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INDUSTRIAL ACTION A short series 
begins on computers in industry 

THE LIGHT FANTASTIC We shed some 
light on optical computer technology 

WHO, WHERE AND HOW Our 
interactive characters are ready to be given 
some meaning in their lives 

RELAX, DO IT Frankie Goes To 
Hollywood comes on disk and cassette 
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Al PRIME EXAMPLE Fortn’s ateaeHEAl 
abilities are highlighted with an ‘Eratosthenes’ 
Sieve’ program 

FROM RING NETWORK TO 
ROUNDOFF ERROR A weekly glossary le 
of computing terms 

GROUP AWARENESS Our Go program 
will now deal with all possible groupings of 
stones 

PICTURE PERFECT Graphics and screen 
handling using the Spectrum’s OS ROM 

METERING REQUIREMENTS We 
continue our look at the 7135 chip 

Our cover shows a close-up ofa fibre optics cable head, magnified approximately 12 times to show the individual fibres. Cables like this one are capable of transmitting data at very high speeds and offer clear advantages over their 
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THE LIGHT 
FANTASTIC 

Developments in the field of optical 
computing point to machines of the future 
using light beams to transmit information a 
thousand times faster than the speed of 
electronic computers. We take a closer look 
at this technology which is likely to leave 
even the fastest of today’s machines standing. 

When thinking about a computer, you almost 
certainly envisage a plug-in device, based on 
electronic binary switches which store and process 
information. You would be wrong, however, to 
conclude that this is the only feasibie type of 
computer. A computer could conceivably be 
based on any method of storing information in 
physical form: electrical charge, teeth and gaps in 
gear wheels, holes in pieces of paper, beads, 
pebbles, seashells or just about any other media. 

The electronic semiconductor is the best type of 
information store so far invented because it 
consumes hardly any power, it is of microscopic 
size and, most important of all, it is fast. The speed 
at which a computer can operate is limited by the 
time required for its binary information stores, or 
‘switches’, to change from one position to another 
and by the speed of transmission of information 
between switches. While computer circuits based 
on streams of electrons are very fast at performing 
these functions, it is theoretically and technically 
possible to build circuits which are faster still, 
based on beams of light. 

Research into optical computing and related 
disciplines, like ‘photonic logic’, is already 
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underway. Many of the parts that would be 
incorporated into an optical computer are 
available and in service. Optical fibres, for 
example, are being used to carry telephone and 
television signals. Optical waveguides, the 
equivalent of the metal conductors on printed 
circuit boards, have been developed. So have 
optical disks. The most crucial component of all, 
the optical analogue of the electronic binary 
switch, is currently on the test bench. 

Designs for an optical binary switch fall into two 
principal types: electro-optical switches and all- 
optical switches. It is worth discussing each of the 
two types, starting with the electro-optical hybrid, 
since optical components will probably be used 
first in conjunction with electronic components 
rather than in competition with them. Both types 
of switches exploit the phenomenon of light 
interference caused by controlled changes in the 
refractive index of a non-linear optical material, 
usually a compound of gallium or lithium. The 
refractive index of a material expresses the ratio of 
the speed of light in a vacuum to its speed in the 
material. For example, if the refractive index of a 
particular type of glass is 1.5, then, whereas light 
travels at about 300,000 kilometres per second in 
a vacuum, its speed will be about 200,000 
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The Light Program 

Another important component 
that will be necessary if the 

optical computer is to be 
realised is this Semiconductor 
device, which can be tuned to 
emit a range of pure light 

frequencies. This will be vital for 
communication interference 

purposes where light on a 
standard frequency and 
wavelength is required 
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kilometres per second in the glass. 
The electro-optical hybrid type of binary switch 

is based on an invention called the Mach Zehnder 
interferometer. The principle of this device is very 
simple. An incoming light beam is split into two, 
passed along separate channels of non-linear 
material and then recombined. If no electric 
current is applied across one or another of the 
channels of the interferometer, the separate beams 
arrive at the output in phase and generate a strong 
beam (the ‘on’ state). If the refractive index of one 
channel is altered by an electrical signal, the two 
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beams no longer recombine in phase, as one of the 
two beams will travel faster than the other and the 
result is a much weaker output beam (the ‘off 
state). 

This type of switch could form the basis of a 
simple optical integrated circuit. The circuit would 
be faster than an electronic equivalent because of 
the ability of light to carry information at greater 
speeds than electronic signals (about 10,000 times 
faster in fact, due to the higher frequency of light 
waves). Despite this superior performance, the 
speed of this hybrid circuit is still limited because it 
relies on electrical feedback for switching. By 
using light to operate the switch (using a weak 
beam of light to control a stronger one) still greater 
speeds can be achieved. 

This type of design is, of course, exactly 
analogous to the electronic transistor. A prototype 
version of an all-optical switch, called a 
transphasor, has already been built by a team at 
Heriot Watt University, Edinburgh. The device is 
capable of switching in about a picosecond (a 
thousand billionth of a second). The fastest 
electronic transistor, by comparison, has a 
switching speed of a nanosecond (a billionth of a 
second).This means that an all-optical computer 
could potentially operate at speeds 1,000 times 
greater than an electronic computer. 

The transphasor developed at Heriot Watt is 
based on the design of an interferometer first 
invented by the French physicists Charles Fabry 
and Alfred Perot in 1896. A sliver of non-linear 
material is sandwiched between two reflecting 
surfaces. Light entering through one surface 
bounces back and forth inside the sandwiched 
layer before leaving through the opposite surface. 
The trapped light waves interact in a way that is 
determined by the refractive index of the non- 
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linear material, which can be adjusted using a 
control beam. If the refractive index is such that 
the light waves are in phase and reinforce each 
other, then a strong beam of light is transmitted. If 
the waves are out of phase, only a weak beam of 
light is transmitted. The two alternative 
transmission states correspond to the ‘on’ and ‘off? 
positions. 

THEORETICAL BENEFITS 
The success of the optical computer will ultimately 
be determined by the theoretical and technical 
limits of conventional machines. On paper, optical 
computers are superior to their ° electronic 
counterparts in a number of respects. The first is 
switching speed. For a transistor to act as a switch, 
a current of electrons must cross its base. There are 
limits to the speed at which electrons can move ina 
semiconductor, and limits to how thin a transistor 
base can be made (the thinner the base, of course, 
the shorter the journey for the electrons). An 
optical computer, transmitting at the speed of 
light, is inherently much faster. 

