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Introduction
Welcome to this book on the BBC Microcomputer. Even if you knew 
nothing about computers and programming when you begin, you 
should end up with quite a degree of knowledge by the time you finish 
working through it. And if you already know some BASIC, you should 
know even more by the time you turn the last page.

I've assumed that you don't know anything about programming, so 
some of the material in here may seem a little simple to you. I make no 
apology for this, as there is a time in all our programming lives when 
we know nothing. We have all had to start from square one at some 
stage or another.

I suggest you read through the material in this book in the order in 
which it is presented. The development from topic to topic is carefully 
graded, so working through the book, and — most importantly — 
entering the material into your computer as you read, in the sequence 
in which it is presented here should assist you in developing your 
programming skills. Special thanks to Jeremy Ruston who provided a 
substantial quantity of material for the latter part of the book, to Roger 
Munford who prepared extensive notes on many of the functions of 
the BBC Microcomputer, and to Graham Charlton for Microsoft 
versions of some of the programs.

This book has been a pleasure to write, because the BBC 
Microcomputer 'co-operates well' with a programmer, and the 
computer shows the result of careful design. Your BBC 
Microcomputer should be a companion for years to come. I hope this 
book will assist you in making the most of your new machine.

Tim Hartnell,
London W12, 1982
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The PRINT Statement
PRINT is probably the most-used command in BASIC. It is the 
command which allows the computer to communicate with the user.

Type the following line into your computer, and then press RETURN:

PRINT 5

You'll see that the computer obediently prints the number five. You 
can use the PRINT command to make your computer act as a 
calculator. Enter the following and press RETURN:

PRINT 5+3

When you press RETURN, you'll see it prints up the correct result. 
This 'direct calculation mode' can work out problems as complex as 
you wish. Try the following (remembering to press ENTER to make the 
computer act on what you've typed in):

PRINT SQR (8 + 1)

This asks the computer to PRINT the square root (that's what SQR 
means) of the sum of the numbers in brackets, that is, the square root 
of nine. If your computer is functioning correctly, you should have got 
an answer of three. Don't worry about the SQR at this time. We will 
come to it later on.

So you can see that PRINT can be used in the direct mode to print out 
numbers, and the results of calculations. It can also print out words. 
Type in the following, then press

RETURN:

PRINT HI THERE

Instead of happily printing HI THERE, the computer comes up with 
what is called an error message. In this case, the error message reads 
No such variable. We'll look at variables in due course, but for now, 
keep in mind that if we want the computer to print out words, the 
words must be enclosed within quote marks. Enter and run (that is, 
press RETURN after typing it in) the following:

PRINT "HI THERE"

You"ll see the words HI THERE appear on the line below the one 
which you typed in.
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To recap quickly: Simply used as a command, typing PRINT2 + 3 will 
tell the computer to print out the result of that addition. Entering 
PRINT "WORDS" will get the computer to print out everything which 
is within the quote marks.

Computers use programs, and it is now time to write our first, simple 
program. Enter and run the following:

10 REM PROGRAM ONE
20 PRINT”THIS IS A DEMONSTRATION”
30 PRINT 1
40 PRINT 2
50 PRINT “THIS IS THE END”

When you RUN this (which you do by typing in the word RUN, then 
pressing RETURN), you should see:

>RUN
THIS IS A DEMONSTRATION

1
2

THIS IS THE END

While we have this program in the computer, let's learn a little more 
about programs. Type in LIST, then press RETURN. You'll see the 
program listing comes back. Notice that every line starts with a line 
number. The first line, in this case number 10, starts with the word 
REM. REM is computer talk for REMARK, and is used in a program 
when you want to explain what is going on in within a program, or 
what a program is (as in this case), so that when you return to it later, 
you'll know what is going on. The computer ignores REM statements 
when it comes to them.

A REM statement is made up of a line number, then the word REM, 
and some text. The message can be made up from almost anything 
you like — letters, numbers or punctuation marks — although it is best 
to keep the messages as clear and brief as you can. Although anything 
typed after the word REM is ignored by the computer when it is 
running a program, a REM line still uses up memory.

REM statements are often like the following:

10 REM THIS WORKS OUT THE SCORE

10 REM FIND THE ANGLE
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There is no reason why there should be just one REM statement, but if 
the commentary you wish to add to a particular area of a program is 
one which may take up more than one line of text, it is important to 
place the word REM at the beginning of each new line. For example:

60 REM THE MULTIPLICATION ROUTINE IN WHICH

70 REM THE TWO VARIABLES A AND B

80 REM ARE MULTIPLIED TOGETHER

So long as each REMark line starts with the word REM, the computer 
will ignore the text that follows on that line (although the complete 
program listing, REMs and all, will be printed if a LIST is requested). If 
you forget to place REM at the beginning of what is intended to be a 
REM statement, the computer will assume the line is a statement it 
does not understand, and reward you with an error message. Type in 
the number 10, then press RETURN, then type in LIST, and press 
RETURN again. You'll see your program reappear as follows:

20 PRINT"THIS IS A DEMONSTRATION"
30 PRINT 1
^0 PRINT 2
50 PRINT "THIS IS THE END"

Line 10 has disappeared. It is very easy to get rid of lines you don't 
want in a computer, just by typing in the relevant line number, then 
pressing RETURN. Try typing in line 10 again, as it was before, but 
leaving out the REM statement. Enter the following line, then run the 
program:

10 PROGRAM ONE

You'll get the error message 'Mistake at line 10', because the computer 
does not know what to do when it comes across the word PROGRAM. 
It has nothing within its instruction set which corresponds to the word 
PROGRAM.
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Editing
We can put the word REM back in, and illustrate how the BBC 
Microcomputer's editing facilities work. Type in 10 REM, then go to 
the key with the arrow on it above the word RETURN. Press this once, 
and you'll see a solid square appear after the word REM and a flashing 
line (the cursor) move up a line. Keep pressing the arrowed key until 
you reach the line which reads 10 PROGRAM ONE. You will probably 
find that the flashing cursor is underneath the space after the number 
10. When you've done this, press the COPY key (under the RETURN 
key) and hold it down until the words PROGRAM ONE are 'copied' 
after the word REM in your new line 10. Now press RETURN. This may 
sound confusing if you're not reading this book while seated at your 
computer, but should make sense if you are. Test that the new line is 
in place by typing in LIST, and then pressing RETURN. The program 
should reappear, with the word REM in the right position in line 10. 
Check that it is correct by entering RUN, then pressing RETURN.

Just to recap, the REM statement has two uses. One is to act as an aid 
so you and your friends can untangle programming webs you've 
woven. The second use is to act as a separator between individual 
routines in a large program; to split it into visually separate blocks.

At the end of the book is a chapter called 'Improving your programs' 
which discusses the concept of 'structured programming'. The use of 
REMs in this second way is described in more detail at that point.
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LIST and RENUMBER
LIST is the BASIC command which we use to get the computer to 
print out the whole of the program it is currently holding. You can 
simply enter L., instead of the whole word. Try it now. Type in L. and 
press RETURN. The program should list out in full. All lines in the 
program are LISTed in numerical order, rather than in the order in 
which they were entered into the computer. The computer 
automatically sorts its lines into order. Enter the following, press 
RETURN, and then LIST the program again:

15 PRINT "THIS IS A NEW LINE"

You'll see it stays at the bottom of the listing when you first press 
RETURN, but after typing in L. and press RETURN again, you'll see it 
snuggled into its proper position, as follows:

10 REM PROGRAM ONE
15 PRINT "THIS IS A NEW LINE"
20 PRINT"THIS IS A DEMONSTRATION"
30 PRINT 1
^•0 PRINT 2
50 PRINT "THIS IS THE END"

The BBC Microcomputer has a very useful facility to renumber lines. 
You can number lines with any interval you choose (like starting at 
one, then going up in ones), but this does not leave any space for 
additional lines to be inserted. If you type in RENUMBER, then press 
RETURN, then LIST, then RETURN again, you'll see the following:

10 REM PROGRAM ONE
20 PRINT "THIS IS A NEW LINE"
30 PRINT"THIS IS A DEMONSTRATION"
^0 PRINT 1
50 PRINT 2
60 PRINT "THIS IS THE END"
As you can see, line 15 has been changed to line 20, and all the 
subsequent lines have been renumbered. RENUMBER is a useful 
command to remember, and you can use it whenever you need 
additional space between lines, or before you SAVE a program on 
cassette, or print it out on a printer.

If you simply type LIST, the entire program will be listed by the 
computer. However, by varying the listing format, a number of useful
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variations can be achieved. These allow you to examine individual 
portions of the program. Let's add a few more lines before we do so. 
Add the following:

70 PRINT "HI"
80 PRINT "THERE"
90 REM HI THERE

100 PRINT 4

LIST 10,50 will only allow the lines number 10 to 50 to be listed. Any 
lines numbered higher or lower than this will not be included.

LIST 70 will only list line 70

LIST ,70 will print all the lines up to, and including, line 70

LIST 70, will print out all the lines above line 70, including line 70

You can halt a listing at any point by pressing ESCAPE.

RUN, STOP, END, NEW, 
OLD
As you've no doubt realised, the RUN command is used to start the 
computer operating on a program which you have entered into the 
computer, either by typing it in, or by loading a program in from 
casssette. The computer executes all the lines stored in its memory, 
starting from the lowest number, and working through in order. 
Various commands, as you shall see shortly, can make the program 
loop back on itself, but in essence, the computer works through a 
program in line number order, unless told to do otherwise.

If you want the program to STOP at a particular point, you can use, 
naturally enough, a command called STOP. Enter 35 STOP, press 
RETURN, then run the program. It will print out:

THIS IS A NEW LINE

THIS IS A DEMONSTRATION

Then, after a blank line, will be the message "STOP at line 35". BBC 
BASIC includes another word which does exactly the same thing, but
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does not print out an error statement. Change line 35 to 35 END, press 
RETURN, then run the program again. You'll find it prints out the two 
lines as before, but does not print out a message like "END at line 35". 
You can use these commands wherever you wish a program to 
terminate. Other computers are not as tolerant as this. Some, like the 
Acorn Atom, demand that an END statement ends each program, and 
responds with a beep and an 'Error' message if the END is left off. You 
do not need to worry on the BBC Micro. The END is optional.

We'll return to look at PRINT In a little more detail in a moment, but 
there is one more (actually, two associated) command I'd like to 
discuss first, NEW and OLD.
The command NEW will erase any program from the computer's 
memory, and should always be used to remove anything from the 
memory before you start writing a new program. If you don't do this, 
and you use different line numbers for the second program, you'll find 
the lines may well be interwoven with the old program. The NEW 
command is fairly brutal on most computers, causing it to dramatically 
forget everything. Try it now on your computer.

Type in NEW, press RETURN, then enter LIST, and RETURN again. 
You'll find the 'greater than' symbol beside the flashing cursor appears 
immediately below the word LIST — but no listing. Try LIST 10, then 
RETURN, and you'll get the same nothing result. However, and this is 
useful to remember, the BBC Micro has tucked the program away in 
another part of memory, just in case you change your mind. Type in 
OLD, then RETURN, then LIST and RETURN again and, as if by 
magic, the program has been restored. OLD is pretty easy to 
remember as the opposite of NEW.
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PRINT formatting and 
TAB
To complete our exploration of the PRINT command, type in NEW 
again to get rid of the program. Now enter and run the following:

10 REM xxpRINT FORMATS**
20 CLS
30 PRINT
40 PRINT
50 PRINT
60 PRINT "HI"60
70 PRINT "HI"|70
80 PRINT 12 3
90 PRINT 1,2,3

100 PRINT i;z;3
110 PRINT J 1I2J3

Follow this explanation carefully, and you should learn a lot about the 
way the BBC Micro formats its print output, you can then use what 
you've learned to arrange output of your own programs as you wish. 
I'll go through the program line by line, a practice which will follow, 
from time to time, in the rest of the book.

10 — Title REM statement
20 — CLS is the command to clear the screen
30-50 — Each of these words PRINT, with nothing following,

prints a blank line, moving the next print position down a 
line. This explains the gap at the top of the screen before 
anything is printed.

60 — This prints the word HI and then, leaving a space, prints
the number 60. Note that the number can follow the word 
but will not necessarily be printed immediately after it, as 
does happen in the following line.

70 — The three apostraphes (shift the 7 key), as you can see,
have exactly the same effect as three blank PRINT lines, 
and are far more convenient to use. Note also that the 70 is 
printed hard up against the word HI. The semi colon (;) 
between the close quote marks and the number ensure 
they will be printed together in this way.

80 — This allows the numbers 1,2 and 3 to be printed in neat
little rows. Note that there must be a space between them 
or the computer will print them as 123 or 12 and 3 or 1 23.
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90 — This line uses commas between the numbers ensuring
they will be printed in separate rows.

100 — The semicolons between the numbers ensures that,
after the initial space between the left hand side of the 
screen and the numbers, the numbers will be printed hard 
up against each other.

110 — The semicolon before the first number ensures the
printing starts at the extreme left hand edge of the screen.

You can use these within PRINT statements to create the effects you 
need. Clear the current program with NEW, then enter and run the 
next program, changing line 30 as shown, to produce the effects 
shown. Don't worry about what the rest of the program means at this 
stage. It will be explained shortly.

