


A Morse Code Station

Data Handler

For some time, there has been a need in
amateur radio for a machine that could both
decode and generate Morse code; in addi-
tion, the decoder had to be capable of
automatically tracking varying received code
speeds. Although Morse code keyboards
have been around in the amateur radio field
for some time, decoders have not been so
readily available. Since hardwired logic can
be difficult to modify, | decided to imple-
ment the coder and decoder in software.
Since a low price was desirable and high
performance was not required, | used Digital
Equipment Corporation’s MPS Starter Set.
This is an Intel 8008-1 based product which
DEC has been marketing to the commercial
world. This article describes my implemen-
tation using MPS.

Implementation

The main program consists of a few
subroutine calls to the main tasks, as shown

Listing 1: Monitor Entry and Supervisor Main Task. This listing shows the
symbolic assembly language representation of the outer loop of the Morse
code program. The detailed assembly is found in listing 2 along with the rest

of the program.

RESTRT, CAL
CAL
CAL
LHI
LLI
XRA
ADM
JFZ
CAL
CAL
Jvp

INPEND try code input line;
KYBD try the keyboard task;
PNTR try the printer task;
CMMND1* test the mode byte;
CMMND
zero the A reg and flgs;
mode byte to A reg and flgs;
CMMNDR enter command mode;
IDLE non command character feedthrough;
OUTPUT anything morse to output?
RESTRT and loop (?) along;
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in listing 1. As can be seen in the source
code of the monitor, there are two principal
routines that provide for Morse input and
output; these two routines are INPEND and
OTPUT respectively. The other routines
within the main modules provide house-
keeping and data manipulation for these 10
drivers.

It should be noted, on consulting the full
program listing, listing 2, that there are two
data tables: an ASCII table and a Morse data
table. The only restrictions on modifying
these tables are that both tables be the same
size and in the same sequence. For instance,
the ASCII table could be changed to reflect
a non-ASCII code so that the console could
be other than an ASCII terminal.

Principle of Code Manipulation

A search of published literature available
at the time this program was created showed
an excellent method of representing Morse
code in memory, particularly in eight bit
wide memory. This method, found on page
13 of the July 1975 QST magazine, was
adopted here for internal representation of
Morse code. Binary ones represent dashes,
binary zeros represent dots and a final
binary one closes the character. For in-
stance, the Morse character B(— - » +} would
be represented by the octal number 210
{(binary 10001000). Note that the binary
strings are left justified with trailing zeros. It
can be seen that if this representation is to
be used to generate a Morse character B, the
bit string should simply be shifted out to the
left with each bit interpreted as a dash or a



Figure 1: Flow Chart De-
tail of INPEND, the Morse
code input service routine.
This routine, beginning at
address 24/034 in listing
2, is responsible for track-
ing and adapting to the
variations in speed of
human generated Morse
code inputs. This routine
also detects end of charac-
ter and end of word gaps
between Morse inputs. The
character outputs are
transiated and sent to the
printer buffer maintained
by the program.

dot until a final result in the shift register
is 200 octal. Thus 200 octal remaining in
the processor’s accumulator is used to sig-
nify the end of a character.

To transmit an ASCII keyboard character
out in Morse code, all that is required is to
look up the ASCII character in the ASCII
table and compute its relative location with-
in the table. Once the relative location is
calculated, it is necessary to look in the
Morse table in the same relative location and
pull the Morse eguivalent of the ASCII
character out of the table. Once this code is
available, it is loaded into a register and
shifted out to the left as dashes and dots
until the register contains octal 200. Con-
versely, data being received in Morse code
starts a character by preloading of a register
with octal 200 and then the shifting in of a
bit at a time of dash and dot information in
ones and zeros. When an intercharacter delay
time is finally recognized, the character is
considered ‘“‘closed” and the data that is in
the register is left justified and looked up in
the Morse code table. When it is found in the
Morse code table, the same relative address
within the ASCII table contains the ASCII
character equivalent. {See figure 1 for a flow
chart of the code input service routine.)

Morse Code Speed Determination

When code is being transmitted by the
program, the code output speed is selected
by a keyboard control sequence. This con-
trol sequence consists of the escape (ESC)
key followed by a ‘W’ and then a second
character obtained from table 1. Once the

INPEND r
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t MORSE CODE |
| INPUT SERVICE |

— — - ROUTINE |
: LISTING 2 :
| ADDRESS 24/034

RETURN
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“INCHAR"
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NO

L

SHIFT A SHIFT A
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?
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PRINTER
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LEFT JUSTIFY
“INCHAR"
AND TRANSLATE|

PUT INPUT
INTO
PRINTER
FIFO

]

A

‘ RETURN ’
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the processor “judges’ the current code rate
to be. Therefore, the processor arbitrarily
selects the initial code speed to be about 15
words per minute and, if it deems that the
input code speed is other than that, a change
will be made in the appropriate direction
until the processor is able to synchronize
against the incoming code speed. At this
time, small changes in the code rate will be
made to insure that the code speed remains
within the tracking range. In addition to
decoding the dot and dash times, the pro-
gram must also be able to decode the times
between characters, between symbols and
even at the end of sentences. Additionally an
arbitrary time is selected which is deemed to
be an end of message; these times are set to
be a function of a dot time. Thus, as the
processor works to synchronize the code

speed, all that is required is to keep track of
a counter which represents the length of a
dot. If the dot time is increased, thus
decreasing the code speed, all the other
times will be affected in a similar direction.

Keyboard Monitor

In general, characters typed on the key-
board are immediately translated to the
Morse code bit string and then transmitted

4 CMMNDR )

Ve

GET NEW
KEY INPUT

‘ RETURN )

GET NEW OPEN
KEYBOARD —— MESSAGE ComanD N TES
| INPUT BUFFER >
CLOSE LOAD
MESSAGE COMMAND
BUFFER
PUT NEW COPY MESSAGE
CHARACTER DELETE RETURN PRINT YES |BUFFER INTO
<t IN MESSAGE CHARACTER C ) COMMAND PRINT BUFFER
BUFFER ? P
DELETE LAST <EnD COPY MESSAGE
L CHARACTER COMMAND SYES | BUFFER INTO
% OF MESSAGE OUTPUT
BUFFER BUFFER
Figure 2: The command vEs TesT
interpreter routline, - COMMAND
CMMNDR, represented as
a flow chart. The com-
mand interpreter is de-
signed to test for the COPY MESSAGE SET NEW
. BUFFER INTO SPEED FROM
several commands possible OUTPUT INPUT
. BUFFER
and  take  appropriate
actions. The commands in-
clude exiting the com-

mand mode, loading the
messuge buffer, printing J
the message buffer, send-
ing the message buffer out
as Morse code, testing the
Morse code output by re-
peatedly sending the mes-
sage buffer and changing
the speed of the machine
generated Morse code out-
puts.

YES

KEYBOARD
FIFO EMPTY

RETURN
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Figure 3: The keyboard
service routine, KYBD,
specified as a flow chart.
This routine is simple:
Look at the UART and see
if data is available. If so,
then stuff the data into
the keyboard input buffer,
or ring the bell and ignore
if the buffer was full.

Figure 4: The printer ser-
vice routine, PNTR, speci-
fied as a flow chart. This
also is very straightfor-
ward: Look at the UART
and see if it is ready to
transmit. If so, then if the
printer buffer is not empty
send a character to the
UART and remove the
character from the printer
buffer.

