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POWER TO THE PUPIL When children 
are given the power to control a moving 
object, they readily grapple with 
mathematical concepts that they would 
otherwise find pointless to learn 

ROBOTS BY NAME Movits are 
inexpensive and easily-assembled floor 
‘robots’. We put a few together and 
contemplate their claim to name 

AMPLE ETUDES The Music 500 
synthesiser for the BBC Micro is provided 
with its own (AMPLE) language 

DATA ORGANISATION Databases — 
what are they, how are they organised, and | 09/ 
how are they used? We begin to answer 
these questions in the first of a new series 

| PLAY IT AGAIN, RAM We compare th 
three different PASCAL iteration constructs. 

FROM MINICOMPUTER TO 
MODULUS A weekly glossary of 08 
computing terms 
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LISTED COMMODITIES The final thing 
we must do, before our ship sets sail, is take O86 
on board the goods we are going to trade 
with in the New World | 

SRR 

MAIN EVENTS We examine the 
most useful of the BBC Micro’s ‘event’ 1 Q99 
signals 

RITE] me 

STRONG-ARM TACTICS We provide the 
cutout patterns for the different parts that 1 094 
make up our robot arm | 

REFERENCE CARD The first in a series that INSIDE 
will give a comprehensive list of the BBC BACK 
Micro’s OS ROM routine calling addresses = COVER 
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Concrete Example 
~ Young children are often 

incapable of grasping abstract 

Vessels A, Band Care nlaced. 
on the table and the child is 
asked whether the three 

concepts, even when 
presented with a physical — 
demonstration of the | 
principles involved. One well- 
_known example is that of the — 
conservation of quantities and — 

transitive relations, where the | 

The experimenter pours A into 
“Lape and asks the child to check 

-The experimenter performs 
an identical operation, ee 
vessels C and B’ 

Vessels A and Care placed 
side by.side and the child is 
asked whether one vessel 

containers each holdthe 
“same amount of water. 
Inthe last two stages of the — 
experiment, the child is asked | 
to explain his/her reasoning if 
a correct answer has been 
given. Children under seven — 
years of age are generally 

child is presented with 
containers of different shapes | 

_ but equal capacity. In the 
example below, A, B and C 
contain equal quantities of © 
liquid and containers B and B’ | 
areidentical. Liquidis Ss 
decanted from one container 

ne AO another and the. child is 
ed. bi the result 

the equality of the levels in B 
and B/. The liquidis then — 
poured back from B’ into A ~ 

contains more than the other, | 
or whether they both hold the _ 

— sameamount — 

unable to grasp the principles 
involved or to give the correct | 
answers. This experiment is. 
typical of those carried out by © 

— the child psychologist Piaget, 
whose work greatly | 
influenced Papert’s 

- ne development of LOGO. The. : | 

use of robots in education — 

_ introduces children to. 
_ abstract concepts by giving 

_ them both a concrete model 
anda more active role in the | 
_ learning process 
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On The Move 
Shown here are the three 
most expensive ‘robots’ in the 
Movits range. From left to right 
are the Piper Mouse, the 
Circular and Memocon Crawler. 
Each machine in the range is 
cased in attractive transparent 
plastic, which reveals the 
internal workings — the motors 
and electronic components that 
drive the devices — and gives 

_the machines a suitably 
‘futuristic’ appearance 

Posrsmncrann ns 

The increasing technological advances in 
robotics have generated a wide public 
interest and a consequent demand for 
products. The Movits is a series of 
inexpensive, pre-programmed robot kits 
that is attempting to cater for this potential 
market, although whether or not they are 
actually robots is something we'll discover. 

It is widely predicted that robotics will be the next 
step in the evolution of the computerised home. 
The stage of development that robotics has now 
reached is being compared to that of the 
microcomputer in the early 1970s, with newly 
emerging technologies combining to form an 
entirely new product. Whereas the 
microcomputer was developed in_ relative 
obscurity, with only a handful of electronics 
enthusiasts realising the potential of the new 
machines, many more people are now aware of the 
current microelectronics revolution. 

Given the wide interest in this technology, it was 
only a matter of time before an enterprising 
manufacturer came along with a series of budget- 
priced ‘robots’ for the home. The Movits, 
manufactured by the Kaho Musen Company of 
Japan and costing between £10 and £35, are 
among the first attempts to exploit public interest 
in robotics. 

Each Movit comes in kit form with no extra 
parts needed, apart from 1.5v batteries, and 
included with some is a screwdriver to help with 
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have an exciting, futuristic appearance. There are 
currently five Movits available, the cheapest of 
which is the Monkey, which is controlled by sound. 
On being activated through the sound sensor — 
‘hearing’ a shout or a handclap, for instance — two 
alternately moving arms pull the device along a 
string or some other long narrow object. The 
sensor is a condenser microphone transistor 
connected via a printed circuit board, which 
decodes the signal. Appropriate signals will start 
up the DC electric motor, which turns a crank 
mechanism and moves the arms. A preset timer on 
the board ensures the Monkey will stop. 

The second Movit in the price range is the Line 
Tracer II. Retailing at £17.99, the robot is 
controlled by an infra-red sensor attached to its 
base, and will follow any high-contrast line drawn 
on the floor (see page 642). This robot is propelled 
by two DC motors, generating power for its three 
wheels. Slightly more expensive at £19.99 is the 
Piper Mouse, which is also controlled via a sound 
sensor, this time governed by a ‘dog whistle’. 
Following each burst on the whistle, the Movit will 
execute one of a sequence of preset commands: 
turn left, stop, turn right, stop, advance, stop. 
Following this sequence, the Movit will move in a 
straight line. 

The Circular Movit at £29.99 is the first of the 
machines with movement governed completely by 
remote control. The radio-controlled Circular is 
driven by two DC motors that drive the large 
wheels on the outside of the bubbles. There are 
two buttons on the box containing the control; 
each governs one of the motors. Thus, either the 
left or right button should be pressed to turn the 
Movit, and both buttons are pressed to move it 
forward. For independent control there are two 
PCB boards, each taking a different signal from 
the control box. 