10 REM xxPRINT TWOxx
20 FOR J=1 TO 10
30 PRINT J
40 NEXT J 

>RUN
1
2
3
4
5
6
7
8
9

10

10 REM xxpRINT TWOxx
20 FOR J=1 TO 10
30 PRINT J?
40 NEXT J

>RUN
12 3
9 10>
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10 REM **PRINT TWO**
20 FOR J=1 TO 10
30 PRINT hJJ
40 NEXT J

>RUN
12345678910>

TAB (for tabulate) is a command which is very useful to combine with 
the word PRINT. It moves the PRINT position across the number of 
lines specified in the brackets following the number. Change line 30 so 
it reads as in the following program, and run it:

10 REM **PRINT TWO**
20 FOR J=1 TO 10
30 PRINT JJJ" II *
40 NEXT J

>RUN
1 2 3 4 5 6 7 8 9 10

10 REM **PRINT TWO**
20 FOR J=1 TO 10
30 PRINT TAB(J)|J
40 NEXT J

>RUN
1

2
3

4
5

6
7

8
9

10
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And then like this:

10
20
30
40 

RUN
1

REM xxPRINT TWOxx
FDR J=1 TO 10
PRINT TAB(3*J)JJ 

JNEXT

7

3

5
6

7
8

9
10

We are now going to introduce a program which will be used in a few 
other places throughout this book to illustrate different aspects of the 
computer's actions, so I suggest you enter it, even though you may 
not know what all the lines mean, and then SAVE it on tape, so you 
can load it in again when we refer to it later (such as in the section on 
READ and DATA).

10 REM TABULATOR ROCKET RANGE
20 M0DE7
30 FOR d=10 TO 1 STEP -1
40 PRINT '"d
50 T=TIME
60 REPEAT UNTIL TIME-T>50
70 NEXT J
80 REPEAT
90 Q-RND(29)+1

100 U=128+RND(5)
110 FOR rocket=l TO 71 READ ROCKET*
120 PRINT TAB( 0 > #CHR*(129) I” (’* JTAB(Q) 

$CHR*(U) J ROCKET* I TAB (36) »CHR*(129)J")"
130 NEXT rocket
140 T«TIME
150 REPEAT UNTIL TIME-T=2
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160 SPACE -RND(10)
170 SOUND 16,-RND(5)-10 ,RND(3)--1 ,RND(20 )
180 FOR prints TO SPACE
190 PRINT TAE!( 0 ) JCHR$< 129) J " ( " JTAE!(37) J " ) "
200 NEXT print
210 RESTORE
220 T=TIME
230 REPEAT UNTIL TIME-T==2
240 UNTIL FALSE

II

II

II

250 DATA “ 1 • • • •* * +++
260 DATA " + + +
270 DATA " +++ 11, “ +++
280 DATA " <X> "

SAVE
You SAVE programs by typing in the program, connecting up your 
cassette recorder as shown in the manual, then typing in SAVE 
followed by the name of the program within quote marks. In this case, 
I suggest you use the name ROCKET, so you would type in SAVE 
"ROCKET", then follow the instructions given by the computer.

These mean you must turn your cassette recorder on, and start to 
record, and once you've done this, press the RETURN key. You'll see 
the word ROCKET appear, followed by a series of numbers as the 
computer saves the program in blocks. When it has all been saved, 
after a few seconds, the computer will beep to tell you it is finished, 
and the 'greater than' symbol will reappear, followed by the flashing 
cursor.

I suggest you make a habit of saving each program three times in a 
row, on a C-12 or C-15 (i.e. computer) cassette, and you only put 
one program on the side of each tape. Label the tape clearly with the 
load name (i.e. with ROCKET In this case). Although it may seem 
wasteful to use up the whole side of a cassette with just one program, 
recorded three times, the frustration you will save yourself by not 
having to search through tape after tape for a program you want will 
more than compensate for using more cassettes than is strictly 
necessary. The program is recorded three times just in case the tape
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gets damaged at some point, or you accidentally erase part of the 
tape, or — as sometimes happens — one SAVEing of a program just 
refuses to load properly.

You should clean the recorder's heads frequently (using liquid, not a 
tape cleaner ribbon in a cassette) to ensure the clearest possible signal 
is put onto the tape.

Now let's return to our TABULATOR ROCKET RANGE.

TAB (X) and TAB (X,Y)
The important lines for this discussion are 120 and 190, as these make 
use of TAB in printing. Line 120 behaves as follows:

TAB (0) — This is not strictly necessary, but ensures that the first 
PRINT is hard against the left hand edge of the screen
CHR$(129) — This ensures that the next thing printed will be red. The 
colour commands are described in detail later on in the book 
"(" — This prints a (red) left hand bracket
TAB(Q) — Q is a number between 2 and 30 (chosen in line 90) which 
determines how many spaces across the PRINT position will move 
CHR$(U) — This determines the colour of the rocket which will be 
printed
ROCKET$ — This is part of the rocket, selected by the READ statement 
in line 110. Don't worry about this at the moment, as we will be using 
the ROCKET program again when discussing READ/DATA/ 
RESTORE in due course. For now, it is enough to realise that 
ROCKETS is part of the series of plus signs which you see in lines 250 
to 280.
TAB (36) — After the part of the rocket on that line has been printed, 
the PRINT position moves across to the 36th position on the line, 
where CHR$(129) turns the following ")" red to put a border down the 
right hand side of the screen.
Line 1900:
TAB(0) — As above
CHR$(129);"(" - As above
TAB (37);")" — This moves the PRINT position across to the 37th 
position, to print the bracket for the right hand border. Line 190 is used 
a random number of times (between one and ten times, chosen in line 
160) to put a space between the rockets.
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So far we have only used TAB with a single number in brackets after 
the word. Remember, TAB(A) will move the start of the PRINT 
position A spaces across a line. You can have the word TAB followed 
by two numbers, such as TAB(6,10) which will move the PRINT 
position six spaces across, and 10 down. The top left hand corner of 
the screen is zero, zero, so TAB(0,0) indicates that the printing will 
begin in the top left hand corner of the screen. The left hand side of 
the screen in numbered 0, while the right hand side is 19, 39 or 79. We 
have been working in Mode 7 to date (the mode your computer is 
automatically in when you first turn it on), and in this mode, the screen 
is 40 characters wide, so the position furthest to the right is numbered 
39.

The following program, SQUASH, uses TAB(X,Y) to position a ball 
(line 620) and a bat (line 530). You use the "Z" and "M" keys to move 
the slide (the bat) at the bottom of the screen right and left 
respectively. The program keeps track of how long you keep the ball in 
flight, and gives you a score at the end based on this time. Pressing 
any key at the end of the game will give you a new game.

You can make the game easier by changing the zero after INKEY$ in 
line 140 to a five or a 10, and add a delay loop between lines 170 and 
180. A delay loop is simply something like 175 FORQ= 1 TO300:NEXT 
Q. You may also wish to change the sound the ball makes when it 
bounces. Simply change the third figure after the word SOUND in 
lines 650 and 660. Try 120 + RND (130) or 240 + RND(14) for two 
different effects.

This listing may well look pretty horrifying at the moment. Once you've 
finished working through this book, you may wish to come back to 
programs like this, and try and work out what each section of the 
program is doing. You'll be surprised to see how much of it you can 
decipher.

10 REM x SQUASH *
20 REM Move bat us ins ‘the "Z“ and “M" keys 
30 MODE. 7
40 HIGHSCORE-O
50 F’ROCset^up
6 0 REMJKJKJKXOiOKSKXOKXXXCXOKX
70 REPEAT
80 PRINT TAB(0 f23)?CHR$(128+RND(5)) 

>"High score is "JHIGHSCORE
90 PRINT TAD(0,5)|CHR$(RND(5)+128)} 

"You have kept the ball in play" 
100 PRINT CHR$(RND(5)+128) J

"for "J(TIME DIV 10)/10|" seconds

18



110 A$-INKEY$(0)
120 xFX 15,1
130 IF A$-"Z" OR A$-"M" THEN PR0CMOve_bat
140 PROCnove_bBl1
150 PRINT TAB(B+11,19)JBAT$
160 UNTIL end
170 IF TIME DIV 100>HIGHSCORE

HIGHSCORE=TIME DIV 100
180 TI-TIME
190 REPEAT UNTIL TIME>TI+90
200 *FX 15,1
210 FOR T~0 TO 3
220 SOUND T+16,-15,RND(100)+100,255
230 NEXT T
240 TIME-0
250 REPEAT UNTIL TIME>150
260 xFX 15,0
270 xl-X 12
280 PROCnewqane
290 REMxxxxxxxxxxxxxxxx
300 DEF PROCset_up
310 LOCAL
320 PRINT TAB(10,10)$ STRING*(20,CHR$(255)
330 FOR T=0 TO 10
340 PRINT TAB( 10 ,T+10 ) JCHR$(255) *,

TABOO,T+10) JCHR$(255)
350 NEXT T
360 BAT*-"___ "
370 NOBAT*="
380 x«i:y»i:l«i:m»i
390 TIME-0
400 B-10
410 PRINT TAB(11+B,19)JBAT$
420 xFX 11,1
430 xFX 12,1
440 vdu 230202; o;o;o;
450 ENDPROC
460 REMxxxxxxxxxxxxxxx
470 DEF PROCrtove_bBt
480 IF A*="M" AND B=16 THEN ENDPROC
490 IF A*="Z" AND B=0 THEN ENDPROC
500 PRINT TAB(11+B,19)JNOBAT*
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510 IF A$==="M" THEN B-B+l
520 IF A*-"!" THEN B~B~1
530 P RIN T T A B(11+B,19)? BA T $
540 ENDPROC
550 REM***************
560 DEF PROCiwve_ball
570 PRINT TAB(11+X,11+Y)?" "
580 IF L+X>18 OR L+X<0 THEN L--L?

SOUND 1,-15,157,1
590 IF M+Y>8 OR M+Y<0 THEN M--M?

SOUND 1,-15,167,1
600 X=X+L
610 Y“Y+M
620 PRINT TAB(11+X,11+Y)?"x"
630 IF Y”8 AND (X<B OR XXB+2)) THEN 

end-TRUE ELSE erid~FALSE
640 P=TIME
650 ENDPROC
660 REMxxxxxxxxxx*
670 DEF PROCnewgane
680 PRINT'"11 CHR$(RND(5)+128)? 

"Press any key for a new gaMe"
690 A$«GET$
700 CLS
710 GOTO 50
720 ENDPROC

You can use TAB with either the PRINT statement or the INPUT 
statement. Experiment with TAB, and with the use of; and , in PRINT 
statements, until you are confident you know what they are doing.
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Random numbers
Random numbers are very useful for games playing, for creating 
designs and sounds, and for changing the colour of PRINT 
statements. We will look at their use in creating coloured PRINT 
output in the section on graphics, and at their use in making sounds in 
the SOUND part of the book. Right now we'll examine the production 
of random numbers, and use them in a few simple programs.

The BBC Microcomputer allows you to generate random numbers of 
two types — floating point between zero and one, and integers. Both 
these types can easily be set to be greater than, or less than, zero (i.e. 
to be positive or negative numbers).

Enter and run the following to see a range of numbers between zero 
and one:

10 PRINT RND (1)

20 GOTO 10

You'll get a list of numbers something like this:

0.918826409 
0*266114519 
0*102944293 
0*295019549 
3.66730662E-3 
0*386568779 
0*964225042 
0*310764692 
0*451954321 
0 *128487876 
0*220589199 
0*440212717 
0.749411825 
0*521860198 
0.967153116 
0*711896141 
0*765480196 
0.356654011 
0.988525593 
0.274666697
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You'll find that random integers are often of far more use than are 
these numbers between zero and one. Most computers demand a 
quite complex statement (like INT(RND(1)*30) +1) to get random 
whole numbers, but a routine to do this already exists within the 
computer. Change the 1 in line 10 to a 10, so it reads PRINT RND(10), 
and run the program again. You're like to get a series of numbers such 
as the following:

8
7
1
8
3
9
7
9
6
7
3

10
8
2
8
6
7

X..
3

The computer takes the number in brackets (known as the argument 
of the function) and selects numbers at random between one and that 
number. To get negative random numbers, just put a minus sign in 
front of the word RND. Try that, and run it again, to get a result like 
this:

-1
-1
-6
~6
-9

-6
-10
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You can use the random number generator for any application where 
you need to emulate a random activity in the real world, like the 
distribution of weeds in a garden, the spread of clouds in the sky, or 
the result of rolling die. The next program emulates the role of a 
six-sided dice. Enter and run it a few times. Note that the single quote 
mark in line 30 is found on the 7 key.

10 REM *DICE ROLLER*
20 CL..S
30 INPUT ''' "HOW MANY TIMES

WILL I ROLL THE DIE? "A
40 FOR B=1 TO A
50 PRINT RND(6>
60 NEXT B 

>RUN
HOW MANY TIMES WILL. I ROLL THE DIE? 7

4

4

While the theoretical distribution of numbers between one and six with 
a six-sided die suggests each number has an equal chance of coming 
up in a long, long series of rolls, the totals produced when you use two 
dice, approaches the following distribution:
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Total No. of ways Probability Percentage
Showing it can be thrown

2 1 1/36 2.77%
3 2 2/36, 1/18 5.55%
4 3 3/36, 1/12 8.33%
5 4 4/36, 1/9 11.11%
6 5 5/36 13.88%
7 6 6/36, 1/6 16.66%
8 5 5/36 13.88%
9 4 4/36, 1/9 11.11%

10 3 3/36, 1/12 8.33%
11 2 2/36,1/18 5.55%
12 1 1/36 2.77%

To test just how random the random number generator is, enter and 
run the following program, which rolls two dice as many times as you 
request.

10 REM *TWO DICE*
20 CLS
30 INPUT "'"HOW MANY TIMES WILL I 

ROLL THE DICE? "D
'IO CLS
50 DIM A(12)
60 FOR O1 TO D
70 DIE1~RND(6)
80 DIE2~RND(6)
90 PRINT TAB(2,3) fDIEl,DIE2

100 SUM=DIE1 + DIE2
110 A(SUM)“A(SUM)+1
120 FOR E:!--2 TO 12
130 PRINT TAB(5»E:+3) <E:

,A(E) ,INT(A(E:)/C*100) 
l'tO NEXT E:
150 NEXT C

Here's the result of one run when I got the computer to roll the two 
dice over 700 times. The top two figures (3 and 4) are the result of the 
current roll. Next, from there down, the numbers 2 to 12 in the left 
hand column are the totals we are looking for, followed by the number 
of times that total has been rolled in the current run. The final column 
shows the approximate percentage distribution of each of the totals.
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3 4
2 23 37.

