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APPLICATION 

FACTS AT YOUR FINGERTIPS We 
look at how information is stored on home 28 
micros using databases 

Next Week @ We look at the principles 
behind some of the chess 

@ We look atEaca’sColour —_— programs available for home 
Genie, ahome computer with computers 
lots of graphics facilities, a 
built-in tape loading meter @ We take an overview of the 
and joysticks with numbers —_ range of spreadsheet 
keys on them programs available for micros 

HARDWARE 

PEN PALS One Japanese-built device 
forms the heart of a range of inexpensive 
printer/ plotters 

handling on cassette-based systems 

JUMPERS A software classic from 
Quicksilva that has stunning graphics 296 

LOGICAL END A detailed look at the AIMS 1) What happens to the registers V+6 and V+16 

circuitry of the ALU when X crosses the page boundary? 

2) When SAVEing a file to tape, what information 
PROGRAMMING PROJECTS 

would be contained in the first record, AS(0,0)? 

UNDERWATER SPRITES We explain 
how to move the ship, sub and depth 
charges in our Commodore 64 program 

SUM SORCERY We explore the 
enchanting world of magic squares 

3) Why is a membership number on a database 
stored in a character field and not a number field? 

4) The plotting range on a printer/plotter is +999 to 
~999 for both the X and Y directions. However, in 
practice the X axis is limited. Why is this, and what 
is the actual range? 

Answers To Last Week’s Quiz 
A1) Z80 registers have the ability to address 16-bit 
addresses. 

A2) The letter Z will appear on the screen as the 
function key has no effect at all. 

A3) None. You will lose a life if you touch an electric 
eel. 

AA) To prevent the string variable TIS from 
overwriting the area devoted to sprite data. 

QUIZ 
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JARGON 

FROM CLOCK TO COBOL A weekly 
glossary of computing terms 

MACHINE CODE 

MULTIPLE CHOICE We show how 
multiplication is performed in machine 
code programming 

ITALIAN ELEGANCE Olivetti’s business, 
machines have a formidable reputation 300 
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DATABASES/APPLICATION |. / 

FACTS AT YOUR 
FINGERTIPS 
Computing is all about the storage and 
processing of information. One of the most 
important types of software for storing data 
is the database. We take a detailed look at 
the uses to which databases are put on home 
micros, pointing out the limitations of using 
them on the smaller machines and showing 
how they are used to best advantage. 

A database is a collection of data about one 
subject. For example, a database could hold one of 
the following sets of information: the names and 
addresses of members of a club; the expenses 
incurred by club meetings; the dates and venues of 
club meetings; or the payment of club fees by the 
membership. However, a database system could 
just as easily include all of these sets of data in one 
large file. 
A file is a collection of records, each of which 

comprises a number of fields. In some 
applications, such as accounts packages, the 
structure of the file is fixed by the software, but ina 
database system it is more usual for the file layout 
to be chosen to suit each task. This involves 
determining the size of each field and defining the 
type of contents to be stored in it. In a name and 

cee sia a Fe 

address file, for example, each person’s details 
occupy an individual record: the name is stored in 
one character field and each line of the address in 
separate fields. Such fields are usually thirty 
characters long, allowing no more than thirty 
letters in each. 

The alternative to a character field is a number 
field, which allows the program to do calculations 
on the data stored in it and thus produce useful 
reports. In our club membership file, the program 
might calculate how many members have paid 
their fees, what the total income has been for the 
year so far, or how much is still to be collected. Not 
all numerical data, however, needs to be stored in 
a number field. Telephone numbers are a good 
example of those on which calculations are never 
performed, and these are stored in character fields. 

Before you can tell whether a file could 
effectively be used on your computer, you need 
first to estimate the maximum size of the file (how 
many records you will want to keep), calculate the 
amount of memory needed for each record, and 
then determine whether you have enough 
memory available to store the file. A record with a 
name and three address fields of 30 characters 
each and a telephone number taking 10 characters 
occupies a total of 130 bytes. If you have a disk 
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Collecting One’s Thoughts 
Most people keep personal 
information about themselves 
unsystematically filed on 
scattered pieces of paper. A 
home microcomputer database 
might be useful as a central 
store of insurance records, 
property details, bank account 
numbers, etc. Furthermore, it 
should be invaluable to anyone 
who collects stamps, coins, 
records, or any collection that 
lends itself to systematic 
classification 

99000 
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system with 200 Kbytes storage per disk then you 
could hold 1,500 records on each floppy. Ina tape- 
based system with 48 Kbytes of memory you 
would probably be able to have only 300 records 
(allowing about 10 Kbytes for the program and 
operating system). In practice, if you wish to sort 
the file into order or do other such manipulations, 
you will need some spare working space, and it is 
wise to limit the size of file to half the available 
area. The two storage systems differ so drastically 
because tape files must be read into memory and 
processed as a whole, whereas the speed of disk 
file accesses allows files to' reside on disk and be 

processed in memory. 
A database management system would enable 

you to take information from one file — the total 
expenses for the year, for instance — and link or 
compare this with information from another file, 
such as the total income from membership fees. 

From Doomsday 
To 1984 

Only Connect 
Databases proliferate in 
technical societies that depend 
upon the accumulation of facts, 
and the accessibility of 
information grows as 
technology progresses. In the 

past, databases have been 
isolated from other databases 
by distance and time, but now 
that so many governmental and 
private databases are 
computer-based the possibility 
of their communicating with 
each other may threaten privacy 
and confidentiality 

Ecclesiastical 
Records 

Medieval 
Financial Records 

Legal Records 
(13th Century) 

Treasury 
Records (13th.Century) (1 7th. Century) 

Town /Country 
Councils (1 9th Century) 

Criminal 
Records 
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You could then take an informed decision about 

whether to start a recruitment campaign, cut down 

the number of meetings or spend the profits on a 

new computer for the club. You might wish to 

send a standard letter to club members informing 

them of the situation. The database could provide 

the names and addresses and print them straight 

onto envelopes or sticky labels. Alternatively, it 

could link with a word processing package to write 

letters and reports. Although there are many 

things that the ideal database can do, you will not 

easily find one that provides all the facilities 

together, particulaily if you have a home 

computer with restricted available memory space 

and tape rather than disk storage. Many of the less 

sophisticated database packages handle only one 

file at a time, so that although you could hold all 

the different sets of information described above, 

you could not link or compare them in true 

database fashion. 
A real danger in all data processing is putting all 

of your precious information into a computer and 

then through some accident obliterating it. It is 

essential with important information to keep 

security copies and also to take a print-out at 

intervals so that nothing can be irretrievably lost. 
A simple database package will handle a single 

file of information. The system should make the 

routine work of entering data into the file as easy 

as filling out a form, and it should allow you to 

access information both on the screen and to a 

printer. The user should be able to select 

individual records by stating search and sort 

criteria such as ‘all members who have not paid 
this year and have a given postcode’. Such a 

package should also be able to print out specific 
record fields, such as the name and address fields 

alone for mailing lists. This simple kind of package 
is available for most tape-based home computers. 