Conventional machines are also restricted by 
something called ‘the von Neumann bottleneck’. 
This is a feature of the basic architecture of nearly 
all computers and concerns the way in which 
information is accessed from the memory a word 
at a time (in ‘serial’ fashion). In an optical 
computer, memory could be accessed in parallel. 
This is because light beams do not need to 
insulated in the same way as electrical signals. 
Separate beams could therefore be channelled 
through the same optical transistor and switched 
simultaneously. 

The third constraint of conventional computer 
design is the limited space available for wiring on a 
flat chip. Currently, the number of connections 
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that can be made to a single chip is severely 
constrained because of the ‘pin fanout’ problem — 
a limit on the number of pins that can be mounted 
on a flat piece of silicon. Using three-dimensional 
(optical) holographic techniques, it would be 
possible in principle to introduce an extra degree 
of freedom for wiring, and to instantly change the 
wiring configuration. 

Finally, there are practical benefits in the 
interconnection of optical computers and 
peripherals. Optical fibre networks are already 
used for linking electronic devices. They are 
extremely rapid and light messages can be 
transmitted on the same optical fibre without 
interference. Optical computers could be linked 
together by these networks without the need for 
slow opto-electrical interfaces. 

Given these advantages, how soon can we 
expect practical and affordable optical computers 
to start appearing? The answer is: not for some 
time. The theoretical benefits of optics as 
compared to electronics are not the same as the 
practicalities. Massive strides in chip 
miniaturisation mean that, in the short term at 
least, optical computers are chasing a constantly 
receding target. The number of transistor devices 
that can be packed on to a chip is still doubling 
every eighteen months. Chips with 10 or 100 
million devices are predicted by the year 2000. 
Large scale integration (LSI) has developed into 
very (and ultra) large scale integration (see page 
194). The ‘parallel processor’ (see parallel 
processing, page 1228) has grown into the 
‘massively parallel processor’. 

The latest high-speed electronic technology 
is continuing to develop and improve, and with 
this sort of competition, the affordable optical 
computer may still be light years away. 

i 
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EXAMPLE 
See Ree ee ee 

Fortu deals with numbers using fixed point, 
and integer arithmetic. We illustrate this 
approach with a listing of the FORTH version 
of Eratosthenes’ Sieve, which can be 
compared to the PASCAL version we looked at 
on page 1148. By so doing, you can better 
understand FORTH’s arithmetical syntax. 

One of the features of ForTH that can be puzzling 
at first is its restriction to integer arithmetic. This is 
something that is not suggested by interactiveness 
and extendability but by efficiency: integer 
arithmetic is much faster than floating point. 

The usual way of handling fractions in FORTH is 
with fixed point arithmetic, in which you use 
numbers that are multiplied or divided by some 
constant, usually a power of ten. This is like using 
millimetres when metres aren’t accurate enough. 
A number on the Fortu stack has 16 bits, and so 

can be considered as either a signed integer (the 
sign being indicated by the most significant bit) 
between -32768 and +32767 or an unsigned integer 
between 0 and 65535. The quickest way to see this 
ambiguity is by typing: 

65535 . 

This displays the answer —1, because . treats the top 
of the stack as a signed number, and the unsigned 
number 65535 and the signed number -1 are 
represented by the same stack entry. 

The FORTH word U. is just like . except that it 
treats the top of the stack as unsigned. Thus: 

65535 U. 

displays 65535. 
There are some other words where there are 

different versions, depending on whether they 
expect the stack numbers to be signed or unsigned. 
The choice becomes important if there is ever the 
possibility of getting numbers between 32768 and 
65535. You have to decide to use the words either 
for signed numbers, in which case these large 
numbers count as overflow, or for unsigned 
numbers, in which case negative numbers are not 
allowed. A good example is when you use 
numbers as memory addresses (which is how @ 
and ! work). These are unsigned, so you may have 
to use unsigned words, like U< instead of <. You 
can also use stack numbers as patterns of 16 bits 
and do the usual bitwise Boolean combinations. 

The main example shows a program that uses 
the Sieve of Eratosthenes to display all primes up 
to 65536. As is common with FORTH programs, 
you ll find it easier to read it backwards: start at the 
main word, PRIMES, and look back to find the 
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definitions of the words that it uses. PRIMES is the 
word to write first, but you have to type it in last, 
after its subwords. 

For the Eratosthenes’ Sieve program, you write 
down all the numbers up to a specified limit. When 
you find a prime, you cross out all its multiples, 
which obviously can’t themselves be prime, and 
the next prime is the next number that hasn’t been 
crossed out. Ignoring 1 (which, for various 
reasons, isn’t considered a proper prime) you find 
the first prime, 2, and cross out all its multiples. The 
next number that hasn’t been crossed out, 3, is the 
next prime, so you cross out all its multiples and so 
on. You can easily do this with pencil and paper to 
find all primes up to 20. : 

The FORTH program listed here stores eight 
Kbytes or 65,536 bits—one for each number up to 
65536. They all start off at 0, but when a number is 
crossed out, its bit is changed to 1. The memory 
space for these bytes is set up by: | 

CREATE BITS 8192 ALLOT 

(We have actually replaced 8192 by a constant, 
BYTES.) We shall see later more precisely how this 
works, but for now its effect is to allocate a block of 
8,192 bytes somewhere in memory and create a 
new word, BITS, whose action is to stack the 
address of the first of these bytes. It can thus be 
used to contain an array of bytes. 

To refer to one of the bits, you need two 
numbers—one shows which byte contains the bit 
(so for this number you can use the memory 
address of the byte), and the other shows which bit 
it is within that byte, so itis between 0 and 7. It’s not 
too hard to translate between this pair of numbers 
and the number (between 1 and 65536) that the bit 
is for. 

Remember that CURBYTES is a variable; its 
value, CURBYTES @, is an address of a byte in the 
BITS array, and CURBYTES @ C@ is the value of the 
byte. If youre used to the c language, this idea will 
be quite familiar. Because the prime and the 
addresses are unsigned and possibly quite big, we 
occasionally need unsigned words like U. and U<. 

Notice the useful word: 3 

+! (n, address — ) 

It replaces the number at the given address by the 
same number with n added on, so it is typically 
used for increasing the value of a variable by a 
given amount. 
A final point about arithmetic is that some 

words are for double lengtharithmetic. This means 
that two two-byte numbers on the stack are used 
together to make a single four-byte nuntber. ‘The 
more significant half is nearer the top of the stack, 

aaa aa a a a aa aa Eee TE C—COSC~*~*—~—~<“‘i‘“‘i;~*~*s*‘“‘“‘“‘“‘isésSs*s*”SSSC! 
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FIGURES BY DAVID HIGHAM 

Toby Belcher _ Rupert Beer 

Opening Time 
Our diagram shows the initial 
positions of the different 
characters as set by the default 
vaues in lines 6030 and 6040. 
Objects, whose data is held in 
lines 6140 and 6150, are also 
shown. The player starts the 

game in the lounge 

HO, WHERE 
AND HOW 
Having secheced i major concents 
behind designing an effective adventure 
game, we can now begin programming our 
own. In this instalment, we focus on 
initialismg the screen and _ providing 
attributes for the v various characters. 

