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Preface 

There is a perpe~1 question faced by anybody wanting to present a 
technical subject to an audience unfamiliar with it do you choose someone 
expert in the subject and hope that they will be able to translate their 
knowledge into p lain English, or do you choose a professional communicator 
and hope that they have a sufficient grasp of the subject to get their facts 
right? That a large proportion of computer tx>oks are either badly written or 
technically inaccurate is testimony to the fact that neither approach offers a 
real solution. 

This book takes a different approach. Instead of choosing between the 
machine code programming expert and the professional communicator, 
we've used both. Andrew is a professional programmer on the CBM 64, 
while I'm a computer journalist and consultant by profession. We believe 
that, by working together, we've come up with a guide which is far easier to 
use than any other on the same subject. We hope you'll agree. 

London, March 1986 
Surya 
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Learning machine code 

Learning machine code is easy. 
Machine code is often seen, felt or talked about as something 

complicated., mysterious and reserved for whizz-kids. When you see 
machine code listings in books and magazines, the code and the jargon often 
appear totally incomprehensible. You may have looked at other books or 
articles, supp::lsedly written for complete beginners, and found them 
bewildering and confusing. You may have talked to experienced machine 
code programmers and ended up wondering if they are from the same 
planet or from one with a totally ditTerenlIanguage. D:m't worry: you're,not 
alone! 

Most people find machine code confusing when they first encounter it. It's 
perfectly natural: you're learning a new language. You have probably 
forgotten how difficult and confusing BASIC seemed when you first began to 
learn it. Yet within a week or so you were quite happily writing your own 
p rograms and discovering more and more about the language. Machine 
code is no different. It may seem a little complicated to begin with, but you 
will be surprised. when you realize how quicldy your understanding has 
grown, 

We don't know just how quickly or easily you will learn. What we do know 
is that all it takes is time and patience, plus a little effort. This book was 
written with the complete beginner in mind. We do, obviously, assume 
that you are rearonably familiar with BASIC, but we do not assume 
any prior knowledge or experience of machine code. We start right at the 
beginning. 

We have designed this course with 'ease of use' as our prime concern. 
And you can make your learning even easier by following a few simple 
guidelines: 

• Take things slowly 
We know that you will probably be eager to dive in and 
start writing machine code masterpieces, but the time you 
spend covering the basics will make life a hWldred times 
easier when you start learning more exciting techniques, 
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• When in doubt, go back and re·read 
Again. it is very tempting to rush straight on to the next 
chapter as soon as you reach the end of the preyious one. 
Don't! Your understanding will be much deeper and 
clearer if you take the lime to make sure that you have 
understood. everything in the chapter. 

• Reinforce YOW" undemanding 
We have already suggested re-reading any bits you are 
not sure aOOut, but we also recommend that you regularly 
go back to earlier chapters to make sure you have not 
forgotten any of the earlier material. Machine code is very 
much interconnected, so this can be an extremely valuable 
way of developing your knowledge of the subject. You will 
find that the basics of the subject will make much more 
sense to you when you come back to them for a second 
and third time after covering some more advanced 
material. 

• Do the exercisesl 
The exercises have been carefully designed to test yOW" 
understanding and to give you the chance to put your new 
skills into practice. You will learn much more easily and 
effectively if you complete them, going back into the 
chapter for help as you need it. Just reading the exercise 
and then looking up the answer won'l do you any good at 
all. Doing is the easiest way of learning. 

• Practicel 
As well as the exercises we have set, try out your own 
ideas along the way. You may find that many of your ideas 
don't work: that's fine - you'll actually learn more from 
finding out why they don't work.! 

• Type in the example programs 
We know that typing in programs can be boring. It can 
also be extremely interesting if you pay attention as you 
enter them. You might wonder about how they work 
before reading the full explanation. We have deliberately 
kept these programs short to make them easy to enter, so 
please do take the trouble: the practice is well worth it. 
One of the main reasons for supplying an assembler as 
part of this course was because we intend the book to be 
used beside the computer, trying things out as you go 
along. If you learnt BASIC that way, you will know what a 
good system it is. 
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• Enjoy itl 
Machine code is not some kind of a test. It is a tool 
designed to enable you to get even more p:lwer and 
enjoyment from your C64. Experiment. Have fun. Enjoy 
your new-found skills. 

1.1 A word about the ClZB 

The Commodore 128 is 100% upward-compatible with the Commodore 64. 
This means that all C64 programs, BASIC or machine code, will run on the 
C 128. The assembler supplied with this book. and all the demonstration and 
example programs, will run perfectly on the CI28 without modification. All 
references to the C64 should be taken to mean C64 or CI28. 

1.2 The assembler 

In order to write machine code programs on your C64, you need a special 
program called an assembler. These normally cost between £8 and £SQ, and 
each one is slightly different from the rest. This means thaliearning machine 
code using a separate book and assembler is not only expensive, it is also 
hard work because the programs in the book may not work without 
modification on the assembler you have bought. We thought that this was not 
particularly helpful, so, with the willing co-operation of Chapman and Hall, 
the book's publisher, we decided to include an assembler with the book. 
Since the assembler and the book were written together, the two are, of 
course, 100% compatible. 

The assembler supplied with this book was written in BASIC, with 
machine code subroutines: a technique you will be able to use in your own 
programs by the time you have completed this course! When you've typed. it 
in, or loaded it from the optional tape available, it's ready to do its work. Not 
all of the explanation given below will make sense to you yet. Those of you 
with some experience should read it carefully, to note any differences 
between our assembler and the one you have used before. Beginners can 
just read quickly through it, referring back to it as required. 

To type a machine code program into your C64, load the assembler and 
then enter the machine code just like a BASIC program except that the line 
numbers m ust be above 5000. An the example programs in this book have 
line numbers of 6000 or over. If you accidentally enter anything with a line 
number of less than 5CXXl, the assembler may be ovetwritten so enter NEW 
and then load it again. When you enter machine code into your C64, the code 
you type is called the source code. Once this has been assembled (we will 
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explain what this means later in the book), the resulting program is called the 
object code. A golden rule of writing machine code is: always save your 
source code before assembling the program. That way, if your machine 
code program crashes and causes the C64 to 'hang-up', you can just switch 
off and reload your source code to correct the mistake. 

To enter source code, the first line of your program needs to tell the 
assembler whereabouts in memory to store the program. This is done by 
telling it the start address, and is done like so 

SOOO [ (.wi ad"'-) 

with one space between the left square bracket and the address. The 
normal start address is $COOO, so you would enter 

SOOO [ $COOO 

or, if you want to use decimal nwnbering 

5000 ( 49152 

All this is explained properly later in the book, but those with rome machine 
code experience might like to note that the acceptable range of start 
addresses for this assembler is $COOO to $0000. 

To make life easy, the assembler can work with decimal, hex and binary 
numbers (see Chapters 2 and 3). It can also use ASCII codes. Normally, the 
assembler will asswne that you are working in decimal. If you want to use 
hex, binary or ASCII, you tell the assembler this by putting a prefix in front of 
the nwnber. 

% :: binary, e .g. % 100 11011 
$ = hex, e.g. $AS 
, :: ASCII, e .g. 'E means the ASCII code of E (NB: ' = single quote mark) 

If a nwnber does not have any of these prefixes, the assembler will treat it as 
a decimal number. 

The syntax for a line of assembler code is 

{line number) ( instruction) {number ) :{ label ) ;(remark ) 

An example of this would be 

6000 LDA $SOOO :LOOP ;LOOP BACK TO HERE 

Not all machine code instructions require a number (as we will see later), 
and labels and remarks are optional. Labels can be of any length, but must 
start with a colon. Remarks can be of any length, but must start with a 
semicolon. The total length of the line, however, must not be greater than 80 
characters - just as in BASIC. 

If a line does not have a label, the remark can go straight after the nwnber 

6000 LDA $SOOO ;Like so 
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Constant labels (as opposed to line labels) must be on a line of their own. The 
format is _ 

(line number):{label):: (value) 

For example 

6000 :COLOUR! =$07 

You are also allowed simple maths 

6010 :COLOUR2 = COLOUR1 + l 
6020 :COLOUR3 = COLOURl - l 

This assembler has three aditional commands, which we have called dot 
commands because they are preceded by a dot! You will not find these 
commands in a normal assembler. 

The first dot command is BYT. This places single-byte numbers or up to 
255 in memory after your machine code program. Thus 

7010 .BYT $SO :DATA 

would place the number $50 in memory and label it DATA, so that 

1020 LDA DATA 

would place $50 into the accwnulator. 
The second dot command, WOR , is the same as BYT Except that it allows 

you to place numbers of up to 65535 into memory 

7010 .WOR S0400 :DATA 

Finally, .TXT places a string into memory 

7030 .TXT "CBM 64" :LOGO 

Note that dot commands must be on a line of their own, with one dot 
corrunand per line. 

Finally, you must end your source code (the program you type in) with 
END on a line of its own. This is to let the assembler know where the program 
ends. When you have finished. entering your source code, just enter RUN to 
assemble it into object code. When assembly is complete, the assembler 
will print out the start and end addresses so that you can save the object 
code. 

So, without further ado, let's begin at the beginning . .. 
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What is machine code? 

This chapter will give you an overall understanding of what we mean by 
machine code, how it differs from BASIC and the PUI])OSe ofprogranuning in 
it. When you have read it, you should be able to answer the following 
questions: 

• What is machine code? 

• What is the point of programming in machine code? 

• What is assembly language? 

• What is hex? 

When you first bought your C64, the salesperson probably told you thaI its 
natural programming language was BASIC. In fact, the C64's native language 
is machine code. (BASIC itself is actually written in machine code, but we 
will talk about lhis further on.) Later you will understand why we say this, but 
before then we have to explain exactly what we mean by machine code. 

2.1 Prognmmlng In BASIC 

To understand what we mean by machine code programming, we need to 
look firstly al what happens when we program in BASIC. In BASIC, we use 
variables to stole and calculate values. To calculate the number of hours 
someone has been alive, for example, we would write a program something 
like that shown in Listing 2.1. 

Listing 2.1 

10 REM BASIC program 1 
20 REM Calculales approx. a9'l in hours 
30 PRINT 1CLR)" 
40 INPUT "Please enter your age in years";YEAR 
50 INPUT .. and monlhs~; MONTH 
60 LET DAY(l)= YEAR-365.a5 
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70 LET DAY(2)=MONTH*30.6 
90 LET DAY- DAY(l)+ DAY(3) 
90 LET HOUR "'mT(DAY'"24) 
100 PRINT "Congratulations I" 
110 PRINT ''You've been alive for over ";HOUR;" hoursl" 
120 END 

In this program, we are using six variables. A variable. of course, is just a 
label for a value. When we tell BASIC to LET HOUR=INT(DAY*24), it finds 
the value afDAY, multiplies it by 24, strips everything after the decimal point 
and places the result into the variable HOUR 

In reality. the C64 has stored the value of DAY in a memory location. We 
don't know which location, and it doesn'l matter to us: all we have to do is 
refer to the variable and the C64 will examine the correct location to find the 
value. A simplified view of this process is shown later in this chapter. 

In order for the C64 to 'remember' the value of a variable, it has to store 
both the variable name and the value somewhere in RAM. In reality, each 
letter of the variable, and the value itself. would occupy a separate memory 
location (address) but for now we will take a simple view and pretend that 
each variable name and value is stored in a single address. Later on in the 
txJok we will examine the process in more detail 

Let us take the example 

10 LET A= 5 

BASIC would first check whether the variable A already exists, It does this 
by checking a variable look-up table: every time a variable is defined., it 
adds the variable to the table: 

Variable look-up table 

I Varaable I Stored at which address? I 

If it does not find the variable in the table, it asswnes that it is being defined 
for the first time. It will then find the first free memory location in the variable 
storage area of memory and store the variable at this address: 

Variable storage area 

I Address I Variable label I Value I 

149152 IA IS 

1 
7 
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Now if we tell BASIC to alter the value of the variable 

20 LET A=A+ l 

it will first check whether it exists by consulting its variable look-up table: 

Variable look.up table 

I Variablel Stored al whic h address? I 

I A 149152 

Since the value of A is already stored at location 49152, BASIC will simply 
perform the calculation (5+ 1 =6) and then store the new value at the same 
address as the old one: 

Variable storage area 

1 Address I Variable label I Value I 

149152 IA 16 

It is possible, of course, to tell BASIC to store a value in a particular memory 
location. We do Ihis using the 'POKE address, value'statement. The following 
piece of BASIC 

10 POKE 49152,64 

tells BASIC to store the value 64 in memory location 49152. Thus we could use 
memory locations instead of variables to store values. Instead of 

10 LET A==5 

we could say 

10 POKE 49152,5 

Likewise, 'PEEK(address)' is used to look up the value stored at an address. 
So instead of 

20 PRINT A 

we would say 

20 PRINT PEEK(49152) 



WHY PROGRAM IN MACHINE CODE? 

2.2 Programming in machine code 

So, what has all this to do with learning about machine code? Well, In 

machine code everything is done by working directly with memory 
locations - just like POKEing and PEEKing, 

Let's suppose we wanted to print "HELLO" on the screen. In BASIC we 
would just say 

10 PRINT "HELLO" 

In machine code we would have to place each letter onto the screen 
individually. What we do, in effect, is to POKE the character code of each 
letter into the area of memory the C64 uses to display things on the scree n. 
This is something you may have done in BASIC for speed - you can see an 
example of this technique in Listing 2.2. 

There is nothing difficult about working directly with memory locations. it 
just takes a bit of getting used 10. You don', have to have an 10 in four figures 
and you don', need to be a genius at programming. All you need is to be 
competent at BASIC programming and willing to concentrate. 

Listing 2.2 

10 REM <c ) A.R . BENNETT 19a~ 

.0 , 
38 REM BAS IC VERS ION .. , 
lee PRINT ·~· ' TIS· ·008008· 

1 18 FORI ·0T0999IPOKEI024+I ,a I I POKE~~296+1 , 1 4 :POKEI0 24+ J , 321NEXT 

120 PRINT ". "I T I S , TI 
130 EI'I) 

READY . 

2.3 Why program in machine code? 

Ok, so machine code just requires concentration and practice, but why 
bother? What's wrong with BASIC? There are two main reasons for 
programming in machine code: power and speed. 

Machine code is more powerful than BASIC because you have greater 
control over not only what the C64 does, but how it does it. This is something 
we will explain later, once we have got you writing your own machine code 
programs, but we can demonstrate the speed of machine code right now. 
Take a look at Listings 2.2 and 2.3. Both do the same job - they move a 
graphics character along each line of the screen, erasing the character 
currently there before moving to the next position. The difference is that 
Listing 2.2 is a straightforward BASIC program while Listing 2.3 sets up and 
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Listing 2.3 

Ieee REM MACHINE COCE VERSION 
10e5 I 
1010 FORI·eT07eIRE~DAIPOKE~SI5Z.I , AIT· T.AINEKT 

Ieee IFT<) tIDI8THENPRINT"WERROR IN OATA STATEMENTS ! '".STOP 
10a0 TI.·-eeeeee " ,SYS49152IPRINT".· , T I.,TII END 
1048 
1050 DATA 169 ,0, 133 ,247 , 169 . 4 , 133 .249 
Iflse DATA 169 , e , 133,2"19 , 169 ,2 16 , 133.c!50 
1070 DATA 162. 0 , 160,0 ,169,8 1 , 145 ,247 
Ieee DATA 169,14.145.2"18.169,32,145,2<17 
10S0 OATA 200,192,250,209,239,24,165,247 
Ilee DI"ITfiI le5 ,2se ,133 , 24?,185 • .e: .. e,UI:I , e 
Ille DATA 133,249,24 ,165,249,105 ,250 , 133 
1120 DATA 249,165,250,105,0,133,250,232 
1130 DATf'I 224,4,208,206 ,96,255,0 
READY . 

runs a machine code program (we will explain what this means a little later; 
all you need to know for now is that the second program uses machine code). 
Type in and RUN each program in tum. Each program will time itself, and 
display the total time taken. 

You will have noticed that the machine code version runs over 400 times 
faster than the BASIC one! A pretty good reason to learn machine code! Just 
think of what you can do with that kind of speed in your own programs. If you 
are wondering why machine code is so fast, you need to ask the question the 
other way around Why is BASIC so slow? 

So, let us go back to BASIC for a moment and find out what happens when 
we execute a piece of BASIC code. Let us suppose you type this into your 
C64 

PRINT "Aren't example PRINT statements boring?" 

The C64 may appear to display the sentence the instant you press the 
RETURN key, but there is actually a considerable delay - as we saw in 
Listing 2.2 above. The reason for this is that. as we mentioned earlier, BASIC 
is actually written in machine code. The C64 itself does not know how to 
PRINT anything. it needs a machine rode program to display things on the 
screen, and this is in fact what happens. 

When the C64 encounters a BASIC statement (like PRINT), it 100ks up' the 
machine rode program. In this example, when it finds the PRINT program, 
the C64 will look at what follows the PRINT statement. In this case it finds a 
quotation mark, so it knows that we want to print everything up to but oot 
including the next quote. The PRINT program then places each character, 
one at a time, onto the screen. After the closing quote, the PRINT program 
checks for variables or values to be printed before ending. The C64 then 
looks for the next BASIC statement. 



ASSEMBLERS AND ASSEMBLY LANGUAGE 

The reason that BASIC is so slow is two-fold. First, it takes time to look up 
each BASIC statement. And second, because the machine code programs 
which make up BASIC have to perform a variety of jobs (PRINT, for example, 
is used to print the contents of quotes, straight values and variables), they are 
generally inefficient. Allhough the lime taken to print a single item may not 
be noticeable, add up all the keywords in even a short program and you soon 
see that those short delays quickly multiply into long ones. 

BASIC programming is a bit like talking to a foreigner through an 
interpreter, You have to speak to the interpreter in English, the interpreter 
then mentally translates the statement into the foreign language before 
finally passing on the translated message. Communication is slow and 
inefficient. You may have heard BASIC described as an interpreter or 
interpreted language for this reason. 

2.4 Auemhlen and auembly language 

Ok, so now that we know a little about how BASIC works we can - at last -
start talking about machine code! Something that often confuses people 
when they first come across machine code is what does machine code 
actually look like? You will have seen listings in books and magazines 
looking like Listing 2.3above, consisting of masses of unintelligible numbers 
in DATA statements, described as machine code. And you have probably 
also seen listings like this 

( SCOOO 
LDA #$08 
STA $0400 
LOA #$05 
(etc) 

described as machine code. So which one is really machine code? Well, if 
you want to be completely accurate then the answer is neither! True 
machine code is actually written in binary (base two) notation and would 
look something like this 

01001100 00000100 
10100000 01110001 
(etc.) 

But while the above might make perfect sense to a computer, we humans 
find it a little harder to cope with! For this reason, there are two alternative 
methods of writing machine code. The first, which we used in Listing 2.3 
above, is known as a BASIC loader. All this does is use the decimal 
equivalents of binary instructions and addresses and uses BASIC to POKE 
them into memory. This is a useful technique to use in magazines, because 

11 



,.--:-:" 
12 1 WHAT IS MACHINE CODE? 

anyone can type them in wiUlO'JI any understanding of machine code. But, 
while decimal nwnbers are an improvement on binary ones, this sort of line 

2000 DATA 21,4,16,203,5,76 

is not much easier to understand! So a third method of programming in 
machine code was developed assembly language programming, oRen 
known simply as assembler: So what is assembly language? 

Well, machine code commands take the form 

(Instruction) (nurnl>e<) 

In binary, this might look like 

0100001000110101 

And in decimal (as part of a BASIC loader) 

DATA 66,56 

The nwnber can be either a value or an address in memory, while the 
instruction tells the C64 what to do with, or to, the value or address. 

In assembly language, binary instructions are replaced by three-leiter 
codes, known as mnemonics, and binary numbers are replaced by 
hexadecimal (base 16, usually known simply as hex) ones. We will find out 
about binary and hexadecimal numbering in the next chapter, but for now all 
we need to know is that hex numbers are indicated by placing a dollar sign 
($) in front of them, So, 15 means decimal 16 while $15 means hex 16 (decimal 
21). 

So, a line of assembler would look something like 

LDA # $08 

The assembler equivalent of the REM statement is a semicolon, so the same 
line might look like 

LDA # $08 ; Load accumulator with H 

When people say that the y can program in machine code, they usually mean 
that they can program in assembler. Very few people program in binary 
these days (!), and it is assembler that you will be learning with the help of 
this book 

Because different computers have different types of processors, or CPUs, 
the re are different typeS of assembler. The C64 has a 6510 processor and so 
is p rogrammed in 6510 assembler. Incidentally, the 6510 is almost identical 
to the 6502 (used in the BBCand Apple computers, among others) so you will 
also be able to program in 6602 assembler! 



SUMMARY 

2.5 And ftnallV . .. 

The final thing to mention in this chapter is the '# ' (hash sign). Normally when 
we use a (hex) number in assembler. the C64 will asswne that we mean the 
memory location. So, if you typed 

LDA$08 ; Don't worry about what this does just yet 

into your ASSEMBLER, the C64 would use the memory location $08. If, 
however, you typed 

LDA #$08 ; Or this, for that matter! 

then the C64 would use the hex value $08. So the hash sign is just a way of 
telling the C64 that we mean the actual nwnber and not the memory 
location. 

2.6 Summary 

Machine code is the direct manipulation of memory 
locations (just like POKEing and PEEKing). BASIC, on the 
other hand, normally organizes the C64's memory itself. 

BASIC is slow firstly because the C64 has to look up the 
machine code program that actually does the work, and 
secondly because BASIC is designed for flexibility rather 
than efficiency. 

True machine code programming is performed. in binary 
(base 2) notation. but hardly anyone programs in binary 
these days. Assembler is a kind of half-way house 
between binary and BASIC and is what most people mean 
by machine code. 

Assembly language proqranuning uses hex (base IS) 
notation, and three-letter instructions known as nmemonics. 
Hex numbers are preceded by a dollar sign (for example, 
$ IS) to differentiate them from decimal numbers. In 
assembler listings, hex numbers are assumed to refer to 
memory locations unless they are preceded by a hash sign 
(for example, #$ IS). Numbers with a hash sign are taken 
to be literal values. 

You should also know the meanings of the following tenus: 
memory location (or address), variable look-up table, variable storage area. 
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interpreter (or interpreted language), binary, BASIC loader, ASSEMBLER 
(or assembly language), mnemonics, hexadecimal, 6510, 6502. 

11 there is anything in this summary you are not sure about, pJease go back 
and re-read the relevant parts of the chapter. 
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Hexadecimal and binary 

This chapter explains the two numbering systems used in machine code: 
hexadecimal and binary. When you have read it. you should be able to 

• Convert from hex to decimal using only a calculator 

• Convert from binary to decimal using only a calculator 

• Convert from decimal to hex using the program in this 
chapter 

• Convert from decimal to binary using the program in 
this chapter 

• Instantly recognize decimal, binary and hex numbers 

The ability to count is one of civilization's most basic skills. Just think how 
much of oW" everyday lives are dependent of the concept of numbers. 
Without the ability to count we would have no calendars, clocks, money. 
hey, this sounds pretty good! Ah, well. 

In order to count, we need some kind of numbering system. The most 
obvious numbering system would be to have a different symbol for each 
number. This would be fine for numbers up to about ten or twenty, but once 
you start going aoove this you are going to find it difficult to remember all the 
different symbols. For this reason, numbering systems use a small number of 
symools divided into different colwnns. Thus in the decimal system, I 
represents one while 10 represents ten and 100 one hundred. 

The decimal (base 10) system is the most obvious one since we each have 
ten digits on the end of our hands. It is not, however, the only system in use. 
Old money, for example, used base 12: twelve pennies made one shilling. 
Computers use three different numbering systems: decimal (base 10), 
hexadecimal (base 16) and binary (base 2). Since you are already familiar 
with base 10, let us use this as our first example. It might seem a bit like 
primary school maths (which it is), but it is important to understand the 
principle of decimal numbering before we look at other bases. 

All numbering systems use columns to represent different values. The 
highest number any column can contain is one less than the base. Thus in 
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base 10, the highest munber allowed in a single colwn is nine. To write the 
number len, we put a one in the tens colwnn and a 0 in the units column: 

10. 

The meaning of the columns is the same in any base. The column before the 
point is units (ones), the column to the left is the base (in decimal, ten), the 
column to the left of this is the base squared (in decimal, ten times ten = ooe 
hundred) and the next the base cubed (in decimal, len times ten times 
ten = ooe thousand) and so on 

Base' Base Units 

IOOs lOs 1, Decimal value 

1 0 0 One hundred 
0 1 0 Ten 
0 0 1 One 
1 1 One hundred and eleven 

When a number equals the base, we 'carry' into the next colwnn. LeI us take 
the example of a simple addition 

Base Units 

Operation lOs 1, Decimal value 

0 4 fOill 

+ 0 6 S;x 

0 Ten 

Ok, so this is all obvious stuff. So let us look at another base, say base 5. 
Remember that the highest number allowed in a single column is ooe less 
than the base, so base 5 will use only the digits 0, 1. 2, 3 and 4. To write 
decimalS in base 5, would carry over into the base colwnn 

Base' Units 

25, Ss Decimal value 

o o Five 

Now let us do a simple addition in base 5 



BINARY 

Bare Units 

Operation " Is Decimal value 

0 4 Fom 
+ I 3 Eight 

2 2 Twelve 

To convert the answer 22. in base 5, to decimal we simply multiply the figure 
in the base column by the base (in this case, 2 x 5) and add on the units 
column: (2 x 5) + 2 = 10 + 2 = 12. To convert a larger nwnber, say 432 in 
base 5 to decimal, the same process applies 

Bare' Bare Units 

Is 

4 3 2 

= (4 x 25) + (3 x 5) + (2 x I) 
= lDO + 15 + 2 
= 117 decimal. 

