














88 Introducing Commodore 64 Machine Code

reached, saving your sprites from a fate worse than death.

Take a bigger cast-list ...

We can modify the program of Fig. 7.3 in an interesting way.
Suppose we started with the accumulator containing zero, and we
incremented the accumulator on each pass through the loop. This
would mean that we would produce on the screen each character for
the numbers @ to 255 (denary). What would happen then? Well,
since the accumulator can hold only eight bits, and 255 (denary) is
the largest number it can hold, is simply goes back to §§ again next
time itis incremented. Figure 7.4 shows the flowchart for this action,

SET FIRST
SCREEN
ADDRESS

Y

STORE=0
1st CHARACTER

STORE TO
SCREEN

| —1

INCREMENT
BOTH STORE
AND SCREEN

G

END

Fig. 7.4. A flowchart for printing the entire character set.
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(@)
CLC
LDA #0
TAX
STX 15¢
LDX #4
STX 151
TAY
LOOP: STA (150),Y
ADC #l1
INY
BNE LOOP
INC 151
LDX 151
CPX #8
BNE LOOP
RTS

(b)

1@ POKESE, 139:R=4@724

28 FOR N=1T027:RERD DX

38 POKE A+N,D%:NEXT

35 POKES3281,3

4@ SY540705

50 GOTOSO

108 DATR24,169.0,170,134,158,162,4,134,151,168,
145,150

118 DATR1@S., 1,299, 208,249,230, 151, 166,151,224,
8,208,241, 96

Fig. 7.5. (a) The assembly language version and (b) the BASIC listing for the
flowchart of Fig. 7.4.

and Fig. 7.5 shows the assembly language and the BASIC poke
program. There’s nothing here that should cause you any great
amount of head-scratching, because the only difference between this
and the program of Fig. 7.3 involves incrementing the accumulator.
As before, we have to clear the carry bit at the start of the program.
The step ADC #1 in the loop will then add 1 to the accumulator on
each pass through the loop. Try it, and you’ll see the full set of text-
mode characters appear. This is a good example of how a simple
program can be extended so as to do much more than the original
version. It’s an important point, because a lot of machine code
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programming is of this type. If you keep a note of all the assembly
language programs that you have ever used, along with what they
did, then you’ll find that this ‘library’ is a very precious asset. Very
often, you’ll find that any new program that you want to write can be
done by modifying or combining (or both) old routines that you are
familiar with. Another big advantage of this is that an old routine is
a trustworthy routine - a split-new one needs a lot of testing before
you can rely on it.

Oh yes, before I forget. Have you thought what happens when the
accumulator contains 255 (denary) and then has 1 added to it? What
will this do to the carry bit? Might we need a CLC somewhere in the
loop to counteract the effect? See if you can spot what the effect is,
and how to get round it.

Save it!

At this point, when our programs are getting slightly longer, and
doing more interesting things, it’s time to look at the topic of saving
machine code program on tape. Now you aren’t in any way obliged
to do this. Our machine code programs have all been, so far, in the
form of a BASIC program that poked numbers into the memory.
You can, obviously, just save this BASIC program, and it will create
the machine code for you whenever you want. When you are using a
mixture of BASIC and machine code, this is the ideal way of saving
and loading the machine code bytes. There are times, however, when
you need as much of the memory as possible, and another piece of
BASIC program is as welcome as an elephant in a space capsule.
You may also want to put on cassette a program that is a mixture of
BASIC and machine code, and to make it difficult for anyone to
copy it. Either way, you’ll want to make a direct recording of the
bytes that are stored in the memory. The ordinary BASIC
commands of the C 64 can cope with this but, as we’ll see, in arather
roundabout way.

Unlike most other machines, the C 64 has no special BASIC
commands for saving or reloading a machine code program. When
you use a machine code monitor program written for the C 64, you
will usually find that it includes routines for saving and loading
machine code. This is fine if you are using the monitor continually,
but another method of saving and loading would be useful.

Fortunately, the ordinary BASIC commands of SAVE and
LOAD can be pressed into service. When the SAVE command is
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used, the C 64 saves a BASIC program. This means that all the bytes,
starting from address 2¢49 and going up to the last byte of BASIC
will be saved. The first two bytes that are saved, in fact, are always
the two which give the end of the BASIC program. Where does the
machine obtain these addresses? From its zero page memory. The
start of BASIC, as you know by now, is held in addresses 43 and 44.
The end of BASIC, which is the same as the start of the variable list
table, is held in addresses 45 and 46. If we change the numbers in
these addresses, we should be able to control the saving or loading
for any other part of the memory.

1@ POKESE, 159:R=4@704

20 FOR N=1T0100

30 POKER+N, N:NEXT

40 POKE43,255:POKE44, 158
S@ POKE4S,101:POKE4E, 139
60 SRVE"MC"

70 POKE43,1:PQOKE44.8

88 POKE4S,3:POKE46.8

Fig. 7.6. A program which pokes numbers into memory and then saves them
on tape. This illustrates how machine code programs can be saved and
reloaded.

Let’s try it out. Figure 7.6 shows a BASIC program which pokes
numbers into memory, and then saves them. We could, of course,
have used genuine machine code, but the sequence of numbers is
easier to recognise. As usual, memory is reserved, so that the
hundred numbers are not in danger of being changed by the action
of the machine. Lines 40 and 50 then carry out the pokes that are
needed to reset the page () numbers. In place of the normal start-of-
BASIC number that we place in 43 and 44, we put an address which
is two bytes below the start of our set of numbers. The subtraction of
2 is important, because if we use the true starting address, the
operating system will replace the first two numbers by two bytes of
an address, the end-of-program address. We then poke the last
address of our program into addresses 45 and 46. Following that, we
can use an ordinary SAVE command. This gives the usual tape
message, and lines 7¢) and 8 then restore the normal numbers into
the page @ locations.

Now we have to prove that it works. RUN the program, with a
spare blank cassette in the recorder. Carry out the usual PRESS
RECORD AND PLAY action when requested, and let the
program finish. Now rewind the tape, which should contain all the
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numbers that were poked into memory. Now switch off the C 64.
When you switch on again, all the addresses will be reset, and the
numbers will be lost. To replay the tape, you need to reset the page
zero numbers again, LOAD, and then restore the page  numbers.
You can’t carry out all thisin a program, because the normal LOAD
action does not operate if there are program lines following a
LOAD.

To recover the program, then, first reserve the memory by typing
POKES6, 159 (RETURN). Then change the numbers in addresses
43 and 44, using:

POKE43,255:POKE44,158

as before. Now LOAD“MC” to get the bytes in place. After loading
is complete, type:

POKE43,1:POKE44,8:POKE45,3:POKE46,8

This will restore the normal numbers in the zero page addresses. You
can then check that the numbers have been replayed. To do so, type:

FORN=ITOI109:7PEEK (49704+N);“ “;:NEXT

and press RETURN. You should see the numbers listing on the
screen. This proves that a machine code program can be saved and
loaded by using only the ordinary BASIC commands.

Don’t imagine, by the way, that this applies only to machine code
programs. Any section of the memory can be saved and reloaded by
using this method. Since the screen is controlled by the bytes in
memory from 1¢24 to 223 (denary), you can SAVE and LOAD
screen patterns in this way. The patterns are rather spoiled by the
messages that appear during loading, though, so for best results, you
should disconnect the screen display from the keyboard output. You
can do this with POKE154,4. The screen can be reconnected with
POKEI154,3. While the screen is disconnected, you will see nothing
appearing when you type POKE154,3. The effect will be obvious,
however, when you press RETURN and then make any other use of
the keyboard, such as listing a program.

Take a message ...
After that brief interlude on the subject of saving and reloading

machine code, let’s get back to the programs. We left Fig. 7.5, you
remember, writing characters on the screen. It’s time now that we
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looked at ways of putting something more interesting on the screen,
and letters look like a reasonably simple start to this type of
programming. What do we have to do? Well, to start with, we need
to store some ASCII codes for letters somewhere in the memory; we
can’t just use a string variable as we would in BASIC. We will have
to know the address at which the first of the letters is stored, and how
many letters are stored starting at this address. After that, we should
be able to work a loop which takes a byte from the ‘text space’ (where
the letter codes are stored) and put it into the screen space (the screen
addresses). We've already used the main type of instruction that we
need for this sort of thing — the auto-incremented load or save. To
work, then.

We start, as always, with a flowchart. It’s not so easy this time,
because we need a different way of ending the loop. We could count
the number of letters that we want to place on the screen, but I want
to look at a different technique this time - using a terminator. You
are probably familiar with this idea used in BASIC programs. A
‘terminator’ is a byte which the program can recognise as a special
character — one which is not, for example, part of a message. A
convenient terminator for a lot of purposes is ¢}, so we’ll try that. The
difficulty arises because we don’t want this terminator printed on the
screen. Because of the way that the C 64 uses its code numbers, the
number ¢ actually would give us a printed character - the @. We
don’t want this to appear, so we must test the accumulator between
loading the byte from memory and placing it into the screen
memory. That, as you'll see, makes the loops more complicated.

The flowchart that we need is shown in Fig. 7.7. What we have to
do is to store two addresses. One of these will be familiar, it will be
part of the screen memory. This has to be the address of the first byte
that we will want to put on the screen. The other address has to be a
store address, the start of a string of bytes that will be used to store
ASCII codes, and which will not be used for anything else. We can
clear things up for ourselves by giving these two addresses label
names. I’ve chosen SCRN for the screen memory, and TXT for
where we’re storing the codes. What we do, then, having allocated
these addresses, is to load a code from TXT, and increment the TXT
address. We then test the character, to see if it’s our terminator of §.
If it is, we want to leave the program at once. If it’s not, then we store
this byte at SCRN, increment the SCRN address, and go back for
another character. Now this gives us a flowchart which has two
jumps. One of these is the ‘go back’ part, the other is the part that
goes to the end. What is this going to look like in assembly
language?
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START

SET 1st
SCREEN

|

SET 1st
TEXT

+<:>

TAKE BYTE
FROM TEXT

Y

INCREMENT
TEXT
ADDRESS

IS TEXT
BYTE ¢?
NO

STORE AT
SCREEN
ADDRESS

Y Y

INCREMENT
SCREEN
ADDRESS

S |

YES

END

Fig. 7.7. A flowchart for printing a message on the screen.

The answer appears in Fig.7.8. It follows the flowchart pretty
exactly, and the parts we particularly need to look at are the BEQ
and the BNE steps. At the BEQ step, the accumulator has been
loaded from the TXT piece of memory, whose starting address is
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(@)
LDX #0
LOOP: LDA TXT,X ;get character
CMP #§ sis it 97
BEQ OUT  ;end if so
STA SCRN,X;put on screen
INX ;increment index
BNE LOOP ;round again
OUT: RTS ;back to BASIC

(b)

1@ POKESE. 159:A=40704 : B=40853

20 FOR N=1 TO 16:READ D%

30 POKE A+N,DZ:NEXT

4@ REM POKE LETTER CODES

50 FORJ=1TO13:RERD D%:POKE B+J,D%:NEXT
60 PRINT"O"

7@ POKES3281.,3

80 SYS407@5

160 DATR162,8,189,160,139,201.,0,240,6
118 DATR1S7,224,5,232,208,243, 96

120 DATARR.15,13,13,15,4,15,18,5,32,34,52.2

Fig. 7.8. (a) The assembly language for the message routine, and (b) the BASIC
listing.