The flat aeduled in our r program commences 5 at 
line 10, initialising the screen and DIMensioning the 
arrays discussed in the last instalment. It then 
reads the necessary data in from the relevant DATA 
statements, all of which are stored in the DATA 
module, starting at line 6000. 

Both these modules will, of course, have further 
lines added to them in the course of the series as we 
add other routines and implement the character- 
handler itself. One benefit of adopting this 
modular approach is that we'll be able to RUN and 
test this section of the program as soon as we have 
typed it in, and then test each successive routine 
individually as we enter them later. 

Note the ‘Default values’ prompt in line 70. This 
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will enable us, when RUNning the program, to 
enter our own values for the different character 
attributes instead of the default values entered in 
the DATA statements. This ‘customisation’ facility is 
very important when designing interactive 
characters with more than two or three attributes, 
since it enables you to ‘fine-tune’ the characters 
during play. For example, you may find that Sally 
Short is too moody, or perhaps she moves too 
quickly from one location to another. 

Line 530 is simply a test loop, which will, in 
turn, call each of the main routines entered so far. 
We shall be altering this line in future instalments 
as we add other routines. 

The input routine at line 2030 waits for you to 
press a key. Any key, other than 0, 1, 2, or 3 
(ASCII values 48 to 51), is ignored and control 
returned to the program loop in line 530. Pressing 
1, 2, or 3 enters the player into the specified 
location, where you will be able to see what’s going 
on. You could, of course, devise an input routine 
that would enable you to address the characters 
directly, but in our example program all character/ 
player interaction will be carried out by the 
character-handler, by virtue of our having 
included the player as an extra character (see page 
1492). 
ear you decide to adapt the methods we are 

discussing here for inclusion in one of your own 
adventure programs, remember that the 
character-handler can exist independently of the 

ee 
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input routine, as we'll see later when we examine 
how one might add a simple handler routine to our 
Haunted Forest program, begun on page 766. 

Pressing the 0 key at any time enters the ‘Default 
values’ routine at line 2300 and enables you to edit 
the character attributes as already mentioned and 
described below. 

Lines 2070-2390 provide the three essential 
display sub-routines. The first, at line 2100, simply 
prints the description of the current location. 
When you first run the game, this will be the 
description of the lounge, location number 1, as 
set by line 60 in the initialisation module. 

The ‘Print visible objects’ routine at line 2150 
loops through the object array bS and checks each 
location entry to see if it corresponds to the 
player’s current location (r). Appropriate object 
descriptions are then printed to the screen; 
otherwise, the player is told ‘You can see: nothing’. 
The ‘Print visible characters’ routine operates in a 
similar fashion, checking the relevant element of 
the array cS and printing a character name if the 
person in question is present. 

The ‘Initialise characters subroutine is called 
whenever you press 0 during run-time, or if 

Defective Detective 
Melbourne House's Sherlock is 
a good example of a program 
that provides advanced 
interactive features wholly in 
RAM, without loading in 
additional data from disk or 
cassette. The player can 
converse with characters using 
‘Say to...’ and ‘Tell me 
about...’, and must solve a 
number of crimes. 

Early versions of the 
program included some 
amusing bugs in the character 
handling, including one that 
often resulted in Doctor Watson 
sitting in the same chair at the 
same time as Holmes 

‘You are at Jones 
Front Gate. To the 
S0uUth there is a 
Local police man. 
WisSible exits are 
west. YOU can see 
a Local police 
man . 
Llatson enters. 
A Local police man 
Says to you " 
sorry Sir but 
have my orders, na 
one if to get by. 

" Lacal Police man 
ek 16:57am shal gle i lel ot la ie le 

anything other then y or Y is entered in response to 
the ‘Default values’ prompt during the initialisation 
sequence. This routine uses the array d$(11) and 
the name of each character to print a prompt and 
asks whether you want to set the values of the 
character in question. If you answer in the 
affirmative, the different attributes, whose titles 
are stored in array dS, are displayed and a value 
entered for each. Entering a null string for an 
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attribute (just pressing Enter) will skip on to the 
next one, leaving the original value unchanged. 
Note, however, that if this routine is called during 
initialisation, a value must be entered for each 
attribute and every character must be initialised, 
otherwise the character-handler will not be able to 
function correctly. 

The ‘low-level = subroutines’ module 
commencing at line 4000 is used primarily to 
enable easier conversion for different machines. 

Data is stored last of all. Naturally, we shall be 
adding considerably to this module as we program 
other routines. In particular, we shall need to store 
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the different messages for the characters. 
Once youve entered the listing, RUN it and 

experiment by moving from location to location 
pressing the 1, 2, and 3 keys. You can also check 
the operation of the character editor by pressing 0 - 
and changing the entries for the character 
locations, moving them from room to room and 
checking that their new positions are displayed 
correctly. 
We now have an environmental ‘shell’ into 

which we can fit our characters and within which 
we can see them at work. In the next instalment, 
we shall see how they are to be brought to life. 



RING NETWORK 
A ring network is a type of network configuration 
in which all the computers within the system are 
connected together to form a circle. It is perhaps 
the simplest form of network in use since it 
requires no master control node or mechanism to 
select the direction of the message, as all messages 
are sent in the same direction. However, for 
heavily-used ring networks, a clock may be 
necessary to synchronise input and output 
messages. 

As each message passes through a computer in 
a ring network, the machine checks to see whether 
the message is intended for it by examining the 
destination address. If the message is destined for 
that computer, it is then transferred to the CPU. 
However, when the message is not intended for 
that machine or is intended for other computers as 
well, a copy of the message is made on the output 
lines and sent on. 

ROBOTICS 
This is an area of research and development which 
utilises the programs and _ microelectronic 
techniques of both artificial intelligence and 
engineering technology to produce machines that 
perform work in the real world and yet are able to 
follow a pre-programmed sequence of actions or 
make decisions, based on information received 
from input devices. 

Thus a true robotic device will have sense 
mechanisms attached to receive information, a 
processing system to analyse the data and output 
mechanisms to manipulate objects. Each of these 
three areas is currently the subject of intensive 
research throughout the world. However, while 
the application of the software is properly the field 
of artificial intelligence, it is the hardware 
implementation and feedback control which is 
considered applicable to the field of robotics. 

