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“ontents in detail

'ART 1

"HAPTER |

lectronics of the Digital Kind

“he fundamentals of electronics with special emphasis on digital
echniaues. An introduction to the nature of electrieity, and simple
malogue and dipital circuits

‘HAFTER 2

~umbers and Data

¥hv computers think us humans have got the wrong number ot ingers:
100k at data buses: a binary demonstration program

CHAPTER 3

“he Microprocessor

anexlerior cxamination of the device that runs vour computer — the
“BUCPU: some of the signals that are required to get it going. inciuding
he clock.

"HAPTER 4

nside the Box

4ll the contents of the CPU revealed. plus a step by step account of how
i very siepic program is executed.

HAPTER 5

2AM and ROM

“he tvpes of memory that are available, why they are needed. and a
1ear distinction between the two main tvpes.

TIAPTER 6

.anguage for Machines

“he interpretation of instructions that are typed in as BASIC
-ummanas: 20w the same vrinciples apply to the runnme of a machine
oae program. An introduction to the machine code operations and a
slussary of muemonics; a menitor program and. finally. a challenge to
vTite VOULD OWN Drogram.




ART 2

'HAPTER 7

nrroducing the Spectrum

he development of the Spectrum: a detaded look at the facilities it has
u atfer and the hardware structure with which it achieves them.

"HAPTER §
“he Memorv Map
‘he lavout ol the memory map

‘HAPTER 9

he Keyboard

he way that the kevboard is constructed. scamned and deceded. How
ve can use the kevhoard from machine code: plus a demonstration
srogram that shows a method of scanning the kevboard.

‘HAPTER 10

‘ictures on the Screen

“he nature of television pictures and how they are displayed: the
netnod by which the Spectrum generates the signals, and where it stores
e information: how we can manipulate the screen by using machine
0ae.

"HAPTER 11

“ound

he way the BEEP port makes sounds and how 1o use it: its roie in tape
outines.

"THAPTER 12
vlore Lerters to the [ine
a4 nrogrum wineh allows you to it more characters on to a line.

‘HATPTER 13

_pectrum Speaks
v pragram which elicits words {rom your computer.

reface

although some experfenee of programming the Spectrum in BASIC
wouid be helplul, this book makes no demand on its readers in terms of
revious knowledge of computers or electronics: all that is required is a
desire to learn. More advanced readers may find that the earlier
cnapters are a useful clarification of essenrial background and a
preparation for the mare complex 1ssues dealt with fater on.

The greatest benefit will be felt if you read with your computer close
w hand. so that experimenting is naturaily encouraged. Don't be afraid
0 wander on your own: the best remembered [acts are those discovered
lor vourscli.

Warning: When entening the programs in this book. please be careful.
L he quality of print from computer printers means that some characters
100k vory similar —commas, in particuiar, may look very like full staps.
“lease ensure thut vou key in the correct characters.
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‘irst Principles




"HAPTER 1
“lectronics of the Digital Kind

Vhen vou discover that the apparently inscrutable performance of
nodern computers is uchieved by osing “digital electronics’, do not be
amcked into assuming that this will make (hem any harder to
waerstand than a conventional electronic device such as a radio.
ndeed. if vou have tried to comprehend electronics at sume Ume 1n the
rast ana struggled o understand such thines as sinc waves, modulation.
ind capacitance. then take heart: the theory hehind digital techniques
eauires jess in the way of abstract concepts or knowledge of
nathemarics. It is size (a great deal crammed into a small package) and
peed of operation that make moedern computers o powerful.

0 what is the difference between digital electronics and the more
wonventonal kind? Broadly speaking, s digital circuir is only concerned
vith the presence or absence of electricity; in other words, whether
sares ot dtself are ON or OFF. "The exact amount of electricity present,
sroviding it falls within certain limits. is unimportant,

‘onventional circuits tend W be much more precise. For exampie, in
i ni-fi svstem the quantities of clectricity flowing out to the Joudspeakers
eilect exactlv the changing fevels of sound that the circuit is trying to
miate. In a badly designed system. the levels of electricity may not be
«onwrolled accurately enough. resulting in distortion.

harles Babbage is sometimes known as the father of modern
ompulng decause he designed the first “Analytic Engine’ in the 1830s.
t was indeed an enyine: with plungers, levers and cogs interacting in o
asiple. tanpible way. Comprehending the behaviour of a mechanical
ievice is easv on the bram because there is nothing abstract to
moerstand: pulling this lever operates thal plunger because they are
wwtached to each other by a wire which we can see.

n order to come to tcrms with an electronic device, however, it is
OMMoN 10 envisuge a picture of electricity behaving like water, for
nstance. or even little men rushing aveund. There is pothing to be
snamed of in using these analogies, but they are not accurate enough
-ape with complex models. A circuit consisting of a battery, bulb and
wiichi can be resolved in these terms. but trv to apply your analogy to a
clovision sot and not only will you fail to grasp hew it works. vou may
segin to doubt the bebaviour of water. or even of little men!
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“he nature of electricity

_norder to have a picture of the nature of electrienty, it is first necessary
o appreciate & few simple facts aboul matter. All of these would take
:OME TUNE [0 DIove, and in the final analvsis vou would still be taking my
vore for it, just as I am taking someone gise’s, Let us. therefore, accept
hat matter. whether it is gus, plustic or orange juice. is made up of
xiremely smalt pacticles calied ‘atoms’. a simple definition of which is
“he smallest particle that can exist’. In the past the definition would
iave gone on to say that atoms are indivisible, but we now know that
his is not the case (however. nuclear fission is not the concern of this
wok!. There are well over a hundred types of atoms. and some are
nore common than others.

Jaterials which consist of only one tvpe of atom are called *elements’:
hev include such familiar substances as cathon, iron and oxygen. The
stoms of one element differ from those ot another by their size and
Tructure. varving from the simple hvdrogen atom to heavyweights such
is uramum. Other substances consist of dilfercnt tvoes of atom grouped
ogether, sometimes as o simple mixture of elements, but often as the
eswit of the atoms bonding together and forming what is known as a
nolecule’”. Twao atoms ot hvdrogen, for exampie, locked together with
me atom of oxvgen make up a mofecule of water.

“hroueh a long process of educated puesswork, followed up by
SXDETIMENTs to prove their theories true, scientists have established a
acture of what makes up an atom. [t is in the construction of the
iifferent tvpes of atom that the kev to electricity lies. Each atom
onsists of a nucleus of 2 number of ‘protons’ and ‘neutrens”. which
ne so-called ‘indivisible core’. the prising open of which leads to the
clgnce of particle physics.

wround this core orbit ‘electrons’. Each tvpe of arom has a different
eawrement of these to make it ideally balanced: hydrogen has a
neagre one, wnilst others can have dozens. However. some atoms can
wstamn a small imbalance 1o their comstruction. and either host
wditional clections or relinouish some of their normal yuota, As you
ave probably guessed from their name, it is these electrons that lead w0
ul electrical ohenomena from lishtning to digital warches.

{ we consider the behaviour of electrons in a battery, an environment
¥nich is easy to visuahse, we can begia to understand how electrnicity can
2 made te be usetul. Batteries are constructed in such a way astobe a

ource of electricity. They contain two areas, one with a surplus of

iectrons. the other with a deficiency. Some batteries, such as thosc
ound in cars. can be recharged when the imbalance between the two
ireas nas eaualled out; others, such as torch celis. contain chemicals
voich cannot casily be rejuvenared.

“he two areas are connected to terminals in the outside of the case.

. Chupter | Electronies of the Digiiad Kind

‘I'he terminal which leads to the area containing the surplus of electrons
s called the 'negalive” terminal, and it is marked with a minus sign. At
jirst giance this may seem illogical but, as it is how the early
cxpetimenters fabelled thewr batteries. the wradition is too weil
cstablished to be tampered with now. This negative terminal is the
jumping-off point for the electrons which are eager to get across to the
uther terminal, matked with a plus sign and called “posiuve’.

You arc probably aware that one of the units used in the
meuasurement of electricity is the “volt': this can be thought of as the -
pressure on the electrons to move away from their present,
svercrowded. host atoms to find a more welcoming home. Electrons
and the nucleus of aloms behave in a sitilar way to magnets: the north
poie of 2 magnet is attracted ro the south pole of another magnet, and
vice versa, whilst two north poles have the reverse effect, acrually
cepeiling each other. Electrons don't like other electrons to he present:
i 2n atom i hostng too many electrons they tend to put pressure on
cach other to go away and, il the opporeunity accurs. the surplus rendd o
ieave. Do not think of voltage as the number of sparc clectrons. The
iatter is an indication of the capacity of the battery, ard therefore relates
.o the length of time the battery would keep working. Voitage is the
rorce with which an electron (s trying to escape.

Negative Positive
Terminal Terminal

Tattery

Switch Light Bulb

Figure 1.1
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wpalogue circuits

t is time to look at our first circuit. If vou study Figure 1.1 you should
scogmse some of the components. Figure 1.2 is the same thing drawn
% a arcutl diagram. using symbols which make the drawing casier and
he overall picture simplar to understand, once you <now what the
vmpools are meant te represent.

1S vou can see. e ballery is connected o the other paris of the
arcuit by wire. Electrons cannot normally ravel through air, except
wnen the voltage is very high. as in the case of lightning. Somc materials
10 allow the relatively casy movement of free electrons and are said to
e ‘conductive’: if a substance onlv allows the flow grudgingly, causing
ne electrons to werk hard for their passage. then it is called ‘resistive’.
n fact. all conductors have some resistance, but in the case of the
:onnecuny wire made of metal {(probably copper) the resistance is so
.mail as to be irrelevant.

“he licht buly contains a particular type of wire, known as the
“lament’. which has sufficient resistance to ensure that the electrons,
astiing past the atomsy ot the filament, cause it to heat up until it glows
ma gives off light. Tn order to prevent the wirc hurning up, it is encased
1 a riass bubble which is filled with inert gases so that the filament has
1othing with which w react. 1t is the amount of fow through the bulb
~aich determines how much work is done and therefore how much light
ne filament gives off. This flow is called ‘current’ and we measure it in
mps’.

Q Chupier § Electramics of the Digial King

‘ho final component 1§ the switch, the operation of which
sccurately expressed by its symbol — it provides a mechanical gap in the
conductor which can be made good when the switch s closed. When the
switch is open. the entre voltage differcace of the circuit is present
hetweern its two contacs.

R

\\1’//

) i

L &
i Clow of Electrons
Figure 1.3

tigure 1.3 shows what happens when the switch is closed. The voltage
present causes electrons 1o trave! along the wire, through the now closed
switeh, until they reach the bottleneck caused by the resistive nature of
the bulb’s flament. After passing through the tilament. the electrons are
on ine home straight and finaily they arrive at their goal, the posiive
terminal of the batrery. where they find an atom which is not
avercrowacd around which they can orbit.

By now you should have a picture of how the electric cirevit in a torch
pehaves. Perhaps you may like to compare it with a simple water
anatogy. which at this level of complexity holds true.

I'he negative termina: of the battery can be though of as a tank of
water stored in a left. Voltage relates to the height of the tank and
therefore the pressure that is trying to foree water threugh the pipes.
Ihe amount of water in the tank is the capacity of the battery. If there is
a stopeock it will act like a switch, cutting off the flow. Anv narrow
pieces of pipe would restrict the fow in the same manner as a dulb limits
carrent.

You will be uble to see that the three parameters of our simpie circuit,
voltage, current and resistance, are retated o each other. Connect a
bath with a higher resistance into the circuit, and the flaw of current will
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¢ smaller: use a battery with a higher voltage and more flow will
nsuc.

“heir relationship is fixed in mathematical terms as “Ohm’s law”. This
ates that the current in amps flowing through a circuit is equal to the
'ontage. in volts, divided by the resistance of the circuit. measured in
yhms’. This means that we can calculate any one of these values if we
wnew the other two. Newhere 1n this book will vou be expecled o
gertorm such mathematies, but I trust that when I use the words
routage, current and resistance, 1 can safely visualise comprehending
aces rather than blank stares.

Jigital circuits

Mow we can neatlv side-step much electrical theory and move on to
nore pracucal matters. In glancing through any modern electronics
alalogue. you are likely to And a large section devoted to ‘digiral
nregrated circuits's these po under names such as TTL and CMOS.
vnich do little ta promote understanding. CMOS stands for cam-
snementary metal oxide semiconductor, and this indicates how thev are
nzae rather than what thev do. Transistor transistor logic is a little mere
1elptui in explaining TTL. These components are the building biocks of
ogic circuits: some of them are already prefabricated into fairly
omoiex creuils themselves, Even the largest computer components use
he same building blocks within a single package — there are simply
nore of them.

n order to follow the processes involved in a digital cireuir, it is
1ecessary o know something about ‘semiconductors’. These are
awostances which do not occur in nature. They are manufactured from
sghly-refined materials such as germanium and silicon 10 have
rarucular, very uselul. properties. The simplest device we can build
tom semiconductine materials is a ‘diode’, which has two terminals and
yasses current in only one direction. Even morc useful is the ‘transistor’,
he resistance of which varies when a voltage is applied at a third
ermmal. If we revert to the water analogy. the transistor is like a tap,
na the voltave present at the third terminal can be thought of as a hand
i The tap, contralling the How.

n analogue circuits the precision of these deviges is critical. as the
imount of flow allowed through the wansistor is propostional w the
wonteoi voltage. In digitai circuits, however, the next stage in the circuit
s only concerned with whether or not there is voltage present, so the
ransistors can be less orecise in their manufacture -~ they are only
wring as electricaliy-controlled switchies.

have often talked about things being on or off, and T should alse
neniion some other terms. If a positive voitage is present then that part

. Chaprer I Electronics of e Digitar Kind

of the circuit is said to be ‘high'. or at "logic level onc’: conversely. the
nezanve side of the circait or supply is said ro be ‘low’, or ar “logic level
zero' . There is another possibitity. which occurs when we are examining
an area not connected to either termmal of the voltage supply. and this
is saud to be Hoaring’

1t will be useful to describe in detail the function of one logic chip. the
7409 quad two-input ANT gate’”. Sometimes the names of these parts
can indicate what they do and in this case one clue lies in the word
“zate’,

A ‘logic gate' is a point where a decision s madz, Do not assume that
wmy thought is invelved — given the same set of circumstances the same
sare wiil always behave in the sume way. [lie 7409 contains four such
gates (hence the ‘quad’ in its namc) and cach gate has tweo lopul
rerminals and one output ;erminal.

1tis called an AND gate because it behaves in the following manner.
if its first input is high and and its second input 18 also igh. then the
curput will be high. It either, or bath inputs are low, then the autput will
ve lmw.

You may be wondering why there are four gates in one package.
simply, the cost is 50 low thar the manufaciurers might as well make the
most of the spacc. The chip has 14 pins connecting it w the outside —
tour sets of three as access to the gates, and two for the voltage supplv.
The 74 series runs on a 5 volt positive supply. the negative rerminal
being called "groand’, or GRN tor short.

qput One
B
Tow tigh
| Low Low Low
[oput {
Two b ey Low High
AND Gate
Tuble 1.1

A useful technigue in the study of logic is the drawing up of a truth
able. This is a method of asscssing how a logic circuit operates and if is
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variwhile making use of a simple one i owder to define the operation
o an AND gate.

“ake 4 look at Table L. 1. Across the top of the table are the possible
rates of input one of an AND gate, and down the side those of the
econa inout. Follow the ‘input two Tow’ across to where it meets (he
nput one low” column and you tead Jow’ — the state of the ourput
vnen both inpats are 0w,

nput {Jng
e o
oW High
Low Low High
nput }
W \~ High Ligh High
R Gate

“able 1.2

Now study Table 1.2. This describes the behaviour of an OR gatc;
vners the output is high if cither input one or Input twe is high. With
“ahles 1,3 and 1.4 we come across two new words: ‘NAND' and "NOR".
Iowever. these are only AND and OR with an N prefix, which stands
or ‘not’. Tf vou made a truth table for an AND gate but you lied each
me vou wrote an answer, the finad resuit would describe the operanon
i a NAND zate. One way of achieving this elzctronically would be by
1sng a circuit cailed an ‘inverter’ attached to the output of an AND
rate. [his is one of the simplest logie devicss available as it has only one
noat and output — as 1s name implies. tha output is an inverted
‘edection of its input, it swops high for low and vice versa. We can also
wass the output of an OR gate through an inverter to create a NOR gate.

Tow take a good look at Figure 1.4, Spend a little time warking out
vnat will happen when it is turned on, and when the swilches are
wessca. The circuit represents a latch. or simple “flip-flop’, and it shows
10w a oulse, in the form of someone pressing the switch for 4 moment
ie a logic high being applied brefly 10 one input of gate one] achieves a

. Chapier §
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Input One
L T— e
Low Hieh
taput ! Low High Hizh
Two |
we li]igh Tligh Low
JAND Gate
S
“able 1.3
nput One
- T —— gl
SO High
npm,"l _ow High Low
Dwo | gy Low Low
XOR Gate
[abie 1.4

permanent Tesult. The circuit consists of two NOR gates, two switches,
and wo componenls hal greatly impede the flow of current. namely
TeSIStOTs.

study how the switch and resistor are arranged. If the switch is open,
there will be zero volts at the point where the wire leading to one input
of the gate 1s connecred to the switch and resistor. Close the switch, and

11
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v
. I0R
T Gates
>
I —
' \ a1
= Dutputs
v L
RESET
/ I )
12
Y
fienre 1.4

arrent wil flow through the switch and resistor su thut the pomnt
wnnevied to the gate will be ar a high voltage.

ct's foilow the operation of the gates. When first connected and
sefore either switch is closed. both inpuis to gate one will be at zero
sons. Check this occurrence against the NOR, gate truth table and you
-an see that the results will be a high voltage at the output terminal. The
nours o gate two will be low n the case ot the terminal conneeted e
ne switch and high for the one attached to output ene. resolting ina low
arput al cutput two. [his zies ap with the second inpui to ghte one,
ceems it 4t a low voltage and so maintains the status quo, ie output one
ek, output two low.

Now, imagine what happens when you close the switch marked ‘et
he first NOR pate now has a high and a low on its inputs, resulting in &
ow oulput. This also affects gate two, as it now has two low inpurs, so
15 ouiput goes high. This has an effect on gate one. by making both
poute high; but, as vou can see tram the truth table, its output remains
ow. We have a new. but stable situation with the two output values
awobped over,

et's see what haopens when we reopen the set switch, Gate one has
me low and one high input, so the output remains low. The second gate

[¥]

s net affected and the outputs remain the same. In order to make the
sutputs flip buck, we need to press the reset switch. Try tracing the logie
ievels that will result. This circuit would be said to remember which
switch was pressed Just — if it was ‘seC then output one will he high.
Cxtra circuits can be added to make this device work as 4 store: it can
wruallv remember ¢ logic level, a property which, as you will se= later,
s very useful indezd.

Eleceronics of the Digind Kind

o
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HAPTER 2
NSumbers and Data

a the davs of telegraph. communication along the wires was in digital
orm. with motse code using dots and dashes rather than onss and zeros,
“he process was siow and cumbersome as the information which was o
e sent had to be coded. passed on as a series of dois and dashes, and
eeoded ar the other end af the wire. 1f onlv something more complex
han the onfoff signal could be sent, «f would ali be A lot quicker: tor
‘Xamplz, by transmitting 26 uniquely differing signais along the wire,
ne whole alvhabet would be able to be reprascnied.

Analogee and digital techmiques would tackle :his problem in
iifferent wavs. An analoguc solution might be to vary the length of the
ashes. or o place a voltage of changing levels on the line — contdnue
wone this path and you will end up with the telephone.

he divital solution, however, 1s to add more lines. If one linc can be
:f onle or zero. then two lines can indicate any one of four condiiions —
soth lines off, line cne on and ling two otl, line one off and line two on,
s poth lines on. Three lines can offer eight permutations — the four
wvatiable from two lines with the third line on or off in each situation.

marine a system of communication which consists ot five wires
ennectng two devices able to code and decode information. You
vouid be able to have 32 buttons. labelled with letters of the alphabet,
‘or vour message. A fairly simple digital circuit could then codify this
ne a unigue five-line signat of ons and offs to transmit 10 the receiver.
“his would decode the message and it could respond by lightng a
_arucuiar ulb. This kind of device could. in computer jargon. be called
+ five-bit parallel data transfer system’: that is, it passes information
data) of five ‘bits’ (or ones and zeros) along five wires rumming in
parailel.

jinary and hexadecimal numbers

21 us now consider the same view in 3 more theorerical way, How
pcople think of numbers depends on their education. I was not
nrroduced to the concept of numbers to a different base uniil 1 was too
SETIN MY ways to grasp it quickly, but modern maths now teaches earfy
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»n the idea of numbers to bases other than ten. For those puzzled even
w the word ‘base”, an explanstion is required.

¥e have ten numbers that only need one {igure to represent them,
ero to mne. Each time we reach ten we add 1o the nexi column, and so
en 18 said o be the buse. But why vnly ten tizures? [f the human race
iad cvoived with 16 fingers and thumbs. we might have had six more
1muie Agures fo represent the numbers 10 to 23, and then we should
1ave worked to the base 16.

“able 2,1: Decimal to Hexadecimal Conversion

L HEX DEC HEX

) 0o io 10

828 32 20

02 b 40

03 128 80

04 236 0100

{5 512 4200

3 U6 24 0400

u7 2048 0800

H 1] 409 1000

! 04 8192 2006

It 0a 16384 4000

1 UB 32768 8000

2 uC 635533 EEEE
3 o
4 UE
] 1

“rv writing oat numnbers, say from 1 to 30, using the basc 16, with the
ctters A to F to represent 10 to 13, and compare your results with Table
1. You are using hexadecimal aumbers, a numbering system oftea
avouted by machine code programmers because 1t Is easicr (o transtate
nto ‘hinary’, which is the way in which the computer iselt handles
Aumpers. As its method of representing data only pernits its columns to
ontain two different figures, 0 and 1, the computer needs to use more
orumns in order to represent a number greater than 1. Instead of units.
ens. nundreds. thousands and so on, the columns go up (n value by the
Dower of iwa, e 2. 4, 8, 16, ete. Lhe Spectrum. together with the
aajority of heme computers. uses a data structure of cight such
owmns. and can therefore handle numbers up to 255 this is the
tecimal number which. when it is a binary number (or a number to the
rasc of twol s represented as 11111111

6

. Chapter 2 Numbers ond Dara

L've already said that euch veltage (one or zero} is called a bit. which
is short for binary digit. The columns or lines which convey the eight
separate bits around the computer are known collectively as the ‘data
bus’. Eight bits of information grouped together to represent a single
piece of data are called a *byte'; and eight-bit micros handle one byte of
data at a time. 'hey can store. and communicate wirh other devices,
using numbers in the range 0-233.

Lhe value of using hexadecimai (hex for short) is that one byle can be
Xpressed as a two-column number in the range 70 w FT, With a lidle
practice, you should be able to converr mentally a binary number into a
1ex number and vice versa. so that vou can visualise how the individual
lines of the data bus are behaving without the inconvenience ot reading
and writing eight-column numbers. I vou do find hex absolutely
impessible, you can get away without using it. but vou will still need to
become familiar with binary.

