


A Morse Code Station 

Data Handler 

For so me time, there has been a need in 
amateur radio fo r a machine that could both 
decode and generate Morse code; in addi
tion, the decoder had to be capab le of 
automatica ll y tracking vary ing received code 
speeds. Although Morse code keyboard s 
have been aro und in the amateur rad io fie ld 
for some time, decoders have not been so 
readily ava il ab le. Since hardwired logic can 
be diffi cult to mod ify, I decided to im ple
ment the coder and decoder in software. 
Since a low price was desirab le and high 
perform ance was not required, I used Digital 
Equipment Corporation's MPS Starter Set. 
This is an Intel 8008-1 based product which 
DEC has been marketing to the co mmercial 
world . This articl e desc ribes my implemen
tation using MPS. 

Implementation 

The main program consists of a few 
subroutin e ca ll s to the main tasks, as show n 

Listing 7: 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 
JMP 

INPEND 
KYBD 
PNTR 
CMMND t 
CMMND 

CMMNDR 
IDLE 
OUTPUT 
RESTRT 

try code input line; 
try the keyboard task; 
try the printer task; 
test the mode byte; 

zero the A reg and fl gs; 
mode byte to A reg and figs; 
enter command mode; 
non command character feedthrough ; 
anything morse to output? 
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 prov ide for Morse input and 
output ; these two routines are INPEND and 
OTPUT respect ively. The other rouLin es 
within the main modules provide house
keep ing and data manipulation for these 10 
drivers. 

It should be noted, on consul ting the full 
program li sting, list ing 2, that there are two 
data tables: an ASC II tab le and a Morse data 
table. The only restrictions on mod ifying 
these tables are that both tables be the same 
size and in the same seq uence. For instance, 
the ASCII tabl e could be changed to reflect 
a non-ASCII code so that th e console could 
be other than an ASCII term inal. 

Principle of Code Manipulation 

A search of published literature avai lable 
at the time this program was created showed 
an exce ll ent method of representing Morse 
code in memory, particul ar ly in eight bit 
wide memory. This method, found on page 
13 of the July 1975 QST magazi ne, was 
adopted here for internal representat ion of 
Morse code. Binary ones represent dashes, 
binary ze ros represent dots and a final 
binary one closes the character. For in
stance, the Morse character B(- 0 00) would 
be represented by the octal number 210 
(binary 10001000). Note th at the binary 
strings are left jl,l stified with trailing zeros. It 
can be seen that if this representatio n is to 
be used to generate a Morse character B, the 
bit string should simpl y be shifted out to the 
left with each bit interpreted as a dash or a 



Figure 7: 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 
translated 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 rel ative location and 
pull the Morse equivalent 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 

INITIALI Z E 
"INCHAR" 

KEY 
DOWN 

P 

YES 

UPDATE 
TIMER 

SPEED UP 
CODE RATE 

NO 
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YES TIMER NO 
,-..---<SAYS "DOT" >--=----, 

? 

SHIFT A 
'0' INTO 
"INCHAR" 

PUT SPACE 
INTO 
PRINTER 
FI FO 

NO 

KEY UP 
? 

YES 

UPDATE 
TIMER 

NO 

[

SHIFT A 
'I 'INTO 
"INCHAR " 

M~~~A~~ >-,Y..::,E::..S __ -, 

p 

YES 

LEFT JUSTIFY 
-INCHAR· 

AND TRANSLATE 

PUT INPUT 
INTO 
PRINTER 
FIFO 

SLOW DOWN 
CODE RATE 



Table 7: The list of ASCII 
character graphics and 
their equivalent speed set
tings when used with the 
speed change command. 
The command sequence is: 
escape character, W, speed 
character. Thus the se
quence escape, W, + sets 
the speed to 7 B words per 
minute. 

Speed Rate 
Character (wpm) 

SP 120 
89 
63 

# 48 
$ 44 
% 37 

27 
22 

+ 18 
I 14 
3 12 
> 7.6 

7.2 

Software Availability in Machine Readable Form 

The software for this program in source and 
binary form has been submitted to the DECUS 

, library . DECUS is the Digital Equipment Corpora
tion User's Society, managed by a board of 
directors composed of DEC equipment users. Free 
membership in the society is open to users of DEC 
equipment. The group periodically publishes 
indices of currently availab le programs with 
abstracts. 

The documentation for this program is listed 
under the number 8-801 . Since it is expected that 
some users will want to modify this program, the 
source in ASCII is available on paper tape from the 
DECUS library . To order copies of the ASCII 
source tape or the binary tape, write to: 

Program Libarian 
DECUS 
146 Main St 
Maynard MA 01754 

as of the time of writing, the following prices 
apply: 

8-801 
8-801 
8-801 
8-801 

Binary paper tape $2 
ASCII source paper tape $8 
DECUS writeup $1 
Assembly listing $10 

output speed is selected by th is method it 
will remain constant until a new value is 
selected. 

Since the DEC M 7341 processor card uses 
a variable speed clock, table 1 is calculated 
assum ing that the clock be operated at the 
same speed as the clock on the author's 
system. If the clock for the processor on 
which the software is running is operated at 
a different rate, then table 1 must be 
recalculated. 

If it is desired that the user's clock be set 
at the same speed as the clock found in the 
author 's processor, a method of calibrating 
the clock is offered here: If the program is 
set up to transmit a sequence of dots, for 
instance the character "five" which is five 
dots sequentially, a string of "fives" will 
generate five dots followed by three dot 
times between characters, five more dots for 
the next "five" and so on. This, in considera
tion with the equat ion: 

Speed (wpm) = dots per minute 
25 

2.4 * dots per second 

can be used to compute the effective code 
rate in words per minute. 

The code input speed is never actua ll y 
calculated but instead a rather heuristic 
tracking technique is used to update what 

Photo 7: The Digital 
Equipment Corporation's 
MPS starter set used by 
the author for running the 
Morse code program. Fur
ther detail of the central 
processor board is shown 
in photo 2. 

Information about the Hardware Used 

This program is designed to generate and 
decode Morse code. Although the program is 
intended to be executed on Digital Equip
ment Corporation's MPS M7341 it should 
also execute on almost any I n~el 8008-1 
based microprocessor with only slight mod
ification. Photos 1 and 2 are supplied by 
Digital Equipment Corporation. 

The following literature is avai lable from: 

Photo 2: The Digital 
Equipment Corporation 
M7347 central processor 
board. The B008 processor 
is soc/?eted at the lower 
right. This board also in
cludes a UART for serial 
interface and the random 
logic needed to buffer and 
drive an 800B. 
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Digital Equ ipment Corporation 
Communications Services 
444 Whitney St 
Northboro MA 01532 

General Interfacing Techniques for the 
M7341 Microprocessor Module 

Interfacing The TU60 to the MPS M7341 
Microprocessor 

M7341 Processor Module Data Sheet 
M7344- YA, - YB, - YC Read-Write Memory 

Module Data Sheet 
M7345 Programmable Read Only Memory 

Data Sheet 
M 7346 External Event Detection Module 

Data Sheet 
M7328 Evoke Decoder Module Data Sheet 
M1501 Bus Input Interface Module Data 

Sheet 
M1502 Bus Output Interface Module Data 

Sheet 
Logic Handbook 
KMPOIA Microprocessor Series (MPS) Pre

wired Backplane Appl. Note 
MR873 Microprocessor ROM Programmer 

Product Bulletin 
1976 Direct Sales Catalog 



the processor " judges" the current code rate 
to be. Therefo re, the processor arb itrar il y 
selects the initial code speed to be abo ut 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 directio n 
until the processor is able to synchronize 
against the incoming code speed. At thi s 
time, small changes in the code rate will be 
made to insure that the code speed remains 
within the tracking range. In ad di t ion to 
decoding the dot and dash times, the pro
gram must also be ab le to decode the times 
between characters, between sy mbols and 
even at the end of sen tences. Additionally an 
arb itrary time is se lected which is deemed to 
be an end of message; these times are set to 
be a funct ion of a dot time. Thu s, as the 
processol' works to sy nchro ni ze the code 

GET NEW 
KEYBOARD 
INPUT 

PUT NEW 
CHARACTER 
IN MESSAGE 
BUFFER 

DELETE LAST 
CHA RACTER 
OF MESSAGE 
BUFFER 

YES 

speed, all that is requ ired is to keep track of 
a counter wh ich rep resents 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 immed iate ly translated to the 
Morse code bit string and then transmitted 

OPEN 
MESSAGE 
BUFFER 

CLOSE 
ME SSAGE 
BUFFER 

COpy MESSAGE 
BUFFER INTO 
OUTPUT 
BUFFER 

YES 

GE T NEW 
KEY INPUT 

NO 

YES 

COpy MESSAGE 
BUFFER INTO 
PRINT BUFFER 

COpy ME SSAGE 
BUFFER INTO 
OUTPUT 
BUFFER 

SE T NEW 
SPEED FR OM 
INPUT 

Figure 2: The command 
in terpreter routine, 
CMMNDR, represented as 
a flow chart. The com
mand in terpreter is de
signed to test for the 
several commands possible 
and take appropriate 
actions. The commands in
clude exiting the com
mand mode, loading the 
message buffer, printing 
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 \4----< FIFO EMPTY 
? 

ERROR 
MESSAGE 

'? ' 

NO 
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Figure 3: The keyboard 
service routine, KYBD, 
specified as a flow chart. 
This routine is simple: 
Look at the UA RT and see 
if data is available. If so, 
then stuff the data into 
the I? eyboard 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 VART 
and see if it is ready to 
transmit. If so, then if the 
printer buffer is not empty 
send a character to the 
VA RT and remove the 
character from the printer 
buffer. 