Derived from the Czech word for worker (from 
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Slave To Work 
Robotics is beginning to fulfil its 
promise of making a huge 
impact on society. Although the 
‘robot-slave’ of science fiction, 
like Robby from the film 
Forbidden Planet, is not yet with 
us, we are now accustomed to 
the fact that robots work on 
automated production lines, 
performing repetitive or 
dangerous tasks 

a play by Karel Capek—Rossum’s Universal 
Robots) in the 1920s, robots have been favourite 
subjects for science fiction writers ever since. 
However, like many similar topics, the truth is 
perhaps somewhat more prosaic. Robots will have 
a part in the future but the man/machines 
visualised by science fiction are still a long way off. 
(For more information on robotics, see our series 
on the subject beginning on page 601.) 

ROM 
This is an acronym for read only memory. ROM 
chips are random access semiconductor devices 
which store programs and other data permanently 
— even when the power is switched off. They are 
therefore used to contain a computer’s operating 
system, BASIC interpreter and other programs 
which will always be required by the computer. 

The most common type of ROM — and the 
most convenient for mass production — is ‘mask’ 
ROM. Here, the ROM 1s constructed rather like a 
printed circuit board. An outline of the circuit to 
be placed on the ROM is etched onto the chip and 
the program is constructed that way. The 
programs and other data held within a ROM are 
known as ‘firmware’. 

The other basic type of ROM is programmable 
ROM (PROM, see page 1365); with this, 
programs and other data can be written to the 
ROM for permanent storage. There are, however, 
several different types of PROM. Among the most 
common are the EPROM (erasable by shining 
ultraviolet light on it), and the EEPROM 
(electrically erasable PROM). 

ROUNDOFF ERROR 
When large numbers are being calculated you will 
often find that the least significant digit has been 
left off the end of the result. This is because, 
following a binary calculation, the byte that has 
been assigned for the answer is not large enough to 
contain the whole result. This will then be shown 
when the binary calculation is converted into 
decimal. Although for most applications the last 
few binary digits do not matter, occasionally this 
omission can be significant. For example, when 
one is performing large quantities of number 
crunching, statistical analysis — where constant 
calculation will compound the effect of removing 
the last few digits — or decision-making that relies 
on high precision, errors will begin to appear. 
These are known as roundoff errors. 

Obviously, some of these errors can easily be 
avoided. For example, avoiding branch decisions 
which depend on a variable being precise to more 
than a certain number of digits. However, 
roundoff errors caused by performing a series of - 
calculations on numbers which have a large 
number of significant digits, where errors can 
accumulate, are less easy to avoid. Unless your 
micro is capable of storing these large numbers, 
you will have to face the fact that it is just not 
capable of performing these tasks using BASIC 
arithmetic routines. 
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INDUSTRIAL ACTION 
SS See ee ey 

Coaeniea now cen a vital role in the 
manufacture of many products, from their 
conception and design through to their 
delivery to the consumer. We begin here a 
short series in which we will outline the 
important part played by computers in 
industry today. 
Sod 

To be effective, the manufacturing process—from 
product design to distribution of the finished 
goods—requires juggling numerous different 
factors; time against people, machines against 
material, design against delivery and a dozen other 
considerations. In the early 1980s, only the largest 
£100,000 computers were powerful enough to be 
of much use to the manufacturing industries. 
Gradually this has changed, not only because 
small computers have become more powerful, but 
also because companies have begun to gain a 
greater awareness of the contributions computers 
can make. 

It is possible, though in very few instances, to 
see a product that has been built with the use of 
computers in every stage of manufacture — from 
the design stage, right through to the robot 
assembly. Most of these advanced plants, 
reasonably enough, can be found in the computer 
industry itself. The microelectronics companies 
and personal computer manufacturers are among 
those at the forefront of this technology. 

Using computers in every stage of the 
manufacturing process is known as computer 
integrated manufacturing (CIM), but names in 
this application area can be very confusing, as can 
be seen in our Industrial Jargon box. 

Manufacturers work on a co-operative basis, 
- with each department responsible for a separate 
part of the process. The design and drafting 
department develops an idea and draws up the 

technical specifications that will be used as the 
basis for the entire process. The tools to shape the 
product will have to be ordered (and possibly 
made) and the machines will need to be 
programmed to produce it. The warehouse 
ensures that stocks of necessary materials are 
constantly available. 

Then there is the financial side of the operation. | 
_ Before ordering a product, customers want to 

_ know what the price will be and the manufacturer 
has to supply a precise quote. If it is too high, the 
customer will look elsewhere and if it is too low, 
the company will lose money. The order must be 
taken, a delivery date specified and the product 
must be delivered punctually and paid for at the 
end of the process. The foreman of the plant has to 
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concern himself with deployment of staff — how 
many are needed, what skills they possess and 
when they will be required — as well as ensure that 
all the orders that have been taken will be 
delivered at the specified times. 

DATA SHARING 
However different these tasks may appear, they 
are all based around what is essentially the same 
data. This is the key to the CIM approach, in which 
the computer holds the database that provides the 
core of information, and the different departments 
use it as they see fit. The warehouse can look at the 
description of the product and see what it is made 
of, the foreman can see what machines are 

component parts from 
~ gub- contractors are 

“DATA FO R 
CHIN 

| selects th es patprae: 
man and machine for 
the job. CNC machines 
may be controlled by 
direct input from the 
central computer 

System 

Aids To industry 
Computers can bring a degree of 
integration to the manufacturing 
process previously unattainable. 
The CAD concept is central to 
the organisation of the 
computer-oriented factory, from 
the design stage through 
prototyping to final manufacture 
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required to build it and the financial departments 
can see what it costs to produce — all information 
is included in the database. 

Let’s now take a look at the data involved and 
the different steps involved in processing it. ‘The 
crucial data is, of course, the description of the 
product, which is produced by the design 
department. Computer aided design (CAD; see 
page 235) systems have helped in this process for 
many years now. Few products are comprised of 
just a single element but, rather, are made up of 
parts within parts. If we look at a car, for example, 
we can clearly see that there is an overall design, 
but it is made up of thousands of different 
components — from the wiring in the rear lights to 
the timing belt in the engine. 

The best CAD systems can build up an image of 
the product part by part, placing them layer upon 
layer until the entire image is complete, in a three- 
dimensional representation. From this image, the 
central core of information, simulation and 
analysis programs can check not only the design, 
but how well the product will work in practice. 

The bill of materials (BOM) is central to the 
successful operation of the warehouse, providing a 
complete list of all the parts in the product, which 
can be broken down to a list of the raw materials 
that are needed. The warehouse’s interest is in 
matching the list of components against what is 
actually in stock. The department will want to 
know if all the parts are there and if re-ordering 
will be necessary after production begins. If so, 
they will have to inform the purchasing 
department of both the relevant supplies needed 
and from whom they usually receive their goods. 