3.1 BiIuuy 

You will remember that the highest figure used in a single column is one less 
than the base. So in binary (base 2), the only digits used are 0 and 1. These 
are sometimes referred to as off and on. Thus 

Bare' Bare Units 

4 2 I Decimal value 

I 0 0 Fom 
0 I 0 Two 
0 0 I One 
I I Seven 

BInary digiTS are known as bils. You may have heard that the C64 is an a-bit 
computer or has an a-bit processor. This simply means that it can deal with 
up to eight columns of binary digits 

~ 
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Units 

1285 64, 32s ISs as 4, Is 

Thus the larges nwnber the C64 can handle at one go is binary 1111 1111. We 
can calculate this as 

(l x 128) + (l x 64) + (l x 32) + (l x 16) + (l x 8) + (1 x 4) + (1 x 2) 
+ (l x 1) 
= 128 + 64 + 32 + 16 + 8 + 4 + 2 + 1 
~ 255. 

Figure 3.1 

Value (decimal): 128 " J2 16 

'" '" '" '" 7 6 5 4 

B 4 2 

'" '" '" '" 3 2 1 0 

You will probably already be familiar with the figure 255 as the maximum 
value allowed in certain functions. and you may know that 255 is the 
maximum value that can be SOled in a single memory location (byte), To 
store a nwnber larger than 255, the C64 uses two bytes. Thus the highest 
nwnber the C64 can handle is binary 11111111111111 11 which translates to 
decimal 65535, or64K (IK = 1024 characters). Thus 6SS3S is the C64's highest 
memory location. 

We have already seen how we convert from binary to decimal.. but 
converting the other way around is mOle difficult For this reason we have 
provided you with a simple program (Listing 3.1) to do the job for you. Simply 
type in any decimal number up to ass and the program will oonvert it to 
binary. To avoid confusing decimal and binary nwnbers (does 101 mean one 

Listing 3. 1 

Ie REM OECIWll. TU BINARY .. , 
31!1 e ... ·I!I I · 
~I!I INPUT'~INPUT OECI~L NUMBE~ (1!I-6~~3~)'·'O.'O·V~L(D.' 

~I!I IFO<I!IORD)e~~3~THE~1!I 

READY . 
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hundred and one, or five?), we will follow the standard oomputing 
convention of placing a percent sign (%) in front of all binary nwnbers used 
from now on. Thus % 101 is binary (decimal S) while 101 is decimal 

3.2 Boxodocbaal 

Hex (base 16) is the nwnbering system you will use most when you write 
your own machine oode programs. Since hex is base 16, the highest figure 
we can have in a single colwnn is the equivalent of 15. There is, however, a 
problem here. Each digit must fit into a single colwnn Since there are no 
symbols for digits greater than nine, we will have to inventsqme. Rather than 
use unfamiliar symbols. hex uses the leiters A to F to represent the nwnbers 
10 to 15. Thus 

Decimal: 0 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 

o 234S6789A B C 0 E F 

Thus decimal 16 would be hex 10. As with binary, we have the problem of 
distinguishing hex from decimalls 11 decimal or hex (decimal J1)? Again, 
we use a simple convention to get round the problem Hex numbers are 
preceded. by a dollar sign ($). Thus $10 is hex (decimal 16) while 10 is 
decimaL 

So let us look at how hex works 

Base' Base Units 

2S6s 16s I, Decimal value 

I 0 0 256 
0 I 0 16 
0 0 I I 
I I I 213 

Since the highest nwnber the C64 can handle is 65535, we are only going to 
deal with four digit hex nwnbers. To see the reason for this, let us calculate 
the highest four-digit hex nwnber ($FFFF) 

- (4096 x F) + (256 x F) + (16 x F) + (1 x F) 
- (4096 x 15)+ (256 x 15)+ (16 x 15)+ (I x IS) 
- 61440 + 3840 + 240 + IS 
- 6SS3S 

19 
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Figure 3.2 

1 1 0 1 1 0 0 1 

Value (decimal): ''''28+,,,64 + O,,32 + ''''6 ... '''8 T O,,4 + ",,2 ... hI '" 217 

As with binary, converting into decimal is straightforward (although a 
calculator comes in handy if you are not too hot at mental arithmetic!). 
Converting trom decimal is more ditJicult, so again we have written a 
program (Listing 3.2) to do the job for you. You will also find a useful chart in 
Appendix I. 

Listing 3.2 

Ie REM OECI~L TO HE~ ,. , 

~e IFO (eaRO)6~~3~THEN4e 

6e I"RtNT"~E~ I'lJI'SER - ."' 
78 FORI _3TOeSTEP_I 'O _ INT(O'16tl)'O_O_Q"6tl'PRINTMIO.(H.,Q+ I , 1 )"NE~T 

READY. 

3.3 Why do we use hex? 

A question which those new to machine code often ask is "Why does the C64 
use hex?". The answer is simply that the C64, like any other computer, 
actually works in binary. Hex is use<ias an alternative because a number like 
$0100 is easier to handle than % l00000000! Decimal cannot be used since len 
is not a power of two whereas sixteen is. 

Figure 3.3 

Value (decimal): 4~96 256 16 

DIGIT DIGIT OtGIT DIGIT 

3 2 1 0 



MEMORY ADDRESSING 

3.4 Memory acldreuillg 

We have already mentioned. that the C64 has 6SS36 bytes (64K) memory 
available. But when you switch on, the C64 tells you that it has only 38911 
bytes available to BASIC. What happened. to the other 26625 bytes? We will 
discuss memory in more detail later, but let us take a quick look now al the 
way the C64's memory is arranged.. The C64 has 64K of RAM. Some of this 
RAM, however, is needed by the C64 to take care of its own workings. The 
first 2047 bytes, for example, are used by the Kamal to store information. The 
Kemal is the name given to the C64's operating system: the set of machine 
code routines which take care of the workings of the C64. (The most useful 
Kemal routines are detailed in Appendix 1). 

The Kemal uses this storage area to store such information as the current 
cursor position, the colour of the screen, which line of a BASIC program is 
being executed and so on. Also included in this area is the screen memory, 
used. to store the contents of the screen (you may have POKEd to this in 
BASIC) and the sprite map pointers. used to keep track of sprite shape 
definitions. From 2048 to 40959 is the memory area available for your BASIC 
programs. The 8K following 40960 contains the BASIC programming 
language. BASIC is in fact made up of a nwnber of machine code programs 
These programs are stored here and automatically run whenever you run a 
BASIC program. The 4K beginning at 49152 is the area normally used for our 
machine code programs. and the rest of RAM is used for sound and graphics, 
input/output Kemal 

The last thing we need to explain in this chapter is two pieces of machine 
code jargon: paging and absolute addresses. For convenience, the C64's 
memory is divided into areas ('pages') of 256 bytes. The first 256 bytes are 
called zero-page, the next 256 page one, the next page two and so cn. An 
absolute address is simply any address higher than SFF. A detailed., fully 
annotated C64 memory map is given in Appendix 2. 

Figure 3.4 

$ 2 7 1 o 

21 
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3.5 Sgmmlry 

In order to be able to manipulate numbers, we need some 
kind of numbering system. The decimal system (base 10) 
is convenient for humans since we have ten fingers and 
thumbs, but computers work in binary (base 2). Binary 
digits are known as bits, and eight bits make one byte. 

Because binary is inconvenient (the top of the C64's 
memory would be %1l1111111111111l in binary!), a 
compromise system is used. This system is known as 
hexadecimal, or hex (base 16), Any number between zero 
and the top of memory can be stored in hex using just two 
bytes. 

In order to distinguish decimal, binary and hexadecimal 
numbers, a simple convention is used. A percent sign 
precedes binary numbers ({or example, %01010000) and a 
dollar sign precedes hex ones ($SO). 

3.6 Exerdses 

In order to ensure that you understand how to oonvert from binary and hex 
into decimal, tum the following into decimal. The answers can be found in 
Appendix 6. 
I. $AO 
2. %0110 
3. $FC 
4. %1100 
5. $SOO9 
6. % 11000000 
7. $C04O 
8. %01100011 
9. $AD4O 
10. % II 1lI000 

If there is anything in tJtis sumnwy you are not sure about, or if you got more 
than one or two of the exercises wrong. pJease go back and re-read the 
relevant parts of the chapter. 
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Machine code commands 

Having covered the necessary background infonnation, we are now ready 
to begin learning our first machine code oommands. In this chapter, you will 
learn about the following commands: 

• LOA 
. STA 
• LOX 

. STX 
• LOY 

. STY 

. RTS 

You will also learn how to use the following BASIC statement: 

. SYS 

By the end of this chapter you will be able to write your first machine code 
program! 

When we program in BASIC. most of the work is done using variables. 
BASIC programming could therefore be defined as the manipulation of data 
using variables (on the C64, the variables available are A- Z. AA- ZZ. 
AS- l$ and AA$- ZZ$). When we program in machine code, most of the 
work is done using memory locations directly rather than variables. 
Machine code programming could therefore be defined as the direct 
manipulation of memory. 

In order to manipulate memory locations, we need some way of doing the 
manipulating. C64 machine axie prograrruning offers us three different 
manipulators which will fast become old friends: the accwnulatoI, the X 
index and the Y index. Manipulators work in a broadly similar way to 
variables. They are used to select a value, penorm an operation on that 
value, and place the result into the same or a different location. Each 
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manipulator acts on a single memory location and can therefore handle 
values up to 255 ($Fr, %11111 111). 

The most important manipulator is the accwnulator. Many of the 
mathematical commands used in machine code are only available through 
the accwnulalor. The X and Y indices are primarily used within loops. They 
are kno.wn as indices since they act as the 'index' (cowtter) of loops. An 
example of an index in BASIC would be the counter in a FOR ... NEXT loop 

FOR A=O TO 999: POKE 1024+A, 32: NEXT A 

When we assign a value to a variable in BASIC, we can do so in one of two 
different ways 

A::SO 
B=A 

In the first form a variable is assigned. a constant, while in the second a 
variable is set to the value of another variable. As we mentioned in Chapter 
2, in machine code we distinguish between constants and memory locations 
by preceding constants with a hash sign (# ), Thus #$FF refers to the value 
255 while $FF refers to memory location 255. 

4.1 The LDA, LDX, LDY, STA, STX, and STY commuds 

In BASIC, to assign a value to a variable we use the LET statement 

LET A= l00 

(although most BASICs, the C64 included, allow you to omit the LET), In 
machine code, the LDA (waD Accumulator) command is used to assign a 
value to the accumulator. We assign the value 32 ($20) to the accumulator like 
so 

LDA # $20 

Note that the hash sign (# ) indicates that we mean the value $20 and not the 
memory location. 

LDA $20 

would load the accumulator with the value stored in memory location $20. 
The difference can be likened to the difference between 

LET A= 32 

and 

LET A= PEEK(32) 

The LDX Sind LDY commands work in an identical fashion. So 
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LOX #$20 

loads the X index with the value 32 and 

LOY #$20 

does the same for the Y index. 
So far we know how to store the contents of a memory location in the 

accumulator, but not how to do anything with the value once we have got it 
there. The most obvious things we will want to do are 

(a) perform a calculation with it and place it back into the same memory 
location, and 

(b) place it into a different memory location. 

We will deal with calculations in later chapters, but first let us find QuI how to 
store the value of the accumulator in a memory location This is performed 
using the STA (STore contents of Accumulator) command. To place the value 
of the accumulator into memory location 32, for example, we would use 

STA 120 

The accumulator retains its value until a new LOA corrunand is issued, so 

STA $21 

would place the same value into location 33. The X and Y indices equivalents 
are STX and STY. The command formal is identical to ST A. 

Ok. let us do something moderately useful. The border colour of the C64 is 
stored in memory location 53280. So 10 make it yellow, in BASIC we would 
POKE 53280 with the colour code for yellow (7) 

POKE 53Z80,7 

To achieve the same effect in machine code we would write 

LDA IIS1J7 

to load the accumulator with the value 7, and then 

STA $0020 

to place this value into memory location 53280. 

4.2 Oar ftrst machine code PJ'09I'UD 

We know enough to write our first machine code program! This program will 
place a white letter A in the top left-hand comer of the screen. This kind of 
masterpiece is not likely to worry Jeff Minier over-much, admittedly, but we 
all have to start somewhere: even Minter probably started out by writing a 
similar program! 

25 
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Before we begin writing our program, we have to tell the assembler 
whereabouts in memory to store it. We do this by a { (opening square 
bracket) followed by the start address in hex. The start address is the 
memory location used to store the first byte of the program 

[ $COOO 

The address $OXlO is the start of the 4K area IeseIVed for machine code 
programs. You can store them elsewhere (you have to if your programs 
require more than 4K RAM), but you can easily move them ifreqWredjust by 
changing the above line. 

The next line of our program assigns the screen code for the letter A (1) in 
the accumulator 

LOA #$0 1 

(A complete list of character codes can be found in Appendix 3: while colour 
codes can be found in Appendix 4.) To place a character onto the screen, we 
need to place the screen code of the character into the appropriate section 
of screen RAM. Screen RAM begins at the top left-hand comer arthe screen 
with 1024. So we need to store the content of the accumulator at location 1024 
($0400) 

STA $0400 

On a relatively new C64, you may be able to see this character as soon as 
your program reaches this point. On older machines, however, you will not 
see anything because the character will be displayed in the background 
colour of the screen! We need to place a colour code into the top left-hand 
comer of colour memory, which begins at 55296 ($0800) 

STA SD800 

Since we have not changed the value of the accumulator, it will still contain its 
original value of 1. Since 1 is the colour code for while, the character in the 
top left-hand comer of screen memory (our letter A) will appear in white. 
We need one final line to complete our program, and that is RTS. RTS 
(ReTurn from Subroutine) is the equivalent of the BASIC RETURN statement. 
It is normally used to return from within a subroutine. If, however, it is used 
when you are not in a subroutine it instructs the C64 to return to BASIC. 

If you have not already done so, type the above program into the 
assembler supplied with this rook It should look like this. 

6000 [ $COOO 
SOlO LDA #$01 
S030 ST A $0400 
6030 ST A $D9OO 
5040 RTS 
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Toassemble your program, simply enter RUN. The assembler will then work 
through your program, assembling a line at a time, until the finished program 
15 ready to run al address $COOO. 

4.3 R1IDDing. machine code program 

If you have followed the above steps, typing in the program and then 
entering RUN, the program is now ready to be run. The more impatient of 
you will already have discovered that the BASIC command RUN does not 
work with machine code programs! Instead we use the command SYS 
( address ) . SYS tells the C64 to execute the machine code program which is 
at the specified. address. Since our program is at address $COOO (49152), we 
simply enter 

SYS 49152 

All being well, a white A will have appeared at the top left·hand comer of the 
screen and the READY prompt will have returned a couple of lines below 
the SYS command. Congratulations: yOll have just written your first machine 
code program! 

There is another way of running a machine code program, and thaI is to 
use the USR oommand rather than SYS. USR is a little more complicated, but 
can be extremely useful It is explained in Chapter 10. 

4 .• What if my machine code pl'Ogl'&ID. cruh .. ? 

Something which many people worry about is: What happens when you­
crash your C64 with a POKE or machine code program? If you are one of 
these people, we have b:lth an assurance and a warning for you. The 
assurance is that you absolutely cannot damage your machine in any way by 
incorrect POKEingorcrasJting a machine code program. The warning is that 
you can cause the machine to 10ck up'. If this happens, you may have to 
switch it off and on again to cure the fault. While this will not do any 
damage, you will lose whatever you had in memory. For this reason, we offer 
you one golden rule when writing any machine code program: Always save 
your program to tape or disk before executing it. If you don't follow this 
advice, don'l blame us if you spend three hours typing in a masterpiece and 
then find that the machine locks up when you try to run it because you made a 
simple mistake in the second line! 

27 
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4.5 Remarb 

Most books on BASIC programming advise you to include REM statements 
in your programs, remarks that remind you what the various bits of code do. 
This advice applies a hundred times more to machine code programs. 
Without remarks, you will find that you will have forgotten the worldngs of 
your programs within hours, let alone weeks or months. This is especially 
true when you are just beginning to learn. 

In BASIC, we use the REM statement to indicate remarks. In machine 
code we use the semicolon (';'). This can be used, just like a REM, either on 
the end of a line or on a line of its own 

LDA # $01 ;1.oad accumulator with I 

Semicolons can also be used on the ir own to separate sections of your 
programs. We will aloo be using remarks and separators extensively in the 
more complicated programs in later chapters. 

4.6 Summery 

Machine code programming can be deftned u the direct 
manipulation of memory locations. Machine code uses 
tluee 'manipulators' (used like variables): the accumulator, 
the X index and the Y index. LOA is used to LoaD the 
Accumulator with a value, and STA to STore the contents 
of the Accumulator at a specifted. addrua. The equivalent 
corrunands for the X and Y indices are LOX. LOY, STX and 
STY. The accumulator and indices retain their values after 
an STA, STX or STY. 

Before you can write a machine code program, you 
need to specify the atart address. This is done as follows: 
[ (.tut • .wre.). To end a proqrarn, you use RTS. When 
you have written a program, RUN will aaaemble it and 
return you to BASIC. You then use m (1tUt addreIe) 
(remember that the start address must be in decimal) to 
execute it. 

Finally, semicolon is the equivalent of the BASIC REM 
statement. We strongly suggest using it extensively. 
especially while you are fairly new to machine code. 



EXERCISE 

4.7 ExerclH 

Write, assemble and execute a machine code program to place your first 
name at the top left-hand corner of the screen, with each letter in a ditJerent 
colour. You will need to refer to Appendix 3, Appendix 4 and Appendix S. An 
example answer is shown in Appendix 6. 

29 
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Labels, flags and branching 

This chapter introduces labels, nags and branching. When you have read it, 
you should be able to answer the following questions: 

• What is a label? 

• How are labels assigned? 

• What are the two uses for labels? 

• What is a flag? 
• How do we branch in machine code? 

You will also be able to use the following machine code commands: 

e lNX 

e lNY 
e lNC 
e DEX 

e DEY 
e DEC 
e TAX 
e TAY 
e TXA 
e TYA 
e SEQ 
eSNE 

e scc 
e scs 
e CMP 
e cpx 
e CPY 



USING LABELS IN BASIC 

5.1 Lobello 

A label is simply a name given to a line nwnber or constant value in a 
machine code program, You can name (label) a tine number or value at 
the beginning of a program, and then refer to the label. Labels are nor 
variables for the simple reason that the value of a label cannot be 
altered once it has been set. Thus the following label definition is legal 

6000 :VALUE=$Ol 

(the colon is equivalent to the BASIC LET statement), but this 

6010 :VALUE=VALUE+l 

is not. Before we look at how labels are used in machine code, let us 
see how we might use them in BASIC. 

5.2 UoJng 1_110 in BASIC 

The first thing to point out is that standard C64 BASIC Version 2,0 does 
not support labels, but some other BASICs do. Here we will explain how 
labels could be used in a BASIC which supports them. 

There are two ways of using labels. The first is to label program lines. 
When you are writing a program, you will often want to GOTO or 
GOSUB to a routine which you have not yet written, A typical example 
might be something like 

640 REM IF SCORE BEATS HIGH-SCORE GOTO WIN ELSE OOTO LOSE 
650 IF SC )HS THEN GOTO 5000 ELSE OOTO 6000 

You then have to remember to write the appropriate routines at these 
line numbers or, if you have to write them somewhere else, alter the 
line to suit. A much simpler and neater way would be to write the line 
as 
650 IF SC}HS THEN OOTO WIN ELSE OOTO LOSE 

The first line of each routine would then look like 

5000 :WIN: 

6000 :LOSE: 

Not only can you then· not worry about where the routines finally end up, 
but you also no longer need the REM statement in line 640 as the line 
becomes self-explanatory. All we have done is to label two lines and 
then branch to them by referring to these labels. 

31 
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The second use of labels is to label constants. For example, if you 
intended to use the constant 3.14159265 (Pi) more than once in a BASIC 
program, you might assign a variable PI somewhere near the beginning 

120 PI=3.J41S9265 

Next time you wanted to use pi, you cxmId simply use PI 

300 D=2-PI*R 

You can do a similar thing in machine code 

6000 :PI=3. l4159265 
1000 LDA # PI 

5.3 lIo1ng!abe" for bnDchlng 

To use a label for branching, you must first label the line you want to 
jwnp 10. This is done by placing the label after a colon 

6050 LDA #$04 DISPLAYSCORE 

To jwnp to this line, you would use one of the branching instructions we 
willieam about later in this chapter 

7010 BEQ DI$PLAYSCORE 

We have already stressed the importance of using remarks in machine 
code programs; similarly. we strongly recommend using meaningful 
labels. 

5.4 LobolllDg ........... 

Constants are labelled in a very similar way to BASIC; instead of LET. 
you use a colon 

6010 :BORDERCOLOUR= $D020 

or 

6020 :RED- S02 

Not only do labels make life easier while you are writing the program 
(meaningful words are a lot easier to remember than numbers), but they also 
make your programs much more readable. Compare 

7000 LDA *$02 
70 10 S'I' A $D02O 

with 

7000 LDA #-RED 
7010 STA BORDERCOLOUR 
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Labels are also convenient if you want to change something throughout your 
program. If, for example, you were using the colours green and blue for your 
screen displays and wanted. to change them to yellow and red., you need 
only change your colour labels. So, for example, if your original labels looked 
like this 

6010:FOREGROUND=$OS 
6020:BACKGROUND=$06 

you can change them to read 

601O:FOREGROUND=$07 
602O:BACKGROUND=$02 

and re-asremble the program. 
Right at the beginning of this chapter we said that labels are not the same 

as variables because their values cannot change within a program. The 
reason for this is that the assembler replaces labels with their values 
throughout a program during assembly. For example, let us take the 
following short program 

6000 ($alOO 
6010 ;Thls does not do anything useful so do not bother assembling it 
6020 :SCREENPOSITION:$0400 
6030 :COLOURPOSITION=$D800 
6040 :COLOUR ::::$03 
6050 :CHARACTER=$SE 
6060; 
6070 LDA #COLOUR 
eoeo STA COLOURPOSITION 
6090 LDA #eHARACTER 
7000 STA SCREENPOSmON 

This would be assembled as if it were written 

6010 LDA #$03 
6080 ST A $DBOO 
6090 LDA #$SE 
7000 SI'A $0400 

Labels cannot change their value within a program because they are used 
while the program is being assembled and not while it is running. Thus 

7000 STA CHARACTER+ I 

is legal (the assembler calculates the value ofCHARACTER+ 1 and uses this 
during assembly), while 

7000:CHARACTER=CHARACTER+ I 

is not because CHARACTER has already been defined as a label and cannot 
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now be redefined. If you wanted to achieve the same effect, you would have 
to use another label like so 

7OOO:CHARACTER2"" CHARACTER+ 1 

5.S The increue commands: INX. INY and INC 

The fact thaI we cannot alter the value ofa label within a program presents us 
with a problem when we want to create a loop. In BASIC, we mulct create a 
loop to display the nwnbers one to ten like 00 

100 FOR A- I TO 10 
110 PRINT A 
120 NEXT A 

If we did not have the FOR , . . NEXT loop to help us, we would write illike 
this 

100 A:A+l 
110 PRINT A 
130 IF A< lO THEN GOTO 100 

But this method involves changing the value of the variable A Since we can 
not do that with machine code labels, how would we write a loop in machine 
code? Well, 6502 assembler supplies us with three instructions for this 
purpose: INX. INY and INC. INX tells the assembler to INcrease the X index 
by one. In other words, it is equivalent to the BASIC statement X= X+ 1. INY 
is, of course, the Y index equivalent. adding one to the Y index. We will 
discuss INC in a moment. 

All three instructions feature roll-over. To illustrate the point, enter and 
assemble the following program: 

6000 ($COOO 
60 10 LOX # $IT 
6020 lNX 
6030 STX 828 
6040 RTS 

;Assemble at decimal 49152 
;Load the X indeJ: with decimal 255 
;Increase the X ind~ by one 
;Store the X indeJ: value in location decimal 828 
;Return to BASIC 

lfyou now run the program (SYS 49152) and PRINT PEEK(B28) you will see 
that the value returned is zero. 

The INC instruction works in exactly the same way as 1NX and INY, but 
instead of o~rating on one of the indices, it acts on a specified memory 
location We will see S)me more complicated uses oflNCwhen we deal with 
addressing modes in Chapter 6, but its simplest forms, and the only two we 
need worry about now, are 

INC SXX 
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and 

INC $XXXX 

Both instruct the assembler to increase the value of the specified address by 
one, Thus 

6010 LOA #$05 ;Load accumulator with five 
6020 ST A $IT ;Store five in address IFF 
6030 INC SFF ;Increase value in address SIT by one 

would leave address $IT with a value of$06 stored. in it (the original value of 
$OS plus the INC increase of SOl). 

5.6 The decreue commands: DEX, DEY and. DEC 

In moslioops, we want to increase the value of the loop counter (known as a 
'forward' loop). There are, however, occasions when we would want to 
decrease it (a backward' loop). f or example 

100 FOR C = 10 TO 1 STEP- I 
110 PRINT C:roR 8=0 TO 250'.NEX'l' B:REM Delay loop 
130 NEXT C:PRINT "Take-om" 

or, without using a FOR .. . NEXT loop 

100 C::o: lO 
no C= C- I:PRINT C:B =O 
120 B"'8 + 1:1F B< 2S0 THEN GOTO 120 
130 IF C) 1 THEN GOTO 110 
140 PRINT "Take-off!" 

In machine code, the method is exactly the same for backward loops as for 
forward loops, the amy difference being that we use the decrease 
instructions instead of the increase ones. DEX, DEY and DEC are, as you 
would expect. the backward loop equivalents of INX. INY and INC. Thus 
DEX decreases the value of the X index by one. DEY decreases the value of 
the Y index by one and DEC decreases the value orthe specified address by 
one. 

The decrease instructions all feature roll-under. so that 

6010 WX #$00 
6020 DEX 

would leave the X index with a value or $FF ($00 minus one). Again. you can 
demonstrate this by entering and assembling the roUowing short program: 

6000 [ $COOO ;Assemble at decimal 49152 
6010 LDA # $00 ;Load accumulator with zero 
8020 ST A 828 ;ST A accumulator value at address decimal 828 
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;Decrease value of address decimal 8Z8 by one 
;Return to BASIC 

lfyou now SYS 49152 to run the program and PRINT PEEK(B28) you will see a 
value of decimal 255. 