If you have a disk system, however, the range of 
software available is much greater. 

Apart from the uses already suggested, 
database systems on home computers can be used 

to catalogue record collections, books, 

bibliographical references and stamp collections, 

or keep records of cricket or football team scores. 

More specialised information-handling tasks 

include second-hand book collecting and the 
organisation of self-help baby-sitting groups. 

Slightly more sophisticated packages will allow 
you to design a data entry form on the screen to 

match a previous paper-based system. Other 

packages will let you select numerical items that 

are greater or smaller than a stated amount (such 
as all members owing more than £10). It is 
therefore important to shop around for the 
package that best suits your specific needs. 
A computer with a database package is useful 

for tasks that involve repetition, or where a lot of 
information needs to be sorted or searched 
through quickly. But some applications are not at 
all suitable for database systems. It is not sensible 
to search through something like a file of 
telephone numbers on a home computer every 



ROY INGRAM 

A Recipe For Disaster 
Eric Nowhere has a Vic-20 that he is extremely fond of. It has 
helped him to come to terms with computers and learn a little 
about programming in BASIC, but Eric unfortunately cannot 
distinguish between a serious application and having fun. He 
insists on using the computer to keep the telephone numbers of 
his (few) friends, and he uses a database to store his cooking 
recipes. When you go to supper at his house, you invariably get 
nothing to eat till about midnight because Eric insists on checking 
out the details of the cooking instructions on his Vic. He plugs it in 
with a dramatic flourish, loads the program in from tape — this 
usually takes several attempts — waits happily during the 
interminable period while the computer searches and reads, views 
the instructions a few lines at a time on the screen, and finally 
heads off to the kitchen to cook. You quickly unplug the computer 
and switch on the television, knowing you are in for a long hungry 
wait. It’s no good coming to supper late as he won't start before you 
get there, because part of the excitement for him is to show you the 
computer at work. Eric clearly doesn't make efficient use of his 
computer. 

time you wish to make a telephone call. In the time 
it takes you to switch on the computer, load up the 
database program, call the file and sort through it 
for Lizzie Dixon’s number, you could have made 
six telephone calls to numbers obtained from a 
book or card index. You might want to keep the 
names and telephone numbers on file for some 
other purpose, such as printing standard letters 
and labels, but using a computer system when 
established manual systems are perfectly adequate 
is pointless. 
A more ambitious database package will 

provide all of these facilities, and will give you the 
ability to use arithmetic to obtain such data as the 
total amount of revenue earned from club fees, or 
calculate which club facility is used most often. 
Several files of information can be linked so that 
data on. related subjects can be used in conjunction 
with one another. For example, a particular player 
belonging to our imaginary club has his personal 
details kept in one file and details of his 
performance in club tournaments in another. 
When a history of his ‘form’ is required, the two 
files can be used together. For a ‘snapshot’ of the 
performance of everybody in the club on a 
particular date, the file can be accessed by calling 

The Right Records 
Peggy Average has always had an enormous record collection and 
has built up a profitable disco service. Experience has taught her 
that it is essential to take the right records for each type of gig. 
Recently, Peggy decided to buy a computer, and for speed and high 
storage capacity she chose a twin-disk system. She then worked 
out on paper the appropriate headings for the categories of music 
that she wanted her database program to include. There were two 
main groups, each with subheadings that were further subdivided. 
The main division was between ‘Black’ and ‘White’ music. Black 
music consisted of three main sub-groups: Reggae, Jazz and 
soul. White music broke down into Rock and New Wave. White 
Rock subdivided into Heavy Metal and Progressive Rock, and so 
on. Peggy used the database manager to pick records according to 
the occasion — entering, for instance, the command to list all 
Rock records and then narrowing down the choice by making a 
lower-level selection of either Heavy Metal or Progressive Rock. 
Having inspected the listing of record titles displayed on the 
monitor she took a print-out of the titles in the required target area 
and then went to the shelves and took off the ones she wanted for 
that occasion. 

up every record for a certain date, rather than 
every record for a certain person. In order to runa 
program with such extensive facilities, it would 
almost certainly be necessary to use a desktop or 
business computer with a minimum of 64 Kbytes 
of memory and disk drives. 

There has been a remarkable increase in the use 
of information systems in the last few years. 
Doctors use databases for keeping details of their 
patients’ medical histories. Research workers use 
them for specialised sorting and cross-referencing 
of data. Businesses keep mailing lists and 
customer information handy and up to date. The 
more information there is available, the more they 
are used. Databases can now handle any form of 
information, from simple lists to highly complex 
systems with multiple files, facilities for creating 
elaborate reports and the ability to process 
information in a form that can be transferred to 
other computer software such as word processors . 
The ability to communicate with public-access 
databases such as Prestel and Micronet 800 gives 
the home computer user access to an enormous 

amount of information. This points the way to a 
future in which your micro could become a 
terminal linked to a mainframe computer. 

THE HOME COMPUTER ADVANCED COURSE 283 

~ 



This diagram shows the 
parameters for positioning 
sprites on the screen of the 
Commodore 64. Placed in 
locations within the central part 
of this screen, a sprite will be 

visible on-screen. If a sprite is 
moved to the outer part of the 
display then it will not be seen. 
The four sprites in the corner of 
the central area show the limits 
of how far a sprite can be 
moved and still be entirely 
visible. The co-ordinates of the 
top left hand corners of the 

KEVIN JONES 

Our series on Commodore 64 graphics is 
now reaching its final stages. Having 
examined the mechanics of designing, 
colouring and expanding sprites, we now 
turn our attention to sprite movement. The 
routines that control the ship, submarine 
and depth charges in our Subhunter game 
are looked at in detail here. 

