEORY OF OPERATION

\ Plasma PaneL/. N

The pla€ma panel can be considered to be a square array of illuminable dots each of which remembers
. whether 1t 1s lumnated. Each dot 1s directly addressible by specification of 1 of 512 possible rows, and of
1, of 512 columns located within thus row. Unlike in typical digital memories, bits (dots) are not grouped
together 1n words but are rather handled as single dots at all times. The electrical interface to the panel
designates both row and column addresses to the panel as 9 bit binary numbers using 18 parallel, active
high, standard TTL logic signals. A request to change a particular dot always consists of these 18 levels and

either of two possible sfrobe signals. The strobe signals are also active high standard TTL logic levels.

The physical design of the plasma digplay is based on two flat plates of glass held precisely apart
formung a chamber which 1s filled with gas. Just below the interior surface of each plate is a grid of
tlectncal conductors, honzontally placed in the front sheet and vertically placed in the rear sheet. These "
conductors are electrically nsulated from the gas mixture by a very thin glass coating. The entire front grid
of conductors 4s made to change polarity with respect to thc\ back grid at a rate of 50 Kilohertz with a
potential of about 170 volts. The result of this alternating field is that if a charge is placed at the
intersection of any two.gnds on one surface of the glass it will jump back and forth between the glass
surfaces 1omaing the neon gas.at the intersection and causing a chatacteristic neon orange glow. By careful’
control of the resistivity of the insulating glass each discharge is ¢ffectively isolated from other discharges
even though they are less than 1/60th of an inch apart, The rate at Which the grid potentials must be
reversed 1s cntically related to the gas mixture, pressure, atd other variables.and is also a dgtei’minant of the =
rate at which dots in the display may be written. o~ } e n o A 4

Because a dot may only be changed at a certain point in the refresh [cycle,'the refresh rate of 50 kHz
produces an allowable wnte frequency of 1/50000 of a second, or 20 microseconds/bit. This cycle is fully
synchronous independent of any writing requests, so requests from the plasma terminal hardware to write
e on the panel must be synchronized to the panel refresh cycle. This is ensured by a TTL “busy” signal
; generated by the plasma panel. This signal goes “not ready” when a write or bulk erase signal is issued to ‘oA
- the panel, and returns to the ready state’'when the panel is synchronously ready téaccept further data. The :
' effect of this gharactenstic on a hard copy umt is that the hard copy unit must be capable of recording data _
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sent to the par;el 1n the time taken by the’ panel refresh cycle. No delay may be added by the hard copy
- drcuitry without disturbing the synchronous cycle of the panel. . -

Hard Copy Unit . . i

The hard copy unit to be dm.nbed in this report 1s a ssmulation of a hardware device which has not
been built. The amulation exhibits must of the behavior of the actual device, and produces the same hard *
copy., The simulation consists of a PDP-11 municomputer replacing a hardware digital memory, a Versatec
200 dot plotter, and a smple interface box connectinga plasma panel to the PDP-11. The simulation can
do everytlung a hardware unit could do except rapid full screen erase. In order to understand how the
smulation works, it 1s first necessary to understand how a hardwase version would operate. 3

. A hardware version of this device would be bult as a 512 by 512 by 1 bit digital memory. The two
mne bit addresses (used to address the plasma panel) would select a particular bit in the digital memory.
This bit would be either set or reset corresponding to whether the assocated bit i the panel was
illuminated or dark. Special, arcuitry_would be_included to,allow all cups i thexﬁ)emory tobeerased  __ .
simultageously to ensure a rapxd erasure of memory contents analogous to the bidk erasure capabihity of
the plasma panel. This memory would also be addressible by 2 bult tn muroprocessor which would allow
the contents to be moved to any of several possible types of dot printers, and to allow for special effects
such as contmnued (from screen to screen) plots or mverted (white on black) images. Such a device 1s
certanly well within current technology, and the cost of building 1t drops with each improvement in _—
random access memory technology. With current costs 1t should be acluevable with less than $1,000.00 n
components. x

The simulated hard copy umit works analogously to the actual hardware hard copy unit. The primary
difference 1s that rather than building a hardware memory array, a 16384 word portion of-the address
space of a PDP-11 minicomputer 1s used to store dot array 1mages. The microprocessor is replaced by the
municomputer processoy which can of course address the built 1n 16,384 words of core memory. Storage
mto the memory s performed under program control through input/output ports. The program which
controls mapping into the dot memory resides 1 additional storage space and is normally loaded nto core
from disk unless it is already resident when copying is to begin.