1 have included a program which can be used either w demonstzate
the relationship berween birary and decimal, or to caiculate the binary
form of a decimal number. This program. and all the others in this book,
is marked extensivelv with ‘remark statements’ (REMj, which you can
omit it you want to save time.

Althoush this first program contatns no machine code. lzter ones will
do 50 and vou may lose them completely if you tun them with a typing
crror included. In order (o orevent this. § strongly recommend that you
save and verify anything that takes more than a minure to enter. As all
the programs start from line 10, you can do this usivg the instruction
“Save “name’ line 10%: then thev will run automatically when reloaded
(see Manual. Chapter 20).

‘rogram 2.1: Binary demonstration

-0 REM Binary demonstration
11 REM plroOgram
100 REM
131 REM Set up
103 REM
110 B0 3UB 400: LET number=0:; 50 SUER
2
115 REM
1Llé REM Menu
117 REM

120 PRINT AT 20, 1 "Fress "j
"CUs INVERSE i "alcocul ate

PSR

o
ak="" THEN GO0
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140 [F ag="g" THEN

-y

S IF as=-o" THEN

=0T
REM
FEM Display Binary MNeinber

LET remaln=numb=:r

1E L M=

_ET
ool ar=
AT T3

12

=T

INT AT

LEN a%}:

FIMT
[BIEVAIN)
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THEN ®
THEM

a7 0. 08 "Enter & valus fr
ki
T "Decimal Mumber 7" numbiese

LT mumb [F miamk

=l
TLIFH
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When Program 2.1 is entered and safely saved, enter "RUN'. You will
be offered a choice of either a demonstration or a caleulation.

The calculation mode asks for a numoer in the range (-233, and then
displays it in two forms. At the top of the screen. there are eight lines
representing the data bus of vour computer. If these are red, the voliage
is high: if green (or the same shade as the border if you are using a
monochrome TV), it is low. Across the screen below the lines is a string
of zeros and ones, shoowing your chosen number in its binary form.

For the demonstration mode, the computer will cycle through the
numbers, and you can frecze the display by holding down any key other
than the menu key. ‘M’.

Handiing data

So pow we have segn how an eight-bit micro deals with data. You may
quite dghtly argue that your Spectrum can handle words, and both very
large and very small numbers. However, these are handled by the built-in
software program — nambers, for example, are stored and manipulated as
five separate bytes of data. Even the machine language which drives the
computer sometimes uses a serial form of coding: certain machine
instructions come as two or more bytes. with the first giving instractions te
(e computer to expect further data and how to treat it. These operations
wiil be discussed fater. Parallel data transfer can sometimes extend ourside
.he computer itself. for example, some prniers ate connected in this
nanner. When long distances are involved. or speed of communication is
less imporrant, it is usual to revert t a serial mothod. The coding of data
‘nto a suitable form mav be handled by the computer’s host program.
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Ve have locked at the handling of dara in digital form. A similar
uethod is used to direct the fow of that data within the computer.
‘here is another ‘bus’ inside vour Spectrum, called an ‘address bus’, and
ms holds a binarv number to mdicate which particutar area the
‘ompurer wishes to deal with. Each number is unique and can therefore
e decoded by using logic circuits to activate the relevant address.
Remember the lighting of the buib in the Hve-bit paraile! data transfer
wystem { mentioned earlier.) [n the next chapter you will see how the
‘omputer manipulates data by using both the address and data buses.

C“HAPTER 3

I'he Microprocessor

n ke not o distant past, computers filled whole rooms. The
omponent parts were housed in separate packages. according 1o their
unction. If vou hed been shown round such an installation. your
atention may have been cirected towards ‘memory’ in the big, prey
soxes over there. or to ‘punched-tape teader’ here. Your gwide may
veil have indicated one of the anonymaous grey cabinets and said: ‘that’s
voere the actual work takes place: it's the Central Processing Unit'.

omouters have now shrunk in size, but il you look inside you can
nil point 1o one inregratad circuit and say: ‘that’s where the work is
wne’. These "CPUs™ or ‘microprocessors’, contain all the components
nat used to be found in that larre grey cabinet, ctched on to a slice of
aiicon of tinv proportions.

‘our Sinclair Soectrum contains a Z80) eight-bit microprocessor, a
tesign developed by Zilog in the late 1970s. [t is one of the most
uccesstul, particuiarly in the feld ol sinall business microcomputers, so

will be using it as a basis for my descriptions. Gther microprocessors
uuy D¢ more or less sophisticated. but the general principles are the
:ame. The enclosing of all the processing funcrions into one <ircoit
‘neourages us 0 ook at the microprocessor as a kind of ‘black box’. and
ust cancern ourseives with its inputs and outputs. [t 1s at this point that [
nrend to start,

“he Z80 — the exterior
v 80 microprocessor has 4} terminals. Whilst some of these are for
nouting, and others for cutpurting, voltages. some of them can
perform both funcrions.

"o deal with the simpiest first, let us study the two terminals (or pins)
o1 the integrated circuit which provide it with its power. For 1ts iaternal
peravons and also for oulputting 1o other devices, it needs a supply of
we volts pesitive applied 10 the pin called the Voo terminal (supply
‘ortage), relative to the GRN (greund) terminal. When this supply is
Jrssent. a small current passes threugh the device. the amount of which
-aries according to the function being performed by the Z8J.

Next there are the eight data pins, D to D7. through which the CPU
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-an vass ovtes of data 10 and from the outside world. These are
s-directional. On some occasions. the eight pins are pulled high or low
w the CPU in order to impose a byte of data on the data bus to be used
asewhere, At other times. the Z80 reads in data placed on the bus by
nner devices through its data terminals and. when this 15 happeming,
hese Lerminals are floating.

“his tvpe of terminal is very uselul and therefore very commonly
ound an computer chips — it alows you (¢ connecl many things to the
ame data bus flowing along the tines. Chips that are duilt with such
eriminals are known as “tri-state’ devices.

‘ontrolling data

Now that we aave a method of passing data in and out, we need to
omtral its destination. For this purpose, microprocessors are squipped
with address lines allowing them to signal which one of therr
wrrounding deviges they wish 10 communicate with. The Z8( has 16
wuen address lines. One of the more sophisticated features of this CPU is
hat it is desiened 1o address two separate forms of peripheral device ina
ifferent manner. These are ‘memory devices’, which store data. and
sorts’, which interface with the outside world.

“wo terminals called ICRO (input/oulput request} and MREQ
memory request) indicate with which class of device the CPU wishes 10
wal, If MREQ s at (t volts, then the CPU addresses memory: the
idadress lines hold a 16-bit binary number. revealing which memory slot
he CPU intends to communicate with. Eight bits or data give us 236
»ossible combinations: this is 2 muliplied by itself & times, which is 2
-aised 0 the power of 8, and it can be written as 2°. 2 raised to the
wower ot 16 comes out as 65,536, and this is normally the maximum of
nemorv 5101 (or locanions) that the 780 can address. as 16 is the
wmoer of address lines. T sav normally because, with additional
wrewitry and some clever tricks. some micrecomputers [although not
ne Spectrum) are capabie of swirching between memory devicss. This
ulows for more storage space.

tis worth a short digression in order to expiain a piece of computer
argon which can be confusing. Advertisements and computer literature
Teauently describe a computer as having a certain amount of memory,
or nstance. 16K byvies. As K is the 81 unit for a thousand (ie the
nicrnationallv accepted standard) it would be naturai to assume that
6K means 16.000 byvtes. However, iK of memory is used to represent
024 bvies, this being the amount of memory that can be addressed
wing 10 bits (ie 2%, This small discrepancy makes 64K, which 15 the
wrmyl maximum cavacity of a Z80 based microcompurer, actually
nean 03.336 hytes.

2
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Uwo further pins called RD and WR {standing for 'read’ and ‘write’}
teil the memory cireuiis whether the Z80 requires data ftom memory, or
whether it is placing a byvie on the data bus which it requires (0 be stored
at the location specified by the address bus. These pins are also used
when the CPU is addressing a port. We have already seen that the CPU
can aadress memory when the MREC) is at U volts. When HOR() is low,
the read and write pins serve the same function they did for memory,
appiied now to a port, the address of which is held on the cight low
address lines. This means that thc maximum numoer of ports that the
£B80 can handie is the by now tamilar number, 2356, and, as with
nemery, 1OROD and the address bus can be decoded to activate the
sesired circuits. However. it is possible to acquire extra space in the port
addressing, and this will be dealt with under the section devoted to the
xevboard.

The essence of a computer system is beginning 10 emerge but, in
order for the CPU to spring into life. there arc two remaining pins to
consider. The first is named CLK, which stands for “clock’: this is the
neartbeat of the processor. In order to make the Z8) function this pin
st be pulled alteenately low then high by an external voltage source.
This is done by a circuit cailed an “oscillator’, which generates a varying
voltage in & form known as a square wave. The output of the circuit is
nigh for a fixed period of time and then falls low for the same duration,
performing this task continually.

if you are interesting in sccing why the output is named as it is. enter
uno run Program 3.1, This plots a graph of voltage against time, but the
spead of this simulation is very slow compared to the osciliztor in vour
machine, The sequence of the voitage going high, remaining there,
going jow, and then starting to go high again, is called a ‘eycle’, and we
measure the speed of alternating voltages as the number of cycles they
perionn in one second. The scientist who has this very fundamental ceit
of measurement named after him is ‘Herz', Hi-fi buffs will know that
the frequency of the sounds that we humans can hear occurs in the range
of about 30} hartz to more than 16 kilohertz, or sixteen thousand cycles
per second. The operating speed of the oscillator jn your Spectrum is
wueh higher — 3.5 megahertz (mega stands for million).

i'rogram 3.1: Square wave
1 REM Sguare wave graph
VO | plotting program
REM

REM el up

FE:
FiveiER Qs INE &: BORDER
FREMT "WOLTSE = ": FOR

: PRI

T
981
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MEXT ®
7,151 DRAW O,-1:20r DRA

5 IME & )
O OERINT AT 1.17:"Sguars Wave’
: DIM a%(7)

FEM

Flotting Loop

8

FOR SN RN AL

RE=M o
REM Ualoulates volts
FEM

LET walts=32.5+.0% SIMN (/40
IF wvalt THEN LET volts=3
{F valtsio THEN LET wvolts=o
REM

Flot valuss

TN 788k (2d%n /40) , IZ+volts*D4

Fript values

REM
ERIMT AT
FRINT AT
REM
REM

RN

=T

7O BTOR

ach time the microprocessor senses thai the clock input is being palled
tom low to high, it perlorms the next task, so the cock acts as a
une-keeper for the CPLU, regulating its actions and prompting it into
wing the next function. With all the complex circuitry that a
LeTeprocessor contains, wly can it not regulate its own speed, or, even
smpicr. run as Fast as 1t can? The answer is that the external clock si_gnal
nves cireuit designers control over the CPUL and allows them to build a
:omputer 1t which all the associated cireuitry can keep pace with the
aain microprocessor. it also gives them the facility to stop the clock, as
1 were, to freeze all action until the oscillator is turned on apain.
“he remaining pin that 1 must meption is the ‘resct pin. If you attach
T to zero volts it behaves exactly as its name umplies it should — it stops
ne CPU from comtinuing whatever it is involved with and makes it
seummence from a predetermined point.

4
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Let’s go throngh what happens when your Spectrum, or any other
Z80-based microcomputer system for that matter. is turned on. All the
urcuits Degin to regeive the voltage they require in order to function.
The oscillator circuit starts to apply the square wave clock signal to the
CPU. However, a very simple electronic circuit ensures that. tfor the first
iew moments after the switch-on, the reset pin has zero volts applied to
1t. This causes the processor to start working from the correct place.

1t is possible 1o witness what would happen if this was not done, by
wrming your machine off and on very guickly. If insufficient time is
allowed for the reset signal to be generated, the computer may “hang up’
- 1t will display a peculiar picture on the screen and tail to respond to
the keyboard When the reset signal is generated correctly, however, it
holds the reset pin at zero volts long enough for the CPU to sort iself
out. Lhe reset circuitty then allows the approprisie pin (o nse to five
voits, and the Z80 can start work.

After a reset, the Z80 alwavs does the same thing — it puts the
aumner zero on the address bus, so that all 16 address lines will be set to
ccre vouts by the address pins, MREQ and RD. Now the Z8D has
generated suflicient information to tell its associated circaitry thar it
vequires the data stored in memory locaticn zero to be placed on the
gata bus, and the memory circuits begin to perform this task. The
processor wairs for the next clock puise (the low-to-high transition of the
oscuiator arcuat). Then it assumes that the data on the data bus is that
provided by the memory, and so reads it through its data pins. What the
CPU has just fetched from memory location zero Is is first machine
coQe instruction and, still using the clock pulses as a timing reference,
e proccssor goes about the business of performing whatever the
mnsrruction tells it to do.

ihe processes by which the ZBO can stere data in memory and
sepange Information with circuits which are activated by the IORQ
pin, should be assumed to be variations of the above deseription of how
it can ferch data from its memory. The time has come to lock at what is
contained within the CPL) itself. This is not as daunting as it may seem
and, if you are interested in the nature of machine code. the internal
structure of the Z80 is essential knowledge.

[
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“he inside of the Z80 microvrocessor can be divided up into a number
w different areas. The workings of some of these need not concern the
1erson wno wishes to write machine code programs. but an averall view
i what goes on can be of great benefit if you want to discover what
ictually happens when the program is running.

“he registers

“he nrocessor cortains a number of registers. A register consists of
ught flip-flop type circuits, each capable of sioring one bit of
nrormation. connected in such a way so that together they can hold one
svte of data — they are in effect the CPU's personal memory cells. The
essters are all connected to an internal data bus. {NB, This is not the
ame quta bus as the one with which the Z%0 communicates with the
wiside world of memorv and ports,) Whatever appears on these lines is
Aot alwavs transmitted to the data pins, although they are used to carry
1ata to and from the pins when required.

slso connected 1o the internal data bus is circuitry called the
srithmetic and logic unit’, or ALUL 1L is in this that all the processing of
svtes of data is carried out. Here the CPU can add or subtract two
inary numbers, and perform logical procedures such as ANDing two
sies together. The whole operation is governed by complex eircuitry
:atled the *control unit’ --- this deciphers the machine code instructions
.etched from memorv, and reacts accordingly.

“igure 4.1 merits considerable study — it represents the internal
structure of the Z80 processor. The control unit can manipulate all the
sewmsters, ay well as send the required signals to the external circuits and
he bus control circuits, The ‘instruction’ registar ¢an only be uscd by
ne control unit; is function is to store the last instruction that was
etched from the external memorv. All the other registers can be used
w the programmer, but some are more versatile than others.

“he PC reeister, the “program counter’, is used to store the adddress of
ne next instruction to be interpreted. When the CPUJ is reset, this
ezister is loaded with the value zero, which is the location of the first
nstructzon. When this has been fetched. the control umt automatically
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:ads one to the value in the PC. thus storing the address from which it
wil receive subseguent data. Unless the programmer uses certain
ump’ nstructions to reload the PC with a different value, machine
code data is always tead sequentiatly. The PC is a 16-bit register, so it
an supply any one of 64K addresses 1o the address bus.

“he main block of user registers comes in two groups. both of which
nise identical imitials as names. but with one set distinguished by a " suffix
o ndicate that it is the alternative group. Oniy one of these sets is active
st any one tme — speciai machine code instructions zllow the user to
ietermine which group is conmected 1o the internal data bus in order to
ecerve further instructions. To all intents and purposes, the aiternative
et can be thought of as useful slorage space. particulatly if you
resrupt work on one task to carry out another (in which case the values
“teld in the regisiers cant he soved by switching over to the other set for
use until you are ready to return to the first task).

The “accurmnulator’. or A register, is the most versatile of thesc user
‘egisters, because it can have all the arithmetic and Jogical funetions
iopiied to it. The value held in any other user register or stored izl
=xiernal memory can be added, subtracted. ANDed. ORed, or XORed
sith the A register, which will then contain the resulr,

Certain results of the ALU’s calculations can be ot particular interest,
2g when the final product is zero. For its own purposes, as well as for
those of the programmer, it notes electronically some of these
occurrences and sores them as single bits of data i the F register,
sometumes called by its full name., flags’. This conjures up a quaint
analogy — imagine a small Hag boisted up a pole marked *Z’ every time
a calculation results in zero. Amongst other things, the F register also
records if the operation has resulted in a ‘carry’, ie if the answer has
~xceeded an eight-hit value.

The rematning six eight-bit geners purpose registers. B.C, D . E.H
and L, can be used as the temporary storage space of values wkhich the
CPU can therefore pet at quickly. Bat they can also funcricn as 16-bit
egisters by pairing up into BC, DE and HL — a facility which 1s very
werul when vou are manipuluting address values. As pairs. they can
1ave some limited arithmetic operations performed on them, with the
csuit going to the HL register. Anorher role tor the register patrs 1sas a
wemorv polater: this meuns that you can, for example, load the A
register with the value held at a memory location. the address of which
is held in the HL register.

There exist two special 16-bit registers of which the purpose is to hold
‘mporant memory addresses — imporiant, that is, 1o the programmer.
"Ie is able 1o load the IX or I'Y registers with a convenient address, and
“hen have casv and guick aceess 10 memary sddresses in the ranpe 128
wcations below, up 10 127 above, those held in either of these ‘index’
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ezsters. Two of the less frequently used registers are named 1 and R.
‘he I. or ‘interrapt vector’, regisier ¢an be used to change the behaviour
wthe CPU when it receives an interrupt. a subject I will deal with later.
he R. or ‘refresh’. regster 15 often used if the Z80 is worked n
omunclion with ‘dynamic memones’. Again, 1 will expand on this
ater.

he final register for us to consider iz the 5P, or ‘stack pointer’.
egister. This is another form of memory pointer and allows the use of
ome sopnisticated programming rechnigues. Those of you familiar with
JASIC programming will know ot the “subrouting’. wherchy the
Jugram ¢an oe Made to jump t@ a particular line; 1t remembers where it
-ame from and returns there when it encounters a RETURN
nstruction. The same principle can be used in Z80 machine coda, with
he return address stored at the memory location indicated by the stack

seimter. This register has other uses which will feature in the machine

-«oae chapter.

’ou should now understand how the CPU exchanges datu with the
wtsade world. and have an idea of its internal strueture. Let's go slowly
nrough the procedure for cxecuring a very simple program, which we
vii assume is stored in external memory starting at address zero, Reter
o Lable 4.1 10 see the cxample values.

“abie 4.1

sddress Contents

R S
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:Lxecuting a program

When the reset pin ceases to be held low by the reset circuit, the Z80,
during the first two clock cycles, fetches a byte of data from the memory
address held in its program counter. This it passes along its internat data
bus to the instrucrion register where it is stored for use by the ¢ontrol
unit. This dara is the first machine code instruction of the program (or
‘op” code. short for operation code) — the control unit decodes it and
reacts accordingly.

In vur example program, the first op code is 62 decimal. which tells
the controb unit to feich the next piece of data stored in memory, and
place it in the A register. Two more maching cveles oceur whilst this
instruction is ‘understood’. Meanwhile. the contrel unit increases the
value in the program counter by one. so that now it hoids the value one.
Incidentally, the control umt ean perform concurrently other tasks
related to servicing any dynamic memory circuits which may be
attached, but this need not concern us.

Back n our example program the CPU, aware that what s stored at
address onc 15 not a further instruction but data. performs another
fetching operation {rom memory and stores it in the A register, as
instructed by the previows op code. 1 also inerements the program
counter agmn. Whatwcver data was stored at address one. in this case 8
wecimal. is also stored in the A repister. The CPU has completed the
task set by the first instruction, so it fetches the next from memory,
1sing the address. currently 2. stored in the PC. The next op code in the
program s dutifully transferred to the instruction register and acted
upon, Ut is 33 decimel. which tells the CPU to put the aext two byles of
data into the L and H registers respectively. Now the L register containg
whatever was stored at location 3 (0); and H stores the data from
Tocation 4 {84 decimal). Remember that one is added 10 the PC each
time a byte is fetched.

We have now teached the instruction in location S, which is collected
in the same manner. This is 61 decimal, which represents the simpie task
of subtracting one from the contents of the A register: when this is
performed, A hoids the value 7 decimal. On to address 6, which
contains 202 decimai. This is a conditional op code and could be written
as, ‘fetch the next two bytes of data from :his program and IF the result
of the last arithmetic ot logic operation was zero. load the data ferched
intoe the program counter”. The CPU is making its first "decision’, hased
on the contents of the flags register. We made the CPU perform
arithmetic onlv one program step carlier, when it subtracted © from the
contents of the A register. However. the resuit was 7 rather than zero.
0. althoush the next two bytes are fetched from addresses 7 and &,
wihing is done with them as the Z flag is not set. We will see shortly
vnart haopens if it is.
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he PC now contains 5. so the CPU loads the contents of this address,
nich is 34 decimal, into the instruction register. This in effect tells it o
sctch the next bvte from the program as Jata, and place it in the
nemury aodress represented by the contents of the HL register pair”. So
he value zero is obtained from address 10, and the centrol unit goes
ipout the task of storing it in memory.

“he first step is to place the contents ot the L register on the eight Jow
iwdress lines. and the contents of the H register on the eight high
wadress linss. This means that the address bus holds the value 22528
recimal. which is 256 times the vaiue in H (88), plus the contents of L, in
nis casc zcro. Then ithe control unit pulls the MREQ line low.
scnvating the external memory devices, and it places on the data bus the
same it has just teiched trom the program memory ared, which is zero.
t waits a clock ovele for evervihing 1o respond and then pulls the WR.
ot write. line low. The external memory takes this as a signal that it
nould store the data on the data bus, at the addross on the address bus.
¥hat is the reselt? The data which wus held in memory location 22528,
1as now been over-written by the data zero

¥ith the PC now set at 11. the CPU has reached the instruction 33
recimal, which it tetches and reacts 10 by adding vne to the value of the
{1 register. The data in address 12 is the 'unconditional’ version of one
ve nave encountered before. at address 6. This time the CPU is told o
oad the PO with the next two bvtes. So, as locations 13 and 14 contain 3
inu 0 resnectively. these are fetched. and then the PC is loaded with the
rame 3. (The low part of the PC is loaded with the first byte tetched, and
ne el part with the second.)

Now where does the next instruction come from? The previous
:adress in the PC has been over-written, so the next instruction comes,
ot trom location 15, but from 3. The CPU has performed a jump
pstruction: it icads the op code from address five. which is o1, an
nstruction that it has performed before. The program has creaicd a
oop — it will continue to perform the op codes at locations 5 through to

2. but it will not do this indefinitely, due to the conditional instruction
i address 6. Bach ume the loop is carried out. the value of the A
eoster is reduced hy one. After the eighth time that the op code 61 s
rerformed. the A register will have tallen 1 zero, s that when the CPU
necks e zero bit of the flaes register, it will find that the previous
meration has indeed resulted in zero,

“his involves proceeding to the second part of the operation dictated
w the op code at address 6 — if you reter back you wil see that. in the
nstance of the result being zero. the PC is loaded with 15. Aflec
xecuung the loup eight tines, the program jumps to the instruction at
5. This happens to be the final onc, and it tells the CPU that the
arogram nas been completed.

