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Preface

The user of an Amstrad CPC464 who has written and used BASIC
programs is often reluctant to take the next obvious step, which is to learn
and master the language that is used by the Z80 microprocessor at the heart
of the CPC464 machine. This reluctance is understandable. Many books
which deal with Z80 language seem to assume that the reader already knows
all the terms that are used, and a lot about the way the microprocessor chip
itself works. Other books seem, to the beginner, to be written in a foreign
language, with no subtitles. Others make a promising start then lose the
inexpert reader by a sudden jump to much more difficult subjects, or to
material like arithmetic routines which is of little use to most readers. Just to
make things worse, the CPC464 is not such a simple design of computer as
the machines of the past which used the Z80 microprocessor. This means
that books which were written with other machines in mind are ofvery little
use to the CPC464 owner.

This book is intended for the real novice to machine code - the owner who
uses his or her Amstrad CPC464 for BASIC, can program in BASIC, but
has absolutely no idea of what goes on inside the box. This book is not
intended to make you, the reader, into an expert in programming the Z80,
because only a lot of experience, a lot of reading, and a keen desire to solve
problems can do that. It does not even set out to introduce you to everything
that the Z80 can do. What | hope it will do is to introduce you to the start ofa
big topic, and put you in a position to understand some of the why and how
of Z80 programming on the CPC464. You’'ll find a huge new world of
computing opening up before your eyes, you'll have a much better
understanding of how your computer works, and you’ll be able to
understand and enjoy more advanced books on machine language
programming, such as these mentioned at the end of Chapter 9.

Let me make one point clear, though. This type of programming is never
easy. It may become familiar, it may even become routine, but easy - not
really. Learning it is also a task which requires some work, a lot of effort to
understand what is going on, and a little time spent in trying things out on
your computer. To help you. I've enlisted a very useful program, the HiSoft



viii Preface

DEVPAC, but the main effort, | repeat, must come from you, the reader.
It's an effort which you will find well worth making.

As always, a book like this is the result of the efforts of a large number of
people. | particularly want to thank Amsoft Ltd., who have published
details of the firmware of the CPC464 so as to make life considerably easier
for machine code programmers. The HiSoft DEVPAC, which is also sold
by Amsoft, is a major contribution to machine code programming of this
machine. At Collins Professional and Technical Books, | am most grateful
to Richard Miles, Janet Murphy and Sue Moore for turning my manuscript
into a real book. This is a miracle that they perform time and time again, but
which never ceases to amaze me. | am also most grateful to the fastest
typesetters in the business, and to the printers, for the appearance of this
book in such a short time after the sheets emerged from the typewriter.

lan Sinclair



Chapter One
ROM, RAM, Bytes and Bits

When you plug a TV receiver into a wall socket and switch it on, you’re using
electricity and receiving a TV signal. You don’t see the machinery that
generates the electricity, you don’t see the TV camera that generates the TV
signal, and you don’t see the transmitter that sends the signal out. You can
spend your life enjoying TV without ever having to worry about how the
electricity and the TV signal got there, or what happens inside the TV
receiver. You can also enjoy using your CPC464 computer for BASIC
programming, or for running other people’s programs without ever
worrying about how these instructions are carried out. There is a difference,
though. You can use your CPC464 computer more effectively, write
programs that run faster, or which carry out operations that can’t be done
with BASIC if you have some understanding of what goes on inside. The
most important part of that understanding is the language in which the
computer is programmed when you buy it - called machine code.

One of the things that discourages computer users from attempts to go
beyond BASIC is the number of new words that spring up. You can’t do
without these new words, because they are needed to describe things that are
new to you. The writers of many books on computing, especially on
machine code computing, seem to assume that the reader has an electronics
background and will already know all of the terms. | shall assume that you
have no such background. All that | shall assume is that you possess a
CPC464 computer, and that you have some experience of programming
your CPC464 computer in BASIC. Some experience of programming in
BASIC is essential, because if you lack that, then you will have a much
harder task understanding machine code. This means that we start at the
beginning. ! don’t want in this book to have to interrupt important
explanations with technical or mathematical details, and these will be found
in the Appendices. This way, you can read the full explanation of some
points if you feel inclined, or skip them if you are not.