A typical copying session begins with the loading of the hard copy program into the PDP-11. The .

copy program clears the 16,384 word memory, simulating a full screen erase of the plasma ‘display, and
begms a tight monitonng loop watchung write requests issued to the plasma display by the computer
Termumal which houses the display. When the minicomputer detects a write request, it copies the plasma
screen address 1nto one of its registers and uses this address-as an index into the 16,384 word dot array. It
moves the contents of the selected word to an output port where the selected bit is altered by a hardware
multiplexor, external to the PDP-11, using the write and erase request lines to set or reset the selected bit.
The patched word is then moved through an input port back into the dot array, and the momtonng loop is
tepeated. . .

This mohitoring loop continues until stopped by the person operating the copier. The operator halts
the minicomputer and starts it again at the address of a program which prints the contents of the intemal - |
memory on the Versatec dot printer. At this time, the operator may press a continue switch for additional ,
copies of the same image, or may restart the process by clearing the PDP-11 dot memory. A single copy - |
takes about 15 seconds considering operator steps, and .additional copies take about 10 seconds each. . |
i
|

-

Iih DETAILED DISCUSSION
-

Terminal Control of the Plasma Panel

The plasma terminal issues all requests to the plasma display panel through 21 active high TTL data "
. signals. Eighteen of these signals are levels used as two nine bit addresses for row and column as explained
above. Two strobe signals of "~ 2 microseconds duration are sent at the same time as the address signals. ™
Only one of these signals is ever active for a given request, one signaling a request to jlluminate the
addressed dut, and the other signaling a request to erase the addressed dot. An additional signal is available
requesting a bulk efasure but this is not implemented since the PDP-11 could not perform this operation at

b . ) 7
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the execution speed of the plasma panel, and would thus lose data issued immediately after the bulk erase
request. An illustration of 1/O logic for the modified system is included in Figure-1. )

. . The dot array of the panel is mapped as n array of rows in the PDP-11 memory, Each horizontal line
on the panel is treated 2s a group of 32 PDP-11 words. The lower four bits of the panel X axis address is
used by a hardware multiplexor board to,select a particular bit in z display row. The other five bits of X
address are used as the- five least significant bits of address within the 16,384 word PDP-11 array. The nine
bits of the Y axis pansl address are used s the most significant bits of the afray address. Thus, 14 lines
must be mnterfaced o the PDR11, and used as an intemal address intp the dot matrix. The remaining four
bits.never enter the computer but do control the multiplexor. This mapping is depicted in Figure 2. *

The termunal begins synchronous operation with the plasma panel by strobing either the write or

erase strobes of the plasma panel. The panel waits until an appropriate point in the refresh cyde and thed

- responds to this mitial request. The terminal is constructed so that it will have created the next request
while the mitial request 1s processed by the panel. The panel signals completion of the original request by

its_ready hne_ and since an_additional-request is waiting, will process that request immediately. If the
additional -request were not ready at this time, the panel would not be able to accept it until the 20
mucrosecond refresh cycle had been performed. Since the panel might have to draw as many as 512 dots
(one full length screen vector) within 16.6 milliseconds (due to basic data receipt rates not discussed here), *
each cydle must be used. This can be easily seen since 512, x 20 microseconds = 10.240’ miltiseconds and,
a could not be doubled since 512 x 40 = 20.480 milliseconds is longer than the real time available to produce
e required vector. Thus, the ability of a hard copy device t work in harmony with this system depends

A litical part of the hard copy unit is a simple fhultiplexing device. This device is used to Teplace
actual bits in a selected word of dot memory with set or reset bits depending upon the request issued to the
plasma panel. This bit masking and insert process is typically done by software in a device such as.titis, but
could not be done-this way due to the time which would be required to perform this"process in software.

o The design of this board is that of a 16 element array of 2 to 1 multiplexors. At any time, fifteen of
these multiplexors will be selecting as their output fifteen data lines coming from a PDP-11 output port.  ~
The remaining multiplexor will be relaying the value of a flip-flop in the controller board which will be set
if a panel write request is being processed and reset if a panel erase is being processed. The multiplexor
relaying set-reset data is chosen by a 4 to 16 line decoder chip (IC18) also located on the’ multiplexor
board. The four lines. used to control the multiplexor are simply the least significant bits of the column

address. - !

