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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 1 of this series, The Commodore 64
ROMs Revealed, which gives the entire operating system kernal software source code.

A knowledge of how the operating system and hardware work enables one to perform
many interesting functions. Notable amongst these is the high speed tape load and save
routines, which allow the tape deck to operate at speeds equivalent to that ona 1541 disk
drive. The whole area of program security is also covered. Without an understanding of
the system software and hardware, the operation and use of the serial and RS232 ports is
often quite mysterious.

This book is the product of many year’s work on Commodore machines, and | am
confident that it provides the most complete and useful set of information available
from any one source. All serious programmers should find this an invaluable and
constant reference book.

Nick Hampshire






Chapter One

inside the Commodore 64
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2 The Commodore 64 Kernal and Hardware Revealed

1.1 Commodore 64 design concept

The division of memory space into blocks in the Commodore 64 is shown in
Fig.1.1. The Commodore 64 is built around the VIC chip and the 6519
microprocessor. As with all microcomputers the Commodore 64 is designed to
use the minimum number of chips. This is to reduce component and assembly

costs.
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Fig. 1.2. Commodore 64 schematics (Reproduced by courtesy of Commodore Business

Machines (UK) Ltd).
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The main computer circuit (see Fig. 1.2) consists of the 6516, the VIC chip
with clock circuit and the eight 64K bit RAM chips. These chips are enough to
make a computer circuit that can perform machine code instructions. Note that
the VIC chip is required as it supplies most of the computer’s RAM control
signals and timing. However, to make a usable personal computer the 64 needs a

few chips for I/O and sound, also a Basic interpreter and operating system in
ROM.
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Fig. 1.2. (contd.)
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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 Commodore 64

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

1.2.1 The PC board

The printed circuit board (see Fig. 1.3) has soldered onto one side of it, a few
hundred assorted resistors, capacitors, ferrite beads, diodes, coils, 2 voltage
regulators, a fuse and 31 integrated circuits (chips). The power supply box
supplies the board with 5 volt dc regulated, 9 volt ac and a shielded ground line.
The 5 V line is used to power most of the main chips but not the VIC chip or the
clock circuit. The 5 V and 12 V for these chips is generated on the board using
diodes and voltage regulators to convert the 9 volt ac supplied. This is done to
limit interference from the VIC chip and clock circuit which are in a shielded
can. (Do not run the computer with this can open as the lid of this provides the
heat sink for the VIC chip.)

1.3 The main chips

1.3.1 651® microprocessor (MPU)

The microprocessor (Fig. 1.4) is a version of the very common 6502. The main
difference is that the 6519 has a 6 pin I/ O port. In the CBM 64 this port is used
for controlling memory configurations through the PLA chip, controlling
output lines to the tape deck and sensing keys being pressed on the tape deck.

+5V

=

6 38— R/w ( Read/ write)
2 RDY (Ready)

(I/O port) P@-P5 @2‘1-2&

(Clockin) PPin  —) 3¢-3?<__:_> D@ -D# (Data bus)

(Phase 2 clock )2 <34 ?‘
(Int t jR@  —— 0
Se;:e);tg ”ic_l_ R Ag-Al5 CAddress bus)
(Non maskable NMI ——— 3 4 +.2¢
inl’errupl') . 22423
(Reset) RES —_ 5l49 5 ke——— AEC
2] ( Address enable control)
+
GND

Fig. 1.4. 6510 microprocessor (MPU).
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6510 Signals and Lines
Pin | @Pin Clock in (from VIC chip)
Pin 2 RDY Ready. Processor waits in current state while this line is

low. If this line is low and interrupts are enabled at the
end of the current instruction cycle then an interrupt
will be initiated

Pin 4 NMI Non maskable interrupt (negative edge sensitive input).
When this line goes from high to low an interrupt will
be initiated at the end of the current instruction

Pin 5 AEC Address bus enable control. When this line goes low
the processor frees the address bus for use by other
chips (VIC in the 64)

Pin 6 Vee Supply voltage (+5 V)
Pins 7-20
& 22,23 AP-Al5 Address bus (enabled by AEC)
Pin 21 GND Ground (9 V)
Pins 24-29 P5-P9 Processor 1/O port
Pins 3p-37 D7-D9 Data bus
Pin 38 R/W Read/ write. (Output: low flags for processor write.)
Pin 39 ¢2in Phase 2 clock input
Pin 49 RES Reset (Active low)

1.3.2 6526 complex interface adapter (CIA)
There are two of these chips in the Commodore 64. The first CIA#1 is used for

+5V
Vee

20

(Data bus) DP-DF N335 29 K> PAP-PAT (Pt h)
(Register _ psgp.Rs3 I EE g K> PB¢ - P8 (Port 8)

select lines —
(Chip select) €S ——213 24 f———— FLAG (Nega.{:ive edge

. o Sensing input
( Qeo«i/wnfc) R/W — 22 4p f———> CNT (Serial clock/pu.lse Counter)
(Phase 2 clock )P2  ——25

39— 5 SP (Serial data)
( Reset) RES —f 34

ClA ¢526

18 |———s p¢c (Port B hand shaking output)

(Interrupt request)iR@. +— 2! 19 . TOD (Time o day clock)

A -
o
z
=]

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 hasits IRQ
output connected to the NMI line so that its timers can generate NMIs instead
of IRQs. The chip select lines for the two chips are decoded from the processor
address bus by the PLA chip to addresses $SDCPf & $DD@P (Fig. 1.5).

6526 Signals and Lines

Pin 1 GND
Pins 2-9 PAp-PA7
Pins 19-17 PBp-PB7
Pin 18 PC

Pin 19 TOD

Pin 20 Vee

Pin 21 IRQ

Pin 22 R/W

Pin 23 CS

Pin 24 FLAG
Pin 25 2

Pins 26-33 D7-D§
Pin 34 RES

Pins 35-38 RS3-RSP

Ground (9 V)

Data port A (Bi-directional data port)

Data port B (Bi-directional data port)

Handshaking output for port B

Clock input for TOD clock

Supply voltage (5 V)

Interrupt request output

Read/write. Input from processor (low for processor
write)

Chip select. Low indicates a processor read or write to
the CIA

Negative edge sensing input

Phase 2 clock input

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

Reset (Active is low)

Register select. Connected to the lower order address
lines to one of the 16 registers

Pin 39 SP Serial input. Not used for Commodore serial bus
Pin 49 CNT Pulse counter, serial clock. Not used for serial bus
+5V +12V
VCC I lvdd
- 25 28
(Data. bus )D¢ D¥ <:l$-22 \% — g:glo. ( Fiter capacitor 1)
'—"_ Ib
(Register
. - -1
select Lines) AB-A% :> - 384 ——— ggﬁim (Filter capacitor 2)
(Chip select) 6 —0 9 = AUDIOB .
. — 2+ b— ou
(Reqd/wnte) RIW 1 a 8 26 ke . EXT (Audio '|nPut:)
Clock 2 ———36 O
( o ) ¢ 6 24 leem POTX ( lnputs for A/
(Reset) WS —_—5 23 ke POTY converters)
14
= &

Fig. 1.6. 6581 sound interface device (SID).
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1.3.3 6581 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 | & 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
$D4pp

Pins 9-13 Ap-A4 Register select

Pin 14 GND Ground (P V)

Pins 15-22 Dp-D7  Data bus

Pin 23 POTY  Analog input for A/D converter

Pin 24 POT X  Analog input for second A/D

Pin 25 Vee Supply voltage 5 V

Pin 26 EXTin  Audio input

Pin 27 AUDIO Audio output

Pin 28 Vdd Supply voltage 12 V

1.3.4 6567-9 video interface chip (VIC)
This video display generator chip (Fig. 1.7) also produces most of the internal
timing and control signals for the CBM 64, including the processor clock.

VIC generates its own address bus like the 6510. 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 1 of the
clock (2 low @9 high).

This chip has been given a higher internal bus priority than the 6519
processor. VIC can disable the 6519 and free the address bus for its own use
during phase 2 by sending the lines AEC & BA low. The AEC line disables the
651f address drivers so that its own can drive the address bus. The VIC chip can
send the AEC line low during phase 1 and use the address bus without
interfering with the processor’s operation. The line BA is connected to the 6510’s
RDY (ready) pin. This can be set low during phase 1 and then held low causing
the 6510 to pause at the end of its next read cycle. (This is ignored during 6510
write operations. VIC accessing memory with R/ W low would not be desirable
anyway!). BA will go low three cycles before AEC is used in phase 2. This
ensures that all write operations have finished and avoids conflict with DMA
(direct memory access) from any cartridge port device (Z8p 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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+5v  +Qv
Vee l | Vdd
(Data bus) DB-D6 < a;“ . W f——— R/ (Read/uwrite)
(Colou: data Dg-Dil {5935 § |——p R& Cinterrupt reQuest)
A 22— PIN CClock in (Dot Cbck))
& r;sl;et:: ?&fa A¢/A8 As/AuC}“'“ o g e s ¢ Chip setect)
AP_A5)
(High aadress) ~ A6- AN Ci‘:‘;“ 5 ufp——— @®CoLouR
(Row setect) RAS 3 8 qk— P« Light p en)
(Columa select) Cas :g - 15 oo SYNC + LUH ( Video sync &
(Address enable  AfC 6 9 14 Colour Luminosity)
control ) S (Video colour)
( Bus availaple) BA —li2
(Clock out) @ouT — '

29
L

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

VIC Signals and Lines

Pins 1-6 D6-DP & Data bus

& 35-39 DI11-D7 D@-D7 are bi-directional and are used for
register access and VIC memory fetches
D8-DI1 are used for reading colour RAM

Pin 8 IRQ Interrupt request output

Pin 9 LP Light pen input

Pin 19 CS Chip select

Pin 11 R/W Read / write

Pin 12 BA Bus available

Pin 13 .vdd Supply voltage +12 V

Pin 14 Colour Colour output

Pin 15 S/LUM  Sync/luminance

Pin 16 AEC Address bus enable

Pin 17 [0Y] Phase one clock out

Pin 18 RAS Row address select. Dynamic RAM control signal,
used for low order of multiplexed address and for
refreshing

Pin 19 CAS Column address select. Dynamic RAM control signal
for high order address

Pin 20 Vss Ground (9 V)

Pin 21 ¢colour  Colourclock in 14-18 MHz

Pin 22 ¢in Clock in 8 MHz

Pins 23 All &

& 30-34 A6-Al1P High order address output

Pins 24-29 AP/ A8-

AS5/A13  Address lines Ap-A13 multiplexed together. Gives
address for VIC for memory fetches in output mode or
register select in input mode

Pin 49 Vee 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 If-115 and Fp-F7!

+5Vv
Vee
28
|6 INPUT LINES \
- F@-F%
I$-115 ! &2 > 9
2%.20 | ( 8 oureur
LINES )
(ouTPuT OF
ENABLE ) CE 9

FE ——— |

14
l GND
Fig. 1.8. Programmable logic array (PLA).

The other main chips in the 64 are the RAM and ROM chips. The RAM
comprises eight 4164 dynamic RAM chips. One chip gives 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 fora4116. The colour memory RAM isa 2114 chip; thisis a4 by 1§24 bit
static RAM.

The Basic and kernal ROMs are 8 bit by §K ROMs. The character ROM isan
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

¢ colour clock

This is the colour clock used by the VIC chip for generating colour signals. It is
divided by part of the clock circuit and used as a reference for producing the VIC
chip’s dot clock.

Dot clock

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

Phase 2 processor clock ¢2

This clock line controls all 6510 read and write operations. It is produced by the
6519 from the VIC chip’s ¢f line. The 65xx series processors require only the
system buses while this line is high (5 V).

1.4.2 Main system control signals

Read/Write R/W

If this line is low when a byte of memory or I/ O device register is selected by the
address bus, then the contents of the data bus will be transferred to the selected
byte or register. If the line is high then the contents of the selected address are
transferred onto the data bus.

Reset RES

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

Ready RDY

RDY is a processor input which, if low, causes the 651 to pause at the end of the
read cycle. It is used with the AEC line to disable the processor during phase 2
clock cycles for direct memory access.

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

Non maskable interrupt NMI

When this line goes from high to low the processor will be interrupted at the end
of the current instruction cycle. Only a change from high to low will cause an
interrupt, so if this line is held low after an NMI it will disable future NMIs.

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

RAM control signals CAS RAS & CASRAM
The 4164 dynamic RAM chips have their 16 bit addresses fed to in two lots of 8
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bits. This is because the 16 pin chip has only an 8 bit address bus. RAS, the row
address and CAS, the column address are used to strobe in the low and high
bytes. In the 64, CAS and RAM chip select are combined into CASRAM, so
when this line is low it flags the high byte of address on the chip’s address pins
and the chip is selected for read or write.



Chapter Two
The Keyboard, Joysticks and
Screen

2.1 Keyboard

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

(wefr] T v u]]
InEGonn

[z e v e v L)

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#1 I/O chip, where the output is via
address $DCPP and the input is via address $DCP1. 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, /=down, I=up). Therefore, looping
8 times through the scanning routine will look at each of the columns and return
all keys which are pressed.
The keyboard is laid out as follows:
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Row # Column # (output)
(input) [ ] 2 3 4 5 6 7
[} DEL 3 5 7 9 + £ 1
1 RET w R Y I P * -
2 — A D G J L ; CTRL
3 F7 4 6 8 [ - CLR 2
4 Fl z C B M R.SH SPACE
5 F3 S F H K : = €=
6 F5 E T U (0] @ t Q
7 l LSH X \% N , / STOP

The scanning of the keyboard matrix, and the testing for depression of the
RESTORE key, are all under software control. The entire processor time
cannot be devoted to keyboard scanning, therefore scanning is initiated by a
regular 1/6f second interrupt. Keyboard scanning is one of the functions of the
IRQ interrupt servicing routine. The 1/6f second regular interrupt is generated
by Timer A of CIA#1. The interrupt service routine starts at location $SEA31
and the keyboard scanning portion at SEA87.

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:

1. Check if key pressed; if not then exit from routine.

2. Initialise 1/O ports of CIA#1 for keyboard scan and set pointers into
keyboard character table |. Set character counter to 9.

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

4. Go back to step 3 and repeat for next column; if key found then continue.

5. Use key count value as index pointer into keyboard character table to get
ASCII code corresponding to depressed key.

6. See if it is SHIFT or STOP key.

7. Evaluate shift function

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.

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

The contents of the 1f 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 §ESD4
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 characterisin
the buffer.

Warning: Do not call the routine at $ESD4 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 SE716 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 SFFCF (vectored at $0324). A Basic
program to emulate the keyboard scanning routine is given in Program 1.

1809 REM KEYBORRD SCAN SIMULATION PROGRAM

1010 REM H4ERERIcHISHOOBERISORERR
=

1939 REM THIS BASIC PROGRAM SIMULATES

1048 REM THE IRQ SCANNING ROUTINE WITH

1858 REM A FULL SCREEN DISPLAY OF WHAT

1068 REM IS HAPPENING. THE ROUTINE FIRST

1876 REM WAITS FOR A KEY TO BE PRESSED

1850 REM AND_THEN SCANS THROUGH TO PICK

1692 REM UP THE KEY(3). ANY KEY PRESSED

1190 REM WILL BE DISPLAYED RS A REVERSE

1118 REM KEY IN THE BOX LABELLED KEY’.

1128 REM

1139 REM YOU MUST HOLD DOMM A KEY UNTIL

1149 REM IT IS RECOGNISED.

1159 REM

116@ REM A KEVBOARD BUFFER IS KEPT AND

117@ REM THE ROUTINE WILL EXIT WHEN

1139 REM EITHER THE RETURN KEY IS FOUND

1130 REM OR WHEN THERE ARE TEN CHARACTERS

1280 REM IN THE BUFFER.

1218

1220 DTN GERED

1330 DIN K$(71>:FORI=BTD?1 ‘RERDKSC 1) NEXT

1249 DIM K(3.64) :FORJ=0T02:FORI=8T064:K(J, I »=PEEK(6@289+J#65+1) :NEXTL, J

1250 FORI=0T064:K(3, [)=PEEK(6B536+1) :NEXTI

1268 PRINT"JEl KEYBURRD SCAN SIMULATION®

1270 PRINT"HM OQUTPUT: $DCOO INPUT : $DCBL"
1288 PRINT"H BIT: 76543218 BIT : 76543210"
1293 PRINT" ———— —
1308 PRINT" I | | ™
1318 PRINT" e —
13268 PRINT" KEY : | "

1338 FORI=1T04:PRINTPS$; :FORJ=1TOI :PRINT W ; : NEXT
1348 PRINT" I 1" NEXT



18 The Commodore 64 Kernal and Hardware Revealed

135¢
1368
1378
1368
13848
1458
1418
1428
1438
144a
1456
1456
1479
14308
1490
1560
15118
1520
1538
1549

1558 KT

1568
15798
1528
1599
1660
1618
16za@
1638
1649
16508

PRINTP$" Bleleldl] "———— "

PRINT " STlEEREBERECURRENT SHIFT : @*
PRINT"CURRENT KEY P 64"

PRINT"H KEY BUFFER®

30SUB 1594

POKE 56333, 1:FORI=0T07:P2(I)=21] :NEXT
KT=8:C5=0:CK=64:%YL=8:R=255: GOSUBi 7@
¥=0:POKES6329, V : GOSUB1668 : A=PEEK(56321)>
IF R=255 THEN 1420

GOSUB 17649

¥=254 : FORYL=@T0O7

POKE 56328,V:G05UB 1668 DISPLAY OUTNEW
A=PEEK (563212 :GOSUB 1788 DI3PLAY INFUT
GOSUB 1868 CHECK FOR ANY NEWS DOWN
V=((V¥2>AND255)> +1 : NEXT

IF CS<>3 THEN 1558

IF {PEEK(S3248+24> AND 2>=2 THEN 1548
FPOKE S53243+24,PEEK(53248+24>0R2
G0TN1568

POKE S53248+24.PEEK (53248+24 >AND253
=CS: IFKT>3THENKT=3

CC=K(KT.CK>

IF CC=253 THEN 1656
KB(BP>=CC : BP=BP+1
IF(BP<>18>AND(CC{>13>THEN 1648

FOR I=8TOBP-1:FDOKE 631+],KBCI):NEXT
POKEISS:BP POKE 56333;129

PRINT " 2abifaleh 1 £117112))

END

GOSUB 1390

GO0T01364

166@ REM

1670

REM DISFLAY OUTPUT YALUE BITWISE

1680 REM

1696
b sl]
ivia
1728
175ae
1748
1758
1768
177
1vea
1728
1308
1818
1829
1838
1349
1858
1860
1878
1880
1830
19006
1910
1228
1938
1548
1355
1968
1978
1385
12986
2064
2818
2820
20308
2640

RE;:PRINT“HMNNHWGEEDUBUEEBP;1GOTO 1868
ggp DISPLAY INPUT YALUE BITWISE
EM
FRINT" SRS R8eE0bREEEREREPEEREEREDEER!"
FORI=7FTOBSTEP-1 :PRINTPS;
FORJ=FTOISTEP-1 :PRINT"BI"; :NEXTJ
C=\L¥3+I:FORJ=1TQS
CH=MIDFCKECO+" " J. 10
FRINT"&"; : IFCA AND P2(I)>=9 THEN PRINT"&";
EEINTC$"EEP5ZNEXTiNEXTiPRINT"!“;’RETURN
M
EEM DISFLRY VALUE IN A BITWISE
M
FOR I=? TO @ STEP -1
C$="@":IF A AND P2(I) THEN C$="1"
PRINT"#"C$"8"; : NEXT : RETURN
REM
gEH CHECK FOR A KEY FROM THIS COLUMMN
EM

FOR X=8 T0 7
IF(R AND P2(X>>=@ THEN 1356
NEXT
SEERRPREERSBRAN(" ; CS

| pESIROPEEEEIRRRT ; CK; "0 ¢
RETURN
IN=K (KT, X+YL%8)
IF IN>4 THEN CK=X+VL%8:G0T01918
IF IN=3 THEN CK=X+VL#8:60T01°919
C3=C30RIN:GOTO1318
REM
REM DISPLAY KEYBOARD BUFFER
REM
PRINT " e a0t IR et
FOR I=8 T0 9
PRINT"1BBEREBBOEEEEI" ; KB(I) : NEXT

:G0SUB 1889
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2058 SN ROETRIR]® ;

2060 IF BP=8 THEN "BSB

2070 PRINTLEFT$( " ¥ibablblas” ,

2860 PRINT"IBREERIERERIEEBSE"

2898 RETURN

2160 REM

2118 REM MNEMONICS FOR KEY PRESS
2128 REM

2130 DATR DEL.RET.,C.RT.F7.F1,F3,FS,C.DN
2148 DATA 3,W.A.4,2,5,E,L.SH

21568 DATA S.R.,D.6,C.F,T,X

2168 DATAR 7.'Y.G,8,B,H. UL,V

2178 DATA 9.1.J.8,M,K,0.N

2188 DﬁTﬂ +IP.'LJ-JnIu:")@)"I"

213@ DATA “\.%,";",CLR,R.SH,=, 1./
22068 DRTR 1.¢,CTRL.2.SPC,CBM.Q,STOP
2218 DATR » » » + 4+ +

Program 1.

