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The BBC Micro Operating System

Part One: The moving electron writes

In the last series we reviewed the basics of machine code programming
using the 6502. You will have noticed that not too many examples of
programming were given. This is because there are two levels of
programming on any machine, machine level and operating system level.

Operating Systems

An operating system is basically a group of routines that sit between
the user and the electronics of the computer. To illustrate what an
operating system does we have to turn briefly from the path of the
series.

We'll imagine that you want to write the letter A on the screen of
your monitor. First we have to work out the shape of the character and
slice it horizontally into eight sections, one for each of eight
screen scanning lines on the monitor.

Now we need to detect when the frame synchronising pulse for the
monitor is sent by the computer. Next we need to count the line
synchronising pulses to find the one corresponding to the start of the
first line of the character.

Then we must time from this pulse to the start of the first line of
the character, turn on the appropriate electron guns in the monitor
and turn them off at the correct time for the end of the of the
character. Finally we have a few microseconds to do it all again for
the next line. That's more or less what happens fifty times a second
on your monitor screen.

Mapped Screens

This makes even the easiest task very complex. We can make life easier
by storing a picture or map of the screen in memory and writing the
character shape to the appropriate map locations.

The map can then be scanned in synchronisation with the electron beam
on the monitor. This can either be via a clever piece of electronics
or a software routine.

To illustrate the BBC map, type the following program on any 6502-
based BBC without screen RAM shadowing.

10 MODE O
20 ?&7D00=65

You should see two little white dots towards the bottom right of the
screen. Now two dots are not the letter A so if we want to write A we
have to designthe character and write it to the map. This program does
just that.

10 MODE O



20 FOR A=&7D00 TO &7DO07

30 READ B

40 ?A=B

50 NEXT

60 DATA &3C, &66, &66, &7E
70 DATA &66, &66, &66, &00

The sharp-eyed among you will have spotted something a little odd
here. The screen seems to be arranged in blocks of eight bytes in this
mode. Don't worry about this - it simply makes character table design
simpler.

Character Tables

We can make life even easier by designing a set of characters and
putting them in an area of memory where they can be looked up. In the
BBC B this area is in ROM starting at &CO00O.

A quick diversion here. If we have to have a series of character
designs in memory it helps to have a standard method of accessing
them.

The standard character ordering is called ASCII. A space has ASCII
number 32 and this is the first "printable" character in the set. The
last is 127 (Delete). There are eight bytes in each character matrix
so the design for any character is at &C000+(8* (ASCII - 32)).

This program examines the ROM character table and shows how characters
are arranged.

10 MODE 0

20 PRINT "CHARACTER ?"

30 AS=GETS

40 PRINT AS

50 START=(8 (ASC(AS)-32))+&C000

60 FIN=START+7

70 FOR BYTE=START TO FIN

80 PEEK=?BYTE

90 PROC BIN

100 PRINT~BYTE;TAB(15);~?BYTE; TAB(20) ;
110 NEXT

120 END

130 DEFPROC_BIN

140 AsS=""

150 FOR BIT=7 TO 0 STEP-1

160 X=(PEEK AND 2”BIT)

170 IF X>1 THEN AS$=AS$+"" ELSE AS$=AS+"."
180 NEXT

190 ENDPROC

As you will often want to write characters on the screen it makes a
lot of sense to have a little routine to take a character from a
register and print it on the screen.

The routine will look up a character in the table and print it to the
appropriate position on the screen. There will also need to be a
record of the cursor position on the screen.

Routines for printing and moving a cursor on the screen will also be
useful. You could, of course, write all of these routines yourself as



part of every program but as the computer manufacturer has to provide
them in order to tell you the machine is working he usually leaves an
access point for you to use the routines yourself.

Incidentally if you rewrite the first program but change line 10 to
read MODE 7 you will see a letter A on the screen.

This is an example of clever electronics. A chip on the BBC board
contains a character generator. Instead of the character design being
stored in the screen map the character's ASCII value is stored. This
is read by the electronics and used to generate characters directly on
the screen. This allows a 40 x 80 text and block graphics screen to be
generated in just 1K of RAM.

Using the Operating System

The screen handling routines and several others make up an operating
system. In the BBC micro the series of routines that write a character
on the screen can be accessed though a point called OSWRCH at &FFFE.

So instead of having to design characters, time lines and do all of
the other things, you can output a letter A to the screen simply
using:

LDA #65
JSR &FFEE ;OSWRCH

and leave the operating system to do the rest.

BBC 6502 Machine Code

Part Two: In the beginning

Last week we looked at the reasons for an operating system and how it
can simplify the programmer's task. Unfortunately you will not always
be able to use the operating system. There may not be a suitable
routine or it may be too slow. In these cases you have to write to the
device itself. So to continue our look at machine code we need to
examine programming with device handling and the operating system.

This series will attempt to kill two birds with one stone by taking
avery close look at Acorn's 0OS 1.20 used on Model Bs.

This changed little for the B+ and Master so while the routines may be
in a slightly different place the basic system will be the same. The
Master uses 65C02 code which has a few extra instructions so there may
be some differences in the length of the code.

What you will need

A disassembler or machine code monitor that can handle 6502 or 65C02
codes. If If you don't have either you can use:

PRINT ~?address

to get the hexadecimal codes which you can then look up in the back of
the BBC User Guide to get the relevant command.

Suitable Monitors are EXMON, BBC Monitor or the SYSTEM monitor. (I use
"Maxim" - Ed.) If you have a single- stepping monitor like one of



these, you will be able to trace some of the routines for yourself.

For this series we will use standard 6502 mnemonics except that DB and
DW will be used to show byte assignments rather than EQUS, EQUW and
EQUB. This is because the disassembler I am using produces these codes
and it's a lot easier to follow than convoluted BBC-type statements.

First things first

Remember that an operating system is not a program in the usual sense.
Normal programs have a defined entry and exit routines. An operating
system can have a large number of entry and exit points as well as
interlocking routines. So to examine the operating system we need a
starting point.

The 6502 regards memory as a series of 256-byte pages 0 to &FF (255).
Any address can be considered to be a page number plus an offset
within the page. Both figures can be represented by a single byte. So
address &FFO01 is on Page &FF offset 01. The concept of offsets is very
useful if you ever get involved in 80n86 programming.

The BBC Manual gives a series of system entry points on page FF. Most
of these are indirected through Page 2 and as we cannot guarantee what
the contents of Page 2 should be (the vectors can be and are changed)
these are useless as starting points. This leaves three sensible entry
points.

6502 Vectors

FFFA

DW &0DO0OO ;NMI address
FFFC DW &D9CD ;RESET address
FFFE

DW &DCI1C ; IRQ address

The NMI address is in RAM so no joy there, but the other two look
fine. The best is RESET as this is where the machine starts when it is
turned on or BREAK is pressed. In the case of Model B and 0OS 1.20 that
address is &D9CD, so what happens?

In the beginning

Reset can be effected by turning on the computer or pressing BREAK. If
it is a power-up then the system VIA and processor are reset
electronically.

If this is a power on situation then nothing has been set up. The
first thing that happens when power is turned on is that the 6522
VIAs, the processor and the floppy disc controller are reset. This is
done by means of one of three printed circuit tracks. The tracks are
RSTA, RST and NOTRESET.

RSTA is only connected to the system 6522 Versatile Interface adaptor
(VIA) . This operates through a little resistor/capacitor circuit that
only works when the power is turned on. The effect of this is that the
6522 System VIA Interrupt Enable Register (IER) bits 0 to 6 will be
clear (0) only if the reset is caused by a power on condition.

If the Reset is caused by BREAK being pressed then the machine must
have been on and therefore one or more of the System VIA IER bits will
be set (to 1). If one or more bits are set then bit 7 of the VIA will



also be set. This is used to determine the type of Reset. So let's
look at the operating system more closely.

DOCD

LDA

#&40 ;set NMI first instruction to RTI
DOCF

STA

&0D0O0 ;NMI RAM start

RESET is the ultimate Act of God as far as the machine is concerned.
Anything could be happening so the operating system has to clean up
the system as its first act.

These first instructions just make sure that if a disc is running no
more information will be read or written from or to the disc. This
illustrates why you shouldn't press BREAK when a disc is being
accessed!

The next section sets up the stack:

_I_

D9D2

SEI ;disable interrupts just in case
DOD3

CLD ;clear decimal flag

D9D4

LDX

#&FF ;reset stack to where it should be
DI9D6

XS ; (&1FF)

Next find out if a power-up reset or a BREAK press by examining the
System VIA IER register.

DI9D7
LDA
&FE4E ;read interrupt enable register of the system VIA
DI9DA

ASL ;shift bit 7 into carry
DO9DB

PHA ;save what's left

D9DC

BEQ

&D9E7 ;if Power up A=0 so go to DY9E7 to clear memory

That's probably enough for this time. Don't worry! I don't intend to

do a complete disassembly of the operating system in this series but

we will follow through the power-on sequence to the end because a lot
of interesting things happen at this time.

We'll take a look at DY9E7 and the next routine in this sequence (D9DE)
in the next part.

BBC 6502 Machine Code

Part Three: Cleaning up the mess

In the last part we looked at what happens when you press BREAK or
switch on the machine. We'll now continue with a look at an



undocumented (at least officially) routine.

The byte at &258 can be used to contain information about
machine should do if BREAK is pressed. FX200,n is used to
byte. If n=2 or n=3 then the memory must be cleared. This
used in program protection.

DODE
LDA
&0258 ;else if BREAK pressed read BREAK Action flags (set
DOE1
LSR

;divide by 2

D9E2

CMP

#&01 ;if &0258 <> 2 or 3
DOE4

BNE

&DAO3 ;then Goto &DAO3
DI9EG6

LSR

;divide A by 2 again (A=0 if FX200,2/3 else A=n/4

what the
set this
is often

by FX200,n)

Pages 4-&7F are cleared by a simple loop if &258=2 or 3 or it is a
power on reset. Look out for the clever way of avoiding problems on

16K machines.

DOE7

LDX

#&04 ;get page to start clearance from (4)
DI9E9

STX

&01 ;store it in ZP 01

DO9EB

STA &00 ;store A at 00

DOED

TAY

;and in Y to set loop counter

; LOOP STARTS
DOEE
STA
(&00),Y ;clear RAM
DIFO0
CMP
&01 ;until page address (in &01) =0
D9F2
BEQ
&DOFD
DOF4
INY

;increment pointer
DIF5
BNE
&DOEE ;1f not zero loop round again



DIF7
INY ;else increment again (Y=1) this avoids overwriting the RTI
;instruction at &DO00 D9F8 INX

;increment X
DI9F9
INC
&01 ;increment &01
DOFB
BPL
&DOEE ;loop until Page (in 01)=6&80 then exit

Note that RAM addressing for 16K loops around to &4000=&00 hence the
checking of &01 for 00. This avoids overwriting zero page on BREAK
which would cause the machine to crash!

DO9FD

STX

&028E ;writes marker for available RAM 40 =16K, 80=32
DAOO

STX

&0284 ;write soft key consistency flag

This routine shows the basic structure of a loop. Those of you who
program in BASIC will recognise it as a very simple structure:

10 A=A+1
20 IF A<20 GOTO 10

The loop uses zero page addressing with the target address in 00 and
01 (Page) and the index in Y.

The loop is exited when the value in 01 becomes negative. Remember
that all values between 0 and &7F are considered to be positive, so
the BPL instruction can be used to exit the loop at page &80, the
first negative number. This is the first of the useful loop techniques
we'll see in this series.

Notice that the first byte of each page is left unchanged. This is
useful if you want information to survive a BREAK of this type. This
clearing of memory is not normally carried out.

Next week we'll have a look at the normal RESET path.

BBC 6502 Machine Code

Part Four: Cleaning up even more mess

As we saw last week, a normal warm reset avoids the memory clearance
and proceeds to set up the System VIA.

DAO3 LDX #&0F ;set PORT B data direction register to output on bits
;0-3 and input bits 4-7
DAOS5 STX &FE42 ;

The next bit is a little more complicated and is intimately bound up
with hardware. The function is to set up the addressable latch IC 32
for peripherals via PORT B.

The latch value is written by writing the value to &FE40 bits 0 to 2
and either a 1 or 0 to bit 3.



Writing the value + 8 therefore writes a 1 to the latched address,
otherwise a 0 is written.

Value Peripheral Effect
+ 0 8
0 Sound chip Enabled Disabled
Speech Chip
1 (RS) Low High
2 (WS) Low High
2 (WS) Low High
3 Keyboard
Write Disabled Enabled
4 CO address
modifier Low High
5 Cl address
modifier Low High
6 Caps LED On Off
7 Shift LED On Off

CO and Cl are involved with hardware scroll screen address.

; X=&F on entry

DAOS8 DEX ;loop start

DAO9 STX &FE40 ;Write latch IC32

DAOC CPX #&09 ;Is it 97

DAOE BCS &DAOS8 ;If not go back and do it again

;X=8 at this point

;Caps Lock On, SHIFT Lock undetermined
;Keyboard Autoscan on

;Sound disabled (may still sound)

Next the keyboard is scanned to determine the values of the keyboard
links and whether a Ctrl-Break has been performed.

Remember that although we have spent a lot of time reading this, we
are probably less than 200 microseconds after BREAK was pressed.

The check for Ctrl-Break is effectively looking for simultaneous
keypresses.

DA10 INX ; X=9

DAl11l TXA ; A=X

DAl12 JSR &FO02A ;Interrogate keyboard

DA15S CPX #&80 ;for keyboard links 9-2 and CTRL key (1)
DA17 ROR &FC ;rotate MSB into bit 7 of &FC

DA19 TAX ;Get back value of X for loop

DA1A DEX ;Decrement it

DA1B BNE &DAL11 ;and 1f >0 do loop again

;On exit if Carry set link 3 is made
;1link 2 = bit 0 of &FC and so on
;If CTRL pressed bit 7 of &FC=1 X=0

DA1D STX &028D ;Clear last BREAK flag
DA20 ROL &FC ;CTRL is now in carry &FC is keyboard links
DA22 JSR &EEEB ;Set LEDs

;Carry set on entry is in bit 7 of A on exit
DA25 ROR ;Get carry back into carry flag



To review what the operating system has done so far, about 400
microseconds after a BREAK press or about 2 milliseconds from a power
on. Memory may have been cleared, NMIs have been short circuited, IRQs
disabled. The keyboard has been scanned for made links and for Ctrl
being pressed.

We have also located two important and undocumented subroutines: &F02A
toscan the keyboard and &EEEB to set the keyboard LEDs.

The FO02A routine scans for the key whose code is in X being pressed:

F02A LDY #&03 ;Stop Auto scan

F02C STY &FE40 ;by writing to system VIA

FO2F LDY #&7F ;Set bits 0 to 6 of port A to input on bit 7.
;Output on bits 0 to 6

FO031 STY &FE43

F034 STX &FE4F ;Write X to Port A system VIA (key to check)

FO37 LDX &FE4F ;Read back &80 if key pressed (M set)

FO3A RTS ;And return

The routine at &EEEB switches on the selected keyboard lights.

EEEB PHP ;Save flags

EEEC LDA &025A ;Read keyboard status
;Bit 7=1 shift enabled
;Bit 6=1 control pressed
;Bit 5 =0 shift lock
;Bit 4 =0 Caps lock
;Bit 3 =1 shift pressed

EEEF LSR ;Shift Caps bit into bit 3
EEFO AND #&18 ;Mask out all but 4 and 3
EEF2 ORA #&06 ;Returns 6 if caps lock OFF &E if on.

;Remember add 8 to the value for the addressable
;latch to send a 1.

EEF4 STA &FE40 ;Turn on or off caps light if required

EEF7 LSR ;Bring shift bit into bit 3

EEFS8 ORA #&07 ;

EEFA STA &FE40 ;Turn on or off shift lock light

EEFD JSR &F12E ;Set keyboard counter

EFO00 PLA ;Get back flags into A

EFO01 RTS ;Return

In this part we've had a look at subroutines using JSR and RTS, the
machine code equivalent of GOSUB, PROC or FN. Subroutines are often
used in machine code to perform such frequently needed functions as
scanning a keyboard or turning on and off lights.

We've also discovered that the byte at &25A contains the keyboard
status. Try changing it for yourself. You can therefore use OR and AND
to set the shift and Caps lock status of the machine for a particular
program.

Next week we'll examine setting up the default vector table in memory.

BBC 6502 Machine Code
Part Five: Vectors Victor

The next stage is to set up the vectors on page 2.

DA26 LDX #&9C ;



DA28 LDY #&8D ;

DA2A PLA ;Get back A from &D9DB DA2B
BEQ &DA36 ;If A=0 power up reset so go to DA36 with X=&9C
;Y=6&8D

DA2D LDY #&7E ;else let Y=&T7E

DA2F BCC &DA42 ;and if not CTRL- BREAK go to DA42 for a WARM RESET
DA31 LDY #&87 ;else Y=&87 COLD RESET

DA33 INC &028D ;&28D=1

DA36 INC &028D ;&28D=&28D+1

DA39 LDA &FC ;Get keyboard links set

DA3B EOR #&FF  ;Invert

DA3D STA &028F ;and store at &28F

DA40 LDX #&90 ;X=&90

What we have done is to set up the high water marks for the reset of
vectors.

&28D=0 Warm reset, X=&9C, Y=&T7E
&28D=1 Power up , X=&90, Y=&8D
&28D=2 Cold reset, X=&9C, Y=&87

DA42 LDA #&00 ; A=0

DA44 CPX #&CE ;zero &200+X to &2CD

DA46 BCC &DA4A ;

DA48 LDA #&FF ;then set &2CE to &2FF to &FF

DA4A  STA  &0200,X ;
DA4D  INX ;
DA4E  BNE  &DA44 ;
;A=&FF X=0

This is another IF-GOTO loop, but in this case it is a double function
loop. The test at DA44 to DA46 means that A is 0 only for wvalues of X
between the high water mark and &CD. Above this value A is set to &FF
by the instruction at &DA48. This saves a few bytes of space,
essential when writing a tightly-filled ROM.

The next instructions set up the printer port. The only reason for
doing this now is to save two bytes. A must be &FF at this point so it

is used to set up the User VIA for outputs as the printer port.

DA50 STA &FEG63 ;Set port A of user VIA to all outputs (printer out)
DAS53 TXA ;A=0 DAb54 LDX #&E2 ; X=&E2

START OF LOOP

DA56 STA &00,X ;set zero page addresses &E2 to &FF to zero
DA58 INX ;
DA59 BNE &DA56 ; X=0

Now set up the vectors in page 2 from the table at &D940:

DASB LDA &D93F, Y ;copy data from &D93F+Y
DASE STA &01FF,Y ;to &1lFF+Y

DAG61 DEY ;until

DA62 BNE &DALB ;1FF+Y=&200

Note that this is a decrementing loop which, for loops ending when an
index register reaches zero, is faster and shorter because no compare

is needed. More space saved!

Now the RS423 port is set up via a subroutine affecting the ACIA.



(Asynchronous Communications Interface Adaptor)

DAG4 LDA #6562 ;A=6&062
DAGG6 STA &ED ;store in &ED
DAGS8 JSR &FBOA ;set up ACIA ;X=0

Now Acorn clears the interrupt and enable registers of both VIAs.

DAGB LDA #&7F ;bit 7 is 0!
DAG6D INX ;
DAGE STA &FE4D, X ;
DA71 STA &FE6D, X ;
DA74 DEX ;
DA75 BPL &DAGE ;
;This loop only has two passes as X=0 on entry.

DA77 CLI ;Briefly allow interrupts to clear anything
;pending

DA78 SET ;Disallow again NB: all VIA IRQs are disabled

DA79 BIT &FC ;If bit 6=1 then JSR &F055 as there must be a
;hardware interrupt!

DA7B BVC &DA8O0 ;else DAS8O

DA'7D JSR &F055 ;

What have we here? Another undocumented routine. If bit 6 of &FC is
set there must have been a hardware interrupt when the SEI occurred.

From the circuit diagram the only place that this IRQ could have come
from is the 1MHz bus - let's have a look at the routine at &F055.

F055 JMP (&FDFE) ;Jim paged entry vector

So we jump to some piece of hardware on the 1IMHz bus. This would
probably be a ROM which would take over the system at power on and
Break. This has some very interesting applications. It was designed by
Acorn to provide a crude Econet facility to allow a batch of machines
to be functionally tested without the need to install a full Econet
kit.

Next week we shall examine the VIA bus.

BBC 6502 Machine Code

Part Six: The VI bus

The next interesting routine we find in the BBC operating system is
the one that sets up the system VIA interrupts. It is located at
&DA80. Refer to the manual for the meanings of Sheila addresses.

DA8O LDX #&F2 ;Enable interrupts 1,4,5,6 of system VIA

DA82 STX &FEAE
;0 Keyboard enabled as needed

Frame sync pulse

End of A/D conversion

T2 counter (for speech)

Tl counter (10 mSec intervals)

’
’

’

oy U1 i O

’

DA85 LDX #&04 ;set system VIA PCR
DA87 STX &FEA4AC ;
;CAl Interrupt on negative edge (Frame sync)
;CA2 Handshake output for keyboard
;CB1 Interrupt on negative edge (end of conversion)



;CB2 Negative edge (Light pen strobe)
DASA LDA #&60 ;Set system VIA ACR
DABC STA &FE4B

;Disable latching

;Disable shift register

;T1 counter continuous interrupts

;T2 counter timed interrupt

DASF LDA #&0E ;Set system VIA Tl counter (low)
DAS91 STA &FE46
;This becomes effective when Tl hi set
DA94 STA &FE6C ;Set user VIA PCR
;CAl interrupt on -ve edge (Printer Acknowledge)
DASO LDX #&F2 ;enable interrupts
;CA2 High output (printer strobe)
;CB1 Interrupt on -ve edge (user port)
;CB2 Negative edge (user port)
DA97 STA &FECO ;Set up A/D converter Bits 0 and 1 determine
;channel selected
;If Bit 3=0 it is set for an 8-bit conversion.
;If bit 3=1 12-bit conversion.

Now although the machine now knows how much RAM it has it still
doesn't know if it's a Model A or Model B, so it does not know if a
user VIA is present at &FE60-FE6F.

The next routine tests for the presence of a user VIA. The system
timers are then set up to interrupt every 10mSec. Sound channels are
cleared and the serial ULA is set up. Then the function keys are
reset.

Now we need a catalogue of sideways ROMS. This is not a catalogue in
the conventional sense as the ROM title is always at the same place in
the ROM itself and can be read from there. It is a catalogue of the
ROM types and positions.

There is a ROM latch at &FE30. Writing a number between 0 and 15 to
this switches the corresponding ROM into the area between &8000 and
&BFFFEF. A short subroutine does this and maintains a copy of the
current ROM in zero page at location &F4.

;on entry X=required ROM number

DC16 STX &F4 ;RAM copy of ROM latch
DC18 STX &FE30 ;Write to ROM latch
DC1B RTS ;and return

You should use this subroutine if you want to switch ROMs. Now we can
look at the ROM cataloguing routines;

A ROM is considered to be wvalid if it contains a string identical to
astring at location &DFOC in the Operating System ROM.

DFOC DB ")C (! ;
DFOF DB 0 ;

The location of this string is pointed to by an offset byte located at
&8007.

;X=0 on entry
DABD JSR &DC16 ;Set up ROM latch and RAM copy to X



DACO LDX #&03 ;Set X to point to offset in table
DASO LDX #&F2 ;Enable interrupts

DAC2 LDY &8007 ;Get copyright offset from ROM
DACS LDA &8000,Y ;Get first byte

DACS8 CMP &DFOC, X ;Compare it with table byte

DACB BNE &DAFB ;If not the same then goto DAFB

DACD INY ;Point to next byte

DACE DEX ; (s)

DACF BPL &DACS ;and if still +ve go back to check next byte.
;This point is reached if 4 bytes indicate
;valid ROM

Next the first 1K of each ROM is checked against higher priority ROMs
to ensure that there are no matches. If a match is found, the lower
priority ROM is ignored.

A ROM type byte is located at &8006. A catalogue of these bytes is
held at &2A1-&2B0. If bit 7 of this byte is 0 then the ROM is BASIC.
The position of this ROM is stored at &24B.

Now the ROMs are catalogued it is time to set up the speech system and
screen. More about that next week.

BBC 6502 Machine Code
Part Seven: Talk to me
The operating system start-up routines next checks the SPEECH system.
At this point the X register is set to 16 (&10) by previous routines.

This is one of the reasons why this routine is inserted here. Setting
X to the required value would use two more bytes. This is not much
space but it can make the difference between all of the 0S fitting
into a single ROM and a complete hardware or software redesign.

DB11 BIT &FE40 ;If bit 7 low then we have speech system fitted
DB14 BMI &DB27 ;else goto DB27 for screen set up routine.

DBl16 DEC &027B ; (027B)=&FF a RAM flag that indicates that a speech
;chip is present.

DB19 LDY #&FF ; Y=&FF

DB1B JSR &EE7F ;Initialise speech generator

DB1E DEX ;via this

DB1F BNE &DB19 ;loop

[
o

Now X SoO:
DB21 STX &FE48 ;Set T2 timer for speech
DB24 STX &FE49 ;

Screen set-up

X=0 on entry to this routine which gets the default screen mode and
then goes off to the screen setup routine.

DB27 LDA &028F ;Get back start up options (mode)
DB2A JSR &C300 ;then jump to initialise screen.

One of the things that I wondered when I got a BBC was how the RESET
key could possibly act as a soft key. As we all know BREAK acts as
soft key 10. But the keyboard buffer is cleared by the Reset. Tucked
away 1is the five-byte routine that makes the BREAK key act as soft



key 10.

Soft keys work by inserting a byte greater than 127 into the keyboard
buffer. &CA is the code for key 10.

DB2D LDY #&CA ; Y=&CA
DB2F JSR &E4F1 ;to enter this value in the keyboard buffer

Simple isn't it? You can use the routine yourself although further
investigation will show that E4F1 is part of an OSbyte call. Remember
that the keyboard buffer is buffer 0.

E4F1 LDX #&00 ;X=0 keyboard buffer

R i i i i S db b b b b b b 2 I b b b db I A b b b A b b dh A i b b b g 4

* *
* OSBYTE 153 Put byte in input *
* Buffer checking for ESCAPE *
* *

R T R i A A db i db b i A b S b A b i S S b b 2 A b S b S 2 i 3

On entry X = buffer number which is either 0 or 1. If it's 0 then the
keyboard buffer is selected. If it's 1 then it is the RS423 buffer.

Notice that the JSR to EF41 ensures that ONLY the keyboard buffer can
be selected. Once again we are looking at coding economy, in this case
with a specific keyboard buffer entry routine. Y contains the
character to be written.

E4F3 TXA ;A=buffer number
E4F4 AND &0245 ;and with RS423 mode (0 treat as keyboard 1 ignore
;Escapes no events no soft keys)

E4F7 BNE &E4AF ;so if RS423 buffer AND RS423 in normal mode (1)
E4AF ;
E4F9 TYA ;else Y=A character to write

E4FA EOR &026C ;compare with current escape ASCII code (O=match)
E4FD ORA &0275 ;or with current ESCAPE status (0=ESC, 1=ASCII)
E500 BNE &E4A8 ;if ASCII or no match E4A8 to enter byte in buffer
E502 LDA &0258 ;else get ESCAPE / BREAK action byte

E505 ROR ;Rotate to get ESCAPE bit into carry
E506 TYA ;get character back in A
E507 BCS &ES513 ;and if escape disabled exit with carry clear

E509 LDY #&06 ;else signal EVENT 6 Escape pressed

E50B JSR &E494

ES50E BCC &E513 ;if event handles ESCAPE then exit with carry clear
E510 JSR &E674 ;else set ESCAPE flag

E513 CLC ;clear carry

E514 RTS ;and exit

This routine will normally be accessed by assembly language
programmers by OSbyte 138 which calls EF43.

BBC 6502 Machine Code
Part Eight: Breaker Break

One of the 'secret' features of the BBC Micro OS 1.20 when it was
arrived was the BREAK intercept. This is a useful method of taking
over the machine and is sometimes used by ROM software.

There are two entry points, entered with the carry flag reset to 0 and



set to 1 respectively. The first call comes before sideways ROM calls.
Enter BREAK intercept with Carry Clear

DB32 JSR &EAD9 ;check to see if BOOT address is set up if so
;IJMP to it

The address &287 is written by OSbyte 247 and the jump addresses in
&288 and &289 by OSbytes 248 and 249. The machine code for JMP is &4C.

EAD9 LDA &0287 ;get BREAK vector code

EADC EOR #&4C ;produces 0 if JP (4C) not in &287
EADE BNE &EAF3 ;if not goto EAF3

EAEO JMP &0287 ;else jump to use

BREAK code

EAF3 RTS ; Return

The RTS at the end of another routine is used because it saves code.

Frequently you will find machine code routines where a lot of branches
go to a single RTS for just this reason. If you are writing your own
code remember that the RTS must be within range of the branch. One of
the most common assembler errors is a branch out of range that in turn
causes more errors when you add an extra RTS.

Obviously at this point the machine could be totally in your control.
You can return control to the 0OS with an RTS or just continue on your
merry way.

Remember that the sideways ROMs don't have any workspace yet and you
can't really run BASIC or any other language as the workspace will not
exist. But, assuming that you don't want to do any of this, let's go
back to the 0OS routines after testing for BREAK intercept.

DB35 JSR &F140 ;set up cassette options

DB38 LDA #&81 ;test for tube to FIFO buffer 1
DB3A STA &FEEOQ ;

DB3D LDA &FEEOQ ;

DB40 ROR ;put bit 0 into carry
DB41 BCC &DB4D ;if no tube then DB4D
DB43 LDX #&FF ;else

DB45 JSR &F168 ;issue ROM service call &FF to initialise TUBE system
DB48 BNE &DB4D ;if not 0 on exit (tube not initialised) DB4D
DB4A DEC &027A ;else set tube flag to show its active

Now the Tube is flagged as active, or not as the case may be. We
continue next week, with the setup routines for the sideways ROMs.

BBC 6502 Machine Code
Part Nine: A ROM with a view

Now we nearly have a working system, we are, perhaps, 400 milliseconds
into the Power up routine. Now is the time to set up all of those nice
sideways ROMs we catalogued earlier.

First we set up workspace and hence the value of BASIC's PAGE
variable. The call to ROMs is made wvia F168. This is available to the

programmer as OSBYTE 143.

A ROM can have a number between 0 and 15 and will have two entry



points - a Service entry at &8003 and a Language entry at &8000. If
the ROM does not contain language code it will not have a language
entry.

ROMs are paged into main memory by writing the ROM number to a latch
at &FE30. Hardware could be arranged to allow 256 ROMs although the
operating system does not support this.

The Break Intercept code could be used to make drastic hardware
modifications like this.

R i i i i S db b b b I b e A i I i b A b A b b b b b A Ib b b b 2 4

*
* OSBYTE 143

* Pass service commands
* to sideways ROMs
*
*

* ok ok *

*

KA AKAKRKAAKRKAAKRAKRA AR AR AN AR AR Rk hkkkk*k

;on entry X=command number

F168 LDA &F4 ;get current ROM number
F16A PHA ;store it

Fl6B TXA ;command in A

F16C LDX #&0F ;set X=15

The next bit of code is a countdown loop to send the command code to
each enabled ROM in turn. The Map at &2A1 is used to decide which ROMs
are active. Note the use of a countdown loop. This gives code economy
and explains why the highest ROM number has priority.

F16E INC &02A1,X ;read bit 7 on ROM map (no ROM has type 254 &FE)
F171 DEC &02Al1,X ;

F174 BPL &F183 ;1f not set (+ve result)

F176 STX &F4 ;else store ROM number in &F4
F178 STX &FE30 ;switch in paged ROM

F17B JSR &8003 ;and jump to service entry
F17E TAX ;on exit put A in X

F17F BEQ &F186 ;1f 0 (command recognised by ROM) reset ROMs & exit
F181 LDX &F4 ;else point to next lower ROM
F183 DEX ;

F184 BPL &F16E ;and go round loop again

F186 PLA ;get back original ROM number
F187 STA &F4 ;store it in RAM copy

F189 STA &FE30 ;select original page

F18C TXA ;put X back in A

F18D RTS ;and return

Couldn't be easier! So we can now return to the main body of the
routine.

DB4D LDY #&0E ;set current value of PAGE

DB4F LDX #&01 ;issue call to claim absolute workspace
DB51 JSR &F168 ;via F168

DB54 LDX #&02 ;send private workspace claim call

DB56 JSR &F168 ;via F168

OSHWM is OS High Water Mark. The highest address used by the operating
system.

DB59 STY &0243 ;set primary OSHWM DB5C
STY &0244 ;set current OSHWM



DB5SF LDX #&FE ;issue call for Tube to explode character set etc.
DB61 LDY &027A ;Y=FF if tube present else Y=0
DB64 JSR &F168 ;and make call via F168

We now have the machine set up to enter a language, all the filing
systems have been set up and the sideways ROMs activated.

Next week we finally start the screen messages.

BBC 6502 Machine Code
Part Ten: Stringing it along

The next routine shows why the Machine start up message is not always
seen on third-party kit.

DB67 AND &0267 ;if A=&FE and bit 7 of 0267 is set then continue

DB6A BPL &DB87 ;else ignore start up message
DB6C LDY #&02 ;output to screen
DB6E JSR &DEA9 ; 'BBC Computer ' message

Looking at the routine in DEY9A we find a very useful string printing
routine. Remember that Y = 2 on entry.

DEA9 LDA #&C3 ;point to start &C300

DEAB STA &FE ;store it

DEAD LDA #&00 ;point to lo byte

DEAF STA &FD ;store it and start loop with Y=2
DEB1 INY ;print character in string

DEB2 LDA (&FD),Y ;pointed to by &FD/E +Y

DEB4 JSR OSASCI ;print it expanding Carriage returns
DEB7 TAX ;store A in X

DEB8 BNE &DEB1 ;and loop again if not =0

DEBA RTS ;else exit

Here is the string delimited by BRK. The code for BRK is 00. Y is 3
when the first character is read so its address is &C303.

C303 DB 13 ;Carriage Return
C304 DB 'BBC Computer '
C311 BRK

Notice that the routine uses TAX to set the zero flag which marks the
end of the string. This is a useful tip.

The next part of the Operating system deals with printing correct
messages on the screen.

DB71 LDA &028D ;O=warm reset, If a cold reset continue
DB74 BEQ &DB82 ;

DB76 LDY #&16 ;by checking length of RAM

DB78 BIT &028E ;

DB7B BMI &DB7F ;and either

DB7D LDY #&11 ;

DB7F JSR &DEAY9 ;finishing message with '16K' or '32K'
DB82 LDY #&1B ;and two new lines

DB84 JSR &DEA9 ;

Notice that Y is used to pick the appropriate message.

C312 DB 'leK'



c315 DB 7 ;Bell

C316 BRK

C317 DB '32K'

c31a DB 7 ;Bell
C31B BRK

c31c DB 08,0D,0D

Notice the BBC Beep at this point indicates that nearly all set up
procedures have been finished.

The hum is generated by the Sound channel which is reset as part of
the start routine. Hence the HUM-BEEP start up. If the machine does
not start properly the sound signals give a strong clue to the nature
of the problem. Having got this far the 0OS gives us another chance to
take control.

Enter BREAK INTERCEPT ROUTINE WITH CARRY SET (call 1)
DB87 SEC ;
DB88 JSR &EADY9 ;look for break intercept jump
; SEE EARLIER PART
Next we set up the keyboard lights

DB8B JSR &E9D9 ;set up LEDs in accordance with keyboard status

This is another 'undocumented' OSBYTE call.

KA AKRA KR AAKRA RN KAA R A AR AN AR A A AR Ak XA hAh Ak k)%

* *
* OSBYTE &76 (118) *
* SET LEDs to Keyboard Status *
* *

KA AKRAKRKAAKRA RN KA AR A AR A AN A A A A AR Ak A kA h kA k)%

;osbyte entry with carry set

E9D9 PHP ;PUSH P

ES9DA SEI ; DISABLE INTERRUPTS

E9DB LDA #&40 ;switch on CAPS and SHIFT lock lights
E9DD JSR &E9EA ;via subroutine

E9EO0 BMI &E9E7 ;if ESCAPE exists (M set) E9E7

E9E2 CLC ;else clear V and C

E9E3 CLV ;before calling main keyboard routine to
E9E4 JSR &F068 ;switch on lights as required

E9E7 PLP ;get back flags

E9E8 ROL ;and rotate carry into bit 0

E9E9 RTS ;Return to calling routine

* Turn on keyboard lights and

* Test Escape flag

’

E9EA BCC &E9F5 ;if carry clear

ES9EC LDY #&07 ;switch on shift lock light

E9EE STY &FE40

E9F1 DEY ;Y=6

E9F2 STY &FE40 ;switch on Caps lock light

E9F5 BIT &FF ;set minus flag if bit 7 of &00FF is set indicating
E9F7 RTS ; that ESCAPE condition exists, then return

The Keyboard routine continues via the KEYV. This is a little long to
include here so we'll leave it until a later part. So back to the



Start up routine next week with the cassette system.

BBC 6502 Machine Code

Part Eleven: Language!

Having got the keyboard nicely set up the machine proceeds to
initialise a filing system and run a !BOOT file if one exists. The
start up options are already read from the keyboard links.

DB8E PHP ;save flags

DB8F PLA ;and get back in A

DB90 LSR ;zero bits 4-7 and bits 0-2 bit 4 which was bit 7
DB91 LSR ;may be set

DB92 LSR ;

DB93 LSR ;

DB94 EOR &028F ;EOR with start up options which may or may not
DB97 AND #&08 ;invert bit 4

DB99 TAY ;Y=A

DB9A LDX #&03 ;make initialisation call if Y=0 on entry

DB9C JSR &F168 ;RUN, EXEC or LOAD !BOOT file from a filing system.
DB9F BEQ &DBBE ;if a ROM accepts this call then

DBBE

DBA1 TYA ;else put Y in A

DBA2 BNE &DBB8 ;if ¥Y<>0 DBRS8

DBA4 LDA #&8D ;else set up standard cassette baud rates

DBAG6 JSR &F135 ;via &F135 which is OSBYTE 140.

DBAY9 LDX #&D2 ;

DBAB LDY #&EA ;

DBAD DEC &0267 ;decrement ignore start up message flag
DBBO JSR OSCLI ;and execute /!BOOT

DBB3 INC &0267 ;restore start up message flag

DBB6 BNE &DBBE ;if not zero then DBBE

DBB8 LDA #&00 ;else A=0

DBBA TAX ;X=0

DBBB JSR &F137 ;set tape speed via OSBYTE 140.

We now have an active filing system. The next job is to preserve the
current language on soft RESET.

DBBE LDA &028D ;get last RESET Type
DBC1 BNE &DBC8 ;if not soft reset
DBC8
DBC3 LDX &028C ;else get current language ROM address
DBC6 BPL &DBE6 ;if +ve (language available) then skip search
; routine
For a cold break we search for the language with the highest priority.

DBC8 LDX #&0F ;set pointer to highest available ROM

DBCA LDA &02A1,X ;get ROM type from map

DBCD ROL ;put hi-bit into carry, bit 6 into bit 7

DBCE BMI &DBE6 ;if bit 7 set then ROM has a language entry so DBEG6
DBDO DEX ;else search for language until X=&ff

Check for Tube if no language found.

DBD1 BPL &DBCA ;check if tube present

DBD3 LDA #&00 ;1f bit 7 of tube flag is set BMI succeeds
DBD5 BIT &027A ;and TUBE is connected else

DBD8 BMI &DC08 ;make error



No language error

DBDA BRK ;

DBDB DB &F9 ;error number
DBDC DB 'Language?' ;message

DBE5 BRK ;

This might seem odd as BRK is handled by the current language BRK
handler,but we don't have a language! We need to investigate further
in another part.

DBE6 CLC ;

OSBYTE 142 enter Language ROM at &8000 X=ROM number. Carry is set if
this is an OSBYTE call and clear if this is an initialisation routine.

DBE7 PHP ;save flags
DBE8 STX &028C ;put X in current ROM page
DBEB JSR &DC16 ;select that ROM

DBEE LDA #&80 ;A=128

DBFO LDY #&08 ;Y=8

DBF2 JSR &DEAB ;display text string held in ROM at &8008,Y
DBF5 STY &FD ;save Y on exit (end of language string)

DBEF7 JSR OSNEWL ;two line feeds

DBFA JSR OSNEWL ;are output

DBFD PLP ; then get back flags

DBFE LDA #&01 ;A=1 required for language entry
DCOO0 BIT &027A ;check if tube exists

DCO3 BMI &DC08 ;and goto DCO8 if it does

DCO5 JMP &8000 ;else enter language at &8000

TUBE FOUND enter tube software
DCO8 JMP &0400 ;enter tube environment

The Tube initialisation would have read the language across to the
TUBE usually but it could be loaded by a !'BOOT file from the filing
system initialisation.

The operating system now stops general control of the system and hands
this to the language which looks after command lines etc. The OS
however still handles the screen, keyboard and much else.

Notice how every possible eventuality was taken into account during
the initialisation routine. This is one of the things that made the
Beeb a very powerful machine.

Next week we'll have a look at the Interrupt code.

BBC 6502 Machine Code

Part Twelve: Pardon me!

We finished the last part at the point where the operating systems
power up routine handed over control to the language. We'll write our
own language later in the series but for now let's dive into another
entry point.

When the processor's RQ pin (4) goeslow (0V) the processor finishes
off the current instruction and then goes off to run some microcode of
its own. This checks that the RDY (2) pin is high and that the



interrupt flag in the status register is 0 (not set). If it is set the
interrupt is ignored and the processor goes to the next instruction.
This continues when the IRQ pin is low.

If the flag is clear then the processor stores the program counter and
status register on the stack and sets the interrupt flag. The 6502
then gets the address stored in &FFFE and &FFFF and executes this
instruction next.

If a BRK instruction is found in executing code then the processor
performs exactly the same actions except that it does not check the
status register for the interrupt flag, it does set a flag in the
status register, the BRK flag.

The main entry point for IRQ (and BRK) for O0S 1.20 is &DC51.

MAIN IRQ Entry point

;ON ENTRY STACK contains STATUS REGISTER, PCH, PCL

DC1C STA &FC ; save A

DC1E PLA ;get back status (flags)
DC1F PHA ;and save again

DC20 AND #&10 ;check if BRK flag set

DC22 BNE &DC27 ;if so goto DC27
DC24 JMP (&0204) ;else JUMP through IRQ1V

That's pretty straightforward so far. As you can see IRQ1V allows you
to put your own hardware at a higher priority than anything else in
the machine.

You can also write your own hardware interrupt handler if you wish.
This is the flexibility that made the BBC machine so remarkably
successful among knowledgeable users.

Let's look at the BRK handler now.

* BRK handling routine *

DC27 TXA ;save X on stack

DC28 PHA ;

DC29 TSX ;get status pointer

DC2A LDA &0103,X ;get Program Counter low byte
DC2D CLD ;

DC2E SEC ;set carry

DC2F SBC #&01 ;subtract 2 (l+carry)

DC31 STA &FD ;and store it in &FD

DC33 LDA &0104,X ;get hi byte

DC36 SBC #&00 ;subtract 1 if necessary

DC38 STA &FE ;and store in &FE

DC3A LDA &F4 ;get currently active ROM
DC3C STA &024A ;and store it in &24A

DC3F STX &FO ;store stack pointer in &FO
DC41 LDX #&06 ;and issue ROM service call 6
DC43 JSR &F168 ; (User BRK) to ROMs

;now &FD/E points to byte after BRK
;ROMS may use BRK for their own purposes
;and many do!

It's interesting to see what happens with the ROM handler. This is
also an entry point for OSBYTE 143 so you can use this in your own
code.



* OSBYTE 143 *
*Pass service commands to sideways ROMs *
;on entry X=command number

F168 LDA &F4 ;get current ROM number
F16A PHA ;store it

F16B TXA ; command in A

Fl16C LDX #&0F ;set X=15

; send commands loop
F16E INC &02Al1,X ;read bit 7 on ROM map (no ROM has ;type 2)
4 &FE)
F171 DEC &02A1,X ;
F174 BPL &F183 ;if not set (+ve result)
F176 STX &F4 ;else store ROM number in &F4
F178 STX &FE30 ;switch in paged ROM
F17B JSR &8003 ;and jump to service entry
F17E TAX ;on exit put A in X
F17F BEQ &F186 ;if 0 (command recognised by ROM)
;reset ROMs & exit

F181 LDX &F4 ;else point to next lower ROM
F183 DEX ;

F184 BPL &Fl6E ;and go round loop again

F186 PLA ;get back original ROM number
F187 STA &F4 ;store it in RAM copy

F189 STA &FE30 ;select original page

F18C TXA ;put X back in A

F18D RTS ;and return

Useful little routine that. So back to the BRK handler.

DC46 LDX &028C ;get current language
DC49 JSR &DCl6 ;and activate it

DC4C PLA ;get back original value of X
DC4D TAX ;

DC4E LDA &FC ;get back original value of A
DC50 CLI ;allow interrupts

DC51 JMP (&0202) ;and JUMP via BRKV (normally into current language)
Next week we'll carry on by taking a look at the BRK handler.

BBC 6502 Machine Code
Part Thirteen: Give us a BRK

BRK is usually handled by the default language (or by a Sideways ROM) .
However, it may be that you are running a machine code program before
a current language 1is set up or perhaps your language doesn't handle
BRK (it should but you never know) .

That's when a default BRK handler takes over.
* DEFAULT BRK HANDLER *

DC54 LDY #&00 ;Y=0 to point to byte after BRK
DC56 JSR &DEB1 ;print message

Let's have a look at the print routine. Remember that the error-
handling layout is:

BRK
Error Number (1 byte)



Message
BRK

Y plus the address in &FD &FE points to the error message on entry.

DEB1 INY ;point to first ;character in string
DEB2 LDA (&FD),Y
DEBR4 JSR OSASCI ;print it

; expanding
;Carriage

; returns
DEBR7 TAX ;store A in X to change flags
DEB8 BNE &DEBI1 ;and loop again if not =0
DEBA RTS ;else exit

A standard print routine, nothing out of the ordinary but nice and
compact.

You can use this in your own print routines by changing the zero page
values. Back to the default BRK handler and an interesting bit of
code.

DC59 LDA &0267 ;if BIT 0 set and DISK EXEC error
DC5C ROR ;occurs
DC5D BCS &DC5D ;hang up machine!

Nasty! But the machine has to be in a pretty unusual configuration for
this to happen. Mind you, setting 0267 then doing a JSR to DC59 would
confuse the average user.

DC5F JSR OSNEWL ;else print two newlines
DC62 JSR OSNEWL ;
DC65 JMP &DBB8 ;and set tape speed before entering the current

; language
DBB8 LDA #&00 ;else A=0
DBBA TAX ; X=0

DBBB JSR &F137 ;set tape speed via OSBYTE 141.

There's the end of the BRK handling code. As I said before this is
generally handled by the default language but you can arrange for your
own code or a Sideways ROM to handle it.

Next week we'll return to the interrupt system with a look at the
default entry point for IRQI1.

BBC 6502 Machine Code

Part Fourteen: The story so far...

We left the interrupt-handling routine just after it had gone off to
the IRQ1V vector. If you don't change the vector the code continues
from DC93.

One very important thing to remember about an interrupt-driven machine
like the BBC is that the interrupt flag is not set for too long. If it
is the machine could crash. This means that interrupt routines are
short and snappy.

* Main IRQ Handling routines, default IRQIV destination *

DC93 CLD ;clear decimal flag



DC94 LDA &FC ;get original value of A

DC96 PHA ;save it

DC97 TXA ;save X

DC98 PHA ;

DC99 TYA ;and Y

DCY9A PHA ;on the stack

;note the pre-CMOS code!
DC9B LDA #&DE ;A=&DE

DC9D PHA ;store it
DCO9E LDA #&81 ;save &81
DCAO PHA ;store it (a RTS will now jump to DE82)

This is quite a useful technique as we will see later. If we now use
JMP to go to an OS routine we can ensure that the routine, which ends
with an RTS, causes execution to go to a specified point.

This saves a lot of code as it can be arranged that the first device
found that called the interrupt will be the only one handled. This, in
turn, saves time!

We now poll the hardware looking for who caused it. The first routine
deals with the serial/tape system.

DCA1l CLV ;clear V flag
DCA2 LDA &FEO08 ;get value of status register of ACIA
DCA5 BVS &DCA9 ;if this was source then DCA9 to process
DCA7 BPL &DD06 ;else if no interrupt requested DD06
DCA9 LDX &EA ;read RS423 timeout counter
DCAB DEX ;decrement it
DCAC BMI &DCDE ;and if <0 DCDE
DCAE BVS &DCDD ;else if >&40 DCDD (RTS to DE82)
DCBO JMP &F588 ;else read ACIA via F588
;RTS ends routine!!
DCB3 LDY &FEO09 ;read ACIA data
DCB6 ROL ;
DCB7 ASL ;
DCB8 TAX ; X=
DCBY9 TYA ;A=
DCBA LDY #&07 ;Y=07
DCBC JMP &E494 ;check and service EVENT 7 RS423 error
DCBF LDX #&02 ;read RS423 output buffer
DCC1 JSR &E460 ;
DCC4 BCC &DCD6 ;if C=0 buffer is not empty goto DCDG6
DCC6 LDA &0285 ;else read printer destination
DCCY9 CMP #&02 ;is it serial printer??
DCCB BNE &DC68 ;if not DC68
DCCD INX ;else X=3
DCCE JSR &E460 ;read printer buffer
DCD1 ROR &02D2 ;rotate to pass carry into bit 7
DCD4 BMI &DC68 ;if set then DC68
DCD6 STA &FE09 ;pass either printer or RS423 data to ACIA
DCD9 LDA #&E7 ;set timeout counter to stored value
DCDB STA &EA ;
DCDD RTS ;and exit (to DE82)

A
Y

;A contains ACIA status
DCDE AND &0278 ;AND with ACIA bit mask (normally FF)
DCE1l LSR ;rotate right to put bit 0 in carry
DCE2 BCC &DCEB ;if carry clear receive register not full so DCEB
DCE4 BVS &DCEB ;if V is set then DCEB



DCE6
DCE9

DCEB
DCEC
DCED

DCEF
DCF1

DCF3
DCF5

LDY &0250 ;else Y=ACIA control setting
BMI &DC7D ;if bit 7 set receive interrupt is enabled so DC7D

LSR ;put BIT 2 of ACIA status into
ROR ;carry 1f set then Data Carrier Detected applies
BCS &DCB3 ;jump to DCB3

BMI &DCBF ;if original bit 1 is set TDR is empty so DCBF
BVS &DCDD ;if V is set then exit to DE82

LDX #&05 ;X=5
JSR &F168 ;issue ROM call 5 'unrecognised ;interrupt'

We've seen this ROM service routine call before.

DCFS8
DCFA
DCFEFB
DCFC
DCFD
DCFE
DCFF
DDOO
DDO1
DDO3

That
the
VIAs

BEQ &DCDD ;1f a ROM recognises it then exit to DE82
PLA ;otherwise get back DE82 address from stack
PLA ;

PLA ;and get back X, Y and A

TAY ;

PLA ;

TAX ;

PLA ;

STA &FC ; &FC=A

JMP (&0206) ;and offer to the user via IRQ2V

was a little convoluted, to say the least. Next week we look at how

are dealt with.

BBC 6502 Machine Code

Part

Fifteen: Hardware VIA interrupts

After deciding that it wasn't the ACIA that caused the interrupt, the

VIAs

are the next port of inquisition.

* VIA INTERRUPTS ROUTINES *

DDO6
DD09

DDOB
DDOE
DD11

DD12
DD13

DD15
DD18
DD1A
DD1C
DD1E
DD21
DD23
DD26

This

LDA &FE4D ;read system VIA interrupt flag register
BPL &DD47 ;if bit 7=0 the VIA has not caused interrupt goto DD47

AND &0279 ;mask with VIA bit mask
AND &FE4E ;and interrupt enable register
ROR ;rotate right twice to ;check for IRQ 1 (frame sync)

ROR ;

BCC &DD69 ;if carry clear then no IRQ 1, else IRQ 1 means
;interrupt request 1. This is different from the
;vector IRQ1.

DEC &0240 ;decrement vertical sync counter

LDA &EA ;A=RS423 Timeout counter
BPL &DD1E ;if +ve then DD1E
INC &EA ;else increment it

LDA &0251 ;load flash character counter

BEQ &DD3D ;if 0 then flash system is not in use, ignore it
DEC &0251 ;else decrement counter

BNE &DD3D ;and if not 0 go on past reset routine

routine resets the flashing character system.



DD28
DD2B
DD2E
DD2F
DD31
DD34
DD35
DD37

DD3A

DD3D
DD3F
DD42
DD44

LDX
LDA
LSR
BCC
LDX
ROL
EOR
JSR

STX

LDY
JSR
LDA
JMP

Remember

&0252
&0248

&DD34
&0253

#&01
&EAQ00

&0251

#&04
&E494
#&02
&DEGE

;get mark period co
;current VIDEO ULA
;shift bit 0 into C
;is effective if so
;else get space per
;restore bit

;and invert it
;then change colour

;&0251=X resetting

;Y=4 and call E494
;sync event (4) if
;A=2

;clear interrupt 1

unt in X

control setting in A

to ;check if first colour
C=0. Jump to DD34

iod count in X

the counter

to check and implement vertical
necessary

and exit

the RTS routine last time?

* PRINTER INTERRUPT USER VIA 1 *

DD47
DD4A
DD4C
DD4F
DD52
DD53
DD54
DD56
DD59
DD5A
DD5C
DD5SE
DD61l
DD64
DD66

LDA
BPL
AND
AND
ROR
ROR
BCC
LDY
DEY
BNE
LDA
STA
STA
LDX
JMP

* SYSTEM

DD69
DD6A
DD6B
DD6C
DD6D
DD6F
DD71
DD73
DD76
DD79
DD7B
DD7D
DD80
DD83
DD85
DD86
DD88
DD8B
DD8D
DD90
DD92

ROL
ROL
ROL
ROL
BPL
LDA
LDX
STA
STX
LDX
STX
JSR
ROR
BMI
TAY
BEQ
JSR
BMI
JSR
STA
JSR

&FE6D
&DCEF3
&0277
&FEGE

&DCEF3
&0285

&DCF3
#502
&FE6D
&FE6E
#&03
&E13A

;Check USER VIA int
;1f +ve USER VIA di
;else check for USE
;1if bit 1=0 then no
;else get printer t
;decrement

;1f not parallel th
;reset interrupt 1
;disable interrupt
;and output data to
;and exit via RTS

INTERRUPT 5 Speech *

&DDCA
#&20
#&00
&FE4D
&FE49
#&08
&FB
&E45B
&02D7
&DDC9

&DD8D
&EE6D
&DDC9
&E460
&F5

&E460

;get bit 5 into bit

’

;1f not set this 1is

;and zero high byte
; &FB=8

;and examine buffer
;shift carry into Db
;and i1if set buffer
;else Y=A

’

errupt flags register
d not call interrupt
R IRQ 1 printer interrupt.

;interrupt 1 so DCF3
ype

en :CF3
flag

1
parallel printer

not ;a speech interrupt so DDCA

of Timer t2

8
it 7
is empty so exit

;control speech chip

;1f negative exit
;else get a byte fr
;store it to indica
;get another byte

om buffer
te speech or file ROM



DD95 STA &F7 ;store it

DD97 JSR &E460 ;and another

DDY9A STA &Fo6 ;giving address to be accessed in paged ROM
DD9C LDY &F5 ;Y=&F5

DDY9E BEQ &DDBB ;and if =0 then DDBB

DDAO BPL &DDB8 ;else if +ve DDBS8

DDA2 BIT &F5 ;if bit 6 of F5 =1 (&F5)>&40

DDA4 BVS &DDAB ;then DDAB

DDA6 JSR &EEBB ;else continue for more speech processing
DDA9 BVC &DDB2 ;if bit 6 clear then DDB2

DDAB ASL &F6 ;else double address in &F6/7

DDAD ROL &F7 ;

DDAF JSR &EE3B ;and call EE3B

DDB2 LDY &0261 ;get speech enable/disable flag into Y
DDB5 JMP &EE7F ;and JMP to EETF

DDB8 JSR &EE7F ;Call EETF

DDBB LDY &F6 ;get address pointer in Y
DDBD JSR &EETF ;

DDCO LDY &F7 ;get address pointer high in Y
DDC2 JSR &EETF ;

DDC5 LSR &FB ;

DDC7 BNE &DD7D ;

DDC9 RTS ;and exit

Next week we continue with a look at the remaining System Interrupts.

BBC 6502 Machine Code

Part Sixteen: Timers and Keyboard Interrupts

The last part showed how the BBC Micro handles some of the system
interrupt calls. Most of these are pretty routine so we won't continue
with an interminable list.

The next interesting routines concern how the timers and keyboard
interrupts are handled.

* SYSTEM INTERRUPT 6 10mS Clock *

DDCA BCC &DE47 ;bit 6 is in carry so if clear there is no 6 so go
;on to DE47

DDCC LDA #&40 ;Clear interrupt 6

DDCE STA &FE4D ;

This is the start of the update timers routine, This is interesting
because of the way that the timer information is stored. It's very
clever. There are two timer stores, &292-6 and &297-B. These are
updated by adding 1 to the current timer and storing the result in the
other, the direction of transfer being changed each time of update.

This ensures that at least one timer is valid at any call as the
current timer only is read. Other methods would cause inaccuracies if
a timer was read while being updated.

DDD1 LDA &0283 ;get current system clock store pointer (5,o0r 10)
DDD4 TAX ;put A in X

DDD5 EOR #&0F ;and invert lo nybble (5becomes 10 and vv)

DDD7 PHA ;store A

DDD8 TAY ;put A in Y. Carry is always set at this point

DDD9 LDA &0291,X ;get timer value



DDDC
DDDE
DDE1
DDE2
DDE4
DDES
DDE7
DDES8

DDEB
DDED
DDFO
DDF2
DDF3
DDF'S
DDE'7
DDFA
DDFD
DDFF
DEO2
DEO4
DEO7
DEOA
DEOD
DEOF
DE12
DE13
DE16
DE17
DE1A
DE1D
DE1F
DE22
DE24
DE26
DE28
DE2B
DEZ2E
DE31
DE33
DE35

DE38
DE3A
DE3B
DE3E
DE41
DE44
DE46

ADC
STA
DEX
BEQ
DEY
BNE
PLA
STA

LDX
INC
BNE
DEX
BNE
LDY
JSR
LDA
BNE
LDA
BEQ
DEC
DEC
BIT
BPL
INC
CLI
JSR
SEI
DEC
BIT
BMI
JSR
EOR
CMP
BCC
JSR
BIT
JSR
LDA
ORA
AND

BEQ
SEC
JSR
JSR
BIT
BVS
RTS

#&00
&0291,Y

&DDE7
&DDD9Y
&0283

#&05
&029B, X
&DDFA

&DDED
#&05

&E494
&02B1
&DEQ7
&02B2
&DEOA
&02B2
&02B1
&02CE
&DE1A
&02CE

&EB47

&02CE
&02D7
&DE2B
&EE6D
#&A0
#&60
&DE2B
&DD79
&DO9B7
&DCA2
&EC
&ED
&0242

&DE3E

&F065
&E19B
&FECO
&DE4A

* SYSTEM INTERRUPT

DE47
DE48
DE4A
DE4D
DE4F
DE52
DE55
DE58

ROL
BPL
LDX
BEQ
LDA
STA
LDA
STA

&DE72
&024cC
&DE6C
&FEC2
&02B5,X
&FEC1L
&02B9, X

;update it

;store result in alternate

;decrement X

;if 0 exit

;else decrement Y

;and go back and do next byte

;get back A

;and store back in clock pointer (ie. inverse
;previous contents)

;set loop pointer for countdown timer
;increment byte and

;1f not 0 then DDFA

;else decrement pointer

;and if not 0 do it again

;process EVENT 5 interrupt timer

;get byte of inkey countdown timer

;1f not 0 then DEO7

;else get next byte

;1f 0 DEOA

;decrement 2B2

;and 2B1

;read bit 7 of envelope processing byte
;1f 0 then DE1A

;else increment to O

;allow interrupts

;and do routine sound processes

;bar interrupts

;DEC envelope processing byte back to 0
;read speech buffer busy flag

;1f set speech buffer is empty, skip routine
;update speech system variables

;1f result >=&60 DE2B

;else more speech work

;set V and C

;check if ACIA needs attention

;check if key has been pressed

; (this is 0 if keyboard is to be ignored, else
; &FF)

;1f 0 ignore keyboard

;else set carry

;and call keyboard

;check for data in use defined printer channel
;1f ADC bit 6 is set ADC is not busy
;so DE4A

;else return

4 ADC end of conversion *

;put original bit 4 from FE4D into bit 7 of A
;1f not set DE72

;else get current ADC channel

;1f 0 DE6C

;read low data byte

;store it in &2B6,7,8 or 9

;get high data byte

;and store it in hi byte



DESB
DESE
DE60
DE63
DE64
DE66
DE69
DE6C
DE6E
DE71

STX
LDY
JSR
DEX
BNE
LDX
JSR
LDA
STA
RTS

&02BE
#&03
§E494

&DE69
§&024D
&DESF
#&10

&FE4D

;store in Analogue system flag marking last channel
;handle event 3 conversion complete

;decrement X

;if X=0

;get highest ADC channel present

;and start new conversion

;reset interrupt 4

;and return

* SYSTEM INTERRUPT 0 Keyboard *

DE72
DE73
DE74
DE75
DE76
DE78
DE7B
DE7D
DET7F

ROL
ROL
ROL
ROL
BPL
JSR
LDA
BNE
JMP

&DE7F
&F065
#&01

&DEGE
&DCF3

;get original bit 0 in bit 7 position

’

’

’

;1f bit 7 clear not a keyboard interrupt
;else scan keyboard

;A=1

;and off to reset interrupt and exit
;and again a subroutine to exit.

Now we come to the point you've all been waiting for. This mystery
RTSreturns all subroutines to &DE82.

khkkhkkkkhkkhkkkkkkk*k eXlt routine
;restore registers

DE82
DE83
DE84
DE85
DE86
DE87

PLA
TAY
PLA
TAX
PLA
STA

&FC

4

4
4

4

; store A

* TIRQ2V default entry *

DE89
DE8B

LDA
RTI

&FC

;get back original value of A
;and return to calling routine.

NEXT WEEK: OSBYTE entry.

BBC 6502 Machine Code
Part Seventeen:

The BBC Operating System

We've been examining the BBC operating system in some detail over the
last few weeks. Unfortunately the demise of Micronet means that we
cannot finish completely, as we hoped. So we've put together the next

twenty weeks'

articles in the form of a completely commented

disassembly of 0S 1.20.

This is an excellent example of BBC programming and is full of tips.

Just to remind you of the main points of the software. Entry points
are pointed to by a jump table in the last six bytes of the ROM.

The font characters are located from &C000 to &C2FF.

OK,

Ed says:

so here it is all commented and ready for you to peruse.

I have uploaded the series of disassembly articles as ten



short TSW files. Look on Micronet on 700100239 (before it's
too late!)

kA xxkkkkkxx THE END ** % k%% kkk*k



KA A KK I KA XX KKk xxxx VDU CHARACTER FONT LOOK UP TABLE
Kok kK ok ok kK ok ok ok ok ko ok ok ko k kK Kk ok ok Kk

co000 DB 00 ;00000000  ........
co01 DB 00 ;00000000  ........
c00z DB 00 ;00000000  ........
c003 DB 00 ;00000000  ........
co04 DB 00 ;00000000 @ ........
co005 DB 00 ;00000000  ........
c006 DB 00 ;00000000  ........
co007 DB 00 ;00000000  ........

c008 DB 18 ;00011000 R R
c009 DB 18 ;00011000 e EE L
cCO00A DB 18 ;00011000 A
co0B DB 18 ;00011000 R
co0oCc DB 18 ;00011000 A
co0D DB 00 ;00000000  ........
COOE DB 18 ;00011000 e FR L

COOF DB 00 ;00000000  ........

C010 DB 6C ;01101100 JEEROKRK
C011 DB 6C ;01101100 JEEROKRK
Cc012 DB 6C ;01101100 R

c013 DB 00 ;00000000  ........
c014 DB 00 ;00000000  ........
c015 DB 00 ;00000000  ........
C0le DB 00 ;00000000  ........
c017 DB 00 ;00000000  ........

c0l8 DB 36 ;00110110 RS
c019 DB 36 ;00110110 S
cola DB 7F ;01111111 KRRk ko
c0lB DB 36 ;00110110 LORE Rk
colc DB 7F ;01111111 KRRk ko
cC0lD DB 36 ;00110110 RS
COlE DB 36 ;00110110 COEE KR

COlF DB 00 ;00000000  ........

c020 DB 0C ;00001100 R
c021 DB 3F ;00111111 L REKKRK
c022 DB 68 ;01101000 KRR L
c023 DB 3E ;00111110 L EEERR
co24 DB 0B ;00001011 R
co025 DB 7E ;01111110 SEEE KRR
c026 DB 18 ;00011000 e EE L

co027 DB 00 ;00000000  ........

c028 DB 60 ;01100000 KR L.
c029 DB 66 ;01100110 A
cO02A DB 0C ;00001100 A

c02B DB 18 ;00011000 e FR L



cozc
c02D
CO2E
CO2F

C030
C031
Cc032
C033
Cc034
C035
C036
C037

Cc038
C039
Cco3Aa
CO3B
c03C
CO3D
CO3E
CO3F

Cc040
Cco41
Cco42
C043
Cc044
C045
C046
co47

co4s8
co49
co4Aa
C04B
co4c
Cc04D
CO4E
CO4F

C050
Cc051
C052
C053
Cc054
C055
C056
C057

Cc058
C059
CO05A
CO5B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

30
66
06
00

38
6C
6C
38
6D
66
3B
00

0cC
18
30
00
00
00
00
00

0cC
18
30
30
30
18
0cC
00

30
18
0cC
0cC
0cC
18
30
00

00
18
TE
3C
TE
18
00
00

00
18
18
7E

;00110000
;01100110
;00000110
;00000000

;00111000
;01101100
;01101100
;00111000
;01101101
;01100110
;00111011
;00000000

;00001100
;00011000
;00110000
;00000000
;00000000
;00000000
;00000000
;00000000

;00001100
;00011000
;00110000
;00110000
;00110000
;00011000
;00001100
;00000000

;00110000
;00011000
;00001100
;00001100
;00001100
;00011000
;00110000
;00000000

;00000000
;00011000
;01111110
;00111100
;01111110
;00011000
;00000000
;00000000

;00000000
;00011000
;00011000
;01111110



Cco5C
C05D
CO5E
CO5F

C060
Ccoel
C062
Cco63
Cco64
Cco65
C066
Cco67

coes8
Cco069
CO6A
cOeB
coecC
coeD
CO6E
CO6F

C070
Cco071
C072
C073
Cc074
C075
C076
C077

co78
Cc079
CcO7A
CO07B
co7cC
CO07D
CO7E
CO7F

Cc080
co81
Cc082
Cc083
co084
Cc085
C086
co87

co88
Cc089
co8A
Cc08B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

18
18
00
00

00
00
00
00
00
18
18
30

00
00
00
7E
00
00
00
00

00
00
00
00
00
18
18
00

00
06
0cC
18
30
60
00
00

3C
66
6E
TE
76
66
3C
00

18
38
18
18

;00011000
;00011000
;00000000
;00000000

;00000000
;00000000
;00000000
;00000000
;00000000
;00011000
;00011000
;00110000

;00000000
;00000000
;00000000
;01111110
;00000000
;00000000
;00000000
;00000000

;00000000
;00000000
;00000000
;00000000
;00000000
;00011000
;00011000
;00000000

;00000000
;00000110
;00001100
;00011000
;00110000
;01100000
;00000000
;00000000

;00111100
;01100110
;01101110
;01111110
;01110110
;01100110
;00111100
;00000000

;00011000
;00111000
;00011000
;00011000

-**-- .
--***---
-**-- .
-**-- .



co8cC
Cc08D
CO8E
CO8F

C090
Cco091
Cc092
Cc093
Cc094
C095
C096
Cc097

Cc098
Cc099
Cco9A
CO09B
co9ocC
Cc09D
CO9E
CO9F

COAQ
COAl
COAZ2
COA3
CoOAa4
COA5
COAb6
COA7

COAS8
COA9
COAA
COAB
COAC
COAD
COAE
COAF

COBO
COB1
COB2
COB3
COB4
COB5
COB6
COB7

COB8
CO0B9
COBA
COBB

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

18
18
7E
00

3C
66
06
0cC
18
30
7E
00

3C
66
06
1C
06
66
3C
00

0cC
1C
3C
6C
TE
0cC
0cC
00

7E
60
C
06
06
66
3C
00

1C
30
60
7C
66
66
3C
00

7E
06
0cC
18

;00011000
;00011000
;01111110
;00000000

;00111100
;01100110
;00000110
;00001100
;00011000
;00110000
;01111110
;00000000

;00111100
;01100110
;00000110
;00011100
;00000110
;01100110
;00111100
;00000000

;00001100
;00011100
;00111100
;01101100
;01111110
;00001100
;00001100
;00000000

;01111110
;01100000
;01111100
;00000110
;00000110
;01100110
;00111100
;00000000

;00011100
;00110000
;01100000
;01111100
;01100110
;01100110
;00111100
;00000000

;01111110
;00000110
;00001100
;00011000

.**.l
..***.l
Lk kkk
LKk Kk
LKk kk kK
l**l.
.**..



COBC
COBD
COBE
COBF

coco
coc1l
coc2
coc3
coc4
COC5
COCeo
coc7

cocs
Ccoc9
cocA
COCB
cocc
COCD
COCE
COCF

CODO
COD1
C0D2
COD3
C0D4
COD5
COD6
COD7

CcOD8
COD9
CODA
CODB
coDC
CODD
CODE
CODF

COEO
COE1
COE2
COE3
COE4
COES
COE®6
COE7

COES8
COE9
COEA
COEB

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

30
30
30
00

3C
66
66
3C
66
66
3C
00

3C
66
66
3E
06
0cC
38
00

00
00
18
18
00
18
18
00

00
00
18
18
00
18
18
30

0cC
18
30
60
30
18
0cC
00

00
00
7E
00

;00110000
;00110000
;00110000
;00000000

;00111100
;01100110
;01100110
;00111100
;01100110
;01100110
;00111100
;00000000

;00111100
;01100110
;01100110
;00111110
;00000110
;00001100
;00111000
;00000000

;00000000
;00000000
;00011000
;00011000
;00000000
;00011000
;00011000
;00000000

;00000000
;00000000
;00011000
;00011000
;00000000
;00011000
;00011000
;00110000

;00001100
;00011000
;00110000
;01100000
;00110000
;00011000
;00001100
;00000000

;00000000
;00000000
;01111110
;00000000

*xk ok
*xk ok
LRkk K
xk ok
*xk Kk
REEE

* % Kk *
*k KK
*k KK

* Kk Kk kK

----- * %

LKk
* K *
* %
* %
* %
* %
* %
* %
* %
LKk
* %
LKk

LKk
LKk
k..

