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Preface

At the centre of your Commodore 64 microcomputer is the 6510 microprocessor which is
responsible for coordinating and controlling every single thing your Commodore 64 does
while it is switched on. The microprocessor can be programmed in its own language—
machine language—and that is the aim of this book, to teach you just how to program
your micro at its very own machine level.

The text assumes that you have some knowledge of CBM BASIC but know absolutely
nothing about machine code. I have tried very hard to write in a non-technical language
and to set the chapters out in a logical manner, introducing new concepts in digestible
pieces as and when they are needed, rather than devoting chapters to specific items.
Wherever possible practical programs are included to bring home the point being made,
and in most instances these are analysed and the function and operation of each
instruction explained.

Commodore 64 Assembly Language is completely self-contained, includes a full
description of all the machine code instructions available and suggests suitable
applications for their use. After a ‘bit of theory’ in the opening chapters, the main registers
of the 6510 are introduced and descriptions given of how, when and where machine code
routines can be entered. There is also a simple machine code monitor program to facilitate
the entry of such routines.

After discussing the way in which the 6510 flags certain conditions to the outside world,
some of the modes of addressing the chip are described. Machine code addition and
subtraction are introduced and the easiest ways of manipulating and saving data for
future use by the program and processor are described. Machine code loops (equivalent to
BASIC’s FOR . . . NEXT . .. STEP) show how sections of code may be repeated, and
subroutines and jumps take the place of BASIC’s GOSUB and GOTO. Alsoincludedisa
look at some of the more complicated procedures such as multiplication and division
using the shift and rotate instructions, and producing sprites in machine code illustrates
just how fast real time graphics can be!

The Kernal is a very important part of the Commodore’s set-up, so no expense has been
spared in explaining every Kernal routine in detail. Practical examples show how the more
important ones can be used.

Finally, a comprehensive set of appendices provide a quick and easy reference to the
sorts of things you’ll need to ‘want to know quickly’ when you start writing your very own
original machine code programs!

Highbury, February 1984 Bruce Smith
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I Machine Code or
Assembly Language

The 6510 microprocessor within your Commodore 64 microcomputer can perform 152
different operations, with each one being defined by a number (or operation code) in the
range 0 to 255. To create a machine code program we need simply to POKE successive
memory locations with the relevant operation codes—‘opcodes’ for short. For example,
to store the value 5 at location 1500 (in other words to do the machine code equivalent
of BASIC’s POKE 1500,5) we would need to POKE the following bytes into
memory:

169
5
141
220
S
and then ask the Commodore’s 6510 to execute them. Not exactly clear s it! That’s where
assembly language comes in.

Assembly language allows us to write machine code in an abbreviated form which is
designed to represent the actual operation the opcode will perform. This abbreviated form
is known as a mnemonic ard it is the basic building block of assembly language (or
assembler) programs.

We could rewrite the previous machine code in assembler like this:

LDA #5
STA 1500

and it can be read as:

Load the accumulator with the value 5

Store the accumulator’s contents at location 1500

As you can see from the bold letters, the mnemonic is composed of letters in the
instruction, which greatly enhances its readability.

Once the assembler program is complete, it can be converted into machine code in one
of two ways.

1. With the aid of a mnemonic assembler. This is itself a program (written in machine
code or BASIC) which transforms the assembly language instructions (known as the
source) into machine code (known as the object code) and POKEs them into memory
as it does so.



2. By.lookingup the relative codes in a table and then POKEing them into memory using
a monitor program or a DATA-reading FOR. . .NEXT loop. Full details of this
method are given in Chapter 6, which also includes a simple monitor program.

All the programs in this book are listed in their DATA statement, machine code and
assembler forms, so they can be entered by any of the above methods—simply extract the
information you require.

Appendix 3 provides comprehensive user information about a/l of the 6510’s opcodes,
so don’t worry too much if some of this seems a bit foreign at the moment—we’ll soon
change that!

WHY MACHINE CODE?

A question often asked is, “Why bother to program in machine code at all?”’ Well, one
reason might be that you’re fed up with BASIC and want to broaden your horizons, but,
from the practical point of view there are two main reasons for programming in machine
code.

Firstly speed. Machine code is executed very much faster than an interpreted high level
language such as CBM BASIC. Remember that the BASIC interpreter is itself written in
machine code, and that the BASIC statements and commands are simply pointers to the
machine code routines in the ROM which actualy carry out the specified functions. It is
because each statement and command must first be identified and located within the
ROM that a decrease in operational speed occurs. Secondly, learning machine code
allows you to understand just how your computer works, and lets you create special
effects and routines not possible within the constraints imposed by the limited set of
BASIC instructions. Machine code allows you to control your Commodore 64 rather than
it controlling you!



2 Numbers

BINARY, HEX AND DECIMAL

We have seen that the instructions the Commodore 64 operates with consist of sequences
of numbers. But just how are these numbers stored internally? Well, not wishing
to baffle you with the wonders of modern computer science, let’s try to simplify
matters somewhat and say that each instruction is stored internally as a binary number.
Decimal numbers are composed of combinations of ten different digits, thatis 9, 1, 2, 3,4,
5,6,7,8 and 9 and are said to work to a base of 10. As its name suggests, binary numbers
work to a base of 2 where only the digits @ and 1 are available. These two numbers
represent the two different electrical conditions that are available inside the Commodore
64, namely @ volts (off) and 5 volts (on).
The machine code described in Chapter 1 is therefore represented internally as:

Mnemonic Machine code Binary
LDA 169 10101001
$5 05 00000101
STA 141 10001101
00 00 00000000
$15 15 00010101

As can be seen, each machine code instruction is expressed as eight binary digits, called
bits, which are collectively termed a byte.

Usually each of the bits in a byte is numbered for convenience as follows:

7 6 5 4 3 2 1 0

The number of the bit increases from right to left, but this is not so odd as it may first
seem.

Consider the decimal number 2934, we read this as two thousand, nine hundred and
thirty four. The highest numerical value, two thousand, is on the left, whilst the lowest,
four, is on the right. We can see from this that the position of the digit in the number is
very important, as it will affect its weight.

The second row of Table 2.1 introduces a new numerical representation. Each base
value is postfixed with a small number or power, which corresponds to its overall position

in the number. Thus 10%, read as ten raised to the power of three, simply implies
10 X 10 X 10 = 1000.



Table 2.1

Value 1000s | 100s | 10s | s
Representation 10° 102 | 10' | 10°
Digit 2 9 | 3| 4

In binary representation, the weight of each bit is calculated by raising the base value,
two, to the bit position (see Table 2.2). For example bit number 7 has a notational
representation of 27 which expands to: 2 X 2X 2 X2 X2 X 2X 2= 128!

Table 2.2
Bit number 71 6(5|4]13]2[|1]89
Representation 27 28252422222 )2
Weight 128f 6432|1618 4 ]2 |1

BINARY TO DECIMAL CONVERSION

As it is possible to calculate the weight of individual bits, it is a simple matter to convert
binary numbers into decimal numbers. The rules for conversion are:

If the bit is ser—that is it contains a 1—add its weight
If the bit is clear—that is it contains a &—ignore its weight

Let us try an example and convert the binary number 10101010 into its equivalent
decimal value.
1 X 128(27) = 128
00X 642= 0
1 X 322%)= 32

0x 1629= 0
1x 82)= 8
0Xx 42)= 0
1x 22Y= 2
0x 120= 0

170

Therefore 10101010 binary is 170 decimal.



Similarly 11101110 represents:

1% 128(2") = 128
1X 642 = 64
1x 322 = 32
0x 1629= 0

I X 8(2)= 8
I X 42)= 4
I1x 22h= 2
0x 129= 0
238
in decimal.

DECIMAL TO BINARY CONVERSION

To convert a decimal number into a binary one, the procedure described earlier is
reversed—each binary weight is subtracted in turn. If the subtraction is possible, a 1 is
placed into the binary column and the remainder carried down to the next row where the
next binary weight is subtracted.

If the subtraction is not possible, a @ is placed in the binary column and the number
moved down to the next row. For example, the decimal number 141 is converted into
binary as in Table 2.3.

Table 2.3
Decimal Binary Binary Remainder
number weight

141 128(27) 1 13

13 64(2°) 0 13

13 32(2%) 0 13

13 16(24) 0 13

13 8(2%) 1 5

5 4(2%) 1 1

1 2(2Y 0 1

1 1(2°) 1 0

Therefore 141 = 10001101 binary.

BINARY TO HEX CONVERSION

Although binary notation is probably as close as we can come to representing the way
numbers are stored within the Commodore 64, you will no doubt have noticed that the
machine code examples include some groups of two characters preceded by a dollar sign,
‘$’. This type of number is known as a hexadecimal number, or hex for short, and its value
is calculated to a base of 16! This, at first sight, may seem singularly awkward, however it
does present several distinct advantages over binary and decimal numbers as we shall see.

7



Sixteen different characters are required to represent all the possible digits in a hex
number. To produce these, the numbers @ to 9 are retained, and the letters A, B, C, D, E

and F are used to denote the values 10 to 15. Binary conversion values are shown in Table
24.

Table 2.4

Decimal Hex Binary
0 0 0000

1 1 0001

2 2 0010

3 3 0011

4 4 0100

5 5 8101

6 6 o110

7 7 0111

8 8 1000

9 9 1001

10 A 1010

11 B 1011

12 C 1100

13 D 1101

14 E 1110

15 F 1111

To convert a binary number into hex, the byte must be separated into two sets of four bits,
termed nibbles, and the corresponding hex value of each nibble extracted from Table 2.4.

Example Convert 0110 1001 to hex:

High nibble Low nibble

01 10\ /l 001
69
Because it is not always apparent whether a number is hex or decimal (as in the example
above), hex numbers on the Commodore are always preceded by a dollar sign—therefore
01101001 is $69 (read hex six nine).

By reversing the process, hex numbers can readily be converted into binary.

Example Convert $AF to binary:
/ AF\

10101111

1010 1111

It should now be apparent that hex numbers are much easier to convert to binary (and
vice versa), than their decimal counterparts, and the maximum binary number possible
with one byte, 11111111, requires just two hex digits, $FF.



HEX TO DECIMAL CONVERSION

For the sake of completeness, let’s see how hex and decimal numbers may be converted.
To transform a hex number into decimal, the decimal weight of each digit should be
summed.

Example convert $31A to decimal:

The 3 has the value 3 X 162 =3 X 16 X 16 = 768
The 1 has the value 1 X 16! =1 X 16 = 16
The A has the value 1 X 16° =10 X 1 = 10

add these together to give $31A = 794 decimal.

