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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 I 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 on a 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 anyone 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. 1.1. 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.!.!. The Commodore 64 is built around the VIC chip and the 651.0 
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 
Machines (UK) Ltd). 
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The main computer circuit (see Fig. 1.2) consists of the 6510, 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 110 and sound, also a Basic interpreter and operating system in 
ROM. 
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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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Fig. 1.2. (contd.) 
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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 CommodOire 64 

The Commodore 64 consists of a plastic case holding a double sided printed 

~-------., 

! I!li ~:~: 
L __ :_!"~.J 

4 

~ 
(l.oZM~sCl 
(o.qa MHo-PAL) 

3 

.. 
3 

2 

" z ... 
I~P i r!-- 5 ,-

'" g 

.3. 

~ - VIC 4 SID S~ULD HAVE 
S[PARA,E GNO RE"TUR"IS. 

~~14.318IB M~. - \fT5Cj 
- (11.1~72 MH> - PAL 

~ (6.18 MH. - NT:5C) 
- (7.88 MH. - PAL) 

.. - - : . ~
-.... -.;:-.:;," .. ~ 

Fig. 1.2. (contd) 

ODIldlDCdo a 

o 

c 

B 

A 



-D1I-

;1 R", i I - I I I B G ~ LI ~ 
-@O-

1.11 ed 

0-0' 
-@II}- -mJ- -tID- -8D-. P ."9 • ij ~$ 

I B ~ -~ ~ ~ ~ ~ ~ ~ 8 "" ... R :: 
-'IDII- -€ZII- -lrnII- -«m- -G!I- -«DI- -@}- -1D!lf- -l!:ID- ~ 

~ ~ 

-m- '0 L-:I 

~ ~ ~ ~ II)'"U."" I 09~ ~ ~ ~~, ~ 
4mJ- -1rnII- -1m}- -em- -1C!»- ~ -«!!II- --lI:!II- -irnI-

~$~·b$CT ~ 

}11i$ EJ ~ 
~ ~ -em- -IrnI-

:: -=-.. :' u"" lit 
~ qoi I u.. I ~ CJ ~T 

@ _ ~ @".,-e-

Fig. 1.3. Printed circuit board assembly for the Commodore 64 (Reproduced by courtesy of 
Commodore Business Machines (UK) Ltd). 

~ 
-[J!iI-
-mIl-
-om-
-fJlit-

I 
I -<p-

m 

~ 
C\l 

C) 
o 
:3 
:3 
o g. 
" C\l 
0) 
~ 

~ 
:; 
Q) -Q) 

~ 
Cl.. 

~ 
~ 
~ 
" C\l 

:::tl 
C\l 

'" C\l 
Q) 

Cb 
Cl.. 



Inside the Commodore 64 7 

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 651f/J microprocessor (MPU) 
The microprocessor (Fig. 1.4) is a version of the very common 6502. The main 
difference is that the 6510 has a 6 pin 110 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. 

Fig. 1.4. 651({) microprocessor (MPU). 
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6510 Signals and Lines 

Pin I <p0in Clock in (from VIC chip) 
Pin 2 ROY 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 Iowan 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 Afj-AI5 Address bus (enabled by AEC) 

Pin 21 GNO Ground (0 V) 
Pins 24-29 P5-P0 Processor I/O port 
Pins 3,0--37 07-00 Oata bus 
Pin 38 R/W Read/ write. (Output: low flags for processor write.) 
Pin 39 <p2in Phase 2 clock input 
Pin 40 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#! is used for 
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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 NMls instead 
of IRQs. The chip select lines for the two chips are decoded from the processor 
address bus by the PLA chip to addresses $DC~~ & $DD~~ (Fig. 1.5). 

6526 Signals and Lines 

Pin I GND 
Pins 2-9 PA0-PA7 
Pins 1.0--17 PB0-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 1>2 
Pins 26-33 D7-D0 
Pin 34 RES 
Pins 35-38 RS3-RS0 

Pin 39 SP 
Pin 40 CNT 

(Data bu.s )]91-D1' <. 
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Data port B (Bi-directional data port) 
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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 
Serial input. Not used for Commodore serial bus 
Pulse counter, serial clock. Not used for serial bus 
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1.3.36581 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 from a pin on this 
socket (see Fig. 1.6). 

SID Signals and Lines 

Pins I & 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 

$04.0.0 
Pins 9-13 A.0-A4 Register select 
Pin 14 GNO Ground (.0 V) 
Pins 15-22 0.0-07 Data bus 
Pin 23 POT Y Analog input for A/O converter 
Pin 24 POT X Analog input for second A/O 
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. 

VI C generates its own address bus like the 651,0. 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 I of the 
clock (<1>2 low <1>,0 high). 

This chip has been given a higher internal bus priority than the 651,0 
processor. VIC can disable the 651,0 and free the address bus for its own use 
during phase 2 by sending the lines AEC & BA low. The AEC line disables the 
651,0 address drivers so that its own can drive the address bus. The VIC chip can 
send the AEC line low during phase I and use the address bus without 
interfering with the processor's operation. The line BA is connected to the 651,0's 
RDY (ready) pin. This can be set low during phase 1 and then held low causing 
the 651,0 to pause at the end of its next read cycle. (This is ignored during 651,0 
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 avoidf conflict with DMA 
(direct memory access) from any cartridge port device (Z8,0 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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VIC Signals and Lines 

Pins 1-6 
& 35-39 

Pin 8 
Pin 9 
Pin 10 
Pin II 
Pin 12 
Pin 13 
Pin 14 
Pin 15 
Pin 16 
Pin 17 
Pin 18 

Pin 19 

Pin 20 
Pin 21 
Pin 22 
Pins 23 
& 30-34 

Pins 24-29 

Pin 40 

06- 00 & Data bus 
011-07 D0-D7 are bi-directional and are used for 

IRQ 
LP 
CS 
R/W 
BA 
Vdd 
Colour 
S/LUM 
AEC 
¢0 
RAS 

Vss 
¢colour 
¢in 
All & 
A6-AI0 
A0/ A8-
A5/ AI3 

Vee 

register access and VIC memory fetches 
08-011 are used for reading colour RAM 
Interrupt request output 
Light pen input 
Chip select 
Read/write 
Bus available 
Supply voltage + 12 V 
Colour output 
Sync/luminance 
Address bus enable 
Phase one clock out 
Row address select. Dynamic RAM control signal, 
used for low order of multiplexed address and for 
refreshing 
Column address select. Dynamic RAM control signal 
for high order address 
Ground (0 V) 
Colour clock in 14-18 MHz 
Clock in 8 MHz 

High order address output 

Address lines A0-A 13 mUltiplexed together. Gives 
address for VIC for memory fetches in output mode or 
register select in input mode 
Supply voltage 5 V 
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1.3.5 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 1.0- Il5 and F.0- F7! 

16 INPUT LINES 

r¢ -115 

(OUTPUT DE 
ENABLE) 

FE 

+5V 

Vee 

28 

14 

-= ~ND 
Fig. 1.B. Programmable logic array (PLA). 

F¢-F"f 

( 8 OUTPUT 

LINES) 

The other main chips in the 64 are the RAM and ROM chips. The RAM 
comprises eight 4164 dynamic RAM chips. One chip gives 1 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 is a2114 chip; this is a4 by 1024 bit 
static RAM. 

The Basic and kernal ROMs are 8 bit by 8K ROMs. The character ROM is an 
8 by 4K. These chips are Commodore's own manufacture and type. The 6510, 
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. These control lines are defined as follows: 

1.4.1 Clock lines 
cjJ 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. cjJ2 
This clock line controls all 651.0 read and write operations. It is produced by the 
651.0 from the VIC chip's cjJ.0 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 110 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 651.0 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 MR Q 
When this line is low it signals that one or more of the CIAs or VIC is requesting 
an interrupt service. 

Non maskable intermpt 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 of8 
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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 CAS RAM, 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 Keyboardll Joysticl(s 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: 

Fl 

F7 

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 is 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#l I/O chip, where the output is via 
address $DC00 and the input is via address $DC01. 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,0=down, l=up). Therefore, looping 
8 times through the scanning routine will look at each ofthe columns and return 
all keys which are pressed. 

The keyboard is laid out as follows: 
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Row # Column # (output) 
(input) 0 2 3 4 5 

0 DEL 3 5 7 9 + 
I RET W R Y I P 
2 A D G J L 
3 F7 4 6 8 0 
4 FI Z C B M 
5 F3 S F H K 
6 F5 E T U 0 @ 
7 j L.SH X V N 

6 

£ 

* 

CLR 
R.SH 

7 

CTRL 
2 
SPACE 
(/It 

Q 
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 1/60 second interrupt. Keyboard scanning is one of the functions of the 
IRQ interrupt servicing routine. The 1/60 second regular interrupt is generated 
by Timer A of CIA# I. The interrupt service routine starts at location $EA3I 
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 is as follows: 

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

keyboard character table I. Set character counter to 0. 
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 SHIff or STOP key. 
7. Evaluate shift function 

if 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. 

10. Do repeat if required. 
II. Put ASCII character obtained from keyboard character tables into the 
keyboard buffer; increment the pointer into the keyboard buffer. 

The contents of the 10 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$E5D4 
which removes the first character and puts it in register. Y then moves the whole 
buffer down by one byte. This routine is 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 $032A) 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 when a 
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 I. 

1000 REM KEYBOARD SCAN SIMULATION PROGRAM 
1919 REM *******.***~~**~*** 
1920 REM 
1030 REM THIS BASIC PROGRAM SIMULATES 
1040 REI'! THE IRQ SCANNING ROUTINE WITH 
1050 REM A FULL SCREEN DISPLAY OF WHAT 
1060 REM IS HAPPENING. THE ROUTINE FIRST 
1079 REM WAITS FOR A KEY TO BE PRESSED 
1089 REM AND THEN SCANS THROUGH TO PICK 
1090 REM UP THE KEY(S). ANY KEY PRESSED 
1109 REM WILL BE DISPLAYED AS A REVERSE 
1110 REM KEY IN THE BOX LABELLED ~KEV~. 
1120 REM 
1130 REM YOU MUST HOlD DOWN A KEY UNTIL 
1149 REM IT IS RECOGNISED. 
1150 REM 
1160 REM A KEYBOARD BUFFER IS KEPT AND 
1170 REM THE ROUTINE WILL EXIT WHEN 
1189 REM EITHER THE RETURN KEY IS FOUND 
1199 REM OR WHEN THERE ARE TEN CHARACTERS 
1299 REM IN THE BUFFER. 
1210 REM 
1220 P$="~(fI(fI.N~~~W 
1230 DIM K$(71):FORI=0T071:READK$(I):HEXT 
1249 DIM K(3,64):FORJ=0T02:FORI=0T064:I«J,I)=PEEK(69289+J*6S+I):HEXTI,J 
1250 FORI=9T064:1«3,I)=PEEK(69536+I):HEXTI 
1260 PRINT"~ KEYBOARD SCAN SIMULATION" 
1270 PRINT"JQ OUTPUT: $DCee INPUT : $DC01" 
1289 PRINT". BIT: 76543218 BIT : 76543210 H 

1299 PRINT" i" 

1399 PRINT" '" 
1319 PRINT" , .. 
1320 PRINT" KEY : , I" 
1330 FORI=lT04:PRINTP$;:FORJ=lTOI:PRINT"~;:NEXT 
1340 PRINT'" , II : NEXT 
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1350 PR I NTP$ II )!Il!OOlllII ' , H 

13613 PRINT"~URRENT SHIFT : "" 
13713 PRINT"CURRENT KE'r' : 64" 
13813 PRINT")jJ KEY BUFFER" 
13913 1.30SUB 19913 
14130 POKE 56333,1 : FORI=0T07:P2(l)=2tI : NEXT 
14113 KT=e:CS=0:CK=64:VL=8:R=255:C~UB1700 
14213 Y=€J:POKE56320,V:GOSlIB1660:A=PEEK(56321) 
1438 IF A=255 THEN 14213 
14413 GOSUB 17010 
14513 V=254:FORVL=0T07 
14613 POKE 56320,V:GOSUB 1660 DISPLAY OUTNEW 
14713 A=PEEK(56321):GOSUB 17130 DISPLAY INPUT 
14813 GOSUB 1860 CHECK FOR ANY NEWS DOWN 
1490 V=«V*2)AND255)+1 : NEXT 
1500 IF CS03 THEN 15513 
15113 IF (PEEK(53248+24) AND 2)=2 THEN 1540 
15213 POKE 53248+24,PEEK(S3248+24)0R2 
15313 OOT015613 
15413 POKE 53248+24 .. PEEK(53248+24)AND253 
1550 KT=CS:IFKT)8THENKT=3 
15613 CC=K(KT,CK) 
1570 IF CC=255 THEN 1650 
15813 KB(BP)=CC:BP=BP+1 
1590 IF<BP()1e)AND(CC()13)THEN 1640 
161313 FOR I=eTOBP-1:POKE 631+I,KB(I):NEXT 
1610 POKE198,Bp:POKE 56333.129 
1620 PRINT"l®1Il~ 
1630 END 
16413 GOSUB 19913 
1650 GOT013613 
16613 REM 
1670 REM DISPLAY OUTPUT VAlUE BITWISE 
1680 REM 
16913 A=V: PRI NT" ~1iJJ'''fjJjJ/Mi/iJiJI{ilU''; : OOTO 18130 
1700 REM 
17113 REM DISPLfl'r' INPUT VAlUE BITWISE 
1720 RE1'1 
1730 PR I NT" $OOJ~IJ(f!"jJlJJ/IIiJlltlfjJjjJ{iI'Il!tJII!IJIjlIiI'ijI/jJltJlil(JIilfjllflll"; : GOSUB 181313 
1740 FORI=7T00STEP-1:PRINTP$; 
17513 FORJ=7TOISTEP-1 :PRINT"~O"j :NEXTJ 
17613 C=VUe8+ I : FORJ= HOS 
1770 C$=MID$(K'(C)+" ·,J,1) 
1780 PRINT"!!!"; : IF(A AND P2( 1) )=13 THEN PRINT":1l"; 
17913 PRINTC$"J:!lij8"; :NEXT:NEXT:PRINT'"iF'; : RETURN 
181313 REM 
18113 REM DISPLAY VALUE IN A BITWISE 
18213 REM 
1830 FOR 1=7 TO 0 STEP -1 
18413 C$="0": IF Ft AND P2(!) THEN C$="!" 
18513 PRINT":lI"C$"!!!!"; :NEXT:RETURN 
18613 REM 
18713 REM CHECK FOR A KEY FROM THIS COLUMN 
18813 REM 
18913 FOR X=0 TO 7 
191313 IF(A AND P2(X»=0 THEN 19513 
19113 t~EXT 
19213 PRINT"~itJ'liIlfJltJltJftllJ!iJlfjlltJiJJ@ltJa·; CS 
19313 PRIHT"~(jlfjllI'lIltJiJJiIJ@"'8J1W; CK; "!III " 
1949 RETURN 
19513 IN=K(KT,X+VL*8) 
19613 IF IN)4 THEN CK=X+VL*8:00T01910 
1970 IF IN=3 THEN CK=X+VL*8:GOT0191e 
19813 CS=CSORIN:GOT01910 
19913 REM 
2131313 REM D I SPLAY KEYBOARD BUFFER 
2010 REM 
20213 PRINT"~~~ 
20313 FOR 1=0 TO 9 
20413 PR I NT" ~1jJ'(ji(jlIfJMliJJltJ~ItJ'i" j KB ( D : NEXT 
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213513 PRINT"~"; 
2060 IF BP=9 THEN 2ese 
2070 PRINTLEFT$( "~ ,BP-i) ,; ·B_"~ " 
2080 PRINT "a~(fJIjl/j)'IJJ/JiIJJIJJNlfjl~~a 
21390 RETURN 
2100 REM 
21113 REM MNEMONICS FOR KEY PRESS 
2120 REM 
2130 DATA DEL,RET,C.RT .. F7,FLF3.FS,C.DN 
2140 DATA 3,W,A,4,Z,S,E,L.SH 
2150 DATA 5,R,D,6,C,F,T,X 
2160 DATA 7,'r',G,8,B,H,U,\J 
2170 DATA 9,I,J,0,M,K,O,N 
2180 DATA +,P .. L,-,.,": " ,@,Of," 
2190 DATA \, JII, or; • " CLR, R. SH, =, t, I 
2200 DATA l,."',CTRL2,SPC,CBM,Q,STOP 
2210 DATA , , , , , , , 

Program " 

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. 

033C 
033C 
033C 
033C 
033C 
033C 
a33C 
033C 
033C 
i:333C 
033C 
033C 
033C 
C000 
C000 A963 
C002 8D24e3 
C0e5 A9C0 
C007 SD2503 
C00R 60 

! FUNCTION KEYS FOR THE 64. 
!************************** I 

i EACH KEY CAN f-/A\.'E A MAXIMUM 
!DEFINITION OF 2SS CHARACTERS LONG 
! (MAXHlUM BASIC STRING LENGTH) 
! 
! DEFINE A FUNCTION KEY USING: 
! SYS 49163, N .. DEFINITION$ 
! 
! INITIALISE FUNCTION KE~~ WITH: 
! S''''S 49152. 

