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PREFACE 

W hen I was at school trying 
my hand at languages 
(as well as the odd bit of 

maths, science, etc) the range 
available extended from 
French, English and German to 
thai quaintest of tongues, Latin. 
For the modern generation a t 
school the range has been 
extended even further to 
mclude such delights as 
BASIC, FORTH and LOGO. 

There is no point in owning 
a mlCfocomputer If you do not 
understand the lang uage tha t It 
uses. I say no point, but I am of 
course assuming that you Wi ll 

want to do more with your 
micro than merely buy a 
commercia l tape or disc, pl ug 
In and then walk away after 
playmg the game or collecting 
some results. I assume that 
you're interested in how the 
micro does what it does and that 
you would like to mfluence that, 
or direct it completely. 

BASIC is the most common 
language that micros use, 

although it does vary 
dependmg on the micro 
(remember that one mICro's 
BASIC IS another micro's error 
message). Many people are 
lrightened by the Jargon that so 
often accompanies literature on 
microcomputi ng a nd we have 
thus compiled this issue of 
Personal Software in order to 
help explain what BASIC is, 
what it can do and how you can 
use ll. 

The series 'Beginning 
BASIC' mtroduces BASIC to 
the absolute novice, explaming 
some of the more common 
commands and showing how the 
language can be bUlit up 
' Elegant Programming' goes 
much further and delves into 
the realms of structured 
programming and some more 
advanced ways of using BASIC. 

We ha ve also mcluded 
articl es on interp reters and 
compilers to help clear some 01 
the mystery surrounding these 
'buzz words' As examples of 

what you can do once you've 
learned some 01 the 'basics' . 
(g roan l ) we ha ve brought 
together some of the games in 
BASIC thai have been 
published in the magazine 
Computing Today and Personal 
Computing Today. In this way 
you should be able to look a t 
the programs in a new hghl -
try to figure out how and why 
the games were wnllen in the 
way they were, and see If you 
cou ld alter them to incl ude 
different roulmes, make them 
play faster etc. 

We have tried to ensure that 
the programs are error free, 
i! you find you are havJOg 
problems with any of them, 
please check them agam 
thoroughly or get a fflend to 
help . 11 as a last resort you can 
still not get the game playing 
properly you may writ e to 
Personal Software with a SAE. 
Please note however that we can 
not answer any telephone 
enquines. 
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.Ph.".Coi'iDH ________________ . AiiLiG.ORITHMS AND FLOW CHARTS 

BEGINNING 
BASIC-l 
I t,. is, unfortu:,-ately, very easy 

when watchmg a computer 
In action 10 subconsciously 

endow the machine with 
intelligence - under no 
circumstances is this the case. 

Regardless of whether you 
are programming in the 
simplest of machi ne codes or 
the most sophisticated of high 
level languages, there is no way 
that the computer can do 
anything other than what it has 
been programmed 10 do, and 
the signs of intelligence that we 
seem to deted are present only 
because of the skill of Ihe 
programmer. In fact, 
programming today is 
becoming quite a maj or 
business area, simply because 
of the amount of ski U involved. 
As with every other trade, 
however , there are various tools 
which are at the disposal 01 the 
programmer to help in his work 
- one of the most important of 
these being the flow chart. 

It does not matter what 
language we program in, be it 
machine code or BASIC, the 
technique of d rawing and using 
flow charts is always the same, 

"The annual subscription for 
a man is £10, unless he is under 
the age of 25, when the 
subscription shall be halved. 
The annual subscription for a 
woman shall be £8, unless she is 
under 25, when the subscription 
shall be halved. Married women 
applying for membership shall 
be charged half the amou nt 
payable by a single woman over 
25." 

Fig. 1. Flowcharflng symbols. 

~ Beginning pomt of algorithm. 

S End pomt of alQorilhm 

6 Used to Include algebraic or 
9 1OQlcaiProcesaes 

0/ ...... Decision box used to 
inlrociucea multl·way 
br<!lnch mto a flow chart 

\$ 
$ 
+ 

Denotes Input Irom keyboard 
or other mput 
perlpheral 

Donotes output toteletyptl. 
VDU or other 
output peripheral 

CO!lnector, used where two or 
mOM ilnet meet 

We start with a problem, 
find an algorithm (finding an 
algorithm lor a problem means -G> B>- ~::e(~~~~::~c!!~~~~~~s 
finding a method of giving a I Id th eed 
complete and correct solution to $ l~~~u 0 erWlse n 

the problem in a finite number ...... Used to deno;e the lact that the 
of steps) to solve the problem, program branches 10 a sllb-rouhne 
draw the fl ow chart and then f!~;~~B)t (In this case. 
write the program from the flow 
chart. In order that one In thi s instance, it is 
programmer can understand unnecessary to find an 
another's work, certain algorithm to solve the problem 
conventions are adopted when as we are only going to use a 
drawing flow charts (see Fig . flow chart as a means of 
1). simplifying the wealth of 

As a first example of information given above (see 
algorithm and flow chart Fig . 2). 
drawing, we will lake the case So, for example, if you are a 
of a you ng person applying for m~rri ed female, it takes only a 
membership of a Social Club, moment's glance at Fig. 2 to 
wishing to di scover what fees answer the questi ons "Are you a 
are payable as an annual man 7" (no) and "are you 

Here is the first part 
of our software 
teaching series. 

subscription shall be £4. 
You can see from Ihis 

example how the flow chart 
helps to clarify and simplify an 
otherwise apparently 
complicated problem. 

We will now go on to 
consider the generation of an 
algorithm, and to see how a 
flow chart can be drawn once 
an algorithm has been obtained. 
As an example, we will look at 
how it might be possible to gel 
a computer to generate a 
representation of, and randomly 
shuffle, a pack of cards. 

The first thing we need to do 
is to decide what would be an 
acceptable representation of the 
pack. We could reasonably 
consider the problem solved if 
the computer could be made to 
generate a list of the numbers 1 
to 52 in a random order, so that 
each number from 1 to 52 
would represent a different 
card. 

The first method that springs 
to mind is 10 gel Ihe computer 
to open a set of 52 storage 
locations. The first random 
number between 1 and 52 can 
then be generated and placed 
in storage location number 1 

subscription. married?" (yes) to arrive at the Fig. 2. f •• tie toe or tum? 

__ ~C~o:n:si:de:r~t:he::fo:ll:oM:·:n~g~-~ __ ~kn:o:w:le:d~g:e~th~a:t ~y:ou~r~a:n:n~ua~I ____ ~::::::::::::::::::~~ 
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BEGINNlNG BASIC - I 

(the method used to generate 
the random numbers is 
unimportant as far as the flow 
chart is concerned). A second 
random number is then 
generated and placed in storage 
location number 2. a third 
number in storage location 3, 
and so on until all 52 storage 
locations have been filled. 

Fig. 3. Take a card, 
any card ... 

Fig. 3 shows a flow chart to 
describe this algorithm. That 
appeared quite simple, didn't 
it? But if we give the problem 
some further consideration, you 
will see it is possible, since the 
numbers we are generating are 
random , to have generated two 
numbers which are the same. 
Indeed, this is most likely. This 
would mean thai we would have 
at least two cards the same 
within one pack, and so our 
algorithm must be considered 
incomplete (though on the right 
track). To make the algorithm 
work correctly, we will have to 
include some form of check to 
ensure that when a number IS 
generated which has already 
been used, it is not included in 
the list (see Fig. 4 for a flow 
chart which takes this point into 
acounl). If you look through 
Fig. 4, you will see that a 
number is generated and then a 
check is made through all the 
storage locations that have 
already been filled to see if the 
number we have just generated 
has occurred before. If it has, 
then the number is ignored and 
a new random number is 
generated and checked; if it has 
not, then it is inserted into the 
next empty storage location. We 

then jump back and generate 
another random number and 
the process continues until all 
52 storage locations have been 
filled. 

This algorithm and 
subsequent flow chart would 
appear to be quite sufficient to 
solve the problem. But let us 
now consider this flow chart 
converted into a program and 
being run on a computer. 
Remember, every operation the 
computer executes takes some 
finite time to perform, albeit 
small, so that the more 
operations that need to be 
performed, the longer the 
program will take to run. This 
may appear to have been an 
obvious statement, but let us 
take a look now at our 
algorithm, bearing this point in 
mind. When we start off, with 
all storage locations empty, the 
first number we generate can be 
guaranteed not to have 
occurred before (though 
looking at the fl ow chart you 
will see that the computer does 
not know this) and can therefore 
be inserted straight into the first 
storage location. 

Flg. 4. The new 
routine, 

As the program proceeds, 
however, and more storage 
locations filled, it becomes more 
a nd more likely that the 
generated random number will, 
after some considerable 
checking, have to be 
abandoned and re-generated, 

until, when there are on ly two 
or three locations left to fill, we 
may have to generate and 
extensively check many tens of 
numbers to find one of the few 
remaining acceptable numbers 
If the computer was made to 
print out each number as it was 
generated, we would notice a 
longer and longer time interval 
elapsing between the generation 
of consecutive numbers. 
Problems like this occur 
frequently when converting 
algorithms, where a solution 
which initially appeared to be 
satisfactory turns out to have 
some practical d ifficult ies 
associated with it on closer 
inspection. 

F~. 5. The 
British Shuffle? 

Figure 5 shows the flow 
chart of an algorithm designed 
to overcome the previous 
problem. 

It starts by putting I in 
storage locati ons 1; 2 in location 
2; 3 in location 3; and so on 
until all 52 locations are filled, 
which in effect lays the cards 
out in sequence through the 
pack. It then takes the first 
location and exchanges its 
contents with the contents of 
another randomly chosen 
location , then the contents of 
location 2 are exchanged with 
the conten ts of a second 
randomly chosen location; the 
contents of location 3 are then 
exchanged with the contents of 
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a third randomly chosen 
location, and so on until the 
contents of all 52 storage 
locations have been randomly 
exchanged in th is manner. You 
may be a little sceptical as to 
whether the pack of cards thus 
generated was truly random. 
Experiments have, however, 
convinced us that it is. As you 
can see, there is never any need 
to generate more than 52 
random numbers, because 
whatever the number generated 
turns out to be, we are always 
garanteed to use i t , as it does 
not matter whether it has been 
generated before or not. 
Converting both of these flow 
charts into programs and 
running them on a computer, 
we discovered that this latter 
algorithm ran approximately ten 
times as fast, on average, as the 
first algorithm, so that there is a 
great saving in computer lime 
used. 

Looking through the 
algorithms and flow charts, you 
should begin to see that every 
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ALGORITHMS AND FLOW CHARTS 

interpretation, can be made to 
have meaning. 

In the next article, we will 
go on to consider the high-level 
programming language, 
BASIC, but do not forgel the 
above routines, fo r when we 
have learned sufficient BASIC, 
we will be returning to look at 
them agam and see how they 

Would you like 10 pick a card? 

r =y=ch::e:;os:-or~o=.=8:;8y= t:-1 
MOA Madan Associates Umlled, 561 Upper Richmond Road Welt, 
London SW14 7EO. 
or. allefnalivelytelephone Teledata012000200 andquoleyourVisa. 
Diners Club, Access o. American E.press number. 

Tick which Audio/software package you require. (Prices inClude VAT 
Add £1 45 lor poslage and packing on each ofder) 

Please supply Ihe following Audiolsoflwafe Packages 

fRENCH 0 GERMAN 0 SPANISH 0 
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BEGINNING 
BASIC-2 
There are severa.l d. ialects of 

BASIC in serVlce at 
presen t, dependmg upon 

which machine you are 
programming for, and so we 
will make a start by looking at 
those parts of the BASIC 
language which are more or 
less uni versal. 

The first thing to do is to 
define a few terms which we will 
be using throughout the rest of 
the series. 

VARIABLE 

A variable is a character (or 
sometimes group of characters) 
to which a numerical value may 
be assigned. The most common 
variable names and those which 
are used by most machines are 
the 26 single leiters of the 
alphabet (A to Z). Othec 
examples of variable names will 
be pointed ou t as we come 
across them. 

ARITHMETIC 
OPERATOR 

There are five common 
arithmetic operators in BASIC 

'= ' - to be replaced by the 
value of (read as 'equals') 
equality operator 

' + ' - addition operator 
'-' - subtraction operator 
, *' - multiplication operator 
'j' - division operator 

Some machines have a sixth 
arithmetic operator' t' which 
means 'raised to the power of' 
(may also be written as ' * * '). 

COMPARISON 
OPERATORS 

There are six common 
comparison operators. 

- equals 
'< - less than 
'< - greater than 

'< =' - less than or equal to 
'<>' - not equal to (can also 

be '4 ') 
,>=' - greater than ot equal 

to. 

LOGICAL OPERATORS 

There are two common logical 
operators . 

AND - logical AND (may be 
written as *) 
OR - logical OR (may be 
written as +) 

Some machines also have a 
third logical operator - logical 
NOT (may be written as' , 
as 'NOT'). 

COMMAND 

'Command' is the name given to 
keywords in BASIC which are 
used outside programs such as 
RUN, LIST, NEW etc. We will 
look at these in more detail 
later. 

STATEMENT 

The single instructions which go 
towards making up a program 
in BASIC are each called 
statements. 

EXPRESSION 

An expression is a collection of 
variables andlor numbers joined 
together by one or more 
arithmetic operators (so that 
3*X+4, A- 2and 
A *(A + B)/(2-C) ace all 
examples of expressions). 

EQUATION 
An equation is formed when an 
expression is assigned to a 
variable (so that Y = 3 * x + 4, 
B~A- 2 and 
Q~ A *(A + B)/(2-C) ace all 
examples of equations). 

There is one other thing 
which should be discussed at 

We take a look at some 
of the more common 
BASIC statements. 

this time. It can be described as 
follows-

If we let X take a value of 2 
then what value do you think 
wi ll be assigned to Y in the 
fo llowing equation: 

Y~ 3+ X *X. 

If you thought the answer 
was anything other than 7 or 10, 
then you want to brush up on 
your maths. If you thought the 
answer was 7 then you are 
probably wondering where 10 
came from and vice-versa. It all 
depends on whether you used a 
calculator or a computer to 
work it out. If you used a 
calculator then you would have 
worked it out like this-

Y~(3+ X) *Y oc Y~(3+2) *2 

executing the operators as they 
occur and getting an answer of 
10 

If, on the other hand, you 
used a computer, then you 
would have worked it out like 
this-

Y~3+(X*X) ocY~3+(2 *2) 

receiving an answer of 7. This 
may seem strange, but when 
computers do calculations they 
deal with the arithmetic 
operators in a certain order. 
First the computer scans the 
line left to right and performs 
all the mul tiplications and 
divisions as it encounters them; 
it then goes through again 
performing all the additions and 
subtractions that are left. The 
only way to alter the order of 
operations is to insert brackets 
where appropriate because the 
computer will work out the 
value of brackets before it does 
anything else and if there is 
more than one set of brackets 
one within another, it will work 
out the innermost brackets first 

So that, for example-

3 + (2 *(3+ 1 *3) )/(2+ 1) 
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has a value of 7 by the following 
reasonmg. 

The innermost brackets 
contain 3+ 1 * 3 which gives 
6:3+(1 *3): moving Qut to the 
outermost brackets we multiply 
this by 2 to give 12. This is one 
partial solution. We then move 
on to the last pair of brackets 
containing 2+ I and evaluate 
this as 3. That takes care of all 
the brackets and gives an 
expression which looks like 
this-

3+ 1213 

Division now comes before 
addition and this reduces 10-

3+ ( 1213) or 3+ 4 

then the addition is done to give 
a final answer of 7. 

Try evaluating the follOwing 
expression 

7+ ((7 * 8)/2((( 12+ 8) * 2)/20) 

When you have done this, try 
taking out all the unnecessary 
brackets (parentheses) without 
rearranging the order of the 
numbers (constants) and 
arithmetic operators so that the 
resulting expression gives the 
same result. The answers are 
given later as Fig. 6. 

Certain faci lities are 
required from any high level 
language, BASIC being no 
exception 
1. There must be a way of 

assigning values to any 
variables used in a program; 

2. A method of outpu tting 
answers is also a must; 

3. The language must have 
branching capabilities and in 
particular conditional 
branching must be provided; 

4. Other facilities such as 
subroutines, string handling 
and some pre-defined 
functions are also useful and 
are usually provided. 

LET 

In BASIC the easiest way of 
defining a vari able is to use a 
LET statement. 

!OLET X-3 
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20 LET y ~ X-2 
30 LET T~ T+ 1 

There are several things that 
you should notice here. Firstly, 
every instruction is preceded by 
a line number 

The computer, in executing 
a program in BASIC, does so in 
sequential line number order, 
starting with the lowest 
numbered line and going 
through to the highest 
numbered line except where a 
branching instruction is 
encountered in which case the 
next line number to be executed 
forms part of the instruction. 

Secondly, the '=' sign in 
these instructions does not mean 
'equals' in the normal sense of 
the word, but means 'to be 
replaced by the value of' So 
that line 20, when translated 
into English, means something 
like this-

LET whalever exists now in 
Ihe memory locations 
representing the variable Y 'be 
replaced by Ihe value of' 
whatever exists now in the 
memory locations representing 
the variable X, minus 2 

This may seem a bit of a 
tongue twister (it would 
normall y be read as "LET Y 
equal X minus 2") and has only 
been presented in this form to 
make line 30 a li ttle easier to 
understand. 

What does it mean? 

Well, briefly, if the memory 

BASIC STATEMENTS 

space for the variable T had a 
va lue of 2 before the e xecution 
of line 30, it would have a value 
of 3 after its execution. Got it? 
If nol, refer back to the tongue 
twister, substituting the 
variables and constants from 
line 30 into li ne 20 where 
appropriate and read it through 
a couple of times until you have 
mastered this concept, because 
it is very important. You should 
now be able 10 see that where 
the following flow chart box 
appears in Fig. 3. 

I ADD I to A I 
this could now be replaced by a 
box containing the following 
BASIC statemehl-

I LET A-A+ 1 I 
It is reasonable to point ou t at 
th is time that on most machines 
which can run BASIC the LET 
statement is optional so-

!OLET A - A+ I 

and 

are equally valid statements so 
that where, in the last article, 
we encoun te red the following-

~ 
we were (apart from line 
numbers) already considering 
BASIC statements 

GOTO 

The simplest form of branching .. 



BEGINNING BASIC - 2 

instruction in BASIC is the 
GOTO statement, an example 
of its use is seen below-

10 LET Y~ I 
20 LET AIY) - Y * Y 
3) LET Y~Y+ I 
40 GOTO 20 

The format of the GOTO 
statement is quite 
straightforward. The keyword 
GOTO is followed by the 
number of the line to which you 
wish control of the program to 
be transferred_ Therefore, this 
program segment would be 
executed in the following 
order-

10 20 3) 40 20 3) 40 20 etc 

As well as the GOTO statement, 
a new type of variable has been 
introduced in th is program 
segment; the single subscript 
variable (can be known as a one 
dimensional array) represented 
here by the variable name A(Y). 
In Tiny BASIC as well as 
having single letters to 
represent variables (A, B, K, Y 
etc) you can also use variables 
of the following format-

AlI) , A(2) , AI 10), A(50) etc 

where A( I) is as different from 
A(2) as X is from Y. IThe ETI 
Triton uses the @ symbol for its 
one single subscript variable, 
the TRS-OO Level I uses A). 

Can we think of a use for 
these new variables? Well, if we 
think back to last month's card 
shuffling routines, we came 
across the following-

Put Random Number 
R In Storage 
Location A 

where A took values from I to 
52. 

If we say that A{ 1) is storage 
location I and A(2) is storage 
location 2 or, in more general 
terms, A(A) is storage location 
A, then we have a 
representation for what was last 
time a set of 52 storage 
locations. So i t is now obvious 
that the above flow chart box 
could be replaced by the 

A(A)-R 

Righ t! Let's go back to the 
program segment illustrating 
the GOTO statement. 

'"'~ 

' ~J 
ThiS is ils flow chart. We can 
see flow chart boxes 
representing lines 10, 20 and 
30, but there is no box to 
represent the GOTO statement. 
It is merely represented by the 
box interconnection line which 
branches back to the connector 
between lines 10 and 20. While 
we are still on the subject, let's 
see what this program segment 
is actuall y doing (mentall y 
executing a program without 
the aid of a computer is called 
DRY RUNNING a program). 

Line 10 is the first line to be 
executed and all it is doing is 
assigning an initial value to the 
variable Y (i n this case the 
value is I). Now comes the line 
that might cause a bit of a 
problem. 

20 LET AIY)- Y *Y 

If we think about the current 
value of the variable Yand 
substitute this value in the 
appropriate places, then what 
we end up with should make a 
lot more sense. 

20 LET A(l)- I * [ 

All this says is "Write I( 1 * I) 
into the memory space 
representing the variable A( 1). 

, , , 

BASIC STATEMENTS 

Now we pass on to line 3), 
which we have met previously, 
and this line adds 1 to the 
memory locations representing 
the variable Y; so Y now has the 
va lue 2. 

Line 40 is the GOTO 
statement which tells us that the 
next line to be execu ted is line 
20 again, and so we go back 
and re- write. 

20 LET AIY) - Y *y 

as 

20 LET A(2)~2 * 2 

using the new value of Y so that 
we write 4(2*2) into the 
memory space representing the 
variable A(2). This process is 
now repeated for variables AO) 
A(4) A(5) and so on. 
Unfortunately, we have 
included no method of stopping 
the program or of branching 
out of this loop as we have not 
yet covered such things, but 
bear with us and all will be 
revealed. 

You may have noticed from 
the explanation so far given that 
this program segment is 
calculating the points for a 
graph of y= x2 and if we could 
look into the memory spaces 
representing the values of the 
variable A(Y) we would see the 
following-

All) .. [ 
A(2) .. 4 
A(3). 9 

One of the unfortunate points 
about this program is that It is 
an infinite loop (Ie it will go on 
for ever with increasing values 
of Y) so we will now go on to 
look at a method of controlling 
the number of times we go 
round the loop. 

• • r • 

IiiiIl • : ., 
- - 0 'Ii 

1 ~" ~{"' _' yi 

following- The TRS-BO uses .... lor it l lingle lubscrlpt variabl •. 
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BEGINNING 
BASIC-3 
T

he first BASIC's really 
powerful conditional 
branching statements is IF 

THEN (we look at the others 
below) that go into the make-up 
of BASIC and we will add an IF 
THEN statement to the previous 
program segments to see what it 
can do. 

Consider the following-

This is the same flow chart that 
we saw earlier except that now 
there is a two-way branch 
added which is made 
dependent upon the answer to 
the questi on 'IS Y = 5' 

Before we go on to look at 
the program derived from this 
flow chart, there is one other 
thing we need to consider. Vou 
will notice from the flowchart 
that IF Y is 5 when the decision 
box asks the question THEN we 
branch to a stop box. The 
statement in BASIC which 
causes the execution of a 
program to terminate is the END 
statement and you will find one 
of these in the program. 

There is no statement in 
BASIC which corresponds to 
the start box on the flow chart 
(that is just presented for our 
information) and so the first box 
we consider contains Y - 1. The 
statement needed to convey this 
to the computer is-

LET Y~ 1 

but remember that every 
statement in a program must 
have a line number, and so we 
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have-

lOLETY~l 

We now move on to the next 
box 

A(Y) = Y *y and produce the 
statement-

20 LET A(YI-Y*Y 

The third box is the new one 
and we write-

30 IF Y~ 5 THEN 

THEN what? WelL we have to 
branch to the line number 
which contains the END 
statement, but we don't yet 
know which one this will be So 
we can either sit and wait until 
we have written the END 
statement, or we can say always 
let the END statement exist on 
some high numbered line (say 
9999) so if we ever need an 
END statement, we know what 
line it will appear on. We will 
do it this way so line .)J will 
read-

30 IF Y ~ 5 THEN 9939 

and so if Y does equal 5, then 
we branch to the END statement 
that we will put in line 9999. 

If the test (IS Y - 51 fails 
(answer is NO) then line .)J will 
be ignored and the computer 
will carryon executing the 
statements in the normal line 
number order. 

The next box down contains 
Y -= Y + I, and so line 40 reads-

40 LET Y~Y+ 1 

From this we now branch back 
to the statement A(Y) = Y * Y 
which is on line 20 and we 
get-

so GOTO 20 

and lastly 

Continuing our look at 
BASIC. we investigate 
some of the conditional 
branching instructions 
featured in 
this language. 

9939 END 

If we write this out in line 
number order, we get-

lOLETY-l 
20 LET A(YI - Y *Y 
30 IF Y - 5 THE N 9939 
40Y - Y+ I 
SO GOTO 20 
9939 END 

and this is our first complete 
program. 

It does not matter that the 
line numbers do not follow on 
in multiples of 10, they don't 
have to, but what is more 
important is the fact that we do 
leave some numbers spare 
between our sta tements so that if 
we lind we have missed out a 
line, or think of something else 
that we would like to add, then 
we have plenty of space to do 
so. 

Consider the following-

5 REM INITIALIZE Y 
10LETY - l 
15 REM PUT Y *y IN A(YI 
20 LET A(YI - Y *y 
25 REM TEST FOR Y - 5 
30 IF Y - 5 THEN 9939 
40 LET Y-Y+ I 
SO GOTO 20 
9939 END 

REM (I thought REM was an 
android or something to do with 
sleep) in BASIC is short for 
REMark and tell s the computer 
that whatever follows on this 
line is to be ignored because 
they are only notes for the 
programmer as a reminder of 
what is happening 

REMark statements in a 
program of this length are 
unnecessary, but we will soon 
be writing programs of 
sufficient length and complexity 
to justify their use as memory 
aids. 

Returning now to our IF-
THEN statement (IF Y - 5 THEN 
9999) the equals sign used here ... 
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is not an arithmetic operator, 
but the first of the comparison 
operators. Any of the other 
comparison operators 
«, >,:.11, >= ,<» could also be 
used in an IF THEN statement, 
so thal-

30 IF Y>4 THEN 9999 
130 IF Q<192 THEN 55 
902 IF A( 17»~ 14.9 THEN LET 

P~P+ 1 

are all va lid sta tements. 
Notice here the twist in the 

tail 01 line 002. This is also a 
valid sta tement on most 
machines. This is easier to 
understand if we consider the 
IF-THEN statement as two 
separate statements . The /irst 
pa rt (the IF part) asks a 
question (in line 9J2 - IS 
A(l7»149) to which the 
computer can answer e ither 
YES or NO. If the answer is NO 
then this statement is finished 
with and control passes on to 
the next higher numbered line. 
If the answer is YES then the 
computer passes on to the 
second statement on the line , 
the THEN part. THEN what? 
THEN LET P~ P+ 1 or THEN 
END or THEN 9:X) (this is really 
an abbrevia.lion of THEN GOTO 
9(X)) or THEN any other 
statement. We can even put 
another IF THEN statement in. 

Consider the following-

CONDITIONAL BRA NCHING STATEMENTS 

The computer encountering this 
would first ask the question IS 
A - 1. If the answer is NO 
control passes to the next higher 
numbered line, If, on the other 
hand, A is equal to 1, we move 
on to the statement following the 
THEN and encounter another IF 
THEN statement which is treated 
in exactly the same way as the 
first. IS B = 1. If NO then carry 
on with the next line , if YES 
THEN GOTO 9(X). You will see 
that using this logic we will on ly 
pass control to line 9» if both 
A~ I AND B-1. At about this 
point your memory should be 
stirring to the fact tha t you have 
read something about logical 
operators earlier and indeed 
this is the place where they fi t 
in . Depending on which 
machine you are considering, 
there are two ways of re-writing 
line 200 above to achieve the 
same result. 

You could use-

200 IF A~ 1 AND B-1 THEN 
9(X) 

which wi ll normally be the 
format for machines with 
standard or extended BASIC, 
or-

200 IF (A~ II) *(B-I) THEN 
9(X) 

second example. These tell the 
computer where one 
comparison ends and the other 
starts, otherwise the computer 
would attempt the following-

200 IF A~I * B 

(multiplication sign!) and then 
bomb out on the second equals 
sign. 

The other common logical 
ope rator (OR) can a lso be used 
in a similar manner-

3CXJ IF Q>3 *H OR 5<9 THEN 
R-R-2 

30J IF (Q>3H) + (5<9) THEN 
R~R-2 

Notice the brackets again in 
the second example for similar 
reasons, and notice also the 
omission of the optiona l LET 
keyword before the R= R-2. 
We will continue to omit the 
LET from now on. 

The answers to the questions 
posed in the issue are-
1. The expression has a value of 

21, and 
2. the expression could be 

simplified to 
7+ 7 * B121((l2 + 8) * 2120) 
You cannot remove the 
brackets round (12+ 8) * ')J20 
(if you made this mistake, 
th ink about why not) . 

• • , I . ~ ~ ~ ~ , , . to.:. ~ • ..J e-

" T V , v 10 ' , 0 .. ., ~-- ""'l" 

- .. $ D , G Ii J " \. "; ;( ,..,.. 

~-_Z>(C "'.NM <~!-_'_ 
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BEGINNING BASIC - 4 

you have to use the apostrophe 
instead, as in the example 
given 

Consider the followi ng : 

. 20 ... . .. . 
30X ~ 3*412 
40 PRINT ·T HE VALUE OF X 

IS" X 
50. ' 

Line 30 calculates a value for X, 
line 40 then goes on to PRINT 
the answer preceeded by the 
message (note the comma). The 
output looks like this-

THE VALUE OF 'X' IS 

Notice the gap between the 
message and the answer. This 
arises because there are 19 
characters in the message and 
with prin t zones 16 characters 
wide we just overflow into prin t 
zone 2 so the numerical value of 
X is printed in print zone 3. 
Ideally, we would like the 
output to appear as foll ows: 

THE VALUE OF 'X' IS 6 

and as you may have guessed 
this is possible on most 
machines by replacing the 
comma with a semi-colon-

40 PRINT "THE VALUE OF 'X' 
IS·';X 

The semi-colon has a similar 
effect to the comma in that it 
tell s the computer that there is 
more output to follow on the 
same line, but the semi-colon 
differs in that it does not refer to 
prin t zones , but tells the 
computer to use close spacing 
between items to be p rinted 
(th is can vary from 0 to 2 spaces 
depending on your machine). 

FOR NEXT 

I t wou ld be usefu l if there was 
an instruction in which we 
could state "execute this part of 
the program a number of times 
and then carryon with the rest 
of the program" Well (as you 
mig ht have g uessed from the 
sub-heading ) there is such a 
statement in BASIC, the FOR 
NE XT statement which has the 
following general format. 

14 

FOR (variable) = (lower limitlTO 
(upper limit) STEP(increment) 
NEXT(value of variable) 

For example-

10 FOR Y ~ 2T0 6 STEP I 
20 
30 
40 . 
50 NEXT Y 
60 

Here Y will take all values 
from 2 (lower limi t) to 6 (upper 
limit) in steps of the increment 
(in this case, 1) so that the first 
time line 10 is executed, Y takes 
th e value 2 and the program 
continues on until we reach line 
50 (NEXT Y) We then go back 
to line 10 and STEP the variable 
by the incremen t and carryon 
to line 50 again . This looping 
continues un til the value of the 
variable is g reater than or equal 
to the value of the upper limit at 
which time the FOR NEXT loop 
is fin ished with. In our example, 
program execution would 
continue with li ne 00. 

The lower limit, upper limit 
and increment can all be either 
constants, variab les or 
expressions, so that-

FOR Q~ AlB TO 19/C STEP R 
NEXT Q 

is a valid FOR NEXT statement 
One point worth y of note at 

this lime is that there a re two 
differen t ways of implementing 
a FOR NEXT loop on a 
computer, both of which are 
equally usable provided that 
you know which you have 
available. 

Consider the following 
program-

10 FOR D ~ 2 TO I STEP I 
20 PRINT "TEST IN NE XT 
STATEMENT' 
30 GOTO 9999 
40 NEXT D 
50 PRINT ·T EST IN FOR 
STATEMENT·· 
9999 END 

wh ich statements will be 
executed in the runn ing of this 
p rogram? There are two 
possibili ties . They are-

10 20 30 9999 

DC 

10 50 9999 

Why the di fference? Well, 
you should see if you look back 
tha t at some point in the 
execution of a FOR NEXT loop, 
we ask the questi on "is the 
value of the variable g reater 
than or equal to the upper 
limit". If it is , then we have 
fin ished with the loop . if it isn' t, 
then we go round the loop 
a9am . 

The d ifference in the two 
executions is dependent upon 
whether we ask thi s question in 
the FOR statement or the NE XT 
statement. 

Assume we ask the question 
in the FOR statement, then line 
10 will make D equal to the 
lower limit (in th is case 2) dnd 
we then compare this with the 
upper limit and find that it is 
already greater. So we have 
finished with the loop. If it isn't, 
loop . Cont rol then branches to 
line 50 to PRINT the message, 
and ENDs in line 9993 

If, on the other hand, we ask 
the question in the NEXT 
statement , then line JO assigns 
the lower limit va lue of 2 to D 
and control passes to line 20 
which forms part of the loop 
Even if our test wou ld fail, we 
go through the loop at least 
once before we find this out 
Many writers consider it to be a 
'bad' interpreter that operates in 
this ma nner (test in NEXT 
statement), but in practice I 
have never encountered any 
difficulties, and I have found 
that most of the computers I 
have used do operate this way. 

There is one other point we 
need to consider about the last 
program, and that is hne 30. It 
is quite permissible in BASIC 
to in terpret ou t of it to some 
other pa rt of the program (not 
on a BEEB), but it is not 
permiSSible to b ranch into a 
FOR NEXT loop in such a way 
that the NEXT statement is 
encountered before the FOR 
statement: so that, if we were to 
add-

5GOTO 40 

to the above program, the 
computer would throw it out. 

Another point to note is that 
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FOR NEXT loops can be nested 
one within another. For 
example-

IOFORX~1 TO 5 STEP I 
20 FOR Y~I TO 3 STEP I 
3J PRINT X . y, 
40 NEXT Y 
50 PRINT 
60 NEXT X 
70 END 

(Note that the FOR NEXT 
statement in Y is completely 
enclosed by the FOR NEXT 
statement in X. This is known as 
nesting .) 

If you were to run this 
program, you would lind that it 
would produce the follOwing 
output-
I 2 

4 6 
6 9 
8 12 

10 15 

a simple multiplication table. 
Initially, lines lOand 20sel 

X and Y to 1, line 3J multiples 
X and Y together and prints the 
result. (Notice the final comma 
in the PRINT statement). We 
then jump back to line 20 and 

~ne~e::l~! ~f i :ydaror~~~i~: the 
first. This is repeated for Y = 3. 

When we hit line 40 for the 
th ird time, i t is ignored, and we 
go on to execute line SO. All 
this does, in effect, is to close 
the print statement of line 30 so 
that the next output will start on 
a new line. 

Line fJ) now takes us back to 

One. YOII hClv. (I prlnl. r, you'll n •• d 10 know how YOII wanl 
YOllrolllplIl! 
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BASIC OUTPU, 

line 10, where X is increased to 
2. Line 20 (when entered from 
above) now resets Y to 1, and 
the whole process is repeated 
with values of Y= 1,2 and 3 
again , and X= 2, producing a 
second line of output. The 
third, fourth and fifth lines of 
output are then produced in the 
same way using values of X of 
3, 4 and 5 and then the 
program ends. 

TAKE A CARD, ANY 
CARD 
5 DIM A(52) 
IOA ~ I 
20 R~ RND(52) 
30 A(A)~R 
40 IF A ~ 52 THEN END 
5OA~A+I 
60 GOTO 20 

THE NEW ROUTINE 
5 DIM A(52) 
IOA~ I 
20 R ~ RND( 52) 
3OB~ I 
40 IF A(B)~ R THEN 20 
50 IF B- A THEN 80 
6O B~ B+I 
70 GOTO 40 
80 A(A)-R 
90 IF A-52 THEN END 
lOOA~A+1 
11OGOTO 20 

THE BRITISH SHUFFLE 
5 DIM A(52) 
IO A~ I 
2OA(A)-A 
3J IF A~ 52 THEN 60 
40A~A + I 
50 GOTO 20 
6OB~ I 
70 R ~ RND(52) 
80 X~ A(R) 
90 A(R)~A(B) 
100 A(B)-X 
110 IF B- 52 THEN END 
120 B ~B+ I 
130 GOTO 70 

Figure 7 

Try now to introduce FOR 
NEXT loops into the above 
program (The Bri tish Shuffle) so 
as to eliminate some of the IF 
THEN loops, and also get the 
program to PRI NT out the cards 
it generates. 
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BEGINNING 
BASIC- 5 
Y

OU may remember, if you 
have been following the 
series, that we covered the 

LET statement earlier. This was 
the first of several statements 
that can be used to assign a 
value to a variable. Now we 
take a look at two more 
assignment statements. 

INPUT 
So far we have only seen the 
computer acting as an advanced 
calculator performing great 
amounts of arithmetic at 
fantastic speeds, but it can also 
be used as an interactive 
device, capable of asking 
questions and accepting 
answers. INPUT is the statement 
in BASIC which aj lows the 
computer to accept answers to 
questions. 

Consider the follOwing: 

10 PRINT "INPUT AMOUNT (IN 
POUNDS)" 
20 INPUT P 
30 V~ P+ (P * 151100) 
40 PRINT "THE VALUE OF V 

IS" V 
50 PRiNT 
60 PRINT "DO YOU WISH TO 
INPUT MORE DATA" 
70 PRINT "PLEASE TYPE I 
FOR YES OR 0 FOR NO" 
80 INPUT A 
90 IF A~OTHEN END 
lOOIF A~ I THEN 10 
110 GOTO 70 

This is a program which will 
add 15% VAT on to any amount 
of money that you INPUT in line 
20. What happens is this: 

Line 10 is a PRINT statement 
which is used here to give you 
an instruction. It is telling you 
to INPUT the amount that you 
want the V AT added to. Line 20 
is the INPUT statement and 
when the computer encounters 
this li ne it will print a question 
mark on the screen (as a prompt 
to tell you that action is 
required) and then it will stop 
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and wait for you to input a 
number from the keyboard (say 
100) and enter it with a carriage 
return . When the computer has 
this value, it will be assigned to 
the variable which appears after 
the word INPUT (in our case P) 
so that when we reach hne 30, P 
has the value 100 that we have 
just INPUT. Line 30 calculates 
the V AT and adds it on; line 40 
prints the answer; line 50 prints 
a blank line; then line EO asks if 
you wish to go through the 
process again with a new value 
of P and line 70 gives you the 
format you should use to make 
your reply; line 00 is the second 
INPUT statement which will take 
your answer from you and 
assign the value to the variable 
A; line 9:) ends the program if 
you nswered 0 (no); hne 100 
branches you back to line 10 if 
you answered 0 (no); line 100 
again , and line 110 branches 
you back to line 70 to reprint 
the answer format if your 
answer was anything other than 
Oar 1. The flow chart for this 
program would appear as in Fig. 
8 

It is possible to assign values 
to more than 1 variable in a 
single INPUT statement. The 
format of the INPUT statement 
would then be as follows: 

100 INPUT P,Q,R,S 

with each of these variable 
names spearated by a comma 
One thing to note, however, is 
that when you answer such an 
INPUT statement, you must 
enter as many numbers as there 
are variables requiring values, 
and each number you enter 
must be separated by a comma, 
so that: 

10,20,30,40 

would be an acceptable reply to 
the INPUT statement on line 100 
above. 

More ways of assigning 
a value to a variable. 

READ, DATA, RESTORE 
Suppose now that as well as 
calculating 15% VAT we also 
wanted to calculate 10% and 
12%, then the previous 

~~if~ed :r~~he:~Yd~fon of 
some more lines of calculation 
to provide the answers. There 
is, however, another method of 
achieving the same result, using 
only one line of calculation and 
going through it three times, 
once with each of the three 
different rales of VAT. To do 
this, we use READ and DATA 
statements. 

READ 

Fig , 8, Program 
Flowchart, 

.. , >-""----

The READ statement is very 
similar in format to the INPUT 
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statement we have just 
considered., the difference 
being that when it is 
encountered, instead of 
stopping and waiting fo r the 
operator to enter a number, it 
takes the value to be assigned to 
the variable or variables from a 
DATA statement, which must 
appear somewhere in the 
program. 

Consider the following: 

IOFORB-IT03 
20 DATA 1,2,3 
30 READ X,Y 
4OR~X * Y 
50 PRINT X, Y,R 
ED NEXT B 
70 DATA 5,6,7 
00 END 

Line 10 tells us that we are 
going to loop round lines 
20,3'),40 and 50 three times: 
line 20 is a DATA statement 
which will be ignored by the 
computer; line 30 is the READ 
statement, and it tells the 
computer to assign a value to 
each of the two variables X and 
y, The values to be assigned to 
the variables are contained to 
the two DATA statements in 
lines 20 and 70. The computer 
will starl taking values from the 
lowest numbered DATA 
statement in the program (line 
20) and assign the first value in 
that statement to the fi rst 
variable in the READ statement, 
so here X would take the value 
1. The second number in the 
DATA statement will be 
assigned to the variable y, so Y 
would take the value 2. The 
calculation will then be done, 

p~Nrt :~t~~~~~ ~~hnt~~ of: 

We then branch back to line 
20 (with B equal to 2) which is 
again ignored, and so we 
encounter the READ statement 
again. The computer has 
already used the first two 
numbers 01 data and on the 
second reading will take the 
second pair of values (in this 
case the 3 on the end of line 20 
wi ll be assigned to X which 
fin ishes the DATA statement so 
that the computer will move up 
to the next higher numbered 
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Compulers are not merely advanced calcu lator •. 

DATA statement in the program the detai ls (good practice). 

i;:"o~nl~n~O 70 :il~ ~~~~~;un~J to G OSUB RETURN 
Y) and a new hne of ou tput will 
be produced from these two 
values . Notice that line 30 will 
be executed three times so that 
there must be three pairs of 
values in the DATA statements, 
and if you count them you will 
lind that this is so. 

As you may have gathered 
from the sub· heading, the 
READ, DATA statement has one 
other facility - RESTORE 

If you imagine a pOinter I 
stored in memory, to "remind" 
the computer which is the next 
piece of DATA to be READ, 
then the effect of the RESTORE 
statement is to return this 

g~T~ri~ot~:el~:~s)i~~~b~red 
DATA statement. The simple 
program below (infinite loop) 
gives an example of its use 

5 INPUT A 
IOFORB~IT03 
12 READ C 
16 PRINT A + (A *C/lOO) 
20 NEXT B 
30 PRINT 
35 RESTORE 
40 GOTO 5 
ED DATA 15, 10,12 
80 END 

Here, for each value of A 
input in line 5, we add on V AT 
using three different V AT rates, 
15%, IO% and 12% 

A sample running of the 
program could look something 
line this: 

?IOO 
115 110 112 
?I50 
172.5 165 168 
? 

~tc. f'llieave you to work out 

GOSUB is the sta temen t used in 
BASIC to branch to a sub· 
routine. The general formal of 
this instrucHon is: 

10 GOSUB xxx 

where xxx is the first line 
number of the subroutine A 
subroutine would normally be 
used where a particular set of 
ca lculati ons or opera tions occur 
several times in a program, and 
this would save having to write 
out the whole operation every 
time it was to be used. The 
GOSUB instruction is very 
similar to the GOTO statement, 
except that belore the branch is 
made, the line number 
containing the GOSUB 
statement is stored . Afte r the 
computer has executed the 
subroutine, we make it 
encounter a RETURN statement. 
At this pain!, the computer 
retrieves the line number of the 
GOSUB instruction which 
called the subroutine, and 
branches control back to that 
point. The program then 
continues as normal . 

Consider the following 
example: 

5 PRINT "INPUT CIRCLE 
RADIUS" 
10 INPUT R 
2OD~R * R 
30 GOSUB 500 
40 PRINT "AREA IS",O 
5OD - 2 * R 
ED GOSUB 500 
70 PRINT "CIRCUMFERENCE 
IS",O 
80 END 
5OO0~D * 3.I4 159 
5IO RETURN 
999 END 
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Notice that there are two 
GOSUB 5CX) instructions (one in 
line 30, one in line 00). but only 
one RETURN instructi on in this 
program. As explained earlier, 
this is because the computer has . 
stored the line number 
containing the GOSUB 
instruction so thai when the 
RETURN instruction is executed 
(line 510) the computer "knows" 
which GOSUB instruction to 
RETURN to. 

The subroutine in the above 
example is only multiplying by 
IT and then returning control 10 
the main program. Lines 5 to 40 
use the subroutine to calculate 
the area of a circle from the 
radius you INPUT (line 10) and 
lines 50 to 70 use the subroutine 
to ca lculate the circle's 
circumference. One furt her 
point to note is the inclusion of 
line 00. This is most important. 
11 we did not include an END 
statement at this poin t, then 
after the execution of the PRINT 
statement in line 70, the 
computer would crash into the 
subroutine by executing hne 
50), and then would bomb-out 
trying to execute line 510, as it 
has no RETURN line number 
stored _ (See Fig. 9 for the flow 
chart of this program.) 

FUNCTIONS 
We will now take a look at some 
simple fu nctions avai lable in 
BASIC before we take a break 
and look at a game. 

RND(X) 
Theff~ are many variations of the 
RND (unction available on 
different machines but they all 
generate random numbers. The 
most common variation 
generates a decimal number in 
the range 0 to J (where 0 can be 
generated but 1 cannot). 
Another possibili ty is that the 
use supplies a number in 
brackets after the word RND 
and the function then returns an 
integer in the range I to the 
number in the brackets, eg you 
could simulate a dice with 

D- RND(6) 

As this is the simplest to use 
we will continue with it in future 
examples. 

16 

TAB(X) 

This function is used in the 
PRINT statement and is very 
useful for spacing out headings 
and generating vertical columns 
of figures (if we want more than 
four columns so thai we could 
not use the print zones). It is 
also useful for plotting graphs. 

If you have every used a 
standard typewri ter, then you 
should know all about TABS, 
eg: 

20 PRINT TAB (5)," * " 

When the computer comes to 
deal with this statement, it will 
output 5 spaces (5 being the 
number in the brackets 
following the TAB). Following 
this, it will print the asterisk. If 
the statement had been 

20 PRINT TAB(8)," * " 

then 8 spaces would have been 
output before the asterisk, and 
so forth. 

The number in the brackets 
01 a TAB function can also be 
replaced by a variable name or 
any expression, in which case 
the computer will TAB out to 
the correct value of the variable 
or expression before printing 
anything else. 