Converting decimal to hex is a bit more involved and requires the number to be
repeatedly divided by 16 until a value less than 16 is obtained. This hex value is noted, and
the remainder carried forward for further division. This process is continued until the
remainder itself is less than 16.

Example convert 4072 to hex:

4072 + 16 - 16 =15=F (remainder = 4072 — (15 X 16 X 16) = 232)
232+ 16=14=E (remainder = 232 — (14 X 16) = 8)
8=28

Therefore 4072 decimal is $FES.

Both of these conversions are a little long winded (to say the least!) and after all we do
have a very sophisticated microcomputer available to us, so let’s make it do some of this
more tedious work!
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3 It All Adds Up!

BINARY ARITHMETIC

Please don’t be put off and skip this chapter simply because it contains that dreaded
word—arithmetic. The addition and subtraction of binary numbers is simple, in fact if
you can count to two you will have no problems whatsoever! Although it is not vital to be
able to add and subtract ones and noughts by ‘hand’, this chapter will introduce several
new concepts which are important, and will help you in your understanding of the next
few chapters.

ADDITION

There are just four, simple, straightforward rules when it comes to adding binary
numbers. They are:

1. 0+0=0
2. 1+0=1
3. 0+1=1
4. 1+1=(1)0

Note, that in rule 4, the result of 1 + 1is (1)d. The 1 in brackets is called a carry bit, and
its function is to denote an overflow from one column to another, remember, 10 binary is 2
decimal. The binary ‘carry’ bit is quite similar to the carry that can occur when adding two
decimal numbers together whose result is greater than 9. For example, adding together
9 + 1 we obtain a result of 10 (ten), this was obtained by placing a zero in the units column
and carrying the ‘overflow’ across to the next column to give: 9 + 1 = 10. Similarly, in
binary addition when the result is greater than 1, we take the carry bit across to add to the
next column.

Let’s try to apply these principles to add together two 4 bit binary numbers, 8101 and
0100.

0101 (35)
+ 0100 (34)
1001 ($9)

Reading each individual column from right to left:

First column: 1+0
Second column: 0 + 0
Third column: 1+1
Fourth column: 0+0=0+(1)

—_
—
~

— S

In this example a carry bit was generated in the third column, and was carried across and
added to the fourth column.



Adding 8 bit numbers is accomplished in a similar manner:

01010101 (855)

+ 01110010 ($72)

11000111 ($C7)
SUBTRACTION

So far we have been dealing with positive numbers, however in the subtraction of binary
numbers we need to be able to represent negative numbers as well as positive ones. In
binary subtraction though, a slightly different technique from normal everyday
subtraction is used, in fact we don’t really perform a subtraction at all—we add the
negative value of the number to be subtracted. For example, instead of executing 4 — 3
(four minus three) we actually execute 4 + (=3) (four, plus minus three)! Figure 3.1 will
hopefully eradicate any confusion or headaches that may be prevailing!

Minus or negative direction Positive direction

\
v

Move 4 positive >
< Add 3 negative

Figure 3.1 Diagramatic representation of 4 + (— 3).

We can use the scale to perform the example 4 + (—3). The starting point is zero. First
move to point 4 (i.e. four points in a positive direction) and add to this —3 (i.e. move three
points in a negative direction). We are now positioned at point 1 which is, of course, where
we should be. Try using this method to subtract 8 from 12, to get the principle clear in your
mind.

Okay, lets now see how we apply this to binary numbers, but first, just how are negative
numbers represented in binary? Well, a system known as signed binary is employed, where
bit 7, known as the most significant bit (msb), is used to denote the sign of the number.
Traditionally a ‘@’ in bit 7 denotes a positive number and a ‘1’ a negative number. For
instance, in signed binary:

| dooean,
I Bits 0-6 give value = |
Sign bit = 1, therefore number is negative

so, 10000001 = —1. And:

qllllll]!
Bits 0-6 give value = 127

Sign = 0 therefore number is positive

therefore 01111111 = 127.



However, just adjusting the value of bit 7 as required, is not an accurate way of
representing negative numbers. What we must do to convert a number into its negative
counterpart, is to obtain its two’s complement value. To do this simply invert each bit and
then add one.

To represent —3 in binary, first write the binary for 3:

00000011

Now invert each bit. (Replace each @ with a 1, and each 1 with a @—this is known as its
one’s complement.

11111100
Now add 1I:

11111100
+ 1
11111101
Thus, the two’s complement value of —3=111111@1. Let us now apply this to our original
sum 4 + (—3):
4 00000100
(-3) 11111101
(Now add) (H)0000000 1
We can see that the result is 1 as we would expect, but we have also generated a carry bit
due to an overflow from bit 7. This carry bit can be ignored for our purposes at present,
though it does have a certain importance as we shall see later on.
A further example may be of use. Perform 32 — 16 i.e. 32 + (—16).
32 in binary is:
00100000
16 in binary is:
00010000

The two’s complement of 16 is:

11101111
+ 1
11110000

Now add the two together:

(32) 00100000
(—16) + 11110000
(16) (H)00010000

Ignoring the carry, we have our result, 16.

We can see from these examples that, using the rules of binary addition, it is
possible to add or subtract signed numbers. If the ‘carry’ is ignored, the result, including
the sign, is correct. Thus it is also possible to add two negative values together and still
obtain a correct negative result. Using two’s complement signed binary let’s perform
(=2) + (-2).

2 in binary is:
00000010



The two’s complement value is:

1111trt1el
+ 1
111111180

We can add this value twice to perform the addition:

(-2) 111111180
(=2) + 11111118@
()rr1r11100

Ignoring the carry, the final result is —4. You might like to confirm this by obtaining the
two’s complement value of —4 in the usual manner.

BINARY CODED DECIMAL (BCD)

So far we have been dealing with the binary representation of hexadecimal numbers,
which is the normal way the Commodore 64 deals with its instructions and numbers.
However, on certain occasions, such as when dealing with business applications, where it
is essential to retain every significant digit in a result, it would be advantageous to work in
a form of decimal binary where only the decimal digits @ to 9 are available. Binary Coded
Decimal, or BCD for short, allows us to do this. Table 3.1 shows the BCD-binary
representations. As can be seen, only the binary values 8000 through to 1001 are required,
and the combinations 1010 to 1111 are unused and are not legal values in BCD.

Table 3.1

BCD digit  Binary

(1] 0000
| 0001
2 0010
3 0011
4 0100
) 0101
6 0110
7 0111
8 1000
9 1001
not used 1010
not used 1011
not used 1100
not used 1101
not used 1110
not used 1111

As only four binary bits are required to code any BCD digit, two BCD digits can be
included in a single byte if required, this is known as packed BCD.

Converting BCD to binary and vice versa is performed as described in the previous
hexadecimal examples; split the byte in half and convert each nibble separately.

13
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Example convert 10010011 to BCD:

1091

\93 /ﬂll

Example convert 47 BCD to binary:

/47
0100 \ \0111
omomu/

We shall see how the Commodore distinguishes between BCD and normal hex binary in
Chapter 7, but first some sums!

BCD ADDITION

We can now try adding two BCD binary values, consider 8 BCD + 4 BCD:

8 BCD 0000 1000
4 BCD 0000 0100
Adding together 0000 1100

We have obtained an illegal result, in fact we have obtained the ‘binary’ sum and not the
‘BCD’ sum. The result should of course be 12 BCD which is 001 8010 in BCD binary. In
order to reach the correct value, the redundant binary values (1010 to 1111) must be
‘jumped over’. To do this 6 (or 0110 binary) must be added. Thus:

0000 1100 (binary result)

00000110 (BCD correction)

00010010 (result 12 BCD)

We can try another example which includes this decimal adjust—15 BCD + 10 BCD:

15 BCD 00010101
10 BCD 0001 0000
Binary result 00100101 =25 BCD

In this example the correct result has been obtained without adding the decimal adjust.
This is because the addition was such that it did not encounter any of the illegal BCD
values. This means that when adding two BCD digits, the decimal adjust value need only
be added if a nibble value greater than 9 occurs in the result.

BCD SUBTRACTION

BCD subtraction is not so much difficult as it is involved. It is performed along the lines
of binary subtraction, but instead of adding the two’s complement value of the negative
number, you add its ten’s complement. The best way to explain the process is by working
through an example. Let’s choose a simple subtraction first of all, 9 BCD — 4 BCD:

9 BCD 0000 1001
4 BCD 0000 0100



To find the one’s complement of 4 BCD invert each bit:
1111 1e11
and add one to obtain the ten’s complement (and thus —4BCD):
11111011
1
11111100

Perform the subtraction by adding the two values:

9 BCD 0000 1001
-4 BCD 11111100
(1)0000 0101
Ignore the carry to obtain the result: 5 BCD.
Simple so far, but what if we encounter something like 11 BCD — 5 BCD? Here

adjustment will be. necessary to take into account the six unused binary codes 1010 to
1111. Instead of adding the decimal adjustment, it must be subtracted.

11 BCD 0001 0001

-5 BCD 11111011
(1)0000 1100

Ignoring the carry, we now need to convert the illegal code to BCD by subtracting 6 (or
rather adding its two’s complement).

Binary result 0000 1100
-6 11111010
(1) 0000 0110

Result = 6 BCD, which is correct.

15
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4 I’s Logical

LOGICAL OPERATIONS

The theory of logic is based on situations where there can only ever be two possibilities.
namely yes and no. In binary terms these two possibilities are represented as 1 and 0.

There are three different logical operations that can be performed on binary numbers,
they are AND, OR and EOR. In each case the logical operation is performed between the
corresponding bits of two separate numbers.

AND

The four rules for AND are:
1. 6 ANDO=0

2. 1ANDO=0

3. ANDI1 =9

4. 1AND 1=

As can clearly be seen, the AND operation will only generate a 1 if both of the
corresponding bits being tested are 1. If a @ exists in either of the corresponding bits being
tested, the resulting bit will always be 0.

Example AND the following two binary numbers:

1010
AND 0011
0010

In the result only bit 1 is set, the other bits are all clear because in each case one of the bits
being tested contains a 0.

The main use of the AND operation is to ‘mask’ or ‘preserve’ certain bits. Imagine that
we wish to preserve the low four bits of a byte (low nibble) and completely clear the high
four bits (high nibble). We would need to AND the number with 0001111. If the other
byte contained 10101100 the result would be given by:

10101100 (byte being tested)
AND 00001111 (mask)
00001100

the high nibble is cleared and the low nibble preserved!



