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The compact cassette is an ideal medium for data storage 
and transport for microcomputer systems: it is small, 
robust and simple to use. However, the cost of a digital 
cassette recorder can be disproportionately high compared 
with the rest of a microcomputer system. 

An economical solution is to use an audio cassette recorder. 
This is a relatively cheap device, which many people 
already possess. The use of an audio cassette recorder 

obviously involves compromises in performance, but, with 
a carefully designed interface, the result can be a cheap, 
reliable data-storage system. Two approaches are described 
here: firstly, a simple hardware interface; and secondly, a 
more sophisticated hardware interface. Error-correcting 
software is described with the first interface although, in 
practice, this has been found unnecessary. 

1 Simple hardware with error-correcting software 

This approach uses a hardware interface designed from 
a minimum of easily obtained components. No changes 
to the cassette recorder are required, nor is special 
software necessary. The interface is capable of operating 
at up to 1200 baud. 

To complement this simple hardware design, an error-
correcting program is described to enable reliable 
operation. 
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Hardware 

Data is recorded by switching a 5 kHz oscillator on and 
off and recording the resulting signal on the cassette. Thus 
the presence of a 5 kHz tone represents a one, and the 
absence of a 5 kHz tone represents a zero. An unrecorded 
tape will thus contain all zeros. Figure 1 shows the basic 
operation of the hardware. The 5 kHz tone h ~ been 
chosen so that the circuit can be used with even the 
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Fig. 1 Basic recording technique. 
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cheapest and simplest cassette recorders. This approach 
has been found extremely reliable in the laboratory, using 
standard cassettes in conjunction with the error-detecting 
Absolute Object format as described in Application 
Memo SS51. 

Recording circuit 

Figure 2 shows two circuits to produce the encoded 
signal for the cassette recorder. Alternatively, the 5 kHz 
signal can be generated by software. R6 in Fig. 2(a) is 
used to ensure fast starting of the oscillator. However, the 
value must be such that the oscillator can be turned on 
and off correctly. 
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received, the resulting pulse train prevents the voltage 
across the capacitor, on the input to the Schmitt trigger, 
from rising above the threshold voltage, causing a one to 
be presented on the data output. When the input from the 
recorder is azero-signal (no 5 kHz tone), the capacitor 
is not discharged and the output is a zero. Figure 4 shows 
the waveforms through the playback circuit. 
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Playback circuit 

The playback circuit is shown in Fig. 3. The first half of 
the LM393 is used to square the signal from the cassette 
recorder, while the second half acts as a monostable to 
provide pulses of equal length. When a 5 kHz signal is 
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Fig. 4 Waveforms associated with the circuit of Figs 2 and 3. 
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Software 

The software determines the data format, the baud rate 
and the error-correcting characteristics of the data storage 
system. The audio cassette recorder does not have facilities 
such as start, stop, reverse etc. that are common to digital 
cassette recorders. This severely limits any actions that 
can be taken when errors are detected during reading. A 
program to provide error-correction for drop-out errors up 
to 511 bits long every 2049 bits is described here. Alter-
natively, when using a TWIN system, a suitable output 
format is available from the WHEX command. Although 
this alternative does not provide error-correction, it has 
been found extremely reliable in the laboratory. 

Data format 

The data is recorded in blocks of 32 data bytes plus 
6 control bytes. The format of a block is shown in Fig. 5. 
The number-of-bytes entry is fixed at 32 except for the 
last block, where the value 66 is used to indicate end of 
data transmission. The two block control characters 
(BCCs) are obtained by performing an exclusive OR 
operation with each data byte on the BCC, and then 
rotating the BCC one place left. The initial BCC is an 
`FF' byte. 
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Fig. 5 Data format. 
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Fig. 6 Splitting a data byte and adding start and stop bits. 

Because clock information is not recorded, data should 
be treated as asynchronous, and each byte thus preceded 
and followed by start and stop bits respectively. In Fig. 6, 
a data byte is split into two hexadecimal characters and 
each of these preceded by a start bit (0) and followed by 
two stop bits (O1). 

The entire block (data plus control bytes, with start and 
stop bits) is recorded three times to form a triad. The 
address counter is then incremented by 32 and the next 
block recorded three times. The last block contains no data: 
it is used to indicate end-of-data and consists of a start 
character followed by three bytes containing the value 66. 
The program then detects a block length of 66 and re-
cognizes end-of-data. 

Automatic control of the recording level is a common 
feature among the cheaper cassette recorders. This 
can cause a high noise level when recording zeros and a 
distorted signal when recording the first characters of a 
sequence. These effects can be overcome by preceding the 
data by a leader of ones of about 600 ms, to allow the re-
cording level to stabilize. A short sequence of ones is 
recorded before each data block to provide synchroni-
zation following possible drop-outs. 

Bit and byte rate 

These rates determine the storage capacity of the tape and 
the sensitivity of the recording to drop-outs. As the bit 
rate is increased, more bits are affected by a bad section 
of tape and the number of cycles of the 5 kHz tone 
recorded per bit is reduced. The byte rate can be 

increased by decreasing the number of repetitions of 

each block. 

Error correction 

The error-correction system is based on the assumption 
that errors will occur with a length of 511 bits or less, only 
once in any sequence of 2049 bits. This means that at 
least one block in every triad should be error-free. 

The read section of the program looks for a start character 

and then stores the start address, block length and address 

BCC. If the address BCC is correct, the program stores the 
following 32 data bytes. If the data BCC is correct, the 
next start address (old address + 32) is written into an 
address control location (ADCO). The following data 
blocks are only stored if the address in ADCO corresponds 
to start address of the block and the address BCC is correct. 
This ensures that the repetitions of a block read correctly 
the first time do not overwrite that block. 

If either of the BCCs is incorrect, or if the address in ADCO 
does not correspond to the block start address, the program 

branches to ERRA and adds one to the error count 
(ERCN). The data could still be read correctly if ERCN 
is 4 in the case where errors occur in the last two blocks 
of one triad and the first two blocks on the next triad. 
Consequently, the program aborts when ERCN reaches 5. 
If all three blocks of a triad contain errors, the address in 

ADCO will be permanently out of step with the following 

block start addresses, and the error count will increment 

on each block until the program aborts. 
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Performance 

The performance of the system is summarized in Table 1. 