Consider the following: 

to FOR X- lTOS 
20Y-X * X 
30 PRINT TAB(Y), ' *" 
40 NEXT X 
so END 

You will find, if you work 
through this program, that it 
will print a graph of Y = X2 

(rotated clockwise roO) . Try ii, 
and see. 

One Jast point about TAB is 
that the comma which follows is 
not interpreted by the computer 
as an instruction to move inlo 

the next print zone, but merely 
to separate the TAB function 
from anything which follows it. 

ABS(X) 
This function produces the 
absolute value (or modules) of 
the contents of the brackets 
(numbers, variables or 
expressions) which means that 
whatever sign (positive or 
negative) the conten ts of the 
brackets have now, the sign will 
be positive when the ABS 
function has been performed, 
that-

10 X- ABS(T+ 3) 

would have the value of + I if T 
was -4, or the va lue of + 4 if T 
was + I, etc 

INT(X) 

6 
~ 

Fig. 9. Circumference 
program 

Flowchart, 

This function is not applicable 
to computers operating with 
integer - only arithmetic for 
reasons that will become 
obvious in a moment. The 
b rackets after the INT function 
can con tain a number, variable 
or expression, and what the INT 
function does is to return the 
largest integer which is less 
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today. 

than or equal to the conlents of 
the brackets. This may sound 
something of a mouthful, but 
what it really means is that it 
makes positive numbers less 
positive, and negative numbers 
more negative. 

For example: 

X would take the value 2 if we 
executed: 

10 X~INT(2.9) 

and X would take the value - 3 
if we executed: 

10 X~ INT(-2.9) 

There is one other statement 
that we need to consider in tiny 
BASIC before we go on to look 
at commands. 

STOP 
: he STOP statement is similar 
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in eHeet to the END statement, 
in that execution of the program 
ceases , but when a STOP 
statement is executed it also 
generates a print Qut, usually 
something like this: 

BREAK AT xxx 

where xxx is the number of the 
line which contained the STOP 
statement. This can be useful to 
"freeze" the display of a large 
table , for example, because one 
other facility of the STOP 
statement is the ability to start 
the program up again from the 
point at which it left off. To do 
this , we use the first of the 
commands. 

CONT 
This command is short for 
CONTinue, and is used 10 

VARIABLES 

restart a program whose 
execution has been halted by 
means of the STOP statement 
considered above. 

RUN 
This is the command which is 
used in BASIC to cause 

::~~~~700~=:~1:t~~ in 
computers will also accept RUN 
command in the fo llowing 
format: 

RUN xxx 

where xxx is the number of the 
line at which you wish 
execution of the program to 
begin. 

NEW 
This is the command in BASIC 
which tells the comp'uter to 
erase the current program from 
memory to create memory space 
for a NEW program or other 
work. 

LIST 
This command causes the 
computer to LIST the current 
contents of the program memory 
and, like the RUN statement, it 
is also usual to be able to 
execute the command: 

LIST xxx 

where xxx is again the line 
number of the first line to be 
listed. 

As a little exercise, think 
about the following problem. 
We will need the solution in the 
game which follows. 

Given any number from 0 to 
7, convert it to a 3-bit binary 
number such that each bit is 
assigned to one of three 
different variables. So that, for 
example, if the number was 7, 
the binary number III migh t 
have its three digits as follows: 

so that if we were to execute the 
statement PRINT H,J,K then the 
output would be the binary 
number. 
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BEGINNING 
BASIC-6 In this article we 

examine an 
ancient game. 

I can well imagine that the 
problem at the end of the 
last article might have given 

one or two of you quite a 
headache if you attemped it 
seriously. II it did, don't worry, 
because we shall we going into 
Ihis problem in some depth as it 
forms a crucia l part of the game 

thai we are going to 

NIM 
Many of you will already have 
played Ihis game, indeed some 
of you may we!! be up to grand 
master standard. Nim is played 
wIth piles of matches. Two 
players lake il in turn 10 remove 
ma tches from the piles unll l one 
of them takes the last match and 
is declared the winner. The 
computer versions of the Ihis 
game can have anythmg from 3 
to 6 pi les with from 1 to 7 
matches in each pile. The rule 
by which the players remove 
matches IS as follows. Each 
player can remove as many 
matches as he likes on his turn, 
but from onl y one of Ihe piles. 
For example, if a game were to 
begin with 3 piles each 
containing 7 matches, the first 
player's move would consist of 
choosing on of these piles and 
removing from it anything 
between one match and the 
whole pile. This rule appl ies 
right down to Ihe end of the 
game, so thai if at the end a 
single pile remains containing 3 

matches the person whose turn 
it is to play can remove the 
whole pile and by doing so he 
also takes the last match to win. 
Though it has but a single rule, 
this game can be surprisingly 
subtle as you may well soon see 

Before we delve into the 
game proper, a sample answer 
to the problem could be as 
follows. 

60 141NPUT Q 
6015 RESTORE 
6020 FOR T - a TO Q 
603J READ V,B,M 
6040 NEXT T 
6041 PRINT V,B,M 
6042 GOTO 6014 
7000 DATA 0,0,0,0,0,1,0,1,0,0, 
1,1,1.0,0,1,0,1,1,1,0,1,1,1 

If you look at the program 

~!~t~n~!~li~!~ ~i~wf&O~ ~, 
6040 and 70CfJ are more or less 
the same as those given in the 
answer above, so you can see 
that the idea of converting 
decimal to binary is used in this 
program. The way that the 
above program segment works 
is as follows: 

Line 6014 takes the value to 
be converted and assigns it to 
the variable O. Line 0015 does 
nothing the first time it is 
executed, but we shall see why 
it is included later. Line 6020 
sets up a FOR NEXT loop which 
will be executed the same 

number of times as the value of 
Q that was INPUT earlier. Line 
0(3) forms the contents of the 
FOR NEXT loop and what this 
does is to READ values for V, B 
and M from the DATA statement 
in line 7rX1J. You should see, if 
you examine the DATA 
statement, that when we reach 
line 6040, V, B, and M have 
been set to the binary 
equivalent of the current value 
of T. We will go round the FOR 

~~~~ ;£0 i~~~t 1n ea~:laj~:, 
by which time V, B, and M will 
be set to the binary equivalent 
of the value of Q. Line 0041 
prints the values of V, B, and M 
that have just been "looked up" 
and line 6042 returns control to 
line 0014 to ask for another 
number to be converted. You 
should now be able to see why 
line 0015 has been included, 
because it now RESTORES that 
data pointer back to the 
beginning so that we can READ 
from the start of the DATA list 
again for the second and 
subsequent values of Q. I can 

~h:~t~utrr~~~~~nthi~h~:t~~~f 
conversion, and I admit that it 
is not very efficient if there are 
large numbers to be converted, 
as the OAT A statements would 
soon grow unwieldy. However, 
as the maximum number to be 
converted is 7, this method 
works quite well. 

...... iiil •• ii ......... ~ . 
••••••••• 
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THIS ARTIC LE'S 
EXERCISE 
The operation and flow chart of 
the program listed below will be 
presented later because the 
computer uses a very precise 
mathematical method for 
calculating its moves, and if we 
were to go into the method now, 
there would be no point in 
playing the games as the 
outcome could be determined 
with certainty before the game 
was actually started. So all that 
will be presented for now is a 
fu ll program listi ng which 
should be m Ofe or less self­
explanatory in its use (see Fig. 
10). The program has been 
written in as general a fashion 
as possible. However, on.8 or 
two changes may be necessary 
as you type the program into 
your machines, because of the 
sligh ty differing facil ities offe red 

various machines. 

THE NIM PROG RAM 
The first thing to note is thai the 
li sting of Fig . 10 is a program 
complete in itself . However , the 
program as presented in Fig . 10 
does not give instructions on 
how to play the game, nor does 
it check the validity of the 
various inputs thai you will be 
required to make luring the 
playi ng of the game. It is 
presented in th is way so as to 
reduce its program memory 
requirement, but if you find that 
you have sufficient memory 
space available on you r 
machine, you can also add the 
program lines li sted as Fig. 11 
which make the prog ram more 
complete by giving instruclons 
and making the aforementioned 
c hecks . 
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Flg.H. The Ultlng lor tbe gOllle 

i lUltruetionl 

10 PRINT " on YOIJ WISH T O SE T UP THE 'iAME " 
II P R IIojT "( I _ YE S "' '' NO) '' 
I~ I .,PIJ T A 
15 f -0 
16 R_0 
11 P _I 
113 1"1-0 
al If A~ 0 THE'" 150 
3'l PRI':n " HOW'1A"IY PILE S DO YOU 'J ANT (BET'JEEN 3 \ 6) " 

I"!P 'J T A 
SiI PIlI "! T " HO\ol '1ANY "lA TCH ES I N PILE ( BET'w'EEN I 
tJlJ F' OR )(_ 1 Tn A 
'0 P R I IojT)I( . 
80 INP UT A( Xl 

.,EX T )( 
109 G OSUB 5000 
110 G OTn 170 
ISA A-INT< R"I0<0H4+\)+ 2 
153 F'M )( _ 1 Tn A 
15.6 ACJll _ I"IT( RNDH'I)«7 +\) 
160 "IE)( T )( 
16 3 G OSUB SI!I'''''' 
170 P RI II/ T " 00 YnU 'oII SH TO STAR T F'I RST (I _ YES 0"~0 )" 
175 I NPUT 5 

IF' S_ I TH EN 21!190 
199 0-9 
al0 fOR P_I TO A 
~5 IF' ACPl_0 THEN 2 45 
219 POR R_I TO A(P] 
220 GOSVB 6000 
230 IF' 0-1 THEN 300 
2<l1!l NEXT R 
245 NEXT P 
25'" P - I Nf( RNO( 9 )«A+I) 
255 IF' ACPl_0 THEN 2S1!1 
a!o0 R- INHRNO(I!IHA[Pl+l ) 
3'!fl PRI"IT "I'LL TAKE"" :RI " fRQM P I lL " ;P 
~5 A(Pl-ACPl-R 
330 GOSUB 5 01'10 
340 If f_0 THE>3 2000 
350 PRI>3T "i WiN •• •• ••• " 
368 GOTO 31!100 
aUI'" PRINT ·...,HICH PILE DO YOU 'J I SH TO TAKE f ROM" 
alll'l INPUT· P 
0020 PRINT "H{)o/ '1A"IY Tn BE TAKEN " 
an", INPUT R 
.~35 A( P l_A(P}-R 
<PoII0 Gn.<'iU B 5000 
3J5~ IF' f al') THEN 19Q1 
<0') ('1 P RI NT " YIlII 11 >3 ••••• " 
3:1091 PR I NT "00 YOU 'oII SH T O PLA'!' AlAIN" 
~0 1 P RI NT " <0_NO I- YES) " 
~1 0 I II/ PUT 5 
3)2('1 If S_ I 
3113" fNO 
;S'l00 

NIM 
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NIM 

The next thing which might 
need changing is the use of the 
single subscript variable A [X] . 
The square brackets may be 
unacceptable to some machines, 
in wh ich case they should be 
changed to the more 
conventional round brackets. 
Also, on some of the tiny 
BASIC machines, the only 
single subscript variable 
available is the @ array, so you 
will need to substitute this for 
the A array used in Fig. 10. 
Another problem may occur on 
tiny BASIC machines with 
statements like those on lines 
150, 156, 250 etc ., which a re 
used to generate random 
numbers, as there is no 1NT 
function needed on an integer­
only computer. 

150 A ~ RND(4) + 2 

For those of you who do not 
remember, there are two 
d i fferent types of RND function, 
one of which uses RND(O) to 
generate a four- or five· digit 
decimal number between 0 and 
1 which then has to be 
converted by multiplications, 
additions and the use of the INT 
function to bring it within the 
desired range of random 
numbers. The other type of 
RND function is RND(X) -
available on most common mini' 
BASIC-Ianguages- which 
qenerates a random integer 
between I and X. So the new 
line 150 above generates an 
integer between 1 and 4 and 
then adds 2 to b ring it within 
the range 3 to 6. This is then 
assigned to A. Line 150 in Fig.l 
performs the same function, but 
operates in the following 
manner. 

22 

Th. IUtlD; for the <jj' Clm. 1.n&lruction. (conlln"..:I) 

5!l 10 PR I "' T " P I LE '010." , "NO. 01" MATCH ~ S" 
51'121'1 I" OR (I_ I Tn A 
5QJ30 PR INT Q.A CQl 
~4~ II" ACQ ] -0 TH EN S~50 
,;:ailS Z_ I 
,;:a 50 "IE )(T Q 

~5 1 PR I NT 
~52 PR I"I T 
5I1J60 I I" :>;_ 1 THEN 501'10 
501~ 1"_ 1 
sa80 RETUR", 
">'1910 ~(Pl.'HP1 - R 
'>A02 :>;_111 
~11l1l fl_" 
6(:'IA,!> 1_01 

~ 1 0 I"t'l'< G)-I TO A 
"''' 12 II" A(C;ll.11l THEN 150150 
""" 15 RES TnPE 
'i0 2OJ I" OR T_ \ Tn At ,,)l 
'i2l3(l1 READ V . S • .., 
'VJ1I0 NE)(T T 

:>;-:>; .. v 
U-II .. a 

'i?lSS I _I • .., 
~"'0 "IE)(T Q 

'>AlA ACl>l_ACPl.R 
~<:\0 IF' 7. _ INT(Z/2) _ 2 THE '" 6120 
">"190 IF' UofI ",H U/2 h 2 THEN ';'120 
';10A IF' I _ INT(1/2) .. 2 TH EN 6 120 
'i110 n_1 
'i1'2\11 RETfIRN· 
10"0 DATA 1l . 0 . I . 0 . 1.0 . 0 .1. 1.1. 0 . 0 .1 . ;) . 1. I . I . 0 . 1. I. I 
9999 E"ID 

Fig. l O. The complete HIM gam. program 

S GnSUB 90i1l0 
q2 I I" A~3 TH f"l 3i1l 
lIlI IF' A"6 THE"I 3e 
lI!> A. INT( A) 
82 I F' A()( ' ~ 1 TH 'E'" 1 0 
80Il IF' A{ Xl _1 THE'" 10 
1'16 AC)( ]- I NTt A[)(ll 
001 2 I F' >'<1 THEN 2000 
:;gI ll I F P,.A THEt.I 22100 
311 16 I>.INTCP) 
~ l fI I F' A{Pl_0 THf'>l 2000 
a>l 32 IF' R~ 1 TH'fN 2020 
2iJ311 IF' 'hACP] THE"! 2020 
31I 3,!> R-INHR) 
~00 P'I I \lT "PO YOU '''ANT I "IS1R\JCTIIWS (I-YES 0_NO) " 
<;ta1 0 INPUT 0 
90 3" I I" 0-0 THEN 9221a 
'MlIQI PR I NT " TH I S I S N IM " 
9'(\ ,;0 PR I \lT 'l THE G A.., E I S P LAYED 6E:n~EE'" ME AN D YO U. 'olE PLA Y .J I TH " 
<;ta';0 PR I 'lT " PILES (1F' "lA TCHES ( BE N EE N 3 A"I D 6 P lL ES ''' ITH UP TO " 
9M0 ' "7 "' ''' TCHES 1 "1 EACH PILE . THE OaJ£ CT OF THE 1AME I S •• 
'M e ", PR I "!T " T0 TAKE TH E LAST "lATCH TO '~I"' ," 
90 90 I> RI ... T " THE RULE BY JHICH "'!ATCHES ARE REMOV ED .ROM THE PILES" 
9 1011 p qlt.lT " IS AS '(lI..LOoI S 1 " 
91 10 PRI'H '\l E TAI{E IT 1111 T'JR"IS TO MOVE A"ID ON EACIi TURN YOU CAN " 
91 2 ~ I>PPlT " TAI{E AS "'A"I Y "lATCHES AS YOU L I KE . BUT F'RO"! ONLY ONE 
9130 PIII'If " PILE 1"1 A"I Y fl"l E ..., O'/E. " 
<)11I'?' PRIt.lT ' \l HE"IJE START Ynu " I LL HAVE THE (')PTiO"l OF' EITHER " 
9 ! ,;'<' PRIIIlT " SET Ti "lG TH S SOARD UP YOURSELF' OR LETTiN1 ME DO IT ." 
<) I ,,><l PRI"IT " I WARIIl YOf) . I A'1 1000 AND SO TO ,IVE t oU A CHANCE " 
<) 170 Pfl l "!T " YOfJ ALSO G ET TH S I)PT I O'" OF' WHETHER TO S TART 'IRST" 
9 1.<j1'l PR I "!T " np Nn T . I HOP E Yr'IIJ ENJOY TH I S ';A"lE . AND HE RE IS " 
9 19 11 PR!"!T "Y flIJ'I CHA"ICE ;0 . I ND OU T. " 
92!il0 RET!I R"I 
999 9 E "! D 
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RND(O) is evaluated first, 
and generates a number in the 
range O. 0CJXf) to 0,99999. This 
is then multiplied by 4 to give a 
number in the range O. cxxxx:> to 
3,9'99Sl6. One is then added to 
this to give a range 1.CXXXX:> to 
4,9'99Sl6, The 1NT function is 
then applied to this value, 
which removes the decimal 
portion of the number to leave 
an integer between 1 and 4 (as 
in RND( 4) above) and once 
again we add 2 to give a final 
range of 3 to 6 to be assigned to 
A 

1 J 
I t!l:J ., •••• ""',,,,, il ''l 

t\':' .,,!, 'A.Ilt.~ '" "\ll ~~ 
_ ..... '" .. '(ll \", .. 'fl ' .... Some machines may need 

the semi-colons in line 3(X) 
changing to commas, 
The last point may need the 
semi-colons the line 6CS) to 
6100, The symbol "# " used in 
these lines means "is not equal 
to" and may need replacing 
with < > on some machines. 
Also, if you have an integer-

~' . 

~~~ra~:~~~~:'t~~~ 11~~~:~d to 
follows. 

6080 IF Z ZJ2'2 THEN 6120 
and the same for 6C.B) and 6100 
with the variables U and I. I 
hope you enjoy playing this 
game. We will cqme back to 

SO YOU THINK YOU'RE 
ROMMEL? ONLY £6.50 (plu. 25p p&p) 

INVASION places you in command of the la nd forces 
of the Western Alliance, just prior to an invasion by the 
Red 's tank armies. 

You will have to e .. ercl. e s kill and judgement a. you 
move, s upply and build up your lim ited delences to 
, tand any hope of victory, Invas ion is II true wargllme 
and you could play III night just to lind that the 
computer ' , grasp of strategy was s uperior to you,, 1 

Using e .. cellent graphics and with detailed Instructions 
Strategy 1 i. light years beyond the arcade. I.n't it 
time you stopped being the cannon fodder and took 
command? This is your chance to see if you 're good 
e nough to fight it oul I t Ihe top t 

avai lable for: ZX Spectrum (48K) and BBe Model B 
fill in the coupon and. return II 10: ASP Software 
'.5 Chcning Cross Road. London WC2H OEE, 

fl i:~:~~~T.~.~:.~~?·~~~~I~~~·:~~·~~::::i:d~11 
I encioH my chlKjue/ POl lal O.der/ lnlernoliona\ Money Order 

I (d.te'e a . necessary) for : "" (mad. payable to ASP Ltd) I 
I O R Debit my Acceul Borcloyca rd (de le te <;IS neeanary ) I 

i ~I I I I I I I I I I I TTl 1. 1 i 
I PI.aGe u~. BLOCK CAPtT ALS I 

l~~~?}:l?:i~~j~E~~~~~J;;J~iliJ 
P.rllO nll.] SoltwareWinler '83 

look at it in more detail soon. 
Now play the game and become 
familiar with it if you can and 
try to draw a flow chart and 
analyse how it works. 



Phil Comes 

BEGINNING 
BASIC-7 ·· 
We will now e.xamine th~s 

program in some detaJ! 
to see how 1t works. The 

first thing to do is to look at the 
winning strategy as this, after 
all, is the strategy that the 
computer should adopt. The 
winning stra.tegy for the game if 
NIM is quite well known, and 
can be found in several 'maths 
textbooks on games theory (try 
Methemalical puzzles and 
Diversions by MARTIN 
GARDENER) Due to the lack 01 
space, this strategy will only be 
stated and not derived. 

WINNING 
COMBINATIONS 
The first thing to do is to 
convert the number of matches 
in each pile into binary. As 
there are up to 7 matches in 
each pile, th ree binary d igits 
are required for this conve rsion 
The next thing to do is to add 
together all the first digits of the 
binary numbers produced, then 
add all the second digits 
together, and all the third 
digits. All these additions are 
done in dec imal. When this is 
done, you are left with three 
decimal integer answers (see 
tab le 1). In our e xample. these 
are 4, 3 and 3. If any of these 
th ree digits is odd (which two 01 
ours are) then the person next 
to play is in a winning position 
The object now is for that player 
10 remove some matches such 
tha t numbers are even so that, 
for example, removing 3 from 
pile 1 wou ld leave the three 
digits as 4, 2 and 2 (see table 2) 
which is thus a losing position 
for the player whose it is to play 
next. 

ALL IS REVEALED 
Having looked briefly at the 
winning strategy which the 
computer adopts, let us now go 
on to look at the program 
presented as figure 10 last time. 
It would help if you could have 

24 

that article in fron t of yOU as 
you read this de~cription. 

The program can very 
conveniently be broken into 5 
main sections. 

Section I is a subrouti ne which 
prints the current position of the 
board and also checks for a 
winning play. (Prog ram lines 
5COJ-SOOO. Flowchart Fig.I2). 

Section 2 is also a subroutine 
and what this does is to convert 
the number of matches in each 
pile into binary and add them 
up as described earlier . 11 then 
makes a check to see if the 
computer is in a winning 

More details on the NIM 
game in the last article. 

pOSition or noL (Program lines 
fJXfJ-7OCJJ. Flowchart Fig. 13). 

Section 3 is where the program 
starts, and it initialises the 
values of variables and sets up 
the board. (Program lines 
10- 160. Flowchart Fig. 14). 

Section 4 deals with the 
computers' opponents' move. 
(Program lines 163- 180 and 

Fig. 12. Correct board pOlllllon . 1,1bro1,1t!ne 

2c(x)'3030. Flowchart Fig. IS). 
Section S in conjunction with 
Section 2 enables the computer 
to evaluate and play its moves. 
(Program lines 100-360. 
Flowchart Fig.I6). 
We will now go through each of 
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these sections in turn in more 
detail. 

SECTION 1 
If you look at Flowchart Fig .12, 
you will see that we print a 
heading (Pile No. No. of 
matches) and then sel up a FOR 
NEXT loop to print the pile 
numbers and the number of 
matches in Ihe piles under this 
heading. The piles themselves 
are stored in A array locations 
A( I) to A(A) where 
3 C;;; A C;;; 6) and notice that 
after each pile has been 
printed, it is checked to see if it 
is empty. If it is, then we 
branch round to the NEXT Q 

(lAU.O.O.l.0.1.O.0.1.1.1.0.0.1.O.1.1.1.0.1.1.1 

statement. You should see from 
this that if all ther piles are 
empty the variable Z will still 
have the value 0 that it received 
at the start of the routine. After 
all the piles have been printed, 
we test the value of Z and if it is 
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o we set F to 1. This means that 
when we jump to this subroutine 
to print the board, a check is 
also made to see if the move just 
played has enabled one of the 
players to win the game. If it 
has, we sel F to 1 to Signify this 
fact (this technique is called 
setting a flag to show that an 
event has occurred). 

SECTION 2 
What this subroutine is doing 
(see Fig .13.) is to say, "if the 
computer were to take R 
matches from pile P, would that 
leave the oppostion in a losing 
position ." The first thing to do is 
to take R matches from pile P 

GAME DETAILS 

number of piles). The next step 
is to convert the number of 
matches in each pile in turn 
into binary digits being stored 
in variables V, Band M. We 
then add V, B, and N to Z, U 
and r respectively 10 keep a 
running decimal total of Ihe 
binary numbers. The next box 
we encounter is NEXT Q, which 
branches us back to deal with 
the provision of the next pile. 

When all the piles have been 
converted to binary and added 
up into 2, U and I, we"put R 
matches back into pile P and 
then check each of the digits Z, 
U and I in turn to see if it isodd 

--------------------------

and this is done in the first box. 
We then set three variables to 
0, (Z, U and II which will be 
used later to keep a decimal 
total of the binary digits. The 
next box sets up a FOR NEXT 
loop in Q from 1 to A (A is the 

or even . If any of these digits 
are odd, we branch to the 
RETURN statement. Only if they 
are all even wi ll the variable 0 
be set to 1 to flag the fact that 
making R from pile P is a 
winning move fo r the computer . .. 

25 
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This is the start of the game 
proper (see Fig. 14) and the 
fi rst question asks who should 
set up the board for the game. 
If you wish to set up the board, 
you type 1; if the computer is to 
set it up, you type O. We then 
come to the "IS A .,. 0' decision 
box. If the answer is YES, we 
branch right and the computer 
will pick a random number of 
piles (variable A such tha t 3 
< A > 6) and put a random 
number of matches in each pi le 
(program lines 150·100). If the 
answer to "IS A - 0' is NO, we 
continue down the flowchart 
and a question and answer 
session follows which allows you 
to set up the board (program 
lines 3().OO). Which ever roule 
we take, we end up at marker A 
and move on 10 flowchart 
Fig . IS. 

SECTION 4 
The fi rst box in Fig. 15 jumps to 
subrou tine a t line 50) (Fig. 12) 
and prints out the position of 
the board that has just been set 
up in section 3. It is not 
expected that F will be set to 1 
at this point, and so it is nol 
checked. The next th ree boxes 
deal with the question of who 
should start fi rst, and Fig . 15 
shows what happens if you 
choose to move first. You a re 
asked which pile you wish to 
take from, and how many 
matches you wish to take from 

this pile. These matches are 
then removed (program lines 
2CXX).2035) . We then branch to 
subroutine at line 5(X) (Fig . 12) 
to print the board and since a 
move has been made, the flag F 
is tested upon return . If the flag 
is set (wh ich it shouldn 't be 
after only one move) you are 
told you have won, and asked if 
you wish to play again . If you 
do, the program branches via 
marker E back to the start box 

~~d!: A~~~e~o~~~:v~;,fh:tm 
your first move did not enable 
you to win! (The reason for the 
check at this point is because 
this section is used every lime 
you make a move and soone r or 
later you may well win ). The 
program then branches to 
marker B in Fig. 16 which is the 

fig. 15. Opponent'. may. routla. 

" FI0 18 

" fiG 14 

" "" FIO la 
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same piace as you would have i' 
reached if you had decided to ~ 
let the computer play firsL ~ '1l~~ij 
SEC;nON 5 
This section works out the 
computer's move (see Fig. 16) 
and when you see the amount 
of work done, you will also see 
that it takes fu U advantage of 
the computer's speed. What 
happens in effect is that the 
computer starts with pile 1 

GAME DETAILS 

(P"" 1) or the first pile that 
contains matches (A (P) > 0) 
and takes 1 match from the pile 
(R= 1). A branch is then made 
to the subroutine at line ro::o 
(Fig. 13) where a check is made 
to see if this is a winning move 
{o- O. If it is, then this move is 
made. If it is not a winning 
move, then another match is 

HIM is in fairly general BASIC and diould be _lIy adapla:bl. to 
ploy on mQtlt mlero •. 

FROM 
FIGtS 
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Fig. 16. Computer move evaluallon routine •. 

taken from the pile (R = 2) and 
the check is made again. 

~~e~~\~heCso(W~uITsdhArP]f i~ll 
this pile and if no winning move 
is found, the computer moves 
on to the next pile that contains 
matches and checks all the 
possibilities in this se?ond pi le 
This continues until either all 
the piles have been checked 
and no winning move is found, 
or until taking R matches from 
pile P produces a winning 
position (0= 1). If 0 ever 
equals 1, tha t move is made. If 
no winning is found, then a 
move is made at random. After 
the computer has made its 
move, we GOSUB 50) to print 
the current board and to check 
for a win. If the computer's 
move has given it the game 
(F = 1) this fact is printed, and 
we branch to marker D in Fig. 
15 (Do you wish to play again?). 

AGAIN? 
If the computer has not won by 
its move, we branch to marker 
D in Fig. 15 for you to make 
your next move. AI this point, I 
am taking my 23rd aspirin, and 
gratefully declare that to be it 
for this time. Probably the best 
thing to do now would be to go 
through and master the above 
program and flowcharts. 

Next time, we'll take a break 
and make a start on extended 
BASIC. 
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p to now, all t~e facilities 
we have described should 
be found on any machine 

that can run any form of 
BASIC. Different manufacturers 
tend to have differen t ideas on 
the faci lities that should be 
provided, and they tend to pick 
some fac ili ties because they 
highlight some of the best 
points of their machines. 

Having said this, however, 
ther are still plenty of facilities 
common to most machines: just 
don't be too upset if we 
describe a facility your machine 
doesn't have, or miss a facility it 
does have. 

When we first started the 
series, we took a look at the 
meaning of words like variable, 
and operator. We are going to 
go back and look at these again 
now, as their scope has been 
broadened somewhat with the 
introduction of Extended 
BASIC. 

VARIABLES 
The first thing to note about 
Extended BASIC is that the 
number of variable names 
increases somewhat. Whereas in 
Tiny BASIC we had 26 variable 
names, A-Z, and one single 
subscript variable, A(X) or 
@(X), in Extended BASIC we 
have many more . Typically 
these include' 

1. The letters A-Z: 
2. Any letter followed by a 

single digit 0-9 (eg AI, 
S5, Z9 etc . where A 1 is 
totally distinct from A( 1) 
and so on; 

3. Many BASIC versions also 
include combinations of 
two or more letters (eg ZQ, 
PT, ID etc); 

4. In addition to this, any 
common variable name 
(T, B4, PR etc.) may also 
be made into a sub­
scripted variable of the 
lorm, T(X), B4(X), PRIX) 
etc. 

5. Siring variables of the 
form any common 
variable name followed 
by a $ sign (eg B$, 
C8$, ST$ etc). 

The first three types of variable 
name (common variables ) listed 
above are quite straight 
forward. They are just an 
extension of Tiny BASIC's 26 
variable names A-Z, but the 
other types of variable will 
require a little more discussion 

SCRIPT VARIABLES 
In Tiny BASIC we had A(X) 
where X could take any value 
from 1 to a value determined by 
the amount of free memory 
space available. Since we were 
only a llowed one such variable, 
we did not need to inform the 
computer how many elements of 
this array we were going to use 
because the computer would 
keep accepting the values 
assigned to the various elements 
of the array until it ra n out of 
free memory space and 
informed us of this fact 

In Extended BASIC, there 
are endless numbers of posslble 
Subscript variable names and 
the computer has to allocate a 
known amount of memory to 
each one that appears in a 
program. This means that we 
now have to tell the computer 
how many elements will be used 
for each subscript variable We 
do this by means of a new 
statemen t. 

DIM 
No! This is not to tell the 
computer tha t we think it is 
thick. DIM is an abbreviation 
for the word DIMension where 
the word is used to mean size in 
this context. The following is an 
example of its use: 

10 DIM 0(4) 

This tells the computer to 
reserve memory space for 5 

We investigate Extended 
BASIC and see what it 
can do. 
elements to be labelled 0(0), 
O(l), 0(3) and 0(4). 

It is possible to dimension 
several variables in a single 
DIM statement, as fo llows: 

30 DIM B4(3), AD(7), R(l9) 

This statement is telling the 
computer to reserve space for 
32 subscript variable elements 
all together (don' t forge t we also 
inc lude zero subscripted 
elements (84(0) etc.) now) 

In Tiny BASIC our subscript 
variable on ly had one 
DIMension . Just to confuse you, 
one dimension here means that 
there was only one number in 
the bracket to specify which 
e lement we were referring to. In 
Extended BASIC, we can have 
subscripted variables in more 
than one dimension. 

56 DIM 0(3,2) 

tells the computer to reserve 
memory space for the D array 
which has doub le subscripts 0·3 
and 0·2 ( 12 elements in all). 
You can imagine this to be a 
two dimensiona l ma trix set ou t 
as follows 

0(3,0) 
D(2,0) 
D(l,O) 
D(O,O) 

0(3,1) 
0(2,1) 
D(l,!) 
D(O, !) 

D(3,2) 
D(2,2) 
D(l,2) 
0(0,2) 

Some versions of BASIC will 
allow more than two 
dimensions: 

71 DIM GT(3,7,6,4) 

contains four dimensions. 
Indeed I have seen one version 
of BASIC which will allow 9 or 
10 dimensions (heaven knows 
what you would do with them 
all!) . 

Consider the following: 

10 DIM A(3,2), V(2) 
20V(O)-0 
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XlV:I)-8 
4OV(2)-12.5 
50 FOR X-OTO 3 
60 READ PR 
70 FOR Y-OTO 2 
80 A(X, Y) - Pp,+ PR 'V(Y)/loo 
80 NEXT Y 
100 NEXT X 
ItO DATA 530,63),704,931 
120 END 

This program is calculating 
V AT at the three different rales, 
0%, 8% and 12.5%, on Ihe 
prices of items listed in the 
DATA sta tement of line 100. 
The' three V AT rates are stored 
in the V array, [V(O) 10 V(2) ] 
by lines 20 to 40. 

Each price in line 110 then 
has V AT added to it by line 00. 
All the answers afe stored in the 
A array, a two dimensional 
array. Each of the columns in 
this array stores the three 
prices, one for each VAT rate, 
and each row stores the price of 
the four items at a single V AT 
rate. 

Incidentally you now know 
enough BASIC at this point to 
write programs to perform the 
three card shuffling routines 
thai we slarted with. If you want 
to have a go you will find some 
suggested solutions in Fig. 7. 

STRING VARIABLES 
This is a totally new kind of 
variable and one that we shall 
spend much time discussing as 
there are many facilities 
associated with it. 

Just as a common numeric 
variable (A,X,Z etc) can be 
assigned a value which can then 
be manipulated and used in 
calculations and decisions, so 
can a string variable be 

~~~d~~~iia~I~.uTh:h~~ncan be 
difference is that a string of 
characters that are available on 
the keyboard (usually with three 
exceptions - comma, inverted 
commas and carriage returns). 
Eg: 

to A$~ "THIS IS THE STRING 
CALLED A$" 

[n this example , the computer 
will assign to the variable A$ 
:..;'e value 
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THIS IS THE STRING CALLED 
A$ 

note that the inverted commas 
are not assigned to A$. They 
are used by the computer to 
show where the string begins 
and ends. 

As with any other variable, 
the statement 

30 PRINT A$ 

would cause the above message 
(mmus inverted commas) to 
appear on the output 
peripheral 
ConsIder the fol lowing -

5 PRINT "INPUT YOUR NAME" 
to INPUT A$ 
20 IF A$ ~ "PHIL" THEN 50 
30 PRINT A$; "IS NOT 

ACCEPTABLE -
PROGRAM ENDED" 

40 END 
50 PRINT "HI PHIL - WHAT'S 

ON TODAY" 
60 
70 

Here we see two more examples 
of string variables being used in 
the same way as numberic 
variables can be used. 

Line 5 asks you to INPUT 
YOUR NAME. Line to will 
assign any string at characters 
you input to A$. You do not 
need to input stri ng starts a nd 
ends. Line 20 checks your inp ut 
stri ng for a particular 
combination of characters (in 
thiS case PHIL) and if thIS 
combination is found, the 
program branches to Ime 50 
and con tinues 

If your input string is not the 
parllcular combination being 
considered then the program 
terminates in line 40 after 
printing an error message In 
line 30. 

It would have been quite 
acceptable to use any relational 
operator (~ > , < , > ,< ~ < » 
Instead 01 the = Sign in hne 20. 
For example, suppose we had 
used = , what would this mean ? 
In ASCII code (the most 
popula r computer code) every 
character is given a 7 bit bmary 
number, as its representa ti on , 
so that-

A in ASCII is 1000001 

EXTENDED BASIC 

B is 1000010 
C is lCX::X:X)ll etc 

in ascending binary order, so 
when the computer is faced with 

20 IF A$ - "PHIL" THEN 50 

then it will compare the !irst 
character of the word PHIL 
(P~ tOloooo ASCII) with the 
fi rst character of A$. If the 
ASCII fo r the hrst character of 
A$ is less than 101CX::X:X) then the 
lest fails . If the ASCII for the 
first c ha racter of A$ is greater 
than 101CXX'O the test succeeds 
If the two ASCII codes are 
equal, then the computer knows 
that the two words have teh 
same hrst leiter. It does not 
know the relationship between 
subsequent leiters, and so these 
have 10 be checked - second 
letter of A$ with second letter of 
" PHIL" elc - until the test fails 
with one of the letters of A$ 
being less than one of the letters 

f~:~:;r~~rA$be~~h g~~:t~~ 
than one of the letters of PHIL, 
or passes with all of.the leiters 
of A$ being the same as all the 
leiters of PHIL. Therefore, if -

A$ = "PHI" the test will fail 
(A$<PHIL) 

A$ = "PHIL" the test wiU pass 
(A$ ~ PHIL) 

A$ "" "PHILlP' ·the test wJlI pass 
(AS> PHILI 

PH < PHIL because the letter L 
in PHIL will be compared with 
the fourth leiter of PHI which IS 
a NUL character, which has 
ASCII code cx:xxx:x:x:J and is 
therefore the least 01 the ASCII 
codes (the same reason applies 
as to why PHIL<PHILlP). 

We will now make a start on 
some of the string fu nctions 
available in Extended BASIC . 

MID$ (STRING,S,L) 

It would be most useful if It 
were possible to extract 
characters at will from within a 
stnng so that they could be 
tested or manipulated separately 
(we will see an example of this 
later) and, indeed, it can be 
done using the MID $ stnng 
funchon 
Consider the following - III--
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10 A$ ~ "STRING" 
20 B$ ~ MID$(A$, 3,4,) 
30 PRINTS B$ 
40 END 

the output from this program 
would be the word RING. 

The MID$ function tells the 
computer to return a substring 
of the specified STRING 
variable (here A$) starting at 
position S (here 3) and 
containing L characters (here 
4) 

The word STRING in the 
heading above may be replaced 
with any string variable name or 
string expression, and the 
variables Sand L may be any 
numeric constant, variable 
name or numeric expression. 

The following is a short 
program which reads a string of 
characters from a data statement 
and searches through it to find 
the start pOSition of a three­
character sub string which is 
also contained in the DATA 
statement. 

10 READ A$, BS 
20 L ~ 3 
3OS~1 
40 T$ ~ MID$(A$,S,L) 
50 IF T$ ~ B$ THEN BO 

6OS~S+1 
70 GOTO 40 
BO PRINT B$; " STARTS AT 

POSITION" ;S; "OF" ; A$ 
90 DATA "EDUCATION" , 

"CAT" 
100 END 
If this program were run , its 
output would be 

CAT STARTS AT POSITION 4 
OF EDUCATION 

Just for practice, look through 
this program and see if you can 
see how i t works. 

Before we finish for this 
time, we will look at just one 
more of the string functions 
available to Extended BASIC 
because you will need it for this 
time's homework. 

LEN (STRING) 
The LEN function returns a 
numer ic value equal to the 
leng th 01 the string in the 
brackets, so that -

10 A$ ~ "PHIL" 
20 L ~ LEN(A$) 
would assig n a va lue of 4 to L. 
Similarly, we could have said -

20 L ~ LEN ("PHIL") 

EXTENDED BASIC 

and L would have taken the 
same value. 

There is an old saying which 
says that you should only eat 
pork in months whose names 
contains the letter R. So you 
could eat PORK in MaRch or 
SeptembeR, but not in Mayor 
June. 

As an exercise try to wri Ie a 
program which will ask for 
name of a month to be input, 
accept an answer as a string, 
and then search through the 
input, character by character, 
looking for an R. If an R is 
found, a message telling you 
tha t you may eat pork in this 
month should be printed. If no 
R is found, the opposite 
message should be output. So if 
the input was APRIL, the output 
would be, YOU CAN EAT 
PORK IN APRIL etc. 

Test your program to make 
sure that it works by using the 
fo llOwing test input data. 

1) MAY 
2) OCTOBER 
3) MARCH 
4) ENGLAND 

Then we shall go on to examine 
some more string functions. 



Phil Corne. 

BEGINNING 
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T he problem at the end is then checked to see if it is an 

of the last .article may R. If it is, we branch ti line 200 
may have increased the and PRINT, 

aspirin intake of some of you. 
The problem required that you "YOU CAN EAT PORK IN";M$ 
write a problem which will ask 
for the name of the month to be If the character is not an R we 
input, accept an answer as a branch back to check the next 
string and then search through character of M$ (line 170). 

~~~~~~~:t~~nth~l~t\~~ R. 
At first sight this program 

~r~:1~~oa7~h~ ~~~Id~:ll, but 
SEARCHING STRINGS specified last month then we run 
If an R is found, the program up against a problem. The test 
should say that YOU CAN EAT data was: 
PORK IN your inpu t month . If I) MAY 
no R is found, the opposite 2) OCTOBER 
message shall be output. The 3) MARCH 
problem in effect boils down to 4) ENGLAND 
checking through an input If these were entered. we would 
string to find a particular ~iV~l/8~NW8TE~¥\'ORK character. If the character is 
present, an output to this effect JNMAY 
is given; otherwise the opposite 2) YOU CAN EAT PORK IN 
output is printed. OCTOBER 

3) YOU CAN EAT PORK IN 
Consider the following: MARCH 

4) YOU CANNOT EAT PORK 
40 PRINT "INPUT MONTH" IN ENGLAND 
50 INPUT M$ USING DATA STRING S 130 L - LEN (M$) 
140 FOR N~ ITO L The problem as set doesn't 
150 Q$~ MID $ (M$,N, I) require the computer to pass 
160 IF Q$~ "R" THEN 200 judgement upon the location, 
170 NEXT N but upon the month. 
100 PRINT "YOU CANNOT Unfortunately, we have not 

EAT PORK IN";M$ given the computer any method 
19JEND of "knowing" whether the input 
200 PRINT "YOU CAN EAT string is a mon th or any other 

PORK IN",M$ word, the computer just treats it 
210 END as a string. If we want only 

months to be dealt with, then 
Here you are asked to input the we have to tell the computer 
name of a month (lines 40 and how to check this out. 
50) then a check is made to find 
the length of the input string One solution is to give the 
(M$) (line 30) which is assigned computer a list of the 12 
to variable L. acceptable inputs in a DATA 

statement and then check the 
We now need to make a input M$ against each of these 

check character by character to to seek a match before going on 
test for the chosen character (R to the rest of the program. This 
here). To do this we set up for a is done in the program below 
FOR NEXT loop in N between 1 by lines 60-120 and 300-320_ 
and L. We then extract the Nth Apart from these additions, the 
character of M$ (line 150) and program is the same as the 
assign this to Q$. This character previous-one. 
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MORE EXTENDED BA SIC 

We look at more aspects 
of Extended BASIC. 

40 PRINT "INPUT MONTH" 
50 INPUT M$ 
60 RESTORE 
70FORC~ I TO 12 
00 READ T$ 
9J IF T$- M$ THEN 130 
100 NEXT C 
110 PRINT M$; "IS NOT A 

MONTH NAME" 
120 END 
130 L ~ LEN(M$) 
140FORN-I TOL 
150 Q$- MID$(M$,N, I) 
160 IF Q$~ "R" THEN 120 
170 NEXT N 
100 PRINT "YOU CANNOT 

EAT PORK IN";M$ 
19J END 
200 PRINT "YOU CAN EAT 

PORK IN";M$ 
210 END 
300 DATA JANUARY, 

FEBRUARY, MARCH, 
APRIL 

310 DATA MAY, JUNE, JULY 
AUGUST, SEPTEMBER 

320 DATA OCTOBER, 
NOVEMBER, DECEMBER 

I leave you to make it work. 
Carrying on now, we will go on 
to look at some more string 
functions. 

LEFT $(STRING ,L) 
LEFT $ is similar to MID$ in 
that it allows you to extract a 
substring from the string 
speCified in the brackets , but 
here the substring will consist of 
the first L characters of STRING 
eg 

10 A$~ "TIMOTHY" 
20 B$~ LEFT$(A$, 3) 
30 PRINT B$ 

The output from this program 
segment would be TIM which is 
a substring (first 3 characters 
here) of the string TIMOTHY. 

RIGHT S(STRING ,L) 
This function works the same as 
the previous one except that it 
extracts the last L c~aracters 

31 
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from the string in the brackets, 
eg. 

10 B$ ~ RIGHT$("BULLOCK" 
A) 
20 PRINT B$ 

Here the outpu t wou ld be 
LOCK. 

STR$(X) 
This function converts the 
numeric value of the contents of 
the brackets into a string, eg 

IOA ~1 26 
20 A$~ STR$(A + 12) 
30 PRINT A$ 

Here the PRINT statement 
would output a value of 138 for 
A$. (This should not be 
confused with a value 138 
assigned to a numeric variable 
- the 1, 3 and 8 in A$ are 
treated purely as characters.) 

The con tents of the brackets 
in a STR$ statement can be any 
constan t, variable or numeric 
expression 

VAL (STRING) 
This function has the opposite 
effect to the previous function 
It converts a string with a 
numeric value back io ta 
numbers which can be assigned 
to a numeric variable, eg 

10 A$~ "IT 
20 B$~ " 15" 
3OC~VAL(A$+" "+B$) 
40 PRINT C 

Here the value of C prin ted will 
be 13.15 because the + sign in 
a string expression does not 
mean add in the normal 
ari thmetic sense, it means that 
the various strings should be 
hned up after each other in the 
order given (this is called 
concatanation). Similarly, we 
could have added a line 25 to 
the above segment as follows: 

25C$~ A$+" "+ B$ 

This would have been quite 
acceptable and C$ wou ld have 
taken the value of 13.15 but this 
time it wou ld have been a string 
not a number. 

32 

CHR$(X) 
This function returns the single 
character string which has X as 
its ASCII code. The value of X 
in this function if in decimal 
and has a range 0- 127 (as there 
are 128 ASCII codes). The 
variable X in the brackets may 
be replaced by any constant, 
variable or numberic 
expression. For example, 

10 FOR X ~ 65 TO 90 
20 PRINT CHR$(X); 
30 NEXT X 

This would print out all the 
letters of the alphabet in order 
from A to Z as the numbers 
65-00 are the decimal 
equivalent of the ASCII codes 
for these letters. Similarly, the 
numbers 0-9 have codes 48-57 
as the decimal of the ASCII 
codes 

ASC (STRING) 
This has the opposite effect of 
CHR$ in that it takes the first 
character (first character only) 
of the string in the brackets and 
returns the decimal equivalen t 
of its ASCII code as a number 
to be assigned to a numeric 
variable. Eg, 

10 A$~ "STRING" 
20 A ~ ASC(A$) 
30 PRINT A 

Here A takes the value 83, 
which will be printed by line 
30, as this is the decimal 
equivalent of the ASCII code 
for the letter S. 