OR

The four rules for OR are:

HLN -
— - S

[e)e)e)

o~ x X
——e e
[T
—_——

o
=

Here the OR operation will result in a 1 if either or both the bits containa 1. A @ will only
occur if neither of the bits contains a 1.

Example OR the following two binary numbers:

1010
OR 0011
1011

Here, only bit 2 is clear, the other bits are all set as each pair of tested bits contains at
least one 1.

One common use of the OR operation is to ensure that a certain bit (or bits) is set—this
is sometimes called ‘forcing bits’. As an example, if you wish to force bit @ and bit 7, you
would need to OR the other byte with 10000001

001101190 (byte being tested)
OR 10000001 (forcing byte)
10110111

The initial bits are preserved, but bit @ and bit 7 are ‘forced’ to 1.

EOR

Like AND and OR, this donkey sounding operation has four rules:
1. 0EORO0=0

2. 1EOR®=

3. OEORI=

4. 1 EOR 1=

This operation is exclusive to OR, in other words, if both bits being tested are similar a @
will result. A 1 will only be generated if the corresponding bits are unlike.

Example EOR the following two binary numbers:

1010
EOR 0011
1001

This instruction is often used to complement, or invert, a number. Do thisby EORing the
other byte with 11111111,

10011000 (byte being inverted)
EOR 11rrr1nl (inverting byte)
01100111

Compare the result with the first byte, it is completely opposite.



5 The Registers

To enable the 6510 to carry out its various operations, it contains within it several special
locations, called registers. Because these registers are internal to the 6510, they do not
appear as part of the Commodore 64’s memory map (see Appendix 5), and are therefore
referred to by name only. Figure 5.1 shows the typical programming model of the 6519.
For the time being we need only concern ourselves with the first four of these six registers,
they are the accumulator, the X and Y registers and the Program Counter.

7 )
l A | Accumutator

Index registers

-
h-J

j Status register

K

(7]

—l Stack Pointer

15
l PCH | PCL '] program counter

Figure 5.1 The registers—a typical programming model.

THE ACCUMULATOR

We have already mentioned the accumulator {or ‘A’ register) several times in the opening
chapter. As you may have already gathered, the accumulator is the main register of the
6510, and like most of the other registers it is eight bits wide. This means that it can hold a
single byte of information at any one time. Being the main register, it has the most
instructions associated with it, and its principle feature is that all arithmetic and logical
operations are carried out through it.

The accumulator’s associated instructions are listed in Table S.1. It is not absolutely
vital to be familiar with these at present, but they are included now as an introduction.
18



Table 5.1

Accumulator instructions

ADC  Add with carry PHA Push accumulator

AND  Logical AND PLA Pull accumulator

ASL Arithmetic shift left ROL Rotate left

BIT Compare memory bits ROR Rotate right

CMP  Compare to accumulator SBC Subtract with carry

EOR Logical EOR STA Store the accumulator

LDA Load the accumulator TAX Transfer accumulator to X register
LSR Logical shift right TAY Transfer accumulator to Y register
ORA  Logical OR TXA  Transfer X register to accumulator

TYA Transfer Y register to accumulator

THE INDEX REGISTERS

There are two further registers in the 6510 which can hold single byte data. These are the X
register and the Y register. They are generally termed the ‘index registers’, because theyare
very often used to provide an ‘offset’ or index from a specified base address. They are
provided with direct increment and decrement instructions—something the accumulator
lacks—so are also quite often used as counters. However, it is not possible to perform
arithmetic or logical operations in either index register, but there are instructions to
transfer the contents of these registers into the accumulator and vice versa.
The instructions associated with both registers are given in Table 5.2.

Table 5.2

X register instructions Y register instructions

CPX Compare X register CPY Compare Y register
DEX Decrement X register DEY Decrement Y register
INX Increment X register INY Increment Y register
LDX Load the X register LDY Load the Y register
STX  Store the X register STY  Store the Y register

TAX Transfer accumulator to X reg.  TAY  Transfer accumulator to Y reg.
TXA Transfer X reg. to accumulator  TYA  Transfer Y reg. to accumulator
TSX Transfer Status to X register
TXS Transfer X register to Status

THE PROGRAM COUNTER

The Program Counter is the 6510’s address book. It nearly always contains the address in
memory where the next instruction to be executed sits. Unlike the other registers,itisa 16
bit register, consisting physically of two 8 bit registers. These two are generally referred to
as Program Counter High (PCH) and Program Counter Low (PCL).



6 A Poke at Machine Code

Now that we have got some of the basics out of the way, why don’t we write our first

machine code program, after all, that’s what this book is all about!

Enter Program 1—you can omit the REM statements if you like. The (hex) machine
code and assembler versions of the instructions are included as REMs alongside the

DATA statements (which are, of course, in decimal).

Program 1

10 REM * * MACHINE CODE DEMO * *

20 REM * PRINT ‘A’ ON SCREEN *

30 CODE = 828

4 FOR LOOP=0TOS5

50 READ BYTE

60 POKE CODE + LOOP, BYTE

70 NEXT LOOP

80

99 REM * * MACHINE CODE DATA * *
100 DATA 169,65 REM $A9, $41 — LDA #ASC*“A”
110 DATA 32,210,255 REM $20, $D?2, $FF — JSR 65490
120  DATA 96 REM $60 — RTS
130
140 REM * * EXECUTE MACHINE CODE * *
150 SYS 828

The function of this short program is to print the letter ‘A’ on the screen. Nothing
spectacular, but the program does incorporate various features that will be common to all

your future machine code programs. The meaning of each line is as follows:

Line 30
Line 40
Line 50
Line 60
Line 70
Line 100
Line 110
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Declare a variable called CODE to denote where the machine code is placed.

Set up a data-reading loop.

Read one byte of machine code data.

POKE byte value into memory.

Repeat loop until finished.

Machine code data—place ASCII code for A in accumulator.
Machine code data—print A on the screen.



Line 120 Machine code data—Return to BASIC.
Line 150 Execute the machine code

To see the effect of the program just type in RUN, hit the RETURN key and voila—the A
should be sitting just above the ‘READY’ prompt!

CODE-THE PROGRAM COUNTER

It should be fairly obvious that the machine code we write has to be stored somewhere in
memory. In all the programs in this book I have used the BASIC variable ‘CODE’ as a
pointer to the start address of the memory where the machine code is to be placed. (CODE
acts, in effect, rather like the processor’s own Program Counter.) You may wish to use
your own variable name—and this is perfectly acceptable. For example, you may consider
that PC is a more appropriate name for the start of the code—oreven MACHINECODE.
It does not really matter. What does matter is that you should get into the habit of using
the same variable name in al// your programs, and thus avoid ambiguity.

The value given to CODE must be chosen with care. It would be easy enough to allocate
an address which causes the machine code to overwrite another program or even the
assembly program itself! In Program 1 CODE is set to 828 using the normal variable
assignment statement:

CODE = 828

and the six bytes of machine code are stored there—or more correctly—in the six bytes start-
ing at 828 (828 to 833). If you look at Figure 6.1 you will notice that this area is in the rape
input/output buffer. The tape buffer comprises locations 828 to 1019 ($033C-$03FB),
making a total of 192 bytes available for machine code programs (provided, of course, the
program does not access the cassette, thereby overwriting the machine code stored in the
buffer). There are also nine free bytes below the tape buffer—from 820 ($0334) onwards.
As Program 1 is only six bytes long, it could be placed there.

Screen memory

1924 $0400
Unused
10920 $03FC

828 $033C

Unused
820 $0334

System addresses

Figure 6.1 Place machine code in tape buffer.

BASIC programs are stored in the user RAM which stretches from 2048 ($0800) to
40959 ($9FFF)—a massive 38K. It is quite feasible to place your machine code programs
here—but you must avoid conflict with BASIC. If your program is entirely machine code
then no problems should occur, however, if it is used in conjunction with BASIC, then it
must be assembled well out of harm’s way. Perhaps the best area is in the middle of the
user RAM from location 21504 ($5400) onwards, so that it is above all but the longest
BASIC programs and below the downgrowing BASIC stack which is used for holding
string and variable data (see Figure 6.2).
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BASIC interpreter
ROM

49960 $A00D
BASIC stack

21504 $5400
BASIC I programs
2048 $0800D
Screen memory
1024 $040p

Figure 6.2 Place machine code in mid-RAM to avoid BASIC corruption.

A slightly more complex method of reserving space involves resetting the value of
MEMSIZ. This is the label associated with locations 55 ($0037) and 56 ($0038), which
hold the address of the highest memory location that may be used by a BASIC program.
By resetting these two locations to point lower down the memory map, it is possible to
create space above the BASIC user RAM and below the BASIC ROM as shown in Figure
6.3. Program 2 illustrates how this technique can be used.

BASIC interpreter
ROM

40959 Default MEMSIZ

40447 New MEMSIZ

BASIC program area

2048

Screen memory

Figure 6.3 Place machine code above MEMSIZ.
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Program 2

10 REM * * PLACE M/C ABOVE MEMSIZ * *
20 REM * * RESET MEMSIZ TO 40447 * *
30 REM * * WHICH IS $9DFF * *

40 POKE 55,255 REM low byte
50 POKE 56,157 REM high byte
60 CLR REM clear stack
70 CODE = 40448 : REM set PC

80 FOR LOOP=0TOS5

90 READ BYTE
100 POKE CODE + LOOP, BYTE
116 NEXT LOOP

120

130 REM * * M/C DATA * *

140 DATA 169,147 REM $A9, $93 — LDA #393
150 DATA 32,210,255 REM $20, $D2, SFF — JSR 65490
160 DATA 96 REM $60 — RTS

170

180 SYS CODE

As a BASIC loader program is being used, MEMSIZ can be altered by the BASIC
program itself (lines 49 and 50). If a pure machine code program is being loaded into
memory, MEMSIZ can be altered in Immediate Mode by:

POKE 55, 255
POKE 56, 157
CLR

Note that in both instances a CLR command is also entered (line 60 in the program). This
ensures that any ‘old’ BASIC stack values are erased, as are the pointers associated with
them. These are then reset as required by the new value of MEMSIZ. Line 70 sets CODE
to the value of MEMSIZ +1 before the DATA is READ and POKEd into thé space which
has been created.