TABLE 1 Performance of simple hardware and error-correcting 
software recording system 

recorded bit rate (bits/s) 
data byte rate (bytes/s) 
storage capacity (bytes) on C60 
cassette 
maximum drop-out for guaranteed 
correction 
transport speed tolerance 
program size 

1200 

23,4 

126 k 

511 bits in 2049 bits 
± 7,5% 

416 bytes + 9 RAM 

2 Frequency-shift keying system 

In the system previously described, loss of a cycle of the 
5 kHz tone would result in corruption of the data signal. 
This could be overcome by increasing the time constant 
of the detector and decreasing the baud rate to give a 
greater degree of redundancy. This is done in the FSK 
system, which uses a baud rate of 880 baud compared to 
1200 baud for the simple system. The FSK system also 
possesses a higher noise immunity as it must discriminate 
between two separate frequencies instead of using a 
simple amplitude detector. 

The FSK method requires considerably more hardware 
than the simple method previously described. The 
software storage requirement is about the same, although 
error-correction is not included. However, the software 
offers more flexibility in the use of read/write operations. 
The data is stored at a rate of 880 baud, so that each side 
of a standard C60 cassette can easily store 64 kbytes. The 
data is written in blocks of variable size, with the relevant 
source or destination memory addresses specified in the 
write or read commands. 

FSK recording 

In the FSK system, a one is represented by a high tone 
and a zero by a low tone. The choice of these frequencies 
is determined by the bandwidth of the recorder, the 
redundancy and transfer rate of the recording and the 
frequency ratio required by the demodulator. 

The maximum frequency, f l , is about 7 kHz and the 
transfer rate has been selected as 880 baud. The whole 

Cassette recorder operation 

Writing 

First, the start and end addresses of the data to be written 
(2 bytes each) must be written into the locations at label 
ADRS (line 16). The tape recorder should then be 
switched to record and an oral identification of the tape 
recorded. The processor is then directed to the write 
start address. STRT (line 28). The program will then 
output a leader of ones for 600 ms, followed by the data 
bytes between the addresses specified and halt at address 
4F0 (line 105). 

Reading 

To read back the data from cassette, the processor is 
directed to the READ start address STAR (line 107) and 
the recorder switched to replay. The program will halt 
at FINI (line 158) if the data has been read correctly or at 
ERRS (line 165) if the data was not recovered correctly. 

multiple of the transfer rate that is nearest 7 kHz is 
8 x 880 = 7,04 kHz. This means that a one will be 
recorded as a series of eight sine-waves. Because the 
demodulator will still work correctly with one or two 
cycles missing, the requirement for redundancy in the 
recording is satisfied. 

The frequency for a zero, f0, is determined by the 
frequency ratio required by the demodulator. A ratio 
of f0/fl = 0,8 is suitable and allows the zero to be 
recorded as six cycles of 5,28 kHz. 

Data format 

The eight-bit bytes are recorded serially, with an odd-
parity bit for each byte. The use of the odd-parity bit 
ensures that each recorded byte contains a one, which is 
required to maintain synchronization. 

The data format is shown in Fig. 7. The data is preceded 
by a leader of ones for about 20 seconds. This allows the 
recording level to stabilize and provides synchronization 
of the clock on playback whilst also easing manual 
operation of the recorder. The leader is followed by a 
number of zeros to act as start bits before the data 
commences. 

In order to provide a greater degree of synchronization, a 
Return-to-Zero FSK method is used. This means that a 
zero is represented by fp for a full bit-time, while a one 
is represented by fl for only 60% of a bit-time, the 
remaining 40% being f0. This is illustrated in Fig. 8. 
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Hardware 

The cassette recorder used for this system was a Philips 
Automatic Recorder type N2215. Brief specifications of 
this recorder are given in Table 2. The recorder has an 
automatic recording level control and athree-digit tape 
position counter. Any recorder of similar or better speci-
fication could be used in this application. 

The interface between the recorder and the micro-
processor system is shown in block diagram form in 
Fig. 9. Only six connections are required, three to the 
microcomputer and three (2 signals and a common) to 
the recorder. Figure 10 shows the circuit diagram of the 
interface hardware. 

TABLE 2 Recorder specification in brief 

bandwidth 

output 

required input 

wow and flutter 

tape speed 

80 — 10 000 Hz (±8 dB) 

1 V rms into 12 kSZ 
0,2 mV into 2 kS2 
< 0,4% 
4,76 cm/s ±2% 

Modulator 

Phase-locked loops are used to generate the three 
frequencies required: 880 Hz for baud rate, 5,28 kHz for 
f0 and 7,04 kHz for fl. The baud rate is determined by U3, 
and can be adjusted by Rl. U4 and US generate fl and 
fp respectively, being synchronized to the 880 Hz baud 
rate clock. The NAND gates of U2 are used so that the 
FLAG output of the 2650 microprocessor controls the 
frequency to be recorded (f0 or fl), see Fig. 8. 

Although the signals generated by the phase-locked loops 
are square waves, the limited bandwidth of the recorder 
suppresses the harmonics, reducing the signals to the 
fundamental sine-waves. 

Elements U~ and Ug, four-bit counters, are used to 
improve the synchronization of the frequencies f0 and fl. 

Demodulator 

The demodulator is aphase-locked loop, U6, set to a 
frequency between f0 and fl. When driven by the output 
of the recorder, the phase-locked loop develops an error 
voltage across pins 6 and 7, which is then detected as zero 
or one by the comparators, U2. One output of the 
comparators is used to synchronize the 880 Hz baud rate 
clock and the other provides the demodulated data to the 
SENSE input of the microprocessor. When there is no 
input from tape, the output of the demodulator must be 
inhibited. This is accomplished by the comparator U2, 
pins 8, 9 and 14, which inhibits the demodulator output 
when there is no signal from the tape. 

The demodulator can be easily adjusted by means of R2. 
While the leader (all ones) is read, R2 is adjusted to make 
the signal across pins 4 and 5 of U2 symmetrical. 

Software 

The software is a program that reacts to commands typed 
on the keyboard/teletype by the user. The actions that 
can be specified in the commands are: write a number of 
bytes, or read a number of bytes. The number of bytes is 
determined by the start and end addresses that must be 
specified, thus the read/write action can access any part 
of the memory. 

The program relies upon the use of the 2650 PIPBUG* 
monitor/loader: this is assumed to be resident in the 
microcomputer system. Figure 11 shows a simplified flow 
chart for the program. A listing is given in the Appendix B. 

The program does not provide error correction, although 
this could be incorporated in the same manner as in system 1 
without difficulty. 

* See 2650 Application Memo SS50. 
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Fig. 11 General flow chart of the FSK software. 