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.

833C I FUNCTION KEYS FOR THE &4,
833C | ReteeseeesitaloisEiEuoR g
C !
gggk I ERCH KEY CAN HAYE R MAXIMUM
833C IDEFINITION OF 255 CHARARCTERS LONG
833C FCMAXIMUM BASIC STRING LENGTH)
a33C !
833C ! DEFINE R FUNCTION KEY LISING:
@33c 13YS 42163, N.DEFINITIONS
833C !
833C ! INITIALISE FUNCTION KEYS WITH:
933C 18YS 49132.
833C !
Coo0 #=$C000
C808 AR963 LDR #<FUNCTION
802 3D2483 STR $8324
Ce8sS ASCa LDA #OFUNCTION
Coe7 8D2563 STR $8325
ceeh 68 RTS
CosB !
Co8B 26F 1B7 DEFINE JSR $BVF1 IGET KEY#
COvE EBBI CPX #$89 ILESS THRN 37
Co18 9685 BCC DEF1 IYES
C812 R2BE  ERROR LDX #3$08E TILLEGARL QUANTITY
Co14 6CBe63 JMP ($030@> !SEND ERROR
817 !
Cal? Ee@8  DEFI CPX #300 tIS IT ZERQ?
19 FOF7 BE@ ERROR IYES
Co1B CR DEX
ce1C 8Rn TXA
ceiD 43 FHA
CB1E 20FDAE JSR $AEFD
Co21 2@S9EAD JSR $RDSE !GET STRING
Ce24 2BA3B6 JSR $BEA3 'DISCARD STRING
Ce27 8D51C8 STAR STLEN
C82A &8 PLR
Ce2B orA ASL R
cezC AR TAX
Ca2D BDS3CE LDA POINT.X
Ca36 8524 STR $24

€832 BDSHCA LDA POINT+1,X
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Ca35
ce3?
Ca33
cesB
Ca3b
CO3E
Co41
Cco43
Ca45
Cco4?
ce48
Co4A
ce4c
Co4E
casa
Cesi
Cosi
Cas2
ces3
Ces3
CaSB
Ce63
Co63
CB6S
ceé7
C86R
CoeeR
cesC
Ce6E
Coro
car2
Co73
cer4

8525
fBo8
B122
9124
cs8
Cccsice
Foes
Cago
DoF2
60
Caoe
FOFB
AS0Q
9124
60

(505)
89

06B30A
©0BFAYBB

AS399
F@e3
4CSFF1

ASD3
85CA
ASD6
85C2
98
48
3A

Cars 48

ceré
cer’8
Ce7A
CarD
cevD
Cosa
cess
Ca8s
ces?
coess
cesc
COsE
CoOsF
coesi
ces3
Cess
casg
CesA
cesc
CaSF
CBR2
CBA4
CoR6
CoR8
CBR3
CBRB
CBRE
CaBt
ceB2
C8B4
CeBs6
CaBs
CBBR
CeBD
CoBD
COBF

ASD@
Foes
4C3AEE

2016E7
ADS2Ce
Dass
ASC6
35CC
809262
FoFz2
78
HSCF
FaerC
ASCE
RE87@2
RBBA
84CF
2013EA
28B4ES
C983
De18
Azes
78
86C6
BDEGEC
SD7ea2
CA
DaF?
FecR
C28D
Dea3
4COZES

RED
DAEC

DEF2

DEF3
DEF4

!

STLEN
FUNCFLG
POINT

!
FUNCTION

!
FUNCa2

FUNCB3
FUNCO4

FUNCBS

FUNC8e

FUMNCB?
FUNCEXT
!
FUNCBs

STH
Loy
LDA
STR
INY
cPY
BE@
CPY
BNE
RTS
cPy
BEQ
LDR
5TA
RTS

BYT
BYT

WOR
WOR

JMP

LDX
BME

$25

#5008

$22).%

($245,Y

STLEN TEND OF STRING?
DEF4 IYES

#5608 IEND OF ROOM?
DEF2 INOT YET

#3008 ISTRING LEMGTH=2357
DEF3 IYES

#s00 IZERO TERMINATOR
($245.% ISTORE IT

a

8

$BS03, $BCAY, $B203, $FDOG

$BAGO, $BEBY, $BBVY, $BFV0
$99 IFROM KEYBORRD?
FUNC82 IYES
$F157 1D0 NORMAL
$D3 ISAVE CURREMNT CURSOR
$CA ! COLUMN
$D6
$C9 ! AND ROW

ISAVE .X AND .Y
$D0 ISCREEN OR KEYBOARD?
FUNCO4 | KE'YBORRD
$E63A 1D0 FOR SCREEN
$E716 IDISPLAY CHAR TO SCREEM
FUNCFLG IDOING FUMCTION KEY?
FUNCB9
6 IANY CHARS IM BUFFER?
$CC 'IF NOT, BLIMK CURSOR
$8292 TAUTO SCROLL DOMWN
FUNCB4 IREPEAT UNTIL CHAR

IDISABLE KEYBUARD
$CF ICURSOR BLINK?
FUNCES INO
$CE IRESTORE ORIG CHAR
$9287 ! AND COLOUR
#$00
$CF ISWITCH OFF BLINK
$EAL3 IRESTORE CHAR
$ES5B4 IREMOVE CHAR
#383 IRUN/STOF?
FUNCO? INO
#3899 ICOPY TEXT INTO BUFFER
$C6
$ECEG, X
$9276, X
FUNCB6 IREPEAT UNTIL DONE
FUNCB4 1 DONE
#3$9D ICARRIAGE RETLURN?
FUNCE8 INO
$EED2 IEND INPUT
$D4 IQUOTES?
FUNCO3 IYES



The Keyboard, Joysticks and Screen 21

Caci C38S CMP #133 {LESS THAN F17?
CaC3 SeB8 BCC FUNC@3

Cecs C98D CHP #141 IGREATER THAM F3?
Cec? B@B4 BCS FUNCB3

Cac9 38 SEC

CcacA E9S8S SBC #133 ICHANGE VALUE TO 8-7
cacc 1s CLC

C8CD 65B8 ADC #$B8 I'SET HIGH BYTE QOF
CeCF 8SFE STR $FE ! DEFINITION POINTER
Cab1 A998 LDR #$08

C8D3 35FD STR $FD

CeDS Rego LDY #3080

Cep? 2683C1 JSR GETVAL !GET FIRST BYTE
cebn C8 INY

CeDB 3CS2C8 STY FUNCFLG IFLRG FUMCTION
CODE (36D CMP #3@D ICARRIAGE RETURN?
CBE@ FAD38 BEQ FUNCEXT 'Y'ES

CBE2 C268 CMP #3090

CBE4 DBS7? BNE FUNC@3

COE6 3DS2Ca STA FUNCFLG

CeES F@9sS BEQ FUNCa4

CeEB !

CBEB RCS2CY FLNC@9 LDY FUNCFLG

CREE 2083C1 JSR GETYAL IGET CHARACTER
CoF1 Doas BNE FUNC18

Cer3 8Ds2ce STA FUMNCFLG

CBFs Fags BEQ FUNCB4

CeFs Cs FUNC18 INY

COF3 8CS2C8 ST FUNCFLG

CoFC C28D CMP #$aD 'CARRIAGE RETURN?
COFE FBBH BEQ FUNCEXT IYES, EXIT

Cigg 4C7DCA \ JMP FUNCE3

C !

183 AS81  GETVYAL LDA %81 !BASIC ROM QUT
C195 25FE AND #$FE

C187 8581 STA $91

C18% BIFD LDA ($FDD.Y 'GET CHARACTER
CigB 48 FHRA

C1ec ASA1 LDA $a31 'BRSIC ROM IM
C18E 89a1 ORR #3281

C119 38581 STA $01

Cilz 68 PLR

C113 68 RTS

Program 2.

To enable the function keys enter:
SYS 49152
To define a function key use:
SYS 49163,k#,def$

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

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

The following is an example definition of a function key:

A$=*":FOR I=p TO 79:A$=AS$+CHRS$(32)+CHRS$(20):NEXT
SYS 49163,7,A$

This will set up a function on key 7 which deletes from the cursor position to the
end of the line, leaving the cursor at the same position (space-delete 80 times).
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2.2 Joysticks

There are two different types of joystick which can be connected to the CBM 64;
a simple paddle switch joystick and a potentiometer or analog joystick. The
switch joystick is widely used in games programs to move a cursor about the
screen or to move an object. A switch joystick is primarily capable of only very
simple directional input. It is, however, a very low cost device. The analog
joystick is fairly expensive but is capable of far greater positional control. An
interesting version of the analogjoystick has started to appear in the form of low
cost digitising pads which, when combined with the appropriate software, can
produce some excellent computer art on the CBM 64.

2.2.1 The switch joystick

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

$DCpP: Bits 7-5 Not used
JOY?2 fire button
JOY?2 east
JOY2 west
JOY?2 south
JOY2 north

-5 Not used
JOY1 fire button
JOY1 east
JOY1 west
JOY1 south
JOYI north

$DCP1: Bits

W= N WA O — N Wh

As with the keyboard, both joysticks must be read assuming that when the bit is
zero, the contact is made. Because port 1 is connected to the same line as the
keyboard read, any switches on joystick 1 will affect the character read in.
Program 3 demonstrates the operation of the switch joystick.

18 REM EXAMPLE OF READING THE JO'YSTICK
28 REM

30 PRINT" %",

49 A=PEEK(5632@) :REM PORT 2, 56321 FOR PORT 1
59 F=0:IF (ARND15>=0 THEN F=1

50 E=9:IF (AANDS>=8 THEN E=1

7@ W=0:IF (AAND4>=9 THEN W=1

3@ S=8:IF <{ARND2>=3 THEN Z=1

30 N=0:IF (AAND1>=2 THEM N=1

188 IF F THEN RUN

118 IF E THEM PRINT"0I %“;

128 IF W THEM PRINT"0E8k BI":

130 IF S THEM FRINT"8] EERE":

148 IF N THEN PRINT"80 "BR":

GOTO 490
159 GOTO Program 3.

2.2.2 Potentiometer joystick
A potentiometer joystick consists of two potentiometers mounted at right
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angles to each other in a mechanism which allows the joystick when moved to
change the wiper position of either one or both of the potentiometers. One
potentiometer registers the potentiometer movement in the X axis and the other
in the Y axis. The rotational movement of either potentiometer is divided by the
computer into 255 divisions. With the joystick centered vertically the X and Y
potentiometers will both have a value of 128. The position of the joystick can
thus be mapped in terms of 2D graph coordinates.

The two potentiometers are connected to the SID chip. SID has two analog
inputs, and the two analog lines from each joystick port are multiplexed onto
each input using a 4066 quad analog switch. The 4966 switching is controlled by
lines PA6 and PA7 on CIA#1. Program 4 allows the input of values from two
joysticks using the USR command.

CEga #=£C008

CHea EEESE e s P e e SO SRS EEEE ST g

[ps]als) !ROUTINE TO READ PADDLE PORTS

caed ! USES BASIC USR COMMAND

Coag ! T INITIALISE USR COMMAND

ceas ! POKE 785.98

caeg ! POKE 726,132

ceas !

coas ! P= IISR{ PADDLE NUMBER)

Coad ! MOTE PADDLE NUMBER = 8 TO 3

coea ! el

Cead 28BFB1 USR JER $B1BF IFLOART TO FIXED

CBP3 ASES LDA $65 ILOW BYTE

ceas 23683 AND #3

Coay Al TRY

Ccags A240 LDX #$40

CagR 2582 AND #2 !PORTS 8,1 OR 2.3

coec Foe2 BEQ@ POOR1

CABE R288 LDX #$80

ce18 73 PA0R1 SEI !KEYBOARD SCAN

£a1l SEepDC STA $DCO8 tUSES $DCo0

Cca14 A288 LDX #$3@

Col1é CR LooP DEX 'DELAY FOR A/D

Cai1v 18FD BPL LOOP | CONVERTER

ce19 33 YR

Caln 2581 AND #1

CB1C AR TAX

C@1D BC13D4 LDY $D413,X !READ PORT

ceze =53 CLI

Ce21 A%es LA #8 !ZERQ HIGH BYTE

Ce23 4C391B3 JMP $B3S1 IFIXED TO FLORT & EXIT
Program 4.

2.3 The screen

2.3.1 The hardware

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

2.3.2 The screen display operating system software

None of the wide range of potential features of the VIC II chip are implemented
by the software of the 64 with the exception that on power-up the default screen
and border colours are set up, and the case bit is toggled. The kernal software to
control the text screen is split into two sections; print a character to the screen,
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and scroll the screen. The routine to print a character to the screen is located at
$E716. This routine prints the character in register .A to the screen taking into
account colour control codes, etc. This routine does several tasks before the
character is printed; these tasks are shown in the flow chart in Fig. 2.2.

The flow chart in Fig. 2.3 shows how the screen scrolls. This routine can be
called from Basic with SYS 59626.

Readers interested in the addition of extra commands which utilise the
capabilities of the VIC II chip should consult the companion volume in this
series, Advanced Commodore 64 Graphics and Sound.
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Display non control char

OR CHAR 3
e WITH
$40

PUSH OFF ALL
REGISTERS,
DISABLE INPUT
FROM SCREEN.

OR CHAR
+#
witH $80

iz
INSERTS

DECREASE
INSERT COUNT
By 1

\'4

PUT
CHARACTER
AND COLOUR
ONTO SCREEN

¥

CHECK FOR
LINE WRAP -
AROUND, IF SO,
SCROLL UP OR
DOWN DEPEND-
ING- ON LINE

LINKING AND
SCREEN POS.

PULL OFF
REGS.

ENABLE IRQ
EXIT

Fig. 2.2. Character output flowchart.
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Handle char <128

AND CHAR
3 WITH § DF AND CHAR 3
WITH $ 3F
L ]

NES

POSITION
CURSOR AT
TOP LEFT OF

SCREEN

INCREASE
COLUMN
NUMBER

WRAP-

SCROLL

SCREEN UP ARDUND ¥
¥y YES
kY POSITION
whae e
NUMBER?

© G

Fig. 2.2. (contd.)
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Test for colour
or lower case

Handle colour codes

LOAD .X
WITH |5

SET VIC CHIP
TO LOWER
CASE

RETURN

LOAD COLOUR
VAL WITH
. X

RETURN

Fig. 2.2. (contd.)
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Handle char#>127

AND CHAR
WITH $3F

RETURN?
($oD)

Test for colour

or upper case

OR CHAR
WITH § 8¢

SET Vic
CHIP TO
UPPER CASE

OR CHAR

wiTH $49

®

Fig. 2.2. (contd.)
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MOVE CURSOR

UP | LINE
CZ)
CLEAR Y
REVERSE
FLAG

DECREASE

COLUMN

NUMBER sg}éei?
)

13

CLEAR SCREEN
CLEAR LINE LINK

CURSOR TO TOP
i’ LEFT

MOVE CURSOR
TO RIGHTMOST
ONE LINE UP

Fig. 2.2. (contd.)
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Operate on carriage return

ZERO 3f INSERTS,
RESET QUOTES
FLAG. SET REV-
ERSE OFF, MOVE
CURSOR TO NEXT LINE

SCROLL SCREEN

vp
I 0R 2 LINES

Delete a character

MOVE | CHAR
BACK

POSITION AT
TOP LEFT
OF SCREEN

Insert a space

]

DECREASE
COLUMN BY
|

¥

MOVE REST OF
CHARS ON LINE

BACK | SPACE.
REPLACE LAST

CHAR WITH SPACE

SCROLL REST
OF SCREEN
DOWN | LINE

AND LINK IT

¥

CURSOR POSITION

MOVE REST OF

CHARS ON UNE
FORWARD | SPACH
PUT A SPACE AT

i

INCREASE =
OF INSERTS

BY |

Fig. 2.2. (contd.)
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Scroll screen up

$ES EA

SAVE OFF
SA and EA

— 1

DECREASE
ROW 3#

POINT TO

SECOND LINE

b SCROLL
LINE UP | ¥
LINE

i

DECREASE
LINE #
BY |

L ¥

{

INCREASE
ROW #

tonTrODN, NO

KEY
DOWN?