The designs of the product mform the 
production engineers, who are responsible for the 
manufacture itself, what demands will be made on 
the machines and the staff. From this point, it is a 
small step to measuring the requirements against 
the equipment and staff available and drawing up 
a schedule of work. 

THE CIM DATABASE 
The CIM is used to plan not only the manufacture 
of the single product, but the scheduling of several 
different products all going through various stages 
of development on the same factory floor. ‘The 
successful system will avoid situations in which, 
for example, bolts have been made but are useless 
because none of the nuts are ready. 

In other words, then, the database concerning a 
product, which was compiled at the time of 
drawing, can detail all the processes that go into 
making it. Matching this information against an 
existing schedule of work produces a timetable, 
and the same database will tell the accounts office 
about the production costs. It will measure the 
quantities of materials to be used and by 
scheduling machine time and staff skills, will give 
the information needed to provide the customer 
with a realistic quote. 

The data of the precise picture held in the 
drawing, which was produced by the design 

department, can then be passed straight to the 
computer-controlled machines that will perform 
the operation. There is now a web of information 
based on the design office’s original ideas. The 
warehouse manager, tool department, sales office, 
accounts clerks, foremen and even the despatch 
office can all take advantage of the same pool of 
information about the product. 

In some of the newer industries computers 
have become so much a part of the manufacturing 
process that they couldn’t reasonably continue 
without them. The design, for instance, of today’s 
microprocessors is now too complicated to be 
carried out without computers. The process would 
take too long if done by hand and designs drawn 
up by draughtsmen would be impossible to test 
without actually building the chip. That in itself 
would be too expensive to be feasible. | 

CIM is the central management of information 
about manufacturing processes, and to be 
effective it needs to be fed with reliable 
information. Various computing techniques have 
been developed to this end and the following 
instalments will look at some of these and the 
variety of ways in which they help the 
manufacturing industry. | 
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GROUP 

As our Go programming project draws to a 
conclusion, we look at perhaps the most 
important consideration when playing the 
game—connecting groups of stones. By 
incorporating the various connection 
operations and pattern-matching routines, 
we can ensure that the program will deal 
with all eventualities. 

At the end of the game, territory is only officially 
surrounded if it is enclosed by a continuous line of 
stones. This will consist of unbroken links, as in 
figure 1, or by diagonal links (figure 2), where, if 
White plays in ‘a’, Black can form two unbroken 
links by playing ‘b’, and vice versa. However, it is 
usually only towards the end of the game that these 
solid links are formed. 

1 

For most of the game, stones will be separated by 
one or more spaces, forming imaginary links, 
either with other stones, or with the edge of the 
board (figure 3). In these cases, solid links will only 
be formed when there is a possibility of these 
‘connections’ being breached by the opponent. It 
is not absolutely guaranteed that these stones will 
eventually be connected, but it is quite likely. 

Obviously, if we want our Go program to play a 
reasonable game, we must tell it something about 
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these vague connections. If we only teach the 
program that solid connections of adjacent stones 
can be used to surround territory, the program is 
going to be in trouble. For example, in figure 4, 
while our program (Black) is surrounding four 
points of territory, the opponent has used the same 
number of stones to surround a likely territory of 
37 points! 

4 

# = Surrounded 

Territory 

Having decided that we want the computer to 
understand connections, we have to decide how to 
program it. There are four major connection 
operations that we want the computer to handle. 
These are: 

@ Defending a connection between two stone 
groups when the opponent moves into a possible 
attacking position. 
@ Attacking an opponent’s connection by placing 
a stone between the two tenuously connected 
stones. 
@ Playing a start_attack stone. This will either be 
preliminary to attacking by placing a central stone, 
or will provide a back-up for a centrally placed 
stone. 

@® Starting a connection by placing a stone at a 
distance from a previously placed stone. By using 
the weighting system—developed in the last 
instalment (see page 1495)—when scoring this 
stone, a reasonably good position will 
automatically be found, hopefully surrounding 
territory. 

5) 

These operations have been programmed using 
simple pattern-matching techniques. Look at a 
typical situation as shown in figure 5. White ideally 
wants to break the connection between the two 
black stones by playing in position ‘2’, and Black 
wants to defend by playing in the same position. 
Simultaneously, Black wants to break the white 
stone connection at either ‘1’ or ‘2’, while White 
wants to defend by playing on these points. In this 
particular case, White has the advantage, having 
the more closely connected stones. 

It’s possible to implement all four connection 
operation types using a single set of patterns. 



These patterns are set up by the routine beginning 
at line 790, which defines the patterns shown in 
figures 6, 7, 8 and 9. In all cases, the crossed stone 
is Our current stone (point zero). The DATA 
statements then give offsets from this point on the 
board% board map. So, +16, —16, +1 and -1 
correspond to north, south, east and west, 
respectively. 

Since every stone will eventually be considered as 
the current stone, it isn’t necessary to implement 
all orientations of each pattern. For example, in 
figure 9 we don’t have a pattern with the current 
stone at the bottom (0), the first stone at the top 
(+64), and stone 2 to the left of stone 3 (+31 and 
+32). However, later in the board search, the stone 
at present marked 1 will be checked as the current 
stone. The pattern shown at the top right of figure 
9 will then handle the pattern orientation just 
described. Thus symmetrical patterns only require 
four orientations in memory, and _ non- 
symmetrical patterns require eight. 

Youll notice that every other DATA statement is 
just the negation of the previous line, so we can 
reduce the number of patterns still further, if we 
were short of memory space, by specifically trying 
the negation of all the held patterns. 

The pattern-matching routines work by 
calculating the board positions of these offsets, 
and thus finding the colour of the stones, if any, in 
the relative positions. A set of rules is then applied 
to decide whether or not to play a stone. If a stone 
is to be played, then the position is assigned a score 
based on our board-weightings; at the end of the 
routine, the stone with the highest score is used. 

The routines are checked in order, so if a move is 
found by, say, the attack_connection routine, then 
the start_attack and start_connection routines will 
not be checked. 