IS IT A ROBOT? 
All the machines so far described are amusing and 
interesting to build, but the technology they use 
can hardly be described as advanced. The most 
‘advanced’ of these robots is the Circular, but even 
this technology has been around for some time, 
most easily seen in the radio-controlled boats and 
aeroplanes seen in the parks of cities throughout 
the world. The crucial point of what we 
understand to be a robot is that it should have 
some kind of on-board guidance system which can 
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be programmed to perform a sequence of actions. 
The Memocon Crawler is a machine closely 

matching our definition of what a robot should be, 
and like other Movits, is powered by DC electric 
motors. The guidance system consists of a 
keyboard connected to the Crawler with a ribbon 
cable. The keyboard possesses five separate 
switches for each of the five commands available: 
forwards, left, right, pause, and sound a buzzer 
and switch on the machines LEDs. These 
commands are stored on a static RAM chip with a 
memory containing 256 bytes, with each byte 
consisting of four bits. The bytes holding the 
instructions are not individually addressable and 
have to be accessed in sequence. This means that 
steps within the sequence are not repeatable, 
although, of course, you can replay the entire 
sequence again. 

Because they come in kit form and need 
assembling, many people might be disinclined to 
buy a Movit. However, despite the apparently 
bewildering number of parts that are provided 
with each kit, the machines are in fact remarkably 
easy to construct, and can be built even by 
children. In fact, a senior executive of a major 
distribution firm remarked that his ten-year-old 
son was the main assembler of the company’s 
demonstration models. 

The various parts of the robots come in separate 
bags that are clearly numbered. The instructions 
consist of an exploded drawing of the Movit. Each 
part is separately drawn and clearly indicated by 
its bag number, and arrows point exactly to where 
each part should go. Most people will find this 
enough to help them complete the robot, but there 
are also written instructions to aid you with any 
part of the construction that may be confusing. 
Because the printed circuit board is already 
assembled, the only tools required will be a pair of 
pliers, a screwdriver and a small hammer. 

Movits are undoubtedly fun to build, and 
owners will derive a great deal of satisfaction from 
seeing a robot that they themselves have 
constructed moving about on the floor. But it is 
doubtful that the Movits are really an entry into the 
world of robotics. In truth, the majority of these 
devices are merely sophisticated electronic toys. 
However, they are inexpensive and although they 
may not teach you much about robotics, they 
could easily provide some people, children in 
particular, with an initiation into this very 
interesting and increasingly popular subject. 

Round In Circles 

The Circular, like the rest of 
ihe range, is easy to build. The 
printed circuit boards for the 
robot itself and the remote 
control box are already 
assembled. This means that no 
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descriptions of ih other goods a are held in the | 
array DS() DI Mensioned at line 31. The elements of — 
this array are set-in the next two lines.” e first, 
st ), is set to sn OF pee The Ceceneet | 

3 The New World | 
The Ae voyages of discovery 

took place following the. Ae 
Renaissance at the end of the \ 

\.- 15th\century. Inthe 16th — 
\ century, European explorers 

Were only just beginning to map Soot 
_ the continents of the world. At. 
first, these charts were sketchy 
and often islands —oreven 
entire continents — were placed 

sitions. AS our” 
*, 

the subsequent programming easier. | 
The cost of these goods i is DIMensioned i in an | 

array, OC(); ‘containing SIX elements at lines 34 and————=— 
35. The first element, Oc(1 +s represents the price of | | 
medicine, which costs one as piece per bottle. | | 

= the crew’ Baas on. return. Th _ Guns cost five gold pieces (0C(2)=5), and one gold | 
_ piece will buy five, bags of salt (Cis =0.2). A bale 
‘of cloth costs 2 gold ie (OC(4)=2), knives are 
half a gold piece (0C(5) 3 5) and jewels cost one 
gold, piece each. (0C(6) ; 

, In n the main program} ae 500 callls the, routine 
r hire, and line 550 cal the provisioning 

©.60! : inserted to 

essential to a successful vores — to an obj ect iby its array address will make : | 

- 

is *y 

the map of world, ie as the as 
early explorers pieced: tte . 
globe's land masses together “. available are medicine;. guns — cloth ‘knives \ 

Yay, 

composition, the provisions and ee 
and the balance of gold are printed. 

As with the two previous stages of preparation, he player: 

the arrays for the third stage, representing the other commodities may be needed for the voya: ie. 

names, prices and amounts of purchased goods The programming for the onde te of ite Six 

are DiMensioned at the beginning of the program. _ types of goods is organised as a loop. The loop is 

These are added to the previous initialising used once for each type using T as the loop counter 

statements, starting at line 30. Thenumber ofeach from 1 to6. The player is told the cost of each item, 

type purchased will be held in array OA(). The and its name is represented by DS(T) in line 3070. 
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The first time round the loop, T will be setto1,for purchased, TT, and subtracted from the balance. TT 
the first item — medicine. The unit cost of the 1s stored in array OA() at line 3165, and after a 
current trading item is set by OC(T) in line 3080. delay, a blank line and the balance of gold is 
When = is set to 1, OC(T) will represent one gold printed by line 3176. After another delay, the 

= the cost of a bottle ofmedicine.The value of T is increased by one, and the program is 
| = ~-around = th returned to the start of the loop by line 3200, 

where it presents the next item for purchase. 
—=-When att the items have been selected — and 

tap 

i 

cages aioe er Ve = 
line\3081. \lf the cost i isione void sae: then a space 

—— ~is-printed after PIECE: ;ifitis more, an-S pein tked before- Wwe-move sa ciisghe eases The a 
_ There follows a delay, and the player is asked, \ _ Opening Summary Routine does this. ~~ tay 
‘WOULD YOU LIKE 70 BUY? (Y/N) \ Line 3110 waits The. program prints, ‘YOU HAVE THE FOLLOWING - 

Pie fora: reply, PS. The left- most character of the repl 
accel 2 aie eres Seaioe Vaan P. nea CRI EW" id thé crew types are printed i in a loop, at. ~~ - 

1S checked by, line 3 120. = Iti is sent to, 
r “Tine 645 ( -OF BT Uh dur Gaclholtie vet peso 

line 3175 if it is 
crewm _'N’, sending the program back to the start, of the\ ember. Line 650 checks if any of that ie NOS 

loop where the next item is presented, If ‘Y’ or Eo . have been hired, by checking CC(T) the crew count. = 

vis is input,there eae aaten -3130-asks- HOW. \for that: type. Ifthe countis zero, Jine670-sendsthe- 
‘MANY DO YOU WANT?’. Line, 3135 waits for a program back to the start of the loop, increasing 