UART 
DAT:B~~AIL- >-N...;;.O _________ ---. 

? 

KEY-
BOAFRuDL~IFO ;r-Y_ES ____ ---. 

? 

NO 

PUT CHAR 
IN FIFO 

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

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

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

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

• < ESC> S is used to sh ip the message 

;I~~N~J~TY >-YE::..;S'--___ .... 

? 

NO 

PRINT A 
CHARACTER 

DELETE CHAR 
FROM FIFO 
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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) 

• <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 
co mm and) 

• The delete (rub out) can be used in a 
buffer load ing 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 ho lding 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 ro utine). Each buffer uses its first 
location as a byte count of the number of 
locat ion s 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 

Th is piece of software has been designed 
and constructed so it can operate without 
modificatio n on DEC Logic Products Starter 
Set 1 (KMPOl 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. 

20 120 056 
026 

20 122 0 66 
0 .. 

/1 THIS PROGRA M, CONS I ST ING OF A N\OH SE CTION OF 
ISUBRQUTI NES & HAINLINE TA SKS AND A RAM 
ISEC1I ON OF BUFFERS. GE NERA TES AN D OECODES MORSE CmtE. 

I fHE [lECOOING SECTION 16 DESIGNE[I TO [IE SELF TRACK ING 
l AS TO CHANGING S PEEDS. DUE TO THI S S EL F TRACKING 
I FEATURE . A FEW I L LEGAL CorlES HA Y BE DECODED AS THE 
/PROGRAH ArTEHPTS fa LOCK ONTO THE INPUT CODE SPEE D. 

I THIS PROGRAM IS DESIGNErl TO RUN ON THE INTEL 8008-1 BASED 
I MPS S ' AR TER SET AVA rl. ABLE FROM THE [lEC COMPONENTS GROUP. 

/ WRITT EN 1-29-76 BY BRUCE FILGATE OF COHF'ONENTS 
I APPLI CATlDNS ENG I NE ERlNG AT DIGITAL EOUIPHENT 
I CQRPORATHIN IN MARLDOUGH MASSACHUSETTS FOR THE 
ILOG I C PRODUCTS HPS PRODUCT LINE 

/ WE IG HTING I S 1 [lASH TO 3 [lOTS. 

I JUST A FE W WORDS ABO UT THE STACK STRUC TURE ••••• 
ITHE STACKS USE THE FIRST L OCATION AS A COUNT OF THE 
I NUMBER OF OTHER USED LOCATIONS IN THE STACK. 

ITHE LSB OF THE I NPUT BYTE FROH I/O CHANNEL . 2 IS RESERVED FOR 
I THE SENSE LINE FOR CODE INPUT. 

I THE [lYlE ON I/O CHANNEL -14 I S USED FOR CO DE (JUTF'UT 

IKEY SENSE FOR CO DE INPUT AND OUTPUT I S GROUND FOR KEY [rOLrJN 
IC ONDITION AND LOGI C HI GH FOR THE KEY UF' CONDITION. 

1****************************************** 
/ 
I PROGRAH SHOULD BE STARTEI' AT STRT 

PROGRAH HAY BE RESTARTED AT RE SlRl 
I 

1* * ** * * ** * * * * * * * ** ** * ** * ** * * * * ** * * ** * * ** ** * 
I THE TERHINAL BELL WI LL BE RUNG WH ENEVER A liUFFER 

I OVERFLOW IS CAUSHI BY THE USER. THE CHAR 
I THAT WOULU HAVE CAUSHI THE OVERFLOU I S TRAPPED 
lA ND DELETED. 

INORHALLY THE KEYBOAR[I t lA TA I S TRAN SM IT TED OUT TRANSLATED 
I f.!UT ALl HODE (ESC) KEY USED FOR SPECIAL COMHANDS . 

IL ::RELOA D THE MESSAGE BUFFER UNTIL ESC 
IESC=RETURN TO NOR MAL MODE 
I F' =F'IH NT THE MESSAGE BUFFER CON TENTS 
IS=SHIF' THE MESSAGE BUFFER TRANSLATED 
I T= TEST BY DOING 5 UNTIL AN ESC I S TYPED 
I W=LOAD BAUD CONST ANT FOR WPM OUTF'u r 

I SP 1 2 0 WF'M 
8. 
63 
.8 .. 
37 
27 
22 
18 
14 
12 
7 . 6 
7.2 

l AND THE DELETE <RUBOUT> KEY I S USED TO EDIT BUFFER AS 
l lolElL AS REPRESENT THE ERROR CODE IN THE IMMEDIATE MODE. 

I NEED A FEW MORE INSTRUCTIONS HERE ••• 
OPDEF SENSE ;1 05 ; 0 I READ THE SENSE lINE 
OPOEF READ;101;0 ISERIAL I NPUT 
OPDEF PRINT; 121;0 ISERIAL OUTPUT 
OPDEF STATUS;103 ; 0 ISERIAL STA TUS 
OF'DEF OUTPUT; 131; 0 IENCDDED OUTPUT 

IBUFFER SIZE SET UP 
HSGSZ=377 I HESSAGE HOLDING 
ErUFOUT=60 leODE OUTPUT 
BUFSKY=377 IKEYBOARD 
ErUFSPN=60 IPRINTER 

I TERHINAL DEPENDENT 
UIDTH= 110 
CR=15 

CONSTANTS 

LF = 12 
W= 127 
ERCHAR=7 
[SC= 175 
L = 114 
P= 120 
S== 1 2:~ 

T= 12 4 
ESCSYM=44 
OUEST=77 
DELETE=177 
DELSYM==134 
ETX=3 
C:: I03 
UPARRO=136 
BlANK==40 

*201120 

I PRINTER WIDTH IN OCTAL 
ICAR RET CHAR (ASC I I CR= 1 5 
I UNE FEED CHAR (ASC II LF=1 2) 
I LOAO NEW SPEED CONSTANT ( ASCII 101 =127 ) 
I CONSTANT FOR ERROR CHAR ( ASCII BEL :: 7) 
I ENTER COHM AND HODE ( AS CI I ESC= 175) 
I lOAD HESSAGE BUFFER (ASCII L = 114 ) 
I PRINT THE MESSAGE BUFFER ( ASCII P= 120) 
I TRANSLATEISEN[I MESSAGE (ASCI I 5 = 12 3) 
ITEST DO 5 UNTIL ESC TYPED (ASCII T= 12 4 ) 
I ECHO A • FOR ESC 
IOUESTION MARK FOR BAD COMMAND 
I CHAR THAT REPRESENTS THE nElETE 
IPRINTABLE CHAR FOR A DELETE 
ICONTROL C EX I T TO STRT , 
IREOUIRED TO ECHO ETX, - C 
I REOUIRED TO ECHO ET X r -C 
I ASCII SPACE CONSTANT 

1ST ART UP TIHE HOUSEKEEPING 
STRT, LHI HSSGBF'" I CLEAR THE MESSAGE BUFFER 

LLI HSSGBF 

57 

20 124 370 
20 125 056 

024 
20 127 066 

3 01 
20 131 0 7 6 

03~ 

20 133 106 
0 46 
021 

20 136 076 
035 

LM 
LHI 

LLI 

LMI 

CAL 

LMI 

BAUD- 15ET OUTPUT BAUD AT ABOUT 15 IJF'H 

SAUlt 

35 

INCLH I LIKEIolISE IJ ITH INPUT BAUD 

35 

20 140 250 STRTl, XRA I RES TART FOR ~C AND CL EAR THE A REG 
KYFIFO- ICL EAR THE KYBD CHAR COUNT 20 141 056 LHI 

024 
2 0 143 066 

305 
20 145 37() 
2() 146 056 

025 
2() 150 066 

364 
2 0 15 2 370 
20 153 056 

024 
20 J55 066 

275 
2 0 157 370 
20 160 106 

046 
021 

20 ,11.13 ~570 

20 164 056 
025 

20 166 066 
304 

20 1 70 3 7 0 
2 0 17 .1 1 3 1 

LLI 

LMA 
LHI 

LLl 

LMA 
LHJ 

LLI 

LMA 
CAL 

LMA 
LHI 

KYF IFO 

OTFIFO~ leLEAR THE OUTPUT BUFFER 

OTF IrO 

CHMND~ I.TNITIALIZE THE HODE BYTE 

CHMND 

T NCLH I I N I T THE CHAR COUNT 

15ET FOR CRLF INITIALI ZATION 
F'NFIFO r

, IINITIAlIZE THE F'RI NTER CHAR CNT 

LLI F'NFIFO 

L MA IZERO PRINTER CHAR COUNT 
OU TPUT I CLEAR THE TONE AND OTHER !:i I rs 

I /"I ONITOR ENTRY AND SUPERVISOR MAIN TASK 
20 172 106 RESTRT . CAL I NFoEND ITRY CODE INPUT LINE 

034 
02 4 

2 0 175 106 
227 
0 22 ' 

20 2 0() 106 
316 
0 22 

20 203 056 
024 

20 205 066 
275 

20 207 250 
:W 2 10 207 
2 0 2 1 1 110 

150 
02 1 

20 2 14 106 
360 
023 

20 2 17 106 
230 
023 

20 222 104 
172 
0 2 0 

cnl 

CAL 

LHI 

LLI 

XRA 
ADH 
JFZ 

CAL 

CAL 

, IM P 

KYBD ITRY THE KEYBOARD TA SK 

PNlR I TRY THE PRINTER TASK 

CMMND~ I T£S T THE HODE BYTE 

CHMND 

IZERO THE A REG AND FLGS 
I HOOE BYTE TO A REG AND F"LGS 

CMMNDR IENTER COHHAN[I HODE 

10LE I NON COHMANn CHARACTER FEf[tTHROUGH 

OTPUT I ANYTHING MORSE TO OUlF'UT '? 