You may well be wondering just what new value should be assigned to MEMSIZ. Well,
this will depend on the length of the machine code you wish to place above it. The formula
is simply:

40959 - Program length

(where 40959 is the default value of MEMSIZ). In general, though, it is best to add several
bytes to the program length to be safe. Alternatively, just decide on an arbitrary amount of
memory to keep clear and use this value. In the above example I decided to reserve 512
bytes, therefore the new value of MEMSIZ is given by:

40959 - 512 = 40447

$9FFF - $200 = 9DFF

Next comes the question of how to calculate the individual byte values to be POKEd
into locations 55 and 56. If we are entering them directly in hex format, then all we need to
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do is to split the address into its two constitutent bytes and POKE these into memory.
However, this is not possiblc in BASIC, so we need to calculate the decimal value of each
byte as follows:

High byte 40447 / 256 = 157.996094 = 157
Low byte 40447 — (157 * 256) =255

The low byte (255) 1s POKEd into location 55 and the high byte (157) into location 56.

Oh, by the way this program produces a ‘CLR’ (line 140), which is the same as that
obtained by pressing the SHIFT and CLR/HOME keys together. The ASCII code for
‘CLR/HOME’ is 147. (Line 150 will be explained later!)

Finally, there is one more area for your machine code programs which is untouched by
the Commodore 64. This is memory in free RAM, from 49152 ($C000) to 53247 ($CFFF),
and provides a total of 4096 bytes (see Figure 6.4). Program 3, which switches to lower
case text, uses this area.

Input/output
53247 $CFFF
49152 $copp
BASIC interpreter ROM
49960 $AQDD
BASIC program area

Figure 6.4 Place machine code in ‘free’ RAM.

Program 3

16 REM * * PLACE M/C IN FREE RAM * *
20 REM * * FROM 49152 ONWARDS * *

30 CODE = 49152

40 FORLOOP=0TOS

50 READ BYTE

60 POKE CODE + LOOP, BYTE

70 NEXT LOOP

80
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90 REM * * M/C DATA * *

100 DATA 169,14 REM $A9, $0E — LDA #$0E
110 DATA 32,210,255 REM §$20, $D2, $SFF — JSR 65490
120  DATA 96 REM $60 — RTS

130

140 SYS CODE

To get back to upper case substitute 142 (8E) for the 14 in line 100.
To summarize then, the following areas of memory can be considered ‘safe’ for machine
code:

1. Tape I/0 buffer (828-1019) (if not using cassette).
2. Unused RAM in locations:

251-254 ($00FB-$00FE)
679-767 ($02A7-$02FF)
820-827 (30334-$033B)

1020-1023 ($03FC-303FF)

3. In the middle of user RAM.
4. Above reset MEMSIZ.
5. In ‘free’ RAM between 49152 ($3C000) and 53247 (3CFFF).

Most Programs in this book use the ‘free’ RAM area.

ENTERING MACHINE CODE

The most obvious way of entering machine code is to write a program that just contains
line after line of POKEs. Program 4 shows how this method can be used to produce a
machine code program that switches on the reverse character mode.

Program 4

16 REM * * RVS ON USING POKEs * *
20 REM * * PLACE M/C IN TAPE BUFFER * *

30 POKE 828,169 REM $A9 — LDA #RVS ON’
40 POKE 829,18 REM §12

50 POKE 830,32 REM $20 — JSR 61898

60 POKE 831,202 REM $CA

70 POKE 832,241 REM $F1

80 POKE 833,96 REM $60 — RTS

90 SYS 828

To see the effect of this, add the following lines from Program 1 to write an ‘A’ on the
screen:

72 POKE 833,169 REM $A9 — LDA #$41
74 POKE 834,65 REM $41

76 POKE 835,32 REM $32 — JSR 65490
78 POKE 836,210 REM $D2
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80 POKE 837,255 REM $FF
82 POKE 840,96 REM $60 — RTS
As you may be beginning to appreciate, entering machine code in this manner is
somewhat laborious, particularly when it is a very long program. In the earlier programs
the machine code was placed in a series of DATA statements, which were subsequently
READ from within a FOR ... NEXT loop and then POKEd into memory using the loop
counter (LOOP) as an offset from the base address defined by CODE. This ensures that
each byte is placed into consecutive memory locations.
Notice also, that in each program, every machine code operation was placed in a

separate DATA statement, and was accompanied by a REM statement giving the same
information in both the hex and mnemonic formats, for example:

100 DATA 169,65 REM $A9, $41 — LDA #ASC (“A”)

The REM items are included for flexibility. Each of the programs can be entered and RUN
exactly as it stands, thus allowing you to get programming in machine code straightaway;
however, if at some time in the future you invest in an Assembler program then you’ll need
to know the mnemonic versions. (The hex values are included for a reason that will soon
become apparent!)

It is a good idea to get into the habit of including this type of REM statement into your
own programs simply because it adds to the program’s readability. Imagine being
presented with a program that includes a single DATA statement:

100 DATA 169, 14, 32, 208, 241, 169, 146, 32, 202, 241, 96

Its not particularly clear what’s being performed, and if you need to debug it, well . . .!

One final point regarding the loop count. This should be set to the total number of data
bytes minus one. Remember that the loop counter itself must always start at ‘0’ to ensure
that the very first byte is placed at the address specified by CODE—CODE + LOOP =
828 + 0 = 828 (if CODE = 828).

THE HEX LOADER PROGRAM

An easier method of entering machine code is to use a monitor or hex loader program. This
is a program which allows machine code to be entered as a series of hex numbers. Program
5 is a simple example.

Program 5§

16 REM * * COMMODORE 64 HEX LOADER * *
20 PRINT CHR$(147)

30 PRINT SPC(8)

40 PRINT “COMMODORE 64 MONITOR™

50 PRINT : PRINT

60 INPUT “ASSEMBLY ADDRESS”; AS

70 ADDR = VAL(AS)

80 REM * * MAIN PROGRAM LOOP * *

90 PRINT ADDR; * :$”;
100 REM * * GET HIGH NIBBLE OF BYTE * *
1106 GOSUB 2000
120 HIGH = NUM
130 PRINT Z8;
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140
150
160
170
180
190
200
210
220
300
500
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100

REM * * GET LOW NIBBLE OF BYTE * *
GOSUB 2000

LOW = NUM

PRINT Z$

REM * * CALCULATE BYTE AND UPDATE * *
BYTE = HIGH * 16 + LOW

POKE ADDR, BYTE

ADDR = ADDR + 1

GOTO 860

REM * * SUBROUTINE * *

GET 73

IF Z$ = “S” THEN PRINT “STOP” : END
IF Z$ > “F” THEN GOTO 2000

IF Z$ = “A” THEN NUM = 10 : RETURN
IF Z$ = “B” THEN NUM = 11 : RETURN
IF Z$ = “C” THEN NUM = 12 : RETURN
IF Z$ = “D” THEN NUM = 13 : RETURN
IF Z$ = “E” THEN NUM = 14 : RETURN
IF Z$ = “F” THEN NUM = 15 : RETURN
IF Z$ = = THEN GOTO 2000

NUM = VAL(Z$) : RETURN

The meaning of each line is as follows:

Line 20
Line 40
Line 50
Line 60
Line 70
Line 90
Line 110
Line 120
Line 130
Line 150
Line 160
Line 170
Line 180
Line 200
Line 210
Line 220
Line 2000
Line 2010
Line 2020

Line 2030-2080 If it’s in the range A to F declare its value and return.

Line 2090
Line 2100

Clear screen and HOME cursor.
Print heading.

Print two linefeeds.

Get start address for machine code.
Convert string into numeric value.
Print address and ‘$’.

Get high nibble of hex byte.

Save its value in HIGH.

Print high nibble.

Get low nibble of hex byte.

Save its value in LOW.

Print low nibble.

Calculate byte value.

POKE it into memory.

Increment memory counter.
Repeat.

Get key.

If it’s an S then end program.

If it’s greater than F go back to 2000 and ignore it.

If no key pressed go back to 2000.
Calculate value and return.
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Enter and RUN the program. After it displays the heading you are asked to input an
‘Assembly address’. This is simply the address that you would normally assign to CODE,
and should be entered as a decimal value. On hitting RETURN the first program address
is displayed followed by a dollar sign, $. All you now have to do is to type in the hex digits.
After you type the second digit, the byte value is calculated and then POKEd into
memory. The next address is then displayed. The program checks for (and ignores) non-
hex characters. To leave the monitor at any time type ‘S’ (for Stop!). Figure 6.5 shows the
result of a typical monitor run. Once entered the machine code can be tested using a SYS
call to the address of the first byte of machine code.

COMMODORE 64 MONITOR
Assembly address ? 828

828 : $A9
829 : 341
830 : $20
831 : §D2
832 : §FF
833 : $60
834 : § STOP

READY.

Figure 6.5 A typical monitor run.

CALLING MACHINE CODE

To execute a machine code program the BASIC statement ‘SYS’ is used. To tell the
BASIC interpreter just where the machine code is located, the SYS statement must be
followed by a label or an address. So, to execute the machine code generated by the
assembly language program type in either:

SYS CODE

which is the label name which marks the start of the assembly language program, or:
SYS 49152

which is the start address of the machine code itself.

GETTING IT TAPED

It is a very good idea, as a matter of routine, to get into the habit of saving your machine
code programs on tape before you actually RUN them. This may seem a bit back to front
because you normally would not do this in BASIC until you had RUN, tested and
debugged the program. The trouble with running a machine code program for the first
time, though, is that if it does contain any bugs it will almost certainly cause the
Commodore 64 to ‘hang-up’, and the only way out of this is to switch the micro off and
then back on, and start all over again. If your machine code does fail in this way, and
you've saved it on tape, all you have to do is to reLOAD it and swat the bug out!

Once the program is fully debugged it is possible to save just the machine code if so
required. We shall look at how to do this in Chapter 20.
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THE KERNAL

Supplied pre-packed within every Commodore 64 micro is a set of machine code routines
which are available for use from within machine code programs. These routines belong to
a part of the Operating System called the Kernal. There are 39 routines in total, but for the
present we need only concern ourselves with the more commonly used ones which are

summarized in Table 6.1.

Table 6.1

Routine Address Operation

CHRIN 65487 ($FFCF) Input character from channel
CHROUT 65490 (3FFD2) Output character to channel
GETIN 65508 (SFFE4) Get character from keyboard queue
SCNKEY 65439 ($FF9F) Scan keyboard

STOP 65505 ($FFEI) Scan STOP key

We have already used the CHROUT routine several times to write the character in the
accumulator to the screen. The instruction takes the form JSR 65490; the mnemonic ‘JSR’
simply tells the 6510 microprocessor to jump to the address given, and then come back
here when finished. This is known as a ‘subroutine’—which we shall look at in detail in

"Chapter 14.
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1 Status Symbols

THE STATUS REGISTER

The Status register is unlike the various ‘other’ registers of the 6510. When using it, we are
not really concerned with the actual hex value it contains, but more with the condition or
state of its individual bits. These individual bits are used to denote or flag certain
conditions as and when they occur during the course of a program. Of the register’s eight
bits, only seven are in use—the remaining bit (bit 5) is permanently set. (In other words it
always contains a 1.)