The physical layout of this board is such that it plugs into both an output and input port of the
PDP-11 minicomputer and efficiently receives a full 16-bit word from the dot array, and retums the
modified fesult into the adjacent port, thus eliminating connectors and cables for this data. This physical
relationship may be seen in Figure 3. - .

Each of the individual 2 to 1 multiplexors was built from a/single SN7400 quad NAND gate and is
composed of IC1..IC16 on the B2 multiplexor board. A typical circuit for each multiplexor is included in
Figure 4. IC17 is simply a buffer for the Write/Erase (W/E) line which amplifies the signal to drive the 16
multiplexors. A wiring diagram of the B2 multiplexor board is presented in Figure 5.

Control Board—B1 ' . \ ' ,

. The control board for the hard copier interfaces the terminal/plasma panel signals to_the multiplexor
and PDP-11. The WRITE and ERASE signals from the panel are gated together such that either signal
triggers a 1-shot multivibrator (IC21) which in tum triggers another 1shot which creates the ~
microsecond READY-A, signal which is being software monitored by the PDP-11. The first 1shot also
latches the the writeferase signal inte a flip-flop (IC22) on this board. The latched signal constitutes the
W/E signal which is used to set or reset a bit in the dot array when the multiplexor board is activated by <
software.

Timing on this board is not critical, however the duration 6f the READY-A signal must be long
enough to be seen by the software monitoring loop, but short enough so that it has vanished by the time

12

. 7 o,

A1}




‘-\_
. L gy
- ® ‘ -
| B v
* PLASMA PANEL ) | , -
- " ¢ JINPUT LINES ‘ ’
e — Y |
WRITE [ - ] WRITE r _
- ERASE | cORIROL ERASE |~ . Ipi aswa|
BULK ERASE 8 BULK_ERASE | PANEL
* . |CONTROL N
I8 BIT X-Y\] BOARD- I8 BIT X-Y ADDRESS > "
— ADDRESS BL [. = : 3 .
— 'S >'<O \
- READY A g <
Ll wE |B
@ -
01' m
~/ AN
INPUT MULTIPLEX
- BOARD - BOARD-B2
B3
AN '
ol v
= (@]
b - Z 113 .
: 1%
o =
‘ - Ell -
23] | m -
0 ) ¢
Nl |
. DRIIA
0 4| | HARDCOPY |
] DEVICE
, PDPII/20 |
et s ——— e i s . s s —J

Figyre 1. 1/0 Bus circuitry blockjaiagram.

9 :




WORD BIT I5

WORD BIT O A
J/WORD Oy WORD | 3 |y | WoRD 3I-
ROW | — ‘ o Lo .
ROW 2~/;W___/ooo,ooooooooooooo ................ P000000000000000
: L/WORD 2
: . -
S . | ?
ROW SI2 | COOOCOOCOC00C0000A0000G000C0000000  {0000C0300CD00000A000

e A
\ [~ T~ ]
PLASMA PANEL —// .‘
. ' .’
, . 1}__—/
Cy TERMINAL
ADDRESSING FORMAT ,
FIRST NINE BITS DETERMINE ONE '
OF 5|2 ROWS.

NEXT FIVE BITS DETERMINE ONE

OF 32 WORDS/ROW.

LAST FOUR BITS SELECTS ONE OF

16 BITS/WORD THAT WILL EITHER :

RR OFF BY W/E. .




ERIC

Aruitoxt provided by Eic:

v

SR el (o
S IS '
3 .V%ﬁw
"M"‘ SR
e
; é’«%‘« LA'&"'A" ¥

LS

¥

DR A INTERFACE |

b ad/ SRR LA L1 -oou
C

-
.

cn

Figure .

|

|

\

|

|

|
-
‘Pt
|

|

|

|

|

;

|

|




Ny

bt smae

TO DRL{A INPUT

. Figure 4. Typical B2 multiplexor circuit.

12

FROM DR11A OUTPUT
R ) . t .
i S —
I —1
| ' |
| N
I — SN
|- o b\ I
| | |
| . |
n | 4 - i : | .