____rusrmc 2 _}
ADDRESS 22/227
| ADDRESS 227227 |

KEY-

BOARD FIFO

FULL
2

RING BELL
ON

PUT CHAR

IN FIFO TERMINAL

RETURN )

out in Morse code. There are some special
commands interpreted as shown in figure 2
to modify this normal mode:

e <ESC> L is used to reload the
message buffer until an escape
(<ESC>). (LOAD command)

e <ESC> is used to return Lo normal
keyboard mode. (EXIT command)

o <ESC> P causes the message buffer
contents to be printed. (PRINT com-
mand)

® <ESC> S is used to ship thc message

_ _"—LISTING 2 1|
DRESS 22/31
(ADPRESS 22731 ol

I MITTER BUFFER |

_____ 4
LEMPTY

PRINT A
CHARACTER

DELETE CHAR
FROM FIFO

L :
( RETURN )
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buffer out, translated in Morse code.
{SEND command)

® <ESC> T is a test to do <ESC> S
until an escape is typed. (TEST
command)

e <ESC> W loads a new rate constant
for WPM output. A character obtained
from table 1 sets the rate, and should
follow the W. (Speed change
command)

¢ The delete (rub out) can be used in a
buffer loading mode to remove pre-
vious characters back to the beginning
of the buffer.

Software Buffer

This program uses overlaid 10 to allow
several operations to be done at the same
time. First in, first out buffering is imple-
mented to keep track of data transferred
from or to the buffer locations. Four effec-
tive sources or destinations are involved: the
message holding buffer, the code output
buffer, the keyboard buffer (see figure 3 for
the keyboard buffer service routine), and the
printer buffer (see figure 4 for printer buffer
service routine). Each buffer uses its first
location as a byte count of the number of
locations occupied by valid data. Since this
is an eight bit machine, and single precision
arithmetic is used, it is obvious that the
maximum number of available data locations
in a buffer can not exceed octal 377; any
attempt by the user to exceed octal 377
locations or to exceed the maximum buffer
size results in an error due to buffer over-
flow. When the program senses a buffer
overflow condition, the terminal bell (or bell
indicator) will be rung and the character that
would have caused the overflow will be
ignored. Since the user may choose to
modify the sizes of these buffers, the fol-
lowing advice is offered: The message buffer
should be as large as practically possible,
followed by the keyboard buffer and then
the printer buffer in priority.

Hardware Configuration

This piece of software has been designed
and constructed so it can operate without
modification on DEC Logic Products Starter
Set 1T (KMPO1 based). This starter set con-
tains adequate memory, hardware, and inter-
facing to allow the software to execute
properly. When executed on the starter set,
the least significant bit of the input byte
from input device 2 is used as the sense line
for code input. The entire byte on output
device 4 is used for code output {(any
particular bit on this output channel may be

Text continued on page 70



Listing 2: Complete Assembly of the Morse Code Program for an 8008. This listing was prepared using a cross assembler
available to the author at Digital Equipment Corporation. The listing is reproduced here in its entirety, with an absolute origin
picked for the hardware available to the author. The listing is well commented and includes a symbol table found at the end.

20 120

20 122

05
02
06

4,

&
6
6

044

7/ THIS FROGRAM, CONSISTING OF A FROM SECTIDN OF
/SUBROUTINES & MAINLINE TASKS AND' A RAM
/SECTION OF ERUFFERS: GENERATES AND DECODES MORSE CODE.

/THE NECORING SECTION 16 DESIGNED TO BE SELF TRACKING
/AS TO CHANGING SFEENS. MUE TO THIS SELF TRACKING
/FEATUREs A FEW ILLEGAIL. COLES MAY BE [ECONED AS THE
/FROGRAM ATTEMFTS TO LOCK ONTO THE INFUT CONE SFEED.

/THIS PROGRAM IS DESIGNED TO RUN ON THE INTEL BOOB-~1 EASED
/MPS STARTER SET AVAILAELE FROM THE DEC COMFONENTS GROUF.

/ WRITTEN 1-29-74 BY BRUCE FILGATE OF COMFONENTS
/AFFLICATIONS ENGINEERING AT [IGITAL EQUIFMENT
/CORFORATION IN MARLEOUGH MASSACHUSETTS FOR THE
/LOGIC FROLUCTS MFS FRODUCT LINE

/WEIGHTING IS 1 DASH TO 3 GOTS.

/JUST A FEW WORDS ABQOUT THE STACK STRUCTURE.....
/THE STACKS USE THE FIRST LOCATION AS A COUNT OF THE
/NUMBER OF OTHER USED LOCATIONS IN THE STACK.

/THE LSR OF THE INPUT BYTE FROM T/0 CHANNEL $2 IS RESERVED FOR
/THE SENSE LINE FOR CODE INFUT.

/THE RYTE (N I/0 CHANNEL #4 IS USEDL FOR CODE OUTRUT

/KEY SENSE FOR CODE INPUT AND QUTFUT IS GROUND FOR KEY LOWN
/CONDITION AND LOGIC HIGH FOR THE KEY UF CONDITION.

7/

/ FROGRAM SHOULD BE STARTEL AT STRT

/

/ FROGRAM MAY HE RESTARTED AT RESTRT
/

ZHRKRAORA KKK F3TTTES AR

/THE TERMINAL EELL WILL BE RUNG WHENEVER A KUFFER
/OVERFLOW 15 CAUSEDN BY THE USER. THE CHAR
/THAT WOULD HAVE CAUSEL THE OVERFLOW IS TRAFFED
/AND' DELETED.,

/NORMALLY THE KEYEQARL DATA IS TRANSMITTED OUT TRANSLATED
/RUT ALT MODE (ESC) KEY USED FOR SFECTAL COMMANDS.
/L=RELOADI THE MESSAGE BUFFER UNTIL ESC
/ESC=RETUKRN TO NORMAL MODE
/F=FRINT THE MESSAGE BUFFER CONTENTS
/5=SHIF THE MESSAGE RUFFER TRANSLATED
/T=TEST BY DOING S UNTIL AN ESC 1S5 TYFED
/W=L0AD BAUD CONSTANT FOR WFM OUTFUT

/ SF 120 WFM
7/ ' 89
/ . 43
/ L] 48
/ L] 44
/ % 37
7/ ‘ 27
/ ) a2
/ + iB8
/ / 14
/ 3 12
/ » 7.6
/ ? .2

/AND THE DELETE (RUBOUT) KEY IS USED TO EDIT RUFFER AS
/WELL AS REFRESENT THE ERROR CODE IN THE IMMEDIATE MODE.

/NEED' A FEW MORE INSTRUCTIONS HERE...

OFDEF SENSEi105i0 /READ THE SENSE LINE

OFDEF READ3 10130 /SERIAL INFUT

OFLEF FRINT#12130 /SERIAL OUTFUT

OFLEF §TATUS: 103450 /SERIAL STATUS

OFDEF OUTPUT#13140 ZENCOLELD OUTPUT
/BUFFER SIZE SET UF

MSG52=377 /MESSAGE HOLDING

BUFOUT=60 /COnE OUTFUT

HUFSKY=377 /KEYROARD

HUFSFN=60 /FPRINTER

/TERMINAL DEPENDENT CONSTANTS

WIDTH=110 /PRINTER WIDTH IN OCTAL

CR=15 /CAR RET CHAR (ASCII CR=15

LF=12 /LINE FEED CHAR (ASCII LF=12)

W=127 /LOADL NEW SPEED CONSTANT (ASCII W=127)
ERCHAR=7 /CONSTANT FOR ERROR CHAR (ASCII BEL=7)
ESC=175 /ENTER COMMAND MOLE (ASCII ESC=175)
L=114 /LOAD MESSAGE BUFFER (ASCII L=114)
F=120 /FRINT THE MESSAGE BUFFER (ASCII F=120)
§=123 /TRANSLATERSEND MESSAGE (ASCII 8=123)
T=124 /TEST DO S UNTIL ESC TYFED (ASCII T=124)
ESCSYM=44 /ECHO A 8 FDR ESC

QUEST=77 /QUESTION MARK FOR BAD COMHAND
DELETE=177 /CHAR THAT REPRESENTS THE LELETE
DELSYM=134 /FPRINTABLE CHAR FOR A DELETE