Cassette recorder operation 

If careful use is made of the tape position counter, 
several independent blocks of data can be stored on the 
same cassette. Before recording, the tape should be 
rewound so that the beginning of the oxide has just passed 
the recording head. The tape counter is then set to zero. 
The first block of data can then be recorded, the tape 
wound forwards until the position counter reads, for 
example, 50, and then the next block of data written. 
Provided that the user keeps accurate notes of the position 
at which the data is recorded, it will be retrievable. A 
standard C60 cassette can easily contain up to eight 
blocks of data, each of 8 kbytes plus leader, on each side. 
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When the tape has been positioned correctly, the cassette 
program should be entered. The text, ** ACASIF **, will 
be displayed and the read/write command entered. The 
command format is: 

R nnnn aaaa 
W nnnn aaaa 
P 

where nnnn is the number of bytes to be transferred, 
four hexadecimal digits, aaaa is the start address of the 
data, four hexadecimal digits and R, W, P represent the 
commands read, write or return-to-PIPBUG. If the 
command is not rejected (?? displayed) the recorder 
should be switched to playback/record as appropriate. 
When the data transfer is complete, the text, ** EOJ **, 
is displayed and the program waits for the next command. 
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Appendix 1 

Assembler listing for the error-correcting program for system 1. 

LINE 

1 
2 
3 

PIP ASSEMBLER 

ADOR LABL 

0000 
0001 
0002 

VEkSION 2 LEVEL 1 

R1 02 R3 04 ERROR 

PAGE 1 

SOUkCE 

k0 EQU 0 
R1 EQU 1 
R2 EQU z 

4 0003 R3 EQU 3 
5 0000 Z EQII 0 
6 0001 P EQU 1 
7 0002 N EQU 2 
8 0003 UN EQU 3 
9 0000 EQ EOU 0 
10 0001 GT EQU 1 
11 0002 LT EQU 2 
12 0010 R5 EQU H+10+ 
13 OOOH wC EQU H+OB+ 
14 0002 COM EQU H+U2~ 
15 ORG H+440+ 
lb 0440 ADRS RES 4 STRT/END ADRS 

17 0444 HOLD RES 1 
1H 0445 ADCO RES 1 ADkS CONTROL 
19 0446 STOR RES i 
zn 0447 ERCN RES 1 ERROR COUNT 
21 0444 AOkF RES 1 ADRS FLAG 
22 ++ PROGRAM STORES 2650 MEMORY BYTES ON AUDIO CASSETTE-
23 +' WITH ERROR COKRECTION FOk Sll BITS DkOP OUT IN 2049-
24 ++ HITS AND SPEED VARIATION OF + OR - 7.8 PER CENT.-
25 w DATA RATE IS 23.4 BYTES/SEC (46.8 HEX CHARS/SEC1. 

26 ~ wkITE CASSETTE STkT 
27 0449 0449 7S FF STRT CPSL H+FF+ 
2H 044B 76 40 PPSU H~40~ 
29 044D OC 04 42 LODA,RO ADk5+2 SUB ST11T 6 END ADKS 
30 0450 OD 04 43 LODA+R1 ADkS+3 
31 0453 AD 04 41 SUBA.R1 ADRS+1 
32 0456 77 09 PPSL wC 
33 0458 AC 04 4U SUBA,RO ADKS 
34 O45H 7S OA CPSL wC 
3`_i 0450 CC 04 42 STrtA,RO ADk5+2 ADkS+2 HOLDS N0. OF BYTES 
36 0460 CD 04 43 STRA.RI ADk5+3 
37 0463 07 00 LODI,R3 0 
38 0465 04 FF LODI+RO H+FF+ 
39 0467 BO wRTC+RO 
40 046H 046H 20 TIM1 EORZ RO LEADER OF Nal 
41 0469 F8 7E BDRR,RO £ 
42 046N FB 7B HDRR.R3 TIM1 
43 046D 046D 06 03 BGN LODI•R2 3 
44 046E 046E OT 00 BGNO LOOI+R3 U 
45 0471 OS FF LOOI,kI H+FF+ 
46 0473 T7 10 PPSL KS 
47 0475 07 06 LODI,R3 6 
4H 0477 04 FF LODI,RO H+FF+ 
49 0479 BO wRTC,RO 
50 047A 047A 20 TIM2 EOkZ RO kE-SYNC FOR READ PROG. 
S1 047H Fa 7E BDRR,RO k: 
52 047D FB 7H RDRk,R3 TIM2 
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PIP ASSEMBLER VEkSION 2 LEVEL 1 PAGE 2 

LINE ADDR LAHL B1 d2 H3 84 ERRON SOURCE 

53 047E 04 CF LODI+KO H~CF~ U/P STRT CHAR CF 
54 04R1 3F OS DU HSTA,UN OPRO 
55 0484 75 10 CPSL RS 
56 04R6 0486 OF 64 40 BGN1 LODA.RO ADkS.R3 HEGIN ADDRESS 0/P 

57 0489 3F OS d3 BSTA,UN UBYT 
Sd 04RC 21 EORZ R1 
59 048D DO RRL.RO 
6U 049E C1 STR7_ R1 BCC STEP 

bl 048E 87 O1 ADOI,R3 1 
62 0491 f.7 02 COMI+R3 2 
63 0493 98 71 BCFR,EU BGN1 BR TWICE 
64 0495 04 20 LODI,RU 32 
65 0497 3F OS B3 BSTA.UN 06YT 0/P BLK LENGTH 
66 049A 21 EORZ R1 
67 0499 DO RRL,RO 
6H 049C 3F OS 83 ASTA+UN OBYT U/P ADkS HCC 
69 049E OS FF LODI,R1 H~fF~ ADRS 6 eCC 0/P COMPLETE 
70 OaAl~ 07 00 LODI+R3 0 
71 U4A3 04A3 OF E4 40 BGN2 LODA,RO pADRS,R3 BEGIN DATA 0/P 

72 044f, 3F OS 83 BSTA,UN UBYT 
73 04A9 21 EORZ R1 
74 04AA DO RRL+RO 
7i 04AB C1 STRZ R1 
76 04AC 87 O1 ADDI+R3 1 
77 04AE E7 20 C0MI,R3 32 
78 0490 9b 71 HCFR,EO BGN2 AK 32 TIMES 
79 0492 3F OS H3 ASTA,UN UBYT 0/P DATA BCC 
80 OvHS FE U4 6F BDRA+R2 dGN0 
H1 0499 20 EOKZ RO ADD 32 TO STRT ADRS 
82 0499 OS 20 L0DI,R1 32 
H3 O4HH HU 04 41 ADDA.R1 ADRS~1 
84 049E 77 U8 PPSL wC 
85 04C0 8C 04 4U ADDA+RO ADHS 
86 04C3 75 OA CPSL wC 
d7 04C5 CD 04 41 STHA+R1 ADRS+1 
A8 04C8 CC 04 40 STRAsRO ADRS 
89 04CH OD 04 43 L0DA.R1 ADrtS•3 SUd 32 FROM NU. OF BYTES 
90 04CE OC 04 42 LODA,RO ADRS.2 
91 04D1 AS 20 SUAI,R1 32 
92 04D3 77 08 PPSL wC 
93 04D5 A4 00 SUAI+RO 0 
94 04D7 75 OR CPSL wC 
95 0409 CU 04 43 STitA,Rl ADH5~3 
96 040C CC 04 42 STRA+RO ADk5~2 
97 04DF 9E 04 60 BCFA+N BGN 
9H 04E2 04 CF LODI•RO H~CF~ STRT CHAR 
99 04E4 3F OS DO BSTA,UN 0Pk0 
100 04E7 07 03 L0DI+R3 3 
101 OaE9 04E9 04 66 EOFI LODI,RO H~66~ END CHAR 
102 04EH 3F 05 H3 RSTA,UN UBYT 
103 04EE Fd 79 BORR+R3 EUFI 
104 04F0 40 HALT WRITE TO CASSETTE COMPLETE 
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PIP ASSEMBLEk VERSION 2 LEVEL 1 PAGE 3 