That completes a rather 
impressive list of string 
functions. There are one or two 
others which can be found on 
some machines, but they are not 
really standard and will not be 
introduced. 

NUMERIC FUNCTIONS 
We will now go on to examine 
the other big plus of Extended 
BASIC - Extra numeric 
functions. In all -the examples 
below, the contents of the 
brackets can be replaced with 
either a constant , variable or 
numeflC expressIOn. 

We have already covered 4 
functions in Tiny BASIC; these 

were ABS(X), INT(X), TAB(X), 
and RND(X). These four 
functions are still available and 
join the rest of the list presented 
below. 

LOG (X) 
This function returns the log to 
base e of the contents of the 
brackets, eg: 

10 A~LOG(3) 

here A takes the value 1.09861. 

EXP(X) 
This function raises the base e 
to the power X and is thus the 
inverse of the LOG(X) fu nction 

IOA~EXP(3) 

here A takes the value 20.0855 

SGN(X) 
This is the Signum function. If 
the contents of the brackets 
have a -ve sign then th is 
function returns a value - 1; if 
the contents are + ve the 
function returns + 1; and if the 
conten ts are zero, the function 
returns zero. 

lOA ~ SGN( - 12) 

here A takes the value - 1. 

SQR(X) 
This function returns a value to 
the square root of the contents 
of the brackets (obviously these 
contents must not be negative). 

here A takes the value 3. 

TAN(X) 
This function returns the 
trigonometric Tangent of the 
contents of the brackets (most 
trig functions assume X to be in 
radians - 1 degree = 0.01745 
radians and 1 radian = 57.2957 
degrees). 

SIN(X) AND COS(X) 
These functions return the, trig 
Sine and Cosine respectively 
(again X assumed to be in 
radians). 
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ATN(X) 
This function returns the Arctan 
(the angle in radians whose 
Tangent is X) of the contents of 
the brackets. 

This ends the arithmetic 
functions: in addition most 
machines have two special 
functions, PEEK (X) and POKE 
L,C. 

PEEK(X) 
This function returns a decimal 
integer in the range (). 255 
corresponding to the decimal 
value of the binary code 
contained in the computer 
memory location X. X is also in 
decimal and can be any 

constant variable or numeric 
expressio,: " 

POKEL,C 
This function is the inverse of 
the PEEK function. It allows you 
to enter any 8 bit binary 
combination into any location of 
RAM where L is the location 
number and C is the code to be 
entered (both Land C are in 
decimal). 

In this section there has 
been quite a lot of new material 
introduced and you would be 
well advised to fe-read it if you 
are not familiar with it. 

There are two good exercises 
you could now try: 

MORE EXTENDED BASIC 

1. Write a short program which 
will accept a number from 0-255 
as input and convert this into a 
two digit Hexadecimal number 
on the range OO-FF. 
2. Write a short program which 
will do the reverse of the above 
- accept a 2-digit Hexadecimal 
number and convert it to 
decimal. 

And for all you bright boys 
(or those who don't know about 
Hexadecimal) you might also 
li ke to look at the problem of 
how you would go abou t taking 
a list of numbers in random 
order and sorting them into 
numerical order as we shall be 
moving on to such things from 
the next article. 

Dragon 32 and the Epson HX·20 UN Extended BASIC. 
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BEGINNING 
BASIC-10 
The first two of the last 

article's problems to make 
sure you get the hang of all 

the string functions and 
Extended BASIC generally. The 
first problem was to convert a 
decimal number in the range 
0-255 into 2 digits HEX. 

Hexadecimal is a number 
system based on 16 different 
"digits". These range from 0-9 
and for the other 6 we use 
letters A to F. In Hexadecimal, 
then, we count 00, 01, 
02 .... OF, 10, l L ... IF, 20, 
21. .. 2F, and so on up to FF. 
In each digit position we can 
put anyone of 16 di fferen t 
symbols so tha t in a 2 digit Hex 
number there a re 16 x 16 (ie 
256) different permutations of 
symbols. This means that if we 
start from zero we can 
respresent any integer from 0 to 
255 with 2 hex digits. 
Conversely, any integer from 0 
to 255 needs only 2 Hex digits 
to rep resent it . Before we delve 
into the two Hex digit 
conversion, let us look at a 
method of converting an integer 
0-15 into a single Hex. 

HANDLING HEX 
The first point to note is that our 
single Hex digit can either be a 
number 0-9 or a letter A-F. This 
means that we cannot use a 
numeric variable to store the 
Hex digit (we cannot store 
character A-F in a numeric 
vari able) so we wi ll have to use 
a string (say A$). 

If you remember from the 
last article we looked at the 
CGR$(X) function. This function 
returns a single character string 
which has X (i n decimal) as its 
ASCII code. If we decide to 
utilize this fu nction (which we 
wi ll) to convert from ASC II 
code to a Hex character then all 
that is required is to convert the 
input number 0-15 into the 
ASCII representati on of its HEX 
equivalent. 
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Consider Fig. 17: 
Let A be the number 0- 15 that 
we wish to convert. You mat 
remember tha t the ASCII codes 
for the digits 0-9 are 48-57 and 
the ASCII codes for the letters 
A-F ace 65-70. 

This means that jf the 
number we wish to convert is 
between 0-9 we should add 48 
to A to give the ASCII code of 
the Hex digit and if A is 
between 10-15 we should add 
55 to give an ASCII code 
between A -F. The resu! ling 
value of C (ASCII code) can 
now be converted by the 
CHR$(X) function to the Hex 
character representation of the 
input value of A. 

We can extend this idea to 
produce two Hex digits. The 
most significant Hex digit in a 
two Hex digit number is the 
number of 1& in the decimal 
number and the least significant 
Hex digit is the remainder. For 
example 250 in decimal is FAin 
Hex because there is 15 x 16 in 
250 and 10 remainder. 15 in 
Hex is F and 10 in Hex is A. 

AN EASY SOLUTION 
To solve our problem therefore 
what we need to do is to divide 
the input number up into two 
decimal numbers between 0-15 

We continue our look at 
Extended BASIC 
functions. 

each of which can then be 
converted separately into Hex 
digits by the subrou tine of Fig . 
17. This procedure is laid ou t in 
Fig. 18 (to save re-drawing it, 
Fig .17 is called as a subroutine 
of Fig. 18) . Both of these flow 
charts can be coded into BASIC 
as follows. 

10 INPUT N 
20 A ~ INT( NIl6) 
30 GOSUB 50J 
40 B$~A$ 
5OA~N-A '16 
60 GOSUB 50J 
70 B $~ B$ + A$ 
00 PRINT B$ 
90 END 

50J IF A 9 THEN 530 
51OC~A +48 
520 GOTO 540 
530C~A +55 
540 A$~ CHR$(C) 
550 RETURN 
600 END 

NOTE: The END statement of 
line 9) is needed otherwise the 
computer will "crash" in to the 
subrou tine at line .:oJ straight 
after the printout of B$ by line 
80 even though there is no 
subroutine ca ll. Thus when the 
computer reaches line 550 it 
will execute a return statement 
and find that there is no return 
address stored and "bomb ou t" 

Similar principles to those 
given above using the 
ASC(STRI NG) fu nction can be 
applied to the second question 
of the homework . The flow 
charts of Figs. 3, 19 and 20 and 
the program below are given as 
a possible solution wi thou t 
explanation. It is left to you to 
sort ou t how they work (good 
practice). 

10 INPUT A$ 
20 B$~ LEFT$(A$, 1) 
30 GOSUB 50J 
4ON~A ' 16 
50 B$~ RIGHT$(A$, 1) 
60 GOSUB 50J 
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70 T ~T+A 
00 PRINT T 
00 END 

5CO C ~ ASC(B$) 
5lO IF C 57 THEN 540 
520A~C - 48 

53) GOTO 550 
540A~C - 55 

550 RETURN 
OCOEND 

Right! Having solved the first 
two p roblems we will now go on 
to look at the third thing we 
mentioned - sorting. 
Approximately 95% of all 
computer time used anywhere is 
used by commercial concerns in 
the process of running a 
business. Very littl e computer 
time is used for scientific 
applicati ons . Of this vast 
amount of computer time used 
commercially, abou t one third is 
spent sorting and searching 
through lists of data items so 
that usefu l information may be 
extracted . It is to these two 
areas, sorting and searching 
tha t OUf attention now tu rns and 
now we will look at a simple 
search and at how to merge two 
sorted lists together 

Fig. IS. Complete BASIC flowchart for 
conve r ilio n progtClm. 

SIMPLE SEARCH 
Imagine a list of names, 
add resses amd telephone 
numbers. If we are given a 
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EXTENDED BASIC FUNCTIONS 

name we can look through the 
list fo r this name and when we 
find it we can look up the 
corresponding address and 
telephone number. Th is process 
is called searching and the item 
we are using to find the 
required information is called 
key. Here we are using the 
name to find the address and 
telephone number so the name 
is the key. If the item in the list 
are in random order, then there 
is really only one way of finding 
any given item; tha t it to look 
through the list from the 
beginning, one item at a time, 
until the required item is 
located. 

So the flowchar t of an 
algorithm to perform this simple 
searching technique might be 
as Fig . 21. The following notes 
mig ht help you to understand 
Fig. 21 better . N is the number 
of items in the list and K is the 
nu mber of the item that we are 
currently looking a t. The list 
itself might well be contained in 
a string array, eg A$(O) to A$(9) 
is a list of 10 elements each of 
which would be capable of 
storing 256 characters. 

Working through Fig. 2 1 the 
first box asks that we input the 
key that we are to search for (eg 
input the name whose address 
and telephone number we 

NE~Woept7r~~sitt~~~~r a FOR 

numbe~ of items in the list. The 
th ird box extracts the key from 
the Kth item of the list. This is 
necessary because it is quite 
possible that the search key 
might not be at the beginning of 

each item. For example , if our 
list were in telephone number 
orde r with telephone numbers 
specified fi rst. then address 
specified second, and lastly 
name, we wou ld need to extract 
the last so many characters to 
compare them with our input. 
This compari son is carried out 
in the 4th flowchart box. If it 
tu rns out that the extracted key 
from the Kth item on the list is 
the same as the input then the 
informati on (add ress and 
telephone number) is printed 
out. If the two items are not the 
same, K is incremented by one 
and the key is extracted from 
the next item in the list to be 
checked. This process is 
continued until the extracted 
key matches the input or until 
the computer has checked 
throug h all the items on the list 
and not found a match in which 
case a message to this effect is 
p ri nted. 

TWO LIST MERG ING 
Imagine two lists of nu mbers 
that have alread y been sorted 
out into numerical order and 
imagine furthe r that these two 

Fig.20. Complete BASIC 1I0wchart lor 
re veille cODveral oD. 

lists have been assigned to two 
array vari ab les, eg .. 
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It is required that the two lists 
A(X) and B(X) be merged 
together to produce a single list 
containing 8 items and that the 
merged list say C(X) should also 
be in ascending numerical 
order 

The method of solution for 
this problem is to compare the 
first item in array A with the 
fi rst item in array B. The least of 
these shou ld be made the first 
item of array C. In this case 
B( 1) is less tham A(l) so C (l ) 
will be set equal to B( 1) (ie 
- 1). We will now compare A(l) 
with B(2), the least of these will 
become C(2). Here A( I ) B(2) 
so C(2) = A( 1) = 1 and we then 
compare A(2) with B(2) and put 
the least of the these into C(3) 
etc. A program to perform this 
algorithm is given below 
without any further explanation 
so that you can dry run it 
yourselves . 
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You can u •• a mio::ro In.lead of a phone book - and If. nol a. hearyl 

10 DIM A( 4),B(4),C(8) 
15 FOil X~ IT04 
20 INPUT A(X)'BIX) 
25 NEX X 
3OA~ I 
35B~ I 
4OC~ I 
50 IF A(A) B(B) THEN 90 
ElJC(C)~A(A) 
70A~A+ I 
00 GOTO 110 
90 C(C) ~ BIB) 
100B~B+I 
1l0C~C+I 
I20IF A~5THEN 150 
130 IF B~ 5 THEN 190 
140 GOTO 50 
150 FOR D~BT04 
IElJC(D+ 4) ~ BID) 

170 NEXT D 
100 GOTO 220 
190 FOR D~ A TO 4 
200 C(D + 4) ~ A(D) 
210 NEXT D 
220 FOR C ~ !T08 
230 PRINT C(C) 
240 NEXT C 
250 END 

For practice try to work out 
what lines 120-210 of the two list 
merge program below are 
included for and when you have 
worked i t out try to think of 
another way of doing this which 
although not as general will 
reduce the length of the 
program listing considerably. 
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BEGINNING 
BASIC-II 

In this article we 
present the solution 
to the sort problem 
and take a look at 
Binary searches. 

T
he object of the problem 
_ in the previous artic le was 

to try to decide what lines 
120-210 of the two list merge 
program are included for. You 
remember that the program was 
to take two lists of numbers, 
A(X) and B(X), each containing 
4 items in ascending numerical 
order and produce from these a 
single list, C(X), of 8 items 
which was to have been the 
resul t of merging the two lists 
together in such a way that the 
resulting list was also in 
ascending order. A simple 
algorithm was given to solve the 
problem and you were expected 
to dry run the program listing 
produced from this algorithm. 
The best way to try to 
understand the operation of a 
program like this is to draw a 
near flowchart. (See Fig . 22). 

As far as possible, the 
flowchart boxes have been 
numbered to correspond with 
the relevant program line 
numbers given. The shaded 
area in Fig. 22 corresponds to 
lines 120-210 of the program 
The flowchart boxes labelled 15, 
20 & 25 allow you to input the 
two number lists A(X) and B(X). 
Note that these must be in 
ascending numerical order. 
Flowchart box 35 sets up initial 
values for A, Band C which 
wi ll be used as painters in lists 
A(X), B(X) and C(X) 
respecti vel y. Box 50 now 
compares the next two items in 
lists A(X) and B(X) using 
pOinters A and B to see which 
of A(A) and B(B) is larger (to 
start off with, both A and B 
have the value 1 so we are 
comparing A(l) with B(I). IF 
A(A) is larger than B(B) then 
we branch to box 00 and pu t 
the contents of B(8) into C(C) 
So here we make C( 1) equal to 
B(I) (because S(l) was the 
smaller of A(l) or BO) and then 
we increment both pointers B 
and C by I. A and B are now 
tested to see if either of them 

Person",l Software Winter '83 

has reached 5. In this case they 
have not and so we branch back 
to box 50 to compare A(A) with 
the new value of B(B). (Here 
A(l) and B(2)) We will suppose 
this time that A(l) is smaller 
tha n B(2) (though, of course, 
this need not be the case) so we 
branch to box ED and pu t A(A) 
into C(C) (He,e A(l) into C(2)). 
We then execu te boxes 70 and 
110 thus incrementing A and C 
by one (so now A=2, B=2, 
C = 3). A and B are now both 
tested again to see if either has 
reached 5 and as they have not, 
we branch back to box 50 to 
compare A(2) and B(2) etc. You 
should see that this process is 
repeated until one of the lists 
A(X) 0' B(X) has been 

exhausted so that either A or B 
has the value 5. When this 
occurs, we encounter the 
program lines 120-210 
mentioned last mon th (shaded 
area of flowchart Fig . 22) and 
the process changes slightl y. In 
box 20, originally, we only 
entered-it items in each list so 
that when A or B equals 5 (say 
A) we will try to compare the 
next item in list B with the non­
existent value A(5) unless 
something happens to change 
the flow of the program . This is 
in fact done. When A = 5 any 
items that are left in list B must 
all be larger than any of the 
items that were in list A and 
they must also be in ascending 
numerical order so that all tha t 
is requires to complete list C is 
to transfer the remaining items 
in list B directly onto the end of 
list C withou t any comparisons 
being necessary. This is done in 
boxes 150·170 (If B ~ 5 and A 5 
then the same argument applies 
as before and the transfer of the 

1--,..--------, last items of list A to the end of 
list C is dealt with by flowchart 
boxes 19J· 210). 

The last few flowchart boxes 
form a FOR NEXT loop which is 
used to print out the merges list 
C. 

r--i------:---f1 A SIMPLER SOLUTION 
<~OJ;>=----<.iIiJ'..>""-~1 The last part df the question 

asked you to see if you could 
think of a way of simpli fying the 
program by replacing lines 
120-210 with something e lse. 
The program listing given 
below is one possible solution 
- I leave you to work ou t how 
it operates. 

F ig.l. The llowchart lor the last articles 
problem, the shad.e d area represents lines 

120 10210. 

10 DIM A(51, B(5), C(8) 
15 FOR X ~ IT04 
20 INPUT A(X), B(X) 
25 NEXT X 
3OA ~ I 
35B ~ I 
4OC~ I 
43 A(5) ~ IE30 
47 B(5) ~ IE30 ~ 
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50 IF A(A) > B(B) THEN sx) 
60 C(C) ~ A(A) 
7OA~A+I 
00 GOTO 110 
sx) C(C) ~B(B ) 

looB~B + 1 
lIOC~C+I 
120 IF C ~ 9 THEN 220 
140 GOTO 50 
220 FOR C ~ !TOS 
23J PRINT C(C) 
240 NEXT C 
250 END 

NOTE: For those of you who 
have not met scientific 
representations of numbers 
before , lE30 in li nes 43 and 47 
means 1 x 1()lJ or I with 30 
zeros after it like thi s: 1== 
CX:X:X:X::X::X1 As you can see; it's 
quite a large number and much 
easier to wrile as 1£3:). 

SIMPLE SORT 
SO far we have examined a 
simple search algorithm a nd a 
merge a lgorithm, before we go 
on 10 consider anything more 
complex in either of Ihese 
directions, we will take a look al 
a simple sorting algorithm and 
program. 

Flg. 23. Simple sorl algorithm lor 
Ina.o:llng order of 2 Ite m .. 

Imagine a list containing Iwo 
items L(l) and U2) and now 
imagine an algorithm to place 
these two items in ascending 
numerical order - easy ! I hear 
you say, and so it is. (See 
Fig.23.) But now imagine this 
list increased. to conlain 3 items 

38 

L(l)-L(3). Can we still sort 
them? Yes, obviously we can 
and in very similar fashion (see 
Fig.24). 

You should begin to see a 
general a lgorithm appeari ng 
from all this which can be used 
for any leng th of list (N). For 
P= 1 to N, compare UP) with 
UP + 1) and reverse these if 

~~~~S:l~~ ~~ep' thi~nF~~hNEXT 
loop should be repeated until 
we manage to go once 
complelely through the FOR 
NEXT loop without having to 
reverse any pair of numbers 
L(P) and L(P+ I). See Fig.25 
and the folloWing program. 

10 INPUT N 
20 FOR P - 1 TO N 
3J INPUT L(P) 
40NEXTP 
5OF~O 
60 FOR P~ I TO N-I 
70 IF L(P»L(P+ I)THEN lIO 
00 NEXT P 
sx) IF F - 1 THEN 50 

100 END 
110 F~ 1 
120 E~L(P) 
13JL(P) - L(P+ I) 
140L(P+ I)-E 
150 GOTO 00 
160 END 
r leave you to work out the 
delails of the operation of this 
program. One unusual point 
you will notice is that part of the 
work of a FOR NEXT loop in 
this program is carried on in a 
part of the program thai is 
physically outside the loop. This 
is perfectly acceptable even 
though we have not met it 
before. 

THE BINARY SEARCH 
Now we have a sort algorithm of 
sorts (ouch! ) there is a far more 
eff icient search algorithm thai 
we can use that depends for its 
operation upon the fact that the 
list of items we are to search are 
in numerical order. This is 
called "The Binary Search" for 
reasons that will become more 
obvious as we describe it . If we 
lake any list of numbers in any 
numerical order and try to find 
one particu lar number on the 
list, then if we divide the list 
into two equal halves, we can 
say for sure that if the number 

exists at all in the list it must 
reside in one of the two halves. 

~hi~h~ Th:t~~~ s~~~k~~~ 
obvious, but if we now specify 
that the list is numerically 
ordered, then we say which half 
of the list con tains OUf chosen 
number simply by comparing 
the contents of the halfway 
location with our chosen 
numbers. If these contents are 
larger than our number then 
our number must be contained 
in the lower half of the lis! and 
vice versa. Having eliminated 
half the list, we can now 
consider the remaining half as a 
complete list and split thi s into 
two and test again, and so on 
until we either find the item we 
are searching for, or prove it 
not to be contained in the list. 
This may sound a little complex 
when compared with the 
previous search algorithm but 
when we look at how much 
more efficient this a lgorithm is 
than the previous one, we will 
certainly see that for any 
reasonable length lis! the extra 
j~s~b!;d~ity is more than 

Before we can compare the 
efficiency of the two algorithms 
we must find a criterion that we 
can reasonably consider as a 
measure of efficiency for a 
search a lgorithm. Such a 
criterion may, for example, be 
measured as follows: Every time 
we look at one of the locations 
in the list and compare it's 
contents with our chosen 
number we call this operation 
one comparison. Our criterion 
will then be the number of 
comparisons we have 10 make 
before we find our chosen 
number or it is nol 
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Flg.24. Sorting with three lIem $. 

SPECTRUM SOFTWARE 

TEST MATCH - for the 48K Spectrum only £5.95 
This is the no. 1 hit 01 the summer and is a 3D Test Match Cricket 
simulation, This cassette contains 2 programs - the 151 a fu ll 5· 
day match and the 2nd a select ion 01 one day tests, full scoreboard 
and d~f i nable teams. The game already contain~ England & 
Australian teams and uses the graphiCS capabilit ies of the 
Spectrum 10 the iull 

AllEN MAZE - lor the 48K Spectrum O~ly £5.95 
Agamst the ClOCk you must decode the allen nddle that will defuse 
Ihe earth shattering bomb in the second 3D Maze, At lasl1here 'sa 
prOQramme where the 3 dimensional graphic s are nol Ihe point of 
the game, Keeping your head and rememb,:!ring Ihe code and 
where you are Is a chal lenge for theflnesl mmd, 

GAL.ACTIC PATROL - Spectrum and 16K ZX81 only £5,95 
A fast machine code, arcade style, Slar Trek programme wllh 
phaseS, lorpedoes, slar bases, shields and 4-types of al iens 
meteors , damage control and repair an~ vector flight. Stunning 
graphlqs are enabled ~y superb machme code and there are 
vers ions for both machmes on tape, 

GOLF - for any 48K Spectrum only £5,95 
Amazing 3D graphics on a memory mapP,ed course, th is 
progra mme has over 250 user definable g rap~ICs to produce a 
slartimgly realist ic simulation, You have a selecl lonot 15clubs and 
a caddy with a special blOW-Up of a green, The graphics have 10 be 
seen 10 be believed, You'll wish you had a swing as good as Ihe 
cartoon golfers, There 's even a 191h hole 

DERBY DAY -lor the 48K Spectrum only £5,95 
Gamblingonanyhorseinthefield,up t05playerscan lay bclswith 
Honest Clive Spectrum the bookmaker, Will Clive keep that smile? 
Watch the race_beg_in asthe tape lifts,and marvel at th,e amazing Iy 
rea listiC 3D animatIOn as the riders lockey lor pOSItion, See the 
horses an~ riders in full flight as they pass Spectators and into the 
home stralghl past the stands_Hotd your breathat lhe slow mollon 
fin ish_ Sound and colour is used to its/ullcst in this 44K of superb 
programming. Not recommended for compulsive gamblers 

RESCUE - lor the 48K ,Spectrum only £5.95 
How can we summarise m a s00rt ad, an advcn!ure game Ihat 
needs a SpeCial Prog:am to detalt lts Ru lesl VERY Simply , you must 
l ind the Ma p and RadiO Men plOI you r [Ollte anc moM or patrols as 
theY,scourthe 40+ loca tionsyouaretravellingthrough ', lf you have 
the light equ ipment you ca n cross Irlto Secret Terntory In search of 
the Castle and the imprisoned Princess. II youhnd it and gain 
entrance there are many trai lS and re:;;ts . II you fo nd tho Pnncess 
you must still return to base with her. Utilises all the Spectrums 
facilities and takes hours to ptay 

JACKPOT -:- lor I,he 48K Speclrum . , only ,£4,95 
A complete Simulat ion of a popu lar trult machme, usmg defmable 

?~~t~ls i:~ ~O~~~e~lu~~~~t~I~~~t~~~~t~E~t~~d~Et~~~o~~~ 
animated demo. Memory mapped reels , simultaneous revolution, 
staggered stop, animated bet and ~ayou t , payout board and 
real istic sound effects recreate the Original, A must and a wallet 
saver for any Iruit mach ine bulf 

A ll prices include VAT & P&P Oealer Enquiries Welcome 

Selected lines available ti t John Menzies, W.H. Smith & Boots. 

PL.EASE SEND ME TH E GAMES AS TICKED 

TEST MATCH 0 GOL.F 0 ALIEN MAZE 0 
DERBY DAY 0 GALACTIC PATROL 0 RESCUE 0 

JACKPOT 0 
NAME. 

ADDRESS .. 

TEL. NO: . . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

C R L Dept PS, 140 Whllechapel Road , : 
• • • London E1. Tel: 01-247 9004 : 

PLEASE MAKE CH EQUES/ PO PAYABLE TO I 

..... -::-_____________ L ___ ~~~~!:'I.!'_R_~~~.:r_.&:.I:.~~!!?:.' ___ J 
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Pbil Corn" 

BEGINNING 
BASIC-12 
W

e started. this series with 
algorithms and flow 
charts, and that is how 

we finish. In this, the last part, 
we look at a flow chart and 
program for the binary search 
algorithm presented last time, 
and we also take a look at a 
very efficient sort routine . 

f1",.26. Tb. Binary qarc:h lIowc:h a rt. 

BINARY SEARCH 
A flow chart to perform the 
Binary Search algorithm might 
be as Fig . 26. We assume that 
this routine is being used as 
part of a larger program so that 
U and L already have values. U 
is the pointer for the upper limit 
of the interval, yet to be 
searched. and L is the pointer 
for the lower limit on this 
interval. So, for example, if the 
list to be searched. contains 100 
items, then U would nbe 100 
and L would be 1. Flow chart 
box 1 asks for a value which 
will be assigned to the variable 
T. This is the number that we 
are going to search for in the 
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list. Flow chart box 2 is looking 
top see iof our input value is 
contained. in the last position of 
the list. If it is', we branch 
through box 3 to box 6 to print 
the message saying that we 
have found teh required item 
and to give its position (we will 
look at why this box is needed 
later ) 

11 T IS not in A(U) then we 
move on to box 4. This starts 
the algorithm proper by 
calculating the mid-position in 
the list and assigning this value 
to the variable S. A check is 
then made by box 5 to see if 
A(S) - the contents of the list 
position just calcula ted - is 
equal to T. If it is , we move to 
box 6 to indicate our success in 
location item T, otherwise we 
move on to box 7. Box 7 id 
asking whether the upper and 
lower list pointers are equal 
because if they are then there i~ 
no point in trying to locate T 
anymore as there are no more 
positions between U and L to 
look in, so we would move to 
box 8 and indicate that Twas 
not contained in the list. If U 
and L are not equal, the next 
task is to decide if T is 
contained in the interval 
between U and 5 or between L 
and S. As the list is in 
numerical order, this is 
achieved simply by comparing 
T with the current value of 
A(S). II T is greater that A(S) 
then T is contained in the lower 
half of the list and we bring the 
upper bound U down to 5 
(flowchart box II). We than 
branch back to box 4 to 
calculate the midposilion of the 
new interval (5) and start over 
again. 

This process continues until 
we either find the item T 
somewhere in the list and print 
this fact or prove tha t the item T 
is not contained in the list at all. 
A program segment with the 
function of the flowchart of 
Fig. 26 is given below. 

In the final article of 
this series we look a t a 
very efficient sort 
routine. 

100 ..... 
110 INPUT T 
120 IF T- A(U) THEN 2JJ 
130 S - INT((L+ U)/2) 
140 IF T~ A(S) THEN 240 
150 IF U~ L THEN 210 
100 IF T>A(S) THEN 190 
I70U-S 
180 GOTO t30 
190 L- S 
200 GOTO 130 
210 PRINT "ITEM NOT IN 

LIST" 
220 GOTO 250 
230 S~ U 
240 PRINT "ITEM FOUND IN 

POSITION";S 
250 .. 

Earlier we said that we would 
look at the need for flowchar t 
box 2 in Fig. 26, and we will do 
this now with reference to the 
above program. We will dry­
run it with U=3and L - I 
giving us a list of 3 items. (Say 
A(l )-IO, A(2)~ 12 and 
A(3)~52). Program line t20 
above corresponds to box 2 in 
Fig.26 and we will omit it 
mentally and see what happens 
when we input a value fo 52 for 
T in line 110 above. Line 130 
assigns a value of 2 to 5 
(L+U- 4. 412 ~ 2, INT(2)-2, 
s= 2). T is not equal to 12, the 
value of A(2) in line 40 and so 
we move on to line ISO. U is not 
equal to L, and so on to 160. T 
is greater than A(2) which 
shows that if T is contained in 
the list at all it must be in the 
upper half. 

We now set L to 5 (line 100) 
which gives L= 2, U- 3. Line 
200 takes us back to line 130 
where a new value of S 1S 
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calculated. (U + L= 5, 512 = 2.5, 
INT(2. 5) ~ 2, S32). 
Now, T is not equal toA(S) -
line 140 
U is not equal to L - line 150 
and T is greater than A(S) -
line 160 
so we make L= S (which it 
already is) and branch back to 
J3J. Now we see the problem. 
The INT function used in hne 
13J to calculate the mid-position 
of U and L will only round 
down to the nearest integer - it 
cannot round up - and 
consequently we can never look 
at the last item in the list to see 
if it containd T. Obviously, 
then, when the Jast lis! position 
does con lain T the algorithm 
would not terminale without the 
inclusion of some test (Fig.26, 
box 2 for example) to see jf T 
were contained in the last list 
position. 
EFFICIENT 
ALGORITHM 
You remember thai the binary 
search algorithm is much more 
efficient than a simple search, 
but it suffers from the drawback 
that the list to be searched has 
to be in ascending numerical 
order. The process of sorting a 
list into order can in itself be 
very lengthy, especially if we 
use the simple sort routine 

~~~~~n:~~~~e~~~r~h~ ~e~~er~· 
routine which is very efficient 
and is based on the merge of 
two sorted lists that we saw in a 
previous article. If you can 
imagine an unsorted list of eight 
items then this algorithm would 
take each of the 4 consecutive 
pairs of numbers in this list in 
turn and perform a two list 
merge on them which will give 
four pairs of numbers each of 
which will be in numeric order. 
The algorithm then takes the 
first two pairs thus generated 
and merges them to form a 
sorted list of four numbers and 
then takes the second two pairs 
and merges them also. 

We now have two sets of 
four numbers, each set being in 
numerical order. The final 
process is to merge these two 
lists of four items into one list of 
8 items and the sort is complete 
(see Fig. 27 ). The flowchart of 
this algorithm is given as Fig.2B. 
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5 REM- - MERGE SORT - -
10 PRINT "HOW MANY 

ITEMS TO BE SORTED" 
20 INPUT T 
X!A~ I 
40 IF A >T THEN 70 
50 A-A *2 
60 GOTO 40 
70 N~A 
75 DIMAAIA/2+ I), 

BIA/2+ I),CIA + I) 
8OFORX~I+1 TON 
9OCIX)~ lEX! 

100 NEXT X 
110 PRINT "INPUT VALUES 

TO GO IN LIST" 
120 FOR X ~ I TO T 
IX! PRINT X 
140 INPUT CIX) 
150 NEXT X 
160 PRINT "SORT 

BEGINS NOW" 
170D~ 1 
180A ~ I 
190 B~ I 
200 C ~ I 
210 FOR X ~ I TO T 
220 BIB) ~ CIC) 
2X!B~B+I 
240C ~ C+ I 
250 NEXT X 
260 FOR X ~ I TO D 
270 AlA) ~ CIC) 
280A~A+I 
29JC~C+ I 
30J NEXT X 
310 IF C< >N+ I THEN 210 

EFFICIENT SORTING 

320 A~ I 
3:JJ B~ I 
340 C ~ I 
350S~A -1 
360 IF AlA) >B(8) THEN 4CXl 
370 CIC) ~ AlA) 
360A~A+I 
3!lO GOTO 420 
4CXl CIC) ~ BIB) 
41OB~B21 
420C~C+I 
4X!IF A ~ S + D+ I THEN 520 
440 IF B~ S+ D+ I THEN 460 
450 GOTO 360 
460 FOR X ~ ATOS+D 
470 CIC) ~ AlA) 
480C~C+I 
490A~A+I 
500 NEXT X 
510 GOTO 570 
520 FOR X~B to S+D 
5X! CIC) ~ BIB) 
540C~C+I 
550B~B+I 
560 NEXT X 
570 IF A + B<N+ 2 THEN 350 
580D~D'2 
590 IF D< >N THEN 100 
6o:J PRINT "THE SORTED 

LIST IS" 
610 FOR X~ I TOT 
620 PRINT" ";X;CIX) 
630 NEXT X 
640 END 

The program starts offby 
taking an input to the variable 
T. This is used to tell the 
program how many items are to 
be sorted. The next part of the 
program (lines 3) to 70) 
calculates the next power of 2 
above the input value (T). This 
value is assigned to the variable 
N and is the actual number of 
items that will be sorted. Next 
items, T + I To N, are made 
very large ( IE3)) so that alter 
sorti ng they will still occupy 
positions T + I TO N in list 
C(X). lhe sort now begins. 
The "INPUT" list C(X) is first 
split up into two lists A(X) 
and BIX) by lines 210-310. The 
variable D IS used to indicate 
the number of values in A(X) 
and B(X) that are to be merged 
in each step (see Fig.27). . 

The first D (initially D = l) 
items in C(X) are assigned to 
the first D items in A(X), then 
the second D items in C(X) are 
assigend to the first D items in 

~~*~' at~ee~s;?~nt~~{?o ~h~e~~~gd 
D Items m A(X) ....... then 
BIX) ..... then AIX) and so on. 



Simon GQQd,wln 

SNIPER 
Outwit the malevolent 
robots in this all-action 
game for the Genie or 
TRS-SO Model 1. 

Here is a game to pit your 
wits a.nd reflexes against 
secunty robots at the top 

secret research headquarters of 
IBM (Intergalactic Business 
Mogul). You are looking 
through the giant mainframe 
computer-room, in search of 
interesting secrets, when you 
hear a rumbling noise from 
between the rows of processors 
and disc units 

You dive out of the way just 
in time as a hi-blast quarkon 
grenade rolls past you and 
detonates nearby, In the 
dimness you can just make out 
the glowing sensors of a 
security robot at the other end 
of the room. The robot's cybo­
grip unit reaches behind and it 
primes another grenade, ready 
to roll it towards you. The bomb 
explodes prematurely, 
showering blue paint over the 
robot. Unperturbed, the 
security robot takes aim again. 

You must disable the robot 
and any others which come to 
its assistance. To do this you are 
armed with a lightweight, high· 
resolution, laser rifle, but it is 
difficult to hit the robot as it 
dodges back and forth in the 
darkness at the other end of the 
computer room. Alternatively 
you could brave the grenades 
and attempt to sneak up and 
eliminate the robot with a sharp 
blow to its sensitive omniwave 
radiation sensors. The decision 
is yours; but hurry, because 
here comes another grenade 

Use the arrow keys or 
control keys to manoeuvre the 
sniper around the computer 
room. Press the space key to 
fire your laser rifle. You will 
lose a point every time you 
shoot (since you are wasting 
ammunition and drawing 
attention to yourself) and you 
lose a 'life' if you collide with a 
grenade. Paints are awarded 
each time you sucessfully shoot 
the robot (the shorter the range 
the greater the score) and if you 
manage to 'mug' the robot and 
destroy its sensors. Be warned 
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- you will be unable to shoot 
down the grenades with your 
rifle, and the robot will try to 
evade you if you creep up on it. 

not compatible with the TRS-SO 
Level 2. The game uses the 
PRINT @ facility to place text 
and graphics on the screen. The 
TRS-OO display consists of 1024 
characters. The character-code 
for each element is stored in 
memory between address 15360 
and 16383. Consequently PEEK 
(15360) will retum the ASCII 
code of the character in the left 
most position of the top line. 
PEEK (154811 does the same for 
the last character of the second 

HINTS ON 
CONVERSION 

SNIPER is written in Microsoft 
12K Z80 BASIC. As it is a 
graphic game a number of 
conversions must be made to 
enable it to be run on machines 

LINE FUNCTION 
Lines lQ.3J Identify the program and send the 

Line 40 

Line 50 
Lines 6().13J 

Lines 140-lEO 
Line 170 

Lines 18()..29J 

Lines 3OJ.43J 

Lines 440-400 

Lines 5CX).5€() 

Lines 57Q.6B) 

Lines 600-730 

computer to the set·up routine at line 
450. 
Introduces the routine for rolling 
bombs across the display. These hnes 
form the main part of the program and 
consequently they have been placed at 
its head, where BASIC can find them 
quickly. The game would be about a 
third slower if the 'roll bombs' routine 
was at the end of the program. 
Selects the next bomb to be moved. 
Check that the bomb has not yet hit the 
end wall of the computer room. If it has 
done so then a new bomb is launched. 
Advance the bomb across the display. 
Checks to see whether or not the bomb 
has spontaneously exploded . 
Reduce the number of lives if the bomb 
has hit the player. 
Handle the hi·blast quarkon grenade 
explosions. 

th~y o~l~~~ ~~~~l~o~:~~:d~ra!: t?t:
me

. 
TRS-OO display. Lines 450 and 460 will 
not be needed on most computers. 
Adjust the value of BMAX to change 
the maximum number of bombs in 
action at any time. Its value must be a 
power of two (e.g. 1, 2, 4, 8 or 16). 
Sets up the graphic characters that will 
be used in the game. Each item is 
assumed to be one character high and 
three characters wide. 
Draw the walls of the computer room 
and populate it with chest freezer 
shaped machines. 
Prepare the main recording variables 
of the game. These are P (player's 
position on screen for PRINTing), E 
(enemy's position), SC (score), B 
(bomb position) and LV (number of 
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li neEaachd cha~~~ter-Position has 
a number which is used as a 
reference for the PRINT @ 
command, The top left 
character position is numbered 
0, through to 63 at the end of 
the line 1023 at the end of the 
screen . The display consists of 
16 li nes of 64- characters . For 
example PRINT @OO), 
"SNIPER"; would cause the 
word to be displayed at the left­
hand side of the last line of the 
screen 

set up a loop to generate the 
appropriate string using the 
CHR$ function 

SNIPER makes considerable 
use of the logical AND 
operation. Th is is available on 
most micros, but notably not the 
Apple or current Sinclair 
machines. A log ical AND is 
used to tell the computer to 
ignore some of binary digits in 
a value. The val ue 30 is written 
111 10 in binary, and the value 
19 is 10011 , so that the 
expression 30 AND 19 has the 
binary value 100,10 or 18 
decimal. (The I is copied in the 
columns where it appears in 
both numbers). Type PRINT 30 
AND 19 on your computer to 
see if this feature is supported. 

The STRING$IX, Y) function 
retu rns X copies of the 
character with ASCII code Y. 
An equivalent function is 
available in BEe BASIC - on 
other machines you will have to 

Lines 740-760 
Lines 770-700 
Lines 800-870 

Lines 880-940 

Lines 950-970 

Li nes 980- 1COJ 

Line 1010 

Lines 1120-1100 

Lines 12eD- 1210 

Lines 1220-1260 

Lines 1270-129;) 

Lines 1300-1370 

Line 1380 

Lines 1390- 1480 
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remaining lives) . 
Set the starting position of all bombs. 
Label the display. 
Form the main loop of the game. For 
Simplicity it has been written in four 
parts. One part rolls the g renades , 
another allows Ihe player to move, the 
third handles rifle-fire, and the final 
part controls the robot's movement. 
Examine the keyboard (see 'Hints on 
Coversion') and adjust the player's 
position accordingly 
Punish the sniper if a bomb has been 
trodden upon . 
Blank out the old display of the sniper 
and set up the new one. 
Checks whether or not the sniper has 
jumped on top of the robot. If so lines 
103(). 11 10 modify the score and display 
accordingly. 
Decide the robot' s move. Line 1160 
selects a new direction of movement 
(up or down) to home in upon the 
player. 
Adjust the robot' s position, preventing 
moves off the screen! 
Set up the new display of the robot, 
blanking out the old one as required. 
Handles rifle fire. Line 1200 determines 
whether or not the space key (fire) has 
been pressed and line 1200 excludes 
alternate lines of the display from use 
(those military-spec. cabinets are 100 
per cent laser-proof !) . 
Display the laser-beam with an 
appropriate sound-effect. Line 1300 
works out its length· and 1370 checks 
whether or not the robot has been hit. 
Allocates points in accordance with the 
distance between the sniper and the 
robot. 
Illustrate the robot explosion in sound 
and vision. 

SNIPER 

The program uses the AND 
function to generate random 
numbers . For example RND(3) 
generates (at random) 1,2 or 3. 
Long names are used for some 
string variables (e .g. PLAYER$) 
but these can be shortened to 
their first two characters (PL$) 
without iII-effect 

PEEK( 144(0) is used to poll 
the computer's keyboard. The 
game is controlled by pressing 
five keys. On a Video Genie 
you may use ESC and CTRL to 
move the sniper up and down 
the screen. If the keys are held 
down the sniper will move 
steadily. The CLEAR and TAB 
keys can be used to move left 
and right, the SPACE key caus€ 
a shot to be fired. If your 
computer has arrow-keys in 
place of ESC and CTRL, or 
CLEAR and TAB are nol 
ad jacent on your keyboard , 
then you can modify the 
program 10 recognise control 
from the arrows simply by 
changing line 9:)) so that it 
stads 'IF IKE AND 32) , 

Sound-effects are generaled 
as SNIPER runs. Program lines 
containing the OUT instruction 
are used to send noises to the 
Genie or TRS-oo cassette 
interface. These lines won't 
work on other computers but 
they may be missed out without 
harming the game.,-_ _ _ 
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SNIPER 
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a a a a a 
a a a a a 
a ,a a a a 
a a a a II~ 

a a a a a 
a a a a a 

,ttJ<, ..... ' U"," ' 

10 IlEI'I_TII8_80 SN I PER 
to REI! ... 1l I.on Goodwin 
10 Gam 4'50 
lOJ!El'l .... Ro111Mbo_ 1 
50C.C+IANDBl'lAX-1 
50 IF (B(C) AND 63) > i THEN 1'0 
10IFR'NO( Z) ( 101l([ANOU) <U THENRETUIIN 
10 BeC)" H" ( [ AND UO ) 
'0 I F g .. BCC) THEN , to 
100 Q .. a CC) 
110 PRINT .&([;).BOI'I8., 
ItoIFg-P'floIENZOD 
130 RETURN 

:~: :~~~T_.:~~: .~L~K'l 
liD I F (acc) AND '3) ) 3 THEN PRINT '8(C) .BOI'I8'1 

:~: ~":~(~!! ~r~t!.~Fh:~C~~~ P TtEN RETURN 

1 111 I F B CC) <> P THEN 310 
t OO LV - /"Y - \ 

~ ~~ ~~I~\~~Dad.Vl 
no IF LV ) 0 Tl£N 260 
UO PRINT "14, ' 0 II" E 
no GOTO no 
UDIFKB(900THENZ90 
t70 KII .. 1(9 .. 8 (C) 
tiD 8(C)" LP 
nOLP- SIS 
J OO REl1 "' .. Bo.t> .)(~lo.lon 

~~~ :~ ~s;, ~ TO I 

~:~ ~~N~5;~~C), " ·1+" 1 

350 OUT 255,\ 
lGO PRINT IIHC),' "1 
J7GDUTZ55.! 
380NEXTY 

::: ~~C~8 .. \:D~ ~~~ 420 
Ha RETURN 

!~~ :~~~R~ 515 

:~~ ~A;"5roIPER Pn, .... n.r1 

!~: =~~ A-Z 
U!lD I!1B (Bl'lAX-I) 

~~~ ~~~ .... Soot UP' .. . _hle,. 
5toLUl'lP .. .. CH RS (191l.CHR .. ( 119 ) "CHRS(191l 
5Z0 WALL .. .. STRIM:l"(3, 15) 
530 BUlNK' • STRInGsn,32) 
HO PLAYER"· ' ,--' 
" OENEI1Y .. ··( .. •• 
5&OSOI1S" -CHR .. CIZ) .CHR"('Z) +CHR" (JZ) 
31 0 REr1 .... D~ ... th ... _ 
,.0 PRINT 'O , STRING$(",I5])1 
aD PRINT 18'U..STRING$(U, 15]) ; 
&00 FOR Y -" TO I'D STEP H 
Ho PRINT 'Y, WALL$! g: :~r ..... V .. 61, WALL" 

UOFORY .. !34TOBOOSTEPI2 9 
UOFOR x.o TO 50 STEP 12 
"0 PRINT IX • Y,LUI1P" 
'10 NEXT X 
no NEXTY 
'90 REI1 .... 5.t ~ th."ariabl.,. 
700 P _ ~ I ~ 

710·E - 505 

~~: ~ : ~ 
HO FOR Y"O TO Bt'IAX-I 

a a a 
a a a 
a a a 
a a .a 
a 
a 

""" ..... ' 
750BeVl-IH 
"0 NEXl Y 

a 
a 

110 PRINT 1I1010,"Liv_'",LI/, 
190 PRINT IP,PLAVERS! 

a 
a 

I-

~~~ ::~~.,'~!~~ "ro~:E~: :~~:e , " , SC I 
810 GOSU9 no ' PI . .... ~·,. .. o"e 
azo OOSUB " ' Roll <><>-b 1 
no GOSUB IlIO ' Fira rifl. 

:~~ g~~: ~~]~ ~0~~,.:,~,.2.,ov. 
:~~ gg~~B9~~ • Roll boO"lb J 

::g ~~11 .. "~E~~~~'~;~" and MOV. ~ 1 .. Y." 

SNIPER 

a , a 
fill a 
a II" 

fill , a 
a a , , 
a a 

U","' 

900 IF (KB AND 2) THEN IF (P AND U) > 5 THENLP. P-] 
910 IF (KB AND '" THEN IF (P AND U) < Sf, THEN LP .. p .. ] 
920 IF (KB AND I) TllEN IF P > 128 THEN LP _ P - U 
930 IF (KBRND H) THEN I F P < 896 TIlENLP .. p .. " 
9'0 IFP.LPORPEEK(LP"15360) > 121 THEN RETURN 
;~g ~: ~E~~~~P .. 15361) 0 42 THEN 980 

970 GOTO 200 

~:~ ~::~~ ~;'~:~"I 
:g~~ ~F· pL~ > E TIlEN RETURN 

~g~g ~11:';CY~Ul~ave ' ..... eHd' 

ig;g ~~~ ~5;, ~ TO 7 
1060 PRII'lT IE, '} - (" , 

:g~g ~iN~5~E~ENEI1H; 

m~ ~:~ h~o 
litO 11[11_110". t ............ 
II30L _L _I 
IHO IF L <, AND L > 0 THEN RETU RN 
11 ~0 II' L > , THEN !ZOO 
1 1&0 If" E < P THEN a"H EI.SE O--H 
1110 IF E • 0 < " OR E .0 ) 89£ THEN 0--0 
1180 IF L < I THEN L - RNOC4} .. 7 

~~~~ ~~~~ • a 
lao IF "IE ( 128 OR NE > 832 THEN O .. -D 
12.~O PRINT IE, BLANK .. , 
1230PRINTINE,ENEMYIl! 

