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HOW IT WORKS: PARALLEL I/0 for MOD-8

Since the INPUT rdutine uses the OUTPUT routine as part of
its over-all functioning, I will discuss the software/hardware

operation in terms of an INPUT operation.

For the purpose of this discussion I am assuming that the receiving

. device is a TVT-II and the transmitting device is a parallel

output Keyboard.

The software starts off by going into a HALT condition. It
will stay in this state until a Keyboard STROBE causes the TTY INT
( Interrupt ) line to be pulsed HIGH. This interrupt will
result in an IBS pulse which will jam an LAA instruction which
releases the CPU from the HALT state. Coincident with the
original Keyboard STROBE a 74100 latches the Keyboard DATA,
which consists of 7 data bits and an MSB that is always HIGH.
Software now reads the Keyboard DATA and transfers the DATA to
B. ( several hundred nancseconds after the Keyboard STROBE
the A and B one-shots cause a Keyboard RESET signal in case
the keyboard requires such a signal.)

The INPUT program now calls for an ECHOING of the received
character. The software first IDLES the output port. This
causes the MSB to be LOW. Then the DATA is sent to the output
port, causing the MSB to go HIGH. The software now enters a
HALT causing the CPU to HALT. Meanwhile, back at the interface,
one-shots C and D have caused a couple hundred nanoseconds

of delay and presented a negative-going STROBE signal to the
TVT-II. Inside the TVT-II circuitry the DATA is latched and
various operations performed until somewhere along the line

the latches are finally dumped. We detect the rising edge of
this dump command (TVT Input Accepted command, available at

J8, 14),and one-shots E and F cause a couple of hundred nanoseconds
of delay followed by a negative-going pulse to a 7400 gate
causing a positive pulse to be generated on the TTY INT line.



This Interrupt causes TBS to go low, resulting in an LAA
instruction being jammed into the CPU, releasing it from
its HALT condition. Software now causes the output port to
be IDLED. DATA is transferred to A and we return to the
INPUT routine. Software now strips off the MSB and checks .
for a CTRL/A. A CTRL/A causes a jump to the Controller.
Any other character causes a return to the calling program,

It should be noticed that one-shots A and B protect us against
accidental keyboard depressions. If the keyboard did not have
this auto-reset feature its strobe could get tstuck' in the low
state on any keyboard depressions océuring when the interface
was not under computer control.

Note also that the COLD START software starts off»by idling
the output port and then feeding in a do-nothing CTRL/X. This
doesn't print anything, but it clears all interface and TVT-II
circuits, ' '

The COLD START program has one addition over the old Monitor
COLD START. When the COLD START is used you will get a carriage-
return and line feed followed by ‘

MONITOR=8P -v-cec--

This indicates that you are using the PARALLEL I/0 OVERLAY.
Hitting CTRL/A , and most MONITOR routines that éause a return
to 003000,(the Controllern, will simmly cause thé usugl =-=-ece--
to be printed. All routines that call a RST 000, however, will
print the MONITOR-8P ---ew- message.



Since the parallel I/0 routines used less space than the
original serial routines I have taken the liberty to use
some of the freed space to write a.NEW TIMER routinew_

CAL 00016l gives you the NEW TIMER routine. This routine
requires that the calling program provide D and C values.
The timing delay can be determined by the following formula:

Time Delay in Microseconds = 65%(D+256%(C))

where C and D-are expressed as decimal numbers. For instance,
if you LCI 010 , then C= 8 in decimal notation.

A typical calling program would be
LCI 005

LDI 100

CAL 0016k

and would result in 87360 Microseconds delay ( .08736 seconds).

Note that low values for delay will be slightly longer than

the formula would indicate. This is because the non=-1lo0p

" portions of the program take some time too, and in very short
~delay programs this small non-recurring time may be a significant
part of the total delay. For instance, if both C and D are

set for 000 , it will still take some time for the program

to Return you to the calling program.