*k

*k
* %
* Kk Kk kK



COEC
COED
COEE
COEF

COFO
COF1
COF2
COF3
COF4
COF5
COFe6
COF7

COF8
COF9
COFA
COFB
COFC
COFD
COFE
COFF

C100
Cl01
Cl02
Cl03
Cl104
C105
Cl06
Cl107

Cc108
C109
Cl0A
C10B
cloc
C10D
Cl10E
Cl0F

Cl10
Clll
Cliz
Cl13
Cl14
Cl15
Clle
Cl17

Cl18
Cl19
Clia
Cl1B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

7E
00
00
00

30
18
0cC
06
0cC
18
30
00

3C
66
0cC
18
18
00
18
00

3C
66
6E
6A
6E
60
3C
00

3C
66
66
7E
66
66
66
00

7C
66
66
7C
66
66
C
00

3C
66
60
60

;01111110
;00000000
;00000000
;00000000

;00110000
;00011000
;00001100
;00000110
;00001100
;00011000
;00110000
;00000000

;00111100
;01100110
;00001100
;00011000
;00011000
;00000000
;00011000
;00000000

;00111100
;01100110
;01101110
;01101010
;01101110
;01100000
;00111100
;00000000

;00111100
;01100110
;01100110
;01111110
;01100110
;01100110
;01100110
;00000000

;01111100
;01100110
;01100110
;01111100
;01100110
;01100110
;01111100
;00000000

;00111100
;01100110
;01100000
;01100000

*xKk kK
k]
* k
* k
* k
* Kk Kk kx
**. .**
**.***
**.* *
**.***
xR L.,
* Kk kX
'****'
‘k‘k' '**
‘k‘k' '**
* ok k kKK
‘k‘k' '**
‘k‘k' '**
*k kK
* ok k ok ok
*k kK
*k kK
*ok ok ok ok
*k kK
*k kK
*okkox ok
* Kk Kk kx



Clic
Cl11D
Cl1E
Cl1lF

C120
Cl21
Cl22
Cl23
Cl24
Cl25
Cl26
Cl27

Ccl28
Cl29
Cl2A
Cl2B
clac
Cl2D
Cl2E
Cl2F

C130
Cl31
Cl32
C133
Cl34
C135
Cl36
C1l37

C1l38
C139
Cl3A
Cl3B
Cl3cC
C13D
Cl3E
Cl3F

C1l40
Cl41
Cl42
Cl43
Cl44
Cl45
Cl46
Cl47

Cl48
Cl49
Cl4Aa
Cl4B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

60
66
3C
00

78
6C
66
66
66
6C
78
00

TE
60
60
C
60
60
7E
00

TE
60
60
7C
60
60
60
00

3C
66
60
6E
66
66
3C
00

66
66
66
7E
66
66
66
00

TE
18
18
18

;01100000
;01100110
;00111100
;00000000

;01111000
;01101100
;01100110
;01100110
;01100110
;01101100
;01111000
;00000000

;01111110
;01100000
;01100000
;01111100
;01100000
;01100000
;01111110
;00000000

;01111110
;01100000
;01100000
;01111100
;01100000
;01100000
;01100000
;00000000

;00111100
;01100110
;01100000
;01101110
;01100110
;01100110
;00111100
;00000000

;01100110
;01100110
;01100110
;01111110
;01100110
;01100110
;01100110
;00000000

;01111110
;00011000
;00011000
;00011000

xk koK
* Kk k
*okkok
*ok | kk
xk Kk
xk Kk
xk koK
*ok kx
*okkok
Kk Kk kK
k..
k..
* % Kk k ok
k..
kR ..
* Kk kK K
* ok kK K K
k..
k..
* ok kK K
k..
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R ..
* Kk k
xk koK
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*ok kKK
*k Kk
*k Kk
* %k k
Xk kK
Xk kK
Xk kK
* kK ok kK
Xk Kok
Xk Kok
Xk Kok

Lkkok ok kok
O**OO .
O**OO .
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Cl4c
C14D
Cl4E
Cl4Fr

C150
Cl51
C1l52
C153
Cl54
Cl155
Cl56
Cl157

C158
C159
Cl5A
Cl5B
ClsC
Cl5D
Cl5E
Cl5F

Cl60
Clel
Cle2
Cl63
Cle4
Cl65
Cleéo6
Cle7

Cle8
Cle9
Cle6A
CleéB
ClecC
CléD
Cle6E
Cle6F

C1l70
Cl71
Cl72
Cl73
Cl74
Cl75
Cl76
C1l77

Cl78
Cl79
Cl7A
Cl7B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

18
18
TE
00

3E
0cC
0cC
0cC
0cC
6C
38
00

66
6C
78
70
78
6C
66
00

60
60
60
60
60
60
TE
00

63
77
TF
6B
6B
63
63
00

66
66
76
7E
6E
66
66
00

3C
66
66
66

;00011000
;00011000
;01111110
;00000000

;00111110
;00001100
;00001100
;00001100
;00001100
;01101100
;00111000
;00000000

;01100110
;01101100
;01111000
;01110000
;01111000
;01101100
;01100110
;00000000

;01100000
;01100000
;01100000
;01100000
;01100000
;01100000
;01111110
;00000000

;01100011
;01110111
;01111111
;01101011
;01101011
;01100011
;01100011
;00000000

;01100110
;01100110
;01110110
;01111110
;01101110
;01100110
;01100110
;00000000

;00111100
;01100110
;01100110
;01100110

*

* %

* %
* *

* %
* %
* %

* %

tt*
LKk
LKk
LKk

* kK Kk

'**
*'***
* Kk kK Kk
‘k'**
‘k'**
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* %

* % %
* k
* k

* k



cl7Cc DB 66 ;01100110 R
Cl7D DB 66 ;01100110 R
Cl7E DB 3C ;00111100 LORERRR
Cl7F DB 00 ;00000000  ........

cl180 DB 7C ;01111100 SEEEREK
Cl81 DB 66 ;01100110 S
Ccl82 DB 66 ;01100110 S
cl83 DB 7C ;01111100 SEEEREK
cl84 DB 60 ;01100000 KR
Cl85 DB 60 ;01100000 KR,
Cl86 DB 60 ;01100000 R

cl187 DB 00 ;00000000  ........

Ccl88 DB 3C ;00111100 SO FHRRR
Cl89 DB 66 ;01100110 JEELLUFE,
Cl8A DB 66 ;01100110 JEELLUFE,
Cl8B DB 66 ;01100110 JEELLUFE,
cl8C DB 6A ;01101010 JEE KR,
Cl8D DB 6C ;01101100 JEEORX
Cl8E DB 36 ;00110110 SRR R

Cl8F DB 00 ;00000000  ........

Cl90 DB 7C ;01111100 SHEEEEK
Cl91 DB 66 ;01100110 SEELLUKR
Cl92 DB 66 ;01100110 JEELLUKR
Cl193 DB 7C ;01111100 SEEEREK
Cl94 DB 6C ;01101100 JEEORX
Cl95 DB 66 ;01100110 R
Cl9% DB 66 ;01100110 JEELLUKR

C197 DB 00 ;00000000  ........

Cl98 DB 3C ;00111100 LORERR
Cl99 DB 66 ;01100110 R
Cl9A DB 60 ;01100000 B
Cl9B DB 3C ;00111100 L EERER
cl9c DB 06 ;00000110  ..... x*x,
Cl9D DB 66 ;01100110 R
Cl19E DB 3C ;00111100 COEEER

Cl9F DB 00 ;00000000  ........

ClIA0 DB 7E ;01111110 SEEE KKK
ClAl DB 18 ;00011000 e Ex L
ClaA2z DB 18 ;00011000 ce EE L
ClA3 DB 18 ;00011000 e Ex L
Cla4 DB 18 ;00011000 R R
ClA5 DB 18 ;00011000 A R
ClA6 DB 18 ;00011000 A R

ClA7 DB 00 ;00000000  ........

ClA8 DB 66 ;01100110 R
ClA9 DB 66 ;01100110 IR
ClIAA DB 66 ;01100110 R

CIAB DB 66 ;01100110 A



ClAC
C1AD
ClAE
ClAF

C1BO
ClB1
C1lB2
C1B3
C1lB4
C1B5
C1lB6
C1B7

C1B8
C1B9S
C1BA
C1BB
C1BC
C1BD
C1lBE
ClBF

C1lco
clcl
Clcz
ClcC3
clc4
ClC5
Clce
c1lc7

clcs8
Clc9o
clca
C1CB
clcc
C1cCD
C1CE
CICF

C1DO0
C1D1
C1D2
C1D3
C1lD4
C1D5
C1lD6
C1D7

C1D8
C1lD9
C1DA
C1DB

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

66
66
3C
00

66
66
66
66
66
3C
18
00

63
63
6B
6B
F
77
63
00

66
66
3C
18
3C
66
66
00

66
66
66
3C
18
18
18
00

TE
06
0cC
18
30
60
TE
00

7C
60
60
60

;01100110
;01100110
;00111100
;00000000

;01100110
;01100110
;01100110
;01100110
;01100110
;00111100
;00011000
;00000000

;01100011
;01100011
;01101011
;01101011
;01111111
;01110111
;01100011
;00000000

;01100110
;01100110
;00111100
;00011000
;00111100
;01100110
;01100110
;00000000

;01100110
;01100110
;01100110
;00111100
;00011000
;00011000
;00011000
;00000000

;01111110
;00000110
;00001100
;00011000
;00110000
;01100000
;01111110
;00000000

;01111100
;01100000
;01100000
;01100000

o**o
'**'
'**'
'**'

* %

o**o
'**s
'**s
'**s

* %

* k kK

.**..
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-**-
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R
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* x

* %
* %

* %

* *
* %

* %

* Kk kX



ClDC
C1DD
C1DE
C1DF

ClEO
ClE1l
ClE2
ClE3
ClE4
ClES
ClE®6
ClE7

ClES8
ClES
ClEA
ClEB
ClEC
ClED
ClEE
ClEF

ClFO0
Clril
ClF2
ClF3
Clr4
ClF5
ClF6
ClFE7

ClF8
C1lF9
ClFA
ClFB
ClFC
C1lFD
ClFE
ClFF

C200
Cc201
C202
C203
Cc204
C205
C206
C207

C208
C209
C20A
C20B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

60
60
7C
00

00
60
30
18
0cC
06
00
00

3E
06
06
06
06
06
3E
00

18
3C
66
42
00
00
00
00

00
00
00
00
00
00
00
FF

1C
36
30
7C
30
30
TE
00

00
00
3C
06

;01100000
;01100000
;01111100
;00000000

;00000000
;01100000
;00110000
;00011000
;00001100
;00000110
;00000000
;00000000

;00111110
;00000110
;00000110
;00000110
;00000110
;00000110
;00111110
;00000000

;00011000
;00111100
;01100110
;01000010
;00000000
;00000000
;00000000
;00000000

;00000000
;00000000
;00000000
;00000000
;00000000
;00000000
;00000000
;11111111

;00011100
;00110110
;00110000
;01111100
;00110000
;00110000
;01111110
;00000000

;00000000
;00000000
;00111100
;00000110

*kkhkkhkkk k) Kk

* Kk Kk

* Kk kx



cz0c
C20D
C20E
C20F

Cc210
Cc211
Cc212
C213
C214
C215
C216
C217

C218
C219
C21A
C21B
Cc21cC
C21D
C21E
C21F

C220
Cc221
C222
C223
C224
C225
C226
C227

C228
Cc229
C22A
C22B
cz2c
C22D
C22E
C22F

C230
C231
C232
C233
C234
C235
C236
C237

C238
C239
C23A
C23B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

3E
66
3E
00

60
60
7C
66
66
66
7C
00

00
00
3C
66
60
66
3C
00

06
06
3E
66
66
66
3E
00

00
00
3C
66
7E
60
3C
00

1C
30
30
7C
30
30
30
00

00
00
3E
66

;00111110
;01100110
;00111110
;00000000

;01100000
;01100000
;01111100
;01100110
;01100110
;01100110
;01111100
;00000000

;00000000
;00000000
;00111100
;01100110
;01100000
;01100110
;00111100
;00000000

;00000110
;00000110
;00111110
;01100110
;01100110
;01100110
;00111110
;00000000

;00000000
;00000000
;00111100
;01100110
;01111110
;01100000
;00111100
;00000000

;00011100
;00110000
;00110000
;01111100
;00110000
;00110000
;00110000
;00000000

;00000000
;00000000
;00111110
;01100110

*k Kk
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xk Kk
Xk Kk
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LKk kkk
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Cc23C
C23D
C23E
C23F

C240
C241
C242
C243
C244
C245
C246
Cc247

C248
C249
C24A
C24B
c24cC
C24D
C24E
C24F

C250
C251
C252
C253
C254
C255
C256
C257

C258
C259
C25A
C25B
Cc25C
C25D
C25E
C25F

C260
C261
C262
C263
C264
C265
C266
C267

Cc268
C269
C26A
C26B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

66
3E
06
3C

60
60
C
66
66
66
66
00

18
00
38
18
18
18
3C
00

18
00
38
18
18
18
18
70

60
60
66
6C
78
6C
66
00

38
18
18
18
18
18
3C
00

00
00
36
F

;01100110
;00111110
;00000110
;00111100

;01100000
;01100000
;01111100
;01100110
;01100110
;01100110
;01100110
;00000000

;00011000
;00000000
;00111000
;00011000
;00011000
;00011000
;00111100
;00000000

;00011000
;00000000
;00111000
;00011000
;00011000
;00011000
;00011000
;01110000

;01100000
;01100000
;01100110
;01101100
;01111000
;01101100
;01100110
;00000000

;00111000
;00011000
;00011000
;00011000
;00011000
;00011000
;00111100
;00000000

;00000000
;00000000
;00110110
;01111111

* Kk Kk
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Cc26C
C26D
C26E
C26F

Cc270
Cc271
C272
C273
Cc274
C275
C276
C277

C278
C279
C27A
C27B
c27c
C27D
C27E
C27F

C280
cz281
C282
C283
C284
C285
C286
Cc287

Cc288
Cc289
C28A
C28B
c28cC
C28D
C28E
C28F

C290
C291
C292
C293
C294
C295
C296
C297

C298
C299
C29A
C29B

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

6B
6B
63
00

00
00
C
66
66
66
66
00

00
00
3C
66
66
66
3C
00

00
00
7C
66
66
7C
60
60

00
00
3E
66
66
3E
06
07

00
00
6C
76
60
60
60
00

00
00
3E
60

;01101011
;01101011
;01100011
;00000000

;00000000
;00000000
;01111100
;01100110
;01100110
;01100110
;01100110
;00000000

;00000000
;00000000
;00111100
;01100110
;01100110
;01100110
;00111100
;00000000

;00000000
;00000000
;01111100
;01100110
;01100110
;01111100
;01100000
;01100000

;00000000
;00000000
;00111110
;01100110
;01100110
;00111110
;00000110
;00000111

;00000000
;00000000
;01101100
;01110110
;01100000
;01100000
;01100000
;00000000

;00000000
;00000000
;00111110
;01100000
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c29cC
C29D
C29E
C29F

C2A0
C2Al
C2A2
C2A3
C2A4
C2A5
C2A6
C2A7

C2A8
C2A9
C2AA
C2AB
C2AC
C2AD
C2AE
C2AF

C2BO0
C2B1
C2B2
C2B3
C2B4
C2B5
C2B6
C2B7

C2B8
C2B9
C2BA
C2BB
C2BC
C2BD
C2BE
C2BF

C2CO0
c2Cl
C2C2
C2C3
Cc2c4
C2C5
C2Ceo
c2cC7

c2cs8
C2C9
C2CA
C2CB

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

3C
06
7C
00

30
30
7C
30
30
30
1C
00

00
00
66
66
66
66
3E
00

00
00
66
66
66
3C
18
00

00
00
63
6B
6B
TF
36
00

00
00
66
3C
18
3C
66
00

00
00
66
66

;00111100
;00000110
;01111100
;00000000

;00110000
;00110000
;01111100
;00110000
;00110000
;00110000
;00011100
;00000000

;00000000
;00000000
;01100110
;01100110
;01100110
;01100110
;00111110
;00000000

;00000000
;00000000
;01100110
;01100110
;01100110
;00111100
;00011000
;00000000

;00000000
;00000000
;01100011
;01101011
;01101011
;01111111
;00110110
;00000000

;00000000
;00000000
;01100110
;00111100
;00011000
;00111100
;01100110
;00000000

;00000000
;00000000
;01100110
;01100110

* ok Kk kK



czcc
C2CD
C2CE
C2CF

C2D0
C2D1
C2D2
C2D3
C2D4
C2D5
C2D6
C2D7

C2D8
C2D9
C2DA
C2DB
Cc2DC
C2DD
C2DE
C2DF

C2EQ
C2E1l
C2E2
C2E3
C2E4
C2E5
C2E6
C2E7

C2E8
C2E9
C2EA
C2EB
C2EC
C2ED
C2EE
C2EF

C2F0
C2F1
C2F2
C2F3
C2F4
C2F5
C2F6
C2F7

C2F8
C2F9
C2FA
C2FB

DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB

66
3E
06
3C

00
00
7E
0cC
18
30
TE
00

0cC
18
18
70
18
18
0cC
00

18
18
18
00
18
18
18
00

30
18
18
OE
18
18
30
00

31
6B
46
00
00
00
00
00

FE
FFE
FFE
FFE

;01100110
;00111110
;00000110
;00111100

;00000000
;00000000
;01111110
;00001100
;00011000
;00110000
;01111110
;00000000

;00001100
;00011000
;00011000
;01110000
;00011000
;00011000
;00001100
;00000000

;00011000
;00011000
;00011000
;00000000
;00011000
;00011000
;00011000
;00000000

;00110000
;00011000
;00011000
;00001110
;00011000
;00011000
;00110000
;00000000

;00110001
;01101011
;01000110
;00000000
;00000000
;00000000
;00000000
;00000000

;11111111
;11111111
;11111111
;11111111
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C2FC DB FF ;11111111  **%xxkxx
C2FD DB FF ;11111111  **%x%kxx
C2FE DB FF ;11111111  #*%x%kxx
C2FF DB FF ;11111111  #*%x%kxx

C300 JMP &CBI1D

C303 DB 13
C304 DB 'BBC Computer '
C311 BRK

C312 DB 'l6K'
C315 DB 7 ;Bell
C316 BRK

C317 DB '32K'
C31A DB 7 ;Bell
C31B BRK

Cc31c DB 08,0D, 0D

*xkKkxx*x 4 COLOUR MODE BYTE MASK LOOK UP TABLE*****x

C31F DB 00 ;00000000
C320 DB 11 ;00010001
C321 DB 22 ;00100010
C322 DB 33 ;00110011
C323 DB 44 ;01000100
C324 DB 55 ;01010101
C325 DB 66 ;01100110
C326 DB 77 ;01110111
c327 DB 88 ;10001000
c328 DB 99 ;10011001
C329 DB AA ;10101010
C32A DB BB ;10111011
C32B DB CC ;11001100
c32c DB DD ;11011101
C32D DB EE ;11101110
C32E DB FF ;11111111

**xx*x*]16 COLOUR MODE BYTE MASK LOOK UP TABLE*****x

C32F DB 00 ;00000000
C330 DB 55 ;01010101
C331 DB AA ;10101010
C332 DB FF ;11111111

*kxkkkkx VDU ENTRY POINT LO LOOK UP TABLE*****xx

C333 DB 11 ;00010001



C334 DB 3B ;00111011
C335 DB 96 ;10010110
C336 DB Al ;10100001
C337 DB AD ;10101101
C338 DB B9 ;10111001
C339 DB 11 ;00010001
C33A DB 6F ;01101111
C33B DB C5 ;11000101
C33C DB 64 ;01100100
C33D DB FO ;11110000
C33E DB 5B ;01011011
C33F DB 59 ;01011001
C340 DB AF ;10101111
C341 DB 8D ;10001101
C342 DB A6 ;10100110
C343 DB CO ;11000000
C344 DB F9 ;11111001
C345 DB FD ;11111101
C346 DB 92 ;10010010
Cc347 DB 39 ;00111001
C348 DB 9B ;10011011
C349 DB EB ;11101011
C34A DB F1 ;11110001
C34B DB 39 ;00111001
c34C DB 8C ;10001100
C34D DB BD ;10111101
C34E DB 11 ;00010001
C34F DB FA ;11111010
C350 DB A2 ;10100010
C351 DB 79 ;01111001
C352 DB 87 ;10000111
C353 DB AC ;10101100

**kKx%x*% VDU ENTRY POINT HI PARAMETER LOOK UP TABLE*****x

C354 DB C5 ;11000101
C355 DB 2F ;00101111
C356 DB C5 ;11000101
C357 DB C5 ;11000101
C358 DB C5 ;11000101
C359 DB C5 ;11000101
C35A DB C5 ;11000101
C35B DB E8 ;11101000
C35C DB C5 ;11000101
C35D DB C6 ;11000110
C35E DB C6 ;11000110
C35F DB C6 ;11000110
c360 DB C7 ;11000111
C3e6l DB C7 ;11000111
C362 DB C5 ;11000101
C363 DB C5 ;11000101
c364 DB C7 ;11000111
C365 DB 4F ;01001111
C366 DB 4E ;01001110
C367 DB 5B ;01011011
C368 DB C8 ;11001000
C369 DB C5 ;11000101



C36A DB 5F ;01011111
C36B DB 57 ;01010111
cC3e6C DB 78 ;01111000
C36D DB 6B ;01101011
C36E DB C9 ;11001001
C36F DB C5 ;11000101
C370 DB 3C ;00111100
cC371 DB 7C ;01111100
C372 DB C7 ;11000111
C373 DB 4E ;01001110
Cc374 DB CA ;11001010

*xxxxx *64(0 MULTIPLICATION TABLE 40 - 80 MODES *****xx

C375 DB 00 ;00000000
C376¢ DB 00 ;00000000
Cc377 DB 02 ;00000010
C378 DB 80 ;10000000
C379 DB 05 ;00000101
C37A DB 00 ;00000000
C37B DB 07 ;00000111
Cc37C DB 80 ;10000000
C37D DB 0OA ;00001010
C37E DB 00 ;00000000
C37Fr DB 0C ;00001100
C380 DB 80 ;10000000
C381 DB OF ;00001111
Cc382 DB 00 ;00000000
C383 DB 11 ;00010001
Cc384 DB 80 ;10000000
C385 DB 14 ;00010100
C386 DB 00 ;00000000
C387 DB 16 ;00010110
C388 DB 80 ;10000000
C389 DB 19 ;00011001
C38A DB 00 ;00000000
cC38B DB 1B ;00011011
C38C DB 80 ;10000000
c38D DB 1E ;00011110
C38E DB 00 ;00000000
C38F DB 20 ;00100000
C390 DB 80 ;10000000
C391 DB 23 ;00100011
C3%92 DB 00 ;00000000
C393 DB 25 ;00100101
C3%94 DB 80 ;10000000
C395 DB 28 ;00101000
C3%9¢ DB 00 ;00000000
C397 DB 2A ;00101010
C398 DB 80 ;10000000
C399 DB 2D ;00101101
C39A DB 00 ;00000000
C39B DB 2F ;00101111
C39C DB 80 ;10000000
C39D DB 32 ;00110010
C39E DB 00 ;00000000
C39F DB 34 ;00110100



C3A0 DB 80 ;10000000
cC3al DB 37 ;00110111
C3A2 DB 00 ;00000000
C3A3 DB 39 ;00111001
C3A4 DB 80 ;10000000
C3A5 DB 3C ;00111100
C3A6 DB 00 ;00000000
C3A7 DB 3E ;00111110
C3A8 DB 80 ;10000000
C3AS DB 41 ;01000001
C3AA DB 00 ;00000000
C3AB DB 43 ;01000011
C3AC DB 80 ;10000000
C3AD DB 46 ;01000110
C3AE DB 00 ;00000000
C3AF DB 48 ;01001000
C3BO DB 80 ;10000000
C3Bl1 DB 4B ;01001011
C3B2 DB 00 ;00000000
C3B3 DB 4D ;01001101

*xxxxx x40 MULTIPLICATION TABLE TELETEXT MODE ******%

C3B4 DB 80 ;10000000
C3B5 DB 00 ;00000000
C3B6 DB 00 ;00000000
C3B7 DB 00 ;00000000
C3B8 DB 28 ;00101000
C3B9 DB 00 ;00000000
C3BA DB 50 ;01010000
C3BB DB 00 ;00000000
C3BC DB 78 ;01111000
C3BD DB 00 ;00000000
C3BE DB A0 ;10100000
C3BF DB 00 ;00000000
C3C0 DB C8 ;11001000
C3Cl1 DB 00 ;00000000
C3Cc2 DB FO ;11110000
C3C3 DB 01 ;00000001
c3C4 DB 18 ;00011000
C3C5 DB 01 ;00000001
C3C6 DB 40 ;01000000
C3C7 DB 01 ;00000001
C3C8 DB 68 ;01101000
C3C9 DB 01 ;00000001
C3CA DB 90 ;10010000
C3CB DB 01 ;00000001
C3CC DB B8 ;10111000
C3CD DB 01 ;00000001
C3CE DB EO ;11100000
C3CF DB 02 ;00000010
C3D0 DB 08 ;00001000
C3D1 DB 02 ;00000010
C3D2 DB 30 ;00110000
C3D3 DB 02 ;00000010
C3p4 DB 58 ;01011000
C3b5 DB 02 ;00000010



C3D6 DB 80 ;10000000
cC3D7 DB 02 ;00000010
C3D8 DB A8 ;10101000
C3D9 DB 02 ;00000010
C3DA DB DO ;11010000
C3DB DB 02 ;00000010
C3DC DB F8 ;11111000
C3DD DB 03 ;00000011
C3DE DB 20 ;00100000
C3DF DB 03 ;00000011
C3E0 DB 48 ;01001000
C3El DB 03 ;00000011
C3E2 DB 70 ;01110000
C3E3 DB 03 ;00000011
C3E4 DB 98 ;10011000
C3E5 DB 03 ;00000011

Fakkxokx TEXT WINDOW -BOTTOM ROW LOOK UP TABLE ****xxx

C3E6 DB CO ;11000000
C3E7 DB 1F ;00011111
C3E8 DB 1F ;00011111
C3E9 DB 1F ;00011111
C3EA DB 18 ;00011000
C3EB DB 1F ;00011111
C3EC DB 1F ;00011111
C3ED DB 18 ;00011000
C3EE DB 18 ;00011000

kA Fxxx TEXT WINDOW -RIGHT HAND COLUMN LOOK UP TABLE *****xx%

C3EF DB 4F ;01001111
C3F0O DB 27 ;00100111
C3Fl DB 13 ;00010011
C3F2 DB 4F ;01001111
C3F3 DB 27 ;00100111
C3F4 DB 13 ;00010011
C3F5 DB 27 ;00100111
C3F6 DB 27 ;00100111

R i I A i S A db i R b A b db I b b b b b A I b b I b b i b e b b b b I b b b b b e A b b b b b R b b b b b b b b I b b b b b S 4

*

* SEVERAL OF THE FOLLOWING TABLES OVERLAP EACH OTHER

* SOME ARE DUAL PURPOSE



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4

KA A K FFxxxxxxxx VIDEO ULA CONTROL REGISTER SETTINGS

R R d i b S b i db b S b Sh Sb I S b Sb 3 Y

C3F7 DB 9C ;10011100
C3F8 DB D8 ;11011000
C3F9 DB F4 ;11110100
C3FA DB 9C ;10011100
C3FB DB 88 ;10001000
C3FC DB C4 ;11000100
C3FD DB 88 ;10001000
C3FE DB 4B ;01001011

KkHkkxokxxx NUMBER OF BYTES PER CHARACTER FOR EACH DISPLAY MODE

R I R i A b i db b i b 3

C3FF DB 08 ;00001000
c400 DB 10 ;00010000
c401 DB 20 ;00100000
c402 DB 08 ;00001000
Cc403 DB 08 ;00001000
c404 DB 10 ;00010000
Cc405 DB 08 ;00001000
C406 DB 01 ;00000001

KHRA KK FKAXX KA xxxHkkx MASK TABLE FOR 2 COLOUR MODES
Kok kK ok kK Kk kK kK Kk kR ok kK Kk ok

c407 DB AA ;10101010
c408 DB 55 ;01010101

FERX X KKK KKK xxkxxkkk MASK TABLE FOR 4 COLOUR MODES

kA kkhkhkkhkk khkhkhkkhkhkhkkhkk hkhkhk,kkhkx%k

c409 DB 88 ;10001000
C40A DB 44 ;01000100
C40B DB 22 ;00100010
c40Cc DB 11 ;00010001



KA AxKxxxxxx MASK TABLE FOR 4 COLOUR MODES FONT FLAG MASK TABLE

XKk khkKkkhkkk Kk K%k

C40D DB 80 ;10000000
C40E DB 40 ;01000000
C40F DB 20 ;00100000
Cc410 DB 10 ;00010000
Cc411 DB 08 ;00001000
c412 DB 04 ;00000100
C413 DB 02 ;00000010
c414 DB 01 ;00000001

*xxxxxx%* NUMBER OF COLOURS -1 FOR EACH MODE

kKhkk kkhkhkhkk kkhhkhkkhkhkhkkhkk hkhkkhkkhkhkhkkhkkhhkkk k%

c414 DB 01 ;00000001
C415 DB 03 ;00000011
C4le DB OF ;00001111
Cc417 DB 01 ;00000001
c418 DB 01 ;00000001
C419 DB 03 ;00000011
C41A DB 01 ;00000001
C41B DB 00 ;00000000

Frxxxkkkkkxxxx GCOL PLOT OPTIONS PROCESSING LOOK UP TABLE

R I R i S b I 2b b db b i g b 3

c41Cc DB FF ;11111111
c41D DB 00 ;00000000
C41E DB 00 ;00000000
C4lF DB FF ;11111111
c420 DB FF ;11111111
c421 DB FF ;11111111
c422 DB FF ;11111111
Cc423 DB 00 ;00000000
c424 DB 00 ;00000000
C425 DB FF ;11111111

FrRxx KKK KKK xxxxx P COLOUR MODES PARAMETER LOOK UP TABLE

khkkhkkhkhkkhkkhkkhkhkkhkkhkkhkkhkkkk%

c424 DB 00 ;00000000
c425 DB FF ;11111111



FrxxxKKKkkxxxxx 4 COLOUR MODES PARAMETER LOOK UP TABLE

RS b db b S 2b I db b I db b Sb b 4

c426 DB 00 ;00000000
c427 DB OF ;00001111
C428 DB FO ;11110000
Cc429 DB FF ;11111111

Frxxx KK KKKk xx*xxx] 6 COLOUR MODES PARAMETER LOOK UP TABLE

khkk kkhkhkkhkk kkhkhkkkkhkkhkkhkkikk%k

c42A DB 00 ;00000000
C42B DB 03 ;00000011
c42C DB 0C ;00001100
Cc42D DB OF ;00001111
C42E DB 30 ;00110000
C42F DB 33 ;00110011
C430 DB 3C ;00111100
C431 DB 3F ;00111111
C432 DB CO ;11000000
C433 DB C3 ;11000011
c434 DB CC ;11001100
C435 DB CF ;11001111
C436 DB FO ;11110000
C437 DB F3 ;11110011
C438 DB FC ;11111100
C439 DB FF ;11111111

**kxKkkxk*k*x*x DISPLAY MODE PIXELS/BYTE-1 LOOK UP TABLE

RS R i I b S b i db b I db b S Sb S db b 4

C43A DB 07 ;00000111
C43B DB 03 ;00000011
c43C DB 01 ;00000001
C43D DB 00 ;00000000
C43E DB 07 ;00000111
C43F DB 03 ;00000011
c440 DB 00 ;00000000
c441 DB 00 ;00000000

FHRAkkkkxxxkx SCREEN DISPLAY MEMORY INDEX LOOK UP TABLE

R I I i A S i g i db b i I g b S 4

c440 DB 00 ;00000000
c441 DB 00 ;00000000
c442 DB 00 ;00000000
C443 DB 01 ;00000001



C444
C445
Cdde
C447

kK khkkkKhkkkhKkk K SOUND PITCH

DB
DB
DB
DB

02
02
03
04

;00000010
;00000010
;00000011
;00000100

khkkhkkAhkhkkhkk Ak Ak khkrkKh*x

Cc441
C442
C443
C444

DB
DB
DB
DB

00
00
01
02

;00000000
;00000000
;00000001
;00000010

OFFSET BY CHANNEL LOOK UP TABLE

KAAKFF KX X KAk xxxk% CRTC SET UP PARAMETERS TABLE 1
]k kK ok ok kK ok kK kK ok k kR ok ok kK kK

C44B
c44c
C44D
C44E

DB
DB
DB
DB

0D
05
0D
05

;00001101
;00000101
;00001101
;00000101

KEXxRx KKK KK xxxxxk* CRTC SET UP PARAMETERS TABLE 2
Kok kK ok ok kK ok ok ok ok ko k ok ok ok kK ok ok ok

C44F
C450
C451
C452
C453

DB
DB
DB
DB
DB

04
04
0cC
0cC
04

;00000100
;00000100
;00001100
;00001100
;00000100

FrRxx KKK KKK xxkxkkk VDU SECTION CONTROL NUMBERS

kA khkhkkhkk khkhkkhkkhhkhkk khkhkhkhkkhkkhkhkkkh*x*%

C447
C448
C449
C44A
C44B
c44c
C44D
C44E
C44F
C450
C451

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

04
00
06
02
0D
05
0D
05
04
04
0cC

;00000100
;00000000
;00000110
;00000010
;00001101
;00000101
;00001101
;00000101
;00000100
;00000100
;00001100



C452
C453
C454
C455
C456
C457
C458

DB
DB
DB
DB
DB
DB
DB

0cC
04
02
32
TA
92
E6

;00001100
;00000100
;00000010
;00110010
;01111010
;10010010
;11100110

FrRAFxkKxxxxK*xxx MSB OF MEMORY OCCUPIED BY SCREEN BUFFER

khkk kkhkhkkhkk kkhkhkhkkhkhkhkkkk*%

C459
C45A
C45B
c4s5C
C45D

DB
DB
DB
DB
DB

50
40
28
20
04

XKAkAkKkKAkKk KR KKk k%

R I IR I S b db b I b 3

C45E
C45F
C460
Cdel
C462

DB
DB
DB
DB
DB

30
40
58
60
7C

;01010000
;01000000
;00101000
;00100000
;00000100

MSB OF FIRST LOCATION OCCUPIED BY SCREEN BUFFER

;00110000
;01000000
;01011000
;01100000
;01111100

KA A KK I XXX X KA *xxxx NUMBER OF BYTES PER ROW
Kok kK ok k k Kk kK kK ok ok kK ok ok ok kK ko ok ok kK ok kK

C463
C464
C465

DB
DB
DB

28
40
80

;00101000
;01000000
;10000000

FHkAKxkkxx ROW MULTIPLIACTION TABLE POINTER TO LOOK UP TABLE

khkkhkkhkhkkhkkhkkhkhkkkkk*k

C466
C467
c4e68

DB
DB
DB

B5
75
75

;10110101
;01110101
;01110101

Frxxxxxkkk CRTC CURSOR END REGISTER SETTING LOOK UP TABLE

R I g i A b S db i I b i i db 4



C469 DB 0B ;00001011
Cd46A DB 17 ;00010111
C46B DB 23 ;00100011
C46C DB 2F ;00101111
C46D DB 3B ;00111011

Frxkkxxkkxkxx 6845 REGISTERS 0-11 FOR MODES 0-2

khkk khkhkkhkk kkhkhkkhkkhkhkhk khkhkhk,kkhkhkhkk%k

C4e6E DB 7F ;01111111
C4e6F DB 50 ;01010000
C470 DB 62 ;01100010
Cc471 DB 28 ;00101000
c472 DB 26 ;00100110
Cc473 DB 00 ;00000000
c474 DB 20 ;00100000
c475 DB 22 ;00100010
C47¢ DB 01 ;00000001
c477 DB 07 ;00000111
c478 DB 67 ;01100111
c479 DB 08 ;00001000

FrRxxxx KK KK xx* 6845 REGISTERS 0-11 FOR MODE 3

R R i I b S b I db b g b S Sb b S b Sh db S Sb b S O 3

c47A DB T7F ;01111111
c47B DB 50 ;01010000
c47Cc DB 62 ;01100010
c47D DB 28 ;00101000
C47E DB 1E ;00011110
C47F DB 02 ;00000010
c480 DB 19 ;00011001
c481 DB 1B ;00011011
c482 DB 01 ;00000001
c483 DB 09 ;00001001
c484 DB 67 ;01100111
c485 DB 09 ;00001001

Frxkkxxkkxkkx 6845 REGISTERS 0-11 FOR MODES 4-5

khkk kkhkhkkhkk khkhkhkkhkkhkkhkk khkhkhkkhkhkhkhk,kk%

c486 DB 3F ;00111111
c487 DB 28 ;00101000
c488 DB 31 ;00110001
c489 DB 24 ;00100100
C48A DB 26 ;00100110



c488 DB 00 ;00000000
c48Cc DB 20 ;00100000
c48D DB 22 ;00100010
C48E DB 01 ;00000001
C48r DB 07 ;00000111
Cc490 DB 67 ;01100111
C491 DB 08 ;00001000

Frxkkxxkkx 6845 REGISTERS 0-11 FOR MODE 6

kKhkk kkhkhkhkk kkhkhkhkkhkhkhkkhkk khkhkhkkhkhkhkkhkkhhkhkhkhkhkkx%k

c492 DB 3F ;00111111
C493 DB 28 ;00101000
Cc494 DB 31 ;00110001
C495 DB 24 ;00100100
C496 DB 1E ;00011110
Cc497 DB 02 ;00000010
Cc498 DB 19 ;00011001
C499 DB 1B ;00011011
C49A DB 01 ;00000001
C49B DB 09 ;00001001
c49C DB 67 ;01100111
C49D DB 09 ;00001001

Frxkxkxxkk 6845 REGISTERS 0-11 FOR MODE 7

KKAKAKAKRKAAKARARN KA XNA XA AN A Ak XAk kK, kx%k

C49E DB 3F ;00111111
C49F DB 28 ;00101000
C4A0 DB 33 ;00110011
c4Al DB 24 ;00100100
c4a2 DB 1E ;00011110
C4A3 DB 02 ;00000010
c4a4 DB 19 ;00011001
c4a5 DB 1B ;00011011
C4A6 DB 93 ;10010011
c4A7 DB 12 ;00010010
c4A8 DB 72 ;01110010
c4AS DB 13 ;00010011

FHRAxKKxxxxkxx VDU ROTINE VECTOR ADDRESSES

kKA kkhkhkkhkk khkhkhkkhkhkhkkhkhhkhkkhkhhkhkkhkkhkhkhk,khkx%k

C4AA DB 86 ;10000110
C4AB DB D3 ;11010011
C4AC DB 7E ;01111110
C4AD DB D3 ;11010011



KA A FxKxFxxxxxx VDU ROUTINE BRANCH VECTOR ADDRESS LO

R Rt S b S b i db b i I b Sh Sb I 3 b Sb 3 Y

C4AE DB 6A ;01101010
C4AF DB 74 ;01110100
C4BO DB 42 ;01000010
C4Bl1 DB 4B ;01001011

FHRAxkKxxxxkx VDU ROUTINE BRANCH VECTOR ADDRESS HT

khkk kkhkhkkhkk kkhhkhkkhkhkhkkhkk hkhkhk,kkhkx%k

C4B2 DB D3 ;11010011
C4B3 DB D3 ;11010011
c4B4 DB D3 ;11010011
C4B5 DB D3 ;11010011

FaFxxxxxxxx TELETEXT CHARACTER CONVERSION TABLE

KAAKAKRKAAKRA XN KAA XA AKX XAk hk %k

C4B6 DB 23 ;00100011
C4B7 DB 5F ;01011111
C4B8 DB 60 ;01100000
C4B9 DB 23 ;00100011

KA A xKxFxxxx* SOFT CHARACTER RAM ALLOCATION

LR R i A b S b I db b I db b Sb b b db b I db b S db I S b 4

C4BA DB 04 ;00000100
C4BB DB 05 ;00000101
C4BC DB 06 ;00000110
C4BD DB 00 ;00000000
C4BE DB 01 ;00000001
C4BF DB 02 ;00000010

R I IR i A b d b i A b db b S b I b A S S g B b A R S b S b S b S b b S b S S S b b S 2 i S S db b S 2 S S S b b S 2 b i b i i 4

* VDU FUNCTIONS ADDRESSES



R R i A b S b i db b b db b S Sb I Ib b db b S db I b 2b B db b S 2b S 2b I Sb b S 2b b b b b S b b 2b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

; VDU Address Parameters function

;O &C511 0 does nothing

;01 &C53B 1 next character to printer only
;2 &C596 0 enable printer

;3 &C5HA1 0 disable printer

;4 &C5AD 0 select text cursor
;5 &C5B9 0 select graphics cursor
HE) &C511 0 enable display

;7 &E86F 0 bell

;8 &C5C5 0 cursor left

;9 &C664 0 cursor right

; 10 &CoFO0 0 cursor down

;11 &C65B 0 cursor up

; 12 &C759 0 clear text window

; 13 &CTAF 0 newline

; 14 &C58D 0 select paged mode

; 15 &C5A6 0 cancel paged mode

; 16 &C7CO 0 clear graphics screen
; 17 &CTF9 1 define text colour

; 18 &CTFD 2 define graphics colour
; 19 &C892 5 define logical colour
; 20 &C839 0 restore default colours
; 21 &C59B 0 disable display

; 22 &C8EB 1 select screen MODE

; 23 &C8F1 9 define character

; 24 &CA39 8 define graphics window
; 25 &C98C 5 PLOT

; 26 &C9BD 0 set default windows

; 27 &C511 0 ESCAPE (does nothing)

; 28 &COFA 4 define text window
;29 &CAA2 4 define graphics origin
; 30 &CT779 0 home cursor

; 31 &C787 2 position text cursor (TAB)
;127 &CAAC 0 delete

LR i i b S b i S b I I b S b I Ib b i db b S db I b 2b S Sb b S b b 4b S Sb b b b b S b e S b S b b S I S b S I b S S b S b S b b S S b S b i a4

* VDU Variables

R R i A b d b i A b I b S b I b A S S b e S b A R S 2 g S b S b S b I S b S b S b b b db e A S S 2 b S b S IR S b b S 2 i b i i

;DO VDU status
;Bit 0 printer output enabled



scrolling disabled

paged scrolling enabled

software scrolling selected

not used

printing at graphics cursor enabled
cursor editing mode enabled

screen disabled

~
~ oy U DWW N

;D1 byte mask for current graphics point

;D2/3 text colour bytes to be ORed and EORed into memory
;D4/5 graphics colour bytes to be ORed and EORed into memory
;D6/7 address of top line of current graphics cell

;D8/9 address of top scan line of current text character
;DA/F temporary workspace

;EO0/1 CRTC row multiplication table pointer

;246 Character definition explosion switch
;248 current video ULA control regiter setting
;249 current pallette setting
;251 flash counter
;252 mark-space count
;253 space period count
;256 EXEC file handle
;257 SPOOL file handle
;260 Econet OSWRCH interception flag
;267 bit 7 set ignore start up message
;268 length of key string
;269 print line counter
; 26A number of items in VDU queque
;26B TAB key value
;26C ESCAPE character
;27D cursor editing status
; 28F start up options (Keyboard links)
bits 0-2 default screen Mode
3 reverse SHIFT/BREAK
4-5 disc timing parameters
;290 screen display vertical adjustment
;291 interlace toggle flag

;300/1 graphics window left
;302/3 graphics window bottom
;304/5 graphics window right
;306/7 graphics window top

;308 text window left

;309 text window bottom

; 30A text window right

;30B text window top

;30C/D graphics origin, horizontal (external values)

;30E/F graphics origin, vertical (external values)

;310/1 current graphics cursor, horizontal (external values)

;312/3 current graphics cursor, vertical (external values)

;314/5 last graphics cursor, horizontal (external values)
)

;316/7 last graphics cursor, vertical (external values



;318 text column

;319 text line

;31A graphics scan line expressed as line of character
;31B-323 VDU parameters, last parameter in &323

;324/5 current graphics cursor, horizontal (internal values)
;316/7 current graphics cursor, vertical (internal wvalues)
;328-349 general workspace

;34A/B text cursor address to CRT controller

;34C/D width of text window in bytes

; 34E hi byte of address of screen RAM start

; 34F bytes per character

;350/1 address of window area start

;352/3 bytes per character row

;354 high byte of screen RAM size
;355 Mode
;356 memory map type

;357/35A current colours
;35B/C graphics plot mode
;35D/E  jump vector

; 35F last setting of CRT controller Cursor start register
;360 number of logical colours less 1
;361 pixels per byte (0 1in text only modes)

;362/3 colour masks

;364/5 X/Y for text input cursor

;366 output cursor character for MODE 7
;367 Font flag

;368/E font location bytes

;36F-37E Colour palette



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4
*

Ahkkhk Ak hhkh A hrhhhAhhkhkhkhhkkhhrhkhhkhrhhkhhhkhkhhhkkhkhhkhhkhrhkhhdhhkkhkhhhkhhrhkhhhrhkhhkrhkhkdrrhkkhrhkkhhrhkkx*
*

* %

* %

ol OSWRCH MAIN ROUTINE entry from EOC5
* %

* *

* *

el output a byte via the VDU stream

* *

* %

* %

R I R i i d b i A b d b S b I b A S S g S b A R S b S S b S b S b b S b S S S 2 b b 2 S S S 2 b S 2 e S IR A b b b b i i 4
*

R R i A d b i A b I b S b I b A b S g S b i S b S b i S b S b S b I S b S S S b b b db S S S 2 S 2 S I S b b B 2 S i i 4
*

;this routine takes up over 40% of the operating system ROM

;entry points are variable, as are the results achieved.

;tracing any particular path is relatively easy but generalising for
;commenting is not. For clarity comments will not be as detailed as
;for later parts of the Operating system.

C4cCo LDX &026A ;get number of items in VDU queque

C4cC3 BNE &C512 ;1f parameters needed then C512

C4C5 BIT &DO ;else check status byte

c4c’ BVC &C4D8 ;if cursor editing enabled two cursors exist
C4CHo JSR &C568 ; swap values

c4cc JSR &CDOA ;then set up write cursor

CACF BMI &C4D8 ;if display disabled C4DS8

C4D1 CMP #&0D ;else if character in A=RETURN teminate edit
C4D3 BNE &C4D8 ;else C4D8

C4D5 JSR &D918 ;terminate edit

C4D8 CMP #&TF ;is character DELETE °?

C4DA BEQ &C4ED ;1f so C4ED

C4DC CMP #&20 ;is it less than space? (i.e. VDU control code)
C4DE BCC &C4EF ;1f so CA4EF

C4EOQ BIT &DO ;else check VDU byte ahain

C4E2 BMI &C4EA ;1f screen disabled C4EA

C4E4 JSR &CFEFB7 ;else display a character

C4E7 JSR &C664 ;and cursor right

C4EA JMP &C55E ;

FAAxFxFxxxx read link addresses and number of parameters * *FFkkkokdkokdkdkokokkx ok
C4ED LDA #&20 ;to replace delete character

FAAxFxFxxx read link addresses and number of parameters *FF & kkkokdkodokdkokokkx ok
C4EF TAY ;Y=A

C4F0 LDA &C333,Y ;get lo byte of link address
C4F3 STA &035D ;store it in jump vector



C4F6 LDA &C354,Y ;get hi byte

C4F9 BMI &C545 ;1f negative (as it will be if a direct address)
;there are no parameters needed
;so Cbh45

C4FB TAX ;else X=A

C4FC ORA #&FO ;set up negated parameter count

CAFE STA &026A ;store it as number of items in VDU queque

C501 TXA ;get back A

C502 LSR ;A=A/16

C503 LSR ;

C504 LSR ;

C505 LSR ;

C506 CLC ;clear carry

C507 ADC #&C3 ;add &C3 to get hi byte of link address

C509 STA &035E ;

C50C BIT &DO ;check if cursor editing enabled

C50E BVS &COH2F ;1f so re-exchange pointers

C510 CLC ;clear carry

Ch11 RTS ;and exit

;return with carry clear indicates that printer action not required.

;
FAAKKIXAXX parameters are outstanding
khkk Ak Kk kA khkhkhkkhhkhkhkhkhhkhkkhhkhkkhkhrhkkhkhrrkhkkhkhrkhk*

X=&26A = 2 complement of number of parameters X=&FF for 1, FE for 2 etc.

C512 STA &0224,X ;store parameter in queque
C515 INX ;increment X

C516 STX &026A ;store it as VDU queque

C519 BNE &C532 ;if not 0 C532 as more parameters are needed
C51B BIT &DO ;get VDU status byte

C51D BMI &C534 ;1f screen disabled C534
C51F BVS &C526 ;else if cursor editing C526
C521 JSR &CCF5 ;execute required function
C524 CLC ;clear carry

C525 RTS ;and exit

C526 JSR &C568 ;swap values of cursors

C529 JSR &CD6A ;set up write cursor

C52C JSR &CCF5 ;execute required function
C52F JSR &C565 ; re—exchange pointers

C532 CLC ;carry clear

C533 RTS yexit

R I A i S A b i b b A b db I b b b b b A b I b I b b b b b b b 2 I b b R b b e A b b b b b S b b b b b A b b I b I S i b S

*

* VDU 1 send next character to printer only

* 1 parameter required



R a b i b S b I Sb b I I b S Sb I S b b S b S db b b Sb b S b b Ib b S db b S b I 2b b I S b S b b S b I S S S b b db b S b b S b b S 2b i 2b b S b b ¢

C534 LDY &035E ;1f upper byte of link address not &C5

C537 CPY #&C5 ;printer is not interested

C539 BNE &C532 ;so C532

C53B TAX ;else X=A

C53C LDA &DO ;A=VDU status byte

C53E LSR ;get bit 0 into carry

C53F BCC &C511 ;1f printer not enabled exit

Ch41 TXA ;restore A

C542 JMP &E11E ;else send byte in A (next byte) to printer

FAAxxxxxxxk if explicit link address found, no parameters
khkkhkkhkkhkkhkkkkhkkhkkk*k

C545 STA &035E ;upper byte of link address
C548 TYA ;restore A

C549 CMP #&08 ;is it 7 or less?

C54B BCC &C553 ;if so C553

C54D EOR #&FF ;invert it

C54F CMP #&F2 ;jc 1s set if A >&0D

C551 EOR #&FF ;re invert

C553 BIT &DO ; VDU status byte

C555 BMI &C580 ;if display disabled C580
C557 PHP ;push processor flags

C558 JSR &CCF5 ;execute required function
C55B PLP ;get back flags

C55C BCC &C5061 ;if carry clear (from C54B/F)

KAkAkAkAhkkAkAk XAk AKXk Kh**k main eXlt routine
R R i db b S b b db b db b Sb Sb b Sb b I db b S b S b 2b I S b S b S 2b S 3

C55E LDA &DO ; VDU status byte
C560 LSR ;Carry is set if printer is enabled
C561 BIT &DO ; VDU status byte
C563 BVC &C511 ;if nmo cursor editing C511 to exit

KARAKFFXXXX KRR xXAKX cyursor editing routines
R A I b b b b db db d b 2 b b b b db d b b b b b b db b db 4 b b 4

C565 JSR &CD7A ;restore normal write cursor
C568 PHP ;save flags and

C569 PHA ;A

C56A LDX #&18 ; X=6&18

C56C LDY #&64 ;Y=&64

C56E JSR &CDDE ;exchange &300/1+X with &300/1+Y
C571 JSR &CFO06 ;set up display address

C574 JSR &CAQ02 ;set cursor position

C577 LDA &DO ; VDU status byte

C579 EOR #&02 ;invert bit 1 to allow or bar scrolling



C57B STA &DO ; VDU status byte

C57D PLA ;restore flags and A
C57E PLP ;

C57F RTS ;and exit

C580 EOR #6506 ;if A<>6

C582 BNE &C58C ;return via C58C

C584 LDA #&7F ;A=&TF

C586 BCC &C5A8 ;and goto C5A8 ALWAYS!!

khkkhkkhkhkkkkhkkhkhkhkk hkhkkhkk kkkk %k Check teXt cursor ln use R R A I A i b b i S db i b db I S db g i S db i 4

C588 LDA &DO ; VDU status byte
C58A AND #&20 ;set A from bit 5 of status byte
C58C RTS ;and exit

A=0 if text cursor, &20 if graphics

KK A K AR A AR AR R A A A AR AR A A A A AR A AR A A A AR A AR A A A AR A A KRR AR AR A A KA AR A A AR A KA AR AR KRR AR KK

* SET PAGED MODE VDU 14

RS R i g b S b i db b I db b S b I Ib b db b S 2b I b 2b I Sb b S 2b i S 2b  Sb b S b b S 2b b S b S 2b b b 2b e Sb Sb S 2b b S S S b S b 2b I 2b b S 2b i g 4

C58D LDY #&00 ;Y=0

C58F STY &0269 ;paged mode counter
C592 LDA #&04 ;A=04

C594 BNE §C59D  ;jump to C59D

R i e i S i I I b b b b db A b b b 2 I I I b I b b ab b b b b b db b b b S b e A b b b b S I b b b I e i b b b b I i b e S

* VDU 2 PRINTER ON

R I g i A b S b i I b I b S b I b g b S b S b S R S b S b S b S b b S b b S b S 2b b S 2b b S S S 2b b S 2 S IR S S b S 2b b i b i i 4



C596 JSR &E1AZ2 ;select printer buffer and output character
C599 LDA #894 ;BA=8&94
;when inverted at C59B this =1

LR R dh b S b i Sb b S I b b b b Sb b db b S db I b 2b S S b S Ib b b 2b S b S b b S b e S b b b b S I S b S 2 b S S S b S b b S S S b i i 4

*
*
*
*
* DISABLE DISPLAY VDU 21
*
* no parameters
*
*
*

KK A K AR A AR AR A AR A A A AR A AR AR A A A A AR A A AR A A AR A I A A I A AR A I A A I A A A A I A A I AR A AR A AR AR A * X

C59B EOR #&95 ;if A=&15 A now =&80: if A=&94 A now =1
C59D ORA &DO ; VDU status byte set bit 0 or bit 7
C59F BNE &C5AA ;

R I IR db b S b i db b i db b S Sb b Ib b b Sb S S Sb e b 2b I Sb b S 2b b S db b 2b b db b db S b b 2b b S Sb S 2b b Sb S db e S 2b I 2b b b 2b S S 2b b 2b b

*
*
* VDU 3 Printer off
*
*
*
* No parameters
*
*
*

LR R e i b S b i Sb b S I b S b I Sb b db b S db I b 2b I S b S b b S 4b e Sb b b b b b b e S b S b b b S S b S I b S S R S b S b b I S b S b i a4

C5A1 JSR &E1A2 ;select printer buffer and output character
C5A4 LDA #&0A ;A=10

R R A A d b i A b d b S b I b A b S b S 2b i A R S b i S b S S b S b b S b S b S b b S db S S S 2 b b S IR S b b B 2 b S S i i 4
*

*
*

*



* VDU 15 paged mode off No parameters

LR S b S b i Sb b S I b S b I Sb b db b S db I b 2b S S b S b b 2b S b S b b S b S b S b b b I S b b 2 b S S S b S b b I Sb b S b i i 4

A=&F or &A

C5A6 EOR #&F4 ;convert to &FB or &FE

C5A8 AND &DO ; VDU status byte clear bit 0 or bit 2 of status
C5AA STA &DO ; VDU status byte

C5AC RTS ;exit

R R i A S b A b I b S b I b A S S g b db i A R S b i S b S S b S b R S b S S S 2 b b b S S S 2 b S b S I S b b 2 S b i i 4

* VDU 4 select Text Cursor No parameters

R I IR I A S b i db b I I b S S I Ib b Sb b S 2b I b 2b B S b S 2b e S 2b S b S b b S 2b b S db S 2b b b 2b S b S 2b b I S R S b S b b I 2b b S db i O 4

C5AD LDA &0361 ;pixels per byte

C5B0 BEQ &C5AC ;i1f no graphics in current mode C5AC
C5B2 JSR &C951 ;set CRT controller for text cursor
C5B5 LDA #&DF ;this to clear bit 5 of status byte
C5B7 BNE &C5A8 ;via CHA8 exit

LR R e i b S b i Sb b S I b S b b Sb b db b S db I b 2b S S b b db b db S Sb b S b b S b S b S b b b b I S b S I b S S S b b b b S S b S b i a4

* VDU 5 set graphics cursor

R I R A i S b i A b db b S b I b g I S S g B b A R S b S b S b S b b S b S b S b b S db e A S S 2 b B 2 S SR S b b 2 b i S i i 4

C5B9 LDA &0361 ;pixels per byte
C5BC BEQ &C5AC ;1f none this is text mode so exit



C5BE
C5CO0
C5C3

LDA
JSR
BNE

#&20
&C954
&C59D

;set up graphics cursor
;via C954
;set bit 5 via exit C59D

LR i b I b i S b I I b S b I Sb b db b S db I b 2b S S b S b S 4b S b b b b b b e S b b b b S S I S b S 2 b S b R S b S b b I S b S b i a4

VDU 8

CURSOR LEFT NO PARAMETERS

R R i i d b i I b i db b S S g I b I b S g S b A R S b S S b S b S b b S b S b S b b b db i S S 2 S 2 S R S b b 2 S b i i 4

C5C5
C5Cs8
C5CA
C5CD
C5D0
C5D3
C5D5
C5D8
C5D9
C5DC
C5DD
C5EQ
CBE2
CBES
C5E7
C5EA
C5EB

JSR
BNE
DEC
LDX
CPX
BMI
LDA
SEC
SBC
TAX
LDA
SBC
CMP
BCS
ADC
TAY
JMP

&C588
&CO61F
&0318
&0318
&0308
&C5EE
&034A

&034F

&034B
#&00

&034E
&C5EA
&0354

&C9F6

;A=0 1f text cursor A=&20 if graphics cursor
;move cursor left 8 pixels if graphics

;else decrement text column

; store new text column

;if it is less than text window left

;do wraparound cursor to rt of screen 1 line up
;text cursor 6845 address

; subtract

;bytes per character

;put in X

;get text cursor 6845 address

;subtract 0

;compare with hi byte of screen RAM address
;1f = or greater

;add screen RAM size hi byte to wrap around
s Y=A

;Y hi and X lo byte of cursor position

KARA KK I IR K IR xxX execute wraparound left-
up************************~k~k~k~k~k

C5EE
C5F1

LDA
STA

&030A
&0318

;text window right
;text column

khkkhkkhkkhkk kkhkkkkkk*k cursor up

R R iR i I b i b b b S b e db g b b I I R A b b b b b e i S b b b b I i b b Ib b e i b 4

CoF4
C5F7
C5F9
C5FC
C5FF
C602

DEC
BPL
INC
LDX
CPX
BEQ

&0269
&C5FC
&0269
&0319
&030B
&C60A

; paged mode counter

;if still greater than 0 skip next instruction
;paged mode counter to restore X=0

;current text line

;top of text window

;1f its at top of window C60A



Ce04
Ce07

DEC
JMP

&0319
&C6AF

;else decrement current text line
;and carry on moving cursor

*xxxxxxk cursor at top of window
AhkkhkhkhhkhhkhrhkkhhdhkhkhhAhrkhkhkhhkkhhrhkkhhrohkkhhhrrkhkrkhkx*x*k

C60A
Ce0B
C60E
Ce10
celz2
Cel4
Cel7

Ce619
celcC

CLC
JSR
LDA
BIT
BNE
JSR
BNE

JSR
JMP

&CD3F
#&08
&DO
&C619
&C994
&ColcC

&CDA4
&C6AC

;clear carry

;check for window violatations

;A=8 to check for software scrolling
;compare against VDU status byte

;1f not enabled C619

;set screen start register and adjust RAM
;jump C61C

;soft scroll 1 line
;and exit

FaAxFxFxxxxcursor left and down with graphics cursor in use

KAKRAkKAXRARK AKX Kk K

C6lF

LDX

#&00

;X=0 to select horizontal parameters

FAAFFFxxxx cursor down with graphics in use
R e b b b b b b 2 I b b b b b b b S b b b b b b b b

;X=2 for vertical or 0 for horizontal

Co621
C623
C626
C628
C629
ce2C
C62E
Ce631
C633
C636

C638
C63A
C63D

C63F
Ce41l
Cce44
Co646
Cce48

Co64A
C64D
C650
C652
vertical
C655
C656
C658

STX
JSR
LDX
SEC
LDA
SBC
STA
BCS
DEC
LDA

BNE
JSR
BEQ

LDX
LDA
CPX
BCS
SBC

STA
LDA
SBC
STA

TXA
BEQ
JMP

&DB
&D10D
&DB

&0324,X
#&08
&0324,X
&C636
&0325,X
&DA

&C658
&D10D
&C658

&DB
&0304,X
#&01
&Co64A
#&06

&0324,X
&0305,X
#5800

&0325,X

&C660
&D1B8

;store X

;check for window violations

;restore X

;set carry

;current graphics cursor X>l=vertical

;subtract 8 to move back 1 character

;store in current graphics cursor X>1l=verticaal
;1f carry set skip next

;current graphics cursor hi -1

; &DA=0 if no violation else 1 if vert violation
;2 if horizontal violation

;if violation C658

;check for window violations

;1f none C658

;else get back X

;graphics window rt X=0 top X=2
;is X=0

;1f not C64A

;else subtract 7

;current graphics cursor X>1l=vertical
;graphics window hi rt X=0 top X=2

; subtract carry

;current graphics cursor X<2=horizontal else

; A=X
;cursor up
;set up external coordinates for graphics



KA A A A A A A A AR A A A A A A AR A A A A A A A A A A A A A A A A A AR A AR A A A A AR AN A A AR A AR A A A A A A A kA Ak kKK

* VDU 11 Cursor Up No Parameters

Rt g i b d b A b d b S S A b g b S g b b S S b S db S S db g S b I b b S S b B 2 b e S S S S S A b A R S b e i b i b b S

C65B JSR &C588 ;A=0 1f text cursor A=&20 if graphics cursor
C65E BEQ &C5HF4 ;1f text cursor then C5F4

C660 LDX #&02 ;else X=2

C662 BNE &C6B6 ;goto C6B6

KR A K AR AR AR AR A A AR A A A AR A A A A A AR AR A A A A AR AR A A A AR A A AR A A A A A AR AR A AR AR AR A AR A ARk A A kKK

* VDU 9 Cursor right No parameters

R R i i b S b i Ib b I db b S b b Ib b db b S 2b I b 2b I S b S 2b S 2b S Sb b S b b b 4b b S b b b b b db e S Ib S 2b b I S b S b S b b I 2b b S b i a4

Co664 LDA &DO ; VDU status byte

C666 AND #&20 ;check bit 5

C668 BNE &Co6B4 ;1f set then graphics cursor in use so C6B4
C66A LDX &0318 ; text column

C66D CPX &030A ;text window right

C670 BCS &C684 ;1f X exceeds window right then C684
C672 INC &0318 ; text column

C675 LDA &034A ;text cursor 6845 address

C678 ADC &034F ;add bytes per character

C67B TAX ; X=A

Ce67C LDA &034B ;text cursor 6845 address

C67F ADC #&00 ;add carry if set

C681 JMP &COF6 ;use X and Y to set new cursor address

FAAKKKxK: text cursor down and right
R R AR i i S dh b b b I b g db b b b i b A b b b I b b dh  Sb I b S 4



Ce84
Ce87

kkhkKhkkAhkKkk ko

C68A
C68B
C68E
Ce91
C694
C696
C699
C69B
C69E
C6A0
C6A2
CoAad
Co6AT
C6A9
C6AC

C6AF
C6B2

LDA
STA

CLC
JSR
LDX
CPX
BCS
INC
BCC
JSR
LDA
BIT
BNE
JSR
BNE
JSR
JSR

JSR
BCC

text cursor

&0308
&0318

&CAE3
&0319
&0309
&C69B
&0319
&C6AF
&CD3F
#&08
&DO
&C6A9
&C9A4
&C6AC
&CDFF
&CEAC

&CFO6
&C732

;text window left
; text column

dOWn KA A A AR A AR A A A A A A AR A A A A A KA AR A AR A XA Ah K%k

;clear carry

; check bottom margin, X=line count
;current text line

;bottom margin

;1if X=>current bottom margin C69B
;else increment current text line
;check for window violations
;check bit 3

; VDU status byte

;1f software scrolling enabled C6A9
;perform hardware scroll

;execute upward scroll

;clear a line

;set up display address

’

Xxrxxx*KKKK X graphic cursor right
khkAhkkhkkhkkhkhkhkkhhkhkhkhhkhkhkhhkhkkhhhrkhkkhhhkkhhhrhkhk ikt %k

CoB4

LDX

#&00

4

R I R i A b I b i b S i 3 4 graphic cursor up (X:Z)
KA AKAKRKAAKRA KN KA XN A A KAA XN KA A XA Ak AR kA Xk hk %k

Co6B6
Co6B8
C6BB
C6BD
C6BE
CoCl
Co6C3
CoCo
CoC8
vertical
Co6CB

violation

CeCD
C6CF
CeD2

CoD4
Co6D6
Co6D9
CoDB
Co6DD
C6DF
C6E2
C6ES5
Co6E7
vertical

STX
JSR
LDX
CLC
LDA
ADC
STA
BCC
INC

LDA

BNE
JSR
BEQ

LDX
LDA
CPX
BCC
ADC
STA
LDA
ADC
STA

&DB
&D10D
&DB

&0324,X
#&08
&0324,X
&C6CB
&0325,X

&DA

&C658
&D10D
&C658

&DB
&0300,X
#&01
&C6DF
#8506
&0324,X
&0301,X
#&00
&0325,X

; store X

;check for window violations

;get back X

;clear carry

;current graphics cursor X>1l=vertical
;Add 8 pixels

;current graphics cursor X>l=vertical

;current graphics cursor X<2=horizontal else
;A=0 no window violations 1 or 2 indicates

;if outside window C658
;check for window violations
;1f no violations C658

;get back X

;graphics window X<2 =left else bottom

; If X=0

; CoDF

;else add 7

;current graphics cursor X>1l=vertical
;graphics window hi X<2 =left else bottom
;add anny carry

;current graphics cursor X<2=horizontal else



Co6EA TXA ; A=X
C6EB BEQ &COF5 ;1f X=0 C6F5 cursor down
C6ED JMP &D1BS8 ;set up external coordinates for graphics

R b i i b b b i S b I I b S b b S b S b b b S b b S b I S b S b b S I S S S b S b e S b S S b S b e S b S S b I Ib e S b e I b b 2 b S

* VDU 10 Cursor down No parameters

R I R i A b S b i I b I b S b I b g b S db e S b A b S b S S b S S b S b b S b b S b S 2 b S 2b b A S S 2b b S 2 S IR S b b S 2 b b i i 4

C6F0 JSR &C588 ;A=0 1if text cursor A=&20 if graphics cursor
C6F3 BEQ &C68A ;i1f text cursor back to C68A

C6F5 LDX #&02 ;else X=2 to indicate vertical movement

C6F7 JMP &C621 ;move graphics cursor down

KA AR AR AR AR AR A AR A A A AR A AR A A A A A A AR A A A A A A AR A A A A A A A KNI A A A A A AR A A A AR KA AR AR A A AR Ak, K

* VDU 28 define text window 4 parameters

LR R e i b S b i Ib b I I b S b I Sb b i db b S db I b 2b S S b S db S b 2b S Sb b b b b b Sb S b S 2 b b b I S b S Ib b S S R S b S b b S S b S b i a4

;parameters are set up thus

;0320 Pl left margin

;0321 P2 bottom margin

;0322 P3 right margin

;0323 P4 top margin

;Note that last parameter is always in 0323

C6FA LDX &0355 ; screen mode

C6FD LDA &0321 ;get bottom margin

C700 CMP &0323 ;compare with top margin

C703 BCC &C758 ;1f bottom margin exceeds top return
C705 CMP &C3E7,X ;text window bottom margin maximum
C708 BEQ &C70C ;i1f equal then its OK

C70A BCS &C758 ;else exit



c70cC LDA &0322 ;get right margin

C70F TAY ;put it in Y

C710 CMP C3EF,X ;text window right hand margin maximum
C713 BEQ &C717 ;if equal then OK

C715 BCS &C758 ;1f greater than maximum exit

C717 SEC ;set carry to subtract

C718 SBC &0320 ;left margin

C71B BMI &C758 ;if left greater than right exit

C71D TAY ;else A=Y (window width)

CT71E JSR &CA88 ;calculate number of bytes in a line
Cc721 LDA #&08 ;A=8 to set bit of &DO

C723 JSR &C59D ;indicating that text window is defined
C726 LDX #&20 ;point to parameters

C728 LDY #&08 ;point to text window margins

C72A JSR &D48A ; (&300/3+Y)=(&300/3+X)

C72D JSR &CEES8 ;set up screen address

C730 BCS &C779 ;home cursor within window

C732 JMP &CAQ2 ;set cursor position

R I R I A b S b i db b i I b S S I b Sb S S b S 2b I I b S 2b e S b S b S b b S 2b b S b S 2b b S 2b S b S 2b b I 2 S IR I b b I 2b b S 2b i O S

* OSWORD 9 read a pixel

Ahkkhk kA hkhhkhrhhhAhhkhhkhhkkhkhrhkhdhhrhhhdhhkhhkhhkkhhhkhhhhhhohhkkhkhhhkkhhhkhhhrhkhdhhrhkdhdrhrhkkhkrhkkhhihhkdx %

;on entry &EF=A=0

; &F0=X=low byte of parameter block address

; &F1l=Y=high byte of parameter block address

; PARAMETER BLOCK

;bytes 0,1 X coordinate, bytes 2,3 Y coordinate

;EXIT with result in byte 4 =&FF if point was of screen or logical
colour

; of point if on screen

C735 LDY #&03 ;Y=3 to point to hi byte of Y coordinate

C737 LDA (&F0),Y ;get it

C739 STA &0328,Y ;store it

C73C DEY ;point to next byte

C73D BPL &C737 ;transfer till Y=&FF lo byte of X coordinate in
&328

C73F LDA #&28 ;

C741 JSR &D839 ; check window boundaries

C744 LDY #&04 ;Y=4

C746 BNE &C750 ;jump to C750



R R i g b S b i db b S db b S Sb I Ib b db b S 2b I b 2b I S b b 2b i S 2b I Sb b S b b S 2b b S db b 2b b b 2b e S Sb S 2b b S S b S b S b b I 2b b S b i S 4

OSWORD 11 read pallette

R e A i i S i I I b b b b I I b b b b 2 I I I b I b b b b b b b 2 I b b b b b e A b b e b b S I b b b I b b b I b b S i b e S 4

;on entry

’
’

’

’

C748
C74B
Cc74cC
CT74F

C750
C752
C754
C756

C758

&EF=A=11
&F0=X=low byte of parameter block address

&F1=Y=high byte of parameter block address
PARAMETER BLOCK
;bytes 0,logical colour to read
;EXIT with result in 4 bytes:-0 logical colour,1 physical colour
2,3 both 0. corresponds to reading VDU 19

AND
TAX
LDA
INY

STA
LDA
CPY
BNE

RTS

&0360 ;number of logical colours less 1
;put it in X

&036F,X ;colour pallette
;increment Y to point to byte 1

(&F0),Y ;store data

#&00 ;issue Os
#&04 ;to next bytes until Y=4
&CT74F ;

;and exit

LR R i b S b i db b I db b S Sb I I b db b S db I b 2b S S b S 2b I S 2b b Sb b S b b b Sb b S b b b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

VDU 12

Clear text Screen 0 parameters

R I A i i S i db I R b A b I I b b b b A b b b I b b b b b b b 2 I b b b b b e A b b e b b b S b b b b A I 4 b b I b b S b b e S 4

C759
C75C
C75E
Cc760
C762
C764

JSR
BNE
LDA
AND
BNE
JMP

&C588 ;A=0 1f text cursor A=&20 if graphics cursor

&C7BD ;1f graphics cursor &C7BD
&DO ; VDU status byte
#&08 ;check if software scrolling (text window set)

&C767 ;if so C767
&CBC1 ;initialise screen display and home cursor



C767 LDX &030B ;top of text window

C76A STX &0319 ;current text line

C76D JSR &CEAC ;clear a line

C770 LDX &0319 ;current text line

C773 CPX &0309 ;bottom margin

C776 INX ; X=X+1

C777 BCC &CT6A ;if X at compare is less than bottom margin

clear next

R i I i d i A db i R A i b dh 4 b i b b i b A I b b A b b A b i b b A I i R i b i SR db db i b b b b A db b b b i b 4 b I b b b i i b b b 4

* VDU 30 Home cursor 0 parameters

R S g g b S b Ib b db b S Sb S S b S b S db I b Sb S S b b 2b S S db b S b I 2b b I S S S b I S b I Sb S S b I Ib b S S S b e S 2b S S S b db 3

C779 JSR &C588 ;A=0 1f text cursor A=&20 if graphics cursor
C77C BEQ &C781 ;1f text cursor C781

CT7E JMP &CFAG ;home graphic cursor if graphic

C781 STA &0323 ;store 0 in last two parameters

C784 STA &0322 ;

RS R i g b S b i db b S db b S Sb I Ib b db b S 2b I b 2b I S b S 2b b S 2b I Sb b S b b S b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b S 2b b S b i S 4

* VDU 31 Position text cursor 2 parameters

R I i dh I b i I I b b b g I b b b dh I b b b b A b b b b 2 I b b b b A b b A b i A Ib b S dh db b b A b b b A b B db I b b dh i i 4

;0322 = X coordinate
;0323 = Y coordinate

C787 JSR &C588 ;A=0 1f text cursor A=&20 if graphics cursor
C78A BNE &C758 ;exit

C78C JSR &CT7A8 ;exchange text column/line with workspace 0328/9
C78F CLC ;clear carry

C790 LDA &0322 ;get X coordinate

C793 ADC &0308 ;add to text window left



C796 STA &0318 ; store as text column

C799 LDA &0323 ;get Y coordinate

C79C CLC ;

C79D ADC &030B ;add top of text window

C7A0 STA &0319 ;current text line

C7A3 JSR &CEES8 ;set up screen address

C7A6 BCC &C732 ;set cursor position if C=0 (point on screen)
C7A8 LDX #&18 ;else point to workspace

C7AA LDY #&28 ;and line/column to restore old values

C7AC JMP &CDDE ;exchange &300/1+X with &300/1+Y

R i e A i I S i I I b b b db I b b b 2 A b I b I b b b b b b b b I b b b b b e A b b b b b b b b b b b I 4 b b b b b S b b S 4

* VvDU 13 Carriage Return 0 parameters

R I R i A b S b i db b I b S S I b S S S 2b e S 2b B S b S b S b S b S b b S 2b b S b S 2b b b 2b S b S 2b b I 2 S b S b b I 2b b S 2 i S S

CT7AF JSR &C588 ;A=0 1if text cursor A=&20 if graphics cursor
C7B2 BEQ &CTB7 ;if text C7TBR7

C7B4 JMP &CFAD ;else set graphics cursor to left hand columm
C7B7 JSR &CEGE ;set text column to left hand column

C7BA JMP &C6AF ;set up cursor and display address

C7BD JSR &CFAb ;home graphic cursor

LR e b S b I b S I S b b Ib b I db b S db I b b S S b S db I b b S Sb b S b b S b I S b S b b Sb db b db b S db b S db i Sb b S b b S db I db b S b 3

* VDU 16 clear graphics screen 0 parameters

Rt R i b d b i A b d b S S g A b g S b S b S b S B b S db S S db S S b B 2 b S S b I B b e I S S b S A b S A R S b e i b b 2 b b b 4

C7CO0 LDA &0361 ;pixels per byte
C7C3 BEQ &CTF8 ;1f 0 current mode has no graphics so exit



C7C5 LDX &035A ; Background graphics colour

C7C8 LDY &035C ; background graphics plot mode (GCOL n)
C7CB JSR &DOB3 ;set graphics byte mask in &D4/5
C7CE LDX #&00 ;graphics window

C7D0 LDY #&28 ;workspace

C7D2 JSR &D47C ;set (300/7+Y) from (300/7+X)

C7D5 SEC ;set carry

C7D6 LDA &0306 ;graphics window top lo.