RESTRT l AND LOOP (?) ALON G 

I A5CII TABLE OF DATA 
20 225 101 ASClAB, BLOCK 32; IOU 1 

102 
I A THROUGH Z 

103 
10. 
105 
106 
107 
110 
111 
11 2 
113 

"' 115 
116 
11 7 
1 2 0 
121 
122 
1 2 3 
1 2 ' 
1 25 
126 
1 27 
130 
131 
132 

20 257 06 1 
062 
063 
06' 
065 
066 
067 
070 
071 

20 270 060 
20 271 055 
20 272 056 
2 0 273 054 
20 2 74 077 
20 275 057 
20 276 072 
20 277 050 
20 300 051 
20 301 047 
20 302 042 
20 303 012 

20 30"' 012 
20 30:5 073 

BLOCK 

DA TA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
ASCEND, DATA 

11 ;61; 1 1 1 THROUGH 9 

60 1 0 
55 1 -
56 I. 
54 ;, 
77 11 
57 ISLASH 
72 I : 
50 I( 
51 /l 
47 I' 
4 2 1 ° 
12 l END OF MESSAGE (CR/L F> 

12 l END OF WORK (CR/lF) 
73 If 



I HORSE TABLE:1=[lASH.0= DOT.WITH A 1 TO EN[I THE CHAR 
20 306 
20 307 
20 310 

140 HORTAB, DATA 140 IA 
210 DATA 2 10 IB 
250 [lATA 250 IC 

20 311 220 
2 0 312 100 
20 313 050 
20 314 320 
20 3 15 010 

20 316 040 
20 317 170 
20 3 20 260 
20 321 110 
20 322 3 4 0 
20 323 2 4 0 
20 324 360 
20 325 150 

20 326 330 
20 327 120 
20 330 020 
20 331 300 
20 332 060 
20 333 030 
20 334 160 
20 335 230 

20 336 270 
20 3 37 310 
20 340 17 4 
20 341 074 
20 34 2 03 4 
20 343 014 
20 344 004 
2 0 345 204 

20 346 304 
20 347 344 
20 350 364 
20 351 374 

20 352 206 
20 353 126 
20 354 316 
20 355 062 
20 356 224 
20 357 342 
20 360 266 
2 0 361 266 
20 36 2 172 
20 3 6 3 11 2 
20 364 124 
20 365 026 
20 3 66 252 

20 367 
20 370 
20 371 
20 372 

20 375 

307 
021 
'27 2 
150 
011 
021 
004 
001 

20 377 3 70 
21 000 206 
21 001 360 
21 002 100 

006 
021 

21 005 050 
21 006 371 
21 007 250 
21 010 007 
21 011 004 

001 
21 013 007 

21 014 307 
21 015 024 

001 
21 017 370 
2 1 020 104 

036 
021 

21 023 106 
046 
021 

21 026 327 
21 027 106 

052 
021 

DATA 
DATA 
[lATA 
DATA 
DATA 

DATA 
[lATA 
DATA 
[lATA 
DATA 
[lATA 
[lATA 
DATA 

[lATA 
[lA TA 
DATA 
DATA 
DATA 
[tATA 
[tATA 
[tA TA 

DATA 
[lATA 
[lA TA 
DATA 
[ tAT A 
[lATA 
[lATA 
DA TA 

DATA 
DATA 
[lA TA 
DATA 

[tATA 
[lATA 
DATA 
DATA 
DATA 
[lATA 
[l ATA 
[lATA 
[lATA 
DATA 
[lATA 
[lATA 

MOREN[I, DA TA 

220 
100 
SO 
320 
10 

40 
1 70 
2 60 
110 
340 
2 40 
360 
150 

330 
120 
20 
300 
60 
30 
160 
230 

270 
310 
1 7 . 
7 4 
34 
14 

204 

30. 
344 
364 
374 

206 
126 
3 16 
62 
224 
342 
266 
266 
172 
11 2 
124 
26 
252 

10 
IE 
IF 
IG 
IH 

II 
IJ 
IK 
IL 
I H 
IN 
10 
IF' 

10 
IR 
IS 
IT 
I U 
IV 
IU 
IX 

IV 
IZ 
II 
12 
/3 
14 
IS 
16 

17 
18 
19 
10 

I
I . 
I , 
I? 
I (SLASH) 
I: 
Ie 
/) 

I' 
I ' 
lEND OF MESSAGE (CR/LF) 
lE ND OF WORK(CR/LF ) 
Ii 

ISUBROUTlNE TO PUT DATA IN A GENERAL STACK 
ISTAeK POINTER IN H&L, DATA IN B. BUFFER SI ZE IN C 

ENTPAK, 
IRETURNS 
LAH 

WITH A=O IF NO ERROR. = ERCHAR IF ERROR 
I CHAR COUNT TO A 

Dce 
CPC 

ICOMPUTE CHARACTER LOCATIONS IN BUFFER 
I DoN ' T OVERFLOW THE BUFFER 

JTZ ERROFL IFULL ••• 

ADI 

LHA 
ADL 
LLA 
JFC 

INH 
OK, LHB 

XRA 
RET 

ERROFL, ADI 

RET 

OK 

IB UM P THE CO UNT 

IC HAR COUNT UPDATE TO HEM 
I LOW POINTER ADDE D TO A 
I GET L VALUE UPDATED TO L REG 
/IF A CARRY, FI X THE H 

I FIX H REG 
I CHAR TO MEMOR Y 
ICLEAR THE A REG 
IDONE 
IS£T A REG NON ZERO ERR RETURN 

IS'I'S TEM ERROR. SYSTEM MU ST FIX!!!! 

IPOP SUBROUTINE: ENTERE[I WITH POINTER IN H&L. SIZE I N B 
POP. LAM I GET COUNTER TO A REG 

SUI I DECREMENT 

LHA 
JHP POP'I' 

ILOOP FOR POP 
PDPLOP, CAL INCLH 

LCH 
CAL DCRLH 

IRES TORE THE NEW COUNT ER 
I GET INTO POPLOF' LOOF' 

I POINT AT CHAR TO POP 

IGET CHAR TO C REG 
IPOINT TO NEW LOCATION 

21 032 372 LMC IPUT CHAR I N MEMORY 
I E TO A REG 
ISUETRA CT 1 

2 1 033 301 LAB 
21 034 024 SUI 

001 
21 036 053 PDP'I'. RTZ 
21 037 310 LBA 
21 040 106 CAL 

046 
021 

21 043 104 

21 0"'6 
21 047 
21 050 
21 051 

023 
021 

060 
013 
050 
007 

JHP 

ISUBROUTINE TO 
INCLH. INL 

RFZ 
INH 
RET 

IDONE? 
IRESTORE B REG 

INCLH IRECOVER FROM THE DECREMENT POSITION 

POPLOP I NE XT PAIR POP 

INCREMENT THE HAND L REGS 
I BUMP THE L 
IRE TURN IF NO CARRY 
IBUHP THE H ON A CARRY 
IALL DONE 

ISUBROUTINE TO DECREHENT THE HAND L REGS 

21 052 306 DCRLH. LAL IL TO A 
21 053 024 SUI IItECREMENT THE A 

001 
21 055 360 LLA IRETURN I F NO BORROW 

2 1 056 
2 1 057 
2 1 060 

003 
051 
007 

2 1 061 056 
024 

21 063 066 
301 

21 ,065 026 
050 

2 1 067 317 
21070 0 11 
2 1 0 7 1 110 

070 
021 

21 074 021 
2 1 075 110 

067 
0~1 

~ 1 100 106 
::!27 
0 22 

21 103 106 
316 
022 

21 106 007 

2 1 107 056 
024 

21 11 t 066 
302 

21 113 026 
005 

2 1 11 5 104 

21 120 

2 1 122 
21 12:5 

21 126 

21 130 
2 1 131 

21 134 

2 1 137 

06 7 
021 

006 
377 
131 
104 
137 
021 

006 
3 77 
131 
106 
061 
021 
106 
061 
02 1 
1 06 
061 
021 

RFC 
DCH 
RET 

I NO BORROW. THEN RETURN 
IF I X THE H AFTER A BORROW 
I DONE 

ISU BROUTINE TO WAIT A UNIT CODE TIME . DESTROYS AdlrC 
TICK, LHI BAU[J~ IPO INT AT CONST 

LL I BAUD 

LeI 50 IMUL TIPLIER CONST ANT 

WA I T2. L BM ICONST TO B 
WAITI. DCB ICDUNT IT DOWN [lELA'I' 

