MORSE CODE

DECUS Program Library Write-up DECUS NO. 8-424

*ABSTRACT
This program accepts Morse code via a logic sense line in real-time and
outputs the decoded message on the teleprinter. The‘pattern recognition
algerithm in the program automatically adapts to the sending rate with the
max imum reception.rate of the computer being limited by the teleprinter to
2hout 100 wprds per minute. The progﬁam-c]assifies a key down condition as .
either a dot or a dash. The ke'y up conditions are classified either as a sp;ce

in a character, a space between characters, or a space between words. These

pattern classifications permit each character to be decoded via a table look up.
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INTRODUCTION

.

This Morse Code Translator was written to satisfy a project requirement in
a3 cred%t junior level course entitled "Real-Time Computation'. This course is
taught by Dr. T. L. Drake, Associate Professor, Department of Electrical and
Computer Enginegffng; Clefson University.

This program has been written to run on a 4K PDP-8 with a logic sense line

and a real-time clock. The real-time clock commands are:

6141 Skip if clock flag = 1

6142 Clear clock flag. Discount the flag from -
‘the interrupt.

6144 Connect the flag to the interrupt.

The logic sense lines are read in parallel with a 6074 to provide the program with
key up and key down information. The accumulator should be cleared prior to this
transfer. The switch register at the start ‘of the program determines a mask to

mask the bit of interest.




DESCRIPTION

HMORSE is an interrupt controlled Morse code translator written for the
PDP-8 and compiled through PAL-11l., The program will accept code through the
logic input lines on the TR-48 analog computer. 1t reads a '"'1" as a key up,
and a '"0" as a key down.

The program will adjust to the sending rate by comparing all information
received to the length of the last dash received. ‘The prdgram can become
confused if the rate is increased suddenly, aqd wogld read everything as a dot.
To cause this, the sender would have to suddenly reduce his dash length by more
than 50%.

The starting address is 02008. When the program is started, it is necessary
to set the switch register to the logic trunk mask because the program reads the
switch register in the initialization routine and deposits the result in the logic

mask. We have found that a clock rate of about 400 Hz is sufficient for sampling-

the logic inputs. If the user wishes to restart the program to re-initialize either

¢

the logic mask, or the dash length, and keyboard interrupt wifl send the brogram

back to location 02008.

The decoded dots and dashs upon reception are assembled into a code word. Upon

detecting an end of character, the program references this word indirectl& to find
the ASCll code for the letter sent. The code word is divided into two 'sections, as
-shown on the following page: the address part (bits O through 5), and the code

“

part (bits 6 through 11).
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As each dot or dash is received, the proper number (0 for a dot; 1 for a dash) is
placed in the link and then‘rotated into bit 11 of the code part. 01008 is added
~to.the address part, which increments bits 3 - 5. The two parts are combined,
with proper masking to prevent overflow, into the complete code word. The éodé
word can uniquely identify any combination of dots and dashes up to a total of
six bits. More than a total of six causes the code part to overflow and the first
bits sent are lost. Jg the code sent contains, for example, 8 dots (the code for
"mistake') the first two dots will be lost. However, the address’part will still

>

be incremented, for each dot, and the number 20008 will result. -This is the ‘only
code in the data list that has an overflow of the code part. Some examples are

shown below to illustrate the code word.

LETTER MORSE. CODE : CODE WQRD
E . 1100
T - 1101
c - 1412
F coms 1402
S . oo 1300
8 —— 1534
? commus ’ 1614 .

When ;he program is started, it in}tializes the dash length to zero, so the
first bit receivgd will Se interpreted as a dash. It clears the software printer
flag, sets the logic mask by réad?ng the switch }egister and initializes the code
word and its parts. The interrupt is activated and the clock is connected to the

interrupt bus.




The program then enters the background program in a wait loop to wait far data
to be printed. As soon as data is placed in the buffer, the background program Ioadsl"’/t
the character, prints it, and tests the buffer count'for more data. If there is no
more data, the buffer address is initialized and the program branchas back to tha
original wait loop. {f there is more data in the buffer, the program enters a wait
loop to wait for the software printer flag. When the printer is ready, the program
loads and prints the data as before.

