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INTRODUCTION
THE COURSE

This course Is intended 1o teach you how to write grograms for your Sinclarr ZXB1 . 1t will not hapoen
overmight, bul you should have a pleasurable tirne learning

The mast important pan of [garming to program s experience For this regson, the course is liberally
sprinkled with examples of small warking programs which you can enter into your ZX81. |t also contains
many proflems tar vou to selve using your eomgputer, and specimen answers are given for you to check
your results against, Tapes are included with the course, containing programs which you can siudy o
learn certain programming technigues

As you work Through the course, vou will be asked guestions from time to time, the answers will be
found en the following page. so cover them over o prevent your eyes gradually wandering across! As
you would expect, there s always more than oneway of answenng the questions, 5o the answears given
are-only models showing you one way that you could have gone about solving the problem Obwviously |
have tried to direct you tewards answernng the guestion in the same way that | have, so hopefully you
will e able 10 carry on to another wpic quickly. T your answer dogsn’t match mine; then don’t worey,
biut read my solution carefully and see if it nelps you to understand more fully what the text was saying

Each chapter also includes a set of exercises, which do not have solutions provided You may like 1o
try thase exercizes (narder [0 practize the fopics you have leam!

Enough of that - let's try and gef yeur computer going so that you can see what it [ooks like

First of all, take a look al the keyboard You will notice that each key has several different things
written on it All the wards above the keys are called KEYWORDS Whenever | refer toa keyward in the
text it will be printed in BOLD TYPE This means that you do not need to type the whole word out, but
just press the key with thatword above it Bon't warry — the ZXB1 knows what you are trying to do and
will spell the whale werd for vou

SETTING UP

Ok, first let’'s switch everything on. Here's what 1o do

I Connect the Z481 to the aeral socket of your TV using the single lead supplied. The plugs arg
different at each end, so you can't get it wrongl!) One end plugs into the large socket at the side of
the ZX81

72 lise the double lead to connect the ZX81 to the EAR and MIC sockets on your cassette recorder — on

the side of the ZX81 yau will see a guide to tell you which connectar goes into which socket

It your recorder nas playback tane controls, then set these to maximum freble, and =&1 the volume

level to hearly the maximum

4 Plug the mans adaptor Into the mains, and the [ack plug nto the "8 DC IN' socket on the ZXB1 and
ansure that the mans s on Here's a diagram 1 help you:
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MNow switch on the TV and turn the sound down. You'll grobably find that the screen i full of "snow',
which means that you're not tuned in to the correct channel, Choose a spare channel knobon your TV,
and tune it to channel 36 (just go from ong end of the tuning to the ather if your set doesn't have any
tuning guides) You should notice at some point that the screen goes a “sobid” grey colour {even on &
colour set), with a small symbel in the bottorm left-hand corner of the picture that looks like [ This
symbaol is actually the letter "K' ina hlack boax. Ones you've homed inon this symbal (fram here an we'll
gall this symbaol the CURSOR) you can adjust the fine tuning. brightness and contrast to make the
picture nice and sharp

If you have problems trying 1o get the picture shown below, then refer to Chapter 1 of the Sinclair
Handbook {suppled with your ZX81)

K

It's better to use a spare channel knobrbutton, as you can leave it set up for the next time you use your
computar

Insert the cassette tape suppled with this course that contains "STARTERS" (look a1 the index on
each tape). Now press the "J" kay (which has LOADover it) Instantly, the word “LOAD' appears at the
foot of the sereen! Note also that the cursor symbol [ has changed o[l This teils you that the next
key you press will give you & single lefter or character just like a standard typewriter

You should now type

"STARTERS"

The " character s given by pressing both the SHIFT key and the P key togathar. You will find it sasier
to press the SHIFT key first, then WHILE HOLDING THIS KEY DOWN, press the P key. Now type the
word STARTERS |ust like you would on a conventional typewnter Mow we need another guotes
characier (remamber — SHIFT and P)

Before we go on, this has brodght up a couple of pomts that are worth discussing. First, whenever
yau want to type one of the red symbals in the top right-hand cornet of each key llike the "' character
you've just typed), you need 1o press the BHIFT key at the same time. These SHIFTed symbiols are
printed in red on the keyboard. Secondly, and probably more importantly,

WHAT IF YOU MAKE A TYPING MISTAKE?

Dan't worry — the ZX81 [8ts yau corract any mistakes you might make if you're-anything like me, than
you have to hunt around the keybioard 1o find each letter, and you do it all with just two fingers ) Let's
suppose that you typed:

LOAD "5TR

and realise that you've made a mistake. Logk at the top right-hand key on the keyboard (the B key), [n red
{remember what that means?), you'll see the word RUBOUT. Pressing SHIFT and 0 together will make
the ZXB1 rub the |ast eharacter out, and it will disappear from the screen. Try it — you can always type it
back again. Press SHIFTQ again, and the next letter will disappear. and 50 on Soif you'd typed: LOAD
“STRTERS", you could rub out the last six letiers {including the quotes) and type them in again The
RUBQUT key actually rubs out the character to tha left-of the cursor (the [Qor symbaol)

Let's carry an, On your screen you should now see:

LOAD "STARTERS"
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If wou don't, then rub it out isee above), and stan agan

We are now about to stant the ZXB1 off, looking on the cassette tape for something called
USTARTERS' If you play the tape, it just sounds like peculiar buzzing noises, but it actually makes
sense 1o the ZXB1 Hewind the tape; press the PLAY buttan on your recorder, and QUICKLY afterwards
press the key marked NEWLINE on the ZX81 (it's on the right-hand side). The screen will now change
completely, and for a few seconds it will look like the vertical hold naads adjusting (but dan't do it!) Then
itwill go mad for a while {about 30 seconds) and finally will come 1o rest with the bettom of the screen
showing:

(84}

If it goes back 10 looking as thouah the vertical hold is out. then the tape has gone too far. and you
should start again. Refer to a section at the end of this book titled ""Commen Prablems and Solutions”
for more mfarmation

You can now rewind the tape and switch the cassette recorder off, as it has servedits purpose for the
trre baing. What you have jus! done s to load a computer proaram called STARTERS from cassette
tape and you can now type:d

RUN

fremember it's printed in bold type, so you only need to press the key with RUN abave it Which key
i5 that?)

RUN is 3 command which instructs the ZX81 1o start running the pregram it has loaded: You'll use this
command & lat, As always, whenever you want the ZX81 10 act upon something that you've just typed,
you must press MEWLINE  After a few bnat flickers, vou will see:

HI THERE
WHAT 15 YOUR NAME?

Enter your first name, lollowed by NEWLINE to tell the ZX81 thal the name 15 complete. Now you can
waark your way through tha questions, entenng your answers followed by a NEWLINE when the answer
s complete |f you make a mistake, use SHIFT/@ 1o rub out unwanted |ettersicharacters |f the ZXB81
does nothing after you've typed your answer, it prabably means that you haven't pressed the NEWLINE
key! Try again

You'll find after a while that a message

8/D895

appears on the bottom of the screen. This means that the program has fimshed, and the ZX81 is waiting
for you 1o run something else, or even to run the same program again [IF you want to, then type RUN
agam|. Try giving different answers to the questions. You'll see that your ZX81 is actually checking up on
your responses and reacting accordingly, You may get bored answering the same questions all the time.
in that case, answering QUIT followed by the NEWLINE key 1o any of the guestons will stop the
pragram from carrying on, and will cause 9/9999 to be shown as mentioned above

By now, you have had an opportunity to see what your ZX81 looks like when it's running. Not all
programs are as elemantary as the STARTERS program, and yvou'll soon Tingd that your computer &
capabie of doing much mere than just asking guestions and looking at the answers

Before we start delving into the ZXE1 in more detail, this 15 an appropriate point to think about exactly
what the ZX81 15,

THE ZX81 IN CONTEXT

The ZX81 15 a cornputer. like the many others that assist businesses, armed forces, police, gas and
electneity boards and even the DVLC at Swansea. So what makes the ZX81 different frorm all these?
Why can't the police use a ZXB1 o control thewr enminal records? There are several reasons why
different computers can and cannol be used in certain environments, so let's first see what a computer
comprises



Intreducticn

{a) The central processor

The central pracessor itself can be exiréemely small — the central processor inside yaur ZX81 will fit
comfortably onto the tip of a finger, but since we humans cannot easily handle something so small, it
needs to be packaged in & casing that we can manipulate. The £X81 contains the ZBO central processaor
chip which s used throughout the world in many different computer systems, The 280 chip s oneof a
new breed called microprocessors, they are rapidly finding uses in all walks of lite — TV games, washing
machines, lift control mechamsms, 1o name but & tew. But not all central processors are so small
fMainframes (so called because of ther sizel can occupy @ room, but they can also perform their
“instructions'' many times faster than the ZXB1 and can perform many independent tasks
simultaneously & typeal manframe computer (central logue portion) can cost from £50,000—£100,000!

(b) Memory
The computer on i1s own (5 Usaless — it neaeds “instructions™ to drive i1, This is where "memory’ comes
i —the Instructions are stored in a memaonry which the computer can constantly look at to see what it is
to do nekt

The ZX81 contains two types of memaory - ROM and RAM The ROM 15 used to allow you to “1alk” to
the ZX81 using the touch keys, and for the ZX81 to “talk’ 1o you using the television sereen It also acts
asa translator’’, converting the words and symbols that make sense o vou Inta symbols that the Z80
chip can undersiand. The RAM 15 used 1o hold everything that you ask the ZX81 10 do — any calculations
perfaormed, and Instructions you ask 11 1o obey — all these are put into the ZX81 RAM.

Mermory 1s measurad in UK units (this will be explained later in the coursel, the ZX87 contains BK of
ROM and 1K of RAM — | & it contains eight times more ROM than RaM,

{c] Backing store

Backing store lor storage) is another prece of jargon. Backing store is used to hold instructions and data
that i1s not requlred 0 the camputer' s meamory for the time being. The actual types of backing store vary
considerably, The ZX81 usas a domestic eassetts recarder, as you have seen when you asked the ZXE1
o LOAD the "STARTERS" program.

You can probably appreciate that cassetie recorders areslow, and 11 wouldn't swit the police 10 keep
searching through C80 tapes looking for details ef a known enminal! Mainframes use disk packs to hold
large volumes of information, any piece of which can be obtained by the computer in less than a
hundredih of @ second, These disk packs can hold up to 200,000K of infermation — compare that with
the 1K RAK inside the ZX811 A= yvou become accustamed 1o the amaunt of information you can hold in
a ZX81 with or without the 16K BAM pack. vou miay like to think of these sizes again, and try to consider
why the police could not even starr 1o use a Z%81 Obwviously cost has a great deal 1o do with the gquantity
and speed of access. A mainframe disk drive unit can cost in the region of £20,000 and must be keptin
an air-conditioned rocm o avoid dust particles runing the finely enginegred mechanisms

Mare recently, foppy disk drives have been introduced. &s the name implies, the disks are flexible,
and are guite suited to the "hestile" environment of 8 house oroffice. They are much more in line with
microcarmpulens, as they cost between £200 and £500, can store up to 500K of information on a disk,
and are fast enough for small cemputer systems: These disks can usually retneve information within
half-a-second. As a comparson, the urme taken o load the "STARTERS" program from a floppy disk
would be around 2-5 seconds instead of 1-2 nunutes from cassetle tape,

Remeamber that just as you can change the cassette in your recorder, so can disks be changed indisk
drive units to give more storage space A disk pack for mainframes costs (roughlyl E80-£100, while a
loppy disk costs aboul £5-£10 Casseties of a reasonable quality cost £1 each

|d} The keyboard and display unit
Mowy we've got a central processor, memory and backing store. But we stiff nead to be able 10 opearare
the computer, or to be able to direct it some way. It is wsually contrelled from a keyhoard, which
imvariably looks much |ike a standard wypewriter with a few extra keys on it The ZXB1 also uses a
keynoard, although it does not have conventonal “'push keys'', but has instead a senes of pressure
sensitive pads: They are laid cul in the same form as a typewrnter, howeayer

You need 10 see whal you're typmg —it would be pointless otherwise —and so the ZX81 connects toa
standard 1elevision set which “echoes' your typing. When you are happy with Same typing, you press
MEWLIME, and the Zx81 then acts on what you have typed. Any responses that the ZX8) needs io
make are alsg sent @ the dispiay unit — in this case, the TV — so that you may act on them

Larger computer systems make use of a visual display unit, or VOU for short, which is like a combined

iy
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typewnter kayboard and TV screen rolled into one unil. You've probably sean similar units appearing in
banks, airports, hotels and even some garages. These units are designod for fast typing and legibility —
and therefore cost in the regon of £500—E1000 per unit

(e] Languages

Earlier above we saw how the ZXB1 ROM acts like a "transiator”, turming your instrugtions and
commands mto a form that the Z80 can understand. The cempansen can be stretched a bit further yet
Translators can understand many languages — French, Spanish, Amerncant!) — and turm them nto your
own language. Similarly, computers can racognise many computer languages, each being a different
way of giving commands to the computer,

The language used by the ZXB1 is called BASIC, which stands for Beginners All-purpose Symbiolic
Instruction Code There are many other computer languages — COBOL, FORTRAN, PASCAL, CORAL 10
narme but a few — each making certain aspects of computing easier, but athers more complex. BASIC
was chaosen for the Zx81 because of (15 initial simplicity. Don’t be fooled though, BASIC 15 quite capable
af holding its awn against many other languages

if} Printers
You will prabably find that mest of the work you do with the ZX81 will use the display {TV screen) to
show results Sooner or later you may lind 1t necessary to keep a typed or hand-wiitten copy of same of
the results: This s where a prnter comeas in T allows you to put displaved results onto printed paper
The ZX printer can copy the entire contents of the TV screen to paper i roughly 12 seconds

& manframe uses printers that can prnt roughly 2000 ines of printed results eveny minute! The cost
& high. and a typical mainfrarme printer costs £15000-£20,000 Laser printers are even faster, tbut |
won't frighten you with the cost!

| hope by now that you can see the ZX81 in perspective. The ZXEB1 has brought computing within the
reach of ordinary people, 5o that we can all see what a cormputer 15 capable of doing. and explode same
of the myths and fears surrounding therm

The discussion of languages above needs 10 be-examined a bt mere closely  Since each different
computer system s designed by difterent manufacturers wath different markets in mind, you should ba
aware that no wo versions of the same language are ever completely entical By "two versions”' | do
not mean that your ZR81 will differ from your friends, but that the BASIC found in a ZXB1 will not quite
bi the same as that found in other microcomputers. There are many reasons why this is se. and many
atternpis have been made to produce a Standard BASIC This is also true for other languages, but
no-one has succeeded yat in creating a "“machine-independen’ language.

I you ever start to use a dilferent type of computer that uses BASIC, then vou can rest assured that
your £X81 has given you a good grounding in the fanguiage — you will have few problems in learning the
new technigues.

Appendix & containg 4 cormparison of ZX81 BASIC with several other personal computer systems
Hopefully this will give you some idea of the differences

Summary
What have you learnt in this introduction?
= how to switch on the ZXB1 and connect all the vanous leads to the TV and cassette recorder
— hioww 10 load an example program from fape
— how to correct typing mistakes,
how to use the SHIFT key 1o get the leners/characiers marked in red
what the inverse character @ or R 15 called (the cursor)
—when 1 use the NEWLINE key
- what computer systems are, what they compnse (memary, keyboard, backing store, etcl. and
where the ZXE1 fits Into this spectrum,
In the chapters that follow, yeu'll find out what 2ach of the commands can do, and how you can bonld
up a program by putting lots of commands tegether in a sequence
This introduction has not posed youwany guestions, bul all the next chapters will. Please try o answer
each gueston honestly and anly look at the answer (on the following page) if vou're stuck Thera's no
point in rmerely reading the text and looking straight at the answaers, as you'll find yourself getting quickly
out of your depth. If you.gat SEALLY stuck, then skip over the question and carry on with the nax
saction
From now an, 'l abbireviate some of the ideas as follows
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I will refer to the NEWLINE key by nl, so if you were to type your name again, you would type, far
example,

JIM nl
2. Whenever | want you to load a program from tape. |'ll say:
LOAD “program name" nl
The name within quotes will be given to you, I'll also assume that you'll start the tape running before
you press the NEWLINE key, and that you watch out for the finish symbaol
0
Note that future programs that you load will pass over several programs to reach the one that you
have asked for. This may take up to three or four minutes, so don’t panicif nothing happens instantly.
Should the ZX81 get all the way to the end of the tape without the “finish'" symbol showing, refer to
a section at the end of this course entitled "Common Problems and Solutions”. Once the program
has leaded, you should start it running by typing:
RUN nl
OK then, now have a go with the ZXB1 acting as a clever calculator! This is the starting point in
Chapter 1,






Chaptar 1
The Computer as a Calculator

This ehaptar 1s deaded into four majer sections: The fiest section will show you how yvou can calculate
the area of & rectangle:and in doing so you will learn more about 1he cursor. discover what a “report
code” 15 and what a "syntax grror” means, Yeu will also use 3 new command, PRINT '

section 2 shows you how to solve more complicated calculations using brackets, and leads on 1o a
discussion on prontes of operators '

Section 3 will show how the computer can store numbers |n vanables and use ther agaim in numeric
expressions This section introduces the LET cammiand and a method of representing numbers called
“scientific notation®

Finally, section 4 covers mathematical functions avalable on the ZX81

The £x31 can do much mare than even a full scientific calculater, and se this chapter contains seme
fairly mathematical working, It is impertant to get a good idea of what is going on even if you never use
same of the facilines that the ZXB1 can offer

1.1 INTERACTION WITH THE ZX81

3 1) | CALCULATING AN AREA

You are probably aware of the lormula tor the area of a reciangle, but just in case

arza of rectangle = langth = width
so that, Tor example, the area of a rectangle 6in wide by 3in long wolldd be:

3AxB=18zq.n
Fairly easy, and you probasbly wouldn 't bother to use 4 caleulatar But what if the dimensions were | 533
wide and 27 82441 lang? Would you dash faor pencil and paper, or your calculator? On your calculatar,
you wolld wark it out by saying

1,533 idisplay shews 1.533)

x tdisplay.sull shows: 1 533)
2792441 display shows 27 9244 1)

= tisplay shows . what?)

Soonow let's tty this an the ZxX81

1.1/2 ARITHMETIC OPERATORS

First, we need 1o find the four keys for add. subtract, multply and divide We also need to find the equals
Ry
The four operations are denoted by

Operation Symbol Where on keyboard
addition + SHIFT/E
subtraction — SHIFT?
multiphcation 4 SHIFT/B
division SHIFTIE

So0f we want to enter 2x3 (as ona normal caleulatorn), we would type:

2*3
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and | we wanted 35-=7 we would type:

3 5 II'-I?

1.1/3 USING COMMANDS

But what about the "equals’ sign? Therg is one an the keyboard, but this is not for giving calculated
results, as you will see in fater sections. What do we do then? This is whers the COMMANDS come in.

A command is an instruction to the ZX81 to do something. In our case, multiplying two numbers, we
want 1o Instruct the ZX81 to tell us the answer, or to PRINT the answer on the TV screen, To get our
answer, then, we would ype!

PRINT 1.533"27.92441 (remember about BOLD FACE words? See the
Introduction If you've forgotten |

But nothing happens, try i1,

Cuestion
Why doesn't anything happen?

14

b



Chapter 1

Answer
In the Introduction, you were told that the ZX81 does not act on anything until the NEWLINE key is
pressed. If you remembered, then well done. If not, you may like to read that section of the Introduction
a0ain,

Now press the NEWLINE key. There's the answer 10 the calculation — at the top left-hand corner of
the screen! If you're in doubt, check it on vour calculator,

1.1/4 CHECKING SYNTAX

There's another reason why nothing might have happened — that 1s.a SYNTAX ERROR. It's an awkward
word, but means that the ZX81 cannot understand what you have typed. If you've got 8 synlax error,
then you'll notice the symbol B somewhere in the middle of the line that you've typed (just like the [d
and |4 symbols we've called the CURSOR), The B shows the point at which the ZX81 staps being able
to understand you, Rub out the characters following the&, and try again

1.1/5 DIRECT COMMANDS

What we have just done is to give the ZX81 a DIRECT COMMAND ta obey. We asked it to PRINT the
resuit of a caleulation, and that's exactly what it has done. At the bottomn of the screen, you can see the
symbol

o/a

again- This means that the ZX81 has completed its task with no errars. Just as you can gat overflow
errors on a calculator, you can get errors on the ZX81. A full list of these can be found at the back In the
reference sections, but here we'll give you an idea of what they mean,

The first number {in front of the /) is the report cade. A report of @ means that no errar occurred, and
s0 we can continue. The second number need nat warry us at the moment, since it will dlways be @ for
direct commands. We shall come across other values for this later in the course. [f the first number is
not @, then you can look the meaning up in the reference section, headed “report codes”’.

1.1/6 ANOTHER LOOK AT THE CURSOR

Now for a bit more about the cursar

As you've seen in the Introduction, the cursor can be either [ or .

The cursor is really a marker that mdicates several different things to yvou:
1. It indicates where the next typed |stter will go on the screen.
4. It Indicates what the ZX81 is expecting nex! and how it will interpret it,

In the second case, the letter in the box defines what you should be entering:

(3 isa Keyward, or command The ZX81 will give you the keyword above the key
that is pressed next,

M is any Letter or character.

@ s any Eunction, obtained by first pressing SHIFT/NEWLINE. The next key
pressed will give the function underneath the keys fe.g. COS, SQR atc), Mare
on this in & later section

[ indicates that the next lettericharacter will be interpreted as a Graphics
character. Again, we'll meet these later on in anather chapter,

16
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Whenever you prass the NEWLINE kevy, the ZX81 checks what you have typed and il it finds an érror,
or something It ean tunderstand, it will not accept the ing Instead, it puts the SYNTAX ERROR marker

at the pont on the hne where 1t stops understanding what you have entered. Sub out the wrong
letters -t the nabit of the error and re-type therm For example if you typed

PRINT 27 3:6 nl
meaning 27.378, then after prasaing NEWLINE, vou would ses
PRINT 27 :H c[@

You should use RUBOUT to remove the 2 characters an tha nght and re-type them RUBDUT abways
takes off the character 1o the left of the cursor Suppose that you had éntered & long line and the syntax
efror was back at tha beginmng, like this

PRINT 27 3B 6+1424.877 - (15100} 38 7

Would it be necessary to rub out the whale of the line |ust to correct that single mistake? The answaer is
no Lok at the 1op row of keys on the keyboard. The & key and 8 key have red arrows on them pointing
left and right respectively 1 you press SHIFT/S. the cursor will maove to the left ane pasition, and
SHIFT/B will mowe it to the nght Try typing thes

PRINT 27)6735.2 nl

You will get the B marker in front of the | character, while the cursor [l is at the right-hand end of the
ling. Press SHIFT/G several tmes and the M will move back along the line towards the ) character, When
iis next 1o it, press SHIFT/Q (RUBOUT) This remaoves the wrang |, Now press SHIFT/K and you will see
the' + symbol being put in instead of the | Prass NEWLINE and the corrected ling will be 1aken in and
the answer will be gven Make good use of these "arrow’ keys — they will save you a lot of time
correching misiakes

Question
Wame two of the three COMMANDS that yvou have used so far

%
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Answer
You have met LOAD PRINT and RUN.

If you got the answer wrong, then go back and read the beginning of ‘Section 1.1/3 again

Now you have done one calculation, you can prabably go straght on to try others Here are a selection
of small problems for you 1o salve The guestions are written without telling you which symbels 10 use;
so.if you've forgatten, you'll have to re-read Sectlon 1 12 The answers are given for you to check. The
first example 1= given in full

Question 1
It & shopkeeper has 127 boxes of chocolales instock, and he orders 3 [urther 229 Row miany will he
hawe i tatal?



Chapter 1

Answer
We need to find: 1274229=7 which we wauld enter into the ZXB1 as

PRINT 1274224 nl
Answer. 356 {did you really use the Zx817)
Question 2
A mouse chews through 2 Sgm of chaese each right in the kitchen. How much will it get through i 105
days! G thizanswer in grammes
Question 3
A boy has found 37 conkers, but in his rush to get to schoadl on time, 18 fall aut of his pocket. Haw marny

are lgf1?

Question 4
Seventesn wormern win a prize of £11,135.00in a joirt competiton. How much does each woman win?

18
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Answers
2 282 Hgm Yiour antry 1o the Z%81 should have read

PRINT 2 5105 nl

318 Your entry should have been
PRINT 27 - 18 nl
4 FBESS This time you should Rave put
PRINT 1113517 nl
. PRINT 111350017 ni
1.2 COMPLICATED CALCULATIONS

1.2/1 SOME COMPARISONS

By now you will have grasped the concept behind the command PRINT. 11 can do quite a bit mare than
just add a fewe numbers together and print the answer In fact it 15 one of the most powerlul commands
on the ZXB1 You are probably thinking, "' This 1s-all very well. but my pocket ealculator ean sull do lots
more things than that” Some of these are:

chain caleulzhons 1ogether
— store results in a memory and recall them when needed

ealculale squares, sguare (ools, perentages
— use trigonometnc functions, ke tan, =in, cos

Have no tear, the ZX81 can do all of these. and more besides. Let's look-al some of the paints raised

— chain calculations togethar
This can be done by putting more items into the PRINT command, for example,

PRINT 27 5*33/16.8 nl

- stare and recall from memitry
We'll come onta this in secton 1.3 on Variables

- palculate squares, sguare roots, 8ic
You can use the operator ** on the keyboard to raise any number to the power of another, e.g.

PRINT 55**2 nl

would print the value of b5 squared. The ** Tunction 15 on the H key lusing SHIFT), So
PRINT 21**3.5 nl

gives the value of 21 raised (o the pewer 3.5

Lise trig. functions
All of thesa. plus many more, are available on the ZX81. They are covered in section 1.4



Chapter |
1.2/2 CHAINED CALCULATIONS

Whenever you perform chained calculations on a calculator, you soon run up against the problem of
pricnty Certain types of operators take prionty over others, For example, iF we wish 1o caloulate

2+3"6

on a calculator, the answer would be obtained py imagiming (or putting. on some calculators) brackets
around the twoomuliphed numbers,

2+3*B)

Here, then, the prionty of caligwlaton & figher onmultiplicatcn, Try theexample on a calculator and see
which answer you get

24378 (with no brackets) =7
Caleulator answer Calculated as
30 2436
28 241386
fathemancians choose the second selutien as preferable and siate;
multiply and divide take priority over add and subtract
Cuestion
Maw try the same calculation on the ZX87 First write down how you think you showld enter the

problem. then try to 2nter (T and $ee whist the result s The “brackets” can be found by pressing SHIFT/|
and SHIFTO

20



Chapter 1

Answer
You should have written down

PRINT 2+3°6 nl

If you did, yvou should have sewn

If you got any report code other than zerg, you've done somathing wrong |1 you didn't ge! 20 in the top
left-hand corner, then you've probably mistyped somethmg Go back and try again If you don't
understand how we arrived ar the solution at all, then read sections 1.2/1 and 1 22 over again, paying
particular attention to the early stages of the PRINT command

1.2/3 BRACKETED EXPRESSIONS

Inevitably, you'll come up agamst a formula that cannot be arranged in such a way as 10 be entered onto
one PRINT command. This can happen for a vanety of reasans, the maost likely at this stage |5 that you
cannot get the numbers ordered to make the calculation give the correct result For example. in the case
given abowve, what would vou do if you wanted the answer to have given 30, so that the calculation s
interpreted s

12+31"67 {look back 1o section 1.2:2)

Well, the ZX81 is guite happy to be given brackets around the calculations that you want dane first In
fact, you can put brackets within brackets (these are called NESTED brackets) to any depth that vou
require

Lel's try it. Enter the following:

PRINT (2+43/°6 nl

What did you get? Unless your typing is awlul, you-should have seen the answir 30,

UK, so "multiply"-and "divide" come first, But what happens if you've got the same Iype of operator?
Suppose we had semeathing with two divisions next to each other? Under these condinans, the ZX81
always works from left to right along the caleulation IF vou had 4/2/2, tHernthe apswer would be 1 rather
than 4 The ZXB1 has treated i1 as (4/2)/2 rather than 4/2/2) We'll work through a complete valid
calculation

PRINT 5*(7+(90/561/(56—46)) nl
Taking this a section at o time. we can break it down as follows:

1. The innermost brackets are calculated fust, e (90/5) and 155—46) gving the two results 18 and 9
respectivaly

21
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2. The next outer set of brackets are calculated, te 7+ (1BME)). But here we must take priarity into
account, and since deasion s a lighar pnory than addition (see section 1.2/2) the division will be
dona first, giving us the rasult (7402}, This addition gives us our next resylt 9

3. Finally, the outermost caleulation is dane. which is 5*3, gwing the end rasult af 45

B PHE‘!“J' D kT S I I S R R S

Question
What would you expect theresultl of the follovang calculation tbe? Don't try it on the ZXB1 until after
you e willen an answer down an papet

PRINT 478442 —(5/4))

22
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Answer
You should have written 28, If you got anything else, then read sections 1.2/2 anwards again,

Time for a new topic

1.3 VARIABLES

1.3/1 THE CONCEPT OF VARIABLES

On a traditional calculator, a memory 15 normally avalable with three of four keys to sllow vou to'store
and recall the number contained m it, or add to/subtract from 1t, and to clear it isame as storing zero in i),
On the ZXB1. we can store 8 number in & "memary” by using the command LET The hig difference
betveen a Baloulater and your ZX81 15 that the ZXB1 can have as many of these “"memaones’” a5 you
need!

We canidentfy a "memory" by a single letter, such as D, or X. Just ke algebra, we can put any value
nto these varables {or memories) In algebra we would say,

Find the value of 4y +3 when y=2
The important part here 15 "when y=2" This could be done an the ZXB1 by stating:

LET ¥=2 nl
PRINT 4% +3 nl

You should notice tha following points —

1 We have done this In two stages The first stage was 10 put a value to the “memory’’ we have called
¥, and the second was to print the result of an equation using Y

2 The ZX81 will remiember the value of Y from the first stage to the second It has been put away for
later use

Mow try typing thase two lines on your ZXB1 You'll find the command LET on the "L key What
answer do you get? If you get a report code 2/0 on the bottom of the screen instead of O/0, then it
means you've mis-typed something Try again.

Wecall ¥ a vanable rather than a "memory”’, because it can Rave any number valug. As you've seen in
the Intreducton, the word "memory’” has a shghtly different meaning in the computer warld, so we will
stop using the word “memory’ as of now

Question
How many vanabies do you think the ZX81 can hold at the moment?
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Answer
96 varanles, since there are 26 lettars of the alphabet, and so far we have said that & vanablecan only be
identified by a single letter Read on for (urther informiation an vanable names

1.3/2 VARIABLE NAMES

Ve can call a vanable not by justa single letter, but by a group of letters of any length we like, So some
valic] vanable narmes would be

Y
HGTYYC
FRED
TRYZ
TEE4Z

and s on

The lasi twi exampies show that numbers can be used as part of the name of a variable. As lang a5 the
nama starts with a letter, the rest ol the name can be any mixidre of letters or numbers You can even
put spaces i you ke, just to make the names easier to read! For example

DOLLS EYES AND FisH HOOKS
CAPRN PUGWASH
TIME 4-BED

are all sunable nameas, whereas
4TEEZ2
WY INDIT
FESTER BESTER-TESTER

are not suitable smce they aither starr with & number, or contan characters other than letters or
numbiers (7 and -

Question

By now, o few minutes will hove passed sinee you typed the command "LET ¥=2" into the ZXB1 Let's
check 10 see if it's still there. \What would you type to see if Y s still holding the number 27

24
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Answer
PRINT ¥ nl

It wou gol the carrect answer, then you can skip 14 section 1.3:3
The command PRINT lets us loox at the result ot any caloulation or equation. So if you were asked in
algebra to solve

What 15 the valug of v whar y=27

you should have nd frouble st all That is exactywhat we have done whien we asked vou 1o chack it the
variable Y was still holding the Aumber 2 You have effectivaly typed these two nommands

LET ¥=2 ni
PRINT ¥ nl

Try reading sectuions 1.3/1 and 1.3/2 over again

1.3/3 ALTERING VARIABLE VALUES

You could wait all day - even longer — and whetiever you tried, grinting ¥ would stll giveyou the answer
2 This can change inoa number of ways One way 158 10 switch the ZX81 off. A bit drastic but
nevertheless, it works Variable Y would be lost completely, and i yau typed PRINT ¥ nl, you would see

20

al the bottom of the screen This report (remember that the report code is the first of the two) means
that the variable has not been lound Yeu have not gvan it any value as yet
Another way is to alter the value of ¥ You can do (s by ancther LET command, thus

LET ¥=393 nl

and new (f we grnt Yowe'll see the number 99,
I thefast section, you saw 1hal a vanable name could be a group of lettars, nat just 2 single letter
This mizans that you can make youryvanables have names that give anndication of their meanings, like:

LET MILK PRICE=20 nl
or

LET QLANTITY =10 38 nl
Tl

LET BREAL PHICE=42 nl

Type those few m, and then PRINT them. You'll netice that they don't alter even though you've
antegrad more vanables in betweaen. The spaces n the names are cosmétic only — if you imiss one aut
when you type therm i, the ZXE1 will still know what vou mean,

Mowy you know how to store some nuimbers inside the ZX87, we'll shiow vou how much more you carn
dis wath them The command LET doas ot justallow you o store numbers (n vanables, but also allows
you 10 state that one vanable 1= given the value ol another To give you an example of this, we could say —

LET ¥=QUANTITY nl
and the varable Y would be given the same number that QUANTITY s holding

Question
What number s vanable Y now holding?
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Answaer
10.30
You vauld check this by entenng

LET Y=CQUANTITY nl
PRINT ¥ nl
PRINT CUANTITY nl

Head section 1 3'3 agan if you got it weong,

1.3/4 NUMERICAL EXPRESSIONS

Maw oomes the feal fun You may hava noticed that the command LET has two parts toit — a variable
name fallowed by an equals sign, whith gives the name of the varable that we want ta alter in some
way, and something following the equals sin which gives the value that we want the first vanable to be
given: This secand part of the LET command s called

a numerical expression

You'll meet this phrase a lot, so lets explain what it means by gwing you mare msight into the LET
COrTHTIANg

This "second part”, or numencal expression, that follows the equals sign can be a rixture of vanables
and anthrmetical Tunctions {add, subtract, multiply, etc), so that the “first part’' can be given almost any
value we please For examiple,

LET Y=MILK PRICE*Z nl

15 quite auceptable and would set Y 1o the value 48, since MILE PRICE is holding the number 20, and
121072) 15 40

Question
Assuming MILK PRICE snll holds 20, .and BREAD PRICE sull helds 42, wnte down what vou think ¥
would hold after the command:
LET ¥=MILK FRICE+BREAD PRICE nl
You can set this up on the ZX871 by typing
LET MILK PRICE=20 nl
LET PREAD PRICE=42 nl
LET ¥=WILK PRICE+BREAD PRICE nl

Wiite vour answer down fust, then enter

PRINT ¥ nl
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Answer
Did wou writa down B2 |F so, then well done. Carry on with the naxt section 1 not, then maybe what
follows wll help a hittle.

We have already seen how we can use the PRINT command to give the results of various problems
invalving mextures of numbers and anthmetical functions (add, subtract, ete) Inexactly the same way,
wiz can pul this result into a vanable tor later wse with the LET command. If we try:

PRINT 20+42 nl
we get the answer 62 Similarly, ifwe try.
PRINT MILK PRICE+BREAD PRICE nl

theen we also get the answer 62, since we have previously sllocated MILK PRICE and BREAD PRICE
With the commands.

LET MILK PRICE=20 nl
LET BREAD FPRICE=42 nl

What we have now done 15 1o go one stage furtherand put this result into vanable ¥, by stating:

LET ¥=MILK: PRICE4+BREAD PRICE nl

1.3/5 MORE EXPRESSIONS

We can now define g numencal expression’ as any combination of numbers, numenc vanables, and
arthmengal functions which give a value.
Here are some valid numencal expressions.

MILK PRICE®T

434812

[27+3}*3

[27+MILK PRICE)*S

(BREAD PRICE +MILK PRICE)" QLANTITY

1.3/6 SCIENTIFIC NOTATION

The Z8871 15 gquite al home using scien!ific notation |or exponential notation) 1o represent number values
If you're unimterested in this form then vou can skip this section, but there are occasions when the £X81
may give you.a resdlt in this form, so be sure you know that it can happen!

This type of notation means that the £X87 can handle: massive numbers and minute numbers with
ease,; gving you a great deal of flexility, How does i1 work? Instead of entennga number as (say) 1000,
vou ceuld enter 1t as:

1E3
for example LET Y=1E3'nl
What does it mean? The nurmber {ollowing the letter E [which stands for Exponent) gves the number of

decimal places to shift the number in frant of the E If the second number 15 positive, then you shifl the
fiest number feft. Il the secaond number is negative, you shift 1o the nght Here are a few examples

1E3 1000 (shift 1 left 3 umes)
Z.5E—2 0.025 [shift 2.5 nght twice
5.1273E8 512230000 Ishift 51223 left B times)

Got the idea? You can type in a number using this form at any nme vou like. The ZX81 will know what
you mean

27
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Question
This guestion has twe parts — try to answer both before you look at the next page

fal Write down what vou think the result of these commands will be;

LET RUBY=12 nl
LET RUBY=RUBY +4 nl
PRINT SHLIEY nl

That second lire may have got you guessing! You car type it m and try it to check your answer,
b} Gve anather way of writing these numbers;
64E3
1 4E-3

1055
@875

N
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Answer
t#l The answer (5 1§
Your ZXB1 s elever enough 1o realise that you ware trying 1o use the same varable, and has taken
the correct value for it The valua on the right-hand side of the eguals zign is always worked out
before the variable on the lefi-hand sde = altered 0 our case, the value of RUBY +4 is worked
out, and as we can see, has the value 18, and then this 1s-s1ored in— oh, the same place — BUBY It
makes no dillerence to the ZX81 at all

la] 85400
@.0o14
1.055E3
B2

How did you get on with that iot? If part la) gave vou same trouble, then read seclions.1 3/3and 134
again

If part o) weas tneky, then try section 1386 onoe more. You can always type a fow examples of your
own nto the Zx81 jusl to check that I'm nat having you onl

1.3/7 ASSIGNING VALUES

Up unal now we have contnually talked about “'stonng a value 0™ a vanable This s extramaly
cumbersome 10 keep sayving, and besides, we find cases where wa can't really fit this'expriessian in and
make geod sanse. Yaou're now gomng to meet another pliece of jargan, When we "store a value” in a
varable, we call il

assigning a valug o a vanable

sa, for instance, f we want to put the value 3 in a vanable called JIM, we would say

Assign the valus 3 to the vanable JIM
or
Assign 3 o JI
tor shart Thes would be entered into the ZX81 with the command:

LET JIh=3 nl

Question
White down which of the following two statements is true and which is false:

(a) we can assign 410
(bl we can assign Y 1o 4

28
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Crapter

Answer ‘

{al is true and (b) s false w
Why#
[t makes sense (| we write it odt in full and say that

a) we can pu the value 4 n a varnable called Y

but it doesn’t make any sense:-to say

Iz we gan put the value ¥ in a vanable callad 4

singe we have seen that vanable names are groups of letters, and 415 a numbar!
Vs true 1o say
we tan assign MILK PRICE o Y,

as this 5 the same as enfenng

LET ¥=MILK PRICE nl

o ihe ZX@1 @)

Cnea again, it's time for another toplc. Now we're going to investgate more maths besides the usual
add, subtract, multiply and deade

1.4 MATHEMATICAL FUNCTIONS

1.4/7 WHEN FUNCTIONS ARE USED

Sooner o latar, you'll need to perferm some more demanding tasks on your ZXB1. If you're invalved in

engineenng ar stabshcs. then you may need-additonal mathematical funcuons to help find the salunen

1o & puoblem 0
Az with most scientiic caloulators. the ZX81 is equipped with-a full set of "trig” keys — SIN, COS,

TAN etc Let's look to see how they are used We will start by trving to find the diagonal length of A

rectangle — for those unfarmiliar with the problem, we'll bé using Pythagoras® theorem 1o help us. This

formula states that the length of the disgonal is equal to the square root of the sum of the squares of

both the sides of the rectangle In formula, s s written:

D=50R (L"+B") where D s the required length,
| 1s the length of the rectangle
B.ic the breadth

We've already mat the “"Sguare’ operation — this used the symbol ** (SHIFT/H) 12 raise any number
to the power of anather But what about the square root? Look at the words printed wndemeath the
kays on the keyboard These are called :F!.n'.'TC'.I‘.iGFL‘i The functian we are after hare s the "square root”
lunction, and this can be found under the "H" key, labealled SOR: How do we get at 1t? This requires two
actions,

I Fress SHIFT/NEWLINE (the NEWLINE key has the ward FUNMCTION writtan in réd an ), You'll notice
that the cursorchanges to[3. Indicating that the next key pressed will give the function value of that :
key, or the word printed undernesath Q

2 Prezs the approprate key {or the required fundétion

i
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But don't do it vet — we nead 1o ses how they're used in a calculation first,
A mathernatical function key operates on whatever follows 1t 5o the “'squars root of 16 would be
entered as

SQR 18
using these keys:
SHIFT/MEWLINE to enter functon mode
H to aet SAR function
L5 as normal

This value can be prnted, or assigned to any vanable. sinee the lunction itself s a numerc expression
Here are a few legal examples of the SQR funchion

PRINT SQR 23 566 nl
LET k=SQR IM|LK FRICE+BREAD FRICE) nl
PRINT SQR (¥**2] nl

Mouce that the second and third examples have got brackets surrounding the tems after the SQR
function. This forces the 2481 (o work out the bracketed expression first, and then calculate the square
el

The last example merely prnts the value of Y. as 11 Has first calculated Y squared from the expression
Y *2, and then printed the square root of it —in other woards, Y|

Be careful to use brackets where you want the function to operate on several tems: Try these twa
examples 1o see why

PRINT SQR 9+ 16 nl
PRINT SQR {9+16) nl

it 1s extremaly important to remember that functions do not atfect the expression that lollows — they
marely aperate on the value of the expression So it you wrote:!

LET TESTER=25
PRINT SQR TESTER

then the vanable TESTER wall soll hold the value 25 alter that second command has been obeyed. The
SOR function has only had a look to see whal TESTER holds withaut affecting it in any way. If we
wanted to alter TESTER, then we would write!

LET TESTER=S0QR TESTER
Let's go back to the original problem which was 1o find the length of the tiagonal of a rectangle

Question
Whrite down what you would enter onto the ZX81 to find the length of the diagonal of a rectangle whose
whose sides are 4cms and 3cms?

You know how to get the square of a number, and the termula has been given to you above, soall vou
really need 1o do s translate that formula inte something that the ZX81 will understand, and change all
the symbols n the formula 19 actoal numbers.

a1
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Answer

The answer could be-

[el)

ar

PRINT SOR (3**2+4**2 nl

PRINT SQR (13" *21+(4**2]) nl

PRINT SQR 5+16) nl (if vou wera lazy!)

Hoyou got the answer weong, Ty readmgsecton 140 agan

1.4/2

Mow thal you've seen how (o use the SR function, it anly needs 1@ be sad thal all the athar
mathematical funcucns listed below work In @ similar way, but just give different solutions.

