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CHAPTER 1

The Beginning

This book is designed as in introduction to machine and
assembly language programming on the 6809 chip and
specifically on your DRAGON.

Obviously you must have some idea of what machine language is
or you wouldn't have this book. It would be fair to assume,
however, that your knowledge of machine code extends no
further than knowing that it is a computer language, that it
is a list of strange numbers and letters and that it is
supposed to be far superior to BASIC. Perhaps you aren't even
aware of this or aware that there is a difference between
assembly and machine language, nor indeed how they differ
from BASIC.

What ever you do or don't know about machine language, don't
worry, and don't be frightened by the jargon. We have made no
assumptions about your familiarity with machine language
programming and we will explain all the jargon as well.

This book is intended to be used by the absolute beginner and
was written specifically for the absolute beginner.

To start we are going to explain exactly what a
micro-computer is and how it works. Of course this is only
going to be brief, as to understand everything would take
years of study and a small library of books.

Part of the mystique of computers is the funny numbers that
they use. These will be revealed, they are really not that



hard to learn, just that computer people like to keep the
public at large '"in the dark" (it makes them feel more
important).

After learning what a computer is and how it does things you
are ready for the wonderful world of 'machine language'.

Again not as hard as computer people would have you belive.

Finally a few sample programs to give you the idea of how it
is done and the rest is up to you.

Happy programming!



CHAPTER2

Whatis a
micro-computer?

In the next few sections we will describe in general terms
what a micro (computer) is and later on the DRAGON in

particular.

A micro is a very simple machine. Functionally it has Just
three sections, the CPU (Central Processor Unit), it's memory
and 1/0 (Input/Output) as shown in diagram 1.

ROM RAM 1/0 DEVICES

CPU

Diag. 1



The CPU.

The CPU is the heart of any computer (in a micro it is a
single chip) although without both of the other two sections
it is useless. Think of your brain as if it was completely cut
off from all your senses (sight, hearing, etc..), it still

has memory but what can it do? And without memory it would be
just as bad. It would be able to see, hear, etc. but it
wouldn't know what it was seeing or hearing.

The CPU can do only simple things, i.e. it can add and
subtract, compare numbers, tell the memory what to remember
and retrieve numbers when they are needed.

The Memory.

Inside a micro there are two types of memory (excluding
outside memory i.e. tapes, disks, etc.) and they are RAM and
ROM which sound impressive but just stand for Random Access
Memory and Read Only Memory.

RAM.

You can read and write to RAM but it forgets things fairly
quickly unless it is continuously reminded (the SAM - a chip
described later — does this). RAM is the memory that is used
for holding onto information that changes, variables etc, as
well as your programs.

ROM

On the other hand ROM cannot be changed and it never forgets
anything even when the power is off (unless it blows up).
This is where the "Operating System'" is stored. The 0S is in
reality a huge machine language program that makes the
computer easier for you to use. In the popular home type
computer it contains a BASIC interpreter which simply takes
the BASIC commands that you type in and converts them to
machine language which can then be executed by the CPU.

Input/Output.

As was mentioned before, without 1/0 a computer is useless.
1/0 allows the computer to communicate with the outside
world. The I/0 section in a computer will typically contain
chips that can display information on a screen, programs that
scan the keyboard for information typed and other programs to
store and retrieve information on tapes and disks.

All these sections will be described in more detail when we
get to look at the DRAGON.



CHAPTER 3

Computers and
Numbers

Binary
Now that we have described what a computer is (you probably

knew all that anyway), it is time to get into some '"heavy
stuff".

Everyone knows that computers can do arithmetic, but few
realize how. Those humans who can still manage arithmetic, do
it in decimal. This means we count the numbers in powers of
12, i.e. units, tens, hundreds, thousands, etc.. Computers on
the other hand work in powers of two, or base two, or binmary.

If you haven't caught on as to why computers use binary, hold
on.

Think of a simple electric circuit consisting of a switch,
battery, and light bulb as in diagram 2.