LINE ADDR LABL B1 B2 B3 d4 ERROR SOURCE 

105 ++ READ CASSETTE STRT 
106 04F1 04F1 75 FF STRR CPSL H~FF~ 
107 04F3 76 40 PPSU H~40~ 
lOH 04F5 04 O1 LODI,RO 1 
109 04F7 CC 04 4d STRA,RO ADRF 
110 04FA 20 EORZ k0 
111 04FH CC 04 47 STRA•RO ERCN 
112 04FE 04FE 3F 05 7i FIND HSTA.UN IBYT FIND START CHAR. 
113 0501 18 7H HCTk,UN FIND 
114 0503 0503 75 l0 NDST CPSL kS 
115 0505 07 00 LODI+R3 0 
116 0507 05 FF LORI+R1 H~FF~ 
117 0509 0509 3F 05 71 L002 RSTA,UN IBYT 
118 OSOC CF b4 40 STRA,RO ADRS+R3 STR STRT ADRS 
119 OSOF 21 EOkZ kl 
12U 0510 00 RRLsRO 
121 US11 C1 STRZ kl BCC 
122 0512 87 U1 ADDI,R3 1 
123 0514 E7 03 COMI.R3 3 
124 0516 9a 71 BCFR+EG1 LOU2 
125 0514 04 b6 LODI,Rp H~66~ LOOK FOk END 66 
12h 051A EC 04 42 COMA+RO ADkS+2 
127 0510 1C 05 60 BCTA,E~ FINI 
128 0520 3F 05 7l BSTA,UN IBYT 3 ADRS IN 
129 05?_3 E1 COMZ R1 CHK AUKS BCC 
13U 0524 9C 05 61 BCFA+EO ERkA 
131 0527 04 O1 LODI,RO 1 
132 0524 EC 04 4d COMA,RO ADRF 
133 052C la OH BCTR,E~ HERE 
134 052E OC 04 41 LODA,RO ADkS+1 CHK FOR NEXT BLOCK 
135 0531 EC U4 45 COMA,RO ADCO 
13n 0534 9d 2H BCFF2,E0 ERRA 
137 0530 0536 07 00 HERE LODI+R3 0 ADRS CORkECT 
13H 053H 05 FF LODI+R1 H~FF~ 
139 053A 053A 3H 35 L003 BSTR,UN IBYT 
140 053C CF E4 40 STkA+RO "ADRS+k3 
141 053E 21 EOkZ R1 
142 0540 DO RRL,RO 
143 0541 C1 STRZ kl BCC 
144 0542 87 O1 ADDI+R3 1 
145 0544 E7 20 COMI,R3 32 
14h 0546 9d 72 HCFR.EW L003 
147 054H 3F OS 71 BSTA+UN IBYT 32 BYTES IN 
14H 054H E1 COMZ H1 CHK DATA BCC 
149 054C 90 13 HCFR,EO ERRA 
150 054E OC 04 41 LODA,RO ADRS+1 DATA CORRECT 
151 0551 84 20 ADDI,RO 32 
15?_ 0553 CC 04 45 STRA,RO ADCO INC. ADCO RY 32 
153 0556 20 EOkZ k0 
154 0557 CC 04 47 STRA,RO ERCN kESET ERCN 
155 055A CC 04 48 STkA+RU ADRF RESET ADRF 
156 0550 1F 04 FE BCTA,UN FIND 
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PIP ASSEMBLER vERSION 2 LEVEL 1 PAGE 4 

LINE AODR LABL 81 82 63 84 EkROR SOURCE 

157 0560 0560 40 FINI HALT PROGRAMME READ CORRECTLY 
15R 0561 0561 04 O1 ERRA LODI+RO 1 
159 0563 RC 04 47 ADUA+RO ERCN INC. E:kCN 
160 0566 CC 04 47 STRA+RO EkCN 
161 0569 E4 OS COMI+RO 5 
162 0569 18 03 RCTR+EU ERkS T00 MANY ERRORS 
163 056D 1F 04 FE RCTA+UN FIND 
164 0570 0570 40 ERRS HALT PROGkAMME NOT READ CORRECTLY 
165 u SUHROtJTINES SUBROUTINES SUBROUTINES SUBROUTINES 
166 ~ I/P PGM HYTE IN TWO BYTES 
167 0571 0571 77 10 IBYT PPSL RS 
16R 0573 Ob 00 LODI+R2 O FIkST/SECOND FLAG 
169 0575 0575 OS 00 UNO LODI+R1 0 
170' 0577 07 OS LOOI+R3 5 
171 0579 0579 30 ON1 REDC+kO 
17?_ 057A lA 70 DCTR+N ON1 E3R IF HIT 7 = 1 
173 057C 3b 30 RSTR+UN HAHI HALF DIT DELAY 
174 057E: OS7E 3d 2A ON2 BSTR,UN EDIT FULL DIi DELAY 
175 05H0 30 REDC+RO 
176 U5H1 44 80 ANDI+RO H►80► TAKE DIT 7 
177 05H3 61 IOkZ RI 
178 0584 Ci STkZ kl 
179 05H5 D1 RRLsRl 
1H0 0586 Fd 76 BDRR,R3 ON2 HR FOR 5 BITS 
1H1 05H8 36 20 DSTR+UN FBIT STOP dIT 
18?_ 058A D1 RRLsRI 
lA3 OSHA 01 RRL+R1 
ld4 05HC D1 kRL+R1 
185 05HD ES CH COMIsRI H►CR► 
186 OSHF 1C 05 03 RCTAsEO NOST 
187 0592 45 FO ANDI+R1 N►FO► TAKE FIR57 HALF OF HYTE 
18H 0594 E6 O1 COMI+R2 1 
lA9 0596 ltJ 07 HCTR+EO UUT 
190 0598 Ob O1 LOpi+k2 1 FLAG = 1 
191 059A CD 04 44 STRA+R1 HOLD STk MS HALF DYTE 
192 059D 16 56 HCTR+UN UNU 
193 059E 059E D1 OUT RRL+R1 
194 0540 D1 RRL+R1 
195 0541 D1 RkL+R1 
196 05A2 D1 RRL+RI XXXX3210 
197 05A3 O1 LOOZ kl 
19H U5A4 HC U4 44 ADDA+RO HOLD AOD Two HALF DYTES 
199 05A7 75 10 CPSL RS 
200 05A9 17 RETC+UN 
201 OSAA 05AA 04 50 FdIT LODI+RO 80 FULL dIT DELAY 
20?_ OSAC 16 02 RCTR+UN HARD 
203 054E U5AE 04 2H HABI LODI+RO 43 HALF RIT DELAY 
204 USr10 0560 F8 7E HARD dORR+kO £ 
205 05H2 17 RETC+UN 
206 a 0/P RO IN Two DYTES AND HOLD RO 
207 OSH3 05H3 77 10 OdYT PPSL K5 
20R 0565 C2 STRZ R2 PUT BYTE IN R2 
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PIP ASSEMNLEk VERSION 2 LEVEL 1 PAGE 5 

