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Preface 

Whether you program the CBM 64 in Basic or machine code, an understanding of how 

the kernal software works and how the system hardware functions is essential before 

writing many programs, particularly those involving connecting the CBM 64 to external 

devices. This book looks at the way the operating system and system hardware work 

and should be used in conjunction with Volume | of this series, The Commodore 64 

ROMs Revealed, which gives the entire operating system kernal software source code. 

A knowledge of how the operating system and hardware work enables one to perform 

many interesting functions. Notable amongst these is the high speed tape load and save 

routines, which allow the tape deck to operate at speeds equivalent to that ona 1541 disk 

drive. The whole area of program security is also covered. Without an understanding of 

the system software and hardware, the operation and use of the serial and RS232 ports is 

often quite mysterious. 

This book is the product of many year’s work on Commodore machines, and I am 

confident that it provides the most complete and useful set of information available 

from any one source. All serious programmers should find this an invaluable and 

constant reference book. 

Nick Hampshire





Chapter One 

Inside the Commodore 64 
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Fig. 1.7. Commodore 64 memory architecture map.



2 The Commodore 64 Kernal and Hardware Revealed 

1.1 Commodore 64 design concept 

The division of memory space into blocks in the Commodore 64 is shown in 

Fig.1.1. The Commodore 64 is built around the VIC chip and the 6519 

microprocessor. As with all microcomputers the Commodore 64 is designed to 

use the minimum number of chips. This is to reduce component and assembly 

costs. 
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Fig. 1.2. Commodore 64 schematics (Reproduced by courtesy of Commodore Business 
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The main computer circuit*(see Fig. 1.2) consists of the 6519, the VIC chip 
with clock circuit and the eight 64K bit RAM chips. These chips are enough to 
make a computer circuit that can perform machine code instructions. Note that 
the VIC chip is required as it supplies most of the computer’s RAM control 

signals and timing. However, to make a usable personal computer the 64 needs a 
few chips for I/O and sound, also a Basic interpreter and operating system in 
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The required input/ output is supplied by two 6526 CIA chips. Together these 

two chips supply 4 timers used for IRQ timing, the tape system and serial. Their 
I/O ports are used for keyboard scanning, the user port, serial ports and VIC 
chip bank select. These chips also have serial ports and time of day clocks but 
these are not used in the CBM 64. 

Lastly sound is generated by the SID chip. This has 3 voices each with 4 
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waveforms an envelope control and filters. The 2 channel analog to digital 
converter on this chip is connected to the joystick ports. 

1.2 Chips in the Commodore 64 

The Commodore 64 consists of a plastic case holding a double sided printed 
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circuit board, a 66 key keyboard and assorted plugs and sockets, not forgetting 
the power switch and LED. 

1.2.1 The PC board 

The printed circuit board (see Fig. 1.3) has soldered onto one side of it, a few 

hundred assorted resistors, capacitors, ferrite beads, diodes, coils, 2 voltage 

regulators, a fuse and 31 integrated circuits (chips). The power supply box 
supplies the board with 5 volt dc regulated, 9 volt ac and a shielded ground line. 
The 5 V line is used to power most of the main chips but not the VIC chip or the 
clock circuit. The 5 V and 12 V for these chips is generated on the board using 

diodes and voltage regulators to convert the 9 volt ac supplied. This is done to 

limit interference from the VIC chip and clock circuit which are in a shielded 
can. (Do not run the computer with this can open as the lid of this provides the 
heat sink for the VIC chip.) 

1.3 The main chips 

1.3.1 6510 microprocessor (MPU) 

The microprocessor (Fig. 1.4) is a version of the very common 6592. The main 

difference is that the 6519 has a 6 pin I/O port. In the CBM 64 this port is used 

for controlling memory configurations through the PLA chip, controlling 
output lines to the tape deck and sensing keys being pressed on the tape deck. 

+5V 

| Vee 

@ 3et—> R/W C Read/ write) 
oat RDY ( Ready) 

  

(1/0 port ) PB- PS <a9-u 

  

  

  

  

        

(Clock ia) PBin aly 3b.37 > DD -D¥ Data bus ) 

(Phase 2 clock )@2 * sf ee 

(Int t 6s cre io . Intevvup RO — F353 © » AG- Al5 CAddress bus ) 

(Non maskable NMI > 4 t-29 
interrupt ) __ 22423 if 

(Reset) RES | 49 5 k———— AEC 
2! (Address enable control) 

= 
GND 

Fig. 1.4. 6510 microprocessor (MPU).
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6519 Signals and Lines 

Pin | o%in Clock in (from VIC chip) 

Pin 2 RDY Ready. Processor waits in current state while this line is 

low. If this line is low and interrupts are enabled at the 

end of the current instruction cycle then an interrupt 

will be initiated 

Pin 4 NMI Non maskable interrupt (negative edge sensitive input). 

When this line goes from high to low an interrupt will 

be initiated at the end of the current instruction 

Pin 5 AEC Address bus enable control. When this line goes low 

the processor frees the address bus for use by other 

chips (VIC in the 64) 

Pin 6 Vcc Supply voltage (+5 V) 

Pins 7-20 

& 22,23 AQ-A15 Address bus (enabled by AEC) 

Pin 21 GND Ground (@ V) 

Pins 24-29 P5-P@ Processor I/O port 

Pins 30-37 D7-D9 Data bus 

Pin 38 R/W Read/ write. (Output: low flags for processor write.) 

Pin 39 @2in Phase 2 clock input 

Pin 49 RES Reset (Active low) 

  

1.3.2 6526 complex interface adapter (CIA) 

There are two of these chips in the Commodore 64. The first CIA#1 is used for 

+5V 

Vec 

  

2D 
(Data bus) Dd-D¥ Cc» 33-26 

( Register 
select lines 

RSG-RS3 

(Chip select) CS 
( Read/write) R/w 

(Phase 2 clock ) P2 

( Reset ) 

( Interrupt request) IRQ. <—— 2! 

RES 

____| 58-35 

  

2-4 

\p- 14 

  “, PAQ- PAF (Port A ) 
  

  

  

—y PBG - PBF (Port 8) 

  

  

  

      

——+ 23 24 FLAG (Negative edge 
—— > 22 a 40 > CNT (Serint cock | pulse counter) 
——1 25 < 34 _, SP (Serial data) 
——» 34 VU 3 _y PC CPort B hand Shaking output ) 

19 » TOD CTime oF day clock ) 

Fig. 1.5. 6526 complex interface adapter (CIA).
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scanning the keyboard and inputting from the cassette and serial port. The 
second CIA#2 supports the user port and most of the other serial port lines. It 
also is used as a latch for the VIC chip bank select value. CIA chip 2 has its IRQ 

output connected to the NMI line so that its timers can generate N MIs instead 

of IRQs. The chip select lines for the two chips are decoded from the processor 
address bus by the PLA chip to addresses $DC09 & $DD@ (Fig. 1.5). 
  

6526 Signals and Lines 

  

Pin | GND 
Pins 2-9 PAQ-PA7 
Pins 10-17 PBO-PB7 
Pin 18 PC 
Pin 19 TOD 
Pin 20 Vcc 

Pin 21 IRQ 
Pin 22 R/W 

Pin 23 CS 

Pin 24 FLAG 
Pin 25 h2 
Pins 26-33 D7_-D# 
Pin 34 RES 
Pins 35-38 RS3-RS# 

Ground (9 V) 

Data port A (Bi-directional data port) 

Data port B (Bi-directional data port) 

Handshaking output for port B 

Clock input for TOD clock 

Supply voltage (5 V) 

Interrupt request output 

Read/write. Input from processor (low for processor 

write) 

Chip select. Low indicates a processor read or write to 

the CIA 

Negative edge sensing input 

Phase 2 clock input 

Data bus (Bi-directional depending on R/ W) 

Reset (Active is low) 

Register select. Connected to the lower order address 

lines to one of the 16 registers 

  

  

  

Pin 39 SP Serial input. Not used for Commodore serial! bus 

Pin 49 CNT Pulse counter, serial clock. Not used for serial bus 

+5V +12V 

Vec | | Vad 
t - 25 28 

lb 
(Register 

, - -| 
select lines) AQ-At ——> 8 3e4 F—— CAP2o (Filter capacitor 2) 

( Chip select) CS 
——~~=- CAP2}h 

  

  (Read/write) R/W 

  CClock ) p2 

(Reset ) RES         

  

3 oo a¢7 LN, «60AUDIO out 
T Q DO 26 | EXT in ( Audio input ) 

6 Ww 
24 @——_—  POTX = ( Inputs Jor Ayp 

5 23 | POTY converters ) 

\4 

= ann 

Fig. 7.6. 6581 sound interface device (SID).
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1.3.3 6587 sound interface device (SID) 

SID is a music/sound effects generator for computer games. Its output goes to 

the modulator and audio/video socket, and has a sound input froma pin on this 
socket (see Fig. 1.6). 

  

SID Signals and Lines 

  

Pins 1 & 2 CAPla-b Filter capacitor 

Pins 3 & 4 CAP2a-b Second filter capacitor 

Pin 7 R/W Read /write 
Pin 8 CS Chip select. Decoded from address bus by PLA to 

$D400 

Pins 9-13 Af-A4 Register select 

Pin 14 GND Ground (@ V) 

Pins 15-22 D§9-D7 Data bus 

Pin 23 POT Y_ Analog input for A/D converter 

Pin 24 POT X __ Analog input for second A/D 

Pin 25 Vcc Supply voltage 5 V 

Pin 26 EXT in Audio input 

Pin 27 AUDIO Audio output 

Pin 28 Vdd Supply voltage 12 V 

  

1.3.4 6567-9 video interface chip (VIC) 

This video display generator chip (Fig. 1.7) also produces most of the internal 

timing and control signals for the CBM 64, including the processor clock. 
VIC generates its own address bus like the 6519. This is used to fetch display 

data from RAM and character ROM, but since the computer cannot have two 
completely separate address and data bus systems, VIC and the processor have 

to share them. 65xx series processors use the system buses only during phase 2 of 
the clock cycle. The VIC chip takes advantage of this and uses phase | of the 
clock (¢2 low #8 high). 

This chip has been given a higher internal bus priority than the 6519 

processor. VIC can disable the 6519 and free the address bus for its own use 
during phase 2 by sending the lines AEC & BA low. The AEC line disables the 
6519 address drivers so that its own can drive the address bus. The VIC chip can 

send the AEC line low during phase 1 and use the address bus without 
interfering with the processor’s operation. The line BA is connected to the 6519’s 
RDY (ready) pin. This can be set low during phase | and then held low causing 
the 6519 to pause at the end of its next read cycle, (This is ignored during 6519 

write operations. VIC accessing memory with R/ W low would not be desirable 
anyway!). BA will go low three cycles before AEC is used in phase 2. This 
ensures that all write operations have finished and avoids conflict with DMA 
(direct memory access) from any cartridge port device (Z8@ card). 

VIC also refreshes the dynamic RAM chips using its RAS line and its lower 
order address bus during phase 1.
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(Data bus) DY-DE Qe and 5 ° ie-—————— R/W (Read /write) 

CColour data Dg-Dil ———)) 339-35 3 —» IRQ Cinterrupt request) 

bus 
( 0/ Din CClock in (Dot clock) ) 
Address out A(Q/A8-A5/AI3 . 

& one select) / DL 24 ig k———— CS C Chip select ) 

airy — 30-34 
and 
25 

  

  

(High address) A6-All 21k PCOLOUA 

  

  

(Row sevect) RAS |2: q Lp ¢ Light pen) 

(Column select) Gas ‘9 15 >» SYNC + LUM (Video syne s 

(Address enable AEC LG 14 > Colour uminosity 
  

VI
C 

11 
6
5
6
4
-
9
 

Control ( Video colour) 
( Bus available) BA 
(Clock out) gout       29 

Law 
Fig. 1.7. Video interface chip (VIC II). 
  

VIC Signals and Lines 

  

Pins 1-6 D6-D@ & Data bus 

& 35-39 D11-D7 D@-D7 are bi-directional and are used for 

register access and VIC memory fetches 

D8—-D11 are used for reading colour RAM 

Pin 8 IRQ Interrupt request output 

Pin 9 LP Light pen input 

Pin 19 CS Chip select 

Pin 11 R/W Read /write 
Pin 12 BA Bus available 

Pin 13 Vdd Supply voltage +12 V 

Pin 14 Colour Colour output 

Pin 15 S/LUM — Sync/luminance 

Pin 16 AEC Address bus enable 

Pin 17 oy) Phase one clock out 

Pin 18 RAS Row address select. Dynamic RAM control signal, 

used for low order of multiplexed address and for 

refreshing 

Pin 19 CAS Column address select. Dynamic RAM control signal 

for high order address , 
Pin 20 Vss Ground (@ V) 

Pin 21 @colour Colour clock in 14-18 MHz 

Pin 22 gin Clock in 8 MHz 

Pins 23 All & 

& 39-34 A6-A1@ High order address output 

Pins 24-29 Af/ A8- 

A5/A13 Address lines AQ-A13 multiplexed together. Gives 

address for VIC for memory fetches in output mode or 

register select in input mode 

Pin 49 Vcc Supply voltage 5 V 
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7.3.5 Programmable logic array (PLA) 
This is an array of logic gates programmed together at the time of manufacture 

to give most of the required logic circuits of the 64 (see Fig. 1.8). The chip has 16 
inputs and 8 outputs. A very complicated logic table relates the outputs to the 
inputs. The pin names of this chip are I@-I15 and FQ-F7! 

  

  

  

+5V | 

Vec | 

23 

IG INPUT LINES 

: -F 16 - 115 > Fe 
24-20 ( 3 output 

/ LINES ) 

(Out PUT AL 
ENABLE ) OE 9 

FE ——————|_ |       It 
l GND 

Fig. 1.8. Programmable logic array (PLA). 

The other main chips in the 64 are the RAM and ROM chips. The RAM 

comprises eight 4164 dynamic RAM chips. One chip gives | by 64K bits of 
memory, so the eight chips give 8 by 64K bits or 64K bytes. The 4164 has 8 
address lines. The 16 bit address is multiplexed in (low byte first) and timed with 
the RAS and CAS lines. The main improvement with this chip over older. 

dynamic RAMs is that it requires only a single 5 V supply instead of —5,+-5 and 
+12 V for a 4116. The colour memory RAM 1sa2114 chip; this is a4 by 1024 bit 

static RAM. 
The Basic and kernal ROMs are 8 bit by 8K ROMs. The character ROM 1s an 

8 by 4K. These chips are Commodore’s own manufacture and type. The 6519, 
6526 CIA, VIC and SID chips are all manufactured by Commodore’s chip 
manufacturing subsidiary, MOS Technology Inc. It is unfortunate that none of 
these devices appears to be second sourced and consequently replacements are 
either very difficult or impossible to obtain. 

1.4 System logic and timing 

Like all computers the Commodore 64 is a group of chips linked together by 

address and data buses. The main chips which are connected to the data and 
address buses are instructed to send to, take from or ignore the data bus by the
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control system lines. There are, in addition, lines controlling the use of the 

address bus. Thesé control lines are defined as follows: 

1.4.1 Clock lines 
@ colour clock 

This is the colour clock used by the VIC chip for generating colour signals. It is 

divided by part of the clock circuit and used as a reference for producing the VIC 
chip’s dot clock. 

Dot clock 

This signal produced by the clock circuit is the clock input to the VIC chip. VIC 
uses this as the timing for producing pixels on the sceen. Also VIC divides this 
signal by 8 and supplies it as the processor phase zero clock. 

Phase 2 processor clock 2 

This clock line controls all 6519 read and write operations. It is produced by the 

6519 from the VIC chip’s $@ line. The 65xx series processors require only the 
system buses while this line is high (5 V). 

1.4.2 Main system control signals 
Read/Write R/W 
If this line is low when a byte of memory or I/O device register is selected by the 

address bus, then the contents of the data bus will be transferred to the selected 
byte or register. If the line is high then the contents of the selected address are 
transferred onto the data bus. 

  

Reset RES 
This line is connected to all the main chips including the processor. On machine 
power up this line is held low for a few clock cycles to ensure the supply voltages 
have stabilised. This holds all chips in their reset state until they are ready. 

Ready RDY 
RDY is a processor input which, if low, causes the 6519 to pause at the end of the 

read cycle. It is used with the AEC line to disable the processor during phase 2 
clock cycles for direct memory access. 

Interrupt request IRQ 
When this line is low it signals that one or more of the CIAs or VIC is requesting 

an interrupt service. 

Non maskable interrupt NMI 
When this line goes from high to low the processor will be interrupted at the end 
of the current instruction cycle. Only a change from high to low will cause an 

interrupt, so if this line is held low after an NMI it will disable future NMIs. 

Bus available BA 
When this line is low it flags that the VIC chip needs the system buses during 
phase 2. It disables the processor via the RDY line. 

RAM control signals CAS RAS & CASRAM 

The 4164 dynamic RAM chips have their 16 bit addresses fed to in two lots of 8 
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bits. This is because the 16 pin chip has only an 8 bit address bus. RAS, the row 

address and CAS, the column address are used to strobe in the low and high 
bytes. In the 64, CAS and RAM chip select are combined into CASRAM, so 

when this line is low it flags the high byte of address on the chip’s address pins 
and the chip is selected for read or write.



Chapter Two 

The Keyboard, Joysticks and 

Screen 

2.1 Keyboard 

2.1.1 Keyboard hardware and software operation 
The CBM 64 keyboard has a total of 66 keys, the layout of which is shown in 
Fig. 2.1. These 66 keys can be divided as follows: 

lek pOuO ano GSGc: 
ia Jv} : jeje felt 

a lel Tele la 
seer ebay PL     
  

Fig. 2.1. The keyboard layout. 

1. RESTORE key; this is connected directly to the NMI line. 

2. The left shift key and the shift lock are connected together. 
3. All other 63 keys. 

The main section of the keyboard thus has a total of 64 keys. These are 

organised electrically as an 8 by 8 matrix. The keyboard scanning is performed 
by the operating system software. The matrix 1s organised such that the columns 

are set as outputs by the scanning routine and the rows return a value if a key is 
pressed. These 8 row inputs and 8 column outputs from the keyboard matrix are 
connected to the computer via the CIA#1 I/O chip, where the output is via 

address $DC@ and the input is via address $DCQ1. The scanning routine loops 
through 8 times, and each time sends a different line on the output to a low state. 
It then reads the input port connected to the matrix row lines, which will return 

values for 8 keys (each key takes up one bit, 6=down, l=up). Therefore, looping 
8 times through the scanning routine will look at each of the columns and return 
all keys which are pressed. 

The keyboard is laid out as follows:
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Row # Column # (output) 

(input) 0 I 2 3 4 5 6 7 

p DEL 3 5 7 9 + £ l 

l RET R Y I P * _ 

2 — A D G J L CTRL 

3 F7 4 6 8 p - CLR 2 

4 Fl Z C B M R.SH SPACE 

5 F3 S F H K = & 

6 F5 E T U O @ t Q 

7 | LSH X V N , / STOP 

  

The scanning of the keyboard matrix, and the testing for depression of the 
RESTORE key, are all under software control. The entire processor time 

cannot be devoted to keyboard scanning, therefore scanning Is initiated by a 
regular 1/6@ second interrupt. Keyboard scanning is one of the functions of the 

IRQ interrupt servicing routine. The | / 69 second regular interrupt is generated 
by Timer A of CIA#1. The interrupt service routine starts at location $EA31 
and the keyboard scanning portion at $EA87. 

The keyboard scanning routine goes through a sequence of operations, the 
result of which is to place each input character into a special section of memory; 
the keyboard buffer. The sequence 1s as follows: 

1. Check if key pressed; if not then exit from routine. 
2. Initialise I/O ports of CIA#1 for keyboard scan and set pointers into 

keyboard character table 1. Set character counter to 9. 

3. Set one line of port A low and test for character input on port B by 
performing eight right shifts of the contents of port B register; if carry is clear 
then key present. Each shift increments key count; store key count in .Y. 

4. Go back to step 3 and repeat for next column; if key found then continue. 
5. Use key count value as index pointer into keyboard character table to get 

ASCII code corresponding to depressed key. 

6. See if it is SHIFT or STOP key. 
7. Evaluate shift function 

lf SHIFT key then use table 2 

If CBM key then use table 3 
If CONTROL key then use table 4 

8. Use key count value as index pointer into keyboard character table 

designated in step 7. 
9. Check for repeat key operation. 

18. Do repeat if required. 

11. Put ASCII character obtained from keyboard character tables into the 

keyboard buffer; increment the pointer into the keyboard buffer. 

The contents of the 19 character keyboard buffer are accessed on a first in first 
out basis by the INPUT and GET character routines. These routines take the 
first character in the keyboard buffer, decrement the buffer pointer and close up
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the buffer by moving the contents down one byte thereby leaving space for new 
input characters. 

The characters put into the keyboard buffer are removed by either the 
INPUT or GET kernal routines. Both these routines call a subroutine at $E5 D4 

which removes the first character and puts it inregister .Y then moves the whole 

buffer down by one byte. This routine 1s only called if at least one character is in 

the buffer. 
Warning: Do not call the routine at $E5D4 when there are no characters in 

the keyboard buffer as this will crash the computer. 

The GET character routine which is accessed by the kernal jumpblock at 
location $FFE4 (vectored at $932A) will return the Commodore ASCII code of 
the next character in the keyboard buffer in register .A. If no character was 
present, the value of zero is returned. 

The INPUT routine, when called, will set the cursor flashing and will input 

characters from the keyboard buffer until a carriage return is found. Each 

character received is printed to the screen using the routine at $E716 and whena 
carriage return is found, the routine inputs the first character on the line from 
the screen and returns it in register .A. Subsequent calls to this routine will 

return one character at a time until they have all been returned. At this point, if 
the ASCII value of SHIFT/STOP is found, the LOAD/RUN combination is 

stored to the buffer replacing all characters following it. The routine is accessed 
via the kernal jumpblock at location $FFCF (vectored at $0324). A Basic 

program to emulate the keyboard scanning routine is given in Program 1. 

1@0@ REM KEYBORRD SCAN SIMULATION PROGRAM 
1638 a MAHAN AALS HAAR AAA TEARREER 

1836 REM THIS BASIC PROGRAM SIMULATES 
1646 REM THE IRQ SCANNING ROUTINE WITH 
1856 REM A FULL SCREEN DISPLAY OF WHAT 
1868 REM IS HAPPENING. THE ROUTINE FIRST 
187G REM WAITS FOR A KEY TO BE PRESSED 
1808 REM AND THEN SCANS THROUGH TO PICK 
1694 REM LIP THE KEY'CS>. ANY KEY PRESSED 
116@ REM WILL BE DISPLAYED AS A REVERSE 
1114 ee KEY IN THE BOX LABELLED “KEY”. 
1izu R 
113@ REM ‘YQU MUST HOLD DONN A KEY UNTIL 
1146 REM IT IS RECOGNISED. 
115@ REM 
1166 REM A KEYBOARD BUFFER IS KEPT AND 
1176 REM THE ROUTINE WILL EXIT WHEN 
118@ REM EITHER THE RETURN KEY IS FOUND 
1196 REM OR WHEN THERE ARE TEN CHARACTERS 
1266 REM IN THE BUFFER. 
1216 REM 
1220 PS=" SARA R RPP PSREPORPPRRERPSRPORERSRBI 
1230 DIM K$C71>°>FORI=8TO?71 : READKS< I> : NEXT 
1246 DIM KC3.64) :FORJ=@T02 : FORI=6T064:K¢ J. ID=PEEK( 6@289+J#65+I > :NEXTI, J 
1258 FORI=@TO064:K¢(3, ID=PEEK(68536+1 >: NEXTI 

    

126@ PRINT "cal KEYBOARD SCAN SIMULATION" 
1270 PRINT" OUTPUT: $DCeO INPUT : $DCBet" 
1284 PRINT"M BIT: 76543216 BIT =: 765435219" 
1298 PRINT" f "1 r 7" 
136@ PRINT” I | | {" 
1316 PRINT" : b —"     

1328 PRINT" KEY : | i* 
1338 FORI=1T04:PRINTPS; :FORJ=1 TOI: PRINT" MY; * NEXT 
134@ PRINT"! 1": NEST
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350 
1368 
1376 
1360 
1390 
1480 
1413 
1420 
1436 
1440 
1456 | 
1446 
1470 
1488 
1496 
1586 
1518 
1526 
15:36 
1548 
1558 
1568 
1s7’a 
1530 
1538 
1669 
16198 
1626 
1638 
1649 
1656 
1668 
1676 
1689 
1698 
1,60 
1718 
17°26 
17°38 
17°46 
1758 
17°68 
17°78 
1r3a 
1738 
1380 
1814 
1820 
18348 
249 

1854 
1868 
1878 
1ss@ R 
1930 
1980 
1916 
1328 
19398 
1348 
1950 
1966 
is’ 
1398 
1398 
2008 
2014 
2020 
2438 
2046 

PRINTPS" Blaletatal | a” 
PRINT "sfaleleletsialeRiglURRENT SHIFT :- 9" 
PRINT"CURRENT KE'? >: 64" 
PRINT "8 KEY BUFFER” 
GOSUB 199@ 
POKE 56333, 1:FORI=@TO7:P2¢I=2TI : NEXT 
KT=9: 0S=6: CK=64 : YL=8: R=255: GOSUBI 7 aa 
Y=9: POKES6329, V : GOSUB1666: A=PEEKCS6321> 
IF A=255 THEN 1420 
GOSUB 17°66 
=254 : FORVL=@TO? 

POKE 56329. ¥:GO5UB 1668 DISPLAY OUTNEW 
=PEEK (56321): GOSUB 17°86 DISPLAY INPUT 

GOSUB 186@ CHECK FOR ANY NENS DOWN 
Y=C (V2 DAND2Z55) +1 >: NEXT 
IF CS<>3 THEN 1558 
IF <PEEK<¢53248+24> AND 25=2 THEN 1548 
POKE 53243+24,PEEK(53248+24  OR2 
GOT01568 
POKE 53248+24. PEEK (53248424 >AND2Z9S3 
KT=CS: IFKT>3THENKT=3 
CC=KCKT. CK) 
IF CC=255 THEN 1656 
KBC BP >=CC : BP=BP+1 
IFCBP<> 1@>RANDCCOCD1S>9 THEN 1649 
FOR I=@TOBP-1:FOKE 631+I.KBCI> : NEXT 
POKE198,BP:POKE 56333, 129 
PRINT " SUeDeeletaleleteletalel 
END 
GOSUB 1299 
GOTO136a 
REM 
REM DISPLAY OUTPUT VALUE BITWISE 
REM 
BE RINT RRDERRARORRRBRBBI ; *COTO 1868 

M 
Ren DISPLAY INPUT VALUE BITWISE 
EM 
PRINT " SSseieele nS OR APRPRKRSRSERPRPARESORERRRBI" ; >GOSUB 1308 
FORI="TOOSTEP-1 :PRINTPS; 
FORJ=°TOISTEP-1 :PRINT"B"; :-NEXTJ 
C=VL¥3+I:FORJ=1TO5 
CH=MIDSCKSEC OD +" ",J.13 
PRINTS"; -IFCR AND P2CI>>=@ THEN PRINT"; 
CR NT CS MIs PNET: NEXT! PRINTS S" 7 *RETURN 
REM 
Re DISPLAY VALUE IN A BITWISE 

FOR I=? TO @ STEP -1 
C$=2"6": IF A AND P2cI> THEN C#="1" 
PRINT" &"C$"@"; > NEXT: RETURN 
REM 
REM CHECK FOR A KEY FROM THIS COLUMN 

  

EM 
FOR X=6 TO 7 
IFCA AND P2¢X>>=4 THEN 1358 
HEXT 
PRINT " See SOR PRRSOSHERARIY | CS 
PRINT " Sieeeleeee SSOP ROPER RRRM CK; OE" 
RETURN 
IN@KCKT. X+¥L #3) 
IF IN>4+ THEN CK=X+VL#3:GOTO1919 
IF IN=3 THEN CK=x+VL#8:GOTO1910 
CS=CSORIN: GOTO1919 
REM 
REM DISPLAY KEYBOARD BUFFER 
REM 
PRINT " SOatetetataletsletatelepanal” 
FOR I=8 TO 9 
PRINT" SRBRORPRRRRRRI | KBC I> > NEXT
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SOSH PRINT " SDeaeeleDelealelelel” ; 
2666 IF BP=@ THEN 29Su 
2076 PRINTLEFTS¢ "Meee". BP-1> : "IRRRPRORERSRRRSER " 
2880 PRINT "SRRRORRPRRESRSRRRIC” 
2098 RETURN 
2168 REM 
211@ pat MNEMONICS FOR KEY PRESS 

2130 DATA DEL. RET.C.RT.F?,F1,.F3,.F5,C.DN 
214@ DATA 3.W,A.4,2,$.E,L.SH 
2150 DATA S.R.D.6,C,F,.T,#« 
2160 DATA 7.'7,.G6,3,B,H,.U,¥ 
217@ DATA 9,1.J,.8,M,K,0.N 
2138 DATA +,P,Ls-7-,.,"%°",@,","% 

2196 DATA SN. “;".CLR,R.SH,=, f.7 

220@ DATA 1.+,CTRL.2,.SPC,.CBM,.Q,STOP 
2219 DATA » » 5 eo oe 

Program 7. 

2.1.2 Modification of keyboard operation 

Program 2 shows how a wedge can be made into the INPUT routine to give the 

function keys text definition. This follows the same principle as the expansion of 

the SHIFT/STOP character, with the exception that subsequent characters are 
not lost. Each function key definition can be up to 255 characters long and the 
definitions are stored behind the Basic ROM. 

@33C | FUNCTION KEYS FOR THE 64. 
833C SISSIES OR ISIAH aR ACEC 
8330 
833C | EACH KEY CAN HAVE A MAXIMUM 
@33C !DEFINITION OF 255 CHARACTERS LONG 
@33C ICMAXIMUM BASIC STRING LENGTH) 
a33c 
833C | DEFINE A FUNCTION KEY LISING: 
Q33C ISYS 49163,N. DEFINITIONS 
@33C ! 
833C ! INITIALISE FUNCTION KEYS WITH: 
833C IS¥S 49152. 
@33C 
cae ¥=$C000 
Caa@ AM63 LDA #<FUNCTION 
Cae2 shea STA $8324 
caes ASCE LDA #>FUNCTION 
cae? sp25e3 STA $8325 
Caen 6a RTS 
Coa 
CO@B 20F1B7 DEFINE JSR $B7F1 IGET KEV# 
CaBE Eaa9 CPX #$09 ILESS THAN 37 
Ca19 9005 BCC DEFI IVES 
C@i2 AZBE ERROR LDN #$RE ITLLEGAL QUANTITY 
Caid 6ceaes JMP <$a300> ISEND ERROR 
Cai? 
Cai? Eea@@ DEF CPX #900 1IS IT ZERO? 
Ca19 FOF? BEQ ERROR IVES 
C@1B CA DEX 
Caic 3A TxA 
caiD 428 PHA 
CB1E 20FDAE JSR SAEFD 
C821 2a9EAD JSR #ADSE IGET STRING 
C824 20A3B6 JSR $B6A3 IDISCARD STRING 
Ce27 sD5iCca STA STLEN 
CO2A 68 PLA 
C@2B eA ASL A 
CB2C AR TAX 
Ca2D BDS3 LDA POINT. & 
case ss2¢ STA $24 
Cas2 BDS4CH LDA POINT+1.%
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C835 
Cas’ F 
C833 
C@3B 
CasD 
CBSE 
Cot 
C843 
Ca4s 
Cad? 
Cads 
Ca4A 
CB4C 
CO4E 
C@5@ 
C@S1 
Casi 
CaS2 
C953 
C@S3 
C@SB 
C863 
C63 
CBES 
C6.” 
CH6A 
C@6A 
Ce6C 
CB6E 
C6’B 
C@r2 
C873 
COr4 © 
Cars 
C876 
Ce7s 
C87A 
Ca’rD 
CorD 
C838 
CHS3 
CY8S A 
COS? : 
Cass 
Casc 
COSE 
COSF 
CO91 
C893 
Ceg95 
ca9s 
C8SA 
Cesc 
COSF 
CBR2 
COR 
CoARG 
CBRS 
CBA 
CORB 
CORE 
CoB 
COB2 
COB4 

COB6 
CaBS 
COBRA 
CoBL 

COBD 
COBF 

BOBSeu 
GBEABB 

ASS 
Fags 
4C57F 1 

FHGS 
4CSAE6 

2G16E7 

2H13EA 
2UBIES 
C983 
Duis 

86C6 
BDEGEC 
SD/’6a2 
CA 
Der? 
F@CA 
C36D 
Devs 
4CBZE6 

Rel 
D@RC 

DEF2 

STLEN 
FUNCFLO 

POINT 

! 
FUNCTION 

FUNCE2 

FUNCB3 
FUNC84 

FUNC@S 

FUNCES 

FUNCO? 

FUNCEXT 
| 

FUNCOS 

BNE 
BEQ 
CMP 
BNE 
JMP 

LD 
BME 

F235 
#408 
($22) y ba 

($249, 

STLEN 
DEF + 
#3210 
DEF 2 

#300 
DEF3 
#520 
($245.17 

a 
5) 

fEND OF STRING? 
IVES 
{END OF ROOM? 
INOT ‘TET 

ISTRING LENGTH=2597 
IYES 
1ZERO TERMINATOR 
ISTORE IT 

$BSO0. $BCB0. $B90U. FBDVA 
$BAGU. $BEGU, $BBGQ. $BF AY 

#D0 
FUNCO4 
$E63A 

$€716 
FUNCFLG 
FUNCQ9 
$06 
$0C 
$0292 
FUNCO4 

$CF 
FUNCaS 
$CE 
$0287 
#F20 
$CF 
$EA13 
SESB4 
#523 
FUNC? 
#509 

$C6 
FECES. X 
$0276. % 

FUNC 
FUNCa+4 
#$0D 
FUNCaS 
FEE6B2]) 

* $04 
FUNCE3 

!FROM KEYBOARD? 
IVES 
{DQ NORMAL 

ISAVE CURRENT CURSOR 
! COLUMH 

{f AND ROW 
ISAVE . AND .¥ 

!'SCREEN OR KE''BORRD? 
1KE'BOARD 
'DO FOR SCREEN 

IDISPLAY CHAR TO SCREEM 
{DOING FUNCTION KE'’? 

!ANY CHARS IM BUFFER? 
!TF NOT, BLINK CURSOR 
fAUTO SCROLL DUbN 
!REPEAT UNTIL CHAR 
{DISABLE KE''BORRYD 
ICURSOR BLINK? 
1NO 
'RESTORE ORIG CHAR 
! AND COLOUR 

ISWITCH OFF BLINK 
[RESTORE CHAR 
'REMOVE CHAR 
fRUNC STOR? 
!NO 
[COPY TEXT INTO BUFFER 

!REPEAT UNTIL DONE 
! DOHE 
{CARRIAGE RETURN? 
!NO 
\END INPUT 

I QUOTES? 
ves
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Caci C385 CMP #133 ILESS THAN Fi? 
C@C3 9BBS BCC FUNC@3 
Cacs c9sD CMP #141 'GREATER THAN F3? 
CoC? BaB+ BCS FUNCYS 
Cac9 33 SEC 
CBCA E985 SBC #133 (CHANGE YALUE TO 8-7 
Cucc 18 CLC 
C@CD 6398S ADC #$B93 'SET HIGH BYTE OF 
C@CF 8SFE STA $FE ! DEFINITION POINTER 
C6D1 ASG LDA #$80 
C@D3 3SSFD STA $FD 
C@DS ABBe LDY #320 
COD? 24603C1 JSR GETVAL (SET FIRST BYTE 
CaBA C3 IN'Y 
CODB 3CS2Cce ST’? FUNCFLG {FLAG FUNCTION 
CODE C36D CMP #35@D ICARRIAGE RETURN? 
CQEG FuDS BEQ FUNCEXT IVES 
CHE2 C368 CMP #386 
CBE4 DES? BNE FUNCG3 
C@E6 3Ds2Ca STR FUNCFLG 
CGED FUSS BEQ FUNCa4 
CGEB 
CBEB ACS2Ce FUNCES LDY FUNCFLG 
CHEE 20@3C1 JSR GETVAL GET CHARACTER 
CUF1 Deas BNE FUNC1@ 
C@FS 8DS2Ce STR FUNCFLG 
CBFS FASE BEQ FUNCGa4 
C@F8 CS FUNC19 INY 
COFS 8Cs2ece ST’ FUNCFLG 
COFC CouUD CMP #380 - ICARRIAGE RETURN? 
COFE FWBA BEQ FUNCEAT IVES. EXIT 
Cige 4c7DnCa JMP FUNCES 
C183 ! 
Ci83 ASG GETYAL LDA $61 !BASIC ROM QUT 
Ci@5 29FE AND #$FE 
Clear 8541 STA $61 
CigS BiFD LDA ¢$FD>.'' 'GET CHARACTER 
CiBB 48 FHA 
Ciec ASe1 LDA $41 IBASIC ROM IH 
CiBE Boal ORA #381 
C110 3581 STA $O1 
Ciiz 68 PLA 
0113 6a RTS 

Program 2. 

To enable the function keys enter: 

SYS 49152 

To define a function key use: 

SYS 49163,k#,def$ 

where k# is the number on the function key (without the ‘f) and def§$ is any 
string expression. 

The text on the function keys will appear only if the function key character is 

removed by the input routine. This means that when using the GET command, 
the ASCII character for the function key is returned rather than a character 
from the text. The function key is not expanded if it is within quotes. 

The following is an example definition of a function key: 

A$=“”:FOR I= TO 79:A$=A$+ CHR$(32)+CHR$(20):NEXT 
SYS 49163,7,A$ 

This will set up a function on key 7 which deletes from the cursor position to the 

end of the line, leaving the cursor at the same position (space-delete 89 times).
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2.2 Joysticks 

There are two different types of joystick which can be connected to the CBM 64; 
a simple paddle switch joystick and a potentiometer or analog joystick. The 
switch joystick is widely used in games programs to move a cursor about the 

screen or to move an object. A switch joystick is primarily capable of only very 
simple directional input. It is, however, a very low cost device. The analog 
joystick is fairly expensive but is capable of far greater positional control. An 

interesting version of the analog joystick has started to appear in the form of low 
cost digitising pads which, when combined with the appropriate software, can 
produce some excellent computer art on the CBM 64. 

2.2.1 The switch joystick 
These joysticks are not part of the keyboard hardware but they are connected to 
the same lines on the CIA#1 chip: port | to the read line and port 2 to the write 

line: 

$DCGO: Bits 7-5 Not used 

: JOY2 fire button 

JOY2 east 

JOY2 west 

JOY2 south 

JOY2 north 

-5 Not used 

JOY1 fire button 

JOYI east 

JOY1 west 

JOYI south 

JOYI north 

$DCO1: Bits 

S
e
 
N
w
W
A
N
A
N
S
B
e
E
 

N
W
 

A
 

As with the keyboard, both joysticks must be read assuming that when the bit is 
zero, the contact is made. Because port | is connected to the same line as the 

keyboard read, any switches on joystick | will affect the character read in. 
Program 3 demonstrates the operation of the switch joystick. 

19 REM EXAMPLE OF READING THE JO''STICK 
2@ REM 
3@ PRINT" <2"; 
4@ A=PEEK(56320):REM PORT 2. 56321 FOR PORT 1 

S@ F=0:IF CAAND16>=6 THEN F=1 
6@ €=0:IF CARNDS9=8@ THEN E=1 
r@ W=@:IF <AARND4>=8 THEN W= 
8@ $=0:IF CARND2)=8 THEN == 
96 N=@:IF CARND12=8 THEN N= 
196 IF F THEN RUH 
110 IF E THEN PRINT"H ¥"; 
120 IF W THEN PRINT" Mae HM; 
139 IF S THEN PRINT"! SSR": 
14@ IF N THEN PRINT"S! THER": 
154 GOTO 48 

Program 3. 

2.2.2 Potentiometer joystick 
A potentiometer joystick consists of two potentiometers mounted at right
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angles to each other in a mechanism which allows the joystick when moved to 
change the wiper position of either one or both of the potentiometers. One 
potentiometer registers the potentiometer movement in the X axis and the other 

in the Y axis. The rotational movement of either potentiometer is divided by the 
computer into 255 divisions. With the joystick centered vertically the X and Y 
potentiometers will both have a value of 128. The position of the joystick can 

thus be mapped in terms of 2D graph coordinates. 
The two potentiometers are connected to the SID chip. SID has two analog 

inputs, and the two analog lines from each joystick port are multiplexed onto 

each input using a 4966 quad analog switch. The 4966 switching is controlled by 
lines PA6 and PA7 on CIA#1. Program 4 allows the input of values from two 

joysticks using the USR command. 

Cage *€=$C 00 
CHE LR RRRAEAE ERE RHERER AER RARER EERIE 
reae !ROUTINE TO READ PADDLE PORTS 

! USES BASIC USR COMMAND 
{ TO INITIALISE USR COMMAND 
! POKE °83.9 

Cage POKE 726.132 

! 
pest 15) 

P= USR¢ PADDLE NUMBER> Cae 
CAB MOTE PADDLE NUMBER = @ TO 3 
THee 1 ASAE EARE HEHEHE MEE. AEAENEHE EAE AEACHAEREREMEE 
Caoe SHBFB1 USR JSR $BiBF {FLOAT TO FIXED 
CaGS ASS LDA #65 ILOW BYTE 
C985 2303 AND #3 
caar AS TAY 
Paes AS4a LIX #$40 
CHBA 2962 AND #2 IFORTS @.1 OR 2.3 
CHaC Fabs BEQ P@OR1 
TAGE ALZSY LDX #$8@ 
C815 75 PAOR1 SEI !XEYBOARD SCAN 
r@1i seeaDc STA $DC868 fUSES $DCaG 
Chi4+ A2se LOK #$36 
Cyié CA LOOP DEX ITELAY FOR AAD 
Cal? 1aFD BPL LOOP ! CONVERTER 
C@139 33 TTA 
CalA 2301 AND #1 
CHIC AA TAK 
CHiD BC1SD4 LDY $D419.% !RERD PORT 
C628 ss CLI 
Ca21 ASEH LIA #@ !ZERO HIGH BYTE 
CH2a 4C31B3 JMP $B391 !FIXED TO FLOAT & EXIT 

Program 4. 

2.3 The screen 

2.3.1 The hardware 

The screen display on the Commodore 64 is created and controlled by one chip; 
the VIC II (video interface controller 6567/9). A detailed description of the VIC 
II hardware can be found in Chapter 1. 

2.3.2 The screen display operating system software 
None of the wide range of potential features of the VIC II chip are implemented 

by the software of the 64 with the exception that on power-up the default screen 

and border colours are set up, and the case bit is toggled. The kernal software to 
control the text screen is split into two sections; print a character to the screen,
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and scroll the screen. The routine to print a character to the screen is located at 
$E716. This routine prints the character in register .A to the screen taking into 

account colour control codes, etc. This routine does several tasks before the 

character is printed; these tasks are shown in the flow chart in Fig. 2.2. 
The flow chart in Fig. 2.3 shows how the screen scrolls. This routine can be 

called from Basic with SYS 59626. 
Readers interested in the addition of extra commands which utilise the 

capabilities of the VIC II chip should consult the companion volume in this 

series, Advanced Commodore 64 Graphics and Sound.
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Display non control char 

OR CHAR + oe 
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FROM SCAEEN. 

  

      

     
OR CHAR 

te 
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INSERT COUNT 

BY 1           
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AROUND. IF SO, 
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SCREEN POS. 

6 ( 
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EXIT 

    
    

      
    

      

Fig. 2.2. Character output flowchart.
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Handle char <128 
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Fig. 2.2. (contd.) 
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Test for colour 
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Fig. 2.2. (contd.) 
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Handle char #>127 

@) 
y 

AND CHAR 
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= $ 5E 

    
    . 
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+ CHAR ? 
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witH $49 

  
  

Fig. 2.2. (contd.) 
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Fig. 2.2. (contd.)
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Delete a character Operate on carriage return 
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Fig. 2.2. (contd.) 
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Fig. 2.3. Screen scrolling flowchart.



Chapter Three 

Serial Communications 

The CBM 64 has two different forms of serial communications capability; these 

are the Commodore serial interface and the RS232 interface. The Commodore 
serial interface is designed to allow the CBM 64 to be connected to other 

Commodore peripherals, in particular the 1541 disk drive. The RS232 serial 

interface is a simplified version of an industry standard communications 
interface widely used when connecting computers to printers and modems. 
Unfortunately the RS232 interface does not conform to the correct industry 
standards and therefore requires a small additional circuit to make it function 
properly. 

3.1 Commodore serial bus 

The Commodore serial bus connects the Commodore 64 to its peripherals such 
as a disk drive and printers. This serial system has an effective speed of 3000 

baud. This is not a true baud rate but is given just for comparison with the 369 
baud normal cassette or 3609 baud for the high speed tape system in Chapter 4. 
A speed of 3000 baud is adequate for communicating with printers but makes 

the 1541 disk drive a little slow. The serial bus uses 5 lines including the ground 
line. 

3.1.1 Commodore serial bus lines 
Serial service request 
Input: This enables a serial device to generate an IRQ in the 64. (No CBM 

64 firmware support is available for this feature.) 

Signal ground | 

This is a common ground line for serial devices. It is for signal reference and 

shielding the cable. 

Serial attention 

Input and output: Normally the CBM 64 can use this line only as an output. The 

64 pulls this line low when sending command bytes to serial devices. It instructs 
all serial devices to listen for a command.



Serial Communications 33 

Serial clock and serial data lines 

These two lines are both inputs and outputs. The current talking device uses 

these lines to send data and clock signals. Together these lines carry all data and 
perform the required handshaking. 

The serial bus signals are produced in the CBM 64 by port A of CIA chip 2. 
The following table shows the line connections. 

  

Serial Data in on PA7 

out on PAS 

Serial Clock in on PA6 

out on PA4 

Serial Atn in to user port pin 9 

out on PA3 

SRQ in to CIA chip 1 FLAG pin 

  

Fig. 3.1 shows the serial port line driver. The serial port lines are driven by a 

5V 

IK 74.66 

DATA ——{——} | <4 PA5 (out) 
FB CIA 

PAF (iN) 

    

      
Fig. 3.7. Serial port line driver. 

7496 inverting buffer/ driver chip with its outputs tied to 5 V with IK resistors 
(Fig. 3.2). The 7406 was chosen for its open collector outputs. An open collector 

5V 

ch | 

| OUTPU 
INPUT | —fh 

GND 

Fig. 3.2. 7406 schematics (one gate). 
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output can only drain current, not source it. So when the output of a 7496 gate is 
low it can pull the serial line low but when the output is high the serial line has to 

be pulled to 5 V by the IK resistor. The 64 uses this by having the 5 V state as the 
release state 1.e. available for use by other devices. When a line is in the released 

state the open collector outputs on another serial device can pull the line low. 
The 746 is an inverting buffer/ driver, so all clock, data and attention signals 

sent are transmitted inverted. Therefore release or line high is sent as a zero but 
received as a logic one. 

Only one device on the serial bus can talk at any one time but any number can 
listen. The Commodore 64 controls which device talks and which listens by 
commands sent with the attention line low (true). A timing diagram for serial 
operation is shown in Fig. 3.3. 

1. Command byte sent under attention. 

64 Asserts attention Attention released 

  
  

  
  

    

Byte ready to send. by 64 if no 
Se condary address 

ATN 5V Bit valid on clock high to be sent 

gv | [ 
Clock 3VY __| | ! 

ev pL UU 
DATA 5V | a io 1; ! ) 1st ; Bit HIGH =| 

gv W\\ UWUUUUUs tes: low =¢ 
9'!23456 ¥ 

lp TAT > I ms then | K—3{1SB DATA Bits MsB [TE ; , device not present TAT TNE Serial Cevice Flogging 
ata accepte 

error Serial device releases data lp TF>Ims then 
when ready to receive frame error   

Serial device acknowledges 
attention with data low 

Fig.3.3. Serial bus timing.
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3.17.2 Serial commands 
LISTEN Command device to listen 
TALK Command device to talk 

UNLSN Commands all listening devices to unlisten 
UNTLK Commands talking device to stop talking (UNTALK) 

3.2 Serial ROM routines 

Loc CODE LINE 

9900 y RARE SRANRHKRENKLSKRLKKAS 

0000 3 SERIAL SYSTEM 
0990 y ERAN KEMELRAARRRERNLENE 
2000 ~LIB KDECLARE 
00090 ¥ =$9O 
0090 s 
0990 $ 
0070 ;KERNAL VARIABLES 
0090 ; 
G09 STATUS #=%+1 31/0 OFERATION STATUS BYTE 
9O71 STKEY #=#+1 :STOP KEY FLAG 
0092 SYUXT ¥=¥+1 : TEMPORARY 
0093 VERCK *=*+1 ;LOAD OR VERIFY FLAG 
0094 C3FO x="+4 ;IEEE BUFFERED CHAR FLAG 
0095 BSOQUR ¥=*+1 ;CHAR BUFFER FOR IEEE 
QO976 SYNO ¥=¥+1 ;CASSETTE SYNC # 
0097 XSAV H=s+) sTEMF FOR BASIN 
2098 LDTND #=*+1 s INDEX TO LOGICAL FILE 
0999 DFLTN *=*+1 sDEFAULT INFUT DEVICE # 
QO9A DFLTO #=%+1 ;DEFAULT OUTFUT DEVICE # 
GO9B FRTY ¥=E+1 ;CASSETTE FARITY 
G09C DF SW ¥=oX+] ;CASSETTE DIFOLE SWITCH 
209D MSGFLG *=#+1 ;0S MESSAGE FLAG 
QOFE FTRI ;CASSETTE ERROR FASS1 
COTE T1 eoet] ;TEMFORARY 1 
QO9F TAPC 
QO9F FTRK2 ;CASSETTE ERROR FASS2 
OO9F T2 ¥=¥+] sTEMPORARY 2 
QOAO TIME B=R+3 324 HOUR CLOCK IN 1/460TH SECONDS 
GOAZ R2D2 sSERIAL BUS USAGE 
QOAS FCNTKR #="+1 sCASSETTE STUFF 
QOAS BSOURL ;sTEMP USED BY SERIAL ROUTINE 
QOA4 FIRT H=R+4 
BEADS COUNT sTEMF USED BY SERIAL ROUTINE 
GOAS CNTIDN #=%+1 sCASSETTE SYNC COUNTDOWN 
QOAS BUFFT s=%4+1 sCASSETTE BUFFER FOINTER 
QOA7 INBIT yRS-232 RCVR INFUT BIT STORAGE 
Q0A7 SHCNL *=#+1 sCASSETTE SHORT COUNT 
QCAB BITC! yRS-232 RCVR BIT COUNT IN 
@@A8 RER ¥=e+) ;CASSETTE READ ERROR 
Q9AP RINONE sRS-232 RCVR FLAG FOR START BIT CHECK 
QAP REZ ¥=¥+1 ;CASSETTE READING ZEROS 
QOAA RIDATA sRS-232 RCVR BYTE BUFFER 
GONAA RDFLG *=*+1 ;CASSETTE READ MODE 
QOAR RIFRTY sKRS-232 RCVR PARITY STORAGE 
QGAB. SHCNH *=#+1 ;CASSETTE SHORT CNT 
GGAC SAL ¥=R+4 
QOAD SAH ¥=et] 
OOAE EAL. ¥=¥+1 
QOAF EAH ¥=¥+1 
@ORO CMFO e=Ht] 
GOR1 TEMP HrE+ 
QOR2 TAFEL #=%+2 sADDRESS OF TAFE BUFFER 
QOR4 BITTS ;RS-232 TRNS BIT COUNT 
QOB4 SNSW1 = #=*+41
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LOC CODE LINE 

OOR5 NXTBIT 3;RS-232 TRNS NEXT BIT TO BE SENT 
QOBS DIFF ¥#=*+1 
OORS RODATA skS-232 TRNS BYTE BUFFER 
QORS PRE e+] 
QOR7 FNLEN x=*41 sLENGTH CURRENT FILE N STR 
0eB8 LA ¥=¥+) ;CURRENT FILE LOGICAL ADOR 
OOR9 SA ¥r¥4 s;CURRENT FILE 2ND ADOR 
QORA FA e244) yCURRENT FILE PRIMARY ADDR 
CORE. FNADR ¥=¥4+2 sADDR CURRENT FILE NAME STR 
ORD ROFPRTY ;RS-232 TRNS FARITY BUFFER 
PORD OCHAR ¥=*+41 
OORE FSPLK ¥=*+1 sCASSETTE READ BLOCK COUNT 
OORF MYCH ¥#¥=*41 
0OCe CASi1 #=*+41 ;CASSETTE MANUAL/CONTROLLED SWITCH 
G0C1 TMFO 
eC! STAL ¥=*+1 
00C2 STAH *=*41 
00C3 MEMUSS sCASSETTE LOAD TEMPS (2 BYTES) 
0@CZ TME2 *=442 
QeCS ¢ 
Q0CS ;VARIABLES FOR SCREEN EDITOR 
GeCS ; 
00CS LSTX ¥=*+1 sKEY SCAN INDEX 
00CS NOX y¥rett sINDEX TO KEYBOARD Q 
@OC7 RVS ¥=¥+1 sRVS FIELD ON FLAG 
Q0C8B INDX ¥#=%+1 
COLI LSXP ¥=*+1 3X FOS AT START 
OCA LSTP ¥=%+41 
6OCe SFDX #=*+1 ;SHIFT MODE ON FRINT 
O9CC BILNSW  ¥=*41 ;CURSUR BLINK ENAB 
6eCcDd BLNCT #=%44 sCOUNT TO TOGGLE CUR 
OOCE GDBLN ¥=*+1 sCHAR BEFORE CURSOR 
GOCF BLNON ¥=#41 2ON/OFF BLINK FLAG 
CODE CRSW 0 ¥=s+1 sINFUT VS GET FLAG 
oov1 ENT e=¥42 sFOINTER TO ROW 
0003 ENTR  ¥=#4+1 sFOINTER TO COLUMN 
GODS QYISW  €=*4+1 sQUOTE SWITCH 
GoD LNMX ¥=*+1 140/80 MAX FUSITION 
%OD6 TRLX *=¥41 
9OD7 DATA  *=¥+1 
YeD8 INSKT #=*41 s INSERT MODE FLAG 
OOD? LDTBL #=%+4+25 340/90 LINE FLAGS 
OVE 2 LINTME ¥=*4+1 TEMPORARY FOR LINE INDEX 
OOF 5 USER  -¥=4+2 sSCREEN EDITOR CULOUR IF 
GOOFS KEYTAR ¥=%42 sKEYSCAN TABLE INDIRECT 
OOF 7 : 
OOF 7 sKS-232 2-FAGE 
VOE 7 : 
OGE 7 RIBUF ¥=*4+2 sKS-232 INFUT BUFFER FOINTER 
OOF9 ROBUF ¥=+2 sRS-232 OUYFUT BUFFER FUOINTER 
OOFR. EREKZF #=*+4+4 sFREE KERNAL ZERO FAGE 
QOFF BASZEYT #=*+1 sLOCATION ($@0FF) USED BY BASIC 
0100 ; 
0100 ¥=$100 
01900 BAD 4=%+]4 

@101 ¥=$200 
0200 BUF ¥=E¥4RO sBASIC/MONITOR BUFFER 
O259 : 
6259 s TABLES FOR OFEN FILES 
Q259 5 
0259 LAT L=2¥+10 sLOGICAL FILE NUMBERS 
024% FAT *=¥4+10 sPRIMARY DEVICE NUMBERS 
26D SAT #28410 sSECONDARY ADDRESSES 
0277 ; 
9277 SYSTEM STORAGE 
9277 : 
0277 KEYD  ¥*=8+4+16@ :IRQ KEYBOARD BUFFER 
e291 MEMSTR *=#+2 sSTART OF MEMORY
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LOC 

Q283 
8285 
6286 
0286 
0286 
0286 
0287 
4288 
0289 
O28" 
028k 
G28C 
28D 
O2BE 
O23F 
0291 
O0292 
O293 
O2935 
0293 
0293 
O294 
O29%5 
0297 
0298 
0299 
O29R. 
O29R. 
O29P. 
O29R 
B29C 
829D 
Q29D 
O29D 
O29D 
O29E 
O29F 
O29F 
O2A1 
O2A1 
O2A1 
0300 

0314 
O516 
0318 
951A 
631C 
OS1E 
0329 
O52 
0324 
0326 
63528 
OS2A 
O32C 
OSLE 
0330 
0532 
03.5% 
0554 
053C 
VSEC 
OSFC 
0400 
O7E7 
O7E7 
Q0800 
0800 

LINE 

MENS LZ 
TIMOUT 

H 
sSCREEN EDITOR STORAGE 

COLOR 
GOCOL 
HIBASE 
XMAX 
RE TFLG 
KOUNT 
DELAY 
SHFLAG 
LS1SHF 
KEYILOG 
MODE 
AUTODN 

#2%¥+2 

¥=e41 

*2xX+1 

¥r=Ft+1 

F=X+4 

F=FHt+] 

%=X4+] 

¥r=¥+] 

S=o=4+] 

¥=¥+) 

€=4+41 

KFaK+? 