$9FAQ. This translates into denary as the two bytes 160,159; this is
the denary address 4¢864. I have picked an address which is well
clear of the addresses that we are using for the program. The
accumulator is loaded using X indexed addressing, and the X
register has been loaded with zero. As a result, the first load of the
accumulator will come from the address 49864. This will be the byte
3, which is the C 64 internal code number for the letter ‘C’ when we
are using this method of placing text on the screen. The CMP § step
is put following the load so that the § byte can be detected at the end
of the message. BEQ means ‘branch if equal to zero’, and the
displacement that follows this instruction byte will take the program
to the RTS instruction, skipping over the steps between the BEQ
and the RTS. If the byte is not zero, however, it is stored at the
SCRN address, using the X register once again for indexing. We
then have to get back for another character. Since this needs a jump,
and one that must always be made at this point, we could use the
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JMP instruction. JMP, however, has to be followed by a full two-
byte address, and it’s a lot easier to use BNE. At this point in the
program, the byte in the X register can never be zero (unless you’re
trying to place too many letters on the screen). As a result, BNE will
always return the program to the LOOP position. This will continue
until a zero is loaded into the accumulator, and the BEQ OUT step
forces the program to return to BASIC.

That explained, we can convert into the form of a BASIC
program, and try it out. We’ll place the bytes into memory in a fairly
simple way, by poking them into memory from a DATA line. This is
done in line 5¢. Lines 2¢) to 3¢) have previously put the machine code
into place, and line 8¢ runs it. When it runs, you see the message
appearing.

Perhaps we can deal now with one annoying point about placing
text on the screen. In all of the preceding programs that use text on
the screen, we have had to poke the colour background to make the
characters visible. In a looping program of this sort, we can do a lot
better. What we shall do is to place the number | into each letter
position in the colour addresses. If you remember your C 64 BASIC,
you will recall that adding 54272 denary (which is $D4¢ @) to a text
memory address gives the corresponding colour address. By poking
a number between | and 15 into this address, we can get different
‘foreground’ colours of characters.

This sort of thing needs only a comparatively small change to a
machine code program. Figure 7.9 shows the assembly language
version. Following the STA SCRN,X step, which places the
character code into text memory, we have a LDA #1 and STA

LDX #¢
LOOP: LDA TXT,X
CMP #§
BEQ OUT
STA SCRN,X
LDA #1
STA COLR,X
INX
BNE LOOP
OUT: RTS

Fig. 7.9. Modifying the routine so that the colour memory is poked. This
ensures that the text can be seen without having to change the background
colour.
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COLR,X pair of steps. These place the number 1 into the correct
colour memory addresses, provided we get the base address correct.
The base address for text is $¢SE@), and adding $D4¢§ to this gives
$DYE@. In denary, it's 55776. By using this method of placing
characters on the screen we avoid having to poke the address 53281,
and we also avoid having to press the STOP and RESTORE keys at
the end of the program. Another small step forward!

Sailing out of the port

When I described the action of the computer system in Chapter 1,
the idea of a ‘port’ was raised. As far as a computer is concerned, a
port is any chip or collection of chips that carries out the actions of
sending bytes out or taking bytes in. As it happens, the port
arrangements of the C 64 are rather complicated, and they are
organised in a rather complicated way. Fortunately, until we start to
make use of really advanced graphics, or unless we want to make
non-standard cassette recordings, we don’t have to take control of
the ports. The sound system and the special video effects, such as
sprites, are dealt with by special chips.

As it happens, carrying out these types of action in machine code
is particularly simple, because to do so we don’t have to understand
the port system. The C 64 uses POKE commands in BASIC for its
sound instructions. That means that we can use identical methods in
machine code, but using LDA (immediate) to get a byteand STA to
place it into memory. Wherever anything can be done in BASIC by
using POKE, we can use this LDA STA combination in machine
code. We very seldom have to bother, though. That’s because we can
do all that’s needed from BASIC. There’s no point in using machine
code for sound, because the speed of machine code is no advantage -
you will have to use a delay loop in any case to get the correct
duration of sound. It’s only where you have to achieve video results
that are impossible with normal sprite graphics that you really need
to get to grips with the video interface chip of the C 64. That’s
definitely not a job for the beginner to machine code, and we'll leave
it strictly alone!



Chapter Eight
Debugging, Checking
and MIKRO

Debugging delights

Now that you have experienced some of the delights of machine
code programming, it seems fair to mention some of the drawbacks.
One of these is debugging. A ‘bug’ is a fault in a program, and
debugging is the process of finding it and eliminating it. It all sounds
rather insecticidal, but it’s nothing like as easy as that!

It’s easy to say, I know, but the first part is prevention. Check your
flowchart carefully to make sure that it really describes what you
want to do. When you are satisfied with the flowchart, turn to the
assembly language to make sure that it will carry out the instructions
of the flowchart. When you are happy with this, then check that the
bytes you intend to poke into memory are the bytes which
correspond to the assembly language instructions. One thing to
watch very carefully is that you have the correct code for the
addressing method that you are using. If you check each stage inthe
development of a program in this way, you will eliminate a lot of
bugs before they are up and flying. Don’t feel that you are a failure if
the program still doesn’t run - unless a machine code program is
very simple, there’s a very good chance that there will be a bug in it
somewhere. It happens to all of us - and it’s only by experience that
you can get to the stage where the bugs will be few in number and
easy to find.

If you use an assembler, one source of bugs completely dis-
appears. Human frailty means that the process of converting
assembly language instructions into machine code bytes is error-
prone. That’s because it means looking up tables, and anything
which involves looking from one piece of paper to another is highly
likely to introduce mistakes. I shall briefly describe the action of the
MIKRO assembler later in this chapter. At the time of writing, there
were several assemblers available for the C 64, but MIKRO has
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several advantages, one of which is that it can be obtained in one
cartridge along with a monitor program called TIM. There’s more
on monitors later in this chapter as well! If machine code has really
caught your imagination, and you feel that you want to branch out
into more advanced work than we have space for in this book, thena
good assembler and monitor program are essential. You will have to
be prepared to pay quite a lot for such a program. If, however, you
intend to be just a dabbler, spawning the odd drop of machine code
now and again, then the poke-to-memory methods that we have
used so far will be perfectly adequate.

Using these methods, however, means that there will be bugs
lurking in each corner of the code. The main cause of these bugs is
weariness. Converting an assembly language program into hex
bytes, and writing them in the form of DATA lines for a BASIC
poke program is a tedious job, and all tedious jobs result in mistakes
(ever driven a ‘Friday car’?). Faulty address methods are one
common result of tedium, and simply writing down the wrong code
is another. One very potent source of trouble is with branch
displacements. You may get the number wrong somewhere between
subtracting addresses and converting a number (particularly a
negative number) to hex. Another problem arises when you modify a
program, and add code between a jump instruction and its
destination. Having done that, you then forget to alter the size of the
displacement byte! This is a problem which simply doesn’t arise
when an assembler is used. An incorrect jump will nearly always
cause the computer to lock up. You can often restore control with
the use of the STOP and RESTORE keys, but not always, and you
will sometimes lose your program (you did record it, didn’t you?).
Another form of incorrect branch is doing the opposite of what you
intended, like using BEQ in place of BNE or the other way round.
Careful thought about what the jump will do for different sizes of
bytes should eliminate this one.

A lot of problems, as I have already said, can be eliminated by
meticulous checking, and it pays to be extra careful about branch
displacements, and about the initial contents of registers. A very
common fault is to make use of registers as if they contained zero at
the start of the program. You can never be certain of this. It’s safer,
in fact, to assume that each register will contain a value that will
drive the computer bananas if it is used. With all that said, and with
all the effort and goodwill in the world, though, what do you do if
the program still won’t run?

There’s no single, simple, answer. It may be that your flowchart



100 /ntroducing Commodore 64 Machine Code

doesn’t do what you expect it to do, and if you didn’t draw a
flowchart, then you have got what you deserve. It may be that you
are trying to make use of a C 64 ROM routine and it doesn’t operate
in the way that you expect. When you have enough experience in
machine code to follow more elaborate programs, you can make use
of a disassembly of the ROM. At the time of writing, there is a very
useful book called Inside the Commodore 64 by Milton Bathurst,
published by DataCap in Belgium. It’s available from major
booksellers. This book is a complete listing, with comments, on the
ROM of the Commodore 64. There is also much on the use of the
RAM, in particular the page zero addresses. Once again, this is for
the really serious C 64 machine code programmer. All I can do here
is to give you general guidance on removing the bugs from a
program that seems to be well-constructed but which simply doesn’t
work according to plan.

The first golden rule is never to try out anything new in the middle
of a large program. Ideally, your machine code program will be
made up from subroutines on tape, each of which you have
thoroughly tested before you assembled them into a long program.
In real life, this is not so easy, particularly when the subroutines exist
only as DATA lines for BASIC poke programs. As usual, users of an
assembler have the best of it, because they can keep assembly
language instructions stored like BASIC programs, and merge and
edit them as they choose.

The next best thing to keeping a subroutine library on tape is to
have extensive notes about subroutines. In addition to routines of
your own, you can keep notes on routines which you have seen in
magazines. Personal Computer World runs a series called SUBSET
(and I wish they would reprint it as a book!). This consists of several
general-purpose machine code routines each month. Most of these
are for the two most-used microprocessors, the Z80 and the 6502.
Even if you don’t use the routines, the way in which they are
documented should give you some ideas about how you should keep
a record of your own routines - I personally would buy the magazine
for this feature alone! If you are going to use a new routine in a
program, it makes sense to try it on its own first so that you can be
sure of what has to be placed in each register before the routine is
called, and what will be in the registers after. Look at the examples in
SUBSET, and see how well this information is presented.

Planning of this type should eliminate a lot of bugs, but if you are
still faced with a program that doesn’t work, and which you don’t
want to have to pull apart, then you will have to use breakpoints. A
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breakpoint, as far as the C 64 operating system is concerned, is the
byte $60. This is the RTS byte, and its effect is to return to BASIC.
When you are back in BASIC, you can examine the contents of
memory by using PEEK instructions. The principle is to pick a point
in the program at which something is put into memory. If you place
a $60 byte following this, then when the program runs, it will return
to BASIC immediately after the memory is used. By using a PEEK,
you can then check that what has been loaded into the memory is
what you expect. If it isn’t, you should know where to look for the
fault. If all is well at this point, then substitute the original byte that
belongs in place of the $6., and place the $60 at the next address
following a memory store command. This type of action, however, is
much more easily carried out with the help of a good monitor
program, of which more later.