YES

PAUSE LOOP
CLEAR KEY-
BOARD BUFFER

RESTORE
SA and EA

——

STORE
SPACES IN
BOTTOM LINE

!

SCROLL LINE
LINK HIgH BITS
DOWN | BYTE,
SET 80TTOM LINE
AS NOT LINKED

{

EXIT
(RrTS)

Fig. 2.3. Screen scrolling flowchart.
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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 399
baud normal cassette or 360 baud for the high speed tape system in Chapter4.
A speed of 3090 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 asan 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 clock and serial data lines

These two lines are both inputs and outputs. The current talking device uses
these lines to send data and clock signals. Together these lines carry all data and
perform the required handshaking.

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

Serial Data in on PA7

out on PAS
Serial Clock in on PA6
out on PA4
Serial Atn in to user port pin 9
out on PA3
SRQ in to CIA chip I FLAG pin

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

5v

K 7106

DATA ——— :4 PAS (ouT)
= CiA

PAZ (IN)

Fig. 3.1. Serial port line driver.

7406 inverting buffer/driver chip with its outputs tied to 5 V with 1K resistors
(Fig. 3.2). The 7496 was chosen for its open collector outputs. An open collector

5V

.
INPUT OuTPY

GND

Fig. 3.2. 7496 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 1K 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 any one time but any number can
listen. The Commodore 64 controls which device talks and which listens by
commands sent with the attention line low (true). A timing diagram for serial
overation is shown in Fig. 3.3.

1. Command byte sent under attention.

64 Asserts attention Attention released

Byte ready fo send by 64 if no
secondary oddress
Bit valid on clock high to be sent

ATN a% — | —
cLock 3V | | !
oV Tl__l_—LﬂﬂﬂfUlfUTﬂ_m
T 5V Yoo o [ i | -
AR S S BI85 18] o S S
123

4 6 ¥
If TAT > I ms then <1158 DATA BITS ms [Tr

device not present TAT TNE

Serial device flagging
data accepted

Serial device releases data Ip TF> Ims then
when ready to receive

error
frame error

Serial device ucKnowledges
attention with data low

Fig.3.3. Serial bus timing.



2. Normal bytes on serial.

TalKer reo.chj to send

Talker maKes TNE longer than normal

TNE
‘4——;4 Less than 0.06 ms
ATN BV | Lines released apter message

v |
RN mme_r——ummmfmrL_n

DATA 5BV

gy LI L] l_I LJLILJUUL\UU |

I 2 345 6 %
567 ] 213 byte l
oY) Listener ready for - Last byte occepted
ms

lost byte

Accepted
Listener acknowledges
EOI with dato low

Fig.3.3. (contd.)
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3. Last byte of a message (EOI handshake).

Talker ready to send

T88

5V
ATN AV ,

|
cLock By U Ulﬂﬂﬂﬂl__ Jrrnfuuut

owa BV uuuuuuum__J—DUUUUUDD‘W_J
BV 123456 % 1234 56 %
TNE LSB MsB TNT{
TNE < 0.2 ms
Listener ready. Listener
Releases data accepted
data .
Pulls data
low

Fig.3.3. (contd.)

DajeaAaY 1eMpIBH pUE [eUIBY K9 dJ0powwo] 84] 9E



4. Listener becomes talker.

Attention released apter command by 64

l 64 releases clock Accepted

| New listener ready

ATN g\\// | |

aow gy MU L uuuuunn
v v IO L || BB

BV 45 ¢ % "
Command SA l TNE F“‘S*’ byfe messo.ge
Accepled b'I) New talker sending
listener

New talker ready to
send

New fallker pulls
clock low to
Ocknowledge

Fig.3.3. (contd.)

LE SU0RRIIUNWIWOY) [8118S
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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 (UNTALK)

3.2 Serial ROM routines

LOC  CODE LINE

0000 PESEEESENEXEENARL RN LRNAZ

0000 ; SERIAL SYSTEM

00090 PHENENNMANCEARKEEXENERE XS

0000 -LIP KDECLARE

0000 # =$90

0090 '

0090 :

0090 s KERNAL VARIABLES

0090 }

09990 STATUS #=%41 ;1/0 OFERATION STATUS BYTE
0091 STKEY x=x+{ ;STOP KEY FLAG

0092 SUXT  x=x+1 ; TEMFORARY

0093 VERCK ®=+1 ;LOAD OR VERIFY FLAG

0094 CIF0  *=x+] 1 IEEE PUFFERED CHAR FLAG
0095 BSOUR ==x+{ ;CHAR BPUFFER FOKR IEEE

0096 SYNO  #=x+41 ;CASSETTE SYNC #

0097 XSAV =4l ;TEMF FOR BASIN

0098 LDTND #=x+1 s INDEX TO LOGICAL FILE

0099 DFLTN #=%+{ sDEFAULT INFUT DEVICE #
0094 DFLTO #=%+1 sDEFAULT OUTFUT DEVICE #
009B FRTY  ®¥=x+1 ;CASSETTE FARITY

0e9C DFSW  =x+1 ;CASSETTE DIFOLE SWITCH
209D MSGFLG ®*=#%+1 ;08 MESSAGE FLAG

Q09E FTR1 ;CASSETTE ERROR FASS1

00%E Ti Fax+q ; TEMFORARY 1

009F THFC

009F FTR2 ;CASSETTE ERROR FASS2

009F T2 w=%+] 3 TEMPORARY 2

00A9 TINE  ®=x43 324 HOUR CLOCK IN 1/68TH SECONDS
00A3 R2D2 sSERIAL PUS USAGE

00A3 FCNTR  #=#+{ sCASSETTE STUFF

00A4 BSOUR1 ; TEMF USED BY SERIAL ROUTINE
00A4 FIRT  ==x+1

90AS COUNT s TEMF USED BY SERIAL ROUTINE
00AS5 CNTDN  #=z+1 ;CASSETTE SYNC COUNTDOWN
Q0AL BUFPT x=x+1 ;CASSETTE PUFFER FOINTER
00A7 INBIT 3RS-232 RCVR INFUT BIT STORAGE
00A7 SHCNL  #=¥+1 ;CASSETTE SHORT COUNT

00A8 BITCI ;RS-232 RCVR BIT COUNT IN
00n8 RER =41 ;CASSETTE READ ERROR

00A9 RINONE ;RS-232 RCVR FLAG FOR START BPIT CHECK
00A9 REZ ¥=x4] ;CASSETTE READING ZEROS
00AA RIDATA ;R6-232 RCVR BYTE PUFFER
00AA RDFLG ®=%+1 ;CASSETTE READ MODE

00AR RIFRTY ;RS-232 RCVR FARITY STORAGE
90AP. SHCNH  x=%+1 ;CASSETTE SHORT CNT

0enC SAL ¥=%4+1

90AD SAH ¥=e4]

00AE EAL =%+

Q0AF EAH =]

00P0 CNFO  x=x+1

ooR1 TENF  ==%+)

00PR.2 TAFE1 #=%42 ;ADDRESS OF TAFE BUFFER
o0R4 BITTS ;RS-232 TRNS BIT COUNT

00R4 SNSW1 ¥=x+1



Loc

00RS
Q0BG
00R 6
006
ooe7
ooe8
(1134
00RA
oope
00BD
@ORD
00RE
QORF
00Co
00C1
0oC1
00C2
00C3
00C3
90CS
00CS
00CS
90CS
00Cé4
00C?7
00C8
00L?
00CA
voce
0oCC
0oCD
VOCE
0oCF
o0D9
o001
0003
0oL4
00DY
00ob6
oob7
o8
0oLy
oor2
OOF 3
YoFrS
VoF7
ooF 7
00F /
0oF 7
Q9F Y
@oF P
OOF
01090
0100
0100
0101
0200
Q259
0259
0259
0259
0265
026D
0277
0277
0277
0277
0281

CODE

LINE

NXTRIT
DIFF
RODATA
FRF
FNLEN
LA

L)

FA
FNADR
ROPRTY
OCHAR
FSBLK
MYCH
CAS1
TMFO
STAL
STAH
MEMUSS
TNF2

*=¥4]

EET TS
¥=%+1
=%+
R=x4]
F=ed]
#¥=%42

¥=R+]
#=x4+]
¥=%4+1
¥=%4+1

=+l
®=¥+1

=42
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;RS-232 TRNS NEXT RIT TO RE SENT
;RS-232 TRNS BYTE PUFFER

sLENGTH CURRENT FILE N STR
sCURRENT FILE LOGICAL ADDR
$CURRENT FILE 2ND ADDR

$CURRENT FILE FRIMARY ADDR

;ADDR CURRENT FILE NAME STR
;RS-232 TRNS FARITY PUFFER
:CASSETTE READ BLOCK COUNT

3CASSETTE MANUAL/CONTROLLED SWITCH

;CASSETTE LOAD TEMFS (2 BYTES)

;UARIAGLES FOR SCREEMN EDITOR

3
LSTX
NDX
RVS
INDX
LSXF
LSTP
SFDX
BLNSY
BLNCT
GOBLN
BLNON
CRSW
PNT
FNTR
Qrsw
LNAX
TRLX
DATA
INSRT
Loret
LINTNF
USER
KEYTAPR

{RS-232 2-FAGE

RIBUF
ROBUF
FREKZF
BASZFT

.
v

BAD

RUF

s TABLES FOR OFEN FILES

5

LAY
FAY
SAT

{SYSTEM STOKAGE

KEYD

x=%41
et
¥=%x41
*=%4+]
¥=%+1
EX 2
¥=%41
#zxe]
¥=%41
¥=%+1
¥=¥+1
r=x4+]
x=%42
¥=%4+]
*=x+1
¥=x+1
*=%+]1
¥=%+1
x=x41

*=%4+25

x=%4+]
REY R
®=x42

X=%42
¥=x4y
#=%4+4
w=x4]

¥*=$100

*#=%41

*=$200
*=%489

*=%+19
x=%+10
x=%4+10

*=x410
MEMSTR #=%+2

sKEY SCAN INDEX
3 INDEX TO KEYBOARD @
sRVS FIELD ON FLAG

1X FOS AT START

3SHIFT MODE ON FRINT
;CURSOR BLINK ENAB
;COUNT TO TOGGLE CUR
;CHAR BEFORE CURSOR
;ON/OFF BLINK FLAG

s INFUT VS GET FLAG
sFOINTER TO ROW
sFOINTER TO COLURMN
;QUOTE SWITCH

;49/89 MAX FOSITION

;s INSERT MODE FLAG

;40/80 LINE FLAGS

: TEMFORARY FOR LINE INDEX
;SCREEN EDITOR COULOUR IF
+KEYSCAN TABLE INDIRECT

yRS-232 INFUT BUFFER FOINTER
;RS-232 OUTFUY BUFFER FOINTER
;FREE KERNAL ZERO FAGE
:LOCATION ($00FF) USED RY BRASIC

;BASIC/MONITOR RUFFER

;LOGICAL FILE NUMPERS
sFRIMARY DEVICE NUMBERS
s SECONDARY ADDRESSES

: IRQ KEYBOARD PUFFER
:START OF MEMORY
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LOC

0283
0289
0286
0286
0286
0286
0287
0288
0289
028A
olse
028C
0280
028t
Q23F
0291
0292
0293
0293
0293
0293
0294
0295
0297
@298
0299
0290
02vL.
029P
0290
229C
029D
0270
029D
029D
(264 43
929F
029F
02A1
02A1
02A1
0309
0314
0516
9318
231A
031C
VS1E
0320
0322
0324
0326
0328
032A
9320
03LE
0330
0332
0334
0334
033C
O3rC
V3FC
0400
0/E7
97E7
0860
0809

CODE LINE

MEMSIZ
TImouY

H
;SCREEN EDITOR STURAGE

COLOR
GLCOL
HIRASE
XMAX

RFTFLG
KOUNY
DELAY
SHFLAG
LS ISHF
KEYIL0G
MODE

AUTODN

x=x42
®=¥41

*z¥+]
¥=%+]
¥=%+]
¥=3x4+1
¥=x4]
¥=%+1
¥=%+1
¥=%4+]
*=%+1
¥=g42
x=%4]
¥=x4+1

{KS-232 STORAGE

M26CTR
M26CDLKR
M26AJR
RSSTAY
BITNUM
BAUDOF

*¥=%x41
r=%+1
EET ¥3¢]
¥=%4+1
¥=%+1
¥=%+2

sRECIEVER $70RAGE

KIDRE
KIDRS

;TRANSNITTER STORAGE

KOLES
RODRE

IRQTAF

e e

CINV
CRINV
NM IRV
IOFEN
1CLOSE
ICHKIN
ICKOUT
ICLRCH
IRASIN
IBSOUTY
ISTOF
IGETIN
ICLALL
USRCMD
ILOAD
ISAVE
3

TRUFFR
H
CBMSCN

v
v

s RARLOC

3

¥=%+1
¥=x41

¥=¥4+1
¥=x+1

=x42

*=$0300
*=$0300+20
*=%42
=it
=%+
x=x4
E=¥42
F=x42
¥=%4+2
¥=%42
*=%42
Ezx42
x=x42
¥=¥%4+2
x=%+2
=34+
¥=x42
¥=%4)

*=$0300+60
x=%+192

¥=$0400
®2E+999

¥=%$0800

:TOF OF MEMORY
s IEEE TIMEOUT FLAG

sACTIVE COLOUR NIPRLE
sORIGINAL COLOUR REFORE CURSOR
1BASE LOCATION OF SCREEN (TOF)

;KEY REFEAT FLAG

sSHIFT FLAG BYTE

sLAST SHIFT FATTERN

s INDIRECT FOR KEYBOAKD TABLE SETUFP
$@-FET MODE, 1-CAVTACANNA

sAUTO SCROLL DOWN FLAG (=0 ON,<>@® OFF)

36926 CONTROL REGISTER

16526 COMMAND REGISTER

;NON STANDARD (BITTIME/2-109)

3RS-232 STATUS REGISTER

;NUMBER OF BITS 10 SEND (FAST RESFONSE)
;BAUD RATE FULL BIY VIME

; INFUT BUFFER INDEX 10 END
; INFUT BUFFER FOINTER TO START

sOUTFUT BUFFER INDEX 10 START
;OUTFUT BUFFER INDEX T0 ENOD

;HOLDS IRQ DURING TAFE OFS

;FRUOGRAM INDIRECTS(10)
tKERNAL/US INDIRECTS (20)

s IKQ RAM VECTOR

1PRK INSYR RAM VECTOR

;NI KAM VECTUR

s INDIRECTS FUR CUDE

sCUNFORMS TO KERNAL SFEC 8/19/80

s SAVESF
+CASSETTE DATA BUFFER

164 SCREEN



LocC

0860
Dooo
DO2F
DO2F
D400
D41D
D41D
D800
bEE?
bee”
DRE7
DBE/
DCoo
DCoo
DCeo1
bLo1L
DCo2
DLo3
DCe4
DCOS
DCeé
oce7z
DCe8
DCo?
DCoA
pcer
pcec
bCeD
DCOE
DCOF
bC1o
DC19
DDLeO
bbe1
bbe2
DDOJ
bbe4
DL
DDo6
DDO7
Dbes
DDo?
bbeA
bber
bbec
() 111V]
DDOE
DDOF
bD1e
bD1o
bb1o
DL1o
LD1¢@
bD1@
bbL1e
bbD1o
D01e
DD1@
bD16
bo1o
bbie
bL1o
DDL1e
DD1@
DD1e
bD1o
DDh1e

CUDE

LINE

VICREG

cencou

*¥=$D900
g=x447

*»=3D400
x=%429

*=$0800
¥=%4999

+1/0 DEVICES

.
v

coLm
D1DFA
ROWS
D1DFE

D1DDRA =
D1DDREB =

DITAL
D1TAH
DITEL
D1VeH
D1TOD1

D1T0D2
D1TOD3 #

D1TOD4

¥ =$DC0OO

x=¥+1

DIIODE *==x

D1ICR
DI1CRA
DiCkR

.
v

D2DFA
D20FR

D2DLKA *
D2DOKE *

D2TAL
D2TAH
D2TEL
D2TEH

D2T001 =

0271002
L2T0L3
027004
D21I0DE
D2ICR
D2CRA
D2CRB

%=+
=%+
¥zx+]
EE T T3

1 TAFE BLOCK TYFES

3

EOT
BLF
BOF
FLF
BDFH
RUFSZ

H

s TAFE
SFPERR
CKERR
SPERKR
LBERR

=%
=1
a2
=3
=4
=192

"RROR TYFES

=16
=32
=4
=g

Serial Communications

;VIC REGISTERS

31SID REGISTERS

364 COLOUR NIBBLES

16526 (IRQ)
s KEYBEOARD MATRIX

+KEYROARD MATRIX

36526 (NMID)

3END OF TAFE

sBASIC LOAD FILE

sBASIC DATA FILE

sFIXED FROGRAM 1YFE
sBASIC DATA FILE HEADER
:RUFFER SIZE

;SCREEN EDITUOR CONSTANTS

v
v

41
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Loc CODE

bD1@
vbie
DIV
oD19
bb1o
DD1o
bb1e
DD10@
DD10o
D010

TALK

LINE
LLEN =49
LLEN2 =80
NLINES =23
BLUE =6
LTBLUE =14
CR =$D
MAXCHR =89
NURAF =2
END
.LIB KSER1

Entry point: $FFB4

+SINGLE LINE 40 COLUMNS
;DOUBLE LINE 80 COLUMNS
+25 ROWS OMN SCKREEN
sBLUE SCREEN COLOUR

;LT BLUE CHAR COLOUR

;s CARRIAGE RETURN

Function: Command serial device to talk (transmit data)

Input parameters: .A device number

Output parameters:

Registers used: .A

Error messages:

Device not present (returned in STatus var. $90) - attention not acknowledged

by data low within

Frame error (in ST) - no data accepted response (data low) within I ms of last

None

I ms

bit of byte being sent.

Description: This routine ORs the device number in the .A register with $40.
Before the command is sent the single character serial buffer is checked for being
empty. If it is not the character in it is sent (with end message marker (EOI)).
After this the attention line is set low (bit 3 set in chip 2 port A (assembler label
D2DPA in listing). Then the command byte is sent with the attention line held

low.