MORE FUNCTIONS

Flease don't think that you have to learrthis lot - yau'l Tind 11 much more useful just 1o look and see
what thiere s, and Ister onwhen you get involved in more programminig, use the reference saction at
the &nd 1o give yed a complete st of all functions and cammantds

Function

SQaR
SIN
Ccos
TAN
INT

ASN
ACS
ATN
S5GN

ABS

LM
EXP

Where on keyboard

H

f#mED

B Sy B

£
X

What it does

Gives squara oot

oine

Cosma

Tangent

Supplies the next lower integer

Al Tractions gre removed &g

PRINT INT 27 &6 nl

weialilel primt 27 &l the decimal places are lost

Mate that INT —27 66 gives —28 as it is the next lower value

inverss of SIN

Inverse ol COS

Inverse of TAN ;
faives a result depending on the sign of the argument. — 1 if .J
negatve, Of zero, <11 postive Eg )
PRINT SGN —44 2 nl

weould print —1

Gives the abselulg lor mod ) value, thus the resultis always

posilivie. Eg

PRINT ABS 24 3 nl

and

PRINT ABS —74 3 nl

would bath print 24 3

Gives the natural logarithm

Gives natural anti-log, or exp.

There 15 also one mathematical funcuon which has no bracketed expression following it — 7 (found
under the M keyl, which is displayed as Pl This, when seen n.a calcutation, gives thevalue 31415927
In thesstnc! mathematical sense. Pl s not @ lunction, but a constant

A5 you look down that st you're prabably wandenng what orearthsome of these Tunctions are tor,
Wihoweants 1o know what the ABS value of a number 1s# Well, as we delve inta programrning more anid
more, you'll gradually lear that the computens really an diot that Bas to be told evervthing, |t makes nd

assumptions. Under certain conditions, itmay need to chack that the number it iz working on is positive i

(For example, trying o find SAR —1 would be rather senseless), and 50 we have already found a need
for the ARS function You'll find more pxamples showing most of these funclions n use later on
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Question
Let's suppose that we have two vanables, called VARA and VARE, which are holding twe unknown
numoers. What would you enter into the Zx81 \n arder to see the integer part of their sum? Look down

that st of functions agan. One of them s the clue to the answer, but you'll need to be caretul when you
wrle 11 oul, because we are after the sum lirst

33
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Answer
PRINT INT (VARA+VARE] nl

Try it by entering:

LET VARA=254 nl
LET VARB=31.769 ni

and then the solution as given above: This will print the answer 57, since 25 4+31.769.gives 57,169, and
the Integer part of this is 57

If you got the correct answer, then carry on. If not, then you'll need 1o read this section over again. If
you used the wrong function but otherwise got the correct answer, then don't worry, just look at that
table once again and check the answer to the problem over to get it ¢lear in your mind.

Summary
We have covered quite a lot of ground in this chapter, and you'll have done extremely well if Vou've
followed 1t all with no real problems: Some of the more complex points will become clearer in time as
you work through more and more examples — and there are a lot more examples to come, both in the
text and on tape.

Inthe next chapter, we star to look at how to build up your own programs, based on some of the
ideas that you've met so far

Here's a list of the topics that we've covered in this chapter:

- how to use the ZX81 as a calculator, and how the four arithmetic operators are used.

— what a SYNTAX ERROR Is, how it can be corrected using the cursor keys SHIFT/S and SHIFT/8
— what the report codes represent

— how to use the PRINT command to display calculated results of fairly complicated expressions, and
how to make use of the different priarities given 1o operators,

- What a VARIABLE is. haw it can be assigned a value using numeric exprassions.
— when SCIENTIFIC NOTATION can be used and how to interpret it

— how we can use mathematical functions 1o incresse the calculating power of the ZX81

Exercises
1. Caleulate the area of a circle with radius 4 inches,

2. Caleulate the volume of a sphere with radius 4 inches.

3, Try to find:
(a} the largest number that the ZX81 can hold using scientific notation,
(b} the smallest number (pasitive) that the ZX81 can hold using scientific notation.

4. Investigate what happens when you try entering numbers with more than nine digits, or when the
result of a calculation exceeds nine digits,

5. Use the fact that a 45 rpm single cost 32p in 1960 to discover the increase cost 25 a percentage (but
don't ery when vou discover the answer!).

6. Atelevision screen has 625 lines which are sent 50 times per second [UK), How many lines are sent
in one hour?

7. It a cheap rate long distance call costs 9p for five minutes (when dialled direct on your own
phone . . ), how much will a call lasting 37 minutes cost?

8. Roger Bannister was the first persan to run a mile in just under four minutes. Approximately how
many yards did he cover each second?
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Chapter 2
Starting to Program the ZX81

In this Chapter you wall see the begimnings of computer programmimg,. The chapter s divided into Tour
maor sections

Section | shows how program statements are created, and defings a computer program

Section 2 deals with making programs re-usable, so that they can be used for repetitive calculations
you will also see how pregrams can be dannotated with comments of your own, and how to set about
unravelling an existing program

Iri section 3 you will be shown how to edit @ program so that any errors can be removecd

The last section glives seme initlal details of print farmatting. so that your displayed results can be
qiven more dppeadl

2.1 SIMPLE PROGRAMMING

2.1/1 RESETTING THE ZX81

The first thing we are going 1o learn is how to clear out the ZX81 1U's & bit ke pressing the “C* buttan
on acaleulator, ar switching it off and on (this also works on the ZXE1, but itisnot recommended unless
there s:no altarnative). The command to use s

NEW nl

and all previcus calculation results, all variables that have been stored, in fact everything will be cleared
oul Whenever you want to start something frash, use NMEW first,

2.1/2 HOW TO STORE COMMANDS

Let's go back to our very first problem in Chapter 1, which was to caloulate the arsaof a rectangle: What
vou did there was to specify a command like

PRINT LENGTH * BREADTH nl

which, 1T LENGTH and BREADTH had been set up using the LET command, would print out the
appropnata area. But it becaormes a tnfle tresome typing these lines in sach tme, and as we already
know, the ZXE1 is guite capable of rernambenng the value of any variables that we'set up, so why can't
It remember siome commands as wall? The answer is that it can It can storg up quite a lot of
commands, and then abey them when you are ready, instead of ane at a time as we have sean so lar
iU will probably say 1o this: "Bur whenever | type a command inta the ZX81, It s always abeyed
when | press NEWLINE. So how can'| stop it from daing this?" The solution is to put a numberin front of
the command when it s typed. This identifies the command uniguely, and 15 called

a LINE NUMBER.
Let's look-at our example again. Try tymung,
1 PRINT LENGTH * BREADTH nl

You do not need to use the “space” key when you are typing this, because the ZXB1 will
autamiatically space the vanous items out for you Do this before vou read on

Something auite unespected has now happened. Instead of getting some answer to a calculation,
your line has been taken i and put at the top af the soreen! The Z¥81 has filed it away for you to use
later At this stage. don't worry about the symbaol that has appeared in betweean the number 1 and the
command PRINT We'll came an to this shorlly
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Of course, the command that has just been filed away requires twao variables 1o be set up before it can
calculate the area - LEMGTH and BREADTH, We could do that by entering twao direct commands using
LET to assign values to LENGTH and BREADTH, Or, as we now know, we could save the lines for later,
along with the PRINT commands that have already been saved.

Problem
What do we do IT we want a command to be saved inside the ZX¥B1 for later?

38
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Answer
The command should have a line number in front of it.
If your answer was wrong, then read section 2.1.2. over again, following the examples thoraughly

2.1/3 COMMAND SEQUENCING

Now we come against a real problem. if we save two mare commands inside the ZX81 (in this case, two
LET commands which assign values to LENGTH and BREADTH) then how can the ZX81 know which
ane is to be done first? And which one second? Well, you may have already guessed. It is the line
number that tells the ZX81 which command is 10 be obeyed first. The lowest numbered command will
be done first, then the next lowest, and so an,

But in our example, we called our line number 1, and you can't get much lower than that! OK, so we've
made a mistake We should have called it line number . . what? If you thought “line number 37, then
you're on the right track. We want to add twa extra lines — two LET commands which will set up the
variables LENGTH and BREADTH before the PRINT command is obeyed. So let's do it all again. Type
these lines:

1 LET LENGTH=12 nl
2 LET BREADTH=57.33 nl
3 PRINT LENGTH * BREADTH nl

You should have noticed these points:

(al Line number 1 has been replaced with the new LET command that we've just typed in. Remember
that for the future,

b} All the othier lines that we have entered have been put underneath each other at the top of the

sCreen

Question
What should you do IF you now realise that line number 2 showid have read

2 LET BREADTH=58

What can you do abowut 11?7
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Answer
You should type the corrected line in again. it will replace the line of the same number Read section
213 again f you got the wrong answer

2.1/4 DEFINITION OF A PROGRAM

Mow you have thres commands inside your ZX81 just waiting Tor you 1o say "GO or something The
cammand that you should use, and you've already used |, Is

RUM nli
Try 11 After a flash, an the screen you'll see the answer 10 the caloulation, [ust as if you'd typed those
three lmas inas direct commands one at a time. The big diffarence s that thosa thrae lines are sull there
sitting inside your ZX81 walting o be run agan, and again. and again until you-get bored watching

the same nurmnbers come up on the screen all the tme.
How do we look at our saved commands after we've run them? Here 15 3 new cormmand for you

LIST nl

Type it in You'll find the sereen shows you your saved commands again In this instance you could have
just pressed MEWLIME 10 get the same effect These saved commands have a specidl name

a COMPUTER PROGRAM

Whal you have |ust done s To entera program into your ZXB1 and run it And this s what programming 15
all apout, entenng commands inie a compuier, and rupning them in sequence

Question
How does the ZxB1 know which command ina program (s to be obeyed first?

an
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Answer
By looking at the Iine numbers. The lowest numbered command is the one that is obeyed first, and so
on, Read saction 2,1.3. over again it you got that ong wrang,

2.2 MAKING PROGRAMS RE-USABLE

2.2/ THE INPUT COMMAND

We now know how to store program commands for later use, and how o run them, but you must admit
that our example is rather limited in use. In fact it can only ever give you the same result. It would be
nice it we could somehow set up thoss varighles LENGTH and BREADTH each time we run it, But we
don't want to enter them in as program commands each tme, because we might just as well type the
whole thing in as direct cormmands. The ultimate would be for the ZX81 to stop running the program and
wait for you to type in the lengtn and breadth, then carry on to give the solution

Mo problem. There s a command called INPUT which does just that. It allows us to assgn any value
to a varable while the program 15 bemg run.

Let's change the program. In fagt, let's get this prograr from one of the tapes that you got with the
course. Can you remember how to set the cassette recorder up and how to LOAD semething from
tape? I not, ook back to the Introduction. Thare you were talked through the loading of a program called
"STARTERS". Read that again o remind yoursalf

Set the tape up and type

LOAD "AREA1" nl

When it's loaded (vou'll see (/0 at the bottem of the screen), you can switch the cassette off, But don't
wype RUN at this stage, because we want to look at the program, not see how It runs as yel

Question

There are two parts 1o this guestion.
1. How do you look at the stored program commands? What should you now enter?
2. How weould you remove evarvthing from the ZX817
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Answer

T You should enter LIST nl

2 Twpe NEW nl

Check back aver section 2.1 "Simple Pregramming’’ if vou failed either part of that question

These last few paragraphs have raised some mara pomis that you should 1ake note of:

el the prograrm you are looking @t on the screen was typed by me — the author of this course And yet
there itisan your TV screen! It was all kept on that cassette tape. Soyou'll be able to enter programs
once anly and keep them almaost forever. That'|l corme n useful

b even though we have stored some commands ina program, we still need tg enter direct commands
to rmake the ZX87 do what we want it 10 — like LOAD or LIST or RUN.

2.2/2 COMMANDS AND STATEMENTS

You will gradually see that there are two distinct types of commands Those that are really ntended
for using within-a program. and those thatare used (o control what 1he ZX81 15 to do forus next. We call
those commands that are held moa program "STATEMENTS, and those that control the ZX81 arc
called "COMMANDS" just like we have been using up until now. Some of the ZX81 keywords, such as
INPUT, have no real value when used as a direct command while athers (like RUN) are not really used
a5 statements wilhin a program

Back to the example program called "AREAT” What do you notice about the line numbers? They go
up in tens rather than ones. This s for a verygood reason |, at a later date. | wanted to add some new
hnes into gy program, | could type tham in as, say, ine 12, or ine 4, and the ZX81, since it obeys the
commands in line number sequence. will ehey my new pragram in the order in which | want it ta [,
howeyer, the lines ware numbered 1, 2 and 3 - as we had earller, then how would | manage to add a
nizwy cammand which was obeyved alter line 1 but befare line 22 Well, | suppose you would say "'Uses hne
157 but unfortunately, ine numbers are only allowed to bewhole numbers, ne fractions. no negatives;
and no ne number zero. This 15 why | have used ling numbers in steps of ten,

CQuestion
Write down what you thenk the result would be i you typpad the lollowing program into the ZX81 and ran
it idon’t enter it, as we still have our example pragram in)

18 LET X=5

20 LET ¥Y=10

O LET 7=X + ¥
25 LET ¥Y=3

40 PRINT /2
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Answer
Did you spot that the line numbers are not in arder? The answer that would be printed in 8 The
program when rearranged into line number seguence 15

10 LET X=5

20 LET ¥=10

25 LET Y=3

30 LET Z=X+ ¥
40 PRINT Z

and so line 25 effectively does away with line 20, as ¥ |s given the value 18, and then immediately given
the value 3. Read section 2 1 “'Simple Programming’’ again

2.2/3 DATA ENTRY

Motice the twa stzlements using the INPUT command They specify the name of the vatiable that is 1o
be emered from the keyboard when the program s run.

10 INPUT LENGTH
20 INPUT BREADTH

Run the program and see what happens Type RUN nl, and the screen goes blank, with just the curso
at the bottom of the screen containing the [l symbol, This is the INPUT command doing its job. The
ZXB1 s waiting for you 1o type in something, But we know that the [Pregram We are running 1S expacting
a number 1o pul into the varable called LENGTH. So obviously, we must now type in a number. Don't
forget to press NEWLINE when you've done it.

Now what? The screen blanks cut'again, and there s another[l-cursor at the bottom, This is for the
sacond INPUT command, requestng the BREADTH vanable. Enter another number followed by
NEWLINE. This tme, we get the result on the screen just like we have had before

Question
How could you rewrite the following program to allow different values 1o be entered when the
program is fup?

10 LET COST=20.00

20 LET VATRATE=D0.15
38 PRINT COST * VATRATE
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Answer

10 INPUT COST
20 INPUT VATRATE
30 PRINT COS5T * VATRATE

In practice; you would probably leave ine 20 as it was, singe the VAT rate only changes at infrequent
intervals, and it would become tresome 1o keep entenng 015 each ume
If your answer was wrong, then read section 2.2/3 again.

2.2/4 PROGRAM ANNOTATION

You can see drawbacks in the example program “AREAT" First, when the screen went blank, you had
no idea what you were supposed 10 be entanng OK, 5o we had just looked at the program, and could
see that it was a vanable calied LENGTH that was expected  But how would you know if someone else
had wnitten the program, and asked you totry it out? Obwiously, some sort of indication 1s reguired on
the screen as the number s entared

Secondly, in order 1o undearstand what the program was doing, we had 1o lgok at 11 ling by line_ It you
boughta program frem a shop, you wouldn't bevery pleased if you had to unpick it all line by line in order
to understand how to use it This second point is imporian!

Thizre is a command called

REM

witich allows us to put comments (REMarks) into a program which are ignored by the ZX81 Whatever
follows the command REM 2 up to us. The ZXB1 is just not interested. For example:

10 REM THIS LINE DOES ABSOLUTELY NOTHING
20 INPUT LENGTH

We can now put REM statements into our program to lel someone know guite a lot aboutl how the
program runs, whio wrote it and when, what a panicular portion of the program does, etc

2.2/5 PRINTING TEXT

Reset your cassette recorder, and now load another program:
LOAD “AREAZ"

When its loaded, use the LIST cormimand to have a look at it. The program does exactly the same as the
program Y AREAT" that we have studied sa far, but this time i1 has bean tdied up 10 make it much easier
to understand both when it is run and also when it is listed

Let's take each line in turn. Whenever we look at a program like this - line by line - we are effectively
“looking nta the future’. We are trying to understand what the program will doowhen it s run Always
bear this in mind when we work our way through the examples,

10 REM A FROGRAM TO CALCULATE AREAS

This lines introduces the program, The ZXB1 will ignore it because 1 beging with REM. 1t tells us what
the program dogas. Notice that the line is too leng to fit across the screen and so the ZXB1 has put the
wiord "AREAST on a naw line

20 REM RECUIRES LENGTH AND BREADTH

A
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Another REMark which indicates what the program needs to get it to run properly. This line is also too
long. | {the author) have had 1o add extra spaces batween the words so that the word "BREADTH' was
not sphit halfway over two. lines on the screen.

30 PRINT “ENTER LENGTH"

Thisis something new The ZX81 treats the letters in guotes as text, and will print iton the screen for
us. It is not restncted o just prnting numbers. I we want any tettersicharacters printed, we just put
guotes i} around them

40 INPUT LENGTH
bs we had before The ZXE1 will stop and wall for a number 1o be wped in from the keyboard

5@ PRINT "ENTER BREADTH™

This 1s some more text that tells ws that we should enter @ number represenung the breadth of the
rectangle:

ED INPUT BREADTH
The same as the ongmal program,
70 PRINT "THE AREA I5”
This text introduces the result
80 PRINT LENGTH * BREALTH
Mow we pnint the result. What happens when “AREA2" 15 run? Dot and see for vourself,
Did you find 1t easier 1o use?! [t would cenamly be easier for you f you had never seen the program

before. Let us mention some painis that arg weorth remembering

1, When theprogram stun, each PRINT statement (lines 30, 50, 70 and 80} starts a2 new ling on the
screen, leaving the others intact

2 When you enter the LENGTH variabile you cannot see it any more, so if vou forget what you type,
yau're in trouble.

2.2/6 A PROGRAM FOR YOU TO WRITE

Question

Using the example in the previous guestion, write oul a naw version of the VAT prograni which
contains some daea about what 11 does, and gives the operator {i.e, youl prompts for the reguired
vanables. The program was:

10 INPUT COST
20 LET VATRATE=0.15
30 PRINT COST * VATRATE

The answer printed |5 the amount of VAT to be added to the cost First enter NEW to clear out the old
prograrm, then try entering your program to see if it really works
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Answer
Your answer may nat match this one exactly, but should at least follow the general outline.

10 REM PROGRAM TO CALCULATE VAT
20 REM ASKS FOR COST TO BE ENTERED
30 PRINT "ENTER COST"

40 INPUT COST

50 PRINT "WAT AMODUNT 15"

G0 PRINT COST = 0,15

You may nalice that the line LET VATREATE =0 15 has disappeared 11 has becomea mixed inwith the new
line number B as a direct number. Did your program work? If it did, then congratulations. Carry on with
section 2.3

We have covered guite a lot i this chapter so far, and maybe you are rushing ahead a bit too fast.
Where did your pragram go wrong? Below 15 a list of things that may have caused you problems. Heler
back to the sections mentioned
tal You didn't understand what REM did. See section 2.2/4

(bl This business of "texi” 15 confusing Read section 2 2/5 again

lc) Why use INPUT? Reading section 2.2/3 10 2 2/6 will give you s6me more reasons.

id) You got a report code at the foot of the screen when the program was run, Logk at the reference
section fitled "Report codes” at the back of 1his course to see what it means Try carrecting the
arror by typing the corrected ine number i again it will replace the Incarract line.

{e} You got a syntax ermor when you were entering a line, and you couldn’t get past it Look back at the

answer 10 see how each line was formed Check |tégamst yours, and you'll probably see why the
ZX81 won't accep! your line. Don't forget that the B symbel indicates where the ZX81 thinks the

2.3 PROGRAM EDITING
2.3/1 FULL CURSOR CONTROL

Now we want to think about something else. Let's load in that program "AREAZ" again
Reset the tape and LOAD "AREAZ"

What would we dao if ane of the lines in the program was wrong? Suppose that line number 30 should
Say

30 PRINT "TYPE LENGTH"

instead of ENTER LENGTH, This may seem a trivial change, but it highlights a big problem, especially

when programs have very long lines in them. We could obviously type the whaole line in again, but this

seems a bit of a shame — nearly all the line is correct except for the faw letters we want to change:
Lock at the 1" key {top left). This key has written on it-

EDIT (SHIFT/)

The edit key allows us 1o alter any part of a line that we wish, and put it back again inside the ZX81 The
rest of the line remains unaffected Before we can use it, we must obviously et the ZX81 know which
line wie want 1o alter tor edit). By now you've probably noticed the symbol B alongside the hne number
of ane of the lines in & program . This is called the program cursor 1t indicates the line number that the
281 would alter if the EDIT key were to be pressed now
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If we want to move the program cursor to a different ing, we can do it in two ar three ways There are
four keys on the top row of the keyboard marked with arrows (SHIFT/S, SHIFT/E, SHIFT/7 and SHIFT/8) —
you've alreaty seen how to use twe of these. The two with arraws pointing up and down, move the
program cursod to the ine above or below respectively At the moment, since we have just loaded
“AREA2 again, the program curser will be restng on ine number 10. Try pressing the "down’ arrow
key (SHIFT/6) and see what happens, Try agam You will natice that sach time you press the key, the B
marker moves down to the next line. Now try the “up" arrow key. Getting the idea? The program cursor
can also be moved directly 1o a line number by typing:

LIST nnnn nl

whers nnnm s any ing number that vao wish We've used this command before. The difterence
heres that we-have also included a line number 5o il we just say LIST, this means “'show the program
slarting with the first line number”

Move the program cursor to point to line number 20, We're about to change it. Press EDIT (SHIFT/1)
What has happened? The line that the program cursar was pointing to has been put at the bottom of the
display (screen), ready for us to alter Now you can use the left and night arrow keys (SHIFT/S and
SHIFT/8) 1o move the cursor along the line to change characters as you've done before We'll now try to
change the word "ENTER" into the word "TYPE"

Use the cursor-night key (SHIFT/8) to move the curser until it has [ust gone past the letter "R n the
word "ENTER" Do this while you are following this text: Now press the RUBOUT key five tmes - this
removes the word "ENTER" Type in the new word “TYPE". and there we are! Ready to go back Just
press NEWLINE and back it goes

You should now be able to change any line in a program that you wish The steps are-

1 Move the program cursor (B} to the kne that nesds to be changed,

2 Press EDNT, which puts the line a1 the foot of the screen

3. Alter the parts of the hne that are incarrect by using the cursor-nght and cursor-left kevs and
AUBOUT Insert the new pieces Remember that RUBOUT erases the letter 1o the left of the cursor,
And new |etters are inserted at the current cursor position

4. Press NEWLINE to put the altered line back again

Question
Name two ways of getting the program curser to move 1o line number 50,
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Answer
1. Using the cursor-up or cursor-down keys [SHIFT/T and SHIFT/E respectively)

2. LIST 5@ ml

Read section 2.3/1 again if you werg wrang,
The second answer (LIST 50) 15 quicker when the ine you want to change is a long way away

2.3/2 EDITING LARGER PROGRAMS

Big programs bnng us onto something else — What happens when a pragram has mere lines than can be
held-on the screen? We're going 1o see something guite clever now. One of the example programs on
the tape is just big enough to fit onto the screen. It doesnt do anything much, but will serve to show you
hiow the ZX81 deals with |larger programs

Set up the cassetie, and typa
LOAD "BIGOME" nl

When it's done, LIST the prograrm. There are more lings-to this program than are shown on the screen,
but we cannol see them as yet. Again, there is more than one way of sgeing them,

1 We can use the "down arrow'' key to move the program cursar to the last line. As it s pressed again,
the ZX81 moves the whaole screen up ane line, lasing the tep line, and gaining the new line on the
bottom of the screen

2. We can LIST the last line on the screen. The LIST command always puts the listed line at the 1op of
the screen. so all the following lines will be shown as well. The lines above are still inside the Z481.
but they are not shown on the screen, that's all

Try playing with this "BIGONE'' program to get used to the feel of moving around with the cursor keys
(the "arrow'' keys are called the cursor keys)

We can also remove lines from a program, and lines 150 and 160 in the "BIGONE" program can be
reroved. This is dore by merely typing the line number of the unwanted line. followed by NEWLINE
Try deleting lines 160 and 182

Mow let's add a new Ine and see exactly what the ZXB1 does with it Type!

185 PRINT "THIS LINE 1S NEW' nl
You'll see that is has been put in between lines 180 and 190, in the proper place for its line number! So
not anly does the ZX81 obey each line in number sequence, but i1 also keeps the lines stored inside in

line number sequence. This makes it much easier 10 lock at a program and follow it through

Question
What wiould vou type now to remove the ine numbered 185 that we have |ust added?
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Answer
185 nl

Fead section 2 372 agesm f you were traubiled by that queshan

2.4 PRINT FORMATTING

2.4/1 PRINTING MULTIPLE ITEMS

We rawy come 1o the final part af this chapter The PRINT cammand has been mentioned auite a (o1, but
since 115 probably the most powertul of tha ZXB1 commands, this is not surprising.: This time we'll see
how the PRINT commiand can be usad 1o ponl maore than one item on 1he same ing of the screen

[ @ expresson noa PRINT command s followed by a semi-colon ™7, then the naxt primted
expression will be placed immediately atter it with no spacesan betwaen

Look at these examples

10 LET MILK PRICE=20
20 PRINT "THE PRICE OF MILK 12 ",
30 PRINT MILK PRICE

Since Inge number 24 has a2 semecolon following 1 the next printed expressicn (0 this oase tha
nurmber held by MILK PRICEN will be placed immedistely altar the first Type them m and run them -
don't forget NEW it there's anything inside the ZXB1 at the mament! See what Bappens The screen
shoaw Ths:

THE FRIZE OF MILK 1520

I wou digdde't get a space between 15 and U207 then It 1s because vou tign’'t pul a space attor 1na
wiard 1S in lime 20 Rememiber that themex) prnted Dhebd Tollows: the Tirst ong st mi snaces benveen
If wou want tharm, vou must gut theot noyoursel!. Edit line 10 and try 1t agaim

We can also put midre than one expression on the same ing of 3 PRINT staloment, ke s

18 PRINT "THE PRICE OF MILK IS . MILK PRICE
or

80 PRINT "THE AREA IS ", LENGTH*BREADTH

Me second example 15 contained inanather program on cassels cilled "AEEAZ", and we'll bhe
lookmg at that in a feww minutes: The PRINT statement can nave as many expressons on it as you wani
- pxeepl that | vou pat toa much intost, the ZR81 will split it onte twa ines on the screen. [ust hke the
REM statements did inthe program “AREAZ" You need e keap track of exactly what you are printing.
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2.4/2 PRINT ZONES

Another useful item |5 to separate expressions with commasin a PRINT command. This means that the
next printed expression will start a1 the next "print zane™ on the screen. What does that mean?

A normal typewnter has 3 “tab” key, which lets you move the carriage to a predetermined place on
the paper, so that letters can appear in regular columns down the page. The X871 can do the samea —
wherngver |t sees a comma in a PRINT command, it moves to the next "print zone" These “'print
zones'' are always set a1 position © and pesition 16 on each line of the display screen

In case you are not aware, the display screen |s bult up as follows:

24 ines down
22 positons across

although the last two lines on the display screen cannot be used by a program — the ZXB1 uses these 1a
tell you if an error has occurred, or to azk for some data when it obays an INPUT statement

Effectively, then, the print zones split the screen in two, since position 16 is exactly halfway across.
Here are some more examples of PRINT statements using commas and semi-colens. You should try
entering them all and running the resulting program to see what each one does

10 LET NLIM=7

20 PRINT “THERE ARE ";NUM;" DAYS IN A WEEK"
30 PRINT "THE SEVEM TIMES TABLE 157

A0 PRINT 17MUM, 2 NUM

5O PRINT 3*MNUM.4*NUM,5* NUM 6*NUM

Thesa examples showe you thatyou can mix text, numeric BXpressions, semi-calons and commas inany
way that you wish. You could even nave a line like:

B0 PRINT "HELLO"
which would print the word "HELLC"' starting at position 16 on the line.

Cuestion

Write a small program 1o print the first six letters of the alphabet gawn the middle of the screen. Type
NEW first ta remove all the bits and pieces in the ZX81 that we have been playing with, then enter your
program to see if [ works:
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e Answer
As with all programs, there are saveral ways to do the same thing. but broadly, your program should
look: like this:
10 PRINT VA"
28 PRINT ,VB"
3@ PRINT 'C"
40 PRINT "D~
60 PRINT ,'E"
80 PRINT "F"
ar

10 PRINT A", 78", "C7."DY E ' FY

Did wour solutien work? [hd 1t match one of these? It so, then carry on with the next secuon I you're
interested in the second solunon, then the reason it works 15 as follows:

—the first comma moves the ZX81 to the next “tab’ stop, which s hallway across the screen, and
than the ZXBE1 prints tha letier A

— The next comma takes the ZX81 to the next “tab’” stap, which |5 off the end of the line. so it goes
onto the beginning of the next ling on the screen. A further comma takes it to halfway across this ine
and prints "B"

— this 15 repeated for the next 4 |etlers

Head sectons 2.4/7 and 2.4/2 agan 1o understand it more fully.

2.4/3 UNBAVELLING A PROGRAM

Mow we can load that program AREAZ"
There is no need 1o type NEW belore loading & program from tape, since the loading process
automatically wipes oul whatever |5 thera

LOAD "AREAZ"

LIST the program to see what it contams. It is almost the same as. "AREAZ", but has a few subtle
differences, These are

—ling 2@ has a semecolon following it which means that whatever s printed next will follow this field
immediately

- ne 45 15 new. It pnnts the value ol LENGTH that has |ust been input from the keyvboard, and
theralore lets us see the walue of LENGTH even aftar wa have antered it This problem was
highlighted 0 the points rised préviously

— lines 50 and 65 do the same a5 lines 30 ard 45, but with the BREADTH variable instead

line 7@ has baen altered o just the statement PRINT with nothing following it This has the effect of
printing a blank fine. A useful trick which is worth rermembering

S line BO now prints the answer on the same line as the 1ext which mtroduces the answer

Run this program and see how i1 differs from “AREAT" and “AREAZY
Here's a final problem for you:

on
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Question @
VWnte a pragram te do the following:
fig< for a number from the kevbosrd and print out the sguare of the number and the square root of the

number witn explanatory text. The screen resulis shauld ook like:

ENTEH A NUMBER vy
wy SOUARED 1S nn
THE REOT GF w15 mm

(111 is e line pumber of the last ebeyed command|
Mote that the colon (in "ENTER A NUMBER ') s part of the text, nat a specal symbiol of ahy sort,
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Answer
Your program should look something like

10 REM PROGRAM TO CALCULATE SQUARES AND RDOT=S
20 PRINT "ENTER A NUMBER ',
50 INPUT NUNMBER

40 PRINT NUMBER

50 PRINT

60 PRINT NUMBER: "' SQUARED 1S "' NUMBER*NUMBER
70 PRINT

80 PRINT "THE ROOT QF ", NUMBER," IS ' SQRINUMBERI

An example un wiould then give

ENTER A NUMBER - 49
o SOUARED 15 Bl
THE ROOT OF 8 153

Howe ehicl you get an? Did your pragraem work® You bave dane extramely well il it did. Contnue with
the pext poge

Yol iray fAave oot stuck trving to remember how to get a souare oot This was covered in Chaptet 1
saction 1.4 ""Mathematieal Functions"

Whan you have checked over yourpragram and Tound out swhy o dign't wark properly, bse the arhiting
kews to altar 1T and try ot agan It 15 guite imponiant to get it working at this stage; as lurther chapters
depend an your undarstanding each siage of the coursa 11 yoo are finding if harc, than i 15 1the nght time
to take @ broather and look ovar somea of the theky secnons again

Summary
Lel's take a last lodk-at some of the topies wea've coverad in this chapter
I the next chapter we'll be mesting some comrrands which allow the ZXB1 1o perform repebilive
tasks, 1aking some more of the drudaery away from you
— ol e seEn how ing numbers are used for several reasons, they 1ell the 2481 10 store them as part
al & prograr, and. also ndicate the sequence & exetution whan run
_ how the LIST command can be uzed both 10 assist editing and 1o view partions of 2 progreem an 1he
SOTEET
— haw' the INPUT command cah make a program re-usable
how to use the curser keys and the EQIT key 1o alter prograrn statements
— how o pErRnT text stiings: and how commas and semiecolons can be used o lormat prinfed
EXQrESRI0NS
how wou can annotate your programswith REM statements 1o make it clearar for both yourself and
others: 1o undarsang

Exercises
1. Write-a program to convert from ane currency to ancther (E1 = 82, £1 = 114 £1 = 2100 liral
2 Caleulate the roois of 8 guadratic egquation using the formuls.

roots = =B+ B — dic
24
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3 Caleulate the velocity of a falling object alter | seconds, where velocity = 32t (32 |5 the force of
gravity, 1-a- 321t per second”)

4 Using your answer 10 (31, how fast do you think the apple was travelling when it fell on Newlon's
head? A tree 15 reughly 2001 lngh and you will need to know that distance = 16t° (when measured in

Feaet)

54
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Chapter 2

Getting Around (Using the IF and GOTO commands)

(Usingr the IF and GOTO commands)

In this chapter we will be studying two mam topics: Section 1 looks at the concept of teration.
showing also how a program can be stopped,

Secten 2 deals with condimional expressions, which, when used togethar with the wleas introduced in
section 1, becomes an extemely powerful way of solving protilems with a computer

There s a third secuon, covenng mare functionsin detail, since these new lunctions esn be invaluable
gids to conditional expressions

3.1 ITERATION (1)

3.1/ WHAT IS ITERATION?

Neration s really the crux of computing, smce its where the computer searas over the human bram,
pencil and paper '

Your ZX81 can pertorm hterally hundreds and thousands of different instructions: each second — Far
laster than you can, Yot we have only seen it handle ana thing ata bme so far Here's whare itaration
comes i The ZX81 can handle endless repetitve calculations, and do each omein less than the tirme it
lakes you to ek therend of your panail

Let's o back to our area programs  They werg quite aceaptable — certainly "AREAZ” was - but thay
anly caleulated one area at a time. To calculate another area you type RUN agam

Another point that may have crossed vour mind — what use are ing numbers? They must do
something else othar than just tall the ZXB1 which arder to obey the statements in, surely? IF vou dig
thimk that, then you were carect. We can tell the ZX81 o perform the statements i a different
sequence The command 10 use |5

GOTO (on the G kay)

followed by a ine number. The ine number 1ells the ZX81 which ling 1o obey next. How can we use thig
ness Commandy
Here's a simple example of the “AREAT" program shightly akered.

10 INPUT LENGTH

20 INPUT EREADTH

30 PRINT LENGTH*BREADTH
40 GOTO 10

Motice that | have stopped telling you to press NEWLINE after each program statement — from now on
I'll assume you're gomg to do this autamatcally. Al we've done s 1o add a new line — line numbier 40
This Tirme, when we run the program, the ZX8| will af first do exactly what 1t has always done — ask tor
thiz two variables and print the result. Bul when it reaches this new ing 40, it will immediately carry on
back at line number 1@ again. It has been told 16 go back and continue. the pragram at ine number 10

A GOTO command can speafy any line number that it wishes - either forwards or backwards (as we
hidve Just used) 5o the "AREATY program could calculate as many areas as we want without having 1o
wpe RUN = alll

Question

Dortworry if vou can’t answer this guestion, 510 s intanded only to makd you think a bit, not to test
WO

What prablents can you See with thio GOTO command? There are several, and the answer will cover
each of them, but try to think of a few Tor voursel!
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Answer
We will deal with &ach of the solutions in later sections. but here are someaf the prablems vou may
cncounter with GOTO

1 Hew do we ever get the "AREAT" program 1o stop? Whenever a result 1s printed, 1t always starts
back at line:number 10 agam.

2 What happens after we have printed 22 resulis? The previous chapter told you that were anly 22
lines down the sereen 1hal a program can Use '

3 What would happen in the "AREAT pragram il we had put GOTO 574 instead of GOTO 107 Line
number 574 is not thare

You may have thought of ather points, but the ones above will no dodbt cover most of them

3.1/2 STOPPING A PROGRAM

There are many ways of gething a program 1o stop, although most of the “praper’” ways will have to
watlt until the next chapter The methad ta yse depends on what exactly the ZXB1 15 doing

One method 15 the SPACE key which has BREAK written over it Whenever @ program 15 running,
pressing the BREAK key will make the ZX81 stop wath an eror letter D (break key pressed). Break doos
not work wehen the ZX81 15 waiting for some input from the keyboard. so use the first method in those
CITGUMStances

If the ZXB1 15 waiting for you to enter a number (e 1t is obeying an INPUT cormmand] then by
entenng the command

STOP ISHIFTIA — have care! |1 you do not press SHIFT propetly vou'll get A
instead!|

the ZX81 will stop rdnning the prodram giving répon code 2 {see the section at the end of this course for
all report codes) STOP can also be used as a cormmand in a program o stop ot from carrying on. Under
these conditions, the ZX81 gives report code 8 We'll see maore about this |ater an

What happens when we have printed 22 results (G ings on the screenl? The ZX81 will stop running
the program and give a report code 5, showing you the results so far If you than enter the command

CONT (on the C key)

Istanding tor "COMTINLE™), the ZX81 will clear the old results off the screen and carry on from whiera it
left off If the-sereen fills up agam, the same events ocour. This 5 a useful way of keeping an eyve on
what's gong on while“a program 1s running.

CONT welll weork after any répont code. 1t isa useful way to restan a program that has failed, after vou
have looked 1o sea why it went wrong and corrected the program linels) that caused the probiens,

The last point raised in this problerms was that of an “undefined line number”, whara the Z%81 tried o
carry oh at a lineg number that didn’'t exist. Thisis quite simple The ZX81 always centinues with the next
greater line number it the one given does not gxist, If this means dropping out of the bottom of the
program, then report cade @ & gven, meaning that the progrars has linished. So if the "AREAYY
program above had:

40 GOTO 5
thien ot would work exactly the same, since line b does not exist, and the next nigher ne numbar s 10

Question _
Set up the cassetie recarder and load-a program "LOOPER™:

LOAD "LOOPER"

start the program by BUN, then try 1o stap it 1t is considered cheating taswitch the ZX81 off at the
miains!
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Answer
If you haven't done i, then press the BREAK key
You should read sechon 3 102 agam ! that foxed yeou,

3.1/3 CONDITIONAL GOTO

Mow you've been introduced to the GOTO cammand, 11's Uime to look a oit more desply The line
Aumber that follows the word GOTO s actually a numens exprassion, so we could write:

GOTO ALPHA
ar Bver
GOTO BETA * 7

Mote that ALPHA and BETA must have been previously assianed with LET statements. |f vou bave 2
think ‘egbout that vou'll guickly realise that there's a great deal of hddden potental in the GOTO
command.

Lizad another program [rom tape called "GOTEST™

LOAD "GOTEST

Hur it to see what happens You are asked for o number between 1 and 5 Efter a number, press
MEWLINE Run it again, but try a different number

Each nme, the ZX81 gives you a different result. How? Somewhere it must be laking at what you are
typing and domg samething different depending on this value, Let's have a loak. Tyvpa LIST when you've
had enouati

We can queickly skip over ing numbers 10 to 5@ since thesa should by now be faly familiar 1o you But
line-number 60 is the key to the whole program It 1akes the-number that you have antered, multphes it
by 10, adds 100, then carmes:on al thig newly calculated ine number! The GOTO forces the ZX81 to
transfer control to a new line number! Instead of continuing with the next line in sequencs, 11 G3eEs on
wilh —which ling? W can™t tell until the program s run, snce the vanable NUMBER could contain
almost anything, I you entered the number 2, then it would carry on at linge 180+2* 10, or 128

Although you have been asked 1o enter a number betwean 1 and 5, thera's nething stepping you lrom
entarning any number. Bun the program agan, this time entering negative values (ke —13). ar 1.5, Elri].E_,
ar 826588, just to see what the ZX87 does when 11 tnes to GOTO an invalid line number

This type of GOTO Is called conditional, because it s conditional upon the value of the following
EXOrESSIOn

Question
Howy would you restart a program that has stopped showing report code 5at the foor of the screen’
In fact, what does report B mean?
You may refer 1o any of the sectons at the end of this course 1o assist you, but do not refer to the
pravious fow pages.
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Answer
Feport 5 means that the sereen has become full, and no maore ings can be-prnted. Typing CONT will
restart the program, and allow another screen-full of items 1o be prnted

3.2 CONDITIONAL EXPRESSIONS

3.2/ WHAT DOES IT MEAN?

We're about 1o meet another topic which gees hand-u-hand with the GOTO commiand, and when this
has been covered, you'll have a few more meaty problems to get stuck into.

The last section introduced the des of conditional branching, and now this idea |s about to be
expandec

You have probably thought that some of the methods given earlier for stopping a grogram seemed a
trifle crude: 1 yvou did, then you wera nght — they were crude. Using the “break’” keyis a bit drastic, and
i notmally. only used when you suspect thatl your new program has ot itsell lost™, o, using the
terminelogy of the computer warld, "got stuckin aloop’” The LOOPER program was a good example of
this

So how can we avoid this?

IF we could test the value of a vanable, THEN we could stop the pregram mere naily.

In Faet, IF we could test the value of avanable. THEN we could do lots more with a program, not just
stop 11

The answer has really ust been given ta you. The command is

IF lon the U Key)

We can use the IF command 1o test the value of a vanable lor expression) tosee if It contains a canain
value, For example

IF MILK PRICE=20 THEN GOTO 208

You'll ind THEN by pressmg SHIFTZ What wall this do when the ZX81 tnes to run of Well, first i1
checks 1o see it MILK PRICE is equal 1o the value 20: |If 115 then whatever statement follows the word
THEN will be obeyed — n this caze GOTO 200

I MILK PRICE does not hold thie number 20, then the rest of the commiand 15 anared, and the Z2X87
conlinues with the next ling number as norrial

Let’s try this on the #4381 Type the following small program in, but don’t run it just yet, The word
THEN can be found by pressing SHIFT/3: 1t will be good practice for vou to type this all in — it's not very
big. Notice that the line numbiers go up m hundreds This is deliberate, a5 you will lind out later on

100 PRINT "ENTER A NUMBER (1-5}"

200 INPUT NUMBER

300 IF NUMBER=1 THEN PRINT "OKE"
400 IF NUMBER=2 THEN PRINT WU~
500 IF NUMBER=3 THEN PRINT “THREE™
600 IF NUMBER=4 THEN PRINT “FOUR"
700 IF NUMBER =5 THEN PRINT “FIVE™

Mow let's look to see what's going on. Frst of all, the program (whean run) waill ask you 1o enter a
numiber. Although the message says “1-R", there |3 nothing to prevent you entenng any numoer
Amyweay, vou will then enter a number and press newling The next live lines in the program in turn look
to seewhial value has been entered. Line number-300 checks 1o ses whether the number was 1. and if
50, prints 8 word corresponding to this. Line 400 sees if the nurmber was a 2, and if 50, then prints the
text "TWO" Note that if the number was 1, then ling 400 will not do anything. since the number canno
be 1 and 2 at the same time| The same logic applies to ings 500, 600 and 700.
Mow tun the program and check that it works in the way we've just discussed.