&
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LUse Table 4.1 1o go through each step of the above program carctuily
until you are clear as to what is happening inside the processor. At this
stage it 's not impostant to understand in detail the program itself. bat
rather to visualisc what steps are taken by the internal siructure of the
Z80 processor, in order to follow through the instructions it fetches from
the area of external memory containing the program.

Well. does the program work? And what does it actuafly do? Ta
answer these questions. why don't you try runaing it on your Spectrum?
First of all, huwever, it must be logded into memory. We cannot load
data into the first 16K of memory as, on the Spectrum, this is filled with
the maching’s own program, so we will have to use an area higher up in
the memory. Consequently, as the first instruction will nat be at location
zero, we cannot use the raset pin to direct the program counter to if.
However, there is a way round this.

The Spectrum has the facility of running machineg code from BASIC
via the function USR, This is included in Program 4.1 in the form
‘RANDOMIZE USR 28672, and it works in the following manner. The
address the BASIC program has reached in its execution is stored at the
address indicated by the stack pointer. and the program counter is
loaded with Lhe value 28672, so that the CPU staris running the program
stored at this address. When the CPU finally encounters the op code 201
decimal, it reloads the eriginal value of the PC from the area of memory
paintzd to oy the SP. This ensures that the CPU returns 1o the BASIC
program it had been running. BASIC pow uses the value that s
containgd in the BC register of the CPU. and treats it as the result of the
function USR.

The practical consequence of this is that if we statc RAND USR and
then a valid memerv address m any BASIC program we write. the
Spectrumn goes w0 that address and tuns any machine code program
found there, until it reaches a RET machine code instruction (201
decimal). Then it seeds the random number penerator with the value of
the BC repister. This is just a convenient way of calling up a routine: if
we use PRINT USR instead, then the result from BC would be printed
on the screen.

Now enter and save Program 4.1 When you run the program. it ticst of
all POKES the machine code held in the data statements into memaory,
starting at location 28672, Then it prompts you 1o press & key. und when
you do so it jumps to the program and executes it. A thick black line
should sppear in the top lefthand corner of the screen. Note the speed
with which this occurs: what has happened is that the machine code has
poked zero values in seven memory locations, 22328 to 22535 1 chose
these particularly because they make up she first part of what is called
the *attributes file’. This controls what celours appear on the screen. and
where, and is explained in the section of the book devoted to screen
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iisolay. You may wish to try chunging the value of the A register {the
econd nurtber in the data starement). the value loaded intc the
winbute file {eleventh in the dara statement), or even the memory
soreer in HL iseli (bue you will need to delete line 60 before other
-alues will work 1. If vou make HL lower than 16348 you will not see the
csuit, Anv higher than 23296 and not only will nothing show, but you
nay cause a ‘crash’ by interfering with the runmng of the computer.
“his will not cause anv damage . but vou may have to switch the machine
if and on again (o regain control. Incidentally, this machine code
WOELAN 15 NOT only very simple, it is also quite crude. But it dues prove
hat we can bvpass the Spectrum’s operaling svstem and exploit the
sower 01 machine code programming.

“abie 4.2: Machine Code for Program 4.1

wddress Hex Code Assemnbler
000 3EN8 LD AUsh
002 210058 LD HL.2800h
s 3N DEC A

006 CAOF70 IP 2.700Fh
009 3600 LD (HL),00h
OB 23 INC HL

‘D0C €30570 JP 7005h

NOF 9 HET

2rogram 4.1: Machine Code Deroo
_i RE Machins cods demc

Sst up

Too IMK O3 BORDER 7: CLS

Check dats

N r-‘HII\'IT "The dat
""Please check

Sk

codE into memory

U
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FORE M, bwte:r NEXT

Walt for bravw

AT 16, 103 "FRESS A REY!
INFEYS ="" THEN GO T4 110

Jume Lo routine

e

UBR 28672

Returnen

AT 146,8: "Program complete”

Lix BTOF
S0 REM

Machine code

REM
DATA 2.8,
DaTa L102.54

5. 195,5,112, 201

a3




'HAPTER 3
1AM and ROM

0 orevious chapters. T have glibly mentioned “external memory’
vuhout any Jurlher dbumination. However, now that we have coversd
ne main working processes of the Z80, it is time for a descriprion.
vlemorv s used by your Spectrum to stare the dara it needs in arder to
unction. whether that data is the machine code it uses when it is
wwicched on. the simole program fram this hook, or your latest copy ot
pace lnvaders.

“ypes of memory

“here are essentially two distinet types of memory used in microcompu-
ers. "‘Read onlv memory’ (ROM) does not allow the micropracessor 1o
ater its data -— as its name implies. it can only be réad from. The other
s cailed ‘random acecess memary’ (RAM], which is a slightly confusing
1tie becavse its main feature is the facility for having its contents altered
maer the control of the computer. Of course, the situation is not as
ampie as this sounds: within both RAM and ROM there are dillerent
vpes of memory devices. Let us start hy locking at the tvpe of ROM
hat your Spectrum uses to store the built-in machine code program
vnich makes it function.

“his ROM has 14 address bus pins, labelled A0 to Al3. When the
~hin select’ (CS) pin of the memory is pulied low, the contents of an
agit-bit register inside the chip, corresponding o the address currently
wesenr on Lthe address pins, are placed un the data pins of the memory
wevice (and consequently on the data bus of the computer). As each
iifferent address is capable of accessing a separate eight-bit storage
wed. wieh 14-bit binary addresses the ROM is capable of storing 16484
16K} different bytes of data. This is actually present in the form of
impie connections made at the time of manufaciure.

‘magine that the address is decoded by logic circuits In such 1 manner
0 as o force the output of one. and oniy one, logic gate high. If that
wdress were designed to store the number 253, or 171101111 binary,
hen that gate’s cutput would be connected to all the zight data pins of
ne ROM. If the data stored was supposed to be 129, which is 10000001
n Dinary, then the high voitage on the surput of the gate would only be
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-onneered to data pins 4§ and 7. The data lines are normally low. but the
osic gates can pull them hugh so that the pins will reflect the data stored
it an address pointed to by the infntmation on the address bus. Wheina
ogic gate is not selected by its appropriate address, its oupur is floanng,
ina therefore it has nou etfect on the data bus. When the CS pin is not
icuvaied by a logic 0 veltage level. then the whole cutput of the chip is
loating.

“pu could caleulate that. if every address held the data 255, then over
30,000 cennections would need to be made. This i achisved by the
nanutacturers using & photographic process to eich the connections on
o the silicon material of the chip itself. The template used n this
rOCCSs 15 very expensive, but once set up the cost of producing each
ndividual chip is low, so these Mask Etched Read Qualy Memories are
-conomical oaly for large producton runs.

t is worth mentioning two other types of ROM that you may
:ncounter. Lhe Programmmavle Read Only Memory [PROM) i a device
nat comes of the prodection line completely blank. It is programmed by
+ macnine generating high voltages which ‘blow’ the linking connectors
n much tie same wav a fuse might behave if 100 great a voliage were
wplied 1o it. Aa improved version, the Erasable Programmable Read
mly Memory (EPROM), stores data as electric charges. Not only can it
se programmed, but alsa, if necessary, the data can be erased by the
wopication of ultra-violer light through a small window on 118 upoet
wrrace.

doth of the above memory device types are used mainly for small
_rpauetion rins and prototypes, and they are oflen ‘pin compatible’
with normal ROMs. This simply means that they will fit the same
ockets and have their pins in the same places. The early prototype
‘pectrum computers were titted with EPROMs, so that they could be
ully tested hefore the program contamed in the EPROMs was
ummuted to an expensive tooling-up procedure W produce the ROM
vaich replaced them.

Nhy we have different types of memory
“he most impartant aspect to notice sbout all ROMs is that they will
etan the data taev contain at all times, whether they are powered up or
o1, because, although they need a supply volrage o operate lhe
recoding citcuits they contain, the datais stored in a ‘non-velatile” torm.
“his is an cssential facility for any compurer that is to be wrned on and
7, so that when it is first switched on, there are always some
nstructions ready and waiting.

vlemory which can contain only data that has been preprogrammed is

. Chapter ¥ RAM and ROM

of no use when we want to urilise external memory to store data that the
computer ean change. Even the machine's own operating system. which
controls the keyboard and screen and interprets the programs that are
wyped nto it. needs more registers than the Z&0 can supply — it must
Temember, for instance, where it last printed something on the sercen.
So computers are supplied with random access memeory. with which they
can write data to locations for later retrieval. The name refers to the fact
that lecations can be accessed for either readimg or wniting i any order,
{Note that the term random access could be applied 1o the types of
ROM [ have mentioned, but it has come to be used only for the forms of
memory that can be written 10.)

The simplest type of RAM can be thought of as a ROM layout with
address lines and decoding circwits Hut, instead of the links. each pilece
of information has a flip-flop wrangement of which the output
represents gach “bit” of data. This output is routed (o the sppropriate
data line when the correet address is fod on to the addvess bus. Also, the
data bus is bi-directional so, with the aid of two pins to t2ll the chip
whether to cutput ot input information, the CPU can send data along
with an address to the memory, and it will set the values of the
approprate thp-tlups to those of the data sear

This kind of memory is called “static RAM', beeause as long as it is
receiving a supply voitage it will maintain the pattern of oits thar i
internal circuitry is storing. However, this type of memory is expensive
ana difficult to make compact. so it will come as no surpiise o you to
learn that the Specirum s equipped with 4 ditferent breed, called
dynamic memory. This stores dara in the form of an electric charge
which. unfortunately, begins to leak away after a short period of time,
sa the memory needs the opportunity to refresh the charges by receiving
a request to read each bit before their values are lost.

As I hinted earlier. the Z8CG has been equipped to provide refresh
signals during the two clock cyeles that occur after a memory fetch
operaticn has been performed. The R register s used to provide
.eauenual addresses for the memaory circaits to use in conjunction witi
ne retresh pin. From a nser’s poiar of view, there is no difference in the
performance of dynamic or static random access memaories.

My mamn task in this chapter has been 1o differentiate berween RAM
and ROM. The more sceptical amongst you may wish to demonstrate
ihe differences by following this procedure. Find the contents of a ROM
address, say. location zero. by entering PRINT PEEK 0. Now 1wy to
aiter the value stored there to, for instance, 1. by entering POKE 0.1.
Gert the computer to PRINT PEEK 1 again, and you will discover that
your crfoits have been in vain. Repeat the above operation for the first
RAM address, which 1s 26384: ic, PRINT PEEK 16384; POKE 16384.1;
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'RINT PEEK, 16384, Proaf! Incidentally, if you have a 16K Spectrum,
il addresses above 32678 will not react. as there are no memory
ocations in that area.

CHAPTER 6
Language for Machines

t is no use sitting down in Zrent of your computer and typing ‘Plav me a
neerful lune’: it simoly won't know what you're talking about. You can
vrite a orogram that will play any wine you like. but tirst of all you must
earn how to make the computer understand vou. In order to bridge the
ap petween machine code and human ianguage, there have been
ieveloped over the years many intermediate langnages that can be
qered into a comouter and understood 2y both parties.

3ASIC. the language that your Spectruim understands, is shorr for
jeginners’ All-purpose Symbolic [nstruction Code, and it is easier w0
wasp than any other computer language. Although ‘professionals’ are
omawnat disparaging abourt it, it is Sexible and universally accepted as
ne most papular language. You can if you wish buy other languages
nat are more ¢legant io use and faster to run on your machine but,
muess vou're a glutton for punishment, 1 suggest you stick with BASTC
“or naw.

trust that you are familiar with BASIC because it 15 not within the
cope or this book to explore the finer points of writing programs. If you
wve vel to write your own BASIC, you will find that the Spectrum’s
namal explaing this well. In addition, there are shelves full of books
Kpioring programming techniques in your local computer shop: before
¥e proceed, you should ieach voursell BASIC.

nterpreting BASIC

20 how does BASIC work? The Z80 only understands what the oytes of
ata fed into it from memorv tell it to do, but not statements such as
JRINT AT 2.5:*HELLO”. Imagine that vou have written two
rograms 0 beep out on tne speaker cheerful and marching music:
wgamise them as subroutines and you can type. for mstance, GOSUB
00 for “Haopy Birthday'. If, al the wp ol the program, you wrile
omething such as

NPUT A$: IF A$="Play me a cheerful tune” THEN GOSUB 100:
JTOP
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nen when vou run the program and type in ‘Play me a cheertul tane’
©ur compuier wil appear to understand you. By adding further lines.
ernaps “Play mc a tums 1o march to'. vou may cven tool the lay
»nserver imro thinkine that vour machine has musical taste! However,
‘DUl MICEO |s interpreting your instructions not through any thoughtful
arocess. ot rather by simply comparing them with a list it holds. and
esponaing if vour demand tallics with one it recognises. The machine
‘pae prugram in your Spectrum contains a ‘BASIC interpreter’ that
vorks along similar fines, When running, it uses the values of the
<eywords’ it encounters to find where the machine needed to perform
nat task is stored in ROM. then it (108L)Bs that rouune. {In machine
nae the word CALL 1s used instead of GOSUB.) Before moving on 1o
ne rather daunting subject of machine code itsclf, it mayv help i 1
xoiain what goes on when we switch on a Spectrum and type in

'RINT AT 2.5: “Hello”

ina then press ENTER.

witch on. The Z80 performs o reset. then it executes the op codes
tored. starting from location zero. ‘These are very involved: setting up
he arcas of memory, organizing the ‘system variables’, and gencrally
witing the house i order. When the ZE0 has finished this “system
niriaiisation” routine, it umps to the main operating system loop which
vatls patiently for someone 1o press a key. When vou do. it knows this
o be cither a line number or a kevword — on pressing ‘P’ the operating
wvsiem looks up how to spell PRINT and places the letters on the
crecn. 1t also stores the relevant ‘token’ value in an area of memory set
wide called tha *edit buffer’: sach BASLC word has its own token value
na the one for PRINT is 245 decimal. the operating system then
ollows the same procedare for the AT

Now we enter ‘2.5;° — even more work is involved here, as it stores
he relevant numbers as six bytes of data. (This 1s actually not necessary
‘or small numbers such as 2 and 3, but it is required for larger ones. ) The
sungtuauen and string of letters between the quotanon marks go mto
ne buffer in the form of their ASCIT codes (you can look these up in
QuUr manuaat).

¥hen vou linally press ENTER, the operating system places an
“NTER® code at the end of the buffer, then it checks the ‘syniax’ of
vnat has been cntered. If nothing is wrong (ic there is no illicit
womopination of codes in the line) it moves on o the next stage;
nerwise it queries the line.

4] being well it checks if the data in the bufer starts with « line
wmoer, 11 i did. the operating system wouid wansfer the string of data
© 4n area of memory set aside to store BASIC programs tor running

later. As the line vou typed i is 4 direct command. the operating svstem
passes control 1o the BASIC interpreter which iooks up the ﬁrvzafl;e —
245. {t recognises this as a command to pass comrol 1 the output
routine at location 10h — this routine handles the ensuing data by
patting it on rhe screen, dealing with the *AT 2.5;" tokens by moving the
printing coordinates accordingly. When the ENTER token is reac_hed,
the output routine returns control to he interpreter. This, finding the
task complete, prints “OK 0,17, and causes the Z§} 10 jump back © the
main operating loop. This example s verv simple, but it demonstrates '
the importance of the “system software’ -~ without the operating system
{0S) and BASIC language inferpreter, the micro would be useless.

Chanter 6 Lanwuage for Mackines

Machine code
Jow for the emematic machine code. Some readers may already have
become familiar with Z80 fanguage, and they will acknowledge that
nere is great satisfaction in writing » working program. The drawbacks
are the number of instructions needed to do anything significant. and
the apparemly abstract nature of machine code, However, there are
moemonics o help us remember the function of each code. If vou refer
to the listing in Chapter 4, vou will see thar 62 decimal means ‘load A
with the next number”, which becomes LD AN. These mnemonics are
often called by the overall ntle ‘assembly language’, hecause there are
programs available which will transtate the names into the correct
codes, and thereby ‘assemble’ a machine code program automatically.
In order to assist aspiring machine code users, the next scetion s
devoted to expanding the assembler mnemonics. Don't attempt to
digest them all in one go. Concentrate on the commen ones such as LD,
IR, ADD, 5UB apd CALL to begin with — a study of some of the
obscure codes will be easier when vou encounrer them in the context of
a program.

Machine code mnemonics glossary

ADC  This instruction can apply to either the A or the HL registers.
Applicd to A it mears *add the contents of the specified single
byte, and the contents of the carry flag, to A, and leave Lhe
result in A’. Bytes held in single byte GP (general purpose)
registers. memory pointed to by HL or the index registers, or
stored as immediate data in the program. can be added.
Applied to HL, the contents of the register pairs (BC, DE, FIL)
or of the stack pointer, are added to HL. along with an extra | if
the carry is sel. with the result remaining in HL, For example.
ADC A.D adds D to A together with the carry bit.
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DD

£
=

‘ALL

:CE

CPD

Ihis is the same as ADC without including the carry bit. In
sadition to A and HL. it can also be used on the index registers.

This is a lomc operation that can be performed on the A
emster. §t takes & byte from memory (pointed to by HL or the
ndex regisiers), program memaory, of a single GP regster. and
wecutes an AND logic test on each bit of A and the
orresponaing bit of the specitied byte, leaving the result in A,
‘or example, AND B would AND the contents of B with A, If
% contained (1010101 and B G000LLLL binary, <he result in A
vouid be 00000101,

Hv using thts msfrucon you can test any bit from the GP
egisters, and from memory poimed to by either HL or the
ndex registers, and set the zere tlag accordingty. For instance,
MT 3.(HL) would rest bit 3 of the byte held at address HL., and
T it were zero the Z flag would be set; if one, then Z would be
eset. Bits are numbered from 0 to 7. This code is 2t least two
wics long, the tirst byte alwavs being EDh.

Ihe eauivalent of GOSUDB in BASEC. CALL pushes ihe
-oneents of the PC on to the stack. and then loads the PC with
he next two bvtes in progtam memory. causing the Z80 fo
xecute from that address, See RET to discover how o get
vack! CALL can be conditional — for example, CALL Z only
ictualiv occurs if the zeto ay is set.

This means ‘complement carry fiag'. The value of the carry flag
s inversed, zero becomes one and vice versa.

This stands for ‘compare’. Bytes from pointed-to memory. the
\eXt nrogram locasion, or the GP registers, are subtracted from
he value in the accumulator, and the flags set accordingly, Dut
he odeinal value of A is restored. If A held 20h. then CP 20
vould set the zero Hag, but A would remain at 20

This is a complex instruction. It stands tor ‘compare and
decrement’. which is useful for searching a biock of memor¥ for
a byte {o tally with that in the A register. CPD compares the
byte pointed to by HL with A, and sets the zero and sign fags
wceorainely {sign = 1 if bit 7 of the resuit is high}. Then the
nsteuction decrements HL and BC. which act as 4 counter. and
f it reaches zero the PV tin this case "overflow™) flag is sel,

CPDR

CPI

CPIR

CPL

DAA

DEC

DI

DINZ

o
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*Compare and decrement with repeat.” This wiil continne to
perform CPD until either BC has reached zero or the CP
eration has set the Z flag,

“Compare and increment’. This is the same as CPD except that
HL has [ added te it rather than subtracted.

‘Compare and increment with repeat”. As CPDR. except that it
increments HL. These block-searching instructions are very
useful for finding data of a particular value. On compietion, HL
will either hoid the address of the first match, or the end of the
lock if none was found.

This stands for ‘complement’ and appliss to the A register only.
All the bits are inverted. thus 09110101 would become
114001010,

This instructien is probably only of use if you are using the
“binary coded decimal” method of storing numbers. An eight-hit
cgister is spiit into two aibbies of four bits; each nibbie should
only be in the range of ( to 9. "Decimal accumulator adjust’ will
automatically readjust the values in the A register after an
addition or a subtraction in compliance with the rules of binary
coded dectmal.

‘Decrement’ subtracts 1 [rom the value it is applied to. You may

JEC zov eight or 16-bit register, or a byte in memory pointed
to by HL or the index registers. One important point, which if
not knowa can lead to a frustrating end 1o first programming
wternpts, 1s that decrementing the 16-bit registers (HL, DE.
BC} will not affect the flags register. )

“Disable interrupt’ this causes the CPU 10 ignoere any ‘maskable
interrupt’ it may receive at its INT pin. Interrupts are covered
elsewhere in this book.

This useful code means *decrement and jump if not zeto’. Tt
enables us to use the B register 45 a couater. It reduces B by 1,
and IF the result docs not cqual zero, performs a ‘relative jump’
(see JR). dictated by the next byte from program memory. 1f
zere has been reached, the operaton proceeds to the next
nstruction.

‘Enable iterrupt’ — this cancels the Dt instruction,
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XX

IALT

Mo

M1

M2

“This enables vou to ‘exchange’ two indicated registers. You

nay £X DE, HL. which swops their contents; you may £X the
w0 9vies pointed o by the SP with (hose v HL or the chx
emsiers: or. EX AF. AF' will switch control to the alternative

<F palr.

This commsnd brings the alternative registers BC', DE’ and
1L into play, after which any operanous are directed towards
hem. In order te revert to the original set. simply EXX again.

This command does preaiscly what is indicated: the CPU Wl‘l}
onnrue to periorm NOP from the time it carries out & HALT
i It receives an interrupt signal.

Refter to the keyboard chapter for a tull explanation of
nerrupts, MO sets the 28U 0 an interrupt mode not used_hy
pe Spectrum, m which the CPL expscts an mstrucnon
probably an RST) to be placed on the data bus by the device
nat has causcd lnterrupt.

‘I'he correct mode for the Spectrum, IMI always causes an RET
*2h instruction to be executed when an interrupt s received.

Lhis is an interrupt mode that reacts t© an intenupt by cuiling_u
.uproutine of which the address has previousiy been stored in
nemory, Uhe locabion looked up in order o find this address s
\etermined as follows. The high order byte is taken to be the
ontents o the I remster, and the low byte is taken trom the

1ata bus.

w1l the above interrupt mode instructions change the method of
realing with a maskable interrupt. Lhe non-maskabie interrupt
uwavslpsnorms an RST 66h type ul operation and, as its aame
ndicates. it is unaffected by the DI mstruchan.

‘This reads a byte ftrom external circuits that are “port
.adressed’. Tt does so by placing the port address on the cighl
ow address lines, making LOR(Q and RD active, and t.hsn
uacing the byte collected on the data bus in the specified
euster. IN tekes two forms: 1IN A.(port), which has the port
Lumbet contained in the next byvte of program memary with r-\
Joiding the result; and IN reg (C), for which the hyte in Cis
\sea as the port address, and reg can be any GP register.

INC

™D
NDR

iINIR

P

JR
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‘Increment” adds one 1o the valug held in a specifiad register —
the same rules apply as for DEC.