2=2F4+1 

¥=e+]1 

7RS-232 STORAGE 

M26CTR 
N2S6CDR 
M26AJEB 
RSSTAT 
BITNUM 
BAUDOF 

¥=F4] 

¥=>¥+] 

¥#=¥+4+9 

¥=F¥+1 

¥=¥+] 

¥=¥+2 

TRECIEVER STORAGE 

RIDBE 
RIDBS 

“| TRANSMITTER STORAGE 

KODBS 
RODBE 

TROTME 

e 
» 

CINY 
CR INV 
NMINYV 
IOFEN 
ICLOSE 
ICHKIN 
ICKOUT 
ICLRCH 
IBASIN 
IeBSour 
ISTOF 
IGETIN 
ICLALL 
USRCMD 
ILOAD 
ISAVE 

3 

TRUFFR 
v 
gy 

CRMSCN 
v 
’ 

sRAMNLOC 

5 

¥=4+] 

S=r¥+] 

¥=¥+] 

¥=e+] 

#=2¥+2 

+=$GO300 
€=$9 509420 

€£=%492 

¥=e¢+2 

£=3+%) 

¥= e+) 

¥=¥+2 

£=*+2 

¥=%¥%+)) 

¥eEty 

S=2¥+0 

¥=¥+)) 

¥=*+2 

¥=¥+2 

*=442 

¥=2H¥4+2 

¥xo¥+D 

¥r"t+? 

*¥=$05004+60 
£=#+192 

£=$0400 
¥2ELVOD 

*=$0800 

+ TOF OF MEMORY 
sIEEE TIMEOUT FLAG 

sACTIVE COLOUR NIBBLE 
2ORIGINAL COLOUR BEFORE CURSOR 
sBASE LOCATION OF SCREEN (TOF) 

sKEY REFEAY FLAG 

gSHIFY FLAG BYTE 
sLAST SHIFT FATTERN 
sINDIRECT FOR KEYBOARD TABLE SETUP 
:@-FET MODE, 1-CATTACANNA 
sAUTO SCROLL DOWN FLAG (20 ON,<>0 OFF) 

365926 CONTROL REGISTER 
26926 COMMAND REGISTER 
:NON STANDARD CBIPTIME/2-100) 
yRS-2432 STATUS REGISTER 
sNUMBER OF BITS 10 SEND (FAST RESFONSE) 
sBAUD RATE FULL BIT TIME 

sINFUT BUFFER INDEX 10 END 
sINFUT BUFFER FOINTER TO START 

yOUTFUT BUFFER INDEX 10 START 
pOUTFUT BUFFER INDEX T0 END 

sHOLDS IRQ DURING TAFE OFS 

sFROGRAM INDIRECTS(19) 
t:KERNAL/OUS INDIRECTS (20) 

sIKGL RAM VECTOR 
rsBRK INSTR RAM VECTOR 
sNMI RAM VECTOR 
s INDIRECTS FOR CODE 
;CONFOKMS TO KERNAL SFEC 8/19/80 

3 SAVESF 

y;CASSETTE DATA BUFFER 

364 SCREEN



LOC 

0860 
DO00 
DO2F 
DOZE 
D490 
D41b 
D41D 
D800 
DREZ 
DBE7 
DRE7 
DBE 7 
DCOO 
DLOO 
DCol 
DCO1L 
DCO2 
DCOS 
DCO4 
DCOS 
DCGS 
DCO7 
DCO8 
DLO? 
bDC@A 
DCObR 
DCOC 
DCeD 
DCOE 
DCOF 
bC10 
DC19° 
DDO@ 
DDO1 
DDe2 
DDOS 
DDO4 
DDOS 
DDOS6 
DDO7 
DLDes 
DDE? 
DDGA 
DDOR 
DDeC 
DDeD 
DDOE 
DDOF 
bDD1@ 
DD19 
DD1@ 
DD19 
DD190 
DD1® 
DD19 
DD10 
DD16 
DD10 
DD1¢ 
DD10 
DD1@ 
DD19O 
DD16 
DD10 
DD1¢ 
DD19 
DD16 

CUDE LINE 

VICREG 

SIDREG 

CRMCOL 

71/0 D 
e 
y 

COLM 
DiDFA 
KOWS 
D1IDFe 

DIDDKA 
DIDDRB 
DITAL 
D1 TAH 
DI TRL 
DITBH 
b1ifTobi 
DiTOb2 
DI TODS 
D1TOD4 
DIITODP 
DIICR 
DICRA 
DICKB 
e 
y 

D2DFA 
D2DF RB. 
D2DDRA 
D20DRB 
D2TAL 
D2TAH 
D2TEL 
D2TBH 
bD2T0D1 
b2TOD2 
D2T0b3 
D2TUD4 
D2TODE 
D2ICR 
D2CRA 
D2CRB 

TAFE 
; 
EOT 
BLE 
BDF 
LF 
BDFH 
BUFSZ 

¥=$D000 
#=¥E+G?7 

¥=$D400 
H=¥429 

*=$D800 
¥=¥+999 

EVICES 

% =$DC90 

eet] 

Hr¥t+] 

4£=*¥+] 

¥=F+1 

= ¥+] 

FrF+) 

*=*+] 

¥=e-+] 

#=*+] 

e=3+] 

€=%+1] 

¥=%41 

#=H4+4 

#=%4] 

S=4+] 

¥=E+] 

*= $DD00 
e=e+] 

€=F+] 

¢=44] 

¥=¥+1 

4=*+] 

H=*+4 

¥=¥+) 

¥=FX+] 

¥=e+] 

¥=-¥+1 

¥=X+] 

¥=¥+1 

¥=¥+] 

¥=¥+1 

¥=F¥+]4 

ReR+1 

BLOCK TYFES 

=f 
=1 
22 
=3 
=4 
=192 

bf 
s;TAFE ERROR TYFES 

SPERR 
CKERR 
SBERK 
LBERR 

=16 
=32 
=4 
=8 

Serial Communications 41 

;VIC REGISTERS 

;SID REGISTERS 

364 COLOUR NIBBLES 

26526 (TRA) 
sKEYBOARD MATKIX 

sKEYBOARD MATRIX 

CF
 

ie
 

6326 (NAT) 

w
e
 

;END OF TAPE 
sBASIC LOAD FILE 
sBASIC DATA FILE 
sFIXED FROGRAM TYPE 
sBASIC DATA FILE HEADER 
sBUFFER SIZE 

2SCREEN EDITOR CONSTANTS 
v 
y
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LOC CODE LINE 

bD10 LLEN =40 :SINGLE LINE 40 COLUMNS 
DbD10 LLEN2 =890 sDOUBLE LINE 88 COLUMNS 
DD1O NLINES =25 325 ROWS ON SCREEN 
DD19 BLUE = sBLUE SCREEN COLOUR 
DD10 LTBLUE =14 ;LF BLUE CHAR COLOUR 
DD19 CR =$D sCARRIAGE RETURN 
DD1@ MAXCHR =80 

DD19 NWRAF =2 
DD10 eEND 
DD19® -LIB KSER1 

TALK 
      

Entry point: $FFB4 

Function: Command serial device to talk (transmit data) 

Input parameters: .A device number 

Output parameters: None 

Registers used: .A 

Error messages: 

Device not present (returned in STatus var. $9) - attention not acknowledged 
by data low within | ms 

Frame error (in ST) — no data accepted response (data low) within | ms of last 
bit of byte being sent. 

Description: This routine ORs the device number in the .A register with $49. 
Before the command is sent the single character serial buffer is checked for being 
empty. If it is not the character in it is sent (with end message marker (EOI)). 

After this the attention line is set low (bit 3 set in chip 2 port A (assembler label 
D2DPA in listing). Then the command byte is sent with the attention line held 

low. 

  

LOC CODE LINE 

DD1@ ¥=$EDO09 
EDO sEELELLEL SESSA SNE RSA HSKS LARK HLSKEKHKL KH 
EDO? ;=COMMAND SERIAL BUS 10 TALK. 
EDO? ;*THE ACCUMULATOR MUST BE LOADED WITH THE 
EDO? ;*DEVICE NUMBER THAT YOU WISH TO TALK. 
EDe9 y HKERRRKARERERRH KSEE KEKHKERSSKREKKKEKSR 
EDOS O99 40 L836 ORA #$46 yMAKE ADDR TALK 
EDOB = 2C eBYT $2C sSKIP NEXT COMMAND 

LISTEN 
      

Entry point: $FFBI1



Serial Communications 43 

Function: Command serial device to listen 

Input parameters: .A device number 

Output parameters: None 

Registers used: .A 

Error messages: 

Device not present (returned in STatus var. $99) — attention not acknowledged 
by data low within | ms 

Frame error (in ST) — no data accepted response (data low) within | ms of last 
bit of byte being sent 

Description: This routine ORs the device number in the .A register with $29. 
Before the command 1s sent the single character serial buffer is checked for being 
empty. If it is not the character in it is sent with an EOI handshake to mark it as 
the last byte of its message. After this the attention line is set low. Then the 
command byte is sent with the attention line held low. This routine includes the 

main routine to send a byte to the serial bus. This is done as follows : 

L842 - Set clock low 
Set data high 

Delay 1 ms 
L859 — Set data high (released) 

Set clock line high 
If EOI no handshake required then L850 

; Wait with clock high for End Or Identify handshake 
Wait for data high 
Wait for data low 
; That is end of hold, until serial device is ready 

L85@ — Wait for data high 
Set clock low 
Put 8 in counter 

L848 — If data not high framing error 

Get next bit of byte to send 
; Low bit first 

If bit is zero then set data low 
Set clock high ; flag bit 

Sort pause 
Set data high and clock low 
Decrease bit counter 

Go to L848 if not all sent 
Set timer for | ms 

L855 — Has timer expired? 
If so then L847 (framing error) 
If data not low go back to L855 

Exit
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LOC 

EDeC 
EDOL 
EDeC 
EDOC 
EDOC 
EDeC 
EDOC 
EDOE 
ED11 
ED12 
ED14 
ED16 
ED16 
ED16 
ED16 
ED17 
EDI? 
EDIC 
EDIE 
ED20 
ED21 
ED23 
ED24 
ED27 
ED29 
ED2B 
ED2E 
EDS1 
ED3S 
EDSS6 
ED36 
EDS7 
ED3A 
EDSD 
ED40 
ED41 
ED44 
ED4/ 
ED49 
ED4U 
ED4E 
EDS® 
EDSO 
EDSS 
EDSS 
EDS8 
EDSA 
EDSD 
EDSF 
EDé2 
ED6é2 
EDé2 
ED62 
EDS&4 
ED66 
ED6? 
ED6C 
EDSE 
ED6F 
ED/1 
ED73 
ED7S 
ED78 
EDZA 
ED/D 
ED8® 
ED81 
ED82 

CODE 

FO 

ED 

DD 
DD 

EE 

EE 
» EE 

LINE 

s=COMMAND SERIAL BUS TO LISTEN. 
3*TO USE THIS ROUTINE, THE ACCUMULATOR MUST 
s=FIRST BE LOADED WITH THE DEVICE NUMBER THAT 
3¥YOU WISH TO LISTEN (RECEIVE DATA). 
g FEN ERK KERE RE LAE KA RAKLSERELKEREEN KARE ERY 
L966 

L9Se 

5 
;SEND BUFFERED CHAR 
3 

L844 

L851 
LBS3 

ORA 
JSR 
FHA 
BIT 
BRL 

SEC 
ROR 
JSK 
LSR 
LSR 
FLA 
STA 
SEI 
JSR 
CMF 
BNE 
JSR 
LDA 
ORA 
STA 

SEI 
JSR 
JSK 
JSK 
SEI 
JSR 
JSK 
BCS 
JSR 
BIY 
BEL 

JSR 
BCC 
JSK 
BCS 
JSK 
BCC 
JSR 

LDA 
STA 
LDA 
Chr 
BNE. 
ASL 
BCC 
ROR 
BCS 
JSR 
BNE 
JSR 
JSK 
NOP 
NOF 
NOF 

#$20 
SF OAS 

C3FO 
LBS4 

R202 
LEsy 
CSFO 
R2D2 

BSGUR 

L844 
HS SF 
LB39 
L875 
D2DFA 
#$08 
D2DFA 

L843 
L844 
L844 

L844 
LB54 
L856 
L875 
K2D2 
L8s¢ 

L854 
L840 
L854 
L849 
L854 
L830 
L843 

10 SEND DATA 

#308 
COUNT 
D2DFA 
D2DFA 
L848 
A 
L847 
BSOUR 
L8si 
L841 
L853 
L844 
L875 

sMAKE ADDR LISTEN 
sPROTECT FROM RSI23 NMI 

yCHAR IN BUFFER? 
3NO 

,SET EUI FLAG 

;SEND LAST CHAR 
;BUFFER CLEAR 
;CLEAR EOI FLAG 
sTALK/LISTEN ADDR 

sCLKHI ONLY ON UNLISTEN 

sASSERT ATTENTION 

;SET CLOCK LINE LOW 

sDELAY 1 MS 
;DISABLE IRQ 
sMAKE SURE DATA IS RELEASED 
sDATA SHOULD BE LOW 

sCLUCK LINE HI 
sEQI FLAG TEST 

sWAIT FUR DATA HI 

sWAIT FOR DATA LO 

sWAIT FOR DATA HI 

:SET CLOCK LO 

sCOUNT 8 BITS 

:DEBOUNCE BUS 

sDATA MUST BE HI 
;NEXT BIT INTO CARRY 

;CLUCK HI
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LOC CODE LINE 

EDB3 EA NOF 
ED84 AD %® DD LDA D2DFA 
ED87 29 DF AND #$DF ;DATA HI 
ED8? 909 10 ORA #$10 sCLOCK LO 
EDSe &bD 00 DD STA D2DFA 
EDSE C4 AS DEC COUNT 
ED9@ DO 4 BNE L848 
EDY2 AY 04 LDA #$04 sSET TIMER FOR 1 MS 
ED94 Bb 67 DC STA DITBH 
ED97 A? 19 LDA #$19 
ED99 8D oF DC STA DICKE 
EDYC AD OD DC LDA DLICR 
ED9F AD ob DL L853 LDA DIICK 
EDA2 29 62 AND #$02 
EDA4 DO @A BME 1047 
EDAS6 20 AY EE JSR L8S4 
EDA BO F4 BCS L855 
EDAR 38 CLI sENABLE IRQ 
EDAC 60 RTS 
EDAD AY 80 L856 LDA #$8O ;DEVICE NOT FRESENT 
EDAF 2C ~BYT $2C 
EDR® AY O83 L847 LDA #$03 rFRAMING ERROR 
EDP2 20 1C FE L852 JSR $FE1C ,;SEND MESSAGE 
EDBS %8 CLI yENABLE IRQ 
EDP6 18 CLC 
EDB7 90 4A BCC 11004 sALWAYS 

SECOND 
      

Entry point: $FF93 

Function: Send secondary address after listen 

Input parameters: Secondary address in .A register ORed with $69 

Output parameters: None 

Registers used: .A 

Error messages: 
Device not present (returned in STatus var. $9) — attention not acknowledged 

by data low within | ms 
Frame error (in ST) — no data accepted response (data low ) within 1 ms of last 
bit of byte being sent 

Description: The secondary address is stored in the serial buffer and then sent to 
listening devices. Next the attention line is released (set high). 

LOC CODE LINE 

EDEY y MEALS MA ECKMAN AHEM E EEN EEN MAE ERN EM REY BENS 
EDe9? ;®SEND SECONDARY ADDRESS AFTER LISTEN. 
EDR? ;*THIS ROUTINE IS USED TO SEND A SECONDARY 
EDR? ;#ADOKESS AFTER A CALL TO THE LISTEN COMMAND. 
EDRY J KHRERAAA KUNA A RAMANA LAKE LKARS SHS RK KA RS 
EDR? 85 9S L871 STA BSOUR ;BUFFER CHAR
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EDPBB 276 36 ED JSK L842 :SEND IT 
EDBE s 
EDBE sKELEASE ATTENTION 
-EDBE 3 
EDBE AD 6@ DD L983 LDA D2DFA 
EDCIL 29 F7 AND #SF7 
EDCS3 8D 6¢@ DD STA D2DFA s RELEASE 
EDCS 60 RTS 

TKSA 
      

Entry point: $FF96 

Function: Send secondary address after talk 

Input parameters: Secondary address in .A register 

Output parameters: None 

Registers used: .A 

Error messages: 

Device not present (returned in STatus var. $99) - attention not acknowledged 

by data low within | ms 
Frame error (in ST) — no data accepted response (data low ) within | ms of last 
bit of byte being sent 

Description: The secondary address is loaded into the serial buffer and then sent 
to the serial bus. This routine then waits for the new talking device to 

acknowledge it is the new talker by changing the clock line. This is done as 

follows: 

Hold data low 
Set attention high (release) 
Set clock high 
Then wait for clock to go low 

LOC CODE LINE 

EDC7 y RHERNASRANAA SARE RMAS NLA RAE SHS ERSERKENRS 
EDC? +*SEND TALK SA. 
EDC7 ;*THIS ROUTINE IS USED TO SEND A SECONDARY 
EDU7 s*ADDRESS TO A DEVICE THAT HAS ALKEADY BEEN 
EDC7 :=COMMANDED TO TALK. 
EDC? y HERR KHRKRE KK LK KS KAKKLASE KE LEMELH ELE KLEE 
EDC7 85 95 L866 STA BSOUR ;BUFFER CHAR 
EDC? 20 $6 ED JSR L842 ySEND SA 
EDCC 3 
EDCC sSHIFT OVER TO LISTENER 
EDCC : 

Ebtct) 78 L970 SET sDISABLE IKQ 
EDCD 20 A@ EE JSK L841 ;DATA LINE LO 
EDD® 20 BE ED JSR L983 
EDDS 20 85 EE JSR L875 yCLOCK LINE HI 
EDD46 20 AX EE L968 JSR L8S4 sWALT FOR CLOCK LO 
EDD? 30 FB BMI L968 
EDDR 38 CLI y DONE 
EDDC 60 RTS
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CIOUT 
      

Entry point: $FFA8 

Function: Send byte to serial bus 

Input parameters: Byte to send in .A 

Output parameters: None 

Registers used: .A 

Error messages: 

Device not present (returned in STatus var. $99) — attention not acknowledged 

by data low within | ms 
Frame error (in ST) — no data accepted response (data low ) within | ms of last 
bit of byte being sent 

Description: Any character in the serial buffer is sent to the serial port. Then the 
current character is stored in the buffer. 

  

L.OC CODE LINE 

EDDD y HERE LAHSA RASARS SH RAKLENRAAAAS HAS EM CRANE 

EDDD sBUFFERED OUTFUT TO SERIAL BUS 
EDDD 1 PERAK SAAS ERRAAA SLE SALAS LEANAAS HESS 

EDDD 24 94 L841 BIT C3FO sBUFFERED CHAR? 
EDDF 30 6% BMI L949 sYES, SEND LAST 
EbDE1 339d SEC :NQ 
EDE2 66 94 KOR C3FO sSET BUFFERED CHAR FLAG 
EDE4 DO OS BNE L862 rsALWAYS 
EDES , 
EDES 48 L949 FHA sSAVE CURKENT CHAK 
EDE7 20 40 ED JSR L8Sgy sSEND LAST CHAR 
EDEA 68 PLA RESTORE CURKENT 
EDEB 85 9S L862 STA BSOUR sBUFFER [I 
EDED 18 CLC :GUOD EXIT 
EDEE 40 RTS 

 UNTLK 
      

Entry point: $FFAB 

Function: Send command UNTALK 

Input parameters: None 

Output parameters: None 

Registers used: .A 

Error messages: 

Device not present (returned in STatus var. $99) — attention not acknowledged 
by data low within | ms
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Frame error (in ST) — no data accepted response (data low) within | ms of last 

bit of byte being sent 

Description: This routine sends the $5F under attention to serial bus. This tells 

the current talking to stop. After a delay this routine ends by releasing clock and 

data lines. 

  

LOC CODE LINE 

EDEF o EEN EERE EN AM ERASE KAKA RSNA ARF RAS KERN LES 

EDEF s*SEND UNTALK. 
EDEF s*{HIS ROUTINE SENDS AN ’UNTALK’ TO THE SERIAL 

EDEF 2¥BUS. IT WILL TELL ALL DEVICES IN TALK 

EDEF s2MQDE TO STOF TALKING (SENDING DATA). 

EDEF ENA RASEL MENS LHARLEKELALES EK AHA KEL HLA Y 

EDEF 78 L863 SEI 
EDFO® 20 SE EE JSR L843 
EDF3 AD 06 DD LDA D2DFA 3FULL ATN 
EDF& 09 08 ORA #$08 
EbDFS8 8D 6@ DD STA D2DFA 
EDFR AP SF LDA RSSF ys UNTALK 
EDFD 2C «BYT $20 ;SKIF NEXT COMMAND 

UNLSN 
      

Entry point: S$FFAE 

Function: Send command UNLISTEN 

Input parameters: None 

Output parameters: None 

Registers used: .A 

Error messages: 

Device not present (returned in STatus var. $99) - attention not 
acknowledged by data low within | ms 

Frame error (in ST) - no data accepted response (data low ) within | ms 
of last bit of byte being sent 

Description: This routine sends the $3F under attention to serial bus. 
This tells the current listening devices to stop. After a delay this 
routine ends by releasing clock and data lines. 

LOC CODE LINE 

EDFE g SKERRELEAS ARAMA KS KER KARENSANANN ALES ENN ES 

EDFE s*SEND UNLISTEN. 
EDFE s*¥{H1S ROUTINE SENDS AN ’UNLISTEN’ TO 
EDFE y*THE SERIAL BUS. [LT WILL TELL ALL DEVICES 
EDFE s*IN LISTEN MODE TO STOF LISTENING. 
EDFE y EKLELKKRLK EKER KLE KEE RKEK KEKE KE RALFKERK ELS 
EDFE AY SF L1006 LDA #$3F sUNLISTEN COMMAND 
EES 20 11 ED JSR L99e@ : SEND 
EEOS } 

EEOS RELEASE ALL LINES 
EEQS : 
EE®3 20 BE ED 11004 JSR L993 sRELEASE ATN 
EEOS :
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EEO64 sDELAY THEN RELEASE CLOCK AND DATA 
EEO6 ; 
EES BA Lease  TXA ;DELAY APPROX 66 MICRO SECS 
EEO7 AZ OA LDX #$0A 
FEO? CA L876 DEX 
EEVA DO FD BNE L876 
EE¢C AA TAX 
EEVD 20 85 EE JSR L875 
EE1@ 4C 97 EE JMP L844 

ACPTR 
      

Entry point: $FFAS 

Function: Input byte from serial port 

Input parameters: None 

Output parameters: Character in .A 

Registers used: .A 

Error messages: 
Read timeout (in ST) - no clock low response within 9.2 ms of data being 
released 

Description: This routine gets a byte from serial bus and returns it in the .A 
register. It does this as follows: 

L865 — Zero COUNT 

Release clock line 
Wait for clock to go high 

L866 - Set timer to 256 ms 

Release data 

L872 -— If timer expired go to L868 
If clock still high go back to L872 
Otherwise go to L879, to read byte 

L868 — If COUNT non zero flag read timeout in ST and exit via a 
routine to release lines 
Otherwise assume EOI 
>; Handshake EOI 

Set data low 

Pause and release data 

Flag EOI in ST 

Increase COUNT 
Go back to L866, to wait for clock 
; Get a byte 

L870 — Set COUNT for 8 bits 
L869 - Wait for clock to go high 

Get next bit of byte from data line 
Wait for clock to go low
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Decrease COUNT 

If COUNT not zero go back to L869 to get next bit 
Acknowledge byte by sending data low 
Check EOI flag in ST 
; EOI flags end of message 

If set then delay and release data 
Exit this byte read in .A 

Loc CODE LINE 

EE13 y MENERRHAA EMMA KRAKKALANRRERLA RARER VERSA LG 
EELS sINFUT A BYTE FROM SERIAL BUS 
EE1S e ERMEKKEKAN EEE KRARARARELKS KKK RES LEAK LENS 
EE13 78 L845 SEI sDISABLE IRQ 
EE14 AY 8 LDA #400 ;SET EOI/ERROR FLAG 
EE16 83 AS STA COUNT 
EE18 26 85 EE JSR LB7S ;KELEASE CLOCK LINE 
EEIB 20 AD EE L943 JSR L8S4 sWAIT FOR CLOCK HI 
EEIE 106 FE BFL L943 
EE20 AY OL L866 LDA #S$O1 sSET TIMER B FOR 256 US 
EE22 8D 67 DU STA DITBH 
EEZS A? 19 LDA $19 
EE27 8D @F DC STA DICKB 
EE2ZA 20 97 EE JSK L844 
EE2D AD @D DC LDA D1IICRK 
FESO AD 9D DC L872 LDA DiICR 
FE33 29 62 AND #$62 ;CHECK THE TIMER 
EE3S DO 07 BNE L868 ;RAN OUT 
EE37 20 AY EE JSR L854 ;CHECK THE CLOCK LINE 
EESA 30 FA BMI L872 sNOT YET 
EE3C 10 16 BFL L870 3YES 
EESE : 
EESE 
EESE AS AG LB68 LDA COUNT ;CHECK FOR ERROR 
EE40 FO OS BEQ L867 
EE42 AP O2 LDA #302 . 
EE44 4C B2 ED JMF L852 3ST=2, READ TIME OUT 
EE47 : 
EE47 sTIMER RAN OUT, DO AN EOT 
EE 47 3 
EE47 20 AG EE L867 JSR L841 yDATA LINE LO 
EESA 20 8S EE JSR L87S sDELAY, SET DATA HI 
EE4D AY 46 LDA #$40 
BRESF 20 1C FE JSR $FEIC ;0R AN EOI BIT INTO ST 
EES2 ES AS INC COUNT AND AGAIN FOR ERROR CHECK 
EEN4 DO CA BNE L866 
EESS6 ; 
EESS6 sBYTE TRANSFER 
EESS ’ 
EES6 AY 68 L870 LDA #368 ;SET UF COUNTER 
EESS J AS STA COUNT 
EESA AD @@ DD L869 LDA D2DFA sWAIT FORK CLOCK HI 
EESD CD 0® DD ChF D2DFA y DEBOUNTE 
EE6@ DO FS BNE L869 
EE62 OA ASL A 
FE63 10 FS BFL L869 
EES5 6&5 A4 ROR BSOURL sROTATE DATA IN 
EE67 AD @@ DD L&73 LDA D2DFA ;WAIT FOR CLOCK LO 
EE6A CD 00 DD CMF D2DFA y DEB OUNCE 
EE6D DO FB BNE L873 
EE6F A ASL A 
EE7O@ 30 FS BMI L873 
EE72 Cé& AS DEC COUNT 
EE74 DO E4 BNE L869 ;MORE BITS 
EE/7& 20 A® EE JSR 1.841 sDATA LO



EE79 
EE7B 
EE/D 
EE8O 
EEB2 
EE83 
EE84 

3.3 General routines 

All routines change only the .A register. 

Set clock high, set clock low, set data high & set data low all just 
set or unset a bit in port A of CIA chip 2. Note that the bit is set to 

ah 
50 
29 
As 
58 
19 
60 

send a line low. 

Debounce CIA routine first loops until a consistent value is read from 

port A of the CIA. It then sets the carry flag to the state of the data line, and 
the sign flag to the state of the clock line. 

BIT STATUS 
BVC L874 
JSK L858 
LDA BSOURI 
CLI 
CLC 
RTS 

Serial Communications 

;CHECK FOR EOI 

sNONE 
sDELAY AND DATA Hf 

sENABLE IRQ 
;GO0D EXIT 

The | millisecond delay is a software delay loop lasting approx | ms. 

LOC 

EESS 
EE8S 
EE8S 
EE8S 
EESS 
EEBA 
EE8D 
EESE 
EESE 
EE BE 
EESE 
EE?! 
EES 
EEYS 
EE97 
EE97 
EE9? 
EE97 
EE9A 
EE9C 
EEF 
EEA 
EEAQ 
EEAQ 
EEA 
EEAS 
EEAS 
EEA8 
EEA? 
EEAY 
EEA? 
EEA 
EEAC 
FEAF 
FEB 
EER2 
EERS 
EEBS 
EEBS 
EEBS 

CODE 

AD 
29 
8D 
60 

AD 
09 
8D 
60 

AD 
2? 
8D 
60 

AD 
09 
8D 
60 

AD 
CD 
DO 
VA 
60 

BA 

00 
EF 
00 

00 
10 
0 

00 
DF 
06 

09 
20 
00 

0% 
00 
FB 

DD 

DD 

DD 

DD 

DD 

bb 

DO 

DD 

DD 
DD 

CG
 

LOUK 

[
T
s
e
 

we
 

Ne
 

LDA D2DFA 
AND H#$EF 
STA D20FPA 
RTS 

LDA D2DFA 
ORA #$1¢ 
STA D2DFA 
RTS 

LDA D2bFA 
AND #$DF 
STA D2DPA 
RTS 

LDA D2bDFA 
ORA #$206 
STA D2DFA 
RYS 

DEBOUNCE THE FIA 

LDA D2DFA 
CMP D2DFA 
BNE L854 
ASL A 
RTS 

LINE HI (INVERTED) 

LINE LO (INVERTED) 

, 
sSET DATA LINE HI CINVERTED) 

;SET DATA LINE LO (INVERTED)
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A2 BS EEB4 
EEBS 
EER? 
EER9 
EEBA 
EEBP 
EERR 

CA 

De FD 
AA 
60 

  

  
GETIN 

    

Entry point: SFFE4 

L845 

~ END 

LDX 
DEX 

HBG 

BNE L845 
TAX 
RTS 

-LIB KSER2 

Function: Get a character from the current input device 

Input parameters: None 

Output parameters: .A holds character, CARRY clear 

Registers used: .A 

Error messages: None 

Description: For serial devices, GETIN is redirected to BASIN. 

  

LOC CODE 

EEBP. 
F1I3SE 
FISE 
FISE 
FISE 
F1SE 
FISE 
FiSE 
FISE 
FISE 
F1I3E 
F1ISE 
FISE 
FIZE AS 99 
F140 DO 08 
F142 AS C6 
F144 FO OF 
F146 78 
F147 4C B4 ES 
F1i4A C9 02 
Fi4C De 18 
F1i4E 84 97 
FiS® 20 86 FO 
F1iS3 A4 97 
FiS5S 18 
F156 60 

BASIN 
      

LINE 

¥*=$F13E 

PUTT TEST TTT LITE TT TTT TTT TT TT TTT TTT TTT Tet 
;% GETIN -~- GET CHARACTER FROM CHANNEL. 

CHANNEL IS DETERMINED BY DFLIN. 
3% IF DEVICE IS 8, KEYBOARD QUEUE IS 
3* EXAMINED AND A CHARACTER REMOVED IF 
3% AVAILABLE. IF QUEVE IS EMFTY, Z 
:* FLAG IS RETURNED SET. DEVICES 1-31 
1% ADVANCE TO BASIN. THE CHARACTER IS 
:% RETURNED IN .A. IF ZERO, NULL CHAR. 

; 
NGETIN 

L924 

L926 

L944 

Entry point: $FFCF 

LDA 
BNE 
LDA 
BEQ 
SEI 
JMP 
Chr 
ANE 
STY 
JSR 
LDY 
CLC 
RTS 

DFLIN 
L924 
NDX 
L944 

$ESB4 
#$02 
L927 
XSAV 
$F 0846 
XSAV 

sCHECK DEVICE 
sNOT KEYBOARD 
;QUEUE INDEX 
;NOTHING THERE, EXIT 

;REMOVE A CHAR 
sRS-2327 
3NO, USE BASIN 
;SAVE .Y, USED IN RS-232 

sRESTORE .Y 
3G00D RETURN
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Function: Get a character from the current input device 

Input parameters: None 

Output parameters: .A holds character, CARRY clear 

Registers used: .A 

Error messages: None 

Description: If the status from the last character read was “# (EOF), the 
character 13 (carriage return) is returned with CARRY clear. Otherwise one 

byte is read using the ACPTR routine. 

LOC CODE LINE 

F137 : 

FiS7 3% BASIN-- INFUT CHARACTER FROM CHANNEL. 
F1S7 3% BASIN DIFFERS FROM GETIN ON KEYBOAKD 
F1iS7 :*¥ AND RS-232 ONLY. THE SCREEN EDITUR 
FiS7 3% MAKES READY AN ENTIRE LINE WHICH IS 
F137 :% PASSED CHARACTER BY CHARACTER UF 
F157 7% TO THE CARRIAGE RETURN. THE CHARACTER 
F157 3% IS RETURNED IN .A. ZERO FOR NULL CHAR 
F157 3% OTHER DEVICES ARE: 
F157 3% ®@ --- KEYBOARD 
F157 5% 1 --- CASSETTE 
F1iS7 2% 2 -~-- R§-232 
F137 3% 3 --- SCREEN 
F137 3% 4-31 --- SERIAL BUS 
F157 RRM RKLEMARKKRMREKRMAVRKRARRLKKRSEARRKARARKERAS 

F135? y 
F157 AS 99 NRASIN LDA DFLTN sCHECK DEVICE 
F159 DO OB BNE L927 sNOT KEYBOARD 

F1ise ; 
Fise yINFUT FROM KEYBGARD 
FASE y 
FISB AS D3 LDA FNTR sSAVE CURRENT: 

FiSD 83 CA STA LSTP s;CURSOR COLUMN, 
FISF AS Dé LDA TRLX 
Fié1 85 C9 STA LSXP y;LINE NUMBER 
Fi63 4C 32 E6 JNF $E632 sBLINK CURSOR UNTIL RETURN 
F146 g 
F166 C9 03 L927 CMF #$063 ; SCREEN? 
F168 DO 09? BNE L928 sNO 
FI6A 835 DO STA CRSW sFAKE CARRIAGE RETURN 
Fi6éC AS DS LDA LNMX sENDED? 
FI6E 85 C8 STA INDX :ON THIS LINE 
Fi70 4C 32 E6 JME $E6S32 sFICK UP CHARACTERS 
F173 3 
F173 8&9 38 L928 BCS L939 sDEVICES? 3 
F175 C9 2 CMF #$G2 +RS-232? 
F177 FO SF BEQ $F1B8 sYES 
F179 ios teienhenien ieaieehenieeieanasieioateeieenenienten tna 

F179 ¥=$F 1 AD 
F1Ab ‘ 

F1iAD sINFUT FROM SERIAL BUS 
F1AD 3 . 

FIAD AS 90 L939 LDA STATUS sSTATUS FROM LAST 
FIAF FO 04 BEQ L941 30.K. 
FIBL AY OD L.932 LDA #$OD BAD, ALL DONE 
F183 18 L946 CLC sVALID DATA 
FIB4 60 L945 RTS 
FiBS 3 

FIPS 4C 13 EE L941 JMF L865 sGU0D, HANDSHAKE 
  FBS ; an
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BSOUT 
      

Entry point: $FFD2 

Function: Output the character stored in .A to the current output device. 

Input parameters: .A holds character 

Output parameters: .A holds same character, CARRY clear 

Registers used: None 

Error messages: None 

Description: This routine just jumps to the send buffered character to serial 
routine. 

  

LOC CODE LINE 

F1B8 #=$F1CA 
FIvA : 
FiCA y MEERA SAE RNA KAAKAL ENA RRR ARUN EANALENS 
FACA :® BSOUT -- OUTFUT CHAR STORED IN .A TO 
F1ICA 3% CHANNEL DETERMINED BY VARKIARLLE DFLTO: 
FiCA eg ® --- INVALID 
FACA 3% 1 --- CASSETTE 
F1CA 3% 2 ~~~ RS-232 
FICA Hd 3 --- SCREEN 
F1CA 3% 4-31 --- SERIAL BUS 
FICA CAMEL REMEMEMANERHRK RS KHERAKHRAMELEVAG ERY 
FiCA } 
FICA 48 NESOUT FHA sFRESERVE .A 
FICR AS 9A LDA DFLTO ;CHECK DEVICE 
FICD C9 O3 CMF H$O3 ;SCREEN? 
FICF De® 04 BNE L933 3NO 
FiD1 68 FLA +YES, RESTORE .A 
FiD2 4C 16 &7 IMF $E716 sPRINT TO SCREEN 
F1DS ; 
FIDS 90 04 L933 BCC $F1DB sDEVICE 1 OR 2 
F1ib? ; 
F1ib? ;PRINT TO SERIAL BUS 
F1D7 : 
F107 68 FLA 
Fibs 4C DD ED JAP L861 
F1be  ealeeienienietenientesneteaketenteteatetteeeakeateeates 
FIDE : 
FibDe. -LIB KSER3 

CHKIN 
      

Entry point: $FFC6 

Function: Set a previously OPENed file for input. 

Input parameters: .X holds the logical file number of the OPENed file.
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Output parameters: 
CARRY clear - OK 
CARRY set —- error, error number in .A 

Registers used: .A, .X 

Error messages: 

File not open — if the logical file number in .X is not in the LFN table 
Device not present — if bit 7 of ST is set, the device did not respond to the TALK 

command 

Description: This routine first checks that the LFN in .X has a reference in the 
LFN table. If not, the message File not open is sent. The device referenced by the 
LFN is told to TALK and a secondary address is sent (if present). After sending 

the TALK secondary address, the device is shifted over to listener. If bit 7 of the 
STATUS byte (ST) is set, the message Device not present is sent. 

LOC CODE LINE 

F1bB FISF LOE 
F2GE 3 
F26E y KANN K ANREP ARK SKA RERA SHAKEN AN SE RHKEREY 
F20E y% CHKIN -- OPEN CHANNEL FOR INFUT. 
F2GE 1% THE NUMBER OF THE LOGICAL FILE TQ) 
F20E 3% BE OFENED FOR INFUT IS FASSED IN .X. 
F2QE 3% CHKIN SEARCHES THE LOGICAL FILE TO 
F20E :* LOOK UF DEVICE AND COMMAND INFO. 
FOG0E 3® ERRORS ARE REFORTED IF THE DEVICE WAS 
F20E :* NOT OPENED FOR INFUT, (E.G. CASSETTE 
FOOE 3% WRITE FILE), OK THE LOGICAL FILE HAS 
F20E 3% NO REFERENCE IN THE TABLES. DEVICE 0, 
F20E 2% (KEYBOARD), AND DEVICE 3 (SCREEN), 
F20E 3% REQUIRE NO TABLE ENTRIES AND ARE 
F2GE :% HANDLED SEPARATELY. 
F20E yHEHKRARKREREKEREAE LARK KKEFELSAEERKEREK MERE 
F20E 5 

F26E 206 OF F3 NCHKIN JSR L16¢0 sFILE OPENED? 
F211 FO 03 BEQ LOSO zYES 
F213 4C 01 F7 JMF L1009 yxNO, FILE NOT OPEN 
F216 20 1F F3 L950 JSR 11002 eGET FILE INFO 
F219 AS BA LDA FA 
F21B FO 16 BEQ L963 y KEYBOARD 
F21D H 
F210 s;COULD BE SCREEN, RS-232, OR SERIAL 
F210 : 
F21D C9 03 CMP #¢O3 y SCREEN? 
F21F FO 12 BEQ L963 yYES, DONE 
F221 B® 14 BCS L961 ySERIAL 
F223 C9 02 CMF 4#$02 yRS-2327 
F225 D006 03 BNE L958 sNO, MUST BE TAFE 
F227 4C 4D FO JMF $F O4D sRS-232 
F22A H 
F22A sCHECK FOR INFUT FILE ON TAFE 
F228 3 
F22A ASB BP L9S8 LDX SA sCHECK SECONDARY AD 
F22C EO 6&8 CFX #$62 s INFUT? 

F22E FO O03 BEG L963 sYES 
F230 4C OA F7 JMP LOZ 3NO, NOT INFUT FILE 
F233 85 99 L963 STA DFLTH y,SET INFUT 
F235 18 CLC *GOOD RETURN 
F236 60 RTS 
F237
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LOC CODE LINE 

  

F237 yA SERIAL DEVICE MUST TALK 
F237 : 

F237 AA L961 TAX sSAVE DEVICE # 
F238 20 09 ED JSR L836 y TALK 
F23B AS BY LDA SA » SECOND? 
F23D 10 06 BFL L962 sYES, SEND [T 
F23F 20 CC ED JSR L976 yNO, LET GO 
F242 4C 48 F2 JMP L967 

F245 20 C7 ED L962 JSR 1860 :SEND TALK SA 
F248 8A L967 TXA 
F249 24 90 BIT STATUS :DID If LISTEN? 
F24B 10 €6 BPL L963 YES 
F24D 4C 07 F7 JMF L1026 yDEVICE NOT FRESENT 

CHKOUT 
      

Entry point: $FFC9 

Function: Set a previously OPENed file for output. 

Input parameters: .X holds the logical file number of the OPENed file. 

Output parameters: 
CARRY clear - OK 
CARRY set - error, error number in .A 

Registers used: .A, .X 

Error messages: 
File not open - if the logical file number in .X is not in the LFN table 
Device not present — if bit 7 of ST is set, the device did not respond to the 
LISTEN command 

Description: This routine first checks that the LFN in .X has a reference in the 
LFN table. If not, the message File not open is sent. The device referenced by the 
LFN is told to LISTEN and a secondary address is sent (if present). If bit 7 of the 
STATUS byte (ST) is set, the message Device not present is sent. 

LOC CODE LINE 

F250 :* CHKOUT -- OFEN CHANNEL FOR OUTFUT. 
F250 1% THE NUMBER OF THE LOGICAL FILE TO 
F250 :* BE OFENED FOR OUTFUT IS FASSED IN .X. 
F250 3% CHKOUT SEARCHES THE LOGICAL FILE TO 
F2U8 3* LOOK UF DEVICE AND COMMAND ENFO. 
F250 y* ERRORS ARE REFORTED IF THE DEVICE WAS 
F250 :% NOT OFENED FOR INFUT, (E.G. KEYBOARD) 
F250 :* OR THE LOGICAL FILE HAS NO REFERENCE 
F250 :* IN THE TABLES. DEVICE 3 (SCREEN) 
F250 ¢* REQUIRES NO TABLE ENTRY AND IS 
F250 :*® HANDLED SEFARATELY. 
F250 g NEMERAARR ASMA RAKK SSSA AAAASHMHRKAHLARKKANE
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LOC CODE LINE 

F250 ; 
F250 20 OF F3 NCKOUT JSR L1006 zFILE IN TABLE; 
F253 FO 03 BEQ L959 sYES 
F255 4C @1 F7 JMF 11609 3NQO, FILE NOT OFEN 
F258 20 IF F3 L969 JSR L1002 sGET TABLE INFO 
F25B AS BA LDA FA 
F250 De 03 BNE L979 sNOT KEYBOARD 
F25F 4C 0D F7 L9O72 JAF L965 sKEYBOARO, NOT OUTFUT FILE 
F262 5 
F262 sCOULD BE SCREEN, SERIAL, 
F262 3 CASSETTE, OR RS-232 
F262 3 
F262 C9 93 L979 CMF #$03 3 SCREEN? 
F264 FO OF BEQ L977 YES, DONE 
F266 BO 11 BCS L975 gNO, SERIAL 
F268 C9 02 CMF #962 sRS-2327 
F26A DO OS BNE L973 sNO, MUST BE CASSETTE 
F26C 4C £1 EF JMF SEFEL ;SET UF FOR RS-232 
F26F g 
F26F ysCHECK FOR CASSETTE FILE TYFE 
F26F : 
F26F Aé BI L973 LOX SA 
F271 EO 40 CrX #$4560 rINFUT FILE? 
F273 FO EA BEQ L972 sYES, ERROR 
F275 85 9A L977 STA DFLTO sSET OUTFUT 
F277 18 CLC :GO0D RETURN 
F278 40 RTS 
F279 3 
F279 sSERIAL DEVICES 
F279 y 
F279? AA L975 TAX ySAVE DEVICE # 

F27A 20 0C ED JSR L966 sLISTEN 
F27D AS BP LDA SA sAND SECOND? 
F27F 10 05 BFL L976 sYES 
F281 20 BE ED JSR LIBS :NO, RELEASE LINES 

F284 DO 03 BNE L981 sALWAYS 
F286 20 BY ED L976 JSR L871 s;SEND LISTEN SA 
F289 8A LOS1 TXA 
F28A 24 90 BIT STATUS yDID IT LISTEN? 

F28C 10 E7 BFL L977 :YES, FINISH 
F28E 4C 07 F7 JMF L1626 :NO, DEVICE NOT FRESENT 
F291 -END 
F291 -LIB KSER4 

CLOSE 
      

Entry point: $FFC3 

Function: Close a logical file. 

Input parameters: .A holds the logical file number to close. 

Output parameters: CARRY clear. 

Registers used: .A, .Y, .X 

Error messages: None. 

Description: The LEN table is checked for the file to be closed. If the file is not 
open the routine exits, otherwise the device is told to listen and then unlisten and 
the file entry is removed from the table.
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Loc CODE LINe€ 

F291 s 
F271 y FERS HK KARAS KARE LAA ALARA ASU RL SER AA SHR E ES 
F271 3% CLOSE -- CLOSE LUGICAL FILE. 
F271 3% THE LOGICAL FILE NUMBER OF THE 
F291 3% FILE YO BE CLOSED IS FASSED IN .A. 
F291 3* KEYBOARD, SCREEN, AND FILES NOT OFEN 
F271 3% FASS STRAIGHT THROUGH. TAFE FILES 
F291 3* OFEN FOR WRITE AKE CLOSED BY DUMFING 
F291 3* THE LAST BUFFER AND CONDITIONALLY 
F291 3% WRITING AN END OF TAFE BLOCK. SERIAL 
F271 3% FILES ARE CLOSED BY SENDING A CLOSE 
F291 3% FILE COMMAND IF A SECONDARY ADDRESS 
F291 :*® WAS SFECIFIED IN ITS OFEN COMMAND. 
F291 yMRARRN MEMRAM KARR RR EK ERNE EAE EEREKNENE 
F291 : 
F291 20 14 F3 NCLOSE JSR L957 ;LOOK UF FILE 
F294 FO 02 BEQ L982 yFOUND 
F296 18 CLC sELSE RETURN 
F297 6 RTS 
F298 26 1F F3 L982 JSR L10602 ;GET FILE DATA 
F29R 8A TXA sSAVE TABLE INDEX 
F29C 48 FHA 
F29D AS BA LDA FA sCHECK DEVICE # 
F2Z9F FO 5® BEQ L987 ;KEYBOARD, DONE 
F2A1 C9 903 CMP #03 y SCREEN? 
F2A3 FO 4C BEQ L987 3YES, DONE 
F2A5 BO 47 BCS £997 ;SERTAL 
F2A7 CY @2 CMF H$02 ,KS-2327 
F2A9 De® 1D BNE %F2C8 3NO, MUST BE TAFE 
F2AB. POT rrr rm nnn mmm nen 
F2AR. *=$F 2EE 
F2EE ;CLOSE A SERIAL FILE 
FREE g 
F2EE 20 42 Fé L997 JSR Lies 
F2F 1 : 
rt ;REMOVE FILE ENTRIES FROM TABLES 

F2Fi 68 L987 FLA ;GET TABLE INDEX 
F2F2 AA L986 TAX 
F2F3 C& 98 DEC LDTND 
F2F5 E4 98 CPX LOTND yIS IT AT END? 
F2F7 FO 14 BEG) L989 ,YES, DONE 
F2F9 A4 98 LOY LDTND :NO, SHIFT LAST ENTRY 
F2FR BY S9 62 LDA LAT,Y ;INTO DELETED ENTRY’S 
F2FE 9D S9 02 STA LAT,X yPOSITION 
F301 BY 63 02 LDA FAT,Y 
F304 9D 63 62 STA FAT,X 
F307 B9 6D O2 LDA SAT,Y 
F30A 9D 4D 62 STA SAT,X 
FS0D 18 L989 CLC ;GOOD EXIT 
F30E 58 RTS 
F SOF ;F IND FILE ENTRY 
F3OF : 
F3GF AS 00 L1iG00 LDA #$00@ 
F311 85 90 STA STATUS 
F313 8A TXA 
F314 Aé& 978 L9S7 LDX LDTND 
F316 CA L984 DEX 
F317 30 15 BMI L940 
F319 DD S59 42 CMF LAT,X 
F31C DO FS BNE L984 
F3iE 60 RTS 
F31F : 
F31F :FETCH TABLE ENTRIES 
F3iLF 3 
F3iF BD 59 02 L1i902 LDA LAT,X 
F322 85 Ba STA LA
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LOC CODE LIWE 

F324 BD 63 42 LDA FAT,X 
F327 83 BA STA FA 
F329 BD 6D 42 LDA SAT,X 
F32C 85 BY STA SA 
F32E 60 L960 KTS 
F32F -END 
FS2F ~-LIB KSERS 

CLALL 
      

Entry point: $FFE7 

Function: Close all logical files. 

Input parameters: None 

Output parameters: None 

Registers used: .A, .X 

Error messages: None 

Description: The number of files open is zeroed and the CLRCH routine is 

entered. 

  

LOC CODE LINE 

FS2F ’ 
F32F y EMMA RAARERARA SLAM ENARAARAASAKARSAHHRERS 
FS2F 3% CLALL ~- CLOSE ALL LOGICAL FILES. 
F32F is DELETES ALL TABLE ENTRIES AND 
F32F :% RESTORES DEFAULT I/Q CHANNELS AND 
F32F 3% CLEARS SERIAL PORT DEVICES 
F32F y SKARLES LAS SERA SHREK SEL ELE LEE REL EN LERERES 
F 32 : 
F32F AY 08 NCLALL LDA #$00 
F331 85 98 STA LDTND ;FORGET ALL FILES 

CLRCH 
      

Entry point: $FFCC 

Function: Abort any serial I/O files and reset default I/O. 

Input parameters: None 

Output parameters: None 

Registers used: .A, .X 

Error messages: None



60 The Commodore 64 Kernal and Hardware Revealed 

Description: The output device is checked and if it 1s serial, the command 
UNLISTEN is sent to it. The input device 1s then checked and if that is serial the 
command UNTALK is sent to it. The input device is then set to § (keyboard) 
and the output device is set to 3 (screen). 

  

Lov CODE LINE 

F333 i 
F333 eM XAEMERAARGENK AALS LHASA EAARAR AKAM RRA 
F333 7% CLRCH -- CLEAR CHANNELS. 
F333 3x UNLISTEN OR UNTALK SERJAL. 
F333 3% DEVICES, BUT LEAVE OTHERS ALONE. 
F333 3% DEFAULT CHANNELS ARE RESTORED. 
F333 g RRLKEELRERBKEEREREARERERERKKEKLK SREY MEER E 
F333 : 
F333 A2 03 NCLRCH LDX #$03 
F335 E4 9A CFX DFLTO ;OUTFUT CHANNEL SERIAL? 
F337 BO 03 BCS 11001 NO 
F339 20 FE ED JSR 11006 ;YES, UNLISTEN 
F33C E4 99 L1001 CFX DFLIN s INPUT CHANNEL SERIAL? 
F33E BO 03 BCS L1¢03 s3NO 
F340 20 EF ED JSR L863 sYES, UNTALK 
F343 86 9A 11003 STX DFLTO sOUTFUT CHANNEL=3 
F345 AP 00 LDA #800 
F347 85 99 STA DFLTN 3; INFUT CHANNEL=0 
F347? 60 RTS 
F34A »END 
F34A «LIB KSERS 

OPEN 
    

Entry point: $FFC@ 

Function: Open a logical file. 

Input parameters: 

$B7 — Length of text string to send with OPEN command (filename) 
$B8 — Logical file number 

$B9 — Secondary address 
$BA — Device number 
$BB/$BC - Pointer to filename 

Output parameters: 
CARRY clear - OK 

CARRY set — error, error number in .A 

Registers used: .A, .X, .Y 

Error messages: 

File open — if the file number in $B8 is equal to any entry in the LFN table 
Too many files - if the LFN table already has 19 entries 

Device not present — if the device in $BA did not respond to the LISTEN 
command
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Description: The LEN table is checked to see if the file number already exists 
(file open), and if so exits with error. The number of files open is then checked 
for ten (too many files), and if so exits with error. Otherwise, the file entry is 

submitted to the file tables (with the secondary address ORed with $69) and the 
number of files open incremented. 

If there is no secondary address (>127), OPEN then exits. If there is no 
filename, OPEN exits. Otherwise, the device to be opened is told to LISTEN 

and the secondary address is sent. If bit 7 of ST is set, the routine exits with a 
device not present error. The filename is then sent one byte at a time and an 
UNLISTEN command is sent to the device. 