LINE AODR LANL dl H2 H3 84 ERROR SOURCE 

2U9 OSB6 CC U4 44 STRA+RO HOLD 
210 OSR9 46 OF ANDI+R2 H'UF+ 
211 05"x38 db 50 ADUI+R2 H+50+ R2 = (0101)3210 

212 05HD 44 FO ANDI+RU H+FO+ 
213 05HF 84 OS ADOI+RO H+US+ RO = 7654(01011 
214 OSC1 D2 RRL+R2 
215 05C2 D2 RRL,R2 
216 0503 D2 RRL.R2 
217 05C4 D2 RRL.R2 R2 = 3210(01011 
21d i~SCy 3b 09 HSTRrUN UPRO 0/P RO MS FIRST 
219 05C7 U2 LOOZ R2 
22U 05CH 3d 06 HSTR+UN UPRO LS SECOND 

221 05CA OC 04 44 LODA+RO HOLD REPLACE RO 
222 OSCD 75 10 CPSL RS 
223 O5CF 17 RETC.UN 
224 05D0 OSDO CC 04 46 OPRO STRA,RO STOR PUT BYTE IN STOR 

225 OSD3 05 OS LOUI+R1 5 5 COUNTER 
225 05D5 20 EORZ RO START BIT 
227 05D6 3B OE HSTR + UN OPBI 0/(' HIT 7 OF RO 
22H OSDH OC 04 46 LODA..RO STOR LOAD BYTE INTO RO 
229 05DN O51)N 38 U9 OP8 BSTR,UN OPHI 0/P "165~3 
23U USDD DO RRL.NO 
231 OSDE CO NOP 
232 05DF F9 7A BURR+R1 UPB 
233 05F1 04 ii0 IODI+RO H+80+ STOP HIT 
234 05E3 3H O1 BSTRsUN OPHI 
235 OSES 17 RETC+UN 
236 OSF6 05E6 07 53 OPHI LORI+R3 83 0/P OPC7 
237 05Ed HU MRTC+RO 
236 OSF9 FN 7E HDRR,R3 £ 
23y 05F8 17 RETC.UN 
24U END 

TOTAL ASSEMBLER ERRORS = 0 
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Appendix 2 
Assembler listing for the program for system 

TkiN ASSEFELER VER 

LIFE RDDR OBJECT 

6681 
6083 
8884 
~5 

8~6 
8877 
8886 

2 (FSK). 

2.0 **~ 1NA10 Lf~StTTt INTERFACE *** PAGE 66R~1 

E SOURCE 

* J. P@NIFIGS 778684-1336 
**~~*~* 

*2658 AUDIO CASSETTE INTERFA~,E* 
*s*******x*** 

* 
*DEFINITIONS OF SYFIBOLS: 
+~ 

6689 8868 R8 EAU 0 PROCESSOR REGISTERS 
0818 6681 Ri EQU i 
6011 0682 k2 E9U 2 
0612 8883 R3 E(?U 3 
6613 .:~:~. S EQtI H'86' PSU: SENSE 
0014 8848 F EQU H'48' FLAG 
0815 0618 II E6~J H'20' INTERRIfPT INHIBIT 
6616 6887 SP Ertl H'67' _ STACI~POINTER 
6817 8008 CC E6~U H'CA' PSI: CONDITION LOGE 
8818 8028 IDC EQU H'28' INTER DIGIT C►ik'RV 
4619 8618 RS EQU H'18' REGISIEx BANi! SELECT 
6026 8066 WC EGU H'68' 1=WITH, 8~ CARRV 
0021 0664 OVF EQU H'84' OVERFLUW 
6022 8882 [Xk4 EQU H'62' 1=LOG , O--ARITH CO14P 
8623 0081 C EQU H'81' CARRY/F10 BORR[d~ 
6024 0806 Z EflU 8 BRANCH CANDY ZERO 
6825 6481 P E6dJ i POSITIVE 
6826 688'1 N EQiJ 2 NEGATIVE 
0&7 8888 ECG EQU 8 EGUflL 
6818 0061 GT EGIi i GREATER THi~I 
8829 6661 IT EAU c LESS THAN 
0638 6~~63 UN EDU _. UNCONDITIONnL 
6831 6f~6 Ai EG~IJ 6 ALL BITS ARE 1 
66x2 6082 N1 E6~li 2 NOT ALL BITS AF'E 1 
06s3 * 
68s4 0688 OP EflU H'86' ODD PARITY. 
0635 66£36 BF8 ERU H'88' bi'TE HAS 8 BITS. 
063b 080$ DB8 E8U H'68' 
6037 6664 NS8 E6~U 4 NUF~3ER OF START 6IT5 
0838 
6039 8284 COUT EQU H'264' PIPBUG CHAR. OUT SUBRaJTIFE. 
6048 6058 LINE EQU H'85B' FIPBUG LINE SUBROUTINE. 
0841 0427 BFTR EQU H'427' PIPEA1Ci BUFFERPOINTEP 
6842 6~4L BUFF EQU H'4li' PIPBUG BUFFER AGGRESS. 
x043 02GB GNUF1 E6HJ H'2D8' PIPBUG GET NUFiBER SU~tOUTINE. 
0644 068A CALF EQU H'68A' PIPBUG LINE FEED ShcBRCAJTINE. 
0045 * 
8046 +#fiM DEFINITIONS. 
6647 8686 OkG H'446' 
6648 0448 PSA FEES 2 POINTER START ADDRESS 
0849 0442 PSI RES 2 POINTER SIZE. 
8856 6444 TkTA ft~ 2 STRk1RDURESS OF TEhT,~ 
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TiIDI RSS~IER VER 2 8 ~t AlAiO CASSETTE INTEfi~ACE *** PAGE 6ffQ2 