CQuestion
What do you expect the program 1o do If a number (say) 41 15 entered instead of 110 &7

G0
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Answer
Mothing. sincs lines 300 10 700 only check for numibers in the range 1 ta 5. The program weould merely
give # code @70 @1 the foot of the screen

3.2/2 EQUALITY AND INEQUALITY

Wouldn't it be nice it we could get this program to throw oul numbers that it wasn't interested in7

We can. The conditons in an IF command can be grouped together 1o lorm a really complicated
statement it you want, althugh it 13 normally better 1o resinct them to manageable sizes

Here we are going 1o fnd another listof rems to be rememberad

You have already sean that two values can be tested for equality lusing the = sign in an IF statemeri)
hare now s a full list They are called refatonal operators, meaning that they allow ane value 1o be tested
relative 1o another:

Operaior where on keyboard mmmrrg

= SHIFT/L enual to

= SHIFT/M geeater than

= SHIFTAY greater than or equal to
= SHIFT/N less: than

<= SHIFT:R less tham or egual o
< SHIFTT nat equal to

S0 owee could wnte

IF MILK PRICE=20 THEN GOTO 200
if MILK PRICE holids a value greater than 20, then the ZX81 continues
wath line number 200, otherwise it [ust cames on with the next hne
number

IF NUMEER<==5 THEN GOTO 200
if the vanable NUMBER containg a value less than or equal to 5. then
the ZX81 continues af ine 20,

The second examgple here gives a clue as 10 how we can alter our program to rejectinvalid numbers that
are enferacd

Question

Can you add two new lines to the program given abave which will force the progeam to ask far
another number If the one given is less than | or greater than 57

Use ling numbers in between the existing ones.
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Answer .

Herg s ane solutian Yours may vary slightly, but should follow these guidehnes:

210 IF NUMBER=<T THEN GOTO 200
220 IF MUMBER=5 THEN GOTO 280

Your answer could have returned te ling 100, or you could have used == or == symbals with
clifferent testing values The lines could also have been placed after line 700, There are many solutions
that are all equally valid, and you should try entering your lines into the prograrm 1o check that they have
thi desired effact

Cocl 1t weork ? If not (that woard if gets everywhere!) then read-sections 3.2/ 1 onwards again. You really
must orasp this concaept

3.2/3 LOGICAL OPERATORS

Mow we come to a second bt of things to remembar. This time, they allow for more than one eondition
1o be tested at the same time, and are called Jogical operators. The answer given above can be reduced

to a single IF cammand using cre of these 4'\:)
CEErETOr Wiltera orr kevboard funcrion
ARD SHIFT2 o conditions must ba true for the
whole statement to be frue
(3] 3] SHIFTAN one of the two conditions must be true

tor the whole candition to be true;

This lpoks complicated when wntten lke this, but it's really guite straightierward. We'll be looking at
both-of these i tum, but first let's see exgelly what an IF statement is domg for us,

3.2/4 CONDITIONAL EXPRESSION VALUES

Taking the answer to the previous question in section 3.2/2, we cah now re-white it a5
210 IF MUMBER=1 OR NUMBER=5 THEN GOTO 200

The OR in hetween the two expressions means that if either one is true e NUMBER is less than 1, or
NUMBER is greater than 5}, then the statemeant as a whaole (s true, and the statement following THEN is
cheyen

Hang on a minute —ean we really call "NUMBER=<1" an expression? Surely an expression regresents
a numencal value! (see-chapter 1 for the definition of an exprassion)

The answer to bath these guestions 5 yes,

Whenever vou ask the Z481 1f semething 1s true or not (Tke IE NUMBER<1 . |, then this is actually
givien a value If the compansen results in a wue” answer, the value 15 1, and 1f the companson s
"false"”, then the value 15 0 (zero).

Soall the IF statement does s 1o check whether the results of all these tests are “true’’ —if they are,
then the rast of the line is obeyed (whatever follows THEN).

Try this simple test. Type the follewing:

NEW to remove anything inside
10 IF 1 THEN PRINT "THIS HAS WORKED"

Mow run it Because the statement is "true’’ (has a value 1), the words "THIS HAS WORKEDR" have
bieen prnted out for youw

Edit the line to say: @

10 IF @ THEN PRINT “THIS HAS WORKED"
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What happens this time when it's run? Absolutely nothing, because the staterment has a "false” lor
7arn) valus
So when we write

10 IF MILK PRICE=20 THEN PRINT "'THIS HAS WORKED"

the ZXB81 looks to sea if theexpression “"MILK PRICE=20"" s true or false 1f it 15 true, wa'will get "THIS
HAS WORKED™ printed on the screen. 11 it s [alse tiathing will happer, and the ZX81 will just carry on
with the aext ing number

We'll lnok al ang more example of this to make the point really clear

210 IF NUMBER<1 OR NUMBER=5 THEN GOTO 200

This s Broken down by the ZX81 into smaller chunks. First it asks s NUMBER |ess than 17 and
remembers the answer 16 this question Next it asks "is NUMBER greater than 5% and also
remembers this answer |t is fairly obvious to you and me that 1If NUMBER 13 less than 1, than i1 cannot
also be greater than 5, but the ZX81 is not guite that bright — it needs 10 work it out by checking both
conditions: The ZXB1 now has throe possible results from all this:

NUMBER=1 NUMBER=5% Bxamplo
tru false =3
falae frue 41
false falze 2

But the ariginal statement said “OR' — s0 the ZX81 now asks "is elther one OR the other of these
twe tesults true?” I this new expression is true. then the overall question is true, and the ZX81 will
GOTO 20d

The table earlier gave another type of operatar - AND. This s fairly simular in the way 1t works to OR,
and you can mast likely see how 10 use bt streught away. Here 15 an example of it in usa with full
explanations:

201F MILK PRICE=20 AND BREAD FRICE=42 THEN GOTO 50

Both conditions must be true before the ZX81 will GOTO line 60 - i e, MILK
PRICE must egual 20 and BREAD PRICE must equal 42 If either has a diffarent
valug, then the statement 15 ignored.

Here's an example of a program using IF statements in plenty - type it I and run it

10 PRINT "ENTER YOUR AGE ",
20 INPUT AGE
20 PRINT AGE
40 IF AGE=<12 THEN PRINT AGE- 1. YEARS OLDER THAN ME"
50 IF AGE=>=13 AND AGE<=19 THEN PRINT "A TEENAGER, HUH?"
60 IF AGE=21 THEN PBINT | EMOW RN, L
70 IF AGE=19 AND AGE<>21 AND AGE=<40
THEN PRINT "YOU ARE AT YOUR BEST”
B0 IF AGE==40 THEN PRINT "HONESTY IS THE BEST POLICY™

You rmay recognise the fact that a similar routing was used in the "STARTERS" program in the
Intreduction. Run the program giving several different ages 1o see how the ZX8) reacts eagh tme

3.2/5 A SERIES OF PROBLEMS

Question

Time to write a small program

This program must print the numbers 1 ta 10 on consecutive lines down the screen. Remember that
you Lse the STOP command to gt your pragram ta finish tidily

Here s an example run;
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Answer
This solution s gne of many:

10 LET NUMBER=1

20 PRINT NUMBER

30 LET NUMBER=NUMBER+1
40 IF NLUMBER=10 THEN STOP
50 GOTO 20

O this ocoasion, two more solubons e provided (o gwve you somerdeas as o the different ways in
which the same program can be writien. Mormally, anly ene solution will be shown.

10 LET X=0

ZOLET X=X+1

30 PRINT X

40 IF X=10 THEN STOP
50 GOTO 20

10 PRINT 1
20 PRINT 2
30 PRINT 3
4 PRINT 4
LA

100 PRINT 10
119 STOP

You may find this solution frivalous, but it s a valid answer 1o the queston as pesed. This s meant 1o
showe you that [here 15 never a "arrect'’ way 1o whte a program . Obviously, this last solution is longer
than the other two, and would take you longer to enter, sa, 1f [or no other reason, the first two solutions
are preterable

If you found that question straightforveard it may not have been simple; but that's not the point) then
carry on with the next section

Ore commaon: problem when anyone S@Ers programming, s how toget gomg. Perhaps vou have
found this out by looking at the answers given - don't faal ashamad 1o cheat from tme 1o me, but
always try to answer the guestions on your own first, and then anly look at the answers il you are truly
SILICK.

If you found that problem particularly suff then perhaps you should read this chapier over again,
paymg good attention to all the small examples, Always try to run them on your ZX81 — it helps put it all
I pErSpEctive

Questions
Here is @ simall sl ol guestiuns for you Lo answer, Ty Woognswer theen all belorg youo tum the page
over 10 check your answers

(al Write down what yvou think the following small programs will da it run
i) 10 0F 23=7 THEN PRINT "SEASIDE"
i) 1@ LET F=12
20 IF F==5 THEN PRINT "QUITE RIGHT"
luse the table given in Section 3.2/2 1o see what the symbol <> means|
(m} 10 LET ViC=5
20 IF 10=vIC+6 THEN PRINT "OH YES.IT I&"
i 10 LET x=100
20 LET ¥=40
30 IF [(%/2)=% THEN PRINT '"VWHY NOT?"
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(bt In the next group of small programs, two varigbles are used throughout. These are:

ALPHA which holds the value 10
BETA which helds the valus 20

=20 I we said "What hapgens in the fellowing program
30 IF ALPHA=BETA THEN PRINT "HELLC"

vour answer should be 'the program would pnnt '"HELLO" "
Gor !

I you want 10 enter these programs 1o check the answers, then enter

10 LET ALPHA=10
20 LET BETA= 20

before yvou anter the next line given below

i} 30 IF ALPHA=10 OR BETA=83 THEN PRINT "YES"

it 30 IF ALPHA=10 AND BETA=03 THEN PRINT "YES"

lm} 30 IF BETAS=20 THEN PRINT "YOU GUESSED’

(vh 30 IF ALPHA*2=BETA AND BETA/2=ALPHA THEN PRINT "OK"

I‘\_;_,l
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e Answers
in each case, the answer shows what would be printed if the program were run. Where niothing
would be printed {because the condition was false), the solution s “rimhing"
fa) Il SEASIDE
fil QUITE RIGHT
fiill nething
{iv) nothing

ibl ) YES
iy nothing
i Yo GUESSED
v OK

These problems have actually ntroduced some new features associated with IF statements, but vou
probably waorked therm out for yoursell quite logically
If vou found them impassible, then read section 3 2 over again

- 3.2/6 COMPLEX CONDITIONAL EXPRESSIONS

The last series of protilems talked about some new features — what are thay?
First of all is the fact that IF statements can contain numeric expressions, not just vanables, So it is
guite legal 10 say:

250 IF HOPPER* 10+3={{STACKER~71/(X+&)) THEN GOTO 300

since the relalional operators (remember them?) test the value of the numeric expressions either side

secondly, we come back to a topic raised in Chapter 1 — priorities. The examples given above did not
mention the order in which you should work out the various expressions - this was left to you. Thi
ZX81, however, needs to have some sort of rule that tells it what 1o work out first. Chapter 1 gave a list
showing the prierity of the various arithmetic operalors (e.g addition, subtraction, division etcl, Mow we
need to extend this list so that we can see exactly where AND, OR, =. <> and all the others come In
the ZXB1's st of pnarities.

Operator Prigrty Description
i 12 brackated expressions [innermost first)
- any function 11 2.a SIN, 50R, etc (excluding NOT)
{ 8 10 "to the powerof''. or exponentiation
—n g unary minus (i.e. negative numbers)
* B multiplication
7 division
(5] addition
- 8 subtraction
= B equals
< 5 does not equal
o= 5 greater than
= 5 greater than or squal to
< 5 lass than
= ] less than or equal to
NOT 4 invarsion (more on this later)
AND 8 logical
R 2 logical

So how does this affect you?
Let's take some examples, and see how the arder of pnonty works in the ZXB1.

10 IF ALPHA=10 OR BETA=20 AND ALPHA=97 THEN GOTO 50
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Assurmng that ALPHA holds 10 and BETA holds 20, what do vou expect the outcome of that
statermnent to be?
Remember that AND takes priority over OR, so the order of working out is:

la) "equals' is the highest prority operator in the line, so first of all the ZX81 works out the thres
“equal' conditions 1o see if they are true or false. This results in something ke

19 IF 4LPHA=10 OR BETA=20 AND ALPHA=97 THEN GOTO -
{true) itruel ifalse)

() AND has the next highest prionty, so the conditons BETA=20 AND ALPHA=97 are considered
next, and we get

10 IF ALPHA=T0 OR BETA=20 AND ALPHA=57 THEN GOTO &0
(true) [true) [falze
(true) [ talse |

since AND means that both conditions must be true for the whole to be true.

Ich Last of all. the two remaining conditions are connected by OR, which means if ane of the two s
trug; then the whole candition 15 true. So;

10 IF ALPHA=10 OR BETA=20 AND ALFHA=97 THEN GOTO 50
[true) rue alse)
[true) { false }
| frue |

Because the ovarall statement 1s true, the ZX81 will continue at hine number 50.

It wauld have had a different outcome (f the prionty of AND and OR were reversed, and you may like
1o wark that out for your=elf using a similar methed,

Of course, it s perfectly legal for you to write brackets around the items you want the ZX81 to work
out first — just like you were shown i Chapter 1, in most cases this s neot necessary, but f you want to
write an expression ke those above. it s always worthwhile putting brackets around the various items
purely 1o make them clearer 1o yoursell {let alone the ZXB11). At least the statement will work 1n the way
you intend it te, and net in some peculiar fashion that you can't quile grasp.

One more point bafore we finish with IF — yvou have seen above that whatever follows THEN can be
any vald statement. Since IF 15 irself a vabd statement, one IF can follow another, like ths:

IF MILK PRICE=2Q THEN IF BREAD FRICE=42 THEN PRINT "IT |5"
In this particular case, you could have achieved the same thing by using AND
IF MILK PRICE=20 AND BREAD PRICE=42 THEN PRINT "IT I5"
although thers are one or two cases where the hirst method Is the only possible way of writing the
statement without using two conditions. You'll meet this in anather chapter later on — tar now, just
remember that it s gquite legal to use two or more IF statements together

Well, time for a bit of revision

Question
lal Give two examples of relanonal cperarors.
b Give \wo examples of logical operators
ie) What 15 the value of a "'true” expression?

=15
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Answer

fa) Youcan have any two of = =3 < <= = >=

by There are only two fogical operators, and they are AND and OR

ich 1

Section 3.2/2 covered relationzal operators, and section 3.2/3 covered logical operators. You should
read these sections again If you have confused the two types.

It your answer 1o part (¢} was wrang. then read section 3.2/4 agan

3.3 MORE FUNCTIONS

3.3/1 DEFINITIONS

Nowy that you can handle IF and GOTQ. it's tme to Introduce you to a few miore functiohs
The first s the INT function.

INT function This function gives the integer value of the expression following (which may be enclosed
In brackets). thus losing any decimal places which the value may have held For example!

PRINT INT 12,789

would print 12. All the decimal piaces are lost. We can write a small routine to separate the “whole
ndmbers” fram the "fraction' of any number as follows:

108 LET WHOLE=INT NUMBER
110 LET FRACT=NUMBER-WHOLE

assuming that NUMBER contains the desired value
If NUMBER held 12.789, then after running that small routing; WHOLE would contain 12, and FRACT
would contain 0 783
Don't forget that if you put brackets around an expression, then the INT function operates after the
exprassion has been fully evaluated, so that

PRINT INT {26 * 2}
would print 5, whereas
PRINT INT 2.8 * 2 (no brackets)

would print 4
The INT function always rounds down, so negative numbers take the next lower integer value — e g
INT —2:2 giwvos —3

SGN funcuon. This function returns the sign of the following expression — if it is negative, then the value
=118 returned. If positive, then 41 is returmed. 1T, however, the expression is zero, then SGN returns
7ero. Here arg a couple of examples:

SGN -27 would give —1
SGN 45887  would give 1
SGN (6*2-12) would give 0

The SGN function s quite often used in computer games which mvolve boards or square gnids: so that

the direction of one chject relative to-another can be deterrmined
Here's & full exarmple tor vou to try se that you can get a better picture of what's gomng on
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10 LET V=-23

20 LET X=57

30 LET X=X * 8GN V
40 PRINT x.Y

ABS funciion The ABS function always returns the positive value of the expression that follows S if
the expression was, for example, =375, then

PRINT ABS —37.5 would give 37.5 {Try it1}

Again, In board games, ABS is used to check that a distance entered in using an INPUT command is
within the correct range {say. +10.and —10). This would be written in a pragram as:

18 INPUT MOWVE
20 IF ABS MOVE=10 THEN GOTO 10

therefore any number outside the range —10 to + 10 would not be accepted.

NOT function. NOT causes the result of the following expression to be inverted — | &, true becories
talse and false becomes rue: So, for example,

IF NOT [ALPHA=12) THEN PRINT "IT IS 10"

it ALPHA holds 10, then this waould print "IT IS 18", since ALPHA=12is false and the NOT alters this ta
rrue Don't forget that ALPHA=12 15 actually a numeric expression with a value of @ or 1 acoording 1o
whather it |5 false or true,

MNOT might cause you a few unexpected problems, since it has a lower priarity than “equals”’, but a
highar priority than AND and OR, so0 an expression such as

1@ IF NOT ALFHA=5Y AND BETA=33 THEN GOTO 200

does not guite do what you might expect

For now, 1t is much better that you use <= to represent “does not equal” rather than worry about
NOT. When you have gained mare confidence inyour abilities, you may lIke to refer back to this section
1o try and work out exactly why that last example would not “'goto 200"

Len't be oo concermed for now if you're having trouble remembering the functions we've covered

0f the functions mentioned above, by far the mest useful is the INT function. Since the ZX81 always
works in “Heating'' decimal places (just like 3 calculatorl, there are ocoasions when the result of a
division (or some other function) leaves seme unwanted fractional pans. The INT function can then be
used to get nd of these — try 1o ensure that your programs are 'exact’’, and don't rely on “rounding’” to
sorl things out for you

3.3/2 THE FUNCTIONS IN USE

To round off this chiapter, here are some small programs for you to write

Question
Both pans of this question ask you to write fairly lengthy programs {reughly 15 lines each). Don't be
afraid to spend quite some time working on them - it's all good practice at this stage. Refer back 10
previcus examples and sections on functions to help you work eut what you want 1o do. Type the
programs in 1o check that they work:
{al Write @ program that asks for a number from the keyboard. It then prints out the sign of the
number and the absolute value of the number on the same line. It should keep asking for more

numbiers until either ten numbers have been entered, or 4 value of zero is entered. An example
Tun s

7o




]

Chapter 3

ENTER A NUMBER = -4B85 :
SlGN 15 =1 AND ABSOLUTE 1S 485
ENTER A NUMBER 2

SIGN 15 7 AND ABSOLUTE 15 2
ENTER A NUMBER © @

THAT |5 ALL FOR NOW

8/9399

(bl Write'a program that takes in a number from the keyboard and prints the nearest whole number
fie. round the number to the nearast imeger) | the number has been roundad up. thean print the
text "ROUNDED UP™ alongside, and print "ROUNDED DOWN" f the number was rounded
down, Fractions of 0.5 and above are 1o be rounded up Don't forges that when rounding negative
numbiers, that —45.5 would round UP to —45 and —45 6 would round DOWN 10 —46 Stop the
program when eiher 10 numbers have been entered or a number of zero 15 entered (as in the
previous example) A sample run

ENTER & NUMBER ; 5,433

5 ROUNDED DODWN

ENTER & NUMBER : 72:50001
73 ROUNDED UP

ENTER A NUMBER . —32:4
—37 ROUNDED UP

ENTER A NUMBER - 0.0000
THATS ENOLUGH
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Answers - ’

Unce again, there are many, many ways of wnting these programs. Here are two solutions: —

] 10 LET COUNT=0

20 PRINT “ENTES A NUMBER -,

20 INPUT NUMBER

40 PRINT MLUMBER

BOIF COUNT=10 OR NUMEBER=0 THEN GOTO 10¢

B2 PRINT "'SIGN IS ", SGN NUMBER: ™ AND
ABSOLUTE IS ", ABS NUMBER

70 LET COUNT=COUNT+1

B0 GOTO 20
103 PRINT "THAT IS ALL FOR MOW!"
110 STOP

o) 10 LET COUNT=0

20 PRINT "ENTER A NUMBER : "'
30 INPUT NUMBER
40 PRINT NUMBER
&0 LET COUNT=COUNT+1
G0 IF NUMBER=0 OR COUNT=10 THEN GOTOD 200
70 LET WHOLE=INT INUMBER+0.5)
[why do you think this waorks?)
50 PRINT WHOLE,
90 IF SGN (NUMBER-WHOLE)=-1 THEN GOTO 120
100 PRINT "' ROUNDED DOWN"
110 GOTO 20
120 PRINT "' ROUNDED P
130 GOTO 20
200 PRINT "“THATS ENOUGH"
210 STOP

Well, although those programs had some similarities, they were not all that easy! Probably the second
program gave you rmoce difficulties than the first, and the rea! test comes when you run the programs
Do they work ? When a zero value is entered, do they stop? It obviously doesn’t matter if your pragrams
don't print a nice little message when they've finished; the important point is that they don't just keep
or going farever
Testing a program to make sure it waorks properly normally takes as long {if not longer| as 11 takes 1o
write the program in the first place! Don't forget to EDIT any incorrect lines and try agam. 1t's not quite R
good enouah to just say "Oh, | can see what's wrong — there’s no point in trying again just for thatl* It
may be that there 15 something else wrang with the program that was hidden by the first error,
If vou had problems. let's try o refer you back 1o the approprate section.

you could not grasp the “functions”. Read Chapter 1, section 1.4 "Mathematical Functions'" again,
and then come back to read section 3.3 agam.

the "IF" statement is causing you difficulties, Try rsadim_j sacuon 3.2 "Conditional Expressions"
Aggen,

— this "GOTO" business is ¢onfusing Read section 3.1 "lteration (1)"" once mare. Now you've seen
them inuse, you may find the early sections a it easier

— the PRINT statements in the answers were confusing Although the PRINT statement was largely
covered In the earlier chapters, this s the first ume that we've used them to any real degree. You may
like to read Ehapter 2, section 2.4 "Prnnt Formatting” over again

Summary |
Chnapter 4 |ooks at more ways of “getting areund”” in a program, and s1ars 1o look at ways of making a
program casier to write. But for now, let's just recap all the things that have come up in Chapter 3
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— how the GOTO commiand can be used to allow repatitive calculations 1o be made, and how the flow '
of the program can be controlled using this command '

— that the STOP cormmand can be used in an input data sting to foree a program to stop,

— how conditions can be evaluated using the IF commands to enable & program to cater for
unexpected {or expected| evenlis

— that certain functions can assist the evaluation of expressions without necessarly having a
“mathematical”’ purpose

Exercises
1. Write a program to calculate the first § raws of Pascal's tnangle

2 The exercises in Chapter 2 asked you 1o write a currency conversion program lexercise 11 Now seeaf
you can produce s program maore worthy of constant use The program should allow several
currencies 10 be converted by entering an initial selection, then repeating conversions untl a value of
zemn 15 enterad
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Chapier 4

Tidying Up (Using Flowcharts, FOR and NEXT)

This chapter deals with two man lopics — section 1, which deals with metheds of making programs
concise and efficient, and section 2 which shows a new form of iteration that doesn't involve using line
numoers
A final section s included inowhich we study iteration at work, seeing it operate ina program.
Throughout the chapter we will be concarned with several programs, although one particular program
is used 1o tie together the various points raised in the sections '

4.1 PROGRAM DESIGN

4.1/1 SIMPLE STEPS

First of all we must consider program design. What's that?

Whenaver you sit down to winte a program, there's no point in starting until vou have got an objective
in rmind. Programs (and ideas for programs) do pot just flow out af your pen!

To begin with, we're going to look m detail at how to write a pragram 1o calculate prime numbers. This
vnlvies some commands thal we haven't yel introduced, so there's quite a bit in store for you.

In case you're not aware, a prime number is ong that cannol be divided by any number (other than
it=elf and 1) leaving whole number answers

The program shall have the following definition

Take two numbers from the keyboard. The first is the starting point and the second i5 the last numier
to be checked, so that we would give (sayl a starting pont of 23 and a fimshing point of 122, and the
program would print out all pnme numbers betweaen these two points, On completion, the program will
ask far another set to be entered I both numbers that are entered are zero, then the pragram will siop

We must intially write down in clear steps exactly what the program 15 to do
1 Display a message and ipput a number from the keyboard. This 15 the staring point
2 Display a message and input a second number from the keyboard, this time the finishing point
3 Check 10 see | both numbers are zero, in which case stop the program

4 Test that the tinishing paint is largar than the starting point (had you thought about that?), and if not,
reject the Tinishing point and ask for another

Check to see )l the start number 15 pome, and o so, then print it

£n

6. Add one to the starting point number, and test to see if it has gone past the fimsh paint. T it has, then
starl back at step number 1 again Otherwise, continue at step number &

Already, some of these steps may be suggesting some commands or statements 10 you, and the
outlime of 3 program taking shape in your mind,

4.1/2 FLOWCHARTING CONCEPTS

MNowv that we've defined in some detail what we wani to:happen, we must begin 10 look at those G steps
a bit more closely, This stage 15 called flowcharting, and involves you in writing a sequence of boxes
gach of which containg a single action. From this lowehart, you can directly write a program. Although
flowcharts can be really glamorous at tmeas, here we'll restnet it woonly two types of boxes, an “action”’
box, which instructs the computer to do something. and a "decision” box, which asks the computer to
test samething and GOTO the appropnate place depending on the test being true or false.

Here is an example of each type of box!
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lal "action’ box

PRINT MILK PRICE

:

The "arrowed lines'’ leading Into and out of the box indicate the flow of the program, so the next
action In the program would be connected 1o this box by the arrowed ling leading out fram the
base You'll see a full flowehart of our example program soon

by “decisien’ box

MILK PRICE

YES

NO

Ina "detision’ box, thera are two ways out since any decision (or condition) can resuit in twa
prnswers — true {or YES) and false (or NO). Again, these arrows would connect 1o the next action or
decsion box according to the given result

Question
Write down haw you think the following would be writtan in a flowchart

i 50 IF GALLS=10 THEN GOTO 100
fin 430 LET CORKS=5b

8
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Answer
1

YES (TO LINE 100)

MO

I

i

LET £ORKS=5b

l

Read Secuon 4.1/2 again if you were weong

4.1/3 STUDYING THE PROBLEM

Balore wie can get really stuck inta our flowchart we need 1@ know a bit more about pnme numbers —
step B above was a bit hazy, wasn't o/ Let's have a bit more of a think aoout them first

Wihat dowe know? Well, there should be a remainder after the number has been divided by any other
number. That's easy enough — ane of the examples in Chapter 3 asked you to separate an integer from
fractions and print the two separately, 50 we can manage that fairly easily. What else?

Ay number can be divided by 1, 58 we obviously don't want to include 1 in our search

Cuite clearly, we must divide the number by other numbses, starting with 2, checking to seaif there s
any remander after each division I we find no remainder, then the number cannat be prime, as wea will
hava tound ai feast one number that will dwvide exactly into our suspacted prme numbar

Al what pomt do we stop? We can’t go on dividing by numbers indefinitely. This part 15.a bit cunning
We could go on dividing by numbers, starting from 2. until we get to the number itself - but as the
example below shows, this invalves somea duphcate work

Te st if the number 915 pnma
Bi2=4a5 Answir has Tractions, so carry on
9/3=310 Answer does not have lractions so 918 not & prime numbear

To test if the number 11 is prirme

TTig=55 Fractions, so carry on
11:3=3.6B66 More fractions
114=275 Fracticns agam
1TE=22 And agan

11/6=1.83 And agan.
M=157 Fractions

11/8=1.3756 Sl fractions
11/89=122 Yal more
TH1d=1 Last of all, fractions.

Fit)
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11 is therefare shown to be prime. But do we really need to check all those divisions?
The answer Is no — we only need to check up to the sguare roo:r of the number (in this case 11),
because after that point we arg basically checking the sarme things over ggan This s due to the Tact that

7" 3=3"7 ré the order ol two terns multiphed together is irrelevant .

and once we exceed the sguare root, we are merely reversing the order of the test (in effect)

We now know all there s 1o be known about prime: numbers, at least as far as this program s
concerned

Thisall may seermca it pontless, bul whatl we are trying Lo achieve s the need to check out your ideas
properly before you starl wnting a program |l your “irmage’ of a program’s workings 15 not properly
thought out, then the pragram will most lkely not work at all, orat best work very mefficiently. Undar

these conditions, yvou'll probably spend twice as long struggling 1o get the thing going and end up having
lo write 1t all agam anyway '

Alyweays think it cut first
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THE FULL FLOWCHART

Chapter 4

Back w0 our program Now we can write our full lowchart of the pnme numbers program. 1t should look
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4.2 ITERATION (2)

4.2/ FOR AND NEXT

Although 1t would be perfectly possible for you to write that program with the knowledge you have
ganed so far, we can tidy things up quite a bit, and avoid 3 few unnacessary GOTO commands. Where
passible, ts better 1o avold GOTO for several very goad reasans. At the moment, one of the most
important reasons s the problem ol ine numbers

Let's put the prirme numbers program to one side for now and study this new grablem for a while

We have seen that |t is better to separate line numbears in gaps of ten, s¢ thal new lines can be addad
into a program. Sooner of later, though, there will come a time when you'll want to fit a whole load of
new program hines in and there just will not be room. The program starts to get cluttered up with odd
lines tucked in here and there and gets extremely cumbersome. At this paint, you'll want to go through
and rerumber all the program line numbers. so that they start again 0 nice gaps of 1an

But here's a big preblem IF all the ine numbers are changed, what happans to all these lovely GOTO
commands that are referring 10 the argnal line numbers?

Quite simply; all the GOTO commands must be altered as well so that they use the new line
numbers And that 15 not an easy task.

Whenever we can aveid using line numbers 1na program, it s bagter to da so

Here s-one way, and we shall be using this in our prime numbers program:

FOR fon the F Kay)

This command can replace Guile a few other commands Let's side-step for a bit and consider a small
example You have already wiitten a program {in Chapter 31 to print the numbers 1 1o 18 down the
acreen. My solution was

10 LET NUMBER=1

20 PRINT NUMBER

30 LET NUMBER=NLUMBER+ 1
A0 IF NUMBER =10 THEN STOP
50 GOTO 20

By using the FOR statemant, this can be reduced to three lines! Look at this

10 FOR N=1TO 10
20 PRINT N
30 NEXT M

And that's it 0K, so it doesn’t make much sense |ust yet, so let's look at it in detail,

4.2/2 HOW FOR AND NEXT WORK TOGETHER

The FOR statement comes iIn two parts — FOR and NEXT, which is shown on line 30 above

FOR allows you to specify the starting and finishing value of what is called a control vanable: in this
case the vanable 15 N [look at line 10 again — FOR N=_. ) A small disadvantage of using this method 15
that a control vaniable can only be a single letter, and not a nice name like NUMBER, Oh well, it's a srmall
price to pay, and even a single letter can be quite meamngiul at tmes

Line 10 therefore says:

Set variable N 1o the value 1, and continue all the way through 1o the value 10

)
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Continue what?

The control vanabla holds 115 vatue all the way throuagh the following lines of program untl it comeas 1o
the NEXT statement. At this point, the variable is updated toits next value (so if N was 2, it will become
3. and so on), and the ZX81 starts back at the ne number following the FOR statemeant

If the vanable has reached its fimishing value tgiven on the FOR line} when i1 geis to the NEXT
staternent, the ZX81 wall just drop through the NEXT and carry onwath whatever follows.

Tirme 1o unpick that last example

The first time that the ZXE1 comes across ling 10, 11 sets up a new varnable M to thé value 1, since the
line says FOR M=1. ., and therefores 115 the starting value

The next hna (28) says PRINT N, and so the number 1 will be printed on the screen

Maw the ZXE1 sees ine 30 —NEXT N, so it adds 1 to N, gving 2, checks 1o sea if 2'is greater than the
fimishing value on the FOR line (which 15 the value 10 - FOR N=1TO 10}, and since it isn'1 {2 is less than
1010, carnes on with the line number following the FOR statement In this case ine number 20

Cneca again, ne number 20 says PRINT N, so we g1 the number 2 printed our,

[ug cames on unil N reaches the value 10, at which point ing number 30 will add 1 INEXT M), quemng
11 and since 11 is greater than 10, the ZX81 will drop through to the mext line:

In this case there 5 no ather ling, so the ZX81 will stop with the message /30 at the foot of the
SCTeEn

Type those three lines inte your ZX81 and nan them. See what hapipens

Question
1a) Which ol e fallowing three statemeants are valid?
L1} @ FOR X=5TO 23
1} I} FOR XTRA=0TO 18
K 0 FOR P=0 TO 10

{bi \Write.a pragram to prnt the values 18, 20, 30, 48 up to 100 down the screen. Use FOR and NEXT
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Answers
fa) (1 Walid
i Mot valid — centrol variable names can only e a single latter
(i Walhd

i 1 FOR N=1TO 10
2@ PRINT N*10
30 NEXT N

How did you get on? IF your answers weare wiong, then read sections 4 201 and 4. 2/2 over again

4.2/3 CONTROL VARIABLE LIMITS

Befare we carry on with our angingl prime numbers pragram, le1's clear up 2 couple of furthier ponts
aAssoviated with FOR and NEXT

| The starting and finishing values on the FOR statement can be any numenc expressions — this means
WO G Wit thinigs like:

100 FOR N=(FREDDY+31*10 TO JIMMY -3

2 It the finishing value 15.fess than the starting value; then no statements between the FOR and NEXT
will be executed Here s an example: Type itin and run it to chisck what it does

10 FOR N=5( TO 4589

20 PRINT "CAN YOUW SEE THIS?”

30 NEXT N

40 PRINT “"MAYEBE YOU NEED SPECS"

2 We can glter the "step” value of the FOR/NEXT locp. The exarmples above all assumed that the
contral vanable would bo updated by 1 each tirie 1 we write:

10 FOR N=1TO 10 STEP 2

then gach lime tha NEXT siatement s mel, the control vanable will have 27 added to it rather then 1
The "step’ value canalso be any numenc expression

These points mean that you could count backwards if you wanted, by wnting the following program:

10 FOR N=10 TO 1 STEP —1
20 PRINT N
30 NEXT N

CART your are saying, "But the finishing value Is less than the starting valug, and so nothing would
happen! ™
0K Time to own up. The actual definition of when a FOR/NEXT loop 15 terminated 1s:

—when the FOR 1= met, an mitial check 15 made to see i start 1 greater than finish (if step 15 greater
than or equal to zerol, or start 15 less than finish (if step s less than zarol. I this s true, then all
following statements arg wnored until a8 corresponding NEXT is found,

wian the NEXT 15 met, the same test 1s made If the test is true (i e, the loop has finished) then the
ZXB1 “drops through' to the next line number f not, 1he ZX81 returns 1o the line fumber following
the FOR staternent

Wheneve the STEP is missing from a FOR statement, & step value of 115 assumed by the ZX81
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4.2/4 NESTED LOOPS

I1 15 pedectly possible to put FOR/NEXT locops inside each othier, lika this

10 FOR A=1TO 10
DFORB=1TO 2
3@ FOR C=1 TD'9
40 PRINT C,

50 NEXT C

B& NEXT B

70 PRINT

BO NEXT A

What will happen! First of all, thes Iinttke program s on & tape for you ta lead and look at
LOAD “FORTEST"

Compars (hwath the isting above

Initially, vanabla A s set to tha value 1 iline 1@), Line 20 then sets B tothe valus 1, and line 38 also sets
C to the value 1

Lire 40 prints C— e it prints 1 — bt s followeed by a sermi-colon, so mare s 1o follow on this ine

Line 50 updates'C 1a s next value {2) and since this doesn’t exceed its finishing value, the ZX871 will
go back to line 4@ again

This continues until the ZX81 has printed 123456788, at which paint T goes beyond its limsh point,
and so we drop through to ine B9, which 1akes B 10 its next value {2), and returns 1o line 20 again But
line 3@ forces the ZX87 1o print 123456789 (like it did abovel, So now we gat three lots of " 123456783"
printed on a line. When B has reached 3 {its fimshing value), the ZX81 dreps through to line 70 which just
says PRINT Thiz will make the ZX81 stara new ine next tme round.

All of this 1s repeated 10 tmes while vanable A goes from 1 10 10

Watch it while it runs — you'll see 123458789 printed (that'svanable C doing that) three times (variable
B} on each hng, (vanable 4) tan imes over

Question
In the kst guestian, you were asked to write a pragram that prints 10, 20, 30, 49, up to 100 down the
screen The solution given was

10 FOR N=1TO 10
20 PRINT N*1@
40 NEXT N

Wriite a similar pragram but with one important difference — the program 15 to primt the resulls
backwards (e prnint 100, 90, 30, 70 stopping at 101
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Answer
10 FOR MN=120 TO 10 STEP — 10
Z0 PRINT N
30 NEXT i

How thd you get on? If yeu messed it up orcouldn’t do i1, then read section 4.2 “lteration {2)" once
more

4.3 ITERATION AT WORK

4.3/1 WATCHING A PROGRAM RUN

Back 1o pome numbers,
The program is aon a tape for you —we'll look at it an the ZX87 and pick out all the mteresting bits for
Yol o this rexl

LOAD “FPRIMESY

Try running it before you lnok at the program For example, atlempt the following sample fun; just 1o
see what happens:

RUMN
ENTER START NLUMBER 10
ENTER FINISH NUMBER 50

EMTER START NUMBER @
EMTER FINISH NMUMBER @
/80

Well, not exactly the most exciing proaram n thaoswerld, but 14th century mathematiclans would
have given olood for it

Time to lock at the prograim itself Type LIST

One thing 1o notice straight away 1s that the last Ine shown ends half-way through, and there’s a new
arrt nurmker at the foot of the sereen —report 41 {If vou've bought a 18K BAM pack tHen this won't have
happened to you )

This means 1hat the ZX81 has got no mare room inside it to show any more of the program on the
screan |t doesn’t affect you all that much at this stage, but one or two strange things can start to
happen f you are not aware of it Whenever you sse report 4 while listing or running a program you are
wiiting, check the saction on "Common Problems and Solutions” at the end of this course. |z will save
you soma awlu! heartaches.

The "PRIMES" program almaost fills the ZX81 up (without the: 16K RAM pack. anywayl, and so report
415 given. There are many ways of making more roam available, and you'll beantroduced (o them later
on m the course For now, though, we'll be content to carry on with only.a little space left.

Lines 1 to 100 should be farly easy sl far you o follow by now, with the one possible excaption of
line= 3@

Question

[This 15 mamary-jogaing time!
What does line 30 really do?
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Answer

. It maxes sure that any value given for START must be positive The ABS function convensany following
axprassion 1o posiive

This was introduced in Chapter 3; section 3.3 "More Functions” Without spending too much time,
check back through that secton again if your answer was wrong

Motice how lines 8@ to 110 check for any incorrect FINISH value and give you @ nige massane if
anything 15 wrong (ke FINISH value 15 less than 5TART value) The beauty of this is that you are always
aware if something 1s:not liked by the pragrarm. It rejects the input and tells you so Unless you have
goed reasons, always make sure your programs let somebne know what's going on It's not too bad
when you're the only parson that ever runs them. but when you give them to a friend (or snemy ),
they'll certainly not thank you when they can’t work out what the pragram is doing all the time!

Lines 200 to 400 are a big FOR/NEXT loop. Each number from START to FINISH is taken one 4t a ime
["step” value of 115 assumed), and checked to see i it1s a prime number. Because numbers 0 and 2 are
prime, line 210 makes sure that numbers less than three (e 0, 1 and 2) are treated as pnme straighnt
away, by sending themn to line number 300 (which prints them out as prime!

Lines 220 1o 250 |5 where all the real work 1s done Earlier on, vou were shown that 1t was only
Hb‘L-E‘b:-dl"y' to test for pnme up to the sguare root of the number Since any number 1s divisible by 1. line

220 forces a loop using variable F (which stands for FACTOR herel. checking to see it F divides exactly
nto the number N, starting at 2, and going up te the next whole number after the square root of N— INT
(SQR Ni+1 Hemember that the INT function removes all the decimal fractions from the following
exprassion — 0 this cass SQR N, or the square root of N

Line 23015 also guite complex. The vanable WHOLE is set to the lowest whole number abtained by
first dividing M by F,_and thscarding any left-over decimal places - INT (N/F) When this is multiplied back
by F, if this new valug is unegqual 1¢ the original number (W), then the number F did not divide exactly into
M. Lat's make that a bit more clear by looking al a real example

Assume that N is 11, and that we are checking to see if the number 2 (F) will divide exactly into 11
Takimg N/F, this gives 11/2, or 5.5

Taking INT (NF) ar INT (11/2), we get answer 5

Whan this s multiplied back by F (%2} we get 10, and this is not egual to 11, Thisas bhecause the 0.6
nas been dropped by the INT functon

line240 compares this result with the anoaimal number. IFthey are equal, then F divided exactly into N,
and theretore N 15 not & prme number, so the program goes to line 400, which gets the next N value.
Othenwise a message N 1S PRIME (line 3000 is printed aut

After all the N values from START to FINISH have been tried, line 410 will start the whale thing off
agaim

4.3/2 PROBLEMS FOR YOU

Question
In secton 4.1, yeu were given B points which showed what our pnme numbears program was to do.
Wnte down. against each step, the ling numbers in the program that correspond 1o that stap
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Answer
Step 1 hires - TO 1040
Step 2 lines 50 10 70
1ep-3 lire 89
Stepd lines 98 10 110
step b ines 200 10300
Step 8 lines 458 and 410

IF your answer was wrong, thenyou should cheok tarefully the answear aiven Ty to understand b
the anginal st of points has been translated into a program

Also, whether your answer was right ar wrong. check the program listing back 1o the (lowehart Look
to see how closely connected the twao are,

lhere are many occasions, especially with smaller programs, when i1 seems a bit unnecossary Lo
write a full flowohart, Thisas not & golden rale, and Dwould beowrong 1o tell vou to flowehart everything
vou wrnle, but yvou will nearly abways find your programs are more cempact and errar-iree when you
have tirstwntten a Howehart

Question
Now' you've had a good opportunity 10 look at a Howehart, iU's tme o write one foryourset!. You are
reguired in this guestion to give three results:

{a) a step-by-step guide 10 a program
(bt the lowechart
izl the actual program

Ihe outhne of the program is

This program calculates the matne equivalent (in centimetres) of inchés The conversion rate s one
nch = 2 54 centimetres . the pregram should accept a number in. which 15 assumed to be ininches, and
the prograrm snould pont oot the value in centimetres It then gees on fo print the next 11 inches
convarted as well, so i 5 inches ware entered, tha program would print the resublis from & to 16 inches
dowen the scraen A value of zero inches means that the prograrm 15 10 510p

No example run s given this time — you are left to create your own display (but rermember how the
prirmes pregram worked)

2
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Answer

Here is gne possible solution:

ta) 1

2

e

5

Ll &

Display a message and mput a number from the-kevooard

Check that it the number s zero, then stop the program

If the number is negative, then convert the number to pasitive
Convert the number 1o centmetras and orint the result

Add 1 1o the inches value Repeart step 4 for 11 more conversions,
Start at s1ep 1 again

Hewvchart of this would ook ke

]__PmNT
———————=  ENTER
4 | INCHES®

INPUT
INCHES

'

PRINT
INCHES

———

YES STOP
FROGHAM

MO

LET
M= INCHES

I
1 A

FRIMNT
nN*254

LET
N=N=-1

YES

e

it The whole prograrm could then be

I REM METRIC CONVERSION

12 PRINT "ENTER INCHES'"",

20 INPUT INCHES

30 LET INCHES=ABS INCHES

40 PRINT INCHES

50 IF INCHES=0 THEN STOP
120 FOR N=|INCHES TO INCHES+11
T1IB PRINT M. INS="/N"254;" CME&'
120 NEXT N
130 GOTO 1@

Chapter 4
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Perhaps you found it a bit too long-winded and so'skipped over a lot of it Well, It doesn't matter oo - |

much, a2 long a5 you feel confident about the topics we've covered. _—
Frogram design is largely a personal affair - my style very protably differs from a lot of other people's.

and i1 s important 1o remember that practice will develop you own skills more than anything else atall

The computer needs to be told absalutely everything, and the reason for flowcharung i1s 1o reming vou

that you may be assuming things that the ZX81 will not ake for granted,
Looking at the way other people have written a program 1s an extremely good way of learming, I yvou

know someone else who 1s using or has used this course, try 1o get hold of their solutions to some of

these problems You may lind that you prefer their method to the ones awven here, or even think that

yaur own is the best. Either way, it helps you 10-°see how your own style can develop, and gradually

become a guick and efficient programmer '

Summary
In the next chapter, we'll be leoking at how 1o use the display 1o mare advantage, and how you can run
the ZX81 inone of two mades.