To position a sprite on the screen it is necessary to 
specify an X and a Y co-ordinate. Each sprite is 
defined on a 21 X 24 pixel grid, and the co- 
ordinates are measured from the top left-hand 
corner of the grid. Co-ordinates are held in 
registers within the VIC chip. These are assigned 
as follows: 

Sprite Number | 0 | 1 | 2 | 3 | 

mic Register |v fyifuz}isjvafus}uelvr| 
Each location can accept numbers in the range 0 
to 255. This is more than sufficient to specify one 
of the 200 pixels in the vertical (Y) direction, and 
the extra capacity is used to allow a sprite to move 

in and out of view at the top or bottom of the 

screen. However, the 320 pixels in the horizontal 

(X) direction exceed the maximum of 255 
allowed by an eight-bit register, so a further bit 1s 

allocated to each sprite. These extra bits are 

grouped together in a single register with the 
address V+16. The diagram below shows the 

Sprites can move into ta 
this outer area, but A 

mS a ee (255, 50)cs, 164,50). 

to move into 

this area 
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UNDERWATER SPRITES - 
screen limits for fully visible, unexpanded sprites. 

The ship’s movement is controlled by program 
lines 230-250 and 270-290. Initial co-ordinates 
for the ship were set up in line 2270 of the sprite 
creation routine (see page 265). The ship will 
move in a horizontal direction only, so the Y co- 
ordinate will remain fixed. If this is set to 80, the 
ship will be correctly positioned on the ocean, 
which was designed using the screen setup 
routine. The ship’s X co-ordinate, XO, is initially 
set to 160, giving a central starting position. 

The ship is controlled from the keyboard, using 
the ‘Z’ and ‘X’ keys for left and right movement. 
Lines 230-250 of the main loop GET a character 
from the keyboard. If no Key is pressed, program 
execution continues (in contrast to the INPUT 
command, which halts a program until the key is 
pressed). The value obtained by GET is then stored 
in AS and used to modify the ship’s X co-ordinate: 
if the ‘Z’ key is pressed, the ship is moved a short 
distance to the left and the X co-ordinate is 
decreased; if ‘X’ is hit it will be moved the same 
distance to the right and the X co-ordinate will be 
increased. The second part of lines 240 and 250 
contains a test to see if the ship has reached the 
limits of its travel. The IF...THEN structure in 
Commodore sasic is such that if the first condition 
on a program line is untrue then the rest of the line 
is not executed. In our program, condition testing 
is arranged so that computer time is not wasted in 
needless calculation. For example, there is no 
need to test for the lower limit of X0 if the “X’ key is 
being pressed and the value of XO is increasing. 
After testing, the value of X0 is POKEd into location 
\V, the X co-ordinate register for sprite 0. 

The movement of the submarine is controlled 
by lines 300-350 and 2500-2570, and operates 
within the main loop of the program as shown in 
the flow chart opposite. The ‘Reset Sub Co-ords’ 
subroutine starting at line 2500 uses the RND 
function to select the sub’s depth, Y3, and speed, 
DX. Y3 will always be an integer number in the 
range 110 to 214, thus ensuring that the sub will 
not appear above the sea surface or below the 
seabed. The speed factor, DX, falls in the range 1 to 
3 and sets the number of pixels by which the sub’s 
X co-ordinate will be increased or decreased. The 
sub’s X co-ordinate and the V+16 register bit that 
controls sprite 3’s X co-ordinates above 255 are 
both set to zero. 

In lines 300-350 of the main loop the value of 
DX selected is added to the sub’s X co-ordinate and 
this is then tested to see if the sub has reached the 
edge of the screen. Lines 340 and 350 allow us to 
deal with the problem of having values of X3 in 
excess of 255. As the X co-ordinate increases to, 



say, 256, two things must happen — the bit 
corresponding to sprite 3 in the V+16 register is set 
to one and the normal X co-ordinate register starts 
again from zero. The following table shows what 
happens in the registers as the submarine crosses 
the X = 255 boundary: 

The vatiable H3 sali “te ua = one if the cgi = X3 
exceeds 255. Correspondingly, L3 will be reset to 
zero if H3 becomes one. The values of L3 and H3 

can then be POKEd into the registers V+6 and V+16. 

FIRING THE DEPTH CHARGES 
During the game, depth charges can be dropped 
on the submarine at any time. To make a program 
straightforward, we shall make the rule that once a 
depth charge has been fired no other depth charge 
can be fired until: 
a) the sub has been hit; or 
b) the charges have missed the sub and dropped a 
little way past it; or 
c) the charges have missed the sub and reached the 
seabed. 

The main loop of the program has two jobs to 
do in respect of depth charges: it must detect the 
pressing of the ‘M’ key, and once the depth charge 
has been fired it must control its vertical 
movement. The program must also ensure that no 
new depth charges are fired whilst one is in the 
process of dropping. This last problem can be 
solved by the use of a flag. This is a technique often 
applied in program control, signalling that a 
particular event has, or has not, occurred. In our 
program we shall use the variable FL to signal the 
dropping of a depth charge. Its value will be one if 
a charge is dropping and zero otherwise. In line 
100 of the program the value of FL is initially set to 
zero. Line 260 accesses the ‘Set Up Depth 
Charges’ subroutine at line 3000 if ‘M’ is pressed 
and the flag is set to zero. A second subroutine at 
line 400 is used to move a fired depth charge 
sprite, and this is accessed by line 380. 

The ‘Set Up Depth Charges’ subroutine has 
three functions to perform: 
1) To set the flag FL to one as a signal that a charge 
has been fired. 
2) To set the starting co-ordinates: the X co- 
ordinate takes its value from that of the ship and 
the Y co-ordinate is initially set to 95, positioning 
the charge just below the surface of the sea. 
3) To turn on the depth charge sprite. 

The ‘Move Depth Charge’ subroutine is used to 
move the depth charge down the screen. In 
addition, tests have to be made to see if: | 
1) The depth charge has gone past the submarine 
or reached the seabed. 
2) The depth charge has hit the sub. 