R . 5 6 1 .|
| — | |
o - ® ]

5
AT ‘ A .
DECODER (74154) INVERTER (7404)
INPUT INPUT (W/E)
,/’
| 'NOTE

‘DECQDER INPUT

DRIIA INPUT AND
OUTPUT ARE HARD
WIRED ON BOARD B2




A
h\ i 7 -
. , - rueBep Q%leinoa soXodnnpy ‘¢ aunSyy o e .. .
. . : , o » 9l NYHL | D1 40 WvHOVIQ oLt
X : . \ . ONIMIM HO4 9 9id 335
, ._ - . ,, . S,000INS
_ﬁL . ; , - . 34V OI NY¥HL 1 Of JION -
18- | — : : Y *
. |23 . .
IH -
_O. > -
E o _
2a ;
W . . L L .
LAaNI N»u ) Gl vl R Rerg| Ka 1 ot L& s 1
~ \ . ’
. WY N__u iy Dl ol o o) o1 &l 8 o ol o_d
. Nm« “ L ; r) .
: | |
<) O
e Ry LR
K . - ke 3 <%
. - - : w s 8l % w
] * 1 & Ol wmA
T ~ LY Wm M” ”l.
19
1Q HSIL
13 :
i , ﬁ
23 8 yA 9 LS g ¢ -2 7 . -
2h ol o | BoLE|| & o AR ol G| o |  FO¥ DY,
g : : 8-1-21
LndLno 3d . B iy S Nid Ol
; .N—ﬁ - . » . ’ L L] lwl\; )
. id . . - .
S . D
X 2N . . ] * .
> NQ 0 % .




. ? - :
-~ : that the requested patching has finished, or a false request will be generated. R2 has been set for 2
| microseconds for the first 1shot and v 10 microseconds for the second. The RC network attached to the
- flip-flop generates a clear signal for this flop when power is first applied to the circuit. A schematic of this
. board is shown in Figure 6 and the interconnection diagram is included in Figure 7 )

Input Board—B3 . - .

‘

The fourteen most sigmficant address lines from the plasma panel address are used to select one of
16,384 words from the PDP-11 memory. These lines and the READY A line from the control board B2 are
rosted to mput board B3. This board plugs into a BDP-11 input port and is read into the monitoring loop as
a sngle word of data. The READY A line is fed into the sign bit position of the PDP-11 port. When the
active low READY A Ime goes low (i.e., logical zero) it is detected as a sign change in the monitoring loop.
The fourteen address lines ate fed into bits 1...14 in the PDP-11, and thus appear as a fiormal PDP-1t word
address when the sign bit drops to zero. Bit 0 is always held at zero, which is necessary since it constitutes a
half-word (byte) address when 1t 5 non-zero. Thus the word address to be changed and the change request
flag (READY A) enter the PDP-11 at the same time and with only one instruction execution. Such speed
ploys are absolutely essential for the monitoring loop to work correctly.

The PDP-11 Monitoring Software

The program which operates the hard copy simulation resides in PDP-11 address space just above the
16,384 word dot array. This program consists of three major sections. initialization, monitoring loop, and *
prntout loop. The program 1s written in PDP-11 assembly language and can be loaded into memory using
standard PDP-11 Disk Operatmig System software. Once the program is loaded and starts, it destroys the
operating system to use-the low address PDP-11 memory to contain its dot array, since interrupt vectors for,
the PDP-11 normally lie within this low address core. o "
Initialization : ) ‘ ,

The program imitiaizes by tumning off the real time clock (since it will soon destroy the clock vector
anyway) and performing a loop which clears the lowest 16,384 words of memory. It then establishes the
addresses of all of the ports to be used in hardware registers so that fast register addressing may be used
within the monitoring loop. Because the time required to clear the low core in the PDP-11 exceeds 16
milliseconds (the time within which the plasma panel can be expected to have erased) and because the
monitonng loop allows no time to check a bulk screen erasure flag anyway, the full screen erase cyde of
the panel cannot be performed under terminal control. Thus the user retums to initialization by setting the
address of the program into the switch register of the PDP-11 when he wishes to erase the dot memory of ]
the municomputer. Initialization leads immediately into monitoring without further operator action

2

" Monitoring Loop . N

a, . The monitoring loop is quite short and simple and must be so to perform adequately in real time.
. Once a wnte ot erase request has been detected-as described above, the address of the memory word to be
altered hies 1n a hardware register. This address is used in a MOVE instruction to move the selected word to
° the input of the multrplexor board. The address is then’used in another MOVE instruction to place the
multiplexor modified word back into the dot amay. The loop then continues by checking for the
appearance of another request while processing was underway. The resulting instruction times are just

under 20 microseconds as required by the plasma panel refresh cycle.