C7D9 SBC &0302 ;graphics window bottom lo

C7DC TAY ;Y=difference

C7DD INY ;increment

C7DE STY &0330 ;and store in workspace (this is line count)
C7E1l LDX #&2C ;

C7E3 LDY #&28 ;

C7ES JSR &D6A6 ;clear line

C7ES8 LDA &032E ;decrement window height in pixels
C7EB BNE &CTFQ ;

C7ED DEC &032F ;

C7F0 DEC &032E ;

C7F3 DEC &0330 ;decrement line count

CTF6 BNE &CTEL ;if <>0 then do it again

CT7F8 RTS ;exit

R I R I A b S b i db b i I b S Sb I I b S S S 2b e S 2b I S b S 2b e S b S b S b b S 2b S b S 2b b b 2b S b S 2b b I 2 S b I b b I 2b b S 2 i S 4

* VDU 17 Define text colour 1 parameter

* COLOUR

AR A A A A A A A AR A A A A A A AR A A A A A A A A A A A A A A A AR A A A A A A AR AR A A A A A A A AR AR A AR A A A A Ak Ak kKK

;parameter in &0323

CT7F9 LDY #&00 ;Y=0
C7FB BEOQ &CTFF ;jump to CT7FF

R i e i b i I I b b b dh I b b b S S I I I b I b b ab b b b b db b b b S b e A b b b b I b b b b I I b b b b b A i b S

* VDU 18 Define graphics colour 2 parameters

* GCOL
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;parameters in 323,322

C7FD

CTFF
Cc802
Cc804

C805
c808
C80A
C80D
C80F
c81l1l
Cc812
Cc814
C815
c818
fg etc
C81B
C81D
C81F
C822
C824
memory
C826
C829
memory

C82B

cs8zc
C82F
C832

C833
C835
C838

LDY

LDA
BPL
INY

AND
STA
LDA
BEQ
AND
CLC
ADC
TAX
LDA
STA

CPY
BCS
LDA
EOR
STA

EOR
STA

RTS

LDA
STA
RTS

LDA
STA
RTS

#&02 ;Y=2

&0323 ;get last parameter
&C805 ;i1f +ve its foreground colour so C805
;else Y=Y+1

&0360 ;number of logical colours less 1

&DA ;store it

&0360 ;number of logical colours less 1

&C82B ;1f none exit

#&07 ;else limit to an available colour and clear M
;clear carry

&DA ;Add last parameter to get pointer to table

;pointer into X
&C423,X ;get plot options from table
&0357,Y ; colour Y=0=text fgnd 1= text bkgnd 2=graphics

#&02 ;I Y>1

&C82C ;then its graphics so C82C else

&0357 ; foreground text colour

#&FF ;invert

&D3 ;text colour byte to be orred or EORed into
&0358 ;background text colour

&D2 ;text colour byte to be orred or EORed into

;and exit

&0322 ;get first parameter

&0359,Y ;text colour Y=0=foreground l=background etc.
;exit

#&20 ;

&0358 ;background text colour

I3

R i e A d I S i I I b b b db A b b b 2 I I I b I b b ab b b b 2 I b b S b A b b b b R I b b b I b b b b A S i b e S

vDU 20

Restore default colours 0 parameters
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C839 LDX #&05 ; X=5

C83B LDA #&00 ; A=0

C83D STA &0357,X ;zero all colours

C840 DEX ;

C841 BPL &C83D ;yuntil X=&FF

C843 LDX &0360 ;number of logical colours less 1

C846 BEQ &C833 ;if none its MODE 7 so C833

C848 LDA #&FF ; A=&FF

C84Aa CPX #&0F ;1f not mode 2 (16 colours)

c84cC BNE &C850 ;goto C850

C84E LDA #&3F ;else A=&3F

C850 STA &0357 ; foreground text colour

C853 STA &0359 ; foreground graphics colour

C856 EOR #&FF ;invert A

C858 STA &D2 ;text colour byte to be orred or EORed into
memory

C85A STA &D3 ;text colour byte to be orred or EORed into
memory

C85C STX &031F ;set first parameter of 5

C85F CPX #&03 ;if there are 4 colours

C8o61 BEQ &C874 ;goto C874

C863 BCC &C885 ;if less there are 2 colours goto C885

;else there are 16 colours

C865 STX &0320 ; set second parameter

C868 JSR &C892 ;do VDU 19 etc

C86B DEC &0320 ;decrement first parameter
C86E DEC &031F ;and last parameter

Cc871 BPL &C868 ;

Cc873 RTS ;

’

*rkkxKkxkxk 4 colour mode
B i i i b b b b b b b b b b e b b b b b b b b b b b b b b b db a b I S b b b b b ab db i b b b ab g

Cc874 LDX #&07 ; X="7

C876 STX &0320 ;set first parameter
C879 JSR &C892 ;and do VDU 19

Cc87C LSR &0320 ;

C87F DEC &031F ;

C882 BPL &C879 ;

C884 RTS yexit

jRFFRxAXAKX D colour mode
P i e b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b g

C885 LDX #&07 ; X=7

C887 JSR &C88F ;execute VDU 19
C88A LDX #&00 ; X=0

C88C STX &031F ;store it as

C88F STX &0320 ;both parameters
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vDU 19

define logical colours 5 parameters

R i e A dh i S i ab I R b b db I b b b b I I I b I b b ab b b b b b I b b b S b e A b b e b b R I b b b e A b b I db A i b I

;&31F=first parameter logical colour
; &320=second physical colour

C892
C893
C894
C897
C89A
C89B
C89E
C8A0
C8A3
C8Aa4
C8A7
C8A9
C8AB
C8AC
C8AD
C8AE
C8BO
C8B2
C8B4
C8B5
C8B7
C8B8
C8BA
C8BB
C8BC
C8BE
Cc8cCo0
C8C2
Cc8cC4
C8Co6
Cc8cC7
C8CH9

C8CB
c8cc
C8CF
C8DO0
C8D1
C8D4
C8D5
C8D6
C8D8
C8D9

PHP
SEI
LDA
AND
TAX
LDA
AND
STA
TAY
LDA
STA
CMP
PHP
TXA
ROR
ROR
BCS
ASL
TYA
ORA
TAX
LDY
PLP
PHP
BNE
AND
BEQ
CMP
BEQ
TXA
EOR
BNE

TXA
JSR
TYA
SEC
ADC
TAY
TXA
ADC
TAX
CPY

&031F
&0360

&0320
#&0F
&0306F, X
&0360

&FA
#&03

&FA
&C8AD
&FA
&FA
#8500
&C8CC
#&60
&C8CB
#&60
&C8CB
#6660
&C8CC
&EATL

&0360

#&10

#&10

;push processor flags

;disable interrupts

;get first parameter and

;number of logical colours less 1
;toi make legal X=A

; A=second parameter

;make legal

;colour pallette

;Y=A
;number of logical colours less 1
;store it

;1s it 4 colour mode??
;save flags

; A=X

;rotate A into &FA

;Y=0

;check flags

;1f A<>3 earlier C8CC

;else A=&60 to test bits 5 and 6
;1f not set C8CB

;else if both set

; C8CB

; A=X

;invert

;and if not 0 C8CC

; X=A
;call Osbyte 155 pass data to pallette register
;number of logical colours less 1

;1f Y<16 do it again



C8DB
C8DD
C8DE
C8DF

BCC
PLP
PLP
RTS

&C8BA

;pull flags twice

;and exit

R i e A d i S i db I R b b b I I b b b S b I I b b I b b i b b b b 2 I b b b b b e A b b b b S I b b b e A b b b b A i b I

OSWORD 12

WRITE PALLETTE

R I R i g b S b I b I b S b I b A b S b S b I b S b S b S S b S b b S b S b S b b S 2b A b S 2b b S 2 S IR S b b S 2 b b i i 4

;on entry X=&F0:Y=&F1:YX points to parameter block

;byte 0

C8EO
C8E1l
C8E4
C8E5
C8E6
C8ES8

= logical colour;

PHP
AND
TAX
INY
LDA
JMP

&0360

(&F0),Y ;get phsical colour

&C89E

;push flags

byte 1 physical colour; bytes 2-4=0

;and with number of logical colours less 1

; X=A
;Y=Y+1

;do VDU19 with parameters in X and A

R R i g b S b i db b I db b S b I Ib b db b S 2b I b 2b I Sb b b 2b i S 2b b Sb b S b b S b b S db S 2b b b db e S b S 2b b S S R S b S b b I 2b b S b i S 4

VDU

22

Select Mode

1 parameter

R i e A i i S A db I R I db b dh A b b b b A I i b I b S i b b b b i b A b b R I b S db db b b b b A b b b b b b A b I b b b i b b b b 4

;parameter in &323

C8EB
C8EE

LDA
JMP

&0323
&CB33

;get parameter
;goto CB33
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* VDU 23 Define characters 9 parameters

khkkhkAhkhhkhkhkkhkhkhhkhhkhhkhkhkhhkhhkhhkhkhhhkhhkhhdhhhhkkhhhhhhhkhkhhkhhhhhkhkhhkhhrohkhdhkhkhkhkhkhhohxhkhkhkhrxx
;parameters are:-
;31B character to define
;31C to 323 definition

C8F1 LDA &031B ;get character to define

C8F4 CMP #&20 ;is it ' !

C8F6 BCC &C93F ;1f less then it is an instruction to set CRT

;controller goto C93F

C8F8 PHA ;else save parameter

C8F9 LSR ;A=A/32

C8FA LSR ;

C8FB LSR ;

C8FC LSR ;

C8FD LSR ;

C8FE TAX ; X=A

C8FF LDA &C40D,X ;get font flag mask from table (A=&80/2"X)
Co02 BIT &0367 ; font flag

C905 BNE &C927 ;and if A<>0 C927 storage area is established
already

Co07 ORA &0367 ;or with font flag to set bit found to be 0
C90A STA &0367 ; font flag

C90D TXA ;get back A

C90E AND #&03 ;And 3 to clear all but bits 0 and 1

C910 CLC ;clear carry

C911 ADC #&BF ;add &BF (A=&C0, &C1,&C2) to select a character
page

C913 STA &DF ;store it

C915 LDA &0367,X ;get font location byte (normally &0C)

C918 STA &DD ;store it

C91A LDY #&00 ;Y=0 so (&DE) holds (&C000 -&C2FF)

Cco1cC STY &DC ;

CI91E STY &DE ;

C920 LDA (&DE) ,Y ;transfer page to storage area

C922 STA (&DC) ,Y ;

C924 DEY ;

C925 BNE &C920 ;

C927 PLA ;get back A

C928 JSR &DO3E ;set up character definition pointers

C92B LDY #&07 ;Y=T7



C92D
C930
C932
C933

C935
C936

C937

Iz

LDA
STA
DEY
BPL

RTS

PLA
RTS

&031C,Y
(&DE) , Y

&C92D

;transfer definition parameters
;to RAM definition

’

’

;and exit

; Pull A
;and exit

*kkkhkkhkhkKhkkkkk k% VDU EXTENSION

R R iR i I b db b b b b db I b i b b I b A b b b b b A I b i b b Ib I b SR db B b i i 4

C938
C93B
C93C

LDA
CLC
JMP

&031F

(&0226)

;A=fifth VDU parameter
;clear carry
;jump via VDUV vector

Frxxxkxkxx get CRT controller
khkkhkkhkhhkhkhkkhkhkhhkhhkhhkhkhkhhkhkhkhhkhkhhhkhkhrkhohkkhkhkhkhhhdxk %%

CO93F
C941

C943

C945
C948
C94A
co4c
C94F
C951

C954
C956

C958
C95B
C95E
C960
C962
C964

C967
C969
C96eB
Cc96eD
C96F

C972
C974
C976
C979
C97A
c9icC
C97E

CMP
BCC

BNE

JSR
BNE
LDA
LDY
BEQ
LDA

LDY
BNE

LDA
LDY
CPY
BCC
BNE
ADC

CpPY
BNE
ORA
BMI
EOR

CPY
BNE
STA
TAY
LDA
AND
PHP

#&01
&C958

&C93C

&C588
&C937
#&20

&031C
&C954
&035F

#&0A
&C985

&031D
&031cC
#&07

&C985
&C967
&0290

#&08
&C972
#&00
&C972
&0291

#&0A
§C985
&§035F

&DO
#&20

;does A=1
;if less (0) then set CRT register

;if not 1 jump to VDUV

;A=0 1f text cursor A=&20 if graphics cursor
;1f graphics exit

;else A=&20

; Y=second VDU parameter

;if 0 C954

;last setting of CRT controller register

;Y=10
;Jjump to C985

;get third

;and second parameter

;is Y=T7

;1f less C985

;else if >7 C967

;else ADD screen vertical display adjustment

;If Y<>8

;C972

;1if bit 7 set

;C972

;else EOR with interlace toggle

;Y=107?7

;if not C985

;last setting of CRT controller register
;Y=A

; VDU status byte

;check bit 5 printing at graphics cursor??
;push flags



CO7F TYA ;Y=A

C980 LDY #&0A ;Y=10

Cc982 PLP ;pull flags

C983 BNE &C98B ;if graphics in use then C98B
C985 STY &FEOO ;else set CRTC address register
Cco88 STA &FEOL ;and poke new value to register Y
C98B RTS ;exit

R i e A i S i I I R b b b I I b b b 2 I I b b I b b b b e b b b b db b b b S b e A b b b b R I b b b e A I b b I IR i b S 4

* VDU 25 PLOT 5 parameters

KK A K AR AR AR AR A A A AR A A AR A AR AR A A A A AR A A A A A A AR A A A A A A A KNI A A A AA AR A A A AR A AR AR AR AR AR, K

Cc98C LDX &0361 ;pixels per byte
CI98F BEQ &C938 ;if no graphics available go via VDU Extension
C991 JMP &D060 ;else enter Plot routine at D060

FAAFFFIARX gdjust screen RAM addresses
khkkhkhkhkkhkhhkhrhkkhhkhkhkhhhkkhkhhrkhkkhhrkhkkhrhrkkhkrrk*k

C994 LDX &0350 ;window area start address 1lo

C997 LDA &0351 ;window area start address hi

Co99A JSR &CCF8 ; subtract bytes per character row from this
C99D BCS &CO9B3 ;1f no wraparound needed C9B3

CO99F ADC &0354 ;screen RAM size hi byte to wrap around
CO9A2 BCC &C9B3 ;

C9A4 LDX &0350 ;window area start address 1lo

Con7 LDA &0351 ;window area start address hi

COAA JSR &CAD4 ;add bytes per char. row

C9AD BPL &C9B3 ;

COAF SEC ;wrap around i other direction

C9BO SBC &0354 ;screen RAM size hi byte

C9B3 STA &0351 ;window area start address hi

C9B6 STX &0350 ;window area start address 1lo

C9B9 LDY #&0C ;Y=12

C9BB BNE &CAOFE ;jump to CAOE

R I R i A b S b i I b I b S b I b S b S b e S b A SR S b S S b S b S b b S b b S b S 2b b b 2b A S S 2b b S 2 S IR S b b S 2 b i b i S 4



* VDU 26 set default windows 0 parameters

R i e A dh i S i db I R b b b db I b b b 2 A I I b I b b ab b e b b b b db b b b b b e A b b b b b S b b b b I b b b b b A i b e I

C9BD LDA #&00 ; A=0

CIO9BF LDX #&2C ; X=&2C

CoC1l STA &0300,X ;clear all windows

CocC4 DEX ;

C9C5 BPL &COC1 ;until X=&FF

coc7 LDX &0355 ; screen mode

COCA LDY C3EF,X ;text window right hand margin maximum
CoCD STY &030A ; text window right

C9D0 JSR &CA88 ;calculate number of bytes in a line
C9D3 LDY &C3E7,X ;text window bottom margin maximum
C9D6 STY &0309 ;bottom margin

C9D9 LDY #&03 ;Y=3

C9DB STY &0323 ;set as last parameter

CO9DE INY ;increment Y

CODF STY &0321 ; set parameters

COE2 DEC &0322 ;

COES DEC &0320 ;

C9ES8 JSR &CA39 ;and do VDU 24

C9EB LDA #&F7 ;

C9ED JSR &C5A8 ;clear bit 3 of &DO

CI9FO0 LDX &0350 ;window area start address 1lo

CI9F3 LDA &0351 ;window area start address hi

CI9F6 STX &034A ;text cursor 6845 address

CI9F9 STA &034B ;text cursor 6845 address

COFC BPL &CAQ02 ;set cursor position

COFE SEC ;

COFF SBC &0354 ;screen RAM size hi byte

khkkhkkkhkhkkAhkhk Ak hk*k set cursor pOSlthl’l
R A A i S i A I b b b b A b b b b A b b b I b b A b b b 4

CAQ02 STX &D8 ;set &D8/9 from X/A

CA04 STA &D9 ;

CAQ06 LDX &034A ; text cursor 6845 address
CA09 LDA &034B ; text cursor 6845 address
CAOQC LDY #&0E ;Y=15

CAOQOE PHA ; Push A

CAOF LDA &0355 ; screen mode

CAl2 CMP #&07 ;is it mode 77

CAl4 PLA ;get back A

CAl5 BCS &CA27 ;1f mode 7 selected CA27

CAl7 STX &DA ;else store X



CAl9
CAlA
CalcC
CAl1D
CALF
CA20
CA22
CA24

CA27
CA29
CAZ2B
CAZE
CA31
CA32
CA35
CA38

LSR
ROR
LSR
ROR
LSR
ROR
LDX
JMP

SBC
EOR
STY
STA
INY
STY
STX
RTS

&DA

&DA

&DA
&DA
&CA2B

#8774
#&20
&FEOQOO
&FEOL

&FEOO
&FEOL

;divide X/A by 8

;goto CA2B

;mode 7 subtract &74

;EOR with &20

;write to CRTC address file register
;and to relevant address (register 14)
; Increment Y

;write to CRTC address file register
;and to relevant address (register 15)
;and RETURN
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* VDU 24 Define graphics window 8 parameters

R i i i i S i I I b db i A b b b b A I b I b I b A i i b b A I b b b A b b R b b b I b b e A B I I B 2R A B 2 i b S g i 4

;&31C/D Left margin
;&31E/F Bottom margin
;&320/1 Right margin
;&322/3 Top margin

CA39 JSR &CA81 ;exchange 310/3 with 328/3
CA3C LDX #&1C ;
CA3E LDY #&2C ;
CA40 JSR &D411 ;calculate width=right - left
; height = top-bottom
CA43 ORA &032D ;
CA46 BMI &CA81 ;exchange 310/3 with 328/3 and exit
CA48 LDX #&20 ; X=8&20
CA4A JSR &D149 ;scale pointers to mode
CA4D LDX #&1C ; X=&1C
CA4F JSR &D149 ;scale pointers to mode
CA52 LDA &031F ;check for negative margins
CA55 ORA &031D ;
CA58 BMI &CA81 ;if found exchange 310/3 with 328/3 and exit
CALA LDA &0323 ;
CAS5D BNE &CA81 ;exchange 310/3 with 328/3 and exit
CASF LDX &0355 ; screen mode
CAG2 LDA &0321 ;right margin hi
CA65 STA &DA ;store it
CAG67 LDA &0320 ;right margin lo
CAGA LSR &DA ;/2
CA6C ROR ;A=A/2
CA6D LSR &DA ;/2
CA6F BNE &CA81 ;exchange 310/3 with 328/3
CA71 ROR ;A=A/2
CA72 LSR ;A=A/2
CAT3 CMP C3EF,X ;text window right hand margin maximum
CA76 BEQ &CATA ;if equal CATA
CA78 BPL &CA81 ;exchange 310/3 with 328/3
CATA LDY #&00 ; Y=0
CA'/C LDX #&1C ; X=&1C
CA'TE JSR &D4’/C ;set (300/7+Y) from (300/7+X)

Frkkkxkkkkkkkxkkk*x exchange 310/3 with 328/3
Kook ko k kK kK K Kk kK Kk ko kK ok ok ko kK ok ok

CA81 LDX #&10 ; X=10
CA83 LDY #&28 ;Y=628
CA85 JMP &CDEG6 ;exchange 300/3+Y and 300/3+X



CAS88 INY ;Y=Y+1

CA89 TYA ; A=Y

CA8A LDY #&00 ;Y=0

CA8C STY &034D ;text window width hi (bytes)
CA8F STA &034cC ;text window width lo (bytes)
CA92 LDA &034F ;bytes per character

CA95 LSR ; /2

CA96 BEQ &CAAL ;1f 0 exit

CA98 ASL &034cC ;text window width lo (bytes)
CA9B ROL &034D ;text window width hi (bytes)
CA9E LSR :/2

CA9F BCC &CA98 ;

CAALl RTS ;

R R i A b d b i A b d b S b I b A b S g S b A b S b S b S b S b b S b S b S b b b b S S S 2 b S 2 S b A b b 2 b S i i 4

* VDU 29 Set graphics origin 4 parameters

R I IR I A S b i db b i I S S b Ib b Sb b S 2b I b 2b I S b S 2b S S 2b S b S b b S 2b b S b S 2b b b 2b S b S 2b b I Sb R S 2b S b b I 2b b S db i S 4

CAA2 LDX #&20 ;

CAA4 LDY #&0C ;

CAAb6 JSR &D48A ; (&300/3+Y)=(&300/3+X)

CAA9 JMP &D1BS8 ;set up external coordinates for graphics

LR R e S b S b i Ib b I I b S b I Sb b Sb b S b I b 2b S S b S db S Ib e Sb b b b b b S S b b b b S I e S b S I b S S S b S b b S Sb b S b i a4

* VDU 32 (&7F) Delete 0 parameters

R A i A b b R I i b S db b b b b i 2 S S b b I b S S b b b i 2 dh b b R db b b S db I b b b b dh I b b b b 4 db b b b b b A b b b b 4

CAAC JSR &C5C5 ;cursor left
CAAF JSR &C588 ;A=0 1f text cursor A=&20 if graphics cursor
CAB2 BNE &CAC7 ;if graphics then CAC7



CAB4
CAB7
CAB9
CABB
CABD
pattern
CABF

CAC2
CAC4

CAC7
CACS
CACC
CACF
CAD1

LDX
BEQ
STA
LDA
STA

JMP

LDA
JMP

LDA
JSR
LDX
LDY
JMP

&0360
&CAC2
&DE
#&CO
&DF

&CFEFBF

#&20
&CFDC

#&7F
&DO3E
&035A
#&00
&CF63

;number of logical colours less 1

;1f mode 7 CAC2

;else store A (always 0)

; A=&CO

;store in &DF (&DE) now points to C300 SPACE

;display a space

;A=&20
;and return to display a space

; for graphics cursor

;set up character definition pointers
;Background graphics colour

; Y=0

;invert pattern data (to background colour)

***x* Add number of bytes in a line to X/A
Kk kkhkkhkk khkhkkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkkhkhkhkk,khk%k

CAD4
CADS
CAD6
CAD7
CADA
CADB
CADC
CADF

4

PHA
TXA
CLC
ADC
TAX
PLA
ADC
RTS

&0352

&0353

; store A

; A=X

;clear carry

;bytes per character row
; X=A

;get back A

;bytes per character row
;and return

FAAxFFxXxx control scrolling in paged mode
khkkhkkhkhkhkhkhkhkkhkkhkhkhkhkhhrhkkhkhkhkhkhhhrkkkkkk*%x

CAEQ
CAE3
CAE®6
CAES8

CAEA
CAEC
CAEE
CAFO

CAF2
CAF5

CAF7
CAFA
CAFD

CAFF
CB0OO
CBO1
CB02
CBO5
CB0O8
CBOB

CBOD
CBOE

JSR
JSR
BCC
BMI

LDA
EOR
AND
BNE

LDA
BMI

LDA
CMP
BCC

LSR
LSR
SEC
ADC
ADC
CMP
BCC

CLC
JSR

&CB14
&E9D9
&CAEA
&CAEQ

&DO
#5604
#&46
&CB1C

&0269
&CB19

&0319
&0309
&CB19

&0269
&030B
&0309
&CB19

&E9D9

;zero paged mode line counter

;osbyte 118 check keyboard status; set LEDs
;1f carry clear CAEA

;1if M set CAEO do it again

; VDU status byte

;invert bit 2 paged scrolling

;and if 2 cursors, paged mode off, or scrolling
;barred then CBIC to exit

;paged mode counter
;1f negative then exit via CB19

;current text line
;bottom margin
;increment line counter and exit

;A=A/4

;set carry

;paged mode counter

;top of text window

;bottom margin

;increment line counter and exit

;clear carry
;osbyte 118 check keyboard status; set LEDs



CB11 SEC ;set carry
CB12 BPL &CBOE ;1f +ve result then loop till shift pressed

KERA KK I XXX I KX X*XX 7ero paged mode counter
khkkhkhkhhkhkhhhkkhhkrhkkhhrhkkhkhrhkhkhkhrrkhhrhk*k

CB14 LDA #&FF ;
CB1l6 STA &0269 ;paged mode counter

CB19 INC &0269 ;paged mode counter
CB1C RTS ;

Iz

*********part Of lntltlallsatlon routines R i R I A A i b i b i A A dh g b b b S db i i S b i 4

CB1D PHA ;save A

CB1E LDX #&TF ; X=&TF

CB20 LDA #&00 ; A=0

CB22 STA &DO ; VDU status byte to set default conditions
CB24 STA &02FF,X ;zero 300,37E

CB27 DEX ;with this loop

CB28 BNE &CB24 ;

CB2A JSR &CDQ7 ;implode character definitions
CB2D PLA ;get back A

CB2E LDX #&TF ; X=&TF

CB30 STX &0366 ;mode 7 write cursor character
CB33 BIT &028E ;available RAM pages

CB36 BMI &CB3A ;if 32k CB3A

CB38 ORA #&04 ;ensure only modes 4-7 are available
CB3A AND #&07 ;X=A and 7 ensure legal mode

CB3C TAX ; X=mode

CB3D STX &0355 ;set screen mode flag

CB40 LDA &C414,X ;no. of colours -1 in mode table
CB43 STA &0360 ;number of logical colours less 1
CB46 LDA &C3FF,X ;number of bytes /character for each mode
CB49 STA &034F ;bytes per character

CB4AC LDA &C43A,X ;display mode pixels/byte table
CB4F STA &0361 ;pixels per byte

CB52 BNE &CB56 ;1if <> 0 CB56

CB54 LDA #&07 ;else A=7

CB56 ASL ; A=A*2

CB57 TAY ;Y=A

CB58 LDA &C406,Y ;mask table

CB5B STA &0363 ;colour mask left

CB5E ASL ;A=A*2

CB5F BPL &CB5SE ;If still +ve CBSE

CBo61 STA &0362 ;colour mask right

CB64 LDY &C440,X ;screen display memory index table
CB67 STY &0356 ;memory map type

CB6A LDA &C44F,Y ;VDU section control

CB6D JSR &EOF8 ; set hardware scrolling to VIA
CB70 LDA &C44B,Y ;VDU section control

CB73 JSR &EI9F8 ; set hardware scrolling to VIA
CB76 LDA &C459,Y ;Screen RAM size hi byte table

CB79 STA &0354 ;screen RAM size hi byte



CB7C
CB7F
CB82
CB83
CB85
CB87
CB88
CB89
CB8C
CB8E
CB90
CB92
CB95
CB98
CB9B
CBSD
CBAO
CBA3
CBAG6
CBAS
CBAA
CBAB
CBAE

CBBO
CBB3
CBB6
CBB7
CBBS8

CBBA
CBBB
CBBE

CBC1
CBC3
CBC6
CBC9
CBCC
CBCF
CBD1
CBD4
CBD7
CBDA
CBDD
CBEO
CBE2
CBES
CBE7
CBEA
CBED
CBFO

LDA
STA
TYA
ADC
EOR
LSR
TAX
LDA
STA
LDA
STA
LDA
STA
STX
LDA
JSR
LDX
LDA
JSR
PHP
SET
LDX
LDY

LDA
JSR
DEX
DEY
BPL

PLP
JSR
JSR

LDX
LDA
STX
STA
JSR
LDY
JSR
LDA
LDX
LDY
STY
LDY
STY
LDX
STX
STX
STX
JMP

&C45E,Y
&034E

#&02
#&07

&C466,X
&EO
#&C3
&E1
&C463,X
&0352
&0353
#&43
&C5HAS8
&0355
&C3F7,X
&EAOQ00

&C469,Y
#&0B

&C46E, X
&CI95E

&CBBO

&C839
&C9BD

#&00
&034E
&0350
&0351
&COF06
#&0C
&CA2B
&0358
&0356
&C454,X
&035D
#&CC
&035E
#&00
&0269
&0318
&0319
(&035D)

;screen ram address hi byte
;hi byte of screen RAM address
s Y=A

;Add 2

7 /2

; X=A

;row multiplication table pointer

;store it

;A=&C3

;store it (&EQ0) now points to C3B5 or C375
;get nuber of bytes per row from table
;store as bytes per character row

;bytes per character row

;A=&43

;A=A and &D0:&D0=A

; screen mode

;get video ULA control setting

;set video ULA using osbyte 154

;push flags

;set interrupts

;get cursor end register data from table
;Y=11

;get end of 6845 registers 0-11 table
;set register Y
; reduce pointers

’

;and if still >0 do it again

;pull flags
; set default colours
; set default windows

; X=0

;hi byte of screen RAM address
;window area start address lo
;window area start address hi
;use X and Y to set new cursor address
;Y=12

;set registers 12 and 13 in CRTC
;background text colour

;memory map type

;get section control number

;set it in jump vector lo

; Y=&CC

;upper byte of link address

; X=0

;paged mode counter

; text column

;current text line

;jump vector set up previously

R I R i A b S b A b i db b S b I b S b S b S b A SR S b i S b S S b S b b S b b S b S 2b b S 2b S S S 2b b S 2 S IR S b b I 2 b S b i S 4

*

*



* OSWORD 10 Read character definition

LR i I b b i b I b b i b b b b b b b e b b b b b b b I b b b b b b e b S b b b b b b b b b b b b b I S b I b B b db S b b b b b i i b b i b 4
; &EF=A:&F0=X:&F1=Y, on entry YX contains number of byte to be read

; (§&DE) points to address
;on exit byte YX+1 to YX+8 contain definition

CBF3 JSR &DO3E ;set up character definition pointers
CBF6 LDY #&00 ; Y=0

CBF8 LDA (&DE) ,Y ;get first byte

CBFA INY ;Y=Y+1

CBFB STA (&F0),Y ;store it in ¥YX

CBFD CPY #&08 ;until Y=8

CBFF BNE &CBEF'8 ;

Cco1 RTS ;then exit

’

R S IR A b S db i db b db S S Sb I Ib b S b S 2b I b 2b S b S 2b I S 2b S b b I S 2 S b b 2b i S Sb I S db b Sb I S 2b A 2b S Sb b S 2b S 2b S 2b b Y
*

* MAIN SCREEN CLEARANCE ROUTINE

R R i g b S b i db b I db b S Sb I Ib b Sb b S 2b I b 2b I Sb b b 2b i S 2b I Sb b b b b S b b S b b 2b b b 2b e S Ib S 2b b I S R S b S b b I 2b b S b i a4

;on entry A contains background colour which is set in every byte
;of the screen

R R i A b S b b db i 3 b S Sb i S Sb b S db 3 Mode 0,1,2 entry pOlnt
RS i g b I b i db b b db b S Sb b S b b S b i g o

Cco2 STA &3000,X ;
CCcO05 STA &3100,X ;
Cccos8 STA &3200,X ;
CCOB STA &3300,X ;
CCOE STA &3400,X ;
CCl1l STA &3500,X ;
CCl4 STA &3600,X ;
CC17 STA &3700,X ;
CClAa STA &3800,X ;
CC1D STA &3900,X ;
CC20 STA &3A00,X ;
CC23 STA &3B00,X ;
CC26 STA &3C00,X ;
CC29 STA &3D00,X ;
ccac STA &3E00,X ;

CC2F STA &3F00,X ;



RS R i A b S b b Sb i db b S Sb i S Sb S 3b S 3 Mode 3 entry pOlnt
KA AKAKRKAAKAA RN AR AR A A AN A XAk kA kK, k%

CC32
CC35
CC38
CC3B
CC3E
CC41l
CC44
Cc47
CC4A
CC4D
CC50
CC53
CC56
CC59
CCsC
CC5F
CC62
CCe5
cces
CCeB
CCe6E
CC71
CC74
CC77

R R i A b S b i b 2b i S b S Sb I S Sb S db S 3

STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA

&4000,X
&4100,X
&4200,X
&4300,X
&4400,X
&4500,X
&4600,X
&4700,X
&4800,X
&4900,X
&4A00,X
&4B00, X
&4C00,X
&4D00, X
&4E00, X
&4F00,X
&5000,X
&5100,X
&5200,X
&5300,X
&5400,X
&5500,X
&5600,X
&5700,X

Mode 4,5 entry point

R I R i S b S db i db b I S b Sh Sb b S b b Sb 3b I 2b b S S

CC7A
CC7D
CC80
CC83
CC86
CC89
ccs8cC
CC8F

R R i i b I b i b Sb i S b S Sb o S Sb b S b S 4

STA
STA
STA
STA
STA
STA
STA
STA

&5800,X
&5900,X
&5A00,X
&5B00, X
&5C00,X
&5D00, X
&5E00,X
&5F00,X

Mode 6 entry point

kKhkk kkhkhkkhkk kkhkhkhkkhkhkhkkhk hkhkkhkhhkhkk,kkhkhhk,kk%k

CC92
CC95
CCcos8
CC9B
CCOE
CcAl
CCA4
CCA7/
CCAA
CCAD
CCBO
CCB3

STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA

&6000,X
&6100,X
&6200,X
&6300,X
&6400,X
&6500,X
&6600,X
&6700,X
&6800,X
&6900,X
&6A00,X
&6B00, X



CCB6 STA &6C00,X ;

CCB9 STA &6D00,X ;
CCBC STA &6E00,X ;
CCBF STA &6F00,X ;
Ccc2 STA &7000,X ;
CCC5 STA &7100,X ;
Cccs8 STA &7200,X ;
CCCB STA &7300,X ;
CCCE STA &7400,X ;
CCD1 STA &7500,X ;
CCD4 STA &7600,X ;
CCD7 STA &7700,X ;
CCDA STA &7800,X ;
CCDD STA &7900,X ;
CCEO STA &7A00,X ;
CCE3 STA &7B00,X ;

Fhkxkkxkkxkxhkkxhkkxkxkkx*x Mode 7 entry point
KAKAKAKRKAAKAAKNKNAKNA XA AA A A AR R KAk, k%

CCE®6 STA &7C00,X ;
CCE9 STA §&7D00,X ;
CCEC STA &7E00,X ;
CCEF STA &7F00,X ;
CCF2 INX ;
CCF3 BEQ &CD65 jexit

KAAFFFIAXX KRR XA AL axecute required function
khkkhkhkhhkkhkhhkkhkhkhrkhkkhkhkhrhkkhhrhrkhkhhhk k%

CCF5 JMP (&035D) ;jump vector set up previously

**Hkxkkk*k* gubtract bytes per line from X/A
khkkhkhkhhkk kK hkkhhAhkhkhkhrrkhkkhrhkkhhrkhkhrrk*k

CCF8 PHA ; Push A

CCF9 TXA ; A=X

CCFA SEC ;set carry for subtraction
CCFB SBC &0352 ;bytes per character row

CCFE TAX ;restore X

CCFF PLA ;and A

CDO0O0 SBC &0353 ;bytes per character row

CDO03 CMP &034E ;hi byte of screen RAM address
CDO6 RTS ; return

R IR i i b dh b i I b d b S b I b A S S g S b A R S b S b S b S b b S b S b S b b b b A S S 2b b S 2 S IR S b b 2 b S b i i 4
*

*
*

*



* OSBYTE 20 Explode characters

LR R i b I b i Ib b S I b S b b Sb b db b S db I b 2b S S b S b b 2b S Sb b S b b S b e S b S b b S S e S b S 2 b S S S b S b b I I b S b i i 4

CDO7 LDA #&O0F ;A=15

CDO09 STA &0367 ; font flag indicating that page &0C, &C0-&C2 are
;used for user defined characters

CDOC LDA #&0C ; A=&0C

CDOE LDY #&06 ;set loop counter

CD10 STA &0368,Y ;set all font location bytes

CD13 DEY ;to page &0C to indicate only page available

CD14 BPL &CD10 ; for user character definitions

CD16 CPX #&07 ;1s X= 7 or greater

CD18 BCC &CD1C ;1f not CD1C

CD1A LDX #&06 ;else X=6

CDh1C STX &0246 ;character definition explosion switch

CD1F LDA &0243 ;A=primary OSHWM

CD22 LDX #&00 ; X=0

CD24 CPX &0246 ;character definition explosion switch

CD27 BCS &CD34 ;

CD29 LDY &C4BA,X ;get soft character RAM allocation

CD2C STA &0368,Y ;font location bytes

CD2F ADC #&01 ;Add 1

CD31 INX ; X=X+1

CD32 BNE &CD24 ;1f X<>0 then CD24

CD34 STA &0244 ;current value of page (OSHWM)

CD37 TAY ; Y=A

CD38 BEQ &CDO6 ;return via CD06 (ERROR?)

CD3A LDX #&11 ;X=&11

CD3C JMP &F168 ;issue paged ROM service call &11

; font implosion/explosion warning

*hxxkEkkrkk:move text cursor to next line
KAk A kh kA Ak hkkhkhkkhkhkhkhkhkhkkhkhkhkhkhkhhkkkhkkhkhkhhhx*kx%

CD3F LDA #&02 ;A=2 to check if scrolling disabled
Ch41 BIT &DO ; VDU status byte

CD43 BNE &CD47 ;1f scrolling is barred CD47

CD45 BVC &CD79 ;1f cursor editing mode disabled RETURN
CD47 LDA &0309 ;bottom margin

CD4A BCC &CD4F ;1f carry clear on entry CD4F

Ch4cC LDA &030B ;else if carry set get top of text window
CD4F BVS &CD59 ;and 1f cursor editing enabled CD59
CD51 STA &0319 ;get current text line

CD54 PLA ;pull return link from stack

CD55 PLA ;

CD56 JMP &CH6AF ;set up cursor and display address



CD59
CD5A
CD5D
exit
CD5F
CD60
CD62

CD65

CD66
CD69

PHP
CMP
BEQ

PLP
BCC
DEC
RTS

INC
RTS

&0365
&CD78

&CD66
&0365

&0365

;push flags
;Y coordinate of text input cursor
;1f A=line count of text input cursor CD78 to

;get back flags
;Y coordinate of text input cursor

;exit

;Y coordinate of text input cursor
;exit

kA kkhkhkkhkk kkhkhkhkk hkhkhkk khkhkkhkkhkhk%k set U.p Write cursor
R R R i i S db I b b I b b dh  db b b b I b b A b b b db b b S db

CD6A
CD6B
CbheC
CD6F
CD70

CD72
&TF
CD75
CD77
CD78
CD79
CD7A
CD7B
CD7C
CD7F
CD80
CD82
CD84
CD87
CD8A
CD8C

CD8F
CD91
CD93
CD95

PHP
PHA
LDY
DEY
BNE

LDA

STA
PLA
PLP
RTS

PHP
PHA
LDY
DEY
BNE
LDA
STA
LDA
STA
JMP

LDA
CPY
BNE
LDA

&034F
&CD8F
&0338

(&D8) , Y

&034F

&CD8F
(sD8),Y
50338
£0366
(sD8),Y
&CD77

#&FF
#&1F
&CD97
#&3F

;save flags

; save A

;bytes per character
;Y=Y-1

;if Y=0 Mode 7 is in use

;so get mode 7 write character cursor character

;store it at top scan line of current character
;pull A

;pull flags

;and exit

;push flags

;push A

;bytes per character

;1f not mode 7

;get cursor from top scan line
;store it

;mode 7 write cursor character
;store it at scan line

;and exit

;A=&FF =cursor

;except in mode 2 (Y=&1F)
;1f not CD97

; load cursor byte mask

FHAxFxFxxxx produce white block write cursor
RS A b b b b A db g b b b b b b S A b b b b b b a4 b b b

CD97
CD99
CD9B
CD9SD
CDOF
CDAO
CDA2

STA
LDA
EOR
STA
DEY
BPL
BMI

&DA
(&D8),Y
&DA
(&D8),Y

&CD99
&CD77

;store it

;get scan line byte

;invert it

;store it on scan line
;decrement scan line counter
;do it again

;then jump to &CD77



CDA4
copies
CDA7
CDAA
CDAD
CDBO
CDB3
CDB5
CDBS8
CDBA
CDBC
CDBE
CDCO

CDC3

CDC6
CDC9
CDCB

CDCE
CDDO
CDD2
CDD4
CDD6
CDD8
CDDA
CDDC
CDDE
CDEO
CDE2
CDE4

JSR

LDA
STA
JSR
JSR
BCS
ADC
STA
STX
STA
BCS
JSR

JMP

JSR
BCC
JSR

LDA
LDX
STA
STX
DEC
BNE
LDX
LDY
LDA
BNE
LDX
LDY

&CE5SB ;exchange line and column cursors with workspace

&0309 ;bottom margin

&0319 ;current text line

&CF06 ;set up display address

&CCF8 ;subtract bytes per character row from this
&CDBS8 ;wraparound if necessary

&0354 ;screen RAM size hi byte

&DB ;store A

&DA ;X

&DC ;A again

&CDC6 ;1f C set there was no wraparound so CDC6
&CE73 ;copy line to new position

;using (&DA) for read
;yand (&D8) for write

&CDCE ;

&CCF'8 ; subtract bytes per character row from X/A
&CDCO ;if a result is outside screen RAM CDCO
&CE38 ;perform a copy

&DC ;set write pointer from read pointer
&DA ;

&D9 ;

&D8 ;

&DE ;decrement window height

&CDBO ;and if not zero CDRO

#&28 ;point to workspace

#&18 ;point to text column/line

#&02 ;number of bytes to swap

&CDES8 ;exchange (328/9)+Y with (318/9)+X

#&24 ;point to graphics cursor

#&14 ;point to last graphics cursor

;A=4 to swap X and Y coordinates

Kk kkkkkkxkkkkxkk*k gxchange 300/3+Y with 300/3+X
Kk ok ok kKK KK KK KKK KKk kK ok ok kK kK

CDE6

LDA

#5604 ;A =4

xoAxA KA KA KA AxHAx exchange (300/300+A)+Y with (300/300+A)+X

khkkhk kA kkhkhk Ak kA Kk kKh*

CDES8

CDEA
CDED
CDEE
CDF1
CDF4
CDF5
CDF8
CDF9
CDFA
CDFC
CDFE

STA

LDA
PHA
LDA
STA
PLA
STA
INX
INY
DEC
BNE
RTS

&DA ;store it as loop counter

&0300,X ;get byte
;store it
&0300,Y ;get byte pointed to by Y
&0300,X ;put it in 300+X
;get back A
&0300,Y ;put it in 300+Y
;increment pointers

’

&DA ;decrement loop counter
&CDEA ;and 1if not 0 do it again
;and exit



KHFxKxF** execute upward scroll
khkkhhkhkhkkhkhhrkhkhhkhrhkkhhhrhkkhhrhkhkhkhrhrhkhrhkkhhhrhkkhkhrrhkkhdrk*k

CDFF JSR &CES5B ;exchange line and column cursors with workspace

copies

CE02 LDY &030B ;top of text window

CEO5 STY &0319 ;current text line

CE08 JSR &CF06 ;set up display address
CEOB JSR &CAD4 ;add bytes per char. row
CEOE BPL &CE14 ;

CE10 SEC ;

CE1l1l SBC &0354 ;screen RAM size hi byte
CE1l4 STA &DB ; (&DA)=X/A

CElé6 STX &DA ;

CE18 STA &DC ; &§DC=A

CE1lA BCC &CE22 ;

CE1lC JSR &CE73 ;copy line to new position

;using (&DA) for read
;and (&D8) for write

CE1F JMP &CE2A ;exit

CE22 JSR &CAD4 ;add bytes per char. row
CE25 BMI &CELC ;1f outside screen RAM CEI1C
CE27 JSR &CE38 ;perform a copy

CE2A LDA &DC ;

CE2C LDX &DA ;

CE2E STA &D9 ;

CE30 STX &D8 ;

CE32 DEC &DE ;decrement window height
CE34 BNE &CEOB ;CEOB if not O

CE36 BEQ &CDDA ;exchange text column/linelse CDDA

Kk AhkKkkhkhkKkAh KXk ) Copy routines
RS b i A b I b i db b b 2 b S Sb b db b gb b S db b Sb b Sb db S db b S db S 2b S Sb b S db b S 3 4

CE38 LDX &034D ;text window width hi (bytes)

CE3B BEQ &CE4D ;if no more than 256 bytes to copy X=0 so CE4D
CE3D LDY #&00 ;Y=0 to set loop counter

CE3F LDA (&DA) ,Y ;copy 256 bytes

CE41 STA (&D8),Y ;

CE43 INY ;

CE44 BNE &CE3F ;Till Y=0 again

CE46 INC &D9 ;increment hi bytes

CE48 INC &DB ;

CE4A DEX ;decrement window width

CE4B BNE &CE3F ;1f not 0 go back and do loop again
CE4D LDY &034C ;text window width lo (bytes)

CE50 BEQ &CE5A ;if Y=0 CE5A

CE52 DEY ;else Y=Y-1

CE53 LDA (&DA),Y ;copy Y bytes

CE55 STA (&D8),Y ;

CE57 TYA ; A=Y

CES8 BNE &CES52 ;if not 0 CE52



CE5SA

’

CESB
CESE
CESF
CE62
CE65
CE67
CE69
CE6A
CE6B

CE6E
CE71

CE73
CE75
CE76
CE77
CETA
CE7D
CETF

CE82
CES83
CE85
CE87
CESS8

CE8A
CE8C
CE8D
CESF
CE92
CE94
CE96
CE98

CESA
CE9B
CESE
CEAOQ
CEAl
CEA2
CEA4
CEAb6
CEAS8
CEAS
CEAB

’

khkkkhkkkkhkKkKk*k Clear a llne

RTS

JSR
SEC
LDA
SBC
STA
BNE
PLA
PLA
JMP

LDA
BPL

LDA
PHA
SEC
LDA
SBC
STA
LDY

DEY
LDA
STA
DEY
BPL

LDX
CLC
LDA
ADC
STA
LDA
ADC
BPL

SEC
SBC
STA
DEX
DEX
BEQ
DEC
BPL
PLA
STA
RTS

&CDDA

&0309
&030B
&DE

&CEGE

&CDDA

&0308
&CEE3

&DA

&030A
&0308
&DF

&034F

#&02

&D8, X
&034F
&D8, X
&D9, X
#&00

&CE9E

&0354
&D9, X

&CES8C
&DF
&CETF

&DA

;and exit

;exchange text column/line with workspace
;set carry

;bottom margin

;top of text window

;store it

;set text column to left hand column

;get back return address

Iz

;exchange text column/line with workspace

;text window left
;Jump CEE3 always!

;get back A

;push A

;set carry

;text window right
;text window left

;bytes per character to set loop counter

; copy loop

;X=2
;clear carry
;bytes per character

;1f this remains in screen RAM OK

;else wrap around screen

;screen RAM size hi byte

; X=X-2

;1f X=0 adjust second set of pointers
;decrement window width

;and 1if still +ve do it all again
;get back A

;and store it

;then exit

R I AR i I b db b i b i b b b b b b b b I I b b I b b S b I b b b S S b b b b b i b 4

CEAC
CEAF
CEBO
CEB3
CEB6
CEB7

LDA
PHA
JSR
JSR
SEC
LDA

&0318

&CEGE
&CFO6

&030A

; text column

;save it

;set text column to left hand column
;set up display address

;set carry

; text window right



CEBA SBC &0308 ;text window left

CEBD STA &DC ;as window width

CEBF LDA &0358 ;background text colour

CEC2 LDY &034F ;bytes per character

CEC5 DEY ;Y=Y-1 decrementing loop counter

CEC6 STA (&D8),Y ;store background colour at this point on screen
CECS8 BNE &CECS5 ;1if Y<>0 do it again

CECA TXA ;else A=X

CECB CLC ;clear carry to add

CECC ADC &034F ;bytes per character

CECF TAX ;X=A restoring it

CEDO LDA &D9 ;get hi byte

CED2 ADC #&00 ;Add carry if any

CED4 BPL &CEDA ;if +ve CeDA

CED6 SEC ;else wrap around

CED7 SBC &0354 ;screen RAM size hi byte

CEDA STX &D8 ; restore D8/9

CEDC STA &D9 ;

CEDE DEC &DC ;decrement window width

CEEOQ BPL &CEBF ;ind if not 0 do it all again

CEE2 PLA ;get back A

CEE3 STA &0318 ; restore text column

CEE6 SEC ;set carry

CEE7 RTS ;and exit

CEES8 LDX &0318 ;text column

CEEB CPX &0308 ;text window left

CEEE BMI &CEE®6 ;1f less than left margin return with carry set
CEFO CPX &030A ; text window right

CEF3 BEQ &CEF7 ;1f equal to right margin thats OK

CEF5 BPL &CEE®6 ;i1f greater than right margin return with carry
set

CEF7 LDX &0319 ;current text line

CEFA CPX &030B ;top of text window

CEFD BMI &CEE®6 ;if less than top margin

CEFF CPX &0309 ;bottom margin

CF02 BEQ &CF06 ;set up display address

CF04 BPL &CEEG6 ;or greater than bottom margin return with carry
set

KARAKFFxxxxH** 1 5et up display address
R IR b b b b db g b b b b b b S 4 b b b b b b db A b b b b b b db S b b g 4

;Mode 0: (0319)*640+(0318)* 8
;Mode 1: (0319)*640+(0318)*16
;Mode 2: (0319)*640+(0318)*32
;Mode 3: (0319)*640+(0318)* 8
;Mode 4: (0319)*320+(0318)* 8
;Mode 5: (0319)*320+(0318)*16



;Mode 6: (0319)*320+(0318)* 8

;Mode 7: (0319)* 40+(0318)

;this gives a displacement relative to the screen RAM start address

;which is added to the calculated number and stored in in 34A/B

;1f the result is less than &8000, the top of screen RAM it is copied
into X/A

;and D8/9.

;1f the result is greater than &7FFF the hi byte of screen RAM size is

;subtracted to wraparound the screen. X/A, D8/9 are then set from this

CF06 LDA &0319 ;current text line

CF09 ASL ;A=A*2

CFOA TAY ;Y=A

CFOB LDA (&EQ0),Y ;get CRTC multiplication table pointer
CFOD STA &D9 ; &D9=A

CFOF INY ;Y=Y+1

CF10 LDA #602 ;A=2

CF1l2 AND &0356 ;memory map type

CF1l5 PHP ;save flags

CFle LDA (&EQ0),Y ;get CRTC multiplication table pointer
CF18 PLP ;pull flags

CF19 BEQ &CF1E ;

CF1B LSR &D9 ; &D9=&D9/2

CF1D ROR ;A=A/2 +(128*carry)

CF1E ADC &0350 ;window area start address 1lo
Cr21 STA &D8 ;store it

CF23 LDA &D9 ;

CF25 ADC &0351 ;window area start address hi
CF28 TAY ;

CF29 LDA &0318 ;text column

CF2cC LDX &034F ;bytes per character

CF2F DEX ; X=X-1

CF30 BEQ &CF44 ;1f X=0 mode 7 CF44

CF32 CPX #&0F ;is it mode 1 or mode 57

CF34 BEQ &CF39 ;yves CF39 with carry set

CF36 BCC &CF3A ;if its less (mode 0,3,4,6) CF3A
CF38 ASL ;A=A*16 if entered here (mode 2)
CF39 ASL ;A=A*8 if entered here

CF3A ASL ;A=A*4 if entered here

CF3B ASL ;

CF3C BCC &CF40 ;if carry clear

CF3E INY ;Y=Y+2

CF3F INY ;

CF40 ASL ; A=A*2

CF41l BCC &CF45 ;if carry clear add to &DS8
CF43 INY ;1if not Y=Y+1

Cr44 CLC ;clear carry

CF45 ADC &D8 ;add to &D8

CF47 STA &D8 ;and store it

CF49 STA &034A ; text cursor 6845 address
CF4cC TAX ; X=A

CF4D TYA ; A=Y

CF4E ADC #&00 ;Add carry 1f set

CF50 STA &034B ; text cursor 6845 address
CFEF53 BPL &CF59 ;1f less than &800 goto &CF59
CF55 SEC ;else wrap around

CF56 SBC &0354 ;screen RAM size hi byte



CF59 STA &D9 ;store in high byte
CFEFSB CLC ;clear carry
CF5C RTS ;and exit

*xxxxxx* Graphics cursor display routine
Ahkkhkhkhhkkhhkhrhkkhhkhkhkkhkhrhkkhkhrhkhhkhrrkhxrkhkx*x

CF5D LDX &0359 ; foreground graphics colour

CF60 LDY &035B ; foreground graphics plot mode (GCOL n)
CF63 JSR &DOB3 ;set graphics byte mask in &D4/5
CFo66 JSR &D486 ;copy (324/7) graphics cursor to workspace
(328/B)

CF69 LDY #&00 ; Y=0

CF6B STY &DC ; &DC=Y

CF6D LDY &DC ; Y=&DC

CF6F LDA (&DE) ,Y ;get pattern byte

CF71 BEQ &CF86 ;if A=0 CF86

CF73 STA &DD ;else &DD=A

CF75 BPL &CFT7A ;and 1f >0 CF7A

CE77 JSR &DOE3 ;else display a pixel

CF7TA INC &0324 ;current horizontal graphics cursor
CF7D BNE &CF82 ;

CFTF INC &0325 ;current horizontal graphics cursor
CF82 ASL &DD ; &§DD=&DD* 2

Cr84 BNE &CF75 ;and 1f<>0 CF75

CF86 LDX #&28 ;point to workspace

CF88 LDY #&24 ;point to horizontal graphics cursor
CF8A JSR &D482 ;0300/1+Y=0300/1+X

CF8D LDY &0326 ;current vertical graphics cursor
CF90 BNE &CF95 ;

CF92 DEC &0327 ;current vertical graphics cursor
CF95 DEC &0326 ;current vertical graphics cursor
CFo8 LDY &DC ;

CF92A INY ;

CF9B CPY #&08 ;1f Y<8 then do loop again

CFO9D BNE &CF6B ;else

CFOF LDX #&28 ;point to workspace

CFAl LDY #&24 ;point to graphics cursor

CFA3 JMP &D48A ; (&300/3+Y)=(&300/3+X)

Kk khkkkhkhkkkhKkk ) home graphics cursor R R i S b I S b b b S b S S b S 2b S S b b S b S db i S Sb g b S 2 o 4

CFAG6 LDX #&06 ;point to graphics window TOP
CFAS8 LDY #&26 ;point to workspace
CFAA JSR &D482 ;0300/1+Y=0300/1+X

KA KKK FXxAxRXK*** get graphics cursor to left hand column
khkkhkkhkhkhkhkkkk kK khhkhkxkk%k

CFAD LDX #&00 ;X=0 point to graphics window left

CFAF LDY #&24 ;Y=&24

CFB1 JSR &D482 ;0300/1+Y=0300/1+X

CFB4 JMP &D1B8 ;set up external coordinates for graphics
CFB7 LDX &0360 ;number of logical colours less 1

CFBA BEQ &CFDC ;1f MODE 7 CFEDC



CFBC
CFBF
CFC2
CFC4
CFC6
CFC8
CFCA
CFCC
CFCE

CFDO
CFD2
memory
CFD4
memory
CFD6
CFD8
CFD9
CFDB

JSR
LDX
LDA
AND
BNE
LDY
CPX
BEQ
BCS

LDA
ORA

EOR

STA
DEY
BPL
RTS

&DO3E ;set up character definition pointers

&0360 ;number of logical colours less 1

&DO ; VDU status byte

#&20 ;and out bit 5 printing at graphics cursor
&CF5D ;1f set CF5D

#&07 ;else Y=7

#&03 ;if X=3

&CFEE ;goto CFEE to handle 4 colour modes

&DOL1E ;else if X>3 DO1E to deal with 16 colours

(&DE) ,Y ;get pattern byte
&D2 ;text colour byte to be orred or EORed into

&D3 ;text colour byte to be orred or EORed into

(&D8),Y ; write to screen
;Y=Y-1

&CFDO ;if still +ve do loop again
;and exit

*xx*x*xx convert teletext characters
R IR b b b b b db g 2 b b b b b b S b b b b b b dh S b b b b b b db a4

;mode 7

CFDC
CFDE
CFE1
CFE3
CFE4

CFEG6
CFES

CFE9
CFEC

LDY
CMP
BEQ
DEY
BPL

STA
RTS

LDA
BNE

#&02 ;Y=2
&C4B6,Y ;compare with teletext conversion table
&CFE9 ;1f equal then CFE9
;else Y=Y-1
&CFDE ;and 1f +ve CFDE
(&D8,X) ;if not write byte to screen

;and exit

&C4B7,Y ;convert with teletext conversion table
&CFEG6 ;and write it

FrrAkxkxkrkkx*kfour colour modes
KAk kkhh Ak hkkhkhhkhhkhhkhkkhkkhhkhkhkhhkhkkhkhkkhkkhkhkhhhkkhkkkhkhkkhhh*x*x*kx%

CFEE
CFFO
CFF1
CFF2
CFF3
CFF4
CFF5
CFF6
CFF9
memory
CFFB
memory
CFFD
CFFF

D000
D001
D003

LDA
PHA
LSR
LSR
LSR
LSR
TAX
LDA
ORA

EOR

STA
TYA

CLC
ADC
TAY

(&DE) ,Y ;get pattern byte
;save it
;move hi nybble to lo

Iz

; X=A
&C31F,X ;4 colour mode byte mask look up table
&D2 ;text colour byte to be orred or EORed into
&D3 ;text colour byte to be orred or EORed into

(&D8),Y ; write to screen
; A=Y

;clear carry
#&08 ;add 8 to move screen RAM pointer 8 bytes
;Y=A



D004
D005
D007
D008
DOOB
memory
DOOD
memory
DOOF
D011
D012
D014
D015
D017

D018
D019
DO1B
DO1D

PLA
AND
TAX
LDA
ORA

EOR

STA
TYA
SBC
TAY
BPL
RTS

TYA
SBC
BMI
TAY

;get back A

#&0F ;clear high nybble
; X=A
&C31F,X ;4 colour mode byte mask look up table
&D2 ;text colour byte to be orred or EORed into
&D3 ;text colour byte to be orred or EORed into

(&D8),Y ; write to screen

; A=Y
#&08 ;A=A-9
;Y=A
&CFEE ;if +ve do loop again
;exit
;Y=Y-6&21
#&21 ;
&D017 ;IF Y IS negative then RETURN
;else A=Y

*x*Kkxx*x 16 COLOUR MODES

R R I A e d g i g b A db S b g b g b S S S Ib S S db B I S S S S S db I S b S S b S db O 4

DO1E
D020
D022
D023
D025
D027
byte
D029
DO2A
D02C
D02D
DO2E
D031
D033
D035
D037
D038
D039
DO3B
D0O3C

LDA
STA
SEC
LDA
ROL
BEQ

ROL
ASL
ROL
TAX
LDA
ORA
EOR
STA
CLC
TYA
ADC
TAY
BCC

(&DE) ,Y ;get pattern byte

&DC ;store it
;set carry
#&00 ; A=0
&DC ;carry now occupies bit 0 of DC
&D018 ;when DC=0 again D018 to deal with next pattern

;get bit 7 from &DC into A bit O
&DC ;rotate again to get second

;bit into A

;and store result in X
&C32F,X ;multiply by &55 using look up table
&D2 ;and set colour factors
&D3 ;
(&D8),Y ;and store result

;clear carry

;Y=Y+8 moving screen RAM pointer on 8 bytes
#&08 ;

&D023 ;iloop to D023 to deal with next bit pair

KAkAxFFxxxxK***x cglculate pattern address for given code
kkhkkhkkhkhkhkhkkkkhkhkhkkhkkkxkk%k

;A contains code on entry = 12345678

DO3E
DO3F
D040
D041
D043
D045
D046
D047
D049

ASL
ROL
ROL
STA
AND
ROL
TAX
AND
ADC

[y

;23456780 C holds
;34567801 C holds
;45678012 C holds 3

N

&DE ;save this pattern

#&03 ;00000012
;00000123 C=0
;X=A=0 - 7

#&03 ;A=00000023

#&BF ;A=&BF,C0O or C1



D04B TAY ;this is used as a pointer

D04C LDA &C40D,X ;A=&80/2"X i.e.1,2,4,8,810,&20,&40, or &80
DO4F BIT &0367 ;with font flag

D052 BEQ &D057 ;if 0 D057

D054 LDY &0367,X ;else get hi byte from table

D057 STY &DF ;store Y

D059 LDA &DE ;get back pattern

DO5B AND #&F8 ;convert to 45678000

DO5D STA &DE ;and re store it

DOSF RTS ;exit

I3

R i e A dh i b A I I R b b b I I b b b b A b I b I b b ab b e b b b b db b b b S b e A b b b b b SR I b b b b e b b b I db S i b e S

Kk Kk ok ok k ok k ok ok k ok ok ok k ok k ok ke sk k ok ke k sk ke ke k sk ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok k
* %

* %

* %

* %

*x PLOT ROUTINES ENTER HERE
* %

* %

* %

* %

* %

R I R I A b S b i db b i I b S Sb I I b S S S 2b e S 2b B S b S 2b e S b S b S 2b b S 2b b S b S 2b b b 2b S b S 2b b I 2 S b S b b I 2b b S 2 i S 4

KR A K AR AR A R AR A A R A A A AR A AR A A A A A A AR A A A A A A AR A A A A A A A KRR A A A A A AR A A A AR A AR AR A A AR ARk, K

;on entry ADDRESS PARAMETER DESCRIPTION

; 031F 1 plot type

; 0320/1 2,3 X coordinate

; 0322/3 4,5 Y coordinate

D060 LDX #&20 ; X=&20

D062 JSR &D14D ;translate xoordinates

D065 LDA &031F ;get plot type

D068 CMP #&04 ;if its 4

DOGA BEQ &D0OD9 ; DOD9 move absolute

DO6C LDY #&05 ;Y=5

DOGE AND #&03 ;mask only bits 0 and 1

D070 BEQ &D080 ;if result is 0 then its a move (multiple of 8)
D072 LSR ;else move bit 0 int C

D073 BCS &D078 ;i1f set then D078 graphics colour required
D075 DEY ;Y=4

D076 BNE &D080 ;logic inverse colour must be wanted

*HkAkKxKx*xx graphics colour wanted
R b b b b db db 4 b b b b b I A g b b b b b b S b db b b b b b I b db 4 b b b b Y

D078 TAX ;X=A if A=0 its a foreground colour 1 its
background

D079 LDY &035B,X ;get fore or background graphics PLOT mode

DO7C LDA &0359,X ;get fore or background graphics colour

DO7F TAX ; X=A

D080 JSR &DOB3 ;set up colour masks in D4/5

D083 LDA &031F ;get plot type



D086 BMI &DOAB ;1f &80-&FF then DOAB type not implemented

D088 ASL ;bit 7=bit 6
D089 BPL &D0C6 ;1f bit 6 is 0 then plot type is 0-63 so DOCG6
D08B AND #&FO ;else mask out lower nybble
D08D ASL ;shift old bit 6 into C bit old 5 into bit 7
DOBE BEQ &D0D6 ;if 0 then type 64-71 was called single point
plot

;goto DOD6
D090 EOR #&40 ;if bit 6 NOT set type &80-&87 fill triangle
D092 BEQ &DOAS8 ; so DOAS
D094 PHA ;else push A
D095 JSR &DODC ;copy 0320/3 to 0324/7 setting XY in current

graphics

;coordinates
D098 PLA ;get back A
D099 EOR #&60 ;1f BITS 6 and 5 NOT SET type 72-79 lateral fill
DO9B BEQ &DOAE ; so DOAE
D0O9D CMP #&40 ;1f type 88-95 horizontal line blanking
DOSF BNE &DOAB ; so DOAB
DOAL LDA #&02 ;else A=2
DOA3 STA &DC ;store it
DOAS JMP &D506 ;and jump to D506 type not implemented
DOAS8 JMP &D5EA ;to fill triangle routine
DOAB JMP &C938 ; VDU extension access entry
DOAE STA &DC ;store A
DOBRO JMP &D4BF ;

Frxkxxkxkx:gset colour masks
ER R i b db b b b b b b b b b b b b b b b b b b b b b 2 b b b b S i b b b b db S b b b b g

;graphics mode in Y
;colour in X

DOB3 TXA ; A=X

D0B4 ORA &C41C,Y ;or with GCOL plot options table byte
DOB7 EOR &C41D,Y ;EOR with following byte

DOBA STA &D4 ;and store it

DOBC TXA ; A=X

DOBD ORA &C41B,Y ;

DOCO EOR &C420,Y ;

DOC3 STA &D5 ;

DOC5 RTS ;exit with masks in &D4/5

KA AKFFXXxRXF*** gnalyse first parameter in 0-63 range
R R b b b b db db b b b b b b (o 4 g b 4

I3

DOC6 ASL ;shift left again

DOC7 BMI &DOAB ;1f -ve options are in range 32-63 not
implemented

DOC9 ASL ;shift left twice more

DOCA ASL ;

DOCB BPL &D0ODO ;if still +ve type is 0-7 or 16-23 so DODO
DOCD JSR &DOEB ;else display a point

DODO JSR &D1ED ;perform calculations
DOD3 JMP &D0D9 ;



LR R i i b S b i db b I I b S b I Ib b db b S 2b I b 2b S Sb b S 2b I S 2b S Sb b S b b b b S b b 2b b b Sb e S b S 2b b S S b S b S b b S 2b b S b i a4

*

PLOT A SINGLE POINT

R i I A i S i I I b b b b db I b b b b A I I b I b b i b b b b b db b b b S b e A b b b b S b b b b e b b b b db I i b S

DOD6
DOD9
DODC
DODE
DOEO

DOE3
DOES
DOES
DOEA

DOEB
DOEE
DOFO
DOF3
DOF5
DOF7
DOF9
DOFB
DOFD
DOFF
D101
D103

D104
D106
D108
D10A
D10C

JSR
JSR
LDY
LDX
JMP

LDX
JSR
BEQ
RTS

JSR
BNE
LDY
LDA
AND
ORA
STA
LDA
AND
EOR
STA
RTS

LDA
ORA
EOR
STA
RTS

&DOEB
&CDE2
#&24
#&20
&D48A

#&24
&D85F
&DOFO

&D85D
&D103
&031A
&D1

&D4
(&D6) ,Y
&DA

&D5

&D1

&DA
(&D6),Y

(D6),Y
&D4
&D5
(D6),Y

;display a point

;swap current and last graphics position

;Y=624
; X=6&20

; copy parameters to 324/7 (300/3 +Y)

;calculate position
;1f result =0 then DOFO

;else exit

4

;calculate position

;1f A<>0 D103 and return

;else get current graphics scan line
;pick up and modify screen byte

4
4
4
’
’

’

;put it back again

;and exit

’

;this is a more
7
7
i

;and exit

khkk kkhkhkkhkk kkhkhkhkkhhkhkkhkk hkhkkhkkhkhkhkk,kkk%k Check Wlndow

D10D
D10F
D111
D113
D115

D118
D11A
D11C
D11D
D11E
D120

LDX
LDY
STY
LDY
JSR

ASL
ASL
DEX
DEX
LDY
JSR

#&24
#&00
&DA
#&02
&D128

&DA

&DA

#&00
&D128

; X=&24

; Y=0

; &DA=0

;Y=2

;check vertical
;bottom and top
;DATA is set in

simplistic version of the above

llmltS kkhkhkhkkhkk hkhkkhkkhkhkhkhkhkhkh kA hkh ki hkhk*k

graphics position 326/7
margins 302/3, 306/7
&DA bits 0 and 1 then shift left

;twice to make room for next pass

;X=&22
; Y=0
;left and right

margins 300/1, 304/5



D123
D124
D125
D127

INX
INX
LDA
RTS

;cursor horizontal position 324/5
; X=X+2

&DA ; A=&DA
;exit

* kK cursor and margins Check khkk khkhkhkkhkhkhkhkhkhhkkhkhAhhkhkhAhkhkhhhkhkkhk bk hkh A hbh ik bk Ak A hh kK

D128
D12B
D12E
D131
D134

D136
D139
D13C
D13F
D142
D144

D146
D148
2nd

LDA
CMP
LDA
SBC
BMI

LDA
CMP
LDA
SBC
BPL
INC

INC
RTS

&0302,X ;check for window violation
&0300,Y ;300/1 +Y > 302/3+X

&0303,X ;then window fault

&0301,Y ;

&D146 ;so D146

&0304,Y ;check other windows

&0302,X ;

&0305,Y ;

&0303,X ;

&D148 ;1f no violation exit
&DA ;else DA=DA+1

&DA ; DA=DA+1

;and exit DA=0 no problems DA=1 first check 2,

FAAFFFIAx**get up and adjust positional data
khkkhkkh kA hkhkhkkhkhkhkhhkhhrhkk khkhkhkhhrk*k %%

D149
D14B

D14D

D150
D152
D154
D157
use

4
D15A
D15C
D15D
D15E

modeO, 4
D161
D164
D166
D168
D16A

D16D
D170
D173
D175

LDA
BNE

LDA

STA
LDY
JSR
JSR

LDY
DEX
DEX
JSR

LDY
CPY
BEQ
BCS
JSR

JSR
LDA
BNE
RTS

#&FF ; A=&FF

&D150 ;then &D150

&031F ;get first parameter in plot

&DA ;store in &DA

#&02 ;Y=2

&D176 ;set up vertical coordinates/2

&D1AD ;/2 again to convert 1023 to 0-255 for internal

;this is why minimum vertical plot separation is

#&00 ;Y=0
; X=x-2
&D176 ;set up horiz. coordinates/2 this is OK for
&0361 ;get number of pixels/byte (-1)
#603 ;1f Y=3 (modes 1 and 5)
&D16D ;D16D
&D170 ;for modes 0 & 4 this is 7 so D170
&D1AD ; for other modes divide by 2 twice
&D1AD ;divide by 2
&0356 ;get screen display type
&D1AD ;1f not 0 (modes 3-7) divide by 2 again
;and exit

;for mode 0 1 division 1280 becomes 640 = horizontal resolution



; for
; for
; for
; for

*xkkkkkxkx* cglculate external coordinates in internal

mode 1
mode 2
mode 4
mode 5

2 divisions
3 divisions
2 divisions
3 divisions

1280 becomes 320 = horizontal resolution
1280 becomes 160 = horizontal resolution
1280 becomes 320 = horizontal resolution
1280 becomes 160 = horizontal resolution

format Kk khkkkhkkkhk Kk

;on entry X is usually &1E or &20

D176
D177
D179
D17B
D17D
D180
D181
D184

D186
D189
D18C
D18D
D190
D193

D194
D197
D19A
D19D
D19E
DIAlL
D1A2
DI1IAS5
D1A8
DI1AA

D1AD
D1BO
D1B1
D1B4
D1B7

CLC
LDA
AND
BEQ
LDA
PHA
LDA
BCC

LDA
ADC
PHA
LDA
ADC
CLC

STA
ADC
STA
PLA
STA
CLC
ADC
STA
BCC
INC

LDA
ASL
ROR
ROR
RTS

&DA
#&04
&D186
&0302,X

&0303,X
&D194

&0302,X
&0310,Y

&0303,X
&0311,Y

&0311,Y
&030D, Y
&0303,X

&0310,Y
&030C, Y
&0302,X
&D1AD

&0303,X
&0303,X

&0303,X
&0302,X

;clear carry

;get &DA

;1f bit 2=0

;then D186 to calculate relative coordinates
;else get coordinate

;and goto D194

;get coordinate

;add cursor position
;save it

7

;add cursor

;clear carry

;save new cursor
;add graphics origin

;store it

;get back lo byte

;save it in new cursor lo

;clear carry

;add to graphics orgin

;store it

;if carry set

;increment hi byte as you would expect!