L IIE BOOR 08,I~T E SOURCE 

6852 ***************s*~a~*****sa~***«***** 

,~53 
~ * COIIIOilD HANDLER FOR ALBS I F 
6055 
6836 *s** 
X57 
8858 * 
8859 * W PPPP QA~QQ :WRITE H'PFPP' BYTES ON TAPE 
8866 * FROM MEMORY, START RT ROR. H'61Q(X'~' 
0861 
8862 * R PPPP QQQQ READ H'PPPP' BVTES FROM TAPE 
0863 * TO MEMORY, STARTING RT RDR H'9Q6tO' 
8864 * 
8865 * P :RETURN TO PIPBUG. 
8066 * 
81067 ***~ww►** ****~****t~wawwww~*****~~****s************ 
8868 8446 ORG H'458' 
0869 0458 75FF NIIT CPSL H'FF' 
0078 8452 8485 LODI,RB CTXTi GET ADDRESS HIGH. 
6871 0454 8535 LODI,R1 iTXT1 GET RGURESS LGW. 
8072 8456 3F8519 STC BSTR, UN TEXT, BRANCH TO SUBkGUTINE TE~:T 
6873 8459 28 EORZ R0 CLEAR F,6 
0874 845A 8582 TPSL COM TEST COMPARE BIT 
0875 9450 308568 BSTR,Z GLR3 
6676 645E 3F6856 BSTR, UN LINE FETCH COMI9RN<i LINE. 
6677 
6678 8462 26 EORZ F.'0 CLEAR R6. 
6675 64E's 006427 STRA, R8 BF'TR 
6888 * 
8681 646b 60@413 LODA, R6 B1~F 
6682 6469 7782 PPSL CUM 
6683 6468 E457 COMI,k6 R`W' 
6084 0466 1818 BCTR, EQ ~dRTR 
68£15 646E E452 COM1,R8 M'R' 
6686 9471 10856E BCTA,EQ RERu 
6887 6474 E458 COMI,F'8 R'P' 
0888 6476 100068 BCTA,EQ 8 
0889 8479 8405 SIZO LOOI,R6 <TXT3 
b898 6476 054E LODI,R1 >TXT3 
8051 847D 1657 BCTR, UN STC 
8852 * 
8653 647E sF8206 WRTR 65TR,UN GNUM 
6694 0482 62 LODZ R2 
6655 6483 9665 6~FR,E(I SNZW 
6896 6485 01 LGDZ R1 
6897 64E6 9882 ECFR,EA SNZII 
0098 64 iB6F BCTR, UN SIZO 
6099 648A 00644[ SNZW STRA,Ri PSI 
6186 04d'i Cf0443 STAR, R2 PSI~1 
6161 0498 3F62G6 BSTR,IW GHUti 
6162 649's CU8446 STRR,k1 PEA 
616s 6456 CE6441 STRA, F,2 FSf++i 

CLEAR E~JFFEP, PGINTEF. 

FETCH BUFFER Gf~TR. 
LOGICAL COflPRRE 

6RRNCH I F WRITE COMFIi~I+Iu. 

BRAIJCH IF RERU GC~MhifiNG. 

BRRNC~N TO P I FEUD I F P COI~I~It,NI~ 
GET RGDRESS HIGH. 
GET RGUkESS LGW. 

GET NUMBER FF'OM E,Ih~F IN F'1, F'Z 

6RANiH IF R2 NONZErtO. 

6RHNCH IF R1 NONZEPO 
SIZE IS ZERO 
STORE SIZE HTGH INTii F51 
STGkf SIZE LGW INTO FSI+i 
GET fiUMFtER FROFI BUFF IN F'1, F'Z 
STC►FE ST ADR HIG~i INTO Fyn 

TOF.'E ST Al~fi' LGW INTO PSri+1 
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TWiN ASSE~I.ER VER 2. 8 *** RUOIO CflSSETTE It~iTERFAC£ *** PAGE 13663 

LINE RO#t OBJECT E SOIRCE 

6185 *SVNCI#20NIZE FLRG WITH FSK CLOCK 
6186 
13107 0499 ss LFSH kEDC,R3 REhD FSK CLOCk 
81 849A 987D 6CFk,Z LFSN BRMNCH IF FSK IS HIGH 
8189 6490 7440 CPSU F 
6118 
8111 *DUt4P 'OAFS' FOR 28 SEC. 
6112 
6113 649E 33 LFSI. 

REUC,Rs 
READ FSK CLOCK. 

6114 649E 1S7D BL'TR, Z LFSL 6RRNCH IF F;I: CLOCk: = 0 
6115 64fl1 8488 LODL R8 H'80' 
6116 6483 85'sC LODI,k1 H'3C` SET GELRV=28 SEC. 
6117 6485 7648 NEON PPSU F 
0118 64R7 8646 LDaI,R2 H'48' 
6119 04R9 FR7E 60~RR,R2 E DELdY = 766 USEC 
8126 84fl8 7448 CPSU F 

8121 64RU 33 LFSM FEDC,k3 
6122 64AE 187D 6CTR,Z LFSM 6RRNCH IF FSK CLOCI = 0 

0123 6466 FS73 BURk,k6 NEON 
6124 6462 F971 BDRR,R1 NEON 
0125 6464 8564 LOGI,R1 NSB NUA1$ER OF STRRT BITS 
61[5 * 
6127 *C~' STRRTBITS 
01''8 ~: 
6129 0485 3s LFSM REGC,k3 

61:;6 6467 1S7i~ 6CTR, Z LFSN 6RRNCH IF FtiK CLE~:~; = E~ 
61st 6469 6h70 LODI,R2 H'76` 
6132 EW88 FR7E BGRk, k2 i UELR4' = 1 MSE+~ 
6133 6460 F477 6URR,R1 LFSN 
6134 
6135 *DUMP PROGFtRt4~'UATfl 
6135 
6137 648E 6U6442 LE~Dfl,kl PSI LOFiti SIZE HIGH INTG R'1 
6130 6402 6E6443 LOGR, R2 FBI+1 LIb+U SI%E Llwl INTO F'c 
6139 6405 1862 BCTk,Z FROG BF,ANE:H IF 'siZE = Xk66 
6146 6407 8561 FtLDI,Ri 1 
6141 641,9 6C844b F'6'i~3 LGDR, k6 *PSR LOhU iFIRST) 84'Tc INTG nd 
6142 64CC 3826 BSTR,UN RSUB DUP1P FIRST) BYTE. 
6143 641.E 386E 85Tk, UN IRC 
6144 6408 FM77 BURR, R2 FROG 
6145 64U~ F975 BURR, ki 'r'RCu; 
0145 04U4 3F6556 85TR,UN ULR3 
0147 84D7 6465 LC~iI,R6 <:TXT2 GET M[iGRE55 HIM. 
014b 04D9 6544 LET R1 ~TXT2 GET r+UUkf55 LOW. 
614j 64C~fi 1FE>455 6CTR, l~1 STC 