BATTERY
i
LIGHT
SWITCH @
Diag. 2



When the switch is open, the light bulb will be off. But if
we close the switch, the light will shine. So we have two
states for the bulb, ON or OFF. Or, if you want to put it in
numbers, we have a 0 for off, and a 1 for on. Getting the
idea? Two states? Binary? That off or on can be termed a BIT
or Binary digIT of either O or 1 respectively. The reason I
am using the switch and light bulb for an analogy should be
getting clearer now. Yes, that's right, just about any
computer can be thought of as a glorified collection of
switches (light bulbs are optional).

To understand how binary works, it's a good idea to recap our
decimal first. Say we have on our hands the decimal number
2,153. Let's have a look at just what the number means:

T H i u
2 1 5 3

Basically, it means 2 Thousands, 1 Hundred, 5 Tens and 3
Units. Or if we express it in powers of 10:

2 1 5 3

3 2 1 0
10 10 10 10

3 2 1 0
It would be: 2*10 , 1*10 , 5%10 , and 3*10 . If Base 10 works
this way then we would expect numbers represented in Base 2
to be grouped in lots of the following:

7 6 5 4 3 2 1 0
2 2 2 2 2 2 2 2
or
128 64 32 16 8 4 2 1

To give an example, let's look at the decimal number 137:

137 = (1%128)+(0%64)+(0%32)+(0%16)+(1%8)+(0%4)+(0%2)+(1*1)
or, in binary
= 10001001

Note that the only digits used are O's and 1's. This is
because there are no other digits in binary. In decimal, base
10, there are the digits 0-9, after 9 comes 10 i.e. we put a
1 in the ten's column and a O in the units column and
similarly for 99/100, 999/1000 etc. In binary, base 2, we
have the digits O and 1 and after 1 comes two but two is
really a 1 in the 2's column and a O in the units column. As
an example here are the decimal numbers O - 8 and their
binary equivalent



0

i

10
1
100
101
110
11
1000

o~NOL P W= O

Most of the micro's around these days are 8-bit, which means
that the numbers they work with are 8-bits long, or to give
it another name one byte long. If you are fast you have
already worked out that the largest decimal number that can
be represented by one byte is 255. For the slower of you it
is calculated as follows; to get the largest number, all the
digits would have to be the largest they can be (1's). This
gives us 1111 1111 and when that is converted (128 + 64 + 32
+ 16 + 8 + 4 + 2 + 1) gives us 255.

To make conversion easier and allow you to play around with
different numbers and see how they look there is a program at
the end of the chapter which converts either decimal, binary
or hexadecimal numbers into the other two and displays all
three (don't panic about hexadecimal numbers we will be
covering them soon).

So far binary looks reasonable for positive whole numbers up
to decimal 255 but what about numbers bigger than 255 or
negative numbers or fractions?

Negative Numbers

Pretend that we want to see how the computer would store the
number -73. First we have to work out what 73 is in binary:

73 = 01001001 (using the method above)

Now we ''complement' the binary form of 73. This is just a
matter of looking at each bit in the number, and where we see
a 0 we put a 1, or vice versa. Therefore we should have:

10110110

And now for the finishing touch, which is just to add 1 to
the result to give:

10110111

So the method involved in negating a number is simple,
complement the number, then add 1 to it. However, by doing
this we produce some limitations on the size of a positive or
negative number. This comes about because of the MSB (Most
Significant Bit, or the left-hand most bit which, in fact,
has the highest value). When we are using signed nubers, we
can tell if a number is negative or positive because, if it



is negative, the MSB will be set. Positive numbers have a MSB
clear or 0. From this we can see that the largest positive
number we can have using eight bits and 2's complement is:

OFIXT1ET = X227

and when we add 1 to this the most negative number we can
have is:

10000000 = -128
The reason 2's complement was chosen to represent negative
numbers is that it allows us to add positive and negative
numbers together and come out with the right result. For
example, -5 + 3:

5 dec = 0000 0101 bin

-5 dec = 1111 1011 bin
+ 3 dec = 0000 0011 bin

= -2 dec = 1111 1110 bin

To convert a negative 2's complement number to decimal,
simply reverse the procedure that converts negative decimal
to 2's complement. Therefore you would subtract 1 from the
number and complement the binary result (make all 1's, O's
etcs ).