These are a group of input instructions that serve the same
purpese for IN as the CPD group does tor comparing, and the
L.LD group for loading. INDJ transfers the contents of the port
specitied by the C register to the memory location whose address
is pointed to by the HL register pair. HL is then decremented,
and 5o too is the B register. If the latter reaches zero then the Z
lag is set. INDR is the repeating version. It continues to
transter the data at port (C) to the area of memory through
which the HL pointer is being decremented. until B reaches
zerG. INI and INIR function ltike IND and INDR respectively,
xeent that HT. is incremented rather than decremented,

Jump' allows the program counter 10 be loaded with a pew
value, which resuits in the operation of the program moving
elsewhere. There are threc aiternatives: you may jump to the
address indicated in the next two program bytes; perform a
onditiosal IP. which will only ocour of a flag test holds true (ie
JPNC, 6000k will Jead the PC with 6000h. but only if the carry
flag is not set); or do an indexed [ump, which loads the PC with
he value held by HL, IX or IY.

“Jump relative’ allows you to modify the contents ot the PC by
adding or subtracting 2 seven-it value to the low byie of the
PC. The required vuiue is stored in the next byte of program
memory. If the byte containg fess than 127, it is added to the
vaee of the PC, but oniy after the automatic increment
oitowing the fetching procedure. Theretore, IR 0 would have
no effect. whilst JR I would make the CPU omir a byte before
fetching its next op code.

[f bit 7 of the “displacement byte’ is 1 {in other words. il the
number is greater than 127 this value is treated by a convention
nown as the “two’s comnlement’, which allows us to generate
negative numoers. For example, FEh (254 dec) as a two's
complement s —2. If you complement {see CPL) the
displacement byte and add one, you will arrive at 2 value which
15 0 be subtracted from the PC. Thus JR [Eh (254 deci forces
the CIPU to jump back two locations where it will cucounter the
SuMme instruction. rhereby creating an endless loop.

You can also use JR as a conditional instruction. bat it can
only tesl a limited number of flags, IR Z. JR NZ. JR C and IR
NC. However. JR is often preletable 1o JP because, as weil us
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seing one byte shorter in length. 1ts use absolves the
Togrammer trom writing code that must reside in a particular
irea of memory. JP nzeds to be accompamed by Lhe actuul
iadress. whereas JR onlv modifies the current vatue in the PC.

I'his is the most common oo coge of all, ‘load”. Furst
mpTessions may suggest that veu can load anvthing with
wervining, but there are some Jlimitations! In its simplest form
D A B will transfer the value stored in B and place itin A,
westroving the byte previously held in A, Let's systemaricalily go
nrongh the load codes that are available.

‘ou mav load any eight-bit GP register with “immediate’
iata: that is. data stored in the next location in program
eMULY.

A1l the 16-bit resisters (except PC) can be loaded with
mmediate data stored as the next nvo bytes of program. See,
ater. the note about how two-bvte values are handled by the
“30.

xternal memory, of which the address is held in the FIL ot
adex registers (IX and IY plus a displacement. to be explained
ater). can aise be loaded with immediate data, 1 LD (HL),
Fh.

tis possible to load the contents of any GF eight-bit register
vith the contents of any other.

“he two special cight-bit registers, [ and K, can be loaded
vith :he value in A, and A can be loaded with their contents,

‘ou can only transfer 14-bit vulues from the double registers
i o SP (however, refer to EX). To transfer the contents of,
av, 8C to DE you can, of course, use LD 1D, B then 5 B ) Y

Jata pointed to by the addresses held in HI. ar rhe index
egisters can be loaded inte any eight-bit GP registet.

“he contents of anv eight-bit GP register can be loaded into
xternal memory if the address of the location is held in HL or
it index registers.

“he A resisier can also use B{ and DE as memory pointers:
o LD AL (BCY will load the contents of the address held in BU
nro the accumnulator. and LI (DE). A will load the address
ield »v DE with the value of A,

“he extra flexibility of A is shown by the instructions LD A,
ADDR) and LD (ADDR), A. Here ADDR iy a two-byle
e stored as immediate data In the next two program
ocations. This is ferched and used as a memory pointer, so LD
. (0000R) will load A with the byres of data stored at location
©r0.

LDD

LDDR

LDR

LDIR

NEG

NOP

OR

. Chupeer 5 Lungpage for Machines

Finallv. this technigue of using immediate data as a memory
pointer can be applied to the 18-bit registers. For example. LD
{ADDR), BC will store the contents of BC at two locations
‘ndicated by ADDR and ADDR4+1.

D is fairlv extensive. but not infinite! For example, it is not
oossthie o do LD (ADDR), (another ADDR). This would
require something similar o: LD HL, {anuther ADDR). then
LD {ADDR). EIL. Also note that no load instruction alters the
flags.

This is a complex instruction similar to CPD. Tt causes the CPU
to transfer the data held ar the address stored in HL to the
address stored in DE. [t thea decrements the BC, DE and HL
registers. If BC becomes zero then the P/V flag s set.

As LDD. but with autematic repeat i BC is not zero. You can
use this op code to transfer a block of data from one area of
memory to another by loading the following: HL with the last
address of the block vou want to move: BE with the last address
of the destination vou require to fill; BC with the number of
bytes to be transferred. LDDR will then carry out the mave,
and the data will now be in both areas of memory you have
chosen.

As LDD but the HL and DE registers are incremenled instezd
of decremented.

The auto-repeating version of LDI. By choosing either LDDR
or LRIR vou can fill your new area fram the ‘top down’ or the
“bottom up’, which is important if blocks overlap.

This is an accumulator-only op code. It transforms the value in
A into the necative two's complement value of the otiginal
contents by complementing and adding one. When nat deaiing
with two's complement arithmetic, & program may use this
instruction as & quick way of sublacting a value from zero.

‘No operation’. When the CPU fetehes this code it does nothing
excenl increment the PC as alwavs -— surprisingly useful,
especially during program development.

This is a logic op code that can take a hvte of immediate data,
the contents of a GP register, ot a value from memory pointed
o by HL, IX or 1Y, and perform a bic-by-bit ORing test
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TP
WTI
ITDR
IR

“Op

*USH

iET

ETIT

setween the byte and the A register. The result is left in A, and
ne Aags are set accordingly. For example. if A contains
WO binary, OR $3h {10000011 binary) will have the result
OGO01L1L in AL

The write versien of IN. The same rules apply, excepi that the
1gia is sent from the register to the specified port,

L'his group of instructious is the complement of the IND group.
The contents of the memory location pownted te by HL are
outbut to port (). HL is then decremented or incremented. B
is decremented. and Jf the instruction s a repeating one, the
wcuon is carrled out untul B reaches zero.

This 1s an op code assoctated with the stack, which is the arca of
ernat memary Teserved for the CPU's own use: it stores the
erurn addresses for CALL instructions there. POP 1akes the
JTevious Two Dytes stored in this area and loads them into the
oecified register pair (AF, BC, DE. HL, 1X. TY). The stack
soineer is then incremented twice, leaving it pointing at the next
wo bytes to be PQPed. Stack operations are dealt with later.

‘This reverses the POP procedure: it decrements the SP iwice,
woositing the contents of the specified register pair at the
nemory aadresses created in the process.

‘Reset” to zero. 1he value of any it of a hyte stored in the GP

emsiers or 4l a memory location pointed to by either HL or the
niex registers, can be Teset w zero. RES 1,A will make bit 1 of
ne A register become zero.

‘Rerumn’ fronr 1 CALL: this is used at the end of 1 subrouiine 1n
yraer to return to the original rounne. RET retrieves the
iadress that was pushed on w the stack by the CALL op cede,
ina places it in the PC. thereby lorcing a jump t that lecation.
ake zare if vou tamper with the stack or the SP dunng the
uoroutine — vou may cause the ¢orrect address to become
rretrievaple. This can sometimes be used on purpose, for
~xample to find the vatue of the PC.

This is & special RET instruction for use at the end of a
-uoroutine called in response to 2 maskable intecrupt. It acts as
inormai RET but. in addition, signals sent via the control bus

RETN

RL

RLA

ALCA
RR
RRA

IRC
RRCA

RRD
RLD

. Chuprer 0 Language for Machines

indicate to the inferrupting device that the mterrupt has been
‘serviced’,

Rzturn from a non-maskable interrupt.

This is the fiest of a set of ‘rotate and shift” codes that are best
described graphically: refer to Table 6.1 for a fuller explana-
1won. However. bricflv, RL rotates a byte of data left through
the carry flag. The highest bit, bit 7, is placzd in the carry ﬁaug,
and bit 6 shuffles over o repiace it. All the bits move along one
place, and bit O is filled with the old value of the carry bit.
Unless otherwise stated. aill shift and rotate codes can be
applied w any GP register or byte in memory pointed o by HL
:ad the index registers.

An excepfian to the above rule, RLA can only be applied to the
A register. [t behaves in the same way as RL exceot that no
Mags other than carry are affected. The rotates that end with *A”
arc all only one byte long and are quicker to exccute than the
others.

‘Rotate left circudar’ is similar to RL. [t differs in that bit 7 is
cepied into bit 0 as well as the carry, the original value of which
is lost.

A circular version of RLA.
‘Rotate right”. Palpably, RL the other way!

These are the totate right versions of RLA. RLC and RLCA.

These are alphabeticaily our of order because they are not
normal rotate instructions. RLD stands for ‘rotate left decimal’.
It is used in conjunction with binary coded decimal arithmetic,
or in certain cases where vou wish to rotate a valuc by four birs.
The HL rcgister must point to the memory locarion you wish (o
rotate. Ihe Jow tonr bits {or nibble) of the accumularar are
naced in the iow nibble of the memory location. The conzents
ol the low nibble arc placed in the high [our bits, the previous
contents of which are transferred to the tow nibble of the A
register. RRD is the same except it rotates in the other
iirection.
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T T'his is not a rotate instruction! It stands for ‘restart’. There are

4 l i l 2 l 1 I 1 l | eight RST op codes. each of which perform a CALL to one of

~hese specific addresses: 0, 8. 16, 24, 32, 4. 48 and 36 decimal.

| c . the RST code is o_nly one bvte long, argﬂ 1018 used extensively in
 Kout ~he ROM 1o call frequently-used routines.

“able 6.1 BITS 576 [

| SBC ‘Subtract with carry’. As ADC, except that a subtraction is
{L/RLA ;{ Il { 1I ; Ii I erformed.

(CF ‘Set the carrv flag’. Causes the carry fag to become 1, whatever
15 previeus valoe,

T T SET  See RES. SET makes the specified bit 1.
|

i LA ‘Shoft lefr anthmetic’. "Fhis is the first of three shitt codes. See
AL and Table 7.

ALC/RICA 3 I
l_l 1

A

| ‘RA - Shift right arithmertie.”
} 1 JIl ‘ SRL. -Shift right logical”

WB  This is an eighi-bit only op code that subtacts the contents of
ather a GP register, or external memory pointed to by 1L or
he index registers, from the A register. It leaves the result in A
IRCRRCA l T T 1T 1 1 Ix ana sets the fiags. [f you wish to perform a 16-bit SUB then you
JL]-—' an use 3B having previousty reset the carry flag: AND A 18

ne auickest way o achieve this.

| | [j !

IRRRA |

C 0
. L{OR  This exotic sounding instruction stands for ‘exclusive OR’, and
_L s in the same mould as AND apd OR. It has a logic one result
LA Y I I I A | _] only if the two bits les[e_d ars dif'fererjt fmnj each other: thus
o) Y ) OO | | 1 1 oth ¢wo (s and two 1s will result in a 9. It will crop up often as

_ZOR A because tius 1s the easiest way 1o zero the accumulator,

:[" The index registers, flags and stack: notes to accornpany the

Ra L_F_I_ I IL\}_ alossary
] TR N I I “he index registers, [X and [Y, are often ased as memary pointers. Op
oaes that use them take the torm LD A (X +displacernent byte)’,
[ ¥nere ‘displacement byte’ is a two's complement number {see IR} rhat
J/ s added to the index resister. before the value iy used as o memory

Lomnter (0 access a location in memory. Henee, if we load an index
-emister with a suitable number at the start of a program, we can have

——
——
~4
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wick and simple use of a block of memory censisting of 255 bytes
:2ntred on a selected value.

‘pectrum system softwars uses the 1Y register to get at the system
rariadles. so it must always be restored teo its correct value before there
5 a retarn to the operating system. Op code values can be calculated
rom the cauivalent (HL) code. as D is the prefix for 1X and FDh for
Y. L'he displacement byte is inserted after the {HL) op code valug, so,
n order 10 ransform OR (HL} inte OR (IX+2}, {or instance. the
me-pvle code B6h would become the three-byte code DD D6 02 h.

+ word abour Hags. The carry flag is useful for testing to see if one
satue is greater than another — comparing A with 10 will set the carry to

it A contains less than 10, The P/V Bag has a number of functions: it is
wea o test for ‘pverflows’ when performing two’s complement
irthmetic: it reflects the ‘narity’ of the result of a legic operation. witlh
0 even numoer of ones in the accunulator serting the flag; it is uscd by
nc block oo codes as a suppiementary zero flag. Also remember that
'ou ¢an cnange the value of flags aceidenially with the POP AF and EX
iF AF'

Ine auirk of ZE0 code that may confuse you is its method of storing
wo-pyte numbers in external memorv. [t places the low byle in the first
acation and the high byte in the nexr. In the case of LD HL.U100, this
rouwd 5e stored in memory as 21.00,01. The second byte represents the
agirt high bits of the value.

‘inally we come to the stuck. Thiznk of this as a pile of cards: putting a
sarue on the stack means that it noes on the top of the pile, so thar if we
vere wr mek up, ur POP, the top card it would always be the last one put
iown. or the last one exposed when the previous card was taken. The
rack pointer holds the address of the next card to he POPed. Oun the
“80. the SP is decremented hefore a PUSH, so the stack grows ‘top
10WN’,

vionitor program

f you are interested in writing complex programs, an assembler
rrogram ana reference ook would be a good investment. To give you a
aste, however, the above glossary, together with the list of op codes in
fie ‘Character Set’ chaoter of the Spectram manual will suffice.
rogram 6.1 is a BASIC program that vou can us2 to enter decimal or
wexadecimal data o memory, check what vou have done, alter, save.
inag run the machine cods vou have created. It contains its own
jperating instructions, so enter it and save it carefully. After running
e oT vour programs, it prints the value left in the BC register, so load
nat with anv result vou wish 1o examine. Try exploring what the various
w coaes do, especially the conditional and rotate oncs,

4
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Program 6.1: Monitor

1 REM MONITOR FROGRAM

= REM

S REM For pound sign read

& REM raad hash symkbol

7 REM

1030 TO f00n

11 REM

2 REM Format 1 byte

1% REM

20 IF NOT h THEN LET a%=" "+ STR$% a

i LET a%=3%: LEMN a%~2 T0O ): RETURN

30 LET as=" "

40 FOR x= LEN a% TO 1 STEF -i: LET b=a
- INT (a/146)%1t: LET a%$i{x}= CHR% (b+4E+7
#(b=R)ie LET am INT (a/1&)s NEXT x: RETU
Rl

T REM

51 REM Format 0 bwies

S REM

&0 IF NOT b THEN LET as=" M BTRE
ar LET at%=as( LEN a$—4 TO ) RETURNM

7O LET as=" " GO TOD 40

100 REM
11 REM
102 REM
110 LET as="Invaiid numberityy again’
REM
REM Start here
REM
LET n=0C: INF
janlsd =1 T LEN h$: LET b= CODE bt
l--dfge TF R THEM GO 70 @
30 IF be0 OR bE% TEEM B0 TD 11

160 LET m= INT n+h#%i0"( LEN b$-x): RELT
wi o RETIRR

170 OIF Bl OR L% AND b<l7 OR br2il THEN

S0 TH 110

180 LET b=h-7*{h 2}y LET n= INT n+b¥l&™

Input

T fas+ My LINE b

v LEN b—u NEXT e RETIJRM
200 REM

RE™ Get 1

REM

GO SUE 120 IF m0 OR nk
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50 7O 210

EXAMINE

FRINMT [NVERSE 13 "H"3
INVERSE 13 H": INVERS

e IF nr6IEls W
nterts GOOTO IC
T 1l=n: FRIMT

IMEEYS ¢ [F ag="A" THEN ©&HO

THEM @O T L1
THEM GO TO 1180
THE 5 CTLIRM

THERN 12008 LET a%

090 HBO T 1040
D0 LET &t Aew valus!
g ] 1E2EE THEN  LET as=v

TO 1080

THEN GO TO 1040
FARMNDOMT ZE
GO BLE

1e0 IF ¢ + O THEN GO SR 12002 LET c=
z-ir G0 BUER 1190y GO TO 1040
7o IR WOT LOTHEMN GO TO 1040

LEO LET I=l-1: RANDOMIZE USSR LE
Tommcy W0 SUR 1210 GGOTD 1040
PRINT AT ct+Z.08 "Addre= AT c+2
wabontents®s RETURN

FRINT AT o+l Tak =3 AT e+i, 22,

LR
10 LET a=1-+p: G0 SUE H50s FRINT AT p=2
T Yia LET a= BEER (l+pd: BO 8U

.

REE TLAR
ENTER CODE
"Moo allows wouw to

"ENTER A VALLE 00T
ETURM

=]
SE
1D THE MEML" S

LET 1=n
FRINT AT 14,20
SUE 120e IF moo

9 THEN
FORE 1,.n3

li =0T

SAVE CODE

FRIMY "Mods 3 will

=ry LET

am=MumE e Sk
LeT £ i B0y PRINT

"iake

FUN CODE

AN A owill run machon

= cod

AGEQ LET il

SUE [=l==R N be

yun from"i a5t "B —
R to run code LAS "N to o

addriess AT the msna”

AR ok 3 i IF =%="M" THEM RE

TURM
4040 IF as="MH" THEN GO 70 &

Chapeer & Language for Machizes
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ustde Yaur Spectrum .

B0 ¥V 4
my THEUT T
HETWRM

[KF=3-3

BOSE

T
'with
qoTo

thie morw sl

HOOL

LO0E HEM

zimal press H
=ns D5
YOTHER GO
TETOTHER b=k e
D THER T
THEN &0 TO alod
ai’:y LET h=o
SR L PRINT
100 L
10 GO =SUE G -
ol20 FPRINT L mal o= van: @0 T HOHO

HBOoG REM
Sooi FEM MENU
3002 REM

D a%: FR
; 5 o= H MNEXT
LET a= L0 ChEEYE 43 ATl R

Qa0

=18
BOsd DATA M
YHave Code","Run Code", ' "Change Bass!,

. Chapeer 6 Language for Machines
THERN GO0 T4 8040
OG0 DUR ax1000r G0 TO 8000
wamine Mzmory", "Enter code’
2

s

nvert Numser"

O
Tl
20T
L0
8,8

£ REM
BEM St oup

7: PAPER 1: BORDER 1: PO

i 3

FOI0 LET h=0: Ltl z®="Start addresz": LE

T v%="0ut of range;try

FOI0 RESTORE F200: FOR >

D a: PORE w.ar MEXT

FLO0 G 7D G000

SL4, 205,64, 10
18515, 198, a0l 241,
D1, 58137, 4,
Gy 20, 193,16 1,201
15, 0,F1, 235, 60 SelE, T

O DATA 245
7415

Ty l78, 225
DaTh &2

205, 18,9

Now for a challenge! Without looking at Table 6.2, compilc 5 program
that fires an arrow across the top line of the screen. You will need to
know the following:

1

[

RST 10h (code D7) wiil call the ROM’s print routine and piace the
symbol of the code held in the A register on the screen at the
current print position.

You can change the currest print position (it is automatically
updated by the print routine) by sending 16h (the AT cede) in A to
the print routing {RST 10h again). You should then follow it with
the new print coordinates — for example, LD A,16h, RST 10h, LD
A0, RST 10h, LD A 0. RST 1Ch, will set the print position to the
top lefthand corner.

The code for the arrow can be SEh (the “preater than’ sign).

ou will have to incorporate a 16-bit delay loop if you are to see the
arrow travel!
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he ‘answer’ I have provided in Table 6.2 18 net the sole Jossibility. You
‘nould 3e able o imorove on it when you know the ropes. Have tun!

“able 6.2

sddress Hex Code Assembler

FRY 012000 LD BC0020h

“FR3 116100 1.0 DE.OOOIh

F86 BA LD LD Dart 2
FR7 CDAYTE CALL 7FA%h ‘ n
F3A 3E3E LD A3Eh

T8C D7 RST 1Uh

F4D 61 LD H.C m . s
FRE WFE DINZ —2 1 he Sln(:lalr Spectrum
F50 25 DEC H

F91 WFR TR NZ,—= |

F93 BA LD L.D 1

F54 CDASTE CALL 7FAD |

FY7 IE20 LD A.20h |

700 D7 RST t6h ‘

oA 6B LD LE

FURB CDAYTF CALL 7EADK

FYE 3E3E LD A,3Fh i

FAD D7 RST :0h |

FAL 14 INC D |

FAZ 1c INCE |

FA3 7B LD AE |

FA4 FE20 CP 20h

FAS 20E5 JR NZ.—27dec

FAR (&) RET

FAG IET6 LD A.leh

FAB D7 RST 10h |

FAC AF XOR A |

FAD D7 RST 10h w

FAE D ID AL ‘

FAF n7 RST 10h

¥RO co RET

A
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ntroducing the Spectrum

n the first section I deseribed the general concepis of microcemputers
rorm first principles. Now it 15 nme to examine the workings of the
dnclair Spectrum computer specificully. There are two  models
wvalizble, but the only differsnce between them 13 that one contains LoK
o RAM and the other 48K. The additional memeory gives the scope for
arger programs o be run and useful quantities of extra data o be stored
In board’.

‘he Spectrum was one of the first colour computers available at a
calistic price to the average consumer in Britam. Much of its design has
wen developed from its predecessors, the ZX80 and ZXB1, both of
vnich utilise the same Z8&) microprocessor,

“he ZXB0 was the first complete computer available for under £160

-Twas unable to produce a 1V display and compute it the same ume,
t pussessed 4K of ROM containing the operating system and a simple
orm of BASIC. and included just IK of RAM, paltry by today’s
mazndards and rather modest even in 19800 it was a success even with
hese limitations. because it sold (o people who wanted an off-the-shelf
or rather ‘through-the-letter-box’) computer aimed at novices and
mced accordingly.

“he ZX30 was scon replaced by the much improved, million-selling
“X81, with BK of ROM und a ‘slow’ mode which maintained the screen
nsolay at the cxpensc of very slow operation. These enhancements
vere comoined with a price cut of £20. Soon Sinclair's silent. black and
vnite membrane keyboarded computer was sclling like hot cukes and
IDENINg UP New matkets. not only for computers but also for software,
s00ks and magazines.

“he Spectrum’s facilities

Vlav 1982 saw the launch of the Spectrum. It seemed to represent a vast
motovement on its predecassor, and in terms of value for money, it was
vell ahead of the comoetition — a 16K modet was enly £5 dearer than a
"XB1 with RAM pack. Let’s look at some of the noteworthy tacihties
afered by the Spectrum.




T
aside Your Spectrum -

. A high resolution video display that can be viewed on an ordinary
somestic television ser. It has a resolution ol 256 by 192 dots, and it can
srnr 32 characters in each of its 24 lines of text. Each character space
:an ng displayed as two different colouts. termed PAPER and INK and
soth of these can be one of eight colours — black. biue, red, magenta,
rreen, cvan. vetlow and white. In addition. any space can be set to
IRIGHT. which increases the luminance. or FT.ASH. which swops
*APER and INK values at a fixed rate. Software allows dvawing 10 an
wceuracy of one dot. of ‘pixel’. on the upper 22 lines of the screci, and
ne use of user-defined’ graphic shupes. The screen data 15 memory
wupped. meading that the display is copied from RAM which is
;adressed bv the address bus. and it occupies over 6K of the memory
hat would utherwise be available to the programmer

*. A BEEP facilitv which allows the creation ot simple tones with
3ASIC. and more complex effects from machine code programs. Lhe
ouna emerges fTom a smail speaker built into Lhe case. Although quiet.
ne car secket can be used to feed an external speaker.