Assuming Black is to play, the rules used to 
decide whether or not to play a stone are: 

| 

8 defend_connection: 
IF crossed stone =BLACK 
AND — stoneone = BLACK 

5 AND _ stone two = WHITE 
| THEN _ try move at stone three. 

| attack_connection: 
+ IF crossed stone =WHITE 

| AND ~ stoneone = WHITE 
AND — stonetwo = BLACK 

THEN — try move at stone three. 

start_attack: 

| IF crossed stone =WHITE 
| AND ~ stoneone = WHITE | 

| AND _ stone three = EMPTY 
| THEN _ try move at stone two. 

| start_connection: 
| IF crossedstone =BLACK 

AND ~ stone three = EMPTY 
THEN _ try move at stone one. 
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The four connection routines shown here are 

called from lines 2580 to 2610 of the black_move 

routine. 
This will now handle connections between 

stones on the board. However, if you look back to 
figures 3 and 4, you'll see that we also have 
connections between stones and the edge of the 
board, which are just as important. The 
PROCboundary routine is designed to deal with this. 
You may remember that our board is actually 
defined DIM board% 256 for a 15-by-15 board. This 
gives us Our wrap-around over 256 bytes, and also 
leaves us with a single-stone border surrounding 
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the board. PROCboundary fills this border with the 
value passed as a parameter to V%. By ensuring 
that the pattern-matching routines search the 
whole board, including the border (from 1 to 255), 
connections with the edge of the board will also be 
checked. Always remember to reset the border to 
zero when exiting the routine by calling 
PROCboundary with a value of zero. 

Due to the speed of the program the number of 
patterns has been kept to a minimum. However, 
feel free to add or change the data starting at line 
860. If you do, don’t forget to change the loop 
parameters in lines 2940, 3110, 3260 and 3410. 



Designs, is based neither on the band’s 
music nor on the members themselves. It is, 
however, a cleverly constructed program 
that incorporates the band’s philosophy of 
escaping from ‘Mundanesville’ to the 
‘Pleasure Dome’. 

rankie Goes To Hollywood is based not so much 
on the group’s music, but rather on their 
philosophy of escaping from the everyday world 
— ‘Mundanesville’ — to the ‘Pleasure Dome’, and 
becoming a 100% ‘real person’ on the way. 

The game is a product of Denton Designs, a 
programming team from Liverpool — where the 
band also come from. Originally employed by 
Imagine, which went into liquidation in 1984, the 
team now work on a freelance basis for a number 
of software companies, producing, among other 
things, the highly rated Shadowfire (see page 
1321). 
set a number of similarities to its 

predecessor, Frankie is an adventure game with a 
number of places to explore (in this case a row of 
terraced houses). While moving around the 
houses, it is possible to search the furniture for 
objects that may be useful to you. These objects 
are hidden in drawers and unlikely places like 
washing-machines. 

Most adventures require that you type in 
commands, however Denton Designs have 
adopted the method of exploring objects that was 
first used on Shadowfire. Once you have found an ~ 
object, it can be picked up and dropped by placing 
the cursor over it and pressing the fire button. 
Among the most common objects you will 
discover are four small icons that correspond to 
the four components of your personality. These 
components are shown on the right-hand side of 
the screen and increase as you progress towards 
becoming a ‘real person. The icons that 
correspond to these components are ‘pleasure 
pills’, and taking them increases your rating in that 
area of you personality. 

You may only carry eight objects at any one 
time and as your inventory of objects increases, the 
temptation is to take the pleasure pills as soon as 
you find them. However, they are more useful at a 
later stage of the game and so it is worthwhile 
holding on to them for a while. 

Another set of objects that continually appear 
are videos that allow you to enter a completely 
different facet of the game. Many of the houses 
have television sets and it is possible to insert the 
video cassettes into them. Apart from gaining a 

Frankie Goes Searching 
The object of Frankie Goes To Hollywood is to search 
a number of rooms for objects. When a drawer is 
opened, the contents will be displayed in a window 
on the screen. It is also possible to ‘enter’ certain 
pictures and play an arcade-style game 

LIZ HEANEY 

number of points towards the score, the video will 
appear in a window on the screen. By moving your 
‘person’ into the video screen, the program 
changes into one of a number of arcade-style 
games. It is during these games that eating the 
pleasure pills will boost your score to its maximum. 
In some of the houses, you will find pictures hung 
on the wall and it is also possible to enter these and 
play an additional arcade game. | 

There are also several floppy disks to be found 
in the houses. At first, there seems no use for them 
as there appears to be no computer in which to 
place them. However, hidden somewhere in the 
game is a computer room and it is up to you to find 
it. Naturally, when you finally get to this room, the 
information on the disk will assist you in your 
quest to becoming a real person. 

In the course of your travels you will discover 
that a murder has been committed and it is one of 
your tasks to identify the murderer. Clues to the 
murder are flashed up on the screen at intervals. 
For example, one clue might be The Killer is a 
socialist, whereas another could be Miss Mundane 
always votes Tory, thus eliminating Miss Mundane 
from the list of suspects. 

Although many of the features of Frankie Goes 
To Hollywood have been borrowed from other 
games, it is definitely good enough to stand in its 
own right. The addition of so many facets in a 
single game is certainly unusual and should 
entertain games players for a considerable time to 
come. 
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be kept strictly separated. What is required is a 
wiring scheme that minimises the possiblity of 
digital signals getting into the analogue section 
and vice versa, though the latter instance is not so 
important. 

Circuit designers would tell you that you should 
adopt good layout principles, but this is not very 
helpful if you don’t know what good layout 
principles are. We won't go into the reasons behind 
the layout requirements too deeply, and will 
confine ourselves to simply telling you what you 
should and should not do. 

All the analogue ground points (the junction of 
the reference diode and the bottom end of the 
trim-pot connected to pin 3) and the earth end of 
the resistor connected to the diode (which is 
connected to the integrating and auto-zero 
capacitors on pins 4 and 5) should be soldered to a 
single point. Solder the anode of the reference 
diode and the 100K-ohm resistor (connected to 
Int. Out. via a diode) to a single point. 

PRECAUTIONARY MEASURES 
It is equally important to connect all the digital 
ground points to a single point. Notice that the 
circuit diagram (see page 1464) uses a different 
symbol for the two types of ground—= for 
analogue grounds and + for digital grounds. 
Having brought all analogue ground connections 
to a single point, and all digital grounds to another, 
separate, single point, the two grounds must be 
tied together. This should be done by using a single 
length of heavy-gauge solid copper wire. 

Failure to observe these precautions will lead to 
a myriad of complications. Readings on the © 
display will be inaccurate, the display may cycle 
through several alternative (wrong) readings, the 
DVM may miss readings, and the whole thing may 
oscillate or seize up. 

The power supply to the clock, the display 
driver and to the display itself should be 
adequately de-coupled using both high-value 
electrolytic capacitors and low-value disc ceramic 
capacitors. Just as importantly, the analogue parts 
of the circuit (such as the reference voltage diode, 
the integrating resistors, capacitors and so on) 
should be on the far side of the circuit board from 
the digital parts of the circuit (such as the CLOCK 
signal, the STROBE and the BUSY lines). 