If the first event has occurred, the depth charge 
sprite can be turned off and the flag reset to zero, 

~ allowing another depth charge to be fired. The 
second event is tested by using another feature of 
Commodore 64 sprites — the sprite collision 
register. As with other registers of the VIC chip, 
this register, V+30, has one bit corresponding to 
each sprite. If a particular sprite is involved in a 
collision with another sprite then the 
corresponding bit in this register is set to one. 
Thus, if the sub (sprite 3) and the depth charge 
(sprite 2) are in collision, the contents of the 
register V+30 will be 12 (00001100 = 12). By 
PEEKing this register and testing its contents, we 
can tell if the depth charge has hit the sub. If it has, 
then a further ‘HIT’ subroutine is accessed at line 
5000. This subroutine will be dealt with in the final 
instalment of the project, together with the 
instructions to update the HI SCORE and restart 
the game. 

KEVIN JONES 
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Underwater Flow Chart 
This simple flow chart shows 
how the program controls the 
movement of the submarine 

sprite. It selects a random 
depth and speed, being 
careful to make sure that the 

sub is under the surface and 

above the seabed. The sub is 
then moved smoothly across 
the screen until it reaches the 

other side 
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We continue our series of programming 
suggestions with a look at an age-old 
mathematical brain-teaser — the ‘magic 
square’. This puzzle is an ideal candidate for 
experimentation: the solution is fairly 
straightforward, but its implementation on 
home computers involves us in solving some 
interesting problems. 

A magic square is simply a grid of cells into which 
the positive integer numbers (1, 2, 3, 4, 5, etc.) are 
entered (zero is not allowed and no number 
should be used twice). The object of the exercise is 
to distribute these numbers in such a way that each 
column and each row will give the same total when 
the numbers are added together. The simplest 
magic square is a three-by-three box, and one 
possible solution is: 

15 15 15 

In this example, all the rows and columns add up 
to 15. Asan exercise, try the puzzle yourself — but 
this time use a five-by-five grid and enter the 
numbers from 1 to 25. You will find that this isn’t 
as easy as it looks, and undoubtedly considerable 
trial and error will be needed before the correct 
solution is obtained. 

Fortunately, your computer can make things 
easier. One answer is to write a program to fill the 
squares with numbers and then test each row and 
column individually. However, this method could 
well take many hours to find a solution for even 
quite small squares, seven or nine cells wide. What 

q is needed is a method for generating the numbers. 
oe >, To save you the trouble of discovering your own, 

? here’s one that works every time: 

1) Start with the number | in the middle cell on the 
bottom row. 

2) After each cell is filled, move one cell down and 
one cell right before entering the next number. 
If moving right takes you off the right-hand 
edge of the grid, go to the first column instead. 
Similarly, if moving down takes you off the 
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bottom of the grid then move to the top row. 
This is similar to a screen ‘wraparound’ effect. 

3) If the next cell is already occupied, move one 
position to the left of the last cell used. 

4) Carry on until you reach the last empty cell. 

Applying this method to our example shows how 
a three-by-three square is generated: 

It’s very easy to write a program to do this for any 
size of square. Simply create an empty two- 
dimensional array of the correct size for the 
desired magic square, and then use a loop to fill it 
in according to the rules given. You should note 
that the method works only for magic squares with 

Squares of Enchantment 
These squares were 
generated by the program 
and have been successfully 
checked by it — as the 
printed message shows. In 
the 15 x 15 square, a diagonal 
pattern of three- and two- 
digit numbers can be 
observed, the consequence of 
the construction algorithm 



an odd number of cells — your program should 
reject even-numbered grids. 

Care should be taken when the square is 
displayed. In the interest of neatness, all numbers 
should be aligned correctly in rows and columns. 
This is achieved quite simply if your micro features 
the PRINT USING command. If not, it is best to 
convert the number to be printed into a string. 
This can then be padded out with space characters 
so that the ‘number’ is always the same length. A 
subroutine to achieve this is: 

1000 REM Convert A to AS and align 
1010 AS=STRS (A) 

1020 IF LEN(AS) <3 THEN AS=* ”+AS:GOTO 1020 
1030 RETURN 

The exact method, of course, will depend on the 
particular computer being used. 

The next problem is the screen size — most 
micros will be unable to display large magic 
Squares on-screen. A 40-column screen has room 
for 13 two-digit columns, but a 13-by-13 square 
will include some three-digit numbers, so a nine- 
by-nine square is the largest that may be 
displayed. A printer will allow much larger 
Squares to be generated. Most printers have a 
maximum width of 80 or 132 columns, and larger 
Squares may be printed in sections that are joined 
together later. 

The overall aim of this project is to create the 
largest magic square you can, and present it as 
neatly as possible. As an experiment, try writing a 
trial and error program and determine how long it 
takes to find an answer (although bear in mind 
that this will take a ridiculously long time to 
achieve a result). Alternatively, you could look for 
even faster methods for generating the squares. 

; 

| 211 210 194 

3 212 

10 REM# x HH EHH RHR KER KEREREEREEE 

15 REM*##*#MAGIC SQUARESx*s*«x%% 
20 REM#**#* SET-UP HR KR KRHRKRRHEE 

30 M=1%7:0IM ACM,M> 

40 PRINT:PRINT"Magic Squares" 

30 PRINT:PRINT"How many rows ¢1 ta 19)"; 
tINPUT 5 

60 IF S<0 OR S<>INT¢S) THEN PRINT"ERROR" : GOTO 
SO 

“70 IF SeM THEN PRINT"ERROR" :GoTO 5a 

80 IF S/2=INT(S/2> THEN PRINT"“ERROR -— Odd 
Numbers Only" :GOTO 5a 

90 REM##*GENERATE SQUAREs**xx5«% 
100 X=INT¢S/23+1:v=S:C=1 
110 ACX,I=C 

120 C=Cti:IF C+S*S THEN GOTO 200 
130 x=xX+1:IF X>S THEN x=1 

190 Y=Y+1:IF ¥>S THEN Y=1 

150 IF ACK,¥)<30 THEN X=x-2:7=¥-1 
160 IF ¥Y=0 THEN Y=S 

170 IF K=0 THEN X=S 

180 IF X=-1 THEN x=S-i 
170 GOTO 110 

200 REM*##*#PRINT SOUAREXx**see%%% 

210 PRINT :PRINT 

220 FOR Y=1 TO S:FOR x=1 To §$ 

230 A=ACX.Y):GOSUB 3S0:PRINT" "sAS:" "5 
240 NEXT X:FRINT:NEXT Y¥ 

250 REM#**CHECK ROWS & COLS#s*= 
260 F=0 
270 FOR Y=1 TO S:T=0 
280 FOR X=1 TO S:T=T+ACX,¥) sNEXT X 
270 IF F=0 THEN U=T:F=1 
300 IF T<+U THEN PRINF"ERROR - Row 1 & 
Row" ;¥3;" Do Not Match":STOP 