When aA interrupt is recéived, the program is branchea to the interrupt executive
(location 04008). The machine status is saved. The executive then check; for three
sources of interrupts: 1) the clock, 2) the printer, and 3) the keyboard: When a
printer interrupt occurg, the software flag is set and the program exits back éogthe
background. When a keyboard interrupt occurs, the program is sent back to Fhe
initialization routingﬂ -

When a clock interrupt occurs, the last key status {up or down) is placed in W,
the link. The logic trunks are read in and all unused trunks are masked out. The
present key status (from the logic trunk) is compared to the past key status (in the
link). If they are th; same, the count is incremented (routine COl, location 00508)
and the program exits to the background. If the status changed, the program-jumps
. to the STORE routine (Iocation‘06708) to decide what was sent. |If £he past key
status was down, the decision is between a dot and a dash. If the past status was
up, the decision is either a) the space between a dot and a dash, or b) the space
letters, or c) the space between word§. All Fecisions are based on the length of

the last dash received. . . -
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if the past status was down, the routine compares the count to % (dash length).
If the count is less than % of the dash length, it decides that a dot was sent,
places a 0 in the link and jumps to RCWIC (location 06008) which places the dot
in the code word. When the count is greater than % of the past dash length, the
dash length is gpdated to the value of the count, and a 1 is placed in the link.’
The program then branches to the RCWIC routine.

If the past status was up, again decisions are based on dash length as shown

below:

a) count < 3/h (dash length) = ‘space between dot and dash

. b) 3/4 (dash length) < ‘count

A

3 (dash length) = space between letters

c) céhnt > 3 (dash length) = space between words - ' .

{f a) above is true, the count is initialized and the program jumps to tHe EOI
routine and then exits: If b) is true, the program is sent to the Léttgr routine
{location 05518) which places the letter to be printed into the buffer. If c) is
true, the program goes to the SPACE routine (location 05008), which does one of two
things: 1) deposits the letter to be printed, and a space In the printer buffer, or
2) if the line of print contains more than 30g character, it deposits the letter

to be printed, a carriage return, and a'liné feed in the buffer. The program is then
sent.to the COl routine.

Since the program does,ﬁot.print the letter which was'received until tge
following key up has ended (this is a result of the fact that Morse code is not
uniquely decodable), the last letter of a message would hever bé printed. To.remedy
this, when the count overflows (aftgr.about 10 seconds at 400 Hz) the program
executes a JMS to the LETR routine (1ocation 06228), which deposifs the last letter,
two line feeds, and a carriage return in thg buffer. TEe.LETR routine also clears a
flag (POINT) that prevents LETR from being executed again until more code is received

The flag is set in the STORE routine.
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B39 1
Be9ne

229
2021
na22
35323
Ba24
gues
8726
pEs7
ao39
931
P32
B33
6834
6335
8938
0237
8349
B34l
0842