Printout Loop )
e The contents of the dot memory are” moved to a Versatec 200 series printer by the remainder of the L3

software. The only unique portion of this software.is caused by the fact that the printer interface expects

dot information to be delivered in eight-bit groups and inverted left to right from the order in which they

are mapped by the multiplexing hardware. In the printout loop, the printer is initialized, a process which

takes several seconds while the electrostatic toner fluid pump is started and stabilizes flow. While the

prnter 1s stabilizing, the entire dot map is inverted left to right in eipj:t-bit groups. In this manner, no extra

delay is caused by the mapping discrepancy. The 32,768 cight-bit groups comprising the’screen image are

then moved to the printer with appropriate groups of blanks on each gide of each line of the image to create

borders on the printed page. . -
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Smce the Versatec printer prnts lines of 560 dots, (560 - 51")/ 2 = 24 dots (three eight-bit bytes of
zeroes) are added to the beginmung and end of each line of 512 dots. This part of the loop needs only to
move thc: data to thc  panter since it has already been inverted left to right. At this point, the printer is
made % eect paper for mter ymage separation, and the program then waits_for requests for additional
copucs of the same image by the operator. If they are requested, by a dcpussxon of the continue switch on
the PDP-11 comsole, they are pnnted immediately from the already inverted image. Samples of the print
produced by theéhard copy device are*fncluded in Tables 1 and 2.

L
)

Iv. CONCLUSIONS

The digital approach to a hard copy unit has been found to be both feasible and desirable. Image
quahty has been found to be much better and prease, and not subject to the variability of quality produced
by the optical unit under conmderatiorf. The rehabany of the Versatec printer has been’ outstanding,
particularly considenng that 1t has neve been serviced or even cleaned i in three years of operation prior to
its use in the hard copy function.

The versatility obtained from the availabibty of a processor (in this case the PDP-11 processor) to
handle the dot data suggests that a hardware version of this simulation should include at least a
mcfoprocessor to allow for interface to a number of different printers, and for easy indlusion of special
functions such as black on white image inversion and continuous plotting of adjacent images, etc.

With the imminent availability of 16,384 bif random access memory integrated circuits, it should be
possible to build a compact and mexpensive vemsion of this simulated digital device if desired. For this
reason, it is recommended that no optical oopymg devices be purchased for use in the Advanced
Instructional Systemin conjunction with plasma screen terminals.

The imphcations for a cathode ray tube terminal refreshed from a 16 by 16,384 bit digital mcmory
and also providing for connection to a hard copy printer are also quite obvious.
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Table 1. Plastna Macro V06—03 31 Oct 75 12:36

.