3 34 W.

58 77.

5 90 127.

6 105 14%
7 133 177.

8 91 127.

9 75 10%
10 73 9%
11 38 5%
12 26 3%

You can see that this run has approach the theoretical distribution 
fairly closely, which suggests the random number generator is 
performing its task properly. The numbers produced are not totally 
random, but are from a very long list of numbers, so long that no 
pattern can be discerned.

Acey Duecy
Here's a very simple game which shows the random number generator 
in action. You can see from the sample run how to play it. The game is 
not really much of a game, but entering and running it is well worth 
while. Once you've played a few rounds of the game return to this 
book for a discussion of the program. You should be pleasantly 
surprised at how much you have already learned.

10 REM *ACEY DUECY*
20 D=20
30 REPEAT
40 CLS
50 A=RND(13)
60 B~RND(13)
70 IF ABS(B~A)<2 THEN 50
80 C=RND(13)
90 IF A:-C OR B=C THEN 80

100 PRINT ""MY FIRST NUMBER IS "JA
110 PRINT "MY SECOND IS "JB
120 PRINT 'CHR$<133)|"YOU HAVE $"|D
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130 PRINT ""HOW MUCH DO YOU BET MY NEXT"
HI) PRINT "NUMBER LIES BETWEEN "lAI" AND "JBJ"?"
150 INPUT E
160 IF E>D THEN 150
170 IF E<1 PRINT CHR$(129)J"COWARD!!"
180 PRINT '"MY NUMBER IS "*,C
190 IF E<1 THEN 270
200 IF NOT <C>A AND C<B OR C<A AND OB) THEN 240
210 PRINT "WELL DONE, YOU WIN $";2xE
220 D==D+2*E
230 GOTO 270
240 PRINT "SORRY, YOU LOSE $"JE
250 D-D-E
260 IF D<1 THEN 290
270 A$-GET$
280 UNTIL FALSE
290 PRINT "YOU ARE BROKE"

MY FIRST NUMBER IS 9
MY SECOND IS 11
YOU HAVE $20
HOW MUCH DO YOU BET MY NEXT 
NUMBER LIES BETWEEN 9 AND 11? 
?3
MY NUMBER IS 13
SORRY, YOU LOSE $3
MY FIRST NUMBER IS 8
MY SECOND IS 5
YOU HAVE $17
HOW MUCH DO YOU BET MY NEXT 
NUMBER LIES BETWEEN 8 AND 5?
?2
MY NUMBER IS 10
SORRY, YOU LOSE $2
MY FIRST NUMBER IS 1
MY SECOND IS 3
YOU HAVE $15
HOW MUCH DO YOU BET MY NEXT 
NUMBER LIES BETWEEN 1 AND 3? 
?0
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COWARD!!
MY NUMBER IS 10
MY FIRST NUMBER IS 10
MY SECOND IS 13
YOU HAVE $15
HOW MUCH DO YOU BET MY NEXT
NUMBER LIES BETWEEN 10 AND 13?
?15
MY NUMBER IS 3
SORRY, YOU LOSE $15
YOU ARE. BROKE

Let us have a look at this program, line by line:

10
20

30
40
50

60
70

80
90

100-110

120

130-140

160

170

180

190

200

Title REM statement
Sets the variable D, which is the amount of money you 
have to equal $20
Starts a REPEAT/UNTIL loop which terminates in line 280 
Clears the screen
Sets the first number (A) equal to a random number 
between 1 and 13
Does the same for B
Checks to see if the difference between the two numbers 
to select two new numbers
Chooses a third number between one and 13 (C)
Checks to see if C equals A or B and, if so, goes back to 
line 80 to choose a new number
Tells the player what the two numbers are, using the two 
apostraphes after the word PRINT to creat two blank lines 
Prints out, in purple, the amount of money the player has. 
In mode 7, preceding a print line with CHR$(133) causes 
the following material to be printed in purple (magenta).
Asks the player to enter a bet regarding the likelihood of 
the third number lying between the first two
If the player attempts to bet more money than he or she 
has, goes back to accept another entry
If the player enters a bet less than one, prints the word 
COWARD in red (using CHR$(129)).
Prints out the third number, using an apostraphe to print a 
black line
If the bet was less than $1, goes to line 270 to await a new 
round of the game
Checks to see if the player has lost, and if so, sends action 
to line 240
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210 Congratulates the winner
220 Adds the winning amount (2*E, where E is the amount bet) 

to the player's money (D)
230 Sends action to line 270 for the next round
240 Prints out the "SORRY, YOU LOSE" message
250 Deducts the loss (E) from the player's money (D)
260 Checks to see if the player has less than $1 and if so

goes to the "YOU ARE BROKE" message
270 Waits for any key press
280 Goes back to the line after the word REPEAT, in this case

line 40, to clear the screen for a new game

Reading through this explanation a couple of times, and looking 
carefully at the line or lines it refers to, should teach you quite a bit 
more about programming. There are a number of specific commands 
which we will look at in more detail, but you're probably starting to 
pick up quite a bit at this stage.

Variables
You will have noticed in the previous program that a series of letters 
were used to represent numbers. The letter A was assigned (in line 50) 
to a number between one and 13, B was assigned in the same way in 
line 60 and C was assigned in line 80. The amount of money you had 
was assigned to variable D in line 20. The letters A, B, C and D in this 
program are called variables.

There are three basic types of variables: integer numeric, numeric and 
string (alphanumeric).

Almost any combination of letters and numbers can be used as a 
variable in BBC BASIC, so long as it begins with a letter, and there are 
no punctuation marks or symbols within the name. So SMUDGEPOT 
and D17 are valid variable names, while 2 SMUDGE and 1D7 are not. 
Numeric variables, letters or combinations of letters and numbers 
beginning with a letter, are simple to use. You can assign a variable of 
this type to any number within the computer's numerical range.

As you probably know, the computer uses scientific notation to 
display numbers larger than nine digits long, with the number as a 
single digit and eight decimal places, followed by the letter E (for 
exponention) and the power of ten to which the number is to be 
multiplied. Enter and run the following demonstration which shows 
the variable A in use, being assigned to a number which is being 
multiplied repeatedly by 10, and then printed.
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100 REM **SCIENTIFIC NOTATIONxx
110 A-1234
120 A=10*A
130 PRINT A
140 GOTO 120

12340
123400

1234000
12340000

123400000
1,234E9

1.234E10
1.234E11
1»234E12
1.234E13
1.234E14
1/234E15
1.234E16
1.234E17
1»234E18
1.234E19

You can see that after the number becomes nine digits long 
(123400000), it is printed as 1 something, followed by E and a power of 
10. Looking at the listing tells us another couple of things about 
variables. The variable is assigned by just entering the name of the 
variable (in this case, A), followed by an equals sign, and the value 
which we want assigned to the variable. If we said A = 99, then 
following this with PRINT A would produce 99. Line 120 looks a little 
odd. The asterisk (*) stands for multiply in BASIC. Line 120 seems to 
be saying that A is equal to 10 times itself, which — in terms of 
standard arithmetic — is not true. Any line which assigns a value to a 
variable has, as an optional word, LET in it. Some BASICS insist on the 
word being used, so line 110 would have to read LET A = 1234, and 
line 120 would read LET A = 10*A. BBC BASIC regards LET as 
optional, but it is possibly easier to understand what is happening in an 
assignment statement if you either use the word LET, or mentally 
place it in position.

Try typing in things directly, such as LET B = 13, press RETURN, then 
enter PRINT B, then RETURN again. A 13 will appear. Follow this by
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entering B = 16, RETURN, PRINT B, RETURN. A 16 will appear, 
showing that the LET is optional. Despite this, you may, as I suggested 
a moment ago, prefer to use LET for the time being, until you are 
familiar with assignment.

Integer variables can be used whenever whole numbers only (i.e. 8, 
504, 33 or 2398) are used. These use up less memory, and are 
processed more quickly than are ordinary variables, which can 
accommodate floating point numbers. Integer variables are indicated by 
the presence of a percentage sign following the name of the variable.

Enter and run this simple routine to see integer variables in action.

10 REM VARIABLES - INTEGER NUMERIC
20 A%^4
30 PRINT A%
40 A%^4.2
50 PRINT A%

You should see the number 4 printed out twice. The first time (line 30) 
this is what you would expect, as the 4 had been assigned to A% in 
line 20. However, in line 40, A% is assigned to 4.2 but the .2 is ignored 
when the variable is printed. Although I pointed out that integer 
variables used less memory, and were processed more quickly than 
were floating point variables, in most cases the additional speed is not 
significant. However you will find times when you want maximum 
speed (as in programs using moving graphics), and in these the speed 
difference can be quite significant.
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String variables
String variables are a series of letters, followed by a dollar sign. Enter 
A$ = "HELLO", press RETURN, then PRINT A$, RETURN, will give 
you HELLO. ABECD$ = "THING A TRY A", RETURN, PRINT 
ABECD$, RETURN will give you THING A TRY A, complete with the 
spaces. You can put anything, including numbers, symbols, 
punctuation marks and letters within the quote marks, to be assigned 
to a string variable. A series of letters and whatever, within quote 
marks in this way, is known as a string.

The variable name does not have to be in upper case (capital) letters. 
You can get lower case letters by pressing the CAPS LOCK key, next 
to the CTRL key. Pressing the CAPS LOCK key again will return you to 
upper case.

Crickets
There is, strange to say, a correlation between the temperature and 
the number of times a cricket chirps each minute. The following 
program converts the number of chirps per minute into the 
temperature, in degrees Fahrenheit. Enter and run it a few times. Note 
that the variable chirp is set equal initially to 80 in line 20. this is 
converted into the variable temperature in line 30, and this latter 
variable is used in the PRINT statement in line 40. The variable chirp is 
incremented by a random number between one and seven in line 60, 
there is a short delay (line 70) and then the program returns to line 30 
to go through the whole process again. It will run for a long, long time 
(until you exceed the highest possible number the BBC 
Microcomputer can cope with) if you do not interrupt its running with 
the ESCAPE key.

10 REM Chirp converter
20 chirp-80
30 temperature-INT<(chirp/^J+^O *5)
^0 PRINT '"The temperature is "I temperature
50 PRINT "when there are "Jchirpl" chirps*"
60 chirp-chirp+RND(7)
70 FOR J^l TO 800JNEXT J
80 GOTO 30
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>RUN
The temperature is 60
when there are 80 chirps*

The temperature is 62 
when there are 87 chirps*

The temperature is 63 
when there are 91 chirps*

The temperature is 64 
when there are 95 chirps*

The temperature is 65
when there are 100 chirps*

The temperature is 65 
when there are 101 chirps*

Although it takes a little longer to type in long variable names, these 
have a clear advantage over use of names like A, B and C2. You 
know, without having to refer back, what each variable represents. 
Here is another program which uses two variable names to help make 
it clear what is going on. Enter and run this.

10 REM xxxVARIABLESxx
20 WORD$~"THE NUMBER IS "
30 NUMBER-3
40 CL.S
50 PRINT '''WORD$?NUMBER
60 PRINT '"THE SQUARE OF "INUMBER
70 PRINT TAB(5)|"IS "*NUMBERxNUMBER
80 PRINT ""AND THE SQUARE ROOT"
90 PRINT "IS "?SQR(NUMBER)
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To summarise:

• Numeric variable — This can have any name, so long as it 
starts with a letter and does not contain punctuation or 
symbols

• Integer numeric variable — The name is as above, but with 
a percentage sign at the end. This takes less memory, and 
is processed more quickly than an ordinary numeric 
variable, but can only be assigned to a whole (i.e. 
non-floating point) number

• String variable — This is a letter or combination of letters 
and numbers, starting with a letter and ending with a dollar 
sign, which is assigned to anything within quote marks.

Variable names of all three types may be of upper or lower case letters 
(or a combination of these), but they do not mean the same thing. 
That is, a$ is not the same as A$.

All variables can be assigned by use of a LET statement, which is 
optional, followed by the name of the variable, an equals sign, and 
then the value to be assigned to the variable.

INPUT
The INPUT statement is used to get information from a user while a 
program is actually running. The computer stops when it comes to an 
INPUT statement and waits for an entry of some kind from the 
keyboard before it will continue with the execution of the program.

Enter and run the following, which shows numeric inputs in action. 
The program will wait for you to enter one number, then press 
RETURN, then wait for another number. After you have pressed 
RETURN again, it will print the sum of the two numbers.

10 REM **INF’UT*X
20 INPUT X
30 INPUT Y
40 Z=X+Y
50 PRINT Z

>RIJN
?3
?6

9
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As you can see, the computer generates a question mark while waiting 
for your input in each case. That is OK so far as it goes, but you would 
not have known what to do when you ran the program unless you 
had read it in this book. There is a simple way to rectify this, by 
programming in user prompts. The preceding program can easily be 
rewritten so that the user has no doubt as to what he or she is meant to 
do.

10 REM xxlNPUTxx
20 INPUT "GIVE ME A NUMBER",X
30 INPUT "AND ANOTHER",Y
TO Z-X+Y
50 PRINT Z

GIVE me: A NUMBER93
AND AN0THER96

9

Running this shows that the computer prints up the words within the 
quote marks, adds a question mark, then waits for the input. If you 
don't want a question mark, then leave the comma betwen the end of 
the material in quote marks and the name of the variable. You can 
combine the inputs into a single line, as follows:

10 REM xxlNPUTxx
20 PRINT "GIVE ME TWO NUMBERS,"
30 INPUT "PRESSING RETURN BETWEEN THEM",X,Y
^0 Z = X + Y
50 PRINT Z

>RUN
GIVE ME'. TWO NUMBERS,
PRESSING RETURN BETWEEN THEM?3
?66

69
Run this again, this time entering the numbers in one lot, separated by 
a comma, before you press RETURN. That is, when it asks for the first 
number, enter it as something like 3, 5 and you'll see it will accept that 
for the two numbers. Try it now and see.