;get hi byte
;divide by 2
;and exit

4

**x*** cglculate external coordinates from internal
coordinates************

D1BS8
D1BA

D1BD
D1BF
D1C1
origin
D1C4
D1C6
D1C8
D1CB
D1CC
D1CD
D1CF

LDY
JSR

LDX
LDY
JSR

LDX
LDY
LDA
DEY
LSR
BNE
LDA

#&10
&D488

#602
#602
&D1D5

#&00
#&04
&0361

&D1CB
&0356

;Y=10

;copy 324/7 to 310/3 i.e.current graphics cursor
;position to position in external values

; X=2

;Y=2

;multiply 312/3 by 4 and subtract graphics

; X=0
;Y=4

; get
;Y=Y-1
;divide by 2

;if result not 0 DICB

;else get screen display type

number of pixels/byte



D1D2 BEQ
D1D4 INY
D1D5 ASL
D1D8 ROL
D1DB DEY
D1DC BNE
D1DE SEC
D1DF JSR
D1E2 INX
D1E3 LDA
coordinates

D1EG SBC
D1EOS STA
D1EC RTS

&D1D5 ;and if 0 D1D5

’

&0310,X ;multiply coordinate by 2

&0311,X ;
;Y-Y-1

&D1D5 ;and if Y<>0 do it again
;set carry

&D1E3 ;

;increment X
&0310,X ;get current graphics position in external

&030C,X ;subtract origin
&0310,X ;store in graphics position
;and exit

I3

FrRxxFkxxxAKA*x compare X and Y PLOT spans
Khkk Kk hkkhkk khkhkhkkhkhkhkkhk hkhkkhkkhkhkhkhkkhhkhkhkkhkhkk,k*%

D1ED
D1FO0
D1F3
D1F6
D1F8
D1FB
D1FE
D201
D204

D207
D20A
D20B
D20E
D211

D214
D215
D217
D21A

D21C

D21E
D220
D223
D226
D229
D22C
D22F
D231
D233

D235
D237
D239
D23B

JSR
LDA
EOR
BMI
LDA
CMP
LDA
SBC
JMP

LDA
CLC
ADC
LDA
ADC

ROR
LDX
EOR
BPL

LDX

STX
LDA
STA
LDA
STA
LDA
BPL
LDX
BNE

LDX
STX
LDY
JSR

&D40D ;Set X and Y spans in workspace 328/9 32A/B
&032B ; compare spans
&0329 ;1f result -ve spans are different in sign so
&D207 ;goto D207
&032A ;else A=hi byte of difference in spans
&0328 ;
&032B H
&0329 ;
&D214 ;and goto D214
&0328 ;A = hi byte of SUM of spans
&032A H
&§0329 ;
&032B H
;A=A/2
#&00 ; X=0
&032B ;
&D21E ;if positive result D21E
#&02 ;else X=2
&DE ;store it

&C4AA,X ;set up vector address
&035D ;in 35D

&C4AB,X ;

&035E ;and 35E

&0329,X ;get hi byte of span
&D235 ;1f +ve D235

#&24 ; X=&24

&D237 ;jump to D237

#&20 ; X=&20

&DF ;store it

#&2C ;Y=&2C

&D48A ;get X coordinate data or horizontal coord of



D23E
D240
D242
D244
D246
D247
D24A
D24D
D24F
D250
D251
D252
D254
D256
D259
D25B
D25D
D25F
D261

D263
D265
D268
D26A
D26C

D26D
D26F
D271
D272

D273
D275
D277
D278
D27A
D27B
D27E
D281
D283
D285
D286
D287
D28A
D28D
D28F
D290
D293
D296
D299

D29C
D29E
D2A1
D2A3
D2A5
D2AS8
D2A9
D2AA

LDA
EOR
STA
ORA
TAX
JSR
LDA
AND
ASL
ASL
ASL
STA
LDX
JSR
STA
BEQ
LDA
ORA
STA

LDX
JSR
BIT
BEQ
RTS

LDX
BEQ
LSR
LSR

AND
BEQ
TXA
ORA
TAX
JSR
JSR
LDA
EOR
TAX
TAY
LDA
EOR
BPL
INX
LDA
STA
LDA
STA

LDA
STA
BIT
BVS
LDA
TAX
SEC
LDA

;curent graphics cursor

&DF ;get back original X

#&04 ;covert &20 to &24 and vice versa
&DD ;

&DE ;

&D480 ;copy 330/1 to 300/1+X

&031F ;get plot type

#&10 ;check bit 4

I3
Iz

;move to bit 7

&DB ;store it

#&2C ; X=&2C

&D10F ;check for window violations
&DC ;

&D263 ;1f none then D263

#&40 ;else set bit 6 of &DB

&DB ;

&DB ;

&DD ;

&D10F ;check window violations again
&DC ;1f bit 7 of &DC NOT set
&D26D ; D26D

;else exit

4

&DE ; X=&DE
&D273 ;if X=0 D273
;A=A/2
;A=A/2
#&02 ;clear all but bit 2
&D27E ;1f bit 2 set D27E
;else A=X
#604 ;A=A or 4 setting bit 3
; X=A
&D480 ;set 300/1+4x to 330/1
&D42C ;more calcualtions
&DE ;A=&DE EOR 2
#5602 ;
; X=A
; Y=A
&0329 ;compare upper byte of spans
&032B ;
&D290 ;if signs are the same D290
;else X=X+1

&C4AE, X ;get vector addresses and store 332/3
&0332 ;

&C4B2,X ;

&0333 ;

#&7F ;A=&TF

&0334 ;store it

&DB ;1if bit 6 set

&D2CE ; the D2CE

&C447,X ;get VDU section number

; X=A
;set carry
&0300,X ;subtract coordinates



D2AD
D2B0O
D2B2
D2B5
D2B8
D2BA
D2BB
D2BD

D2CO
D2C1
D2C2
D2C4
D2C5
D2C6
D2C8

D2CA
D2CC
D2CE
D2CF
D2D0
D2D1
D2D3
D2D5
D2D7
D2D9
D2DC
D2DE
D2EO
D2E2
D2E3
D2E5
D2E7
D2E9
D2EC
D2EE
D2F1

D2F3
D2F6
D2F7
D2F9
D2FB
D2FD
D300
D302
D304
D306
D308
D30A
D30C
D30E
D310
D312
D314
D316
D317
D31A
D31D

SBC
STA
LDA
SBC
LDY
TAX
BPL
JSR

TAX
INY
BNE
INX
TXA
BEQ
LDY

STY
BEQ
TXA
LSR
ROR
ORA
EOR
STA
LDX
JSR
LDX
BNE
DEC
DEX
LDA
BEQ
BPL
BIT
BPL
DEC
BNE

INC
ASL
BPL
STX
LDX
JSR
LDX
ORA
BNE
LDA
AND
ORA
STA
LDA
AND
EOR
STA
SEC
LDA
SBC
STA

§032C, Y
&DA
§0301, X
§032D,Y
&DA

&D2CO
&D49B

&D2C5

&D2CA
#&00

&DF
&D2D7

#&02
&DE
&DE
#&2C
&D864
&DC
&D2E2
&DD

&DB

&D306
&D2F9
&0334
&D2F3
&0334
&D316

&0334

&D306
&DC
#&2C
&D85F
&DC
#&00
&D316
&D1

&D4
(&D6),Y
&DA

&D5

&D1

&DA
(&D6),Y

&0335
&0337
&0335

; Y=hi

; X=1o0=A

;and if A+Ve D2CO
;negate Y/A

; X=A increment Y/A
;Y=Y+1

; X=X+1

; A=X

;1f A=0 D2CA

;else Y=0

; &DF=Y

;1f 0 then D2D7

; A=X

;A=A/4

;bit 1 set

;and store

; X=6&2C

; X=X-1

; A=6&3B

;1f 0 D306

;else if +ve D2FO
;1f bit 7=0 D2F3
;else decrement
;and 1f not 0 D316

s A=A*2

;1f +ve D306

;calcualte screen position

;get back original X

;byte mask for current graphics point
;and with graphics colour byte

;or with curent graphics cell line
;store result

;same again with next byte (hi??)
;then store it inm current graphics line
;set carry

;A=§335/6-&337/8

’



D320 LDA &0336 ;

D323 SBC &0338 ;

D326 BCS &D339 ;1f carry set D339
D328 STA &DA ;

D32A LDA &0335 ;

D32D ADC &0339 ;

D330 STA &0335 ;

D333 LDA &DA ;

D335 ADC &033A ;

D338 CLC ;

D339 STA &0336 ;

D33C PHP ;

D33D BCS &D348 ;1f carry clear jump to VDU routine else D348
D33F JMP (&0332) ;

*kkk kK vertical scan module l******************************************

D342 DEY ;Y=Y-1

D343 BPL &D348 ;if + D348

D345 JSR &D3D3 ;else d3d3 to advance pointers
D348 JMP (&035D) ;and JUMP (&35D)

* Kk kK kK Vertical scan module 2******************************************

D34B INY ;Y=Y+1

D34C CPY #&08 ;if Y<>8

D34E BNE &D348 ; then D348

D350 CLC ;else clear carry

D351 LDA &D6 ;get address of top line of cuirrent graphics
cell

D353 ADC &0352 ;add number of bytes/character row

D356 STA &D6 ;store it

D358 LDA &D7 ;do same for hibyte

D35A ADC &0353 ;

D35D BPL &D363 ;1f result -ve then we are above screen RAM
D35F SEC ; SO

D360 SBC &0354 ;subtract screen memory size hi

D363 STA &D7 ;store it this wraps around point to screen RAM
D365 LDY #&00 ;Y=0

D367 JMP (&035D) ;

**x**** horizontal scan module
l******************************************

D36A LSR &D1 ;shift byte mask

D36C BCC &D348 ;1f carry clear (&D1 was +ve) goto D348
D36E JSR &D3ED ;else reset pointers

D371 JMP (&035D) ;and off to do more

*x&k**x* horizontal scan module
2******************************************

D374 ASL &D1 ;shift byte mask

D376 BCC &D348 ;if carry clear (&D1 was +ve) goto D348
D378 JSR &D3FD ;else reset pointers

D37B JMP (&035D) ;and off to do more

D37E DEY ;Y=Y-1



D37F
D381
D384
D386
D388
D38A
D38D
D38E
D38F
D391
D393
D395
D397
D399
D39B
D39D
D39F

D3A0
D3A2
D3A4
D3A6
D3A7
D3A9
D3AB
D3AD
D3BO
D3B2
D3B5
D3B7
D3BA
D3BC
D3BF

D3C2
D3C3
D3C5
D3Cé
D3C9
D3CB
D3CE
D3D0

BPL
JSR
BNE
LSR
BCC
JSR
PLP
INX
BNE
INC
BEQ
BIT
BVS
BCS
DEC
BNE
RTS

LDA
STX
AND
TAX
BCS
BIT
BMI
INC
BNE
INC
BCC
LDA
BNE
DEC
DEC

TXA
EOR
TAX
INC
BNE
INC
LDX
JMP

&D38D
&D3D3
&D38D
&D1

&D38D
&D3ED

&D395
&DD
&D39F
&DB
&D3A0
&D3DO
&DF
&D3D0

&DE
&DC
#6502

&D3C2
&DE
&D3B7
&032C, X
&D3C2
&032D, X
&D3C2
&032C, X
&D3BF
&032D, X
&032C, X

#&02

£032C, X
§D3CE
§032D, X
&DC
§D2E3

;1f +ve D38D

;advance pointers

;goto D38D normally
;shift byte mask

;1f carry clear (&D1 was +ve) goto D348
;else reset pointers
;pull flags

; X=X+1

;if X>0 D395

;else increment &DD
;and 1if not 0 D39F
;else if BIT 6 = 1
;goto D3A0

;if BIT 7=1 D3DO

;else Decrement &DF
;and i1f not Zero D3DO
;else return

; A=&DE

; &DC=X

;clear all but bit 1

; X=A

;and if carry set goto D3C2
;if Bit 7 of &DE =1

; then D3B7

;else increment

;and if not 0 D3C2
;else increment hi byte
;and if carry clear D3C2
;esle A=32C,X

;and 1if not 0 D3BF
;decrement hi byte
;decrement lo byte

; A=X

;invert bit 2

; X=A

; Increment 32C/D
; X=6&DC

;jump to D2E3

Frxxxxxxkrmove display point up a line
Ahkkhkhkhhkhhkrhkkhkhdhkhkhkhrhkhkhkrhkkhkhrhkkhkrorkhkrrk*x

D3D3
D3D4
D3D6
D3D9
D3DB
D3DD
D3EO
D3E3
D3E5
D3ES8
line
D3EA
D3EC

SEC
LDA
SBC
STA
LDA
SBC
CMP
BCS
ADC
STA

LDY
RTS

&D6
&0352
&D6
&D7
&0353
&034E
&D3E8
&0354
&D7

#&07

; SET CARRY

; subtract number of bytes/line from address of
;top line of current graphics cell

;compare with bottom of screen memory

;1f outside screen RAM

;add screen memory size to wrap it around
;store in current address of graphics cell top

;Y=T
;and RETURN



D3ED
D3F0
D3F2
D3F4
D3F6
D3F8
D3FA
D3FC

D3FD
D400
D402
D404
D406

D408
D40A
D40C

LDA
STA
LDA
ADC
STA
BCC
INC
RTS

LDA
STA
LDA
BNE
DEC

SBC
STA
RTS

KAKAkKAKKA K o o

D40D
D40F
D411
D414
D415
D416
D417

D418
D419
D41C
D41F
D422
D425
D428
D42B

D42C
D42E
D430
D432
D434

D437
D439
D43B

D43E
D43F
D441
D444
D447

LDY
LDX
JSR
INX
INX
INY
INY

SEC
LDA
SBC
STA
LDA
SBC
STA
RTS

LDA
BNE
LDX
LDY
JSR

LDX
LDY
JSR

SEC
LDX
LDA
SBC
TAY

&0362
&D1
&D6
#5807
&D6
&D3FC
&D7

&0363
&D1
&D6
&D408
&D7

#&08
&D6

;get current left colour mask

;store it

;get current top line of graphics cell
;ADD 7

;and return

4

;get right colour mask

;store it

;A=top line graphics cell low
;1f not 0 D408

;else decrement hi byte

;subtract 9 (8 + carry)
;and store in low byte
; return

’

coordinate subtraction
R b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b g

#&28
#&20
&D418

&0304,X
&0300,X
&0300,Y
&0305,X
&0301,X
&0301,Y

&DE
&D437
#&28
#&2A
&CDDE

#6628
#&37
&D48A

&DE
&0330
&032C, X

; X=6&28
;Y=620
; X=X+2
;Y=Y+2

4

;set carry
; subtract coordinates

;and return

; A=&DE

;if A=0 D437

;X=628

;Y=§2A

;exchange 300/1+Y with 300/1+X

; IN THIS CASE THE X AND Y SPANS!

; X=&28

;Y=&37

;copy &300/4+Y to &300/4+X

;transferring X and Y spans in this case
; set carry

; X=&DE

;subtract 32C/D,X from 330/1

;partial answer in Y



D448
D44B
D44E
D450

D453
D455
D457
D459
D45C
D45D
D460
D461
D462
D465
D466

D467
D46A
D46D
D46F
D472
D475
D476
D477
D47A
D47B

D47C
D47E
D480
D482
D484
D486
D488
D48A

LDA
SBC
BMI
JSR

STA
STY
LDX
JSR
LSR
STA
TYA
ROR
STA
DEX
DEX

LDY
LDA
BPL
JSR
STA
PHA
TYA
STA
PLA
RTS

LDA
BNE
LDY
LDA
BNE
LDY
LDX
LDA

§0331
§032D, X
§D453
§D49B

&DD
&DC
#&35
&D467

&0301,X

&0300,X

&0304,X
&0305,X
&D47B
&D49B
&0305,X

&0304,X

#&08
&D48C
#&30
#5802
&D48C
#&28
#8524
#504

***********copy )\ bytes

D48C
D48E
D491
D494
D495
D496
D498
D49A

STA
LDA
STA
INX
INY
DEC
BNE
RTS

&DA
&0300,X
&0300,Y

&DA
&D48E

;1f -ve D453
;else negate Y/A

; store A

;and Y

; X=&35

;get coordinates

;if A is +ve RETURN
;else negate Y/A

; store back again
;get back A

;and exit

; A=8

;copy 8 bytes

; Y=630

;s A=2

;copy 2 bytes

;copy 4 bytes from 324/7 to 328/B

’
from 300,X to 300,Y LR b S I b S b S Sb b Ih I db i 2 b S S b S db i 2 b g

7
7
7
7
7
7
;and return

I3

KAAKKFXXRXXK** negation routine
Khkk khkhkhkk khhkhkkhhkhkkhkkhhkhkkhkkhhkhkhkhkhkhrkhkhkhkhkkhkkhkhhrkkhhhkhkkhkxk %k

D49B
D49C
D49D
D49F

PHA
TYA
EOR
TAY

#&FF

; save A
; A=Y
;invert
; Y=A



D4A0
D4Al
D4A3
D4A4
D4Ab6
D4A7
D4A9

D4AA
pointer
D4AD
D4AF
D4B1
D4B4
D4B6

D4B7
D4BS8
D4B9
D4BC

PLA
EOR
INY
BNE
CLC
ADC
RTS

JSR

BNE
LDA
EOR
STA
RTS

PLA
PLA
INC
JMP

;get back A

#&FF ;invert

;Y=Y+1
&D4A9 ;1f not 0 exit

;else
#&01 ;add 1 to A

;return
&D85D ; check window boundaries and set up screen
&D4B7 ;if A<>0 D4B7
(&D6),Y ;else get byte from current graphics cell
&035A ;compare with current background colour
&DA ;store it

;and RETURN

I3

;get back return link

’

&0326 ;increment current graphics cursor vertical lo
&D545 ;



O0S SERIES IV

GEOFF COX

LR R i i b S b i db b i db b S b I Ib b db b S db I b 2b S S b S 2b I S 2b S Sb b S b b b b b S b b 2b b b 2b e S Ib S 2b b S S b S b S b b S 2b b S b i g 4

*
*

* LATERAL FILL ROUTINE

R i e i d i S i db I R I A b db I b b b 2 I I I b b b b i b b b b b I b b b S b e A b b e b b I b b b b b b b I b A i b e b

D4BF
D4C2
found
D4C4
D4C6
D4C8
D4CB
D4CD
D4DO0
D4D2
D4D4
D4D7
D4D9
D4DC
D4DE
D4E1
D4E3
D4ES
D4EG6
DA4E7
D4EA
D4EC
D4EE

D4FO0
D4F1
D4F4
D4F5

D4F7
D4FA
D4FC
D4FF
D501
D503
D506
D509
D50B
D50E
D50F
D511

D513
D514
D517

JSR
AND

BNE
LDX
JSR
BEQ
LDY
ASL
BCS
JSR
BCC
JSR
LDA
EOR
STA
BNE
SEC
TXA
ADC
BCC
INC
BPL

TAX
JSR
SEC
BCS

JSR
LDY
JSR
LDY
LDX
JSR
JSR
LDX
JSR
TXA
BNE
DEC

DEX
JSR
BCC

&D4AA ;check current screen state
&D1 ;if A and &D1 <> 0 a plotted point has been
&D4BR9 ;so D4B9
#&00 ; X=0
&D592 ;update pointers
&D4FA ;1f 0 then D4FA
&031A ;else Y=graphics scan line
&D1 ;
&D4D9 ;1f carry set D4D9
&D574 ;else D574
&DAFA ;1f carry clear D4FA
&D3FD ;else D3FD to pick up colour multiplier
(&D6),Y ;get graphics cell line
&035A ;EOR with background colour
&DA ;and store
&D4F7T ;if not 0 D4F7
;else set carry
; A=X
&0361 ;add pixels/byte
&D4F0 ;and if carry clear D4FO0
&DB ;else increment &DB
&D4FT ;and 1f +ve DA4F7
;else X=A
&D104 ;display a pixel
;set carry
&D4D9 ;goto D4D9
&D574 ;
#&00 ;Y=0
&D5AC ;
#&20 ;
#&24 ;
&CDE6 ;exchange 300/3 +Y with 300/3+X
&D4AA ; check screen pixel
#&04 ;Y=5
&D592 ;
; A=X
&D513 ;if A<>0 d513
&DB ;else &DB=&dB-1
; X=X-1
&D54B ;
&D540 H



D519
D51C
D51E
D521
D523
D525
D527
D529
D52B
D52C
D52D
D530
D532
D534
D536
D537
D53A
D53B

D53D
D540
D542

D545
D548

D54B
D54D
D54E
D54F

D551
D552
D553
D555
D557
D559
D55B
D55D
D55F
D560
D562
D564
D565
D566
D568
D569
D56A

D56C
D56D
D56F
D571

D574
D576

D577

JSR
LDA
EOR
STA
LDA
BNE
LDA
BNE
SEC
TXA
ADC
BCC
INC
BPL
TAX
JSR
SEC
BCS

JSR
LDY
JSR

JSR
JMP

LDA
PHA
CLC
BCC

PLA
INX
BNE
INC
BPL
LSR
BCS
ORA
PHA
LDA
BIT
PHP
PLA
EOR
PHA
PLP
BEQ

PLA
EOR
STA
JMP

LDA
CLC

BCC

&D3ED
(&D6) ,Y
&035A
&DA

&DC
&D514
&DA
&D53D

&0361
&D536
&DB

&D53D

&D104
&D519
&D54B

#8504
&D5AC

&DOD9
&D1BS8

&D1

&D560

&D559
&DB
&D56F
&D1
&D56F
&D1

&D1

&DA

&DC

&D551

&D1
&D1
&DOFO

#&00

&D583

;update pointers

;get byte from graphics line
;EOR with background colour
;and store it

;If A-0 back to D514

;else A=&DA

;if A<>d53D

;else set carry

; A=Xx

;Add number of pixels/byte
;and 1if carry clear D536
;else inc DB

;and if +ve D53D

;get back X

;display a point

;set carry

;goto D519

’

;scale pointers

;get byte mask
;save it
;clear carry

4

;get back A

; X=X+1

;1f not 0 D559

;else inc &DB

;1f +ve D5S6F

;if Bit 7 D1 set D56F
;else or withA

;save result

; A=&D1

;test bits 6 and 7 of &DA
;save flags

;get into A
; EOR and DC
; save A

Iz

Iz

;A=A EOR &D1 (byte mask)
;store it
;and display a pixel

; A=0
;Clear carry

;goto D583 if carry clear



D579 INX ; X=X+1

D57A BNE &D580 ;If <>0 D580

D57C INC &DB ;else inc &DB

D57E BPL &D56F ;and 1f +ve d56F
D580 ASL ; A=A*2

D581 BCS &D58E ;1f C set D58E

D583 ORA &D1 ;else A=A OR (&D1)
D585 BIT &DA ;set V and M from &DA b6 b7
D587 BEQ &D579 ;

D589 EOR &D1 ; A=AEOR &D1

D58B LSR : /2

D58C BCC &D56F ;1f carry clear D56F
D58E ROR ;*2

D58F SEC ;set carry

D590 BCS &D56F ;to D56F

D592 LDA &0300,X ;Y/A=(&300/1 +X)-(&320/1)
D595 SEC ;

D596 SBC &0320 ;

D599 TAY ;

D59A LDA §&0301,X ;

D59D SBC &0321 ;

D5A0 BMI &D5A5 ;if result -ve D5AS
D5A2 JSR &D49B ;or negate Y/A

D5A5 STA &DB ;store A

D5A7 TYA ; A=Y

D5A8 TAX ; X=A

D5A9 ORA &DB ;

D5AB RTS ;exit

D5AC STY &DA ; Y=&DA

D5AE TXA ; A=X

D5AF TAY ; Y=A

D5BO0 LDA &DB ; A=&DB

D5B2 BMI &D5B6 ;1f -ve D5BO6

D5B4 LDA #&00 ; A=0

D5B6 LDX &DA ; X=&DA

D5B8 BNE &D5BD ;1f <>0 D5BD

D5BA JSR &D49B ;negate

D5BD PHA ;

D5BE CLC ;

D5BF TYA ;

D5CO ADC &0300,X ;Y/A+(&300/1 +X)=(&320/1)
D5C3 STA &0320 ;

D5C6 PLA ;

D5C7 ADC &0301,X ;

D5CA STA &0321 ;

D5CD RTS ;return

Rt g A b b A b g d b S S A b g S b S g S db g B b S 2b S S db S S b B b b S S b B 2 b A SR S S A b e A R S b e i 2 i S b 3
*
*

* OSWORD 13 read last two graphic cursor positions
*
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’

D5CE LDA #&03 ;A=3
D5DO0 JSR &D5D5 ;
D5D3 LDA #8607 ;A=7
D5D5 PHA ; Save A
D5D6 JSR &CDE2 ;exchange last 2 graphics cursor coordinates
with
;current coordinates
D5D9 JSR &D1B8 ;convert to external coordinates
D5DC LDX #603 ; X=3
D5DE PLA ; save A
D5DF TAY ; Y=A
D5EOQ LDA &0310,X ;get graphics coordinate
D5E3 STA (&F0),Y ;store it in OS buffer
D5EDS DEY ;decrement Y and X
D5E6 DEX ;
D5SE7 BPL &D5SEQ ;if +ve do it again

D5E9 RTS ;then Exit

’

KK A K AR A AR AR A AR AR A R AR A AR A AR A A A A AR A A A A A A AR A A A A A A A KNI XA A A A A KRR XA AR A AR A AR AR AR, K
*

* PLOT Fill triangle routine

R IR i S b S b i db b i db b S b I Ib b db b S 2b I b 2b I db b S 2b I S 2b I Sb b S 2b b b 2b b S b S 2b b b 2b e S Sb S 2b b I S R S b S b b I 2b b S b i S 4

D5SEA LDX #&20 ; X=&20
D5EC LDY #&3E ;Y=6&3E
D5EE JSR &D47C ;copy 300/7+X to 300/7+Y
;this gets XY data parameters and current
graphics
;cursor position
D5F1 JSR &D632 ;exchange 320/3 with 324/7 if 316/7=<322/3
D5F4 LDX #&14 ;X=&14
D5F6 LDY #&24 ;Y=&24
D5F8 JSR &D636 ;
D5FB JSR &D632 ;
D5SFE LDX #&20 ;
D600 LDY #&2A ;
D602 JSR &D411 ;calculate 032A/B-(324/5-320/1)
D605 LDA &032B ;and store
D608 STA &0332 ;result
D60B LDX #&28 ;set pointers
D60D JSR &D459 ;
D610 LDY #&2E ;

D612 JSR §DODE  ;copy 320/3 32/31



D615
D618
D619

D6l1C
D61F
D621
D624
D625

D628
D62A
D62C
D62F
graphics

D632
D634
D636
D639
D63C
D63F
D642
D644

JSR
CLC
JSR

JSR
LDX
JSR
SEC
JSR

LDX
LDY
JSR
JMP

LDX
LDY
LDA
CMP
LDA
SBC
BMI
JMP

&CDEZ2
&D658

&CDE?2
#&20
&CDE4

&D658

#&3E
#&20
&D47C
&D0OD9

#&20
#&14
&0302,X
&0302,Y
&0303,X
&0303,Y
&D657
&CDE6

;exchange 314/7 with 324/7

;execute fill routine

’
’
I3
I3

I3

; 1 X=6&3E

;1 Y=620

; rcopy 300/7+X to 300/7+Y

;;this gets XY data parameters and current

;cursor position

; X=6&20

;Y=614

;if 302/34Y>302/3+X return
;else swap 302/3+X with 302/3+Y

R IR I S b S b i db b I I S S Sb I Ib b db b S 2b I b 2b B S b S 2b e S 2b S b S 2b b S 2b b S b S 2b b b 2b e I SR S 2b b I db R S b S b b I 2b b S db i S 4

*

OSBYTE 134

Read cursor position

LR R i A b S b i db b I db b S b I Ib b db b S db I b 2b B db b S 2b I b 2b I Sb b b b b b 4b e S b b 2b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

D647 LDA
D64A SEC
D64B SBC
window
D64E TAX
D64F LDA
D652 SEC
D653 SBC
D656 TAY
D657 RTS
manipulations
D658 PHP
D659 LDX

&0318

&0308

&0319

&030B

#&20

; read current text cursor (X)
;set carry
; subtract left hand column of current text

; X=A

;get current text cursor (Y)
;suptract top row of current window
; Y=A

;and exit

; PLOT routines continue
;many of the following routines are just

;only points of interest will be explained
;store flags
; X=6&20



D65B
D65D
D660
D663
D666
D668

D66B
D66D
D670
D671
D674
D677
D67A
D67D
D680
D683
D686

D688
D68B
D68D
D690
D692
D695
D698
D69A
D69D

D69F
D6AO
D6A2
DoA4
D6AG6
D6AS8
D6AB
D6AE
D6B1
D6B4
D6B6
D6B7/
D6B9
D6BA
D6BC
D6BE
D6C1
D6C2
D6C5
D6C6
D6C8
D6CB
D6CD
D6CF
D6D1
D6D3
D6D5
D6DS8
D6DA
D6DD
D6DF

LDY
JSR
LDA
STA
LDX
JSR

LDY
JSR
SEC
LDA
SBC
STA
LDA
SBC
STA
ORA
BEQ

JSR
LDX
JSR
LDX
JSR
INC
BNE
INC
BNE

PLP
BCC
LDX
LDY
STX
LDA
CMP
LDA
SBC
BMI
TYA
LDY
TAX
STX
STY
LDA
PHA
LDA
PHA
LDX
JSR
BEQ
CMP
BNE
LDX
LDY
JSR
LDX
JSR
LDX
JSR

#&35
&D411
&0336
&033D
#&33
&D459

#&39
&DODE

&0322
&0326
&031B
&0323
&0327
&031C
&031B
&D69F

&D6A2
#&33

&D774
#&28

&D774
&031B
&D688
&031C
&D688

&D657
#&39
#&2F
&DE
&0300,X
&0300,Y
&0301,X
&0301,Y
&D6BC

&DE

&DE
&DF
&0300,Y

&0301,Y

&DF
&D10F
&D6DA
#&02
&D70E
#504
&DF
&D482
&DF
&D864
&DE
&D10F

;Y=6&35
;335/6=(324/5+X-320/1)

; set pointers

;set 339/C=320/3

; check VDU queque

’

;display a line

;update pointers

;and again!

;update VDU queque

;and if not empty do it again
;else increment next byte
;and do it again

;pull flags
;if carry clear exit

’

;is 300/1+x<300/1+Y
;1f so D6BC

;else A=Y

; Y=&DE

; X=A

; &§DE=X

; &§DEF=Y

;check for window violations

;set a screen address
; X=6&DE
; check for window violations



D6EZ2
D6E3
D6ES5
D6E7
D6E9
D6EB
D6EC
D6EF
D6F2
D6F4
D6F7
D6FA
D6FC
D6FE
D6FF
D701
D703
D705
D707
D709
D70B
D70E
D710
D711
D714
D715
D718

D719
D71B
D71C
D71E
D720
D723
D725
D726
D728
D72A
D72B
D72C
D72E
D72F
D732
D734
D736
D738
D73A

D73B

D73D

D73E
current

D741
D742
D744
D745
D746
D748

LSR
BNE
BCC
LDX
LDY
SEC
LDA
SBC
STA
LDA
SBC
STA
LDA
ASL
ORA
LDY
BNE
DEC
BPL
STA
JSR
LDX
PLA
STA
PLA
STA
RTS

DEC
TAX
BPL
STA
JSR
LDX
INX
BNE
INC
TXA
PHA
LSR
ROR
LDY
CPY
BEQ
BCC
LSR
ROR

LSR
LSR
LDY

TAX
BEQ
TYA
SEC
SBC
TAY

&D70E
&DOE9
#&00
&DF

&0300,Y
&0300,X
&DC
&0301,Y
&0301,X
&DD
#&00

&D1
&DC
&D719
&DD
&D719
&D1
&DOFO
&DF

&0301,X

&0300,X

&DC
&D6FE
&D1
&DOFO
&DC
&D72A
&DD
&DD
&0361
#&03
&D73B
&D73E
&DD

&DD

&031A

&D753

#&08

;A=A/2
;1f A<>0 then exit
;else if C clear D6E9

;display a point
;restore X

;and A

;store it

;get back A

;and store it
jexit

;display a point

;number of pixels/byte

;i1f 3 mode = goto D73B

;else if <3 mode 2 goto D73E
;else rotate bottom bit of &DD
;into Accumulator

;rotate bottom bit of &DD
;into Accumulator
;Y=1ine in current graphics cell containing

;point
; X=A
;Y=Y-8

’



D749
D74B
cell
D74D
D750
D751
D753
D754
D757
D759
D75A
D75C
D75D
D760
D761
D763
D765
D766
D767
D769
D76A
D76C
cell
D76E
D771

D774
D777
D779
D77C
D77D
D780
D783
D786
D789
D78C
D78F
D791
D794
D796
D799
D79B
D79E
D7Al
D7A4
D7A6
D7A9
D7AC
D7AD
D7B0
D7B3
D7B6
D7B9
D7BC
D7BF
D7C1

BCS
DEC

JSR
DEX
BNE
PLA
AND
BEQ
TAX
LDA
ASL
ORA
DEX
BNE
STA
TYA
SEC
SBC
TAY
BCS
DEC

JSR
JMP

INC
BNE
INC
SEC
LDA
SBC
STA
LDA
SBC
STA
BPL
LDA
BMI
INC
BNE
INC
JMP
LDA
BNE
DEC
DEC
CLC
LDA
ADC
STA
LDA
ADC
STA
BMI
RTS

&D74D
&D7

&D104
&D744

&0361
&D70E

#&00
&0363

&D75C
&D1

#&08

&D76E
&D7

&DOF3
&D70E

&0308,X
&D77C
&0309,X

&0300,X
&0302,X
&0300,X
&0301,X
&0303,X
&0301,X
&D7C1

&030A,X
&D7AL

&0306,X
&D7AC

&0307,X
&D7AC

&0306,X
&D7A9

&0307,X
&0306,X

&0300,X
&0304,X
&0300,X
&0301,X
&0305,X
&0301,X
&D791

’

;decrement byte of top line off current graphics

;display a point

;pixels/byte

;or with right colour mask

;store as byte mask

;Y=Y-8

;if carry clear

;decrement byte of top line off current graphics

;display a point
;and exit via D70E
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*

OSBYTE 135

Read character at text cursor position

LR S b I b i Sb b S I b S b S Sh b db b S db I b 2b S S b S b S 2b S b S b b S b S b b 2 b S I e S b S 2 b S b R S b S b b I S b S b i a4

D7C2
D7C5
D7C7
chr
D7C9
D7CB
D7CE
D7DO0
D7D3
D7D4
D7D5
D7D7
D7DA
D7DB

D7DC
D7DF
D7E1
D7E2
D7E3
D7E6
D7E7
D7ES8
D7EA
D7ED
D7EF
D7F1
D7F2
D7F4
D7F5
D7F7
D7F9
D7FA
D7FC
D7FD
D7FF
D801

D803
D804
D806

LDY
BNE
LDA

LDY
CMP
BNE
LDA
DEY
DEY
BPL
LDY
TAX
RTS

JSR
LDX
TXA
PHA
JSR
PLA
TAX
LDY
LDA
CMP
BNE
DEY
BPL
TXA
CPX
BNE
INX
LDA
CLC
ADC
STA
BNE

TXA
BNE
BEQ

&0360
&D7DC
(&D8),Y

#&02
&C4B7,Y
&D7D4
&C4B6,Y

&D7CB
&0355

&D808
#&20

&DO3E

#507
&0328,Y
(&DE) , Y
&D7F9

&DT7EA

#&TF
&D7D7

&DE
#&08

&DE
&D7ES8

&D7EL
&D7D7

;get number of logical colours
;if ¥Y<>0 mode <>7 so D7DC
;get address of top scan line of current text

;Y=2

;compare with conversion table

;i1f not equal D7d4

;else get next lower byte from table
;Y=Y-1

;Y=Y-1

;and if +ve do it again

;Y=current screen mode

;return with character in X

;set up copy of the pattern bytes at text cursor
; X=&20

;A=&20

;Save 1t

;get pattern address for code in A
;get back A

;and X

;Y=

;get byte in pattern copy

;check against pattern source

;1f not the same D7F9

;else Y=Y-1

;and if +ve D7EA

; A=X

;1s X=&7F (delete)

;1f not D7D7

;else X=X+1

;get byte lo address

;clear carry

;add 8

;store it

;and go back to check next character if <>0

; A=X
;1f <>0 D7E1
;else D7D7

Krxkkkkkkkkxxkkkk* gat up pattern Copy
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D808

D80OA

LDY

STY

#&07

&DA

;Y=T

; &§DA=Y



D80C
D8OE
D810
D813
D815
D817
D81A
D81B
D81D
D81F
D820
D822
D824
D826
D828
D829
D82B
D82C
D82E
D830
D832
D835
D836
D838

LDA
STA
LDA
STA
LDA
EOR
CLC
BIT
BEQ
SEC
ROL
BCS
LSR
BCC
TYA
ADC
TAY
BCC
LDY
LDA
STA
DEY
BPL
RTS

#501
&DB
&0362
&DC
(&D8),Y
&0358

&DC
&D820

&DB
&D82E
&DC
&D81B

#&07
&D810
&DA

&DB
&0328,Y

&D8OA

Frxxxxxkk pixel reading
khkkhkhkhk kA hkhhkkhhkhkhkhhhkhkhhkhkhhhkhkkhhohkhkhhhrkhkhhrkhkkhhrkhkkhhrhkkhkhhkx%k

D839
D83A
D83B
D83E
D83F
D840

D843
D845
D847
D848
D84A
D84C
D84D
D84F
D851
D852
D854
mode -1
D856
D859

D85A
D85C

PHA
TAX
JSR
PLA
TAX
JSR

BNE
LDA
ASL
ROL
ASL
PHP
BCS
LSR
PLP
BNE
LDA

AND
RTS

LDA
RTS

Kxkkkkkkkk .

XAk KKKk kK%K

D85D
D85F

LDX
JSR

&D149

&D85F

&D85A
(&D6) ,Y

&DA
&D1

&D851
&DA

&D847
&DA

&0360

#&FF

;s A=1

; &DB=A

;A=left colour mask

; store an &DC

;get a byte from current text character
;EOR with text background colour
;clear carry

;and check bits of colour mask

;if result =0 then D820

;else set carry

; §DB=&DB+Carry

;1f carry now set (bit 7 DB originally set) D82E
;else &DC=&DC/2

;1f carry clear D81B

;A=Y

;ADD ( (7+carry)

;Y=A

;read modified values into Y and A
; Store copy

;and do it again

;until 8 bytes copied

;jexit

4

; store A

; X=A

;set up positional data

;get back A

; X=A

;set a screen address after checking for window
;violations

;if A<>0 D85A to exit with A=&FF

;else get top line of current graphics cell
;A=A*2 C=bit 7

; §DA=&DA+2 +C C=bit 7 &DA

;byte mask=bM*2 +carry from &DA

;save flags

;1f carry set D851

;else restore &DA with bit '=0

;pull flags

;if Z set D847

;else A=&DA AND number of colours in current

;then exit
; A=&FF
;exit

I3

check for window violations and set up screen address

#&20
&D10F

; X=6&20

’



D862
D864
D867
D869
D86A
D86C
D86F
D870
D871
D872
D873
D874
D875
D877
D879
D87A
D87C
D87F
D881
D883

D884
D887
D889
D88B
D88E
D890
D893
D895
D898
D899
D89C
D89F
D8AO
D8A3
D8AS5
D8A6
D8A9
D8AB
D8AD
D8AF
D8BO

D8B2
D8B3

D8B5
D8B7
D8B8
D8BA
D8BC
D8BE
D8CO
D8C2
D8C3
round

D8C6

BNE
LDA
EOR
TAY
AND
STA
TYA
LSR
LSR
LSR
ASL
TAY
LDA
STA
INY
LDA
LDY
BEQ
LSR
ROR

ADC
STA
LDA
ADC
STA
LDA
STA
LDA
PHA
AND
ADC
TAY
LDA
STA
PLA
LDY
CPY
BEOQ
BCS
ASL
ROL

ASL
ROL

AND
CLC
ADC
STA
LDA
ADC
BPL
SEC
SBC

STA

&D85C
&0302,X
#&FF

#&07
&031A

(&E0) , Y
&DA

(&EQ0) , Y
&0356
&D884
&DA

&0350
&D6

&DA
&0351
&D7
&0301,X
&DA
&0300,X

&0361
&0361

&C406,Y
&D1

&0361
#&03

&D8B2
&D8B5S

&DA

&DA
#&F8
&D6
&D6
&DA
&D7
&D8Co

&0354

&D7

;1f A<>0 there is a window violation so D85C
;else set up graphics scan line variable

;in 31A

; A=Y

;A=A/2

;A=A/2

;A=A/2

;A=A*2 this gives integer value bit 0 =0
;Y=A

;get high byte of offset from screen RAM start
;store it

;Y=Y+1

;get lo byte

;get screen map type

;if 0 (modes 0,1,2) goto D884

;else &DA=&DA/2

;and A=A/2 +C if set

;so 2 byte offset =offset/2

;add screen top left hand corner 1lo
;store it

;get high Dbyte

;add top left hi

;store it

;and then Add pixels per byte-1
s Y=A

;A=&80 /27Y using look up table
;store it

;get back A

; Y=&number of pixels/byte

;1s Y=3 (modes 1,6)

;goto D8B2

;if mode =1 or 4 D8B5

;A/&DA =A/&DA *2

I3

I3

I3

;clear bits 0-2

;clear carry

;add A/&DA to &D6/7

;if result +ve D8C6

;else set carry

;and subtract screen memory size making it wrap

;store it in &D7



D8C8
graphics

D8CB

D8CD

D8CE
D8CF
D8D1
D8D4
D8D6
D8DS8

D8DA
D8DC
D8DF
DBE1L
D8E3
D8E6
D8ES
D8EA
D8ED
D8FO0
D8F2

D8F5
D8F7
D8FA
D8FB
D8FD
D900
D902

D905
D907
D909
D90B
D90D
D910
D912
D913

D916
D917

D918
D91A
D91D
D920
D922

LDY

LDA
RTS

PHA
LDA
LDX
BNE
BIT
BNE

BVS
LDA
AND
ORA
JSR
LDX
LDY
JSR
JSR
LDA
JSR

LDA
JSR
PLA
AND
JSR
LDA
JMP

LDA
BIT
BVC
BNE
JSR
BEQ
PHA
JSR

PLA
RTS

LDA
JSR
JSR
LDA
RTS

&031A

#&00

#&A0
&026A
&D916
&DO
&D916

&D8FS5S
&035F
#&9F
#&40
&C954
#&18
#8564
&D482
&CD7A
#&02
&C59D

#&BF
&C5A8

#&TF
&C4CO0
#&40
&C59D

#&20
&DO
&D8CB
&D8CB
&D7C2
&D917

&Co64

#&BD
&C5A8
&C951
#&0D

;get line in graphics cell containing current

;point A=0

;And exit

; Push A

; A=&A0

; X=number of items in VDU queque

;1f not 0 D916

;else check VDU status byte

;1f either VDU is disabled or plot to graphics
;cursor enabled then D916

;1f cursor editing enabled D8F5

;else get 6845 register start setting

;clear bits 5 and 6

;set bit 6 to modify last cursor size setting
;change write cursor format

;X=618

;Y=664

;set text input cursor from text output cursor
;modify character at cursor poistion

; A=2

;bit 1 of VDU status is set to bar scrolling

; A=&BF

;bit 6 of VDU status =0
; Pull A

;clear hi bit (7)
;entire VDU routine !!
;A=&40

;exit

;A=&20

;1f bit 6 cursor editing is set
;or bit 5 is set exit &D8CB

;read a character from the screen
;1f A=0 on return exit wvia D917
;else store A

;perform cursor right

; restore A

;and exit

;zero bits 2 and 6 of VDU status

; set normal cursor

;A=&0D

;and return

;this is response of CR as end of edit line

R R I i d b i A b i d b S b S I b I b S g e S b A R S b S S b S b S b b S b S S S b b b 2 S S S 2 b S 2 S SR S b b S 2 b S i i 4

*

*

*

*

OSBYTE 132

Read bottom of display RAM



LR R i i b S b i db b I I b S b I Ib b db b S 2b I b 2b S Sb b S 2b I S 2b S Sb b S b b b b S b b 2b b b Sb e S b S 2b b S S b S b S b b S 2b b S b i a4

’

D923 LDX &0355 ;get current screen mode

LR R I b I b Sb b S I b S b I Sb b i db b S b b 2b S S b S b S S 2b S b S b b b b S b S 2 b b SR e S b S I b S b R S b S b b I Sb b S b i a4
*

* OSBYTE 133 Read lowest address for given mode

R I R i i d b i A b d b S b I b A S S g S b A R S b S S b S b S b b S b S S S 2 b b 2 S S S 2 b S 2 e S IR A b b b b i i 4

D926 TXA ; A=X

D927 AND #&07 ;MOD 7!

D929 TAY ; Y=A

D92A LDX &C440,Y ;X=get RAM size key

D92D LDA &C45E,X ;A=high byte of start address
D930 LDX #&00 ; X=0

D932 BIT &028E ;get available RAM

D935 BMI &DI93E ;if bit 7 set then 32k so D93E
D937 AND #&3F ;AND A with &3F

D939 CPY #&04 ;if Y<4

D93B BCS &DI93E ; then D93E

D93D TXA ;else A=0 to return null value
D93E TAY ; Y=A

DO93F RTS ;and return

KA AR AR A A A AR A A A A A A A AR A A A A A AR A A A A A A AR A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A XA A A A K * K

*

* DEFAULT VECTOR TABLE

LR b e i b S b i Sb b S I b S b I Ib b db b S db I b 2b S S b S b b 4b S Sb b b b b b b S b S b b b S S b S I b S S R S b S b b S I b S b i a4

D940 DB 10,E3 ; &E310 = USERV
&200

D942 DB 54,DC ; &DC54 = BRKV

&202

D944 DB 93, DC ; &DC93 = IRQ1V
&204

D946 DB 89, DE ; &DE89 = IRQ2V
&206

D948 DB 89, DF ; &DF89 = CLIV

&208

D94A DB 72 ,E7 ; &E772 = BYTEV

&20A



D94C DB EB,E7 ; &E7TEB = WORDV

&20C

D94E DB A4, EO0 ; &E0A4 = WRCHV
&20E

D950 DB C5, DE ; &DEC5 = RDCHV
&210

D952 DB 7D, F2 ; &F27D = FILEV
&212

D954 DB 8E,F1 ; &F18E = ARGSV
&214

D956 DB C9,F4 ; &F4C9 = BGETV
&216

D958 DB 29,F5 ; &F529 = BPUTV
&218

D95A DB AG,FF ; &FFA6 = GBPBV
&21A

D95C DB CA,F3 ; &F3CA = FINDV
&21C

D95E DB Bl,F1 ; &F1B1 = FSCV

&21E

D960 DB A6, FF ; &FFA6 = EVNTV
&220

D962 DB A6, FF ; &FFA6 = UPTV

&222

D964 DB A6, FF ; &FFA6 = NETV

&224

D966 DB A6, FF ; &FFA6 = VDUV

&226

D968 DB 02,EF ; &EF02 = KEYV

&228

D96A DB B3,E4 ; &E4B3 = INSBV
&22A

D96C DB 64 ,E4 ; &E464 = REMVB
&22C

DO6E DB D1,EL ; &E1D1 = CNPV

&22E

D970 DB A6, FF ; &FFA6 = IND1V
&230

D972 DB A6, FF ; &FFA6 = IND2V
&232

D974 DB A6, FF ; &FFA6 = IND3V
&234

LR e i b S b i Sb b I I b S b I S b db b S db I b 2b S S b S I b S 4b S Sb b b b b S b S b S b b S b S b S I b S S R S b S b b I S b b b i a4
*
*

* MOS VARIABLES DEFAULT SETTINGS

*

R i e A d i S A b i R b A I I b b b b A I I b I b b b b b b b Ib b b R b b e A b b e b b b S b b b b b I b b b I b b S b b S i 4

*read/written by Osbytes &A6 to &FC
*addresses &236 to &28C =address -&D740

D976 DB 90,01 ;Mos variables address (address to Add to
osbyte
;number) in lo hi format (&190)
&236



D978 DB 9F, 0D ;Rom pointer address for indirecting into ROMS
;=09DF (lo hi format)

&238

D97A DB Al,02 ;ROM information table address (&2A1)
&23A

D97C DB 2B, FO ;Key translation table address (&F02B)
&23C

D97E DB 00,03 ; VDU variables start 0300

&23E

D980 DB 00 ;CFS/Vertical sync Timeout counter
&240

D981 DB 00 ;current input buffer number

&241

D982 DB FF ; keyboard interrupt processing flag
&242

D983 DB 00 ;primary OSHWM (default page)

&243

D984 DB 00 ;current OSHWM  (PAGE)

&244

D985 DB 01 ;RS423 Mode

&245

D986 DB 00 ;character defininition explosion switch
&246

D987 DB 00 ;Filing system flag ROM=2 CFS=0

&247

D988 DB 00 ;current Video ULA control register
&248

D989 DB 00 ;current pallette setting

&249

D98A DB 00 ;number of ROM enabled at last BRK
&24A

D98B DB FF ;number of BASIC ROM

&24B

D98C DB 04 ;current ADC channel number

&24C

D98D DB 04 ;maximum ADC channel number

&24D

D98E DB 00 ;ADC conversion type 0 or 0C=12 bit 8=8 Bit
&24E

D98F DB FF ;RS423 busy flag (bit 7 = 0 =busy)
&24F

D990 DB 56 ;curent ACIA control register setting
&250

D991 DB 19 ; flash counter

&251

D992 DB 19 ;mark period count

&252

D993 DB 19 ; Space period count

&253

D994 DB 32 ; keyboard Auto-repeat delay

&254

D995 DB 08 ; keyboard Auto-repeat rate

&255



D996
&256

D997
&257

D998
&258

D999
&259

D99A
&25A

D99B
&25B
D99C
&25C
D99D
&25D
DY99E
&25E
DOSF
&25F

D9AO
&260
D9A1
&261
D9A2
&262
DI9A3
&263
D9A4
&264
D9AS5
&265
D9A6
&266
DOAT
&267

D9AS
&268

D9AY
&269

D9AA
&26A

DO9AB
&26B

DOAC
&26C

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

00

00

00

00

20

09

00

00

00

00

00

50

00

03

90

64

06

81

00

00

00

09

1B

; *EXEC file handle (0 —not allocated)
; *SPOOL file handle (0 -not allocated)
;bit 0 Escape enable/disable

;bit 1 BREAK normal/clear memory
;Econet disable keyboard flag

; keyboard status bit 3=1 shift pressed

bit
bit

caps lock

shift lock
bit control bit
bit shift enabled

;buffer space left at buffer full signal

~J o U
Il I
=P oo

;RS423 input suppression flag
;cassette/RS423 flag (0=CFS, &40=RS423)
;Econet OS call interception flag (bit 7)

;Econet OSRDCH interception flag (bit 7)

;Econet OSWRCH interception flag (bit 7)
; speech enable/disable flac (50/20)

; sound output enable flag

; BELL channel number

;BELL amplitude/Envelope number

;BELL frequency

;BELL duration

;bit 7=1 ignore start up message

;bit 0=1 ignore RFS !BOOT error

;length of KEY string

; PRINT line counter

;number of items in VDU queque (2s complement

;of number required)
; TAB key value

; ESCAPE Character

;The following are input buffer code interpretation bytes for
;keys returning the following keys CO-FF are available via

; keypads only!
;0=ignore key



DSAD
&26D
DOAE
&26E
DOAF
&26F
D9BO
&270
D9B1
&271
D9B2
&272
DI9B3
&273
D9B4
&274

D9B5
&275
D9B6
&276
DOB7
&277
D9R8
&278
D9RY
&279
DO9BA
&27A
DO9RBRB
&27B
D9BC
&27C
DI9BD
&27D

;l=expand as normal key
;2-FF add to base for ASCII code

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

01

DO

EOQ

FO

01

80

90

00

00

00

FF

FF

FF

00

00

00

00

; CO-CF
; DO-DF
;EQ-EF
; FO-FF
; 80-8F
; 90-9F
; AO-AF

; BO-BF

; ESCAPE key status (0=ESC, 1,=ASCII)
; ESCAPE action

;USER 6522 Bit IRQ mask

;6850 ACIA Bit IRQ bit mask

;System 6522 IRQ bit mask

; Tube prescence flag

; speech processor prescence flag
;character destination status

;cursor editing status

KrFAKXF K AKX KK xxHxAx* Warm reset high water mark
R R i i b S db i Sb b b A b S Sb b S b b Sb db S 2b b g S

D9BE
&27E
DO9BF
&27F
D9CO
&280
DO9C1
&281
DIC2
&282
DI9C3
&283
D9C4
&284
DI9C5
&285

DB

DB

DB

DB

DB

DB

DB

DB

00

00

00

00

64

05

FFE

01

;unused

;unused

;country code

;user flag

;serial ULA control register setting
;current system clock store pointer
;soft key status (unstable)

;printer destination



D9Cé6 DB 0A ;printer ignore character
&286

FrFxAxkxxx% COLD RESET High water mark
R R i A b S b b db b b 2 b S Sb b db b I Sb b S 2b I b 2b S S b S 2b I S 2 g g 3

DOC7 DB 00 ;user BREAK routine address JMP
&288

D9C8 DB 00 ;user BREAK routine address 1lo
&288

D9C9 DB 00 ;user BREAK routine address hi
&289

DI9CA DB 00 ;unused

&28A

DI9CB DB 00 ;unused

&28B

DI9CC DB FF ;current language rom no.

&28C

*xrxxxxxxkkx RESET High Water mark for Power up
R S A I b A i b b I dh A b b b b b db b i b S i

;later flags dealt with in routines

R IR I S S b i db b I I S S b I Ib b db b S 2b I b 2b I S b S 2b I S 2b S b S 2 b S 2b b S b S 2b b b 2b I b S 2b b I S R S 2b I b b I 2b b S 2b i S 4

*

Kk ok k ok Kk ok ok ok ok k ok ok ok k ko k ke ok ok k ok k ok k ok k ok ko ok ok ko ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke k ok ke ok ok ok ok ok ok ok
*

* %

* %

* %
* %

el RESET (BREAK) ENTRY POINT
* %

* %
* %

*x Power up Enter with nothing set, 6522 System VIA IER bits

* *

*x 0 to 6 will be clear
* *

* *
* %

*x BREAK IER bits 0 to 6 one or more will be set 6522 IER

* K
** not reset by BREAK
* K
* K

* %

R I g g b dh S i A b d b S db I I b g g S S S b b S A R S b S I S b S b b I e A b S db i i b S b S b S S A b S 4 b S db e S b S 3

*

R I R i A b S b i A b d b S b I b S b S b S b A SR S b S S b S b S b b S b b S b S 2b b b 2b I S S 2b b S 2 S IR S b b S 2 b S b i S S

*



D9CD
DOCF

DOD2
D9D3
D9D4
D9D6
DOD7
D9DA
DO9DB
DO9DC
DO9DE
(set by

DOE1
DOE2
DOE4
DO9E6
A=n/4

LDA
STA

SEI
CLD
LDX
TXS
LDA
ASL
PHA
BEQ
LDA

LSR
CMP
BNE
LSR

#&40
&0DO0OO

#&FF

&FEAE

&DOE7
&0258

#&01
&DAO3

;set NMI first instruction to RTI
;NMI ram start

;disable interrupts just in case

;clear decimal flag

;reset stack to where it should be

; (&1FF)

;read interupt enable register of the system VIA
;shift bit 7 into carry

;save what's left

;i1f Power up A=0 so D9E7

;else if BREAK pressed read BREAK Action flags

; *FX200,n)

;divide by 2

;1if (bit 1 not set by *FX200)

;then &DAO3

;divide A by 2 again (A=0 if *FX200,2/3 else

FhxxAkxxAk* clear store routine
Rt b b i b b b b b b b b b b b b b b i b b b b b b b b b b b b b b b b b b b g

DOE7 LDX
DY9E9 STX
DYEB STA
DOED TAY
DOEE STA
DIFO0 CMP
DIF2 BEQ
D9F4 INY
DOF5 BNE
DOF7 INY
overwriting
DOF8 INX
DOF9 INC
DOFB BPL
SO
avoids

DSFD STX
DAOO STX

#&04
&01
&00

(&00),Y

&01
&DIOFD

&D9EE

&01
&DOEE

&028E
&0284

;get page to start clearance from (4)
;store it in ZP 01
;store A at 00

;and in Y to set loop counter

;clear store

;until address &01 =0

;increment pointer

;1f not zero loop round again

;else increment again (Y=1) this avoids

;RTI instruction at &DO0OO

;increment X

;increment &01

;loop until A=&80 then exit

;note that RAM addressing for 16k loops around

; &4000=&00 hence checking &01 for 00. This

;overwriting zero page on BREAK

;writes marker for available RAM 40 =16k, 80=32
;write soft key consistency flag

FRpxHxAFAXFKAE et up system VIA
KA rhkhhkrhkhhkrkhhkrhkhhkrhhkrhhkhkhkrhhkrhhkhhhkhkhhkhkhhrkh*k

DAO3
DAO5

LDX
STX

#&0F
§FEA42

;set PORT B to output on bits 0-3 Input 4-7

’



KA AR A A A A A AR A A A A A A A A A A A A A AR AR A A A A A A AR A A A A A A AR A AR AR A XA A A A A AR AR A AR AR A AR A AR XKk

set addressable latch IC 32 for peripherals via PORT B

;bit 3 set sets addressed latch high adds 8 to VIA address

;bit 3 reset sets addressed latch low

Peripheral VIA bit 3=0 VIA bit 3=1
Sound chip Enabled Disabled
speech chip (RS) Low High

speech chip (WS) Low High
Keyboard Auto Scan Disabled Enabled

CO address modifier Low High

Cl address modifier Low High

Caps lock LED ON OFF

Shift lock LED ON OFF

CO & Cl are involved with hardware scroll screen address

R R i i b S b i Sb b i I b S Sb I Ib b db b S 2b I b 2b S S b S db I S 2b b Sb b b b b S Sb b S b S 2b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

DAOS
DAO9
DAOC
DAOE

DA1O0
DAll
DA12
DA15
DA17

;X=&F on entry

DEX ; loop start
STX &FE40 ;write latch IC32
CPX #&09 ;is it 9
BCS &DAOS8 ;1f so go back and do it again
;X=8 at this point
;Caps lock On, SHIFT lock undetermined
; Keyboard Autoscan on
;sound disabled (may still sound)
INX ; X=9
TXA ; A=X
JSR &F02A ;interrogate keyboard
CPX #&80 ; for keyboard links 9-2 and CTRL key (1)
ROR &FC ;rotate MSB into bit 7 of &FC



DA19
DA1A
DA1B

DA1D
DA20
DA22
DA25

TAX
DEX
BNE

STX
ROL
JSR
ROR

;get back value of X for loop
;decrement it

&DAL1l ;and if >0 do loop again
; on exit if Carry set link 3 made
;1ink 2 = bit 0 of &FC and so on
;if CTRL pressed bit 7 of &FC=1

; X=0
&028D ;clear last BREAK flag
&FC ;CTRL is now in carry &FC is keyboard links
&EEEB ;set LEDs carry on entry bit 7 of A on exit

;get carry back into carry flag

*EkAKxKK* get up page 2
R R e b b b b A db db b b b b b b b db g b b b b b b db b 4 2 b b b b S b db g b b b (b b b db 4 b b b b S b g4

DA26
DA28
DA2A
DA2B
DA2D
DA2F
DA31
DA33

DA36
DA39
DA3B
DA3D
DA40

LDX
LDY
PLA
BEQ
LDY
BCC
LDY
INC

INC
LDA
EOR
STA
LDX

AKAkAkKkKAAkKkAK Kk o

#&9C ;
#&8D ;
;get back A from &D9DB
&DA36 ;if A=0 power up reset so DA36 with X=&9C Y=&8D
#&7E ;else Y=&TE
&DA42 ;and 1if not CTRL-BREAK DA42 WARM RESET
#&87 ;else Y=&87 COLD RESET

&028D ; &28D=1

&028D ; &28D=6&28D+1

&FC ;get keyboard links set
#&FF ;invert

&028F ;and store at &28F

#&90 ; X=&90

set up page 2

R R I g S b i db b i S b S Sb I g b b g b S db b g Sb S dh db S Sb b S S b S Ib b Sb b S b S db b O 4

DA42
DA44
DA46
DA48
DA4A
DA4D
DA4E

DA50
out)

DAS53
DA54
DA56
DA58
DA59

DASB
DASE

;on entry &28D=0 Warm reset, X=&9C, Y=&T7E

LDA
CPX
BCC
LDA
STA
INX
BNE

STA

TXA
LDX
STA
INX
BNE

LDA
STA

; &28D=1 Power up , X=&90, Y=&8D
; &28D=2 Cold reset, X=&9C, Y=&87

#&00 ; A=0

#&CE ;zero &200+X to &2CD

§DA4A :

#&FF ;then set &2CE to &2FF to &FF

&0200,X ;

&DA44 ;
;A=&FF X=0

&FE63 ;set port A of user via to all outputs (printer
; A=0

#&E2 ; X=&E2

&00,X ;zero zeropage &E2 to &FF

’

&DA56 ; X=0

&D93F,Y ;copy data from &D93F+Y
&01FF,Y ;to &1FF+Y



DA61 DEY ;until

DAG2 BNE &DASB ; IFF+Y=&200

DAG4 LDA #6562 ;A=862

DAGG STA &ED ; store in &ED

DAGS8 JSR &FBOA ;set up ACIA
; X=0

Frxxxxxkkkxxxx clear interrupt and enable registers of Both VIAs
* ok kkkk kK

DAG6B LDA #&TF ;
DAG6D INX ;
DAGE STA &FE4D,X ;
DA71 STA &FE6D,X ;
DA74 DEX ;
DA75 BPL &DAGE ;
DA77 CLI ;briefly allow interrupts to clear anything
pending
DA78 SET ;disallow again N.B. All VIA IRQs are disabled
DA79 BIT &FC ;if bit 6=1 then JSR &F055 (normally O0)
DAB BVC &DA8O0 ;else DAS8O
DA7D JSR &F055 ; FO55 JMP (&FDFE) probably causes a BRK unless
;hardware there redirects it.
DA8O LDX #&F2 ;enable interrupts 1,4,5,6 of system VIA
DA82 STX &FEA4E ;
;0 Keyboard enabled as needed
;1 Frame sync pulse
;4 End of A/D conversion
;5 T2 counter (for speech)
;6 Tl counter (10 mSec intervals)
DA85 LDX #&04 ;set system VIA PCR
DA87 STX &FEA4C ;
;CAl to interrupt on negative edge (Frame sync)
; CAZ Handshake output for Keyboard
;CBl interrupt on negative edge (end of
conversion)
;CB2 Negative edge (Light pen strobe)
DASA LDA #&60 ;set system VIA ACR
DAS8C STA &FE4B ;
;disable latching
;disable shift register
; Tl counter continuous interrupts
;T2 counter timed interrupt
DASF LDA #&0E ;set system VIA T1 counter (Low)
DA91 STA &FE46 ;
;this becomes effective when T1 hi set
DA94 STA &FE6C ;set user VIA PCR
;CAl interrupt on -ve edge (Printer Acknowledge)
;CA2 High output (printer strobe)
;CBl Interrupt on -ve edge (user port)
;CB2 Negative edge (user port)
DA97 STA &FECO ;set up A/D converter

;Bits 0 & 1 determine channel selected



DASA
present

DASD

DASF

DAA2
us)
DAA4

therefore

DAAT

DAAA

DAAD
DABO
DAB2

DABS
DABS
DABA

CMP
BEQ
INC
LDA
STA
STA
JSR
LDA
AND
JSR
LDX

BEQ
JSR

;Bit 3=0 8 bit conversion bit 3=1 12 bit

&FE6C ;read user VIA IER if = &0E then DAA2 chip
&DAAZ ;SO goto DAA2
&0277 ;else increment user VIA mask to 0 to bar all

;user VIA interrupts

#627 ;set Tl (hi) to &27 this sets Tl to &270E (9998
&FE47 ;or 10msec, interrupts occur every lOmsec

&FE45 ;

&EC60 ;clear the sound channels

&0282 ;read serial ULA control register

#&TF ;zero bit 7

&E6AT ;and set up serial ULA

&0284 ;get soft key status flag

&DABD ;if 0 (keys OK) then DABD

&E9C8 ;else reset function keys
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*

Check sideways ROMS and make catalogue
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DABD
DACO
DAC2

DACS5
DACS8
DACB
DACD
DACE
DACF

JSR
LDX
LDY

LDA
CMP
BNE
INY
DEX
BPL

; X=0
&DC1l6 ;set up ROM latch and RAM copy to X
#&03 ;set X to point to offset in table
&8007 ;get copyright offset from ROM

; DFOC = )C( BRK

&8000,Y ;get first byte
&DFOC, X ;compare it with table byte

&DAFB ;if not the same then goto DAFB
;point to next byte
7 (s)
&DACS ;and 1f still +ve go back to check next byte

;this point is reached if 5 bytes indicate valid
;ROM (offset +4 in (C) string)

R R R i A S b i A b d b S b I b A S S g S b A R S b i S b S b S b b S b S b S b b b b A S S 2 b 2 S b S b b 2 S i i 4

* Check first 1k of each ROM against higher priority Roms to ensure

that*

* there are no matches, i1f a match found ignore lower priority ROM

*
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DAD1
DAD3

DADS
DADG6
DADS8

DADA
DADB
DADD
DADF
DAE1L

DAE3
DAE6
DAES
DAEB
DAED

DAEF
DAF1
DAF3
DAF'S5
DAF'7
DAF9

DAFB
DAFD

DAFF
DB02
DBO5
DBO7
DB0O9

DBOC
DBOD
DBOF

LDX
LDY

INY
CPY
BCS

TYA
EOR
STA
LDA
STA

STY
LDA
STX
CMP
BNE

INC
BNE
INC
LDA
CMP
BCC

LDX
BPL

LDA
STA
AND
BNE
STX

INX
CPX
BCC

&F4
&F4

#&10
&DAFF

#&FF
&FA
#&7F
&FB

&FE30
(§FA), Y
&FE30
(§FA) , Y
&DAD5

&FA
&DAE3
&FB
&FB
#584
&DAE3

&F4
&DBOC

&8006
&02A1,X
#&8F
&DBOC
&024B

#&10
&DABD

;get RAM copy of ROM No. in X
;and Y

;increment Y to check

;1f ROM 15 is current ROM

;1f equal or more than 16 goto &DAFF
;to store catalogue byte

;else put Y in A

;invert it

;and store at &FA

;store &7F at

; &FB to get address &7FFF-Y

; set new ROM

; Get byte

;switch back to previous ROM

;and compare with previous byte called

;1f not the same then go back and do it again
;with next rom up

;else increment &FA to point to new location
;1f &FA<>0 then check next byte

;else inc &FB

;and check that it doesn't exceed

;&84 (lk checked)

; then check next byte(s)

;X=(&F4)
;1f +ve then &DBOC

;get rom type

;store it in catalogue

;check for BASIC (bit 7 not set)
;1f not BASIC the DBOC

;else store X at BASIC pointer

;increment X to point to next ROM
;1s it 15 or less
;1f so goto &DABD for next ROM



os series V
GEOFF COX
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*

Check SPEECH System
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DB11
DB14

DB16

DB19
DB1B
DB1E
DB1F

DB21
DB24

BIT
BMI

DEC

LDY
JSR
DEX
BNE

STX
STX

XAk AkKkKkKkKk AKXk )k

DB27
DB2A

DB2D
DB2F

LDA
JSR

LDY
JSR

; X=&10
&FE40 ;1f bit 7 low then we have speec system fitted
&DB27 ;else goto DB27
&027B ; (027B)=&FF to indicate speech present
#&FF ; Y=&FF
&EETF ;initialise speech generator
;via this
&DB19 ; Lloop
; X=0
&FE48 ;set T2 timer for speech

&FE49 ;
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; X=0
&028F ;get back start up options (mode)
&C300 ;then jump to screen initialisation
#&CA ; Y=&CA
&EA4AF1 ;to enter this in keyboard buffer

;this enables the *KEY 10 facility

Frxkxxxx% enter BREAK intercept with Carry Clear
RS R i A b S b db b i db b S Sb i S b S db S 3

DB32

DB35
DB38
DB3A
DB3D
DB40
DB41
DB43
DB45

DB48
DB4A

DB4D
DB4F
DB51
DB54

JSR

JSR
LDA
STA
LDA
ROR
BCC
LDX
JSR

BNE
DEC

LDY
LDX
JSR
LDX

&EAD9 ;check to see if BOOT address is set up if so
;IJMP to it
&F140 ;set up cassette options
#&81 ;test for tube to FIFO buffer 1
&FEEOQ ;
&FEEOQ ;
;put bit 0 into carry
&DB4D ;1f no tube then DB4D
#&FF ;else
&F168 ;issue ROM service call &FF
;to initialise TUBE system
&DB4D ;1if not 0 on exit (Tube not initialised) DB4D
&027A ;else set tube flag to show its active
#&0E ;set current value of PAGE
#&01 ;issue claim absolute workspace call
&F168 ;via F168

#&02 ;send private workspace claim call



DB56
DB59
DBS5C
DB5SF
etc.
DB61
DB64

DB67
DB6A
DB6C
DB6E
DB71
DB74
DB76
DB78
DB7B
DB7D
DB7F
DB82
DB84

JSR
STY
STY
LDX

LDY
JSR

AND
BPL
LDY
JSR
LDA
BEQ
LDY
BIT
BMI
LDY
JSR
LDY
JSR

KARAkKAKKA KK o

DB87
DB88
DB8B
DBSE
DB8F
DB90

DBI91
DB92
DB93
DB94
DB97
DB99
DB9A
DBOC
DBOF
DBA1l
DBA2
DBA4
DBAG6

DBA9
DBAB
DBAD
DBBO
DBB3
DBB6

DBBS
DBBA
DBBB

SEC
JSR
JSR
PHP
PLA
LSR

LSR
LSR
LSR
EOR
AND
TAY
LDX
JSR
BEQ
TYA
BNE
LDA
JSR

LDX
LDY
DEC
JSR
INC
BNE

LDA
TAX
JSR

&F168
§&0243
&0244
#&FE

&027A
&F168

&0267
&DB87
#&02
&DEAY
&028D
&DB82
#&l6
&028E
&DB7F
#611
&DEA9
#&1B
&DEAQ

;via F168

;set primary OSHWM

; set current OSHWM

;issue call for Tube to explode character set

;Y=FF if tube present else Y=0
;and make call via F168

;1f A=&FE and bit 7 of 0267 is set then continue
;else ignore start up message

;output to screen

; 'BBC Computer ' message

;0=warm reset, anything else continue

; by checking length of RAM

;and either

;finishing message with 'l6k' or '32k’

;and two newlines

’

enter BREAK INTERCEPT ROUTINE WITH CARRY SET (call 1)

&EADS
&E9D9

&028F
#&08

#&03
&F168
&DBBE

&DBBS
#&8D
&F135

#&D2
#&EA
&0267
0OSCLI
&0267
&DBBE

#&00

&F137

; look for break intercept jump do *TV etc

;set up LEDs in accordance with keyboard status
;save flags

;and get back in A

;zero bits 4-7 and bits 0-2 bit 4 which was bit

;may be set

;or with start up options which may or may not
;invert bit 4

s Y=A

;make initialisation call if Y=0 on entry
;RUN, EXEC or LOAD !BOOT file

;1f a ROM accepts this call then DBBE
;else put Y in A

;1f Y<>0 DBBRS8

;else set up standard cassete baud rates
;via &F135

;decrement ignore start up message flag
;and execute */!BOOT

;restore start up message flag

;1f not zero then DBBE

;else A=0
; X=0
;set tape speed

kxxxkxxx Preserve current language on soft RESET

R R i A b S g i A b g db b S S g g b g i 4

DBBE
DBC1

LDA
BNE

&028D
&DBC8

;get last RESET Type
;i1f not soft reset DBCS8



DBC3 LDX &028C ;else get current language ROM address
DBC6 BPL &DBEG6 ;1f +ve (language available) then skip search
routine
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*

* SEARCH FOR LANGUAGE TO ENTER (Highest priority)
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DBC8 LDX #&0F ;set pointer to highest available rom

DBCA LDA &02A1,X ;get rom type from map

DBCD ROL ;put hi-bit into carry, bit 6 into bit 7

DBCE BMI &DBE6 ;if bit 7 set then ROM has a language entry so
DBEG

DBDO DEX ;else search for language until X=&ff

DBD1 BPL &DBCA ;

FAAFFFxxxxFxxxx check if tube present
khkkhkhkhkhkkhkhkhrhkkhhkhkkhkhhhrkhkkhhrkhkkhhhrhrkkhhrrkhkhirkhk*

DBD3 LDA #&00 ;if bit 7 of tube flag is set BMI succeeds
DBD5 BIT &027A ;and TUBE is connected else
DBD8 BMI &DCO8 ;make error

*EkAkKxKxK*Xx*x no language error
Ahkkhk kK hkkhhkhrhkhhAhkhkhhhkhkkhhrhkhdhhrhkhhhrhkkhhrhkkhkhrhkkhkhhrrkhkdrrkhkkxx

DBDA BRK ;

DBDB DB &F9 ;error number
DBDC DB 'Language?’ ;message
DBES BRK ;

DBE6 CLC ;

R i e A d i S i I i b b A db A b b b A I I I b I b b ab b b b b b b A b b b S b e A b b b b b S A b b b b I 4 b b b b A i b I

*

* OSBYTE 142 enter Language ROM at &8000

* X=rom number C set if OSBYTE call clear if initialisation
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DBE7 PHP ;save flags

DBES STX &028C ;put X in current ROM page

DBEB JSR &DC16 ;select that ROM

DBEE LDA #&80 ;A=128

DBFO LDY #&08 ; Y=8

DBEF2 JSR &DEAB ;display text string held in ROM at &8008,Y
DBE'S STY &FD ;save Y on exit (end of language string)
DBF7 JSR OSNEWL ;two line feeds

DBFA JSR OSNEWL ;are output

DBEFD PLP ;then get back flags

DBFE LDA #&01 ;A=1 required for language entry

DCOO BIT &027A ;check 1f tube exists

DCO3 BMI &DCO8 ;and goto DCO8 if it does

DCO5 JMP &8000 ;else enter language at &8000
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*

* TUBE FOUND enter tube software
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DCO08 JMP &0400 ;enter tube environment

KK AR AR AR AR AR A A A AR A A A AR A A A A A AR AR A A A AR A AR A A A AR A AR A AR AR A AR A AR AR A A A A AR A A A A A XKk
*

* OSRDRM entry point
*
*
*
* get byte from PHROM or page ROM
*
* Y= rom number, address is in &F6/7
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DCOB LDX &F4 ;get current ROM number into X
DCOD STY &F4 ;store new number in &F4

DCOF STY &FE30 ;switch in ROM

DC12 LDY #&00 ;get current PHROM address
DC14 LDA (&F6),Y ;and get byte

FAAxFF*X* Set up Sideways Rom latch and RAM copy

R R dh i i b i I b R A b S db i b S b b 3 4 4

;on entry X=ROM number

DC16 STX &F4 ;RAM copy of rom latch
DC18 STX &FE30 ;write to rom latch



DC1B RTS ;and return
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*
* *
* *
bl MAIN IRQ Entry point
* *
* %
* %
* %

* K

R T R i A b S b i A b I b S b I b A S S g S b A R S b S b S b S b b S b S S S 2 b b 2 S S S 2 b S b e S SR S b b 2 S i i 4
*

R I g g b dh S I b db b S db I I b g g b S b S 2b A b S 2b I S 2b e S b b S S A b S 2b i i Sb i db db S Sb e S db A b S 2b b S 2b b S db S 2b
*

;ON ENTRY STACK contains STATUS REGISTER, PCH, PCL
DC1C STA &FC ;save A

DC1E PLA ;get back status (flags)

DC1F PHA ;and save again

DC20 AND #&10 ;check if BRK flag set

DC22 BNE &DC27 ;1f so goto DC27

DC24 JMP (&0204) ;else JMP (IRQ1V)
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* BRK handling routine
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DC27 TXA ;save X on stack

DC28 PHA ;

DC29 TSX ;get status pointer

DC2A LDA &0103,X ;get Program Counter lo
DC2D CLD ;

DC2E SEC ;set carry

DC2F SBC #&01 ;subtract 2 (l+carry)
DC31 STA &FD ;and store it in &FD
DC33 LDA &0104,X ;get hi byte

DC36 SBC #&00 ;subtract 1 if necessary
DC38 STA &FE ;and store in &FE

DC3A LDA &F4 ;get currently active ROM
DC3C STA &024A ;and store it in &24A

DC3F STX &FO ;store stack pointer in &FO



DC41 LDX #&06 ;and issue ROM service call 6

DC43 JSR &F168 ; (User BRK) to roms
;at this point &FD/E point to byte after BRK
;ROMS may use BRK for their own purposes

DC46 LDX &028C ;get current language

DC49 JSR &DC16 ;and activate it

DC4cC PLA ;get back original value of X

DC4D TAX ;

DC4E LDA &FC ;get back original wvalue of A

DC50 CLI ;allow interrupts

DC51 JMP (&0202) ;and JUMP wvia BRKV (normally into current
language)
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*

* DEFAULT BRK HANDLER
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DC54 LDY #&00 ;Y=0 to point to byte after BRK

DC56 JSR &DEB1 ;print message

DC59 LDA &0267 ;1f BIT 0 set and DISC EXEC error

DC5C ROR ;occurs

DC5D BCS &DC5D ;hang up machine!!!!

