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COMMODORE 64 
MACHINE LANGUAGE TUTORIAL 

PREFACE 

PAUL BLAIR has distilled his own starting experiences in learning 
machine language(ML) into a set of TUTORIALS to ease the trans­
ition from BASIC to M L. The layout of the book is designed to provide 
self tuition and guidance in the simple use of the principal 6500 
microprocessor family ML instructions. A computerist will gain 
confidence to c~ntinue into the language. 

To assist discussion about ML programming, the book contains a 
complete program listing for the Commodore 64 (C64). There is a 
similar program available forthe CBM/PET 4000 series of computers. 
As the Apple computer is also based on the 6500 family, Apple 
users can also learn from it The point of the program is illustrative, 
and study of it will quickly demonstrate many of the points made in 
the text. 

My contact with Paul Blair is as editor of the Commodore Magazine. 
After our initial introduction by mail, I was soon to find that Paul had 
a rare gift of being a natural born teacher- a gift he uses very well in 
this book 

MERVYN BEAMISH 
Editor Commodore Magazine 
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INTRODUCTION 

My first toddling steps in machine language were disasters. Those 
curious listings that kept cropping up in the computer press were 
unintelligible, the magazines assumed I knew it all, and the books in 
the shops, mainly of the reference variety, gave little or no help to the 
novice. The rest is history now, but the further I went, the more 
conscious I became of the need for a text for the rank amateur. What C' \ 
follows in this book is a distillation of my starting experiences, set 
down to ease your transition to machine language (ML) programm-
ing. 

The layout of the book is designed to provide guidance in the simple 
use of the principal 6500 microprocessorfamilyML instructions. You 
should gain sufficient confidence to go on from there. 

To assist discussion about ML programmng, the book contains a 
complete program for the Commodore 64 (C64). There is a similar 
program available for the CBM/PET 4000 series of computers. As 
the Apple computer is also based on the 6500 family, Apple users 
can also learn from it. The point of the program is illustrative, and 
study of it will quickly demonstrate many of the points made in the 
text. 

Skill in M L programming can be achieved only by working at it· there 
is no silver bullet solution. Your level of competence will equal the j,)1 
effort you put into it. '--

PAUL BLAIR 
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AFTER BASIC - What Next 

By now, most of you will have become competent inthe use of BASIC 
- and now WiSIl to widen your programming skill horizons. BASIC is a 
high level language, and its designers have provided a large number 
of helpful (and forgiving) features in it. You can edit and run most 
BASIC programs in a friendly environment- even if your program is 
full of errors, you will get to run some of it, fixing up errors as you go 
along. 

Not so machine language. By writing programs directly in the 
computer's own language, not a language interpreted for it, YOU 
become the definer of program logic- and if that logic is not correct, 
you may so confuse the computer that you lose control of it. So, be 
warned, ML programming is demanding, exacting and often exasper­
ating. But it is a great teacher, too. Your logic processes will be 
strengthened, your temper becomes more elastic and your self 
satisfaction will grow with each successful excursion. 

Why ML? What can you manage with ML that can't be done in 
BASIC? The answer to the latter question is- nothing! I n fact, BASIC 
provides many routines that you would have to provide yourself in 
ML. BASIC will multiply 2 numbers for you by saying 

'PRINT 2*3' 

whereas ML requires you to design a multiply routine. 

The advantage of ML is principally speed. By removing the inter­
mediate interpretation step of BASIC, your computer can run hundreds, 
if not thousands of times faster. For tasks like sorting, searching and 
some graphics, ML is the fastest (and probably the only satisfactory) 
way of programming. All tasks that require a large number of 
repetitiOhS of whatever type - that is where M L will win hands down. 
You will Etlsofind that judicious use of ML permits you to use largeror 
more COmplex programs. 
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You need a few items, so that you can experiment for yourself. The 
first is easy- get hold of a small hexadecimal to decimal conversion 
chart, one that can sit jUst above the keys on the keyboard (or be 
taped there). The other is an extended monitor program, like 
64MONITOR or SUPERMON. This will make learning easier. 

There are some things that need to be covered before gOing too 
much further, so let's do them now. 
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TOPIC 1 - Memory Organisation 

We are going to concentrate on the '65XX' family of microprosessors: 
The original Commodore computers (CBM/PEl) and the VIC used 
the 6602 (as did the Apple computer). The Commodore 64 uses the 
newer 651 0 microprocessor. For our purposes, the 6502 and 651 0 
are the same, and '65XX' as used here will refer to both devices. 

Central to an understanding of ML is some idea of computer design, 
particularly how information is stored. 

The original storage concept has not varied from the earliest days of 
data processing, when small magnets were 'core' storage. If the 
magnetic field went one way, the magnet was 'on' , and the other way 
was 'off'. This idea persists, only the storage medium has changed. 

The modern computer relies on the 'on/off' principle. Each 'bit' 
(Binary digil) or storage location can be 'on' or'off'. By convention, 
'on' is as if the bit represented one, and 'off' as if the bit represented 
zero. 

For ease of processing, bits are arranged in groups, named 'bytes'. In 
the 65XX, eight bits makes a byte - so Commodore computers are 
referred to as '8 bit' machines. Later or larger computers use 16 or32 
bits in a byte. 

So let us represent a byte like this. Each small box represents a bit, 
and the large overall box represents a byte. 

Figure 1 

7 6 543 2 1 0 

Forconvenience, each bit isgiven a'position number', starting with 
o on the right running to 7 on the left (this is akin to decimal units, 
tens, hUl)dreds and so on). But there is a reason, as we shall see. 
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How do we use this? As with decimal numbers, each bit (whether on 
or off) has a 'weight' . I n fact, the bit position numbers represent these 
weights. Because each bit can only represent 2 conditions, on or off 
(or 1 and 0) the multipliers increase in powers of 2. In this way, the 
value of a byte is formed. 

Using the bit position numbers, the individual bits either represent 2 
raised to the power of the bit position, or zero. So Bit 0 can represent 
1 orO, bit 1 can mean 2 (2 to the power of 1) orO. Bit 2 can mean 4 (2 to 
the power of 2) orO, bit 3 can mean 8 orO, and so on. Bit 7 can mean 
two to the power of 7 ( 128) or O. So we have a range of number 
combinations in each byte, depending on which bits are on or off. If 
all possible bit combinations of 'on' and/or'off' are considered, and (', 
the values of individual bits are added together, each byte can mean 
any numberfrom 0 to 255 (try it yourself and see what you get). To put 
it more graphically, let's do some examples. 

TASK 1 

Draw bit patterns for the following numbers-

200289025432176 

What numbers do these bit patterns represent-

11000101 
00011011 
10101010 
01010101 
11110000 
00001001 
10010010 

Decimal numbers are one thing to remember, but who would want to 
remember bit pattern numbers? There had to be an easier and tidier 
way. 

One byte can represent 0-255, i.e., 256 numbers. 256 is 16 x 16 ...... 
so every number in the range 0-255 could be represented by not 
more than two 'digits' if we could think of a way to represent a range 
of 0-16 with each 'digit'. 
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TOPIC 2 - Hexadecimal Notation 

We ha"e been conditioned to think in numbers of base 1 0 - i.e., 
numbers in 'groups' of tens. Any base could be used, but the world 
has used base ten for normal mathematics. Why base ten and not 
base 12 or 7 probably stems from the number of fingers we have! 
But computers don't have fingers, just bits !! 

The 16 x 16 product led to thoughts of base 16 - but there weren't 
enough numerals to go around. To overcome this, the letters A to F 
were 'added' to the range of numerals. As if counting in 16's wasn't 
enough! 

I nstead of counting in tens, we count in 16 'so Consider the range of 
decimal numbers from 0 to 15. Let us draw a table showing 
equivalent hexadecimal (usually shortened to 'hex') numbers:-

DEC 0 1 234567 8 9 10 11 12 13 14 15 
HEX 0 1 23456789 ABC D E F 

As with decimal, we add another position ('tens' in decimaO when we 
go past the limit of the base number. This idea extends to hundreds, 
thousands, and so on in decimal, so why not hexadecimal? To count 
on from where we left off-

DEC 161718192021 2223242526 27 28293031 
HEX 10 11 12 13 14 15 16 17 18 19 1 A 1 B 1 C 1 D 1 E 1 F 

We can draw a comparison with our description of the bit 'weight' in 
a byte. Just as each position has a weight or indice, starting at 0 and 
incrementing by 1 for each step to the left, so hexadecimal numbers 
have weights for a similar pattern, but this time the'weight' is in 16 'so 
Figure 2 shows how. 