5.7 The transfer commands: TAX, TAT, TXA AND TYA 

So far we have seen how to increase and decrease the values of the X index, 
the Y index and any chosen address. We have not seen how to do the same 
with the value of the accumulator. There is not any direct way of adding to or 
subtracting from the value of the accumulator, but there is a simple way 
aroWld the problem using the transfer commands. The transfer commands 
are used. to transfer the value of the accumulator to either of the indices and 
vice-versa. They have a nwnber of uses, but one of the main ones is to add to 
or subtract from the value of the accumulator. The instructions are 

TAX 
TAY 
TXA 
TYA 

;Transfer Accumulator value to the X index 
;Transfer Accumulator value to the Y index 
;Transfer X index value to the Accumulator 
;Transfer Y index value to the Accumulator 

In all cases, the value you are transferring stays the same: a copy of the value 
is transferred. For example 

6010 LOA #$07 
6020 TAX 

;Load accumulator with 7 
;Transfer accumulator value (7) to X index 

would leave both the accumulator and the X index with a value of 7. To 
increase the value of the accumulator by one, we would 

6010 TAX 
6020 INX 
6030 TXA 

;Transfer accumulator value to X index 
;Increase X index by one 
;Transfer X index value back to accumulator 

Similarly, to decrease the value of the accumulator you would replace line 
6020 with 

6020 DEX ;Decrease X index by one 

We could, of course, have used the Y index instead of the X one. In practice, 
you will probably already be using one of the indices and so would use the 
other one to increase or decrease the value of the accumulator. 



THE CONDITIONAL BRANCHING COMMANDS: BEQ AND BNE 

5.8 The conditioDal JmmchlJlg C'ommanda: BEO aDd SHE 

A construct common to all computer languages is the conditional branch. 
This is just a fancy way of saying a branch (GOTO is a BASIC example of a 
branch instruction) which only happens if one or more conditions are mel. 
The obvious example in BASIC is the IF' ... THEN statement 

100 IF As B THEN OOTO SOO 
110 IF C<>D THEN GOSUB 1500 

Before we look at the first of the machine code examples, SEQ and BNE, let 
us take a slightly closer look at the IF ... THEN construct. 

The IF . .. THEN statement is in two parts. First, there is the comparison 
(following the IF statement) and second, the branch or action (following the 
THEN statement). What BASIC does is to set a flag dependent on the result of 
the comparison. Let us look at our first example, setting the values of A and B 
before we do so 

9O A- IO: B", lO 
100 IF A",B THEN GOTO SIX) 

BASIC would first evaluate the comparison 

A ... 10, B-= 10 therefore A=B 

It then sets a flag telling itself to execute the branch or action following the 
next THEN statement 

Set THEN Oag to TRUE 

Next it reads the code following the THEN statement and checks the status of 
the THEN flag 

THEN Oag is true, so execute code: GOTO 500 

If A=5 and B= 10, the same process would occur except that the THEN flag 
would be set to FALSE and the code following the THEN would be ignored. 
We can see from this that although the two keywords are used together, IF 
and THEN are actually separate operations. We need. to understand this 
because machine code does the equivalent of an IF ... THEN statement in 
two completely separate steps. Let us look first at the equivalent of IF. 

The machine code equivalent of the IF statement is the comparison 
statement. This takes three forms, of course, for the accwnulatar, X index and 
Y index 

CMP 
CPX 
CPY 

;CoMPare specified value with the accumulator 
;ComPare specified value with the X index 
;ComPare specified value with the Y index 

The two uses of the eMP instruction are 
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CMP #$01 

and 

CMP 101 
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;Compare accumulator with the value one 

;Compare accumulator with the value stored in address one 

If the comparison is true, a COMPARISON EQUAL flag is set; otherwise one 
of the COMPARISON NOT EQUAL flags are set. 

So far, we have made a comparison but we have not acted on i t: all we have 
done is to set a flag. This is where the machine code equivalent of the THEN 
statement comes in. This is the branch instruction set 

BEQ 

BNE 

;Branch to the specified label if the comparison Hag is EQual 
(usually stated as 'Branch if EQual') 
;Branch to the specified label if the comparison is Not Equal 
(usually stated as '8ranch if Not Equal') 

So, for example, a machine code search routine might contain: 

6010 BEQ FOUND ;Record fOWld, branch to FOUND line 
6020 BNE SEARCH ;Not this one, branch back to SEARCH line 

Ok, let us swrunarize all this, CMP is the basic comparison instruction. The 
fannat is 'CMP #$( value)' or 'CMP $(address)'. CMP instructs the 
assembler to compare the value, or the value stored in the specified 
address, with the value of the accumulator. If the two values are equal, an 
equal flag is set. If the two are different, a not-equal flag isseI. CPX and CPY 
work in exactly the same way except that the comparison is made with the X 
and Y index respectively and not with the accumulator. 

Once the equal or not-equal flag has been set, we can act on the status of 
the flag by the branch instructions: BEQ and BNE. The formats of the 
instructions are 'BEQ ( label)' and 'BNE ( label ) ' respectively. BEQ will 
branch to the line containing the specified label if the equal flag is set, while 
BNE will branch to the label if the not-equal flag is set. 

Enter and assemble the following demonstration program: 

6000 [$COOO 
6010 :SCREENc::$0400 
6020 :COLSCREEN=$D800 
6030 IDA #$01 
6040 IDX 828 
6050 CPX #$00 
6060 BEQ XISZERO 
6070 IDA #$02 
6080 STA SCREEN :XISZERO 
6090 LDA #$01 
6100 STA COI.SCREEN 
6110 RTS 

;Top-Ieft of screen 
;Top-left of colour screen 
;Character code of 'A' 
;Load X index with decimal 928 
;Compare X index value with zero 
;Branch to line with XlSZERO label 
;Character code of '8' 
;Top-left of screen 
;Colour code of white 
;Top-left of colour screen 
;Return to BASIC 

Once you have assembled the program, enter 
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POKE 828,CIO-.REM Place zero in location 828 
SYS 49lsa 

A while 'A' will have appeared at the top left-hand corner of the screen. This 
is because the compa,riron in line 6050 set the equal flag to true, and thus the 
program branched from line 6060 to 6080 and so line 6070 was never 
executed. 

Now enter the following, remaining in BASIC 

POKE 828,2OO'.REM Place 200 in location 828 
SYS 49152 

This time a while'S' will have appeared. This is because the comparison in 
line 6050 failed (that is, the equal flag was not set), the branch in 6060 is 
therefore nol carried out and so line 6070 is executed, loading 'B' into screen 
memory. The BASIC equivalent of this would be 

100 A= 1: IF X <> 0 THEN A= 2 

5.9 na .. 

We had a very brief look al flags in Chapter }, now it is time to see how they 
work You will remember thaI a flag is simply a bit which can be set to eithe r 
1 (often known as irue) or 0 (known as false). 'I'heC64 hasanwnberofbuill-in 
'status' flags held in a memory location known as the Status Register or 
Process Register. This looks something like that shown in Fig. 5.1. We have 
already dealt with one of these flags, albeit without knowing it, and that is the 
Zero flag. This is the nag used by our friends CMP, C PX and CPY. lithe result 

Figure 5. 1 
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ofa comparison is true (equal), then the zero flag is set to 1. If the comparison 
is false (not equal), the zero flag is set to O. 

To understand why it is called the zero flag, we have to know how the 
assembler carries oul a comparison. In fact , it does it in the simplest way 
possible: subtract one from the other. So 

6010 LDA #$01 
6020 CMP # $01 

is like saying 

A= l 
'ZEROFLAG= A- l 

Since #$01 - #$01 equals zero (meaning that they are equal), the zero flag is 
set to I (zero=true). If the two were not equal, the subtraction would result in 
a value greater than zero and so the zero flag would be set to 0 (zero=faJse). 

5.10 Greater-than and less-than compubona 

So far we have learnt how to use the comparison instructions together with 
BEQ and BNE to compare two values for equal or not-equal. AI other times, 
though, we would want to know more than this: if the two are not equal, we 
will often want to know which one is greater. This is where the other two 
branch instructions come in 

BCC ;Branch if Carry Clear (tests for less-than) 
BCS ;Branch if Carry Set (tests for equal-to or greater-than) 

These are used in exactly the same way as BEQ and BNE as we shall see in a 
moment (machine code is actually very easy once you get started -
everything works in the same way!). There are, however, two things which 
often confuse beginners until they are familiar with BCC and BCS 

J. Which is which? 
Does BCC or BCS test for less than? 
(It's BCG). 

2. Which way round the comparison is done. 

or 

Which one of the following branch to LESSTHAN? 

(a)LDA # $20 
eMP #$20 
BCC LESSTHAN 

(b) LDA #$21 
CMP #$20 
Bce LESSTIIAN 

(U's (a)). 
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Fortunately, you will have no such problems if you take two or three minutes 
now to memorize the following simple reminders: 

(a) To remember which of BCe and BCS tests for less-than, remember that 
'C is lower than'S' in the alphabet. Put another way, the ASCII value of C 
is less than the ASCII value of S. 

(b) To remember which way round comparisons are done, just think of how 
you would do it in BASIC 

100 IF A <B THEN . __ 

The value given after the less-than sign (in Ihis case, 6) is compared with 
the value before (~ A less than 61"), Thus, "Is the accumulator (or X or Y 
mdex) less than the value after the comparison instructionr 

Remember also that BCS tests for greater-than orequallf you want to test 
only for greater-lhan, you would have to do a 8EQ before doing a BCS. 

6010 eMP #$05 
6020 BEO EQUAL 
6030 BCS GREATERTHAN 
6040 BCC LESS'l'HAN 

In BASIC, lhis would look like 

100 IF A= 5 THEN GOTO lOOO:REM EQUAL ROUTINE 
110 IF A>-S THEN GOTO 2OOO:REM GREATER-THAN ROU'l'lNE 
120 IF A< 5 THEN GQTO 3OOO:REM LESS-THAN ROUTINE 

5.11 Out·o!·range errors 

There is one slight complication to branching: you will sometimes gel an 'out 
arrange' error during assembly. To explain why, we have to understand how 
the assembler stores branching instructions in memory. But before we do 
this. let us get our priorities right and tell you what to do if you get the error! 
The simple rule is: ' If the branch is out of range, reverse the test." For 
example if 

6010 CMP *$20 
6020 BEQ EQUAL 
6030 LDX *$30 

resulted in an 'out-of-range' error, rewrite it the other way round 

SOlO CMP # $20 
6020 BNE NOTEQUAL 
6030 jMP EOUAL 
6040 LOX #S3O".NOTEQUAL 

41 
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The JMP (JuMP) instruction simply tells the assembler to jump to the label 
following it (in this case, NOTEQUAL). In other words. it is just like a GOTO 
statement in BASIC except that we use a label instead of a line number. Ok. 
that's the solution, but why do we have the problem in the first place? Well. 
branch instructions are stored in two bytes. The first is the instruction itself 
(for example, SEQ), and the second is the number of bytes the C64 should 
jump. 

The problem is that you can branch both forwards and backwards. Since 
the C64 has only one byte to store both the distance to be jumped and the 
direction. how does it do it? Well, it uses the seventh billa store the direction: 
a zero means jump forward, and a one means backward So, for example 

''00000011 

means jump three bytes forward. while 

%100000 11 

means jump three bytes backward. The problem, of course, is that the 
maximum distance the C64 can store this way, leaving the seventh bit free for 
the direction. is % 1111 111, or decimal 127. Anything greater than this causes 
an 'out-Qf-range' error. 

5.12 ExerciH 

Write a program to check the contents of 828. If it contains 2 then turn the 
border RED otherwise turn background colour equailo contents of 828. 
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Addressing modes 

This chapter explains addressing modes. It covers 

• Immediate 

• Zero-page 

• Absolute 

• Relative 

• Implied 

• Aboolute,X 

• Absolute, Y 
• Zero-Page,X 
• Lo-Hi storage (used by the indirect addressing modes) 

• Indirect, Y 
e lndirect,X 

• Indirect 

Every machine code instruction will either branch or jump to a different 
section of the program, slore a value somewhere or retrieve a value from 
somewhere. These operations break down into what are known as 
addressing modes. (A full list of machine code instructions, showing which 
one belongs in which addressing mode, is given in Appendix 8.) 

In Chapter 2. you may remember that we mentioned the difference 
between absolute and zero-page numbers. We said that an absolute 
number has four hex digits and is between $0100 (decimal 256) and $FFFF 
(decimal 65535) inclusive. A zero-page munber, incontrasl, has only two hex 
digits and is between $00 and $IT (decimal 255) inclusive. Absolute and 
zero-page are two different addressing modes. Thus 

LOA $22 

is a zero-page instruction (that is, it is executed in zero-page addressing 
mode), while 

LOA 10400 
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is an absolute instruction (that is, it is executed in aboolute addressing 
mode). 

Addressing modes are a very important part of machine code 
programming. In this chapter, we will examine each addressing mode in 
turn. Some of them have rather esoteric-sounding names! Do not worry too 
much aoout the names - you will learn them quickly enough as they become 
familiar to yOll - but do make sure that you understand the function of each. 

This chapter presents quite a lot of information. None of it is particularly 
complex, but it is important to have a thorough understanding of it. so take it 
slowly and carefully. Let us start by looking at the modes we have already 
used. 

6.1 immediate 

Immediate mode is used to load values into manipulators and memory 
locations. Examples of irrunediate mode instructions are 

LDA #$50 
S'I'A $0020 

and , since our assembler allows us to use decimal values as well as hex ones 

LDA # 10 

One of the main uses of immediate mode is to set up and use labels 

:BLUE ... $06 
:SCREENCOL= $D020 

LDABLUE 
STA SCREENCOL 

6.2 Zero-page 

Zero-page occupies Ihe first 256 bytes of memory ($00 10 $FF inclusive)_ Most 
of zero-page is required by the C64's BASIC and operating system. but some 
locations are available for use in your machine code programs. The memory 
map in Appendix 2 shows which ones. Because 90 few locations iQ zero-page 
memory are available to you, you would not normally store straightforward 
values in them. You would usually use them for oome of the other addressing 
modes examined in this chapter. 

The rea.~m that zero-page memory is largely used by the C64 itself is that 
the closer to the start of memory a routine or value is, the less time it takes to 
locate it and thus the faster the C64 will operate. You may have noticed a 
similar effect in your BASIC programs, where the early sections of your 
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program run slightly faster than an identical routine later in the program. For 
Ihis reason, it is a good idea to put the most corrunonly-called subroutines at 
the beginning, rather than end, of your programs. 

6.3 m.oIute 

Examples of absolute mode commands are 

LDA $alOO 
STA 49152 

Absolute addressing is the one normally used in machine code program­
ming. It allows you to address all of the C64's memory. Machine code 
programs and data can be stored anywhere in memory, provided that the 
addresses are not required by the C64 for other purposes. One point to 
watch out for is to make sure that you do not use memory required by the 
assembler. 

As you become more experienced. you will get to know the C64's memory 
better, but for now we suggest you stick to the 4K block beginning at $COOO. 
All the examples in this tx>ok use this block of RAM. 

6 .• Relative 

Relative addressing is the name given to all the branch instructions. They 
are so-called because they branch relative to the current program location. 
As we saw in Chapter S, the assembler can jwnp up to 121 bytes either 
forwards or backwards. The calculation of how many bytes, and in which 
direction. to jwnp is perfonned automatically by the assembler. 

LeI us see how this works in practice 

7000 LDA #$50 
7010 CMP $25 
7020 BEQ EQUAL 
7030 RTS 
7040 LDA $0400£QUAL 

This program simply compares the value of location $25 (decimal 31) to the 
value #$50 (decimal 80). lfthe two are equal (that is, location $2S contains the 
value #$50), the program branches to line 1040. Otherwise it continues to 
line 1030 where it returns to BASIC. 

When you assemble the program, the assembler calculates that line 1040 
(labelled EQUAL) is one byte ahead of the current program position. (The 
reason that it is one, rather than two, bytes ahead is that the RTS command is 
the next line due to be executed and is therefore zero bytes ahead.) II thus 
converts line 1020 to read, in effect 

45 
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1020 BEO+$Ol 
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;NB: This line is not valid, it simply illustrates the principle of 
what happens 

The assembler supplied with this course is known as a 'two-pass" assembler. 
That is, it assembles the program in two stages. In the first stage (or pass), it 
assembles the commands but leaves the labels as they are. In the second 
pass, it calculates the values of all the labels and inserts these values in place 
of the labels. There is another type of assembler known as a single-pass or 
simple assembler. These do nol allow the use of labels and are thus useless 
for anything but the smallest programs and persevering programmer! 

The advantage of relative addressing, if used throughout a program, is that 
it is relocatable. This means that yOll can shift the program anywhere in 
memory without Ie-assembling it You must, however, use relative 
addressing throughout, so you cannot use 1MP or other absolute instructions. 
Writing relocatable programs requires considerable skill, but is ideal for 
short machine code utilities which other users might want to place 
somewhere else in memory to avoid conflicting wilh their own routines. 

6.5 implied 

Implied addressing is one of the simplest addressing modes. It is the name 
given 10 all instructions which have no target, source or branch bytes 
following them. So far, the implied commands we have looked at include the 
transfer commands (TAX, TXA, TAY and ITA), the increase and decrease 
commands (IN)(. INY, DEX and DEY) and RTS. They are known as implied 
corrunands because they imply the value and/or address to be used. For 
example, 1NY means increase the Y index by one and place the result back 
into the Y index. 

6,6 AhIIolute,x and Abeolute,Y 

We have already seen that the Xand Y indices can be used as an alternative 
to the accumulator, but they also have their own special uses. The first of 
these are Absolute,X and Absolute,Y modes. Commands in this mode take 
the fonn 

LDA (address) ,X 
LDA (address),Y 

where the address is in the range $OlOO-$FFFF. This mode is equivalent to 
the BASIC statement 

100 POKE 1024+X,lOO 
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where the X in the above example would be replaced by the X or Y index. 
So, to achieve the equivalent of the above line in machine code yOll would 

6010 LDA #$84 ;Set accumulator to decimal 100 
6020 STA $04OO,X ;Add value of X index to the address and then carry out the 

command 

In other words, if the X index were set to 510, the above example would be 
equivalent to 

6020 STA $0410 

If you would like a more formal definition, the value of the index is added to 
the absolute number following the instruction. and the instruction is carried 
out on the resultant value. Figure 6.1 illustrates this process. Since roth 
indices can hold up to $FF (decimal 255), the range of addresses you can 
control in this mode is (address ) to (address)+$FF. 

$05 
\ 

figUre B.l 

ST. $Uflla x STA SIUtlS 
is the eQuivolent of ----" 

Accumulator ~ $0405 

Ok, SO much for how it works (and if you are still nol sure, the following 
program will make things clear), why would you want to use it? Well, as you 
may have already guessed, it is very useful for writing loops. Suppose you 
wanted to write a program to fill the first 100 positions of the screen with a 
reversed yellow block. In BASIC, we would write the program like so 

lOCI FOR 1,.,0 TO 99 
no POKE 1034+1, 160-.REM 160 ,., character code for reversed block 
130 POKE ssa96+ I, 7:REM 7 ". colour code for yellow 
130 NEXT I 

In machine code, we would do it in Absolute, Y mode like this 

6000 [ $alOO 
6010:SCREEN$0400 
6030:COLSCREEN= $D800 
0030; 
6040 LOY #$00 
6OSO LDA #$Ao-.LOOP 
6060 STA SCREEN,Y 
6070 LDA #$07 
6080 STA COLSCREEN,Y 
0090 !NY 

;DeMe label as start of screen RAM 
;Define label as start of colour RAM 

;Init:ialize Y to zero 
;Load accumulator with decimal 160 
;Store reversed block in screen RAM 
;!Dad accumulator with decimal 7 
;Store yellow code in colour RAM 
;Increase the Y index by one 
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6100 CPY #$64 
6110 BNE LOOP 
6120 : 
6130 RTS 

;Check for decimal 100 
;Branch back to loop if less than 100 

!fyou want to see this in action (and it is worth seeing the speed!), assemble 
it, clear the screen and SYS 49152. The first 100 character positions will turn 
almost instantaneo~ly yellow. A very similar task to this, filling colour RAM 
with a particular colour, is of course a common requirement in many 
programs. In BASIC, we would do it like this 

100 FOR 1= 0 TO 999:POKE 55296+1, 8:NEXT I:REM Orange 

For other colours, of course, you would substitute another colour code for the 
8 - see Appendix 4 for a list of colour codes. 

Even though we are POKEing, this still takes a crawlingly slow 10.18 
seconds to execute: not much good for swift colour changes in all-action 
games! The solution, of coW"se, is to rewrite the above in machine code and 
SYS this routine instead. The machine code equivalent looks like this (this 
program introduces some new concepts which we will explain in a moment, 
so don't worry if you don't understand it all) 

60001 $COOO 
60 10:COLSCREEN = $D800 
6020; 
6030 LOY #$00 
6040 LOA #$07 
6OSO SI'A COLSCREEN,Y:LOOP 
6060 SI'A COLSCREEN+SOlOO,Y 
6070 STA COLSCREEN+S0200,Y 
6080 STA COLSCREEN+S02E8.Y 
6000 DEY 
6100 BNE LOOP 
6110; 
6120 RTS 

;Start of colour RAM 

;Load Y index with zero 
;Load accumulator with 8 (orange) 
;First quarter of colour RAM 
;Second quarter of colour RAM 
;Third quarter of colour RAM 
;Final quarter of colour RAM 
;Decrease Y index by one 
;Branch back to LOOP 

This takes 0.17 second to execute - an impressive difference! 
Let us go through the aoove program in detail. There are foW" specific 

points you may have noticed: 

1. The accumulator is initialized outside the loop. This means that it is only 
initialized once; if it had been inside the loop, it would have been 
initialized 255 times. Although loading a value into the accumulator takes 
only a minute fraction of a second, a minute fraction of a second multiplied 
by 255 can become quite a significant delay. Even machine code can be 
slowed down by careless programming. 

2. We have used. the fact that the accumulator, like the indices, retains its 
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value once set lUltilloaded with a different value. (STA, remember, places 
a copy of the accumulator value in the specified address: it leaves the 
accumulator untouched.) We do not need to reload the accumulator with 
the colour code each lime. 

3. You will almost certainly have noticed that we have a BNE instruction 
without a CPY. This is because the decrease command (DEy) 
automatically sets the zero flag, and the BNE instruction will therefore 
compare the Y index with zero without;::t CPY #$00 command. The same 
is true of the increase command, INX. You can, of course, put the CPY or 
CPX commands in anyway, and you may find it helps to do this to start 
with, but remember that every command you can eliminate will speed up 
your program, particularly within loops. 

4. The screen is shaded in roughly four quarters. There is a slight overlap in 
that some parts of the screen get shaded twice, but the time loss in this is 
less than the time loss in writing a more elaborate loop to check for this. 

Short routines like this are very handy to slot into your BASIC programs. By 
far the easiest way to do this is to convert the program into DATA statements, 
POKE it into RAM and then SYS it. Of course, converting the program 
manually would be a tedious task, so we have written a program to do the job 
for you - you will find it in Appendix 5. One word of warning concerning this 
mode. You must make sure that the result of a calculation does not exceed 
$FFFF; if it does, the result will roll-over into zero-page memory and your 
program will probably crash. It certainly will not work in the way you wanted 
it to! 

6.7 Zero-pa ... .x 
This works in an identical fashion to Absolute,X except that it operates on 
zero-page addresses. Thus 

LDA $OO,x 
STA SFF,x 

Note that the Y index cannot be used with the accumulator instructions in this 
mode. You can, however, achieve the same effect using the X index 

LDX $DO,Y ;Load X index with content of SDO+Y 
TXA $DO ;Transfer this value to the accumulator 

6.8 Accamulator 

The accumulator addressing mode is the name given to machine code 
commands which act directly on the accumulator. These include ROL and 
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ROR, and are discussed. in Chapter 8. Appendix 8, detailing all the 
commands in the 6510 instruction set. shows which commands act on the 
accumulator. 

6.9 Lo-Bi fonD. 

lo-Hi fonn is nol an addressing mode, but we need to discuss it before going 
any further since it is used by all the remaining addressing modes. Lo-Hi is 
the form in which the C64 stores numbers greater than $IT . Since each 
memory location can only hold one byte, that is a value up to decimal 255 
(SIT), the C64 needs some way of handling nmnbers greater than this. It 
does so by using two consecutive locations. Let us look al an example 

LDA $0000 

This command is stored in three consecutive bytes. The first byte is the code 
for the instruction itself, in thiscase$AD {decimal 173), the code for LOA. This 
is the code for absolute mode. The two remaining bytes are used to store the 
two halves of the number: $DO and $00. The reason for the name I..o-Hi, 
however, is that the low-byte, that is the smaller of the two numbers, is stored 
first (Fig. 6.2). So $DOOO is stored as $00 and $DO. Thus the whole lineofcode 
is stored like so 

$AD $00 $DO 

Lo-Hi form may seem a little awkward at first, but it is simple enough once 
you have grown used to it. 

To enable you to split upan absolute number into its Lo- and Hi-bytes, we 
have written two special commands into your assembler. These are (and) . 
To load the accumulator with the La-byte of an address 

Figure 6.2 

$ B 7 8 c 

HI LO 

HI: $B7 LO = $8C 

Stored in LO- HI form os $8C, $97 



LDA #<$0400 

and the Hi part 

LDA # > $0400 

INDIRECT,Y 

You can also do the same with labels, thus 

LDA #>SCREEN 

6,10 1JuIlroot,Y 

The first of the addresses to use lD-Hi form is indirect, Y mode. Indirect, Y is 
one crlhe most useful commands you will come across once you start writing 
anything other than very simple programs because it allows you to act on 
large amounts of memory. 

This mode uses two consecutive zero-page addresses to point to anothe r 
address in memory like so 

LOA ($FE),Y 

The brackets around the address tells the assembler that a I..o-Hi form 
nwnber has the to-byte stored al that address and the Hi-byte at the 
following address (in this case, SFF). Let us suppose that SFE contains $00 
and $FF contains $04. When we convert these two bytes from Lo-Hi form into 
absolute, we get $0400. In other words, 

LOA (SFE),Y 

is the same, in this case, as 

LOA $04OO,Y 

which we looked at earlier in this chapter. Incidentally, in the above 
example, we happened to use $FE and SFF as the pointe r to an absolute 
address, but you can use any free addresses in zero-page, bearing in mind 
thaI you need two consecutive free locations. F'ree addresses are shown in 
Appendix 2. 