LDA #<FIJNCTION 
STA $9324 
LDA #)FUNCTION 
STA $0325 
RTS 

ceeB ! 
C0eB 20F1B7 DEFINE 
ce0E E009 
C01a '9005 
C012 A20E ERROR 
C014 6C0003 
C017 ! 
ce17 Eee0 DEFl 
C019 F0F7 
C0lB CA 
celC SA 
celD 48 
celE 20FDAE 
C021 209EAD 
C024 20A3B6 
C027 SD51C0 
C02A 68 
C02B 0A 
C02C AA 
C02D BD53C0 
C030 8524 
C032 BD54C0 

JSR $B7FI 
CPX #$09 
BeC DEFI 
LDX #$0E 
JMP ($9300) 

CPX HOO 
BEQ ERROR 
DE..'< 
TXA 
PHA 
JSR $AEFD 
JSR $AD9E 
JSR $B6A3 
STA STLEN 
PLA 
ASL A 
TAX 
LDA POINT.X 
STA $24 
LDA POINT+1,X 

!GET KEY# 
! LESS THAN 8? 
!'r'ES 
!ILLEGAL QUANTIr,.. 
!SEND ERROR 

'IS IT ZERO? 
!'r'ES 

!GET :3TRING 
!DISCARD STRING 
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ce35 8525 
C037 Aeee 
C039 B122 DEF2 
CroB 9124 
C03D C8 
C03E CC51C0 
C041 Fe35 
Ce43 Ce00 
C045 DeF2 
Ce47 59 DEF3 
C048 ceee DEF4 
C04A FeFB 
C04C A900 
C04E 9124 
Ce59 60 
Ce51 ! 
C051 00 STLEN 
C952 30 FUNCFLG 
C953 ! 
C053 99B800 POINT 
Ce5B geBA00 
C963 ! 
C063 A599 FUNCTION 
Ce65 F003 
C067 4C57Fl 
Ce6A ! 
ce6A A5D3 FUNC02 
Ca6C 85CA 
C96E A5D6 
C97e 85C9 
Ce72 98 
C073 48 
Ce74 SA 
C075 48 
ce76 A5De 
Ce78 F006 
C97A 4C3AE6 
Ce7D ! 
Ce7D 2e16E7 FUNCe3 
Ce8e AD52Ce FUNCe4 
Ca83 De66 
Ce85 A5C6 
Ce87 S5CC 
C089 8D9232 
cesc F0F2 
Ca8E 78 
ce8F A5CF 
ce91 F00C 
ce93 A5CE 
C095 AE870Z 
Ce9S A000 
Ca9A 84CF 
C09C 20l3EA 
C99F 20B4E5 FUNCe5 
C0A2 C983 
C0A4 D010 
ceA6 A209 
CeRS 78 
ceA9 86C6 
CeAB BDE6EC FUNC06 
C0AE 9D7602 
C0Bl CA 
C0B2 D0F7 
C0B4 F0CA 
ceB6 CgeD FUNCe7 
CelBS D003 
C0BA 4ce2E6 FUNCEXT 
CBBD ! 
G3BD A6D4 FUNC08 
G0BF DeBC 

STA $25 
LDY 1$09 
LDA ($22), 'I 
STA ($24),'1 
INY 
CPY STLEN 
BEQ DEF4 
CPY #$08 
BNE DEF2 
RTS 
CPY #$139 
BEG! DEF3 
LDA #$00 
STA ($24),'1 
RTS 

BYT 13 
BYT 0 

! END OF STR ING? 
!YES 
! END OF ROOM? 
!NOT 'lET 

!STRING LEHGTH=256? 
!"r'ES 
!ZERO TERMINATOR 
!STORE IT 

WOR fB800,fBC0e,$Bgee,$BDee 
I,j()R fERge, $BE90 , UB00, $BF00 

LDA $99 
BEQ FUNCe2 
JMP $F157 

LDfI $03 
STA feA 
LDA $06 
STA fe9 
T'T'A 
PHA 
TXA 
PHA 
LDA $D0 
BEQ FUNce4 
JMP $E63A 

JSR $E716 
LDA FUNCFLG 
BNE FUNC89 
LDA fe5 
STA fCC 
STA ~"92 
BEQ FUHC04 
SEI 
LDA feF 
BEQ FUNC05 
LDA feE 
LDX $0287 
LDY #$1313 
STY $CF 
JSR $EA13 
JSR $E5B4 
CMP #$83 
BNE FUNca7 
LDX #$139 
SEI 
STX $C6 
LDA $ECE6,X 
STA $13276,X 
DEX 
BNE FUNC06 
BEQ FUNC04 
CMP #$9D 
ENE FUNce8 
JMP $E6e2 

LDX $04 
B~IE FUNC03 

!FROM KE'lBOARD? 
!'IES 
!DO NORMAL 

!SAVE CURRENT CURSOR 
! COLUMN 

! AND ROW 
! SAVE . ~< AND • 'I 

! SCREEH OR KE'T'BOARD? 
! KE'T'BOARD 
!DO FOR SCREEN 

!DISPLAY CHAR TO SCREEN 
! DO ING FU~lCTI ON KEY? 

!ANY CHARS IN BUFFER? 
! IF NOT, BLINK CURSOR 
! AUTO SCROLL DO~JN 
!REPEAT UNTIL CHAR 
! DISABLE KE'T'BOARD 
! CURSOR BLI NK? 
!NO 
!RESTORE ORIG CHAR 
! AND COLOUR 

!SWITCH OFF BLINK 
!RESTORE CHAR 
IREMOVE CHAR 
!RUN/STOP? 
!NO 
! COPY m(T I NTO BUFFER 

! REPEAT UNTIL DONE 
!DONE 
!CARRIAGE RETURN? 
!NO 
!END INPUT 
!QUOTES? 
!'iES 
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C3Cl C985 
COC3 geB8 
C0C5 C98D 
C3C7 BeB4 
COC9 38 
caCA E985 
cacc 18 
ceCD 69:88 
ceCF 85FE 
ceDI A90e 
CBD3 85FD 
ceD5 A000 
CeD? 2e03Cl 
C3DA C8 
C3DB 8C52C0 
ceDE C90D 
ceE0 F0Da 
C0E2 C900 
C13E4 D097 
C0E6 8D52C13 
C0S F1395 
C0EB 
C0EB AC52C0 FUHC139 
C0EE 213133Cl 
C3Fl D005 
C0F3 8D52C0 
C0F6 F0es 
C0FB C8 FUHC10 
C0F9 8C52C13 
C0FC C90D 
C0FE F0BA 
CIB0 4C7DC0 
C103 ! 
C103 A5131 GETVAL 
Cl135 29FE 
C107 8501 
C109 BIFD 
Cl13:8 48 
Cl0e A501 
C10E 0901 
C110 8501 
C112 68 
C113 613 

CMP #133 
BeC FUNce3 
CMP #141 
BCS FUNC03 
SEC 
SBC #133 
CLC 
ADC #$B8 
STA $FE 
LDA #$00 
STA $FD 
LD'r' #$013 
JSR GETVAL 
IHY 
ST'r' FUNCFLG 
CMP #$0D 
BEQ F1JNCE}<T 
CMP #$00 
BNE FUNC03 
STA FUNCFLG 
BEQ FUNC04 

LDY FUNCFLG 
JSR GETIJAL 
BNE FIJNC10 
STA FUNCFLG 
BEQ FUHce4 
IHY 
ST'r' FUNCFLG 
CMP #$0D 
BEQ FUHCEXT 
JMP FUNC03 

LDA $01 
AND #$FE 
STA $01 
LDA ($FD) , 'T' 
PHA 
LDA $131 
ORA #$01 
STA $01 
PLA 
RTS 

Program 2. 

To enable the function keys enter: 

SYS 49152 

To define a function key use: 

SYS 49163,k#,def$ 

!LESS THAN Fl? 

! GREATER THAN F8? 

!CHANGE VALUE TO 0-7 

! SET HIGH B'nE OF 
! DEFINITION POINTER 

!GET FIRST BYTE 

! FLAG FUHCTI ON 
!CARRIAGE RETURN? 
!'T'ES 

! GET CHARACTER 

!CARRIAGE RETURN? 
! 'r'ES , 8:< IT 

!BASIC ROM OUT 

! GET CHARACTER 

! BASIC ROM HI 

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$="":FOR 1=.0 TO 79:A$=A$+CHR$(32)+CHR$(2.0):NEXT 
SYS 49163,7,A$ 

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 8.0 times). 
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2.2 J oystocks 

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 analogjoystick has started to appear in the form oflow 
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# I chip: port I to the read line and port 2 to the write 
line: 

$ DC.0.0: Bits 7-5 Not used 
4 JOY2 fire button 
3 JOY2 east 
2 JOY2 west 
I JOY2 south 

.0 JOY2 north 
$DC.0I: Bits 7-5 Not used 

4 JOYI fire button 
3 JOYI east 
2 JOYI west 
I JOYI south 

.0 JOYI north 

As with the keyboard, both joysticks must be read assuming that when the bit is 
zero, the contact is made. Because port I is connected to the same line as the 
keyboard read, any switches on joystick I will affect the character read in. 
Program 3 demonstrates the operation of the switch joystick. 

113 REM EXAMPLE OF READING THE JO'r'STICK 
213 REM 
313 PRINT":3Ot!"; 
413 A=PEEK(5632e):REM PORT 2, 56321 FOR PORT 1 
50 F=0:IF (AAND16)=e THEN F=l 
613 E=e:IF (AANDS)=e THEN E=l 
713 W=0: IF (AAND4)=0 THEN 14=1 
80 S=0:IF (AAND2)=0 THEN 8=1 
90 N=e: IF (RANDl )=13 THEN N=l 
lee IF F THEN RUN 
1113 IF E THEN PRINT"mU *"; 
1213 IF l~ THEN PRINT"mllliIjE 88".; 
1313 IF S THEN PRINT"80 )lliJiIjE".; 
1413 IF N THEN PRINT"sa :lI1HE".; 
1513 OOTO 413 

2.2.2 Potentiometer joystick 

Program 3. 

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 4.066 quad analog switch. The 4.066 switching is controlled by 
lines PA6 and PA7 on CIA#I. Program 4 allows the input of values from two 
joysticks using the USR command. 

[.210.21 
C(100 
CO(I13 
C13130 
C13130 
C000 
C000 
C001J 
C000 
C0(10 
C0013 
C0(10 20BFB 1 
C0'33 A565 
C1305 2903 
C0'37 AS 
C008 A240 
C00R 2902 
ceoc F002 
COOE A280 

*=$C0013 
1****************************** !ROUTINE TO READ PADDLE PORTS 

USES BAS I C USR COMMAND 
TO INITIALISE USR COMMAND 
POKE 785,0 

! POKE 786,.192 

P= USR( PADDLE NUMBER) 
1 ~!OTE PADDLE NUMBER = 0 TO 3 
!****************************~. USR JSR $B1BF 

LDA $65 
AND #3 
TAY 
LDX #$40 
AND #2 
BEQ PooR1 

COlO 78 P00Rl 
LID< #$80 
BEL 

COll 8E0.0DC 
Ce14 A280 
ce16 CA 
C017 10FD 
C019 98 
CelA 29tH 
COIC AA 
1A11D BC19D4 
C020 58 
C021 A900 
Ce23 4C91B3 

LOOP 

2.3 The screen 

2.3.1 The hardware 

sr..< $DC00 
LD)( #$80 
DE.~ 
BPL LOOP 
T'T'A 
AND #1 
TAX 
LDY fD419,X 
CLI 
LDA #0 
JMP $B391 

Program 4. 

! FLOAT TO FIXED 
!LOW B't'TE 

!KEYBOARD SCAN 
!USES $DC00 

! DELAY FOR A ..... D 
!CONVERTER 

!READ PORT 

! ZERO HIGH B't'TE 
!FIXED TO FLOAT & EXIT 

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 I. 

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. 



PUSH OFF All 
RE(;ISTERS. 
DISA8LE INPUT 
FROM SCREEN. 
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Display non control char 

Fig. 2.2. Character output flowchart. 

OR CHAR 
-# 

WITH $SO 

DE.t~EASE 

INSERT COVI'IT 

8'( .1 

PUT 
CHA~ACrER 
AND COL.OUR 
ONTO '5C.REHJ 

CHECK FOR 
LINE WRAP­
ARouND. IF SO, 
SC.ROLL uP oR 
DOWN DEPENO­
ING- ON LINE 
LINKING- AND 
sc.RcEt-J POS. 

PULL OFF 
REGS. 

ENA8Le.I~Q 
E.XIT 

NO 

NO 
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Handle char <128 

NO 

AND CIiAR 
~ WITH $DF 

TO/NLE 
GUOTE 
FLAG-

INCREI'\SE 
Rcw 

NUMBER? 

AND CHAR * 
WITH ~ 3F 

Fig. 2.2. (contd.) 

POSITION 
CURSoR AT 
TOP LEFT OF 

SCR~EN 

INCRE!\SE 
COLUi"\N 

NUt-' 8ER 

PCSITloN 
CUP-SOl'! ON 
NEXT 1.1I'IE 



Test for colour 
or lower case 

$ET VIC CHIP 
TO LOWER 

CASE 
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Handle colour codes 

Fig. 2.2. (contd.j 

LOAD .X 
WITH 15 

DEC.REASE .X 

LOAlJ COLOUR 
VAL WITH 

• X 
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Hand le char -IF > 127 

AND CHAR 
WITH $lF 

CHAR* 
= $ 5E 

NO 

NO 

011. CHAR 
WITH $4' 

Fig. 2.2. (contd.) 

Test for colour 
or upper case 

OR CHAR 
WITH .$'S¢ 

SET VIC 
CHIP TO 

UPPER CASE 
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YES 
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CLEAR 
REVERSE 

FLAt{ 

CLEAR SCREeN 
CLEAR UNE LINK 
C.UP,so(.\ TO TOP 

L.I:.FT 

Fig. 2.2. (contd.j 
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Operate on carriage return Delete a character 

ZERO "*' INSERTS. 
RESH caUOTES 
FLAq.. SEr RE~­
ERSE OFF. Mov& 
cv RSOII TO NEXT UNE 

SCROll SC:R~EN 
lip 

lOR a LINES 

MOVE. , CHAR 
BAC.K 

POSITIO~ AT 
10P LEFT 
Of SC.REEN 

Insert a space 

MOlle REST of 
CHARS ON UIIIE 
FORWARD I SP 
PUT II SPACE AT 
CURSOR POSITION 

INC.REASE :#= 
of INSE"RTS 

B'f I 

Fig. 2.2. (contd.j 

CD 

NO 

DECREASE 
COLUMN 8'1 

I 

MOVE REST OF 
CHARS oN LINE 
8A(1< I SPACE. 
RE PLACE LAST 
tHAP. WITH 5PACE 

SCROLL REST 
OF SC.II.EEN 

DOWN I LINE 
AND LINK IT 



'/ES 

Scroll screen up 

SAVE OFF 

SA and. fA 

DECREASE 
ROW# 

POINT TO 
SECOND LINE 

SCROLL 
LINE UP I 

LINE 

DEC.REASE 

LINE '* 
B)' I 

STORE 
SPACES /N 
BOTTOM LINE 

SCROLL LINE 
LINK HIGH 81TS 
DOWN I SHE. 
SET BoTTOM LINE 
A~ NOT LINI<.» 
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INC.REASE 

ROW,,", 

PAUSE LOOP 

CLE.AR KE'f­
BOAR]) BUFFER 

RESTORE 

SA and. EA 

EXIT 

( RTS) 

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 300 
baud normal cassette or 3600 baud for the high speed tape system in Chapter4. 
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. 
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Serial doclk and serial dlata 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 carryall 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 

Serial Clock 

Serial Atn 

SRQ 

in on PA7 
out on PA5 
in on PA6 
out on PA4 
in to user port pin 9 
out on PA3 
in to CIA chip I FLAG pin 

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

DATA 

FB 

5V 

Fig. 3.1. Serial port line driver. 

PAS (OUT) 
CIA 

74.06 inverting buffer/driver chip with its outputs tied to 5 V with 1 K resistors 
(Fig. 3.2). The 74.06 was chosen for its open collector outputs. An open collector 

I"lPUT 
OUTPUT 

~ND 

Fig. 3.2. 74¢6 schematics (one gate). 
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output can only drain current, not source it. So when the output of a 7406 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 I K resistor. The 64 uses this by having the 5 V state as the 
release state i.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 7406 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 anyone 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 
oDeration is shown in Fig. 3.3. 

1. Command byte sent under attention. 

64- Asserls attention AttE'ntion released 

8~t-e reo.d~ to send. b~ 64 if no 
Se cor.d(l.r~ o..ddrE'SS 

5V Bit vo.lid on clock hi9h to be sent 
AT"l 

¢v I I I 
CLOCK 5'1 I I I 

¢v 11--' 
DATA 5v I I I I I I I I I I 

¢V~DDOOOODD<-~---- Bit ~~~~~ 
¢1,2,34567' 

If TAT> 10\5 then lSB DATA 8115 HSB r.r;;1 . . . 
device not present TAT TNE Seno.L device Flog9 ln g 

error Serial device releases d(l~a. 
when reaci~ to receive 

Seria.l device (.I.ct<nowledses 
o.Henl-ion wilt1 data. low 

Fig. 3. 3. Serial bus timing. 

doJa Clccepl:ed. 

If T F > I ms then 

}ra.me error 



ATN 

CLOCK 

DATA 

2. Normal bytes on serial. 

TnlHer rea.d~ to Send 

I~ 
T(llker makes TNE longer -tho.n noC"'ma.L 

Less than 0.06 ms 

5V --------~~--~--------------~---

:~ I I I I I 
¢v ~I I I Ulllrumru"lrLJ-
5V EOl I 
¢v DO 00 LJ-Ur---'--O"'TTO-"I]~IJ-'-O.-r-O""""'L-IO~U-

lines released Qft"er messQge 

456'7- I ~l (2512.34-5 6 '=1-lase b~te \ 
02 listener ready fol'" ~ Los!: byte Cl.ccepl:ed 

A ,ms los!: bite 
ccepred 

Lis~el1er Qcl<nowledlJes 
EOl with da.ro. low 

Fig. 3.3. (coned,) 

er" 
Cll 
~ 
OJ -. 
C"') 
Cl 

:3 
:3 
c:: 
::J 
(::;. 
OJ ..... o· 
::J 
en 

w 
CJ1 



ATN 5v 
¢V 

CLOCK 5V 
¢V 

DATA 5V 
¢v 

3. Last byte of a message (EOI handshake). 

TalHer rea.d~ to send I I 
I T8B 

I I I 
----'1-----umrmJlJlJlfl~ InnnJlJlSU1lL-J 

TNE 

listener r-eo.dy. 