Figure 7.1 shows the position of the various flags, each of which is now described in
detail.

7 g
NV B|D]I]Z]|C

Carry =1 if carry occurred.
Zero =1 if result zero.

IRQ =1 if interrupt disabled.
Decimal =1 if using BCD.

Break =1 if BREAK occured.

Not used =1 always.

Overflow =1 if overflow occurred.

Negative =1 if result negative.

Figure 7.1 Status register flags.
Bit 7: The Negative flag (N)

In signed binary, the Negative flag is used to determine the sign of a number. If the flag is
set (N = 1) the result is negative. If the flag is clear (N = 0) the result is positive.
However a whole host of other instructions condition this particular flag, including all
the arithmetic and logical instructions. In general, the most significant bit of the result of
an operation is copied directly into the N flag.
Corisider the following two operations:

LDA #3$80 \ load accumulator with $80
This will set the Negative flag (N = 1) because $80 = 10000000 in binary. Alternatively:



LDA #$7F \ load accumulator with $7F
will clear the Negative flag (N = 0) because $7F = 01111111 in binary. There are two
instructions which act on the state of the N flag—these are:

BMI Branch on minus (N = 1)

BPL Branch on plus (N = 0)

More on these later.
Bit 6: The Overflow flag (V)

This flag is probably the least used of all the Status register flags. It is used to indicate if a
carry occurred from bit 6 during an addition, or if a borrow occurred to bit 6 in a
subtraction. If either of these events took place the flag is set (V = 1).

Look at the following two examples:
First, $09 + $07:

($09) 00001001
($07) +00000111
($10) 00010000

L—No overflow from bit 6 therefore V = 0.

Second, $7F + $01:

($7F) 01111111
($01) +0000000 1
($80) 10000000

L—Overﬂow has occurred from bit 6 therefore V= 1.

If we were using signed binary this addition would give a result of —128, which is of
course incorrect. However this fact is flagged and so the result can be corrected as
required.

Bit §
This bit is not used and is permanently set.
Bit 4: The Break flag (B)

This flag is set whenever a BREAK occurs, otherwise it will remain clear. This may seema
bit odd at first, because surely we will know when a BREAK occurs. However, it is
possible to generate a BREAK externally by something called an Interrupt, and this flag is
used to help distinguish between these ‘BREAKS’.

Bit 3: The Decimal flag (D)

This flag tells the processor just what type of arithmetic is being used. If it is cleared (by
CLD), as is usual, then normal hexadecimal operation occurs. If set (by SED)all values
will be interpreted as Binary Coded Decimal.

Bit 2: The Interrupt flag (I)

We mentioned interrupts above in the description of the Break flag, and they will be
looked at in more detail in Chapter 22. Suffice to say now, that the flag is set (I= 1) when
the IRQ interrupt is disabled, and is clear (I = @) when IRQ interrupts are permitted.
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Bit 1: The Zero flag (Z)

As its name implies, the flag is used to show whether or not the result of an operation is
zero. If the result is zero the flag is set (Z= 1), otherwise it is cleared (Z=0). Itis true tosay
that the Zero flag is conditioned by the same instructions as the Negative flag. Executing:

LDA #0 \ load accumulator with zero
will set the Zero flag (Z = 1) but:
LDX #$FA \ load X register with $FA

will clear the Zero flag (Z = 0).
Bit 0: The Carry flag (C)

We have already seen that adding two bytes together can result in carries occurring from
one bit to another. What happens if the carry is generated by the most significant bits of an
addition?

For example, when adding $FF + $80:

($FF) 11111111
(380) +10000000
($7F) metrirrirtl

Carry over from bits 7

the result is just too large for eight bits, an extra ninth bit is required. The Carry flag acts as
this ninth bit.

If the Carry flag is clear at the start of an addition (C =0)and set on completion (C=1)
the result is greater than 255. It follows that if the flag is set (C = 1) before a subtraction
and clear on completion (C = @), the value being subtracted was larger than the original
value. Two instructions are available for direct use on the Carry flag:

CLC Clear Carry flag (C = 0)

SEC Set Carry flag (C = 1)
Two instructions are also provided to act on the condition of the Carry flag.

BCC Branch on Carry clear (C = 0)
BCS Branch on Carry set (C = 1)



8 Addressing Modes|

The 6510 has quite a small instruction set when compared with some of its fellow
microprocessors—in fact it has a basic clique of just 56 instructions. However, many of
these can be used in a variety of ways, which effectively increases the range of operations
to 152. The way in which these instructions are interpreted is determined by the addressing
mode used. The following examples are in hex format.

Addressing mode Mnemonic example Opcode Operand(s)
Immediate LDA #255 A9 FF
Zero page LDA $FB AS FB
Zero page indexed LDA $FB, X BS FB
Absolute LDA $CD¢0 AD 00 CD
Indirect pre-indexed LDA ($FB, X) Al FB
Indirect post-indexed LDA ($FB), Y Bl FB
Absolute indexed LDA $CD0, X BD 00 CD

All seven of these instructions load the accumulator—but in each case the data loaded is
obtained from a different source as defined by the opcode. This, as you may have noticed,
is different in each case.

For the time being we shall only look at the first two of these addressing modes,
immediate and zero page, both of which we have used several times already.

ZERO PAGE ADDRESSING

Zero page addressing is used to specify an address in the first 256 bytes of RAM where data
which has to be loaded into a specified register may be located. Because the high byte of
the address is always $00 it is omitted, and therefore the instruction and address require
just two bytes of memory.

Operation: DATA $AS5, $SFB

LDA sF

$FC accumulator
$FB AB =I AB l
SFA
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In the example, LDA $FB, the contents of location $FB (in this case $AB) are loaded
into the accumulator.

The use of zero page needs some care as this area is used by the BASIC interpreter as a
scratchpad for storing addresses and performing calculations. However, Commodore
have kept a few bytes clear for us to use as we please. These bytes are located between 251
($00FB) and 254 ($FE) inclusive, and are of great importance as we shall see later on. The
instructions associated with zero page addressing are shown in Table 8.1.

Table 8.1

Zero page addressing instructions
ADC Add with carry LDX Load X register
AND Logical AND LDY Load Y register
ASL Arithmetic shift left LSR Logical shift right
BIT Bit test ORA Logical OR
CMP Compare accumulator ROL Rotate left
CPX Compare X register ROR Rotate right
CPY Compare Y register SBC Subtract with carry
DEC Decrement memory STA Store accumulator
EOR Logical EOR STX Store X register
INC Increment memory STY Store Y register
LDA Load accumulator

IMMEDIATE ADDRESSING

This form of addressing is used to load the accumulator or the index registers with a
specific value which is known at the time of writing the program. The 6510 knows from the
opcode that the byte following is in actual fact data and not an address. However, to
remind us of the fact, and to assist us when we are writing the initial assembler, we can
precede the data byte with a hash sign, ‘4’ (this shares the ‘3’ key on the 64’s keyboard).
Only single byte values can be specified because the register size is limited to just eight
bits.

If we wish our machine code program to load the accumulator with 255, we can include
the following two-byte sequence in our program:

DATA 169, 255 : REM $A9, $FF — LDA #$FF

where 169 (3A9) is the ‘load the accumulator immediate’ code.
Similarly, the X and Y registers can be loaded immediately with:

DATA 162,65 REM $A2, $41 — LDX #ASC(“A™)
DATA 160,7 REM $A0, $07 — LDY #3%07

Where 162(3A2) and 160(3A0) are the immediate codes for loading the X and Y
registers, and 65(341) is the ASCII code for the letter A.

Operation:

LDA #FF [ A9 | FF |

Accumulator




Program 6 uses both zero page and immediate addressing to place an exclamation mark

on the screen.

Program 6

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150

REM * * ZERO PAGE AND IMMEDIATE ADDRESSING * *
CODE = 49152
FOR LOOP=0TO 9
READ BYTE
POKE CODE + LOOP, BYTE
NEXT LOOP

REM * * M/C DATA * *

DATA 162,33 REM $A2, $21 — LDX #ASC*!”
DATA 134,251 REM $86, $FB — STX $FB
DATA 165,251 REM $AS, $FB — LDA $FB
DATA 32,210,255 REM $20, $D2, $FF — JSR $FFD2
DATA 96 REM $60 — RTS

SYS CODE

The meaning of each line is as follows:

Line 20

Assemble in ‘free’ RAM at $C000.

Lines 30-60 READ and POKE machine code.

Line 90
Line 100
Line 110
Line 120
Line 130
Line 150

Load X register with ASCII code for ‘!".

Store X register contents in location $FB.

Load accumulator with contents of location $FB.
Jump to subroutine to print accumulator’s contents.
Return to BASIC.

Call machine code.
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9 Bilsand Byles

LOAD, STORE AND TRANSFER

To enable memory and register contents to be altered and manipulated, three sets of
instructions are provided.

Load instructions

The process of placing memory contents into a register is known as loading, some
examples of which we have already seen. To recap however, these are the three load
instructions:

LDA Load accumulator
LDX Load X register
LDY Load Y register
All of these instructions may be used with immediate addressing, but when dealing with
memory locations, it is more correct to say that the contents of the specified address are
copied into the particular register, as the source location is not altered in any way.

For example, with LDA $70, the contents of location $70 (in this case FA) are copied
into the accumulator, location $70 is not altered:

$70 Accumulator

FA —>1 FA

The Negative and Zero flags of the Status register are conditioned by the load
operation.

Store instructions

The reverse process of placing a register’s contents into a memory location, is known as
storing. There are three store instructions:

STA Store accumulator
STX Store X register
STY Store Y register

The register value is unaltered and no flags are conditioned.



Example:

LDA #0
STA $1500
Accumulator $1500
00 —1 00

Transfer instructions

Instructions are provided to allow the contents of one register to be copied into
another—this is known as transferring. The Negative and Zero flags are conditioned
according to the data being transferred. There are four instructions controlling transfers
between the index registers and the accumulator.