The actual delay constant ( the 65 in the formula ) will vary
-slightly from computer to computer, but will be quite stable
for a given computer, Using this NEW TIMER you can

get delays from 65 microseconds to L4.27 seconds directly.
Besides the wide range of delays (available in 65 microsecond
steps!), this particular TIMER allows relatlvely simple |
computation of the delay.
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MONITOR- 8 P fARALLEC Lo
44NK BYTE OCTAL MVEZCM17§ SR 1
‘0oolooo | 250 | XRA X PST 000 = Cold START
- 001 | /23 | guT 0/5 / "IDLE" 00TPvT PoRT
002 | 0/6 | LB/ 20/ /| Loap B with CTRL/X
003 [ Zg/ | |/ WhicH 1S NoN- PRINTING
ook [pags| RST 0zo [ anp iMTIALIZE /g
005 | /o4 | TMP 000/05 | HARDWARE, THEN Jump To
006 | Jo& | 000/05 To ConTiNVE.,, ‘
{007 | o600 | -
{010 | jo4 | gmP 007000 ¥ RST 0/0= CASSETE
011 | goo [ Tume_Te (CASSETTE RovTINE,
012 007 . ’
013 | 0/6 | LBl 2i5 * CARRIAGE RET, +Live Feep
0k | 2/5 | / LoAD B wiTH CR _
015 | 025 | RsT 620 [ _AND Do IT.
016 | 9/6 | LBl =2/2 ¥ LivE FEED
017 [ 2/2 : / B HAS LF Code conTivve.,.,
020 | 256 | XRA ¥ RST 020=PARAUEC 90 TPvT
= 021 | /33| ouT o/5 [ “TDLE” ooTPoT PoRT,
022 | 30/ | LAB [ A HAS CHARACTER FRom B
=023 | /33| ouTo0/5 [ So STUEF 1T _inTo PoRT,
o2k | poo |  HLT [ WAIT FoR INTERRVPT,
025 | /04 | T MP 000064 [ Lontinved at Jod o644
026 064 ‘ _ '
027 000
030 | goo| HLT % RST 030= PARALLEL WPIT
=031 | )13 | /NPooB / WAIT _FoR TNTERRUPT. TwHEN
032 | 30| LBA [ GET INPVT, RET IT INTO B..,
033 | 0251 RST 020 /[ AND EcHo iT.
O3 | Joy | TMP 0006025 [/ (ontinved at p00075
035 | 075 I
036 | 000
037 | 000 | HLT (woT vsenD .

-

e« Indicates an IMP“‘005 or OUT 015 which you might wish to change to an

IMP 000 (code 101) and an OUT 012 (code 125).
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MONITOR-E P

B’NK R{T"' OLTAL MNE OM ) PUN( T 1

000 |00 | 006 | LAl /7 7 *RST OUHO= Fasour TEST
om | 177 — /[ (omPARE B _WiTH
o2 | 27/ | ¢cPB / RUBOVT, TF NoMATCH,
o3 | 13 | RFZ / RETORN. BuT oNA
ouk | 0/ | LB] 337 [/ MATCcH _LoAD B wiTH
s [ 237 / A BackSLASH
ok | 25| RST o020 /  PRINT /T
L7 | 00?2 | RET / _AND RETURK,_
050 | 035 | Rs7 o030 X RST 050 ="E" SEARRH _
051 | 274 c PE [ GET INPOT - CompPARE
052 | 53| RT=2 [/ WITH "E” RETURN IFA
053 | /oy | TMP 006050 [ MATCH — OTHERWISE _TRY
0k | ps0 [ AGAIN.
055 | poo |

056 | poo | HLT (wneT vsep)
057 | oo | HeT (WoT vsED)
060 | /04 | JMP 000 (63 = % RST960= BREAK PoINT

061 | /03 _ L TumpP To BREAKPoyT,
062 000
1063 | poo | st vsed :
o6l | 2850| XRA == continved £rom 000025
& 065 | /33| puT 0/5 / Now TDLE PoRT
066 | 30/ | LAB / GET B into A
067 | 007 RET / AND Go HONE
070 | 0301 [N#D * RST 070 = TimiNg LooP
N | /1o | TFZ 000070 / Thcrement P ywire i1
072 | 020 [ REACHES 000,
073 | voo [ THEN
otk | ool RET /[ RETURN HollE,
075 | o4yl NDI 177 i (’o;;z‘/m/ee/ from 000 034
076 | y 771 / STRiP 0FF MSB

017 1074 CP) 001 [/ AND chECK Fok CTRL/A
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BANX EYTE OCTAL MNEMONICS rUmCICN K
000 |100 | vo! - ’