T, An imcrface makes possible the uge of an ordinary audio cassette
»ayer as a storage mediunl. BASIC programs, data and machine code
wan pe saved on normal cassettes. and loaded back into the computer via
ne MIC and FEAR sockets with the suppiied lead. The cassetie port uses
: “Schmitt trigger” in its circuirry. which enliances reliability so that the
arg can be (ranslerred at a rate of aboutr 1200 baud’ - fast in
-omparson with some other machines. The creation of the serial data is
1andled by the system seitware, which also supporis ‘vendy’, a
ommana that checks that a good recording has been made,

. A& BASIC interpreter accompanies the machine’s operating system in
LOM. 1t i3 a development of the ZX80 and ZX81 BASIC with provision
or multi-dimension arravs, a full expression evaluator, floating pont
rithmetic and svntax checking that occurs on ling entry. String slicing is
moiemented by a TO function - for example, if AS is “hello’, then
W52 TO ) would be ‘ell’. BASIC lines are entered from the keyboard
#v a ‘sinple key” method: cach key has up to five different meamngs tor
ne operating system, depending on where i the BASIC line the key
s been entered. and on the use of the shift keys. As a dialect of
MASIC it is excellent for first-time users.

. A provision 1o drive a ‘port mapped’. low cost printet. The printer s
ontrolled by software, thereby simplifving the interfacz, and was
reviousiy sold for use with the ZX81,

. Chapter 7 Introducing the Spectrum

. The keyhoard consists of moving rubber keys that ure spaced at
typewriter pitch. This may not seem much 10 boast abeut. bur for users
of the ZX81 1t is a vast improvement.

7. The provision to run a new tvpe of low cost mass storage device called
a‘mivrodrive’. When these finally sppeared on the market. it transpirad
that thev consisted of high quality magnetic tape cartridges which travel
at high speed. The performance approximates that of floppy disk
drives’. the cost is less than half.

Numerous hardware additions (o the Spectzumn are availeble. bul there
are two from Sinclair Research themselves. The Interface | is required
to contrel the microdrives and it also provides an RS232 interface and
werwork capability. The Interface 2 hosts program cartridges and allows
two joysticks to be used,

The above specifications combined with low prices have led to the
domination of the UK home computer marker by Sinclair Spectrum.
Belore Clristmas 1983, the miilioath machine rolled off the production
ine and there were no signs of any waning in the computer's popularity.

Hardware structure

The structure of the hardware of the Spectrum is represented in Figure
7.1, If you were to compare this with the actual circuit board inside the
case. there would nat at first appear to be any Tesemblance, yet. apart
from some small components that cloud the picture. the main features
can be identified.

The most abvious is the mictoprocessor itself, This is a Z8) A — a
«ersion of the Z80 which is capable of running with & higher clock
frequency than the standard modei. An eight-bir wide data bus runs
around the board from the microprocessor to the other main
components. occasionally being buffered from conflicts by appropriate
resisiers and dicdes. The T6-hir address bus does the same.

The remaining major part of the system is a 40-pin integrated circuit.
This *ULA’ chip can be satd 10 perform, with some exceptions, anything
that the CPU is unable to do. 1t is a custom-marutactured workhorse
that provides the moans of gencrating a video display — it carries out
the more exotic forms of address decoding and all the port address
decoding, it provides the clock signal. and more.

“he Initials represent ‘uncommitted logic array’ — this is 1 method of
producing. from a standard substance. custom-made integrated circuits
for a specific job. The chip manufacturers make a package (hat contains
all the building blocks required for a coinples circuit — gates, fip-tlops,
nverters. buffers. ete. The fnal task of interconnecting them, using a
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igure 7.1: Spectrum System Layout

notographic etching method, is lefr until the required design is ﬁnuii‘sed
vith (heir customers. This makes the job of building a chip to fulfil 2
pectiic function much cheaper than using discretz cumponcais,
‘specizily if large numbers will be required.

“here is nothing ‘magical’ inside the Sinclair ULA. Its role coulgl be
inuertaken by a collection of logic chips. aithuugh the space these
vourd occuny might demand a huge circuit board — the factors of size

Il

. Chapter 7 Jnrreducing the Specirum

ina cost work ta the advantage of custom-buiit chips, The ULA 15
wtached 1o beth the data and address buses. and it also roceives most of
he ZBIs control signals, With this informaton, it gencrates more
specific signals of its own which control the whols computer.

:eund in close proximity te it on the board is a crysial’. This is the
xternal component of the oscillator inside the ULA: the oscitlator
eneratss the clock signal for che CPU and the ULA itself. Other
enncenons © the workhorse include the EAR input socket through

which scrial data can be fed in from a cassette recorder. Outputs include

the video and colour signals, the teed to the MIC sacket for recording
iata. and signals to activate the speaker and kevboard,

+ ROM chio is the next most obvious thing on the circuit board. 1t is
apaole of storing 128K bits, that is. 16K bytes. This is the home of the
:ystem sortware, permanendy ciched as connections in sificon. The chip
is linked to both address and data buses — its chip enable signal comes
from the ULA.

The 48K machine possesses 10 RAM chips, the smaller computer only
4. How the extra eight chips of the larger mode!l are housed depends on
e age of vour machine. The standard complement of 16K bytes of
RAM is made up “rom eight 4116 16K bit dynamic RAM chips,
wrransed 5o that each chip contributes to one line of the data bus: thus a
svte of data stored at a particular address will have each individual bit
tored in a different RAM chip. This (irst 16K of RAM is reated ro its
own acdress lines because the ULA clup needs 10 access that area of
memory independently ot the CPU, in order to collect data to be sent to
the screen. To faalitate this, chips known as ‘multiplexers’ (74 LS 157)
are used. They have two inputs for each bit of the address bus, one from
ne 78U bus and one fed directly from the ULA. A control signal trom
the ULA deterrmines which of these is passed on 1o the RAM chips.

Feeding a domestic television requires a good deal of electronics. Not
mty must the colour and luminance signals be combined with suitable
wnenronising puises and coded into one ‘composite video® signal, but
aso that sienal must be ‘modulated’. This process imitates the workings
of a television transmitter: conseauently, the atea of the circuit board
¥nich does the transmitting’ is enclosed in a meral screening can, so
*hat the computer will nut appear on the alrwaves. A wead bul identical
'ers1on of the signals picked up by your TV acrial is then passed down a
screened lead to the aeriaf socket on yvour set. As you know, different
TV stations broadcast on different channels: the Spectrum. in commeon
with most computers, transmirs on channel 36

Most of the remaimming components are concerned either with
buffering the various signals between the major areas of the circuit
board and the connectors, or with providing the correct supply voitages
without which the integrated circuits could not function, The voltage

bl




nside Your Specinin

viiich is supplied by the extcrnak matns adaptor is 9 volts, but many ot
he chins need only S volts to tunction, and any more would cause
lamage: other chips require +3. +12 and —12 voliages. relative to thenr
RN pins.

+ word of advice for the incurably inquisitive amongst you: il you
ake vour machine apart to nvestigaie inside. vou will almost certainly
nvatidate any guarantee ihat the makers or supplicrs olfer. but you are
wniikely Lo do any damage 1 vou take care. Wt tor the warranty 10
-gowwe if you can possibly contain yourseif.

“he computer 15 held together by five cress-headed seli-tupping
crews 1ocated underneath the case. Having pulled our the power plug
na removed the screws. turn the computer the right way up before
ifting off the top halt. Be gentle! The keyboard is connccted to the
ower part by two very Iragile ribbon cables. Thesc can be pulled gently
tom heir sockets to allow the complete removai of the top. Now you
‘an snoaD away 1o your heart’s content. However, doa’'t drop anything,
nside. varticalarly if it’s metal. Another serew holds the printed circuit
ward 1o the Jower part of the case, bur there is little underneuth other
han copper tracks. When reinserting the tails of the nbbun cables
\efore reassembling the computer, take greal care not 1o Kink them as
ney will bend all too easily and may fracture. And don't leave anything
nside!

CHAPTER 8
The Memory Map

The most prevatent limitation that the majarity of microprocessors
impose on the design of compurers is the size of the address bus. With
04K bytes at their disposal, early micrucomputers had room to spare,
but, with the falling price of memory cnips and the demand [or
increased storage space, recent products oftcn use all their available
addresses. The 48K Specrrum falls inwo this category. The layout of
memory addresses 15 termed the memory map — on the Sinclair
Spectrum this is aliocated as follows.

Berween addresses 0 and 16383 decimal (0000h to 3FFFh), a 16K
ROM holds the system software (including the routines that provide
input and output via keyboard. screen and speaker) and the BASIC
lunguage interpretar. RAM is found between 16384 and the top of the
map. in the 16K machine. this extends only as far as 32767 (7FFFh), and
he remaining addresses are vacant. The 48K compurter has RAM at ail
he addresses up to 65533 (FFFFh): an borth machines. not all the RAM
ocations are avallable to the user. Studv the memory map in Figure 8.1,
:na vou will see that. [rom 4000h upwards, a grear deal of space is zaken
1o oefore the location marked PROG, which is the storing place [or the
rezinning of any BASIC program entered. (Plcasc note that this figure
§ not drawn to scale.)

“he pixe! data for the screen is stored between 4000h and 37FFh,
vnich is called the -display {ile’ — this helds the informarion that
‘emempers whether anv dot of the screen is paper or ink. 1t makes use
i a larue atea, 6K byies, bul that is the penalty for good graphics.
‘tarting at 38(0h is another file for display purposes. the atribuies file.
tis worth repeating that the colour resolution of the Spectrum is low,
ina 300k bytes are sufficient for the data which instigates the ULA chip
o generate the colour part ot the picture.

mmediatelv following the attributes. is a 100h block of memory
aited the printer buffer: this [s used in conjunction with softwure to
trive the low-cost printer available for Sinclair machines. It is in the
wiffer that a line of text is translated inte eight limes of 256 pixels
rroaucing the character shapes. This data is then sent to the printer asa
enal stream of ONs and OFFs. which controls the stvius of the printer
s 1t travels across the paper.
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“ipure 8. 1:Speciruin Memary Map
“ystem Variables or Hexadecimal Addresses

VRAMT T User-defined G raphics Area

. |
LAMIOT " GOSUB Stack
Marhine Stack
P f
Spare Space
ETKEND : Caleulator Stack
TRBOT " Temporary Work Space
YORKSP , Imput Dara __
" Edit Buffer
“LINE t -
. BASIC Variables
TARS }
© BASIC Program
'_};{(F)\is : Channel Information o
. " Microdrive Maps
CHRbh —
CU0R | System Vuriables
'-"( : Printer Buffer
Bth ' Autnibutes File
800h 1
Display File
ok : Operanag System and
BASIC Interpreter
ROM
KiOh 1

system variables

“he next Block of addresses. called the systzm variables, is concerned
yith the ruuning of the machine's own system software. Any program
wvnich is held totally i ROM is hampered by the fact that i cannot siore
anables within its own memory ared. except tor the few byles 1t can
ceep in the registers of the processor. which are unused by the program
welf. It may. of course, lodge the bytes on the stack. but retrieving
hem at random is impossible. Consequently, the areg of memory lram

. Chapter 8 The Memary Map

LC00h to SCB6h, 15 set aside for storing such information as the current
colours to be used for prinimg 1o the sereen., where the BASIC progrim
1as stored its vartables: or even. where the BASIC program itsell starts
Jthis moves about when extra equipment is attached te the computer).

You will find a list of the system variables in the manual  the list
indicates briefly what the data is that they store. Some can be altered by
the programmer 10 achieve the desired effect, changing others will cause
a percruptory crash of the whole machine. RAMTOP, the variahle ar
3C82h. for instance, can be POKEd with a lower value to deceive the -
computer about the existence of memory locations — normully, when
the command NEW is carried ourt, all memory is wiped ciean. but with
this device the locations above your RAMTOP wil nor be affected. On
the other hand. if you POKEd a dGifferent value into PROG, the address
at which the BASIC program starts, the interpreter wiil fzil to find the
program when vou RUN. causing a crash. (You may just be lucky and
POKE in a value that is the start of 2 line in the program. bur still any
earlier lines will bz lost.}

It is worth noting that the values held by the two-byte system
variables are stored in the manner of the Z30 itself — that is. the least
significant byte first. Let me give an example that also shows the
advantage of using hexadecimal numbers.

PROG stores an address. 1t is a 16-bit number, so it needs two bytes
of memory space. 3C52h and 3C43h. If the BASIC is in its norinal place,
then FEEKing these two values should provide a standard result. Try
entering PRINT PEEK 23633 and PRINT PEEK 23636 — you shouid
get 203 and 92 respectively. In order to find out which addresses thesa
represent, you need to multiply the second vajue by 236 — PRINT
236*PEEK 23636 will give you 23552, Now add the value in the first
location by entering PRINT 236*PEEK 23636+PEEK 23635, This
should elicit the result 23735 ie (256°92)4-203.

1f the Spectrum could be persuaded te give its answers in hexadecimal
{and programs are available offering this facility} the results of
"EEKing the RAMTOP system variable would have been CBh and

Ch. We can multinly a hex number by 256 through simply adding two
eros 1o the nd — 3C becomes SCO0h. add CBh. and we have SCCBh.
Fuess the decimal version of 3CCBh! Merely by reading the rwo hex
bytes in reverse, we arrive at the irue two-byle value stored in
RAMTQP, Admittedly, using hex numbers on a machine that cannot
undersiand them is nonsense. but with the use of an appropriate
‘momtor’ program, many tortuous calculatians can be avoided. If vou
would like proof thar 23735 is indesd the starting point of the BASIC
program. then rry the following procedure.

Enter a single line of BASIC into an otherwise vacant computer —
perhaps. 100 REM The first and unly line — and then POKE the first
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wo nvtes of the program area with zeros, 1w POKE 23733,0 and POKE
*3756.0. Now list the program. and see the disruption caused. This is
secause cach line is stored with the first two bytes. which represent the
ine number. 1f vou POKE i uther values. you will discover ihut. to add
o potznnal confusion, These line numbpers are stored the fLorrect’ way
uni — that is, the most sigrificant byte first.

cturmne 10 the memory map, et us examine what lies batween the

.na of the system vanables and the start ot any BASIC program. There
s an arca of RAM designated as microdrive maps — without a
victodrive this is non-existent. Finally, before we reach the BASIC
sregram urea. there 18 4 small table ot data known s ihe "Channe!
niormaton’ . The Spectrum uses a method of inpurting and outputring
tata that assigns @ channel number to euch of its available types af
.ommunication. The device which is curremtly the active ‘stream’, is the
Je That Teceives and sends data. For example. i the screen s the active
rream. tnen the data stored for that output channel in the channei
niormation table is used by an all-purpose output routine to discover
ne whereabouts of the routines that deal with screen output. 1L you
vere to open the printer stréamt, the PRINT commund would instigate
ne sending of what would normally go to the display tiles for
ransumssion wo the 1V, to go mstead to the printer butfer.

“lis mav seem an unncecssaniy complicated way of working, but it
omes muo its own When extra channels are added fo the system. The
sulk of the 'O (input and output) rovtines already exist and, by looking
w0 the information for the current stream. they can be diveried as
equired to deal with euch spectal case. The tabie is built up during the
nitialisation process of the system. by checking which channels are
jrzsent inciuding penpherals) and making entries accordingly. Try the
ollowing, program, which outputs to a stream other than the normal
sart of the screen, Lhe # symbol, represennmg ‘stream’, is an extended
ina svmbol-shifted version of the 3 key.

U PRINT # i: “Usually this would be at the wop”
0 IF INKEY$="" THEN GOTO 20

“he program iHustrates what happens if you output data when stream
ne s selected — this is the tower part of the screen normally reserved
or INPUT prompts and error messages. 1f you 1y other numbers. you
viil normallv get an error message. as therc is oo information for the
watout routne to find in the table regarding other streams.

e Chaper 8 fhe Memory Mep
BASIC and variables

We \ha\»e now reached that part of the memory map which holds any
BASIClpmgram. The size of this area and the one immediately above.
the variable area. will depend on the size of program loaded “and 'hé
number ot variables it uses. Each time you enter a line of B.-\.SIC {he
MEMory contents ahove rhe point where it is stored are shifted u‘p to
make room, and the relevant pointers that are held as system variables
arc altered accordingly. The next space is for editing lines of 4 PIOgTRIm
When you select them. they are moved here and a capy sent to the ane;
part of the screen. As you move the cursor. you can make any changes
until ENTER is pressed. Then the line with the matching cumber i;
tound. deleted, and replaced by the new. corvected line from the cdit
buffer. This is also where completely new lines are created as vou type
them. but before you press ENTER. e

Next up the map are spaces that can e expanded to hold iemporary
dafa. such as numbers entered in response w an INPUT prompt or
strings that are bheing manipiulated. Before we reach the spure sp.‘ace
Ihcrerls a lype of stack. This is one used by the svstem software f0[:
handling numbers. As 1 mentioned earlier. the S]:;Cctﬂ.lm employs a
method to represent numbers that requires five bytes to store them: this
aillows it te manipulate values hoth small and targe to 1 rensoﬁ.uhle
degrec of accuracy. When handiing these numbers.v[he computer uses
the calculator stack.

Free memory

The starting point of the free memory area (spare space) rises and falls
as the qucks below expand and contract during prograrﬁ entry, editing
and rurning time. At the p of the free space are 'wo more stacks th:
rnrachmc stack and the GOSUB stack. The CPU uses the first of t};ese

with the 8P regfster pointing to the location which s currendy the ‘tl:) :
1 the stack. In fact the stack ‘grows’ from the top down — early valuss
rassed to the stack will be stered high in memory and, as more data is
_nushcd. the SP will point to lower addresses. The second stacle is used
Y Fhe BASIC interpreter to store RETURN. line and statement values
which ure used as GOSUB returns. The fast veine stored is 3E00h

representing an illicit line nurnber, so the BASIC knows that you ‘1ave:
tried to RETURN without GOSUB. Finally, at the very tolp of- the
memary is # biock of bytes — FF58h ar TFEFh on the 48K Spectrum

7F58h to 7EFFh on its smaller sibiing. This holds the uscr-deﬁnablc‘:
rapme dot patterns which are at first filled with the shapes of their
orresponding letters, but defiming vour own siapes will c‘hangc their
Sonents.
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t is worth notne that, at switck-on, none of the RAM addresses hoid
myrning relevant. so any data must bz written in duoring system
nitalisation. This task and many others arc performed in the ume
setween (he appearance of the blank screen at the momest of switching
»n. ana the printing of the copynght message: not long in human t.erms.
sut for a computer plenty of time for a great deal to be accompiished.
¥e have come to the end of our guided tour ot the memory map. Much
it the above will he expanded upon 5000, but nOw 1t s lime © luok at
wow the computer zchieves its communicalion with the outside world.

CHAPTER 9
The Keyhoard

A compurer can be of little use unless it has some means of receiving
nfarmation. When a Sinclair Sbeetrum computer first emerges from its
rackaging, there are two wavs of fceding Information 1o 1t. by cassette
ot p¥ kevboard. You can load the memory with data from a cassette
viayer, but the programs would almost certainly need some other data
vnich would come from the kevboard, Even when the screen dashes
vith the familiar message. ‘Press any key 10 begin'. it is expecting data,
1 13 most stpie form, from a key.

“he wav keyboards actually feed information into 2 microcompurer
aries with each machine. Seme microcomputers car interrupt whatever
ne CPU is doing, and call attention 1o themselves whenever they have
omerthing to pass on: what then nappens depends on the software that
s been buwilt into the machine.

“he Spectrum uses a slightly different approach. The keyboard itself
5 a compietely passive device, but the operating system scans it at very
nort. regular mrervals t asecrtain whether any key is being pressed. Tf
U is. the operating system stores the value ip a particular memory
acztion. which the system's sottware can read and respond o as
eauired. In order to understand how these reguiar intervals occur, we
-nail first need to look at some of the functions of the Z80 processor
vnich I have so far failed to mention,

“sing the kevboard from machine code

“he two pins that concern s are called NML and INT. They empower a
nicrocomputer designer to achieve a machine which, although it is still
ke o do ontv one thing at u time, can nevertheless shame that time
setween different tasks. For examole, some printers, such as the old
eletvpe terminals which you may have scen (and heard!), are very slow:
vaen they are sent a character to print there is a considerable delay, in
:omputer terms. before the next one can be sent. Instead of having vour
merocompurer standing idle during this time, vou can employ it
sewhere. whilst the printer can let it know that it is ready for another
maracter by putting a signal on the INT pin.
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o what's all this nensensc abour aneient printers and impatient Z80s?
¥hile the interrunt system is available. it can be vsed to make your
‘pectrum appear schizophrenic. Every fiftieth of a second. the ULA
nin sends out & video signal, starting with a “frame puise’ with which the
"V oor monitor svachrogises. In the process of generaring video, the
TLA creates a pulse of zero volts which it sends (o the CPU's INT pin
~very riftieth of a second. The Spectrum's software has configured the
“30 to respond to this signal in the simplest manner available. When the

%0 has finished performing each instruction. it checks its interrupt
neut 1E 9t senses a negative pulse, it saves the contents of the program
ounter {on the stack), and loads it with 0038h (36 decimal).

¥e have now directed the processor from whatever it was deing and
sounted it towards the machine code routine stored at 00380 in the
LOM. This routine docs three things. Firstly, it increments the system
smnable called ‘frames” — this is a three-byte value held in RAM
ocations 3C78h 1o 3CT7Ah, which is used to measure time through the
SASIC command PAUSE. Second(y. the routine scans the kevboard to
ee whether anv Kev 1s depressed. [f this is the case. it decodes the key,
aking into aceounl shilt keys. and unless two or more keys are pressed
[ stores the code in RAM location 5C58h. Finaliv, the old valuc of the
yrogram counter 1s retrieved from the stack and reloaded: thus the Z30
eturns (0 exactly where it left off before the interrupt occurred.

“he nrogram ensares that the (P registers are not changad. Any
nat are used have their previous values stored and then reinstared once
e interrupt has finished, in order that the program thet has been
nicrrupted is not at all affected. The operating system can take action
m ne keypress if it wishes — it may be in command mede and react by
nerpreting the Key as an instruction, or it may be running a program
ina theretere ignore the key completely.