LOC CODE LINE 

F34A : 
F34A y MERAH KAE SASSER ARSE UAE MS KH KRENAL KAMER SNY 
F34A y* OFEN -- OFEN A FILE. 
F34A ,% CREATES AN ENTRY IN THE FILE 
F34A :* FILE TABLES CONSISTING OF LOGICAL 
F34A 3% FILE NUMBER, DEVICE NUMBER, AND SEC 
F34A 3* ADDRESS NUMBER. 
F34A y¥ ROUTINES SETLFS & SETNAM SHOULD 
F34A 3* BE USED FIRST. 
F34A y CMARKEN RARER GANAS NS ANAKKKRARLEZAAENALHN 
F34A : 
F34A A6 BB NOFEN LDX LA sCHECK FILE # 
F34C DO 03 BNE L1005 yNOT KEYBOARD 
F34E 4C OA F7 JMP L971 sNOT INFUT FILE 
F351 20 OF F3 L1005 JSR L100 sALREADY OFEN? 
F354 DO 63 PNE £1007 NO 
F356 4C FE F6 JAP L1011 yYES, FILE OPEN 
F359 Aé 98 L1007 LDX LDTND ;END OF TABLE? 
F35B EO OA CPX #$0A 
F35D 90 03 BCC L1¢006 3N0 
F3SF 4C Fe F6 JAP L1097 ;7ES, TOO MANY FILES 
F362 E6 98 L1008 INC LOTNOD ;NEW FILE 
F364 AS BS LDA LA 
F366 9D SY O02 STA LAT,X ;STORE FILE # 
F349 AS BY LDA SA 
F36BR 069 60 ORA #%60 sMAKE SA SERIAL 
F36D 85 B9 STA SA 
F36F 9D 6D 62 STA SAT,X 3STORE SA 
F372 AD BA LDA FA 
F374 9D 63 @2 STA FAT,X :;STORE DEVICE # 
F377 ; 
F377 ;FERFORM DEVICE SFECIFIC OFEN TASKS 
F377 g 

F377 F® SA PEQ@ L1030 sKEYBOARD, DONE 
F379? C9 03 CMF $03 s SCREEN? 
F37B FO 56 BEQ L1030 ;YES, DONE 
F37D 90 O85 BCC $F 384 sCASSETTE OR RS-232 
F37F 20 DS F3 JSK Lie2i ;OPEN SERIAL 
F382 90 4F BCC L1030 yALWAYS, DONE 
F384 Pn mn mn mn 
F384 ¥=$F3D3 
F3D3 18 L1i93¢@ CLC 
F3D4 0 L1012 RTS sEXIT 
F3DS : 
F3DS5 yOPEN SERIAL 
F3DS 5 
F3DS AS 89 L1i@21 LDA SA 
F3D7 30 FA BMI L1036 3NO SA, DONE 
F3D9 A4 B7? LDY FNLEN 
F3DR FO Fé BEQ L1630 sNU FILENAME, DONE
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CODE LOC 

F3DD 
F3DF 
FSEt 
F3E3 
FSES 
F3E8 
FSEA 
F3ED 
F SEF 
FSF 4 
F3F2 
FSFS 
F3F6 
F3F8 
FSFA 
FSFA 
FSFA 
FSFA 
FSFC 
FSFE 
F401 
F402 
F404 
F406 
F409 
F409 
F409 

AI 
85 
AS 
20 
AS 
09 
20 
AS 
10 
68 
68 
4C 
AS 
FO 

AG 
B1 
29 
c3 
C4 
DY 
4C 

00 
72 
BA 
ec 
B9 
FO 
B9 
90 
0S 

07 
B7 
eC 

%O 
BB 
DO 

B.7 
F& 
54 

LINE 

LDA H$oOe 
STA STATUS 
LDA FA 

ED JSK L966 ;DEVICE LA TO LISTEN 
LDA SA 
ORA H$FO 

ED JSR L871 
LDA STATUS ;DEVICE THERE? 
BEL L1014 sYES 
PLA 3NO 
PLA 

E7 JMP 11026 DEVICE NUT PRESENT 
L1014 LDA FNLEN 

PEQ L1¢33 ;NQ NAME, DONE 

SEND FILE NAME 

w
e
 

w
e
 

w
e
 

LDY #$00 
L1031 LDA (FNADR),Y 

ED JSK L861 

CFY FNLEN 
BNE L1031 

Fé L1633 JMF L9YY sUNLISTEN AND RETURN 
  

~LIB KSER7 

  

  
LOAD/VERIFY 

    

Entry point: $FFDS5 

Function: Load or verify a file from serial to RAM. 

Input parameters: 

$B7 
$B8 
$B9 
$BA 
$BB/$BC 
A 
Y/.X 

Length of text string to send with OPEN command (filename) 
Logical file number 
Secondary address 

Device number 
Pointer to filename 
Load ()/ verify (+) flag 
Alternative load address (only if $B9=9) 

Output parameters: 

OK 

Error 

CARRY clear 
.Y/.X end address 
CARRY set 
.A error number 

Registers used: .A, .X, .Y 

Error messages: 
Missing filename — if length of filename is zero 

File not found — if attempting to read the first byte gives a framing error
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Break — if the stop key was pressed 

Verify — if on verifying, the file does not match the memory contents 

Description: The alternative load address is stored away. If the filename length is 
zero, a missing filename error is produced. Otherwise, the message ‘searching 

for ...” is printed to the screen and the file is opened (with SA=$6). The device is 
commanded to TALK and the first byte is read in and stored to the load address 
low. If bit 1 of ST is set (file not found), the file is closed and LOAD exits with 
error in .A. Another byte is read and stored in the load address high. If the 
original secondary address was zero, the load address is replaced by the 
alternative load address. 

The message ‘loading’ is printed to the screen and each byte is read in untilan 
end of file (bit 6 of ST) is encountered or the stop key is pressed (break). With 

each byte, it is either stored to memory or compared with memory and if 

different, bit 4 of ST is set. The address is bumped by | and the next byte 
handled. 

When EOF has been found, the .X and .Y registers are loaded with the end 
address, CARRY is cleared and LOAD exits. 

LOC CODE LINE 

F409 £=$F 49E 
F49E } 

F49E :% LOAD RAM FUNCTION. 

F49E sx LOADS FROM CASSETTE OR SERIAL BUS 
F49E 3% DEVICES >=4 10 31 AS DETERMINED BY 
F49E 3% CONTENTS OF VAKIABLE FA. VERIFY FLAG 
F49E 3% IN .A. 
F49E +% ALT LOAD IF SA=8, NORMAL SA=1 
F49E 3% «X, »¥Y LOAD ADDRESS [F SA=0 
F49E 3% ~A=0@ PERFORMS LOAD, <:6@ IS VERIFY. 
F49E 3% HIGH LOAD RETURN IN .X,.Y 
F49E 3% USE SETLFS & SETNAM BEFORE THIS ROUTINE 

F49E y 

F49E 86 C3 L996 STX MEMUSS sLO ALT START 
F4A0 984 C4 STY MEMUSS+1 sHI ALT START 
F4A2 6C 30 O3 JNF CILOAD) 
F4A5 83 93 NLOAD STA VERCK sSTORE VERIFY FLAG 
F4A7 AY 00 LDA #806 
F4A2 85 90 STA STATUS 
F4AB AS BA LDA FA sCHECK DEVICE # 
F4AD DO 03 BNE L1046 
F4AF 40 13 F7 L1241 JMP L1049 sKEYBOARD, BAD DEVICE 
F4B2 C9 03 L1046 CMF $03 s SCREEN? 
F424 FO F9 BEQ L1241 sYES 
F4B6 90 7B BCC $F533 2 TAFE 
F4B8 4 
F4B8 yLOAD FROM SERIAL BUS DEVICES 
F428 3 
F4b8 A4 B7 LDY FNLEN MUST HAVE FILENAME 
F4BA DY 03 BNE L1045 30.K. 
F4RC 4C 10 F7 JMF L974 sMISSING FILENAME 
F4PF AS BI L1045 LDX SA 
F4C1 20 AF FS JSR £1062 3’ SEARCHING’ 
F404 AY SY LDA #$40 sSPECIAL LOAD COMMAND 
F406 85 B9 STA SA 
F4C8 20 DS FS JSR 11021 ;OFEN FILE
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LOC CODE LINE 

F4CR AS BA LDA FA 
F4CD 20 09 ED JSR L836 sTALK, ESTABLISH CHANNEL 
F4D0 AS BY LDA SA 
F4D2 20 C7 ED JSR L860 y;TELL IT YO LOAD 
F4D5 20 13 EE JSR L865 3;GET FIRST BYTE 
F4D8 85 AE STA EAL 
F4DA AS 90 LDA STATUS ; ERROR? 
F4DC 4A LSR A 
F4DD 4A LSR A 
F4DE BO SO BCS L1058 sFILE NOT FOUND 
F4EO 20135 EE JSR L865 
F4SE3 85 AF STA EAH 
F4ES 8A TXA sORIG SA=07 
F4E6 DO 08 BNE L148 yNO 
F4E8 AS CS LDA MEMUSS 3YES, SET ALT 
F4EA 83 AE STA EAL s LOAD ADDRESS 
F4EC AS C4 LDA MEMUSS+1 
F4EE 85 AF STA EAH 
F4FQ@ 20 D2 FS L1048 JSR L1070 :’ LOADING’ 
F4F3 AY FD L1051 LDA W$FD sMASK OFF TIMEQUT 
F4F5 25 992 AND STATUS 
F4F7 83 990 STA STATUS 
F4F9 20 El FF JSR $FFE1 sSTOF KEY? 
F4FC De O03 BNE L1@SS sNO 
F4FE 4C 33 F6 JF 11084 : BREAK’ 
F501 20 13 EE L10SS JSR L8&S sGET BYTE 
F204 AA TAX 
F505 AS 99 LDA STATUS s TIMEOUT? 
F567 4A LSR A 
F508 4A LSR A 
F509 PO EB BCS L1ieSi sYES, TRY AGAIN 
FS0B 8A TXA 
FS0C A4 9S LDY VERCK sVERIFY? 
FSOE FeO OC BEQ L1053 sNO, LOAD IT 
F310 A®@ OO LDY #$00 
F512 O1 AE CMF (EAL)D,Y sVERIFY IT 
F514 F@ 08 BEQ L156 20.K. 
F516 A? 10 LDA HSFERR :NO, VERIFY ERROR 
F518 20 1C FE JSR $FE1C ,UFDATE STATUS 
FSIB 2C ~-BYT $2C sSKIF STORE 
FSiC 91 AE L1053 STA C(EAL),Y 
FS1E E& AE L1056 INC EAL s INCREMENT STORE ADDR 
FS20@ DO 62 BNE L1057 
FS22 E6 AF INC EAH 
F524 24 990 L1057 BIT STATUS vEND OF INFUT? 

F526 SO CB BVC L1e9Ul sNO, CARRY ON 
FS28 20 EF ED JSR L863 sCLOSE CHANNEL 
FS2B 20 42 F6 JSR L1081 sCLOSE FILE 
FS2E 90 79 BCC L1¢67 rALWAYS 
F530 40 04 F7 L10S8 JAF L959 sFILE NOT FOUND 
F533 Bm er ee nn en nn 

FS33 ¥=$F SAP 
FSAY 18 L1¢67 CLC :GO0D EXIT 
FAA : 

FSAA 3SET UF END ADDRESS 
FSAA | 5 
FSAA A6 AE LDX EAL 
FSAC A4 AF LDY EAH 
FSAE 60 L1¢63S9 RTS 
FSAF : 

one sFRINT *’SEARCHING CFOR NAME’ 
SA : . 

FSAF AS 9D L1062 LDA MSGFLG s;FRINT IT? 
FSR1 10 1E BFL £1071 3NO 
FSB3 AQ OC LDY #$6C 3’ SEARCHING’ 
FSPS 20 2F Fi JSR $F12F 
FSPS AS B7 LDA FNLEN
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LOC CODE LINE 

FSBA FO 15 BEQ 11071 
FSBC A® 17 LOY $17 3 ”"FOR’ 
FSBE 20 2F F1 JSR $F 12F 
FSC1i : 
FSC1 sPRINT FILE NAME 
FSC1 : 
FSC1 A4 B7 L1022 LOY FNLEN sNANE? 
FSCS FO OC BEQ £1071 30, DONE 
FSCS A® 00 LOY #800 
FSC7 Bi BP L1691 LDA (FNADR),Y 
FSC? 20 D2 FF JSR $FFD2 
FSCC C8 INY 
FSCD C4 B7 CPY FNLEN 
FSCF DO Fé6 BNE 11091 
FS01 690 L1071 RTS 
FSD2 ‘ 
F3D2 sFRINT LOADING/VERIFYING 
FSD2 3 
FSD2 A® 49 L16070 LDY #$49 sASSUME "’LOADING’ 
FOD4 AS 93 LDA. VERCK yCHECK FLAG 
FSD&6 FQ 02 BEQ L152 *YES, LOADING 
FSD8 A® 359 LDY #$39 3’ VERIFYING’ 
FODA 4C 22 Fi L1052 JMF $F12B 
FSDD «END 
FSDD -LIB KSERS 

SAVE 
      

Entry point: $FFD8 

Function: SAVE a section of memory to serial device. 

Input parameters: 

$B7 
$B8 
$B9 
$BA 
$BB/$BC 
A 
Y/.X 
(.A) 

Length of text string to send with open command (filename) 
Logical file number 

Secondary address 
Device number 

Pointer to filename 
Pointer to zero page save address 

End of save address 
Page zero indirect start of save 

Output parameters: 
CARRY clear —- OK 

CARRY set - error, error number in .A 

Registers used: .A, .X, .Y 

Error messages: 
Missing filename — if the length of the filename is zero 
Break — if the stop key was pressed during SAVE 

Description: The length of the filename is checked and if zero (missing 

filename), exits with error. The file is opened, the message ‘saving ...’ is printed
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to the screen and the device is told to LISTEN. The save address (low followed 
by high) is sent to the device. The start address is compared with the end address 

and if reached the file is closed and the routine exits with CARRY clear. 
One byte of the file is sent to the device and the stop key is tested. If the stop 

key was not pressed, the start address is bumped by | and the routine loops back 

to the address comparison. If the stop key was pressed, the file 1s closed and the 
routine exits with CARRY set. 

LOC CODE LINE 

F SDD : 
FSDD y MEME ERASER AA AARA YK SASL AL ERARAKEKERESS 
FSDD ;* SAVE MEMORY FUNCTION. 
FODD :% SAVES TO CASSETTE OR SERIAL 
FSDD :* DEVICES *=4 TO $1 AS SELECTED BY 
FSDD :* VARIABLE FA. 
FSDD 3% START OF SAVE IS INDIRECT AT .A 
FSDD 3% END OF SAVE IS .X, .Y 
FSDD 3% USE SETLFS & SETNAM BEFORE THIS ROUTINE 
FSDO pURMAMELELAER SKK LAHMKNSAARSKKKERHSRRKSSSG 
FSDD 
FODD 86 AE L1@72 STX EAL 
FSDF 84 AF STY EAH 
FSE1 AA VAX 3SET UF START 
FSE2 BS 00 LDA $00,X 
FSE4 85 Cl STA STAL. 
FSES BS O1 LDA $01,X 
FSEB 85 C2 STA STAH 
FSEA 6C 32 03 JMF CISAVE) 
FSED AS BA NSAVE LDA FA 
FSEF D® 03 BNE L107% 
FOF1 4C 13 F7 Li242 JM L1049 yBAD DEVICE 
FOF4 C9 03 Li075 CMP #$03 sSERTAL? 
FOF6 FO F9 BEG Li242 ;SCREEN, BAD DEVICE 
FOF8 90 SF BCC $F659 :NO, TAFE 
FSFA AY 61 LDA $61 3 YES 
FOFC 85 RY STA SA 
FOFE A4 B7 LOY FNILEN 
F600 DO 03 BNE L1074 
F602 4C 10 F? IMP L974 sMISSING FILE NAME 
F605 20 DS FS L1i0/4 JSR L1021 ;OFEN 
F408 26 BF FG JSR 11087 3" SAVING’ 
F60R AS BA LDA FA 
F460D 20 OC ED JSR L966 ;LISTEN 
F610 AS BI LDA SA 
F6él2 20 BY ED JSK L871 ;LISTEN SA 
F615 AG 00 LOY $00 
F617 20 BE FB JSK $FR8E 
F61A AG AC LDA SAL 
F6iC 20 DD ED JSR L861 
F61F AS AD LOA SAH 
Fé2zt 2¢ DD ED JSK L861 
F624 20 D1 FC L1077 JSR $FCD1 s;COMFARE START 10 END 
F627 BG 16 BCS L1082 y;HAVE REACHED END 
F629 Bl AC LDA (SAL),Y 
F62B 20 DD ED JSK L861 
F62E 20 EL FF JSR $FFEL sSTOF KEY? 
F431 DO 07 BNE L1654 NO 
F633 20 42 FS L1084 JSR L1081 sYES, CLOSE 
F636 AY 60 LDA #300 
F638 38 SEC 
F639 66 RTS 
FSSA 3 
F63A 26 DB FC 11054 JSR $FCDe ;INCREMENT CURRENT ADDR 
F63D DOES BNE L1077
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LOC CODE LINE 

F63F 26 FE ED L1i682 JSR L1006 y UNLISTEN 
F642 24 BY Li081 BIT SA 
F644 36 11 BMI L1634 
F646 AS BA LDA FA 
F648 20 @C ED JSK L966 sLISTEN 
F64B AS BY LDA SA 
F464D 29 EF AND HSEF 
F64F 09 EO OKRA HSEO 
F651 26 BY ED JSR £871 sLISTEN SA 
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F654 20 FE ED L999 JSR L1006 sUNLISTEN 
F657 18 L1034 CLC sG00D EXIT 
F658 60 RTS 
F659 eee ee aa -------=--- 
FOS? x= $F 6BE 
F6BE 40 L1696 KTS 
FOF ; 
 68F SPRINT "SAVING CFILE NAMEI’ 
F68F : 
F68F AS 9D L1¢87 LDA MSGFLG sPRINT 11? 
F691 10 FB BFL Liege NO 
F693 AQ 51 LDY $51 : SAVING’ 
F69S 20 2F F1 JSR $F12F 
F698 40 C1 FS JMF 11022 ;SEND FILENAME 
FIR. ~END 
FoR. »LIB KSERS 

  

Error handler 
      

Entry point: 
$F6FB - (1) too many files 
$F6FE — (2) file open 
$F701 — (3) file not open 

$F704 —- (4) file not found 

$F707 — (5) device not present 
$F79A - (6) not input file 

$F79D —- (7) not output file 
$F719 - (8) missing filename 

$F713 - (9) bad device 

Function: To flag an error and print it if output is enabled. 

Input parameters: None 

Output parameters: CARRY set, error number in .A 

Registers used: .A, .X, .Y 

Error message: 1/O error #(number) — if bit 6 of MSGFLG is set 

Description: At each entry point, the .A register is loaded with the value in 

brackets. The routine CLRCH 1s called and if bit 6 of MSGFLG (output enable) 
is clear, CARRY 1s set and .A holds the error number upon exit. If bit 6 is set, the 

message ‘I/O error #’ is printed to the screen and the number is converted to 
ASCII and printed. CARRY is set and .A is reloaded with the error number.
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LOC CODE 

F4?B 
FOFR 
FOFR 
FOFR 
FOFR 
FOFR 
FOFR 
FOFe 
FOFR AY O14 
F6FD 2C 
FOFE AY 62 
F700 2 
F701 AY 03 
F70S 2C 
F704 AI 04 
F706 2C 
F707 AY 0S 
F709 2c 
F70A AP 06 
F70C 2C 
F70D AY 07 
F7OF 2C 
F716 AX 08 
F712 2c 
F713 A oY 
F715 48 
F716 26 CC FF 
F719 Av 00 
F71R 24 9D 
F71D SO OA 
F7iF 20 ZF FI 
F722 68 
F723 48 
F724 09 50 
F726 20 D2 FF 
F729 68 
F72A 38 
F72R 60 
F720 
F720 
F72C 

Symbol table 

SYMBOL VALUE 
AUTODN 
BDF 

BITIS 
BLNSW 
BUF 

CAS1 
CINV 
COLA 
CRSW 
DIDDRe 
Db11008 
DITBL 
DIVODS 
D2DDRB. 
D2TODB 
D2ZTBL 
D2TOD4 
DFLTO 
EAL 
FIRT 
FSBLK 

9292 
0002 
OOR4 
VOCC 
Q200 
evCe 
0314 
bDCOO 
CODY 
DCGS 
DCOC 
DUG6 
DCR 
DDOS 
DDOC 
DDOS6 
DDORB 
OGPA 
OBAE 
OOA4 
VOBE 

LINE 

*=$F OFB 

:¢ ERROR HANDLER. 
vo ? PRINTS KERNAL ERROR MESSAGE IF BIT 6 
y¢ OF MSGFLG IS SET. RETURNS WITH ERROR 
3% H IN .A AND CARRY SET. 
yENERSERE KUL EKE RELL EK MERE FE LKLKKLKFLE SES 

L1097 

11611 

L1009 

RAD 
BDFH 

BLE 
BLUE 
RUFF I 
CRINYV 
CKERK 
COLOR 
DICRKA 
D1IDFA 
D117 AH 
DITUD!I 
D2CRKA 
D2DFA 
D21AH 
D21TOD1 
DATA 
DIFF 
EOT 
FNADR 
GDBLN 

LDA #$01 
-BYT $20 
LDA #$02 
oBYT $2C 
LDA #363 
~BYT $2C 
LDA #304 
~BYT $2€ 
LDA H$65 
oBYT $2C 
LDA $06 
oBYT $2C 
LDA #$07 
aBYT $2C 
LDA #408 
~BYT $2C 
LDA #$09 
FHA 
JSK 
LDY 
BIT 
BUC 
JSR 
FLA 
FHA 
OKA 

#$00 

HSS 

0106 
0004 

00061 
0006 
OOAG 
0316 
0920 
0286 
DCOE 
DCOG 
DCOS 
DCOS 
DDE 
DDO 
Does 
DD@8 
0D7 
GOBS 
YOO 
GORE 
OOCE 

$FFCC 

$FFD2 

MNSGFLG 
L1018 
$F12F 

BASZFT 
BITCI 

BLNCT 
BSOUR 
BUF SZ 
CBMCOL 
CMEO 
COUNT 
DiICkKe 
DIDFe 
DITAL 
DiI fOD2 
D2CRB 
D2DF 2. 
D2TAL 
D2TOD2 
DELAY 
DF SW 
FA 
FNLEN 
GDCOL 

s100 MANY FILES 

;FILE OPEN 

;FILE NOT OFEN 

;FILE NOT FOUND 

;DEVICE NOT FIRESENT 

sNOT INFUT FILE 

;NOT OUTPUT FILE 

sMISSING FILE NAME 

;BAD DEVICE 4H 
sEKRUR # ON STACK 
sRESTORE 1/0 

SPRINT ERROR? 
yNO 
sFRINT "1/0 ERROR #’ 

rMAKE ERROR # ASCII 
sFRINT If 

OOF F BAUDOF 
QVAS BITNUM 

0OCD BLNON 
VO9S BSOUR1 
G&CO C3FO 
D8vo CRMSCH 
VOR CNTDN 
QOAS CR 
DCOF DIDDRA 
DCO! DIICR 
DCO4 D1ITBH 
DCO? DiTODS 
DDOF D2DDKA 
DDO1 D21CR 
DDO4 D2TBH 
DDG9Y D267ODS 
828C DFLIN 
OO9L EAH 
VOBA FAT 
OO8.7 FREKZF 
0287 HIBASE 

0299 
0299 
OOCF 
QVA4S 
GO94 
0464 
VVAS 
GOOD 
DCdV2 
DCOD 
DCO? 
DCOA 
Dbe2 
DDD 
DDO? 
DDGA 
0099 
QQAF 
0263 
QOFPR. 
0283



SYMBOL VALUE 
1PASIN 
ICLALL 
JLUAD 
IOFEN 
KE YD 
L1000 
L1004 
L1008 
L1614 
L1026 
L1034 
11049 
L1054 
Liss 
L167 
L107%3 
L1i¢84 
L1097 
L859 
L843 
L847 
L8s1 
L895 
L860 
L864 
L868 
L872 
L876 
L928 
L941 
L946 
L958 
L962 
L967 
L971 
LY7S 
L9Y8O 
L984 
L99O 
LAT 
LINTME 
LSTF 
LTBLUE 
MAXCHR 
MODE 
HE SOUT 
NUCLOSE 
NLINES 
NSAVE 
PCNTR 
PRE 
Qrsw 
REZ 
KIDBS 
RODATA 
KOWS 
SA 
SBERR 
SHFLAG 
STAH 
SVX 
TAFE! 
TIMe 
TNEO 
VICREG 

0324 
QO32C 
0330 
O3S1LA 
0277 
F3OF 
EEOS 
F362 
FSFS6 
F707 
F657 
F713 
F63A 
F530 
FSD2 
FOF 4 
F635 
F6FR 
ED2E 
EESE 
EDBO 
ED7A 
EDOF 
EDC? 
ED20 
EE SE 
EESO 
ERO? 
F173 
FIRS 
FIRS 
F22A 
F245 
F248 
F70A 
F279 
ED1i1 
F316 
F49E 
O259 
QOF2 
OGCA 
VOOE. 

0050 
0291 
FACA 
F291 
6019 
FOED 
OOAS 
QORS 
0014 
VOAY 

629C 
OOBS 

DCG@1 
OVE? 
0094 
O29D 
O02 
0072 
OoR? 
OVA 
OOC1 
Deed 

IBSOUT 
ICLOSE 
INBIT 
TRQTMF 
KEYLOG 
L1001 
L1005 
L1009 
L1018 
L1050 
L1045 
L105! 
L1@55 
L105? 
L1071 
L1077 
L1087 
L1241 
1.846 
L844 
L848 
L802 
L.BS64 
L861 
LB65 
L386? 
L873 
L924 
1.932 
L943 
L949 
L9OOY 
L963 
L968 
L972 
L97S 
L°si 
L?86 
L997 

LBERR 
LLEN 
_LSTSHF 
N26AIB 
MEMNSIZ 
NSGFLG 
NCHKIN 
NULKCH 
NLOAD 
NWRAF 
LF 
PRTY 
R2D2 
RIBUF 
RINONE 
RODBE 
RETFLG 
SAH 
SF DX 
SIDREG 
STAL 
SYNO 
TBLX 
TIMOUT 
USER 
XMAX 

0326 
Q@51C 
OOA7 
O29F 
O26F 
F3SC 
FSS1 
F701 
F729 
F3D3 
F4BF 
F4F3 
FSO1 
FSAE 
FSD1i 
F624 
F 68F 
F SAF 
EDS9 
EE9?7 
ED6S6 
EDB2 
EDAD 
EDDD 
EE13 
EESA 
EE67 
F14A 
Fibs 
EEIR 
EDES 
F704 
F233 
EDDS 
FF 
F286 
F289 
F2F2 
F2EE 

0068 
0028 
O2BE. 
O27 
0283 
VO9D 
F20E 
F333 
F4AS 
0002 
0063 
OOI7R 
VGA 

— OOF7 
QUAY 
O29E 
@2BA 
QeAD 
GYR 
D400 
QOC1 
Q096 
GODS 
02855 
OOS 
0289 

ICHKIN 
ICLRCH 
INDX 
ISAVE 
KEYTAR. 
L1002 
11006 
L1011 
L1021 
L10351 
L1046 
L1052 
L19056 
L1062 
L1672 
L1081 
L109 
L1242 
L841 
L845 
L849 
L853 
L8os 
L862 
L864 
L87e 
L874 
L926 
L933 
L944 
L9YSO 
L960 
L965 
L969 
L973 
L977 
L982 
L987 
L999 

LDOIB1 
LLEN2 
LSTX 
M2S5CDR 
MENSTR 
MYCH 
NCKOUT 
NDX 
NMINYV 
NXTBIT 
FNT 
FTR1 
ROFLG 
RIDATA 
RIFRTY 
RODES 
RSSTAT 
SAL 
SHCNH 
SNSW1 

TAR 2 
USRCMD 
XSAV 
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O31E 
0422 
00C8 
0332 
GOOFS 
F31F 
EDFE 
FS6FE 
F3DS 
FSEC 
F4B2 
FSDA 
FSIE 
FSAF 
FSOD 
F642 
F68E 
FSF 1 
EEA 
EERS 
EDS 
ED7D 
EEOS 
EDER 
EE26 
FEGS6 
FESO 
FI4E 
F1iDS 
FiSs 
F216 
FS2E 
F7/ObD 
F253 
FQ6F 
F273 
F298 
F2F 1 
F654 

O9D9 
0050 
0OCS 
O294 
M281 
OORF 
F250 
00CS 
0318 
QORS 
6001 
OO27E 
OGAA 
QOAA 
OGAB 
Q@29D 
€297 
OVAL 
OGOAP. 
QOR4 
0090 
BOE 
C330 
90C3 
O32E 
0097 

ICKOUT 
IGETIN 
INSRKE 
ISTOF 
KOUNT 
L1003 
L1¢@7 
11012 
L1922 
L10355 
L1048 
L1053 
L16357 
L1067 
L1074 
L1082 
L1¢91 
L856 
1.842 
L846 
C850 
L8u4 
LBS 
L863 
1.867 
1.871 
L875 

L927 
L939 
L94S 
L9S7 
L961 
L966 
L970 
L974 
L979 
L983 
L989 
LA 

LOTHD 
LNMX 
LSXF 
M26CTRK 
MEMUSS 
NRASIN 
NCLALL 
NGETIN 
NOFEN 
OCHAR 
FNTR 
PTR2 
RER 
RIDBE 
ROBUF 
ROFRTY 
RYS 
SAT 
SHCNL 
SFERR 
STKEY 
f2 
TEME 
TAMEC 
VERCK 

0320 
OS2A 
G908 
0328 
Q28B 
F545 
F359 
FSD4 
FSU1 
F406 
F4FO 
FS1C 
FI24 
FSA? 
F605 
F63F 
FSC? 
EDO? 
ED36 
EERS 
EDSA 
EEAY 
ED49 
EDEF 
EE47 
EDR? 
EEBS 
F164 
FIAD 
F1IB4 
F314 
F237 
EDO6C 
EDCC 
F714 
F262 
EDBE 
F 30D 
OOR8 

0098 
VOD% 
090C9 
W295 
GOS 
F137 
FS2F 
FISE 
F34A 
BORD 
00D3 
VO9F 
00A8 
V27B, 
OOF? 
QORD 
006C7 
026D 
0047 
0010 
GO71 
QO9F 
OOR1 
QO9F 
GO93
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3.4 RS232 serial communications 

The CBM 64 is able to communicate with peripheral devices, known as an 
RS232 I/O port. The name RS232 simply refers to an industry standard form of 

serial communication for computing devices. A serial I/O port can consist of as 

few as three lines, an output or transmit line, an input or receive line and a 
common ground line. The data is transmitted or received as a stream of pulses; a 
single byte becomes a string of eight pulses. 

Although a serial port can have just three lines, other lines are frequently used 
to transfer control information. The 64 1s able to receive and generate such 

control signals to implement a full ‘X line’ interface as well as the simple ‘3 line’ 
interface. Whichever implementation is used all the lines are connected to I/O 
port B of CIA#2 (user port). The RS232 routines inside the 64 also use two other 
lines; PA2 on port A and FLAG which is connected to the NMI line. Normally 

an RS232 interface card will be used to connect between the user port and a 
standard RS232 connector. The card will also provide buffering and a higher 
drive voltage. For communications using the simple 3 line mode an interface 
card can easily be constructed using a couple of buffer/driver ICs. The RS232 

line normally transmits data using a 12 volt signal, however, and providing 
cables are kept short it will work with a 5 volt signal. The standard RS232 
connector is shown in Fig. 3.4. The function and pin assignment of each of these 
lines is as follows: 

  

CIA RS232 CIA = Abv EIA In/ Modes Function 

  

line # pin# pin# Out 

GND 1 A GND AA ——~ 1,2 Protective ground 

FLAG 3 B SIN BB In 1,2 Received data 

PB 3 C SIN BB In 1,2 Connected to FLAG 

PBI 4 D RTS CA Out 2 Request to send | 
PB2 20 E DTR CD Out 2 Data terminal ready 

PB3 18 F RI CE In 3 Ring indicator 

PB4 8 H DCD CF In 2 Received line signal 
PBS Not assigned 

PB6 5 K CTS CB In 2 Clear to send 

PB7 6 L DSR CC In 2 Data set ready 

PA2 2 M SOUT BA Out 1,2 Transmitted data 

GND 7 N GND AB —-- 2,3 Signal ground 

Modes: 

1 Three line interface (note RTS and DTR are both held high during this mode) 

2 X line interface 

3 User only, not implemented in the CBM 64 code 
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PIN TYPE RS232 FUNCTION 

A 

B FLAG 

C PBg 1 Sin 

D PBI — RTS 

E PB2 — DTR 

F PB3 — Ri 

H PB4 — DCD 

J 

K PBS — CTS 

L PB7 — DSR 

M PA2 — Sout 

N GND — GND 

PIN 

1 Protective Ground AA 

2 Transmitted Data BA 

3 Received Data BB 

4 Request To Send CA 

5 Clear To Send CB 

O14 1O 6 Data Set Ready CC 

20 7 Signal Ground AB 
O15 30 8 Carrier Detect CF 
O16 9 (not used) 

O17 so '0 
O18 12 

oi °° 13 
o20 7° 14 

_ 80 15 . 
O02! 90 16 “ 

O22 17 “ 
O23. 100 18 ” 

Te) 19 " 

O24 1220 20 Data Terminal Ready CD 
O25 3 21 (not used) 
30] 92 i" 

23 " 
24 ‘ 

25 

Fig. 3.4. CBM 64 RS232 connector, pin allocations and E/A line coding. 

The implementation of the RS232 port on the 64 1s very interesting since it 

involves the use of software (originally used on the VIC 20 with very few 
modifications for the 64) to emulate a hardware device (that was never used). 
This device was called the 6551 universal asynchronous receiver and transmitter 
or UART. Like the other I/O chips, it was intended that the 6551 functions were 

to be controlled by registers at specific memory locations. The software uses the 
same principle because when it was written for the VIC 20, Commodore
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intended to replace the software with the 6551 when it became available, so there 
would be complete compatibility. 

The pseudo registers are located in various parts of the variable storage area 

at the bottom of CBM 64 memory. Besides the registers, the RS232 routines 
require two 256 byte buffers; one for received data and one for data to be 

transmitted. The 512 bytes of memory occupied by these buffers are located at 
the top of available RAM memory, and the starting address of the two buffers is 

stored in four register bytes. The two most important registers are the control 
and command registers. These determine the exact operation of the RS232 port. 
They can be summarised as follows: 

3.4.1 RS232 control register - Hex $0923 Decimal 659 
The function of the control register (Fig. 3.5) is to set the speed of data 
transmission and reception and set the number of bits needed to transmit each 

character. The speed at which data is input or output is called the baud rate, and 

A GE A bebe 
  

    

            
  

          

  

  

    

    

    

    

                

  

      
  

  

  

sropars 4 
O=1 STOP BIT BAUD RATE 
1-2 STOP BITS 

0|.0] 0} 0} USERRATE 
0} 0] o} 1 50 BAUD 
0} of 1] 0 75 

WORD LENGTH ot ola ta "0 

a DATA 0} 1/0] 0 134.5 
6 [5 [WORD LENGTH o} 1} o}4 150 
o}o} 8siTs O}1}1]0] 300 
oj1} 7BITS of} 1}a}a 600 
1}0] 6BITS 1}.0} 0] 0} — 1200 
1]1| SBITS 1fo}o}1! — 1800 

1/0, 1} 0} 2400 
1}o} 1} 1} 3600 
1} 1/0} 0} 4800 

UNUSED BIT 
1] 1]o}1] 7200 
111}1]0] 9600 
14111] 1] 19200               

(NI) Not implemented 

Fig. 3.5. Function of bits in the CBM 64 RS232 control register. 

the value assigned to this is the number of bits per second. If the baud rate is set 

to 309 baud, and each character is transmitted as the eight character bits plus 

one stop bit and one parity bit —- a total of ten bits - then 39 characters will be 
transmitted every second. The selected baud rate depends on the specifications 

of the device communicating with the 64 via the RS232 port— check the manual
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of the device before setting this value. Bits 5, 6 and 7 control the number of bits 
needed to transmit or receive data between the 64 and a peripheral. The number 

of bits per character plus the number of stop bits depends on the peripheral. 

3.4.2 RS232 command register - Hex $0294 Decimal 660 
The command register (Fig. 3.6) controls the mode for data transmission and 
reception. Bit @ sets the mode; a 3 line mode or an X line mode. Bit 4 sets the 
duplex mode as follows: 

Full duplex - simultaneous transmission and reception of data 
Half duplex - alternate transmission and reception of data 

TH GA GG &   

        

  

  

  

PARITY OPTIONS 

BIT] BIT] BIT 
7 6 | 5 OPERATIONS 

0 Parity disabled, none 
Generated/Received 

Odd Parity 
0) 07]! Receiver/Transmitter 
  

011 1 Even Parity 
Receiver/Transmitter 
  

r/o. Mark Transmitted 
Parity Check Disabled 

Space Transmitted 
Parity Check Disabled 

  

Ty] vy           
    
  DUPLEX 

0 = FULL DUPLEX 
1= HALF DUPLEX   —___   UNUSED         HANDSHAKE 

O= 3LINE 
1= XLINE 

  

Fig. 3.6. Function of bits in the CBM 64 RS232 command register. 

Bits 5, 6 and 7 determine the nature of the parity bit and whether the mark or 
space is transmitted. The parity bit is transmitted after the data bits and has an 

error checking function. The choice of whether the parity is disabled or set to 
odd or even depends on the communicating peripheral. The mark/ space setting 

determines whether a logic ‘1’ is transmitted as a zero voltage or a positive 

voltage. 

3.4.3 RS232 status register - Hex $0297 Decimal 663 
The function of each bit of the status register 1s shown in Fig. 3.7. The memory 
locations and pseudo registers of the RS232 routines are as follows:
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PEELE PPLE] 
  

PARITY ERROR BIT 

  t———- FRAMING ERROR BIT 

      UNUSED     CTS SIGNAL MISSING BIT       UNUSED   DSR SIGNAL MISSING BIT     
  BREAK DETECTED BIT 

RS-232 STATUS REGISTER — $02A1 

Fig. 3.7. Function of bits in the CBM 64 RS232 status register. 

RECEIVER BUFFER OVERRUN BIT 

$A7 receiver bit storage 
$A8 receiver bit count 

$A9 receiver flag start bit check 
SAA receiver byte buffer 
SAB receiver parity storage 
$B4 transmitter bit count 

$B5 transmitter next bit 
$B6 transmitter byte buffer 
$BD transmitter parity storage 

$F7-$F8 input buffer pointer 
$F9-$FA output buffer pointer 
$0293 RS232 control register 

$0294 RS232 command register 
$0297 RS232 status register 

$0298 number of bits to send/ receive 
$0299- 
$O29A baud rate 

$929B input buffer index to end 

$029C input buffer index to start 
$029D output buffer index to start 

$O29E output buffer index to end 

3.4.4 RS232 system routine entry points 
SEEBI — entry for NMI continue routine 

$EED7 — calculate parity 
SEFOO — count stop bits 

SEFV6 — entry to start of byte transmission



$EFI3 
SEF2E 
SEF4A 

SEFS9 

SEF63 
SEF 69 

SEF6E 
SEFTE 
SEF9P 

$EF97 
SEFB3 
SEFBC 

$EFC7 

SEFEI 
SEFE9 
SEFF2 

$EFF9 
SEFFE 
$F O6 
$F O14 
$F O28 
$F~4D 

$F O59 
$F 962 

SF 68 

SF O70 
$F 977 
$F~7D 
SF H86 

$FO9B 
$SFOA4 

Serial Communications 

set up to send next byte 
set errors 

calculate number of bits to be sent 
NMI routine to collect data into bytes 
calculate parity 
shift data bit in 

have stop bit so store in buffer 
enable to receive a byte 
receiver start bit check 

put data in buffer (at parity time) 
parity checking 
check calculated parity 

errors reported 

output a file over RS232 
check for DSR and RTS 

check for active input 
wait for CTS to be off 
turn on RTS 
wait for CTS to go on 

buffer handler to output a character 
set up if necessary to output 
input a file over RS232 

check for DSR and not RTS 
wait for active output to be done 
turn off RTS 

wait for DCD to go high 
enable FLAG for RS232 input 

if not 3 line half then see if we need to turn on FLAG 
input a character buffer handler 
receiver always runs 

protect serial/cassette from RS232 NMIs 

3.5 Using the RS232 port 

3.5.7 Opening an RS232 channel 
Basic syntax: OPEN If,2,9,“(control register) (Command register)” 

The syntax coding is as follows: 

lf — normal logical file ID (1-255). If lf>127 then line feed follows carriage 
return. 

75 

(control register) - an ASCII character equivalent to the required bit setting of 

the control register. Example: to set baud rate to 369 and transmit 7 bit code use 

CHR$(6+32) — this sets bits 1, 2 and 5 to ‘1’ and leaves the rest at ‘Q’. 
(command register) - an ASCII character equivalent to the required bit setting 
of the command register. Example: to set the output to mark parity and full 

duplex use CHR$(32+ 128) - this sets bits 5 and 7 to ‘I’ and leaves the rest at ‘0’. 

Entry point: $FFC@
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Notes on usage: Only one RS232 channel should be open at any time. Since the 
OPEN statement resets the buffer pointers, a second OPEN will destroy any 
data in the buffers set up in the first OPEN. The OPEN RS232 channel 
command should be used before any variable DIM statements; failure to do this 

will cause wiping of data. This is because the OPEN RS232 channel command 
performs an automatic CLR before allocating the 512 bytes at the top of 
memory used for the two RS232 buffers. 

3.5.2 Receiving data from an RS232 channel 
Basic syntax: GET #lf,(string variable) 

lf — logical file ID used in OPEN RS232 channel command. 

Entry points: 

$FFC6 — set channel for input. Handles full X line implementation according to 
EIA standard RS232C interfaces. The RTS, CTS, and DCD lines are 
implemented when the CBM 64 is designated as a data terminal device. 
$SFFE4 — get character from buffer. 

Notes on usage: Received data is put into the 64’s 256 byte internal receiver 
buffer set up during the OPEN routine. Data input is under control of the 6526 
timers and NMIs, and is performed in the background during the running of a 
Basic program. This is done by having the RS232 data input line connected to 
the FLAG handshake line, and input on FLAG will generate an NMI system 
interrupt. The use of NMI interrupts is the reason why the cassette and serial bus 

should not be used during RS232 data communications. The NMI will call the 
serial data input routines whenever data is present on the RS232 input. These 
routines will place the received data into the 256 byte receiver buffer located at 

the top of RAM memory. If the input data has a word width less than eight bits 
then all unused bits will be filled with zero. 

The receiver buffer is organised as a first in first out — FIFO —- buffer. The 

buffer removes the necessity for Basic to wait for data input before processing 
each byte of data. Instead the Basic program can take data from the buffer when 

it needs it rather than when it is presented. Basic accesses the buffer using the 

GET# command to transfer a single byte of data into a Basic variable. If there is 
no data in the buffer then the GET # command will return with a null character. 
If the buffer should overflow then all characters are lost. An overflow condition 

is indicated by bit 2in the RS232 status register being set. An overflow condition 

will frequently result if an attempt is made to input data at fairly high data rates. 
using Basic. This is because Basic is normally slow and the use of the GET# 
command with string concatenation will give rise to frequent garbage collects. 

Machine language routines are best used for data rates above the normal 390 
baud. 

3.5.3 Transmitting data to an RS232 channel 
Basic syntax: CMD lf PRINT#If, (variable list) 
If — logical file ID set up in the OPEN command. 

Entry points: 
$FFC9 — set channel for output. This handles X line handshaking for the
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implementation of an EJA standard RS232 interface. The RTS, CTS, and DCD 
lines are implemented with the 64 as a data terminal. 

$FFD2 - output character to channel. 

Notes on usage: When either one of the two Basic commands is used data is first 
transferred from the assigned string or memory block to the 256 byte 

transmitter buffer. From here it is output to the RS232 channel using the format 
and baud rate assigned in the OPEN command. Data output is transparent to 
the operation of Basic since the timing is done by the 6526 timers and output of 
each byte initiated by an NMI system interrupt. As with data input on the 
RS232, the cassette or serial port should not be used during data transmission 
otherwise interrupt conflicts will occur. There is no carriage return delay 

implemented by the output channel, therefore a normal RS232 printer cannot 
correctly output the data unless some form of internal buffering or other hold- 

off is implemented by the printer. If a CTS handshake is implemented -(in the X 

line mode) then the 64 buffer will fill, and output will not occur until 
transmission is allowed by an input on CTS. 

3.5.4 Closing an RS232 data channel 
Basic syntax: CLOSE lf 
lf — logical file ID set up in the OPEN channel command. 

Entry point: 

$FFC3 — close logical file 

Notes on usage: Closing the RS232 file causes all the data in the buffers to be 

discarded, stops data transmitting or receiving , sets the RTS and SOUT lines 
high, and deallocates the memory area used for the RS232 buffers. Closing an 
RS232 file will also allow the cassette or serial ports to be used. Before closing 

the channel care should be taken to ensure that all data in the buffer is 

transmitted. This can be done by checking the status (ST variable) is=9@ and that 
‘bit @ of the RS232 enable register at location 673 ($02A 1) is set to logic 1. If both 
are true then there is still data in the buffer.



Chapter Four 

The Cassette Units 

4.1 The cassette hardware 

The CBM 64 has a single external cassette unit which is used for program and 

data storage. The cassette deck is connected to the CBM 64 by six lines — write, 

read, motor, sense and two power lines; ground and +5 volts. The connections 
are shown in Fig. 4.1. The cassette is controlled by I/O lines from the the CIA 
chip and the processor I/O register. The source of each of the cassette control 

lines is shown in Fig. 4.2. The cassette motor power supply lines are connected 
to the processor chip via a three transistor driver, used to boost the power and 

voltage, allowing the motor to be driven directly. The output to the motor is an 
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B-2 +5V 
a C-3 CASSETTE MOTOR 

ABCODEF D-4 CASSETTE READ 
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Fig. 4.7. The allocation and function of pins on the cassette connector. 
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Fig. 4.2. The cassette circuit and its connection to the 6522 chips.
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unregulated +9 volts at a power rating of up to 199 mA. The cassette deck motor 
can be turned on and off by toggling line 5 of the processor I/O register: 

POKE 1,PEEK(1) AND 191 turns the motor on 
POKE 1,PEEK(1) OR 64 turns it off 

Great care should be taken not to alter the status of bits 1 and 2 of location | 

when using this command, since these control the memory configuration of the 
machine. The sense line input, line 4 of the processor I/O register, is connected 

to a switch on the cassette deck which senses when the play, rewind or fast 
forward buttons have been pressed. The switch is only required to sense the 
pushing of the play button during a read or write to tape routine; this is done by 
a subroutine at $F82E. If either the rewind or fast forward button is pressed 

accidentally instead of the play button, the system will be unable to tell the 
difference and will act as if the play button has been pressed. For a similar 

reason during a record routine the record button must be pressed before the play 
button, since recording will start as soon as the sense switch is closed by pressing 

the play button. 
The cassette read line is connected to the negative edge sensitive serial input 

line of CIA#1 and the cassette write line to line 3 of the processor I/O register. 
During a read operation the operating system uses the setting of the CIA#1 

interrupt flag to detect transitions on the cassette read line. The functioning of 
the read and write lines is controlled entirely by the operating system, the only 

hardware required being signal amplification and pulse shaping circuitry. These 
circuits are contained on a small PC board within the cassette deck, their 
function being to give correct voltage and current to the record head and 

amplify the input from the read head to give a 5 volt square wave output, able to 
produce an interrupt on the FLAG or CBI lines. 

4.2 Cassette operation 

In normal usage the cassette deck is assigned an I/O device number. The 

cassette is device number 1, and the number of the device currently being used is 
storéd in location 186. The device number together with the logical file number 
and the secondary address is used when saving or retrieving data files from the 
cassette deck. The logical file number can be any number from | to 255 and is 

used to allow multiple files to be kept on the same device. It is of little use with 
cassette tape and is intended primarily for use with floppy disk units. It is usual 
to have the logical file number the same as the device number; the logical file 
number of the current file is stored in location 184. The secondary address is 

important since it determines the operational mode of the cassette; the current 

secondary address is stored in location 185, the normal default value being zero. 
If the secondary address is zero then the tape is opened for a ‘read’ operation, if it 
is set to 1 then it is opened for a ‘write’ operation, and if 2 then it is opened fora 
‘write’ with an end of tape header being forced when the file is closed. 

The CBM 64 operating system is configured to allow two different types of 

file to be stored on cassette: program files and data files. These names are rather
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misleading, however, since a program can be stored as a data file and data can be 

‘stored as a program file. The difference between these two file types is not in 
their application but in the way the contents of the machine’s memory are 
recorded. Instead of program and data files we must look upon them as binary 

and ASCII files. 

4.3 Binary files 

A binary file is usually used to store programs, since a binary file is created by 

the operating system to store the contents of memory between a starting 
location and anend location. It is called a binary file because it stores on tape the 

binary value in each memory location within the assigned memory area. Basic 
statements are stored in memory using tokens. The use of tokens means that 
Basic commands are not stored in the same manner as they are listed on the 

display or were entered on the keyboard. They are instead stored in memory ina 
partly encoded form. Being partly encoded, a binary file is a quicker and more 
efficient way of storing programs. Binary files are essential when saving and 

loading machine code programs. 
The starting address from which a binary file will be saved is stored in 

locations 172 and 173. These locations are loaded by the SAVE routine with the 
memory location at which the SAVE will begin. Normally they will be set to 91 

and 08, thereby pointing to the start of the Basic text area at 2049. They can be 
altered by the SAVE routine to point to any location in memory. The end 

address of the area of memory to be saved 1s stored in locations 174 and 175. 
Normally when saving a Basic program these are set to the address of the double 
zero byte terminating link address. The end address can be altered to any desired 

location. To change either of these addresses one cannot use the normal SAVE 
routine since this automatically initialises these locations. Instead one must 
write a small machine code initialisation routine incorporating the desired 
operating system subroutines. By defaulta SAVE command will write a binary 
file and a LOAD command will read a binary file. 

4.4 ASCII files 

An ASCII file is normally used to store data but it can be used to store programs 
(see the MERGE procedure). The format is the same as that displayed on the 

screen or entered on the keyboard. ASCII files are created or read almost 
exclusively by instructions from within a Basic program. A binary file is created 
or read mostly by direct instructions, though the LOAD and SAVE instructions 
can be used within a program. 

An ASCII file must first be opened with an OPEN statement. This specifies 

the logical file, device number, secondary address and filename. The operating 
system interprets these parameters and allows the user to read or write the file to 

the specified device. Data is written to an ASCII file on a particular device with 
a command to PRINT to the specified logical file number, and data is read bya 
READ from logical file command.
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Whereas a binary file is loaded with the contents of successive memory 
locations, an ASCII file is loaded with a string of variables. Storing these would 
require the tape to be turned on and off repeatedly, storing a few bytes of data at 

atime. The CBM 64 overcomes this by having a 192 byte tape buffer into which 
all data to be written to or read from tape 1s loaded. Only when this buffer is full 

is the tape motor turned on. Data is stored on tape in blocks of 192 bytes, and 
since the motor is turned on and off between blocks a two second interval is left 
between blocks to allow the motor to accelerate and decelerate. The beginning 
of the 192 character buffer starts at address 828. The pointer to the start of the 
buffer is located at addresses 178 and 179. The number of characters in a buffer 

is stored in location 166. These locations can be used by the programmer to 
control the amount of space left ina data file. If, having opened a file on cassette, 

the command POKE 166,191 is executed, then the contents of the tape buffer 

even if empty are loaded onto the tape. If records are kept in multiples of 191 
bytes we can very easily keep null or partially filled records allowing future data 

expansion. 

4.5 Recording method 

Whether the file being stored is binary or ASCII the recording method used is 

the same, involving an encoding method unique to Commodore and designed to 
ensure maximum reliability of recording and playback. Each byte of data or 
program is encoded by the operating system using pulses of three distinct audio 

frequencies. These are: long pulses with a frequency of 1488 Hz, medium pulses 
at 1953 Hz and short pulses at 2849 Hz. All these pulses are square waves witha 
mark space ratio of 1:1. One cycle of a medium frequency is: 256 microseconds 

in the high state and 256 microseconds in the low state. The operating system 
takes about 9 milliseconds to record a byte of data consisting of the eight data 

bits, a word marker bit and an odd parity bit. The data bits are either ones or 
zeros and are encoded by a sequence of medium and short pulses: a ‘1’ is one 

cycle of a medium length pulse followed by one cycle of a short length pulse, and 
‘ is one cycle of a short length pulse followed by one cycle of a medium length 

pulse. Each bit consists of two square wave pulse cycles, one short and one 
medium, with a total duration of 864 microseconds. The waveform timing is 
shown in the diagram in Fig. 4.3. 

The ‘odd parity’ bit is required for error checking and is encoded like the eight 

data bits using a long and short pulse. Its state is determined by the contents of 
the eight data bits. The word marker separates each byte of data and signals to 

the operating system the beginning of each byte. The word marker is encoded as 

one cycle of a long pulse followed by one cycle of a medium pulse (see Fig. 4.3). 
Since a byte of data is recorded in just 8.96 milliseconds, a 192 byte block of 

data in an ASCII file should be recorded in just over 1.7 seconds. However, on 
, timing such a recording we find it takes 5.7 seconds. There are two causes for 

this discrepancy in timing. Firstly, to reduce the possibility of audio dropouts 
the data is recorded twice. Secondly, a two second interrecord gap is left 

- between each record of 192 bytes.
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Fig. 4.3. Output waveforms to the cassette recorder. 

The extensive use of error checking techniques is one reason why the tape 

system on the CBM 64 is slow but also quite reliable compared with that 
available on many other popular computers. There are two levels of error 
checking. The first divides the data into blocks of eight bytes and then computes 
a ninth byte, the checksum digit. The checksum 1s obtained by adding the eight 

data bytes together; the checksum is the least significant byte of the result. On 
reading the tape, if one bit in the eight bytes is dropped and a zero becomes a one 
or vice versa, the checksum can be used to detect this error. To do this the same 

procedure to calculate the check digit is performed, but the result will be 
different from that stored in byte nine — the check digit of that block computed 
when the tape was recorded. The second level of error checking involves 

recording each block of data twice. This allows errors detected by the check digit 

to be corrected during the second reading of the 192 byte data block. By 
recording the data twice a verification can be performed by comparing the 

contents of the two blocks; this will highlight the few errors not detected by the 
checksum. 

The use of pulse sequences rather than two frequencies as in a standard FSK 

recording has a great advantage since it allows the operating system to 

compensate easily for variations in recording speed. Normally a hardware phase 

locked loop circuit would be used to lock the system onto the correct frequencies 

coming from the tape head. The CBM 64, however, uses software to perform 

this process. A ten second leader is written on the tape before recording of the 

data or program commences. This leader has two functions; first it allows the
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tape motor to reach the correct speed, and secondly the sequence of short pulses 
written on the leader is used to synchronise the read routine timing to the timing 

on the tape. The operating system can thus produce a correction factor which 
allows a very wide variation in tape speed without affecting reading. 

The system timing used to perform both reading and writing is very accurate, 

based as it is on the crystal controlled system clock and Timer 1 and Timer 2 of 

CIA#2. Interrecord gaps are used only in ASCII files and their function is to 
allow the tape motor time to decelerate after being turned off and accelerate to 
the correct speed when turned on prior to a block read or write. Each 
interrecord gap is approximately two seconds long and is recorded as a sequence 

of short pulses in the same manner as the ten second leader. There is also a gap 
between blocks. When the first block of 192 bytes is recorded it is followed bya 

block end marker which consists of one single long pulse followed by 59+ cycles 
of short pulses. Then the second recording of the 192 block starts, which is 
identical to the first block. 

The first record written on the tape after the ten second leader in both ASCII 
and binary files is a 192 character file header block. The file header contains the 
name of the file, the starting memory location, and the end location. In an 

ASCII file these addresses are the beginning and end of the tape buffer; in a 
binary file they point to the area of memory in which the program is to be stored. 

The filename can be up to 187 bytes long. The length of the filename is stored 

in location 183. When read it is compared with the requested filename in the 
LOAD or OPEN command; if the name is the same the operating system will 
read the file, if different then it will search for the next ten second interfile gap 
and another header block. The filename is stored during a read or write 
operation in a block memory, the starting address of which is stored in locations 

187 and 188. On completion of the operation these are reset to point to a 
location in the operating system. The starting location is normally set to the 
beginning of the user memory area, address 2049, however it can be changed to 
point to any location — a method employed when recording programs in 

machine code using the monitor. The starting address is pointed to by the 

contents of locations 172 and 173. The end address 1s stored in locations 174 and 
175. Normally this is the highest byte of memory occupied by the program, 
however it can be altered to point to any address providing it is greater than the 

start address. 

4.6 Cassette operating system routines 

The CBM 64 kernal contains a whole series of routines for handling data 

transfer between the processor and the cassette unit. The following sections 
describe these routines and how they can be used. These descriptions are 
accompanied by annotated source code listings of each routine (consult volume 
1 of this series, The Commodore 64 ROMs Revealed, for the full kernal source 

code listing). The variable declaration file for these routines is to be found in 

Chapter 5.
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Protect cassette/serial from RS232 NMI interrupts 
    
  

Entry point: $F@A4 

Function: This routine checks location $92A1 to see if RS232 communications 
are enabled. If they are not then this location contains a zero and the routine 

exits to allow serial or cassette operation to commence. If RS232 
communications are enabled then the routine goes into a loop waiting for the 
RS232 NMI interrupt to reset location $92A1 to $93, thereby signalling its 
completion. As soon as this happens the Timer A interrupt is disabled, the flag 
at $92A1 is set to zero and the routine exits. The reason for this routine is to 

prevent an NMI interrupt from occurring during cassette or serial operation 

thereby causing data loss. 