ETX=3 /CONTROL C EXIT TO STRT

C=103 /REQUIRELR TO ECHO ETX» ~°C

UPARRO=134 /REQUIRED TO ECHQ ETXs ~C

BLANK=40 /ASCII SPACE CONSTANT

X204120

/START UP TIHE HOUSEKEEPING
STRT» LHI MSSGBF™ /CLEAR THE MESSAGE BUFFER

LLr MSSGBF

20

2

124
125

143
144

166

20 170

20

171

172

7%

370
056
024
066
301
076
o3r
106
046
021
076
035
250
056
024
066
305
370
056
025
066
354
370
056
oz24
066
275
370
104
046
021

LHA
LHI BAUD™ /SET QUTFUT BAUER AT AEOUT 15 WFM
LLx BAUI
LMI 35
caL INCLH /LIKEWISE WITH INFUT RAUD
LMI 35
STRTis XRA /RESTART FOR ~C ANI' CLEAR THE A REG
LHI KYFIFO™ /CLEAR THE KYED' CHAR COUNT
LLr KYFIFOD
LMA
LHI OTFIFD™ /CLEAR THE OUTFUT BUFFER
LLL OTFIFO
LMA
LHT CMMNLO™  /INITIALIZE THE MODE EYTE
LLI CHMMND
LHA
CAaL INCLH ZINIT THE CHAR COUNT
LMA /SET FOR CRLF INITIALIZATION
LHI FNFIFO™ /INITIALIZE THE FRINTER CHAR CNT
LLI FNFIFD
LMA /2ZERO FRINTER CHAR COUNT
OuTRUT /CLEAR THE TONE AND OTHER RITS

/MONITOR ENTRY AND SUFERVISOR MAIN TASK
RESTRT, CAL INFEND /TRY COLE INFUT LINE

caL KYRI /TRY THE KEYROARD TASK

caL FNTR /TRY THE PRINTER TASK

LHI CMMND™  /TEST THE HODE EBYTE

LLY CMMND

XKA /ZERO THE A REG AND FLGS

ADIH /MODE RYTE TO A REG AND FLGS

JFZ CHMMNDR  /ENTER COMMAND MODE

caL INLE /NON COMMAND CHARACTER FEENTHROUGH
cAaL OTFUT /ANYTHING MORSE TO OUTFUT?

JMF RESTRT /ANII LOOF (7?) ALONG

/ASCII TABLE OF DATA

ASCTAEy RLOCK 32510141 /A THROUGH Z
BLOCK 1174141 /1 THROUGH 9
DATA 50 /0
DATA 55 /-
DATA 56 /e
DATA 54 /v
DATA 77 /7
DATA 57 /5LASH
DATA 72 :
DATA 50 7¢
DATA S1 2
DATA 47 ’’
DATA 42 ’°
DATA 12 /END OF MESSAGE(CR/LF)
DATA 12 /END DF WORK(ER/LF)
ASCEND» DATA 73 /4



306
307
310
311
312
313
314
318

314
317
320
321
3z2

20
20
20
20

20
20
21

21
21

21
21
21
21

21

21
21

21
21

21
21

21

21
21
21

21

21

2
21

21

326
327
330
331
332
333
334
335

336
337
340
341
342
343
344
345

348
347
350
351

352
353
354
355
356
357
340
361
342
363
364
345
366

367
370
371
372

375

377
000
001
002

005
006
007
010
o011

013

014
015

017
020

023

026
027

032
033
034

036

040

043

046
047
050
051

010

040

150

330
120
020
300
060
030
160
230

270
310
174
074
034
014
004
204

304
344
364
374

206
126
316
062
224
342
266
266
172
112
124
026

252

307
021
272
150

021
004
001
370
206
360
100

021
050
371
250
007
004
001
007

307
024
001
370
104
036
021

106
044
021
327
106
052
021
372
301
024

053
310
106
044
021

023
021

060
013
050
007

306
024
001
360

/MORSE TABLE$1=0ASH,0=DOTsWITH A 1 TO ENIl THE CHAR

MORTAEs DATA
DATA
DATA
DATA
TATA
DATA
DATA
DaTA

DATA
LATA
DATA
naTA
DATA
DATA
DATA
DATA

DATA
aTA
DATA
DATA
DATA
LATA
LATA
DATA

DATA
LATA
DATA
DATA
DATA
DATA
nATaA
DATA

DATA
IATA
DATA
DATA

IATA
DATA
DATA
DATA
DATA
LATA
DATA
DATA
DATA
nATA
nATaA
LATA

MORENDs [ATA

140
210
250
220
100
50

320
10

40

170
240
110
340
240
3460
150

ZEND
ZENIt
/i

OF MESSAGE(CR/LF)
OF WORK(CR/LF)

/SUBROUTINE TO FUT DATA IN A GENERAL STACK

/STACK FOINTER IN H&L»

DATA IN By BUFFER SIZE IN C

/RETURNS WITH A=0 IF NO ERRDR, =ERCHAR IF ERROR

ENTPAKy LAM
ncc
cpPC

J7Z

ADI

LMA
ADL
LLA
JFC

INH
LME
XRA
RET
ADI

OK»

ERROFL»

RET

/POF SUBROUTINE! ENTERED
AM

POF»
suI

LMA
JMP

/LO0

POFLOFs CAL

LCH
caL

LHC
LAE
su1
FOFY» RTZ
LBA
caL

JNP

/SUBROUTINE
INCLHy INL
RFZ
INH
RET

ERROFL

oK

1

POPY

F FOR POP
INCLH

DCRLH

INCLH

POPLOP

TO INCREMENT THE
/BUMI

/CHAR COUNT TO A

/COMPUTE CHARACTER LOCATIONS IN BUFFER
/0ON’T OVERFLOW THE BUFFER

ZFULL s

/BUMP THE COUNT

/CHAR COUNT UFDRATE TO MEM
/LOW POINTER ADDED TO A

/BET L VALUE UFDATED TO L REG
/IF A CARRYy FIX THE H

/FIX H REG

/CHAR TGO MEMORY

/CLEAR THE A REG

/NONE

/SET A REG NON ZERO ERR RETURN

/SYSTEM ERRDRy SYSTEM MUST FIX!!!!

WITH FOINTER IN H&L:»
/GET COUNTER TO A REG
/DECREMENT

SIZE IN R

/RESTORE THE NEW COUNTER
/GET INTQ FOPLOF LOOF

/POINT AT CHAR TO FOP

/GET CHAR TO C REG
/FOINT TO NEW LOCATION

/FUT CHAR IN MEMORY
/B TO A REG
/SUBTRACT 1

/DONE?
/RESTORE E REG
/RECOVER FROM THE DECREMENT FOSITION

/NEXT PAIR FOF

H AND L REGS

UMP THE L

/RETURN IF NO CARRY
/BUHMP THE H ON A CARRY
/ALL DONE

/SUBROUTINE TO DECREMENT THE H AND L REGS

OCRLHy, LAL

SuI
LLA

1

/L TO A
/DECREMENT THE A

/RETURN IF NO BHORRGW

21

21

21

60

061

063

065

067
070
071

074
075

100

103

1046

107

11t

113

130
131

142
143
144

056
024
066
302
026
005
104
067
021

006
377
131
104
137
021

004
377
131
106
061
021
106
061
021
106
061
021
250
131
106
061
021
007

106
164
oz2
150
150
021
074
175
150
153
022
074
114
150
224
021
074
120
150
317
021
074
123
150
040
022
074
124
150
074
022
074
127
150
133
022
016
077
106
304
022
104
150
021

056
Q26
0é6
044

RFC
LCH
RET

/SUBROUTINE
TICKy LRI

LLI

LCcI

WALT2y
WAITL1,

LEM
nce
JFZ

nce
JFZ

ZUELAYy
TICKI» LHI

LLI

Ler

JMF

/SUBROUTINE TO GENERATE

USED

TO WAIT A UNIT CORE TIME»