Releo.ses data. 

Fig. 3.3. (contd.) 

I 

LJ 00000000 LJ-I¢ 1234 56'T : .. I l;:;;;j TNE < O.l m, 
listener­

accepted 
do.l:"a. . 
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CAl 
en 

:;! 
(!) 

C") 
c 
3 
3 
c g. 
ii3 
~ 
~ 
:3 
til -til 
:J 
Q.. 

~ a. 
~ .., 
(!) 

::tI 
(!) 
<:: 
(!) 
til 
Ci) 
Q.. 



4. Listener becomes talker. 

ATN 5V 
¢V 

CLOCK 5V 
¢v 

DATA 5V 
¢v 

Attention released aFter command by 64-

I 64 releases clocK I Accepted. 

. New listener ready 

I I I 
~-LfT1-JUlJ1JlJUU1ILl 
DODD I I I I ~IOOUDOUUO L 
4567- tt 0123 4 561-

Command SA I THE Firs\- b,/te messa.£)e 

Accepted b~ New talHer sendil'19 
listener 

New ta.IKer reM'f To 

send 

New to..lfl.er pulls 

clocK \ow +0 
oCKnowled<je 

Fig. 3. 3. (contd.j 
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3.1.2 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 (UNT ALK) 

3.2 Serial ROM rollitines 

LOC CODE LINE 

0000 
0000 
0000 
0000 
0000 
0090 
0090 
0090 
0090 
00ge 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
009A 
009B 
009C 
0090 
009E 
009E 
009F 
009F 
009F 
00At 
00A3 
00A3 
00M 
00M 
001'15 
001'15 
00A6 
001'17 
001'17 
001'18 
001'18 
001'19 
001'19 
001'11'1 
00M 
00AB 
001'12. 
00AC 
001'10 
00AE 
00AF 
002.0 
0081 
00B2 
00204 
00B4 

,*********************~* 
, SERIAL SYSTEM 
,*********************** 

, 

.LIB KDECLARE 
* =$90 

,KERNAL VARIABLES , 
STATUS *=*-+1 
STKEY *=*+1 
SVXT *=*+1 
VERCK *=*+1 
C3PO *=*+1 
BSOUR *=*+1 
SYNO *=*+1 
XSAV *"*+1 
LDTND *=*+1 
DFLTN *=111+1 
DFLTO *=*+1 
PRTY *=*+1 
DPSW *=*+1 
MSGFLO *==*+1 
PTRI 
T1 *=*+1 
TMPC 
F'TR2 
T2 *=*+1 
TIME *=*+3 
R2D2 
PCNTR *=*+1 
BSOURI 
FIRT *=*+1 
COUNT 
CNTDN *=*+1 
BUFPT *=*+1 
IN2.IT 
SHCNL *=*+1 
2.ITCI 
RER *=*+1 
RINONE 
REZ *=*+1 
RIDATA 
RDFLG *=*+1 
RIPRTY 
SHCNH *=111+1 
SAL *=*+1 
SAH *=*+1 
EAl *=*+1 
EAH *=*+1 
CMPO *=*+1 
TEMP *=*+1 
TAPEI *=*+2 
2.ITTS 
SNSWI *=*+1 

,I/O OPERATION STATUS BYTE 
,STOP KEY FLAG 
• TEMPORARY 
;LOAD OR VERIFY FLAG 
,IEEE BUFFERED CHAR FLAG 
,CHAR BUFFER FOR IEEE 
,CASSETTE SYNC" 
,TEMP FOR BASIN 
,INDEX TO lOGICAL FILE 
,DEFAULT INPUT DEVICE" 
,DEFAULT OUTF'UT DEVICE" 
,CASSETTE PARITY 
,CASSETTE DIPOLE SWITCH 
,OS MESSAGE FLAG 
,CASSETTE ERROR PASS 1 
,TEMPORARY 1 

,CASSETTE ERROR PASS2 
,TEMPORARY 2 
,24 HOUR CLOCK IN 1/60TH SECONDS 
,SERIAL BUS USAGE 
,CASSETTE STUFF 
,TEMP USED BY SERIAL ROUTINE 

,TEMP USED BY SERIAL ROUTINE 
,CASSETTE SYNC COUNTDOWN 
,CASSETTE BUFFER POINTER 
,RS-232 RCVR INPUT BIT STORAGE 
,CASSETTE SHORT COUNT 
,RS-232 RCVR BIT COUNT IN 
,CASSETTE READ ERROR 
,RS-232 RCVR FLAG FOR START BIT CHECK 
,CASSETTE READING ZEROS 
,RS-232 RCVR BYTE BUFFER 
,CASSETTE READ MODE 
,RS-232 RCVR PARITY STORAGE 
,CASSETTE SHORT CNT 

,ADDRESS OF TAPE BUFFER 
,RS-232 TRNS BIT COUNT 



LOC CODE 

00BS 
00B5 
00"'.6 
00B6 
00B7 
0088 
0089 
00e.A 
00e.B 
00BD 
00BD 
008E 
00BF 
00C0 
00Ct 
00Cl 
00C2 
00C3 
00C3 
00CS 
00CS 
00CS 
00CS 
G0C6 
00C7 
e0CB 
00C9 
00CA 
00CB 
0~CC 
00CO 
00CE 
00CF 
0000 
0001 
0003 
001>4 
0005 
0006 
0001 
0008 
0009 
001'2 
00F3 
001'S 
00Fl 
00F7 
00Fl 
001'/ 
00F'I 
00FB 
00FF 
0100 
0100 
0100 
0101 
0200 
025;' 
0259 
025'1 
0~~5'>' 
0263 
0261> 
0271 
02J7 
0277 
0277 
0281 

LINE 

NXTBIT 
DIFF *"'*+1 
RODIHA 
PRP *=1<.+1 
FNLEN *=*+1 
LA *=!<.+1 
SA !II=*+l 
FA *"'*+1 
FNADR *=*+2 
MPRTY 
OCHAR *=*+1 
FSBLK *=*+1 
MYCH *=*+1 
CASI *=*+1 
TMPO 
STAL *=*+1 
STAH *=*+1 
MEMUS9 
TMP2 *"*+2 

;VARIABLES FOR SCREEN , 
LSTX *=*+1 
NDX !I!"*+l 
RVS *=*+1 
INDX *=*+1 
LSXP *=*+1 
LSTP *=*+1 
SFDX *=*+1 
~.LNSW *=*+1 
BlNCT *=*+1 
I3I>BLN *=*+1 
BUIUN *=*+1 
CRSW *=*+1 
f'NT ;0;=*+2 
PNTR *=;0;+1 
tnsw *"'*+1 
LNMX *=*+1 
TBLX *=*+1 
OAf A *=*+1 
1 NSR'! *=*+1 
LOTBI *=~<.+25 

LINTi'll" *=*+1 
USER :'='=*+2 
.(I::YTAB *=*+2 . 
;RS-232 Z-PAGE 
, 
RIe.UF *=*+2 
ROBUF *=*+~ 
FRE.:ZP *=*+4 
BASlP"!' *=*+1 

BAD 

!:'.UF 
, 

:>;=$100 
*=*+1 
*=$200 
*=*+8'>' 
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;RS-232 TRNS NEXT BIT TO BE SENT 

,RS-232 TRNS BYTE BUFFER 

;LENGTH CURRENT FILE N STR 
,CURRENT FILE LOGICAL ADDR 
,CURRENT FILE 2ND ADDR 
,CURRENT FILE PRIMARY AD DR 
;ADDR CURRENT FILE NAME STR 
,RS-232 TRNS PARITY BUFFER 

;CASSETTE READ BLOCK COUNT 

,CASSETTE MANUAL/CONTROLLED SWITCH 

,CASSETTE LOAD TEMPS (2 BYTES) 

EDITOR 

,KEY SCAN INDEX 
,INDEX TO KEYBOARD g 
;RVS FIELD ON FLAG 

,X POS AT START 

,SHIFT MODE ON PRINT 
,CURSOR BLINK ENAB 
,COUNT TO TOGGLE CUR 
,CHAR BEFORE CURSOR 
,ON/OFF "'.LINK FLAG 
,INPur US GET FLAG 
,POINTER TO ROW 
;POINTER TO COLUMN 
;l~UOTE SWITCH 
;40/80 MAX POSITION 

;INSERT MODE FLAG 
;40/H0 LINE FLAGS 
;TEMPORARY FOR LINE INDEX 
;SCREEN EDITOR CULOUR If' 
;KEYSCAN TABLE INDIRECT 

RS-232 INPUT BUFFER POINTER 
RS-2J2 ourpUT BUFFER POINTER 
FREE KERNAL ZERO PAGE 
LOCATION ($00FF) USED BY BASIC 

;B~SIC/MONITUR BUFFER 

;TABLES FOR OPEN FILES , 
LAT 
foAl 
SAT . , 

*=;<.+10 
*=*+10 
*=*+10 

;SYSTEM STORAGE , 
KEYI> *=*+10 
MEMSTR *=*+2 

,LOGICAL I'IlE NUMBERS 
;PRIMARY DEVICE NUMBERS 
;SECONDARY ADDRESSES 

;IRQ KEYBOARD BUFFER 
;START OF MEMORY 
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LUC 

0283 
0285 
0286 
0286 
0286 
0286 
0287 
0288 
028''> 
028A 
0288 
0~~BC 
0;?8U 
0281: 
028F 
0291 
\j2<,>2 
0~'93 
\j 2';> 3 
02<,>3 
02'>'3 
02',>4 
029:) 
0291 
0:l98 
0299 
029l'. 
0298 
029['. 
029B 
029C 
02<;'0 
02',>U 
0290 
0290 
\j2<,>1:. 
029F 
029F 
02A1 
02A1 
02A1 
0300 
0314 
0j16 
0318 
031A 
031C 
0j1E 
0320 
0322 
0324 
0326 
0328 
032A 
032C 
03:.!E 
0330 
0332 
033" 
0334 
033C 
03fC 
03FC 
0400 
0/EI 
07E7 
0800 
0800 

CODE LINE 

MEMSll *=*+2 
TIMOU) *=*+1 , 
;SCREEN EIHTUR STORAGE 

· COLUR 
I3UCOL 
HIBASI: 
XMAX 
RPTFLG 
t:OUNT 
OI:LAY 
SHFLAI3 
LS I SHF 
f(EYLUG 
MUUE. 
AUTUUN 

*'"*+1 
*"'*+1 
*"'*+1 
*=*+1 
*"'*+1 
*"'*+1 
*=*+1 
*=*+1 
*=*+1 
*=;.:+2 
*"*+1 
*"'*+1 

:RS-232 STORAGE 

· M26C"1 R *=*+ 1 
M26CUR *=*+1 
M26AJB *"'*+2 
RSSIAT *=*+1 
8I1NUM *"'*+1 
l'.AUDOF *=*+2 

· ;RE.CIEVER STORAGE 

RIOBE *"'*+1 
RIL)l'.S *=*+1 

;rRANSMITTER SrORAGE 
, 
ROUBS *=*+1 
ROUE'.f:. *='-'+1 

· IRtlfMP *=*+~! 

CINV 
CBINV 
NMIIN 
IOF·I:.N 
lCLUS!'. 
ICHKIN 
ICI:OUT 
lCLRCH 
I l'.ASI N 
IBSUUT 
15"1 UP 
WETIN 
ICLALL 
USRCMO 
ILUAD 
ISAVE 

*=$0300 
*=$0300+20 
*=*+2 
*=:.:-+2 
*=*+~ 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 
*=*+2 

*=$0300+60 
Tl'.UFFR *=*+192 

*=$0400 
CE'.MSCN *=*+9<,>9 

*=$0800 
,RAMLUC 

; TOP UF MEMURY 
;IEEE TIMEOUT FLAG 

;ACTIVE COLOUR NIBBLE 
,URIGINAL COLOUR BEFORE CURSOR 
,BASE LUCATIUN OF SCR!'.EN (TOP) 

;KEY REPEAT FLAG 

,SHIFT FLAG BYTE 
,LAST SHIFT PA1TERN 
;INOIRECT FOR KEYBUARD fABLE SETUP 
;0-PI:T MUDE, 1-CArTACANNA 
; AUTO SCRULL DOWN FLAG ("'0 ON, 00 OFF> 

,6:)26 CONTROL REGISTER 
;6526 CUMMANO REGISTER 
;NUN STANDARD (BITTIME/2-100) 
;RS-232 STATUS REGISTER 
;NUMBER UF BI1S 10 SENO (FAST RESPONSE) 
;BAUO RAfE FULL BIT fIME 

;INPUT BUFFER INDEX 1U ENO 
;INPUT BUFFER PUINTER TO S1ART 

;OUTPUT BUFFER INDEX 10 SlART 
;OUTPur BUFFER INDEX 10 ENO 

;HOLDS IRQ DURING TAPE OPS 

;PROGRAM INOIR!'.CTS(10) 
:KERNAL/OS INUIRECTS (20) 
; IRGI RAM VECTOR 
;BRK INsrR RAM VECTUR 
;NMI RAM VEC/UR 
;INOIRECTS FUR CODE 
;CUNFORMS TO KERNAL SPEC 8/19/80 

,SAVESP 

,CASSETTE DATA BUFFER 

;64 SCREEN 



LOC CODE 

01300 
0000 
D0:.!!'" 
00:.!1'" 
0400 
0410 
0410 
01300 
08E.! 
OSE} 
08E7 
OSE7 
OC00 
DC00 
OC01 
OC01 
DC02 
0(;03 
OC04 
OC05 
OC06 
OC07 
DC08 
OC09 
OC0A 
DC08 
oe0C 
DC00 
OC0E 
oC0F 
0(;10 
DC10 
D000 
D001 
0002 
0003 
0004 
ODes 
0006 
0007 
0008 
0009 
000A 
0008 
000C 
0000 
Ll00E 
000F 
LlO10 
0010 
OLl10 
OLl10 
0010 
0010 
0010 
D010 
0010 
0010 
0010 
D010 
0010 
D010 
0010 
0010 
0010 
0010 
D010 

LINE 

*=$Ll000 
VICREU *=IH4i' 

*=$0400 
SIORE.6 ;o;=IH29 

*=$0800 
C~.MCUL *=11,+999 

· ;I1U DEVICES 

* =$OC00 
COLM 
01DPA *=*+1 
ROWS 
D1DI-·~. *=*+1 
LllLlORA *=*+1 
0100RB *=*+1 
LlIJAL *=*+1 
OlTAH *=If+ 1 
01T8L *=*+1 
01 re.H *=*+1 
1>1 TOLl 1 *=IHl 
01TU02 *=*+1 
01 ruOJ *=*+1 
01T004 *=*+1 
1H lOLlS *=*+1 
1H ICR *=*+1 
01CkA *=*+1 
01CRS *=*+1 

*= $0000 
020PA *=*+1 
020F'S *=*+1 
I):.!LlORA *=*+1 
D20DRB *=*+1 
021AL *=IHl 
02TAH *=*+1 
02H·.L *=*+1 
021'~.~1 *=*+1 
02.,.001 *=*+1 
02T002 *=*+1 
Ll2'J 003 *=*+1 
021'004 *=*+1 
021008 *=*+1 
D21CR *=lHl 
D2CRA *=*+1 
02CRB *"'*+1 
· · ,TAPE BLOCK TYPES 
I 
EOT =5 
~\LF "1 
SOF "2 
f'LI' =3 
BOFH =4 
BUFSl "192 , 
; TAPE ERROk TYPES 
; 
SPERR =16 
CKERR =32 
SSERR =4 
LBERR =8 
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,VIC REUlSlERS 

,SID REGISTERS 

,64 COLOUR NIBBLES 

;6526 (IRQ) 
;KEYBOARO MATRIX 

; KEY~.OAR(.J MATR I X 

;6526 (NMO 

,END OF TAPE 
,BASIC LOAD FILE 
,BASIC DATA f"lLE 
;I'IXED PROGRAM HPE 
,BASIC DATA FILE HEAOER 
;BUFFER SIZE 

SCREEN EDITOR CONSTANTS 
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LOC CODE LINE 

0010 
0010 
D010 
0010 
0010 
0010 
0010 
0010 
0010 
0010 

TALK 

Entry point: $FFB4 

L.L£N =40 
LLEN2 =90 
NUNES =2~j 

BLUE =6 
LTF.LUE =14 
CR =$0 
MAXCHR =80 
N~JRAF' =2 
.ENO 

.LIB KSERl 

-SINGLE LINE 40 COLUMNS 
;OOUBLE LINE 80 COLUMNS 
;25 ROWS ON SCREEN 
;BLUE SCREEN COLOUR 
-LT BLU£ CHAR COLOUR 
;CARRIAGE RETURN 

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. $9.0) - attention not acknowledged 
by data low within I ms 
Frame error (in ST) - no data accepted response (data low) within I ms of last 
bit of byte being sent. 

Description: This routine ORs the device number in the .A register with $4.0. 
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 
D2DP A in listing). Then the command byte is sent with the attention line held 
low. 