Figure 2 I. 1 
321 0 
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Just as in our example with the bits in a byte, so hexadecimal applies 
'weights' in relation to the Position number. Think of the position 
number as representing the lowest value the position can hold- so 
Position 0 starts from 0, position 1 starts from 16, position 2 starts 
from 256 (16 x 16) and position 3 from 4096 (16 x 16 x 16). 

To convert from decimal to hexadecimal, divide the decimal number 
by 4096, 256 or 16, whichever is the next smallest number to the 
number to be converted. The whole part of the result converts to its 
hex equivalent. The process continues with the next smallest 
divisor, until the final remainder is less than 16. The concept is 
Simple; and with practice you will become familiarwith its use. Let us (J 
convert a number, - say 5127 

5127 / 4096 = 1 and 1031 over = 1 as first hex digit 
1 031 / 256 = 4 and 7 over = 4 as next digit 
7/16 = 0 and 7 over = 0 as next digit 

So the final conversion of 5127 is 1407 hexadecimal. 

The reverse applies - multiply progressively by 16, 256, and (if 
needed) 4096, adding together the individual results. 

There are certain conventions used in hexadecimal notation. To 
differentiate between decimal and hexadecimal, hex numbers are 
prefixed with '$'. And hex numbers are usually written in groups of 2 
numerals - $XX or $YYVY, not $Z or $ZZZ. This is not an absolute 
rule, but a tidy one. 

TASK 2 

Convert some numbers to hex-

1 0 25 49.8 100 47 19 66 

Convert some hex numbers to decimal-

$4E $07 $58 $6A $49 $17 $25 

You will come to grips with hexadecimal with practice. No book will 
do th is for you, it's a matter for personal effort. Don't try to remem ber 
it all- hence the earlier suggestion for a small hex/decimal table to 
tape onto your computer keyboard. 
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TOPIC 3 - The 65XX Microprocessor 

Yol) probably "lave looked into the heart of the main processor chip, 
either accidently or deliberately. To do this, you would have 
accessed the monitor, built into 3000/4000/8000 Series 
Commodore machines, or available as a loadable program for the 
C64. The monitor is the window on the 65XX, the chip that is the 
heart of Commodore computers. If you are to succeed in ML 
programming, you need some basic information to start - and you 
will learn a lot more as we go along. 

When you got to the monitor and peered in, you probably got a 
picture something like this 

PC IRQ SR AC XR YR SP 
DC4D EA31 CC 30 05 FF F8 

and (no doubt!) wondered what you had struck. You weren't the 
first, and won't be the last, let me assure you. 

Storage in the 65XX can be considered as a number of memory 
locations, hooked together by a common line (the data bus) on 
which all information travels. In any program, the 65XX (by its 
'architecture' or the way its brain is arranged) uses the 3 main 
temporary mailboxes AC, XR and YR to hold information, counting 
where it's at with the PC, checking its filing system with the SP, 
watching the instruments with the SR, and keeping overall control 
with the IRQ. Understand all that? Thought not. 

Let's go through all that again, with some explanations. 

PC stands for Program Counter. Using this counter, the computer 
stores enough information (2 bytes, each of 8 bits) to remind itself 
what to do when it finishes what it is doing now. In the example, 
$DC4D is the next port of call. 
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IRQ is short for Interrupt ReQuest. When a program is running, it is 
interrupted momentarily every so often (like 60 times a second) to 
check for outside activities, Such as whether someone has typed 
something at the keyboard. In that case, whatever has been typed 
needs to be stored, then the program will continue. Don't worry too 
much about it for now, just be aware that it exists, and is very 
important. 

SR stands for Status Register, which is one byte whose bits can be 
set or unset ('on' or 'off' if you like) to denote certain things- e.g., if 
bit 7 is 'on' (= 1) it could denote that the number you are working on 
is negative, while bit 7 'off' (= 0) could indicate a positive number. r', 
The bits in the SR are termed 'flags', which we will discuss in Topic ~ 
10. 

The next 3 locations are also named registers, and are one byte 
each. 

AC is the ACcumulator, probably the most important register of the 
three. For convenience, the name is abbreviated to '.A' During 
programs, most operations centre on .A 

XR and YR are the X and Y Registers, usually referred to as.X and.Y 
Like .A, they are each one byte of storage, used for holding variables 
during run time. 

SP stands for Stack Pointer. The stack is a 256 byte block of storage 
used for holding all sorts of information. It works like a pile of dinner 
plates - the last plate you put on top will be the first plate you 
retrieve. Information is 'pushed' onto the stack one byte at a time, 
and retrieved (or' pulled') the same way, but in the reverse order to ( 
the order in which it was stored. Sometimes called LIFO, or Last In '--.; 
First Out, which sums it up pretty well. Of course, this is not to be 
confused with GIGO (Garbage in Garbage out) - a well known 
computer disease. 

That completes our introductory sections. Reread these notes from 
time to time, to keep them fresh in your mind. 
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TOPIC 4 
- Machine Language Programs 

Commodore computers were designed around the 6502 (more 
recently the 651 0) chip, and so enjoy the use of what is termed the 
'6502 instruction set'. The 6510 and the 6502 are identical in this 
respect. In brief, this means that it is possible to instruct the 
computer to perform certain functions, such as add, subtract, move 
data and so on, by using an 'instruction' that is included in the 
computers vocabulary. The instruction set has been carefully 
designed to provide for most functions that are needed, but (as ever, 
I suppose) there are a few not provided for directly, but are available 
by combining other directions. This is not a serious limitation. 

The instruction set contains 56 core instructions, and a number of 
these have subsets of operating parameters, so that the 56 
instructions have a total of 151 different operating techniques. That 
probably sounds daunting, but there is a pattern in the subsets that 
makes it much easier to follow. Some texts use the subsets to 
introduce the core instructions, butwe will work the other way, using 
the instructions to introduce the subsets. 

The 56 core instructions are defined by 3 character alphabetic 
codes, named operating codes- opcodes for short. In the sections 
that follow, we will examine each major opcode in turn . 

. J THE OPCODE SET WITH TRANSLATIONS 

x ADC 
AND 
ASL 

- BCC 
- BCS 
- BEQ 

BIT 
-BMI 
- BNE 
~ BPL 

ADd memory to .A with Carry 
Logical AND of memory with.A 
Arithmetic Shift memory of.A Left one bit 
Branch if the C (carry) flag is Clear (0) 
Branch if the C flag is Set (1) 
Branch if the Z (zero) flag is EQual to 1 
Test memory bits 
Branch if the N (negative or Minus) flag is 1 
Branch if the Z flag is 0 (result Not Equal to 0) 
Branch if the N (negative) flag is 0 (result PLus) 
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- BRK 
BVC 
SVS 

-CLC 
CLD 
ClI 
CLV 

-CMP 
-CPX 
-CPY 
- DEC 
- DEX 
- DEY 

EOR 
~INC 

-INX 
-INY 
- JMP 
- JSR 
- LDA 
- LDX 
- LDY 

LSR 
- NOP 

ORA 
- PHA 
- PHP 
-PLA 
-PLP 

ROL 
ROR 
RTI 

- RTS 
- SSC 

SEC 
SED 
SEI 
STA 

- STX 
-STY 
.... TAX 

Force a BReaK (stop) 
Branch if the V (oVerflow) flag is Clear (0) 
Branch if the V (oVerflow) flag is Set (1) 
CLear the C (carry) flag to 0 
CLear the D (decimaO flag to 0 
CLear the I (interrupt) flag to 0 
CLear the V (overflow) flag to 0 
CoM Pare memory with .A 
ComPare memory with .X 
ComPare memory with.Y 
DECrement memory contents by 1 
DEcrement.X by 1 
DEcrement.Y by 1 
Arithmetic Exclusive OR of.A and memory 
I NCrement memory contents by 1 
INcrement.X by 1 
INcrement.Y by 1 
JuMP to new location 
Jump to new location, Saving the Return address 
LoaD .A with a byte 
LoaD .X with a byte 
LoaD.Y with a byte 
Logical Shift memory or .A Right one bit 
No OPeration - do nothing 
Inclusive OR memory with.A 
PusH value of .A onto stack 
PusH value of SR (Processor) onto stack 
PulL top value off stack into .A 
PulL top value off stack into SR (Processor) 
ROtate memory or .A one place to the Left 
ROtate memory or .A one place to the Right 
ReTurn from Interrupt 
ReTurn from Subroufine 
SuBtract memory from .A with Carry 
SEt the C (carry) flag to 1 
SEt the D (decimal) flag to 1 
SEt the I (interrupt) flag to 1 
STore the value in .A into memory 
STore the value in .X into memory 
STore the value in .Y into memory 
Transfer .A to .X 
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~ TAY 
.- TSX 
~TXA 
-TXS 
--TVA 

Transfer .A to .Y 
Transfer'SP into.X 
Transfer .X into.A 
Transfer .X into SP 
Transfer.Y into.A 

Most opcodes have to operate on something - the opcode is not 
complete in i"self, with a few exceptions. Rather than set it all out 
here, the ideas of labels and operands (as the other parts of a typical 
instruction are termed) will be set out as we go through the opcode 
family. 