The most awkward fault to find by this or any other method is a
faulty loop. A faulty loop always causes the computer to lock up.
Though the STOP and RESTORE keys will usually get you out of
trouble, this will not always be the case. For example, it’s possible
for a program that runs wild to alter one of the bytes that controls
the use of the keyboard, so that you find you can’t use the keys even
if you regain control! The action of the STOP and RESTORE keys,
for example, can be disabled by pokingto address 88 (denary). The
main cause of this sort of thing is a loop back to the wrong position.
For example, if we had a program, part of which read:

LDX,#SFF
LOOP: DEX
BNE LOOP

we could encounter problems. Suppose that this was assembled by
hand, and we made the branch back to the LDX instruction rather
than to the DEX instruction. This would result in the X register
being kept ‘topped up’, and never decremented to zero, so that the
loop would be endless. A mistake like this is easily spotted in
assembly language, because the position of the label name is easy to
check. It is very much more difficult to find when you have only the
machine code bytes to look at. As always, taking care over loops is
the only answer, and the method that has been shown in this book,
of calculating and checking displacements, is a good precaution.
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The TIM monitor

I mentioned monitors briefly earlier on in this chapter. This has
nothing to do with a TV monitor, which is a sort of superior quality
TV display for signals. A monitor in the software sense is a program,
one which checks (or monitors) each action of a machine code program.
Amonitoris (orshould be!)a machine code program which can be put
into the memory at a set of addresses that you aren’t likely to use for
anything else. Once there, a monitor allows you to display the
contents of any section of memory (in hex), alter the contents of any
part of RAM, and inspect or alter the register contents of the 6502.
These are the most elementary monitor actions, and it’s useful if a
section of program can be run, breakpoints inserted, and registers
inspected on a working program. The ideal monitor would be one
which could carry out the steps of a machine code program one at a
time, displaying the register and memory contents at each step. Such
a monitor was available for the old TRS-80 Mk. 1, and would be a
very welcome item for serious machine code programmers on other
machines.

MIKRO monitor

The MIKRO assembler/monitor cartridge contains, among its
many facilities, an excellent monitor which is modelled on the TIM
monitor which was available for the older ‘PET’ computers. The
C 64 has to be switched off while the cartridge is inserted but, once in
place, the cartridge can be left in until you need to use another type
of cartridge. Simply placing the cartridge in position does not cause
the monitor to run - you have to call it up by typing TIM (then
RETURN). This causes the TIM display to appear on the screen
(Fig. 8.1). This shows the TIM starting address, and underneath it
the contents of the main registers of the 6502 along with important

CALL @ 814B
ADDR IRQ SR AC XR YR SP
s814B  EA31 4D ¢¢9 ¢¢ ¢¢ FB

Fig. 8.1. The TIM monitor message on the screen. This will appear each time
you start the monitor by typing TIM and pressing RETURN.
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addresses. If we ignore the addresses for the moment (at this stage in
learning to use machine code they are not important), we can look at
the register bytes. These are the five main register contents of Status
Register (shown as SR), Accumulator, X index, Y index, and Stack
Pointer. If you have just switched on the C 64, the accumulator and
the index register will contain zero. The status register normally has
the value of 4D (several flags including the carry flag are set), and
the SP register is not at its starting value of $FF.

All this may not be of much use to you right now, but as we move
into more advanced machine code work, you’ll see that a register
display like this can be very useful indeed. You can call up this
register display whenever you want by typing the letter R (then
RETURN). All the actions of the monitor can be called up using the
combination of a full-stop and a letter, such as .R. While the
monitor is waiting for another command, however, it places a full-
stop on the screen so that you only have to press the letter of your
choice, and then press the RETURN key. Figure 8.2 shows what
options are available from these single-letter commands.

Now you won’t necessarily want to use all of these options - some
of them might never be of particular interest to you. Instead of
dealing with them in order, then, we’ll pick a few that are the most

M - Display contents of memory in hex. M has to be followed by a start
address and an end address, in four-digit hex.

S _ Save a machine code program on tape or disk.
L - Load a machine code program from tape or disk.

G - Execute a program. G has to be followed by the starting address of the
program, in four-digit hex.

H - Hunt through memory for a group of bytes. H has to be followed by a
start address, an end address, and the bytes that are to be found, all in hex.

T - Transfer a block. T must be followed by the start address of the block,
the end address, and the new starting address.

D - Disassemble code. The starting address and the end address for
disassembly must follow. The display fills the screen and remains until a
key is pressed to display the next piece of the disassembly.

X - Return to BASIC.

Fig. 8.2. The TIM menu for the MIKRO package - typical functions of a
monitor.
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useful to the beginner in machine code. Of these the *. M’ command
(Memory inspection) is the most important. When you press .M
(usually just M for the reason above), you should then type a space.
This has to be followed by the starting memory address that you are
interested in. This must be typed as a four-digit hex number. For
example, the address 2B must be typed as §2B. You then have to
type another space, and then the ending address of the section of
memory you want to investigate. Again, this must be in the form of a
four-digit hex number. Nothing happens until you press RETURN,
so that you have time to change your mind. When you press
RETURN, you will see the screen display the section of memory
which you have requested. The column at the left-hand side contains
a full stop, a colon, and then the starting address for each row of
numbers, and there are eight numbers in each row. The numbers
that are stored in the addresses are then shown in these rOws.
Suppose, for example, that we look at the row whose starting
number (on the left-hand side) is §P4¢. The first byte in this row is
the byte which is stored at $§@40, the next byte is the one stored at
$0941, and so on.

While TIM is displaying contents of memory in this way, you can
alter any of the bytes in any of the displayed addresses. This is done
in exactly the same way as you edit a BASIC program. You place the
cursor over the first digit of the byte, using the arrowed cursor
control keys. You then type the digit that you want, and follow up by
typing the second digit of the byte. Of course, if you want only to
alter one digit, you can place the cursor over it and type one digit.
This must be a valid hex digit. When you press RETURN, the value
will be placed in the memory. If you typed a letter which does not
make sense, no change is made. One particularly useful feature of
this ability to alter code is that you can make any byte in your code
equal to $¢¢). This is the BRK (Break) command, and its effect will be
to return you to the TIM monitor. This is not the same as RTS,
which normally returns you to BASIC. When you use BRK to
return to the monitor, you can then make use of the .R command to
inspect the registers of the 6502, and the .M command to see what
has happened in the memory. Placing the $¢¢ code in a machine
code program is called ‘setting a breakpoint’, and it’s a particularly
useful way of finding out what a program is doing at some particular
point in its path.

The next most important instruction, then, as far as we are
concerned at the moment, is “.R’, as we mentioned earlier. Pressing
the R key causes the register contents of the 6502 to be displayed
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when you press RETURN. Unless the machine has been interrupted
in the middle of a program, there won’t be much to look at here, but
when you come to make use of the more advanced features of TIM,
like the use of breakpoints, it will be very useful. The contents of all
the registers are shown, and normally we’ll be looking at the
contents of the A,B,X and Y registers in particular. What this means
is that when you run your machine code program with the
breakpoint inserted, the program will stop at the breakpoint, and
the screen will show the contents of the registers, when you use the
* R’ command. This is very often all that you need to spot where a
program has gone wrong. TIM allows you to set up as many
breakpoints as you like, though you can only have a breakpoint in
place of an operating code. If, for example, you have a piece of
machine code for the instruction LDA $4¢50, then this consists of
the opcode $AD followed by the address bytes $5 and $4¢. If you
want to break here, you can only replace the opcode $AD by $00,
not the address bytes. Only an opcode represents an instruction to
the 6502. When the program stops at a breakpoint, you can inspect
the contents of registers, use .M to examine memory, and then allow
the program to continue by pressing .G’. You can even alter the
contents of the registers before you start the program again, but this
is not the sort of thing you want to try until you have rather more
experience with machine code. It's useful, though, if you are
checking the action of a loop, and you want to see what happens
when the content of a register reaches some value like $FF or $09.
Instead of going round the loop dozens of times, you can go round
once to check that the loop is working, and then alter the register
contents so as to make the loop stop - and then check that it does.
Altering the 6502 registers is done after you have used .R to display
the register contents. All you need to do is to place the cursor over a
digit, and then type the value that you want, and press RETURN.
This value will then be placed into the register when the program is
resumed. The .G has to be followed by a space, then a four-digit
address for the next instruction that you want to carry out.
Wherever you have used breakpoints, you should clear them after
you have finished investigating, by using .M, followed by editing.

These are very powerful methods of debugging and sorting out a
program, and yet they form only part of the facilities that this very
useful monitor offers. The lack of SAVE and LOAD facilities for
machine code programs, for example, is remedied in TIM. The .S
command will save a machine code program, for which you have to
specify a filename, cassette or disk storage, the starting address for
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the code, and the end address plus 1. All numbers must be in hex,
using four digits for addresses and two for single bytes. For example,
suppose you want to save on cassette a program which started at
$9F6¢ and ended at $9FE2. The SAVE command would be typed
as:

.S“MCPROG”,p1,9F6,9FE3

Of this lot, the .S is the save command, and MCPROG is a filename.
The Q1 specifies that we are using cassette - 8 would mean that you
wanted to save on disk. You must use f1 or #8, not 1 or 8. The start
address then follows, and the end address has 1 added to it. Commas
are used to separate the numbers. Reloading a program from
cassette is much easier - all you need to type is:

.L“MCPROG”

or even .L if you are content to load the first program on the tape.

Last, but quite certainly not least, the TIM monitor allows you to
search for bytes, transfer bytes, and disassemble memory. Suppose
you want to see if the byte 2D occurs between 9FP@ and 9FFF. If
you type .H 9FP@ 9FFF 2D, and then press RETURN, the screen
will display each address in the range where this byte occurs. You
can look for groups of bytes also, which is often more useful. For
example, if you are looking in the ROM for a load from the address
7A (code 85 7A), and you think that this might be in the region
between $APPP and SAFFF, then .H Appp AFFF 85 7A will find
the ten addresss at which this combination of codes appears. If you
want to place a piece of ROM code into your own program without
having to copy it byte by byte, you can use the .T command. The .T
has to be followed by the starting address of the bytes you want to
copy. then the finishing address, then the new starting address. If,
for example, you want to place the code that lies between SAB7B
and SABA4 into memory at $9F@@, then the command you need is:

T AB7B ABA4 9F¢(

Finally, the .D command allows you to disassemble the memory.
This is particularly useful for ROM, if you have no printed
disassembly. The .D command has to be followed by a startingand a
finishing address, both in four-digit hex. The result of pressing
RETURN is a disassembly display. This consists of 25 lines of print
on the screen (unless you have requested only a small amount of
code). Each line contains a reference number, an address (of the
opcode byte), the code in hex, and its assembly language version.
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Some parts of the ROM contain nothing but data bytes, with no
opcodes, and if these are not numbers which could be taken as
opcodes, they appear as BYT instructions. If the disassembly
extends to more than 25 lines, pressing any key will display another
25 lines, until all of the requested memory has been disassembled.
The use of the disassembler is particularly useful if you want to make
use of ROM routines.

When you have made use of the TIM monitor to your satisfaction,
you can then press the X key to return to BASIC. Allin all, it’s a
most satisfactory piece of software, and all the more remarkable
because it’s only part of a complete package which features the
MIKRO assembler — and that’s what we are going to deal with next.

Using the MIKRO assembler

At the time when this book was being written, there were several
assembler programs for the C 64, but the MIKRO assembler was by
a long way the most useful product in my estimation. Even though
this is an introductory book for readers who may never go as far in
machine code as to use an assembler, a description is necessary.
Dispensing with a description of this assembler would be like writing
a history of aviation and omitting the names of Alcock and Brown -
even though not many readers would have direct experience of their
flight.

Any assembler worthy of the name will be written in machine
code. MIKRO goes one step further by beingin cartridge form. This
is a great advantage, because an assembler that has to be loaded
from tape can be a nuisance. The reason is that inevitably when you
are developing a machine code program with an assembler, the
program will run away from you at some stage in testing. When it
does so, it usually manages to corrupt memory (change stored
values), and it will be as likely to corrupt the assembler as anything
else if the assembler is in RAM. With the assembler in cartridge
ROM, its code is safe, and you can return to it at any time.