3 

Tesponse, and you could answer by typing 10, or 10 

forms the player 
! f the lack of funds. Aftel era delay, the player is told 

-EASE ENTER-AGAIN: in-line 3 54. The: program. 
returns to line 3130, which asks‘ HOW MANY DO YOU 
peel the new sam can te paid for. If 60, 

Here are the goods that our _ 

loop because their descripti 
pee might have been 

ions are so different. expected to take with them to 
They are not described in units, so simply adding | trade with’the inhabitants of the | 

= an- - will not necessarily create a pluralised soe |_ New lands. Of course, they will / 
knife becomes kni} ves and a bale of cloth becomes | 
bales of el th, fori instance, ‘Each of the extra iitetype 

j the articles before they set sail’ 
with them. In our simulation,’ 
the names of each of the alt wi 

? 
off 

te 
f 

in the string DS. The price per és 
item is contained i inthe array, 

AOC, whilethe number purchased 
> jsheldin the array 0 = 

io 

ra Ki 
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7 have been expected, topayfor) ;; 

~~ possible articles carried are held ~~ e 

the value ofT by\one. If any of that crew type have ‘ \ 3 x 

‘SACKS OF SALT. This choice is available because li ine : __been hired the number and category are printed. = 
. 3140 1 0ks at the reply An §S ora space is printed after thé description, the = \ \ 
| acknowledge the numeric characters at i program looping five times for each crew type. A\ \ : . 

beginning of the phrase and ignore the text. | list of provisions is printed in a similar way, from | \ \ \ \ 
—— —~—Tf-you- try-to: ~make- ‘an-illegal- purchase; not - lines 675.to 710, rusing a loop of 4 (line 685) f - aes Se ee 

sp ae - to pay the bill, line “item, 0 oa four provision pleas | | | | | | 

| | | 
| ate NSIDERATIONS | ‘Tools Of The Trade | 

the remain 10. af this s is the case, “the ~ The remaining goods bought : are not printed ina — 1 | 
program i 



. The 

PRESS ANY KEY TO START VOYAGE’ at 
and the program then waits for an input. 

aining 
is complete, line 792 informs the 

player of the amount of money rem 
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MINICOMPUTER 
Like ‘mainframe’ (see page 1049), the term 
minicomputer has become increasingly blurred in 
the past few years as the advances in computer 
technology have erased previous delineations. 
The term minicomputer originally referred to a 
computer that could be held in a single cabinet 
about the size of an average wardrobe, whereas 
mainframes would occupy several times that 
space. Although slower and less powerful than 
their larger counterparts, they are considerably 
less expensive, and can usually be found 
processing data for medium-sized businesses, 
where the enormous power and price of a 
mainframe would be inappropriate. 

Some experts have predicted the extinction of 
the minicomputer as micros become increasingly 
sophisticated. However, unless there is a dramatic 
and sudden increase in the power of 
microprocessors, minicomputers look to be with 
us for a few years yet. | 

MODEM 
A modem (an acronym for modulator/ 
demodulator) is a device enabling computers to 
communicate with each other via the telephone 
network. The machine operates by converting the 
computer's digital bit patterns into the analogue 
signal that is employed in the telephone system. 
This process is known as ‘modulation’. 

‘Demodulatior occurs when the modem 
receives an analogue signal from the telephone 
and converts it back into a digital signal that can be 
understood by the host computer. Although this is 
the modem’s principal function most recent 

modems also have some capacity for varying the 
rate at which the bit patterns are transmitted (the 
baud rate). Because there is not yet a standard 
transmission speed, many computers transmit 
data at different rates. Thus, there must be some 
method of standardising the baud rate of 
interconnected computers. 

As microcomputer communications develop, 

and a growing number of databases and similar 
applications become available to the modem- 
equipped micro, it seems certain that these devices 
will come to be as important a peripheral to the 
serious user as mass storage devices, such as tape 
decks and disk drives, are now. 

MODULAR PROGRAMMING 
The term modular programming is 
interchangeable with ‘structured programming’ 
(see page 454) and refers to a program that is 
broken down into various modules, each 
performing a single task. This is in contrast to the 
‘monolithic’ style of programming. An advantage 
of this system is that the modules making up the 
program can be tested independently of each 
other. When the individual modules are working 
satisfactorily, they can be connected together in a 
single, larger program by passing data such as 
variables between the modules. Another 
advantage to this approach is that the programmer 
can build up a library of commonly used modules 
that can be dropped into a program without 
alteration, which saves the tasks from having to be 
rewritten. Although he did not originate the idea, 
the accepted criteria of modular programming 
were put forward by the computer theorist David 
Parnas who said that a modular program should 
be based on ‘information hiding’ (see page 816). 

MODULATION 
This is a method whereby the shape of a particular 
set of waves within a signal is altered. In 
computing, the most common form of 
modulationis the changing of a digital signal to an 
analogue signal, and reversing the process (known 
as ‘demodulation’). Devices that carry out these 
operations are known as modems. There are 
several different methods of modulation. 
Amplitude modulation (AM) refers to the 
varying of the amplitude (the distance from which 
the wave moves from state zero) of a wave. 
‘Frequency modulation’ (FM) denotes the altering 
of a number of waves passing a point within a 
given time. This is the technique most often used in 
modems. ‘Phase modulation’ (PM) occurs when 
the phase, or the completed cycle, of the wave is 
varied. This method is used in conjunction with 
amplitude modulation in certain high speed 
modems. “Pulse code modulation’ (PCM) is a 
system with which to read analogue signals as 
pulses within a digital system. 

MODULUS 
Generally known by its abbreviation ‘mod’, this is 
a commonly used arithmetic operation that has 
been adopted by the PAscAL programming 
language, in particular. The effect of A MOD B is that 
the result will be the remainder of the division of A 
by B. MOD is generally used in conjunction with the 
DiVide operator, as the effect of DIV produces only 
an integer result. For example: 17 DIV 5 gives the 
result 3; 17 MOD 5 produces the result 2 (17 divided 
by 5 is 3, with a remainder of 2). 