¥hen vou can follow machine code, the main scanning routine will be
i interest. 1t can handle rollover’. which is easier to demonstrate than
0 exolain. Switch on your machine and clear the copyright message by
ressing PRINT. Now hold down the ‘p” key, which will auto-repeat and
wint 4 stream of 'ps 1o the screen. Now press another key as well — the
epedt printing stops because the machine does not know which key vou
visi it 1o send to the sereen. Lift vour finper off the 'p’ key and the
“econd letter will avpear. The sutomatic repeating is also handled by the
canning routing,

~Now to explain how the keys are connected. There are 20 keys, each
wuh their own switch. These form a mstnx connecting the eight high
:adress lines with five fines numbered KBD 9 to KBD 13, Circuits
vithin the LILA sense when the Z80 is performing an IN (FEh)
weration. and respond by piacing the voltages from the KBD lines on
o the low five hits of the data bus. A study of Figure %.I wiil show vou
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10w this Is achieved: remember that. although vou can build the circuit
wit of discrete components. the Spectrum contains them as part af its
SLAL Figure 9.1 is a pood example of port decoding. When [ORQ and
D are both jow. ther the Z30 is tryving to read the port whose address
» hield on the eight jow bits of the address bus. The function of this
areuir is that. when the CPLI executes 1N (FEh). the five low data lincs
ire Ted from the keyboard lines.

n Figure 9.2, follow the ling marked KBD 2, and study bow it can be
:onnecred to anv of the eignt hizh address lines. It 1s important to note
1w the line is pulled high by the valtage at the other side of the resistor

<BD 9 is hizgh until one of the keys is pressed. and contact 15 made
vith the appropriate address tine. Even when this happens, the data hine
il onlv go low if the address ling it has been coupled with is aiso low.
“he diagram contains some previously unexplained symbels on the
:adress lines, labelled as diodes. You may remember that I earlier
iescribed a diode as the simplest type of semicorductor device, as it has
he nroperty of passipg current in only one direction. The diodes ensure
nat. if more than one key is picssed. their effect does not extend any
urther back down the address lines than the diode. This prevenrs
cevpressing from interfering with the other operations of the address
us.

“he method of placing diffcrent levels on the high address lines
iepends upon the behaviour of the Z80 when performing IN
nsuwuctions. There are two wavs of reading in data from a port. One of

hese takes the form IN AL(IN), where N is the number of the pozt thar is
cawred to supply data to the accwmulator register. This eight-bit
wmper is placed on the eight low address lines, and the previous
:ontent of the accumulator placed on the eight high lines. When the
1ata is read in. if vou load the accumulutor with. for instance. 7Fh (127
1), whicl has the binary lorm 013111111, and then give the instruction
N A (FEh). bit § of the resoit read into the accumulator will be high —
miess the space key is pressed, in which case it will be low. So vou can
ee [tem this simple example how vou can test for individual keys. The
sther ZB80 [N instruction takes the form IN A (), and it allows you to
oad the C reeister with the number of the desired porr. Even more
wewelly, the value of the B register is placed on the eight high lines, so
nat the accumulator does not need to be continuaily reloaded.

scanning the keyboard

defer again 10 Figure 9.2, It shows the layout of the keys, and how they
e connecred to the address and port lines. Program 9.1 provides a
imuie iHustration of keyboard scanming which checks whether keys are
ressea on either side of the computer. It 13 10 machine code because
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nis allows the easv manipulation of the individual birs passed between
he kevhaard and the { (P, Although the Spectrum possesses OUT and
N as part of its BASIC. testing individual bits can be slow and awkward
s their arpuments arc in deamal. You could modifv Program 9.1 to test
or any half line of keys. or even certain kevs within o row, by masking
sif more than the three high bits read into the A register — ANDing it
vith. say, 10h. will test the first key of each row only. The program will
se of interest (0 notential games wiiters; it csn be used in a BASIC
srogram. or the code merged into one of machine code. Incidentally,
ne thres high bits that are read in along with the five keybouard bits

“able 9.F: Machine Codc for Keyboard Scanning

~ddress Hex Code Assembler
LAMTOP T (1000 . BL,0UGHR
‘ET0 LD A Flih
D3FE IN A(FEh}
F CPL
BiF AND LFh
3202 IRZ.+2
BCI SET0.C
EOF LD A UFh
JBFE IN A (FEh)
F CPL
H1F AND LFh
‘8 RET 7
‘BCY SET L.C
9 RET

nould always be masked ofl. On carly models of the Spectrum, they
awavs returned zeros, and many protessional programs simply ignored
hem. When the second and third issue machines appeared. much
‘mparrassment ensued, as these bits took on a random nature causing
macesnips. monsters and the like to roam about on their own acgord!

*rogram Y.1: Kevbourd Scanning

iy REM bevboard scanning
I REM function
2 REM

Lowet RAMTOF
™
STORE

EET &
ClLEAR

10 REM

0

. Chapeer § The Kevbunrd

Folke Machine code
into memory

®»=1{ FEEHR

TO+THAx FEEK

v=y TU «+Z4: READ =: FPOEE w,=z:

7. REM, Frint USH address
72 REM
W PRIMT AT 1. "The routine

funciion USH

np L e

AT Fa 1D "Fress any keys"
AT 12,147 LET a= USR
THEM  FRINT "RONEZ M

THEN  FRINT "LEFT *
TRIGHT"

TEOTH

BT 1o 1Wa"U8R "fri" = "ia
tla

DAaTa
DATA
DiaT#

What if you want 10 use the buiit-in scanning routine for vour own
purposes? Remember that it 1s interrupt driven — the maskable
interrupt can bhe disabled, in machine code, with the aid of the DI
nstruction. which causes the CPU to ignore its MI pin. There are a
number of ways to eliclt & value frem the keyboard. the choice of
method depending on the kind of program you are writing.

If vou leave the interrupts enabled this may upset any critieal timing
involved. but if you do decide to leave them enabled, then proceed as
follows. Test bit 5 of flags, the system variabie stored at SC3Bh (23611
dech: it it is set. then a key has been pressed since the last tme that fag
was reset. You will find the ASCII eode for that kev in the svstem
variable location. LAST K. 3C08h. If vou are only interested in the caps
shift value. it is stored in location 3C04h {23536 dec), and it is updated
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very Imeerrupt, 50 you will not aeed to test fags. On the subject of
'APS SHIFT. vou can set caps lock from within a BASIC or machine
‘0de Drogram. by setting bit 3 of FLAGS 2 (3C6Yh). To see this happen.
uter POKE 23658 8:INPUT AS.

t is possible that an interrupt will occur between testing flags and
etching the value. which may produce the occasional spunicus result. In
« macmine code roufing this can be circumvented in rwo wavs. You can
‘nsure nat the CPU marks tima with the HALT instruetion — it will
serfarm NOP until i€ receives an interrupt. By inserting a IIALT in the
oae immediatcly prior 1o reading the system vatiables, you gain a
sreathine space of one fifticth ot 4 second before the next interrupt.

fvou do leave the interrupts enabled but wish to protect your routine
Tom the possibie tamperings of machine code buffs, make sure that you
el anterrunt mode | at the start of your program. The alternative
nethad 15 to disable the interrupts altogether and call the scanning
ounne vourseif. As it is located at 38h. the RST 38 ap code will do the
ob in one byte. The system variahle will he set accordingiy, ang the A
-egister will hold the value trom LAST K. The scanning routine contains
i £l instruction. so you need o use DL again.

t is worth nothing that there is another keyvboard scunning routine
ontamed in the ROM, which tests the kevboard to see if BREAK is
sressea. When it runs & BASIC program. ot performs some commands.,
ucn as save or load. the Spectrum makes frequent calls to this routine in
sraer to allow the user to stop the machine and return to the command
uoae, If vou waat to use the BREAK testing routine it can be tound at
Fadh: it returns the CARRY flag reset to zero if both BREAK and
.APS SHIFT are pressed. This subroutine {s quite shott — vou may
¥ISh [0 copy it for your own purpuses, and perhaps modify it to respond
< other keys.

“he kevboard is not only capable of producing ASCII codes, Each
zev can also generate the BASIC tokens that represent commartds and
unctions. This s dependent upon what mode the keyboard is in, as
:nown by the cursor -— when it is a flashing K. then the next keypress is
ranstated by the operating system as a command. Pressing 'p’ in the
:ommana mode generates the valug F3h: it only appears on the screen
i PRINT because the output routine recognises it as a special case, and
tlooks up in a table (stored in the ROM from 95h to 204h) what string
st characters to send to the screen or. tor that martter, what is the
wrrenity selected output stream. So the Spectrum saves space and time

-t does not need to store five bvtes when it represents FRINT, and
reea oniv decipher one byte for each command or function. And we
wea never concern ourselves with the spelling of words such as
LANDOMIZE!

he kevbaard ol the Spectrum is & fautly simple device to scan, and

the operating system does so thoroughly, but if yvou are writing in
machine code you may wish to work out your own scanning routine, A
table in the ROM (2050 to 22Bh) will help you in d:mdinlz the vaiues
returned from the scan as this holds the ASCI codes in the nrder in
which the kevboard is Jaid out. If vou are an excellent 1vpist who has
fitted a real keyboard to vour Spectrum. you may be able to “beat the
scan’ how about a routine that can siore. say, the last siuteen
kevpresses? Na. T haven't written one — bat then I'm a slow typist!

Chapter ¢ The Kevboard
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"HAPTER 10
Yictures on the Screen

t a certain Scottish electronics” pienesr had got his way, the television
et siting in the corner of vour room would contain a dise with lenses
sround its edee. spinning at great speed. Forwunately for the video
ndustry, history has left us with a much better system. Both Baird's
minming dises and today’s electronic replacement have the same
snciptes of scannig at their roots: the ealy disadvanwage of the
noaern method s that 1t 1s harder to understand.

Tow television pictures arc displayed
“he tube which displays the picture we see on the television set is cailed a
wathode rav tube’, It is represented in cross section by Figure 10,1, The

“ocus & Scan /
it
‘ / Screen

‘igure 1001
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uris evacuated from inside the tube and the front face coated with smail
rarucies called ‘phosphors’. At the back of the tube is an ‘electron gun’.
fere a niece of metal called 4 cathode is heated up. and a high enough
rOitage is gencrated between it and the phosphors to cause the electrons
it the cathude. alreadv excited by the heat, to travel to the highly
itTactive positive voltage area that exists at the phosphors. As there is
1010ing to impede their path, a stream ot electrons will flow through the
racuum o their goal.

1 magnetic igld, and other voltages. can have a marked influence on
ne path twken by these electrons. so 1t is possible to use
‘ectro-magnetic coils, and extra cathodes and “anodes’ (the positive
rersion of cathodes). in order to deflect and focus the “beam’ of
sectrons travelling o the phosphors. This beam can be made to arrive
it any particular spot on the screcn. Lhe special properties of the
nosphors are significant. If bombarded with lots ot electrons. a
wmosphor will give a glow of light. Within certain s, the more
Jaectrons the greacer the glow given off — very userul indeed.

0 we have a method of lighting up any parucular point on the TV
wreen with the application of suitable control voltages to the various
-omponens of the cathode ruy tuhe. It is now a relatively small step to
sercewve now we might ‘paint” a picture by aiming the beam at varicus
sarts of the screen and rmaking them glow, moving on 1o athers and
eturmng before the original glow has subsided, Figure 10.2 shows how
nis is done — the screen area is divided up into horizonial lines and a
ine is scanncd. The intensity of the beam varies, resulting in the
sifferent brightnesses required. The beam is then reduced in intensity as
¢ ‘flics back’ to the start of the next linc and the process is repeated.
¥hen the bottom of the screen has been reached. the beam returns to
e top and begins again. but this time it tills in the spaces berween the
irst set of lines. This whole process oceurs very quuckly. and only a
wentv-tifth of a second elapses before the beam retuns 1o the first
sosphor it scanned.

n order to make an inteiligible picture out of ihe screen display, its
ssociated circutls must be sent 2 munber of pleces of information.
“hese are pulses which instigate the scanning of a new line or a new
rame, and control the hrightness generated. I'he data is contained in an
inatoeue signai called the “video' signal. which employs negative-going
Wses to govern the line and frame cireuits, whilst the brightness
niormation is managed by a varying positive voltage coming after the
ine svnchromising pulses. Figure 10.3 is a graph of one line of video
agnai. The signals received over the airwaves or from the TV socket of
he computer are video signals that have been modulated in the same
vav as raaio signals, 50 thal they can be transmitied and then decoded
oy the ‘funpsr” circuits in the relevision sct.

. Chaprer 70 Picawres on the Screen
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As for colour, it makes matters cven more complex, Any eolour can
be made up from a mixtare of three very pure sources of ‘primary
coinur’ — red_ green and blue. A colour television has three kinds of
pnosphors coated on the screen. The tube conrains not ane but three
eiectron guns. and masking between the carhodes and the screen
ensures that the beam from one gun only lands on one coiour of
phosphor. The size of the different colour arcas is so small that from a
nistance they merge into one source of lght to the human eye. With all
three guns set to maximum, the screen will still glow whité. but i the
refationship of the output of the guns is varied different colours are
displaved. Speeial colour monitors only require the thres colour signals
1o be sent separately and they will achieve a very high quality nfdlsblav.

niotmal televisions expect the colour information 10 be included with
the video signal in what is known as a ‘coded composite video” signal. as
this is {s how the broadcasting system iransmits colour. Ir means that the
channel docs not take up any more airspace and monochrome receivers
can share the same signal. The system used to code the colour
information is complex: sutfice it to say that colour “difference’ signals
are modulated and mixed with the video in much the same way that
more than one TV channel can wansmit on the airwaves. and 2 tuner
circuit can distinguish between them.

The above sparse description should at least familarise vou with some
ol the terms associated with video, and give you a clear idea of the way a
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eievision set draws its pictures. by scanning actoss the sereen at a very
ast rate. Let’s now returdl to your Spectrum and see how 1t goes aboul
senerating the video signal. via its modulator, e feed a television set.

olts drightness

ime —

—~ .ine Sype Pulses —A

‘igure 10.3

“he Spectrum video signal
mentioned earlicr that much of the contents of the ULA arg concerned
with the screen disnlay — the data for the generation ot that display 5
Toreo in two tiles m the arca 2000k to SAFFh, Ourput from the custom
‘nip includes the ‘syne’ pulses, and the analogue colour and Vi&;lco levels.
“iming for the pulses is provided by dividing down the clock irequency.
“he CPU can signel to the ULA information that controls some of the
sspects of how the video is generated. By writing to the three low dits of
wor FEh. the colour used for the border can be changed — the value
-arresponas to the colour numbers used by BASIC: 0 is black. 1is biue.
:na 50 on up Lo 7, whick is the equivalent of white. This excmpliﬁe§ the
‘owur mixing — the three bits each control a prmary colour. so if we
mx red and green by sending 110 binary to the pert. the colour
isplayed for the bordér is yellow, the same result as a mixture of red
‘na green light. )
Ahen the Spectrum 15 producing pictures, what 15 gomg on in the
ILA? Completely independent of the processor, it produces a trame
juIse to commence the picture at the top of the television screen, and
nen it sends out line pulses at the right intervals. bor the analogue video
nicrmation, it uses the border bits as the data to generate the
-orresponging colour amd brightniess levels, for insertion herween the
ine pulses of the composite video. Atter sending vul 4 number of kines
-onuaning e border. the ULA siarts the first kine of the scresn proper.

i8
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Aling synchronising pulse is tollowed by a bit of horder, and then the
action starts. Switching over control of the low 16K of RAM address
lines to itself via the multiplexing circnit mentioned. the UILA reads in
he first bvie stored in the display file, and also the first byte in the
smnbutes file. Then it returns control of the RAM to the CPU. A
wanlem that couid arise here is the CPU also trving to read or write to
ne same block of memory when 1t cannot control the address lines: iv is
impossible for it 1o fetch any meaningful data if it attempts to read from
nat block simultancouslv with the ULA. To prevem chis, the address
us is monilored by the ULA and. if it senses that a clash is about {0
sccur. 1t simply freezes the CPU by stopping the clock pulse which it is
enaine. wntil it has relinguished control of the address lines,

“he informution relating-to the first eight pixels of the screen is now in
the ULA chin. each bit af the byte from the display le representing 1
for ink or (0 for paper. The attributes file controls the colour information
as follows — bits 0. T and 2 determine the colour of the ink pixels, amd
hits 3. 4 and 5 the paper. If bit 6 is set, this significs BRIGHT and the
vnoie of the eisht pixels are "sat up’; that is. the luminance of both
votours 15 inereased. Bit 7 is the flash control: if set to ) then the pixels
ire unatfected: if 1. then the output of u low frequency oscillator circuit
‘e ULA determines il the paper and ink values are 1o be swopped
over hefore coding.

The first eight pixels have been conveyed to the screen, and the
process is repeated another 31 times unul the enure top row hus been
sent. Then the border eolour is reinstated for the remainder of the line.
The ULA proceeds to reiterate this procsss for the rest of the screen.
However. the next line of pixels is not stored immediately after the firsi.
I wiil show how the memory map of the screen is arrangzd in & moment.
Each line continues to be ferched and transmitted until the sottom of
the screen is reached. when more lines of border are produced, until it is
time for the next rame pulse, and off we go again. So the ULA happilv
transfers the contents of the display files to the cutside world. A chip
(LM 899 helps code the colour informanon before the signad is sent to
the modulator. From there a broadeasting lookuiike is sent to the
television sct. When its access to memory in the region 4600h to 7FFFh
would upset the work of the CPU. then it stops the supply of clock
pulses until the danger is over.

Nexw to move on to the actual arrangement of the dispiay files. At first
glance, the method used seems remarkably convoluted. However, it is
important that the ULA should be ahle to scan this area with the
minimum of decoding work. It is, thersfore. understandable that the
puttern used makes more sense when we study the addresses in hinary.

The screen is divided into three sections, each of which use 2K of
memory to store the pixel data, These sections occupy 4000h (o 47FFh
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or the 1op of the screen. 4800 1o 4FFFh for the middie. and 30000 to
.7FFh for the bottom. Each section contains eight rows of characters.
e top fine of the first of these rows of characters is held by the first 32
svtes of sach section. The next seven blocks of 32 bytes vach hold the
ame aqata for the remaining seven fext rows ot the section.
‘ubseauently. the tines of pisels tor the rows of characters are stored in
e same manner —— that 18, all the second lings, then all the third {ines.
ina 50 on. for the cight lines of pixels that make up a row of character
-paces.

“his is complicated 1o describe in words and so it is best illustrated by
+ simpic progrant. Enter Program 101 and nin it. It will ask for two
ralues to use for its demonstration. [ suggest that vou try 235 as the first
ne. ang any cight-tt number for the second. It will then fill the cntre
tisnlay file sequentially with the first byte, und the three sections of the
creen wiil in turn be filled with ink dots. Notice the “venctian blind®
:ifect as the character rows are gradually built up.

When the screen is full. something slightly more dramatic will occur

Ite program pokes the second value into the attributes file which sits
mmediately above D-file 1. This is effected much more quickly due to
nec smaller size of the fiie. 1 have said that things can somelimes be
sasicr in binarv. and here is 2 good example of this. Tf we write a 16-bit
wmper to represent the screen locations, and use symbols to denote
vnich bits tallv with which parameters, it looks like this:

110SSLLLRRRBRBER

“he letters represent the following. 5 is the section number with 0 at the
oo and 2 (10 hinary) at the botom. L is the number of the line of pixels
vithin the row of characters fa three-bit number can staad for one of
gt linesd. R is the row number, and B indicates the position of the
syte in the row, the number of the column. The address splits neatly
nio wo byies: you can increment the high byte in order i locaie the
wwoseouent seven lines of pixels for each character space.

‘rogram 10.
E

Screen Layout
Screen lavouk
wamination

Set uop
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The Spectrum uses a quite siraichtforward method of printing
characters on the screen. It has stored in ROM a tabie of shapes which,
when POKEd 1o the screen, will form the letters. We saw earlier that
the routine for printing 1o the screen can be called at 10h. and thar this
Jack-ul-all-trades routing alse handles other channels, assuming that the
orreet onc 18 sclected. It has several other assets — it can move the
print position when the screen is selected. it prampts you with the query
*SCROLL?’ {i there is no roam left to print in: it sets the colours; it
hzndles the special printing modes such as OVER: and it will aven
expand the BASIC tokens when you send them 1o be PRINTed.
However, at the heart of the routine exists code which looks up the
current printing position. The code uses the ASCI character code
which was passed to it in the A register when the routine was called. to
find the corresnanding dot pattern in the ROM. It copies the first byte of
that patiern on to the screen, increments irs pointer to the ROM table,
and also increments the hirh byte of the register that holds the screen
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wadress. so that it points 1o the next line of pixels down tha screen. The
wxr bvte of dot pattern 1§ then copied into Dile and the process
epeated until all #ight bytes are in the correct paris of SCTeen Memuory.

Now that the shape is in the display file. it will automatically be sent to
ne screen by the ULA. The output routine also sers the atinibutes’ byte
‘or the character space 1o whatever the current colours are, and updates
ne orint position. This is then stored m two ways — as line and column
wmoers as used by the PRINT AT command, and as an absolute
«adress for the first hyte of the character space. 50 the ‘real’ screen
sadress need be caleulated less frequently than it would be if only the
worainates were stored.

xnother system variabic that is used by this routine is CHARS, which
1olds an address which is 236 less than the beginning of the character
nape table. For most characters you need oniy multiply their ASCIE
-0ae by eight and add it o CHARS. This enables you to tind the address
i the block of eight byies which holds the shape of a particular
snaructer. The nocnal value of CHARS is 3C0O0h as the table is located
rom 3D0UR to 3FFFh in the main ROM, but as CHARS is held in RAM
ou can makz the operating system use your own character set which is
oeated elsewhere. I you want to create confusion. tey POKE 230606.8:
or turther nonsense. POKE 23607.0

viuch the same method is used to store another source ot shapes, the
iser-agfinable eraphics, which are kept at the top of the memory, When
U is asked to print a graphic character, the output routine fetches the
wadress of the tabie from UDGs and obrains the shape from there.
jefore any new shapes have been defined, the RAM hoids a copy ot
sart af the ROM table, so we obtam normal capital letters. In addition,
nere is a set of ‘predefined graphics’, in the form of quarter-character-
1zedi blocks. which ure obtained by caleulation. If you were to study
heir shancs in confunction with their character codes, translated into
sigarv, you would probably guess how this is done. (See your Manual
or the codes.) The four guarters can be seen 23 the hits of a four-bit
sinarv nivmber, with the pretix of 1000 binary. The shape is therefore
uade up' by a clever pisce of machine cude.

vlanipulating the sereen from machine code

" order to manipulate the screen from machine cods, you can use one
M two anproaches. You can sither write your own purpose-designed
snneing routines, which 1 not as difficult as it sounds, or use the
lpectrum’s own software. If yon arc writing a program that does not
eauire vustandingly fast ard smooth graphics. then the avatlable ROM
-oumnes are morte than sdequate. You can send all the BASIC control
:0aes to the output routine and even print to the bottom two lines of the

2
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screen i vou change the vaiue of DE 82, which holds the number of
lines reserved for etror messages. (Don't neglect to restore it before
remrning o BASIC or there will not be anywhere tfor the computer to
print (ORI} For those of you tntent on bettering the “Buck Rogers and
the Planzt of Zoom' arcade game with your own rouwtines, then good
tuck! — and here are two smail tips. -

I'he first relates to the order. Many commercial programs for the
Spectrum are marred by black flashes in the border every time the
colour is changed, yel preventing this is simpie. Before changing the
three low bits of port FEh to the new colour. use a HALT command so
that the CPU waits for an interrupt before continuing, When it
recommences, this wiil coincide with a frame pulse, so the change of
border colour will not neeur during active picture time.

