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FIELD TRIPS TO OTHER WORLDS 
Computer simulations and adventure games | 061 
may seem mere ‘play’ when set against 
traditional educational techniques, but they 
provide invaluable learning experiences 

ACORN ADD-ON The Acorn Plus 3 
provides the Electron with a disk drive and | 069 
disk filing system 

DOWN ON THE FARM We look at a suite 
of farm management programs for the | 064 
Dragon micro 

SPACE FORTRESS With its excellent 3-D 
graphics and fast joystick response, Zaxxon 1 080 
will particularly appeal to arcade enthusiasts 

1+2=20? We explore aspects of PASCAL’S 
mathematical abilities, and provide a | 074 
progam that generates successive terms in 
the Fibonacci sequence 

FROM MATRIX TO MIDI 
A weekly glossary of computing terms 

PROGRAMMING PROJECTS 

SUPPLY LINES Having taken on a crew 
for our 16th century New World trading 
voyage, we now develop the module that 
organises the data relating to the ship’s 
provisions 

WEINTERRUPT THIS PROGRAM... 
The BBC Micro’s use of controlling signals | Gg: 
called ‘interrupts’ is the subject of this first 
article in a two-part series 

BLUEPRINT In our Workshop series over 
the coming weeks, we will show you how to 1 0/2 
construct a robot arm. But before we get 
down to the nuts and bolts, we consider 
some of the options open to us, and draw up 
a sketch of the machine we will build 
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Farmers have for many years now been 
incorporating the use of computers into 
their farm management systems. The 
Farmfax suite of programs, in cartridge 
format and designed to be used on the 

Dragon microcomputer, presents a fully 
comprehensive suite for every major aspect 
of the modern farm. 

Assuming that computers are being used by all 
sectors of society and business, the introduction of 
a selection of programs for farmers is not in the 
least surprising. What may be surprising is that the 
machine most of these programs are intended for 
is the previously foundering Dragon, which is now 
produced in Spain and is finding increased 
popularity amongst Europe’s agriculturally based 
workforce. 

One such group of programs is the Farmfax 
series, which is the brainchild of Geoffrey 
Paterson, himself a farmer. The practical 
application of each package is geared toward a 
specific farming task and is testimony to the fact 
that the people who wrote the specifications, and 
translated them into Assembly language knew 
what they were doing. The programs are designed 
to be easily understood by people unfamiliar with 
‘computers, and are based on ROM cartridges that 
are ready to use the instant they are plugged in. A 
number of them also have extra RAM on the 
cartridge for quick and easy storage of data, 
though users are advised to keep tape back-ups for 
safety’s sake. 

One example of a farmer taking advantage of 
the micro’s inclusion in farm management is 
Robin Dunkerley, who farms 500 acres on the 
outskirts of Oxford. About half of his land 
supports his herd of 150 Holsteins and Friesians, 
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the remainder being mostly arable. The sort of 
problem a Farmfax program has helped him to 
solve is determining the ‘Calving Index’ — the 
number of days a cow goes without giving birth, 
and therefore continuing her milk yield. ‘It’s been 
reckoned that if a cow doesn’t calve at least once a 
year, he explained, ‘it costs you about £2 for 
every day over the 365 that she hasn’t done so. In 
the past, we've slipped back to 390 days and 
worse, and 375 has been the average. The 
computer helps us to keep track of any that haven't 
been served to the bull, and so far we haven't 
missed one. Last year our Calving Index was only 
366, and I doubt if we'll ever do better than that. 
It’s as near perfect as we're likely to get.’ 

INDIVIDUAL COW RECORDS 
As an indication of the scope of a program, the 
Individual Cow Records can hold all the records of 
up to 240 head of cattle within the cartridge; a 
cheaper version stores them on tape. Since all data 
is downloaded into memory and manipulated 
there before being SAVEd again, both versions 
work identically. However, though many would 
regard tape as a rather slow medium for data 
storage, to farmers who have had to cope with the 
tedium of calculating decisions such as when to sell 
a cow whose yield is dropping off and measuring 
what she is costing in foodstuffs against what she is 
bringing in by milk sales, it’s time well spent. And, 
most significantly, they find it more efficient than 
renting time on a mainframe. 

‘We used to pay the Milk Marketing Board 
about £40 a month to keep our cow records on 
their computer, recalls Dunkerley. “We would 
send them the information at the end of the 
month, and we would get the printouts about three 
weeks later, by which time it was too late to act 
upon the information. Also, a lot of stuff they were 



telling us might have been valuable to someone 
with a top pedigree herd, but it was absolutely 
irrelevant to a commercial dairy herd like mine, 
which is just geared up to producing milk.’ 
Thinking for a long time that buying his own 
machine would make a lot of sense, Dunkerley 
wasn't, however, prepared to pay £2,500. But the 
Dragon, the printer and Farmfax programs, at 
between £600 and £700 complete, was within his 
budget. His outlay was quickly recouped and now 
he can access the information he needs whenever 
it’s required, instead of paying for data that was 
often late and irrelevant. 

At the end of each month now, Dunkerley 
spends about an hour organising and balancing his 
information. He first runs through the Dairy 
Management Program, which gives him financial 
results, the margin of income from milk over 
expenditure on feed, his gross income, how many 
litres of feed he is using to generate each litre of 
milk, the total production of milk and other 
relevant data. He then runs the Dairy Ration to 
ensure that he is producing the amount of milk he 
should be. He finds it very useful because it 
performs a complete feed analysis. By entering the 
amount of megajoules of energy, and how much 
digestible crude protein and dry matter is present 
in each kilo of food, and inputting the price and 
whether or not it is produced on the farm, 
Dunkerley can determine the total cost and 
bought cost of each cow per day. 

FARMFAX IN ACTION 
By entering the daily milk yield of each cow, the 
Individual Cow Records program will provide an 
absolutely accurate record at the end of each 
month. ‘If any of the factors change’, Dunkerley 
explains, ‘the computer will recalculate everything 
for me automatically. That's the beauty of a 
computer: as a result, the time this sort of work 
takes is cut to less than a third. And it also tells me 
things I would always have liked to have known, 
like how my bank overdraft is going. As a tenant 
farmer, I am very vulnerable to that dreadful day, 
twice a year, when my rent falls due. I can also do 
an accurate forward budget, which makes my 
bank manager very happy.’ 

Each of the Farmfax program modules 
operates on a very user-friendly basis, and 
includes a small, simple manual requiring just a 
few minutes’ study — usually a pocket-size fold- 
out sheet of paper. They all begin with a simple 
menu. For instance, Cullcow, which aids the 
farmer in decisions regarding cows whose milk 
ields drop below a certain level, first asks the 
armer to choose between: 

PAGE 1 — PRICE DETAILS 
PAGE 2 — BEST BUY/SELL 

On page 1, the farmer first has to enter the 
month and year under consideration, then the 
bank interest rate applicable, the milk price, the 
milk yield in litres per day from each cow, and the 
cost per month. As soon as these last four items 

have been entered, the same figures are 
transferred to all the other entries to save keying-in 
time, though they can be altered manually if it is 
thought, for instance, that interest rates may rise in 
subsequent months. 

On page 2, the farmer is asked whether he is 
buying or selling cows, the number in the batch, 
the expected price and the sale month. The 
computer then compares all the figures and places 
a star beside the cow for the best offer. Pressing the 
‘BREAK? key at any time will return the user to the 
index, to re-key any data if necessary. 