If this is not done, signals such as BUSY and 
STROBE, that change from one logic level to 
another during the course of a reading, are likely to 
get fed back into the input and cause countless 
errors. The rule is: keep the analogue and digital 
components of the circuit physically separate on 
the board, and pay attention to the layout of the 
ground lines so that ground loops don’t create 
further problems. The Power Principles box 
illustrates the general way in which the power 
supply should be arranged. 

Thirdly, any unused digital signals (such as 
STROBE, UNDER-RANGE, RUN/HOLD 
and so on) should not be left floating; they should 
either be pulled up using 4.7K-ohm resistors or 

pulled down using 440ohm resistors. 

4. Int. Out. (Integrater Output): Integrating-type 
A/D converters such as the 7135 depend on the 
assumption that the change of voltage across the 
integrating capacitor is exactly proportional to the 
current flowing into it. The absolute value of this 
capacitor is not very critical—0.4 or 0.47yF 
(microfarads) is fine—but very low dielectric 
absorption is vital. Polypropylene capacitors are 
best, but polystyrene are almost as good and 
polycarbonate capacitors may also be used. Do 
not use any kind of electrolytic capacitor. 

5. A-Z IN: The capacitor used here can be of any 
quality. The value is not critical, though the bigger 
it is, the better. Use polypropylene, polystyrene or 

Two 1.35v 

polycarbonate capacitors, not electrolytics. 

6. BUF OUT (Buffer Output): This is the point to 
which the integrating resistor is connected. ‘The 
value of the integrating resistor is derived from: 

R =full scale voltage 
20nA 

Any 100K-ohm resistor will do, though a close- 
tolerance (one per cent or better) metal film 
resistor would be better than the sort of low- 
tolerance carbon-composition resistors one tends 
to have lying in the bottom of a scrap box. 

The diode connected to the integrator output 
(pin 4) is to correct a small roll-over error. Any 
low-signal silicon type of the sort that scrap boxes 
are usually full of will do. Although inexperienced 
circuit designers usually like to have a specific type 
recommended, the fact is that almost any diode 
will do, though it should be silicon rather than 
germanium, and signal rather than rectifier. 
Whole bags of such diodes can generally be 
purchased for a pound or less. 
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PICTURE PERFECT 

We conclude our investigation of useful 
aspects of the Spectrum’s operating system 
available to the machine code programmer, 
by examining different methods of 
manipulating the display. The display and 
attributes files are discussed, and utility 
listings provided. ae 

Graphics and screen toudianee on athe Clea are 
not really all that difficult. The method we'll be | 
looking at first is to use the routines in ROM that 
are used by the Spectrum’s OS. 

To address the screen, channel S must first be 
opened by selecting stream 2. For a normal print 
operation the RST#10 routine is by far the easiest 
method. But if we wanted to print a whole string of 
characters, a small routine would have to be 
written to read in each character one at a time, and 
pass each one over to the RST#10 routine until all 
the characters had been printed. 

However, rather than writing your own routine, 
_ there is already one in the ROM which does the job 
for you. To call this routine, simply load DE with 
the address at which the string is stored, load BC 
with the length of the string and call the Print String 
routine at #203C. A demonstration of this can be 
seen in our first listing. 

ORG 468686 
1172EA LD DE,MS6 
3EB2 LD OA,2 jselect stream 2 
COB 114 CALL #1681 ;open channel § 
1172EA LD DE, MS6 ;point DE to string 
812688 LD BC,38 ;load BC with string len 
CD3C28 CALL #263C ;call PRINT-STRING 
C9 RET 
168AG6 MSG: DEFB 22,18,6 jcodes for AT 16,5 
94484528 DEFM "THE HOME COMPUTER" 
166087 DEFB 22,12,7 
41445641 DEFM "ADVANCED COURSE" 

There is another useful ROM routine — the 
Print a Floating Point Number routine (PRINT-FF for 
Short) at #2DE3. We have already shown you how 
to evaluate a numeric expression and place it on 
the calculator stack using the routine at #1C82 (see 
page 1498). The PRINT-FP routine can make life a 
lot easier, since printing anumber in machine code 
is quite a difficult task. To print a number, first 
place it on to the calculator stack by loading it into 
either the BC register pair or the A register. The 
STACK-A routine is called at #2D28 and the STACK- 
BC routine at #2D2B.Once on the stack, printing is 
a simple matter of calling the PRINT-FP routine. 

ORG 468868 
813938 LD BC, 12345 ;get number in BC 
CD2B2D CALL #2D2B ;BC onto calc stack 
‘SEB2 LD A,2 
CDB Lid CALL #1681 ;open channel § 
CDE320 CALL #2DE3 iprint no from stack top 
oy RET 
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The real power of the Spectrum’s graphics 
becomes more apparent when we use the high- 
resolution commands PLOT and DRAW. The first of 
these has been dealt with in an earlier part of the 
course (see page 1317). DRAW is just as easy to use 
as PLOT, except that a few more parameters are 
needed. We already know that the command 
attempts to draw the straightest possible line 
between the last point plotted and a point that is 
defined relative to the origin. So, if a line were 
drawn 20 pixels up and 40 pixels to the left, the 
DRAW command would read DRAW -40, 20. 

In order to explain the use of the DRAW 
command in machine code we will use the 
command syntax DRAW x,y. When executing a 
machine code DRAW instruction, the x and y 
parameters must be considered separately. To 
simplify matters we will leave out any curve factors 
for the time being. If a return to BAsIc is to be made 
at some point the value of the alternative H’L’ 
register pair must be preserved, as the DRAW 
routine will corrupt the data contained in it. 

The absolute value of x (ABS x) is passed over in 
the C register, ABS y is passed over in the B register 
and the sign values for y and x are passed to the 
routine in D and E respectively. Values greater 
than -1, 0 and 1 can be used because the routine 
uses these values as the actual increment that is 
added to the last pixel plotted to attain the position 
of the next pixelinthe line. | 

This means that if a sign value of 2 or 3 were 
used, the line would be two or three times longer 
than normal, but would be drawn with a stippled 
effect similar to that available on the QL. Note that 
the sign values used by the routine have to be in 
two’s complement notation. Examples of both 
types of drawing can be seen in the third listing. 