The list looks rather unnerving, so without further ado, let's set 
about demolishing it. 
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TOPIC 5 - Load and Store 

LOAD 

The load and the store operations are very similar, with one 
important (and obvious) difference. 

You can load .A,.X and. Y with either a value, e.g., 20, or you can load 
the actual value that is already stored in another memory location. 

If you want to load a specific value, say decimal 32 ($20) you would 
write 

LOA #$20 (Type 1) 
or LOX #$20 
or LOY #$20 

This introduces the '#' (hash) symbol. Put simply, it differentiates 
between the address of a location ($20) and the value hex $20 
(#$20). I prefer to work in hex (then there is no mistake about 
whether I'm in decimal or hex notation), so I will continue to use the 
hash convention here. 

It also enables an introduction to the term 'operand' - which is 
simply something to be operated on. The '#$20' is operated on by 
LOA - and whether it is a value or a memory location, it carries the 
same title. 

So, if the status value (51) that the G64 uses to detect the end of a 
file is stored in memory location $90 ($96 in GBM/PE1), you can call 
that value into any of the 3 registers with 

OPGOOE.OPERANO 
LOA $90 (Type 2a) 

or LOX $90 
or LOY $90 
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Of course, if you can load from a memory location with a 2 hex digit 
address, you can also load from one with a 4 hex digit address­
giving 

OPCODE.OPERAND 
LOA $8000 (Type 2b) 

or LOX $8000 
or LOY $8000 

Each type of operation conforms to a specific type of operation. Not 
all texts use the same naming convention, so I will use the most 
common one. 

Type 1 statements are uniquely named 'immediate' i.e., the load a 
value specified in the statement - LoaD Accumulator with the 
.number represented by $20, or 32 decimal. Very straightforward. 

Type 2 statements are named 'absolute'- what the statement says it 
is! Go to that location, get the value found there, and put it into the 
correct register. Again, no problem. 

Remember that each byte can hold only the range of values from 0 
to 255. 

The next form of load opcode is probably one of the most useful. In 
this form, an index is used. The index relates to the address 
specified in the instruction, and is added to it. To be more specific, 
consider the following-

LOA $8000,V (Type 3) 

Depending on the value in the .V register, load .A with the value l_ 
found by adding.V to $8000. If.V held 7 (#$07 by our convention), 
then the instruction becomes-

LOA $8007 

Note that by performing the addition, I can remove the comma, 
turning a Type 3 statement into a Type 2 statement. But if I can 
somehow manage to arrange a loop inwhich I increase.V, then I can 
sequentially load consecutive bytes intq_!A 
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Type 3 instructions are termed 'indexed absolute' and you can use 
.X and.Y (but NOT .A) as indices. You wouldn't use LOX $B045,X-it 
wouldn't work. 

The final form in this group is really only a change of name. The 256 
bytes from $00 to $FF (at the very start of computer memory) are 
called 'zero page'. Usually the locations in zero page are used by 
BASIC programF to hold all sorts of useful information - the status 
word ST is one. II' SASIC is not being used, many of the locations are 
sitting idle, and are an ideal place to store useful values in a ML 
program. So, using zero page is useful, and leads to Type 4 
addressing (which looks rather like Type 3) 

LOA$AO,X 

This is termed 'indexed zero page' - in reality 'indexed absolute' 
using zero page. Zero page addressing is useful because it uses 1 
less byte in each instruction, and operates more speedily than a 
reference to any other part of memory. 

STORE 

As noted earlier, store works like load, with one difference. While 
you can load any number or from any memory location you wish, 
(immediate type) you obviously cannot do an identical reverse, such 
as writing to fixed ROM. But you can store a variable into any random 
access memory location. Consider the following-

STA$07 
STY $0401 
STX$E007 

The first two will work- in the C6410cation $07 is in RAM, and $0401 
is the second position in screen RAM. But $E007 is Read Only 
Memory, and you can't normally write to ROM, so the instruction will 
fail. 
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Just as you can perform an indexed load, so you do an indexed store -

STA $0401 ,X 

is quite legal, as is 

STX $07,Y 

SUMMING UP 

You have seen lots of LOA's, STX's and so on, and you might(at this 
time) think that the same rules apply to all instructions. The fact is, 
they don't. Not every instruction supports the same addressing 
modes as its brothers, so let's set out a table for future reference. 
The table will list each command, with 'V' or'N' to indicate whether 
the mode is legal or not. 

OPCODE IMMED ABSO- ZERO INDEXED INDEXED 
LUTE PAGE ABSOLUTE ZERO PAGE 

X Y X Y 

LOA Y Y Y Y Y Y N 
LOX Y Y Y N Y N Y 
LOY Y Y Y Y N Y N 

STA N Y Y Y Y Y N 
STX N Y Y N N N Y 
STY N Y Y N N Y N 

This makes it quite clear which goes with what. Don't try to 
remember them all- you can look up books or make up a collection 
from these notes for reference. 
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TOPIC6-lncrementsand Decrements 

The next 4 opcodes are termed 'implied', i.e., they have no operand 
following the opcode, as the operand is implied in the instruction. 
They are stand-alone instructions. The 4 instructions are-

INX 
INY 
DEX 
DEY 

which adds one to.X 
which adds one to . Y 
which subtracts one from .X 
which subtracts one from.Y 

There are 2 other opcodes in this group. Like load and store, they 
have absolute, indexed and zero page options, and all operate on 
memory locations in RAM 

INC $033C adds one to location $033C 
DEC $A8 subtracts one from location $A8 

INC and DEC support absolute and zero page, and both of these 
instructions indexed via the .X register. 
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TOPIC 7 - Register Transfers 

The 65XX can shift values between registers with 6 'implied' 
instructions. 

TAX transfers.A to.X 
TAY transfers.A to.Y 
TXA transfers .X to .A 
TVA transfers. Y to .A 
TSX transfers SP to .X 
TXS transfers .X to SP 

There is no direct transfer available between.X and.Y or vice versa. 
Note that in each transfer, the contents of the source register are 
transferred to the target register WITHOUT altering the contents of 
the source register. 

There is no INA (INcrement .A) instruction, so transfer commands 
are combined to provide for this-

TAX ;MOVE.A TO.X 
INX ;ADD 1 
TXA ;AND RETURN IT TO.A 

This, of course, loses the value in.X at the start. So, if.X is important 
at the time, you could -

STX $D7 ;STORE HANDY 
TAX 
INX 
TXA 
LDX $D7 ;GET IT BACK 

INA would be a useful command - in this example it would save at 
least 7 bytes if used in a program. Later on, a substitute method will 
be shown. 
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SUMMING UP 

It might surprise you to know that of the 153 instructions we started 
out with, 41 types have been covered in this first round. If you don't 
believe me, count 'em! . 
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TOPIC 8 - .Jumps and Branches 

BASIC has some very useful commands that permit movement to 
other parts of programs- e.g., GOSUB takes you to special or often 
used routines, and RETURN gets you back home again. GOTO also 
takes you to other parts, straight off.IF .. THEN orON .. GOTO permit 
you to apply some sort of test or check before going to some special 
place or other. Luckily for ML programmers, there are similar 
provisions in the 65XX. Let's explore further. 

JUMPS 

The most commonly used jump instruction is JSR, which is Jump 
and Save Return. The ML program must remembertheaddress that 
it jumped from, so that it can return there later. Sometimes JSR is 
described as Jump to SubRoutine, but that isn't the best 
description. However, just as a GOSUB works, so JSR takes you to 
those places in your program where you want particular things to 
happen, and brings you home again. 

The brother instruction to @A is ~ which is ReTurn from 
Subroutine. RTS can be used to finisasubroutine and go back to 
the mainstream of a program, or, if all work is finished, to return to 

~ -----
The last of the jump-type instructions is JMP, which is a straight 
GOTO. When you say J M P you mean just that- there is no RTS from 
aJMP. You can jump anywhere in your program, orjumptoa routine 
in the machine itself, such as a routine to print a string on the screen. 

BRANCHES 

We will treat branches at face value. In fact, they do more than I'm 
about to tell you, but we'll come back to that later. 
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Branches allow you to test some condition, and depending on the 
result of that test, the program will transfer operations backwards or 
forwards to another location. The only limitation here is that you can 
only go forwards or back to the limit of about half the maximum value 
that can be stored in a byte- so we can go back or forward about 127 
bytes (near enough for now). This means that the point to which you 
want to branch has to be reasonably close by - you can't branch 
from one end of a long program to another. 