1912351
pHs1
2952
2953
8854
3955
RY:)
ges7
29563
0361

9962
8963
0954
8345
2245
29467

BL70
DOTI
85972
09713
2074
ants
BR7A
2977
72105
0171

SV LE
PERL

PUIHG
361610]
2260
2005
9361616}
0539

7716
9179

0094
0215
2212
7716
6243
28170
1299
2000
7177
2179
7177

2921
58062
7289
1342
7449
4461
7249
3321
555

DEBD

7335
1924
159 4
1923
5031
5428

1254

7439
5074
5113

425
1529
7159
7315
7120
TH41

%1

N 12 TR W 1019}

0ANY > /50

*20

DALTH,A

COUNT 9

MASKL,A209

SAVE-H

LINKSA

UPDNS,9

LINCNT»T7714

BFFR,170

BFCMNTs9

C215,215

czl12,212

CMsSA»7T7145

C242,240

C178-1706

Cinad,1099

TPFLGsO

M1.7777

BFF15170

POINT,7777

*50

COls ISZ COUNT
JMP EXIT
cLA -
TAD POINT
SzZA
JMS I LETT
CLA CMA
.DCA COUNT
Jup ERIT

LETT,LETR

£XIT., CLA CLL |
" TAD LINK
RAL
TAD SAVZE
10N
JP 18

STOREs CLA
SZL
JMP CPARDN
. JuP CPARUP
CPARDN, NCA UPDNS
TAD DALTH
CLL
RAR
' cLL CHL
Chin IAG

ZCOUNT INC. PROGRAH

/DEPOSITS LAST LETTER WHEN OVERFLOWS

/STORE ROJTINE

/1S PAST STATUS UP OR DN?
/DN3 GO TO DOUN COMPARING
/7P 60 TO UP COMPARING

/COMPARE DOWN COUNT TO DASH LENGTH

rLOAD DASH LENGTH

/¥MUL . DASH LENGTH 3Y (/2
ZCONVERT TO 13 SIT ARITHERTIC

ZHAVE -1/2 X DASH LENSTH IN AC

avin .



0192
G103
D104
2105
0196
6147
114
Bill

2112

8113
0114
2115
9115
6117
@129
2121

122

8123
6124
B125
B124
8127
8136
@131
8132
8133
B134
@135
2135
0137
2149
8141
2142
D143
8144
2145
2144
2147
2159
2151
n152
0153

1021 TAD
7630 SZL
S1t1 JupP
1021 TAD
3020 pca
7120 CcLL
5551 JMP
7109 NEG» .CLL
5551 JMP
7149 CPARUP, CMA
3925 DCA
1948 . TAD
3342 . - Deca
1029 TAD
7294 RAL
19209 TAD
7128 CLL
7941 . cMA
18921 Tap
7433 SZL
5134 Jup
5552 CJwP
7329 TEST» cLA
1929 _TaD
7994 RAL
1029 - TAD
7193 CLL
7919 RAR
7195 ' CLL
7319 RAR
7124 i CLL
7341 cMA
1921 TAD
7435 SZL
5145 JMP
5553 JuP
7280 cLa
3921 DcAa
S45%) JMP

€620 RCYIC, A93
95459 SPACsSPACE
6551 LETLLETTER

COUNT
cLA

NF.G
COUNT
DALTH
CHL

I RCYlC

I RCWIC
GLL '
UPNDNS
M1

POINT

DALTH

DALTH
cuL
1aC
COUNT

TEST
I SPAC
cLL
DALTH

DALTH

/COMPARE LAST COUNT TO DASH LENGTH
/YAS LAST COUNT A DOT OR DASH?
/DOT .

/DASH, UPDATE DALTH

/PUT 1 IN LINK

/PUT DATA INTO CODE UORD

/PUT & IN LIMK .
/PUT DATA 'INTO CODR HORD

/SFT LAST UP-DN STATUS TO DN (12
ZYANT TO CONMPART TO DASH LRENGTH

/MUL. AC BY 2
/HAVE 3X DALTH IN AC

/L = 15 AC = =3C¢DALTH)

/1S 3X DALTH > COUNT? :
/YES -> TEST AGAIN

/NO -> L = 0 -> PRINT SPACE
/BEGIN TO TEST AGAIN

/72X DALTH
/3X DALTH

s

/DIVIDE 3X DALTH BY 4
ZCONYERT TO 13 3IT ARITHMETIC
/L = 13 AC = =3/4¢(DALTHD

/1S 374 X DALTH > COUNT?
/YES -> SPACK BETHEEN DIT 2 DA
/NO => L = 8§ => PRINT LETTGR

/7SET COUNT TO 2




BAE0

nea1l -

D692
2603
D634
0605
D696
Bsa7
0619
0h11
6612
9613
B614

. 6615

2615
B617
8629
621

8522

8423

B624
2625
8626
D527
856373
8631
9632
9633
2634
04635
D535
3637
D549
Ga41
g6 42
2643
BE 44
85 45
8545
0647
D457
7651

p4is52.

9653
B654
B4555
D655

72050
3921
i215
7004
3215

1217

1216
3217
1215
g221
1217
3229
5858
01215301
0199
19038
15161014]
EO7T7

2899
7280
1229
3255
1556
3427
2027
2839
1536
3217
3229
3215
3342
1932
3427
2927
2933
1931
3427

2927

2930
1932
3427
on27
2638
1233
3924
5622
s]s015!