LoC CODE

bD1e

EDOY

EDOY

EDOY

EDOY

EDOY

EDO? @9 46
EDOBR 2C

LISTEN

Entry point: $SFFBI

LINE

*=$LDOY

e e Y E E Y
; *COMMAND SERIAL PUS 10 TALK.

s *THE ACCUMULATOR MUST BE LOADED WITH THE
s ¥DEVICE NUMBER THAY YOU W1SH TO TALK.

PR EEERREEEER RS EAREERREER LR ERE LR R EE

LB36 ORA #8449
.BYT 82C

sMAKE ADDK TALK
$SKIP NEXT COMMAND
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Function: Command serial device to listen

Input parameters: .A device number
Output parameters: None
Registers used: .A

Error messages:

Device not present (returned in STatus var. $90) - attention not acknowledged
by data low within | 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 $20.
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
L85p - Wait for data high
Set clock low
Put 8 in counter
1848 - 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 1 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

LDeC
EDOC
EboC
EDOC
EDOC
EDOC
EDOC
EDOE
ED11
ED12
ED14
ED16
ED16
ED16
ED16
ED17
ED19
ED1C
EDIE
EDZ0
ED21
[ AVAR]
ED24
ED27
ED2Y
EDL2E
ED2E
ED31
ED33
tD36
ED36
ED37
ED3A
ED3D
ED4¢
ED41
ED44
ED47
ED49
ED4C
ED4E
EDS@
EDS0
EDS3
EDSY
EDS8
EDGA
EDGD
EDSF
ED62
ED62
ED62
ED62
ED64
ED66
ED6?
EDSC
EDSE
ED6F
ED71
ED73
ED7S
ED78
ED7A
ED/D
ED8O
ED81
EDB2

CODE

09
29
48
24
10

38
b6
20
46
46
68
89
78
20
(B4
Do
20
AD
07
8D

78
20
20
20
78
20
20
ee
20
24

10

20
144
20
-1
20
99
20

A9
85
AL

Do
oA
k4%
-2}
bo
20
De
20
20
EA
EA
EA

20
A4

94

A3
40
P4
Al

97
3F
03
8%
00
08
00

8E
97
B3

9?7
A9
64
85
A3
oA

A9
Fe
A?
Fg
A9
FB
BE

vy

A0
63
97
8%

Fo

ED

EE
EE
bD
bD

EE
EE

EE
EE

EE
EE
EE
EE

bp
Db

EE
EE

LLINE

R R I A T e L R TR T R R L

; *COMMAND SERIAL BUS TO LISTEN.

3%TO USE THIS ROUTINE, THE ACCUMULATOR MUST

3 *FIRST BE LOADED WITH THE DEVICE NUMBER THAT

1¥YOU WISH TO LISTEN (RECEIVE DATA).
PN EREE R R RA LR E R R RS RR SRR AR RERERER

LY66 ORA
JSR
LY8¢ FHA
BYV
BFL

¥
1 SEND RUFFERED CHAR

’
SEC
ROR
JSK
LSR
LSKR

LB&4 FLA
sTa
St1
JSR
ChF
BNE
JSK

LB83? LoA
ORA
STA

;
LB42 SEI
JSR
JSR
JSK
L8Y%9 SET
JSR
JSR
BCS
JSR
BIY
BFL
;D0 EOI
LB46 JSR
ece
LB849 JSK
BCS
L850 JSR
ecc
JSR

+SET 10 SEND DATA

LDA
STA
L848 LDA
CHF
BME
ASL
ece
ROR
ecs
JSR
BNE
L8351 JSR
LBS3 JSR
NOP
NOF
NOF

820
SFOA4

C3ro
LB64

R202
L85y
C3ro
R2D2

BSOUR

LB44
HeSF
LB3Y
L8795
D20FA
Heo8
D2DFA

L8433
LB44
L8446

LB44
LBS4
L8YS
L875
R202
L8Se

L8Y4
L840
L8G4
L849
L8G4
L8GO
L843

H$o08
COUNT
D2DF A
D20FA
LB48
A
LB47
BSOUR
L851
LB41
LB8S3
LB44
LB87%

:MAKE ADDKR LISTEN
sFROTECT FROM RS323 NNI

sCHAR IN BUFFER?
3 NO

3SET EOI FLAG
$SEND LAST CHAR
sBUFFER CLEAR

jCLEAR EOI FLAG
s TALK/LISTEN ADDR

JCLKHI ONLY ON UNLISTEN

1 ASSERT ATTENTION

sSET CLOCK LINE LOW

;DELAY 1 NS

1DISABLE IRQ

;MAKE SURE DATA IS RELEASED
1DATA SHOULD BE LOW

;CLOCK LINE HI

;EOT FLAG TEST

sHAIT FUR DATA HI

{NAIT FOR DATA LO

:WAIT FOR DATA HI

;SET CLOCK LO

;s COUNT 8 RITS
:DEROUNCE BUS

;DATA MUSYT PE HI
sNEXT BIT INVO CARRY

JCLOCK HI
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Loc Cobe LINE

EDB3  EA NOF

EDB4 AD 96 DD LDA D2LFA

£ED87 29 DF AND H$DF ;DATA HI

ELDB? 09 10 ORA H$10 ;CLOCK LO

ED8E. 8D 00 LD STA D2DFA

EDBE Cé AL DEC COUNT

ED96 Do D4 PNE LB48

ELYZ A9 04 LDA H$04 3SET TIMER FOR 1 MS

ED94 8D 67 DC 8TA D1TRH

ED?7 A% 19 Lha He19

ED99 8D ¢F DC 8TA DICRE

EDYC AD oL DC LDA D1ICR

ED9F AD @0 DC LB83S LDA DIICR

EDA2 29 @2 AND He02

EDA4 DO oA ENE LB47

EDAS 20 A9 EE JSR LBY4

EDAY PO F4 BCS LBSS

EDAR &8 CLI sENARLE IRQ

EDAC 60 RTS8

EDAD A% 8¢ LBYS LDA HeB80 ;DEVICE NOT FRESENT

EDAF  2C BYT $2C

EDRO A% 03 LB847 LDA H$03 ;FRAMING ERROR

EbR2 220 1C FE LB8S2 JSR $FELC ;s SEND MESSAGE

EDBY &8 CLI ;ENABLE IRQ

EDR6 18 cLC

EDB7 906 4A BCC L1004 s ALWAYS
SECOND

Entry point: $FF93

Function: Send secondary address after listen

Input parameters: Secondary address in .A register ORed with $69
Output parameters: None

Registers used: .A

Error messages:

Device not present (returned in STatus var. $99) - 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 LINE
EDRY R e e it E e L R i i
EDER? ; *SEND SECONDARY ADDRESS AFTER LISTEN.
EDRY ;¥TH1S ROUTINE IS USED TO SEND A SECOMDARY
ELR? ;1 *ADDRESS AFTER A CALL TO THE LISTEN COMMAND.
EDRY IR R e T e T

ELR? 835 93 L871 STA BSOUR :BUFFER CHAR
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20 36 ED

EDER
EDRE
EDBE
EDBE
EDRE
EDC1
EDC3
EDC6

AD ¢@ LD
29 F7
8D 00 DD

69

TKSA

JSR 1842 SEND IT
sRELEASE ATTENTION

3

L983 LDA D2DFA
AND H$F7
STA D2DFA sRELEASE
RTS

Entry point: $FF96

Function: Send secondary address after talk

Input parameters: Secondary address in .A register

Output parameters: None

Registers used: A

Error messages:

Device not present (returned in STatus var. $90) - attention not acknowledged

by data low within | ms

Frame error (in ST) - no data accepted response (data low ) within 1 ms of last

bit of byte being sent

Description: The secondary address is loaded into the serial buffer and then sent
to the serial bus. This routine then waits for the new talking device to
acknowledge it is the new talker by changing the clock line. This is done as

follows:

Hold data low

Set attention high (release)

Set clock high

Then wait for clock to go low

LOC

EDC7
EDC?
EDC?
EDLC?
EDC?7
EDCY
EDC?
EDLC?
EDCC
EDCC
EDCC
EDCC
EDCD
ELDO
EDD3
EDDS
EDD9
eboe
EDLC

CODE

95

36

AQ
BE
85
A9
FB

ED

EE
ED
EE
EE

LINE

R A e I R T R T AR R T Y

;1 ¥SEND TALK SA.

;%TH1S ROUTINE IS USED TO SEND A SECONDAKY
; *ADDRESS TO A DEVICE THAT HAS ALREADY BEEN
s *COMMANDED TO TALK.
PEEEEEEEEEEE U AR AR R AR R REEREARE R LR SRR
LB6® STA BSOUR ;BUFFER CHAR

JSR L1842 JSEND SA
sSHIFT OVER TO LISTENER
L970  SEI ;DISABLE IKQ
JSK L841 ;DATA LINE LO
JSR L983
JSR L8735 sCLUCK LINE HI
L968  JSR L8%4 ;WAIT FOR CLOCK LO
BRI L968
CcLI ; DONE

RTS8
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CiouT

Entry point: SFFA8

Function: Send byte to serial bus
Input parameters: Byte to send in .A
Output parameters: None

Registers used: .A

Error messages:

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

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

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

Loc CODE L1INE
EDDD ;BUFFERED OUTFUT 70 SERIAL RUS
EDLDD 24 94 L 861 BIT C3FO ;s BUFFERED CHAR?
EDDF 30 09 BMNI L949 s YES, SEND LAST
EDE1 38 SEC +NO
EDE2 66 94 ROR C3FO sSET PUFFERED CHAR FLAG
EDE4 DO 9% BNE L862 s ALWAYS
EDES 3
EDES 48 L?49 FHA 1+ SAVE CURRENT CHAKR
EDE7 20 49 ED JSR L8Y9 s SEND LAST CHAKR
EDEA 68 FLA 3}RESTUORE CURKRENT
EDEB 85 95 L8462 8TA BSOUR sBUFFER I
EDED 18 CLeC 3 6O0OL EXITY
EDEE 490 RTS

CUNTLK

Entry point: $SFFAB

Function: Send command UNTALK
Input parameters: None

Output parameters: None

Registers used: A

Error messages:

Device not present (returned in STatus var. $99) - attention not acknowledged
by data low within I ms
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Frame error (in ST) - no data accepted response (data low) within 1 ms of last
bit of byte being sent

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

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

Loc CODE LINE
EDEF SHEAEENNFANAAMSERN X ERIAEXFARF NI ENNL LN
EDEF ; *SEND UNTALK.
EDEF +*THIS ROUTINE SENDS AN "UNTALK® TO THE SERIAL
EDEF +*¥BUS. IT WILL TELL ALL DEVICES IN 1ALK
EDEF +*MODE TO STOF TALKING (SENDING DATA).
EDEF It P I 1333 i i i dadadddadcdaddd
EDEF 78 LB863 SEI
ELDFO 29 8E EE JSR L8433
EDF3 AD @0 DD LDA D2DFA sFULL ATN
EDF4 09 o8 UORA H$08
EDF8 8D 06 DD STA D2DFA
EDFE A9 UF LDA H$GF sUNTALK
EDFD 2C BYT 82C $SKIF NEXT COMMAND

UNLSN

Entry point: $SFFAE

Function: Send command UNLISTEN
Input parameters: None

Output parameters: None

Registers used: .A

Error messages:
Device not present (returned in STatus var. $99) - attention not
acknowledged by data low within 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 sends the $3F under attention to serial bus.
This tells the current listening devices to stop. After a delay this
routine ends by releasing clock and data lines.

LOC  CODE LINE

EDFE s ¥SEND UNLISTEN.

EDFE +*TH1S ROUTINE SENDS AN UNLISTEN’ TO
EDFE y#THE SERIAL BUS. fT WILL TELL ALL DEVICES
EDFE +%IN LISTEN MODE TO STOF LISTENING.

EDFE H ERUEEEFREEEFERVREFERAFEEREXFEREEFLEREEEEEY
EDFE A9 3F L1006 LDA H$3F SUNLISTEN COMMAND
EEV® 20 11 ED JSR L9890 s SEND

EE03 :

EEO3 +RELEASE ALL LINES

EE03 :

EE®3 20 BE ED L1004 JSR L993 sRELEASE ATN

EE®6 H
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EEgé sDELAY THEN RELEASE CLOCK AND DATA
EE06 3
EE®6 BA L8%8 TXA sDELAY AFFROX 66 MICRO SECS
EEQ7 A2 6A LDX #30A
EE09? CA L8876 DEX
EE®A DO FD BNE L8746
EE6C AA TAX
EE®D 20 85 EE JSR L8755
EE10 4C 97 EE JMF LB44
ACPTR

Entry point: $FFAS

Function: Input byte from serial port

Input parameters: None

Output parameters: Character in .A

Registers used: .A

Error messages:
Read timeout (in ST) - no clock low response within §.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

L.866 — Set timer to 256 ms

Release data

1872 - 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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LoC

EE13
EEL13
EELZ
EEL3
EE14
EE16
EELS
EE1R
EEILE
EE20
EE22
EELS
EE27
EE2A
EE2D
EE30
EE33
EE3Y
EE37
EESA
EE3C
EE3E
EE3E
EE3E
EE49
EE42
EE44
EE47
EE47
EE47
EE47
EE4A
EE4D
EE4F
EES2
EEG4
EES6
EESS
EESé6
EES6
EEG8
EESA
EESD
EE60
EE62
LE63
EESS
EE67
EE6A
EE6D
EEGF
EE70
EE72
EE74
EE76

CODE

78
A%
85
20
20
10
.34
8D
A?
8D
29
AD
AD
29
Do
20
30
10

AS
Fo
A9
4C

20
20
A?
20
Eé
bo

oo
AG
85
A9
Fe
o1
67
19
oF
97
00
o0
02
o7
AY
F4
18

AS
UA
02

B2

Ad
85
40
1C
AS
ca

o8
AS

00
F8

FS
A4
(17
00
F8

FS
AS
E4
A0

Decrease COUNT

If COUNT not zero go back to L869 to get next bit
Acknowledge byte by sending data low

Check EOI flag in ST

; EOI flags end of message

If set then delay and release data

Exit this byte read in .A

LINE

R R AR T PO R T H
s INFUT A BYTE FROM SERIAL BUS

L8645 SEI ;DISARLE IRQ
LDA H$00 sSET EOIZERROR FLAG
S1A COUNT
EE JSR L8735 ;RELEASE CLOCK LINE
EE L?43 JSR L8%4 $WAIT FOR CLOCK HI
BFL L943
LB66 LDA H$01 3SET TIMER B FOR 256 US
DC STA D1TRH
LbA H$19
e STA DICRR
EE JSR LB844
ve LDA D1ICR
bc L872 LDA DIICR
AND H$02 ;CHECK THE TIMER
BNE L8648 sRAN OUT
EE JSR L8554 sCHECK THE CLOCK LINE
BRI L872 sNOT YET
BFL LB70 3 YES
’
LB68 LDA COUNT 3CHECK FOR ERROR
BEQ L847
LDA H302
ED JMF L8552 $8T=2, READ VIME OUT
; TIMER RAN OUT, DO AN EOI
}
EE LB67 JSR LB41 s1DATA LINE LO
EE JSR L8875 sDELAY, SET DATA HI
LDA #3460
FE JSR S$FELC ;UR AN EOI BIT INTO ST
INC COUNT AND AGAIN FOR ERROR CHECK
BNE L8666

BYTE TRANSFER

P

L8790 LDA H$¢8 sSET UF COUNTER

STA COUNT
bD LB69 LDA D2DFA ;WAIT FOR CLOCK HI
Lo CMF D20FA ; DEROUNCE

ENE LB69

ASL A

BFL L86%

ROR BSOUR1 ;ROTATE DATA IN
()] LB73 LDA D2DFA sWAIT FOR CLOCK LO
DD CMF D2DFA ; DERUUNCE

BNE L873

ASL A

BEMI L873

DEC COUNT

ENE L8649 ;sMORE BITS

EE JSR 1841 ;DATA LO



EE79
EE78
EE7D
EEBO
EEBZ
EE83
EEB4

24
b1
20
AG
o8
18
69

90
03

06 EE

A4

BIT STATUS

BVC L874

JSR L858
1.874 LDA BSOUR1

CLI

cLe

RTS

3.3 General routines

All routines change only the .A register.

Serial Communications

;CHECK FOR EOI
+ NONE
;DELAY AND DATA HI

{ENABLE IK®
;600D EXIT

51

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 1 millisecond delay is a software delay loop lasting approx 1 ms.

Loc

EESY
EEBS
EEBT
EEBS
EES8
EEBA
EEH®D
EEBE
EESE
EEBE
EESE
EE91
EEY3
EE®6
EE?7
EE97
EEQY
EE?7
EE®A
EE9C
EE9F
EEAQ
EEA®
EEAQ
EEAQ
EEA3
EEAS
EEAB
EEA9
EEA9
EEA?
EEAY
EEAC
EEAF
EEB1
EER2
EER3
EER3
EEB3
EER3

AD
29
8D
69

AD
09
8D
69

AD
29
8D
69

AD
09
80

AD
cb
Do
oA
69

84

CODE

00
EF
20

00
1¢
(-1

00
DF
00

00
20

00

(47
00
F8

Db
Db

bD
DD

Db
bb

Do

DD

DD
DD

LINE

[~ we ws

875 LDA D2DFA
AND HSEF
STA D2DFA
RTS

]
14

SET CLOCK LINE HI (INVERTED)

;SET CLOCK LINE LO (INVERTED)

3

L843 LDbA D2DFA
ORA H$1le
STA D2DFA
RTS

}
;SET DATA LINE HI C(INVERTED)

LB44 LDA D2DFA
AND H&DF
STA D2DFA
RTS

+SET DATA LINE LO (INVERTED)

¥

L841 LDA D2LFA
ORA #$20
STA D20FA
RTS

DEBOUNCE THE FIA

™ ue e e

854 LDA D2DFA
CAF D20FA
BNE L8554
ASL A
RTS

{DELAY 1 MS

LB46  TXA
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EER4
EER6
EERY
EER9
EERA
EERP
EEBR

A2 B8

CA

GETIN

Entry point: $FFE4

LB4S

-END

LDX
DEX
BNE
TAX
RTS

.LIB KSER2

HeRo
L8435

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
EEPP
F13E
F13E
F13E
F13E
F13E
F13E
F13E
F13E
F13E
F13E
F13E
F13E
F13E AY 99
F149 D0 o8
F142 AS Cé
Fl144 FO¢ OF
F146 78
F147 4C B4 ES
Fl14A C9 02
F14C D9 18
F14E 84 97
F150 20 86 F@
F153 A4 97
F155 18
F156 60

BASIN

LINE

x=$F13L

4

L R e R e R e R e L
;# GETIN -- GET CHARACTER FROUM CHANNEL.
CHANNEL IS DETERMINED BY DFLTN.
;* IF DEVICE IS o, KEYRBOARD QUEUE IS

3% EXAMINED AND A CHARACTER REMOVED IF

;¥ AVAILABLE.