:•. 
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TZ4IN RSSE16lER VER 2.6 *** AUDIO CASSETTE IIFT'ERfRCE *** F'W~E 6664 

LII~ RGOR 08JECT E SOURCE 

8151 
8152 
8153 840E 8782 
@154 84E8 8F4448 
8155 84E3 0885 
8156 04E5 CF6440 
8157 84f8 5876 
8158 04ER CF6449 
8159 04ED i7 
8166 
8161 
8162 
6163 04EE 7711 
6164 04F0 @566 
6165 84F2 33 
6166 84F3 1870 
6167 84F5 50 
6168 64F6 F480 
8169 84F8 1R8C 
6178 84FA 7648 
e171 eaFc X01 
8172 04FE 1884 
0173 6586 7781 
6174 8502 9802 
6175 0584 7581 
6176 0506 0646 
6177 @588 FR7E 
0178 850A 7448 
6179 8580 6508 
6188 650E 1866 
8181 6518 F960 
8182 6512 7788 
8183 8514 1B5C 
0184 8516 7519 
0185 0518 17 

*INCfifMENT Of AO~DRES 

IRC LUDI,R3 2 
IOPC LODA,RO PSR,k3,-

BIRR, R6 NEXT 
STRA, R8 PSA, Rs 
BRNR,R3 LOPC 

NEXT STRA, R8 PSR, k3 
RETC, UN 

*Sl~ROUTINE TO OUTPUT 

RSUB PRSI RS+C 
LOUI,Ri 068 

LFSK REDO, R3 
6CTR, Z LFSK 
RRk, R'0 
TMI, R8 H'::' 
BCTR, N NUfrE 
PPSU F 
TPSL C 
BCTR, Z NON1 
PPSL C 
BCFR, Z N[~NE 

NONl CPSL C 
NGF~ LO0I,R2 H'46` 

BORk, R2 t 
CPSU F 
TPSL WC• 
BCTR,Z 8YC0 
BDRR, Ri LFSK 
PPSL Wr, 
BCTR, UN LFSK 

BYCO Cf Sl RS+C+WC 
kETC, UN 

SCOUNTER. 

FETCH IN NRLF ADR CNTR 

RESTORE VU HALF AGR CNTF~ 

RESTORE VU HALE RDR CNTk 

ON FLAG FUR TAPEDUMP 

SET RS AND C. 
BYTE HAS 8 6ITS. 
READ FSK CLOCK INTO R 
BRANCH IF FSK CLOCK =6 
PUT (LSB~ INTO BIT i~7, ETC 
TEST BIT Ii7 
IF 1 SET FLAG 

TEST CARRv 6IT 
BRANCH IF C=1 
SET CARRY 8IT 
BRANCH IF C NONZERO 
CLEAR CARRY BIT 
SET GELR4' 
vELRV INTO 2ND HALVE ~k ~~•~: CLuC~ 

TEST WITH CARRY 6IT 
6PANCH IF BYTE COMPLETE 
IF B4'TE NOT COMPL. ROTHTE K1 ~'ii~iT 
SET WC BIT 
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TW1N RSSEff6LER VER 2 8 *** AUDIO CASSETTE INTERFACE **~ F'AGE 006.5 

LINE ADDR OBJECT E SOURCE 

bi87 *SUBROUTINE FOR aJTFVJT i+F TEXT. 
di88 
4189 0519 000444 TEY,T STRA,RO TXTR STORE RI#tE55 Hli~l. 
0190 851C CD6445 STRR,Ri TXTR+1 STORE ADDRESS LObi 
X191 051E 0788 LODI,Rs 0 
8192 0521 OFE444 RTEX LOOR,k0 *TXTR, R3 GET CI~RRRCTER. 
`_193 0524 E42fi COMI,RO A'&' 
6194 d5Z6 14 RETC,EQ RETURN IF & CHARRC.TER 
d195 0527 E424 COMI,RO R'i' 
6196 8529 9885 6CFR,E9 RTEX 
6197 8528 3F888R 65TR,UN CkLF LINE FEEL IF S CHRRACTEF' 
8198 65tf D671 6IRR, R3 RTEX 
8199 65s6 3F8264 RTEX 65TR,UN i:GUT OUTPUT LFIARRCTEk. 
0284 6533 D66C 6IRR, R3 RTEX 
8281 
6282 
8263 6535 242R2A41 TXT1 DRTR A'3**RCASIF~*33>&' 

6539 43415349 
85?D 462R2R24 
6541 243E26 

6284 8544 2R21i454F TXT2 DATA R'**EOJ**ti>&' 
6548 4A2R2R24 

0540 243E26 
6285 654E 3F3F2424 TXTs GRTR R`2?iS)~' 

85-53 3E26 
6266 +1555 2A2A455~ TX74 GRTR A`**ERk**8f~k:' 

6559 522R2R24 
855G 24"sE26 

6"167 
6t'68 *SET FLRi~ FOk 3 SEC 
6209 
6210 4560 7644 Dlt+3 PPSU F SET FLAG 
6211 6562 0486 lODI,R6 H'bb' 
8212 6564 8566 LODI,Ri H'08' 
4213 0566 06d"s LOGI,R2 H'63' SET GELRY=3 SEi. 
6214 656E F87E lOF'R BGRR, k8 LOF'R 
6215 656R F97C 6DRR,R'1 LOPR 
6216 d ;oC FR7R 6GRR, R2 LOPR 
6217 656E 17 RETC. UN 
6218 * 
+219 656E 3F62G6 F'.ERD BSTA, UN GNUPI GET NU~48ER FR'Ot1 E~IIFF IPi RL F'~ 
~~26 8572 62 LOGZ R2 
~'~1 6573 9566 6CFk,ED SNZR 6RRNCH IF NONZERO 