*673
cLa
DCA
TAD
RAL
DCA
TAD
TAD
DCA
TAD
AND
TAD
pca
JMP
Cis9

GDCNT»>0190

ClinA, 18860

CUMSK,8277

LETR» 8
cLA
TAD
‘peca
TAD
DCA
ISZ
1%
“TAD
pca
pcA
pca
pca
TAD
DCA
isz
1Sz
Tap
DCA
iz
1Sz
TAD
DCA
1S2
182
TAD
pDcA
JiP

SCUl+5

COUNT
cu

cw
CtlA
CDCNT
CuA
cw
CUMSK
cua
cur
COl

CwpP
SCu

I SCu
I BFFR
BFFR
BFCNT
Ci1999
cuA
cHlP

cH
POINT
c2182

I BFFR
BFFR
BFCNT
C215

I 3FFR
BFFR
BFCNT
cri12

I BFFR
BFFR
BECNT
C+158
-LINCNT
I LETR

o ————

/RCHIC: ROTATES DATA FROM LINK
ZINTO CONT H0RDs  CLRAR COUNT
/LOAD PREVIOUS CODT PORTION

/ROTATE STATUS INTO CODR HORD

/JDEPOSIT IN CODE PORTION OF WORD
/L0OAD ADDRESS PORTION (AC#=5)
7UPDATE ACY-5

/LOAD CODT CAC6=-11) .
ZMASK 0YT AGH-5

/ADD ACO-S TO COD=
/DEPOSIT UPDATED CODE WHORD
ZINCREMZNT COUNT

/PLACES LAST LETTER SENT,
/CARR. RETURN, % LINE FEED
ZIN TTY BFFR:LOAD CODE UORD
/DUMP IN TEMP. LOCATION
/L0AD ASCII FOR COD®

_/DUMP IN TTY BUFFER

ZINITIALIZE CODE UYUORD ADDRESS
ZINITIALIZE CODE WORD
ZINITIALIZE CODE FORTION

/SET POINTER

ZLOAD LINE FEED

/DUMP IN TTY BUFFZR

SCARRIAGE RETURN IN BUFFER

§

FLINE FEED IN BUFFER -

ZINITIALIZE LINS COUNT
FEKIT



B209
02061
8202
0203
0294
2205
8295
0207
0219
0211
p212

9213
n214
8215
B216
8217
B220
p221

oez2

p223
224
B225
B226
pez27
p230
P23l

0232

8233
6234
2235
B235
95237
0249
2241
0242
@243
C244
A245
0245
@247
3253
2251

Base

neas3
9254
8255

7360
3220
3037
7404
3022
3553
3454
1036
3655
6091

6144

7209
1439
7559
5214
7220
1635
3041
1441
6% 46
7290
6092
1639
1049
3339
1939
631

. T443

5237
6992
5244
20641
7280
3037
1437
75659
5242
5222
7289
1035
3927
£001
5214
35195
D627
6617

*20%

START, CLA
DCA
nca
OSR
DCA
pcAa
DCA
TAD
DCA
10N

CLL
DALTH
TPFLG

MASK

I BCW -

I 3CuP
ci10a69
I BCWA

6144

cLA
LOOP., TAD
SPA
JMP
CLA
TAD
DCA
ANT, TAD
TLS
.CLA
10F
TAD
TAD
DCa
TAD
10N
SZa
JiP
I10F
Juir
CONT. I1SZ
CLA
DCA
Tan
SNA
JMP
JMP
IMIT, cLA
TAD
DCcA
ION
JMP
BCH.CY
BOWP,CUP