The other packages operate on a similar basis, 
though obviously with the more complex 
programs the opening menu will be more 
complex. For instance, the Dairy Ration 
Formulation opening page offers: 

PAGE 1 — FOOD TABLE 
— MINERALS 
— COMPARABILITY 
— GROUP DESCRIPTION 

FORMULATION 
— FEED QUANTITIES 
— FILING/RETRIEVING 

If a cartridge without memory is employed, the 
program powers up automatically at page 7, 
allowing previous data to be retrieved from tape — 
otherwise, the menu is displayed. Each of the 
foods entered with their prices on page 1 is 
automatically repeated on page 2, into which the 
user can enter the mineral content of each, while 
on page 3 the data is analysed, issuing a 
breakdown of how much energy, dry matter and 
protein each supplies for £1. Ifthe farmer enters on 
page 4 his production goals in terms of the cow’s 
body weight, days in calf, litres of milk yield and 
butterfat content, it is then possible, with the 
rogram’s aid in formulating his feed ration, to 

equate instantaneously the total food costs for a 
given number of cows for a given number of days. 
Clearly, this is the sort of program written by 

specialists for specialists. Farmers like Robin 
Dunkerley appreciate the assistance it gives them 
in an increasingly industrialised agricultural world 
wrapped up in governmental and supra — 
governmental red tape. “With the EEC quotas and 
the pressures increasing upon us all the time,’ he 
concludes, ‘we've got to run the farm as tight as we 
can, and the computer helps us to do that. I’m not 
sure it helps us to make more money, but it 
certainly saves a lot.’ 
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Provisional Requirements 
The player can select four 
types of provision: vegetables, 
fruit, meat and water. The 
descriptions of these four 
types are held in the array PS() 
and corresponding units are 
held in US(). To make 
decisions on the amount of 
provisions to buy, the player 
must be given two items of 
information: the cost of each 
provision and the minimum 
‘requirements for each crew 
member per week. This data is 
held in the arrays PC() and 
PN(). These four arrays are set 

up at the beginning of the 
program. A further array is 
filled as provisions are 
ordered. PA() holds the 
amount of each provision 

We continue our simulation series by 
developing the second module of the 
program for the New World trading game. 
This subroutine is concerned with ordering 
food provisions for the crew on their voyage 
across the Atlantic. 

In the first stage of the New World trading game 
the player hired the crew, and at the end of the 
hiring stage the instruction PRESS ANY KEY TO 
CONTINUE appeared. Pressing a key brings the 
second stage to the screen, at which provisions 
must be purchased. The player knows that the 
voyage will take around eight weeks, so sufficient 
food and water must be brought. 

The program calculates the total requirements 
for eight weeks and checks that sufficient supplies 
have been purchased. If they have not, it prompts: 

1066 THE HOME COMPUTER ADVANCED COURSE 

the player, saying someone may get hungry or 
thirsty, and provides an opportunity to re-order. If 
the player does not have enough gold to pay for 
the order then the program asks the player to try 
again (the program displays a running balance of 
money throughout the provisioning stage.) 

As in the hiring stage, we need to set up a 
number of arrays for the provisioning stage. 

1a REM xeee PROVISIONING ARRAYS **k* 

20 DIMUS$(9) fUSC1)="KILO"1US(2I="KILO"2USC3)="K ILO" 

:U$¢(49="BARREL"” 

21 DIMPS$(4):PE€C(1)="VEG"IPS$(2.="FRUIT"EPSC3>="MEAT" 

2P$(4)= "WATER" 
22 OIMPAC4) 

2d OIMPC(4)!PC(12=.5:PCC2 I=L 'PCCAd=H2IPC(4)=.5 

24 DOIMPN(42'PNC1>2=2@:PNC2=LIPN(CS9=1LIPNC4)=.5 

The provisions are supplied in different units — 
vegetables, fruit and meat are measured in kilos 
and water is measured in barrels. Line 20 sets up 
an array, US, with four elements to hold these four 
units. Recording the units in an array rather than 
continually printing them saves memory. If you 
wish to extend the list to include sacks of flour, for 
example, this array could easily be extended. 

The descriptions of four types of provision are 
represented in line 21 by four elements of the array 
PS(). The program sets up an array PA() to store the 
amount of each provision purchased. A kilo of 
vegetables costs half a gold piece, a kilo of fruit one 
gold piece, a kilo of meat two gold pieces and a 
barrel of water half a gold piece. This information 



is stored in the array in line 23. The order of 
provisions is not stated in this line, but set up by 
default. The array could easily be extended to 
include extra provisions. 

To maintain good health each crew member 
needs a certain amount of each provision. The 
requirements are set up in an array, PN(), in line 24. 
For example, a member of the crew needs two 
kilos of vegetables per week, so the first element, 
PN1, is set to 2. 

Line 500 in the first program module sends the 
program to the subroutine at line 1000 for hiring 
the crew. After hiring, it returns to line 500. To call 
the provisioning routine we must insert a GOSUB 
call atter line 500, as follows: 

550 GOSUB 2000 : REM PROVISIONING 
A screen of text explaining the provisioning 1s 
printed. The variable CN, set up during the hiring 
stage, represents the number of crew hired. It is 
used in line 2040 to remind the player how many 
mouths there are to feed. 

The programming for the provisioning 1s 
enclosed within a loop and is used four times, once 
for each type of provision. The value of subscript T 
increases by one each time. This is set up in line 
2050. The screen prints the amount of each food 
type that each crew member requires per week. 
The requirements are determined using the 
relevant element of PN() as defined earlier. 

As we have seen, the food is measured in kilos 
and the water in barrels. The required units are 
determined by the relevant element of the array 
US(), defined in line 20. If more than one kilo is 
required, line 2075 adds an S to kilo; if it is 
singular, line 2080 replaces S with a space. Line 
2085 prints OF and the name of the provision held 
by PS(), followed by FOR EACH WEEK OF THE 
JOURNEY. 

The player is asked in lines 2100 and 2110 how 
many units of each provision he wants to buy. The 
requirements are typed in and represented by PS() 
in line 2130. The number is put in the first element 
of the amount array by line 2140. If the amount 
ordered is zero the program prints IF YOU DON’T 
BUY ANY followed by the provision array ;PS(T) at 
line 2160. The program then works out whether 
the amount ordered and entered in the PA() array is 
greater than that required for an eight-week 
journey, using the formula CN * 8 * PN(T). CN is the 
number of crew, PN(T) is the requirement of a 
particular provision, determined by T. This takes 
place on line 2170. If the supplies are insufficient a 
warning message is printed to remind the player 
that someone may go hungry or thirsty. The 
program checks whether it is going through the 
loop for the fourth time. If so it prints THIRSTY 
rather than HUNGRY. | 

If the player has been warned that the 
provisions are insufficient the program (at line 
2230) asks: DO YOU WANT TO TRY AGAIN (Y/N)? Ifthe 
player is short on funds and still accepts the entry, 
the program goes to 2400. If you want to make a 
different order the relevant value in the array PA() 
is set to 0. In this case the program has to go back to 

the same provision type. It does this by subtracting 
1 from the loop count with T = T-1 in line 2250. 

If the player is happy with the order made then 
the amount of money remaining is printed and a 
list of provisions ordered so far is displayed. The 
player may have bought sufficient provisions for 
the voyage but may not have enough gold left to 
pay the bill. Line 2260 checks whether this is the 
case. If so, lines 2270-2290 indicate there is not 
enough money to buy that amount of provisions 
and the player is asked to try again. If the purchase 
was valid the cost is subtracted from the remaining 
gold, held in MO. 
A list of provisions bought so far is printed at 

line 2410 in another loop, controlled by TT, using 
variables US(), PA() and PS(). The amount of gold 
remaining is printed at line 2480. The loop ends at 
2490. The player moves on to the next stage by 
responding to PRESS ANY KEY TO CONTINUE. At this 
point control will return to the main program. 

Module Two 
AQAA REM xx%*xx PROVISIONING *%xxx 

2085 PRINTCHR#(147):REM CLEAR SCREEN 

PAa1a S#=" STAGE 2 - PROVISIONING*" 
2015 GNSUB91a9 
PM2Q SHe" wn HRnH- He Herne *" 
2425 GOSUBS1400 

2030 GOSURS2A@: PRINT 

204@ PRINT"YOU'VE HIRED A CREW OF "7CNF"." 