101 | 0/3| RFz2 / RETVEN /F NoT CTRL /A,
102 | /04 | Jmp oco3000 / CTRL/A CAVSES A JymP
103 | 0oo / To ConNTROUER -
104 | 003 : -
105 | /06| CAL 000 0/3 == Lonlinved from J00I94
106 | 0/3 / GEI ACPTLE.
107 | 0006 |
Mo lose| L H/ o000 [ SET. MEMoRY To 200/30,
11 | 000 .
112 | 066 | L L/ /30 [ THE START 9F gVR
13 | /30 [ (oD _START MNESSAGE,
e 1317 | £B8m [ BETRIEVE 4 C/f/h?/‘?rré'k
115 | o25| RS7 02¢ / _AND PRINT IT, |
116 |os0] INL [ _INCREMENT wiennRY low IRDER.
M7 {006l LA/l /45 [ (omPRRE wiTH 145 .
120 | /45
121 1276 | CPL , i
122 1 /10 | TF2 000 114 [ |F NaT 145, THEN GET _
123 | /14 /[ _NEXT _CHARACTER,
124 | oo
125 | 104 | IGMP 003003 [ WHEN ALL DINE Go T o
126 | 003 [_CoNTReller 7o PRINT & DASHES
127 | 003 ANy ALl 7#47' 57‘0FF. .
10 1240 - space
131 | 240 SPAcE /000130 ~ 000149Y ConTAIN
132 | 315 M [ Cotp START NESSAGE
133 1317 o /" MoNiToR~8P 7/,

|13 | 31 N

1135 | 311 | -

136 | 324 T
137 1317 o
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MoN[ToR ~gP
PANK BYTE OCTAT MNEMONICS FUNCTT ON
00 0|10 | 322 R

11 | 255 —
12 | 270 8
143 | 320 P
Wy | 2¢0 SPAC
145 | voo "/ 000/45 — p00/63
146 | pp o0 [ _are yst dsep
W7 | oo - -
150 00 0 N TN ¢ o
151 | oo o THE FoRMNeiRd FoR THE R
152 | po o NEW TIMERL /S e

1153 | oo Time in mickosec,= 65x(D+ 256%(C)) - -
154 |poo A ~ R e
155 |0 0o I TTHIS ConsTanT WMAY Ry -
156 |0oo : - SLIGHTLY FRoM CompPoTed—~ - -
157 {000 70~ ComPyTER e
160 | 00O

1161 {000
162 |00 O
163 |- Q00 I _
16h | 030 | /NO X NEWTIMER
165 | 020 | /NC [/ mcRemtent C and D
166 | 031 Dc D [ DEREMENT D
167 | (10 | TFEZ 000/6c /| LooP 1F NoT 000
170 |-/6€ - »
171 | 000
172 1o2/ | Db [ DECREMENT C _and 4F.

113 | /O |\ TFZ 0oo 166 | pot 000, do D Loop

i Tre6 [ 256 TimEs
175 | 000 —=
176 | 007 | RET /[ PETVRN WHEN DoNE. |
177 KST 030 K*FETCH I TEST Fok OcTAL

035

- THEREST 1S 1PENTICAC T0 REGULAR

MONITOR SoFTWARE (‘See mop 9 MANVAL)



PLEASE NOTE that my software listings only show the first 128
words of the OVERLAY. The rest of the PROM must be loaded |
with the regular MONITOR program, just as it is found in the

original MONITOR software listing.

Since PROMS are enabled by bénks, consisting of 256 words, you
must use a PROM with at least 256 words.

ALSO, the user mﬁst include circuitry that will DISABLE the
MONITOR 8316 ROM whenever the OVERLAY is selected. ( this
can usually be done with no extra logic by tying one of the
8316's CHIP SELECT inputs to the same SELECT line that will
be used to enable the PROM with the OVERLAY.

Followihg is a detailed set of instructions for connecfing
up the 'handshaking' and data lines of the interface,
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Note: with the exception of the capacitor values used, each
pair of 74123 one-shot functions is wired identically.

They are set up to trigger on the rising edge and génefate
a negative-going pulse. Each pair of one-shot functions
is contained within a sihgle IC package.

IS 2‘3 Q" '°B. 5'25-]]_
' CLEARR CLEAR
,(— AR anp A a Vee 2K +5
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USING THE C-MOD 8 2P WITH A TVT-II & ELECTRONIC KEYBOARD

NOTE: Inverters are available to the user to invert any signals
that may not be compatible with his Keyboard.