* J1HIS IS A DRIVER RROGRAY FNR -THE PLASHA PANEL KARD COPY UNIT

4
. ITHE PURPJISE OF THIS OJRIVER 1S TO MOVE A SARTICULAR BIT HEING

J#4RITTE4 3R ERASED 8Y A PLASMA TERMINAL 1470 A 1690082 40RO
JREPRESE4TATIdN IF GF YA€ VISIBLE DISPLAY
JTHE JISFLAY IS -A=PED INTU Tht LIAEST t16< OF THE POPei}
JAT THE TIHE TnAT TAE DIIVER I8 RUNNING 433]TOR CANNDT 8E
JACTIYE. ~aLL INTEZFRJPTS “uST BE FINISnED SEFORE THE URIVER
11S ACTIVATED, A4D TAE REAL TIME CLOCX ™uST HAYE BEEN
I0ISASLED PRIGR T2 T4% CLEARING OF THE LUOaER 16%X OF MEMGRY,
}THE GENERAL PAILO30PAY OUF, THIS PROGRAM I35 70 ‘
1., BECOI9E LJAJED 14T) ONE JF=FHE HIGHER MEMUORY BAMKS
2, Tu%4 JFF Ta€ REAL TIAE CLIC
3, CLE&R TnE LDJ4E% 15X a0RIS OF MEMIRY TD ZERO )
a, G INTI A TISHT LIOP &aNd 2ATCH A-FLAG BIT In THE INPUTY
C53R JNTIL 1T CO4ES HIGH INDICATING 4 REGUEST TO THE PANEL
S, AT THIS TIAE Tn% FOLLOSING SuB STEPS OCCUR? " .
AYTHE 438D ASDRESS Ov THE PLASHA SCIEEN IS JSED AS AN .
T43EYX INTS TAE 6% MAP TO GET THE PROPER 16 BIT GROUP
CORIESPIWDING TD TAlS PARTICULAR FRAGMENT OF & LINE
~ SEGHENT IF fo. D3ITS (SEb MaP BELOx)
BYT4E _RESAINING & 31T1S OF AJDRESS ARE BEING FED JANTOD . . .
T42 3PECIAL =JLTIPLEXJR BJARD T2 SELECT wHICH OF THESE
1> BIT3 +ItlL 3E £&nJSE™ TO FOLLIA T;E PLASYA REAG/WRITE
REJUEST {14Z ’
CITAE ADJRZ55 140Ex (14 81T78) 18 MO¥ED INTO Re
3 1AP[R21 IS “I¢EZ 19 0JTPUT2 PIRT
EYi> BIT 43R5 FRO9- IWPUTE anICh NOu, CONTAINS THE READ/#RIT .
3ITBEINS <RITTZN J% THE PANEL I [ﬁ& PROPER PUSITION~
15 <0VED BACK I4T0 THE PANEL MEMOURY MAP
F1T4% FLAG BIT I8 IMMEDIATLY RETESTED TO SEE IF A SYNCRGNO
REIEJIEST A5 HSEN “ADE aH]LE #E aZRE BUSY
GYIF S35, =2 30 JIRECTLY BACK INTO TaZ LOUP TO ADL IT,
2T4ER4ISE & RETURY TO THE MONITO%I~G LQOP
- Li

-

YTAERE 15 %2 £5CaPT F32% T4IS L3OP, IT 4UST BE EXITED BY HALTING

$THE PDPeli AY3 TO3GLING 14 A REQUEST'TO SRINT THE SCREEN

10uTRIT 34 T~E VERSATEC,

- c , o—
2 #hE~ SJCA & T23GLING IS D04k, THE CONTENTS OF THE MAP ARE PRINT -

- §0M TAE PRIYTER aCI3R2143 TO ThE “aP 8ELDs, ANU THE PROGRAM WAIT

$FOR 4 3Z30E5T F3R -4y3E COPIES DR FOR A REZJJEST FOR A REMOKY
~JCLEAR. A% 4I%E D 4ITIRING. : -

¢

1 . R . .
1005 4571 3E ARELIAITD a+EN FluISAED, AS 1T 4AS SEEN COMPLETELY
J9OESTRIYED ¥Y T4IS T14E ’ ' . ’

-~

] » - ’ 9 i ) .
P TS R S 9=3CT=74 o ~ :
LTITLE 3LAS¥4

182038° PSECT ALASYA ) . '