2645 GOSUBS200: GOSURS2Oa 

2656 FORT=17T04 

2A55 PRINT 

2a6a@ PRINT"EACH CREW MEMBER WILL NEED " 

2078 PRINT"AT LEAST "SPNCTIF" "sSUSCTOs 

2a75 IFPNCT)=1THENPRINT" "7: GOTOQ2885 

2036 PRINT"S"; 

2685 PRINT" OF "FP$CT) 

2086 PRINT"AT"FPCC(T)? "GOLD PIFCES PER "sUS<‘T)> 

2098 PRINT"FOR EACH WEEK OF THE JOURNEY." 

2495 GOSUBS290: PRINT: GOSUB92AD 

2180 PRINT"HOW MANY "7USCT):"S OF "sFPS¢(T) 

2110 S$="DO YOU WANT TO BUY*":GOSUBS 190 

2126 PRINT 

2130 INPUTPS 

214@ PACT)=VAL (PS) 'GOSUB92aa 

2150 IFPACT)>¢CCCN#S*PN(T)9-1> THEN@268 

216Q IFPACT)=A@THENPRINT"“IF YOU DON'T BUY ANY":GQOTO 

2188 

2178 PRINT"IF YOU ONLY BUY "sPACT OF USC TD; 

2175 IFPACT)=1THENPRINT" OF ":GOTO2180 

2176 PRINT"S OF” 

218@ PRINTPS(T):",":GOSUB9200 

219@ PRINT"SOMEGQNE MIGHT GET "; 

2280 S$="HUNGRY" 

2210 IFT=4THENSS="THIRSTY" 

2220 PRINTS#:"!":GOSUB9200 

2e2a S$= "00 YOU WANT TQ TRY AGAIN (Y/N)>"!:GOSUBS14A 

2240 INPUTPS:P#=LEFTS(PS$, 1) 

2292 IF PS<>"Y" AND PS<>"N"THEN 2230 

2245 IF PS="N" THEN S00 

P2580 PACT) =@:T=T-1:G0TO0249 18 

22608 IFPACT) *«PC(T) >MOTHENe2 7@ 

2265 GOTO2400 

2e78 S$="YOU DON'T HAVE ENOUGH MONEY FOR": GOSUBS1IA 

228A PRINTPACT) 
2290 PRINTUS(T):"S OF "3 PCT): GOSURSZza0a 
2300 S#="PLEASE TRY AGAIN*":GOSU389198:PA(T)=@:T=T- 
12:GOTO02410 
2480 MO=MO-(PACT) *PC(T)) 
241@ PRINT:S#="PROVISIONS SO FAR: *":GOSUB91990 
2412 GOSUBS2aa 
2415 FORTT=1T04 
2420 PRINTPACTT)7USCTT)? 
2430 IFPACTT)=1THENPRINT" OF "; :GOTO244@ 
2435 PRINT"S OF "3 
2446 PRINTP#(TTD 
2450 GosUuBSs20a 
2460 NEXT 
2480 PRINT"MONEY LEFT = "sMO;" GOLD PIECES” 
2485 GOSUB9200:GOsSUBS2a0 
2490 NEXTT 
250@ GOSUBS2@0:PRINT:S#="ENO OF PROVISIONING*":GOS 
UBS 198: GOSUBS2ae0 ne 
2510 PRINT: S$=K#!:GOSUB91@0:PRINT: 
2520 GETPS: IFP$=""THENe529 
2999 RETURN 

GOSUBRS208 

ERRATUM | 
In the listing for Module 1 
on page 1053, the following 
changes to variable names 
should be made. Replace 
CDS() by CS(), STS by SS, IPS 
by PS and PKS by KS 
throughout the module 

Lines Of Supply 
This subroutine deals with the 
provisioning for the voyage and 
should be added to the first 
module given on page 1053. The 
program loops four times, 
allowing the player to order one 
of the four provisions on each 
pass 
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More Than The Minimum 
An increasing number of 
MIDI interfaces are now 
available that enable a wide 
variety of micros to be used as 
control units. Although the basic 
specification for a micro to 
control a MIDI unit is simply the 
provision of MIDI-IN and MIDI- 
OUT ports, many manufacturers 
are exceeding this. The Roland 
MP401, shown here, features 
several more control ports than 
the necessary minimum 

MATRIX 
A matrixis a multi-dimensional array that is set up 
within an area of the computer’s memory for the 
storage of data. In BAsic, matrices are generally 
defined by means of the DiMension statement. 
Each dimension of the matrix will have an 
associated index. This means that each cell within 
the matrix can be easily defined by the number of 
each index. The rows and columns in a two- 
dimensional matrix, for example, are defined as 
the x and y indices; and the expression (2,3) will 
refer to the cell positioned in the second row of the 
third column. 

Matrices are widely used in computing for the 
fast storage and retrieval of information. Data 
organised within a matrix is obviously more easily 
accessed and manipulated than data that is 
scattered throughout the computer’s memory. 
Matrices are particularly useful when dealing with 
databases or spreadsheets, where it is often 
necessary to perform arithmetical computations 
on entire rows or columns. 

MEMORY HIERARCHY 
Each kind of memory takes a different length of 
time to access. Sometimes a fast access speed is not 
important to the performance of an operation — 
sometimes it is critical. Thus, memory storage is 
organised into a memory hierarchy. Data is stored 
in the various types of memory depending on how 
fast the computer needs to access that data at a 
particular moment in time. If data held in a lower 
part of the memory hierarchy needs to be accessed 
at a faster rate, the computer will transfer it to a 
higher level. 

In a microcomputer, the memory hierarchy is 
set up as follows. At the top of the hierarchy is the 
word (a few bytes) that is held within a register of 
the processor. Below that are the bytes held on the 
area of memory currently regarded to be zero 
page, and the rest of the addressable RAM 
follows. The information held on the track below 
the current head position of a disk or cassette is 
followed by the data stored on the rest of the disk 
or tape currently within the drive. Finally, the 
lowest level of a memory hierarchy is data held on 
disk or tape that is not currently in the drive. 

As can be seen, access speed diminishes as data 
moves down the hierarchy. A byte of memory held 
within a processor’s register takes 0.5 nanoseconds 
to be accessed, whereas a byte held on a tape not 
currently in a cassette deck could take several 
minutes. However, although information held on 
the lower strata of the hierarchy may take much 
longer to access, this is compensated by the 
enormous quantities of data that can be stored at 
the lower levels. This also means that the cost of 
data storage is cheapest at the hierarchy’s lowest 
levels. For example, a processor register can 
typically store only a single word and the storage 
medium costs several pounds. On the other hand, 
a cassette or disk can store up to a megabyte of 
information at once, at a cost per byte that is only a 
fraction of that of a register. 
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MICROPROCESSOR 
A microprocessor is the silicon chip, or group of 
chips, which comprise the microcomputer’s CPU. 
At least two units are incorporated into the 
microprocessor: the Arithmetic and Logic Unit, 
which performs simple arithmetic functions, and 
the Control Unit, containing the stack and address 
registers as well as the program counter. The 
Control Unit also holds the instruction set — the 
machine’s list of operating codes — and has the 
ability to both code and decode data (thus 
controlling the flow of information between the 
memory and other parts of the machine). 

It is widely agreed that the first microprocessor 
was the Intel 4004. This was developed from an 
idea proposed by Edward Hoff in the late 1960s, 
and went into production in 1971. Since then, 
hundreds of different microprocessors have been 
designed and millions have been produced — the 
most successful being the Mostech 6502, the Zilog 
Z80 and the Intel 8088. Today, many of the 
world’s top designers are working on inexpensive, 
sophisticated 32-bit microprocessors, which are 
remarkably more advanced than their four-chip — 
ancestors. 