KEYBOARD STROBE :.This is a negative-going signal sent by the
Keyboard to indicate that a key has been depressed. '

KEYBOARD RESET : This is a delayed signal developed by the
interface to give a negative pulse to reset keyboards that need

a reset signal.,

'DATA FROM KEYBOARD : These seven lines accept Keyboard Data
and send it to the 74100 Data Latch which holds the data after
the keyboard is reset. (Note that SWTP numbers their lines
from 1-7 instead of 0-6). '

STROBE TO TVT : This is a negative going pulse that is appliedtb
J9, 10 to tell TVT to accept Data. (TVT must have its strobe
jumper set up for negative going pulse.) |

TVT DATA ACCEPTED : This connects to TVT-II J8, 14 « When the
TVT generates a signal to dump its internal latches it develops
a signal on J8, 14 which goes low and then returns to its high
position. When this sigﬁal returns high it triggers one-shots
E and F which create a delay and then.generate a TTY INT signal
to inform CPU that the data has been processed. You may wish
to increase the value for the capacitor on the E one-shot if
you experience any difficulty with computer-operated cursor
controls: The TVT-II circuitry dumps Control characters earlier
than other chéracters, since they are not stored in TVT memory !
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DATA TO TVT : These seven lines provide the proper data to the
TVT. Note that SWTP TVT-II numbers their lines 1-7 but we
have followed the more common convention of numbering from 0-6.

No parallel interface board should be required on the TVT-II
itself, since all the handshaking hardware has been provided
on the MOD-8 2P board. By using handshaking the Computer and
the TVT can communicate data at a speed that is just a little
slower than the maximum theoretical speed of the TVT-II,

Actual speed of data transfer is a function of several factors,
both hardware and software related.

T B O AR T R

USING THE C-MOD 8 2P WITH UARTS (pin #s are for COM 2502 etc.)

Note that Uart clock speed is independent of the software and
hardware, since the Uart provides the necessary 'handshaking'
signals needed to provide full communication between UART and
computer, . |

KEYBOARD STROBE : UART pin # 19 provides positive-going strobe
indicating data has been assembled in parallel form in the

receiver section of the UART. INVERT this signal from pin # 19
.using one of the inverters available and connect the output of this
inverter to the KEYBOARD STROBE input.

KEYBOARD RESET : This connects to UART pin # 18 and is used to
reset the receiver of the UART once the data has been accepted
by the interface.

DATA FROM KEYBOARD : UART pins # 6-12 connect here. numbering
of bits may vary from those used in my diagrams, but you will
get them connected right if you start by connecting the LSB

to the port LSB and work your way up until you have connected
seven data lines.
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STROBE TO TVT : This connects to UART pin # 23, and it goes
low temporarily to indicate to UART that parallel data is
ready to be transmitted.

TVT DATA ACCEPTED : Connect this to UART pin # 24. As soon as
the UART finishes the transmission of a character this will go
HIGH triggering one-shots E and F into creating a short delay

and then a pulse that will result in a TTY INT being generated.
DATA TO TVT : tie UART data lines to output port in proper order.

IF USING AN ELECTRONIC KEYBOARD FOR SENDING IN PARALLEL,

and a UART for receiving, then wire keyboard up as explained

in section on TVT use, and wire xm the part of the UART that is
being used to transmit to TTY or MODEM according to the instructions
for the UART.

In a similar manner you can also transmit data in serial to a
UART, feed UART's parallel output to interface, and send parallel
data out to a TVT or similar parallel device. Naturally
in such a hybrid approach ECHOING will proceed at a pace.
equal to the Speed of the slower device. However, if a slow
speed input is used, this will not slow down the output when
it is NOT echoing, but is simpiy under computer control. Thus
you may use a slow speed TTY to get data in at say 10 characters
per second, and it will echo at this slow speed on the TVT, |
but when the computer takes over you can fill an entire screen
(512) characters in a few seconds or less.

When using a UART, you may change the BAUD rate without having
to make any adjustments in the interface presented here.

(Note also that transmitter and receiver clocks of UART may
operate at different speed with no problem since the 'hand-
shaking' will create 'stalls' if needed ! )