(/) NB 1:>.0 NOr N/r./<.i) "!'"¥J GMf.> ftr--(1Z« I"'~ ovt bJi.l( 
The principal mathematical branch opcodes are-

BNE 
BEQ 
BMI 
BPL 

Branch if the result is Not Equal to zero 
Branch if the result is EQual to zero 
Branch if the result is Minus « 0) 
Branch if the result is PLus (=> 0) 

Using these, we can test all sorts of things. One major use is to test 
for the end of a loop where an index, say.Y, has been set to a value. 
As the loop runs,.Y is decreased (DEY), then BEQ (when.Y = 0) to 
the next job, or BPL back around the loop if.Y is not zero. In just the 
same way, you could do one more loop by using BM I instead of BEQ. 
The variations are endless. 

LET'S WRITE SOMETHING 

Let's put something on the screen where we can all see it. 

LDY #$01 ;THIS IS SCREEN ASCII FOR "A' 
STY $0400 ;THE FIRST SCREEN POSITION 
RTS ;BACK TO BASIC 

That didn't hurt, did it. We put the_screen ASCII for "A' into .Y, then L, 
stored it in the top left of the scree'ft;-(6npaper, at least) 

EXAMPLE 2 
Surely we can do better, so lets put more than one letter up there. 

LDY #$01 ;SCREEN "A' 
STY $0400 ;ONTO THE SCREEN 
LDY #$02 ;SCREEN "B' 
STY $0401 ;NEXT SCREEN POSITION 
LDY #$03 ;SCREEN "C' 
STY $0402 ;NEXT SCREEN POSITION 
RTS ;BACK TO BASIC 
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Well, that works too, but it seems to be a long way to go to print, say, 
the alphabet. Are there better ways? 

EXAMPLE 3 

There's (nearly) always a better way. Let's use all our cunning and 
make a loop to do it. Better still, we'll use indexed addressing to 
make it really swing. 

LDY #$01, ;START A COUNTER 
LDX #$09 ;AND ANOTHER HERE 

o HE~E TVA ;USE.Y AS CHAR 

\ 
STA $0400,Y ;ONTO SCREEN 
INY ;NEXT LETTER AND POSITION 1/1{ C '/ 

DEX ;ONE LESS TO DO IVC "-

~--~ BPL HERE ;IF +VE GO BACK TO 'HERE' NB 1:>o/'./r /'Irzlz.i~ 
RTS ;IF NOT, ALL DONE (,M;o "TO !'YJMC.H 

The list introduces a new idea- did you notice 'HERE' on the third 
line? It's called a label, and roughly equates to a line number in 
BASIC. Labels are used for simplicity during program writing - they 
do not feature in the final ML. Whether it has a name (HERE) or is 
some address that the computer can find doesn't matter. It's simply 
a place in the program that can be identified. 

What have we done? We have started the screen print with 
character 'A', and every time we go through the loop, the value 
stored in. Y is incremented by 1 (I NY). A second counter is initialized 
with the value 9 in .X Each pass of the loop subtracts one from .X 
(DEX), and the value in.X is tested (BPL) to test whether to go back 
through the loop·(branch to HERE) or to know the job is done and 
RTS. On each pass of the loop, the next character of the alphabet is 
printed to successive screen positions through the indexed counter 
based on $0400 - 'A' in $0401 , 'B' in $0402 and so on. 

Topic 8 - Jumps snd Branches 8-3 



We now have a picture of the structure of a source file-

LABEL 

HERE 

etc 

OPC.OPERAND 

LDY #$01 
LDX #$09 
TVA 
STA $0400,Y 

COMMENT 

; START A COUNTER 
;AND ANOTHER 
;USE.YASCHAR 
;ONTO SCREEN 

We will return to this layout when we discuss program entry 
techniques later on in Topic 17 and Appendix A 
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TOPIC 9 - Compares 

Just as we can take branches depending on whether results are 
positive, negative, zero or not zero, so we can generate conditions 
to facilitate branching on the result of compares. Strictly speaking, 
BPL, BMI, BEQ and BNE are compares, but they are a special set of 
the family. 

There are 3 compare opcodes - compare memory to .A, compare 
memory to.X and compare memory to.Y What sets this group aside 
is the method of operation. But first, the opcodes-

CMP CoMPare to .A 
CPX ComPare to .X 
CPY ComPare to .Y 

The mechanism of compares is not as you might expect. The 
compare operand is either a value, or the value contained in a 
memory location. The value is subtracted from .A, .X or .V, but the 

c¥alue in the register IS not changE@) Nor is the result stored. The 
result of the compare can be negative, zero or positive (think about 
that for a minute), and CMP/CPX/CPY is usually followed by a 
branch, chosen depending on the desired effect of the compare. 
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TOPIC 10 - Flags 

This topic has been held back until now, whereas in some texts it is 
introduced earlier. By now, many of the flag-setting instructions 
have been discussed without reference to flags. In simple 
programming, the flags are not so critical. But in more complex 
programming, or programs with more refinement, flag manipulation 
is very important. Pleasingly, ifs really quite easy. 

If you cast your mind back, we talked aboutflags in Topic3, when we 
discussed the Status Register. There's nothing different about the 
Status Register- it's just a byte like any other, except that certain 
opcodes direct their enquiries there without any further prompting. 
So what does this byte do? 

Just as we numbered bit positions in earlier discussions, the SR is 
indexed - with names this time. The byte (of the usual 8 bits) looks 
like this- +- 0 

-I 

FigureS I~ ~I 7 I~&K ~I~~~I I~=?I 0 

Bit position: 7 6 5 4 3 2 1 0 

Flag code: N V B D Z C 

I "'1'W,I .. ·,)j"" • 

All looks mysterious, so some explanations. 

N - Bit 7 - The sign flag, negative (N) if the bit is set (= 1) or positive if 
o. 

V- Bit6- The oVerflow flag. It is set as a result of some mathematical 
operations. Little used. 

Bit 5 is not assigned 
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B - Bit 4 - The Break flag, set if a break (BRI<) is encountered. 

D - Bit 3 - Decimal mode flag. When set, the computer uses BCD 
(binary Coded decima~ mode, rather than hex mode for arithmetic 
operations. 

/- Bit 2 - When set, the normal computer Interrupts (to check the 
keyboard etc) are defeated. 

The next two registers are the most commonly used. Handily, they 
are at the end of the register where access is easiest. 

Z - Bit 1 - The Zero flag. If the result of an operation is zero, Z is set. (', 
Otherwise, it is not set. 

C- Bit 0 - Carry flag. Set when an operation produces a carry-over 
from one column of figures to the next more significant one, just as 6 
+ 5 in normal arithmetic produces a carry digit in the'tens' column. 

A number of opcodes work directly on these flags, to set or reset 
them. These are-

CLC CLear the Carry flag (make it 0) 
CLD CLear the Decimal flag 
CLI CLear the Interrupt flag 
CLV CLear the oVerflow flag 
SEC SEt the Carry flag (make it 1) 
SED SEt the Decimal flag 
SEI SEt the I nterrupt flag 

Flags are important, and worthy of some study on their own. There is i., 
not time here to dissect their operation to any depth, but you need to "-
be aware of their existence, and have an eye to their use. 

To finish off, there are four Branch operations that we haven't 
examined, as they needed some appreciatiori of flags before 
discussion. They are-

BCC Branch if Carry (flag) Clear 
BCS Branch if Carry Set 
BVC Branch if oVerflow (flag) Clear 
BVS Branch if oVerflow Set 

1 0-2 Commodore 64 ML Tutorial 



J 

If the flag is clear (C= 0) when BCC is encountered, then the branch 
is taken. If set, the program merely passes straight through and on. 
Conversely, if BCS is the instruction and the flag is clear, the branch 
is not taken. 

Similarly with BVC and BVS. The 'branch if clear' - 'branch if set' 
pattern from above is repeated, this time based on the oVerflow flag. 
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TOPIC 11 - The Easy Ones 

We need a short respite from complex thoughts, so let's look at 4 
easily understood instructions. 

The Stack(our LIFO pile of plates) can be used for many things, one 
of the more useful being to'bank' the values in any or all of .A,.X or.Y 
before gOing off to do another task. Many programs in BASIC that 
have ML sections do this when the BASIC program calls (SYS 
XXXXX) the ML portion. How do we do this? 