RAUD™

RAUD

50

WAIT1

WAIT2

KYED

FNTR

/NO BRORROW, THEN RETURN
/FIX THE H AFTER A BORROW
/DONE

DESTROYS A»E/C
/FOINT AT CONST

/MULTIFLIER CONSTANT

/CONST 70 E
/COUNT IT DDWN LELAY

ZMULTIFLY IT

/OVERLAF WITH KEYBDARD INFUT
/LIKEWISE WITH THE FRINTER

/OELAY OVER!111

FOR 8 SLICE LECODING 0OF 1INFUT CODE

RAUDI™

BAULT

5

WAITZ2

noTv. LAL 377
QUTFUT
JHF FINTOT

/FOINT AT CONSTANT

/8 TIMES FASTER THAN TICK

/FINISH TICKI IN TICK ROUTINE

A DOT ANDN POST SFACEs LESTRDYS ArErCrHrL
/SET ALL RITS IN THE A REG

/TURN ON THE KEY (DOWN)
/FINISH THE [OT IN THE DASH ROUTINE

/SUBROUTINE GENERATES DASH ITS FOST SFACEs DESTROYS AsBrCrHsL

UASHy LAL 377
QUTFUT
CAL TICK
caL TICK
FINDODT, CAL TICK
XRA
QUTPUT
caL TICK
RET

/SET ALL BITS IN THE A REG

/KEY DOWN
/DASH

/ENTERED' HERE TO FINISH A DOT

/CLEAR THE A REG
/KEY UF

/HONITOR TASK SUBROUTINE FOR HANDLING COMMANDS FROM THE KEYROARID

CMMNDR» CAL
JTZ

CFI

Jrz

CFI

JTZ

CFPI

CFI

Jrz

CFI

JTZ

CPI

JTZ

/IF
LBI

CAL

JMF

/ROUTINE TO
LDNXTr LHI

LLI

UNFAK

CHMMNDR

ESC

CLRMD

L

LIONXT

SNDNX

TEST

W

WFM
HERE A BAL

QUEST

FFAK

CMMNDR

/GET CHAR FROM KEYROARI

/IF NO CHAR» WAIT...

/WAS IT ANOTHER ESC?

/EXIT ON ESC

/WAS IT A LOAD?

/YES» GO LOAD A MESSAGE

/WAS IT A PRINT?

/YES GO FPRINT THE MESSAGE HUFFER

/WAS IT A SEND THE BUFFER?

/YESy SHIP OUT THE HESSAGE

/WAS IT A TEST?

/YESs SEND THE BUFFER UNTIL ESC IS TYFELD

ZWAS IT A NEW WFM CONSTANT?

/YESy LOAD' NEXT CHAR AS THE CONST

COMMAND
/QUESTION MARK

/TO THE PRINTER FIFO

/TRY FOR A& VALID COMMAND CHAR

LOAD THE MESSAGE BUFFER
MSSEBF~ /POINT AT THE CURRENT CHAR FOINTER

MSSGRF



305
306

310

313

315
316

323
325

330

333
335
337

341

344

361

365

371

003
004
005
006

010

012
013

076

106

056

074

028

020

112
305
021
104
232

021

103
044
020
150
305
021
0046
Q07
121
007

056
024
066
300
076
000
106
333
021
104
153

022

056

371

006
044
207
340
056
026

004
022
050
317
250
036
024
066
300
207
110
024
022

/ZERQ THE COUNT

/GET KEYHDARD CHAR. ..

/UAIT FOR DATA

ZEND OF THE INFUT MESSAGE?

/EXIT END OF MESSAGE

/CHAR TO B REG FOR ENTFAK
/FQINT AT THE MESSAGE BUFFER

/DELETE COMMAND?
/NO
/YESy CLEAR THE A REG AND

/GET COUNT TQ A AND FLGS
/HUFFER EMFTYr A NO NO

FLGS

/UECREMENT COUNTER
/RETURN COUNT TO MEH
/LOOF

/BUFFER SIZE SET UF

/CHAR TO BUFFER

/TEST FOR BUFFER OVERFLOW

LMI 0
LDNXT1r CAL UNFAK
JTZ LIINXT1
CFI ESC
JTZ CLRMI
LEA
LHI MSSGEF™
LLI MSSGEF
CPI DELETE
JFZ LONXT2
XKA
ADM
JTZ LDNXT1
SET 1
LMA
JMF LINXT1
LONXT2y LCI MSGSZ
CAL ENTFAK
CFz WHOOF
JMF LONXT1
/SUERQUTINE FOR
WHOOFy  STATUS
NID 20
JTZ WHDODF
LAI ERCHAR
FRINT
RET

/TELL USER BUFFER FULL

/LOOF UNTIL ESC

USER ERROR IDICATION

/YESy GET PRINTER STATUS
/TBMT MASK

JUAIT

/SET ERROR INRICATION

/ROUTINE TO FRINT THE MESSAGE BUFFER

FRTs LHI

LLI

LME

caL

JMP

/SUBROQUTINE
/DEFINED BY

DMFSUE,» LHI

LLx
LHI

FRT1, caL

CAL

XRA
ADM
RTZ
LHI

LLI

CFM
RTZ
LEM
INE
LMB

SOH™

SOH

]
DMPSUR

CLRMIt

/SET UF FRINT SUEBMOLDE

/FRINT THE MESSAGE BUFFER

ZEXIT TO THE SUFERVISOR

TO MOVE THE MESSAGE BUFFER CONTENTS TO LOCATION

THE SOH LOCATION.

MSSCNT™
MSSCNT
o

FNTR

KYERD

aTruT

MSSGRF~™

MSSGRF

MSSCNT™

MSSCNT

/FETCH THE CHAR

FR4y LAT
ADM
LLA
LHI

JFC

INH
LBH
XRA
LHI

PR2»

LLI

ADM
JFZ

MSSGEF

HSSGRF™

FR2

SOH™

SOH1

0=FRINTER 1=SENDIER

/FOINT AT TEMF CHAR FOINTER

/CLEAR THE FOINTER

/TRY TO FINISH THE FRINTING

/TRY TO FINISH THE KEYROQARIt INFUT

/TRY TO FINISH THE TRANSMISSION

/18 THERE A MESSAGE?
/FINDI CHAR CNTR AND CHECK FOR NON ZERD

/CLEAR THE A REG

/ADI IN THE CHAR COUNT

/NO MESSAGEs EXIT

/CHECK COUNT ON XFER CHARS

/BUFFER ALL XFERED?
/EVERYTHING XFEREDs
/STILL HEREs

EXIT
EUMF THE CHAR COUNT

FROM THE MESSAGE RUFFER
/COMFUTE FOINTERS

/AND IN THE BUFFER OFFSET
/SET UP THE L H YET TO GO
/H SET IF ND CARRY FROM THE L

/ND CARRY

/FIX FOR THE L CARRY
/CHAR TO THE B REG
/CLEAR THE A REG
/GET THE SUBMODE

/SUBMOLE IN THE A REG AND FLGS
/SEND SUEMOLE
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I8
X3

P
%]

)
)

1
13

)
X}

13
[X)

r
)

)
1

ra
1

1y
X}

ra
3

ry
(3]

2]
0

©
b

3
X}

2
[X]

1%
X}

2
r

r
X}

1
[X]

3
[X)

[
[X]

ra
[X]

o
IN)

3]
[X]

22

143
144

146

150

152

164

106
304
022
104
035
022
056
025

0b6

364

056
024

300
076

056
024

066
300
076
001

106
333
021
106
164
022
150
074
o2z
074
175
150
153
o2z
016
077
106
304
022
110
120
oz2
104
074
022

104

370

056
024
066

076
000
104
172
020

106
316

022

SOH1y

PR3y

CAL

JMF

LHI

LHI

LLI

JHF

/ROUTINE TO

SNIONX »