310 U=T:NEXT ¥ 
320 FOR X=1 TO $:T=0 
330 FOR Y=1 TO S:T=T+ACX,Y) :NEXT Y 
340 IF T<>U THEN PRINT"ERROR - Row 1 & 
Col" 3X3" Do Not Match" :STOP 
350 U=T:NEXT xX 

360 PRINT:PRINT"Al1 rows and cols add to ";T 
370 STOP 

380 REM#*#***NUM-STRING CONVxx#5« 
370 A$=STRECA) 

400 IF LENCAS) <3 THEN A=" "+A$:3G0TO 400 
410 RETURN 

Basic Flavours 
This program is written in Microsoft BASIC, so it 
should run unchanged on most popular micros. 
Spectrum owners must insert LET before all 
assignment statements. The program asks for the 
number of rows (and, therefore, columns) in the 
Magic Square, and checks that this is a positive, 
integral, odd number. It computes and displays the 
Magic Square, and then, from line 250 on, checks 
its own output. If this seems unnecessary, then 
omit lines 250-360. 
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CLOCK 
The purpose of the clock in your home micro, 
surprisingly, is to slow down the operation of the 
computer! All the functions of the CPU can be 
broken down into simple operations performed by 
logic gates and individual transistors. Though it 
may seem instantaneous in operation, a transistor 
takes a finite time to switch its output current in 
response to an input — although at this level the 
delay is measured in billionths of a second. 

However, these response times will vary from 
one logic gate to another — even on the same chip 
— and as the number of logic stages that the data 
has to pass through increases, so does the 
possibility of data getting out of synchronisation. 
A microprocessor, for example, handles eight bits 
of data in parallel, right through the system. If one 
of the bits was to arrive at the input to the adder 
circuitry later than the others, the result produced 
would be meaningless. 

That is why all the digital circuits in a computer, 
including the memory chips, are synchronised by a 
central clock. Data cannot progress to the next 
stage before a clock pulse has been received, and 
this pulse must therefore be designed to be slower 
than the response time of the slowest circuit. 

The clock itself is simply a quartz crystal, 
pulsing at a known frequency, with some logic 
circuitry to divide that frequency down to the one 
required. Computer clocks give out a few million 
pulses each second and so are said to have clock 
speeds of a few megahertz (MHz for short). ‘Thus 
most computers will have clock speeds of 1MHz, 
2MHz, 4MHz or even 8MHz. 

Companies sometimes try to show how fast 
their computers are by quoting their clock speeds. 
This is only useful when comparing computers 
with the same microprocessor. A computer with a 
1MHz 6502 microprocessor is slower than one 
with a 2MHz 6502, but it can’t really be compared 
with a 2MHz Z80 microprocessor. Even when 
computers have the same microprocessor, many 
other things affect their performance, so the clock 
speed is only a rough guide. 

If your machine has a 1MHz clock, that doesn’t 
mean that all operations take one millionth of a 
second. The clock may well have three phases: it 
produces three independent 1MHz signals, each a 
third of a cycle apart. On many systems, a memory 
read is completed in the first phase, and memory 
write in the second or third phase. 
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CMOS 
A semiconductor material can be impregnated or 

doped with impurities to make it either n-type or 

p-type, according to whether the mobile carriers of 

electric charge are negative electrons or positive 

‘holes’ (regions where there is a deficit of 
electrons). The physical arrangement of p-type 
and n-type areas on a chip determines the circuit 
or logic gate implemented: a diode is simply an 

area of one type next to the other, whilst a 

transistor is a sandwich of one type between two 
areas of the other type. 

Most integrated circuits are based on either 
PMOS or NMOS technology — the MOS stands 
for metal oxide semiconductor, and the P or N is 
indicative of the way in which the types of doping 
have been arranged to form the circuits. 
CMOS means complementary metal oxide 

semiconductor, and is a hybrid of the two other 
technologies — in simple terms each circuit has 
two mirror halves that complement each other. 
CMOS chips consume less electricity than PMOS 
or NMOS, and are therefore used widely in 
portable and pocket microcomputers. With a 
permanent battery connection they can provide 
non-volatile memory (the contents of which will 
not be lost when the machine is switched off). For 
example, the Tandy Model 100 uses CMOS chips; 
these allow battery operation of the computer 
itself, and enable data to be stored for many 
weeks. The main disadvantage of CMOS chips is 
that they are relatively expensive, although, with 
increasing popularity, prices are falling fast. 

COAXIAL CABLE 
Ordinary wire and ribbon cables are fine for 
transmitting low-frequency digital signals over 
short distances, but for high-frequency signals 
they are useless. There are two main reasons for 
this: the signal is vulnerable to electrical noise from 
the surrounding environment, and it is prone to 
start ‘seeping’ out of the cable. Coaxial cable, 
which consists of a central wire surrounded by an 
insulation tube and an earthed metal screen, is 
designed for high-frequency use, and is invariably 
used for the UHF connection between your micro 
and television set. Its other main use in computing 
is to form the link on certain types of local area 
network (in particular, the Ethernet), in which all 
the individual stations simply couple onto a 
common piece of coaxial cable. 

COBOL 
The COmmon Business Oriented Language was 
the first programming language written for 
commercial applications. Languages developed 
before this were designed for scientific and 
mathematical programming. Though much 
commercial software was written in coBoL for 
mainframes and minicomputers, little use has 
been made of it for micros. Nevertheless, COBOL 1S 
available for machines running CP/M — the most 
widely acclaimed version being CIS COBOL 
produced by Microfocus. 



PEN PALS 

Control Buttons 
Duplicate software control 

switchings 

Paper Roll 

Paper Feed . 
A highly-geared stepper 
motor moves the paper 
vertically in 0.2mm steps 
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Plotters are complex devices, which are used 
for producing detailed colour graphics on 
paper. As such, they are priced beyond the 
means of most home computer users. 
However, there is one model — costing just 
over £100 — that appears under a variety of 
different names and is eminently suited to 
use with micros. 