The comma between the two numbers informs the computer that two 
separate items of information have been entered. As it is looking for 
two pieces of information, it will continue processing from this point. 
You'll notice that the number you enter sits up hard against the INPUT 
statement when it is printed. To get around this, you can put the
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question mark within the quote marks, then put a space or two, and 
leave off the comma to suppress the question mark.

Here's a program now which shows a number of inputs in action, 
some using the idea mentioned above to move the entered figure away 
from the input statement.

Bird Cage
The game is BIRD CAGE. In its first incarnation in England, this game 
had the somewhat improbable name of Sweat-Cloth, and when 
exported to the United States in the early years of the 19th century, it 
was first known as Sweat. Its name changed through the years to 
Chucker-luck, Chuck-Luck, Chuck-a-Luck or just plain Chuck. 
Nowadays, because of the equipment used in the non-computer 
version, the game is often called The Bird Cage.

The bird cage is an enclosed wire cage holding three dice. Players bet 
on the likelihood of a particular number coming up. If, for example, 
they place their money on six, and one of the three dice ends up with a 
six showing, they get their money back. If all three dice show six, then 
they get three times their money. It is a fairly simple game, but one 
which arouses passion among bird cage devotees.

After the program listing is a line by line explanation of the program.

10 REM**Bird Cage**
20 REM**Showing use of INPUT**
30 M0DE7
40 M:~30
50 GOSUB290
60 INPUT"Size of bet? "A
70 IF A>M THEN 60
80 PRINT 'AM "You are betting ‘
90 M-M-A

100 INPUT"Which number will fal
110 IF B<1 OR B>6 THEN 100
120 FOR C=1 TO 3
130 W~0
140 GOSUB 330
150 D-RNDC6)
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160 PRINT''A$J"Diet "JCt" fell "ID
170 IF D-E: W-A»PRINT' A$ I "Arid you win '"IN
180 M==M+W
190 GOSUB 290
200 NEXT C
210 GOSUB 330
220 GOSUB 330
230 CLS
240 IF M>0 THEN 50
250 PRINT'CHR$(128+RNDC6))|CHR$<141)I

"The gene is over, as you are broke!"
260 PRINT CHR$(128+RND(6))|

CHR$<141)/‘The qawe is over, as you are broke!"
270 SOUND 1t-15,RND(20)+30,20
280 GOT0250
290 A$-CHR$<128+RND(6))
300 PRINTA$JCHR$(141)J"Stake is now
310 PRINTA$|CHR$( 141)‘/‘Stake is now $"M'
320 *FX 15,0
330 TIME-0
340 REPEAT UNTIL TIMEJ50
350 SOUND 1,-15,RND(128)+127,5
360 SOUND 2,-15,RND(128)+127,5
370 RETURN

10-20 REM statements for title, purpose
30 Sets the Mode to 7, the normal mode when you turn your

computer on
40 Sets the variable M, which is the amount of money you

have, to 30
50 Sets action to the subroutine starting at line 290

(sub-routines are discussed a little later in the book)
60 This INPUT statement gets the size of the player's bet
70 If the player tries to bet more than he or she has, action

goes back to line 60 for another input
80 This PRINT statement uses A$ as the colour control code.

A$ is assigned in line 290. Assigning strings to control 
colour in Mode 7 is discussed in the section of the book on 
using the graphics

90 This line subtracts the size of the bet (A) from the player's
stake (M)

100 This INPUT asks the player to predict which number
between one and six, will show when the dice fall
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110

120-200

210-220

230
240

250-280

290
300-310

320
330-370

The player's prediction is checked, and if it is greater than 
six, or less than one, is rejected, and action goes back to 
line 100 for a new input
This loop does a number of things. The variable W holds 
the win, if any, and this is set to zero for each of the three 
rolls. Line 140 sends action to the subroutine from line 330, 
which makes a few noises, and delays a little while. A 
delay like this is often used to enhance games. Too quick a 
reaction is sometimes undesirable. Line 150 actually rolls 
the die, and line 160 informs the player of the result of the 
roll, using A$ to determine the colour of the line. Line 170 
checks to see if the number shown on the die is the same 
as the one predicted by the player, and if it is, prints out a 
win message, and assigns W to equal the size of the 
player's bet. Line 180 adds this to the money total. If the 
player has not won on that roll, W still equals zero (from 
line 130) so the player's total is not updated. Line 290 goes 
to the subroutine which prints out how much money the 
player now has.
The delay/noise subroutine is called twice, to give a longer 
delay between rounds of the game.
Clears the screen
This checks to see if the player has any money left (i.e. if M 
is greater than zero) and, if so, sends action back to line 50 
for a new round.
If the player is broke, prints out an endless message to that 
effect, in doubleheight letters. CHR$ (141) puts the letters 
in double size.
Selects a colour code, which is assigned to A$
Prints out the money the player has left, using double 
height letters again
Clears the input buffer.
This is the sound/delay subroutine which is called 
throughout the program.
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Compound Interest
Here is another program to show the INPUT statement in action. It 
also shows the use of explicit names for variables, which make it easier 
to understand what is going on. You may well want to save this 
program on cassette, as it has a degree of practical application.

10 REM SIMPLE AND COMPOUND
20 REM INTEREST
30 CLS
-40 INPUT ' ' '“PRINCIPAL'SPRINCIPAL
50 INPUT"INTEREST'Sinterest
60 INPUT '“FOR HOW MANY YEARS">YEARS
70 CLS
80 PRINT7 ----------------------------------------------------------------------------- “
90 PRINT"YEAR SIMPLE COMPOUND DIFFERENCE"

100 PRINT"----------------------------------------------------------------------------- "
110 FOR MONEY=1 TO YEARS
120 SIMPLE=PRINCIPAL+MONEY*PRINCIPAL*(interest/100)
130 COMPOUND=INT(10OxPRINCIPAL*(1 + interest/l00)AMONEY)/100
140 DIFFERENCE = INT(100*(COMPOUND-SIMPLE))/I 00
150 PRINT J MONEY J TAB(8)JSIMPLE J TAB(17)J COMPOUND J
160 PRINT TAB(27)^DIFFERENCE
170 NEXT MONEY

:>RUiX!
PRINCIPAL?100
intere;:st?b<25
FOR HOW MANY YEARS712

YEAR SIMPLE COMPOUND DIFFERENCE
—....—... ....—...... - ......- -...... —------------
1 108.25 108.25 0
2 116.5 117.18 0.68
o 124.75 126.84 2.09
4 133 137.31 4.31
5 141.25 148.64 7.38
6 149.5 160.9 11.39
7 157.75 174.17 16.42
8 166 188.54 22.54
9 174.25 204.1 29.85
10 182.5 220.94 38.44
11 190.75 239.17 48.42
12 199 258.9 59.89

38



This program works out compound and simple interest, for a principal 
and interest rate you determine, over the number of years you decide. 
The variable 'interest' is written in lower case letters to prevent the 
computer thinking it is the function I NT followed by something 
incomprehensible. From time to time you'll notice that variable names 
will be rejected by the computer. This is because you will have tried to 
use a reserved word (i.e. a word from the vocabulary of BBC BASIC).

The final program in this section on INPUT is also a useful program. 
You use it to determine the arithmetic, or harmonic, mean from a list 
of numbers which you enter when the program is running. Again, 
you'll see that explicit variable names have been used.

Arithmetic mean
10 REM ARITHMETIC
20 REM AND HARMONIC MEAN
30 MODE 7
40 PROCMenu
50 REMxxokxxxscxxxxxjk
60 REM ARITHMETIC MEAN
70 PRINT TAB(12,3)J"ARITHMETIC MEAN"
80 PRINT'"ENTER THE NUMBERS YOU WISH ME"
90 PRINT "TO USE TO DETERMINE

THE ARITHMETIC MEAN"
100 PRINT "ENTER E TO END YOUR INPUT"
110 INPUT Q$
120 IF 0$=="" THEN 110
130 IF Q$=="E” THEN 170
140 SUM-SUM+VAL.(Q$)
150 TALLY=TALl.Y+l
160 GOTOllO
170 PRINT " "THE ARITHMETIC

MEAN IS "JSUM/TALLY
180 PROCrtenu
190 REMxxxxxxxxxxxx
200 REM HARMONIC MEAN
210 PRINT TAB(12,3)J"HARMONIC MEAN"
220 PRINT'"ENTER THE NUMBERS YOU WISH ME"
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230 PRINT "TO USE TO FIND THE HARMONIC MEAN"
240 PRINT "ENTER E TO END"
250 INPUT
260 IF Q$="" THEN 250
270 IF Q$=="E" THEN 310
280 SUM=SUM+(1/VAL(Q$))
290 TALLY‘=TALLY+1
300 GOTO250
310 PRINT''"THE HARMONIC MEAN IS "J

1/(SUM/TALL.Y >
320 PROCnenu
330 REMxxxxxxxxxx
340 DEF PROCMeriu
350 PRINT''"SELECT THE PROGRAM YOU WANT?"
360 PRINT'TAB(5)?"1 - ARITHMETIC MEAN"
370 PRINT'TAB(5)?"2 - HARMONIC MEAN"
380 PRINT'TAB(5)?"3 - TO END THE PROGRAM"
390 Z=GET
400 Z-Z-48
410 IF Z=3 END
420 CLS
430 TALLY-0
440 SUM-0
450 ON Z GOTO 60,200
460 ENDPROC

>RUN
SELECT THE PROGRAM YOU WANT?

1 - ARITHMETIC MEAN
2 HARMONIC MEAN
3 - TO END THE PROGRAM

ARITHMETIC MEAN
ENTER THE NUMBERS YOU WISH ME
TO USE TO DETERMINE THE ARITHMETIC MEAN 
ENTER E TO END YOUR INPUT
?100
7234
754*678
7234
7-664*86
7234
?E
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THE ARITHMETIC MEAN IS 31*9696667 
SELECT THE FROGRAM YOU WANT*

1 -- ARITHMETIC MEAN
2 - HARMONIC MEAN
3 - TO END THE PROGRAM

HARMONIC MEAN
ENTER THE NUMBERS YOU WISH ME
TO USE TO FIND THE HARMONIC MEAN
ENTER E TO END
?100
?234
?54*678
?234
?~-664*86
?234
?E
THE HARMONIC MEAN IS 151 *-494768

GOTO
One important ability in programming is to be able to branch to 
different parts of the program during execution. Without this, the 
program would always run from the lowest line number to the highest, 
and then stop. One statement which allows you to move around the 
program at will is GOTO. The GOTO statement consists of a line 
number followed by the word GOTO and another line number, or 
followed by a calculation (such as GOTO 2*X, or GOTO 200 + 340).

If the computer came across 140 GOTO 190, it would jump 
immediately from line number 140 to line 190. This is called an 
unconditional branch. That is, it is a jump that does not depend on the 
existence of any condition. Once at line 190, the program continues to 
execute in order, until it comes to the end, or comes to another line 
directing it somewhere else.

You can use GOTO to produce programs which run for ever. These 
can be quite effective, especially at the end of a game. Run the 
following to see this in action:

10 PRINT ’’YOU HAVE WON!!!!
20 GOTO 10
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IF...... THEN GOTO
The IF statement has a similar function to GOTO, but it will only 
reroute the program IF certain conditions are fulfilled. This creates a 
conditional branch. The IF statement is made up of a line number 
followed by the words IF and GOTO separated by a relationship which 
must be determined before leaving the line. There are six relation 
operators which can be used to compare two variables. These are:

= equal to
> greater than
< less than
< > not equal to
> = greater than or equal to
< = less than or equal to

These operators are used to connect the IF........THEN statements to
form the condition to be determined.

Here's an example:

70 IF Z > = 10 GOTO 100 or 70 IF Z > = 10 THEN 100

This will be read by the computer to mean IF the value of the variable Z 
is greater than, or equal to, 10 THEN the program will branch to line 
100. If Z us less than 10, the program will continue normal execution, 
with line 80.

This gives the computer decision-making power, the real source of a 
computer's apparent ability to think. You can use IF...GOTO to 
terminate a 'win condition' message such as we used before after a 
certain number of cycles. Enter and run the following:

10 x=o
20 PRINT "YOU HAVE WON!!!! II ♦

30 X=X+1
40 IF X<25 GOTO 20

This will ensure that YOU HAVE WON!!!! is printed out a limited 
number of times.

IF... is not just used to branch to new lines. NEW the program, and 
enter the following. You'll see it has a similar effect, although the 
IF.... is not just sending the program to a line number.
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II ♦

10 x-o
20 X^X^l
30 IF X<25 PRINT "YOU HAVE WON!!!!
40 GOTO 20

This program is not as useful as the other one, as it will not terminate 
even when it has finished printing out YOU HAVE WON!!!! You can 
easily discover this by running it, then pressing ESCAPE, and then 
PRINT X, RETURN.

This does not stop the program from demonstrating that IF can be 
followed by a number of commands. You can chain the results of an IF 
statement. If the initial condition is false, the computer will forget that 
line, and move onto the next one. Try this example:

10 X~0
20 x==x+:i.
30 IF" X<25 PRINT "YOU HAVE

WON!!!! "|JGOTO 20
^0 END

This will only execute the jump back to line 20 if X is less than 25. The 
PRINT message and the GOTO 20 are both conditional on the result of 
the IF statement. If X is not less than 25, the computer will not process 
the rest of the line, but will move onto line 40, to END.

The BBC Microcomputer is a little more tolerant of syntax in 
statements than are many other computers. The word THEN is implied 
in an IF statement (IF the cat is hungry THEN feed it), but it is not 
necessary to include it. IF X = 25 THEN GOTO 40 is accepted, as is IF 
X = 25 GOTO 40 and IF X = 25 THEN 40.