LHI

LLT

LHI

caL

/ROUTINE TO

TEST»

TEST1y

/CODE 7O LOAD A

WFH

LHI

LLI

LMI

caL

caL

LEI

cAL

JFZ

JMF

CAL

JTZ

NRI

RLC
ORI

LHI

LLI

LMA

FFAK

FR3

OTFIFO™

OTFIFO

RUFOUT

ENTFAK

FRT1

FNTR

KYBD

OTPUT

MSSCNT™
MSSCNT

FR4

/FRINT SUEMODE

/FDINT AT OUTFUT BUFFER

/RUFFER SIZE TO C REG

/XFER TG THE BUFFER

/L.00F IF NO ERROR

/YESy OVERLAY THE I/0

/RESET THE H REG FOR ERROR RECOVERY

/TRY THE CHAR AGAIN

SHIF OUT THE BUFFER IN CODE

soH™
SOH
1

OMPSUE

CLRMI

TEST QUTFUT,
SOH™

SOH
1

OMFSUR

UNFAK

TEST

ESC

CLRMD

QUEST

FFAK

TEST1

TEST

NEW WPM
UNFAK

WPM

37

t
BAUD™

BAUD

/SET UF SEND' MOIE FOR

/OMFSUER ROUTINE

/SENII THE MESSAGE RUFFER

JEXIT

SHIF UNTIL ESC IS TYFED
/SET UF FDR SEND MODE

/SENL THE BUFFER

/CHAR FROM KEYEDARD

/NOTHING YETy DO IT AGAIN

/ESC?

/YESs EXIT

/ILLEGAL CHAR FOR THIS

/NDOTIFY THE USER

/IF OVERFLOW: TRY AGAIN

ZAND LOOF. ..

CONSTANT INTO BAUD
/GET CHAR FROM KEYEODARD

/WAIT FOR CHAR

/MASK FOR 5 VALID BITS

/MULTIPLY BY 2
/SET THE LSE
/FOINT AT BAUL LOCATION

/CONSTANT TO BAUD LOCATION

/FALL THROUGH TO CLRMD

/CLEAR THE FLAGS AND EXIT TO SUFERVISOR

CLRMID,

LHI

LLz

LMI

JMF

CMMND™
CHMND
]

RESTRT

/ZERO THE MOLE BYTE

/T0 SUPERVISOR

/ROUTINE TO GET CHAR FROM KEYBOARD FIFOQ

UNFPAKy

/RETURNS WITH CHAR IN A REG»

CAL

FNTR

A REG=0 IF NO CHAR
/TRY TO FINISH PENDRING FRINTING



22 147 106 cAL KYBD /KEYBOARD HAFPY? 220

227 022
022 22 341 004 LA LF
22 172 106 CAL oTPUT /OVERLAY THE CODE BUTFUT o1z
230 22 343 121 FRINT
023 22 344 076 LMI WIDTH  /RESET FRINT FOSITION COUNT
22 175 056 LHI KYFIFOT /POINT AT KEYROARD STACK 110
024 22 346 007 RET
22 177 046 LLT KYFIFO 22 347 056 FRT2,  LHI FNFIFO™ /FOINT AT CHAR COUNT
305 035
22 201 250 XRA /CLEAR THE A REG 22 351 046 LLI FNFIFO
22 202 207 ADM /CHAR COUNT TO A REG 304
22 203 053 RTZ /IF EMPTYs RETURN A REG=0 22 353 250 XRA /CLEAR THE A REG
22 204 106 caL INCLH  /POINT AT CHAR 22 354 207 aADM /CHAR COUNT 0 A REG AND FLGS
046 22 355 053 RTZ /NOTHING TO FRINT» NEXT TASK
021 /IF HERE THERE 18 FRINTING TO KE DDONE!!1!(1)
22 207 347 LEM /GET CHAR TO E REG TEMF /PDINT AT CHAR TO FRINT AND FRINT IT
22 210 106 caL OCRLH  /FOINT AT KEYBOARD FIFO 22 356 106 caL INCLH
052 046
021 021
22 213 106 cAL FOP /0UT OF FIFQ, RETURNS A=0 22 361 347  NXTFNT, LEM /CHAR TO E REG TEMF
014 /NOW UFDATE THE CHAR COUNT
021 22 362 066 LLI FNFIFO /POINT AT CHAR COUNT
22 216 204 ADE /CHAR TO A REG AND FLGS 304
22 217 007 RET /RETURN WITH A REG=CHAR 22 364 056 LHI PNFIFO~
025
22 386 106 cAL FOF /RIFFLE THE FIFO
/SUBROUTINE TC WAIT FOR THE TBMT FLAG 014
22 220 103 WAITHT: STATUS /8ET TBMT FLAG 021
22 221 044 NDT 20 22 371 056 LHI TWIDTH™ /UFDATE FRINT FOSITION
020 024
22 223 150 412 WAITHT  /WAIT.... 22 373 066 LLl TWIDTH
azo0 276
022 22 375 317 LEM /COUNT TO E
22 226 007 RET /0Ky HAVE TEMT 22 376 011 DCR /-1
22 377 37t LME /EACK TO MEMORY
23 000 304 LAE /CHAR BACK TO A REG
23 001 074 CFI LF /1S IT A LF?
012
23 003 150 JTZ INCRLF  /YESs INSERT A CRLF
/KEYHOARD HANDLER SUBROUTINE 031
2 227 103 KYED,»  STATUS /GET THE SERIAL LINE STATUS 023
22 230 044 NET 40 /MASK 23 006 074 CF1 CR /18 IT A CR?
040 015
22 232 0S3 RTZ /NEXT TASK 23 010 150 JTZ INCRLF  /YES, INSERT A CRLF
/PUT KEYBOARD CHARACTER IN KYED FIFD 031
22 233 101 READ /GET CHAR FORM KEYROARD TO A REG 023
22 234 044 NDI 177 /BET RID OF ASCII PARITY BIT 23 013 074 CPI DELETE /1% IT A LELETE?
177 177
22 236 074 cPI ETX /CONTROL C 23 015 150 JTZ DEL /YES» INSERT A BACKSLASH
003 034
22 240 110 JFZ NETX /NO 023
267 23 020 074 CF1 ESC /IS 1T aN ESC?
022 175
22 243 250 XRA /YESs CLEAR OUTFPUT 23 022 110 JFZ PNTL /ND
22 244 131 DUTPUT 027
22 245 104 caL WAITMT /SEND OUT ~C 023
220 23 025 006 LAI ESCSYM /YES, SUBSTITUTE A FRINTAELE CHAR
022 044
22 250 006 LAl UPARRD 23 027 121 ENT1,  PRINT /PRINT THE CHAR
136 23 030 007 RET /DONEy PRINTED A CHAR
22 252 121 PRINT 23 031 076  INCRLFs LMI 0 /SET FOR CRLF NEXT
22 253 106 cAL WAITHT /WAIT FOR TBHT 000
220 23 033 007 RET
022 23 034 006  DEL, La1 DELSYM /SURSTITUTE A FRINTABLE CHARACTER
22 256 006 LA c 134
103 23 036 121 FRINT
22 260 121 FRINT 23 037 007 RET /ENDl TO THE FRINTER TASh
22 261 106 cAL WAITMT  /WAIT FOK THMT
220
02
22 264 104 JNE STRTI /GO RESTART FROM ALMOST ZERO
140
020
22 267 056 NETX»  LHI KYFIFD™ /FOINT AT KYFIFD /THIS SUBROUTINE TRANSLATES A REG TO OUTFUT MODE
024 /COMPUTE THE DISPLACEMENT IN ASCTAB
22 271 046 LLI KYFIFO 23 040 056 XLATERs LHI ASCTAB™~ /POINT AT ASCTAR
305 020
22 273 310 LRA /CHAR TO B REG 23 042 064 LLI ASCTAR
22 274 026 LCI BUFSKY /BUFFER S5IZE TO C REG 225
377 23 044 277  THISIT, CPH /18 THIS THE CHAR?
22 276 104 CAL ENTPAK /PUT CHAR IN BUFFER 23 045 150 JTz CONVT /GO CONVERT THE CHAR
367 074
020 023
22 301 112 CFZ WHOOF  /IF QVERFLOW: TELL THE USER 23 0S50 106 CAL INCLH  /TRY NEXT CHAR
305 046
021 021
/FALL THROUGH ANLI RETURN IN NEX) KOUTINE 23 053 310 LBA /SAVE THE CHAR IN B REG TEMFORARILY
23 054 006 LAI ASCEND™ /GET HIGH LIMIT TO A FOR COMFARE
020
23 056 275 CFH /FAST END OF TAFLE?
23 057 140 JTC NTFUND  /PAST END OF TABLE AND NO MATCH
122
023
23 062 006 LAI ASCEND /GET LOW LIMIT TO A FOR COMFARE
/FUT CHAR IN PRINTER FIFQ FROM B REG 305
/RETURNS WITH A REG =0 IF NO FRROK» =ERCHAR IF ERKOR 23 064 276 CPL /PAST ENI' OF TABLE?
22 304 056 PFAKr  LHI PNFIFO™ /PDINT AT PNFIFD 23 065 140 J7C NTFUND /PAST END OF TABLE AND NO MATCH
025 122
22 306 066 LLI PNFIFO 023
304 /IF HEREs STILL IN TABLE. TRY CONTENTS AGAIN.
22 310 026 LerI BUFSPN /BUFFER SIZE 7O C REG 23 070 301 LAB /RETURN CHAR TD A REG
060 23 071 104 JHF THISIT /LOOF FOR NEXT TABLE ENTRY CHECR
22 312 106 cAL ENTPAK /PUT CHAR IN FIFO 044
367 023
020 23 074 006 CONVTr LAI MORTAB /COMPUTE REL DISFLACEMENT LOW
22 315 007 RET 306
JENDI OF THE KEYBOARD HANULER TASK 23 076 024 suI ASCTAR
25
23 100 100 JFE oK1
104
023
/PRINTER HANDLER SUBROUTINE TASK 23 103 051 DCH /HANDLE THE BORROW
22 316 103 PNTR»  STATUS /GET THE FRINTER STATUS 23 104 206  OKi, ApL /ADD IN THE LOW FOINTER
22 317 044 NDI 20 /MASK FOR TRMT 23 105 100 JFC a2
020 111
22 321 053 RTZ /IF BUSY, TRY SOMETHING ELSE 023
22 322 0Sé LHI TWIDTH™ /FIND PRINT FOSITION 23 110 0S0 INH /HANDLE THE CARRY
024 23 111 380  OK2, LLA /L IS NOW POINTING IN THE OUTPUT TABLE
22 324 066 LLI TWIDTH 23 112 004 LAI MORTAB~ /COMPUTE RELATIVE DISPLACEMENT HIGH
276 020
22 326 250 XRA /CLEAR THE A REG 23 114 034 SB1 ASCTAR™
22 327 207 ADM /COUNT TO FLGS AND A REG 020
22 330 110 JFZ FRT2 /NO LINE OVERFLOW 23 116 205 ADH /ADD IN THE HIGH POINTER
347 23 117 350 LHA /H NOW POINTS IN THE DUTFUT TABLE
022 23 120 307 LaM /REPLACEMENT CHAR TO A REG
22 333 006 LAI cR /LINE OVERFLOW, FIX 1T 23 121 007 RET /CODE IN A REG RETURN
015 23 122 006  NTFUNDs LAI 200 /CHAR NDT FOUND LOAD OUT A 200
22 335 121 PRINT 200
22 336 106 caL WAITMT /WAIT FOR TEMT 23 124 007 RET /ERROR RETURN
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23