Here are the topics we've covered in this chapter:

we've seen how program design can make programming much easier, how a step-by-siep guids .
and a flowechart can make the program strategy much clearer. |

that it Is far better te avold using line numbers wherever possible (i e avoiding the GOTO commarnid
where FOR/NEXT can be used,

— how to use control vanables to allow an iteration 1o be underaken any number of times. also
allowing the STEP valug of the variable 10 be altered
— that FOR loops can be nested within each other.

- that seeing & technigue in action can miake that theory easier 10 understand,

Exercises

1. Given that 1st January 1900 was.a Saturday, write a program that will tell you the day of the week for
any date that you enter (up to 315t December 1989) You will probably nesd to flowshart this. So. on
which day of the week were you born?

O

2. Extending exercise (1) a little further, you could allow the program to calculate the number of days
that have ocourred between any two dates entered (dates during the 20th century).
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Speeding Up and Looking Nice (Using FAST and SLOW)

We are abiout 1o discover two ways of running your ZX81 which allow you 10 run diflerent types of

programs under aptimum canditions: This |s tscussed in section 2, while in section 2 we gointe mare

detall on how 10 make use of the display, so that repont 5 can be avoded, and you can create a more

“presentable’’ screan in your programs The final sectien s for those who want t© use the ZX prnter
First, though. we'll have anoter look at expressions

5.1 USING CONDITIONAL EXPRESSION VALUES

To begin with, let's study another program from casseta;
LOAD “SPEEDY"

[his progeam will senve two pursoses for us, so Tirst of all LIST the program on the screen

The use of ruefalse expressions has alrdady been shown to veu, mainly in Chapter 3; whera they
wiare wsed n cenjunction with IF statements: There 15 no reason wiy they canmot be used in LET
statements; thaugh, because they are shll enly numenc expressions gwing avalue of @ or 1 This can be
an extremely poweriul tool whnen wniing some pragrams Here, (he dea 15 used to allow 8 ack and
wellle sauare 1o be allermately primed

Line-20 sets vanable €t an imtiat valug ol 2ero — romoember: this is also the eguivalant of lalse”

Asowe hove seon, the sereen 1s split up mto 22 (usablel ines down, and each line contains 32
positions acioss Program lines 30 aod 40 start two FOR/NEXT loops which run for 32 times (line 40) for
every une of 16 tirmes {line 30}

Mow look a1 line 5@ This linz. or a yvery similar one, was shown 1o youn Chapter 3. The ZXB81 says “IF
the expression s nor true, then abey the following action, which is to PRINT a olack square ' Since
yariable C has baen set w false”, or “not 1rue’’, the ZX87 will print a black sguare. Notice that the black
Seare s pul in guotes | so that it s actually treated as text Yoo can put almost anythmg you like m
barweaen quates — 115 prnted axactly as you put it

The pnnt statement on ine 58 15 followed by a semecolon, so a newy ing 15 not yet started

Lz B0 15 the exact oppositeof ing B0 —if Cis "true’’, or has a value 1. then a blank space (or white
square) s grinted As yvet, vanable C anly has a “false” value

This 15 where ine 70 comes in. This ing says:

70 LET C=[C=0)

Wihat an earth does that mean® We'll need (o take it bit by bit to understand it properly. Firgt of all, the
ZXB1 looks at the expression in brackets — these are always worked out first. The expression C=0is
given one of twio values — (1 can be either true or false

Another way of laoking at this 1s 1o read the statemeant above as:

“Lat the yarable C b assigned the value of the result of the expression 'ls C equal 1o zerp?” "

S0t the expression s true, vanable C s assigned the value of true — we 1 —and 1| the expression s
fatze, then 15 assaned the value of false — sero

At the mamant. € centans zero, so the exprassion C=0 15 true: So the staternent can therelore be
regarded as LET C=1_ After line 70 has been run, vanable C will contain thevalue 1, or “true’’ The ZXB1
bas swapped the value of C from 0t 1

In zase you gre worned, there s nothing 1o stop you u=ing the same vanable name twice an the same
LET statement —the ZX81 15 clever enough to understand thiat you want 1o use the old value of the
vanable on the nght-hand side of the line, and sel the new value 0 only after everything else has been
done This 15 why a statement like LET X=X+ 1 works

Line B0 now takes the ZX81 back to line 50 with the next value of vanable X — a step value of 1 is
assurnad, so X now contains the value 2

Lina 50 says IF NOT C put this time around C 15 rue, so this line will be ignored.

Ling B0 says IF C |, and so a white sguare will be printed.

Back to lina 78 agamn
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Question .
What do you expect line 70 to do this time? Wark it cut in the same way that we did above, by
considering the ine bit by bit
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Answer .
Vanable C will contain the value @, or false, after ling 70 has been run

In case you didn't understand fully, we'll look at it once more. The expression (C=0) is worked out
lirst, because it is in brackets. C currently holds 1, or "true", s0 C=0.i5 therelora false, since © does not
equal ©. So the line can be regarded as LET C= E1 since {C-EIJ gave the value zern, or “"false”

Perhaps the full significance of line 70 is starting to hit you — every time line 70 is run, the-vanable C
alternates its value betweean 0 and 1. Whataver value C contains (0 or 1) when the program reaches line
10, itsvalue s swapped over

As an example, 1f you were writing & games program for two players, this line 70 (or something
simifar) could be used to indicate whose turn it 1s — player @ or player 1

Extremely useful.

Just belore we leave this topic, here's a final problem for you.

Question
How would you write a single line that alternates variable P between the values 0 and 507
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Answer
10 LET P=(P=0)"50

The legic 15 |dentical to that given abave, except that 050 equals O and 1750 eqguals 500 50 P will
alternate betweoen 0 and 50,

You will also natice ling 98 in the SPEEDY program is e same as ling 7@ Whenaver a complete ling
af sguares has been printed Gvarabole X goes from 1 to 32}, Ine 90 $waps the value of © around 5o that
the NEXT line printid bas the squares in the opposite arder

5.2 RUNNING MODES

5.2/1 TIMING THE TWO MODES

Thie ZXB1 can rur programs i one af twd ways — FAST arid SLOW (ihese commands are found by
SHIFT/F and SHIFT/D respechvely) Both methods have advantages and disadvantages. so tha mode
vou seleat for 2 program can make use of the advantages withaut any disadvantages beng noticed

Let's look 1o see what difference there (s when just running a simple program

Run “SPEEDY"™ You should do two things while it rans First, time it to see how long |t takes belore
the message 9499959 appears. at the foot of the screan Secondly walch 1o see those squares altarnale
between black and white This s all as & résult of that ine 7@ daing its stuff

Hesww long dig it take 1o run? I'm not gong to tell you—it's up to you to record it on aplace of paper for
later

Mowy we e going (o-alter the Zx81 1oirs other mode - FAST. Frass SHIFT/F for FAST. and newhneg
Hur the praaram again, and also tme it to see now long it takes belore the message 99899 appears at
the foot of the screen. Also walcn (o see what happens.

Ouestion

Waell how long did it take? How much laster {approxmately) do you think the FAST mode 1s than the
narmal mode?

a6
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Answer
In fact, FAST is roughly 4 times faster than the normal mode

But yvou probably saw tha disadvantage of FAST — that the screen goes hlank while the program runs.
¥ou were not able 1o warch the black and white sguares being drawn, We'll deal with this in a minute,
Lt first let's examine what else happens when the ZX81 s running in FAST mode

LIST the program again, and try using the cursar keys 10 move the program curser up and down the
lines of the program

You may notice that the TV picture jumps around a bit, but don't worry — this is quite normal when the
ZX81 is In fast mode. However, yau can see that moving the program cursor is a lot faster when you're
runming in fast mode - the ZX81 does not list the program out again each time (in fact, it does —it's justa
bit too fast for you to see itl)

Try using the EDIT key to alter one of the lines of the program. Try mserting 2 new program line: Al in
all, you'll find the ZXE1 a lot guicker in fast meode, and whenever you type In a new program, or edit an
existing program, you'll probably find o better to enter FAST before you start.

So why use normal mode?

Well, if vou write a program that relieés on your being able to see what happens while the program is
running, then fast mode 15 not going 1o be all that usefull

Just ta show yau these effects in practice, let's |pad andther program;

LOAD "TRACE"

This program lets you draw a picture on the screen sing the cursor keys (you don’'t need to hold
SHIFT this time, just press the B key to draw a line down, & to draw across to the right, etcl, As you hald
the key down, a continuous black line.starting from the top left-hand comern s drawn. |f you take your
fingeroff the key, the line stops as well, 5o you can draw nice pictures in tracing fashion an the screen,

IT you peess the C key, the screen 15 cleared down again, but the line will still carry on from where: it
left aff. If you press the X key, you stop the program.

Mote that il you have a basic ZX81 (without the 16K RAM expansion pack, then your "drawing board"'
will only fit about twio-thirds across the screen, and two-thirds: down the screen,

Whenevar tha line réaches the edge of the "board’”, it stops and waits for you to change direction

Maw try running the program in fast mode Although the picture |s being drawn at four times the
speed, you can't see it! The only way of seeing the picture you've drawn (s by pressing the BREAK key,
ar pressing the X key (which & interpreted as "stop” by the program).

Otwiously, as you write any pregram, you must decide which mode the ZXB1 (s ta run in, and enter a
line inio the early part of the program to select the mode, for example:

10 REM CALCULATE PRIME NUMBERS

20 FAST
30 PRINT “ENTER START NUMBER"

It is worth mentioning that FAST and SLOW are frequently usad as commands for immediate mode
execution as well as statements within programs

5.2/2 WHEN THE DISPLAY IS SHOWN

When running in fast mode, the screen will be displayed only under the fellowing circumstances:
{al when an INPUT command is met
(bl when a PAUSE command 15 met (we’ll sea more on this in another section)
ieh when a STOP command is met

{dl whenever an error occurs. This also includes "end of program’™ condition errar @
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5o there are many ways of seeing the screen in fast mode; but the program must bie written with this
in rmind,

Whenevar you switch the ZX81 on; it automatically comes up in normal (or SLOW) mode, which is
also called "compute-and-display’” mode

For now, do not pay too much attention to the listing of the program “TRACE™ It makes use of
sevaral features that we will be meeting over the course of the next few chapiers, and you will have an
opportunity to look at this program in a lot more detail later on

Question
fal In which mode does the screen go blank?

{b) When would you use SLOW, or “"compute-and-display’ mode?

g8




Chapter &

e Answer . |

lal Fast

i) When you want the results of a program to be displayed while thae program s running.

If your answers were wrong, read the whole of section 5.2 “Running Modes' over again

5.3 MAKING USE OF THE DISPLAY FACILITIES

5.3/1 CLEARING THE SCREEN

Mow let's look at the screen dispiay ina it more detall

One problem that we had in the "PRIMES? program was that of report 5. Whenever 22 lines of the
prograrm were displayed on the screen, report & cropped up, and we could only stan the program again
by using CONT to continueg running. It would be nmice if in seme way, the program could keep tabs on
now many lines have been displayed. and stop the program from running or, bettar still, whenever a
new st of numbers is entered, the screen would be cleared before the prime numbers are printed. That
weay, although report 5 may still appear when the screen is full, atleast the maximum number of pnimes
will have already been shown,

The answer is a command CLS,

This command, when met in @ program, clears the screen back to blank again, |t does not affect the
value of any varables that may have been created, il purely acts on the display

4 classic use of CLS s when checking values that are being input. Look at this program.

10 PRINT "ENTER A NUMBER (1-51";

20 INPUT VALLE

30 PRINT VALUE

40 IF VALUE=D AND VALLIE=G THEN GOTO 100
50 PRINT | ASKED FOR 1 TO 5. TRY AGAIN."
60 GOTO 1@

Question
Can you spat a problem with this program # (hint: try ranming it on your ZXK81 and enter invalid numbers.)
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Answer
it 17 invalid numbers are entered in a row, the program stops with error 5 — the screen has become full
of nasty little messages.

Obviously, 1t would be much better il the screen wasn't cluttered up vath our attempts 1o get a
correct value in. We still want to see what we've entered when a proper value Is input, but it doesn't
matter too much if we lose the screen after a wrong value has been entered

Question

What line would you add inte the program above to stop the screen filling up when a stream of invalid
numbers are entered? What line number would you use? Think carefully about the line number — try to
see why by running the program
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Answer
A command CLS is required. Whera?
If your solution was:

45 CLS

then well done. In fact, any hine number between lines 40 and 5@ will do

If you had & different line number, then let's see why it will not work properly,

There are many places that the line could go, and here are ore or twa with the reason why it will not
work properly

15 CLS the message which lets Us know what s to be entered |5 lost.
55 CLS the message informing us of the error is lost.
35 CLS if & correct value is enterad, it is not shown on the screen

Try each of these to see why they are wrong.
Perhaps a different way of writing the program in the first place would help? That's probably true, and
here is one way —

10 PRINT "ENTER 4 NUMBER (1-5)"

20 INPUT WALUE

30 PRINT WVALLUE

A0 IF VALUE=D AND VALUE<E THEN GOTO 100
50 CLS

60 PRINT VALLUE,"? WHAT |5 THAT?"

70 GOTO 10

This way, we lose one line of the display if an incorrect value is entered, but should further incorrect
values be entered, then still only one line is lost, since the CLS command will keep the nasty messages
diwn 1o a single line. Also, theincorrect value is printed in the error line. This is always a good idea asit
reminds you of what you have entered —11's always nice 1o be able to say "“Oh, | know what |'ve done!"",

CLS can be used in immediate mode, in which case it moves the print position to the top left-hand
corner of the screen

5.3/2 PRINTING AT A SPECIFIED POSITION

Wouldn't it be helpful if we could actually format aur screen? By this is meant that we would be able to
print items at any position on the screen, Well, we can,

What do we know so far about the PRINT command? We know that we can print any number of
expressions that are separated by either commas (print items in “zones”} or by semi-colons (next
expressian is to follow this one with no spaces between).

We can also include text {or "sinngs') in the print.

50, one way of putting items on the screen is to use a succession of PRINT commands to print
something on (sayl the fourth line down en the screen.

Here's a small program that prints the word “HELLO" in the middle of the screen,

10 FOR Y=1TO 12

20 PRINT

30 NEXT ¥

40 PRINT HELLO"
8535 STOP
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Lings 10 to 3@ print 12 blank lines o space down the sereen, and line 40 prints the word "HELLO" in
the middle of thenext line. ;

This is all very well, but 1 does seam a bit wasteful, dossn't it?

We can alter the naxt print positien at any time we like by putting

AT v.x

in the PRINT command as an item to be pnnted. AT is a function, so il requires the usual two keystrokes
o get it — first, SHIFT/NEWLINE to tell the ZXB1 that you want a function, then the "'C" key on the
bettom row. This will give AT,

AT doesnt actually print anything at all - it just maves the prnt position Lo line number v, character
position ¥,

Here's an exarmple:

PRINT AT 72 13, "HELLO"

Try i,

That single line replaces the program given above. [t also prints "HELLG' in the middle of the screen

Motice the semi-colon after AT 12,13; - if anything else followed 1t (like a8 comma, or nothing at all)
then the print position would be moved on again, which would rather defeat the purpose of using AT in
the first place!

Any numper of AT functions can appear ina PRINT statement, but remember that any comma that
follows will farce the next field across to the next "zone'' on the screen, and any PRINT command that
is terrminated without a comma or semi-colan at the end will cause an extra line 1o be added

Also, you should remember that the first line on the screen s represented by line number @, and the
first column on the screen i= column numiber @

50 the top left-hand cormer of the screen would be given by

PRINT AT 0,0, %"
The bottom nabit-hand cormer 1s:
PRINT AT 21.31;"x"

If you always remember that "AT y,x'" is treated just like an expression, except that nothing is prirted,
then all the other rules af the PRINT command apply as normial,

Question
Write a single line that prints the letter A in the top right-hand corner of the screen, and also prints the
letter Z at the bottomn left-hand comer of the screen,
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Answer
PRINT AT 0,31 “A"AT 21.0."Z"

If your answer was wrong. then read section 5.3/2 again.

5.3/3 TABULATING PRINT

By now you're probably catching on that wherever you see a number in & command or function, like the
AT function, then it can be entered as any numeric expression

The line number and column number in the AT command can be any numeric expression at all, so
valid statements would be:

PRINT AT LUCKY/3,LUCKY+4,"HERE WE ARE"
PRINT "FIRST";AT (LINE=2)/2,COL+4,"SECOND"

AT is only vald as part of 2 PRINT command. If you try 10 use it for anything else, ke LET X=AT 9.5
then you'll get a syntax error. [t doesn’t make sense in other commands aryway
Here's an example of how to use AT 1o print the numbers from 1 to 9 backwards: Type it in and run it

18 FOR N=1TO 3
20 PRINT AT 10.5—N;N; {notice all the semi-colons!)
30 NEXT N

Betore we leave the formatting power of the AT function, there is.one other function that allows us o
presant display lines in an ordered fashion This time, however, i1 is only concerned with the current line,
The function 15

TAB n

where n represents the column number that you want the ngxt item printed in. Obviously, this function
should be followed by a sermiccolon — as is AT - otherwise there 15 fio real point in moving the print
position across 1o a specified column number! Here's an example of TAB in use!

10 PRINT "HI""; TAB 24,"THERE"
It you run this single line program. you'll see something like!
HI THERE

and the word THERE would start in column 24 on the display. The value of n can be any numeric
expression — also the same as AT, but the real difference s that TAB does not nead ta be told which line
number to move 1o — only which column number.

If the column number in a TAB function has already been passed by other printed items, then the
ZX81 moves down to print the next itermn in the correct position on the next line down, so be careful that
you know whera you are when you use TAB. If the line above was changed 10!

10 PRINT “"HI'";TAB 1;"THERE"
the ZXB1 would print 1his out as:

H |
THERE

smce the colurmn 1 in the TAB function has already been passed.

The value that fellows TAB should be in the range 0 to 31 linclusivel. If any higher values are used, the
X8 takes the remainder after dividing by 32 as the TAB valug, As an example, TAB 67 would tab over
to column 3, since 67 divided by 32 leaves remainder 3. {In mathematical terms, this Is called modulus
32
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Strictly speaking, AT and TAB are not functions at all since they do not give any value as a result
Because they appear on the undermeath of the C and P keys, they are obtained in the same way as
functions and this is how they will be referred to later on.

Question
Witea small program that takes in a number from the keyboard, checks that the number is between 0

and 20, then pnnts the word "HELLQ'" in that column an the firgt line of the screen

T4
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Answer .
You could use either the AT or TAB functions to handle this - here's one solutian:

10 PRINT “ENTER A NUMBER.
20 INPUT NUMBES
30 IF NUMBER==0 AND NUMBER==20 THEN GOTO 100
20 CLS

50 PRINT NUMBER,"? YUK TRY AGAIN "
50 GOTO 20

100 CLS

110 PRINT TAB NUMBER: "HELLOD"

9999 STOP

You could replace line 110 by:
110 PRINT AT 0 NUMBER:-"HELLO"

Did your solution work! You're getting on quite well if it did. If not, then try reading that last section
again — section 5.3/3.

b.3/4 SCROLLING THE DISPLAY

Anather command which makes good use of the display is the command
SCROLL {on the B key)

Betore video-type displays were used on computers, a device called a Teletype (brand name) was
used. which was basically similar 1o a typewriter, although it could be computer controlled, and the
cornputer could typa messages to the cperator and vice versa.

Because of the popularnty and flexibility of these devices, most video-basad complter sysiams still
use this method of printing infarmation — a line at a time, and each new line pushes the previous ones
up, with the rew line dppeanng at the foot of the screen, 1t is called scroling,

The problem with video systems is that a screen only has a limited number of lines that can be seen at
any one tme —on the ZX81 it is 24 (although two are reserved for the ZX81 itself], whereas the printed
paper on a Teletype could be any length at alll So a video screen has to lose lines once they reach the
top of the screen,

Let's see an example of this

LOAD "SCROLLER"

This small program demonstrates how the SCROLL command ¢an be used to make the ZX81 wark
just like the old Teletypes.

Whenever the ZX81 sees a SCROLL command, it moves every line on the display up one line. leaves
the bottom line blank, and moves the print position to the start of this blank line,

Run the "SCROLLER" program to see how it works, You'll see each line shifting up one each time.
Watch what happens when the lines get to the top

The only way to stop the program is by

Question
What?
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Answer .
I yvou saig (or did!) "Pull out the plug', then no marks Your answer should have been:
"Press the BREAK key' This was covered in Chapter 3.

LIST the program. | expect you can wark it all out for yourself, but the important lines are lines 100 and
110,

Line 180 scrolls the whole display up ane line, leaving a blank line at the bottom, and lasing one off tha
top.

Ling 119 prints @ new line at the foot of the (usable) display — line number 21

So if you want 1o write a program like the "PRIMES" program, you could use something like this to
accomplish it Betore you print anything, include a SCROLL command. The following PRINT statement
will astomatically appear at the foot of the screen.

As mentioned, the "PRIMES" pragram weuld have been a good candidate for this type of printing,
because the report 5 would never anse:

5.3/b A SECOND EXAMPLE

For those with a mathematical mind, here's a pretty program that draws a continuous sine wave down
the screen. It combines several of the points we've covered in this chapter so far, and it's warth typing
in and runming purely to see them all in use.

1@ LET A=0

20 SCROLL

20 PRINT TAB (INT (SIN A*15+16.5));""x"

40 LET A=A+{Pli2)/B (Pl is-given as a function on the M key)
50 GOTO 20

We're nol gong 1o unravel this particular program — 'S up 1o you if you feel you would like to
Although it may appear guite camplex, if you understand the nawdre of ttigonometry, sines and radians,
then it'll pose you no real problem!

Question

{a) I you saw the staterment PRINT AT 5,10, “"HELLO", on which line of the screen would you expect

the word to appear?

b And in which column?

el What 1z the number of the first display ling on the screan?

{d} Name three ways in which the screen can be seen when the ZX81 is running in FAST mode.
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Answers
{a) Line number b
b Column number 10
(¢} Line number @

ld) Any three of these four:
—an INPUT statement
a STOP statement
— a PAUSE statement
—when any repor code is given

If your answer to {a), (b) or (c} was wrong, then you should read back over sections 5.3/2 and 5.3/3
If you got {d) wrong then read section 5.2 "Running Mades' again,

5.3/6 DELIBERATE PROGRAM DELAYS

There are obviously going to be occasions when a program running in fast mode wants to show some
resuits that have been calculated. then continue without any sort of intervention.

For example, the sine-wave drawing programi given above will nat work in fast mode as it stands,
because the screen goes blank,

Fortunatefy, a command has been set up in the ZXB1 that allows you temporarily 1o stop a program
that is running in FAST maode and show the display, The command is

PAUSE n

where n represents a numeric expression that tells the ZX81 how lang yvou want the program 1o pause
for. It nis 50, then the ZX81 will pause for one second. You can make the ZX81 stop for any length of
time that you wish —up 1o a maxmum of roughly 11 minutes, since the top limit of n 1532767 1f nis
larger than this; the ZX81 will "pause’ forever.

Whenever the PAUSE statement is used in a program runming in FAST mode, it must ahways be
followed by the statement;

POKE 16437 ,265 (POKE is on the O key)

otherwise the program will probably fail when it is run. For the time being, you will have to accept this -
a later chaptar will explain this new command n more detail

By adding in two new line numbers, 45 and 46, 1o the sine-wave program, we can make it work in fast
mode:

45 PAUSE 25 ia half-second pause)
46 POKE 1B437,255 (to stop PAUSE failing)

The program will still work in slow mode, but to a large exient, the PAUSE command is wasted, since
you can already see the resulis!

One use of PAUSE i slow mode is when you want to put a small delay in the program 1o slow the
whole thing down — like a game program where you only want 16 allow your player a certain length of
time to see something on the screen

A side effect of the PAUSE command which can be useful 15 that the cammand is finished when
gither the time {specified by n above) has elapsed. or a key is pressed, This can be put to good use in
SOME Programs.
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Try this example to see how PAUSE can be uséd in FAST mode: . =

5 FAST
10 FOR Xx=0TO 15
20 PRINT AT 10X, "="
20 PAUSE 25
40 POKE 16437 255 {irnust follow PAUSE)
50 PRINT AT 18.31-x;"<="
B8 PAUSE 25
70 POKE 16437,255
BO NEXT X
90 PRINT AT 10,14,"BANG"

The program can be altered to run in SLOW mode by changing line & (ehange it to SLOW), and
removing lines 30, 40, 80 and 70, Now try it again
Here's a similar type of program that will give you a laugh:

5 SLOW
10 FOR x=0 TO 26
20 PRINT AT 10" TRAIN" (don't forget the ")
30 PRINT AT 10,26, "TUNNEL"
40 IF X==0 THEN GOTO 70
50 PRINT AT 0.0;"PRESS NEWLINE WHEN READY"
60 PAUSE 40000 (wait forever till key Is pressed)
70 NEXT x

The POKE was not needed in this example as the ZX81 is used in SLOW mode,

Question

Write a program that draps a man from an aeroplane down 1o the ground. The man should jurmp when a
key is pressed. You can use the letter Y" to denote the man coming down, and a row of hyphens
(SHIFT/J} te denate the ground. I you can manage it, then try to make the program wipe out the “trail”
that the man leaves as he comes down.
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Answer
My salution s ey it if vou kel

1@ PRINT AT 21,14;"—© [draw ground]
20 FOR ¥=0TO 21 (for each line an screan)
30 PRINT AT Y, 16;"Y" [draw man)
40 IF ¥<==0 THEN GOTO 22 [sxip after 1st timel
50 PRINT AT 0,14, "PLANE" [draw piane In sky)
60 PAUSE 40000 [wait for a key)
70 GOTO 22 [continue)
80 PRINT AT Y118 [rermove "trail’’)
90 NEXT v next line
100 PRINT AT 21,14 "SPLAT" (petter luck next times)

You sheould read section 5.3/2 if you had trouble using AT {or you could have used TAB, in which case
read secton 5.3/3), and section 5.3/6 f you could not get the PAUSE command 1o waork properly.

5.3/7 USING GRAPHIC CHARACTERS

This section will‘only serve as an introduction to graphics. You'll be able to make much more use of
graphies when you've covered a few more chapters, but for now, it's enouah to see how graphics can
be used as part of PRINT commands.

As a small demaonstration, foad this program:

LOAD "PICTURE"

and run it. lsn't that pretty? When you've got bored with it, press the BREAK key and look at the
program listing.

As we've said before, whenever you print text, or as |t's properly called, a string, you can print
anything you want between the guates characters. S0 you can print numbers, letters, or these funny
symbels called graphic characters,

How do you get at them?

Simple By pressing SHIFT/G (the 8 key has the word "GRAPHICS' in red), you'll first of all notice that
the cursor changes 10 a

Let's try it. Type:

PRINT “ and then press the GRAPHICS key (SHIFT/3). At this point, the cursor alters as described.
You should see on your screen;

PRINT “[d

Now, whenever the [€ symbol is showing. any letter or number key that you press will be shown as
white on-a black background, instead of the usual black on white. Some of the keys, the keys whose
SHIFT codes give whole words ‘or multiple symbols (like SHIFT/S which normally gives LPRINT), will
now give you special graphics characters as shown on the key in the lower right-hand comer of the key.

The keys that do not have these special graphics codes will always give the Vinverse" (that's white on
blackl of tha key, or of the SHIFTed key if SHIFT is used

Try typing a few in to see what you get. Try SHIFT/S, and SHIFT/C, and just the ordinary keys without
SHIFT.

When you've typed a few, you'll need to get out of graphics mode so that you can type the " character
needed to finish the text string off. But how? Whenever you type the guotes character, you just get an
inverse quotes! The answer is to press SHIFT/S again. This cancels the graphics mode, and returns you
to the usual "letters’ mode that yvou're used 10

Now you can put in the " that is needed. and then NEWLINE will cause the ZX81 to accept the line.

This Is how the PICTURE program was created — the black boxes are created by GRAPHIC/SPACE,
the other symbols were all created from the special characters given on the A, S and Q keys,
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Question )
Write down the keys you need to press to print the following symbols:

{a) an inverse P
B) Inverse
ic) 4 black box

id) (no answer 1o this gart!l} Try 1o think of the appropriate characiers 1o Jse in order w0 print the
picture of a spaceship.
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Answers

lal SHIFT/A ito get into graphics)
P

b} SHIFT/S ito get into graphics)
5 ISHIFT/P)

() SHIET!S (to get into graphics)
SHIFT/Q (1o get the box)

If yau couldn’t work them out, then read section 5.3/7 again, and try to get used lo the graphics modeg
a bit more by expenmenting.

5.4 THE ZX PRINTER

If you're lucky enough 1o have afforded a printer 10 go with your ZX81 then here's the section for o)
The section is really information only, since all of these features have to 3 large extent been covered in
other ways

There are three commands that are relevant — mostly they are similar to other commands

The firat 15

LLIST ino it's-not Walsh

You'll find it by pressing SHIFT/G

This command works in exactly the same way as LIST —only it lists the program onto the printer! You
can list the whole program or just from a particular img by stating LUIST nnnn [where nnnn is the
particular line number yvou're interested in,

This command Is a good way of keeping a “hard copy”’ of your programs

Another usaeful printer command is:

COPY lon the 7 key)

This command allews you 10 puta copy of whatever's on the screen anto the printer. So if you've |ust
run a program and you're particularly keen to keep a copy of the results, then press COPY.

The printer even gives you all the nice graphic characters too!

The last command for the pnnter is:

LPRINT [SHIFT/S)

A= you might already expect, this command s eguivalent to the normal PRINT command excapt, of
course, the printing 1s sent 1o the printer instead of the TV,

There are a couple of small points to watch out for with this command, however.

The AT facility of the usual PRINT command will still work. although the line number field has no
effect You should give this a value of zero. Here's an example:

1@ LPRINT AT 0,13;"HELLO"

If the line number 1s not zero, then it will mostly be ignored, but you may gt an errar if it's greater
than 21, so play safe and keep it at zero,

The printer can be a very valuable tool and if you've got one. the best way of finding out how to use it
15 10 try writing some of the future programs with LPRINT commands instead of PRINT commands.

Allthe printer commands can be used as immediate mode commands as well as program statements
— in fact, the COPY command will probably be used mast frequently in this way

Summary
This chapter has largely been concermned with making the most of vour dhisplay under the two modas of
running: normal tor SLOW) and FAST
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The need to design your programs around the features of SLOW/FAST was highlighted.

In the next chapter, we'll find out how to use the cassette recorder’to save programs, and how to
make the mosi of your own program librares.

Here's a summary of this chapter

— you've seen how conditional expressions are not just confined to the IF command, but can be used
in.a LET command to assign a conditional value to a vanable.

— howe the Z%81 can run in two modes — SLOW and FAST - and how vou can make the most out of
tharm.

— that there are many ways of creating an attractive display, using the AT and TAB options, or usimng
graphic characters embeddad in text stnngs,

— how the ZX printer can be controlled,
Exercises
1. Print successive values of nl (faciarial n) wuntil overflow (srrar report 6} oceurs. This will direct you
towards the largest value that the Z¥81 can hold (see exercise (3] in Chapter 1),
n! 15 calculated as:
n*in—=1*In-21* 4*3*2*1

such that 31=6 [he. 3*2*1) and 4!=24 |i.e. 4*3!). You will probably need 1o use FAST mode 1o
handle this program, and display results using ,what?

2. Write a program that asks for a number between 1 and 100 10 be entered & second person must
new try to guess this number while the program replies “TOO HIGH" or "TOO LOW"' in reply to the
vanous guesses. Make use of the pnnt formatting features to give a good presentation of the
program’'s responses:
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Using the Cassette

By now, it has started to become impaortant for you to be able to save your programs on cassette 1ape
Mast of the programs you have written so far have anly been a few lines long, and have not really been
waorlh saving anyway

This chapter 15 of a totally different nature from the others; there are few guestions asked. and mosily
the text consists of advice, hints and tps to make sure that your programs will be kept with the
rummum number of troubles;

Before we start writing programs of much largersize, we'll learn how to use the casselte properly
this way It's up 1o you to decide whather or not you want to save a program that you've just wrilten

6.1 WHY SAVE PROGRAMS?

There is a very good reasen for saving programs on tape

security. Mot that any burglar would be interested, but so that yau don't have 1o type the whale thing
in againt

What happens if the dog tnps over the mains lead just after you've spent an hour Typing myeur brand
new program{ | can assure you it will happen — and the time that it happens will be the time when Wi
have thought "0Oh, | won't bother for now’”

Also, what happens if the first irne you run the pregram, it goes wrong, and you can’t get back into it?
The only thing to do 1s load it again — but if you haven’t saved it befarehand, then you're in trouble

ALWAYS SAVE A NEW FPROGRAM BEFORE YOU RUN IT

6.2 SETTING UP THE CASSETTE

Let's consider the connections we nead

Supplied with your new ZX81 were two leads - the double lzad is the one that connects 1o your
cassette recordar, and you probably have one of the leads plugged into the "ear'’ socket already,

Connect tha other half of the double lead into the "mic” socket of the recarder, and into the socket
martked "MIC" on the ZX81

Mowe find yourself a bBlank cassette.

Wind it on 50 that the start of the proper tape matenalis showing {just pastthe leader tapel, and nsert
it into the cassette recorder

Fype m this small program:

10 FOR ¥Y=0TO 21
20 PRINT AT ¥,10;"WELL DONE"
30 NEXT Y

What we're about 10 do s to put this program onto your tape and try 1o get it back in again. The raason
for using a small program like this is 5o that you don't have a lot of typing to doif it fails!
The command to gel the ZX81 to put the program oul s

SAVE "program name' (don't do it vet!)

where “program name” can be anything you like (o call the program by

When you come to LOAD the program again, this 15 the name that you will have to use;

We're going to call cur pregram "TESTER" for now. Type the [ollowing, but DON'T type the
MEWLINE just vt

SAVE "TESTER"

Now start the cassette off as if you were recarding something through the microphane. Once the
cassette has started, press NEWLINE
Then sit and watch You should see something like this:
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The screen initially goes blank for five seconds, and then it goes berserk for a period of time. This
penod depends on how big your program is. If you are not using a 16K RAM pack, then it will not be any
longer than 30 seconds, With a 16K RAM pack attached, it can be anything up to 7 or 8 minutes, but this
would only be for an extremely large program! Our TESTER program will only take about ten seconds.

Eventually, the screen shows our old faithful message:

0/

which means that the program is on the tape, Leave the recorder running for a further 5 1o 10 seconds
befare you switch it off. There is a very good reason for this, which we'll see later an

Tirne for the fun, At this point, we have our only copy of the grogram inside the ZXB1, and we don't
yal know if the tape is recorded properhy.

Question

Haow can we check that the tape is OK without losing the only copy of the program that we have oot -
the one inside the ZX817
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Answer

We can't.

This might sound a bil harsh, but the only foolproof way of checking the tape is o try 1o load the
pragrarm in the way that we've always done so far. The only trouble is that loading a program from tape
destroys whatever is inside the Zx81, soif the tape hasn't been recorded properly, you lose the program
completely,

Mow you can see why the program we've experimented on is only a few lines long!

6.3 GUIDELINES

30 how can we minimise the chances?
We can reduce the liklihood of losing a progeam te almast nil |
if vou foliow these guidelines,

1. Always, always, checkthat the leads are connected to the correct sockets hefare vou start, The ZX81
cannot tell you that you've pushed them into the wrong holes, so you've got to check them |If the
lzads are not connected, you won't be able to tell by looking at the screen — the ZX81 carries on quite
happily.

2. Make sure that you're using decent tapes. It's no good using these "cheapies’’ — they aren’t man
enough {person encugh?) to take the signal required by the ZXB1. You can buy special computer
tapes from computer shops {or mail order — see the monthly computer magazines) for not much
raore than ordinary tapes, although ordinary low-noise tapes will surfice. In practice, they work out
cheaper, since you only buy C12 tapes instead of C80. We'll see why this is better in another section,

3. Make sure the tape is positioned correctly, I you're Starting a new tape, the oxide tape should be in
view — you might start recording over the |eader tape, and that means the ZX81 won't be able 1o
recognise the program when you come to load it again

4. Leave the cassetle running for 5 to 10 seconds after the ZXB1 has finished.

5. If this s the first time that you're saving a program, try these two tips:

(I} save the program twice. It your tape has some oxide drop-out in the early tew inches, then at
least the second copy should be OK

(i} when you've saved it twice, listan to the tape through the loudspeaker (don't forget to adjust the
volume before and after). You should hear five seconds of silence (as you pressed the NEWLINE
keyl, followed by a sound which has earmed the mickname "a supercharged bumblebee' (as
rmentioned in the original ZXB0 manual). This is an excellent description of the noise vou should
hiear. VWhen this subsides, you'll hear 5 to 10 seconds of a light "buzzing”' noise, which is whera
the recorder was left running for a bit. If you hear this, then you're probablhy going to be all right. |
not, then check back over the leads and try again,

6.4 CHECKING THE TAPE

Adjust the volume and tone contrals ready for loading, rewind the tape back to the beginning, and try to
lead your program in again — just like we have always done:

LOAD "TESTER"

Do you get the 0/ at the foot of the screen? Don't be too impatient — remember how long it tock to
save the program, as it will take just as long to load it back in again,

If wou're careful, you can walgch the screen while the program is loading, and recogrise the periods of
B seconds silence, and the time while the "supercharged bumblebee’ 1s being played. The actual
sereen vanes from ane TV to another, so | can't help you much more than to say that if you vatch, you'll
learn to recognise your own TV's picture while loading programs

If nothing happens after a couple of minutes, then something has ocbviously gone wrong. Fress
BREAK 1o stop the ZX81. Check all the leads, then try the whole thing over again. If you still have trouble
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tand this would be faifky rare by now) then consull the section ar theend !:'tf this book entitled "Common
Prablems and Solutions!

Run the program ta check that it works — it should print "WELL DONE" down the middle af the
soreen

6.5 LOADING AN “UNKNOWN"” PROGRAM

So what happens if you can’t remember the name of a particular program?

Al is not lost — the ZXB1 allows you to load a program withouwt specifying a name, and when you do
this, the ZX817 foads the first program that it comes to on the tape

For example, you can type

LOAD "

10 load the program that you saved earlier

if the program s in the middle of a program library tape (you'll see what this 15 in the next section),
then it's nol guite 5o easy First you must get to the benning of the program, and the best way of doing
this 18 to listen to the tape through the loudspeakar,

Each program has a gap of live seconds silence in front of it [section 6.3 covered the sound of a tapek,
and so if you listen to the tape, counting each gap as it comes along, you can fairly aasily reach the
beginning of any program on the tape.

Stop the recorder once the gap has started before the program you wish to load, than type

LOAD "

and carry on loading the pregram as nermal

6.6 PROGRAM LIBRARIES

So what else can we do with the cassette?

First of all you can create a program Gbrary This (s a collection of tapes, each tape containing several
programs — just like the set of tapes supplied with this course

How do several programs come 1o be on the same 1ape, then!

Here's how to do it

Whenever you are about to wnie a new program, always use a fresh, blank tape lor keep one tape
aside specially for temporary storage of new programs.

Make sure every tape has a st of the programs on each side m the correct order.

Save your ngw proegrameon the temporary tape and test it to make sure it warks properly. Den't put it
ofito the end of a long tape If you haven't checked it out thoroughly!

Moww take the tape that you wish 1o kaep the program on, and load the last program on the tape.

Stop the recorder when b 10 10 seconds have passed after the |ast program has loaded ang given @/0
at the foot of the soreen, '

Rewind the tape slightly so that the "light buzzing™ noise can be heard. Now put this tape to one side.

Loar the new program from the temporary tape, and save il again onto the end of the master lape.

Rewind the master tape and it's all done,

[Con't forget to write down either on the tape, or the index card, what you have called the program. I
vou forget the name, then refer to the details given in section 6.2

When vou kesp several programs on ane tape, try 1o hmit yourself to a maximum of five programs per
side — itoan be extremely frustrating to wart for the ZX81 to hunt all the way down a C90 tape! For the
same reason, itis better to use short tapes {like special C20 tapes) so that the tme 1o wind from one
and 10 the other deasn’t seam to drag quite so much,
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6.7 SAVING VARIABLES

It 15 perfectly possible to save a program with all the vanables intact
Let's 1ake an example,

LOAD "EXAMPLE"

List the program Lines 100 to 140 set some variables 1o certain values, and lines 200 1o 240 print
them for you to check

Mow run the program . White the results down on a piece of paper so that you can check them lateron

Lizt the program again, and now daleta hnas 100,110, 120,130 and 140

CQuestion
How do you delete pragram lines?
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Answer

By typing the line number followed by NEWLINE

This was covered in Chapter 2, section 2.3 “Program Editing”

Set your recorder upwith a spare cassette, and SAVE the program (you can choose any hamea you
liked.

The vanables have all been saved with the program, but just to make sure | have nothing up my
sleeve . . _switch the ZX81 off and an. This removes evarything.

Lead your program back in again, BUT DO NOT BUN IT JUST YET

One effect of the RUN command is that all variables are cleared out before the program starts.

Since we want o keep the variables, we obviously cannot use RUN

We must use GOTO instead. This will allow us to start the program running, but we know from
previous programs that GOTO doesn’t remove all the vanables!

Typa:
GOTO 1

since line number 115 thelowest hne number possible. this will always have the effect of starting the
pragrarm from the beginning

What do you get? All the vanables stilf print out their onginal values, even though there are no LET
statements in the program!