LOC CODE 

0010 
E::009 
W09 
E009 
E009 
E009 
E009 09 40 
El>08 2C 

LISTEN 

LINE 

*=$1::.009 
;*********~***********************~****** 
;.COMMANO SERIAL BUS 10 TALK. 
,*THE ACCUMULATOR MUST BE LOAOI::.O WITH THE 
,.OEVICE NUMBER THAT YOU WISH TO TALK. 
;**************************************** 
L936 ORA "$40 ,MAKE ADDR TALK 

.BYT $2C ,SKIP NEXT COMMAND 

Entr.-v point: $FFBI 



Function: Command serial device to listen 

Input parameters: .A device number 

Output parameters: None 

Registers used: .A 

Error messages: 
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Device not present (returned in STatus var. $9.0) - attention not acknowledged 
by data low within 1 ms 
Frame error (in ST) - no data accepted response (data low) within 1 ms of last 
bit of byte being sent 

Description: This routine ORs the device number in the .A register with $2.0. 
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 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 I 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 

L85.0 - 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 I 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 

I:.oec 
E00C 
E.00C 
ED0C 
1:.00C 
E00C 
E00C 
E00E 
EOll 
E012 
!:.O14 
E016 
ED16 
E016 
1:.016 
E017 
ED19 
E01C 
!:.Ol1:. 
E020 
E021 
E023 
E024 
E02l 
E029 
E02B 
E:02E 
E031 
E033 
1:.036 
E036 
E037 
E03A 
E030 
E04e 
E041 
E044 
E047 
E049 
E04C 
ED4E 
EO!)0 
E05e 
E053 
EDS!) 
EO!)!:! 
1:.05A 
E050 
EOSF 
E062 
E062 
£D62 
[062 
E064 
E066 
E069 
E06C 
l06E 
ED6F 
E071 
ED73 
E07!) 
ED7e 
lOlA 
EOID 
E080 
ED81 
[082 

CODE 

09 20 
20 A4 F0 
4!:! 
24 94 
10 0A 

38 
66 A3 
20 40 ED 
46 94 
46 AJ 
68 
85 95 
78 
20 97 EE 
C9 JF 
De 03 
20 8S EE 
AD 00 00 
09 08 
80 410 DO 

78 
20 8E EE 
20 97 EE 
20 B3 EE 
78 
20 97 EE 
20 A9 EE 
B0 64 
20 85 EE 
24 AJ 
10 0A 

20 A9 EE. 
90 FB 
241 A9 EE 
B0 FB 
20 A9 EE 
90 FB 
241 8E EE 

A9 418 
85 A5 
AD 041 00 
CD 00 00 
00 Fa 
0A 
'Ie 3F 
66 'I::; 
Be 0S 
20 A0 1:":E 
De 413 
20 97 EE 
20 85 E:E 
EA 
EA 
EA 

LINE 

;**************************************** 
;*CUMMANO SERIAL BUS TO LISTEN. 
,*TU USE THIS ROUTINE. THE ACCUMULATOR MUST 
;*FIRsr BE LOADED WITH THE DEVICE NUMBER THAT 
,*YOU WISH TU LISTEN (RE.CEIVE DATA). 
;**************************************** 
L966 URA Mt20 ;MAKE AOOR LISTEN 

JSR eF0A4 ,PROTECT FROM RSJ2J NI'II 
L9se PHA 

BII" C3f'O ,GHAR IN BUFF·ER? 
BPL L864 ,NO , 

,SEND BUFFERED CHAR 

SEC 
ROR R202 
JSR L8SS' 
L9R CJPO 
LSR R202 

L864 F'LA 
STA eSOUR 
SEI 
JSR L844 
CMf' UJF 
BNE UI39 
JSR Le75 

Le39 LOA 020PA 
URA 11$08 
SlA 020PA 

J 
L842 SEI 

JSR L843 
JSR L844 
JSR L!:!46 

Le!:!9 SEI 

;00 EOI 

JSR L844 
JSR L8S4 
SCS L856 
JSR L87S 
SIr R202 
Bf'L L8se 

L840 JSR L!:!S4 
BCC L84e 

L849 JSR L854 
8CS L849 

L8se JSR L8S4 
I!.CC La!)0 
JSR L843 

; 
; SET "10 SENO OAT A 

Le48 

LaSl 
L8S3 

LOA 11$08 
STA COUNT 
LOA D20f'A 
CMP D2DPA 
B~IE L848 
ASL A 
BCC L847 
RUR 8S0UR 
BCS L8S1 
JSR L841 
SNE LS53 
JSR L944 
JSR L87S 
NUP 
NOP 
NOP 

,SET EOI FLAO 

,SEND LAST CHAR 
,BUFFER CLEAR 
,CLEAR !:.OI RAG 
,rALK/LISTEN AOOR 

,CLKHI ONLY ON UNLISTEN 

,ASSERT ATTENTION 

ISH CLOCK LINE LOW 

JOELAY 1 MS 
,DISABLE IR~l 
;MAKE SURE DATA IS RELEASED 
,0AlA SHOULD BE LOW 

;CLUCK LINE HI 
;EOI FLAG TEST 

,WAIT FUR DATA HI 

,WAIT FOR DATA LO 

;WAIT FOR DATA HI 

;SET CLOCK L.U 

; COUNT B BITS 

! OH.OUNCE BUS 

;DATA MUST BE HI 
,NEXT BIT INro CARRY 
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LOC COOl:. LINt 

EDB3 EA NOP 
EOl:l4 AD 00 DO LOA 020f'A 
[01:17 29 DF AND 11$0': ,DAIA HI 
EOBY 0Y 10 ORA 11$19 ,CLOCK LO 
EoaB aD 00 00 SlA 020f'A 
I:.08E C6 A~ DEC COUNT 
[0918 De 04 ~.NI:: L84B 
El>y:;! A9 04 LOA 11$04 ,SET TIMER FOR 1 1'19 
E.094 80 187 DC srA OlTBH 
EO'll A9 19 L[)A 11$19 
E099 8D 01' DC STA DICRB 
tD9C AD 00 DC LOA OllCR 
E09F AD eo DC L855 U)A OIICR 
EOA2 2Y 02 AND 11$02 
EDA4 018 tA I'.HE LB47 
EDM 20 A9 n: JSR L854 
EDAY "'.0 F4 ~.CS L855 
EDAB 51:1 CLI ;ENAl'.LE IRtl 
[DAC 618 RTS 
El>AD A9 B0 La56 LOA 11$80 ,DEVICE Nor PRESENT 
EOAF 2C .IWT $2C 
EOB0 A'~ 03 LI:I47 LDA 11$03 ;FRAMINO ERROR 
U)B2 20 lC Ft L852 JSR $FEIC ;SEND MtSSAGE 
EOB5 58 eLI ;ENABLE IRQ 
EDB6 18 CLC 
EDBI 90 4A BCC L1004 ;ALWAYS 

SECOND 

Entry point: $FF93 

Function: Send secondary address after listen 

Input parameters: Secondary address in .A register ORed with $6.0 

Output parameters: None 

Registers used: .A 

Error messages: 

45 

Device not present (returned in STatus var. $9.0) - attention not acknowledged 
by data low within I 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 

EDB9 
EOIW 
EDB9 
EUB9 
E.[)IW 
EOB9 85 95 

LIN£ 

;~*************~*****~******************* 
;~SEND SECONDARY ADDRESS AFTER LISTEN. 
;*rHlS ROUTINE IS USED TO SEND A SECONDARY 
,.AOORESS AFTER A CALL TO THE LISTEN COMMAND. 
, ••••••••••••••••••• ********** ••••••••••• 
L811 srA BSOUR ;BUFFER CHAR 
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EUE'.H 
EUHE 
WBE 
EOSE 
toHE 
EOCI 
I:":DC3 
EDe6 

20 36 ED 

AD 00 00 
29 F7 
BD 0" DD 
60 

[TKSA 

JSR LB42 
: 
:RELEASE ATTENT'ON 
: 
L9B3 LOA D2DPA 

AND II$F7 
srA D2DPA 
RTS 

Entry point: $FF96 

Function: Send secondary address after talk 

;SI:":ND IT 

; RELEASE 

Input parameters: Secondary address in .A register 

Output parameters: None 

Registers used: .A 

Error messages: 
Device not present (returned in STatus var. $9.0) - attention not acknowledged 
by data low within I ms 
Frame error (in ST) - no data accepted response (data low) within I 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: 

LOC 

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

CODE LINE 

EDC7 ;*~************************************** 
mGl I*SEND lALK SA. 
[oC7 :*THIS ROUTINE IS USED TU SEND A SECONDARY 
[DC7 :"ADDRESS TO A DEVICE THAT HAS ALREADY e.EEN 
tDCl ;*CUMMANDED TU TAU(. 
lOCI ;**************************************** 
EDC7 85 95 LB6" Sf A BSUUR ,HUFFER CHAR 
EDC9 20 36 ED JSR LB42 ,SEND SA 
EDCC . , 
EDec ;SHIFT OVER TO LISTENER 
EDCC : 
EDCC lB L970 SEI ,DISAe.LE IRQ 
EDCO 20 A0 EE JSR L841 ,DATA LINE LO 
£000 20 BE EO JSR L9B3 
EDD3 20 85 !::E. JSR L875 ,CLOCK LINE HI 
EDD6 20 A9 EE:: L968 JSR L854 ,WAlT FOR CLOCK LO 
EDD9 30 FB BI'lI L968 
EDDB 58 eLI ; DONE 
EDDC 60 RTS 
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ClOUT 

Entry point: $FF A8 

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. $9.0) - attention not acknowledged 
by data low within I ms 
Frame error (in ST) - no data accepted response (data low) within I ms oflast 
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 

EDOO J**************************************** 
!:.DO 0 ;l'.UFFEREO ourpUT TO SERIAL BUS 
!:.DOD ;******~***********M**W****************** 
EOOO 24 94 L86! 1'.1 T C3PO 
EDOF 30 0~ BMI l.949 
EI)U 38 SEC 
EDE2 66 94 ROR C3PO 
EDE4 00 0S !:'.NE L862 
EOE6 ; 
EOE6 48 L949 PHA 
EuE7 20 40 ED JSR UI59 
EOEA 68 F'lA 
EDEB 85 95 U:l62 SlA SSOUR 
EDEO 18 CLC 
EI)EE 60 RTS 

UNTlK 

Entry point: $FF AB 

Function: Send command UNT ALK 

Input parameters: None 

Output parameters: None 

Registers used: .A 

Error messages: 

;BUFFERED CHAR? 
;YES, SEND LAST 
;NO 
;!:>ET BUFFERED CHAR 
,ALWAYS 

,SAVE CURRENl CHAR 
;SENI) LAST CHAR 
,RESTORE CURRENT 
,BUFFER rr 
I (WOI) EXIT 

FLAG 

Device not present (returned in STatus var. $9.0) - attention not acknowledged 
by data low within 1 ms 
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Frame error (in ST) - no data accepted response (data low) within I 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 

EDEF 
EOEF 
EDEF 
EOEF 
EDEF 
EDEF 
EDEF 78 
EOF0 20 8E 
EDF3 AD 00 
EOF6 09 08 
EOFS 80 00 
[OF!!. A9 51" 
EOFD 2C 

UNlSN 

EE 
DO 

00 

LINE 

.***~************************************ 
; *SEND UN IAU(. 
;.THIS RUUTINE SENDS AN 'UNTALK' TU THE SERIAL 
;*8US. IT WILL TELL ALL DEVICES IN lALK 
•• MOOE TO STOP TALKIN6 (SENDING DATAl. 
;** ••••••••••••••• * •• * •• * •••••••••••••••• 
UJ63 SEl 

JSR L84J 
LDA D2DPA ,PULL ATN 
URA N$08 
STA D2DPA 
LOA N$5F ;UNTALK 
.BYT $2C ,SKIP NEXT CUMMAND 

Entry point: $FF AE 

Function: Send command UN LISTEN 

Input parameters: None 

Output parameters: None 

Registers used: .A 

Error messages: 
Device not present (returned in STatus var. $9.0) - attention not 
acknowledged by data low within I ms 
Frame error (in ST) - no data accepted response (data low) within I 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 

EDFE 
EOH:: 
EO~E. 
EOFE 
EDFE 
EOF- E 
EOf'E AY 3F 
E[00 20 11 EO 
E.E03 
EE03 
EE03 
EE03 20 BE EO 
EE06 

LINE 

;*****~********************************** 
; *SENO UNLISTEN. 
;.THIS ROUTINE SENDS AN 'UNLISTEN' TU 
,.THE SERIAL BUS. IT WILL TELL ALL DEVICES 
;.IN LISTEN MUDE TO STOP LISTENIN6. 
; ....................................... . 
L1006 LDA M$3F ,UNLISTEN CUMMANO 

JSR L980 ,SEND 
I 
;RELEASE ALL LINES 

JSR L983 ,RELEASE ATN 



EE06 
EE06 
EEfl6 SA 
EE07 A2 0A 
EE09 CA 
EE0A 00 FO 
EEflC AA 
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,DELAY THEN RELEASE CLOCK AND DATA , 
LS58 TXA ,DELAY APPROX 60 MICRO SECS 

LDX 1I$0A 
L876 DEX 

SNE LS76 
TAX 

EE00 20 8S EE 
EE10 4C 97 E.E. 

JSR L875 
JPlP L844 

ACPTR 

Entry point: $FF A5 

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 0.2 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 L870, 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 EO! flag in ST 
; EO! flags end of message 
If set then delay and release data 
Exit this byte read in .A 

LOC CODE LINE 

EE13 
EE13 
EI::13 
EE13 
EE14 

78 
A9 00 

EE16 as A5 
EEHI 20 85 EE 
EEIB 20 A9 EE 
EEIE 10 FB 
lE20 
EE22 
EE25 
EE27 
EE2A 
EE2D 
EE30 
EE33 
EE3:'i 
EE37 
EE:.sA 
EE3C 
EE3E 
EE3E 
EE.3E 
EI::40 
EE42 
EE44 
EE47 
lE47 
EE47 
EE47 
EE4A 
EE40 
EE4F 
EE52 
EE54 
EE56 
EI::56 
EE56 

A'! 01 
SO 07 DC 
A9 19 
80 0F DC 
20 97 EE 
AD 00 DC 
AD 00 DC 
29 02 
00 07 
20 A9 EE. 
30 F4 
10 18 

AS AS 
Fe 05 
A9 02 
4C 82 ED 

20 A0 EE 
20 1:15 EE 
A9 40 
20 lC FE 
E6 AS 
00 CA 

E.E56 A9 01:1 
E.E58 85 AS 
E[5A AD 00 DD 
EE50 CO 00 DO 
EE60 00 f8 
EI:.62 0A 
I'..E63 10 FS 
EE65 66 AI, 
EE67 AD 00 DD 
El6A CD 00 DO 
EE60 00 F8 
lE6F 0A 
EE70 30 F5 
EE72 C6 A5 
EE74 00 E4 
EE16 20 A0 EE 

;**************************************** 
;INPUT A BYTE FRO" SERIAL BUS 
;**************************************** 
L86S SEI ;OISABLE IRQ 

LDA "$0" ,SET EOI/ERROR fLAG 
SlA COUNT 
JSR La7S 

L943 JSR L8S4 
Bf'L L943 

L866 Ll>A 1t$01 
STA OITBH 
LOA M$19 
SlA 01CRS 
JSR L844 
LOA OIICR 

L872 LOA OIICR 
AND 1t$02 
e.NE Lab8 
JSR L854 
BM! La72 
~·F'L L870 

L8b8 LOA COUNT 
BEQ Lab? 
LOA U02 
JMP .L852 

; 

;RELEASE CLOCK LINE 
,WAIT FOR CLOCK HI 

,SET TIMER B FOR 25b U9 

,CBECK THE 
,RAN OUT 
,CHECK HIE 
;NOT YET 
,YES 

TIMER 

CLOCI( LINE 

,CHECK FOR ERRUR 

,8T"2, REAl> rIME OUT 

,TIMER RAN OUT, DO AN EOI , 
L867 JSR La41 ,DATA LINE LO 

JSR LI:I75 ;DELAY, SET DATA HI 
LOA Itt40 
JSR $FEIC lOR AN EOI BIT INTO ST 
INC COUNT AND AGAIN FOR ERROR CHECK 
BNE L86b 

; 
; e.YTE TRANSFER 
; 
La70 LOA 1t$08 

SlA COUNT 
L869 LOA 020PA 

CMF' 02l>PA 
SNE L.869 
MiL A 
IWL L869 
ROR SSOURI 

LB73 LOA 020F'A 
CMF' D2DF'A 
SNE L873 
ASL A 
BMI U!73 
DEC COUNT 
e.NE La69 
JSR La41 

; SET UFo COUNTER 

;WAIT FOR CLOCK HI 
;l>EBOUNCE 

;ROTATE DAlA IN 
;WAIT FOR CLOCK LO 
;OEe.OUNCE 

;MORE BITS 
;OAlA LO 
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EE79 24 90 En T STAfUS ICHECK FOR EOI 
t:.E7B ::;0 03 EWC l874 :NONE 
EE70 20 06 II JSR lBsa ;DElAY AND DATA HI 
EEB0 AS A4 L874 lOA BSOUR1 
EEB2 58 CLI ;ENABlE IRQ 
EEBJ 18 ClC ,GOOD EXIT 
EEB4 60 RTS 

3.3 General lrOutines 

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 
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. 