23

23
23

23
23
23

23

23

23

23
23

23

23

125

127
130

142
143

147
150

141
162
165

167
170

173
174

234
235
236
237

242
243
245

264
2647
270

272

275

277

302
303

306

311

074
377
022
100
127
023

074

007
056

023

301

225

020

007

021

106

342

106
040
023
330
074
200
110
311
023

036
006
106
o233
021
031
110
277
023
104
342
023
074
200

/THIS SUBROUTINE TRANSLATES A REG TO PRINT MODE

XLAT»

XLAT1»

THIS»

MCONVT,

MOK1 »

MOKZ

NTFNDy

OTPUT,»

OTERR»

OTPUTL

SPACE

GOODCH»

CPI

RAL
JFC

/IF
(523 ¢

JFZ

LAl
RET
LHI
LLT

CFH
Niyd

LEA
LAI

CFH
Jrc

CFL
JTC

/IF
LAK
JHF

LAL

SuUI

OCH
ADL
JFC

INH
LLA
LAl

SRI

ADH
LHA
LAM
RET
LAI

RET

377

-1

A REG CONTAI
0

XLAT1

LELSY#M

HORTAB"™

MORTAR

MCONVT

INCLH

MOREND™

NTFENI

MOREND

NTENDO

HERE» STILL

THIS

ASCTAR
HORTAR

MON L

MOR2

ASCTAER™

MORTAER™

BLANK

/SET C FLG (GUARD BIT)

/ROTATE

/IF NO LEFT GUARDe LOOF

NS A 000+
/SET FLGS

ERROR CHAR WAS SEEN. ..

/NOT ERROR» TRANSLATE

/SET UF FOR DELETE SYMEOL

ZEXIT
/POINT AT MORTAE

/18 THIS THE CHAR?
/YESs GO CONVERT THE CHAR

/TRY NEXT CHAR

/SAVE CHAR IN R REL TEMF

/GET HIGH LIMIT TO A FOR COMFARE
/FAST END OF TARLE™

/YESs WITH NO MATCH

/GET LOW LLIMIT TO A FDR COMHARE

/FAST ENUI OF TARLE?
/YESy NO MATCH
1N TAHLE. TRY CONTENTS AGAIN

/RETURN CHAR TO A REG
/LO0F FOR NEXT TAELE ENTRY CHECK

/COMFUTE REL DISFLACEMENT LOW

/HANDLE THE BORROW

/A00 IN THE LOW FOINTER

/HANLLE THE CARRY
/L I8 NOW FOINTING IN DUTFUT TAELE

/COMFUTE RELATIVE UISFLACEMENT HIGH

ZADD IN THE HIGH FOINTER

/H NOW FDINTS IN THE OUTFUT TARLE
/REFLACEMENT CHAR TO A REG

/ASCI1 CODE IN A REG RETURN

/CHAR NOT FOUNDy LOAD QUT A SFALE

/ERROR RETURN

/SUEBROUTINE TASK TO OUTFUT CODE

LHI
LLx
XRA
ADM

RTZ
cAL

LaM
CFI

JFZ

LBI

CAL

ncon
JFZ

JIMF

caL

LDA

CFI

JFZ

/IF

Lnr

caL

DCOD
JFZ

JHP

CPI

OTFIFO™

OTFIFO

INCLH

DELETE

OTFUT1

pot

OTERRK

OUTEND

XLATER

200

GOODCH

/FOINT AT STACK

/CLEAR THE A REG

/CHAR COUNT TO A AND FLGS
/NEXT TASK», IF NOTHING TO IO
/FOINT AT THE DATA

/CHARACTER TO A REG
/ERROR CHARACTER?

/NOy GO TRANSLATE
/YESy» DM 8 DOTS
/1 BOT

/-1 THE COUNT
/NOT DONE....[O0 IT AGAIN

/DONE, POF AND EXIT

/TRANSLATE

/SAVE THE CHAR IN [ REG
/18 IT A BAD CHAR (DR A SFACE)?