The Atari 1020, Commodore 1510 and Oric 
MCP-40 are just some of the names under which a 
remarkably cheap microcomputer plotter is sold 
(a marketing technique called badge engineering). 
The device behind all these machines is made by a 
Japanese manufacturer and adapted to each 
company’s requirements. 

In addition to its graphics capability, the plotter 
will also produce text, and is thus referred to as a 
printer/plotter. Inside the unit is a revolving head, 

- Pen Controller 
Pushes pen against paper 
while writing is in progress 

~ Pen Drum 
Carries four mini ballpoint 
pens. Rotates to change 
pens 

- Horizontal Travel Mechanism 

Pulls the pen drum 
horizontally in 0.2mm steps 

which contains four small ballpoint pens. ‘To draw 
a line, the head is rotated to select the correct 
colour (red, blue, green and black are fitted as 
standard), and the chosen pen is then moved into 
contact with the paper. A horizontal line is drawn 
as the head moves from side to side; a vertical line 
is produced by up and down movement of the 
paper. Text is produced in much the same way as 
graphics — the printer/plotter stores the patterns 
for letters and other characters in its own memory. 
When a signal is received from the computer, the 
printer/ plotter simply finds the relevant character 
in its internal memory and then draws it as if it 
were a graphics pattern. The resulting print quality 
is extremely good — certainly better than the 
majority of cheap dot matrix printers. 
When in text mode, the printer/plotter 

operates in exactly the same way as any other 
printer. Although the paper used is only 115 mm 
(4.5 inches) wide, the unit will produce either 40 

STEVE CROSS 

Family Plot 
The printer/plotter has a 
resolution of roughly 500x2000 
pixels in plotter mode, and a 
choice of type sizes. The pen 
colour is selected by rotating 
the pen drum, and plotting or 
printing involves moving the 
pen drum horizontally left and 
right and scrolling the paper up 
and down. The pen can be 
pushed against or pulled away 
from the paper, to permit 
plotting or trace-free movement 
respectively. The mechanism is 
capable of high-accuracy 
plotting, but repeated 
movement of paper and drum 
causes a slight loss of 
registration 
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or 80 characters per line. The narrow paper width 
does mean that 80-character text is somewhat 
small, but character definition is extremely good. 
Text may be printed in any of the four colours, 
with a printing speed of around 10 characters per 
second. This is slow in comparison to most dot 
matrix printers, but roughly equal to the speed of 
daisy wheel output. 

To produce graphics, the printer/plotter is 
switched into graphics mode and will then 
produce lines, curves and large letters. If the unit is 
sent characters while in graphics mode it will 
interpret them as commands and will not attempt 
to print them. Thus, if line-drawing is required, a 
command such as: 

LPRINT “D 0,100,100,100,100,0,0,0° 

would be used in Basic. The D is the instruction to 
draw lines and the numbers following give the 
positions of the points through which the lines will 
pass. In this case (assuming that the print head is 
positioned at the co-ordinates (0,0) to begin with) 
a square will be drawn. Other commands follow a 
similar format. 

The width of the paper is regarded as being 
divided into 480 horizontal steps, which are used 
to position the print head. The paper used is 
supplied on a roll that is several metres in length. 
This might give the impression that there is no limit 
to the vertical length of a drawing, but in fact paper 
slippage can result in lines failing to join up as 
required, so the printer/plotter will not allow the 
paper to be wound back more than a certain 
distance. 

Although some very complex graphics may be 
produced on the printer/plotter, programs to 
achieve this take a long time to write — there is no 
easy way of copying an image directly from the 
computer screen. Line drawing is simple enough, 
but the absence of a PAINT or FILLcommand means 
that blocks of solid colour are obtainable only by 
drawing many fine lines. This is slow and wasteful 
of ink. The device is also unable to draw to the full 
paper width — a small gap must be left at each side. 
The unit is especially suited to graph-drawing, and 
features a command that automatically draws the 
axes of a graph, complete with the relevant units 
marked at chosen intervals. | 

In text mode, the printer/plotter will produce 
two different print sizes. However, by using 
graphics mode, much larger text sizes are available 
and letters may be printed sideways, allowing 
large messages to be printed along the length of 
the paper. The ballpoint pens are quick to run out 
of ink, and are likely to dry out if left in the print 
head. Each time the unit is turned on, all the pens 
are tested automatically as the printer/plotter 
draws a small square in each colour. 

Professional plotters are extremely accurate, 
and produce high-quality colour graphics. It 
would be unreasonable to expect a unit in this 
price range to equal these standards, but it must be 
said that the results achieved with the printer/ 
plotter are surprisingly good. 
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The printer/plotter supports 

hi-res plotting, various 

type sizes and colours, 

character rotationand genuine 

descenders _— = 
Frasers 

Plotter Interfaces 
The chart shows which units 
can be used with the popular 
micros. The only problem will 
be getting the right lead to 
connect them together. Oric, 
Sharp, Commodore and Atari 

_ _ |. include leads suitable for their 

. sown micros. 
| | Add-on interfaces can be 

purchased, allowing a wider 
variety of computers to be 
connected to these printers 

Atari 400/600/800 

BBC Micro | jele| je 

CGL/Sord M5 | | jele| je 
Colour Genie wes lt (aes eg ever t_ 

Commodore Vic-20 Woes ena | 

Commodore 64 ieh@epel pd otic | 

Dragon 32/64 | | feje| je 

Memotech MTX | | jelje| je 
Oric-1/Atmos | | jele| je 

Sharp MZ-700 Pal ee 
Tandy TRS-60 Colour | | | | | |e! 
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LOGICAL 
END 

page 46) used two half adder circuits, which 

consisted of AND, OR and NOT gates. These half 

adders, however, can make use of an Exclusive 

OR gate to simplify the circuitry: 

The two half adders link together to form the full 

adder circuit in this way: 

the accumulator. 
The following diagram shows the flow of data 

through the ALU chip: 

Accumulator 

The numbers in the accumulator and memory 

have an eight-bit word length. The bits that make 

up the numbers travel through the ALU in parallel 

and the operation is carried out on all eight bits 

simultaneously. In order to describe the circuitry 

of the ALU, let us take just one of the eight bits and 

design a circuit that will allow us to carry out all 

six of the different functions. We shall call the bit 

from the first operand A and that from the 

second operand B. 