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

lOC CODE lINE 

AO 00 [)O 
29 EF 

t:.EB~ 
EEB5 
EE85 
EEB5 
EE88 
EEBA 
r::E8D 
r::EaE 
EEBE 
EE8E 
EEBE 
EE91 
EE93 
EE96 
EE97 
EE97 
r::EY7 
EE97 
EE9A 
EE9C 
EE9F 
EEA0 
EEA0 
EEA0 
EEA0 
EEAJ 
EEA5 
EEA8 
EEA9 
EEA9 
EEA9 
EEA9 AD 
EEAC CO 
EEAF D0 
fEB 1 0A 
EEB2 
EEB3 
EEBJ 
EEB3 
EEB3 

80 00 DO 
60 

AD 00 OD 
09 10 
80 00 DO 
60 

AO 00 00 
29 OF 
aD 00 00 
60 

AD 00 00 
09 20 
aD 00 00 
60 

60 

8A 

00 DO 
00 DO 
FB 

, 
:Sr::T CLOCK lINE HI (INVERTED) 
, 
laJ5 lDA D20PA 

ANO H$EF 
STA D20PA 
RTS 

; 
:SET CLOCK lINE lO (INVERTED) 
I 
l843 lOA 020PA 

ORA H$10 
STA 020l"A 
RTS , 

;SET DATA lINE HI (INVERTE[) 
, 
La44 LOA 020PA 

AND OI$DF 
STA D20PA 
RTS 

: 
;SET DATA lINE lO (INVERTED) , 
l841 lOA 020PA 

ORA H$20 
SlA 020l"A 
Rrs 

; OEP.OUNCE THE F'IA 
; 
La54 lOA 02DPA 

CMF' 020PA 
BNE l854 
ASl A 
RTS 

, 
;DELAY 1 MS 
, 
la46 TXA 
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EEE'.4 A2 B8 LI>X II$BB 
EEB6 CA L845 DEX 
EEBI 1>0 FD E'.NE L845 
EH.9 AA TAX 
EEM 60 RTS 
EH.E'. .END 
EEBB • LIE'. KSER2 

GETiN 

Entry point: $FFE4 

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 LINE 

EEBE'- *=$F13E:. 
H3E ; 
F13E ;**************************************** 
F13E ;* (JEllN -- GET CHARAcn.R FROM CHANNEL. 
F13E ;* CHANNEL IS DETERMINED BY DFLTN. 
1'1310 ;* IF I>EVICE IS 0, KEYEWARD QUEUE IS 
F13E ;* EXAMINED AND A CHARACTER REMOVED IF 
Fi3E ;* AVAILABLE. IF QUEUE IS EMPTY , Z 
F13E ;* FLAG IS RETURNED SET. DEVICES 1-31 
F13E:: ;* ADVANCE 10 BASIN. THE CHARACTER IS 
F131:: :* RETURNED IN • A. IF ZERO, NULL CHAR • 
F13E 1**************************************** 
F13E ; 
F13E A5 99 NGETIN LOA DFLTN ;CHECf{ DEVICE 
F140 00 08 E'.NE L924 ;NOT KEYI!·OARO 
F142 A5 C6 LOA NOX ,QUEUE INDEX 
F144 F0 0F BEQ L944 ,NOTHING THERE, EXIT 
F146 78 SEI 
F147 4C B4 E5 JMP $E5B4 ,REMOVE A CHAR 
F14A C9 02 L924 CMF' 11$02 ;RS-232? 
F14C 00 18 SNE L927 ,NO, USE BASIN 
F14E 84 97 L926 STY XSAV ,SAVE • Y, USED IN RS-232 
1'150 20 86 1'0 JSR $F0S6 
F153 A4 97 LOY XSAV ;RESTORE .Y 
F155 18 L944 CLC ,0000 RETURN 
F156 60 RTS 

BASIN 

Entry point: $FFCF 
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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 #0 (EOF), the 
character 13 (carriage return) is returned with CARRY clear. Otherwise one 
byte is read using the ACPTR routine. 

LOC CUDE LINE 

F157 
F157 
F157 
Fl57 
F157 
Fl57 
F157 
F157 
F157 
F157 
F157 
F157 
F157 
F157 
F157 
F157 
F157 
F157 
F1::59 
FlSB 
f"1SB 
F1Sf? 
Fl5f? 
F150 
F15F 
F161 
Fl63 
F166 
Fl66 
F168 
F16A 
F16C 
F16!:: 
F170 
F173 
F173 
Fll5 
Fl77 
F179 
F179 
FlAt> 
FlAO 
FlAt> 

AS 99 
00 08 

A5 03 
85 CA 
A5 06 
85 C9 
4C 32 E6 

C9 03 
00 09 
85 00 
A5 05 
85 C8 
4C 32 E6 

B0 38 
C9 02 
Fe 3F 

FlAt> A5 90 
FIAF F0 04 
FlBI A9 00 
FIB3 18 
FlB4 641 
Fl85 
FlB5 
FIB8 

4C 13 EE 

. 
;****************~******~*********~****** 
;* BASIN-- INPUT CHARACTER FRUM CHANNEL. 
;* BASIN DIFFERS FRUM GlTIN ON KEYBOARD 
;* AND RS-232 ONLY. THE SCREEN EOITOR 
;;.; I'1AI(ES REAOY AN ENTIRE LINE WHICH IS 
;* PASSED CHARACTER BY CHARACTER UP 
;* TO THE CARRIAGE RETURN. THE CHARACTER 
J* IS RETURNED IN .A. ZERO FUR NULL CHAR 
1* OTHER DEVICES AREI 
;* 0 KEYBOARD 
;* 1 CASSETTE 
;* 2 --- RS-232 ,* 3 --- SCREEN 
,* 4-31 --- SERIAL BUS 
,**************************************** 
; 
NBASIN LOA DVUN 

8NE L927 
; 
,INPUT FROI'I KEY80ARD 

LOA f'NTR 
STA LSTP 
LOA Tf?LX 
SlA LSXP 
JI'IP $E632 

[927 Cl'lf" 00$03 
8NE L928 
STA CRSW 
LOA LNMX 
STA INOX 
JMP $E632 

; 
L928 BCS L939 

CMP 11$02 
BEQ $F188 

:CHECK DEVICE 
;NOT KEYBOARD 

,SAVE CURRENT: 
,CURSOR COLUMN, 

;LINE NUMBER 
;BLINI{ CURSOR UNTIL RETURN 

,SCREEN? 
:NO 
;FAI{E CARRIAGE RETURN 
,ENDED: 
ION THIS LINE 
;PICK UP CHARACTERS 

:OEVICES>3 
;RS-232? 
;YES 

,-------------------------, 
*=$FIAI> . , 
:INPUT FROM SERIAL BUS 
, 
L939 

l.932 
L946 
L94S 
J 

LOA STATUS 
8EQ L941 
LOA 11$00 
CLC 
RTS 

;STATUS FROM LAST 
,o.te. 
,BAt>, ALL DONE 
;VALID I)AIA 

L941 JI'IP L86S ,GUOO, HANOSHAI(E 
,------------------------
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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. 

Loe CODE LINE 

FIBS 
FICA 
FICA 
FlCA 
FICA 
FICA 
fICA 
FlCA 
FICA 
FICA 
FICA 
FICA 
FICA 48 
FICe. A5 9A 
FICO C9 03 
FIeF D~ 04 
FIDI 68 
F1D2 4C 16 E7 
FID5 
FID5 90 04 
FI07 
F1lJ7 
FlO7 
FID7 68 
FlO8 4C 00 ED 
FlOB 
FlOB 
FlOI'. 

CHKIN 

Entry point: $FFC6 

, 
;******~****~*******************~******** 
:* BSOUT -- OUTPUT CHAR STORED IN .A TO 
i* CHANNEL DETERMINED BY VAHIABLLE DFLTO: 
;* 0 INVALID 
;* 1 CASSETTE 
;* 2 --- RS-232 
;* 3 --- SCREEN 
;* 4-31 --- SERIAL BUS 
J***********************~*********~****** 
1 
NBSOUT PHA ;FRESERVE .A 

LDA OFLTO ,CHECK DEVICE 
CMP "$03 ,SCREEN? 
BNE L933 ,NO 
PLA ,YES, RESTORE .A 
JMP $E716 ;PRINT TO SCREEN 

, 
L933 £l.cc $F10B ,DEVICE 1 OR 2 
I 
,PRINT TO SERIAL BUS 

Pl.:A 
JMP L861 

.-----------------------, 

.LII'. f:SER3 

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 
CARR Y 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. Ifbit 7 of the 
ST ATUS byte (ST) is set, the message Device not present is sent. 

LOC COOE LINE 

FIOB *=$F20E 
F20E. , 
F20E ;*~****~*****************************~*** 
F20E ;* CHKIN -- UPEN CHANNEL FOR INPUT. 
F20E ;* THE NUMBER OF THE LOGICAL FILE TO 
F-20E 1* 1"-',: UPENED FOR INPUT IS PASSED IN . x. 
F20E ;* CHKIN SEAf.:CHES THE LOtHCAL FILE TO 
F20E ;* LOm( UP ()EVICE AND CUMMAND INFO. 
F20E ;* ERRURS ARE REPORTED IF THE DEVICE WAS 
F20E ;* NOT OPENED FOR INPUT, (E.G. CASSETTE 
F20E ;* Wf.:ITE rILE) , OR THE LOGICAL FILE HAS 
F20E ,* NO REFERENCE IN THE TABLES. DEVICE 0, 
F20E ~* t I(EY[,.OARD) , AND DEVICE 3 (SCREEN), 
F20E ;* REQUIRE NO TABLE ENTRIES AND ARE 
F20E ;~ HANOLED SEPARATELY. 
F20E 1**************************************** 
F20E I 
F20E 20 0F F3 NCHlaN JSR L1000 ,FILE OPENED? 
F211 F0 03 BEQ L950 ;YES 
F213 4C 01 F7 JMP L1009 ;NU, FILE NOT OPEN 
F216 20 IF F3 L950 JSR L1002 ; GET FILE INFO 
F219 A5 e.A LOA FA 
F21B F0 16 BEQ L963 ;KEYBUARD 
F21D ; 
1'210 ,COULD BE SCREEN, RS-232, UR SERIAL 
F21D 
F21D C9 03 CMP tI$03 ;SCREEN? 
F21F Fe 12 BEQ L963 ;YES, OUNE 
F221 ['.0 14 Bes L961 ,SERIAL 
F223 C9 02 CMP 11$02 ,RS-232? 
F225 00 03 [,.NE L958 ,NO, MUST BE TAPE 
F221 4C 40 Fe JMP $F04D ;RS-232 
F22A 

; CHECI( F22A FOR INPUT FILE ON TAPE 
F22A , 
F22A A6 E'.9 L958 LOX SA ; CHECI( SECONDARY AD 
F22C 1::0 60 CPX 11$60 ; INPUT? 
F22E F0 03 BEQ L963 ;YES 
F230 4C 0A F7 JMP L9/1 ,NO, NOT INPUT FILE 
F233 85 99 L963 STA OF-LTN ; SET INPUT 
F235 18 CLC :GOUO RETURN 
F236 60 RTS 
F237 
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LOC COI)E LINE 

F231 ;A SERIAL DEVICE MUST TAU( 
F237 , 
F231 AA L.961 TAX ;SAVE DEVICE II 
F238 20 09 EO JSR L836 ;TALK 
F2:.m A5 \?9 LOA SA ;SECOND? 
F23D H) 06 !'.PL L962 ;YES, SEND IT 
F23F 20 CC ED JSR L970 ;NO, LET GO 
F242 4C 48 F2 JMP L967 
F245 20 C7 ED L962 JSR L860 ; SEND T AU( SA 
F248 8A L967 TXA 
F249 24 90 Bil 51 AlUS ;OID IT LISTEN? 
F24B 10 t:6 BPI- 1-903 ;YES 
F24D 4C 07 F7 JMf' L1026 ,DEVICE NOT PRESENT 

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: 
CARR Y clear - OK 
CARR Y 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). Ifbit 7 of the 
STATUS byte (ST) is set, the message Device not present is sent. 

LOC CODE LINE 

F250 
F250 
F250 
F250 
F250 
F2::i0 
F250 
F250 
F250 
F250 
F250 
F2::i0 
F250 

;**************************************** 
;_ CHKOUT -- OPEN CHANNEL FOR OUTPUT. 
;_ THE NUMBER OF THE LOGICAL FILE TU 
;* BE OPENED FOR OUTPUT IS PASSED IN .X. 
;_ CHKUUT SEARCHES THE LOGICAL FILE TO 
;* LOOK UP DEVICE AND COMMAND INFO. 
,* ERRORS ARE REPORTED IF THE DEVICE WAS 
;* NOT OPENED FOR INPUT, (E.G. KEYBOARD) 
;* OR THE LOGICAL FILE HAS NO REFERENCE 
;* IN THE TABLES. DEVICE 3 (SCREEN) 
; _ RHlllIRES NO TABLE ENTRY AND IS 
;- HANDLED SEPARATELY. 
;*********~**********~******************* 
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F250 ; 
F250 20 0F "-3 N(;KOUT JSR Lue0 ,FILE IN TABLE; 
F253 Fe 03 SEQ L969 ,YES 
F255 4C 01 F7 Jl'lf' L1009 ;1'10, FILE NOT OPEN 
F258 20 1F F3 L969 JSR L1002 ;!JET TABLE INFO 
F25B A5 BA LOA FA 
Fl::iO 00 93 BNE L979 ,NOT KEYI!.OARD 
F25F 4C eo F7 L972 JMF' L965 ,KEYSOARO, NOT OUTF'UT FILE 
F262 , 
F262 ,COULD BE SCREEN, SERIAL, 
F262 , CASSETTE, OR RS-232 
F262 , 
F262 C9 03 L979 CI'IP 11$03 ,SCREEN7 
F264 F0 0F f,Eg, L977 ,YES, DONE 
F266 B0 11 BCS L975 ;1'10, SERIAL 
F268 C9 02 CriP 11$02 ,RS-2327 
F26A 00 e3 BNE L973 ;1'10, MUST BE CASSETTE 
F26C 4C El EF JrlP tEFEl I SET UF' FOR RS-232 
F26F I 
F26F IC~JECK FOR CASSETTE FILE TYf'E 
F26F I 
F26F A6 B9 L973 l.DX SA 
F271 E0 60 CPX JI$6e ; INPUT FILE7 
F273 F0 EA BEg L972 ;YES, ERROR 
F275 85 9A L977 SlA DFL10 ;SET OUTPUT 
F2"17 18 CLC ;0000 RETURN 
F278 60 RTS 
F279 ; 
F279 ;SERIAL DEVICES 
F279 ; 
F279 AA L975 TAX ;SAVE DEVICE It 
F27A 20 0C ED JSR L966 ;LISTEN 
F27D AS 1?,9 LOA SA ;AND SECOND? 
F27F 10 05 BPL L916 ;YES 
F281 20 I?,E ED JSR L983 ;1'10, RELEASE LINES 
F284 00 03 BNE L981 ;ALWAYS 
F286 20 B9 ED L976 JSR L871 ;SEND LISTEN SA 
F289 8A L981 TXA 
F28A 24 90 BIT STATUS DID IT LISTEN'? 
F28C 10 E7 Bf'L L977 YES, FINISH 
F2BE 4C 07 F7 JMF' L1026 NO, DEVICE NOT PRESENT 
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. 

57 

Description: The LFN 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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LUC 

F291 
F291 
F291 
F291 
F291 
F291 
F2'?1 
F291 
F291 
F291 
F291 
F291 
F291 
F291 
F291 
F291 
F294 
F296 
F297 
F29B 
F29B 
F29C 
F290 
F29F 
F2Al 
F2A3 
F2A5 
F2A7 
F2A9 
F2AB 
F2AB 
F2EE 
F2EE 
F2EE 
F~~F 1 
F2Fl 
F2~ 1 
F2Fl 
1'"2F2 
F2F3 
F2F:5 
F2F7 
F2F9 
F2FB 
F2FE 
F301 
F304 
F307 
F~;0A 

F30D 
F30E 
F30F 
F30F 
F30F 
F311 
F313 
F3I4 
F316 
F317 
F319 
F3IC 
F31E 
F31F 
F31F 
F31F 
F31F 
F322 

CUOE 

20 14 F3 
F0 02 
18 
6~) 

20 IF n 
8A 
48 
A5 BA 
F0 50 
C9 03 
F0 4C 
B0 47 
C9 02 
00 10 

20 42 f6 

68 
AA 
C6 98 
E4 98 
F0 14 
A4 98 
B9 59 02 
90 59 02 
IW 63 02 
90 63 02 
B9 60 02 
90 60 02 
18 
60 

A9 00 
85 90 
8A 
A6 98 
CA 
30 15 
DO 59 02 
00 F8 
60 

I?,D 59 02 
85 B8 

LINE 

, 
;**************************************** 
;* CLOSE -- CLOSE LOGICAL FILE. 
;* THE LOGICAL FILE NUMBER OF THE 
;* FILE TO BE CLOSED IS PASSEO IN .A. 
;* KEYBOARD, SCREEN, AND FILES NOT OPEN 
;* PASS STRAIGHT THROUGH. TAPE FILES 
;;; OPEN FUR WRITE ARE CLOSED BY DUMPHIG 
J. THE LAST BUFFER AND CONDITIONALLY 
;;; WR IT I NG AN END OF TAFE I?,LOCK. SER I AL 
;* FILES ARE CLOSED BY SENDING A CLOSE 
;* FILE COMMAND IF A SECONDARY ADDRESS 
;* WAS SPECIFIED IN ITS OPEN COMMAND. 
; ....................................... . 
; 
NCLOSE JSR L957 

BEQ L982 
CLC 
RTS 

L982 JSR L1002 
TXA 
F'UA 
LOA FA 
~,Etl L987 
CMP 11$03 
I?HI L987 
BCS L997 
CMF' H$02 
SNE '&F2C8 

;LOOl{ UP FILE 
;FOUND 
;ELSE RETUR~I 

;GET FILE DATA 
,SAVE TABLE INDEX 

;CHECK DEVICE II 
;I(EYI?oOARD, DONE 
;SCREEN? 
,YES, DONE 
,SERIAL 
,RS-232;' 
; NO, MUST (,!,E TAPE 

,--------------------------· .=$F2EE 
;CLOSE A SERIAL FILE 

L991 JSR LIeS1 

· , 
;REMOVE FILE ENTRIES FROM TABLES 
, 
L987 
L986 

L989 

;FIND 
, 

F'LA 
TAX 
DEC LDTND 
CPX LDTND 
BHI L989 
LOY LDTND 
LOA LAT,Y 
SIA LAT,X 
LOA FAT,Y 
SlA FAT,X 
LDA SAT,Y 
Sf A SAT,X 
CLC 
RTS 

FILE ENTRY 

L1000 LOA 11$00 
SIA STATUS 
TXA 

L9:57 LOX LDTND 
L984 DEX 

· , 

BMI L960 
CMF' LAT,X 
BNE L984 
RTS 

;FETCH TABLE ENTRIES 
; 
L1002 LOA LAT,X 

SIA LA 

;GET TABLE INDEX 

,IS IT AT END? 
;YES, DONE 
;NO, SHIFT LAST ENTRY 
,INTO DELETED ENTRY'S 
,POSITION 

;6000 EXIT 



LOC CODE LINE 

F324 P..D 63 02 LOA FAT,X 
F327 85 SA SlA FA 
F329 SO 60 02 LOA SAT,X 
F32C B5 S9 SlA SA 
F32E 60 L960 RTS 
F32F .END 
F32F .LIB I{SER5 

ClAll 

Entry point: $FFE7 

Function: Close all logical files. 