To illustrate the use of this mode, let us write a short routine to clear the 
high-resolution screen (which starts at $80(0). 

6000 [ $COOO 
6010:HIRES+$8000 
6020 LOA #<HIRES 
6030 STA $F7 
6040 LOA #>HIRES 
6050 STA SF8 
6060 LOX # $00 
6070 LOY #$OI}LOOPl 

;USE X index as counter 
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6080 LDA *$00 
6090 STA ($F7),Y:LOOP2 
6100 DEY 
6110 8NE LOOP2 
6130 INC $F8 
6130 INX 
6140 CPX # 32 
GlSO BNE LOOP} 
6160 RTS 

;Increase Hi.byte 
;Add one to counter 
;Finished? 
;No - go back to begUming of loop 
;Yes - end 

The imp::>rtant point about this program is that the indirect, Y command in line 
6090 is used in place of the hundreds of absolute, Y which we would have 
otherwise needed, 

6.11 Indlrect,x 

Indirect,X is - in contrast to indirect,Y - one of the least-used modes. It 
works in a slightly more complicated way to indirect, Y. A pair of consecutive 
zero-page locations are once again used as a pointer, but the resultant 
address forms another, second, pointer. Let us see what this means with an 
example: 

LDA ($rE,x) ;Note that the X is inside the brackets 

If $FE holds $00, and $FF holds $60, the resultant address is $6000. This 
address, however, is used as a second pointer and the following operation is, 
in effect, carried out: 

LDA ($8000,X) ;NB:Not a legal command 

Now, let us imagine the addresses around $6000 hold these values: 

I..ocation Value 

$8000 SOO 
SOO1l SO< 
$600' $10 
$6003 SO< 

If the X index were set to 0 (zero) when the LDA ($FE,X) command were 
carried out, the accumulator would be loaded with the contents of address 
$0400. If the X index equalled 1, the accumulator would be set to $1004. This 
is best shown in the following table: 



X index value 

o 
1 
2 

SUMMARY 

Address loaded into accumulator 

S0400 
$1004 
$0410 

and so on. Compare this table with the one aoove to see how it works. If you 
wanllo set up a series of p:)inters in this way (and it is very rare to need to do 
so), make SlUe that the X index holds an even value to ensure the correct 
address is loaded. 

6.12_ 

The last of our addressing modes is indirect. This is only available when 
using the JMP (JuMP) oommand and is often used in the C64's BASIC and 
Kernal routines. It is best left until yOll are fairly experienced.. but comes in 
very useful in writing programs which will automatically adjust themselves to 
suit their requirements (simply changing a single memory location causes 
the pointer to lead to a completely different routine). 

The command stores a pointer in an absolute address. The fonnat of the 
command is 

JMP ($6000) 

If $6000 contains $00 and $6001 contains SCI , the C64 would jump 10 the 
routine beginning at $ClOO. 

6.13 Summary 

The C64 has eleven different addressing modes (ways of 
treating memory). Each addressing mode has at least one 
command associated with it. Which command uses which 
addressing mode can be seen in Appendix 8. 

We have seen new ways of using familiar commands, 
depending on the mode we are in. You do not need to 
worry about the names of the different modes, but you 
should know how to use the new command structures. 

The chapter contains a lot of information, which you 
probably will not take in at one go. You might like to take 
a break at this point and re·read the chapter again later 
before continuing. We know this process of reading and 
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Ie-reading can se:em tedious at times, but you will be glad 
you made the effort later on. 

6.14 Ex._ 
Write a program to put the C64 character set on screen (starting in top left) in 
yellow. 
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Bit manipulation and logic 
(or 'truth') tables 

This chapter explains the concepts of bit manipulation and logic (or ~ruth') 
tables. This allows us to control individual bits within any given memory 
location By the time you have completed the chapter, you will be able to 
answer the following questions: 

• What is bit manipulation? 

• What are the two main reasons for using it? 
• What is a logic or truth table? 

You will also be able to use the following machine code commands: 

• AND 

• ORA 

• EaR 

7.1 What is bit JDaDipalation? 

When we program in BASIC, we normally think of memory in terms of bytes, 
each location or address occupying one byte. But each byte is, of course, 
made up of eight bits (binary digits, remember), Thus decimal 10 isslored as 
#%00001010. 

When we program in machine code, it is often useful to think of memory 
locations as eight bits instead of a simple byte. Rather than altering value as a 
whole byte, we may want to simply change a single bit. There are two main 
reasons for wanting to do this. First, there are certain bytes (known as 
registers) which are designed. to be controlled. by setting and resetting 
individual bits. Second, using individual bits to store simple on/off flags can 
give considerable memory savings. For example, if you are writing an 
adventure game and a certain room in it has four doors, you could use four 
bits of the same byte to store the open/closed. door flags: 
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Door I Door 2 Door 3 Door 4 Spare Spa<e Spa<e Spare 

o o o o o 

You could even use the four spare bits as other flags, perhaps for objects or 
characters. If you use all eight bits, you can store infonnation in an eighth of 
the space you would use if you used a whole byte for each flag (Fig. 7.1), Put 
another way, your adventure could be eight times as big and still fit into the 
same memory! Bit manipulation is pretty useful! Bit manipulation, as you 
have probably already guessed, is performed in binary. So if you are less 
than 100% confident aOOut your understanding of binary nwnbering, go back 
now and Ie-read Chapter 3! 

Figure 7.1 

Value (decimal): 128 64 32 16 8 4 2 1 

111111ll 
'" '" '" '" ." ." ." 7 6 5 4 3 2 1 

Remember that binary nwOOers are preceded by a percentage sign (,,, '), 
just as hex nwnbers are preceded by a dollar sign ('$'). So, for example 

LDA %OOOOOOll 

would load the content of location decimal 3 into the accwnulator, while 

LDA #%00000011 

would load the accumulator with the value decimal 3. Bit manipulation is 
actually carried out using logic tables. so let us find out about these. 

7.2 LogIc tabl .. 

Logic tables are simple tables (Fig. 7.2) showing what happens to a bit when 
it isactedon using oneofthe bit manipulation commands. Let us look in detail 
at each of the three bit manipulation commands, starting with ORA. 
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Figure 1.a 
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7.3 ORA 

The ORA command allows you to set (make equal to 1) any individual bit or 
bits in a byte. For example, suppose that you wanted. to set bit four in location 
$033C (decimaJ828), You do not even need to know the current value of the 
bit, you can simply set it anyway: ifi! is nol set (0) it will be set (1), and iii! is 
already set it will stay that way. To set bit four 

LDA $033C ;Load CIlITent value into accumulator 
ORA #9600010000 ;Set bit 4 
ST A $033C ;Store new value at the same address 

Let us suppose the original value of $033C was % 11000011, After the ORA 
command, setting bit 4, it would become %11010011, Figure 7.3 shows how 

Figure 7.3 

1 1 0 0 0 0 1 1 

111111 t t 
I ORA , , , , , I t t 

0 0 0 1 0 0 0 0 
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this works. What happens is that the ORA logic table is performed on each 
bit in turn. If you ORA a bit with 0, you leave it lUlchanged.. If you ORA a bit 
with I, you set it to I regardless or its original value. You may hear of binary 
digits being referred to as masks. This is because all the bits ORAd with ° 
are left unchanged.: in other words, they are 'masked'. Masking is used with 
all the bit manipulation commands. Another term you will probably come 
across is logical commands. This is just another term for bit manipulation 
commands. 

You will use the ORA command a lot when you use the C64's video and 
solUld registers. For example, suppose you wanted to turn on sprites 3 and 6. 
To do this, you simply set bits 3 and 6 of the sprite-enable register SIS 
(decimal 21). Using ORA to do this means that you do not run the risk of 
mistakenly turning off other sprites already in use. So, for example, if you had 
defined the label VIDEO as the beginning of the video registers, you would 
simply 

LOA VIDEO+21 
ORA #%01001000 
STA VIOEO +21 

;Load current value of sprite-enable r89ister 
;Set bits 3 and 6 
;Store new value in register 

You do not risk changing any oryour other sprites, because only bits 3 and 6 
will be affected: all the others remain lUlchanged. 

7.4 AND 

AND works in exactly the same way as ORA, except that it is used to switch a 
bit or several bits off rather than on. Since ° AND 0 equals 0, and ° AND 1 
equals 0, all you have to do to turn a bitoffis toANDit with zero. For example, 
to turn off bit 3 in location $033C: 

LOA $033C ;Load accumulator with contents of $033C 
AND #%11110111 ;AND this value so that bit 3 is turned off 
ST A $033C ;Store new value back into same location 

Figure 7.4 illustrates this process. 
If a bit is already set, ANDing it with I means that it remains set. If a bit is 

not set, ANDing it with either 0 or I will leave it unset. If a bit is set and 
ANDed with a 0, it will be unset. 

7.5 EOR 

EOR differs from ORA and AND in that it does not have a direct BASIC 
equivalent. You can see from its logic table that EOR 'toggles' a bit, so that a I 
becomes a ° and a ° becomes I (Fig. 7.5). Thus to toggle bit 6 of location 
$033C 
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Figure 7.4 
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LOA $033C 
EOR #%01000000 
S'rA $033C 

;Load accumulator as before 
;Toggie bit 6, leave other bits W\changed 
;Store new value in same location 

Bit 6 is EORed with I and is thus toggled, all the other bits are EORed with 0 
and left unchanged. 

EORing is most useful where a flag will be constantly flipping between 
one value and another. An example would be in a space-invader style game, 
where a flag would be used to store the direction the invaders are moving in. 
When they reach the edge of the screen, the flag needs to be toggled to the 
opposite direction. Thus a 0 could represent moving right, while a I means 
moving left. 

7.6 Summary 

This chapter introduced the concept of bit manipulation -
changing one or more individual bits while leaving the rest 
of the byte unchanged. This is useful for controlling various 
C64 reqisters, and for storing Oags in a memory-efficient 
way. Bit manipulation is carried. out using logical 
commands and binary numbers, the technique being 
known as masking. The logic tables shown in this chapter 
illustrate how the three logical commands - ORA, AND 
and EOR - work. The following chapter examines more 
advanced bit manipulation. 

7.7 ExerciH 

Write a program to move a sprite horizontally across the entire screen 
making sure not to forget the MSB bit when the sprite passes the X=Z56 
position. A time delay will have to be 'Nlilten into the program so that the 
sprite can be seen. 
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Bit manipulation 

This chapter oovers using bit manipulation to move bits left and right, and 
check whether a particular bit is set or unset. By the time you have 
completed it, you will be able to use the following commands: 
The shift commands 

elm< 
eASt. 

The rotation commands 

eROR 

eROL 

Plus 

eBIT 

In Chapter 7, we looked at logical (bit manipulation) commands to set, 
unset and toggle the value of any individual bit within a byte of the C64's 
RAM This chapter introduces commands which anow us to shift all the bits in 
a byte left or right, and to check whether an individual bit is currently set or 
unset. These commands all use the accumulator addressing mode 
described in Chapter 6. As before, we will describe each in tum. beginning 
with the simplest of all: the shift commands 

8.1 The.hift commuds 

The two shift commands allow you to move all of the bits in a byte either left 
or right. These are LSR and ASL. LSR stands for Logica1 Shift Right. It moves 
all eight bitsoCa byte one bit to the right The right-most bit (bit 0) 'falls over' 
into the carry flag, and the left-most bit (bit 7) is set to zero as is shown in Fig. 
8.1. 
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Figure 8.1 

'" '" ." '" '" ." ." '" 0 ~7 1>- 6 1>-5 1-4 . 1>- 3 · - 2 · -1 0 I-- C 

LSR can be used in a somewhat clwnsy way to test the status of any bit. The 
way to do this is to use LSR as many times as required to move the b it you 
wish to test into the carry flag. Thus to test bit 3 oflocation $033C, you would 
load the value into the accwnulator, perform four LSRs on the value (to move 
bit 3 into the carry flag) and then use BCC (Branch if Carry Clear) or BCS 
(Branch if Carry Set) to test the value 

LDA $033C ;Load. the required value into the accumulator 
LSR A ;Bit 0 now in carry flag, b it 3 becomes b it 2 
LSR A ;Bit 1 in carry flag, original bit 3 becomes bit 1 
LSR A ;Bit 2 in carry flag, original bit 3 becomes bit 0 
LSR A ;Bit 3 is now in the carry flag 
BCC ZERO ;Branch to line labelled ZERO if carry flag = O 

This process is illustrated in Fig. 8.2. The program would thus jump to the line 
labelled ZERO if the original bit 3 was not set (that is, it equalled zero). The 
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value of$033C, of course, remains as it was, so bit 3 is still where it originally 
was in the actua11ocation being tested. Only the accumulator has changed 
value. The A following the LSR command tells the assembler to use the 
accumulator mode. 

Figure B.3 

." ." ." ." '" '" ." ." 
c- 7- 6 5- 4- 3- 2 , - ° ° 

ASL. Arithmetic Shift Left. works in exactly the same way as LSR. but 
shifting to the left instead of to the right. ASL shifts each bit one JX>Sition to the 
left. bit 7 moving into the carry flag and bit 0 being set to zero (Fig. 8.3). 
Again, to test a b it using ASL. you would shift the required. bit into the carry 
flag. To les t b it 5 of our old friend $033C, for example 

LDA $033C ;Load value 
ASL A ;Bit 7 moves inlo carry flag 
ASL A ;Bit 6 moves into carry nag 
ASL A ;Bit 5 moves into carry flag 
BCC ZERO ;Branch to line labelled ZERO if bit 7 was zero 

A gain, wecanshow thisindiagrarrunatic form in Fig. 8.4. Whichofthe twoshift 
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corrunands you use is up to you We suggest thaI it makes sense to use LSR if 
the b it you want to test is nearer to the right of the byte (that is, bits 0, I , 2 and 
3) and ASL if the bit is nearer to the left (that is, bits 4 and 5- we will show you 
a simpler way of testing bits 6 and 7 below, using the BIT corrunand). In this 
way you use the minimwn amount of memory necessary. 

8.2 The rotation commands 

The rotation commands are similar to the shift commands in that they allow 
you to shift bits left and right. The difference is that the rolation corrunands, as 
the name implies, shift the bits around in a circle. The easiest way to see what 
we mean is to look al Fig. 8.5. Briefly, the rotation commands shift all the bits 
round in a circle which includes the carry flag. So if yOll rotate everything 
once to the right, bit 0 will become the carry flag, and the carry flag is moved 
into b it 7. All other b its move down one. 

Figure B.S 

." '" ." ." ." ." ." ." 
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ROR. ROtate RighI, rotates everything one bit to the right as is shown in 
Fig. B.S. So, for example, to rotate the contents of-you've guessed it - $033C, 
two places to the right 

LDA $033C ;LOad accumulator 
ROR A ;Rotate accumulator bits one place right 
ROR A ~d again 
STA $033C ~d put the new value back where it came born 

An alternative way of doing this is 

ROR $033C ;Rotate contents of location $033C 
ROR $033C ;And again 

This second example by-passes the accumulator, thus leaving the 
accwnulator free for other PUflX)5eS. The ROR command is very rarely used, 
its primary use being in relatively complex mathematics, but it is simple 
enough to learn and you may need it someday, so it is worth the small amOlUlt 
of effort it involves. Until you are more experienced, however, file it away 
under 'will come in useful later'. 
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Figure 8.6 
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ROL, ROtate Left. is the romplement of ROR It rotates aU the bits of the 
specified byte one place to the left. Bit 1 moves into the carry flag, and the 
carry flag moves into bit 0 as shown in Fig. 8.6. So to rotate two places to the 
left 

LDA S033C 
ROLA 
ROLA 
STA S033C 

or simply 

ROL $033C 
ROL $033C 

;Load accumulator 
;Rotate accumulator bits one place to the left 
;One more IUne 
;Put the new value back where it belongs 

;Rotate value of location one place left 
;Once again 

As with ROR. there are other uses for ROL, but these should be left until your 
experience in using machine code has grown 

8.3 The BIT command 

The methods given above for testing the status of an individual bit (that is, 
finding out whether it is a one or zero) are a bit clumsy. They also mean 
changing the value of either the accumulator or a memory location or both. A 
much neater way of testing just bits 6 and 7 is to use the BIT command BIT 
cannot be used to lest any other bits. The BIT corrunand uses the zero flag to 
show the status of a bit. Because it does not affect memory or the 
accumulator, it is known as a non-destructive command 

BIT is not available in immediate mode (see Chap ter 6), so it must be used 
directly on a memory location. When you use BIT, the whole byte is ANDed 
(bit-by-bit) with the contents of the accumulator. lfthe result of Ihis AND is 
zero, the zero flag is set to zero; if the result is one, the zero flag is set to one. 
Also, the sixth and seventh bits are moved into the N and V bits respectively. 
Let us use BIT to test the sixth bit of our old favourite, $033C 

BIT S033C ;Move bit 8 into the V flag, and bit 7 into the N flag 
BVS SET ;Branch if the V flag is Set to the label SET 

Although BIT uses the accumulator as the comparison, it does not matter 
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what the accumulator is set to since we are only interested in the values aithe 
V or N flags. Similarly, to test bit 7 

BIT $033C ;Same comparison and effect as before 
8M1 SET ;Branch if N flag is Set to the label SET 

Thus BIT is the simplest method of testing bits 6 and 7. 

In this chapter we introduced. the bit manipulation 
commands for moving all the bits in a byte left or right. 
The main PUlJ)OSe for this is to test the value of an 
individual bit. LSR and ASL are the normal commands used 
to test the values of bits 0 to 5, while BIT is usually used. to 
test bits 6 and 7. The rotation commands, ROR and ROL, 
are normally reserved for complicated mathematics: we do 
not recommend using them until you are fairly 
experienced. 

8.5 Exercioe 

Write a program to copy the actions of eight ROR commands on the contents 
of location 828 using the LSR command. 
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Mathematics in machine code 

This chapter introduces mathematics in machine code. By the end of it, you 
will know how to use machine code for 

• addition 

• subtraction 
• multiplication 

• division 

of both 8- and 16-bit nwnbers. 
Don't panic! Machine code maths is easy once you've gOllhe hang of it. 
We give you this helpful advice at the beginning of the chapter because 

machine code maUlS has an undeserved reputation for being difficult. It's not, 
it just takes a bit of getting used to, !hars all. In BASIC. malhs is simple. You 
just use the relevant BASIC keyword or symool together with any necessary 
parameters and the complete calculation is done for you. Thus no sooner 
have you entered 

PRINT (79- (C0S(5)+.98)Y1-(2* .47) 

and back comes the answer 21.36276874 (you always wanted to know that, 
didn't you?). 

In machine code, however, there are only two formal arithmetic 
commands, for addition and subtraction. Multiplication and division have to 
be done using these and other conunands. Also, the method used for any 
arithmetic operation depends on whether you are working with an 8- or 
IS-bit number. That's the bad news. The good news is: take this chapter nice 
and slowly, stopping after each example to make sure you understand it 
completely, and you will wonder what all the fuss was about. We are going to 
start with 8-bit arithmetic (that is, working with numbers in the range 0-255), 
and then move onto 16-bit work (nwnbers in the range 0-65535). 
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9.1 Eight-hit addition 

Eight-bil addition is the addition of any two nwnbers in the range $OO- SFF 
(decimal 0-255). To add two numbers together in BASIC, we would do lhis 

A= 200+2G-.REM A now equals 220 

In machine cocie, we use the commandADC (ADd with Carry), This adds the 
specified value to the value in the accumulator, then places the result into the 
accumulator. So to add 200 ($Ca) and 20 ($14) 

LDA #$C8 
ADC #$14 

;Load ftrst value into the accumulator 
;Add the second value to the accumulator 

The accumulator now contains the value $DC (SCS plus $14). 
So what's all this 'with carry' bit? Well, the above description is a very slight 

simplification of what actually happens. ADC actually adds the specified 
value, the content of the accumulator and the content of the carry flag. So if 
the carry flag had been set to I, the previous example would have left the 
accumulator with a value of $DO ($C8 plus $14 plus SOl). 

To gel around this problem, when we do not want to add-in the value of the 
carry flag, we simply clear it first using the CLC (CLear Carry) command 

LDA #$C8 
CLC 
ADC #$14 

Figure 9.1 

A.oe #@ 

I 
Accumulator + SAe: + carry Ilag =====P accumulator 

Figure g. I shows this process. You can also use the ADC command to add 
one to the accwnulator. You may remember from Chapter 5 that while INX 
will increase the X index by one, and INY increases the Y index by one, 
there is no INA command. Well, you achieve the same affect by setting 
the carry flag to one and then perlorming an ADC to add zero to the 
accwnulalor 

5t=C ;SEt CarTy nag to 1 
ADC #$00 ;Add zero plus the carTY flag (I) to accumulator 

Thus the accumulator is increased by one (original value plus zero plus the 
value of the carry flag, which we set to one). 

The ADC command uses roll-over to cope with values larger than $Fr. 



Thus 

LOA #$C8 
CLC 
ADC #$C9 

EIGHT-BIT SUBTRACl'lGN 

;Load accumulator with decimal 200 
;CLear Carry 
>Add decimal 20 1 to accumulator 

would leave decimal 145 in the accumulator (200+201-256:::: 145). To show 
that roll-over has occurred, the carry flag is set to one. So uyou perform any 
addition where the result could be greater than 255, you will need to test the 
carry flag to make sure the result is correct. You do Ihis using the BCCor BCS 
commands. 

9.2 Eight-hit subtraction 

The command for subtracting two nwnbers in the range $00 to $FF is SSC: 
SuBtract with Carry. This command subtracts the specified value from the 
accumulator, then places the result into the accumulator. Again, the carry 
flag also comes into the calculation but the inverse of the carry flag is 
subtracted, and not the carry flag itself. So, if the carryilag wassel to zero, an 
extra one (the inverse of the carry flag) would be subtracted from the 
accwnulator. If the carry flag was set to one, nothing extra would be 
subtracted (the inverse of one is zero), There isa good reason for subtracting 
the inverse, which we will explain in a moment 

It's obvious from this that, just as we had to clear the carry flag before 
adding, we must set it before subtracting 

LDA #SCB 
SEC 
SBC #$C8 

;Decimal 203 
;SEt Carry flag to one, so that inverse is zero 
;SuBtract decimal 200 and inverse of carry flag 

This would leave the acctUnuiator set to 3 (203-200-0) as shown in Fig. 9.2. If 
you try to subtract a number larger than the value of the acctUnuiator, 
roll-under occurs. lfthis happens, the carry flag is set to zero. This, of cowse, 
is the reason why the inverse of the carry flag is subtracted: if we left it at 
zero, we would not know if roll-under had occurred. Again, if your 
calculation could end up with a result less than zero, causing roll-under , you 
must check the carry flag using BCC or BCS, 

Figure 9.2 

sec *$.4.0 

Accumulator - $.4.0 - complement of ~ accumulator 
corry flog 

'" 
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9.3 Sixteen-bit additi01l 

Sixteen-bit addition is just a simple extension of a-bit addition. It is normally 
used to increase the In-Hi pointers (see Chapter 6). Let us see how we 
would add $32 (decima150) to the contents artwo locations labelled LOand 
HI. HI, of course, is LO+ 1. The two a-bit munbers are really just a way of 
storing one IS-bit value. 

Remember that Lo-Hi numbers are stored in reverse order. So $033C 
would be stored. as $3C (in the w -byte) and $03 (in the following Hi-byte). 
When we add a number to LO, we need to check the carry flag. If the carry 
flag is set, roll-over has OCCWTed. and we need. to add one to HI. (This works 
in exactly the same way as manual addition, where you 'carry' one and add it 
to the next column up, or an abacus. where ten beads in one colwnn are 
replaced by one bead in the next colwnn up.) We do this like so 

LDALO 
CLC 
ADC *$32 
STALO 
BCCCLEAR 
INC HI 

;Load the accumulator with contents of to 
;Clear the carry Oag 
;Add $32 10 the accumulator 
;Store the new result in location LO 

LOA *$20:CLEAR 

;If carry nag is clear, skip next command 
;Carry flag is set, so add one to value in ID 
;If carry Oag not sel, program. jumps 10 here 

In other words, if the addition to the value stored in the location LO results in 
a value of greater than 255, the carry flag wil be set. The BCC test will fail and 
the INC command will be executed, increasing the value stored in location 
HI by one. If. however, the addition results in a value of 255 or under, the 
carry flag will not be set, the program will branch to the line labelled CLEAR 
and the value stored in HI will be left untouched. 

A more elegant method. is to alter the second part of the program like so 

LDALO 
CLC 
ADC #$32 
STALO 
LDAHI 
ADC *100 
STAHl 

;Load accumulator with value or location In 
;Add zero plus carry flag to the accumulator 
;Store result back in location In 

If the addition to the LO component results in a value greater than 255, the 
carryfiag isset to one and thisvaiue, theone, isadded to the HI component. If 
the result was 255 or under, the carry flag remains set to zero and the HI 
component remains the same. 

You can use either method., but the second is neater and, more importantly 
perhaps, slightly faster. You will find that most programmers use the second 
method for this reason. 
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9.4 Sixteen-bit IlUbtracdon 

As with addition, 16-bit subtraction is asimpie extensionof8-bit subtraction, 
Again, let us take the example of a pair of locations LO and HI. together 
forming a 16-bit number. To subtract $32, we would 

LOALO 
SEC 
SBC #$32 
STALO 
LOAm 
SSC #$00 
STAm 

;Load accumulator with LO component 
;Set the carry flag to one 
;Subtract $32 
;Store the result back in hx:ation LO 
;Load accumulator with HI component 
;Subtract zero plus value of the carry nag 
;Store the result back in location HI 

If the first subtraction resulted in a value of less than zero, thus causing 
roll-under, the carry flag is set to zero. The inverse of zero, i.e. one, is then 
subtracted from the HI component. If the first subtraction did not cause 
roll-under, the carry flag remains set to one and the inverse, i.e. zero, is 
subtracted from the HI component leaving it as it was. 

9.S MultipUcation aDd. division by two 

In Chapter 8, we looked briefly at the shift commands ASL and LSR. We 
showed how they could be used to detect the status of a bit, but we can also 
use them to multiply and divide by two (the more mathematically inclined of 
you will probably have already realized how this is done). To multiply a 
nwnber by two, simply use ASL. This shifts everything one place to the left 
and thus the value of each bit is doubled. In other words each bit, and 
therefore the whole byte, is multiplied by two. Remember that the left-most 
bit is shifted into the carry flag. If the carry flag is set after an ASL, therefore, 
you know that the new value is greater than $FF (decimal 255). 