You may be wondering how you would tell the difference
between an unsigned number so large that its MSB is set and a
truly negative number. The answer is, remember what type of
number it's supposed to be. This is not really a disadvantage
since you, as the programmer, should remember whether the
number is supposed to be signed, i.e. -128 to +127, or
unsigned, i.e. 0 to 255.

So much for negative numbers, now for the hard stuff - large
numbers and fractions.

The CPU in the DRAGON (6809) can also handle numbers two
bytes long without much trouble. This allows numbers up to
65,535. If you don't know where this came from, try adding up
this:

15 14 13 i 0
2 + 2 + 2 * e om el 2 = 65,535 or
+322767/-32768 when using 2's complement for signed numbers.

But what about fractions and numbers even bigger than 65,5357

Exponential Numbers

There is another way to represent numbers in binary and that
is exponentially. This is somtimes known as scientific
notation when used with decimal numbers. Basically there are



two parts to a number; the exponent and the mantissa. lhe
mantissa is a number (usually &4 bytes long), which when
multiplied by, 2 raised to the power contained in the
exponent (usually 1 byte), gives the decimal number being
stored.

To convert a decimal number, X, to this type of
representation follow the procedure given bellow.

i) If X = O then all the bits in both the exponent and the
mantissa are Os

ii) Convert decimal to binary — leave the decimal point in
it's place, this now becomes the binary point. To convert the
numbers to the right of the decimal point you use much the
same procedure as when converting whole numbers except that
the columns, instead of representing 1, 2, 4, 8, 16, etc.,
represent 1/2, 1/4, 1/8, 1/16, etc. (from the binary point
going right). The table below gives the first 8 fractions and
their decimal equivalent:

1/2 015

1/4 0.25

1/8 0.125

1/16 0.0625
1:/:32 0.03125
1/64 0.015625
1/128 0.0078125
1/256 0.00390625

From these numbers it is quite simple to convert decimal
fractions to binary fractions as below:

a) If the decimal fraction is larger than or the same as 0.5,
put a 1 in the 1/2 column and subtract 0.5 from the original
decimal fraction, otherwise put a O in the 1/2 column.

b) Repeat a) using 0.125 and the 1/4 column then 0.0625 and
the 1/8 column etc.

c) Keep doing b) until you have enough significant digits or
the original decimal fraction becomes zero.

iii) Exponent:

— if there are any digits to the left of the binary
point (the old decimal point) then the exponent equals the
number of digits to the left.

- if the first digit to the right of the binary point is
a 1 then the exponent is zero.

- otherwise the exponent equals the complement of the
number of Os, going left to right from the binary point, up
to the first 1.

iv) Mantissa:

- remove the binary point and all leading Os and add Os
until you have the correct number of digits to fill the
available bytes (usually 32).

— if the original number was positive, change the first
1 to a 0.

v) Make into groups of eight and convert to hex.

For a step by step example we will convert decimal 12.375 and
0.15625 to exponential format.



X = 12.375
i) X is not O then do nothing.
ii) convert to binary. 12.375 - 1010.011
iii) Exponent:
— the number of digits to the left of the binary point

is 4 therefore the exponent is $04
iv) Mantissa:

- 10100110 00000000 00000000 00000000

- 00100110 00000000 00000000 00000000
v) $26 $00 $00 $00 $04

Don't panic about the "$" sign in front of the numbers, It
simply denotes the number as being hexadecimal (explained in
the next section).

X=0.15625

i) X is not O then do nothing.

ii) convert to binary. 0.15625 — 0.00101

iii) Exponent:

— the number of digits to the right of the binary point,
up to the first 1, is 2 therefore the exponent is the
complement of 2 = $FE
iv) Mantissa:

— 10100000 00000000 00000000 000000000
— 00100000 00000000 00000000 000000000
v) $20 $00 $00 $00 $FE

To convert from this representation into decimal simply raise
2 to the power contained in the exponent and multiply by the
mantissa.

Using this representation decimal numbers, both positive and
negative, from less than 1 thousandth to over 1,000 million
can be stored with an accuracy of 9 decimal digits.