It is perhaps worth mentioning that, in other areas, the BBC machine is 
a fairly dogmatic creature. If you specify that a program branch is to be 
made only if the value of Z, for example, is equal to 6, the program will 
continue in a never- ending loop if Z is not exactly equal to 6, no matter 
how close it is (like 5.999999). If you think the value might be 
fractionally different from the one you want as a condition for 
branching, make sure you specify that the relational operator should 
be, say, greater than 5.5, or greater than or equal to 5.9, rather than 
just equal to 6.

To show the flexibility of the IF statement, enter and run the following 
program, then return to the book for a discussion of the various parts
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of the program. This game is based on one which was played in the 
film "Last Year at Marienband". There are a certain number of 
'matches' at the start of the game, and you and the computer take it in 
turns to take one or more away. The maximum number you can take is 
shown at the top of the screen. The player who takes the last match 
loses. The computer is not infallible.

Matchsticks
10 REM xMATCHSTICKS*
20 E^O♦Z-15+RND(9)tCLS
30 IF 2*(Z/2)-Z THEN Z=Z+1
40 H-2+RND(2)
50 PRINT '""MAXIMUM TO TAKE IS "JH"
60 IF E>0 PRINT "YOU TOOK " JEJ 

TAB(20):"I TOOK "Q"
70 FOR K=1 TO Z
80 PRINT KJ” "I
90 IF RND(4)"1 PRINT

100 NEXT K
110 INPUT""HOW MANY WILL YOU TAKE",E
120 IF E>H OR E<1 THEN 110
130 CLStZ=Z-E
140 IF Z=0 PRINT"'""I WIN"t END
150 Q=Z-1-INT((Z-1)/<H+1))x(H+l)+RND(4)~1
160 IF Q>Z OR Q<1 OR Q>H THEN 150
170 Z^Z-0
180 IF Z=0 PRINT "'"I TOOK "J

QI", SO YOU WIN".END
190 GOTO 50

Here is a sample run of it:

MAXIMUM TO TAKE IS 3

MAXIMUM TO TAKE IS 3
12 3 4 5

8 9 10 11 12
15 16 17 18 19

HOW MANY WILL YOU TAKE?3
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YOU TOOK 3 I TOOK 3
1 2
3 4 5
7 8
9 10 11

HOW MANY WILL YOU TAKE?2 
MAXIMUM TO TAKE IS 3
YOU TOOK 2 I TOOK 3

1
2 3 4

HOW MANY WILL YOU TAKE?1
MAXIMUM TO TAKE IS 3
YOU TOOK 1 I TOOK 2

12 3
HOW MANY WILL YOU TAKE?1 
MAXIMUM TO TAKE IS 3
YOU TOOK 1 I TOOK 3

1
HOW MANY WILL YOU TAKE71
I WIN

6

12 13

5 6

4 5

10 Title
20 Assigns the variables, E is the number of matches taken by

the human player, Z is the starting number of matches
30 This IF statement checks a condition, and if it is so (i.e. Z is

an even number) adds one to it
40 Assigns a value of 3 or 4 to H
50 Prints out the value of H
60 If the human has made a move (i.e. E is greater than 0)

then PRINTS
70-100 Prints the numbers corresponding to matches left, using 

the IF in line 90 to randomly start a new line
110 Accepts the player's input
120 Uses the IF statement to check the validity of the player's

move
130 Clears the screen, deducts the player's number from the

matches left
140 Uses an IF statement to see if the game is over. The END is

ignored if the IF condition is found to be false
150 Works out the computer's response
160 Uses an IF statement to check three conditions, any one of

which (if true) would mean the computer had thought of 
an illegal move. If any of these three conditions is 
evaluated as true, the computer returns to line 150 for 
another move

170 Subtracts the computer's move from the matches
180 Uses an IF to see if the number of matches is zero, and if it

is concedes defeat, and ENDs
190 Sends action back to line 50 for another round
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IF...THEN... ELSE
The BBC Microcomputer's dialect of BASIC contains a very useful 
variation of IF. It can be programmed to do something if the condition 
being tested for is found to be true, and something else, other than 
just go to the next line, if the condition is found to be false. Try the 
following, entering a series of numbers from one to nine. Line 1020 
determines that any number except five triggers the message THAT 
WAS NOT FIVE, and entering FIVE triggers THAT WAS FIVE. Notice 
that the THEN is not needed in the line, although its presence is 
implied.

1000 REM IF THEN ELSE
1010 INPUT"ENTER A NUMBER FROM ONE TO NINE"A
1020 IF A=5 PRINT "THAT WAS FIVE" ELSE PRINT "THAT WAS NOT FIVF" 
1030 GOTO 1010

Graphs
You can use IF.. .THEN.. .ELSE to produce some very interesting 
graphs. You simply enter the function you would like graphed, in 
terms of X, in line 100. This is not the most efficient method of 
graphing on the BBC Microcomputer, but it is useful at this point to 
illustrate IF.. .THEN.. .ELSE. Try the formulae given, then create a 
few of your own. It is probable that you will have to change the scaling 
for certain formulae.

10 REM GRAPH
20 M0DE7
30 REM Enter the function you would like
40 REM graphed, in terMS of X,
50 REM and Y, in line 100
60 PRINT
70 FOR Y~10 TO - 10 STEP -1
80 PRINTYJ
90 FOR X--10 TO 10

100 IF Y-X*X<*5 PRINT "x"J ELSE PRINT
110 NEXT X
120 PRINT
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130 NEXT Y
140 PRINT TA8(10)J"098765432101234567890"

>RUN
1OXXXXXXX♦♦»,♦,.xxxxxxx

C) XV XV XV W XV W XV Mr XV W XV XV XV XV XV XV
7 zK JR Ax zK aC ax M 4 444 $ m >K zK/K zK zK JK zK

QXXXXXXXXr♦«,tXXXXXXXX
*7 MZ MX W MZ MZ MZ MZ XV XV XV MZ XV XV XV MZ MZ/ AX Ax Ax Ax Ax AX Ax Ax 4 4 4 4 ^zRm/KznMzAztvzn

6XXXXXXXX, , « » (XXXXXXXX 
5xxxx«*>kx. t t t ,xxxxxxxx
71 MZ MZ MZ MZ MZ MZ MZ MX MZ MZ MZ MZ MZ MZ XV MZ MZ MZ“AxAxAxAxAx«xAXAxAx4 4

m zv. Ax zn Ax AS AS AS AS 4 4 4 zrk Ai AS AS AS Ak AS AS

O MZ MZ XV MZ MZ MZ MZ MZ MZ MZ XV MZ MZ MZ SV MZ SV MZAX JK JK AX AX Ax Ax Ax Ax 4 4 jJhJKmmJRmflsJRJK

/R n\ /R As m As As ns m 4 ns ns ns As As ns /R As /R ns 

nwwwvzwwwwv/wwwwwwwvwwww
U AS ns ns /R ns AS AS nS /R ns /R ns /Is As /R /Is ns jr^ As As

e|, /R As /Is /Is ns ns As /Is AS <R AS /Is AS ns AS AS AS ^R /R /R ns 

.... ''zWXVWMZWXVWMZMZWXVXVWWMZWWWWWW
zr» ZR zA AX zrfc ZiX Zw Zo AX tn rn Ax AX /R AX /R AV /fi jn AX rn

Z*x MZ MZ VIZ MZ MZ MZ MZ MZ MZ VIZ VIZ MZ MZ MZ XV MZ MZ VIZ VIZ MZ MZ■■"vJ/KAva. AVJKaVAVAVAVAVAVAVAV AVAVAVAVAVAVAVAV

I As As As As AS ns /R As /R /R /R As ns As AS /R AS /R /R AS AS

-5XXXXXXXXXXXXXXXXXXXXX
7 MZ MZ XV MZ XV XV MX MZ MZ MZ XV MZ MZ XV X1Z MZ MZ MZ XV MZ MZ

*7 XV XV XV XV XV XV XV XV MX XV XV XV XV XV XV XV XV MZ XV MZ MZ / xRAxZnAlzKAvAx/txAxMzKMmMAvAxAvAxAxmm

O XV XV XV MZ XV MZ XV XV MZ XV XV MZ XV MZ MZ MZ MZ XV MZ MZ s^J Jr Jr /R JR JR JR JR JR JR JR JR JR ns JR JR JR JR ^R JR JR JR

/R AS rR /R /R <R AS ns AS AS AS AS /R AS AS AS /R /R /R AS 

‘I ftwwwwwwwwwwwwwwwwwww
J* sJASAS/RASASAS/R AS AS /R AS /R /R AS AS AS AS /R AS AR AR

098765432101234567890
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100 IP Y~XxX>. 
>RUN

5 PRINT "x"; ELSE PRINT

10♦♦ ♦ ♦ ♦ ♦ .XXXXXXX.
9. 4 4 4 4 4 4 4

MJ MJ MJ JR JR JR JR 4 4 4 4 4 4 4 4

8. 4 4 4 4 4 4 4
Mf MJ MJ W MJ JR jR iR JR Ak 4 4 4 4 4 4 4 4

7. 4 4 4 4 4 4 4 W Mf W W MJ JR JR JR JR 4 4 4 4 4 4 4 4

6 4 4 4 4 4 4 4 4 W W MJ MJ MJ JR m JR JR 4 4 4 4 4 4 4 4

5 4
4 4 4 4 4 4 4 MJ MJ W MJ MJ ^R 4R JR JR JR 4 4 4 4 4 4 4 4

4.
4 4 4 4 4 4 4 ♦ XXX ♦ 4 4 4 4 4 4 4 4

3* 4 4 4 4 4 4 4 ♦ xxx* 4 4 4 4 4 4 4 4

2* 4 4 4 4 4 4 4 ♦ XXX* 4 4 4 4 4 4 4 4

1 4
4 4 4 4 4 4 4 ♦ ♦ x ♦ ♦ 4 4 4 4 4 4 4 4

0. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

-It
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

-2. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

~3» 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

-5. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

-6. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

-7. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

-8» 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

-9. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

10. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

09876543210123^567890

100 
RUN

IF ABS(Y) --XXX>4'5 PRINT I ELSE PRINT II 114
♦ t

10
9
8
7
6
5

3
7

4

1
0 

-1 
-7

4 44 ♦ ♦

4 44 4 4 44 4

44 4 4 444 4 4

4 4 4 44 4 4 44

4 44 4 4 44 4

4 4 4 4 4 4 4

44 4 4 4 4 4

4 44 4 4 4

4 44 4 4

444 4 4 44

W W MJ W MJ Mt? MJ/R JR JR JR JR JR 4

ur MJ MJ MJ MJ JR JR ^R

JR JR JR ^R

M/ MJ W MJ WJR m JR JR JR 4

5K JiC
5K JK
4 XXX
♦ XXX
♦ XXX

4X4 

4 4 44 44

44 444

4 4 44 4 4

4 4 44 4 4

4 4 44 4 44

44 4 4 4 4 4 4

44 44 4 44 4 4

44 4 4 4 4 44 4 4

4 44 4 4 4 4 4 4 4

4 4 4 44 4 4 4 4 4

4 4 4 44 4 4 4

44 4 4 4 4 4 4

4 4 4 4 4 4 44

4 4 4

♦ XXX

4 44 4 4 44 4 4

44 4 4 4 4 44 4

4 44 44 4 4

48



100 IF7 SQR (AEiiS (YxX*2)) ~X< ♦ 5 PRINT
ELSE PRINT

>RUN
10 ❖ 4 4 4 4 4 4 4 4 4^4444444444

9 ♦ 4 4 4 4 4 4 4 4 4^4444444444

8 ♦ 4 4 4 4 4 4 4 4X4444444444

7 ♦ 4 4 4 4 4 4 4 4^4 4 44444444

6 ♦ « 4 4 4 4 4 4 4 4X4444444444

5 ♦ 4 4 4 4 4 4 4 4X44444444 XX

4 * ♦ 4 4 4 4 4 4 4
W W W W w4 m $ 4 4 4 zrv m m m

3 ♦ 4 4 4 4 4 4 4 ♦ x ♦ ♦ tXXXXXX

2 ❖ 4 4 4 4 4 4 4 4 4X4 *xxxxxxxx

1 4 4 4 4 4 4 4 4 4

0 ♦ 4 4 4 4 4 4 4 4 W W V/ Mf MZ•*T\ /V\ /8\ 2i\ /!% ji\ /»% /!\ /ft

-1 * 4 4 4 ♦ 4 4 4 4

-2 ♦ 4 4 4 4 4 4 4 4
M/ W M/ w w w v/ w wt M 4 XJKJKXXa\)K)K

-3 4 4 4 4 4 4 4 4 4
M/ W WP \V W W W

~4 4 ♦ 4 4 4 4 4 4 4
M/ M/ MZ W4 m 4 4 f 4 * A m m At

-5 ♦ 4 4 4 4 4 4 4 4 4X44444444XX

-6 4 4 4 4 4 4 4 4 4 4X4444444444

-7 ♦ 4 4 4 4 4 4 4 4 4^4444444444

-8 ♦ 4 4 4 4 4 4 4 4 4X4444444444

-9 ♦ 4 4 4 4 4 4 4 4 4X4444444444

10 ♦ 4 4 4 4 4 4 4 4 4X4444444444

098765*432101234567890
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100 IF ABS(YxX)-XxX>♦5 PRINT 
ELSE PRINT

>RUN
10.XXIIXXXXI.MIXXIIIII. 
9♦♦xxxxxxxx♦xxxxxxxx..
8,♦♦xxxxxxx.xxxxxxx...