This term is an acronym for ‘Musical Instrument 
Digital Interface. MIDI is an internationally 
agreed configuration that allows computers and 
electronic musical instruments from different 
manufacturers to communicate with each other. 
This means that a wide variety of musical 
instruments and tape machines can _ be 
synchronised together using a computer or 
synthesiser as the control device. 

The computer at the centre of the system 
assigns each instrument within the MIDI network 
an address. When the computer wishes to send a 
‘message’ to a particular instrument, it transmits 
the message to the MIDI control interface. The 
interface attaches a start bit and an end bit to the 
eight-bit pattern. The ten-bit word thus created is 
then sent down the MIDI link and received by 
each of the devices in the chain. If the address in 
the message corresponds with the address of the 
receiving device, the MIDI will decode the 
instruction and execute it, otherwise the 
instruction will be ignored. 

| 
| 
| 



ACORN ADD-ON _ 

The Acorn Electron has suffered from 
limited expansion potential with its lack of 
interfaces. The Plus 1 provided these but 
still prevented the incorporation of a disk 
drive system. The Plus 3 expansion module 
now provides’ disk capability § and 
simultaneously elevates the Electron to the 
level required for serious micro users. 

One of the major criticisms levelled at the Acorn 
Electron has concerned its lack of interfaces. 
Although the machine used the highly rated BBC 
BASIC, the fact that the Electron possessed only a 
pair of monitor sockets, an RF jack and a cassette 
interface (not even a joystick port was provided) 
meant the machine’s expansion potential was 
severly limited. Acorn has always promised to 
provide expansion modules to enable users to 
upgrade their machines to the level of the BBC 
Micro in terms of available interfaces, but these 
add-ons were slow in arriving. 

The first of the expansion modules to arrive was 
the Plus 1 (see pages 449-451), which did much to 
silence the critics of the Electron. But although it 
provided many interfaces not available on the 
original Electron, the Plus 1 did not, however, 

include a disk interface that would allow easily 
accessed mass storage of data. 

This situation has now been improved with the 
arrival of the Plus 3, an all-in-one disk system for 
the Electron. The module is ‘L’ shaped with the 
disk filing system attaching along the back of the 
computer and the shorter disk drive unit bending 
around the nght-hand side — the latter, 
unfortunately, covers the stock Electron power 
supply. The Plus 3 therefore comes with its own 36 
watt power supply that plugs into the left-hand 
side of the unit and powers both the disk drive and 
the Electron. Like the Plus 1, the Plus 3 slides onto 
the edge connector at the back of the Electron, 
and to prevent the unit moving and possibly 
breaking the edge connector, two heavy screws 
affix the Plus 3 firmly into the Electron’s base. 
Once fitted, the Electron and Plus 3 form a sturdy 
unit, which would be very difficult to break. Unlike 
the Plus 1, the new model also has its own edge 
connector fitted on the back to allow the Plus 1 — 
and possible future units — to be added. 

Surprisingly perhaps, Acorn has chosen to fit 
one of the Sony 3% in disk drives to the Plus 3 as 
opposed to the usual 5; in disk drive format. 
There is also a second edge connector directly 
behind the disk drive to enable a second disk drive 

CHRIS STEVENS 

Building Blocks 
Acorn’s Plus 3 add-on for the 
Electron is designed to 
accommodate the Plus 1 as well. 
The provision of these interfaces 
allows the Electron user to 
upgrade the computer to a 
specification approaching that of 
the BBC Micro (with disk drive) 
for a total price of around £450 
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to be added, which Acorn claims will 
accommodate not only 33 in drives but also 3 in 
and 5; in drives. If the user wishes to add a BBC 
Micro 5; in disk drive, Acorn has made available 
an add-on interface to allow the unit to be fitted to 
the edge connector. 

Inside the Plus 3, the device is divided into four 
parts. Beginning at the left is the power supply 
circuitry characterised by the large capacitors. 
Next to this are the buses leading from the 
Electron, some of them leading to the disk drive 
with others heading straight out again to the 
external edge connector that links to the Plus 1. 
The Disk Drive Filing system circuitry follows. 
The chips here contain the extra ROM-based 
commands enabling you to ‘talk’ to the disk drive 
and the disk management chips. Finally, on the far 
right, is the double-sided disk drive itself, encased 
in metal. This casing performs a dual role. 
Primarily it acts as a heat sink to prevent too high a 
temperature building up within the module, but it 
also acts as a Faraday cage to prevent stray 
magnetic fields interfering with the system. 

The Sony disks are encased in hard plastic with 
a protective cover on the read/write window. 
When formatted, the disk is divided into 80 tracks 
of 16 sectors. As each sector can contain up to 256 
bytes of information, the total capacity of a single- 
sided disk is therefore 320 Kbytes. 
When the Plus 3 is fitted and the machine is 

powered up, along with the normal heading the 
-message ACORN ADES is displayed. This stands 
for Advanced Disk Filing System. Although the 
Electron DFS is very similar in many respects to 
the BBC Micro system — many of the commands 
are identical — there are subtle differences in the 
operation of the system. Provided with the Plus 3 is 
a Welcome disk containing demonstration 
programs similar to those on the cassette included 
with the Electron. However, the disk also contains 
a number of utilities invaluable to the operation of 
the disk filing system. Among the utilities 
provided are BACKUP, which allows entire disks to 
be copied, DIRCOPY, allowing only specific files to 
be copied from one disk to another, BUILD, which 
enables BOOT routines to be built in to the disk, and 
DUMP, displaying the contents of a file in 

_ hexadecimal and ASCII notations. 
Like the BBC Micro DFS, the Electron’s disk 

commands are prefixed with the * command, thus 
OS commands such as *LOAD, “RUN and *DELETE 
will be familiar to those who have used the disk 
filing system on the Micro. CATaloguing the disk 
will produce an identical display to that of the 
Micro, with the disk title, drive number, options, 
current directory name, and the current library 
name with the files, listed below. 

The primary difference between the two 
operating systems is the method of loading new 
disks. When the disk is inserted into the Plus 3 
drive, the user has to inform the operating system 
of this by typing in the command *MOUNT — this 
has the effect of loading the Currently Selected 
Directory (CSD) and the Currently Selected 
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Library (CSL) into memory. When the user wishes 
to change disks, the command *DISMOUNT is 
input. The effect of the *DISMOUNT command is to 
close all sequential files that may still be open, and 
to ‘unset’ the CSD and CSL. After the disk in the 
drive has been changed, *MOUNT is once again 
issued. Apart from the addition of these 
commands, the disk operating system appears to 
be identical to that of the BBC Micro. 

The ADFS is organised in a series of file 
hierarchies. This enables files to be accessed 
quickly and simply by way of a series of 
pathnames. At the top of the hierarchy is the 
currently selected directory, which, on power-up 
defaults to the root directory $. To escape from the 
CSD to any other directory available on the © 
current disk, the user simply types *DIR followed 
by the chosen pathname. Below the CSD can bea 
number of files, or a number of sub-directories 
known as Library files. Because the CSD can only 
hold up to 47 files at once, you have to organise 
them into libraries if you want to hold a very large 
number on the disk. These sub-directories can 
hold a number of files that may not be able to fit" 
into the main CSD directory; thus, to access a file 



Second Disk Drive intedece 

__ This port allows a second disk 
__ drive to be added, oe an 
interface adaptor may be 
mecessarytoallowthe ~ 
Le) ae some oe 

Disk Drive | 
_ The Plus 3 uses the Sony tin 

format for its disk drive, which 
is enclosed in metal casing to 

_dissipate any heat that may 
build up around Ae dive 

called Fred on a disk with a number of directories 
with libraries, the format would be S.library1.fred. 
Although at first this might seem a long-winded 
method of accessing a file, it does have the 
advantage of allowing each of the libraries 
available on the disk to have a file named Fred. 
Provided the user remains in the correct library, 
reSAVEing the file will not overwrite the other Fred 
files held on the disk. 