!~~g ~F"/~ P THEN 10]0 

:~~g :~ru=: Cheek for rifle fir. 

:~~i F .. ~;;A~~~~!I:~ i~>~~NRE~~~N 
t~~: :~~~ ~p O· T~' ~~RIMOIl (L' m , 

n:: :;TZ~5, Y lIND 3 

:~:g ~~I~ ~P 0" T~T~~"~~' ~2:; 
t~! g ~ ~psr~ ~~O:"'ri),~L~D g60 ) THEN 1410 

IHO FOR y .. a TO 12 
1'00 PRINT 1£,· ••• "1 

::~~ ~rN~~~~"~g"~ 
IUD NEXT Y 

i:;~ ;R!N~O~E' Bl..ANKSI 

::;: ~:~~ :;7~~~1l ; 
IUD RETURN 
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ChrisPlIlrner SARDAUKAR ASSAULT 

SARDAUKAR Defend the Golden 
Tower against hoards 
of attacking space 
warriors In this ,, \ASSAULT Atari game. 

Trapped on a remote au tpost 
somewhere at the edge 
of the galaxy you are the 

last remaining defender of your 
empire. Materialising above 
your base are scout ships of the 
dreaded Sardaukar fleet. Can 
you destroy them before they 
blast through the golden tower 
and damage your power base? 
If you succeed in wiping out 
one wave, then an even 
stronger fleet is sent against 
you. See how man y of them you 
can destroy before you are 
overrun . 

Sardaukar Assault is written 
in BASIC for the Atari 4CX)/8:X! 
with a minimum memory of 
16K .The game is controlled by 
a joystick plugged into the 
lefthand port, but can be easily 
converted to use the keyboard. 

When the game starts , the 
joystick controls the movemen t 
of a gold coloured dot , wh ich is 
the point to which your defence 
laser will fire. To destroy the 
alien attackers you have to hit 
them wi th the laser. The game 
ends when the Sardaukar's laser 
shots have penetrated the green 
power base at the bottom of the 
tower. After each successive 
wave your tower is rebuilt 
Sardaukar Assault is written 
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All the commands should 
be able to be duplicated on 
another machine providing it 
has a PLOT or DRA WTO 
eqUivalent. The one feature of 
the Alari that you might have 
trouble in duplicating is that if 
you change the colour or 
luminance in a SETCOLOR 
statement, then everything that 
has been plotted in that colour 
now assumes the new colour. 
On the SSC computer this can 
be achieved by using the 
VDU 19 command 

using Atari BASIC, which is 
quite like most forms of 
Microsoft, so the BASIC in the 
program should be easily 
convertible. It is run in 
graphics mode 7+ 16, which 
gives the compu!er a screen 
resolution 01 100 x 96 in 4 
colours. The graphics 
commands used are: PLOT, 
which turns on a single dot, 
DRAWTO, which draws a line 
from the curren! PLOT or 
DRAWTO position to the 
specified location, SETCOLOR, 
which primes a colour register 
with a colour and a luminosity, 
COLOR, which changes the 
PLOT or DRA WTO colour and 
LOCATE, which reads the 
value of a do! into a specified 
variable. 

To convert the game to run 
with the keyboard, change line 
2010 10 a keyboard GET 
statement and then change lines 
2020 -2055 to alter the values of 
X and Y according to which key 
has been pressed 

IIJ.25 

30-90 

100-130 

135·137 

140-155 

157·175 
100 
185·200 

999 
IOCO-I05O 
1100-1100 
20C0-211O 
=3000 
4OX).41oo 

5CXJO.5090 

6OCIJ.611O 

LINE FUNCTION 
Sets up the position array and clears all its 

~~i~t~o~~. beginning screen and rotates the 
background colours. 
Sets up specific variables, changes the 
graphics mode and sets the colours 
Goes to the routines to print the mountains 
and the golden tower. Also reads the 
joystick. 
Tests for the fire button. Checks to see 
whether a ship has been encountered and 
checks to see whether all the ships have 
been cleared. 
Plots laser track from base. 
Plots laser aiming position. 
Random jumps for alien fire and alien 
appearance. 
End of main program loop. 
Draws mountains. 
Draws golden tower and power base. 
Reads joystick and examines new position . 
Plots Sardaukar ship random I y on screen. 
Checks to see if pOSition is occupied by an 
active alien and if so explodes it. 
Changes graphic mode, prints wave 
number and score so far. 
Plots Sardaukar shots from random ship 

h~~ig~~na~~a~~:d~s to see if power base 

70:::0-7100 Explodes base and prints end of screen 
display. 

,-_7~XG;;~7;260~ __ ~P~r;0~~·;de;s~oc~r~~n~n;as;h~a;n;d~m~·~pe;s~o;u~l ~b;as~e~. __ ,~ 
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SARDAUKAR ASSAULT 

10 P.EM S~RO~UK~R ATTACK 
20 elR :DIM P(20 .. 2)nULL=4 
25 f."OR 1=13 TO 20:FOR T=1 TO 2 :P(I .. T)=0:N 
EXT T: NEXT I 
31) 13RI=IPHICS 2+16 
40 POSITION 16 .. 10 
5121 PR I NT *6 .. " SAROI=IUKAR II 
610 POSlTIOti 17 .. 2 
70 PRINT #6 .. "RSSAULT" 
75 FOR P=l TO 3 
8121 FOR 1=1 TO 14 : SETCOLOR 4 .. I .. 10:S0Ul'm p 
,U10+P .. 10 .. 12:FOR T=1 TO 50:NEXT nNEXT 
I 
9~3 NEXT P 
1 eo REM SET UP VRR I RBLES 
110 Z=1:X=80:CO=0:PL=1 
120 GRRPHICS 7+ 16 
130 SETCOLOR 4 .. 10 .. 0: SETCOLOR 13 .. 1 .. 12: SETCO 
LOR L8,,12:SETCOLOR 2.11,12 
135 130SUB 10~)0 
137 BOSUB 2013(1 
1413 IF STRIG( 0 )( >10 THEN 175 
150 IF L <)0 THEN GOSUB 41300 
155 I F co >=K I LL THEN Goro 500121 
157 SOUt~D 121 .. 150 .. 8 .. 15 
160 COLOR l:PLOT 80 .. 60:0RAHTO X .. Y 
165 SOUND 0 .. 200 .. 8 .. 15 
1713 COLOR 0:PlOT 80 .. 60:QRAHTO X .. '''' 
175 SOUND 0,0,0,0 
18e COLOR t:PLOT X .. Y:COLOR 0:PLOT X,Y 
185 O=ItH(RND( 1 ):;).20+1) 
180 IF 0 > 18 AND 0<18 THEN GOSUB 301313 
200 IF 0< 15 RND 0 )8 THEN GOSUB 800121 
888 80TO 137 
1 (113£1 REf'l OR~I-I MOUtH~ 1 NS 
112105 PLOT 1,75 
1010 FOF: 1=1 TO 159 STEP 5 
1020 Y=INT( RND( 1 )t20+76 ) 
1030 COLOR 2 
l J.j40 DRA~TO I,Y 
Ij.}50 NEXT I 
1100 REM DRI=II-I BI=ISE 
11135 COLOF: 1 
1110 FOR 1=710 TO 810 
11213 PLOT 1,95:0RRHTO 1,96-( 1-68 )A2/4 
11313 PLOT 160-I.95:0RRI-ITO 169-1 .. 96-( 1-68 
)--.2/4 
l 141(:1 NE:-<:T I 
1145 COLOR 3 
115121 FOR Y=9t!) TO 95 
116121 PLOT 78,Y:ORAI·HO 82,~' 
t 17121 NEXT Y: Y=50 
1175 FOR P=1 TO 3:S0UND P .. 0 .. 0,I2I:NEXT P 
1180 RETURt~ 
20100 REM REI=lO JOYST I CK 
201121 S=STICK(I2I) 
2121210 IF S=7 THEN X=X+2 
2030 IF S=l1 THEN X=X-2 
20413 IF S=13 THEN Y=Y+2 
2050 IF S=14 THEN Y=Y-2 
2055 IF S=15 THEN RETURN 
2060 IF X>159 THEN X=159 
21370 IF X<1 THEN X=1 
20B0 IF Y>7B THEN Y=70 
2080 IF Y<t THEN Y= 1 
2100 LOCRTE X.Y.L 
2110 RETURN 
3000 REM PLOT SRRDRUKRR 
3010 IF PL) KILL THEN RETURN 
3020 R=INHRND< 1 )*140+5 ) 

SARDAUKAR ASSAULT 

313313 B=INT( RND< 1 )*20+5) 
~e~~0~( 2,1 )=A :P(Z,2 )=B:2=2+1 : IF Z)20 THE 

313513 COLOR 3: FOR P= 1 TO 6 
31360 PLOT P/2+R,B+P:DRAI-ITO (R+6)-P/2 .. B+P 
31365 SOUND 0 .. 200 .. 1121 .. 7+P:SOUND 1 .. 2EH .. 12 .. 7 -f' 
3070 NEXT P:PL=PL+l 
3(175 SOUND 0,0,0,121 : SOUND 1,0,0,0 
3080 RETURN 
41313121 REM RLI EN HIT 
49 10 FOR 1=1 TO Z 
4020 IF X) =P(I .. 1) AND X<P(II1)+6 AND Y>= 
P( J,2 ) AND Y<P( 112 H6 THEN 49413 
40313 NEXT I: RETURN 
404.0 ~=P( 111): 8=P( 1 .. 2) 
4060 COLOR 121: FOR P=l TO 6 
413713 PLOT P/ 2+AIB+P:DRRI-ITO (A+6)-P/2,B+P 
41375 SOUND 0,20121-Pt2121 .. H; .. 15 
408121 NEXT P 
412180 P( L 1 )=0:P( 1,2 )=121: SC=SC+lI2I: CO=CO+1 
4095 SOUND 13,0,O~0 
410121 F::ETURN 
5000 REM Et~D OF I-IRVE 
.5010 GR~PHICS 1+16:kA=I-lR+1 
502(1 POSITION 0,0 
513313 PR un #6;" J.lRUE "; 1-1':'4;" COMPLETEO" 
5040 PRINT #f; ;"SCORE = ",;SC 
5045 KILl=KIlL+2 : CO=0: Pl=l: FT==12I 
505£1 FOF: T = 1 TO 1000: NEXT T 
:·060 FOR 1=1 TO 2121: FOR T=1 TO 2 
5(17(1 P( I , T )=121 
5080 NEXT T: NEXT I 
5090 80TO 100 
8121130 RE~l SRRDAUKAR FIRE 
6010 FP=INT(RND( 1 )*Z+1) 
6015 IF P(FP~l ) =121 THEN RETURN 
6020 COLOR 2 
812125 SOUND 121,11210 .. 6 115 
80313 PLOT P(FP,1 H3 .. P(FP.2)+5 
6040 DRAHTO 8e .. 62+FT 
8045 SOUND 13,50,6 .. 15 
805€1 COLOR 0 
6060 PLOT P(FP .. 1 )+3,P(FP,2)+5 
8070 ORAI·HO 80, 62+FT 
61121 121 FT=FT+l: IF FT)28 THEN 701210 
8105 SOUND €!,0 .. 0,0 
6110 RETURN 
7000 RErJ END 
701121 FOR 1=5 TO -10 STEP -121.5 
71320 FOR T=1 TO 14 
?(125 SOUND 0 .. T+200- 1*2110 .. T 
70313 SETCOLOR €I, L T 
7040 FOR P=l TO I:NEXT P:NEXT T:NEXT I 
712145 SOUND 0,13 .. 0,0: GOSUB 7200 
7050 GRAPHICS 1+16 
7€160 POSITION 0 .. 0:PRINT #B .. "GI=IME OVER" 
7070 PRINT #6 , " SCORE = ",SC 
i'080 PRINT #6 .. "PRESS FIRE TO STAAT" 
709121 IF STR I G( 121 )< >121 THEN 7090 
7100 RUN 
7213121 FOR 1=121 TO 14:SETCOLOR 410 .. I:NEXT I 
:SOUND 12'1 .. 10.4,15 
7210 FOR 1=14 TO 0 STEP -1 
7215 SOUND 121,1121 .. 411 
7220 SETCOLOR 4 10 .. I:FOR T=1 TO 3*1 
7230 NEXT To COLOR 0 
724121 PLOT 70 .. ge-I:ORAHTO 90 .. 90-1 
7250 NEXT I 
726121 RETURN 
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ErkSmlth 

At the start of this game 
you are given three lives, 
with your laser base 

positioned at the bottom of the 
screen . 

The alien appears at the top 
of the screen and moves down 
towards your base line in one of 
three directions; either straight 
down, vertically left, or 
vertically right. 

The screen is wrapped 
round from the alien's point of 
view, but not from the player's. 
You fire at the alien by pressing 
the '0 (zero) key and move left 
and right by pressing the '5' 
and '8' keys respectively. If, 
however, on your third shot you 
miss the alien then it can 
change direction, but will still 
approach your base line. 

If the alien touches your 
base line then you lose one of 
your lives (if you are on your 
last life the game ends). When 
you destroy the alien then you 
gain up to 21))) points, 
depending on how far down the 
screen it was when your laser 
gun obliterated it. 

Personal Soltware Winter '83 

Throughout the game 
'Mystery Ships' will wander 
across the screen. If you hit 
them then you gain up to 10,0)) 
points and a free life. (But you 
have to hit them in exac tl y the 
right place for the laser bolt to 
take effect!!!), You are allowed 
only three shots at them then 
your laser base becomes 
ineffective and the ship passes 
across the screen whereupon 
you lose a life, (this only applies 
if you have one life to spare: ie 
missing a ship cannot put you 
out of the game.) 

The game ends when three 
aliens land. However , if you get 
over lOO,COJ points the aliens 
wrath rises and they start to 
descend not from the top of the 

d~,:n~ob:st tS~i~~:!h (~~~h~~t at 
the wrong side of the screen. 

Throughout the game sound 
effects are produced as the 
alien descends, when you fire 
your laser bolt, when you hit 
the alien , when the alien lands, 
when the 'Mystery Ship' appears 
and when the game ends. 

SPECTRUM ZAP 

Anihilate aliens as they 
descend from the skies 
in this fast-moving 
Spectrum game. 

The program runs quite 
quickly even though the 
program contains no machine 
code. The 'Mystery Ship' 
routine was written out with the 
main prin ting loop as a separate 
routine so that the speed of the 
program was not impaired. The 
highest score obtained so far is 
110,349 before three aliens 
landed. Good shooting! 

HINTS ON CONVERSION 

This program should be able to 
be converted onto most 
machines that allow text and 
high resolution graphics to be 
mixed onthe same screen. This 
is necessary because the laser 
shots are created using high 
resolution line graphics while 
the laser base and invaders are 
made up of user defined 
graphics characters. These are 
placed on the screen by using a 
PRINT AT statement and can be 
replaced by a screen POKE on 
any machine that doesn 't 
support this, but does have a 
memory mapped screen. .. 

47 



SPECTRUM ZAP 

The screen on the Spectrum 
is 255 pixels by 175 pixels with 
the origin (0,0) in the bottom 
left corner. The character 
screen is 32 X 22 with the 
origin for PRINT AT commands 
at the top left of the screen. It is 
worth noting that the 
Spectrum's PLOT and DRAW 
statements work differently to 
most machines. If you want to 
PLOT at a point (50,50) and 
then DRAW to the point 
(100, 100) you would have to use 
the form PLOT 50,50 , DRAW 
SO,50. This is because the co­
ordinates in the DRAW 
statement are offsets from the 
PLOT statement, not a direct 
reference to a screen location. 

If you have a machine that is 
capable of producing definable 
graphics the conversion of the 
Spectrum's definable charac ters 
is simple. The BI N statements in 
lines 20-70 contain all the 
in formation for bit patterns of 
the characters, expressed in 
binary form . For your own 
machine either convert them 
into their decimal equivalents or 
leave them as binary, 
depending on which method 
your machine uses. 
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LINE FUNCTION 

Lines 1-3 
Lines 5-70 

Lines 100- 115 
Lines 120- 100 
Lines 170-280 

Lines 400-400 

Lines 5OJ-540 

Lines EDJ-895 

Lines 9))-940 

Lines 980-99J 
Lines lCXD-1050 

Lines 1100-1110 

Lines 2CXXJ·2 1ED 

Produce the instructions if necessary. 
Produces the user definable space invader, 
spaceship explosion and laser base. 
Reset the game. 
Reset the screen for another alien 
Are the main screen print and the exit to 
the fire routine. 
Are the fire routine which draws and 
undraws the laser bolt. This also provides 
the exit to the scoring routine. 
Contains the scoring routine and the exit 
to the 'Mystery Ship' routine. It also 
increases the print position of the alien if 
the score is over 100,CX:;O and RND is 
greater than 0.7. 
Produces the whole 'Mystery Ship' routine: 
ie the moving of the spaceship and the 
base, the firing of the laser base and the 
explosion the points scored and the free 
life 
Deals with the loss of a life if the spaceship 
was missed 
Ends the game. 
Produce the random movement for the 
alien 
Produce the effect of the wrapped round 
screen. 
Are the instructions. 

Personal Software Winter '83 
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SPECTRUM ZAP 
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Andrew Thoma. 

PUZZLE 
SQUARE Fed up with cubes? 

Move on to squares .. . 

T
his program is based on 
the popular game in which 
one tri es to re-arrange the 

numbered tiles of the puzzle to 
read 1-15 consecutively. Written 
in a fairly standard BASIC, the 
program should run on most 
machines supporting 4K or 
more of memory 

The computer may take up 
to 20 seconds to set up the 
puzzle; Ihis delay is due to the 
set-up procedure necessary to 
avoid impossible puzzles. The 
computer will state the 
maximum number of moves it 
should take to solve the puzzle 
although it will sometimes be 
possible to complete the puzzle 
in fewer moves. 

Replying to the question 
'WHAT IS YOUR MOVE?', the 
player must specify first the 
direction of the move (Left, 
Righ i, Up or Down) and 
second, the number of pieces to 
be moved (th ree is the 
maximum). For convenience, 
only the first leiter of the 
direction need be typed in and 
if the number of pieces to move 
is zero or non-existent, the 
computer will assume you wish 
to move as many as possible. 
Note the numbers move in the 
direction staled and not the 
space - if you find this 
confusing change line 250 to 
A$= "'RLDU'" as this will reverse 
the direction of movement. 

The computer will then 
check to see if the puzzle has 
been completed and if not, 
print the puzzle out again 
(assuming the last move made 
was valid). 

HOW IT WORKS 

For those of you interested 
in the way the program actually 
works, the fo lloWing might 
prove usefu l. The puzzle is 

3 I 

4 ! 

10 11 8 I 

! 13 14 IS 12! 

HOVE NUMIlER 16 
UHAl IS YOUR /'\OVE LEFT 

+-- - -----------------+ 

3 ' 

4 ' 

10 11 B I 

13 14 15 12! 

~-- - - - --- - --- - -- - - -_ .. + 

MOVE NUMBER 18 
\.IHAl IS YOUR HOUE L 

+---- -- - -------------+ 
I 

4 I 

B! 

10 11 12! 

13 14 15 

+------------ - -- - - - --+ 
\JELL DONE. 

SAMPLE RUN HHH 

3 I 

4 I 

10 11 8 I 

13 14 15 12! 

HOV E NUMBER 17 
UHAT IS YO UR MOVE 11:1 

+--------------------+ 
I 

4 I 

10 11 B I 

! 13 14 15 12 I 

MOVE NUHBER 19 
~HAT IS YOUR HOVE U 

YOU TOOK 19 HOVES TO COMPlEATE THE PUZZLE • 
THE PUZZLE COULD HAVE IIEEN SOLVED IN 16 HO VES 

DO YO U WANT ANOTHER GAHE PLAY AGAIN SO ME Tl HE ! j 

RE ADY . 
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PUZZLE SQUARE 

stored in the 16 element array, 
AO, and the space is 
represented as a zero, P has 
been deSignated the position of 
the space in the array, N is the 
number of pieces to move and 
D represents the direction in 

which the pieces move. program is concerned with 
movement; lines 720- 740 find 
the numeric equivalent to the 
direction chosen , lines 81(}820 
check the move verticall y, lines 
900-990 check the move 
horizontally and lines 920-960 
actually move the pieces 

,. 
'" 3) 
40 
50 
00 

7. 
ao 
90 

"Xl 

11. 

'''' 13) 

140 

150 

"" 17. 
lao 

190 

2<lO 21. 
"" 2>l 
240 
250 

"" 27. 
20J 
290 
300 
31. 
"" 330 
340 
350 
300 
370 
300 
390 
400 41. 
4'" 
4" 
440 
450 
460 
470 
480 
4!Xl 
500 

51. 
5'" 
530 
540 
550 
SOl 

Moving on to the listing 
itself, lines 31(}4!30 set up the 
puzzle, it is printed out by lines 
400-650 and the two lines, 660 
and 670, check if the puzzle has 
been completed, The rest of the 

REM WRITTEN ON APRIL 1900WRITTEN ON THE 570 FOR J-l T04 
'SORCERER' 580 IF AU+ JI-O THENPRINT' [ 4 SPC j "; :P - I+J GOT0610 
0IMA(161,014) 590 IF AU+ J)< 10 THENPRINT" 14 SPC ) ";AII + JI; GOT06l0 
PRINTCHRS(121;T A8(26)"NUMBER PUZZLE" 600 PRINT" [ 2 SPC I ":AII+JI; 
PRINTAB(26)" ( 13 - }" 51. NEXT J 
PRINT 620 PRINT"I" 
PRINT 630 PRINT" [ I I [ 20 SPC II I , " 
PRINT"THIS PROG RAM IS A COMPUTER VERSION OF THE 640 NEXT I 
POPULAR" 650 PRINT" [ -+- 1 [ 20 - } [ +} " 
PRINT" NUM BER PUZZLE" 600 FOR 1_1 TO 15 
PRINT 67. IF AU) -I THEN NEXT I : GOTO 1040 
PRINT"THE OBJ ECT OF THE GAME IS TO REA RRANGE THE 6BO PRINT 
PUZZLE" 690 PRINT"MOVE NUMBER ";M; 
PRINT"SOTHAT IT REAOS l·lSIN SEOUENCE, WITH 1 AT 700 INPUT"WHAT IS YOUR MOVE";OS 
TOP LEFT' 71. PRINT 
PRINT"AND THE SPACE AT BOTTOM RIGHT," 72<l FOR 1-1 T04 
PRINT 7., IF LEFTS(QS, 11- MIDSIAS,I, 1) THEN 700 
PRINT"WHEN ASKED 'WHAT IS YOUR MOVE' YOU INPUT 740 NEXTI 
THE D IRECTION" 750 PRINT"ENTRY FORMAT INCORRECT," 
PRINT"IN WHICH YOU WANT TO MOVE THE NUMBERS 700 PRINT"NOW"; 
AND OPPISITE" 770 GOT0700 
PRINT"DIRECTION YOU WANT TO MOVE THE SPACE." 70J D-om 
PR INT"THE DIRECTIONS ARE 'RIGHT', ' LEFT', 'UP' AND 790 GOSUB810 
'DOWN'," BOO GOT0520 
PRINT" FOR CONVENIENCE ON LY THE FIRST LETTER IS 81. N _ VAURIGHT$(OS, 1)) 

NEEDED," 8'" IFP-IOON) >OANOP-IO " N) < 17ANOP-O >OANDP-O < 17 THEN 
PRINT"BEFORE HITTING 'RETURN' INPUT ALSO THE 87. 
NUMBER THAT YOU" 630 IF W< :>OTHEN S""l : RETURN 
PRINT"WANT TO MOVE, IF YOU INPUT '0' THE PROGRAM 840 PRINT"MOVE IS INVALID," 

WILL ASSUME" 850 PRINT"NOW"; 

PRINT"YOU WANT TO MOVE AS MANY AS POSSIBLE," BOO GOT0700 
PRINT"THE MAXIMUM YOU CAN MOVE IN ONE GO IS '3'," 870 C-l 
PRINT sao IF ABS(O)"" lTHEN 900 

PRINT"THE PROGRAM WILL VALIDATE YOUR MOVE," 890 IFN<:>OTHEN920 

PRINT 900 IFP"IC"D1>OANOP-IC"OI< 17THEN C oo C + I : GOT0900 

AS -"LRUO" 91. N _ C_I M_. 9'" FORI _ 1TON 

0(1) - -1 930 A IPI _ AIP_DI 

0121 - 1 940 A IP-Dl=O 

013) - - 4 950 P_P_D 

0(4) - 4 980 NEXT I 

FORI -l T01S 97. RETURN 

AUI -I 980 E .. INTIIP-1114)·4-+-' 

NEXT I 900 IF P·(WDI< EOR P-IN"D1>E+3 OR P·D<E OR P·O:>E +3 

A(16)·0 
THEN 83) 

P.16 1000 IF N < >0 THEN 920 

R _INTtRND(1) " lOl + 12 1010 IF P-IC ' D) :> '" E AND P·(C " D)<E +4 THEN C '" C + 1 

FORW-l TOR 
GOT01010 5-. 1020 N_C_l 

N _INTIRND(1)" 3) + 1 10» GOT0920 

IF ABS IDI - 4 THEN 0 - DIINTIRND(1) "21 + 1): GOTO 420 1040 M _ M_l 

0- 0 IlNT(RNDl l )"2) +31 1050 IF M < _ RTHEN PRINT"W OWII OUTSTAN DING 

GOSUBB20 
PERFORMANCE 11I1I":GOT01090 

IF N< >OANO S ", 1 THEN N=O: S - O : GOT0 420 1000 IF M <R "2THENPRINT"W ELL DONE,":GOTOlO00 

IF N _ OAND S,., I THEN S-O : 0 - -0: GOT0420 ,.70 IF M<R"4 THENPR INT"AVERAGE 

NEXTW 
PER FOR MAN CE,": GOTO 1 090 

PRINT '''' PRINT"YOU NEEO MORE PRACTISE IIII'" 

INPUT" HIT 'RETURN' TO CONTINUE ":OS 1090 PRINT"YOU TOOK ";M;"MOVES TO COMPLETE TH E 

WoO 
PUZZLE," 

PRINT 
1100 PRINT"THE PUZZLE COULD HAVE BEEN SOLVED IN 

PRINT'HERE IS THE PUZZLE IT CAN BE SOLVED IN 
":R:"MOVES," 

":R:"MOVES," 
1110 PRINT 

PRINT "'" INPUT"OO YOU WANT ANOTHER GAME":OS 

PRINT' [ + I [ 20 - I [ + I " 
1130 IF LEFTSIQS, 1)- "Y"THEN 20 

PRINT' [ I I [ 20SPCI I Il" 
1140 PRINT'PLAY AGAIN SOME TIME II" 

M -M- + 1 
11 50 END 

FOR 1-0 TO 12 STEP 4 
PRINT"I": Li.llng I. The program lor Punle Square. 
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Ottrek Hulton 

SERPENTS 

52 

VARIABLE ,UNCTION 

A % Colour of player 1 snake 
B % Colour of player 2 snake 
F % Selected speed number 
HI % Character number of player I snake head 
H2% Character number of player 2 snake head 
1 % X-axis position of player 1 snake 
J% Y-axis position of player 1 snake 
K % X-axis position of player 2 snake 
L % Y-axis position of player 2 snake 
K 1 % Increment in X-axis position of player 2 snake 
L1 % Increment in Y-axis position of player 2 snake 
M % Time delay factor (hundredths of a second) 

Line 
Lines 26-34 

Lines SO-EO 
Lines 80-200 

How It Runs 

Function 
Defines the characters to be used as the 
snakes' head in the 4 different directions and 
for the body. 
Defines sound envelopes, used when c rashing. 
Main program loop. 

Play this classic snake 
game written lor the 
BBe Micro. 

Serpents IS .a very simple 
but addichve two player 
game. Each player controls 

the movement of a snake within 
the screen border. These snakes 
can be moved up, down, left or 
right by the use of the following 
keys : 

A 

] 

Player 1 (top) 

W 

Player 2 (bottom) 

~ (underscore) 

RETURN 

DELETE 

The basic aim is simple , do not 
bump into anything . You must 
not hit the trail. If you do, your 
opponent scores one pain t, the 
first player to reach ten is the 
winner. If the top snake crashes 
a h igh tone is sounded, if the 
bottom snake crashes a lower 
tone is sounded. In the event of 
a head on collision , the lower is 
decided randomly. At the end 
of a game press the space bar to 
play again. 

Fu ll use is made of the 
BBC's impressive colour 
graphics and sound 10 give a 
game that requires quick thi nk­
ing and dexterity, and is also 
p leasing to wa tch. At the start 
of each game the colours are 
c hosen randomly, so most 
games will be visually different, 
and a speed level between 1 
and 5 can be selected, 1 being 
fastest. The listing given is for a 
32K BBC machine, but for those 
with onl y 16K suggested 
changes are given in 'Hints On 
Conversion' to enable the pro­
gram to run in 16K. 

HINTS ON CONVERSION 
Change the following hnes as 
indicated and the program will 
then run on a 16K machine: 
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How It Runs 

Procedure Function 
PROCmove Lines 1020 to 1130 check to see if specific 

keys have been pressed at that instant and 
sets the appropriate user defined head 
character and the amount to advance on the 
X and Y axes. In Mode 2, one position 
horizontally corresponds to 64 graphics 
positions, one position vertically corresponds 
to 32 graphics positions. 
The keys used generate the following for 
INKEY: 

W: :: ~. j~~-_66s9.SRE:;:J~NZ~~ ~7~~ 
DELETE ~ -90 
Li ne 1210 checks to see if the next position 
for player 1 is already occupied (ie if the 
colour is not black). Line 1220 does the same 
for player 2 
Li nes 1240, 125') set the colour of snake 1 
and moves on one position 
Lines 12EO, 1270 repeat the above for snake 
2 
Lines 1280. 1200 update the screen co­
ordinates for each snake head 
Lines nco, 1310 perform the time delay 
depending on the chosen speed. 
Line 1320 flushes the keyboard buffer. 

PROCborder Lines 2015, 2017 set colour for border and 
clea r screen. 
Lines 2020 to 2035 draw the border. 
Lines 2072, 2074 set start pOSitions and 
increments for snake heads. 
Lines 2076, 20s0 print score headings and 
snake heads in start pOSitions 

PROCcolours Lines 2100 to 2170 randomly selects the 
colours for the border, snakes and score 
headings. These will c ha nge for each game 

PROCcrash Line 3020 updates the score 

PROCend 

PROCspeed 

Line 3030 generates the sound under control 
of the appropriate envelope dependmg on 
which snake crashed. High tone is player 1 
(top snake), low tone is player 2 (bottom 
snake). 
Lines 3040 to 3050 pause unti l sound has 

L:~~e~ resets the screen and prin ts final 
score. 
Lines 5010, 5020 selects a flash ing colour to 
prin t ··GAME OVEW. 
Line 5030 waits un ti l the Space Bar has been 
pressed before continuing with another 

[~~~.6XX) to 6040. Sets colour green, clears 
the screen and asks for a speed value in the 
range 1 to 5. Li ne 6030 then sets a delay 
factor based on the se lected speed. This is 
used in conjunction with lines 1300 and 1310 
in PROCmove. Line 6010 CHRS( 7) generates 
a beep. 

SERPENTS 

I S Change to MODE 5 
2 120 to 2150 Only 4 colours are 
available in Mode 5, one of 
these is normally black, so lines 
2120 to 2150 become: 

2120 C % ~ RND(3) 
2130 A % ~ RND(3):IF A % 
C% GOTO 2130 
2t40B% - RND(3) :IFB% ~ 
OR B% ~ C% GOT02140 
2150D % ~ B% 

5010 GCOLO. 3 (In Mode 5 
lo::Jica l colour 13 is not in 
ra nge) 

Other Machines 
To help with conversion to other 
micros, the fo llowing notes may 
be helpful: 

MODE 2 This selects one of the 
BBC's g raphics modes . Mode 3 
has sixteen colours available, 
colours 1 to 7 can be used for 
game display, where: 

I ~ Red 
2 = Green 
3 = Yellow 
4 = Blue 
5 = Magenta 
6 = Cyan 
7 = While 

VDU24 This sets the co­
ordinates for the graph ics 
window 
CLG Clears the graphics 
screen. 
VDU5 Followed by the 
character code and eight 
further numbers defines a 
graphics character as the bi t 
pattern of the decimal 
charac ters 
·FX 15.1 Flushes the keyboard 
buffer. 
% The % on the end of a 
variable indicates on integer. 
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10 REI1 S ...... . n\~ - 0 H"f\on 3 D. ~ ISB2 
15 110DE2 
20 VDU5 
Z6 VDU23. 231 . 0,6Z,103 . Z55.15.Z55. 1Z6,60 
ZB VOU23. 232 , 0. 124 . 230.255 , Z40.255 , 124.60 
30 VDUZ3,Z33.40.IOB . 23B.234 , Z50 ,254,IZ6.60 
32 VDU23.234 .60.126.254.Z50.234.23B,IOB.40 
34 VOU23.241 .2~5.2~5,255.255.255.Z55,255.Z55 
50 ENVELOPEI,I.30.20.0.50.6.50.Z. I. 0 . -2.100.I:.:a 
6 0 ENVELOPEZ .I.I OO .-30.0,50.6.50,Z .I, 0.-Z .100.126 
70 VCU24.0;0;1245 : 1023 : 
8 0 PROCec lc" .... 
85 PROC ..... d 
100 PRDCbo r d. r 
110 PROC.ou. 
IZO PROC.ralh 
:;~ ~~T~1:;~ OR nolO THEN PROC..,d : GOTO eo 

200 EN D 

1000 DE'PROe.oul 
1010REl'1ch •• KK .... nd.,Ou l ,n .!l 1I 
10122XoO 
10 15 REPEAT 
1020 I F IN~EYI-34 1 JIXon : 11;( _0 :I-IIXoZ33 : C;OTO 1100 
10 30 iF INKEYI-661 IIX __ 64 : JIXoO : H1 X_Z31 ; GOTO 1100 
10 40 IF INKEY(-BZl IIX064 : JU_0 : HUoZ3Z : GO TO 1100 
1050 IF INKEY!-9Bl J ll:.0-3Z:l1XoO : IOX_Z34 
11(\0 IF INKEY(-411 L1X_32 :KIX oO :HZX_233 : 00TO IZ00 
III O IF I NKEYI-B9) K1l: __ 64 : L1;(00 : HZ Xo Z3 1:GOTO 1200 
l1Z0lF lNKEY(-74 1 K1X _6 4:L1X oO : H2l:°2JZ : OOTO 1Z00 
1130 IF !NKEY!-SOJ L1X __ 3Z : K1X_ 0 : HZXoZ34 
1200REI1' •• t. r •• hand .. o .... 
121 0 fF POINT(JX+IIX.JX+JIX- IZI (> OZX'Z;(+ I 
1220 IF POINTI~X+IUX,LX·L1X-12) () 0 ZX_ZX _ Z 
1230 IF ZX GOTO 13'0 
1240 GeOLO.A~ 
I Z50 "OVE n.J~:PRINT CHRSIZ 41 ) :110Ve: t;(+II;(, n +JIX:PRINT 

ZOZ0I10VE!0.O;PLOTB'.O.!OZJ : PLOrS5.10 , 1023 
2030 I'lOVE ' ,1 0 18:PLOTB5.1Z43.102J : PLOTB5.I Z45.10IJ 
Z0 4 0 "O\.lEI23~, 1013: PLOTS' , lZ4' . 0 :PLIlTB5 , 1235 , 0 
2050110VEIZ35.'3 : PLOTB'- , IQ,Q;PLOTB' .IQ , 5J 

Z05!1MOVE11, S63 : 0RAI.t1ZJ 4 .963 : PLO TB5. IZ34,S53: 
DRAWII.953 : PLOTB,.II.S63 

~~~~B~~~~~~; ~~~IZ : DRAWI'O. 964 : PLOTB5 . 109B. 10 1 2 : 

2072 IX.Z2 :JX _9~0 : IIX064 : JU.0 

~~;: ~~~~~ ~~~ L1:oS5 : K I Xo - 64 : L 1 X-O 

~~!~T~~~!~~~~:~~g: ~~~~~ ;;;:;~~~RE •••• • : MO\.lE ZO , 1000 : 

ZOB4 Hl~oZJ2;H2XoZJl 
Z08!1110VEI1:.JX : PRIN T CHRSfHIXl 
Z0870COLO .BX 
1090 I'IOVEK~.LX:PRINT CHRSIH2X) 
Z09B ENDPRGC 

Z09S················· .. • ••••••• .. ••• 
Z100 DEF PROCcolo~r. 

ZIIO REM •• t eo lo~r. POI' bord ... & .n .~ .. 
ZI20CX_RNDI71 
ZI30 AX _RND(7) : IF Ax_e~ GOTO ZIJO 
1140 Bl(oRNDf7J : IF Bl(oAX ORSX_CX GOTO 2UO 
;:;~ ~~~::~~71 : IF Dl(oAX OR DX _SX OR OX_CX GOTO 2150 

JOOO DEF PRO e ..... ~ 
JOIOREM or ... hroutinl 
JOl5 IF Z~_J THEN ZX_RNDIZJ 
30Z0IFZ:/'°ZTHENSXoSX+ l£LsErx_n;+1 
3030S0UND1 .ZX, 53.40 
3040WX_TII1 E 
3050REPEATUNTlLTlI1£)WX+150 
J LOOENOPRIlC 

CHR5IH j)() '000 DEF PROe. n ~ 

1260 OeOLO.B~ '004 PROCbor d.r 
1270 I'IOVE ~1:.L;( ; PRINT CHRS(24)) ; "OVE ~;( +~ll: .L;( ·L1X; PRINT ~010 C;COLO . 13 
CHRS1H2Xl ~OZO 110VE3'0,B~0: PRINT"GAME OVER" 

: ~~~ ~~:~~~~~~ ~ ~~:~~:~:~ ~~;~ ~~~~:~~IX-GET:UNTIL IX-32 

1310R£PEATUNTlLTlI1E > WX+ I1 X 
IJZO"F'X15 .1 
1350 UNTIL Z~ >O 
1400ENDPROC 
IS9S· · · ·························· 
ZOOOOEF'PROCbol'"dtr 
ZOIO REI1 dr.w "~r l •• \. r etc. 
ZO I ~ OCOLO .Cl'; 
Z017eLO 

BOOOOEFPRoe, .. ttd 
6002 ClCOLO.Z 

6030I1X-CFX-llo5 
GOJ~ SX-O : rx_o 
6040ENOPROC 

DEMON KNIGHT 
A terrify ingly d ifficult adven ture. 

Only £6.50 {plus 25p p & pi 
Available for : Spectrum. BBC B 
and Commodore 64 

Had any good Adventures lalely? 
T.ry this one. It is. difficult, deadly and 

logical. Your task )s to find. face and 
defeat the Demon Beelzebub, You will 
need a strong nerve and a clea r, incisive 
mind to succeed. 

In order to defeat the Demon. magic 
must be used - so don't think you're just 
going to stroll up to Beelzebub and stan 

~d~~afhPs ~ :~~~v:~i~r~~·n ~~tic~ i~~~ 
be a long time before you get t hat far- so 
don'tblowit l 
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You only get one life. but you can save 
onto tape at any stage and restan later if it 
all gelS too much to cope with. DEMON 
KNIGHT is a chal lenge to Adventurers of 
aHlevels -canyoumeetit7 
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INTER 
PRETERS 
A

lmost without exception 
the current range of 
personal computers use 

an 'interpreted' BASIC as their 
main language. This means that 
when you enter a normal 
BASIC program you are not 
loading the computer memory 
with the machine code 
instructions your processor will 
execute when you type RUN 
Instead you are loading a 
stream of symbols which 
describe what you want to do to 
a large machine code program 
called the 'interpreter', this then 
executes many thousands of 
instructions trying to work out 
what you want to do. An 
interpreter looks at a set of 
'rough notes' (rather like 
shorthand) and then uses a kind 
of programmed initiative to 
work out what the symbols mean 
and to carry out the appropriate 
operations. 

This process is fundamental 
to an understanding of how a 
micro-based system works: this 
article will explain (in general 
terms) how your interpreter 
executes a BASIC program 
We'll also compare the common 
interpreters with 'compilers', 
explaining the difference 
between the two. Whether your 
computer is an Apple, PET, 
TRS-SO, Sharp, NASCOM or 
whatever, the principles used 
are much the same 

INTERPRETATIONS 

Take this simple program line 
as an example: 

100 A ~ B+ I GOTO 200 

We'll assume that it is a single 
line from a larger program, and 
that a while ago you typed RUN 
and the computer has just 
reached the line above. It looks 
at the first part of the line, after 
the line number, and scans 
through it unti l it hnds a 
character that is not 
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alphanumeric in this case, 
the equals sign. It then looks at 
the character it has read so far 
(the letter A) and checks that it 
is not a reserved word (LET, IF, 
GOIO, etc). In this case it 
decides tha t 'A' is not reserved 
Consequently the computer 
assumes that the statement is an 
assignment. If your BASIC 
requires you to use 'LET 
statements then it would give an 
error message at this point, but 
most popular interpreters permit 
LET to be optional . 

The interpreter assumes that 
'A' is a variable name. A 
routine is called to search a 
table of current variables. This 
is set up as the program runs 
and comprises a list of variable 
names and their values. The 
routine will search through for 
the name 'A' When it finds the 
entry it will store its memory 
address in an area of RAM 
reserved for the use of the 
interpreter (either on the stack 
or in a fixed place). The main 
section reads further and finds 
the name 'B' It calls up the 
variable-search routine again 
which tries to find 'B' in its 
table. If it can't find it, the 
routine creates a new entry at 
the end of the table enabling it 
to find that variable the next 
time it is needed. Most versions 
of BASIC (but not that on an 
Acorn ATOM) will set the value 
of the variable to zero when it is 
created. 

The search routine is finally 
able to return the address of the 
variable B to the main 
interpreter. The main program 
can now look at the fourth 
character on the program line! 
It finds the plus sign (which also 
marked the end of the name B) 
and makes a note that it will 
have to do some adding - but 
first it must work out what to 
add. It reads further and locate 
the figure '1' then the colon 
which Signifies the end of the 
statement. Other types of 

INTERPRETERS 

Just what does turn all 
that BASIC code into 
something the computer 
can run? The answer is 
a special program 
called an Interpreter. 

BASIC might use a different 
character to mark the end of a 
statement - on a Sinclair 
computer, for example, the end 
of the line signifies the end of a 
statement since only single­
statement lines are allowed. 

Now the computer calls a 
routine to convert the figure' l' 
from its format in the BASIC 
program (an ASCII character 
with code 49) into the binary 
format used by the 
microprocessor. When you type 
in your numbers in base ten 
using one character for each 
figure. When your computer 
does arithmeti c in base two it 
uses one character for every 
eight figures! Consequently the 
interpreter has to use a quite 
complicated routine to convert 
numbers from decimal to 
binary. Even though in this case 
we are only converti ng a single­
digit number (in either base!), 
the routine used must work for 
all lengths of number allowed 
by the system and make the 
appropriate changes if it finds a 
minus sign or a decimal point. 
Once it has discovered the 
correct value, it can call a 
relatively short subroutine to 
actually add what it has worked 
out to the number in the 
workspace area. Once the 
calculation is complete, it 
retrieves the location of variable 
A (remember variable A 7) and 
stores the result there 

Hardly pausing to catch its 
breath, the interpreter now has 
a look at the next statement. It 
checks that GOTO is a valid 
word - this is where your 
WHAT .. IF and IF 
NECESSARY statements get 
th rown ou t. In the case of this 
line, the GOTO part tells the 
interpreter to get ready to 
change line numbers. It reads 
the next part of. the statement -
the line number - and converts 
it into a binary number. Then it 
will merrily search all through 
the program lines in the III-
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INTERPRETERS 

memory trying to find a line 
with a number that matches the 
one in its buffer. If it finds one, 
it stops searching and gets 
ready to work out or 'parse' the 
first statement on the new line. 
If it fails to find a match 
anywhere in the program, it 
gives up and prin ts an error 
message; unlike the case of 
variables, it is not considered 
good form for an interpreter to 
create a new line of program if 
i t can 't find the one requested! 
The only computer which comes 
close to doing this is the ZX8 1 
which Jumps to the line with a 
number closely following the 
one chosen if you try to GOTO 
a lioe which isn't there 

TOO SLOW? 

That was a simple example of 
the execu tion of a program line 
but it summarises the workings 
of virtually all BASIC 
interpreters . Various 
programming trick_s are 

somtimes used by their authors 
to make the program text easier 
for the mterpreter to parse or to 
convert; reserved words may be 
compressed into special 
character-codes, or pointers 
may be used to help the 
in terpreter hnd its way from one 
li ne to another. Whatever 
methods are used, a relatively 
small proportion of the time 
during the running of an 
interpreted program is taken 
up in searching through tables 
in memory or in converting 
informati on from one format to 
another. 

All this may not worry you 
much as a personal computer 
user. So long as the machine 
can do it faster than you can 
work it out on your fingers or at 
the typewriter, all is well, 
Sooner or later, however, you 
will hnd that your program isn't 
running quite as fast as you 
would li ke. Maybe it is the 
unnerving way the Space 
Intruders judder to a halt when 

Location Contents Meaning 
Header 

Pointer to nex t line 

I~!~r-~IT IOFD 00 
IOFE 41 
IOFF 64 
1100 35 
1101 00 
1102 OA 
1103 I I 
1104 14 
1105 00 
I IClS 42 
1107 B4 

I JOB I I 
I ICC IE 
I IOD 00 
I IOE 9E 
II OF 41 
1110 2C 
I II I 42 
111 2 00 
1113 .00 

111 4 00 
Fig. 1. How a short section of 
BASIC is stored in the 
memory. The program reads 
from top to bottom and the 
BASIC has been tokenised. 
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Line number 
( lO in Hex) 

A 

5 
Newline 

Painter to ne xt line 

Line number 
{20 in Hex} 

B 

Newline 
Pointer to next line 

Line number 
{3Q in Hex} 

PRINT 
A 

you try to move your laser and 
shoot them at the same ti me -
maybe it's the long wait while 
your computer sorts your 
massive list of friends into order 
of protocol. Either way the fact 
that the computer is execu ting a 
few thousand machine 
instructions evey second doesn' t 
seem to help much. You will 
probably have come across a 
variety of suggestions to be 
used to speed up programs -
pecu li ar things like using as few 
variables as possible, putting 
your subroutines at the start of 
the program, using variables 
instead of constan ts, etc. Maybe 
this article wi ll explain how 
some of these ti ps are of use in 
reducing the overheads 
imposed by the interpreter. 

Another chronic problem 
when a computer uses an 
interpreter is the way i t never 
learns by its mistakes. You 
would expect any sensible 
machine, surely, to know where 
line 200 is after it has been sent 
there a few limes? 
Unfortunately this is not the 
case; each time the interpreter 
executes a li ne it has to start 
working out what the contents 
mean from scratch . 

Hopefully you have now 
guessed what a compiler does 
It translates a program written 
in 'source' form - the PRINT 
and INPUT statements you are 
used to writing - into a 
program which the processor 
can execute more or less 
directly, without all that 
searching and conversion. A 
compiler usually makes two or 
more 'passes' or repeated 
searches through the program 
text from start to finish. Usually 
the computer must be told by a 
special command to compile the 
program before it can be RUN 
at all. There is a vital difference 
here between compiled and 
interpreted programs: when you 
type RUN under an interpreter, 
you are telling the 'editor' (a 
part of the BASIC which allows 
you to type in lines) to start 
executing the interpreter; when 
you type RUN under a· 
compi ler, you are telling the 
computer to actually execute 
the machine-code generated 
when the source was compiled. 
A few compi lers will operate 
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automatically when you type 
RUN - they compile and 

~h~~!:r ~:~~:li~es~~! ~Ulas 
compi le each line as it is typed 
in although these are not 
usually as efficient a the ones 
which treat compilation as a 
separate process. . 

Generally a compiler will 
first pass through the program 
text working out where each 
line will be in the final code 
and reserving space for the 
variables used. Once that 
analytical pass is complete, the 
compiler is able to go back 
through the BASIC program, 
converting GOTOs and similar 
instructions into d irect machine 
code jumps to the lines 

fh;~~;r:ri~~:~dd;~;:e~d out 
earlier. 

All the variable references 
are converted into simple 
instructions which tell the 
processor to transfer information 
to and from memory. Constants 
(eg 32767, 0.778, 1.6775E-6, 
"TOAD") are converted from 
the text typed by the 
programmer into binary that 
can be easily used by the 
micro. It is usually still 
necessary to provide some 
routines outside the actual 
program code - for example, 
most microprocessors cannot 
handle floating-point 
calculations internally - so 
these fu nctions are set up as 
subroutines and either built in to 
a 'library' at one end of the 
compiled program or inserted. 
into the code when they are first 
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used.. Unless the subroutine is a 
very simple one, it will only be 
bUilt in once. Other parts of the 
program that need it will just 
call it when necessary by 
loading memory or registers 
wi th the parameters (the data to 
be processed and a note on 
where to put the result). Then it 
calls Up the required routine. 
The final result is a machine 
code program which will do 
everything that the equivalent 
BASIC would have done - but 
maybe 10 times faster! 

THE REASONS WHY 

At this point it is worth 
considering the advantages of 
using an in terpreter. The most 
important advantage becomes 
apparent when you try to 
modify a compiled program 
you will usually have to reload 
and recompile the entire source 
listing source listing before you 
can test even a one-line 
change. Once a program has 
been compiled the original texl 
is no longer in the com puler 
memory and the machine code 
that replaces it is almost 
impossible to modify. 

In the compiled program 
you cannol simply insert a few 
extra instructions; the rest of the 
program relies upon the fact 
that the instructions (variables 
and so forth) are in fixed 

h~~f~~~~l!d~ Aft~;;~~ ~~~e 
changed a compiled program 
those addresses will probably 
be wrong. A jump which used 
to send you to line 100 of the 

INTERPRETERS 

original program might now 
drop you into the middle of the 
previous li ne. The source 
program must be translated 
again before it will work. An 
interpreter makes a search for 
each item of data whenever it is 
referred 10, so the problem 
doesn't arise. 

This problem becomes even 
more annoying when you are 
trying to track down an elusive 
bug in a compiled program. An 
interpreter will let you insert 
STOP and PRINT statements al 
crucial places in the program; 
you can even patch in a GOTO 
to skip over a given section of 
the listing. It is easy to start a 
program from a point in the 
middle, perhaps using variables 
set up earlier but as most 
compilers generate pure 
machine code (without line 
numbers or comments) , they 
rarely permit interruptions of 
this kind and each and every 
temporary change must be 
compiled. with the whole 
program. As a compilation 
usually takes minutes rather 
than seconds, the speed 
improvement offered by a 
compiler begins to look slightly 
less attractive to the 
programmer. 

WHICH TO CHOOSE? 

So fa r we have made no 
mention of the relative sizes of 
compiled and interpreted 
programs. The main advantage 
of a compiler is that once it has 
done its job, it can be removed 
from memory as the compiled 
program is self-supporting 
machine code. An interpreter 
must be resident with your 
program when you type RUN 
(really the interpreter does the 
RUNnning!). In practice quite a 
few routines used by an 
interpreter must be duplicated 
inside a compiled program -
for example, code to handle 
arithmetic, read from the 
keyboard or write to the screen. 
Generally a compiled program 
will take up slightly less space 
than an interpreted one with its 
interpreter but the difference is 
not great. Many micros have 
their interpreters in ROM so 
that the space occupied cannot 
be used by a compiler anyway. 
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COMPILERS 

I
n article on Interpreters 
we explained some of the 
features of compilers for 

BASIC personal computers. 
Here we look at one ingenious 
commercial product - the 
ACCEL2 compiler lor TRS·&) 
and Video Genie. This program 
demonstrates may of the 
strengths and weaknesses of 
compilers in general. We're 
grateful to Southern software, 
the UK authors, for permission 
to describe some of its inner 
workings as they illustrate many 
of the points that a user should 
consider when attempting to 
enhance the features of almost 
any BASIC micro. There is no 
reason why a compiler along 
the lines of ACCEL2 could not 
be written for any of the 
popular computers. 

LOADING AND USING 
ACCEL2 

Briefly, a compiler is a 
program that translates BASIC 
statements from Ihe 'tokens' in 
memory (eg FOR. GOTO, etc) 
into machine code. Once a 
program has been translated it 
is much more difficult to modify 
than when it was 'interpreted' 
but it can be run ten or more 
times laster! 

58 

The compiler was supplied on 
digital cassette, accompanied 
by a strikingly-bound IS-page 
manual (it is compatible wth 
disc systems). Two iden tical 
copies of the program are 
recorded on the tape, which is 
loaded using the Level 2 BASIC 
SYSTEM command since it is a 
machine-code routine. When 
first run, the message "TARGET 
ADDR?" appears. This feature 
allows you to store the compiler 
anywhere in your computer's 