The sccond tip is Program 102, a machine cade listing which
calculates screen addresses. 1 have only provided the op codes and not a
BASIC program to load it, because it will need to be incorporared into a
machine code program as a subroutine. It can be located anywhere in
free memoty. To use it. load the E register with the horizontal column
sumber as in the AL command. and load the I) register with the screen
pixel number, which starts at the top with linc zero and ends on 192 dec.
Then call the wouline. When it returns, the HL register will contain the
address of the reguired byte in the display file. and the BC register will
hold the corresponding byte of the attributes file. You may wish to
shorten the program to deal oaly with the first byte of each character
and there s no need to use the same registers either. if these changes
suft your purposes.

Lhave kept the program simpie 50 a5 10 demonstrate the method more
ctfectively: you sheuld find the principle useful.

Program 10.2: Machine ende reutine to calculate screen addresses

Address Hex code Assembler
SCAILC F5 PUSH AF
TA LD AD
‘6F8 AND F8h
F RRCA
OF RRCA
JF RRCA
6F LD LA
E6l8 AND 18h
Fé40 OR 40h
67 LD H.A
TA LD AD
E607 ANT: (07h
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3 ALD AH
7 LD AL
607 AND 07h
F RRCA
IF RRCA
F RRCA
i3 ADD AE
WF LD L.A
A LD AD
~6C0 AND Cih
7 RLCA
7 KLCA
C638 OR 38h
7 LD B.A
D LD C.L
| PORAE
9 RET

n entrv D holds the pixei line aumber

nolds the column number
tourne returns HL holding the display file address
3C holding the aluributes file address

Writing high quality graphics routines is no mean task, but you are
tarting otf with some pretty good raw materials. You will be pleasantly
wurprised by some of the effects that can be achieved with just a small
1ose of machine code. particularly if applied to ithe attributes file.

®
JHAPTER 11
Sound

‘If only it could talk’, you mutter as you stare. grasping for
COMPTENENSION. dl 4N €7Tor Teport at the bottom of the screen. In face
you may airgacy have heard a taiking Spectrum. as rhey can be
persuaded to speak, albeit somewhat crudely, by software. The
uardware for making scund consists of a simple BEEP facility, the
ciicking that accurs when the keyboard is in use comes from these beep
circuits, and the signals sent to the MIC sockets are from the same
sgurce.

How the beep port works

vhe simpie beep circuit is contained mainly in the ULA. The gates
responsible for decoding the CPU’s artempt 1o wirite to or read from
sort FEh. vonmect to a pin of the ULA which has some external
components attached. If a write operarion to port FEh sets bit 4. then a
high enough voltage comes out of the ULA pin to activate the small
built-in speaker. If bit 3 is sct, then the voltage wenerated will be
insufficient to drive the speaker, but it will still be presear at the MIC
ocket for recording on cassette. The sharp-edged square wave that
sccurs when 4 voltage is switched between high and low, is somewhat
noaified by the use of a capacitor which rounds off the edges.

“he same ULA pin is also connected to the EAR socket — by reading
a6 ol port FER. either a digital 1 or a 0 1s returned, depending oo the
neoming voitage. Inside the ULA, a special kind of gate called a
‘chmitt trigger is used to approximate the signal into a 1 or {. 1f you
10wlv raise the voltage on the inpur of this gate. 1ts output will remain
ow until the input is around 2.5 volts, when it “triggers’ and the output
wges nigh.

“he Spectrum's systcin softwarc creates a beep in the following
manner. dit 4 of port FEh is set. and a looping routine makes the CPU
vart for a leneth of time which relates to the frequency of the beep
requirsd. When this time hay elapsed, bit 4 of the port is reset, and the
con delay is repeated. Cne cycle of sound has now been sent to_the
neaker and the whole process recurs until cvcles sufficient to achieve
ne reauired sound duration have been generated.
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“here are wo points lo note about his routine. If we double the
Tegquency, that is, the number of cveles per second. by haiving the delay
«enod. then the auration of the beep will halve. uniess we aouble the
“umoer of cveles that are generated. The beep roatine calculates how
sanv cvoes of any particular frequency arc needed, in order w make
he sound last tor the reqmred duration. !'o deing this, it makes
xtensive use of the ficating point namber reutines. The other tactor is
ne three low bits ot port FER which control the border colour — if you
vrite to the port indiscriminately, without settmg the bits to the right
se. then the border will change. The beep roufme looks up the
-urrent border colour in a svstem vanable called BORDCR: bits 3, 4
ina § indicate which colour s active. These hits are moved w the low
nree of the accumuiator. so that the border remans constant when an
YWUT (FE),A instruciion 15 executed,

“able 11,17 Machine Code for Sound Etfect

.ddress Hex Code Assemmbler
IAMTOP—1  3A485C 1D A,({SC48h}
F RRA
¥ RRA
E HRA
=607 AND U7h
'EFF LD C.FFh
600 LD #L,00h
4 LD B.H
IBE7 SET 4.A
23FE OUT (FEh),A
OFE DINZ =2
4 LD BH
BAT RES 4, A
13FE OUT (FEh) A
UFE DINZ -2
IBE7 SET 4.A
13FE OUT (FER),A
“UFE DINZ -2
BATY KES +.A
MFE OUT (FEh),A
(FE DINZ -2
A INC H
D LIEC C
MEZ IR NZ.—30
9 RET
6
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Lsing the beep port from machine code
Using the beep port from machine code threatens all the above pitfalls
for the user, with one extra thrown in for zood measure. but a valuabie
advantage is the specd with which the parameters can be changed. So,
for exampie, alternate eycles of different duration can be produced, or
the shape of the cycles altered, wilh the low part lasting for less time
than the high parl. The extra pittaill [ mentioned is caused by the video
generating circuits that will stop the CPU when both it and the ULA are
trying to use the low 16K of RAM. Any machine code that is located
here will run in a “lumpy” manner. as it gets interrupted quite often.
Although 1145 sull wise o turn off the interrupts. as the ROM routine
does, these cause much less “warbling than does the constant halting of
the program, if it is in the low 16K of RAM. 1f you want to create pure
tones with the beep pori. then you must stick with the ROM code,
eavilv available ar 3BSh in the ROM., or use the expanded machine,
wn example of what can be attained in a few bytes is given in Program
11.1. The RASIC program can simply be typed in, saved and run. The
nacnine code listing explains what i3 happening and atlows you to
incorporate the effect in vour programs. Note how the individual tones
blend into one another. an ¢ffect that vou are uniikely 1o achieve using
BASIC alone.

Proeram 11.1: Reep Part Rautine
10 REM Hown port routine

Lowsr RAaMTOF

LET u={ FEEK =
CLEAR

W25 6% P

41 REM Faka Maching code
42 REM into memory

TRO+IT6% FEEE

750

TO =+32: READ 2: FOKE v.z:

71 REM Fraimt USSR agddress

B0 FRINT AT 1,.Z8"The routine iz calle
0 bv the”i TAE 7i"function USK ik
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) REM
=1 (REM Evample
a2z REX
FRINT AT 13,10i"Fress any kev'

[T INEEY$ ="' THEN BU 7O 110
LET a= USR =
cooTO 110

Machine code data

58,72,92,31,"

8,0, &8,

03,

DRTA 20T, 167,211,254, 15,2

S1l, 254 ~
“40 DATE 16,2T4,203,187,211,
&, 13

SS0 DATA 4 ZEh, 201

“ape routines

ot's now take a brief lonk ar the way that casserte save and load
‘wnerions are acomplished by 1he system software, using routnes in the
10M from 4C2h to YF3h. 1f you wani to devise your own rou_tines._
sernaps te achieve a taster method of storage, then the ULA's policy of
jalting the CPU means that the best place for them wouid be the extra
1AM area of an expanded machine.

“he method of saving goes along the following lines. The file name
and the infermation as to which type ot file it is} is assembled in
nemory as a string of bytes. to be used later as a header. Then the ‘start
ape message 18 Jisplayed‘ The machine then tesis the keyhoa;d EL.)r_a
sress ang, when one oceurs. first the header. then the dara iwself, is
ormatted and sent to the MIC secket for recording, This format
onsISIs of. firstly, a leader of tonc with a frequency just over 800 cycles,
nen one cycle of 2040 hertz. Now single bits are transmitied as 2 cycle
s cither 2040 hertz to represent a zero. or 1020 Lertz for a one.

“he first eight bits come from the A register, wiich holds a flag that is
‘et 1f the data 1o follow is header information. Next, each byte to be
[OTed is sEnt. one bit al 4 Time. as tones to the EAR socket. After egch
wie. the kevboard is tested to ascertan whether BREAK is being
wessed, and the routine aborts if it is. Av the end of the dara, 2 final
svte is written to tape (the length of the block was held in the DE
-emster). This byte. cailed the parity pyie. 1s createa by XORing each
wvte of dara 1ogether as a checksum.

8

-oading information back from tape consists of the above pracess in
reserve. The CPU monitors bit 6 of port FE and, when it detects the
leader tone_ it waits for the first cvele of 2040 hertz which signals the
start of data, [t then reads n the bits trom tape, and forms them back
into bytes. The first byte informs the CPU wherner it is ceading in a
header or data, and the software reacts accordingly. When 2 suitable
header is found. the information as 1o where the data is to be stored
(PRO{E it it 15 a BASIC program} and how long it is, is read from the
beader information. The file name is printed 10 the sereen and the next
aata file on tape is loaded into memory,

AT the end of the data, the panity byte from tape is comparzd with
another parity byte which the loading routine has been building up from
the incoming data. If there is a discrepancy, the routine sieps with an
error repors. During the time that us are read in successfully. they are
also reflected in the behaviour of the horder. which switches between
yellow and cyan as the EAR voltage alters. You may like to ser up two
adjacent areas of RAM as blocks of 05 and FFhs (253), and save them
with a cade save. You wilt then see the width of the stripes doubie while
they roil through the border as the FFhs are transmirted.
~ -or the musicailv inclined, here are a few observations. The heep
facility allows you to produce notes that relate to the musicul scale —
using SOUND and machine code will necessitate the calculation of your
own values. Middle C s a frequency of 440 hertz; if vou double the
frequency of a note, the resultant sound is one octave higher The 11
semitones in between can be calculated by knowing that the frequency
of C multiplied by the 12th root of 2 will produce the frequency of C

sharp, C sharp times the 12th root of 2 gives D, and s0 on. The 12th root
of 2 is rougnly 1.039463. Happy composing!

Chapier [f Sound
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"HAPTER 12
viore Letters to the Line

he number of characters that will fit on to one line of the Spectrum’s
«creen aisplay can be something of a disabidity. If you wish to use vour
omeaier 1or more serious applications such 48 word processing. then 32
owmns is avite inadequate — even jusi a few extra characters on each
ine would improve the usefulness of the computer. To squesze 42
wmaracters on to a fine is not particularly difficult if vou resort w
nacnine code, but then how do you intcrface the machine code with
TIASIC? The tollowing program is designed to be mcorporated inwo
“our own BASIC application. [t demonstrates some simple technigues
or screen manipufation and also provides an example of how you can
:earcn the BASIC variables area [or g particular variable.

Arstly, let's look at how to use the program. The machine code is
wwred at the top of the memory. It is protected from being over-written
ry the use of a CLEAR statement which lowers RAMTOP in order 1o
save room. The code is 33 bytes in length. of which only 283 bytes are
ne program proper. The remainder constitutes a look-up table of the
mnaracter shapes s¢ you need not worry about entering them accurately

“: tirst. In order to print & string to the sereen, you use the statement
+ET a$="Whatever vou want to print” {cillowed by RAND USR 54421
[ vou have a 48K machine. or RAND USR 31653 for 16K Spectrum
ywoers, Chere is no need to make sure that a$ is the last variable
ieclared. For example, you may use the routine as pasrt of a FOR . . .
NEXT Ioap in the form:

_ET a$="Small print”:FOR X=0TG0 23:RAND USR 64421iNEXT X
“he routine will remember its last print position in the same manner as
SASIC. and vou can move the print position with an AT type of
ommand. To do this vou embed within the siring CHRS(22) Jollowed

v CHR$(line number) and CHRS3({column number). For example

ET a8=CHRS(22}+CHR$(3)+CHRS(10)+* Please wait™: RAND
ISR 64421

wiil orint the message at line 5. column 10, regardless of the previous

01
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st position. Any other CHRE below 32 (dec) wiil foree the teat to
tart a new tine. A CHRS above 127 will cause the premature end of
onnting. The routine makes no atlempe to ajter the attributes file — the
etters overlap the attribute houndaries.

f vou have a 16K Spectrum there will not be envugh room for
“rogram 12.1. Also. the op codes are stightly difterent as the routine is
1ot position independent — in other words. it contains absolute
iadresses which must be changed if the program is to he located
ysewhere. Therefore Program 2.2 should be used. which only loads
he fArst section of code. When successtully loaded and saved. RUN the
srogram anu then Juad the monitor. Program 6.1, or any other routine
aople of poking decimal data into memory. You must now enter the
naracter shave data into addresses 31928 upwards. using the data from
he 48K version (Program 12.1) from line 300 onwards. You can now
est the machine code and. when you are sansfied that the charactess are
ne correct shape, save the routing on tape.

“he installation of the routine 15 much easier #f you have a 48K
‘pectrum, Enter Program 12,1 — the large number of data statemenis
nav appear uaunting, but. once the first section (up to line 450) is
orreat, then the program will run without crashing, if you delete the
TOP stalement at the end of line 30. The errors in the character table
wiil then be casier  trace by printing the entire character set to the
wreen, When vou have a correct program, save it carefully on rape. You

AN NOw save (e code separately to load back into your own programs
iTter the necessary CLEAR command.

*rogram 12.1: 48K version

REM 42 COLUMN SCREEN
2 REM

REM 48k, VERZION
3 OREM

10 CLEAR 444127 CLE 3 FRINT "Checking
atal plesse wait. !

I8 RESTORE = LET total=0: FUOR x=&44173
O &£46%5: READ byte: LET total=total+bvt
v PORE s byte: MEXT x: REM  IF tcoctal <F
TOETOOTHEN  PRINT “Ervor in progeram dat
.ty STOP

O LET total=0r FOR w=645%4 TO &55&67:
{EAD bwte: LET taotal=total+byte: FORE x,
aytes AEXT xr REM IF total ©» &517%& THE
4 FRINT "Error in character data.": ST0

i CLS ¢ LET as="4%7 column soreen roudi

Chapier 12 More Lerters to the Line

ine now installed above RAMTCF. To sav

2 to tape use:-'"+ CHRE$

Gk SV

FANMD T
B =BT
5= string
fien RASpD

TOORANDOMIZE  USR 44421

g0 LET

RE 1+ CHiEE

to time L

YO Wl

HRE$ 3+ CHR%
ol" CODE &4
2 UsR 444271

CHR%® O+ CHRS O+ To use LET
T to print"+ CHR$ O+"t

ad4dzl

CHE® O+ CHRY$ O+ THRE 22+ CH
will =mat the printp 1o
molumn cf CHR$ O will o

roe & fswline
FRANDOMIZE LUBR &44721: STOF

2?7 REM

T8 REM

77 REM
DAT
naTA
LATH
DATA
DATA
DATA
DATHA
DATA
DATA
[ATA
AT
DaTA
DATA
DT &
DATA
DATA
DATH
T4
0aTh
DATA
DATH

LATA
DATA
DTy
oaTA
DATA

MATM CRDE

40, 20&
, 85, A1)
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RO PATA
DaTE
AT
BaTa
DETH
BATH
DETE
pATS

LEARE TEELE

(l (J
0,0

DATA D&, 144,176, 208, i
DaTe G4, 172, 44, 64, 58, 64, 0

L&

T
DETA

i, 149
B, 144,

u?ﬁ.\%“

va,144,95.144.144q§a,o
117, 184, 148, 112,16, 16,0
PHL. 0y

il pR e

LG4, 1268, O
32,564,0,54,0

220 DETA 12,1348, 8, 104,143, 112.0

DT
Data
BATA
DaTA
DATH
DATA
DATA
DaTA
DAl
DETE
DA
DaTA
DATH
a0 DT
FEOD DATH
@0 Dy
2P0 DATA
OO DA T
LDt DATH
L DATE
TeaTey
DT A
DiaTa
106G DETA
1070 DaTH
2E0 ORTA
T TR
SRR
DATH

PSRN
Cres Tiy

DATH
LI T
LHET

. Chapter 12 More Leders o the Line

Pe, 144, 144, 040,144, 144, 0
E “4‘144"144,;“4uo
8,128, 14a Sl 1

144,144,

9,1’&ﬂ144.JA
40,144, 144, ]44 &
LA, B4, A 0

L 144,194, 184.96,0
4,144,234, 1

T4, 163,
224.
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DATE D80, 1
DT
DATE
DaTE
et
Diath
Caia
T
DaTa
DATH
DETE
BrTa
AT
AR
BATA
DATA
DATA
T @
DRATHA

3, 168, e, 1T
1,14, 143, 144,

14a, 144, ¢

Wi, B4
 &d, 128

L léE, 176

Program 12.2: 16K version

I OREM 42 COLANN BCREEN
2 REM

- REM l1ak VERSTION

£ REM

CILEAR Zléad44: CLS @0 FRINT "Checking
please wait.,"

FESTL LET total=0G: FOR #=21645

READ Bvts: LET total=total+byt

setivher NEXT w3 IF total <5 Z982

FRINT "Error in program data. s

FRINT "The program code is now locoa
zo at 21645, lergth 23 When you have

*"from EFL&EI": STOF
FEORHEM

3 REM MAIN CODE
3 REM
100 DATH
DaTa
DATAH
DATH

yEA 129, 200
Db, 17

6
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140 DATA
150 DaTh
150 DATA
Lo DaTi
DATH
DA

”

TEES28 40,051, 195
54,36, 40,744

: ]
DATH
waTa
DTy
DATA
DATH
LATH
DATA
DATH
DaTh
DT
DR
NRTa 2
DATA
DaTa

Dath
DATH
DT e
DaTe

A1

137,
175,00
254,24,
DsTA 1939, 224, 123

30,

Now let's look at how the program works. [ have provided explanatory
comments with the assembler listing (at the 2nd of this chapter) which
may prove helptul. The routine can be divided into three sections. the
last one being the character shape table mentioned above. There are
five variables used by the machine code for its own purposes: XPOS and
YPOS are single bytes that store the current columa and line positions
un the screen. XPOS holds the pixel location so it may have a value up
to 248 fthe characters havs a width of six pixels each). YPOS hoids a
line number in the range 0 to 23 DATA, LENTH and BUFFR are ail
w0 bytes in size. Pleuse forgive my spelling of LENTH — the
convention for labels only allows five letters 10 be used on some
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:ssemoler programs.

e firsi wsk for the routine is to discover the size and position n
nemory of af. We can lind both the beginning and the end of the
JASIC variables area with the system variables VARS und ELINT.
“ach time we define a variable in BASIC the inrerpreter looks through
he variables, starting trom VARS. to cheek 1 that variable is already in
—xmtence. I it is. the interpreter deletes it and closes the yup left behind
sefore placing the new vanable ai the end of the VARS arca.

3ul. 1 hear vou protest. what happens if [ usc a statement such as
BT A=A+17 To allow far this, the interpreter will always work out
vnat a variable is supposed 1o be betore trying to store it. We can see
Tom the above that we arc going to find the most recently defined
ranables at the end of the VARS area. but unfortunately we have no
vav of scarching the area backwards 10 save time. U you study Chapter
4 of vour $pectrem Manual. you will see that each type of vaniable can
e identified by its first byte, which kolds the first letier of its name in
ne low hve bits and an identifier in the high three bits. 1t is therefore
wossible to sort through tor the type we are looking for.

irst of all, the machine code routine tinds the start of the VARS area

rom the system variable. and then it fetches what is stored there. I it
inds an %0 hex it returns ro BASIC, as this indicates the end of the
sanaoles. Throughout this section of the program the routine uses the
IL register to keep track of where it has reached in the area: this
cehnigue is known as ‘pointing’ HL at the data. If the byte fetched has
he pattern 111 in the high three bits. then the variable is a FOR . ..
NEXT control variahle which is 18 bytes long and the pointer is added
0. 50 that it points to the next variable.

f the pattern is 101, then the number of the variable has a name or

nore tnan one letter. In this case. the program searches through the
ollowing bytes of the name. The BASIC interpreter sets bit 7 of the last
ctter of the name to one, =0 we can use this 1o Hnd the end of the name
na then add the fensth of a numerical vanable (five bytes) to the
somter. A number vanable with & mame of only one letrer has the
rattern B11, so when the program encounters this it simply adds five to
he pointer

“he remaining types of variabie all have their size stored as two bytes,

#0 fashion (that is, least significant byte first) as bytes 2 and 3. 50 the
rogram retches this information. [t then tests the name byte to sec if it
s 41 hex. which is the code for a single dimension af. 1f it is. then we
iave located the required variable. lis starning address is stored in
YATA. the end is calcuiated by adding its length (o the pointer. und
hen itis storad in LENTH. If a8 was nol found, then the next variablc is
ocated In the same manner as above with the whole of the procedure
‘epeated until cither a maich is found or the 80h market is encountered.

08
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0 we have finally found a3 {unless we forgot to declare it)! The above
process is very simitiar o that which BASIC has to go through each time
1 deals with a variable. so it's just as well machine code is so fast.
Now we can ger on wiath porung the string. The second pari of the
program fetches each byte of the variuble in turn. using its own variable
DATA to keep track of its progress. Each time, betore it fewches a
character for printing, it checks DATA against LENTH to see if it has
reached the end of the string. It it encounters any of the control codes it
reacts accordingly, 16l prompting it to ferch the next two bytes of the
swing and place thent in XPOS and YPOS. For cach character. the
Program must ind the shape data for that letter in the character table —
this 15 quite simple because cach shape takes up seven byres. so we

" muitiply the character code by seven and then add a base address (the

start of the table minus 3277 for the unused ASCIIT codes). We must
then calculate the sereen address from YPOS and the high five bits of
KPOS. vsing a very similar technigne to that demonstrated eariier in the
bock m the SCALC program (Pragram 10.2).