ORG 48608 
Dg EXX 
ES PUSH HL ssave HL? 
Dg EXX 
8698 LD =«B, 88 *Y coordinate 
BE64 LDC, 188 +X coordinate 
CDES22 CALL #22E5 ;PLOT 186,88 
GE28 LD 6C,48 sABS x=48 
0614 LD B,28 sABS y=28 
EFF LD E255 SGN y=-i 
1681 LD OD! ‘SON x=] 
CDBA24 CALL #24BA *DRAM -46 28 
3E58 LD A,88 
32705 LD (23677) ,A iX org=88 
3E32 LD A,38 
327E5C LD (23678) ,A *Y org=o8 
GE28 LD C,48 
6614 LD By 28 
1662 LD D2 ;S6N x=2 - stipple line 
1E62 LD E,2 ;SGN y=2 - stipple line 
CDBA24 CALL 42484 
D9 EXX 
Ei POP HL ‘restore H’L’ 
D9 EXX 
C9 RET 



The information in the two tables we provide, 
encapsulates all we have just discussed in this 
section on graphics and screen handling. The first 
table lists the most useful routines we have used 
and the second contains the handiest system 
variables connected with the routines mentioned 
in the first table. 

THE DISPLAY FILE 
The Spectrum’s screen memory is arranged in 

two parts. The first one is called the display fileand 
is used for holding all the information about the 
actual pixels. The second is the attributes file, 
which stores the colour information for the screen. 
The display file runs from 16384 through to 22527, 
comprising 6144 bytes in all. Now type in this 
program and RUN it: 

10 FOR F=16384 T0 22527 
20 POKEF,255 
30 NEXT F 

When the program runs you will see that the 
screen slowly fills up. Take a closer look and you 
will notice that it seems to fill up in thirds. An even 
closer scrutiny of the screen will allow you to see 
the actual lines of pixels being drawn. However, 
contrary to what you might expect, these lines are 
not drawn consecutively. The first line of pixels 
appears at the very top of the screen, but the next 
line does not appear below the first, but eight lines 
down, the third line sixteen lines down, and so on. 
When the sixty-fourth line is reached, the process 

reverts to the top of the screen and the second line 
is filled in, followed by the ninth. This process 
continues until the top third of the screen has been 
filled. The whole business is then repeated on the 
second part of the screen and, finally, on the last 
third. This process is explained diagramatically in 
the figure. 

To use the display file (also known as the DFile) 
and calculate which addresses apply to which print 
and pixel positions, consider our second diagram. 

High Byte 
Aor ilo eee 

En Sarre Sherer Seed Cd dee erat eee 

arenes 
Mote t eta ate eared 

Address in 
display file 

j 
Line llo 

This shows how the bits are laid out in the DFile 
address, with the pixel number referring to the 
pixel line within each character. So, if we were at 
the top pixel in a character the pixel number would 
be 0. 

This diagram also shows that if we want to move 
down one pixel in a character all we have to do is 
increment the H register INC H. ‘To move one 
character to the right, we use INC HL. ‘To calculate 
the location of a PRINT AT co-ordinate use the 
routine in the fourth listing, which requires the 
column number to be in E and the line number in 
D. Once the routine has been called the address 
will be in HL. 

# : fe oe 
a % oe & ae ty 8 “gy HN 
fae # *y af ees oe as 

yy ‘ 

POLO EEERELE OOS EE 
SEEESESESES SES ES OSOS 

CAROLINE CLAYTON 

Useful Address 
The diagram shows the bit- 
significance of an address 
within the display file. Although 
apparently complex, the 
structure of the display file 
enables rapid manipulation of 
screen data using single register 

instructions, rather than the 
lengthier (and slower) 
Operations using register pairs 

Bead EOD 

CTT 
Solumn No. 

Screen Memory 
Our diagram shows the layout of 
the Spectrum display file. The 
screen is divided into three main 
blocks, each representing 256 
character positions (eight lines 
by 32 characters). Within each 
block the pixel lines are stored in 
the order shown — thus the first 
256-byte block of screen 
memory holds data for the first 
pixel line of the first 256 
characters, the second 256 
bytes holds data for the second 
line, and so on. This can be seen 
from the enlarged diagrams of 
the four characters to the left of 
the screen, in which each 
character has its pixel lines 

~ numbered with (1) the relevant 

address within the display file 
and (2) the order in which the 

pixel lines are filled in when data 
is POKEd consecutively into the 
display file 
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JEAF LD. A,175 
92 SUB D 
a7 LD =(D,A 3D holds 175 - y coord 
A? AND A 
iF RRA 
37 SCF 
IF RRA 
A? AND A 
IF RRA ;shuftle bits along 
AA XOR D 
E6F8 AND 248 
AA XOR D 
67 LD oH,A +H becomes... 
7B LD A,E +64+8% INT(B/64) +B(MOD 8) 
CB87 RLC A 
CB87 RLE A 
CB87 RLC A 
AA XOR D 
CBB7 RLC A 
CB87 RLC A ishuffle bits along 
éF LD sOL,A iL now has 32¥INT(... 
78 LD A,E +2 eB(MOD64) /8) + INT(x/8) 
E687 AND 7? ;lo-byte is x(MOD 8) 
C9 RET 

However, if we want to calculate the pixel address 
we must use the routine in the fifth listing. This is 
similar to the previous listing in that D has to be 
loaded with the y co-ordinate and E with the x co- 
ordinate. When the routine is called, the address 
will be in HL and will hold a value between 0 and 7, 
depending on the bit set for the correct pixel. 

ORG 68806 
7A LD A,D 
E6F8 AND 248 imask off bits 8-2 
CBF? SET 6,A 
67 LD H,A 
7A LD A,D 
E68? AND 7 smash off bits 3-7 
CBOF RRC A 

_ CBOF RRC A 
CB6F RRC A ;move bits up 
§3 ADD A,E sadd on column bits 
6F LD L,A 
C9 RET 

The final point to rensember about the DFile is 
that each byte we POKE refers to eight pixels. These 
pixels are stored in the same way as those stored 
in a byte of user-defined graphics. 

THE ATTRIBUTES FILE 
The second part of the screen memory — the 
attribute file — is more straightforward than the 
display file. The first byte is at 22528, and the file is 
768 bytes long. Type in this program: 

10 FOR F=22528 T0 22528+/67 
20 POKEF,0 
30 NEXT F 

We notice that the screen is filled in the manner we 
would expect — that is, when the first line is 
completed the next byte is at the beginning of the 
second line, and so on, until the screen is full. 

Each byte in the attributes file refers to the INK, 
PAPER, BRIGHT and FLASH values for each character 
square. The first three bits hold the INK colour, 
while bits 3, 4 and 5 hold the PAPER colour. Bit 6 
holds the appropriate value for BRIGHT and bit 7 
the value for FLASH. 

Finally, a brief note about altering the BORDER 
colour. If we want to change the border colour 
from machine code, load A with the colour 
number and call #22 9BH. 
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