S0 you write 3 prograrm that needs to set up a large number of variables (especially later on when we
deal with "arrays" in'more detall, you can remove the LET statements whan the program has set them
ug By running), and save the program with preset variables

By saving a program with variables preset, it means that you can now add extra lines in the program to
replace the LET statemeants that have been deleted — this means a larger program than you rmight
otherwise have been able to write

There 12 one other command to watch out for under these conditions:

CLEAR lon the X kayl

This command clears any vanables that exist at the mament, and 15 often used in a program which
allows you to start again (the "PRIMES" program could have used CLEAR, although It wasn't really
NeCassaEny

6.8 “LOAD-AND-GO PROGRAMS

O final teature before we |eave the cassette — you can rmake & program Start running automatically
when it is loaded from tape Il you nclude a SAVE statement within the prograrm itsell, when the 2X81
maets this, it saves the program {in the usual way) then carries on normally with the next ling numbesr
When this program is re-loaded, however, it will also carry on at this peint. Look at this

10 PRINT "4 LINE OF TEXT"
28 STOP

30 SAVE "SOMETHING™

48 PRINT “HERE 15",

50 GOTO 10

Start the program by entering RUN 30 (note the line number after the command RUN — it tells the
ZX81 10 start at line 30 mnstead of at the beginning of the program), Before you do, though, start the
cassetie recorder off for saving a program. After the SAVE command on ling 30 has finished, the
program carries on as normal

Mo laad the prograrn back in again by entering

LOAD "SOMETHING"

As soon as the program s loaded, it starts in exactly the same way! This 15 extremely useful when you
want 1o save a program with some preset vanables — 1t prevents yeu from typing RUN by mistaks!
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e Summary y |
In the next chapter we'll meet subroutings, a more professional way of writing your programs:
But here's what we've covered in this chapter:
— how to prepare the recorder for-saving programs
— why and when you should save programs
— how you can reduce the likelihood of trouble to a minimum
— now [0 create a program library
- how variables can be saved on tape along with a program
— thatl programs can be made to start automatically when they are loaded.

There are no exercises for this chapter.
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Chapter 7
Subroutines

What a pecubar utle for a chapter! Subroutines?|

Nearly all of this chapter s devoted to this topic, although two smaller extra sections are included
towards the end. As with chapter 4, one program is followed throughout the chapter, gradually building
it up Into a useful visual aid for representing graphs. Section 2 shows how the ZXB1 ean be used to draw
graphs, while section 3 gives you some useful information about the INPUT command.

74 MAKING USE OF SUBROUTINES

7.1/ DEFINITION OF A SUBROUTINE

We'll kick oHf this chaptar with a program that plots a small graph, using ® and Y coordinates entared
from the keyboard The program is quite large - and would be almost impossible to write for a basic
ZXB1 without the use of subroutines

The program draws honizontal and vertical axes, both 20 units in length. It then asks for an X and Y
coordinate to be entered. These are checked 1o make sure that they are between @ and 19, and do no
have any fractions (or decimal places). This point 15 then plotted on the graph. This continues until the
word QUIT 15 typed.

So what exactly 15 a subroutine? Here's the defimtion:

11 is @ section of a program that can be used many tmes from different pans of the program
That sounds confusing. Let's go & bit deeper

7.1/2 LOOKING AT THE PROBLEM

To start with, we'll have a look at this graph-drawing program.
LOAD “GRAPH"

but don't ook at the program just yet. Run it first

You'll see this

The program draws the two axes, and then invites you to enter an X coordinate. The number you
enter can be any number from @ 1o 20, but without decimal fractions (e.g. 10.33 would not be allowed).
After pressing NEWLINE, the program asks for a Y coordinate — again, you can enter any number
betweean @ and 2@. This point will then be plotted, and the program wall ask for more coordinates,

A couple of points to watch out for;

(i} Any points plotted with a coardinate of zero will not be visible, because they lie on the axis.

{ii) If you enter an invalid number, the program will ask you to enter the number again.

{iiil When you've finished, type QUIT, and you'll be given a report code which stops the program

You're going to write this program bit-by-bit, and we’ll explain all'of the concepts used in it as we go
along. If you're stuck, then you can look at my solution — justlist the program! Don't do that until you've

had a good try.
Ready?

7.1/3 A FIRST ATTEMPT

Let's start with entering the coordinates
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Question

Winite a small program thar asks for two numbers from the keyboard. and checks them 1o be batweian 9
0 and 18 (mclusve) and that they have no decimal fractions.

Dan't worry about what line numbers you use at the moment, because this program probably won't
last very long!

The first number is called "X and the second numbet is called 'Y, 50 a sample run would be:
X'y
27
a7
¥ 3

9/9999
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Answer
You should have had no real problems writing this, as you've done a very similar program before! My

solution 15

19 PRINT “X? *';

20 INPUT X

30 PRINT X

40 IF X=>=0 AND x<==19 AND INT X=X THEN GOTO 100
50 CLS

60 PRINT X, 7"

70 GOTO 10

100 PRINT Y2 ",
110 INPUT v

120 PRINT ¥

130 IF Y>=0 AND Y< =19 AND INT Y=Y THEN GOTO 200
140 CLS

150 PRINT v, "7~

160 GOTO 100
200 STOP

What do you notice about the solution? For now. I'll use my solution to show you what's gaing an

To @ cartan extent, the prograrn does the same thing twice — (1 prnts @ message, gets a number,
checks 11 1o be vald and If s not valid, then prints another message and asks for ancther number

This is done twice - once for the "X number. and once for the "Y' numbear

We could obwiously cut the size'ofl our program down if the routine only nesded o be wntien once —
the capacity of the ZXB1 15 not infinite! '

Question

Can you write another version of the same program that only duplicates two or three lines, instead of
EJ

The trick abviously involves some son of devious GOTO. but what?

Don't spend more than 10 minutes trying Give up and look at the answer if it's battling yau,
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Answer
You very probably didn’t succeed at that one! There is 3 method that would wark using the idea of
holding a line number in-a variable, then saying GOTO V or something, But it's messy

7.1/4 GOSUB AND RETURN

The answer is a new command
GOSUB n (on the H key)

which waorks in a similar way to GOTO, but has one very important difference
GOSUB needs a line number that tells it wheare the SUBroutine is located so, for example, we could
sy’

20 GOSUB 560
ar
60 GOSUB LUCKY*7

and the ZXB81 would immediately start running program lines at the new line number - just like a8 GOTO
which we met in Chapter 3

Here's the difference Whenever the ZXB1 sees a GOSUB command, it remembers the line number
that it is on now, so if it saw

20 GOSUB 560

it would tuck the ling number 20 away for sale keeping Then it jumps to line 580 and carnes on in the
usuUal way,

So what does it want 1o save line number 20 for? This is 1he beauty— as soon as the ZX81 sees a line
containing the command |

RETURN (on the Y kay)

it recalls the line number that it had put aside, and then automancally goes back 10 the line number
immediately following, and carries on with whatever it was doing there.
Let's take a very small example of this, and look at it In close detail

10 LET NUMBER=10
20 GOSUB 100
£ 30 LET NUMBER=33.4
( < 40 GOSUB 100
—— 50 STOP _
100 PRINT “ANSWER IS " NUMBER*27 5
110 RETURN

The arrows:indicate where the ZX81 jumps to each time it comes to 8 GOSUB and 2 RETURN.

Lime number 1@ merely assigns the value 10 to vanable NUMBER.

Mow, Line 20 causes the ZX81 10 do two things. First, the ZX81 puts the number 20 to one side and
secondly, it goes to line 100

Line 10@ prints "ANSWER IS 275", and then the ZX81 sees line 110

"Ah!" ‘says the ZX81, "here's a RETURN command. I'll feich that number that | put away — now
where |s it? — Oh, here it is! It was line number 20. I'll go back to that line again.”

So the ZXB1 comes back to line 20, and carries on with the next line number, which is line number 30

Line 30 sets the variable NUMBER to the value 33.4, and line 40 once again says GOSUB 100

By a similar process, the ZX87 puts number 4@ to one side, and jumps to abey the statement at line
16@, which is to print another answer using the vanable NUMBER,

Line 110, again, recalls the number that was put aside, but in this case the number is 40, and so the
ZXB1 comes back to line 4@, drops through (since it has already run line 40}, and comes to a STOP
command on line 50,
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7.1/5 WHY USE SUBROUTINES?

What has thiz program achieved?

It's saved wnting line 100 1wice which, apart from the ocbvious benefit of avoiding duplicate lines of
program, has other real advantages '

This program was really 100 small to gather the full implication of GOSUB/RETURN, but |larger
programs really gain a lot from the use of them

Here are some reasons why the use of subroutines 15 recommanded

1. Smaller programs. because duplicate sections of programs can be made common in a subrouting
{those lines 100 and 11800 the last example are called a subroutine}

2. Easier 1o 1es!, since the subroutine only needs to be tested once, and then it works wharaver 11 15
used

3 Easiertodesign a prograrm in the first place, as chunks of program which are related can be put intoa
subrouting (both mentally and physically), and referred to by just a ling number

4. Easier to understand when you try to ook at the program at a later date |t doesn't take long for you
to forget your train of thought, and using subroutines to break your programs up makes |t easier to get
back intd the swing again when you want 10 make soma alterations

Question
Re-writa the following program 1o use a subroutine

10 PRINT "ENTER A NUMBER",

20 INPUT N

30 PRINT N

40 LET S=N

B0 PRINT "ENTER A NUMBER'",

G0 INPUT N

7O PRINT N

BOIF 5=0 AND N=0 THEN STOP
a0 PRINT S TIMES “;N," IS ".S*N
100 GOTO 10
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Answer

10 GOSUB 200

40 LET 5=N

50 GOSUB 200

BO IF 5=0 AND N=0 THEN STOP
90 PRINT 5.7 TIMES "N, IS "S*N
100 GOTO 10
200 PRINT "ENTER A'NUMBER",
210 INPUT N
220 PRINT N
230 RETURN

It you had trouble, then read sections 7 173 and 7 1/@ over agan, and study carefully through the
examples, Also trhy running some of these small programs just to see what they do.

7.1/6 SUBROUTINE REPLIES

Now you can probably wiite the onginal program you were asked to write (take two numbaers, atc see
section ¥ 1/3) in a much more efficient manner, although there (s a slight difference

We wanted a different message printed out to indicate whether the "X or "Y" number was to be
entered. What happens if the number entered is invalid? Presumably, all this would be inside the
subrouting smnce, if you look back 1o your solution, the ines of program that eheck the valua of X' and
Y are duplicate lines

The answer s guite simple

The: subroutine needs 10 set a vanable that can be tested after the subrouting has been finished. This
variable would tell if the number that was entered lrom the keyboard was valid or not.

Tivld NESTED SUBROUTINES

Anamportant feature of subroutings 1s thatl ane subrouting can call another - so our subroutineg above
could include another GOSWUB to a different (or even the samel subrouting: The ZX81 keeps track of the
ling numbier, just the:same. and will always come back afterwards. The limit of thisis [almostendless —
I'rm sure you'll run out of steam before the 7X81 does! Here's an example of nested subroutines (thisis
what they're called):

10 LET P=1 set a2 marker far first time
20 GOSUB 100 print first half of message
30 LET P=2 now second time through
40 GOSUB 100 pnnt second part of message
50 STOP that's all
100 PRINT "TO BE™, guass what?
110 IF P=1 THEN GOSUB 200 if first ume, pnnt "OR NOT™
120 RETURN end of subrouting
200 PRINT “OR NOT middle section
Z10 RETURN end of second subroutine

Type this in and run it — you'll get a very good insight into what happens when one subrouting calls
anaother, and How they never get lost

Question

Try writing the first guestion again (from section 7.1/21 Start your program at line number 200,
because luture questions will need 10 add some more lines int® this program

Refer back to section 7 1/2 10 see what was required
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Answer
My model answer looks like:

200 PRINT “X? *';

210 GOSUB 1200 get X from keyboard

220 IF NOT V THEN GOTO 200  see i it was valid. and if
not, then go back again

230 PRINT "v? ",

240 GOSUB 10006 now get 'y

250 IF NOT ¥ THEN GOTO 230 it invalid. go back agamn
1000 INPUT N ask for a number
1010 PRINT N print it back
1020 LET V=1 this sats V "true”

1030 IF N<Q OR N=129 OR INT N<>N THEN LET V=0
this sets V “false if any
arror s found in N

1040 IF V THEN RETURN go back if all OK
1050 PRINT N, print invalid number
1060 RETURN go back again

In the subrouting at ine 1008, | use a vanable called V 1o indicate if the number fram the keyboard 15
vald or not

Ling 1020 initally sets ¥ 1o “true”, and line 1030 sets V to false |f the number entered s invalid,

When the ZX81 has finished the subroutne (1e 11 comes o a RETURN command), the vanabla Vs
tested (ines 220 and 250) to see if another number needs 1o be asked for If Vs false, than anothear
nuimber must be antered

| don't expect your answer looked anything like minaf But the impartant point is, did your answer
wotk? I it did, then carry on with the next section

Let's try 1o find out what went wrong First of all, work your way through my solution to see what it is
that you cannot understand. Then look down the st of references that follows, and read the appropriate
secluon(s) agan

- Can't understand GOSUB and RETURN. Try reading this section once more

- ¥ou can't understand these complicated IF statements. This was largely coverad in Chaplar 3,
section 3.2 "Conditional Expressions’, although there are further references in sectian 5.1 ""Conditional
Expression Values™ which are well worth following up

- You don't understand this business of “true’” and "'false’’ . Again, this is really Chapter 3, seetion 3.2
isea above), but section 5.1 will be even more relevant to you, becsuse this deals with conditional
expression values in great detaill. Try agam.

7.1/8 SOME SLIGHT IMPROVEMENTS

By now, you're becorning quite a8 master of programming! For those that are interested. there s a way
of cutting dewn the size of the previous answer even moere. Section 5.1 covered the use of conditional
expressions in LET statements, and if we make use of this, we can make the subroutine even smaller.

I 'arm not going to explain the logic behind this in detail, if you are interested, then it should be quite
straightforward, especially if you look back to section 5.1 — "Conditional Expression Values™. | will enly
write the subrouline again:

1000 INPUT N

10710 PRINT N

1020 LET V=(N>=0 AND N<=19 AND INT N=N)|
1030 IF NOT V THEN PRINT N 2"

1040 RETURN

That's another two lines shorter. and does exactly the same thingl
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7.2 GRAPH PLOTTING , -

7.2/1 HOW TO START

Mow what? We've seen how subroutines can help make our programs small, neat and tidy, so we can
go on to create the rest of the anginal graph-drawing program

Before we can do this, we need to leam another pair of new commands These commands allow us
to turn the display inte a sort of graph paper, and plot mdwvidual squares on the graph paper. The two
commands are

PLOT (on the O keyl
and
UNPLOT (on the W key)

Both commands need two extra parameters to get them to work They need to be given an
X-coordinate, and a Y-coordinate. like this: 0

PLOT xy  UNPLOT xy

whers ¥ and ¢ can be any numenc expression
lel's picture the screen as graph paper ke ths

Al_'l example: this is
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The imaginary sheet has B4 positions across (in the X or honzontal direction) and 44 positions up in
the ¥ or vertical directionl.

These pesitionsare numbered from 0 1o 83 in the X direction (the X axis), and 0w 43in the Y direction
[the Y axis], Look at the diagram carefully

Each of these squares s called a pixel

Notice the difference between PLOT and PRINT AT In PLOT, the column is given first, and the line
numbers start at 43 for the top of the soreen conung down to @ at the bottorn. In, PRINT AT, the line
nummiber is first and the tap line of the screen is line number @ coming down to line 21 '

We can black out any of these sguares by using PLOT, giving the X and Y coordinate of the square
Let's iry a couple Type in this small program

10 INPUT X
20 INPUT ¥
30 PLOT XY
40 GOTO 10

Run the program. You won'l gel any nice prompl messages. because you're about to use the whole
sCreen anyway

Type in your X-coordinate (a number between 0 and 63 inclusive), followed by MNEWLINE.

Than enter your Y-coordinate, a number between 0 and 43 inclusive. As soon as you press NEWLINE,
that square will be “'blacked out”, and the program will wait for you to type in another pair of
coordinates

Don't ge! oo eager making up pretty pictures, because the program does not cater for you making
any mistakes! Try entenng a number outside the range given above. You'll get an error B/30 alter the Y
value has been entered This means that you have attempted to PLOT something that the ZX81 cannot
manage

UNPLOT warks in exactly the same way, except that it changes the squaras back 1o white again, so
you can rub out a point in a program when it 1s na longer needed. but keep all the rest of the picture as it
Wak,

Question
Which ef these commands are valid. and. which are invald?

(a} PLOT 10.20
(o) UNPLOT 10*20.20
(el PLOT 43,83

() UNPLOT 0.0

el PLOT 10@/2.27+3
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Answer

la)
it

i)

id)

Valid
Invalid — 200 is outside the limit of X-coordinates

Invalid - the X-coordinate comes first, Y-coordinate second, and this example
wolld only wark il the two numbers were reversed.

Mahd

Vahd

How did you get on? IT your answers were wrong, try entenng those values into the small
demonstration program that was given 1o you to try If you get a report code B, then you know that the
values were wiong. Answers (b) and. (e] will give you a report code B

71.2/1

PLOTTING IN PRACTICE

So now you should be able 1o write a small prograrm that draws twa lines on the screen —one down, and
one goross. Have a go at thes

Question

Wiite a program that draws two hines an the screen The verncal ine should be on the |eft-hand edge
of the screen. starting at the top of the screen, and should be 20 squares long. The honizantal line should
start at the foot of the vertical line and stretch across the screen for 20 squares

Your sereen should look something like this when you run the program

T
=

thint: you'll nged to think FOR a minute belore you turn to the NEXT page!]
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Answer
Sorry about that rather un-subtle clue! Here's my solution:

10 FOR ¥=24 TO 43

20 PLOT Q.Y draw vertical ing
J0NEXT Y

40 FOR Xx=0 TO 19

50 PLOT %24 draw horizamal line
G0 NEXT X

Well? That wasn't too bad, was t? If you thought it was bad. then you should read over Chapter 4,
section 4.2 "eration 12)'" again — 11 covered the FOR and NEXT commands

Perhaps you had forgotten that FOR loops can start with a number like 24 — you can start with any
numeric expression whatsoever - refar 10 Chapter 4, section 4 2 1f you need rerminding:

It's also worth remembenng that FOR loops are nclusive. that means that the loop is run for all values
including the start and timish values of the contral vanable

II'you didn’t quite grasp the PLOT and UNPLOT commands. then hopefully that selution has halped
you — gven 5o, read section 7.2/1 agan

71.2/3 THE FULL PROGRAM

We've managed to create a routine that draws a pair of axes on the screen (length 20 by 20), and to
write a routing that 1akes in numbers from the keyboard and checks that they are in the range 0 to 19
Mot much further to'go then

We have hinally te put these two routines together, add a few bits and pieces just to smarten up the
presentation of the screen, and that'll complete the pragram

If you've overwritten the "GRAPH™ program, then load it again and look at the listing

Lings 18 10 BQ are taken straight from the exarmple above

Lines 100 to 140 are new — these lines clear out three lines on the screen below our graph axes, as
these are going to be used for asking for input, and printing any error messages.

Lines 200-260 are almost the same as an earlier solution —the only excepuion to this 1s the use of
PRINT AT to print the messages The reason for this change 1s because we want the graph to remain on
the screen all the time, so we cannot use GLS, or we would lose the graph so far. So | have decided to
keep all my messages on lines 13 to 15. and these three lines sre cleared out (lines 100-140)alter each
pair of coordinales s enterad

Line 300 meraly PLOTS the appropnate point on the graph — vanableS halds the X coordinate, and the
Y coordinate has 24 ‘added to it since the graph is at the top of the screen

1.3 INPUT EXPRESSIONS

But there is one last point that was mentioned in the onginal defimtion of the program (section 7 1) I
we want to stop the program. then type QUIT

Surely this can't wark? Try it to see

It does work, it gives rise to error report 2, which means that a variable name 15 not found

S0 which vanable Is not found? It must be a variable called QUIT

And indead it 15

You've probably got quite sick of me saying the same things over again, but this time it's quite
important — whenever you enter something into an INPUT statement. then you may enter

any valid numeric expression
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That might 1ake a while to sink in fully, 5o let's try an experiment to see whal it can do. Type this
prograrm in:

10 LET A=1
20 LET B=200

30 LET C=5

40 SCROLL

50 PRINT "ENTER AN EXPRESSION”
B0 INPUT E

70 SCROLL

B0 PRINT "YOU ENTERED “.E

90 GOTO 40

Now run it When it asks you 1o enter an expression, iry entering these:

ia) 25 prdinary number

{b) A variable name A equals |

{c) 9*8 should show 1800

=1} B/C gives 40

le) A=C trueialse expression

i A<=C anather true/lalse expression
gt QuIT  vanable name

Can you see why QUIT gives error repart 27

Think of the possibiities - whenever a prograrm asks you 1o enter a number that involves calculation,
yeu don't even need 1o do it Just type the whole expression in_ and let the 7XB81 do the rast!
Question

In Chapter 3, section 3.1 "heration (1), you were introduced to several ways of getting the ZX81 1o
stop running a program. These were

{a) pressing the BREAK key {but not if the 2X81 is waiting far input) which gives report code D

) typing the command STOP f the ZX81 is waiting for input This also gives repart code D

Can you now add another method to the lis1? Mote that this method is not as “'clean’” as the others.
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Answer )
Typmg in an undefined variabla name This gives error report 2
Most programs will never use a variable name ke XOYTGGZX. so you would be fairly safe ('l bet
someone does. |ust to spite me!| if you entered a narme like that into an INPUT cemmand.
It your answer was wrong, of you couldn’t answer the quesnon, try reading section 7.3 agam
Belore you fimsh this chapter. here’s another program for you to wnte:

Question

The program 15 10 plot a 20-by-2@ letter "X in the centre of the screen, then mimediataly ' Unplot™ it
The program should keep runining [pletting and tnplotting the letter X7} until the BREAK key is pressaed
You will need 1o lirst decide the coordinates of the positian of the letter

Try to make use of subroutines and FOR NEXT loaps
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Answer

 One of many solutions s

19 REM DRAW X CONTINUOUSLY

20 CLS

30 LET DRAW=1

40 GOSUB 100

50 LET DRAW=0

£0 GOSUB 100

70 GOTO 20

100 REM DRAW OR UNDRAW X
110 LET DIRECTION=
120 LET X=22

130 GOSUB 200

140 LET DIRECTION= =1
150 LET X=41

160 GOSUB 200

170 RETURN

200 REM DRAW OR UNDRAW 1 LINE

210 FOR Y=31TO 12 STEP - |
220 IF DRAW THEN PLOT X v

230 IF NOT DRAW THEN UNPLOT XY

240 LET X=X+ DIRECTION
250 NEXT v
260 RETURN

describe program
ready for running
tells us we're plottiing
subrouting ta plot X
unplot marker

now unplot the X
start agam

honzontal direction +
Start position on screen
draw one ing

revarse honz direction
start pasition

draw other line

end of subrouting

for 20 ines down screen
plot f required

othenvise unplal
next honzontal position
nexl vertcal position
end ol subrouting

| hope that Has given you a good example of many of the topics we've coverad up bntil now — the use
ol subroutines (nested), FOR NEXT lpops, expressions, graphics - you name it!

A pragram like this1s much easer 1o write when you've thought it out praperly in advance Thersis a
big templation to sit down and compose directly mto the ZXB1 — rasist this tempration

Summary

This chapter has been a fairly mixed bag of items - we've seen how subroutines miake programs
small and efficient, how 1o plot graphic-type pictures, and also learnt something new about the INPUT
pommand.

The basis for the whole chapter was 1o et you gradually bulld up the best part of a complate program,
leaming all these Ideas on the way

The next chapter takes us onto something that we've skimmed over up until now - the use of strings
lar text) in pregrams,

Meanwhile, have a browse over this list to make sure you're happy with what this chapter has told
you

—what a subrouting 1=, and now 1 can be used.
- the benefits to be gamed by using subroutings — this i called modulsr grogramiming.
~ how subroutines can set vanables to give a reply to the main body of the program
— that subroutines can be nested to maximise their efficiency
— how to use the graph-plotting facilities of the ZX81
- how any valid expression can be entered in as nput data
Exercises
1. Write'a program that caloulates the scale of the coordinates of a graph. The program shiould accept
thig data points, calculate the difference between maximum and minimum points and from this,
deduce the imit of one pixel

If you have a 1BK BAM pack, you may hke additionally to plot the coordinates with appropriate
scales alongside

138




Chapter 7

2 Take any paragraph from this course. and count the number -af times each letter occurs. Plot a bar
. chart of the frequency of ococurrence of each letter,
It you are teelng up to it. try the same program using paragraphs taken from different languages.
Compare the charts — you should discover that each language has a distinct pattern.
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Chapter 8
Handling Text Strings

Up until now, we've concentrated almast entirely on handling numbers and numeric expressions,
although we've seen how somae fairly interesting things can be dona!

This chapter deals entirely with strings. In section 1 we ook at how strings can be manipulated, while
section 2 studies the way strings are represented within the ZX81

8.1 STRING MANIPULATION

8.1/1 STRING VARIABLES

The anly real use of stnngs se far has bean-as part of PRINT commands, for example;
20 PRINT "HELLO THERE"

where the string expression "HELLD THERE™ enclosed in quotes is printed directly onto the scraen
Just as the ZXB1 can store values in a numeric variable, it can also store strings in string varables
A stnng vanable name can only be a maximum of a single letter (like contral variables in FOR/NEXT
loops), but they are followed by a dollar-sign § to tell the ZX81 that this vaniable is for holding text or
strings, nol numbers,
This sounds guite confusing at first, but take a look at these examples

LET AF=""HELLO THERE"

Because the variable name A is followed by 5, the ZX8) instantly knows that this is a string variable
used for holding stnngs rather than numbers. So it puts the words HELLO THERE into this varlable for
you to use later on

PRINT A%

MNow the ZX81 sees that you are trying to print some text, because the vanable name is followed by a 5
symbel The text held by vanable A% will be prnted on the screen — in this case HELLO THERE

Of course, varable A% can hald literally anything, since as we saw in Chapter 5, even those graphic
characters and imverse video characters can go in betwean gquotes, VWhatever is in‘quotes is held by AS,
and printed out when we say PRINT A3

Type those two lines in to cenvince yourself thatl they really work

We can also use the INPUT command to ask for a string from the keyboard just as we have done with
numbers up wtl now. Try this:

10 SCROLL

20 PRINT "ENTER SOMETHING"
30 INPUT A3

40 SCROLL

5O PRINT "YOU TYPED " A&

60 GOTO 1@

The SCROLL commands were put in 5o that you can keep going foras long as you like wathout arror 5.
The impartant lines are line 30 — which asks you 10 input vanable A% - and line 50 which prints it
straight back out at you! If you get error 5, then it's because the line you are trying to print out (in line 50)
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isto0 long to fit on the bottom line ~ SCROLL only leaves enough raom on the bottom of the screan for
ane line, so i you type in isay 50 characters, then the Z%81 can't fit 50 characters on one line!

You'll notice that whenever you use INPUT ina program 1e mput a string, that when the program is
run. two guotes symbols appear at the bottorm of the screen with the ﬁcursar in betweaen. This is
actually the ZX81's way of telling you that it s expecting a string rather than a number,

Question

You've sean that a stnng (as used ina PRINT s1atement betwesn quotes) can contain any characters at
all on the keyboard. There s one exception to this— ean you find it?
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Answer . |
The guates character (SHIFT/P) cannot be ussd within astring because it means 'the end of the string”
If you tried 1o type a guetes character into that last program, you'll have had a syniax Errﬂrﬁgwen 1o
Wi

8.1/2 THE QUOTE IMAGE

How can we get round thes? Obwiously, the quotes character can be guite a useful one. The answer is
the funny double-guotes character SHIFT/Q {this is called the quote image). IF the ZX81 sees one of
these nside a string, 1 automatically prints it out as a single quotes. Try this

PRINT "I AM A " "Zx81" * COMPUTER"

8.1/3 CONDITIONAL STRING EXPRESSIONS

Mowl we can store strings, print them and input them. Unless we can actdally manpulate them in some
widy, however, there 1sn't much paint i this

The ZX81 s equipped with some really useful features for mampulating strings. The rest of this
chapter will deal with all of these in detall — even down to understanding how the computer "sees”
letters - i1's not really the same as yod and me

First, let's study a bit about IF

Just as we can 1est for two numbers being the same or not, like

IF CECIL=7 THEN PRINT "THEY ARE EQUAL"
or
IF MILK PRICE<=20 THEN PRINT "“NC THEY ARE NOT"

we £an test o see if stnngs are equal or unegual Look at this:

50 IF AS="NO MORE'" THEN GOTO 200
60 IF OF<>"YES" THEN STOP

And sir on
You need 1o be a bit careful when you're doing this, because the ZXB1 checks far an exact match
Let's give it a try with another small program

10 INPUT T% '
20 IF T8="1 GOT IT RIGHT" THEN GOTO 56

30 GOTO 10

50 PRINT “AT LAST"

if wou try to enter things like

| GOT IT RITE
| GOT IT RIGHTER

you'll soon see that it's only when you type It exactly the same (including the number of spaces
batwesn words) that the ZXHE1 stops.

Question

Wite a amall program that asks if yvou would like anather game — assuming vou had just finished playing
one! The guestion should enly accept YES or MO, and any other answer 15 rejected. Assume, {or tha
purposes of this:queston, that by writmg GOTO 1000, the game wall start again.
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Answer
| expect your answer is guite different frony mine, but here goes

10 PRINT “'WOLILD YOLU LIKE ANGTHER GO (hice message)
20 INPUT Q3 iget your answer)
30 IF 0%="YES" THEN GOTO 1000 istart new game|
40 IF 0%="NO" THEN STD'F‘ tstop if no)

50 PRINT "ANSWER YES DR NO™ itk you aff)

60 GOTO 14 (tey again)

Haw did you da?

If you forgot to put a § symbal after your variable names (which must be a singie letter for string
vanables), then road soction 8 1/1 again,

Pernaps you had trouble writing those IF statements. Try reading sechion 8.1/3 again

8.1/4 CONCATENATION

Another useful tnek we can try s to join two stnngs together making one big string. This s done by
using the "+ " laddition} symbaol Like so;

10 LET G$="ABC"
20 LET H3=0G%+"DEF"
30 PRINT HE

and line 3@ will give the print ABCDEF. Nice, huh?

You can't multiply, drade or subtract, but you can add. It doesn™t mean quite the same as you're used
to, but when you have a think about what the ZX81 15 doing, It /s consistent, The proper name far this is
concatanation,

We'll leave this for & rinute to consider a bit mare aboul the way the ZX81 is warking things out

8.1/6 STRING EXPRESSIONS

In Chapter 1, you wera introduced to the idea of numeric expressions and how they represent a value.
In just the same way, we must now undersiand the meaning of a strng expressian,
A sinng expression represents a string, and |f printed, will print a string. Here are some examples of
string expressions

Ad
"ROMEQ, ROMEQ"
G384+ "DEF"

In fact; if there is a 5 symbol around, or something in quotes, then it must be a stnng expression. Just
as LUCK®3 15 a numenc expression, so HS+ “DEF" i3 a stnng expression, that in our earlier example
stood for the stnng ABCDEF

Gat the dea?
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Question ;
Which of the foliowing are numeric expressions and which are string expressions, and which are
neither? Two are also mvalid — an you spot them?

(il GS

() 4711333

(i} 324 "'STRING™"

livl "THEATRET"

vl THEATRE7

fwil “THEATRE"/MT"
[vill STOP
fwin} “JOHNY - WAYNE!
%] THEN
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Answer . =

{1} string

il numeric

tinl imvalid

livl string

vl numeric (in this case THEATRE |s a vanable name!)

vt Irvalid

ivil nerher — it's a command

ivinl string

{ix) nesther — it's part of the IF command

| hope that wasn't too taxing. If vour answers were wrong, then you should read Chapter 1 section 1.3
"Wanables” and section B 1/5 owver again. Try to get it clear In your mind what these various
"expressions’” are representing.

8.1/6 STRING FUNCTIONS

Maw that vou ve grasped (hopefully) the idea of a string expression, we can introduce
string functions.

These funny things operate on numen: expressions to produce string results.

Ina sivilar weay, the numeanc functions operate on numbers to produce a numeric result — far example
the INT function operates on the following numeric expression to give the INTeger value |l e all degimal
fractions have been removed)

Let's take the

STRS function.
Notice how the name of the function is followed by a $ symbol This immediately tells you that the
result of this function |s a string and can only be assigned to a stnng vanable.
The STR$ funcuon converts the following numenc expression into its eguivalent string form
30

LET N$=STRS 45

e

&)

i5 the same as writing [
LET N$="48"
| know what you're saying — "Why bother using the STRS function, when | can just write it the other
way "
Well, Just try wriling

LET N3=5TR$ (LLICKY"*2000.972)

the other way. You'll soon see why STRS 15 worthwhile:
Untl we've covered some more ground with strings, the full beneafits of the STRS function will not be
very clear 1o you. However, you'll at least be aware of what a string function is when you see one.
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Question .
Although you don’t understand what other stnng functions can do just yet, vou should be able to
recognise them when you see them.

Which of the following items are stpng functions, which are numenc functions, and which arg
nigithar? You may look at the keyboard i you wish

[il STRS

i} TAN

Ll INKEYS
livl HE+"DEE"
{w] VAL

lvil CHRS

149




Chapier 8

Answer
iy =string function
i numenc function
i) string function
livh neither — it's a string expression
vl numisne function
ivib string function

If your answers were wrong, then perhaps you can now see why, although if you had trouble, then try
reading sections 8.1/4 to 8.1/6 over again.

8.1/7 SLICING

Mow we come 1o one of the more mteresting leatures of strings.

The ZXB1 is such a clever beast that it can look at individual letters or characters inside a string. Here's
how we go about it

Whenever we want to look &t & certain letter inside a string, we put a number i brackets after the
vanable name (or after the string expression, 1o be precise). So we can look at the first letter ina stnng
by weriming

G501}
or we can leok at the filth letter by writing:
H3(5)

The variable names are irrelevant — the point of tis the number in brackets that follows the varable
NAme.
Type this in:

10 PRINT "ENTER A STRING"';

20 INPUT N&

30 PRINT M3

4@ PRINT "THE FIRST LETTER IS",N&(1)
50 GOTO 18

Mowe run it and comvince yourself that it actually works|

There is anly one small point towatch out for. f you press the NEWLINE key without typing anything
i between the quotes, you have effectively not got a first letter. The ZX81 realises that thers is no first
letter, and so gives an error 3. IF you look up error 2 a1 the end of the book, it gives a really complicated
descnption of something, Don't worry for now, you'll understand a bit more after the next chapter.

What makes this so nice is that the number in brackets can be - vou've guessed it — any numeric
expression, This means we can pick out any letter we like Think about it for a mament. There is only
one disadvantage — if we get error 3 whenever we try 10 et a letter that's not there, and we don't know
how long the string is, how can we ever make good use of this feature?

8.1/8 THE LEN FUNCTION

There's a special function in the ZX81 that gets us out of this problem It's called

LEN lunder the K key)
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and it requires a string expression after 1. The LEN function tells us how fong the stnng is. It gives a
numerc result. Look at this;

10 PRINT "ENTER A STHING™,;

20 INPUT NE

30 PRINT N

40 PRINT "YOUR STRING HAD", LEN ME."LETTERS"
50 GOTO 10

Ifyou're clever, you don't need to type the whole program in again — tha previous example had the sams
first three lines and last ling, 5o all vou need o do s enter the new ling 40,

S0 now we can see how many letters there are In a stning and make sure that we don't look beyond
the end of it This effectively stops us from getting error 3 when we're Using brackets to take a letter
[rom a string

Thiz single letter we've taken is referred fo as a shce; because 1115 ke a shice out of a cake:

Question
Taking the following program, can you add some extra lines to make it prnt each letier of the vanable
W an a different line of the display? Here's a sample run so that you can see what | mean

_|

HE WORD IS CONSTABLE

Mm@ =t =

D/9R54
Hera's the program

10 LET W$="CONSTABLE"
20 PRINT "THE WORD 15" W3
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Answer
Your best approach is to use @ FOR/NEXT loop, although to use GOTO = not really much different

10 LET Ws="CONSTABLE" las given)|
20 PRINT "THE WORE 158" ;W5 las given)
100 FOR 5=1 TO LEN W% set up loop starting &t 1, going

through to the last letter in WE, smce
LEN W§ indicates the last letter)

110 PRINT W3(5) fprint the next lettén)
120 NEXT 5 inext letter)
89999 STOP {all done)

Den't be too alarmed At this stage if your program didn't work exactly s intended.
[T you had problems, then | suggest vou type that solution in and run it \Watch what happens, Then
read sectiong 8,1/7 and 8.1/8 once more to make it-all a bit clearer

8.1/9 SUBSTRINGS

You've seen how to get an individual letter out of a sting, but what about getting a group of letters?
Oneway of doing this is to use a small FOR loop to 1ake each letter (like the solution abovel and join
them all together using thie + symbol, like so

Assurming the string variable VE cantains the string "HORACE", we want 1o get the letters ORA into 3
string varable P3 That s, we wanl to take out the second letter up 1o the Tourth letter and put it into
PE

5 LET VE="HORACE"

1@ LET PE="" {set up P% as "empiy'' = no letters)
tmore on thes later)
0 FOR L=2TO 4 itor each letter from no. 2w 4)
30 LET PE=P3+\SiL) add next letter onta PE
40 NEXT L {next letter)
100 PRINT P35

Does that all make sense? Ling 10 is particularly important. If we left line 10 out, then when the
program is run, the ZX81 would give error 2 at line 30, Why?

Because the statement LET PS=P5+V3IL) relies on PS existing before it can work, The staterment
means "'lake the variable P35, add the Lth letter from variable V$ to the end of it. and put the answer back
into PS"

But the ZX81 can only do this T variable PE exists already, So line 10 is necessary in order far the
program to work. What exactly does hne 10 do?

It 5215 up string vanable PS as the empary strng,

You must remember that there s a big difference between a vanable that exsts but contains no
characters, and a vanable that doas notl exist,

Question
See how you get on with this

lal What would you expect the LEN function to give you if it were used on an empty string? 4An
example;

18 LET Fa=""
20 PRINT LEN P&

(b) How do you think that you could test for an empty sting?
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Answer :
It vou spotted (1, then very good The second par of that question was really another way of asking the
first par,

fal AN emipty stnng would give LEN equal to rero
b} There are two ways:

IF LEN x5=0 THEN
and
IF X3="""THEN
but weatch outl - the ™'
twice,
The SHIFT/Q deuble-guotes 15 enly ever used if you want to pnnt oul a quotes character within a
string. Look back atl section 8:1/2 if you're unsure
Those questions hopefully made you think a it about the nature ol strings inside the 2X81 If you
found them impossible. then read section 8:1/2 over again.
What that example was leading 0 was to show a better way of getting groups of letters out of a
string. We can write something like!
18 LET VS5="HORACE"
20 PRINT V&{2 TO 4)

“used m all these examples s not the character SHIFT/Q — it 15 SHIFT/P pressed

and those twao lines replaca the whole pragram shawn on the |last page, Line 20 says 'take the second
to fourth characters from the string expression V% and print them”
But there 18 no reason why we can't say

20 LET PE=V3%iZ TO 4}
or even
20 LET PE=VEJIMMY TO FREDDY)

provided that JIMMY and FREDDY are both previously defined numenc vanables, and that the values of
JIMIMY angd FREDDY are characters that exist in the string VB, othenwise you'll get that rotten error 3
again

The figuras in bracke1s only restrict the size of the string expression, so that V(2 TO 4} is stilla string
e¥pression This means we can write something hike:

10 LET Y$="HORACE"
20 LET V5(2 TO 4)=""XY¥Z"
30 PRINT V3

and the ZXEB1 will print HXYZCE. This feature can be extramely useful

Question
Write down what you would éxpect the fellowing small examples te give!

{il PRINT "ALPHABET" |6 TO 8
[iit LET X=2
LET Y=6
LET FE="HORTICULTURE"
PRINT F3{xX TO Y}
(i} Again, using F&="HORTICULTURE" fram guestian (i,
PRINT FE{Y TO 13}
tv) Sl using F5,
LET F3(1 TO 2)="PA"
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Answer

(i BET

iy QRTIC

L} error 3; sinee 13 is beyond the length of BORTICULTURE
(v} PARTICULTURE

If your answers were wiang (or even one of them), read sections 8 1/7 to 8.1/9 again

8.2 STRING REPRESENTATION

8.2/1 HOW THE ZX81 SEES STRINGS

When | started writing this course, | vowed that it would not get too technical, because computers are
such complicated animals to fully understand. As far as you are concerned, whatever the ZX81 does
inside |3 completely its own business!

At this point, however, we need to think a little bit about how the ZX81 "sees" things like numbers
and latters, because this 1s one area where strings can be made full use of

It you can't undersiand this section, or don'twant to, then you'll certainly have enounh understanding
of strings in order to write some extremely useful programs. Bul don't let me put you off, since what
tollows is probably one of the most interesting sides to computers, '

The ZXB1, in common with all other computers, does not really. understand English at all It always
waorks i numbers, and merely reserves special numbers (called eode numbers) ta represent |etters and
characters. So while you are entering lettars and characters, the ZX81 Is translating them into the code
nurmbers that it can waork on

Howe can we see what the Z¥81 thinks each character is?

I've included a small program that you can run:

LOAD "CODES™

When you run it, it shows you two things on each line

First 15 a-normial number, which starts at zero, and goes up by one on each new line as the program
runs. (Run it now so that you can see what | mean.)

Second 1s the charactar which the ZX81 connects with this code number. So when you see the line:

38 REPRESENTS A

this tells you that the ZX81 connects the code number 38 with the character “A” Note that | use the
waord character, because as far as the ZX21 is concerned, what we call "the letter A" is merely another
character — as s the symbol * or * or any other of the items on the keyboard.

OK, OK, | know | said it would be tricky, but if you haven't followed that bit 100 well, don't panic,

The program “CODES" has a couple of features you may like. |f you see samething interesting on the
screen, then |ust press any key lexcept BREAK), The screen will stop for about 10 seconds, then carry
on again. If you press another key while it's pausing, then it will carry on even though the 10 seconds
aren't up: Have a go

That "stopping” and “starting” feature makes use of strings (believe it ar notl), and you'll soon see
how It's done

Watch the scresn as all the various characters go up. You'll see all the items on the keyboard
fincluding the keywaords like STOP, RUN, etc and the functions fike ABS, LEN) gradually appear. The
alphabet is there, and all the numbers from @ to 9. Notice how these numbers (0 to 9) are represented by
a different value This is because the ZX81 sees “5" as a character, and not a value.