TXA Transfer X register to accumulator

TAX Transfer accumulator to X register

TYA Transfer Y register to accumulator

TAY Transfer accumulator to Y register

Example:
LDA #$FF
TAY
TAX
Y register
Accumulator FF
FF X register
FF
.*b
j,* Unfortunately, you cannot transfer directly between the X and Y registers, you have to
l use the accumulator as an intermediate store.
YTOX TYA \ Y into accumulator
TAX \ accumulator into X
Similarly:
XTOY TXA \ X into accumulator
TAY \ accumulator into Y

This form of single byte operation is known as implied addressing because the
information is contained within the instruction itself.
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STX
X >
register
- LDX
TAX TXA
STA Memory
>
Accumulator
LDA
TYA TAY
STY
Y >
register
&
LDY

Figure 9.1 Load, store and transfer instruction flow.

PAGING MEMORY

We have seen that the Program Counter consists of two eight bit registers, giving a total of
16 bits. If all these bits are set, 11111111 11111111, the value obtained is 65536 or $FFFF.
Therefore the maximum addressing range of the 6510 is $6000 through to $FFFF. This
range of addresses is implemented as a series of pages and the page number is given by the
contents of PCH. It follows that PCL holds the address of the location on that particular
page.

As Figure 9.2 illustrates, each page of memory can be likened to a page of a book. This
book, called ‘64’s Memory’, has 256 pages labelled in hex format from $00 to $FF.
Each individual page is ruled into 256 lines which in turn are labelled (from top to bottom)
$00 to SFF.

Thus the address $FFFF refers to line $FF on page $FF, the very last location in the
Commodore’s memory map! Unlike conventional books, ‘64’s Memory’ begins with page
$00 which is known more affectionately as zero page. Owing to the 6510’s design zero page
is very important, as we shall see when we take a further look at addressing modes in the
next chapter.
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Figure 9.2 Pages of ‘64’s Memory’.

Although we have referred to the 64’s memory map as a series of pages, it is more
frequently talked of in terms of ‘K’. The term ‘K’ is short for kilo, but unlike its metric
counterpart, one kilo of memory, or a kilobyte, consists of 1024 bytes and not 1000 bytes.
This slightly higher value is chosen because it is divisible by 256 and corresponds to
exactly four pages of memory (4 X 256 = 1024). The total memory map therefore
encompasses 64K because 65536/1024 = 64!
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10 Arithmetic in Assembler

L 4

We can now put some of the basic principles we have encountered in the opening chapters
to some more serious use—the addition and subtraction of numbers. These two
procedures are fundamental to assembly language and will generally find their way into
most programs.

ADDITION

Two instructions facilitate addition, they are:

CLC Clear Carry flag

ADC Add with carry
The first of these instructions, CLC, simply clears the Carry flag (C = 0). This will
generally be performed at the very onset of addition, because the actual addition
instruction, ADC, produces the sum of the accumulator, the memory byte referenced and

the Carry flag. The reason for doing this will become clearer after we have looked at some
simple addition programs. Enter Program 7.

Program 7

16 REM * * SIMPLE ADD * *

20 CODE = 49152

30 FOR LOOP=0TO7

40 READ BYTE

50 POKE CODE + LOOP, BYTE
60 NEXT LOOP

70

80 REM * * M/C DATA * *

99 DATA 24 REM $18 -- CLC

100 DATA 169,7 REM $A9, $87 — LDA #$07
116 DATA 1053 : REM $69, $03 — ADC #$03
120 DATA 133,251 : REM §85, $FB — STA $FB
130  DATA 96 : REM $60 — RTS

140



150 SYS CODE
160 PRINT “ANSWERIS :7;
170 PRINT PEEK(251)

As you can see, this program loads 7 into the accumulator using immediate addressing.
Immediate addressing is used again in line 110 to add 3 to the accumulator value. The
result, which is in the accumulator, is then stored at location 251. Line 150 executes the
assembled machine code, and the result (if you’re quick with your fingers you’ll know its
10') is printed out. RUN the program to see its effect then try substituting your own values
in lines 100 and 110.

Re-type line 99 thus:

99 DATA 56 REM §38 — SEC

As you probably realize, the Carry flag will now be set (C = 1) when the program is next
executed. Reset lines 100 and 110 (if you have altered them), and RUN the program again.
The result is now 11. The reason being that the Carry flag’s value is taken into
consideration during ADC (add with carry) and this time its value is 1.

Accumulator + memory + carry = result
CLC 7 + 3 + 0 = 10
SEC 7 + 3 + 1 = 11

Again you might like to try your own immediate values—you’ll find the resultis always
one greater than expected.

This program is quite wasteful both in terms of memory used and time taken for
execution. If we know the values to be added together beforehand, then it is more efficient
to add them together first. The machine code part of the program can then be
incorporated into just two lines:

LDA #10 \ place 10 (7 + 3) into accumulator

STA $FB \ store accumulator

Program 8 is a general purpose single byte addition program.

Program 8

10 REM * * SINGLE BYTE ADD * *
20 CODE = 49152

30 FORLOOP=0TO7

40 READ BYTE

50 POKE CODE + LOOP, BYTE
60 NEXT LOOP

70

80 REM * * M/C DATA * *

99 DATA 24 : REM$I18 — CLC
160 DATA 165,251 : REM $AS, $FB — LDA $FB
110 DATA 101,252 : REM $65, $FC — ADC $FC
120 DATA 133,253 : REM $85, $FD — STA $FD
130 DATA 96 : REM $60 — RTS
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140

150 PRINT CHR$(147)

160 PRINT “SINGLE BYTE ADD DEMO”
176 PRINT : PRINT

180 INPUT “FIRST NUMBER™;A

199 INPUT “SECOND NUMBER”;B

200 POKE 251, A : POKE 252, B

210 SYS CODE

220 PRINT “ANSWER IS .,

230 PRINT PEEK(253)

RUN the program a few times entering low numerical values in response to the
program’s prompts.

Now enter 128 and 128 as your inputs. The result is @, why? The reason is that the
answer, 256, is too big to be held in a single byte:

128 380 10000000
+£ + $80 + 10000000
256 $100 (1H00000000

and as can be seen, a carry has been produced by the bit overflow from adding the two
most significant bits. As the Carry flag was initially cleared before the addition, it will now
be set, signalling the fact that the result is too large for a single byte.

This principle is used when summing multibyte numbers, and is illustrated by Program
9, which adds two double byte numbers

Program 9

10 REM * * DOUBLE BYTE ADD * *
20 CODE = 49152

30 FORLOOP=0TO 13

40 READ BYTE

50 POKE CODE + LOOP, BYTE
60 NEXT LOOP

70

80 REM * * M/C DATA * *

99 DATA 24 REM §18 — CLC
100 DATA 165,251 REM $AS, $FB — LDA $FB
110 DATA 101,253 REM $65, $FD — ADC $FD
120 DATA 133,251 REM $85, $FB — STA $FB
130 DATA 165,252 REM $AS, $FC — LDA $FC
140 DATA 101,254 REM $65, $FE — ADC $FE
150 DATA 133,252 REM $85, $FC — STA $FC
160 DATA 96 REM $60 — RTS

170

180 PRINT CHR$(147)



190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

PRINT “DOUBLE BYTE ADD DEMO”
PRINT : PRINT

INPUT “FIRST NUMBER";A

REM CALCULATE HIGH AND LOW BYTE
AH = INT(A/256)

AL = A — (AH * 256)

INPUT “SECOND NUMBER”;B

REM CALCULATE HIGH AND LOW BYTE
BH = INT(B/256)

BL = B — (BH * 256)

POKE 251, AL : POKE 252, AH

POKE 253, BL : POKE 254, BH

SYS CODE

LOW = PEEK(251) : HIGH = PEEK(252)
RESULT = HIGH * 256 + LOW

PRINT “ANSWER IS :”;

PRINT RESULT

The meaning of each line is as follows:

Line 20

Assemble code in ‘free’ RAM from $C000.

Lines 30-60 READ and POKE machine code data.

Line 90

Line 100
Line 110
Line 120
Line 130
Line 140
Line 150
Line 160

Clear Carry flag.

Get low byte of first number, AL.

Add it to low byte of second number, BL.
Store low byte of result.

Get high byte of first number, AH.

Add it to high byte of second number, BH.
Store high byte of result.

Return to BASIC.

Lines 180-190 Clear screen and print title.

Line 210
Line 230
Line 240
Line 250
Line 270
Line 280

Input first number.

Calculate high byte value of A.
Calculate low byte value of A.
Input second number.
Calculate high byte value of B.
Calculate low byte value of B.

Lines 290-300 POKE high and low byte values of A, B into memory.

Line 310
Line 320
Line 330

Execute machine code.
Get low and high bytes of the result.
Calculate result.

Lines 340-350 Print result.

This routine will produce correct results for any two numbers whose sum is not greater
than 65536 ($FFFF) which is the highest numerical value that can be held in two bytes of

memory.

Note that the Carry flag is cleared at the onset of the machine code itself. If any carry
should occur when adding the two low bytes together, it will be transferred over to the

addition

of the two high bytes.
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SUBTRACTION

The two associated instructions are:

SEC Set Carry flag
SBC Subtract, borrowing carry
The operation of subtracting one number from another (or finding their difference) is
the reverse of that used in the preceding addition examples. Firstly the Carry flag is set
(C = 1) with SEC, and then the specified value is subtracted from the accumulator using

SBC. The result of the subtraction is returned in the accumulator.
The following program performs a single byte subtraction:

Program 10

10 REM * * SIMPLE SUBTRACTION * *
20 CODE = 49152

30 FORLOOP=0TO7

40 READ BYTE

50 POKE CODE + LOOP, BYTE

60 NEXT LOOP

70

80 REM * * M/C DATA * *

99 DATA 56 : REM $38 — SEC

160 DATA 165,251 REM $AS, $FB — LDA $FB
110 DATA 229,252 REM S$ES5, $FC — SBC $FC
120 DATA 133,253 REM $85, $FD — STA $FD
130 DATA 96 REM $60 — RTS

140

150 PRINT CHR$(147)

160 INPUT “HIGHEST NUMBER™;A
170 INPUT “LOWEST NUMBER";B
180 POKE 251, A : POKE 252, B

199 SYS CODE

200 PRINT “ANSWER IS *’;

210 PRINT PEEK(253)

The meaning of each line is as follows:

Lines 20-60 Assemble machine code.

Line 90 Set Carry flag.

Line 100 Load high number into the accumulator.
Line 110 Subtract contents of $FC from it.

Line 120 Save result in $FD.

Line 130 ack to BASIC.

Lines 160-170  Get two values.

Line 180 POKE them into zero page.

Line 190 Call machine code.

Lines 200-210 Print the answer.



RUN the program and input your own values to see the results.