Like the BBC Micro, there are a number of 
useful utilities provided on the Electron’s ADFS. 
There is a series of commands, for example, 
enabling you to name and rename disks, 
directories and files. There are also several 
commands available to handle file access 
permissions. This is performed by the command 
*ACCESS, which limits the accessibility of a file. For 
example, issuing the command “ACCESS file1 RL 
‘locks the file, preventing it from _ being 
accidentally deleted, but also allows the file to be 
read. On the other hand, *ACCESS file1 WR permits 
the file to be freely written to and read from. To 
prevent anyone from copying a machine code file 
from the disk, suffixing the file with E will restrict 
the number of commands that can be used on the 

CHRIS STEVENS 

file to “RUN, and also limits the various methods of 
deleting the file. 

The manual included with the Plus 3 is 
thorough, with a full tutorial course provided, and 
is up to the standard of documentation that has 
come to be expected of Acorn. There are, 
however, a few oversights in the manual, which, 
although minor, are nevertheless _ slightly 
annoying. As an example, the abbreviations CSD 
and CSL are mentioned on page 18 of the guide, 
but are not explained until pages 22 and 26 
respectively. 

Ever since the Electron was launched, it has 
generally been regarded as the poor relation, in the 
Acorn stable, to the BBC Model B Micro. The 
lack of interfaces, particularly regarding the 
omittance of a disk drive port, led many to 
conclude that the Electron was little more than a 
games machine that could not be regarded as an 
investment for serious applications. However, 
with the drop in price of the Electron and the 
availability of the Plus 1 and Plus 3 interfaces, the 
machine now looks a much more interesting 
proposition. The Electron has now become a force 
to be reckoned with. 
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We start a new project in Workshop: to 
design and build a small machine capable of 
picking up and accurately moving objects 
around, to be run from the Commodore 64, 
Spectrum or BBC Micro. We will also 
develop sophisticated controlling software 
for each computer. In the first part of the 
project we consider the range of design 
ptions available to us 

Analysis of design options usually starts wit 
defining the task we want performed. For the 
purposes of our project the nominal task is for the 
machine to be able to move from a starting point, 
pick something up (say, an object the size and 
weight of a cotton reel) and put it in a box, before 
returning to within 2.5mm of its starting point. We 
will assume that all the positions are known in 
advance. An industrial extrapolation of this task is 
a machine that packs items as they arrive along a 
production line. | 

What sort of machine would we require to 
perform this task? Clearly it would need several 
motors. These motors could be hydraulic or 
pneumatic, but we shall consider only an electrical 
system of motors. 
Three major electrical motor types suggest 

themselves, the most simple of which is the normal 
DC type. Although such motors are cheap it is 
difficult to control them accurately from a digital 
device, such as a home computer. To achieve the 
required degree of accuracy using this type of 
motor we would have to add shaft encoders to the 
motor spindles (see page 642). Each motor would 
then require decoding logic, either from hardware 
or software, to allow accurate positional control. 

Stepper and DC servo-controlled motors are 
much easier to control by computer. However, 

stepper motors (see pages 835-837) are 
expensive, require all sorts of driver circuitry and 
are generally too large for our purposes. For a 
small-scale system like the one envisaged, servo 
motors have two important advantages: because 
they are mass-produced for the radio-controlled 
model market, they are widely available and 
relatively cheap. 

We looked at how a servo motor works earlier 
in the Workshop series (see pages 912-914 and 
922-925); to recap briefly, a servo motor system 
consists of a small 5v DC motor, controlled by a 
digital feedback loop. The angular position of the 
motor spindle is monitored by a miniature 
potentiometer and compared with the command 
signal in the built-in chip. The command signal isa 
5v pulse of between one and two milliseconds’ 
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duration, the length of the pulse determining the 
angle that the motor spindle takes up. The 
command pulses must be repeated once every 
50Hz (cycles per second). 

The driving software for both single and 
multiple servos has also been described in 
Workshop. The program is interrupt-driven, 
allowing BASIC software to run in the foreground 
and breaking in at regular intervals to send a new 
set of pulses to the motors. 

GEOMETRY OF THE MACHINE 
Many possible designs suggest themselves for a 
machine to perform the task we have set, but first 
we must consider the design constraints. The first 

Possible Prototypes 

es 

oe 

peiti 

Here are two possible 
designs for machines that can 
pick up a cotton reel and place it 
in a box or cup. The moving 
gantry cannot perform the more 
complex tasks that the robot 
arm is Capable of. It does have 
the advantage of simple 
movement geometry; the robot 
arm motors require much more 
complex control to achieve 
simple linear movement of the 
grab. However, computer control 
means that these complex 
calculations are easy to handle 



Complex Geometry 
Computer control of electrical, 
hydraulic and pneumatic motors 
means that machines can be 
devised that have great 
flexibility. The complex interplay 
of the various motors that move 
sections of the machine can be 
handled by sophisticated 
software, which is, to a large 
extent, hidden from the machine 
user. Imagine the complex 

= manipulations that are 
'™,,. possible with this 

%™ six-ram system, 
= all Six 
extending rams 

being under software control 

from a computer. 

ri 
“a we 

| consideration is that to pick up an object such as a 
: cotton reel we require a grab mechanism. This 

must use a minimum of one motor. Secondly, the 
‘grab’ must be moved in three planes. The 
machine must be capable of moving at least 10cm 
from left to right (the x plane), a few centimetres 
back and forth (the y plane) and at least 10cm up 
and down (the z plane). Each plane of movement 
will require at least one motor, and the grab must 
be manoeuvred by a combination of these motors 
with an accuracy of at least 2.5mm to enable it to 
return to its starting point. The grab must also be 
able to pick up a weight of at least 20 grams, and its 
jaws must be able to open at least 3cm to 
accommodate an object the size of a cotton reel. 

Complex Geometry 

One design that would meet the constraints 
would be a small gantry system based around a 
rectangular frame. Gantry and grab could be 
moved by attaching them via saddles to wire 
pulleys, which could in turn be connected to servo 
or stepper motors. This system would require four 
motors, three to control movement and one to 
control the grabber action. 
A second possibility, and one that more closely 

models the human form, is a jointed arm. The 
rotation of each joint could be controlled by a 
single motor. Digital servo motors are well-suited 
to this application, as the motor angle is easily 
directed from computer software, allowing 
accurate control over the arm members. Moving 
the grab by means of a robot arm requires more 
complex control than making the same movement 
with a gantry. For example, to move the grab in 
one plane only — say, the x plane — requires 
simultaneous control of at least two motors in the 
jointed arm system, this movement could be 
achieved using only one motor in the gantry 
system. However, as the system will be controlled 
from a computer, complicated control sequences 
do not present a great problem: they can be 
accomplished by use of clever software. 

The jointed arm has one advantage over the j 
gantry — it is a more flexible system. While the 
gantry could perform the specific task we have 
outlined it could not perform other tasks without 
physical rearrangement of the  system’s 
components. The jointed arm system however, 
could perform modifications of the set task such as 
placing a cotton reel in a box that was lying on its 
side. We will therefore select the robot arm system 
as the basis for our constructional project. A 
diagram sketching the basic design is given. 
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Colour By Numbers 
In each instalment of the project, 
we will colour the relevant 
section of this line drawing to 
indicate the part of the robot arm 
being dealt with 
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The discipline of pascav’s data classification 
and the great variety of possible data types 
are features that make the language ideally 
suited to the clear-cut logic of mathematics. 
We look at aspects of PAscat’s arithmetic 
abilities. 

iE a 

What is one plus two? Without further 
information we might reasonably venture the 
answer: three, of course. The implicit assumption 
is that we are dealing with pure natural numbers, 
but suppose we put one 10p coin and two 5p coins — 
in a vending machine? The result could be 20 
pence — or, viewed from a different angle, a cup of 
coffee and two pence change. This sort of data 
classification is fundamental to any problem 
description, and PASCAL helps us to organise and 
describe our data in a clear and logical manner. 