JFZ WAITI 

DCC I MULTIPL 'I' IT 
JFZ WAIT2 

CAL K'I'SD 10VERLAP WITH KEYBOARD INF'UT 

CAL PNTR ILIKEW I SE WITH THE PRI NTER 

RET I DELAY OVER!! J t 

I DELAY. USED FOR 8 SLICE DECODING OF INPUT CODE 
T reKI , LHT BAUD I~ /POINT AT CONSTANT 

LLl BAUD I 

LCI 18 TIMES FASTER THAN TICK 

JMP WAIT2 IFIN I SH TIC KI IN TICK ROUTINE 

ISUBROUTINE TO GENERATE A DOT AND POST SF'ACE, DESTROYS A . B , C.H ,L 
DOT, LAl 377 ISET ALL BITS I N THE A REG 

OU TPUT ITURN ON THE KEY (DO WN ) 
J HP FINDOT IFJ NI SH THE [l OT IN THE DASH ROUTINE 

ISUBROUT INE GENERA TE S DA SH ITS PO ST SF' ACE . DESTROYS A, B, C. H, L 
DASH . LAI 377 ISE T ALL BITS IN THE A REG 

OUTPUT 
CAL TICK' 

CAL TICK 

FI N[lOT. CAL TICK 

IKE'I' [ tOWN 
IDASH 

IENTEREn HERE TO FINI SH A DOT 

2 1 142 
21 143 
2 1 144 

250 XRA ICLEAR THE A REG 

60 

131 OUTPUT IKEY UP 
106 CAL TICK 
06 1 
021 

21 147 007 RET 

I NONITOR TASK SUBROUTINE FOR HANDLING COMMANDS FROM THE KEYBOARD 
21 150 106 CMHN(lR, CAL UNPAK I GET CHAR FROM KEYBOARD 

164 
022 

21 153 150 
1 50 
02 1 

21 156 074 
175 

21 160 150 
153 
0':)':> 

21 163 074 
114 

21 165 150 

2 1 170 

21 172 

21 175 

22 4 
021 
074 
120 
150 
317 
02 1 
074 
1 23 

21 177 150 
060 
022 

21 202 074 
124 

21 204 150 
074 
022 

21 207 074 
1 27 

21 2 11 1 50 
133 
022 

21 214 016 

21 2 16 

21 22 1 

077 
106 
304 
022 
1 0 4 
150 
021 

21 224 056 
026 

21 226 066 
044 

JTZ CNMNDR I IF NO CHAR. IoJ AIT ••• 

CPI ESC I lJAS IT ANOTHER ESC? 

JTZ CLRMD lEX I T ON ESC 

CPI IWAS IT A LOAD? 

JTZ LDNXT I'I'ES , GO LOAD A ME SSAGE 

ePI I WAS IT A PRINT? 

JTZ PRT I'I'ES GO PRINT THE MESSAGE BUF FER 

CPI I WA S IT A SEND THE BUFFER? 

JTZ SNDNX IYES , SHIP OUT THE MESSAGE 

ePI I WAS IT A TE ST? 

JTZ TEST IYES . SEND THE BUFFER UNTIL ESC IS T'I'F'£[r 

CPI I WAS IT A NEW WPM CON STANT? 

JTZ UPH I'I'ES, LOAD NEXT CHAR AS THE CONST 

IIF HERE A BAD COMMAND 
LSI OUEST /OUESTION HARK 

CAL PPAK I TO THE PRINTER FIFO 

JHP CMMNDR ITRY FOR A VALID COMMAND CH AR 

IROUTINE TO LOAD THE MESSAGE BUFFER 
LDNXT. LHI NSSGBF~ I POINT AT THE CURRENT CH AR POI NTER 

LLJ MS SG BF 



21 2 3 0 076 LMI I ZERa THE COUNT 
000 

21 232 106 LDNXTI. CAL UNPAK IGET KEYBOARD CHAR.,. 
164 
022 

21 2 3 5 150 
232 
021 

21 2 40 0 7 4 
175 

21 2 42 15 0 
153 
022 

21 2 4 5 310 
2 1 2 46 056 

026 
2 1 2 50 0 6 6 

0 44 
2 1 252 0 7 4 

1 77 
21 254 110 

272 
0 2 1 

21 257 250 
2 1 260 2 0 7 
2 1 26 1 150 

232 
021 

21 264 0 34 
0 01 

2 1 2 66 3 70 
21 267 104 

232 
02 1 

JTZ 

CF' I 

JT Z 

LBA 
LHI 

LLl 

cpr 

JFZ 

XRA 
ADM 
. JTZ 

SEd 

LMA 
JMP 

LDNXTI I UAIT FOR DATA 

ESC lEND OF THE INPU T MESS AG E? 

CLRMD IE XIT END OF ME SS AG£ 

I CHAR TO f/ REG FOR ENTF' AK 
HSSGBF ~ IPOINT AT THE ME SSAGE BUFFER 

MSSGBF 

OELETE IDELETE COMMAND ? 

LDNXT 2 /NO 

/ YE S . CLEAR THE A REG AN(I FL GS 
I GET COUNT TO A AN [i FL GS 

LDNX T 1 I f/UFF ER EMF'TY. A NO NO 

I DE CREMEN T COUN TER 

I RE TURN COU NT TO MEM 
LIfNXT 1 /LOOP 

21 272 026 LDN XT2 , LC I 
3 77 

MSGSZ / BUFFE R 5 I ZE SET UP 

21 274 10 6 
36 7 
020 

21 277 112 
305 
0 21 

2 1 302 104 
232 
021 

CAL ENTF'A K IC HAR TO BUFF ER 

I TES T FOR BUF FER OVERFLOW 
CFZ WHOOF' / TELL USER BUF FER F ULL 

,.IMP LDNXT1 I LOOP UNTIL ESC 

/SUBROUTINE FOR USER ERROR IDr CIlTI ON 
2 1 305 103 WHOOF', STA TUS / YES, GET PRINTER STATUS 
21 306 044 NDI 20 /TBMT MASK 

020 
2 1 3 10 150 

305 
021 

21 31 3 006 
00 7 

2 1 315 121 
21 3 16 007 

JTZ WHOOP / UAIT 

LA! ERCHAR / 5ET ERROR INDI CATION 

F'RINT 
RET 

/ROUTINE TO PRINT THE MESSAGE BUFFER 
21 317 056 PRT, LHI SOH~ /SET UP PRINT SUBMODE 

024 

21 321 066 
300 

2 1 323 076 
000 

21 325 106 
333 
021 

21 330 104 
153 
022 

LLI SOH 

LMI 

CAL DMPSUB IPRINT THE MESSAGE BUFFER 

JMP CLRMD IEXIT TO THE SUPERVISOR 

/SUBROUTINE TO MOVE THE MESSAGE BUFFER CONTENTS TO LOCATION 
I DEFINED BY THE SOH LOCATION. O=PR.INTER I=SENOER 

21 3 3 3 056 DHPSUB, LHI 
024 

21 335 066 LLI 
277 

21 337 076 LMI 
000 

21341 106 PRTl, CAL 
316 
022 

21 344 106 
227 
022 

21 3 4 7 106 
230 
023 

21 352 056 
026 

21 3 54 066 
044 

2 1 3 5 6 250 
21 357 207 
2 1 360 053 
21 361 056 

024 

CAL 

CAL 

LHI 

LLI 

XRA 
ADM 
RTZ 
LHI 

MSSCNT~ /POINT AT TEMP CHAR POINTER 

MSSCNT 

/CLEAR THE F'OINTER 

PNTR ITRY TO FINISH T HE F'RINTING 

KYBD /TRY TO FINISH THE KEYBOAR[I INPUT 

OTPUT / TRY TO FINISH THE TRANSMI SSION 

MSSGBF~ /IS THERE A MESSAGE? 