To start with, we have to think about memory. A unit of memory for a
computer is, as far as we are concerned, just an electrical circuit that acts like
a switch. You walk into a room, switch a light on, and you never think it’s
remarkable in any way that the light stays on until you switch it off. You
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don’t go around telling your friends that the light circuit contains a memory
- and yet each memory unit of a computer is just a kind of miniature switch
that can be turned on or off. What makes it a memory is that it will stay the
way it has been turned, on or off, until it is changed. One unit of computer
memory like this is called a hit the name is short for binary digit meaning a
unit that can be switched one of two possible ways. The memory of a
computer consists of a very large number of incredibly small switches, each
of which can be either on or off. There’s no other possibility, no halfway
position.

We'll stick with the idea of a switch, because it’s very useful for explaining
how we use memory. Suppose that we wanted to signal with electrical
circuits and switches. We could use a circuit like the one in Figure 1.1. When
the switch is on, the light is on, and we might take this as meaning YES.
When the switch is turned off, the light goes out, and we might take this as
meaning NO. You could attach any two meanings that you liked to these
two conditions (called ’states’) of the light, so long as there arc only two.
Things improve if you can use two switches and two lights, as in Figure 1.2.

current
switch light return
(transmitter) (receiver) (earth)

Figure 1.7. A single-line switch and bulb signalling system.

A B
off off
off on
on off
on on

Figure 1.2. Two-line signalling - four possible signals can be sent.
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Now four different combinations are possible: (a) both off, (b) A off, B on,
(c) A on, B off, (d) both on. This set of four possibilities means that we could
signal four different meanings. Using one line allows two possible codes;
using two lines allows four codes. If you feel inclined to work them all out,
you'll find that using three lines will allow eight different codes. A moment’s
thought suggests that since 4 is 2X2, and eight is 2X2X2 , then four lines
might allow 2 X 2X2X2, which is 16, codes. It's true, and since we usually
write 2X2X2X2as 24 (two to the power 4), we can find out how many codes
could be transmitted by any number of lines. We would expect eight lines,
for example, to be able to carry 2* codes, which is 256. A set of eight
switches, then, could be arranged so as to convey 256 different meanings. It’s
up to us to decide how we might want to use these signals. The set of eight is a
particularly important one, because the memory of your CPC464 computer
is arranged in groups of eight bits.

One particularly useful way of using these on/off signals is called binary
code. Binary code is a way of writing numbers using only two digits, 0 and 1.
We can think of 0 as meaning ‘switch off and | as meaning ‘switch on’, so
that 256 different numbers could be signalled by using eight switches by
thinking of 0 as meaning off and | as meaning on. This group of eight is
called a 6r/e, and it's the quantity that we use to specify the memory size of
our computers. This is why the numbers 8 and 256 occur so much in machine
code computing.

The way that the individual bits in a byte are arranged so as to indicate a
number follows the same way as we use to indicate a number normally.
When you write a number such as 256, the 6 means six units, the 5 is written
to the immediate left of the 6 and means five tens, and the 2 is written one
more place to the left and means two hundreds. These positions indicate the
importance or significance of a digit, as Figure 1.3 shows. The 6 in 253 is

2 5 3 a denary (decimal) number
-
most significant least significant
digit digit
\
| O | a binary number

Figure 1.3. The significance of digits. Our numbering system uses the position
of a digit in a number to indicate its significance or importance.