As we have already seen, we can create new and 
special categories of data so that we can think 
about the solution to the problem and design 
algorithms based on the processing of each data 

- object in a manner appropriate to its type. If we 
inadvertently try to do something silly, like reading 
a Boolean truth value from the keyboard, the 
PASCAL compiler will trap this logical error 
immediately. You can appreciate the hours of 
frustrating debugging that can be saved if a 
language compiler won't even let you execute a 
single instruction until every error has been 
purged from the source program! The 
incompatibility between different data types and 
the richness of the ways in which we can describe 
them is one of the most valuable qualities in 
PASCAL. Far from feeling restricted in what we can 
do, we shall very often wish to take further 
advantage of pascal’s ‘strongly typed’ data 
descriptions, and deliberately impose some 
additional constraints of our own on variables. 
Now that we have used all the simple types of 

variables (those that may only have one value), we 
can fully summarise the rules for manipulating 
them. None of the scalars are ‘compatible’ with a 
variable of any other scalar type, though the two 
numeric types have many characteristics in 
common, and are allowed to ‘rub shoulders’ on 
occasion. As a real number can approximate a 
whole number, assignment is possible from 
integers to reals, but never vice versa. Here are 
some examples: 

Program Compatibility (input, output); 

VAR 
intA, 
intB :integer; 
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Xreal, 

Yreal :real: 

BEGIN 
read (intA, Xreal); {read an integer, then any legal 

number} 
Yreal := intA; {real := integer is OK} 
intB := Xreal; {** ERROR : illegal “*} 
{. . etc. 

Arithmetic operations are, not altogether 
surprisingly, defined only on the numeric types. 
For both integers and reals, the usual four 
symbolic ‘operators’ may be used: 

+ addition 
— subtraction 
* multiplication 
/ floating point division 

In this context, they are ‘dyadic’ or binary 
operators, as they always require two ‘operands’ of 
either numeric type. Whenever one of the 
operands is real, the result of the expression will be 
real—so that: 2+ 2.0 is 4.0 (not 4). In the case of the 
division symbol, the expression evaluates to a real 
even when both operands are integers: 3/5 is 0.6, 
8/4 is 2.0. 
When we are dividing integral values, a ‘real’ 

answer often makes no sense. Twelve chocolates 
divided among ten people gives one each with two 
chocolates left over, for example. The integer 
result and remainder can be obtained with the two 
integer division operators, DIV and MOD (both of 
which are reserved word systems in PASCAL): 15DIV5 
=3 and 15 MOD 5=0; 31 DIV7=4 and 31 MOD 7=3. Be 
careful if your data is likely to be negative, as 
integer division is not defined for any negative 
values of denominator. With both types of 
division, real and integer, any attempt to divide by 
zero will result in a run-time error—at least until 
someone invents a way to evaluate infinity. 

Multiplication and division operations are, of 
course, evaluated before addition and subtraction 
in an expression. The usual bracket notation must 
be used to override this logical ‘precedence’. For 
example: (8 + 4) DIV 2=6, but 8 + 4 DIV 2 = 10. 

TRANSFER FUNCTIONS 
Although we cannot make direct assignment of a 
real value to an integer, PASCAL provides very 
useful ‘transfer functions’ with the identifiers trunc 
and round, which may be used to perform this 
mapping. Trunc simply truncates a real number 
disregarding its fractional part, whatever it may be, 
so that trunc (3.999) = 3 and trunc (-123.456) =-123. 
The function round performs intelligent rounding, 
towards zero if the fractional part is below 0.5 in 
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value and away from zero otherwise: thus, round 
(1234.5) = 1235 and round (-0.49237) = 0. Naturally, 
an error will occur if the real argument to either of 
these functions would give an integer result that 
lies outside the scale of the type integer (—MaxInt to 
Maxint), so always check with an IF statement first. 
Also, the argument mustbe real, not integer (they 
are already truncated and rounded, after all). 

There is one nicety that will be unfamiliar to 
programmers who have agonised over expressions 
using the INT function in BAsic. PAscAL has a 
predefined function that returns a Boolean result: 
false if its integer argument is an even number and 
true if its odd. The identifier used is, not 
surprisingly, called odd. 

IF odd (N) 
THEN 

WriteLn (‘That’s odd!’) 
ELSE 

WriteLn (‘That makes us even.’) 

Or: 

IF odd (N) THEN 
IF N MOD 2=0 THEN 

WriteLn (‘Zap the compiler!’) 

The table shows all of pasca’s arithmetic 
functions. They may all take any single numeric 
argument, real or integer, and the first two, abs and 
sqr, will return a value compatible in type with 
their argument. Thus: abs (- 19.372) is 19.372, and 
abs (255) is 255. The other functions will, however, 
always give areal result, so that sqrt (16) is 4.0, not 4. 
This is because the algorithms used to evaluate 
them are modelled on the summation of a series of 
terms, all of which are fractional. 

There is an important lesson in style here with 
regard to the comparison of reals. Notice that we 
used the word ‘is’ rather than an equals sign when 
referring to the real results of the arithmetic 
functions. We mean ‘is the same as’ rather than 
equal to, because it is never safe to compare real 
values for exact equality. The slightest error in 
calculations will mean that two nominally ‘equal’ 
reals may in fact differ by, say, 1.0E-27. 
Insignificant, of course, but the computer doesn’t 
know that. Instead of using IF X = Y THEN .. we can 
use PASCAL’s predefined abs function: 

IF abs (X - Y) <SmallestSignificant THEN {etc.} 

Here we test for when the difference between X 
and Y is extremely small. Exactly how close we 
regard as insignificant could usefully be specified 
in a CONST definition at the head of the program. 
Logarithms are given to the natural base (e), not 
10, and exp raises e to the power of its argument 
(that is, it “exponentiates’). There is no actual 
exponentiation operator in PASCAL, which was a 
deliberate design decision by Wirth. How often 
have you seen BASIC programs doing silly things 
like saying: 

500 LETD=B-2+4*A*C 

which uses the slowest and most inaccurate way 
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possible of evaluating the square of a number? 
B * Bis far better, of course. Notice that PASCAL’s sar 
(N) returns the square of N directly as a true integer 
(assuming N is an integer); sqr (X/3) would give a 
real. Notice also another Basic habit to start 
breaking: sqrt (it) motsqr (it) if you want the square 
root of a number. 

SUBRANGE TYPES 
All the scalar types have a defined and ordered 

_ range of values, and they may be used as a ‘host’ 
type from which we can derive new subrange 
types. These are composed, as the name suggests, 
of a contiguous portion of the host type. The lower 
and upper bounds required to delimit the 
subrange are listed between the ‘ellipsis’ symbol 
(..) in the definition of the subrange type identifier; 
for example: 

TYPE 
byte = 0 .. 255 {subrange of integer} 
alpha = ‘A’... ‘2’; {subrange of char} 
suit = (club, diamond, heart, spade); {a new type} 
major = heart .. spade; {subrange of suit! 

Apart from the advantages we discussed earlier, a 
good optimising PASCAL compiler will store 
variables of the type byte, for instance, in eight bits 
instead of a possible 32 (if four-byte integer 
representation is used). ‘Thus a large array of this 
type will take up only 25 per cent of the memory 
that would be used with unqualified integer 
elements. Notice that the type major has two 
possible values, rather like thinking of Boolean 
values being defined as: 

TYPE 

boolean = (false, true): 

All subrange types inherit both the data 
classification and the operations defined on their 
host type. 