MSSGBF /FIND CHAR CNTR AND CHECK FOR NON ZERO 

/CLEAR THE A REG 
IACID IN THE CHAR COUNT 
/NO MESSAGE, EXI T 

MSSCNT~ ICHECK COUNT ON XFER CHAR S 

21 363 066 LLI HSSCNT 
2 77 

21 365 277 
21 366 053 
2 1 367 31 7 
2 1 370 010 
21 3 7 1 371 

21 37 2 006 PR4, 
044 

21 374 207 
21 3 75 360 
2 1 3 7 6 056 

026 
22 000 100 

004 
022 

22 003 050 
2 2 004 317 PR2. 
22 oos 250 
22 006 056 

024 
22 010 066 

300 
2 2 012 207 
22 013 110 

024 
022 

CPM 
RTZ 
LBM 
INB 
LMB 

IBUFFER ALL XFERED ? 
/EVERYTHING XFERED, EXIT 
/STI L L HERE. BUHP THE CH AR COUNT 

I F ETCH THE CHAR FROH THE MESSAGE [lUFFER 
LAI MSSGBF /COMPUTE POINTERS 

ADM 
LLA 
LHI 

JFC 

INH 
LBM 
XRA 
LHI 

LLI 

ADM 
JFZ 

/ADD IN THE BUFFER OFFSET 
/ SET UP THE L. H YET TO GO 

HSSGBF~ /H SET IF NO CARRY FROH THE L 

PR 2 

SOH~ 

SOH 

SOH 1 

/Na CARRY 

/FIX FOR THE L CARRY 
ICHAR TO THE B REG 
/ CLEAR THE A REG 
IGET THE SUBMO[lE 

/SUBMODE IN THE A REG AND FLGS 
I SEND SUBMODE 

62 

22 016 106 
304 
0 22 

22 0 2 1 104 
035 
022 

JMP 

F'F'AK I PRINT SUBMQ[IE 

PR3 

22 024 0 5 6 SOH 1 • LHI OTFIFO~ I POINT AT OU TPUT BUFFER 
025 

_ _ 0 26 06 6 

364 
?':l 030 026 

060 
22 0 3 2 106 

3 67 
0 2 0 

LLI OTFIFO 

LCI BUFOUT IBUFFER SIZE TO C REG 

CAL ENTPAK / XFER TO THE BUFFER 

22 035 15 0 PR3, JTZ PRTl ILOOF' IF NO ERROR 
341 
02 1 

22 040 '1 06 
3 1 6 
0 22 

22 043 10 6 
227 
022 

__ 0 4 6 106 
230 
0 23 

?"') 05 1 056 
024 

22 053 066 
277 

22 055 104 
372 
02 1 

22 0 6 0 OS6 
0 2 4 

... _ 06 2 066 
300 

22 0 64 0 76 
0 01 

22 0 66 10 6 
333 
02 1 

?':l 0 7 1 104 

22 0/ 4 

'?':l 076 

153 
022 

056 
0 2 4 
OM 
300 

22 10 0 076 
0 0 1 

22 102 10 6 
333 
0 2 1 

'-"- 105 106 
164 
0 22 

2 2 110 150 
0 7 4 
0 22 

22 113 0 7 4 
175 

2 2 115 150 
153 
02 2 

CAL F'NTR / YES, OVERLA Y THE I/O 

CAL KYBD 

CAL OTPUT 

LHI MSSCNT~ / RESET THE H REG FOR ERROR RECOVERY 

LLI MSSCNT 

JMP PR4 I TRY THE CHAR AGAIN 

/ ROUTINE TO 5HI P OUT THE BUFFER IN CODE 
SNDNX. LHI SOH~ /SET UP SEND MODE FOR 

LLI SOH / DHPSUB ROUT INE 

LMI 

CAL DMPSUB ISENlf THE MESSAGE BUFFER 

JMF' CLRMD / EXIT 

/ ROUTINE TO TEST OUTPUT, SHIF' UNTIL ESC IS TYPE[I 
TES T . lHI SOH~ ISET UP FOR SEND HODE 

LL I SOH 

LMI 

CAL DMF'SUB / SEND THE BUFFER 

CAL UNPAK I CHAR FROM KEYBOARD 

JTZ TEST /NOTHING YET. DO IT AGAIN 

CPI ESC /ESC? 

JTZ CLRMD I YES, EXIT 

22 120 016 TESTI. LElI OUEST /ILLEGAL CHAR FOR THIS 
077 

2 2 122 106 CAL PPAK /NOTIFY THE USER 
3 04 
0 22 

2 2 125 110 
120 
0 22 

22 130 10 4 
0 7 4 
0 22 

JFZ T£ST1 /IF OVERFLOW, TRY AGAIN 

JMP TEST IANII LOOP •••• 

I CODE TO LOAD A NEW WPM CONSTANT INTO BAUD 
2 2 133 106 WPM, CAL UNPAK /GET CHAR FROM KEYBOARD 

164 
0 2 2 

22 1'36 150 
133 
022 

22 I'll 044 
03 7 

?? 143 002 
22 144 064 

001 
2 2 146 056 

024 
22 150 066 

301 
22 152 370 

22 153 0 5 6 
0 2 4 

22 155 066 
2 7 5 

2 2 157 0 7 6 
000 

22 161 104 
172 
0 2 0 

JTZ 

NDI 

RLC 
ORI 

LHI 

WPM IWAIT FOR CHAR 

3 7 /HASK FOR 5 VALID BITS 

/MUL TIPLY BY 2 
ISET THE LSD 

BAUD~ /POINT AT BAUII LOCATION 

LLI BAUD 

LHA /CONSTANT TO BAUD LOCATION 
/FALL THROUGH TO CLRMD 

/CLEAR THE FLAGS AND EXIT TO SUPERVISOR 
CLRM[I. LHI CMMN[I~ I ZERO THE MODE BYTE 

LLI CMMND 

LHI 

JMP RESTRT /TO SUPERVISOR 

/ROUTINE TO GET CHAR FROM KEYBOARD ' FIFO 
IRE TURNS WITH CHAR IN A REG, A REG = O IF NO CHAR 

2 2 164 106 UNPAK. CAL PNTR ITRY TO FINISH PENDING PRINTING 
316 
022 



22 167 106 
227 
022 

22 172 106 
230 
023 

22 175 056 
02' 

22 177 066 
305 

22 201 250 
22 202 207 
22 203 053 
22 20<4 106 

0 '6 
021 

22 207 347 
22 2 10 106 

052 
021 

22 213 106 
01 . 
021 

22 216 204 
22 217 007 

CAL 

CAL 

LHI 

LLI 

XRA 
ADM 
RTl 
CAL 

LEM 
CAL 

CAL 

ADE 
RET 

KYBD IKEYBOARD HAPPY? 

OTPUT IOVERLAY THE CODE OUTPUT 

KYFIF07 IPOINT AT KEYBOARD STACK 

KYFIFO 

ICLEAR THE A REG 
ICHAR COUNT TO A REG 
II F EMPTY , RETURN A REG=O 

INCLH I POINT AT CHAR 

I GET CHAR TO E REG TEMP 
DCRLH IPOINT AT KEYBOARD FIFO 

POP lO UT OF FIFO, RETURNS A=O 

ICHAR TO A REG AND FLGS 
IRETURN WITH A REG::CHAR 

ISUBROUTINE TO WAIT FOR THE TBMT FLAG 
22 220 103 WAITMT, STATUS 10ET TBMT FLAG 
22 221 044 NDI 20 

020 
22 223 150 

220 
022 

22 226 007 

22 227 103 KYBD, 
22 230 0 44 

0 . 0 
22 2 3 2 053 

22 233 101 
22 234 0 44 

1 77 
22 236 074 

003 
22 240 1 10 

2 6 7 
022 

22 2 43 250 
22 244 131 
22 2 45 106 

220 
022 

22 250 006 
136 

22 252 12 1 
22 253 106 

220 
022 

22 256 006 
103 

22 260 121 
22 261 106 

220 
022 

22 264 10 4 
1'0 
0 20 

22 267 056 NETX, 
02. 

22 27 1 066 
305 

22 273 310 
22 274 026 

377 
22 276 106 

367 
020 

22 30 1 11 2 

22 304 

22 306 

22 310 

22 312 

22 315 

305 
021 

056 
025 
066 
30. 
026 
060 
106 
367 
020 
007 

PPAK, 

JTZ WAITHT I WAIT •••• 

RET 10K, HAVE TBMT 

IKEYBOAR[I HAN[lLER SUBROUTINE 
STATUS IGET THE SER IAL LINE STATUS 
NDI 40 I MASK 

RTZ I NEXT TASK 
I PUT KEYBOARD CHARACTER I N KYB [I FIFO 
READ IGET CHAR FORM KEYBOARD TO A REG 
NDI 177 I GET RID OF ASCII PARITY BIT 

CPI ET X ICONTROL C 

JFZ NETX I Na 

XRA IYES , CLEAR OUTPUT 
OUTPUT 
CAL WAITMT ISEND OUT ... c 

LAI UPARRO 

PRINT 
CAL WAITHT I WAIT FOR TBMT 

LAI 

PRINT 
CAL WAITMT I WAIT FOR T[1MT 

JMP 

LHI 

LLI 

LBA 
LCI 

CAL 

CFZ 

STRTl I GO RESTART FROM ALMOST ZERO 

KYFI FO '" IPOINT AT KYF tFO 

KYFIFO 

ICHAR TO (I REG 
(lUFSKY I(lUFFER SI ZE TO C REG 

ENTPAI\ IPIJT CHAR IN BUFFER 

WHOO P /IF OVERFLO W. TFLL. THE USEH 

IFALL THROUGH ANI) RETURN IN NEX " ROUTINE 

I PUT CHAR IN PRINTER FIFO FROM DREG 
I RETURNS WITH A REG ::0 IF NO ERROR. = ERCHAfi: IF ERr.:OR 
LHI PNFIFO~ IPO INT AT PNFIFO 

L L I PNFIFO 

LCI BUFSPN I BUFFER S I ZE TO C REG 

CAL ENTPAK If'UT CHAR IN FIFO 

RET 
I EN[I OF THE KEYBOARD HANLILE R TASt< 

IPRINTER HANDLER SUBROUTINE TASK 
22 316 103 
22 317 044 

020 
22 321 053 
22 322 056 

02' 
22 324 066 

276 
22 326 250 
22 327 207 
22 330 110 

3. 7 
022 

22 333 006 
015 

22 335 121 
22 336 106 

PNTR, STATUS IG ET THE PRINTER STATUS 
NDI 20 I MASK FOR TSMT 

RTZ /I F (lUSY. TR'r SOMETHINli ELSE 
LHI TWIDTH '" I FIND PRINT POS ITION 

LU TWIDTH 

XRA ICLEAR THE A REG 
ADM I COUNT TO FLGS AND A REG 
JFZ PRT2 I Na LI NE OVERFLOW 

LAI CR I UNE OVERFLOW, FIX IT 

PR I NT 
CAL WAlTMT I WAlT FOR TBMT 

64 

220 
022 

22 341 006 
0 12 

22 343 1 2 1 
22 344 076 

110 
22 3 46 007 
22 3 4 7 056 

025 
22 35 1 066 

30. 
22 353 250 
22 35 4 207 
22 355 053 

22 356 106 
0 .6 
02 1 

22 361 347 

22 362 066 
30. 