You may well be wondering why the Carry flag is set before a subtraction rather than
cleared. Referring back to Chapter 3, you will recall that the subtraction there was
performed by adding the two’s complement value. This is found by first inverting all the
bits to obtain the one’s complement, and then adding 1. The 6510 obtained the I to be
added to the one’s complement form, from the Carry flag. Thus we can say:

1. If the Carry flag is set after SBC, the result is positive or zero.
2. If the Carry flag is clear after SBC, the result is negative and a borrow has occurred.

Try changing line 99 to DATA 24 : REM $18—CLC and re-RUN the program. Now
your results are one less than expected—the reason being that the two’s complement was
never obtained by the 6510, because only a ‘0’ was available in the Carry flag to be added
to the one’s complement value.

To subtract double byte numbers the Carry flagis set at the entry to the routine, and the

relative bytes are subtracted and stored. The resulting program looks something like
this:

Program 11

16 REM * * DOUBLE BYTE SUBTRACTION * *
20 CODE = 49152

30 FORLOOP=0TO 13

40 READ BYTE

50 POKE CODE + LOOP, BYTE

60 NEXT LOOP

70

80 REM * * M/C DATA * *

990 DATA 56 REM $38 — SEC

100 DATA 165,251 REM $AS, $FB — LDA $FB
110 DATA 229,253 REM $ES, $FD — SBC $FD
120 DATA 133,251 REM §85, $FB — STA $FB
130 DATA 165,252 REM $AS, $FC — LDA $FC
140 DATA 229,254 REM $ES, $FE — SBC $FE
150 DATA 133,252 REM $8S, $FC — STA $FC
160 DATA 96 REM $60 — RTS

170

180 PRINT CHR$(147)

199 INPUT “HIGHEST NUMBER’;A
200 INPUT “LOWEST NUMBER";B

210 REM CALCULATE HIGH AND LOW BYTES
220 AH = INT(A / 256)

230 AL = A — (AH * 256)

240 BH = INT(B / 256)

250 BL =B — (BH * 256)
260 POKE 251, AL : POKE 252, AH
270 POKE 253, BL : POKE 254, BH
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280
290
300
310
320

SYS CODE

LOW = PEEK(251) : HIGH = PEEK(252)
RESULT = HIGH * 256 + LOW

PRINT “ANSWER IS ";

PRINT RESULT

The meaning of each line is as follows:

Lines 20-60 Assemble machine code.

Line 90 Set the Carry flag.

Line 100 Load low byte of high number into accumulator.
Line 110 Subtract low byte of low number from it.

Line 120 Save low byte of result in $FB.

Line 130 Load high byte of high number into accumulator.
Line 140 Subtract high byte of low number from it.

Line 150 Save high byte of result in $FC.

Line 160 Back to BASIC.

Lines 180-200 Get two numbers.
Lines 220-270  Calculate and store high and low bytes.

Line 280

Call machine code.

Lines 290-300 Calculate final result.
Lines 310-320  Print the answer.

NEGATION

The SBC instruction can be used to convert a number into its two’s complement form.
This is done by subtracting the number to be converted, from zero. The following
program asks for a decimal value (less than 255) and prints its two’s complement value in

hex:

Program 12

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170

REM * * TWO’S COMPLEMENT CONVERTER * *
CODE = 49152
FOR LOOP=0TO 7
READ BYTE
POKE CODE + LOOP, BYTE
NEXT LOOP

REM * * M/C DATA * *

DATA 56 REM §$38 — SEC
DATA 169,0 REM $A9, $00 — LDA #0
DATA 229,251 REM $ES, $FB — SBC $FB
DATA 133,252 : REM $85, $FC — STA $FC
DATA 96 REM $60 — RTS

PRINT CHR$(147)
INPUT “NUMBER TO BE CONVERTED’;A
IF A > 255 THEN PRINT “ERROR” : GOTO 166



180 POKE 251, A

190 SYS CODE

200 PRINT “THE TWO'S COMPLEMENT VALUE IS :™;
210 PRINT PEEK(252)

The meaning of each line is as follows:

Lines 20-60 Assemble machine code.

Line 90 Set the Carry flag.

Line 100 Load accumulator with 0.

Line 110 Subtract the contents of $FB from it.
Line 120 Save result in $FC.

Line 130 Back to BASIC.

Lines 150-160 Get number.

Line 170 Make sure it’s less than 256.

Line 180 POKE number into $FB.

Line 190 Execute machine code.

Line 200-210  Print result.

USING BCD

We can now investigate the use of BCD in assembly language programs. You will
remember from Chapter 3 that 6 must be added to (or subtracted from) the result of an
addition (or subtraction) whenever a transition occurs from 9 to 10 or vice versa. This
causes the six unused binary combinations, normally used to represent A to F in hex, to be
jumped over to produce the correct decimal result. You will be pleased to know that the
6510 will actually take care of this correction for you when it knows you are using BCD.
But how does it know when you are using BCD? Well, you must flag the condition by
setting the Decimal flag in the Status register with:

SED Set Decimal flag (D = 1)
The corresponding flag clearing instruction is:
CLD Clear Decimal flag (D = 0)

Program 13 uses immediate addressing to perform a BCD addition.
Program 13

10 REM * * SIMPLE BCD ADDITION * *
20 CODE = 49152

30 FORLOOP=0TO9

40 READ BYTE

50 POKE CODE + LOOP, BYTE

60 NEXT LOOP

70

80 REM * * M/C DATA * *

990 DATA 248 REM $F8 — SED

100 DATA 24 REM §18 — CLC

110 DATA 169,9 REM $A9, $09 — LDA #$09
120 DATA 105,5 REM $69, $05 — ADC #$05
130 DATA 133,251 REM 885, $FB — STA $FB
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140 DATA 216 REM §D8 — CLD
150 DATA 96 REM §$60 — RTS
160

170 SYS CODE
180 PRINT PEEK (251)

As can be seen, BCD addition is no different from normal hex addition except for the
three extra instructions SED, CLC and CLD. RUN the program. Unfortunately, the
result is 20 and not 14 as we would expect. The reason for this is that the Kernal print
routine interprets the byte stored at location 251 ($FB) as a hex one and not a BCD one.

Don’t believe me eh? Well, the hex for 20 is $14 (told you!). Writing this in binary form we
have:

0001 0100

This, as you will now realize, is the BCD binary for 14 BCD.
Chapter 23 contains a program that will print decimal numbers in hex form—which is
really what we’re after. This program can be used to output correct BCD values.
Similarly, a BCD subtraction would take the form:

SED \ set decimal mode
SEC \ set Carry flag
LDA VALUE \ get first value

SBC NUMBER \ subtract a number
STA RESULT \ save the result
CLD \ clear decimal mode

One final important point to remember regarding the Carry flag—when using BCD, the
Carry flag signals a result greater than 99 during addition.



Il Addressing Modes 11

Let us now take a second look at addressing modes. In the previous chapters we have seen
how data can be obtained directly by an instruction using immediate addressing, or
indirectly from a location in zero page using zero page addressing. We shall now see how
two byte address locations can be accessed both directly and indirectly (through the all
important zero page), and how whole blocks of memory can be manipulated using indexed
addressing.

ABSOLUTE ADDRESSING

Absolute addressing works in exactly the same manner as zero page addressing, but it
covers all memory locations outside zero page. The mnemonic is followed by two bytes

which specify the address of the memory location (which can be anywhere in the range
$100 to SFFFF).

Operation
LDA $1500 BD 00 15
$1501 Accumulator
$1500 IF IF
$14FF

As can be seen above, the operation code is followed by the address which, as always, is
stored in reverse order low byte first. The contents of location $1500 are copied into the
accumulator when the instruction is executed.

Program 14 uses absolute addressing to place a white A on to the screen; note that it is
not printed but stored into screen memory.

Program 14

10 REM * * ABSOLUTE ADDRESSING * *
20 CODE = 49152

30 FORLOOP=0TO 8

40 READ BYTE

50 POKE CODE + LOOP, BYTE

60 NEXT LOOP
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80

90
100
110
120
130
140
150
160

REM

PRIN
PRIN

DATA 169,1
DATA 141,80,04
DATA 141,80,216
DATA 96

* * M/C DATA * *

T CHRS$ (147)
T : PRINT : PRINT

SYS CODE

The meaning of each line is as follows:

Lines 20-60
Line 90

Line 100

Line 110

Line 120
Lines 140-150
Line 160

Assemble machine code.

REM $A9, $01

REM 38D, $50, $04
REM $8D, $50, $D8
REM $60

— LDA #%01

— STA 1104

— STA 55376
— RTS

Load accumulator with display code for ‘A’ and colour code white.
Store A into screen memory.

Store white code into colour memory.

Back to BASIC.

Clear screen and move cursor down.

Execute machine code.

The complete list of instructions associated with absolute addressing is shown in Table

11.1.

Table 11.1

Absolute addressing instructions
ADC Add with carry LDA Load accumulator
AND Logical AND LDX Load X register
ASL Arithmetic shift left LDY Load Y register
BIT Bit test LSR Logical shift right
CMP Compare accumulator ORA Logical OR
CPX Compare X register ROL Rotate left
CPY Compare Y register ROR Rotate right
DEC Decrement memory SBC Subtract with carry
EOR Logical EOR STA Store accumulator
INC Increment memory STX Store X register
JMP Jump STY Store Y register
JSR Jump, save return

ZERO PAGE INDEXED ADDRESSING

In zero page indexed addresing, the actual address of the operand is calculated by adding
the contents of either the X or Y register to the zero page address stated.

Operation:

LDA $70,X

X register

BS 70

‘07|——

Accumulator

$77



The X register in this instance contains $87. This is added to the specified address, $70,
to give the actual address, $77. The contents of location $77 (in this case FA) are then
loaded into the accumulator. Similarly:

STX $72,Y 96 72 $76 $76
76 | oA a1

Y register T

X register 41 ”

Here the Y register is used as an index to allow the contents of the X register to be stored in
memory location $76. This address was obtained by adding the Y register’s value, $04, to
the specified value, $72. The original contents of location $76 (QA) are overwritten.

Note the Y register can only be used to operate on the X register with instructions such
as LDX $FB, Y. The instructions associated with zero page indexing are listed in
Table 11.2.

Table 11.2
Zero page indexed addressing instructions
ADC  Add with carry LDY Load Y register
AND  Logical AND LSR Logical shift right
ASL Arithmetic shift left ORA Logical OR
CMP Compare ROL Rotate left
DEC Decrement memory ROR Rotate right
EOR Logical EOR SBC Subtract with carry
INC Increment memory STA Store accumulator
LDA Load accumulator *STX Store X register
*LDX Load X register STY Store Y register

The * indicates the only commands which can use the Y register as an index. All other
commands are for X register only.