~~~~a;rc~l);~~~~ i~!lf to the 
target address that you specify 
in answer to the prompt. That 
means it is compatible with all 
'memory sizes' (so long as there 
is enough room for it to load 
in the first place). Normally you 
should reserve an area of 
memory out of reach 01 BASIC 
when the machine is switched 
on . The program doesn't check 
that the memory address 
specified contains free memory 
but only the most confused 
programmer would consider 
that a problem. The manual 
contains a usefu l table of 
suggested storage areas for 
different systems. 

The ACCEL2 compiler is 
remarkably small - it only 

Here is another method 
of getting BASIC 
programs into a form 
that can be used by the 
micro. 

occupies 51;2 K of user RAM and 
loads in less than two minutes. 
About three-quarters of it can 
be deleted once compilation has 
taken place (most of the 
program does the translating 
rather than suport the operation 
of the final compiled BASIC 
program). Once the compiler is 
in memory, you may load or 
type in any BASIC program 
that will ht into your remaining 
RAM. You may even RUN the 
program in the normal way and 
it will execute as if the compiler 
was not there. When you thi nk 
there are no more errors in the 
program, you may compile it by 
typing the new command IFIX. 
A 14K program should compile 
in about two minutes. There is 
no way to interrupt the compiler 
while it is working; if you press 
the Reset button before the 
prompt re-appears, you will 
have to reload both programs 
before you can get any sense 
out of your system. 

HOW IT WORKS 
The compiler works by looking 
through the BASIC program in 
memory and trying to find 
instructions that could easily be 
performed in machine code. It 
would not be possible to fit a 
full -feature compiler into only 
5632 bytes of ZOO machine 
code, so ACCEL2 sels out to 
translate only those functions 
that can be enhanced most 
dramatically by compilation. It 
relies upon the lact that once the 
program is compiled, it cannot 
be edited. That means that most 
of the searches carried out by 
the interpreter can be replaced 
by simple instructions that fetch 
data di rectly from some pre· 
calculated memory address. 
These addreses are worked out 
by ACCEL2 while compilation 
takes place and are stored 
immediately inside the compiled 
program. The ZOO processor 
used in Video Genie can only 
directly process numbers in the 
range - 327f:i31 + 32767 (the 
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range thai can be stored in one 
of its 16 bit registers). Integer 
whole number) values on most 

mi ni and micro-computers fal! 
into this range and are useful as 
general·purpose stores in 
programs. Loop counters, 
g raphics co-ordinates and 'flags' 
a re generally integer values and 
Apple, Tandy and PET 
computers all support special 

'interh
e
; zooif~~~~ction set 

includes integer addition and 
subtraction but not 
multiplication, division or 
complex functions such as 
square-root. These must be 
performed using a large 
number of machine code 
i nstructions and consequently 
ACCEL2 does not directly 
compile them. All GOTOs and 
other line number branches can 
be compiled since the target of 
a branch is static. ACCEL2 
replaces those instructions by 
machine code JUMPs. This is a 
most valuable improvement over 
interpreted BASIC - a Z80 
jump takes about five millionths 
of a second on a TRS·OOor 
Video Genie (even less on a 
computer with a 6502 processor 
like Apple or PET). The BASIC 
interpreter won't even have 
worked out what comes after the 
GOTO, let alone check the 
syntax, convert the number to 
binary and search all the way 
through memory to find the line 
required! 

There are quite a few other 
BASIC functions that can be 
handled directly by the 
processor . Graphics commands 
such as SET, RESET and POINT 
are reall y only elaborate ways of 
setting or clea ri ng bits in the 

AOCCEL~l':e~il~~s~ft~ by calls 
to a set of simple subroutines. 
GOSUB and RETURN have 
direct machine code 
equivalents, and very little code 
is needed to simulate a FOR 
NEXT loop since it usually only 
uses integer addition, 
comparison and jumps (so long 
as the index variable is an 
integer - and this is usually the 
case). PEEK and POKE are 
simply compi led and constants 
(such as "FRED", - J(XXJ, 3. 14, 
etc) are stored as binary values. 

As well as translating those 

Per-ona! Software Winter '83 

statements into machine code, 
ACCEL2 is faced with a large 
number of other more complex 
operations: fl oating-point 
calculations; string-handling; 
and so forth. These are 
compiled in a rather different 
way. The data to be processed 
is fetched as detailed above but 
rather than operate upon it 
directly , ACCEL2 calls up 
routines within the ROM 
interpreter to actually work out 
the results. Even though it is the 
same code 'doing the work', the 
BASIC intepreter normally 
spends so much lime searching 
for data that ACCEL2 can 
usua!ly speed up those functions 
by three or four times. Most 
functions that are very complex 
(such as SIN and all the 
varieties of PRINT) are le ft in 
their interpreted form, keeping 
the size and complexity of the 
compiler down. You may 
choose to compile only a part of 
your program at a time and 
ACCEL2 will automatically take 
over from the interpreter when 
it comes to a compiled 
statement, relinquishing control 
later. It is this feature that 
makes ACCEL2 in teresting to 
the programmer since it permits 
a compiler to be written 
piecemeal, one function at a 
time. In fact ACCEL2 was 
written in this way - the 
original 'ACCEL' being a 2314 K 
program that only compiled 
branches and most integer 

(Fo~rh~11~~'eI~~~c~i~f aA~~~Le2) 
and is ideal for games and 
similar programs. 

ACCEL2 converts compiled 
statements into REMs followed 
by machine code. To prevent 
confusion and to reduce the size 
of the compiled program, 
genuine comments are ~emoved 
from the BASIC before It is 
compiled. Despite this, 
compi led programs are usually 
larger than their iniepreted 
equivalents 

HANDING OVER 

To accomplish the handover 
of control between compiler and 
interpreter, a very valuable 
feature of Microsoft (and most 
other) BASIC interpreters is 
used. You may have been 
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disappointed to discover that on 
your PET, TRS-OO or Apple no: 
all of the internal memory can 
be used to siore BASIC 
programs . The interpreter 
borrows a few hundred bytes to 
store partial results of 
calculations and various other 
notes on the progress of a 
session at the keyboard . There 
is also a table of memory 
addresses (or JUMP 
instructions) in RAM and the 
interpreter calls at those 
locations at various key points 
in the execution of a program . 
There are about fifty 'vectors' in 
reserved memory on a Video 
Genie or TRS-OO, and two 01 
them are of special interest to 
compiler authors since they ar 
used just before each direct 
command is processed and 
before statements are executed. 
On a Video Genie or TRS·OO 
(Model I or 3) these vectors are 
stored at 4182 Hex and 41C4 
Hex - other interpreters will 
have equivalent vectors at 
different addresses. 

Normally the vector 
locations contain nothing more 
than a jump back into the 
depths of the BASIC ROM but if 
a machine code program wants 
to take over at times , it need 
merely replace the vector in 
RAM with one pointing to its 
own routines. It can check 
what's going on when it is 
call ed up and either jump back 
to ROM if it doesn't want to 
interfere or process the 
statement in its own way and 
then re-enter the interpreter at 
the point where the next 
instruction is fetched. Extended 
BASICs and 'Toolkits' use these 
vectors to add to the commands 
on a computer - once the 
relevant locations have been 
found, a user can expand the 
system software of his computer 
little by little; there are books 
avai lable describing the 
workings of most of the popular 
microcomputer interpreters. My 
recommendation for TRS· B:)J 
Video Genie users is 'Pathways 
through the ROM' distributed 
by The Softwarehouse. 

To ensure that ACCEL2 will 
use the same variable storage 
a rea as BASIC, it checks 
through memory during 
compilation working out where .... 
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each variable will be stored and 
where each line of the program 
'#ill eventually end up. To make 
the compi led program exactly 
compatible with normal BASIC, 
ACCEL2 has to do a certain 
amount of 'housekeeping' as it 
runs. For this reason the 
compiled program is usually 
somewhat larger than the 
original version. To try to 
minimise that effect, ACCEL2 
removes comments and 
unnecessary spaces form the 
BASIC before compilmg i t. 
ACCEL2 wi ll issue an OUT OF 
MEMORY error if the compi led 
program ends up too large to fi t 
in you r compu ter. Often you 
can get around this by only 
compiling the part of the 
program that is executed most 
often. This keeps code 
expansion to a minimum and 
with care, the mixed code wi ll 
ru n almost as fast as if i t were 
all compiled . After such an 
error you have to reload a copy 
of the origina l 'source' BASIC 
entered using the interpreter; 
you cannot edit the partially­
compiled program to cut it 
down . 

ACCEL2 has facilities to 
allow a compiled program to 
load another from disc . It 
automatically looks for a 
compiled version first and then 
for an interpreted one if the first 
search fails. That feature allows 
a disc user to compile a set of 
linked programs one at a time 
(without having to re-compile at 
each stage). The new disc 
commands are ILOAD ,iSA VE 
and IRUN. 

EXAMPLE PROGRAM 

Figure I shows a simple 
program before and after 
compilation. The' % ' signs 
indicate that X and Yare 
integer variables. These should 
be used whenever possible in 
compiled programs since they 
can be processed much faster 
than normal floating-point 
variables . It is not very valuable 
to try to compare the speed of 
individual instructions when 
interpreted and compiled, since 
the larger the program the 
longer the interpreter spends 
finding a given variable or line . 
A compiler will take a long time 

'" 

''" "" 
"" '" 
100 
110 H~tl 

14Q ,, ~ .. 

lGO ~"D 

11(;9 "Y1"~" , "U~~ IN 5." ~~CO.'D~I 

Fig. !. The example program before and 
after compUatlcnby ACCEL 2. 

to translate such a p rogram as it 
is doing at one step all the 
searching and converting that 
the interpreter does bit by bit 
(and generally over and over 
agai n! ) . This tiny example was 
compiled by ACCEL2 in less 
than a second and ended up 
using rather more memory than 
the original - 169 bytes instead 
of 126. The routine simply turns 
the entire computer display 
white by individually turning on 
each of 6144 g raphics pixels . 
Interpreted BASIC took 36.5 
seconds to execute the 
program ; after compilation it 
ran in just five seconds This 
speed improvement of around 
seven ti mes is obviously not 
typical since most programs will 
use complex functions such as 
PRINT and decimal arithmetic. 
There again, ACCEL2 is at its 
least impressive when compiling 
small programs, and most 
programs wi ll be accelerated by 
at least a fador of two or th ree 
times jf they are compiled. 

The compi led program may 
look rather odd; the original 
REM has been removed from 
line 100 but the line number 
alone is left there in case it is 
referenced by other parts of the 
program . The RE Ms conceal the 
compiled mach ine codes; 
ACCEL2 deliberately prevents 
the machine code from being 
li sted (it wouldn't make sense, 
either to you or to the LIST 
routine ). END is never 
compiled so it appears 
unchanged. 

COMPILER 
RESTRICTIONS 

ACCEL2 cannot compile array 
references with more than one 
dimension but th is is not 
normally a major restriction. 

The size of an array must be 
known at compilati on time (10 
INPUT A 20 DIM CD(A) is not 
legal) but this can be avoided 
by always dimensioning arrays 
to the largest size req uired. 
ACCEL2 will be of little use in 
programs limited by the speed 
of peripherals such as disc, tape 
or printer. A version of 
Conway's game of LIFE has 
been written and found to be 39 
times laster under ACCEL (the 
original 2314 K subset of 
ACCEL2) than when the BASIC 
interpreter alone was used . 
However, the program was 
written especially to be 
compiled and consequently a 
slightly faster interpreted 
routine could probably be 
found . 

READ and DATA statements 
are not compiled since ACCEL2 
cannot tell whether DATA is 
going to be stored in string or 
numeric format when the 
program is run. READ and 
DATA can be invariably be 
replaced by assignment 
statements so this is not a major 
problem. ACCEL2 wi ll only 
compile statements that it can 
translate completely. Although 
SIN, TAN and most other 
complex arithmetic operations 
are not compiled directly , 
ACCEL2 uses a neat dodge to 
compile comparisons using 
them. The hne: 

is compiled into: 

(That first statement is perfectly 
legal interpreted BASIC!) The 
compiler uses TO% as a 
temporary variale to store the 
result of the compari son (try 
PRINT 2~ 2 and PRINT 2~ I on 
your computer). The compiled 
code behind the REM tets the 
value of TO%; it will be zero if 
the values are not equal, - 1 if 
they are. TO% is not a legal 
user variable anyway because 
the BASIC editor treats it as a 
reference to the reserved word 
TO. 

Most compilers generate a 
good many problems as well as 
advantages by comparison with 
an interpreter. ACCEL2 is a 
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special case since it remains 
dependent upon the computer's 
ROM interpreter. It is possible 
to test a program 'in slow 
motion' with the interpreter and 
the usual BASIC debugging 
aids, and then to compile the 
program when it is (hopefully) 
more or less free of errors . This 
is important si nce there is not 
much room for error- trapping 
code inthe 1200 bytes of run­
time routines. After ACCEL2 
has been used you cannot edit 
the program, delete lines or 
change the text in any way. If 
you try to do so, the interpreter 
will 'fall over' the machine code 
generated by ACCEL2 and the 
system will probabl y re- boot. 
You may still set or print 
variable values in immediate 
mode and then GOTO the start 
or middle of the program to test 
specific routines , It can be risky 
to GOTO li nes in the middle of 
the program since ACCEL2 will 
not recognise an accidental 
'Return without Gosub' error 
and will probably jump away to 
some indeterminate location 
quite possibly crashing in the 
process , GOSUB and REM are 
not allowed as immmediate 
commands since ACCEL2 uses a 
different type of GOSUB from 
BASIC and it uses REM to 
Signify compiled code. When 
the mach me holds a compiled 
program, you should not use the 
commands EDIT. AUTO, 
CLOAD?, CSA VE, DELETE, 
MERGE and SA VE, smce they 
assume that the program IS m 
Interpreted formal. 

The compiler gains some of 
its extra speed by dispensing 
with part of the 'housekeeping' 
done by the interpreter; i t 
doesn't check the current line 
number while executing 
compiled code so ON ERROR 
GOTO may not go where you 
want it to! Likewise TRACE will 
only display the line nu mbers of 
statements that have not been 
compiled . ACCEL2 doesn 't 
check the 'Break' key while it 
executes compiled lines; if you 
'get stuck' in a compiled loop 
you will have to use Reset to get 
out. 

We were only able to find 

c umulative Out of Memory error 
could develop. However, this 
problem has been fixed in the 
current issue of the compiler. 

ACCEL2 imposes a number 
of subtle restrictions upon the 
programmer. Lazy BASIC 
programmers have been known 
to write code that jumps out of a 
loop without terminating it, as 
in Fig. 2, This may fail under 
ACCEL2 since the ocmpiler 
never realises that the loop has 
been terminated. The code in 
Fig, 3 works correctly whether 
interpreted or compiled and as 

11' k. <'I ·· I\CCf: t. l CO~ L'I"~" 
H.~'rnICfl<.lN 

'" '" '" '" " '" " 

GOSUdSO 
PRIM'f "IUUllN~D' 

H0" 
roo< [_I III 1~ 

[f [>X TIIEN R~l'UNN 

Fig.:Z. A lazy programmer's loop which 
might fail under compilation. 

lU 'Ie .. •• I\CC~~2 H~VI~~O LooP 

2" GO~Ud ~~ 

" '" 511 FOR 1 _1'1\1 U 

;; g#U:~ Oi"~N B~;~~:-!~~~~: .. 
Fig.3, The correct way to do It lo'r both 
Interpreted and compiled progrgms. 

BASIC on the Apple 2 also 
requires this construct, the 
limitation is quite a reasonable 
one. The program will also fail 
if the default type of variable is 
changed (eg from integer to 
string) . This can sometimes 
happen by accident when 
Microsoft 12K BASIC is being 
used since variables are 
assumed to be floating-point 
until declared otherwise. Arrays 
should be dimensioned at the 
start of our program 
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With the exception of the 
INKEY$ bus, these restrictions 
are clearly listed in the 
ACCEL2 manual. G enerally the 
compiler will work faultlessly on 
programs that have been written 
with it in mind and the effort 
needed to conform with its 
idiosyncracies is not great. A 
machine code monitor is 
required to save compiled 
programs on tape since they are 
a mixture of BASIC and 
machin~ code, and must be 
saved along with the 1200 byte 
ACCEL2 run-lime routines, If 
this is done a compiled program 
becomes a self-contained fi le 
that can be loaded from 
SYSTEM and then RUN as if it were high-speed BASIC. If no 
monitor is available then all of 
ACCEL2 must be loaded 
whenever a compiled program 
is required and each program 
has to be re-compiled from the 
source before use. 

CONCLUSIONS 

ACCEL2 is a British 
development that illustrates a 
fascinating system of 'selecti ve 
compilation' The same 
techniques could be applied to 
almost any BASIC micro­
computer and in fact, an even 
more powerful compiler could 
be developed step by step. 
Program compilation seems 
certain to become a popular 
technique in the future -
ACCEL2 demonstrates an 
ingenious approach that 
combines man y of the best 
points of compilers and 
interpreters 

one minor bug in the purchased The cas .. !te version 01 Accel is totally relocatable, a lUeful 

compiler; if INKEY$ was ~c:u~~~ ::~~";~~~d~~~ It~ ~~:o,:./:~I~! :~~h~I~:'ogTOmming or 

____ f~O:lIo~w:e~d~b~Y~C~e:rt~a:in~s:ta~te:m:e:n:ts~a~~::::::::::::::::::::::::::::::::::::::::::~~ 
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POSTSCRIPT 

Since ACCEL2 was reviewed 
we have received a pre-release 
copy of the latest Southern 
Software compiler, 
imaginatively named ACCEL3. 
The new program is apparently 
a complete re -write of ACCEL2 
and incorporates some new 
features. 

ACCEL3 will compile non­
structured FOR .. . NEXT loops 
making it possible to compile 
programs containing jumps out 
of loops, condi tional NEXT 
statements and so forth 
ACCEL2 didn't do this often 
leading to changes being made 
to a program before it could be 
compiled. The snag is that the 
extra code to handle 
unstructured loops slows up 
compi led programs - FOR . . 
NEXT statements used with the 
new compiler are about half as 
fast as they were under 
ACCEL2. Similarly ACCEL3 
now compiles references to 
a rrys with more than one 
dimension but the speed of 

access to one-dimensional 
arrays has suffered. 

ACCEL3 compiles some 
fu nctions that ACCEL2 used to 
leave for the BASIC interpreter 
to handle. In particular, 
floating-point FOR .. NEXT 
loops and functions such as INT 
and SQR are now compiled into 
ROM calls. The compilation of 
the functions (e9 SIN, etc) 
doesn 't really speed them up 
since they take much longer to 
process than to interpret but it 
does mean that expressions 
using them can be compiled 
This would speed up the 
multiplicati on in 
X~ SIN(X) ' 3. 1416, for example. 
The USR(n) function, used to 
call a machine-code routine, is 
no longer compiled. ACCEL3 
will also compile programs 
which use variable-bound 
arrays, such as - 20 INPUT N : 
DIM A$(N,2) 

The ACCEL3 sales literature 
claims it is faster and generates 
more compact code than 
ACCEL2, but the difference in 
performance does not seem to 
be that great; the new compiler 
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no longer has the disc 
commands {SA VE, IRUN and 
(LOAD. ACCEL3 allows 
compiled programs to be 
SAVEd, RUN and LOADed just 
as if they were normal BASIC 
although they will not work 
unless the run-time routines of 
ACCEL3 are in memory. Even 
the cassette commands, CSA VE 
and CLOAD, can now be used 
to store and retrieve compiled 
programs. 

The pre-release version of 
the ACCEL3 compiler has been 
tested. using it to speed up a few 
well-known programs - it even 
found one or two unnoti ced 
syntax errors ! More than half of 
the programs compiled first 
time and most of the fest could 
be compiled once a few lines 
were shortened or expressions 
simplified. 

EDITOR'S NOTE 

Since Ihls a rbele was orlgmal ly 
Wri tten, ACCEL2 is no longer 
available (ACCEL3 IS) buil t still 
serves as a good example o j a 
complier. 
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.M'.ko.'aiiimii" __________________ CODING VS. PROGRAMMING 

ELEGANT 
PROGRAMMING - 1 

I f you've just finished learning 

y~~~ ~~h~o~P~~~~i:dL~ath~ 
fact that even though you are 
convinced that you understand 
the language it is still very 
di ff icu lt to write programs. 
However, this should not come 
as a ny surprise because 
knowing a language and having 
anything sensible to say in it are 
two very different things! In 
other words: 

Knowing a computer (or any 
other) language does not mean 
that you know how to u .. it. 

The question which is 
immediately raised is 'how do 
you become a programmer?' 
The most obvious answer is that 
it is only experience and 
practice that changes a novice 
into a ski ll ed programmer. It is 
the purpose of this series of 
articles to explain some general 
programming methods and 
ideas and so shorten the time it 
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takes for a beginner 10 graduate 
to an expert. However, this is 
not to say Ihat the expert will 
lind nothing of interest! 

The techn iques 10 be 
discussed in these articles are 
not dependent on any particu lar 
computer language. However, 
to make i t possible to give 
examples and ill ustrations . it is 
necessary to use a particular 
language and because BASIC is 
such a popular language there 
is an obvious advantage in 
using it. So, to be able to 
understand the examples, etc, 
you do need to be able to read 
BASIC . 

Each part of the series will 
be as self· contained as possible 
but it will some times be 
necessary to make use of 
material introduced earlier. In 
this first part of the series we 
will look at what a program is 
and what methods can be used 
to help in its production. 

SOLUTIONS AND 
PROGRAMS 
A program doesn't reall y have 
anything to do with a computer! 
People were using programs 

We start this series by 
explaining the 
difference between 
programming and 
coding. 

long before the inven tion of the 
digital computer, for example, 
recipes, knitting patterns and 
mathematical formulae are all 
e xamples of programs. A 
program is nothing more than a 
list of instructions leading to 
some predefined end - a meal. 
a scarf or the solution to a 
quadrati c equation. It is 
unfortuna te then that 'program' 
has come to mean something 
especially to do with digital 
computers as this causes the 
emphasis to be placed on 
'computer' rather than 
'program'. So 'to program' has 
come to mean the mastery of a 
computer language along with 
all its pa rticula r grammar. An 
expert programmer is supposed 
to be one capable of using 
many computer languages. 
Whereas, in fact, a programmer 
rna y know man y languages and 
know nothing of programming! 

The ability to program is in 
part the ability to find solutions 
- people who are good at 
solving problems usually turn 
out to be good programmers; 
those not 100 good at problem 
solving take a lot longer and 
some never make it at all ! 
Problem solving in general can 
be taught and if you're not too 
good at it then don't give up -
it is possible that no-one ever 
showed you how to tackle a 
problem. 

~~ ..;.A __ ", 

Solving aproblem gives you the 
solution. 
Knowing how you solved the 
probJem gives you oprogram. 

CODERS 
To make things clear let's 
examine which stage in the 
production of a computer 
program is correctly called 
programming. First, some III-
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statement of the problem must 
be found . However, this is not 
programming. Second. a few 
basic requirements for 
achieving the solution a re 
outlined . This is connected with 
programming but is more about 
what computers and humans 
can do . Third. a sequence of 
steps leadi ng to the solution is 
proposed , This is programming 
Fourth, the program is realised 
as a written program in a 
computer language. This is the 
stage that is most often referred 
to as prog ramming . It is, in 
fact, the least skill ful of all the 
stages and involves mainly the 
correct placement of commas 
and othe r matters of simple 
grammar. Given a program in 
the form of a detailed 
explanation or flow diagram, 
the translation to code can be 
done automa ti cally, and if this 
were programm ing, it wou ld be 
a very dull subject indeed. In 
short, 

CODING is not 
PROGRAMMING. 

EXPRESSING 
THOUGHT­
ALGORITHMS 
All that we have said about 
programming is obvious from a 
consideration of normal human 
behaviour. Just as a thought is 
independent of the lang uage 
used to express it - the colour 
red is the same concept whether 
wri !ten in English or German -
a program is independent of the 
computer language used to 
express it. The fact that it is 
possible to convert a program 
from one computer language to 
another should convince even 
the most practical mind that 
something abstract lies behind 
any program: they both use the 
same algorithm. In simple 
terms, an a lgorithm is a way of 
doing things and it can be 
expressed in many ways. 

At this paint it is important 
to realise that although it is 
convenient to think of an 
a lgorithm as something separate 
from a computer language, it is 
impossible to express an 
algorithm without using 
language. It is often thought 

that the flow diagram is in some 
way a 'pure' expression of an 
algorithm but it is certai nly no 
better than expressing it in 
language. Indeed, it's much less 
useful as no one has produced a 
computer that reads flow 
d iagrams (yet)! 

FINDING AN 
ALGORITHM 
So far it sounds as though 
p roducing a program is a very 
magical process. You read the 
problem, go off into a dark 
corner and an algorithm enters 
your head from nowhere and 
the rest is just coding I This is , 
of course , nonsense! Splitting 
the production of a program 
into findi ng an a lgorithm and 
coding doesn't make it any 
easier but it does help to 
iden tify where any difficulties 
lie. An algorithm is similar to 
an English sentence - it has a 
verb, telling us what to do, and 
a nou n, the object that we do it 
to! For example, in BASIC the 
instruction· 

tells us to add (verb) the 
contents of B (noun) to the 
contents of C (noun) . In 
programming languages the 
nouns are usually called DATA 
and the verbs are given a wide 
variety of names including -
operators, fu nctions, execu table 
statements, etc There is also 
another type of instruction that 
we might find in an algorithm 
as sometimes it is necessary to 
define what a 'noun' or 'data' 
obj ect is . For example, in 
BASIC the statement: 

DIM El (2~) 

contains a nou n 'B(20)' but no 
verb ! What it is doing is 
describing the object - ie it is 
an array of 20 elements 

Computer languages vary 
in the amount of data definition 
they require for a program. The 
language Pascal requires every 
data object to be defined before 
its use, but BASIC is a little 
more forg iving and supplies a 
wide range of predefined types 
such as 'standard' real variables 
and strings . Another wa y of 
looking at the sort of statement 

that describes data is to regard 
it as not just a passive definition 
but as an instruction to 
'organise' simpler data types. 
For example, the statement used 
previously , DIM B(20) , could be 
read as an instruction to 
organise 20 variables into an 
array called B. Seen in th is 
light such statements are often 
referred to as structuring the 
data 

At this stage it should be 
clear that the problem of 
finding an algorithm comes 
down to findi ng out what to do 
and what to do it to. However, 
once you have solved the task of 
what objects/data types you 're 
going to use, the problem of 
what to do with them very often 
solves itself! Which is fortunate 
because there is very little 
specificall y helpful guidance 
that can be given. There are, 
however, a number of general 
methods which will help you 
tackle a large problem and 
produce a program which is 
useful to other people. One of 
these methods , stepwise 
refin ement, is dealt wi th below 
but , before we move on to it, 
there remains one last difficu lty 
in programming that is worth 
discussing - background. 

BACKGROUND 
KNOWLEDGE 

It is surprising the way people 
expect programmers to move 
from one subject to another and 
still write usefu l programs. For 
example, professional 
programmers at various pOints 
in their careers might be asked 
to produce a stock control 
p rogram a nd later find 
themselves working on a project 
involving graphical display in 
three colours. It is c lear that, to 
make any progress with either 
problem, the programmer must 
firs t spend some time becoming 
familiar with the problem. The 
trouble is that all too often 
insufficient time is spent at this 
stage of bUilding up a 
backg round in the area before 
starting to construct a program 
The result is that the programs 
often work perfectly but do the 
wrong job or solve the wrong 
problem. 
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DiHiculties in writing a program 
can come from three sources-
1) lack of knowledge and ap· 
plication 0/ data structures. 
2) Jack 01 knowledge and ap· 
plication 01 problem solving 
methods. 
3) Jack 01 specific background 
information. 

STEPWISE REFINEMENT 
When you look at someone 
else's program or a program 
that you wrote so long ago you 
have forgotten all about it, the 
fi rst thing to do is to try to get 
an overall feeling for what it is 
doing. You might identify the 
fi rst twenty lines as an 
initialisation part, the middle as 
doing some calculation and the 
final part as output. Once you 
have this overall structure you 
can move on to seeing how 
each part does its job and find 
out how the calculation is done. 
Slowly your understanding 
grows as you identify the role of 
smaller and smaller parts of the 
program. Finally, you arrive at 
the point of view that the writer 
of the program must have had 
- you can see each instruction 
operating on every variable and 
know what each is for. 

Now, let's return to the 
problem of writing programs 
rather than reading them. 
Instead of thinking of the 
program that you are trying to 
write as a long list of 
instructions, think of it as a 
collection of modules each 
doing part of the job of the 
whole program. This, of course, 
brings with it the difficulty of 
deciding how to split the 
program into modules but , once 
again, considering how 
someone understands a 
program usually suggests a 
method. When trying to 
formulate a program you start 
with an overview and work 
down to smaller and smaller 
modules. You could think about 
writing a program as trying to 
understand one that you haven't 
managed to write yet, so why 
not start at the top! For 
example, the problem of writing 
a chess program is so 
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overwhelming that most 
programmers have difficulty 
starting. However, to start the 
ball rolling the first attempt at a 
chess program would be 
something li ke : 

start game 
play chess until end of 
game 
give results of game 

This may nol seem like very 
much progress but we can now 
look at each module and try to 
'refine' its definition. The next 
step, of course, is to attempt to 
reduce each of the smaller 
problems yet further . For 
example, our next attempt 
might be: 

start game­
print titles 
set difficulty level and who 
is white 
initialise board and other 
'play' variables 

play chess­
get move 
record move 
anal yse board 
make move 
end of game? 

results -
you win or r win message 

This process can be continued 
un til the program is complete. 
In fact , what normally happens 
is that the refinement con ti nues 
until one of Ihe modules can be 
written in BASIC and from then 
on, the refinement is carried oul 
as part of program development 
on the computer. 

This idea of taking a bigger 
problem and splitting it down 
inlo a number of smaller 
problems and then taking each 
one of the smaller problems and 
splitti ng them down further and 
so on is called stepwise 
refinement or top down 
programming. It has a great 

~hfch a:e~~~li~d b~~!~hel~ful 
is that it gets you started! In 
practice, the neat theory that 
programs are written by 
successive refinement is a little 
way from the truth. Even the 
most skilled programmer 
sometimes gets it wrong and has 
to backtrack. Sometimes a stage 
in the refinement throws light 

on earlier versions and a better 
method can be seen or, sadl y, 
sometimes a stage in the 
refinement can demonstrate that 
the overall approach is 
incorrect and there is no choice 
but to go back and start agai n . 
Still, at least you will now know 
one way how not to do it! 
However, it is very rare that it is 
impossible to salvage some part 
of the program designed during 
stepwise refinement. 

SUBROUTINES 
While we were discussi ng 
stepwise re finement, the idea of 
a module was introduced as a 
way of grouping together 
instructions with a common 
purpose. It would be an obvious 
advantage if the computer 
language the program was 
being written in made some 
provision to keep this grouping 
and, if possible, made it stand 
out in some way. VariOUS 
methods are possible but the 
only one available in standard 
BASIC is the subroutine. 

In BASIC you can collect 
together a list of statements and, 
as long as you end it with 
RETURN, you can treat it as a 
subroutine. The list of 
instructions can be referred to 
by writing GOSUB N where N 
is the line number of the first 
line in the li st. Most BASIC 
programmers will recognise this 
description of a subrou tine but 
might be a little confused by the 
way in which they are being 
likened to modules. Instead of 
writing the list of instructions 
out every time they are needed, 
a subroutine is constructed and 
GOSUB used instead . This is a 
valid reason for using 
subroutines but what we have 
discovered is that subroutines 
are usefu l even if the list of 
instructions is only going to be 
used once! This use of 
subroutines as modules makes a 
BASIC program which has been 
constructed by stepwise 
refinement reveal Ihe stages it 
has been through. The first 
stage gives rise to a program 
which is often nothing more 
than a list of GOSUBs. The 
second stage of refinement 
produces the BASIC which 
makes up the subroutines used ... 
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in the first stage and so on until 
all the subrouti nes have been 
defined. Thus, the stages of the 
stepwise refinemen t are frozen 
into the final structure of the 
program - the hierarchy of 
subroutines. 