The most used instructions are-

PHA PusH Accumulator value onto stack 
PLA PulL Accumulator value off stack into.A 

If all 3 registers are to be saved, there isa formula to follow that looks 
like-

PHA ;STORE .A 
TVA ;PUT.Y IN .A 
PHA ;STORE.Y 
TXA ;PUT.X IN.A 
PHA ;STORE .X 

; REST OF PROGRAM 

\ PLA ;GET ONE BACK 
TAX ;PUT.A IN .X 
PLA ;AND THE NEXT 
TAY ;PUT.A IN.Y 
PLA ;THAT'S ALL 

Notice that we put the values onto the stack in order .A-.Y-.X and get 
them back in order .X-.Y-.A Provided you reverse the order on 
retrieval, this system is OK. Don't forget that.A must always be first 
in if you want to keep it. 
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If you turn back to Topic 7, there was a mention of a better system for 
liB temporary storage of a useful parameter. Instead of using STX $07 

to keep the variable, we could use PHA to put the value onto the 
stack, perform the INX, then PLA to get the value back. 

The other instructions are to store the SR contents on the stack-i.e., 
the flags. The opcodes are-

PH P PusH Processor onto stack 
PLP PulL Processor into SR 

These need little explanation. But it is sometimes a way to preset the c-: 
flags. If you set up.A, doa PHA then a PLP, the value you set up in.A 
finishes up in the SA. 

l--~ 
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TOPIC 12 - Logical Operations 

Many of you will not have come across Boolean functions before, so 
this will all be new to you. But don't worry - it is not difficult. 

There are 4 instructions in this group-

... AND! AND 
BIT 
EOR 
ORA 

This instruction tests memory bits 
Exclusively OR memory with.A 
Inclusively OR memory with.A 

That sounds complicated, so a brief exposure to logical operations 
will help. Such operations do bit-by-bit comparisons of two values, 
locations, or whatever is specified. Bit 7 in one is compared to Bit 7 
in the other, the result is stored, and so on to BitO. Bits are either 1 or 
0, so a comparison could be comparing 1 with 1, 1 with 0,0 with 1 or 
o with O. 

AND compares the 8 bits in.A with the specified value or location, bit 
by bit. If both bits in a comparison are 1 (1 AND 1) then the result is 1. 
Any other combination gives O. The result is stored in .A An 
example-

83 is #$53 - 01010011 
AND 112 is #$70 - 01110000 
So (82 AND 112) is 01010000 which is 80 - $50 

The BIT instruction is an odd one to understand - two bits from 
memory(Bit 6 and Bit 7) are copied into the V and N flag. The Z flag is 
set if.A AND memory are not zero. Don't worry too much- this is for 
more advanced work. 

EOR is also a bit-by-bit compare. This time, if either one or the other 
bit is 1 , then the comparison result is 1 . If both bits are 1 or both are 
0, the result is O. EOR is very handy for handling the Commodore 
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screen, particularly for reverse video. In Commodore code, the end 
bit (Bit 7) is off for normal display, and on for reverse. To reverse a 
character, Bit 7 has to be turned on-

LDA $0400 ;GET CHAR FROM SCREEN 
EOR #$80 ; REVERSE IT 
STA $0400 ;PUT IT BACK 

'E' is 00000101 
Reverse it 10000000 
And get.. 10000101 which gives reverse 'E' 

ORA is the last of the four opcodes to consider. During the 
comparison, if any of the bits being compared is 1, then the result is 
1 . An example is probably best-

Rev'E'is 10000101 
ORA #$80 10000000 
And get.. 10000101 so it remains unchanged 

A further example of AND and ORA can be used to blank the C64 
screen during program load and save operations - this speeds up 
the process for disk, and is essential for cassette. Screen blanking is 
controlled through bit4 of the VIC Control Register, location $D011 
(53265). When bit 4 is 'off', the screen is blanked. The routine looks 
like this-

LDA $D011 ;GET PRESENT VALUE 
AND #$EF ;TURN BIT 4 OFF 
STA $D011 ;PUT VALUE BACK 

To turn the screen on again-

LDA $D011 
ORA #$1 b ;TURN BIT 4 ON 
STA $D011 

The effect of AND #$EF is to leave all bits except bit4 as they were. 
Bit4 is made zero. In reverse, ORA#$1 0 only affects bit4.ln BASIC, 
the routine would be-

POKE 53265, PEEK(53265) AND 239 = ON 
POKE 53265, PEEK(53265) OR 16 = OFF 
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TOPIC 13 - Addition and Subtraction 

Arithmetic operations are not well implemented in Commodore 
computers. Commodore are not unique in this - it is common to all 
older microprocessors, but is improved in newer devices. But you 
will be able to get by (most of the time) without doing a vast amount 
of adding and subtracting. There are only two instructions in this 
group-

ADC ADd with Carry 
SBC SuBtract with Carry 

With addition and subtraction, there can often be a carry - if the 
result exceeds 255 (#$FF) or is less than 0 (#$00), just as 9 + 4 
produces a carry from units to tens in decimal addition. When this 
happens, the C (Carry) flag in the SR is set to 1 . Of course, you may 
have already set C with a previous calculation, so it is usual to 
perform CLC (who remembers?) before using ADC. With 
subtraction, it is usual to do it the other way around- set C before an 
SBC. 

The technique can be used to add large numbers, using C to 
indicate carry within each byte. Carry between bytes is handled by 
the 65XX for you. But let's stick with a simple addition-

CLC ;JUST TO BE SURE 
LDA $70 ;PUT MEM INTO.A 
ADC #$16 ;ADD 22 
STA $70 ;PUT IT BACK 
SEC ;SET THE FLAG 
LDA $77 ;PUT MEM INTO.A 
SBC #$04 ;TAKE AWAY 4 
STA $77 ;PUT IT BACK 

There are many and various ways of combining ADC and SBC with 
other instructions to produce quite powerful operations- and both 
ADC and SBC set and unset flags with gay abandon. Experiment I!! 
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TOPIC 14 - Shifts and Things 

Let's look at a byte - all 8 bits of it. Any value will do, so lets use 
decimal 42 - #$2A 

00101010 

,) Lets move all the bits one place to the left-

01010100 

This comes to #$54, or 84 decimal. What do you notice? 

Let's take #$2A again, and shift the bits to the right this time-

00101010 
becomes 00010101 

which is #$15, or 21. The plot thickens, if you hadn't noticed. 
Without further ado, let's introduce the next set of instructions. 

ASL Arithmetic Shift Left 
LSR Logical Shift Right 
ROL ROtate Left 
ROR ROtate Right 

The principal difference between these instructions is what 
happens to the bit that falls off the end, and what is put into the 
empty bit at the other 'end'. 

ASL keeps the displaced bit in the Carry flag, and puts a zero into 
Bit o. 

10010101 0 
C=1 It!"'" 0010101 OY 
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LSR is near enOugh to the reverse of ASL. Bit 0 goes into the Carry, 
and 0 is put into Bit 7 

o 10010101 
....... 01001010 ....... C=1 

ROL is a nine-bit rotation. All bits are rotated one place left - the 
value in C goes into Bit 0, and then what was Bit 7 goes into the Carry 
flag. 

10010101 C=O 
C=1 It!'" 00101010 IL'" 

ROR is another nine-bit rotation, the reverse of ROL. The Carry goes 
into Bit 7, and Bit 0 goes into the Carry flag. 

THE LAST ONES 

There are only three more opcodes. They are: 

SEI which is SEt Interrupt 
CLI which is CLear Interrupt 
RTI which is ReTurn from Interrupt 

At this stage (and perhaps for a while yet) you won't need to worry 
about these. Just note their existence. When you are more 
experienced, you will learn to work with these useful commands. 
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TOPIC 15 - Other Addressing Modes 

We have covered all the instructions, but there are some addressing 
modes that are a little more complex. I have left them until now, so 
that you will be in a better pOSition to understand them. 

Before starting in, there is a feature of the 65XX that you may 
already know. It concerns a peculiarity of 65XX architecture when 
storing numbersgreaterthan #$FF(255 decimaO To store a number 
like 1036 ($040C) takes two bytes. One byte stores #$04 and the 
other byte stores #$OC. But the 65XX likes to work back to front, so it 
stores #$OC in the lower byte and #$04 in the higher byte. Almost 
without exception, you will see numbers stored this way in 
Commodore computers. 

The main addressing mode that makes use of this feature is termed 
'indirect', and it may be indexed or absolute. Let us consider indirect 
indexed by an example. 

LOA ($5E),Y 

translates as follows 

LOA (the 2-byte address $5F$5E),Y 

Sf 0 ~ l--h' 

S- F 0 it I., I G I._ 

(pO 

so if $5F contains #$04 and $5E contains #$03 we have 

LOA ($0403),Y 

Note that the address is compounded from the two bytes (#$03 and 
#$04 in reverse order) THEN the value in.Y is added to determine 
the true location. 