IF QUEUE IS ENMFTY, Z

;% FLAG IS RETURNED SET. DEVICES 1-31
;# ADVANCE 10 PASIN. THE CHARACTER 1S

+* RETURNED IN .A.

IF ZERU, NULL CHAR.

PEEEEEEEEERFER AR AR AN R AR R RS SRR ERELE R R RS

}
NGETIN

L924
L?26

L44

Entry point: SFFCF

LDA
BNE
LDA
BEQ
SEI
JAp
CHF
BNE
STY
JSR
LDY
cLc
RTS

DFLTN
L924
NDX
LP44

$EGR4
He02
L927
XSAV
$Fo8s
XSAY

;CHECK DEVICE

sNOT KEYROARD

QUEUE INDEX
sNOTHING THERE, EXIT

;REMOVE A CHAR

+RS-2327

sNO, USE BASIN

}SAVE .Y, USED IN RS-232

sRESTORE .Y
46000 RETURN
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Function: Get a character from the current input device
Input parameters: None

Output parameters: .A holds character, CARRY clear
Registers used: .A

Error messages: None

Description: If the status from the last character read was 7§ (EOF), the
character 13 (carriage return) is returned with CARRY clear. Otherwise one
byte is read using the ACPTR routine.

Loc CODE LINE

F157 :

F157 ;¥ BASIN-- INFUT CHARACTER FRUM CHANNEL.
F157 P ¥ BASIN DIFFERS FROM GETIN ON KEYPROARKD
F157 :* AND RS-232 ONLY. THE SCREEN ELITOR
F157 ;¥ MAKES READY AN ENTIRE LINE WHICH IS
F157 ;¥ PASSED CHARACTER RY CHARACTER UF

F157 3% TO THE CARRIAGE RETURN. THE CHARACTEK
F157 3#¥ IS RETURNED IN .A. ZERO FUR NULL CHAR
F157 ;¥ OTHER DEVICES ARE:

F157 3 ¥ 9 --- KEYROARD

F157 3 ¥ 1 --- CASSETTE

F157 s 2 --- RS§-232

F157 ¥ 3 —-- SCREEN

F157 ¥ 4-31 --- SERIAL BUS

F157 ;*§)3********ﬂ***§§§§§******K’****#***§****
F157 2

F157 AS 99 NBASIN LDA DFLTN s+ CHECK DEVICE

F159 0o oR BNE L%27 sNOT KEYBDARD

F15e 3 .

F158 3 INFUT FROM KEYBOARD

F15P :

Fi158 A5 D3 LDA FNTR 3 SAVE CURKENT:
F13D 85 CA STA LSTP 3 CURSOR CULUMN,
F15F AS Dé LDA TBLX

F161 85 C9 STA LSXFP ;s LINE NUMBER

F163 4C 32 Eé JNFP $KE632 ;PLINK CURSOR UNTIL RETURN
F166 ;

F166 C9 03 L927 CHF #$063 3 SCREEN?

F168 0o @9 BNE L%28 1NO

F16A 85 Do STA CRSHW ;FAKE CARRIAGE RETURN
F16C A5 D5 LDA LNAX ;ENDED?®

F14E 85 C8 STA INDX :ON THIS LINE

F179 4C 32 Eé JNF $E632 ;FICK UF CHARACTERS
F173 3

F173 peo 38 L928 BCS L939 ;DEVICES:>3

F175 C9 o2 CHF H$e2 1RS-2327

F177 Feo 3F BEQ $F1P8 ; YES

F179 g e e

F179 #=¢F 1AD

F1AD :

F1AD ;s INFUT FROM SERIAL BUS

F1AD :

F1AD AYS 99 L939 LDA STATUS 1STATUS FROM LAST
F1AF Fo 04 BEQ L9411 10K,

F1B1 A% oD L932 LDA H#86D 1BAD, ALL DONE
F1R3 18 L?46 CcLc sVALID DATA

Fik4 60 L 945 RTS

F1BS 3

FIBS 4C 13 EE L9441 JAF LB6S :GO0UD, HANDSHAKE

F1e8 gD
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BSOUT

Entry point: $FFD?2

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

Output parameters: .A holds same character, CARRY clear

Registers used: None

Error messages: None

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

LOC  COLE LINE
Fies #*=$F1CA
F1CA :
Fica R e AR L e R e 1
Fi1CA ;¥ BSOUT -- OUTFUT CHAR STORED IN .A TO
FiCA ;% CHANNEL DETERMINED BY VARIARLLE DFLTO:
F1CA P ¥ 9 --- INVALID
F1CA 3 ¥ 1 --—- CASSETTE
F1CA 1 2 --- RS-232
Fica 1 ¥ 3 --- SCREEN
F1CA 3¥  4-31 --- SERIAL BUS
FiCA PRAEELAUNLEXRRNANNESRF XX ALLEXNSBENER USRS
F1CA ;
F1CA 48 NBSOUT FHA s PRESERVE .A
FICB  AS 9A LDA DFLTO ;CHECK DEVICE
F1CD C9 o3 CHMF H%03 3 SCREEN?
F1CF Do 04 BNE L%33 $NO
FiD1 68 FLA 1YES, RESTORE .A
F1D2 4C 16 E7 JMF $E716 ;PRINT TO SCREEN
F105 : .
F1DS 90 84 L?33  BCC $FiDB sDEVICE 1 OR 2
F1b7 3
Fib7 sFRINT TO SERIAL BUS
F1b7 [
F1D7 68 FLA
F108 4C DD ED JMP L1861
F1iDR e e
F1ibe 3
F1De .LIP KSER3
CHKIN

Entry point: $FFC6
Function: Set a previously OPENed file for input.
Input parameters: . X holds the logical file number of the OPENed file.
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QOutput parameters:
CARRY clear - OK
CARRY set - error, error number in .A

Registers used: A, . X

Error messages:

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

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

Loc CODE LINE
F1Le ==$F20E
F20E
F26E R L Rt R R S At R R e R e iRt R L)
F20E ;% CHKIN -- UFEN CHANNEL FOR INFUT.
F20E 1% THE NUMBER OF THE LOGICAL FI1LE TO
F20E s BE OFENED FOR INFUT IS FASSED IN .X.
F20eE ;¥ CHKIN SEARCHES THE LOGICAL FILE T0O
F20E ;¥ LOOK UF DEVICE AND CUMMAND INFO.
F20E ;¥ ERRURS ARE REFORTED IF THE DEVICE WAS
F20E :* NOT OFENED FOR INFUT, (E.G. CASSETTE
F2oE +® WRITE FILE), OR THE LOGICAL FILE HAS
F20E 3 NO REFERENCE IN THE TABLES. DEVICE o,
F20E 1% (KEYROARD), AND DEVICE 3 (SCREEN),
F20E ;¥ REQUIRE NO TABLE ENTRIES AND ARE
F20E ;¥ HANOLED SEFARATELY.
F20E PEERERER AN E AR F AR R ER SRR FR XL XNAEEREEREY
F20E 3
F26E 20 OF F3 NCHKIN JSR L1oee sFILE OFENED?Y
F211 Fo o3 BEQ L9590 ; YES
F213 4C o1 F7 JHF L1609 ;NO, FILE NOT OFEN
F216 20 1F F3 L?50 JSR L1092 :GET FILE INFO
F219 AS PA LDA FA
F21B Fo 16 BEQ L963 ; KEYBOAKRD
F21D ?
F21D 3COULD BE SCREEN, RS-232, OR SERIAL
F21D 3
F21D0 C9 o3 CHMP H¢03 3 SCREEN?
F21F F® 12 BEQ L963 ; YES, DONE
F221 B9 14 BCS L9761 ;SERIAL
F223 C9 o2 CMF #$02 3RS-2327
F225 D¢ e3 ENE L9558 sNO, MUST BE TAFE
F227 4C 4D Fe JMF 8K 04D ;RS-232
F22A H
F22A ;CHECK FOR INFUT FILE ON TAFE
F224 3
F224 A6 B9 L958 LDX SA s CHECK SECONDARY AD
F22C EO 60 CFX H$69 s INFUT?
F22E Fo 03 BEQ L9763 s YES
F239 4C OA F7 JAP L971 ;NO, NOT INFUT FILE
F233 85 99 L?63 STA DFLTHM ;SET INFUT
F235 18 CLC :GOOD KRETURN
F236 690 RTS

F237

e



56 The Commodore 64 Kernal and Hardware Revealed
LOC  CODE LINE

F237 ;A SERIAL DEVICE MUST TALK

F237 :

F237 AA L961  TAX ;SAVE DEVICE H

F238 20 @9 ED JSR L836 : TALK

F23B A5 B9 LDA SA ; SECOND?

F230 10 06 BFL L9462 ;YES, SEND IT

F23F 20 CC ED JSR L9760 :NO, LET GO

F242 4C 48 F2 NP L967

F245 20 C7 ED L962  JSR L840 ;SEND TALK SA

F248 8A I.967 TXA

F24%9 24 990 BI1T SIAITUS sDID IT LISTEN?

F248 10 C6 BPL L963 LYES

F24D 4C 07 F7 JNF 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:
CARRY clear - OK
CARRY set - error, error number in .A

Registers used: .A, . X

Error messages:
File not open - if the logical file number in .X is not in the LFN table

Device not present - if bit 7 of ST is set, the device did not respond to the

LISTEN command

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

STATUS byte (ST) is set, the message Device not present is sent.

Loc CODE LINE
F250 PEEENLNFAEENENLEAXGRLLAARE XN AXCEN LR RELXEE
F2350 +* CHKOUT -- OFEN UHANNEL FOR OUTFUT.
F25¢ 3 ® THE NUMBER OF THE LOGICAL FILE TO
F259 ;¥ BE OFENED FOR OUTFUT IS FASSED IN .X.
F250 ;¥ CHKOUT SEARCHES THE LOGICAL FILE TO
F2u9 ;¥ LOOK UF DEVICE AND COMMAND INFO.
F250 ;¥ ERROKS ARE REFORTED IF THE DEVICE WAS
F259 ;% NOT OFENED FOR INFUT, (E.G. KEYBOARD)
F250 1% OR THE LOGICAL FILE HAS NO REFERENCE
F259 ;% IN THE TABLES. DEVICE 3 (SCREEN)
F25e :¥ REQUIRES NO TABLE ENTRY AND IS
F259 ;# HANDLED SEFARATELY.
F259 R L R A A e S i L e ]
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Loc COLE LINE
F259 ;
F250 20 oF F3 NCKOUT JSR L1609¢ 3FILE IN TAPBLE;
F2G3 Fo 03 BEQ L969 s YES
F255 4C o1 F7 JMF L1669 ;NO, FILE NOT OFEN
F258 20 IF F3 LP69 JSR L1092 ;GET TABLE INFO
F25e AS BA LDA FA
F250 Do 03 BNE L9979 3NOT KEYBOARD
F25F 4C oD F7 L972 JME L9645 sKEYROARD, NOT OUTFUT FILE
F262 3
F262 :COULD BE SCREEN, SERIAL,
F262 3 CASSETTE, OR RS-232
F262 3
F262 C9 o3 L979  CHF #$03 3 SCREEN?
F264 Fo oF REQ, LS77 3 YES, DONE
F266 BO 11 BCS L975 ;NO, SERIAL
F268 C9 02 CHF Hee2 3R6-2327
F26A Do 03 BNE L973 sNO, MUST BE CASSETTE
F26C 4C E1 EF JHF S$EFE1 3SET UF FOR RS-232
F26F :
F26F ;CHECK FOR CASSETTE FILE TYFE
F26F :
F26F A6 B9 L?73 LDX SA
F271 E@® 60 CHX He60 s INFUT FILE?
F273 FO EA BEQ L972 sYES, ERROR
F275 85 9A L?77 S1A DFLTO0 ;SET OUTFUT
F277 18 cLc ;GOOD RETURN
F278 69 RTS
F279 B
F279 ;SERIAL DEVICES
F279 ;
F279 AA L?75 TAX ;SAVE DEVICE #
F274 20 ©C ED JSR L966 ;LISTEN
F27D AS B9 LDA SA ;AND SECOND?
F27F 10 05 BFL L976 ; YES
F281 20 BE ED JSR L983 yNO, RELEASE LINES
F284 Do 03 BNE L981 ;ALWAYS
F286 20 B9 ED L976 JSR L871 ;SEND LISTEN SA
F289 8A L9811 TXA
F28A 24 90 BIT STATUS ;DID IT LISTEN?Y
F28C 10 E7 BFL L977 ;YES, FINISH
F28E 4C @7 F7 JMF L1026 ;NO, DEVICE NOT FRESENT
F291 -END
F291 .LIPB KSER4
CLOSE

Entry point: $FFC3

Function: Close a logical file.

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

Registers used: A, .Y, .X

Error messages: None.

Description: The 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.



58 The Commodore 64 Kernal and Hardware Revealed

LocC

F291
F291
F291
F291
F291
F291
F291
F291
F291
F291
F291
F291
F291
F291
F291
F291
F294
F296
F297
F298
F29B
F29¢
F290
F29F
F2A1
F2a3
F2A5
F2A7
F2A9
F24P
F2ap
F2EE
F2EE
FLEE
F2F 1
F2F1
F2F 1
F2F 1
F2F2
F2F3
F2F5
F2F7
F2F9
F2FB
F2FE
F301
F304
F307
F30A
F30D
F30E
F30F
F30F
F34F
F311
F213
F314
F316
F317
F319
F31C
F31E
F31F
F31F
F31F
F31F
F322

68

Cé
E4
Fo
A4
134
90
B9
90
B9
9D
18
69

AT
83
8A
Ab
CA
30
DD
Do
60

eD
83

CODLE

14

98

14
y8
59
59
63
63
6D
6D

00
?0

98
15

59

F8

59

B8

F3

F3

Fé

02
02
02
02
02
02

02

LINE

R R D e R e A s st Ly
# CLOSE -- CLOSE LUGICAL FILE.

* THE LOGICAL FILE NUMPER OF THE

¥ FILE Y0 PE CLOSED IS FASSED IN .A.

* KEYROARD, SCREEN, AND FILES NOT OFEN

# FASS STRAIGHT THROUGH. TAFE FILES

# OFEM FOR WRITE ARE CLOSED BY DUMFING

¥ THE LAST BUFFER AND CONDITIONALLY

¥ WRITING AN END OF TAFE PBILOCK. SERIAL

¥ FILES ARE CLOSED RY SENDING A CLOSE

* FILE COMMAMD IF A SECONDARY ADDRESS

* WAS SFECIFIED IN ITS OFEN COMMAND.

LR R R I e e R R e a2 R i

@ NE Ne W4 Ne e Wq N4 Ne e Ne e Mo we Ne

NCLOSE JSK L957 ;LOUK UF FILE

BEQ LY82 ;FOUND
cLe ;ELSE RETURN
RTS
L982  JSR L1002 ;GET FILE DATA
TXA sSAVE TABLE INDEX
FHA
LDA FA sCHECK DEVICE #
BEQ L987 ;KEYROARD, DONE
CHP H$03 s SCREEN?
PEQ L9B7 1 YES, DONE
BCS L997 s SERIAL
CHP H302 sRG-2327
BNE $F2C8 sNO, MUST BE TAFE
#=$F2EE

;CLOSE A SERIAL FILE

v

L997  JSK L1681

v
4

;REMOVE FILE ENTRIES FROM TABLES

v

L987  FLA sGET TAPLE INDEX
LY86  TAX
DEC LDTND
CPX LDTND ;1S IT AT END?
PEQ L989 1 YES, DONE
LDY LDTND ¢NO, SHIFT LAST ENTRY
LDA LAT,Y y INTO DELETED ENTRY'S
STA LAT,X sPOSITION
LDA FAT,Y
STA FAT, X
LDA SAT.Y
STA SAT,X
L989  CLC :600D EXIT
RTS

;FIND FILE ENTRY

L1000 LDA H$00
STA STATUS
TXA

L?G7 LDX LDTND

L984 DEX
BMI L9269
CMF LAT,X
ENE L984
RTS

;FETCH TABLE ENTRIES

3
L1092 LDA LAT,X
STA LA
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LOC CODE LINE

F324 PRD 63 02 LDA FAT,X

F327 85 PA STA FA

F329 BD 6D @2 LDA SAT, X

F32C 83 BY STA SA

F32E 60 L9690 RTS

F32F -END

F32F .LIE KSERS
CLALL

Entry point: $FFE7

Function: Close all logical files.
Input parameters: None
Output parameters: None
Registers used: A, .X

Error messages: None

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

Loc CODE LINE

F32F '

F32F R A A D R R R L e S R R L R e R
F32F ;3# CLALL -- CLOSE ALL LOGICAL FILES.

F32F I DELETES ALL TABRLE ENTRIES AND
F32F ;# RESTORES DEFAULT I/0 CHANNELS AND
F32F 1% CLEARS SERIAL. FORT DEVICES

F32F PREEREERBXERXELELEEEXXEERFULERXEXRREREEER
F32F H

F32F A9 00 NCLALL LDA #H%$0¢

F331 85 98 STA LDTND s FORGET ALL FILES

CLRCH

Entry point: SFFCC

Function: Abort any serial 1/O files and reset default 1/O.
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 if that is serial the
command UNTALK is sent to it. The input device is then set to § (keyboard)
and the output device is set to 3 (screen).