There are a lot of numbers that show “REPRESENTS 7" These are where the Z%81 does not have
any equivalent character to carrespond to. the particular number,

50 now we've seen tha! the code value of the character A is 38

How can we make good use of this? There are many ways, but the most important of these s .
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8.2/2 STRING COMPARISON

Two characters can be compared 5o that we can $ee i one character has a larger or smaller value than
anather character, and therefore we can put characters nto a sort of sequence.
Whenever you ask the ZXB1 a question |ike

IF H5="ABCDEF" THEN GOTO &0

the ZXB1 looks to see if the code value of each letter in the strings are identical Although it amounts 1o
the same thing 1o us, it does have more Hexibility whan it comes to wnting things like:

IF HS="ABCDEF" THEN GOTO &0

because we can see what the ZX81 will da

Suppliet with your ZX871 was o handbook giving full details of all that the ZX81 can and can't do. 1 vou
turn to the end of this handbook —page 181 — you'll see Appendix A |ists each of the ZX87 characters
and the code value that goes with each character lignore the other colurmns — they wor'| concearn us In
this course|

Try yvour hand a1 these!

Cuestion

Say whether you think the following conditions are true or false: As an example; | will answer the first

one tor you

i) s A" < "[@" linverse 0)?
[do you remamber what <>, <> >= and <= mean? Look back 1o secnon 3 .2/3 f you can'l)
Answer: Yes. Since we know that the ZX81 compares the code value of each character in a string
one-by-one (see above), all we need to do 16 answer this question is ta see if the code value for A
[which is 38 — lgok it up in Appendix A of the ZX81 Handboak) is less than the code value for an
Invarse D, which is 156 Since 38 |s less than 156, the answer s

Yes, A" 15 jess than "Il (inverse 0.

fil) Is"@" ="+"7

il 15 "AAY == "AB"?

liv) Is "B" < “E£77
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Answers

[} we've already answerad this one

(), Yes— code of 0" 15 B4, and code of "+ 1521

it Ma. This may have caused you & problem, Remember that the ZX81 compares one-at-a-time, so
first it says 'ls code A" greater than or equal to code A”?' The answer is that they are equal, so 1t
carmes on to the naxf pair of characters Now 1t asks 'ls code A" greater than or equal 1o cade 'B"'7
Thiz time the answer s No, since code:"'A" 15 38 and code "B’ 15 39

il Mo Codevalugof 67 15 34 and the code value of "E" 1512 Therefore the code valueof "6 is

areaterthan the code value of "£"

I yaur answers 1o parts (i) and () were correct than you deserve a gold medall

Itis very easy 10 make a mistake in answermag guestions like those, and you are not expectad 1o learn
all the dilferent code values for each character, f you didn’t undersiand them a1 all, try reading that
saction over again in the light of experence Look st the “CORES’ program running, and check that the
results agree with Appendix & in the Handbook

| expect that by now, you-are probably itching to see bow you can use all this informanon

8.2/3 THE CODE AND CHR$ FUNCTIONS

There are two functions that let you make full use of the way the ZX81 handles its characiers insida
These are:

CODE =

where 5 represents a 5inng expression
CODE gives a numeric result which is the ZXB1's code number corresponding te the first character in
the string expression that follows. Mang an a minute and you'll see some examples
The athar function 15
CHRS n

where n represents any numenc expression. What do you know about a function that has a $ symbol?
The answer s that it is.a stnng tunetion. The CHRS functon gives you the character that corresponds
1o the following numeric expression '
Here are a couple of examples to. show you what they both mean

CODE A" gives the value 38

CODE "ARBC™ also gives the value 38 since the CODE function anly looks
at the first character

CODE '"£" gives the value 12

CHR$ 3¢ glves the character “A'" as a single letter stning.

CHRS 1248 glves a black sguare — look in Appendic 4 to see whal

character comresponds 1o the code value 128
Since the ZX81 only has characters with codes in between 0 and 255, if you try to write
CHR$ 256

or anything greater than 256, you'll get an errar B. This means that the ZXB1 cannot give you any such
character

CQuestion
What would you expect the two following examples to give?

il CODE |CHRS 38)
(il CHR% (CODE "A")
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Answer

i) 38

i A

The reason is simple Part (i) asks you 1o give the CODE of the character whose code is 38 (CHRS 38
This must he 38!

By the same logic, but with the functions revarsed, part il asks you to give 1he character (CHRS)
whose code 15 the code of the character A’ (CODE "A") — and that must be A"

Sorry of wou thought that was a bitot & tnck guestion, but it was meant 1o show you that CHRS and
CODE are really just the opposite of each oter.

One gives you the code value of @ characier, the other gives you the charatter thiat corresponds 1o the
grven code valug

If your answer was wrong. or you just couldn’t answer. try reading section 8.2/2 again

8.2/4 THE VAL FUNCTION

Here's another new function which 15 the opposite of STRS
VAL s

again. s represants any stnng expression. VAL awves you the numene equivalent of the fallowing sting
Have care. because the numenc equivalent is nor the same as the code value Loak:

PRINT VAL 123458

would print 123458 on the screen
You can't multiply strings. but yvou can mulbiply. the VAL equivalent of & stnng. for example

LET M5="200"
PRINT VAL MNE=3

would print BOG. The VAL function has converted the stnng into 11s numernc eguivaient.
Ore point o wateh with VAL 15 that yvou'll get an errar C I the sting is not a number! 5o

PRINT VAL "4Z5E"*30

gives:an eror C (Who wants: o multiply 4258 by 30 anyway?)

A good use of the VAL funetion is to allow you in a program Lo sccept a sinng vanable from the
kevboard and convert it to-a number. This allows you to enter mixed text and numbers mto a program
and sort therm out 1o see what was typed

8.2/5 A FULL EXAMPLE

One last program for yvou You are going to wnite the same program, but it's supplied on tape for you to
look at, should you get stuck

Question
LOAD “SWOFPER"

There |s nio nead to type RUN for this program — it will adtomatically start as soon as it leads. [This Is
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so that you can't have a sneaky look at the program before you write jt!)

The program Invites you to enter a string. [t then prints the same string back at you, but with all the
letters (or characters) reversed.

When you've had enaugh, just press NEWLINE. The program realises that you haven't typed anything
and so it stops

Have a go 1o see what |t does, then you write i1,
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Answer )
Look @t the program on the scteen 1o see how it's written, You can get at the listing by stopping the
program (refer back to the question) '

This prograrm can be wotten in hundreds of different ways — my own persenal preference is to use
FOR/NEXT loops whersver possinle. My reasans?

Firstly it helps to reduce the size of the program — which on the basic ZX81 is something that you
should always watch oul for. 11 does not take g very big program o fill up the £X81's memory

Secondly, FOR lpops help to keep all the code in one neat “parcel’” that gan be mentally put 1o one
side. The line FOR introduces quite tidily the following ines. If GOTO's are used, however, you have to
read through the lings-of program beiore vou find cutwhat the loop control s Here's justa tiny example
of what | mean:

Program (a) Program (b)
18 LET X=1 10 FOR X=1TO 20
20 PRINT 20 PRINT X
30 LET X=X+1 30 NEXT X

40 IF X=20 THEN GOTO 22

Cuite apart from the fact that (bl s shorter, italso talls you In the very first ing that the following linas
are to be repeated for each valus of X from 110 200 Program {2) does not have the same ease of reading
—It's net until ing 48 that yvou realise that the previous lings are repeated for all values of X from 1 to 20

Finally, FOR loops avoid using direct line numbers Although they cannot be totally avoided in a
program, 1o keep the guantity of line numbers to 2 minimum |5 a good practice as the changes reqguired
to a program becorne morg manageable when you don't have to keap checking on sach GOTO
constanily

Lecture tme s over now, How did your varsion of "SWORPER'" work? If it did the job; then that's
what really mattars lor now The more programs you write and the more you study other programmers’
works the better your own will become

It you had preblems writng "SWOPPER" then you should-spenda it more time understanding the
nature: of sinngs, Read this chapter again

Perhaps you would like to study FOR loops again. These wera covered in Chapter 4, section 4.2
“lteration (2}

Summary
Once again, this has been quite an intense chapler for you and i you've followed it all then you are
cartainly wall on the way to wnting yvour own full grograms The computer version of the garms
"Mastermind’' is now within your capabilities, but don't try 1o write 1t just yet! Following chapters will
add extra depth to your skills — especially the next one, which 15 concemed with areays {all will be
revealed!)

But just take a last ngenng look at the content of this:chapter. If you're unhappy with any part of it,
then now s the ime to read that section over agamn

We've seen:

— that strings can be used ina sinular way to numenc exprassions; they can be held in string variables,
tested, manipulated and printed

— hiow two lor mare) strings can be concatenated.
—what a string expression means, and how 10 recognise @ sthing function

how individual characters or groups of characters (called Vslices™) can be extracted from a string or
enterad into-a string without disturbang any other part of the sinng

- how the Zx81 "sees’ a stning. and how this can be used 1o good advantage when we want the
ZX81 1o compare two strings.

Exercises

1. Wirite 8 program that asks for a sining to be antered, then extracts all the vowels from the string and
prints it
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2. The £X81 normally shows letters as "black-on-white”, but you can reverse this by adding 128 1o the
code of the character (see Sinclar Handbook, Appendix A) Write a program that asks for a string to
be entered, then prints the string i “white-on-black™ characters (uslally called inverse video),

=+ Create a program which allows you 1o "draw” pictures. The program should input twao numbers

iwhich corresponds (o a position on the screen) and a string which is to be printed at this point. As
mare and mare strings are entered and printed, so the screen can be gradually made into a picture:
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Chapter 9

Arrays

This chapter introduces the last major topic in the course — all subsaguent chapters merely strengthen
some of the ideas that have been introduced as we've gone along. The first section in the chapter deals
with string arrays, using @ program to demonstrate how much casier they can make ceriain typas of
PrOGrams

seenon 2 deals with numenc arrays, again using programs from cassette 16 show how they can be
utised

9.1 STRING ARRAYS
9.1/1 AN EXAMPLE PROGRAM

Let's start now with trying to dentfy what an array 15 and why it should be used.

From esxpenence, the two topics that most beginners find hard are subroutines and arrays — the
former because it s always possible 1o wite a program such that subroutines are not needed iglthough
the program will most likaly sufferl) and the latler (arrayvs) becatise it Seoms bard to know exditly when
arrays ean or should be used

We're going to work our way graduslly into a position where it 1S more of less impossible ta write d
program without using an array, This will hopefully give you a clear picture of what an array really is and
what it does for 8 program

The program is concerned with people living in a certam streat, Subscript Street in Bamstown

This street only has 8 houses, since it connects two other main roads togather but still, the pestman
always has great difficulty In remembenng which house has which family living in 11, Worse sull, each
house has no number — they are all called by a name

Being a rather smart postman, he decided to chalk numbers onto each of the front gates tse that the
ogcupants wouldn't notice, of coursel and he ended up with something like this

House number Mame of house Family name

1 Crunrcarmin Jdones

b Larne End Smith

3 Hillview Black

4 Hadenuff Brown

5 Mextdoor Walters

g Alcazar Evans

7 Whynot Taylar

8 Clifhtops MePhee

This was all vary well, but still it didn’t tell hirm whe lived where, since no letters ever had his spacial
"housa number’” on them

50 he bought himself a ZX81 (surprise, surpnse) and decided to write 3 small program which would
halp him to remember which house had which family in

He decided that each night he would run this program until he could reel the names of the houses and
families off the top of his head (0K — | know 81sn'ta lot to learn, but just remember that this limit s arly
set by me 1o make it all manageable. There could equally be 200 houses)

This is where he got stuck. It would be nice it he could type in either a number, housa name or family
name and get the rest of the information out. But a program like that would go on for ages — imaging
trymg to write it!

Question

Don’t pamc! I'm not going to ask you to write the whole program — just a few lines

Write down just the outiine of 2 prearam which would skiow the house name and farmily narme given
any house number Here's a sample run just to show what | mean

ENTER HOUSE NUMBER ;3
HOUSE - HILLVIEW
FAMILY  BLACK

8:9594
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Answer ; =
Your program probabily looked someathing like:

10 PRINT "ENTER-HOUSE NUMBER ;"

20 INPUT M

30 PRINT K

40 IF N=1 THEN PRINT "HOUSE: DUNRDAMIN", “"FAMILY:JONES"
50 IF N=2 THEN PRINT "HOLUSE LAME END", "FAMILY: SMITH"

110 IF N=8 THEN PRINT "'HOUSE:CLIFFTOPS","FAMILY MCPHEE"
ar

10 PRINT "ENTER HOUSE NUMBER ',

20 INPUT N

30 PRINT N

40 PRINT "HOUSE ",

50 IF N=1 THEN PRINT "DUNROAMIN'

B0 IF N=2 THEN PRINT "LANE END"

110 IF N=8 THEN PRINT "CLIFFTORS"
120 PRINT “FAMILY:",

130 IF N=1 THEN PRINT ""JOMNES"
140 IF N=2 THEN PRINT ""ShITH"

210 IF N=8 THEN PRINT "MCPHEE"

Well You have 1o admit that they're both long-winded, How did vour answer shape Jup? | expect you
got bored writing that lot out, so you gave up and looked at the answer, didn't you?

Sormy to disappomnt you, bul 5o far, you know of no ether way of wnting such a program (it your
memary 15 really good, then you might have tned using a condittonal GOTO — refer to Chapter 3

But there's no getting away from it [t's a boring drudgery 1o write a program like that

9:1/2 INTRODUCING THE ARRAY B

This is where arrays ¢come in

Wouldn™t it be nice to say to the ZXB1 - "just print me out the details of house number 27

We can Here's a small comparison of how it's dane.

I the last chapter, you saw how an individual character can be taken out of a stning by using a slice,
for example

PRINT V& {2}
cwhich prints the second character fram VS
With a string array [which s what we are refernng to in our "postman’’ problem) we can sel up an
array consisting ofa quantity of independent strings and then take out any one of them. The cormmand
that sets up the array is:
DIM {on the D key)
... and this tells the ZX81 how many items you want to store in your array. We would write:
DIM H$ (€,9) @
This says ""Heserve eight string variables which gach hold nine characiers!
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By ther writing:

PRINT H5 {2)

the ZX81 will print out not just one character, but nine — the whole of the secand stning {as indicated
by the number 2} |f we wanted t© print the fourth character fram this-second string, we could write:

PRINT H% {24

All the DIM commiand has done is to extend our slices from characters 1o whale strings

9.1/3 LOOKING AT THE PROGRAM

Let's help the postman out and look at a program that lets hem enter all his house names and farmily
names nto the ZX87,

LOAD "MNAMES"

When the prograrm is loaded. it automatically starts running. This is because | have already entered all
the names given above and | don't want you to wipe them out straight away! Don't forget — whenever
you type RUN, the Zx81 clears out all the variables that exist. This was covered in Chapter 6

If you make a mistake |t doesn't matter as you can always load the program back in again.

Eirst of all the program lists the names of the houses and families for you to see, then it stops lerror @)
Press MEWLINE to leok at the grogram listing,

The program (with all the names| only just fits Into the basic ZX81, so unless you've got the RAM
expansion pack. you may find it.a bit slow maoving around the program 1o seewhat's geing on. It will help
if vou type FAST before you go too far

Lines 30 and 40 set up twe string arrays HS and F$. Stning arrays can only have a single letter variable
name followed by & § symbol of course)

Array HE 1s used to hold the house names. Ling 30 says ""Create an array called HS which contains 8
stnngs each with 9 characters” . QOur original notes above said that there were only 8 houses in the
street, so there would be no point in creating an array of any mare than 8 strings. The |longest house
naime is-nine charactars — look back and check for yourself

Question
How many strings does line 40 set up and how long is each string?
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Answer
DIM F3 (8,71 setsup'8 strings, gach 7 characters long

I your answer was wrong, you should read section 8.1/2 again.

Let's garmy an'with the program. Line B clears thescreen and ings 100150 take a numiber from the
keyboard and check that it 1sin the range 1 to B I not, then the number 15 printed out followed by a
guestion miark-and the program tries to get another number instead This variable N is guite impartant, It
holds the house number that we wish 1o affect in some way. Lines 200-220 ask for a house name 10 be
enterad — but what's this? Line 210 says INPUT HSIN)! What does that mean? Have a think. We know
that N contains the house number — as an example, assume we've entered number 2. Line 210 says
“Input a string fram the keybeoard {since the variable name has a $) and put it mto the Nth string in array
H% —since N s 2, put 1t w HE (24

So the result of this is that the second string in array HS has been entered lrom the keyboard. Got it7 If
not, don't worny too much as you'll soon have a go at putting same in yoursalf 1o 2ee what happens. But
hang-on lor just & bt longer

Lines 380-320 do a similar job-on the array FE - this umet's a family name that's being entered.

Lines B0Q-530 ask if you want ta enter any more! [T you type "N then the program will stop. Any
othar answear i taken to mean that you wish 10 contmue. Line 520 is guite complicated — it says:

IF LEN Y%=>0 THEN IF ¥%{7|="N" THEN STOP

This will probably stump you at first. The meaning of this line is as fallows:

1 |5 the length of ¥§ <> 07 No — then drop through to the next ling number (in this case 530) and
ignare the rest of these steps

2 mince the ZX81 has reached this far, the lenath of Y& must be non-zero — 1.8 something has been
typed in.

3 Is thé first character of Y& equal to thes character "N I the answar is no, then ignore any more of
these steps - drop through 1o line 530

4 Simce the 281 has reached this far, the length of ¥$ must be non-2em and the first characier s N
— i1 which case STOP

Why nat just wnte
IF LEM ¥E<>0 AND Y3(1|="N" THEN STOP

Just think what would happen if nothing was entered into Y5 (.2 it's an empty sting). LEN Y8 would
equal zero - that's OK, but YE1) would then give error 3 because the string has not got a first character
in it Catch 22!

You could wile the same thing using a senes.of IF statements and GOTO statements. but it would
take up a lot more reorn. The program’ s big- enough already |

On owaith our program,

Lines 600-630 area sell-contamed program that list gach of the items in arrays HS, and FS on the
sereen for you to see. Each ling shows thehouse number X, the house mame HE0X) and the family name
FRiX]

Ling 700 15 a “load-and-go’ routine descnbed in Chapter 6.

We've now unpicked the pregram. Have a go at changing a few names to get the feel of what the
arrays HS and F$ are doing,

Type

GOTO 600
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This will list out all the names of houses and familles for you. Try it now
If you want to change any names, then type:

GOTO 50

DO NOT TYPE RUN — it will clear out all the names that are in the program

The program will ask you to enter the house number that vou wish to alter. Enter & number between 1
and 8, then the program will ask you 10 enter the house name and the family name. It then asks if you
want 1o change any more. If you type anything beginning with "N, the program will stop. Otherwise it
asks you to enter anethéar house number

Change some of the names then type GOTO 600 again 1o list them out. See how they've changed.

Question

Qur postman wanted a way of just typing & house number and the ZX81 would tell him the name of
the house and the family living there The program you are playing with {"NAMES"'} can do this if only
two lines of the program are removed

Which two?

Here's an examiple run of what he wants:

HOUSE NUMBER? 3

HOUSE NAME: HILLVIEWY
FAMILY NAME BLACK
MORE? N

9/h2d
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Answer

By removing lings 218 and 310 the program will work as the pestman wanted.

it you don't believe me— try 1t! &l you've done 15 to: stop the ZX81 from asking for a new name to be
enterad. [t still pnnts the old one

Wasvour answer wrong? If so; then look closely at the pregram to see what it's dong with these twao
linas removed.

9.1/4 SUBSCRIPTS

Mow you've seen how arrays can save you pragram time and space (think back 10 the very first guestion
in this chapter), it's time to move on

Stnng arrays have been introduced first because the last chapter had already given you some clugs on
arrays when 'shoes’ weare covered

Befare we get going on numernc arrays, you need to understand another bit of jargon

Whenever we write something llke:

HsiX] or FSIAR)
the expressions inside the brackets are called
subsarizls
In these examples X4 and B are all subscripis. & common way of reading an expression like HR(X) 15
"wariable HE subscripted by X'
Motice how important it 15 1o get the subscripts the correct way round when more than one is

invelved. Look at this:

DIM RE {4,6]
PRINT HE (2 3} and PRINT HE (3.2}

are entirely different HE2,3) prints the third character from the second string while HSI3 2] prints
the second character from the third string, Pictarially, this is:

DIM H%{4.6

Six CHATACTars —
HElx, 1) HEx2) HEx3 Hixd) HEx5 HEx8)

- - - = - =
Hel1x—~ | 131 | 1.z | 13 14 1:5 1.6 | " HE(1)
He(Zx)— | 271 | 22 | 23 | 24 | 25 | 28 E E HS(21
H$(3 x}— 3 32 | 33 | 34 | 385 3.6 Ir'l '2 33
HE[L, %) — 41 | 42 | 43 | 44 45 4.6 TS HE(4)

So you can now see quite easily why HE(2,3) and HES.2) are so different
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e Question
Look at this program:

Wiite down what you think the following statements would do;

14}
[vib
[}

[l

10 DIM 5515 6]

20 LET 5%(1i="FHEDDY"
30 LET 53({2}="JEREMY"
40 LET S8(31="JAGUAR"

50 PRINT 5Ei2 3|
50 PRINT 5%(3,2
53 PRINT S5{3)
50 FOR X=1TO &
50 PRINT 55(3, %),
70 NEXT X

80 PRINT

Chaptar 9
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Answer
iy R
lih A
) - JAGLIAR
vl JAGUAR

Hew well tid you do? If all your answers were correct, then you've dane well If some of them were
wrong, read section 9 1/4 again If they were affwrong, or you just can’t get to grips with these arrays;
read the whole of sectien 9,1 agair

9.2 NUMERIC ARRAYS

9.2/1 ANOTHER EXAMPLE

Cnee agan. | shall give you a parallel example 1o look at This time, the program comes in two parts. It's
quite adventurous and involves some interesting techmiques, so vou'll be leaming a ot from this
axampla '

The program |s far our postman once more — he's really having some problems! This time, he's using
tis £¥B1 1o work out first and second class letter rates

If you've ever tnied to work oul how much it costs to send a letter, then you'll understand why he
reeds a computer to do it! It all depends on the weight of the letter. Using the postage rates set up on
2Bth January 1981, a first ¢lass stamp for a letter not heavier than 50 gms costs 14 pence, The same
weight of letter, but sent second ¢lass costs 115 pence.

s the weght of the letter goes up, so does the cost

Let's look at the first part of the program
LOAD "CHEATE"

The reason that this program (sn twao parts s simply because it's too large 1o fit into the basic ZXB81
You'll soon see how it's done
List the program

You'll see lines 100 and 110 use the DIM command to set up two arrays — but here's something new
— line 10@ does not set up a string array There's no § symbaol |t is setting up a numeric array. What's
that?

Just as you have seen how a string array of 4 strings each containing 6 characters can be defined by
DIM 5514.6), s0 you can define a numeric array consisting of four sets of six numenc vanables by stating
DIM Lid 6)

Instead of helding characters, the array 15 holding numbers We can use any of the 8 *d | =24)
slements Just ke they were numernc vanables

Lat's see how this works m practice.
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The GPQ letter rates have 12 different weight limits hike this:

Letter weight 15t class 2ndl class

lgms) {pencel [pence)

50 14 11.56

103 20 15:5
150 26 19
200 32 2d
250 38 30
300G 44 36
350 a1 A3
400 58 48
450 65 53
503 72 58
760 108 87
10048 144 g8/

If your letier weighs 148gms, a first class stamp will cost 26 pence and second class 18 pence,
Second class maximum s 750gms, and although |etters heavier than 1000gms can be sent, this
particular program doas not cater for them,

so for gach of twelve categonas, we want 10 hold three valugs — the weight limi, first class price-and
second class prce. Now look back to ling 100 in the "CREATE" program. What does it say?

DIM Li123)

Thes correspands 1o our 12 categones with three values The numerne array can then be buil up so
that it holds sll the table shown above And the program "CREATE" lets you do this Carry on for a bit

longer

Line 118 introduces a siring array of thres sirinas each containing 9 characters

Lines 120 to 148 set up the three strnings in the stnng array

Ling 280 introduces a FOR loop that oycles 12 tmes —once for each category. The control vanable W
will be uzed 1o enter the thres values into the appropniate caiegory of the numernc array,

The crux ef the program s in lines 220 to 260. These lines are a FOR loop that ask for the three values
waight, 151 class rate and 2nd class rate Let's unravel this mare clossly,

Line 210 initially sets control variable | 1o 1.

Line 220 then prints the first string {since |=11 from array MS — this is the string "WEIGHT™ - followed
by a semi-celan {more to be pninted on this linek

Line 240 asks for array element LIW,|} 1o be entered.

Yanable W s the category number (1 10 12 according to the st above), and | is currently 1. So the
array element LL{1,1) will cantain the first weight.

Line 250 takes the next valug of | jwhich s 2]

Back to line 220 again, This time the string 15T CLASS" is printed, and line 240 asks for array
elemant L{1,2) 10 be entered since W isstll 1, but |is now 2. The first class letter rate will therefare be
in L4712}

Similarly, the second ¢lass letter rate will be placed in elament L{1,3)

This is repeated for each of the 12 categories

Bun the program and enter the table of values given above: At the end of the twelfth category, the
program stops. Array L now looks ke this:

L{12, 3}

17%




Chapter.@

Lix, 1} Lix, 21 Lix,3)
Li,%) a0 14 1.5
L2.x) 100 20 155
L(3x) 150 28 19
Lid % 200 32 24
Li5.x} 250 38 20
Li6.x} 300 a4 36
L{7 ) 450 51 42
Lig.x 400 58 48
L8 450 65 53
LiT0x) 500 72 58
L{11,%) 750 108 87
L(12.%) 1000 144 87
Question
What values do the following elemenis contain?
il Lig.3)
{ii) Li2.2]
{iif) L{1,3)
{iv) Lzt
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Answer
[k 48 pence
[ 20 pence
i 11.5 pence
(v} 1000 ams

You can check any of these by PRINTing them — e.g. try this one: type
PRINT Lig8.3)

If you've sat things up properly when you eniered the values, it will print G048
How did you manage with those? If you had problems. then read section 9.2/7 over again, paying
caraful attention 1o the warkings of the “CREATE" program

9.2/2 MAKING USE OF THE ARRAY

Now an 1a the second part of the postage rates program. The first part has allowed us to create two
arrays — L, containing the weight, 1st and 2nd class rates for each of twelve categories, and M$ which
contains three strings "WEIGHT™, "15T CLASE" and "2ND CLASS”

Since the first program is net really needed any maore (how often do we nead 1o set up the rates?) all
these program ines can be deleted. When this s done. you must be very careful not 1o use tha
commands RUN and CLEAR. These commands will remove any vanables, so destroying all the hard
work so far!

It doasn't matter that thare 15 no program inside the ZX81 — all the vanables are still therg! Prove it for
yvourself if you want 10 - delete all the lines in the program and then type:

PRINT M3(1)

and the ZX81 will print WEIGHT Rémember back 1o Chapter 1 where we used LET as a diract
command to store a vanable

We can now type in another program. and those twao arrays will still be there for the new program o
usa as It wishes!

We can even save them an Tape — in fact, although thay can't directly be seen, we can use tham in
any way at all.

There s only one other command to watch out for. If the program meets anather DIM statement for
the same array that It has already gat, then the old array 1 clearad out, All the strings (in a string array)
are set to spaces, and all the values lin a numeric array| are set 1o Zero.

There |5 no need 10 kéep your array created in the program "CREATE", as | have already done this for
vou, The second part of the program is also on lape:

LOAD "HATES"

Onca agamn, the program automatically starts. This helps to stop you from typing RUN

The program invites you 1o enter @ weight, then it prints the corresponding first and second class
stamp values

Mot bad, eh?

Take a look at the program listing: Notice that thera 15 no DIM statement — see above. Yel the
program still reters to arrays L and M quite happily.

I'rm niot going to ungick this program for you —it's quite edsy and should not cause you any problems,

Itis beyond the scope of this course to show you how to get the most out of the basic Z2X81 lin terms
af thiz size ol program yau can writed, bul what we have done with these two programs "CREATE" and
"RATES" is one very good way of getting a larger program to fit inside the ZX81 than would normally be
possible. If you already have the RAM expansion pack, than these two programs would not really have
been split inte two, but this course is intended o work for any Z2X81,
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Question .
Name three ways in which an array can be removed from the ZX81
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Answer

1. The RUN command.
2. The CLEAR command,
4. The DIM command (only when the same array name 15 used)

If your answer was wrong, then read section 9 2/2 again

9.2/3 AN ALTERNATIVE VIEW

One final program far you on arrays. This program doesn't de much atall — it's designed 1o give you a
different wiew of arrays and hopetully to give vou something useful for certain types of gamas that vou
Ay wWte,

Way back in Chapter b, section 5:1, you were shown a method of making a fumieric varable alternaie
its value between 0 and 1. The text evan teld you that this would come in handy!

The methad was;

50 LET P=0 inital value

200 LET P={P=0} 0 becomes 1, 1 becomes 0

Here's a good way of using arrays combmed with this feature:

Suppose you want to wnite a game that involves two players. The players could be you and the ZX81,
or you plus a frend — itdoesn't matter

Maost games involve keeping a scoreg of some sort — your score and your oppanent's score

This 15 where a numeric array can be handy, Instead of setting up two variables, one for your score
and one for your opRonant’s, create a two element array using DIM, Have a look at what | mean

LOAD "STRATEGY"

Line 10 sets up an array 10 hold the scores, and line 20 initally chooses player number 1

Lines 110-13@ print out the scores of both players — 511) holds the score of plaver 1, and S(2) holds
the score of player 2.

Ling 140 tells the next player lwhich could be 1 or 2} to:make histherits move

Line 200 15 merely a REMark to tell you that your main game program would go hera:

Line 300 adds the score (which is whatever you entered for “move”) into the appropriate player's
scare. Look carefully at this line.

Line 310 swaps the player from number 1 to number 2 or from number 2 to number 1. 1t is slightly
different frem the example above, but the same logic is at work

Line 320 jumps back for the next player's move,

Try running it. Enter some numbers in at each move, and you'll see the scores go up according 1o
whose Lurn it was,

The variable names in this program are all quite long just to make it all clear for you, but there's no
reasan why you can't use just the letter "P* for your version

Question

Just 1o give you a companson, try writing the same pragram without using arrays: Use two variables
to hold the scores— P for 1, and P2 for player 2
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Answer
Hare's one solution

20 LET PLAYER=1 “initial player
30 LET P1=0) clear scores
40 LET P2=0
100 CLS
118 PRINT AT 10.0;"PLAYER 17,1 playar 1 score
120 PRINT AT 11.0,'PLAYER 27 P2 player 2 score
143 PRINT AT 21.0:"PLAYER "PLAYER;" TO MOVE"
150 INPUT M
300 IF PLAYEA=1 THEN LET P1=P1+M add to player ] score
305 IF PLAYER=2 THEN LET P2=P2+M add to player 2 score
310 LET FLAYER=IPLAYER=1)+1 swap player
320 GOTO 100 nexl move

Howe e vou get on® Dnce you've started to use arrays, It becomes guite hard to see any other way of
SWting programs,

It yvour answer wasn't camplete; or you couldn’l answer, then you should read some of the sarher
chapters once more: Obviously, | don't expect vour answer to match mine, or even for you to wnte it all
down as fully as | have: If you're in any doubt about your own pregrams then yvou should type them in
and try to ron them. Keep changing them untl they work!

If wou're happy with your varsion, then that's good encugh

Apart fram the fact that the version of this program on tape has some éxtrd REM statements, itis
rmuch more compact than the version given above.

Thesy are tioth fairly easy to read and follow, and which varsion yvou preferis [ust a matter of taste. But
cansider the same programs written for a four-playver game. Which version would vou prefear then?

9.2/4 MULTI-DIMENSIONAL ARRAYS

You've seen how arrayvs can take on one or two dimensions — the array used in "RATES" s &
two-dimensional array — sa it's really only an extension of this to say that arrays can have-as many
dimensions as vou wish! Thers s a mit of course, but the imit s that of the reom inside your ZX81 to
be able to hold the array

it gets extremely hard to imagine a mult-dimensional array, so perbaps | can paint a small scena in
ordar 1o help you

Imagine a small boy whao finds a handful of corkers and puts them in his pocket. Then he goes back 1o
his home where he meeats with nis brothers and sisters. If we now wish 1o see how many conkers one
of these children halds, we obviously need to consider which child we are referfing to — any one of them
might have a pocketful of conkers! Assume our particular bay is the second oldest:

DIM CONKERS {family sizel  [this won't work, it's an
LET CONKERS 121=17 |exarmple anby!

This second line would set up the number of conkers that the second child in the tamily holds:
But think of all the housas in hus town! Each house helds a family, so we must identify the actual
house he hves in — perhaps it's the tenth one as you dnve into town!

DIM COMKERS (houses, family sizes)
PRINT COMKERS 110,2)

and this would show how many conkers the second boy in the tenth house holds.
But what about all the twwns in the country? It could be any one of them, Lookng through the
alphabetic list in the AA Handbook, we see that this town is the forty-third

DIM COMNKERS (towns, houses, family sizel
PRINT COMKERS {43.10.2)
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Then consider all the different countries in the world - again, we must be sure 1o say which country
we are refarring to;

DIM COMNKERS (countries, towns, houses, family size)
PRINT CONKERS (187.43.10.2)

| should hope that you're getting the dea by now. The pointis, wecan look 1o see how many conkers
lor array element) are held by any child in any housa i any town in any country in thewoarld! Just use the
DIM swatement to set up the reguired number of dimensions, then refer to the particular element by
grving successively more detailed subscripts.

Arrays have many uses in computer programrming and | hope that the three different examples You've
saen n this chapter will aive you 4 good grasp of their workings.

Summary

This chapter nas only dealt with arrays (with one or twao small digressions), and as mentioned at the
beginning, arrays are the last full topic to cover in the course

Mext we look at some complete programs of different types which will give you an opportunity to see
some |deas put into practice. There are stll more functions to be studied, so don’t ¢lose the book just
et |

What have we covered?

— stnng arrays, and how they are used to hoid a quantity of independent strings, each individually
acoessibla:

- the concept of a subscnpt, which gualifies the array element that we wish 1o obtain

— numeric arrays, how they are used in practice and how they can reduce the amount of programming
required to achieve certain results

— howe mult-dimensianal arrays can be pictured
Exercises

1. Wnite'a prograrm that asks for ten four-letter words to becentered  The program then prints the words
out in alphabetical order. You will need to be aware of the ideas covered in Chapter 8, section 8.2,

b

- This program s a uselul aid to code-breakers! Ask for a stning to be entered, then analyse the
frequency of the letters in the string (beware of spaces in the string!l You should allow the program
to count the number of occurrences of each letter, then print either a list, or (if you have enough
miemaory) a bar chart, showing the distribution. This should then assist you in breaking a code, as the
letter "E" will normally be the maost comman letier assuming the string 1s English).

3. For those who love yacht racing, try 1o write a program which records the times of each yacht as it
arrives. The program will need to convert hours, minutes and seconds into seconds, then divide by
the Ponsmouth Yardstick {a preset handicap for each boatl, and finally express this back into hours,
minutes and seconds: Your program should print the boar numbers and corrected tmes,

4. Continuing frem exercise 3, rank the results obtained into "'time"' sequence, where the lowest time
is the first result, Print the 1op ten results obtained in this way

5. Write a routina which searches for one string inside another. For example, if sting A% contains 'CAT
DOG", and the routing 15 asked 1o search for “DOG", then it will give a reply af “| FOUND IT"
You may like to mearporate this routne {or & similar onel in some of your future programs, as 11 is
axtremiely useful in a programi which relies on textual replies 1o questions, such as @ quiz game, or a
tutonal program, The routine can "scan’™ an answer to see If the appropriate “Keyword” was
entered, ignaring all the other words
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From Theory Into Practice

This chapter covers complete examples of programs in use, both games and programs of a more
SEM0US nature,

The chapter 1z divided into four sections. In the lirst section, you will find ways of making the
computer unpredictable, and see how this can turm the ZX81 into a treless opponant

Each of the cther sections looks at a lull program contained on cassette, showing you what the
prograrm sets out to achieve, and how | have set about writing it You will be gradually led through the
program. investigating the maore important aspects of its workings Section 390 particular also covers
the idea of an interactive program, intreducing an important new function

10.1 RANDOM NUMBERS

10.1/1 HOW THEY ARE OBTAINED

Cine stumbling block that prevents you from wading in and writing your own games s thal the computer
s pregicrable. Any program that you have written up until now has consisted of predictable results fram
yOUr own input. As an example, the early area programs like "AREA 1" always produce the same results
from the same input (the area of 20710 must always: be 200),

If we want 1o play against the computer, then it must become unpredictable — itisn't much fun playing
games with someone when you know what the next move will be!

The rgasons for winning a game are many — sometmes it's pure luck, sometimes skill, and
somelimes because the other plaver made a stupid misiake:

Once again. this chapter concentrates mainly on complete programs so that you can see something
larger than just a few lines strung together. It is important at this stage that you can work your way
through a program to find out how it works and then be in a position to make some changes to it so that
It warks the way you want it to

First let's considar hiow 10 make the computer unpredictable. This 1s where random numbers come in

What /s a random number? Whether or not you have any premium bonds, you are probably aware of
ERNIE, the maching that selects winning premium bond numbers at random 1t does this by generating
a totally random number, which :5 then convarted into a bond number. The ZX81 can also give a nurmber
at random. You can, therefore, use a random number 1o start ‘& game off — the outcome is then
unpredictable since you have no idea what number the ZXB1 15 going to pick.

The function

RND iunder the T key)

gives a random number somewheare betwean @ and 1 (therg 1s no expression following the tunction
name|
Every ume RND appears in a program a different number will be given. Try this example program:

18 SCROLL
20 PRINT RND
30 GOTO 10

When you run it, you'll see loads of different numbears appeaning — yet the program remains the samal
Notice how each nurmber 1s smaller than 1, and none of the numbers are negative: You could sit all day
watching them, but you wouldn't spot any pattern.

But surely the ZX81 can't make things up an its own? IF it could, then the conclusion to reach is that
someone has built a computer that can think for itself!

Well, dan't worry — they're nat going 10 take over the world just yet! The ZXB1 gets Its random
nurmber from a big list of numbers that it can work out using sorme complicated mathematical farmula
This hist is extremely long, which is why you can't see any pattern when the program above Is running
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This series means that you can get the same set of events twice — whenever you load a program after
switching the ZXEB1 an, the RND function will start giving the same set of numbers. Fortunately, there 15
another way of making RND give different results even under the same conditions, There |5 a commant
called

RAND lon the T key)

and it allows the ZxB1 te start its randorm numbers a1 a different pomnt in the seres. This way, the
starting pomnt s determined from the TV - the ZX81 counts how many sereen frames have been sant
aut since 11 was switched on And that's bound 1o be random|

You can also use the RAND commiand to make the ZX81 give the same et of random numbers each

tirme — if you put any number lollowing the command RAND, it tefls the ZXB1 1o start at that number in
the seres Try this!

5 RAND 1

10 FOR X=1TO 20
20 PRINT RND
30 NEXT X

You can run this pregram over and aver again, and it will always print the same numbers ou

So why have randorm numbers and then make them print the same set over agan? It doesn't make
sense, doag r?

Y¥es - In certain programs, you wani to be able to do the same things twice — lIke starling a gams
‘agaim with the same board positions 50 that you can see where you went wrong. Yet you waould still
want the same "random moves’ to take place

Question
The RND function always gives a number between @ and 1, although it cannot take the value 1 Can yvou
wirite a program that will give a random number between @ and 20 10 a variable named A7
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Answer

10 RAND
20 LET R=RND*2p

Line 10 is not strictly necessary, butl 've put it in for now,

The program warks because RND Is always less than 1. and 1*20 is 20 — so the highest value that R
could take |5 19,9994

How did you do? If your answer was wrong, don't worry — it was merely an exercise in thinking.

10.1/2 USING RANDOM NUMBERS IN GAMES

Let's jusl study what games programming is all about
Basically, there are three types of games programs, and I'll give you an example of each wype so that
you get.an idea of what | mean:

siraleqy games Chess 15 a prime example of this type of game It involves & high
degree of skill to write good games in this category, and apart frorm one
or two small gameas llke "Nim'™ ar "Noughts and Crosses'”, most will
be beyond the limits of the ZX81 without the use of the 16K RAM pack,
as these programs tend to be large,

"hidden code'’ games "Mastermind” and “Hangman" are typical of this category, in fact any
game which involves you in discovering something that the ZXB1 has
previously hidden

Imeraciive games The classic interactive game 1s ““Space |nvaders'', whare the game is
constantly mowving and the player can contral the game with various
"movamant’’ keys,

This chapter deals with two games of the "hidden code™ and interactive category, Since strategy
games are heawly dependent on the particular game, with general rules hard to identify. If you find
yourself becoming interested In Strategy games. there are many good books written an the subject,
mastly available from miall order firms.

10.1/3 A WORD OF ADVICE

You should avoid, If possible, lalling into the trap of using your ZX81 only to run games and programs
that you find in magazines and books. Try to create your own, They're so much mare fun when they are
your awn handiwork, and they'll have taught you much more than just simply how ta copy from a typed
page. Of course, looking at other people’s programs is an essential part of learning how to write your
oW, but itis very easy to forget that you have bought something a long way removed froma TV game|

10.2 A FULL PROGRAM (1)

The first program we're going to study is a "hidden code” game. One of these — the most widely run an
computers — 15 "'Mastermind”, and | have put a version of this into the course,

Since the game is guite large, the game will give report 4 after 10 attempts at breaking the code. I
you are unaware of the rules of Mastermind, then read on. If you know the rules, carry on with the next
zaction.
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10.2/1 THE RULES

This version of the rules is fairly condensed, and you are advised to buy the game (it's only a couple of
poundsy if you want the [ull set.

The computer choosses four coloured pegs at random, Your job 15 10 guess what the four coloured
peas are. The pegs can be coloured Red, Orange, Blue, Grean, Yellow or White

You make a guess at the hidden code, and the ZX81 telis you whether your guess is correct or not
Howesvet, the answer also gives you clues as 1o whether or not yeu are an the right track

If your guess has a peg of the same golour in the same position as the ZX81 code, then you get & black
peg in return, |f your peg is of the correct colour but in the wrong position, then you are given a white
peq m return, VWhen you are givan four black pegs. you have won [since you have got all the right colours
and the right ordar). As an example. let's suppose the 2481 has hidden the pegs "Blue: Red. Green,
Yellow'' The orderis impaortant,

Hidden code! Blue Red Green Yellow

Your guess  Reply Feason

BWY O 1B and TW Your guess of blue corresponds 1o the ZX81 hidden code. |15 also in
the correct position, so you get a black peg (18] The White i1s wrong,
gs is the Orange. Yellow s a carrect colour, but in the wrong position,
so you get a white ped In return (TW).

BGRY 2B and 2W Blue and Yellow are both in the correct position so you get two black
pegs (2B}, but although Green and Red are the correct colours, they are
the wrang way round, so you get two white pegs for these (2WV),

BRGY A8 and @W You have won. All the pegs are the corract colour and correct matching
position

Mot all the games are as quick and easy as that example!

10.2/2 THE PROGRAM

Load the game by

LOAD “MASTERMIND"

Aun the program The ZX81 hides a four colour code: The available colours are: Red, Green, Blue,
Yellow, Qrange. White

You only enter the first letter The ZX81 asks you for your guess, and you type in a four-letter string
consisting of the initials of the four colours you wish to guess. Tha ZXB1 tells you how many black and
white pegs vou would receive for that guess

As an-example;

GUESS: RGBY 1B+0W
GUESS: OYBW 1B+2W

and so on Enter NEWLINE after each guess. If you use more than 10 quesses, you'll get report 4, bul
you can cantinua by typing CONT

Whan you've played it to death, have a look at the listing of the program. There Is nothing new at all in
s game — everything in it has been covered in previous chapiers.