BCWAL,CUA

"BFCNT
SNA
0“2

Cr72
BFF1
I BFF1

BFCNT
11

BFCNT
BFCNT

CONT

INIT
BFF1

TPFLG
TPFLG
cLA
-2
ANT

C179
BFFR

LOOP

ZINITIALIZING PROGRAM
/SET DASH LENGTH = @

/SET 'LOGIC MASK FROM 3R

JCONNECT CLOCK FLAG TO INTER.
/BACKGROUND PROGRAM

/SKIP IF AC > @

ZUAIT FOR CHaR. IN BUFFER -
JPRINT OUT FOLLOUS

/RESET BUFFER ADDRESS TO 179

/LOAD CHARAGCTER
/PRINT CHARACTER

/DECREMENT BUFFER COUNT
/FINISHED?
/NO :

/YES
7INC. SBUFFER ADDRESS

/CLEAR TPFLG

/9AIT FOR PRINTER FLAS
/PRINT NEXT CHARACTRR




D4L4AB
K41
72402
nana
D434
D435
Q406
2437
@419
8411
Bai2
0413
B414
G415
Bals
D417
BH2G
2421
D422
3423
Ba2a
D4azs
DA2E
a427

G437

2431
D432
D433
0434
2435
2435
0437
pasG
BDaq}

3423
THVE
N2 A
6141
7410
5217
6041
7410
5236
65031
T418
5215
7432
6332
5641
6145
72232
1023
139 4
1293
5974
age2
7433
5233
7453
5079
S453
7459
545%
S370
6542
2937
5GA2
2249

* 407

KY35,

CLOCK

NneA SAVFE
RAR

NCA LINK
Alal

SKP

JMi? CLOCK
6941

SKP

JMP PRSER
6931

SKP

JiP KYBS
HLT

KCC

Jup 1 RSTART

6145

CLA
TAD UPDNS
RAL
cLA
6074
AND MASK

SZL

JiP NZL
SNA

JuP STORE
JuP coI1
SNA

J¥P co1l
JMP STORE
6042

1SZ TPFLG
J¥P EXIT

RSTART»>START

.

ZINTERRUPT RARCUTIVE
/SAVE MACHINE STATUS

/715 1T CLOCK?
/NO

/YES

/715 IT PRINTER?
/NO

/7YES

/715 1T KEYBOARD?
/NO

/7YES

ZUNYANTED INTER.

/KEYBOARD RESTART
/CLOCK SERVICE

/PLAGCE LAST UP-DN STATUS INTO AC -

/ROTATE UP-DN STATUS INTO LINK

/READ LOGIC TRUNMKS

/MASK OUT ALL UNUSED RITS
/ZIF LINK=3 -> UP3 1 =-> DN
ZLINK = 1

/STATUS CHAMBED - STORE UP COUNT
/STATUS SAMZ - INC. COUNT

/STATUS SAMEZ - ING. COUNT
/STATUS CHAMGSD - STORE DN COUNT

/PRINTER SERVICE

/SET PRINTER FLAG

10
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8589 2024 SPACE, 1SZ LINCNT /SPACE & CARRIAGR RETURN DEPOSIT
35601 79063 NOP
p592 7209 cLa /DEPOSITS LAST LETTSR SENT IN
@SB3 1744 TAD I DCY : /TTY BFFR BEFORE DEPOSITING
Bse4 3350 ' DCA TMCY /THE SPACE OR TH< CARRIAGE
A50S . 1759 TAD 1 TMCH : /RETURN & LINE FEED
0506 3427 DCA 1 BFFR
B5G7 2627 ' I1SZ BFFR
@510 2030 ISZ BFCNT
9511 1036 TAD C1990
3512 3745 © DCA I DCUHA
0513 3745 DCA I DCUP
G514 3747 DCA 1 DCW
8515 1924 TAD LINCNT
8516 7519 SPA
#517 5335 JMP PRSPA ,
0520 7220 - cLA /DEPOSIT OF THE CARRIAGE RETURN
2521 1031 X TAD €215 /% LINE FETD IN TTY BFFR .
P522 3427 DCA I BFFR
@523 2827 I1SZ BFFR
G524 2339 ISZ BFCNT
8525 1832 ‘TAD Cc212
B526 3427 DCA 1 BFFR -
8527 2827 I1SZ BFFR
B538. 2939 1SZ BFCHNT
8531 1033 TAD CMS%
9532 3024 DCA LINCNT
8533 3821 ‘ DCA COUNT
#534 5959 JMP COI
8535 7253 PRSPA, CLA /DEPOSIT SPACE IN TTY BFFR
" @536 1634 TAD C249 . . ,
D537 3427 DCA 1 BFFR :
B543 2827 I1SZ BFFR
3541 2235 15Z BFCNT
8542 2825 1SZ LINGNT
0543 38521 DCA COUNT
6544 S350 - JuP col