Hexadecimal Numbers

By now you must be seeing 1's and 0's in your sleep. The fact
is, binary is a real pain to use. Nobody bothers with
representing numbers in binary unless he really has to. But
by the same token, decimal just doesn't seem to EiEin
binary's place. To overcome the difficulty of trying to read
binary whilst still keeping a similar form, computer people
use "hexadecimal'. What is hexadecimal?! Don't panic,
hexadecimal is only a term we use for base 16. Why base 16?
It works like this. Four bits can contain sixteen different
values, 0 — 15. A hexadecimal digit can have sixteen values
too, O — 15. A single hexadecimal digit can be used to stand
for four binary digits:

0 = 0000 8 = 1000
1 = 0001 9 = 1001
2 = 0010 A = 1010
3 = 0011 B = oty
4 = 0100 Cc = 1100
5 = 0101 D = 1101
6 = 0110 E = 1110
7 = 0111 F = 4111

10



What's this A,B,C,D,E and F business! Why not just use 10,
11, 12, 13, 14 and 15? We don't use them because they are
numbers, not digits. What we need are digits that go higher
than 9 and up to 15. When the Arabs invented digits, they
didn't have much foresight and neglected any possibility of
needing such digits, four thousand years later. So, we have
to invent some new ones, hence the A, B, C, D, E and F.

Take the decimal number 2,153 again. In binary it would look
like:

100001101001
Fearsome isn't it! On the other hand, the hexadecimaal
representation is just:

869
Much nicer, but it doesn't look any different from a decimal
number. To stop the confusion between the two we put a dollar
sign "$" in front of any hexadecimal number we use, just to
let us know that it is hexadecimal:

$869

Binary Coded Decimal

Just to make matters more confusing there is one more way to
represent numbers in machine language and that is Binary
Coded Decimal (BCD). This form allows decimal numbers in
binary.

First, you should know what a ''nybble" is. If a bit is one
binary digit and a byte is eight bits, a nybble could be
expected to lie between, and it does. A nybble is four bits
grouped together.

Back to BCD. To encode each of the digits O to 9, only one
nybble is needed and six of the possible codes available in a
nybble are ignored. Since one nybble is needed for each
digit, two digits can be held in the same byte. For example:

0000 0000 is BCD for decimal 00.
1001 0101 is BCD for decimal 95.
1010 1100 is an invalid number in BCD.

Binary nybbles which represent decimal numbers greater than 9
are invalid.

This convention for representing numbers leads to potential
numbers in addition and subtraction. For example:

BCD 08 0000 1000
+ BCD 03 0000 0011
= BCD 11 0000 1011

Notice that the result of this operation is an invalid BCD
number. To compensate for this the result must be adjusted.
The adjustment required is to add 6 to the result if the
result is greater than 9. In the above example:

11



BCD 08 0000 1000

+ BCD 03 0000 0011
0000 1011
result greater than 9? Yes; add 6
+ 0000 0110
= BCD 11 0001 0001

The CPU in the DRAGON (6809) has special instructions for
handling BCD numbers and these will be shown to you later.

You will be unlikely to use BCD in your programming but it is
there and can be used. The only time it is valuable is when
highly accurate, whole number arithmetic is needed as
exponential representation sometimes leads to rounding
errors.

Decimal-Hexadecimal-Binary-Conversion
Program

This program allows you to enter either a decimal,
hexadecimal or binary number and then displays that
number in the above forms with the decimal both signed
and unsigned.

After keying in the program and saving it, you are ready
to run it. The program prompts you for a number, you
then enter your number as follows; decimal - between
-128 and 255, hexadecimal - between $00 and $FF
remembering to include the $ as the first character, and
binary - up to 8 digits (0 or 1) preeceded by a %.

After the number has been converted and displayed you
are again prompted for a number, you may continue to
enter different numbers as long as you like. When you
wish to stop the program, simply key ENTER directly
after the prompt.

Note that if you want to do two byte conversions between
decimal and hex, for addresses, there are standard BASIC
functions available directly from your Dragons keyboard.
For decimal to hex, use "?HEX$('decimal number')'", and
for hex to decimal use '"?&H'hex number'''.