LOC  COLE LINE
F333 :
F333 PENEFEXEELEXXFSEREXLUEENEXXANKENEENNRRNRN
F333 ;* CLRCH -- CLEAR CHANNELS.
F333 3 ¥ UNLISTEN OR UNTALK SERIAL
F333 3¥ DEVICES, BUT LEAVE OTHERS ALONE.
F333 ;% DEFAULT CHANNELS ARE RESTORED.
F333 EEERREEENNRAENSPEARUPEREN AR LSRR NNE R R RS
F333 :
F333 A2 o3 NCLRCH LDX H$¢3
F335 E4 94 CFX DFLTO ;OUTFUT CHANNEL SER1AL7?
F337 Bo 93 BCS L1601 ;NO
F339 20 FE ED JSR L1006 3 YES, UNLISTEN
F33C E4 99 L169®1 CFX DFLTN ; INFUT CHANNEL SERIAL?
F33E PO 03 BCS L1603 sNO
F340 20 EF ED JSR LB63 s YES, UNTALK
F343 86 9A L1003 STX DFLTO 3OUTPUT CHANNEL=3
F345 A9 00 LDA #%e0o
F347 85 99 STA OFLTN 3 INFUT CHANNEL =0
F349 69 RTS
F34A -END
F34A -LIB KSERé

OPEN

Entry point: $SFFCp
Function: Open a logical file.

Input parameters:

$B7 - Length of text string to send with OPEN command (filename)
$B8 - Logical file number
$B9 - Secondary address

$BA
$BB/$BC

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

Registers used: A, X, .Y

Device number
Pointer to filename

|

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 1§ 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 address ORed with $6@) and the
number of files open incremented.

If there is no secondary address (>>127), OPEN then exits. If there is no
filename, OPEN exits. Otherwise, the device to be opened is told to LISTEN
and the secondary address is sent. If bit 7 of ST is set, the routine exits with a
device not present error. The filename is then sent one byte at a time and an
UNLISTEN command is sent to the device.

Loc CODE LINE
F34A '
F34a PRENHAERAEXIXRLRLNFANX LN ARILNRSRRREEERE
F34A ;¥ OFEN -- OFEN A FILE.
F34A 3 ¥ CREATES AN ENTRY IM THE FILE
F34A ;% FILE TABLES CONSISTING OF LOGICAL
F34A s% FILE NUMBER, DEVICE NUMBER, AND SEC
F34A ;¥ ADDRESS NUMBER.
F34A I ROUTINES SETLFS & SETNAM SHOULD
F34A 3% BE USED FIRST.
F34A PEEERAEXNXNAXCXAEXINAENANS XX AREXENRRRRR
F34A :
F34A A6 BB NOFEN LDX LA ;CHECK FILE H
F34C Do 03 BNE L1005 s NOT KEYBOARD
F34E 4C 0A F7 JnP L9771 ;NOT INFUT FILE
F351 20 oF F3 L1965 JSR L1099 ;ALREADY OFEN?
F354 D@ e3 ENE L1v0?7 s NO
F356 4C FE Fé JHF L1e11 3YES, FILE OPEN
F359 A6 98 L1067 LDX LDTND ;END OF TABLE?
F3SB E® 9A CPX H¢0A
F35D 90 03 BCC Lioos 3NO
F3S5F 4C Fe Fé JHP L1097 3 VES, TOO MANY FILES
F362 E6 98 L1668 INC LDTND sNEW FILE
F364 AS B8 LDA LA
F366 9D 59 @2 STA LAT,X $STORE FILE ¥
F349 AT B9 LDA SA
F362 09 60 ORA #3690 ;MAKE SA SERIAL
F36D0 835 B? STA SA
F36F 9D 6D o2 STA SAT,X ;STOURE SA
F372 AD BA LDA FA
F374 9D 63 @2 STA FAT,X ;STORE DEVICE H
F377 5
F377 ;FERFORM DEVICE SFECIFIC OFEN TASKS
F377 H
F377 F@ SA BEQ Li1o3e ;KEYBOARD, DONE
F379 C9 @3 CHF #$03 ; SCREEN?
F378 F@ 56 BEQ L1030 s YES, DONE
F370 90 05 BLCC $F384 ;CASSETTE OR RS-232
F37F 20 DS F3 JSR L1021 ;OFEN SERIAL
F382 99 4F BCC L1030 ;ALWAYS, DONE
F384% P
F384 *=$F303
F3D3 18 L1¢3¢ CLC
F3D4 69 L1012 RTS sEXIT
F3DS :
F3D5 sOUPEN SERIAL
F3D3 H
F305 A5 B9 L1021 LDA SA
F3D7 30 FA BEMI L103¢ ;NO SA, DUNE
F3D? A4 &7 LDY FNLEN

F3DB F@ Fé BEQ L1630 sNO FILENAME, DONE
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CODE

LoC

F300
F3D¥
F3EL
F3E3
F3E6
F3ESB
F3EA
F3ED
F3EF
F3F1
F3F2
F3F3
F3Fé
F3F8
F3FA
F3FA
F3FA
F3Fa
F3FC
F3FE
F401
F402
F404
F406
F409
F409
F409

AP
85
AS
20
AS
09
20
AS
10
68
68
4C
AS
Fo

A9
B1
20
c8
C4
Do
4C

00
99
BA
oC
B?
Fo
B?
90
0S5

07
B?7
oC

(1
BB
DD

B7
Fé
54

LINE

LDA 300
STA STATUS
LDA FA
ED JSK L966 sDEVICE LA TD LISTEN
LDA SA
ORA HSFO
ED JSR L871
LDA STATUS +DEVICE THERE?
BFL L1014 s YES
FLA +NO
PLA
¥7 JNP L1026 sDEVICE NOT FRESENT
L1914 LDA FNLEN
BEQ L1033 sNO NAME, DONE

SEND FILE NAME

we e we

LDY Hé0O
L1031 LDA (FNADR),Y
ED JSR LB861
INY
CFY FNLEN
BNE L1031
Fé L1033  JMF L999 ;UNLISTEN AND RETURN

.LIB KSER?7

LOAD/VERIFY

Entry point: $FFD5

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

Input parameters:

$B7
$B8
$B9
$BA

$BB/$BC

A
Y/ X

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

Secondary address

Device number

Pointer to filename

Load (@)/ verify (#9) flag

Alternative load address (only if $B9=0)

Output parameters:

OK

Error

CARRY clear
.Y/.X end address
CARRY set

.A error number

Registers used: A, X,.Y

Error messages:
Missing filename - if length of filename is zero
File not found - if attempting to read the first byte gives a framing error
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Break - if the stop key was pressed
Verify - if on verifying, the file does not match the memory contents

Description: The alternative load address is stored away. If the filename lengthis
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 untilan
end of file (bit 6 of ST) is encountered or the stop key is pressed (break). With
each byte, it is either stored to memory or compared with memory and if
different, bit 4 of ST is set. The address is bumped by 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.

Loc CODE LINE

F409 #=$F 49E

F49E s

F49E et it e R e R L R T P )
F49E :+¥ LOAD RAM FUNCTION.

F4%E 3 ¥ LOADS FROUM CASSETTE OR SERIAL PUS
F49%E % DEVICES >»=4 Y0 31 AS DETERMINED BRY

F49E ;% CONTENTS OF VARIABLE FA. VERIFY FLAG
F4%E 3% IN .A.

F4%E IR ALT LOAD IF SA=0, NORMAL SA=1

F47E ¥ X, .Y LOAD AUDRESS [F SA=¢

F49E 3 ¥ .A=® FERFORMS LOAD,<:»6 IS VERIFY.
F49E ;*# HIGH LOAD RETURN IN .X,.Y

F49E ;¥ USE SETLFS & SETNAM BEFORE THIS ROUTINE
F49E PEEUFEFERE R F R EE R A SRR R L FE RN SRS RS R LR HEREER
F49tE :

F49E 86 C3 L9996 STX MEMUSS ;L0 ALT START

F4A® 84 C4 STY MEMUSS+1 sHI ALT STARY

F4A2 6C 30 03 JHF (ILOAD)

F4AS 85 93 NLOAD ST1A VERCK ;STORE VERIFY FLAG
F4A7 A9 00 LDA #3060

F4A? 85 90 STA STATUS

F4ane AS PA LDA FA ;CHECK DEVICE #
F4AD D9 @3 BNE L1046

F4AF 4C 13 F7 L1241  JMFP L1049 s+ KEYROARD, PAD DEVICE
F4B2 C9? @3 L1046 CHFP H$63 +SCREENT

F4P4 FO F9 PEQ L1241 s YES

F4b6 90 7B BCC $FS533 s TAFE

F4E8 H

F4e8 ;LOAD FROM SERIAL BUS DEVICES

F4E8 :

F4R8 A4 B7 LDY FNLEN ;MUST HAVE FILENAME
F4BA DO 03 BNE L1945 ;0.K.

F4BC 4C 10 F7 JNF L974 sMISSING FILENAME
F4BF A4 B9 L1945 LDX SA

F4Cl 20 AF FS JSR L1062 3 "SEARCHING”

F4C4 A9 69 LDA H$60 s SFECIAL LOAD COMMAND
F4Cé6 85 B9 STA SA

F4C8 20 DS F3 JSR L1021 ;OFEN FILE
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LOC  CODE LINE

F4Ck  AS PA LDA FA

F4CDL 20 99 ED JSR L8346 ;s TALK, ESTABLISH CHANNEL
F4D0 AS B9 LDA SA

F4D2 290 C7 ED JSR L840 sTELL IT 70 LOAD
F4DS 20 13 EE JSR L865 3GET FIRST BYTE
F4D8 85 AE STA EAL

F4DA AS 90 LDA STATUS s ERROR?

F4DC 4A LSR A

F4DD 4A LSR A

F4DE RO 59 BCS L1058 sFILE NOT FOUND
F4E® 20 13 EE JSR L8665

F4E3 85 AF STA EAH

F4ES BA TXA sORIG SA=07
F4E6 DO 08 BNE L1048 s NO

F4E8 AS C3 LDA MEMUSS sYES, SET ALT
F4EA 85 AE STA EAL 3 LOAD ADDKESS
F4EC AS C4 LDA MEMUSS+1

F4EE 85 AF STA EAH

F4F® 20 D2 FS L1048 JUSR L1070 : "LOADING”

F4F3 A9 FD L1051 LDA ¥$FD sMASK OFF TIMEOUT
F4FS 25 90 AND STATUS

F4F7 85 99 STA STATUS

F4F9 20 E1 FF JSR S$FFE1 1 STOF KEY?

F4FC DO 03 BNE L10GS +NO

F4FE 4C 33 Fé JNF L1084 ;s "BREAK”

F501 20 13 EE L1955 JSR L84S s GET BYTE

FS504 AA TAX

F595 AS 90 LDA STATUS s TIMEOUT?

F507 4A LSR A

F308 4A LSK A

FS5¢9 PO EB BCS L1051 sYES, TRY AGAIN
FS0BR B8A TXA

FSoC A4 93 LDY VERCK 1 VERIFY?

FSOE Fe oC BEQ L1053 ;NO, LOAD IT
FS10 A0 00 LDY H$00

FG12 D1 AE CHF (EAL),Y ;s VERIFY IT

FS14 Fo o8 EEQ L1056 10K,

FS516 A9 190 LDA HSFERR ;NO, VERIFY ERROR
FS18 20 1C FE JSR $FEIC ;UFDATE STATUS
FS51e 2C BYT ¢2C s SKIF STORE
F51C 91 AE L1653 STA (EAL),Y

FS1E E& AE L1956 INC EAL ;s INCREMENT STORE ADDR
FS2¢ Do 02 BENE L1037

F522 E6 AF INC EAH

F524 24 99 L1057 PB1T STATUS sEND OF 1INFUT?
F326 S0 CB BUC L1oY1l ;NO, CARRY ON
FS528 20 EF ED JSR L8B3 ; CLOSE CHANNEL
FS2B 20 42 F6 JSR L1081 sCLOSE FILE
FS2E 90 79 PCC L1067 1 ALWAYS

FS530 4C 04 F7 L1958  JNF L9959 ;FILE NOT FOUND
F533 T e e e

FS33 #=3F S5A%

FSAY 18 L1067 CLC :GOOD EXIT

FSAA :

FSAA 3sSET UF END ADDRESS

F5AA ;

FS5AA A6 AL LDX EAL

FSAC A4 AF LDY EAH

FSAE 69 L1659 RTS

FSAF :

FOAF ;FRINT "SEARCHING L[FOR NAMED’

FSAF ;

FSAF A5 9D L1062 LDA MSGFLG s FRINT 177

F3el1 1@ 1E BFL L1071 g NO

FSR3  AQ eC LDY Hsel 3 ' SEARCHING’
FSBRS 20 2F Fi JSR $F12F

FS5B8 AY B7 LDA FNLEN



Serial Communications

L1071
Hel7 3 "FOR’
$F12F

FNLEN s NARE?
L1671 $NO, DONE
H900

(FNADR) , Y

$FFD2

FNLEN
L1691

;PRINT LOADING/VERIFYING

H$49 ;ASSUME " LOADING”
VERCK 1CHECK FLAG

L1052 1 YES, LOADING
H$59 1 "VERIFYING’
$F12P

.LIE KSERS

LocC CODLE LINE
FSeaA Fo 15 PEQ
FSBC A0 17 LDY
FSRE 20 2F Fi JSR
FYC1 '
FGC1 sFRINT FILE NANWE
FSC1 s
FSC1 A4 B7 L1e22 LDY
FS5C3 F@ oC REQ
FGCS A0 00 Loy
FSC7 &1 PR L1691 LDA
FSC? 26 D2 FF JSR
FSCC C8 INY
FGCD C4 B? crY
FSCF DO Fé BNE
FS01 4@ L1071 RTS
FSD2
F302
FSDZ2 H
FSD2 A® 49 L1670 LDY
FSb4 AS 93 LDA
FSD6 FO ©2 PEQ
F3D8 A0 59 LDY
FSDA 4C 20 F1 L1052 Jnr
F50D .END
FS0D

SAVE

Entry point: SFFD8

Function: SAVE a section of memory to serial device.

Input parameters:
Length of text string to send with open command (filename)
Logical file number
Secondary address

$B7
$B8
$B9
$BA

$BB/$BC

A
Y/ X
(-A)

Device number

Pointer to filename

Pointer to zero page save address
End of save address

Page zero indirect start of save

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

Registers used: A, . X, .Y

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

65

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 1 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  CODE LINE

F3Db :

FSDD R e e AL LR e ]
FSbD ;¥ SAVE MEMORY FUNCTION.

F3SDD ¥ SAVES TO CASSETTE OR SERIAL

F3LDL :# DEVICES »=4 TO 31 AS SELECTED BRY

FSDD ;¥ VARIABLE FA.

F5bD ¥ START OF SAVE IS INDIRECT AT .A
FSbD ;¢ END OF SAVE IS .X, .Y

F3bD $% USE SETLFS & SETNAM BEFORE THIS ROUTINE
FSDD R T T T e e T
F3bD ;

F3DD 86 AL L1672 STX EAL

FSOF 84 AF STY EAH

FSEL AA TAX $SET UF START

FSE2 B3I 00 LDA $00,X

FSE4 85 C1 STA STAL

FOE6 RS 01 LbA ¢01 X

FSEB 85 C2 8TA STAH

FSEA 6C 32 03 JHF  (ISAVE)

FSED AS PA NSAVE LDA FA

FSEF D@ 03 BNE L1079

FSF1  4C 13 F7 L1242  JNMF L1049 ;EAD DEVICE

FGF4 C9 03 L1075 CHP K803 3 SERIAL?

F3F6 FO F9 BEG L1242 1 SCREEN, BAD DEVICE
F3F8 90 GF BCC $F659 ;NO, TAFE

FIFA A9 61 LDA #361 s YES

FGFC 8% B9 S1A 5A

FSFE A4 B7 LDY FNLEN

F600 DO 03 ENE L1074

Fé602 4C 10 F7 JHF L974 ;MISSING FILE NAME
F605 20 DS F3 L1074 JSR L1021 ; OFEN

F608 20 8F Fé JSR L1087 s "SAVING”’

F6OR AT BA LDA FA

Fé6oh 2@ oC ED JSR L966 ;LISTEN

F610 AS B9 LDA SA

Fé12 20 B9 ED JSR L871 ;LISTEN SA

F615 AD 900 LOY #$00

F617 20 BE FB JSR ¢FEBE

F61A A5 AC LDA SAL

F61C 20 DD ED JSR LB61

F61F AT AD LDA SAH

Fé21 2¢ DD ED JSR L861

F624 20 D1 FC L1077 JSR $FCD1 ; COMFARE START TO END
F627 B¢ 16 BCS Lle82 sHAVE REACHED EMND
F629 B1 AC LDPA (SAL),Y

F62e. 20 DD ED JSR LB61

F62E 20 E1 FF JSR ¢FFEL ;STOF KEY?

F&631 Do o7 ENE L1054 3 NO

F&33 20 42 Fé L1084 JUSR L1081 ;YES, CLOSE

F636 A9 00 LDA H$00

F638 38 SEC

Fé39 60 RTS

Fé63A :

F63Aa 20 DB FC L1054 JSR $FCDR s INCREMENT CURRENT ADDK

F63D0 DO ES BNE L1077
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LOC  CODE LINE

F63F 20 FE ED L1682 JSR L1006 s UNLISTEN
F642 24 B9 L1081 BIT SA

Fé44 30 11 BMI L1634

F64b AY BA LDA FA

F648 20 oC ED JSK L966 ;LISTEM
F64B A5 BY LDA SA

F64D 29 EF AND HSEF

F64F 09 EQ OKA H$E®

F651 20 B9 ED JSR L1871 sLISTEN SA
F&54 20 FE ED  L999  JSR L1904 sUNLISTEN
F657 18 L1634 CLC ;600D EXIT
F&58 60 RTS

Fé59 § e
F&57 x=$F 68E

F6BE 60 L1096 KTS

F68F ;

Fé8F sFRINT "SAVING [FILE NAME]’

F&8F :

F68F A5 9D L1687 LDA MSGFLG sPRINT 117
F691 10 Fe BFL L1090 sNO

F693  A® 51 LDY H$51 3 "SAVING®
F695 20 2F F1 JSR $F12F

Fé98 4C C1 FS JMF L1022 3SEND FILENAME
Fo9P .END

F69R .LIB KSERY

Error handler

Entry point:
$F6FB - (1) too many files

$F6FE - (2) file open

$F791 - (3) file not open
$F79p4 - (4) file not found
$F797 - (5) device not present
$F7PA - (6) not input file
$F79D - (7) not output file

$F719 - (8) missing filename
$F713 - (9) bad device

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

Input parameters: None

Output parameters: CARRY set, error number in .A

Registers used: .A, X, .Y

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

Description: At each entry point, the .A register is loaded with the value in
brackets. The routine CLRCH is called and if bit 6 of MSGFLG (output enable)
is clear, CARRY issetand .A holds the error number upon exit. If bit 6 is set, the
message ‘I/O error #’ is printed to the screen and the number is converted to
ASCII and printed. CARRY is set and .A is reloaded with the error number.
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LOC  CODE

Fé698

Fo6FR

F6Fe

FéFe

F6FPR

F6F B

F6FR

FéFe

F6FE A9
F6FD 2C
F6FE A%
F700 2C
F701 A9
F703% 2C
F704 A9
F706 2C
F707 A9y
F709 2C
F70A A9
F7eC 2C
F76D0 A9
F70F 2C
F716 A9
F712 2C
F713 A9
F715 48
F716 2¢
F719 a0
F71B 24
F710 U9
F71F 20
F722 68
F723 48
F724 99
F726 20
F729 68
F724 38
F720 690
F72C

F72C

F72C

o1

03
24

06
67
o8
(24
CC FF
00
9D

oA
2F F1

30
D2 FF

Symbol table
SYMBOL VALUE

AUTODN
BDF
BITTS
BELNSW
BUF
CAS1
CINV
coLm
CRSW
D10DRE
birooe
DiTBL
D110D4
D2DDRE
D2I0NB
D2TeL
D2TODL4
DFLTO
EAL
FIRT
FSBLK

Q292
0002
ook 4
0oCC
0200
0eCo
0314
bCoo
[A20%
DCo3
bcecC
DCé6
DCob
bDo3
DboC
Dbes
DLOR
0O9A
VOAE
00A4
VORE

LINE

*=¢F 6FR

7% ERROR HANDLER.
3# FRINTS KERNAL ERROR MESSAGE IF RIT 6
;% OF MSGFLG IS SET. RETURNS WITH ERRUK
;¥ H IN .A AND CARRY SET.