All assemblers are different, and it’s likely that my description of
how to proceed with MIKRO will not exactly match the action of
any other assembler. The principles, however, are the same, and it’s
a matter of learning a different sequence of commands. The
differences between assemblers are rather like the differences
between computers - but if you know the language, the differences
become less important. The language in this case is 6502 assembly
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language. What you have to learn is how you type a program in such
a form that the MIKRO assembler will deal with it, process it into
machine code, and store the code so that you can run the program.

Driving the MIKRO

Before you can get to grips with MIKRO, you need to know how it
copes with the problem of assembling your instructions. The
principle is that you type your assembly language program in
numbered lines, just as you would write a BASIC program. This is
not coincidental, because your program can be written even if the
MIKRO cartridge is not installed! Y ou are simply using the facilities
of the C 64 to write lines of instructions. Provided you don’t call on
the C 64 to run them, you don’t need the MIK RO present - not until
you assemble the program, that is. Your lines of assembly language
can be saved on tape in exactly the same way as you save any BASIC
program. What distinguishes this program from BASIC is that it
uses assembly language, and that it contains directions to the
- assembler program. It is, however, an advantage to have the
MIKRO assembler cartridge present when you type the program.
One good reason is that you can type AUTO (then RETU RN), to get
auto line numbering. When you type AUTO and press RETU RN,
the number 10§ appears on the screen. This is the starting line
number. Each time you press RETURN after having typed a line of
BASIC or of assembly language, a new line number will appear. The
numbers rise in tens in the conventional way, so that you will see the
sequence 10§, 119, 120 ... and so on. This is such a useful facility
that 1 always have the MIKRO cartridge installed when I use
BASIC.

The AUTO command can be modified to change the start number
and the increment number. For example, typing AUTO 19,5 will
give a starting number of 19, going up by 5 each line. You can break
out of the automatic sequence of line numbers by pressing the
RETURN key.

Another very useful editing command that MIKRO offers is the
DELETE command, sadly omitted from the C 64. DELETE can be
followed by two line numbers, separated by a dash. Its effect will be
to delete these line numbers and all the line numbers between them.
For example, DELETE 100-20@ will delete 19¢, 110, 12¢ ... all the
way up to 20f. You can also omit one of the numbers in the
command, so that DELETE 20§ - will delete line 2¢¢) and all the line
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numbers higher than 2¢@, and DELETE —30¢ will delete all line
numbers up to and including 3¢§.

In addition to these editing commands which are equally useful
when you are writing BASIC programs, MIKRO has two
commands which are specifically intended for assembly language
programming. FORMAT will cause any listing to be organised into
neat columns, showing the address, label, opcode, operand and
remarks separated, no matter how you typed them in the first place.
This is particularly useful for assembly language programs, which
can be hard to check unless they are neatly set out. The other very
useful command is FIND. FIND has to be followed by a name, such
as a label name, and it will list on the screen (or printer) each line in
which this label name occurs. FIND will also work with a BASIC
program, and it’s very useful for tracing where you have used
variable names. For example, FIND X will list each line in which X
has been used. The line is not printed in the usual BASIC way, but
rather in the style of an assembly language program. You can
restrict the action of FIND to a set of lines by adding line numbers,
separated by a dash, following a comma. For example, FIND
LOOP, 159-3pp would list each line between 159 and 309 which
contained the word LOOP. You can use the same variations as
DELETE and LIST, so that FIND LOOP, 40¢- and FIND
LOOP,-20p9 can be used.

Two other commands are also useful. The NUMBER command
will carry out number conversions for you. For any number (in the
normal range) following NUMBER, you will get a listing of the
same number in hex, denary, octal (scale of eight, not used much
nowadays) and binary. The different number types are identified by
using the $ prefix for hex, @ for octal, and % for binary. If, for
example, you type NUMBER123, you will see the display:

HEX= $ 7B
DECIMAL= 123
OCTAL= @pPp105
BINARY = %09ppP0000 1090101

You can type your number in any of these scales, so that
NUMBERS$45 or NUMBER@215312 or NUMBER%1191110111
would all result in a display of the number in all its forms. The
command DISASSEMBLE is also available, giving the same
action as we noted for the .D command in the TIM monitor.
Now the assembly language that is used by MIKRO is fairly close
to the standard that Mostek, the manufacturers of the 6502, have
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laid down. It isn’t exactly identical, but the differences are very
small. One that you'll notice is that remarks are separated by an
exclamation mark rather than a semicolon. We’ll look at some of the
differences here, but others are of interest only when you have had
much more experience with machine code. The other way in which
this program will differ from BASIC will be in the instructions to the
assembler. It isn’t enough to provide a set of assembly language
instructions. You must, for example, specify in what addresses in
memory you want the code to be assembled. As so often happens,
though, you’ll find that a standard set of these instructions will
suffice for practically all of your uses. The MIKRO assembler will
not place code in the addresses that we have been using for examples
up till now. This is because it uses these addresses for its own
purposes. 4K of memory, starting at address SCPpP@, can be used for
your own routines. Alternatively, you can assemble your code at the
address which is specified by poking 127 into address 56. This is the
address $7Fp, and to start assembly of code at the next address of
$7Fp1, you would start your assembly language lines with:

109 *=$7Fp1

We would normally start in this way by allocating memory. You
still have to be sure that you have reserved this memory. This can be
done either by using POKES6,127 in BASIC, or by a corresponding
LDA #127 and STA 56 at the start of the machine code. If you are
writing a program that is purely machine code, with no BASIC
present, then all of the RAM is yours. In such a case, it makes sense
to start placing code at the normal start-of-BASIC address. In this
way, you can use the ordinary LOAD and SAVE commands if you
want to. If you don’t use the *=$7F@ | or similar starting command,
then your code will always be assembled starting at address $033C.
This is a piece of the RAM which is called the ‘cassette buffer’. It is
used only during LOAD and STORE operations, and it extends to
$03FC. It’s not exactly an ideal place to put code, however, if you
are going to use LOAD and STORE!

Following the starting address allocation, you can then allocate
label names. These can be of addresses or of bytes. For example, you
might have:

119 SCRNST=$p4(p
120 CARRET=$fD

as the next two lines. These do not cause any code to be generated
when you assemble. What they do is to ensure that wherever these
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label words appear, the numbers are put into their place. Wherever
the word SCRNST (Screenstart) appears, the number $049¢ will be
placed. Wherever the word CARRET (Carriage Return) appears, the
code $¢ D will be placed. Using labels in this way makes the program
much easier to follow and defining these words early in the program
ensures that you know what they mean without having to search
through the program. The label names should be of six letters or less.
If you omit to define any label name, the assembly cannot proceed,
and you will get an error message when you try to assemble the
program. A label does not necessarily have to be defined in this way;
it can be defined in the program as, for example, by:

220 LOOP:LDA #124

We write our assembly language in lines, then, as we might write
BASIC, but with only one instruction in each line. Ending with the
RTS instruction ensures that the program will return to BASIC, and
the lines of the assembly language program can even be followed by
lines of ordinary BASIC. You must, however, place an END line at
the end of the assembly language section. It’s not such a simple
matter to assemble and then automatically go on to a BASIC
program. If the END statement is not present, then MIKRO will try
to read the lines of BASIC, and this will result in an error report. The
main difference, in fact, is that the MIKRO assembler is rather more
fussy about how you type assembly language. You must, for
example, leave at least one space between each ‘field’ of assembly
language. ‘Field’ in this sense means section, and the sections are
label, opcode, operand and comments. You can’t, for example, type:

LOOPLDA#3$45!START IT

and hope that the assembler can cope in the same way as the BASIC
of the C 64 can usually cope with commands run together in this
way. What you normally find when you assemble is the error
message: NO OPCODE, meaning that the assembler is unable to
separate the parts of the command. If you type it as:

LOOP LDA #$45 !START IT

separating the fields, the assembler will be able to convert this
perfectly into code for you.

Now as we go along, we’ll look at refinements and useful additions
to the stock of commands, but these are the fundamentals that you
need to have firmly in your grasp in order to start making intelligent
use of MIKRO. If each program you write starts with a *= to
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allocate memory, and then detines as many labels as possible, then
you are off to a flying start. Following these preliminaries, you can
type your lines of assembly language. If you use a number with none
of the distinguishing symbols in front of it (such as $), it will be taken
as a denary number. Using § means a hex number, and we have met
the prefixes @ and 9% earlier in connection with NUMBER. The
asterisk, *, is always taken to mean the ‘current address’. This is the
address of the start of the instruction in which the asterisk appears,
so the asterisk is a useful way of indicating an address without
actually having to know what it is! The exclamation mark is used to
indicate a line which is a comment, like the use of REM in BASIC.

Any assembler also permits what are called ‘assembler directives’,
or ‘pseudo-ops’, which are instructions to the assembler program
itself. MIKRO is no exception, and some of these directives are
worth looking at here because they (or versions of them) are used
widely on assemblers for other microprocessors. We've already
looked at *. which indicates the current address. Three more such
pseudo-ops are WOR, BYT and TXT, all of which are used to place
data, as distinct from instructions, into the memory. WOR will place
a two-byte ‘word’ in the memory. It will separate the number into
high and low bytes, and store the bytes in the correct low-then-high
order. WORS7F12, for example, would place into the memory the
bytes $12 and $7F, in that order. These would be stored starting at
the ‘current address’. Suppose. for example, that you wanted a
program to make use of a table of values which started at $9FFp.
You could include in your assembler program the lines:

200 *=$7FF|
2190 WOR $2E14.$115B.$513A

and this would store, starting at address $7FF1, the sequence
14.2E.5B.11.3A.51. Note that we can use several addresses following
WOR. provided that they are separated by commas.

The BYT pseudo-op does the same for single bytes, so that BYT
$9 D will place the carriage-return code at the current address. BY T
can also place the ASCII code for letters, using the * sign. If, for
example, you use BYT " A in the program, then the ASCII code for
the letter A will be stored at the current address. TXT is a more
convenient method of storing several letters. Following TXT, you
can place a string of letters, using quotes at the start and end. The
ASCII codes for all the letters, including spaces and punctuation
marks. will be placed in memory starting at the current address. For
example, using TXT “PRESS ANY KEY” will place the ASCII
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codes for all the letters and spaces that are enclosed in the quotes.

Making it work!

When an assembly language has been typed, it can be recorded just
as if it were a BASIC program. This step is important, because this is
your ‘source code’. ‘Source code’ means that this is the set of
instructions which will assemble up into machine code and, if you
have a recording of it, you can reload it, edit it, and re-assemble it as
much as you want. Because the source code can be recorded like
BASIC, you have to be careful about labelling your cassettes or disks
so as not to confuse the two. Source code will not run when you type
RUN! To assemble your source code you must type ASSEMBLE,
and then press RETURN. The assembler will then go over the
source code three times. This has to be done because some of the
label names may not be defined at the start of the program. Any
errors which are found will usually be detected in either the first or
second ‘pass’ through the source code, and assembly will then stop,
with an error message. The error message will, as you might expect,
point out what the erroris, and in which line it occurs. If there are no
errors, then you can expect to see on your screen a display something
like this:

ASSEMBLE
* PASS (1) *
* PASS (2) *
* PASS (3) *
**xx ASSEMBLY COMPLETE ****
START ADDRESS - $9F¢1
END ADDRESS - $9F43

The addresses are useful if you are going to make use of the SAVE
command of the TIM monitor to record the machine code on tape or
on disk. The start address is also the one that you will need to use
when you call the machine code into action by using SYS. Note that
the MIKRO assembler does not, by itself, start the program
running, unless the last line of the source code is SYS, followed by
the correct start address.