So, to multiply the contents of location $033C by two, simply 

AS!. $OO3C 

Ofcourse, if you shift left again, you again multiply by two. So two ASLs is the 
same as multiplying by four 

ASL $033C ;Multiply by two 
ASL $033C ;Multiply by two again, that is multiply by four 

and 00 on in powers of two. So three ASLs would multiply by eight, four ASLs 
by sixteen, and 00 on. Do not forget that you would need to check the carry 
flag after each multip lication to check whether an overflow occurred. 
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9.6 Division by two 

Division by two is, of course, the opposite of multiplication by two. So instead 
of using the ASL command. to shift left, you use LSR to shift right. As with 
multiplication, if you shift repeatedly, you divide by increasing powers of 
two. Thus if you use LSR three times, you will divide the byte by eight (2'3). 
So, to divide a byte by two 

LSR BYTE 

Of course, because machine code maths can only work in integer ariUunetic 
(that is, whole numbers), the BASIC equivalent of this is 

A - lNT(BYTEI2) 

So if BYTE contained the value one, LSR BYTE would return a value of zero. 

9.7 S1IIDD1lUy 

This chapter explained. how to add and subtract in 
machine code, as well as how to multiply and divide by 
two. If you want to multiply or divide by more than two, 
you have to multiply or divide by two several times. So to 
multiply a value by nine, for example, you would multiply 
the value by two three times and then add the value: 
(value x 2 x 2 x 2) + value = value x 9. 

Remember that you must always set the carry nag to 
zero before adding, and to one before subtracting. You 
should then check the value afterwards in case the result 
was greater than 255 or less than zero. 

9.B Exerdae 

Write a program to multiply the single byte (up to 255) contents of location 
828 by three. Note that such a program cannot cope when the contents of828 
are greater than 256/3. 
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Machine code subroutines 

This chapter introduces machine code subroutines. When you have 
finished reading it yOll will: 

• be able to write your own machine code subroutines 

• be able to use the C64's built-in machine code 
subroutines 

• know the difference between a subroutine and a macro 

• be able to use the BASIC function USR to call machine 
code programs 

10.1 Machine cod.e nbroutiJles 

Subroutines are a convenient way of saving memory and dividing a program 
into manageable chunks. In BASIC, you use GOSUB {line number} to jump to 
a subroutine; you then write the subroutine beginning at that line number 
and ending with a RETURN statement. You save memory because you can 
use the same piece of code in two or more different parts of your program. 
Machine code subroutines operate in exactly the same way, GOSUB and 
RETURN being replaced by the exact equivalents ]SR and RTS. ]SR stands 
for Jump to SubRoutine, and RTS, as we mentioned earlier in the book, for 
ReTurn from Subroutine. RTS, of course, retwns to BASIC ifit is used outside 
a subroutine. Suppose you wanted to write a subroutine to clear the screen. 
The first thing to do is to choose a name for the routine. If you have used 
Simons' BASIC, or a similar extended BASIC, you will have come across 
procedures. Procedures are simply named subroutines. Instead of GOSUB 
5000, for example, you might use PROG HISCORES, and instead of RETURN 
you would use something like ENDPROC. Machine code subroutines work 
in a similar way in that you give them a name, and then use this name to call 
the routine. All you do is label the first line of the routine 

7000 ;CLEARSCREEN 
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Then, whenever you wanted to call the subroutine, you just 

]SR CLEARSCREEN ;Jump to the SubRoutine called CLEARSCREEN 

Simple! 
Some extended BASIC procedures allow yOll to pass parameters to them 

To explain what we mean by this. suppose you wanted to write a procedure 
(subroutine) to centre a piece of text horizontally. This makes screen 
displays look neater. In the standard C64 Version 2 BASIC supplied with the 
machine, you would write a subroutine something like this 

2000 REM Centre the text in AS 
2010 LM:(40- LEN(A$)Y2 
2020 FOR A= I TO LM:PRlNT CHRS(32);:NEXT A 
2030 PRINT A$ 
2040 RETURN 

To use the subroutine, you would then have to place the text you wanf 
centred in AS and then call the subroutine 

150 A$=~". ALIENS ATTACKING!!!""" 
ISO GOSUB 2000 

With procedures. however, we would write the subroutine like ro 

2000 DEFROC CENTRETEXT(A$):REM DEFine PROCedW"e called CENTRETEXT 
2010 LM:(40 - LEN(A$)Y2 
2020 FOR A= I TO LM:PRINT CHRS(32);:NEXT A 
2030 PRINT AS 
2040 ENDPROC 

And call it by 

150 PROC CEN'I'RETEXT(~* ··ALIENS ATTACKINGII' ''··") 

In this case, the text ' .... ALIENS ATTACKINGlll"· ' is a parameter which is 
passed to the subroutine. 

Some assemblers allow you to pass parameters to machine code 
subroutines: these special subroutines are called macros. Note that the 
assembler supplied with lhis cowse does not support macros, as you are 
unlikely to need them while you are learning machine code. Once you have 
become more experienced, however, you may like to buy an assembler 
with a macro facility. 

The two other important differences between a subroutine and a macro, 
besides the fact that macros allow parameters to be passed to them, are: 

(a) Macros can be stored on disc or, at a push, on tape. Some macro 
assemblers supply you with a ready-made library of macros on disc: this 
iswell-worth looking out for if you do choose to buy a macro assembler. 

(b) When you calla macro, the machine code is inserted into memory at the 
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current position This can be wastefu1 of memory, particularly since 
library macros are, by their very nature, designed to be as general as 
possible. On the other hand, Ihis does mean that you can write a 
complete program just by joining different macros together and adding 
in a bit of your own code. 

10.2 The Kemal jump table 

The C64's Operating System is known as the Kernal. It is made up of 
hundreds of small subroutines which carry out simple tasks like printing 
characters to the screen, reading data from the dataselte and so on. Rather 
than have to write our own machine rode programs to do that sort of thing, 
wouldn't it be great ifwe could just borrow whatever subroutines we needed 
from the Kemal? Good news: we can. We just use JSR to jwnp to the location 
of the subroutine you want to use. 

At first glance, there would seem to be a slight problem in this idea. After 
aU. Commodore has brought out a nwnber of different versions of the Kema1 
ROM. and has moved some of the subroutines around Don't we have to know 
exactly which version of the C64 we've got. and then look up the address of 
each subroutine we want for that particular version? Thankfully, no! In what 
an unkind person might describe as a rare example of forward-thinking on 
Commodore's part (we, of course, don't think anything of the sort), the 
company foresaw this problem way back in the days of the PET (the what?). 

What Commodore did was to create a special area of the Kernal called the 
Kemal Jump Table. This table is in exactly the same place in every C64, and 
is still in the same place in the Commodore 128. This table contains a pointer 
for each subroutine in the KemaL The pointer is simply the address where 
the subroutine can be found in this particular version of the Kemal. So, all you 
have to do is to lSR to the address of the subroutine you want in the Kemal 
Jump Table, and the C64 will then automatically transfer you to the correct 
address. So any machine code program written on any of the C64's or, 
indeed, on the CI28, will run on any other version of the machine. This is one 
of the reasons that all C64 software runs on the CI28. To call a Kemal 
subroutine, then. you only need to know its pointer address in the Kemal 
Jump Table. You can look up this address in the Kemal routines in Appendix 
2 of this book You set the accumulator and indices to the required. values 
(these are normally passed to the Kemal routine as parameters) and then JSR 
to the appropriate pointer address. 

Let us see how this works in practice. Supposing that we wanted. to print a 
character to the screen at the current cursor position. To do this. we would 
use the Kemal routine called PRINT. This takes:he value of the accwnulator, 
converts it to the ASCll equivalent (see Appendix 9 for a list of ASCII codes) 
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and prints this character at the current cursor position, If you look up PRINT 
in Appendix 8, you will see that its pJinter address is $FFD2 (decimal 65490), 
So, to print the letter 'A ' ($41, decimal 65), we would 

LDA #$41 ;Load accumulator with ASCn A 
JSR $FFD2 ;Jump to pointer address of the PRINT subroutine 

And that's all there is to it! The Kernai jwnp table looks up the actual address 
of the PRINT routine for you, and this routine then prints the A to the screen. 

10.3 lISR 

Until now, the way we have run our machine code programs from BASIC is to 
use SYS followed by the start address of the program There is, however, an 
alternative method of doing it: the USR command. The syntax is 

(variable ):: USR «parameter» 

So, for example 

A = USR (10) 

USR is intended for a machine code program which takes a value, processes 
it in some way and then returns a different value. In other words, it is for use 
when you have written a machine code function. 

A function is simply a name for a subroutine which takes one value and 
returns a different one. An example of a built-in BASIC function is 

A= RND (10) 

So, for example, you may have written a program to draw a circle, with the 
centre of the circle at the current graphics-curror }Xlsition. You could use 
USR to tell your program what diameter circle to draw 

220 A= USR(25):REM Draw circle of diameter 25 pixels 

In this case, we would not use the value returned since we only need. to pass 
the value one way. Another example, where a value is passed both ways, 
might be a machine code program which perfonns a complex calculation 
(BASIC is very slow at certain types of calculations). In this case you would 
pass the original value to the machine code program and get the result of the 
calculation back 

360 X=USR (211) 
360 PRINT "THE ANSWER IS";X 

You may be wondering how the C64 knows where to look for the machine 
code program, since we have not given it a start address. The answer is that 
the start address is stored. in lo-Hi fonn in decimal locations 785 and 786. 
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What happens when a USR oommand is executed is that the parameter 
(the number in brackets after the USR command) is converted to hex and 
placed into a special memory location called the Floating Point Accwnulator 
(FPA). To read this number in your machine code program, JSR $BC9B. This 
calls a subroutine which places the La-byte orlhe FPA in location $65 and the 
Hi-byte in location $64. This is the opposite way around to the usual La-Hi 
form. You can then use this value in your program in the usual way. When you 
have finished. and want to place a number back into the FPA. simply JSR 
$8391. This routine reads the Lo-and Hi-bytes from S65 and S64 respectively 
and places the resulting value into the FPA. This value is then converted to 
decimal and stored in the variable preceding the USR oommand. 

10.4 Summuy 

Machine code subroutines work in an almost identical way 
to BASIC ones. To create a subroutine, simply label the 
first line and end with an RTS command. To call the 
subroutine, just JSR (label ). There is a specialltind of 
subroutine called a macro. Macros can have parameters 
passed to them, and can be stored. on tape or disc for later 
inclusion in other programs. The assembler supplied with 
this book does not support macros, but you may find it 
useful to buy one which does once you are a more 
experienced. machine code proqrammer. 

The C64's operating system, called. the Kemal, contains 
hundreds of useful machine code subroutines. You can use 
any of these in your own programs by JSRing to the 
appropriate pointer address in the Kemal Jump Table (see 
Appendix 7). These addresses are the same for any 
version of the C64 and Cl28. If you want to pass 
parameters (values) between BASIC and a machine code 
program, you use USR instead of SYS to nut the program. 

10.5 Exerctae 

Write a program to clear screen and write your name in the top left-hand 
comer using only the CHROUT (see Kemal routines) routine to output the 
letters. 
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Interrupts, the stack and 
adding commands to BASIC 

This chapter introduces three important subjects: interrupts, the stack and 
adding commands to BASIC. All are fairly complex, 00 this chapter simply 
forms an introduction to the subject. When you have read it. you will 
understand: 

• the interrupt program 

• how to write interrupt-driven software 

• what the slack is and how it operates 

• how to add extra commands to BASIC 

11.1 In .. rrapta 

Whenever you turn on your C64, yOll are presented with a flashing cursor. 
This flashing is just one of the many jobs performed by a machine code 
program called the interrupt program. Fifty times per second, no matter 
what your C64 happens to be doing at the time, it is interrupted by the 
interrupt program This program flashes the cumJr, updates the built-in 
clock so that TIMES always contains the correct value, and checks to see 
whether any keys are being pressed. Having done all this, it then returns to 
whatever job it was doing before the interrupt. A fiftieth ora second later, the 
same thing occurs, and again a fiftieth ofa second after that. And so on You 
can see from this that the C64 is actually pretty busy even when it appears to 
be doing nothing! It has to make a note of exactly what it is doing, run the 
interrupt program and then carry on from wherever ·it left off. 

There are times when it would be useful ifwe could persuade the interrupt 
program to do a few things for us while it is at it. We wjght, for example, want 
to display a real-time clock on the screen. If we tried to update this 
ourselves. we would have to JSR to our clock update routine at least once a 
second - our program would be nothing but JSRs and we would not have 
either room or time to do anything else! Fortunately, we can modify the 
interrupt program. 
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The interrupt program is stored al $EA31. This address is stored in Lo-Hi 
fonn in $0314 andS031S. So, all we have to do is to replace the values in these 
locations with the address of our own routine and the C64 will jwnp to there 
fifty times a second instead There are, of course, two impJrtant points to 
bear in mind. First, whatever you do within your routine must take 
considerably less than a fiftieth of a second. And second, the C64 cannot 
function without the standard interrupt program: for this reason, the last 
command in your own interrupt routine must beJMP $EA31. This means that 
the C64 will execute your routine first, and then jwnp to the normal interrupt 
program afterwards. Lei us write an example interrupt routine (Listing 1 L I) 
to flash the top line of the screen. 

Listing 11.1 

~01!11!1 [ .c000 
SI!I10 I 
seee I •• INTERRUPT F~~SH TOP ~INE •• 
~031!1 I 
~041!1 'SCREEN-se400 
SI!l~0 

:5061!1 
:5070 
:5090 
segel 
.,100 

:5110 
:51221 
:5130 J 

, 
S E I 
co. 
S," 
COA 
S," 
eCI 

"TS 

1STOP INTERRUPTS 
M<USERINT JREP~ACE 
$8314 
.. >USERINT 
.1!I3 1 ~ 

I RESTART INTERRUPTS 
; RETURN TO BAS1 C 

INTERRUPT 

:5140 LOY MS00 IUSERINT ISTART OF USER INTERRUPT 
:5\:50 LOA SCREEN,Y I~OOP 

~161!1 EOR ":~10,0e11!1"1!I1!I 

~17e1 STA SCREEN,Y ,PUT IT BACK-REVERSED 
~Iel!l INY 
~190 CPY "41!1 
~20e1 BNE ~OOP 
~21e1 JMP SEA31 IGOTO USUA~ INTERRUPT 
~221!1 I 

~23e1 Et<I 
REAOY , 

11.2 The stack 

The stack is a special area of memory used by the interrupt program. Before 
the C64 jwnps to the interrupt routine, it 'makes a note' of what it is doing so 
that it can carry on after the interrupt as if nothing had happened, To do this, 
it stores all the information it needs on the stack The stack operates on a Last 
In, First Out (LIFO) basis. This is just like a stack of cards: the last one you put 
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onto the stack will (obviously) be on lOP. and will therefore be the first one to 
be laken when 9:lmeone takes a card from the stack 

The command you need to place a nwnber onto the stack is PHA. which 
stands for PusH Accumulator. This takes the value stored in the accumulator 
and puts a oopy of it onto the top of the stack The oomplementary command. 
PLA. PulL Accumulator, removes the value on the top of the stack and stores 
it in the accumulator. It is important to note that PHA leaves the original value 
in the accumulator, while PLA alters the accumulator. 

The stack can be used by experienced machine code programmers to 
temporarily store values withoul using up other memory locations. This is not 
recommended to you at this stage as it is extremely easy to lose track of 
which value is at the top of the stack at any given moment. You will however, 
probably want to use it once you are more familiar with the stack 

11.3 Adding commands to BASIC 

Ok. now for the exciting bit! You mayor may not be surprised to know thai 
you now have almost all the information you need to begin adding your own 
commands to BASIC! When the C64 runs a BASIC program, it checks each 
line of the program, character-by-character. It then checks to see if it 
recognizes any of the code as a BASIC keyword. The program which 
performs this check is called CHRGET. The CHRGET routine is read in from 
ROM and stored in RAM while the C64 is being used. Because CHRGET is 
stored in RAM. you can alter it to check for your own. additional. BASIC 
keywords. 

The standard CHRGET routine is shown in Listing 11.2. Don't worry if you 
do not understand all of it, you can change it 10 include a check for extra 

Listing 11.2 

NJ~""'L. CHftOET ROUTIt-e:1 

• 8873 E871"1 "" ~" , 887:1 0882 BNE _e79 

• 8877 E678 "" ~B 

3 887S 1'1021'182 CD" ael!!21"1 
4 et!!l7C CS31'1 e ... ... " 
0 ee7E seel'l Bes _e81'1 

• etese CS2e e ... .... 
7 0!!182 FI!IEF BE. _e73 
0 eeS4 3B SEC 
S 0e8:1 E930 SBe .... ,. !!I!!IS7 30 SEC 

" eess E90e SOC ."". ,. eesl'l .0 875 
REI'IOY, 
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keywords without knowing how it works, To add your own keywords, simply 
modify CHRGET to branch to a machine code program of your own once it 
has reached the end of its own check Your program performs its own search 
for your extra keywords; if it finds one, it then jmnps to the machine code 
program (Fig. ILl) you have written to carry out the command 

Figure 11.1 

'£w CHRGET ROtJTIf\E1 

• 0073 4CetlCe J,.., «:eel!! , 0076 •• BYT ... 
• 0e177 £676 n" 07B 
3 01!179 1'102702 LOA "'227 

• 007C C93A C,.., •• 31'1 

• I!Ul!17E BI!II!lA BCS "BBA 
6 !!Il!tse Cgel!! C,.., .... , !!I082 FI!lEF BED WI!I73 
a 008"1 'a SEC 

• 1!I1!I8~ E930 sac . .,. ,. 6e67 3a .EC 

" !!IeBe ESDI!! sac .oo. ,. !!leBA s. 'TS 
READY. 

PROGRAM AT tee!!!!!!' 

• eel"!! ES7A n" 07R 
CI!I1!I2 0002 a'£ $C!!Il!Ia 

• cee4 £676 n" 07a 
3 cees 1'1919 LOA II.IS 

• cees 800004 STA ..,411e 
• ceeB "IC7901!1 J,.., "'''79 

READY. 
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Application and practice 

You are now well on the way to becoming a fully-fledged. machine code 
programmer! From here on in it's just a case of getting as much practice as 
pcssibie, and learning from your own experience - just as you did with 
BASIC. This chapter wraps things up by covering: 

• Designing a machine code program 
• Choosing between BASIC, machine code and a 

combination of the two 

• Doing several things at once 

• Debugging 

• Monitors 

12.1 Prognm _ ... 

Designing machine code programs is no different in principle from 
designing BASIC programs. 11 is, however, more important since you can 
often get away with beginning a BASIC program with little or no planning; 
with machine code, however, you will probably end up totally confused if 
you try to do this - particularly while you are still relatively new to the game. 

There are two main approaches to program design. The first is known as 
flowcharting, and the second as top-down design. You have probably heard 
of both, but in case you are not clear what the difference is, let us briefly 
explain the two systems. In flowcharting, you start at the beginning of the 
program and write down what happens at each stage of the program. You 
deal with any branches and so on as you meet them. and keep going until you 
reach the end of the program In other words, flowcharting is a sequential 
approach: dealing with each section of the program in the sequence in 
which i t will occur. Top-down design, which is gradually taking over from 
flowcharting as the most JXlpular approach, involves taking an overall view , 
and then going into more detailed 1evels' of the program. So, for example, 
the top level of the program would be an address list p rogram. The second 
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level might consist of putting original data in, modifying data and searching 
for addresses. The third level wou1d split each of these tasks into their 
component parts. the next level divides these into their subtasks and so on, 
The bottom level is the code itself. 

Figure 12.1 illustrates the ditIerence between the two approaches. 
Personally, we prefer top-down progranuning, believing it to be easier and 
clearer, but choose whichever method you prefer. 

Flow chort 

Start 
I 

Fill kettle 

I 
Turn on g05 

I 
Get instant colfea 

I 
Put 2 spoons into (I cup 

I wa't::J I No 
Kettle boilad 1 

+vn 
Pour wot.r inlO cup 

I 
Drink callee 

I 
Eod 

I 
o 

Figure 12.1 

Make coffee 

, rl ------+1--------,1 
8011 worer Prepare coffee Orink cof fee 

1 I I I 
Fill Turn Wait 
keme on for 

gas boiled 
kBrtle 

Gel Put 2 
coffee spooos 

into 
cop 

Pour Drink 
bOiling collee 
woter 
into cup 

12.2 BASIC, maclWle cocle or both? 

Once you have planned your program in outline, the first decision to be 
made is whether to program in BASIC or machine code. BASIC may be slow, 
but if you can bash out a working program which does the job adequately in 
20 minutes, why oother with machine code? Machine code is normally used 
where BASIC would be too slow. 

In many cases, you will find that BASIC is fine for most of the program. it is 
just one or two places where everything slows down If this is the case, the 
solution is to write the main program in BASIC and rewrite the offending 
routines in machine code. You can then SYS to these as required A typical 
example where this approach would be useful is in colouring the screen. All 
you do is end your machine oode program with a final RTSso that it returns to 
BASIC when it's finished. The BASIC program will then continue. 
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There ale some cases, though, where speed is essential throughout the 
program. The main example, of course, is arcade-style games, where you 
want lots of different things to be happening very quickly. It is here where 
machine code comes into its own, and you would use it to write the entire 
program. 

12.3 Doing several thiDp at ODce 

One of the things many people associate with machine code programs is thaI 
everything happens at once! The aliens fly around, the laser gun moves, 
bombs drop, the timer decreases. music plays .... The reality, of course, is 
that the C64-like all currently available computers - can only do one thing at 
a time. But because machine code is so fast, it can appear to do a lot of things 
at once, Interrupts ale one way of doing several things all within a fiftieth of a 
second, but you can only execute very short bits of code in the interrupt 
routine. For most things, yOll have to rely on making your code - particularly 
loops - as fast and efficient as possible. 

Loops are very useful for doing several things at once. The loop to move 
the space-invaders, for example, should also check which keys are being 
pressed and move the gun, make a sound, update the timer and score and so 
on. In BASIC, this technique would be hopelessly slow and jerky, but in 
machine code it may well be so fast that you have to put a delay loop in to 
slow things down enough to make the game playable! 

12.4 Debugging 

When something goes wrong with a program, the fault is known as a bug. 
Debugging is the process of correcting the faults: removing the bugs. The 
old saying about a byte of prevention is worth a megabyte of cure (or 
something like that) holds especially true for machine code programming. 
Plan your programs properly, write them logically and type them in carefully 
and you will keep your debugging to a minimum. 

To find the bug in a program, the first thing to do is to take a careful note of 
the symptoms. Even if the program crashes completely make a note of 
exactly where in the program it crashed: what was on the screen at the time? 
That way you will be able to work out what it was doing when it crashed and, 
therefore, the section of the code that is at fault. If the wrong value was 
displayed, make a note of the value that should have been displayed and the 
value actually shown. Check related values: Are they correct? If so, the fault 
lies in the calculation of the incorrect value. Otherwise the bugrnay be in the 
calculation of earlier values. If something appears on the screen in the wrong 



MONITORS 

place or in the wrong colour, where should it have appeared and what colour 
should it have been? Is everything else in the right place and in the correct 
colour? Make a careful note of the symptoms, and debugging is usually 
straightforward. 

One common mistake (you probably made it when typing in one or more 
of the programs in this book) is to forget to enter a # sign when you want a 
value. Instead of using the value itself, the C64 would then use the value 
stored in that memory location. This sijnple mistake can cause all sorts of 
Wlexpected results, so be aware of it when you are typing p rograms in. 

Once you have found the bug, go back to the source code and correct it. 
Save the corrected program to tape or disk and then Ie-assemble it and try 
again. We cannot emphasize this point 100 strongly, by the way: always, 
always save your source code to tape or disc before assembling it. Thisdoes 
not just apply to the original program, it applies every time you modify it. It is 
easy to correct one bug and. in doing so, create another one, And the second 
bug may cause a complete crash. So don't take the chance of losing your 
work save it! 

12.5 Morulon 

A monitor, not the type that sits on your desk with your C64, is a collection of 
small programs that allow you to poke around in your C64's memory, 
examining and changing values. They can be extremely useful for 
debugging your own object code, and are even more useful if you want to 
modify someone else's machine code program and you do not have the 
source code. 

There are plenty of monitors available for the C64, so it would be unfair of 
us to recorrunend any particular one. We do, however, suggest that you insist 
on the following features: 

A disassembler. This is almost the opposite of an 
assembler. It allows you to convert object code into source 
code. Well, we say 'almost' because it will actually only 
display object code in source-code form. It will not actually 
allow you to alter the source code. You can, however, use 
it to make sense of object code and perhaps borrow ideas. 

A hunt command. Quite often, when you are debugging, 
you will be looking for a particular value in memory. This 
might be a number, leiter or command. A hunt command 
allows you to state the value you are looking for and the 
area of memory to search. It will then tell you whereabouts 
in memory the value can be found. 
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A fill conunand Useful for testing purposes, a fill command 
allows you to fill a specified area of memory with a 
specified value. 
A monitor command All monitors will have this. since the 
name is derived. from this function. A monitor allows you to 
specify an area of memory, and the contents of the area 
will be displayed on screen as either hex or decimal 
values, or, optionally with some monitors, ASCII characters. 
You can then use the cursor keys to move to an address 
and modify it. This is the method old-time machine code 
programmers had to enter their programs before 
assemblers were introduced. 
A simple assembler. A simple assembler is one which 
works in the usual way except (a) it assembles each line of 
code straightaway, and (b) it does not allow the use of 
labels. It is not much use for writing proper programs, but 
it can be very useful for trying out little ideas and making 
small changes to your program without going back to your 
full assembler. 

A save command. The normal BASIC SAVE corrunand only 
allows you to save BASIC programs. If you want to save 
machine code, you either have to save the source code or 
you need a command to save the contents of an area of 
memory. This is what the save corrunand in a monitor does. 
You tell it the start and end address of your program, and 
it will save the object code to either tape or disc. This 
allows you to create object code cassettes and discs to 
give to other people, or to sell. 