/CHAR OK» S0 DO IT UF RIGHT

HERE GENERATE A CHARACTER SFACE

TICK

SFACE

OUTEND

200

/SET UF FOR 7 UNITS DELAY(UNITS-1)

/WATY ONE UNIT

/DECREMENT THE UNIT COUNTER
/LOOF UNTIL DONE

/1F A=200 THEN DONE
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23

23
23
23
23

24

313

316

332
433

335

336
337

364

367

372
373

376

001

002

004

011

013
014

016

024
025

027
031
033

034
035

037
040

042
044
0448
050

052

057
061
063
044
065
064
067

071

074

150

066

007

056

347
106

310
026
060
106

007

105
044
001
013
056
024
066
304
076
001
056
024
046
303
076
000
106
107
021
054
024
066
303
317
010
371
105
044
001
150

024

046
000

JdTz OUTEND
JFC DSH
cAL nor
JME OTLOOF
OSH» CAL DASH
OTLODF, LA
NDT 177
RLC
LDA
JMF GOONCH
QUTEND» CAL TICK
caL TICK
/8ET UF
LLI DTFIFO
LHI OTFIFO™
CAL FOF
RET
ZEND
/KEYROARD LECODE
IDLEs  LHI KRYFIFO™
LLT KYFIFO
XRA
ADM
RTZ
CAL INCLH
LEH
caL OCRLH
cAL FOF
LAE
CF1 ESC
JTZ IDLE1
LHI OTFIFD"
LL1 OTFIFQ
LBA
LCI BUFOUT
cAL ENTPAK
CFZ WHOOP
RET
IDLEly LKHI CMMND™
Ll CHMNI
LHI 1
RET

/DONE !

/00T OR DASHT
/YES A [OT: SO KEY OUT A DOT
/NEXT SYMEOL
/MUST RE A DASHr S0 KEY A DASH
/BET THE CHAR RACK 7O THE A REG
/THRDW OUT THE USED BIY

/ROTATE IN AN UNUSED BIT
/SAVE THE NEW IMAGE IN D
/L0O0OF FOR OTHER SYMEDLS

/INTER LETTER SFACE

TO FOF THE STACK

OF THE QUTFUT ENCORED

/FOINT AT STACK

/FOF THE STACK

/NEXT TASK
ORIVE TASK SURROUTINE

R FOR NON COMMANL MDDE

/FOINT AT THAR COUNT

/CLEAR THE A REG

/CHAR COUNT TQ A REG

/BUFFER EMFTY: TRY SOMETHING ELSE
/FOINT AT CHAR

/SAVE CHAR IN E REG TEMF
/FOINT AT START OF BUFFER

/FOF THE CHAR OFF THE HUFFER

/LCHAR TO A REG
/18 IT AN ESC?

/YES

/0UTFUT IN CODE
/SET UFP FOR ENTFAK

/DATA IN B KEG

/SI1ZE IN C REG

/BUFFER FULL» TELL USER

/DIONE

/SET FOR COMMANDI MODE

/MODE=1

/SUBROUTINE TO SERVICE MORSE COLE INFUT

INFENI,

INTIHE,

INSENS»

SENSE
NDI

RFZ
LHI

LLY
LMI
LHI
LLI
LMI

caL

LHI
LLt

LBM
INB
LMR
SENSE
NDI

47z

/IF HERE»

LEI

1

INCHAR™
INCHAR
1
TIMER™

TIMER

TICKI

TIMER™

TIMER

1

INSENS

[]

/GET CODE INFUT LINE
/WE USE THE LSE

/NOTHING FENDING» EXIT
/FOINT AT HOLDING REG

/SET UF TQ SHIFT IN MORSE

/FDINT AT TIMER REG

/INITIALIZE FOR TIME=Q

/WAIT FOR PART OF A BAUD (1/8)

/UPDATE TIMER

/41

/TIMER+1
/KEY LOWN?

/WAIT FOR KEY UP

KEY IS NDW UF

/SET E=0 FOR DOT¢

FIX LATER IF DASH



24
24

076
077

24 101

106

111
113

115
116

131
133

24 135
24 1346

140
143
144

146

140
24
24
24

162
143
164
24 166
24 167
170
172
174
176

201
202

24

24
24

24

24

24

24 251

24 254
24 256

24 260
24 261

24 263

304
074
020
100
131
024

074
oo}
100
156
024
056
024
046
302
307
074
002
140
156
024
034
001
370
104
156
024

056

056
024

370

056
024
066
303
076
000
106
107
021
105
044
001
150
046
024
056
024
066
303
317
010
371
301
074
377
110
235
024
016
012
1064
304
022
104
304
022
007
074

247

074
024
176
024
056
024
066
304
307
076
001
106
125
023

INDASH»

OKDASH s

INFOKs

UFTIME,

NOTEOM»

ENDLET,

MPAK Sy

LaB /TIMER TO A REG (BX# OF BAUID 24

CFI 20 24

JFC INDASH /IF DASHs, SERVICE DASH "

/SEE IF CLOCK MUCH TOO SLOW FOR DOT

CPI 6 /SHOULD HE A 10 IDEAL

JFC INFDK /CLOCK IS GOOD ENDUGH

LHI BAUDI™ /NOT GODD ENOUGH: FIX WFM CONSTANT

LLI RAUNT

LAM ZUFM TO A

CFI 2 /WFM TOD LOW TO TRACK?

J7c INFOK  /DON’T TRY TO FIXr ALREADY 700 FAST

SEI 1 /-1

LHA /EAUDI-1

JMF INFOR
24
24
24
24

/IF HERE: SYMEOL IS DASHs UFDATE EAURI FOR TRACKING 24

LHI EAURI~  /FOINT AT INFUT WFH 24
24

LLI RAUDT 24

LAR /GET TIMER TO A REG AGAIN

CFI 34 /CLOCK TOOD FAST? 24

JTe OKDIASH  /NO.

LAK /YES 25

CFI 376 /TIMER REALLY TOO TOO SLOW?

JFC OKDASH /YES: EAIL OUT!
25

aDI 1 /1

LMA /BAUDE+1 26

LEI 1 /8ET E=1 FOR DASH

LHI INCHAR™ /FDINT AT CHAR HOLDING REG

LLI INCHAR

LAM /GET FARTIAL CHAR TO A REG

RAL /SHIFT UF ONE BIT

NBI 376 /JUNK THE OLI' CARRY EIT

ORE /BRING IN NEW SYMEOL FROM E REG

LHA /NEW PARTIAL CHAR TD INCHAR

/TIME THE INTERSFACE TO FIND WHAT TYFE IT IS.

LHI TIMER™ /RESET THE TIMER

LLI TIMER

LMI 0 /TIMER RESET

caL TICKI  /DELAY 1/8 OF A BAUD TIME

SENSE /BET THE KEY STATUS

NDI 1

Jrz INTIME /KEY DOWNs GET NEXT SYMEOL

LHI TIMER™ /UPDATE THE TIME

LLI TIMER

LBM

INB /+1

LKB /TIMER+1

LAR /GET TIMER TO A FOR COMFARE

CFI 377 /END OF MESSAGE?

JFZ NOTEOM /KEEP LOOPING,

LBI LF /END' OF MESSAGEs» CR-LF-CR-LF

caL FPAK

CAL PFAK

RET ZEXIT TO HMAINLINE

CPI 40 /END OF WORD?

JFZ ENDLET /NO.

LaI 1 /YES, DUTFUT A SFACE

JHF MPAK /B0 IT OUT RIGHT.

CPI 24 /END OF LETTER?