This chapter, however, is not intended to give you a full
description of the MIKRO assembler. My intent is to give you a
taste of what the use of an assembler can be like. Ifand whenyou are
ready to use MIKRO, you will now be able to make sense of the
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rather brief instruction manual that comes with it. Even more
important, you will be able to cope with other assemblers, and even

with assemblers for other microprocessors, if you should ever
change your machine.



Chapter Nine
Last Round-up

One of the main problems in writing a book about machine code for
beginners is knowing where to stop. Volumes could be written about
the machine code programming of the C 64 and still leave room for
more, so that any finishing point has to be an arbitrary one. My aim
has been to introduce the subject and take you to a level at which
you can start to make progress on your own. Once you have reached
this stage, you can make use of the other books that are available,
which treat machine code at a more advanced level. This chapter is
concerned with tying up loose ends, mentioning a few more
instructions, and illustrating how to make use of some features of
the C 64.

The stack

Y ou can’t get much further in machine code programming without
coming across the word stack. A ‘stack’ is a section of memory, and
its special use is to preserve bytes that have been kept in registers.
There’s no special set of memory chips that we use as a stack - but we
do set aside part of the RAM for this purpose. For a 6502
microprocessor, we have to use memory in the address range $19§ to
$1FF. What you probably find difficult to understand at the present
time is why we should ever need to use memory in this way.
Let’s take a simple example. Suppose you have a program in
which the A register is being used to hold an ASCII code for a
character. Suppose, now, in the middle of this program, that we
want to create a time delay by making use of a countdown in the A
register. Whenever we load the count value into the A register, we
shall have replaced the ASCII code number that was stored there,
and if we try to use the A register againin the rest of the program, we
shall have to reload the address into it. This is what the stack is for.
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By means of a single byte instruction, we can store the contents of
the accumulator or the status register in the stack memory. Also, by
using another similar instruction, we can get the values back into the
correct registers again. The act of storing the register(s) on the stack
is called ‘pushing’, and recovering the values is called ‘pulling’.

We'll look in a moment at an example program which makes use
of the stack but, for now, we’re going to return to simpler matters.
The rest of this chapter, in fact, will be devoted to examples of
programs which will form a basis for developing into really useful
routines for your C 64. I must emphasise at this stage that you have
now got to the launch-pad as far as machine code is concerned.
From now on, what you need is practice, and all the information
that you can lay your hands on. Look closely at every program for
the C 64 that contains machine code, for example. Even if the
machine code is in the form of bytes that are poked into memory,
you can disassemble these and find out what they do. By doing this,
you can often discover addresses which will be very useful to you in
your own programs. From now on, everything is potentially useful
to you!

The KEYBEEP routine

Now we’ll look at a routine which illustrates a lot of the points that [
have made earlier. It also serves to introduce you to rather more
advanced programming. The intention this time is to come up witha
program that will cause a short beep to sound each time you press a
key. This should happen when you are working normally in BASIC,
so what we need is a way of inserting a piece of extra machine code
into BASIC. This is quite a different matter from creating a machine
code program that runs and then returns to BASIC, and we have to
know rather more about the C 64 to be able to carry this out.
To start with, we have the problem of ‘breakingin’ to the routines
that BASIC uses. Fortunately, the C 64 uses one particularly handy
‘junction box’. What I mean by a junction box is a piece of code that
is placed in the RAM rather than in the ROM. Any code that is
placed in the RAM can be changed, unlike code in the ROM. The
purpose of this, in fact, is to allow changes to be made by ‘patching’.
Patching in this sense means inserting a piece of your own program
into a routine which is used by the operating system of the C 64.
Looking for a place to patch is the most difficult part of any
operation of this sort. There is one routine, located at $$324 and
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$¢325, which can be used in this way, but it is executed only when
RETURN is pressed. This doesn’t quite suit our needs because, fora
KEYBEEP program, we want to break into a piece of program that
is executed each time a key is pressed. It’'s almost impossible,
working by yourself, to discover suitable addresses in a reasonable
time, so we need to make use of the disassembled listing for this. A
careful look at the listing reveals an interesting pair of addresses at
$028F and $¢299. These two contain another address, SEB48. This
is the address of the keyboard decode routine, and that makes it
interesting. What happens, you see, is that when a key is pressed on
the keyboard, it causes electrical signals to arrive at a port. The 6502
then has to read these signals and convert them into a single-byte
code, using a different code for each key. Obviously, the C 64 does
this action in parts, checking first to find if a key is pressed, and then
decoding it. A look at a disassembly of the keyboard routine (which
starts at SEA87) shows that this address of $028F is used indirectly.
That means that the C 64 reads the bytes in $¢28F and $029¢ each
time a key is pressed, and jumps to the address that is given by these
two bytes. This looks like the sort of thing that we’re looking for.
This is where we can do our patching.

What we shall do is this. At the address $028F, we shall replace
the original byte of $48 with the low byte of a new address. At
address $929¢, we shall place the high byte of this same new address.
We can write a routine of our own which starts at this new address.
At the end of this routine, we shall have a JMP instruction. The
address following the JMP will be the correct keyboard decoding
routine, SEB48. In this way, each time a key is pressed, our routine
will be run before the machine gets to work on decoding the key. The
routine that we’re going to patch in is a simple one. It will poke the
correct values for a sound into the sound chip addresses, just as a
BASIC program would. It will have to include a delay routine in
machine code, so that the sound lasts long enough to be heard, and it
will end by returning to address SEB48. It all looks quite easy (when
you read it), but it’s going to introduce us to quite a lot of new ideas.
Some of these are new coding instructions, others are the result of new
information about the C 64 itself. At this stage, everything is useful!

Yes, we’ll start with a flowchart. Figure 9.1 shows what we are
after and, like any good flowchart, it does not specify very closely
what we are going to do. Immediately after the start, the decision
step ‘is a key pressed?’ is used. This has actually been taken care of by
the operating system, so we don’t have to worry any further about it.
If a key is pressed, then we load the sound addresses. This is tedious
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MAKE A
SOUND

|

Fig. 9.1. The flowchart for a ‘keybeep’ program that sounds a note whenever a
key is pressed.

rather than difficult - it’s something that you should keep on tape
ready for use after you have typed it once. This loading is followed
by a delay, then the ‘clear sound’ action pokes zeros into some of the
sound addresses. If we don’t do this, then the sound will continue
after the key has been pressed - which is not what we want. Finally,
we jump back to BASIC, ready for the next key.

Figure 9.2 shows the assembly language version of what we have
come up with. This has been printed out as a set of line numbers in
the form that the MIKRO assembler uses. You can assemble this for
yourself if you feel that you need the practice, but Fig. 9.3 shows the
printout from a MIKRO assembly. This shows the addresses and
the code bytes as well as the assembly language. Remember that the
starting address has to be $7FP9 when the MIKRO cartridge is
installed. You can, if you want, rewrite this to fit into higher address
numbers if you are not using MIKRO. If you want to use another
starting address, part of the code must be altered. The critical part 1s
the address $7F3C for the delay subroutine. If you change the
address at which this program starts, then the address of the delay
subroutine must also be changed.

Details, details

Looking at the assembly language in detail, now, we start in the
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100 %*=47F00

120 LDA #<POINT
130 STR $28F
14@ LDA #>PQINT
15@ STR $250
16@ RTS

17@ POINT PHA
175 LDR #13

188 STR 54296
19@ LDR #190@
200 STR 34273
205 LDR #248
21@ STR 354278
220 LDA #17

23@ STR 54273
248 LDR #37

258 STR 34272
262 LDA #17

272 STR 54276
289 JSR DELARY
290 LDA 49

30@ STR 54276
3.0 STR 34277
320 STR 34278
33@ PLR

342 JMFP $ER48
356 DELRY LDR #1020
368 STR 231

370 LOOPL STR 232
380 LOOPZ DEC 252
398 BME LOOPZ
400 DEC 231

41@ BNE LOOP!
42@ RTS

438 END

Fig. 9.2. The assembly language for a keybeep routine. This has been written
in the form of numbered lines for the MIKRO assembler.

usual way by setting the address of $7FP@. The next part of the
program places a new address into $028F and $$29¢. This new
address will be the address of the start of the sound routine. At the
time when we write these first lines, we don’t know what this address
will be, so we use the label word POINT. The use of the symbols <
and > is not confined to MIKRO; you will find these symbols used
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199 7F@e ¥=$7ro0

120 7F62 RSGR LDR #{POINT
130 7F@2 8D8FA2 STR $28F
140 7F@5 RS7F LDR #>POINT
150 7Fa7 8Ds@e2 STR $298
160 7FBR €0 RTS

i7@ 7FOB 48 POINT PHR

173 7FOC ASQF LOR #15
168 7FOE 8D18D4 STR 54259¢
199 7F11 ASBE LDR #1909
200 7F13 8DB1D4 STR 54273
283 7F16 ASFS LDA #248
210 7F18 SD@6D4 STR 54278
22@ 7F1B A911 LDR #17
238 7F1D 8DaiD4 STR 54273
240 7F2@ RS25 LIA #37
230 7F22 8D0AD4 STR 34272
268 7F25 RS11 LDR #17
27@ 7F27 8D04D4 STR 54276
280 7F2R 2@3C7F JSR DELRY
299 7F2D R%00 LDA #0
300 7F2F 8DA4D4 STA 54276
310 7F32 8DO5D4 STR 54277
320 7F35 8DasDh4 STR 54278
330 7F38 68 FLA

340 7F39 4C48ER JMP $EB48
350 7F3C A%64  DELRAY LDR #1009
36@ 7F3E 8SFR STR 251
370 7F40 8SFC  LOOP! STR 252
380 ?7F42 C6FC  LOOP2 DEC 232
390 7F44 DAFC BNE LOOP2
420 7F46 CEFR DEC 251
419 7F48 DOF6 BNE LOOP1
420 7F4R 60 RTS

Fig. 9.3. The printout from the MIKRO assembler, showing the hex codes as
well as the assembly language.

in many 6502 programs in assembly language. The < sign means
‘lower byte of” and the > sign means ‘higher byte of’, so that what we
are doing in lines 120 to 150 is toload the two bytes of the address of
POINT into the ‘junction box’ addresses of $28F and $¢29¢. When
this has been run, each press of a key will cause the machine to goto
the address of POINT.

Now we want to run this ‘set-up’ part once only. Once we have set
up these addresses, we want to return to BASIC, running the rest of
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the program only when a key has been pressed. The next instruction
in line 16Q, then, is RTS, returning control to BASIC. The rest of the
program is the bit which is used each time a key is pressed.

The beep part of the program starts in line 17§) with the label word
POINT. This ensures that when we assemble, the address of the first
instruction will be placed in the unction box’. The first instruction
is PHA. That’s important. PHA means ‘push the accumulator onto
the stack’. When the machine wants the result of a key-press to be
decoded, it will have the result in the accumulator. If we destroy that
byte, then we can’t expect the machine to operate normally. By using
PHA, we preserve the content of the accumulator on the stack. We
can then recover it at the end of our routine so that it is in the
accumulator all ready when we jump to the decoding routine, just as
if our program had not existed. Lines 175 to 270 then poke the bytes
into the sound addresses to produce a low-pitched beep. Obviously,
you can experiment with these values. The addresses are the same as
those shown in the C 64 BASIC manual.