Input parameters: $02A1 —- if non zero then RS232 enabled 

Output parameters: None 

Registers used: .A is used but is pushed to the stack by the instruction at SFO@A4 
and then retrieved at the end of the routine by SFOBB. 

Routine source code: 

LOC CODE LINE 

DD19O #=$F OA: 
FOAS 5 

FOA4S :PROTECT SERIAL/CASSETTE FROM 

FOA4 sRS-232 NMI’S 
FOA% : 

FOAS 48 L921 PHA sSAVE A 

FOAS AD Al G2 LDA #9@2Al sKS232 ENABLES ? 

FOAS FO Ll BEQ L9Y2S :NO 
FGAA AD Al O2 L838 LDA #@2A1 
FOAD 29 @3 AND #805 
FOAF DO FY BNE L838 

FOR1L AY 19 LDA #$190 sOISAPLE FLAG 

FORB3 8D 0D DD STA D2ICK 
FORBS AY OY LDA #$909 
Fees 8D Al O02 STA #O@2A1 

FeeB 48 L925 PLA vyALL DONE 

FORBC 60 RTS 
FORD 5 

  

Cassette error message output 
    
  

Entry point: 

$F12B — tests direct mode flag first 
$F12F — displays message to screen 

Function: This routine outputs a message to the screen concerning cassette
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operation. The first entry point tests the contents of location $9D to see if the 
output is in direct or run mode. The second entry point performs the actual 
message output, the choice of message being determined by the value in the .Y 

index register. The messages used by this routine are stored in the area of 
memory immediately above this routine starting at $F@BD. 

Input parameters: 

.Y index register contains message number 

$9D — direct mode flag; if the high bit of .A is set and the contents of location 
$9D are non zero, the required message is printed. 

Output parameters: None 

Routine source code: 

LOC CODE LINE 

FORD sERROR MESSAGES 
FQ@BD 3 
FORD 6D AS1 ~BYT $0,’I/0 ERROR ” ,$A3 

FOBE 49 2F 
FOCS AS 
FEC9 6D MSS »BYT $0,’ SEARCHING’ , $AG 

FECA 33 435 
F@D3 AG 
FOD4 46 4F S2 MS6 eBYT ’FOR’ , $A 

FOD7 AG 
FODB OD MS7 -BYT $0,’PRESS PLAY ON TAP’ ,$C5 

FO@D? 39 S2 
FOEA CY 
FOER 39 S2 Ase -BYT "PRESS RECOKD & FLAY ON TAP’ ,$C5 
F195 Co 
F106 OD mS1e ~BYT $0, ’LOADIN’ ,$C7 
Fi97 4C 4F 
FIOD C7 
FIOE 6D MS1i1 eBYT $0,’ SAVING’ , SAO 
FIOF S3 41 
Fi1S AG 
FI1l6 OD MS21 eBYT $0,’ VERIFYIN’ ,$C7 

F117 S36 43 
FiiF C7 
Fi20 6D AS17 -BYT $D,’FOUND’ , $A 

Fl2L 46 4F 
Fi26 AG © 
Fi27 @D msis eBYT $0, ’OK” , 38D 

FI2R 4F 4B 
Fi2A 8D 
Fi2B : 
Fi2B sFRINT MESSAGE TO SCREEN ONLY IF 
F12B s OUTPUT ENABLED 
F1I2B : 
F12BR 24 9D L922 BIT MSGFLG sPRINTING MESSAGES? 
F12D 10 9D BPL LY2S 3NO 

Fi2F B9 BD FO L1073 LDA AS1,Y 
F132 28 PHP 
F133 29 7F AND #$7F 

F1S%S 29 O02 FF JSR $FFD2 
Fi3ss C8 INY 
FiS9? 29 PLP 
FIiSZA 10 F3 BPL £1073 
Fi3C 18 L929 CLC 
FISD 6¢@ RTS 
FiSE eEND- 
FASE -LIB KTAPEL
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Load RAM function 

    

Entry point: $F49E 

Function: This routine loads from cassette or a serial bus device (with a device 

number between 4 and 31 where this device number is stored in location $BA) 

into the memory starting at the LOAD address in the file if the secondary address 
is greater than 9, or at the specified address if the secondary address is 9. 

Input parameters: 

$BA — device number 
secondary address 
LOAD address lo if secondary address is zero 
LOAD address hi if secondary address is zero 
if = 9 then load, ~ 9 then verify 

$B9 - 
X 
Y - 
A - 

Output parameters: 
.X  - return high LOAD address hi 
.Y -— return high LOAD address lo 

Routine source code: 

LOC 

F1SE 
F49E 
F49E 

F49E 
FA9E 
F49E 

F4I9E 
F49E 
F49E 
F49E 
F49E. 
F49e 
F49E 
F49E 
F4IE 
F49E 
F4A9 
F4A2 
F4AS 
FAA7 
F4A9 
F4AR. 
F4AD 
F 4AF 
F4B2 
F4B4 
F4B6 
F428 

F4BS 

F488 
F330 
FOSS 
FUSS 
F333 

CODE 

4C 

C3 
C4 
36 63 
93 
O@ 
79 
RA 
O53 
13 F? 
95 
F9 
7B 

04 F7 

LINE 

£=$F 49E 
? 
’ 

¥ ELLER FLELELUREEEKCRELETRETEEREELERELEREGER 

:® LOAD RAM FUNCTION. 
3% LOADS FROM CASSETTE OR SERIAL BUS 
s¢ DEVICES +34 TO 31 AS DETERMINED BY 

,% CONTENTS OF VARIABLE FA. VERIFY FLAG 
y% IN «A. 
3% ALT LOAD IF SA&®, NORMAL SA=1 
Mog oX, «Y LOAD ADDRESS IF SA=0 
3% ~A=0 PERFORMS LOAD,+«>0 IS VERIFY. 
3* HIGH LOAD RETURN IN .4,.7 
:% USE SETLFS & SETNAMN BEFORE THIS ROUTINE 
§ LLFELCKLELEELEEREELSELELEETERERRELLEEEERELS 

L99@ STX 
STY 
JMP 

NLOAD STA 
LDA 
STA 
LDA 
BNE. 

Li2z4i JMP 
L10460)0—6 (CMF 

REQ 
BCC 

MEMUSS . 
MEMUSS +1 
(TILOAD > 
VERCK 
S00 
STATUS 
FA 
L1046 
L149 
#405 
Li241 
L1639 

31.0 ALT START 
sHI ALT START 

;STORE VERIFY FLAG 

;CHECK DEVICE # 

s;KEYBOARD, BAD DEVICE 
: SCREEN? 
sYES 
3 TAPE 

  

W
e
e
 

xe
 

€:2$F 558 

w
e
o
v
e
i
a
e
 

7
 1938 JMP LYS? 

#4824 LOAD FROM TAFE 

sFILE NOT FOUND



LOC 

F333 
F334 
F356 

F539 
FSSC 
FSSE 
FS41 
FO44 
FU46 
F449 
FO4B 
FS4D 
FIG 
FOS2 
FS54 
FSS6 
FU 
FOSB 
FSGD 
FSOF 
FU4L 
FS62 
F564 
F566 
F348 © 
FS6A 
FU6C 
FS6E 
F379 
FS72 
P75 
FOZ 
F377 

F379? 
F378 
Fu7D 
FO7F 
FOBI 
F583 
F SBS 
F386 
Fo88 
FI8A 
FSBC 
FS8E 

F SSF 
FS79 

FOSt 
FOYS 
FO9S 

“FS96 
FO98 

FUIA 
FS9C 
FS9E 
FSAG 
FOAL 
FSAS 

FIA8 
FSA? 
POA 
FOAA 
FSAA 
FOAA 
FSAC 
FSAE 
F SAF 

AE 

F7 

F7 

L1060 

L1¢61 

L166 

L196 

L1944 

L1iéé66 

L1i6é65 

Lideé67 

LSK 
BCS 
JAP 

JSR 
BCS 
JhiP 
JSR 
BCS 
JSK 
LDA 
BEQ 
JSK 
BCC 
PEG 
BCS 
JSR 
BEQ 
BCS 
LDA 
AND 
SEC 
BNE 
CPx 
REQ 

CPX 
BNE 
LDY 
LDA 
STA 
INY 
LDA 
STA 
BCS 

LDA 
BNE 
LDY 
LDA 
LDY 
SBC 
TAX 
LDY 
LDA 
LD’ 
SBC 
TAY 
CLC 
TxA 
ADC 
STA 
TYA 
ADC 
STA 
LDA 
STA 
LDA 
STA 
JSR 
JSR 
oBYT 
CLC 

A 
L1647 
L19049 
L1164 
L106 
11049 
L938 
L19@59 
L142 
PNLEN 
L1966 
L118 
11963 
L1959 
L1058 
L1098 
Li@Ss? 
L1i¢é58 
STATUS 
HSFERR 

Li@s? 
HBLF 
L168 
HPLF 
L1661 
H$01 
(TAPEL) Y 
AENUSS 

(TAPEL),Y 
MEMUSS+1 
L1065 
SA 
L1064 
#$03 
(TAPEL)Y 
#301 
(TAPEL),Y 

H$04 
(TAPE1),Y 
$02 
(TAPE1),Y 

MEMUSS 
EAL 

MEMUSS+1 
EAH 

REMUSS 
STAL 
MEMUSS+1 
STAH 
L197 
L940 

$24 

7SET UP END ADDRESS 
Ld 
7 

L16S9 
e 
7 

LDX 
LOY 
RTS 

EAL 
EAH 

The Cassette Units 

3 TAPE? 
sYES 
3NO, BAD DEVICE 
sSET TAFE POINTERS 

sDEALLOCATED 
s’‘PRESS FLAY ON TAPE’ 
sSTOP KEY? 
s SEARCHING’ 
sNAME? 
sNO, LOAD FIRST PROG 
sYES, FINO A FILE 
sF OUND 

sSTOF KEY 
sNO, END QF TAFE 
sFIND ANY HEADER 
sSTOP KEY 
:NOQ HEADER 

sMUST HAVE GOT HEADER RIGHT 

xIS BAD 
shQVEABLE? 
: YES 

3 PROGRAM 
sNO, TRY FORK NEXT 
sFIXED LOAD 
sADDRESS IN BUFFER 
IS LOAD ADDRESS 

sMONITOR LOAD? 
2(ES, FIXED TYPE 
> TAPEA-TAPESTA 

7.0 TO .X 

sHI TO .Y 
sEA=STA+(TAPEA-TAPESTA) 

sSET UP START AODRESS 

:’ LOADING’ 
sLOAD TAPE 
:SKIP NEXT 
:GOUD EXIT 

BLOCK 

COMMAND 

87
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Print tape loading messages 
    

  

Entry points: 

$F5AF - print ‘searching [for filename] 
$F5C1 — print filename 

$F5D2 — print loading/ verifying 

Function: The function of these three routines is simply to display the 

appropriate messages on the screen when loading a program or file from tape. 

Input parameters: 

$9D - flag to indicate whether ‘searching [for filename]’ is printed; if high bit is 
set then message is printed 

$B7 — filename length 
$BB -— filename address 
$93 — loading/ verifying flag; if = @ then loading, otherwise verifying 

Output parameters: None 

Routine source code: 

LOC CODE LINE 

F SAF sPRINT "SEARCHING FOR CNAME’ 
F SAF 5 
FSAF AS 9D L1i@62 LDA MSGFLG sPRINT IT? 
FSBL 19 LE. BPL L1i971 sNO 
FSB3 Aa @6C LDY #@SS-"S1 s SEARCHING’ 
FSO5 20 2F Fil JSR L1073 
FSB8 AS B7 LDA FNLEN 
FSBA F9 15 BEQ LI@71 
FOBC A@ 17 LDY #MS6-MS1 7’ FORK’ 

FSBE 290 2F Fl JSR L1e73 
FSC1 5 
FIC1 zPRINT FILENAME 
FSCi ; 
FSC1 A4 B7 L1022 LDY FNLEN yNAMNE LENGTH 
F5C3 FG @C BEQ j.1671 sNO NAME 
FSCS AG 90 LDY #$@9 
FSC7 B1 BR Li@9i LDA (FNADK),Y 
FIC9 20 D2 FF JSR $FFO2 
FSCC C8 INY 
FSCD C4 B7 CPY FNLEN 
FSCF DO Fé BNE L1i@91 
FSD1L 69 11071 RTS 
FSD2 : 
F3D2 sFRINT LOADING/VERIF YING 
FSD2 : 
FSD2 A@ 49 L1i¢76 LDY #MS16-MSi sASSUME "LOADING’ 
F5D4 AG 93 LDA VERCK sCHECK FLAG 

FSD6 FO 02 BEQ L1¢52 “sYES, LOADING 
F508 Ag 39 LDY #AS21-MS1 s’ VERIFYING’ 
FSDA 4C 2B Fi L1652 JAP L922 
FS50D »END 

FSDD eLIB KTAPE2
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Save memory function 
    

Entry point: $F5DD 

Function: A specified block of memory is saved by this routine onto cassette ora 
serial device with a device number between 4 and 31. This routine must be 
preceded by the routine at $FFBA which sets logical first and secondary 
addresses and at $F FBD which sets up the filename. 

Input parameters: 

.A  - indirect pointer to start of memory area to be saved 

.X - end of SAVE lo 

.Y - end of SAVE hi 

$BA — device number 

Output parameters: None 

Routine source code: 

  

LOC CODE LINE 

FSDD $ 
FSDD » SKFLKKE EE KEALKAKL ELE LESFRLKLFRLESS SEH LSES 

F SDD 3% SAVE MEMORY FUNCTION. 
F SDD ao SAVES TO CASSETTE OR SERIAL 
FSDD 7% DEVICES >=4 TO 31 AS SELECTED BY 

FSDD :% VARIABLE FA. 
FIDD 2 START OF SAVE IS INDIKECT AT .A 
F SDD ¥* END OF SAVE IS .Xx, .Y 
FOOD 3% USE SETLFS @ SETNAM BEFORE THIS ROUTINE 
FSDD 5 KLEKERAERL HERES HELE SER ER SER TERE REKESAE 

F SDD 3 
FSDD 86 AE Li072 STX EAL sSTORE END ADDRESS 
FSDF 84 AF STY EAH 
FSEt AA TAX sSET UF START 

FHE2Z BS 00 LDA $99 ,X 
FSE4 85 Ci STA STAL 
FSE6 25 O1 LOA $01,X 
F5EB 85 C2 STA STAH 
FHEA 6C $2 03 JMF CISAVE) 
F5OED AG RBA NSAVE LDA FA 
FSEF DO 03 BNE L19073 
FSF1 4C 13 F? 11242 JNP 11049 sBAD DEVICE 
FSF4 C9 93 L1975 CMP #$903 sSERIAL? 
FOF6 FO FO PEQ 1242 sSCREEN, BAD DEVICE 
FIF8 99 SF BCC L183 yNQO, TAPE 
FOFA : 
FOFA ¥RSF6SP 
F659 ¥ 
F459 5 SHERHRE TAPE SAVE 
F659 $ 
F459 4A Li@8S LSR A sRS-2327 
F465A BO 63 BCS L176 sNO, MUST BE TAPE 
F46SC 40 13 F7 JaP L1949 sBAD DEVICE 

F6DF 20 D@ F7 Li@76 JSR L1164 sGET BUFFER ADDR 
F662 90 SD BCC L1242 sNOT ALLOCATED 
F664 246 38 FB JSR 1114 
F667 BO 25 BCS Li¢99 sSTOP KEY 

F669 26 BF FS JSR L1687 s SAVING’
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LOC 

FSé6C 
F66E 
F479 

F672 
F474 
F676 
F6/7 
FO7A 
F4S&/C 
F67F 
F4sl 
F483 
F485 
F687 
F489 
F48C 
F480) 
F468E 

CODE 

A2 
AS 
29 
De® 
A2 
BA 
20 
BS 
20 
BS 
AS 
29 
F9 
A> 
29 
24 

i8 
69 

05 
Bg 
O1 

62 
oh 

GA F?/ 
12 
67 F8 
cA) 
RO 
V2 
Te) 
rs) 
6A F7? 

LINE 

L186 

L1988 
L1099 

LDX 
LDA 
AND 
BNE 
LDA 
TXA 
JSR 
RCS 
JSR 
BCS 
LDA 
AND 
BEQ 
LDA 
JSR 
aBYT 
CLC 
RTS 

HPLF 
SA 
#$01 

Lié86 
#BLF 

L1099 
L169 
L932 
11699 
SA 
#$62 
L1i988 
#$0S5 
Liey? 
$24 

sDECIDE TYFE TO SAVE 
si-PLF, O-BLF 

sWRITE HEADER BLOCKS 
:STOP KEY 
sWRITE FROGRAM BLOCKS 
sSTOP KEY 

sWRITE END OF TAFE’ 
:NO 

sWRITE END TABLE BLOCKS 
sSKIF COMMAND 

  

Print ‘saving’ 
      

Entry point: $F68F 

Function: Prints the message Saving [filename] on the screen. Note that this 
message can be output to another device such as a printer, but the following 

SAVE will give an error. 

Input parameters: $9D - flag to indicate if message is to be printed; if high bit is 
not set then message is not printed. 

Output parameters: None 

Routine source code: 

LOC CUDE LINE 

F68F g 
F468F sPRINT 
F 68F 3 
Fé68F AS 9D L1¢87 
F471 10 FR 

F693 AGM 31 

F695 290 2F Fi. 
F698 40 Cl FS 
F49R «END 

F69PR, 

"SAVING CFILENAMEI’ 

LDA MSGFLG sPRINT IT? 
BFL L109® :NO 
LDY #MS11-M$1 :’ SAVING’ 

JSR L1073 
JAP L1ie@22 sSEND FILENAME 

-LIP KYAPES 

  

Stop key servicing 
      

Entry point: $F6ED 

Function: This routine is included in this section because it 1s called by so many
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of the other routines. The function of this routine is to check the stop key flag 
and if set then close any active I/O channels, flush the keyboard queue and 
return the machine to direct mode. 

Input parameters: $91 — value of last keyboard row - contains ‘stop’ key 

Output parameters: 

Z flag - set if stop key depressed 

A — keys depressed from last keyboard row 

Routine source code: 

|.0C CODE LINE 

F49R *=$F46ED 
FG6ED : 

F4SED s% STOP -- CHECK STOF KEY FLAG AND 
FéED 2% RETURN Z FLAG SEY IF FLAG TRUE. 
FSED 7% ALSO CLOSES ACTIVE CHANNELS AND 
F6ED »% FLUSHES KEYBOARD QUEUE. 
FED °* ALSO RETURNS KEY DUWNS FROM LAST 
Fé6ED 7% KEYBOAKD ROW IN .A. 
FéED 5% SHOULD CALL UFDATE TIME BEFORE 
F6ED ,« THIS. 

Fd6ED ; 
F6ED AS 91 NSTOP LDA STKEY sVAILUE OF LAST KOW 
FSEF C9 7F CaP #$7F sSTOP KEY FOSITION 
F6F1 DO 07 BNE L1243 sNUT DOWN 
F4F3 8 PHP 
F6F4 26 CC FF JSK $FFCC :CLEAR CHANNELS 
F6F7 85 C4 STA NDX sCLEAR KEY QUEUE 
F6F9 28 PLP 
F6FA 49 Li243 RTS 

  

Error handler 

      

Entry points: 

$F6FB — too many files 
$F6FE - file open 
$F791 —- file not open 

$F704 — file not found 
$F/797 - device not present 
$F79A — not input file 

$F79D — not output file 
$F719 - missing filename 

$F713 - illegal device number 

Function: This will display a designated error message from a list of nine 
cassette and serial I/O related messages. The table of actual error message texts 
is stored in locations $A19E to $A225.
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Input parameters: None 

Output parameters: None 

Routine source code: 

LOC CODE LING 

FOFB o CHK HEELKARREESRELRL LEE ERRAE BRET LEE REGERE 

FSFB 7% ERROR HANDLER. 
F6FR 3% PRINTS KERNAL ERROR MESSAGE IF BIT 6 

FOFB 3;« OF MSGFLG IS SET. RETURNS WITH ERROR 

FOFR 3% # IN .A AND CARRY SET. 
FOFB y ERESH LG HELE HALAL LLL RES SHEER ERRA RS ARREST 

FOFB ; , 
F6rPB AD O1 L1i997 LDA #$O1 :TOO MANY FILES 
F6FD 2C sBYT $2C 
F6FE AY O2 Li@11 LDA #$@2 sFILE OPEN 
F749 2C -BYT $2C 
F7O@1 A? 63 L1@09 LDA #$03 sFILE NOT OPEN 
F703 2C »aBYT $2C 
F704 AP 64 LIS? LDA #$64 sFILE NOT FOUND 
F796 2C ~BYT $2C 
F767 AY BS L1926 LDA #$@5 sDEVICE. NOT PRESENT 
F799 2C «BIT $20 
F70A AP 06 L971 LDA 4#$46 sNOT INPUT FILE 
F7eC 2C ~BYT $2C 
F70D A O7 L965 LDA #$07 sNOT OUTPUT FILE 
F7OF 20 -BYT $2C. 
F710 A? 08 L974 LDA #$08 sMISSING FILENAME 
F712 2C »~BYT $2C 
F713 AP 09 L1949 LDA ##09 sBAD DEVICE # 

F715 48 PHA sERROR # ON STACK 

F716 20 CC FF JSR #FFCC sRESTORE 1/0 
F719 AD 99 LDY #8S1-"S1 
F71iB 24 9D B1T MSGFLG sFRINT ERROR? 
F71D 39 OA BVC L1018 :NO 
F7IF 20 2F Fil JSR 116734 sPRINT ’I/0 ERROR #7’ 

F722 68 PLA 
F723 48 FHA 
F/24 09 39 URA #4590 sMAKE ERROR # ASCIL 
F726 20 D2 FF JSK $FFD2 SPRING IT 
F729 63 Ligi8 FLA 
F72A 38 SEC 
F72R 69 RTS 
F72C -END 
F720 sLIB KTAPE4 

  

  
Find any tape header 

    

Entry point: $F72C 

Function: This routine reads the tape device until one of the following two 
block types is found: ‘basic data file header’ or ‘basic load file’. The state of the 

carry flag indicates whether a header was found or not. Having found the header 
‘the message Found is displayed, followed by the filename from the header. A 
pause of 8.5 seconds is then generated before the routine exits to perform the 

rest of the load. This delay can be eliminated by pressing the CBM key.
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Input parameters: None 

Output parameters: 

.A — § if stop key pressed 

Carry flag - clear = header found; set = header not found 

Routine source code: 

LOC COOE LINE 

F72C : 
F72C YFKE AEFEARLKKE AGREE RE LEEKS EKRERERREESES 

F72C 3* FIND ANY TAPE HEADER. 

F72C 3% READS TAPE DEVICE UNTIL ONE OF THE 
F72C 3% FOLLOWING BLOCK TYFES IS FUUND: BOFH-- 
F72C :* BASIC DATA FILE HEADER, BLF--BASIC 
F/2C 3* LOAD FILE. FOR SUCCESS, CARRY IS 
F72C s% (LEAK ON RETURN. FOR FAILURE, CARRY 
F72C 7% IS SET ON RETURN. IN ADDITION, .A IS 
F72C 3% @ IF STOr KEY WAS PRESSED. 
F72C g BRERA EERGEEE SELLERS S LERLEESRREEREERERES 
F72C : ) 
F720 AS 93 L1i9098 LDA VERCK sSAVE OLD VERIFY 
F72E 48 PHA 
F72F 26 41 F8 JSR L129 :READ TAPE BLOCK 

F752 68 PLA . 
F733 85 93 STA VERCK sRESTORE VERIFY 
F735 89 $2 “BCS L1191 sREAD TERMINATED 

F737 AG 0 LDY #$00 
F759 Bl B2 LDA (TAPEL),Y sGET HEADER TY/FE 
F73P C9 OS Chr #EOT sEND OF TAPE’? 
F730 FO 2A BEQ L1i1iel sYES 
F73F C9 1 CMP #BLF sBASIC LOAD FILE’ 
F741 FO 08 BEQ L1027 sYES 

F743 C9 @3 CMP #PLF sFIXED LOAD FILE? 
F745 FO 04 BEQ L1927 3 /ES 
F747 CY 44 CMP #BDFH sPASIC DATA FILE? 
F749 DO EL BNE L1098 :NO, TRY AGAIN 
F74B AA L1i@27 TAX sFILE TYPE IN .X 
F740 24 9D BIT M4SGFLG sPRINT MESSAGE? 
F74E 16 17 BFL £1162 ¥NO 
F759 AD 63 LOY #MS17-MS1 y FOUND’ 
F732 20 2F Fil JSR L1¢73 
F755 Ad 25 LOY #SOS 
F737 Bl B2 L11i0@ LDA (TAFE) ,Y sOUTPUT COMPLETE 
F759 29 D2 FF JSK $FFD2 3 FP LLENAME 
F75C C8 INY 
F73D CO 15 CPY #415 
F75F D@ Fé BNE L116 

F761 AG Al LDA TIME+1 sWAIT FOR 8.5 SECONDS 
F763 20 EO E4 JSK SE4E9 ; OR FOR THE CRM KEY 
F754 EA NOP 

F767 18 Li1@2 CLC sSUCCESS 
F748 88 DEY 
F769 466 L1101 RTS 

  

Write tape header 
      

Entry point: $F76A 

Function: This routine first pushes the program start and end addresses onto the
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stack and then blanks the tape buffer memory area and sets up a tape header 
with all the requisite information being stored in the correct position in the tape 

buffer. The tape buffer contents are then written to tape and the start and end 
addresses restored off the stack. 

Input parameters: All tape header variables and filename 

Output parameters: .A - tape SAVE error flag 

Routine source code: 

LOC CODE LINE 

F746” F 

F7 4A 5% WRITE TAPE HEADER 

F746A 1% ERROR IF TAPE BUFFER DE-ALLOCATED 

F74A s® CARRY CLEAR fF 0.K. 

F74A : 
F764 85 9E L1099 STA T1 
F76C 290 DO® F? JSR £1104 sGET BUFFER ADDRESS 
F76F 90 SE PCC L11¢6 <NOT ALLOCATED 
F771 AS C2 LOA STAH sFRESERVE START AND END 
F775 48 FHA » ADDRESSES 

F774 AS Cl LDA STAL 
F776 48 PHA 
F777 AS AF LOA EAH 
F779 48 PHA 
F77A AS AE LDA EAL 
F770 48 PHA 
F770 Ad BF LDY #BUFSZ-1 sBLANK TAPE BUFFER 
F77F AP 20 LDA #$20 sSPACE CHAKS 
F781 971 B2 L99¢8 STA (TAPE1>,Y 

F783 88 DEY 
F784 DO FB BNE L998 
F786 AS FE LDA T1 sPBLOCK TYFE IN HEADER 
F738 91 B2 STA (TAPE1),Y 
F78A C2 INY 
F78R8 AS Ci LDA STAL sSTART ADORESS IN HEADER 
F78D 91 B2 STA (TAFEL),Y 
F78F C8 INY 
F79@ aS C2 LDA STAH 
F792 91 B2 STA (TAPE), 
F794 C8 INY zEND) ADDRESS IN HEADER 
F799 AS AE LDA EAL 

F797 91 B2 STA (TAPE1),Y 
F799 C8 INY 
F798 AS AF LDA EAH 
F79C 91 B2 STA (TAPE1),Y 
F79E C8 INY sFILENAME IN HEADER 
F79F 84 9F STY T2 
F7A1 AS 00 LDY #906 
F7AS 84 FE StY T1 
F765 A4 YE L1iieS LDY Ti 
F7A7 C4 B? CFY FNILEN 
F7AP Fe OC BEQ Li1@7 
F7AB Bl BB LDA (FNADR).Y 
F7AD A4 9F LDY T2 
F7AF 71 B2 STA (TAPEL),Y 
F7B1 E6 9E INC Ti 
F7B3 EG 9F INC [2 
F7B5 D® EE PNE L11¢6% 
F7BY 20 07 F7 Lil07 JSR L9Y9YS sSET UP START & END 
F7PA AY 69 LDA #969 sADDR OF HEADER & SET 
FABC 83 AB STA SHCNH s TIME FOR LEADER
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LOC CODE LINE 

F7BE 26 6P FB JSR L189 sHRITE FILE FO TAPE 
F7C) A8 TAY ,SAVE ERROK CUDE IN .1 

F7C2 68 PLA sRESTORE START & END 
F7C3 85 AE STA EAL 3 ADDRESSES 
F7CS 68 PLA 
F7C& 85 AF STA EAH 
F7C8 68 FLA 
F/C9 95 C1 STA STAL 

F7CR 648 PLA 
F7CC 83 C2 STA STAH 

FACE 98 TYA sRESTOKE ERROR CODE 
F7CF 6 LLi06 RIS 

  

  
Return buffer address 

    

Entry point: $F7D7 

Function: This routine is in two parts; the first tests if the tape buffer is allocated 
and the second calculates the start and end address pointers which are required 
by the SAVE routines. 

Input parameters: None 

Output parameters: 

$Cl1 - start address lo 
$C2 — start address hi 
$AE — end address lo 
$AF -— end address hi 

Routine source code: 

LOC CODE LINE 

F7D@ 3 
F7D@ sRETURN BUFFER ADORESS 
F706 3 

F7D0 AS B2 L11904 LDX TAPEL 
F7D2 AS BS LDY TAPE1+1 
F7D4 CO 92 CPY #$02 sALLOCATED? 
F7D6 6@ RTS sCARKY CLEAR, DE-ALLOCATED 
F7D7 29 D)@ F7 LPS JSR L11i04 sGET PTR TO CASSETTE 
F7DA 8A TXA 
F70B 85 Cl STA STAL sSAVE START LOW 
F7DD 18 CLC 
F7DE 49 C® ADC #BUFSZ sCOMPUTE POINTER YO END 

F7EO6 85 AE STA EAL sSAVE ENID LOW 
F7E2 98 TYA 
F7E3 85 C2 STA STAH sSAVE START HI 
F7ES 49 © ADC #$00 sCOMPUTE POINTER TO END 
F7E7 85 AF STA EAH s;SAVE END HIGH 
F7E? 4®@ RTS 

  

Find correct file on tape 
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Entry point: $F7EA 

Function: This routine searches for a program header on tape. Having found a 
header the filename is compared with that specified (if the contents of location 

$B7 are zero then the first program encountered is loaded). If the program name 
in the header is not the same as that specified then the routine searches for the 
next header. It should be noted that this routine only compares the header 

filename for the number of characters in the filename specified in the 

LOAD/ VERIFY command, thus if the filename Test is specified in the LOAD 
command but the header contains the filename Testing, then the routine will 
take this as a positive match and load Testing. 

Input parameters: $B7 — length of current filename string 

Output parameters: None 

Routine source code: 

LOC CODE LONE 

F7EA y SHREK ERA K KES KKKKSHKKENKSKES 

F7EA 2% FIND CUKRECT FILE ON TAFE 
F7EA 3% IF FMILEN =~ @ THEN USE 
F7EA y% FIRST HEADER FOUND 

F7ER 4 
F7EA 26 20 F? L1i908 JSR L1698 sFIND ANY HEADER 
F7ED B® Lb BCS Lilii sFAILED 
F7EF A® OS LDY #$@S s;CHECK NAME 
F7FL 84 PF ST’ T2 sOFFSET TO HEADER 
F7F3 AG OO LDY #$40 
F7FS 934 SE _ sty Ti sQOFFSET TO NAME 

F7F7 C4 B? L1@24 Cry FNLEN sCOMPARE THIS MANY 
FYFO FO 19 BEQ Lille y DONE 
F7FR Bi BR LDA (FNADR),Y 
F7FD AS YF LDY T2: 
F7FF Di B2 CMP (TAFE1),Y 
FBOL DO EZ BNE L118 gWRONG FILENAME 
F803 E6 YE INC Til 
F805 EG SF INC T2 
F807 AS FE LDY 1 
FB99 08 EC BNE LL@24 sALWATS 
FBR 18 Lili2z CLC ,SUCCESS 
FB8C 4@ Lilli &TS 

FBOD END 
F 89D -LIB KIAPES 

  

Miscellaneous cassette support routines 
      

Entry points: 
$F88D - increase pointer in tape buffer 

$F817 — wait for play switch 

$F82E — test cassette switch 
$F838 - check for record and play 
$F 841 read header block



$F84A - read LOAD block entry 

Routine source code: 

LOC 

F80D 
F890 

F8@6D 

F81Q 
F812 
F814 
F816 
FEL7 
F817 

F817 
F817 
F81A 
FB1C 
FSLE 
F821 
F824 
F827 
F829 
FO2B. 
F82E 
FB2E 
F82E 
F82E 
F339 

F@32 
F834 
F836 
F837 
F838 
F838 
F838 
F838 
FEBSP 
F83D 
FOSF 
FB41 
F841 
F841 
FB4I1 
F843 
F849 

F847 
F84A 
F84A 
F846 
FB4A 
F840 
FO4F 
F850 
F852 
F854 
F836 
F838 
F854 
F8GC 
F BSE 
FAS59 
F862 

CODE 

ES 

Co 

De 

20 
RO 
78 
AY 
85 
8S 
85 
85 
8S 
Bo 
Ag 
Az 
D® 

DO 

RO 

Ad 
(22 

2k. 
La 
Le 
OF 
D® 
2e 
F8 
6A 
oF 

16 
OL 
02 
Ol 

2E 
F9 
@E 
DD 

0@ 
70 
93 

D/ 

17 
1F 

09 
AA 
B4 
BO 
YE 
oF 
9C 
9@ 
OE 
1i 

F7 

F8 

F/ 

LINE 
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; INCREASE POINTER IN TAPE BUFFER 

L111® JSR 

INC 
LDY 
CPY 
KTS 

sWALT FOR PLAY SWITCH 

L938 JSR 
BEQ 
LDY 
JSR 
JSK 
JSR 
BNE 
LDY 
JRIP 

L192 
L1117 

-TEST CASSETTE SWITCH 

Li1i6 LDA 
BIT 

BNE 
BIT 
CLC 
RTS 

FOR 

JSR 
BEQ 
LDY 
BNE 

1@29 LDA 
STA 
STA 

JSR 

7READ LOAD 

JSR 
BCS 
SEI 
LDA 
STA 
STA 
STA 
STA 
STA 
STA 
LDA 
LDA 
BNE 

L946 

  

  
Write memory 
  

L1104 

BUFPT 

BUFFPT 
HBUFSZ 

Lii1é6 
Li113 
#MS7-ASIT 
L19073 
L1i125 
Liiié 
Liii?7 
#"AS18-AS1 
L1673 

#3190 
$901 

Liiis 
$o1 

sGET BUFFER ANDRESS 

sCHECK END BUFFER 

3’PRESS FLAY...” 

sTEST STOF KEY 
sTEST CASSETTE SWITCHES 

2" OK’ 

sCHECK FORT 
sCLOSED? 

sNO 
s DEBOUNTE 
:GOOD EXIT 

RECORD & PLAY 

Liilé 
L1iiis 
HAS8—"S 1 
L182¢ 

READ HEADER BLOCK 

#9909 
STATUS 
VEKCK 

LISS 

BLOCK ENTRY 

L938 
LLLe9 

#$99 
KDF LG 
SNSW1 
CHFO 
PYRI 
PTR2 
DPS 
#399 
H$OE 
Li1l18 

y’PRESS RECORD...’ 

:’PRESS FLAY...’ 
sSTOP KEY 

sCLE&R FLAGS 

sENARLE FOK TAFE IRQ 
sPOLINT LKQ VECTOR TO READ 
sALWAYS 

97
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Entry point: 

$F864 - write tape buffer 
$F867 - write memory between start address and end address 

Function: The first entry point sets up the addresses to SAVE the tape buffer. 
The second entry point is to the main tape write routine. This routine writes the 

contents of memory between the previously determined start and end addresses 
onto tape. This routine calls up several small routines located at $FBA6. 

Input parameters: 

$CI1 — start address lo 
$C2 — start address hi 
SAE — end address lo 
SAF — end address hi 

Output parameters: None 

Routine source code: 

Loc CODE LINE 

F36% g 
FBS4 g NHKERLAKFFSHRRE SHA SSHE HK REEE 

F964 3% WRITE TAPE BUFFER 
F864 5 HEL RLRAKE LRH RHF RELA KK ESEAHS 
F364 y 
FB64 :SET UP TO SAVE TAPE BUFFER 
FES: : 
F864 2@ D7 F?7 Li¢69 JSR L99S > BUFFER 
F847 5 EREEGEEEL RE ES ESSE SELES EEK LS ESE 
F867 sWRITE MEMORY BETWEEN STAI ,STAH 
FSS? sAND EAL,EAK AS A BLOCK 
F867 y HRA ELLA KEK SSH SKS ERG R SR ESE SES 
F867 AY 14 L932. LDA #614 sBETWEEN BLOCK SHORTS 
F869 85 Ab STA SHCMH 
F96e 29 30 FS L19089 JSR L1114 s’PRESS RECORD...’ 
FE86E B® SC Li1@9 BCS L1i15 :STOP KEY 
F870 78 SEL 
F871 AM B2 LDA #$82 zENAPLE T2 1RQ 
F873 A2 08 LDX #498 sPOINT (RQ VECTOR TO WRITE 
F875 $ 
F873 sSTART TAPE OPERATION ENTRY POINT 
F873 : 
F875 Aa@ 7F Li118 LDY #$%7F sKILL UNWANTED 1kK@ 
F877 8C 9D DC STY DIICR 
F87A 8D OD DC STA D1I1CR sENABLE WANTED 
F87D AD %E DC LDA DICKA 
F889 69 19 DRA #%$17 
F882 8D OF DC STA DICKB 
FB8S 29 91 AND #$91 
F887 8D A2 02 STA $02A2 
FE88A 20 AS FO JSR L921 sWALT FOR KS232 
F88D AD 11 Dw LDA VICREG+17 sBLANK SCREEN 
FB89G@ 29 EF AND #$EF 
F892 80D Li De STA VICREG+17 
F895 AD 14 63 LDA CINV sMOVE IRQ TO 1RQ TEMP 
F398 8D 9F O02 STA [RQTMP sFOR CASSETTE OFS 
FB9B AD 15 63 LDA CINV+i 
F89E 8D Ad O2 STA IRQTMP+1 
FBAL 2@ BD FC JSR Li1ig9s sCHANGE Lk@ VECTOR 
F8A4 A? O2 LDA #402 sFSBLK STARTS AT 2 
FBA6 8S BE STA FSBLK 
FB8AB 260 77 FB JSR L1079 sPREPARE LOCAL COUNTERS
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LUC CODE LINE 

FBAR AS @1 LDA $61 ; TURN CASSETTE MOTOR ON 
FSAD 29 IF AND #$1F 
FBAF 85 61 STA $@1 

FaBl 835 Ce STA CASI sFLAG INTERNAL CONTROL 
FBRS 2 FF LD #SFF ;DELAY BETWEEN BLOCKS 
FSBS AQ FF Lilly LDY #SFF 
FBR7 88 Li1l24 DEY 
F8BS DO FD BNE Li124% 
FBBA CA DEX 
FSBR DO F8 BNE Lill? 
F ERD ; 
FBRD 3 ENABLE TAFE IQR ROUTINES TO 
F BBD ;START WRITE OFERATIOR 
F8BD 38 CLI 
FEBE AD AS G2 Li1l253 LDA IRaTMP+1 ;CHECK FOR 1R@Q VECTOR 
Fecl CD 15 903 CAP CINV+1 -sFOINTING AT WRITE ROUTINE 
F8C4 18 CLC 
F8US FO LS PEQ@ L1115 3YES, REYURN 
F8C7 20 DO FS JSR L1125 ;NO CHECK STOP 
F8CH 20 BC F6 JSR $F46BC sUPDATE TIME 
F8CD 40 BE FB JAP L1123 ;9TAY 1N LOOF 
F800 20 El FF Lil25 JSR $FFE1L :TOP KEY DOWN? 
FB8D3 18 CLC sASSUME NOT 
F8D4 DO 9B BNE L1120 sCORRECT ASSUMPTION 
F8D6 20 93 FC JSR L1192 ;STOF DOWN STOF TAFE 
FB8DY 38 SEC sFALLED 
FB8DA 68 PLA ;BACK OK RTS 
F8DB 48 PLA 
FBDC AD Oo L1115 LDA #$00 ;DISARBLE IRQTMP 
FE8DE 38D AD 92 STA IRQTMP +1 
FSE1 60 Li126 RTS 

  

Set up time out watch for next dipole 
  

  

Entry point: $F8E2 

Function: This routine is used to detect read errors by checking the timing of 
each pulse pair (dipole); if the pulses are too long then a time out error is 
assumed. 

Input parameters: .X - time out constant for particular dipole 

Output parameters: None 

Routine source code: 

LOC CODE LINE 

FREY ; 
FRE2 ;SET UP TIMEOUT WATCH FOK NEXT DLFOLE 
F8E2 : 
FRE2 86 B1 L1126 STX TEMP sTIMEQUT CONSTANT 
FRE4 AS BO LDA CAFO :CHPO#S 
FEES 6A ASL A 
F8E7 OA ASL A 
FaES 18 CLC 
FREY 65 BY ADC CHF 
FBER 18 CLC



100 The Commodore 64 Kernal and Hardware Revealed 

OC CODE LINE 

FSEC 635 Bl ADC TEMP sADJUST LONG BYTE COUNT 
FREE 85 Bl STA TEMP 
F8FO AY 90 LDA #$00 
FEF2 24 RB@ BIT ChFO ;CHECK CMFO.. 
F3F% 30 Ol Bal L1146 : MINUS, NO ADJUST 
FBF6 2A KOL A 3 FLUS, ADJUST FOS 
FEF7 96 Bl Lil46 ASL TEMP sMULTIPLY CORRECTED 
FBF9 2A KOL A ; VALUE BY 4 
F8FA 06 Bi ASL TEMP 
FB8FC 2A ROL A 
FSFD AAR TAX 

FB8FE AD 06 DC Lii268 LDA DITBL ;WATCH OUT FOR ROLLOVER 
F991 CY 16 CAP #416 sTIME FOR ROUTINE’ 
F963 90 FO BCC L1128 :T00 CLOSE SO WALT 
F295 45 Bl ADC YEMP sCALCULATE AND 
F9@7 8D 04 DC STA DITAL 7 STORE ADJUSTED TIME COUNT 
FIOA 8A TAA 

FIOR 6D @7 DC ADC D1ITBH sADJUST FOR Hl TIME COUNT 
F?9E 38D OS DC STA DITAH 
F911 AD A2 02 LDA $82A2 
F914 8b EF DC STA DICKA 
F917 8D AS G2 STA $9284 
F9LA AD 9D DC LDA DIICR 
F9ID 29 10 AND #919 
FOLF FO OY BE@ L1129 
F921 AY FP LDA #EF9 
F923 48 PHA 
F924 AI 2A LDA #$2A 
F926 48 FHA 
FY27 4C 43 FF JMP $FF 43 
FY2A SS Li129 CLI 
F92B 60 KTS 

FRZC »END 
FORC eLIB KTAPES 

  

Cassette read subroutines 

    
  

Entry point: $F92C 

Function: This is the main routine which reads data from the tape. The bulk of 
the routine performs the timing of the incoming pulses in order to decode the 

pulse type and to give a software servo loop, which adjusts the timing of the 
pulses to the speed of the cassette deck. To understand the timing of the pulses 

see the waveform diagrams in Fig. 4.3 plus the documentation accompanying 
the source code listing. 

Input parameters: None 

Output parameters: $B6 — tape read error 

Routine source code: 

LOL CODE LINE 

F92C : 
F92C 5 ERLE LANLENKKE HERE SS GKES EE RERAPS RAE RESE 

FOZC :* CASSETTE READ SUBROUTINES © 
F92C 5 ERE ELLER ELAR HERE KES AERHL REAR A RAR EH KHER S



Lc 

FOC 
F92C 

FYE 
F92C 
F92F 
FISIL 
F932 
F9ISS 
F938 
FOSS 
F9S3C 
F9SD 
F949 
FI43 
F945 
F948 
F94B 
F9O4SE 
F9O4F 
F951 
FOSS 
F9S4 
F9S6 
F9IS? 
FOSS 
FISB 
F9SC 
F9OSE 
F960 
FY62 
FI 44 
F966 
FOSS 
rI69 
FISB. 
FY 6D 
FISF 
F971 
F973 
FO7S 
F977 
F978 
FO7A 
FY7C 

FOE 
F986 
F982 
F9B4S 
F985 
F988 
F9S8P. 

CODE 

06 

Ol 

FAR 

LINE 

44
 

TAPE READ 

. o
m
.
 2)

 

L1136 LD 
LDY 
TYA 
SBC 
CPX 
BNE 
STX 
TAA 
STY 
STY 
LDA 
STA 
LDA 
STA 
TYA 
SBC 
STX 
LSR 
ROR 
LSR 
KOR 
LDA 

CLC 
ADC 
CMP 
BCS 
LDX 
BEQ@ 
JAF 

LDX 
BAL 
LD 
ACC 
ADC 
CMP 
RCS 
LNA 
ADC 
ADC 
CMP 
BCS 
ADC 
ADC 
CMP 
BCC 
JMir 

LDA 
BEG 
STA 

BNE 

INC 
BCS 

DEC 

SEC 
SBC 
SBC 
ADC 
STA 
LDA 
EOR 

LRG ROUTINE 

DITBH 
HEF F 

DITBL 
DITBH 
L1130 
TEMF 

DiITBL 
DLTBH 
#$19 
DICRB 
DI1CR 
$92H35 

TEMP 
TEMP 
A 
TEMP 
A 
TEMF 
CMFO 

#S5C 
TEMP 
Lii41 
DFSW 
L1132 
Li1is4 

PCNIR 
L1134 
#2 
#$39 
CAFO 
TEMP 
L1139 

#$26 
CAPO 
TEMP 
11147 
#420 
CmPO 
TESP 
L1136 
Li1l4s 

SNSW1 
Liil4i 
RER 
Lidl4t 

KEZ 
Lil139 

REZ 

#9135 
TEMP 
SVXT 
SUXT 
FIRT 
ROL 
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sGET TIME SINCE LAST Ik@ 
sCOMPUTE COUNTER OLFF 

; TIMER HIGH ROLLOVER? 
sYES, RECOMPUTE 

sRE-LOAD TIMER B 

;CALCULATE HIGH 

sMOVE 2 BITS FROM 
; HIGH TO TEMP 

sCALC MIN PULSE VALUE 

sPULSE LESS THAN MIN? 
sYES, NOISE 
sNO, LAST BIT? 
2NO, CONTINUE 
7YES, FINISH BYTE 

79 BITS KEADY 
sYES, GOTO ENDING 
:SET BIT Val TO ZERO 
sADD UP TG HALF WAT BETWEEN 
: SHIRT FULSE ANID SYNC FULSE 
: SHORT? 
,YES 
sSET BIT VAL TO Ll 
sMOVE TO MIDDLE OF HIGH 

si? 
3, ES 
s;MOVE TO LONGLONG 

s;LONGLONG? 
s;GREATER THAN, ERROR 
sYES 

sNOYT SYNCRONISED? 
3NG, ERROR 
sYES, FLAG KER 
sALWAYS 

sCOURT REZ UP OH ZEROS 
sALWAYS 

sCOUNT REZ DOWN ON ONES 

sCALC ACTUAL VAL FUR COMPARE 

sSUBTRACT INPUT VAL 
> ADD DIFF TO TEMF STORE 
; USED TO ADJUST SOFT SERVO 
>FLIF DIFOLE FLAG
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LOC 

FIAS 
F9Aa 
FORA 
F9AC 
FIAC 
F9AE 
FRG 
F9B3 
F9RBS 
FOR7 
FORA 
F9BL 
FOBE 
F9CO 
F9CZ 
F9CS 
E9C7 
FICS 
FIC? 
FOCB 
FOCE 
F209 
F9D2 
FIDS 
F9ODS 
F9D? 
F9D9 
FIDE 
F9DD 
F9OE 
FIE®O 
F9E2 
FIES 
FYE6 
F9IESB 
FRED 
FOER 
FIED 
FOEF 

FOF1L 
FOFS 
FOFS 
FOF 7 
FOF 7 
FOFS8 

FOFA 
FOFC 

FOFE 

FAQD 
FA@2 
FARO% 
FHOS 
FAQS 
FAGA 
FROD 
FA1®O 
FR1I® 
FALG 
FAIO 
FA12 
FAL4 
FALG 
FA1LB8 

FAIA 
FALC 
FALF 
FAILF 

By 

AS 

29 
AS 
De 
4C 

ASS 

BS 

ASS 

4C 

OZ 

FS 

FE 

F8 
FE 

LINE 

11141 

LLi3s 

(1144 

Li15¢ 

(1143 

L1142 
L1i149 

;LONGLONG HANDLER 

L1145 

L114@ 

Liisi 

STA 
BEG 
STX 

LDA 
BEQ 
LDA 
AND 
BNE 
LDA 
BNE 
LDA 
STA 
STA 
LDA 
BPL 
BAI 

LDX 
JSR 
LDA 
BNE 
JAP 

LDA 
REQ 
BAT 
DEC 

FLIRT 
Li1435 
DATA 

SNSW1 
Li1lS@ 
$9283 
#$e 1 
L1is3 
$O2A4 
Liise 
#399 
FIRT 
$O2A4 
PONTR 
L1148 
L1i134 

HAS 
L1i126 
PRTY 
L11356 
$FERC 

SYXT 
Li149 
£1142 
CMPO 

«BYT $2C 
INC 
LDA 
STA 
CPX 
BNE 
TXA 
BNE 
LDA 
BAL 
CMF 

BCC 
STA 

BCS 

TXA 
EOR 

STA 
LDA 
REQ 

DEC 
BAL 
LSR 
ROR 
LDA 
JSR 
JAP 

LDA 
BEQ 
LDA 
BEQ 
LDA 

Bal 
JMP 

LSR 

CHEO 
#460 
SUXT 
DATA 
L1148 

L1136 
REZ 
Lii14i 
#$1G 

Lii4i 
SYNO 
Lii4l 

PRT Y 

PRTY 
SNSW1 
Li1s@ 

PCNTR 
11144 
DATA 
AYCH 
#$DA 
L11i26 
$FEBU 

SYNO 
L1i1490 
SNSW1 
Liisi 
PCNTR 

L1131 
Li13? 

TEMP 

sSECOND HALF OF DIPOLE 
sF1KST HALF SO STORE VAI 

sNO BYTE START? 
sYES, RETURN 
sTIAMER A 1RE’D? 

vYES 

sNO, EX1T 
sSET OLPOLE FLAG FOR FIRST HALF 

;WHERE IN BYTE 
: STILL DOING DATA 
; PROCESS PARITY 

sSETUP FOR LONGLONG 

sEVEN PARLTY? 
:NO, SET ERRGR 
sKESTORE REGS AWD RTI 

sADJUST SOFT SERVO? 
yNQ 
sYES, MORE BASE TIME 
, YES, LESS BASE TIME 
ySKIF NEX) 

;CLEAR DIFF FLAG 

sCONSEC. LIKE VALS IN DIFOLE’ 
sNO, PROCESS INFU 
vYES, CHECK VALS 
yONES, ERRUR 
sHOW MANY ZEROS”? 
; TOO MAN‘ 
s 167 

sNO, CONTINUE 
sYES, FLAG SYHO 
sALWATS 

;MOVE READ DATA TO .A 
;CALC PARITY 

sREAL DATA? 
sNO, FORGET 
sDEC BIT COUNT 
sNEG, TIME FOR PARITY 
sSHIFT BIT FROM DATA 
; INTO BYTE STQKE 
;SETUP FUR NEAT DIFOLE) 

sRESTORE REGS AND RTL 

:GOT BILOCK SYNC? 
sNQ 
sHAD REAL BYTE? 
sNO 
sEND OF BYTE? 

sfES 
sNU, TREAT AS LONG 

sADJUST TIME QUT FOR



LOC 

FA21 
FA2S 
FA24 
FA2Z6 
FAB 
FA29 
FA2ZA 
FA2D 
FA2F 
FAS1 
FASS 

FASS 
FA37 
FASS 
FASB 
FASD 
FASF 
FA42 
FAS4 
FA44 
FA4S 
FA48 
FA4H 
FASC 
FAGE 
FASO 
FASS 

FASS 
FAS7 
FAS9 

FASB 
FASD 
FASO 
FASO 
FA63 
FA6S 
FAG67/ 
FA6A 
FR4C 
FAGE 
FA7O 
FA7@ 
FA/% 
FA7O 
FA7@ 
FA7O 
FA79 
FA7G 
FA7O 
FA7@ 
FA/O 
FA79 
FA7®@ 
FA7@ 
rA79 
FA7® 
FA7O 
FA/O 
FA7O 
FA72 
FA/4 
FA7S 
FA7S 
FA7A 
FASC 
FAZD | 
FATF 

CUDE 

A? 
24 
19 
AS 
D® 
ASG 
CA 
D® 
A? 

BO 

9C 

On 

F8 

DC 

DC 
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LINE 

LDA #$93 ; LONGLONG PULSE VaL 
SEC 
SBC TENP 
ADC CMFO 
ASL A 
TAX ;SET TIME OUT FOR LAST BIT 
JSR L1126 
INC DPSW ;SET BIT THROW AWAY FLAG 
LDA SNSW1 ;BYTE SYNCRONISED? 
BNE L11%2 ;YES, SKIF TO FASS CHAR 
LDA SYNO ;THROW OUT DATA UNTIL SYNC 
BE@ L1185 sNO SYNC 
STA RER :FLAG DATA AS ERROR 
LDA #460 ;KILL 16 SYNC FLAG 
STA SYNO 
LDA #$81 ;SETUF FOR TIMER B IRQ 
STA DLILCR 
STA SNSW1 sFLAG WE HAVE BYTE SYHC 

L1i52 LDA SYNO ;SAVE SYNO STATUS 
STA DIFF 
BEA LiiS3 ;MO BLOCK SYNC 
LDA #400 :TURN OFF BYTE SYNC SWITCH 
STA SNSW1 
LDA #$01 ;DISABLE TIMER B [RQ 
STA DIICR 

LiiS3 LDA AYCH :PASS CHAR TO BYTE ROUTINE 
STA OCHAR 
LDA RER ;COMBINE ERROR VALS 
ORA KEZ 
STA PRP ; AND SAVE IN FRP 

Li15S Jnr $FEBC ;GET LAST BYTE 

Lii%4 JSR Li¢79 ;FINISH BYTE, CLK FLAGS 
STA DFS :GET BIT THROW AWAY FLAG 
LDX. #$DA :IN1T FOK NEXT DIFOLE 
JSR L1126 
LDA FSBLK :CHECK FOK LAST VAL 
BEQ L1135 
STA SHCNL 

SME EHR REE KEE EH EE SEED HEBHHHEE BLESSES 

* BYTE HANDLER OF CASSETTE READ. 

* RER 1S SET IF THE BYTE 1S IN 
sf ERROR. REZ [S SET IF THE INTERRUPT 
* PROGRAM 15 RKEADING ZEROS. RDFLG TELLS 

# WS WHAT WE ARE DOING. BIT 7 SAYS TO 
* IGNOKE BYTES UNTIL.REZ 1S SET, B1T 6 
* SAYS TQ LOAD THE BYTE. OTHERWISE 
* RDFLG 1S A COUNTDOWN AFTER SYNC. 1F 
+ 

-% 

> 

2 

* 

ee 

“4
@ 

W
e
 

N
E
 

W
E
 

MS
G 

W
e
 

We
 

wa
 

W
O
 
_
™
“
 

<
<
 

VERCK [3S SET WE DO A COMPARE INSTEAD 
Or A STOKE AND SET STATUS. FSBLK 
COUNTS THE WO BLOCKS. FTRI [S THE 
INDEX TO THE ERROK TABLE FORK FASS1. 
PTR2 [S THE INDEX TO THE CORRECTION 
TABLE FOR FASS2. 