On The Line 
There are a number of different 
types of modem currently 
available. But, broadly speaking, 
these can be divided into two 
groups: acoustic modems, 

_ where the telephone handset is 
placed into the modem; and 
hard-wired modems, in which a 
lead from the computer is 
plugged directly into the 
telephone junction box 
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A Little Byte Music 
Hybrid’s Music 500 package 
is certainly one of the most 
advanced computer music 
devices available for home 
micros. Equipped with 16 
oscillators and digital wave 
modulation, it is certainly a 
match for much more expensive 
synthesisers 

AMPLE ETUDES 

Produced by Hybrid Technology, marketed 
by Acorn and intended for the BBC Micro, 
the Music 500 incorporates music making 
technology hitherto unavailable for home 
micros. With a music programming 
language, AMPLE, and the imminent release 
of a 49—note piano keyboard, the Music 
500 offers extraordinary possibilities. 

The Music 500 Package, marketed by Aen for 
the BBC Micro, was designed by another 
Cambridge company, Hybrid Technology. Priced 
at £200, the Music 500 is a complex piece of 
electronics housed in a cream coloured disk drive 
box. It connects to the BBC Micro’s 1 MHz bus 
connector and to a stereo amplifier via a standard 
5-pin DIN socket. 

Inside the box are 16 oscillators, each 
programmable by the host computer for 
frequency (pitch), volume, balance and 
waveform. With its accompanying software the 
Music 500 can out-perform a number of currently 
available synthesisers many times its price. 

Most music synthesisers produce their range of 
sounds by one of two methods. The cheaper ones 
take a simple tone — a sine wave — and then 
distort and filter it to produce the required effect. 
Although this method can produce a reasonable 
range of sounds, it is still very limited, even in the 
hands of an expert. Some of the more expensive 
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synthesisers use several sine waves to modulate 
one another. The amplitude of one wave is used to 
control the frequency of another. This method of 
control is vastly superior to the simple distortion 
method but is still not able to imitate most 
naturally produced sounds with accuracy (see 
pages 581 — 584 for a more detailed description). 

The Music 500, however, produces its sounds 
by an entirely different method. The waveforms 
created by this device are digitally built up to a 
programmed pattern and are sampled at a rate of 
47,000 times each second. In addition to this 
ability to program any wave shape, the Music 500 
also offers modulation techniques — it is not 
restricted to frequency modulation, however, and 
the Music 500 can combine channels with ring 
modulation and phase modulation. It can also use 
wave shapes other than the simple sine waves. 

Simply creating a tone on the device would be a 
tricky job if it weren't for the software supplied 
with the Music 500. This is supplied on cassette 
though it can be easily transferred to disk with the 
provided program. Hybrid Technology has plans 
to release an extended version of the software on 
ROM in the near future. The package is supplied 
with AMPLE — a music programming language that 
provides everything you need to make the most of 
your Music 500. The language is in many ways like 
FORTH or LOGO to use, being a word-based 
language with which programmers can define 
passwords and _ procedures. A musical 
composition might look something like this. 

10 .% FLIGHT OF THE BUMBLE BEEB 
20 .setup 
30 .play 

The word setup is a user-defined word that has 
already been programmed as follows: 

10 .‘setup’ 
20 .[ 
30 .setsynth 
40 .setbass 
50 .setdrums 
60: .setcymbal 
10 J 

The terms with which setup is defined have in turn 
been pre-programmed to define different sounds 
— e.g. setdrums or setcymbal. Preset waveforms 
are provided to get you started with the Music 500, 
however, new waveforms are easily created. 
Waveforms can be defined either in terms of the 
relative proportions of the first 16 harmonics of a 
tone, or ‘drawn out’ in mathematical form. This 
latter method gives the Music 500 the ability to 
produce ‘noise’ by specifying a random waveform. 



The definition for the cymbal sound, for example, 
might look like this. 

10 ‘cymbal’ 
20st 7 
30 .3 WMOD 0 rand! 128 FOR (RAND? INDEX WG! 

FOR WGC 
40 1 CHAN 
50 .3 WAVE ON RM —1 POS 
60 .2 CHAN 
70 .3 WAVE 2000 OFFSET 1 POS 
80 . 

The AMPLE equivalent of a BAsic FOR. . .NEXT loop 
sets each point in the waveform to a random value. 
This waveform is used for two sound producing 
channels (two oscillators) and the pitch of the 
second is offset slightly from the first and is in a 
different stereo position. The result is a noisy, 
crashing sound — like a cymbal. 

Alternatively a more tuneful waveform could 
be defined: 3 

10 .‘synth’ 
20 .| 
30 .WZERO 181 1 WH! 135 2 WH! 181 3 WH! 

62 4 WH! 765 WH! 37 6WH! 
147 WH! 38 WH! 

40 .WHG WGC 3 
OU 

This waveform is made up of varying proportions 
of the first eight harmonics. The pitch and 
amplitude envelopes are similarly created, using 
either the simple default forms or what has been 
specified by the user. 

The word play might call up each of the defined 
sounds and more words that contain the actual 
score. 

10 .“play” 
20 || 
30 .4 PLAYERS 
40 1 PLAY (piano melody)PLAY 
00 .2 PLAY (bass bassline) PLAY 
60 .3 PLAY (drums rhythm) PLAY 
70 .4 PLAY (cymbal crash)PLAY 
80 .GO : 
90 . 

Simply put, the system is given the number of 
players needed, each player is given a sound anda 
score — more user-defined words — and finally 
they are all told to get on with the music, in time 
with each other. This multi-tasking ability of 
AMPLE allows the Music 500 to be used as if writing 
a score for an orchestra. You don’t have to score all 
the parts at once, though you can if you wish, and 
each is treated separately. The entire language is 
modular and hierarchical. Even the built-in words 
are redefinable, although using this feature can get 
quite complicated. However, it is possible to, say, 
redefine the bar marker word so that the second 
note in each bar is played a little louder for stress. 

If all this sounds a bit too technical, then AMPLE 
provides some encouraging words. Sensible 
defaults are provided throughout, so if you only 

sits 
ae 

ssa 
Se 

ane 

ee a 

caeatiatinenatstans ge Set 

want to play a tune then you can just enter the 
notes at the keyboard rather than inside a word 
definition. 3 

Acorn is soon to release a full 49-note musical 
keyboard that connects to the BBC Micro’s user 
port, for use with the Music 500. This will include 
AMPLE Software such as a ‘note processor’ that will 
record your keyboard playing and then allow you 
to replay and edit it. 
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PLAY IT 
AGAIN, RAM 

looked at most of the language’s rich set of 
structured statements, enabling us to write 
programs to solve most types of problems. 
Here we examine the three different 
‘iteration’ — or repetition — constructs, 
which allow us to control program loops. 