DCS5F JSR OSNEWL ;else print two newlines

DC62 JSR OSNEWL

DC65 JMP &DBBS8 ;and set tape speed before entering current

; language

DC68 SEC ;set carry

DC69 ROR &024F ;and rotate right to set RS423 busy flag
DCeC BIT &0250 ;check bit 7 of current ACIA control register
DC6F BPL &DC78 ;1f interrupts NOT enabled DC78

DC71 JSR &E741 ;else E741 to check if serial buffer full
DC74 LDX #&00 ;

DC76 BCS &DCTA ;1f carry set goto DC7A to transfer data
DC78 LDX #&40 ; X=&40

DC7A JMP &E1T7A ;and transfer data

DC7D LDY &FEO9 ;read serial data from ACIA

DC80 AND #&3A ;and %0011 1010

DC82 BNE &DCBS8 ;1f no 0 then DCRS8

DC84 LDX &025C ;read RS423 input suppression flag

DC87 BNE &DCO2 ;if not 0 then DCY92 ignore RS423 input
DC89 INX ;else X=X+1

DC8A JSR &E4F3 ;put byte in buffer

DC8D JSR &E741 ;count buffer



DCY90 BCC &DC78 ;and if carry clear (buffer not full) back to
DC78
DCY92 RTS ;else return

’
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*

* Main IRQ Handling routines, default IRQIV destination
*

*

*
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DCI93 CLD ;clear decimal flag

DC94 LDA &FC ;get original value of A

DC96 PHA ;save it

DC97 TXA ; save X

DC98 PHA ;

DC99 TYA ;and Y

DCOA PHA ;

DC9B LDA #&DE ; A=&DE

DCO9D PHA ;store it

DCOE LDA #8681 ;save &81

DCAO PHA ;store it (an RTS will now jump to DE82)
DCAl CLV ;clear V flag

DCA2 LDA &FEO8 ;get value of status register of ACIA
DCAS BVS &DCA9 ;if parity error then DCA9

DCA7 BPL &DD06 ;else if no interrupt requested DDO06
DCA9 LDX &EA ;read RS423 timeout counter

DCAB DEX ;decrement it

DCAC BMI &DCDE ;and if <0 DCDE

DCAE BVS &DCDD ;else if >&40 DCDD (RTS to DE82)

DCRO JMP &F588 ;else read ACIA via F588

DCB3 LDY &FEO09 ;read ACIA data

DCB6 ROL ;

DCB7 ASL ;

DCRBS8 TAX ; X=A

DCB9 TYA ; A=Y

DCBA LDY #8607 ;Y=07

DCBC JMP &E494 ;check and service EVENT 7 RS423 error
DCBF LDX #&02 ;read RS423 output buffer

DCC1 JSR &E460 ;

DCC4 BCC &DCD6 ;1f C=0 buffer is not empty goto DCD6
DCC6 LDA &0285 ;else read printer destination

DCC9 CMP #&02 ;is it serial printer??

DCCB BNE &DC68 ;1f not DC68

DCCD INX ;else X=3

DCCE JSR &E460 ;read printer buffer

DCD1 ROR &02D2 ;rotate to pass carry into bit 7

DCD4 BMI &DC68 ;1f set then DC68

DCD6 STA &FEQ09 ;pass either printer or RS423 data to ACIA
DCD9 LDA #&E7 ;set timeout counter to stored value
DCDB STA &EA ;

DCDD RTS ;and exit (to DE82)



;A contains ACIA status

DCDE AND &0278 ;AND with ACIA bit mask (normally FF)

DCE1 LSR ;rotate right to put bit 0 in carry

DCE2 BCC &DCEB ;i1f carry clear receive register not full so
DCEB

DCE4 BVS &DCEB ;if V is set then DCEB

DCE®6 LDY &0250 ;else Y=ACIA control setting

DCE9 BMI &DC7D ;if bit 7 set receive interrupt is enabled so
DC7D

DCEB LSR ;oput BIT 2 of ACIA status into

DCEC ROR ;carry if set then Data Carrier Detected applies
DCED BCS &DCB3 ;jump to DCB3

DCEF BMI &DCBF ;1if original bit 1 is set TDR is empty so DCBF
DCF1 BVS &DCDD ;1f V is set then exit to DE82

DCF'3 LDX #&05 ; X=5

DCF'5 JSR &F168 ;issue rom call 5 'unrecognised interrupt'’
DCF8 BEQ &DCDD ;1f a rom recognises it then exit to DES82
DCFA PLA ;otherwise get back DE82 address from stack
DCFB PLA ;

DCFC PLA ;and get back X, Y, and A

DCED TAY ;

DCFE PLA ;

DCFF TAX ;

DDOO PLA ;

DDO1 STA &FC ; &FC=A

DDO03 JMP (&0206) ;and offer to the user via IRQ2V

Kk ok k ok Kk ok ok ok ko ok k ok k ko ke ok ok ko ke ko ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ke ke ok ok ok ok ok ok ok sk ok ok ke ok ok ok k ok ok ok ok ok k ok
*

*

* VIA INTERUPTS ROUTINES

*

*

*
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DDO06 LDA &FEAD ;read system VIA interrupt flag register

DD09 BPL &DD47 ;1f bit 7=0 the VIA has not caused interrupt
;goto DD47

DDOB AND &0279 ;mask with VIA bit mask

DDOE AND &FEAE ;and interrupt enable register

DD11 ROR ;rotate right twice to check for IRQ 1 (frame

sync)

DD12 ROR ;

DD13 BCC &DD69 ;1f carry clear then no IRQ 1, else

DD15 DEC &0240 ;decrement vertical sync counter

DD18 LDA &EA ;A=RS423 Timeout counter

DD1A BPL &DD1E ;1f +ve then DDI1E

DD1C INC &EA ;else increment it

DD1E LDA &0251 ;load flash counter

DD21 BEQ &DD3D ;if 0 then system is not in use, ignore it



DD23
DD26

DD28
DD2B
DD2E
DD2F

DD31
DD34
DD35
DD37

DD3A

DD3D
vertical
DD3F
DD42
DD44

DEC
BNE

LDX
LDA
LSR
BCC

LDX
ROL
EOR
JSR

STX

LDY

JSR

LDA
JMP

&0251
&DD3D

&0252
&0248

&DD34

&0253

#&01
&EAOQ0O

&0251
#&04
&§E494

#8502
&§DEGE

;else decrement counter
;and if not 0 go on past reset routine

;else get mark period count in X

;current VIDEO ULA control setting in A
;shift bit 0 into C to check if first colour
;is effective if so C=0 jump to DD34

;else get space period count in X
;restore bit

;and invert it

;then change colour

; &0251=X resetting the counter
;Y=4 and call E494 to check and implement
;sync event (4) if necessary

; A=2
;clear interrupt 1 and exit
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*

PRINTER INTERRUPT USER VIA 1

KR A K AR AR AR AR A A AR A A R AR A A A A A AR AR A A A A AR AR A A A AR A AR A A A A A AR AR A AR A AR AR A AR AR AR ARk Kk

DD47
DD4A
DD4C
DD4F
DD52
DD53
DD54
DD56
DD59
DD5A
DD5C
DD5SE
DD61
DD64
DD66

LDA
BPL
AND
AND
ROR
ROR
BCC
LDY
DEY
BNE
LDA
STA
STA
LDX
JMP

&FE6D
&DCEF'3
&0277
&FEGE

&DCF3
&0285

&DCF3
#502
&FE6D
&FE6E
#&03
&E13A

;Check USER VIA interrupt flags register
;if +ve USER VIA did not call interrupt
;else check for USER IRQ 1

;if bit 1=0 the no interrupt 1 so DCF3
;else get printer type

; decrement

;1f not parallel then DCF3

;reset interrupt 1 flag

;disable interrupt 1

;and output data to parallel printer

Iz

R R A i i S A I b A i I b A b b b Ib b i A A b R IR b b b A b I b b b dh b b b I b IR b b b b b e I b b e b I b dh b dh i b b b 4 4

*

SYSTEM INTERRUPT 5 Speech

KK AR AR A AR AR A AR AR A R AR A AR AR A A A A AR A A A A A A AR A A A A A A AR A A A A AAAKRA A A AR A AR AR A A AR AR A, K



DD69
DD6A
DD6B
DD6C
DD6D

DD6F
DD71
DD73
DD76
DD79
DD7B
DD7D
DD80
DD83
DD85
DD86
DD88
DD8B
DD8D
DD90
DD92
DD95
DD97
DDA
DDOC
DDYE
DDAO
DDA2
DDA4
DDAG6
DDA9Y
DDAB
DDAD
DDAF
DDB2
DDB5

DDBS8
DDBB
DDBD
DDCO
DDC2
DDC5
DDC7
DDC9

ROL
ROL
ROL
ROL
BPL

LDA
LDX
STA
STX
LDX
STX
JSR
ROR
BMI
TAY
BEQ
JSR
BMI
JSR
STA
JSR
STA
JSR
STA
LDY
BEQ
BPL
BIT
BVS
JSR
BvVC
ASL
ROL
JSR
LDY
JMP

JSR
LDY
JSR
LDY
JSR
LSR
BNE
RTS

&DDCA

#&20
#&00
&FE4D
&FE49
#&08
&FB
&E45B
&02D7
&DDC9

&DD8D
&EE6D
&DDC9
&E460
&F5
&E460
&F7
&E460
&F6
&F'5
&DDBB
&DDBS
&F'5
&DDAB
&EEBB
&DDB2
&F6
&F7
&EE3B
&0261
&EETF

&EETF
&F6
&EETF
&F7
&EETF
&FB
&DD7D

;get bit 5 into bit 7

;1f not set the not a speech interrupt so DDCA

;clear interrupt flag

;and zer0 hi byte of T2 Timer
; &FB=8

;and examine buffer 8

;shift carry into bit 7

;and 1f set buffer is empty so exit
;else Y=A

;control speech chip

;1f negative exit

;else get a byte from buffer

;store it to indicate speech or file rom
;get another byte

;store it

;and another

;giving address to be accessed in paged ROM
; Y=&F5

;and if =0 then DDBB

;else if +ve DDBS8

;if bit 6 of F5 =1 (&F5)>&40

; then DDAB

;else continue for more speech processing
;1f bit 6 clear then DDB2

;else double address in &F6/7

;and call EE3B

;get speech enable/disable flag into Y
;and JMP to EETF

;Call EETF

;get address pointer in Y

;get address pointer high in Y
;and exit

I3

R i A d i S A db b I b b A A b b I b S A I S A b b A b I b I b b dh A b b b b e A i b R Ib b b dh I b b b I b e A b b b i b b b i 4

*

SYSTEM INTERRUPT 6 10mS Clock

R I g g b dh g I b db b S db I I b S b S S b b g A b S b S S S b S db I S 2 S b b 2b i i 2b S db S 2b S db e A 2 S db b S 2b b S b I 2b b

DDCA

BCC

&DE47

;bit 6 is in carry so if clear there is no 6 int



;s0 go on to DE47
DDCC LDA #&40 ;Clear interrupt 6
DDCE STA &FE4D ;

;UPDATE timers routine, There are 2 timer stores &292-6 and &297-B

;these are updated by adding 1 to the current timer and storing the

;result in the other, the direction of transfer being changed each

;time of update. This ensures that at least 1 timer is valid at any
call

;as the current timer is only read. Other methods would cause
inaccuracies

;1f a timer was read whilst being updated.

DDD1 LDA &0283 ;get current system clock store pointer (5,o0r
10)

DDD4 TAX ;put A in X

DDD5 EOR #&0F ;and invert lo nybble (5 becomes 10 and vv)
DDD7 PHA ; store A

DDD8 TAY ;put A in Y

;Carry is always set at this point

DDD9 LDA &0291,X ;get timer value
DDDC ADC #&00 ;update it
DDDE STA &0291,Y ;store result in alternate
DDE1 DEX ;decrement X
DDE2 BEQ &DDE7 ;if 0 exit
DDE4 DEY ;else decrement Y
DDES BNE &DDD9 ;and go back and do next byte
DDE7 PLA ;get back A
DDES8 STA &0283 ;and store back in clock pointer (i.e. inverse
previous
;contents)
DDEB LDX #&05 ;set loop pointer for countdown timer
DDED INC &029B,X ;increment byte and if
DDFO BNE &DDFA ;not 0 then DDFA
DDF2 DEX ;else decrement pointer
DDF3 BNE &DDED ;and if not 0 do it again
DDF5 LDY #&05 ;process EVENT 5 interval timer
DDF'7 JSR &E494 ;
DDFA LDA &02B1 ;get byte of inkey countdown timer
DDFD BNE &DEO7 ;if not 0 then DEQ7
DDFF LDA &02B2 ;else get next byte
DE02 BEQ &DEOA ;if 0 DEOA
DE04 DEC &02B2 ;decrement 2B2
DEO07 DEC &02B1 ;and 2B1
DEOA BIT &02CE ;read bit 7 of envelope processing byte
DEQOD BPL &DE1A ;if 0 then DE1A
DEQF INC &02CE ;else increment to 0
DE12 CLI ;allow interrupts
DE13 JSR &EBR47 ;and do routine sound processes
DE16 SEI ;bar interrupts
DE17 DEC &02CE ; DEC envelope processing byte back to 0
DE1A BIT &02D7 ; read speech buffer busy flag
DE1D BMI &DE2B ;1f set speech buffer is empty, skip routine
DE1F JSR &EE6D ;update speech system variables

DE22 EOR #&A0 ;



DE24
DE26
DE28

DE2B
DE2FE
DE31
DE33
DE35
&FF)
DE38
DE3A
DE3B
DE3E
DE41
DE44
DE46

CMP
BCC
JSR

BIT
JSR
LDA
ORA
AND

BEQ
SEC
JSR
JSR
BIT
BVS
RTS

#&60
&DE2B
&DD79

&D9B7
&DCAZ
&EC
&ED
&0242

&DE3E

&F065
&E19B
&FECO
&DE4A

’

’

’

4

I3

Iz

Iz

Iz

Iz

Iz

Iz

;1f result >=&60 DE2B
;else more speech work

set V and C

;check if ACIA needs attention
;check if key has been pressed

; (this is 0 if keyboard is to be ignored, else

if 0 ignore keyboard

;else set carry

;and call keyboard

;check for data in user defined printer channel
;1f ADC bit 6 is set ADC is not busy

; so DE4A

;else return

R T R A b S b I b I b S b I b I S S db e S b A SR S b S b S S b S b I S b b S b S b b b db A S S 2b b S b S b S b b S 2 b S b i i S

*

SYSTEM INTERRUPT 4 ADC end of conversion

RS R I A b S b i db b i 4 b S Sb I Ib b db b S 2b I b 2b I S b S 2b e S 2b S b S b b S 2b b S db S 2b b b 2b S Sb S 2b b I S R S b I b b I 2b b S db i S 4

DE47
DE48

DE4A
DE4D
DE4F
DE52
DE55
DE58
DESB
channel
DESE
DE6O

DE63
DE64
DE66
DE69
DE6C
DEGE
DE71

ROL
BPL

LDX
BEQ
LDA
STA
LDA
STA
STX

LDY
JSR

DEX
BNE
LDX
JSR
LDA
STA
RTS

&DET72

&024cC
&DE6C
&FEC2

;put original bit 4 from FE4D into bit 7 of A

’

’
’

’

if not set DE72

else get current ADC channel
if 0 DE6C
read low data byte

&02B5,X ;store it in &2B6,7,8 or 9

&FEC1

’

get high data byte

&02B9,X ;and store it in hi byte

&02BE

#&03
§E494

&DE69
&024D
&DESF
#&10

&FE4D

’

store in Analogue system flag marking last

;handle event 3 conversion complete

I3

Iz
Iz
’
Iz
’

’

decrement X

if X=0

get highest ADC channel preseny
and start new conversion

reset interrupt 4

;and return

R I g g b dh g A b g b S S I b g g S S g e b b A b S db g S b S b S b b S S A b S 2 i b A b S S S S i b S 4 b S db e I b S 4

*

*



* SYSTEM INTERRUPT 0 Keyboard

LR R i A b S b i Sb b I db b S Sb I Sb b Sb b S 2b I b 2b I S b S 2b I b 2b b Sb b S b b b b e S b b 2b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

4

DE72 ROL ;get original bit 0 in bit 7 position
DE73 ROL ;

DE74 ROL ;

DE75 ROL ;

DE76 BPL &DETF ;if bit 7 clear not a keyboard interrupt
DE78 JSR &F065 ;else scan keyboard

DE7B LDA #&01 ;A=1

DE7D BNE &DEGE ;and off to reset interrupt and exit
DE7F JMP &DCF'3 ;

R I SR i A b i i g i g 3 eXlt routine
KK A KA KA AR AR KA KR A AKRA RN AR A A AR AR AR A Ak Ak kA khkkkkk %k

DE82 PLA ; restore registers
DE83 TAY ;

DE84 PLA ;

DE85 TAX ;

DE86 PLA ;

DE87 STA &FC ;store A

KA AR AR AR AR AR A A A A A A A AR A AR A A A A A A A A A A A A A A AR A A A A A A A A A A A A A A AR A A A AR A AR AR AR A ARk, K
*
*

* IRQ2V default entry

*

KA AR AR A AR AR A A A A A A A A A A A A A AR AR A A A A AR AR A A A A A A A A AR A AR A XA A A A AR AR A A A A A kA Ak Ak, k%

DE89 LDA &FC ;get back original value of A
DE8B RTI ;and return to calling routine

R i e A i S i I I b b b b I I b b b b A I I b I b b b b b b b b I b b b b b e A b b b b b S I b b b b I i b b b b A i b S 4

*

* OSBYTE 17 Start conversion

Rt R i b d b i A b d b S S A b g S b S g B b A b S b S S db S S b B b S S S S b 2 I e b S S S e A b A S S b e i b b i 2b b b b 4

DE8C STY &02BE ;set last channel to finish conversion
DESF CPX #&05 ;1f X<4 then
DEO91 BCC &DE95 ; DE95



DE93

DE95
DE98
DE9B
DE9C
DE9D
DEOF
DEAOQO
DEA3
DEAS5
DEAS

DEA9
DEAB
DEAD
DEAF

DEB1
DEB2
DEB4
DEB7
DEBS
DEBA

LDX

STX
LDY
DEY
TYA
AND
CLC
ADC
SBC
STA
RTS

LDA
STA
LDA
STA

INY
LDA
JSR
TAX
BNE
RTS

#&04

&024cC
&024E

#&08

&024cC
#800
&FECO

#&C3
&FE
#&00
&FD

(§FD), Y
OSASCI

&DEB1

;else X=4

; store

it as current ADC channel

;get conversion type
; decrement

; A=Y

;and it with 08

;clear

carry

;add to current ADC

;-1
; store

to the A/D control panel

;and return

I3

;point
; store
;point
; store

;print

to start of string @&C300
it

to lo byte

it and start loop@

character in string

;pointed to by &FD/E

;print

it expanding Carriage returns

;store A in X
;and loop again if not =0
;else exit

XAk kRkKkKkkKk kR K*)k %) OSBYTE 129 TIMED ROUTINE Ahkkhkhkhkkhkhkkhkhkhkkhkhkhkkhkhhkkhkhkkhkhkhkkhhkhkkhkkkkx%k

;ON ENTRY TIME IS IN X,Y

DEBB
DEBE
DEC1
DEC3

STX
STY
LDA
BNE

&02B1
&§02B2
#&FF

&DEC7

;store time in INKEY countdown timer
;which is decremented every 10ms

; A=&FF

;goto DEC7

RS R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I S b b 2b i S b b Sb b b b b S 4b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i g 4

*

Rt b i b S b i db b b I b S db b Sb b i db b S db b b db b S b db e S b S b b I b S S S b b db b S Sb S b b Sb e S db S b I db b I db b S b i 3 b

*

* %

* %

* %

* K

* K

* *

* %

* K

* K

* K

OSRDCH Default entry point

RDCHV entry point

read a character

R R i A b d b i A b d b S b I b A S S g S b A R S b i S b S S b S b b S b S b S 2 b b 2 S S S 2 b S b S b S b b B 2 b I i i S

*

KK A K AR A AR AR A AR A A A AR A AR A A A A A A AR A AR A AR AR A AR A AR AKX A AR A AR A KRR AR A AR AR AR Ak kAhk* %

*



DEC5

DEC7
DEC9
DECA
DECB
DECC
DECD
DEDO
DED2
DED3
clashes
DED5
DEDS8
DED9
DEDB
DEDC
DF03
DEDE
DEEO
DEE3

DEE6
DEES
DEEA
DEED
DEFO

DEF2
DEF4
and

DEF6
DEF9
DEFC
DEFE

LDA

STA
TXA
PHA
TYA
PHA
LDY
BEQ
SEC
ROR

JSR
PHP
LSR
PLP
BCC

LDA
STA
JSR

BIT
BMI
LDX
JSR
BCC

BIT
BvVC

LDA
ORA
BNE
BCS

#&00

&E6

&0256
&DEE6

&EB

OSBGET

&EB

&DFO03

#&00
&02506
OSFIND

&FF

&DFO00
&0241
&ES5T77
&DFO03

&E6
&DEEG

&02B1
&02B2
&DEE6
&DFO05

; A=0

;store entry value of A

;store X and Y

;get *EXEC file handle

;1f 0 (not allocated) then DEEG6

;set carry

;set bit 7 of CFS active flag to prevent

;get a byte from the file

;push processor flags to preserve carry

;restore &EB

;get back flags

;and 1f carry clear, character found so exit via

;else A=00 as EXEC file empty
;store it in exec fil;e handle
;and close file via OSFIND

;check ESCAPE flag if bit 7 set Escape pressed
;so off to DFOO

;else get current input buffer number

;get a byte from keyboard buffer

;and exit i1f valid character found

; (E6=0 or FF)
;i1f entry was OSRDCH not timed keypress go back

;do it again i.e. perform GET function
;else check timers

;and if not zero go round again

;else exi



O0S SERIES VI
GEOFF COX

R R i i b S b i db b i db b S b I Ib b db b S 2b I b 2b S db b S 2b I S 2b S Sb b S b b S 4b b S b S 2b b b S e S b S 2b b S S b S b S b b I 2b b S b i a4

*

* PRINTER DRIVER

R i e A dh i S A db I R b b b I I b b b 2 I I I b b b b b b b b b b db b b b b b e A b b b b R b b b b b b b b b b A A i b e b

;A=character to print

E114 BIT &027C ;1if bit 6 of VDU byte =1 printer is disabled
E117 BVS &E139 ;so E139

E119 CMP &0286 ;compare with printer ignore character
E11C BEQ &§E139 ;i1f the same E139

E11E PHP ;else save flags

E11F SET ;bar interrupts

E120 TAX ; X=A

E121 LDA #&04 ; A=4

E123 BIT &027C ;read bit 2 'disable printer driver'

E126 BNE &E138 ;if set printer is disabled so exit E138
E128 TXA ;else A=X

E129 LDX #&03 ; X=3

E12B JSR &E1FS8 ;and put character in printer buffer

E12E BCS &E138 ;if carry set on return exit, buffer empty
E130 BIT &02D2 ;else check buffer busy flag if 0

E133 BPL &E138 ;then E138 to exit

E135 JSR &E13A ;else E13A to open printer cahnnel

E138 PLP ;get back flags

E139 RTS ;and exit

E13A LDA &0285 ;check printer destination

E13D BEQ &E1AD ;1f 0 then E1AD clear printer buffer and exit
E13F CMP #&01 ;1f parallel printer not selected

E141 BNE &E164 ;El64

E143 JSR &E460 ;else read a byte from the printer buffer
El46 ROR &02D2 ;if carry is set then 2d2 is -ve

E149 BMI &E190 ;so return via E190

E14B LDY #&82 ;else enable interrupt 1 of the external VIA
E14D STY &FEGE ;

E150 STA &FE61 ;pass code to centronics port

E153 LDA &FE6C ;pulse CA2 line to generate STROBE signal
E156 AND #&F1 ;to advise printer that

E158 ORA #&0C ;valid data is

E15A STA &FE6C ;waiting

E15D ORA #&0E ;

E15F STA &FE6C ;

E162 BNE &E190 ;then exit

*********:Serial printer R IR A b S b b S db A b S S S S 2b e S S S S b S b e I b S S b S b S b S b i b Y

El164 CMP #&02 ;is it Serial printer??



E166
E168
E16A
E16B

E16D
E170
E173
E176
E178
E17A

BNE
LDY
DEY
BPL

LSR
LSR
JSR
BCC
LDX
LDY

&E191
&EA

&E1AD

&02D2
&024F
&E741
&E190
#&20
#&9F

;1if not E191
;else is RS423 in use by cassette??

;1f so E1AD to flush buffer

;else clear buffer busy flag

;and RS423 busy flag

;count buffer if C is clear on return
;no room is buffer so exit

;else

Iz

R I iR i I b i b I b b i b A b b b b e A b b b A b b A b I b b e A I b b b b A b b R b b b I b b b b I 4 b i d dh  db i dh I b dh i i 4

*

OSBYTE 156 update ACIA setting and RAM copy

KK AR AR AR AR AR A AR A AR A AR A AR A A A A A A AR A A A A A A A KR A A A A A KA A KR A A AR AR A R A AR A AR AR AR kA A Ak k%

*

;on entry

E17C
E17D
E17E
E17F
E181
E184
E186
E189
E18C
E18F
E190

XKk khkkAhkkk k) Kk k*k printer iS

* Kk kk

E191
E192
E194

PHP
SETI
TYA
STX
AND
EOR
LDX
STA
STA
PLP
RTS

CLC
LDA
JSR

&FA
&0250
&FA
&0250
&0250
&FEO8

#&01
&E1A2

;push flags

;bar interrupts

;s A=Y

; &FA=X

;A=0ld value AND Y EOR X

;get old value in X

;put new value in

;and store to ACIA control register
;get back flags

;and exit

neither serial or parallel so its user type

;clear carry
;A=1

Iz

R I R g b dh g i A b g d b S S I b g g b S b b b S b S b g S b S S b S b b S b S b S 2 i b A b S S i S A b S b S 2 g db b g Y

*

*

*

*

OSBYTE 123 Warn printer driver going dormant



LR R i S b i Ib b I 4 b S db I Ib b i db b S b I b 2b S db b S b I S b S db b 2 b S S b I I b S b b Sb db S db b S 2b b S db I Sb b S b b S 2b I Sb b S b 3

E197 ROR &02D2 ;mark printer buffer empty for osbyte

E19A RTS ;and exit

E19B BIT &02D2 ;1f bit 7 is set buffer is empty

E19E BMI &E19A ;so0 exit

E1AO LDA #&00 ;else A=0

E1A2 LDX #&03 ; X=3

E1A4 LDY &0285 ;Y=printer destination

E1A7 JSR &ESTE ;to JMP (NETV)

E1AA JMP (&0222) ;jump to PRINT VECTOR for special routines

KAKAkKAKAkKAAXAk AKX XXk K**k Buffer handling
RS i I b S 2b i I b S R S Sb b S b S Sb S db b S Sb S S b I db b S I S S 2b O 3

; X=buffer number

;Buffer number Address Flag Out pointer In
pointer
; 0=Keyboard 3E0-3FF 2CF 2D8 2E1
;1=RS423 Input AOQ00-AFF 2D0 2D9 2E2
;2=RS423 output 900-9BF 2D1 2DA 2E3
;3=printer 880-8BF 2D2 2DB 2E4
; 4=sound0 840-84F 2D3 2DC 2E5
; 5=soundl 850-85F 2D4 2DD 2E6
; 6=sound?2 860-86F 2D5 2DE 2E7
; 7=sound3 870-87F 2D6 2DF 2E8
; 8=speech 8CO0-8FF 2D7 2EQ 2E9
E1AD CLC ;clear carry
E1AE PHA ;save A
E1AF PHP ;save flags
E1BRO SEI ;set interrupts
E1B1 BCS &E1BB ;if carry set on entry then E1BB
E1B3 LDA &E9AD, X ;else get byte from baud rate/sound data table
E1B6 BPL &E1BB ;if +ve the E1BB
E1B8 JSR &ECAZ2 ;else clear sound data
E1BB SEC ;set carry
E1BC ROR &02CF,X ;rotate buffer flag to show buffer empty
E1BF CPX #&02 ;if X>1 then its not an input buffer
E1C1 BCS &E1CB ;so EICB
EIC3 LDA #&00 ;else Input buffer so A=0
E1C5 STA &0268 ;store as length of key string
E1C8 STA &026A ;and length of VDU queque
EI1CB JSR &E73B ;then enter via count purge vector any user
routines

EICE PLP ;restore flags



E1CF PLA ; restore A
E1DO RTS ;and exit

L b i b S b I S b S I b S S e S b S b S db I b Sb e S b b Ib b S db S b I S b I S b S b I S b I S R S b e S b b b 2 b S b b S 2b S 2b b S 2 b4

*

* COUNT PURGE VECTOR DEFAULT ENTRY

R R b b b b I I A b b b b b b db b b b b b b db db b d b b b b b db b 2 b b b b b b db 4 b b b b (b b Ib g b b b b b db db db b b b b b b db g b b b b i
;on entry 1if V set clear buffer

; if C set get space left
; else get bytes used

E1D1 BVC &E1DA ;1f bit 6 is set then E1DA
E1D3 LDA &02D8,X ;else start of buffer=end of buffer
E1D6 STA &02E1,X ;

E1D9 RTS ;and exit

E1DA PHP ;push flags

E1DB SET ;bar interrupts

E1DC PHP ;push flags

E1DD SEC ;set carry

E1DE LDA &02E1,X ;get end of buffer

E1E1 SBC &02D8,X ;subtract start of buffer
E1E4 BCS &E1EA ;if carry caused ElEA

E1E6 SEC ;set carry

E1E7 SBC &E447,X ;subtract buffer start offset (i.e. add buffer
length)

E1EA PLP ;pull flags

E1EB BCC &EL1F3 ;1f carry clear E1F3 to exit
E1ED CLC ;clear carry

E1EE ADC &E447,X ;adc to get bytes used

E1F1 EOR #&FF ;and invert to get space left
E1F3 LDY #&00 ; Y=0

E1F5 TAX ; X=A

E1F6 PLP ;get back flags

E1F7 RTS ;and exit

*AAxFxFxxx*x enter byte in buffer, wait and flash lights if full

khkkhkkKkKhkkhkkk

E1F8 SETI ;prevent interrupts

E1F9 JSR &E4BO ;entera byte in buffer X

E1FC BCC &E20D ;1f successful exit

E1FE JSR &E9EA ;else switch on both keyboard lights
E201 PHP ;push p

E202 PHA ;push A

E203 JSR &EEEB ;switch off unselected LEDs

E206 PLA ;get back A

E207 PLP ;and flags



E208 BMI &E20D ;1f return is -ve Escape pressed so exit

E20A CLI ;else allow interrupts
E20B BCS &E1F8 ;if byte didn't enter buffer go and try it again
E20D RTS ; then return

LR i b S b i Sb b S I b S b I Sb b db b S db I b 2b S S b b b S b db S b S b b S b S b b b b b S e S b S I b S S R S b S b b I S b S b i a4

*

* SAVE/LOAD ENTRY

KK A K AR A AR AR A AR A AR AR A AR A AR A A A AR A I A IR A A AR A I A A I A AR A I A A I A AN A I A A I AR A A AR A XK

FAAKFFxxxxKFxxx: clear osfile control block workspace
khkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkkkhk %

E20E PHA ;push A

E20F LDA #&00 ; A=0

E211 STA &02EE,X ;clear osfile control block workspace
E214 STA &§02EF, X ;

E217 STA &02F0,X ;

E21A STA §02F1,X ;

E21D PLA ;get back A

E21E RTS ;and exit

Frxxxxxxkkx ghift through osfile control block
Ahkkhkhkhhkkhkhrhkkhkhkrhkkhkhkrhkkhrrkhkkxkxk

E21F STY &E6 ; &E6=Y
E221 ROL ; A=A*2
E222 ROL ;x4
E223 ROL ;*8
E224 ROL ;*16
E225 LDY #&04 ;Y=4
E227 ROL ;A=A*32
E228 ROL &02EE,X ;shift bit 7 of A into shift register
E22B ROL &02EF,X ;and
E22E ROL &02F0,X ;shift
E231 ROL &02F1,X ;along
E234 BCS &E267 ;1f carry set on exit then register has
overflowed
; sO0 bad address error
E236 DEY ;decrement Y
E237 BNE &E227 ;and 1if Y>0 then do another shift
E239 LDY &E6 ;get back original Y

E23B RTS ;and exit



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4
*

* *LOAD ENTRY

R i e A d i S i db I b b b b I I b b b b I b I b b b b ab b b b b b b I b b b S b e A b b b b b b d b b b b b e b b b I b A 2 i b e S

E23C LDA #&FF ;signal that load is being performed

R R i A S b i A b I b S b I b A S S g S b A R S b i S b S b S b B S b S b S 2 b b b A S S 2 b S 2 S I S b b 2 b S i i 4
*

* *SAVE ENTRY

R I R I A S b i db b I I b S Sb I Ib b db b S 2b I b 2b I Sb b S 2b e S 2b S b S b b S 2b b S b S 2b b b 2b e I b S 2b b S S R S b S b b I 2b b S db i S 4

;on entry A=0 for save &ff for load

E23E STX &F2 ;store address of rest of command line

E240 STY &F3 ;

E242 STX &02EE ;x and Y are stored in 0OSfile control block
E245 STY &02EF ;

E248 PHA ; Push A

E249 LDX #8602 P X=2

E24B JSR &E20E ;clear the shift register

E24E LDY #&FF ;Y=255

E250 STY &02F4 ;store im 2F4

E253 INY ;increment Y

E254 JSR &EA1D ;and call GSINIT to prepare for reading text
line

E257 JSR &EA2F ;read a code from text line if OK read next
E25A BCC &E257 ;until end of line reached

E25C PLA ;get back A without stack changes

E25D PHA ;

E25E BEQ &E2C2 ; IF A=0 (SAVE) E2C2

E260 JSR &E2AD ;set up file block

E263 BCS &E2A0 ;1f carry set do OSFILE

E265 BEQ &E2A5 ;else if A=0 goto OSFILE

E267 BRK ;

E268 DB &FC ;

E269 DB 'Bad Address' ;error
E274 BRK ;



R R i g b S b i db b S db b S Sb I Ib b db b S 2b I b 2b I S b b 2b i S 2b I Sb b S b b S 2b b S db b 2b b b 2b e S Sb S 2b b S S b S b S b b I 2b b S b i S 4

*

* OSBYTE 119 ENTRY

* CLOSE SPOOL/ EXEC FILES

R i i A i S i db i R I db i dh A b b b b A I i I b S i b i b b b A b b R I b i S db b I b b b A b b b b b e 4 A b I b b b i b b b b 4

E275 LDX #&10 ;X=10 issue *SPOOL/EXEC files warning

E277 JSR &F168 ;and issue call

E27A BEQ &E29F ;if a rom accepts and issues a 0 then E29F to
return

E27C JSR &F68B ;else close the current file

E2T7F LDA #&00 ; A=0

R IR i A b S b i db b I b S b S I b Sb S S 2b I S 2b I S b S b S b S b S b b S 2b b S b S 2b b S 2b S b S 2b b I 2 S b S b b I 2b b S 2 i S 4

*

RS IR i A S b i db b I I S S b I Ib b db b S 2b I b 2b B S b S 2b S S b Sb b S 2b b S 2b b S b S 2b b b 2b S Sb S 2b b I 2b R I 2b I b b I 2b b S b i S 4
*

* )

* K

* x

* x

*x *SPOOL

* %

* %

* %

B R i i b S b i db b i I b S b I Sb b db b S db I b 2b I Sb b S 2b S 2b S Sb b S b b b b S b b b b b db e S b S 2b b S b b S b S b b I 2b b S b i a4

*

LR R i b S b Sb b b I b S b I Sb b db b S db I b db S S b b b S 2b S Sh b b b b S b e S b S b b b S S b S I b S S I S b S b b I S b S b i a4

*

E281 PHP ;if A=0 file is closed so
E282 STY &E6 ; Store Y

E284 LDY &0257 ;get file handle

E287 STA &0257 ;store A as file handle
E28A BEQ &E28F ;1f Y<>0 then E28F

E28C JSR OSFIND ;else close file via osfind
E28F LDY &E6 ;get back original Y

E291 PLP ;pull flags

E292 BEQ &E29F ;if A=0 on entry then exit
E294 LDA #&80 ;else A=&80

E296 JSR OSFIND ;to open file Y for output
E299 TAY ; Y=A

E29A BEQ &E310 ;and i1f this is =0 then E310 BAD COMMAND ERROR
E29C STA &0257 ;store file handle

E29F RTS ;and exit



E2A0
E2A2
E2A5
E2A7
E2A9
E2AA

BNE
INC
LDX
LDY
PLA
JMP

&E310 ;1f NE then BAD COMMAND error
&02F4 ;increment 2F4 to 00
#&EE ; X=&EE
#5602 ;Y=602
;get back A

OSFILE ;and JUMP to OSFILE

**** check for hex digit
Ak kA hhkkhhkhrhkhhAhkhkhkhkhhkhkdrhkkhhrhkhkhrhkhhkhrrhkkhkdrhkkhhrhkkhrrkhkxxk

E2AD
E2BO
E2B3
E2B5

JSR
JSR
BCC
JSR

&EO03A ;look for NEWline

&EO8F ;carry is set if it finds hex digit
&E2C1 ;so E2Cl exit

&E20E ;clear shift register

ARk KAKA XK K, kK k% Shlft byte lnto control block ***kxkkkkkkkkkkkkkkxkkkkkkhkx

E2BS8
E2BB
E2BE
E2CO
E2C1

**************;

E2C2
E2C4
E2C7
error
E2C9

JSR
JSR
BCS
SEC
RTS

LDX
JSR
BCC

CLV

&E21F ;shift lower nybble of A into shift register
&EQ8F ;then check for Hex digit
&E2BS8 ;1f found then do it again

;else set carry

;and exit

set up OSflle Control block LRI IR R I I e S b b 2b b I db b S b I 2 2b I 2b b S b I 2 3

#&0A ; X=0A
SE2AD  ;
&E310 ;1f no hex digit found EXIT via BAD Command

;clear bit 6

I Ax KA IR x kXA XHAREAD file length from text
line************************

E2CA
E2CC
E2CE
E2DO0
E2D3

E2D4
E2D6
E2D9
E2DB
E2DC
E2DE
E2EQ
E2E1
E2E4
E2E7
E2EA
E2EB

E2ED

LDA
CMP
BNE
BIT
INY

LDX
JSR
BCC
PHP
BVC
LDX
CLC
LDA
ADC
STA
INX
BNE

LDX

(&F2),Y ;read next byte from text line

#&2B ;is it "+
&E2D4 ;1f not assume its a last byte address so e2d4
&DI9B7 ;else set V and M flags

;increment Y to point to hex group

#&0E ; X=E

&E2AD ;

&E310 ;1f carry clear no hex digit so exit via error
;save flags

&E2ED ;1f V set them E2ED explicit end address found

#&FC ;else X=&FC

;clear carry
&01FC,X ;and add length data to start address
&0200,X ;
&0200,X ;

&E2E1 ;repeat until X=0

#&03 ; X=3



E2EF LDA &02F8,X ;copy start adddress to load and execution
addresses

E2F2 STA &02F4,X ;

E2F5 STA &02F0,X ;

E2F8 DEX ;

E2F9 BPL &EZ2EF ;

E2FB PLP ;get back flag

E2FC BEQ &E2A5 ;1f end of command line reached then E2AS5
; to do osfile

E2FE LDX #&06 ;else set up execution address

E300 JSR &E2AD ;

E303 BCC &E310 ;1f error BAD COMMAND

E305 BEQ &E2AS5 ;and 1if end of line reached do OSFILE

E307 LDX #&02 ;else set up load address

E309 JSR &E2AD ;

E30C BCC &E310 ;1f error BAD command

E30E BEQ &E2A5 ;else on end of line do OSFILE

;anything else is an error!!!!

*xxkkkk* Bagd command error F R Ik kk kokokokokokk kokokokokokkokokokokokokokokokokokokokokokk

E310 BRK ;

E311 DB &FE ;error number
E312 DB 'Bad Command' ;

E31D BRK

E31E DB &FB ;

E31F DB 'Bad Key' ;

E326 BRK

R I IR i g b S b i db b I db b S b I Ib b db b S 2b I b 2b I db SR S 2b I S 2b I Sb b S 2b b S 2b b S b S 2b b b 2b e S Sb S 2b b S S b S b S b b I 2b b S b i S 4
*

* *KEY ENTRY

LR R i b S b i db b i db b S Sb I I b db b S db I b 2b I Sb b S 2b I S 4b S Sb b b b b b b b S b b b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

E327 JSR &EO04E ;set up key number in A

E32A BCC &E31D ;if not valid number give error

E32C CPX #&10 ;i1f key number greater than 15

E32E BCS &E31D ;1f greater then give error

E330 JSR &E045 ;otherwise skip commas, and check for CR
E333 PHP ;save flags for later

E334 LDX &0B10 ;get pointer to top of existing key strings
E337 TYA ;save Y

E338 PHA ;to preserve text pointer

E339 JSR &E3D1 ;set up soft key definition

E33C PLA ;get back Y

E33D TAY ;

E33E PLP ;and flags

E33F BNE &E377 ;1f CR found return else E377 to set up new
string

E341 RTS ;else return to set null string



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4
*

* *FX OSBYTE

R E b i i b S b i I b I b S db b S b db b S dh b Ib b S b S Ib b S db e S b db S b db S b b db e S Sb S b b Sb S db S b b db b b db b S b I 3 Y

A=number
E342 JSR &EO4E ;convert the number to binary
E345 BCC &E310 ;1f bad number call bad command
E347 TXA ; save X

R I g g b dh b I b d b S db I I b g g b S b S b S A b S b S S b S b S b b S b S b S db b b S A b S S S i S A S S b S i S I b i g Y

*

* *CODE *MOTOR  *OPT *ROM *TAPE *TV

KR AR AR A A A AR A AR A A A AR A AR A A A A A A AR A A A A AR A KR A A A A A KA A KR A AR A AR A R A AR A AR AR AR ARk A ARk * %

;enter codes *CODE &88
*MOTOR &89
*OPT &8B
*TAPE &8C
*ROM &8D
*TV &90
E348 PHA ; save A
E349 LDA #&00 ;clear &E4/ES
E34B STA &ES ;
E34D STA &E4 ;
E34F JSR &E043 ;skip commas and check for newline (CR)
E352 BEQ &E36C ;if CR found E36C
E354 JSR &EO04E ;convert character to binary
E357 BCC &E310 ;if bad character bad command error
E359 STX &ES ;else save it
E35B JSR &E045 ;skip comma and check CR
E35E BEQ &E36C ;if CR then E36C
E360 JSR &EO04E ;get another parameter
E363 BCC &E310 ;1f bad error
E365 STX &E4 ;else store in E4
E367 JSR &E03A ;now we must have a newline
E36A BNE &E310 ;1f none then output an error
E36C LDY &E4 ;Y=third osbyte parameter
E36E LDX &ES ; X=2nd
E370 PLA ;A=first
E371 JSR OSBYTE ;call osbyte
E374 BVS &E310 ;1f V set on return then error
E376 RTS ;else RETURN

FhkAkkkkxx *KEY CONTINUED
]k kK ok ok kK ok k kK ko ok k ko ok ok ok ok ok k kK ko ok k ko ok ok ok ok ok ok ok ok kR ok ok ok kK



;X points to last byte of current key definitions

E377 SEC ;

E378 JSR &EALE ;look for '"' on return bit 6 E4=1 bit 7=1 if
""" found

;this is a GSINIT call without initial CLC

E37B JSR &EA2F ;call GSREAD carry is set if end of line found
E37E BCS &E388 ;E388 to deal with end of line

E380 INX ;point to first byte of new key definition
E381 BEQ &E31D ;1f X=0 buffer WILL overflow so exit with BAD
KEY error

E383 STA &0B00,X ;store character

E386 BCC &E37B ;and loop to get next byte if end of line not
found

E388 BNE &E31D ;if Z clear then no matching '"' found or for
some

;other reason line doesn't terminate properly

E38A PHP ;else if all OK save flags

E38B SEI ;bar interrupts

E38C JSR &E3D1 ;and move string

E38F LDX #&10 ;set loop counter

E391 CPX &E6 ;1f key being defined is found

E393 BEQ &E3A3 ;then skip rest of loop

E395 LDA &0B00,X ;else get start of string X

E398 CMP &0B00,Y ;compare with start of string Y

E39B BNE &E3A3 ;i1f not the same then skip rest of loop

E39D LDA &0B10 ;else store top of string definition

E3AQ STA &0B00,X ;in designated key pointer

E3A3 DEX ;decrement loop pointer X

E3A4 BPL &E391 ;and do it all again

E3A6 PLP ;get back flags

E3A7 RTS ;and exit

Krxxxx*KKKAX: get string lengths
Ahkkhhkhhkhkhkh kA khkkhkhhrhkkhhrohkhkhhrhkkhkhhrhkkhhrhkkhrohkhkxxk

E3A8 PHP ;push flags

E3A9 SEI ;bar interrupts

E3AA LDA &0B10 ;get top of currently defined strings

E3AD SEC ;

E3AE SBC &0B00,Y ;subtract to get the number of bytes in strings
;above end of string Y

E3BR1 STA &FB ;store this

E3B3 TXA ; save X

E3B4 PHA ;

E3B5 LDX #&10 ;and X=16

E3B7 LDA &0B00,X ;get start offset (from BOO) of key string X

E3BA SEC ;

E3BB SBC &0B00,Y ;subtract offset of string we are working on

E3BE BCC &E3C8 ;1f carry clear (BOO+Y>BO0+X) or

E3CO BEQ &E3C8 ;result (in A)=0

E3C2 CMP &FB ;or greater or equal to number of bytes above
;string we are working on

E3C4 BCS &E3C8 ; then E3C8

E3C6 STA &FB ;else store A in &FB

E3C8 DEX ;point to next lower key offset



E3C9 BPL &E3B7 ;and if 0 or +ve go back and do it again

E3CB PLA ;else get back value of X
E3CC TAX ;

E3CD LDA &FB ;get back latest value of A
E3CF PLP ;pull flags

E3DO RTS ;and return

Frxxxxkkkkx: get up soft key definition
Ak khkhkhhkhhkrhkkhkhkhkhkhkhrkhkkhk ok hkrrkhdrrkhkx*x*k

E3D1 PHP ;push P
E3D2 SEI ;bar interrupts
E3D3 TXA ; save X
E3D4 PHA ;push A
E3D5 LDY &E6 ;get key number
E3D7 JSR &E3A8 ;and set up &FB
E3DA LDA &0B00,Y ;get start of string
E3DD TAY ;put it in Y
E3DE CLC ;clear carry
E3DF ADC &FB ;add number of bytes above string
E3El TAX ;put this in X
E3E2 STA &FA ;and store it
E3E4 LDA &0268 ;check number of bytes left to remove from key
buffer
;1f not 0 key is being used (definition expanded
SO
;error. This stops *KEY 1 "*keyl FRED" etc.
E3E7 BEQ &E3F6 ;1f not in use continue
E3E9 BRK ;
E3EA DB &FA ;error number
E3EB DB 'Key in use' ;
E3F5 BRK ;
E3F6 DEC &0284 ;decrement consistence flag to &FF to warn that
key
;definitions are being changed
E3F9 PLA ;pull A
E3FA SEC ;
E3FB SBC &FA ; subtract &FA
E3FD STA &FA ;and re store it
E3FF BEOQ &E40D ;if 0 then E40D
E401 LDA &0B01,X ;else move string
E404 STA &0BO01,Y ;from X to Y
E407 INY ;
E408 INX ;
E409 DEC &FA ; for length of string
E40B BNE &E401 ;
E40D TYA ;store end of moved string(s)
E40E PHA ;

E40F LDY &E6 ;get back key number



E411 LDX #&10 ;point at top of last string

E413 LDA &0B00,X ;get this wvalue

E416 CMP &0BO0O,Y ;compare it with start of new or re defined key
E419 BCC &E422 ;1f less then E422

E41B BEQ &EA422 ;if = then E422

E41D SBC &FB ;shift key definitions accordingly
E41F STA &0B00,X ;

E422 DEX ;point to next lowest string def

E423 BPL &E413 ;and if =>0 then loop and do it again
E425 LDA &0B10 ;else make top of key definitions
E428 STA &0B00,Y ;the start of our key def

E42B PLA ;get new end of strings

E42C STA &0B10 ;and store it

E42F TAX ;put A in X

E430 INC &0284 ;reset consistency flag

E433 PLP ;restore flags

E434 RTS ;and exit

FhRAKK Kk xxxkkxxxx BUFFER ADDRESS HI LOOK UP TABLE
]k kK ok ok kK ok ok kK kK ok kK ok kK kK kK

E435 DB &03
E436 DB &0A
E437 DB &08
E438 DB &07
E439 DB &07
E43A DB &07
E43B DB &07
E43C DB &07

KA AFFFxAxxF*Axxxx BUFFER ADDRESS LO LOOK UP TABLE
Kok kK ok k kK ok kK kR ok ok ok ko kK ok ok kK

E43D DB &09
E43E DB &00
E43F DB &00
E440 DB &CO
E441 DB &CO
E442 DB &50
E443 DB &60
E444 DB &70

FrRAxkKxxxxk*kxxxx BUFFER START ADDRESS OFFSET

kKhkkhkkhkhkkhkk kkhkhkhkkhkkhkhkkhkk khkhkkhkkhhkhkkhkkhkkk k%

E445 DB &80
E446 DB &00
E447 DB &EQ
E448 DB &00
E449 DB &40

E44A DB &CO



E448B DB &FO
E44C DB &FO0

***kx*k**: get nominal buffer addresses in &FA/B
Ahkkhkhkhhkkhkhkhr kA rkhkkhkhkrhkkhkrrkhkx*x*k

; ON ENTRY X=buffer number

;Buffer number Address Flag Out pointer In
pointer

; 0=Keyboard 3E0-3FF 2CF 2D8 2E1
;1=RS423 Input AQO0-AFF 2D0 2D9 2E2
;2=RS423 output 900-9BF 2D1 2DA 2E3
;3=printer 880-8BF 2D2 2DB 2E4
; 4=sound0 840-84F 2D3 2DC 2E5
; 5=soundl 850-85F 2D4 2DD 2E6
; 6=sound?2 860-86F 2D5 2DE 2E7
; 7=sound3 870-87F 2D6 2DF 2E8
; 8=speech 8CO-8FF 2D7 2EQ0 2E9

E450 LDA &E43E,X ;get buffer base address 1lo

E453 STA &FA ;store it

E455 LDA &E435,X ;get buffer base address hi

E458 STA &FB ;store it

E45A RTS ;exit

R I IR I A b S b I db b i I S S b I b Sb b S 2b I b 2b B S b S 2b e S 2b S Sb b S 2b b S 2b b S b S 2b b b 2b S Sb S 2b b I S R S 2b I b b I 2b b S db i S 4

*

* OSBYTE 152 Examine Buffer status

R R i S b S b db b I db b S Sb I Ib b Sb b S 2b I b 2b I S b S 2b I S 2b I Sb b S b b S b b S b b 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i a4

;on entry X = buffer number
;on exit FA/B points to buffer start Y is offset to next character
;1f buffer is empty C=1, Y is preserved else C=0

E45B BIT &DO9B7 ;set V and
E45FE BVS sE461 ;jump to E461

R I A i S i I I R b b b db I b b b b 2 I b b b I b b b b b b b b I b b b b b e I b b e b b b S b b b b b 4 b b b b b S b i e S i 4

*

* OSBYTE 145 Get byte from Buffer

R I IR g b S b A b I b S Sb S I b S b S db e S 2b B A SR S b S S b S b S b b S b b S b S 2 b S 2b S SR S 2b b I 2 S IR S b b S 2 b S b i S 4

;on entry X = buffer number



; ON EXIT Y is character extracted
;1f buffer is empty C=1, else C=0

E460 CLV ;clear V

E461 JMP (&022C) ;Jump via REMV

R i e A d i S i db I R b b b I I b b b S b I I b b I b b i b b b b 2 I b b b b b e A b b b b S I b b b e A b b b b A i b I

*

* REMV buffer remove vector default entry point

R I R g b d S i A b g d b S db i I b g g b S b S b S A R S b S S b S 4 S 2 S b I db e S b S S I b S e S S e S I S 4 b 2 S S b i 3

;on entry X = buffer number
;on exit 1f buffer is empty C=1, Y is preserved else C=0

E464 PHP ;push flags

E465 SET ;bar interrupts

E466 LDA &02D8,X ;get output pointer for buffer X

E469 CMP &02E1,X ;compare to input pointer

E46C BEQ &E4EQ ;1f equal buffer is empty so E4E0 to exit

E46E TAY ;else A=Y

E46F JSR &E450 ;and get buffer pointer into FA/B

E472 LDA (&FA) ,Y ;read byte from buffer

E474 BVS &E491 ;if V is set (on input) exit with CARRY clear
;Osbyte 152 has been done

E476 PHA ;else must be osbyte 145 so save byte

E477 INY ;increment Y

E478 TYA ; A=Y

E479 BNE &E4TE ;1f end of buffer not reached <>0 E47E

E47B LDA &E447,X ;get pointer start from offset table

E47E STA &02D8,X ;set buffer output pointer

E481 CPX #502 ;if buffer is input (0 or 1)

E483 BCC &E48F ; then E48F

E485 CMP &02E1,X ;else for output buffers compare with buffer

start

E488 BNE &E48F ;1f not the same buffer is not empty so E48F

E48A LDY #&00 ;buffer is empty so Y=0

E48C JSR &E494 ;and enter EVENT routine to signal EVENT 0

buffer

;becoming empty

E48F PLA ;get back byte from buffer

E490 TAY ;put it in Y

E491 PLP ;get back flags

E492 CLC ;clear carry to indicate success

E493 RTS ;and exit



R R i g b S b i db b S db b S Sb I Ib b db b S 2b I b 2b I S b b 2b i S 2b I Sb b S b b S 2b b S db b 2b b b 2b e S Sb S 2b b S S b S b S b b I 2b b S b i S 4
*

Kk Kk k kK ko ok ok ko ok k ok k ok ks k ok ok ko ke ok ko ok ok ok k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok k ok ok ok k ok ok ok ok ok k ok
*

* %

* %

*x CAUSE AN EVENT

* %

* %

* %

R I iR i I b i I B b b i b A b b b b b dh I b I b b A b I b b b A I b b b A b b R b b e db b b e AR B e I b b b SR A R I B e 2 b 4

*

R I A i S dh b i R b b b dh I b b b b S S b i b b b A S b b b b b Ib b b b b b A b b b b b S I b b b A b b 4 b b I b b IR b i i dh S
*
;on entry Y=event number
;A and X may be significant Y=A, A=event no. when event generated (@E4Al
;on exit carry clear indicates action has been taken else carry set

E494 PHP ;push flags

E495 SET ;bar interrupts

E496 PHA ;push A

E497 STA &FA ; &FA=A

E499 LDA &02BF,Y ;get enable event flag
E49C BEQ &E4DF ;if 0 event is not enabled so exit
E49E TYA ;else A=Y

E49F LDY &FA ; Y=A

E4A1 JSR &FOAS ;vector through &220
E4A4 PLA ;get back A

E4A5 PLP ;get back flags

E4A6 CLC ;clear carry for success
E4A7 RTS ;and exit

*xxxxxx** check event 2 character entering buffer
khkkhkhkhhkkhhkhr kA rkhkkhkhrkhkhxhk*k

E4A8 TYA ; A=Y
E4A9 LDY #5602 ;Y=2
E4AB JSR &E494 ; check event
E4AE TAY ; Y=A

R e A dh I b A db S b b b b A I b b b 4 I b I S b b b e S b I R I b b A b R I I b e A b b R A b b b A b b b b 4 b b b I b b i i b 2 4

* OSBYTE 138 Put byte into Buffer

R I g i A b S b i I b i I b S b I b A b S b S 2b g A b S b S b g S b S b S S b b S b S 2b b b 2b I S S 2b b S b S IR S b b S 2 S b i 4

;on entry X is buffer number, Y is character to be written



E4AF

E4BO

TYA

JMP

(&022R)

;A=Y

;jump to INSBV

R i e g dh i S db db I b db b A I b b i e IR I b R I b S S b i R I b db I b R A b I b b I b A A b b b b 4 b i b i b i b i g b 4

*

INSBV insert character in buffer vector default entry point

R R i i b S b i A b I b S S I b g A S S db e S b A R S b i S b S b S b R S b S S S b b b 2 A S S 2 b S 2 S IR S b b S 2 b S i i 4

;on entry X is buffer number, A is character to be written

E4B3
E4B4
E4B5
E4B6
E4B9
E4BA
E4BC

E4BF
E4CO
E4C3
E4C5
E4CS8
E4CB
E4CE
E4CF
E4D1
E4D2
E4D3

E4D4
E4D5
E4D7

E4D9
E4DB
E4DE

PHP
SETI
PHA
LDY
INY
BNE
LDY

TYA
CMP
BEQ
LDY
STA
JSR
PLA
STA
PLP
CLC
RTS

PLA
CPX
BCS

LDY
JSR
PHA

&02E1, X

&E4BF
&E447,X

&02D8,X
&E4D4
&02E1,X
&02E1,X
&E450

(&FA), Y

#&02
&E4EOQ

#&01
&E494

;save flags

;bar interrupts

; save A

;get buffer input pointer

;increment Y

;if Y=0 then buffer is full else E4BF
;get default buffer start

;put it in A

;compare it with input pointer
;if equal buffer is full so E4D4
;else get buffer end in Y

;and set it from A

;and point &FA/B at it

;get back byte

;store it in buffer

;pull flags

;clear carry for success

;and exit

;get back byte
;1f we are working on input buffer
; then E4EOQ

;else Y=1
;to service input buffer full event
;push A

**k**x* return with carry set
R e dh i i b db b I b I i b dh I b b b b S b b b b b b I b i b b b dh b b b b 24

E4DF

E4EQ
E4E1
E4E2

PLA

PLP
SEC
RTS

;restore A

;restore flags
;set carry
;and exit



KA KKK I XX XX F**Axx*x*x CODE MODIFIER ROUTINE
Kok kK ok kK Kk kK kK ok k kK ok k ok ok ko k kK kK ok kK Kk

* CHECK FOR ALPHA CHARACTER

*

LR R S b I b i S b S I b S b S Ib b db b S db I b 2b S S b S I S 4b S Sb b S b b S b e S b b I b b S S b S 2 b S S R S b S b b I Sb b b b i a4

;ENTRY character in A
;exit with carry set if non-Alpha character

E4E3 PHA ; Save A

E4E4 AND #&DF ;convert lower to upper case

E4E6 CMP #&41 ;is it 'A' or greater 2?7

E4E8 BCC &E4EE ;1f not exit routine with carry set
E4EA CMP #&5B ;is it less than 'Z'

E4EC BCC &EA4AEF ;1f so exit with carry clear

E4EE SEC ;else clear carry

E4EF PLA ;get back original wvalue of A

E4FO0 RTS ;and Return

’
’

FAAxKxkx s INSERT byte in Keyboard buffer
R b b b b b b b b b b b b S b 2 b b b b b b S b b b b b e

E4F1 LDX #&00 ;X=0 to indicate keyboard buffer

R I R I A b S b i db b i I b S Sb I Ib b Sb b S Sb I b 2b I Sb b S 2b I S 2b S b S b b S 2b b S b S 2b b b 2b R I b S 2b b I 2 R I b I b b I 2b b S db i S 4

*

* OSBYTE 153 Put byte in input Buffer checking for ESCAPE

Rt b i b S b I Sb b I I b S Sb e S b S b S db b b Sb b Sh b b Ib b S db b Sb b b 2b b b S b S b b Sb b I Sb b b S Sb i b db S g db S 4b b S 2b i db db S 3b b g

;on entry X = buffer number (either 0 or 1)
;X=1 is RS423 input

;X=0 is Keyboard

;Y is character to be written

E4F3 TXA ;A=buffer number
E4F4 AND &0245 ;and with RS423 mode (0 treat as keyboard
;1 ignore Escapes no events no soft keys)

E4F7 BNE &E4AF ;so if RS423 buffer AND RS423 in normal mode (1)
E4AF

E4F9 TYA ;else Y=A character to write

E4FA EOR &026C ;compare with current escape ASCII code
(O=match)

E4FD ORA &0275 ;or with current ESCAPE status (0=ESC, 1=ASCII)
E500 BNE &E4A8 ;1f ASCII or no match E4A8 to enter byte in
buffer

E502 LDA &0258 ;else get ESCAPE/BREAK action byte

E505 ROR ;Rotate to get ESCAPE bit into carry



E506
E507
E509
E50B
ES50E
clear
E510
E513
E514

TYA
BCS
LDY
JSR
BCC

JSR
CLC
RTS

;get character back in A

&E513 ;and if escape disabled exit with carry clear
#&06 ;else signal EVENT 6 Escape pressed
&E494 ;

&E513 ;if event handles ESCAPE then exit with carry

&E674 ;else set ESCAPE flag
;clear carry
;and exit

*HkAxKx*xx get a byte from keyboard buffer and interpret as necessary

*kk kK

;on entry A=cursor editing status l=return &87-&8B,
;2= use cursor keys as soft keys 11-15
;this area not reached if cursor editing is normal

E515
E516
E517

E519
E51A
E51B
E51C
E51D
E51E
E51F

E521
E522

operation

keyboard

E525
E527
E529
E52A
have

E52C
nybble
ES52E
E52F
E532
E533

ROR
PLA
BCS

TYA
PHA
LSR
LSR
LSR
LSR
EOR

TAY
LDA

CMP
BEQ
PLA
BCC

AND

CLC
ADC
CLC
RTS

;get bit 1 into carry
;get back A
&E592 ;1f carry is set return
;else cursor keys are 'soft'
;A=Y get back original key code (&80-&FF)
; PUSH A
;get high nybble into lo
;s A=8-&F
#&04 ;and invert bit 2
; &8 becomes &C
;&9 becomes &D
; &A becomes &E
; &B becomes &F
; &C becomes &8
; &D becomes &9
; &E becomes &A
; &F becomes &B

;Y=A = 8-F
&0265,Y ;read 026D to 0274 code interpretation status
; 0=ignore key, l=expand as 'soft' key
;2-&FF add this to base for ASCII code
;note that provision is made for keypad

;as codes &CO-&FF cannot be generated from

;but are recognised by OS

I3

#&01 ;is it 01
&E594 ;1f so expand as 'soft' key via E594
;else get back original byte
&E539 ;1f above CMP generated Carry then code 0 must

;been returned so E539 to ignore
#&0F ;else add ASCII to BASE key number so clear hi

;clear carry

&0265,Y ;add ASCII base
;clear carry
;and exit



KA FHxKxxxxxx* ERROR MADE IN USING EDIT FACILITY
Kok kK ok k kK ok kK kK ok k kK ok ok ok kK Kk ok ok K

E534 JSR &E86F ;produce bell
E537 PLA ;get back A, buffer number
E538 TAX ; X=buffer number

*HkAkxxFx*xget byte from buffer
Ahkkhkhkhhkhhkhrhkhhkhkhkhkhkhhkkhdrhkhhkrhkkhkhrdrkhkhhrhkkhkrhkkhhrhkxx*k

E539 JSR &E460 ;get byte from buffer X

E53C BCS &E593 ;1f buffer empty E593 to exit

ES53E PHA ;else Push byte

E53F CPX #&01 ;and if RS423 input buffer is not the one
E541 BNE &E549 ;then E549

E543 JSR &E173 ;else oswrch

E546 LDX #601 ;X=1 (RS423 input buffer)

E548 SEC ;set carry

E549 PLA ;get back original byte

E54A BCC &E551 ;1f carry clear (I.E not RS423 input) E551
E54C LDY &0245 ;else Y=RS423 mode (0 treat as keyboard )
E54F BNE &E592 ;i1f not 0 ignore escapes etc. goto E592
E551 TAY ; Y=A

E552 BPL &E592 ;if code is less that &80 its simple so E592
E554 AND #&0F ;else clear high nybble

E556 CMP #&0B ;if less than 11 then treat as special code
E558 BCC &E519 ;or function key and goto E519

ES55A ADC #&7B ;else add &7C (&7B +C) to convert codes B-F to
7-B

E55C PHA ; Push A

E55D LDA &027D ;get cursor editing status

E560 BNE &E515 ;if not 0 (normal) E515

E562 LDA &027C ;else get character destination status
;Bit 0 enables RS423 driver

;BIT 1 disables VDU driver

;Bit 2 diables printer driver

;BIT 3 enables printer independent of CTRL B or CTRL C

;Bit 4 disables spooled output

;BIT 5 not used

;Bit 6 disables printer driver unless VDU 1 precedes character
;BIT 7 not used

E565 ROR ;get bit 1 into carry

E566 ROR ;

E567 PLA ;

E568 BCS &E539 ;1f carry is set E539 screen disabled
E56A CMP #&87 ;else is it COPY key

E56C BEOQ &E5AL ;i1f so E5A6

E56E TAY ;else Y=A

ES56F TXA ; A=X

E570 PHA ; Push X

E571 TYA ;get back Y

E572 JSR &D8CE ;execute edit action



E575 PLA ;restore X

E576 TAX ;

ES577 BIT &025F ; check econet RDCH flag
E57A BPL &E581 ;1f not set goto E581
E57C LDA #&006 ;else Econet function 6
ESTE JMP (&0224) ;to the Econet vector

FrxxxxxkKk get byte from key string
kA hkhhkhhkrhkkhkhdhkhkhkhhhkkhkrhkkhhrhkhkdrhkkhkhrkhkdrk*x

;on entry 0268 contains key length
;and 02C9 key string pointer to next byte

E581 LDA &0268 ;get length of keystring

E584 BEQ &E539 ;if 0 E539 get a character from the buffer
E586 LDY &02C9 ;get soft key expansion pointer

E589 LDA &0B01,Y ;get character from string

E58C INC &02C9 ;increment pointer

E58F DEC &0268 ;decrement length

KERXKK KKK KK xx** exit with carry clear
kKA kkhk kA khkhkkhhkhkhkhhkhkhkhhkhkkhhkhkhkkhkhkhkhkkhhkhkhk*x%k

E592 CLC ;
E593 RTS ;exit
7
*** expand soft key strings
khkkhkhkhkhkkhhkhhkkhhAhkhkhhrhkhkhhkhkhhhohkkhkhrhkhkhhrhkkhkhhrkhkkhhrkhkhkrhk*k

Y=pointer to sring number

E594 PLA ;restore original code

E595 AND #&0F ;blank hi nybble to get key string number
E597 TAY ; Y=A

E598 JSR &E3A8 ;get string length in A

E59B STA &0268 ;and store it

E59E LDA &0B00,Y ;get start point

E5A1 STA &02C9 ;and store it

E5A4 BNE &E577 ;1f not 0 then get byte via E577 and exit

*xkxxkxkxxxx* deal with COPY key

R b i i b b b I S b S S b S db b S b Sb b S db S b db b db b S Ib b S 2 Sh b S 3 Y

ESAG6 TXA ; A=X

ESA7 PHA ; Push A

ESAS8 JSR &D905 ;read a character from the screen
ESAB TAY ; Y=A

ESAC BEQ &E534 ;1f not valid A=0 so BEEP

ESAE PLA ;else restore X

ESAF TAX ;

ES5BO TYA ;and Y

E5B1 CLC ;clear carry

ES5BR2 RTS ;and exit

R I R i A b S b i I b I b S b I b g b S b b 2b B A b S b S b g S b S b b S b b S b S 2b b S 2b I S S 2b b S 2 S IR S S b 2 b S b i i 4



* OSBYTE LOOK UP TABLE

LR i b I b Sb b S I b S b b Sb b db b S db I b 2b I S b b b S S 2b S Sb b S b b b Sb S b S b b b S e S b S I b S S R S b S b b I S b S b i a4