Input parameters: None 

Output parameters: None 

Registers used: .A, .X 

Error messages: None 
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Description: The number of files open is zeroed and the CLRCH routine is 
entered. 

LOC CODE 

F32F 
F32f 
F32F 
F32F 
F32F 
F32F 
F32F 
F32F 
F32F A9 00 
F331 85 98 

ClRCH 

LINE 

J 
;***~~********~***********************~*~ 
J~ CLAlL -- CLOSE ALL LOGICAL FILES. 
;* DELETES ALL TABLE ENTRIES AND 
;* RESTORES DEFAULT 1/0 CHANNELS AND 
: * CLEARS SERIAL pora DEVICES 
;**************************************** . 
NClAlL LOA N$00 

STA LDTND ,FORGET ALL FILES 

Entry point: $FFCC 

Function: Abort any serial 110 files and reset default 1/0. 

Input parameters: None 

Output parameters: None 

Registers used: .A, .X 

Error messages: None 
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Description: The output device is checked and if it is serial, the command 
UNLISTEN is sent to it. The input device is then checked and ifthat is serial the 
command UNT ALK is sent to it. The input device is then set to 0 (keyboard) 
and the output device is set to 3 (screen). 

LOC CODE LINE 

F333 
F333 
F333 

; 
;**************************************** 
;* CLRCH -- CLEAR CHANNELS. 

F333 ,IE UNLIsrEN OR UNTALK SERlAL 
F333 ,* DEVICES, 8l1T LEAVE OTHERS ALONE. 
F333 
F333 

;* DEFAULT CHANNELS ARE RESTORED. 
:**************************************** 

F333 
F333 A2 03 
F335 E4 9A 
F337 B0 03 
F339 20 FE ED 
F33C 1::4 99 
F33E 1?0 03 
F340 20 EF ED 
F343 96 9A 
FJ45 A9 00 
F347 95 99 
F349 60 
F34A 
F34A 

OPEN 

; 
NCLRCH LDX 11$03 

CPX DFLTO 
8CS Ut01 
JSR U006 

L1001 CPX DFLTN 
I?CS U603 
JSR L963 

L1003 STX DFLTO 
LOA ..... 
STA DFUN 
RTS 

.END 
.LI8 I<SER6 

Entry point: $FFC0 

Function: Open a logical file. 

Input parameters: 

,OUTPUT CHANNEL SERIAL? 
:NO 
,YES, UNLISTEN 
; INF'UT CHANNEL SERIAL? 
,NO 
,YES, UNTALI< 
,OUTPUT CHANNEL=3 

,INPUT CHANNEL=. 

$B7 
$B8 

- Length oftext string to send with OPEN command (filename) 
Logical file number 

$B9 
$BA 
$BB/$BC 

Secondary address 
Device number 

- 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 10 entries 
Device not present - if the device in $BA did not respond to the LISTEN 
command 
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Description: The LFN 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 addFess ORed with $60) and the 
number of files open incremented. 

If there is no secondary address (> I 27), 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 
f-34A 
F34A 
F34A 
F34A 
F34A 
F34A 
F34A 
F34A 
F34A 
F34A 
F34C 
F34E 
F3!:il 
FJ54 
F356 
F359 
F35B 
F350 
F35F 
F362 
F364 
f366 
F369 
F36B 
F360 
F36F 
F372 
F374 
F377 
F377 
F377 
F377 
F379 
F37~. 

F370 
F37F 
F382 
F384 
F384 
F3D3 18 
F3D4 60 
FJ05 
F3D5 

A6 B8 
00 03 
4C 0A F7 
20 0F F3 
00 03 
4C FE f"6 
A6 98 
E0 0A 
90 03 
4C FB F6 
E6 98 
A5 B8 
9D 59 02 
AS B9 
09 60 
85 B9 
90 60 02 
A5 BA 
90 63 02 

Fe 5A 
C9 03 
F0 56 
90 05 
20 05 F3 
90 4F 

F3D5 
F31)5 A5 B9 
F3D7 30 FA 
F3D9 A4 ~.7 
F30B Fe F6 

. , 
;* ••• **** •• * •••••••••• * ••••••••••••• * •• *. 
;. OPEN -- UPEN A FILE. 
;. CREATES AN ENTRY IN THE FILE 
;* FILE TA~.LES CONSISTING OF LOGICAL 
;* FILE NUMBER, DEVICE NUMBER, AND SEC 
;* ADDRESS NUMBER. 
;. ROUTINES SETLFS & SETNAM SHOULD 
;* BE USED FIRST. 
; •••••••••• ** •••• **.***** •• **.** •••••••• * . 
NOPEN LOX LA 

BNE Ll00S 
JMP L971 

L1005 JSR L1000 
BNE Llt07 
JMP Ll011 

L10e! LOX LDTND 
CPX lI$eA 
Bce Ll008 
JMP Ll097 

LI0e8 INC LOTND 
LOA LA 
STA LAT,X 
LOA SA 
ORA 1t$60 
SIA SA 
STA SAT,X 
LOA fA 
STA FAT,X , 

;CHECK FILE II 
;NOT I<EYBOARI) 
; NOT INPUT FILE 
;ALREADY OPEN? 
;NO 
,YES, FILE OPEN 
; END OF TABLE" 

,NO 
,'(ES, TOO MANY FILES 
,NEW FILE 

,STORE FILE It 

,PlAKE SA SERIAL 

,STURE SA 

;STORE DEVICE II 

;PERFURM DEVICE SPECIFIC OPEN TASI'S 

BEQ Ll030 
CMF' 11$03 
~.Eg Ll0;S0 
Bec $F384 
JSR Ll021 
Bec L1030 

; I{Ey~.OARO, DONE 
,SCREEN? 
;YES, DUNE 
;CASSETTE UR RS-232 
;OPEN SERIAL 
;ALWAYS, DONE 

;-------------------------
*=$F3D3 
Ll030 eLC 
L1012 RTS ,EXIT 
; 
;OPEN SERIAL 
; 
Ll021 LOA SA 

Hi'll Ll03e 
LOY FNLEN 
BEQ Ll030 

;NO SA, DONE 

,NO FILENAME, DONE 
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LOC CODE LINE 

F300 A9 00 LOA 11$00 
F30F 85 90 STA STATUS 
F3E1 A5 SA LOA FA 
F3E.3 20 0C ED JS~ L966 ,DEVICE LA TO LISTEN 
F3E6 AS B9 LOA SA 
F3E8 09 F0 ORA II$F0 
F3EA 20 B9 EO JSR L871 
F3Eo A5 90 LOA STATUS ;DEVICE THERE? 
FJEF 10 05 BPL L1014 ,n:s 
F3Fl 68 PL.A ,NO 
F3F2 68 PLA 
F3F3 4C 07 F7 JMP L1026 ,DEVICE NUT PRESENT 
F3F6 A5 B7 L1014 LOA FNLEN 
F3fB F0 0C BEQ L1033 ,NO NAME, 
F3FA . , 
F3FA ;SENO FILE NAME 
F3FA J 
F3FA A0 00 LOY 11$00 
F3FC Bl f.B L1031 LOA (FNAOR),Y 
F3FE 20 00 EO JSR L861 
F401 C8 INY 
F402 C4 B7 CPY FNLEN 
F404 00 1'"6 SNE L1031 
F406 4C 54 F6 L1033 JMF' L999 ;UNUSTEN 
F409 .-----------------------------, 
F409 .ENO 
F409 .LIB I<SER7 

LOAD/VERIFY 

Entry point: $FFD5 

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

Input parameters: 

DUNE 

AND RETURN 

$B7 
$B8 

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

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

Secondary address 
Device number 
Pointer to filename 
Load (~) / verify (#~) flag 
Alternative load address (only if $B9=~) 

Output parameters: 
OK - CARRY clear 

Error 
. 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=$60). 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 until an 
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 1 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. 

LUC CODE LINE 

F40'>' *=.F49E 
F49E ; 
F4'>'E ;**************************************** 
F4'>'E ;*' l.OAD RAM FUNCTION. 
F49E. ;* LOADS FROM CASSETTE OR SERIAL BUS 
F49E :* DEVICES >=4 TO 31 AS DETERMINED BY 
F49E ;* CONTENTS OF VARIABl.E FA. VERIFY FLAU 
F4':r'E ... ," IN .A • 
F49E ;* ALT LOAD IF SA=0, NORMAL SA::1 
F4''>E ;* .X, .Y LOAD ADDRESS IF SA=0 
F 4'>'E. 1* .A=0 PERFORMS LOAO,<>0 IS VERIFY. 
F49E ;* HIGH LOAD RETURN IN .X,.Y 
F49E 1* USE SETLFS & SErNAM [,.[FORE THIS ROUTINE 
F49E 1**************************************** 
F49E , 
F49E 86 C3 L990 STX MEMUSS ,LO ALT START 
F4A0 84 C4 STY 11EMUSS+l ,HI ALT START 
F4A2 6C 30 03 JtlP (ILOAO) 
F4A5 85 93 NLOAO SlA VERCK ;STORE VERIFY FLAG 
F4A7 A9 00 LOA "$00 
F4A9 85 90 STA STATUS 
F4r'lB A5 SA LOA FA ,CHECK DEVICE " F4AD D0 03 BNE 11046 
F4AF 4C 13 F7 11241 JMP L1049 ; f'EYe.oARD , foAl) DE.VICE 
F4B2 C9 03 L1046 CrlP 01$03 ;SCREEN? 
F4B4 F0 F9 [,.EQ L1241 IYES 
F4B6 90 'lB BCC $f533 ;TAPE 
F4e.a , 
F4B8 ;LOAD FROM SERIAL BUS DEVICES 
F4B8 
F4Ba A4 1.'.7 LOY FNLEN ;MUST HAVE FILENAME 
F4BA 00 03 [,.NE L1045 ;O.K. 
F41!.C 4C 10 F7 JMP L974 ;MISSING FILENAME 
F4BF A6 1.'.9 L1045 LOX SA 
F4Cl 20 AF F5 JSR L1062 1 'SEARCHING' 
F4C4 A9 60 LDA "$60 ISPECIAL LOAD COMMAN[) 
F4C6 85 ['.9 STA SA 
F4C8 20 05 F3 JSR L1021 ,OPEN FILE 
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LOC CODE LINE 

F 4CI!. AS E!oA LOA FA 
F4CO 20 09 EO JSR L836 ;TALK, ESTAE?LISH CHANNEL 
F400 A5 E?9 l.OA SA 
F4D2 20 C7 ED JSR L860 ,TELL IT TO LOAD 
F405 20 13 EE JSR L86S ,GET FIRST IWTE 
F/,D8 8:5 AE STA EAL 
F40A A5 90 LOA STATUS ,ERROR? 
F4DC 4A LSR A 
F400 4A LSR A 
F40E B0 ~i0 BCS L1058 ,FILE NOT FOUND 
F4E0 20 13 EE JSR LB6S 
F4E3 85 AF STA EAH 
F4E5 SA TXA ;ORII.l SA=0? 
F4E6 00 08 BNE L1048 ,NO 
F4E8 A5 C3 LOA ME MUSS ,YES, SET ALT 
F4EA 85 AE SIA EAL , LOAD ADDRESS 
F4EC A5 C4 LOA MEMUSS"1 
F4EE BS AF SlA EAH 
F4f0 20 02 F5 L1048 JSR L1e70 ; 'LOADHII3' 
F4F3 A9 FD L105l LOA OO$FO ;MAS.( OFF TIMEOUT 
F4F5 25 90 AND STATUS 
F4F7 85 90 SlA STATUS 
F4F9 20 E1 FF JSR $FFE1 ;STOP .(EY? 
F4FC 00 03 BNE L1055 ;NO 
F41'E 4C 33 F6 JNP L1084 ; 'BREA.<' 
F501 20 13 EE L1055 JSR L865 ;6ET BYTE 
F504 AA TAX 
F50!') A5 90 LOA STATUS ; TIMEOUT? 
F507 4A LSR A 
F508 4A LSR A 
F509 E?0 E8 E?CS L1e51 ;YES, TRY ABAIN 
F50B BA TXA 
F50C A4 93 LOY VERC.( ;VERIFY? 
F50E F0 0C BEQ L1053 ;NO, LOAD IT 
F5l0 A0 00 LOY U00 
F!')12 01 AE CMF' (EAU, Y ;VERIFY IT 
F514 F0 08 ['.ftl L1056 ;0 ... '. 
F516 A9 10 LDA IISPERR ;NO, VERIFY ERROR 
F518 20 1C FE JSR $FEIC ;UPDATE STATUS 
F51B 2C .BYT $2C ;SKIP STORE 
F51C 91 AE Ll053 STA U.AU, Y 
F51E E6 AE L1056 INC EAL ; INCREMENT STORE AODR 
F::i~)0 00 02 BNE L10::;7 
F52::! E6 AF INC EAH 
F524 24 90 L1051 ['.1 T STATUS ;END OF INPUT? 
F526 ::i0 CE?o BVC L10::;1 ;NO, CARRY ON 
F528 20 EF EO JSR Ul63 ;CLOSE CHANNEL 
F52B 2~) 42 F6 JSR L108l ;CLOSE FILE 
F52E 90 79 P.CC LU67 ;ALWAYS 
F530 4C 04 F7 L10::i8 JI1P L959 ;fILE NOT FOUND 
F533 .----------------------------, 
F533 *=$F::iA9 
F5A'1 18 L1067 CLC ;GOUD EXIT 
F5AA , 
F5AA ;SET UP END AOORESS 
F::;AA 
F5AA A6 AI:. LOX EAL 
F5AC A4 AF LOY EAH 
F5AE 60 L1059 RTS 
F5AF ; 
F5AF ;PRINT 'SEARCHINO [FOR NAME]' 
F5AF ; 
F5AF A::i 90 L1062 LOA MSGFLG If'RINT IT'? 
F5B1 10 IE BPL L1071 ,NO 
F5E!.3 A0 0C lOY 1I$0e , 'SEARCHHIG' 
F5B5 20 2F F"1 JSR $Fl2F 
F5B8 AS P.7 LOA FNLEN 



Serial Communications 
LUC COl)E LINE 

F5BA Fe 15 8f.Q ue71 
FSP.C A0 17 lOY 11$17 ,'FOR' 
F5BE 20 2F F1 JSR tF12F 
F5Cl I 
F5Cl ,PRINT FILE NArlE 
F5l:1 ; 
F5Cl A4 87 L1022 LOY FNLEN :NAME? 
FSC3 F0 0C f.l,EQ ue71 ,.10, DONE 
F5C5 At •• lOY II ••• 
FSC7 81 SS L1e91 LOA <FNAOR), Y 
FSC9 2e 02 FF JSR SFF02 
FSCC C8 INY 
F5CO C04 87 CPY FNLEN 
F5CF 00 F6 P.NE ue91 
F501 60 ue71 RTS 
r502 ; 
F502 ,PRINT LOAOING/VERIFYINU 
F502 ; 
FS02 A0 049 ue7e LOY 11$49 ;ASSUME 'LOAOINIV 
F5t>4 AS 93 LOA VERCK ,CHECK FLAG 
FS06 F0 02 P.EQ U052 ;YES, LOADING 
F508 A0 59 LOY N$59 ,'VERIFYING' 
F50A 4C 28 F1 L10S2 JI'IF' $F12B 
FSOO .END 
FSDO .LIB KSER8 

SAVE 

Entry point: $FFD8 

Function: SAVE a section of memory to serial device. 

Input parameters: 
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$B7 
$B8 

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

$B9 
$BA 
$BBj$BC 
.A 
.YjX 
(.A) 

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 
CARR Y 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 I and the routine loops back 
to the address comparison. If the stop key was pressed, the file is closed and the 
routine exits with CARRY set. 