This sort of programming is 
often referred to as top down 
modular programming (TDMP 
for short!). The advantages of 
TDMP are immense -
programs are easier to change, 
easier to understand and easier 
to debug. The only real 
disadvantage of this sort of 
program construction is thai it 
doesn't give the most efficient 
version of the program . It is 
difficult to give an example to 
show clearl y the advantages of 
TDMP because it only becomes 
apparent in medium to large 
programs - short programs are 
easy to write using any method! 
However, a short example might 
help to show what a TDMP 
program looks like. Consider 
the problem of reading in a 
string of characters and 
reversing its order 

10 GO SU8 100 ~ 

2~ GOSU8 200~ 

3~ GOSU8 300~ 
4~ GOSU8 400~ 
SII STOP 

Init i al Is . 
Get inputstrin<) 

:~r~~s~ e:~~!ng 

1006 8S-"" 
1 010 RETURN 

Clearolltputstrlng 

2111111 
2 ill II 
2112 11 

30011 
3010 
31120 
3838 
3 8 4 11 

4800 
4810 
4020 
41130 

PRINT " "YPE ANY MESSAGE" 
~~~~~N AS Re lld In string 

FORI .LEN(A$) TO 1 STEP-! 
GO SUEl5000 Get t tn character 
BS .. B$tC$ intovarlableC $ 

:g~R~ a tld add It to B$ 

PRINT 
PRINT "OLDSTRING-";AS 

:~~~~N "NEW STRING.- ; B$ 

The subroutine structure for this 
program looks li ke this: 

mam program 
I 

I I I I 
IrrrJ 2rrrJ = 4OCO 

I 
5COJ 

You may feel that having 
subroutine 2fX{) call another 
subroutine (ie 5CXX)) to extract 
the Ith character is going a little 
too far but, apart from 
ill ustrating the idea of the 

66 

second stage of refinement, the 
use of subroutine 5COJ makes 
conversion to BASICs that do 
not have the MID$ function a lot 
easier 

PARAMETERS 
The short example in the 
previous section shows up a 
number of the problems using 
BASIC's GOSUB and RETURN 
instructions to write modules. 
Computer languages vary to the 
extent that they recognise the 
need to use modu les - Pascal 
is very good and BASIC is 
terrible (indeed, BASIC's lack 
of a good method of forming 
modu les is its biggest let down 
as a programming language) 

The first problem with the 
BASIC GOSUB .. RETURN is 
that it is impossible to give 
names to subrou tines. Some 
versions of BASIC (eg BBC 
BASIC) do allow names to be 
given to a special form of 
subrouti ne (known as a 
procedure) but in most BASIC 
programs, the only real option 
is the extensive use of comments 
to make sure tha t the purpose of 
any subrou ti nes used is obvious. 
One tri ck which can be used in 
any BASIC that allows 
expressions to be used in 
GOSUB statements is to define 
variables with the appropriate 
names and assign the correct 
line numbers to them. For 
example, in Sinclair BASIC 
(used on the ZX81 and ZX 
Spectrum) you can write things 
like GOSUB 2' 1 + 56. So 
instead of GOSUB lCXXl, etc, 
you cou ld write: 

10 INITIA LI$E"10 ~0 

26 GE'l'$TRING" 20 ~~ 
311 GOSUBINITIALISE 
40 GOSUBGETSTRING 

A second and more serious 
limitation on the BASIC 
subroutine is that there is no 
way of using parameters (a 
parameter is perhaps most 
familiar to BASIC programmers 
from its use in functions). For 
example, in the fu nction 
definition: 

DEF FNT ( ... ,B)· ... tB 

the variables A and Bare 
parameters. They have nothing 
to do with any variable of the 
same name in the rest of the 
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program. The parameters 
simply show what the function is 
to do - ie add the fi rst 
parameter to the second. When 
a function is used, real 
variables are substitut8d for the 
parameters. For example: 

10 C.2 
200-3 
30 PRIN'l'FNT(C,O),FNT(D,C) 

The reason why parameters are 
so useful is two-fold - first the 
func tion can be written without 
worrying about what variables 
have been used in the rest of 
the program and second, the 
fu nction can be used any 
number of times with different 
data. These advantages would 
be no less welcome as part of a 
subroutine facility. 

Unfortunately, standard 
BASIC doesn't make any sort of 
provision for parameters in 
subroutines. It is true that one 
or two versions of BASIC (BBC 
BASIC again!) do provide 
extended subroutine faci liti es 
that include parameters but if 
you want to stay with standard 
BASIC, you have to either 
abandon the idea of parameters 
or settle on a system of naming 
variables within each 
subroutine. 

Consider the string reversal 
example. Subroutine 5C(X) 
returns the Ith letter of the 
string A$ yet can be re-written 
in a form which does not 
depend on the particu lar 
variables I and A$. 

5009 C50$·MID$("'511$,15&,1) 
50H RETURN 

Using the subroutine is now a 
littl e more long winded: 

3910 ... 58$" .... S ; I50- I ; GOSUB 5880 
3915 cs.eS-50 

but the subroutine can be used 
to extract the Ith character from 
any string variable and the 
answer can be stored in any 
other . The main advantage, 
however, is d ifficult to see in 
this 'static' example. Using the 
variables A5O$ and 150, 
subroutine 5C(X) can be written 
before the rest of the program 
secure in the knowledge that no 
other subroutine will use its 
variables! 
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I n the first article of 
this series we discovered 
that writing programs using 

modules was a good idea in that 
it provided a systematic way of 
constructing a program. What 
we have said nothing abou t so 
far is what sort of programming 
goes on within a module. If you 
are writing a large program 
then you can use the idea of a 
module, or subroutine, to break 
the problem down into a 
hierachy of smaller problems -
but at some point you still have 
to write some statements that do 
something l 

What this comes down to in 
practice is using IF statements 
to select between alternatives, 
FOR loops to repeat things and 
GOTO to get to other parts of 
the program. Notice that 
although it is possible to be 
precise about what IF and FOR 
are used for, the statement 
about the GOTO is very vague 
- why should we want to 'get to 
another part of the program'? 
The answer to this question will 
emerge in the course of th is 
article but along the way we 
will meet a collection of ideas 
that are usually referred to as 
'Structured Programming' or 
SP. So, if you've ever wondered 
what SP was all about - read 
on. 

AN ITALIAN MEAL? 
A program is executed one 
instruction at a time and at any 
moment the instruction that is 
being obeyed may be thought 
of as 'controlling' what the 
computer is doing. Thus, as a 
program runs, control is passed 
from statement to statement. 
This often referred. to as the 
'flow of control'. 

In a BASIC program, the 
rule is that control flows 
through the program in order of 
increasing line nu mber unless 
otherwise directed by a 'control ' 
statement such as IF, FOR, 
GOTO or GOSUB. If you are 
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given the listing of any BASIC 
program then you should find it 
possible to take a pencil and 

~~~~~n:il t~~~;~silir:~~h~ 
that the flow of control might 
take. In a very simple program 
with no control statements the 
flow of control line would go 

~~~J~h~~ef~~°be' ~t:t~~7~h~ ' 
line: 

" ,', 20 B +2 
30 P NT" 
U P NT B 

As programs become more 
complicated and use control 
statements such as GOTOs, 
then the flow of control line 
becomes split and doubles back 
on itself and its 'shape' becomes 
complicated: 

Neither of th-ese two example 
programs does anything useful 
so don't think you are misS1ng 
their meanings! 

As you might expect, the 
more tangled and twisted. the 
flow of control line becomes, 
the more difficult it is to 
understand the associated 
program. In BASIC the biggest 
cause of tang led flow of control 
is the GOTO statement. If you 
are used to writing programs 'as 
you go along' without planning 
then you will be both haphazard 
and opportunist in your use of 
GOTO. In other words you will 
use GOTO either to get you out 
of a situation that you have 
programed yourself in to or you 
will suddenly see how you can 
save a few Jines by jumping to 
another part of the program . If 
you go back and modify such a 

Producing a working 
system using structured 
Lubalin programming. 

program then the chances are 
that you will make the flow of 
control even more tangled than 
it was in the first place! 

~ , 
'q~ 

The free use of GOTO in BASIC 
produces a complicated flow of 
control. 

The result is that most BASIC 
programs resemble spaghetti. 
Unfortunately, this spaghetti 
image has tended ·to rub off on 
BASIC rather than on the 
programmers who produce it. 

There is another important 
problem with spaghetti 
programs. If you look at any 
small section of a program then, 
if the flow of control is very 
mangled, it is almost certain 
that there will be more than one 
way of reaching it. Now this 
may not be a problem if the 
program is working, but if 
you 're trying to debug it then it 
can cause unnecessary 
confusion. The value each 
variable in the section is 
supposed to have depends on 
two things - its initial value 
and what is done to it in the 
section. Although what is done 
to it is fixed and easy to see, if 
there is more than one way to 
reach the section of program 
then it is very difficult to work 
out its initial val ues because 
these depend on which route 
was ta ken. 

If you agree thai spaghetti 
programs are something that we 
could well do without then you 
will be interested to learn that 
there are some very simple 
rules that help produce clean, 
'well·structured' programs. If 
you do not see what is wrong 

:~~t sfofl;:~t~mea~ b~s~~e~m 
irrelevant and at worst an 
unnecessary cramping of your 
programming style . The usual ... 
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argument against SP is that 'free 
styl e' programming can 
produce the fastest and most 
compact programs. This is true. 
However, you can produce a 
program that is just as efficient 
by writing a well-structured 
program and then, by changing 
only the parts that are causing it 
to slow down, you can make it 
run at an acceptable speed. 

STRUCTURED 
PROGRAMMING 
The basic idea behind 
producing well-structured 
programs is very simple. 

-~ 
Use only a small number 0/ 
ways 01 cbCUlging the flow 01 
control. 

If we choose very simple ways 
of changing the flow of control 
and build up larger programs 
using these then the overall flow 
of control should be easier to 
follow for two reasons! 

1) It should be easier to spot the 
standard 'shapes' that make up 
the flow of control line, and 
2) There should be no 'tangles' 
in the flow of control line. 

If, in addition, each of the ways 
of changing the flow of control. 
can be put together so that each 
part of the program can only be 
reached by one route then so 
much the better. 

At this point you may think 
that although this solution 
sounds simple it is impossible to 
use. Surely you cannot restrict 
the ways in which control can 
pass through a program to a few 
simple forms? After all, think 
how complicated the flow of 
con Irol can be in a spaghetti 
program. Is it really possible to 
rewrite such a program so that 
it is well structured? 

The answer to both of these 
questions and many similar ones 
is YES! And this is not just an 
opinion. It can be proved that 
y,9u can write any program 
using a very small range of 
simple changes in the flow of 
control. In particular, any 

program can be written using 
only some form of IF statement, 
that will select between two 
alternatives, and some form of 
conditional loop, that will cause 
a group of statements to be 
repeated until a condition is 
satisfied . In terms of the flow of 
control, the IF statement divides 
it into two and the loop causes it 
to go back on itself . 

~ 
You can write cmy program us­
ing a combination of condi­
tional loops and IF statements. 

Although you can write 
programs using only these two 
types of control it is easier in 
practice to invent a few more. 
Traditionally, four types of flow 
of control have been used to 
write structured programs: 

1) The sequence (see Fig. I) -
This is the default flow of 
control in all computer 

languages and corresponds to 
instructions being executed one 
after the other . 
2) The DO ... WHILE (see Fig. 2) 
- This repeats a sequence as 
long as a condition, P, remains 
true. The test is made before the 
sequence block is entered. 
Therefore, it is possible to 
bypass the execution of the 
sequence at the first test. 
3) The DO ... UNTIL (see Fig. 3) 
- This repeats a sequence until 
a condition becomes true. 
Notice that in contrast to the 
DO ... WHILE, the test is made 
after the sequence has been 
executed - hence the sequence 
must be carried out at least 
once. 
4) The IF (see Fig. 4) - This 
tests some condition and carries 
out sequence 1 if it is true and 
sequence 2 it is false . 
The choice of these four is 
sensible in that it includes two 
types of loop - one that can 
skip the sequence without ever 
allOwing it to be carried out and 
one that insists that it is carried 
out at least once - and an IF 

Fig. :I. The DO ••• UNTO. loop structure. 
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that wi ll seled between two 
alternatives. Using these 
statements you can bUild any 
program, no matter how 
complex. 

Many computer languages 
contain this traditional set as 
direct instructions. For 
example, Pascal includes an IF, 
a WHILE and UNTIL 
statements. Other languages, 
for example many versions of 
BASIC, do not and as a result it 
is often said that it is impossible 
to write well -structured 
programs using them. This, 
however is not true. This 
traditional selection is just that 
- a SELECTION As long as 
you include some sort of IF and 
some sort of conditional loop 
then you can choose your own 
set of control statements and use 
them to write well-structured 
programs. 

In practice there are many 
advantages in using , or at least 
knowing about, the traditional 
set - they are the basis of many 
computer languages and are 
used by many other people. 

STRUCTURING BASIC 

The discussion about structured 
programming has so far been in 
general terms and seems to 
make no reference to any 
computer language in 
particular. However, lurking 
behind this discussion is the 
shadow of a computer language 
such as ALGOL or Pascal that 
includes the traditional 
structured control statements 
described. above. What this 
means is that most descriptions 
of structured programming 
concludes with some statement 
like 'SP is not possible in 
BASIC' Indeed, the argument 
that SP is a good thing is often 
incorrectly taken to mean that 
BASIC is a bad thing! But, 

~ 
SF is a programming technique 
applicable in any computer 
lallljuage. 

The easiest way of using SP in 
BASIC is to find equivalents of 
the traditional set of forms of the 
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END 

Fig • .. Th. eonditional braneh struetur • . 

flow of control. This is not 
difficult. For example, a WHILE 
loop can be written as follows. 

[

" om __ :00 m, oma] 
other.BASIC 
statements 

GOTO 
end of loop 
The UNTIL loop can be written 
as: 

start OflOOP:::-----l 

BASIC state~ent:"",, ~~~~J 
IF 'not' co~dition THEN GOTO 
end of loop 

The standard form of the IF 
statement is more difficu lt 
because of the different ways 
that the BASIC IF is 
implemented. Using only the 
simplest form of the BASIC IF, 
ie IF .. THEN GOTO, the 
structured IF of Fig. 4 can be 
implemented as: 

IF condition THEN GOTO 
BASIC statements 
corresponding to 

the ELSE part 

[~fs1g statements .... __ -' 
corresponding to 
the THEN part 

end of IF 

These days most BASICs come 
complete with a full 

form of the IF statement which 
is the exact equivalen t of Fig. 4. 
An important point to notice is 
that if the list of statements 
following the THEN or the ELSE 
is very long, it is advisable to 
turn them into subroutines. 

Although you can write any 
BASIC program using just these 
forms of fl ow of control, it 
would be silly to ignore the very 
convenient FOR loop. You can 
use the FOR loop to repeat a list 
of statements a known number 
of times. SP does place a couple 
of restrictions on the way you 
can use a FOR loop, for 
example, you should not jump 
to a statement that is in a FOR 
loop nor jump out of a FOR 
loop before it is completed. .... 
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THE 'ONE STATEMENT' 
IF 

There is a simpler form of the IF 
statement which is well known 
to BASIC programmers. It is the 
one that carries out a statement 
if the condition is true and skips 
to the next statement if it is 
false, ie 

IF condition THEN statement 
rest of the BASIC program 

This is just a special case of the 
general IF with no statement 
following the ELSE. However, 
this 'single statement' form of 
the IF is mOfe difficult to handle 
than it looks. For example, the 
one statement IF can be 
constructed from the two 
statement form of the IF simply 
by not writing any statement in 
the ELSE part: 

[
~OTodition THEN GOTO~ 
BASIC statements "~f------' 
forming THEN part 

end of IF 

But this can be simplified by 
changing the condition to 'not 
condition' and leaving the 
THEN part empty: 

IF not condition THEN GOTO 
BASIC statements 
forming the ELSE 
part 

end of IF4_-------' 

In BASIC it is easier to SKIP a 
list of statements when a 
condition is false than to carry 
out the list when a condition is 
true. 

FOR EXAMPLE .. 
At this point, an example is 
long overdue. It might be 
thought that the best sort of 

~n~~~~~edOt~~ ~~o~~:~~a~ one 
written in free style spaghetti 
and the other doing the same 
thing but well structured. In 

Fsri~~~~~~~~h\o ash~~rh:; f~7rt 
horror of free style 
programming is too long for the 
newcomer to SP to appreciate 
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what is going on in the 
structured version. Instead, a 

~~~r~rth;BaAS~~u!~~!~naTe~: of 
the WHILE, UNTIL and IF will 
be given. If you want to see the 
transformation that SP can bring 
to a spaghetti program then r 
would urge you to convert an 
existing program and see for 
yourself how much more clearly 
you understand the program 
and appreciate the method. 

~~ 
Structured programming is (Ill 

activity on-lookers rarely ap­
preciate. 

The example given below is a 
simple sorting program. Given 
an array A of size N, it sorts the 
contents into ascending order 
using a techn ique known as a 
bubble sort. The array is 
scanned and adjacent elements 
(ie A(l) and A(l + I)) are 
compared. If they are in the 
wrong order then their contents 
are swapped. The array is fully 
sorted when no swaps are made 
during a complete scan. 

A structured BASIC 
program to implement this 
method is given below. Notice 
that the lines of BASIC that 
correspond to the traditional 
structured flow of control are 
indicated. 

19 01I'1,o,(N) 

IfF li 
,II " 
N w t 1~0 
r It I U~ 
II F 120 

I 150 rL 1!: 
-- '" 

"" '" 

,., ,., 
iF I)'"N ·rItEN GOTO 179 
IF ,o,(I»A{I+l) THE:N 
GOTOll0 
1-1+1 · 
GUN 16~ 
,,_,0.(1) 
,0.(1).,0.(1 +1 ) 

~!~ .1) _T 

1.01+1 
Go·rO 'la 
II' KOIl ·rl-l£ol GOTU 5~ 

, .•• N£~;-r OF P HOG ""' ,4 

The IF in the middle of the 
program compares the two 
adjacent elements. If they are in 
the wrong order, the 'THEN' 
part swaps them and increments 
the index 1. If they are in the 
correct order, then the 'ELSE' 
part simply increments the 
index 1. The WHILE carries out 
the scan of the array A. As long 

as the index is less than N then 
the IF will be carried out (ie the 
loop continues WHILE I < N). 
The UNTIL is responsib le for 
the repetition of the scan until 
no swaps are made. The 
variable K is set to zero inside 
the UNTIL and remains zero 
unless a swap occurs when it is 
set to 1. Thus, if a swap is 
made, K is not zero and the 
scan is carried out again . 

There are a number of 
things that can be done to 
improve the readability of this 
program. For example, as we 
know how long the array A is, 
the WHILE loop can be 
replaced by a FOR loop. That 
is, instead of line 70, write: 

and remove lines 9J and 150 
and replace 160 with NEXT 1. 
Remember that this program is 
an illustration of SP methods 
and not necessarily the only 
way it should be written. 

PROGRAMMING STYLE 
Now that you know something of 
structu red programming you 
should try to write some 
programs taking particu lar care 
over how you handle the flow of 
control. As you gain 
experience, you do not have to 
feel that you are forced to apply 
structured programming as if it 
were a straight jacket. What is 
important is that you understand 
the ideals of good programming 
style. Within these idea ls you 
are free to develop your own 
methods. Do not value tricks 
that take a week to explain to 
another programmer, bu t try to 
make your programs clear and 
easy to understand. If your 
programs are easy to 
understand there is much less 
chance that a logical error will 
remain undetected for long. 
Remember, bugs love spaghetti! 
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ELEGANT 
PROGRAMMING -3 

SO fa r. in the series, we have 
consldered what makes 
good and elegant programs 

from a programmer's point of 
view. In other words, we have 
been looking at programming 
as an activity but we have not 
considered the product in much 
detail. If you use a logical and 
ordered approach to 
programming then the program 
you produce wil l be better than 
if you hadn't. Elegant 
programming methods do not 
guarantee a program that a user 
will admire, only a program tha t 
the programmer will admire! 

What makes an 'elegant' 
program from a user's point of 
view? The term 'elegant' 
applied to a program means a 
wide variety of things to 
whoever is using i t. Clearly how 
fas t and how small a program is 
are aspects of program 
efficiency. Just about everything 
else is a matter of elegance. 
Two programs may carry out 
the same job using roughly the 
same amout of time and memory 
but deliver en tirely d iffere nt 
degrees of service to the user. 
One may 'crash' (ie not 
complete the job) given only a 
small amount of user ignorance 
or perversity, whereas the other 
may allow the user the liberty of 
completely ignoring any 
instructions concerning the 
'proper use' of the program 

Other important aspects of 
elegance are not so obvious. 
Take, for example, maintenance 
and extendability. A program 
may do the job in hand today 
but what about tommorrow's 
job? Some programs can be 
modified easily, others are such 
a nightmare that it's preferable 
to slart from scratch! These and 
other aspects of elegance are 

;r~~~~~~~~ u~i;tE;d gaOn~ 
testing the product well, but this 
is not true of the degree to 
which a program is crash proof. 
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A good program js well wrjtten 
and well behaved! 

In the early days of computi ng, 
the demand was for a program 
to solve a specific proble m and 
if the result was a program that 
worked if it was treated with 
care then everything was fine. 
Users had to be content with 
what they got ! These days there 
is no excuse for producing a 
scrappy program along with a 
list of do's and don'ts. Indeed 
the average user demands a 
program that not only works in 
the sense of getting the right 
answe r but a program that does 
not crash no matter what is 
thrown at it. 

One reason for this is that 
the average user is becoming 
less technical as computers find 
their way into domestic 
applications. This means that 
programs have to be good due 
to the intolerance of the non· 
programmer. We can all 
imagine a typical scenario -
the computer game fanatic 
kicking his machine to pieces 
because just before he managed 
the score of 1,(((J,(((J,(((J 
(something only achieved once 
in a lifetime), the message: 

••••• INTEGER OVER f LOW IN 11839 ••••• 
*" SYSTEM A»ORT fUNCTION INITIATED •• 

appeared on the graphics 
sc reen . 

Another reason is that the 
number and quality of 
programmers is increasing. This 
has led to an awareness that 
things do not have to be quite 
so bad. 

ELEGANCE VS 
EFFICIENCY 
Some programmers would 

It's bug-hunt time as our 
series takes a look at 
crash-proofing programs_ 

a rgue that elegant programs are 
all very well but an efficient 
inelegant program is much 
better than an elegant program 
that takes a week to get its 
results. This is a valid but 
misleading arg ument. It is too 
often used in order not to 
bother about elegance. The 
claim thai a better job would 
have been done if more 
machine power were available 
is reall y no more than an 
excuse. This is thought to apply 
to micros in particu lar because 
everyone knows that they are 
not very powerfuL However, the 
following points should be kept 
in mind: 

1) A single user micro can be 
more powerful than a heavily 
loaded time sha re system. 
2) The bulk of most 
conversational programs are not 
speed. criticaL 
3) The time consuming parts of 
any program can normally be 
isolated and treated separately 

As computer hardware becomes 
cheaper and more powerful, the 
importance of efficient 
pr09"ramming becomes less and 
perhaps in the limit, vanishes. 
In other words: 

Efficiency js a hardware 
problem - programming js 
about elegance. 

Remember that you can double 
the speed of an Y pr09"ram 
simply by using a double speed 
microprocessor but the same 
factor of two is normally very 
difficult to get by programming 
alone. 

The reason the above maxim 
is only close to the truth and not 
entire ly true is due to the .... 
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existence of an area of 
theoretical computer sciencel 
logic known as complexity 
theory . You can show that for 
some problems, if you use the 
wrong algorithm the problem 
can take as long as the universe 
has left to i t to work out and 
most algori thms are the wrong 
algorithm . In this sense, 
programming is also about 
finding a good algorithm 

CORRECTNESS, BUGS 
AND CRASHES 
Assuming a program is using a 
method that wi ll in theory do 
the job required, there are a 
number of reasons why it might 
fail: 
1) There may be syn tax errors 
- th is is equivalent to a 
spelling mistake . 
2) The method might not be 
implemented properly, ie the 
program may not be correct. 
This is equivalent to not saying 
what you in tended to say. 
3) The program might fail 
because of some user generated 
condition - this is equivalent to 
being am biguous . 

The firs t two are what most 
programmers wi ll recognise as 
'debugging' a problem . The 
first problem is easy to deal with 
because your friendly 
interpreter or compiler will let 
you know what is wrong . The 
second program is very difficu lt 
to give any general advice 
about as it all depends on what 
alogorithm you should be using 
versus what algorithm you are 
using I You can also hnd that 
you are using the wrong 
algorithm for a wide variety of 
reasons ranging from just not 
knowing the correct algorithm 
to using the wrong variable at 
some point in a program 
because of a typing error . The 
third reason is a subtler but more 
common reason for a 'fully 
debugged' program crashing in 
use. It is worth examining why. 

When FORTRAN was 
introduced as the first high level 
programming language, it 
started an important trend -
programming by defau lt . F or 
example , the letters I to N were 
taken by FORTRAN to mean 
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integers unless otherwise 
instructed. A language such as 
ALGOL or Pascal would 
demand that the programmer 
declare that U ,K, N were 
in legers (or something) before 
they were used. Thus , in 
ALGOL-like languC!ges nothing 
is assumed about variable 
names, but in FORTRAN· like 
languages (i ncl udi ng BASIC) 
variable names are assumed to 
be one type unless otherwise 
instructed. The effect of this is 
that in one case programmers 
have to bUild something into 
their algorithm to deal with 
variable types and in the other, 
it can be ignored 

Programming by default 
seems harmless enough and 
indeed as long as it's confined 
to this sort of thing, it is 
positively an advantage; it saves 
a lot of time when wri ting a 
BASIC program to ignore 
declaring all the variables 
before they are used . The 
trouble wi th programming by 
default is that , without realiSing 
it, it has managed to work itself 
into the way an interpreter! 
compiler implements your 
a lgorithm ! 

ERRORS BY DEFAULT 

The most dangerous area of 
programming by default, 
because most programmers rely 
on it, is the automatic definition 
and handling of run time errors. 
Look at the error message lists 
of your BASIC interpreter -
each one indicates an error 
condition that in a good 
program should never happen. 
If one of them does occur then 
the sequence of action which 
results is usually not under your 
control. To summarise: 

The detection of run time er· 
rors and the subsequent ac· 
tions are usually part of the 
definition of the interpreter or 
compiler and are forced on 
your program. 

To make all thi s clear , let's 
consider the innocent looking 
problem of inputting data 

Normally, all that is involved is 
writing INPUT in a box in a 
flow diag ram and then 
translating it to an INPUT 
statement in BASIC. However, 
INPUT is a very complex 
operation and there are a large 
number of ways of interpreting 
it . For example, what is to be 
done if the input is of the wrong 
type? Most interpreters will give 
a cryptic error message and ask 
for the input again, some (the 
worst) simply give the error 
message and stop ! The 
implementation of INPUT on the 
PET is particularly frustrating 
for a beginner - if you type a 
Return withou t any inputs the 
program stops! This is clearly 
programming by default! 

In the first generation of 
BASIC interpreters , error 
handling was very poor. Most 
people felt luc ky that they had a 
BASIC interpreter at all and so 
handling errors was a small 
p roblem. As ti me passed, th ings 
got better and more error 
detection was built in. The 
trouble was that the write rs of 
interpreters think that most 
errors are best handled by 
them I 

If we examine how errors 
come about it's possible to 
define two types: 

1) Inner errors - these are 
intrinSically difficult to detect 
with in the language being used . 
For example, it is difficult to 
d iscover if arithmeti c overflow is 
going to occur before the 
execution of an expression. 
2) Oute r errors - these are 
detectable , in theory, at some 
point in the program before 
they occur . For example, in 
theory , it is possible to check 
that a fi le exists on disc before 
attempti ng to read it and 
generating a FILE NOT FOU ND 
type of error. 

In an ideal world , the writer of 
an interpreter wou ld transform 
all inner errors to outer errors 
and allow the programmer to try 
to detect them. Of course, if 
they are not detected the 
interpreter must still attempt to 
deal with them without crash ing 
the program, ie programming 
by defau lt is not all bad . 
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CRASHING IS 
UNNECESSARY 
Now thai we have recognised 
the problem in all its 
complexity, the solution is 
obvious. Rather than aIlew the 
interpreter to program parts of 
our algorithm that we haven't 
bothered about, we must take 
control! This is easy to say but 
often very difficult to do. In 
some cases, it lurns out to be 
impossible because of the poor 
quality of the BASIC 
interpreter. There are three 
broad methods 01 programming 
at the level of detail required, 
however, and some combination 
of the three should solve most 
problems. 
1) Smaller steps. In the 
example quoted, programming 
by default came about because 
of the different ways in which 
the INPUT box of the algorithm 
could be expanded . If, instead 
of using the blanket term 
INPUT, we had taken the 
trouble to define our 
requirements in detail then (if 
we are lucky) no crashes should 
occur. Thus, our first solution is 
to program ambiguous parts of 
an algorithm in smaller, more 
precise steps. This depends on 
there being a way of breaking 
the action down into smaller 
steps and not all dialects of 
BASIC will allow this. For 
example, in PET BASIC (and 
many others), the statement 
GET will return a single 
character typed at the keyboard 
without wailing for a Return or 
checking it in any way. (If no 
key has been typed then a null 
string '''' is returned.) This is 
obviously the smallest input 
action that can be defined in 
common BASIC. Using this 
simpler instruction, it is possible 
to build uncrashable input 
routines. For example, the 
follOwing short program will 
read in positive numbers. 

18 G£1'A$ 
29 IF AS-'" 1'HEN GOTO U 
3e IF AS-CHRS( 13) TliENGOT0100 
41 lFA$<-"9" THeN GOTO 79 
S9 PRWT "OlGrTS ONLY PLeAse l" 
6B GOTO 18 
70 IF AS<"O" 1'HEN GOTO 50 
80 I-I * lhVAL( AS) 
90 GOTOlO 

181 PRINT I 

Lines 10 and 20 get a character 
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from the keyboard. Line 30 
checks to see if Return has been 
pressed and if it has transferred 
control to line 100 to print the 
result. Lines 40 to 70 check that 
the character typed is a digit 
and line 50 prints a message if 
it isn't. If the character is a digit 
then it is converted to numeric 
form using the V AL function 
and added to the running total 
entered so far in 1. Although 
this program is virtually 
uncrashable (see later for how 
to crash it !), it is far from 
friendly. For one thing it 
doesn't allow you to edit any 
number that you enter. Friendly 
uncrashable input routines can 
become very long and have to 
be very comprehensive. (See 
MAXIMANDER in Personal 
Software , Vol 2 No 1, Summer 
1983 for an example.) 
2) Use prechecks. It is usually 
easy to detect an outer error 
before it happens. The problem 
is what to do if you succeed in 
detecting an error. For 
example, suppose you check the 
existence of a disc file before 
trying to read it - what if it's 
not there? If the program 
should have created it earlier, 
the only reasonable conclusion 
is a machine error - but what 
if someone has changed the disc 
during the fun or started the 
program somewhere other than 
at the beginning. A possible 
answer is to ask the user if it' s a 
good idea to start again. One 
thing is certain, however - it is 
not a good idea to print FILE 
NOT FOUND and stop the 
program! If the user was 
supposed to supply the fi le 
name then a polite message 

:~~ilie::i~~ ~7a~~~fn~s~rt~~~her' 
is often not enough. I have often 
been stuck in the middle of a 

~U"8HFILEt~hIN~UTfIL~O 
NAME AGAIN appearing each 
time I type another guess at the 
file name! It may be that the 
user cannot remember the file 
names so it is a good idea to 
offer the chance of looking at 
the disc's catalogue. 

Taken to extremes, acting 
on the detection of an outer 
error can border on an exercise 
in artifiCial intelligence. So 
remember, if life gets tough, 

ask the user what to do - he 
might after all have some non­
artificial intelligence! 

ON AN ERROR? 
It is possible to pre-check for 
most inner errors but in general 
it isn't easy. For example, the 
input routine given earlier is 
only almost uncrashable - if 
you try to enter a number that is 
larger than the machine can 
hold it, will crash with a cryptic 
message from the in terpreter. 
You might think that you can 
avoid this problem by adding 
the lines: 

If" I'IAXNUM-(I " U+VAL(A$l)<1 THEN 
G01'O IliJ 

111 ~~~NT "NUKliER ~oo BIG" 

~~: GOTO 1& 

to the program where 
MAXNUM is the largest number 
that the computer can handle. 
The trouble with this solution is 
that the program will still crash 
when the interpreter works out 
the expression in the IF 
statement. It doesn't mailer even 
if the whole expression works 
out to less than the largest 
number-if you reach the 
largest number in the course of 
the calculation then the 
program crashes! The correct 
solution is to change line 75 to: 

75 IF {KAXNUI'I-VAL(ASll/U<1 THE N 
GOTO 118 

This is the same test but it 
cannot cause a crash because 
the expression on the left of the 
'<' sign is certain to be smaller 
than MAXNUM. 
3) ON ERROR GOTO. Some 
dialects of BASIC convert a lot 
of inner errors to outer errors 
by using an ON ERROR GOTO 
statement. In BASIC, the ON 
ERROR GOTO statement is 
unique in that it doesn't do 
anything when it is encountered 
duri ng the running of a 
program. Following an ON 
ERROR GOTO 'line number' 
statement, any error detected by 
the interpreter causes a GOTO 
or a GOSUB to that line 
number. Hence, every error is 
detectable by the user and is an 
outer error. (Unfortunately , 
some BASICs define a set of III-
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errors that always cause 
interpreter controlled handling 
- this is unnecessa ry .) Most 
micro BASICs do have an ON 
ERROR statement; the notable 
exception being PET. The way 
that these work varies quite 
widely but most supply an 
additional variable called ERR 
or ERROR which contain the 
code of the error that has 
occurred and a variable called 
ERL or ERRLINE which contains 
the li ne number of the line that 
the error occurred in. Using 
these two variables it is possible 
to decide what to do about the 
error. After the error handling 
has been completed, con trol 
can be passed back to the main 
program by the RESUME 
statement wh ich will continue 
execution at the line the error 
occured or by RESUME 'line 
number' which will continue 
execution at the specified line 
number. 

The trouble with using an 
ON ERROR statement is similar 
to that of dealing with detected 
outer errors. A very simple 
program becomes quite 

complex il full error handling is 
included . For example, the very 
simple additi on program: 

" 2~ INPUT B 
3~ PR INT ...... B 
U (jOTO U 

becomes very long if you use 
ON ERROR to crash proof it 

I~ ~~p~~R~R (jOTO 11)8 

2~ INPUT B 
) 11 PRINT ...... S 
4e (jOTO U 

lile IF' tRR-6 THtN COTO 2ee 
1111 I F ERR-ll THEH COTO 2SiI 
1211 I f" £Rl'I_23THtN(jOT028e 
13e PRlNT· ... N£RRORHASOCCURRtD 

WI\ IC H SUGG ESTS A HARDWAR E 
, ... ULT" 
STOP 
PRINT -THE NIIMBERS ... RE TOO BIG 
"l' OCARR"i OIl "l'"l'HEARI"l'HMETlC" 

2U IF ER L- 30 "l'1\!;N RESUM!; U 
2211 RESUME 
2se PRIN"l' "PLEASE T"iPE A NUMBER -

NO"l' LETTERS' 
R!5UHE 

If any error occurs while the 
program is running then control 
is transferred to line 100. The 
variable ERR is checked to see 
what error has occured and 
various messages are generated 
to inform the user. (To explain 

the error codes - 6 is overflow, 
13 is type mismatch and 23 is 
linebuffer overflow.) Noti ce that 
the action taken depends on the 
error code and the line number 
that the e rror happened in. 
Also, the only condition that 
causes the program to stop is 
when the error is totally 
inexplicable a nd could on ly be 
due to a machine fault. 

~r 
II a BASIC has an ON ERROR 
statement then there js na 
excuse for any interpreter 
generated error messages. 

In the next arllcle ot thiS series 
we move away from 
programming techniques to look 
at some very necessary 
background information -
randomness and I ts use In 

programs 

T~HE What are you . . . Barbarian or Wizard? 1-,<: ) .~ ~ L~V Choose your character type carefully. , . Barbarians ~~ C'~ 
I I : :I.J I recover quickly but their magic doesn't come easily. 0." ~ 

- -:-~ CI ...... Lrullll A Wizard? Slow on the draw and slow 10 mature ... bul "f~ 6'17 
• " live long enough and grow wise enough and your "f~ _ 

lightning bolls are almost unstoppable. . . .""'9'~ 

The Valey is • real-time game of adventure and sunivlll. You may ch()()$lt one of rrve chamcter types ~~ 
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to be your pergonaI 'ex!em6on of self' to battle and pit )"Our wits agairN a number of monsters. Find 
treasure, fight a Thundtr-Ibard In the arid deset1s of the VaIey, conquer a Knlken In the lakes 
SlUTOunding the dread Tempe of Y'Nagiolb or cauterise a Wraith in the Black Tower. In fact , live out 
the fantnes you've only darrd dream about. BUT BEWARE ... mort! die than lin to teD the tale. 

You've mid the propu1 (Computing Today - April '82 .. . Now buy the tape. Tape versions (£11.45 
each Inc PAP and VAT) avaDable for: ZX Spectrum (48K), Alan 400 and 800 (32K) Dnigon, 

DBC Model A and D, Sharp Mz.80A , view (with 16K RAM pack). Oi<;c ,·emon (£13,~ taCh 
inc P&P and VAl) avalllbic for: Apple n (DOS 3.3), Sharp MZ-80A and PET 8032 (8050 dri,·es). 

fu.u instructions ~ included with the aame, bUI jf )·ou wanl mol"\' delaij on the prognmJ, a 16 page 
reprint of 1M original 'wmputing Tooa)"' article is available al £1.95 all Indusive. 
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ELEGANT 
PROGRAMMING -4 

A ft.er spending so much ~ffort 
in prevIOus parts of this 

series describing how to 
go about writing programs that 
behave predictably, it might 
seem counter-productive to 
spend this episode considering 
how to make programs 
unpredictable! However, since 
the start of the personal 
computer boom, playing games 
has been a major occupation 
and most computer games 
involve an element of 
randomness. 

Randomness in programs 
may be something that a user 
takes for granted but it can pose 
quite a problem even for the 
most experienced programmer. 
The trouble is that using 
randomness in programs 
depends upon knowing about 
something other than 
programming - ie probability . 

RANDOM 
COMPUTERS? 
The idea that a computer can 
be random in the same way as a 
thrown coin or a rolled dice is a 
strange one. A computer is a 
very complex mass of electron 
circuitry but at no point is its 
operation 'vague' in the same 
way as the behaviour of a 
thrown coin. If you know a 
computer's state at any moment , 
you can predict its state at any 
time in the future. This very fact 
is the basis of program 
debugging - for if we couldn't 
predict what the computer 
should do, how would we ever 
know that a program was 
behaving 'not as expected '! The 
first law of programming is that: 

/' 
A working computer is 
absolutely predictable 

and its obvious corollary is that 
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'an unpredictable computer is a 
broken computer'! 

All this talk of absolute 
predicability seems to widen the 
gulf between computers and 
randomness rather than 
reconcile them. However, the 
key to the problem lies in the 
p~eviou s sU9gestion that the 
flight of a com was 'vague' The 
toss of a coin is entirely 
predictable - in theory at least. 
In practice, its behaviour is so 
complicated that it is beyond 
the powers of most people to 
predict how it will land. 

This sort of randomness is 
different from most people's 
idea of randomness. A truly 
random event is one that is 
unpredictable in theory as well 
as in practice. An event that we 
regard as being random just 
because it is too di ff icult to 
predict deserves a different 
name. 'Pseudo-randomness' is 
the term that has been coined to 
cover this class of happening 
(pseudo meaning false or 
imitation .) Most of the things 
that we think of as being 
random are in fact pseudo­
random although sometimes it's 
difficult to decide. The point is 
that, in practice, there is little 
difference between randomness 
and pseuclo+randomness. If 
something is too difficult to 
predict, it matters little that it is 
theoretically possible to predict! 
You may be wondering at this 
point if there is anything that is 
truly random and theoretically 
impossible to predict. The 
answer is yes, but you have to 
look into the realm of atomic 
physics before you find it! 

PSEUDO· RANDOM 
NUMBERS 

The idea that you might bet on 
a single number can be 
extended to the case where a 
computer produces a whole list 
of numbers which are 
unpredictable {rather like 

Our series advances 
into the world of 
uncertainty and 
randomness. Can you 
compute the odds on a 
successful return? 

tossing a coin more than once). 
If th is list or sequence of 
numbers is going to prove 
useful as a source of 
randomness then it must be, for 
all practical purposes, 
unpredictable. Now the trouble 
is that most of the sequences of 
numbers which come out of a 
computer a re predictable or at 
the very least they show general 
patterns of behaviour, ie they 
tend to increase and decrease 
in regular ways. 

A sequence of numbers is 
said to be psuedo-random if: 

1) there is no 'practical' way of 
predicting the next number in 
the sequence, and 
2) there are no 'patterns' of any 
sort in the sequence that could 
be used to 'guess' the next 
number in the sequence 

This definition sounds 
reasonable enough - the only 
trouble is that it is entirely at 
the mercy of the words 
'practical' and 'patterns'. What 
one person might find practical 
may be another's impossibility! 
And as for the word 'patterns' 
well .!!! 

PRANGING IT 
The emphasis has now moved 
away from producing random 
events or happenings to 
something a li ttle more abstract 
- a pseudo-random sequence 
of numbers . As we shall see 
later, gi ven a pseudo- random 
number sequence you can make 
any event happen seemingly at 
random wi th a ny given 
probability, so producing such 
a sequence is of great practical 
importance. A program which 
produces pseudo- random 
numbers is often called {very 
reasonably} a Pseudo Random 
Number Generator or PRNG for 
short. It is very much more 
difficult than you might th ink to 
write a PRNG . The condition 
about the number not being .. 
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easy to predict is simple enough 
.:.....- for example, how many 
people can compute SIN(x) in 
their heads? I The other 
conditions cause the problem 
because most calculations, no 
matter how complex, lend to 
produce sequences of numbers 
which show a regular pattern. 

One of the first PRNGs, the 
mid square method, was 
suggested by the mathematican 
and computer scientist Von 
Neumann in 1951. It is fairly 
easy to use but it has a 
tendency to produce numbers of 
the form [JJXY and XY[JJ 
periodically. Each number in 
the series is determined by 
squaring the previous number 
in the series and throwing away 
all but a fixed number of the 
middle digits of the result. For 
example, if we are generating 
four digit random numbers and 
the last number was 5(fj9, the 
next number is given by 
squaring 5C69, giving 25694761 
and then take the middle four 
digits ie 6947. The following 
short BASIC program 
implements the mid square 
method: 

IIINPu·r"sTARTI NGVALut"IA 
21 A$-STR$(A.Al 
)1 A" VAL( MID$ (A$ ,lH·t(LEN (A$)121,4) 

~: ~~~~T 2: 
(STR$ is a function which 
converts numbers to strings and 
MID$(string, 1, 1) extracts the 
substring of length J starting at 
the Ith character .} 

CONGRUENTIAL PRNGS 
Although the mid square 
method serves as an illustration 
of how a complex calculation 
can produce a pseudo random 
sequence, it's not the best or the 
most popular method used 
today. This position is held by 
the so-called 'congruential' 
method. Although this method 
has the sort of name that might 
make you hide behind your 
computer, it is not much more 
difficult to understand than 
the mid square method. A 
congruential generator 
produces the next number in 
the sequence by multiplying the 
previous result by a constant 
and then linding the remainder 
after dividing by a second 

constant. The quality of the 
random numbers produced 
depends very much on the 
choice of the two constants used. 