__ O W SV SV SV W SV W SV W W W W SV W SV SV
j 4 /K/K/K*«s?RMmM/tsJK/ls* *

__ n W SV SV SV SV VZ SV W SV SV UZ SV SV SV SV W SV SV

7. 4 wwwwww wwwwww4 4 4 4 4

6 ♦ ♦ WWWWW WWWWW* + 4 /ft /ft m /ft /ft /ft /ft /R Kx m 4 4 4 4 4

5. ♦ ♦ ♦ ♦ + )K)K)K)K«)K)K)K)Ko 4 4 4 4 4

4. 4 WWW WWW4 4 4 4 ♦ /ft/R/ft<^x/Rnx< $ 4 4 4 4 4

3. 4 ♦ ♦♦♦♦♦XXtXX„f 4 4 4 4 4

2. 4 4444444^4^4444 4 4 4 4 4

1. 4 44444444444444 4 4 4 4 4

0. 4 44444444444444 4 4 4 4 4

-1. 4 44444444444444 4 4 4 4 4

-2. 4 4444444^4^4444 4 4 4 4 4

-3. 4 4 4 4 4 4 4 3KX 4 4 4 4 4 4 4 4 4

-4. 4
SV W W W W SV4 4 4 4 4 «x /R 4 & ™ 4 4 4 4 4 4 4

-5 ♦ 4 WWWW WWWW4 4 4 4 /ft jxx /ft /ft + /ft /ft jrt 4 4 4 4 4 4

-6 ♦ 4 WWWWW WWWWW £ £ £ ^R H> /R ^X 4 4 4 4 4

-7. 4 wwwwww wwwwww £ /R ^R /R /R «x ^R £ ^xx ^x /R ^x /ft /R 4 4 4 4

-8. 4 w w w w w w w w w w w w w w /ft ^ft /R /R /x ^X ^ft £ /R ^ft ^ft ^X ^ft /ft 4 4

098765432101234567890

100 IF YxX-XxX/1♦l>0.25
PRINT *'x"$ ELSE PRINT "."J

>RUN
10 4 4 4 4 4 4 4 4 4 4 WWWWWWWWWW4 /R /ft /R /ft /ft /ft /R /ft /ft /R

9 4 4 4 4 4 4 4 4 4 4 w w w w w w w w w /x /ft /ft /R /R /ft ^R «ft /ft 4

8 4 4 4 4 4 4 4 4 4 4
xt/ xv xv xv xv xv w xv* /K/ft/lx/lx/ft/lx/ft/ft 4

7 4 4 4 4 4 4 4 4 4 4 w w w w w w w £ ^R /R ^R ^R ^ft Xx ^R Q 4

6 4 4 4 4 4 4 4 4 4 4
WWWWWW4 /ft /ft /ft /ft /ft /ft + 4 t 4

5 4 4 4 4 4 4 4 4 4 4
w w w w w4 ^b /ft /ft /ft /R 4> 4 4 f 4

4 4 4 4 4 4 4 4 4 4 4 ♦XXXX» 4 4 4 4 4

3 4 4 4 4 4 4 4 4 4 4 ♦ 4 4 4 4 4 4

2 4 4 4 4 4 4 4 4 4 4 4 XX 4 4 4 4 4 4 4 4

1 4 4 4 4 4 4 4 4 4 4 4444444444 4
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0
1

4

4

*
4

4

*
4

*
♦

♦

c- ♦ 4 4 4 4 4 4 ♦ * ♦ ♦ 4 4 ♦ ♦

* 4 4 4 4 4 4 4 ♦ 4 ♦ ♦ ♦ 4 *
X..

3
4
5

4

4

<

4 * 4 4 4 4 4 4 4 4 4 4 4 4 4

4 4 4 4 4

4 4 4 4

4 4 4 4

4

mx* 
xxxxx*

4 4 4 4 4 4 4 4 4

4

4

4

4

4 4 4 4 4 4 4 4

4 4 4 4 4 4

-to
-7 
-8 
-9

4 <• 4 4

)K)K}KX<>KX>K ♦4

xxxxxxxx♦
< X)K>X)K>K5K>K)K)K

-1 0XX<)O:)K)KftX<X)K ♦

4 4

4 4

4

4 4 4 4 4 4 4 4

4

4

4

4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4

4 4 4 4 4 4 4 4 4

4

098765432101234567890
4 4 4 4 4 4 4 4 4

FOR/NEXT loops
FOR/NEXT loops are additional useful parts of your BASIC working 
tools on the BBC Microcomputer. It makes sense to study them now, 
because the last series of programs relied heavily on two FOR/NEXT 
loops, the Y loop which started at line 70 and end at 130, and the X 
loop which ran from line 90 to line 110. Because these are slightly more 
complex than the simplest FOR/NEXT loops, well leave the 
discussion of those alone for the time being.

A FOR/NEXT loop is made up of two statements used to control a 
series of cycles of a part of a program. FOR begins the loop, specifying 
how many times the loop is to be executed, and the NEXT statement 
occurs at the end of the sequence, returning the program to the 
statement line following the one containing the FOR command.

FOR statements are made up of the line number, following by the 
FOR, a numeric variable (a single letter, or any combination of letters 
and numbers starting with a letter, but without punctuation marks or 
symbols), an equals sign, a numeric expression (a number, or a 
previously assigned numeric variable), the word TO and finally, 
another numeric expression (number of previously assigned numeric 
variable) which is different from the first one. That may sound 
incredibly complicated, but it is really quite simple.
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The FOR line reads:

100 FOR J = 1 TO 100

or

100 FOR CAR = A TO B

The NEXT line, which terminates the loop, is of the form:

200 NEXT J

or

200 NEXT CAR

You can omit the control variable (the J or the word CAR) after the 
word NEXT, but it is best in the early stages of your programming to 
keep it there, just so you know what is going on.

The NEXT statement then, is made up from a line number, the word 
NEXT, and the variable set as the control in the FOR statement, earlier 
in the program. The NEXT sequence is used solely to tell the computer 
when the sequence of programming which is being repeated is to stop. 
When the value of the control variable (J or CAR) reaches the value set 
in the FOR statement (the second numeric variable set in the FOR 
statement), the program passes through the loop for the final time and 
then continues with the line following the one containing the word 
NEXT.

Enter and run these simple examples:

10 FOR A~1 TO 10
20 PRINT , Af2*A,A*A
30 NEXT A

RUN
1 2 1
2 4 4
3 6 9
4 8 16
5 10 25
6 12 36
7 14 49
8 16 64
9 18 81

10 20 100
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10 A:~5
20 B-16
30 FOR controls TO E:
40 PRINT >control?2xcontrol>controlA2
50 NEXT control

>RUN
5 10 25
6 12 36
7 14 49
8 16 64
9 18 81

10 20 100
11 22 121
12 24 144
13 26 169
14 23 196
15 30 225
16 32 256

In the first example, the control variable is A, and line 20 prints out A 
itself, two times A and A squared. Note that the limits of the control 
loop are stated explicitly in line 10 (1 TO 10). In the second example, 
the control variable is a word, 'control'. It performs exactly the same as 
A does in the first example, with line 40 printing out the value of 
control, or two times control, and of control square. Notice that the 
little up arrow (found two keys to the right of the zero key) means 
'raising to the power', so using this arrow followed by a 2 is the same 
as multiplying something by itself (as at the end of line 20 in the first 
example).

Note that the limits of the FOR/NEXT loop are two variables, A and B, 
which have been previously defined. You will find there are many 
programs when you will want a limited FOR/NEXT loop, with the 
limits a result of things that have occurred elsewhere in the program.
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Nested loops
As you've just seen, a FOR/NEXT loop allows us to alter the value of 
one variable (by a count of one in the cases we've studied), to repeat a 
programmed series of events a specified number of times. Now, 
suppose there were two or more variables to be operated upon. In this 
case, you would need to vary both values. This can be done quite 
simply by nesting loops, in which one loop, controlled by one set of 
FOR/NEXT statements, operates within another set.

Enter and run the following program, which nests a B loop within an A 
loop. It also contains a third loop (M), to slow things down, but the 
important loops for this demonstration are A and B.

10 REM FOR/NEXT - NESTED LOOPS
20 FOR A=1 TO 12
30 FOR B®1 TO 12
-‘IO PRINT B|" tines "lAI" is "JAXB
50 NEXT B
60 FOR M=1 TO 1000 ♦NEXT M
70 PRINT'''
80 NEXT A

When you run this, you'll see it prints out the multiplication table, from 
1 X 1, to 12 X 12, pausing slightly between each set of numbers. The M 
loop puts the pause between each set. Part of the run is:

T tines 7 is 28
5 tines 7 is 35
6 tines 7 is T2
7 tines 7 i s 49
8 tines 7 i s 56
9 tines 7 i s 63

10 tines 7 is 70
11 tines 7 i s 77
12 tines 7 i s 84

1 tines 8 is 8
2 tines 8 is 16
3 tines 8 is 24
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4 times E3 is 32
times E3 i s 40

6 times E3 i s 48
7 times E3 i s 56

In this program, the control variable A stays at one, while the loop 
controlled by B runs from one to 12. After the pause (line 60), the 
control variable A increases by one, and the B loop runs through 
again, this time with the A equal to two, and so on, until the B loop has 
run through with the A equal to 12. There is no reason why you should 
have only two nested loops.

It is vital that the control variables of nested loops be in the correct 
order, that is, the first loop begun is the last one to end. Try swapping 
lines 50 and 80 of this program,and see what happens. You should find 
it prints out the 'one times table', and then stops with the error 
message 'No FOR at line 80'.

Remember that the control variable for the NEXT statement need not 
be stated when programming on the BBC Microcomputer. The clever 
machine automatically knows which NEXT corresponds with which 
FOR, thus removing the possibility of incorrectly nesting loops. 
Change lines 50 and 80 into just NEXT, and delete the M from the end 
of line 60. You should find the program runs perfectly. Although you 
can omit the NEXT control variable, I repeat the suggestion given 
earlier to leave it in, just to make it clear in your mind what is 
happening.
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STEP
For this next discussion, we need the program TABULATOR ROCKET 
RANGE which was introduced earlier. You'll recall I suggested that 
you should save it on tape so you could load it in again when needed, 
in case you did not do so, here is the listing again.

10 REM TABULATOR ROCKET RANGE.
20 MODE?
30 FOR J~:L0 TO 1 STEP -1
*0 PRINT '"J
50 I-TIME
60 REPEAT UNTIL TIME-T>50
70 NEXT J
80 REPEAT
90 Q~RND(29)+1

100 U-128+RND(5)
110 FOR rocket=l TO 7*READ ROCKET*
120 PRINT TAB(0 > JCHR*(129)?"<"JTAB(Q)JCHR*(U)? 

ROCKET*»TAB(36)?CHR*(129)t")"
130 NEXT rocket
1*0 T-TIME
150 REPEAT UNTIL TIME~T=2
160 SPACE :=:RND(10)
17 0 SOUND 16 , --RND (5) -• 10 , RND (3) --1 s RND (20)
180 FOR Pririt«l TO SPACE;
190 PRINT TAB(0>tCHR*(129)|"("JTAB(37)>")"
200 NEXT print
210 RESTORE
220 INTIME
230 REPEAT UNTIL TIME--T=2
2*0 UNTIL FALSE
250 DATA " + +++ "
260 DATA “ •♦•++ +++ "
270 DATA " +++ +++ 11
280 DATA " <*> "

The important lines for our discussion at this point are 30, 40 and 70. 
You'll see when you run the program that this causes the numbers 10 
down to 1 to appear on the screen. The word STEP (in line 30) after 
the 1 controls this. Change the —1 following the word STEP to —2, 
and see what happens. If no STEP is specified, the computer assumes
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you want a positive STEP of 1, which is what has been needed in the 
earlier examples in this section.

The STEP command, then, is used within a FOR/NEXT loop to allow 
the user to specify the value of the increment (or decrement) of the 
control variable. The STEP does not have to be a whole number, 
although you must ensure — if the number which follows the word TO 
in the initial FOR statement is lower than the number before the TO — 
that the STEP is negative. Try the following examples:

10 FOR A=100 TO 1 STEP ••••12*5
20 PRINT A
30 NEXT A

>RUN
100

87 * 5
75

62.5
50

37*5
25

12*5

10 FOR A=:10 TO 1 STEP -0*719
20 PRINT A
30 NEXT A

>RUN
10

9*281
8*562
7.843
7*124
6.405
5.686
4.967
4.248
3*529
2*81

2*091
1*372
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REPEAT/UNTIL
Whereas a FOR/NEXT loop should always run its full course, another 
pair of statements — REPEAT/UNTIL — are available on the BBC 
Micro which will cycle through a loop only until a specified condition is 
satisfied. You'll see, if you look back at the listing of TABULATOR 
ROCKET RANGE, in lines 50 and 60, the REPEAT/UNTIL sets a 
variable T to equal the value of the internal clock (TIME), then holds 
the program with a REPEAT UNTIL until the difference between T and 
TIME is 50. Also within this program is a master REPEAT/UNTIL loop, 
which starts in line 80 and terminates (UNTIL FALSE) in line 240. A 
REPEAT loop which terminates with UNTIL FALSE will run for ever, or 
until BREAK is pressed.

10 MODES
20 REPEAT
3 0 GCOL. 0fRND(16)-l
*f0 MOVE. RN.DC1280) ,RND(1024)
50 PLOT 85fRND(1280) ,RNDCI.024>
60 UNTIL FALSE

You'll find this simple program (which you should run in Mode 2 
changing line 10 to Mode 5, if you have a Model A) produces a 
splendid demonstration of chaotic triangles. Note that the REPEAT 
(line 20) and UNTIL FALSE (line 60) makes the program run forever.

Now try the next program, which uses the UNTIL as a specified 
control. The program is written for a Model B machine, but will work 
adequately in Mode 5 on a Model A. It produces some startling results, 
as though a stone has been thrown at the centre of the TV screen.

10 REM xxoKEJroken
20 REPEAT
30 MODEO
40 REPEAT
50 A=RND(8)-1
60 B=RND(8)-1
70 UNTIL AOB
80 VDU 19,0,8,0,0 ,0
90 VDU 19,1,A,0,0 ,0

100 REPEAT
110 C-RND(1280)
120 [>”RND(1024>
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130 MOVE: 640*500
140 draw c*d
150 UNTIL RND(50)~25
160 UNTIL FALSE ’.