22 364 056 
025 

22 366 106 
01' 
021 

22 37 1 056 
024 

22 373 066 
276 

22 375 317 
22 376 Oll 
22 377 371 
23 000 304 
23 00 1 07 4 

0 12 
23 003 150 

031 
023 

23 006 074 
015 

23 010 150 
031 
023 

23 013 074 
177 

23 0 15 150 
03. 
023 

23 020 074 

23 022 

23 025 

23 027 
23 030 
23 031 

23 033 
23 03<4 

23 036 
23 037 

175 
110 
027 
023 
006 
0 •• 
121 
007 
076 
000 
007 
006 
13' 
121 
007 

23 040 056 
020 

2 3 042 066 
225 

23 044 277 
23 045 150 

07. 
023 

23 050 106 
046 
021 

23 053 310 
23 05<4 006 

020 
23 056 275 
23 057 140 

23 0 62 

23 064 
23 065 

23 070 
23 071 

23 074 

23 076 

23 100 

23 103 
23 10<4 
23 105 

2 3 11 0 
23 111 
23 112 

23 114 

23 116 
23 11 7 
23 120 
23 121 
23 122 

23 124 

122 
023 
006 
305 
276 
1.0 
122 
023 

301 
10. 
0 •• 
023 
006 
306 
024 
225 
100 
10. 
023 

0"' 
206 
100 
111 
023 
050 
360 
006 
020 
03. 
020 
205 
350 
307 
007 
006 
200 
007 

LAI LF 

PRINT 
LMI WIDTH I RESE T F'R INT POSITION COUNT 

RE T 
PRT2 . L HI PNFIFO~ IP OINT AT CHAR COUNT 

I IF 

LLI PNFIFO 

XRA 
ADM 
RTZ 

HERE THERE 
IF-OI NT 
CAL 

ICLEAR THE A REG 
ICHAR COUNT TO A REG AND FLGS 
I NOTHING TO PRINT, NEXT TASK 

IS PRINTING TO fiE: DONE!!!!!'! 
AT CHAR TO PRI NT AND PRINT IT 

INCLH 

NXTPNT, LEH ICHAR TO E REG TEMF' 
INOW UPDATE THE CHAR COUNT 
LLI PNF IFO IPOINT AT CHAR COUNT 

LHI PNFIFO-

CAL 

LHI 

LLI 

LaM 
Dca 
LMa 
LAE 
CP I 

JTZ 

CPI 

JTZ 

CPI 

JTZ 

CP I 

JFZ 

LAI 

pap I R}PPLE THE FIFO 

TWIDTH~ I UP DATE PR INT POSITION 

TWIDIH 

LF 

I COUNT TO (I 

1-1 
IBACK TO MEHORY 
ICHAR BACK TO A REG 
l I S IT A LF? 

I NCRLF IYES , INSERT A CRLF 

CR lIS IT A CR'1 

INCRLF IYES , INSERT A CRLF 

DELETE itS IT A DELE TE ? 

DEL IYES . INSERT A BACKSLASH 

ESC 115 IT AN ESC? 

PNTI I NO 

ESCSYM IYES, SUBSTITUTE A F'RINTABLE CHAR 

PNTl, PRINT IPRINT THE CHAR 
IDONE, PRI NTED A CHAR 
ISET FOR CRLF NEXT 

RET 
INCRLF, LMI 

RET 
DEL. LAI DELSYM ISUBSTITUTE A PRINTABLE CH ARACTER 

PR INT 
RET l END TO THE PRINTER TASK 

I THIS SUBROUTINE TRANSLATES A REG TO OUTPUT HODE 
I COMPUTE THE DISPLACEHENT IN ASCTAB 

XLATER, LHI ASCTAS'" IP OINT AT ASCT AS 

LLI ASCTAB 

THISIT, CPM 
JTZ 

1 15 THI S THE CHAR? 
CONVT IG O CONVERT THE CHAR 

CONVT, 

CAL 

LBA 
LAI 

CPH 
JTC 

INCLH I TRY NEXT CHAR 

I SAVE THE CHAR IN B REG TEMPORAR I LY 
ASCEND - I GET HIGH LIMIT TO A FOR COMPARE 

I f'AST EN[I OF TABLE? 
NTFUND IPAST END OF TABLE AND NO HATCH 

LAI ASCEND I GET LOW LIHIT TO A FOR COHF'ARE 

CPL I PAST END OF TABLE? 
JTC NTFUND I PAST END OF TABLE AN[I NO MATCH 

/IF HERE, STI LL I N TABLE. TR Y CONTENTS AGAIN. 
LAB IRETURN CHAR TO A REG 
JMP THISIT I LOOP FOR NEXT TABLE ENTRY CHECK 

LAI MORTAB ICOHPUTE REL DISPLACEMENT LOW 

SUI ASCTAB 

JFC OKl 

DCH I HANDLE THE BORROW 
OK1, ADL IAD[I IN THE LO W PO INTER 

JFC 

INH 
01<2, LLA 

LAI 

SBI 

ADH 
LHA 
LAM 
RET 

NTFUND. LAI 

RET 

OK2 

I HANDLE THE CARR Y 
I L IS NOW POINTING IN THE OUTPUT TABLE 

HORTAB'" I COMPUTE RELATIVE DISPLACEMENT HI GH 

ASCTAB '" 

IADD IN THE HIGH POINTER 
I H NOW POINTS IN THE OUTPUT TABLE 
IREPLACEMENT CHAR TO A REG 
ICODE I N A REG RETURN 

200 ICHAR NOT FOUND LOAD OUT A 200 

IERROR RETURN 



I THIS SUBROUTINE TR ANS LATE S A REG TO PR INT HODE 
23 125 074 XLAT, CPI 377 15fT C FLG (GUARD BIT) 

377 
23 1 27 022 
23 130 100 

127 
023 

RAL 
JFC . -1 

IR OTATE 

I I F NO LEFT GUAR D, LOOf' 

I IF A REG CONT AINS A 000 . ERROR CHAR WA S SEEN ••• 
23 133 074 CP I 0 15£T FLGS 

000 
23 135 110 J F Z 

" 3 
023 

23 1 40 006 LAI 
13. 

23 14 2 007 RET 
23 143 056 XLATl, LHI 

020 
23 14 5 066 LL t 

306 
23 147 277 THIS. CF'H 
23 150 150 JTZ 

177 
023 

23 153 106 CAL 
046 
021 

23 156 3 10 LBA 
23 157 006 LAI 

020 
23 16 1 275 
23 16 2 140 

225 
023 

23 165 006 
366 

23 167 276 
23 170 140 

225 
02] 

CPH 
J TC 

LA l 

CPL 
J TC 

XLATl INOT ERROR . TRANSLA TE 

DELSYH 15fT UP FOR DELETE SY MBOL 

IEX l'T 
HDRTAB "" IPOI NT AT HORTAB 

HO RTAB 

lIS THIS TH E CHAR ? 
HCONVT IYES . GO CONVERT " HE CHAR 

I NCLH ITRY NE XT CHAR 

ISAVE CHAR I N fI RE(j TEM F' 
HORENO ~' IGET HIGH U HIT TO A FOR COHF'ARE 

If' AS T END UF rABL E? 
NTFND IY f S. WITH NO MATC H 

MOREN [I IGE T LOW LIMIT TO A FOF\' COMF'ARE 

IPAST END OF TABLE? 
NTFN[I IYES . NO HATCH 

/I F HERE. STILL TN TABLE. T RY CO NTE NT S AGAIN 
23 173 301 
23 174 104 

147 
023 

23 1 77 006 
225 

23 20 1 024 
306 

23 203 140 
207 
023 

23 206 051 
23 207 206 
23 210 100 

214 
023 

23 2 13 050 
23 2 14 360 
23 2 15 006 

020 
23 2 17 034 

020 

LAB IRET URN CHAR TO A REG 
JMF' THIS ILOOP FOR NEn TABLE ENTRY CHECK 

MCONVT , LAI ASCTAB ICO HPU T£ REL orSF'l.ACEMENT LOW 

SUI MORTAB 

JTC MO KI 

DCH 
MOK!. AD L 

JFC 

IN H 
MOK 2 . LLA 

LAI 

5BI 

I HAN DLE THE BORROW 
IA DD I N THE LOW POI NTER 

MOK 2 

IHA ND LE TH E CARRY 
I L IS NOW PO I NTING IN OU TPUT TABLE 

ASCTAB~ IC OMPUTE RELATI VE OI SP LA CEME NT HI GH 

HORTAB~ 

23 22 1 205 A[lH I ADD IN THE HIGH PO INT ER 
23 222 350 LHA I H NOW POI NT S IN THE OUTPUT TABLE 

IRE PLACEHENT CHAR TO A REG 23 223 307 LAM 
23 224 007 RET I AseII CO(IE IN A REG RETURN 
23 225 006 NTFN[I, LAI 

040 
BLA NK IC HAR NOT FOUND . LOA f! OUT A SPACE 

23 227 007 RET IE RROR RE TUR N 

23 230 

23 232 

2 3 2 34 
23 235 
23 236 
23 237 

23 2 42 
23 2 43 

056 
025 
066 
364 
250 
207 
053 
106 
0.6 
021 
307 
07. 
177 

23 2 4 5 11 0 

23 250 

23 252 

23 255 
23 2 56 

23 261 

2 3 264 

23 267 
23 270 

2 3 272 

23 275 

23 277 

23 302 
23 303 

23 306 

23 311 

264 
023 
036 
007 
106 
120 
02 1 
03 1 
110 
252 
023 
10 . 
3'2 
023 
106 
040 
023 
330 
0 7 4 
200 
110 
311 
023 

036 
006 
106 
061 
021 
03 1 
110 
277 
023 
10 ' 
342 
023 
07. 
200 

QTPUT, 
ISUBROUTINE TAS K TO OUTPUT COOE 
LHI OTFIFO"" IPO INT AT STACK 

. LLI OTF IFO 

XRA ICL EAR THE A REG 
ADH IC HAR COUNT TO A AND FLGS 
RTZ I NE XT TASK, IF NOTHING TO DO 
CAL INCL H IPOI NT AT THE DATA 

LAH IC HARA CTEF: TO A RE G 
CPI DEL ETE I ER ROR CHA RAC TER ? 