:~~ei~e~~! iTh~BAgIt~~~;~m 
given below implements a 

~~~;r~:~~~l ~~~~\;s~ich was 
computers - ENIAC. 

21 !~:~~) " STAFlTII'IG VALUE";A 

!: ~;~;~N! (A/IlIJlJiIlHlIl) "101J1J1J1IJ1J1 

50 GOT010 

In this case, the first constant is 
2 and the second is ICXXXXXX:n. 
Line 30 works out the remainder 
when A is divided by the 
second constant. 

One other feature of 
congruential PRNGs is that the 
quality of the random numbers 
that they produce depends on 
the starting value as well as the 
two constants. For example, to 
see a very non-random 

!~~~:~~~ ~f~ee16er~n~~ ~bove 
program! 

RND AND RANDOMISE 
If you know BASIC at all well 
you might be wondering what 
aU the fuss about generating 
random numbers is about. 
Nearly every version of BASIC 
includes a function called 'RND' 
which can be used to produce 
random numbers in the range 
from zero to one and is as easy 
to use as SIN or COS. This is, 
of course, very useful but it 
does tend to lull one into a false 
sense of security - of course 
the numbers are random, they 

ilia:: 1!?'1h~~~Jra~r3 ili:ren't 
matte r is that: 

RND doesn't always produce 
numbers that are random 
enough 

The BASIC random number 
generator isn't any different 
from the PRNGs that we have 
been conSidering - they are 
just as fallible. The big 
advantage of the RND function 

is that, as part of BASIC rather 
than a program written in 
BASIC. it is very fast. 

On a more practical level, 
RND presents a problem to a ny 
programmer trying to write 
programs which can be run on 
differen t versions of BASIC. 
The trouble is that there is no 
standard for the meaning of any 
parameters which are allowed 
in RND. Some versions of 
BASIC don't allow any 
parameters (eg Sinclair 
BASIC), some need a-I as a 
parameter to produce random 
numbers (e9 Microsoft) and 
others a llow the parameter to 
control the range of numbers 
produced (eg BBC BASIC). The 
safest thing to do is to assume 
that RND will produce numbers 
in the range 0 up to but not 
including 1 (I don'! know any 
full versions of BASIC for which 
this isn'l possible) and just face 
up to the fact that when 
converting programs, you may 
have to change all your RNDs to 
RND( - 1)s or vice versa. 

The BASIC Iunclion RND 
should seem perfectly 
straightforward by this point, 
but most BASICs also have an 
associated command 
'RANDOMISE' which seems to 
be an unnecessary 
complication. A lot of BASIC 
manuals recommend that if you 
want really random numbers 
you should always use the 
RANDOMISE command belore 
using the RND function. This 
often strikes programmers as a 
rather strange idea - either the 
numbers from RND are random 
or they are not and if they are, 
how can RANDOMISE make 
them more random? The answer · 
to this sort of question should 
now be obvious by thinking 
about RND as just another 
PRNG. If you look a t either of 
the two BASIC programs given 
earlier, you will see that you are 
invited to give a value to start 
the sequence off. 

This value is olten relerred 
to as the 'seed' because the rest 
of the random sequence 'grows' 
from it. If you start a PRNG off 
using the same seed then you 

~~I~g:~:~Th:BASICuf~~~ti~~ 
RND is no different from any 
other PRNG and it needs a seed 
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10 start it off . Just think for a 
moment where this seed might 
come from. Ideally, the seed 
should be random beca use we 
don 't want to use exactly the 
same sequence of numbers 
every time the computer is 
switched on. This would make 
games boring to say the least! 
However, where do you get a 
random number from to start 
the random number generator 
off? 

The answer is that the 
RANDOMISE command starts 
the random number generator 
off with a seed that is obtained 
from an area of the machine's 
memory where the value is 
constantly changing. What area 
of memory th is is, varies from 
machine to machine - in most 
it contains a number related to 
how long the machine has been 
switched on. (Sinclair users 
note that everyone else's 
RANDOMISE is your 
RANDOMISE 0.) 

USING RND 
Given that the BASIC function 
RND is good enough (and for 
most applications, especially 
games, it is) how do you go 
about using it to produce 
random events? Let's suppose 
that we need to c hoose between 
one of two things that a 
program might do such thai 
each is equally likely. RND 
returns a number in the range O. 
to (but not including) 1 and as 
this sequence is pseudo-
random, each number in this 
range is equally likely to 'come 
up' If you consider the interval 
from Oto 1: 

I 
o 0.5 

you should be able to see that 
the number that RND produces 
is equally likely to fall into the 
range from 0 to 0.5 as it is from 
0.5 to 1. In other words, RND 
0.5 will be true about half of the 
time and this is exactly what we 
need. So the statement: 

IF Rllo<e . 5 TH£tI <." tl on l>\:I,.S t: 
<act\on2> 

will cause the program to 'do' 
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action I and aelion 2 at random 
and roughly equally often. This 
leads to the simplest and 
perhaps most often written 
random p rogram: 

18 ilAHOOKI S £ 

~: !:I:~D!:E!O~~E~ GOTO 56 

U CiOTO 66 
58 PFlINT"TAILS" 
68 PR!HT"PFI£SSEHTER/RETURHI'OR 

AHOT II ER THROW· 
ilIIHPUT A$ 
86 GOT028 

This is fa irly straightforward but 
the problem wh ich causes most 
difficulty is in extending this 
'two· event' case to making a 
number of things happen 
possibly with different rates or 
probabilities. In fact, this is not 
at all difficult once you realise 
that the probability of getting a 
value of RND in any interval is 
proportional to the length of the 
interval. For example, suppose 
we want to a program to choose 
between one of three different 
alternatives A, B and C, such 
that A should happen 10% of 
the time, B should happen 20% 
qf the ti me and C the remaining 
70% of the time. If the interval 
between zero and one is divided 
up in the fo llowing way: 

0.7 0.2 0.1 

Ie 
0.9 

then the number produced by 
RND will fall in the interval A, 
70% of the time and in B, 20% 
and in C, 10% of the time. This 
is exactly what we need and 
translating this into the most 
economical set of IF statements 
gives: 

11 II_RHO 
2m !f lI<e.7 THEN CiO·rO (act ion a) 
31IFR<I.9THEH GOTO< ' ctionb> 
41 <.ctionc:> 

The logic behind this program 
is that the first IF detects R 
smaller than 0.7 and the second 
IF detects a value of R smaller 
than 0.9 (but it only gets the 
opportunity to do so if the first 
IF was false, ie if R was greater 
than 0.7). This means that the 
second statement following the 
second IF is only carried out if 
R is greater than 0. 7 and less 
than 0.9 which is exactly what 
we want. 

In general, if you have N 

different events and the first 
must happen PI of the time and 
the second P2 and so on to PN, 
then you can program this as: 
II_R NO 
If FI<Pl THEH <action I> 
IFR<Pl+P2THEN <.ction 2> 
If FI<PI+P2"P) THEN <.c:tion3> 

RANDOM RANGES 
Sometimes, rather than using 
RND to choose between a 
number of possibilities, it is 
useful to change the number 
produced by RND to lie in a 
range other than ° to 1. For 
example, if you want to write a 
program which wi ll mimic the 
roll of a dice you could use the 
method give in the last section 
with six equally likely events or 
you could change the 0, 1 range 
of RND to 1 to 6. This is just a 

' matter of simple arithmetic . If 
you want 10 generate a random 
number in the range from a up 
to but not including b then use: 

You can test thai this works by 
working it out with values of 
zero and just less than one for 
RND. If you want to produce 
integers (whole nu mbers) from a 
to (and including) b, use the 
follOwing: 

For example, in the case of the 
dice program , a is I and b is 6 
so: 
lit PRINTINT(RN0 06)+i 
28 GOTO 18 

will print random integers in Ihe 
range I to 6. 

TESTING 
RANDOMNESS 
Any program which involves 
randomness is very difficult to 
lully test. The reason for this is 
two-fold . First, if any of the 
parts of the program are carried 
out only very occasionally, you 
may wait a long time before you 
see them in operation. Second, 
even if you do see a section of 
the program in operation and 
an error comes to light, it may 
be difficult to repeat the exact 
conditions that caused it . There 
are no complete solutions to 
these problems and as a 
consequence, you have to allow " 
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extra time for debugging any 
program which con tai ns 
randomness. There are two 
things that you can do to help 
with the problem, however. You 
can use RANDOMISE or a 
particular parameter value in 
RND (which depends on the 
version of BASIC that you are 
using) to set the value of the 
seed at the start of the program 
This wi ll force the random 
number generator to always 
start from the same value and 
means that you can repeat any 

errors by fe-running the 
program. Another technique 
which is worth trying is to 
replace the RND function by 
constants that will force the 
program to go through each 
and every section in turn. In 
practice, there are often good 
reasons why testing 'modified­
easy-test' versions of a program 
is not possible, eg it destroys 
any interactive aspect of a 
game, and so testing by 
extensive playing is the only 

A SERIOUS SIDE 
Although the emphasis has 
been on using randomness in 
games, the time has come to 
point out that there are other 
uses lor the RND function. Most 
computer games are based 
upon some aspect of the real 
world. A program which plays a 
card game, for example, is 
copying something that happens 
with real cards using nothing 
but programming logic . This 
idea of modelling, or 
simulating, can be extended to 
things other than games. For 
example, you could wri te a 
program to simulate the way a 
nuclear reactor works and find 
out the best way to run it by 
'playing' with the program. If 
you think that this is far· fetched 
then all r can say is that putting 
the real world inside a 

option ! 

computer is one 01 the growth 
areas 01 computing. 

By now you should have 
realised that we can structure 
programs! But, what on earth 
are data structures? To solve 
this elementary riddle you'll 
need to read the next article. 
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ELEGANT 
PROGRAMMING -S 

T
he idea that a program 
consists of two parts -
actions and objects - was 

introduced right at the 
beginning of this series. 
However , up to this point we 
have only examined the way the 
actions could be specified. In 
other words, we have anI y 
looked at the subject of 
program structure. Now it is 
time to consider the other side 
of the coin - data structures. 
Although data structures have 
been left un ti l after a discussion 
of program structure, this 
shouldn't be taken to imply that 
they are any less important. 
Programs are easier to construe! 
if the programmer has as wide a 
range of alternative data 
structures as possible at his or 
her fingertips 

There are two distinct ways of 
producing 'objects' for 
programs to operate on. First, 
there is a range of simple or 
fundamental 'data types' which 
programs can use for 
calculations, etc. Second, there 
are ways of taking these 
fundamental data types and 
putting them together to make 
ordered arrangements. Ways of 

i:~~~;~~~~~l~ ~~~aW~~~N::d 
'structuring methods' For 
example, a character is a 
fundamental data type, but an 
array is a structuring method 
because you can define arrays 
of numbers or characters. In 
this article, the subject of 
fu ndamental data types will be 
examined paving the way for a 
discussion in the next article of 
data structuring methods. 
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REPRESENTATIONS 
As mosi programmers know but 
often forget, the only sort of 
data which a computer can deal 
with directly takes the form of a 
binary number. The reason why 
it is so easy to forget this 
elementary fact is that it is the 
purpose of a high- level 
language to extend the range to 
include more exciting and 
useful forms of data and so hide 
the strict limits of the hardware 
from its programmers. This is a 
good thing because the largest 
binary number which most 
micros can deal with in one go 
is only eight bils or, in other 
words, in the range 0 to 255. 
Clearly, to be able to do 
anything usefuL it is necessary 
to use this very limited form of 
data to represent every type of 
'object' that we would like to 
write programs about. Although 
this sounds like an awesome 
task there are in fact, only two 
fundamental types of data and 
everything else can be 
produced by organising these. 
The two fundamental types 
correspond to the two types of 
numbers in common use -
integer and real numbers. 

Integers are the simplest 
type of number that we use on a 
regular basis. An integer is a 
whole number; for example, 3, 
-3 and 0 are all integers wheras 
3.14, -3.8 and 3.0 are not 
in tegers. This all seems easy 
enough apart from 3 being an 
integer and 3.0 not being an 
integer because, surely, 3 and 
3.0 are equal and therefore the 
same? The point is that two 
quantities being equal doesn't 
Imply that they are the same in 
every way. A real number is 
one that has a fractional part -
and 3.0 is a real number with a 
fractional part of zero! If you 
fi nd this confusing or hair­
splitting then perhaps it is 
better to think of a real number 
as one which has the possibility 

DATA STRUCTURES 

Writing structured 
programs requires the 
use of the correct data 
structures. 

of having a fractional part 
The idea of integers and 

real numbers is something that 
most programmers meet in one 
form or another even in high­
level languages. However, it is 
quite possible to use some 
versions of BASIC and never be 
troubled by the di fference 
between numbers with fractional 
parts and numbers without 
fractional parts. Indeed, one of 
the strongest of BASIC's many 
good points is that if you don't 
want to know about such things 
then you can ignore them 
almost completely. The way this 
is achieved is by making every 
variable capable of storing a 
real number and then treating 
integers as real numbers which 
just happen to have zero 
fractional parts! 

It's beginning to sound as if 
introducing two different types 
of number into computing is 
unnecessary and that other 
languages should follow BASIC. 
This is to some degree good 
sense, in that there is a lot to be 
said for protecting the user from 
unnecessary complications . 
However, even BASIC has to 
admit that it is sometimes 
important to be able to convert 
a real number into an integer 
and normally provides the 
func tion INT which will round a 
real value down to give an 
integer. Also, there are many 
occasions where fractional 
values are logically 
unacceptable ; for example , it 
makes no sense to write TAB 3.4 
where a TAB moves the current 
printing position, ie the cursor, 
to a specified column -
obviously column 3.4 doesn't 
exist. 

FUNDAMENT ALL Y. 
Integers are the mosl 
fundamental of all the data 
types and are the starting point 
for everything else, so it's not 
su rp rising that they cannot be 
avoided completely. For .. 
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example , if you want to extend 
the range of data types to 
include the usual printed 
characters , then the only way 
that this can be done is to 
assign an integer to represent 
each different character. Such 
assignment of integers to 
characte rs is known as a 
character code (probably the 
best known of which is the 
ASCII code) but it is important 
to realise that it is not the only 
one 10 use. 

No matter what you may be led 
to believe, you cannot store a 
character inside a computer -
merely an integer thai 
represents it 

The pair of BASIC functions 
CHR$ and ASC (or CODE in 
some dialects) make the 
connection beween integers and 
characters c lear. CHR$(f) 
re turns the character whose 
code is th e integer I, and 
ASC(C$) returns the code of the 
character stored in C$. Apart 
from just being a way of storing 
characters inside a computer, 
the way that integers are 
assigned to characters also 
governs the results of 
comparisons . For example , 
"A"< "B" is true only if 
ASC("A") < ASC("B") is true. 
In other words , the order of the 
character set is simply a 
reflecti on of the order of the 
integers in the character code. 

SCALARS 

In the same way that integers 
can be used to extend the range 
of data types to characters, they 
can also be used to represent 
other equally simple 'objects' -
the scalars. A data type is a 
scalar if the val ues that it can 
take on are 'countable'. You 
may at this point find th e idea 
that a data type can take on 
values which are un-countable a 
little difficult to comprehend 
but , as we shall see la ter, this is 
entirely possible. 

The on ly two scalars which 
most versions of BASIC 

recognise are characters and 
the Boolean data type which has 
the two val ues 'true' and 'false' 
A Boolean data type is the 
result of an y sort of comparison 
For example, 'X >a is either 
true or fa lse depending on what 
is stored in X. As with the 
characters, the values true and 
false are stored by assigning 
each one to an integer. Which 
integers are used depends on 
the dialect of BASIC, but 0 for 
true and - I for fal se is q uite 
common . Some versions of 
BASIC try to cover up this use 
of integers to represent Boolean 
data by not permitti ng you to 
use the results of Boolean 
expressions in arithmetic or 
PRINT statements but many will 
allow you to write things li ke· 

which will first print the integer 
wh ich represents false and then 
prints th e integer which 
represents true. (It is worth 
trying this line of BASIC as a 
simple experiment to see what 
your version of BASIC makes of 
it.) An unwanted side effect of 
the use of integers to represent 
'true' and ' fa lse' is that , in the 
same way as the characters 'take 
up ' the order of the integers 
which represent them, so do the 
two values true and fa lse. Let us 
suppose that true is represented 
by - 1 and fal se by 0 (the 
representati on used by 
Microsoft BASIC -80). In this 
case, 'false' is greater than 'true' 
and if 'x' and 'y' are a pair of 
comparisons which are either 
true or fa lse then we can draw 
up the following table to show 
the resul ts of x not equal to y. 

x<>y 
1, 1" fal se false 

true true 
true false true 
true true false 

If you look closel y at this table 
you shou ld be able to recognise 
the truth table for exclusive OR! 

WEEK ENDING 
BASIC may not provide other 
scalars as standard data types 
b ut BASIC programmers 

certainly make use of them. For 
example , if you want to write a 
program that records the day of 
the week that something 
happens to you, you might start 
by assigning a number to each 
day, ie Monday = I, Tuesday 
= 2 and so on. By assigning 
in tegers in this way you are 
creating your ovm data type - $ 
days of the week. Some 
computer languages, Pascal for 
instance, have special fac il ities 
allowing the introduction of new 
scaler data types in such a way 
that you can write satemen ts 
such as: 

day- friday 

It is sometimes said tha t one 
problem with BASIC is that it 
cannot cope with user -d efined 
scalars in this way and has to 
resort to sta tements such as: 

instead. In fact , it is simple 
write programs in BAS IC wh ich 
make user- defined scalers easier 
to understand by defining 
variables with appropriate 
names and values. For example, 
(assuming the version of BASIC 
you are using can handle long 
variable names) given the 
fo llowing list of definitions· 

III MONDAY .. l 
211 TUE5DAY_2 

you can write something like: 

and: 

1111 IFDAY_",ONDAy ·rK£N PIIINT "First 
dayofth.", •• k" 

This simp le use of variab les to 
store the integer codes assigned 
to each value of the ne w scalar 
type gives BASIC nearly 
everyth ing which languages 
such as Pascal have except the 
automatic checking for 
nonsense such as: 

The above statemen t is 
something which an application 
prog ram should pick up before 
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it happens anyway! Using this 
method you can even write 
thi ngs like: 

HI POA!_,iONDA'ITOFAIOA'I 

21 PAINT-WOAItINGDA'I" 
11 NEXT i 

or even 

HI rOAOA'I-I'IONOA'I ·tOFAIDA'I 

21 PAINT 'WO~ItING DA'I" 
31 NEXT DA'I 

The data type scalar -
encompassing integers, 
characters, Boolean and any 
user-defined scalars - is the 
most commonly encountered 
and most useful data type in 
BASIC or any programming 
language. Indeed, it is difficult 
to think of applications which 
don't use scalars apart from 
those involving nothing but 
long numerical calculations. 

BACK TO NUMBERS 
The importance of scalar types 
is a reflection of the fact that, 
contrary to popular opinion , 
computers don't spend much of 

~u~i::~m~o~~i~ft~~ig~~~n~~~~~ 
non-nurneric data from one 
place to another and rnaking 
decisions. However, it would be 
a mistake to ignore the 
problems involved in using 
numbers and doing arithmetic 
on computers completely. Even 
in a high-level language it is 
helpful to know what is going 
on l 

A more difficult problem is 
the storage of numbers smalJer 
than zero - in other words, 
negative numbers. There are 
rnany ways of extending the 
range of integers to include 
negative numbers, but all of 
them involve a little 
mathernatics to be fully 
understood. Fortunately, all the 
BASIC programmer has to be 
aware of is that to accornmodate 
negative numbers, it is 
necessary to split the range of 
numbers which can be stored 
into two - the first half is 
considered positive and the 
second half negative. 

Storing and using integers 
is only complicated by needing 
to use negative numbers and 

roe:~~~d ~J::8~:~~~~~. range 
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However, storing real numbers 
is considerably more difficult. 
The point is that if you can store 
an integer then you can store it 
exactly, but no rnatter what 
scheme you choose to store real 
numbers there will always exist 
numbers that you cannot cope 
with. 

~---For any two real numbers 
there is alwaytl another which 
lies between them. 

This is clearly not true for 
integers - after all what integer 
lies between 2 and 3! This 
observation should also indicate 
that real numbers are not simple 
scalars as it is not possible to 
count how many reals there are 
in the same way that you can 
count how many days of the 
week there are. Another 
difference is that for a simple 
scalar there is the concept of 
'next', ie the next day of the 
week, the next integer after 2 
(ie 3). and so on; but for reals, 
there is no such concept of 
'next'. Consider for a rnoment, 
what is the next real number 
after 2, is it 2.1, or 2.01. or 

.? All of this should convince 
you that there are integers and 
their associated family of simple 
scalar types and there are the 
reals, and both present their 
own particular set of problerns. 

REPRESENTING REALS 
Before going on to consider the 
sort of problems that real 
numbers cause iri everyday 
BASIC (and other high-level 
languages) it is worth spending 
a little time considering how 
real numbers can be 
represented inside a computer. 
The most obvious way of 
representing a real number is to 
change an integer to a real by 
assuming that there is a decimal 
point written after a particular 
bit of the number. For example, 
if you assume that an eight-bit 
number is in fact made up of 
four bits, a decimal point and 
followed by another four bits, 
then 10101011 would represent 

DATA STRUCTURES 

a real number given by 
1010. 1011. Notice that the 
decirnal point isn't stored inside 
the computer, we just remember 
where it is when interpreting 
the contents of a memory 
location. Although the dot 
written in the middle of the 
nurnber has been referred to as 
a decimal point, it is more 
correctly called a binary point! 

If you try to work out what 
real nurnber 1010.1011 
represents, you should have no 
trouble with the first part as 
1010 is easily converted to 10 
using the usual method for 
changing from binary to 
decimal, but what about the 
part following the binary point? 
In the same way that the values 
increase by a factor of two for 
every place to the left of the 
binary point, they decrease by a 
factor of two for every place to 
the right of the binary point: 

8 4 2 I lh v.. \4 "16 

I a I a I a I I 

This gives a value of 
8+ 2+ V;z + 1f8 + 11J6 for the entire 
number, or in other words, 10 
and 11iJ6 or 10.6875. This sort of 
representation is known as 
'FIXED point' and it was very 
common in the early days of 
cornputing. However, it suffers 
from the problem of not being 
flexible enough for general use. 
The trouble is that it simply 
cannot cope with the range 01 
nurnbers use in calculations, 
especially SCientific 
calculations. 

The solution is to abandon 
the usual decirnal point notation 
altogether in favour of the so­
called 'exponential' or 
'scientific' notation. This 
separates a number into two 
parts, the first - the exponent 
- giving the overall rnagnitude 
of the number, and the second 
- the mantissa - giving the 
most significant digit of the 
number. In normal use a 
number is written in exponential 
form as: 

and can be converted to the 
more usual decirnal form by: 
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Where 1\ is to be read as 'raised 
to the power of'. So . 43E3 is 
.43 * lOOJor430and .321E-2is 
. 321 * 0.01 or .00321. 

Using this format a wide 
range of numbers can be 
represented. When used as a 
method of storing real numbers 
inside a computer it is usually 
called 'floating point' 
representation rather than 
exponential, but it essentially 
the same. The exponent is 
stored as an integer in one 
memory location and the 
mantissa is stored as a fixed 
point number in several other 
locations. The exact details of 
how this is done varies from 
BASIC to BASIC but all that 
should concern the BASIC 
programmer is: 

- how many digits or bits are 
used for the mantissa 

and-

- how many digits or bits are 
used for the exponent. 

These two factors govern the 
accuracy and range of numbers 
which a BASIC program can 
handle. For example, Microsoft 
BASIC·OO uses three memory 
locations for the mantissa and 
one for the exponent - this 
gives about seven digits of 
precision and a range of abou t 
Ie?' to lo-:.ti (both of which I lind 
difficult to imagine!). 

PUT TO GOOD USE 
The fact that some BASIC's 
don't even bother to distinguish 
between integers and reals has 
already been mentioned, but 
this doesn' t mean that we can 
throw caution to the wind and 
treat reals and integers in the 
same way. Some versions of 
BASIC do provide a range of 
different types of number and 
hence variables. For example, 
both Microsoft and BBC 
BASICs provide integer 
variables (indicated by a . % ' 
sign at the end of the variable's 
name). As any arithmetic with 
integers is a lot simpler than for 
reals, the use of integer 
variables is often to be 
preferred to reals. To see if 
your BASIC works faster with 
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integer variables, time the 
following programs: 

10 K.~ 

2~ K_K+1 
l~ I.K*KH/K 
40 tf K(lOU 'fKI:NGO"ro 10 

and: 

10 K\·~ 
29 K'_K.+1 
39 ,, " K, oK, +K\/K\ 
49 IF K\<l099 1'tlEN Go·to 10 

There are other advantages to 
using integer variables apart 
from speed. In particular, if you 
are tryi ng to write programs 
which handle money, it is 
comforting to know that integer 
variables will keep track of the 
last penny! 

More seriously, it is 
important 10 realise that real 
variables cannot carry out 
calculations exactly. For 
example, try the following 
program: 

" ~: ~;"';~f7 'r'l eN s'rop 
4~ Go-ro 29 

On most versions of BASIC this 
program will never stop 
a lthough you would expect it to 
end after adding 1"7 to K exactly 
seven times. To see why, add 
the line: 

and run the program again. 
Because of difficulti es with 

accuracy, you should never 
compare real numbers in IF 
statements. Instead of: 

DATA STRUCTURES 

IF AaS(A-d) (C 'rH~N . • 

Where C is small enough to 
ensure that A and B are close 
together when the condition is 
true and yet large enough to 
ensure that the condition is true 
when the difference between A 
and B is about the same as the 
accuracy they are stored in. 

IT ALL ADDS UP 
A second, less publicised 

~~:~~~s ;!~e!\~~~~~rf ~~~~ you 
try to take the difference 
between two large numbers that 
are roughly the same magnitude 
or add together two numbers of 
very different magnitudes. In 
the case of the subtraction, the 
result you get will have more to 
do with the error involved in 
representing two large 
numbers. 

To see this for yourself try 
IE20+ IE 10 - in many case 
you'll discover the answer given 
is IE20. This is rarely a 
practical problem, but a great 
many quantities of interest 
between two large numbers. For 
example, many BASIC 
programs which calculate the 
standard deviation of a list of 
numbers give results which are 
almost random when the 
average of the numbers is large 
and the true standard deviations 
is small. TOSU::iIl= 

' ........ ....-"'" 
Real n umbers deserve to be 
treated with more caution than 
they usually are . 



ELEGANT 
PROGRAMMING -6 

L 
asl lime we looked briefly 
at some of the fundamental 
data types that can be used 

to construct programs. Even if 
we added all the obscure data 
types to this list we would still 
lack such familiar things as 
arrays and strings, To produce 
the wide variety of data 'objec ts' 
thai are essential to 
programming we have to 
discover ways of organising the 
fundamenta l types into 'da ta 
structures'. In other words we 
need to define ways of 
'structuring data'. The best way 
of understanding this Idea is by 
looking afresh at a weH known 
example. 

THE ARRAY 

Because of the way thai 
programming languages are 
taught it is quile common for 
programmers 10 miss the idea of 
constructing new data items by 
applying a structuring method 
01 existi ng data types. For 
example, the idea of a one­
d imension BASI C array is often 
introduced as a completely ne w 
idea. It is descri bed in terms of 
the ru les for using it and what it 
can be used for. However, a 
one-dimensional array is 
nothing more than a 'collection' 
of real variables with a special 
way of naming each va riable. 
The traditional way of thmking 
01 this collection is as if the 
variables were lined up in a row 
(or column!). The whole 
collection is given a name -
the array - and in order to 
refer to any of the variables that 
make up the array it is 
necessary to supply a two-part 
name. The first part is the name 
of the array, there may be more 
than one array in a program, 
and the second part specifies 
which variable within the array 
you are refer ri ng to. This 
second part of the name is often 
ca lled the 'qualifier' and the 
whole two-part name is 
quali fied name' This idea of a 
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qualified name will crop up 
time and again when learning 
about structuring methods. 

This rather academic 
description becomes a lot more 
familiar when related dIrectly to 
the one-dimensional array tha t 
we have been considering. The 
array name is (i n most versions 
01 BASIC) a simple variable 
name - A, lor example. The 
qualifier comes from the idea of 
the variables li ned up in a row. 
Any variable can be picked out 
by giving its place in the line. 
The only problem IS what to call 
the first variable - 0 or I. 
Some versions of BASIC call 
the first variable 0 and others 1 
but, lor the sake 01 simplicity, 
we will assume thai the first 
variable is called I. Thus the 
qualifier part of the name takes 
the form of a number starting at 
1 and ending with the number 
of variables in the array. A 
qualifier that lakes the form of a 
number is more often called an 
'index' so the usual way 01 
wri ti ng the name 01 a variable 
In an array is: 

array name (i ndex) 

For example, A(5) refers to the 
fif th variable in the a rray called 
A. 

Once you have realised that 
forming an array is a 
structuring method it is possible 
to use the same method to 
produce a wider range of arrays 
than are normally present in 
BASIC. The first thing that can 
be done is to allow other types 
of fu ndamental variables to be 
organised into arrays. For 
example, you can line up 
integer variables to form integer 
arrays and character variables 
to form character arrays (not to 
be confused with strings). No 
matter what fundamental 
variable is used to form an 
array the basic idea is the same 
- to reference a sing le e lement 
you have to use a qualified 
name. 

A less obvious way of 

STRUCTURING DATA 

Following from the 
previous discussion on 
data types we take a 
look at the methods 
used to structure them. 

extending arrays is to allow the 
type of the qualifier to be 
something other than a number. 

For example, A(wed) would 
refer to the variable that was 
used to store something to do 
with Wednesday . In genera l it 
1S possible to imagine arrays 
where the qua lifier part of the 
name is a ny sca lar (see last 
time's artic le 10 the series) apart 
form a real number . In practice 
BASIC ignores this extension 
and restricts qualifiers to 
integers only. This is no great 
disadvantage because if the 
method for constructing scalar 
types suggested in Elegant 
Programming - 5 is. used, 
expressions such as A(mon) = 56 
will work because 'man' is a 
SImple variable holding an 
integer. 

ARRA Y EXTENSION 
The most important 
extension to arrays arises from 
the observation that a 
structuring method isn't 
restricted to ordering 
fu ndamental variables but can 
be used to order data types 
produ ced by an ea rlier 
appli ca ti on of a structuring 
method. For example, applying 
the structuring method that 
results in a one-dimensional 
array to organise a collection of 
one-dimensional arrays results 
in what is more often called a 
two-dimensional array. Each 
one of the data items that is 
lined up in a row is itself a one­
dimenslOnal array consisting of 
a line of real variables. Now, to 
reler to one of the real variables 
it is necessary to supply two 
qualifiers (mdices). The first 
indicates which element of the 
first array is required and as 
this element is itself a one ­
dImensiona l array, a second 
qualifier is needed to indicate 
which real variable in this array 
is needed . If a two-dimensiona l 
array A consists of a line of 
three data types , each of which 
is itself an array of five real .. 
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variables, then A (2) (4) is the 
fourth element in the second 
consti tuent array. Some versions 
of BASIC allow thi s doubly 
quaified name to be written as 
above (ZX BASIC, fo r example) 
but most demand that the 
indices are written within one 
set of brackets and separated by 
a comma; ie instead of A (2) (4) 
you must wri te A(2,4). This 
d ifference in notation hides the 
fact that: 

~ JL--
. "P ---I-'" 

A two-dimensionol array is not 
something new and different, it 
is simply the result of applying 
the same structuring method 
twice 

The tradltiona l way of thi nking 
about two-dimensional arrays as 
a table of variables with each 
individual identified by a 
particu lar row and column 
number also hides this fact 
However, if you notice tha t the 
table can be thought of as a row 
of columns (or vice versa) you 
should be ab le to see the 
connection between one­
dimensiona l arrays and two­
dimensional arrays. 

IMPLEMENTING 
ARRAYS 

The job of actually c reating an 
array is normally carried out by 
whatever BASIC interpreter or 
compiler you ha ppen to be 
using. All you have to do is 
write DIM A( 10) a nd an array of 
ten elements is created for you 
to However, it is sometimes 

to be ab le to create 
arrays directl y . For example , if 
you wan t to use an array with 
1(XX) e lements where each 
element will only be used to 
store a number in the range 
0-255 then you can save a lot of 
storage by implementing your 
own array. If you simp ly write 
DIM AI ICXXJ) then BASIC will 
alloca te l(xx) varia bles for you 
to use a nd each variable will be 
capable of holding numbers of 
a much greater range than you 
need. A real variab le wi ll often 
use four memory locations to 
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s.tore a single number - thus 
A( ICXXl) typicall y uses around 
4K of memory. However , if your 
version of BASIC gives you 
some way of reserving memory 
for such things as mach ine code 
routines etc then you can 
implement the array A( lCXXl) 
d irectly into l K - a quarter of 
the usual storage. The method 
is simply to use POKE to store 
values in the elements of the 
array and PEEK to recall them . 
The anI y problem is find ing 
which variable corresponds to 
which memory loca ti on. If we 
suppose that the start of the 
memory area is stored in the 
variab le START and the index 
of the requ ired element is held 
in I then the address of the 
memory location is simply 
START+I- I. (The '- J';s 
necessary because the !irst 
element has an index of I and 
its address is START.) To store 
V ALUE in Am we use: 

1'01<~ (S'j'AIl"l'+I-l) , VALUI:: 

To recall the value in A(I) we 

The e xpression START + I - 1 
gives the address of the memory 
loca ti on used to hold the va lue 
corresponding to A(I). Because 
this e xpression relates elements 
of the array to a particular 
memory location it is referred to 
as a Storage Mapping Function 
or SMF for short. 

The idea of an SMF can be 
extended to include cases where 
each element takes more than 
one memory location to store. If 
each element takes N memory 
loca tions to store and the first 
one is n umbered 1 the SMF is: 

:;'j'ART+(I-l)-N 

which, if N=5, gives START+5 
for the address of the second 
element in the array. 

Using what we have a lread y 
learned about one- and two­
dimensional arrays it is easy to 
extend th is to an SMF for a two­
dimensiona l array. If the array 
is to be DIM A(X, Y) and each of 
its e lements takes only one 
memory location to store then 

the SMF is 

A~l ,J )-S'fA!n+ ( I-I) "J +J-l 

If you look carefully at thi s SMF 
you should be able to see that 
the first part is the address of an 
element of a one-dimensiona l 
array where each element is J 
memory locations long 

STRINGS AND THINGS 

As the above discussion of the 
way that the BASIC array can 
be extended (using any data 
type to form the elements and 
any scalar type to form the 
indices) was followed by the 
admission that these things 
cannot be done in BASIC, you 
migh t imagine that BASIC is 
lack ing in data structures. 
While this is true it might come 
as something of a surprise to 
discover that the humble BASIC 
stri ng is a very advanced (and 
necesary) data type that isn' t 
present in some very 
sophisticated languages -
standard Pasca l, for instance. If 
you've fo llowed the discussion 
of arrays in any deta il you may 
be wonderi ng what the fuss is 
about - surely strings are just 
one-dimensional arrays of 
characters. Well, it is tru e that 
one-dimensional character 
arrays are often used to perform 
the same job as strings bu t they 
are not strings. 

The key difference is that on 
array of characters has a lixed 
length but Q string can change 
its size 

Some versions of BASIC (ZX 
BASIC for instance) provide 
both c haracter arrays and 
strings a nd this be a 
constant source trouble to 
beginners. For example, in 2X 
BASIC DIM A$( 10) results in a 
character array being formed 
with exactly 10 elements. This 
means that you can write thing s 
like A$(3) = "2" which stores 2 
in the third element of the 
array. But, if you print now out 
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the array using PRINT A$ you 
will get all 10 character 
va riab les printed even if you 
have only ever stored one letter 
in the array. However, the 
string B$ behaves in an entirely 
different way. Just li ke the 
character array. i t is a 
collection of characters but it 
alters its size as the number of 
characters stored in its changes 
That is, B$ = "z" doesn't just 
store Z in the string variable B$, 
i t a lso crea tes the storage space 
necessary to hold one 
character . If you had written 
B$= " XYZ" then enough storage 
would have been allocated to 
hold three characters. You can, 
therefore, think of a string as a 
character array that has a 
variab le number of elements. A 
data type that can change its 
size whil e a program is ru nning 
in the way that a string can is 
known as a 'dynamic variable' 
In general dynamic variables 
are more d ifficult to implement 
than static variables and so 
many programming languages 
ignore them. 

The similarity between 
character arrays and strings is 
something that is not often 
brought out by BASICs. One 
exception is ZX BASIC where 
individual e lements within 
strings and character arrays can 
be accessed b y specifying an 
index, ie B$(3) is the third 
character in B$ whether B$ is a 
string or a character array. 
Other versions of BASIC, 
Microsoft for example, don't 
even a llow character arrays and 
treat strings as fu ndamental data 
types. To access the lth e lemen t 
(character) in a string you have 
to use a fu nction such as 
MID$(A$.J ,l), 

As before, the structuring 
method that produces an array 
can be applied to character 
arrays or strings to produce 
two· dimensional character 
arrays or arrays of strings. The 
differences between these 
superfiCially similar data 
structures once again stems 
from the variable length 
property of strings 

RECORDS 
Now that the idea of an array 
has been explored in detail the 
id ea of a data structuring 
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method should be easy to 
understand . Unfortu nately, the 
array is the only real data 
structuring method that BASIC 
possesses . However, it is worth 
looking around to see wha t 
other languages have to offer 
and BASIC lacks. In particu lar 
it is worth knowing something 
about the ' record', a structure 
related to the array. Even 
thoug h BASIC does not contain 
any way to construct records it 
can make programming easier 
to think in terms of records 

Before computers record s 
were kept on paper and 
contained en tri es such as a 
person's name, address and 
telephone number. In other 
words, a record is a collection 
of variables of different types -
the name and add ress are stri ng 
variables bu t the telephone 
number is an integer. Some 
languages, Pasca l for instance, 
provide faci lities to define such 
collections of di fferent variables 
under a single name. One way 
of thinking about this is to 
imagine a record as a one­
dimensiona l array where each 
element can be a dilferent da ta 
type . For exam ple, the na me/ 
address/telephone number 
record might be defined 
someth ing like 

person · na ln e , string 
addr",.s , st ring 
telenumb'H : integ'" 

(The details of such a defini tion 
obviously depend on the 
language being used bu t the 
general form remai ns the same.) 
The name of the whole record is 
'person' and this plays much the 
same role as the array name 
Each element of the record is 
known as a fie ld - thus 'person' 
is a record wi th three fields -
'name', 'address' and 
'telenumber'. Each fie ld has an 
associated data type tha t defines 
what sort of information can be 
stored in it ~ thus 'name' is a 
field tha t can store a string of 
characters while 'telenum' is a 
field that can only store 
integers. The only problem left 
is how to specify which one of 
the fie lds is being refer red to 
The answer is once again to 
provide a two-part name 
consisti ng of the record name 

STRUCTURING DATA 

a nd a q ual ifier. In this case the 
qualifier is the name of the field 
separated from the record name 
by a " So, we can write things 
li ke: 

perSQr\ . name· "mike" 
person . telenumber- 123 

In the same way that the array 
structuring principle can be 
applied twice to yield two­
dimensiona l a rrays a record can 
contain a field that is another 
record! For example , the record 
'person' defined above could 
have a fie ld called 'bday' that is 
i tsel f a record -

bd"y · day : stdn'J 
U1ont h , s tri ng 
y .. ar,lnt .. ger 

To refer to an element in bday it 
is necessa ry to use a dou bly 
qualified name, as in the case of 
a two· dimensional array. For 
example 

person , bday . year 

gives the year tht someone was 
born 

If this sounds interesting, 
now is the time to reca ll that 
most versions of BASIC don' t 
support records ! However, you 
can still use collections of 
strings and numeric variables 
with similar names as if they 
were records. 

DYNAMIC DATA 
STRUCTURES 

There is one class of data 
structures that can be added to 
BASIC by any programmer 
and, surprisin gly enough, these 
are all dynamic data structures I 
The most important of these are 
the 'stack' and the 'queue' but 
there are others such as '\inked 
lists' and 'trees' The trouble 
with describing these data 
structures is that if you've never 
wanted to use one it is d iff icult 
to see how they could be useful. 
However, if you don' t know th at 
they exist then there are some 
programs tha t, un less you re­
invent the wheel, are very 
difficult to write . 

The best known, and 
simplest, of all the dynamic data 
types is the stack. A stack is an It> 
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area of storage that can be 
accessed through just two 
operations PUSH and PULL. 
PUSH stores an item onthe slack 
and PUL L retri eves an item 
from the stack. The more forma l 
name for a stack. 'Last In First 
O ut' or LIFO, gives a clue to 
the order in wh ich a sequence 
of items PUSHed on the stack 
will be recalled by PULL 
opera ti ons. The best way of 
visua lise a stack is to imagine 
each item PUSHed onto the 
stack as being placed on the top 
of all the earl ier items PUSHed 
onto the stack with a PU LL 
operation a lways removing the 
topmost item. The last item to 
be PUSHed on to the stack is the 
!irst one to be PULLed off. 

A stack is easy to implement 
in BASIC using a one· 
dimensiona l array and a single 
variable . The a rray is used to 
hold the items on the stack and 
the va riable is used as a pointer 
to the cu rrent top of the stack 
For example, to reverse three 
numbers is easy: 

~: ~~~ ~;~0) 
3 ~ <'O.~ 1"1 'CO j 

40INP UTN 

~~ t~:~ ~!~~7N 
7~ N~ xr I 

~: f~~ ~:~_IO 3 

i~: ~~';N~"~(P) 

'" 
Li ne 10 sets up the a rray to be 
used as the stack . Li ne 20 sets 
the variab le P to 'point to' the 
top ot the stack . in thi s case the 
top of the stack cor responds to 
the first free locati on in the 
ar ray. Li nes 50 and EO form the 
PUSH operation. The number is 
stored in S(P) and then the 
poin ter is incremented to point 
to the next free location. Li nes 
00 and lCO form the PULL 
operation and thi s should be 
easy to understand as it is 
similar to the PUSH operation 

That's all there is to 
implementi ng stacks and apart 
from worrying about PULling 
data off the stack when there 
isn't any more and PUSHing 
more items on the stack than the 
size of the array allows there is 
nothing else to do . The most 
common application of stacks is 
in language processing, Ie 
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compilers etc, However, this is 
probably due to the fact that 
programmers who write 
compilers lend to know about 
stacks. In general a stack is 
useful whenever the order in 
whic h things have to be 
processed is different form the 
order in whic h they arri ve 

QUEUING FOR IT 

O nce you have understood the 
idea behind a stack then a 
queue is just one step fu rther 
on. The data structure called a 
queue mlmlCS the behaviOur ot 
people queu ing . A queue has a 
first person and a last person 
People join the queue at the 
rear and leave the queue from 
the front. In the data structure 
called a queue the addit ion of 
data items happens a t the rear 
and the retrieval of data items 
happens from the front. 

The easiest way to 
implement a q ueue in BASIC is 
to use two painters in p lace of 
the stack's one. The first pOinter 
indicates the front of the q ueue 
and the second pointer 
indicates the end of the queue 
In addition to these two pointers 
we can associate two new 
operations with every queue -
JOIN and LEAVE. If F is the 
pointe r to the fran I of the queue 
and R is the pointer to the rear 
then the two operations in 
BASIC are as follows' 

I,.!': AV!': 

DA'CA" \l(f) 
P" f + l 

STRUCTURING DATA 

rear! In order to stop the array 
having to be e normous you 
have to employ the extra trick of 
making the queue circular. If 
either of the pOinters goes past 
the top of the array they are rest 
to point to the beginning of the 
array. The two opera ti ons now 
become: 

Q (1l~:~~'fA 
If ~ ) 'r l)p Ctl~N 11 - 1 

oA'r~ : ~!i'J 
I f II)TO~ Tri~oJ ~ - l 

The queue starts off empty and 
the two pointers 'point' to the 
same place. This can be used to 
detect when the q ueue is empty 
11 after removing an item the 
pOinters point to the same 
element of the array then the 
q ueue is empty _ However, if this 
happens after an item has been 
added it means tha t the q ue ue 
is full, The best way to lind out 
how q ueues work is to dry run a 
queue on paper. 

A program is part control 
structure, part data structure. If 
you select an in appropriate data 
structure then the program's 
control structure will be more 
complicated than it need be. 

Data are lmportant anu 
in this introduction we 
have e xamined some of the 
elementary ideas involved 
There is no doubt that the best 
way to learn about data 
structu res is to use them 

in actual programs -
I 
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ELEGANT 
PROGRAMMING -7. 

Our series on advanced 
programming techniques 
takes a sideways step 
this lime into the world 
of graphics. It's really 
moving stuff! 

T
here is no way that a 
programmer can avoid 
using graphics on today's 

crop of mic rocomputers. 
Indeed, many a micro is 
ded icated to the production of 
graphics displays of all kinds 
The trouble is that most 
programmers have to learn the 
necessa ry techniques by trial 
and error . If you turn to text 
books for information abou t 
graphics programming, you'll 
find that most of them 
concentrate on the more 
'ser ious' aspects of g raphics 
such as three dimensional 
representations etc. What you 
a re unlikely to find informa ti on 
abou t is the compara tively 
crude static graphics used to 
'brighten' an otherwise d ull 
screen presentation or about the 
specia l techniques needed to 
produce sync hronised dynamic 
graphics of the sort used by 
video games. This lack of 
info rmation is probably due to 
the difficu lty in producing any 
sort of theor y of graphics 
p rogrammmg. 

«~ '---~ .-"" In practice a good graphics 
programmer achieves his end 
product hy a mixture of ad hoc 
rules and methods and a sense of 
good design , 

It is possible to learn something 
about the ad hoc ru les and 
methods but if you don't have a 
sense of design the best thing to 
do is to ask someone who has 
wha t they think of you r product 
and take notice of their 
comments. 

GRAPHICS 
HARDWARE 

give a complete list of every 
possible techniq ue for 
producing graphics, whic h 
although interesting would take 
a lot of space, it seems more 
useful to limit the description to 
the few methods used by 
microcomputers. The world of 
microcomputer g ra phics is 
divided according to whether 
the electronics for the graphics 
facility is 'memory mapped' or 
'port controlled' 

Memory mapped graphics is 
the most common way of 
providing graphics on micros 
because it is cheap a nd easy to 
use. The key feature of memory 
mapped graphics is tha t a 
portion of the computer's main 
memory is assigned to the 
production of a screen display. 
The contents of this a rea of 
memory is 'converted' by the 
computer' s video circu it ry to an 
image on the screen in such a 
way that a sing le memory 
location controls what is 
displayed at a particu lar area of 
the screen . The e xac t way that 
thi s happens varies quite widel y 
but it is possible to distingush 
two general approaches -
block character graphics and 
pixel graphics. If each memory 
location controls an area of the 
screen so that what it displays 

depends on a code stored in 
memory location then thi s is 
b lock character graphics. If 
however the pattern that 
appears on the depends 
on the pattern and 1's 
stored in the memory location 
then this is pixel graphics. 
(Pixel being short for picture 
element. ) 

Port controlled graphlCs a re 
far less common in the 
microcomputer world . Instead 
of allocating an area of memory 
in the main machine to graphics 
an altern ative approach is to 
build a separate 'graphics 
deVice' with its own memory etc 
and allow the computer to 
commu nicate with it over an 
interface port of some 
descri ption . A typical example 
of this approach is a graphics 
VDU which can be attached to 
any computer via a serial port. 
Port controlled devices have two 
main adva ntages - they do not 
use a ny of the computer's main 
memory and, in principle at 
least, they can be connected to 
any computer. Their principle 
d isadvantages are cost and 
speed . Such a device duplicates 
many facili ties already in the 
computer a nd communicating 
over a port is usually slow 
compared to memory mapped 

Memory mapped 

Port controlled 

each memory location controls what 
is displayed on an a rea of the screen 
What is displayed on the screen is 
controlled by sending codes and 
other information over an interface 
port 

Pixel graphics 

Block graphics 

a correspondence between the 
pattern of as and I's stored in a 
memory location and what appea rs 
on the screen 
No correspondence between the 
pattern of Os and I's and what 
appears on the The content 
of each memory treated as 
a code that determines will be 

8efore going on to consider the displayed 
software side of graphics it is Tabla 1. First select your control mechanism and then the 
necessary to consider the cnaracter type. Most common micros use memory mapped screens 

various ways that computers :~~~~K: :i~~:ro;:~f!ti~:~i6~1~~~~nlng to pixel graphics In the 

~ha:n~d~le~g:,:a~Ph:i~CS~.~R~a~th:e:' ~th:a:n __ ~::::::::~::::::::~::::::::::::::::::::::~~ 
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access. Because of the high cost 
of port controlled graphics you 
would think that you would 
never come across such a thing 
with a micro. In practice 
however what tends to happen 
is that a machine will have a 
video section built in to the same 
box that has its own memory etc 
and communicates with the 
'main computer' through a fast 
port or a small area of common 
memory. 

All this classification of 
graphics systems is a little 
difficult to absorb at first so 
perhaps Table I might help. 
Rea l micros olten use schemes 
that are not wholly described by 
any of the above categories. 
However it is normally possible 
to say that a micro's graphics is 
more like one than the other. 

A SOFT VIEW 

The above discussion is only of 
in terest to programmers in so 
far as the hardware affects the 

S~~~~~~s ;~;~:~~t;~l:ddd~~ices 
vary so much it is really only 
possible to describe the software 
techniques normally used with 
memory mapped graphics. 

The easiest sort of graphics 
lor a beginner to use are block 
graphics. The reason for this is 
that block g raphics are handled 
in exactly the same way that 
alphanumeric characters are. If 
you know how to print the letter 
'A' at a particular position on 
the screen then you can also 
print a special graphics 
character at the same place on 
the screen. 

~-J!J . , .... ..-~ 

From a programmer's point of 
view block graphics look like an 
extended character set that can 
be PRINTED on the screen 

Thus no new graphics 
commands are required to 
produce block graphics 
displays. All you need is the 
ability to select the correct 
g ra phics characters and 
position them on the screen to 
make up the 'shape' that you 
require. For example you may 
draw a box on the screen by 

finding the correct set of lines 
and corners among the 
character set and printing them 
in the right place. Drawing with 
graphics characters is rather 
li ke the old pastime of using a 
mechanical typewriter to make 
pictures! 

Finding the correct 
characters to make up outlines 
of objects etc can be quite 
difficult until you are familiar 
with the character set provided 
Indeed if a particular character 
that you require is missing then 
you will find that you cannot 
d ra w everything you want to. 
Offset against this lack of 
complete freedom to draw 
anywhere on the screen is the 
existence 01 solid graphics 
characters such as the four card 
symbols (heart, diamond, spade 
and club). The range of such 
graphics characters varies 
according to the particular 
machine you are using but it 
can be very wide and include 
such oddities as tank and 
spaceship shapes, guns, people, 
animals etc. The ability to print 
an entire space ship in one go 
at a specified screen location is 
very useful if you are writing 
games programs but not so 
appealing if you are trying to 
plot a graph! 

Pixel graphics on the other 
hand are ideal for drawing 
graphs and other complicated 
outlines. As each point on the 
screen is associated with a 
particular bit in memory it is 
possible to alter any area of the 
screen independently of the 
rest. This gives rise to 
commands such as: 

p1.o·r >< ,y 

which (in many versions of 
BA SIC) will make a point 
appear on the screen at a 
pOSition specified by x and y. 
Using this command it is 
possible to draw any shape you 
require - straight line, circles 
etc. However, to make life even 
easier many versions of BASIC 
include some extra commands 
to draw a line or circle directly 
The mai n problem with pixel 
graphics is that if you want to 
plot a solid shape such as a 
space ship or one of the card 
suit symbols it can take a large 

number of commands. At worst 
you will need one PLOT type 
command for every point in the 
shape and this is often as many 
as 64 or even I (X)! 

'---,irt:== 
~~,.. 

Pixel graphics are good fo r 
drawing Jorge outlines. Block 
graphics are good for small 
solid shapes. 

As with all thi ngs in computers 
the subject of block and pixel 
graphics is not clea r cut. For 
example the ZX8 1 uses block 
graphics but has a PLOT 
command. The BBC Micro and 
the ZX Spectrum both use pixel 
graphics but, because they have 
software provided for user· 
defined graphics they can be 
treated like block graphics 
mach ines. Using software it is 
possible to have the best of both 
worlds - except for one 
case . Some machines use the 
block character method to 
generate screens full of text but 
then use memory mapped pixel 
method for graphics. On such 
machines it is difficult to mix 
text and graphics without a 
great deal of extra software 
effort. (For example, in text 
mode the Apple uses block 
characters but in hi·res 
graphics mode uses pixel 
graphics). 

THE SCREEN MAP 

Although the memory mapped 
machines provide commands 
such as PLOT to enable the 
manipulation of individual bits 
in memory and hence 
individual pOints on the screen 
it is often the case tha t a more 
direct approach works better. It 
is possible to alter the contents 
of any memory location using 
the BASIC command: 

which stores the value 'data' in 
the memory location at 
'address' This means that it is 
possible to alter the conten ts of 
memory in the screen area 
directly and bypass the supplied 
graphics commands. 
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If you know that the screen 
occupies memory fr om 'START 
to 'FINISH then you might li ke 
to try the following two 
programs: 

and" 

l~ <'uK 1 . ~'fA~'f TO fINISH 

~~ ~~~; ~ , 46 

The first of the programs stores 
all the possible bit patterns into 
the first memory location of the 
screen area. This will give you 
two pieces of in forma tion -
what place on the screen the 
fi rst memory location 
corresponds to and what each 
bit pattern produces. Very often 
the first memory location 
corresponds to one of the four 
corners o f the screen but this is 
not always the case. It your 
machine uses block graphics 
then each bi t pattern will 
produce a whole new character 
on the screen. If your machine 
uses pixels, then you will only 
see eight points at most change. 
The second program POKEs a 
marker character into each 
memory location. II you watch 
the order that they appear you 
can determine how the memory 
loca ti ons correspond to the 
screen positions. For many 
machines it is possible to gi ve a 
very simple formula for the way 
the memory location 
corresponds to screen positions 
and this is known as a screen 
map. It is important to notice 
that this is not always possible 
because the correspondence 
can be very complicated. 

If you know the screen map 
for machine then 

to manipula te 
The main reason for 

wanti ng to do this is speed and 
so POKEs (and PEEKs) make up 
the greater part of many moving 
or dynamic graphics programs. 

DYNAMIC GRAPHICS 

Moving graphics are the main 
constituent of almost all 
computer games. This is not to 
say that they haven 't a ny 'real' 
applications it just emphasises 
how much fun dynamic 
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graphics can be. Although it is 
often obvious how to draw 
simple shapes on the screen it is 
often something of a puzzle to 
know how to make them move 
a nd even more of a puzzle to 
know how to produce all the 
dazz ling effects seen 
computer games -
explosions, bouncing 
While it is important to 
that many of the most stunning 
effects produced by games 
machines are the product of 
special hardware it is easy to 
produce very good moving 
graphics even from BASIC 

The principle behind 
moving graphics is not difficult 
to understand. A cine fi lm (or a 
normal television picture) gives 
the impression of movemen t by 
showing a sequence of 
motionless pictures. The 
sequence of pictures is in fact a 
jerky and jumpy approximation 
to the tru ly smooth movement 
that it represents but the eye is 
fooled into smoothing the jumps 
out. This perception of a 
sequence of still images as a 
smoothly moving object 
possibly the only visual 
that is used by tec hnology. 
Making things move on a 
computer screen uses the same 
principle . The only problem is 
how to produce the sequence of 
images required. If you want to 
ma ke something move across 
the screen then all you have to 
do is to plot it then remove it 
(u npJot it) and then p lot it again 
but at a slightly different 
pOSition . By repeating this 
plot/unplotlmove action the 
objec t can be made to 'slide' 
about the screen . 

For example, to make 
someth ing move horizontally 
tcy 

'" 2~ Y- middle 
30 PIIINT TAB()( , Y) ; "A" 
~: ~~~~r 'fA~(X , Y),"(SPC]" 

6~ GO'rO 30 

For simplicity we are assuming 
that PRINT TAB(X,Y) wilt 
posi tion the cursor at the Xth 
column and the Yth row. Of 
course this has to be replaced 
by whatever graphics command 
your version of BASIC has 
Also 'midd le ' should be 

GRAPHICS 

replaced by a va lue that starts 
the 'A' off in a reasonable 
position to be seen. 

If you do ru n the above 
program on you r machine you 
will see a leiter 'A' shoot 
the screen but you mig ht not 
very pleased at how smoothl y 
moves. On most machines it 
in fact appear to twink le as it 
moves. The reason for this is 
two·fold. Firstly, the letter 'A' 
moves in 'j umps' that are rather 
too big to completely fool the 
eye in to seeing smooth moilon 
And secondly there is an 
imbalance between the time tha t 
the 'A' is displayed and the lime 
that it is not. Ideally the il me 
that the' A' is on the screen 
should be long compared to the 
lime that it is off Unfortunately 
the above program doesn't 
really leave the 'A' on the 
screen for long enough before 
removing it by prin ting a b lank 
at the same p lace. To see the 
effect of mcreasing the time that 
the 'A' is on the screen try 
adding 

35 YUH 1_1 TO ~ 

36 ~ gXT I 

with different values of N to 
produce differen t delays 
between printing the 'A' and 
removing it. 

This plotting and then 
unplotting is the way all 
dynamic graphics are 
produced. The only trouble is 
that between the p lotting and 
unplotting you have to do all 
the ca lculations concerning the 
movemen t of the object (and 
any other objects being moved 
by the program) . In BASIC this 
can take so long that dy namic 
graphics look more like slow 
motion. There is no solution to 
this problem apart from moving 
to a faster lang uage a nd this 
often means machine code 

VELOC ITY 

Making something move across 
the screen in a straight line as 
in the last example is all very 
well bu t it' s ha rdly inspiring. 
The next step is to allow the 
moving objec t to move in more 
complicated ways. Although 
this is just a matter of 
calculating the positions that the .... 
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object should take up it is more 
useful to think of this in another 
way. 

If the time interval between 
plotting and unplolting a n 
object is constant (and it nearly 
always is) then the distance that 
the object moves can, in some 
senses, be thought of as being 
related to a 'velocity'. The 
higher the velocity the greater 
the distance moved each time. 
Putting these ideas into practice 
involves defining two 'velocities' 
a honzonlal velocity and a 
vertical velocity. If these are 
stored in two variables H and V 
then the process of ca lculating 
the new position of the object is 
simply: 

In other words in each time 
period the horizontal position 
changes by an amount equal to 
the horizontal velocIty and the 
vert ica l distance changes by an 
amount equal to the verb cal 
velocity. As an example 
consider the following program 
using the same conventions as 
the last example: 

U Val 
2& II-I 

!~ ~:! 
50 P~IN"f ·j, ... II(X , t) ; " ... " 

~: =~~~'I~ "l"A~(X , t) ; "j:;rC]· .. .. t - t +v 
GO·to 5~ 

This makes the letter"A"move 
diagonally across the screen. 

The full advantage of 
treating the movement of 
objects in terms of velOCities IS 

easy to see once you consider 
the problem of 'bouncing' a 
'ball' a round the screen. If the 
'ball' meets a verllcal 'wall ' all 
you have to do is to reverse the 
horizontal velocity. If the 'ball' 
meets a horizontal 'wall' then 
the vertical velocity has to be 
reversed. In a cross between 
English and BASIC this 
becomes: 

85 If 'at tlo r i2ont<11 ""all ' TtiEN 
Va_V 

~6 I F ' a t vert ical ""a ll ' 'r ll ,:11 Ita-I! 

If you can transla te the 
conditions in each of the IF 
statements into proper BASIC 

for your machine then these two 
lines can be added to the 
previous example to g ive a 
program that 'bounces' the 
letter 'A' around the screen ! 
The same method can be used 
to 'bounce' objects off bats etc 

ACCELERATION 

The idea of using velocities to 
control the motion of objects is 
very useful but results in things 
travell ing only in straight lines. 
To introduce cu rvature to the 
pa ths that objects ta ke it is 
necessary to add the idea of 
acceleration. If at each step we 
not only modify the position of 
the obJect but also the velocities 
then it will travel along curved 
paths. For example, If we 
introduce a vertical acceleration 
we can produce a falling object: 

Ii 11_\ 
2& v_y 
JII "'-0 . 2 
40 X_ I 
S~ tal 

GRAPHICS 

60 PIl(N 'r 'r AJl(X , t); "A" ii ;:~:~ -rAJl(X , t ) ; "[SrCl" 

lI!~ V-V+A 
110 aO'r061t 

As the object (the letter 'A') 
moves across the screen the 
vertical velocity increases 
because of line 100. This steady 
increase in velocity causes the 
'A' to fall in a parabola . By 
using horizontal and vertical 
veloc ities and accelera tions it 1S 
possible to produce a w1de 
vanety of motions. 

CONCLUSION 

Dynamic graphics is one of the 
most enjoyable areas of pro­
grammJng and with very little 
extra knowledge a Wide range 
of effects can be ach1eved. 
Once the basic method of 
making thi ngs move is 
understood nearly everything 
else can be handled in terms of 
velocity and acceleration . To 
make a number of objects move 
at the same time all you have to 
do is keep track 01 the position, 
velocity and acceleration of 
each one of them. In theory this 
sounds qu ite straightforward but 
in prac ti ce, of course , it may be 
quite a confUSing task -
especially if you ignore the 
hmts contained in earlier parts 
of this series! 
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I t is something of a shame tha t 
the twin tOP1C of sorting and 
searching sounds as thoug h it 

is d ull. dry and uninteresting 
because, apart from 

something every 
programmer should know a 
little about, it is also a subject 
th at contains enough su rprising 
and ingen ious programming 
methods to keep any 
programmer amused ! Perhaps 
the trouble with sorting and 
searching is that unless you 
have tried to do either you will 
underestimate some of the tricky 
little problems that crop up. 
This is not to say that humans 
don't have very much to do with 
sorting and searching in 
everyday life. For example, the 
resu lts of exa minations have to 
be sorted into order, every time 
you look up a telephone 
number or a word in a 
d ictionary you are using a 
search algorithm - even if you 
don't know which one! By 
examining the ways that humans 
carry out sor ting and searchmg 
you can begin to write 
programs that do the same 
things bu t to make the best use 
of the specia l ta lents and 
limitations 01 a computer then 
you have to think a little harder 
abou t what it is you are trying 
to do. 

THINGS TO SORT 
The reasons why lists of things 
are more usefu l in some kind of 
order are [n 
pa rticular, 
find in a and herein 
li es the connectJon between 
sorti ng and searching ! It is also 
true that humans are more at 
home wi th li sts of in formation in 
order and tend to worry about a 
fi ling system tha t is chaotic even 
if there is a way of finding 
anything that you might want 

The range of th ings tha t 
constitu te lists to be sorted is 
wide. Howeve r, from the 
computi ng point of view th is 
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range can be reduced to 
considering sorting a li st 
consisting of two pieces of 
informa tion. The first is the item 
that you are basi ng the order of 
the list on, it could be a 
number, a le tter or even a 
name. This is often referred to 
as the 'sort key' or just the 'key' 
The second is a number that 
indica tes where the information 
that consti tu tes an element of 
the list is stored . For example, 
you may want to sort a list of 
names and addresses into 
al phabetica l order. The 
ordering of the list is only on 
the basis of the name part of the 
name and address record and 
hence this is the sort key. As 
you might imagine sorting such 
a list involves moving a lot of 
information around. Instead of 
ha ving to an e nti re record 
consisting a name and 
perh aps a very long address 
each time it is better to leave 
the records at fixed locations 
and move 'pointers' to their 
locations instead . This idea may 
seem overcomplicated, 
especially for BASIC, bu t in 
fact it can be implemented very 
easil y. If you assume that the 
name and address, or any other 
information to be sorted, is 
stored as elements of an array 
(or even a number of arrays) 
then you can set up another 
array that holds a list of painters 
to the elements of the firs t 
array. So lf the names and 
addresses a re stored in N$ and 
the painters in N the location of 
the first name a nd address 
record is in N( 1) and N$( N( 1)) is 
the record ltself. In the same 
way N$(N(2)) is the second 
record, N$(N(3)) is the third 
a nd so on. Sorting the list of 
names and addresses can 
obviously be done by moving 
anI y the elements of the 
a nd leaving all the elements 
N$ exactly where they were 
The saving in time gained by 
using the second array N to 
hold the order of N$ far 

SORTING AND SEARCHING 

Sorting and searching 
lists can be a d ifficult 
ma tter. 

ou tweighs the cost of the extra 
memory needed for N 

HOW WELL DOES IT 
SORT? 
If you have a p rogra m tha t sorts 
a list into order then obviously 
it is important that it does its Job 
fast. There a re some sorting 
a lgori thms that work well 
e nough with small amounts of 
data bu t the time that they take 
inc reases rapidly if you increase 
the amount of data to be sorted. 
It is important to know how well 
a sorti ng method works but how 
do you measure this? The lime 
that most sorti ng methods takes 
depends on the actua l set of 
data you give it to sort as well 
as how much of it there is. For 
e xample, if the list ha ppens 
already to be in order then 
nearly all sorting methods will 
notice this and stop after doing 
very little work. A similar speed 
increase is the case in less 
extreme examples, in other 
words the more the list is 
already in order the fas ter a 
sorting method wor ks. 

COMPARING THE 
SORTS 
An obvious measu re of how 
good a sorting method is, is 
how fast on average it will sort a 
list of a pa rti cular size. There 
will be lists that are sorted fas ter 
and there will be lists that take 
longer . In fa ct there will be lists 
that take a lot longer than the 
average time - fo r example, a 
list that is ordered in entirely 
the reverse order to that 
desired, such lists are often 
called 'pathalogical' When 
comparing sorting methods 
there are two things to be taken 
into account - the average 
time to sort a list and the 
longest time to sort a list. 

For instance , if you find a 
sorting method that is fast on 
average bu t incredibly slow on 
a pathalogical list then make ... 
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sure a ll your li sts a re well 
behaved or be p repared for a 
long wait eve ry now and again ! 
Obviously the time that an Jdeal 
sorting method takes should 
increase as slowly as possible as 
the leng th of the list increases , 
should be fast on average and 
not much worse for a 
pa thalogical list. Now that we 
know what we want It has to be 
admitted that most sorting 
methods a re far from idea l! 

SOME SIMPLE 
SORTING METHODS 
If yo u were g i yen a pile of 
mar ked exam papers and were 
asked to pu t the m in order you 
mig ht proceed as follows: 

1) scan through all the 
papers and find the one with 
the highest mark ; 
2) place this paper at the 
front of the pile 
This paper is now 'sorted' 
and takes no part in a ny 
further sorti ng ; 
3) repea t (1) and (2) with 
the 'unsorted' re mainder of 
the pile, putting the highest 
one in front of the 
remamder, until all the 
papers a re sorted. 

Thls is known as a 'selection 
sort' because it is the repea ted 
application of selec ting the 
highest mar k from the 
remaming papers that is used to 
sort the pile . In BASIC this is 

10 LET N~ I O 

20 Dl M U NI 
30 GOSUB 1000 
40 GOSUB 2000 
~ GOSUB3000 
MSTOP 

1000 FO R 1' 1 TO N 
1010 LET Lm' RN D 
1020 NEX T I 
1030R£1"U RN 

2000 FOR I_I TO N- I 
20 10 LET M- I 
2020 f'OR J"- I' 1 TON 
2010 If' U MJ(UJ) THEN LET M- J 
Zo..O NEXT J" 
ZMO LET T_U l) 
ZOJ>O LETLU)-UMI 
2070 LET UH )aT 
2000NEXTI 
2()";l0 RETURN 

3000 FOR 1- \ TO N 
30 10 PRl NT Ltli 
3020 NEXT1 
3030Rl:TURN 

Subroutine I (X)) constructs 
of random nu mbers to be 
and subroutine 3(x)) pr ints 
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Both of these subroutines 
be used in the fo llowing 

examples without being given 
agai n . Subrou tine 2(X)) is the 
actual sort part of the p rogram 
It works in much the same way 
as the 'hu man' met hod except it 
uses a single arra.y ra ther than a 
'pil e ' of papers. Lines 2010·2040 
find the largest value in the 
a rray starting from L(l) and 
ending with L( 10) . Lines 
2050· 2070 carry out a 'swap' 
between L(l) and the la rgest 
e lement. Finding the largest 
value and swapping it is 
repeated until the array is 
sorted by the FOR loop sta rting 
at li ne 2(x)). 

The selection sort is not a 
fast method . Just by looking at 
the way the two FOR loops are 
nested you should be able to 
see that if L has N elements the 
complete sort will take roughly 
N *N/2 comparisons and 3 *N 
swaps. This fi gure, however, is 
not affected at all by a ny order 
a lready present in the list so the 
selection sort 1S equally bad for 
all cases! 

Another sorti ng met hod 
based on the way a human 
might do it is the 'inserti on' 
sort. If you we re g i ven a hand 
01 cards to arrange in order you 
might p roceed something li ke' 

a ) Place the fi rst two cards in 
their correct order, 

b) The n place the third card 
correctly with in the first two; 

c) Then place the lourth ca rd 
in its correct place within 
the fi rst th ree and conti nue 
like th is until all the cards 
have been sorted 

This idea is easy to convert into 
BASIC by usi ng two The 
first holds the items sorted 
and the second is place 
the items one at a ti me in to 
order 

IOLETN"'10 
20 DIM Li IN.1 
3ODIM A<N1 
4<1 GOSUB 1000 
~GOSUB2(1()() 

t.OGOSUB3000 
70 STOP 

Z(I()() LET A!lI~L!l1 
~O\O FO R I"2 TO N 
Z020 LET J - I 
2030 IF LUK_ A(J") THEN GaTO 209{l 
2040FORK" I- l TOJ"5TEP-l 
ZMOLET A(K+ ll- AlK ) 
20W NEXT JC 
Z070 LET A(J" )a U I I 
2000 GOTO 2 130 

2090LET .r - J+! 
2100 1f"J(- I-l TH EN GOTO 2030 
2l20 LET AI.HI I_L(II 
2 130 NEX T I 
21(0 RETURN 

and cha nge line 3010 to 

The sort is once agam carried 
ou t by subroutine 2(X)). Line 
2(x)) takes the hrst item in the 
list L and places it in the a rray 
that the sorted list will be stored 
in tie A) . The FOR loop starting 
at 2010 is responsible for 
inserting each of the items from 
L into A. Lines 2020.2120 a re 
responsible for actuall y car rying 
oulthe swap. The new item is 
compared with the items 
already sorted in the A by 
lme 2030. When the 
posi ti on for the new item is 
found then lines 2040-2C60 
make space for it by moving all 
the elements that are smaller 
than it up the a rray by one 
place. Then the new item is 
inserted by line 2070. If the new 
item is smaller than any al ready 
in the array A it is just 
appended to the end by li ne 
2120 without having to make 
any space 

This procedure looks as 
though it will be slower than a 
selection sort because of all the 
moving of a lready sorted items 
to make room for new items 
However, th ings are not what 
they seem . The number 01 
comparisons needed to sort N 
items is on ly N *N/ 4 which is 
better than selection sort. The 
number of moves of items is also 
N *N/4 which is better than the 
3N swaps of selection sort 
e xcept when N is tiny 

OTHER SORTS 

The next sorti ng method , 
'bubble sort' , is perhaps a 
too well known . This is 
the fi rst me thod that is not 
based on the way a hu man 
would sort things bu t tnes to 
make use of the speed wilh 
which a computer can do 
simple things. The basic bubble 
sort algorithm is easy to 
understand . All you have to do 
is make a 'scan' through the 
array comparing items that are 
'next door' to each other. If they 
are in the c orrect order then 
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noth ing is done . If they a re in 
the wrong order then they are 
swapped. This scan is repeated 
unti l the list is fu lly sorted and 
there are no swaps made on a 
scan . The BASIC fo r this is' 

20DIHLC)I) 
3OG05U81000 
4OGOSUB2000 
~GOSUB3000 
WSTOP 

2OOOLETF-O 
2()IOGOSUB2500 
2020 IF F_O TilEN RETURN 
ZOJOGOT02000 

2500 FOR I- ' TO N- I 