Mow for the tricky part. We have the shape byte. the screen position,
and, from the low three bits of XPOS, we know how much oifset needs
to be applied to the shape before it is placed on the screen. What we
must first do is make up 4 ‘mask’ that can be used to ensure that we do
not wipe any pixeis thar shoold remain undisturbed. We achieve this by
making up a 16-bit register containing Q00011 binary and
then rolating it right circular for as many bits as the offser demands. The
shape is aiso placed in a L6-bit register and rotated in the same manner.
His pernaps best to use an cxample to show what happens next. Assume
hat we wish to place the six bits, 001110, fetched from the high six bits
ot the shape byte in the rable, with a six pixel offset on the screen. The
mask would be:

1111 10000001111 binary
and the shape wouid be rotated to:
Q000001160000 binary

Obviously we must deal with two bytes of the screen. Say that they
contained:

THIT1111111111 binary
if we AND) the screen byies with the mask byte. the result would be a

>ix-Dit ‘hole’:

(Y
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1111100000018%1 binary
“ow bv ORing the shape byte we zel:
111110011101111 binary

vnich is the desired -esnlt! The program has o work one byte at a time,
sut the end resalt is the same. S each line of the shape is POKEd to the
-creen unul all seven lines of the character have been printed. When the
etier is comolete. the program advances the print positions and then
‘elches the next character of the string tor printing, untess it has reached
ne end of the string

hope thal the above description combined with a study of the
wsempler listing will give vou a good undersianding of how the program
)perares. You may wish to develop the sytem — it is quite possible to
‘eauce the width of the letters 10 five byies at the expense of legibility. A
setier proposition (and one which can he made fo work!) 18 10 use
ropornonal spacing: a letter [ need only take up three pixels so, if vou
tore e width of each character in the able along with each shape,
‘our print routne can act accordingly. The pragram alse indicates how
mootn one-pixel-at-a-time movement can be achieved for grapmc
apes.

wssembler listing for 42 column screen machine code
rogram
Jote: The on codes are in hexadecimal and are for the 48K version.

ode Label TInstruction Comments
SIRG FBOD Start program from this
wadress
10 XPOS DEFB 20 Set up eignt bytes tor use by
10 YPOS DEFB 00 the program as varnables

K00 DATA  DEFW 0000
1000 LENTH DEFW 0000
100 BUFFR DEFW 0000

"A4BSC FINDS LD HL.{5C4B) Set HL to the start of the
RASIC vanables area

E GETBY LD ALHLY Load A with lirst byte of
JASIC varnable

7 LD B.A Saveirin B

‘E¥0 CP &0 LEit is the marker at the eud

B RET Z af the VARS area retum to
IASIC

3 INC HL Paint FIL to second byte

56
23
EE)

FE41
2803
9

18CF
"29FFB

19
2ZALFB

NUM?

TEST

ADD:

SNUM?

STORL

2A9FFB PRNTA

54

i

ED4BALFB

AT
ED42
Do

EB

7E

3
229FFB
FE&D
no

AND
Ccp
IR
1D
Al
JR
CP
JR
Brr
INC
R
LB
AaDD
R
CP
IR
LD
NC
LD
INC
LD

CpP
JR
ADD

JR
LD

LD

LD
LD
AND
SBC
RET

EX
LD
INC
LD
P
RET
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ED
ED
NZ.NUM?
DE (012
HL.DE
GEIBY
Al)
NZSNUM?
7{HL)

HIL
2.TEST
DLLUS
HL.DE
GETBY
&0
Z,ADDS
E.(HL)
HL
,(HIL)
HL

Al

41
Z,5STORE
HL.DE

GETBY
(DATA)HL

HL.DE
(LENTI,HL
HL.(DATA) -

DH

E.L
BCULENTLH}
A

HL.BC

NC

DE,HL
AJLIL)

HL
(DATA)HL
ol

NC

Mask of letter daza from A
Ifnot a control variable then
jump to NUM?

Add length of control variable
to painterin HL

Loop back to GETBY

If not a variable with a jung
name ranip to SNUM?

Find the last letter of the name,
set HL te point o next hyte

Add rhe length of a numerical
variable o HL

Jumpto GETBY

If a simple number variahle
hen jumnp Lo ADDS

Load DE with the length of
the BASIC variable and point
HI. past length data

Restore first byte of variable

oA

If BASIC variable is a singie

dimension a$ jump te STORE

Add the leneth of varialic w
iL

Loop hack 10 GETBY

Store the locauon of 1§

NATA

Toad HL with address after aS

and store it n LENTH

Load HL with address of

character 1o be printed

Store HL in DE for guick

access

Lead BC with address after a3
Clear the carry flag

Compare current address with
BC and rawurn to BASIC if it 1s
sreater than or equal to it
Restore current address to HL
Load A withcharacter

Point HL to next character
and store it

Tf the character is equal ar
ureater than §0 return to

BASIC

11
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‘Ele
RuL)

2 TOOHI

s

29EFR
B27

7

4

0
29DFB

CE

20 NL?
JAASFC

W

600

‘BI5

‘Bl4

‘B2
Bl4
B25
‘Bl4
300
F
A7
pakr)
1DRFB
9

5
JEL
“1A3FB
"AYEFB

18
adl)

=607

CF
JR
LD
(9
IR
LD
INC

INC
LD
Sl

ADD
ADL
LD

ADD

PUSH
FOP
LD
LD
LD
AND
OR
LD

AND
RRCA
RRCA

10

NZ.NL?
ALHL)

17
NC.TOOHI
(NTOS)LA
HIL

AL (HL)

L
[DATA)LHL
A

H.A

AB

AB
(XPOS)A

FRINTA
20
NEWLN
L.A

H.O

L

H

L

H

L

H

DO

E.A

A

IL.DE
DE.FBDS
HL.DE

HL

LX

tIL ,(BUFFER}
ALYPOS)

E.A

18

4

D.A

AE

¥

Lf the cheracteris not AT

Jump to NL?

et line position

tf it is cut of range [over 23)

jump to TGOLT

Set new line position

Point HL to eoluma position

Load A with new column
nsiticn

Foint HL to the next character

and store it

Muitiply (e line position in A

byt

Set column position to new
ratae

Loop buck to PRNTA

Lf the character is less than
20 ump to NEWLMN

Place Aanto HIL

Multiply HI. by 7 sothatic
cin peiInt to e character
aple

T.oad DE with a base address

{or the character table and add
1o HL

‘Uranster HL into [X which
now poInts to the shape tabls
Paint HL to the buffer area
Load A with the screen line
Save Ain E

Mask off section number
Add 0106000 binary

Store An D

Restore line pumber in A
Isolate last 3 bits

Multiply A by 8

JF

3F
3AODFR
CBIF
UB3F
CB3F

33

3F

JEFE
sASDEB
E607

47

SE03
ZB0A

LB LOOPL

17 TRNFR

JZA4FR
SASIDFB

o7
JEUD

A.’.
DDTEN0
2809

\F LOOP3
wB1Y

LF

CB19

us

i0F7

47 IMP2
1A

Ab
B
12
13
23

RRCA
LD
DB
SRL
SRL
SRL
ADD
LD

Lo

AND
LD
LD

SCF
RRA
RR
RRA
RR
DEC
DINZ
LD
D
D
LD

AND
ip
Lo
Llr

RRA
RE
RRA
RR
DEC
DINZ
LD
LD

AND
OR
LD

INC

E.A
A(XPOS)
A

A

A

AE

E.A

CFF
AL(XPOS)
7

B.A

AL
Z.TRNFR

©

c

B

LOGP:
(HL}.A

AL
(BUFFR+),A
AL(XPOS)

co
B.A
ALK
7.7Mp2

C

C

B
LOOP:
B.A
AJ(DE}

(HL)

B
{DE}L.A
DE

HL
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FutAinE
Load A with colunn aumber
MDivide Abv &

AddE1wo A andreplece in E
DE now points to Rrst sereen
weation

Place 11111111 binary in C
Load A with the number of
pixels dissiaccment required
Stove displacement in B
Load A with 00000011 binary
1f displecement is zera then
umpto TRNFR

Make carry equal 1

Roratz “he binary valuee
0000001111111 11 E righe
circular the amount of

the displacement

Place the mask pattern in
BUFFR and BUFFR+1

Load A with pixal
aisplacement

T.oad Cwith 00000000 binary
Pur displacement in B

Laad A with shape byte

If displucement is zeto ‘ump to
IMP2

Rotate the shape right circular
by the amount of the
displacement

BC now contains the shape
Load A with what is alrcady
cn the sereen

Mask out a space and

add in the shape

Puke new shape to screen
Eoint DE to next sereen byte
Point HL ta BUFFR+1

e13




o
3 -—
i 5 nside Your Spectrm —
g A LD ALDE) Repeat printing for sscond
e
1‘ é AND  {HL)
- Al OR C
| 2 LD (DE)A
g B DEC  DE Kestore pornters in HL and
] JE
b ‘B UEC  HL
i D23 NG IX Paint IX at next shape
i 4 INC ol Point DE to next pixel line
| A LD A.D Test D to find out if it has
:1 : L3 _PL 115 fast three bits set
f 607 AND 7
2 D4 IR NZ.LOOE2 I they are not jump tu
.QOP2
AYDFB LD AL(XPOS) Load A with column position
{ A6 ADD  ALS and add o
g; “29LFB LD (XPOS).A Store new position
i ‘EFA P 250 dec “T'est to check if A has reached
3 JAEDFB IR C.PRNTA end Of (ine; if Aot jump 0
1 RNTA
: s NEWLN XOR A Set A to zero
£ "Z9DFB 1D {XPOSHA Set column position to zera
# AYEFB LD A(YPOS) Load A with linc position and
c INC N add 3
| EL8 CP 18 {1 print position has reached
1 ‘AEOFB JF Z.PRNTA the bottom jump to PRNTA
i 2 AOFB LD (YPOS).A Store new fine position
3EQFR p PRNTA Jump back to FRNTA
t Liss TABLE DEFB - Look-up table containing the
1 | :napes of the characters
o
14

THAPTER 13
Spectrum Speaks

You may remember that in the chapter on sound [ mentioned the
possibility of a speaking Spectrum. Special speech-generating aceessor-
ies may now be purchased thur allow the production of words from
either the speaker or a loud extension speaker. The problem with
‘ncorporating these effects into programs is that they will only run on
nther Spectrums that have identizal accessories fitted. At the cost of
reduced quality, the following program will allow you 1o {nclude words
and messages that are intelligible if not exactly hi-fi. I+ will work on any
48K Spectrum and the results may even be piuced back on a 16K
autcning it vou are asing a few shott words.

i'he first thing to explain s how to get the program into your machine.
The listing, Program 3.1, is all that is required. As you can see. It
contains machine codc in the form of DATA statements which are
POKEG into RAM above an altered RAMTOP, When you have
entered the program (and made a safety copy), run it (o see if there are
ANy errors in your data statements. A message will inform you if the
program detects an errar. However. it is possible that. as the ‘checlsum’
method s verv simple. two criurs may have the effect of cancelling each
ather cut. If the program docs not work then recheck the data
statemenis, or cross-check the RAM contents with the monitor
pragram, both against the decimal data and the hex op codes in e
issemoler lisung.

Yrogram 13, 1; The Spectrum Speaks
L REM The Spnectrum Speaks

HEM Install code

CLEAR ! RESTCRE @ LET sum=0: F
w=I27EB TO IZ2847: READ vi: LET sum=zuam
i POEE wa.yi RMNEXT x: SO S5UR S0: IF sun
wi118% THEM  FRINT "There is an err

n the DATA. '@ BTOR
7 M
g REM M
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v REM

¢ FRINT AT .83
.

STRUM SFEEC
To load speec
it ey e
numbsr Wikl

s LF a%d"1" OR a%l "I

100#+ Val ass GO T 20

80 TO 7O
AT

50

m=2s

ZoliPSktart taps the

k4
SR 7
LISR
IMT "Fz
v bo raolav”

it
ALGMI

Z

Mlosdine. . "7 HA

avedy =" TErEss S0

IHT "Resniay

Edit nessa

: PRIMNT &

s Eaby o
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1 FRINT

TEEss N rEgal e

nT

B gl Y OR asr"s

izbtart: LET ztart

Tk

210

D0
[ET

SE &

VinE code

AR5 RATA
SO DATA
DT




g™

nside Your Specium ot

wssuming that vou have correctly loaded the program. this s how you
e 1 The menu oifers vou three oprions. The first of these is {for
‘ntenng the message that you wish your computer fo utter. Record the
Decn on cassette using the highest quality system vou have available. {f
«Ou can use a casselle maching without an autometic level conirol, so
aucn the better as. when machines with this facility are used to record
rom a microphone. theyv tend o accentuate the background nouise
wtween words.

Now place the cassetic, cued up to the start of the message, into the
‘assetle player that you use 10 save and load Spectrum programs with,
nugged up for loading, [nitally, set the volume control 1o a little below
ynatever ¥ou would normally vse to joad a program. Select option one
»n the menu and the program will prompt you o start the tape and press
i kev. Do this and. after a period of ime, a message will tzll you that the
oading has finished. Apain press a key. and with any luck you siiculd
iear the speech played back.

t the time taken to load the speech was more than about ten scconds
ing the playback 1s ether just sitence or silence plus very distorted
voras, then vou need (o increase the volume seivng on the cassetre
naver, If recording took less than three seconds but also playback was
nstorted. then deerease the volume. Keep experimenting until you find
he optimum level and then mark the volume setting, You now have a
uessage 1nside the machine.

“he second mena antion aliows vou to "edit’ the message so as to play
muy the word or words you wanl and not the noise or silence either side.
irstl”, keep mnereasing the ‘start” parameter until the word you want is
‘a1 immediately you press the play key. Secondly, reduce the “length’
me 5o that there is nothing extraneous on the end When vou are
1aopy with the result vou car move on to option 3 which will save and
eniv the machine code on tape,

Jow vou have recorded on tape 4 machine code program that will
peax a word or phrase. To incorporate it into another program. make a
101e of the “size’ gven by option 3. This is the amount of space that must
we allowed for the code — you can load the code into any RAM location
nat is free. provided there is sufficient room above, For example. let’s
issume that ‘size’ is given as 4000, that is w sav that the machine code
vule revuires 4000 byres of space. On the 48K machine RAMTOT 1s
ormally 63367, so CLEAR 61367 will allow us to load the code using

0AD " CODE 61368. In order to wet the Spectrum to speak the
nessage, use KAND USR the address rhat the code has been loaded to.
n this case 61368,

“he principie behind the machine code section of the speech program
s guile simpie — refer to the assembler listing for a detalled analysis,
“he record routine moniters bit 6 of port FEh. and counts time with the
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B regmster. If the input from the tape changes state (ie switches from
high o low or vice versa), or if the B regisier becomes “full” and cvcles
back 1o zero, the contents of B are stored in a vast table of RAM. the
pomnter 1s incremeated. and the process repeats until the table is fil,
Thus recording silence is much more zfficient on memory than sound.
The reptay routine is more or less the record routine In reverse. [t
tetehes data from the table and toggles the speaker through bit 4 of port
FERh at the pace dictated by the daa. The sccond routine is written so
that it cen be pasition independent — when the “turnkey’ code is saved.
it 1s relocated ar the start of the required section of data.

You cun have a lor of tun with this program. despite its somewhart low
fideiity. It is quite possible o identity the spaaker of the message. so
perhaps you could get Kenneth Kendall to record cne for vou!

Assembler listing for speech program machine code
Naze: The op codes are giver in hexadesimal.

Cade Label Instruetion Comients

3EOF LOAD LD AOF Clear port

13FE ouT (FE1L.A

3 DI Disable interrupts

216480 LD HL 8064 Po:nt HL to the Seginning of
the storage table

T10FD LD DE.[00 Point DE at end of tabie

NEOG LD c.on Clear C

9600 NBYTE LD E.00 Set counter to zere

04 LISTN  INC B [nerease count by one

2807 IR Z,8TORE If count has eyeled back 1o
zero then jump 1o STORE

DBFE IN A (FE) Read port FE inm A

L840 AND 40 Isolare bir 4

BY P C 1f A matches C (holding bast

ZBFo IR Z.LISTN vatue 1ead ini jump to LISTN

0 LD (HL).B Store the count iz the table

aF LD C.A Load C with new port state

23 ™NC HL Point to next space in tuble

F3 PLSH HL Save HL on the stack

AT AND A Clear the carry fag

ED352 SBC  HL.DE Compare HU with DE and if

C LD AH equal (ic the pointer has

B3 QR I reached the end of the table)
then set the Z Aag

El POP HL Retrieve nld alue of HL
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WER

B3F
‘B3F
‘B3F
<607

20

REPLY

OUTBY

IR

El
REY
LD
ADD
LD
LD
LD

ADD
PUSH
Lo
ADD
EX
FCP
LD

SRL
SRI
SRL
AND
LD
Dl
LD
INC
DEC
IR
CPL
AND
OR
ouUT
NOP
NOP
NOP
DEC
IR
INC
PUSH
AND
SBC
1D
LD
OR
POP
LD

BYTE

2

Z,

HL.2000
LIL.BC
B.H
C.L

HL 0037

HL.BC
HL
DE.6FC
HL.DE
DE.HL
HI.
A(SCABY

B e

=
=

c.A

B./HL)

LLOOF
10

(FE),A

5]
NZLOOD
HL

HL

A
HL.DE
8.4
AH

L

310
AH

If Z {lug not set ump te
¥BYTE

Re-enavle the interrupts

Keturn te BASIC

Load HL with start offset

Add HL o the RAND'

address held in BC and rransfer

result back inw BC

Load HL with length of
{EPLY

Point HL to start of tabiz
Stare fIL on the stack

Load F with size of table
Point HL o ¢nd of table and
transter it 0 DE

Kestore HL

Loud A wilth cantents of
JORDICR

Divide A bv 8

Mask off high five bits

Put border colour in ©
Disable the interrupts
1oad B with bvie trom table
lest B toszeifitis zern

TEitis jump to LOOP
Complement bit 4 of A

Add in the border calour
Qurput bit 4 of A to speaker
Delay so that speed of replay
matches record routine

Decrement counter and if not
zero jump to LOOP

Point HL 1o next byte

Store HIL

Reset catry flag

Store A

If HL has reached end of table
then set the zero flag

Restore HL

Restore A

. Chaper {3 Spectrum Speaks

2083 IR NZ.OUTBY if the 2 flag is notsat jump o
NuUTBY

B ElL Enabies the icterrupts and
then

5 RET return to BASIC

0}--- TABLE A laree free area of memory

Endword

*We have tcuched the point where the hardware and Grmware aspects of
asing the Sinclaiv Spectrum have been covered. How you vse Lhe
nformation will depend an how vou use vour computer,

Some people drive a car with no desire to open the bonnet, others
prefer to have some jdex of how it works even :f they don't ever intond
gerting sheir hands dirty. If you see yourself as a potential computer
‘mechanic’, then you will need to acquire machine code skiils as well as a
ereat Jeal of patience. There are muny books on the finer points of
hardware and Z80 machine code. As tor books about patience . . .




Yher ttles from Sunshine

CTRUM BOOKS

spectrum Adventares
“onv Bridge & Roy Carncli 158 (194640507 £5.95

I b e St W L Nl

"X Spectrum Astronomy
Vlaurice Ciavin ISEN 1946408 24 6 £6.95

spectrum Machine Code Applications
Javid Laine 15BN (1 946408 17 3 £6.95

P M S

“he Working Spectrum

Javid Lawrence 156N () 946408 00 9 £5.95
4 s viaster your ZX Microdrive
E;. wndrew Pennell 13BN U 946408 19 X £6.95

OMMODORE 64 BOOKS

) Pene =N

rraphic Art fur the Commodore 64
soris Allan 15BN 1) 946408 (57 £5.95

MY Robotics and Sensors on the Commodore Computer
.ohn Billingsley 15BN 0 946408 300 £6.95

B

7

srtificial Intellizence on the Comumuodore 64
<eith and Steven Brain isen 0 946408 26 7 £6.95

Yot

e

viachine Code Sound and Graphics for the Commodore 64
fark England & David Lawrence 158N (1 946408 28 & £6.95

e B b i i AL

lpmmodore 64 Adventures
vike Crace 15BN 0946408 11 4 £5.95

3usiness Anplications for the Commeodore 64
ames Hait 19BN 0 Y46408 122 £5.95

vlathemativs on the Commodore 64
Zzes Kosniowskl 15BN 0 946408 14 9 £

i
o
w

sdvanced Programming Technigues on the Commore 64
Javid Lowrence san 946408 23 8 £5.95

v
(™1




“he Workins Commodore 64
Javid Lawrence 1suN 0 946208 (2 5 £3.95

Lommmodore 64 Machine Code Master
Javid Lawrence & Mark [ngland san (940408 05 X £6.95

‘rogramming for Fduecation on the Commodore 64
.ohn Scriven & Pamick Hall 15BN (946408 27 () £5.95

ZLECTRON. BOOKS-

sraphic Art for the Electron Computer
ioris Allan 1sun 0 946408 20 3 £5.95

‘rogramming for Education on the Electron Computer
.chn Scriven & Patrick Hall 1sun (946408 21 1 £2.95

Tunctional Forth for the BBC Computer

oris Allan s ] 946408 04 1 £5.95
sraphic Art for the BBC Computer
Joris Allan 156N () 946408 08 4 £5,93
MY Robotics and Sensors for the BBC Computer
~ohn Billingsley 15BN (1 946403 13 10) £6.93

srtificial [ntelligence on the BBC and Electron Computers
{cith & Steven Brain 156N () 946408 36 X £6.95

issential Maths on the BBC and Electron Compuaters
‘zes Kosniowski 15BN (0946408 34 3 £5.95

’rogramming for Education on the BBC Computer
chp Scriven & Pairick Hall 1SEN (1946408 106 £5.95

Aaking Music on the BBC Computer
an Waugh 1SBRN (946488 262 £5.95

sdvanced Sound & Graphics for the Dragon
Leith & Steven Brain 158 11 940405 06 3 £5.95
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_xrtificial Inteiligence on the Dragon Computer
Keith & Steven Brain 138N [ B46408 33 5 £6.05

Iragon 32 Games Master
{eith & Steven Brain 15aN { 946408 (03 3 £5.95

“he Working Dragon
Mavid Lawrencs 1SBN 0 946408 0L 7 £5.95

2 'he Dragon Trainer
Rrian Llovd 15BN 0 946408 (19 2 25,93

ATARTBOOKS

.stari Adventures
Tony Bridge 158y 0 946408 18 1 £5.95

Nriting Strategy Games on your Atari Computer
Tohn White ISBN i) 940408 22 X £5.95

GENERAL

_lome Applications on your Micro
Mike Grace 15BN U 946408 50 5 £6.95
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“unshine alse pubtishes

MOPULAR COMPUTING WEEKLY

“he first weeklv magazine for home computer users. Each copy contains
“op 10 charts of the best selling software and books and up-to-the-
wnute detatls of the lawst games. Other features in the magazine
nciude resular bardware und software reviews. programmiog hints,
‘omputer swap, adventure corner and pages of listing for the Spectrum.
dravon, BBC. VIC 20 and ZX 81 and other popular micros. Only 20p a

veek. a year's subscription costs £19.95 (£9.98 for six months) i the UK

ing £37.40 (£18.70 for six months) overseas.

JRAGON USER

he monthiv magazine for all users of Dragon microcomputers. Each
ssue containg reviews of software and peripherals, programming advice
or beginners and advanced users. program listings, a technical advisory
grvice and afl the latest news related to the Dragon. A year’s
uoseription (12 issues) costs £10 in the UK and £16 overseas.

VICRO ADVENTURER

“he monthly magazine for evervone interested in Adventure games,
var gaming and simulationirole-playing games. Includes revicws of all
ne latest software. lists of all the software available and programming
wavice. A vear's subscription (12 issues) costs £10 in the UK and £16
verseas.

JOMMODGRE HORIZONS

“he monorhly magazine for all users of Commodore computers. Each
ssue contains reviews of software and peripherals, programming advice
‘or besinners and advanced users. program listings. a technical advisory
‘ervice and all the [atest news, A vear's subseription costs £10 in the UK
na £16 overseas.

‘or further informaticn contact:
“unshine

2-13 Littie Newport Street
ondon WC2ZR 3LD

H-437 4343

“elex: 296275