We have already looked at two of pascav’s three 
statement structuring methods: sequential 
structures using the ‘word brackets’ BEGIN and END 
(see page 1024), and choice, or selection, using IF 
and CASE constructs (see page 1046). The third 
type of statement structure is ‘iteration’, or 
repetition, for which PASCAL provides three 
different constructs. The FOR statement gives a 
‘counter-driven’ loop, whereas both WHILE and 
REPEAT statements are ‘condition-driven’. 

The Boolean expression delimited by the 
reserved words WHILE and DO is evaluated first, 
and if the result is true, the following statement 
(which can be any PASCAL statement including a 

Statement 

condition 

within the current balance of the account, the 
WHILE loop will not be performed at all. Ifthe body 
is executed, looping will stop when the expression 
becomes false. The flow of control reverts to 
sequential operation, and the first statement after 
the WHILE construct will then be executed. The 
appearance of the Boolean expression at the head 
of this construct indicates syntactically the security 
of the PASCAL ‘semantics’ (or the precise meaning 
and behaviour of the statements). If you want to 
iterate only if a condition is true, the WHILE loop 
should be used. 

There are often situations when we need to 
perform the body of a loop at least once in order to 
set up the condition that stops it, as with the 
Golden program example (see page 1076).Under 
these circumstances the REPEAT . . UNTIL construct 
more accurately expresses the algorithm, and 
provides a natural high-level syntax. 

Notice that the terminating condition now 
appears at the end of the structure, and that it is 
logically opposite to the condition used to code the 
WHILE construct. That is to say, the REPEAT loop 
terminates when the Boolean expression evaluates 
to true, whereas a WHILE construct stops (if indeed 
it ever started) on the condition being false. If the 
body of the REPEAT statement contains several 
statements, they should really be enclosed within 
BEGIN..END word brackets as a compound 
statement, but PASCAL relaxes this rule because the 
reserved words REPEAT and UNTIL will sufficiently 

structured statement of any degree of complexity) 
will be repeatedly executed as long as the 
condition remains true. ‘This Boolean condition is 
re-evaluated after every execution of the 
statement in the ‘body’ of the WHILE construct. 
Obviously, this implies that at least one of the 
items evaluated in the expression must be changed 
in some way by the actions within the loop. As an 
example: 

WHILE Maxint > 1 DO 
WriteLn ( ‘Looping!’ ) 

would have great difficulty in terminating. Here’s a 
more realistic (and safer) example: 

read ( withdrawal ); 
WHILE withdrawal > BankBalance DO 

BEGIN 
WriteLn (‘Insufficient funds — try again:’); 
write (‘Amount ?’); 
read (withdrawal) 

END 

The most valuable asset of the WHILE construct is 
well illustrated by the previous program segment. 
If, when the withdrawal amount is first read, it is 
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delimit the loop’s body. It’s perfectly legal to put 
the superfluous BEGIN and END words in, however, 
rather like using an extra semi-colon before a 
reserved word except that no null statement is 
created. 

The following segment will count the number of 
occurrences of the letter ‘e’ in a sentence entered 
from the keyboard. You must complete the 
sentence with a full stop when the REPEAT loop 
terminates and the result is printed. 

count := 0; 
REPEAT 

read (symbol): 
IF symbol = ‘e’ THEN 

count := count + 1 
UNTIL symbol =".’; 
WriteLn (‘There were’, count : 1, 

‘“e’’s in the sentence.’) 

In this case, there is no obvious preference for 
either construct, and we could just as well have 
used a WHILE loop: 

count := 0; 
read (symbol): 



WHILE symbol <>‘, DO 
BEGIN 

IF symbol = ‘e THEN 
count := succ (count); 

read (symbol) 
END; 

write (‘There were’, count : 1, ); 
WriteLn (‘‘‘e’’s in the sentence. ’) 

The difference between the two structures can 
clearly be seen, however. The action required to 
set up the terminating condition (the read 
statement in this example) will often occur twice 
when a WHILE construct is used, once immediately 
before entry to the construct and again as the last 
statement in the body of the WHILE loop. 

Although the WHILE loop is the only essential 
construct in any language, it is sometimes 
convenient to have a means of repeating 
something a specified number of times, perhaps 
over a certain range of values within a scale. 
PASCAL provides a third construct for creating such 
‘counter-driven’ loops. The BAsic programmer 
may feel on familiar territory here, but there are a 
number of important differences between the 
PASCAL construct and BAsic’s FOR loop that should 
be borne in mind. First, any scalar variable may be 
used as the loop controller, not just integers. 
Secondly, and more importantly, the PASCAL 
FOR . . DO statement is completely secure; like the 
WHILE loop, it may not be executed at all (if, for 
instance, the starting value is greater then the final 
one) and there are severe restrictions placed upon 
the use of the controlling variable in pascAL. In 
particular, it is illegal to change this value 
anywhere in the body of the loop. Moreover it is an 
error in PASCAL merely to threaten to change it! 
We'll see the real benefit of these safety 
precautions when we deal with procedures and 
functions, but meanwhile, here is an illegal 
example: 

FOR N:=117010 D0 

IF N= 10 THEN 

N :=1 

Sheer silliness, of course. Having requested the 
loop to be performed ten times, the IF statement 
would reset the value of N back to 1 and create an 
infinite loop. 

Notice that the syntax of the FOR..DO 
construct has an assignment statement between 
the first two delimiters (FOR and TO) which assigns 
the initial value to the loop control variable, and 
the final value of the scale is given by the 
expression enclosed by the reserved words TO and 
DO. Both these values must, of course, be the same 
simple scalar type as the controller. Some further 
examples: 

_ @FOR letter := ‘A TO ‘Z’ DO { etc } 
@FOR month := Jan TO Dec DO | etc } 
@FOR N := NTO succ (Maxint DIV 1000) DO { etc } 

The last example assumes that N has been given a 
suitable value some time previously, and 
remember that if this were to exceed the specified 

variable 

identifier 

final value, the loop would not be performed at all. 
For the occasions when we wish to descend a scale 
of values, the reserved word DOWNTO is used in 
place of TO. So, for example, NASA might be able 
to use: 

FOR CountDown := 10 DOWNTO 0 DO 
WriteLn (Countdown : 32 — 3 * CountDown ); 

WriteLn (‘We have LIFT OFF !’) 

PASCAL maintains rigorous control over the FOR 
loop, and does not allow any equivalent of BAsic’s 
optional STEP increment or decrement. 