E5B3 DB &21,&ES8 ; OSBYTE 0 (&E821)
E5B5 DB &88, &E9 ; OSBYTE 1 (&E988)
E5B7 DB &D3, &E6 ; OSBYTE 2 (&E6D3)
E5B9 DB &97, &E9 ; OSBYTE 3 (&ES997)
E5BB DB &97, &E9 ; OSBYTE 4  (&ES997)
E5BD DB &76,&E9 ; OSBYTE 5 (&E976)
E5BF DB &88, &E9 ; OSBYTE 6 (&E988)
E5C1 DB &8B, &E6 ; OSBYTE 7 (&E68B)
E5C3 DB &89, &E6 ; OSBYTE 8 (&E689)
E5C5 DB &BO, &E6 ; OSBYTE 9 (&E6BO)
E5C7 DB &B2, &E6 ;OSBYTE 10 (&E6B2)
E5C9 DB &95, &E9 ;OSBYTE 11 (&ES95)
E5CB DB &8C, &E9 ;OSBYTE 12 (&ES8C)
E5CD DB &F9, &E6 ;OSBYTE 13 (&E6F9)
E5CF DB &FA, &E6 ;OSBYTE 14 (&E6FA)
E5D1 DB &A8, &F0 ;OSBYTE 15 (&FOAS8)
E5D3 DB &06, &E7 ;OSBYTE 16 (&E706)
E5D5 DB &8C, &DE ;OSBYTE 17 (&DES8C)
E5D7 DB &C8, &E9 ;OSBYTE 18 (&ESCS8)
E5D9 DB &B6, &E9 ;OSBYTE 19 (&ESB6)
E5DB DB &07,&CD ;OSBYTE 20 (&CDO07)
E5DD DB &B4, &F0 ;OSBYTE 21 (&F0B4)
E5DF DB &6C, &E8 ;OSBYTE 117 (&E86C)
E5SE1 DB &D9, &E9 ;OSBYTE 118 (&ESD9)
ESE3 DB &75, &E2 ;OSBYTE 119 (&E275)
E5ES DB &45, &F0 ;OSBYTE 120 (&F045)
ESE7 DB &CF, &FO0 ;OSBYTE 121 (&FOCF)
E5E9 DB &CD, &FO0 ;OSBYTE 122 (&FOCD)
ESEB DB &97, &E1 ;OSBYTE 123 (&E197)
E5ED DB &73,&E6 ;OSBYTE 124 (&E673)
ESEF DB &74,&E6 ;OSBYTE 125 (&E674)
E5F1 DB &5C, &E6 ;OSBYTE 126 (&E65C)
E5F3 DB &35, &EO ;OSBYTE 127 (&E035)
E5F5 DB &4F, &E7 ;OSBYTE 128 (&E74F)
ESF7 DB &13, &E7 ;OSBYTE 129 (&E713)
E5F9 DB &29, &E7 ;OSBYTE 130 (&E729)
ESFB DB &85, &F0 ;OSBYTE 131 (&F085)
ES5FD DB &23,&D9 ;OSBYTE 132 (&D923)
ESFF DB &26,&D9 ;OSBYTE 133 (&D926)
E601 DB &47,&D6 ;OSBYTE 134 (&D647)
E603 DB &C2,&D7 ;OSBYTE 135 (&D7C2)
E605 DB &57, &E6 ;OSBYTE 136 (&E657)
E607 DB &7TF, &E6 ;OSBYTE 137 (&EG67F)
E609 DB &AF, &E4 ;OSBYTE 138 (&E4AF)
E60B DB &34, &E0 ;OSBYTE 139 (&E034)
E60D DB &35, &F1 ;OSBYTE 140 (&F135)
E60F DB &35, &F1 ;OSBYTE 141 (&F135)
E611 DB &E7, &DB ;OSBYTE 142 (&DBE7)
E613 DB &68, &F1 ;OSBYTE 143 (&F168)
E615 DB &E3, &EA ;OSBYTE 144 (&EAE3)



E617 DB &60, &E4 ;OSBYTE 145 (&E460)
E619 DB &AA, &FF ;OSBYTE 146 (&FFAA)
E61B DB &F4, &EA ;OSBYTE 147 (&EAF4)
E61D DB &AE, &FF ;OSBYTE 148 (&FFAE)
E61F DB &F9, &EA ;OSBYTE 149 (&EAF9)
E621 DB &B2, &FF ;OSBYTE 150 (&FFB2)
E623 DB &FE, &EA ;OSBYTE 151 (&EAFE)
E625 DB &5B, &E4 ;OSBYTE 152 (&E45B)
E627 DB &F3, &E4 ;OSBYTE 153 (&E4F3)
E629 DB &FF, &E9 ;OSBYTE 154 (&E9FF)
E62B DB &10, &EA ;OSBYTE 155 (&EA1OQ)
E62D DB &7C, &E1 ;OSBYTE 156 (&E17C)
E62F DB &A7, &FF ;OSBYTE 157 (&FFAT)
E631 DB &6D, &EE ;OSBYTE 158 (&EE6D)
E633 DB &7F, &EE ;OSBYTE 159 (&EETF)
E635 DB &CO0, &E9 ;OSBYTE 160 (&E9CO)
E637 DB &9C, &E9 ;

E639 DB &59, &E6 ;

R R I A b S b i db b I I b S Sb I I b S b S 2b e S 2b I S b S 2b i S b S b S 2b b S 2b b S b S 2b b S 2b S b S 2b b I 2 R S IR I b b I 2b b I db i S 4

* OSWORD LOOK UP TABLE

R I R i g b S b i db b I db S S Sb I Sb b db b S 2b I b 2b I Sb b S 2b S 2b I Sb b S 2b b S 2b b S b S 2b b b 2b e S Sb S 2b b S 2 b S b S b b I 2b b S db i S S

E63B DB &02, &E9 ;OSWORD 0 (&E902)
E63D DB &D5, &E8 ;OSWORD 1 (&EB8D5)
E63F DB §E8, &E8 ;OSWORD 2 (&EB8ES8)
E641 DB &D1, &E8 ;OSWORD 3 (&E8D1)
E643 DB §E4, sE8 ;OSWORD 4 (&E8E4)
E645 DB &03,&E8 ;OSWORD 5 (&E803)
E647 DB &0B, &E8 ;OSWORD 6 (&E80B)
E649 DB &2D, &E8 ;OSWORD 7 (&E82D)
E64B DB &AE, &E8 ;OSWORD 8 (&EBAE)
E64D DB &35, &C7 ;OSWORD 9  (&C735)
E64F DB &F3, &CB ;OSWORD 10 (&CBF3)
E651 DB &48,&C7 ;OSWORD 11 (&C748)
E653 DB &E0, &C8 ;OSWORD 12 (&C8EO)
E655 DB &CE, &D5 ;OSWORD 13 (&D5CE)

R I R i A b S b i A b I b S b I b I S S g B b A R S b i S b S b S b b S b S b S b b b 2 A S S 2 S 2 S IR S b b b S i i 4
*
*

* OSBYTE 136 Execute Code via User Vector
*



* *CODE effectively

LR I b S b i Ib b I I b S b I Sb b db b S db I b 2b S S b S b b S 2b S Sb b b b b S b e S b b b b S S S b S 2b b S b S b S b b I S b b b a4

E658 LDA #00 ; A=0

R I i i I b i b i b b i b A b b b b dh I b b b b A b I b b e A S b b b R A b b S b b b db b b b b I db b i i dh  db i dh I b b i i 4

*

* *LINE entry

KK A K AR AR AR AR A A R A AR A AR A AR A A A A AR AR A A A A AR AR A A A A A KA AKX A A AR AR AR A AR A A AR AR A A Ak k%

E659 JMP (&0200) ;Jump via USERV

R I R i A S b i db b I db b S Sb I Ib b Sb b S Sb I b 2b B S b S 2b e S 2b S b S 2 b S b b S b S 2b b S 2b I b S 2b b I 2 R S b S b b I 2b b S db i S 4

*

* OSBYTE 126 Acknowledge detection of ESCAPE condition

RS R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I S b b 2b i S b b Sb b b b b S 4b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i g 4

E65C LDX #&00 ; X=0

E65E BIT &FF ;if bit 7 not set there is no ESCAPE condition
E660 BPL &§E673 ;so E673

E662 LDA &0276 ;else get ESCAPE Action, if this is O

;Clear ESCAPE

;close EXEC files

;purge all buffers

; reset VDU paging counter

E665 BNE &E671 ;else do none of the above
E667 CLI ;allow interrupts
E668 STA &0269 ;number of lines printed since last halt in
paged
;mode = 0
E66B JSR &F68D ;close any open EXEC files
E66E JSR &FOAA ;clear all buffers

E671 LDX #&FF ;X=&FF to indicate ESCAPE acknowledged



RS IR g b S b i db b i db b S Sb b Ib b db b S 2b e b 2b S b S 2b b S db b Sb b b b b db e db b b 2b i b Ib b Sh Jb b Sb i S Sb b S 2b S 4b b b 2b b S 2b I 2b b Y

*

* OSBYTE 124 Clear ESCAPE condition

LR S b I b i Sb b S I b S b S Sh b db b S db I b 2b S S b S b S 2b S b S b b S b S b b 2 b S I e S b S 2 b S b R S b S b b I S b S b i a4

E673 CLC ;clear carry

R R i A d b i A b d b S b I b A S S g S b A R S b i S b S b S b R S b S b S 2 b b 2 A S S 2 b S 2 e S b S b b 2 b i S i i 4

*

* OSBYTE 125 Set ESCAPE flag

R I IR I A S b i db b I b S Sb I I b S b S 2b e S 2b B S b S 2b i S b S b S 2b b S 2b b S b S 2b b b 2b S b S 2b b I 2 R S b I b b I 2b b S 2 i S 4

E674 ROR &FF ;clear Dbit 7 of ESCAPE flag
E676 BIT &027A ;read bit 7 of Tube flag
E679 BMI &E6TC ;1f set TUBE exists so E67C
E67B RTS ;else RETURN

E67C JMP &0403 ;Jump to Tube entry point

RS R i g b S b i db b S db b S Sb I Ib b db b S 2b I b 2b I S b S 2b b S 2b I Sb b S b b S b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b S 2b b S b i S 4

*

* OSBYTE 137 Turn on Tape motor

R i e A d i S A db I b I b dh I b b b b I I I b I b b ab b b b b b db b b b I b e A b b b b R I b b b b e A b b b b I i b e S 4

E67F LDA &0282 ;get serial ULA control setting
E682 TAY ;Y=A
E683 ROL ;rotate left to get bit 7 into carry
E684 CPX #&01 ;1f X=1 then user wants motor on so CARRY set
else
;carry is cleared
E686 ROR ;put carry back in control RAM copy
E687 BVC &EB6AT ;1f bit 6 is clear then cassette is selected

;so write to control register and RAM copy

E689 LDA #&38 ;A=ASCII 8
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*

* OSBYTE 08/07 set serial baud rates

R R b b b b I I g b b b b b dh db A i b b b b db A b g b b b b b S R A b b b b db b A db  db b b b b b S IR S 4 b b b b db db db b b b b b db db g b b b b i
on entry X=baud rate

A=8 transmit
A= receive

E68B EOR #&3F ;converts ASCII 8 to 7 binary and ASCII 7 to 8
binary

E68D STA &FA ;store result

E68F LDY &0282 ;get serial ULA control register setting

E692 CPX #&09 ;is it 9 or more?

E694 BCS &E6AD ;if so exit

E696 AND &E9AD,X ;and with byte from look up table

E699 STA &FB ;store it

E69B TYA ;put Y in A

E69C ORA &FA ;and or with Accumulator

E69E EOR &FA ;zero the three bits set true

E6AQ ORA &FB ;set up data read from look up table + bit 6

E6A2 ORA #&40 ;

E6A4 EOR &025D ;write cassette/RS423 flag

E6A7 STA &0282 ; store serial ULA flag

E6AA STA &FE10 ;and write to control register

E6AD TYA ;put Y in A to save old contents

E6AE TAX ;write new setting to X

EOAF RTS ;and return



O0S SERIES VII
GEOFF COX

R R i i b S b i Ib b i db b S Sb I Ib b db b S db I b 2b S S b S 2b I S 2b S Sb b b b b I b b S b S 2b b b Sb e S b S 2b b S S b S b S b b I 2b b S b i a4

*

* OSBYTE 9 Duration of first colour

R i e i d i S i db I R I A b db I b b b 2 I I I b b b b i b b b b b I b b b S b e A b b e b b I b b b b b b b I b A i b e b

;on entry Y=0, X=new value

E6BO INY ;Y 1is incremented to 1
E6B1 CLC ;clear carry

R I R i A b S b i I b I b S b I b S b S b S b A R S b S b S b S b b S b b S b S 2b b b 2b I S S 2b b S 2 S b S b b S 2 b b i i 4
*

* OSBYTE 10 Duration of second colour

R IR I I S b i db b I I S S S I Ib b Sb S S 2b I b 2b I S b S 2b e S 2b S b S b b S 2b b S b b 2b b b 2b S Sb S 2b b I S R S b S b b I 2b b S db i S 4

;on entry Y=0 or 1 if from FX 9 call, X=new value

E6B2 LDA &0252,Y ;get mark period count

E6B5 PHA ;push it

E6B6 TXA ;get new count

E6B7 STA &0252,Y ;store it

E6BA PLA ;get back original value

EG6BB TAY ;put it in Y

E6BC LDA &0251 ;get value of flash counter

E6BF BNE &E6D1 ;i1f not zero E6D1

E6C1 STX &0251 ;else restore old value

E6C4 LDA &0248 ;get current video ULA control register setting
E6C7 PHP ;push flags

E6CS8 ROR ;rotate bit 0 into carry, carry into bit 7
E6C9 PLP ;get back flags

E6CA ROL ;rotate back carry into bit O

E6CB STA &0248 ;store it in RAM copy

E6CE STA &FE20 ;and ULA control register

E6D1 BVC &E6AD ;then exit via OSBYTE 7/8

R I g i A b S b i A b I b S b I b A b S 2 S b A SR S b i S b S b S b b S b b S b S 2b b b 2b S S S 2b b S 2 R S b S b b I 2 b S b i S S



* OSBYTE 2 select input stream

LR e i b I b i Ib b S I b S b I Sh b db b S db I b 2b S S b b db S 2 S Sh b b b b b Sb e S b b 2 b b S S b S I b S S b S b S b b I db b S b i a4

;on input X contains stream number

E6D3 TXA ; A=X

E6D4 AND #&01 ;blank out bits 1 - 7

E6D6 PHA ;push A

E6D7 LDA &0250 ;and get current ACIA control setting
E6DA ROL ;Bit 7 into carry

E6DB CPX #&01 ;1f X>=1 then

E6DD ROR ;bit 7 of A=1

E6DE CMP &0250 ;compare this with ACIA control setting
E6E1L PHP ;push processor

E6E2 STA &0250 ;put A into ACIA control setting

E6ES STA &FEO8 ;and write to control register

E6E8 JSR &E173 ;set up RS423 buffer

E6EB PLP ;get back P

E6EC BEQ &EO6F1 ;1f new setting different from old E6F1 else
E6EE BIT &FEO09 ;set bit 6 and 7

E6F1 LDX &0241 ;get current input buffer number

E6F4 PLA ;get back A

E6F5 STA &0241 ;store it

E6F8 RTS ;and return

R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b S 2b I S 2b  Sb b b b b S b b S b S 2b b b 2b e S Sb S 2b b I S b S b S b b I 2b b S b i g 4
*

* OSBYTE 13 disable events

LR R e S b S b i Ib b I I b S b I Sb b Sb b S b I b 2b S S b S db S Ib e Sb b b b b b S S b b b b S I e S b S I b S S S b S b b S Sb b S b i a4

;X contains event number 0-9

E6F9 TYA ;Y=0 A=0

R I A i A db i R I i dh 4 b b b b I I I b I b S S b i b b b 2 4 b b R db b b S Ib b I b i b 2 A b b b b b 4 4 b b b b b 2 i b b b b 4

*

* OSBYTE 14 enable events



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4

;X contains event number 0-9

E6FA CPX #&0A ;if X>9

E6FC BCS &E6AE ;goto E6AE for exit

E6FE LDY &02BF,X ;else get event enable flag
E701 STA &02BF,X ;store new value in flag
E704 BVC &E6AD ;and exit via E6AD

R i I i i i I I R b i b i I b b b b A b I b I b b B b b b b b I b b b b b A b b b b b b S b b b b b b 4 b b b b b S b b e S 4

*

* OSBYTE 16 Select A/D channel

R I IR i A b S b I b I b S b I b A b S db e S b A SR S b S b S b S b I S b b S db S 2 b b 2b A S S 2b b S 2 S IR S b b I 2 b b i i S

;X contains channel number or 0 if disable conversion

E706 BEQ &ET70B ;if X=0 then E70B

E708 JSR &DEBC ;start conversion

E70B LDA &024D ;get current maximum ADC channel number
E70E STX &024D ;store new value

E711 TAX ;put old value in X

E712 RTS ;and exit

’

R R i A b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S 2b I Sb b S b b S b b S b b 2b b b 2b e S Sb S 2b b S S b S b S b b I 2b b S b i S 4
*

* OSBYTE 129 Read key within time limit

LR R e i b S b I b b I b S b b Ib b db b S db I b 2b I S b b db b b Ib S Sb b b b b b b e S b b b b b I S b S 2 b S S b S b S b b S S b S b i a4

;X and Y contains either time limit in centi seconds Y=&7F max
; or Y=&FF and X=-ve INKEY value

E313 TYA ;A=Y

E714 BMI &E721 ;1f Y=&FF the E721

E716 CLI ;else allow interrupts
E717 JSR &DEBRB ;and go to timed routine
E71A BCS &ET1F ;1f carry set then E71F
E71C TAX ; then X=A

E71D LDA #&00 ; A=0

E71F TAY ;Y=A

E720 RTS ;and return

’



; scan keyboard

E721 TXA ; A=X

E722 EOR #&7F ;convert to keyboard input
E724 TAX ; X=A

E725 JSR &F068 ;then scan keyboard

E728 ROL ;put bit 7 into carry

E729 LDX #&FF ; X=&FF

E72B LDY #&FF ;Y=&FF

E72D BCS &E731 ;1if bit 7 of A was set goto E731 (RTS)
E72F INX ;else X=0

E730 INY ;and Y=0

E731 RTS ;and exit

*AAxHxxxxxx check occupancy of input or free space of output buffer
* Kk Kk Kk ok Kk k

; X=buffer number

;Buffer number Address Flag Out pointer In

pointer
; 0=Keyboard 3EO-3FF 2CF 2D8 2E1
;1=RS423 Input AO00-AFF 2D0 2D9 2E2
;2=RS423 output 900-9BF 2D1 2DA 2E3
;3=printer 880-8BF 2D2 2DB 2E4
; 4=sound0 840-84F 2D3 2DC 2E5
; 5=soundl 850-85F 2D4 2DD 2E6
; 6=sound? 860-86F 2D5 2DE 2E7
; 7=sound3 870-87F 2D6 2DF 2E8
; 8=speech 8CO0-8FF 2D7 2E0 2E9

E732 TXA ;buffer number in A

E733 EOR #&FF ;invert it

E735 TAX ; X=A

E736 CPX #&02 ;is X>1

E738 CLV ;clear V flag

E739 BVC &ET73E ;and goto E73E count buffer

E73B BIT &DO9B7 ;set V

E73E JMP (&022E) ;CNPV defaults to E1D1

Frxxxxxxkkxxx check RS423 input buffer
Kok ok ok ok kKKK KK KK KK Kk ok &k ok ok ok kK ko ok ok kK K kK

E741 SEC

E742 LDX #&01 ;X=1 to point to buffer

E744 JSR &E738 ;and count it

E747 CPY #&01 ;1f the hi byte of the answer is 1 or more
E749 BCS &ET4E ; then Return

E74B CPX &025B ;else compare with minimum buffer space
E74E RTS ;and exit

R I R i b d b i A b i I b S b g I b g U S S b e S 2b B A R S b S S b e S b S b R S b S b S 2 b S 2 A S S 2 b S b S IR S b b i 2 b i i 4
*
*

* OSBYTE 128 READ ADC CHANNEL

*



R I b i g b S b i db b b I b S Sb b Sb b db db S db b db b S b S 2b b S db b Sh b b db b b db S b b 2 b b S a2 Sb S b db i 4 b S db b S 2b i Sb db S 3b b Y

;ON Entry: X=0

converted
i

channe

buffers

E74F
E751
E753
E755
E757
Hi &

E75A
E75D
E75E

E75F
E762
E763
E764
E765
E766
E768
E76A
E76D
E770
E771

X=channel number

X<0 Y=&FF

X=&FF
X=&FE
X=&FD

keyboard )
RS423 Input)
RS423 output)

Exit Y contains number of last channel
X,Y contain 16 bit value read from
X returns information about various

of

of
of

characters in buffer
characters in buffer
empty spaces in buffer

X=number
X=number
X=number

X=&FC
X=&FB
X=&FA
X=&F9
X=&F8
X=&F7

BMI
BEQ
CPX
BCS
LDY

LDA
TAX
RTS

LDA
ROR
ROR
ROR
ROR
EOR
AND
LDY
STX
TAX
RTS

Printer)

sound 1)
sound 2)
sound 3)

X=number
X=number
X=number
X=number
X=number

of
of
of
of

empty spaces
empty spaces
empty spaces
empty spaces

in
in
in
in

buffer
buffer
buffer
buffer
buffer

Speech )

&ET732
&ET75F
#&05

&ET729

&02B9,X ;get conversion values for channel of

(
(
(
(
(sound 0)
(
(
(
(

of empty spaces in

X=number of empty spaces in buffer

;if X is -ve then E732 count spaces

;1f X=0 then E75F

;else check for Valid channel

;i1f not E729 set X & Y to 0 and exit

interest

&02B5,X ;lo byte

&FE40

#&FF
#&03
&02BE
&02BE

;X=1o byte
;and exit

;read system VIA port B

;move high nybble to low

;and invert it

;isolate the FIRE buttons

;get analogue system flag byte

;store X here

;A=X bits 0 and 1 indicate fire buttons
;and return

R I R i A S b i db b i I b S b I b I S S b b b B db S S b S b S b g S S S b A b S b b b g I S S b S S b S S S b b S b b b S b 3

*



Ahkkhkhkhhkkh kA hrhhhAhhkhhkhhkkhhrhkhhhrhhhdhhkhhkhhkkhhhkhhhohhhdhhkkhhhhkdhhhkhhhrhkkhhrhkhkhrhrhkkhrhkkhhhhkhdxx
*

* %

* %

*x OSBYTE DEFAULT ENTRY POINT
* %

* %

* %

*x pointed to by default BYTEV
* *

* *

* %

R I A i S i I I R b b b I I b b b b b A b I b I b b b b b b b b 2 I b b b b b b A b b b b b b S I b b b b b 4 b b I b b 2 b b e S i

*

R T R i A d b i A b I b S b I b A b S g S b A R S b i S b S b S b b S b S S S 2 b b db e i S S 2 b S 2 S R S b b B 2 S S i i 4
*

E772 PHA ;save A

E773 PHP ; save Processor flags

E774 SET ;disable interrupts

ET775 STA &EF ;store A,X,Y in zero page

E777 STX &F0 ;

E779 STY &F1 ;

E77B LDX #&07 ;X=7 to signal osbyte is being attempted
E77D CMP #&75 ;1if A=0-116

E7T7F BCC &ETC2 ;then E7C2

E781 CMP #&A1 ;if A<1le6l

E783 BCC &ET78E ;then E78E

E785 CMP #&A6 ;1f A=161-165

E787 BCC &ETC8 ;then EC78

E789 CLC ;clear carry

E78A LDA #&A1 ;s A=&A1

E78C ADC #&00 ;

*hkkhkkKkkkkx process OSbyte Calls 117 — 160 khkkhkhkhhkkhkhkhkkhhkhrhkhkkhkhhkkhkhrhkkhrkhkhkx*x*k
E78E SEC ;set carry

E78F SBC #&5F ;convert to &16 to &41 (22-65)

E791 ASL ;double it (44-130)

E792 SEC ;set carry

E793 STY &F1 ;store Y

E795 TAY ; Y=A

E796 BIT &025E ; read econet intercept flag

E799 BPL &ETA2 ;1f no econet intercept required E7A2
E79B TXA ;else A=X

E79C CLV ; V=0

E79D JSR &ESTE ; to JMP via ECONET vector

E7AQ0 BVS &ETBC ;i1f return with V set E7BC

E7A2 LDA &E5B4,Y ;get address from table



E7AS5
E7A7
E7AA
E7AC
E7AE
E7BO

E7B2
E7B4
(Y, X)

E7B6
E7B7
E7B9

E7BC
E7BD
E7BE
E7BF
E7CO
E7C1

STA
LDA
STA
LDA
LDY
BCS

LDY
LDA

SEC
LDX
JSR

ROR
PLP
ROL
PLA
CLV
RTS

&FB ;store it as hi byte
&EDLSBR3,Y ;repeat for lo byte
&FA ;

&EF ;restore A

&F1 ;Y

&ETB6 ;if carry is set E7B6
#&00 ;else

(&F0),Y ;get value from address pointed to by &F0/1

;set carry

&FO ;restore X
&F058 ;call &FA/B
;C=bit O

;get back flags
;bit 0=Carry
;get back A
;clear V

;and exit

Frxx Ik I Ax kK k*xx* Process OSBYTE CALLS BELOW &75
Kok ok Kk kK kK Kk Kk K Kk ko kK ok ok ko Kk K

E7C2 LDY
E7C4 CMP
E7C6 BCC
E7C8 PHP
E7C9 PHP
E7CA PLA
E7CB PLA
E7CC JSR
osbyte/word

E7CF BNE
E7D1 LDX
E7D3 JMP
E7D6 PLP
E7D7 PLA
E7D8 BIT
E7DB RTS
E7DC LDA
E7DE BMI
E7EQ LDA
E7E2 AND
ET7E4 BNE
E7E6 LDA
E7ES8 AND
E7EA RTS

#&00 ;Y=0
#&16 ;if A<glo
&ET791 ;goto E791
;push flags
;push flags
;pull flags
;pull flags
&F168 ;offer paged ROMS service 7/8 unrecognised
&ETD6 ;if roms don't recognise it then E7D6
&FO0 ;else restore X
&ETBC ;and exit

;else pull flags
;and A

&D9B7 ;set V and C
;and return

&EB ;read cassette critical flag bit 7 = busy
&E812 ;if busy then EB12
#&08 ;else A=8 to check current Catalogue status
&E2 ;by anding with CFS status flag
&ETEA ;1f not set (not in use) then E7EA RTS
#&88 ;A=%10001000
&BB ;AND with FS options (short msg bits)
; RETURN



LR R i S b i Ib b I 4 b S db I Ib b i db b S b I b 2b S db b S b I S b S db b 2 b S S b I I b S b b Sb db S db b S 2b b S db I Sb b S b b S 2b I Sb b S b 3

*

LR i I b S b i S b S I b S b b Sh b db b S db I b 2b S S b S db b 2b S Sh b S b b S b S b S b b b S e S b b I b S S b S b b b b I S b S b i a4

*

* %

* %

* %

* %

* %

* %

* %

* %

* %

* K

OSWORD DEFAULT ENTRY POINT

pointed to by default WORDV

R R i A d b i A b I b S b I b A b S g S b S R S b S b S S b S b b S b S b S 2 b S 2 i S S 2 b S 2 S R S b b 2 b i i 4

*

R I R i A b S b i I b I I b S S I b I b S b S 2b B A b S b S S b S b S b b S b b S b S 2b b b 2b I S S 2b b S 2 S IR S b b S 2 b S b i i 4

*

E7EB
E7EC
E7ED
E7EE
E7F0
ET7F2
E7F4
E7F6
E7F8

E7FA
E7FC

E7FE
E800
E801

PHA
PHP
SETI
STA
STX
STY
LDX
CMP
BCS

CMP
BCS

ADC
ASL
BCC

; Push A
; Push flags
;disable interrupts

&EF ;store A,X,Y
&F0 ;

&F1 ;

#&08 ; X=8

#&EQ ;1f A=>224

&ET8A ;then E78A with carry set

#&0E ;else if A=>14
&ET7C8 ;else E7C8 with carry set pass to ROMS & exit

#&44 ;add to form pointer to table
;double it
&ET793 ;goto E793 ALWAYS!! (carry clear ET7F8)
;this reads bytes from table and enters routine

R i e A d i S A I I R I A b db I b b b S I I I b b b b db b e b b b I b b b S b e A b b b b A b b b b e i b b b b A S i b e S 4

*

OSWORD

05 ENTRY POINT

read a byte from I/0O memory



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4

;block of 4 bytes set at address pointed to by 00F0/1 (Y,X)

;XY +0
; +4
E803 JSR
E806 LDA
E808 STA
E80A RTS

ADDRESS of byte
on exit byte read

&E815 ;set up address of data block
(&F9,X) ;get byte
(&F0),Y ;store it

;exit

R T R i A b d b A b I b S b I b A S S g e S b A R S b S S b S b S b I S b S b S 2 b b b S S S 2 b S b S SR S B b b b S i i 4

*

OSWORD

06 ENTRY POINT

write a byte to I/0 memory

RS R I A b S b i db b I I b S Sb I Ib b db b S 2b I b 2b B db b S 2b i S 2b S b S b b S 2b b S b S 2b b b 2b I Sb S 2b b I 2b R S b I b b I 2b b S b i S 4

;block of 5 bytes set at address pointed to by 00F0/1 (Y,X)

;XY

’

E8OB
E8OE
E810
E812
E814

+0

+4
JSR
LDA
STA
LDA
RTS

ADDRESS of byte
byte to be written

&E815 ;set up address
(&F0),Y ;get byte
(&F9,X) ;store it
#&00 ;a=0

;exit

********************: set up data block
R R b b S b S S b dh b S Sb b S b b S 2b S Sb b g Sb b Sh db o O 4

E815
E817
E818
E8I1A
E81C
E81E
E820

STA
INY
LDA
STA
LDY
LDX
RTS

&FA ; &FA=A
;Y=1
(&F0),Y ;get byte from block
&FB ;store it
#604 ;Y=4
#6601 ; X=1

;and exit

R R i A b i b i db b i I b S S I b I S S b b b db b S b S b S b S b S S b S b S 2 b S b I S S 2b b S 2 S S S b b S 2b b b i i 4

*

*



* OSBYTE 00 ENTRY POINT

* read 0OS version number

R b i i b S b I S b S I b S db e S b S b S db I b Sb b S b b Ib b S db b S b I S b I S b S b I S b I S R S b e dh b e S b S b e b b b S 2b b S b 4

E821 BNE &E81E ;if A <> 0 then exit else print error
E823 BRK ;

E824 DB &F7 ;error number

E825 DB '0S 1.20" ;error message

E82C BRK

R I IR g b dh S i I b db b S S I b g S S b b 2b A b S 2b e b S S db S 2 S S R S IR I 2b e S db R S db b 2b S S db e S 2 I db b S db b S b i 3 b
*

* OSWORD 07 ENTRY POINT

* make a sound

R R i g b S b i db b I db b S Sb I Ib b Sb b S 2b I b 2b I Sb b b 2b i S 2b I Sb b b b b S b b S b b 2b b b 2b e S Ib S 2b b I S R S b S b b I 2b b S b i a4

;block of 8 bytes set at address pointed to by 00F0/1
;XY +0 Channel or +0=Flush, Channel:+1=Hold, Sync

H 2 Amplitude
; 4 Pitch
; 6 Duration

;Y=0 on entry

E82D INY ;increment Y

E82E LDA (&F0),Y ;get channel byte from table

E830 CMP #&FF ;if its &FF goto speech

E832 BEOQ &E88D ;at E8DD

E834 CMP #&20 ;else if>=&20 set carry

E836 LDX #&08 ;X=8 for unrecognised OSWORD call

E838 BCS &ET7CA ;and 1if carry set off to E7CA to offer to ROMS
E83A DEY ; Y=0

E83B JSR &E8CH ;return with Carry set if Flush=1:A=C
E83E ORA #&04 ;convert to buffer number

E840 TAX ; A=X

E841 BCC &E848 ;and 1if carry clear (ex E8C9) then E848
E843 JSR &E1AE ;else flush buffer

E846 LDY #&01 ;Y=1

E848 JSR &E8CH ;returns with carry set if H=1;A=S



E84B STA &FA ; Sync number =&FA

E84D PHP ;ave flags

E84E LDY #&06 ;Y=6

E850 LDA (&F0),Y ;Get Duration byte
E852 PHA ;push it

E853 LDY #&04 ;Y=4

E855 LDA (&F0),Y ;get pitch byte
E857 PHA ;push it

E858 LDY #&02 ;get amplitude byte
E85A LDA (&F0),Y ;

E85C ROL ;H now =bit 0 (carry shifted)
E85D SEC ;set carry

E85E SBC #&02 ; subract 2

E860 ASL ;multiply by 4

E861 ASL ;

E862 ORA &FA ;add S byte (0-3)

;at this point bit 7=0 for an envelope
;bits 3-6 give envelope -1, or volume +15
; (1.e.complemented)

;bit 2 gives H

;bits 0-1 =Sync

E864 JSR &E1F8 ;transfer to buffer

E867 BCC &E887 ;1f C set on exit succesful transfer so E887
E869 PLA ;else get back

E806A PLA ; stored values

E86B PLP ;

KA A A A A A A A A A A A A A A A A A A A A A A AR AR A A A A AR AR A A A A A A AR A A A A A A A A A AR A A A XA A A A AR AR AR A KK
*

* OSBYTE 117 ENTRY POINT

* read VDU status

R i e A I S A I I b I b b db A b b b A I b I b I b b b b b b b b A b b b S b e A b b b b S I b b b b e i b b S b A i b e S 4

E86C LDX &DO ;get VDU status byte in X
E86E RTS ;and return

FrRxxFkxxxA K A**x set up sound data for Bell
kKA kkhkhkk khhkhkkhhkhkhk hkhkhkkhkhkhkkhkkhhkrkhkhkhxkhkk,k%

E8GF PHP ;push P
E870 SEI ;bar interrupts



E871 LDA &0263 ;get bell channel number in A

E874 AND #507 ; (bits 0-3 only set)

E876 ORA #&04 ;set bit 2

E878 TAX ;X=A = bell channel number +4=buffer number
E879 LDA &0264 ;get bell amplitude/envelope number

E87C JSR &E4BO0 ;store it in buffer pointed to by X

E87F LDA &0266 ;get bell duration

E882 PHA ;save it

E883 LDA &0265 ;get bell frequency

E886 PHA ;save it

E887 SEC ;set carry

E888 ROR &0800,X ;and pass into bit 7 to warn that channel is
active

E88B BMI &E8A4 ;goto E8A4 ALWAYS!!

FAAxFFxxxx :gpeech handling routine
R R dh i i S dh b b b S b 4 A b b b I B b I b b b b b dh b I b b 24

E88D PHP ;push flags

E88E INY ;Y=2

E88F LDA (&F0),Y ;get byte

E891 PHA ;store it

E892 INY ;Y=4

E893 LDA (&F0),Y ;get byte

E895 PHA ;store it

E896 LDY #&00 ;Y=0

E898 LDA (&F0),Y ;get byte

E89A LDX #&08 ; X=8

E89C JSR &E1FS8 ;select speech buffer and pass A

E89F BCS &E869 ;if carry set on return restore stack
;and exit

E8AL ROR &02D7 ;else clear bit 7 of buffer busy flag to show
;buffer has been set

E8A4 PLA ;get back byte

E8AS5 JSR &E4BO ;enter it in buffer X

E8AS8 PLA ;get back next

E8A9 JSR &E4BO ;and enter it again

E8AC PLP ;get back flags

E8AD RTS ;and exit

LR i e S b S b Sb b I I b S b I Ib b Sb b S db I b 2b I S b S b S I S b b b b S b e S b S b b S S I S b S 2 b S S R S b b b b S Sb b S b i a4
*

* OSWORD 08 ENTRY POINT

* define envelope

KK AR AR A AR AR A AR AR AR AR A A AR A AR A AR A A A AR A AR A A A AR A AR A A A AR KA A KA A A AR AKX AR AR KA AR KRR XA XK K

;block of 14 bytes set at address pointed to by 00F0/1
;XY +0 Envelope number, also in A



;Y=0 on

E8AE
E8BO
E8B1
E8B2
E8B3
E8B4
E8B6
E8B7

E8B9

E8BB
E8BD
E8BF
E8C1
E8C4
E8C5
E8C6
E8CS8

E8C9
E8CB
E8CD
E8CF
E8DO

R i e A I S i I I b b b b db A b b b S I b I b b b b b b b b b b I b b b S b e A b b b b I b b b i b b I b S i b e I

*

bits 0-

change
change
change
number
number
number
change
change
change
change
target
target

entry

SBC
ASL
ASL
ASL
ASL
ORA
TAX
LDA

LDY

CPY
BCS
LDA
STA
DEX
DEY
BNE
RTS

LDA
CMP
AND
INY
RTS

OSWORD

6 length of each step in centi-secsonds bit 7=0 auto

in section 1
in section 2
in section 3

of Pitch per step (-128-+127
of Pitch per step (-128-+127
of Pitch per step (-128-+127
of steps in section 1 (0-255
of steps in section 2 (0-255
of steps in section 3 (0-255
of amplitude per step during attack phase (
of amplitude per step during decay phase (=127 to +127
(
(

~— ~— ~— ~— ~— ~—

of amplitude per step during sustain phase (-127 to +127
of amplitude per step during release phase (-127 to +127
level at end of attack phase (0-1206)

level at end of decay phase (0-1206)

#&01 ;set up appropriate displacement to storage area

;A= (A-1)*16 or 15

’

#&0F ;
; X=A
#&00 ; A=0
#&10 ;Y=10
#&0E ;is Y>=14727
&E8C1 ;yes then E8C1

(&F0),Y ;else get byte from parameter block
&08C0,X ;and store it in appropriate area
;decrement X
; Decrement Y
&E8BB ;if not 0 then do it again
;else exit
;note that envelope number is NOT transferred

(&F0),Y ;get byte

#&10 ;is it greater than 15, if so set carry
#&03 ;and 3 to clear bits 2-7

;increment Y

;and exit

03 ENTRY POINT

read interval timer

-127 to +127

—_ — — —



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4

FO/1 points to block to store data

E8D1 LDX #&0F ; X=&F displacement from clock to timer
E8D3 BNE &E8DS8 ;jump to E8DS

R i e A b S A db I R b b b I A b b b b S I I I b I b b db b b b b b db b b b S b e A b b e b b dh I b b b b e i b b b b A A i b e S

* OSWORD 01 ENTRY POINT

* read system clock

R I AR g b i S i I b db b S S I b g b S 2 b 2b B A I db R I b S S b I S S S S b db b S db R S b S S S S e S b e S b I b S b i b

FO/1 points to block to store data

E8D5S LDX &0283 ; X=current system clock store pointer
E8DS8 LDY #&04 ;Y=4

E8DA LDA &028D,X ;read byte

E8DD STA (&F0),Y ;store it in parameter block

E8DF INX ; X=x+1

E8ED DEY ;Y=Y-1

E8E1L BPL &E8DA ;if ¥Y>0 then do it again

E8E3 RTS ;else exit

LR R i i b S b i db b I db b S b I Sb b db b S db I b 2b I Sb b S 2b I S 2b b Sb b S b b b b b S b b b b b db e S Ib S 2b b S S b S b S b b I 2b b S b i a4

* OSWORD 04 ENTRY POINT

* write interval timer

R R A S b A b I b S b I b g A b S b S b A R S b S S b S b S b b S b S b S 2 b S 2 S S S 2 S b S IR S b b i 2 S S i i 4

FO/1 points to block to store data

E8E4 LDA #&0F ;offset between clock and timer
E8E6 BNE &E8EE ;jump to E8EE ALWAYS!!



LR R i S b S b i Ib b i db b S Sb I Ib b Sb b S 2b I b 2b B Sb b S 2b I b 2b S Sh b b b b S b e S b b 2b b b Sb e S b S 2b b S S b S b S b b I 2b b S b i a4

*

OSWORD

02 ENTRY POINT

write system clock

R i I i i i I I R b i b i I b b b b A b I b I b b B b b b b b I b b b b b A b b b b b b S b b b b b b 4 b b b b b S b b e S 4

FO0/1 points to block to store data

E8ES8
E8EB
E8ED

ESEE
E8EF
E8FO
E8F2
E8F4
E8F7
E8F8
E8F9
E8FB
E8SFC
E8FE
E901

LDA
EOR
CLC

PHA
TAX
LDY
LDA
STA
INX
DEY
BPL
PLA
BCS
STA
RTS

&0283 ;get current clock store pointer
#&0F ;and invert to get inactive timer
;clear carry

; store A

; X=A
#&04 ;Y=4
(&F0),Y ;and transfer all 5 bytes
&028D,X ;to the clock or timer

&E8F2 ;if Y>0 then E8F2
;get back stack
&EB8E3 ;1f set (write to timer) EB8E3 exit
&0283 ;write back current clock store
;and exit

LR i S b I b I b S I b S b I Ib b db b S db I b 2b I S b S b S S Ib S Sb b b b b b b S b b 2 b b I S b S 2b b S b S b S b b I S b S b i a4

*

OSWORD

00 ENTRY POINT

read line from current input to memory

R I AR g b d g i A b d b S db g I b g g b S b b db S A b S b g S b S b S 2 i S A b S db i i db e d b S S S S A b S 2 b S 2b S b S 4

;FO0/1 po

’

ints to parameter block

+0/1
+2
+3
+4

buffer address for input
Maximum line length

minimum acceptable ASCII value
maximum acceptable ASCII value



E902 LDY #&04 ;Y=4

E904 LDA (&F0),Y ;transfer bytes 4,3,2 to 2B3-2B5
E906 STA &02B1,Y ;
E909 DEY ;decrement Y
E90A CPY #&02 ;until Y=1
E90C BCS &E904 ;
E9OE LDA (&F0),Y ;get address of input buffer
E910 STA &E9 ;store it in &E9 as temporary buffer
E912 DEY ;decrement Y
E913 STY &0269 ;Y=0 store in print line counter for paged mode
E916 LDA (&F0),Y ;get lo byte of address
E918 STA &E8 ;and store in &ES8
E91A CLI ;allow interrupts
E91B BCC &E924 ;Jump to E924
E91D LDA #&07 ;A=T
E91F DEY ;decrement Y
E920 INY ;increment Y
E921 JSR OSWRCH ;and call OSWRCH
E924 JSR OSRDCH ;else read character from input stream
E927 BCS &E972 ;if carry set then illegal character or other
error
;exit via E972
E929 TAX ; X=A
E92A LDA &027C ;A=&27C get character destination status
E92D ROR ;put VDU driver bit in carry
E92E ROR ;if this is 1 VDU driver is disabled
E92F TXA ; X=A
E930 BCS &E937 ;1f Carry set E937
E932 LDX &026A ;get number of items in VDU queque
E935 BNE &E921 ;1f not 0 output character and loop round again
E937 CMP #&TF ;1f character is not delete
E939 BNE &E942 ;goto E942
E93B CPY #&00 ;else is Y=0
E93D BEQ &E924 ;and goto E924
E93F DEY ;decrement Y
E940 BCS &E921 ;and if carry set E921 to output it
E942 CMP #&15 ;is it delete line &21
E944 BNE &E953 ;i1f not E953
E946 TYA ;else Y=A, if its 0 we are still reading first
; character
E947 BEQ &E924 ;so E924
E949 LDA #&7F ;else output DELETES
E94B JSR OSWRCH ;until Y=0
E94E DEY ;
E94F BNE &E94B ;
E951 BEQ &E924 ;then read character again
E953 STA (&E8),Y ;store character in designated buffer
E955 CMP #&0D ;is it CR?
E957 BEQ &E96C ;if so E96C
E959 CPY &02B3 ;else check the line length

E95C BCS &E91D ;if = or greater loop to ring bell



E95E
E961
E963
E966
E968
E96A

E96C
E96F

E972
E974
E975

CMP
BCC
CMP
BEOQ
BCC
BCS

JSR
JSR

LDA
ROL
RTS

&02B4 ;check minimum character
&EILF ;1f less than minimum backspace
&02B5S ; check maximum character

&E920 ;1f equal E920
&E920 ;or less E920
&EI91F ; then JUMP E91F

OSNEWL ;output CR/LF
&ESTE ;call Econet vector

&FF ; A=ESCAPE FLAG
;put bit 7 into carry
;and exit routine

R A i i S 4 I b R A i b dh db b i b b b b S I b b A b S 2 b b b b 2 dh S b R db b b S db I b b b b dh I b b b i b 4 db b b b I b A a2 4

*

OSBYTE

05 ENTRY POINT

SELECT PRINTER TYPE

KR A K AR AR AR AR A A A A AR AR A A A A A AR AR A A A AR A AR A A A AR A AR A AR AR A AR A A AR A A AR A A AR A kA Ak hA kK

E976
E977
E978
E97A
E97C
E97F

E981
E984
E986

CLI
SETI
BIT
BMI
BIT
BPL

JSR
LDY
STY

;allow interrupts briefly
;bar interrupts
&FF ;check if ESCAPE is pending
&E9AC ;if it is E9AC
&02D2 ;else check bit 7 buffer 3 (printer)
&E976 ;1f not empty bit 7=0 E976

&E1A4 ; check for user defined routine
#&00 ;Y=0
&F1 ; F1=0

R I AR i i b b b i b b b b A b b b b b dh b b I b i b A b b b e A I b b b b A b b S b b e db b b e A B b I b I B b b A B e 2 b 4

*

OSBYTE

01 ENTRY POINT

READ/WRITE USER FLAG (&281)



* AND

* OSBYTE 06 ENTRY POINT

* SET PRINTER IGNORE CHARACTER

R i I A i S i I I R I i b I I b b b b A b I b b b b b b b b b 2 I b b b b b A b b b b b b R I b b b b b 4 b b I b b b i b e S 4

; A contains osbyte number

E988 ORA #&F0 ;A=osbyte +&F0
E98A BNE &E99A ; JUMP to E99A

R I R I A b S b db b I S S S I b S S S 2b e S 2b I S b S b S b S b S 2b b S 2b b S b S 2b b S 2b S b S 2b b I 2 S b I b b I 2b b S db i S 4

*
*

* OSBYTE 0C ENTRY POINT
*

*
*

* SET KEYBOARD AUTOREPEAT RATE
*

*
*

KA AR A AR A A A AR A A A AR A A A A A A A A A AR AR A A A A AR AR A A A A A A A A A AR AR A A A A A A A A A A A A A A A A AR AR XK K

E98C BNE &E995 ;1f &F0<>0 goto E995

E98E LDX #&32 ;1f X=0 in original call then X=32

E990 STX &0254 ;to set keyboard autorepeat delay ram copy
E993 LDX #&08 ; X=8

R i I A dh i S i ab I b b b b A b b b b b S S IR b R A b e S b I R A b b I b R I b b e db I I R A b b A b b b b 4 b b b I b b i i b 2 4

*

*
* OSBYTE OB ENTRY POINT

*
*

*
* SET KEYBOARD AUTOREPEAT DELAY



LR R i i b S b i db b I I b S b I Ib b db b S 2b I b 2b S Sb b S 2b I S 2b S Sb b S b b b b S b b 2b b b Sb e S b S 2b b S S b S b S b b S 2b b S b i a4

E995 ADC #&CF ;A=A+&D0 (carry set)

R i e i i S A db I R b A b I I b b b S I I I b I b b ab b b b b b b I b b b b b e A b b b b b R I b b b b b b b b I i b e S

* OSBYTE 03 ENTRY POINT

* SELECT OUTPUT STREAM

* AND

* OSBYTE 04 ENTRY POINT

* ENABLE/DISABLE CURSOR EDITING

LR R i i b S b i db b I db b S Sb I Ib b db b S db I b 2b S Sb b S 2b I S b S Sb b S b b b Sb b S b b b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

E997 CLC ;C,ear carry
E998 ADC #&E9 ; A=A+&E9
E99A STX &FO ;sto2e X

R e A dh I S A db S b b i A b b b b dh I b b b b A b i b b b 2 S b b b b b e A b b b b db b b db b b A b dh I B dh I b i b i i 4

* OSBYTE A6-FF ENTRY POINT



* READ/ WRITE SYSTEM VARIABLE OSBYTE NO. +&190

LR R i i b S b i Sb b I db b S b I Sb b db b S 2b I b 2b S S b S 2b I S 2b S S b b b b S b e S b S b b b Sb e S b b 2b b S S b S b S b b I 2b b S b i a4

E99C TAY ; Y=A

E99D LDA &0190,Y ;i.e. A=&190 +osbyte call!

ESAQ TAX ;preserve this

E9AL AND &F1 ;new value = OLD value AND Y EOR X!
EO9A3 EOR &FO ;

E9AS STA &0190,Y ;store it

E9AS8 LDA &0191,Y ;get value of next byte into A
EO9AB TAY ;Y=A

E9AC RTS ;and exit

KkHkHxkkx SERTAL BAUD RATE LOOK UP TABLE

KAAKAKAKAAKRA KRNI R A AR AR A AR A ARk A A hk Ak h k%%

ESAD DB &64 ; % 01100100 75
ESAE DB &TF ; % 01111111 150
ESAF DB &5B ; % 01011011 300
E9BO DB &6D ; % 01101101 1200
E9B1 DB &C9 ; % 11001001 2400
E9B2 DB &F6 ; % 11110110 4800
E9B3 DB &D2 ; % 11010010 9600
ESB4 DB &E4 ; % 11100100 19200
E9B5 DB &40 ; % 01000000

R I R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S 2b b Sb b S b b S b b S b S 2b b b db e S Ib S 2b b I S R S b S b b I 2b b S b i S 4
*

* OSBYTE &13 ENTRY POINT

* Wait for Animation

R i e A d i S db I I R I b db A b b b b I I I b I b b ab b b b b b I b b b I b e A b b b b d I b b b e b b b I db I i b e S

E9B6 LDA &0240 ;read vertical sync counter
E9B9 CLI ;allow interrupts briefly
E9BA SEI ;bar interrupts

EO9BB CMP &0240 ;is it 0 (Vertical sync pulse)

E9BE BEQ &E9BOS ;no then EO9B9



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4
*

* OSBYTE 160 ENTRY POINT

* READ VDU VARIABLE

R i e A d i S i db I R b A b I I b b b S b I I I b I b b b b b b b b b I b b b b b e A b b b b S b b b b i b b S b A A i b e A

;X contains the variable number

;0 =lefthand column in pixels current graphics window

;2 =Bottom row in pixels current graphics window

;4 =Right hand column in pixels current graphics window

;6 =Top row in pixels current graphics window

;8 =lefthand column in absolute characters current text window
;9 =Bottom row in absolute characters current text window

;10 =Right hand column i. absolute characters current text window
;11 =Top row in absolute characters current text window

;12-15 current graphics origin in external coordinates

;16-19 current graphics cursor in external coordinades

;20-23 old graphics cursor in internal coordinates

;24 current text cursor in X and Y

E9CO LDY &0301,X ;get VDU variable hi
ESC3 LDA &0300,X ;low

E9C6 TAX ; X=1low byte

E9C7 RTS ;and exit

R R i g b S b i db b b db b S b I Ib b db b S 2b I b 2b I S b S 2b b S 2b I Sb b S 2b b S b b S b b 2b b b 2b e S b S 2b b I S S b S b b I 2b b S b i a4
*

* OSBYTE 18 ENTRY POINT

* RESET SOFT KEYS

R i e A i b i b I b I A b I I b b b b I I I b b b b i b b b b b db b b b S b e A b b b b d I b b b b I i b b I b A IR i b S

E9CS8 LDA #&10 ;set consistency flag
E9CA STA &0284 ;

E9CD LDX #&00 ; X=0

EO9CF STA &0B00,X ;and wipe clean

E9D2 INX ;soft key buffer

E9D3 BNE &EI9CF ;until X=0 again



EO9D5 STX &0284 ;zero consistency flag
E9DS8 RTS ;and exit

LR R I b S b i Sb b I I b S b I Sh b db b S db I b 2b S S b S b b 2b S Sb b b b b b b e S b b b b b S S b S I b S b R S b S b b I db b S b i a4

* OSBYTE &76 (118) SET LEDs to Keyboard Status

R i A d i S db I I b b i b I I b b b b I b I b I b b b b b b b b I b b b b b e A b b e b b S b b b A b 4 b b I b b S b b e S 4

;osbyte entry with carry set
;called from &CBOE, &CAE3, &DB8B

E9SDO9 PHP ; PUSH P

E9DA SET ; DISABLE INTERUPTS

E9DB LDA #&40 ;switch on CAPS and SHIFT lock lights
E9DD JSR &E9EA ;via subroutine

E9EO BMI &EI9E7T ;1f ESCAPE exists (M set) E9E7

E9E2 CLC ;else clear V and C

E9E3 CLV ;before calling main keyboard routine to
E9E4 JSR &F068 ;switch on lights as required

EOE7 PLP ;get back flags

E9E8 ROL ;and rotate carry into bit 0

E9E9 RTS ;Return to calling routine

FAAK K IR X KRR xXAEA Turn on keyboard lights and Test Escape flag
*hkkhkkhkkhkkhkkkkk %k

;called from &E1FE, &E9DD

’

EQ9EA BCC &E9F5 ;1f carry clear

E9EC LDY #&07 ;switch on shift lock light

ESEE STY &FE40 ;

E9F1 DEY ;Y=6

E9F2 STY &FE40 ;switch on Caps lock light

E9F5 BIT &FF ;set minus flag if bit 7 of &00FF is set
indicating

E9F7 RTS ;that ESCAPE condition exists, then return

KARAKFFIXXX KA A xxxHAKA Write A to SYSTEM VIA register B

R i A A b i dh i b I b I i S A b i b b i g b 4

;called from &CB6D, &CB73

E9F8 PHP ;push flags

E9F9 SEI ;disable interupts

ESFA STA &FE4Q0 ;write register B from Accumulator
E9FD PLP ;get back flags

EOFE RTS ;and exit

’



R I IR g b dh b i db b i db b S Sb b Sb b db b b 2b I b 2b S S b S 2 Ih b e S 2b I db b S db S b b db b S Sb S Ib b Sb e S db S b I 2b b I 2b b S b 3 b
*

* OSBYTE 154 (&9A) SET VIDEO ULA

LR S b S b Sb b I I b S b b Sb b db b S db I b 2b S S b S b S 2b S Sb b S b b S b e S b b I b b S S b S I b S b b S b S b b I S b b b i a4

E9FF TXA ;osbyte entry! X transferred to A thence to

*x*k*kx*Set Video ULA control register **entry from VDU routines
khkkhkkhkhkkhkkhkkhkhkkkkk*k

;called from &CBA6, &DD37

EAOO PHP ;save flags

EAOL SEI ;disable interupts

EAQ02 STA &0248 ;save RAM copy of new parameter
EAOS STA &FE20 ;write to control register

EAQ0S8 LDA &0253 ;read space count

EAOB STA &0251 ;set flash counter to this value
EAQE PLP ;get back status

EAQOF RTS ;and return

RS R i I S b i db b I g b S b I Ib b db b S 2b I b 2b B S b S 2b i S 2b S b S b b S 2b S b b 2b b b 2b S Sb S 2b b I S S b I b b I 2b b S b i S 4

* OSBYTE &9B (155) write to pallette register

R I b A b S b i db b b 3 b S Sb b Sb b db b b db I b 2b b S b S Ib b S J S b b db b S db S b b 2b i b Sb S b b Sb b S db b S 2b I 4b b b 2b b S b b 3b b Y

;entry X contains value to write

EA1O0 TXA ; A=X

EALL EOR #&07 ;convert to palette format

EA13 PHP ;

EAl4 SEI ;prevent interrupts

EA1S STA &0249 ;store as current palette setting
EA1S8 STA &FE21 ;store actual colour in register
EALB PLP ;get back flags

EALC RTS ;and exit

I3

R I R g b i g A b g d b S db g I b g g b S g S b S S b S b g S 2 S b S S b I i A b S 2 i db e d b S S i S A b S S b S db e S b S 4

* GSINIT string initialisation
*

* F2/3 points to string offset by Y

*



ON EXIT
Z flag set indicates null string,
Y points to first non blank character

A contains first non blank character

R i I A i S i I I b b b b db I b b b b A I I b I b b i b b b b b db b b b S b e A b b b b S b b b b e b b b b db I i b S

EA1D

EALE
EA20
EA23
EA24
EA26
EA28
EA29
EA2A
EA2C
EAZE

CLC ;clear carry

ROR &E4 ;Rotate moves carry to &E4

JSR &EQ3A ;get character from text

INY ;increment Y to point at next character
CMP #&22 ;check to see if its '"!'

BEQ &EA2A ;i1f so EA2A (carry set)

DEY ;decrement Y

CLC ;clear carry

ROR &E4 ;move bit 7 to bit 6 and put carry in bit 7
CMP #&0D ;check to see if its CR to set Z

RTS ;and return

R IR I A b S b i db b i I S S Sb I Ib b db b S 2b I b 2b B S b S 2b S S 2b S b S b b S 2b b S b S 2b b b 2b I b S 2b b I 2b R S 2b S b b I 2b b S 2b i S 4

*

GSREAD string read routine

F2/3 points to string offset by Y

KA AR A A A A A A A A A A A A A A A A A A A A A A AR A A A A AR A A A A A A A A AR A AR A AR A AR A A AR A XA A AR A A AR XA AR A KK

EA2F
EA31
EA33
EA35
EA37
EA39
EA3B
EA3D

EA3F
EA41
EA43
EA45
EA47
EA49
EA4B
EA4D
EA4F
EA51
EA53
EA54
EA56

’

LDA #&00 ; A=0

STA &ES ;store A

LDA (&F2),Y ;read first character

CMP #&0D ;1s it CR

BNE &EA3F ;1f not goto EA3F

BIT &E4 ;1f bit 7=1 no 2nd '"' found
BMI &EA8F ;goto EASF

BPL &EASBA ;1f not EASA

CMP #&20 ;is less than a space?

BCC &EA8F ;goto EASF

BNE &EA4B ;1f its not a space EA4B

BIT &E4 ;is bit 7 of &E4 =1

BMI &EA89 ;1f so goto EA89

BVC &EALA ;1f bit 6 = 0 EASA

CMP #&22 ;is it '

BNE &EASF ;1f not EASF

BIT &E4 ;if so and Bit 7 of &E4 =0 (no previous ")
BPL &EAB9 ; then EA89

INY ;else point at next character
LDA (&F2),Y ;get it

CMP #&22 ;is it ™!



EAS58 BEQ &EA89 ;1f so then EA89

EASBA JSR &EO03A ;read a byte from text

EAS5D SEC ;and return with

EASE RTS ;carry set

EASF CMP #&7C ;is it ' !

EA61 BNE &EAB9 ;if not EA89

EA6G3 INY ;1f so increase Y to point to next character
EA64 LDA (&F2),Y ;get it

EAG6 CMP #&7C ;and compare it with '|' again

EAGS8 BEOQ &EA89 ;if its '|' then EA89

EAGA CMP #&22 ;else is it '™!

EA6C BEOQ &EA89 ;if so then EA89

EAGE CMP #&21 ;is it !

EAT0 BNE &EATT ;1f not then EAT7

EA72 INY ;increment Y again

EA73 LDA #&80 ;set bit 7

EA75 BNE &EA31 ; loop back to EA31 to set bit 7 in next CHR
EA77 CMP #&20 ;1s 1t a space

EA79 BCC &EA8F ;if less than EA8F Bad String Error
EATB CMP #&3F ;is it '?!

EA7D BEQ &EA87 ;if so EA87

EATF JSR &EABF ;else modify code as if CTRL had been pressed
EA82 BIT &D9B7 ;1f bit 6 set

EA85 BVS &EABA ;then EA8A

EA87 LDA #&7F ;else set bits 0 to 6 in A

EA89 CLV ;clear V

EA8A INY ;increment Y

EA8B ORA &EDS ;

EA8D CLC ;clear carry

EASE RTS ; Return

EA8F BRK ;

EA90 DB &ED ;error number

EA93 DB 'Bad String' ; message

EA9B BRK ;

Frxxxxxkkkxx Modify code as if SHIFT pressed
hhkkhkhkhhkkhhkrhkkhhAhkhkhhrhkkhkrhkkhkhhhkx*x*k

EA9C CMP #&30 ;if A='0"' skip routine

EAQOE BEQ &EABE ;

EAAQ CMP #&40 ;if A='Q' skip routine

EAA2 BEQ &EABE ;

EAA4 BCC &EABS ;1f A<'@' then EARS

EAAG CMP #&7F ;else is it DELETE

EAAS8 BEQ &EABE ;1f so skip routine

EAAA BCS &EABC ;1f greater than &7F then toggle bit 4
EAAC EOR #&30 ;reverse bits 4 and 5

EAAE CMP #&6F ;is it &6F (previously ' ' (&5F))

EABO BEQ &EABG6 ;goto EABG6



EAB2
EAB4
EABG6
EABS8
EABA
EABC
EABE

CMP
BNE
EOR
CMP
BCC
EOR
RTS

#&50 ;is it &50 (previously '"' (&60))

&EABS8 ;1f not EABS

#&1F ;else continue to convert

#&21 ;compare &21 '!!

&EABE ;if less than return

#&10 ;else finish conversion by toggling bit 4
jexit

;ASCIT codes &00 &20 no change

;21-3F have bit 4 reverses (31-3F)
;41-5E A-7Z have bit 5 reversed a-z
;5F & 60 are reversed

;61-7E bit 5 reversed a-z becomes A-7Z7
; DELETE unchanged

; &80+ has bit 4 changed

Frxxkxxxkxkxxx Tmplement CTRL codes
R R AR i i b A b b b I b S db b b b i b A b b b db b b db  db I b b 4

EABF
EACI
EAC3
EACS
EAC7
EACO

EACB
EACD
EACF
EAD1

EAD2
EADS

CMP
BEQ
BCS
CMP
BNE
LDA

CMP
BCC
AND
RTS

DB
DB

#&TF ;is it DEL
&EAD1 ;1f so ignore routine
&EAAC ;1f greater than &7F go to EAAC
#&60 Jif A>T
&EACB ;goto EACB
#&5F ;1f A=&60, A=&5F
#&40 ;if A<&40
&EAD1 ;goto EAD1 and return unchanged
#&1F ;else zero bits 5 to 7
; return
'/ 'BOOT'
&0D



0OS SERIES 8
GEOFF COX

LR R i i b S b i db b i db b S b I Ib b db b S db I b 2b S S b S 2b I S 2b S Sb b S b b b b b S b b 2b b b 2b e S Ib S 2b b S S b S b S b b S 2b b S b i g 4

* OSBYTE &F7 (247) INTERCEPT BREAK

R i e A d i S A I I R b A b I I b b b b A b b b b b b ab b e b b b b db b b b b b e A b b b b dR I b b b b b b b b b A i b e I

EADY LDA &0287 ;get BREAK vector code

EADC EOR #&4C ;produces 0 if JMP not in &287
EADE BNE &EAF3 ;i1f not goto EAF3

EAEO JMP &0287 ;else jump to user BREAK code

R I R I I b S b i db b I I S S Sb I I b S b S 2b e S 2b I I b S 2b e S b S b S b b S 2b b S b S 2b b b 2b I S S 2b b b 2 S 2R I b b I 2b b S db i S 4

* OSBYTE &90 (144) *TV

RS R i g b S b db b i db b S b I Ib b Sb b S 2b I b 2b I Sb b S 2b I S 2b I Sb b S 2b b S 2b b S b S 2b b b 2b e I Sb S 2b b I db R S 2b S b b I 2b b S db i S 4

;X=display delay
;Y=interlace flag

EAE3 LDA &0290 ; VDU vertical adjustment
EAEG6 STX &0290 ;store new value

EAE9 TAX ;put old value in X

EAEA TYA ;put interlace flag in A
EAEB AND #&01 ;maximum value =1

EAED LDY &0291 ;get old value into Y
EAFO STA &0291 ;put new value into A

EAF3 RTS ;and Exit

I3

R I A i i S i db I R b i b I I b b b b A b I b I b b I b b b b b 2 I b b b b b e A b b b b b b b b R b b 4 b b b b b b i b S 4

* OSBYTE &93 (147) WRITE TO FRED

R I SR i g b S g i I b db b S db I I b g g b S b b 2b A b S db S b S S db S 2 S 2 S IR b 2b e S db S db b 2b S S db e S 2 I 2b b I 2b S S b I 2 b



;X is offset within page
;Y is byte to write

EAF4 TYA ;
EAF5 STA &FC00,X ;
EAFS RTS ;

R i e A dh i S I db I b i A I b b b A I b b b I b b e S I I R A b b I b I b I b e A db b R A b b b A b b R b b db I b R A b b A i b 4

* OSBYTE &95 (149) WRITE TO JIM

R R i A b d b i A b i d b S b I b g A S S g B b A R S b i S b S S b S b b S b S S S b b b db S S S 2 b S b S IR S b b 2 I i i 4

;X i1s offset within page
;Y is byte to write

’

EAF9 TYA ;
EAFA STA &FDOO,X ;
EAFD RTS ;

R I IR i g b S b db b I db S S b I Sb b db b S 2b I b 2b I db b S 2b I S 2b I Sb b S 2b b S 2b S b S 2b b S 2b e S Sb S 2b b S S b S 2b S b b I 2b b S b i S 4

* OSBYTE &97 (151) WRITE TO SHEILA

LR R i i b S b i db b I I b S b I S b db b S db I b 2b S S b S 2b I S 2b b Sb b S b b b b b S b b 2b b b 2b e S b S 2b b S S R S b S b b I 2b b S b i a4

;X is offset within page
;Y is byte to write

EAFE TYA ;
EAFF STA &FEO00,X
EBO2 RTS ;

FrEAKA KA KA LKAk xFAxk FGi]ence a sound channel
khkkhkkhkhkhkhkhkkkhk Ak khkhkhkhkhkkhkhkhkhkhkhkhhkkkkkk*k

; X=channel number

EBO3 LDA #&04 ;mark end of release phase
EBO5 STA &0808,X ;to channel X
EBOS8 LDA #&CO ; load code for zero volume



**xxxxx if sound not disabled set sound generator volume
*hkkhkhk Kk khkkhkkrhkkhk Ak khkkkkx*k

EBOA
EBOD
EB10
EB12
EB14
EB15
EB17
EB18
EB19
EB1A
EBI1C
EB1F

EB21

EB22
EB23
EB25
EB28
EB2B
EB2C
EB2F
EB31
EB32
EB34
EB36
EB39
EB3B
EB3C
EB3E
EB3F

Ak AhkKkKkKhKk o

EB40

EB44

STA
LDY
BEQ
LDA
SEC
SBC
LSR
LSR
LSR
EOR
ORA
ORA

PHP

SET
LDY
STY
STA
INY
STY
LDY
DEY
BNE
LDY
STY
LDY
DEY
BNE
PLP
RTS

&0804,X ;store A to give basic sound level of Zero

&0262 ;get sound output/enable flag

&EB14 ;1f sound enabled goto EBl4

#&CO ;else load zero sound code
;set carry

#&40 ;subtract &40

;divide by 8
;to get into bits 0 - 3

#&0F ;invert bits 0-3
&EB3C,X ;get channel number into top nybble
#610 ;

’

;disable interrupts

#&FF ;System VIA port A all outputs
&FE43 ; set
&FEAF ;output A on port A
; Y=0
&FE40 ;enable sound chip
#&02 ;set and
;execute short delay
&EBR31 ;
#&08 ;then disable sound chip again
&FEA40 ;
#&04 ;set delay
;and loop delay
&EB3B ;

;get back flags
;and exit

Sound parameters look up table
KA A KA KR KA KRNI KN AR RN KA A A AN KA A XA Ah A kA hkhx %k

DB

JMP

&EO0, &C0O, &A0, &80

&EC59 ;just to allow relative branches in early part
;of sound interrupt routine

R i e A d i S i I I b b A I I b b b 2 A I I b I b b ab b e b b b b I b b S b A b b b b b S I b b b b e b b b b b I 2 i b e S

*

*

*

*

PROCESS SOUND INTERRUPT

R I IR i A b d b i A b db b S b I b A S S g B b A R S b S b S b S b b S b S S S b b S 2 i S S db b S 2 S S S b b S 2 b i b i i 4

EB47
EB49
EB4C
EB4F
EB51

LDA
STA
LDA
BNE
INC

#&00 ;

&083B ; zero number of channels on hold for sync
&0838 ;get number of channels required for sync
&EBS57 ;if this <>0 then EB57

&083B ;else number of chanels on hold for sync =1



EB54

EB57
EB59
EBSA
occupancy
EB5SD
EBSF
EB62
EB64
EB67
EB69
EB6C
EB6F
EB71
EB73
EB75
EB78
EB7A
EB7C
EB7F
EB82
EB84
EB87
involved
EB8A
EBR8C
EB8SF
EB91
EB94
EB96
EB98
EB9B
EB9D
EBAO
EBA3
EBAS
EBA7
EBAA
EBAB
EBAE
EBAF
EBBR2
EBR3
EBBS
amplitude
EBBS8
EBBB
EBBE
EBC1
EBC2
EBC3
EBC6
EBC8
EBC9
EBCB
EBCD

converted

DEC

LDX
DEX
LDA
)

BEQ
LDA
BMI
LDA
BNE
JSR
LDA
BEQ
CMP
BEQ
DEC
BNE
LDA
STA
DEC
BNE
JSR
LDA

BEQ
DEC
BNE
LDY
CPY
BEQ
LDA
AND
STA
LDA
CMP
BEQ
LDA
CLC
ADC
TAY
LDA
SEC
SBC
STA

LDA
STA
LDA
PHA
CLC
ADC
BVC
ROL
LDA
BCS
EOR

&0838 ;number of channels required for sync =255
#&08 ;set loop counter
; Loop

&0800,X ;get value of &800 +offset (sound queue

&EB44 ;if 0 goto EC59 no sound this channel
&02CF,X ;else get buffer busy flag
&EB69 ;1f negative (buffer empty) goto EB69

&0818,X ;else if duration count not zerO
&EB6C ;goto EB6C

&EC6B ;check and pick up new sound if required
&0818,X ;if duration count O

&EBR84 ;goto EB84

#&FF ;else if it is &FF (infinite duration)
&EBR87 ;go onto EBR87

&081C,X ;decrement 10 mS count

&EB87 ;and if O

#&05 ;reset to 5

&081C,X ;to give 50 mSec delay
&0818,X ;and decrement main counter
&EB87 ;1f not zero then EB87

&EC6B ;else check and get nw sound

&0824,X ;if step progress counter is 0 no envelope

&EBI1 ;so jump to EB91

&0824,X ;else decrement it

&EBR44 ;and 1if not zero go on to EC59
&0820,X ;get envelope data offset from (8CO0)
#&FF ;if 255 no envelope set so

&EBR44 ;goto EC59

&08C0,Y ;else get get step length

#&7F ;zero repeat bit

&0824,X ;and store it
&0808,X ;get phase counter
#&04 ;1f release phase completed
&ECQ7 ;goto ECO07
&0808,X ;else start new step by getting phase
&0820,X ;add it to interval multiplier
;transfer to Y
&08CB,Y ;and get target wvalue base for envelope
#&3F ;
&083A ;store modified number as current target

&08C7,Y ;get byte from envelope store

&0839 ;store as current amplitude step
&0804,X ;get base volumelevel
;save 1t
;clear carry
&0839 ;add to current amplitude step
&EBCF ;1f no overflow
;double it Carry = bit 7
#&3F ;1f bit =1 A=&3F
&EBCFEF ;into &EBCF
#&FF ;else toggle bits (A=&CO0)

;at this point the BASIC volume commands

are



bits

EBCF
EBD2
EBD3
EBD6
EBDS8
EBDA
EBDC

EBDE

EBE1l
EBE4
EBE7
EBES
EBEB
EBEE
EBFO
EBF3
EBF6

EBF9
EBFA
EBFD
EBFF
ECO01
EC04
EC07
ECOA
ECOC
ECOE

EC11
EC13
EC16
EC19
EC1B
EC1D
EC20
EC23
EC25
EC27
EC2A

EC2D
EC30
EC31
EC34
EC35
EC38
EC3B

EC3D
EC40
EC43
EC44
EC47

STA
ROL
EOR
BPL
LDA
BCC
EOR

STA

DEC
LDA
SEC
SBC
EOR
BMI
LDA
STA
INC

PLA
EOR
AND
BEQ
LDA
JSR
LDA
CMP
BEQ
LDA

BNE
INC
LDA
CMP
BNE
LDY
LDA
BMI
LDA
STA
STA

LDA
CLC
ADC
TAY
LDA
STA
BEQ

DEC
LDA
CLC
ADC
TAY

; &CO0 (0) to &38 (-15) 3 times, In fact last 3
;are ignored so &3F represents -15
&0804,X ;store in current volume

;multiply by 2
&0804,X ;if bits 6 and 7 are equal

&EBEL ;goto &EBEL

#&3F ;1f carry clear A=&3F (maximum)
&EBDE ; Or

#&FF ; &C0O0 minimum

&0804,X ;and this is stored in current volume

&0839 ;decrement amplitude change per step
&0804,X ;get volume again
;set carry

&083A ;subtract target value

&0839 ;negative value undicates correct trend
&EBF9 ;SO jump to next part

&083A ;else enter new phase

&0804,X ;

&0808,X ;

;get the old volume level
&0804,X ;and compare with the old

#&F8 ;

&ECO07 ;1f they are the same goto ECO07

&0804,X ;else set new level

&EBOA ;via EBOA

&0810,X ;get absolute pitch value

#603 ;if it =3

&EC59 ;skip rest of loop as all sections are finished

&0814,X ;else if 814,X is not 0 current section is not
;complete

&EC3D ;so EC3D

&0810,X ;else implement a section change

&0810,X ;check if its complete

#&03 ;1f not

&EC2D ;goto EC2D

&0820,X ;else set A from

&08C0,Y ;&820 and &8CO (first envelope byte)

&EC59 ;1f negative there is no repeat
#&00 ;else restart section sequence
&0830,X ;
&0810,X ;

&0810,X ;get number of steps in new section

14

&0820,X ;

&08C4,Y ;

&0814,X ;set in 814+X

&EC59 ;and 1f 0 then EC59

&0814,X ;decrement
&0820,X ;and pick up rate of pitch change

&0810,X ;

’



EC48
EC4B
ECA4C
ECA4F
EC52
EC53
EC56

EC59
EC5B
EC5D

EC60
EC62
EC63
EC66
EC68
EC6A

EC6B
EC6E
EC70
EC72
EC74
EC77
ECTA
EC7C
ECTE

EC81
EC83
EC86
EC87

EC89
EC8C
EC8D
EC90
EC93
EC95
EC98
EC9A
ECOC
ECOF

ECA2
ECAS
ECAG6
ECA9
ECAC
ECAF
ECB1
ECB4
ECBS

ECB7
ECBA

ECBC
ECBD

LDA
CLC
ADC
STA
CLC
ADC
JSR

CPX
BEQ
JMP

LDX
DEX
JSR
CPX
BNE
RTS

LDA
CMP
BEQ
LDA
STA
LDA
BEQ
LDA
STA

LDY
STA
DEY
BNE

STA
DEY
STY
LDA
BEQ
LDA
BEOQ
LDA
STA
JMP

JSR
TYA
STA
STA
STA
LDY
STA
DEY
BPL

STY
BMI

PHP
SETI

&08C1l,Y ;
&0830,X ;add to rate of differential pitch change
&0830,X ;and save it

&080C,X ;ad to base pitch

&EDO1 ;and set new pitch
#&04 ;1f X=4 (last channel)
&ECO6A ;goto EC6A (RTS)

&EB59 ;else do loop again

#&08 ;X=7 again

; loop
&ECAZ2 ;clear channel
#&04 ;if not 4
&EC62 ;do it again

;and return
7

&0808,X ;check for last channel

#&04 ;is it 4 (release complete)
&ECTT ;1f so EC77
#&03 ;else mark release in progress

&0808,X ;and store it

&02CF,X ;is buffer not empty

&EC90 ;if so EC90

#&00 ;else mark buffer not empty
&02CF,X ;an store it

#&04 ; loop counter
&082B,Y ;zero sync bytes

4

&EC83 ;until Y=0

&0818,X ;zero duration count
;and set sync count to

&0838 ; &FF
&0828,X ;get synchronising flag
&ECDB ;1f its 0 then ECDB
&083B ;else get number of channels on hold
&ECDO ;if 0 then ECDO
#&00 ;else
&0828,X ;zero note length interval
&ED98 ;and goto EDO98
&EBO3 ;silence the channel
;Y=0 A=Y

&0818,X ;zero main count
&02CF,X ;mark buffer not empty
&0800,X ;mark channel dormant
#&03 ; loop counter

&082C,Y ;zero sync flags

Iz

&ECB1 ;
&0838 ;number of channels to &FF
&EDO06 ;jump to EDO6 ALWAYS

;save flags
;and disable interrupts



ECBE
ECC1
ECC3
ECC5
ECCS8
ECCA
ECCC
ECCF

ECDO
ECD3
ECD5
ECD7
ECDA

LDA
CMP
BNE
JSR
BCC
LDA
STA
PLP

LDY
CPY
BNE
JSR
RTS

&0808,X
#5604
&ECCF
&E45B
&ECCF
#&00
&0800,X

&0820,X
#&FF
&ECDA
&EBO3

;check for end of release
;and 1f not found ECCF
;elseexamine buffer

;1f not empty ECCF

;else mark channel dormant

;get back flags

;1f no envelope 820=&FF
;then terminate sound
;via EBO3

;else return

I3

FAAKKFxxxxx* Synchronise sound routines
R R dh i i dh db b i b b i b A b b b b dh b b b b I b db  dh b b g 4

ECDB
ECDE
ECEOQ
ECE2
ECE4
ECE7
ECE9
ECEC
ECEF
ECF1
ECF4
ECF6
ECF9

ECFEFB
ECFE

JSR
BCS
AND
BEQ
LDA
BEQ
INC
BIT
BPL
JSR
AND
STA
BPL

DEC
JMP

&E45B
&ECBC
#&03
SECOF
&0838
&ECFE
&0828,X
&0838
&ECFB
&E45B
#&03
&0838
&ECFE

&0838
&ECDO

;examine buffer if empty carry set
;else examine next word if>3 or 0
;goto ED98 (via ECOIF)

;else get synchronising count

;in 0 (complete) goto ECFE

;else set sync flag

;i1f 0838 is +ve S has already been set so
;jump to ECFB

;else get first byte

;mask bits 0,1

;and store result

;Jump to ECFE (ALWAYS!!)