~~~ ~~~?i;~~')) THEN GOTO 251>0 

~30l.ET L<I,",L(l . 1) 

Z540LET Ult) IooT 
~l.ETf'· 1 
~ONEXTI 

The structure 01 this program is 
very simple to understand. 
Subroutine 2CXXl first sets a flag 
F to zero and calls subroutine 
2500 which performs a scan and 
sets the flag F to I if a swap 
occurs. Line 2020 repeats the 
scan until the F is zero 
indicating that the array has 
been completely sorted. 
Subroutine 250) performs the 
scan using a FOR loop and 
compares 1(1) wi th L(l + 1) . The 
swap is carried out by lines 
2520- 2540 and the flag is set in 
2550. 

It is a fact that the bubble 
sort is so easy to understand 
and quick to program because 
it is far from a good method of 
sorting. You need about N *N/2 
comparisons and 3 *N *N/ 4 
swaps to sort a list of N items 
and this is worse than an 
insertion sort! The interesting 
thing about the bubble sort is 
that you can lind lists tha t it 
works very qu ickly on - for 
e xample, a list that has only a 
few well separated pairs of items 
in the wrong order will be 
sorted in one scan - but there 
are also lists that it does very 
badly on - for example , a list 
in reverse order. In conclusion, 
the bubble sort is slow and very 
sensitive to the initial order of 
the list 

There is an improvement to 
the simple bubble sort that 
makes it very good indeed. The 
main trouble with the bubble 
sort comes from the fact that 
items move by only one place at 
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a time. If an item is at the 
bottom of the list and it should 
be at the top then it will take N 
scans to move it to its correct 
place. If we extend the bubble 
method to compari ng and 
swapping items that are fu rther 
apart than one then we might 
improve the speed with which 
items reach their final resti ng 
place. If the distance betwee n 
items compared and possibly 
swapped is D we call the 
resulting sort a D-sort . In other 
words, the bubble sort can also 
be called a I-sort. The on ly 
complication is that a list can be 
sorted as far as a 4-sort, say, is 
concerned but still not sorted as 
far as a I- sort is concerned. In 
practice we employ a sequence 
of sorts with decreasing distance 
between the items compared 
unti l a l ·sort finally gives the 
fully sorted array. This method 
is often called a Shell sort after 
the person who first inven ted it 
A Shell sort in BASIC is not 
much more difficult than a 
bubble sort: 

20 DlML(NI 
3000SUB1()O() 
4000SU82000 
5OGOSUB3000 
bOSTOP 

2000 LET D_a 

~!g ~~~~~HEN RETURN 

20300OSUB2500 
2040 If" f"'"1 THEN OOT02020 
2050 LET D- IJI2 
2060 OOTO 2010 

2500 f"OR I - I TO N-IJ 
2~10 If" L( I))Li HDl THEN GOTO 2~O 
2520 LET T~ LiII 
2~30 LET LiI )OO Ll I+DI 
25'10 LET LlI+O )ooT 
2550 LET f""l 
25b0 NEXT I 
2570 RETURN 

The way that this program 
works can be understood by 
comparing it with the bubble 
sort given earlier. The distance 
between items compared is 
stored in D and sta rts out at 8. 
Alter each scan at a particular 
D returns withou t making any 
swaps, the value of D is halved 
and a new series of scans is 
initiated. This continues until a 
I-sort returns without making 
any swaps. Thus the sequence 
of sorts is 8-sor!, 4-sort, 2-sor!, 
I- sort. 

It is difficu lt to say how good 
the Shell sort is on average as it 
depends on the initial value 
given to D bu t the main point is 

SORTING AND SEARCHING 

that it is a good sorting method 
to use un less you are going to 
be sorting very large lists of 
data. 

This examination of sorti ng 
methods could continue without 
end . There are better methods 
of sorti ng data than the Shell 
sort but these would need an 
artic le each to explain. The 
Shell sort is one of the simplest 
efficient sorting methods . There 
is never a good reason fo r using 
a bubble sort. If you need to 
sort very large lists of data then 
you will need a method that is 
even better than the Shell sort. 
Some names to look to up in 
reference books include tree 
sort, heap sort and qu ick sort. 

RUNNING OUT OF 
MEMORY 
Each of the sorting methods 
described above only wor k if all 
the data can be stored in 
memory at once . What do you 
do if you have a very large disc 
fi le to sort? The answer is 
su rpri singl y simple and leads to 
a sorting method all on its own. 

Let's suppose that you have 
a list 01 100 records to sort and 
only e nough memory to hold 50 
of them at a time. All you have 
to do is to split the list into two 
parts of 50 records each and 
sort them independent! y of one 
another in memory. To make a 
single fully sorted list of 100 
records all you have to do is to 
merge the two fi les in the 
followi ng way: 

l) read item I from filel and 
item2 from file2; 

2) write the largest of item I 
and item2 to output fi le ; 

3) read a new item from 
correct file to replace item 
written out; 

4) repeat (2) and (3) unti l both 
files are empty. 

As an example , consider 
mergi ng the two lists 9,5,3,1 
and 8,7,6,2. The first two items 
are 9 and 8, and as 9 is greater 
than 8, 9 is written out. As the 
item from list one was written 
out, the next pair of items is 5 
and 8 and, as 8 is greater than 
5, 8 is written out and the next 
item is read from list two . If you 
carry on you will eventually get 
a fully sorted list of eight items iii'-
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big \~ b~nh~id' l~ ~o;~~rl~st too 
simply split it up into a number 
of smaller files that will fit into 
memory and then sort these. To 
obtain the final sorted list all 
you have to do is perform a 
merge on all the smaller sorted 
files, reading one item from 
each, writing out the largest 
and replacing it by a new item 

You can use merging as a 
sorting method by dividing up 
the list of items into files 
consisti ng of one item! These 
one element li sts are obviously 
sorted and can be combined 
together in pai rs using 
merging. The resu lti ng two 
element fi les can then be 
merged in pairs to Yield sorted 
files of fou r items and so on. 

Merging is important for a 
number of reasons - it is useful 
to know how 10 combine two or 
more sorted hies, it can be used 
as a sorting method in its own 
right and it allows lists of data 
too big to be sorted in memory 
to be sorted in sections. 

SEARCHING 
The time has come to consider 
our other topic this month -
searchmg. In the same way that 
the data item tha t a list is 
ordered on is called the 'sort 
key', the da ta item that is used 
to detect a match d Ufl ng a 
search is called a 'search key' 
For e xample, if you have a list 
of names and addresses a nd you 
·are sea rching for someone with 
a particular name then the 
n.;lme is the search key. 

If the list that you are 
searching isn't sorted. then there 
is really no aitel'native to 
starting a.t the top and 
compan ng the search key with 
every item. If the list has N 
elements then on ·average this 
process will take N/2 
comparisons· to come up with an 
answer. However, if the list is 
ordered then there is a much 
belter method of searchmg it 
called binary search. 11 we 
assume that the list is in 
ascending order, with the 
largest value at the bottom of 
the list, then binary search 
works like this: 

I ) starting a t the midd le of the 
list, 
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if the middle item is bigger 
than the search key then the 
item we are looking for must 
be in the upper half of the 
list; 
if the middle item is smaller 
then the item we are looking 
for is in the lower half of the 
list . 

2) repeat ( 1) on the half of the 
list that the data item lies in 
until it is found 

For example, if the list is 
1,3,5,7,8,9,12 and we are 
looking for 3, the search begins 
at the middle of the li st ie the 
fourth item. This is 7 which is 
bigger than 3. This tells us that 
what .we are looking for is in the 
first half of the list. Continuing 
the search at the middle of the 
first half ·we examine the second 
item or 3 which is of course 
what we are looking for. A 
binary search takes on average 
only logN comparisons which IS 

considerably faster than N for 
the direct search. 

MAKING A HASH OF 
IT? 

If you have a sorted list to 
search then you cannot do 
much better than use a binary 
search . The question is what do 
you do wi th a list tha t is being 
built up and searched 
continuously. You could spend 
a long time sorting it before 
every search. Anyway for very 

~a:;;,el~~~ ~~~~fhcea~~:~:rato 
these problems is that if you can 
afford more storage than strictly 
needed for the list you can use 
a technique known as 'hash 
coding'. (Notice that this is 
another example of the general 
principle of trading memory for 
speed.) Hash coding works like 
this· 

1) when an item is added to 
the list its search key is used 
to calculate the place in the 
list where it should be 
stored. The equation used to 
calculate this is known as 
the 'hash fu nction ' . 

2) whe n you need to find an 
item the hash function is 
again applied to the sari key 
and this produces the 

location where the record 
can be found without any 
searching for it at alll 

For example , consider a list of 
names and addresses that have 
to be searched for a particular 
name. A possible hash function 
is to convert each of the leiters 
of the name to its ASCII code 
and add them up to produce a 
single number. if we assume 
that there are 10 letters in a 
name the result of this hash 
function will lie in the range 0 
to 2500. This could be used as 
the index to any array that was 
used to store the information. 
So when a new name and 
address arrives we apply the 
hash function to the name to get 
a number that is used as an 
index to the element of the 
array that the name and address 
will be stored in . To find the 
address corresponding to a 
name we once again apply the 
hash function to produce a 
number that is the index of the 
element where the name and 
address is stored. 

This use of a hash function 
sounds rather like magic. After 
all it allows you to store and 
retrieve data without any 
searching! The d iff iculty with 
this method is selecting a good 
hash function. In practice, any 
hash function will return the 
same suggested location for a 
number of values of the search 
key. In the previous example, 
where the hash fu nction 
consisted of converting the 
letters to ASCII and adding 
them together, it should be 
obvious that the name 'SMITH' 
and the (unlikely but possible) 
name 'MITHS' will both give the 
same result. If this happens 
where should the records be 
stored? The usual solution to 
this 'collision' problem, as it is 
known, is to store the first 
record in the location given by 
the hash function but store all 
subsequent entries in the firs t 
free location follOwing its 
pOSition as allocated by the 
hash function. To find records 
whe n there is the possibili ty of 
colliSion we have to modify the 
hash technique to mclude a 
search. The hash function is 
applied to the key. If this gives 
the location of the required 
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record then fine. if not you have 
to examine the subsequen t 
locations in the list until you 
find what you are looking for 

As a result of having to 
hand le possible collisions you 
need to insure that there is 
some spare space in the array to 
accommodate the 'displaced' 
records. This is the reason tha t 
you have to use an array that is 
strictly larger than the number 
of records that you want to 
store. The more spare space in 
the array the faster the search 
will be. It is the collision 
problem tha t ma kes hash coding 
not quite as fast as i t might be, 
but with a good choice of hash 
fu nction (ie one that produces 
as few collisions as possible) it 
can be remarkab ly good. It can 
often take onl y one or two 
comparisons to fi nd the record 
you are looking for even in very 
large lists of data as long as the 
array that is used to hold them 
is reasonab ly empty. In fact. 
even the condi ti on tha t the 
array be reasonably empty is 
not too trouble~ome. For 

example, with a good hash 
fu nction and a ta ble 95% full 
the search only goes up to 4 or 
5 search key comparisons ! 

The subject of hash coding 
and choosing a hash function is 
too big to go into in any more 

Sorting things out is not alway" e asy! 

SORTING AND SEARCHING 

detail here . There are plenty of 
reference books that cover the 
subject in grea t detail however! 
If you have followed the basic 
ldea you should be able to see 
why it is worth looking hash 
coding up. 

BRANE SOFTWARE 
SCROLLER (16/4QK) Enhance your programs with enlarged 
sideways scrOlling messages.H elght magn lf lcallon u p 10 8 times 
wldlh magnification UP 10 32 Ilmes.F ull choIce 01 C010u rs. 
size and position of window .ele ..••..• £7.951ncl P&P 

AOVERT ISER(48K) Thoughl of ouylng 11 rne .... ge SCrOlling 
diSPlay for ey a catching 24 hour adverllSln9? This program I. 
mo re versailleand much eheaper1.Compleleset 01 UPl040 
different displays of almosl any length ........ . £ 17 .95 lncl p& P. 

CUT YOUR HEAT ING B i lLS (48K ) Your spectrum can sav" 
you more than It cos t 10 bUy!NOt .. chnlcal knowled~e requ lred 

£7 .95 Incl P&P.A syslem Ihat lakes Iha work out 01 estlmatlng 
I hesavl ngsmadeDylnsulatlon/dOUD le <llaZln<l. 
A]!programsmenudrlven,fullyerrorlrappedandguaranleed 
T rad e enqUiries welcome : 

Brime Software,Myrtle Grove,Brane.s~ncreed)'enzence, 
TR20QRE 
Tel : 013612 562 

£3.95 
G. J . BOBKER 

29 CHADDERTON DRIVE 
UNSWORTH, BURY, 

LANCS BL9 8NL 



Mike lames 

ELEGANT 
PROGRAMMING-9 

he subject of this final 
article is the rather grand 
sounding programming 

technique called, 'recursion'. 
You may feel that the last part 
of a series on programming is 
an odd place to be introducing 
yet another programming 
method! After all, stepwise 
refinement and structured 
programming were covered 
earlier in the series as the only 
way to write good programs -
so what else can there be? The 
answer is that recursion is 
almost a wholl y separate 
approach to programming. 
Simple programming problems 
are most easily solved using 
combinations of branch (ie IF 
statements) and loops. Problems 
that are best solved using 
recursion are usually not 
encountered un til much later on 
the road to becoming an expert 
programmer and, by this stage, 
it is often too late to see an 
alternative way of tackling a 
problem . This might account in 
part at least for the trouble that 
many people have with 
understanding and using 
recursion. On the other hand it 
might just be that recursion is a 
method of thinking that you 
either find natural or you don't. 
Whatever the reason, recursion 

~~!nad::~dfd~:!;~J ~~~:t~~~ A 
more balanced view is that 
recursion is just another weapon 
to be added to the 
programmers' arsenal and used 
when appropriate. So, if you 
have never met recursion or if 
you have been convinced that it 
is a difficult technique reserved 
for academics then read on . 

ITERATION V 
RECURSION 
The best way to explain recur­
sion is by example. Perhaps the 
most used and simplest example 
of recursion is the ca lcu lation of 
the factoria l fu nction. It is a 
good example not only because 
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it is simple but because it shows 
clearly the relationship between 
the programming methods we 
already know - looping etc -
and recursion . The factoria l 
function n! is the product of all 
the integers from I up to and 
including n. In other words: 

n!=1*2*3 * 4 * 5 *(n-I) *n 

If you were set the task of 
writing a BASIC program to 
calculate the factorial function 
then you wou ld probably write 
something like 

10 rNPlJiN 
10 A_l 
30 FOR I- I TON 
40 A~A.I 
'50 NEXT I 
bO PRINT A 

The main part of the program, 
ie the part tha t does all the work 
is the FOR loop between lines 
30 to 50, The usual name for 
this sort of solu tion is 'iteration ' 
Any program that arrives at its 
solution by going round a loop 
is known as an iterative pro· 
gram. At this point it may be 
difficult to see how there could 
possibly be an alternative to 
iteration - looping is so fun­
damental to programming. 
However there is another equi­
valent definition of the factorial 
function that leads directly to a 
differen t sort of program that 
calculates it. If you want to work 
out n l and you happen to 
already know what (n - 1)! is 
then you can take a short cut by 
using: 

For example 4! = 4 *3J, If you 
don't happen to know the value 
of (n - l)! then you can use the 
same idea once more to find 
(n - 1)! That is 
(n -I)!-(n -l ) * (n - 2) ' You 
should be able to see that you 
can keep on using this relation­
ship until you get to a factorial 
tha t" you do know the value of 

For our grand finale in 
this series we take a 
look at a completely 
different method of 
tackling problems in 
programming. 

and then by wor king your way 
back up the chain you can 
return to the value of the fac­
torial that you want. A value of 
the factoria l fu nction that is pa r­
ticularly easy to remember (or 
wor k out) is I! which is of 
course equal to 1. So, lor exam­
ple, to calculate 4! using this 
method we wou ld first reduce 
the problem to findi ng 3! by 
4! = 4 *3!. Then we would 
reduce the problem to finding 
2! by 3! = 3 *2! and finally to I!, 
which we know by 2! = 2 *1 !. To 
get the required answer we now 
have to work our way back 'up' 
the cha in of calculations ie 
21=2 * 1!=2, 31=3*2=6, and 
finally 4! = 4 *6= 24. This, 
rather strange method 
calculates the factorical function 
withou t any hint of an iterative 
loop - it is the rec ursive 
method of calculating the fac­
torial func tion. The ideas of 
'stepping down' through a 
calculation until you reach a 
point where you can replace 
unknown parameters by actual 
val ues and then 'stepping up' 
through the calculation fill ing in 
the previously missing va lues is 
characteristic of all recursion 
Another feature of recursion is 
the way that the recursive 
defini ti on of the factorial fu nc­
tion involves itself. That is: 

n!= n *(n-I) ! 

can be read as a definition of n ! 
in terms of nand (n - 1)! In fact 
it is this self referencing that 
makes the step down/step up 
behaviour of recursion possible 

Now that we have an alter­
native method of ca lculati ng the 
factoria l function the next step 
is to produce a BASIC program 
that uses recursion. However 
this is not quite so easy as it 
sounds. 

RECURSION AND 
BASIC 
There are computer languages 
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that are defined and 
implemented with special 
features to allow and even 
encourage programmers to 
write recursive programs. The 
trouble is that BASIC isn't one 
of them ! Th is isn't unreasonable 
when you think of BASIC's 
humble origins as a firs t 
leaching language. A few 
versions of BASIC - C BASIC 
and BEC BASIC for example -
contain special facilities for 
recursion but, in general, 
BASIC leaves the programmer 
to sort out recursion alone. 
Things are not quite so bad, 
however, because i t is fa irly 
easy to wri te clean and neat 
recursive programs in BASIC 
using a simple idea . Before 
introducing this it is worth 
looking at the way that a 
standard recursive program 
wou ld appear in a version of 
BASIC that fac ilitates recursion 
- BBC BASIC 

What we need to do is take 
the recursive definition of the 
factorial functi on and convert it 
as directly as possible into 
BASIC 
10DEFFNF(N) 
20 If' NOI THEN a N_f'NFCN_\ ) ", ., 
Although the above program 
may look a li ttle strange you 
should be able to identify the 
overall form of a recursive 
subroutine, The first line (10) 
.defines what follows as a func­
tion called FNF. The second 
line (20) is the recursive defin i­
tion of NI It says IF N< > 1 
THEN the resu lt of the function 
is N times the resu lt of 
FNF(N- l ). You should be 
to see tha t this is where the 
down/step up calculation oc­
curs. When FNF is used, for ex 
ample in the sta tement PRINT 

FNFI41 ----, 

~ 
I 

FNF( 4), line 20 causes FNF to 
be called as FNF(N - I), 
FNF(N - 2) and so on until 
FNF( 1) is reached when line 30 
returns the value 1 and the 
chain of calculations is taken 
back up towards the first use of 
FNF, This idea can on ly work 
and really be understood if 
each time FNF is used a com ­
pletely new version of the func­
tion, in particular all its 
va riables. are created anew. For 
example in the execution of 
FNF(4) li ne 20 causes a com­
pletely new version of FNF to 
come in to existence to work out 
FNF(3). This in turn causes 
a nother version of FNF to come 
into e xi stence to work out 
FNF(2) wh ich fina lly crea tes a 
version to give the value of 
FNF(l ), Not onl y must a new 
version of FNF come into e x­
istence each time it used. 
each on ly 
replace previous one until it 
returns a result . In other words 
to allow the calculation to work 
its way back up the chain it is 
necessary for each of the ver -

of FNF created on the way 
the cha in to carryon ex­

isting both to accept the resu lts 
of the later versions of the func­
tion and to return a value to any 
earlier versions of the function. 
So to continue the above exam­
ple, when FNF( 1) ret urns the 
value 1 as its answer, it passes it 
to the partially completed ver­
sion calculating FNF(2). Th is 
allows this version to complete 
its line 20 and pass the result 2 
to the next version and so on to 
the first use of FNF which final­
ly returns the value FNF(N) to 
the PRINT statement that it was 
used in . The way that FNF 
works ou t any factori al is not 
difficult to understa nd but it 

~ ~ 
I I 
~ ., 

RECURSION 

may be difficult to follow so 
I is included as a summary 
the FNF(4)"calculation 

This description of the FNF 
function is all very well for 
anyone wi th BBC BASIC but 
what about the rest of us . Well 
the answer is that there is a 
simple method of implementing 
recursive subroutines in almost 
any version of BASIC. The 
method relies on the version of 
BASIC having a good pair of 
GOSUB and RETURN 
statements. In particu lar it is 
important that you can GOSUB 
to a subroutine from within a 
subroutine and sti ll have the 
RETURN statement take you 
back to the correct place. In 
other words it is important that 
subroutine call s can be 'nested' 
to a reasonable depth. The main 
problem in using BASIC 
subrou tines recursively is that 
each time the subroutine is used 
a whole new set of variables , 
should come in to existence and 
when the subroutine finishes it 
should be possib le to return to a 
previous version of the 
sub routine restoring the old 
values. The simplest. but 
incorrect, BASIC recursive 
implementation of the factorial 
function is: 

10INPU1"N 
20 GOSUB 1000 
30 PRlNTF 
40 END 

l OOO IFNa l THEN Fa l:RET URN 
1010N_N_1 
I020GOSUB 10(l() 
1030 Fa (N+1I4F 
1040 RETURN 

Subroutine lCOJ attempts to use 
recursion to calculate N! by 
call ing itself at line 1020 to work 
out an answer for (N- 1) [ and 
then using this in line 1030 to 
calculate N!. Unfortunately, this 

__ ~:F:;.:.:I.:Tb:.:,a:Jo:":la:lio:n;Ol:F:NF:l':l.::::::::::::::::::::::::::::::::::::::::::::::::~w~ 
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doesn 't work because the old 
values of Nand F are destroyed 
each time the subroutine is 
c alled. The answer to this is to 
use an array for each variable 
in the subrou tine and a count of 
how many times the subrou tine 
has been call ed. This count is 
used as an index to the arrays 
so that effectively a completely 
new set of variables is produced 
each time the subroutine is 
called . For example: 

10DlHNUO) 
10 PIHF(!O) 
30 INPUT N!1J 
401_0 
~ GOSUI3 1000 

~g :ifTFU ) 

10001_1+1 
1010 IF Nm~ l THEN FII>Sl:1_1_IIR£TURN 
lO2()N!I+!l~Nm-l 

1030 005U81000 
l 040 F(J)"N II)_f"!I +U 
1(15(11_1_1 

The two simple variables Nand 
F are now replaced by arrays 
N(lO) and F(lO). The variable I 
counts' the number of times that 
the subroutine is called. Within 
the subroutine the current 
values of the variables are in 
NO) and F(I) respecti vely but 
the result from the previous 
version of the subroutine is 
a lways in F(I + 1) and the value 
of N is passed in N(I + 1) . This is 
how the versions of the 
subroutine communicate with 
each other. 

This use of arrays to create 
new versions of the variables 
each time the subroutine is used 
is interesting because it imitates 
the way that languages such as 
Pascal implement recursion. 
You may recognise the way the 
arrays are used with the index I 
as nothing more '· than a simple 
stack. 

RECURSIVE 
SOLUTIONS 
The recursive calculation of the 
factorial function is a good 
example because it is easy to 
see how the defin ition leads to 
the program. Recursive 
programs do often arise directly 
from the implementation of a 
recursive definition but it is also 
the case that many problems 
that seem to have nothing to do 
with recursion at first sight can 
be solved by recursion. For 
example the well-known 'Towers 

of Hanoi' problem contains no 
obvious hint of recursion but it 
is most easily solved by 
recursion . The Towers of Hanoi 
problem consists of th ree pegs 
numbered 0, 1, and 2 and at 
the start of the problem there is 
a pyramid of N discs, smallest a t 
the top on peg O. The object of 
the puzzle is to transfer all the 
discs one at a time to another 
peg but with the restriction that 
a larger disc must never be 
placed on top of a smaller disc. 
If you have never come across 
the problem before, you may 
not appreciate just how tricky it 
is. Try it for yourself using four 
or five coins and you'll soon 
understand the difficulties. A 
recursive solution consists of 
four stages: 

I) If N = 1 then move the disc 
from peg 0 to peg 1 and stop 

2) If N I then move the top 
N- l discs to peg 2 

3) Then move the remaining 
bottom disc to peg 1 

4) Move the N - 1 discs now on 
peg 2 to peg 1 

Steps 2 and 4 are clearly 
recursive in that they both 
involve the original problem but 
with N - I discs instead of N. 
Uncovering this sort of solution 
is something that gets easier 
with practice but the main idea 
is to reduce the problem you 
are faced with to a solution of a 
slightly simpler one and then 
repeat this reduction until the 
problem is solved. 

SUMMING UP 
Recursion is a subject that has 
received much academic 
attention. Rather than just being 
an alternati ve to iteration it may 
be that recursion is in some way 
more powerful. In other words 
there may exist problems that 
cannot be solved using iteration 
bu t can using recursion. More 
to the point, it is possible that 
there are practical p roblems 
that are sign ificantly easier to 
solve using recursion. For 
example , most compilers 
analyse computer languages 
using recursive methods . Many 
of the problems in artific ial 

RECURSION 

intell igence seem to be easier to 
understand and solve using 
recursive methods . Whatever 
the truth, recursion is finding its 
way into computer languages 
intended for advanced future 
applications . 

On the subject of program­
ming languages the chOlce of 
BASIC as the language for ex­
amples in thi s series may seem a 
little strange - if you want to il­
lustrate advanced or good pro­
gramming methods and ideas 
then surely an advanced 
language would be the best 
choice. Apart from the obvious 
advantage of using the most 
popular and common program­
ming language (ie BASIC) it 
also serves to emphasise the fact 
that the techniques are ideas in­
dependent of any particular 
language. BASIC is by no 
means the last word in program­
ming languages but then 
neither is the much praised 
Pascal. It is true that any 
language that provides extra 
facilities for writing well struc­
tured programs with advanced 
data types and structures is to 
be admired but it is always up 
10 the programmer to take 
advantage of these facilities. I 
have seen as many badly writ­
ten programs in Pascal as in 
BASIC! Programming 
languages will develop and of­
fer more advanced features as 
time goes on bu t it will take a 
lot to move BASIC from its cur· 
ren t position as the number one 
language. What is likely to hap­
pen is that BASIC will develop 
to include extra features un til it 
becomes nothi ng like the 
BASIC that we use today 

Th is aspect of evolution 
rather than revolution in pro­
gramming languages is very 
like the way natural languages 
develop and why should it be 
otherwise? As long as the more 
advanced versions of BASIC in­
clude the original as a subset 
there should be no problems. 
Unti l the day that compute rs 
program themselves we must 
continue to find ways of improv­
ing the c larity and accuracy of 
the programs that we write and 
this will en tail the fu rther 
development and refinement of 
high level computer languages, 
BASIC included. 
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YEP FOLKS - IT'S HERE 

(; ill~ll~ 0 U N I II 

HOWDE DO PARDNERS 
This here's Prospector Jake, I sure am havin ' one 
helluva time tryin ' to peg ma claim with those damned 
Injuns a hootin ' an a hollerin ' all over this territory. Ma job 
gets harder as I move from one Gold Field to another. I 
know, that is me an' ma stubborn hornery 01' Mule here 

AVAILABLE NOW 
Spt:ctru l1l -IXK 
Dral!on 
Con, . 6-1 

know of 24 rich an' I mean rich seams of pure Gold. All it needs to make 
this here 01 ' critter happy is that you help me peg every doggone last 
one of them claims. 

Can YOU help Jake become rich , help him peg his claim , dodge the 
arrows, avoid the tomahawks, and plant the Dynamite in just the right 
place? .. . YOU CAN! !! 

YIPPEE ... Git yer Picks an ' Shovels and join the CALIFORNIA 
GOLD RUSH .. . NOW 

Amazing Arcade Action ... Stunning Sound and Graphics 
Available NOW for Commodore 64, Spectrum 48, and Dragon 

including P&P 

SPECIAL OFFER SPECIAL OFFER SPECIAL OFFER 

Order CALIFORNIA GOLD RUSH before November 11 
and get a 1 O-game Cassette of terrific games. FREE 

COMING SOON 

LEAPIN' LANCELOT: Medieval Machine Magic to enthral you 
GALACTIC SURVIVAL PAK: Every Astro-Traveller must have this! 

We always need Dynamic Dealers 
and Imaginative Writers 

r-------------------I Please rush me CG R lor (mlc) 

I TOTAL SUM INCLUDED £ Name 
I :~~:e ~:~N~~~~~~Y~~~MS Address ... 

: ~~~~:E~~~:T~~~~~ON 



AfARI PRICES REDUCEDI 
We OIl SIlica Shop are pleased to announce some 
'ant85ticredUCIIonsinlhepriC8sol(heAII.,40QBOO 
personal compulers, We bel ieve lhallhoAla" al its 
naw price will become the U.K: s most popular per 
sonalcompule, and h .. "e theretoreset up the Silica 
Ala'; Users Club. fhlsclub already has a library of 
ov8'!>OQprogram,andwilhyou rpurchaseota400 
or 80Q compule. we will gIve you the lirst 100 hee of 
charge, The.e a'ealso over 350 prol esslonallywril 
Icn games and utilI ty programs, some Bra l isted 
below" Complete the reply COupon and w e"1I send 
vou lull delai l •. Allerna( iveiyglveusa , ingon 01 ·301 
1111 or 01 ·309 1111 

400/800 SOFTWARE & PERIPHERALS 