Statement 

What’s Yours? 

The program Real Ale prints a 
price list of four different types 
of beer for a range of quantities 
in half pint increments. Each 
class of ale is represented by a 
conceptual constant identifier 
enumerated in the TYPE 
definition of beer. The selection 
of the associated price is 
naturally made with a CASE 
Statement. Whole pints are 
printed as integers, padded out 
with two extra spaces, while the 
formatting of real amounts 
suppresses unwanted decimal 
places | 
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We begin the construction of the Workshop 
robot arm by providing the cutout patterns 
for the arm members, as well as detailing the 
rest of the parts required to complete the 
project. 

The parts needed = this project will seh 
have to be assembled from several sources. 
Electronics and modellers’ shops should be able to 
provide the electronic and moving parts, other 
parts being available from hardware and DIY 
shops. The total cost of building the elo will 

vary depending on the source of the parts but 
should be between £70 and £80. 

The base and arm members must be 
constructed from a light, rigid material that is 
easily cut and shaped. The most accessible 
material is probably plywood, although a thin 
sheet of perspex, or rigid plastic material, could 
also be used. Assuming that plywood will be used 
to construct the frame, we require a 50 by 50cm 
square, 4mm thick. We will use this in conjunction 
with patterns to cut out the frame parts. Three 
55mm lengths of wood (two 6mm thick and one 
12.5mm thick) are required to act as braces. 

1094 THE HOME COMPUTER ADVANCED COURSE 

KEVIN JONES 



be Seti 

MOTORS AND ELECTRONICS 
We need four 5v digital servos for the arm — 
Futaba S128 motors are ideal for the purpose. 
Omm plastic discs should be obtained to fit in the 

end of the motor spindles, which should be 
obtainable from the same source as the motors. 
Modellers’ shops are probably the best place to try. 
If you want a more powerful arm then you could 
use more powerful motors than the Futaba $128. 

To power the motor we need a 5v DC supply. 
Although all three micros that we'll be using to 
control the arm have 5v supplies at the user or 
expansion port, these voltages are designed to 
drive external electronic circuits at TTL levels. 

e€ maximum current that should be taken from 
these 5v sources is 1OOmA. Because a servo motor 
under full load can draw 200mA it is inadvisable 
to power the arm servos from the user port. We 
therefore need an external power source. Ideally 
this would be a 5v DC transformer, but a less 
expensive alternative is to use a battery clip with 
three 1.5v batteries. The total output of 4.5v will 
be sufficient to drive the system. 
A 9-hole by 20-strip piece of veroboard is 

required to mount sockets for the motors to plug 
into, and a 2m length of 20-way ribbon cable wili 
be needed to connect the arm to the computer. 
BBC Micro owners should buy a 20-way IDC 

inch edge connector, to connect the arm to the 
user port. The arm will be linked to the Spectrum 
via the interface built earlier in Workshop to 
control the robot (see page 992). We will detail the 
necessary modifications to this interface in a future 
instalment. 

Three 75mm lengths of brass tubing with an 
outside diameter of 4mm are required together 
with three 75mm lengths of 5mm diameter brass 
tubing to make the arm pivots. Each pivot wiil be 
made by placing the 4mm tube inside the 5mm 
tube and trimming the ends to size. It is therefore 
important that the tubes you buy fit snuggly 
together, but with sufficient clearance so the inner 
tube can rotate freely. 

The main arm assembly is attached to the base 
= 
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socket and Commodore 64 owners a 24-way 0.15 | 
Pattern Cutouts 
Make tracings of the patterns for 
the frame parts, stick them onto 
the plywood board and cut them 
out. Note that some patterns are 
used twice to produce pairs of 
parts. Match arm pairs and put 
them together before drilling out 
to full size later. Sand down each 
part carefully to remove rougn 
edges 
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should be flanged and have an internal diameter of 
6mm. Such ball races are often used for the front 
wheels of model cars and should be obtainable 
from modellers’ shops. To lengthen the bearing, 
we also require a 25mm length of 6mm steel 
dowel. This dowel will be firmly affixed to the base 
and fit snuggly through the ball-race. 

The claw is operated from a motor mounted 
lower down on the arm assembly. The motor 
should be connected to the claw using a 500mm 
long flexible link (sometimes called a ‘snake’). 
This is essentially a steel wire enclosed in a plastic 
sleeve. Model aircraft often use this type of linkage 
to operate flaps. A 50mm length of stiff wire 
(piano wire is ideal) will be needed to open and 
Shut the claw, and this must be bound to the end of 
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box, by way of a ball-race pivot. The ball race 
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the snake with 5A fuse wire. The arm members are 
moved using a system of push-rods. Four 150mm 
lengths of 2mm steel rod should be used for this. 
The rods can be connected to the motor discs, 
either directly, or with small ball-joints. 



DATA ORGANISATION _ 

A properly constructed database will 
organise information, whether large or 
small amounts, and allow the quick and easy 
access to any one item or combination of 
data. In this initial instalment of our series 
on databases, we illustrate the thinking 
behind setting up an efficient and well 
structured system. 

People who have to manipulate large bodies of 
structured data range from club secretaries 
to newsagents, estate agents to hospital 
administrative staff. A computer and a database 
manager program can help keep data organised 
and up to date. But before it is practical to talk 
about how database programs are used, it is 
important to review some of the fundamental 
concepts involved. 

To the computer programmer, data can be 
viewed as being either structured or unstructured. 
Unstructured data are isolated units, usually 
stored in variables or constants. Examples might 
include NUMBER OF GOES:= NUMBER OF GOES +1 or 
IF HIT=1 THEN PROCEDURE INCREMENT. In these two 
examples, NUMBER_OFGOES and HIT are variables; 
in the first case, the value of the variable is being 
changed, and in the second, it is being tested (with 
a possible branch to a procedure). It is clear that 
the objects NUMBER OF GOES and HIT can have only 
one value at a time. 

Computer programmers, especially those 
familiar only with Basic, are accustomed to 
thinking of data as being unstructured in this way, 
but in real life we are used to thinking of structured 
data and take such structures for granted. Think of 
all your friends, for example. You certainly have 
your own ‘data structure’ in this respect. You know 
their names, you know their sex, you know their 
age (approximately), you probably know their 
jobs, and you may know their salaries and other 
things as well. We call a related set of facts such as 
this (about one person, concept or object) a 
record. Each record consists of one or more fields 
(which may be of similar or dissimilar data types) 
and the whole set of records is called a file. 