The previous definition of alpha may allow 
more than just letters of the alphabet, of course. In 
particular, the ASCII character set has six other 
symbols in the gap between ‘Z’ and ‘a’, including 
the square bracket symbols (‘|’ and *]’). These are 
also among PASCAL’s 23 reserved symbols, and are 
used to delimit the components of some 
structured data types, as in many languages. BAsic 
also used these symbols originally for enclosing 
array indices, but the syntax was changed to round 
brackets because older computers sometimes had 
‘half-ASCII character sets that did not include 
lower case letters, square brackets, the braces used 
for delimiting comments in PASCAL, and some 
other symbols. The unmodified Apple II also 
suffered from this restriction. PAscAL provides the 
following optional alternatives for cases where this 
problem arises: (. and .) are allowed in place of 
[ and ], and (* and *) may be used instead of { and }. 
The second alternative, for comment delimiters, 1s 
quite common; however, only [SO-validated 
compilers are likely to support the square bracket 
alternatives. Either, or both, substitutions may be 
made, so that: (* this is a legal comment}. 
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WE INTERRUPT THIS 
PROGRAM. 
the processing resources of a computer, 
using signals called ‘interrupts’ and ‘events’. 
This aspect of the operating system’s activity 
is the last major area that we will look at in 
our series on the BBC Micro. 

When you are running a BASIC program on the 
BBC Micro, it’s easy to believe that the entire 
resources of the machine are dedicated to running 
that program. This is, however, not so; other tasks, 
such as reading the keyboard, are constantly being 
undertaken by the BBC Micro’s operating system. 

_ This apparent ‘time sharing’ of the computer’s 
resources is made possible by the use of 
interrupts. Essentially, an interrupt is a signal to 
the CPU that instructs it to stop what it’s currently 
doing and perform another task. Once this task is 
completed, the CPU returns to its original job and 
continues with it as if nothing had happened. 
Interrupts on the BBC Micro are responsible for 
such diverse activities as keyboard reading, 
flashing colours, ENVELOPE command processing 
and A/D converter readings. Let’s delve a little 
into how the machine actually does this. 

Interrupts on the BBC Micro are generated bya 
variety of different hardware devices in the 
computer system; these include the Serial 
Interface chip, the User and System VIAs 
(Versatile Interface Adaptors), and the Econet 
and Disk Interface hardware. These devices give 
two distinct types of interrupt to the 6502 
processor. Both cause the system to stop what it’s 
doing, but you can instruct the CPU to ignore one 
type of interrupt if you want. These are called 
maskable interrupt requests, or |RQs. The other 
type of interrupt will never be ignored by the CPU, 
and is thus a high priority interrupt. This type is 
called a non-maskable interrupt, or NMI for short. 

NMls on the BBC Micro are reserved for devices 
that need immediate attention from the CPU, 
whereas IRQs are generated by devices that want 
the CPU’s attention, but can afford to be a little 
more patient! The only two devices in the system 
that use NMls are the Econet network hardware 
and the disk filing system. On receipt of an NMI, 
the OS makes use of a small machine code routine 
in page &OD. This is one of the reasons page &OD is 
out of bounds to the user once a disk interface is 
fitted. Because of these special properties of the 
NMI, we won't give it any further consideration. 
The programmer is specifically warned off using it 
by Acorn. 

This leaves us with IRQs, and so let’s look at how 
these are dealt with by the BBC Micro. Maskable 

interrupts on the 6502 processor can be disabled 
by the SEI instruction from assembler programs; 
they can be re-enabled with the CLI instruction. 
When an IRQ is received by the 6502, an action is 
taken that depends upon the source of the 
interrupt. The 6502 finds out the origin of the 
interrupt by ‘asking’ each possible interrupt source 
if it was the cause of the interrupt. As soon as the 
source has been found, the interrupt can be acted 
upon, and the device that generated the interrupt 
is effectively told to forget the interrupt until 
another event happens that warrants another 
interrupt being sent to the 6502. This is called 
clearing the interrupt. The machine code routine 
that deals with an interrupt is called an Interrupt 
Service Routine, or ISR. 

WHAT DOES AN ISR DO? 
As the program that has been interrupted mustn't 
detect any changes in the values held in the 6502 
registers, the first task of an ISR is to preserve the 
values in the registers. These are saved on the 6502 
stack by a series of push operations. They can then 
be restored after the interrupt has been dealt with. 
The ISR must then do whatever is necessary to — 
service the interrupt, and it must clear the 
interrupt condition before leaving the ISR and 
returning control to the interrupted program. The 
reason why it is vital that the interrupt is cleared is 
fairly obvious; if it were not cleared, then as soon 
as control was returned to the interrupted program 
the 6502 would receive an IRQ from that source 
again— putting the CPU into a never-ending loop. 
Now we've looked at the general principles 

involved in interrupt handling, let’s‘consider the 
specific case of the BBC Micro. This computer is 
heavily dependent on interrupts, using them for a 
great variety of operations. For this reason, care 
must be taken not to disable the interrupts using 
SEI for too long. If we keep the period of time for 
which interrupts are disabled below a few 
milliseconds, we won't detect any difference. Any 
longer than that and the OS will start misbehaving. 
The following program demonstrates what 
happens to the BBC Micro when you disable the 
interrupts for any length of time: 

10 MODE 2 
20 DIM C (100): REM set up space for machine code 
30 FOR I%=0 TO 2 STEP 2 
40 P%=C 
50 [OPT 1% 
60 .code SEI / turn off interrupts 
70 RTS 
80 |: NEXT 
90 COLOUR 14 
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Garcon!! 
It's not hard to imagine the BBC 
Micro’s CPU as performing a 
similar role to a waiter in a busy 
restaurant. Just as the 6502 
must constantly divide its 
attention between servicing 
peripherals, managing data 
transfer and program execution, 
so the waiter must attend to 
important customers (who 
demand priority over others), 
clearing tables and dealing with 
the occasional crisis. 

An efficient waiter will be 
able to divert his attention to 
each of these tasks when 
required and yet still be able to 
return to where he left off, 
ensuring a steady flow of food 
from the kitchen to hungry 
customers. The 6502 operates 
in a similar fashion, responding 
to ‘interrupts’ or ‘events’ 
generated either by hardware or 
through software control. Once 
the interrupt has been serviced, 
the CPU can return to its 
previous task 

100 PRINT “Hello!” 
110 ENVELOPE 171,4,-4,310,20,20,127,0,0,-5126126 
120 SOUND 11,160,200 
130 TIME=0 
140 REPEAT 
150 PRINT TIME,|% 
160 I%=1%+1 

170 IF TIME => 100 THEN CALL code 
180 UNTIL FALSE:REM go forever 

RUN the program and you will see that as soon as 
the interrupts are disabled by calling the machine 
code routine code, the variable TIME is no longer 
altered and both the flashing colours and the 
ENVELOPE processing stop. However, the machine 
does not ‘crash’, because the routine continues to 
print |% out correctly. Be sure to press CTRL BREAK 
when youre finished with this program. 

THE IRQV1 VECTOR 
When an IRQ is received by the 6502, control is 
passed to an ISR whose address is held in a vector 
called IRQV1. This is held at address &204 and 
&205. The routine entered via this vector checks 
for interrupts from the hardware that the OS 
expects to receive and that it needs for its normal 
functioning. The ISR entered through this vector 
deals with interrupts from three hardware devices 
— the Serial Interface chip, the System VIA and 

_ part of the User VIA. They take the order of 
priority in which they are listed. 

The Serial Interface chip is the piece of 
hardware that is responsible for the RS423 
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interface and the tape interface. The interrupts 
that come from this source are, obviously, 
concerned with these interfaces. The chip is the 
highest priority device that uses the vector. 

Next in the ‘pecking order’ are interrupts 
generated by the System VIA. This extremely 
useful device interfaces the CPU to a variety of 
other devices in the machine, and also provides 
some timing facilities. A System VIA interrupt is 
produced when a key is pressed, thus indicating to 
the OS that the key must be processed in some 
way. An interrupt is also produced by the chip 
when a full frame of information is sent to the 
monitor or television screen. This interrupt is sent 
once every 50th of a second, and is called the 
“Vertical Sync Interrupt’. 