The value in .X can also be used, but the operation is different. 

LOA ($07,X) 
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The value in .X is added to the zero page address, to get a new 
address. This address, together with the next byte, is the location 
pointed to. For example, if $D7 is #$5C and.X is #$02, then the 
instruction goes to the two bytesat$D7 and$D8.lf$D7 is#$OAand 
$D8 is #$80, then the byte at $800A is loaded into.A 

~ 2e ro f)CL1~ , 

e. S- +- L DA ~s- \ ?c) 
\~)l-'-).. 

goO A. 

l 
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TOPIC 16 - To Finish Off 

We have now looked at all the opcodes, and introduced the 
addressing concept. At this point, let's concentrate on reviewing 
what we know about addressing modes, and tabulate the individual 
modes. 

The first mode was IMMEDIATE, where we loaded a variable into.A, 
.X or .Y. 

LOA #$20 puts decimal 32 into.A 
LOX #$45 puts decimal 69 into.X 

The next mode was ABSOLUTE, where we loaded or stored 
information from or to an address. ABSOLUTE ZERO PAGE uses 
addresses between $00 and $FF - the first 256 bytes in the 
computer. ABSOLUTE (on its own) refers to any other address that 
the computer can access. 

LOA $BOOO 
STA $A7 

After that came INDEXED mode-ZERO PAGE INDEXED by.Yor.X 
(zero page meaning the same as above) and ABSOLUTE INDEXED, 
for any other address. 

LOA $B147,Y 
STA $0400,X 
LOA $D7,Y 

Branches followed- a mode on its own, termed RELATIVE because 
the jump 'distance' is related to the bytes being executed. 

IMPLICIT was straightforward - INY adds one to .Y, DEX takes 1 
from .X, PHA pushes the accumulator onto the stack, and so on. The 
opcodes stand alone, implying their action without need for any 
more explanation. 
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The INDEXED mode was next. In this mode, the computer 
calculates its action ulSing a 65XX shorthand convention:-

LDA ($42),Y 

gets the bytes from $42 and $43, applies the 65XX convention of 
low byte-high byte and 10ads.A with the contents of that address- in 
this case, offset by.Y In this case, the mode is termed INDIRECT 
INDEXED. 

As a shorthand guide, the following table sets out the major modes:-

IMMEDIATE 
ABSOLUTE 
ABSOLUTE ZERO PAGE 
ABSOLUTE INDEXED 
ZERO PAGE INDEXED 
RELATIVE 
IMPLIED 
INDIRECT INDEXED 
ACCUMULATOR 

LDA #$00 
LDA$COOO 
LDA$2A 
LDA $BOOO,Y 
LDA $20,Y 
BNE $1024 
INY 
LDA ($2A),Y 
ASLA 

There is one other mode, not covered in the main text. INDIRECT 
(sometimes termed ABSOLUTE IN D I RECn means that the program 
goes straight to an address, finds the contents of the address and 
the byte following it, and goes to that place to continue. 

Some texts expand these to indicate that some modes work only 
with certain parameters, one example being to indicate whether .X, 
. Y or both can be used as indices. However, the principal modes are 
listed above. 

These names are used somewhat flexibly by different writers. This 
can cause some confusion and user difficulty, but if you learn to say 
the mode to yourself each time you use the various instructions, 
they will form a distinct pattern in your mind and ease the 
programming task. 
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TOPIC 17 - Editors and Assemblers 

Programming in ML is nothing like BASIC programming. With 
BASIC, you are dealing in quasi-English, working with a dynamic 
screen, and you can insert, delete, move, renumber, rename and 
otherwise fiddle to your heart's content - all nicely protected by a 
BASIC interpreter that does all sorts of convenient things for you, 
even down to telling you where your program ground to a halt. Not 
so M L - there is no tidy entry routine directly available for use. You 
have to look for help. 

Up to now, we have been dealing in labels, opcodes and operands, 
which are reasonably easy to read by us, but which are of no direct 
value to the computer. 

At the outset, it was suggested that you get a copy of an extended 
monitor - SUPERMON or some such. These programs contain a 
'tiny assembler', which translates opcodes and operands into the 
bytes that are understood by the computer. 

No, the computer doesn't understand things like LOA #$01 - but it 
does understand a translation of it. Who or what does the 
translation? 

To understand that, let us go through the process of assembly. For 
small programs, the tiny assemblers are adequate, but you should 
have a rough draft of your program down on paper. So, tiny 
assemblers are useful, but restricted. Fire up your monitor program, 
and let's practice. Say it's SUPERMON, for the example. 

SUPERMON(like most monitors and extensions) promptsyouforan 
entry with a'.' To assemble with SUPERMON, type 'A' afterthe'.', a 
space, then the start address(in hex) of the first instruction, then the 
opcode and operand 

.A 1000 LOA #$01 <Carriage Return> 
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SUPERMON will promPtly translate this into hex bytes, store them 
and print them thus 

.A 1000 A9 01 

and prompt you for the next instruction by printing the next address 
($1002 in this case) . 

. A 1000 A9 01 

.A 1002 

You continue entering the program, and simply press RETURN ~. 
«CR» when entry is finished. 

For larger jobs, some form of Assembler package is needed. There 
are a number of these for disk users, the best known being MAE 
(disk only) or ASSM/TEO (for disk and cassette users) and the CBM 
Assembler packages for the CBM/PET series and the C64. These 
will be discussed later. Each package contains programs to edit, 
assemble and load ML programs. Let's look at each of these 
functions. 

An editor allows the user to enter instructions in simple form, 
something like entries in SUPERMON as described above. Usually 
the entry looks something like a BASIC program - line number and 
so on-

10 LOA #$01 
20 STA $22 ;COUNTER FOR PAGES 
30 LOA #$42 
40 STA $23 ;66 LINES PER PAGE 

Editors usually permit comments (UREMs") as well (the ";' is 
translated to REM), so that the function of each line can be noted. 
Files, saved either on disk or cassette, cont'"'in sufficient 
instructions to create the desired program, and are usually termed 
'source files', the name indicating that the file contains the original 
material for the eventual program. 

The next task is to assemble (translate, interpret, convert) the 
source file. The assembler coverts all opcode/ operand combinations 
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to hex, in a form understood by the computer. During this phase, 
the assembler checks for syntax validity, but not whether 
the program willworkorfail. That's uptoyou!! Also during assembly, 
you may create another file, containing the hex bytes only. This file 
is usually termed the 'object code', 'code' as it is all in hex. 

Finally, the object code is loaded, usually using another routine that 
reads the object code and stores it in memory. At that point, the 
program is ready for the final test - run time. 

Sometimes, the ML bytes that have been loaded into the computer 
are'saved' asa file of their own-termed a'binaryfile'. This binary file 
can later be loaded directly back into the computer without need for 
an intermediate assembler program. At run time, this can be very 
convenient. 

We will use all of these features to provide some knowledge of their 
use. Most assembler packages are documented (for better orworse 
- usually ambiguously) so you can get further guidance there. If all 
else fails, you could always contact a more experienced user. 

ASSEMBLER SUITES 

As noted above, the principal packages are MAE: (Macro Assembler 
Editor) and the CBM Assembler Packages. The former is a 
commercial product, with versions for CBM/PET and C64. The 
package is largely self-contained, very powerful, with some very 
nice features that make its use a pleasure. In addition, there is a 
group in the USA (ATUG - ASSM/TED Users Group) who 
promote/adapt/improve MAE, with membership open to MAE 
owners. If MAE has a drawback, it is that source files are restricted to 
about 1 K each. As it is possible to 'chain' (connect) source files to 
form very large program files, this is not a total limitation. 

The CBM packages are Public Domain Software, available from 
Commodore dealers at a nominal price ($60 when last checked) or 
your local User Group for a copying fee. The package contains 4 
discrete program groups for disk operation - Editor, Assembler, 
Loader and Cross Reference, each of which has to be individually 
loaded as the need arises. The software lacks the sophistication of 
MAE, but overall is very useable. Documentation is adequate but 
not over-helpful. 
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Because of lower ~ost, the CBM Assembler Packages 
(3032/4032/8032, and C64 versions) are attractive, so it may be 
the starting point for WOuld-be ML programmers. Appendix A sets 
out an outline technique for using the package. 
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AND IN CONCLUSION 

By now, you should have a general outline of ML programming. 
The book was not intended to provide an in-depth, exhaustive 
volume designed to lead straight to a degree in computer science. 
If I have not confused you too thoroughly, and you still want to do 
some self-motivated study, then you are on your way to 
ML proficiency. 

A second volume is planned, to bring together some useful ideas 
and routines that will form a basis for your ML program library. 