;decrement 0838
;and silence the channel if envelope not in use

XKk KhkKkAkkkkKhkKk Kk k*k Pltch Settlng
R I b A b S b i I b b 2 b S Sb b db b db b S db i b Sb b Sb b S db b S db b S db S Sb b S S b S 3 4

EDO1
EDO4
EDO6
EDO9
EDOB

CMP
BEQ
STA
CPX
BNE

&082C,X
&ECDA
&082C,X
#5604
&ED16

;If A=682C,X then pitch is unchanged
;then exit via ECDA

;store new pitch

;1f X<>4 then not noise so

;jump to ED16

khkkhkkhkhkkkkKkk*k NOlse Settlng
Rt e AR i i 2 i b i b i b b i b b e b b b e IR I b b A b S A i b b b b S dh I b b I i b b i i 4

EDOD
EDOF
ED12
ED13
ED95

ED16
ED17

AND
ORA
PHP
JMP

PHA
AND

#&0F
&EB3C, X

&EDI95

#&03

;convert to chip format
;save flags
;and pass to chip control routine at EB22 via



ED19 STA &083C ;lose eigth tone surplus
EDIC LDA #&00 ;

EDIE STA &083D ;

ED21 PLA ;get back A

ED22 LSR ;divide by 12

ED23 LSR ;

ED24 CMP #&0C ;

ED26 BCC &ED2F ;

ED28 INC &083D ;store result

ED2B SBC #&0C ;with remainder in A

ED2D BNE &ED24 ;
;at this point 83D defines the Octave
;A the semitone within the octave

ED2F TAY ; Y=A

ED30 LDA &083D ;get octave number into A

ED33 PHA ;push it

ED34 LDA &EDFB,Y ;get byte from look up table

ED37 STA &083D ;store it

ED3A LDA &EEQ7,Y ;get byte from second table

ED3D PHA ;push it

ED3E AND #&03 ;keep two LS bits only

ED40 STA &083E ; save them

ED43 PLA ;pull second table byte

ED44 LSR ;push hi nybble into lo nybble

ED45 LSR ;

ED46 LSR ;

ED47 LSR ;

ED48 STA &083F ;store it

ED4B LDA &083D ;get back octave number

ED4E LDY &083C ;adjust for surplus eighth tones

ED51 BEQ &EDSF ;

ED53 SEC ;

ED54 SBC &083F ;

ED57 BCS &EDSC ;

ED59 DEC &083E ;

ED5C DEY ;

ED5D BNE &ED5S3 ;

EDSF STA &083D ;

ED62 PLA ;

ED63 TAY ;

EDo64 BEQ &EDOF ;

ED66 LSR &083E ;

ED69 ROR &083D ;

ED6C DEY ;

ED6D BNE &EDG6 ;

ED6F LDA &083D ;

ED72 CLC ;

ED73 ADC &C43D,X ;

ED76 STA &083D ;

ED79 BCC &EDTE ;

ED7B INC &083E ;

EDTE AND #&0F ;

ED8O ORA &EB3C,X ;

ED83 PHP ;push P

ED84 SEI ;bar interrupts

ED85 JSR &EB21 ;set up chip access 1

ED88 LDA &083D ;

ED8B LSR &083E ;

EDSE ROR ;



EDSF
ED92
ED93
ED94
ED95

LSR
ROR
LSR
LSR
JMP

&083E

&EB22

’
’
’
’

;set up chip access 2 and return

Frxxxxkkkkxxxxkk pick up and interpret sound buffer data

khkkhkkAhkhkkhkk Ak kA khkkkKh*

EDO98
ED99
ED9A
EDO9D
EDYE
EDAOQO
EDA2
EDA3
EDAG6
EDAS
EDAA

EDAD
EDBO
EDB3
EDR4
buffer

EDB7
EDBS8
EDBA
EDBB
EDBD
EDBF
EDCO
EDC1
EDC3
EDC6

EDCS8
EDCB
EDCD
EDDO
EDD2
EDD5
EDD7
EDDA
EDDD
EDEO
EDE2
EDES
EDES
EDEB
EDEE
EDEF
EDFO
EDF3
EDF6
EDF7

PHP
SET
JSR
PHA
AND
BEQ
PLA
LDY
CPY
BNE
JSR

JSR
JSR
PLP
JMP

PLA
AND
ASL
BCC
EOR
LSR
SEC
SBC
JSR
LDA

STA
LDA
STA
LDA
STA
LDA
STA
STA
STA
LDA
STA
JSR
STA
JSR
PLP
PHA
LDA
JSR
PLA
STA

&E460

#&04
&EDB7

&0820,X
#&FF
&EDAD
&EB03

&E460
&E460

&EDF7

#&F8

&EDC8
#&FF

#&40
&EBOA
#&FF

&0820,X
#&05
&081C, X
#501
&0824,X
#&00
&0814,X
&0808,X
&0830,X
#&FF
&0810,X
&E460
&080C, X
&E460

&080C, X
&EDO1

&0818,X

;push flags

;disable interrupts
;read a byte from buffer
;push A

;isolate H bit

;1f 0 then EDB7

;get back A

;1f &820,X=6&FF

;envelope is not in use

;so call EBO3 to silence channel

;clear buffer of redundant data

;and again

;get back flags

;set main duration count using last byte from

;get back A

;zero bits 0-2

;put bit 7 into carry

;if zero (envelope) jump to EDCS8
;invert A

;shift right

;subtract &40

;and set volume

; A=&FF

;get envelope no.-1 *16 into A
;set duration sub-counter

; set phase counter
; set step counter

;and envelope phase
;and pitch differential

;set step count

;read pitch

;set it

; read buffer

; save duration

;get back pitch value
;and set it

;get back duration
;set it



EDFA RTS ;and return

RS i i I b dh b S b b S db b g b b b b 3 Pltch look up table TPrrkkkkxkkkkkkdxkkkkhkkdxkkkhkhkkkx

EDFB DB &FO

EDFC DB &B7
EDFED DB &82
EDFE DB &4F
EDFF DB &20
EEQO DB &F3
EEOQO1 DB &C8
EEQO2 DB &AO
EEOQO3 DB &7B
EEQO4 DB &57
EEQOS DB &35
EEQO6 DB &l6

KAAKAKRARAKAKXAAAA KA A XAk, k% Pltch look up table 2
KAIAKAKRKAAKRAKNKNAKNA XA AA AN A AR KAk k%

EEQ7 DB &E7
EEOQS8 DB &D7
EEQ09 DB &CB
EEQOA DB &C3
EEOB DB &B7
EEOC DB &AA
EEOD DB &A2
EEOQOE DB &9A
EEQF DB &92
EE10 DB &8A
EE11 DB &82
EE12 DB &TA

*kkxkkk*k%: get current filing system ROM/PHROM
khkkhkhkhkhkkhkhkhr kA rkhkkhhkrhkhhrrkhkxkxk

EE13 LDA #SEF ; get ROM
EEL1S STA &F5 ;store it
EE17 RTS ; return

*xkkxkkxkkx* Get byte from data ROM

LR Rt S b I b 3b b S b S b b S b b ab b S Sb I b 2b S b S db b S db b S 3 4

EE18 LDX #&0D ;X=13

EE1A INC &F5 ;

EE1C LDY &F5 ;get Rom

EELE BPL &EES9 ;1f +ve its a sideways ROM else its a PHROM

EE20 LDX #&00 ; PHROM

EE22 STX &F7 ;set address pointer in PHROM

EE24 INX ;

EE25 STX &F6 ;to 0001

EE27 JSR &EEBB ;pass info to speech processor

EE2A LDX #&03 ; X=3

EE2C JSR &EE62 ;check for speech processor and output until
;1t reports, read byte from ROM

EE2F CMP &DFOC,X ;if A<> DFOC+X then EE18 (DFOC = (C))

EE32 BNE &EELS ;



EE34 DEX ;else decrement X

EE35 BPL &EE2C ;and do it again

EE37 LDA #&3E ;

EE39 STA &F6 ;get noe lo byte address
EE3B JSR &EEBB ;pass info to speech processor
EE3E LDX #&FF ;

EE40 JSR &EE62 ;check for speech proc. etc.
EE43 LDY #&08 ;

EE45 ASL ;

EE46 ROR &F7,X ;

EE48 DEY ;

EE49 BNE &EE45 ;

EE4B INX ;

EE4C BEOQ &EE40 ;

EE4E CLC ;

EE4F BCC &EEBB ;

*xkkkkkkkk*x*x ROM SERVICE
R I R i A R S db i A b i A b S b i A b db b S S S b S S b B b S S S S b b b e b b S g 4

EES1 LDX #&0E ;

EE53 LDY &F5 ;if Y is negative (PHROM)
EES5 BMT &EEG2 ; GOTO EEG62

EES7 LDY #&FF ;else Y=255

EE59 PHP ;push flags

EESA JSR &F168 ;offer paged rom service
EESD PLP ;pull processor flags
EES5SE CMP #&01 ;if A>0 set carry

EEG60 TYA ; A=Y

EE61 RTS ; return

KAk FkKxKxxxxx PHROM SERVICE
Kok kK ok k kK ok kK Kk ok ok kK ok ko kK ko ok ok ok kK ok ok ok ok ko kR ok ok ok kK ok ok ok ok ok K

’

EE62 PHP ;push processor flags

EE63 SEI ;disable interrupts

EE64 LDY #&10 ;Y=16

EE66 JSR &EETF ;call EE7F (osbyte 159 write to speech processor
EE69 LDY #&00 ; Y=0

EE6B BEQ &EE84 ;Jump to EE84 (ALWAYS!!)

R i e A d I S i I I b b b I I b b b 2 A I I b I b b i b b b b b db b b b S b A b b b b S I b b b b e b b b b A i b e S

*

*

* OSBYTE 158 read from speech processor *
*

R I R i A b d b A b d b S b I b A S S g S b A R S b S b S S b S b b S b S b S 2 b b 2 i S S 2 b S b S b S b b S 2 b i S i i 4

EE6D LDY #&00 ;Y=0 to set speech proc to read
EEG6F BEQ &EE82 ;Jump to EE82 always

;write A to speech processor as two nybbles



EE71
EE72
EE75
EE76
EE77
EE78
EE79

EETA
EE7C
EE7E

PHA
JSR
PLA
ROR
ROR
ROR
ROR

AND
ORA
TAY

;push A
&EETA ;to write to speech processor
;get back A
;bring upper nybble to lower nybble
;by rotate right
;4 times

I3

#&0F ;Y=1lo nybble A +&40
#&40 ;
; forming command for speech processor

R I A i S i dh I R b b I I b b b 2 I b I b b b b B b b b b b I b b b b b e A b b e b b b R b b b b A b 4 b b I b b S b b S 4

*

OSBYTE 159 Write to speech processor

R I R A A b S b i db b I I S S Sb I I b S b S 2b e S 2b I S b S 2b i S b S b S b b S 2b b S b S 2b b b 2b S S S 2b b I 2 S b S b b I 2b b S b i S 4

EETF
EE80

EE82
EE83
EE84
EE87
EE89
EE8A
EE8D
(Y=0)

EE90
EEO1
EE94
EEO97
EE9A
EE9D
EEOF
EEA2
EEA3
EEAG6
EEA9

EEAA
EEAB
EEAC

on entry data or command in Y

TYA
LDY

PHP
SETI
BIT
BPL
PHA
LDA
STA

PLA
STA
LDA
STA
BIT
BMI
LDA
PHA
LDA
STA
PLA

PLP
TAY
RTS

;transfer command to A
#&01 ;to set speech proc to write

;1f Y=0 read speech processor
;1f Y=1 write speech processor

;push flags
;disable interrupts
&027B ;test for prescence of speech processor
&EEAA ;1f not there goto EEAA
;else push A
&F075,Y ;
&FE43 ;set DDRA of system VIA to give 8 bit input

;or 8 bit output (Y=1)

;get back A
&FEAF ;and send to speech chip
&F077,Y ;output Prt B of system VIA
&FE40 ;to select read or write (dependent on Y)
&FE4Q0 ;loop until
&EEOA ; sSpeech proceessor reports ready (bit 7 Prt B=0)
&FE4F ; read speech processor data if input selected
;push A
&F079,Y ;reset speech
&FE4Q0 ;processor
;get back A

;get back flags
;transfer A to Y
;and exit routine

r



EEAD
EEBO
EEB2
EEBS
EEB7
EEBY

EEBB
EEBC
EEBD
EEBF
EEC2
EEC4
EEC6
EECS8
EEC9
EECA
EECC
EECD
EECF
EEDO
EED3
EEDS
EEDS8
EED9

LDA
STA
LDA
STA
LDA
BPL

PHP
SET
LDA
JSR
LDA
STA
LDA
ROL
ROL
LSR
ROR
LSR
ROR
JSR
LDA
JSR
PLP
RTS

&03CB
&F6
&03CC
&F7
&F5
&EED9

&F6
&EET1L
&F5
&FA
&F7

&FA

&FA

&EET1

&FA
&EETA

;set rom displacement pointer
;in &F6

;And &F7

;if F5 is +ve ROM is selected so
;goto EEDS

;else push processor

;disable interrupts

;get lo displacement

;pass two nyblles to speech proc.

; &FA=&FD

;get hi displacement value

;replace two most significant bits of A
;by 2 LSBs of &FA

;pass two nybbles to speech processor
;FA has now been divided by 4 so pass
; lower nybble to speech proc.

;get back flags

;and Return

4

Rt i b i b i b b b 4 Keyboard Input and housekeeping B A b b b b b b b b b b b I b b b b b b b b b
;entered from &FOO0C

EEDA
EEDC
EEDE
EEEO
EEE2

EEE4
EEE7
EEES8

LDX
LDA
ORA
BNE
LDA

STA
INX
STX

kkAhkhkkhkhkkAhKk*k o

EEEB
EEEC

EEEF
EEFO
EEF2
EEF4
EEF7
EEF8
EEFA
EEFD
EFO00

PHP
LDA

LSR
AND
ORA
STA
LSR
ORA
STA
JSR
PLA

#&FF
&EC
&ED
&EEES
#8681

&FEAE

&0242

;get value of most recently pressed key

;Or it with previous key to check for presses
;1f A=0 no keys pressed so off you go

;else enable keybd interupt only by writing bit

;and bit 0 of system VIA interupt register
;set X=0
; reset keyboard semaphore

Turn on Keyboard indicators kA khkhkkhkk kA hkhkhkhkhkhkkh ki hAhkhkhk ki hAhhkk

&025A

#618
#&06
&FE40

#&07
&FE40
&F12E

;save flags
; read keyboard status;

;Bit 7 =1 shift enabled
;Bit 6 =1 control pressed
;bit 5 =0 shift lock

;Bit 4 =0 Caps lock

;Bit 3 =1 shift pressed

;shift Caps bit into bit 3

;mask out all but 4 and 3

;returns 6 if caps lock OFF &E if on
;turn on or off caps light if required
;bring shift bit into bit 3

;turn on or off shift lock light

; set keyboard counter

;get back flags



EF01

RTS

; return

’

Rt b A b S b i db b b I b S Sb b S b b S db b S b b 2b S S b db b S b S Ib b I b S S S b b db e S Sb e S b b Sb S db e S b I db b I db b S b 3 b

*

*

* MAIN KEYBOARD HANDLING ROUTINE ENTRY FROM KEYV

ENTRY CONDITIONS

Test Shift and CTRL keys.. exit with N set if CTRL pressed

........ with V set if Shift pressed

Scan Keyboard as OSBYTE &79

Key pressed interrupt entry

Timer interrupt entry

R a I g b dh b i db b i I b S Sb b Ib b b db db b db b 2b b S b S Ib b S S S db S db b S db S b b db i S Sb b S db b Sb b S db S 2b b 4b b b 2b b Sb b b 3b b Y

EF02
EF04
EF06
EF09
EF0B

EFOE
EF10

BVC
LDA
STA
BCS
JMP

BCC
JMP

&EFOE
#501

&FE4E
&EF13
&FOOF

&EF16
&FOD1

;1f V is clear then leave interrupt routine
;disable keyboard interrupts

;by writing to VIA interrupt vector

;1if timer interrupt then EF13

;else to FOOF

;1f test SHFT & CTRL goto EF16
;else to FOD1
;to scan keyboard

R i e AR dh I b db db i b b b A I b b b dh I b b I b i b b b b b b I b b b b b b b dh b B dh db b dh  db b b A I b b dh b B dh I b S i i b 4

*

*

Timer interrupt entry

R R i A d g i A b i I b S b I b g A b S g S b A R S b S S b S b S b b S b b b S b b b db A S S 2 b S 2 S SR S b b i 2 b S i i 4

EF13

INC

&0242

;increment keyboard semaphore (to 0)



KR AR AR A A A AR A A A AR A A AR A A A A A A A A A AR A A A A A A A A A A A A A A A AR AR A A KR A AR AR A AR A A A Ak kKK

*

*

Test Shift and Control Keys entry

LR R i i b S b i Sb b I db b S b I Sb b db b S 2b I b 2b S S b S 2b I S 2b S S b b b b S b e S b S b b b Sb e S b b 2b b S S b S b S b b I 2b b S b i a4

EF1l6

EF19
EF1B
EF1D

EF20
EF22
EF23
EF25
EF28
EF2A
EF2B
EF2E
EEEB

EF30
EF32
in A

EF34
EF37
EF39
EF3B
EF3E
EF40
flags)
EF42
EF44
EF46
EF48
EF4A
EF4D

*kxkkxkx*k*x REPEAT ACTION

LDA

AND
LDX
JSR

STX
CLV
BPL
BIT
ORA
INX
JSR
BCC

BPL
ORA

STA
LDX
BEQ
JSR
BMI
CPX

STX
BNE
LDX
STX
JSR
JMP

&025A

#&B7
#&00
&FO02A

&FA

SEF2A
&§D9B7
#&08

&F02A
&EEEB

&EF34
#&40

&025A
&EC
&EF4D
&F02A
&EF50
&EC

&EC
&EF4D
#&00
&EC
&FOLF
&EFE9Q

; read keyboard status;

;Bit 7 =1 shift enabled
;Bit 6 =1 control pressed
;bit 5 =0 shift lock

;Bit 4 =0 Caps lock

;Bit 3 =1 shift pressed

;zero bits 3 and 6

;zero X to test for shift key press
;interrogate keyboard X=&80 if key determined by
;X on entry is pressed

; save X

;clear V

;1f no key press (X=0) then EF2A else

;set M and V

;set bit 3 to indicate Shift was pressed
;check the control key

;via keyboard interrogate

;1f carry clear (entry via EF16) then off to

;to turn on keyboard lights as required
;i1f key not pressed goto EF30
;jor set CTRL pressed bit in keyboard status byte

; save status byte

;1f no key previously pressed

;then EF4D

;else check to see if key still pressed
;if so enter repeat routine at EF50

;else compare X with last key pressed (set

;store X in last key pressed

;1f different from previous (Z clear) then EF4D
;else zero

; last key pressed

;and reset repeat system

I3

R R AR i i 2 i dh B b I b e db i b i b b B A b b B IR A b b S b I AR b i e dh I I IR i b b i i

EF50
EF52
EF54
EF56
EF58
EF5A

dormant

EF5C
EF5F
EF61l
EF64

CPX
BNE
LDA
BEQ
DEC
BNE

LDA
STA
LDA
STA

&EC
&EF42
&E7
&EFT7B
&E7
&EFT7B

&02CA
&E7

&0255
&02CA

;1f X<>than last key pressed

;then back to EF42

;else get value of AUTO REPEAT COUNTDOWN TIMER
;if 0 goto EF7B

;else decrement

;and 1if not 0 goto EF7B

;this means that either the repeat system is

;or it is not at the end of its count

;next value for countdown timer

;store it

;get auto repeat rate from 0255

;store it as next value for Countdown timer



EF67 LDA &025A ;get keyboard status

EF6A LDX &EC ;get last key pressed

EF6C CPX #&D0 ;if not SHIFT LOCK key (&D0) goto

EFOE BNE &EFTE ;EFTE

EF70 ORA #&90 ;sets shift enabled, & no caps lock all else
preserved

EF72 EOR #&A0 ;reverses shift lock disables Caps lock and
Shift enab

EF74 STA &025A ; reset keyboard status

EF77 LDA #&00 ;and set timer

EF79 STA &E7 ;to O

EF7B JMP &EFE9 ;

EF7E CPX #&CO ;1f not CAPS LOCK

EF80 BNE &EF91 ;goto EF91

EF82 ORA #&A0 ;sets shift enabled and disables SHIFT LOCK
EF84 BIT &FA ;if bit 7 not set by (EF20) shift NOT pressed
EF86 BPL &EF8C ;goto EF8C

EF88 ORA #&10 ;else set CAPS LOCK not enabled

EF8A EOR #&80 ;reverse SHIFT enabled

EF8C EOR #&90 ;reverse both SHIFT enabled and CAPs Lock
EF8E JMP &EFT74 ; reset keyboard status and set timer

XAk kRkKkkAk kKR K*)k %) get ASCII Code R SR A b S 2b b 2b b S 2b S S IR I 2b b S db S S b I 2b e S db S S b b db b 2 b S b e i b

;on entry X=key pressed internal number

EF91 LDA &EFAB,X ;get code from look up table

EF94 BNE &EF99 ;i1f not zero goto EF99 else TAB pressed

EF96 LDA &026B ;get TAB character

EF99 LDX &025A ;get keyboard status

EFOC STX &FA ;store it in &FA

EF9E ROL &FA ;rotate to get CTRL pressed into bit 7

EFAQ BPL &EFA9 ;1f CTRL NOT pressed EFA9

EFA2 LDX &ED ;get no. of previously pressed key

EFA4 BNE &EF4A ;1f not 0 goto EF4A to reset repeat system etc.

EFA6 JSR &EABF ;else perform code changes for CTRL

EFA9 ROL &FA ;move shift lock into bit 7

EFAB BMI &EFBS ;1f not effective goto EFB5 else

EFAD JSR &EAOC ;make code changes for SHIFT

EFRO ROL &FA ;move CAPS LOCK into bit 7

EFB2 JMP &EFC1 ;and Jump to EFC1

EFB5 ROL &FA ;move CAPS LOCK into bit 7

EFB7 BMI &EFC6 ;1f not effective goto EFC6

EFB9 JSR &E4E3 ;else make changes for CAPS LOCK on, return with
;C clear for Alphabetic codes

EFBC BCS &EFC6 ;1f carry set goto EFC6 else make changes for

EFBE JSR &EA9C ; SHIFT as above

EFC1 LDX &025A ;1f shift enabled bit is clear

EFC4 BPL &EFD1 ;goto EFDI1

EFC6 ROL &FA ;else get shift bit into 7

EFC8 BPL &EFD1 ;i1f not set goto EFD1

EFC8 BPL &EFD1 ;1f not set goto EFDI1



EFCA
EFCC
EFCE
EFD1
EFD4
EFD6
EFD9
EFDB

EFDD
EFDE
EFE1l
EFE4
EFE6
EFE9
EFEB
EFED
EFFO
EFF2
EFF4
EFF6

EFF8
EFFA
EFFC
EFFE

FOO1
F003
F005

F007
F009
F00C

LDX
BNE
JSR
CMP
BNE
LDX
BNE
STX

TAY
JSR
LDA
BNE
JSR
LDX
BEQ
JSR
STX
BMI
LDX
STX

LDX
BNE
LDY
JSR

BMI
LDA
STA

STX
JSR
JMP

&ED ;get previous key press

&EFA4 ;1f not 0 reset repeat system etc. via EFA4
&EAOC ;else make code changes for SHIFT

&026C ;1f A<> ESCAPE code

&EFDD ;goto EFDD

&0275 ;get Escape key status

&EFDD ;1if ESCAPE returns ASCII code goto EFDD

&E7 ;store in Auto repeat countdown timer

&F129 ;disable keyboard

&0259 ; read Keyboard disable flag used by Econet
&EFE9 ;i1f keyboard locked goto EFE9

&E4F1 ;put character in input buffer

&ED ;get previous keypress

&EFFS8 ;1f none EFFS8

&F02A ;examine to see if key still pressed
&ED ;store result

&EFFS8 ;1f pressed goto EFFS8

#&00 ;else zero X

&ED ;and &ED

&ED ;get &ED

&F012 ;1f not 0 goto FO12

#&EC ;get first keypress into Y

&F0OCC ;scan keyboard from &10 (osbyte 122)

&F00C ;i1f exit is negative goto F00C
&EC ;else make last key the

&ED ;first key pressed i.e. rollover
&EC ;save X into &EC

&FO1F ; set keyboard repeat delay

&EEDA ;go back to EEDA

R R g b S b I db b I db b S Sb I Sb b db b S 2b e b 2b I S b b 2b i S 2b I Sb b S b b S b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i a4

*

*

Key pressed interrupt entry point

LR R i A S b i Ib b I db b S b I Ib b i db b S db I b 2b S db b S b I b b S db b g b S S b db b Sb b b Sb db b db b S db b S db I Sb b S b b S 2b I S b S b 3

FOOF

FO12
F014
FOl6
F018
FO1B
FO1D
etc.

JSR

LDA
BNE
LDY
JSR
BMI
BPL

;enters with X=key

&F02A ;check if key pressed

&EC ;get previous key press

&F00C ;1f none back to housekeeping routine

#&ED ;get last keypress into Y

&FOCC ;and scan keyboard

&F00C ;1f negative on exit back to housekeeping
&F007 ;else back to store X and reset keyboard delay

KAAKF IR FAAXXX Set Autorepeat countdown timer
khkkhkkhkkhkkhkhkhkhkkhkkhkkhkk khkhkkhkhkhkhkkkx%

FO1F
F021
F023

LDX
STX
LDX

#&01 ;set timer to 1
&E7 ;
&0254 ;get next timer value



FO026 STX &02CA ;and store it
F029 RTS ;

khkkhkhkkhkhkkkhkhkhrkKhk Interrogate Keyboard routine kkhkkhkhkkhkk khkhkkhkk kA ki hkhkhkhkkhk A khkkhxk

I3

F02A LDY #&03 ; stop Auto scan

F02C STY &FE4Q0 ;by writing to system VIA

FO2F LDY #&7F ;set bits 0 to 6 of port A to input on bit 7
;output on bits 0 to 6

FO031 STY &FE43 ;

F034 STX &FEAF ;write X to Port A system VIA

FO037 LDX &FEAF ;read back &80 if key pressed (M set)

FO3A RTS ;and return

R I IR i A b S b i I b I b S b I b A b S db e S 2b B A b S b S b S b S b b S b b S b S 2b b b 2b S S S 2b b S 2 S IR S b b S 2 b i b i S
*

* KEY TRANSLATION TABLES

* 7 BLOCKS interspersed with unrelated code

RS R i S b S b I db b I db S S b I Sb b db b S 2b I b 2b I db b S 2b i S 2b  Sb b S b b S 2b b S b S 2b b S 2b e S Sb S 2b b S db b S b S b b I 2b b S b i S 4

*key data block 1

FO3B DB 71,33,34,35,84,38,87,2D, 5E, 8C
; a ,3 ,4 ,5 ,f4,8 ,£7,- ,” ,rt

LR R i b S b i S b I I b S b I Sb b db b S db I b 2b S S b S b S S db S Sb b S b b b b e S b b b b b b S b S I b S S R S b S b b I S b S b i a4

*

* OSBYTE 120 Write KEY pressed Data

R I A dh I S i b S b b b A b b b b i e IR I b R I b b S b R S b db S b R I b i A b b b I b dh A b b i b 4 b b S b i b i b b 4

F045 STY &EC ;store Y as latest key pressed
F047 STX &ED ;store X as previous key pressed
F049 RTS ;and exit

*key data block 2



FO4A DB

F055 JMP
F058 JMP
*key data block

FO5A DB

’

80,77,65,74,37,69,39,30, 5F, 8E
£0,w ,e ,t ,7 ,i ,9 ,0 , ,1ft

(&FDFE) ;Jim paged entry vector
(&FA) ;

3

31,32,64,72,36,75,6F,70, 5B, 8F
1,2 ,4d,r,6 ,u,o0,p,[,dn

R I A i S i I I R b b b I I b b b b b A b I b I b b b b b b b b 2 I b b b b b b A b b b b b b S I b b b b b 4 b b I b b 2 b b e S i

*
*

* Main entry to
*

*
*

keyboard routines

R I R i A b S b I b A b S b I b A S S db e S 2b B A R S b S b S b S b b S b b S b S 2 b S 2b A S S 2b R S b S b S b b I 2 b S b i i 4

F065 BIT
F068 JMP

*key data block

FO6B DB

4

*speech routine
F075 DB

*key data block

FO7B DB

’

&DO9B7 ;set V and M
(&0228) ;i.e. KEYV

4

01,61,78,66,79,6A,6B,40, 3A,0D
cL,a ,x ,f ,v ,3 ,k ,@ ,: ,RETN N.B CL=CAPS LOCK

data
00,Fr,01,02,09,0A

5

02,73,63,67,68,6E,6C,3B,5D, 7F
sL,s ,¢ ,9 ,h ,n ,1 ,; ,] ,DEL N.B. SL=SHIFT LOCK

LR R e i b I b Sb b i 3 b S b S Sb b db b S db I b db S S b b db S 4b S Sh b b b b b b S b b b b S b S b S 2b b S S R S b S b b I S b S b i a4

*

* OSBYTE 131 READ OSHWM (PAGE in BASIC)

R R i A b d b i A b i d b S b I b A b S g B b A R S b i S b S b S b b S b S b S b b b db S S S 2b b S 2 S b S b b 2 S i i 4

F085 LDY
F088 LDX
FO8A RTS

(&0244) ;read current OSHWM
#&00 H

’



*key data block 6

FOSB DB 00 ,7A,20 ,76,62,6D,2C,2E,2F, 8B
; TAB,Z ,SPACE,V ,b ,m ,, ,. ,/ ,copy

* Kk kKK set lnput buffer number and flush lt KAA KA A KAAAKA A AR A A A A A A XA XA XA Ak x %k

F095 LDX &0241 ;get current input buffer
F098 JMP &E1AD ;flush it

*key data block 7

FO9B DB 1B,81,82,83,85,86,88,89,5C, 8D
; ESC,fl1,f2,£3,f5,f6,£8,£9,\ ,
FOAS JMP (&0220) ;goto eventV handling routine

R I IR i g b S b I b I db b S b I b I b S 2 S 2b B A SR S b S b S S b S b b S b b S b S 2 b S 2b b S b S 2b b S 2 S b S b b S 2 b b i i 4

*

* OSBYTE 15 FLUSH SELECTED BUFFER CLASS

KK A A AR AR A A AR A A A AR A A A A A A A A A AR A A A A A A A A AR A A A A A A AR A AR AR A A A A AR A A A KRR A AR KA AR A AR KK

; flush selected buffer
; X=0 flush all buffers
;X>1 flush input buffer

FOAS8 BNE &F095 ;1f X<>1 flush input buffer only
FOAA LDX #&08 ;else load highest buffer number (8)
FOAC CLI ;allow interrupts

FOAD SEI ;briefly!

FOAE JSR &FOB4 ; flush buffer

FOB1 DEX ;decrement X to point at next buffer
FOB2 BPL &FOAC ;1f X>=0 flush next buffer

;at this point X=255

R i e A dh i S A db I b I A I I b b b b A I I b I b b ab b b b b db b b b S b e A b b b b b S I b b b b b b b b b A I i b S

*

* OSBYTE 21 FLUSH SPECIFIC BUFFER

R I R i A b S b i I b I b S b I b A b S 2 S b A SR S b i S b S b S b b S b b S b S 2b b b 2b S S S 2b b S 2 S IR S b b S 2b b S b i S 4



;on entry X=buffer number

FOB4 CPX #5009 ;1s X<972
FOBG6 BCC &F098 ;1f so flush buffer or else
FOBS8 RTS ;exit

’

LR I b I b S b b I b S b I Sb b db b S db I b 2b I S b S b S 4b S b S b b S b S b b b b b b S b S Ib b S b S b S b b I S b S b a4
*
*

* Issue *HELP to ROMS

*

R i e A d i S i db I R b A b I I b b b S b I I I b I b b b b b b b b b I b b b b b e A b b b b S b b b b i b b S b A A i b e A

FOB9 LDX #&09 ;

FOBB JSR &F168 ;

FOBE JSR &FA4A ;print following message routine return after
BRK

FOC1 DB &0D ;carriage return

FOC2 DS '0S 1.20" ;help message

FOC9 DB &0D ;carriage return

FOCA BRK ;

FOCB RTS ;

R I IR I A b S b i db b i I S S b I b db b S 2b e S 2b I S SR S 2b S S b S b S 2b b S 2b b S b S 2b b b 2b S b S 2b b I 2 S IR I b b I 2b b I 2 i S 4
*

* OSBYTE 122 KEYBOARD SCAN FROM &10 (16)

R R i I b S b i db b i db b S Sb I Ib b db b S 2b I b 2b I Sb b S 2b i S 2b I Sb b S 2b b S b b S b S 2b b b 2b b S Sb S 2b b S S R S b S b b I 2b b S b i S 4

FOCC CLC ;clear carry
FOCD LDX #&10 ;set X to 10

4

R i e A d i S i db I b b A b db A b b b b I I b b b b b b b b b b I b b S b e A b b b b R A b b b I I A b b S b A A i b e I

*

* OSBYTE 121 KEYBOARD SCAN FROM VALUE IN X

R I g i b dh g i A b d b S g I b g g b S g B b S b S b S S dh S b S b b S b S b 2 i i g A b S S i S A S S S b S db i S b S 4 Y

FOCF BCS &F068 ;1f carry set (by osbyte 121) F068
;Jmps via KEYV and hence back to;



LR R i i b S b i db b I I b S b I Ib b db b S 2b I b 2b S Sb b S 2b I S 2b S Sb b S b b b b S b b 2b b b Sb e S b S 2b b S S b S b S b b S 2b b S b i a4

Scan Keyboard C=1, V=0 entry via KEYV

*

*

LR R i b S b i Sb b I I b S b b Sb b i db b S db b b 2b B S b S b S S 2b S b S b b b Sb e S b b I b b b S b S Ib b S S R S b S b b I S b S b i a4

FOD1
FOD2
FOD4
FOD7
FOD9
FODA
FODC
FODE
FOE1
FOE3
FOE6
FOES8
FOEB
FOED
FOFO
only!)
FOF2
FOF5
FOF7
FOFA
FOFD
F100
F102

F103
F106
F108
F10B
F10E
F110
F111
F112
F114
F115
F118
F119
EC,ED, EE
F11B
F11C
F11E
F11F
F121
F123
F124
F126
F127
F128

F129
Fl2C
F12D

TXA
BPL
JSR
BCS
PHP
BCC
LDY
STA
LDX
JSR
LDA
STA
LDA
STA
LDA

STA
LDA
STA
STX
BIT
BEQ
TXA

CMP
BCC
STA
BIT
BPL
PLP
PHP
BCS
PHA
EOR
ASL
CMP

PLA
BCS
CLC
ADC
BPL
DEX
BPL
TXA
TAX
PLP

JSR
CLI
SETI

&F0D9
&FO02A
&F12E

&FODE
#&EE
&01DF, Y
#8509
&F129
#&TF
&FE43
#&03
&FE40
#&0F

&FE4F
#501

&FE4D
&FE4F
&FE4D
&F123

&01DF,Y
&F11E
&FEAF
&FEAF
&F11E
&F127
£0000,Y

#&01

&F127

#&10
&F103

&FOE3

&F12E

;if X is +ve goto FOD9

;else interrogate keyboard

;1f carry set F12E to set Auto scan else
;push flags

;1f carry clear goto FODE else

;set Y so next operation saves to 2cd
;can be 2cb,2cc or 2cd

;set X to 9

;select auto scan

;set port A for input on bit 7 others outputs
;stop auto scan

;select non-existent keyboard column F (0-9

;cancel keyboard interrupt

;select column X (9 max)

;1f bit 1 =0 there is no keyboard interrupt so
;goto F123

;else put column address in A

;compare with 1DF+Y

;1f less then F11E

;else select column again

;and if bit 7 is 0

;then F11E

;else push and pull flags

;and if carry set goto F127

;else Push A

;EOR with EC,ED, or EE depending on Y value
;shift left

;set carry if = or greater than number holds

;get back A

;1f carry set F127

;else clear carry

;add 16

;and do it again if O0=<result<128
;decrement X

;scan again if greater than 0

;pull flags

;call autoscan
;allow interrupts
;disable interrupts



*FRxkxkxkKK KX AEnable counter scan of keyboard columns **xkxckxckkdkdkkdkkdkkokox %
;called from &EEFD, &F129

F12E LDA #&0B ;select auto scan of keyboard
F130 STA &FE40 ;tell VIA
F133 TXA ;Get A into X

F134 RTS ;and return



0S SERIES 9
GEOFF COX

LR R i i b S b i db b i db b S b I Ib b db b S db I b 2b S S b S 2b I S 2b S Sb b S b b b b b S b b 2b b b 2b e S Ib S 2b b S S b S b S b b S 2b b S b i g 4

*

* OSBYTE 140 *TAPE
*
* selects TAPE filing system
*
*
*
*
*
* OSBYTE 141 *ROM
*
* selects ROM filing system

Rt g i g b a2 i A b d b S b S b S b S b S Sb B b S b S S db g S b S b b S S S S b I S b S S S b e A b B b S b e i 2 S b b b 3

F135 EOR #&8C ;1f its *TAPE A=0 *ROM A=1

F137 ASL ;double it

F138 STA &0247 ;store it in filing system flag store
F13B CPX #&03 ;1f X>=3 C set X=3 Z set

F13D JMP &F14B ;

KAAKKKXX get cassette options
khkkhkhkhkhkkhkhhrhkkhhAhkhkhhhrhkkhhrhkhdhhrhkhhhrhkkhhrhkkhrorkkhkhhrkhkxx

;called after BREAK etc
;lower nybble sets sequential access
;upper sets load and save options

;0000 Ignore errors, no messages
;0001 Abort if error, no messages
;0010 Retry after error, no messages
;1000 Ignore error short messages
;1001 Abort if error short messages
;1010 Retry after error short messages
;1100 Ignore error long messages
;1101 Abort if error long messages
;1110 Retry after error long messages
F140 PHP ;save flags
F141 LDA #&Al ; set sequential access abort if error, no
messages
F143 STA &E3 ;set load/save retry if error, short messages
F145 LDA #&19 ;set interblock gap
F147 STA &03D1 ;and store it
F14A PLP ;get back flags
F14B PHP ;push flags
Fl4C LDA #&06 ;get close files command to FSCV
F14E JSR &E031 ;and gosub OSFSC

F151 LDX #&06 ;



F153 PLP ;get back flags

F154 BEQ &F157 ;1f Z set earlier

F156 DEX ;do not decrement X

F157 STX &Co ; set current baud rate X=5 300 baud X=6 1200
baud

***k*xxxx*x* reset FILEV,ARGSV,BGETV,BPUTV,GBPBV,FINDV,FSCV
*KhkkhkkhKhkhkhkkkkhkkkhkhkh*kx*k%k

kkkkxkxkxx**  to F27D, F18E, F4C9, F529, FFA6, F3CA, F1B1

khkhkkAhkkkhk Ak Ak Ak Kk kKhx*k

F159 LDX #&0E ; RESET VECTORS FOR FILE RELATED OPERATIONS

F15B LDA &D951,X ;

F15E STA &0211,X ;

Flol DEX ;

Fle2 BNE &F15B ;

Flo4 STX &C2 ; &C2=0 PROGRESS FLAG

Fl166 LDX #&0F ;set X to make Rom service call &F claim
vectors!

R IR I A b S b i db b i I S S b Ib b S S S 2b e S 2b I S b S 2b i S b S b S 2b b S 2b b S b S 2b b S 2b S b S 2b b I 2 S 2R I b b I 2b b S 2 i S 4
*

* OSBYTE 143

* Pass service commands to sideways Roms

R R i g b S b I db b I db S S b I Ib b db b S 2b I b 2b I S b S 2b i S 2b  Sb b S 2b b S 2b b S b S 2b b S 2b e S b S 2b b I S b S b S b b I 2b b S b i S 4

;on entry X=command number

Fl168 LDA &F4 ;get current Rom number
F1l6A PHA ;store it

F16B TXA ; command in A

F16C LDX #&0F ;set X=15

; send commands loop

F16E INC &02A1,X ;read bit 7 on rom map (no rom has type 254 &FE)

F171 DEC &02A1,X ;

F174 BPL &F183 ;1f not set (4+ve result)

F176 STX &F4 ;else store rom number in &F4

F178 STX &FE30 ;switch in paged ROM

F17B JSR &8003 ;and jump tp service entry

F17E TAX ;on exit put A in X

F17F BEQ &F186 ;if 0 (command recognised by ROM) reset roms &
exit

F181 LDX &F4 ;else point to next lower rom

F183 DEX ;

F184 BPL &F16E ;and go round loop again

F186 PLA ;get back original Rom number

F187 STA &F4 ;store it in Ram copy

F189 STA &FE30 ;select original page

Fl8C TXA ;put X back in A



F18D

RTS

;and return

LR R i i b S b i Ib b i db b S b I Ib b db b S db I b 2b b db b S 2b I b 2b S Sb b S b b b b b S b b 2b b b 2b e S b S 2b b S S b S b S b b I 2b b S b i a4

OSARGS

(default) entry point

on entry A determines action

bytes

save block of memory as a file

write catalogue info for existing file

write load address only for existing file

write execution address only for existing file

write attributes only for existing file

Read catalogue info, return file type in A

Delete named file

load the named file if lo byte of Exec address=0 use
address in parameter block else files own load address
point to parameter block

0,1 filename address, 2-5 load,6-9 exec,A-D length or

start of data for save, OE End address /attributes

KA AR AR A A A AR A A A A A A A A A A A A AR KR AR A A A A A A AR A A A AR A A A A A A AR A A A A A AR A kA A Ak A A Ak Ak A k% %

F18E
F190
F192
F194
F196
F198
F19A
F19D
F19E
F1Al
F1A2

ORA
BNE
CPY
BNE
LDA
AND
ORA
ASL
ORA
LSR
RTS

#&00 ;is A=00

&F1A2 ;if not return

#&00 ;is Y=0

&F1A2 ;if not return

&C6 ;else get current baud rate and zero bit 2

#&FB ;C6=5 becomes 1, 6 becomes 2

&0247 ;i1f cassette selected A=0 else A=2
;multiply by 2

&0247 ;Or it again

;divide by 2
; return cassette =0

R I A i b i dh I R I i A I b b b b 2 A I I b I b 2 b b b b b b b 2 I b b R b b e A b b e b b b S b b b b b b 4 b b I b I S b b S 4

*

FSC

VECTOR TABLE



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4

F1A3 DW 4C, F5 ; *OPT (F54C)

F1A5 DW 1D,F6 ; check EOF (F61D)

F1A7 DW 04,F3 ;o*/ (F304)

F1A9 DW OF,E3 ; Bad Command (E30F) if roms and FS don't want
it

F1AB DW 04,F3 ; *RUN (F304)

F1AD DW 2A,F3 ; *CAT (F32R)

F1AF DW 74 ,E2 ; osbyte 77 (E274)

R I i dh I S i b I b b A A I b b b I i SR Ib b R I b b S b i R I b db I b R I b b i b b I b e A db b b b b 4 b b b I b i b i b b 4

* Filing System control entry OSFSC
*

* Entry via 021E FSCV
*

* A= index 0 to 7

R I R A b S b i I b I b S b I b A b S 2b e S 2b B A R S b S b S b S b b S b b S b S b b S 2b A S S 2b b S 2 S b S b b S 2 b S b i i 4

;on entry A is reason code

;A=0 A *OPT command has been used X & Y are the 2 parameters
;A=1 EOF is being checked, on entry X=File handle
on Exit X=FF = EOF exists else 00

;A=2 A */ command has been used *RUN the file

;A=3 An unrecognised OS command has ben used X,Y point at
command

;A=4 A *RUN command has been used X,Y point at filename

;A=5 A *CAT cammand has been issued X,Y point to rest of
command

;A=6 New filing system about to take over close *SPOOL &*EXEC
files

;A= Return in X and Y lowest and highest file handle used

;A=8 OS about to process *command

;A=7 and A=8 are handled by current filing system by changing FSCV

F1B1 CMP #&07 ;if BA>6

F1B3 BCS &F1A2 ;goto F1A2 (RTS)

F1B5 STX &BC ;else save X

F1B7 ASL ; A=A*2

F1BS8 TAX ;X=A to get offset

F1B9 LDA &F1A4,X ;get hi byte of address

F1BC PHA ;push it

F1BD LDA &F1A3,X ;get lo byte of address

F1CO PHA ;push it

F1C1 LDX &BC ;get back X

F1C3 RTS ;this now jumps to the address got from the
table +1

; the next RTS takes us back to CLI

R I R i A b S b i I b I b S b I b I b S db e S 2b B A b S b S b S S b S b S S b b S b S 2b b S 2b A S S 2b b S 2 S b S b b 2 b S b i i 4
*
*



* LOAD FILE

KA A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A AR AR A A A A A A A A A A A AR A A A AR A AR AR A A A A A A Ak Ak *x %k

Flc4 PHP ;save flags on stack

F1C5 PHA ;save A on stack

FlCo JSR &FB27 ;Set cassette optionsinto (BB),set C7=6
;claim serial system for cassette

F1C9 LDA &03C2 ;execution address LO

F1CC PHA ;save A on stack

F1CD JSR &F631 ;search for file

F1DO PLA ;get back A

F1D1 BEQ &F1ED ;1f A=0 F1lED

F1D3 LDX #&03 ;else X=3

F1D5 LDA #&FF ; A=&FF

F1D7 PHA ;save A on stack

F1D8 LDA &03BE,X ;get load address

F1DB STA &B0, X ;store it as current load address

F1DD PLA ;get back A

F1DE AND &B0, X ;

F1EO DEX ; X=X-1

F1E1l BPL &F1D7 ;until all 4 bytes copied

F1E3 CMP #&FF ;if all bytes contain don't contain &FF

F1E5 BNE &F1ED ;continue

F1E7 JSR &FAES8 ;else sound bell, reset ACIA & motor off

F1EA JMP &E267 ; 'Bad Address' error

F1ED LDA &03CA ;block flag

F1FO LSR ;set carry from bit 0

F1F1 PLA ;get back A

F1F2 BEQ &F202 ;if A=0 F202

F1F4 BCC &F209 ;if carry clear F209

KA FFFFxxxx K xxx LOCKED FILE ROUTINE
Kok kK ok kK Kk kK Kk kK ok ok kK ok ko k ok ok kK ok ok Kk k ok Kk Kk K

F1F6 JSR &FAF2 ;enable second processor and reset serial system
F1F9 BRK ;

F1FA DB &ES ;error number

F1FC 'Locked' ;

F201 BRK ;

F202 BCC &F209 ;i1f carry clear F209

F204 LDA #&03 ;else A=3

F206 STA &0258 ;store to cause ESCAPE disable and memory

;clear on break

F209 LDA #&30 ;

F20B AND &BB ;current OPTions

F20D BEQ &F213 ;if options and #&30 =0 ignore error condityion
is set

F20F LDA &C1 ;else get checksum result

F211 BNE &F21D ;and if not 0 F21D



F213
F214
F215
F218
F219
F21A
F21D
F220
F222
F225
F228
F22A
F22D
F230

FAkAKxKxF** gtore data in OSFILE parameter block

TYA
PHA
JSR
PLA
TAY
JSR
JSR
BNE
JSR
BIT
BMI
JSR
JSR
BNE

&EF'BBB

&F7D5
&F9B4
&F255
&FB69
&03CA
&F232
&F96A
&F77B
&F209

; A=Y
; save A on stack

;read from second processor if present

;get back A
;Y=A

;reset flags and check block length

;load file from tape
;1f not found return

to search

;increment current block number

;block flag

;1if bit 7=1 then this is last block so F232
;else increment current load address

;read block header
;and goto F209

KAAKAKRKAAKAA XN KA A XA XA KA AR A A XA,k k%

F232
F234
F236
F238
F239
F23B
F23D
F23F
F240
F242
F243
F245
F246
F249
F24B
F24D
F24E
NEWLINE!)
F251
F254

LDY
LDA
STA
INY
LDA
STA
LDA
INY
STA
INY
STA
PLP
JSR
BIT
BMI
PHP
JSR

DB
RTS

#&0A
&CC
(&C8),Y
&CD
(&C8),Y
#&00
(&C8),Y
(&C8),Y
&FAES
&BA
&F254
&FA46

&0D, &00

; Y=&0A
;file length counter

lo

;OSFILE parameter block

;Y=Y+1

;file length counter hi
;OSFILE parameter block

; A=0
;Y=Y+1

;OSFILE parameter block

;Y=Y+1

;OSFILE parameter block

;get back flags

;bell, reset ACIA & motor

;current block flag
; return
;save flags on stack

; print message following call (in this case

;message
; return

KA A K F KA xx**RETRY AFTER A FAILURE ROUTINE
Kok kK ok k k Kk kK kR ok ok ok ok ok k kK Kk kK ok kK kK

F255
F258

JSR
BNE

&F637
&F209

;search for a specified block

;goto F209

*kkxkkkkk*x*k* Reagd Filename using Command Line

khkkhkkhkhkkhkkhkkhkhkkhkkhkhkkhkkhk*

;filename pointed to by X and Y

F25A
F25C
F25E
F260
F263
F265
F268

STX
STY
LDY
JSR
LDX
JSR
BCS

&F2
&F3
#&00
&EA1D
#&00
SEA2F
&E277

;0S filename/command
;0S filename/command
; Y=0

;initialise string

; X=0

; GSREAD call

;1f end of character

Interpreter

line pointer 1lo
line pointer

string F277



F26A BEQ &F274 ;if 0 found F274

F26C STA &03D2,X ;else store character in CFS filename area
F26F INX ; X=X+1

F270 CPX #&0B ;if X<>11

F272 BNE &F265 ;then read next

F274 JMP &EASF ;else Bad String error

*hkkkkkkkxkkk k% torminate Filename
B i i i b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i 4

F277 LDA #&00 ;terminate filename with O
F279 STA &03D2,X ;
F27C RTS ; return

R I R i A b d b i A b d b S b I b A S S g e B b A R S b S S b S b S b b S b S b S 2 b b 2 S S S 2 b S 2 S b S b b 2 S i i 4

*

* OSFILE ENTRY

R IR I S b S b I db b I A S S b ISP b Sb b S 2b I b 2b B S b S 2b S S 2b S b S b b S 2b b S b S 2b b b 2b I SR S 2b b I db R S 2b S b b I 2b b S 2b i S 4

;parameter block located by XY

;0/1 Address of Filename terminated by &0D

;2/4 Load Address of File

;6/9 Execution Address of File

;A/D Start address of data for write operations or length of file

; for read operations

;E/11 End address of Data; i.e. byte AFTER last byte to be written
; or file attributes

;On Entry action is determined by value in A

’

;A=0 Save section of memory as named file, write catalogue
information

;A=1 Write catalogue information for named file

;A=2 Write the LOAD address (only) for the named File
;A=3 Write the EXECUTION address (only) for the named File
;A=4 Write the ATTRIBUTES for the named File

;A=5 Read the named files catalogue information Place file type in A
;A=6 Delete the named file

;A=&FF Load the named file and read its catalogue information
F27D PHA ;save A on stack

F27E STX &C8 ;osfile block pointer lo

F280 STY &C9 ;osfile block pointer hi

F282 LDY #&00 ;Y=0

F284 LDA (&C8),Y ;OSFILE parameter Dblock

F286 TAX ; X=A

F287 INY ;Y=Y+1

F288 LDA (&C8),Y ;OSFILE parameter Dblock

F28A TAY ;Y=A



F28B
F28E

F290
F292
F295
F298
F299
F29B

F29D
F29E
F2A0
F2A2
F2A4

JSR
LDY

LDA
STA
STA
INY
CPY
BNE

PLA
BEQ
CMP
BNE
JMP

&F25A ;get filename from BUFFER
#&502 ;Y=2

(&C8),Y ;copy parameters to Cassette block at 3BE/C5
&03BC,Y ; from LOAD and EXEC address
&00AE,Y ;make second copy at BO-BS8

;Y=Y+1
#&0A ;until Y=10
&F290 ;
;get back A
&E2A7 ;if A=0 F2A7
#&FF ;else 1if A<>&FF
&F254 ;RETURN as cassette has no other options
&F1C4 ;load file

*xkkkkkkkkxkxkk*k Gayve g flle
R T R i g b S g i A b I b S b A b i S b S b i 2b S A b S b e i b S b S b b S b i 4

F2A7
F2AA

F2AD
F2AF
F2B2
F2B3
F2B5
F2B7
F2B8

STA
STA

LDA
STA
INY
CPY
BNE
TXA
BEQ

STRING error

F2BA

F2BD

F2CO0
F2C2
block
F2C5
F2C8
F2C9

F2CB
F2CE

F2D1
F2D4
F2D5

F2D7
F2D8
F2DA
F2DD
F2DF
F2E2

F2E4
F2E6

JSR

JSR

LDA
JSR

JSR
SEC
LDX

LDA
SBC

STA
INX
BNE

TAY
BNE
CPX
LDA
SBC
BCC

LDX
BNE

&03Co ;zero block number
&03C7 ; zero block number hi

(&C8),Y ;OSFILE parameter Dblock
&00A6,Y ;store to Zero page copy (&B0O to &B7)
;data start and data end address

#&12 ;until Y=18
&F2AD ;
; A=X
&F274 ;if X=0 no filename found so B274 else BAD
&FB27 ; Set cassette option sinto (BB),set C7=6
;claim serial system for cassette
&F934 ;prompt to start recording
#&00 ; A=0
&FBBD ;enable 2nd proc. if present and set up osfile
&FBE2 ;set up CFS for write operation
;set carry flag
#&FD ; X=&FD

&FFB7,X ;set 03C8/A block length and block flag
&FFB3,X ;to B4/6-B0/2 the number of pages (blocks) to be

; saved
&02CB,X ;

; X=X+1
&F2CB ;

;Y=A
&F2E8 ;1f last byte is non zero F2E8 else
&03C8 ;compare X with block length
#&01 ;A=1
&03C9 ;subtract block length hi
&F2E8 ;1f carry clear F2ES8
#&80 ; X=&80

&§F2F0 ;Jjump F2F0



F2ES8
F2EA
F2ED
F2F0
F2F3
F2F6
F2F8
F2FB
F2FE
F300
F303

LDA
STA
STX
STX
JSR
BMI
JSR
INC
BNE
INC
BNE

#&01 ;A=1

&03C9 ;block length hi

&03C8 ;block length

&03CA ;block flag

&FTEC ;write block to Tape

&F341 ;return if negative

&FI6A ;increment current load address
&03Ceé ;block number

&F2C8 ;i1f not 0 loop back again else
&03C7 ;block number hi

&F2C8 ;and loop back again

R e i d i S i I B R b b db I b b b 2 I I I b I b b I b b b b I b b b b b e A b b b b b b R b b b R B 4 b b I b b S i b e S 4

*

*RUN

ENTRY

KK AR AR A AR AR A A AR A AR AR A A A A AR A AR A A A AR A AR A A A AR A AR AR AR A A KA AR A A AR A KA AR A AKX KA XK K

F305
F308
F30A
F30D
F310
F313
F315
F318
F31B
F31D
F31F

F322
F324
F326
F328

JSR
LDX
STX
JSR
BIT
BPL
LDA
AND
CMP
BNE
JMP

LDX
LDY
LDA
JMP

&F25A ;get filename from BUFFER
#&FF ; X=&FF

&03C2 ;execution address

&F1C4 ;load file

&027A ;&FF 1f tube present

&F31F ;so 1if not present F31F else

&03C4 ;execution address extend
&03C5 ;execution address extend
#&FF ;i1f they are NOT both &FF i.e.for base processor

&F322 ;322 else
(&03C2) ; RUN file

#&C2 ;point to execution address
#&03 ; (&3C2)

#&04 ; Tube call 4

&FBC7 ;and issue to Tube to run file

R i e A dh i S i I I b b i b A I b b b 4 I b I b I b i b b b b dh S b b B dh A b b A b B A I b S A db b R A i b A b S AR b b A i i 4

*

*CAT

ENTRY

R I R i g b S b i db b A b S S I b S b S db e S b A b S b S S b S S b S b b S b b S b S 2 b S 2b I S S 2b b S 2 S IR S b b S 2 b S b i i S

;CASSETTE OPTIONS in &E2



;bit input file open

0

;bit 1 output file open

;bit 2,4,5 not used

;bit 3 current CATalogue status

;bit 6 EOF reached

;bit 7 EOF warning given
F32B LDA #&08 ; A=8
F32D JSR &F344 ;set status bits from A
F330 JSR &FB27 ;Set cassette options into (BB),set C7=6

;claim serial system for cassette

F333 LDA #&00 ; A=0
F335 JSR &F348 ;read data from CFS/RFS
F338 JSR &FAFC ;perform read
F33B LDA #&F7 ;s A=&F7
F33D AND &E2 ;clear bit 3 of CFS status bit
F33F STA &E2 ;
F341 RTS ; return
F342 LDA #&40 ;set bit 6 of E2 cassette options
F344 ORA &E2 ;
F346 BNE &F33F ;and Jump F33F

FhxxAKAAAK* gegrch routine
B R i d b b b b b b b b b b b b i b b b b b b b I b b b b b I b b b b b b b b b b b b a4

F348 PHA ;save A on stack

F349 LDA &0247 ;filing system flag 0=CFS 2=RFS

F34cC BEQ &F359 ;1f CFS F359 else

F34E JSR &EEL3 ;set current Filing System ROM/PHROM
F351 JSR &EE18 ;get byte from data Romcheck type
F354 BCC &F359 ;1f carry clear F359 else

F356 CLV ;clear overflow flag

F357 BVC &F39A ; JUMP F39A

Kk khkkkhkkkhkKk*k ) cassette routine********************************************

F359 JSR &FT77B ;read block header

F35C LDA &03C6 ;block number

F35F STA &B4 ;current block no. lo

F361 LDA &03C7 ;block number hi

F364 STA &B5 ;current block no. hi

F366 LDX #&FF ; X=&FF

F368 STX &03DF ;copy of last read block flag
F36B INX ; X=X+1

F36C STX &BA ;current block flag

F36E BEQ &F376 ;if 0 F376

F370 JSR &FB69 ;inc. current block no.

F373 JSR &FT77B ;read block header

F376 LDA &0247 ;get filing system flag 0=CFS 2=RFS
F379 BEQ &F37D ;1if CFS F37D

F37B BVC &F39A ;1f V clear F39A

F37D PLA ;get back A

F37E PHA ;save A on stack



F37F
F381
searched
F384
F386
OPTions
F388
F38A

F38C
F38F
F391
F393
F396
F398
F39A
F39B

F39C
F39F
F3Al

F324
F3A6
F3A9
F3AC

F3AE
F3BO
F3B2
F3B5
F3B7
F3BA
F3BD
F3BF
F3C1
F3C3
F3Cé
F3C8

BEQ
JSR
Fn

BNE
LDA

AND
BEQ

LDA
CMP
BNE
LDA
CMP
BNE
PLA
RTS

LDA
BEQ
JSR

LDA
STA
STA
BNE

BvVC
LDA
JSR
LDX
JSR
LDA
BEQ
BIT
BVC
BIT
BMI
BPL

&F3AE
&FAT2

&F39C
#&30

&BB
&F39A

&03C6
&B6
&F39C
&03C7
&B7
&F39C

&0247
&F3AE
&EEAD

#&FF

&03C6
&03C7
&F370

&F3B5
#&FF
&F7D7
#&00
&F9D9
&0247
&F3C3
&BB
&F3A1
&03CA
&F3A4
&F370

;1f A=0 F3AE
;else check filename header block matches

;1f so F39C
;else A=30 to clear all but bits 4/5 of current

;current OPTions
;1f 0 F39A else

;block number
;next block no. 1lo
;block number hi
;next block no. hi
;get back A

; return

;filing system flag 0=CFS 2=RFS
;1f tape F3AE
;else set ROM displacement address

; A=&FF

;block number
;block number hi
;Jjump F370

;1f carry clear F3B5

; A=&FF

;set flags

; X=0

; report 'DATA?'