8545 D517 DCHALCHA
0545 5425 DCUP-CHP
8547 515 DCHLOCW
2550 9952 TG4

#551 2924 LETTRR, ISZ LINGNT /PLACES LETTER SENT INTO
A552° 7609 NOP /TTY RUFFER

0553 7239 .CLA4

@554 1771 TAD I AGUWP

2555 3373 © DCA TCH

@554 1773 , TAD 1 TCW X

@557 3427 DCA I BFFR

2540, 2627 1SZ RBFFR

8541 2530 ISZ RBKFCNT

11




Boa 7
won3
BS54 4
A565
0565
3567
8579
8571
8572
8573

1180
1191

1289
12a1
1252
i283

1390

1301 -

1392
1383
1384
1325
1395
1397

1493
1431
1492
1493
1434
1495
1435
1437
1419
1411
1412
1413
1414
1415

1590
1591
1502

1563.

15734
1505
1564
1567
151¢

11334
3779
3771
37712

3621

5059
8617
B629
3615
js}alo]c]

8325

0324

2311
2321
8316
6315

8323
5325
0322
2327
B334
%313
2327
h317

2313
8324
G364
2993
4314
6300
5329
5312
9342
03349

" D333

6331
9332
7321

4265
0254
890%
0243
0939
Ba%5
0399
(18432
0243

ACHASCHA
ACYIPCUP
ACULCW
TCW->9

*1100
395
324

T %1299

311
351
316
315
%1357
323
325
322
327
334
313
397
317
*1439
319
324
335
029
314
393
323
312
392
335
3933
331
332
221
%1590
265
254
Bo3
243
595
299
359
242
243

TNAD
NneA
DCA
DCA
nca
JMP

c16nY

I ACHA
I ACUY
1 ACY

COUNT

cor

12

/ASCI1I CODE LIST
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1511
1512

1517
1529
1521
15272
1523
1524
1525
1526
1527

1530
1531
1532
1533
1534
1535
1536
1537

1680

1605

1614

1625

1643

%243
%336

9261
8265
9337

-Pas7

0243
B243
8243
D246
8243

0267
2030
2869
9996
0279
26989
0271
0269

@252

243
336
%1517
241
2466
337
257
243
243
243
246
243

*¥1539

267
06%
039
299
279
91510]
271
263
%1690
252

%1695

244
*15614
2717
*15625
256
*1663
254
%1799

- 252

*2U 99D
252

13




ACY
ACHNA
TACUP
ANT
new
BCUWA
BCUP

- BFCNT
BFFR
BFF1
CDONT
CLOCK
CM50
CoI
CONT
COUNT
CPARDN
CPARUP
cu
cuA
CUsK
CcupP
ci1829
ci170
c212
c215
C243
C40%
DALTH
bCY
neua
DCUI’
EXRIT
INIT
RYBS
LET
LETR
LETT
LETTER
LINCNT
LINK
Loor
"MASK
M1
NEG
NZL
POINT
PRSER
PR5PA
BCWIC
R3TART
S5ave

0572
hS7¢6
0571
n222
7 ]s] !
B255
ne54
8039
8827
2341
8616
B417
0233
0059
8237
321
0074
2113
9615
8617
gs21
D620
09345
7935
6832
8931
8534
apae
2320
2547
545
8544

- BDS2

pe4as
0415
2153
D22

0551

2551
0524
ga24
2214
022
G247
8111
D433
B 42
4386
6535
2151
0441
6323

L 3]

scu
SPAC
SPACE
START
STORE
TCH
TEST
TMCu
TPFLG
UPDNS

0656
2152
7547
0200
2816
@573
w1392
0552
2037
ea2s