JFZ OTP UT1 I ND. GO TRA NSLATE 

LDI IYES , DO 8 [l OTS 

OTERR , CA L DOT 1 1 DOT 

DCD 
JFZ 

JHP 

OTPUTl, CAL 

LOA 
CPI 

J FZ 

1- 1 THE COUN T 
OTERR I ND T DONE ••• • DO I T AGA I N 

OUTEND IDO NE, PDF' AN [I EX IT 

XLATER I TRAN SLATE 

15AVE THE CHAR IN DREG 
200 lIS IT A BAIl CHAR COR A SF'ACE)? 

GOODCH ICHAR OK. SO DO IT UF' RIGHT 

I IF HERE GENERATE A CHARACTER SPACE 
LDI 6 ISE T UP FOR 7 UNITS DELAY(UNITS-l) 

SPACE, CAL TICK I WA IT ONE UN IT 

DCD I DECREH ENT THE UN I T COUNTE R 
JFZ SPACE I LOOP UNTIL DONE 

JHP OUTEND 

GOODCH, CPI 200 II F A= 200 THEN [lONE 

66 

23 313 

23 31 6 

150 
342 
023 
100 
327 
023 

23 321 106 
1 20 
021 

23 324 104 
332 
023 

23 327 106 
126 
021 

23 332 303 
2,1 333 044 

177 
23 335 002 
23 33 6 3 30 
23 337 104 

311 
023 

23 342 106 
061 
021 

23 3 4 5 106 
061 
021 

::! 3 350 066 
364 

23 352 056 
025 

23 354 106 
014 
021 

23 357 007 

23 360 

23 362 

23 364 
23 365 
::!3 366 
23 367 

23 372 
2 3 373 

23 376 

056 
024 
066 
305 
2 50 
207 
053 
106 
046 
021 
3 . 7 
106 
052 
02 1 
106 
014 
021 

2 4 001 304 
2 4 002 074 

175 
2 4 004 150 

025 
024 

24 007 056 
025 

24 011 066 
364 

2 4 Ot3 3 10 
24 014 026 

060 
2 4 016 106 

24 021 

2 4 024 
24 025 

24 027 

2 4 03 1 

2 4 033 

24 034 
24 035 

2 4 037 
2 4 040 

2 4 042 

2 4 0 4 4 

24 046 

2 4 050 

2 4 052 

2 4 05 4 

2 4 057 

24 061 

2 4 063 
2 4 064 
2 4 065 
2 4 066 
2 4 067 

24 07 1 

24 074 

367 
020 
11 2 
305 
02 1 
007 
056 
02 4 
066 
275 
076 
001 
007 

105 
044 
001 
0 1 3 
056 
0 2 4 
066 
304 
076 
00 1 
056 
024 
066 
303 
076 
000 
106 
107 
021 
056 
024 
066 
303 
317 
010 
37 1 
105 
044 
001 
150 
OS. 
024 

0'6 
000 

.HZ OUTEND I DONE! 

JFC [ISH l OOT OR DASH? 

CAL [lor IYES A DOT, S O KEY OUT A DOT 

J HP OTLOO P INEXl SYMBOL 

DS H. CAL [lA SH I MUST BE A DA SH, SO KEY A IJASH 

OTLOOP . L.AD IG £T TH E CHAR BACK TO THE A REG 
NO I 

RLC 
LIl A 
J HP 

1 77 I THROW OUT THE USED BIT 

IRO TA TE IN AN UNUSED BIT 
ISA VE THE NEW I HAGE IN D 

GOODCH IL OOP FOR OTHER SY HBOLS 

OUTE ND, CAL TIC K lI NT ER LETTER SPACE 

CA L TICK 

ISET UP TO PO F' THE STACK 
LLI OTF IF O IPO INT AT S TACK 

LH I OT F I F O ~ 

CAL POP IPO F' TH E STACK 

RET I NEXT TASK 
IE NII (IF THE OUTF'UT ENCODED [lRIVE TA SK SUBROUTINE 

IKEYBO ARO ['[CO DER FOR NON CO MM AND MODE 
![ILE r LHI KYFIFO~ IF'O INT AT CHA R COUNT 

IDLEl , 

LLI KYF IFO 

XRA ICLEAR THE A REG 
ADH ICHAR COUNT TO A REG 
RTZ IB UFFER EHF'TY . TRY SO HETHING El.SE 
CAL INCLH IF-OIN T AT CHAR 

LtM ISA VE CHAR IN E REG TEMP 
CAL [lCRLH IPO INT AT START OF BUFFER 

CAL POf' IF'Of' THE CHAR OFF THE BUFF ER 

LAE 
CP I 

J TZ 

LHI 

LLI 

LOA 
LCI 

CAL 

CF Z 

RET 
LHI 

LLl 

LHI 

RET 

ESC 
IC HAR TO A REG 
115 IT AN ESC? 

IDLEI IYES 

OTF I FO~ lOU T P UT IN COD E 

OTFIFO 15ET UP FOR ENTPA K 

ID ATA J N B REG 

BU FOUT ISIZ E IN C REG 

ENTPAK 

WHOOP I BUF'FER F ULL , TELL USER 

I IIONE 
CHHNO '" ISET FOR COHHANO HO OE 

CHMNO 

I HODE=l 

IS UBRO UTINE TO S ERVICE MORSE CODE INPUT 
INPEND, SENSE IG ET conE INPUT LINE 

N[lI I WE USE THE LSB 

RFZ I NOTHING PENDING. EXIT 
LHI INCHAR~ IPO INT AT HOL nING REG 

LLI INCHAR 

LHI ISET UP TO S HIF T IN HORSE 

INTIHE. LHI TIHER '" IPOINT AT TIMER REG 

LLI TIMER 

LHI II NITlALlZE FOR TIHE = O 

INSENS, CAL 

LHI 

LLl 

LBH 
IN B 
LHB 
SENSE 
NDI 

TIC KI I WAIT FOR PART OF A BAUD (118) 

TIMER '" I UP OA TE TIHER 

TIME R 

It 1 
I TIHER+l 
IK EY DOWN? 

JTZ INSENS I WAIT FOR KEY UP 

I IF HERE, KEY IS NOW UP 
LEI 0 IS£T E=O FOR DOT, FI X LATER IF DASH 



2-4 076 301 
24 077 074 

020 
24 101 100 

131 
02. 

2 4 104 074 
00. 

24 106 100 
IS. 
024 

24 111 056 
024 

24 113 066 
302 

2 4 11 5 307 
24 116 074 

002 
24 120 140 

156 
024 

24 123 034 
001 

2 4 125 370 
24 126 104 

156 
024 

24 131 056 
0 2 4 

24 133 066 
302 

24 135 301 
24 136 074 

03. 
24 140 140 

154 
0 2 4 

24 143 307 
24 144 074 

37. 
24 146 100 

15' 
024 

LAB ITlHER TO A REG CB*. OF BAUD) 
CPI 20 

JFC INDASH IIF DASH, SERVICE DASH 

ISEE IF CLOCK MUCH TOD SLOW FOR DOT 
CPI 6 ISHOllLD BE A 10 IDEAL 

JFC 

LHI 

LLI 

LAH 
CPI 

JTC 

5FI 

LHA 
JHP 

INPOK ICLOCK IS GOOD ENOUG H 

BAUD I- INOT GOOD ENOUGH. F I X WPH CONSTAN '! 

BAU[II 

I WPH TO A 
I WPH TOO LOW TO TRACK? 

INf'OK I DON 'T TRY TO FIXp ALREADY 1'00 FAST. 

/- 1 

IBAUDI-1 
INF'OK 

IIF HERE. SYMBOL IS [lA SH, UP[tATE BAUD} FOR TRACKING 
IN[IASH. LHI BAUDI- IPDINT AT INPUT IJPH 

LLI BAUD I 

LAB 
CPI 

JTC 

LAH 
CPI 

JFC 

IGET TIMER TO A REG AGAIN 
34 ICLOCK TOO FAST? 

OKDASH I Na. 

IYES 
37. I TIMER REALLY TOO TOO SLOW? 

OK DASH IYES , BAIL OUT! 