Paul Blair 
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APPENDIX A 
USING THE COMMODORE 64 
PACKAGE 

The Commodore package is designed for use with a disk drive. 
There is no cassette version. 

The package consists of 4 main elements-

EDITOR 
ASSEMBLER 
LOADER 
CROSS REFERENCE 

EDITOR:-

This isa ML program that loads into memory(LOAD"EDIT.C64" ,8,1) 
at $COOO (49152), and is activated by a SYS to that location. The 
EDITOR provides for preparation of input files, and helps by some 
additional features. These include-

AUTO - to provide automatic line number entry. 
CHANGE/FIND - to find and/or amend any characters. 
DELETE - erase any range of lines. 
FORMAT - tab source file to the screen. 
GET - the EDITOR's 'Load'. 
KILL - turn off the EDITOR. 
NUMBER - renumber the file. 
PUT - the EDITOR's normal 'Save' to disk. 
CPUT - the EDITOR's compressed 'Save'. 
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You will recall from Topic 8 that the format used for file entry is-

LINE NUMBER (LABEL) OPCODE OPERAND (COMMENT) 

Titles in parentheses are OPtional. The operand is not required when 
using implied opcodes (TAX INY etc.) 

So, lefs start with a program. Assume that you have drafted out your 
program on paper, then loaded and SYS'ed the EDITOR into life. 
What now? 

We start typing -

100 START LDX #$00 
110 STX $B2 
120 STX $83 
130 TXA 
140 TAY 
150 TITLE LOA (HEADER), Y 
160 AND #$7F 
170 JSR $FFD2 
180 INY 
190 CPY #$20 
200 BNE TITLE 
210 OPEN ........ . 

;ZERO INTO COUNTERS 
;COUNTER 1 
;COUNTER 2 
;MOVETO.A 
;SET INDEX TO 0 
;GET A CHARACTER 
;CORRECT FOR SCREEN 
;ROM PRINT ROUTINE 
;ADD 1 TO INDEX 
;DONE 32 YET? 
;LOOP BACK 

The program is entered somewhat like a BASIC program - line 
number and text, except that the EDITOR program is handling 
things now, not the BASIC interpreter in the computer. In fact, while 
in EDITOR mode, it's not a good idea to try any BASIC programs. 
KILL the EDITOR and go back to BASIC if you want to do that. l 
The physical layout shown here is deliberate. The fields are 
separated by a space, essential for the ASSEMBLER program. The 
exception is where a label is not used, and you should leave TWO 
spaces after the line number. This is so that the FORMAT command 
will work. The ASSEMBLER can cope with this variation, so the extra 
space causes no problems. 

When you have typed in the program, the next step is to store it on 
disk. PUT is the command, so we -
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PUT"O: FI LENAM E" 

There are options here. The drive number can be omitted, and the 
eDITOR will default to the last drive used (not a problem with single 
disk drives!) and store your text(without line numbers) as a SEQ file. 
I have used the 'save with replace' (,@O:') without any problems on 
DOS 1 and 2 - but you should follow your own practice here, as there 
have been assertions as to the unreliability of this syntax. PUT 
also permits line number ranges to be selected if desired, as you use 
LIST in BASIC, to file your text selectively. 

A variation of PUT is CPUT. The effect is the same as PUT, except 
that unnecessary spaces are not written to file. The idea of this is to 
speed up the Assembler process. 

The opposite of PUT is GET - not BASIC GET but EDITOR GET. 
Syntax is easy 

GET "FILENAME" 

without drive number will do. The sequential file will be loaded, and 
assigned line numbers starting from 1000 and going up in tens. If 
need be, you can now edit your program, then PUT it back on disk. 

ASSEMBLER :-

More ML, this time residing at the usual BASIC start. 
(LOAD"ASM.C64",8) The ASSEMBLER can co-reside with the 
EDITOR, which is safely at $COOO. In fact, to return to the EDITOR 
after using ASSEMBLER, simply do SYS 49152. 

To activate the ASSEMBLER, type RUN and you're in business. You 
will be asked some questions - note that no quotation marks need 
be tYPed for entries in this phase. Doyou want an object file, ready to 
be loaded into the computer? If so, on which drive and with what 
name? If no file is needed (say during development) press < CR>. 
The next question concerns hardcopy. If required then < CR> 
again. If not, type "N" with < CR>. If you said uN" to an object file, 
you will be asked if you want cross reference files. Respond as your 
needs dictate. Finally, you need to enter the name of the source file 
to be assembled. The drive number can be specified, but is not 
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mandatory. If all has bean correctly entered, then ASSEMBLER 
goes to it. 

ASSEMBLER makes two passes, looking for labels, jumps and 
branches on the first pass, then computing all values on the second 
pass. At the end (hopefully) you will be told "ERRORS = 0000" or 
(less hopefully) the number that were found. Remember, these are 
syntactical errors- the' nil errors' message does not guarantee the 
logic of your program! 

Assuming that you requested an object file, the next step is to load 
the information into the computer. Before doing so, it is advisable to 
completely reset the computer. 

At this pOint, there is one step that you will probably want to take. If 
you are going to load the object file into your computer, it is likely 
that you will want to save the ML bytes for later. To do this, you will 
need a monitor program to provide the necessary save function. 
Select a monitor unlikely to be affected by the loading process (a 
monitor in $COOO is usually pretty safe) and get it in place. Now, to 
continue .... 

Depending on where you intend to store the program when loaded, 
you have a choice of LOADERs, LO-LOAD and HI-LOAD. Check 
this table for usage-

PROGRAM TO USE THE 
BE LOADED TO x-LOADER 

LOW MEMORY HIGH 
MID MEMORY LOW or HIGH 
HIGH MEMORY LOW 

LOADER TO RUN 

LOW RUN 
HIGH SYS 51200 
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The loaders will firstly ask for an offset. If your program is written to 
reside at $1000 but you want it temporarily stored at $3000, then 
the offset is $2000. You might not see the point of offsets just yet, 
but the time will arrive ..... 

For now, ignore the question by a carriage return «CR» and go on 
to the real task-loading the object file. Enter the filename, < CR>, 
and all being well you will see the starting address (in hex) of the 
actual loading place on the screen. This will be followed by a series 
of dots, indicating the progress of the load. Finally, the end address 
of the actual storage location is printed on the screen. Remember or 
write down these addresses for the next step. 

The message 'END OF LOAD' signifies the end of the load phase. 
Type'NEW' to reset pointers, and then (before doing anything else) 
SAVE the program. Jump into the monitor at the address you stored 
it, then 

. S'd:filename',08,aaaa, bbbb <CR> 

where'd' is the disk drive number, 'aaaa' is the start of your program 
and 'bbbb' is ONE BYTE PAST the end of it. If you don't go one byte 
past, you will lose the last byte of your opus. 

That's it. You now have a copy in the computer, and a copy on disk. 
What you do next is up to you. 

If you have any problems with this routine, have a look at this 
diagram, which is a flowchart of the main points written so far. If this 
all looks a bit long winded, then consider what life was like before 
assembler packages were developed and all programs were hand 
written, assembled and entered!! 

A useful feature now implemented in all Commodore Assembler 
Packages is the cross reference option. At the start of assembly, you 
may choose to create an object file, or a series of cross reference 
files. You can have one or the other, but not both. 

If you choose the cross reference option, the Assemblerwill create a 
series of files on disk during run time. When the Assembler has 
finished, load CROSSREF64 and type RUN < CR>. You may elect 
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to direct output to the Screen or printer. The result is a listing that 
shows all labels used in the source files, and the Assembler output 
line numbers where the labels occur. This is particularly useful for 
later reference, trouble shooting or unravelling programs that are 
more complex. 

That completes a run through the principal technique required to 
use the Commodore Assembler package. The documentation 
explains a wider range of sub- options that you can use in the 
development process. 
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ASSEMBLY PROCEDURE FLOWCHART 

IE-EDIT 
ENTER ---;::=3!L::':-~------------l 

I 

S"HAME.B" 

EDITOR 
SYS49152 

ASSEMIILER 
(RUN) 

LOADER 
(RUN) 

STORE IN 
COMPUTER 

MONITOR 
(Sys ............. ) 

I 
I 
I 
I 
I 
I 
I 
I 
I ____________ ..J 

GET·NAME.S~ 

CROSS 
REFERENCE 
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NAMING CONVENTIONS 

We have noted that the assembly process creates three files (they 
are usually called 'files' for some obscure reason) the original 
source file, the object file, and the ML file. To ease the task of 
subsequent use by you or others, it is convenient (but not (./" 
mandatory) to use some convention to identify which is which. One 
convention that has become widespread is to use the following 
suffixes to file names:-

. SRC or. S for source files 

.OBJ or .0 for object files 

. BIN or. B for ML (binary) files 

To some, the SOB initials sum up ML programming very succinctly! 