KEKLEKELEKELLTELLKSESLEFEKEKFELHFEKLERKFFESR 

 
~
«
<
 

e
 

Wa
 

“e
e 

we
 

Ne
 

we
 

1135 LDA HOF 
B1T RKDFLG ;TEST FUNCTION MODE 
BFL L1159 sNOT WAITING FOR ZEROS 
LDA DIFF :ZEROS YET? 
BNE L1156 sYES, WALT FOR SYNC 
LDX FSBLK sFASS OVER? 
DEA sZER0, NO ERROR 
BNE L1i1s8 :NO 
LDA #LBERR
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LOC 

FA8SL 
FA84 

FARS 
FR88 
FA8A 
FA8D 
FASF 
FAL 
FASS 
FA9YS 
FA97 

CODE 

29 

FR 

a
T
 

OF
 

o
m
 

mM
 

% is 

Ol 

Ol 

FB 

LINE 

Liis/ 

Li162 

Liiéi 

L1l1i63 

Lilé@ 

L1164 

[7
 

we
 

we
 

wa
 

1166 

STORE 

JSR 
BNE 
LDA 
STA 
Ji 
BUS 
Bk 
LDA 
BNE 
LDA 
BNE 
LDA 
LSR 
LDA 
BM1 
BCC 
CLC 
BCS 
AHI) 
STA 
DEC 
BNE 
LDA 
STA 
JSR 
LDA 
STA 
BEG 

LDA 
STA 
BNE 

LDA 
BE 
LDA 

JSK 
LDA 
JMr 
JSR 
BCC 
JF 
LDX 
DEXA 
REQ 
LDA 
PER 
LO’ 
LDA 
Chr 
REQ 
LDA 
STA 

BAD 

LDA 
BEQ 
LIX 
Crxz 
BCC 
LIX 
LDA 
STA 
LDA 

STA 
IN) 
INA 
STX 
JMP 

SFEIC 
L1158 
#400 
ROFLG 
$FERC 
Li1é63 
Li1é62 
DIFF 
L1iiS8 
PRP 
L1158 
SHCNL 
A 
OCHAR 
Liis7 
Liiél 

Li1é61 
HYOF 
KDFLG 
RDFLG 
Liise 
#940 
RDFLG 
L1174 
#$O9 
SHCNH 
L1i158 
#380 
KDFLG 
L1158 

DIFF 
L1169 
H#S8ERR 

SFEIC 
#4O@ 
Liilé7 
Li1i9s 
L116% 
Lii72 
SHCNL 

Li1é9? 
VERCK 
L1i16é6 
$90 
OCHAR 
(SAL) ,Y 
L1166 
HSO1 
ERP 

sYES, LONG BLOCK ERROR 
rALWATS 

:NEW MODE, WAIT FOR SYNC 
sEXIT, DONE 
;LOAD ING 
»SYNCING 
sHAVE BLOCK SYNC? 
sYES,. EXLT 
sFIRST BYTE IN ERROR? 
sYES, EXIT 
sMOVE FSBLK TO CARRY 

; SHOULD RE A HEADER COUNT 
sNEG, FIRST BILOCK DATA 
sEXPECTING FIRST BLOCK DATA 

sEXPECTING 2ND BILUCK 
sMASK GFF HIGH STOKE HEADER 
s COUNT IN AQDE FLAG 
sWALT FOR KEAL DATA 
: REAL 
sNEXT UP 1S REAL DATA 
s SET DATA MODE 
,SETUF ADDR POINTERS 

cALWAYS, EALT 
, 1GNORE BYTES MODE 

sAIWAYS 

sEND OF BLOCK*’ 
sYES 
sSHORT BLOCK ERROR 

sFORCE RDFLG FOR ERRURK 

sEND OF STORE AREA? 
sNOT YET 
sYES 
sWHICH FASS? 

: SECOND 
sLOAD OR VERIFY? 
s LOADING 
sVERLFY ING 

s COMPARE 
;GO0D, CONTINUE 
sBAD, FLAG 
r AS ERROR 

LOCATIONS FOR 2ND PASS RE-TRY 

PRP 
LLiL7i 
#4 5D 
PTR1 
L1173 
PTR1I 
SAH 
BAD+1,£ 
SAL 

BAD, A 

PTRI 
Li171 

sCHK FOR ERRORS 
» NONE 
:FIAX OF 30 
sREACHED MAA? 
°YES, FLAG 2Ni) FASS 
sINDEX INTO BAD 
> AND STOKE BAD LUC 
: IN BAD TABLE 

sADVANCE TO NEXT 

:STORE CHAR 

CHAR



LOC 

FRO8 
FROS 

FROG 

FBS8 
FBOA 
FROC 

FBR@E 

FR1¢ 
FRLS 
FR1S 

FBR17 
FRA 
F21iC 
FRIE 

FBR29 
FR22 
FR24 
FR26 
FR2G 
FR28 
FR2C 
FR2) 
FROF 
FE31 
FB33 
FE3S 
FBS8 
FRSA 
FBC 
FRSE 
FR3F 
FR41 
FR43 
FB46 

FB48 
FR48 
FR4A 

FR4C 
FB4D 
FRAF 
FRS2 
FRS5 
FES7 

FES8 
FRSA 
FRSC 
FROE 
FBR6¢6 
FR4&2 
FR64 
FR46 
FR68 
FR68 
FRSE 
FROE 
FR7O 

FR72 
FBR/2 

FR72 
FR.72 
FR74 

FR.76 
FR78 
FRB 
FRZ7E 
FBS? 
FR82 

CODE 

v1 

@ | 

FE 

FC 

DC 
DC 

Lilés 

LIi1/3 

Lii7i 

Li1/@ 

L1172 
L1167 

L116% 

(117% 

;COMPUTE FARITY BYTE 

BAD 

LDX 
CFX 
REQ 
LDA 
Chr 
BNE 
LDA 
CMF 
BNE 
INC 
INC 
LDA 
BEQ 
LDA 
LDY 
CAF 
BEQ 
INY 
STY 
LDA 
BER 
LDA 
JSR 
BNE 
LDA 
BNE 
TAY 
LDA 
STA 
JSR 
Bite 

LDA 
STA 
SEI 
LDA 
STX 

LDX 
.LDX 
DEX 

BIL 
STX 
DEC 
GER 
LDA 
BNE 
STA 
BEQ 

JSK 
JSR 
LDY 
ST 

L1176 LDA 
EOR 
STA 
JSR 
JSR 

BEC 
LDA 
EQR 
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TABLE FOR RE-TRY 

PTR? 
PIRI 
L117¢ 
SAL 
BAD , X 
L1170 
SAH 
BAD+1, Xx 
L1179 
PTR2 
PTRK2 
VERCK 
L1i168 
OCHAR 
#490 
(SAL). 
Li1l7¢ 

PRE 
PRE 
Lii7i 
RSPERR 
SFEIC 
LLL/®@ 
VERCK 
Lil7/®@ 

OCHAR 
(SAL) ,Y 
Liese 
Lii7? 

#486 
RDF LG 

#$9 | 
DLIICK 
DIICR 
FSBLK 

L1i165 
FSBLK 
SHCNI_ 
LLi7s 
PIRI 
LLiv?/ 
FSBLK 
LLis/ 

L1192 
LL1l74 
#930 
SHCNH 

(SAL) ,Y 
SHCNH 
SHCNH 
L1e@80 
L1193 

Lii7é 
SHCNH 
OCHAR 

sDONE ALL IN TABLE? 

:YES 

sNEXT IN TABLE? 

sNO 

yNU 
sFUUND NEXT OME, ADVANTE 

gLOAD GR VERIFY? 
s LOADING 
sVER LEY ING 

20.K. 
sel=l 

sFLAG IT aS AN ERKOR 
SECOND PASS ERROR’ 
yNO 

sALWAYS 
7LOAD OR VERIFY? 
SVERIFY 

s;STORE CHARACTER 
sNEAT ADDRESS 
sAILWAYS 

ySET SKIP MEXT DATA 

sDEC FSBLK FOR NEXT FASS 

sDQONE, FSBLK=0 
s ELSE, NEXT 
sDEC FASS CALC 

sALL DONE 
sFIKST FASS ERKORS? 
sfES, CONTINUE 
yCLEAK FSBLK 1F NU ERROKS 
sALWAYS, EXIT 

sREAD 1T ALL, EXIT 
:RESTORE Sal & SAH 
; SHCNH=6 
y 

;CALC BLOCK BCC 

;BURF ADORESS 
7Al END? 
sNOT YET 
sBCC CHAR MATCH? 

s USED TO CALC PARITY BYTE 

105
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LOC 

FR84 
FR&S 
FRB8 
FRSB 
FRESE 
FRBE 
FROG 
FEI? 
FRO4 
FBY6 
FRY? 
FRY? 

FB99D 
FBOR 
FBID 
PROF 
FRAIL 
FRAS 
PRAS 
FBAS 
FRAG 

CODE 

FO 
A? 
2@ 
4C 

OS 
2@ 
ic 
RU 

C2 
AD 
Ci 
AU 

68 

AS 
69 
A4 
A8 
7B 
AP 

FE 
FE 

LINE 

BE 
LOA 
JSK 

Li1l?7 JMF 

Lii174 LDA 
STA 
LDA 
STA 
KTS 

L1679 LDA 

STA 
LDA 
STA 
STA 
STR 
STA 
RTS 

eEND 
«LIB KTAPE7 

Lii77 
#CKERR 
$FELC 
SFEBC 

STAH 
SAH 
STAI 

SAL 

#498 

FCONTR 
#496 
FIRT 
KER 
PRTY 
KEZ 

  

Cassette write subroutines 

      

Entry point: $FBA6 

sYES, EXIT 
sCHKSUM ERROR 

;KRESTOKE START ADDR 
s TO POINTER SAH & SAL 

ySETUP FOR 8 BITS+FAKITY 

INITIALISE 
DIFOLE COUNTER 
ERROR FLAG 
PARITY BIT 
ZERO COUNT 

~A=O ON RETURN “S
e 

w
e
 

WG
C 

w
e
 

W
e
 

o
S
 

Function: These five routines are all required by the main write to tape routine 
at $F867. 

Routine source code: 

LOC 

FBASG 
FRAG 
FBAS 

FRAG 
FRAG 
FBRAS 
FRAS 
FRAS 
FBAS 
FRAG 
rRAS 
FRAG 
FRAG 
FRAS 
FRAY 

FRA 
FBRAD 
F BAF 
FREI 
FBRBG 
FRB? 
FEBA 
FRBC 
FRRF 

FRC 
FECS 

CODE LINE 

* 
4.

 
w
e
 

w
e
 

4
4
 

w
e
 

W
e
 

we
a 

We
 

w
e
 

we
 

A 
O
Y
 

ARRAN AE KKK EK HEN KK ERE ES RLEEREREESERESS 
CASSETTE WRITE SUBROUTINES. 

FSBLK IS BLOCK COUNTEK FOR RECORD 
= @ SECOND DaTA 

1 FIRST DATA 
2 FIRST HEADER 

PHM KEELER LELKEKEEREEEFLLLE LLL LLES 

s TOGGLE WRITE BIT ACCORDING TO LSB 
rIN UCHAR 

Lii2z LDA 
LSR 
LDA 

BCC 
Lii85 LDA 
Lil84 LD 
L1ii178 STA 

STA 
LDA 
LDA 
STA 
LDA 

EOR 
STA 

OCHAR 
A 

#460 

LLi84 
#SE.0 
3 Od 
DITBL 
DITBH 
DI1CR 
#319 
DICK 
$Ol 

#4908 
$ol 

3B1T TO WRITE INTO CARRY 

sASSUME CARRY CLEAK (SHORT) 
s CORRECT 
:SET LONG 
2SET AND STORE TIMe 
sLG BYTE 
sHL BYTE 
sCLEAR 1K@ 

FORCE LOAD & START TIMER 
TOGGLE WRITE BIT 

° 
? 

v 
yy



LAC 

FRCS 
FRO? 
FCB 
FACY 
FRCR 
FRED 
FECD 
FRCD 
FRCD 
FEC 
FRCF 
FeD4 
FRO 
FRDS 
FRDS 
FEDA 
FRDC 
FRDE 
FRE® 
FBES 
FRES 
FRES 
FRE 
FEEA 
FREC 
FREE 
FRE 
FREO 
FBFS 
FRFS 
FRE 7 
FBFY 
FRFB. 
FRED 
FRFF 
FCOL 
FCS 
FCOS 
FCO7 
FCQ9 
FC@C 
FCC 
F COE 
FC19 
FC12 
FC14 
FCS 
FC16 
FO19 
FC1A 
FCAC 
FCLE 
FC20 
FC22 
FC24 
FC26 
FC28 
FC2A 
FC2C 
FC2E 
FC30 
FC33 
FOSS 
FCS7 
FCS? 
FCSB 
FUSD 

CODE 

29 
68 
38 
é4 
3@ 

06 

Ds) 

Fi 

FO 

Tt
 

a)
 

LINE 

L1181 

WRTN 

L118 

L1i1s3 

Li179 

(1186 

AND 
RTS 
SEC 
ROR 
Bit] 

TAFE WRITE 

LDA 
BNE 

LDA 
L.DA 
JSR 
BNE 
INC 
LDA 
BPL 
Jar 

LDA 
BNE 
JSR 
BNE 
INC 

BNE 

JSR 
BNE 
LDA 
EOR 
STA 
BE@ 
LDA 
EOR 
STA 
AND 
EOR 
STA 
JMr 

LSK 
DEC 
LDA 
BER 
BFL 

JSR 
CLI 
LDA 
BER 
LDX 
STA 
DEC 
LDA 
CPX 

BNE 
ORA 
STA 
BNE 
JSR 
BCC 
BNE 
INC 
LDA 
STA 
BCS 

#9903 

PRF 
L1183 

LRG ENTRY 

RER 
Liigi 

#410 
#501 
L1i738 
L118s 
RER 
PRP 
L1183 
LLi94 

REZ 
L1189 

L118%5 
Li183 
KEZ 

L1183 

Li1l22 
L1i183 
FIRT 
#401 
FIRT 
Lii7? 
OCHAR 
H$@1 
OCHAR 
#$9O1 
PRT Y- 
FRTY 
$FEBC 

OCHAR 
FCNTR 
PCNTR 

L1i19@ 
L1183 

L1i979 

CNTDN 
L118? 
#4090 
DATA 
CNIDN 
FSBLK 
#$62 

L1196 
#430 
OCHAR 
L1183 
L1193 
Lii88 
Liisi 
SAH 
DATA 
OCHAR 
L1183 

The Cassette Units 107 

yLEAVE JUST WRITE BiT 

;FLAG PRP FOR END OF BLOCK 

rALWAYS 

s;CHECK FOR ONE LONG 

sWRITE LONG BIT 

sEND OF BLOCK? 
3NUO, COHTINUE 
sfES, FINISH OFF 

yCHECK FOR A ONE BIT 

sWRITE 
7ON BIT LOW, EXIT 
sFIRST OF DLFULE? 

sDIPOLE DONE 
sFLIPS BIT FOR COMPLEMENTARY 

;TOGGLE FARLTY 

:sRESTORE REGS AND RTI 

sNEXT BIT 
°DEC COUNTER FOR # BITS 
29 BRITS SENT? 
2YES, DO FARITY 
2NQ, SEND REST 

s;CLEAN UP COUNTERS 
sAlLLOW INTERRUFTS TO NEST 
sWRITING HEADER COUNTERY 

sNO 
sWRITE HEADER COUNTERS 
s;CLEAR BEL 

sFIRST BLOCK HEADER’ 

sNO 
sYES, MARK 1ST BLOCK HEADER 
sWRITE CHARS IN HEADER 

sADDR®END? 
:NOT YET 
sMARK END 

sWRITE BCC 

sALWAYS
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OC 

FC3F 

FCSF 
FC41 
FC43 

FC4S 
FC4? 

FC49 

FC4C 
FC4E 
FC4E 
FCSO 
FCS2 
FUS54 
FCS7 
FILS7 
FCS9 
FCSB 
FCSE 
FCS9 
FC62 
FC S54 
FC6S 
FC48 

CODE 

AD 

“9 

FE 

  

  
Tape IRQ 

    

Entry point: 

$FC6A — tape IRQ entry 

$FCBD 

Function: The first of these two routines performs the main IRQ loop for both 
tape LOAD and SAVE. It should be noted that all SAVE and LOAD 

operations are performed under IRQ as a background program. The second 
routine is used to change the IRQ vectors for different tape read and write 

operations. 

LINE 

1188 

11199 

L1187 

L1194 

L11i82 

Routine source code: 

L.Ow 

FC46A 
FCA 
FC6A 
FCOA 
FCSC 
FCOF 
FC74 
FC73 
FC75 
FC78 
FC7A 
FC7C 
FC7E 
FCB1 
FOS2 
FC84 
FC86 

CODE 

78 
AF 
E3 
A7 
DF 

FB 

97 FB 

AB. 
D8 
9A 
BD 

AB 
BE 
39 

FC 

LINE 

SZ
 

ee
 

40
 

we
 

KTZ 

LOY¥ 
LDA 
STA 

EOR 
STA 
JSR 
BNE 

LDA 

EOR 
STA 
JMP 

DEC 
BNE 
JSR 
LDA 
STA 
LDX 
SEL 
JSK 
BNE 

TAPE IRQ 

LDA 
JSR 
BNE 
DEC 
BNE 
JSR 
DEC 
BPL 
LDX 
JSR 
CL1 
INC 
LDA 
BER 

#4909 
(SAL) ,Y 
OCHAR 

DATA 
DATA 
L1080 
L1183 

PRTY 

#501 
OCHAR 
$FEBC 

FS@LK 
L1182 
Lii2i 
#$506 
SHCNL 
#308 

L1i1i93 
Li1gs/7 

— change IRQ vectors 

ENTRY FOR 

#478 
L1184 
Li187 
SHCONL 
L1i187 
Li9/9 

SHCNH 
L118/ 
#SOA 

Li19S 

SHCNH 
FSBLK 
L1198 

;NEXT CHAR 

;STORE IN OUTFUT CHAR 
:UPDATE BCC 

sBUMP ADDRESS 
ZALWAYS 

sPARITY INTO OCHAR 

; FOR NEXT BIT 
sKESTORE REGS AND RTI 

: END? 
sBLOCK ONLY 
sWRITE SO TURN OFF MOTOR 
sPUT 80 CASSETTE 
s SYNCS AT END 

sSET VECTOR TO WRITE ZEROS 

cALWAYTS 

sWRITING LEADING ZEROS 
: FOR SYNC 

DONE WITH LOW SYNCY 
3NO 
sYES, CLEAN UP COUNTERS 

sIONE WITH SYNCY 
:NO 
,YES, VECTOR FOR DATA 

sZERO SHCNH 
y DONE? 
sfES, SYSTEM RESTORE
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L.ac CODE LINE 

FC88 26 BE FB JSR L1174 
FCSR A2 oY LDX #$909 sSETUP FOR HEADER COUNT 
FC8D 86 #5 STX CNTON 
FCGF 86 BS STX PRP 
FC91 D@ 83 BNE £1186 s ALWAYS 
FOL9S 5 

FC93 968 L1i192 FHF s;CLEAN UP IRQ AND 
FO94 73 SEL ys RESTORE FIA’S 
FC9S AD 11 DO LDA VICKEG+17 sKESTORE SCREEN 
FOL98 09 19 ORA #$190 
FC9A 8D 11 DO STA VICREG+17 
FC9D 290 CA FC JSR Lii21 s TURN OFF MOTOR 
FCA® AX 7F LDA -#S7F sCLEAK INTERKRUFTS 
FCA2 8D 6D DC STA DLIICR 
FCAS 20 DD FD JSR $FDDD sKRESTORE KEYBOARD 1KQ 
rCAS8 AD AD 92 LDA IRQTMP+1 rTRESTORE KEYBOARD INTERRUFT YECTOR 
FCAR FO 09 BEQ L1127 *NO 1RQ 
FCAD 8D 15 93 STA CINV+L 
FCR@ AD 9F O2 LDA LRATAP 
FC23) «8D 14 63 STA CINY 
FCB6 28 L11i27 FLF 
FCB? 4¢@ RTS 
FCRS 3 
FCR8 20 93 FC L1ii98 JSR Lil92 sRESTORE SYSTEM 1kQ 
FORR FO 97 2EQ L1187 sCAME FOR TAFE [RQ SO RTE 

FCBD 3* SUBROUTINE TO CHANGE [RQ VECTORS. 
FCBD 3% ON ENTRY, .X = 8 WRITE ZEROS TO TAFE 

FCBOD 2% = 10 WRITE DATA TO TAFE 
FCRD ye = 12 RESTORE TO KEYSCAN 

FCBD 2% ~ 14 READ DATA FROM TAFE 
ECPRL) y ERASER EEN KEE RESRKEEE RARE NEES SEREERERS 
FCBD : 
FCBD BID 93 FD Lii95S LDA $FD93,xX MOVE IRQ VECTORS 
FCCO® 8D 14 03 STA CINV s TO VECTOR TABLE 
FCC3 BD 94 FD LDA $FD94,X 
FCCS 8D LS 03 STA CINV+t 
FCC9 60 RTS 
FCCA y 
FCCA AS O1 Liij2i LDA $01 vTURN OFF CASSETTE MOTOR 
FCCC 99 290 ORA #$26 
FCCE 85 1 STA $01 
FLOD9 60 RTS 

FCD1 o HEARNE ESAS SRE SESE AER SR SE SHEE RSE R SERS ES 
FCD1 7% COMPARE START AND END OF LOAD/SAVE 
FCD4. 3% ADDRESSES. SUBKOUTINE CALLED BY 
FCD1 2% TAFE READ, SAVE, TAPE WRITE 

FCOL ; 
FCDIL 38 Liil93 SEC 
FlD2 AS aC LDA SAL 
FCD4 ES ae SRC EAL 
FCD6 AS AD LDA SAH 
FCD8 ES AF SBC EAH 
FCDA 69 RTS 
FCDR z 
FUDB sBUMP ADDRESS POINYER Sac 
FCDB : 
FCDe ES AC Li9s9 INC SAL 
FCDD De® 02 BHE L1083 
FCDF E46 AD INC SAH 
FCE1 66. L1i983 RTS 
FUEZ 3 

FCE2 ; 

FOE2 SE SPOOR 

FDO. : 
FOB y
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LOC CODE LINE 

EDR. , 
FD9OR 6A FC »WOK WRTZ vWRITE ZEROS TAFE 
FDO9D CO FE WOR WRIN sWRITE NORMAL TAPE 

FOYF 31 EA -WOK $EAS1 sNORMAL IRQ 
FDAL 2C 9 «WOR L1139 sREAD TAPE 
FDS 5 
FDAS wEND 
FDAS -END 

4.7 High speed tape operation 

Virtually all Commodore 64 software currently being marketed uses some form 

of fast loader. These fast loaders are given names like: Turbo (this was the first 
fast loader available), Pavload, Flash Load, etc. The origin of these fast loader 
routines is rather obscure since many of the software houses use the same loader 
routines. In this section we give the source code for two fast loaders and their 

associated SAVE routine; these have been used on several software products of 

Zifra Software Ltd. under the name of ZITload and ZJFRAload. 
A fast loader is a routine which replaces the existing LOAD and allows a 

program or data to be loaded from tape at about ten times the speed of a normal 
LOAD. This means that a tape can be as fast as a disk drive. A fast loader is 
achieved by simply changing the format of the pulse sequence which is stored 
onto the tape in order to allow a far greater density of information storage per 
inch of tape. In order to create a fast loader two programs are needed; a fast 

loader program which is a fairly short machine code routine loaded at the 
beginning of a LOAD operation and then auto run to LOAD the rest of the 

program and/or data which is stored in fast loader format. The second program 

which is required is a routine to SAVE a program in fast loader format, the fast 
SAVE. 

The first major problem to be overcome in designing a fast loader is how each 
bit is stored on the tape. Each bit is stored on tape asa pulse which goes through 
a high-low transition (see Fig. 4.4). The length of the total pulse decides whether 

the bit is a 1 or 9. A short pulse is a zero and a long pulse is a one. The bit is 
flagged in the interrupt register on the falling edge of the pulse. 

The loader is a machine code program which runs with the interrupts 

disabled, sets a timer to between the two lengths, and when the timer runs out 
the interrupt register is checked to see if the pulse came in or not. If the falling 
edge of the pulse generates an interrupt before the timer runs out then the pulse 

was a zero, Otherwise it was a one. The bits are then rotated into a byte storage 
until 8 bits have been read, thereby loading a full byte. 

Before any bytes can be read and stored, the loader must set itself to be in sync 
with the bits on the tape. This is done by writing a string of zero bits with a single 

one bit at every byte interval. The routine then tries to align itself by recognising 
the value of the byte. An example of a header byte for aligning would be the 
value 64, hex $49 or in binary: 91999909. A series of these bytes is written as the 
header; only when this byte has been read in and recognised can the actual 
program can be read without risk of alignment errors.
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The program is stored in different ways depending on how much protection it 
is desired to put in the program. The simplest way of formatting the file is to first 
SAVE the two byte load address followed by the two byte end address and then 
the actual file. The final byte following the end of the file is a checksum that was 
calculated by the SAVE routine and is also calculated during loading. If the two 
values are the same, the LOAD was successful. The routine for this form of fast 
loader is given in Program 5. 

BS3C ! FAST TAPE SAVE FOR THE 64. 
rite iittala 

83SC 'THIS ROUTINE WILL SAYE A PROGRAM 
ASSC !TO TAPE SO THAT WHEN LOADED BACK 
B3SC !TT WILL LORD FASTER THAN THE 
8330 11541 DISK DRIVE. 
B33C ! 
B33C 'AN OPTION FOR AUTO-RUN IS 
HI3C ! TNCLUDED. 
BIS 
cea #=$TUGO 
Cage ASaB LDA #<SAYVEC !CHANGE SAVE YECTOR 
Cavs SDSSuS STA #8332 ! TO GO TO NEW 
Ceaws ASCE LDR #>SAYYEC ! SAVE ROUTINE 
Caer 3803383 STA $8333 
CaBRA 6 RTS 
COBB 
CauB 48 SAYVEC PHA ISAVE OFF .A 
C@BC ASBA LDA $BA IGET DEVICE # 
COHE C3aur CMP #3907 'NUMBER 7? 
Colg Fob BEQ TSAVE IVES 
Cale 68 PLA 
C@13 4CEDFS JMP $FSED !DO0 NORMAL SAYE 
C@16 ! 
C@16 ASBS TSAYVE LDA #89 1GET SEC. ADDR. 
Cais 8D29C2 STA RUNFLG !FLAG FOR AUTO-RUN 
COLE RGBF LD'Y #$GF 
Ca1D ASZe LDA #429 
CB1F 998CC1 LOOP 1 STA FLNAME. Y !'BLANK FILENAME 
CH22 38 DE'v 
C@23 16FA BPL LOOP 1 
C825 AdBY LDY #87 IGET FILENAME LENGTH 
Ce2* Call CPY #311 !GREATER THAN 167? 
Cg29 Suez BCC LOOPS INO 
LB2B ABI LDY #910 {ONLY 1ST 16 CHARS 
Pe2D 8s LOOF2 DEY 
COZE 3888 BMI TSAYE! 
CO@36 BIE LDA <$BB).'7 !GET FILENAME 
Cus2 29eCcl STR FLNAME, Y ISTORE IT 
ett 4C2DCa JMP LOOP2 1DO NEXT CHAR 
Cass 
Cas3 AB4+?, 8 TSAYES LDY #$4/ 
CO3A BS44C1 TSAYE? LDA LOADER. 'GET LOADER BYTE 
C@3D SSBCH2 STA #028C.'r ISTORE IT TO SAVE 
Cada S32 DEY’ 
Codi Ler? BPL TSAYE2 !FOR ALL BYTES 
CO43 ASB1 LDA #$A1 
C45 HA TAX 
rade AS TAY 
C84” 26BAFF JSR $FFBA ISET FILE DETAILS 
Ca4A ASSE LDA #$9E ILENGTH OF FILENAME 
Cad C AZEC LDX #<CFPLNAME IF TLENAME LO 
CY4dE ABCI LDY #>FLNAME !FILENAME HI 
CES6 26BDFF JSR SFFBD SET NAME DETAILS 
Ca@S3 ASBB LDA #309 ISTOP NAME FROM BEING 
COSS S590 STA $90 IPRINTED CN SAVE 
Ces? AS8e2 LDA #$@2



C853 
Cas 
CusD 
CSF 
Cui6l A 
C8623 
CG6S 
CQ6E F 
C86R 
CeéD 
COS6BF 
Care 
Car4 
cers 
cers 

CEVA 
car 
COTA 
CarA 
COPA | 
Card 
Carr - 

SSF IC 
RBC 
SSFR 

ASA4 
2D0303 
ASA1 
359D 
AG 
AZ 

CHSe Zé 
C883 
Cass 
CEE 2 
Cus9 
CusB 
C@8E 
Ce98 
Cass | 
Ceugs 
cas? 
Cass 
C@SB 
CeSD ; 
CYR 
CAA 
CGAS 
CBUAS 
COR,” 
CBA 
CBAR 
CARD 
CORF 
COBe = 
Cabs 
COB’ 
COBRA 
CHBC { 
CUBE 
C@BF 
cace 
Cece 
cac3 
Cacs 
COCs 
Calk 
CO@CB 
CeacD 
Cacr 
CeD1 
CaD4 CA 
C@DS 
CoaDr 
Cans 
C@DA 
C@DB 
CaDD 
reeo 

STA 
LDA 
STA 
LDA 
LDX 
LDY 
JSR 
LDA 
STA 
LDA 
STA 
LDA 
STA 
LDY 
LDX 

$FC 
#$BC 
SFB 
#3F 3B 
#904 
#303 
SFFDS 
#333 
F@302 
#FA4 
#9303 
#301 
$9D 
#$398 
#300 

ITHE FAST SAVE ROUTINE 
ISTARTS HERE. 

TSAYLOOP 

TSAVES 

i 
WRTHDR 

HEADR1 

WRTHDR 
$25 

WRTBYT 
$20 

WRTIBYT 
$20 
WRTBYT 
$2E 

TSAVLOOP 
sFB 
WRTBYT 
WRTBIT 
#413 
$DQ1 1 
#337 
$91 

$2 
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ISAVE START HI 

ISAYE START LO 
!POINT TO START 
ISAVE END LO 
‘SAVE END HI 
!SAVE LOADER FILE 

IRESET WARM START 
! VECTOR 

{WRITE ALIGNMENT BYTES 
IGET START LO 

WRITE IT 
1GET START HI 

IWRITE IT 
1GET END LO 
IWRITE IT 
!'GET END HI 
WRITE IT 
1ZERO CHECKSUM 
1GET PAGE OFFSET 

ZERO LO BYTE 
IGET R BYTE 
WRITE IT 

ICHECK END OF SAVE 

INOT YET 
IGET CHECKSUM 
IWRITE IT 
ICLOSE OFF LAST BIT 

!UNBLANK SCREEN 

ISTOP TAPE 
IRESTART IRQ 
IGET START HI 
ISTORE IT 
IGET START LO 
ISTORE IT 
IRESET 1/0 
'EXIT TO “READY. * 

IBASIC ROM OUT & 
| START TAPE 

!'BLANK SCREEN 
IPAUSE FOR TAPE 
{ TO GET TO FULL 
! SPEED 

IDISABLE IRQ 
!INITIAL TIMER 
! YALUE FOR DELAY
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COES 
CHES 
CHE? 3 
CEA 
COEC 
CBEE : 
cari 3 
Care 
CaF 4 
COFS 
CaFS 
COFA 
COFA 
C3FC 
COFE 3 
rise 
L102 
Cie : 
0186 : 
C199 
Cis 
C1iBD 
C1BE 
CiG@E 
Ciig 
C1iz 
C11i4 
P11? 
C1is 3 
Ciic A 
C1iE : 
Ci2i 
C123 
C125 
C12? 
C123 
ci2c 
C12E 
Cit31 
C133 ; 
7136 
C133 
C13A 

C1i3e 
C13E 
Ci4u 
C143 
Cid4 
Cid4 
C144 
C144 
Ci4r 
C149 
142 
Ci4E 
C150 
C1is3 

C156 
C153 
C1iSB 
C150 
C1SF 
C168 
C162 
C165 
C1638 
C16A 
C16c 
CiSsE 
Cifl 

SneasDy 

2GFACa 
6a 

68 

AlZeDea 
SSFE 
ASAF 
SDO3OS 
A383 
SNHSHS 
285103 
ASFE 
SD2uDe 
AI3F 
8301 
33 
ASIB 
$D11D0 
ZUS4FF 
ASFC 
CSFB 
Dwis 
2B63A6 
ADDESS 

HEADRE 

WRT B'r'T 

WBYTE1 

! 
WRTBIT 

WBIT4 

WBIT2 

MBITS 

ITHE LOADER 
! 

LOADER 

$DDOS 
#$19 
$DDGE 
#$40 
#340 
WRIBYT 

HEADR2 
#$5A 
WRTBYT 

(START TIMER 

161668000 FOR 
! ALIGNMENT 

IWRITE 64 OF THEM 
ICHECK ALIGNMENT 
IWRITE IT 

(STORE BYTE 
!1CHECKSUM 

{LOOP FOR 8 BITS 

!BIT INTO CARRY 
{WRITE THE BIT 

!DO0 NEXT BIT 

1ASSUME ZERO BIT 
{CORRECT ASSUMPTION 
'SET FOR ONE BIT 
ISET TIMER 

IWAIT FOR TIMER 

{TOGGLE WRITE BIT 
! IN 651@ REGISTER 

{SHOW IT IS WORKING 

{START TIMER 
WAIT FOR TIMER 

!'TOGGLE WRITE BIT 
! IN 6518 REGISTER 

ISTART TIMER 

(SAVE BORDER COLOUR 
IRESET WARM START 
! VECTOR 

IFAST LOAD THE FILE 

IRESTORE BORDER COLOUR 

ISTOP THE TAPE 
(RESTORE [RW 

'UNBLANK SCREEN 
RESET I-’O 
!COMPARE CALCULATED TO 
! LOADED CHECKSUM 
!DIFFERENT..ERROR 
{CLR 
!GET AUTO-RUN FLAG



Cird 
C176 
C173 
C17 
CirD 
lise 
C188 
C133 
C183 
Ciss 
Ciss 
C183 
CisA 
C18c 
C18C 
Ci3c 
°19C 
C19C 
C1iac 
C13C 
C1i3c 
C1iOF 
Cine 
C1A3 
C1A5 
C1A? 
C1iAA 
C1AC 
C1AF 
C1B1 
CiB4 
C1B6 
C1iB9 
CiBE 
CiBD 
C1BF 
cicg 
civce 
cic4 
cice 
cics 
C1CA 

C1icc 
CiCF 
CiD1 
vide 
CiD2 
CiDe2 
CiDd2 
C1iD4 
C1iDé 
C1D3 

FuvA 
2HSER6 
RIB 
8590 
4CREA? 

SCYULZES 

R2iD 
4C3rA4 

SBES 
bCG2 

262028 

208703 
2GBRY3 
AS 
AIB8 
SSC 1 
2OBRG3 
83C2 
ZUBROS 
3520 
Z2OBAG3 
SIZE 
20BAG3 
3101 
45FC 
SSFC 
Cs 
DwGe2 

CiDB CR 
C1DC 
CiDE : 
C1iDF 
iE4 
ViE2 
CiE4 : 
C1E? 
CiES 
C1EC 
CiEE 
CiF1 
C1F3 
CIFS 
iF? 
C1F9 
CiFC 
CIFE 

A2e0 
200803 
26BD 
ASED 
con 
DaFS 
2GBRO3 
C940 
Fars 

EXIT 

LODERR 

! 
FLNAME 

116 SPACES 

1¥=$0351 

TLOADI 

TLOAD2 

RHEABI 

RHEAD2 

RHEADS3 

INC 
CP? 
LDA 
SBC 
BCC 
JSR 
STA 
RTS 

EXIT 
FAESE 
#586 
$30 
$APAE 

($O3023 

#$1D 
$A437 

$ES3B 
$USBC 
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{NO RUN 
SET CHARGET POINTER 

!FLAG RUN MODE 
!'RUN 

IWARM START 

!“?LOAD ERROR’ 
!SEND ERROR 

[ERROR LINK 
WARM START LINK 

{READ HEADER 
'READ A BYTE 
LOAD LO 

{READ A BYTE 
{LOAD HI 
‘READ A BYTE 
‘END LO 
{READ A BYTE 
!END HI 
IREAD A BYTE 
ISTORE IT 
ICALCULATE CHECKSUM 

'CHECK END OF LOAD 

tNOT ‘ET 
{READ CHECKSUM 

ISTART TAPE 

!BLANK SCREEN 
IPRUSE FOR TAPE TO 
! REACH FULL SPEED 

IDISABLE IRQ 
!ZERO CHECKSUM 
ISET TIMER HI 

!SET TIMER LO 

{READ A BIT 
!INTO BYTE 

1 ALIGNED? 
INOT YET 
IREAD A BYTE 
11S IT 64? 
YES
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Cee8 COSA CMP #$5A !ALIGNMENT CHECK? 
C242 D@EA BNE RHEAD2 !NO 
C264 6a RTS 
C205 ! 
C245 !*#=$93BA 
C265 I 
CeeS ASG1 LDA #$01 
C267 SSBD STA SBD 
C203 2uC8a3 GBYTEL JSR $83C8 !READ A BIT 
C2uC 26BD ROL $BD !INTO BYTE 
C2KE 3UFS BCC GBYTEL ICOMPLETE BYTE 
C216 ASBD LDA $BD 
C212 6@ RTS 
C213 ! 
C213 1¥=$283C8 
C213 ! 
C213 Ag1a LDR #10 IWAIT FOR BIT 
C215 2Ce@DDC GBIT1 BIT $DCaD 
C218 FaFB BEQ GBIT1 
C2iA ADEDDD LDA #DDeD !GET BIT 
C21D 48 PHA 
C21E A913 LDA #19 
C226 SDG@EDD STA $DD8E ISTART TIMER 
C223 63 PLA 
Ce24+ EEZBDB INC $D9820 !SHOW IT IS WORKING 
C227 4A LSR A IMOVE BIT INTO CARRY 
Cece 68 RTS 
C229 ! 
C229 !#=$03DE 
C229 ! 
C229 HY RUNFLG BYT @ 

Program 5. 

Another type of LOAD, which uses the same saver but is slower, is the 
interrupt loader. This method has the advantage of being able to LOAD with 

the screen on and a foreground program running whilst the main program is 
loaded. Loaders of this type are: Novaload and Micro Load. The difference with 
this type of LOAD is that an interrupt is created when a pulse is read by the tape 
recorder, and the timer is checked to find out whether the pulse was a zero ora 

one. The whole LOAD is done in the background allowing a foreground 
program to play music, run a clock, etc. The foreground program must check at 
regular intervals to see if the loader has flagged for the end of load. The example 
of a background LOAD in Program 6 has only a foreground program that is 

waiting for the end of LOAD flag to be set. 

833C | FAST TAPE SAVE FOR THE 64. 
833C | SE HESHESIESIE NE HE MEAEHEAEAE HEME NEHEMIAH 
833C ! 
833C ITHIS ROUTINE WILL SAVE A PROGRAM 
B33C !'TQ TAPE SO THAT WHEN LOADED BACK 
B33C !IT WILL LOAD WITH THE SCREEN ON. 
833C 
Cage ¥=$70G0 
Cova ASERB LDA #<SAVVEC ICHANGE SAVE VECTOR 
CBG2 SDSSU3 STA $4332 ! TO GO TO NEW 
Ca65 ASCA LDA #>SAYVEC ! SAVE ROUTINE 
Ca8? SD3303 STA $8333 
Caan 6b RTS 

CaOB S SAVVEC PHA ISAVYE OFF .A 4 S . e 

C@eac ASBA LDA $BR !GET DEVICE # 

CaGE C30° CMP ##87 INUMBER 7?



Caig Fae4 
C@12 68 
Ca13 
C16 
CB16 
cae 
CO1A 
caiD 
CO1E 
ca20 
caz2 
ca24 
ca26 
ca2e 
ca29 
Ca2B 
caen 
casa 
C33 
Ca33 
ca3s 
case 
CASE 
casc 
CO3E 
cade 
Cad1 
COd2 ; 
CAdqS 
rat? 
Cuda 
CadB : 
CA4E 
Case 

C32 A 
Cas4 
Case 
veSse 
C@SA 
Casc 
C@SE 
C868 
Ca63 
Ca6S § 
C8@6s 
Cu6A 
CaéD 
COGF & 
Carl 
Ca/7s 
Ca?S 
Ca?7S 
Cars 
Ca?7s 
Cers 
CaS 
CUVA ¢ 
CarB 
COVE 
Ce938a 
Casi 
Ca34 
C836 
Cass 
COSB :; 
C@SE 
Co36 
CA92 A 
Cos4 | 
Case 

4CEDFS 

ROBE 
AIZB 
39399C1 
83 
DOFA 
A4B, 
CEGF 
3082 
AVGE 
83 
3063 
B1BB 
PO9AC 1 
4C28C0 

B1z2B 

I 
TSAVE 

LOOP 1 

LOUP2 

{ 

TSAVE1 
TSAVE2 

TSAVE 

$FSED 

#30E 
#$20 
FLNAME+L, 9 

LOOP 1 
$BY 
#30F 
LOOP2 
#30E 

TSAYEL 
CSBB).'7 
FLNAME+2, 'Y 
LOOP2 

#3353 
LOADER. '? 
SOSAB, 'Y 

TSAVE2 
#501 

ITHE FAST SAVE ROUTINE 
ISTARTS HERE. 

| 

SAVEIT 

TSAYLOOP 

WRTHDR 
$23 

WRTBYT 
$2C 

WRTIBYT 
$20 
WRTBYT 
2E 
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YES 

{D0 NORMAL SAVE 

'BLANK FILENAME 

'GET FILENAME LENGTH 
IGREATER THAN 14°? 
1MOQ 
!ONL'Y 1ST 14 CHARS 

IGET FILENAME 
ISTORE IT 
!D0 NEXT CHAR 

!GET LOADER BYTE 
ISTORE IT TO SAVE 

IFOR ALL BYTES 

(SET FILE DETAILS 
ILENGTH OF FILENAME 
!FTLENAME LO 
!FILENAME HI 
ISET NAME DETAILS 

ISAVE START HI 

ISAYE START LO 
!POINT TO START 
ISAYE END LO 
ISAVE END HI 
ISAVE LOADER FILE 

'RESET WARM START 
! VECTOR 

IWRITE ALIGNMENT BYTES 
IGET START LO 

INRITE IT 
IGET START HI 

IWRITE IT 
{GET END LO 
IWRITE IT 
'GET END HI 
WRITE IT 
IZERO CHECKSUM 
'GET PAGE OFFSET 

IZERO LO BYTE 
IGET A BYTE
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2BFSCB 
C3 

260901 
ASiB 

A246 

Rea 
602 
R2Fr 
SE64DD 
Aen 
SLBsSDD 
ASa1 
2CBDID 
FOFB 
AS61 
4983 
SSol 

TSAVYES 

WRTHDR 

HEADR 1. 

HEADR2 

WRTBY'T 

WBYTEL 

WRTBIT 

WBIT1 

WBIT2 

WRI BYT 

TSAVYES 
$2C 

IWRITE IT 

{CHECK END OF SAVE 

INOT YET 
IGET CHECKSUM 
WRITE IT 
!CLOSE OFF LAST BIT 

!'UNBLANK SCREEN 

!STOP TAPE 
!RESTRRT IRGQ 
IGET START HI 
ISTORE IT 
{GET START LO 
{STORE IT 
‘RESET IO 
fEXTT TO “READY. ” 

{BASIC ROM OUT & 
! START TAPE 

!BLANK SCREEN 
!PAUSE FOR TAPE 
! TO GET TO FULL 
! SPEED 

IDISABLE IRQ 
!INITIAL TIMER 
! VALUE FOR DELAY 

ISTART TIMER 

191800600 FOR 
! ALIGNMENT 

IWRITE 64 QF THEM 
HCHECK ALIGNMENT 
IWRITE IT 

ISTORE BYTE 
!CHECKSUM 

{LOOP FOR 8 BITS 

‘BIT INTO CARRY 
IWRITE THE BIT 

!DO NEXT BIT 

!ASSUME ZERO BIT 
!CORRECT ASSUMPTION 
{SET FOR ONE BIT 
!SET TIMER 

WAIT FOR TIMER 

!'TOGGLE WRITE BIT 
! IN 6518 REGISTER



C124 
C127 
C129 
C120 
C1i2E 
C131 
C133 
Ciss 
Cis¢ 
C139 
C13B 
C13E 
C13F 
C1i3F 
C13F 
C1SF 
Cidl 
Ci43 
Ci46 
Cid? 
C143 
C1i4A 
Cis % 
C14E 
C156 
C153 
C156 
£193 
C1iSc 
C1ISE } 
Cisl 
C163 
C156 
Ci6e | 
C1i6B 
C16D 
C178 
Ci/r2 
C175 
Cir? 
C17A 
Circ 
C17F 
C131 
C183 
C1384 
C187 
C18? 
C13? 
C1387 
C189 
C1i3scC 
C1i8E 
Ci91 
Cid94 
C1398 
C198 
C1AS 
C1AS 
C1A9 
C1AR 
CiAB 
CLAE 
C1B9 
C1iB3 
C1BS 
CiB6 
C1iB? 
CiB9 
CiBEB 

EE2On8 
A213 
SDGEDD 
ALCL 
2CaDDD 
FOFB 
ASO1 
4983 
Sl01 
A913 
SDBEDD 
60 

Raas 
AS2ZG 
995804 
33 

98 
4CDDBS 

AIBS 
8D8zE3 
ASA 
808363 
4CS4FF 
SBESAEB 

932ALB 

WBITS 

ITHE LOADER 
J 

LOADER 

BLLOOP 

1#=$B2F3 
! 

FLNAME 
114 SPACES 

INC $Dé2@ 
LDA #$193 
STA $DDGE 
LDA #$a1 
BIT $DD@D 
BER WBITS 
LDA $81 
EOR #383 
STA #81 
LDA #319 
STA $DDGE 

STARTS HERE 

LDY #$85 
LDA #$20 
STA $8450. '7 

BPL BLLOOP 

ROL AS 
LDR $Ag 
BCC BITGOT 
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ISHOW IT IS WORKING 

!'START TIMER 
IWAIT FOR TIMER 

{TOGGLE WRITE BIT 
! IN 6516 REGISTER 

ISTART TIMER 

!BLANK OUT “READY. ” 

IDISABLE IRQ 

!'START TAPE 
{DISABLE KEYBOARD 

!ISET TIMER 

!ENABLE TAPE IRQ 

ISET IRQ VECTOR 
! TO POINT TO 
{ LORD ROUTINE 

‘SET NMI VECTOR 
! TQ -POINT TO 
! AN RTI 

'CLEAR LOADED FLAG 

{WAIT FOR END OF LOAD 

{RESET WARM START 
! YECTOR 

{RESET I/O 

fIR@ ENTRY POINT 

IGET TIMER HI BYTE 
!RESTART TIMER 

'1FLIP BIT 1 
! AND SHIFT TO 
! CARRY 
IMOVE BIT INTO 
1 BYTE READ 
IWHEN BYTE READ
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BEOD 
C3946 
Dues 
AS16 
8D65063 
ASFE 
SSAS 
ADEDDIC 
6S 
AS 
68 
43 

C948 
FOF 1 
CISA 
Fog? 
AIB2 
SD6503 
DBES 
AISB 
8D6503 
AI68 
83C1 
FHDE 

SSFB 
EE97@3 
ADS763 
CSFF 
DOCF 
AI43 
8D65e3 
DACs 

ABEG 
S1FB 
43C1 
8501 
EEGODS 
EGFR 
DEG: 
ESFC 
ASFB 
COFD 
ASFC 
ESFE 
SG6AD 
AS65 
8D6563 
DAG 

8562 
AY@2 
8B6503 
ASFE 
3D9 703 
Des 

A562 
> FOFC 
ASB 
$362 
AIO? 
8561 
26F 362 

BITGOT 

Est 

EXIT 

BITGT2 

BITGTS 

1#=$03DD 

PAUSE 

EXIT 
#349 

BNE EXIT 
#416 
$9365 
#3FE 
#A3 
$0CeD 

INOT COMPLETE BYTE 
We? 

ISET NEN ADDRESS 

'GET READY FOR 
! A NEW BYTE 
ICLEAR IRQ 

'EXIT IRQ 

{MORE ALIGNMENT? 
IVES 
'FINAL CHECK? 
tYES 
'GO BACK TO 
! ALIGNMENT ROUTINE 

ISET NEW ADDRESS 
! TO REAB IN LOAD 
! ADDRESSES. CLEAR 
! CHECKSUM 

!STORE LOAD ADDRESS 
'INCREASE STORE 
! UNTIL 4 BYTES 

!NOT ‘YET 
{STORE NEW ADDRESS 
'FOR READING FILE 

ISTORE A BYTE 
ICALCULATE CHECKSUM 

I'SHOW IT IS WORKING 
! INCREASE ADDRESS 

‘END OF LOAD? 

INOT YET 
'NEW] ADDRESS FOR 
!CHECKSUM 

!'STORE CHECKSUM 
IFLAG END OF LOAD 

'RESET BRANCH TO 
! ALIGNMENT 

IWAIT FOR FILE 
! TO BACKGROUND LOAD 

!'RESET KERNAL ROM
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vets 2863A5 JSR A663 ICLR 
C246 ASC1 LDA $C1 !COMP cade hee CHP $e RARE CHECKSUMS 

Ce4A Deas BNE LODERR ! DIFFERENT. .ERROR 
coat 407 4A4 | JMP sAd74 'G60) TO “READY. ” 

C24F AZID LODERR LDX #$1D !“?LORAD ERROR’ 
C251 4C37A4 JMP #Ad3?7 !SEND ERROR 

Program 6. 

4.7.1 Fast tape routines 

Putting the theory into practice to create the fast loader routines is not difficult. 
The actual timing for the SAVE routine was not calculated from any theoretical] 
formula but was obtained just by trial and error. The only guidelines were that 
the short pulse should be slightly shorter than half the long pulse, as the 

waveform of the pulse is evened out by the cassette hardware. The timing value 
used by the loader is just shorter than the time required before the long pulse 
reaches its falling edge. 

There are two program listings in this section, one for each of the two types of 
LOAD. Each program will SAVE a Basic program to tape in its fast format and 
automatically put the fast loader routine into the filename where it is stored and, 
when loaded, will automatically start on the warm start vector. The routines are 
initialised by SYS(49152). A Basic program can be fast saved by using the 
SAVE command as normal but with a device number of 7, thus: 

SAVE“PROGRAM”,7 

In addition the first kind of fast LOAD also makes use of the secondary 
address to auto run the program, thus: 

SAVE“PROGRAM”,7,1 

will cause the program to auto run when loaded back. With both routines, when 
a program has been saved using one of these fast loader SAVE routines it is 
unnecessary to load anything before loading the program; it will load directly 
from the LOAD command. 

An example of how fast these routines can be is shown by the following 
timing table. This was based on the time taken to load a 26.3K byte Basic 
program: 

Method 1 :] minute 

Disk :1 minute 19 seconds 

Method 2 :1 minute 25 seconds 
Normal tape :8 minutes 49 seconds 

It should also be noted that the SAVE routines for the fast tape operation are 

considerably shorter than the normal tape routines which were analysed at the 
beginning of this chapter. 

4.8 Causing programs to auto run from tape 

The facility to have a program run automatically after completing its LOAD isa
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nice feature to include, particularly if the program is intended for commercial 

sale. Adding this auto run feature to tape loaded programs is not difficult and 
considerably enhances a program’s professionalism. Before saving a Basic 
program to tape, the secondary address is used to indicate whether the LOAD 

routine starts loading into the memory area from which it was saved, or starts 
loading at an address stored in the pointer to the start of Basic program storage 
variables. Thus if a program is saved with: SAVE“SPROGRAM” it will 
commence loading wherever the pointer stored at $2B,$2C (decimal 43,44) 

indicates, regardless of where it was saved from. If, however, SAVE 
“PROGRAM”,1,1 is used the LOAD routine will load the program into the 
same locations from which it was saved. 

The use of the secondary address is thus the main principle required for auto 
running. To auto run a program a short machine code loader is required; this is 
loaded first, and on loading will then take control of the computer. The only 

way to make this happen is to write over one of the operating system vectors in 
page 3 of memory, the top end of the stack, or the “Tape load IRQ’ vector 
temporary storage at location $929F/$92AQ. 

4.8.1 Page three vectors 
There are plenty of vectors which can be used. The most commonly used is the 

Basic warm start vector (as in the fast load routines in the previous section). This 
is the easiest one to use since it can be set to point to the auto run routine in the 
vectors saved with the program, and then reset afterwards. In addition, use of 

this vector allows code to access the sprite 11 block. 
Other vectors which can be used are: 

Input vector at $9324 
Output vector at $9326 

Abort I/O vector at $932C 

These three vectors will also cause control to be transferred to the routine after 
loading, but use of the sprite 11 block for code is impossible so the code must 
therefore be located in the filename. Problems can arise in using these vectors 

when saving, for example: the output vector is set up, as soon as the SAVE 
routine is called, and the computer will crash when it tries to print the message 

‘PRESS RECORD & PLAY ON TAPE’. The way to overcome this is to add a 
bit of code into the SAVE routine which is called before the vector is set up: 

LDA #399 
STA $9D !disable the message ‘saving’ 
JSR $F838 !wait for record and play 

You can then set up the vector and save it. 

4.8.2 The stack 

A machine code program can be made to auto run by using the top 8 bytes of the 

stack. These locations are all set to a value of 2, and the machine code starts at 

location $9293. This method is not widely used, since it will only work on the 
majority of occasions when the machine is freshly powered up. There is one
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advantage, however; if it does not auto run, there 1s less chance of the machine 
code being intact for prying eyes. 

4.8.3 Tape IRQ save 
With this vector you must have a SAVE routine which saves a program from 

one area of memory which will be loaded into another (see beginning of this 
section). All the auto run code must be located in the filename. 

Having decided which vector to auto run and where to place the machine 
code loader, it is necessary to decide what the loader will do. The first function 
of any loader should be to get the kernal LOAD routine to stop printing 
messages. This will prevent the pause for CBM key when the next file is found. It 
may also be necessary to disable the RUN/STOP key (see next section). Other 

security methods that you can add into your loader are detailed in the next 
section of this chapter. Whichever vector is used to auto run, it must be reset to 

normal before running the main program. If page 3 vectors are used (IRQ save 

included), there are two ROM subroutines to use: $E453 for vectors from $9306 

to $030B, or $FF8A for vectors between $9314 and $9333 (IRQ save changes 
$0314). The program can then be loaded. Depending on whether the program 
is in machine code or Basic, theautorunroutinecaneitherjump straight into the 
main program or cause the Basic program to run. Running a machine code 
program is straightforward, however there are several ways to initiate the 
running of a Basic program from a machine code routine: 

a) Keyboard buffer 

By storing the characters R, shift U, and carriage return into the keyboard 
buffer ($9277-$9289) and setting the number of characters to 3 ($C6), the Basic 
program will then run by: JMP ($9392). The problem with this is that, to be on 
the safe side, the screen should first be cleared or there is a possibility of a syntax 
error occurring. 

b) Basic ROM routines 
The second, and best, way of running a Basic program is to use the routines in 

the ROM. The code to run a program this way is shorter than that for the 
keyboard buffer method. In both types, the end address from the LOAD must 
be stored into locations $2D and $2E. The code for running a Basic program 
using the ROM routines is as follows: 

JSR $A65C !perform ‘CLR’ 
JSR $A68E !reset charget pointers 
JMP $A7AE lexecute the next statement 

There is no need to store anything into the keyboard buffer or to clear the 
screen. 