._'« 6575 61 LODZ R1 
6213 6576 9863 BCFk,E6~ SNZk IDEN 
6224 6578 1F8479 6CTR,UN SIZO GET ADDRESS OF 7XTs 
6[25 d57t; CI~t42 SNZR STPR,R1 PSI STORE SIZE HIGH INTO PSI 
d22o 657E CEO443 STR'A, R2 PSI+1 STOF.E SIZE LCD INTO F'~ I+1 
6227 6581 SF62UB 65TH, UN GNt1M GET NlR96fR FROM E;UrF IN kl~ R2 
0[28 9584 C1r644b STRR,Rl PSA STORE ST RGk HIGH INTu PSn 
61[9 6587 CE6441 STAR, k2 PSA+1 STORE ST AGR LG1d INTO i F~SR+1 
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H~IN ASSEi~LER VEk 2. 6 *** Al1GiO [:ASSETTE INTEkFACE *** PAGE 861+6 

LINE ADOR OBJECT E 50URCE 

8231 *SET FLAB FQR 19 SEC. 
8232 * 
82x3 858A 3F8566 UNED BSTR,UN ULA3 
8234 BSb'U 8483 L0DI,R6 H'63' SET DELAY = 18 SEC 
8235 856E F679 BDRR,RB UNE~~ 
4236 8541 3F85CC RGAL. BSTA,UN FSKC START ACASIF LOAU. 
8237 X94 12 SPSU LOOK FOR LEADER. 

4238 8595 iA84 BGTR,N ONEL BRANCH IF 5=1. 
8239 8597 8689 LODI,R2 H'80' CLEAR R2 
8248 8599 1676 6CTR,UN ACRL 
8241 859$ FA74 GNEL BDRR,F.2 RCAL BRWJCH IF LEAGER < 256 
8242 859D 8584 LORI, R1 N56 NUf'16ER CAF START BITS 
8243 859E 3F85CC SBNF BSTA,UN FSKC 
4244 65fl2 12 SPSrJ L00` FOR START BITS 
8245 85A3 lA7A BCTR,N SBNF 6RRHCH IF STRRT BITS MOT FC~.NlG 
8246 BSAS F478 BDRR,Ri SBNF 
6247 65A7 7448 CPSIJ F TRIl~3ER'F'ULSE. 
8248 65A9 7646 F'PSU F 
8249 

8258 *LC~iD PROGRRM/GATA 
8251 * 
6252 65A6 868442 LODA,Ri F'SI LOAD SIZE HIGH INTC+ R1 
6253 65flE 8E8443 LODA,R2 PSI+i LOAD SIZE LCdJ INTO P.2 
6254 6581 1882 BCTR, Z F'F.OG 66'ANCH IF SIZE = XX60 
62a~ 6583 5561 ADGI,R1 1 
6254 6585 3627 PROD BSTR,UN BITP1 
8257 ►f67 81 LIZ R1 
6258 6588 7516 CPSL RS CLEAk RS EIT 
6259 95BA C:C~£446 STRA, R6 *PSA STC~F'E ::FIRST? E4'TE INTC+ ~~ST) AGF 
62ch 65BD "sF64GE BtiTA,UN IAC. 
6261 8508 FA73 BURF.',R2 FROD 
4242 6502 F571 BDRR, R1 Pf~Y1D 
6263 6504 8465 LODI,R6 <;TXT2 GET AGURESS HIGH 
6264 6506 8544 LUDI,k1 >TXT2 GET AGGkE55 LOtiI 
6265 65C8 1F8456 BLTfi,UN STC 
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LINE AUDR OBJECT E SOI~tCE 

6267 
8268 
8269 85C6 51 
6276 05CC 38 
6271 65CD 9864 
d2r'2 65CF 7764 
627s 85D1 iB79 
6274 85D3 8564 
6275 85D5 9875 
4276 85D7 7584 
0277 0509 6439 
6278 BSDB F87E 
8279 85DD 17 
@288 
6181 
8282 
6283 85DE 7716 
8284 65E8 6588 
8[85 85E2 8688 
6286 65E4 6788 
6287 8;E6 3663 
6288 85E8 12 
8289 05E9 1862 
6256 65E6 iB82 
8291 dSEG 6566 
6292 65EF 8661 
8293 6`,F1 2"s 
6294 85F2 CS 
0295 d5F3 7855 
8256 65F5 SR71 
8257 65F7 ~s53 
6298 65F9 12 
8299 65FR 23 
6?66 65F6 CS 
8361 65FC 9889 
6362 65FE 7'518 
0383 6680 8465 
6s64 6662 6555 
6385 4684 1F6456 
6386 6667 17 
6387. 6458 

*S118R0UTINE TO START UE 
>r 
FHSO RRR,ki 
FSKC REDC,RB 

BCFR,Z TOVF 
PPSL OVF 
BCTR, lH~l FSKC 

TOVF TPSL OVF 
BCFR, 2 FSKC 
CPSL OVF 
LODI, R'6 H'35` 
6DRR, R8 f 
kETC, lJN 

* 
*Sl16kOUTINE TO RECOVER 
* 

E I TN PFSL R'S 
LODI,R1 H'88' 
LUUI,k2 DE8 
LC~6I ~ R3 OF' 
65TR, UN FHSD 

LODE SPSll 
BCTR,N ONEC 
BCTR, UN FC~RG 

ONEC IORI,R1 BPS 
FC~RG Sl►BI, R2 H'81' 

E~Z R3 
STRZ f:3 
ESNR, R2 FHSD 
EkNR, R'2 LC~DB 
ESTR, UN FSKC 
SPSU 
EORZ Rc 
STRZ Rs 
BCFk, N SGN1 
CPSL k5 
LODI, R~6 <TXT4 
LODI, Ri )TXT4 
BCTR, UN STC 

SGN1 RETC~UN 
END NIIT 

TOTAL ASSEMBLV ERRORS =6888 

LRY IF FSK GGES HIGH. 

ROTATE k1 kIGHT 
READ FSK CLOCK 
BRRNCN IF SENSE IS NONZERO 
SET U4'F E I T 

TEST OVF EIT 
BRANCH IF OVF IS NONZERO 
CLEAR OVF EIT 
SET I~ELRY=576 ItSEC 

ONE BYTE FROM TAPE 

SET F,'EGISTER SELECT 
CLERF, R1 
EVTE HAS 8 BITS 
C~LG PRR I TV 

SENSE BIT IS LORDED INTO BITik7 OF k6 
6RANCH IF SENSE IS 1 

INSERT [~ATRBIT INTO F'1 
KEEP TRACK OF NI~aBEF' OF BITy 

C~0 F'i,RITV CHECI: 

PARITY BIT INTO BIT li7 OF K6 

DO F'ARITV CHECk. 
ERF~NCH IF PrtRITY NOT WR~M3 
CLERk kEGISTEF' SELECT 
GET ACatRE55 HIGH 
GET ADDRESS LC~W 
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