ABSOLUTE INDEXED ADDRESSING

Absolute indexed addressing is like zero page indexed addressing except that the locations
accessed are outside zero page. The X and Y registers may be used as required to operate
with the accumulator, or each other.

Operation:
LDA $1500,Y BO |90 |15 M $15FA Accumulator
+
— FA| 15 72 | 72
Y register FA

The Y register’s contents (3FA) are added to the two byte address ($1500) to give
effective address ($15FA).
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The following program demonstrates how absolute indexed addressing can be used to
move a section of screen memory from one location to another.

Program 15

10 REM * * ABSOLUTE INDEXED ADDRESSING * *
20 CODE = 49152

30  FOR LOOP =0 TO 21

40 READ BYTE

50 POKE CODE + LOOP, BYTE

60 NEXT LOOP

70

80 REM * * M/C DATA * *

99 DATA 162,32 REM $A2, $20 — LDX #$20
160 DATA 189,0,4 REM $BD, $00, $04 — LDA 1024, X
116 DATA 157,8,6 REM $9D. 308, $06 — STA 1544, X
120 DATA 202 REM $CA — DEX
130 DATA 208,247 REM $D0, $F7 — BNE -9
140 DATA 169,1 : REM §A9, $01 — LDA #3$01
150 DATA 162,32 : REM $A2, $20 — LDX #$20
160 DATA 157,8,218 REM $9D, $08, DA — STA 55816, X
1706 DATA 202 REM $CA — DEX
180 DATA 208,250 : REM $D0, $FA — BNE -5
199 DATA 96 REM $60 — RTS
200

210 PRINT CHR$(147);

220 PRINT “ ABSOLUTE INDEXED ADDRESSING”
230 GET A$

240 IF A$ =* > THEN GOTO 230

250 SYS CODE

The meaning of each line is as follows:

Lines 20-60 Assemble machine code.

Line 90 Sex X register count.

Line 100 Load accumulator with contents of location 1024 + X.
Line 110 Store accumulator’s contents at 1544 + X,
Line 120 Decrement X register.

Line 130 IF X <> 0 then go back.

Line 140 Load accumulator with 1 (white colour code).
Line 150 Set X register count.

Line 160 Store code in colour memory, 55816 + X.
Line 170 Decrement X register.

Line 180 IF X < > 0 then go back.

Line 190 Back to BASIC.

Lines 210-220 Clear screen and print title.
Lines 230-240 Wait for a key to be pressed.
Line 250 Execute machine code.



When RUN, the message of line 220 is printed on to the screen. The program then waits
for a key to be pressed before calling the machine code. The X register acts as the offset
counter and is initialized in line 90. The byte at location 1024 + X is loaded into the
accumulator, and then stored back into screen memory at 1544 + X; in both instances
absolute indexed addressing is used. Two new instructions are introduced in lines 120 and
130 and these will be examined in the next couple of chapters. Briefly through, DEX
decreases the contents of the X register by one, and BNE tests to see if the X register has
reached zero. If X is not zero, the specified jump takes place, causing the load/store
procedure to be repeated with the new value of X. Lines 150 to 180 work in a similar
manner, storing the white colour code in the corresponding bytes of the colour memory.
This, in effect, turns the letters ‘on’ so that they can be seen (see the User Manual for a
description of this if you do not understand the procedure).

The instructions associated with absolute indexed addressing are shown in Table 11.3

Table 11.3
Absolute indexed addressing instructions

*ADC Add with carry **LDX Load X register
*AND Logical AND LDY Load Y register

ASL Arithmetic shift left LSR Logical shift right
*CMP Compare memory *ORA Logical OR

DEC Decrement memory ROL Rotate left
*EOR Logical exclusive OR ROR Rotate right

INC Increment memory *SBC Subtract with carry
*LDA Load accumulator *STA Store accumulator

Unmarked commands are available with X register as index only. Commands marked *
may use either register, whereas the one marked ** can only use the Y register.

INDIRECT ADDRESSING

Indirect addressing allows us to read or write to a memory address which is not known at
the time of writing the program! Crazy? Not really, the program itself may calculate the
actual address to be handled. Alternatively,a program may contain within it several tables
of data which are all to be manipulated in a similar manner. Rather than writing a separate
routine for each, a general purpose one can be developed, with the address operand being
‘seeded’ on each occasion the routine is called.

Indirect addressing’s beauty is that it enables the whole of the Commodore’s memory
map to be accessed with a single two byte instruction. To distinguish indirect addressing
from other addressing modes, the operands must be enclosed in brackets.

Pure indexed addressing in only available to one instruction—the jump
instruction—which is mnemonically represented by JMP. We will look at JMP’s function
in more detail during the course of Chapter 14, but suffice to say for now that it is the
6510’s equivalent of BASIC’s GOTO statement. (Though it does of course jump to an
address rather than a line number.)

A typical indirect jump instruction takes the form:

DATA 108, 251, 00 : REM $6C, $FB, $00 — JMP ($FB)

The address specified in the instruction is not the address jumped to, but is the address of
the location where the jump address is stored. In other words, don’t jump here but to the
address stored here!
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Operation:

JMP ($FB) | 6c | FB Loo J
$FD

$FC FF

$FB DA

From the operational example we can see that location $FB contains the low byte of the
address, and location $FC the high byte. These two locations, which act as temporary
stores for the address, are known as a vector. Executing JMP ($FB) in this instance will
cause the program to jump to the location $FFDA.

Program 16 illustrates the use of an indirect JMP to fill the screen with stars.
Program 16

10 REM * *INDIRECT JUMPING * *
20 CODE = 49152

30 FOR LOOP=0TO 15

40 READ BYTE

50 POKE CODE + LOOP, BYTE
60 NEXT LOOP

70

80 REM * * M/C DATA * *

99 DATA 1690 REM $A9, $00 — LDA #3%00

160 DATA 133,251 REM $85, $FB — STA $FB

116 DATA 169,192 REM $A9, $Co — LDA #3$Co

120 DATA 133,252 REM $85, $FC — STA $FC

130 DATA 169,42 REM $A9, $2A — LDA #ASC**”

140 DATA 32,210,255 REM $20, $D2, $SFF — JSR $FFD2
150 DATA 108,251,0 REM $6C, $FB, $00 — JMP ($FB)
160

170 SYS CODE

Lines 90 to 120 set up a vector in zero page. Two of the free user bytes are loaded with the
assembly address of the machine code, $C000 in this case. Line 130 places the ASCII code
for the asterisk into the accumulator, and this is printed out using the Kernal routine at
$FFD2 (line 140). Finally the routine jumps back to the start via the zero page vector (line
150).

JMP ($FB) [ sc | FB| 00 |

$FC Co Jump to $C000
$FB 00




The program is now in a continuous loop and will carry on printing stars ad infinitum.
I’'m afraid pressing the STOP key has no effect—that’s for BASIC only; you’ll have to
switch off at the side and then back on again to return to any semblance of normality!

The Commodore 64 itself uses indirect addressing extensively. If you flip to page 114
you’ll see a list of Kernal routines which, when called, perform indirect jumps into the
depths of the Operating System via vectors in block zero RAM.

POST-INDEXED INDIRECT ADDRESSING

Post-indexed addressing is a little like absolute indexed addressing, but in this case, the
base address is stored in a zero page vector which is accessed indirectly.

Operation:
LDA (370), Y Bl 70
Y register BA
Accumulator
-t p3515BA | 4l 41
$71 15
$70 00

In the example above, the base address is stored in the vector at $70 and $71. The
contents of the Y register ($BA) are added to the address in the vector ($1500) to give the
actual address ($15BA) of the data. It should be obvious that this form of indirect
addressing allows access to a 256 byte range of locations. In the case above, any location
from $1500 and $15FF is available by setting the Y register accordingly.

Program 17 uses post-indexed indirect addressing to move a line of screen memory from
the upper to the lower half of the screen.

Program 17

10 REM * * INDIRECT ADDRESSING * *
20 CODE = 49152

30 FORLOOP=0TO 19

40 READ BYTE

50 POKE CODE + LOOP, BYTE

60 NEXT LOOP

70
80 REM * * M/C DATA * *
90 DATA 160,39 REM $A0, $27 — LDY #$27
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100 DATA 177,251 REM $BI, $FB — LDA ($FB), Y
110 DATA 145253 REM $91, $FD — STA (BFD), Y
120 DATA »36 REM $88 — DEY

130 DATA 208,249 REM $D0, $F9 — BNE -7

140 DATA 162,39 REM $A2, $27 — LDX #$27
150 DATA 169,1 REM $A9, $01 — LDA #8$01

160 DATA 157,8,218 REM $9D, $08, SDA — STA 55816, X
170  DATA 202 REM $CA — DEX

180 DATA 208,250 REM $D0, $FA — BNE -6

199 DATA 96 REM $60 — RTS

200

2106 POKE 251,60 : POKE 252,4 : REM SCREENTOP

220 POKE 2538 : POKE 254,6 : REM SCREENBOT

230 PRINT CHR$(147);

240 PRINT * INDIRECT INDEXED ADDRESSING”

250 GET A$

260 IF A$ = “” THEN GOTO 250

270 SYS CODE

The program commences by assembling the machine code held in the data statements.
Next, two vectors are created in zero page. The first (line 210) is POKEd with the address
of the top left-hand corner of the screen (1024) and is called SCREENTOP. Similarly, in
line 220, the next two locations are seeded to point to SCREENBOT (1544).

Once the program title has been printed and a key has been pressed, the machine code
stored in the ‘free’ RAM area is executed. The Y register is set to the text screen line length
count (line 90), then using post-indexed indirect addressing, the byte stored at
SCREENTOP + Y is loaded into the accumulator (line 100) and stored in screen memory
at the location specified by SCREENBOT + Y (line 110). The Y register is decremented,
thus allowing the next location to be accessed (line 120), and the process repeated until the
Y register holds @ (the BNE instruction in line 130 takes care of this, as we shall see in the
next chapter).

The character codes for the title at the top of the screen are now stored in memory mid-
way down the screen. To make them visible, the corresponding locations in the colour
memory (from 55816) must be POKEd with the relevant colour code. This is taken care of
in lines 140-199. Line 140 begins by initializing the X register to the line length, and the
colour code is then loaded into the accumulator (line 150). Colour code ‘1’ means that the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>