4.9 Tape security and anti piracy techniques 

The greatest problem for anyone writing and/or selling commercial software is
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illegal copying. This can lose the author a substantial proportion of the expected 

royalty. It has been estimated that often as many as two out of every three copies 
of a program in circulation are illegal pirate copies. The SAVE command makes 
pirating of unprotected programs so easy that it is essential to put some 

protection onto any commercial program. There is no absolutely secure way of 
protecting a piece of software on the 64. If someone has enough patience they 
can break any protection method and copy the program. Therefore, the main 
thing to concentrate on is making the job of breaking the protection as difficult 
or laborious as possible. The initial methods include disabling the RUN/STOP 
key, encoding the program before saving and decoding it on loading, etc. 

To disable the RUN/STOP key is very simple: 

LDA #<STOP ISET RUN/STOP VECTOR 
STA $9328 ! TO POINT TO NEW 

LDA #>STOP  ! ROUTINE 
STA $9329 

STOP LDA $91 
RTS 

Another method of disabling the STOP key is by altering the low byte, but the 
above method is the only totally reliable way. This disables both the normal stop 
from a Basic program and the STOP/ RESTORE combination. If the program 
is a machine code game, then it is better to just disable the NMI vector. This can 

be done by changing the vector at $9318 to point toan RTI instruction ($FEC1). 
The NMI vector does not have to be disabled; it could be of use in the actual 

program (see Chapter 6). 
Encryption of the program is useful as it will stop a pirate from loading the 

main file without the auto run part. Encryption means that a special SAVE 
routine is used to encode a program which is then totally indecipherable. The 
loading then decodes it so that itcan run properly. The best way of encoding and 

decoding is to use one of the arithmetic commands in the 6519 instruction set. 

The most common and easiest to use is the EOR command. To do this take a 

key value, a number between § and 255, EOR it with a byte of the original code 

and store the result; this is the encrypted code. To restore the original code, 
simply take the stored encrypted code byte, EOR it with the key value and the 
original code is restored: 

LDA STORE !GET THE VALUE FROM MEMORY 

EOR #$Al !'ENCODE IT 

STA STORE !STORE IT 

This routine, when called the first time, will encode the byte. Call it a second 

time and the original value will be restored. Use the following routine to encode 
(or decode) a complete program where ($2B) 1s the start and ($2D) is the end 
plus 1:
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LDA $2B ISET START ADDRESS 
STA $FB 
LDA $2C 

STA $FC 

LDY #399 
LOOP ~~ LDA ($FB),Y IGET A BYTE 

EOR $FB !ENCODE/ DECODE IT 
STA ($FB),Y ISTORE IT 

INC $FB IINCREMENT POINTER 
BNE CHECK 
INC $FC 

CHECK LDA $FB ICHECK END OF 

CMP $2D ! PROGRAM 
LDA $FC 
SBC $2E 

BCC LOOP INOT YET 

It is not necessary to use location $FB for the EOR code, but whatever value is 
used it must be the same on encoding as it is on decoding. With the advent of fast 

tape formats, the need for this EOR encoding/ decoding is nullified due to the 
fact that the high speed loader must be present to be able to load the main 

program. 
Final security checks should be made on running the program to check 

certain locations for the presence of known values. Obvious locations are the 
cassette buffer (filename), device number (to check the last device used), etc. 

4.9.1 Undocumented codes 
All the previously mentioned methods can be displayed with the use of a 

monitor, and so with a little detective work they can be understood by someone 

intent on breaking the security. The use of some of the undocumented codes of 
the 6592 within the program and its security makes the use of a monitor much 
harder. On all 6582 microcomputers there are some instructions that don’t 

appear in most documentation. These codes are therefore not included in any of 
the monitors available. The most useful of these codes are the multi-byte NOP 
instructions. These instructions have the same effect as the normal NOP with 
the exception that one or two bytes following are ignored. Using a two byte 
NOP before a three byte instruction with the byte to be ignored as, for example, 
$20 (JSR) or $4C (JMP) will result in the code looking like garbage upon 

disassembly. 2 byte NOPs: 

$04,$ 14,$34,$44,$54,$64,$74, and $F4 

3 byte NOPs: 

$8C,$1C,$3C,$5C,$7C,$DC, and $FC 

Three byte NOPs are useful since the next two bytes could contain a 2 byte
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instruction which will read well with the rest of the code but is in fact ignored. 
For example, on assembly: 

BYT $44,$4C 12 BYTE NOP 
JSR $FFDS 'LOAD FILE 
BYT $3C 13 BYTE NOP 

LDX #5$990 'IGNORED 

STX $2D ISTORE END LO 
BYT $7C 13 BYTE NOP 
LDY #$90 'IGNORED 
STY $2E ‘STORE END HI 
BYT $74,520 12 BYTE NOP 

JMP $A474 !'GOTO ‘READY.’ 

actually does: 

JSR $FFDS5 
STX $2D 
STY $2E 
JMP $A474 

but on disassembly it gives: 

., 933C 44 2? 

., 933D 4C 20 D5 JMP $D529 

., 9349 FEF 22? 

., 9341 3C 2? 

., 9342 A2 —— LDX #$99 

., 9344 86 2D STX $2D 

., 9346 7C 29? 

. $347 AP 99 LDY #$09 

., 9349 84 2E STY $2E 

., 934B 74 2? 

., 934C 29 4C 74 JSR $744C 

., Q34F A4 xx LDY $xx 

The byte xx has nothing to do with the code. 
The subject of program protection and security methods is one which can be 

gone into in great depth but unfortunately it would be inadvisable to give more 
information than has been included since a knowledge of how to protect a 
program will also tell the intending pirate how to break that protection. Readers 

interested in adding protection and security to their programs should write to 
Zifra Software Ltd., 40 Bowling Green Lane, London ECI1. Zifra have 

considerable experience and expertise in security and protection methods for 

both tape and disk which have been used on Zifra products.



Chapter Five 

The User Port 

5.1 The I/O ports and the 6526 

The CBM 64 communicates with peripheral devices via five integrated circuits. 
The most important of the five is the 6518 microprocessor. This has a single 
eight line I/O port which is used principally to control memory bank switching 
but also some of the tape operations. The 6566 VIC chip controls the video 

display and has a light pen input. The sound output is generated by a 6581 SID 
chip, which also has four analog joystick inputs (see Fig. 5.1 for I/O connections 

on the CBM 64). The other two integrated circuits are 6526 complex interface 
adapters or CIAs, which are used to perform all the other I/O functions of the 

CBM 64. We can summarise the function of these two chips as follows: 

Keyboard input 

User port 
Cassette deck 
Serial I/O - used by the disk drive and printer 
RS232 I/O - for printers, modems etc. 

Joystick — simple switch type 
IRQ timing for real time clock and keyboard 

The two CIA chips which are used to control all these functions have between 
them just 32 programmable I/O lines and 8 handshake lines; many of these lines 
are thus used by more than one of the above functions. 

  

  

  

  

  we 
  

/ 
1 2 7 3 4 6 

1) Game I/O 5) Cassette 

2) Memory expansion _ 6) User port 

3) Audio and video 7) Modulated TV output 
4) Serial I/O 

Fig. 5.1. The position of the different CBM 64 I/O outputs.



128 The Commodore 64 Kernal and Hardware Revealed 

SERIAL I/O 
    

PIN # TYPE 
  

O
o
o
h
 

w
h
 

—
 

  

SERIAL SRQ IN 

GND 

SERIAL ATN IN/OUT 

SERIAL CLK IN/OUT 

SERIAL DATA IN/OUT 

NC       

  

      

AUDIO/VIDEO 

  
  

PIN # TYPE 
  

    ON
 

Aa
 

@®
 

A 
—
 LUMINANCE 

GND 
AUDIO OUT 
COMP VIDEO 
AUDIO IN     

  

      

GAME I/O 

Port #1 

  
  

PIN # | TYPE NOTE   

  

  

JOY@ 
JOY1 
JOY2 
JOY3 
POT Y 

| LIGHT PEN /| 
BUTTON A 
+5V MAX. 104mA 
GND 
POT X       

Fig. 5.1. (contd.) 
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Port #2 
  

PIN # | TYPE NOTE 

JOYG 

JOY1 

JOY2 

JOY3 

POT Y 

BUTTON B 

+5V MAX. 166mA 

GND 

POT X 
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oo
 

Xe)
 

O
O
N
n
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OD
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OO
 

& 
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P
 

  

Fig. 5.1. (contd.) 

An understanding of the two 6526 CIA interface chips is essential if all the 

features of the CBM 64 are to be used to the full, and a knowledge of these chips 
helps to explain some of the quirks of the system. The functioning of the chips is 
controlled by internal programmable registers, and there are 16 registers in each 
chip. These 32 registers (16 from each chip) are located in addressable memory 
space and are located at hex $DC@9 to $DDFF (decimal! 56329 to 56831). They 
can thus be accessed from Basic using PEEK and POKE statements and from 
machine code using LDA and STA commands. 

Of the 48 I/O lines output from the two CIA chips the user can directly 
connect equipment to, and control the functioning of or input from, 21 lines; the 
other 18 lines are used by the keyboard or memory bank select and are not 
therefore particularly usable; one line is not connected. All but two of the I/O 
lines on CIA#2 can be used, but only three of the lines on CIA#1. CIA#2 is thus 

used in all the examples in this section. The functions of each I/O line from the 
two CIA chips are shown in Fig. 5.2 and the electrical connections which allow 
the user to utilise some of the lines are shown in Fig. 5.3. Though these lines are 
all assigned particular functions the user is not confined to using a particular 

  

  

              

PIN #/ TYPE NOTE PIN# | TYPE | NOTE 

1 | GND A | GND 
2 1+5V 100mA MAX.! B- | FLAG 
3 | RESET C | PB® | 
4 | CNT1 D | PBI 
5 |SP1 E PB2 
6 | CNT2 F PB3 
7 | SP2 H | PB4 
8 | PC2 J PB5 
9 | SERIAL ATN IN K | PB6 

10 | +9VAC 100mA MAX.| L_ | PB7 
11 |+9V AC M | PA2 
12 | GND N | GND 
  

Fig. 5.2. The allocation and function of pins on the user port connector.
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123 4 5 6 7 8 Q9 10 11 12 

eee eee 
ABCODEFH JK LM N 

  

Fig. 5.3. User port edge connector line definition. 

I/O line for the function designated for that line. This is because all the I/O lines 
are under software control and it is not until the routines within the operating 

system which utilise that line for a particular function are called that that line is 
used. This flexibility allows the redefinition of I/O line function and is one of the 
most useful features of the CBM 64. 
The 6526 is a very complex chip with sixteen different addressable registers. 

Each bit within these registers has a specific function, either as an input or an 
output or to control the operation of the 6526. The registers are of six basic 

types; I/@, data direction, peripheral control, shift register, timers and timer 
control registers. 

The 6526 can be functionally divided into two component parts. On one side 
are the connections to the processor; the processor interface. On the other side 
are the input/output lines; the peripheral interface. The main components of the 
processor interface are the eight bi-directional data lines. These are connected 
directly to the processor data bus and are used to transfer data between the CIA 

and the processor. As with any memory, the processor treats the 6526 as a 
sixteen byte block of memory. The direction of data transfer is controlled by the 
R/ W line, the exact timing of a transfer being controlled by the #2 clock line. 
The individual registers are addressed by the register select lines connected to 

the bottom address lines A®-A3. The exact location of the 6526 within 

memory space is determined by decoding some of the address lines and 
connecting these to the chip select inputs. The registers of the 6526 will be 
accessed only if chip select CS is low. As with all the I/O chips the 6526 can 
generate a processor interrupt by pulling the IRQ line low. This occurs 

whenever an internal interrupt flag is set as a result of an input on one of the 
peripheral control lines. 

The processor interface lines have seven basic functions which can be 
summarised as foliows: 

1) Phase two clock (#2) — data transfers between the 6526 and the processor take 
place only when the @2 clock is high. This clock also acts as a time base for the 
internal 6526 timers and shift register. On the CBM 64 the #2 clock is derived 
from the 6519 microprocessor chip which in turn is derived from the #9 clock 
produced by the VIC chip. The #2 clock has a frequency of 8.98 MHz ona PAL 

machine (UK version 64) and: 1.92 MHz onan NTSC (US version 64). 
2) Chip select line (CS) - the chip select input is connected to the decoding 
circuitry connected to the PLA chip. 

3) Register select lines (RS#, RSI, RS2, RS3) - the four register select lines are 
connected to the processor address bus lines Af — A3. This allows the register to 
select one of the sixteen registers in the 6526.
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4) Read/ write line (R/ W) - the direction of data transfer between the 6526 and 
the processor is controlled by the R/W line. If R/W is high then a ‘read’ 

operation is performed and data is transferred from the 6526 onto the data bus. 

If R/ W is low then a ‘write’ operation is performed and data currently on the 
data bus is loaded into the addressed register of the 6526. 

5) Data bus (DB to DB7) - data is transferred between the processor and the 

6526 via the eight bi-directional lines of the data bus. The internal data bus of 
the 6526 will only be connected to the processor data bus when the two chip 
select lines are enabled and the #2 clock is high. The direction of data transfer 
will depend on the state of the R/ W line and the register addressed on lines RSP 
to RS3. 
6) Reset (RES) - the reset line clears all the internal registers of the 6526 (except 
the timers and shift register) and sets them all at logic zero. The result is that all 

the interface lines are put in the input state, and timers, shift register and 
interrupts are all disabled. This is connected to the processor power up circuitry 
and is used only when the system is switched on (this line is accessible externally 

and since the system software can be changed its function could be modified). 
7) Interrupt request (IRQ) - the interrupt request output from the 6526 is very 
important in the CBM 64. The IRQ line goes low whenever an internal interrupt 
flag is set and the corresponding interrupt enable flag is high. On CIA#2 the 
IRQ line is connected to the processor NMI interrupt line; the NMI line is also 
used to test the RESTORE key. On CIA#1 the IRQ line is connected to the 
processor IRQ line. The function of this line is to generate a regular 60 Hz 

interrupt which is used by the clock, I/Oand keyboard routines; this interrupt is 
provided by Timer A in the CIA. 

5.2 The peripheral interface lines 

The peripheral interface lines on each 6526 CIA chip are divided into two I/O 

ports, each port having eight bi-directional I/O lines. The two ports share two 
handshaking and two serial control lines. The following is a brief description of 
the I/O buses and control lines of a 6526. 

1) Peripheral ports A and B(PA@-— PA7) and (PB# — PB7) —- these ports consist of 

eight bi-directional lines each of which can be independently programmed 
under control of the data direction register to act as either an input or an output. 
The polarity of the lines defined as outputs is controlled by the contents of the 
output register. The internal control registers are used by the processor to 

control the modes of operation of the 6526. All lines represent a load of one 
standard TTL gate in the input mode and will drive two standard TTL loads in 
the output mode. 

2) Handshaking lines (FLAG, PC) - the FLAG peripheral control line acts as 
interrupt input, and PC as handshake output for peripheral port B. Each line 

controls an internal interrupt flag with a corresponding interrupt enable bit. 
The various modes of operation are controlled by the processor via the internal 
control registers of the 6526.
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5.3 Operation of the |1/O ports 

Three registers are required to access each of the eight line peripheral ports; they 

are a data direction register, an output register and an input register. Each port 
has a data direction register for specifying whether each of the eight lines acts as 
either an input or an output. A zero in a bit of the data direction register causes 
the corresponding peripheral line to act as an input. A one causes the line to act 
as an output. 

Example: Set lines § to 3 as inputs and 4 to 7 as outputs on port B of CIA#2. 
  

  

I/O line Data DDR contents DDR contents 

number direction if line = in for example 

p in | p 
| in 2 4) 

2 in 4 0 

3 in 8 4) 

4 out 16 16 

5 out 32 32 

6 out 64 64 

7 out 128 128 

Total for example - 240 

Command is POKE 56579, 249 

  

Each peripheral line is connected to an input register and an output register. 
When a line is programmed to act as an output the voltage on that line is 
controlled by the corresponding bit in the output register. A ‘1’ in the output 

register causes the corresponding line to go high, and a ‘@ causes it to go low. 
Example: Output to port B of CIA#2 using the data direction set out in the 

previous example. Lines 4 and 7 are high and lines 5 and 6 are low. 

  

  

I/O line Data direction High or Value of line 

number of line low in I/O reg 

4) in — — 

l in — - 

2 in = ~ 

3 in — ~ 

4 out high 16 

5 out low — 

6 out. low — 

7 out high 128 

Total for example 144 

Command is POKE 56577, 144 
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Reading one of the peripheral port registers causes the contents of the input 
register to be transferred onto the data bus. With input latching disabled the 
contents of the input registers will always reflect the data currently on all the 
peripheral port lines. 

Example: Read the contents of the input lines of port B of CIA#2 set up in the 

example on data direction, and store the contents as variable A. 

A = PEEK (56577) AND 15 

The AND 15 masks off the lines used as outputs; they must be removed since the 
current state of the output lines 1s stored in the input register. AND commands 

can then be used to determine which lines are high and which are low. 

5.3.1 Registers used in the operation of the [/O ports 
Register 1 Parallel port A I/O register 
CIA#! —- Hex $DC@% decimal 56329 

CIA#2 - Hex $DD@% decimal 56576 

This register contains the contents of the input and output lines of port A of 
the 6526. 

Register 2 Parallel port B I/O register with handshake control 

CIA#1 - Hex $DC@1 decimal 56321 
CIA#2 - Hex $DDQ@1 decimal 56577 

This register contains the contents of the input and output lines of port B. It is 
identical to that of port A, except that this register has control over the 
handshake line PC. The PC line goes low for one clock cycle following either a 
read or write to the port B peripheral I/O register. 

Register 3 Data direction register for port A 
CIA#1 - Hex $DC@2 decimal 56322 
CIA#2 - Hex $DD§@2 decimal 56578 

This register controls each of the eight lines on port A and determines whether 

they are acting as inputs or outputs. A one in any of the eight bits of this register 
sets the corresponding line into the output mode, and a zero puts it into the 
input mode. 

Register 4 Data direction register for port B 
CIA#1 - Hex $DCQ@3 decimal 56323 
CIA#2 - Hex $DD@3_ decimal 56579 

This register controls each of the eight lines on port B and determines whether 

they are acting as inputs or as outputs. A one in any of the eight bits of this 
register sets the corresponding line into the output mode, and a zero puts it into 
the input mode. 

5.3.2 Handshaking 
The term handshaking is used to refer to signals which control or synchronise 

the transfer of data between the computer and another device. The 6526 has two 
handshaking lines for use on data transfers; the FLAG input and the PC output. 
The PC line is used to indicate that data is ready to be transmitted or received on 

port B. This is indicated by the PC line going low for one clock cycle following a 
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read or write of the port B data register. The FLAG line is an input which, on 
receiving a negative transition, will set the FLAG bit in the interrupt control 
register. The FLAG line can be used to detect the PC output from another 6526. 

  

  

5.4 The interval timers and counters of the 6526 

The 6526 has three internal interval timers (Timer A, Timer B, and TOD). One 

of these, TOD, is a 24 hour time of day clock. Timer A will also function as a 
counter of pulses input on one of the I/O lines. These timers are not only useful 
but are of vital importance to the operation of the CBM 64. It is these timers 
which are used to control the generation of the 6 Hz interrupt used to update 
the real time clock and scan the keyboard. They are also used to control the 
timing of I/O on the serial port, the RS232 port and the cassette. Since the CBM 

64 interface uses two 6526 chips there are a total of six timers available for use by 
the system software. The timers are used in conjunction with the processor 
interrupts. The following table shows some of the functions of each timer plus 
the interrupt line affected: 

CIA#1 IRQ interrupt 

Timer A - System 69 Hz interrupt 
Real time clock updating 

Keyboard scanning 
Cassette read/write timing 

User programmable functions 
Timer B —- Cassette read/write timing 

Serial port timing 
User programmable functions 

TOD — User programmable functions 

Note that Timer A is used for both updating the kernal software’s real time clock 
and cassette timing; for this reason the real time clock loses whenever the 

cassette is used. 

CIA#2 NMI interrupt 

Timer A — RS232 port I/O timing 

User programmable functions 
Timer B - RS232 port I/O timing 

User programmable functions 
TOD — User programmable 

5.4.1 Timer A and Timer B 
Each interval timer consists of two eight bit latches and a sixteen bit counter. 
Each timer occupies two of the 6526 registers; register numbers 5 to 8. Their 
locations in the CBM 64 are as follows:
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Register 5 - Timer A low order byte 
CIA#1 - Hex $DC4 decimal 56324 

CIA#2 - Hex $DD4 decimal 56589 

Register 6 - Timer A high order byte 
CIA#!1 - Hex $DC5 decimal 56325 
CIA#2 - Hex $DD5 decimal 56581 

Register 7 - Timer B low order byte 
CIA#1] - Hex $DC(6 decimal 56326 
CIA#2 - Hex $DD96 decimal 56582 

Register 8 - Timer B high order byte 
CIA#1 - Hex $DC§7 decimal 56327 

CIA#2 - Hex $DD97 decimal 56583 

These registers are used to load values into the counters. After loading, the 
counter decrements at the system clock rate (9.98 MHz on PAL machines and 
1.92 MHz on NTSC). Thus if the counter is loaded with its maximum value (all 
sixteen bits = 1 or decimal 65535) it will be decremented to zero in.§669 

seconds. Upon reaching zero, an interrupt flag is set and one of the two interrupt 
lines will go low and generate a processor interrupt. The timer will thus disable 
any further interrups until the interrupt servicing routine reads the interrupt 
control register of the 6526. In addition, the timer can be instructed to invert the 
output level on one of the peripheral I/O lines each time it ‘times out’. The 

modes of operation are controlled by reading or writing to the four timer 
registers plus the two control registers and the interrupt register. The two timers 
A and B can be linked to create a single 32 bit counter which is capable of 

creating long delays. Program 7 demonstrates the operation of a 32 bit timer. 

19 POKES6S83. 4: POKET65e2. & 
2@ POKES6581.255:POKES6580. 255 
3@ POKES6S9q@, 16+1 > POKES6591,.64+16+5+1 
35 T1=TI 
46 IF CPEEK“(S6589 )AND2><2THENSS 
5@ PRINTCTI-T12/68 

Program 7. 

5.4.2 Time of day clock - TOD 

This is a general purpose 24 hram/pm timer witha | 1 second resolution. This 

timer occupies four registers within the 6526. They are iocated and organised as 

follows in the CBM 64: 

  

  

Reg # CIA#1 location CIA#2 location Function 

8 $DCG8 - 56328 $DD98 - 56584 TOD 1/19 secs 

9 $DCG9 - 56329 $DD§9 — 56585 TOD secs 

19 $DCHA - 56339 $DDOA — 56586 TOD mins 

I] $DCOB - 56331 $DD9B - 56587 TOD hours 
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Each of these registers stores its data as shown in the following table. It should 

be noted that the values are stored in BCD form rather than straight binary: 

  

  

Register Byte 7 6 5 4 3 2 l p 

8 - TOD 1/19 sec 0 0 p 0 T8 T4 T2 Tl 

9 - TOD seconds p shi4 shi2 shil  slo& _ slo4_ slo2 _~ slol 

1@ - TOD minutes 4) mhi4 mhi2 mhil mlo8 mlo4 mlo2 mlol 

11 - TODhours PMflag 9 p hhil hlo&8 hlo4 hlo2  hlol 

  

shi, mhi and hhi are the decade portion of the respective second, minute or hour 

and slo, mlo and hlo are the unit portion. 
The TOD clock 1s timed by a 59 or 69 Hz external clock pulse provided for the 

system interrupt timing (5@ Hz is found on US machines and 68 Hz on UK 
machines). This external clock frequency must always be set to the correct value 

by setting the required bit in control register, .A bit 7, to #=6@ Hz and 1=5@ 

Hz. The TOD time registers can be preset by writing to them the required time 

values. This must, however, be done in the correct sequence. The TOD clock is 

stopped when a write is performed to the hours register. The clock will not start 
again until a write is performed to the 1/19 seconds register, thereby allowing 

accurate time setting. 
When reading the contents of the TOD registers there is the problem of the 

register values changing whilst they are being read. This is overcome by latching 

all the register values on a read of the hours register. Whilst the values are 
latched the TOD clock will continue to count but will not affect the register 
values until the | / 19 seconds register is read; this disables the latches. Any of the 
registers (apart from hours) can be read without latching providing the problem 
of carry between registers is not important. 

The TOD clock incorporates an alarm feature which causes an interrupt to be 
generated whenever the time reaches a preset value. The alarm is set by first 
setting bit 7 of control register .B to | and then writing the desired alarm time 

value into the four TOD registers. Having written the desired values into these 
registers, control register .B bit 7 should be reset to zero. Program 8 

demonstrates the use of the TOD clock registers and the alarm feature. 

@ CIA=56576: REM CIA#2. FOR CIA#I1, CIA=56320 
1 POKECIA+14. PEEKCCIA+14.0R125 
2 MO=@:GOSUB 1906 SET TOD TIME 
4 MO=1:GOSUB 1683 SET TOD ALARM 
S PRINT"Z] ©: =: . hM" 
16 H=PEEKCCIA+11> -REM HOURS-AM OR PM 
20 M=PEEKCCIA+10> -REM MINUTES 
3@ S=PEEKCCIAt9> <:REM SECONDS 
4@ S1@=PEEK(CIA+8>:REM 1°18 SECONDS 
3@ POKE1@24, <CHANDI 122-°1690R48 
6@ POKE1625. <HANDLS2OR438 
78 POKE1@27. ¢(MAND240)-"1690R48 
38 POKE1@28. (MAND15>0R42: 
90 POKE1@39, ¢(SAND2400-"16>0R43
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190 POKE1631. (SAND1520R48 
110 POKE1832.S190R45 
12@ B8=16: IFCHAND129><123 THEN BS=1 
136 POKE1635. BS 
{40 J Prorroee IA+13S> AND4=4THEMPRINT " Q@SRLARM® > END 

397 REM 
998 REM SET CLOCK OR TIME 
399 REM 
1960 IF MO=@ THEN PRINT" SOSSET TINE: ":POKECTIA+1S. PEEKCCIA+LS5°ANDI27: GOTO 1828 
161@ PRINT" SUSSET ALARM: "> POKECIA+1S, PEEK CCIA+LS 2OR128 
1020 INPUT"HOURS";H:H=INTCH) | 
1638 IF H<t OR H>12 THEN PRINT"‘TI":GOTO 1928 
1049 PRINT"AM OR PH >": 
1956 GETAS$: IFAS<> "A" ANDAS<3"P" THEN18S@ 
1064 PRINTAS 
1661 IF MO=1 THEN 1679 
1965 IF H=12 AND AS="A" THEN AS="P": GOTOLGTa 
1966 IF H=12 AND AS="P" THEN AS="Ai" 
1976 B=123: IFAS="A" THENB=6 
1686 POKECIA+11, B+INTSH/199#16+H-INTCHA199418 
1936 INPUT"MINUTES"; M4: M=INTCM2 
110@ IF My OR M>59 THEN PRINT "TT": GOTO18S8 
1116 POKECIA+1AL INTCM/199*#16+M—-INTOM/199410 
1128 INPUT"SECONDS" ; 5: S=INT¢CS> 
1136 IF S<8 OR 5>52 THEN PRINT"'T)" -GOTO1124 
114@ POKECIA+S, INTCS-"1h3#16+5-INT(S-/199#18 
1145 IF MO=1 THEN 1178 
115@ PRINT" SPRESS ANY KEY TO START TIMER” 
1168 GETAS: IFAS=""THEN116a 
11° POKECIA+S. 8: RETURN 

Program 8&8. 

5.5 Serial data register (SDR) 

One of the registers of the 6526, register 12, functions as a serial in/ parallel out 

or parallel in/serial out shift register. The serial input or output from this 
register is connected to the SP pin on the chip and 1s designed to be used in 
conjunction with the CNT line to allow serial communications between 6526 
chips. Data is clocked in or out of the shift register using either Timer A or the 

CNT pulses. In the input mode data is clocked in off the SP line on the rising 
edge of a clock pulse applied to the CNT line. Each pulse on the CNT line clocks 

in one bit of data, represented by the state of the SP line. After 8 CNT pulses the 

data in the shift register is transferred to the serial data register and an interrupt 
to the processor is generated. 

In the output mode, data is loaded into the serial data register. Timer A is 
used to generate the timing rate at which data is clocked out. Timer A is first set 
into continuous running mode and data will be shifted out at half the timer 
underflow rate, the highest possible data rate being one quarter of the @2 clock 

(245 KHz ona UK version of the 64 and 255 KHz ona US version). As soon as 
the data is written into the SDR transmission will commence, assuming that 
Timer A has already been set into continuous operation. Every time an 

underflow is generated by Timer A a CNT pulse is generated. A bit from the 
SDR data is shifted onto the SP line, becomes valid on the falling edge of the 
CNT pulse and remains valid until the next falling edge of a CNT pulse. After 
eight CNT pulses the entire contents of the SDR will have been transmitted on 

the SP line and an interrupt is then generated to indicate that data transmission
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has been completed. On completion of transmission the CNT line will go high 
and the SP line will stay at the level of the last data bit transmitted. If a new byte 
of data is loaded into the SDR before the transmission of the previous byte has 
been completed, the 6526 will complete transmission of the current byte, and 
then instead of generating an interrupt, will carry on and transmit the second 

byte. In this manner continuous transmission can be achieved. 
An important potential use for the serial line is in serial communications 

between computers and/or peripheral devices which also use the 6526. Program 

9 shows how two or more CBM 64 computers can be connected via the CNT and 
SP lines, plus ground, to enable the transmission of programs and data between 
the two machines. This could easily be expanded to work with more machines. 

@ REM RUN TQ SEND FIRST 
1 REM OR RUNT@ TO RECEIVE FIRST 
2 REM 
) INPUTAS : AS=AS+CHRS$¢C 139 
1@ POKESS58@, 2: POKES6581.0 
20 PUKES659@, 64+16+1 
29 FORI=1TOLENCA$) 
26 J=ASC(MIDSCAS, 1,15) 
38 POKES6588, J: PRINTCHRS$¢J); 
36 IF CPEEKCS6589>AND8><8 THEN 5@ 
6@ NEXT: POKES6588, 8 
65 IF CPEEKCS6589.AND3><38 THEN 65 
°@ POKE 56590. PEEKCS659@> AND ¢128+63> 
38 POKES6588. 0 
30 IF CPEEK¢CS6589>.AND8><3 THEN 90 
168 I=PEEKCS6588> : IF IX >@THENPRINTCHRS¢ I>; :GOTO9@ 
118 GOTOS 

16 POKES6579, 1 
26 POKES6326. 255 : POKES6327 255 
3@ POKES6335, 32+16+1 
4@ PRINT"I" 
38 PRINT"S"65535— (PEEK (56326 )+PEEK (563277 #256) 
66 FORI=67T0160: NEXT 
r@ GETA$: IFAS=""THEN’@ 
Sa POKES65" 7. 1: POKES6577.98 
98 GOTD 35a 

1@ POKES6590, PEEK (S659@ AND‘ 128+63) 
2@ POKES6Sr9. 1 
30 GETAS: IFAS=""THENS@ 
49 POKES6S'?.8:FOKES6Sr7. 1 
S@ IFCPEEK (36599 )ANDS><8THEN3SS 
6@ PRINTPEEK“ 56588) : 50T036 

Program 9. 

5.6 The interrupt control register (ICR) 

The 6526 can generate interrupts in several different ways. There are altogether 

five sources of interrupts. The source of the interrupt is identified by examining 

which bit is set in the interrupt control register; this is register 13 of the 6526. The 
functions of the individual bits of this register are:
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ICR bit # —_Interrupt source 

  

Underflow from Timer A 

Underflow from Timer B 

TOD clock alarm 

Serial data register full/empty 

Flag line input W
N
 — 

&
 

  

Bits 5 and 6 are not used, while bit 7 is used to set or clear the ICR mask register. 
The ICR, in fact, consists of two separate registers; the interrupt flag register 

which is read only and the interrupt mask register which is write only. Whenan 
interrupt occurs the corresponding bit in the interrupt flag register is set, 
providing it has previously been enabled by the mask register; an interrupt to the 
processor is also generated. The mask register is used to control which function 

or functions can create an interrupt. An interrupt will occur only when the 
corresponding mask register bit is set. When enabling an interrupt the mask 
register, with bit 7 = 1, is set by writing the appropriate bit pattern to register 13, 
the ICR. If, when writing to the ICR, bit 7 is cleared then all mask bits set to one 
will be cleared whilst all mask bits set to zero will remain in their previous state. 

Any interrupt which ts enabled by the mask register will set bit 7 of the ICR flag 
register and thereby cause the IRQ pin to go low and generate an interrupt. The 
interrupt is cleared by reading the interrupt flag register. The interrupts on the 
CBM 64 are examined in greater detail in the Chapter 6. 

5.7 The 6526 control registers (CRA and CRB) 

The two control registers of the 6526 are used, as their names imply, to control 

the actual functioning and modes of the timers and the serial port. Each bit in 
the two registers has a separate control function; they can be summarised as 

follows: 

  

Control register A 

  

Bit State Function 

4) 0 start Timer A 

] stop Timer A; in one shot mode this bit is reset on 

underflow 

] 0 line PB6 functions normally as an I/O line 

l output from Timer A appears on line PB6 

2 p pulse output on PB6 (only if bit | set) 

l toggle output on PB6 (only if bit | set) 

Timer A in continuous running mode 

Timer A in one shot mode 

Ww
W 

— 
S
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Control register A 

  

Bit State Function 

4 0 no effect 

l forces the Timer A counter to be loaded from the Timer A 

latch 

5 0 Timer A counts #2 clock pulses 

J Timer A counts positive transitions on the CNT line 

6 4) SP line in input mode using external shift pulses on CNT 

line 

] SP line in output mode. CNT sources shift pulses 

7 4 TOD clock timing pulse at 6@ Hz (use on US machines) 

l TOD clock timing pulse at 5@ Hz (use on UK machines) 

  

  

Control Register B 

Bit State Function 

  

stop Timer B 

start Timer B; in one shot mode this bit is reset on underflow 

normal I/O operation on the PB7 line 

output from Timer B appears on line PB7 

pulse output on PB7 (only if bit 1 of CRB set) 

toggled output on PB7 (only if bit 1 of CRB set) 

Timer B in continuous running mode 

Timer B in one shot mode 

no effect 

forces the Timer B counter to be loaded from the Timer B latch 

5,6 these two bits select one of four input modes for Timer B: 

ho
 

—-
 
O
S
B
 

B
d
—
-
B
d
-
S
 

  

Bit6 Bit 5 Mode 

Timer B counts @2 clock pulses 

Timer B counts positive CNT transitions 

Timer B counts Timer A underflow pulses 

Timer B counts Timer A underflow pulses 

while the CNT line is high 

—
S
—
-
 S
& 

  

7 p writing to TOD registers will set TOD clock 

J writing to TOD registers will set TOD alarm 

  

5.8 Parallel interfacing 

In some applications it is simply not possible to connect devices directly to the 
eight user port I/O lines. This is generally for one of two reasons. The first is that
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the user port lines do not output enough power to drive the device; directly 
connecting the device to the user port could result in damage to the CIA chip. 
The second reason is that there are insufficient I/O lines for the application. The 

first type of problem can be overcome by using relays and opto-isolators; the 
second type by using multiplexing techniques to expand the available number of 
I/O lines. 

The eight I/O lines from the CIA chip are in output mode only, capable of 
each driving the input of a single TTL chip. The simplest method of improving 

this drive capability is to put a buffer onto each output line; this will expand the 
drive capability of each line to 19 TTL chip inputs. This is adequate if the I/O 
lines are used just to control some TTL circuitry, but it is inadequate for 
controlling power devices such as motors, relays and lamps; for these a power 

driver circuit is needed. The simplest power driver circuit consists of a single 

transistor whose base is connected to the output of a buffer and whose outputs 
are connected on one side to the power supply and on the other to the device to 
be driven. It is, however, much easier to use one of the peripheral driver ICs like 

the SN75446. This chip is used in the circuit diagram in Fig. 5.4. The SN75446 is 
capable of driving devices requiring up to 59 volts and 499 mA. The circuit shows 
it driving two relays. 

+5V (or up to #Pv) 
7 

  

+5V   —.«4 COMMON   

  

    

  

  
    

  

        

q 

Strobe Vee RELAY #1 
L 

User Pad ing TA [ No 
port o NC 

PBI INZ ~0 COMMON 

45446 

RELAY #2 

OuT2 | > NO 

GND —ONC 

ae 

Fig. 5.4. Dual relay control circuit. 

If there is any risk of a high voltage accidentally being present on one of the 

I/O lines it is advisable to protect the computer by using opto-isolators on lines. 
An opto-isolator simply consists of an optically coupled LED and photo 

transistor. An example of such a device which provides four separate opto- 

isolators which work on 5 volt lines is the ILQ74. 
The most commonly needed I/O expansion is the requirement to test the state 

of a large number of input lines. This kind of I/O expansion is used when adding 
a special keyboard to the machine or testing switches in a security alarm system.
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Fig. 5.5. 1/0 expansion circuit. 

A circuit of this kind is shown in Fig. 5.5. It uses four 16 line to 4 line 

demultiplexers which convert the state of the 16 lines into a 4 bit binary value. 
This value is fed into four lines of the user port. The chip select line of each of the 

four demultiplexers is controlled by four output lines of the user port. Using this 
circuit the computer can scan the state of up to 64 input lines. 

5.8.1 Parallel port application example 

Program 10 is an example of how the parallel port can be used. This program is 
designed to allow disabled people to use a computer, both to write and use 
programs and to control various devices such as TV, radio, lamps etc. The 
program requires line § of the user port to be connected to a switch, the other 
side of which is connected to ground. The switch can be a simple microswitch 
usable with minimum finger pressure, or a suck/ blow switch controllable by the 

user blowing into it. The other I/O lines are connected to devices which are to be 
controlled, and each line will require connection via a power driver circuit and 
relay, as in Fig. 5.4. A selection of possible applications is shown in the program. 

6 PR=5:MC=65 
10 DATA Lt] Lc “| He SENT aa ua YELC " 6 DELWN a ’ i) tt ’ 8 UY ’ i NL w 

28 DATA " Uc uw is PARRA Ww ua SEND 7 ve ESC . i) +\'5R a ; Lt TC Ld ’ 0 i 

3@ DATA"TEXT ", "PROG ". "USER", "HELP "."-VAR *," ","DEL " 
196 DATA" SP n »ALTOL.G.Y." THE " 
11@ DATAE.1,3,U,2,0," AND " 
126 DATAN.O.P.P.J,#," OF " 
138 DATACs De He Me @, "1S " 
14@ DATAF.BLWLYK.“." TO " 
15@ DATA@,2.4,5,8," °° “." IN" 
166 DATAI, 3,5,7,3, !,"THAT " 
17 DATA.» +, —)#,¢ en 

186 DATA’. 9.27. 2.450.90€ 
19@ DATA&. TG") "2". 0,1,> 
280 DATA" "Aa TebaGo y's THE 

210 DATAE. 1.5.U.2,2, AND
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220 DATAN.,0O.R.F. J, #,. OF 
238 DATAC.D.H.M.X.@,15 
249 DATAF. BLN. YK, *. TO 

208 DATA@.,.2,.4,.6,3, .IN 
268 DATAI.3, 92723, 1, THAT 
276 DATA.» 17-2. 8,..°.6,3 
280 DATA". "7. See 85958 
298 DATA&. te "5", ":",0,].> 
469 DATA" SP ".1,7,2," <> ", "GOTO "." ON " 

410 DATAG,2,.5,",",>. "INPUT"." VAL ” 
4246 DATAS3. 4, 5, #,<, "POKE ", "CHRS " 
438 DATAS,)9).." °* "," <=", "PEEK ", "STRE " 
449 DATA), (.#,t)" >=", "LEN", "LEFTS* 
450 DATA+—.40.7," ", "ASC", "ROHTS" 
468 DATA"LIST ". "DATA ", "IF", "GOSUB"," DIM ", "TRON ", "MIDS 
47@ DATA"RUN "CONT ". "THEN “."RTRN ". "STOP "."TROFF"." LOG 
480 DATA"READ “,"INT “."ABS ","SGN "J "RND "."SGR", "EXP 
499 DATA"PRINT"." FOR", "NEXT ","SIN "COS", "TAN" 
366 DATA" ".1,7,%.%>, SOTO, ON 
S19 DATAG.2,6,".".>,. INPUT. VALS 
228 DATAS. 4.5. #.<,.POKEC. CHRE¢ 
3398 DATAS.3,..," ",<=,PEEKC,. STR#¢ 
04@ DATAD. ¢.%, T. >=, LENC, LEFTS¢ 
JJG DATA+, ~. #..7,"". ASC? .RIGHT#< 
268 DATALIST. DATA, IF. GOSUB. DIM. TRACEON. MIDS< 
3°79 DATARUN, CONT, THEN. RETURN. STOP, TRACEQFF . LOGS 
38@ DATAREAD, INTC. ABS(, SGN¢,RNDC. SGRC, EXP ¢ 
394 DATAPRINT. FOR. NEXT, SINC. COS¢. TANC."" 
1960 RESTORE 
19186 DIMDF$¢(2. 63. DASC1, 9.6), TASC1. 3-69, DVS C28), TVEC2 
1926 FORI=H7T02: FORJ=6TO6 
1638 READDFFC1, J> 
1946 NEXTI:NEXTI 
195@ FORI=98TO1 
1864 FORJ=8TO2 
16°86 FORK=8TO6 
168@ READDASCI.J,K) 
1696 IFLENCDRE<I,J,K2.=1THENDASCI,J.Ko="  "+DAS¢Is J, K+" 
110@ NEXTK:NEXTJ 

1118 FORJ=9TOS9 
112@ FORK=8T06 
113@ READTAS$CI,J.K> 
114@ NEXTK > NEXT J 
115@ NEXTI 
1178 TA$(8.5,5)=CHRE634) 
119@ TASC1, 3, 39=CHRSC34) 
1208 FORI=e@T029 
1210 DY$<¢I>=" "i T¥$¢I>="" 
1226 NEXTI 
1766 UP=365? 7: UAn=1 
1716 YN=4:M=@: Ag="" > UC=1 > ED=9: HP=9: TY=@: NYV=8 
1720 PD=7@:PR=58:FM=6 
1738 GOSUB 20600 
2600 PRINT "CRIRRRIMNEADYICE" ; 
2619 PRINT © RIRDHATeHOME ® j 
2028 PRINT" Sstaletels 
2638 FORI=8TO3: PRINT" " 
2644 FORJ=8TO6: PRINTDASCM, I, 13 , 
2056 NEXTJ:NEATI 
2655 PRINT 
2060 PRINT " SsRDaateiatelatatel” ; ' MIRDADsIeTeTe WAR TABLES" ; 
2070 PRINT “ SaleleleleraleleDsialeatalelen" 
208@ FORI=0T02: PRINT" "a 
2098 FORJ=0T06 : PRINTDVS¢I#7+J) ; 
2166 NEXTJ:NEXTI 
211Q PRINT" SRDsDaRIADAe LOAD RRR EF UNC TIONS” ; 
2120 PRINT " SIaleDeleDalaleleleleinleraes eas leleTee" ; 
2138 FORI=08T02:PRINT" "5 
2140 FORJ=@T06:PRINTDFSC(1, Ds; 
2150 NEXTJ:NEXTI 

143
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PRINT "si"; AS; 
PRINT "Si": PRINT 
IFHP=860T03049 
PRINT "SinieteleeADVICE SSELECT ANY BOX FOR HELPS"; 
HP=HP+1 
GOTOS2e8 
IFLENCAS)+LENCNS) +LENCY$> +LENCZ#9<1 6BG0TOSE? 
PRINT" SISMIIREWARMIMGSPRINT STRING ——- NOW! "; >GOTO3260 
FORT=1TOLEHCNS> 
NBF=MIDSCNS. 1.13 
IFUCS8GOTO213@ 
IFNBS<"A" ORNBS> "2" GNTI313a 
NBS=CHRSCASC (NBS 2+126) 
AS=AS+NESF 
IFUC=2THEHGOSUF2@ 1 aa 
IFUC=2THENUC=8 
NEXTI 
Nt= TE] 

IFUC=3THENUC=2 
PRINT"S" : AS; 
IFED=98G0T03158 
PRINT" SA" $5 "MI" 5 28; 
PRINTFLS:FLS="" 
PRINT “S" > PRINT : PRINT " SelelalsilseeHOME®” ; 
IF (PEEK CUP ANDUS )=9THENSZ8S 
IF CPEEK CUPS ANDUS > GOTO3S2128 
TFHPSOTHENSZ2@ 
IFEDSOTHEN322u 
IFNYOBTHEM322u 
PRINT " =iattalteADYy ICE "5 
PRINT "SINteietegteHOME ™ ; 
PRINT "Seletelelate" ; 
FORI=8TO015 
PRINT"S > BM; 
FORJ=1TOPD: IFCPEEK CUP ANDUS > GOTO3408 
NEXT J 
PRINT "#80081 1mSCe" : 
PRINT"M"; : IFT=SO0RI=12THENPRINT "8": 
NEXT I 
GOTO3208 
IF (PEEK CUP ORNDUX > GOTO3480 
PRINT "SS008I a 
IF 1I>9G0TOS60e 
FORJ=0T06 
PRINT" S";- DASCM. I,J, 58"; 
FORK=1TOPQ: IFCPEEK CUP 2 ANDUX > GOTOS496 
NEXTK 
PRINT "IMM" > DASCM. 1,3; 
NEST J 
PRINT "SMI" ;: DASCM. I, J-15; :GOTO32a8 
PRINT" SGGMME' | DASCM, I. T2; 
IFHP=26U0T0480h8 
IF NVO@ GOTOP 28 
N$=TASCM, I, J2 : GOTO38R88 
IFI>12G0TOSS86 
II=I-18 
FORJ=8T06: PRINT" 9"; DVSC LI e+ Se, 
FORK=1TOPR: IFC<PEEK CUP OANDUX > GOTO36 78 
NEXTK 
PRINT "SMMM8E! | DVS¢ LIN? +J2; 
NEXT J 
PRINT “AMGBBIM" DSC I1¢?+J-195 :GOTO3La0 
PRINT" SMMMMI" - DVSCT Te? 439; 
IFHP=2G60T042608 
IF N¥VO@ COTO? 4a 
NS=TVS$CT1#/+J > > GOTOS08a 
Ifl=I-13 
FORJ=0T06:PRINT"S" | DFSCII. Ja; "8"; 
FORK=1TOPQ: IFCPEEK CUP DANDUS > GOTO3360 
NEXTK
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PRINT "SGGM8I | DFSCII.J3; 
NEXTJ — 
PRINT" M0881" | DFS¢IT.J-1); -GOTO3208 
PRINT" SG0G@I" | DFSCIIT. J; 
SS=C TI? +J>+1 
IF N¥O@ GOTOrre 
IFHP=2G0T044a8a 
IFSS> °GOTO4¢828 
ONSSGOT04180. 4368. 4500, 470G, 4900. 5198, 5380 
IFS5>1460T04848 
ONSS-/7GOT05588, 5780, 5900, 5100. 6380. 6588, 6780 
ONSS~14G0T06908, 7198, 7308, 7508. 77O8, 7360, 5108 
REM SET TO LOWER CASE 
UC= : GOSUB2O108 : GOTNS2a0 
REM BEGIN A SENTENCE 
UC=3: GOSUBZOG06 :AS=AS+". —"  GOTO3ARA 
REM DELETE CHARACTER 
IFLENCAS>=260T032a0 
IFLENCA$)>1GOTO4530 
AS="":FL$=" ":GOTO3a08 
AS=LEFT$(A$, LENCAS)-1):FL$="_":GOTOS088 
REM- DELETE WORD 
IFLENCAS)=@G0TO30a0 
IFLENCA#>=1G0T04745 
FORI=LENCA$>TO2STEP-1 
NBS=MIDS<CA$, 1,1} 
IFNBS="_"GOTO475@ 
AS=LEFTSCA$, 1-1) :FLE=FLE+" " 
NEXT I 
IFLENCA$)=1ANDLEFT$¢A$,1><>"_ "THENGUSUB4800 
GOTO2200 
AS="""FLS=FL$+" ": RETURN 
REM NOT DEFINED 
G0TO3200 
REM NOT DEFINED 
GOTOS202 
REM CR-SENDCR/LF TO PRINTER 
OPENPR, PR 
PRINT#PR 
CLOSE PR 
GoTO3008 
REM SET TO UPPER CASE 
UC=1 : GOSUB2G00@ : GOTOS2e8 
REN PARAGRAPH 
OPENPR. PR 
GOSUB 21090:G0SUB 29920 
GOSUB 20aGa 
PRINTHPR: PRINTHPR : PRINTAPR 
$= a " 

UC=3 
CLOSE FR 
GOTO3268 
REM PRINT CONTENTS OF A$ 
OPEN PR, PR 
SOSUB2 1060: GOSUB20900 
$= aon 

CLOSEPR 
GOTO2080 
REM SEND LINE TO MICRO 
OPEN MC. MC 
PRINT#MC. As 
 GOSUBE0968 
As= aut 

CLOSEMC 
GOUTOSHEE 
REM ADD A MAKE AS THE NEXT “VARIABLE 
IF WN<21 THEN 6348 
PRINT "steeteADVICE - NO ROOM FOR NEW VARIABLE”: 
GOTOsSeeR 
IF AS=""THENSHEG
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6348 TYSCYND=AS 
6358 DVSCYMO=LEFTSCTYS CVD +" "432 
6360 DYSCYNO=LEFTSCDVSCVND 4) 
6365 DYSC YN =DY$CYN5 +CHRS (32) 
6378 GOSUB226ba 
6388 VN=VN+1 
6336 COTOSEEaH 
65G@ REM SEND ASCII 3 TO MICRO CBREAK-IN)> 
6916 OPEN NC.MC 
6526 PRINT#MC, CHR#(3) 5 CHREC3); 
6538 CLOSE MC 
6O48 GOTOSeEe 
6700 REM UNDEF INED 
6716 GOTO 3208 
690@ REM TEXT MODE 
6918 M=0:GOTO2800 
7186 REM PROGRAM MODE 
F116 M=1:UC=1 : GOSUBE9068 : GOTOShaH 
7386 REM USER MODE 
7318 GOTO380e8 
729@ REM HELP SUB-S'STEM 
r01@ HP=1 : GOTO36G0 
7786 REM DELETE YARIABLE 
re@i IF YN>@ GOTO?718 
77O3 PRINT" SMTMADVICE - NO VARIABLES TO REMOVE"; 
rrQs GOTO3SG68 
oie PRINT RRRDDOFALY ICE - SELECT VARIABLE TO BE REMOVED"; 
felis N¥=1 
Pris GOTOSEEY 
ree REM UNKNOWN VARIABLE 
fred PRINT" SIRIRKADVICE - NO VARIABLE SELECTED! "5 
?73@ NY=6 
773s GOTO3SB88 
°74@ REM DELETE SELECTED VARIABLE 
re43 PRINT" SOSADYICE - O.K. "3 
77 0@ FOR K=II¥’+J TO 13 
rrowd DYSCKI=DVSCK+L 
Pree TYSCKI=RTYSCK+1 3 
rr62 NEXT K 
Pres DYSC28)9=" " 
free TY$C2p3="" 
r¢rS@ GOSUB 22008 
rrso N¥=6 
°796 VN=N-1 
vr9S GOTO3REB 
7986 REM UNDEFINED 
7916 GOTOS2ue8 
S1a@ REM DELETE BUFFER 
3116 GOSUB26900: AS="": GOTOSea8 
19606: PRINT" SisleeMADVICE NO HELP IN THIS YERSION"; 
16005 HP=a. 
1y61u GOTOS8eE 
26608 PRINT " SMM Ie Teeleseeeesee eee LC: 
©8019 PRINT" SMMMRE LICe ": 
26020 DFSC1,.8>=" UC#H "“DFSCB.Bo=" LC" 
20638 RETURN 
26108 PRINT " SRIMIATRIRIsIeTeiatalaiaelelete eae BRR LC ": 
26110 PRINT" SERGE UC O"; 
26120 DF$¢1.89=" UC "SDFS¢8,8o=" LOX " 
2613 RETURN 
26960 PRINT"S}" ; 
28918 FORL=1T016 
28920 PRINT" "5 
20938 NEXT 
20940 RETURN 
21866 PRINT#FR., AF 
21416 RETURN 
22080 PRINT " SONDaleDeleteleleDe DoDD DOeDOste" ; 
22816 FORI=@T02:PRINT" " 
22628 FORIJ=aT06: PRINTDYS¢I#7439;



220308 
22845 
38806 
308198 
38829 
39438 
36648 
38058 
38069 
38070 
36888 
3aa90 
36108 
36116 
38120 
30138 
301468 
30158 
36168 
36178 
38188 
30196 
36260 
302168 
30228 
39238 
36248 
36250 
38268 
302708 
38288 
38298. 
38388 
36318 
39326 
34338 
39460 
38416 
38428 
390508 
36318 
38528 
30668 
30618 
30626 
36700 
30°10 
30°28 
38860 
38818 
38820 
36980 
303918 
26926 
31808 
31816 
31826 
311468 
31119 
31120 
31268 
31218 
31220 
31368 
91318 
31326 
31468 
31418 
31426 
31568 
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NEXT.I: MEXTI 
RETURN 
REM USER FRAME 
PRINT"S] #4 SELECT FUNCTION 34" 
PRINT 
PRINT" T.¥. OH" 
PRINT" T.¥. OFF" 
PRINT" B.B.C. 1" 
PRINT" B.B.C. 2" 
PRINT" I.T.W." 
PRINT" RADIO ON" 
PRINT" RADIO OFF" 
PRINT" LAMP ON" 
PRINT" LAMP CFF" 
PRINT" DOWN FASTER" 
PRINT" DOWN SLOWER" 
PRINT" ACROSS FASTER" 
PRINT" ACROSS SLOWER" 
PRINT" RETURN" 
PRINT" Sd #"; 
IF(PEEK<UP)AND UX)=@ GOTO 30180 
IF(PEEKCUPAND UX) GOTO 3B19@ 
PRINT" SE Of"; 
FOR I=1 TO 14 
PRINT" 2k" ; 
FOR J=1 TO PD 
IFCPEEKCUPOAND Lo GOTO 383688 
NEXT J 
PRINT" #1 HI"; 
NEXT I 
PRINT"#t "; 
GOTO 36178 
PRINT"H "; 
IF I>? GOTO 38338 
ON I GOTO 34466, 30560, 36590, 30708. 36800. 30900. 31908 
ON I-f GOTO 31168, 31200. 31308. 31408, 313500, 31608. 31°80 
REM TURN TY ON 
POKE UP. PEEKCUPOAND 251 
GOTO SHé6éuu . 
REM TURN TY OFF 
POKE UP.PEEKCUPOOR 4 
GOTO 301748 
REM BBC1 
POKE UP.PEEKCUP {OR 3 
bOTOS817@ 
REM BBC2 
POKE UP. (PEEKCUPORS>.ANDZ54 
GOTOSG1 re 
REM IT‘ 
POKE UP. (PEEKCUPZ ORS AND253 
GOTO361 7H 
REM RADIO ON 
POKE UP. PEEKCUPANDe47 
b0T03917°8 
REM RADIO OFF 
POKE LIP. PEEKCUP ORS 
bOTO361 78 
REM LAMP ON 
POKE UP. PEEKCLIPSAND239 
GOTO36178 
REM LAMP OFF 
POKE LIP, PEEK CUP OR16 
GOT038179 
REM DOWN FASTER 
PD=P0D-14:1IF PD<3@ THEN PD=36 
bOTQ381 7a 
REM DONH SLOWER 
PU=PD+19 
GOT0:36178 
REM ACROSS FASTER 

147
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31518 
31528 
31668 
31614 
31626 
31°68 
317198 
44868 
40918 
49520 
46038 
46048 
40050 
40068 
40078 
42080 
429108 
42028 
42038 
42040 
42056 
42869 
42070 
42080 
42094 
44966 
44965 
$4019 
44928 
44930 
44840 
44050 
45060 
45810 
45920 
45188 
45110 
45126 
435138 
45206 
45210 
45220 
45380 
43310 
435328 
45408 
45419 
4355068 
45519 
45668 
45618 
45620) 
45708 
45718 
45/720 
45800 
455168 
45820 
45838 
45908 
45916 
45920 
46808 
46016 
46020 
46166 
46118 
46120 
46146 
46260 

PQ=PQ-19:1F PQ<3@ THEN PQ=3a 
G0T0381768 
REM ACROSS SLOWER 
PQ=PQ+1G _ 
GOT036179 
REM RETURN 
GoTO2e80 | 
REM HELP WITH LETTERS 
GOSUB 2e900 
PRINT"SBY SELECTING “":DA$(M. I,J); 
IF LENCTASCM,1,J>>=@THEN PRINT"” NOTHING" 
IF LENCTASCM, I, J22=1THEN PRINT"’ THE CHARACTER “";TASCM,I,J>;"¢" 
IF LENCTASCM,I.J>)D1THEN PRINT"’ THE STRING 7"; TASCM.I,3D;"°" 
PRINT""IS ADDED TO THE BUFFER." 
GoTO49ea0 
REM HELP WITH VARIABLES 
GOSUB 29900:FRINT"S!"; 
IF LENCTYSCII#7+J)220 THEN 42068 
PRINT"THIS VARIABLE (";1I#?4+J;") [3 EMPTY; " 
PRINT"TSEE +VAR AND -YAR. " 
GoTo4sean 
PRINT"BY SELECTING VARIABLE ‘";DYSCII#7+J);"° THEN" 
PRINT" Y "GTYECIIK7+I;"" IS ADDED" 
PRINT"TO THE BUFFER." 
coTo49eae0 
REM HELP WITH FUNCTIONS 
GOSUB 20900:PRINT"S"; 
IF 38>? GOTO 44990 
ON SS GOTO4500a, 45199, 45200, 45300, 45400, 45500, 45600 
IF SS>14 GOTO 44a5@ 
ON SS-7 GOTO 45760, 459008, 45900. 45000, 461098, 46200. 46300 
ON SS-14 GOTO 46400, 46560, 46600, 46700, 46900, 46968, 47000 
PRINT" LC # FOLLOWING LETTERS WILL BE LOWER" 
PRINT"TXASE. ALSO SEE“ UC 7%." 
GOTOs96a6 
PRINT" SSENT @ END OF SENTENCE, ADDS A FULL” 
PRINT"TSTOP AND THREE SPACES Ta THE BUFFER“ 
PRINT"AND MAKES THE NEXT LETTER A CAPITAL. " 
GOT049908 
PRINT" SUELC DELETES THE MOST RECENT" 
PRINT"TCHARACTER IN BUFFER. " 
GOTO49000 
PRINT" SWELW # DELETES THE MOST RECENT WORD" 
PRINT“SIIN THE BUFFER, NOT INCLUDING SPACES." 
bOTO49u00 
PRINT"NOT DEFINED - CODE AT 4360" 
GOTO49800 
PRINT"NOT DEFINED ~ CODE AT 51ine" 
GOTO4+9B800 
PRINT"A NU @ NEWLINE ON PRINTER, DOES NQT" 
PRINT" TRFFECT BUFFER." 
GOTO49008 
PRINT" S UC @ FOLLOWING LETTERS WILL BE” 
PRINT""UFPER CASE - ALSO SEE “7 LU *." 
GOTD49808 
PRINT" SPARA @ END OF PARAGRAPH. PRINTS" 
PRINT""IBUFFER. THREE NEW LINES, AND SETS” 
PRINT" BUFFER TO THREE SPACES." 
GOTO4+98a8 
PRINT" SSEND @ PRINTS CONTENTS OF EUFFER. " 
PRINT"TERASES BUFFER AND TAKES A NEWLINE. " 
GOTO49088 
PRINT"SESC ™@ SENDS BUFFER TO @ND. MICRO." 
PRINT"ORND ESCAPE CHARACTER. " 
GOTO43860 
PRINT" S+VAR @ SAVES THE CONTENTS OF THE BUFFER” 
PRINT"SIN THE NEXT FREE “ARIABLE LOCATION. " 
PRINT"SHOWS FIRST FOUR CHARACTERS. " 
GOT049668 
PRINT" TC @ SENDS CONTROL C CASCIICS5) TO"



46219 
46220 
46368 
46315 
46458 
46416 
46428 
46438 
46560 
46518 
46529 
46544 
46600 
466108 
46620 
46638 
4670 
46716 
46720 
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PRINT"THE 2ND. MICRO. ACTS AS A BREAK IN." 
GOTO4+9380an 
PRINT"NOT DEFINED - CODE AT 67ne" 
bOTO49609 
PRINT" STEST @ GOTO TEXT MODE. DISPLAYS ASCII” 
PRINT" CHARACTER SET AND A SELECTION OF" 
PRINT"FREQUENTLY USED WORDS." 
GOTO49068 
PRINT" SPROG @ PROUGRANMING MODE, DISPLAYS CHAR-" 
PRINT"TRACTERS AND WORDS USED IN BASIC. SETS" 
PRINT"UC,. VARIABLES MAY BE DEFINED IN TEXT.“ 
b0TO43009 
PRINT" SUSER @ USE TO CONTROL EXTERNAL" 
PRINT'TEQUIPMENMT ¢T.¥.. RADIO ETC.) AND" 
PRINT"ALTER CURSOR SCAN SFEED." 
GOTO4+96u0 
PRINT" SHELP @ A HELP SYSTEM. USE AT FIRST FOR" 
PRINT" GENERAL INFORMATION, THEN TO CHECK" 
PRINT"CONTENTS QF VARIABLES - HELF VARIABLE. " 

46738 GOTO43008 
46880 PRINT" S-VAR @ REMOVES SELECTED VARIABLE AND" 
46810 PRINT"SHIFTS REMAINING ONES TO FILL SPACE." 
46828 GOTO49880 
46908 PRINT"NOT DEFINED - CODE AT 7908" 
46314 GOTO49H68 
4°680 PRINT"SDEL CLEARS BUFFER - NO OTHER EFFECT." 
49600 PRINT" SialseeMADVICE - ON”OFF TO RETURN " 
49616 IFCPEER CUP AND UX>=6 GOTO 49018 
42920 IFCPEEKCUPDAHD UX> GOTO49020 
42638 GOSUBR 2490 
49440 PRINT" SIDRIRMADVICE - O.K. "5 
49856 HP=@ 
49060 GUTO 3HaeG 

Program 10. 
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5.9 Voice synthesis 

Adding a voice synthesiser to the CBM 64 1s both simple and cheap, and 

probably one of the easiest ways is to use the General Instrument S P9256 speech 
processor chip. This IC is connected directly to the user port and its output is 

simply fed via an amplifier to the audio input line on the SID chip and thence to 
the monitor or TV speaker. This circuit is shown in Fig. 5.6. 