LOC 

F5!)O 
F5DO 
F500 
F5DO 
F50l) 
F5()D 
F::il)O 
F500 
F500 
F5DD 
F50l) 
F5DD 
F50F 
F5E.1 
F::iE2 
F5E4 
F5E6 
F5EB 
F5lA 
F5ED 
F5EF 
F5Fl 
F5F4 
F5F6 
F5F8 
F5FA 
F5FC 
F5FE 
F600 
F602 
F60::; 
F601:l 
F601:.\ 
F60D 
F610 
F612 
F61::; 
F6ll 
F61A 
F61C 
F61F 
F621 
F624 
F627 
F629 
F62B 
F62l 
Fl,31 
F633 
F636 
F638 
F6:S9 
F6JA 
F6JA 
F630 

CODE 

86 AE 
84 AF 
AA 
B3 00 
85 Cl 
B5 01 
85 C2 
be 32 03 
A5 SA 
00 03 
4C 13 F7 
C9 03 
F0 F9 
90 5F 
A9 61 
8::i 89 
A4 1'.7 
00 03 
4C 10 F7 
20 05 F3 
20 8F F6 
A5 I:.\A 
20 0C E.D 
A5 B9 
20 B9 ED 
A0 00 
20 8E FB 
A::i AC 
20 DD ED 
AS AD 
20 DO ED 
20 01 FC 
B0 16 
1'.1 AC 
20 00 EO 
20 U FF 
D0 07 
20 42 Fb 
A9 00 
38 
60 

20 DB FC 
00 E5 

LINE 

, 
;**************~************************* 
;* SAVE MEMORY FUNCTION. 
;* SAVES TO CASSETTE OR SERIAL 
1M OEVICES >=4 TO 31 AS SELECTED BY 
;* VAf.:IABLE FA. 
;* START OF SAVE IS INDIRECT AT .A 
;* END OF SAVE IS .X, .Y 
;* USE SETLFS & SETNAA BEFORE THIS ROUTINE 
J*****~*~*********~~************~*******~ 

L1072 STX EAL 
STY EAH 
TAX 
LOA $00,X 
STA STAL 
LOA $01,X 
STA STAH 
JMP (ISAVE) 

NSAVE LoA FA 
E'.NE L1075 

L1242 JMP L1049 
L1075 CMP U03 

BEtI L1242 
BeC $F659 
LOA "$61 
SlA SA 
LOY FNLEN 
BNE L1074 
JMP L974 

L1074 JSR L1021 
JSR 1.1087 
LOA FA 
JSR L966 
LOA SA 
JSR L871 
LOY "$00 
JSR $FE'.BE 
LIlA SAL 
JSR LB61 
LIlA SAH 
JSR L861 

L1077 JSR $FC01 
BCS L1082 
Ll'A (SAL), Y 
JSR LB61 
JSR $FFEl 
E.'.NE L1054 

L1084 JSR L10Bl 
l.DA "$00 
StC 
RTS 

I 
L1054 JSR $FCDB 

BNE L1077 

,SET UF' START 

;~~AD DEVICE 
,SERIAL? 
,SCREEN, BAD DEVICE 
;NO, 1 APE 
;YES 

;MISSING FILE NAME 
;OPEN 
; 'SAVING' 

;LISTEN 

;LISTEN SA 

;COMPARE START TO ENO 
;HAVE REACHED END 

;STOP KEY? 
;NU 
;YES, CLOSE 

;INCREMENT CURRENT ADDR 
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LUC CODE LINE 

F 6~~F 20 FE E.D L10H2 JSR L1006 ; UNLISTEN 
F642 24 B9 L1081 BIT SA 
F644 30 11 BMI L1034 
F6'.6 A::i BA LDA FA 
F648 20 6[; ED JSR L966 ;LISTEN 
~64B A5 B9 LOA SA 
F64D 29 EF AHD ft$EF 
F64F 09 1'::0 ORA II$E0 
F651 20 B9 EO JSR L8?1 ;LISTEN SA 
F654 20 FE ED L999 JSR L1006 fUNLISTEN 
F65? 18 L1034 CLC ;(3000 EXIT 
F658 60 R1S 
F659 ;-----------------_._---------
F65''> *'=$~68E 
F68E 60 L1090 kTS 
F68F , 
~ 68F ;F'RINT 'SAVING [FILE 
F68F , 
F68F AS 90 L108? LOA MSGFLG 
F691 10 FE'. BPL L1090 
F693 A0 51 LOY 11$51 
F695 20 2F F1 JSR $F12F 
F698 4C C1 F5 JMP L1022 
F69B .END 
F69B .LIB 

Error handler 

Entry point: 
$F6FB - (I) too many files 
$F6FE - (2) file opeh 
$F701 - (3) file not open 
$F704 - (4) file not found 
$F707 - (5) device not present 
$F70A - (6) not input file 
$F70D - (7) not output file 
$F710 - (8) missing filename 
$F713 - (9) bad device 

I(SER9 

NAME) , 

;PRINT II? 
;NO 
; 'SAVIN'" 

,SEND FILENAME 

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 
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Error message: 110 error #(number) - if bit 6 of MSG FLG is set 

Description: At each entry point, the ,A register is loaded with the value in 
brackets, The routine CLRCH is called and ifbit 6 ofMSGFLG (output enable) 
is clear, CARR Y is set and ,A holds the error number upon exit. If bit 6 is set, the 
message '110 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 

F69B 
fbFB 
F6FB 
F6FB 
F6FB 
F6F-B 
F6FB 
F6FFo 
F6FB 
F6FO 
F6FE 
Fl00 
F-701 
F703 
1'704 
F706 
F/0l 
F709 
F70A 
F70C 
F 100 
F/0F 
Fl10 
Fl12 
F713 
F71::; 
F7I6 
F7I9 
FllB 
FllO 
FlIF 
F722 
Fn3 
F724 
F126 
FJ29 
Fl2A 
Fi'2B 
Fnc 
Fnc 
F72C 

CODE 

AY 01 
2C 
AY 02 
2C 
A9 03 
2C 
A9 04 
2C 
A9 0S 
2C 
A9 06 
2C 
A9 07 
2C 
A9 08 
2C 
A9 0Y 
48 
20 CC FF 
A0 00 
24 90 
~0 0A 
20 2F Fl 
68 
48 
09 30 
20 02 FF 
68 
38 
60 

Symbol table 

SYM~.UL VALUE-. 
AUTODN 0~)92 

BOf- 000~) 

BIns 00B4 
~.LNSW 00CC 
BUF 0:~00 
CAS1 00C0 
CINV 0314 
COLM DC00 
CRSW 0000 
DI DDRI? DC03 
D1l0DB DC0C 
D1 TI?L 01.:06 
011UD4 DC0~. 
D200RFo 0003 
02IODB 0001.: 
02TI?L !)D06 
02 roD4 OD0S 
[)FLf U 00'fA 
E.AL 00AE. 
FIR., ~'0A4 
FSBLK 00BE 

LINE 

!!=$F6FB 
;**************************************** 
;. ERROR HANDLER. 
;* PRINTS KERNAL ERROR MESSAUE IF FoIT 6 
;. OF MSUFLO IS SET. RETURNS WITH ERROR ,* " IN .A AND CARRY SET. 
I··············!!!!···!!·!!!!.!!!! •. !! ... !! .•. !! ..• 
I 
L1097 LOA 1tt01 

.eYT t2C 
L1011 LOA IIt02 

.en $2C 
L1 00Y LOA 11.03 

.I?YT t2C 
LYSY LOA 11.04 

.BYT $2C 
L1 026 LOA ".0S 

.I?YT $2C 
L971 LOA 11$06 

.I?YT $2C 
L965 LOA 11.07 

.I?·n t2C 
L974 LOA 11.08 

.BYT $2C 
L104Y LOA 1I$0Y 

F'HA 

;f 00 MANY FILES 

,FILE OF-'EN 

,fILE ~IOT OPEN 

,FILE NOT FOUND 

;UEVICE NOT PRESENT 

;N(H INPUT FILE 

,NOT OUTPUT FILE 

,MISSIN~ FILE NAME 

,BAD DEVICE II 
,ERROR II ON STACK 
,RESTORE I/O 

,F'F<INT ERROR? 
,NO 

JSR tFFce 
LOY "''00 
1:'.1 T MSUFLG 
BVC L1018 
JSR $F12F 
F'LA 

,PRINT 'I/O ERROR II' 

F'HA 
ORA 11$30 
JSR tFF02 

L1018 F'LA 
SEC 
RTS 

;MAKE ERROR II ASCII 
,PRINT IT 

.------_._---------------------, 

.EN!) 

f!.AO 
~.OFH 

f!.Lf 
BLUE 
BUFF"f 
Cl'-INV 
CI(ERR 
COLOR 
OlCRA 
OlDF'A 
011AH 
0111.101 
02CRA 
O~!oF'A 
02lAH 
02'1'001 
OA'fA 
OIFF 
EOT 
F NAI>R 
UO~.LN 

.ENO 

0100 
0004 
0001 
001!>6 
00A6 
0316 
0020 
0286 
DC0!:: 
DC00 
OC03 
OC0!:! 
000E 
0000 
000::; 
00(18 
0007 
00B5 
000::; 
00BI? 
00CE 

BASZF'T 
BITCI 
BLNI.:T 
BSOUR 
E'.UFSZ 
CI?MCOL 
CMPO 
CUUNT 
01CRB 
010F'B 
01TAL 
011'002 
02CRB 
D20F'E'. 
021AL 
021'002 
DELAY 
OF'SW 
fA 
FNLEN 
O[)COL 

00FF 
00A8 
00CO 
0095 
00(;0 
0800 
00B0 
00AS 
OC0F 
OC01 
I>C04 
0(;09 
D00F 
OD01 
0004 
000Y 
028C 
009C 
00BA 
001?7 
0287 

BAlJOOF 
BITNUM 
F-l.NON 
E'.SOURI 
C3F'O 
CBMSCN 
CNTDN 
CR 
OlOORA 
OlleR 
01TBH 
OlT003 
02D[)RA 
02ICR 
02TBH 
02'1003 
OFLnl 
EAH 
FAT 
FREI(ZF' 
HlBASE 

0299 
0298 
00CF 
00A4 
0094 
0400 
00A5 
0000 
OC02 
OC0D 
DC0? 
OC0A 
1)002 
0001> 
0007 
000A 
0099 
00AF 
0263 
00FI? 
0288 
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SYMBUL VALU~ 
IBASIN 0324 IBSUUT 0326 lCHKIN 031E IC!mUT C,;~20 

lCLALL 032t.: lCLUSE 0JIC ICLRt.:H 0322 IGEllN 032A 
)lOAD 0330 It/BIT 00AI INOX C,0t.:8 INSRf 0008 
IUI"EN 031A IRIHMP 0291" ISAVE 0332 ISTUP 0328 
I(EYO 0277 I(I::YLOG 02BF KEYTAI!. 00F5 KOUNT 028B 
L1000 F30F L10U F33C L1002 F31F L1003 F343 
L1004 £E03 L1005 F351 L1006 [OF-E L1007 1"359 
L1008 F362 L1009 F701 L1011 f'6FE L1012 F304 
L1014 F3F6 L1018 F7~~9 L1021 F3D5 L1022 F5Cl 
L1026 F701 L1030 F303 L1031 F3FC L 103~~ F406 
L1034 F6S7 L1045 F4~.F L1046 F4B2 L1048 F4F0 
L1049 F713 L10S1 F4F3 L10S2 F50A L105J FSIC 
L1054 F63A L1055 F501 L1056 F51E L1057 F524 
L1058 F530 L1059 F5AE U062 F5AF L1067 F5A9 
L1070 ~502 L1011 F5U1 L1072 F500 L1014 F605 
L1075 F3F4 L1077 1'624 U081 1'642 L10B2 F6JF 
L1084 F633 L10B7 F6BF L10'10 F6BE L1091 F5CI 
LI091 F6FB L1241 F4AF L1242 F3Fl L836 El>0'1 
L8:59 ED2E L840 E050 L841 flA0 l..842 ED36 
L843 EE8E l.844 EE:.91 LB45 EEB6 LB46 EEB3 
LB41 lOB0 U148 E066 Ul49 E[):;,5 [850 ED5A 
L851 E.01A L8:)2 EOB2 L853 E070 L854 EEA9 
L8S5 E[)9~ l.856 [DAD L8SB EE.06 LB!)9 EL>40 
La60 EOCl L861 EDOO La62 EDEB l.a63 EDH 
UI64 E.020 l.865 EEU LB66 EE20 U!67 ~_E41 

La68 EE_~E La69 E:.E~jA La70 EE~i6 L871 EDB9 
L8n EE30 l.B/3 EE61 L8/4 EEa0 La/5 fE85 
l.8/6 EE09 L9~14 F14A L926 F14£ L921. F-166 
l.92B FIn L9;~2 F1Bl '-.'133 Fl05 L939 FlAD 
L941 FlB5 L943 EE1~. L944 F155 L945 FlB4 
l.946 FlI:'.3 L949 EDE6 L950 f'216 L957 F314 
L9::i8 F22A L'159 F704 L960 F32£ L961 F23l 
L962 ~245 L'I63 1'233 L965 ~100 l .. '166 ED0C 
L967 F248 L96B E006 L969 F258 L910 E:.l)Ct.: 
l. 971 F70A L912 ~25F L973 F26F L974 1"710 
L'I7::; 1"279 L9l6 F286 L977 F2/5 L979 F262 
L980 toll L981 1'289 L982 1'2'18 L983 EDBE 
L984 1'316 L986 F2F2 L987 f2F1 L989 F300 
L990 F49E L997 F2EE L999 F654 LA 00B8 
LA' 0259 LBERR 0008 LOIBl 00£)9 LDHlO 0098 
UN!"MP 00F2 LLEN 00;!8 LLEN2 00~i0 LNMX 000:) 
LSlF' 00CA LSTSHF 0:~81:'. LSTX 00C5 LSXF' 00C9 
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MUOE 0291 MSGFLU 0090 MYCH 00BF N~.ASIN f157 
NBSOUT FleA NCHf(IN F20E NumUT F250 NeLALL n2F 
Nt.:LUSE:: F291 Nt.:LRCH F33:3 NOX 00C6 NUBIN F13E 
NLINES 0019 NLUAO F4A5 NMINV 0318 NUF'EN f34A 
NSAVE F5E1> NWRAI" 0002 NXTBIT 00B5 UCHAR 00B!> 
PCN'I R 00A3 f'U 0003 PNT 0001 f'NTR 0003 
PRF' 001:'06 PRTY 00'1B PTR1 0091:: PTR2 009F 
glSkI 00D4 R202 00A3 RDFLU 00M RER 00AB 
REZ 00A9 RII!.UF 00F7 RIOA I A 00M RIDP..E 0298 
klOBS 029C RINONE 00A9 RIPRTY 00AB f.:OE?UF 00F9 
RUOArA 00B6 RUOBE 0291:: ROOBS 0290 ROPRTY 00P'.0 
RUWS DC01 RPTFLG 028A RSSTAT 0297 RVS 00e7 
SA 00B9 SAH 00AO SAL 00At.: SAT 0260 
SBERR 0004 Sf OX 0f1Ce. SHCNH 00AB SHCNL 00A7 
SHFLAU 02BO S.lDREG 0400 SNSWl 00B4 SF'ERR 0010 
BlAH 00C2 STAL 00Cl SrA"lUS 0090 STKEY 0091 
SVXI 00'>'2 SYNO 0096 11 009E r2 009F 
TAPEI 00B2 IBLX 0001l JI!.UFFR 033(; lEMf-' 00E.'.1 
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IMPU 00Cl USER 001'"3 USRCMO 0;321:: VE.RCK 0093 
VICREU 0000 XMAX 0289 XSAV 0097 
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3.4 RS232 serial communications 

The CBM 64 is able to communicate with peripheral devices, known as an 
RS232 110 port. The name RS232 simply refers to an industry standard form of 
serial communication for computing devices. A serial 110 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 is 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 1/0 
port B ofCIA#2 (user port). The RS232 routines inside the 64 also use two other 
lines; P A2 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 I driver I Cs. 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 I A GND AA 1,2 Protective ground 
FLAG 3 B SIN BB In 1,2 Received data 
PB.0 3 C SIN BB In 1,2 Connected to FLAG 
PBI 4 D RTS CA Out 2 Request to send 
PB2 2.0 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 
PB5 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: 
I 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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2 3 4 5 6 7 8 9 19 11 12 
•••••••••••• . -_ ........ . 
ABC 0 E F H J K L M N 

PIN TYPE RS232 FUNCTION 

A 
B FLAG 

1 Sin C POO I 

0 PSI - RTS i 
E PB2 - OTR 

i 
F PB3 - RI 

I 

H PB4 - OCO 

J 
K PB6 - CTS 

L PB7 - OSR 

M PA2 - Sout 

N GND - GNO 
I <---

PIN 
1 Protective Ground AA 
2 Transmitted Data BA 
3 Received Data BB 
4 Request To Send CA 
5 Clear To Send CB 
6 Data Set Ready CC 

20 7 Signal Ground AB 
8 Carrier Detect CF 

30 9 (not used} 
40 10 
50 11 

12 60 
13 

70 14 
80 15 

16 90 
17 

100 18 
110 19 
120 20 Data Terminal Ready CD 

21 (not used} 
22 
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 is 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 655 I universal asynchronous receiver and transmitter 
or DART. Like the other II 0 chips, it was intended that the 655 I 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 $r/J923 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 

STOP BITS J 
0-1 STOP BIT 
1-2 STOP BITS 

WORD LENGTH 

BIT DATA 

6 5 

6 5 WORD LENGTH 

o 0 8 BITS 

o 1 7 BITS 

1 0 6 BITS 

1 1 5 BITS 

UNUSED BIT 

4 13121 1 10 1 

BAUD RATE 

o 0 o 0 USER RATE 

o 0 o 1 50 BAUD 

o 0 1 0 75 

o 0 1 1 110 

o 1 o 0 134.5 

o 1 o 1 150 

o 1 1 0 300 

o 1 1 1 600 

1 000 1200 

1 0 0 1 1800 

1 0 1 0 2400 

1 0 1 1 3600 

1 1 o 0 4800 

1 1 o 1 7200 

1 1 1 0 9600 

1 1 1 1 19200 

(NI) Not implemented 

Fig. 3.5. Function of bits in the C8M 64 RS232 control register. 

the value assigned to this is the number of bits per second. If the baud rate is set 
to 3.0.0 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 3.0 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 $f/J294 Decimal 66(; 
The command register (Fig. 3.6) controls the mode for data transmission and 
reception. Bit 0 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 

~ 3 2 o 

PARITY OPTIONS ~ 

0 

0 

1 

, 

0 
Parity disabled. none 
Generated/Received 

0 , Odd Parity 
Receiver IT ransmitter 

, 1 
Even Panty 
ReceiverITransmitter 

0 1 
Mark Transmitted 
Parity Check Disabled 

1 1 
Space Transmllted 
Panty Check Disabled 

DUPLEX -------------' 
0= FULL DUPLEX 
1 = HALF DUPLEX 

UNUSED ( ___ ....J 

HANDSHAKE------------------~ 

0= 3 LINE 
1 = X LINE 

Fig. 3.6. Function of bits in the C8M 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' l' is transmitted as a zero voltage or a positive 
voltage. 