To put this into context, consider a golf club 
secretary who has to administer 500 members. To 
keep things in order, he maintains a card index — 
one card for each member. Each card contains 
various sorts (types) of information (data) about a 
single member. The information might include 
NAME, FORENAME, SEX, AGE, YEAR 
JOINED, SUBSCRIPTION PAID?, SALARY, 
MEMBER NUMBER, and so on. In computer 
terminology, each of these pieces of data within 

: ST. BRIDGE'S GOLF : 

: LUB MEMBERSHIP |f: 

the record is known as a field, and the various 
fields contain different types of data. NAME and 
FORENAME will obviously be character strings, so 
1374662 would not be an appropriate piece of data 
for a member’s name. SEX input will be a Boolean 
type, capable of taking only one of two binary 
values. AGE will be an integer type (assuming that 
we do not need to know that a member is 37.624 
years old.). YEAR JOINED will be an integer value 
with a restricted range. We'll assume that YEAR* 
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JOINED = 1066 is inappropriate, even if the file 
contains records of past members Also, YEAR 
JOINED = 2001 is unlikely unless the club rules allow 
children to put their names down for future 
membership. SALARY would be data of type real; 
someone might earn a salary of £12,345.67. 

Programmers need to be keenly aware of the 
data types available in the chosen programming 
language. Some languages, including Basic and c, 
are weakly typed, while others such as PASCAL 
insist on all data items conforming to strictly 
defined types. 

If it’s not clear how this is relevant, let’s first look 
at how BAsic and pascaL deal with data before we 
define a database. Basic recognises only two data 
structures — variables and files. If further 
structuring of data is required in a BASIC program, 
the programmer will have to impose it because the 
language does not provide it. Basic variables may 

_ be ofanumber of different types, including integer 
values (SCORE% = 7 for example), single precision 
reals (SALARY! = 1234.56), double precision reals 
(GARETH’S SALARY = 123456.66666666666) and 
string variables (WONDERFULS = ‘The Home 
Computer Advanced Course’). There is no such thing 
in BASIC aS a constant type, such as PI=3.141592 — of 
course, you can always set that value to the 
variable Pl, but you can just as easily include the 
statement PI = 6.2 later in the program. 

Other programming languages — PASCAL 1S 
probably the best known example — provide 
several pre-defined types and allow programmers 
to define other, new ones in terms of the existing 
types. The pre-defined types in PASCAL are 
constants (non-variables) and variables of type 
char (characters), integer (whole numbers), real 
(real numbers such as 12.71) and boolean (binary 
data that is either true or false). Sets, arrays, 
records and files are built in, and new data types 
can be easily defined by the programmer. Here’s 
how you would create the data type DAYS. 

TYPE 
DAY = (MONDAY, TUESDAY, WEDNESDAY, 

THURSDAY, FRIDAY, SATURDAY, SUNDAY); — 

Any variable used in the program of type DAY 
could only have one of the values specified, so if 
DAY_OFF was defined as being of type DAY, DAY_OFF 
‘=NOVEMBER would be illegal, but DAY_OFF := 
SUNDAY would be acceptable. 

From the computer programmer’s point of 
view, there are pros and cons to the subject of 
strong typing; sometimes it gets in the way, 
sometimes it helps prevent programming errors. 
We have covered a few of the concepts of defining 
types of data, so now let’s look at the relevance of 
data structures to databases. 

WHAT IS A DATABASE? 
A database is any collection of structurally related 
data. Conventionally, the data will be organised as 
a file (with its own filename), the file will consist of 
records (each with its own record number), and 
the records will consist of one or more fields of 
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data, the fields containing one or more data types. 
Supposing your database is organised as a card 

index in a box, the primary key to each entry will 
almost certainly be a name, arranged 
alphabetically. If there is a need to look for any 
member called Svensen, you will flick through the 
cards until you find the S file, then slow down until 
you find any names beginning with Sv until you 
finally locate any entries for Svensen. If, however, 
you were asked to find how many female members 
you have, finding the answer would be more 
tedious. The task of finding the data would be 
even more time consuming if someone wanted to 
know how many members are over 36 years old 
and earn £11,000 a year. 

But this is exactly the sort of thing a database 
program can do at the touch of a few computer 
keys. Strictly speaking, the database is the 
information, and the program that helps you enter 
and manipulate it should be called a ‘database 
manager’. To maintain this distinction between the 
collection of data and the program that 
manipulates it, we'll stick to the convention of 
calling the program a database manager, or DBM 
for short. 

DATABASE MANAGERS 
DBMs vary in their capabilities considerably. The 
simplest ones are little more than electronic 
address books able to retrieve a record when given 
a simple parameter such as NAME = ? The more 
sophisticated DBMs have their own built-in 
programming languages that allow the 
information in the database to be manipulated in 
highly complex ways, including exporting data 
fields to other programs (such as_ payrolls, 
invoicing software or word processors). In this 
series, we will look at DBMs, from the cheap and 
cheerful to the very advanced, and learn how to 
use them properly. Before we do that, however, 
let’s review the preamble about data typing. A 
good DBM will allow the user to define the type of 
data allowable for each field, and will reject an 
entry such as NAME = 143326 or YEAR JOINED = 1066. 
It would also report an error if you tried to find 
records conforming to IF NOT (MALE OR FEMALE) 
AND SALARY<0. Good DBMs, — unlike 
programming languages, need to have strong type 
checking to prevent erroneous data from being 
input when the records are created or modified. 

In further instalments of this series, we'll look at 
how various DBMs organise their records. We'll 
consider relational and multi-file databases, fixed 
length versus variable length fields and records, 
creating databases and extracting data from 
databases. To illustrate the concepts involved, 
well concentrate on three DBMs — Psion’s 
Archive, Ashton Tate’s dBase II and Caxton 
Software’s Card Box, with quick glances at various 
other packages. Programming examples will use 
the syntax of the products considered, though 
general examples will be written in BASCAL, a 
pseudo-language hybridised from BAsic and 
PASCAL. 



THE MAIN EVENTS 

Unlike interrupts (which we examined in 
the previous instalment, see page 1077), 
‘events’ are a category of interrupt signals 
that the CPU can be made to ignore. We 
look at some of the more useful events 
available on the BBC Micro. 