JFZ UPTIME /NOy KEEP TIMING THE UF TIME

LHI INCHAR™ /PDINT AT HOLDING REG

LLI INCHAR

LAM /MORSE FROM HOLDING REG TO A REG

LMI 1 /RESET THE HOLDING REG FOR NEXT CHAR

cAL XLAT /ASCII TO A EQUIV OF MORSE

68

275
276
277
300
301
302
303
304

364

044

/X¥KKANYTHING REFORE THIS

LEBA
cAaL FPAK
JMF UFTIME

/SET UP FOR FPAK
/PRINT THE CHARACTER

/KEEF TIMING THE UF TIME

FOINT CAN BE IN FROMRXX

/RKKEVERYTHING AFTER THIS FOINT MUST EE IN RAMXKX

310

106

304

022

104

176

024

000  CMMNIy

000 TWIDTH,

000  MSSCNT,

000 SOH»

000  BAUDY

000  BAUNT,

000  TIMER.

000  INCHAR,

000  KYFIFD,

000  FNFIFO,

000  OTFIFQy

000  MSSGEF,
ASCEND 20
ASCTAB 20
BAUD 24
BAUDI 24
BLANK oo
BUFOUT 00
BUFSKY 00
BUFSPN 00
[ 00
CLRMD 22
CHMND 24
CHMNDR 21
CONVT 23
CR 00
DASH 21
DCRLH 21
DEL 23
BELETE 00
DELSYH 00
DMPSUB 21
pOT 21
DSH 23
ENDLET 24
ENTPAK 20
ERCHAR 00
ERROFL 21
ESC o0
ESCSYN 00
ETX 00
FINDOT 21
GOODCH 23
IDLE 23
IDLE1 24
INCHAR 24
INCLR 21
INCRLF 23
INDASH 24
INPEND 24
INPOK 24
INSENS 24
INTIME 24
KYBD 22
KYFIFO 24
L 00
LDNXT 21
LDNXT1 21
LDNXT2 21
LF 00
MCONVT 23
MOK 1 23
MOK2 23
MOREND 20
MORTAB 20
HPAK 24
M36SZ 00
MSSCNT 24
NSSGBF 24
NETX 22

DATA
nATA
TATA
IATA
nATA
DATA
DATA
LATA

cooc000SCC

HLT

¥KYFIFD+RUFSRY
HLT

KFNFIFQ+BUFSFEN
HLT

¥OTFIFD+BUFOUT
HLT

305
225
301
302
040

377
060
103
153
275
150
074
015
1246
052

177
134
333
120
327
247

007
011
175
044
003
137
311
360
025
304
044
031
131
034

054
046
227

114
224
232
272
012
177
207
214
346
304
263
327
277
044
267

/0=NORMAL MOLEr» OTHERWISE COMMAND HOIE
/WHEN BYTE IS ZEROy GENERATE A CR/LF
/TEMF CHARACTER COUNT FOR MESSAGE LUMF
/SURHODE FOR DMFSUR O=FRINT 1=SENI
/WFM CONSTANT (SEE HEADING ON FROGRAH)
ZINFUT WFH VALUE (GETS MODIFIEDD

/TIME BAUD X8 (10 OCTAL) COUNTER

/INFUT CHAR HOLLING REG

/INFUT BUFFER

/FRINTER BUFFER

/OUTFUT BUFFER FOR CDDE

/MESSAGE BUFFER
NOTEOM 24 235
NTFND 23 225
NTFUND 23 122
NXTPNT 22 361
oK 21 006
OKDASH 24 154
oK1 23 104
oK2 23 111
OTERR 23 252
OTFIFD 25 364
OTLOOP 23 332
oTPUT 23 230
OTPUT1 23 264
OUTEND 23 342
P 00 120
PNFIFOD 25 304
PNTR 22 314
PNTL 23 027
POP 21 014
POPLOP 21 023
POPY 21 036
PPAK 22 304
PRT 21 317
PRT1 21 341
PRT2 22 347
PR2 22 004
PR3 22 035
PR4 21 372
QUEST 00 077
RESTRT 20 172
s 00 123
SNDNX 22 040
SOH 24 300
SOH1 22 024
SPACE 23 277
STRT 20 120
STRT1 20 140
T 00 124
TEST 22 074
TEST1 22 120
THIS 23 147
THISIT 23 044
TICK 21 041
TIEKI 21 107
TIMER 24 303
TWIDTH 24 276
UNPAK 22 144
UPARRD 00 134
UPTIME 24 176
u 00 127
WAITHT 22 220
WAITL 21 070
WAIT2 21 067
WHOOP 21 305
WIDTH 00 110
WPH 22 133
XLAT 23 125
XLATER 23 040
XLAT1 23 143



Figure 5: The input circuit
used by the author in de-
veloping the Morse code

. . . . 3.2/80 TO 50080
interpreter.  This circuit
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is present on the input to
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frequency selectivity of
this circuit is virtually non-

; o i ARCHER 273-138I
existent (ie: all stations ARCHER 27313
heard in the pass band of
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your receiver will be logi- + 15V

cally “ORed” leading to
garbled copy if you oper-
ate in a crowded band).

Some Thoughts on Improvements and
Adaptations

The Morse code interpreter described here has
been implemented and used by the author. As in
any design, there is room for improvement and
expansions of the capacity of the program. Here
are some suggestions:

¢ Design a good input filter to pick up audio
and output digital (phase locked loop?). See
figure 6.

o Add multiple message buffers.

o Use multiple precision arithmetic to provide
a larger message buffer.

e Modify the program for RTTY (Replace
Morse table with Baudot table, add single
byte flag to keep track of FIGS vs LTRS
modes).

e Wire 6.3 VAC at 60 Hz into the DEC
M7346 module and write a real time clock
routine to keep track of time of day.

For individuals with 8080 processors, or the new
Z-80, the source code for this Morse code inter-
preter (see listing 2) can be translated on a one to
one basis into code for these newer computers.
Such code will work without major changes, but
will not make optimal use of the expanded
instruction sets.

+I15V +5V

f
s 0

3 8
INPUT iﬂ'— NE567 SINGLE BIT

CODE
(DIGITAL)

INPUT PORT

CODE ca

{ANALOG TONE BURST)
ts 6 /J: Ji ' Ra
[
bqall c2
‘D

—

Figure 6: A suggested selective input filter for better performance. This
circuit is adapted from the Signetics Catalog, page 6-97. The design equations
are shown. The phase lock loop “latches up” when the signal is detected in
the filter’s band, typically after several tens of cycles. C3 determines the time
taken for the filter to detect this condition. The time taken to unlatch after
the signal disappears is determined by R2 and C4, with some effects from C3.
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Text continued from page 56

used since they are all driven in the same
sequence). In both of the above cases the
keying sense for input and output is a TTL
low level for a ‘“key down” condition
(“mark”) and a TTL high level for a “‘key

up” condition (*‘space”).

This program has been tested on a starter
set and has successfully operated in both
PROM and programmable memory. When
used in programmable memory, it should be
noted that a DEC M7344YB (or an extra
1K of programmable memory over the
starter set M7344YA) is the minimum
memory requirement. When the program is
assembled and programmed into PROM,
approximately 4 1/2 EROMs (1702A) are
required.

Experience to Date

The program has been tested in gene-
rating Morse code over the speed range of
7.2 wpm to 120 wpm and appears to
function properly. The program has been
tested in receiving Morse code over the speed
range of 7.2 wpm to 96 wpm: up to about
63 wpm the decoding function is fairly
acceptable; at 89 wpm the number of
erroneous characters is considered to be
unacceptable by the author in this particular
test. It is the author’s opinion that the error
rate at the higher code input speeds is
probably related to the design of a particular
input processing circuit that was used (see
figure 5). In general, a phase locked loop, or
a similar highly selective decoding scheme,
would be useful, particularly to an amateur
radio operator working the crowded bands
of a field day type event. One such circuit is
illustrated in figure 6. This would provide
the amateur with a printout of communica-
tions in both directions from the station
operating. In fact, with sufficient comment
being transmitted to and from the stations
involved, the printout from a hard copy
terminal would provide a log for the field
day events.m
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