There are three REPEAT/UNTIL loops. The first one starts at line 20 
and terminates at line 160. This is the master loop, which continues for 
ever. The second loop starts in line 40 and ends in line 70. A and B, the 
random numbers calculated in lines 50 and 60, control the foreground 
and background colours for the 'broken glass', and this loop cycles 
until A is different from B (see line 70). The third REPEAT/UNTIL 
operates from line 100 to 150, and cycles until the random number 
generated in line 150 is 25. You can work with this program to produce 
a number of variations. One variation would ensure that every line 
plotted was in a random colour, so that the background changed 
colour slowly, but the foreground colour changed for every line.

GOSUB and RETURN
A subroutine is a block of program within a larger program which 
performs one specific task. The main program is executed, line by line, 
until the subroutine is called, by the GOSUB command. The computer 
goes to the specified number, works through in line order from that 
point, until it hits the word RETURN. This is the signal for the 
computer to return to the main program, to the line after the one 
which sent it to the subroutine.

A subroutine is useful if a particular set of calculations has to be carried 
out a number of times within a program, and at different places within 
the program. For example, in a financial program, there may be a 
number of VAT calculations to be done at different points within the 
program. Whenever this need arises, the program is told to GOSUB, 
and it stays in this subroutine until it hits the word RETURN, when it 
returns to the line after the GOSUB command.

A subroutine is written exactly like the main program, except that it is a 
program within a program, and is bounded by two lines, one 
containing the GOSUB and the other is the RETURN line. The GOSUB 
command is made up from a line number, followed by the word 
GOSUB, and another line number. The line 40 GOSUB 100 tells the 
computer to branch to line 100 and continue executing the program in 
order, just as if line 40 had said GOTO 100. However, when the 
program reaches a line containing the word RETURN, the action
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reverts to the main program, at the line number which follows the one 
containing the GOSUB statement (in this case, the first line number 
after 40).

A simple example, showing GOSUB and RETURN, is as follows. Enter 
and run it a few times, then come back to the book for a discussion on 
it.

10 REM KXMgosub/returri denoox
20 CLS
30 repeat
40 INPUT'''"Enter b nunber "A
50 GOSUB 100
60 UNTIL FALSE
7 0 REM XXXXXXXXXMXXXXXOKXXJKX
80 REM Subroutine follows
90 REM

100 PRINT '"Your nunber is "JA
110 PRINT J A?" squared is "JA*A
120 PRINT "The square root of "JA

J” is "JSQRCA)
130 RETURN

>RUN
Enter b number 
Your number is

4573
4573

4573 squared is 20912329
The square root of 4573 is 67*6239603

After line 20 clears the screen, lines 30 and 60 set up the master 
REPEAT/UNTIL loop. Line 40 asks you to enter a number, using 
INPUT, then line 50 transfers control to the subroutine starting at line 
100. The required calculations are carried out, and the results of them 
printed, within the subroutine, then line 130 returns control to the line 
after the one which sent control to the subroutine that is line 60. As 
line 60 is the termination of the REPEAT/UNTIL, action goes back to 
line 40, where a new number is requested, and the whole merry dance 
begins again.

Enter and run the following program, which plays a kind of 
BLACKJACK, to see subroutines doing something a little more 
interesting than the demonstration we've just run.

The card game Blackjack is, as I suppose you know, pretty popular. In 
his book Beat the Odds, Microcomputer Simulations of Casino 
Games, (Hayden, 1980), Hans Sagan says it is "probably the most
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popular and widely-played banking card game in the States. It is 
played in gambling houses, private clubs, political clubrooms, 
barracks, troops transports, back rooms of all kinds, and places you 
may never have heard of". With a recommendation like that, how 
could the program fail?

Mr Sagan's opinion is backed up by John Scarne, who points out in 
his authorative work Scarne's Encyclopedia of Games: "Blackjack is 
the most widely-played banking card game in the world". Sagan 
points out that Blackjack is "the one casino game where the player 
may have a chance". Part of that chance is based on the fact that the 
cards removed from a pack as a game is played change the odds of 
other cards appearing — and knowing the odds can be of some benefit 
in deciding what to do. The player's slight advantage is stymied in this 
version, because the BBC Micro has somehow acquired an infinite, 
constantly-replenished deck of cards.

Despite this, the computer plays reasonably well, and will certainly 
give you a run for your money. There is no direct betting in the game 
and this is a feature you may well want to add in due course. You may 
also, when you feel confident of your programming ability, change the 
program so that it goes through a pack of cards before there is a need 
to reshuffle. Enter and run the program, then return to the book for a 
discussion on it.
10 REM **B1ackJack**
20 REM **(C) Hartnell 1982**
30 B$="The BBC Microcomputer has "
40 C$="The Mere human has “
50 M=0:MODE7:GOTO230
60 CA=RND<11)♦IF M>0 PROCsketch
70 IF CA=11 AND D+CA>21 CA=1
80 D=D+CA
90 IF MM AND CAO1 AND CA<11 PRINTCHRSC128+ 

RND(6))JCAJ" has been dealt”
ioo m=m+i:return
110 CA=RND<11)tPROCsketchJIF CA=11 AND B+CA>21 CA=1
120 time=o:repeat until timemoo :b=b+ca
130 IF MM AND CAO1 AND CA<11 PRINTCHR*(128+ 

RND(6))JCAJ" has been dealt”
140 RETURN
150 Z=128+RND(6)
160 PRINTzCHR$(Z)|"Enter A for another card"
170 PRINT TAB(3)JCHR$(Z)J"or S to stand"
180 g=o:g$=get$:g=-(g$="A")
190 RETURN
200 PRINT '''CHR$(128+RND(6)M"Do you

want another game? (Y or N>"
210 A$=GET$:iF ASC(A$)<> ASC('‘N”) RUN
220 PRINT 'z''CHR$(128+RND(6))|"OK> thanks for playing"? 

SOUND RND(3),-15,RND(100)t1?GOTO220
230 print7z':d=o:b=o:gosub6o:h=ca
240 gosub6o:a=ca:gosubiio:e=ca
250 GOSUB110JF=CA
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260 PRINT'CHRS(128+RND(6))JBtJH
270 PRINT'CHR$(128+RNDC6))$C$$E}“ and “JF
280 PRINTCHR$<128+RNDC6))$"totalling “JE+F
290 D=H+AtB=E+F
300 GOSUB1505IF G=1 THEN 380
310 IF D<17 THEN 430
320 IF DO21 PRINTCHR$<128i-RND(6));B$;D'CHR»(128+RND(6));C$;B
330 IF B=D AND BO21 PRINTCHRS(128+RND(6))J

“so this round is a"JCHR$(128+RND(6>)I“draw"
340 IF B>21 OR D?>21 THEN 20 0
350 IF B>D PRINT'CHR$(128+RNDC6)) JTABC9) T'You win!"
360 IF BCD PRINT'CHR*(128+RND(6));TAB(11>;"I win!”
370 GOTO200
380 GOSUB110
390 PRINT CHR$(128+RND(6)>;C$:CA;“t total is “IB
400 IF B>21 PRINT CHR$(129)J“You've busted, so I win’‘“♦GOTO200
410 GOTD300
420 TIME=0 »REPEAT UNTIL TIMEM50
430 PRINT 'CHR$<128+RND(6))*,B$|D
440 TIME=0:REPEAT UNTIL TIME>150
450 GOSUB60
460 PRINT CHR$(128+RND(6))J"The total is now “|D
470 time=o:repeat UNTIL TIME>100
480 IF D>21 PRINT CHRt(129)|"I've busted, so you win!’"IGOTO200
490 IF DC17 THEN 450
500 GOTO 320
510 END
520 DEF PROCsketch
530 IF CA=1 PRINTCHR$(129)|“ACE"♦ENDPROC
540 IF CACll ENDPROC
550 T=RND(3)
560 IF T=1 PRINT CHR$(130)|“Jack"
570 IF T=2 PRINT CHR$(131) *, “King"
580 IF T=3 PRINT CHR$(132)J“Queen"
590 ENDPROC

>RUN
8 has been dealt
3 has been dealt
The BBC Microcomputer has 2
The mere human has 8 and 3 
totalling 11
Enter A for another card

or S to stand
5 has been dealt
The mere human has 5> total is 16
Enter A for another card 

or S to stand
3 has been dealt
The mere human has 3> total is 19
Enter A for another card

or S to stand
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The BBC Microcomputer has 11
5 has been dealt
The total is now 16
8 has been dealt
The total is now 24
I've busted# so you win!!
Do you want another game? (Y or N)
6 has been dealt
4 has been dealt
The E:BC Microcomputer has 6
The mere human has 6 and 4 
totalling 10
Enter A for another card 

or S to stand
6 has been dealt
The mere human has 6# total is 16 
Enter A for another card

or S to stand
The BBC Microcomputer has 13
2 has been dealt
The total is now 15
ACE
The total is now 16
8 has been dealt
The total is now 24
I've busted# so you win!!
Do you want another game? (Y or N)
9 has been dealt
5 has been dealt
The BBC Microcomputer has 5
The mere human has 9 and 5 
totalling 14
Enter A for another card

or S to stand
3 has been dealt
The mere human has 3# total is 17 
Enter A for another card

or S to stand
The BE:C Microcomputer has 8
6 has been dealt
The total is now 14
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3 has been dealt
The total is now 17
The BBC Microcomputer has 17
The mere human has 17
so this round is adraw
Do you want another qame? (Y or N)
OK, thanks for playing
OK, thanks for playing
OK, thanks for playing
OK, thanks for playing
OK, thanks for playing

Look at line 230. It includes an instruction to GOSUB 60. Referring to 
line 60, we see CA= RND(11). CA is the card from one to 11, with one 
as an ACE, and eleven a picture card. Line 70 checks to see if the 
number dealt is an eleven, and if it is, checks to see if this would bring 
the total over 21. If it does, the eleven is changed to a one. Line 100 
includes the RETURN instruction, which sends action to the H = CA at 
the end of line 230, the instruction after the one to GOSUB. The 
computer is well able to find a RETURN destination like this buried 
within a multistatement line, but the GOSUB destination must always 
be at the start of a line. Your programs will be much easier to read if 
they do not include any multistatement lines, but will take up more 
space than necessary. It may well be worth writing a program initially 
in single statement lines, then 'tightening it up' later, by joining lines 
together.

ON GOTO.... ON GOSUB
The word ON, preceding either GOTO or GOSUB, produces a special 
kind of branching, related to the IF/THEN result. An ON.. .GOTO or 
ON.. .GOSUB statement is made up from a line number followed by 
the word ON and the result of a previous calculation. This value is 
followed by the words GOTO or GOSUB and a list of numbers, 
separated by commas.

For example 150 ON X GOTO 200,300,400,550 will send action to line 
200 if X equals one, to line 300 if X equals two, to 400 if X equals 3 and 
to line 550 if X equals 4.

When a GOSUB is used instead of a GOTO command, the same thing 
happens as with an ON...GOTO, except that at the end of the 
subroutine, action reverts to the line after the ON.. .GOTO. Try the 
following simple example:
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10 REMxxori gosub deMOXX
20 REPEAT
30 X~F<ND(3)
40 FOR TO 500 ♦ NEXT J
50 ON X GOSUB 70, 90,110
60 UNTIL FALSE
70 PRINT "ONE"
80 RETURN
90 PRINT "TWO"

100 RETURN
110 PRINT "THREE"
120 RETURN

>RUN
ONE
TWO
TWO
TWO
THREE
THREE
TWO
ONE
THREE

This routine converts the value of X generated randomly in line 30 into 
a word, using the ON.. .GOSUB in line 50.

Finally in this section, here are two 'poetry' programs which use 
ON.. .GOSUB (see line 80) to randomly join words together. As you 
can see from the sample runs, the 'poetry' produced is pretty awful, 
although some lines (such as SPIRIT IS NEAR HUMAN HIGHROAD) 
suggest a new era in the creation of old wise sayings.

10 REM xxxF'oetxxx
20 REM Showing ON GOSIJB
30 FOR J-l TO RNDC3)
^0 PRINT
50 NEXT
60 time==o:repeat until time>40
70 D:=RND(13)
80 ON D GOSUB 110,120,130,140,150,160, 

170,180,190,200,210,220,230,230
90 TIME=0tREPEAT UNTIL TIME>9

100 IF RND(3)=1 THEN 30 ELSE 70
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110 PRINT"WATCHING "JtRETURN
120 PRINT"HUMAN "J IRETURN
130 PRINT"DWELLING "J IRETURN
1-10 PRINT"IS NEAR "I tRETURN
150 PRINT’TEARING "HRETURN
160 PRINT"SPIRIT "J IRETURN
170 PRINT"ALIEN "HRETURN
180 PRINT"SMOKY "JIRETURN
190 PRINT"HIGHROAD "ItRETURN
200 PRINT"SELF "JtRETURN
210 PRINT"DREAMER "JtRETURN
220 PRINT"COMES 11JI RETURN
230 PRINT"WAITS THEN FOR "H RETURN

>RUN
SELF FEARING SMOKY
SELF
DWELLING SMOKY
WAITS THEN FOR IS NEAR
SPIRIT IS NEAR HUMAN HIGHROAD
WATCHING
SELF SPIRIT HIGHROAD SPIRIT COMES
SELF DWELLING
SMOKY ALIEN SPIRIT
SELF SELF WAITS THEN FOR
IS NEAR HUMAN HIGHROAD
FEARING DREAMER
COMES
WATCHING DREAMER WAITS THEN FOR COMES SMOKY 
DREAMER
SELF HUMAN
HUMAN HIGHROAD ALIEN SMOKY IS NEAR
HIGHROAD COMES
FEARING DREAMER SMOKY WATCHING
FEARING SPIRIT WAITS THEN FOR SMOKY
FEARING HUMAN IS NEAR 

10 REM xxxPoet***
20 REM Showing ON GOSUB
30 FOR J=1 TO RND<3)
40 PRINT
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50 NEXT
60 TIME-01 REPEAT UNTIL TIMEMO
70 D»RND(13)
80 ON 0 GOSUE: 110 , 1.20 ,130,140 , 150 >160 , 170 > 

180,190,200,210,220,230,230
90 TIME=0{REPEAT UNTIL TIME>9

100 IF RND(3)=1 THEN 30 ELSE 70
110 PRINT"VERDANT GLADES "{{RETURN
120 PRINT"WHISPERING HILLS "{{RETURN
130 PRINT-SOFT "{{RETURN
140 PRINT"HUSHED ”{{RETURN
150 PRINT-SHADOWED O'ER "{{RETURN
160 PRINT-SILENT " {{RETURN
170 PRINT-PATHWAY "{{RETURN
180 PRINT-LEAVES "{{RETURN
190 PRINT-WAVING "{{RETURN
200 PRINT-FALLING "{{RETURN
210 PRINT-YEARNING "{{RETURN
220 PRINT"LOVERS "{{RETURN
230 PRINT-TREADING SOFTLY "{{RETURN

LOVERS

LOVERS
WHISPERING HILLS

TREADING SOFTLY VERDANT GLADES HUSHED

HUSHED FALLING TREADING SOFTLY 
VERDANT GLADES PATHWAY VERDANT

VERDANT GLADES VERDANT GLADES
PATHWAY

LOVERS

WAVING LOVERS PATHWAY
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WHISPERING HILLS
VERDANT GLADES YEARNING WHISPERING HILLS

HUSHED

LEAVES

LOVERS SILENT

VERDANT GLADES YEARNING WHISPERING HILLS

TREADING SOFTLY VERDANT GLADES

LEAVES FALLING TREADING SOFTLY

DIM and ARRAYS
The DIM statement is used to set up a list which you can easily access. 
You may find it necessary, in some programs, to refer to elements of a 
long list of numbers, such as if you INPUT a quantity of DATA, and 
you wish to use it in certain ways, such as PRINTing it in order or 
magnitude.