24 151 004 ADI 
001 

/+1 

24 153 370 LHA 
24 154 046 OKIIASH, LEI 

001 
24 156 056 INPOK, LHI 

024 
24 160 066 

30. 
24 162 307 
24 163 022 
24 164 044 

37. 
24 166 264 
24 167 370 

LLI 

LAH 
RAL 
NOI 

ORE 
LHA 

IBAU[IItl 
ISET E=l FOR DASH 

INCHAR - IPOIN T AT CHAR HOLDING REG 

INCHAR 

376 

IG ET F'ARTIAL CHAR TO A REG 
ISH 1FT UP ONE BIT 
IJUNK THE OLD CARRY BIT 

IBRING IN NEW SYMBOL FROM E REG 
INEW PARTIAL CHAR TO 1NCHAR 

ITIHE THE INTERSPACE TO FINO WHAT TYPE IT IS. 
24 170 056 

24 172 

24 174 

24 176 

24 201 
24 202 

24 204 

24 207 

24 211 

24 213 
24 21-4 
24 215 
24 216 
24 217 

24 221 

24 224 

24 226 

24 231 

24 234 
24 235 

24 237 

24 242 

24 244 

24 247 

24 251 

24 25'" 

24 256 

24 260 
2-4 261 

24 263 

024 
0 •• 
303 
07. 
000 
10. 
107 
021 
105 
0 •• 
001 
!SO 
0 •• 
02. 
OS. 
02. 
0 •• 
303 
317 
010 
371 
301 
07. 
377 
110 
235 
02. 
01. 
012 
10. 
30. 
022 
106 
30. 
022 
007 
07. 
060 
110 
247 
024 
006 
001 
10. 
263 
02' 
07. 
024 
110 
176 
02. 
056 
02' 
066 
30. 
307 
076 
001 
106 
125 
023 

LHI TIHER~ IRESET THE TIHER 

LLI 

LHI 

UPTIME. CAL 

SENSE 
NOI 

JTZ 

LHI 

LLI 

LBH 
INB 
LHB 
LAB 
CPI 

JFZ 

LSI 

CAL 

CAL 

RET 
NOTEDH, CPI 

JFZ 

LAI 

JHP 

ENDLET, CPI 

JFZ 

LHI 

LLI 

LAH 
LHI 

HPAI<, CAL 

TIHER 

ITIHER RESET 

TICKI I[tELAY 1/8 OF A BAUD TIME 

IGET THE KEY STATUS 

INTIME IKEY DOWN, GET NEXT SYMBOL 

TIHER~ IUPDATE THE TIME 

TIHER 

/tl 
ITH1ER+l 
IGET TIHER TO A FOR COHPARE 

377 lEND OF HESSAGE? 

NOTEOM IKEEP LOOPING, 

LF IEN[I OF MESSAGE. CR-LF-CR-LF 

PPAK 

PPAK 

IEXIT TO MAINLINE 
60 lEND OF WOR[I? 

ENDLET I ND . 

IYES. OUTPUT A SPACE 

HPAK 1[10 IT OUT RIGHT. 

24 lEND OF LETTER? 

UPTIME INO, KEEP TIHING THE UP TIHE 

INCHAR- IPOINT AT HOLDING REG 

INCHAR 

IHORSE FROH HOLDING REG TO A REG 
IRESET THE HOLDING REG FOR NEXT CHAR 

XLAT IASCII TO A EGUIV OF HORSE 

24 266 310 ISET UP FOR PPAK 
24 267 106 

LBA 
CAL PPAK IPRINT THE CHARACTER 

30. 
022 

24 272 104 JHP UPTIHE IKEEP TIMING THE UP TIHE 
176 
024 

I ***AN YTHING BEFORE THIS POINT CAN BE IN PROH*** 
1***EVEr,YTHING AFTER THI S POINT HUST BE IN RAM*** 

2 4 275 000 CMMNII. DATA 
2 4 276 000 TWIDTH. DATA 
24 277 000 HSSCNT. DATA 
2 4 300 000 SOH , DATA 
24 301 000 BAUD, DATA 
24 302 000 BAUDI, [lATA 
2 4 303 000 rIMER. tlATA 
2 4 304 000 I NCHAR. (lATA 

2 4 305 000 KYF IFO, HLT 

*KYFIFO+BUFSKY 

10=NORHAL MODE, OTHERWISE COHMAND MOllE 
IWHEN BYTE IS ZERO. GENERATE A CfVLF 
ITEMP CHARACTER COUNT FOf~ ME S~~A(iE IJlJMF' 
ISUBHOOE FOR DHF'SUB O"'F'RINT l=SEN[t 
IWPH CONSTANT (SEE. HE.ADING ON PROGRAM 1 
Il'NF'UT WPM VALUE (GETS HODIFIEr!) 
IT IHE BAU[I *8 (10 OCTAL) COUNTH" 
IINF'UT CHAR HOUI ING REG 

I INF'UT BUFFER 

25 304 000 F'NFIFO . HLT IF'RINTER BUFFER 

*PNF I FO+BUFSPN 
25 364 000 OTFIFO , HL T IOUTF'UT BUFFEr.: FOR CODE 

*OTF IFO+BUFOU r 
26 044 000 HSSGBF. HL T IHESSAGE BUFFER 

68 

ASCEND 
ASCTAB 
BAUD 
BAUDI 
BLANK 
BUFOUT 
BUFSKY 
BUFSPH 
C 
CLRMD 
CHHND 
CHHNDR 
CONVT 
CR 
DASH 
DCRLH 
DEL 
DELETE 
DELSYH 
DHPSUB 
DOT 
OSH 
ENDLET 
ENTPAK 
ERCHAR 
ERROFL 
ESC 
ESCSYH 
ETX 
FINDOT 
GOODCH 
IDLE 
IDLEI 
INCHAR 
INCLH 
IHCRLF 
INDASH 
INPEND 
INPOK 
INSENS 
INTIHE 
KYBD 
KYFIFO 
L 
LDNXT 
LDNXTI 
LDNXT2 
LF 
HCONVT 
HOKI 
1'101<2 
HOREND 
HORTAB 
HPAI< 
"SaSZ 
HSSCNT 
HSSOBF 
NETX 

20 305 
20 225 
2"" 301 
2-4 302 
00 0""0 
00 060 
00 377 
00 060 
00 103 
22 1~3 
2-4 275 
21 150 
23 07-4 
00 015 
21 126 
21 052 
23 034 
00 177 
00 134 
21 333 
21 120 
23 327 
24 247 
20 367 
00 007 
21 011 
0,0 175 
00 044 
00 003 
21 137 
23 311 
23 360 
24 025 
2-4 304 
21 046 
23 031 
24 131 
2"" 034 
24 156 
2-4 054 
2-4 046 
22 227 
24 305 
00 114 
21 22"" 
21 232 
21 272 
00 012 
23 177 
23 207 
23 21-4 
20 366 
20 306 
2"" 263 
00 377 
24 277 
26 044 
22 267 

HOTEOH 
HTFND 
HTFUND 
NXTPNT 
OK 
OKDASH 
OKI 
OK2 
OTERR 
OTFIFQ 
OTLOOP 
OTPUT 
OTPUT1 
OUTEHD 
P 
PHFIFO 
PNTR 
PHTl 
POP 
POPLOP 
POPY 
PPAK 
PRT 
PRTl 
PRT2 
PR2 
PR3 
PR. 
QUEST 
RESTRT 
S 
SNDNX 
SOH 
SOHI 
SPACE 
STRT 
STRTl 
T 
TEST 
TESTI 
THIS 
THISIT 
TICK 
TICKI 
TIHER 
TWIDTH 
UHPAK 
UPARRO 
UPTIHE 
W 
WAITHT 
WAITI 
WAIT2 
WHOOP 
WIDTH 
WPH 
XLAT 
XLATER 
XLATI 

24 235 
23 225 
23 122 
22 361 
21 006 
2-4 154 
23 104 
23 111 
23 252 
25 364 
23 332 
23 230 
23 26'" 
23 342 
00 120 
25 304 
22 316 
23 027 
21 014 
21 023 
21 036 
22 304 
21 317 
21 341 
22 347 
22 00"" 
22 035 
21 372 
00 077 
20 172 
00 123 
22 060 
24 300 
22 024 
23 277 
20 120 
20 140 
00 124 
22 07"" 
22 120 
23 147 
23 0-4"" 
21 061 
21 107 
2-4 303 
2-4 276 
22 164 
00 136 
24 176 
00 127 
22 220 
21 070 
21 067 
21 305 
00 110 
22 133 
23 125 
23 0-40 
23 143 



Figure 5: The input circuit 
used by the author in de
veloping the Morse code 
interpreter. This circuit 
works but is not optimal. 
The operational amplifier 
saturates if any A C signal 
is present on the input to 
the bridge rectifier, so the 
frequency selectivity of 
this circuit is virtually non
existent (ie: all stations 
heard in the pass band of 
your receiver will be logi
cally "ORed" leading to 
garbled copy if you oper
ate in a crowded band). 

C5 

INPUT J-1 
3 

CODE 
(ANALOG TONE BURST) 

5 

RI 

1'CI 

3.2/8n TO 500n 

8LUE 0664 

ARCHER 273-1381 
OR EQUIVALENT 

Some Thoughts on Improvements and 
Adaptations 

+ 15V 

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. 

• Add multiple message buffers. 
• Use multiple precision arithmetic to provide 

a larger message buffer. 
• Modify the program for RTTY (Replace 

Morse table with Baudot table, add single 
byte flag to keep track of FIGS vs L TRS 
modes). 

• 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. 

+15V 

4 

NE567 

6 

+5V 

R3 
CODE 
(DIG ITAL) 

8 TO 
t--...... --CJ SINGLE BIT 

INPUT PORT 

C4 

R2 

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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+15Y +5Y 

2 TO 
JIO"::--<:J M 150 I 

(COMPUTER 
INPUT) 

7404 POWER 
+5Y'14 
GND' 7 

-THRESHOLD 
~ ADJUST 

20K 

470n 
1/4W 

-15V 

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 
1 K 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 
figu re 5). I n 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. I n 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_-
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