;filing system flag 0=CFS 2=RFS
;current OPTions

;long messages not required if BIT 6 =0
;block flag

;1if -ve F3A4

;else loop back and do it again

LR R e I b I b Sb b I I b S b I Sb b i db b S db I b 2b S S b S b S S Ib S Sb b b b b b b S b b b b b I S b S Ib b S S I S b S b b I S b S b i a4

*

OSFIND ENTRY

file handling

R I g g b dh g i A b d b S S I b g g b S g b b S A b S b S S db e S b S b b S b b b S g i S i A b S S i S A S a2 S S db e I b S g Y

;on entry A determines Action Y may contain file handle or

;X/Y point to filename terminated by &0D in memory

closes file in channel Y if ¥Y=0 closes all files

open a file for input (reading) X/Y points to filename
open a file for output (writing) X/Y points to filename

; A=0
;A=6&40
;A=6&80



;A=&C0 open a file for input and output (random Access)
;ON EXIT Y=0 if no file found else Y=channel number in use for file

;save A X and Y

F3CA STA &BC ;file status or temporary store

F3CC TXA ; A=X

F3CD PHA ;save X on stack

F3CE TYA ; A=Y

F3CF PHA ;save Y on stack

F3D0 LDA &BC ;file status or temporary store

F3D2 BNE &F3F2 ;if A is non zero open a file via F3F2

kkhkkhkkhkkkkhkkhkhkk k% Close a flle
R e e iR i b i b i b S b e A g b b I I SR A b I b b b i S b b b b I b b b Ib b i b 4

F3D4 TYA ;s A=Y

F3D5 BNE &F3E3 ;1f A<> 0 close specified file else close them
all

F3D7 JSR &E275 ;close all files via OSBYTE 77

F3DA JSR &F478 ;tidy up

F3DD LSR &E2 ;CFS status byte is shifted left and right to
zZero

F3DF ASL &E2 ;bit O

F3E1 BCC &F3EF ;and 1f carry clear no input file was open so
F3EF

F3E3 LSR ;A contains file handle so shift bit 0 into
carry

F3E4 BCS &F3DD ;i1f carry set close input file

F3E6 LSR ;else shift bit 1 into carry

F3E7 BCS &F3EC ;i1f carry set close output file

F3E9 JMP &FBB1 ;else report 'Channel Error' as CFS can only
support

;1 input and 1 output file

F3EC JSR &F478 ;tidy up
F3EF JMP &F471 ;and exit

XKk kKkAhkhkk kKK k*k OPEN A FILE

R Rt S b S b i S b S b b Sh i dh b b Sb b S db b b Sb e Sh e S b S b b S I e S b S S b S 3 b o 4

F3F2 JSR &F25A ;get filename from BUFFER

F3F5 BIT &BC ;file status or temporary store

F3F7 BVC &F436 ;check A at input if bit 6 not set its an output
file

kkkhkkhkkkk* Input flleS
e R R R R R i S R R I R R e e R I S R S e R R I R i S

F3F9 LDA #&00 ;else its an input file

F3FB STA &039E ;BGET buffer offset for next byte
F3FE STA &03DD ;Expected BGET file block number 1lo
F401 STA &03DE ;expected BGET file block number hi
F404 LDA #&3E ; A=&3E

F406 JSR &F33D ;CFS status =CFS status AND A

F409 JSR &FB1A ;claim serial system and set OPTions

F40C PHP ;save flags on stack



F40D
F410
respond
F413
F414

F4l6
F417
F41A
F41D

F41F
F421
F424
F427
F42A
F42C

F42F
F431
F434

JSR
JSR

PLP
LDX

INX
LDA
STA
BNE

LDA
JSR
LDA
ORA
BNE
JSR

LDA
ORA
BNE

&F631
&F6B4

#&FF

&03B2,X
&03A7,X
&F416

#&01

&F344
&02EA
&02EB
&F42F
&F342

#&01
&0247
§F46F

;search for file
; check protection bit of block status and

;get back flags
; X=&FF increment to 0 on next instruction

; X=X+1

;get file name and
;store as BGET filename
;until end of filename

;A=1 to show file open

;set status bits from A

;CFS currently resident file block length lo
;CFS currently resident file block length hi
;1if block length is 0

;set CFS status bit 3 (EOF reached)

;else

;A=1

;filing system flag 0=CFS 2=RFS

;and exit after restoring registers

R R i i R I db i b db e A b S Sb o S 4 Open an Output
file***********************************

F436

F437
F439

F43C
F43E

F43F
F442
F445
F447
F449

F44B
F44E
F44F

F451
F452
F454
F457
F458
F45A

F45C
F45F

F462
F465
F468
F46A
F46D
F46F

TXA

BNE
JMP

LDX
INX

LDA
STA
BNE
LDA
LDX

STA
DEX
BNE

TXA
LDX
STA
INX
CPX
BNE

ROL
JSR

JSR
JSR
LDA
JSR
LDA
STA

&F43C
&EASF

#&FF

&03D2,X
&0380,X
&F43E
#&FF
#&08

&038B,X

&F44B

#&14
&0380,X

#&1E
&F454

&0397
&FB27

&F934
&FAF2
#&02
&F344
#&02
&BC

; A=X

;if X=0 then zero length filename so
;Bad String error

; X=&FF

; X=X+1

;copy sought filename to header block
; sought filename

;BPUT file header block

;until A=0 end of filename

; A=&FF

; X=8

;set 38C/93 to &FF
; X=X-1

I3

; A=X=0

; X=14

;BPUT file header block
; X=X+1

;this zeros 394/D

Iz

; Set cassette optionsinto (BB),set C7=6

;claim serial system for cassette

;prompt to start recording

;enable second processor and reset serial system
; A=2

;set status bits from A

; A=2

;file status or temporary store



F471
F472
F473
F474
F475
F477

F478
F47A
F47C
F47E
F480
offset
F483
F485
F488
offset
F48B
F48E
F491
F493

PLA
TAY
PLA
TAX
LDA
RTS

LDA
AND
BEQ
LDA
STA

LDA
LDX
STX

STA
JSR
LDA
JMP

&BC

#5602
&E2
&E477
#&00
&0397

#&80
&039D
&0396

&0398
&F496
#&FD

&F33D

;get back A

s Y=A

;get back A

; X=A

;file status or temporary store
; return

;A=2 clearing all but bit 1 of status byte
;CFS status byte, with output file open

;1f file not open then exit

;else A=0

;setting block length to current value of BPUT

;A=&80
;get BPUT buffer ofset
;setting block length to current value of BPUT

;mark current block as last
;save block to tape

; A=&FD

;CFS status =CFS status AND A

KARFxxkxxxxk SAVE BLOCK TO TAPE
]k kK ok kK Kk kK Kk ko k ok ok ok ok k ko ok k ok k ko kK Kk ok ok ok ok ok kK kK ok

F496

F499
F49B
F49E
F4Al
F4A2

F4A4
F4A6
F4A8
F4A9
F4AB
F4AD
F4AF
F4BR1
F4B4
F4B7
F4BA
F4BD
F4CO0
F4C3
F4C5
F4C8

JSR

LDX
LDA
STA
DEX
BPL

STX
STX
INX
STX
LDA
STA
LDX
JSR
STA
JSR
JSR
JSR
INC
BNE
INC
RTS

&FB1A

#611

;claim serial system and set OPTions

; X=11

&038C,X ;copy header block from 38C-39D
&03BE, X ;to 3BE/DF

&F49B

&B2
&B3

&BO
#&09
&B1
#&7F
&FB81
&03DF
&FBSE
&FBE2
&F7EC
&0394
&F4C8
&0395

; X=X-1

; X=&FF

;current load address high word

;current load address high word

;X=X+1, (X=0)

;current load address lo byte set to &00
;A=9 to set current load address at &900
;current load address

; X=&TF

;copy from 301/C+X to 3D2/C sought filename
;copy of last read block flag

;switch Motor On

;set up CFS for write operation

;write block to Tape

;block number 1lo

;block number hi

; return
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* OSBGET get a byte from a file

R i I A d i S i db I R b b b db A b b b b A I b I b I b b i b b b b b I b b b S b e A b b e b b S I b b b e b b b I b A i b e S i

;on ENTRY Y contains channel number
;on EXIT X and Y are preserved C=0 indicates valid
character
; A contains character (or error) A=&FE End Of
File
;push X and Y
F4C9 TXA ; A=X
F4CA PHA ;save A on stack
F4CB TYA ; A=Y
F4cCcC PHA ;save A on stack
F4CD LDA #&01 ;A=1
F4CF JSR &FBOC ;check conditions for OSBGET are OK
F4D2 LDA &E2 ;CFS status byte
F4D4 ASL ;shift bit 7 into carry (EOF warning given)
F4D5 BCS &F523 ;if carry set F523
F4D7 ASL ;shift bit 6 into carry
F4D8 BCC &F4E3 ;1f clear EOF not reached F4E3
F4DA LDA #&80 ;else A=&80 setting bit 7 of status byte EOF
warning
F4DC JSR &F344 ;set status bits from A
F4DF LDA #&FE ; A=&FE
F4E1 BCS &F51B ;if carry set F51B
F4E3 LDX &039E ;BGET buffer offset for next byte
F4EG6 INX ; X=X+1
F4E7 CPX &02EA ;CFS currently resident file block length lo
F4EA BNE &F516 ;read a byte
;else
F4EC BIT &02EC ;block flag of currently resident block
FAEF BMI &F513 ;if bit 7=1 this is the last block so F513 else
F4F1 LDA &02ED ;last character of currently resident block
F4F4 PHA ;save A on stack
F4F5 JSR &FB1A ;claim serial system and set OPTions
F4F8 PHP ;save flags on stack
F4F9 JSR &F6AC ;read in a new block
F4FC PLP ;get back flags
F4FD PLA ;get back A
FAFE STA &BC ;file status or temporary store
F500 CLC ;clear carry flag
F501 BIT &02EC ;block flag of currently resident block
F504 BPL &F51D ;1f not last block (bit 7=0)
F506 LDA &02EA ;CFS currently resident file block length lo
F509 ORA &02EB ;CFS currently resident file block length hi
F50C BNE &F51D ;1f block size not 0 F51D else

F50E JSR &F342 ;set CFS status bit 6 (EOF reached)



F511

F513
F516
F517
F518

F51B
F51D
F520

F523
F524
F525
F528

BNE

JSR
DEX
CLC
LDA

STA
INC
JMP

BRK
DB
DB
BRK

&F51D

&F342

;goto F51D

;set CFS status bit 6 (EOF reached)
; X=X-1
;clear carry flag

&0A00,X ;read byte from cassette buffer

&BC
&039E
&F471

&DF
'EQF'

;file status or temporary store
;BGET buffer offset for next byte
;exit via F471

7
;error number
i

Iz

R A i A b b R S i b 4 db b b b b b S S b b I b S S b b b i b dh I b R db b b SR db db b b b b dh db b b b b b 4 db b i b I b b 3 a2 4

OSBPUT WRITE A BYTE TO FILE

R S R I b S b I Sb b I S b S Sb b S b S b b Sb I b Sb S b S 2b S S db b S 2b b 2b b I S b S b I Sb b I Sb S S b I db b S R S b e S 2b S db i 2b b S 4

;ON ENTRY Y contains channel number A contains byte to be written

F529
F52B
F52C
F52D
F52E

F52F
F531
F534
F537
F539
F53C
F53D
F53F
F542
F545
F548
F54A

STA
TXA
PHA
TYA
PHA

LDA
JSR
LDX
LDA
STA
INX
BNE
JSR
JSR
INC
LDA
JMP

&C4

#5602
&FBIC
&039D
&C4

;store A in temorary store
;and stack X and Y

;save on stack

; A=Y

; save on stack

; A=2

;check conditions necessary for OSBPUT are OK
;BPUT buffer offset for next byte

;get back original value of A

&0900,X ;Cassette buffer

&F545
&F496
&FAF2
&039D
&C4

&F46F

; X=X+1

;1if not 0 F545, otherwise buffer is full so
;save block to tape

;enable second processor and reset serial system
;BPUT buffer offset for next byte

;get back A

;and exit

R R e A b d S i A b I b S b I b A b S g S b A R S b S S b S S b S b b S b S S S 2 b b 2 S S S b b b S IR S b b 2 S i i 4

*

*



* OSBYTE 139 Select file options

LR e S b I b S b S I b S b I Ib b db b S db I b 2b S S b b b S Sb S Sb b b b b b db S b b I b b S S b S I b S S R S b S b b I S S b i a4

;ON ENTRY Y contains option value X contains option No. see *OPT X,Y
;this applies largely to CFS LOAD SAVE CAT and RUN

;X=1 is message switch

; Y=0 no messages

; Y=1 short messages

; Y=2 gives detailed information on load and execution
addresses

; X=2 is error handling

; Y=0 ignore errors

; Y=1 prompt for a retry

; Y=2 abort operation

;X=3 is interblock gap for BPUT# and PRINT#

; Y=0-127 set gap in 1/10ths Second
; Y > 127 use default values

F54D TXA ; A=X

F54E BEQ &F57E ;1f A=0 F57E

F550 CPX #&03 ;if X=3

F552 BEQ &F573 ;F573 to set interblock gap

F554 CPY #&03 ;else if Y>2 then BAD COMMAND error
F556 BCS &F55E ;

F558 DEX ; X=X-1

F559 BEQ &F561 ;i.e. 1f X=1 F561 message control
F55B DEX ; X=X-1

F55C BEQ &F568 ;i.e. 1f X=2 F568 error response
F55E JMP &E310 ;else E310 to issue Bad Command error

KAk AKKFxXxx* message control
Ak Ak hkhhkhhkrhkhk A hkhkhkhkhkhkhkhhkhhkrhkkhkhrhkhhkrrkhhkrhkkhkhxrkhk,rrkx*x

F561 LDA #&33 ;to set lower two bits of each nybble as mask
F563 INY ;Y=Y+1

F564 INY ;Y=Y+1

F565 INY ;Y=Y+1

F566 BNE &F56A ;goto F56A

*xkkkkkkkk*x arror response R IR A b e S b S db S S I S db e I b S S S S db e I S i b b S S S S I S S b i i 4

F568 LDA #&CC ;setting top two bits of each nybble as mask
F56A INY ;Y=Y+1
F56B AND &E3 ;clear lower two bits of each nybble

F56D ORA &F581,Y ;or with table wvalue



F570 STA &E3 ;store it in &E3
F572 RTS ; return

;setting of &E3
;lower nybble sets LOAD options
;upper sets SAVE options

;0000 Ignore errors, no messages
;0001 Abort if error, no messages
;0010 Retry after error, no messages
;1000 Ignore error short messages
;1001 Abort if error short messages
;1010 Retry after error short messages
;1100 Ignore error long messages
;1101 Abort if error long messages
;1110 Retry after error long messages

FAAxFFxxxx*get interblock gap
AKhkk kA hk kA khhkhkkhkhkhkhkkhhkhhkkhhhkkhkhhhkkhkhkhkhkkhkhhrkhkkhhrrkhkhhrkhkx

F573 TYA ; A=Y

F574 BMI &F578 ;if Y>127 use default values
F576 BNE &F5T7A ;if ¥Y<>0 skip next instruction
F578 LDA #&19 ;else A=&19

F57A STA &03D1 ;sequential block gap

F57D RTS ; return

F57E TAY ; Y=A

F57F BEQ &F56D ;jump to F56D

KA AKxKxxxxxx* DEFAULT OPT VALUES TABLE
Kok kK ok k kK ok kK Kk ok ok ko kK ko kK kK ko kK ko ok kK

F581 DB &A1 ;%1010 0001

F582 DB &00 ;50000 0000

F583 DB &22 ;%0010 0010

F584 DB &11 ;%0001 0001

F585 DB &00 ;%0000 0000

F586 DB &88 ;%1000 1000

F587 DB &CC ;%1100 1100

F588 DEC &CO ;filing system buffer flag
F58A LDA &0247 ;filing system flag 0=CFS 2=RFS
F58D BEQ &F596 ;if CFS F596

F58F JSR &EES51 ;read RFS data rom or Phrom
F592 TAY ;Y=A

F593 CLC ;clear carry flag

F594 BCC &F5BO ;jump to F5BO

F596 LDA &FEO8 ;ACIA status register

F599 PHA ;save A on stack

F59A AND #&02 ;clear all but bits 0,1 A=(0-3)



F59C
empty
F59E
F5A0
F5A2
F5A3
F5A5
F5A8

F5A9
F5AC
F5AD
F5AE
F5AF

F5BO0
F5B2
F5B4
F5B5
F5B7
exit

F5B9

F5BB
F5BD
F5BE
F5CO0
exit
F5C2
F5C3
F5C6
F5C8
F5CA
F5CC
F5CF
F5D1
F5D3
F5D4
F5D6
F5D8
F5DA
F5DC
F5DE
F5E0

F5E2
F5E3
F5E5
F5E7
F5ES8
F5EB
F5ED
F5EF
F5F1
F5F3

prescence

F5F6
F5F8
F5FB

BEQ

LDY
BEQ
PLA
LDA
STA
RTS

LDY
PLA
LSR
LSR
LSR

LDX
BEQ
DEX
BNE
BCC

LDY

BNE
DEX
BNE
BCS

TYA
JSR
LDY
CMP
BEQ
JSR
LDY
BNE
DEX
BNE
BCS
STY
BEQ
LDA
STA
BNE

DEX
BNE
BCS
TYA
JSR
LDY
INC
BIT
BMI
JSR

BEQ
STX
BNE

&F5A9

&CA
&F5A9

&BD
&FEO9

&FEO9

&C2
&F61D

&F5BD
&F61D

#&02

&F61B

&F5D3
&F61D

&FB78
#&03
#&2A
&F61B
&FB50
#501
&F61B

&F5E2
&F5DC
&BD
&F61D
#&80
&CO
&F61D

&F60E
&F616

&F7BO0
&BC
&BC
&BD
&F600
&FBD3

&F5FD
&FEED
&F600

;1f 0 F5A9 transmit data register full or RDR

;get back A

;character temporary storage
;ACIA transmit data register
; return

;read ACIA recieve data register
;get back A
;bit 2 to carry (data carrier detect)

I3

;progress flag

;1f &C2=0 exit

; X=X-1

;1f &C2>1 then F5BD

;else if carrier tone from cassette detected

; X=X-1
;1f &C2>2
;1f carrier tone from cassette not detected

; A=Y

;set (BE/CO) to O

;Y=3

;is A= to synchronising byte &2A°7
;if so F61B

;control cassette system

;Y=1

;goto F61B

; X=X-1

;if &C2>3

;get character read into Y
;if 0 exit via F61D

;else A=&80

;filing system buffer flag
;and exit

;X=X-1

;if &C2>4 FoOE

;1f carry set F616

;A=Y

;perform CRC

;file status or temporary store

;file status or temporary store

;if bit 7 set this is the last byte read
;so F600

;check if second processor file test tube

;1f return with A=0 F5FD
; Tube FIFO3

’



F5FD TXA ; A=X restore value

F5FE STA (&B0),Y ;store to current load address
F600 INY ;Y=Y+1

F601 CPY &03C8 ;block length

F604 BNE &F61D ;exit

F606 LDA #&01 ;A=1

F608 STA &BC ;file status or temporary store
F6OA LDY #&05 ;Y=5

F60C BNE &F61B yexit

F60E TYA ;A=Y

F60F JSR &F7BO ;perform CRC

F6l2 DEC &BC ;file status or temporary store
F6l4 BPL &F61D ;exit

F6leé JSR &FB46 ;reset ACIA

F619 LDY #&00 ; Y=0

F61B STY &C2 ;progress flag

F6lD RTS ; return

R I IR i A b S b A b I b S b I b A b S db e S b A R S b S S b S S b S b b S b b S b S 2b b S 2b A b S 2b b S 2 S b S b b S 2 b S b i S 4
*

* OSBYTE 127 check for end of file

R I R I A b S b i db b i I b S Sb I Ib b Sb b S Sb I b 2b I Sb b S 2b I S 2b S b S b b S 2b b S b S 2b b b 2b R I b S 2b b I 2 R I b I b b I 2b b S db i S 4

FolE PHA ;save A on stack

FolF TYA ; A=Y

F620 PHA ;save Y on stack

Foe21l TXA ;A=X to put X into Y
F622 TAY ; Y=A

F623 LDA #&03 ;A=3

F625 JSR &FBOC ;confirm file is open
F628 LDA &E2 ;CFS status byte

F62A AND #640 ;

Fo2C TAX ; X=A

F62D PLA ;get back A

F62E TAY ; Y=A

F62F PLA ;get back A

F630 RTS ; return

F631 LDA #&00 ; A=0

F633 STA &B4 ;current block no. 1lo
F635 STA &B5 ;current block no. hi
F637 LDA &B4 ;current block no. 1lo
F639 PHA ;save A on stack

F63A STA &B6 ;next block no. lo
F63C LDA &B5 ;current block no. hi
F63E PHA ;save A on stack

F63F STA &B7 ;next block no. hi
F641 JSR &FA46 ;print message following call

F644 DB 'Searching’';



Fo4cC DB &0D ;newline

F64E BRK ;

Fo4dF LDA #&FF ; A=&FF

F651 JSR &F348 ;read data from CFS/RFS

F654 PLA ;get back A

F655 STA &B5 ;current block no. hi

F657 PLA ;get back A

F658 STA &B4 ;current block no. lo

F65A LDA &B6 ;next block no. 1lo

F65C ORA &B7 ;next block no. hi

Fo5E BNE &F66D ;

F660 STA &B4 ;current block no. 1lo

F662 STA &B5 ;current block no. hi

F664 LDA &C1 ; checksum result

Fo666 BNE &F 66D ;

F668 LDX #&B1 ;current load address

F66A JSR &FB81 ;copy from 301/C+X to 3D2/C sought filename
F66D LDA &0247 ;filing system flag 0=CFS 2=RFS
F670 BEQ &F685 ;1f cassette F685

F672 BVS &F685 ;

Fo74 BRK ;

F675 DB &D6 ;Error number

F676 DB 'File Not found'

F684 BRK ;

F685 LDY #&FF ; Y=&FF

F687 STY &03DF ;copy of last read block flag
F68A RTS ; return

* )k Kk Kk kkkk * EXEC O

R I IR i db b S b db b I db b S Sb b db b S b S 2b I b Sb S S 2b S 2b b S db S 2b S Sb b S Sb b S 3 4

F68B LDA #&00 ; A=0

B R i i b S b i db b i 3 b S Sb I Ib b db b S db I b 2b S S b S 2b I b 2b S Sb b S b b b 4b e S b b b b b db e S b S 2b b S b b S b S b b I 2b b S b i a4

*

* * EXEC

R i e g dh I S i db I b b i b A I b b b 4 I b I b I b i b b b b b i A b B b I b b db b B A I b A I b R A b b A b R AR b b b I b b 4

F68D PHP ;save flags on stack

F68E STY &E6 ; &§E6=Y

F690 LDY &0256 ;EXEC file handle

F693 STA &0256 ;EXEC file handle

F696 BEQ &F09B ;1if not 0 close file wvia OSFIND
F698 JSR OSFIND ;

F69B LDY &E6 ;else Y= original Y

F69D PLP ;get back flags

F69E BEQ &F6AB ;if A=0 on entry exit else

F6A0 LDA #&40 ;A=&40



F6A2 JSR OSFIND ;to open an input file

Fo6AS5 TAY ; Y=A

FoAG BEQ &F674 ;If Y=0 'File not found' else store
FoAS8 STA &0256 ;EXEC file handle

F6AB RTS ; return

*rEkxxkx read a block
ER b b b b b I b b b b b b b b b b b b b b I b b b b b b b b b b b b b b b b b b b b b b b b b g

F6AC LDX #&A06 ; X=&A06

F6AE JSR &FB81 ;copy from 301/C+X to 3D2/C sought filename
F6B1 JSR &F77B ;read block header

F6B4 LDA &03CA ;block flag

F6B7 LSR ;A=A/2 bit 0 into carry to check for locked file
F6B8 BCC &F6BD ;1f not set then skip next instruction
F6BA JMP &F1F6 ; 'locked' file routine

F6BD LDA &03DD ;Expected BGET file block number lo

F6CO STA &B4 ; current block no. lo

F6C2 LDA &03DE ;expected BGET file block number hi

F6C5 STA &B5 ;current block no. hi

F6C7 LDA #&00 ; A=0

F6C9 STA &BO ;current load address

F6CB LDA #&0A ;A=&A setting current load address to the
CFS/RFES

F6CD STA &B1 ;current load address buffer at &A0O0

F6CF LDA #&FF ;A=&FF to set other 2 bytes

F6D1 STA &B2 ;current load address high word

F6D3 STA &B3 ;current load address high word

F6D5 JSR &F7D5 ;reset flags

F6D8 JSR &FOBR4 ;load file from tape

F6DB BNE &F702 ;if return non zero F702 else

F6DD LDA &O0AFF ;get last character from input buffer
F6EQ STA &02ED ; last character currently resident block
FOE3 JSR &FB69 ;inc. current block no.

F6E6 STX &03DD ;expected BGET file block number 1lo

F6E9 STY &03DE ;expected BGET file block number hi

F6EC LDX #&02 ;X=2

F6EE LDA &§03C8,X ;read bytes from block flag/block length
F6F1 STA &02EA,X ;store into current values of above

F6F4 DEX ; X=X-1

F6F5 BPL §F6EE ;until X=-1 (&FF)

FoF7 BIT &02EC ;block flag of currently resident block
F6FA BPL &FOFF ;

F6FC JSR &F249 ;print newline if needed

F6FF JMP &FAF2 ;enable second processor and reset serial system
F702 JSR &F637 ;search for a specified block

F705 BNE &F6B4 ;1f NE check for locked condition else
F707 CMP #&2A ;is it Synchronising byte &2A7?

F709 BEQ &F742 ;1if so F742

F70B CMP #&23 ;else is it &23 (header substitute in ROM files)
F70D BNE &FT1E ;if not BAD ROM error

F70F INC &03C6 ;block number

F712 BNE &F717 ;

F714 INC &03C7 ;block number hi

FE717 LDX #&FF ; X=&FF

F719 BIT &DI9B7 ;to set V & M

F71C BNE &F773 ;and jump (ALWAYS!!) to F773



F71E
F720

F723
F724
F725
F72C

LDA
JSR

BRK
DB
DB
BRK

khkkhkkhkhkkkhkkhkKhkk o

F72D
F72F
F732
F734
F736
F739
F73C
F73E
F740

F742
F744
F747
F74A
F74C
F74F
F751
F752
F754
F756

F757
F759
F75C
F75E
F76l
F762
F764

F766
F767
F768
F76A
F76D
F76F
F771
F773
F776
F778
F779
F77B
F77E
F780
F783
F785

LDY
JSR
LDA
STA
JSR
JSR
LDA
CMP
BNE

LDY
JSR
JSR
BvVC
STA
BEQ
INY
CPY
BNE
DEY

LDX
JSR
BvVC
STA
INX
CPX
BNE

TYA
TAX
LDA
STA
LDA
ORA
STA
JSR
STY
TXA
BNE
LDA
BEQ
JSR
CMP
BNE

#&F7
&F33D

&D7

;clear bit 3 of RFS status (current CAT status)
;REFS status =RFS status AND A

;and cause error
;error number

'Bad Rom'

I3

pick up a header
R b b b b db db 2 b b b b b b I b b b b b b b db b d b b b b Ib I b db 4 b b b b S b g 4

&FF
&FB90
#&01
&C2
&FB50
&F995
#&03
&C2
&F739

#&00
&FB7C
&F797
&F766
&§03B2,Y
&F757

#&0B
&F747

#&0C
&F797
&F766
&03B2,X

#&1F
&F759

#&00
&03B2,Y
&BE

&BF

&C1
&FB78
&C2

&F7D4
&0247
&F72D
&EES51
#&2B

&F707

;get ESCAPE flag

;switch Motor on

;A=1

;progress flag

;control serial system

;confirm ESC not set and CFS not executing
;A=3

;progress flag

;back until &C2=3

; Y=0

; zero checksum bytes

;get character from file and do CRC
;if V clear on exit F766

;else store

;or 1f A=0 F757

;Y=Y+1

;1f Y<>&B

;go back for next character

;Y=Y-1

; X=12

;get character from file and do CRC
;1f V clear on exit F766

;else store byte

; X=X+1

;1f X<>31

;goto F759

; A=Y

; X=A

; A=0

;store it

; CRC workspace

; CRC workspace

; Checksum result

;set (BE/CO) to O

;progress flag

; A=X

;filing system flag 0=CFS 2=RFS
;1f cassette F72D

;read RFS data rom or Phrom
;is it ROM file terminator?
;1f not F707



*xkkxkxxk*x terminator found
P e b b b b b b b b b b b b I b i b b b b b b b b b b b b db b b b b b I b b b b b b b b e 4

F787 LDA #&08 ;A=8 isolating bit 3 CAT status

F789 AND &E2 ;CFS status byte

F78B BEQ &F790 ;1f clera skip next instruction

F78D JSR &F24D ;print CR if CFS not operational

F790 JSR &EE18 ;get byte from data Rom

F793 BCC &F780 ;if carry set F780

F795 CLV ;clear overflow flag

F796 RTS ;return

KAkAKFFxxxRXF*A*Axx%x get character from file and do CRC
kkhkkhkkhkhkhkhkkkkhkhkhkhhkkkxkk%k

F797 LDA &0247 ;filing system flag 0=CFS 2=RFS

F79A BEQ &F7AD ;1f cassette F7AD

F79C TXA ;A=X to save X and Y

F79D PHA ;save X on stack

F79E TYA ; A=Y

F79F PHA ;save Y on stack

F7A0 JSR &EED1 ;read RFS data rom or Phrom

F7A3 STA &BD ;put it in temporary storage

F7A5 LDA #&FF ; A=&FF

F7AT STA &CO ;filing system buffer flag

F7A9 PLA ;get back Y

F7AA TAY ; Y=A

F7AB PLA ;get back X

F7AC TAX ; X=A

F7AD JSR &F884 ;check for Escape and loop till bit 7 of FS
buffer

; flag=1

R I R i i b S db b Sb e S b S Sb I S 2b b db Sb I db b 4 perform CRC

KA A KA KR KAAKRA RN KA AR A AN A AN A A A h A kA kA, hx %k

F7BO PHP ;save flags on stack
F7B1 PHA ;save A on stack
F7B2 SEC ;set carry flag
F7B3 ROR &CB ;CRC Bit counter
F7B5 EOR &BF ; CRC workspace
F7B7 STA &BF ; CRC workspace
F7B9 LDA &BF ; CRC workspace
F7BB ROL ;A=A*2 C=bit 7
F7BC BCC &FT7CA ;

F7BE ROR ;A=A/2

F7BF EOR #&08 ;

F7C1 STA &BF ; CRC workspace
F7C3 LDA &BE ; CRC workspace
EF7C5 EOR #&10 ;

E7C7 STA &BE ; CRC workspace
F7C9 SEC ;set carry flag
F7CA ROL &BE ; CRC workspace
F7CC ROL &BF ; CRC workspace
F7CE LSR &CB ;CRC Bit counter
F7D0 BNE &F7TB9 ;



F7D2
F7D3
F7D4

F7D5
F7D7
F7D9
F7DB
F7DD
F7DF
FTE2
F7ES5

FT7E7
F7E9
F7EB

PLA
PLP
RTS

LDA
STA
LDX
STX
BvVC
LDA
ORA
BEQ

LDX
STX
RTS

#&00
&BD
#&00
&BC
&FTE9
&03C8
&03C9
&FTE9

#&04
&C2

;get back A
;get back flags
;return

; A=0

; §BD=character temporary storage buffer=0
; X=0

;file status or temporary store

;block length

;block length hi

;if 0 F7ES

;else X=4
;filename length/progress flag
; return

R S R i i b S g i b Sb i g g ¢ SAVE A BLOCK
R I S i b I b I b A db S b A b b g b S 2 S S db S A b B I S S I S S 2 g b O 4

F7EC
F7ED
F7EF
F7F1
F7F4
F7F5

FT7E7
F7FA
F7FD
F7FF
F802

F804
F807
F809
F80B
F80E
F811
buffer

F814
F815
F81l6
F819
F81C
F81F

Kxkkkkk .

F821
F823
F826

PHP
LDX
LDA
STA
DEX
BPL

LDA
ORA
BNE
JSR
BEQ

JSR
LDA
STA
JSR
JSR
JSR

DEY
INY
LDA
STA
JSR
BNE

#&03
#&00
&03CB, X

&FTF1

&03C6
&03C7
&F804
&F892
&F807

&§F896
#&2A
&BD
&FB78
&FB4A
&F884

&03D2,Y
&03B2,Y
&F875
&F815

;save flags on stack

; X=3

; A=0

;clear 03CB/E (RFS EOF+17?)
; X=X-1

4

;block number

;block number hi

;1f block =0 F804 else
;generate a 5 second delay
;goto F807

;generate delay set by interblock gap
;A=§&2A

;store it in temporary file

;set (BE/C0O) to O

;set ACIA control register

;check for Escape and loop till bit 7 of FS

; flag=1

;Y=Y-1

;Y=Y+1

;move sought filename

;into filename block

;transfer byte to CFS and do CRC

;i1f filename not complet then do it again

deal with rest of header
R A b b b b b 4 b I b b b b b 4 b b b b b b A b g b b b b b db b 2 b b b b e

LDX
LDA
JSR

#&0C
&03B2,X
&F875

;X=12
;get filename byte
;transfer byte to CFS and do CRC



F829
F82A
F82C

F82E
F831
F834
F837

F839
F83B
F83E
F840

prescence

F843
F845

F848
F849
F84C
F84D
F850
F852
F855
buffer

F858
buffer

F85B

F85E
F860
F863
F864
reqgd)
F867
F86A
F86C
F86D
F870
F873
F874

INX
CPX
BNE

JSR
LDA
ORA
BEQ

LDY
JSR
LDA
JSR

BEQ

LDX

TXA
JSR
INY
CPY
BNE
JSR
JSR

JSR

JSR

LDA
JSR
PLP
JSR

BIT
BPL
PHP
JSR
JSR
PLP
RTS

#&1D
&F823

&§F87B
&03C8
&03C9
&F855
#&00
&§FB7C
(&B0),Y
&FBD3
&F848

&FEED

&F875
&03C8
&F83E

&F87B
&F884

&F884

&FB46

#&01
&F898

&F8B9

&03CA
&F874

&F892
&F246

; X=X+1

;until X=29

; save checksum to
;block length

;block length hi
;if 0 F855

;else Y=0

TAPE reset buffer flag

; zero checksum bytes

;get a data byte

;check if second processor file test tube

;1f not F848 else
; Tube FIFO3

; A=X

;transfer byte to
;Y=Y+1

;block length

; save checksum to
;check for Escape

; flag=1
;check for Escape

; flag=1
; reset ACIA

;A=1

CFS and do CRC

TAPE reset buffer flag
and loop till bit 7 of FS

and loop till bit 7 of FS

;generate 0.1 * A second delay

;get back flags

;update block flag, PRINT filename (& address if

;block flag

;1s this last block (bit 7 set)?
;save flags on stack

;generate a 5 second delay
;sound bell and abort

;get back flags
;return

KARAKFFxRRx KA xxxx% transfer byte to CFS and do CRC
R b b b db db db b b b b b b ah A g b b a4

F875
flag
F878

JSR

JMP

&F882

&F7BO0

;save byte to buffer, transfer to CFS & reset

;perform CRC

FrRxx I KK x A KA *xxk** s3ve checksum to TAPE reset buffer flag

R I SR i A b S db i g b i g S 4

F87B
F87D
flag

LDA
JSR

&BF
&F882

; CRC workspace

;save byte to buffer, transfer to CFS & reset



F880 LDA &BE ; CRC workspace

KA AKFFIAXAXF*** 5ave byte to buffer, transfer to CFS & reset flag
*kkhkk Kk kK *k

F882 STA &BD ;store A in temporary buffer

**xx*x check for Escape and loop till bit 7 of FS buffer flag=1

khkkhkkhkhkkhkkkKkKk*k

F884 JSR &F995 ;confirm ESC not set and CFS not executing
F887 BIT &CO ;filing system buffer flag

F889 BPL &F884 ;loop until bit 7 of &CO is set

F88B LDA #&00 ; A=0

F88D STA &CO ;filing system buffer flag

F88F LDA &BD ;get temporary store byte

F891 RTS ; return

’

Frxx Ik A xxF K kK xxk*x*k generate a 5 second delay
khkkhkkhk kA khkhkkhhkhkkhkhhrhkkhkhkkhkkhkkkkhk %

F892 LDA #&32 ; A=50
F894 BNE &F898 ;generate delay 100ms *A (5 seconds)

KAAFFFIARX KRR X generate delay set by interblock gap
khkkhkhkhkhkkhkhrhkkhkhkrkkhkkhkkkkhk*

F896 LDA &C7 ;get current interblock flag

R R i S b S 2b b b Sb b 4 b g generate delay
KA AR AR KA AR AR AR AR AR A A A A A A A A A A A A AR A A A A A A A XK %k

F898 LDX #&05 ; X=5

F89A STA &0240 ;CFS timeout counter

F89D JSR &F995 ;confirm ESC not set and CFS not executing
F8A0 BIT &0240 ;CFS timeout counter (decremented each 20ms)
F8A3 BPL &F89D ;1f +ve F89D

F8A5 DEX ; X=X-1

F8AG BNE &F89A ;

F8AS8 RTS ; return

’

Frxxkkxxkkk*k: generate screen reports
R R b b b b b g b b b b b b b db b I b b b b db  db b b b b b b i g b 4

F8A9 LDA &03C6 ;block number

F8AC ORA &03C7 ;block number hi

F8AF BEQ &F8B6 ;1f 0 F8B6

F8B1 BIT &03DF ;copy of last read block flag

F8B4 BPL &F8B9 ;update block flag, PRINT filename (& address if

reqd)



F8B6 JSR &F249 ;print newline if needed

Frxxxxxkkkxxxx ypdate block flag, PRINT filename (& address if reqgd)
* k k%

F8B9 LDY #&00 ; Y=0

F8BB STY &BA ;current block flag

F8BD LDA &03CA ;block flag

F8CO STA &03DF ;copy of last read block flag

F8C3 JSR &E7DC ;check if free to print message

F8C6 BEQ &F933 ;1f A=0 on return Cassette system is busy
F8C8 LDA #&0D ;else A=&0D :carriage return

F8CA JSR OSWRCH ;print it (note no linefeed as its via OSWRCH)
F8CD LDA &03B2,Y ;get byte form filename

F8D0 BEQ &F8E2 ;if 0 filename is ended

F8D2 CMP #&20 ;1f <SPACE

F8D4 BCC &F8DA ; F8DA

F8D6 CMP #&7F ;1f less than DELETE

F8D8 BCC &F8DC ;its a printable character for F8DC else

kkkkkkkkxkxkkkxxx***Control characters in RFS/CFS filename
*khkkhkkhkhkhkhkkkkhkhkhkhkkkxk*k%k

F8DA LDA #&3F ;else A='?"

F8DC JSR OSWRCH ;and print it

F8DF INY ;Y=Y+1

F8EQ BNE &F8CD ;back to get rest of filename

R I R i db S b I b b I db b S b S end Of filename
R S R i db b S b I db b i db b S Sb i db b S b S Sb b 2b S b S 2b S 2b S 2b 4

F8EZ2 LDA &0247 ;filing system flag 0=CFS 2=RFS

F8ES5 BEQ &FBEB ;1f cassette F8EB

F8E7 BIT &BB ;test current OPTions

F8E9 BVC &F933 ;1f bit 6 clear no,long messages needed F933
F8EB JSR &F991 ;print a space

F8EE INY ;Y=Y+1

F8EF CPY #&0B ;if Y<11 then

F8F1 BCC &FBE2 ;loop again to fill out filename with spaces
F8F3 LDA &03C6 ;block number

F8F6 TAX ; X=A

F8F7 JSR &FOTA ;print ASCII equivalent of hex byte

F8FA BIT &03CA ;block flag

F8FD BPL &F933 ;1f not end of file return

F8FF TXA ; A=X

Fo00 CLC ;clear carry flag

Fo01 ADC &03C9 ;block length hi

Fo04 STA &CD ;file length counter hi

Fo06 JSR &F975 ;print space + ASCII equivalent of hex byte

F9o09 LDA &03C8 ;block length

Fo0C STA &CC ;file length counter lo

FOOE JSR &FOTA ;print ASCII equivalent of hex byte

Fo11 BIT &BB ;current OPTions

Fo13 BvVC &F933 ;if bit 6 clear no long messages required so

F933



F915 LDX #&04 ; X=4

F917 JSR &F991 ;print a space

FO91A DEX ; X=X-1

FO91B BNE &F917 ;loop to print 4 spaces

FO1D LDX #&0F ; X=&0F to point to load address

FOIF JSR &F927 ;print 4 bytes from CFS block header
F922 JSR &F991 ;print a space

F925 LDX #&13 ;X=&13 point to Execution address

FARAxFxFxxxxFxxxx print 4 bytes from CFS block header
R b b b db db db b b b b b b ab S g b b a4

F927 LDY #&04 ; loop pointer

F929 LDA &03B2,X ;block header

Fo2C JSR &FOT7A ;print ASCII equivalent of hex byte
FO2F DEX ;X=X-1

F930 DEY ;Y=Y-1

F931 BNE &F929 ;

F933 RTS ; return

’
FrxxxxxKKKx print prompt for SAVE on TAPE

KAKAKAKRKAAKRA XN KRR XA AA KA AR AR XA A XKk Ak )k k%

F934 LDA &0247 ;filing system flag 0=CFS 2=RFS
FO37 BEQ &F93C ;1f cassette F93C

F939 JMP &E310 ;else 'Bad Command error message'
F93C JSR &FBBE ;switch Motor On

FO3F JSR &FBE2 ;set up CFS for write operation
Fo42 JSR &ET7DC ;check if free to print message
Fo45 BEQ &F933 ;1f not exit else

Fo47 JSR &FA46 ; print message following call
F94A DB 'RECORD then RETURN';

F95C BRK ;

FO95D JSR &F995 ;confirm CFS not operating, nor ESCAPE flag set

Frxxxxxkkkxx wait for RETURN key to be pressed
*hkkhkhkhhkkhkhkr Kk hkrhkkhkhkrhkhkrrkhkx*x*k

Fo60 JSR OSRDCH ;wait for keypress

Fo63 CMP #&0D ;is it &0D (RETURN)

F9o65 BNE &F95D ;no then do it again

FOo67 JMP OSNEWL ;output Carriage RETURN and LINE FEED

FrAk KAk xAkxkkkk* increment current load address
khkkhkkhkhkhkhkhkkkhkhkhkhkhkhrkhkk k Ak khhkrhxkk %%

FO96A INC &B1 ;current load address
F96C BNE &F974 ;



FO96E
F970
F972
F974

INC
BNE
INC
RTS

’

&B2
&F974
&B3

;current load address high word
;current load address high word
; return

FrRxxxxKKFKXx* print a space + ASCII equivalent of hex byte

kkkhkkhkhkkhkk Kk kkk

F975
F976
F979

PHA
JSR
PLA

&F991

;save A on stack
;print a space
;get back A

FARAxFFxxxxFxxxx print ASCII equivalent of hex byte
R b b b b db db g b b b b b e S A b b b 4

F97A
F97B
F97C
F97D
FOT7E
FOTF
F982

F983
Fo84
F986
> 2
Fo88
FI98A
F98C
F

FI98E

PHA
LSR
LSR
LSR
LSR
JSR
PLA

CLC
AND
ADC

CMP

BCC
ADC

JMP

&F983

#&0F
#&30

#&3A
&F98E
#&06

OSWRCH

;save A on stack

;/16 to put high nybble in lo
;print its ASCII equivalent
;get back A

;clear carry flag
;clear high nybble

;Add &30 to convert 0-9 to ASCII A-F to : ; < =
;1f A< ASC(':")

;goto FI98E

;else add 7 to convert : ; < = > 7? to A BCDE

;print character and return

R I R i A b S b i db b dh b S Sb b g O 3 prlnt a Space

KA A KA KRKAAKRA AN KA A AR AR AN KA AR A A A A A A XAk h kK, k%

F991
F993

LDA
BNE

#&20
&F98E

;A:l v
;goto F98E to print it

KrFAKXF I A KAk xxFAxxxx confirm CFS not operating, nor ESCAPE flag set

* ok Kk kK

F995
F996
F998
F99A
F99C
FI9E
FIO9F

FOA0
FOA3

PHP
BIT
BMI
BIT
BMI
PLP
RTS

JSR
JSR

&EB
&F99E
&FF
&FOA0

&F33B
&FAF2

;save flags on stack
;CFS Active flag

;1f ESCAPE condition
;goto FOAOQ

;get back flags

; return

;close input file
;enable second processor and reset serial system



FO9A6
FOAS8

FOAB
FOAC
FOAD
F9B3

LDA
JSR

BRK
DB
DB
BRK

#&TE
OSBYTE

&11
'Escape’

;A=&TE
; OSBYTE Call

’

(126)

;error 17

I3

’

Acknowledge ESCAPE



0S SERIES 10
LAST PART
GEOFFEF COX

R R i S b S b I b b I S b S Sb b b b I Sb b S 2b b S 3b o S 3 LOAD
RS b db b S b I db b A b Sb db b Sb b I db b S b b S 2b I Sb b S db I b b 3

FO9B4 TYA ; A=Y

F9B5 BEQ &F9C4 ;

F9B7 JSR &FA46 ; print message following call

FO9BA DB &0D ;

FOBRB DB 'Loading';

F9C2 DB &0D ;

F9C3 BRK ;

FOC5 STA &BA ;current block flag

F9Co6 LDX #&FF ; X=&FF

Focs8 LDA &C1 ; Checksum result

FOCA BNE &F9D9 ;1f not 0 F9DO9

FoCC JSR &FAT2 ;else check filename header block matches
searched

;filename if this returns NE then no match

FOCF PHP ;save flags on stack

F9DO0 LDX #&FF ; X=&FF

FID2 LDY #&99 ;Y=&99

F9D4 LDA #&FA ;A=&FA this set Y/A to point to 'File?' FA99
FOoD6 PLP ;get back flags

FOD7 BNE &FOF5 ;report a query unexpected file name

FID9 LDY #&8E ;making Y/A point to 'Data' FA8E for CRC error
FO9DB LDA &C1 ; Checksum result

FO9DD BEQ &FO9E3 ;1f 0 FOE3

FODF LDA #&FA ; A=&FA

FOE1 BNE &FOF5 ;jump to FOF5

FO9E3 LDA &03C6 ;block number

FO9EG6 CMP &B4 ;current block no. lo

FOES8 BNE &FOF1 ;if not eual FI9F1

FOEA LDA &03C7 ;block number hi

FOED CMP &B5 ;current block no. hi

FOEF BEQ &FA04 ;1f equal FAOQ04

FOF1 LDY #&A4 ;Y=6A4

FOF3 LDA #&FA ;A=&FA point to 'Block?' error unexpected block
no.

;at this point an error HAS occurred

FOF5 PHA ;save A on stack

FOF6 TYA ;A=Y

FOF7 PHA ;save Y on stack

FOF8 TXA ; A=X

FOF9 PHA ;save X on stack

FOFA JSR &F8B6 ;print CR if indicated by current block flag
FOFD PLA ;get back A

FOFE TAX ; X=A

FOFF PLA ;get back A

FAQO TAY ; Y=A

FAOQO1 PLA ;get back A



FAQ2

FAO4
FAOS5
FAO6
FAO9
FAOC
FAOD
FAQOE
FA1O
FAl12
FAl4
FAl6
FA1S8
FALA
FA1B
FA1D
FAL1F
FA20
FA23
FA25
FA26
FA28
FA2A
FA2C
FA2D
FA2F
FA31
FA34

FA36
FA39

FA3C
FA3D
FA3E
FA40
FA41l
FA43
FA44
FA45
FA46
FA49
FA4A
FA4B
FA4D
FA4E
FA50
FA51
FA52
FA54
FA56
FA58
FASA
FA5SC

BNE

TXA
PHA
JSR
JSR
PLA
TAX
LDA
ORA
BEQ
LDY
LDA
DEC
PHA
BIT
BMI
TXA
AND
BNE
TXA
AND
AND
BEQ
PLA
STA
STY
JSR
LSR

JSR
JMP

PLA
INY
BNE
CLC
ADC
PHA
TYA
PHA
JSR
TAY
PLA
STA
PLA
STA
TYA
PHP
INC
BNE
INC
LDY
LDA
BEQ

&FA1S8

&F8A9
&FAD6

&BE
&BF
&FA8D
#&8E
#&FA
&BA

&EB
&FA2C

&0247
&FA2C

#611
&BB
&FA3C
&B9
&B8

&F68B
&EB

&FAES
(&00B8)

&FA43

#&01

&E7DC

&B8

&B9

&B8
&FA58
&B9
#&00

(&B8),Y

&FAGS

;jump to FAlS

; A=X

;save A on stack

; report

;check loading progress, read another byte
;get back A

; X=A

; CRC workspace

; CRC workspace

; Y=§8E

;A=¢FA FA8E points to 'Data?'
;current block flag

;save A on stack

;CFS Active flag

;1f active FA2C

; A=X

;filing system flag 0=CFS 2=RFS

;current OPTions

;ignore errors

;get back A

;store A on &B9

;store Y on &BS8

;do *EXEC 0 to tidy up

;halve CFS Active flag to clear bit 7

;bell, reset ACIA & motor
;display selected error report

;get back A

;Y=Y+1

;clear carry flag
;Add 1

;save A on stack

; A=Y

;save Y on stack
;check if free to print message
;Y=A

;get back A

; &B8=8

;get back A

; &§B9=A

;A=Y

;save flags on stack

’

;Y=0
;get byte
;1f 0 Fao68



FASE
FASF
FAG0
FAG62
FA65

FA68
FAG69
FA6B
FA6D
FAGF

PLP
PHP
BEQ
JSR
JMP

PLP
INC
BNE
INC
JMP

&FA52
OSASCI
&FA52

&B8
&FAGF
&B9
(&00B8)

;get back flags

;save flags on stack

;1f 0 FAS52 to get next character
;else print

;and do it again

;get back flags

;increment pointers

7

7

;and print error message so no error condition
;occcurs

KARAKFFxxxxH** compare filenames
R R AR i i b dh b b b S b dh A b b b I 2 I b b b I I b S db b i b S b dh ab b 4

FAT2

FAT74
FAT75
FAT78
FATA
FATB
FA7D
FA80

FA81
FA84
FA87
FA89
FA8B
again
FA8D

FASE
FASF
FA90
FA96

FAO7

FA99
FA9A
FA9B
FAAL

FAA2

FAA4
FAAS
FAAG
FAAD

FAAE
FABO
FAB2
FAB3

LDX

INX
LDA
BNE
TXA
BEQ
LDA
RTS
;

JSR
EOR
BCS
AND
BEQ

RTS
BRK
DB

DB
BRK

BNE

BRK
DB
DB
BRK

BNE

BRK
DB
DB
BRK

LDA
BEQ
TXA
BEQ

#&FF
&03D2,X
&FA81
&FA80

&03B2,X

&E4E3
&03B2,X
&FASB
#&DF
&FA74

&D8

'Data’

&FAAE

&DB
'File?'

&FAAE

&DA
'Block?'

&BA
&FAD3

&FAD3

; X=&FF inx will mean X=0

; X=X+1

;sought filename byte
;if not 0 FAS81

;else A=X

;if X=0 A=0 exit
;else A=filename byte
; return

;set carry if byte in A is not upper case Alpha
;compare with filename

;if carry set FA8B

;else convert to upper case

;and if A=0 filename characters match so do it

; return

;error number

I3

I3

;error number

Iz

;error number

;current block flag
;1f 0 FAD3 else

; A=X

;If X=0 FAD3



FABS
FAB7
FABRO
FABB
FABE
FABF

FAC2
FAC3
FAC4
FACF
FAD1

FAD2

FAD3
FADG6
FADS
FADA
FADD
FAEOQ
FAE2
FAES

LDA
BIT
BEQ
JSR
TAY
JSR

DB
DB
DB
DW
BRK

RTS

JSR
LDA
BEQ
JSR
LDA
BEQ
JSR
JMP

#6822
&BB
&FAD3
&FB46

&FA4A

&0D

&07
'Rewind
&0DOD

&F24D
&C2

&FAD2
&F995
&0247
&FADG6
&F588
&FAD6

* Kk kkhkkkkk k)
sound bell,
khkkhkkhkhkhkhkhkkkhkhkhkhhkhkhhkkhkhkhkhkhhkxk*k %%

FAES8
FAEB
FAED
FAEF
FAF2
FAF4
block
FAF7
FAFO
FAFC
FAFD
FAFE
FBO1
FB04
FBO6
FBOS

FBOA
FBOB
FBOE
FB11

FB14
FB15
FB17
FB19

JSR
BEQ
LDA
JSR
LDA
JSR

LDX
JSR
PHP
SEI
LDA
STA
LDA
STA
BEQ

PHP
JSR
LDA
JMP

PLP
BIT
BPL
RTS

&E7DC
&FAF2
#507
OSWRCH
#&80
&FBBD

#&00
&FB95

&0282
&FE10
#&00
&EA
&FBOB

&FB46
&0250
&E189

&FF
&FB31

;A=8&22

;current OPTions checking bits 1 and 5
;1f neither set no retry so FAD3 else
;reset ACIA

s Y=A

;print following message

; Carriage RETURN

; BEEP

Tape' ;

;two more newlines

Iz

; return

;print CR i1if CFS not operational

;filename length/progress flag

;1f 0 return else

;confirm ESC not set and CFS not executing
;filing system flag 0=CFS 2=RFS

;1f CFS FAD6

;else set up ACIA etc

;and loop back again

reset ACIA, motor off

;check if free to print message
;enable second processor and reset serial system
; beep

;enable 2nd proc. if present and set up osfile

;switch on motor

;save flags on stack

;prevent IRQ interrupts

;get serial ULA control register setting
;write to serial ULA control register setting
; A=0

;store A RS423 timeout counter

;jump FBOB

;save flags on stacksave flags
;release ACIA (by &FE08=3)

;get last setting of ACIA

;set ACIA and &250 from A before exit

;get back flags

;1f bit 70f ESCAPE flag not set

;then FB31

;else return as unserviced ESCAPE is pending



R R i g b S b i db b I db b S Sb I Ib b db b S 2b I b 2b I Sb b b 2b i S b Sb b S 2b b S 2b b S b S 2b b b 2b e S Ib S 2b b S S b S b S b b I 2b b S b i S 4

*

Claim serial system for sequential Access

LR R S b S b i Sb b S I b S b I Sb b i db b S db I b 2b I S b S I S S 2b S b S b b b b S b S I b b S S b S 2 b S b R S b S b b I S b b b i a4

FB1A

FB1C
FB1D
FB1E
FB1F
FB20
FB22
FB25

LDA

ASL
ASL
ASL
ASL
STA
LDA
BNE

&E3 ;get cassette filing system options byte
;high nybble used for LOAD & SAVE operations
; low nybble used for sequential access

;0000
;0001
;0010
;1000
;1001
;1010
;1100
;1101
;1110

Ignore errors,
Abort if error,
Retry after error,
Ignore error
Abort if error
Retry after error
Ignore error
Abort if error
Retry after error

no messages

no messages

no messages
short messages
short messages
short messages
long messages
long messages
long messages

;move low nybble into high nybble

’
4

4

&BB ;current OPTions save into &BB
&03D1 ;get sequential block gap
&FB2F ;goto to &FB2F

RS R i g b S b i db b I db b S Sb I Ib b i db b S 2b I b 2b e Sb b S 2b i S 2b I Sb b S b b S b b S b S 2b b b 2b e S b S 2b b I S R S b S b b I 2b b S b i S 4

*

claim serial system for cassette etc.

LR R e I b S b Sb b S S b S b I Ib b i db b S db I b 2b I S b S db S 4b S b b b b b b e S b b b b b b I S b b I b S S R S b S b b I S b b b i a4

FB27

LDA

&E3 ;get cassette filing system options byte
;high nybble used for LOAD & SAVE operations
; low nybble used for sequential access

;0000
;0001
;0010
;1000
;1001
;1010
;1100
;1101
;1110

Ignore errors,
Abort if error,
Retry after error,
Ignore error
Abort if error
Retry after error
Ignore error
Abort if error
Retry after error

no messages

no messages

no messages
short messages
short messages
short messages
long messages
long messages
long messages



FB29 AND #&FO ;clear low nybble

FB2B STA &BB ;as current OPTions

FB2D LDA #&06 ;set current interblock gap

FB2F STA &C7 ;to 6

FB31 CLI ;allow interrupts

FB32 PHP ;save flags on stack

FB33 SEI ;prevent interrupts

FB34 BIT &024F ;check if RS423 is busy

FB37 BPL &FB14 ;1if not FB1l4

FB39 LDA &EA ;see 1f RS423 has timed out

FB3B BMI &FB14 ;1f not FB1l4

FB3D LDA #&01 ;else load RS423 timeout counter with
FB3F STA &EA ;1 to indicate that cassette has 6850
FB41 JSR &FB46 ;reset ACIA with &FE80=3

FB44 PLP ;get back flags

FB45 RTS ; return

FB46 LDA #&03 ;A=3

FB48 BNE &FB65 ;and exit after resetting ACIA

KAKAKAKNAXAKAAk A AKX XA XK kX kA k)% set ACIA control register
KAKAKAKRAXAKAA XN AKX XN A XK AKX k)%

FB4A LDA #&30 ;set current ACIA control register
FB4C STA &CA ;to &30
FB4E BNE &FB63 ;and goto FB63

;if bit 7=0 motor off l=motor on

KA FKFFXAXX KX Axx*x*% control cassette system
khkkhkhkhhkkhkhhr kA hkhrhkkh ok khkhrkkrkhk*k

FB50 LDA #&05 ;set &FE10 to 5

FB52 STA &FELO ;setting a transmit baud rate of 300,motor off
FB55 LDX #&FF ;

FB57 DEX ;delay loop

FB58 BNE &FB57 ;

FB5A STX &CA ; &CA=0

FB5C LDA #&85 ; Turn motor on and keep baud rate at 300 recieve
FB5E STA &FELO ;19200 transmit

FB61 LDA #&DO ; A=&DO0

FB63 ORA &C6 ;

FB65 STA &FEO8 ;set up ACIA control register

FB68 RTS ; returnand return

FB69 LDX &03Ce6 ;block number

FB6C LDY &03C7 ;block number hi

FB6F INX ; X=X+1

FB70 STX &B4 ;current block no. lo



FB72 BNE &FB75 H

FB74 INY ;Y=Y+1

FB75 STY &B5 ;current block no. hi

FB77 RTS ; return

FB78 LDY #&00 ;

FB7A STY &CO ;filing system buffer flag

KEAFFF XXX X I Ak x* K 5et (zero) checksum bytes
P i i b b b b b b b b b b b b b b b b b b b b b b b b b b

FB7C STY &BE ; CRC workspace
FB7E STY &BF ; CRC workspace

FB80 RTS ; return

’

FAAKFFxxxx Kk copy sought filename routine
kKhkk Kk hkkhkk khkhkhkkhhkhkkhkk hkhkkhkkhkhkhkkhkhhrkhkkkkhkkk%

FB81 LDY #&FF ; Y=&FF

FB83 INY ;Y=Y+1

FB84 INX ; X=X+1

FB85 LDA &0300,X ;

FB88 STA &03D2,Y ;sought filename

FB8B BNE &FB83 ;until end of filename (0)
FB8D RTS ; return

FB8E LDY #&00 ; Y=0

R I R i dh I b I b b I db b Sb b S b 2b S b 3 SWitCh Motor on
KA AKRAKRKAAKRA RN KA XN A AN A NN A XA Ak AR kA kA )k hx %k

FB9O CLI ;allow IRQ interrupts
FBO1 LDX #501 ; X=1
FBO93 STY &C3 ;store Y as current file handle

R i i i b S b I b b i 3b b S db i S 2 Y control motor LR b b e S b S Sb b S 2 e S b b 2b b b 2b S b b b b S 2 b S db i g 4

FB95 LDA #&89 ;do osbyte 137
FBO7 LDY &C3 ;get back file handle (preserved thru osbyte)
FB99 JMP OSBYTE ;turn on motor

khkk kkhkhkkhkk kkhkhkkkkhhkhkkhkkikk%k Confirm flle j_S Open
kA kkhkhkkhkk kkhkhkhkkhhkhkkhk hkhkkhkkhkhkhkhkkhkhkhkkhhkhkhkk%x

FBOC STA &BC ;file status or temporary store
FBOE TYA ;A=Y

FBOF EOR &0247 ;filing system flag 0=CFS 2=RFS
FBA2 TAY ;Y=A

FBA3 LDA &E2 ;CFS status byte

FBAS AND &BC ;file status or temporary store
FBA7 LSR ;A=A/2

FBAS DEY ;Y=Y-1

FBAS BEQ &EFBAF ;



FBAB
FBAC
FBAD
FBAF

FBBR1
FBB2
FBR3
FBBA

LSR
DEY
BNE
BCS

BRK
DB
DB
BRK

;Y=Y-1
§FBB1 ;
§FBFE ;
&DE ;error number
'Channel"' ;

I3

KA AxFFxxxxH*** reagd from second processor
R b b b b db 4 d b b b b b db S b b b b b b b S b g b b b b 4

FBBB
FBBD

prescence

FBCO
FBC2
FBC3
FBC5
FBC7
FBCS8
FBCA
FBCD
FBCF
FBDO

R I R i S b I 2b i S Sb b S b 3

kK kKKK

FBD3
FBD4
FBD6
FBDS8
FBDA
FBDC
FBDF
FBE1

LDA
JSR

BEQ
TXA
LDX
LDY
PHA
LDA
JSR
BCC
PLA
JMP

TAX
LDA
AND
CMP
BEQ
LDA
AND
RTS

’

#&01
&FBD3

&FBFE

#&B0
#&00

#&CO
&04006
&FBCA

&0406

check

&B2
&B3
#&FF
&FBE1
&027A
#&80

;A=1
;check if second processor file test tube

;1f not exit

; A=X

;current load address
;Y=00

;save A on stack

;filing system buffer flag
;and out to TUBE

’

;get back A

if second processor file test tube prescence

; X=A

;current load address high word
;current load address high word

;1f &FF then its for base processor
; &FF 1f tube present

;to set bit 7 alone

;return

*xKkkxxx*x control ACIA and Motor
ER b b b b b b b b b b b b I b b b b b b b b b b b b b b b b b b b b I b b b b g

FBEZ2
FBE4
FBE7
FBEA
FBEC
FBEF
FBF2
FBE'S
FBE'7
FBF9
FBEFB
FBFE

FBEF

LDA
STA
JSR
LDA
JSR
JSR
LDA
AND
BEQ
LDA
STA
RTS

BRK

#&85
&FE10
&FB46
#&10
&FB63
&F995
&FEO08
#&02
&FBEF
#&AA
&FEQ09

; A=§&85

;write to serial ULA control register setting
;reset ACIA

;A=16

;set ACIA to CFS baud rate

;confirm ESC not set and CFS not executing
;read ACIA status register

;clear all but bit 1

;1f clear FBEF

;else A=&AA

;transmit data register

;return



KAkx kA AxAxHAAxkx FRED 1MHz Bus memory-mapped I/0
Rt b i I b S b b db b b db b Sh Sb b db b I db b g 2b 3

FCO00 ;test hardware

FC10-13 ;teletext

FCl14-1F ;Prestel

FC20-27 ;IEEE interface

FC30 ;

FC40-47 ;winchester disc interface
FC50 ;

FC60 ;

FC70 ;

FC80 ;

FC90 ;

FCAO ;

FCBO ;

FCCO ;

FCDO ;

FCEO ;

FCFO ;

FCFF ;paging register for JIM expansion memory

FrRxxxxxxkkxxxx JIM 1MHz Bus memory-expansion page
khkkhkkhk kA kkhkhrkhkkhkhkhkhkkhkkhkhkhkrkhk*k

FDOO-FF ;

FDFE ;Ecosoak Vector

RS b i db b S b i b Sb b 3 4 SHEILA MOS memory_mapped I/O ER I SR R I Sb e S b b Sb b I Sb S S 2R I S 2b I db dh S db 4

; DEVICE WRITE READ
FEOO ;6845 CRTC address register
FEO1 ;6845 CRTC register file
FEO2 ;
FEO3 ;
FEO4 ;
FEOS ;
FEOG6 ;
FEO7 ;
FEOS8 ;6850 ACIA control register status register
FEO9 ;6850 ACIA transmit data recieve data
FEOA ;
FEOB ;
FEQOC ;
FEOD ;
FEOE ;
FEOF ;
FE10 ; SERIAL ULA control register
FE11 ;
FE12 ;
FE13 ;
FE14 ;
FE15 ;



FE16
FE17
FE18
FE19
FE1A
FE1B
FE1C
FE1D
FE1E
FE1F
FE20
FE21
FE22
FE23
FE24
FE25
FE26
FE27
FE28
FE29
FE2A
FE2B
FE2C
FE2D
FE2E
FE2F
FE30
FE31
FE32
FE33
FE34
FE35
FE36
FE37
FE38
FE39
FE3A
FE3B
FE3C
FE3D
FE3E
FE3F
FE40
FE41
FE42
FE43
FE44
counter
FE45
FE46
FE47
FE48
counter
FE49
FE4A
FE4B
FE4C
FE4D
FE4E
FE4F

’

’

;68B54 ADLC

’

;Video ULA
;Video ULA

;ROM latch

;ALTATIR

4

4

; Shadow RAM

6522
6522
6522
6522
6522

6522
6522
6522
6522

6522
6522
6522
6522
6522
6522
6522

VIA
VIA
VIA
VIA
VIA

VIA
VIA
VIA
VIA

VIA
VIA
VIA
VIA
VIA
VIA
VIA

Disable interrupts

control register
palette register

Econet station ID

palette register

paged ROM ID write only

RAM protect

B+ only note different OS

Output Register B

Output Register A

data direction register B
data direction register A
T1C-L latches

T1C-H counter

TlL-L low order latches
T1L-H high order latches
T2C-L latches

T2C-H T2 high order counter
shift register

auxilliary control register ACR
Peripheral control register PCR
Interrupt flag register IFR
Interrupt enable register IER
ORB/IRB but no handshake

Input Register B
Input Register A

Tl low Order

T2C-L lo order



FES50
FES51
FE52
FES53
FE54
FES55
FE56
FES57
FES58
FE59
FES5A
FESB
FESC
FES5D
FESE
FESF
FE60
FE61
FEG2
FE63
FE64
counter
FE65
FE66
FEG7
FE68
counter
FE69
FEGA
FEGB
FE6C
FE6D
FEGE
FEOF
FE70
FE71
FE72
FE73
FE74
FE75
FE76
FE77
FE78
FE79
FE7A
FE7B
FE7C
FE7D
FETE
FETF
FE8O
FE81
FE82
FE83
FE84
FE85
FE86
FE87
FE88
FE89

6522
6522
6522
6522
6522

6522
6522
6522
6522

6522
6522
6522
6522
6522
6522
6522

FDC
FDC
FDC
FDC
FDC

VIA
VIA
VIA
VIA
VIA

VIA
VIA
VIA
VIA

VIA
VIA
VIA
VIA
VIA
VIA
VIA

Output Register B
Output Register A
data direction regi
data direction regi
T1C-L latches

T1C-H counter
Tl1L-L low order lat
TlL-H high order 1la
T2C-L latches

T2C-H T2 high order
shift register
auxilliary control
Peripheral control
Interrupt flag
Interrupt enable
ORB/IRB but no hand

command register
parameter register
reset register
illegal

data

ster B
ster A

ches
tches

counter

register
register
register
register
shake

ACR
PCR
IFR
IER

Input Register B
Input Register A

Tl low Order

T2C-L lo order

status register
result register

illegal
data



FE8A ;
FE8B ;
FE8C ;
FE8D ;
FESE ;
FE8F ;
FE90 ;
FEO91 ;
FE92 ;
FE93 ;
FE94 ;
FE95 ;
FE96 ;
FE97 ;
FE98 ;
FE99 ;
FEO9A ;
FE9B ;
FEO9C ;
FEOSD ;
FEOSE ;
FEOF ;
FEAQ ;68B54 ADLC control register 1 status register

FEA1l ;68B54 ADLC control register 2/3 status register
2/3

FEA2 ;68B54 ADLC Tx FIFO (frame continue) Rx FIFO
FEA3 ;68B54 ADLC Tx FIFO (frame terminate) Rx FIFO
FEA4 ;

FEAS ;

FEAG ;

FEA7 ;

FEAS8 ;

FEAS ;

FEAA ;

FEAB ;

FEAC ;

FEAD ;

FEAE ;

FEAF ;

FERO ;

FEB1 ;

FEB2 ;

FEB3 ;

FEB4 ;

FEBS ;

FEBG ;

FEB7 ;

FEBS8 ;

FEBO9 ;

FEBA ;

FEBB ;

FEBC ;

FEBD ;

FEBE ;

FEBF ;

FECO ;7002 ADC data latch A/D start status
FEC1 ;7002 ADC hi data byte

FEC2 ;7002 ADC lo data byte

FEC3 ;



FEC4
FEC5
FEC6
FEC7
FECS8
FEC9
FECA
FECB
FECC
FECD
FECE
FECF
FEDO
FED1
FED2
FED3
FED4
FEDS
FED6
FED7
FEDS
FED9
FEDA
FEDB
FEDC
FEDD
FEDE
FEDF
FEEO
FEE1
FEE2
FEE3
FEE4
FEES
FEEG
FEE7
FEES8
FEEO
FEEA
FEEB
FEEC
FEED
FEEE
FEEF
FEFO
FEF1
FEF2
FEF3
FEF4
FEF5
FEF6
FEF7
FEFS8
FEF9
FEFA
FEFB
FEFC
FEED
FEFE
FEFF

FIFO1
FIFO1
FIFO2
FIFO2
FIFO3
FIFO3
FIFO4
FIFO4

status

status

status

status

register
register
register

register



KA AHxFxFxxxxx EXTENDED VECTOR ENTRY

POINTS**********************************

;vectors are pointed to &F000 +vector No. vectors may then be directed

thru

;a three byte vector table whose XY address is given by osbyte AS,

Y=&FF

;this is set up as lo-hi byte in ROM and ROM number

(&F2 or less)

FEFOO JSR &FF51 ; E USERV

FFO03 JSR &FF51 ; B BRKV

FFO6 JSR &FF51 ;E IRQ1V

FFO09 JSR &FF51 ;E IRQ2V

FFOC JSR &FF51 ;E CLIV

FFOF JSR &FF51 ; E BYTEV

FF12 JSR &FF51 ; E WORDV

FF15 JSR &FF51 ; B WRCHV

FF18 JSR &FFS51 ; B RDCHV

FF1B JSR &FF51 ;E FILEV

FF1E JSR &FF51 ; E ARGSV

FF21 JSR &FF51 ; E BGETV

FF24 JSR &FF51 ; E BPUTV

FE27 JSR &FF51 ; E GBPBV

FF2A JSR &FF51 ;E FINDV

FF2D JSR &FF51 ;E FSCV

FF30 JSR &FF51 ; E EVENTV

FF33 JSR &FF51 ; E UPTV

FF36 JSR &FF51 ; E NETV

FF39 JSR &FF51 ; B VDUV

FF3C JSR &FF51 ; E KEYV

FE3F JSR &FF51 ;E INSV

FF42 JSR &FF51 ; E REMV

FF45 JSR &FF51 ; E CNPV

FF48 JSR &FF51 ;E IND1V

FF4B JSR &FF51 ;E IND2V

FF4E JSR &FF51 ;E IND3V

;at this point the stack will hold 4 bytes (at least)
;S 0,1 extended vector address

;S 2,3 address of calling routine
;A,X,Y,P will be as at entry

FF51 PHA ;save A on stack
FF52 PHA ;save A on stack
FF53 PHA ;save A on stack
FF54 PHA ;save A on stack
FF55 PHA ;save A on stack
FF56 PHP ;save flags on stack
FEF57 PHA ;save A on stack
FEF58 TXA ; A=X

FF59 PHA ;save X on stack
FF5A TYA ; A=Y

FF5B PHA ;save Y on stack
FE5C TSX ;get stack pointer into X
FF5D LDA #&FF ; A=&FF

FF5F STA &0108,X ;A

FF62 LDA #&88 ;

FF64 STA £0107,X ;

X=0,



FF67
FFo6A
FF6D
FF70
FF73

FF76
FF78
FF7B
FFTE
FF80
FF83
FF84
FF85
FF86
FF87
FF88

stack

LDY
LDA
STA
LDA
STA

LDA
STA
LDA
STA
STA
PLA
TAY
PLA
TAX
PLA
RTI

&010A,X ;this is VECTOR number*3+2!!
&0D9D,Y ;lo byte of action address
&0105,X ;store it on stack
&0D9E,Y ;get hi byte
&0106,X ;store it on stack
;at this point stack has YXAP and action address
; followed by return address and 5 more bytes
&F4 ;
&0109,X ;store original ROM number below this
&0D9F,Y ;get new rom number
&F4 ;store it as ram copy
&FE30 ;and switch ti that ROM
;get back A
;Y=A
;get back A
; X=A
;get back A
;get back flags and jump to ROM vectored entry
; leaving return address and 5 more bytes on

Frkkxkkxkxkk* preturn address from ROM indirection
khkkhkkhkhkhkhkhkkkhkhkhkhkhkhrkkkhkhkhkhkhx*

;at this point stack comprises original ROM number, return from JSR

&FF51,

;return from original call the return from FF51 is garbage so;

FF89
FF8A
FF8B
FF8C
FF8D
FF8E
FFO1
FF94
saved
FF97

FFOA
FF9B
FFOC
FFO9D
FFOE
FFOF
FFAL
FFA4
FFAS
FFAG

PHP
PHA
TXA
PHA
TSX
LDA
STA
LDA

STA

PLA
TAX
PLA
PLA
PLA
STA
STA
PLA
PLP
RTS

;save flags on stack
;save A on stack
; A=X
;save X on stack
; (&F7 or less)
&0102,X ;STORE A AND P OVER
&0105,X ;return address from (JSR &FF51)
&0103,X ;hiding garbage by duplicating A and X just

&0106,X ;
;now we have
; flags,
A,
7 Xy
;Rom no.,
i A,
; flags,
;and original return address on stack
;SO
;get back X
; X=A
;get back A lose next two bytes
;get back A lose
;get back A rom number
&F4 ;store it
&FE30 ;and set it
;get back A
;get back flags
;return and exit pulling original return address
; from stack

;FFA6 is also default input for CFS OSBPGB, VDUV, IND1V, IND2V,IND3V



;as these functions are not implemented by the OS but may be used
;by software or other filing systems or ROMs

LR i b I b Sb b S I b S b b Sb b db b S db I b 2b I S b b b S S 2b S Sb b S b b b Sb S b S b b b S e S b S I b S S R S b S b b I S b S b i a4
*

* OSBYTE &9D FAST BPUT

Kk ok K Kk K ok ko kK Kk ko ko kK ok kK ok ko ok ok ok ok ok ok ko ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ko ok ok K ok
FEFAT TXA ; A=X
FFAS8 BCS &FFD4 ;1f carry set BPUT

R I R i A b d b I b I b S b I b A b S 2 S 2b B A R S b S b S b S b b S b b S b S 2 b b 2b I S S 2b b S 2 S IR S b b S 2 b b i i 4
*

*

* OSBYTE &92 READ A BYTE FROM FRED

R IR i g S b i db b I I S S Sb I Ib b Sb b S 2b I b 2b B S b S 2b I S 2b S b S 2 b S 2b b S b S 2b b b 2b S b S 2b b I S R S 2b I b b I 2b b S db i S 4

’

FFAA LDY &FC00,X ;read a byte from FRED area
FFAD RTS ; return

R R e i b S b i Ib b I I b S b I Ib b db b S db I b 2b S db b S 2b b S 2b S Sb b S b b b b S b b b b b 2 e S b S 2b b S S b S b S b b I 2b b S b i a4
*
*

* OSBYTE &94 READ A BYTE FROM JIM

R i e g S i I I R b b b I I b b b b A I I b I b b b b b b b I b b b S b e A b b b b b b R b b b b b A b b b A I i b e S i 4
7

FFAE LDY &FD00,X ;read a byte from JIM area
FFB1 RTS ; return

R R i A i b i db b i 4 b S b I b I b S b b b B I b S b S b S b S b S S b I b S b b b S db S S b S S g S S S b b S 2b i S b S i 3
*
*



* OSBYTE &96 READ A BYTE FROM SHEILA

R R i i b S b i db b I I b S b I Sb b db b S 2b I b 2b S S b S 2b I b 2b S Sh b S b b b b b S b S 2b b b Sb e S Ib S 2b b S S b S b S b b I Sb b S b i a4

Iz

FFB2 LDY &FEQ00,X ;read a byte from SHEILA memory mapped I/O area
FFBS RTS ; return

FHRFxkkxxxxx DEFAULT VECTOR TABLE

R R A b i S i b b b I I b A b B b i b b b b b I I b A b b I b i b 4

FEFB6 DB 36 ; length of look up table in bytes
FEB7 DB 40 ; low byte of address of this table
FFB8 DB D9 ;high byte of address of this table

R I R I A S b i db b I I b S Sb S I b S S S 2b e S 2b I I b S 2b e S b S b S b b S 2b b S b S 2b b S 2b S b S 2b b I 2 S b S b b I 2b b I 2 i S 4
*

Kk ok kK ok ok ok ko k ok ok k ok ok ko k ok ok k ok ok ko ko ok ok ok ko ko ok ok ok k ko k ok ok ok ok ok ko k ok k ok ok k ko ok kK ok ok ok ok ko kK ok
*

* %

* %

*x OPERATING SYSTEM FUNCTION CALLS

* *

* *

* *

R R i g b S b i db b I db b S Sb I Ib b Sb b S 2b I b 2b I Sb b b 2b i S 2b I Sb b b b b S b b S b b 2b b b 2b e S Ib S 2b b I S R S b S b b I 2b b S b i a4
*

KA A A AR A A A A A A A A A A A A A A A A A A AR AR A A A A AR AR A A A A A A A AR A A AR A A A AR A AR AR A A A A A A Ak Ak k%

*

FFB9 JMP DCOB ; OSRDRM get a byte from sideways ROM

FFBC JMP &C4CO ; VDUCHR VDU character output

FEFBF JMP &E494 ; OSEVEN generate an EVENT

FEFC2 JMP &EALE ;GSINIT initialise OS string

FFC5 JMP &EA2F ; GSREAD read character from input stream
FFC8 JMP &DECS5 ;NVRDCH non vectored OSRDCH

FFCB JMP &EO0A4 ; NVWRCH non vectored OSWRCH

FFCE JMP (&021C) ;OSFIND open or close a file

FFD1 JMP (&021A) ;OSGBPB transfer block to or from a file
FFD4 JMP (&0218) ;OSBPUT save a byte to file

FFD7 JMP (&0216) ;OSBGET get a byte from file

FFDA JMP (&0214) ;OSARGS read or write file arguments

FFDD JMP (&0212) ;OSFILE read or write a file

FFEQ JMP (&0210) ;OSRDCH get a byte from current input stream
FFE3 CMP #&0D ; OSASCI output a byte to VDU stream expanding
FFES BNE &FFEE ;Carriage returns (&0D) to CR/LF (&0A, &0D)
FFE7 LDA #&0A ; OSNEWL output a CR/LF to VDU stream

FFE9 JSR OSWRCH ;



FFEC
FFEE
FFF1
FFF4
FFE7

LDA
JMP
JMP
JMP
JMP

#&0D
(&020E
(&020C
(&020A
(&0208

_—~ ~— ~— ~—

; OSWRCH output a character to the VDU stream

; OSWORD perform operation using parameter table
;OSBYTE perform operation on single byte !
;OSCLI pass string to command line interpreter

LR i b I b i S b I I b S b I Sb b db b S db I b 2b S S b S b S 4b S b b b b b b e S b b b b S S I S b S 2 b S b R S b S b b I S b S b i a4

*

6502 Vectors

R I i i b A I i R b b b db I b b b b A b B b b b b b b b b b I b b b b b e A b b e b b b R I b b b B b b b I b b S b b S 4

FEFFA
FFFC
FFFE

That's it the end of the

DW
DW
DW

&0DOO
&DI9CD
&DC1C

; NMI address
; RESET address
; IRO address

series and the end of Micronet.

See you on the new system or in the paper mags.

Geoff