E1097
Liel1
L1009
L9559
L1026
Ly71
L9465
L?74
L1049

EAD
BDFH
ELF
BLUE
RUFF1
CRINV
CKERK
COLOR
DICRA
D1DFA
D11AH
D110D1
D2CKRA
D2DFA
D27AH
D21T0D1
DATA
DIFF
EQT
FNADR
GDhRLN

LDA Hso1
-BYT s2C
LDA #$02
LBYT $2C
LDA H$63
-BYT s2C
LDA #304
-BYT ¢$2C
LDA H$05
BYT s2C
LDA H$06
BYT $2C
LDA H$97
YT 82C
LDA Hso8
<BYT s2C
LDA Hse9
FHA

JSR $FFCC
LDY #H¢o0

BE1T MSGFLG

BUC L1018
JSR $F12F
FLA
FHA
ORA H$30
JSR $FFD2
FLA
SEC
R1S

0160
0004
0001
0006
ULLYS
0316
0020
0286
DCOE
DCoo
DCeS
DCo8
LDOE
Dbhoé
DD
DDé8
©0oD7
¢oBS
0005
@oRR
0oCE

BASZFT
BITCI
BLNCT
BSOUR
BUFSZ
CemcoL
CAMFO
COUNT
D1CK®
D1iDFE
DITAL
D1T0OD2
D2CRrB
D2DFE
D27VAL
D2T0D02
DELAY
DFSW
FA
FNLEN
GbcoL

;100 MANY FILES

sF1LE OFEN

sF1LE NOT OFEN

3FILE NOT FOUND

;DEVICE NOT FRESENT

sNOT INFUT FILE

$NOT OUTPUT FILE

;MISSING FILE NAME

sEAD DEVICE #

sERROR # ON STACK

sRESTORE 1/0

sFRINT ERROR?

sNO
sFRINT

;MAKE ERROR # ASCII
sFRINT IT

OOFF
00VAS8
0oCD
0e9S
0eCo
D8oo
0ore
0OAS
DCOF
DCo1
DCO4
DCoY
DDOF
DDo1
LDO4
DL&9
028C
009C
¥ORA
voe7
0287

BAUDOF
BITHUM
BLNON
BSOUR1
C3F0
CBMSCH
CNTDN
CR
D1DLRA
D1ICR
D1TERH
D1T0D3
D2DDRA
D21CR
D2TBH
D2T0D3
DFLIN
EAH
FAT
FREKZF
HIBASE

"I/0 ERROR #'

0299
0298
YOCF
VVA4
0094
0466
VOAS
006D
DCo2
Deen
bco7
DCoA
bbe2
DD6D
DD®7
DheA
9099
VUAF
0263
GOFP
9288
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B veriiie HKIN  ©31E  ICKOUT 320
IPASIN 0324  IBSOUT €326  1CHK © 3
ICLALL  032C  ICLOSE @31C  ICLRCH 0322  IGETIN  032A

JLUAD 0330 INRIT oA’ INDX 00C8 INSRT 6008
I0FEN V31A IRATMF 029F I5AVE 0332 ISTOF 0328
KEYD 0277 KEYLOG 028F KEYTAR VoFS KOUNT 028

L1000 F3oF Lioo1 F33C L1002 F31F L1003 F343%
L1oo4 EEQ3 L1005 F351 L1066 EDFE L1667 F359
L1008 F362 L1009 F701 L1011 F6FE Lio12 F3D4
L1014 F3Fé6 Lie18 F729 L1021 F3DS L1022 F3SC1
L1026 F76/ L1030 F3D3 L1031 F3FC L1033 F406
L1034 Fé657 L1045 F4RF L1046 F4b2 L1048 F4Fo
11049 F713 L1eS5t F4F3 L1052 FSDA L1053 FS1C
L1054 Fé63A L1655 F5e1 L1056 FOI1E L1657 FS524
L1058 F330 L1057 FSAE L1062 FOAF L1067 FOAY
L1676 FSD2 Lie71 F301 L1072 FSDD L1o74 Fé05
L1075 FGF 4 L1077 F624 L1081 F642 L1e82 F&3F
L1¢84 Fé633 L1087 Fé68F L1090 F 68E L1691 FSC7

L1097 F6FR L1241 F 4AF L1242 FOF1 L8346 EDOY
L.839 ED2E 1846 EDGO LB41 EEAO 1.842 ED36
L843 EESE L844 EE97 LB4Y EER6 LB46 EERJ3
L.847 EDRO LB48 ED66 LB49 EDSS L85 EDGA
L851 ED7A L852 EbR2 L8G3 ED7D L8G4 EEAY
L8SS EDYF L.BS6 EDAD L8S8 EE0S6 L8559 ED40
L8609 EDCY L861 EDDD L862 EDER L863 EDEF
L8664 ED20 1.865 EE13 LB66 EE20 1867 EE47
L8468 EEJE L86Y EESA L87eo EEG6 1.871 EDbR?
1.872 EE30 1.873 EE67 LB74 EEBO L875 EEBS
L8764 EE0? L9224 F14A L9226 F14E L9227 F166
L9228 F173 1.932 Fik1 1.933 F1DS L.939% F1Ab
L941 F1R5 L943 EE1R L?44 F155 L94% F1e4
LY46 F1R3 LY49 EDE6 L9G0 F216 L?S7 F314
L?38 F224a L?59 F704 LP69 F32E L?61 F237
LY62 F245 L9663 F233 L?6S F70D L966 EDeC
L?67 F248 L?68 EDDS L969 F258 L9790 ebccC
L?71 F704A L9772 F2GF LY73 F26F L974 F7160
LY75 F279 L?76 F286 L?77 F275 L?79 F262
L9890 ED11 L9811 F289 L9882 F298 L983 EDRE
L?84 F316 L?86 F2F2 L987 F2F1 L989 F3eD
L?90 F49E L?97 F2EE LY9? F65i4 LA wor8
LA 0259 LBERR 0068 LDie1 00D LDTHD 0098
LINTMF QOF2 LLEN 0028 LLENZ 0050 LNMX 000DY
LSTF o6CA I.STSHF 928E LSTX 00LS LSXF 0eCY

LTRLUE Q0OOE M26AJ0 0295 M246CDR 0294 M26CTR 0293
MAXCHR Q0L0 MEMS1Z 0283 MEASTR 0281 MEMUSS @oC3

MUDLE 0291 MSGFLG Vo9 MYCH QOLF NEBASIN F157
HESOUT Fi1ca NCHKIN F20E NCKOUT F250 NCLALL F32F
NCLOSE F291 NULRCH F333 NDX 00C4 NGETIN F13E

NLINES 0019 NLOAD F4AS NMINV 0318 NOFEN F34A
NSAVE FSED NWRAF 0002 NXTRIYT 0ORY OCHAR oorn

FCNTR OOA3 FLF 0003 FNT 6001 FNTR 0oD3
FRF [A2-X) FRTY 009 FTR1 [(1'%43 FTR2 V09K
arsw 0oD4 R2D2 0OA3 RDFLG VOAA RER V0OA8
REZ 00AY RIBUF VOF7 RIDATA 0oAA RIDRE 0298

K1DES 029C RINONE 0oAY RIFRTY Q0APR. ROBUF OOF 9
RODATA (A=) RODLRE 029E RODES 0290 ROFRTY QorD

ROWS DCo1 RFTFLG 928A RSSTAT 6297 RVUS 0oC7
SA 00R? SAH 0OAD SAL 00AC SAT 026D
SEERR 0004 SFDX epLe SHCNH QGAPR SHCNL 00a7
SHFLAG 028D SIDREG D409 SNSH1 voR4 SFERR 0010
STAH 0002 STAL 110} STATUS 0099 STKEY 0091
SVX1 0072 SYNO 0096 11 009k T2 009F
TAFE1L ooR2 TRLX 0006 TRUFFR 0330 TEMF oor1
T'INE 00A0 TIRouY 0285 ThME2 09C3 1AFC VO9F
MFOo 00C1 USER 0oF3 USRCMD 032E VERCK 0093

VICREG Dooo 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
RS2321/0 port. The name RS232 simply refers to an industry standard form of
serial communication for computing devices. A serial I/ O port can consist of as
few as three lines, an output or transmit line, an input or receive line and a
common ground line. The data is transmitted or received as a stream of pulses; a
single byte becomes a string of eight pulses.

Although a serial port can have just three lines, other lines are frequently used
to transfer control information. The 64 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 I/ O
port B of CIA#2 (user port). The RS232 routines inside the 64 also use two other
lines; PA2 on port A and FLAG which is connected to the NMI line. Normally
an RS232 interface card will be used to connect between the user port and a
standard RS232 connector. The card will also provide buffering and a higher
drive voltage. For communications using the simple 3 line mode an interface
card can easily be constructed using a couple of buffer/driver ICs. The RS232
line normally transmits data using a 12 volt signal, however, and providing
cables are kept short it will work with a 5 volt signal. The standard RS232
connector is shown in Fig. 3.4. The function and pin assignment of each of these
lines is as follows:

CIA RS232 CIA Abv  EIA In/ Modes Function

line # pin # pin# Out

GND 1 A GND AA - 1,2 Protective ground
FLAG 3 B SIN BB In 1,2 Received data

PBp 3 C SIN BB In 1,2 Connected to FLAG
PBI 4 D RTS CA Out 2 Request to send
PB2 20 E DTR CD Out 2 Data terminal ready
PB3 18 F RI CE In 3 Ring indicator

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

PB6 5 K CTS CB In 2 Clear to send

PB7 6 L DSR CC In 2 Data set ready

PA2 2 M SOUT BA Out 1,2 Transmitted data
GND 7 N GND AB - 23 Signal ground
Modes:

1 Three line interface (note RTS and DTR are both held high during this mode)
2 X line interface
3 User only, not implemented in the CBM 64 code
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1 2 3 456 7 8 919811 12
L O Gn BN N N A W GE G

PIN TYPE RS232 FUNCTION
A
B FLAG
C PBg 1 Sin
D PBI1 — RTS
E PB2 — DTR
F PB3 — RI
H PB4 — DCD
J
K PBS — CTs
L P87 — DSR
M PA2 — Sout
N GND — GND
PIN
1 Protective Ground AA
2 Transmitted Data BA
3 Received Data BB
4 Regquest To Send CA
5 Clear To Send cB
ol 10 6 Data Set Ready cc
20 7  Signal Ground AB
Qis 30 8  Carrier Detect CF
ole 9 (not used)
o ;8 19 .
ols 6o 12 o
Ql9 13 o
Q20 70 14 "
80 15 "’
O2i 16 o
90
022 17 ”
oz 100 18 v
1O 19 "
O24 120 20 Data Terminal Ready cD
028 30 21 (not used)
\J 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 2§ with very few
modifications for the 64) to emulate a hardware device (that was never used).
This device was called the 6551 universal asynchronous receiver and transmitter
or UART. Like the other I/ O chips, it was intended that the 6551 functions were
to be controlled by registers at specific memory locations. The software uses the
same principle because when it was written for the VIC 20, Commodore
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intended to replace the software with the 6551 when it became available, so there
would be complete compatibility.

The pseudo registers are located in various parts of the variable storage area
at the bottom of CBM 64 memory. Besides the registers, the RS232 routines
require two 256 byte buffers; one for received data and one for data to be
transmitted. The 512 bytes of memory occupied by these buffers are located at
the top of available RAM memory, and the starting address of the two buffers is
stored in four register bytes. The two most important registers are the control
and command registers. These determine the exact operation of the RS232 port.
They can be summarised as follows:

3.4.1 RS232 control register - Hex $0923 Decimal 659

The function of the control register (Fig. 3.5) is to set the speed of data
transmission and reception and set the number of bits needed to transmit each
character. The speed at which data is input or output is called the baud rate, and

6|5 [4:]32\0

STOP BITS
0~1STOPBIT BAUD RATE
1-2STOP BITS
0{ 0| 0| 0] USERRATE
ojofof1 50 BAUD
o[of1]0 75
WORD LENGTH REE o
TR oj1{ofo 1345
5 [5 | WORD LENGTH ol 1|of1 150
olo| 88ITS ol1{1]o 300
ol1]| 78iITS o 1)1} 600
1|o| eBiTS 1fo{ofo| 1200
11| sBis 1{olo|1] 1800
1lol1]o[ 2400
1lol1j1] 3600
1[1{of{o| 4800
UNUSED BIT
1[1]o]1] 7200
1f{1]1]o] 9600
(IR ERERI 19200

(NI) Not implemented

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

the value assigned to this is the number of bits per second. If the baud rate is set
to 3PP 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@ 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 30294 Decimal 6690
The command register (Fig. 3.6) controls the mode for data transmission and

reception. Bit f 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

anafoicofnla

PARITY OPTIONS

BIT| BIT|BIT

RATION
716ls OPERATIONS
0 Parity disabled, none
Generated/Received
olol QOdd Parity

Receiver/Transmitter

ol 1 Even Parity
Receiver/Transmitter

1lolha Mark Transmitted
Parity Check Disabled

. 1 Space Transmitted
Parity Check Disabled

DUPLEX
0= FULL DUPLEX
1= HALF DUPLEX

UNUSED

HANDSHAKE

0= 3LINE
1= XLINE

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

Bits 5, 6 and 7 determine the nature of the parity bit and whether the mark or
space is transmitted. The parity bit is transmitted after the data bits and has an
error checking function. The choice of whether the parity is disabled or set to
odd or even depends on the communicating peripheral. The mark/space setting
determines whether a logic ‘I’ is transmitted as a zero voltage or a positive
voltage.

3.4.3 RS232 status register — Hex $0297 Decimal 663
The function of each bit of the status register is shown in Fig. 3.7. The memory
locations and pseudo registers of the RS232 routines are as follows:
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7]els|efs]2]1]o]

— PARITY ERROR BIT

R

—— FRAMING ERROR BIT

RECEIVER BUFFER OVERRUN BIT

UNUSED

CTS SIGNAL MISSING BIT

UNUSED

DSR SIGNAL MISSING BIT

BREAK DETECTED BIT

RS-232 STATUS REGISTER — $02A1

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

$A7 - receiver bit storage
$AS8 - receiver bit count
$A9 - receiver flag start bit check
SAA - receiver byte buffer
$AB - receiver parity storage
$B4 - transmitter bit count
$B5 - transmitter next bit
$B6 - transmitter byte buffer
$BD - transmitter parity storage
SF7-$F8 - input buffer pointer
$F9-SFA - output buffer pointer
$0293 - RS232 control register
$0294 - RS232 command register
$0297 - RS232 status register
$0298 - number of bits to send/receive
$0299-

$029A - baud rate
$029B - input buffer index to end
$029C - input buffer index to start
$029D - output buffer index to start
$029E - output buffer index to end
3.4.4 RS232 system routine entry points
SEEBI — entry for NMI continue routine
$EED7 - calculate parity
SEF0P - count stop bits

SEFP6 — entry to start of byte transmission



$EF13
$EF2E
SEF4A
$EF59
$EF63
$EF69
SEF6E
$EF7E
SEF99
$EF97
$EFB3
SEFBC
$EFC7
SEFEI
$EFE9
SEFF2
SEFF9
$EFFE
SEPP6
$Fp14
$FP28
$FP4D
$FP59
$Fp62
$FP68
SFP7P
SEPT7
$FP7D
$FPR6
SFP9B
SFPA4

Serial Communications

set up to send next byte

set errors

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

shift data bit in

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

receiver start bit check

put data in buffer (at parity time)
parity checking

check calculated parity

errors reported

output a file over RS232

check for DSR and RTS

check for active input

wait for CTS to be off

turn on RTS

wait for CTS to go on

buffer handler to output a character
set up if necessary to output

input a file over RS232

check for DSR and not RTS

wait for active output to be done
turn off RTS

wait for DCD to go high

enable FLAG for RS232 input

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

protect serial/cassette from RS232 NMIs

3.5 Using the RS232 port

3.5.1 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 1f>127 then line feed follows carriage

return.

75

(control register) — an ASCII character equivalent to the required bit setting of
the control register. Example: to set baud rate to 3@ and transmit 7 bit code use
CHRS$(6132) - this sets bits 1, 2 and 5 to ‘I’ and leaves the rest at ‘@’
(command register) - an ASCII character equivalent to the required bit setting
of the command register. Example: to set the output to mark parity and full
duplex use CHRS$(32+128) - this sets bits 5 and 7 to ‘I’ and leaves the rest at ‘@’

Entry point: SFFC@
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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 RTS, 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 of the 6526
timers and NMIs, and is performed in the background during the running of a
Basic program. This is done by having the RS232 data input line connected to
the FLAG handshake line, and input on FLAG will generate an NMI system
interrupt. The use of NMI interrupts is the reason why the cassette and serial bus
should not be used during RS232 data communications. The NMI will call the
serial data input routines whenever data is present on the RS232 input. These
routines will place the received data into the 256 byte receiver buffer located at
the top of RAM memory. If the input data has a word width less than eight bits
then all unused bits will be filled with zero.