There is a wide variety of situations in which 
‘event’ signals are generated in the BBC Micro: 
such as when characters are entered into the input 
buffer, after the generation of a vertical sync 
signal, on completion of a conversion on the A/D 
converter and when the Escape key is pressed. 
Some of these are machine occurences that also 
generate interrupts, which are dealt with through 
the IRQV1 vector (see page 1078). 

Events thus enable us to make use of some of 
these high priority IRQs by a rather ‘back door’ 
method. In order for events to be generated and 
acted upon by the computer they have to be 
enabled, or ‘turned on’. Once a particular event is 
enabled, whenever it occurs the CPU jumps to a 
routine whose start address is held in the vector at 
addresses &220 and &221. To stop this routine 
being executed when an event is generated, we 
have to disable the event. Enabling and disabling 
events is done by using two OSBYTE calls. The 
following table shows the events available and the 
OSBYTE calls used to enable or disable them. We 
have included only the most important and 
commonly used events. 

Thus, to enable the Interval timer has ‘timed out’ 
event, wed simply execute *FX14,5 from BASIC, or 
its equivalent from machine code. After this event 
has been enabled, the routine which has its address 
held in the event vector will be executed whenever 
the interval timer reaches zero. For this reason, it’s 
vital that a piece of machine code should be at that 
address, otherwise a crash is likely to occur. 

You will have no doubt noticed that there is one 
event vector and yet a range of different events. 
Clearly, all the enabled events cause a jump to the 
same routine, which must therefore be written to 

take all the enabled events into account. How do 
we know what event caused the event handling 
routine to be entered? If we’ve only enabled one 
event, then the answer is obvious; otherwise, we 
have to get the answer from the contents of the A 
register when the routine is entered. The following 
table shows the contents of various registers on 
entry to the routine pointed to by the event vector. 

In this table, # indicates that the register contents 
are not specified. This means that it’s possible, on 
entering the event handling routine, to check the 
value in the A register so that we can see what 
event caused the routine to be entered. 
When you write an event handler routine, you 

must save the register as the first task on entering 
the routine. Unlike the BBC Micro’s interrupt 
handling facilities, the event handler does not 
automatically save the contents of the A register 
and the status register to the stack, and so we must 
do this job. The event handler returns control to 
the interrupted program with an RTS instruction. 
Enough of the theory; let’s examine the events in 
turn and consider several examples. 
® Event 0: This is generated when the output 
buffer empties. The buffer number that is used is 
the same as that used by OSBYTE 21, which we 
looked at when we discussed the OSBYTE call in 
detail (see page 957). 
@ Event 1: Event 1 is generated when the current 
input buffer fills up and an attempt is made to put 
another character into it. The number specified 
is the same as that for OSBYTE 21. The ASCII 
code in the Y register on entry to the event handler 
is the code that could not be put into the buffer. 
®@ F'vent 2: This is generated whenever a character 
enters the input buffer — usually after a key is 
pressed. The program that follows demonstrates 
the basic elements of an event handler, generating 
a VDU 7 whenever a key is pressed. This will 
happen even if the keys are pressed when a BASIC 
program is running. 

10 DIM me% (100) 
20 FOR I%=0 TO 2 STEP 2 
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30 P%=mc% 

40 [ OPT I% 
50 PHP 
60 PHA 
70 TXA:PHA 
80 TYA:PHA 
90 
100 LDA #7 
110 JSR &FFES 
120 
130 PLA: TAY 
140 PLA: TAX 
150 PLA 
160 PLP 
170 RTS 
180 
190 ] :NEXT 1% 
200 ?&220=mc% MOD 256:REM low byte of 

address placed in vector 
210 ?&221=mc% DIV 256:REM high byte of address 
220 *FX 14,2 
230 REM only enable the event after we've set the 
240 REM routine up 
250 REPEAT 
260 PRINT 1% 
270 1%=I%o+1 
280 UNTIL FALSE 

© Event 3: Event 3 is generated whenever one of 
the four channels of the BBC Micro’s A/D 
converter has completed a conversion. ‘This event 
will happen every five or 10 milliseconds, 
depending upon the conversion rate that has been 
selected for the converter. 
® Event 4: This event is generated at the start of the 
vertical sync pulse. It occurs 50 times a second, 
and can be of use as a source of timing pulses. 
®@ Event 5: Probably the most useful of the events 
available on the BBC Micro. As well as the TIME 
variable, the BBC Micro’s operating system 
updates an interval timerevery one hundredth of a 
second. We have already discussed this timer with 
regard to its use by certain OSWORD calls (see page 
978). The timer is regularly incremented and 
when it reaches zero an event is generated. It is 
clear that this enables us to interrupt normal 
processing at regular intervals to perform a 
particular job. The interval timer is written to using 
the OSWORD with A=4 call and is read from using 
OSWORD with A=3. 

If we wanted to get the system to generate an 
event after one second, we would have to load the 
interval timer with a value of 100 less than the 
maximum value that can be represented by it. As 
the timer is incremented, it would then cross zero 
after 100 ‘ticks’. Because it is a five byte timer, its 
maximum value before it crosses zero 1S 
& FFFFFFFFFF. This program shows a demonstration 
of this event, generating a regular “beep’: 

10 DIM mc% (100), delay% 10 
20FORI%=O0TO2STEP2 . 
30 P%=mc% 
40 [ OPT 1% 
50 PHP:PHA 
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60 TXA:PHA 
70 TYA:PHA 
80 LDA #7:JSR &FFE3 
90 .clock set / reset the clock to give next interrupt 
100 LDX #delay% MOD 256 / set the OSWORD 

block up 
110 LDY #delay% DIV 256 
120 LDA #4 
130 JSR & FFF 
140 PLA: TAY 
150 PLA: TAX 
160 PLA:PLP 
170 RTS 
180 |:NEXT 1% 
190 ?&220=mc% MOD 256 
200 ?&221=mc% DIV 256 
210 !delayYo=&FFFFFF9C: delay %?4=&FF 
220 *FX 14,5 
230 CALL clock set:REM set the clock running 
240 END 

@Event 6: This is generated by pressing the 
Escape Key. 

There are three other events available to us, and 
these signify an error on the RS423 system, an 
Econet error or a User Specified Event. That 
completes our survey of the most useful events 
used by the BBC Micro’s OS. In the next 
instalment we will give a concluding overview of 

system in action. 
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