The basis for the one bit stage of the ALU we 

are considering is the full adder. The full adder 

circuit we designed in a previous instalment (see 
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By adding on small circuits to the full adder it is 

possible to show how the adder’s gates can be 

adapted to perform the other functions of the 

ALU. We shall set up a series of control signals to 

do this, the first of which is known as the mode 

select signal. The ‘carry from previous column’ 

input is used during arithmetic operations but is 

not required during logical operations. The mode 

select signal switches the carry input on or off. This 

is easily achieved by using an AND gate. 

For arithmetic operations where the carry input is 

required, the mode select signal should be set to 

one, allowing the carry input to pass through the 

AND gate. When the carry input is not required 

then the mode select signal should be set to zero. In 

a similar way, we can add AND gates to the two 

other inputs. This allows us to select either bit A, 

bit B or both bits together. 

During the process of subtraction by two’s 

complement additions (see page 278), the two’s 

complement of the number to be subtracted must 

be calculated. This requires the changing of all 

ones to zeros, and vice versa. If our adder circuit 1s 

to be used for subtraction then we must add some 

circuitry that will allow us to select the negation of 

bit B. This can be done by feeding the input B 

through a NOT gate, and the select signal can be 

incorporated by means of another AND gate. The 

Carry From 

Previous Column 

Mode Select 



final circuitry for the inputs A and B together with 
the control signal is as follows: 

Input A to Full 

Adder 

Input B to 

Full Adder 

Using these four control signals, each of the 
arithmetic functions can now be accomplished. 
This table shows the required combinations: 

Jee Mode Select | Select 

Function | Souct | A |B |B 

As the logical functions do not require the ‘carry 
from previous column’ input, we can set the mode 
select signal to zero for all logical operations. This 
means that the logical XOR function can be 
achieved at the sum output by setting Select A and 
Select B HI, and setting the mode select signal LO. 

The AND function cannot be taken directly 
from the existing circuitry and requires separate A 
and B inputs, together with an AND select signal. 

Sum Output From Full 
Adder 

A 

B 
Enable AND 

Carry put From 
Previous Column 

Finally, the OR function can be created by 
combining the XOR and AND outputs through 
an OR gate. The following truth table 
demonstrates this: 

_ A | B | Output | Comments 

tit 

The following table shows how the logical 
functions can be produced using different 
combinations of the control signals: 

a | aa Ree Ee ieee eS 

The final diagram below shows a one-bit stage of 
an ALU circuit, illustrating the full adder circuit 
and all the additional circuits for the control 
signals. The full circuit would incorporate eight 
such circuits in parallel. The carry output from the 
eighth column is used as the carry flag for the 
processor status register. 

This article concludes our series on logic. We 
started the course by dealing with such abstract 
logical concepts as Boolean algebra and Venn 
diagrams, and then considered simple logic 
circuits and the results they give. The last articles in 
the series investigated more complex circuits at a 
level close to that used inside a computer. 

Finally, we have shown how it is possible to 
combine several circuits in a way that allows a 
microprocessor to perform all the arithmetic and 
logical operations it needs to do. Each operation 
can be performed by putting the right patterns of 
ones and zeros on the command lines of the ALU. 
These patterns are in fact machine code 
instructions in their true binary form. Thus we 
have studied the logic of the hardware inside 
computers up to the point where software takes 
over as the controlling factor. 

A 
B 

Select AND 
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Carry Output 

Sum And Logical 
Function Output 
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FOR THE RECORD 

In this series on file handling we’ve looked at 
the basic principles behind all computer 
filing systems. However, it is important to 
realise that file handling methods tend to be 
machine-specific. In this final instalment, 
therefore, we examine the ways in which 
these techniques may be used on cassette- 
based micros. 

Different micros use different file handling 
techniques, and therefore it is often necessary to 
adapt a standard program to run on a particular 
machine. For this reason, it is important to 
understand how the facilities and commands 
offered by your own system relate to the general 
methods we have discussed. As an example, let 
us examine the storage of data files on a standard 
cassette-based micro. The first point to notice is 
that cassette systems, by their very nature, cannot 
handle random access files (see page 244), so data 
must be accessed in the order in which it is stored 
— that is, sequentially. 

As sequential file handling involves reading 
information from one file, working on this 
information and then writing the modified data 
into a second file, it is obvious that two files must 
be in use (‘open’) at the same time. A cassette 
recorder is incapable of moving directly and 
accurately between two tape positions, so this 
‘two-file’ system is not suitable for most cassette- 
based micros. The exceptions to this rule are those 
few micros, such as the Newbrain and 
Commodore PET range, that provide two cassette 
ports — one for reading, one for writing. 

Most home machines, therefore, are limited to 
one sequential file at a time. In practice, this 
imposes some major limitations. The file must be 
read into memory before it is used, and then, if 
changes have to made, it must be written out onto 
cassette again. This may be done at intervals 
during program operation, or once at the end of 
the program run. Data files must be small enough 
to reside in RAM after space has been taken up by 
the filing program itself. Most home micros are 
thus restricted to small data files. 

Three main methods have evolved for storing 
information on cassette. The simplest system does 
not use separate data files at all; instead all current 
variables are stored along with the program 
whenever the SAVE command is used. This method 
is used on the ZX81 and is also available on the 
Sinclair Spectrum. When a new data file is 
required, a ‘fresh’ copy of the program is used and 
then SAVEd along with its data. When this version 
is next LOADed, the data is automatically read back 
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into the required variables. The virtue of this 
method is its simplicity — all the user has to dois to 
make sure that the complete program is correctly 
SAVEd and LOADed. 
A slightly more sophisticated system requires a 

BASIC that is able to store and read back specific 
arrays. On the Oric Atmos, for example, the 
command STORE AS, “NAME” will write the array AS 
to tape, and RECALL AS, “NAME” will read it back 
again. The whole array (AS(1), AS(2), etc.) is SAVEd, 
although the STORE and RECALL commands don’t 
actually specify the array size, which is given 
automatically when the array is DIMensioned at the 
start of the program. 