177546 4TC={7751& $LJCATIIN OF LI%E FIZIUVENCY CLOCK

167152 APX14=1a77%2 $3ENs UATA OUT TO TaIS PLACE FOR PATCHIANG

167754 “Px¥3Js85775y | :RECLIVE PATCAE" NDATA I% AT THIS PLACE

167748 ANURIist57754

JIECEIVE 44 51T 44793(32115 Jeeiqd) FROM TERM
293722 SULLT FHO% faeeYB AN) (Q==xl .
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Table 2. Plasma Macro V06-03 31 Oct 75 12:36 .
58 167758 ADURCS=457753 }CSR FOR THIS INTERFACE
59 ' )
62 177534 YERSAl=a{7733¢ FINPUT 3UFFER FROM_ YZRSATEC INTEREACE
61 177532 YERSAOs$77532 ;OUTPUT BUFFER TO VERSATEE INTERFACE
52 177530 YERSAC={77532 ;CSR FUR VERSATEC,3IT 1S ONaNGT READY
63 » ’
. 64 33232 335¢37 . CLR TR }TURN OFF TAE LINE FREO cLuCk
177546 )
65 223233¢ 335021 LR LR JPOINT MAP INOX ,REG TO ADIR ¢
66 23236 212732 e pY 3153032,%2 JPUT LOOP LIMIT IN R2 (3b<sLIMIT
1832230 . )
67 33812 235821 CLRSZ4: LA {Ri)e JCLR NEXT CELL OF MAP, BUMP CNTR .
68 43814 322132 cap 3{,R2 FHAVE AE CLEARED alL $16K YET?
69 23216 221375 3NE CLIYE $IF NOT GJ BACK AND GET NEXT, ONg
79 ° iMAP IS ALL ZEWOES' AHEN wE FINIS
74 ~T - PCORRESPQ3IING TO BLACK PANEL,
72 . s INOTE? MQHITOR IS ALL GONE BYEBY
73 : .
74 s~ $NOy SETU® FOR MONITORING PANEL
7S 33224 212732 “3¢ 5133332,R2 JMASX TQ TEST FOR PANEL REGQUEST \\
132226 .. .
TTTUTUTETAIRes drRTRrT ¢ A0¢ T TEESORIN, Mt LINSERT LJC OF PANEL ADDRESS INP
167164
77 : ;PORT INTS %%
v° 78 33233 285232 CLR T $%2 USED 45 TEMP IN THIS LOOP
79 33332 212735 9 IYIAIIN, R3 fR3 POINTS TU INPUT TO 4PXR
167752
83 33235 3127234 i3y sMTYR5U, R4 $RG POINTS TO QUTPUT, OF MPXR
167754 . . .
81 34242 212715 - 3y 2435309,K5 " 185 POINTS TO CSR USED TO HOLD
- 167752 :
‘82 23796 245827 cL3 3439375 ICLEAR OUT ACOKHCS
. . 167152
. 93 . . ;THE PANEL REQUEST LINE
84 - - .
a3 iN0w 4E 3ZSIN TAE VERY TIGHT LOO
86 $THIS LOOP -UST CYCLE IN tEss
87 - ITHAN 2@ SICROSECS TO FOLLOW. THE
88 $PANEL. TAS PANEL CANNUT SE °
89 . }SLOAED T3 4AIT FOR P)Pety
93 . . . . .
" 91 33232 311122 MONITR: 10y ?Ri,R2 IMOVE ADOR ¢ RUY INTQ R2
92 233254 123776 551 904173 PIF FLAG S, wAlT
. 33 30856 311213 nORE: 3y - 3,933 JMOVE ARRAY wORD INTO MPXR
94 23752 411412 23y AR5, 832 JMOVE “PxR JUTPUT IMTO ARRAY
95 (3952 11132 a3y 331,72 PHESIN S4~%SPEAT LOOP -
95 723358 123374 3PL ~0%E JAND 20 43RE IF NEESEN
97 B33346 211192 5w “4Ri, %2 - .
98 33872, 123372 3P SJRE
99 34872 233187 JwP 10417y * FREPEAT L 33° AT START
177154 ) : . Oy
139 : ‘ ,&_.)
131 1Tals 15 T4E P2I4T34T LIIP USED T GU4YP CINTENMITS UF»H»nnRY ON T )
132 JVERSJATED PRIATES
143 .
133 3276 212734 %3y =S132830, ¢4 P90YE 1SK. IN AUDR FORK ]
. HV R 1ol /3 .
Q N i8

LY

19




/1

13>
135
137

133
133

114
111
112
143
flq
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14>
117
114

a1 ae

b

-
[+\)

3

g;l?

al16
3129
3124
nige
3133
3152
31134

3136

\

119 %lﬁa

129

123

124

123
125

127
{23

323
133

\131
132

3152
aisl
1162

3156
e

V1o

jead
32172
alle
ji2az

3224

13373225

134
139
135

137

3234

A242
4242

162734 LOGP16¢

333332
1361564
233¢31
212725
agauie
135414 LIUPS
106164
A33091°

~3253735

243373
323514
35724
21302

RIRB
RALB

JEC
8GT
Sa4B
'TST
3NE

Table 2 (Continued}

s2w /R4
1(24)
SS'JRS

R
§(30)