The next step is a delay. A subroutine has been used here, though
the code could just as easily have been placed in the main part of the
program. The subroutine is a familiar delay routine, using page §
addresses. I avoided using the X or Y registers in case they were also
used for the key-decoding routine. The reason for being careful is
that there are no instructions for saving the X or Y registers on the
stack. The only way this can be done is by transferring the bytes, in
turn, to the accumulator, and then pushing the accumulator. When
bytes are taken off the stack, they return to the accumulator (if PLA
is used) and can then be transferred to other registers. This is so
tedious that it is worthwhile trying to avoid havingto doit. I've done
it by using the page {) addresses to store the count numbers. A value
of 199 (denary) in the stores produces a reasonably short beep.

Finally, the program ends by poking zero into three of the sound
addresses to stop the sound. The value that was originally in the
accumulator is now restored by the PLA command, and the routine
ends with a jump to address $EB48 to decode the key.

When this program is assembled, and SYS32512 used to start it,
you will find that you get a beep (and a delay) when each key is
pressed. If you don’t, perhaps you forgot that the sound comes from
the loudspeaker of the TV, and so the volume control of the TV has
to be turned up! This routine could set you off on several new tracks.
To start with, could you make a program which would assist a blind
user, by giving a different note for each key pressed? It would mean
using the code that is in the A register at the time when the registers
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are pushed to modify the ‘pitch’ byte that we put into the B register.

Renumbering - an example of program design

As a grand finale, I’ll go over the design of a more elaborate program
from start to finish. Finish? No program is ever truly finished until
you can hold your hand on your heart and swear that it couldn’t
possibly be improved. I'm not getting to that stage by any means. I
hope, in fact, that you’ll find much you can improve on, so that this
program will serve as a guide to better things rather than something
you just want to assemble and use. The program is a utility which
the C 64 sadly lacks, a renumber routine. The idea is that you can
poke into memory a starting number and an increment number, and
have the lines of a BASIC program renumbered for you just by using
a SYS address.

As usual, we had better start with some planning. The basis of the
idea is that we can always get the address of the first byte of a BASIC
program from addresses $2B and $2C. The next line starts at an
address which is stored in the first two bytes of this line, and the line
number is stored in the next two bytes. We should, therefore, be able
to design a looping program which goes from one line to the next,
changing the numbers, until it finds that the next address is §p@.
That’s the end of the program, and time to stop. Sounds reasonable
enough, and Fig. 9.4 summarises it.

The next step, as you should know, is to draw a flowchart, and this
is shown in Fig. 9.5. The flowchart shows rather more of what we
want to do, and I have added some extra information this time. We

—

. Get address of first byte of BASIC program.
2. Save the first byte LB. This is the low byte of the address of the start of
the next line.

3. Save the second byte HB. This is the high byte of the address of the start
of the next line.

. Put the line number low byte into the third address in the line.

. Put the line number high byte into the fourth address in the line.

. Add the line increment number to the (stored) line starting number.

. Test the (stored) next line address. If this is @@, then stop.

Repeat, using the new line address taken from HB and LB.

IR = NV R N

Fig. 9.4. A summary in words of what the simple renumber program should
do.
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need to keep the ‘current line address’ in store, preferably at two zero
page numbers. I have labelled these AD and AD+1. We should also
keep the ‘current new line number’ at a couple of addresses, and
these are labelled LIN and LIN+1. Finally, we need an increment.
There’s only one byte left, at 255, for this, so we’ll specify that you
can’t renumber in increments of more than 255. That doesn’t seem to
be much of a hardship.

Now I want to emphasise that this is a simple program. It will only
renumber the lines themselves, and it won’t alter GOTO numbers or
GOSUBs. As an exercise in designing machine language utilities,
however, it’s quite useful. It’s also quite useful as an everyday
program, provided you remember its limitations. It’s ideal for
renumbering the sort of programs that you need to write for the
MIKRO assembler. In any case, let’s give it a whirl.

@

GET START
OF LINE

Y

SAVE NEXT
START ADDRESS

Y A

CHANGE LINE
NUMBER BYTES

!

INCREMENT LINE
NUMBER BYTES

&>

END

Fig. 9.5. A flowchart for the renumber program.



124 Introducing Commodore 64 Machine Code

The big renumber

The program is shown, in the form for MIKRO, in Fig. 9.6. Now this
is considerably longer and more elaborate than anything we have
done so far. I want, therefore, to go over it in detail, pointing out
why each step has been taken. You very seldom get a detailed
explanation of how a machine code program works, so take a good
look. You’ll soon find yourself trying to follow programs in the
magazines, and these explanations will stand you in good stead for
such work.

The program starts in the usual way by defining a starting address
and values for some labels. The starting address has been chosen as
$7FPP because I was using MIKRO to develop this program (when
they get to this size, 1 prefer an assembler). Whatever starting value
you use, you have to make sure that the memory is protected. When
the program is loaded into protected memory, loading in a BASIC
program will not disturb the machine code bytes. If you forget to set
the top of memory by a poke to address 56, there will be trouble at
some stage. The label AD is the zero page address which is used for
the low byte of the address of the line that the program is currently
working on. This address will change from line to line, so we will
make a lot of use of AD. INC is the increment byte, the amount by
which the line numbers will increase. This will usually be 1§, but it
makes the program more flexible if we can change this quantity.
Anything from [ to 255 can be used. LIN holds the low byte of the
line number for each renumbered line.

Following this setting up part, we start on the program itself. The
carry bit is cleared, just in case, and the accumulator is loaded from
address 43. This is the low byte of the address of the first byte of
BASIC, and we put it into the ‘current line’ address at AD. We then
load the accumulator from 44, which contains the high byte of the
start of BASIC address, and we put thisinto AD+1. In this way, AD
and AD+1 carry a copy of 43 and 44, the bytes of the address of the
first byte of your BASIC program.

Now the loop starts. The Y register is zeroed. The LDA (AD), Y
will load the accumulator from the address that is held in AD and
AD+1. This is the first byte of the BASIC program, andit’s the low
byte of the next line address. We store it on the stack by using PHA,
and then increment the Y register. Because the Y register has been
incremented, the next LDA (AD), Y will load from the address of
the second byte in the BASIC line. This is the high byte of the
address of the next line. This also is pushed on to the stack, next to
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108 %=$7F00
116 AD=231

120 INC=233
13@ LIN=233
148 CLC

15@ LDR 43

16@ STA RD

17¢ LDR 44

188 STR AD+1
199 LOOP LDY #0
200 LDA (AD).Y
210 PHA

220 INY

230 LDR (AD.Y
240 PHR

250 INY

260 LDR LIN
278 STR (AD),Y
280 INy

290 LDA LIN+1
380 STR (ADY,Y
312 LDA LIN
328 RDC INC
33@ STA LIN
348 BCC NXT
338 INC LIN+1
360 CLC

37@ NXT PLA
380 STA RD+1
399 PLS

402 STAR RD
410 BNE LOOP
420 LDR AD+1
439 BNE LOOP
440 RTS

458 END

Fig. 9.6. The assembly language listing for the renumber program. This is in
the form that the MIKRO assembler uses.

the low byte. The Y register is then incremented again. The next step
is to get our own first line number low byte from LIN. This is stored
in the next byte of the line, again using the indirect Y addressing
method. The Y register is incremented again, the high byte of the
starting line number is loaded into the accumulator, and stored into
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the line using indirect addressing. That completes the renumbering
of the first line with the first of the line numbers that we want.

The next step is to add the increment to the line number. We load
the accumulator from LIN, and add the increment from INC. The
number in the accumulator (the low byte) is placed back in LIN, and
if thereis a carry, the high byte at LIN+1 is incremented. The carryis
cleared - just to be sure! Now we have to put the next line number
address into the AD and AD+1 addresses, so that we can repeat the
processes. The high byte of the next line number was pushed last on
the stack, so it comes off first, with the PLA command. It is stored in
AD+1. The low byte is then pulled off and stored at AD. We can test
at this point to see if the low byte of the next address is . If it’s not,
then we haven’t reached the end of the program yet, and we loop
back. If this byte is zero, we have to test the high byte, by taking it
from AD+1. If this byte is not zero, then we haven’t reached the end
and we loop back. If both bytes are zero, however, we have quite
certainly reached the end of the program, and the RTS returns us to
BASIC.

How do we use it? Reserve memory, and put the machine code in
place. Load in your BASIC program and decide on a starting line
number and an increment. Poke the start into 253 and 254, with the
high byte in 254. For a starting number less than 255, like 19 or 199,
you will only have to poke a number into 253, but it’s safer to poke @
into 254. If you want to start with line 109§, you will have to express
this as two bytes - Fig. 9.7 shows how. Then poke the increment
(usually §) into address 255. If you have assembled at $7FPQ, then

109 as a starting line number consists of two bytes. Divide 1§ by 256,
and the result is 3.99625. The whole number part is 3. Now take 1¢¢ —
3*256, which is 232. 232 is the low byte of the line number.

Fig. 9.7. Splitting a line number like 16@P into two bytes.

active the program by using SYS32512. In aflicker of an eyelid, your
BASIC program is renumbered. If you assembled at any other
address, of course, that’s the address that you will have to use with
SYS. Figure 9.8 shows the MIKRO assembly printout so that you
canread the codes. The code can be assembled at any address, so you
can transform this into a BASIC poke program if you want.
That’s the end of this particular road, then. There’s very little
that’s new to learn, except about the hidden surprises that the C 64
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100 7Fo@ ¥=$7F00

110 7Fo0 AD = 251
120 7Fo@ INC = 235
130 7F00 LIN = 233
140 7F0Q 18 cLC

150 7Fai AS2R LDA 43

160 7F@3 85FR STA AD

170 7F@S AS2C LDA 44

180 7F@7 85FC STR AD+1
190 7F09 AGG@  LOOP LDY #9

200 7FOB BIFR LDR (RD.Y
210 7FOD 48 PHR

220 7FOE C8 INY

230 7FOF BIFB LIA <(RDY,Y
240 7F11 48 PHA

258 7F12 C8 INY

260 7F13 ASFD LDR LIN
270 7F15 91FB STR (RDV,Y
280 7F17 C8 INY

290 7F18 RSFE LDA LIN+1
300 7FIR 21FB STR (RDJ.Y
318 7F1C ASFD LDA LIN
320 7FIE 65FF ADC INC
330 7F2@ 83FD STR LIN
340 7F22 9003 BCC NXT
350 7F24 E6FE INC LIN+1
360 7F26 18 cLc

370 7F27 68 NXT PLR

380 7F28 8SFC STA AD+1
390 7F2R 68 PLR

400 7F2B 85FB STR AD
410 7F2D DODA BNE LOOP
420 7F2F RASFC LDA AD+1
430 7F31 DADE BNE LOOP
449 7F33 60 RTS

Fig. 9.8. The MIKRO assembler printout for the renumber program. This has
been renumbered by the program!

keeps tor you. As you go on, though, you will accumulate experi-
ence, until you find that the surprises are fewer, and you can
find ways round them more easily. When that time arrives, you're
entitled to call yourself an expert, a real machine code programmer.
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How Numbers are
Stored

The C 64 uses five bytes of memory to store any number. This
Appendix describes how numbers are stored, but if you have no
head for mathematics, you may not be any the wiser!