To load object code, use 

WAD " (filename ) ~,8,1:REM Disk 

or 
LOAD "( filename )-, l,l :REM Tape 

A trace (single·step) function. This allows you to execute a 
machine code program one fine at a time. After each line, 
the monitor displays the values of the accumulator and 
indices, and the line just executed. You then press a key 
(usually the SHIFT key) to continue to the next line. This is 
a very handy aid to debugging. 

Break points. This is similar to the trace function. Instead of 
stopping after every line, you tell it where to stop. This is 
useful if you know roughly where the bug is. 



Afterword 

If you've now completed the course: congratulations! If you're flicking idly 
through the book in your local bookshop: don', just stand there, buy it! 

Provided you have worked. your way carefully through each chapter, 
completing the exercises, you now have a firm grounding in 6510 machine 
code programming. All yOll need to do now is practise, practise, practise! 
Just like yOll did with BASIC. 

You can learn a lot from looking al other' people's programs, particularly 
ones which have been heavily annotated. Magazines are a good source of 
useful routines: check out Personal Computer Worlds Subset, for example. 
Computer clubs are also a great source of ideas and help: there is nearly 
always someone who has experienced the exact same problem as you, 
only 6 months ago. While it can be infuriatingly frustrating to have 
someone provide a solution in 10 seconds to a problem you have been 
working at for the past 10 days, it is also a tremendous help! 

Happy programming, and we look fOIWarct to seeing your latest game on 
the computer store shelves 6 months from now! 
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APPENDIX 1 

Quick Conversion Chart: 
DecimallHexIBinary 

DEC 1M'lL. HEX BJr-aqRY 

---
••• ... Y.el00e100e10 .. , .. , %00000£10 1 .. , .. , ;.'.00£100010 .. , .. , X000000 I I 

••• ... %00000100 

••• • •• /.00000101 

••• .. s y.el0~00 I 10 .. , .. , ':'.0210001 I J .. , ... X0t'100 1000 

••• .. 9 X00e011!101 ... *"A :%00001£110 
!!I! I .. B :~00elt111 ... .. c Y.'!!fl0011t1l!1 ... .. 0 melee I It" 
." ..E /.e0BiH 110 
!'It5 .. F X0I!1CI" 111 .,. ... :-:el01!111!101!11!1 . " ." Xetltlll!Ul0! .,. SIZ Y.el!ll!l l l!ll!lll!l ... ... %060115151 I . ,. .. . Y.I!II!IDII!III!II!I .. , ... ;;;eIel!lIIHtII 

••• ... :~l!Il!IteIJ0 .. , ." xeU'fll01 11 

••• ., . Y.I!I0011eele .2. . " %eel0111!HU .e. .. A Y.I!Iel011010 

." ... X01!11!1111!.1 11 .e. .. c Y.l!II!I01 I II!II!I .2. .. 0 Xl:l001 110 1 .,. "E Y.el0011I 11!1 

." ... Y.I!Iel!lll III ... ... Xl!Il!It1!l001!10 

." .., Xl!I1!I100e1f11 ... ... XeOl1!l0010 ... 02' Y.001fll!ll!lJ I . , . ... :%001801e0 
• 31 ... Y.l!Ieleelltu . ,. 02 • Y.00166' It' 



QUICK CONVERSION CHART: DECIMAl/HEXIBINARY ~ 
OECIf'lPIl. HEX 81~RY 

---
.,. *,,7 X00100111 
o.e .. e %021101000 
0 .. 0" :-'.00101001 

0" 02' %001010UI .. , o.e ;;.0e1010 11 ... *"C X001f1lll!1e 
e •• oeD xeeH01 11111 

0'. oeE Y.tI0 II!I I t 10 

e" .. F X0011!11111 
•• e .. 0 Y.ele Ill!Ieell!! 

••• .., Y.e1!H l!!Ieel 

••• ... 7.t!I1!I111!IIHI!I ... .., Y.eelll!ltlil 
0.2 ... Y.€Iellelee 
eoo ... X00110101 
0 •• .,. XlH'"01 II' 
e •• ..7 xe01 J0111 
e •• ... :.:tIe I 11 flel!! 
e07 .. e Xfle l I Il!Ifll 
e.e .. , X001IUIII!I 
e •• ..e Y.8eu 1 1011 
e.e .. c Y.el0 I t I II!!" 
e., .. 0 xeuu II tell 
0 •• ..E Y.tIflllliUI 
e., .. F ::-.eellll!!1 
e •• o.e Y.0100t!1fUI" ... 0 .. Y.0 lee0fH!!1 
e •• 0.' Y.ell!lflee lfl 
e67 0" %0 11!100011 
e.e .... %01000100 
e.9 .... :-'.0 1000101 
07e 0 •• Y.0II!1I!1I!1IUI 

e" 0" XI!! lI!ll!ll!ll I J 

07' ... e Y.0 U!lfI leeo 
07' .. e %0 UIIHI!II!I! 

e" ... , Y.0101!111!111!1 
e79 ... e xe Ulf.ll e II 
07. 0" ),.011!101 11!1 1!1 

.77 ... 0 roB l ee! 1151 
07e *'E Y.011!11!11110 

079 0" Y.fIUIiH 111 
oee .. 0 XI!He utl!!ee 
ee, .. , Y,0 Ie !e1l~UH 
oe2 .. 2 %0 1010010 
oe, .. , X01010011 
oe. ... :;.'.01010100 

oe. ... Xl!! IIHfue I 
oe. ... XI!II0UI!lfI 
ee7 "7 xelll!lH!1I11 
oee .. e Y.ell!llll!lel!l 
oe9 .. 9 xe J1!1I 1I!"!l1 
.ge .. , Y.el101UHe 
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OEC'P'V'IL HEX S II'M'IRY 
---

.SO ... :%21 1111 tel 11 

••• .. C Y.eIClllee 
•• 3 .. 0 ;r.0UIII10 1 

••• ..E Y.81011110 

••• ""F xtlUI11111 .9. ... Y.8 III!U!lfll!le 
•• 7 ... xtlI101!1eel 

••• ... r.8l11')eeI0 

••• ..3 XlII'''''''' I ••• ... "'.ell 1 e"l oe 
••• ... XlII Ul"UII 

••• ... Y.(I I I €I" I tel 
•• 3 .. 7 XI!II 101!111 I 

••• ... XC!Illtllefle 

••• .. . xe 110 It,,, I 
••• ... XC!IlltlHHe 
•• 7 ... xe l.0lflll 

••• ..c y.tll lflt Ifle 

••• ..0 X01 101UlI II. .. E :-:ell I!!! I IlfI II. ..F Y.E!lIUHIII II. 07. xtlillel!ll!ll!l 
113 07. y.e Illfll!ll!ll II. 07' Y.01 I IDI!I II!I 

"' 073 :xe II lel!!!1 I 
li e 0" !':ellle'fle 
117 07. Y.8 111e1el II. 07. Y.E!lltlf) 111!1 II. 077 Y.0tt UII II 
• • 0 07. >-.8 Iflleee 

••• 079 r.e IIIIIUI' ". 07' Y.8 1 11 1010 
•• 3 07 • ¥.elll ifill 
.24 07C Y.e 11 11 101!1 

.20 070 Xl!IlllI Ifll 

". 07E y.eJlltllfJ 
.e? 07F !I.e! lIll!1 

". ... Xll!Il!Il!Il!Il!Iel!l 

••• ... x UII'0e"" I ". .. . XI"eeeele 
. 3 . .. 3 X leeen!!e l ! 
.3. .. . X101!11!1t111!11!1 
1 ~3 ... %10000101 
1:'4 ... :-': 10E."0011£1 
". .. 7 X101!11!101 I I 

". ... :~101!11!110C0 

137 ..,,9 ~~ !001!110'" 

' 3. ... %10""1010 
!?~ ... %11'1001811 ... " C :~ 100011"0 

14 ! .. 0 %11'001101 ... "E %II!1001110 

" 3 "F X ll!lel!llJ II 
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OECIM'U. HE" BIN'lRY 

,.. ... :~10011!11!100 , .. .., :~II;'I!III!'0l!1l , .. ... X 100II!U!l10 ,., .. , X ll!l010011 

". ... Xl1!101 0101!1 ,.. ... /,:1001£'101 ... ... Y,1 0011!1111!I 

'"' 
.., XI00101 11 

1'~ ... '~!e0110ee 

'" ... :%1001 1001 ... .. A XIOI!Illl!lll!l 
1'5~ ... XUHH H!l11 
I~e "C }:1001! UI0 

'" .. 0 Xlf!ltll l t'!ll 

". .. E %10011110 
l'59 O.F :%10011111 
1/30 OA. %101002100 ,S, '" %10100001 ,., 0" y. 10!~e010 ,., 0'" ::10 J(,eel 1 

's' .... ::lI!H00100 
! 6'5 0'5 :: IEH00 HH 
1E''3 SAS XII,,0e lIe 

IS' '"' XHI100111 
169 .... :-': 101fl1000 
!€9 OA. Xlfll 01eel 
P. OAA X10 1211010 

'" OAB Y.Jfl 10 II!I I I 
1 7'~ OAC X1010 1 11!1t! 

'" OAO XI0101101 

". OAE Xlfl181110 
no OAF XH!11011 11 
176 ... X I0110000 
on .. , X Ull108tli 

"" 0., XI011eele 
no .. , XIl'110811 ,.e ... Y- 10110 !ell!! ,., ... X I01UU0 t ,., ... r. J0111!lllfl ,., .. , X10110111 , .. ... XH'I Heee , .. ... XII" 11001 ,.s .. A XUIII uue ,., ... XUH 1 U!I1I , .. "C :%1£1111110" , .. .. 0 :%1I!H1110 1 , .. ..E Xtel!ll l!!! ,., .. F XU"IIIII , .. oc. Xt leeeeee ,., oc, XI 100000t , .. oc. y.lleel!U!lUI , .. oc, XI 1110001 1 , .. OC. Yo l1000 III!! 
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OEClf'ot'Il.. HEX BINARY 
---

1.7 OC' >::11000101 
I •• OC. >::11008110 
I •• OC7 XI1000111 
2 •• OC8 X III!II!III!II!II!l 
2.1 OC8 Y.lll!1l!1ll!1t11 
2.2 OCA XI UltlUHe 
203 OCB X tl!!l0UH 1 
2.4 OCC Xl1ei!1I U'0 
2 •• OCO X I10011£ll 

". OCE Yo1101,. 110 

287 OCF X1101!11111 
2 •• oc. XIII!III!Ieel0 
2 •• OCI Xl11!11fleet 
2 1. OC2 XtUtll!lfll1!l 
211 00' Xllfllf1l!11J 
212 004 XIII!IUIUU!I 

2" 00. Y.l1f1U,UI' 
214 00. XI leltel 1£1 
2" 007 Xl lflU!l 1I1 
21. OC. %11011000 
217 SO. X IH!IIH,eJ 
218 SOA XI U!llll!1ll!1 
21. 008 X I UII 11'11 
22. OCC X II"II H!II!I 
221 000 XIH!lltI0 1 
222 SOE XI un Ille .. , OCF Xll1Hlll1 
224 ... X IIUI00 1!10 
220 O£ I XI 11001!1eU 
22. 0£2 Xl I H!I"tlI0 
227 .. , X ltUI1!I01t 
228 0£4 XII UI"UII!I 
22. O£' XI I linlltl! 
230 O£. Yo I I II!U!H 1 fI 

2" 0£7 XI I 100111 
.,2 O£. XI 111!11f1"0 
233 O£. X ll101eet 
234 O£A Yo I 1 UllI!llI!, 
23. OE. XI IIIIHfll I 
23. O£C X IIUII10e1 
237 OED Xl111H liB 
238 O£E X II UIII H!!I 
23. OEF XIIU!Hlll 
24' ..,. X11 1100"e 
241 .., I X tlllBI!II!IJ 
242 ..,2 ;':11110ell!l 
243 "'3 XI I!l!!l\!ll I 
2 44 ..,4 XII I tellel!l 
24. ..,. Y. llll1!1UII 
24. ..,. X III UII10 
247 ..,7 Xll 111i!1111 
24. ..,. Y.lll llflflfI 
24. OF. X11 1 1 101!H 



QUICK CONVERSION CHART: DECIMAI1HEXlBINARY 

DECIMAL HE" 8t~RY ... OF" XII J 1 nlte 
2"' ... XII11UIII 

2'2 we X111 111811 

2>3 .. 0 XII J 11 U!I1 

2" OFE X111111111 
2" .. F Xl1111111 

The program used to generate the above table. 

Ie H.· ·eI 23q~6798ABCOEF · 

2 1!1 OPENI , 4 I Ct<"1 
30 PR INT " OEC IMAl. 
3:5 PRINT"--­

B It-¥lRY' 

<till FORJ-e T02:5:; I PR INT' J.- MIO. <S TR$ CJ) , 2 ) I J$- R I GHT$ < "00e" +J$ ,3) I 
P R INT ... , 

5(1 GOSUBS000 
ee GOSll9'!1eee 
7t1 /'EXT 
Be PRINTMIICI.OSEI IEND 
49 9 9 
:Ieee O eJ 
'!Ie2:1!1 P R INT "Yo " ' 
'!lea!! F OR ' -7TQ0 S T'EP - II O- INT <O/2 t I) 'o - O-G,e, t'PA: INTMJO$ < "0'". 

Gt 1 , 1 )I INEXTfPRINT. 
5e41!l RETURN 
'!I0'!11!1 
S0e0 O. J 
603 0 PR INT".·' 
6040 FORI- ITOeSTEP-IIO-INT(O/ 16fl)'O-O- G'16tIIPR INTM IO$ ( H., 

0+ 1 . 1 )1 '!>EX'T'PR INT. 
S 0'!!e RETURN 

READY. 
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H<X 

•• .. 
" Ila-flo! 
":I-OS ., .. 
os 

" .. 
" .0 

" " " " " " 14-1:1 ,s 
17 -18 
18-1! I 
ell-!!:! 
28-21'\ 
2B-I!C 
20-2£ 
2F-3e 
3 1-32 
33-34 
3:5-36 
37-38 
3S-3'" 
3B-3C 
30-3£ 
3F -"e 
41-42 

"3-44 
4:1-46 

"7-48 
49-4'" 
48-6111 
S, 
62-6::1 
SO 

APPENDIX Z 

C64 memory map 

OECIM'IIL. 

• , , 
H ,-s , 
0 

• 
" " " " .. 
" " " " " ee-!!I .. 
23-2" 
2:5-33 
34-37 
38-42 

43-"" 
4\5 - 46 
47 -48 
49 -:511 
:51 - :52 
:53-:54 
:5:5-:56 
:57-:58 
:59-8e 
81-62 

63-6" 
6:5-66 
67-68 
69-7t1 
71-72 
73-7" 
7:5-96 

" 98-181 

'" 

o.$cr\pt Ion 

631ft Oat. Ol ... ,tlon 
6::1UI IlIpl.01/O,,'I;,. .. t 
Un .... d 
v.<:tOI'" Floating -} Int.\I.'" 
.... ctor' Int.,It ... -, Flo_tin!! 
S •• rch ch ... act ... 
Scan for .. uot • 
L •• 1 TAB position 
Fla,' _ee • LOAD, *01 VERIFY 
Po int .... Input bu.,f ... I' ND. of Sub'er Ipts 
O.fault DIM 
O.t. 1)oP.' *08 .. NY ...... Ie, «"F .. 5t .. h't 
Oa t . Typ.' see .. Floatin" see .. In t., ... 
Fl a,' DATA lie." / LIST 4uot. / a .. rb.,. <:&11 
Fla,' Sub.crlpt , U.er Fwnctlon ( FNM ) 
F I a" *"0 • f","UT. $40 • GET. *se • READ 
Fla,' ATN .I,n , Comparl.on Re,w't 
Fla,' Current '","UT prompt 
'ntl,lr .. a' .. 1 

Polntar' Tlmporary .trln, .tac~ 
Vector' La,t temporary .trin, 
Stae~ for tlmporar y .trin,. 
Uti L Ity po Inter araa 
Product of .... 'tlP'leatlon (Floatln,-point) 
Polntar. Start of ea.le pro,ram 
POlntlr' Start of ea,le warlablaa 
POlntlr' Start of Sa. le arra y. 
POlntlr' End of Sa.le array. 
Polntar' Sottom of .trlng .tora,e 
Utility .tr In, po Intar 
POinter' Limit of Ba.le m .. nory 
Current Sa, Ie line numblr 
Pre .. iou. ea. Ie 1 Ina numbar 
Po Intar' ea. Ie .tatam.nt for CONT 
Currlnt OATA line number 

DATA I tam a ddre •• 
'","UT 

Currant aa.le warl&ble na"* 
Pointer' Current ea.le warlable a ddre •• 
Polnhr' Variable In FOR;'NE)(T 
Ta .... po Intar , Data araa 
F.P. Aeewmulator II' Ex ponant 
F.P. Accu",*,'ato,.. I" /rIantl •• & 
F.P. Aeewmulator II' SI9n 

• 



." D£Clf'W'Il. 

" 
,., 

•• , .. .. '" 61'1-60 leS-IIDS . , " . •• '" " '" 71-72 113-11"1 
73-81'1 11~-138 

71'1-79 122-123 
BS-SF 139- 1'13 .. , .. .. , .. 
" '" " '" " '" " '" " ". 
" '" " '" 
" '" " 

,,. .. '" " '" " '" " '" " ". 
"I1!1-0'12 16e - 162 

" '" " ". ., .. , 
" ... 
" .. , 
" ". ., .. , 
•• m ., '" AC-AO 172-173 
R£-AF 17"1-17:5 
ee-s I 176-171 
ee-B3 179-179 .. , .. 
" '" ,. m 

" '" " , .. 
" '" ,. ". 
BS-Be 187 - 188 

" ". 
DE ". 
" '" ,. '" C)-C2 193- 194 
C3-C"I 19:1-196 

" '" ,. ". 
" ". 
" ". 

C64 MEMORY MAP 

O •• c .. \ptlon 

Point .... S • .,I ••• ~&lu.tlon con.tant 
F,P, I'IccwMUlator WI' O~.rflow 
F.P . I'Iccumulator we. Exp o".nt 
F,P. ~cumul.to .. 112' ~ntl ••• 
F.P. I'Icc" ....... to .. 112' Slln 
F.P. Ace" ~. F.P. Ace'iii! .itn comp,rl.o" 
F.P. I'Icc:" .... I .to ... III' Roundlnl 
Point ... ' Ca. s .tt. buff ... 
CHROET I"browtln. - O.t n.xt aa.le c:h .... ct ... 
Polntlr' Ntl!t ch .... ct ... of e •• lo; text 
F.P. 11:1'>0 SUd 
S Tatu. 
FI." RVS •• y / STOP K.~ 
Con. tent for tap. tlmlnt 
Flat' He .. l.OAO, A I • VERIFY 
FlAil ' S ... iAI o .. tp .. t b .. ff .... d ell ... Aet.r 
S.rlal o .. tp .. t b .. ff .r.d e~arAet.r 
TAP. End Of TAP. r.e.I .... d 
R.,1I,t ... 'A ... . 
~mb.r of OP .... fila. 
I"'P .. t d .... le ...... mb.r 
O .. tput (CMQ) d .... le ...... mb ... 
T.p. e~.rAet ... PArity 
F l Ail' TAP' byte ... e.I .... d 
FlAil' AI!! p .. o, .. am, IJ8I!! • Ol ... et mod. 
TAP. pal' I ."1'0'" 
T.p. PA •• 2 .1' .. 0 ... 
Jiff y clOCK (TI) 
.... mb.r of •• rial bit. 
.... mb.r of ey~I •• 
T.p •• yne co .. ntdovn 
Point ... , T.p. b .. ff ... 
RS-232 Inp .. t bit . / t.P. t .. ·~ 
RS-232 In'ut bit eo ... nt / t.,. t.mp 
RS-232 CIl.CK fo ... ta .. t bit 
RS-232 I"'Put byte buff ... / tAP. t.mp 
RS-232 P ... lty / taP. temp 
POint ... , Tap. b .. ff.r / Se .... n .c .. ol ll ... , 
T.p •• nd Add ....... / E ... d of P"O,"Am 
TAP. tlmlnll con.tAnt. 
Point ... , St ... t Of tAP. b .. ff.r 
RS-232 81t count / tAP. t.mp 
RS-232 Nlxt bit / . tAP. End of T.p. flail 
RS-232 Byt. out b .. ff ... 
L.nllth of C ....... nt fll. nama 
C .... ra ... t 101lleAI f II. n .. mb ... 

C ........ nt •• conda .. y add ..... 
C ...... ant d .... le. n .. mb . .. 
Point ... , C ....... nt fll. n.ma 
RS - 232 PA .. lt y out / t.P. t .mp 
T.p. v .. lta blOCK eo .. nt 
S ... lal vord b .. ff.r 
Tap. moto .. Int.r l OCK 
I/O . ta .. t add ..... 
Point ... , T.p. lo.d t.mp, 
Cu ..... nt K.Y p ...... d $00 • NO K.y 
....mb ... Of el'l ... Ae t .... In K.ybo ... d 
1"1.,1' ,",I • R.y.r •• ell ..... lRIeI 
Pol ... t .... End of II .... for Ifl,PUT 

"' ...... 
Ord CIlA", 

• • 
• 
• 
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CS-Cf'l 

o. 
" " " " " 01-02 

"' " 0' 

" 0' 
0. 
OS-Fe! 
F3 - F'I 
F:5-FS 
F7 - FB 

F9 -FA 
Fe-FE 

" elee-'HFF 
eeee - 1!I2S9 
ee:59-1!128e 
0 263-0 26C 
028D - 1!I278 

fl277-"280 
!!lee ! - eeS2 
1!1293-e284 
"2915 
0286 
fl297 
8 298 
!!I2S9 
eeBA 
lIIeBe 
l!Ieee 
"eso 
82BE 
BeeF -829B 
8291 
fleS2 
8293 

ties" 
!!I29:5 - e298 
1!129? 
8289 
0299 -111291'1 
9299 

"esc 
!!Ieso 
ID2BE 
829F-fl21'1t1 
821'11 
821'12 
8e"'3 
821'14 ... , 
821'16 

OECIWlL 

2 0 1-202 

", , .. 
'" , .. 
'" .., 
eelS-!!!0 

" , 
'" '" '" '" '" 2 17 -242 
243-244 
245-246 
"''17-£'48 

2"'9-2:::10 
2SI-2!!14 

'" 2S6 -~51 1 

5lz-see 
sel-S UI 
611-620 
621-630 
631-540 
6 41 -642 
6<13-8"" 

'" '" '" ". 
BO. .,. 
'" '" ", 
,S< 
5::1::1 -656 

", ". ." ... 
661-862 .. , ... 
66::1-666 .. , ... ... .,. 
671 -872 . " .,. 
." 

'" on .,. 

APPENDIX 2 

O ... er l"t Ion 

Cursor posltton <X.Y) +01" U.pUT 
Flat' Shlft" d c h a r ac t.r .. 
Cur sor fl .... h • .ee •• nable 
Cursor fl .... h .. lo t . 
Cha .. acta.. unde" cursor 
F l al' l.ast c ur so r fla I r. on/off 
FI.II' II'F'UT or GET from K.ybO.rd 
Pointer' CoJrr.nt . er •• n lin .. 
CoJr .or .. o.l tlon (co l umn only) 
F I u ,' Q .. o t ...... d • ..ee .. No 
Ser •• n lin. 1."lIth 
C .. r .or .. o.l tlon (row only) 
T.mp d.t. ar •• 
NUlrtI.r of In • • rt. 
Ser •• n lin. li nK t.bl. 
Polnt.r' Co l o"r .er •• n .. o.ltlon 
Polnt.r' K.y board d.eode t.ble 
Polnt.r' 11:5-232 In .. "t b"ff. r 
Po Int.r' 11:5-232 O"t .. "t b .. H.r 
Z.ro-.. all ........... ry I.ft fr •• for " . .... 
Sa.ie t.mp d.ta .1" •• 
St.eli; ar .. a 
Sa. l e rl'F'UT b"ff.r 
l.ollle .1 fll. n"mb.r tabl. 
O.v i c. nvmber table 
S.eOnd.ry .ddr •• s t.bl. 
K. y bo.rd qv ... . 
Polnt.r' St . .. t of e •• le .... ...ory 
Po Int. r ' To .. of e •• Ie mlMOry 
Fl.g. IEEE t Iml o .. t 
C ... rrent colour cod. 
Colour ... nd . r eur.or 
1'.11. eont.lnl n g . cr •• n meMO .. y 
Size of K.ybo.rd b ... ff.r 
"'.y r ..... t *0e-No r . .... t, *88-1'1 11 r., •• t 
1I:., e, t K.y ., •• d 
1I: ..... t d., .y 
Flag' K.ybo.rd .hlft , CeM Ii;.y , CTRl. K.y 
l.. l t Ihift ... tt.rn 
Point ... , S.t .. , Keybo.rd t.bl. 
Fl.,. *0S .. Oh.bl. " *'8e _ En.ble . hUt 
F l ., . *08 .. . cro ll en.b l e 
11:5-232 control reg i .ter 
11: 5 -232 command r.gi . t.r 
11:5-232 eit tl mln, 
RS-232 .t.t .. . r.gl.t.r 
11:5-23 2 numbe r o f b it. to send 
11:5-232 . pe e d 
R8-232 Ind.K to end of in .. ut buHer 
11:5-232 .t.rt of in ..... t b ... ff,r 
R8-232 .t.r t of output buffer 
11:5-232 Inde. to e n d of output buff . r 
IRQ ...... during tepa o .. e r .tion. 

11:5 -232 .n.bl • 
Tt"""r f or tape opa rat lon 
T.p. temp u I. d d uring r •• d 
T.pa t .mp u •• d d .. rlng r.ad 
8cr •• n rON marK.r 
Fl.g' A8 _ NTSC , AI .. PAl. T .II , .y.t.", 

• 



"" 
Delll7 -fle8F 
02ce-e2FE 
oeFF 
8aee-Oatll 
1!130e - tla1l3 
e3e~ - I!I3e~ 

!laeS-oa87 
fla8B-1!I31!19 
OleA-flaee 
tlaoe 
!!!3eD 
Inoe 
e:>eF 
!la!e 
O:!II-fl3 12 
e313 
1!13L .. -e3 1 ~ 

e'liS-8317 
flals-ellS 
!!I3U\-0318 
0llc-ellO 
e31£-fl3IF 
I!Inl!l-8321 
03:! I!!' -e~E'3 

8324-8325 
flleS-fl32? 
0328-8329 
1!132A - fl328 
fl3o.'C-1)320 
1!13?£-fl32F 
fl3311!H!1331 
0332-1'333 
0::134-(1338 

":laC-03FS 
1!13FC-fl3FF 
O'lOe-87E7 
1!17£8-1!17F? 