called the ‘least significant digit’, and the 2 is the ‘most significant digit’.
Change the 3 to 4 or 2. and the change isjust one part in 253. Change the 2 to
| or 3 and the change is one hundred parts in 253 which is much more

important.
Having looked at bits and bytes, it’s time to go back to the idea of memory
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as a set of switches. As it happens, we need two types of memory in a
computer. One type must be permanent, like mechanical switches or fixed
connections, because it has to be used for retaining the number-coded
instructions that operate the computer. This is the type of memory that is
called ROM, meaning read-only memory. This implies that you can find out
and copy what is in the memory, but you cannot delete it or change it. The
ROM is the most important part of your computer, because it contains all
the instructions that make the computer carry out the actions of BASIC.
These instructions are referred to as the ‘firmware’ of the computer. When
you write a program in BASIC for yourself, the computer stores it in the
form of another set of number-coded instructions in a part of memory that
can be used over and over again. This is a different type of memory that can
be ‘written’ as well as ‘read’, and if we were logical about it we would refer to
it as RWM, meaning read-write memory. Unfortunately, we’re not very
logical, and we call it RAM (meaning random-access memory). This was a
name that was used in the very early days of computing to distinguish this
type of memory from one which operated in a different way. We’re stuck
with the name of RAM now and probably forever! The big difference
between RAM and ROM is that each bit of RAM behaves like a switch only
while there is an electrical supply to it. When you switch off the supply, the
switch action stops. If you turn on the supply again, the switch action ofthe
RAM will start again - but not the way it was before. Each bit of RAM may
be ‘on’ or ‘off when power is restored, but this happens at random. When
you switch off your computer, then, you lose everything that was stored in
the RAM, and when you switch on again all you get is a set of random
signals. It’s like throwing a jigsaw puzzle into the air - you can’t really expect
it to land still assembled.

The number-code caper

Now we can get back to the bytes. We saw earlier that a byte is a group of
eight bits which can be arranged in any of 256 different ways, depending on
which bits are I's and which are 0’s. The most useful way of arranging bits,
however, is one that we call binary code.

Binary code uses the position of a digit to indicate its value. The right-
hand digit can be 0 or 1, and it means just these numbers. The next digit to
the left, however, can also be | or 0. The 0 means 0, but a ! in this position
means 2. In the next place to the left, a | means 4, and so on. The whole
system is illustrated in Figure 1.4.

Each different arrangement of bits is used to represent a number which we
would write in ordinary form as 0 to 255 (not 1 to 256, because we need a
code for zero). Each byte of the 65536 bytes of RAM in the CPC464
computer can store a number which is in this range of 0 to 255.

Numbers by themselves are not of much use, and we wouldn’t find a
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. o this position is
this position for units
is for 4s

this position
is for 2s

The number 101 is 4+1 = 5 in denary

The position values are:
[128]|64|32| 16|8]4|2| 1|

- in a byte
Example:
01001101

means 64 + 8 + 4 + | — 77

Figure 1.4. How digit positions are used in binary numbers.

computer particularly useful ifit could deal only with numbers beween 0 and
255, so we make use of these numbers as codes. Each number code can, in
fact, be used to mean several different things. If you have worked with
ASCII codes in BASIC, you will know that each letter of the alphabet and
each of the digits 0 to 9, and each punctuation mark, is coded in ASCII as a
number between 32 (the space) and 127 (the left-arrow). That selection
leaves you with a large number of ASCII code numbers which can be used
for other purposes such as graphics characters. The ASCII code is not the
only one, however. CPC464 computers use their own coded meanings for
other numbers in this range of 0 to 255. For example, when you type the
word PRINT in a program line, what is placed in the memory of the
CPC464 computer (when you press ENTER) is not the sequence of ASCII
codes for PRINT. This would be 80,82,73,78,84 , one byte for each letter.
What is put into memory, in fact, is one byte only, the binary form of the
number 191. Memory is a precious commodity in small computers, and
using a single byte in this way is an obvious saving of memory. This single
byte is called a ‘token’ and it can be used by the computer in two ways. One
way is to locate the ASCII codes for the characters that make up the word
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