To start with, floating point (not integer) numbers are stored in
mantissa-exponent form. This is a form that is also used for denary
numbers. For example, we can write the number 2160f§ as 2.16 X
105, or the number .fPP12 as 1.2 X 104, When this form of writing
numbers is used, the power (of ten in this case) is called the
exponent, and the multiplier (a number greater than 0 and less than
1) is called the mantissa. Binary numbers can also be written in this
way, but with some differences. To start with, the mantissa of a
binary number that is written in this form is always fractional, but
no point is written. Secondly, the exponent is a power of two rather
than a power of ten. We could therefore write the binary number
10119009 as 1011E19@@. This means a mantissa of 1§11 (imagine it
as.1911) and exponent of 1#f§ (2 to the power 8 in denary). There’s
no advantage in writing small numbers in this way, but for large
numbers, it’s a considerable advantage. The number:

11919 190p9P9900PPPPPPPH0

for example can be written as 1101 1E11009 (think of itas.11010 1
X 224),

This scheme is adapted for the C 64, and other machines which use
Microsoft BASIC. Since the most significant digit of the mantissa
(the fractional part of the number) is always 1 when a number is
converted to this form, it is converted to a () for storage purposes.
The exponent then has (denary) 128 added to it before being stored.
This allows numbers with negative exponents up to —128 to be stored
without complications, since a negative exponent is then stored asa
number whose value is less than 128 denary. The C 64 uses four bytes
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to store the mantissa of a number, and one byte to store the
exponent.

To take a simple example, consider how the number 20 (denary)
would be coded. This converts to binary as 1910@, which is
10190pp@ X 25, writing it with the binary point shown, using eight
bits, and with the exponent in denary form. The msb of the fraction
is then changed to @, so that the number stored is PP 100000.
Pecking this memory will therefore produce the number (denary) 32
in the mantissa lowest byte. Meantime, the exponent of S is in binary
101. Denary 128 is added to this, to make 100@@101. Peeking this
memory will give you 133 (which is 128+5).

Integers need only two bytes for storage. The integer must have a
value between —32768 and +32767. To convert an integer to the
form in which the C 64 stores it, proceed as follows:

1. If the number is negative, subtract it from 65536 and use the
result.

2. Divide the number by 256 and take the whole part. This is the
most significant byte.

3. Subtract from the number 256 X (most significant byte). This
gives the least significant byte.

Example: Convert 9438 into integer storage form.
The number is positive, so it can be used directly.
9438/256=36.867187.

The msb is therefore 36.
36%256=9216, and 9438—9216=222.
The low byte is 222.



Appendix B
Hex and Denary
Conversions

(a) Hex to Denary

For single bytes (two hex digits) -

Multiply the most significant digit by 16, and add the other digit.
For example:

$3D is 3*16 + 13 =61 denary.

For double bytes (address numbers) -

Write down the least significant digit. Now write under it the value
of the next digit, multiplied by 16. Under that, write the next digit,
multiplied by 256. Under that, write the next digit, multiplied by
4096.

For example:

$E3DB converts as follows:

Write 1s digit 11
Next digit*16 is 13*16 208
Next digit*256 is 3*256 768

Next digit*4096 is 15*4096 61449
Now take the total, which is 62427

Denary to hex

For single bytes (less than 256 denary) -

Divide by 16. The whole part of the number is the most significant
digit. The least significant digit is the fractional part of the result
multiplied by 16.
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For example:
To convert 155 to hex:
153/16 = 9.6875, so 9 is the most significant digit.
The least significant digit is .6875*16, which is 11. This converts
to hex B, so that the number is $9B.

For double-byte numbers (numbers between 256 and 65535 denary)
Divide by 16 as before. Note the whole number part of the result,
and write down the fractional part, times 16, as a hex digit. Repeat
the action with the whole number part, until only a single hex digit
remains.

For example:

To convert 23815 to hex:

23815/16=1488.4375. The fraction .4375*16 gives 7, and this is
the least significant digit.

Taking the whole number part, 1488/16=93.90. Since there is
no fraction, the next hex digit is §.

93/16=5.8125. The fraction .8125, multiplied by 16 gives 13,
which is hex D. This is the third hex figure. Since the whole
number part is less than 16 (it’s 5), then this is the most
significant digit, and the whole number is $5D@7.



Appendix C
The Instruction Set

The instruction set of the 6502 is a relatively small one, but there will
be some instructions in this list which you may never need to use
unless you go in for very advanced programming indeed. A full
description of the action of each instruction would take too much
space, and so the action has been indicated by abbreviations. Fora
full description, see one of the books devoted to 6502 programming.
In general, M means a byte at an address in memory, and the
registers are referred to under their usual letter references. An arrow
indicates where the result of an action is stored. For example,
A+M+C—A+C means that the byte in the memory (addressed by
the instruction) is added to the byte in the accumulator A, plus the
carry C, and the result is placed in the accumulator A, with another
possible carry in C.

The instruction codes are shown in columns graded by the
addressing method. These methods are Immediate, Zero Page, Zero
Page X Indexed, Absolute, Absolute X Indexed, Absolute Y
Indexed, Indirect X, Indirect Y,and PC Relative. A few instructions
use Implied Addressing. The implied addressing method means that
no special addressing is needed. In the assembly language forms,
ADDR means a full two-byte address and addr means a single
(lower) byte address for zero page addressing. Disp is used to mean
displacement in PC Relative addressing. Byte means the byte
following an immediate addresses code. S has been used to mean the
Processor Status register. Flags are referred to as C,N and V. All
op codes are shown in hex.
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Assembly language form Addressing method Opcode Action

ADC # Byte
ADC addr
ADC addr, X
ADC ADDR
ADC ADDR,X
ADC ADDR, Y
ADC (addr, X)
ADC (addr), Y

AND # Byte
AND addr
AND addr, X
AND ADDR
AND ADDR.,X
AND ADDR, Y
AND (addr, X)
AND (addr), Y

ASL A

ASL addr

ASL addr, X
ASL ADDR
ASL ADDR, X

BCC Disp
BCS Disp
BEQ Disp

BIT addr
BIT ADDR

BMI Disp
BNE Disp
BPL Disp
BRK
BVC Disp
BVS Disp
CLC
CLD

Immediate
Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Immediate
Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Implied
Zero page
Zero page, X
Absolute
Absolute, X

Relative
Relative
Relative

Zero page
Absolute

Relative
Relative
Relative
Implied
Relative
Relative
Implied
Implied

69
65
75
6D
7D
79
61
71

29
25
35
2D
3D
39
21
31

A
96
16

§E
1E

9
By
Fp

24
2C

3¢
Dp
19
po
5p
79
18
D8

A+M+C—A+C
A AND M—A
Shift left

Branch if C=0)
Branch if C=1
Branch if Z=1

OR with M,
Test N& V

Branch if N=1
Branch if Z=0
Branch if N=9
Interrupt program
Branch if V=0
Branch if V=1
Clear carry

Clear decimal mode
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Assembly language form Addressing method Opcode Action

CLI
CLV

CMP #Byte
CMP addr
CMP addr, X
CMP ADDR
CMP ADDR, X
CMP ADDR, Y
CMP (addr, X)
CMP (addr), Y

CPX # Byte
CPX addr
CPX ADDR

CPY # Byte
CPY addr
CPY ADDR

DEC addr
DEC addr, X
DEC ADDR
DEC ADDR, X

DEX
DEY

EOR # Byte
EOR addr

EOR addr, X
EOR ADDR
EOR ADDR, X
EOR ADDR, Y
EOR (addr, X)
EOR (addr), Y

INC addr

INC addr, X
INC ADDR
INC ADDR, X

INX
INY

Implied
Implied

Immediate
Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Immediate
Zero page
Absolute

Immediate
Zero page
Absolute

Zero page
Zero page, X
Absolute
Absolute, X

Implied
Implied

Immediate
Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Zero page
Zero page, X
Absolute
Absolute, X

Implied
Implied

58
B8

(8
(63]
D5
CD
DD
D9
Cl
Dl

E¢
E4
EC

cp
Cc4
cC

C6

Dé6
CE
DE

CA
88

49
45
55
4D
5D
59
41
51

E6
Fé6
EE
FE

E8
C8

Clear interrupt disable
Clear V flag
A-M, set flags

X-M set flags

Y-M set flags

M-1-M

X-1-X
Y-1—-Y
A EOR M>A

M+1-M

X+1—-X
Y+1-Y
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Assembly language form Addressing method Opcode Action

JMP ADDR
JMP (ADDR)

JSR ADDR

LDA # Byte
LDA addr

LDA addr, X
LDA ADDR
LDA ADDR, X
LDA ADDR,Y

LDA (ADDR, X)
LDA (ADDR), Y

LDX # Byte
LDX addr
LDX addr, Y
LDX ADDR
LDX ADDR, Y

LDY # Byte
LDY addr

LDY addr, X
LDY ADDR
LDY ADDR, X

LSR A

LSR addr

LSR addr, X
LSR ADDR
LSR ADDR, X

NOP

ORA # Byte
ORA addr
ORA addr, X
ORA ADDR
ORA ADDR, X
ORA ADDR,Y
ORA (addr, X)
ORA (addr), Y

PHA

Absolute
Indirect

Absolute

Immediate
Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Immediate
Zero page
Zero page, Y
Absolute
Absolute, Y

Immediate
Zero page
Zero page, X
Absolute
Absolute, X

Implied
Zero page
Zero page, X
Absolute
Absolute, X

Implied

Immediate
Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Implied

4C
6C

20

A9
AS
BS
AD
BD
B9
Al
Bl

A2
A6
B6

AE
BE

Ap
A4
B4

AC
BC

4A
46
56
4E
SE

EA

9
@5
15
¢D
1D
19
g1
1

48

Jump to ADDR
Jump to stored
address

Jump to subroutine

M—A

Shift right

No operation

A OR M—A

Push A on stack
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Assembly language form Addressing method Opcode Action

PHP

PLA
PLP

ROL A
ROL addr
ROL addr, X
ROL ADDR

ROL ADDR, X

ROR A
ROR addr
ROR addr, X
ROR ADDR

ROR ADDR, X

RTI
RTS

SBC # Byte
SBC addr
SBC addr, X
SBC ADDR

SBC ADDR, X
SBC ADDR,Y

SBC (addr, X)
SBC (addr), Y

SEC
SED
SEI

STA addr
STA addr, X
STA ADDR

STA ADDR, X
STA ADDR,Y

STA (addr, X)
STA (addr), Y

STX addr
STX addr, Y
STX ADDR

Implied
Implied
Implied

Implied
Zero page
Zero page, X
Absolute
Absolute, X

Implied
Zero page
Zero page, X
Absolute
Absolute, X

Implied
Implied

Immediate
Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Implied
Implied
Implied

Zero page
Zero page, X
Absolute
Absolute, X
Absolute, Y
Indirect, X
Indirect, Y

Zero page
Zero page, Y
Absolute

p8
68
28

2A
26
36
2E
3E

6A
66
76
6E
7E

49
6p

E9
ES
FS
ED
FD
F9
El
Fl

38
F8
78

85
95
8D
9D
99
81
91

86
96
8E

Push S on stack

Pull A from stack
Pull S from stack

Rotate left

Rotate right

Return from interrupt

Return from sub-
Routine

A-M-C*—~M
C* is a borrow

Set carry flag
Set decimal mode
Setinterruptdisable

A—M
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Assembly language form Addressing method Opcode Action

STY addr Zero page 84 Y—-M
STY addr, X Zero page, X 94

STY ADDR Absolute 8C

TAX Implied AA A—X
TAY Implied A8 A—-Y
TYA Implied 98 Y—A
TSX Implied BA S—X
TXA Implied 8A X—A

TXS Implied 9A X—S




Appendix D
Addressing Methods of
the 63502

Each addressing method has the effect of using a byte in the
memory. The address at which this byte is stored is called the
Effective Address (EA). The purpose of any addressing method is to
make use of an effective address.