The receiver buffer is organised as a first in first out - FIFO - buffer. The
buffer removes the necessity for Basic to wait for data input before processing
each byte of data. Instead the Basic program can take data from the buffer when
it needs it rather than when it is presented. Basic accesses the buffer using the
GET# command to transfer a single byte of data into a Basic variable. If there is
no data in the buffer then the GET# command will return with a null character.
If the buffer should overflow then all characters are lost. An overflow condition
is indicated by bit 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#If,(variable list)
If - logical file ID set up in the OPEN command.

Entry points:
$FFC9 - set channel for output. This handles X line handshaking for the
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implementation of an 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=f and that
bit @ of the RS232 enable register at location 673 ($02A1) 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 1/ O lines from the the CIA
chip and the processor 1/ O register. The source of each of the cassette control
lines is shown in Fig. 4.2. The cassette motor power supply lines are connected
to the processor chip via a three transistor driver, used to boost the power and
voltage, allowing the motor to be driven directly. The output to the motor is an

1 2 3 45 6

— il O W OO

e
A B CDETF

PIN # TYPE
A-1 GND
B-2 +5V
C3 CASSETTE MOTOR
D-4 CASSETTE READ
E-5 CASSETTE WRITE
F-6 CASSETTE SWITCH

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

. N UNREG

+3Sv

2]

A-1

c-3
P3eon 63510 o- CASS WRIT ]
FLAG CIAK] o CASS PEAD |52
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Fig. 4.2. The cassette circuit and its connection to the 6522 chips.
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unregulated +9 volts at a power rating of up to 18 mA. The cassette deck motor
can be turned on and off by toggling line 5 of the processor 1/O register:

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

Great care should be taken not to alter the status of bits 1 and 2 of location 1
when using this command, since these control the memory configuration of the
machine. The sense line input, line 4 of the processor I/ O register, is connected
to a switch on the cassette deck which senses when the play, rewind or fast
forward buttons have been pressed. The switch is only required to sense the
pushing of the play button during a read or write to tape routine; this is done by
a subroutine at $F82E. If either the rewind or fast forward button is pressed
accidentally instead of the play button, the system will be unable to tell the
difference and will act as if the play button has been pressed. For a similar
reason during a record routine the record button must be pressed before the play
button, since recording will start as soon as the sense switch is closed by pressing
the play button.

The cassette read line is connected to the negative edge sensitive serial input
line of CIA#1 and the cassette write line to line 3 of the processor 1/ O register.
During a read operation the operating system uses the setting of the CIA#1
interrupt flag to detect transitions on the cassette read line. The functioning of
the read and write lines is controlled entirely by the operating system, the only
hardware required being signal amplification and pulse shaping circuitry. These
circuits are contained on a small PC board within the cassette deck, their
function being to give correct voltage and current to the record head and
amplify the input from the read head to give a 5 volt square wave output, able to
produce an interrupt on the FLAG or CBI lines.

4.2 Cassette operation

In normal usage the cassette deck is assigned an I/O device number. The
cassette is device number 1, and the number of the device currently being used is
storéd in location 186. The device number together with the logical file number
and the secondary address is used when saving or retrieving data files from the
cassette deck. The logical file number can be any number from 1 to 255 and is
used to allow multiple files to be kept on the same device. It is of little use with
cassette tape and is intended primarily for use with floppy disk units. It is usual
to have the logical file number the same as the device number; the logical file
number of the current file is stored in location 184. The secondary address is
important since it determines the operational mode of the cassette; the current
secondary address is stored in location 185, the normal default value being zero.
If the secondary address is zero then the tape is opened for a ‘read’ operation, if it
is set to 1 then it is opened for a ‘write’ operation, and if 2 then it is opened fora
‘write’ with an end of tape header being forced when the file is closed.

The CBM 64 operating system is configured to allow two different types of
file to be stored on cassette: program files and data files. These names are rather
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misleading, however, since a program can be stored as a data file and data can be
stored as a program file. The difference between these two file types is not in
their application but in the way the contents of the machine’s memory are
recorded. Instead of program and data files we must look upon them as binary
and ASCII files.

4.3 Binary files

A binary file is usually used to store programs, since a binary file is created by
the operating system to store the contents of memory between a starting
location and 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 ina
partly encoded form. Being partly encoded, a binary file is a quicker and more
efficient way of storing programs. Binary files are essential when saving and
loading machine code programs.

The starting address from which a binary file will be saved is stored in
locations 172 and 173. These locations are loaded by the SAVE routine with the
memory location at which the SAVE will begin. Normally they will be set to §1
and P8, thereby pointing to the start of the Basic text area at 2049. They can be
altered by the SAVE routine to point to any location in memory. The end
address of the area of memory to be saved 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 SAVE instructions
can be used within a program.

An ASCII file must first be opened with an OPEN statement. This specifies
the logical file, device number, secondary address and filename. The operating
system interprets these parameters and allows the user to read or write the file to
the specified device. Data is written to an ASCII file on a particular device with
a command to PRINT to the specified logical file number, and data is read 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 2849 Hz. All these pulses are square waves with a
mark space ratio of 1:1. One cycle of a medium frequency is: 256 microseconds
in the high state and 256 microseconds in the low state. The operating system
takes about 9 milliseconds to record a byte of data consisting of the eight data
bits, a word marker bit and an odd parity bit. The data bits are either ones or
zeros and are encoded by a sequence of medium and short pulses: a ‘1’ is one
cycle of a medium length pulse followed by one cycle of a short length pulse, and
‘Y is one cycle of a short length pulse followed by one cycle of a medium length
pulse. Each bit consists of two square wave pulse cycles, one short and one
medium, with a total duration of 864 microseconds. The waveform timing is
shown in the diagram in Fig. 4.3.

The ‘odd parity’ bit is required for error checking and is encoded like the eight
data bits using a long and short pulse. Its state is determined by the contents of
the eight data bits. The word marker separates each byte of data and signals to
the operating system the beginning of each byte. The word marker is encoded as
one cycle of a long pulse followed by one cycle of a medium pulse (see Fig. 4.3).

Since a byte of data is recorded in just 8.96 milliseconds, a 192 byte block of
data in an ASCII file should be recorded in just over 1.7 seconds. However, on
timing such a recording we find it takes 5.7 seconds. There are two causes for
this discrepancy in timing. Firstly, to reduce the possibility of audio dropouts
the data is recorded twice. Secondly, a two second interrecord gap is left
between each record of 192 bytes.
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Fig. 4.3. Output waveforms to the cassette recorder.

The extensive use of error checking techniques is one reason why the tape
system on the CBM 64 is slow but also quite reliable compared with that
available on many other popular computers. There are two levels of error
checking. The first divides the data into blocks of eight bytes and then computes
a ninth byte, the checksum digit. The checksum 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 sequence of short pulses
written on the leader is used to synchronise the read routine timing to the timing
on the tape. The operating system can thus produce a correction factor which
allows a very wide variation in tape speed without affecting reading.

The system timing used to perform both reading and writing is very accurate,
based as it is on the crystal controlled system clock and Timer | 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 longand 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 54+ 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 operating system routines

The CBM 64 kernal contains a whole series of routines for handling data
transfer between the processor and the cassette unit. The following sections
describe these routines and how they can be used. These descriptions are
accompanied by annotated source code listings of each routine (consult volume
1 of this series, The Commodore 64 ROMs Revealed, for the full kernal source
code listing). The variable declaration file for these routines is to be found in
Chapter 5.
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Protect cassette/serial from RS232 NMI interrupts

Entry point: SFPA4

Function: This routine checks location $42A1 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 $82A1 to $03, thereby signalling its
completion. As soon as this happens the Timer A interrupt is disabled, the flag
at $02A1 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: $2A1 - if non zero then RS232 enabled
Output parameters: None

Registers used: .A is used but is pushed to the stack by the instruction at SFpA4
and then retrieved at the end of the routine by $F@BB.

Routine source code:

Loc CODE LINE

pb1e *=$FOA4:

FoR4 H

FOA4 :PROTECT SERIAL/CASSETTE FROM

FoA4 ;RS-232 NMI’S

FoAa4 3

FoA4 48 L?21 PHA ;SAVE A

FOAS AD Al e2 LDA ¢02a1 ;RS232 ENABLES 7
FoAg Fo L1 BEQ L923 ;NO

F@AA AD Al 02 L838 LDA $62A1

FOAD 27 ©3 AND H$03

FOAF DO F9 BNE L1838

FeBl A9 10 LDA #$19 :DISARLE FLAG
FoR3 8D oD DD STA D2ICK

FoB& A7 99 LDA #3909

Fee8 8D Al 02 STA $02A1

FopB 68 L923% PLA sALL DONE
FOeC 60 RTS

FoBD ;

Cassette error message output

Entry point:
$F12B - tests direct mode flag first
$FI12F - displays message to screen

Function: This routine outputs a message to the screen concerning cassette
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operation. The first entry point tests the contents of location $9D to see if the
output is in direct or run mode. The second entry point performs the actual
message output, the choice of message being determined by the value in the .Y
index register. The messages used by this routine are stored in the area of
memory immediately above this routine starting at $FABD.

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:

Lac CODE LINE

FoepD : ERROR RESSAGES

FORD 3

FeeD 6D MS1 .BYT $0,’I/0 ERROR ’,6$A3
FOBE 49 2F

FAC8 A3

FeC9 @D MSS -BYT $0,’SEARCHING’, $A8
FOCA 33 45

FeD3 ne

FeD4a 46 4F 52 Msé BYT "FOR’,$A0

FoD7 RO

FoD8 @D MS7 .BYT $D, PRESS FLAY ON TAP’, ¢CU
FeD? S u2

FOEA CY

FOER 50 52 Ass .BYT "PRESS RECOKD & PLAY ON TAF’,$CS
F193 C3

Fieé 0D fs16 BYT $D,"LOADIR",$C7
F197 4C 4F

FieD C7

F19E oD ms11 BYT $D,’SAVING' , $A0
FLOF &3 41

F115 A6

F1i6 oD ms21 .BYT $0, VERIFYIN' $C7
F117 96 43

F11F C7

F1290 @D ms17 LBYT 3D, FOUND’ ,$A0

FL2L 46 4F

F126 A9

F127 @D Msi8 .BYT €D, 0K’ ,%8D

F128 4F 4B

F12A 8D

F12B H

F128 ;FRINT MESSAGE TO SCREEN ONLY IF
Fi2 s OUTPUT ENABLED

F128 H

F12p 24 9D L922 BIT ASGFLG sPRINTING MESSAGES?
F12D 190 @D RPL L923 :NO

F12F B9 BD FO L1673 LDA AS1,Y

F132 08 FPRP

F133 29 7F AND #47F

F135 29 D2 FF JSR $FFD2

Fi38 C8 INY

Fi%9 28 PLP

F13a 10 F3 2PL L1873

F13C 18 L?23 cLc

Fi3D 66 RTS

Fi3E -END
F13E .LIB KTAPE1l
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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 ifthe secondary address
is greater than @, or at the specified address if the secondary address is @.

Input parameters:

$BA - device number

$B9 - secondary address

.X - LOAD address lo if secondary address is zero
.Y - LOAD address hi if secondary address is zero
A - if =@ then load, # @ then verify

|

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

Routine source code:

Loc CODE LINE

F13E *=$F 49E

F4%E H

F49E ;% LLOAD RAA FUNCTION.

FA9E e LOADS FROM CASSEIYE OR SERIAL RUS
F49E :# DEVICES »=4 TO 31 AS DETERMINED BY
F49E ;% CONTENTS OF VARIABLE FA. VERIFY FLAG
F4%E ;% IN JA.

FA9E 3 ¥ ALT LOAD IF SA=9, NORMAL SA=1
F4%E 3 * X, .Y LOAD ADDRESS IF SA=90

F49%E 3 ¥ -A=9 PERFORMS LOAD,«>@ IS VERIFY.
F49E ;¥ HIGH LOAD RETURN IN .X,.Y

FA49E ;% USE SETLFS & SETNAM REFORE THIS ROUTINE
Fa9E H

F49E 86 C3 L9990 STX MEMUSS . ;1.0 ALT START
F4R0 84 C4 STY MERUSS+1 sHI ALT START
FAA2 6C 36 @3 JAP (ILLOAD)

F4AS 83 93 NLOAD STA VERCK ;STORE VERIFY FLAG
F4AA7 A9 066 LDA H%00

F4A9 85 99 STA STATUS

F4AB AT PRA LDA FA ;CHECK DEVICE #
F4AD D9 03 BNE L1046

F4AF 4C 13 F7 L1241 JRP L1649 ;KEYBOARD, BAD DEVICE
F4B2 C9? 93 L1946 CRF #$03 :SCREEN?

F4B4 F@ F9 REA L1241 ;YES

F4Bs 99 7B BCC L1959 s TAPE

F4B8 ;

F4B3 H

F4B8 #:2$F 349

F530 4C 04 F7 L1938 JnP L9359 ;FILE NOT FOUND
F533 ;

FU33 ;es#%%  LOAD FROA TAFE

FS33 H



Loc
F333
F334
FS46
F539
F33C
FS3E
FS41
F944
Fa46
F349
Fo4B8
F54D
[T
F952
F8S4
F556
Fas9
F35
FY3D
FS5F
Fo41L
FS62
F364
F366
F348
FOéA
F36C
F36E
F379
F3572
F973
F37%
F577
F379
Fi7e
FuU7D
Fa7F
Fo81
Fs83
F58Y%
F386
Fo88
Fi8A
Fa8C
Fu8E
FS8F
F370
F391
Fov3
F395
F596
F598
FS9A
Fo9cC
FS9E
FSA6
F3A2
FSAS
FIA8
FOA?
FIAn
F3AA
F5aa
FSAA
FSaC
FSAE
FoaF

CUDE
4A
Re
4C
20
=19
4C
29
Bé
29
AS
Fo
20
70
Fo
BO
20

Fo 3

47
AJS
29
38
Dé
E®
Fé
E9
ne
A
Bl

B2

£3

B2
C4
Q4
B9
EF
%3
RZ
61
B2

04
B2
02
B2

c3
AE

o~z

) AF

C3
C1
Ca
D2
44

F7

F7

F7
F8

F7

F7

F5
F8

LINE
L10Ge

L1047

L1040o

L1661

L1esé

L1963

L1964

L1668

L1665

L1867

LSKR
BCS
Jnp
JSR
ecs
JHP
JSR
BCS
JSK
LDA
BEQ
JSK
8cc
BEE
BCS
JSR
BE@
2Cs
LDA
AND
SEC
BNE
CPX
BER
CPX
ENE
LDY
LDA
STA
INY
LDA
STA
BCS
LDA
BNE
LDY
LDA
LDY
SBC
TAX
LDY
LDA
LDY
SRC
TAY
CLC
(43
ADC
STR
TYA
ADC
STA
LDA
STA
LDA
STA
JSR
JSR

A
L1647
L1049
L1164
L1060
L1049
L?38
L1059
L1062
FNLEN
L1066
L1198
L1963
L1059
L1958
L1098
L1859
L1658
STATUS
HSFERKR

L1659
HBLF
L1048
HPLF
L1661
4301
(TAPEL) Y
REMUSS

(TAPEL), Y
MEMUSS+1
L1065

SA

L1064
#$03
(TAFE1) Y
#3061
(TAPEL),Y

#3504
(TAPE1),Y
#$02
(TAPE1),Y

MEMUSS
EAL

REMUSS+1
EAH
RERUSS
STAL
MEMUSS+L
STAH
L1979
L9489

BYT $24

CLC

;SET UP END ADDRESS

-
’

L1659

»

LDX
LoY
RTS

EAL
EAH
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; TAPE?

s YES

;NO, BAD DEVICE
;SET TAFE FOINTERS

;s DEALLOCATED

3 'PRESS PLAY ON TAPE’
;STOP KEY?

;' SEARCHING”

:NARE?

;NO, LOAD FIRST PROG
;YES, FIND A FILE

; FOUND

:STOF KEY

;NO, END OF TAFE
;FIND ANY HEADER
:STOP KEY

;s NO HEADER

;MUST HAVE GOT HEADER RIGHT

;IS BAD

;MQVEABLE?

1 YES

; FROGRAN

sNO, TRY FOR MEXT
;FIXKED LOAD
;ADDRESS IN BUFFER
;1S LOAD ADDRESS

sMONITOR LOAD?
s TES, FIKED TYPE
;s TAPEA-TAPESTA

;L0 TO X

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

:SET UP START ADDRESS

; "LOADING™

;LOAD TAPE BLOCK
;SKIP NEXT CORRAMD
;600D EXIT

87
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Print tape loading messages

Entry points:

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

$F5D2 - print loading/verifying

Function: The function of these three routines is simply to display the
appropriate messages on the screen when loading a program or file from tape.

Input parameters:

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

$B7 - filename length

$BB - filename address

$93 - loading/verifying flag; if = @ then loading, otherwise verifying

Output parameters: None

Routine source code:

Loc CODE LINE

FSAF sPRINY "SEARCHING FOR L[NAME]’

FSAF ;

FSAF  AS 9D L1062 LDA MSGFLG sPRINT IT?
FaB1 19 LE BPL L1e71 s NO

FOBR3 ne @C LDY HASU-MS1 ;s "SEARCHING”
FSRS 29 2F F1 JSR L1973

F3R8 AT B7 LDA FNLENM

FSBA F9 15 eEQ L1971

F3BC A€ 17 LDY #fASé-fS1 ;s "FOR’

FSBE 29 2F FIL JSR L1673

FSC1 s

FuC1 :PRINT FILENAME

F5C1 :

F3C1 A4 &7 L1922 LDY FNLEN sNARE LENGYH
FSC3 Feé eC REQ L1671 sNO MNAME
FSCT ho 90 LDY #$99

FSC7 B1 BB L1091 LDA (FNADK),Y

FSC9 20 D2 FF JSR $FFD2

FSCC C8 INY

F5CD C4 B7 CPY FNLEN

FSCF DO Fé BNE L1691

FSD1 69 L1671 RTS

FSD2 H

F5D2 tPRINT LOADING/VERIFYING

F5D2 .

FSD2 A@ 49 L1679 LDY #AS18-AS1 ;ASSUME "LOADING’
FSD4 AL 93 LDA VERCK :CHECK FLAG
FSD6 FO e2 BEQ L1652 “:YES, LOADING
F508 A0 99 LDY #RS21-nS1 s "VERIFYING'
FSDA 4C 22 F1 L1652 JRP L9222

F300D ~END

FSDD -LIB KTAPE2















































































































































































































































































































