The A/D converter also interacts with the 
System VIA, and an interrupt is sent whenever it 
has finished converting a signal. This particular 
interrupt causes the OS to update the values that 
are used to return a number to the ADVAL function. 
The other important interrupt provided by the 
System VIA is generated once every 100th of a 
second. This causes TIME to be incremented, the 
‘interval timer’ (used in the generation of events) 
to be updated, the INKEY timer (which times the 
delay for an INKEY instruction) to be decremented 
and part of an ENVELOPE to be processed. It also 
causes the OS to continue the processing of any 
keys that have been pressed. Other interrupts 
provided by the System VIA concern the speech 
synthesiser system and a light pen if fitted. OSBYTE 
calls exist that enable us to alter the way in which 
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the OS responds to interrupts from these two 
sources. However, as we'll soon see, it’s rather 
unwise to mess around with IRQV1. 

The lowest priority interrupt dealt with by this 
vector comes from the User VIA, which is the 
device that controls interaction with the user port 
and the printer port. 
Any interrupt that cannot be dealt with by this 

vector is passed on to an Interrupt Service Routine 
entered via a vector called IRQV2. Most interrupts 
that cause this vector to be entered come from the 
User VIA, which can be programmed by the user 
to provide a range of interrupts to the CPU. 
However, these interrupts would not normally be 
recognised and acted upon by the CPU. 

THE IRQV2 VECTOR 
IRQV2, held at locations &206 and &207, can be 
altered by the user to point to an ISR provided by 
the user. You should always use this vector to add 
your own Interrupt Service Routines, even though 
it is possible to alter the contents of IRQV1 to point 
to a new routine. This process of changing the 
contents of a vector and making it point to a new 
routine is called intercepting the vector. If you wish 
to intercept the IRQV2 vector in order to add your 
own interrupt routines, then on entry to the 
routine pointed to by the vector the following 
conditions must be in force: 

@The CPU must have already stored the contents 
of the A register in location &FC, and pushed the 
processor status register (PSR) on to the stack. 
@The X and Y registers should be in the state that 
they were in when the interrupt occurred. 

The second point means that you must save the X 
and Y registers on entry to your ISR by using the 
following statements: 

TXA:PHA 
TYA:PHA 

Your routine must then clear the interrupt 
condition. This depends upon the source of the 
interrupt; if it was the User VIA, this usually 
involves reading or writing certain User VIA 
registers. Before returning to the interrupted 
program, remember to restore the registers and 
use an RII instruction to leave the interrupt 
routine. One final point; although the A register is 
stored in location &FC on entry to IRQV1, a further 
interrupt might cause it to be overwritten before 
we finish processing our user interrupt. There are 
two solutions: either execute an SEI instruction on 
entry to your routine and a CLI before leaving it; or 
push the A register on to the stack on entry to your 
routine and pull it back before leaving. If you do 
this, then you must also store the A register value 
back in &FC before executing the RTI instruction. 
Users with little knowledge of the User VIA are 
advised to tread with caution. 

The BBC Micro uses ‘event’ signals as an 
alternative to the use of interrupts. These signals — 
which some regard as ‘interrupts without tears’ — 
are the subject or our next instalment. 

LIZ DIXON 
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The Final Frontier 

Shown here are four different 

stages of Zaxxon. The player 
enters the game by flying a 
spacecraft into the first of the 
two fortresses. The craft must 

be manoeuvred at the correct 

angle and altitude to clear the 
wall. Within the fortress itself is 

another wali, which is protected 
by an electric shield. Extra 
points can be scored by 
destroying the gun turrets. Once 
the first fortress is cleared, the 

craft moves into space, where it 
must shoot, or avoid, the 
swarms of enemy craft that fly 
past. Finally, after overcoming 
the defences of the second 

fortress, the craft confronts the 
Zaxxon robot itself 

SPACE FORTRESS 

heavily on arcade games for inspiration — a 
large number of best-selling packages are 
adaptations of themes developed on 
‘dedicated’ arcade machines. Here we look 
at Zaxxon, a program originally produced 
for the arcades and now available for a range 
of home micros. 

The aim of Zaxxon is to pilot a spaceship past a 
number of obstacles in an attempt to destroy the 
Zaxxon Robot. At the start your craft is to be 
found in the depths of space; eventually a ‘space 
fortress’, surrounded by a high wall, appears in 
front of you. To proceed further, you must pass 
through a gap in this barrier, before confronting 
the first of the many obstacles that bar your path. 

These include missiles, radar dishes and fuel 
dumps — all depicted in realistic 3-D. The fuel 
dumps are extremely important — destroying 
these adds to the fuel carried by your spaceship. 

The game’s graphics are beautifully designed. 
Three different sprites are used to depict the 
player’s craft — one each for diving, climbing and 
normal flight. As the ship climbs and dives, these 
sprites increase and decrease in size in a 
convincing manner. The obstacles on the ground, 
too, are well-drawn and the perspective lends an 
air of realism to the game. A particularly nice 
touch is the spaceship’s shadow; this grows larger 
as the ship loses height and passes across the 
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objects on the ground. 

If your ship is destroyed by enemy fire during 
this phase of the game, you must return to the start, 
but after sufficient practice you will find that most 
of the hazards can be dealt with. It is worth the 
effort involved in destroying the radar dishes, as 
these, if left alone, will cause horizontally moving 
missiles to home in on you. These each require 
three direct hits before they are destroyed. At all 
times, great care must be taken to gauge your 
craft's height correctly — it is all too easy to 
misjudge this and fly straight into an oncoming 
missile. Eventually you will be confronted by an 
electric force field — you should climb high to get 
over this, and then dive to a low level, where you 
will be able to obliterate the stationary enemy 
fighters that are waiting on the ground. It’s 
advisable to get rid of as many of these as possible, 
as each one demolished at this stage means one 
less to deal with later in the game. 

After successfully negotiating the fortress 
defences, your ship again heads into space, where 
it is confronted by a swarm of attacking enemy 
craft. At this point, the player faces the problem of 
playing a three-dimensional game on a two- 
dimensional screen. To attack the enemy craft it is 
necessary to climb or dive to the correct level; this 
involves trial and error, as the only indication 
given is the relative sizes of the various ships — 
when your ship is approximately the same size as 
the enemy vessels it is in a suitable firing position. 
A quick trigger finger is a decided asset during this 
phase of the game! 

Leaving space again, your ship returns to the 
space fortress. This time the gap in the wall is 
smaller, and the targets are harder to hit. You will 
now find yourself confronting the Zaxxon Robot, 
which advances across a grid to meet you. At this 
point, your ship stops completely and your only 
defence is to get the robot before it gets you. This 
requires three direct hits on the automaton’s 
missile launchers. While you try to achieve this, the 
Zaxxon Robot advances inexorably — if it 
manages to hit you, you must return to the start of 
the game. 
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The Miracles of Nature 
» The Kingdom of the Seas 

Nature. You will debate the scientific explanations, 

and investigate the origins of these phenomena in 
the light of the latest theories about our amazing 
planet. , 

Breathtaking geological formations, like the 
mile-deep gash of the Grand Canyon and the 
towering peak of Everest, are contrasted with 
miniature miracles like the tiny orchid which so 

perfectly mimics a fly 
that even flies themselves are 
fooled. In addition you 

Today, even in the age of space travel, man’s 
technological achievements are still overshadowed 
by the wonders of the natural world. Throughout 
our planet, often in inaccessible regions, there‘are 
strange phenomena and extraordinary creatures 
which we are only now beginning to understand. 

Wonders of the World takes you on a journey of 
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paradises, beneath the sea and beneath the Earth’s 
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A permanent reference work for the whole 
family 

Never before have all these natural wonders 
been brought together into a single important work. 
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inspiration of your whole family. 

Order your copy by phone or post today. 
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the order form overleaf, and Wonders of the 
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The Arctic sun stays above the horizon 
during the summer months, even 
at midnight.V 