The S P9256 is an allophone speech generator which can be used to synthesise 
any English word by concatenating the individual speech sounds (phonemes) 
which comprise the word. Within this chip is a table of 64 different allophones 
and pauses; a full list of these is given in Table 5.1. These are accessed via the 

chip’s six address lines. By having the user port connected directly to these six 
address lines we can generate any required allophone simply by outputting the 
correct address to these six lines. Normal speech contains between ten and 

twelve allophones per second, and consequently allophone synthesis is a very 

compact way of storing speech. The major advantage of allophone synthesis is 
that it can provide an unlimited vocabulary with fairly low storage 
requirements. 

When using this circuit to generate speech it must be realised that the 

allophones do not necessarily correspond directly to the written letters and 
therefore a word must first be converted to its phonetic form. Thus because of
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Table 5.1. Allophone address (Reproduced by courtesy of General Instruments). 

Octal Sample Octal Sample 
Address Allophone Word Duration Address Allophone Word Duration 

000 PA1 PAUSE 10ms 040 /AW/ Out 250ms 
001 PA2 PAUSE 30ms 041 /DD2/ Do 80ms 
002 PA3 PAUSE 50ms 042 /GG3 Wig 120ms 
003 PA4 PAUSE 100ms 043 /NN/- Vest 130ms 
004 PAS PAUSE 200ms 044 /GG1/ Guest 80ms 
005 /OY/ Boy 290ms 045 /SH/ Ship 120ms 
006 /AY/ Sky 170ms 046 /ZH/ Azure 130ms 
007 /EH/ End 50ms 047 /RR2/ Brain 80ms 
010 /KK3/ Comb 80ms 050 /FF/ Food 110ms 
011 /PP/ Pow 150ms 051 /KK2/ Sky 140ms 
012 /SH/ Dodge  100ms 052 /KK1/ Can't 120ms 
013 /NN1/ Thin 170ms 053 /Z22/ ZOO 150ms 
014 /\H/ Sit 50ms 054 /NG Anchor 200ms 
015 /TT2/ To 100ms 055 /LL/ Lake 80ms — 
016 /RR1/ Rural 130ms 056 /WW/ Wool 140ms 
017 /AX/ Succeed 50ms 057 /XR/ Repair 250ms 

020 /MM/ Milk 180ms 060 /WH/ Whig 150ms 

021 /TT1/ Part 80ms 061 /YY1/ Yes 90ms 

022 /DH1/ They 140ms 062 /CH/ Church 150ms 

023 /\Y/ See 170ms 063 /ER1/ Fir 110ms 

024 /EY/ Beige 200ms 064 /ER2/ Fir 210ms 

025 /DD1/ Could 50ms 065 /OW/ Beau 170ms 
026 /UW1/ To 60ms 066 /DH2/ They 180ms 
027 /AOQ/ Aught 70ms 067 /SS/ Vest 60ms 
030 /AA/ Hot 60ms 070 /NN2/ No 140ms 
031 /YY2/ Yes 130ms 071 /HH2/ Hoe 130ms 
032 /AE/ Hat 80ms 072 /OR/ Store 240ms 
033 /HH1/ He 90ms 073 /AR/ Alarm 200ms 
034 /BB1/ Business 40ms 074 /YR/ Clear 250ms 
035 /TH/ Thin 130ms 075 /GG2/ Got 80ms 
036 /UH/ Book 70ms 076 /EL/ Saddle 140ms 
037 /UWe2/ Food 170ms 077 /BB2/ Business 60ms 

irregularities in spelling it is necessary to use the sounds of the word rather than 

the letters when dealing with speech allophones. A second problem is the 

segmentation of speech. This means that although we think of a spoken word as 
consisting of a sequence of separate sounds which correspond to a letter name, 
in fact speech sound is a continuously varying signal which cannot easily be 

broken into discrete units. This accounts for the occasional problems of 
intelligibility in allophone synthesised speech. A third problem is that the ear 
will perceive the same acoustic signal differently depending on the sounds 

which precede or follow it. Thus the initial p in ‘pop’ is different from the p in 
‘spy. An attempt is made to overcome some of these problems by the design of 
the allophone sounds and by careful selection of allophones to describe a 
particular word. 

The individual sounds of language are called phonemes. In each language 
these are slightly different. The SP@256 is designed to give English phonemes. 

The phonemes can be divided into three different catagories; consonants, 
vowels, and speech sounds such as aspirants and pauses. Tables 5.2 to 5.6 show 

the consonant and vowel phonemes and how allophones can be used. Program 
11 shows how to use the voice synthesis circuit and allophones from Basic.
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PRET  MEMENEAEEHEMENEMEE RAHA RAR HCH RAE 
REM * SPEECH DATA TO LISER PORT *€ 
REM GMMR ERR ARERR AHL 
REM 
POKES4272t+24.15 
DD=56576 
POKEDD+3, l27 
READD: IFD=-1 THENEND 
POKEDD+1,.D OR64 
POKEDD+1.D ANDES 
IFPEEK CDD+1 ><12STHENS1 
GOTO 3s 

°@ DATAdS, 59.45.53 
DATA 3. 33. 12, 38" 

DATA 3.26.11. 
DATA SLi, 12.41. 

DATA 3, 46.52: 41, 
DATA 44.58.53 

198 DATA 43, 12,40,39,26.3 

116 DATA 12.11.46,538.16,28.37.15,11.,3 
128 DATA 13.7°.42,56.53.45.53,.18,139,3,-1 

MD
 

)
 o r
s
 

u)
 
63
 
s
 

cn
 

Program 177. 

Table 5.2. Examples of spelling irregularities. (Reproduced by courtesy of General 
Instruments). 
  

  

  

      

Same sound represented by Different sounds represented 

different letters by the same letter(s) 

Vowels meat vein 

feet foreign 

Pete deism 

people deicer 

penny geisha 

Consonants ship although 

tension ghastly 

precious cough 

nation 
  

Table 5.3. Consonant phonemes of English (Reproduced by courtesy of General 

  

  

  

  

  

            

Instruments). 

Labio- | Inter- | Alveo- 
Labial' | Dental? | Dental? | lar’ | Palatal5| Velar® | Glottal’ 

Stops: Voiceless} PP TT KK 

. Voiced BB DD GG 

Fricatives: | Voiceless}| WH FF TH SS SH HH 

Voiced VV DH ZZ ZH* 

Affricates: | Voiceless CH 
Voiced JH 

Nasals: Voiced MM NN NG* 

Resonants:| Voiced WW RR, LL YY           These do not occur in word-initial position in English. 

  

N
O
O
R
 

D
N
 

=
 . Upper and Lower Lips Touch or Approximate 

. Upper Teeth and Lower Lip Touch 

. Tongue Between Teeth 

. Tip of Tongue Touches or Approximates Alveolar Ridge (just behind upper teeth) 

. Body of Tongue Approximates Palate (roof of mouth) 

. Body of Tongue Touches Velum (posterior portion of roof of mouth) 

. Glottis (opening between vocal cords) 
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Table 5.4. Vowel phonemes of English (Reproduced by courtesy of General Instruments). 
  

  

  

  

      

FRONT | CENTRAL | BACK 

HIGH YR 
IY UW# 

(H™ UH" # 

MID EY ER OW# 
EH™ AX” OY# 
XR 

LOW AE™ AW# AO*# 
AY OR# 
AR 
AA”       

* SHORT VOWELS # ROUNDED VOWELS 

Table 5.5. Examples of words made from allophones (Reproduced by courtesy of General 
Instruments). 
  

      

  

  

  

  

  

  

  /AW/   sound, mouse, down 

DD2-AQO-TT2-ER1 “daughter” 

KK3-AX-LL-AY-DD1 “collide” 

SS-SS-IH-SS-TT2-ER1 “sister” 

KK1-LL-AW-NN1 “clown” 

KK3-UH-KK1-1Y “cookie” 

LL-EH-TT2-ER “letter” 

LL-lH-TT2-EL “tittle” 

AX-NG-KK3-EL “uncle” 

KK1-AX-MM-PP1-YY1-UW1-TT2-ER | “computer” 

EH-KK1-SS-T T2-EH-EH-NN1-TT2 “extent” 

TT2-UW2 “two” 

AX-LL-AR-MM “alarm” 

SS-KK3-OR “score” 

FF-ER2 “fir” 

Table 5.6. Guidelines for using the allophones (Reproduced by courtesy of General 
Instruments). 

Silence 

PA1 (10ms) before BB, DD, GG, and JH 

PA2 (30ms) before BB, DD, GG, and JH 

PA3 (50ms) before PP, TT, KK, and CH, and between words 

PA4 (100ms) between clauses and sentences 

PA5 (200ms) between clauses and sentences 

Short Vowels 

*/IH/ sitting, stranded 

* /EH/ extent, gentlemen 

*/AE/ extract, acting 

*/UH/ cookie, full 

*/AQ/ talking, song 

*/AX/ lapel, instruct 

*/AA/ pottery, cotton 

Long Vowels 

AWY/ treat, people, penny 

/EY/ great, statement, tray 

/AY/ kite, sky, mighty 

/OY/ noise, toy, voice 

/UW1/ after clusters with YY: computer 

/UWe2 in monosyllabic words: two, food 

/OW/ zone, Close, snow 
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Table 5.6. Continued. 
  

R-Colored Vowels 
  

  

  

  

  

  

      
  

/ER1/ letter, furniture, interrupt 

/ER2/ monosyllables: bird, fern, burn 

/OR/ fortune, adorn, store 

/AR/ farm, alarm, garment 

/YR/ hear, earring, irresponsible 

/XR/ hair, declare, stare 

Resonants 

/WW/ we, warrant, linguist 

/RR1/ initial position: read, write, x-ray 

/RR2/ initial clusters: brown, crane, grease 

/LL/ like, hello, steel 

/EL/ little, angle, gentlemen 

/IYY1/ clusters: cute, beauty, computer 

/YY2/ initial position: yes, yarn, yo-yo 

Voiced Fricatives 

/NNV/ vest, prove, even 

/DH1/ word-initial position: this, then, they 

/DH2/ word-final and between vowels: bathe, bathing 

/Z2Z/ zoo, phase 

/ZH/ beige, pleasure 

Voiceless Fricatives 

*/FEF/ ae wa: 
*/TH/ These may be doubled for initial position 

«/SS/ and used singly in final position 

/SH/ shirt, leash, nation 

/HH1/ before front vowels: YR, IY, IH, EY, EH, XR, AE 

/HH2/ before back vowels: UW, UH, OW, OY, AO, OR, AR 

/WH/ white, whim, twenty 

Voiced Stops 

/BB1/ final position: rib; between vowels: fibber; in clusters; bleed, brown 

/BB2/ initial position before a vowel: beast 

/DD1/ final position: played, end 

/DD2/ initial position: down; clusters: drain 

/GG1/ before high front vowels: YR, IY, IH, EY, EH, XR 

/GG2/ before high back vowels: UW, UH, OW, OY, AX; and clusters: green, glue 

/GG3/ before low vowels: AE, AW, AY, AR, AA, AO, OR, ER; in medial clusters: 

anger; and final position: peg 
  

Voiceless Stops 
  

    
  

  

    
/PP/ pleasure, ample, trip 

/TT1/ final clusters before SS: tests, its 

/TT2/ all other positions: test, street 
/KK1/ before front vowels: YR, lY, IH, EY, EH, XR, AY, AE, ER, AX; 

initial clusters: cute, clown, scream 

/KK2/ final position: speak; final clusters: task 

/KK3/ before back vowels: UW, UH, OW, OY, OR, AR, AO; 

initial clusters: crane, quick, clown, scream 

Affricates 

/CH/ church, feature 

/JSH/ judge, injure 

Nasal 

/MM/ milk, alarm, ample 

/NN1/ before front and central vowels: YR, IY, IH, EY, EH, XR, AE, ER, 

AX, AW, AY, UW; final clusters: earn 

/NN2/ before back vowels: UH, OW, OY, OR, AR, AA 

/NG/ string, anger     
* These allophones can be doubled. 
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5.10 Analog interfacing 

In digital systems two voltage levels are used to represent data, with the binary 

digit @ represented by a low voltage and binary | by a high voltage. Digital data 
is therefore represented by a series of pulses. Analog signals have an infinite 
range of voltage levels and are therefore continuous rather than having discrete 

units of information. The difference between the two types of waveform is 
shown in Fig. 5.7. The digital equivalent of an analog signal is generated by 
regularly sampling the waveform, and on each sample converting the measured 
voltage into a binary value using an analog to digital conversion circuit. The 
sampling of a waveform is shown in Fig. 5.8. Fora computer to be able to create 
a smooth analog waveform it must at regular intervals output a binary value, 

which is converted to an analog voltage by a digital to analog conversion circuit. 
The digital synthesis of an analog waveform is shown in Fig. 5.9. 

VOLTAGE 

              

TIME 

Typical digital signal 

VOLTAGE 

    
TIME 

Typical analog signal 

Fig. 5.7. Comparison of digital and analog waveforms (Reproduced by courtesy of Practical 
Electronics). 

VOLTAGE 

             

! 
I 

i} ! 

t 1 

{ I 
: i 

! 
! 

) 
; 1 

\ 
1 1 

' 
, j 
\ 1 
, ! 
I i 

\ | 
1 | 

1 4 

l | 
Lf T 

! 

| 
t 

| | 

' { 
' t 

i { ! 

) ' | f 
‘ { ] 
' I j ; 

LJ TT T e
e
 

i 

I 

{ 
' 

: 
| ' 
T     Oe

 
L
e
 

TIME 

Fig. 5.8. Digital sampling of an analog waveform (Reproduced by courtesy of Practical 

Electronics).
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VOLTAGE 
4 

  

  ms q Ly v Tv v ' 

TIME 

  
Fig. 5.9. Digital synthesis of an analog waveform (Reproduced by courtesy of Practical 
Electronics). 

5.11 Digital to analog conversion 

The circuit used to convert a digital signal to an analog signal is quite simple 
involving the use of a weighted resistor network. This most commonly takes the 

form of an R, 2R, 4R, 8R etc. ladder, such as the one shown in Fig. 5.10. In 

operation each successively lower weighted input produces an output voltage 

which is exactly half that produced by the preceding input. The voltages from 
each input are summed at the combined output and a voltage developed which 
is the analog representation of the binary digital value. 
Although a digital to analog conversion circuit can be constructed easily from 

resistors it is simpler and often more accurate to use one of the many Dto A 
converter ICs. Anexample of sucha Dto A IC is the ZN425E. This chip isan 8 

bit dual mode A/D and D/A converter, incorporating a voltage reference, 
resistor network, input switches and an 8 bit binary counter. A block diagram 
and pin out for this IC is shown in Fig. 5.11. The 8 bit counter is used with an 
external comparator IC to facilitate analog to digital conversion. The logic 
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L   
Fig. 5.70. Digital to analog converter using R-2R register network (Reproduced by courtesy 
of Practical Electronics).



The User Port 157 

PIN CONNECTIONS 

  

      

  

  

  

      

  

            
  

  

  
  

    

  
                          
    

  

  

  

  

  

  

  

(TOP VIEW) 

Ground 1 C L) 16 Vrer Output 

Logic Select 2 C 1 15 Vaer Input 

Counter Reset 3. [ 1 14 Analog Output 

Clock 4 M 13 Biti (MSB) 

Bit85 C 12 Bit2 

Bit7 6 C 1 11 Bit3 

Bité6 7 C D 10 Bit4 
+Vec 8 9 Bitd 

+V¥eceo— a 

330n _, Analog 

V | R-2R Ladder 14 Output 

Output 
me +2-5V A hk Ah A 1 A i , 

Reterence 
pt Input 

Bit Bo— ©Bi 
Bil 7o— ream ala o_O 12 ' pee =i it So 9 77) ———© Bit 4 

I Logic Input Select Switch 

Logic Select, big yy tt yy 
(High tor Counter) 2 } {| {| | | ff 

Clock o— ; Qs 8 Bit Binary Counter 

L CITT Counter Rese 
3 (Low to reset)       

Fig. 5.77. Pin connections and block diagram for the A/D and D/A converter (Reproduced 
by courtesy of RS Components Limited). 

select pin determines which function, A/D or D/A, is being used. The on-chip 

2.5 volt reference signal ensures that the conversion is very accurate (9.2% 
accuracy). This chip is very easy to connect to the processor; the circuit diagram 
for connecting it is shown in Fig. 5.12. It should be noted that the output from 

this chip is a voltage ranging between 9 volts and 2.5 volts (an increase of | in the 
output to the D to A therefore gives a corresponding increase of approximately 

0.01 volts). A buffer amplifier is necessary to change this voltage range, 
particularly if a positive to negative ranging voltage is desired, and calibrate the 

output. 
The ability to generate an analog signal from the computer has many 

applications, probably the most obvious is in the generation of simple or 
complex analog waveforms. The technique for outputting a repeating 

waveform of frequency is quite simple. The fundamental requirement is a 
waveform table, usually one page (256 bytes) long. This table contains a 
sequence of precalculated values which define the waveform shape. By 
repeatedly outputting all the values in the table, in sequence, to the digital to 
analog converter a regular waveform is generated. The frequency of the 
waveform can be varied either by varying the delay between outputting each
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C3a1 
C3a1 

CODE 

ey 
Lo 

DD 

nD 
FF 
FF 

LINE 

LIB FUNC. SIMPLE 

The User Port 

+ ROUTINE TO OUTPUT A FUMCTION 
sTABLE OVER THE USER PORT TO A 
/DIGITAL TO ANALOG CONVERTER. 
é 

; THE FREQUENCY IS CONTROLLED 
iBY EITHER THE TIMER 'RLUE OR 
: INCREASING/DECREASING THE 
SAMPLING ‘‘ALUE. 

FUNCTN JSR 

Niaz 

NMEXTT 

SEND 

STORE 

JSR 
$AEFD 
$ADSA 
$BVFC 
#<¢NMI 
$9313 

#340 

#301 
$DDGD 
SEND 
#F7F 
$DDUD 
SFFS4 
$FFSR 

FLAG 
TABLE. 
$DD81 

#301 
FLAG 
NMEXIT 

*GET YALUE FOR 
> TIMER A 

:SET NMI VECTOR 

/STORE TIMER VALUE 

/USER PORT TO OUTPUT 

MAX SID VOLUME 

:POINTER TO TABLE 
sCLEAR NMIS 
sSET TIMER RA NMI 

> START TIMER R 

»STORE REGISTERS 

iCAUSED BY TIMER A? 

i7ES 
is CLEAR ENABLED NMIS 

: RESET I-’O 

»RESET KERMAL 
sPULL REGISTERS 

3GET POINTER 
:GET BYTE 
:SEND TO USER PORT 

ADD SAMPLING VALUE 

sEXIT NMI 

159
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Loc CODE LINE 

C342 ; 
C382 26 SA FF DISAB JSR $FFSA 
C365 26 34 FF JSR $FFS4 

S88 AS FE LDA #$FE 

C3GA 8D FB FF STA $FFFS 

C36D AD 43 LDA #$43 

C3aF 8D FA FF STA $FFFA 
C312 66 RTS 
C313 ; 
C313 TABLE ¥*=%+256 
C413 . END 

Symbol table 

SYMBOL VALUE 
ALOQOP 1 COAS ATOD CB9C CLRMEM C263 CLRSCN C26A 

DISAB C382 DISPLY Cees DIY C125 DUNE C1iFO@ 

DOT capi ERROR Cais EXIT CacDn FLAG C361 

FUNCTN C231 GRAPH C1iE1 GY C138 KERIN Didi 

KEROUT Cic9 LoaP C206 LOOP 1 C26E LOOP2 Cecs 

MUL326 Ci4? MULS C1ize NMEXIT C2E8 NMI C201 

NORM cer OK Cais PLOT 1 C18R PLOTIT C181 

READIW Co60 RLOOP 1 CO6E RLOOP2 Cre SEND C2EE 

SETUP Case STORE C2F3 TABLE C313 TOP2X C179 

TS Civ? xER CBE i ¥OK C8E3 YND?OK C1iz3 

2LOOP Cue eLOOP1  C8SR eLOoOP2 Céd2 2PLOT CB4F 

Program 12. 

value or for higher frequencies by sampling the table rather than using every 
value, with the frequency being determined by the sampling step. 

The machine code routine in Program 12 can be used to output a waveform 

using a predefined waveform table over a range of different frequencies, the 

frequency being controlled by the value stored in Timer A. This routine is 
designed such that the analog output is connected to the sound input of the SID 
chip so that the sound generated by the waveform can be heard. The Basic 
program in Program 13 is used in conjunction with Program 12 to create a 
waveform table, the waveform being created either from a mathematical 

function or drawn directly using either a joystick or the cursor keys. The 

resulting waveform is displayed on the screen using high resolution graphics. It 
should be noted that in order to obtain the graphics, the graphics routines in 

Program 14 should be present. These are integrated with the frequency 
generation routine so that they can both reside in memory together. 

10 PRINT"SUSE:" 
2@ PRINT"® 1 -— JOYSTICK" 
30 PRINT" 2 - KEYBOARD" 
4@ PRINTS 3 - FUNCTION" 
SQ GETAS: IFAS=""THENS@ 
60 A=VALCAS> : IFACLORADSTHENSS 
98 T=49939:SS49627 
1a@ DINT (2552 : FORI=87T0255 : TC 132127: POKET+1, 127: S¥S49537, 1, T6 19-27: NEXT 

116 ONAGOSUB190@, 2860, 3088 
12@ GETAS$: IFAS=""THEN1I2@



136 51'349738 
148 END 
1906 REM 
1416 
1628 
1836 
1040 
16356 
1960 
1078 
10856 
1996 
110@ 
1116 
2080 
2619 
2028 
2038 
2048 
2650 
2060 
2078 
2080 
2698 
2168 
2118 
2008 
3916 
3626 
3630 
3049 
3858 
34668 
3678 
38348 
11140 
11116 
11111 
11112 
11115 
11128 
11138 

LOC 

515) 
5] 2) 2) 
cao 
cea 
Cage 
CABS 
CBee 
CeaaD 
CHOF 
Cail 
Cais 
Cais 
cai? 
ceis 
CaiR 

'Ce1c 
Cale 
Ca2o 
Ce22 
CA24 
Ce26 
CHe9 
Ca2B 
CH2C 

REM INFUT WAVEFORM USING JOYSTICK 
REM 
K=B VST ORI H Ze 
A=PEEK (56328) : E=6: Wea: S=0:>N=0 
IF CARHD162=8 THEN RETURH 
IF CARNDS>=8 THEN E=1:G0T01119 
IF CARND49=9 THEN W=-1:50T011109 
IF (AAND2)=8 THEN S=-1:G0T0111a8 
IF CARNDI2=@ THEN N=1:G0T31114 
GOTO 18646 
GOSUB 11188: GOTO1646 
REM 
REM INPUT WAYEFORM USING KE'YBORRD 
REM 
28: YET CK) -27 
GETAS : E=8: W=@:S=@ :N=8 
IF AS=CHRFC13> THEN RETURN 
IF AS="M" THEN E=1:60TO 2118 
IF AS="H" THEN W=-1:GOTO 2118 
IF A$="N" THEN S=-1:60TO 2118 
IF AS=""" THEN N=1:GOTO 2118 
GOTO 2648 
GOSUB 11188:GOTD264a 
REM 
REM PUT UP A WAVEFORM DEFINED IN 
REM FNF 
REM 
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DEF FNFC2x=128+¢31-. L2ESk2 I #SING Cekae'1 28) Te 
FORT=8TO02S5 
YVePNF CT) SYSd953¢.1,TC13-2? 
POKET+I. Y: Te Dos SYS495SP,1,TC1o-27 
NEXTI > RETURN 

IF E OR W THEH 11126 
IF C'+5+H CG THENRETURN 
IF (Y+5+N35199 THEN RETURN 
STS49537 8.95 PS+S+N 
TORI SCP +27) | POKETHA. CY +375  SYS49S3 7. &. YY RETURN 
A=CX+E+WIANDSSS | YL=ST CRO -E rt SYS 
TiRd=H4'+27 > POKET+X, Y+27 > RETURN 

Program 13. 

CODE LINE 

#=$C 008 
~LIB DIS.SIMPLE 

26 FD AE DISFL' JSR $AEFD 
28 3A AD JSR $ADSA 
2u Fr Br JSR $BrFr 
AS 15 LDA $15 
ca 78 CMP #378 
94 Ad BCC ERROR 
C3 AB CMP #$A0 
39 85 BCC OK 
AQ 1 ERROR LDA #381 
85 @2 STA #82 
63 RTS 
AD He OK LDA #$0a 
85 2 STA #02 
AS a@ LDA #460 
35 FD STA $FD 
SS FE STA $FE 
Aa 68 eLOOP LDY #480. 
Bi i4. LDA ($149.7 
260 4F Cu JSR ¢PLOT 
AS i¢ LDA $14 
1s CLC 
69 81 ADC #501 

wars es TL SYS495S7. 8,7 

i;GET MEMOR'Y ADDRESS 
; OF DISPLAY 

;LESS THAN BOTTOM? 

> AND EXIT 

3FLAG O.K. 

;SET X COUNTER 

iGET A VALUE 
;PLOT IT 
; INCREASE TABLE POINTER 
BY SAMPLING RATE
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Loc 

CASE 
CHS 
Case 
CaS4 
CASS 
Cass 
CH3A 
CH3C 
CBSE 
Ch4e 
cade 
CAd4 
Cad6 
CH4s 
CAa4A 
Cac 
CO4E 
CH4F 
Car 
casi 
cas3 
CHES 
Cas? 
CHS 
CusB 
CBSD 
Cueg 
C868 
Cae 
Ceé 1 
Cu6é3 
CAé6S6 
cHu6s 
Casa 
Cee 
CHEE 
care 
Cars 
card 
mS ey 
cers 
carA 
Cerc 
cara 

Carr 
Cast 
CASS 
Cass 
Cas? 
CHS 
COSB 
causD 
Ceaa8 

CaS ft 
Cag2 
crease 
Cug4 
Cusr 
cea9 
CcAasc 
CASE 
C@A1 
CHARS 
CHaRE 
CBRS 
TBAB 
CBAC 
COAL 
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CODE 

10
9 

2
 

Oy
 
WD
 

~Y
 

(
S
L
A
 

o
k
 

oo
 

“>
 
on

 

om 

GH
 
io

 
on 

wo
 

DY 

es 

DY 

DD 

DD 

DD 

BD 

DD 

DD 

LINE 

ZLOOP1 

eLOOP2 

PLOT 

» END 
«LIB 
READI® ; 

RLOOP 1 
RLOOFS 

SETUP 

ATOD 

RLOOP 1 

STA $59 
LDA $FE 
STA $54 

PLOTIT+3 

READ. SIMPLE 

LOR #$08B 
$0011 

LDA #4280 
STR FD 

#373 
STA SFE 

#301 
SETUP 

BNE RLOOPS 
#309 
CFFDO.7 

LDA ##91 

LDR $0000 

i NRAPRROUND? 
:NO 

» INCREASE S 
; COORDINATE BY t 

sDONE 328 POINTS? 
>HOT YET 

sND 
sTES, EXIT 

sSTORE THE *' 
; CUORDINATE 

sS5TORE THE NS 
3 COORDINATE 

»PLOT THE POINT 

i DISABLE IRQ 
+ BLANK SCREEN 

sSET POINTER TO 
: START OF TABLE 

SAMPLE RATE 
/READ VALUE 

: IGNORE SAMPLE 

'STORE THE WALUE 
s INCREASE TABLE 
; POINTER BY 1 

,END OF TABLE? 
NO 
?RESTORE SCREEN 

;ENABLE IRQ 

»SET USER PORT 
» TO OUTPUT 
»35ET ONE INPUT LINE 
>; CPR) 
/5—ET A TOD 
iSTART VALUE 

START MAIN LOOP 

i INPUT FROM



LOC 

CABG 
COBI 
CHES 
CAaB3 
COBS 
CAR, 
COBA 
CBBDB 
CHBF 
Cac i 
Cecs 
cacs 
cece 
Cac? 
cacs 
Cac? 

CaCB 
CcecD 
Cane 
capt 
cani 
cant 
cani 
cenl 
CuDi 
caDi 
coDi 
cans 
CAaDSs 
can? 
rans 
CADE 
CaDy 
CADF 
CBE 1 
CHES 
C8ES 
COE5 
CBEY 
CHE? 
CHEB 
CHED 
CGEF 
CAFa 
COF2 
CarF4 
COFFS 
CAFS 
COFA 
CAFC 
COFD 
CaFF 
C1988 
C1a3 
c1as 
Ci8s 
C1as 
C1@5 
C15 
civ? 
C108 
Cia 
C1aA 
CigEB 
C1i8c 
C18F 
Ciii 

CODE 

m1 DD 
H1 OD 

1 DD 

r? Cl 

2B 
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LINE 

ROR A } COMPARATOR INTO 
ROR A ; CARRY 
ROR A 
BCS LOOP2 sYALUE TOO SMALL 
LDR #61 *¥RALUE TOO LARGE 
EQR sDDat ; TRY HALF VALUE 
STA sDDG1 
LSR $61 *DECREASE SEARCH STEP 
BEQ EXIT : COMPLETE 
BPL ALOOP 1 i TR AGAIN 

LOOPS LSR $61 i; DECREASE SEARCH STEP 
NOP *ADJUST TIMING 
NOP 
NOP 
NOP 
LDA $61 
BNE RALOOP 1 TRY AGAIN 

EXIT LDA $DDA1 :VALUE RETURNED IN 
RTS > aA 

» END 
.LIB ROT. SIMPLE 

; ROUTINE TO CALCULATE LOCATION 
; BND BIT(S) FROM THE % AND + 
; COORDINATES. 

DOT LDA $5A ; CHECK THAT % AND ¢ 
CMP #$a0 ; ARE WITHIN BOUNDS 

“ER SEC 5 TOO LARGE EXIT 

LDA $393 ?CALCULATE THE BIT TO 
AND #$07 + BE PLOTTED AS 
STA $5E > Pods AND > 

TAX >CALCULRATE 2TS5E 
LDA TOP2R. 

$3E 

HCALCULATE INTC'Y/8)*320 
TAND STORE IN $57 

| $5B 
A 

LSR A 
A 
AR 

MUL 320.8 
STA #57 
LDA MULS2@+1.% 

163



164 

Loc 

C114 
C116 
t116 
C116 
C116 
C113 
C1i1A 
C11B 

C11D 
C1iF 
C121 
Ci2z3 
C123 
C123 

C123 
C125 
C127 
C123 
C12A 
t12C 
012C 

C12C 
C12c 
C1ise 
C1i36a 
Ci3s2e 
C133 
C135 
C135 
C1is3s 
C135 
ct137 
£138 
13A 
C13c 
C1I3E 
C146 
C148 
C146 
Cida 
E141 
C143 
C145 
Cid6 
Cids 
C149 
C1i45B 
C14) 
Cite 
C151 
C133 
C155 
cis? 
Cis32 
CiSB 
C1iSD 
C1SF 
C161 
C163 
C165 

C167 
C1692 
C165 

C1i6D 
C16F 
cirri 
Cirs 
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CODE 

85 38 

Ul
 

“J
 

A
h
 
O
n
 

D
B
O
 

“J
 
4D
 

LINE 

STA 

[ADD ¥ AND 

$3595 

? TO $5? 

LDA $58 
AND #307 

$37 
$57 
YND?OK 
$358 

;CALCULATE INTCX’S> 

WNDVOK LDY #403 
DIV8  LSR $5A 

ROR $59 
DE's' 
BNE DIV 

iCALCULATE INTCK/82#3 

Loy #$23 
MUL8 ASL $59 

ROL $5A 

BNE MULS 

;ADD INT¢X/8)#8 INTO $57 
é 

ADC #$E&9 
STA $38 

RTS 
MUL326 .WOR 9,320,648, 3966. 1200 

-WOR 1688, 1926, 2249, 2560, 28809 

eWOR 3268, 3520, 3840, 4168, 4430 

eWOR 4809.5120.5449,5760, 6889 

eWOR 6488, 6720, 7248, 7368. 7638



me) 

C1 

LINE 

TOP2X 

»END 
-LIB PLOT.SIMPLE 
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~ BYT 1. ee 4, s, 16, 32. 64, 1<3 

} ROUTINE TO PLOT A POINT 

PLOTIT JSR 
JSR 
BCC 
RTS 
JSR 
LD 
LDA 
EOR 
STA 
JMP 

;GET & AND 

PLOT1 

GAY 

KEROUT 
#320 
($579, 

Y VALUE 
/ INTO $59 AND #55 

GAY JSR SREFD 
$ADSA 
$B1iBF 
$65 

Tx WOR @ 

}DISABLE KERNAL FIND IRQ 

KEROUT SEI 
LDA $01 
AND #$FD 
STA $01 

| RTS 

;ENABLE KERNAL AND IRQ 

KERIN PHA 

- END 

; GET * AND *' 

/ DISABLE IRQ 

; OTHERWISE PLOT POINT 

/GET & 
sFIX IT 

iCHECK %. 7 
;GET ' 
jFIX IT 

S SWITCH OUT 

»SWITCH IN 

165
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Lac CODE LINE 

cI DE -LIB MODE.SIMPLE 
C1 ; 
cine » ROUTINE TO SET UP HIRES SCREEN 

C1IDB 24 83 C2 ISR CLRMEM : CLEAR HIRES SCREEN 
Klee ei BA Ce JSR CLRSCN ; CLEAR VIDEO SCREEN 
C1lEl ; 
C1E1 :GRAPH COMMAND ENTRY 
C1El ; 
CIEL AS SB GRAPH LDA #$3B 
C1ES SU 11 De STA $D@1i1 s SELECT BIT MAP MODE 
PiEs A? SD LDA #$30 
Ci1ES 3D 13 De STA $Da@1s > CHOOSE HIRES SCREEH 
r1EB AS CS LDA #$C3 
CiED 8D 16 DG STA #0616 » ELSE SET HIRES MODE 
CiFO AD e2 DY DONE LDA #DDVE » SELECT BANK 2 FOR HIRES 
CiIFS 689 aS ORA #$a3 > SCREEN 
C1FS SD #2 DD STA $DDW2 
CiFS ALD oe DD LDA $DDoB 
CiIFB 23 FC AND #4FC 
CiFD a9 8B ORA #340 
CiFF SD eH DD STA $DD6G 
eH ob RTS 

C283 ; 
ates sCLG COMMAND ENTRY 

C283 AB 8a CLRMEM LDY #380 > LOOP TO CLEAR HIRES 
C265 35 TA 
C266 99 He EG LOOP STA #&€a00,'"' 
C269 39 86 £1 STR $€140.,' 
CaaC 33 08 EZ STA €209.' 
C2QF 39 88 ES STA FE&360.4 
C2i2 39 8@ E¢ STA E469, 
P21l5 39 Bu ES STA $E508.'' 
C218 39 8@ ES STA $E600.'7 
C2l1B 39 6@ EP? STA E790." 
C2l1E 39 oH ES STR SE968, 
C221 39 8@ ES STA $E908.'' 
C224 393 8B EA STA FEABO, 
C227 359 8@ EB STA SEB00.'' 
C2sA 33 4a EC STA SECHa.'7 
Ce2D 33 86 ED STA FEDaR,Y 
C238 393 Ha EE STR FEEGU, 
C233 99 BH EF STA SEF RQ, 
C236 39 OG FG STA $Fa8a,Y 
C233 39 86 Fi 3TA $F 169. 
C2sC 39 86 Fe STA #F268.Y 
C23F 99 He FS STA FF309.+' 
C242 39 80 F4 STR $F 400. '7 
Ce45 939 8B-FS STA $FS5u6. 
C248 39 68 F6 STA #F608.4 
C2a4B 39 8B FF STA FF 709." 
C24E 93 BB FS STA sFSu8, 
C251 39 8@ FS STA $F 969.7 
C2s4 99 86 FA STAR SFAUG.Y 
C25° 39 86 FRB STA $FBGG.Y 
‘CSSA 99 HO FC STR $FCee.¥ 
C25D 39 66 FD STA S$FDeG.Y 
C266 39 G6 FE STA SFEQQ, 
C263 39 FO FE STA SFEFS.¥ 
C266 38 DEY 
C26r De 3D BNE LOOP 
C263 60 ‘RTS 
C26A AB BB CLRSCN LDY #920 » LOOP TO CLEAR 
C26eC AD 1B LDA #$18B 
C2e6E 99 98 CC LOOF1 STA sCCo@,' 
Ceri 99 Ha CD STA sCDaG.
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LOC COUE LINE 

Cer4 39 86 CE STAR $CEae.'' 
Corr 39 86 CF STA $CFOU.'7 
C2rA 338 DE’ 
Cer DY Fil BNE LOOP 1 
C2rD 568 RTS 
Cer - END 

C27E »LIB NORM. SIMPLE 
c2r ; 

Kece > ROUTINE TO RETURN TO NORMAL SCREEN 
er ’ 

C2PE AD a2 DD NORM LDA #DDe2 
C281 29 FC AND #$FC 
C2e3 8D a2 DD STA sDDW2 » BACK TO BANK 8 
P286 AD 1B LDA #418 

Cess sD il De STA $D@l1 > BIT MAP MODE OFF 
C28B AQ 15 LDA #$15 

C28D SD 18 Dg STA $D913 > NORMAL SCREEN 
Ce9qg 68 RTS 
C291 » END 

Program 14. 

Another application for D to A converters involves using two converters, the 

output of each being connected to the X and Y inputs on an oscilloscope. This 
configuration can then be used to generate true vector graphics displays; the two 
D/A converters are switched by using the PA2 line. One of the D/ Aconverters 

uses only 7 bits with the eighth bit used to control the Z axis or intensity control 
input on the scope. Alternatively the two D/A converters could be used to 
control two rotating mirrors for a laser display. 

An extension of the waveform generation routine is a music generator. Sucha 
routine is given in Program 15. This is a four voice sophisticated music 
synthesiser. The program uses four waveform tables, one for each voice. These 

are shown in Program 16, and their respective waveforms in Fig. 5.13. In 
addition to the waveform tables it also requires a score table; a sample score 
table is given in Program 17. It is divided into two sections; the main control 

table and the music table. It is in two sections for several reasons, the principal 
one being to allow it to be stored more compactly. The score is compacted by 
having sections of the score which are identical stored only once and then 

repeatedly called by the main control table. The control loop also allows the 
tempo and waveforms of each voice to be changed. This system may seem fairly 

complex but examination of Program 17 will show that it is fairly straight- 
forward. This program is based on an original idea by Hal Chamberlin in his 

book Musical Applications of Microprocessors published by Hayden Books. 
These are the command codes used in the control and music tables: 

Main control table commands 
If byte is FF this specifies that the following byte contains a control code 

If followed by 01 then the next byte contains tempo 

If followed by 02 then the next four bytes specify the waveform for each voice, 
each byte being the msb of the start of the specified waveform table 

If byte is not FF then each pair of bytes specify the hi, lo address of a pointer 
into the start of a section of the music table.



168 The Commodore 64 Kernal and Hardware Revealed 

CODE Lac 

Buu 
S151 5) 
BHBY 
05157) 
GMeie 
sya) 
BeBe 
BaAw 
5/5155) 
STs 5. 
S15 115) 
SD) 3] 5) 
5151515) 
Baus 
15) 5) 
5/5 (37) 
easel 
4303 
BSS 
BS8sS 
830B 
8SBC 
HSBE 
GS0E 
BSHE 
BSGE 
ASF 
BS11 
4314 
6315 
6817’ 
881A 
BS1C 
BS1F 
S21 
BESS 
AS26 
Wee 
HSS3 
G325 
AS2D 
SF 
HS31 
HESS 
Boss 
BES? 
BS39 
W8SB 
ASSD 
BSSF 
S41 
8843 
8345 
B34" 
us43 
684A 
B84B5 
BEd 
884D 
BB4F 
BSSa 
W853 
BS54 
YSSS 
9856 
8853 
BESSA 

11 De 

13 D4 

63 DD 

He CB 

98 8S 

2 69 
ay CB 

LINE 

USRPRT =$D001 
=$DD03 
=$49 
=$45 
=$43 
=$4B 
=$4E 
=$50 
=$52 
=$54 

DDR 
VIPT 
VOPT 
YSPT 
VAPT 
INCPT 
NOTES 
VIIN 
V2IN 
VSIN 
VAIN 
DUR 
INCA 
TEMPO 
€ 

END 

ENTRY 

STORE 

LOOP 

NEXT 

EXIT 

=$56 
=$358 
=$5A 
=$5D 
=$5F 
=$0361 
~WOR END 
~WOR 18 
~BYT $3E. “B2862" 

NOR @ 

LD 
RESTRE LDA 

#408 
$De11 

#30F 
$0413 
#FFF 
DIR 
#300 
FOHO8.S 
FCRUR, X 

STORE 
#$00 
#352 
INCA+1 
INCA 
#EOF 
$FB 
$FC 
WIPT+1 
V2PT+1 
VSOPT+1 
W4PT+1 
INCPT+1 

CNTROL 

C$FBD ’ bd 

MUSIC 

LOOP 
#920 
$CHHa, x 

; OUTPUT PORT 
i DATA DIRECTION 
sFOUR YOICE WAVEFORM 
i POINTERS 

;POINTER TO MUSIC 
*FOUR VOICE INCREMENT 
+ POINTERS 

+» DURATION COUNTER 
sINITIAL THCPT 
> TEMPO VALUE 

>NEXT LINE POINTER 
sLINE NUMBER 10 
28 ;, SYS82662 

sEND OF BASIC 

‘DISABLE IRQ 
+ DISABLE SCREEN DMA 

/ DISABLE DECIMAL 
sSET SID VOLUME 
3; TO MAK 
iSET USER FORT 
;TO QUTPUT 

»SAVE OFF ZERD 
> PAGE 

;SET UP INCA TO 
> POINT TO ¥1IN 

»CONTROL TABLE STARTS 

>ZERO WAVEFORM 
» HIGH BYTES 

>GET CONTROL CODE 
/PLAY CONTROL? 
VES 
/ STORE AS HIGH BYTE 
+ FOR MUSIC 

:GET LOW BYTE 

sPLAY THE PIECE 

sREPEAT UNTIL MUSIC 
i; COMPLETE 

sCOPY BACK TO
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Loc CODE LINE 

@S8SD 95 46 STA $8060. x ; ZERO PAGE 
RBSF Es INS 
ase0 De FS BNE RESTRE 
B862 AY OO LDA #$ae >NO SID VOLUME 
6864+ 8D 18 D4 STR #0418 
ase" AS 1B LDA #$15 sRESTORE SCREEN 
B8e2 SD 11 DY STA $DU11 
BS6EC 58 CLI ;START IRQ 
HseD 66 RTS +FINISHED 
B86E ; 
HS36E CS CNTROL INY >GET CONTROL NUMBER 
WS6F Bi FB LDA ¢$FB).4 
G@871 36 ES BMI EXIT sEND OF MUSIC 
H87°3 C2 Bl CMP #901 31S YWALUE 17 
B87"5 De Br BNE CONTRI +NO 
esr? CS IN'Y 
WS7°S Bil FB LDA ¢$FB3.4 ;GET TEMPO 
Q8rA 85 SF STR TEMPO 
BS°C DO DF BNE NEXT 3TRY AGAIN 
BSTE C9 Be CONTR1 CMP #$82 :IS CONTROL 2? 
HesH De D6 BNE EXIT sNO EXIT PROG 
H8382 Cs INY 
BE8s Bl FB LDA ¢($FB:,' sGET HI BYTE FOR 
BSe5 85 42 STA VIPT+2 + THE WAVEFORM 
OSsr 3 IN‘ » POINTERS OF THE 
B3S3S Bl FB LDA <$FB.' » FOUR VOICES 
833A 85 47° STR ¥VePT+2 
B8SC CS INY 
H8SD 51 FB LDA: <SFBo,4 
BSSF 35 4A STA Y3PT+2 
8891 C3 TINY 
aé32 Bl FB LDA ¢S$FBo,' 
HSo4 85 4D STA V4PT+2 
wese De BD BNE NEXT 
8395 ; 
asosS 86 Sl MUSTC STK NOTES+L :STORE MUSIC TABLE 
883A 84 5A ST? NOTES » POINTERS 
HSoC RAG BE MUSIC1 LDY #80 »SET UP TO 
BS3E AS SD LDA INCA + TRANSLATE FOUR 
@SAB S85 4E STA INCPT » YOICES INTO INCREMENTS 
BSAS AS LDA #$7F :5ET TQ READ CONTROL 
GSA4¢ 38D aa DC STA $DCUR > KEY 
USA, AD @l DC LDA #DC81 /GET ANS KEYS 
B8AA C37 CMP #$°F :STOP KEY? 
BSAC De 86 BNE MUSICS > NO 
BBRE 6S PLA sCLEAN UP STACK 
BEAF 63 PLA 
B8EB 65 PLA 
BSB1 ‘40 58 Ys JMP EXIT SESTT ROUTINE 
BHSB4 : 
A3B4 Bl 58 MUSICS LDA ¢NOTES).Y% ;>GET DURATION 
G@SB6 FY SE BEQ ENDSNG sIF 2ERQ EXIT PHRASE 
BSBS C3 Ol CMP #$@1 sIF 1 GET NEXT SEGMENT 
BSBA FO ZB BEQ NXTSEG > OF PHRASE 
H8BC 85 SA STA DUR :I1S DURATION 
BSBE E6 56 MUSTC2 INC NOTES i INCREMENT MUSIC 
HeCH DY 82 BNE MUSICS ; POINTER 
63sC2 EG 31 INC NOTES+1 
usc4+ Bil 3H MUSICS LDA (NOTES),% READ IN FOUR 
HSCS AA TAS ; VOICES AND STORE 
Bec” BD 81 HA LDA FRQTAB. X * IN VOICE INCREMENT 
WBCA 31 4E STA CINCPT>.Y >; LOCATIONS 
HSCC E6 4E INC INCFT 
BSCE BD a8 GA LDA FRQTAB-1.4 
B3D1 31 4E STA CINCPT2>," 
GSD3 E66 38 INC NOTES 
uSDS De He BNE MUSIC4
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Lac 

asDy 
HeaD3 
HDB 
aSD0 
ASDF 
HSE 1 
HSES 
4SE7’ 
OSE, 
A8E8 
8ZER 
HSER 
ASEC 
HSEE 
BSFB 
BOF 1 
@SF3 
BSF S 
BOFS 
BSF YT 
BOF 
WSF 9 
SFB 
SFB 
GSFC 
SFE 
820 
8982 
as84 
Boor 
H263 
82GB 
“36D 
Q96F 
O211 
8913 
8315 
Bo1F 
913 
BS1B 
B91D 
BI1F 
B21 
8323 
B925 
“32? 
83929 
ASZB 
892 
A92F 
W931 
8933 
BI35 
833° 
933 
893A 
B33C 
BOISE 
A948 
~aSde2 
Ho44 
8946 
8345 
B94A 
HI4B 
O945 
AI4B 

The Commodore 64 Kernal and Hardware Revealed 

CODE 

as 
838 

83 

DD 

LINE 

MUSTC4 

NXTSEG 

ENDSNG 

PLAY 

PLAS'! 

TIMWAS 

ENTNOT 
BHE 
RTS 

NOTES+1 
INCPT 
INCPT 
#/V4IN+2 
MUSICS 
PLAY 
MUSIC1 

(NOTES? .'"' 

(NOTES). ': 
NOTES+1 

NOTES 
MUSTC1 

#00 
TEMPO 

CVIPT+19.4 
CY2PT+1).9 
CVOPT+1).71' 
CY4PT+12.'7¢ 
USRPRT 
VIPT 

“LIN 

VIPT 
VIPT+1 
VLIN+1L 
VIPT+1 
J 2P T 

V2IN 
V2PT 
V2PT+1 
V2IN+1 

V2OPT+1 
YOPT 
V3IN 
Y3PT 
YOPT+1 
VOIN+1 
VOPT+1 
V4PT 
V4IN 
V4PT 
Y4PT+1 
V4IN+1 
V4PT+1 

TIMWAS 
DUR 
ENDHOT 
TEMPO 
PLAY 1 
¥+2 
¥+2 
¥+2 
PLAY 1 

FRATAB =$@R01 

iREPEAT FOR 
+ OTHER YOICES 

;PLAY THE NOTES 
+DQO NEXT LINE 

:GET POINTER TO 
» NEW SEGMENT OF 
» MUSIC 

sRETURN TO CONTROL LOOP 

;PLAY THE NOTES 

SUM WAVEFORMS OF 
>» FOUR VOICES FOR 
» OUTPUT 

SQUTPUT “ALUE 
»ADD INCREMENTS 
: TO THE FOUR WAVE- 
> FORM TABLE POINTERS 
» VOICE 1 

~ 
= 

sWASTE TIME 
>DECREMENT DURATION 
+IF DUR=6@ THEN DO NEXT LINE 

/WASTE A BIT OF 
> TIME 4
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Symbol table 

S'MBOL VALUE 
CHTROL 
EMD 
FR@TAB 
MUSIC 
MUSIC4 
NXTSEG 
STORE 
VLiIN 
¥V3IN 

BSEE 
B8ec 
BAG 1 
B393 
WEDS 
ASE? 
easel 
BAS2 
BBS6 

CONTRI 
ENDNOT 
INCA 
MUSIC1 
MUSICS 
PLAY 
TEMPO 
VIPT 
Y3OPT 

O37rE 
A94A 
@95D 
ASIC 
@3B4 
BSF? 
GOSF 
HA48 
Bats 

DDR 
ENDSNG 
INCPT 
MUSICS 
NEXT 
PLAY 1 
TIMWAS 
¥2IN 
V4IN 

BUR 
EXIT 
LOOP 
MUSICS 
NOTES 
RESTRE 
USRPRT 
OPT 
V4aPT 

865A 
8358 
8843 
BEC4 
Y650 
Q39R 
DDb1 
Red 
BO4+B 

Program 15. 