3.4.3 RS232 status register - Hex $¢297 Decimal 663 
The function of each bit of the status register is shown in Fig. 3.7. The memory 
locations and pseudo registers of the RS232 routines are as follows: 
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l716JsJ4J 3 12 1 1 10J 

L PARITY ERROR BIT 

~ FRAMING ERROR BIT 

RECEIVER BUFFER OVERRUN BIT 

UNUSED 

CTS SIGNAL MISSING BIT 

UNUSED 

DSR SIGNAL MISSING BIT 

BREAK DETECTED BIT 

RS-232 STATUS REGISTER - $02Al 

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

$A7 
$A8 
$A9 
$AA 
$AB 
$B4 
$B5 
$B6 
$BD 
$F7-$F8 
$F9-$FA 
$.0293 
$.0294 
$.0297 
$.0298 
$.0299-

$.029 A 
$,029B 
$,029C 
$,029D 
$,029E 

- receiver bit storage 
- receiver bit count 
- receiver flag start bit check 
- receiver byte buffer 
- receiver parity storage 
- transmitter bit count 
- transmitter next bit 
- transmitter byte buffer 
- transmitter parity storage 
- input buffer pointer 
- output buffer pointer 
- RS232 control register 
- RS232 command register 
- RS232 status register 
- number of bits to send/ receive 

- baud rate 
- input buffer index to end 
- input buffer index to start 
- output buffer index to start 
- output buffer index to end 

3.4.4 RS232 system routine entry points 
$EEBI 
$EED7 
$EF,0,0 
$EF,06 

- entry for NMI continue routine 
calculate parity 
count stop bits 
entry to start of byte transmission 



$EF13 
$EF2E 
$EF4A 
$EF59 
$EF63 
$EF69 
$EF6E 
$EF7E 
$EF9,0 
$EF97 
$EFB3 
$EFBC 
$EFC7 
$EFEI 
$EFE9 
$EFF2 
$EFF9 
$EFFE 
$F.0.06 
$F.0l4 
$F.028 
$F.04D 
$F.059 
$F.062 
$F.068 
$F.07.0 
$F.077 
$F.07D 
$F.086 
$F.09B 
$ F.0 A4 
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- 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 R TS 
- wait for active output to be done 
- turn off R TS 
- 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 

3.5.1 Opening an RS232 channel 
Basic syntax: OPEN If,2,.0,"(control register) (command register)" 

The syntax coding is as follows: 

If - normal logical file ID (1-255). If If> 127 then line feed follows carriage 
return. 
(control register) - an ASCII character equivalent to the required bit setting of 
the control register. Example: to set baud rate to 3.0.0 and transmit 7 bit code use 
CHR$(6+32) - this sets bits I, 2 and 5 to 'I' and leaves the rest at '.0'. 
(command register) - an ASCII character equivalent to the required bit setting 
of the command register. Example: to set the output to mark parity and full 
duplex use CHR$(32+ 128) - this sets bits 5 and 7 to 'I' and leaves the rest at '.0'. 

Entry point: $FFC,0 
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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 #If,(string variable) 
If - 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 R TS, CTS, and DCD lines are 
implemented when the CBM 64 is designated as a data terminal device. 
$FFE4 - 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 ofthe 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 ofNMI 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 2 in 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 300 
baud. 

3.5.3 Transmitting data to an RS232 channel 
Basic syntax: CMD If PRINT#lf,(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 EIA 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 If 
If - 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=0 and that 
bit 0 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 110 lines from the the CIA 
chip and the processor 110 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 

123456 
PIN # TYPE 

A-1 GNO 
B-2 +5V 
C,3 CASSETTE MOTOR :::::: 

ABC 0 E F 0-4 CASSETTE READ 
E-5 CASSETTE WRITE 
F-6 CASSETTE SWITCH 

Fig. 4.1. The allocation and function of pins on the cassette connector. 

P3 C'o'\ bS'10 
FL.1\5 C.I fHt 1 
f''l-"", 'S10 

t----iB-Z 

.1 

CASS A-I 
':' MOTOR c-!\ 

S \NRIT E-S 
CASS AD D.4 
CASS SWITCH F.b 

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 100 rnA. The cassette deck motor 
can be turned on and off by toggling line 5 of the processor 110 register: 

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

Great care should be taken not to alter the status of bits I and 2 of location I 
when using this command, since these control the memory configuration of the 
machine. The sense line input, line 4 of the processor 110 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# I and the cassette write line to line 3 of the processor 110 register. 
During a read operation the operating system uses the setting of the CIA#I 
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 CBl lines. 

4.2 Cassette operation 

In normal usage the cassette deck is assigned an 110 device number. The 
cassette is device number I, and the number ofthe device currently being used is 
stored 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 I 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 I then it is opened for a 'write' operation, and if 2 then it is opened for a 
'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 an end 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 in a 
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 SA VE routine with the 
memory location at which the SAVE will begin. Normally they will be set to.01 
and .08, thereby pointing to the start of the Basic text area at 2.049. 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 is 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 default a 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 SA VE 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 by a 
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 
a time. The CBM 64 overcomes this by having a 192 byte tape buffer into which 
all data to be written to or read from tape is 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 in a 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 284.0 Hz. All these pulses are square waves with a 
mark space ratio of I: I. 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 'I' is one 
cycle of a medium length pulse followed by one cycle of a short length pulse, and 
'.0' 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 injust 8.96 milliseconds, a 192 byte block of 
data in an ASCII file should be recorded injust 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 is 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 seq uence 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 I 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 by a 
block end marker which consists of one single long pulse followed by 50+ 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 is 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 opell'ating 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 
I 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: $F0A4 

Function: This routine checks location $02A 1 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 $02Al to $03, thereby signalling its 
completion. As soon as this happens the Timer A interrupt is disabled, the flag 
at $02Al 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: $02Al - if non zero then RS232 enabled 

Output parameters: None 

Registers used: .A is used but is pushed to the stack by the instruction at $F0A4 
and then retrieved at the end of the routine by $F0BB. 

Routine source code: 

LOC CODE LINE 

0010 *::$F0A4· 
H)A4 ; 
F0A4 ; PROTECT SERIAL/CASSEn E FROM 
F0A4 ;RS-232 NAI'S 
F0A', , 
F0AJ, 48 L921 PHA 
F0A5 AD Al 02 LOA $02Al 
F0A8 Fe Ll BEG L92:i 
F&AA AD Al 02 L838 LOA $02Al 
F0AD 29 03 AND 11$03 
F0AF D0 F9 BNE LB3B 
F0B1 A9 10 LOA "$10 
F0B3 BO 00 DO SlA D2ICk 
F086 A9 0f.l LOA 11$00 
F0B8 80 A1 02 STA fo02Al 
F0BS 68 L923 PLA 
F0BC 60 RTS 
!'eso 

Cassette ell'roll' message output 

Entry point: 
$F12B - tests direct mode flag first 
$F12F - displays message to screen 

;SAVE A 
;RS232 ENABLE.S 
;NO 

;OISABLE FLAG 

;ALL DONE 

? 

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 $F0BD. 

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 UNf::: 

F0BD ;ERROR I'IESSAGES 
F0BD , 
F0BD 60 1'151 .BYT fO,'IIO ERROR ' ,~A3 
F0BE 49 2F 
F0CS A3 
F0C9 60 PISS .BYT $0,'SEARCHING',$A0 
F9CA 33 43 
F0D3 A0 
F0D'. 46 4F 52 PlS6 • BrT 'FOR' ,fA • 
F0D7 A0 
F0D8 00 PlS7 .SYT $0, 'PRE.SS PLAr ON TAP', fC::; 
F0D9 50 52 
F0EA C5 
F0EB 50 52 1'158 .8YT 'PRESS RECOkO , PLAY ON TAP',$C::; 
FU3 C3 
1'106 00 rlsa .8YT $O,'LOADI"' ,~C7 
F107 4C 41' 
1'100 C7 
F10E 00 rlSll .BrT $0, ' SAVING' ,fiA0 
F10F 53 41 
Fi15 A0 
F116 0D 1'1521 .BYT $O,'VERIFYIN',$C7 
F117 56 i}5 

FllF C7 
F120 00 1'1517 .BYT $0, ' F DUND' ,$A0 
F121 46 4F 
F126 A0 
F127 ~D 1'1518 .BrT fO,'OK',$SO 
Fl:2Fl 4F 4B 
F12A 80 
F12B 

;PRINT I'IESSAGE TO scREEN ONLY F12B IF 
1'128 ~ ourpUT ENABLED 
F12B , 
F12B 24 90 L922 BIT I'ISGFLG ;PRINTING PlESSAGES? 
F120 10 00 BPL L923 ;1'40 
F12F g9 BO Fa L1073 LOA I'IS1,Y 
F132 08 PHP 
Fll3 29 7F AND #$1F 
Fl.J:5 29 02 FF JSR $FFI>2 
Fi3S C8 IN)' 
F139 28 PlP 
FI3A 10 F3 BPl l1e73 
F13C 18 L923 CLC 
FI3D 60 RTS 
FUE .END 
F13E .LIB KrAPE1 
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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 0, or at the specified address if the secondary address is 0. 

Input parameters: 
$BA - device number 
$B9 - secondary address 
.X - LOAD address 10 if secondary address is zero 
. Y - LOAD address hi if secondary address is zero 
.A - if= 0 then load, #- 0 then verify 

Output parameters: 
.X - return high LOAD address hi 
. Y - return high LOAD address 10 

Routine source code: 

LOC CODE LINE 

FUE 
F49E 
F49E 
F49E 
F49E. 
F49E 
F.I,9E 
F49E 
F49E 
F49E 
F/,9E 
F/,1'E 
F49E 
F49E 
F49E 
F/.9E 
F4A0 
F4A2 
F4A3 
F4A7 
F4A9 
F4AB 
F4AD 
F4AF 
F4B2 
F4B4 
F4B6 
F4B8 
F',BS 
F4B8 

86 
84 
6C 
83 
A9 
85 
AC ' ,} 

00 
4C 
(;'7 
F0 
9€1 

CJ 
C4 
30 03 
93 
00 
90 
BA 
03 
13 F7 
~)3 

F9 
JP.. 

F 530 4C ~)4 1'7 
FS33 
F533 
F533 

, 
;**************************************~* 
;* LOAD RAM FUNCTION. 
;* LOADS FROM CASSE1TE OR SERIAL BUS 
;* DEVICES >-4 TO 31 AS DETERMINED 8Y 
:* CONTE.NTS OF VARIABLE FA. VERIFY FLAG 
;* IN .. A. . 
:* ALT LOAD IF SA-0, NORMAL SA~l 
; * . X, • Y LOAD ADDRESS IF SA=0 
;* .A~0 PERFORMS LOAD,<>0 IS VERIFY. 
;* HIGH LOAO RETURN IN .X,.Y 
;* USE. SETLFS & SETNAM BEFORE THIS ROUTINE 
; **+.**~*+.****~ .. ~****~******~+.************* 
, 
L990 

NLOAD 

Ll241 
Ll046 

STX 
STY 
JI'IP 
STA 
LOA 
STA 
LOA 
SNE 
JMP 
eMF' 
BEQ 
Bec 

MEI'IUSS . 
MEMUSS+l 
(ILOAD) 
VERCK 
11$00 
STATUS 
FA 
Ll046 
Ll049 
1I~03 

L1241 
Ll030 

:LO ALT START 
;HI ALT START 

;STORE VERIfY FLAG 

;CHECK DEVICE It 

;KEYBOARD, SAD DEVICE 
;SCREEN? 
;YES 
;TAPE 

.----------------------------, 

~,"$F530 
Ll038 JMP L'I59 .FILE NOT FOUND 

***;0;;0; LOAD FROM TAPE 
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LOC CUoE LINE 

F333 4A L10Se LSR A TAPE? 
F534 B0 03 BCS LH347 YES 
FS.s6 4C 1.3 F7 JI'IP L104'1 NO, BAD DE:IJICE 
F53'1 2<1 D0 F7 L1047 JSR Ll104 SET TAPE POINTERS 
F5.3C B0 03 ees L1060 
F53E 4C 13 F7 JI'lP L1049 ;DEALLOCATED 
F54t 20 17 F8 L1060 JSR L938 ; 'PRESS !-'LAY ON TAPE' 
F544 P,0 68 BCl:i L1059 ;SlOP KEY? 
F:j46 20 f'F F5 JSR L1062 ;'SEARCHING' 
F549 AS E!.7 U061 LDA FHLEN ;NAflE? 
F54B F0 09 BEG L1e66 ;NO, LOAD FIRl:iT "'ROG 
F540 20 EA F7 JSR L1l08 ;YES, FIND A FILE 
F:i3\,) 90 0B BCC LH)63 ;FDUNo 
Ft:"r::~) ...J.J .... _ F0 5A BEQ U059 ; s'r Of' f(EY 
F554 B0 DA Bes L1038 ;NO, END OF TAPE 
F556 20 2C F7 U066 JSR L1098 ;FINo AI-lY HEADER 
i-=5~:i9 F0 :53 BEQ L1959 ;S rap KEY 
F55B B0 03 BCS U058 ;NO HEADI:.R 
F53D A5 9'() L1~63 LOA STATUS 
F55F :29 10 AND IISF'Ef<R ;MUST HAVE GOT HEADER RIGHT 
F56l 38 SEC 
F562 00 I.A BNE L1059 ;IS BAD 
1'56'. £91 01 CPX IIBLF ; l'IOVEABLE? 
FS66 F0 11 BEQ L1068 ;YES 
F368 E0 03 CPX IIPLF ; PROGRAM 
F:-:i6A D0 DO BHE L1061 ;NO, TRY FOR rlEXT 
F56C A0 fil L1064 LOY 1I~01 ;FIXED LOAD 
F56E Bl B2 LOA (TAPE1),Y ;ADDRESS IN BUFFER 
F519 83 C3 STA iiEMUSS ;18 LOAD ADDRESS 
F572 C8 INY 
F573 B1 B2 LOA (TAPEl>, Y 
F575 8::; [;4 STA I'IEMUSS+1 
FS77 P..0 04 BCS L106S 
F579 A5 B9 L1668 LOA SA ;1'10NIlOR LOAD? 
F:57B 00 EF BNE L1964 ;,(ES, FIXED TYPE 
F:i7D A0 03 L1S65 LOY 11$03 ;TAPEA-TAPESTA 
F:l7F Bl. B2 LOA <lAPEl), Y 
F5!:l1 A0 01 LOY 11$01 
F583 Fl B2 SBC <lAPEl>, Y 
F58!5 AA TAX ;LO TO .X 
F386 1'10 04 LOY »$04 
F588 B1 B2 LDA <TAPEl) , Y 
F~.:i8A A0 92 LOY 1*$92 
F:58C Fl B2 SBC <lAPEl), Y 
F38c AS TAY ;HI TO .Y 
F58F 18 CLC ;EA-STA+(TAPEA-TAPESTA) 
F::i?fi 8A rAA 
F5'11 65 C3 flOC MEMUSS 
1":-:;0,>3 85 (~E STA EAL 
F595 98 TVA 
FS96 65 <" 

~ .. AOC I'IEI'IU85+1 
F59!:l 85 AF STA EAH 
F59A A5 C.3 LOA 1'I£l'lUSS ;SET UP START ADDRESS 
F59C 85 Cl STA STAL 
F!)9E AS C4 LOA I'IEI~USS+l 
F5A0 85 [;" "- STA STAH 
F5A2 ?0 02 F5 .JSR Ll070 'l.OADING' 
F5AS 20 4A FB JSR L940 LOAD TAf'E BLOCK 
F5A8 24 .Bn $24 SKIP NEXT COI'lI'lAND 
F5A9 18 L1067 CLC GOOD EXIT 
t-'SAH , 
F5AA ;SET UP END ADDRESS 
F5A(~ 

FSAA A6 AE LOX EAL 
F5tiC A4 AF LOY EAH 
FSAE. 60 L1059 RTS 
F5AF 
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Print tape loading messages 

Entry points: 
$F5AF - print 'searching [for filename], 
$F5CI - 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 = 0 then loading, otherwise verifying 

Output parameters: None 

Routine source code: 

LOC CODE LINE 

FSAF ;PRINT 'SEARCHING FOR CNAI'IEJ' 
F5AF , 
F5AF AS 90 U062 LOA MSGFLG ;PRINT IT'? 
F5Bt 19 1E BPL Llll71 ;NO 
F583 A0 0C LOY NflS5-MSl ;'SE.ARCHING' 
1'585 20 2F F1 JSR Ll073 
F5B8 AS ~.7 LOA FNLEH 
FS8A F'J 15 8EQ LI071 
F58C A0 17 LD" IIIIS6-flSl ;'FOR' 
F5BE 20 2F F.l JSR Ll013 
F5Cl 7 

F5Cl ;PRINT FILEHAPIE 
F5Cl ; 
F5Cl A4 87 Lli22 LOY ~NLEH ;HAI'IE LEHGrH 
F5C3 F0 0C BEQ LIe71 ;NO NAPIE 
F5C5 (,)0 ~0 LOY It~ 
F5C7 B1 BS L1091 LOA (FNAOf<), Y 
F5C9 20 02 FF JSR 'fFF02 
F5CC C8 INY 
F5CO C4 B7 CPY FHl.EN 
F5CF 00 F6 SHE. L1091 
F501 69 L1071 RTS 
FSD2 ; 
F502 ;PRINT LOAOIHG/VERIFYING 
F5D2 , 
FSD2 A0 ',9 L1070 LOY MflSHH'IS1 ASSUI'IE 'LOADING' 
F5D', A5 93 LOA VERCK CHECK FLAG 
F5D6 FI'! 02 BEQ LHl52 . YES, LOAD1NG 
1-"508 At! 59 LOY Itf'lS21-l'ISl 'VERIFYING' 
F5DA 4C 28 Fl L1052 Jl'lf' L922 
F50D .END 
F5DD .LIB KTAPE.2 
































































































































































































