Try to understand some of the various routings in the program so that you are able to use them
vourselt in ather programs
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Question
Q These questions are to make you think about the workings of the MASTERMIND program There is no
paint 0 just playing the game — it is also there for you ta study and lgarn from. Anyane can copy garmes
and play them, but the real fun 150 writing your own, The purpose of including a couple of games s.to
give you a bit of fun while you leam
(I} Take a look at hines 50 to 70 in the MASTERMIND program Can you say what they are daing?
(ny What 15 therpurpese of line 5107

[l What about line 140 — why s 1t thera?
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Answer )
lil The FOR loup builds up the hidden code in stning vanable C3 1t selects a random letter {rom string
2% fwlhich containg the avalable colours) and adds it to the end of the C3 string so far. The INT
function makes sura that a whole number s given after multiplymg RND by the length of the 75
strmg. Adding 1 1o it makes the answer 2 number between 1 and LEN 7S Otherwise vou would
Qet a report 3 an oceasions where the program would try to take a letter out of 25 which didn’t
Exist

It Thisling checks 1o 5ee (I the last guess gave four black pegs as a reply. and if so, then it stops the
program Four black pegs means that your quess was correct, You have therefore won,

liih Line 148 makes sure that your guess coniains the correct number of letters - e four. Hyou anly
type three colours in a guess, or five, then this line will gateh you outl and ask you to enter anothier
guess. Motice that the program does rot check whather the lettars in your guess arsvalid colours

Haowy did vou fare wath those? They were deliberately searching so that you would spend a bit of timea

understanding how the program warks. If you were struggling. then perhaps the soiutions have helped
you a bit,

It you bad trouble following what was going on, then perhaps vou should refer back to one of the
chapters that introduced the topic causiig you o problem, Chapter 3 covered GATO and IF, while
Chapter 4 introduced FOR. Stnngs were mainly dealt with in Chapter 8

It may have laken quite some tme to understand the program — a couple of hours even, but
understanding 15 the key to getting on

10.3 A FULL PROGRAM (2)

10.3/1 INTERACTIVE PROGRAMS

Mow far a look at an inleractive game. This category 1s currently the most popular smce the introduction
of "Space Invaders”, but in the long term, these games can become rather baring ence the method has
been broken They normally involva quite nice graphics {look back to Chapler § fer these) and can give
you some Vinstant’” fun Since this type of game is being cantinuously plaved while Inoking at the
sgrean, it must be witten to run in a certain mode,

Question
Which mode must the ZX87 run o to play interactive games?
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Answer

SLOW moade. This s not strictly true, as some games can be witten which try to get round the problem
of the display going blank in FAST mode, but it's neverguite the same! Resaerve FAST mode for games
and programs which do not need 1o be constantly watched — and also for editing programs

10.3/2 HOW TO INTERACT WITH A PROGRAM

There s one other problem associated with intaractive gameas —as they are beng played, you are able to
press certain keys to alter the movement in seme way. How can we do this? [Fan INPUT command 1=
used, the whole program will gnnd to a halt!

The answer 15 a function called

INKEYS (under the' B key!

This function is extremnely valuable for interactive games, Natice that it has a & symbol m its name. so
it must ba & string function What does it do? '

The INKEYS$ function has a look to see f any key 1s being pressed, and if it s, then it gives the
character corresponding to that key. If there s no key being pressad, then it gives an empty stnng —
length zero.

Try this:

10 PRINT INKEYS: |don't forget the semi-cotan)
20 GOTO 10

It will prmt whatever key you now press Notice seviral things about INKEYS. If you press more than
ane key at a time, then the ZXBT will nat let this through. The program stops just as if you were not
pressing any key at all. Secondly, that it keeps going for as long as you keep your finger on the key This
15 hecause the INKEYS function has alook every time il js.obeyved. This gives yod an idea of how fast the
ZX81 15 running in SLOW maodea!

Question

Write & program that sits with a blank screen. Whanever a key |5 pressed, the program prints “"GET

OFF" in the centre of the screen. As soon as the key 1s no longer pressed, the screen goes blank agam
Hint: look at-page 129 of the Sinclar Handbook
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Answer
Here's one answer for you to study:

10 PRINT AT11.13;" o {iinnt 7 blank spaces in the centre of the
screent

20 IF INKEYS<>=""" THEN PRINT AT 11,13,"GET OFF"

30 IF INKEYS<=" " THEN GOTO 20

40 GOTO 10

& shghtly mare elegant solution is:

14 PRBINT AT11.13:" " _ |7 =paces agamn|

20 IF INKEYS=""THEN GOTO 18 [if no key pressed, wait)

30 PRINT AT 11.13;"GET OFF" lgive tair warning)

40 GOTO 20 ihave a look to sea if it's still
there . . )

How dhd your answer work? [T it went well, then you've obviously got the message with INKEYS.

It you couldn't get it to work, or you just didn’t understand, then read section 10.3/2 once more,

The first solution has a shaht problern in it Lines 20 and 30 both use the INKEY$ function, but as you
have already been told, this function gives the key character being pressed at that bme So it is quite
possible for a difterent key to be pressed between lines 20 and 30 1t doesn't make any difference 1o this
particular program as it isn't concerned with which key is pressed, only thal a key /s being pressed.

Another program might not wark if the two INKEYS functions gave different results, so whenever the
pragram s checking o see which key is being pressed, first store the INKEYS value in a string varlable
gnd test that instead. The first solution would then be written as;

10 PRINT AT 11,13;" "

20 LET E5=INKEYS

30 IF K§=="" THEN PRINT AT 11,13;"GET OFF"
40 IF K5=="" THEN GOTO 20

50 GOTO 10

Fersonally, | still prefer the second solution _ . - somehow it seems less clumsy, and although both
programis work, part of the appeal of programming is one of taste. When you've become more familiar
with programming, you'll find that some programs seem awkward and disorganised, while others have
a sort of beauty and simplicity that catches your eye Yet both prabably work just as well,

10.3/3 THE PROGRAM

Mow 1o another complete program. This 1S an interactive game for one player.
LOAD “ARCHERY"

The object of the garme: s 10 shoot an arrow Into the target. You are pesitioned on the left-nand side of
thesereen ithe blinking blob — that's not an insult!} while the target is on the right-hand side.

You may use the "B" key and "7 key to-mave up or down. When you think you-are opposite the
target, press the 'O key 1o release your arrow

You can have another go by pressing any key — except BREAK, of course, Try the game out before you
lpok 1o see how it's written, That way you'll have an idea of what's going on. Before you list the program
luse BREAK to stop the program when you're fed up), type

CLEAR

This way, all the variables used by the program are removed. and you'll get more of the program
listing an the screen
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e The program combines several techniques that we've covered throughout the course — here's a list of
therm and the corresponding line numbers:
feature line numbers
functions 10,20, 100, 400
randaom numbiers 5,10, 20
graphics/plotting 5@, 60, 160, 180, 200-220
canditional statamenis 120-150, 31 0-400
FOR loops 200-220
interaction 100, 408
print formatting 300-320

Not bad for a fairly simple program?

Just 1o help you understand the workings a bit more, the 1arget position is calculated in lines 10 and
20 Varlable TY holds the vertical pesition, and TX the horizontal. The only reason for moving the target
honzontally 15 so that you can't get used to “lining”* thessights up on the edge of the screen all the time.
It makes the program a bit more vanable.

You could change the program so that the target moves one position up or down at random every 10
times round the main loop of the program. That means that you would also have to time the shooting of
YOUr arrow more precissaly,

Another alteration is to make it so that the arrow will not go far enough if you wait too long before
firing. This would give the game a more exciting pace

The list is guite endless — each change will make the game slightly different in the way you play
against i1, some belter, some worse, but t's a fun way of leaming.

10.3/4 TYING UP A LOOSE END

There was one other program that was introduced earlier in the course — "TRACE". This program was
not studied at the time as it contained several features that hadn’t been shown to you. Now that you are
almost in contrel of the ZXB1 1t |5 the right ime 10 go back and take a closer ook at this in a different
gt

LOAD "TRACE"

IT you can’t remember what the program does. then I'm not going to tell you! It soll contains a
function that you haven't met and you won't meet this command until the next chapter. To put your
mind at rest, lines 3@ 1o 6@ determine how big the “"drawing board"' can be on the screen If you have a
basic ZXB1, then XL and YL will be set 10 43 and 16 respectuvely. If you've bought the 16K RAM
expansion pack, then XL and YL are set to 63 and 0. The reasaon for doing this is that the basic ZX81
would give error 4 1f the drawing board took up the whole sereen, so | have had to restnct it slightly. XL
and YL are the maximum limit of the X and ¥ coordinates of the scresn

Question
This question is to try and make you think of how to use “moving’" graphics in a progrant,

Write a pragram that makes a two-by-two black blob move across the screen from left to nght The
blob can be either plotted or drawn using PRINT commands

184



Crapter 10

Answer s
This answer uses PRINT AT 1o do the job.

18 CLS ireset screen)
20 FOR %=0 TO 30 [all the way across )
30 PRINT AT 11, "'mm" (print top row of blob)
40 PRINT AT 12 x,"'®HE" Iprint second row)
50 IF =0 THEN GOTO 100 lis 1 first ume around?)
60 PRINT AT 11, 5—1," " iif not, blank-out last halt of blob)
70 PRINT AT 12, X—1;" 7 lor both rows)
100 NEXT X iall the way across)
110 IF INKEYS=""THEN GOTO 110 iwait for 3 key !
120 GOTO 10 [start again)

1Fyour selution used PLOT and UNPLOT your blob will be only one guarter thie size of mine and move
half as slowly

Did you forget to "wipe out” the trail as the blob moves across the screen? | added the extra ines at
the end of iy proaram 20 that | could keep running it just by pressing any key at all This mzkes it shahtlhy
easier 1o use and saves hunting for RUN each time

104 A FULL PROGRAM (3)

The third {and last) complete program 'm gomg to go through with you 15 certainly not a game
Lintortunately, the program will anly woerk when a 16K BAM pack is litted 10 the ZX81, so if vou haven't
got aneg, then 'm atrad you'll need 10 skip this section.

The program s for handhing home finances, allowing you to run a budget account on youtr ZX81
instead of paying £20 per year for the privilege of the same thing from a major bank

Edch maonth, after you receive your bank statement, total the amount of all cheques drawn on your
acoount,

Enter this figure, along with any additional income (the program automatically credits your basic
incomel and you will be given a complele balance sheet of your finances, Including any standing orders
paid, spread payments (budgets) and details of your ingome. Aftareach run, the program is saved back
on tape again with all the |atest details of your account, so that the rext manthly run can carry an from
where it left off

Iutially, though, you need to enter the details of your currsnt bank balance {as given at the end of your
previous statement), detals of all income. standing orders, and any budaeted items that you wish to
spraad the cost of overa period of manths

LOAD "FINANCE"

Run the: proaram. Thera are many gquestions asked of you as yvou go through the program, and at each
stage you should answer "YES" or "NQ" (the fust letter only is all that's necessary) sccording 1o
whether you wish 10 aller some details or proceed to the next stage

Firs1, enter your current balance. MNext, yvou will be asked if you wish toalter your income detals: You
should answer "YES'" at this stage.

Each item has some text to descrbe it (this s printed on the balance sheet) and a value corresponding
to it ¥You may alter the text, the value or both. Watch the quastions on ling 21 —they ask vou if vou wish
to alter fext or value. You do not need to answer yes or no, merely type the text ar value and press
NEWLINE

If wvau wish to alier these details at a later date, you can leave the tem unchanged by jusl prassing
MEWLINE and proceed 1o the next item

Try entaring some dummy texl and values initally, ust to get the hang of it

The next stage 15 to enter detalls of all the standing orders In your aceount, This would include tems
such as mortgage, rates [if paid monthlyl, HP agreements, insurance — in fact anything that is paid
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monthly directly from your account. You nead to enter the number of items, since the program seis up
an array at this stage for the appropriate number

Enter text and values in the same way that yvou entered vour income details.

Last of all, you can loptionallyl enter detalls of items that you wish to budget over a period of months.
lterms in this categery would be gas, electnicity, telephone, halidays, subscrptions, rates (if paid
halt-yearlyl — anything with a aon-monthly payment period.

Wark out how much the item would cost if paid menthly, and enter this amount as the budget value
{budget accounts in maer banks adopt the same principle).

Once this has been done. you do not need 1o enter these details again — they are saved with the
program each time. This means you can just change one {tem {e.g. your income} without affecting all the
athar details you've carefully entered

Naw the program gives you a “menu” of options, Choose ane of these — you can-

(1) FINISH

(2] ENTER MONTHLY VARIABLES
|3} ALTER PRESENT DETAILS

) PRINT BALANCE SHEET

Nermally, you will run opuon (2) to enter the date, any additional income this manth, and the total
ambunt of cheques drawn this month,

Run opuon (4) to print a balance sheet. Notice that the program keeps two totals — your actual bank
balance {brought ferward from the last tun) and a “budget balance' This represents the amount of cash
you would have if all your budget tems were paid monthly — it's a bit ke putting the money asideuntl
the bill arnves

All iterns are listed with a single code letter in the first column of the screen that indicates the ype of
1mem:

INCOITHE (1Ems
standing orders
chegues total
budgat items

s I o Bl 7 o [

The totals at the end show your new actual and budget balances

When a bill arrives for an item that 1s budgeted, the money has effectively been taken out already (this
is reflected in the budget totals), and so your actual balance will be reduced towards the budget balance.

This budget balance gives you a much more realistic idea as to the amount of cash you have to hand.
The difference between the actual balance and budget balance 15 the total of pending bills — don't be
tempied to spend this!

There will come a time when you realise that your estimates of budgeted bills were slightly
inaccurate, and so you have mare or less cash available than you thought. When you run option (2) to
enter your menthly variables. you will also be asked if you wish to adjust the brought forwatd budget
balance. Only alter it If you feel it is drifting wildly away after several bills have arrived

Whenever you print a balance sheet, the program asks if you wish to update the totals. If the sheet
lonks QK. than answer "YES" Prapare a tape (not the ene you've just loaded trom — what happens if it
fails to “save' properly?) and the program will automatically save itself,

At this stage, |1 also sets your cheque total to zero, and clears the date. If you now run a new balance
sheot. you are seeing an estimate of next month's expenditure — a forecast of cash available, Don't save
it again, just take note of the information it gives you. If you have a pnnter, then this program is ideally
made for it!

I'm not going to unravel this program in the text— | will leave it entirely in your hands 1o see how | have
approached a more sericus use of your ZX81

The only partion of it that is intriguing is the balance sheet Notice that all the amounts are printed in
neat columns with two places of pence lyou should know by now that the ZX81 never prints decimal
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places unless they exist], dnd the items are sl aligned at the nght-hand side, ke this

123 45
200
60.50

I thesa items were [ust PRINTed, they would appear as:

123:45
2
BO.b

Have 4 think about how you would achieve the same elfact, then |ook to see how | have done if

Summary
This chapter has been fairly sasy in compansen with some earber ones, bul it has given you the chance
1o see three complete programs at work, and maybe you've had a laugh on the way!

Mext you'll be learning a bit more about the way your ZX81 works and learn a small amount about two
functions and one command that INnTrigue nearly avery newecamer,

But here are the various points you should have leamed:

—thar the computer can be made unpredictable and that this can have benefits in creating certam
types of programs.

that a pregram can be vintten which relies on interaction to-contral the program flow

— hgw the ZX81 (or, indeed, any computer) can be used 1o solve nit Just anthmetic problems, but also
more genaral tyoes of problems that occur in everyday life

Exercises
1 Whnte a program 1o handle full metng conversion. The program should be capable of converting

mches 1o centimetras land vice versal, pounds 1o kiles, pints to litres. Iwould imitially ask which type
of conversion 15 reguired, then ask for a value The converted result would be given,

[

On the games front, the Hangrman game s quite straightforward. The program should containa list of
words hidden by one person The program then gives a clue as to the number of |etters in one ef the
wards (perhaps by printing sevaral guastion marks like this— 77777, Each letter 1s guessed and after
ning attempts at guessing the letters, the program "hangs'' the player. If you've got enough room,
we may like 1o try 1o draw @ pcture of a man gradually hanging after each wrong guess!

3 [fyou're into statistics; then maybe a program to calculate the mean, vatiance and standard deviation
of & st of data points will be up your street!

4 If you are a collector of anything (beer bottles, comics. eicl, you may like 1o create your own Indexing

program, where the program holds details of the number of tems held under vanous headings (e.qg.
hrewery name, of printer's name}.
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Chapter 11

A Glimpse into Another World

This ¢hapter s not really essential for you 10 read, as it does not contain anything that will further your
pregramiming capabilities. There are two functions and ong command that we haven't yet covered, and
so this chapter is intended to introduce vou Lo them

To be honest, at this stage of your “career’, thesa new facilities are probably not going to be at.all
useful, but so that vou don't leal left out, we're going o see what they do.

When you have gained confidence and wish to know more about camputers in general — the ZX81 15
only one of many different types — then | have included a list of further reading in this chapter, so that
what you read now will be put into 115 proper perspective

I'm not going to set any real questions in thig chapter, but there are somea exercises datted along thie
way 1o make you think gbout what you are doing.

11.1 INSIDE THE ZX81

As you have saen in the Intraduction, all the programs you have written so far have been written ina
computer language called Basic A computer cannot understand English

In ardar 10 et you write your pregrams in Basic, someone has had to write a whole program that
converts your Basic commands into the sort of cormmands that the ZX81 can understand. This program
15 called the "Basie Interpreter”, and 'm not going to define it any more than that, It is held i the ROM
mamaory Inside the ZXE81,

A computer has its own memory — used ta hold vour programs and variables — and this memory has a
lirrul It 15 broken g into tny sections that can hold numbers, each of which can be between @ and 255,
Mot a very large number. Each of these tiny sections that can hold these small numbers s called

a byte

Thi basic ZX87 15 supphed with 1024 of these byies (this comesponds to the 1K BAM that you rmetin
the Intraduction) and if you buy the memary expansion pack, vou'll kave 16384 of thern (hence, the 16K
RAM pack, since 10247 168=168384),

You can store numenc values in these 'bytes”, but you need to be careful, as the ZX81 is alreary
using a lot of them to hold your Basic program and vaniables in If you know what you're doing (at the
moment you don't!} you can find a spare bit of space that you know the ZXB1 isn't using and.use i1 for
vaursell

The command to store a value in one of these “bytes” is

POKE on the O key)

You need to tell POKE two things, First, which "byte' it 15 thal vou want to put the value in and
second, the value that you want put into that byte. But remamber that the values you store can anly be
between Band 255, Let's iry a small example.

Twpe this command:

POKE 16507,100

Thie value 16507 15 the number of the particular byte we are addressing, while the value 100 is the
value we want to store in this byte

A= an aside, although the basic ZX81 only has 1024 (or 1K) bytes, the "address” of the first one is not
number 1 It is 16384 So the range 'on a basic ZX81 is from 16384 1o 16384 +1024 (equals 17408).

That command above has the effect of "Take the numbar 100 and store it In the byte at memony
address number 16507

It may be useful to stare numbers somewhere, but unless we can gat them out again it seems a bit
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pointless. We can take the valug back out by using
PEEK iunder the © key

The numeric expression that follows this function is the address of the byle we wish to examine — in
nur gase, 16507

Since it's a numenc function (na $ symbol) we can assign its value ta a varable ar even print it

Try this:

PRINT PEEK 16507

Have you got 100 agam! This shows that the 100 you put inte 168507 with POKE can be taken out
daain with PEEK.

Try to think of these bytes as a massive array whare the first elerment s ndt number 1 Bl number
16384 H's sort of like writing;

DIM Z¥81(1024)

axeept that this is not a valid command {50 don't bother typing itinl). It might Help vou to picture what
we're talking about

Exercises
Try thase

(il POKE 16437.100
PRINT PEEK 16437

This tells you that you must know where you're POKEing things, otherwise they'll change
unexpectediy!

fil) What would you expect POKE 16507.300 1o da? Try it and see if you're nghi

{ml POKE 16397.1

This tells you that POKEing things without due care and attention can cause the ZX81 to pack up!
Switcn If off and on again

11.2 MACHINE CODE PROGRAMMING

S0 haw can these two itemns be used? The answaer |5 firstly that you must know what vou're doing and
at this stage you don't, and secondly that they are mainly used to allow people to enter programs that
have been written in not Basic, bul something called “Machme Code'',

Since this |5 beyand the scope of this caurse, | can only refer you to the list of further reading. If you
become interasted in this tvpe of waork, then these books will help vou to understand how machine code
works and how you can write your own

There |s one more [unction that hasn't been covered. Since POKE 15 a way of getting a machine code
program into. the ZXB1, how can it be run? The RUN command always runs Basic programs.

The answer 15 to use the function

USR iunder the L key)

The expression that follows is the address of the first byte containing the machine code program
5o you could write something in machine code (instead of Basic), then POKE it into some parts of
memary that aren't Being used and run it by stating

LET Xx=USR (address of first byte)
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You are forced towrite "LET X=""'since USR 1= a function and:cannot stand alone in a siaterment like a
command

11.3 THE ZX81 SYSTEM VARIABLES

One other man use of the PEEK and POKE 15 that of:altering the ZX81 system verables in some way

Thesevanables are used by the Zx81 to help it look after vour Basic grograms. Some of them contain
information which a program can make use of — one example of this is the progran “TRACE" that we
stuchiad i Chapter 10, Thase variables do not have names in the way that you are accustomad 1o — they
are held in byies in memaory. The only way to get at them is 1o PEEK them,

Chapter 28 of the ZX81 Handbook gives an excellent description of these varables, what they contamn
and how you rmght use them 11 also ells you wheather it 15 safe 10 POKE anything into them

In the program “TRACE", addrass 16383 was looked at to see how much memory the ZX81 contains.
If this number is greater than 70, then the 168k RAM pack must be attached.

For now, we will not gat too involved in how these can be used, as a deeper understanding of the way
a computer works 15 needed to gain full benefit from all this

Summary
This chapter has probably left you hanging in the air a little; but for now, that's the way that it has to be.
To take you mto the inner realms of the ZXB1 would require a book larger than this! All this has
attempted to do s give you some idea how these particular comrmands and functions are used.

H you wish to become more involyved in the way the ZXB1 lor, more particularly. the Z80
microprocessor) warks, then you will need o become familiar with the following topics:

| How a microcomputer works lat & fugh levell This s dealt with In @ very readable manner in the
books:
Intraduction to Microcomputers Volumes B and 1 (Adam Osbourne, Osbourne Associates)

These books show you hew the vanous “'bulding blacks™ of computer systems fit together. Thay
also show you how .a typieal microcomputer is programmed at machine code level

You may lind portions of these books rather techmical, and i you have no previous knowledge of
elecironics ar 1s terminelogy, you sheuld study the beqinners’ articles contained in the monathly
computer magazines before tackling them,

You should be able to use binary numbars (addition and subtraction), and also understand what is
meant (even if you can't use it!) by Boolean logic

2. The instruction set of the 280 microcomputer. This can be found in
£80 Assembly Language Programming (Lamce Leventhal, Osboume Associates)

which will show you how each of the machine code instructions works, and how it can be used
within larger maching code programs. It 15 not necessary 1o read the books mentioned above first,
but you ray find a few references in this book 1o general topies covered in those above.

Mextwe'll round off the course with some hints and tips. plus a few problems 1o keep you going
Meamwhile, these are the vanous pomts covered in this chapter:

that all your programs so far have been wreitten in g language called BASIC

— how the memony of the ZX81 is divided up into bytes, and how each of thess bytes 1= addressad by
a unigue number which can ba used in the PEEK and POKE keywords

—that you may find extra hidden depths in your ZX81 by learming about “machine code
programming”’

Thare are no further exemises for this chapter
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And Finally . ..

Well here you areat the end of this course. Before you embark.on a lifetime of programming, there are
a fewy final hints and tips that Dwould like ta pass en to you. | have delibetately left therm untl the end in
arder to make life simpla far yau tastart your lirst programs. Let me give you some hints, |l go through
them in the same order as the Chapters. '

Chapter 2
In this chapter you were introduced to the REM command. This is animporant command. 1t helps you
to remamber whal a program does dnd so | canngt stress enough how much better your programs sl
be inotanly for yourself) if you use plenty of REM statements in any program youswrite Try toput REMs
at the start Of the program (telling what 1Lis), al the start of sach subbroutine (so that you can see what i1
doas), and pefore any lings In & program that are particularly important or complicated

This leads. to a dilemma on the basic 281 since REM stataments eat into your available program
memary space. [ a program is large, then obviously the REM statements should be the first items to go
— bt sull try 1o wite your programs with REM in mind

If you already have a 168K RAM pack then it's highly unlkely that you'll run eur of pregram space —
keep putung those lovely RENs in!

Chapter 3
Throughout the course | have consistently told you that the value of “tue’™ i1 This is not strictly
correct — when testing for "true” in a candition (o IF statament), "true" is actually taken 1o be anything
other than B, so that a staternent such as IF 33.5 THEN PRINT "TRUE" will work as seen. Try itf

& conditional expression, such as LET C=iH=5), will, however, only give a value of Bl false, ar 1 if
[rue

[he following hints cover several chapters, but |'ve lumped them together under Chapter 3 since they
all revolve around the use of GOTO

This command can gel your programs nto guite a bit-of trouble it vou're net careful with 11,

Bvond (ke the plageer these conditions:

MEVER USE GOTO

ia) 1o jumpinta a FOR loop. | the FOR command isn't actually executed you might get some strange
things happening. |t is possisle that yvou'll get an error, but under certain conditions yvou will rat —
0 watch out!

bl to leave a subrouting ALWAYS use RETURN, then sort out what you want 1o do after you've
cormne back from the subrouting. This especially spplies if you have nested your subroutines, since
the next RETURN would be treated as if 1 weare from the last GOSUB, and 1he program would
end up inoa hormble mess:

izl to jump itea subrouting The same rulesapply. Since the ZX81 keeps a track of each GOSUB, |f
you suddenly jumponto:a subrouting, the ZX81 will find an exira RETURN. Where will it go 1o?
Who knows S0 taka my advice and don't do it

Chapter 4
This chapter showed yvou how 1o use FOR loops and aiso how they can be nested, & common fault in
programs crops up when nested FOR loops averlap each other — like so;

correct incorrect

FOR ¥=1TO 10 FOR ¥=1TO 10
FOR x=1TO 32 FOR %=1 TO 22
PRINT x! PRINT X,

MNEXT = MEXT ¥

NEXT ¥ NEXT

Canyou see why? Fyou work them through in the way we did in Chapter 4, it'|l stand out a mile
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Chapter 7
Subreutines — use lots.of them! Thay really help to make your programs maore manageable. Look to ses
Riow other people write programs and how they've worked subroutines into the program structure.

General Comments
Using meanmoful Variable names can make programs easier 10 decipher — once again the basic ZXE1
can guickly ran out of program space; just ke REM, this (s ane area that needs 1o be carelully traded off

There are several places that you may find further writings on the ZX81 Yiou can join one of the ZX81
User Groups (see the monthly magazines for details — there are often articles writen about the ZX81
which will give you an dddrass) Allermatively, many book shops and mail order book companies. now
stock books written specihcally for the Z€81
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Appendix 4

BASIC comparisons

This appendix sets out to highlight some of the features found in other versicns of BASIC, and how they
rmay be coded to work on the ZX81.

In the world of microcomputer systems, Microsoft BASIC tends 1o be the most popular version
available, and most comparisons made of any versions of BASIC tend to be made against the Microsaft
version. This does not necessarily mean that the Microsoft BASIC is the “best”, but merely that it is the
most widely-used and therefore the version you are most likely 1o come into contact with an another

Systanm

The varigus features are each noted, with a brief explanation as to its use, then a possible way of
programming the feature on the ZX81,

DEF FN

DATA

READ

RESTORE

TRON/TROFF
ior TRACE!|

this feature allows you to DEFine your own FunctioNs within BASIC, being made
up of a combination of any numeric or string expressions (the combination must
be symactically correct!) & single letter usually follows the FN to dentiby the new
function name. A parameter nommally follows the definition in brackets, allowing
the tunction argument to be entered into the definmon Wherever FNx 15 then
used throughout the program, the new function is inveked. This can be wntten on
the ZX81 by expanding all FNx staterments back into thair onginal form. E.g.

10 DEF FNR (X)=INTIRMD* X +1

20 LET A=FNR{100)

. can be written on the ZX81 as
20 LET A=INTIRND* 108+ 1

allaws numenc and string valued expressions to be stored within a program, e.g.
10 DATA 21, "FREDD|E" 2 5E03
Thie data can be assigned to vanables using the READ command.

takes the next data item from the DATA statementls) and assigns it to the
speoified vanable, e.g.:

Jo DATA 21, "FREDDIE",2 5E03

20 READ MLUM?1 (1akas 27}

30 READ N% (takes "FREDDIE")

40 READ MLUNMZ (takes 2. 5E03)
DATA and READ can be combined on the ZX81 by using LET statements to
assign the varables directly, Although this s not as convenient as DATA & READ,
It warks just as well in practice

resets the DATA guede back to the beginning, so that the next item to be READ
will be the first DATA item again. This would be done on the ZXB1 by resetting the
variables to be assigned once maore,

allows the ling numbers of a running program 1o be displayed on the screen as
each line 1s cheyed. This s extremely useful for debugging programs and has no
equivalaent on the ZXE1

this can normally be omitted i most other versiens of BASIC, so that
18 LET X=23
20 LET ¥=X*255
could be wnitten as
10 X=23
20'Y=X*255
Yol must always use LET an the ZXB1
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ON « GOTO

ON » GOSUE

WHILE =
WEND

FREID|

INPUTS(n|

LEFTSis.ni

204

this statement is found in many other varsions of BASIC, allowing a program 1o =
transfer control o sevaral different line numbers depending on the value of a
single variable:

100 ON N1 GOTO 200,300 400
This will cause BASIC 1o go ta hne 200 if variable N1 has the value 1, line 389 1
N1=2, line 400 f N1=3_¥ou can very easily rewrite this on the ZX81 by using a
conditional GOTO, &g

100 GOTO 1004 (N 1100
Where line numbers become more complex; Yol may naed 10 write this as . a
sanes ol IF statements

100 ON N2 GOTO 27,3314

Swould become

100 IF N2=1 THEN GOTO 27

101 IF N2=2 THEN GOTO 33

102 IF NZ2=3 THEN GOTO 14

or altermnatiesly

100 GOTO (N2=1)"27+INZ=2)"334+INZ=31"14

this can be treated ina similar fashion, except that you should use GOSUB instead
of GOTO throughout

allows a program to ebey all msiructons in between the WHILE and WEND
staternents while: condition x5 true. 2.g

20 WHILE *=0

3@ PRINT X

40 X=X—1

H WEND
This can be written on the ZX81 by specifying the reverse of condition xwithin a
FOR statement, and using a GOTO to replace the WEND

20 IF NOT X=0 THEN GOTO &0

30 PRINT X

A0 LET X=X—

5 GOTO 20

B0

this is-a numenc function which gives the amount of avalable memory at the time
of using the funclion

15a stning function which asks for n characters to be input from the keyboard,
Once n characters have been accepled, the program continues with no need to
press newlng: You will need to write this using the INPUT command. or a loop
containing tha INKEYS function, &g
5 LET X§=""

10 FOR X=1TO N

20 LET CE=INKEY$

30 IF C3="" THEN GOTO 20

40 LET X5=X3+CE

5@ IF INKEYS<=""" THEN GOTO 50

6 NEXT X

)

a string function which supplies the leftrmost n characters fram stnng exprassion §
s You can easily write this as)
200 LET ¥5=5% TO n)
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MIDS(s, n.ml also a stnng funcuon which gives a mult-character slice from sinng expression s
The funetion takes m characiers starting frorm character n. This can be wrnitten as:

200 LET X5=5%(n TO n+m—1}

RIGHTS{5.n! similar to LEFTS, this string function supplies n rightmast characters from siring
expression & Can be written on the Zx81 as:
200 LET £%=53(LEN 55-nTOQ )

String handling
You have already seen above that Microsoft BASIC allows the use of the LEFTS MIDS and RIGHTS
functions to obtain stnng shoes. The ZX81 18 partcularly unconventonal in the way stnings are
manipulated smee it usas the qualifier in TO m) to obtain a stning shice

Some BASICs do not allow string arrays at all, while others adopt a similar method to that of the ZXB81,
although all strings must be dimensionad — even (] they are not arrays String slices are then used by the
qualifier (n,ml instead of (n TO mi. For example:

10 DIM 55 (10
20 LET 5% (2.5)="ABCDE"

Tnis sets the second to filth characters of stnng vanable 5% (o the expression “ABCDE"

File handling
Most BASICs allow the wse of floppy disk ar cassette tape storage. When these facilities arg available,
thiere are usually three or four comimands that allow manipulatien of the records:

OPEN
which allows you to access records under a name of your own choice (Called &
file namel

READ or INPUT #n or GET
which allows a dala record to be transierred from the disk ar tape into the
computer

WRITE or PRINT #n or PUT
which allows a data record 10 be transferred from the computer onte tape or
disk.

CLOSE
which shuts the "file" from further access.

It would be inappropriate to go into further detail at this stage as most computer systems have shghtly
different methods for stonng and retneving data records

PEEK =nd POKE
These two features are commanly found on other computer systems, but programs using them are
normally not able to run on a sysiem of a different type.

Beware of trying to convert a program using these features 1o run on your ZX87 fand vice versa)
withiout first undarstanding what-effect they are having upon the program.

Multiple statements
Maost versions of BASIC allow you to write more than one statemant on the same ling. Each statement
15 then separated usually by a colon, thus

1@ FOR X=1TO 20 - PRINT X - NEXT X

i you are converting a program which uses multple statements; you will need (o expand thess Into
individual lines once more, Be careful of tha line numbers that yvou usel

10 FOR X=1TO 20
11 PRINT X
12 NEXT *
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These multiple statements can cause some confusion when an IF statement (5 used

250 IF X=0 THEN LET ¥=5 : PRINT "HELLO" . GOTO 270
260

I the cendition s true, then alf the tellowing statements are obeyed, while il the condition s false,
none of the stiatements are obeved On the ZX81, this would be written as;

250 IF NOT x=0 THEN GOTO 260
251 LET ¥=5

252 PRINT "HELLD"

253 GOTO 270

260
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Common Problems and Solutions:

This section will hopefully sort out any troubles you might have while you're getting going. A guick index
i5 given below so that you can try to identify your probleam

cassetie tape ioading B1
cassetle tape saving B2
errorsthat don't go away B4
error report 4 {no mere room) B.4

B.1 Cassette tape loading

[mimally, this can be gurte a problem but-onee you have got yvour ZX8 1 and tape recarder talking o each
ather, your problems will bie unlikely to recur.

Here are a few things to chack:

1. Make sure that the leads are plugged into the correct sockets. This s quite an easy mistake 1o make
The socketls are marked on the ZXB1 1o show you where each end of the leads should go to.

2 Are you using jack sockets 13 Smml o have you bought an adaptar to plug into a DIN socket? |f
vou're rurnimg from g DIN socket, then that's the reason why vou're having trouble. DIN sockets do
nal gve enough signal strength for the ZX81. Try using the jack sockets (f your recorder has. them)
ar the loudspeaker extension socket instead of the earmphone socket. Whatever you do, though, do
MNOT connect the ZX81 up 10 the speakeroutput from a hi-fi amplifier

3. Can you "see’ the programs on the TV sereen as the ZX81 tnes to load them i from the tape, or
doess the zareen just stay the 2ame all the time!? IFyou can’t see any change n the scréen, then aither
the leads are faulty (unscrew them to cheéck) orthe tape itsalfl s blank, of the outpul secket from your
recarder 15 nol workmg. Try listening through an earphone to find out if you can hear the
“super-charged bumblebee” sound. If, however, the screen does change as it gues past a.program
an tape, then it probably means that your cassette recorder heads are out of alignment. Take the unit
1o a reputable dealer for checking

4. Have vou tried to load programs at vanous volume settings! Sometimes it helps — once you've
pstabhshed & seiung that works, mark 11 and keep to it

Chapter 16 of the Sinclair Handhook gives maore information

B.2 Saving programs on cassette

First of all, what makes yvou think that saving programs las opposed 1o leading) 1s giving you a
prablem? Can you hear anything on the tape when it is played back? If you can, then read the section on
loading problems

If wou can't, then check that you've got the leads i properly, and also unscrew them to make sure all
the connections are sound.

Make sure you're plugged inte a MIC socket and not the AUX input to a hi-fi cassette

B.3 Errors that won't go away
This problem comes in many disguises. |f you're having troubles when editing & program nothing
happens when you press EDIT) then you're up against "Error 4 — not enounh memory''. See the next
section
Have you looked at the section on Error Repor Codes 1o see what exactly any repart code 57 |f you
can't see what's wrong with a particular ling of program yet still the ZXBT throws it out, try to write it
diffarently — it rmay 1ake two or three lines instead of one, but at least it'll work.

If your problem is a syntax errar and you can't see why, then the same applies. RUBDUT the line and
try a different method

& commuon Gause of errors 1S forgetting that many wards have a single key and trying to type the ward
out in full This causes a syntax error — bul the ine fooxs OK

B.4 Error Report 4 — Not enough memory
This most aften occurs when you're trying to edit a program — all of & sudden nathing happens when you
press EDIT. There are several ways of getling round this, but first a ward in your ear
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Wheznever you see the bottom of the screan statting to nissa up when you're enlering a new program,
you should reahse that you're running out of reom. Save the pragram on tape at this point, as it's starting
to pecome an awlul armount of typing 10 hava ta put back in again

The only way to-get a line for editing 15 10 find a way ol maxing space on the sereen for the nato be
put at the bottom You can do this inoseveral ways. The easiest pwo methods | find) are:

1. First press NEWLINE so that the ZX81 does not have any rubbish around that you can’t see. Then
type CLEAR {obviously, you can't use this methad If you vvant to save some variables — try CLS)
This gives you a nice blank screen with just 000 at the bottom: Now type EDIT The line pointed to by
the cursor will now dppear (on 12 own) at the faol of 1he sereen, You can edit it and put It Back agamn
quite happily

2. Once again, press NEWLINE to clear out any rubbish Ther‘l type LIST nnnn (where nnnn is the line
nurmiber you're trying to edith You'll get same sort of repon code at the foot of the screen. Now type
EDIT The line will now appear for you 1o edit as nermal

Whenever a program gets into this condition, you're probably beginning 10 overstep the memory
lirits of your ZXET. If vou haven't got a 16K BAM expansion pack, then now s the tme to consicder
getung hold of one. T you have got one, then it must be an enarmous program you're writing! Perhaps
it's reachked the pomt where you should sit down to see if yvou've wiitten 1L in the most efficient manner

Ifmethods 1 and 2 fail, 11 means you haven't even got enough roam for 2 single command to be
obayed — inwhich case, |'m sorry 1o have to say that the program s (ust too big. Maybe 11 could be
written 1 a different way. '

208



Anpendis C

BASIC Command Summary

Each paragraph identhes a Basie cormmand or Tunchon. Examplas of use are givan, and also any useful
“tricks” assoctated with it The Nist = in alphabatlic sequence.

some of the information given in this section has not been covered within the main body. of the
course e g making use of POKE and PEEK, but is intended as A saurce of reference

The paragraph heaclings show

— Command function name
Command type
— Full syntax; 1l not obviows

Throughout this section, the following abhrevianons are used:

MUMETID @Xpression
nurmanc axprassion (to avorl clashes)
string expressian
variable name

5> sfatement
gxpression (numernc ar string)
mdicates an apticgnal tem

:G’.—ﬁ{'ﬁﬂl‘l

ABS
Mumanc funcion
Syrmlax: ABS

Tha ABS n function returns the absolute value of numeric expression n. The result s always positive
The main use of this function is 1o check numeric values regardless of sign

Examples
tal 108 INPUT O
110 IF ABS O=10 THEN GOTO 200
120 PRINT "ERROR — OUT OF RANGE"
130 PRINT "MUST BE-10=0=<10"
140
1] 500 LET S=AlABS x|

this example ensures that the reference to array A does not go negative.

ARCCOS
Mumene funchion
Syntax, ACS n

Supplies arcocos value of the argument, which must ba in radians

Examiple
190@ LET B1=ACS O

ARCSIN
Mumiens funetion
Syntax. ASN n

Returns the arcsin value of the argument m radians.