Music data frequency tables 

Bass frequency table . :9RBB BA 
Hi-lo ZA7C to GA93 .: BAGS 82 ; 

:8A18 O2 
‘BALES @3 
: BAZO 
: BA28 
:BAS@ 87 25 a7 
‘BASS 89 15 
: BAG 
:BF48 GE « 
:BASO 12 29 13 3E 14 62 15 
:BASE 16 
‘aR6@ 1C 
‘BAGS 24 52 26 7B 28 
:OATB 2 C3: 
:BA78 39 AS 3D 15 aa 
‘GABA G1 12 B1 23 81 34 a1 
:@ASS 81 | 
:BASO 31 

ZO” woscccnte 
B3’.E.....4 

67% 0% wae Gen 
49°,..0...I 

CC’ wee eel eh 

SB ww ee One 

24’.2eE. et 

31°SR&. 0 +1 
6C“--H. 316. 
Ch 
46°..2#.4.F 
AR’ cee cee 
YB?’ da scaee 

Wraparound waveform table no 1 
- O50 
- ‘OBES 
. OB1G 
'@B18 3 
‘ABZG . 
‘BB2S 39 39 32 
"ABSS 3 
‘BBSS 3B SC 3C 
‘BB4G SE 3E SE 
‘BB48 GF SF 3 
‘BBS@ 3 = 30: 
‘@BSS SB SA 33 35 38 SF 36 
“BBS6E S4 3 
‘BBSS 20 2P ZA 23 
‘BBrPO 24 23 S221 21 2 
‘OBS 16 16 1D 1D 1D 12 1C 
‘@BSE 1C 12 1D 1D 1D 1D in 
‘OBSS 16 1F iF 2@ 26 21 21 

8 

cl ee Dae See 
3c 

39 397: :::::a49 

i, ip
 

OJ
 

Ve
) 

G, 5
 >
 

ee e 6 

SB’ SS OSSC 
39°73 (988755 
oD’ 43210. - 
Co” HEI RA 
IFC SHEN! 

| Laer 
LE“ wen nnae 
227.2. II" 
27 FRESE 

o
a
n
m
M
m
o
 yD
 

. 
65
 

t 
. 

7A
 

& A
 

« 
© 

8» 
«©
 

8 
8 

® 
@ 

& 
28 

G2
 

14
3 

O3
9 

03
 

G3
 

13
 

‘OBIS 23 25 29 29 25 SA 2A SBCCCDD Dat 
.'GBAG 2B SB SR SB SE SB SB SH’ +++++++# 
-'OBAS 2A SA 29 29 23 SF SF CAT HHI ICTR 
-'O@BEG 25 24 23 22 21 20 1F 1D HSH"! 
»'OBBS 10 1B 13 15 17 135 14 13°....... ; 
~'BBCY 11 18 AF BD BC AB OS BB~........ 
.'@BCS BY 86 OS G4 3 HO BS Al“.......- 
-'GBDG 81 8H 86 BO Ae AA OD OB-........ 
~'BBUS Go He 1 H1 81 B2 OS B4-........ 
~'BREA 8S 86 BP BS WS BB BC ADS... wea ee 
-'WBES OF 14 12 13 15 16 15 fA........ 

Q@BFQ 1B 1D 1F 26 22 23 25 27"... HEY 
~:WBFS 28 2A SB SC S& SF 3B 31°C e+. “a1
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Wraparound waveform table no 2 

‘ACIE 2 
:@CAG 

. :BCRES 
. ‘BCEa 

Wraparound waveform table 

‘ADaE 
‘DES 
7BD1a 
'BD1S 
‘BD2U 
‘ED!S : 
‘BD3B 
‘BD38 
‘HD+ 
'OD48 
‘ADS8 
7 @D5S 
‘BD68 
‘ODEs 
‘BDre 
‘ODS 
‘BDSa 
‘BDSs 
‘BDSB 
7 BD38 
‘@DAG 
- BDAS 
‘BIBS 
‘@DBS 
-BDCB 
‘BDCS 
-ODDG 
‘@DDS 
‘@DEG 
‘ODES 
‘BDFB 
‘BDFS 

‘BCBS 
“OCCU 
“wCCS 
‘BCDe 
-BCDS 
-BCEG 
“BCES 
‘BCFa 
“BCFS 

‘eaCBa 22 Z2 
‘OCHS 22 21 
‘WC1@ 1D 1C 
‘@C1e 1B 1C 
‘BC26 1F 26 
‘ACSS 26 26 
‘BC3@ 2A 2A 
‘C38 32 34 
'AC4@ SB 3C 
‘BC48 SB 3A 
‘BCSG SE =B 
BC358 1D 10 
‘BCEE 15 123 
‘O68 SB 21 
‘BCP 26 £6 
‘BCPS 20 1F 
7BCS@ 19 13 
eCSs 19 13 
‘BCI@ 1E IF 

2a 
2G 

if ic 
ic 1c 
“ “ 
& = 

26 27 
ef 2c 
34° 3° 
3C 32 
33 3 
2o 2F 
1B 193 
12 1B 
se 22 
eo 25 

t
t
)
 

X
e
 

GO
) 

w
r
 

hy
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ote oe ee 
Paya 

Oe"! waa. 
10%. cece 

| 

a5, f1"ME 
SA RMR CO 
32°44,,.02 

| rr 

26° HE ee a , 

217 ken | | 
13° seseeaes 

Li“ cc wcene 
3 s @eaa 

HIB sce eae 
We" se cces . 

2S j erste as 

jo, 

1i".. ae s 

LB’. ecw cece 

Ziv... !! 

Zi? rid! 
ive! eaee 

oo a 

LE“ wen nees 

2C*., !#27 9%, 
2D te-, Ole e - 

1B" CRE L. 

24797527 4 CF 
WO". wceenes 
kr 
SP" scceeadt” 
SE “+“369<=> 
SF “o>=2C963-’ 
BI" +7#. cow 

BO". cecnnens 
1B“. ccccnce 

37% .36, 7257 
347955: °° 9P4 
LA“S/+CF!.. 
BA eeccccee 

LS’. cncece 

CA’. we. RRL 
2EC meee 

21/-. 8) 7a#! 
LP. cc nanee 
LAY pwc ccen 

Was 
a aeeseenea



Wraparound waveform table no 4 

‘BEBB 2B 2 
‘MEGS 21 2 
‘BE1B 24 
‘BEIS 29 = 
‘BESO ZF - 
‘BEZS 3S 
‘BESO 38 

‘BE46 2E 
‘ME48 2u 
‘MESH 12 
‘BESS UB 
‘BE6G 13 

‘BEY 3 
“BES 2B 
‘BES@ 13 
‘GESS 11 
‘WESH 1E 
‘BES8 2 
‘BEAR 23 
‘MEAS 15 
‘BEBO 1E 
‘@EBS 28 
‘MECS 1E 

.'BECS 1A 
‘BED 24 = 
BEDS 2h 
‘BEES 1C 
‘BEES 22 2 

_:BEF@ 1F 
|: BEFS iF 

oo born) 
ee 

nd e 

o° o-o . 

. 
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~ 
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‘BESS 37 : 

‘BESS 24 ; 

ww eocowreorncens ow obbeess oeeee8 e' 
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hegeeey 
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oe oon 
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at Bee ZH 26 
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Sime Cote 
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Loo
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2 

Pm
 
y
e
 

fy
 
62
6)
 

09 
OF 

FD 
FI
PS
 

16 15 
er 29 
cA 29 
1A 15 

r 18 
eu 27 
23 23 
13 18 
1F 21 
23 24 
iv 1B 
1F 20 
22 21 
1E ie€ 
eH 28 
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20° 
Sac 111m as 
2R/ FHNGR CC 
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34° 9122344 
38° 56677383 

- “= 
37 “883838387 
2F “Fe54321-" 
22° me aE" 
{3° esesse#esese 

) = 

liv .cceccees 

el“ seccece! 

SH FRCK.H-D 
2U“B1118-.- 
1R“+2°3" .. 
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nw cece ae 
ZB, ! #27 24+ 
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23 @®eese | "dH 

Se Seen SE 
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1E° esseaosans 8 

2B 2 8 

Fig. 5.13. Sample voice waveforms for music synthesis program.
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Main control table 
FF specifies control code 
Followed by 1 = tempo as next byte 

Followed by 2 = next 4 bytes are waveform table pointers 
If not FF then hi-lo of pointer to following score table 

.'BFQG FF O1 3S@ FF 92 WE OE GE~..4..... 

.'BFOS HE 18 86 18 1A 18 AO iW~........ 
-'BFiB 1A 10 BH 14 8H 19 OO 14-........ 
~'OF13 1A FF @2 OB AC AD BE 10%........ 
-'@F26 20 14 SF 11 $4 11 35 11% ....... 
-'BF2S AAR 1@ 8F il EF 
-'GF36 FC 12 4D 13 1B 
» BFS3 94:18 SF 11 EF 

1 a5 11° lew eacae 

1 
i 

‘OF 40 AD 11 BE 18 35F 1 
1 
1 

1 
24D 13°..M...M. 
1 35 14-.....0.0- 
{ ." 
4 

Sa 1174"... 
‘OF48 95 14 AD ie 16 14 C2 18°..4%..1. 

~'GF2@ SF 11 3H 11 95 16 Fi 16°. snes 
-'OF58 DB ia 3E 11 38 11 35 1te-+ eee 
-'OF6O °l 16 FF FF FF 8 66 BeY........ 

Music table 
In groups of 5 
Duration and 4 notes, 1 per voice 

$@ = return to main control loop 
@1 = read next 2 bytes as pointer into this table lo-hi 

.° 1800 89 36 30 86 46 UO 30 SA"... eee 

.' 1888 34 BA 49 3B SH SS BE 25%... we woe 
~°1818 3@ 36 5A 18 Sb BO BO BA.... oa, 
~:1815 98 54 66 BH BD UO OH BO... eee 
-'1826 34 45 Sa 22 18 BC Be BE-4HO".... 
.'1628 69 88 14 4A Se 20 14 OC’...Je... 
-'1838 98 86 HG He 34 4E 36 3H"....4N68 
.'1638 18 BC O08 4H OH OB 14 32°... Rk 
.'1846 3A 32 1R AC 88 Be Oe BAN SL. 
-'1448 34 S4 SC 36 1E GC OO Ab°4Tcs.... 
-:1850 86 OH 1t4 Se GA Se 1A OC*...R-E.. 
.'1058 68 8 8H HO 34 4E 36 38°.... 4HED 
-'1868 18 OC 88 8h BH oo 14 4A%......./ 
.'1068 32 2C 14 G8C 8H BG OO BA“S....... 
.'107°6 34 45 30 29 168 SU OO HB“4HuC.<.. 
.:'10°S 68 BA 40 33 24 4E 48 28°. .8XTHH 
~°' 1880 86 8 Bo OO 46 00 BO 1u~....8... 
.'1988 8A 26 49 86 4B OO Ob 2h". ..... 
-'1896@ 48 26 48 8 20 44 SC abemr.. D.. 
-'1698 48 28 45 38 86 He 49 4A%. HO... 85 
.'1BA@ 88 SS B2 2H 4A 46 3A B2".c. JR:. 
-'10R8 40 46 GH HO GA Se 40 SHE... 8 
~'16B6 32 14 26 SA BY Se 1A Sus. " 
-'16B8 3A 8@ 22 BG 2H 3A 32 2o7:.N. Tet 
-:16C8 56 46 36 SC 26 88 26 Se". Be.&. 
.'1aCSs 2C 26 8S 46 3H 24 OO 86%. &. BUF.. 
~:'10D0 26 44 BO 86 6 40 44 SAM OD... ee: 
2/1008 2& b4 2h 49 30 Se 86 20°.. Ba. 
~'10EG 46 89 16 OF Sh 44 28 ABR... BC, 
» 1BES BH Sb 44 2C BA HO 20 45°. D... H 
-'10F6 30 BB ae 2h 4A Se Oe BWa“R.. J2.. 
-18FS 2e 4C 34 G6 be 46 4E 36° L4+..BNG 
-'1160 36 18 20 4E— SC 44 18 46°.. N<G.B 
~°1188 48 G6 86 1E 24 48 SC 40°H... HG 
2'1119 16 46 40 28 4 15 36 46°.8ec.. @ 
2'1118 3C 36 18 44 30 36 25 18°<6.e8C. 
21120 26 36 36 23 19 46 32 Ua” 6OC. ae.
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71123 B@ 1A 26 S2 28 S2 1A 48%,. Sc". 
1138 S2 BY OH 14 SH Se 28 S2°2... S06" 
71138 14 2@ S2 80 84 16 20 4H“. 2... B 
1149 265 0B 16 26 44 2C BH lavc.. D... 
71145 28 49 39 8H BR 26 4A Se” Ha... JZ 
°1156 G8 BA 2h 4E 36 8a OA 4a"... No.8 
°1158 Se BG 88 HS 26 Se 4A 4A°R... RIG 
71160 Be 48 4A OB Ge OA 28 4A. OJ... SF 
‘1168 4@ SA 10 46 46 Of OG 16°@:, 2B... 
(11°06 26 4@ SA Se 16 40 SA S32" B:s.8-2 
1178 28 16 26 32 32 28 16 BOC. SSc.. 
1130 4@ SU Se 34 14 20 40 GerRess. &: 
°11988 28 14 46 44 Be SC OC 2O°C.8D... 
°1190 48 BH 3B GR Oe 40 4A O67H.O. BJ. 
1138 32 G6 26 4A 44 SE 86 40°2. JDP. 
‘11AG 48 Be 3H H6 20 44 SE 2C*H.G. DD. 
‘L1AS 66 B@ 46 44 238 18h SA 2h". . mec... 
-11B0 40 S6 30 35 40 4@ 238 BO’ REAC BRC. 
“11B8 G6 26 45 36 OH 4 48 4E°. H6..8N 

~-11C0@8 3E 14 SE 28 4E SE 50 BHe>.. NO.. 
[1108 46 4A 3E 36 6 20 44 SE“@J>6. D> 
1106 36 BG 66 4E 446 36 13 5G"5..NEO.. 
'11D8 4£ SE S32 14 46 4& SC SB“NDe. BND 
-11E6 16 28 89 66 He Ob UO da’. .....8 
-L1ES SC 86 24 14 29 BC Se SC’<.$. <2, 
‘11F6 14 4@ 44 BG 2C BC 2H 44°.8D.,.. D 
-11FS 32 2C GOA OA 448 44 Be 28°2,..8@.° 
(1200 19 26 49 30 38 23 40 40". BcaceR 
‘1208 88 25 6 20 45 BU 30 GB’.¢. HG. 
°1216 40 4€ SC 36 18 20 4E SC’ RNS. NC 
71213 36 UY 48 4A 30 Se 1@ 24"6.@J<2. 
(1236 48 SC 3G 56 26 4A 4G SACHA. JG: 
1228 1A 20 4A 40 SH 14 20 4A’. J@:. J 
71230 40 3A ib 26 4A 40 SR ACT: SR:. 
‘1238 24 4A 48 SA GA 26 4A 40% Je:. Jie 
71249 SA 86 44 4A 4H SA BS 2H’: 2Je:. 
1248 68 HY He BY OH 34 32 B6".....4c. 
°1259 04 1A BC Be OA BY HB 20"....... 
"1258S 32 G6 86 1A 4@ 44 20 24°23... 8D, F 
‘12680 BC 28 44 20 a4 1A 48 42a". D.F. GB 
1268 2A 22 82 28 44 20 24 LAR". DF. 
‘1276 40 4€ SE 1E BC 20 4E SE“BN... N> 
(1273 36 1E 46 4A 2C 1E 82 20°6.8J... 
12388 44 2C 20 BE 46 46 SE 2270. . BF." 

21283 16 20 44 2C 2h O68 49 46°. D. .@F 
°1296 SE 22 G2 2h 46 SE 22 80°.". F.". 
1298 2B 46 SE Se 18 26 46 SE" FL". F. 
-12AW 24 10 28 46 2E 26 HG 20°F. F.C. 
12A8 46 SE se B2 26 46 CE IE°F.". F.. 
1250 WS 26 46 2E 1A 88 4@ 46°. FL... 8F 
°12B8 23 S22 1A 20 44 2C 26 we’c". DA. 
°12C8 66 46 23 1A Be 40 48 SA’.F*.. GHE 
'120e 22 1A 2H 46 SE Se 2 oe". F.C... 
°1200 48 2H 1A B2 48 4A 2C 24°HR. 8S: F 
"1208. OC 34 4A 32 86 1A 40 44°. Je..@D 
-12E9 20 BH 14 20 SC GH 24 BC%... <.F. 
‘12E8 4@ Se Be 1A 82 26 HO Ab’Be... .. 
'12F6 86 BA 46 44 SA 32 Be 20°... 8@:z. 
12-8 86 BO OH Ga 40 44 34 1A”... ans. 
(1308 8C 26 44 34 SC 1A 44 42°, DF... iB 
'1308 2A 22 Be 20 44 SC 24 LA“e". DF. 
"1316 40 4€ ZE 1A 8U 26 4E SE“@N... N. 
°-135135 36 1A 86 40 4A 2U 1A B26... 8... 
'1326 26 44 24 aC 1A 44 46 28’ DS, . Gar 
71328 22 1A 28 48 358 22 1A 48°". Bc" ep 

~°'1330 4h 32 84 14 20 4A 32 22°J2.. Je" 
(1338S 16 26 4A BO BH HA 2b 4A”. J... J 
71340 86 HH AC SH 4A OSS 22 ta’... Jt". 
[1346 4@ 4A BH OG BS 20 4A Se°BI... Ie 
(1356 22 Be 46 46 25 S4 1E 20°". pecs,
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1358 46 28 24 1E 40 4€ 36 Bb RC Ss. GNS. 
'1366 19 26 46 23 24 18 2h 4E%. Net. N 
71368 28 84 15 2B 4E 28 BO LATC.. NGU.. 
(1376 20 4€ 28 24 1E 26 438 30° NCS. He 
13°8 24 19 26 44 20 24 14 20°s. 0S. 
(1386 44 28 24 18 66 4A 28 227 BCE.. JC" 
‘1388 1A 66 4E 36 24 18 68 S2°..NGS..R 
(1398 SA 28 82 86 40 4A 2C S67 °C. BT. 
71398 66 20 44 24 2B 83 40 46°. DS .EF 
‘13AQ 24 1E 86 24 46 SE 24 Ob"S.. FF. 
‘13A8 44 44 2C 34 16 26 46 SE“OD.S. F. 
-13B6 24 BO 440 S2 SA SA 18 S0°S. BR. 
(13B8 52 3A SA HO 40 4E 36 SAR: €. GNE# 
°-13C9 BA 26 45 30 SA GA 40 4A°. HOX. GS 
7130S 32 a8 BC 20 4A 32 20 24°2.. J2.$ 
‘13D0 40 44 8 20 G2 20 4A 32RD... Je 
1308 2C oe 46 46 SE S2 10 SH’... F.". 
-13E6 4A S2 e2 86 40 4E 36 22° JS". BNE" 
‘13ES 82 20 32 SA 22 8B 28 34°. RO". T 
-13SF@ 3C 32 SC 20 S34 32 SC 1E*<2. Ta.. 
‘1SFS 20 54 Se aC 1A 28 S54 32° T2.. Te 
1406 2C 16 26 34 Se 20 14 2@".. Te,. 
°1408 S4 Se SC 18 2h ay 64 OO°Te.. ... 
1410 8C 40 86 46 BO HY 14 34°.8.....T 
‘141s 4A 44 56 BC BO aa BO Ho’JD..... 
‘1426 14 S4 4A 44 GB BC OB BB. TID... 
1428 66 68 14 54 4A 44 G8 AC’...TID.. 
'1436 94 BH OG BO 28 34 4A 44°.... TJD 
71433 86 SB S4 4E 44 24 Sh 34°. TNDS T 
1446 4A 44 22 34 24 4A 44 20° ID"4T ID 
‘i443 OC GH Oh 2h Ss 14 54 4A"... .aTS 
°1450 44 20 SC 4B WW cH aS cad... . 
1458 36 4A 44 1E 26 26 4A 44°VID. VID 
1466 1A 26 36 4A 44 16 34 56%. YID.4¥ 
‘1463 4h 44 14 AC Ge HO GH 14°JD...... 

21470 14 56 4A 44 14 8C OO He .VID.... 
‘1478 wa 14 26 56 4E 48 16 4°.. SHH. 
71480 56 8A OG Ha 14+ AG Gb 26".......¢ 
°1488 18 OC 86 Bo HD BO 14 BA... wee 
°14980 86 29 15 BC BY BO BB AB’.¢...... 
°1498 14 66 OH 25 15 BC OH fa-...%.... 
‘14AG 86 86 24 6 Ob 25 10 44°... ..¢.8 
-14A8 86 BO OH 06 OO 446 49 25".....2ae 
-14Bu 18 SA 26 48 36 30 25 40°... B6ACR 
1483 46 8 SA 86 2B 43 46 3Y°H.8. Hee 
-14C8 BA BA 2B 38 34 SE US SH’.. S4.. 
1403 36 34 ZE OC 26 38 34 SE“S4.. 34. 
71406 19 40 Bo oH OG 12 Su 38°.8.... 8 
(1408 S2 2A 12 40 bo Oy OH BS’24.2.... 
14EG 20 S38 S2 SA BS 40 BO HO” 3ex.B.. 
‘14ES BA H2 SH 38 Be 2H B2 4H"... 82k. 8 
‘14F0 81 96 8G 3H 28 33 32 2A”.... Sek 
‘14FS 8C 46 OO BU OH BR 20 33°.2.... 3 
‘1566 34 25 eC 40 86 4G be We"4¢.8.... 
71568 26 SC 34 28 OS 26 35 34° <4. S34 
71518 28 68 14 HO GH G6 GS AC*C....... 
‘1513 86 BA OG 86 14 BB OY OM’........ 
(1526 BC BC BH 84 BH 4B 14 AB"........ 
(1528 Ob 8 18 GC be He Ae GH’... eee 
‘1538 14 BY Bb Be 12 BU HH BB"... . eee 
°1533 98 BG 14 88 8H Bo 14 AC’........ 
1246 bo BG BG be 4a oe Of HB"....8... 
(1548 16 26 38 34 SE 16 46 8". a4..8. 
°1556 66 BG 18 S64 38 34 2E 1H"... S4.. 
(1558 46 869 96 86 BS 26 39 34°8.... SF 
°1566 2E US 46 BO OY BB O4 20°..8.... 
1563 38 34 SE 390 46 UO ob OO°S4..&... 
(1578 SC 20 38 32 2A SC 14 BC". S2e..< 
°15°8 32 2A SC BC UB BO BB SLSR. wean 
°1586 14 08 S2 SA SE OC BB OM’..2#....
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| oe eee Cok, e 

GR’ .... 22H 
33°. .824..3 
ACS. . 82K. 
AG” SSK. woe 
| Sa 
.) se 
5 
1A“. ..@..6. 
O° 32e.8.. 
40°... 82#.2 
cA’.... S2# 

& "eee 5. 

. 6 
a 

30% ..22.F 88 
438°......8H 
31% ell 
OA" .w@... 
1A”...@J... 
AB” .... ee, 
3“. . fe 
BEI“Ne on eee 
AA’ W@... 
oo" .. BRL." 
OH" . J... 
eu’, “flac. . 

38° G60Ci8H,. a 
4E"%. H@6iGN 
AB’ <6. Nw... 
49°RIJZ2. HG 
1A’<a..J@:. 
44°, D>2 GHe 
Afr’ 

 3a-aca, Deo 
14°. HC... 
Ha J@...aJ. 
40°,..8J,..8 
LAT J. . 4. 
4A“. 67.85 
14°..8J. . 
Mawes". as. 
49°..@5...8 
BO" J...MP.. 
46°.FN...FN 
14°,..FN... 
WO“FNC..FN. 
46°..PNF. WF 
WAN. ..PN". 
46°.FN...FH 
14°...FN... 
Ha’ IR... JR. 
4A’. JR, a aJ 

16°R...JR¢. 
ve”. JR... JR 
14°. e JR. ae 

Wa JR"..JR. 
4A“... JR... J 
He"R...NT.. 

177
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‘1FPBS OC 4E 34 HG 8B 14 4E S4°.NT...NT 
-17CH 2C 14 BC 4E S4+ BO 00 14”%...HT... 
-1°CS 4E S¢ 28 14 OC 4E Sd BO“NTC..AT. 
‘17°D8 0G 14 4€ S4 24 GC GC 4E°..NTS..N 

-'1F°DS S54 86 HO 14 4E S4 22 BACT...HT". 
-'1PEO BC 4E S54 BG Be 14 4E S4’.NT...NT 
~'1FES 1£ B86 BC 4E 34 89 BB 20°.,..NT.. 
-‘iFFO S253 1A 82 206 SA OW BO“RX.. :.. 
-'1¢FS OA 26 45 BG 6H 18 2H 4A’. @... J 
‘1sh6 96 BG 1A 2G 40 OH B88 1H’... @... 
1568 20 4A HO 8G 1A 24 Se oa’ J... PR. 
°1819 BB 22 26 4A 66 OO 1A 2A." J... 
‘1813 S2 98 88 22 28 35 GH WB-R.." X.. 
(18280 28 26 Se 88 8G 22 24 58°C RL" 
1028 B@ BA 23 34 62 5B 32 32°..%..8R2 
°1630 20 GH GH OH 4A SB OH WG .... .. 
°1838 18 SA 48 46 OO Go We 8A’..8....., 
71940 68 BA 56 8G OO GO WH HO’........ 

Program 17. 

Music table commands 

The bytes in this table are stored in groups of 5 bytes; these are a duration value 
and a note value for each of the four voices. 

If the duration byte contains a 9@ then this specifies the end of the score 

segment and the program returns to the main control table. 
If the duration byte contains a §1 then this specifies that the next two bytes 

contain a pointer to another section of the music table. This address is stored in 

lo, hi form. 

5.12 Analog to digital conversion 

The circuit used to convert an analog signal to a digital value is very simple. It 
involves the use of a voltage comparator IC and a digital to analog converter. 
The comparator has two inputs; one is the voltage to be measured and the other 

is a variable reference voltage. The comparator output will go high when the 
reference voltage is equal to or greater than the voltage being measured. If the 

reference voltage is generated by a D to A converter then it is a fairly simple 
matter to vary the converter output until 1t matches the input voltage. This point 

is detected by a change in the comparator output. Fig. 5.12 shows such a circuit. 
Analog to digital conversion using the circuit in Fig. 5.12 relies heavily on 

software to find the correct D to A output value. This could be done simply by 
ramping up the output voltage from zero (using a simple increment loop) until 

the desired voltage 1s reached. This, however, would be very slow and could take 

up to 255 steps to find the match. A quicker technique, known as successive 
approximation, requires just eight loops. The successive approximation 

technique starts by setting the most significant bit (bit 8) to 1 and all other bits to 
zero. It then tests to see if the voltage resulting from this value is greater or 

smaller than the voltage to be measured. If it is larger then the msb is left set and 

if smaller then the msb is cleared. The routine then sets bit 7 to 1 leaving bit 8 in 
the state defined in the previous loop and all less significant bits set to zero. The 

same test is then performed to discover whether the resulting voltage value is
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1u REM 
26 REM PROGRAM TO INPUT 18K VALUES 
39 REM FROM AN A TO D CONVERTER AWD THEM 
49 REM DISPLAY 328 VALUES AT A TIME TO 
2@ REM A GRAPHICS SCREEN 
60 REM 
r@ REM PROTECT MEMOR'' 
80 REM 
9@ POKES2, 128: PUKES4. 12@:POKESS. 128@°CLR 

REM 
1190 REM READ THE “VALUES 

REM 
136 POKE 49263,.1:59'S49245:° REM 49263 IS SAMPLING VALUE 

REM 
15@ REM GQ INTO GRAPHICS MODE 
168 REM 
178 SY'S49627 
1s@ REM 
13@ REM LOOP TO DISPLAY 32 SCREENS FULL 
260 REM 
219 POKE $9127.1:FORI=8@T031:REM 43197 [5 SAMPLING VALUE 
226 SYS49152. [#220+387r28 
208 GETAS: IFAS=""“THEN2ZS 
246 Sy'549667 : NEXT: Sy'S497 28 

Program 78. 

greater or less than the input voltage to be measured. Depending on the result 

bit 7 is left set or cleared. This procedure is then repeated for all the other bit 
positions in the byte, with the result that only eight operations need be 
performed to obtain the required value. A successive approximation technique 
is shown in the first part of Program 13. 

Program 18 is an example of one of the many applications to which an analog 
to digital conversion circuit can be applied. This program performs the function 
of a simple storage oscilloscope. This storage oscilloscope program is very short 
and written in Basic. It does, however, require that the machine code program in 

Program 13 is already loaded into memory. The program samples 19249 values 

with a maximum sampling rate of approximately 2509 samples per second. This 
sampling rate can be varied to less than this by changing the contents of location 
49263. The input waveform is then displayed in high resolution as 32 screens of 

information. 

5.13 Expansion port 

The expansion port is a 44 pin edge connector on the rear of the CBM 64. It 

gives access to most of the Commodore 64’s internal signals. The port is 
designed to take two main types of device. The first are simple memory mapped 

devices such as ROMs or I/ O chips like a 6526 (if you can get one) ora 6522. The 
second type of device is more interesting. These are less passive in that they can 

read or write direct to memory without going through the processor. The most 
common of these devices is the Commodore Z8@ card. Using the DMA (direct 

memory access) line totally disables the 6519 processor while the card is active. 

5.13.1 Pin descriptions 
Expansion port 

44 pin double sided .1 edge connector socket. Labelled 1-22 (top) and A-Z 
(G,I,O and Q skipped )
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Power connection (power out to boards) 

  

Pins 
1,22,A,Z Ground § V 

2,3 +5 volts 

Timing signals 
Pins I/O 
6 Out Dot clock 8 MHz approx (varies with TV standard (PAL 

NTSC ..) 
d2 Out. 2 Phase two clock 

Bus control signals 

Pins I/O 
12 Out BA system buses available from VIC chip 

13 Input DMA Direct memory access (gives expansion card control of 
system buses) 

5 Input R/W Read/write 

Interrupts 
Pins YO 
4 Input IRQ Interrupt request 
D Input NMI Non maskable interrupt 

Memory mapping 
Pins YO _ 
7 Out I/O1 Address decoded $DE@@-$DEFF 

1p Out 1/02 Address decoded $DF(Q-$DFFF 
1] Out ROML Addr decoded $8090-SAOO0 
B Out ROMH Addr decoded $E900-SFFFF 

8 Input GAME Expansion ROM at $A(00-$C000 (no Basic ROM) 
9 Input EXROM Exp ROM at $8969 

Reset line 
Pins YO 
C Both RES Reset everything 

System buses 
Pins I/O 
14-21 Both Data bus consisting of eight unbuffered lines 

with a maximum load of 1 TTL device. 
Line 14 is D7 and line 21 is D9. 

F-Y Both Address lines; these sixteen lines are unbuffered 
and have a maximum load of 1 TTL device. 

Line F is A15 and line Y is Ag. 

5.13.2 ROM cartridge - 
The expansion port is set up to make ROM cartridges a simple direct 

connection. An expansion ROM for address $8009 using a 2764 (8K by 8) is not 

too hard if you can obtain or make a board to fit the expansion port edge 
connector. Just connect the 13 address lines and 8 data lines. Then connect chip
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select to LROM and connect the 64’s EXROM to ground. The 7464 pins Vpp, 
Vcc and PGM go to 5 V and Vss goes to ground. 

5.13.3 1/O chips on the expansion port 

Wiring up a 6526 or 6522 is similar but clock, interrupt and reset also have to be 

implemented. It is important to connect this type of chip to I/O1 or I/O2 and 
not to LROM or HROM. 

Figure 5.14 shows 2764 and 6522 pin outs and appropriate expansion port 
connections. 

MEMORY EXPANSION 

12345 67 8 9 10111213 14 15 16 17 18 19 20 21 22 

  
ABCDEFHJKLMNPRSTUVWXY 2 

    

    

  

                

    

    

  

PIN# | TYPE PIN# | TYPE 

1 GND 12 BA _ 
2 +5V 13 DMA 
3 +5V 14 D7 
4 IRO 15 D6 
5 R/W 16 D5 
6 DOT CLOCK 17 D4 
7 1/61 | 18 D3 
8 GAME 19 D2 
9 EXROM 20 D1 

10 1/2 21 DO 
11 ROML 22 GND 

PIN# | TYPE PIN# | TYPE 

A GND N AQ 
B ROMH P A8 
C RESET R AT 

D NMI S AG 
E p2 T A5 
F A15 U A4 

H A14 V A3 

J A13 W A2 

K A12 xX Al 

L A11 VY AG 

M A1@ Z GND                 

Fig. 5.14. The allocation and function of pins on the memory expansion connector.
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' GND [VSS 

FSV 2PAG 
3 PAI Ag 

4 PAZ Al 

A3 5 PAZ A2 

AY 6 PA4 AZ 

All FPA5 RES 
ROM L 3 PAG D¢ 
Aid 9 PAT Di 

GND ID PBD D2 
D7 11PB1 oe D3 

DE i2PB2 fx D4 

D5 Ispp3 SO D5 
DA 14 PB4 D6 

D3 15 PBS Dy 
IG PB6 pa 

  

Connection of a 2764 EPROM to expansion port lines. [!% PBF +5V 

18 CBI Yor 
IQ CB2 R/W 

+5V 20 VBC NMI or IR@   
  

Connection of 6522 via |/O expansion connections. 

Fig. 5.14. (contd.)



Chapter Six 

Interrupts and Their Use 

Interrupts are the signals used by peripheral devices, such as the CIA chips, to 

signal to the processor that they require servicing. This IRQ signal will then 
cause the processor to halt its current operation temporarily in order to service 

the interrupt generating device. Having completed this servicing the processor 
returns to the interrupted program. 

6.1 Interrupt requests (IRQ) 

The major implementation of IRQs in the Commodore 64’s operating system is 
to scan and receive key presses from the keyboard. This IRQ runs on Timer A of 

CIA#1. The timer value is set up so that the keyboard is scanned every | / 60th of 
a second. IRQ interrupts can be disabled by setting bit 2 of the processor status 
register or by the use of the command SEI. To re-enable IRQ, reset bit 2 or use 

the CLI command. The SEI command 1s used by the disk operating system to 
prevent timing errors when accessing the disk. 

The only other standard use of IRQs in the operating system of the 

Commodore 64 is in the tape I/O routines. Rather than just disabling IRQs, the 
tape system uses IRQs for reading fron or writing to the tape. The tape system 
uses both Timer A and Timer B on CIA#1 for reading and writing. For more 
information on the tape routines, see Chapter 4. 

6.2. Interrupt generating devices 

6.2.1 The CIA chips 
  

CIA#1 Register 14 ($DCPD) 

  

Enable/disable (write), occurred (read) 

Not used 

Not used 

FLAG I line (cassette read) 

Serial data register 

TOD clock alarm 

Timer B 

Timer A 

Bit 

S
e
 
N
W
 
A
h
N
A
A
 ~
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When reading bit 7 is used to determine whether an enabled IRQ on this chip 

occurred (if more than one device is connected to the IRQ line) i.e. if this bit was 
not set when the IRQ routine was caused, it must have been either the VIC chip 
or the expansion port. If bit 7 is set, bits 0-4 will tell what caused the IRQ. It 
should be noted that when using IRQs, it is advisable to keep a separate record 

of the IRQs that are enabled, since their respective bits may be set but not 
necessarily enabled. 

When writing, bit 7 is used to tell the CIA whether the lower bits are for 

disabling or enabling. If bit 7 is set, any other bits set are to enable an IRQ. If bit 
7 is not set, any other bits set are to disable an IRQ. 

1. Cassette read FLAG 1 line 
This line is used by the cassette read routines and creates an IRQ when it is 

enabled. The tape flags an IRQ on this line when the pulse on the tape goes from 
high to low. An example of the use of this IRQ is shown in Chapter 4 (fast tape 
operation). 

2. Serial data register (SDR) 

The SDR is a serial input/output device of the 6526 CIA chip. When IRQ is 
enabled on this register, the IRQ will be caused either when the full byte has 

been read in (input) or when it has been sent out (output). When the IRQ occurs, 
either a new value to send must be put into the SDR or the byte contained in the 

SDR will be read and the SDR left to input the next byte. The SDR uses 2 lines 
on the user port. These lines are SP1 and CNT1, which together are used to 

send /receive data. When sending, each bit is set on SP and the CNT line is used 
to clock the bit using Timer A. An example use of the SDR can be found in 
Chapter 5. 

3. TOD clock alarm 

When the TOD clock alarm IRQ has been enabled (after setting TOD and the 
alarm) an IRQ occurs when the value in TOD becomes equal to the value set in 
the alarm. An example of how to use the TOD clock can be found in Chapter S. 

4. Timer B 

Timer B can run in three different modes; as a straight timer, a count down on 
pulses from the CNT line of the user port, and a count down on Timer A 

running out. These three methods are outlined in Chapter 5. An IRQ will occur 
on Timer B in any of the three modes of operation when the value in Timer B 
clocks past zero. 

5. Timer A 

Timer A has only one mode of operation; as a straight timer. An IRQ on Timer 
A will occur when the value in Timer A clocks past zero. Note that with Timers 
A and B, the timer always decreases until it clocks past zero. Therefore, to time 

something, the timer should be set to the period and when it runs out the time is 
up. With CIA IRQs, the IRQ is cleared by reading register 14. 

6.2.2 The VIC chip 
The VIC chip is also connected to the IRQ line and VIC chip IRQs are 
controlled by registers 25 and 26 on the VIC chip.
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VIC register 25 ($DQ19) 

(Interrupt flag register) 

  

7 Set on any enabled VIC IRQ occurring 

6-4 Not used 

3 Light pen (1l=occurred) 

2 Sprite to sprite collision (l=occurred) 

| Sprite to background collision (1=occurred) 

p Raster compare (l=occurred) 

  

  

VIC register 26 ($DQ@1A) 

(Interrupt enable mask) 

  

Bit 7-4 Not used 

3 Light pen (l=enabled) 

2 Sprite to sprite collision (l=enabled) 

l Sprite to background collision (l=enabled) 

0 Raster compare (I=enabled) 

  

To enable IRQ, register 26 should be read and the bit to enable set and then 

written back to register 26. When the IRQ occurs, reading register 25 will tell 
you which VIC IRQ has occurred. To clear the IRQ, the corresponding bit to 
clear is written to register 25. 

1. Light pen 

The light pen IRQ occurs when the raster scan reaches the position of the light 
pen and the light pen values can then be read from registers 19 and 29. 

2. Sprite to sprite collision 

Sprite to sprite collision IRQ occurs when any bit in the sprite to sprite 
collision register (39 — $DQ@1E) is set. 

3. Sprite to background collision 

Sprite to background collision IRQ occurs when any bit in the sprite to 
background collision register (31 - $D@1F) is set. 

4. Raster compare 

Raster compare IRQ occurs when the raster position being displayed becomes 
equal to the compare value written to registers 17 ($D@11 high bit) and 18 
($D612). 

6.2.3 The expansion port 
IRQ can be caused by any I/O device connected to the Commodore 64 via the 
expansion port. There are two ‘spare’ areas for such I/O devices; they can 
either be addressed at $DE@% or S$DFQPP. See Chapter 5 foran example of 
adding a 6522 VIA chip to the Commodore 64 via the expansion port.
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6.3 Non maskable interrupts (NMI) 

NMIs are so named because they cannot be disabled by the SEI command. 
Normally the NMI routine is not called regularly like the IRQ routine. This is 
because NMI is only caused by 2 devices: 

a) RS232 (user port FLAG sent low) 

b) RESTORE key 

There are five other ways of causing an NMI on the 64 that are not 
implemented in the software. These are Timers A and B, internal shift register, 
expansion port, and time of day clock on CIA#2. All NMIs except the 
RESTORE key and the expansion port are controlled by register 14 ($DD@D) 

on CIA#2. This register is used as a dual purpose write (enable/disable NMI) 
and read (to determine the source of NMI). 

  

CIA#2 Register 14 ($DD@D) 

  

Bit 7 Enable/disable (write), occurred (read) 

6 Not used 

5 Not used 

4 User port FLAG line RS232 data received) 

3 Shift register 

2 TOD clock alarm 

| Timer B 

0 Timer A 

  

When reading bit 7 is used to determine whether an enabled NMI on this chip 

has occurred (if more than one CIA chip is connected to the NMI line) 1.e. if this 
bit was not set when the NMI routine was caused, the NMI must have been 

either the RESTORE key or expansion port. If bit 7 is set, bits @—4 will tell what 

caused the NMI. It should be noted that when using NMIs, it is advisable to 
keep a separate record of the NMIs that are enabled as their respective bits could 

be set but not enabled. 
When writing, bit 7 is used to tell the CIA whether the lower bits are for 

disabling or enabling. If bit 71s set, any other bits set are to enable an NMI. If bit 
7 1s not set, any other bits set are to disable an NMI. 

6.4 Devices that cause NMI 

1 User port FLAG line 

This line is the one used by the RS232 routines and causes an NMI when it is 
enabled. The method of flagging an NMI on this line is to set the line to +5 V 

and then to #V. This method is outlined in Program 19 which uses 19 lines on 

the user port to transfer a block of memory from one CBM 64 to another (8 data 
lines and 2 lines to flag the NMI on the other 64). When initialised, the NMI



Cau 
Coue 
Case 
Cees 
C86? 
C@GA 
Cgac 
COUF 
Cail 
Ce@14 
cel6 
CB19 
CO1B 
CG1E 
CO1F 
C@1F 
CO1F 
CO1F 
C@1F - 
C820 
C@21 - 
C@22 
C23 
Ca24 
COZ6 : 
Ca29 
Ca2B 
CB2E : 

ASIF 
SDisas 
ASCH 
8D1983 
ASAE 
SD3203 
ASCO 
SD33e3 
AIS 
SDBDDD 
AI64 
807 ace 
6 

4C66FE 

RAgae 
8DBSDD 
ADB1DD 
EEZUDY 
RETOUR 
Foe9 
9SFR 
CA 
SE7ece 
4Cernca 

ABBE 
SIFB 
SHgrCe 
3600 
RASFD 
Ss2n 
‘ASFE 
S32E 
AS84 
Bn’ ere 

AD/aACe 
C304 
DAF 

8 AZO4 

*=$C Gu 

IROUTINE TO RECEIVE A FILE OVER 
{THE USER PORT 
! 

Nt I 

LOADIT 

STRFLE 

EXIT 

FLAG 
] 
IRDUTINE TO 
! USER PORT 

SAVER 

BYT 

SEND A FILE OVER THE 

LDA 
CMP 
BNE 
LUN 

#<CNMI 
$0318 
#>NPII 
$319 
#CSAVWED 
$0332 
#>SHVWED 
FO333 
#$90 
$DDOD 
#$04 
FLAG 

4 

FLAG 
#504 
SAVER 
#04 

Interrupts and Their Use 187 

'SET NMI TO POINT 
! TO THE TRANSFER 
! RECEIVE ROUTINE 

ISET SAVE TO POINT 
! TO THE TRANSFER 
{ SEND ROUTINE 

'ENABLE USER 
! PORT NMI 
[RESET RECEIVE FLAG 

IPUSH OFF REGISTERS 

'WAS NMI CAUSED BY 
! THE USER PORT? 
IVES 
'NO. UPDATE CLOCK 
ITEST STOP KE’ 
INOT DOWN 
IDISABLE USER 
! PORT NMI 
ITO NORMAL STOP."RESTORE 

ISET PORT TO INPUT 

IGET INPUT BYTE 
'SHOW IT IS WORKING 
TREADING FILE OR 
! LORD ADDRESS? 
ILOAD ADDRESS 
IDECREASE FLAG 
ISTORE IT 
fExXIT NMI 

‘HOW READING FILE 
ISTORE THE BYTE 
!TNCREMENT AND TEST END 
INOT ‘YET 
'SET FROGRAM ENT 
! POINTERS TQ END 
! OF READ FILE 

IRESET LOADING FLAG 

IRESTORE REGISTERS 
1! AND EXIT NMI 

ITF RECEIVING, 
! DON’T SEND 

'POINT TO SAVE
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CerA 
Carc 
CarTF 
Cesy 
case 
crag4 
Case 
cng 
case 
COSE 
CHSF 
ps be] 
ras 
Ta32 
cas4 
CHa6 
CaIs8 
C89A 
caac 
CHI3E 
Ca3F 
CaSF 
CHF i 
SAAS 
CAAS 
CHAS 
CHAS 
COAR 
COAD & 
CHAE 
CURE 
CRAE 
CoAE 

ABE 
CABS 

Cubs 
CuBr 
CHB 
CHEE 
CaBD 
COBF 
cace 
CacS 
race 
race 
race 
cecs 
cacs 

cace 
ceca 
Cacc 

Cacr 
Cadi 
Cols 
canny 
Celis 
Cenc 

Canr 
CHE: 
CHE4 
COEr 
COUER 
CAaEC 
CHEF 
CAFS ¢ 
CAFS 

CUFS- 
Cur Ss 
Cory 

CHFS ¢ 
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BSAB 
Z26CeCy 
CR 
DUFS 
Agee 
BLAC 
28sec 
2HoaCe 
SAF 6S 
18 
bo 

E6AC 
pews 
ESAD 
RSAC 
CSAE 
ASAD 
ESF 
55 

CEFR 
Daas 
EFC 

4CEDFS 
ASC 
SSAC 
RAaCS 
SsAD 
407108 

43 
AUSF F 
SUSsDD 
fate 
Snea1DD 
ADBSDD 
H9h4 
SDeLDD 
ADA 
Ase 
SDeeID 
SUF Ce 
ALIEDD 
SOFB 
SNe 
ZG 3CH 
ASae 
SUBSDD 

LOOP 

LOOP 1 

| 
BUMP 

BUMP 1 

BUMPS 

BUMPS 

SAB. * 
SBYTE 

LOoUP 
#300 
C$AC3.' 
SBYTE 
BUMP 

; LOOP1 

$AC 
BUMP 1 

> $AD 
SAC 
$HE 
FAD 

; $AF 

$FB 
. BUMPS 
$FC 
$FB 
$FD 
SFC 
$FE 

IWEDGE INTO SAVE VECTOR 
! 

SAMWED 

SAVE! 

I 

IRQUTINE TO SEND 1 BYTE ACROSS 

LDA 
CMP 
BEQ 
IMP 
LDA 
STA 
LDA 
STA 
IMP 

! THE USER PORT 
! 
SBY'TE 

$BA 
#407 
SAVE 1 
$FSED 
$01 
AC 
$C 
FAD 
SAVER 

#SFF 
$DD03 

$DDu1 
$DDv2 
#304 
s0DG2 
#DDG 

Program 179. 

IGET ADDRESS BYTE 
!SEND THE BYTE 
!DO NEXT? 
IVES 

IGET A FILE BYTE 
!SEND IT 
!TNCREMENT ANDI TEST END 
'NOT ‘'ET 

ISAVYED OK 
! DONE 

!TNCREMENT LO BYTE 

1 INCREMENT HI BYTE 
ICOMPARE SAWE 
! ADDRESS TO END 
! ADDRESS 

!THCREMENT LO BYTE 

!TINCREMENT HI BYTE 
ICOMPARE LOAD 
f ADIRESS WITH END 
! ADDRESS 

ITEST DEVICE # 
[DEVICE ?°? 
I'YES. SEND OVER PORT 
ING. NORMAL SAYWE 
[SET SAYE START 
! ADDRESS FOR USER 
! PORT SAVE 

[SEMD FILE 

ISAWE OFF BYTE 
1SET PORT TO OUTPUT 

1GET BYTE 
ISEND TO FORT 
PSET LINE FPA2 
! TQ OUTPUT 

!SEND PAZ HIGH 

! PAUSE 
ISEND PAZ LOW 
INMI HAS BEEN CAUSED 
! OW RECEIVING MACHINE 
!'PAUSE 
ISET USER PORT TO 
! INPUT 
(SHOW IT IS WORKING 

!PRUSE FOR DATA 
!TO BE READ
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vector is set to point to the receive routine and the SAVE vector is set to the send 
routine. When the user of one computer SAVEs a block of memory with device 
7, the file is passed through to the other computer by setting a full byte onto the 

data lines and causing an NMI by setting the PA2 line hi then lo (PA2 is 
connected to FLAG both ways). The NMI routine then reads the byte from the 
port and either stores it as a load address or as part of the file. 

To send a file, use SAVE“”,7. Files are automatically received. 

  

2. Serial data register 

The NMI SDR has exactly the same operation as the IRQ SDR except that 
instead of lines CNT1 and SPI, lines CNT2 and SP2 are used. SDR use can be 

seen in Chapter 5. 

3. TOD clock alarm 
The NMI TOD clock alarm has exactly the same operation as the IRQ TOD 
clock alarm. An example of how to use the TOD clock can be found in Chapter 

5. 

4. Timer B 

The NMI Timer B has exactly the same operation as the IRQ Timer B. 

5. Timer A 
The NMI Timer A has the same operation as the IRQ Timer A. 

6. RESTORE key 
The RESTORE key on the keyboard is connected directly to the NMI line and 
is nota true NMI. When RESTORE is pressed, the NMI routine is called and if 

the STOP key is also down, NMI will cause a restart of the computer. This is 
done by jumping to a routine pointed to by an indirection at $A992: JMP 
($A002). If a cartridge ROM is in place (with the power-up bytes), JMP ($8002) 

is used instead. 

7. Expansion port 
Expansion port NMI has the same operation as expansion port IRQ except that 

IRQ occurs if the line is low, whereas NMI occurs when the line goes low. 

6.5 The kernal vectors 

There are a group of vectors in page three memory that are used for indirect 

jumps into some of the most useful kernal routines. These have been provided so 
that the machine code programmer can patch into them to change the operation 

of the computer. Each vector is a two byte low-high vector to the main machine 
code kernal routine and by changing its value, you may point it to your own 
routine. 

The vectors are as follows:
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Address Default Use 
  

$9314 

$0316 

$0318 

$O31A 
$031C 
$O31E 
$0320 
$9322 
$0324 

$0326 

$0328 

$032A 

$032C 
$032E 

$0330 

$0332 

$EA31 

$FE66 

$FE47 

$F34A 

$F 291 

$F29E 

$ F259 

$333 

$F 157 

SFICA 

$F6ED 

$SFI3E 

$F32F 
$FE66 
$F4A5 

$FSED 

Vector to the IRQ routine. This vector can be changed to point 

to your own IRQ routine for things such as screen scrolling etc. 

Vector for BRK instruction is changed by all monitors so that 

when a BRK is encountered, the computer jumps to the 

monitor. 

Vector to the NMI routine. Its major use is for the detection of 

the RESTORE key. Other methods are outlined in Chapter 5. 

Vector to open file routine. 

Vector to close file routine. 

Vector to set input device. 

Vector to set output device. 

Vector to restore I/O. 

Vector to input. This routine is used in all peripheral input. It 

could be used for function keys etc. 

Vector to output. This routine controls all output to the same 

devices as input (except keyboard). 

Vector to test STOP routine. The most widely used patch is for 

disabling the STOP key. 

Vector to get. This routine is used to get a single key from the 

keyboard buffer. The character received is not displayed but is 

just returned in register .A. The get key has the same operation 

as input from all devices except the keyboard where input 

inputs a line until carriage return is pressed. 

Vector to abort I/O. 

Unused vector. This vector can be used by your own routines. 

Vector to load routine. This vector is jumped to after the load 

parameters have been set up. 

Vector to save routine. An example of a patch into this vector 

can be seen in Chapter 4 and in Program 19 in this chapter. 
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CIOUT, 47 
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CLOSE, 57 

close all logical files, 59 
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colour clock, 13 
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computer control for the disabled, 142 

data bus, 8, 10 
digital to analog conversion, 156 
digitising pads, 22 

DMA, 10, 13 

dot clock, 13 

error handler, 67 
expansion port, 179, 185 

find any tape header, 92 
find correct file on tape, 95 
FLAG, 131, 186 
function key definition, 19 

general function serial routines, 51 
get character from current input device, 

52, 53 
GETIN, 52 

handshaking, 131, 133 
high speed data transfer, 138, 186 
high speed tape operation, 110 

I/O, 3, 4, 7, 15, 127, 128, 132 
input byte from serial port, 49 
interrupt control register, 138 
IRQ, 4, 9, 13, 108, 138, 183 ff 

joystick, 5, 10, 22, 127 

kernal vectors, 189 
keyboard, 15, 127, 
keyboard buffer, 16 
keyboard matrix scanning, 4, 15, 16 

keyboard operation modification, 19 
keyboard scan simulation program, 17 

light pen, 11, 185 

listen, 42 
load RAM function, 86 
LOAD/ VERIFY, 62 

microprocessor 6510, 2, 7
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miscellaneous cassette routines, 96 
MPU signal lines, 8, 130° 

NMI, 9, 13, 84, 186 

OPEN, 60 
operating system, 3 
output character, 54 

parallel port expansion, 142, 181 
peripheral interface lines, 131 
phase 2 clock, 10, 13 
PLA, 7,9, 12 

potentiometer joystick, 22 
power supply, 7 
print ‘saving’, 90 

print tape loading messages, 88 
printed circuit board, 6, 7 
protect cassette from RS232 NMI, 84 

RAM, 3, 10, 12, 13 

read cassette, 100 

read/write, 13 
ready, 13 
recording method, 81 
relay control circuit, 141 

return buffer address, 95 
ROM cartridge, 180 

RS232 close channel, 77 

RS232 command register, 73 
RS232 connections, 71 
RS232 control register, 72 

RS232 open channel, 75 
RS232 receive from channel, 76 

RS232 serial communications, 70 
RS232 status register, 73 

RS232 transmit to channel, 76 

save memory function, 89 
screen, 23 

screen display software, 23 
screen scrolling, 31 

secondary address, 45 
send byte to serial bus, 47 

send secondary address after talk, 46 
serial bus lines, 32 
serial bus timings, 34 

serial communications, 32, 70 
serial data register, 137, 184 

serial system routines, 42 

serial system variable declare file, 38 
set opened file for input, 54 
set opened file for output, 56 
set up time out for next dipole, 99 
SID 6581, 4,9, 10 

SID signals and lines, 10 
sound generation, 4, 10 
stop key servicing, 90 
switch joystick, 22 
system control signals, 13 
system logic and timing, 12 

TALK, 42 
tape error handler, 91 
tape IRQ, 108, 123 
tape security, 123 
time of day (TOD) clock, 4, 9, 135, 184 
timers, 4, 9, 84, 134, 184 
TKSA, 46 

UNLISTEN, 48 
UNTALK, 47 

user port, 128 

user port connections, 127, 128, 129 

VIC 6567 Chip, 2, 10, 11, 187 

VIC signals and lines, I 1 

voice synthesis, 149 

write cassette, 106 

write memory, 97 
write tape header, 93 

Z80 card, 10













A knowledge of the Commodore 64 kernal software and the 
hardware with which it interacts is essential for programmers 
wishing to make full use of the machine's capabilities. The 
kernal software provides the interface between the user, the 
BASIC interpreter and the electronics -and a thorough 
knowledge of its functioning gives the programmer a wealth of 
ideas and methods for interesting programming techniques. 

This book gives the programmer a unique insight into the 
operation of the Commodore 64 plus a wide variety of very 
useful hints on subjects as diverse as reconfiguring the keyboard 
and anti tape-copying security. The book also covers the user 
port and the addition of external circuitry to it. 
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