Immediate Addressing: The EA is the address that immediately
follows the instruction byte.

Zero Page Addressing: Only the lower byte of the EA is given in the
instruction. The upper byte is always (), hence the name of zero
page. For example, using zero page addressing with a byte of FB
would make use of the address $¢¢ FB.

Absolute Addressing: The instruction is followed by two bytes,
which form a complete address. For example, LDA $563F means
that the accumulator is to be loaded from the address $563F.

Indexed Addressing: A number is stored in one of the index
registers (X or Y). The effective address is this number plus any
address that is specified in the instruction. For example, LDA 25, X
means load the accumulator from the address which consists of the
number stored in the X register, plus 25.

Implied Addressing: The address is implied by the instruction, and
no special address reference is needed. For example, INX means
increment the X register, and no EA is needed.

Indirect Addressing: There are two forms, both of which use zero
page addresses. The X-indexed indirect adds the contents of the X
register to the zero page address number, and fetches the byte at
this address. This forms the low byte of the effective address. The
high byte is then fetched from the next higher page zero address. The
Y-indexed indirect fetches the byte from the page zero address, and
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then adds the contents of the Y register to this byte. This is the lower
byte of the effective address, and the higher byte is fetched from the
next zero page address as before.
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A Few ROM and RAM
Addresses

Now that a full disassembly of the C 64 ROM is available, all of the
ROM addresses will be widely known. A selection of the most useful
addresses is shown below. Along with this, I have included some
useful RAM locations, with brief notes on what is stored there.

ROM addresses

INPUT routine $F157
OUTPUT routine $FICA
Read keyboard $E112
Print to screen $EI¢C
Begin BASIC $AQ0¢
READY message $A376
NEW $A644

Execute statement $A7E4
Video control chip $D@@@ to $DP21
Port 1 $DC@¢ to $SDCYF
Port 2 $DD@@ to DD@F

RAM addresses

$2B,$2C Start of BASIC
$2D,$2E Start of VLT
$2F,$30 Start of arrays
$31,$32 End of arrays
$33,$34 Start of string storage
$37,$38 Limit of memory
$9A Code for output device
$CS5 Last key pressed

$CC Cursor enable (f=flash)
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$D1, $D2 Screen line in use

$D3 Position of cursor
$D6 Cursor line number

$F3,$F4 Colour memory pointer

$¢2¢¢ BASIC input buffer

$¢277 Keyboard buffer

$¢28A Keyboard repeat (389 makes all keys repeat)
$028F,$0299 Address of keyboard decoding routine

141
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Magazines and Books:
Where to get the MIKRO
64 Assembler

The problem of where you go from here is solved by looking at the
magazines and books that are available. The groundwork that this
book has supplied should allow you to go on to any of the books that
deal with 6502 programming, but which are not very useful to the
complete beginner. A look at the books available in your local
computer store, or from specialist mail order suppliers will show you
what is available. I have already mentioned the very useful book by
Milton Bathurst: Inside the Commodore 64.

Monthly magazines are also a fruitful source of ideas. Personal
Computer World’s series, SUBSET, is a very valuable source of
ideas in machine code programming. Alan Tootill and David
Barrow of SUBSET are writing a book: 6502 Machine Code for
Humans which should be published early in 1984, and this could be
useful. Your Computer frequently prints articles on machine code
topics for the C 64, and you should watch out for listings which may
reveal the use of ROM routines that you haven’t met before.
Remember, too, that a lot of published information regarding the
old PET models will be useful for the C 64.

The MIKRO 64 Assembler

The MIKRO 64 Assembler is distributed in Europe and the rest of
the world except USA and Canada by:

SUPERSOFT
Winchester House
Canning Road
Wealdstone
Harrow HA3 7SJ
UK
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In the USA and Canada it is distributed by:

Skyles Electric Works
231E S Whisman Road
Mountain View

CA 94041

USA



Index

65502, 7

A register, 41

absolute addressing, 44
absolute indexed, 46
accumulator, 41
accumulator actions, 52
accumulator counting, 79
address bus, 40
addresses, 5

addressing method, 41, 132, 138

arithmetic set, 8
assembler, 29, 31, 98
assembler directives, 112
assembly by hand, 56
assembly language, 30, 42
auto line numbering, 108

base address, 46
binary code, 3, 4
binary digit, 1
binary numbers, 128
bit, 1

bits of status register, 50
block diagram, 6
books, 142

borrow, 51
breakpoints, 100
bug, 98

byte, 3

carry bit, 51

carry flag, 51

CHRS, 5

clear sound action, 118
clock, 28

clock-pulse generator, 28
CMP, 54

colour address, 96

comments, 59

compare, 54

compiler, 27

compiling, 27
complementing, 37
counter variable, 75
counting loop, 75

CPU, 6

crash, 57

current address, 49, 112

data bus, 40

data pins, 9

debugging, 98

decision, 65

decision step, 69

declare a variable, 15
decrement, 54
decrement index, 47
delete command, 108
denary byte numbers, 61
denary to hex, 34
denary-to-hex, 130
disassemble memory, 106
disassembled listing, 117
displacement, 56
displacement byte, 71
dollar sign, 32

dynamic allocation, 17

END, 25

END line, 111

end of RAM number, 57
endless loop, 29, 57
error messages, 29
exponent, 128

faulty loop, 101
field, 111
filling entire screen, 86



filling the screen, 82

FIND command, 109
finding displacement byte, 71
flag register, 49

floating point number, 128
flowchart shapes, 65
flowcharts, 65

garbage, 14
gates, 28, 40

hashmark, 43

hex code, 30

hex scale, 32

hex to denary, 35
hex-binary table, 32
hex-to-denary, 130
hexadecimal, 30
holding loop, 75

immediate addressing, 43
incorrect jump, 99
increment, 54

increment action, 40
increment index, 47
indexed addressing, 46
indexed addressing use, 62
indirect addressing, 48
indirect addressing example, 85
initialisation routine, 14
input/output, 65
instruction byte, 29
instruction set, 35, 132
integer form, 129

integer VLT, 22

integers, 21

internal code, 38
interpreted BASIC, 27
interrupt, 73

JSR, 73

jump action, 9

jump set, 9

jump to subroutine, 73
junction box, 116

keybeep routine, 116
keyboard buffer, 67
keyboard decode routine, 117
keyword, 12

label, 70
label name, 111
least significant digit, 3
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LET, 26

line number, 25

list of BRANCH instructions, 55
load, 8

logic set, 9

long count, 80

loop, 47

machine code, 5, 28
magazines, 142

mantissa, 128
mantissa-exponent form, 128
memory, |

message routine, 95
microprocessor 28
MIKRO, 98

MIKRO assembler, 31, 142
mnemonics, 42

monitor, 101

most significant digit, 3
MPU, 6, 28

multiply by two, 62

negative flag, 51

negative numbers, 35
negative sign, 37

nested loops, 77

next-line address, 25
ninth bit, 51

NUMBER command, 109
number scale, 30

number variable VLT, 18

offset, 49
operand, 42
operator, 42
origin, 59

pass of assembler, 113
patching, 116

PC register, 40
PC-relative addressing, 71
PEEK, 5

PHA, 121

PLA, 121

planning program, 65
port, 12, 97

practical programs, 58
precision of number, 23
printing a character, 68
printing character set, 88
process, 65

processor status register, 49
program counter, 40
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program storage, 24
programmed device, 9
pseudo-ops, 112

pull accumulator, 121
push accumulator, 121

RAM, 4

RAM addresses, 140
read operation, 40

read signal, 40

reading, 11

real number, 22

registers, 40

relative addressing, 49
renumbering routine, 122
reset, 50

return from subroutine, 58
ROM, 3

ROM addresses, 140
ROM listing, 100
rotation, 52

RTS, 58

RUN action, 25

S register, 49

saving on tape, 90

scan keyboard, 73

screen displays, 38

set, 50

setting a breakpoint, 104
shift, 52

shift and rotate effects, 53
signed number, 37
significance, 3

silicon chip, 6

sound chip addresses, 117
source code, 113

sprite pointers, 87

stack, 58, 115

stack pointer, 49

states, 1

status, 49

store, 8

string variable VLT, 19
subroutines, 14
SUBSET series, 100
syntax error, 26

SYS, 57

system use, 15

terminator, 65, 93

test and branch, 55
text screen memory, 38
TIM menu, 103

TIM monitor, 102
time delay, 75

token, 4

two’s complement, 36

unit of memory, 1
unsigned number, 37
use of asterisk, 112
using MIKRO, 107

variable list table, 15
variables, 15

video loops, 82
VLT, 15

word, 112
writing, 11

X-indirect, 85
Y-indirect, 85
zero flag, 51

zero page, 45

zero page addressing, 45
zero page indexed, 46



NOW ... Announcing these other fine books from Prentice-Hall—

GRAPHICS FOR THE COMMODORE 64 COMPUTER by Jeff
Knapp. This collection of programs and programming tips will allow
beginning and advanced programmers to unlock the amazing graphics
capabilities of one of the hottest new computers. It’s a hands-on guide
to the inner workings of the machine, providing BASIC programs for
use in games, business, and education. It also includes many charts to
help users understand what the Commodore 64 can do, plus end-result
programs and subroutines.

$14.95 paperback, $29.95 book/disk

MUSIC AND SOUND FOR THE COMMODORE 64® by Bill L.
Behrendt. Now all owners of Commodore 64s can experiment with
one of the most interesting forms of art today—computer music,
sound, and speech synthesis! You’ll learn how to use the machine’s
Sound Interface Device, and how to write programs that emulate the
sounds of musical instruments. Includes complete documented mini-
music editor, plus programs that allow you to set up a desired sound
setting, enter note information, play the music, and more.

$14.95 paperback
To order these books, just complete the convenient order form below and mail to

Prentice-Hall, Inc., General Publishing Division, Attn. Addison Tredd, Englewood
Cliffs, N.). 07632

Title Author Price”

Subtotal

Sales Tax (where applicable)
Postage & Handling (75¢/book)
Total $

Please send me the books listed above. Enclosed is my check O Money
order O or, charge my VISA O MasterCard O Account #

Credit card expiration date

Name
Address
City State Zip

*Prices subject to change without notice. Please allow 4 weeks for delivery.















Computers

When it comes to programming dazzling Commodore
64 effects like fast-moving graphics, games, key-
beeps, and split screens, BASIC just isn't enough!
You need the computer’s own language at your com-
mand: machine code. And now, with this book, you
can crack open a new world of possibilities for your
computer. '

INTRODUCING COMMODORE 64 MA-
CHINE CODE's clear step-by-step guidelines will help
you quickly master the fundamentals of machine
code programming. As long as you know some BA-
SIC, you need never have encountered it before!
Here, you'll learn what machine code is, how it
works, and how to enter, run, and save code. You'll
be coached along with vital tips on how to write
machine code most efficiently. Best of all, when you
finish the book, you’ll not only have access to many
more Commodore 64 applications, but a more intri-
cate knowledge of your micro itself.

So ‘“’break the code’’ and break into the
exciting sights and sounds your Commodore 64 can
give you.

IAN SINCLAIR is a well-known and regular contribu-
tor to such journals as Personal Computer World,
Computing Today, Electronics and Computing
Monthly, and Electronics Today International. He has

written more than forty books on electronics and
computing.
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