RS
LOaPS
{Ra)
R4
LO3PLS

;JECREMENT T0 NEXT wORO
$vALID DATA TO CARRY
3SET UP 8 REPEAT LOOP _

P WE' ARE INVERTIN
$3F THE UPPER AND LOWER
$INOEX INNER LOOP
$FIN1ISH INNER LOOP

! 23YTES ARE SKAPPED ANU 1
$9JTER LOOP CHECK
$FINISH OUTER LOOP

$mAvE NJa FINISHTZO REARRANGING ENTIRE MATRIX OF BYTES

3127317
175622
17753¢
212737
17763
177332
a3s5737
17753¢
1827175 ..
312737
167233
177%3%¢,
41273/

aAlTae

177630 -

177>3¢
318751 PRITS
1233739

162731 LINE:
A22124 '
AZST3T aNITHS
177>53%a

1397175

112737
AA3832
177532
43951381 nAlTegs
177530

10377>

113737

S AA2e 20

177552 -
2A5237 #Al1%2
177930 °
108377>

112731/
293229

177932

N

MOV

>

42y

TS57
AMl
2wy
$0v
=3y
546

TST «
541
43ve, .
757 *

BMI
HOV8
' @

T§T

8l
“Jve

3175330, #4VERSAD

3177232,04VERSAD

$¥JERSAC

akiTa 2

3157339, 0#VERSAD

31770230, 08VERSAD

X
¥153233,R1
56'4.._51

PEVERSAC

n}ITi
aU,OQ#FRSAg

~

9:7ERSAC

aAITQ
=9,98VERSAQ

1 98YERSAC

AAIT3
20,08VERSAQ

L]

20

" THIRD ONE g

}CLEAR PRINTER BUFFER

$CLRS BIT JUST SET -

-

$3AIT LOOP FQR PRNTR.RDY
$aALT TIL ROY Ky
3ISSUE FORM FEED TO EAEC

sCLR.BIT JUST SET :

4

1R1, CONTAINS #BYTES TO®PRINT AND

718 THE T9P OF PAGE BUFFER ALSO
1POSITION Rt TO HEAD OF NXT LINE

}4A1T LOOP FOR PRINTER  °
JBRANCH BACK TIL NOT RDY GOES LO
JHOVE *BLANK® FOR LEFT MARGIN

>

v

$NEED THREE OF THESE FUR EACH 8I

}SECOND OME -
TMOVE, IT

$MOVE IT




.
Pany

- 1543

£

138 22350
139 23252

143 2236
141 r
142 32-3

143 32564
144 32566

145-3272
146 3274
147

148 3276

147 3332
153 9334

151 4312

152 3329
|

153
153
1535 3326

155 3332
157 3334
155

3336

164
164

A342
3344

162 3352
163 .

31012¢e
36273¢
3083124
313133

225737
177532
183775
112337
177532
322302
281374

285737
177532
183775
112737
2020829

177532

112137
3920820
177593¢
112737
202200
17753e

223127
303020
221831
203721

285137
177938
109775
212737
167020-
177532,
302637
202001 *

/-

' 42y

CHP -

(104 }]

EQ
R

i
FI&N189¢ TST
"#1 .
45V

BR

‘.ENL/”

Table 2 (Continued)

v

Ry ,R2
$63.,%2

31,R3
é#vERS!C

nAE}A
{R3)e,PSVERSAD

33,2
aAITS

$EVERSAC
4AIT3
32,98JERS4AQ

53,00VERSAV

23,95VERSAQ

1,43

FIulsn
M1aE

s#vERSAC

FI-184

5157038, ##VERSAD

0NITE

20

JR1 CONTAINS LINE START ADOR
18UILD LIME END AODR IN R2

< .o
$R3 NOA CJIPY OF LINE START ADDR
tWAIT FOR PRINT ROY

$AS ABOVE

J40VE BYTE TO VERSBA, INOX R3 PTR

JR3ER2 MEANS THIS LINE DONE
$IF° < THEN NOT OONE 64. BYTES YEY

IXAIT AGAIN
%;
&

$START LIME ADVANCE(BIT 11)

-

JREALLY JuST INSERTING RIGHT BODR

i ,o.

!BIT 11 IS REALLY A PULSE

TLINE AND MUST BE PUSHED LOw, HI
“ITHAVE 4E FINISMED YET, OR MORE L

IRI®Q MEANS FINISHED

JOTHERAISE GO DO NEXT £INE '~
. \‘

JWAIT FOR ROY

.- IYOVE ANOTHER FORM FEED

~

-
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