Example
250 PRINT ASN (SQOR x2)
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ARCTAN
Mumeanec: function
Svntax; ATN n

Supplies the arctan value of the argument in radians

Example
360 IF ATN E=0.55 THEN GOTO 200

CHRS
String funcucon
Syntax: CHRS n

The CHRS n function provides the character representation of the numeric argument This is normally
used when printing items that have been Gonverted (using CODE function for examplel for
manipulation 1t is guite ndrmal 1o fmed routines that converl data strings into numeric guantites to allow
sasier programming (it can also save a lot of program space at times|)

Error B will result if the argument is culside the range 0<=n< 254

Exarmples:
[al 180.10F CHRS G="Y%" THEN GOTO 271

(bt This example prints random letters of the alphabet,

108 FOR x=1TO 1004
116 PRINT CHRS (INT (RND 28] + 38
120 NEXT ¥

CLEAR
Command

Resets all vanables ina program This 1s automatically done when “"BUN" is given, but isa "quick’’ way
ol resetting all vanables when they are no longer required. On a 1K RAM ZX81, unused vanables liLe
thase that have been assigned but are ne longer required] can take up a nebcealbile propartion of the
space-available; thus judicious use of the CLEAR command can keep these 1o @ mimimum:

Example
5680 PRINT "AMNOTHER GAME?"
570 INPUT Y%
580 IF YS5="NO" THEN STOP
580 IF ¥S="YES" THEN GOTO B20
600 PRINT "AMSWER YES OR NO™
610 GOTO &E&0
520 CLEAR
630 GOTO 1¢a

CLS

Caommand

Clears the screen display area and resets the print position to the tap left-hand comer of the screen (line
@ column @l

Unlgss your programs 'scroll” dunng program execution, you need o monitor closely the number of
hnes that have been displayed and ensure that this does not exceed 22, otherwise an error condition
peeurs lscreen fulll A program will usually contain some error checking of data input, and display 2
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e message if the check fails. This can lead to screen overflow If care-is not taken to ensure that the CLS
slatement 1s used dunng the loop back 10 accept mare input
Example:
20 PRINT "ENTER A NUMBER BETWEEN 1 AND 107
30 INPUT N
40 CLS

50 IF N=0 AND N=<11 THEN GOTO 200
80 PRINT "TRY READING THIS TIME

70 GOTO 20
200
if the CLS statement were omitted here, the screen would overllow after 11 attempts to geta correct
number in!
CODE

Mumeric funcuon
Syntax CODE s

Trus tunction returns the numenc code value of the first character in the stinng argument. Useful for
tesung keyooard input and breaking stnngs inte indmidual characters:
Code 015 set up as the end of string marker so that CODE s applied to a null sting returns the value 0

Examples:
2l 1@ INPUT ¥
15 REM JUMP IF FIRST LETTER 15"
20 IF CODE Y3i=62 THEN GOTO 100
30 REM ANYTHING ELSE COMES HERE
40

Better still, ine 20 could say
Z0 IF CHRS CODE Y5="%" THEN GOTO 100
This avaids a problem whereby errer 3 15 given if an out-of-range slicer 15 specified, a.g.
20 IF ¥Y511)="Y%" THEN GOTO 100
could result inarrar 3 i an emply string was entered as Y5
(b)) spht @ word into letters In a numeric array

10 DIM Wi20)
20 INPUT W5
30 IF LEN WS=0 THEN GOTO 93959
40 FOR x=1 TO LEN W5
50 LET WiX)=CODE WS&iX)
BY NEXT
9495 STOP

CONT
Command

Allows execution of a program to resume atter a break: The break could have occurred for a vanety of
= reasons - pressing the BREAK key, & STOP command encountered, or after correcting a line that has
awven an error report code. Execution resumes at the next line number unless the program was stopped
during an INPUT command
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COPY
Cammand

Thiz commiand allows the contents ol the display Tike (ora copy of the current screant to be senl 1o the
printe

An extramely uselul command Tor bath program debugging and for taking copies of displayed resulis

Although thie cammand veould nermally be wsed v immediate mode, there s no esthchon on (15 use
within & program

Since the platting facilities cannot be used within PRINT and LPRINT commands. the only way of
obtaimng & platted graph on the 28 printer (s By using the COPY cammand alter plotting on the screen

Example:
Thig program will print the graph of a sine wave:

10 FOR X=0 TO &3

20 PLOT X.20

30 NEXT %

400 FOR Y=0TO 43

50 PLOT Q.Y

650 NEXT

/@ FOR X=0TO B3

80 PLOT X, SIN (xX/5)"15+20
90 NEXT x

100 COPY

cas
Mumene function
Syntax. COS n

Gives the cosing value of the argument in radians

Example:
20 LET C=COS ¥

DM
Command
Syntax: DIM v[Elinl,m1)

Befines the maximum size of an array v 1o ba n itams at the lowest dimension

Array glements start at element number 1 and go through ton

The vanabie v may be either a single character numenc variable name, or & single characier string
vanable name ({ollowed by ),

String varables become hxed length over the length of the lowest array subscnipt —e.g. DIM 55(5,12)
will allocate a stnng array S5 of tive stnngs, each with a fixed lengith of 12 characlers

Wheneverthe DIM statement 15 executed, all elements of @ numernic array arg sat to zero, while thosea
ol a sthngaray are 5at 10 spaces

Elements of the array are addressed by gubscripting the array name with a numernic expression
equivalent to the clamant number. For example, AlB) will give the value of the fifth element within array
A

Examples:
(al 1@ REM DIEFINE AN ARRAY OF 5 ITEMS
20 DIM Q15)
in) 20 DIM X8 4

30 FOR x=1TO 4
40 LET X2 X=X
50 NEXT X

This last example shows that numeric array nameas are distinct from ordinary individual variables (but
note that the same 15 not trug for string names and string arrays),
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< Expression= _
An axpression s a combination of constants, variables and logical or arthimetical operators. Two types
of expressions exst — numarical and string

The order of prionty In evaluating any logical or arithrmetical operatoss (s (from haghest lie most
Binding] to lowaoss)

12 10 bracketed expressions
11 any function

g 2xponentiation

9 =n Wrary minus

8 multiplication

7 divisian

B + - addition and subtraction
B = E S B &= equality and inegualily
4 NOT inversan

3 AND logical

2 OR logical

Thi only aperaters relevant to string expressions are

==, =, b Es, A=

wheare equality/inggualily tests are’ made using the character eguivalents as listed in the ZX37
Handbiook

Congatenation of strings can be undertaken using the + operator

The equality and inequality 1ests result in a value of 1 if the test result is "true” and @ (zero) if the test
resull 15 "false”

The NOT operator has the effect of inverting the value of the following expression, so that NOT 1
biscames B, while NOT @ becomes 1

Logical operatars are effective anly for numerc expressions. AND requires that both expressions be
true lor the whole expression to be true; while OR requires that only one of the twe expressions be true
for the whole expression 10 be trug A complete discussion of anthmene and logical operatars can be
found as follews:

Anthmets operators Chapter 1 section 1.1 (1.1/3)
Conditional opsrators Chapter 3 section 3.2 (3.2/2)
Logical oparators Chapter 3 section 3.2 3.2/3)

Numeric expressions
These can be representad by
— @ numene guantity
—a numerne vanable
— the arthmetc resdit of any cambination of the above
—the legical result of any combination of 1ha above

Examplas:;
&) 5
i) Al
el W 34-(RT )
el (X=1 AND ¥=5)
ia) TH=""00LJIT" since tha squalty test results in a valus of 0 or 1
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String expressions
These can be representad by
—a string of text enclosed in guotes
—a stnng vanable
any concatenated combimation of the above
—any of the above gualiiied by a slicer

Examplies
{a “JOE FELL OVER"
ihy s
i) O5+"JOE FELL DVER"
i) 1313
32 TO 3
Q%TO 3}
O%2 TO)

0%+"JOE FELL OVER"{5 TO 1@}
(Q%+""JOE FELL OVER")I5 TO 1@

Study these last examples carefully. They can be extremely powerul and useful

EXP
Mumanc function
Syntax: EXP n

Supplies the value of the constant & raised to the power of the argument, 120 e This is etfectively the
natural anti-log of a number

Example
G0 PRINT EXP &

The anti-log of & value log., can e ciamead by specilying

PRINT 10"V

FAST
Command

Puts the ZxB81 into fast mode, whers the screen display 15 not refreshed during computation.
The screen s.displayed under the following conditions:

ia) when an INPUT statermant 15 encountered

bl when a PAUSE statement 1s encountered

jc) when an error report code is generated

ld) when a STOP commiand is encountarad in the program or the BREAK key is pressed dunng
program executicn, although these amount 1o the same as (¢l since report D will be given.

Fast mode is four timeas faster than slow mode and should be used for program entry and editing, or
for programs which do not require the constant display of results,

FOR

Cormrman
Syntax: FOR v=n TO m [STEP n]

Initiates the control vanable of a block foop

y may be any single character numenc control varable
n and m are any NUMmenc exprassions
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A FOR loop 15 not executed if the "finish™ value is exceaded on mlr*..f ta the loop. Full details of these
canditions can be found i Section 4,2 lHeration (217

The STEP value 15 opticnal, and if omitted, a value of +1 (s assumed The STEP value i added at each
encounter with a carresponding NEXT statement.

FOR |loops can be nested o any depth {althaugh only 26 single character vanable names exist to allow
nesting!

Examples:
1al 53 REM PRINT THE LETTERS A TO 2
60 FOR =38 TO &3
/2 PRINT CHRS x.
B0 NEXT X
[a]] 108 REM*SHUFFLE A PACK OF CARDS

110 DIM C(52)

160 FOR X=1 TO 57

170 LET Y=INT {(RND*52)4 1

180 REM*FIRST CARD SKIPS OVER TESTS
19¢ IF ¥=1 THEN GOTOQO 380

200 FOR W=1TO X-1

210 REM* CHECK ALL PREVIOUS CARDS
220 REM*TO SEE IF THIS ONE IS

230 REM*ALREADY IN USE

240 IF ¥=CW) THEN GOTO 170

250 NEXT W

300 REM* CARD HAS MOT BEEM SELECTED
310 REM*EEFORE, SO ENTER IT INTO
320 REM* THE ARRAY

330 LET CiXl=Y

340 NEXT x
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GOsue
Comimand i -'

Syntax GOSUB

Causes processing to contnde at the line specified by the argument of the statement The ineg number
ol the statement following the GOSUB s rewined and upon executing a RETURN, control resumes
with this statement

GOSUBs are the lifeblood of modular pregramming, ana also a useful way of keeping vour program
stzes taa munmum. Any duphcate ines of program can normally begrouped togsther and referenced by
a GOSUB command

Since the argument of the staterment can be amy vanable, conditional GOSUBS can be wntten (Faund
i other BASICS as ON = GOSUB nm )

If the line number spacified in the argument ol a GOSUB statement doesn't exist, the program jumps
to a subroutine at the next highast ling number

Examples
(& 20 REM CHEUCK FODRE YES/ND INPUT
20 GOSUB 2000
40 REM* AFTERWARDS COME BACK HERE
50 REM*NOW YOU CAN TEST VARIABLE Y
B0 IF Y THEN GOTO 270

100 GOSUB 5000
110 IF NOT ¥ THEN GOTO 390

B5003 REM*ASK FOR YES OR NO INPUT
807@ PRINT "ANSWER YES OR NO™
BOZ2E INPUT Y5

BR25 LET Y=1

8030 IF ¥5="YES" THEN RETURN
8035 LET Y=0

8040 IF Y&="ND" THEN RETURN
8050 REM*TRY AGAIN

8060 GOTO 5000

s] 100 IF |=0 OR O=2 THEN 5TOF
110 REM ™ THAT ENSURES THINGS DONT GO WRONG
120 GOTO 100a+11*10)

1000 REM*"HERE IF =0
1005 RETURN
1918 REM*"HERE IF I1=1
1015 RETURN
1020 REM*HERE IF |=2
1025 RETURN
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GOTO
Command
Syntax GOTO n

Transters flow of program ta the ing numbear speafied in the argument ol the command. This s similar
to GAOSUB, except that control s not conditonal upon a RETURN (or any othier) statement

As with GOSUB, the argument can be a complex vanable. thus allowing conditional branclhung las
with the ON x GOTO staterment found inother BASICs)

Examples
ial 250 INPUT A
260 IF A=0 AND A=10 THEN GOTO 300
270 PRINT "WHAT 2O YOU CALL THAT?™
280 GOTD 250
300
ul] 8@ IF |<@ OR O=2 THEN STOF

118 REM*CHECK THAT ALLS O K
120 GOTO 2000+ 28}

2000 REM*HERE IF |=0
2020 REM*HERE IF |=1
2050 REM™HERE IF |[=2

nate that GOTO usas the next fugher line numoer it the one specilied doss nol exist

IF
Command
Syntax IF e THEN <5

Tests the value of the expression and obeys the THEN clause if the evaluaton = true.

In this BASIC, “true” expressions are indicated by +1 and “false’ expressions by @

The evaluation logic reduces all expressions o a tuedalse condition, and hence a single vanable can
be used instead of a full exprassion e g,

IF an expresswan such as IF TS(2)="Y" OR T${2i="N" s required continually throughout &
prograrm loreven more than ange (s sufficient) it becomes more practcal 1o wrile -

LET T={T8(2)="%" OR TH2I="N")
dantl themn 1est the value of T;

IF T THEN

but remember that T reflects the value of the expression at the time of assignment. This may net be the
same as if the full expressian were wnttan, since the vanablg TS could have altered
Expressions can be made up froam: AND, OR, +, — " [, = = = <= =
"Expressions’ for more details of these
The action argument can be any BASIC statement - it is not restricted to GOTOs

o <= Ses

Examples
&) 18 LET ¥=0
20 INPUT Y5
30 IF YS="NO" THEN GOTO 200
A0 IF ¥5="YES" THEN LET Y=1
BOIF NOT Y THEN GOTO 20
200
Z101F Y THEN PRINT "YOU AMSWERED YES"
]| 10 IF X=23 AND MOT O—6=0 THEN STOP
el 350 IF LEN OS5 THEN IF C%01="%" THEN STOP

Think about that one!
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INKEYS
String function
Syntas. INKEYS

Givess the character waiting at the keyboard, or the "empty sthing’' if there is none

An extramely useful function for allowing a program 1o be stopped at convenient pomts. Whareas the
BREAK key stops execution of the program, INKEYS does not need to. The characier read can be used
1o madify program aperghon

Exampie
Thes program teaches you to tauch-type (if you want!] by displaying a randam letter of the alphabet and
random numbers, and waiing until you type the same character in reply:

10 SCROLL

20 FOR X=1T0O 10

30 LET C=INT |RND*36|-23

40 PRINT TAB X,CHRS

50 IF INKEYS< >CHR$ C THEN GOTO 50
G0 NEXT X

70 GOTO 10

twhy must the program runoin SLOW mode /)

INPUT
Command
Syritax’ INPUT v

The INPUT statement allows data entry during program execution Either numeric or stnng vanables
may be assigned data in the argument Program esecution s suspended and the serean buffer displayed
lin fast model A cursor “prompt” indicates that data is required and if the data is a string, then the
cursor s contained In quoteas

Any expression may be legally entered as data (for example the name-of another vanable, or even an
anthmetic calculation!), although if the input is for a string expression, the guotes surrounding the
prompt must be rubbed out first (use EDIT to removethesel

If STOP 15 entered as the hrst characier of the input data (remove the guotes from a sinng
expressiont, then repart B will be given

Examples:
ial 20 PRINT "WHAT IS YOUR MARE?"
A0 INPUT N
40 IF NE="" THEN GOTO 20
S0 PRINT "0, K " NE U WINE IS STANLEY
i 210 LET N=1E38

220 PRINT "HOW MANY DAYS IN-JULY?"
230 PRINT "{TYPE N IF YOU DONT KNOW)"
240 INPUT [DAYS

250 IF DAYS=N THEN GOTO 300

In this secand example, an answer of N is legal. since tha variable M has been declared This is
guite a useful ek for allowing mixed numenc and textusl responses.

INT
MNumenc function
Svntax: INT n

Frovides the integer value of the argurment. The result is therafore truncated, and no rounding oceurs
The next lower integer valug is always given, so that INT perfarmed an a nenative value will supply
the next lower value also — e.g. INT — 1.5 gives —2
When numbers are manipulated in BASIC, tests of eauality can sametimes be meffective, due to
small fractional compeoneants preventing the test from being evaluated properly. This can be particularly
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noticed when a varable s being used as part of a computed GOTO or GOSUB statement
Do not assume that a vanable 15 integer after a caleulation involving diasion or keybioard input — 15 may
not be Use the INT function to remove the fractional companents

Examples:
ia) 100 PRINT "ENTER A WHOLE NUMBER BETWEEN 1 AND 10
110 INPUT M
120 IF N=1 OR M=10 OR N<=INT N THEN GOTQ 100
il 20 GOTO INT {320+ 1000
aQ
LEN

Mumerne function
Syntax: LEM =

Gives the number of characters contained In the string argument.
A very usetul tool to allow strings fo be mampulated with ease: The length of an eMply sinng |S2erm

Examples:
lal Convert a stning to code equivalent in array W,

100 REM CONVERT 5% INTO W ARRAY
110 IF LEN 55=0 THEN GOTO 200

120 FOR X=1 TO LEN 5%

130 LET Wi(X|=CODE 55i¥|

140 NEXT X

200

(bl Chack input data vahaity

700 PRINT "PLEASE ENTER YOUR FIRST MAME"
113 INPUT NE

120 IF LEN N$<Z OR LEN N$=20 THEN GOTO 200
130 PRINT N§, ", EH?”

200 PRINT ' WHAT SORT OF NAME 1S THAT
210 GOTO 108

LET
Cammanid
Syntax: LET v(S|==2

The LET command allows varighles 1o be assigned with expression values, either numeric or string
The sxpression on the right-hand side of the equals symbel 15 fully evaluared belore the result is
assigned to the varlable declared on the left-hand side of the equals symbol This allews avanable 1o be
modified within & sinale statement {see example b balow)
A variable: cannot be used within an expression unless it has previously been assigned a value,
atherwise error report 2 1s-given. Vanables can be gssigned in two ways:

{a) use the LET command with the vanable declared on the left-hand side of the equals sign

fhl use the DIM command to craate an array of the appropriate fname

Rules for varnable narmes and restrictions on their values can be found under the heading “Variables”

Examples:
{a 60 LET GROATS=57
70 LET COST=GROATS*1D
(b} 100 LET NS=""MY MAME 5" +N3

This example relies on vanable N3 being previously assigned, since it 1s referred to on the
naht-hand side ot the equals symbaol
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LIST
Command
Syntax: LIST [n|

The LIST cammand allews porions al the program 1o be viewsed on the screen. The gragram cursor (s
posticoned at the ling number given in the argurnant {orat the beginning if no argument given), and the
progeam 15 displayaed an the screen with this line at the 1ep

When etiting a program, LIST can bie very usetul By typing!

LIST 20 [sayl
EDIT

the appropriate ling s presented (in this case 201 ready for editing at the faot of the sereen. This can save
TME-CONSUMING repaated Cursor Movernean commands

LLIST

Command

Suritax. LLIST [n|

This command 15 identical to LIST excapt the program listing 15 5ent to the printerinstead of the display
The fisting can be stoppad by pressing the BREAK key

LM
Mumenc function
Syntax LN n

This luncthon supphes the natural loganthm of the expresson following, 1e log, o
Lagarthms to base 10 can besgasily obmaned lrem the formula:

log,, w=log, *dog, 10
eg log 2 would be calculated by
PRINT LN Z/LN 10
Antl-eganthms are given by the EXP function (refer to this function for details of ant-logs to base 10}
LOAD

Command
Syntax, LOAD s

Allovis: @ program with name s [0 ba lpaded from the cassette unil, The ZX81 does not have internal

stop/start controls and 50 the umt must be controlled by hand. The tape will be searched until program s

iz found

The commanid can be stopped at any time by using the BREAK key

The statement s normally used in direct mode, but can be part of a program to allow "'chaining’’ of
programs

I 5 s the empty string, then the first program found on tape will e loaded

Example
9000 PRINT "LOAD TAXKE-Z TAFE AND"
S010 PRINT "PRESS NEWLINE WHERN T
9070 PRINT 1S LOADED AND RUNMING"
9030 INPUT Y3
9040 LOAD "TARKE-Z"

LPRINT

Command
Syntax. LPRINT [e] |.el |.e] |AT n,m| [TAB nj
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[hee LPRINT command s identical 1o the PRINT command, except that results are sent to the printer
instead of the display Full detals of the syntax are found under PRINT, but you should note the
following exceptian

The AT facility usually specifies a line and colurmn, but this feature 5 restncted to the solumn number
anly with LPRINT, althouah the line number must be present. An error repart may be given if the line
numiar s invalid even though i1 & not used, so it should be sel &1 zero

Examplos of use of the PRINT command should be studied

NEW

Comrmantd

This command clears the currant program from memaory, mcluding all varables. |t is used in direct mode
{a bit self-defeating if used n a program) to remove & program ready for another

Memory boyond the system variable RAMBOT is not affected, so this can be used to store
"rasidant” machine code subroltings,

Be careful notto use this command when you've just spent 30 mimutes typing in 2 new version ol Star
Trizke

NEXT
Command
Syntax NEXT v

Causes the control vanable in a FOR loop to take its next value incrementing the vanable by the STEP
valuel, and retums the program control back to theine number following the FOR statement containing
the corresponging varnacle definitian

It the control vanable has exceeded s terminal hme specilisd in the FOR statemant, thien codtrol
passes 1o the line following the NEXT

Example:
250 FOR &4=1TO 7
260 LET DiAI=0
270 NEXT A

Further examples of FOR/NEXT can ba found undar FOR,

PALISE
Command
Syniax: PAUSE n

Allows the screen bulter 1o be displayed for n framas (B=sn<32768), wheare B0 frames por second are
displayed. Program execution resumes after [n/BQ) saconds

If any kay = pressed during this period, the PAUSE statement s terminated. and the orogram
continues

nmay be set to any value within the range 0=n<B65536 otherwise efrar report B (s given If the value
of f 15 greater than 32767, the PAUSE command will cause program sxecubion to be suspendesd until a
key s prassed (e it will not awtomatically resume

A PAUSE statement should be followed by the statement POKE 16437255

Example:
100 REM FRINT SQUARES UNTIL STOPPED
110 LET A=1
120 SCROLL
130 PRINT A" SOUARED=""_A"*2
140 REM WAIT 5 SECS
150 PAUSE 250
160 POKE 16437 255
170 LET A=A+
120 IF INKEY$="""THEN GOTOD 120
140 STOP
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PEEK
Nl]f'I'IBFH_: [I.JI'I(-_‘.[IDF'I
Syntax: PEEK n

PEEK allows the contents of the byle at memory address n to be aceessed as a nonmal variable,

To use PEEK, il 15 nEcessany ta know the lavout of systerm memaory, and the Smclar Handbook has
Incluged chapters denlifying 1he way that the ZX81 memary 15 organised (Chaoters 27 and 28

PEEK only looks at one byte al & tme (a standard single numera variable occupies five bytes), a byte
containing 8 bits with maximum value of +127/—128 or modulus 256. Thus to study some of the
system varables which occupy two bytes, a routine to conver! two adjacent bytes into a single numenc

quantity 1= required. Such a routing 15

HOO0 REM SET X TO ADDRESS. OF
88718 REM FIRST BYTE IN PAIR

8020 REM TO BE STURIED.

8030 REM RESULT |15 GIVEN IN

8040 REM VARIABLE Y.

8050 LET ¥Y=PEEK (X+1}*256+PEEK x
H062 RETURN

One useful item 1o PEEK is location 16389, which will 1ell whether a 16K RAM pack is fitted

1@ IF PEEK 16389=88 THEN LET RAMPACK=TRLE

Another 15 location 18437, which alters its value avery 512 seconds lonly in SLOW mode!), and can

be used to time events (either internally to the program or externally):

10 LET TICK=PEEK 16437
20 LET ELAPSED TIME=0

100 LET NTICK=PEEK 16437
HaIF NTICK="=TICK THEN GOSUB 1080
120 LET TICK=NTICK

1000 REM COME HERE EVERY 5 12 SECONDS
1010 LET ELAPSED TIME=ELAPSED TIME+5.12
1020 IF ELAPSED TIME=120 THEN STOP

1030 RETURN

Pl
MNumene value

Gives the value of pl 1o 7 décimal places — 3.1415827
Mo argument s required

Example
100 PRINT “"ENTER CIRCLE RADIUS
110 INPUT R
120 PRINT B
130 PRINT "AREA 1S " R*==2"PI
PLOT
Carmimand

Syntax: PLOT m,n

[start the “clock™)
keep count of secs)

(see if it's aliered)
loccurs every 5.12s|

Futs a black guarter graphic character at the coordinates given in the PLOT argument
The coordinates follow Cartesian conventions - 1.&; honizontal address 1s specified first.
The horizontal address may be 8<==m<==83, and vertical address may be D<=n==43
Coaordinate 8,0 represents the bottom left-hand corner of the screen display, while 63,43 represents
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e the 1op night-hand corner .
Subsequent PRINT statements will grint data following the plotted character,

Example
This program “draws’’ a die face on the screen:

200 FOR X=22 TD 38 draw hornzontal lings
30 PLOT X6
G0 PLOT .22
70 NEXT X
20 FOR Y=g TO 22 draw vertical lines
180 PLOT 22.%
120 PLOT 38Y
140 NEXT ¥
160 PLOT 2610
180 PLOT 23418
210 PLOT 3214 these hnes draw the spots
240 PLOT 26.18
260 PLOT 34.18
- 300 STOP

POKE
Command

Syntax; POKE n,m

POKE allows the contents ol a memory location to be-allered to any desired value

n spaciiies theraddress of a byte 10 be chianged, and m the valus desired in that location Note that m
can only have a range of O<=m==255 lunsigned) since POKE will only aperate on ane byte. As with
PEEK, it is nacessary to have routines o splil @ two byie variable into composite parts ready for
POKEmg

The common use for POKE s 1o allow machine code routings to be inserted in spare memary and
excculed via the USR function. Because POKE operates in decimal values, a chart of the 280 imstruciion
et s required which gives the machine code eguivalents in both hex and decimal

It is not the purpose of this baok to make the werld proficient in machine code programming — refarto
the reading st in Chapter 11

One way of crealing someavallable RAM for your routine 15 to include a REM staterment as the FIRST

command in a program. The REM should contain just a serigs of tull-stops ione for each byte of program
B space required] The RAM address of the first full-stop under these conditions s 168514,
{ Anotner method 18 to alter the value of system variable RAMBOT {see Sinclair Handbook) and POKE
: the routine into the reserved arsa
Exarmple
i3 151 ') [ —
10 LET X=16514
20.POKE X.1

30 POKE x+1,108
40 POKE X+2.0

BO-POKE X +3.201
GO0 LET J=USR x

This silly routing causes vanable J to be assigned the value 100 (it would have been guicker to write
LET J=100 but this is really to demonstrate how POKE and USR work) The equivalent assembly code
set up by these POKEs 5!

LB BC 0@ 1000
RET 201

a By using variable X 1o contain the base address; several benefits are gained; 11 takes less program

b space to refer to X+n rather than a numanc iteral such as 16514 and should the system RAM addresses
alter in future versions of BASIC, you will anly have one or two places 1e alter vour programs rather than
every single POKE
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PRINT
Command

Syntax PRINT |2| |2l 2| |AT n.m! [TAB n|

PRINT causes information 1o be displayed on the screen. by bullding up a picture of the screen n a
buffer area: Both numans anag sting arguments are accepladle; inany mix or guantty. Arquments are
separated by anther a comma o semecolon (see below)

Each argurment can be a complex axprassion, which oivas PRINT probably more povieer than any other
single comrriand

I| an expression (& terminated by & semecolan, then the nex) printed exprassion will be appended 16
this with no mtervening spaces. H an axpression is terminated by 8 comima, then tha next [tem printed
will be positicned at the next print 2ong on the soreen, where zones are placed at intervals of 18
charactars This aives a line length of 2 fields (2 fields of 16 characters each). If a figld 1s 15 or moe
characiers in length when converted Tor display, then the next tem will be positioned at the following
print sone, This ensurss that 2t least one space 12 el betwean aach displayed fisld

If the last axpression (f any s presentt 1s terminatad by a space, than this indicatas that thare s no
more data to be printed on this ine, and further PRINT2d items are 1o stast a new: line:

The TAB n option forces the prnt posinon (o be moved 10 column n of the current line. If the print
position tas passad column n. then the print position 1 moved to the same calumn on the next ling
dawn,

Tha AT nm aplion allows # e neand columnom (o be specilied. The prnt position |5 moved 1o this
addrass gn the display Both noand oy must be valid line i0<=n<=21) and column (<=m==31|
numbers, eise error repart B s given

Mate that 11 would be fairly meaningless to follow the AT and TAB optians by anything other than &
sami-colon, since the print position would be altarad agam,

Examples:
ia 200 FOR <=1TO 1@
210 PRINT X" SOLARED 15" X**2
320 NEXT ®

In this example, the text "SAQUAHED 13" contains a spaceat the begnning and end. This s to
allowe lor the fact that the sami-colon field separator does not leave a blapk position between
ligld=

(b} 100 REM PRINT ALL THE GRAPHICS
110 PRINT "NOARMAL", INVERSE ™
120 FOR A=1TO 10
130 PRINT "' " CHR$!&! " " CHRS(A+128)
140 NEXT A

Here, the "space’ strings are to positionthe graphic character centrally undermeath the calumn
hesdings A comma alter the first CHRS function ensures that the next figld falls mto line at a print
Jone dndarmeath the next heading

lel 102 PRINT AT 0.0;"TOP" AT 21.26; "BOTTOM"
id 200 FOR X=24 TO 0 STEP -2
210 PRINT TAB . "DIAGOMNALT
220 NEXT X
RAND

Command
Syntax. RAND [r]

This cormmand causes the randam number generatar seed to be nitialised from the screen frame
countar I a non-zero numenc argument s prasent, then the seed (s taken as this value

Random numbers are taken from a serles one-ky-one as the BRND function is called. Howeéver, this can
mean that every time the computer is switched on, an identical senes is obtained The RAND command
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forces a new seed to be used, and therefore causes the series 1o be entered at a differem point each
Time

Example
5 HEM ROLL A DIE
0 RAND
20 LET D=INT (RND*6i+1
33 CLS
43 PRINT "YOU ROLLED A" D
50 PRINT

6@ PRINT "PRESS NEWLINE TO ROLL"
70 PAUSE 42000
80 GOTO 20

If you alter line 10 to:
0 RAND &

then avery 1imea you run the program. the die rolls will give the same sequence of numbers,

REM
Commiman

The REM command allows remarks or comments to be entered into the body of the program to serve as
a form of annotation as to the workings of the codes

15 good practice to spnnkle a pregram hiberally with REM statements so that not anly you {trying 1o
debug your game in five years' tmel, but others may understand your train of thought in the flow af
loaic

Unforunately, REM statements eat up the availabla RAM and in the basic | K RAM system this can he
fuite a problem. However, there are twa solutions to this:

{al Annotate your program listings an paper and ensdre that & copy of this paper accompanies the
cassetie cantalning the program

by Llse PRINT commands {again, waltch the memary imits) to inform the prograrm user as to the way
inwhich the program s 1o be used. This will normally prevent people from wanting to poke around
inside your codirg!

As more memory becomes available; the number of REM commands found in a pregram should
moreasa dramatically,

RETURN

Command

Heturns program control to the line following the last GOSUB encountered. This is normally the last line
found ma subroutine
Study the examples under GOSUB

BRND
Mumenc value
syntad: RND

Supplies the next number from a senes of random numbers. This uses a seed to generate the series
fwhich can be assigned using RANDOMISE) No argument is required
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The valug returned s n the fange @<=n<1, 201 Is necessary to multiply this value by a numbier m
(m=1} in order 1o obtain a2 random number @<=r<m

Examples:
ia) 10 LET N=INT (RND*100)+1
28 PRINT | AM THINKING OF A"
3@ PRINT "NUMBER BETWEEN 1 AND 100"
ik 100 IF INT (RND*4)+1=1 THEN PRINT "THIS MESSAGE |15 ONE IN FOUR"

This last example 1= a handy way-of supplying mfermation 1ea program user from tme to time
Hor examplef stuckan a maze gamel,

RUN
Command

Syntax: RUN [n|

Forces program exacubon 1o commence at lime number n, or ff nis absent arzerc, thenat the first ine of
program

All vanables are cleared when this command s entered. |f you need to retain the varables, then usea
GOTO i rather than RUN

Examplies:
1a) RUM @ {starts at fifst program linge)
b RUN 200 istarts at ling 200, or the first one encountered after if 200 is not
prasent)
SAVE
Command

Syntax. SAVE 5

Allowes & prograny In memory to be saved on cassetie 1ape with name s The tape should be positioned
ready, and runmng in record mode when the NEWLINE is entered

The command can be used in immediate made ar within a pragrarm

All assigned vanables are stored with the program, and sc data can be "stored"” from one tun w
another See Chapter 6 Tor full datails of using the cassette

Example:
9960 SAVE "GRAPH"
a91p GOTO 1

Tihus program will automatically start running when reloaded from cassetis - ses Chapter 8

SCROLL
Command

Moves tho screen butfer up ong line, creating a blank line at the bottom (1 2. line 21) and maving the print
positian 1o the first calumn of the blank line created, Thisallows “teletype’ facilines of a sort to be used.

Example
seg exarnple under PAUSE,

SGN
Mumeric funotion
Syntax: SGN n

Answers with the sign of the argument
If the arqument |5 greater han zero, then the reply = 1 11 the argument s less than zero, the reply s
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=1 If the argument is exactly ziero, then the reply is zera,

Example
This routine rounds a value to the nearest integer

100 LET V=INT |ABS V+0 5/"SGN V

SIN
Mumernc function
Syntax: SIN n

Gives the sinevalue of the argument m radians.

Exarnpla:
A618 PRINT SIN &

sLow
Command

This command puts the ZX81 nto slow mode, or “compute-and-display'’ mode, where computed
results dre displayed simultanecusly to program-exacution

The main panalty pad for thiz luxury 15 that of speed of execution, which 15 fourtimes slower than fas)
mode

There are few programs which cannot be wntten 1o run in aither fast or slow mode {remambar that
ZXB0 users with the ZX81 BASIC BK ROM installed cannat use slow mode — the ZX80 always runs in
fast mode), but two examples have beer given in this course - program TRACE. and example (bl under
PEEK, which uses the timer facility of the sereen refresh counter

Whenever the ZX81 is swilched on, or the NEW command is used. slow mode is automatically
selected

Example
1 REM PROGRAM TO USE THE TIMER
10 SLOW

isee the example under PEEK)

SQR
Murene funcuon
Svnigx: SR n

Gives the square root of the argument. Errar B is given if n 15 negative.

Example.
180 REM CALCULATE HYPOTENUSE
112 PRINT "EMTER BASE"
120 INPUT B
130 PRINT "EMTER HEIGHT"
140 INPUT H
160 PRINT "HYFPOTEMNMUSE 1S SAR (B**24+H**2)

STRS
String function
Syntax; STRS n

Converts a numeric expression into string form, This allows maore detailed processing of data items. The
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rasulting string i only as lang as the item would be if printed — (2. no leading spates or zgros dre
supplied

Exarmple
| REM PRINT MUMBER WITH LEADHNG ZERDS
10 INPUT ™
15 LET N=INT N
20 LET NE=STRS(N}
30 FOR X=1 TO 10—LEN NF
4% PRINT “0°;
50 MEXT x
650 PRINT MNE

STOP
Comrmand

Forces program gxecution ta stopal the current line. The screen buffer is displayed and an error code (s
given at the foot of the screen in the form 9/LLLL where LLLL is the line number containing STOP The
program can be restarted by using CONT

Examples:
El 20 REM*CHECEK IF MUMBER IN RANGE
30 1F M=0 AND N=210 THEN GOTO 108
40 PRINT "MUMBER QUT OF BANGE"
a0 STOP
1]} 300 PRINT "WHAT MNEXT?
310 INPUT N5
320 IF N$="FINI5H" THEN GOTO 5239
330 IF NE="END" THEN GOTO 923945
9993 STOP
TAMN
Mumene function
Syntax; TAN n

Gives the tangent value-of the argument, which must ben radians.

Example:
230 LET T=TAN X

UNPLOT
Command
Syntax. UNPLOT m.n

Erases a pmxel created previously by PLOT. The prnt pesimen indicator is updated to the new “m.an”
positon See PLOT for detals of checks made on m andn

Exampla;
To @rase the centre spotl created in thie axample undear PLOT, thus making the die face into a "four”
instead of a “five”

400 UNPLOT 2014
410 STOP
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USR
NMumens function

Syntax. USR

Farces a call 10 a machine coge rauling at mamary address n.

&n retdrn from the redtine; the cantents of the BC registers are taken as the function value

A maohine coded routing must not use (n any way) registers &' F' [X ang R, ang it s advisable not 1o
use reqisters | and |

Inorder to set up a machine cede routing, 15 necessary 1o use POKE 1o install a byte at a tinie (sesa
lull exampile of this under "POKE''| An alternative meathod is to reate an array using LET statements,
then calculate the address of the array using the system variable VARS (see ZX81 Handbook, chapters
28 and 29)

Example-
See example under POKE

VAL
Mumernc function
Syntax: VAL s

The VAL functon gves the numeric equivalent of the string expression argument that fallows,
It tha stnng expression does not evaluate 10 a numenc eguivalent, then errar report C will be given
It is possible for the VAL function to be given a string expression containing variable names, although
such & funetion must appear as the first itemn within any larger expression Where the string expression
is rmade up of more complex expressicns, errar reports other than report © may be given (e.g. efrar 2)

Examples
ia) 20 LET VARA=20
30 LET ME=""*100"
48 LET S5="VARA"
50 PRINT VAL (S35+ME)
s} 200 LET MUM=53

300 PRINT VAL STRS NUM

VAL and STRS$ have oppasite effecis,

=Variable=

& wanable can represent one of four tems:
ial Simple numernc fleating point value
bl An array element
et Control loop vanable
idl String variable

Varable names!
Type (a) can be of any length: e.g. J, ERRORCOUNT, TOTAL

Type (b must be a sinale character, optionally followed by a 8§ symbal, followed by & subscripting
vanable {which may be any numernc expression) e.g. DIB), XBTOTAL)L TiX=1/"5 OR
{X=0]"B)

Type (o must be a single charactereqg X, E

Type |dl must be a single character suffixed by § eg TS, BE

Mamumum values
All numenc variables (types a, b and cf are accurate to 9.5 significant digits, thus the longest accurate
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number that can be held 15 4,294 967 285 The largast value that can be held (regardless of accuracy in
lovwer arders) is approximately 10E38, and the smallest is approximately 4*10E-39

Strings can be of any length {although a string variable name can only be one character followed by a
&)
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Report Codes

Each possible report code Is shown here, with an example of how it may have ariser. Some reports are
merely to tell you the status of the ZX81 (like BREAK key pressed) while others are as a result of
programming errors and may be more difficult 1o detect The line number of the error report is given as
the second of the two numbers

Report Code

]

Meaning

A pregram for direct command) has completed successiully. This can also cccur
when @ GOTO is used to jump to a line number that is higher than the highest line
nurnber i the pragram,

A NEXT statement has been found for which an appropnate control vanahle has
not been set up, although an ordinary vanable with the correct name has been
found. An example:

10 LET X=1

20 PRINT "HI THERE"

30 NEXT X

An undefined variable name has been used If the variable 15 an ordinary variable,
then it must be assignad with LET before it can be used in other commands. If the
variable s an array, then it should be assigned with a DIM statement. & commaon
cause of this errar is gither absent-mindedness or a typing mistakel Eg.-

18 LET NMBER=23

20 PRINT NUMEBER

Subscript out of range. Eq.
10 DIM Aik)
20 LET A12)=32
ar
16 LET x$="ABCDEFGH|"
20 PRINT x5(12)
Both will give report 3720,

Mot enough memary In the ZX81 to complete this command or statement. Read
this section in "Common Problems and Solutions'

Screen display full CONT will aliow the program to restart with a blank screen
This is covered quite extensively in Chapters 3-and 4

Anthmeuc overflow. A calculation has resulted in a number farger than
approximately 10%% E.g

PRINT 10E25*10E25
A RETURN statement has been found when no GOSUB statement was given

INPUT has been used as an immediate comimand. and this s not allowed,

A STOP statement has bean faund in a program. |f you enter CONT, the ZX81 will
continue from the raxt ine number

You have Tried to use a function incorrectly, &.g. PRINT SOR —1. This can happen
with 50R, LN ASN and ACS

Arinvahd number has been found. Certam statements reguite numbers within &
range {for example GOTO requires a line number in the ranga 1 to 9999), If this
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number is beyond a surtable range. then error repart BYs given, Look at the line
thiat has caused the problem and refer to the chapter luse the Index) that deals
with the particular command. & common mistake oceurs with PLOT and
UNPLOT, alsc PRINT AT y.x

The string expression used after a WAL function does not represent a valid
NUMENC expression, &4

LET E=WAL "32X 66"
BREAK koy prassed, or STOP used as the Hrst fem in an input expression

Mot used

& SAVE command has bean given with an emply program narme Sieng, €.0:
SAVE "
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A

ABS

ACS

“Action’ box

AND

Annatation
"ARCHERY"
"AREATY
"AREAZ"
"AREAZ"

Area of rectangle
Arithmetic operators
ASN

Assigning variables
AT

ATN

B

Backing stare

BAS|IC

BASIC imterprater
"BIGONE"

Boalean logic
Bracketed expressions
BREAK

Byte

Byte address

Byte value range

c

Calculators
Cassette guidelings
Chained calculations
Characters
Checking syntax
CHRSs

CLEAR

CLS

COBROL

CODE

Code numbers
“CEBES"

Comma separator
Commands

Commands & statements

Command seguencing

Complex conditional expressions

Comphcated calculations
Compute & display
Computer program
Computers

Computer systems
Concatenation
Conditional expressions

32,70
32
78
g2
a4

188
41
44
51
13
13
az
25

102
3z

9,186
1895
a8
T
21

B8
195
195
195

T2
117
20
154
16
156
188
83

156
154
154
a0
14
42
a8
g7
19
83
]

146
60

Conditionial expression values

Conditional GOTO

Conditional string exprassions

Connecting up
CONT

Contral vanable limits
Caontral variables
COPY

CORAL
"CREATE"
Creating anarray
Cursor

Cursor control
Cursar keys

D

"Decision’ box
Definition of & program
Deleting statements
DIM

Direct commands

Disk packs

Display

Dallar sign

B

E {scientific notation)
EDIT

Editng

Empty string
"Equals”

ERNIE

"EXAMPLE"

EXP

F

EHcursor

False

FAST
"FINANCE"
FOR

FOR loops — why use them?

FORTRAN

Floppy disks
Floweharting
Flowcharting — when 1o
Function

FUNCTION

Furthar reading list

G

[cursor
GOSUB
GOTO

Inclex

82, 93
6O
145

b3
83
82
111

170
164
g 15
48
47

27

A6

A
152,163
14

181
119

32

i5;30
62

BE

180
B2 2M
159

77
a8
15
30
197

15,108
128
57.201
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"GRAPH
Graphics
Graph plotting

H

Hard copy
Hidden code games
Home finance

How the ZXB1 sees things

How to store commands

IF

INKEYS

INPUT

[nput exprassions
INT

Interactive games
Invarse video
Iteration

Itaration — what is jt?

K
[lcursor

k. units
keyboard
Keywords

L

Mcursor

LEN

LET

Lime numbears

LIST

LLIST

LN

LOAD

Load-and-go programs

Loading unknown programs

Logical operators
“"LOOPER"
LPRINT

Mt

Machine code
hMainframe computers
"MASTERMIND
Mathematical functions
bemory

Menu sereen
Microcomputer
MWicrosoft BASIC
Multi-dimensional arrays

234

125
108
132

183
150
154

27

80

187
47,143
135
3269
183
109
57,82
B7

o om

180
23
37
40

1
32

6. 41

120

18
62
G

111

196

184
18]

191

203
176

M

“MAMES"

Mested brackets
Mested loops

Mested subroutines
NEW

MNEWLIME

MNEXT

MNOT

Mumeng arrays
Mumerical expressions

o

Operator priorities
OR

P

FASCAL
PAUSE

PEEK

Pl

“PICTURE"

Pixel

PLOT

POKE

Prime number (definition)
"PRIMES"
PRINT

Frinting text
Frint formatting
Print zones
Prionties
Program cursor
Program design
Frogram editing
Program libraries

a

Cuate image

R

RAND

Random Access Memary (RAM)
Random numbers
"RATES"

Read Cnly Memory (ROM)
Relational operators

REM

Report codes

RETURMN

Right-alignad values

RND

RUBOUT

RUN

165
2
5]

130
37

P
82
70

178

268

&7
62

87, 167
196

32

109

132

132

107, 1895

43, 137

118

145

181

181
173

B
44,201
15

128
192

181

6 16
74
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Hunming modes

5

Bcursor

SAVE

Saving variables
Scientific notation
Screen coordinales
Screen frame count
SCROLL
"“SCROLLER™
Semi-colon separator
Setting up the cassette
SGN

SHIFT

Showing the display
SIN

Sing wave

Slicers

sLOwW

Sound of programs on cassette
Speed compansons
YePEEDY"

SQOR

"STARTERS"
Statements

STEP

STOP

Stopping a program
"STRATEGY"

=irateqgy games

String arrays

String comparisons
String expressions
strng functions

Stning representation
sStrings

String slicing

Sinng vanables

STRs

Subroutines
Subroutines (definition of)
Subroutings —replies
Subroutines — why use them?
Subscripts

Substrnings
“Supercharged bumbleboe"
“SWOPPER"

Syntax errors

Systam variables

T

TAB

“Tab” key
Tabulating print
Teleype
“TESTER"

=)

el

15
115
128

24
133
182
105
105

44
11k

32,68

1089,

a7
e
106
150
=15
117
98
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