An ARRAY is a set of memory spaces reserved in the computer, and 
referred to by the name of the array, and by a subscript. To produce an 
array to hold three elements, you enter DIM A(2) which creates spaces 
for an array called A. To hold four elements, you enter DIM B(3). On 
the BBC Microcomputer, there is always one more element of an array 
than the number in brackets which follows the DIMensioning of the 
array.

Enter and run the following program which should make it a little easier 
to understand.

10 REM XX ARRAYS DEMO
20 DIM EK 3)
30 FOR A=0 TO 3
40 EKA) ^RND(IO)
50 NEXT A
60 FOR A-0 TO 3
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70 PRINT ’’BC'IAr’) IS " JB(A)
80 NEXT A

B (0) IS
B(l) IS 2
B (2) IS
B (3) IS 10

E:<0> IS 2
E: < 1) IS 9
B(2) IS 9
E: (3) IS 3

As I pointed out, an array contains one more element than the number 
which is used to dimension it, so the array B in the sample program 
contains four elements. You may well find it easier to 'forget' that the 
subscripts start at zero, and dimension an array with the number of 
elements you need, ignoring array element subscripted zero. Note that 
elements of an array are called subscripted variables.

As you can see from line 20 of the program you've just run, the 
computer needs you to DIMension an array before you can use it, with 
a DIM statement. The DIM statement is made up of a line number 
followed by the word DIM, and the name of the array, with the size of 
the array enclosed in brackets.

You can dimension more than one array at a time by using a line as 
follows: 100 DIM A(4),B(2),S(60). Just separate each of the array 
names with a comma.

The arrays we've been talking about so far are one-dimensional arrays, 
suitable for such things as holding a list of numbers. However, you can 
have arrays of more than one dimension. These arrays are called, 
reasonably enough, multidimensional arrays, and are set up with a 
DIM command having more than one subscript. Enter and run the 
following program:

10 REM xx MULTI-DIMENSIONAL
20 REM ARRAYSxx
30 DIM A(3,3)
-^o FOR E!~0 TO 3
50 FOR 0=0 TO 3
60 A(E, C)-RND(9)
70 print "Acwvicr) is
80 NEXT C

”JA(BtC)
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When you run it you'll see something like this:

90 NEXT B
100 PRINT 012 3"'
110 FOR B»0 TO 3
120 PRINTJBI" ";A(B,0)r’ "|

A(B,1);" "JA(B,2>J" "JA(B,3)
130 NEXT B

A(0,0) IS 3
A<0,l) IS 4
A(0,2) IS 2
A(0,3) IS 3
A(l,0) IS 5
A<ltl) IS 7
Ad,2) IS 6
Ad,3) IS 3
AC2,0) IS 9
A(2,l) IS 6
A(2,2) IS 8
A(2,3) IS
A(3,0) IS 6
A(3,l) IS 8
A(3,2) IS 1
A(3,3) IS 7

0 1 2 3

0 3 4 2 3
1 5 7 6 3
2 9 6 8 4
3 6 8 1 7

Firstly the elements of the array will be filled with numbers between 
one and nine, and these are printed out by line 70 so you can see what 
is held by each element of the array. The little table printed below them 
shows how the elements of the array are organised. Any element can 
be accessed by giving its co-ordinates within the array. If this is so, 
element 3, 3 should lie where the two threes intersect, i.e. on the 
number 7. You'll see from looking above in our sample run that, in 
fact, A(3,3) does equal 7.

DIMensioning an array consumes memory, so do not set up an array 
larger than you need. The number of elements in an array is the first
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number within the brackets plus one, multiplied by the second number 
plus one. Therefore, the array A(3,3) has 16 (3 plus 1 times 3 plus 1) 
elements. You can see from our sample run that this is so.

There is no reason why you should not have arrays with more than two 
dimensions, except for the fact that they can quickly become quite 
difficult to handle, and the number of elements rockets quite 
alarmingly. Here is a program to DIMension and fill a 
three-dimensional array. Although the array is only A(2,2,2), you can 
see the number of elements is quite large(3*3*3)

10 REM x* MULTI-DIMENSIONAL
20 REM ARRAYS**
30 DIM A (2,2,2 )
^0 FOR B-0 TO 2
50 FOR 00 TO 2
60 FOR D-0 TO 2
70 A (B> C,D)-RND<9)
so print
90 PRINT “) IS nJA(B,C,D)

100 NEXT D
110 NEXT C
120 NEXT B 

>RUN
A ( 0,0,0 ) IS 9
A ( 0,0 11) IS 2
A(0,0,2) IS 5
A(0,1,0) IS 3
A (0,1,1) IS 4
A(0,l,2) IS 7
A(0,2,0) IS 7
A ( 0,2,1) IS 5
A(0,2,2) IS
Ad,0,0) IS 6
Ad,0,1) IS 7
Ad,0,2) IS 2
A d , 1,0 ) IS 2
A d , 1,1) IS 9
Ad, 1,2) IS 9
A d , 2,0 ) IS 7
Ad,2,1) IS 6
Ad,2,2) IS 8
A(2,0,0) IS
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A(2,0,l) IS 3
A(2,0,2) IS 2
A(2,1,0) IS 4
A(2,l,l) IS 5
A(2,l,2) IS 1
A(2,2,0) IS 1
A(2,2,l) IS 9
A(2,2,2) IS 4

Increase the number of dimensions to five, as in our next example, and 
although it is only A(1,1,1,1,1), there are now 32 (2*2*2*2*2) 
elements.

10 REM x* MULTI-DIMENSIONAL
20 REM ARRAYS**
30 DIM A(1 11»11► 1,1)
^0 FOR B-0 TO 1L

50 FOR C=0 TO 1
60 FOR D=0 TO 1L

70 FOR E~0 TO jL
80 FOR F~0 TO 1L
90 A(B,C,D ,E,F) -RND(9)

100 PRINT " A("?E>♦<1 ii ♦ p ♦ ii n«r\
110 PRINT “ ) IS ";a<b,c,d,e,i
120 NEXT F
130 NEXT E
HO NEXT D
150 NEXT C
160 NEXT B

>RIJN
A(0 ,0,0,0 ,0) IS 3
A (0 ,0,0,0 ,1) IS 9
A(0 ,0,0,1 ,0) IS 1
A(0 ,0,0,1 ,1) IS 7
A(0 ,0,1,0 ,0) IS 6
A(0 ,0,1,0 ,1) IS 1
A(0 ,0,1,1 ,0) IS 8
A(0 ,0,1,1 ,1) IS 9
A(0 ,1,0,0 ,0) IS 5
A(0 ,1,0,0 ,1) IS 5
A(0 ,1,0,1 ,0) IS 1
A(0 ,1,0,1 ,1) IS 8
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A(0 11 d d d> IS 8
A(0 ? 1 d d d) IS 1
A(0 ,1 d d d) IS 9
A(0 d d d d) IS 3
A(1 >0 d d d) IS 2
A(1 >0 d d d> IS 1
A(1 ,0 d f 1 d) IS
Ad ,0 d d d) IS 9
Ad ,0 d d d) IS 7
Ad d t 1 d d) IS 3
Ad d * 1 d d) IS 1
Ad ,0 f 1 d d) IS 2
Ad ? 1 d d d) IS 2
Ad d d d d) IS 8
Ad >1 d d d) IS 1
Ad d d d d) IS 9
A (1 r 1 d d d) IS
Ad d f 1 d d) IS 8
Ad f 1 d f 1 d) IS 2
Ad d t1 d d> IS 6

Here is a version of the game MASTERMIND (the name is copyright 
Invicta Plastics) to show single-dimensional arrays in use. The game is 
simple to play. The computer 'thinks of' a four-digit number, and you 
have ten guesses to work it out. A correct digit in the wrong position 
within the code gives you a 'white', while a correct digit in the correct 
position gives you a 'black'.

10 REM kxMASTERMIND
20 M0DE7
30 DIMCK) ,G(4)
zf0 CLS
50 PRINT''ZCHR$(133)$
"I 8M thinking of a four-digit nunber/’

60 PRINTCHR$<133)?"which you
have 10 goes to discover"'

70 PRINT''CHR*(129)?"All four 
digits are different."'''

80 PRINTCHRX 129) J"Press any key to begin"
90 A$==GET$

100 CLS? PRINT'"
110 C(1)®RND(9)
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120 FOR Z=2T04:C(Z)«RND(9)
130 F 0 R J •-1T 0 Z 1 i IF C (J) === C (Z) T H EZ N110
140 NEXT?NEXT
150 forg-itoio:printchr$(133):

"Enter guess number "JG
160 INPUT A t Al-A ♦ PRINT

CHR$(11):CHR*(11):CHR$(11)
170 FORZ=1TO4tG(Z)«A-1OxiNT(A/l0)
180 A=INT(A/10).NEXT
190 b=o:w~o
20 0 F 0 R Z »1T 0 4:IF C (Z)<>G(Z)T HEN22 0
210 B=B+1IG(Z)=0
220 NEXT
230 FORZ=1TO4 tIFG(Z)=0THEN270
240 FORJ~1T041IFC(Z)<>G(J)THEN26 0
250 W==W+1
260 NEXTJ
270 NEXTZ
280 PRINTA1 :CI-IR$( 132): "scored":

CHR$ (129) J B: " black" :: IFBO1 PRINT"®" :
290 PRINTCHR$( 132): "arid" :CHR$( 129) :w:

" white": IIFWO1 PRINT"®"
300 IFW=1PRINT
310 IFB=4 PRINTCHR$(133):"You guessed it.,

♦ in Just ":g:" guess":tIFG>l PRINT "es"
320 IFBO4NEXTG
330 PRINT CHR$(134):"The code was": 

chr$ (129): c (4): co) :c (2) :c( i)

The next program, to keep your personal finances in order, uses the 
array A to hold the relevant amounts of money.

It is a fairly simple, but very useful, personal accounts program. When 
you first RUN it, you'll see that the balance — naturally enough — is 
zero. You can work out a series of accounts by using GOTO 70, 
instead of RUN, to keep the 'previous balance' (variable B) intact. 
Note that the Centronics printer has turned all the pound signs into a 
single apostrophe ('). Enter these as pound signs.

The program is set up to deal with six categories — cheques, credit 
cards, rates, mortgage, standing orders, and monies in — as well as a 
seventh, salary earned, but can easily be modified to handle as many 
categories as you like. Simple change the six in line 40 (M = 6) to the
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number of categories you need. As well as this, you'll have to add 
additional data on the ON F GOSUB line, line 180, so the computer will 
have extra destinations for additional categories. Simply add the 
categories before the start of the initialisation procedure (line 400). 
Note that 'monies in' are recorded as negative numbers, and will be 
shown as such in the display, which is updated after each entry is 
made.

It would be very easy to modify this program to give you an option to 
dump the accounts onto a printer. The modification should be entered 
between lines 210 and 220.

Note the use of the GET function in line 540, to stop the program until 
any key is pressed.

10 REM ^Personal accounts*
20 REM (C) Hartnell/Ron Jones
30 MODE 7
40 M“6
50 DIM ACM)
60 PROCinitialise
70 GOSUB230
80 INPUT'"Any changes (Y or N)"Z$
90 IF Z$:~"N" THEN 20 0

100 SOUND l,-7,RND(50)+75,3
110 INPUT7 "Nunber "Kill- K>M OR I«1 THEN 110
120 SOUND 1 ,--7, RND (50 )+75,1
130 INPUT'"New anount"E
140 IF K~6 E~-E
150 A(K)~E
160 GOTO 70
170 PRINT FJ
180 ON F GOSUB 330,340,350,360,370,380
190 PRINTTAB(4) |"'"|A(F)
200 INPUT"Salary"S«GOSUB230JR-S-T+B
210 PRINT"Balance '"JRJB^R
220 END
230 T=0tCLStPRINT''TAB(12)?CHR$(128+RND(5))J 

"Personal accounts"
240 PRINT'TAB (4) J "Previous balance '"*,B'
250 FOR F=1 TO M
260 SOUND INTCF/2) ,--RND( 15) ,F*20 ,RND(F)
270 PRINT 'Ft
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