DeCIMAl. 

679-7f13 
7114-766 ,., 
168-768 
7711-771 
772-173 
774-77:5 
778-777 
778-778 

'" '" , .. 
'" , .. 
78::1-788 

'" 788-788 
:'90-791 
792-733 
794-79:5 
796-187 
798-799 
808-8el 
S02-803 
804-BI!I:5 
ge8-907 
BeS-SlDe 
818-911 
ale-8la 
81'1-81:5 
816-817 
818-818 
820-827 
828- ulla 

leee-leea 
UI2"-2e23 
ee24-21!139 

e7FII-fl7FF eel41!1-20'l7 
oeOO -7FFF 2e48-32787 
Bf'ell-9FFF 32769-409:59 
AOflO-BFFF 40960-49 1SI 
ce00-CFFF 491S2-S3247 
oe00-oe2E S324a-S3294 
002F-D3FF S329S-S4271 
D400-041C 
04 LD-D7FF 
OS00-0eFF 
OC00-0C0F 
000e-OD0F 
E0e0-FFFF 

S4272-S43e0 
S4301-SS1!9S 
:I:I2ea-Sa3 19 
S6320-'3833'3 
S6S7a-S6S91 
'37344-8:1S3:1 

oee0-DFFF S324e-'37343 
E00e-FFFF S7344-8SS3S 

C64 MEMORY MAP 

Unu •• " 
Sp,. it ..... 1' II 
Unu.,d 
Po ,nt.,., a •• lc ,,,,.0" ....... 1 •• 
Point.,., e •• l e ... ,.'" sta,.t 
Point.,., TOI(.nls. aasic t.~t 

POint.,., a •• lc t.xt LIST 
Po Int.,., "" .. e.s ic code 'Inl( 
Po tnt.,., E". I ..... t .. a .... lc tOI(.n 
~ccumu,.to,. .... ". 
1'C Ind,,, ,.y. 
Y Ind. " .... ". 
St.tus "'II,t.,. •• '" 
Jump In.t,.uctlon 10,. USR 
Po Int.~' Fo,. e •• Ic', USR 
Unused 
Pointe,., H ... ,.d ... ,.. int.rrupt 
Point.,., e,. •• 1( Int.,.,.upt (aRK ) 
Pointe,., NOn-_SlCeDI. Int.r,.upt 
pOlnt.r' Ke,.n.1 OPEN routine 
Pointer' ",e,."el Ct..OSE ,.out ine 
Point.,., K.,.n ... 1 CH"'IN ,.outln, 
Point.,., ",.,.n.1 CHKOUT ,.outin. 
Pointe,., Ke,.n.1 Ct..RCHN ,.outln, 
Point.,., "'.,.n.' CHRIN ro ... tlne 
pointe,., "",.n.1 CHROUT ,.o ... tln, 
Po int,,., "",..,el STOP ,.o"tl". 
Point.,., ",ern.l GETIN ,.out i." 
Point,,., "",.nel Ct..At..t.. ,.o ... tln. 
Point',., Ute,. d,fl.,.d 
Poin t.,., "",.nel LOAD ,.o .. tln, 
Point',., "",.n.1 SAVE ,.o ... tln. 

• 
• • 

Un .. s.d , 
Tel" b ... ff,,. .nd Sprlt, _PI 13. I" .nd IS • 
Un .. s.d 
5<;,. •• n ,,, no,. .... 1 po.ltlon 
Un .... d 
Sp,.lt, ""I' point,,.. 
a •• lc p,.0l,.em e,.ee 
C.,.t,.ld" I."'. ~ MO'" a •• lc p,.o',. ... m .",. 
e •• lc ROM 
F,.., RAM fo" ..... ,. .... Chln. CO d. p"OI".~ 
Vld.o r.,I.t.,., 
VIC II "I d.o chip 
So .. nd ,..,I .t.,., 
S ID .o .. nd Chip 
Co l o .. ,. .c,.e.n 
Int.,.fac. Chip I 
In t erfac, chip Ii! 
",.,.nal O"",..tlnl Sy.tem ROM 

Alt.,.nat, .s Ch ... "act." .,t ROM 
Alt.,.n.t ..... RAM 

• 
• 

• 

cod. 1'''0'''1.'''' and "."I.bl.s. 
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APPENDIX 3 

Screen codes 

• • 3< • •• - •• 
A • .. •• •• • • • 3. ., , .. 
C 3 Y- O> •• ,., 
0 • • 3. •• • , .. 
E • 3. ,. '.3 
F • •• , 

" - 11:14' 

• , .. , ,. • , .. 
M • • .. , ,. , .. , • • <3 < " , ,., 
J ,. .. > ,. 

0 , .. 
K " .. L ,. , , .. 
L ,. •• , " , ". 
M .. / " / ,. '" N .. • •• r ,. , ... 
• .. , •• , •• " ... 
p ,. • •• • ., 

T ". • " 3 .. •• < ". • ,. • .. • .3 ". • ,. • .. •• , " 
T •• • .. , •• ". 
u ., , .. x •• ". 
v •• • •• 0 ., , .. 
W .3 • ., • •• ,., 
x •• •• , •• J , .. 
y •• , •• • •• 0 023 
Z ., , ,. + ., 0 , .. , ., 0 " • •• > ,eo , •• > ,. .3 0 , .. 

•• , .3 • •• , ,., 
• 3. S< • •• 
0 .. ., 

3. J ., 
33 



101' 
lOS' 
1104 
11" 11" 1224 
, 264 
1304 
IlU 
US( 
U24 
1(64 ,,,. 
15 U 
ISU 
162' 
166' 
1104 
l1H 
17&4 
1824 
1$6' 

"" IfU 
1984 

, 
" 

SCREEN ceDES 

Screen memory map 

" 
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0 Black 
1 White 
2 Red 
3 Cyan 
4 Purple 
5 Green 
6 Blue 
1 Yellow 

55296 
5SJJS 
55376 
55416 
55456 
55496 
55536 
55576 
55616 
55656 
55696 
55736 
55771, 
55816 
55856 
55896 
55936 
55976 
56016 

"'" 56096 
56136 
56176 
56216 
56256 

o 

APPENDIX 4 

Colour codes 

" 

8 Orange 
9 Brown 

10 Light red 
11 Grey I 
12 Grey 2 
13 Light green 
14 Light blue 
15 Grey 

Colour memory mop 

" " 

" 

" 
,. 



APPENDIX 5 

BASIC SYS 
routine 

, ". ••••••• •••••••••••• ••••• ••••••• , 
"'" .. .. , ". .. """'K£ M..-t: INTO DfIITI'I .. 

• "'" .. WITH CHECI'.8UH .. , ",. .. .. 
• "'" .. ,<> fIIRS 2 1/ 1/'9!! .. 
7 IIEM .. .. 
II REM ••••• •••••••••••• •••••••••••••• · , 1& PRINT ".:r 
II INDUT " OTHE STI'IRT 1I00R£88'"'8 
12 I!'PUT .~£ [I'D 1'\0011£88 ' " 'E' IFE - (SlMEN'!UN 
13 IWUT "L I I'£ t-fJI'IIER 8TART ' "Il.I'I' IFl.N( SlITllEN\3 
14 PRINT "OJ"IT_" 
15 PRINT·.-·'L.N'· .. . ·l.I'Hel!l'· . 'FDRI .·S . °WfOoEI 
16 PRINT·.'L'L'I"'T'DIFORJ ·eTOS1R["'D""P~[I,""T' T."'· 

17 LN_LN+,e'PRINTLN'·.' _ ' +""' 
Ie PI! INT"J\EXT J 1 1I[1'I0il" IFT( ) 8TlfEN7·CHR.<3~) I "£RII.OR IN L 11>£ ' ' CH"*(34)'"' L 'STOP' 
19 loN_loN_ltI 'PI! INTl..N ••• ' _ ,_" NEXT I 'RE1URN" 'REM .n. 
ee PR INT"LN'"LN.I!!!I·' S " SI', Eo "[I " OOTO!!l' 
el Pft INT".· ,1'01([831 ,13'1'01<£632, 13 ' POK[833 , 13' POKES3'!. 13'POKE 198.4 'EN] 

" 23 PRINT".-"' LN"IDI'IT"' " ' 
24 FOftJ_IITD!I If'II.-ST1!.<PEEK <}.S » ' "' •• "UO.<"'.,e:). PR INT"'.","' 
25 T.T+PEEK <J.S) 'NEXT' T. · 1110. (ST1!.(T ) ,2) ,Pit I~'S.S.S H.N_LN. 18 
.tIS PR INT'S- as, ", LN."LN' "'Eo "E' " 'OOTDlS" , PR INT'" 

" es POKE63 I ,13' POKE63e . 13 'POKE 198 ,e. Etoll 

" , 
3S IF9 < ETIlE~1!!3 

'" 32 1·8'RESTDRE 
33 PRINT ·~""FDRJ_8TD1'1 . 1. I 'PRINTI ' NEXTJ'R£M DELETE TIlE LINES 
3"1 PRINT" 1- " II , IF I <48TIlE""R INT"OOT031" 
3' PR INT"." ' FORJ _8T08'POKE631.J, 13 'NEXT' POKE 199 ,9.EtoIl 

" , 
31 IF I <48TIl£N3J 
38 EN;) 

ItE"'D'!', 



APPENDIX 6 

Answers to Exercises 

Chapter 3 

1 160 
2 6 
3 252 
4 12 

Chapter 4 

5 36873 
6 192 
7 49216 
8 199 

~eee [ .ctltle 
:lele , 
:leae J ANSLo.EFI: - CHAPTER ~ EXERC IS E 

"".0 , 
:5e7f1 "0" ".13 IS 
:5080 H" .e4l!1e ISCREEN 
:lege "0" ".1 :5 I U 
5100 STA n "!"1 
:5118 "0" •• t Z I F!: 
:1120 S T" *tI .. e2 
51 3 fl "0" ".19 I Y 
51'U!I S TA 1RlI40a 
:u:se "0" , .. , .-
:51 6 e STA q41!l4 

:517" I 
:518e "0" , .. , I~ITE 
:5190 STA .celie ,COLOUR SCREEN 
:5200 "0" .. Ml3 .CVAN 
5210 S T" *Cael 
522e "0" , ... I PURPLE 
5230 STA $0802 
:12<10 "0" MIMI:! , GREEN 
:12:50 ST" *0803 
5268 "0" f1M1 7 I YE LLOW 

527" S T" *C804 
52ee , 
5290 RTS 
53C!1e .'" READY. 

9 44352 
10 248 



ChapterS 

:;000 ( .ceee 
:;e 10 J 

ANSWERS TO EXERCISES 

5020 'A~SWER - CHAPTER S EXERCISE 
:5030 
:5040 'BORCER-.oee0 
:50:50 IBACKGROu~o.-ae21 

'50Se I 
~07e L.OA SEe 
5030 CHP 11*02 ICHECK VAL.UE 
:5090 BNE NOTEQUAL leRA~CH IF NOT • 2 
'5lee 
'5 lie STA 90RDER 
:51~e JMP EXIT IGO TO EXIT 
:5131!1 1 

5140 STA BACKGROUND 'NOT~QUAL 

:51:50 I 
'5160 RTS 'EX IT 
:5170 Et-D 
REAOY. 

Chapter 6 

!leae [ lJCeleB 
5010 I 
502e 'ANSWER - CHAPTER 6 EXERCISE 
:503e 1 
:5040 ISCREEN.~4e0 

:5050 'YELLOW-? 
50S0 ICOL.SCREEN-*Osoe 
:5970 I 
~eal!l L.OY "$00 IIII ITll"I l..lSE Y 
:sese TYA 'LOOP IGET VALUE FOR Ace. 
:510e S TA SCREEN,Y !PLACE IT ON SCREEN 
'5110 LOA IlYELLDl·j 
'51~0 STA COt.SCPEE~" Y IPLllleE YELLOl.J ON COL-OUR SCREEN 
513£1 INY 
'514" CPY 111*00 
'51'50 Bf'E L OOP 
:l1S0 , 

:5 17e RTS 
:5IS0 no 
~EPOY. 

Chapter 7 

S0eU!! [ $<:00" 
:5e10 , 
'5020 IANSWER - CHAPTER 7 EXERCISE 
:5e30 1 
'5040 IVTOEo-.oeee 'VIOEO CHIP 
~e4~ 'MSB -YIOEO+.le 'SPRITE MSB 
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:5f)~" , 
se6e LOY .... 
':IIHf) LOA Mlee 
sese STY VIDEO ISPRITE I!I x 
sea0 STA VIDEO+I ,SPRITE • Y 
Slel!l LOA .. , 
51le STA VIOEO+21 ISPR ITE • - ON 
Sl20 LOA MSB 
':II3D AND ":O::1111111e I TURN OF' MSB FOR SPRITE e 
':I14e STA MSB 
slse , 
:Hse "" VIO£O 'LOOPI I MOVE SPRITE e 
517" LOX ••• 
SISI!! DEX ,DELAY! JOELf'lY 
sise BN< DELAYI 
':I2ee ,NY 
521£1 91'£ I.OOP 1 
!I2ee I 
5238 <Y IS NOW ZERO 
:lZ40 , 
S2se STY VIDEO 'SPRITE ., X-. 
S2se LOA MSB 
527& ORA .:r.I!Ie00eeeJ ,MOVE SPRITE e ONTO RHS OF SCREEN 
S28e STA MSB 
seae , 
:l31nl "" VIDEO II-OOP.!!: 

S31e LOX ••• saee DEX , DEL-Aye 
::5330 BN< DEL-Aye 

534" ,NY 
sase BN< LOOP.!!: 
536f) , 
53?1!l RTS 
sase END 
READY. 

Chapter 8 .... ( «eee 
stile 
!5e~e If'lNSIoER - CHAPTER 8 EXERCISE 
seaCl , 
oe4C1 LOX 
sese CLC 
stlee 
Se7f1 LOA .... LB • 
sese , ... 
!!IIefJ CPX 
!:Illtl ..... 
51211 , 
stall '"" 51". EI'CI 
MAOY. 

.~e 'INITIALISE X 
, CL EI'IR Cf"IRRY 

B'B 'LOOf' 

• .... 
LOOP 'CARRY NOT CLEARED WITHIN LOOP 



ANSWERS TO EXERCISES 

Chapter 9 

15e00 [ ~l!Il!Ie 

:S0t e , 
S8e0 I ANSWER - CHAPTER 9 EXERC I SE 
:51113£1 J 

~04e 1.01'\ s e e 
:S85 0 TAY 1STORE Ac e IN Y 
:le60 l MULTI P LY ACe BY 2 
!le?1!I ASL. A 
:leel!! 1 
'51198 C\..C , CU f\R CNUtY 
5 1ee STA 828 1828 NOW CONTAINS PEE~( 828 ) '2 

51 I e TYA 
:l le e Aoe 828 
5 13 e S TA 8 2 9 l AOO OR I G INAL CONTENTS 
5 14 0 J 

:l15e lees NOW CONTAINS PEEK (S2S ) ,3 
:51611 J 

:! 171/1 RTS 
:51 Be Et-() 
READY. 

Chapter 10 

:Ieee ( -.:eee 
:Ifill!! 
:Ieee ,"'NSWER - CHAPTER Ie EXERCI SE 
sl!Iae 
58411 ' CHROUT - IIFF02 
sese , 
:les I!! LOA *147 
:187., J SO CHRQUT , CLEAR SCREEN 
5eee 
5eee LO • . '. :uee JSR CHROUT 100 E!'tCH L.ETTER IN TURN 
Sill!! LO. "N :s fell JSR CHROUT 
:U 3 0 LO. "0 
:11411 J S, CHROUT 
Slse LOA ." 15l 6 e J S, CHROUT 
:l 171!1 LO. "E 
518111 JSO CHROUT 
:1180 LO. "W 
:Ieee JSR CHROUT 
:l2UI 
' eel!! ono 
:l231!! E.., 
REMIY. 

105 
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The Kernal routine 

NIl .... I CHA IN 

O •• erlptlon' Thlf routine talC •• Input f"olll the ~.yDo .. rCl and It the on. 

~eee [ «flee 
~e18 , 
~e12 ,CHRIN EXAMP~£ 
~Ull" 
~e2e ,CHRIN_*FFCF 
S838 'SUFFER_see 'CASSETTE BUFFER 
SI!I48 , 
S0S8 LO Y .~e 'INI TIALI SE Y INDEX 
58B8 JSR CHRIN .eHRINTES TI 
:5878 STA BUFFER,Y ,STORE EACH CHARACTER 
5ase INY 
:50911 C,.,. • 13 1RETURN PRESSEO 
:5188 BNE CHRINTESTI INC • 00 BACK FOR ANOTHER CHA RACTER 
':518:5 , 

:5118 RTS 
READY. 



THE KERNAL ROUTINE 

Nto_. CHROUT 

Call ~dr ••• ' *FF02, 65.911 

O •• crH.tlol'l' This routine I, on. til. ",.ut u.eful Kernel routine •. 11 

o.d . .... t. an ), ASC I I c .... ,,,& o:. t ... "'.Id In til. accumulator to the .c .. "." . You 

:Ieee ( .-ceee 
:Ifi l l!! 
sels ICHROOT E"AMP~E 
5111e8 , 
Se3e 'CHROUT-SFFD2 
se,ul ,.,. ,.y .... , .. TEKT ,T 'Cttli:OUTTESTI 

C'" ." ". IT !'IN '" '" CHROUTTt:ST2 , '"'. -
". CHROUT lNO - PRINT 
,~ 

'OET 

[" IT 
<Y 

Se6e 
Se?e 
Stlaf! 
:le8e 
~51ee 

5118 
S I2e I '''' CHROUTT'EST I '". Briel!; FOR 

5138 AT'S 'CH'ROUTTEST2 
51"" .~T 'At-ClREW IS ACER' 'TEHT 
READY. 

NIl ... , GETIN 

HEKT CHARACTER 

HE"T CHARACTER 

.,," ,..turn. It In the .o:., .. _I.to,., Th. c" .. ,or h NOT fle.had. If no 
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~eee 

~elle 

[ «eee 

S81S IGETIN EKAMPLE 
seee J 

SI!I38 'GETIN~~FE~ 

S1!I41!1 'TEMP_See 
sese J 

sese LOY liMe 

APPENDIX 1 

SIHe STY TEMP I!l£TINTESTI ISTORE Y TO PROTECT IT 
seee ~SR O£TIN JOET fill CHARACTER FROM KEYBOARD 
!lese CMP 111 3 liS IT fill RETURNPAINT 
slee BEQ GETINTEST2 ,YES - EXIT 
5118 CMP .. .ee lNO KEY PAESSEDPAINT 
5120 BED GET INTESTI IYES - GO BACK FDA ANOTHER CHARACTER 
SI30 LOY TEMP ,OET Y FROM STORE 
::1140 STA .e4I!1e,Y 'PLACE CHARACTER ON SCREEN 
SUS" 1f'lY 
SIS6 JMP GE T1NT£STI 100 BACK FDA MORE 
S I6S I 
!ll?1!I ATS IGETINTEST2 
521!1" Ef',IJ 
READY . 

Name' l.OAD 

Op e r a ti on' (. .... <1 .... MO .. y fl' O", cassa tt . 0 1' lfisK. 

~~ .. rn d hI< 0 .. taP I Into H ilt C64. e.fO .... you Can u sa It YOU ""at JSR to 

th. SETLFS a nd SETNAM routines. Th .. "ccu~l .tor mu s t bl SI t to zlro 

seee , .eee" 
S8 18 , 
sel:l 'LOfllO EI<AMPLE 
S0ee 
S03D ILOAO_""FD:I 

:5e4" 'SETLFS·""F8A 
sese 'SETNAM· "'-I"BD 
,.eo , 
5e7e I-DjI\ ,.,1 /1"11-£ t-UMB£R . , 



THE KERNAL ROUTINE 

51188 , .. '"' 'TAPE DEVI CE . , 
:5111911 LO Y .. l1li1 ,~, ... REL.OCI'lTEO , ... 
:lUle .JSR SETLFS 
:51111 , 
51 2 11 ,., '"' 5 1311 "R SETNAM ,~ FILE ~ME 
:1148 
S ISti ,., '"' ILOAO NOT \l£I'IIFY 
:51S0 ". L.OAO 

:! 178 , 
:U8e on 
:5ISI1 , 
52ee ,~ 
READ Y . 

~_ , " loO T 

flll: c umulat o r ", X, 'Y . 

O. IC, .. I ,tl o n' Thl ,. rout In. "", .. e l t il ' po . It I o n o f til' c ursor to an y .. l>e .. e 

[a PLOT • • ampl e ,., 

seel! ( .cellI! 
!lee:! 
:511111 ,PLOT EXAMPLE 
5815 
:511211 fPLOT.~FFII 

:511311 ' CHROUT _*FF02 
:511 '18 , 
58:511 CloC 
::IlISO LOY 1111 ICOL~ I'oUfoeER 
:511711 1..0)( _.e J ROW t-IJlo'I!IER 
5111111 .JSR PI..OT 
:5888 .JSR ~ITEPLOT 
5U.1I , 
51111 CLC 
:5128 I..OY 1'8 ICOLLII'N ""'"'Eft 
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110 

~18e ~OH '.IB IROW NUMBER 
~ 178 JSR FloOT 
~1ge JSR WRITEPLOT 
sise , 
:Ieee RTS 
:5218 
S228 LOY • .ee 'WRITEPLOT 

APPENDIX 7 

S238 loCi'll TEKT,Y 'WRITEPLOTI JOET NEXT CHflRACTER OF TENT 
S2~e CMP M'. ,IS IT '.'PRINT 
sese BEQ WRlTEPLOT2 , YES - [KIT 
S26B JSR CHROUT , PRINT THE CHARACTER 
S278 INY 
S2se JMP WRITEPLOTI 
:5ese RTS 'WR I TEPl.OT2 
S3ee 
S3111 .TXT ·PLOn" ,TEI(T 
S3ee [1'Cl 
R£MlY. 

~ .... , SAVE 

10 dill( 01' tap •• aafora you ..... 11 )'ou ...... 1 cal l tl'l<l SEn.FS And SE11'>I"IM 

seee I '.:eee 
Sell! 
SBIS ISAVE [ KI"IMPl.E - SAVE .7eee TO * 7188 
se2e I 
S03e 'SAV[-*FFDB 
se~e ISETLFS·~FBA 

sese ,SETNAM-.FFBO 



THE KERNAL ROUTINE 111 

~8?e COT ••• INO SECONDARY ADDRESS 
'!Ieee LM ... , IFIl.E ~I'£ER 
'!Ielll' LOX ... , I TAPE DEVIC£ • , 
'!IUID '" S£TLFS 
5tH' 
'!I lae LM .... ,.., F ILt: NAME 
5130 '" SETNA'" 
51<111 , 
'!II'!!" LD' .... 'LD PART D. START AODRESS 
:Sise '" 

., 
::1 178 LD' . .,. 'H' PART D. START 1'10011£55 
'!lIse '" • • 
'!I 1911 LOX .... 'LD PART D. EI'«] I'IOOAESS 
:Ieee LOY ".7 1 'H' PART D. Er-cl I'\CIOft£SS <S7UIII) 
'!I1!!e LD' .. , IOFFS ET FOR STAAT 1'l00ft£88 

'!Ieee '" 81'1'0'£ 

!1i!38 , 
'!I2~e "" S2'!!e , 
'!lese "" READY. 

fiIIo''''I:' SEn.ni 

C' •• ~ .. I"tlon' Thi s .... utln. SIts up .. file f or it •• LOAD end SAVE 

.. out I" ••. You ..... s t load tl'll Icc .. _1.tor .. Itl'l tl'l. fll. numb .. , th.)( 



112 

Ca ll Add ..... , "':F'BO , 6~469 

Retlt ' , ,,, Affec t .d ' NOn •• 

APPENDIX 7 

O •• c rjptlo ,,' ThL . ro"tLne • • , •• " ... file " ...... f or trl' L.OAD and SAVE 

routine' . The .c''' ...... I.to .. h 10.ded IItt" thl ling,,, o f th_ " ..... ,,,1 

'h_ Hand Y Ind,~., are lo.dld lilt" 'h, 10 and hi part. of 'h •• dd ..... 

o f ,h •• ta"t of the " . ..... For exampl •• of SETNAH', ..... t. I •• the LOAD 

and S AVE e xampl ••• 



APPENDIX 8 

A complete listing of the 
6510 assembly language 

instruction set 

N.IIIII' ADe 
Operation' Add memory to Accumulator with Carry 

Il'IYIWdlata 
Zero Palill 
Zaro Pe,1I ,x 
Ab.o ''''til 
Absolute,X 
Absolute,Y 
('ndlrect ,I() 

(Ind l,.act )0, Y 

N 

• 

Name I At«) 

""tamely Langua'il 
Form 

ACe .... 
ACe ... 
Ace -aa,1( 
Ace .aooo 
Ace tOOQQ,X 
Ace tODOO,v 
Ace <tOO,X) 
Ace (*OO),Y 

z e c 

• • 

Ope,.atlon' AKJ _mary with I'Iccu"",,'ator 

Assembly Langua,. 
Form 

I_dlatl ANO .... 
Z,,..o Pall. ANO ... 
Zero Pallll,X ANO $l)O,X 
Absolute ANO .oGOG 
Absolute,X ANO WQQQ,X 
Absolute,Y ANO *OOOO,Y 
( Ind ,,,.ct ,)0 ANO (tOO,X) 
(Indlr.ct),Y ANO (*oQ),Y 

Opcod. 