M L is sometimes converted into a BASIC loader program. Each byte 
of ML is kept in DATA statements, which the BASIC program READs 
and the values are POKE'd into the appropriate memory location. If 
you do this, the BASIC program could be given the suffix. BAS- but 
be careful not to use. B for binary AND Basic files. 
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APPENDIX B 
A SAMPLE GRAPHICS PROGRAM 

Appendix B is presented for study in conjunction with the 
introduction to programming presented in this book. 

As the printout indicates, the program has been written for a 
Commodore 64 computer. 

As the program notes, it is long on detail and (somewhat) short on 
sophistication. This is deliberate, because it will permit a better 
grasp of the fundamental steps used in the program. To tease you, 
most of the routines could be accomplished in fewer bytes- but I'll 
leave the investigation and solution of that to you.lf you don't want 
to type in the program, disk and cassette copies are available from 
where you purchased this book or through KIM BOOKS. 

Read on. The more you read/study other peoples programs, the 
faster your abilities in ML will grow. 
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BASIC LOADER 

If you would like to load the program without having to go through 
the assembly process, here is a BASIC loader that will do the job for 
you. I have given the listing here in short form, without lines numbers 
and any pretty screen routines. You may add them to taste. 

BASIC LOADER FOR C64 ML PAUL BLAIR - COMPUCHART 
PRINT'LOADING C64ML PROGRAM' 
PRINT'PLEASE WAlr 
8=49152 : F=50263 : FOR I = S TO F 
READ A: POKE I,A: NEXT 
PRINT'LOADING COMPLETE' 
PRINT'AND ROUTINES INITIALIZED' 
PRINT 
PRINT'(C) KIMBOOKS 1984' : SYS 49152: NEW 

DATA 169,76,133,115,169,26,133,116,169,192,133,117,96, 
169,230,133 

DATA 115,169,122,133,116,169,208,133,117,96,142,255,207, 
186,189,1 

DATA 1,201,140,208,16,189,2,1,201,164,208,20,230,122,208,2 
DATA 230,123,76,76,192,201,230,208,7,189,2,1,201,167 

,240,236 
DATA 174,255,207,230,122,208,2,230,123,76,121,0,160,0, 

177,122 
DATA 201,64,240,3,76,121,0,230,122,208,2,230,123,177, 

122,230 . 
DATA 122,208,2,230,123,201,66,208,3,76,223,192,201,67, 

208,3 
DATA 76,63,193,201,68,208,3,76,110,193,201,69,208,3,76,175 
DATA 193,201,70,208,3,76,240,193,201,73,208,3,76,29, 

194,201 
DATA 74,208,3,76,65,194,201,75,208,3,76,112,194,201,76,208 
DATA 3,76,129,194,201,77,208,3,76,186,194,201,78,208,3,76 
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DATA 225,194,201,82,208,3,76,251,194,201,83,208,3,76,59, 
195 

DATA 201,84,208,3,76,116,195,201,85,208,3,76,137,195,201, 
87 

DATA 208,3,76,188,195,201,90,240,3,76,8,175,76,13,192,169 
DATA 6,133,76,32,155,183,134,77,169,247,229,77,133,75, 

32,241 
DATA 183,134,140,32,241,183,142,134,2,165,140,201,8,48, 

26,233 
DATA 8,133,140,1 69,1 60,145,75,32,45,193,24,165,75,233, 

39,133 
DATA 75,165,76,233,0,133,76,208,224,170,189,37,193,145, 

75,32 
DATA 45,193,76,115,0,100,111,121,98,248,247,227,160,169, 

220,69 
DATA 76,133,76,173,134,2,145,75,169,220,69,76,133,76,96,32 
DATA 155,183,169,4,133,76,169,39,134,77,229,77,105,79, 

133,75 
DATA 169,32,145,75,24,165,75,105,40,133,75,165,76,105, 

0,133 , 
DATA 76,201,7,208,235,165,75,201,32,48,229,76,115,0,160,40 
DATA 132,142,160,0,132,140,160,191,162,7,134,141,134,143, 

177,140 
DATA 145,142,32,162,193,177,140,145,142,32,162,193,136, 

192,255,208 _ 
DATA 237,202,224,3,208,228,160,39,169,32,145,140,136,16, 

251,76 
DATA 121,0,169,220,69,143,133,143,169,220,69,141,133,141, 

96,169 
DATA 2,162,8,168,32,186,255,32,13,196,152,162,0,160,207,32 
DATA 189,255,32,192,255,162,2,32,198,255,32,207,255,32, 

210,255 . 
DATA 36,144,112,17,201,13,208,242,173,141,2,41,1,208, 

249,165 
DATA 197,201,63,208,229,32,204,255,169,2,32,195,255,76, 

115,0 
DATA 32,1 55,183,134,75,32,241,183,142,134,2,1 60,0,132, 

140,162 
DATA 4,165,75,134,141,145,140,32,168,193,173,134,2,145, 

140,32 
DATA 168,193,165,75,200,208,238,232,224,8,208,231,96,162, 

4,134 
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DATA 76,160,0,132,75,32,155,183,142,134,2,166,76,177,75,73 
DATA 128,145,75,32,45,193,200,208,244,232,134,76,224,8, 

208,237 
DATA 96,32,13,196,169,40,132,77,229,77,133,77,169,32, 

32,210 
DATA 255,198,77,198,77,165,77,201,1,16,241,160,0,185,0,207 
DATA 240,6,32,210,255,200,208,245,169,13,32,210,255,76, 

115,0 
DATA 169,49,141,20,3,169,234,141,21,3,169,16,133,252, 

76,121 
DATA 0,162,4,160,0,132,140,132,142,169,195,133,143,134, 

141,230 
DATA 143,230,143,169,0,133,142,177,142,145,140,32,168, 

193,230,143 
DATA 177,142,145,140,32,168,193,198,143,200,208,235,232, 

224,8,208 
DATA 220,173,254,207,141,33,208,76,121,0,32,155,183,134, 

76,32 
DATA 241,183,134,75,160,0,132,140,162,4,165,75,134,141, 

177,140 
DATA 197,76,208,4,165,75,145,140,200,208,243,232,224,8, 

208,236 
DATA 96,32,158,173,32,247,183,72,169,36,32,210,255,104, 

32,58 
DATA 196,152,32,58,196,169,13,32,210,255,96,120,169,14, 

141,20 
DATA 3,169,195,141,21,3,169,1,133,78,88,76,122,194,165,197 
DATA 197,254,240,9,133,254,169,16,133,253,76,49,234,201, 

255,240 
DATA 249,165,253,240,4,198,253,208,241,198,78,208,237, 

169,4,133 
DATA 78,169,64,133,197,1 69,2,133,205,208,223,173,33,208, 

141,254 
DATA 207,162,4,160,0,132,140,132,142,169,195,133,143,134, 

141,230 
DATA 143,230,143,169,0,133,142,177,140,145,142,32,168, 

193,230,143 
DATA 1 77,140,145,142,32,168,193,198,143,200,208,235,232, 

224,8,208 
DATA 220,76,121,0,32,155,183,134,75,32,241,183,134,76, 

166,75 

Commodore 64 ML Tutorial 8-4 

f 

(, 



DATA 164,76,24,32,240,255,76,115,0,162,0,134,142,162, 
40,134 

DATA 140,162,4,134,143,134,141,160,0,177,140,145,142,32, 
162,193 . 

DATA 177,140,145,142,32,162,193;200,208,239,232,224,8, 
208,228,169 

DATA 32,162,40,157,199,7,202,208,250,76,121,0,173,33, 
208,141 

DATA 253,207,162,4,160,0,132,140,132,142,169,195,133, 
143,134,141 

DATA 230,143,230,143,177,142,133,75,177,140,145,142, 
165,75,145,140 

DATA 32,168,193,230,143,177,142,133,75,177,140,145,142, 
165,75,145 

DATA 140,198,143,32,168,193,200,208,219,232,224,8,208, 
208,173,254 

DATA 207,141,33,208,173,253,207,141,254,207,76,121,0,32, 
115,0 

DATA 201,34,240,3,76,8,175,160,1,177,122,240,247,201, 
34,240 

DATA 6,153,255,206,200,208,242,24,169,0,153,255,206,152, 
101,122 

DATA 133,122,169,0,101,123,133,123,136,96,72,74,74,74, 
74,201 

DATA 10,144,2,105,6,105,48,32,210,255,104,41,15,201,10,144 
DATA 2,105,6,105,48,76,210,255 
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