10 LINE INPUT "ENTER NUMBER : '';A$
20 IF A$=""" THEN END
30 PRINT

40 IF LEFT$(A$,1)="%" THEN 90
50 IF LEFT$(A$,1)="$" THEN 170
60 ' DECIMAL

70 A=VAL(A$)

80 GOTO 200

90 ' BINARY

100 A=0

110 A$=MID$(A$,2)

120 A=2*A

12



130 IF LEFT$(A$,1)="1" THEN A=A+l : GOTO 150
140 IF LEFT$(A$,1)<>"0" THEN 380
150 A$=MID$(A$,2)

160 IF A$="" THEN 200 ELSE 120
170 ' HEXADECIMAL

180 IF LEN(A$)>3 THEN 380

190 A=VAL('&H'+MID$(A$,2))

200 ' A=VALUE

210 IF A<-128 THEN 380

220 IF A<O THEN A=A+256

230 IF A»255 THEN 380

240 B=A

250 A$:llll

260 FOR I=1 TO 8

270 IF B/2-INT(B/2)=0 THEN A$=""0"+A$ ELSE A$=""1"+A$
280 B=INT(B/2)

290 NEXT I

300 PRINT "BINARY :',"%'"+A$

310 PRINT "HEX :'","$'"+HEX$(A)
320 PRINT ''DECIMAL"

330 PRINT ' UNSIGNED :",A

340 IF A>127 THEN A=A-256

350 PRINT ' SIGNED :",A

360 PRINT

370 GOTO 10

380 PRINT'"* INVALID INPUT"

390 PRINT

400 GOTO 10

13



CHAPTER 4

What is
Machine Language?

By now you might have forgotten that this is what we intended
to learn about in the first place so it is a pretty good
thing to define machine language before we go much further.
My dictionary says, '"Machine Language: the coding system
adopted in the design of a computer to represent the
instruction repetoire of the computer'. If that sentence sent
your head spinning, fear not for we had the same problem.

You have already seen how numbers are handled by computers.
And machine language is only a lot of numbers like we
discussed before. The difference is that whereas we were
thinking of these numbers as just numbers, machine language
treats them as more than such. A particular number when used
in machine language, will cause the CPU to perform a
particular activity or instruction.

For example: $8B, decimal 139 or binary 1000 1011 would cause
the CPU to add two numbers together. Quite a long way from
something like

A=A+1
Nonetheless, this is what machine language is all about. The
name says it all! It is language for machines. Each

manufacturer of the different CPUs has designed a different
language for its product.

14



At this stage you may be asking yourself — if this is what
machine language is all about, why bother? Why not accept the
benefits of someone else's work which allows me to program
the computer in a language that I can easily understand, such
as BASIC?

The reason you should bother is because of the benefits of
machine language, these are:

FASTER EXECUTION OF THE PROGRAM
MORE EFFICIENT USE OF MEMORY
SHORTER PROGRAMS (in memory)
FREEDOM FROM THE OPERATING SYSTEM

%

% o

All of the above benefits are a direct result of programming
in a language that the CPU can understand without having to
have it translated first. When you program in BASIC, the
operating system is a machine language program that is being
run by the machine. The program could be described like this:

Next Look at the next instruction
Translate it into a series of
machine language instructions
Perform each instruction
Store the result if required
Goto Next

Programming in BASIC can be up to 60 times slower than a
program written directly in machine language! This is because
translation takes time, and also the resulting machine
language instructions generated are usually less efficient.
Similarly it is usually faster to drive yourself than to take
public transport; you can take shortcuts you know instead of
following the public transport route which needs to cater for
the general public's needs.

However, we would also be among the first to admit that
programming in machine language does have drawbacks.

The main disadvantages of machine language are:

*

PROGRAMS ARE MORE DIFFICULT TO READ AND DEBUG
IMPOSSIBLE TO ADAPT TO OTHER COMPUTERS

LONGER PROGRAMS (in instructions)

ARITHMETIC CALCULATIONS DIFFICULT

* b

*

We do not advocate that you write every program you want in
machine language instead of BASIC. You need to look at the
programming task in question and determine which language is
best suited to development of that program. A program used
for calculating averages is a simple one when written in
BASIC, but a machine language version would take a lot more
effort. On the other hand, you could die of boredom watching
an arcade game written in BASIC creep along. Guidelines for
choosing between the two are:

15































































































































































































































































































































































































































































































































































































































































































































