69 
69 
79 
6C 
7C 
79 
61 
71 

v 

• 

Opcode 

29 
29 
39 
2C 
3C 
39 
21 

" 

• 
2 
2 
3 
3 
3 

• 
2 

• 
2 
2 
3 
3 
3 
2 

• 
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N z c o v 

• • 

Name ' AS~ 
Operation' Sh ift l eft ona bit ( Ac:c: umulator o r Mllmor~) 

Ac:cumu lator 
Zero Paga 
Ze,.o Pag"X 
Ab sol ut . 
Ab so l uta,X 

N 

• 

Name' Bee 

A •• amb l ~ Langu a ga 
Form 

AS" .... 
AS" ... 
AS" .aa ,x 
AS" .aaaa 
AS" .aoaa ,x 

z c o 

• • 

Opa ,. atlo n' e,.anCh o n ea""~ e l .a,. 

Add,.,u , s Ing Mod. 

Re I at I"a 

N 

Ass.mb l ~ ~.nguage 

Fo,. m 

Bee .aa 

z c o 

Opc:oda 

OA 
OS 

" OE 
IE 

v 

Opc:oda 

.0 

v 

I 
2 
2 
3 
3 

!'«.Imbe,. of 
B~1.a . 



COMPLETE 6510 ASSEMBLY LANGUAGE INSTRUGrION SET 

N&1nII' Bes 
Op ...... t.lon. e .... no;h on c.,..,.,. Sit 

Acld ... ~slng Mode ASllmbly ~.nlu.g. 
Form 

Rel.tty. ees soo 

N , c o 

Name' BEQ 
Op .... tion. Br a nch on Z.ro 

N 

Flags afi'lcted' 

Na/MI BIT 

Assembl y Langu age 
Form 

BEQ toQ 

, c o 

Qpcode 

e. 

v 

v 

OPI .. ationl TIlt bits In _moor)' with Accumul&tor 

ZU' O pagl 
Ab so l ute 

N 

• 

Asslmbl y Llnguage 
Form 

BIT sao 
BIT SOOQQ 

, C 

• 
o v 

• 

Opcodl 

2. 
2C 

2 

2 

2 , 

liS 
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NaIM' 8MI 
Op.ratlo"' Bra"ch 0" Mlnu, 

~".mbly ~&ntuag. 

Form 

8MI $QQ 

FI.g, .ff,c t.d I N z c c 

Na fM!' BI'£ 
Op t r .t tlo" ' Br . " c h o n no t Z.r o 

~" .mbly La"gu.g. 
Fo rm 

Relatl ... e BNE WQ 

F l ag , .ffectedl N z c c 

Name' BP~ 

Operatl o"' Br a f'lch on Plu l' 

Rel . tl ... . 

Fla. , a ff . ct,d' N 

A,sembl y Lan.ua •• 
Form 

BPL $QQ 

z c c 

30 • 

v 

Opcod. 

00 

v 

Opcod, 

'0 • 

v 



COMPLETE 6510 ASSEMBLY LANGUAGE INSTRUcrlON SET 

Narnll' BRK 
Optr a t lon' B ..... K 

N 

NIl_I eve 

~~s.mbl~ Languag, 
Form 

eR" 

z c c 

• I 

Operatlonl Branch on Oyarflow CI ..... 

1'I ••• mbl)' L.n" ...... 
Form 

live «IQ 

N z c c 

HarM' evs 
Operation' Branch on Oy,,,fIOIll S.t 

1'I ••• mbl), Languag. 
Form 

R,lat!Ya evs .aO 

Fla.s .'Hacted' N z c c 

00 

v 

•• 2 

v 

Opcoda 

,. 2 

v 
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tQmll CLC 
Op.,..tlon' Cia.,. Ca,.",.. 41a, 

Addr •• • lnlil Modi 

N 

Name' Cl.O 

AS Sl mbl y Lanluage 
Form 

ccc 

l c o 

• 

Op.ratlon' CI •• ,. Olclmal ModI 

1Q>1 tId 

N 

Name I eLI 

~,'.mbl ~ LanguagA 
FOF"m 

ceo 

l c o 

• 

Operation' CI •• ,. Int.rrupt DI,able fla, 

Implilld 

FI., s &ffl(1;ldl N 

I'IIsslmbl y Languagl 
Form 

cc' 

l c o 

• 

Opcodl 

,s 

Opcod. 

os 

Opcodl 

os 



COMPLETE 6S 10 ASSEMBLY LANGUAGE INSTRUcrION SET 

Name I CLV 
Op.,. .. tlon' CI •• ,. O ... e"floll F l av 

,,,,,,,I ltd 

N 

NAIM I CrrF' 

As.embly Langua._ 
FOr"m 

ecv 

, e o 

ee 

v . , 
Ope,.ation' CO""" ...... memory with I'I c c",,,,,,,I .to ,. 

Address Ifill Mode At,.mbl y Languag. 
Form 

I~dh.t. e ... . ... 
Zero pall_ e ... ... 
Z.ro Pa5la ,X e ... SQQ,X 

Absolute e ... *OGlQQ 
I'Ib.oluta,X e ... .oOGlO,X 
Absolute,Y e ... WQGG ,Y 
(Indirect ,X) e ... (SQQ,)() 

(tnd tract), Y e ... ( *oQ ),Y 

Flag, . 'Hec:ted' N , e o 

Name' CPX 
Ope,.atlon' Compa,.e ~mor)' with X Inde x 

I'Idd,.."lng Mod. 

I_dl.t. 
Zaro pag_ 
Ab,olut. 

A".mbly LangUf.II' 
Form 

CP)( _SQO 
CPX 4100 
CPX .aOOO 

v 

Opcod. 

es 
C. 
O. 
CO 
00 
OS 
el 
01 

Opeod. 

EO 
E. 
Ee 

..... .m.,. of 
Byte, 

2 
2 
2 
3 
3 
3 
2 
2 

2 
e 
3 
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N z c o 

Na_' CPY 
O,.I,.lt Ion I Co~.r. "'I'l101")0' Mlth Y Indalll 

I_dt.t, 
Zaro ,. •• a 
I"Ibsoluta 

Fla.s affect,d l 

Na.,..' DEC 

~ ••• mbl)o' LanguAg. 

N 

Form 

CPI< ... QQ 

CPK toO 
CPI'( tJQQQQ 

z c 

• I. • I 

o 

O,.I,.,t Ion' D. c ,. •••• ""mor y b y One 

Zaro Plgt 
Zaro 1"" ,I< 
fIIb.olut, 
Absolute ,I"( 

Flag. affected I N 

A •• embly Langu • •• 
Form 

DEC tJQO 
DEC toO .X 
DEC .,000 
DEC .aOOQ .X 

, C o 

• • 

v 

v 

v 

co 
C. 
CC 

C6 
06 
CE 
DE 

• • 
3 

• • 
3 
3 



COMPLETE 6510 ASSEMBLY LANGUAGE INSTRUGrION SET 

Nafl'lfl I OEl'( 
Op.r.ttO~1 O.er •••• x indlx by On. 

Addre,si". Modi 

JII'fII tid 

N 

l'I.s.moly LanguI._ 
Form 

z C o 

!, • I 

NaIMI OEY 
OPI,..atlonl O.er'I.1 Y Indlx by On. 

Nt.fMI I EOR 

N 

1'I ••• mbly Lan, .. I •• 
Form 

DEY 

z C o 

• I • 

Opc:odl 

CA 

v 

Opcod, 

•• 

v 

OPI ... tlo"1 EXcl uslv,-OR ""mory With Accumulator 

Ass.mblY L.n ...... Opcode 
Form 

Irnrned late EDR .... •• 
Ziro Pa,. EDR ... RO 
Ziro Pig I ,X EDR tJQQ,X •• 
Absolut, EDR tJOQOa .0 
f'lbsolutl , X EDR WOQD,X "" Absolutl,Y EDR tJQaoa,Y .S 
(Indlrlct ,X) EDR (IfQ Q ,X) ., 
(Indlrlct>,Y EDR <.clQ),Y ., 

• • • 
3 
3 
3 

• • 
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Flags affec'tlld' N z c o 

• • 

Name' IN: 
Opet"at Ion. Increase Memory by Onl! 

Addre ss ing Mode 

Zero pagl! 
Zero paga,H 
Absolute 
AbSQlute,X 

Nama I II'« 

N 

Assembly Languaga 
Form 

INC *OQ 
IN: *OQ,X 
INC *OQQQ 

INC *oQQQ,X 

z c o 

• • 

Op ... ·.t ion I Incr •• s. X Inde" by On. 

Implied 

N 

A.sambly La"guaga 
For-m 

'''' 

z c o 

• • 

v 

v 

v 

Opcodt! 

E8 

'8 
EE ,. 

E8 

~mbu' of 
Bytes 

2 
2 
3 
3 

~mb.r of 
Byte. 



COMPLETE 6510 ASSEMBLY LANGUAGE INSTRUCTION SET 

Na._ I IN'!" 
Operation. Incr ••• a Y Index by On. 

Addr.,ss Ing Mode Assembly ~."gu.g. 
Form 

INY 

N z e o 

I. • 

Niome I Ji"P 
Op.,.a1: ton I Ju"", 

Addr ••• lng Mode 

I"Ibsoluta 
Ind t,.ac1: 

Fla.s affected' 

Nall'llli JSR 

N 

Assembly Language 
Form 

Ji'F' .aOOG 
J .... (4QQOQ) 

z e o 

Op ... ·.t Ion I Ju"", To Subrout I"a 

N 

A ••• mbly Language 
Form 

JSR $QQQQ 

z e o 

v 

v 

v 

Optod .. 

ea 

<C 

Be 

Opcoda 

.0 

3 
3 

3 
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N.1!lII1 L.Of'l 
Operation' L..oad Accumul a tor 

As semb ly L.an9uil.gl! 
Form 

l_dla1:e COA .... 
Zaro Page COA ... 
Zero Pall. ,X COA *OO,X 
Abso l ute COA $lOQO 

Absoiute,X CO" .aOOO,X 
Abso l ut.,Y COA WQQQ,Y 

(Indlrec1,X ) CO" ($OQ,>O 
(Indi ... ec:1:),Y COA (SQQ),Y 

N , o 

• • 

Name' LOX 
Opera1: lor.' Load X Index 

Immed late 
Z e r-o Pall. 
Zero Pe.!lII!,Y 

Absolute 
AblD I ute, Y 

Fl ailS affected' N 

Assembly Langu a ge 
Form 

COX ."". COX "". COX .QO,Y 
COX .OQOO 
COX $aQQQ,Y 

, o 

• • 

Opcode 

A. 
AO 
BO 
AD 
BO 
B. 
A' 
B' 

v 

Opc:ode 

A2 
AS 
BS 
AE 
BE 

v 

2 
2 
2 
3 
3 
3 
2 
2 

Number of 
Bytes 

2 
2 
2 
3 
3 
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Name ' LOY 
Operat ion : Load Y Ind ." 

Ad dre~si n g Mode 

Irrmed late 
Zero Page 
Ze ... o Pagl!,X 
Ab J.o lute 
Abs(> lut e,X 

Fla.g s af f l!'c t e dl 

Na.mt! ' LS~ 

N 

Assembl y La nguag e 
Fo rm 

LO Y .. ". 
LOY 00. 
LOY IIOQ,>< 
LOY saOCQ 
LOY saooo,x 

z C o 

• • 

A' 

"' B' 
AC 
BC 

v 

.' ... lInb.... (> f 
Byte. 

, , , 
3 
3 

Operation: Shift Accumulator 0 ... Memory One bit R ISlht 

Accumulator 
2""0 Fa",!! 
2 . .. 0 Pa ll . ,x 
Abso l ute 
Absolute,X 

FIsSl J. J. ffe c ted' N 

• 

Assemb ly La n guage 
F orm 

LS. A 
LS. 00. 
LS. SOQ,x 
L,. 110000 
LS. $OQOQ,X 

z C o 

• • 

Qpcode 

'A , ,. , ,. , 
" 3 

" 3 

v 

lZS 



126 APPENDIX B 

~mel NOP 
Operatlonl No Oper a tion 

Addre s.s. in, Mode As ,.mbly ~.ngu.,. 
Form 

,",p EA 

N z c o 

NioIM I ORI"I 
Op.,..tlonl OR .... mII",. With I"ICl:umul .. 1:o,. 

Assemb l y Languag. 
Form 

IlI'fNId late OAA .... o. 0 
ZU'o Pa,. OAA ... O. 0 
z.,.o Peg. ,1< OAA tJOO ,X .. 0 
Absolut. OA' tJOQQQ 00 3 
I"Ibs.olute ,)( 0"" tIOQOG ,X 10 3 
Absolute .Y OA. .aOOQ,y 19 3 
( Indirect ,X) OAA ( tlQQ ,K) 01 0 
(Ind t,..ct ), Y ORA < tJQQ ),Y " 0 

N z c o 

• • 

Name I PHA 
Operatlonl Push Ac cumul ator Onto StacK 

As. sembly ~.ngu.g. Ope-ode 
Form 

Impllld PHA 4. 
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Fl.g ~ .44.ct,,<I' N , c o 

NaITle! I PHP 
Operat Ion: Pu ~ h St &tu s Ont o S t a u : 

Addre s .$ In9 Mod e 

Imp! l e d 

Fl a g s . cffected: N 

Name' PLA 

Asse mbl y La ngu a ge 
Fo rm 

PHP 

, c o 

Op e r a ti o n : Pul l Al:l:u ..... l.tor Off S t acK 

Addre s sing Mod. 

Name' PLP 

N 

Assemb l y Language 
Form 

PL" 

, c o 

• • 

Oper a ti o n: Pull Statu s Off St.cK 

Ad dre ss ing Mode 

I mpli e d 

Assembly La nguage 
Form 

PLP 

v 

aa 

v 

Opcode 

sa 

v 

OpcOde 

2a 
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Nil! C to! V 

---- FROM STACK ----

Name ' P-OL 
Oper a tion' Rotate Accumulator Or ~mory One bit Left 

AccullUlator 
Zero Page 
Z",..o Pag e , X 
Ab s olute 
Ab50Iut.:e , X 

Fla.!!, affected' N 

• 

Name : ROR 

Assembly Language 
Form 

ROC A 
ROC .00 
ROC *GQ,X 
ROC *OCGa 
ROC WOOQ,X 

, c o 

• • 

Opcode 

2A 
26 
36 
2' 
3 ' 

v 

~mber of 
Bytes 

2 
2 
3 
3 

Operation: Rotate Accumul a tor Or Memory One bit Right 

Addret.slng Mode 

Accumula t or 
Zero Pagl! 
Zero Page,X 
Ab 50lute 
Ab s olute ,X 

N 

• 

Assembly Language 
Form 

ROR A 
ROR 000 
ROR SOQ,X 
ROR SOOOIl 
ROR saooo,x 

, c o 

• • 

Opcode 

6A 
66 
76 
6' 
7' 

v 

f'«Jmber of 
Bytes 

2 
2 
3 
3 
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~me l RTf 

Operation' Return From Interrupt 

I"IddrI! !U Ing Mode 

1II"f>IIed 

N.anw ' RTS 

As se mbl y Language 
Form 

on 

N ! Z ! C I ! 0 ! V 

---- FROM STACK ----

Operation' Return Fr om Subroutine 

N 

Name' sec 

A,sembly Lan,ua,e 
Form 

OTS 

l e o v 

Optod. 

'0 

.0 

~mbe r of 
8)'t •• 

Qp'!! .... t 10" , Su!)tr&c t Mf,mGry From Accumul a t or With Bo,..ro .. 

---_. 
, /Oddr-ellfnll Mo'. A.sembl y L.nllu.~" Opo:o d. r~."nb . r " For m Byte. 
------

I_dlate sec •• OQ E. , 
Ze"e> P il5Ie sse s •• EO , 
Zero Pelle , X sse $OO,X FO , 
Ab s o lu te sse $GQDQ EO 3 
Absolute,X sse SOQQQ,X FO 3 
Ab so l ute,Y sse saCOO,Y F' 3 
( f n d I rtc:t ,XI sec <.Gll- X) EO , 
(I"<l I .. ,,ct ),Y sse ($OQ),Y " 

, 
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Flag s a.f f ected : N , C o 

• • • 

NJme' SEC 
Ope r . tI Ofl : Set Cf.rr y Fl f. g 

Fl f.gs a ffected: N 

Name' SEO 

AS5e mbl ~ Langu a ge 
Form 

SEC 

, C o 

• 

Oper a ti o n: S e t Oeclmf,l Flag 

N 

N&me' SEI 

Assembly Laflguage 
Form 

SEO 

, C o 

• 

Oper ation' S.t Intarrupt Olsab l e Flag 

Addresslflg Mode 

1~lled 

Assembl y Laflguage 
Form 

SEI 

v 

• 

Opcode 

3. 

v 

F. 

v 

Opcode 

,. 
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F lags affected' N , c o 

• 

Name' STA 
Operation' 5to,... Accumulator' In Memory 

fIIIssambly Languag. 
Form 

Zaro Page STA ... 
Zaro Page ,K STA 1100,)( 
Absolute STA IfQCJQO 

f'lb so I uta ,x STA IfQQQQ ,x 
Absolute,Y STA SQQO!),Y 
(Indlr.,ct,X) STA (.nO,X) 
(Indlrllc1;),Y STA (1100),'( 

Flag, • .,fac t ., dl N , c o 

NarM I STX 

Oper&t lon ' Store X Inda :.c In Memor y 

Addressing Mode 

Zaro Palla 
Zero Pag.,Y 
Ab so lute 

N 

Asse mbl,. La nguage 
Form 

STX IJQQ 

STX !fOO, Y 

STX *OQCJQ 

, c o 

v 

v 

v 

Opcod. 

85 ., 
e. 
.0 
SO e, .. 

e • 
•• eE 

2 

• 
3 
3 
3 
2 

• 

• 
2 
3 
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"'-1M I STY 
Op.rat Ion I Sto ,.. Y Ind.x In ""mo,.y 

Add,. ••• ing Mod. 

Z.ro Pag. 
Z.ro Pag. ,)( 
Ab.olut. 

t-4mt I TA~ 

N 

A ••• mbly Lan.ua., 
Fo,.m 

STY SOG! 
STY SQQ,)( 

STY SQQQQ 

, e o v 

Opcod. 

" s. 
ae 

OP.,."tlonl T,. . n . fe " Accurr...l.tO,. to )( Ind. x 

Impl I,d 

Flag s .ff.o:t.dl 

N ...... ' TAY 

N 

A •• ,mbly Language 
Fo,.m 

, e o 

• • 

Opcod. 

v 

Op,,..tlon ' T"~n.f.,. Accurr...lato,. to Y Indtx 

FI.gs .ff.ct.d: N 

A •• tmbly Langu.gt 
Fo,.m 

TAY 

, e o 

• • 

Opcod. 

AB 

v 

• • 
3 



COMPLETE 6510 ASSEMBLY LANGUAGE INSTRUcrlON SET 

Name' TSX 
Op ..... tlonl T .. .. nsfe r S t acK Pointer To X In de x 

Add ... " lflll Mod e 

I mp l ted 

N 

Na_ t TXA 

A"amb l y LanllUage 
For m 

TSX 

, c o 

Ope ode 

SA 

v 

Op ..... tlo" 1 T .. .. nsfe .. X Inde x To Ac c umu l a tor 

Add ... ",i"1I Mode 

F l a g s . f fec t e dl 

Naifi'll TXS 

N 

"'"e mbl y Langu&1I1t 
Fo ..... 

TXA 

, c o 

• • 

Opcode 

8A 

v 

Op . .. . t l on' T,. ansfe r )( ' nde x To StacK Po int ... 

Ad dre,s lnll Mod. 

Implied 

N 

A"emb l y Langu&1I1t 
Form 

TXS 

, c o 

Ope ode 

SA 

v 

~~rrob ... of 
Byt. , 
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~I'M' TVA 
OP ...... t 10 ... , T .... n~f.r Y In dex To A(.("' ...... I.tol"' 

A~~embl y Language 
Form 

Opc ode 

- -------------------------------
TYA .s 

N , c o v 

• • 
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ASCII codes 

• 33 A ., ., 
34 • •• • •• 

• • ,. C .7 
, ., 

3 • 3. D •• • •• 
• X 37 E •• • ,. , • 3. F 7. •• 
• 3. • 7' 0 . 7 
7 •• H 7. 

, •• 
• .. , 73 •• 
• • .. J 7< 

, .. ,. • .. • 70 
,., 

II .. " 7. , .. ,. .. M 77 I '.3 
13 •• N 7. I , .. 
" / <7 D 7. , ,., 
'" • •• p e. , , .. ,. , •• • " '.7 ., 
'7 • ,. R ., L , .. ,. 3 51 • .3 

, , .. 
IS • 52 T •• / II. 

•• , 53 U ., r "' 21 • ,. V 8. 
, II. 

22 7 55 W .7 0 '13 
23 • ,. x •• ,1< .. • " y •• • II' 
25 ,. Z •• I II. ,. , ,. 117 

27 < •• X II. ,. ., 0 II. ,. , ., 0 ... 
3' ? ., '21 

31 • 8. • '22 
32 + .. 3 

I ,2< , '25 

• ... , 127 

'29 , .. 
13. 

13' 
13. 
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13' m 0 ... 
." • .,. • ... 
13. " m • "7 
13. T 07B • ... 
037 < ". + ... 
13. I ••• I • •• 
039 ••• I .eo ... • •• , • •• ... .., , ... ... • •• ... . " ••• I ... ... J • •• - 22 • ... 0 •• 7 "7 .. S 0 • e. ... 
0<7 " ••• ••• ... 0 ••• • .. . ... ~ ••• ." ... ••• - .. . ... • .. , ~ ." ••• I ••• ." .. , ••• 0 ... ... ••• 0 .. . ... ,.7 • .'7 ... ••• , .. . 
." ••• ... ... ••• • • •• ... , • •• " ... 
••• < ••• T .<2 

• ••• " .., < ." - .s. L ••• . .. .. , "' ••• I ... 
••• / ••• • •• 

• ••• r ,.7 ." • ••• , ... • •• 
I .S7 • ••• ••• - 'S. ••• J • •• 
~ 'S. • ... 0 . .. 

". I ... 0 ... , ." • .. , • ... 
0 .,. X ... ... 
• 073 , ... 
, ". 



Index 

Page numbers in bold refer to main entries. 

Accumulator 24 Bitsand bytes 11, 18, 55 
Absoluteaddressmg 43 Bil mampulatlOn 55, 61 
Address 7 BIT 65 

start 28 BNE 37,38 
AddressmQ Branchmg 

memory 21 conditional 37 
modes 43 labels for 32 

Addressing modes 
absolute 45 CHRGET 80 
absolute, X 46 eMP 37, 38 
absolute, Y 46 Constants 32 
accumulator 49 CPU 12 
Lm1I'l9dlllte 44 CPX 37 
unpiled 46 CPY 37 
UJdltect 53 

"''''''"' 21 mchrect, X 52 
mcbrect, Y 51 "'''"-'<I'' relative 45 DEC 35 
zero-peoe 43, 44 Decun.J 15 
zero-page. X 49 -to-binary convefSlOn 18 

Alwayssave 90urceaxle! 27 -to-hexoonverlllOn 20 
AND 58, 59 DEX 35 
ASL 61. 63 DEY 35 
Assembler 3. 11. 12,86 DIsassembler 85 
Assembly DiVlSlOn 12 

of prOQTams 33 
JanQUage 11 Eight-bit addnion 68 

subtraction 69 
Basel 15 EOR 58,59 
Base 10 IS Enors, oul-of-range 41 
Base 16 IS 
BASIC 6 Flags 31. 39, 56 

addulq commands to 80 F'\ow char! 83 
loader 11 
ormacluneoode? 83 _I' 

sec 40 HexadecunaJ 19, 20 
BCS 40 
SEQ 31, 38 INC 34 
Bmary 15. 17 Incbces 24 



"'----, 
138 

"'------' 
Interrupts 78, 84 
INX 34 
INY 34 

JMP 42 

Kernal 21 
Kernaljwnptable 75 

Labels 31. 33 
LOA 24 
LOX 25 
LOY 25 
Logic tables 56 
Lo-Hl SO 
Loops 34. 35 
LSR 61. 62 

Machine code 9 
area reserved for 26 
orBASIC? 83 
our first program 25 
program crashes 27 
runmng a p rOQTall1 21 

Manipulators 23 
Mathematics 67 
Memory,addressing 21 
Mnemomcs 12 
Monitors 85 
Multiplication 11 

0<57 
ORA 57 
Operating-system 21 

Page 21 
PEEK 8 
POKE 8 
Processor 12 
Program design 82 

RAM screen 26 

INDEX 

ROM 
Registers 55 

process 39 
status 39 

Reiocalable code 46 
Remarks 28 
ROL 65 
Roll-over 34 

-under 35 
ROR 64 
Rotationcommands 64 
R1'5 26 
Runmngamachmecodeprogram 27 

Savesourcecode! 21 
Screen RAM 26 
Shift commands 61 
Simple assembler 86 
Sixleen-bitaddil!on 70 

subtraction 71 
Source code saving 2:l 
STA 2S 
Stack 79 
Start address 28 
SubrouliOes 73 
SYS 21 

TAX 36 
TAY 36 
Top-down programming 83 
Truth tables see Logic tables 
TXA 36 
TYA36 

USR 76 

Variables 7,23 
Variable look-Up table 7 
Variable storage area 1 

X index 23 

Yindex 23 



Here, at last, is a really easy-to-follow introduction 
to machine code programming on the 
Commodore 64 and 128 computers. 

Written with the absolute beginner in mind, the 
course starts with the question 'What is machine 
code?', explains the background concepts 
necessary for a complete understanding of the 
subject, then guides the reader gently through first 
the simple and later more complex programming 
steps. 

The aim of the book is clear: to turn the reader 
into a competent machine code programmer as 
quickly and painlessly as possible. Every new 
command or concept is illustrated with a fully­
annotated sample program and a thorough 
explanation. 

Best of all, the course includes a free machine 
code assembler. Not only does this save you 
money, but you are guaranteed 100% compatibility 
between what you read in the book and what 
happens when you use the assembler. 

By the end of the course, you will be able to 
write programs that not only contain features 
impossible to write in BASIC, but which run 
hundreds of times faster than a BASIC program! 

A Chapman and Hall! 
Methuen Paperback 
COMPUTING 

11 New Fetter Lane 
London EC4P 4EE 
29 West 35th Street 
New York NY 10001 

ISBN 0-412-27250-4 
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