One problem with this system is keeping track 
of the number of entries in the array that are used 
in your program. One solution is to store the 
record count in the array before it is SAVEd. Most 
machines allow a zero subscript, so an element 
such as AS(0,0) can be used for the record count. 
The record count will be a numeric variable (in our 
program we use R), but if a string array is being 
used this must be converted into a string. This is 
done quite simply with a line such as: AS$(0,0) = 
STRS(R).Once the array has.been reloaded into the 
computer, R is reset with: R = VAL(AS(0,0)). 

Although many micros do not support 
sophisticated file handling procedures, these may 
be simulated, as the listings here show. Once the 
file is safely installed in memory, it is easy to use 
BASIC arrays to treat it as a random access file. 

Let’s assume that a two-dimensional string 
array is used to store the data; this may be set up 
with a command such as DIM A$(100,3). The first 
subscript in the array may be used to refer to a 
particular record, and the second subscript will 
point to one of four fields. This allows the data to 
be stored in the familiar table format and is 
equivalent in operation to a random access file. 

Another useful facility present on some 
machines is the APPEND command. This allows 
you to add data to the end of the sequential file 
without first reading through it and then creating a 
new version. Some computers have a command 
that allows a number of fields in a sequential file to 
be skipped over and this provides a simple random 
access facility. 

This series has concentrated on_ the 
fundamental aspects of a complex topic. File 
handling is very much machine-dependent, and 
all the ideas that we have presented in these 
articles will need to be adapted for your own 
machine. But the basic principles will be the same, 
no matter what micro you use, and you should find 
much of the material useful when writing your 
own programs. 
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_ array 

Storing Records And Fields InA 
A two- dimensional string : 
array can be used to simulate - 
a random access file. The | - 
first subscript is used to ce 
identify a particular record a | 

Number Of Fields and the second identifies 
fields within a record It's handy to have this - , 

: number defined in a variable 
_ at the start of the pega 
This makes it easier to 

_ change to using larger 1 oe = 
oiler beateh would ean 

“2 oye oe 7 altering only one instruction == 

AS(0,0) is used to store a 
count of the number of — 
records. When the array is 
SAVEd to tape, this value is 
stored with it 

‘field number) 

(record number) 
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Number Of Records 
A variable keeps track of the © 
number of records currently 
in use in the file + 3 

Maximum Number Of Records 
A variable should be used to” 
record the maximum number 
of records that can be stored a : a tie 

in the array. This is the > . _—— _ — 

number specified in the DIM gg, wT 7 em oo 
statement that hei is os 

Deleting A Record From The 

Array 
This program segment 
removes record number N 
from the array using the 

method we have already 
detailed. All the records 
below N are moved up one 
space, overwriting the data 
currently stored in position N 

Inserting A Record Into The 
Array 
This program segment 
inserts a new record into the 
array at position N in the file. 

All records past the point of 
insertion are moved down to 

create a gap for the new 

record stored in NS, CS, DS 
and ES 

108: BET R= Ret 

110 IF R > M THEN PRINT "ARRAY FULL": RETURN ee 
120 FOR I =RTON+1 STEP -1 eo Oe aA. sph 210 FOR J=0 TOF 130 FOR J=0 TOF dy: gee i 

; ; ; : Zou LET Att iawn = Vel + 1,09 140 LET ASCI,J) = ASCI - 1,0) eae ; ts ch 
150 NEXT J: NEXT I eS 
170 LET AS(N,0) = NS: LET AS(N,1) = C# reir eal ah : 
180 LET A$(N,2) = D€: LET AS(N,3) = ES sis . 
190 RETURN 

Loading And 
Saving A 
Record Array 
Variables SAVEd with Program 

The Spectrum saves all its 
variables along with any 
saved programs (although it 
can also Save arrays on their 
own). The sample program 
fills an array with data and 
the SAVE instruction will 
store the array on tape with 
the program. When the 
program is loaded again it 
will automatically start at line 
700 because the SAVE 
instruction refers it to LINE 
700. The RUN instruction 
must not be used because it 
clears all variables 

Spectrum 
100 REM*¥**SPECTRUM DEMO*** 

200 DIM A$(100,20) 

300 FOR K=1 TO 100 

400 LET AS(K)="RecNo."+STRS¢(K) 

S00 NEXT K 

600 STOP 
700 PRINT "ARRAY CONTAINS..." 

800 FOR kK=1 TO 300 

700 PRINT ASCK), 

1000 NEXT K 

1100 STOP 

SAVE "DEMOPROG" LINE 700 

LOAD "“DEMOPROG" 

SAVEing Named Arrays 

The Oric Atmos provides the 
commands STORE and 
RECALL to save and load 
particular arrays from tape. 
This makes it easy to store a 
file held in an array 

Oric Atmos 
100 REM Save array to tape 

110 A$(0,0,=STRECR) 

120 PRINT "Please position tape, 

press PLAY and RECORD then hit RETURN" 

130 AS=KEY$:IF AS="" THEN 130 
140 STORE A®,"AFILE",S 

150 PRINT "FINISHED" 
160 RETURN 

200 REM Load array from tape 

210 PRINT "Please position tape 

and press PLAY then RETURN" 

220 AS=KEYS:1F AS="" THEN 220 

230 RECALL AS,"AFILE",S 

240 R=VALCAS(0O,0)>) 

250 PRINT "FINISHED" 

260 RETURN 

Using Serial Files 

The BBC Micro is one of 

several home computers to 

support true serial files on 
cassettes. These two 

subroutines store and reload 
the array by creating a serial 
file. The first field is the 

record count 

BBC Micro 
100 REM Save array to tape 

105 PRINT "Please position tape" 

110 X=OPENOUT( "AFILE" > 

120 PRINT£X,R 
130 FOR I= 1TOR 
140 FOR J= 1 TO F 
150 PRINTE£X ASC 1, J> 

160 NEXT J: NEXT I 

170 CLOSE£Xx 
180 PRINT "FINISHED" 
190 RETURN 

200 REM Load array from tape 

205 PRINT "Please position tape 

and press PLAY then RETURN" 

210 IF INKEY(0)=-1 THEN 210 

215 X=OPENIN("AFILE") 
220 INPUTEX,R 
230 FOR I= 1 TOR 
2490 FOR J= 1 TOF 

250 INPUTEX ,ASCI,J) 
260 NEXT J: NEXT I 
270 CLOSE£xX 

280 PRINT "FINISHED" 
290 RETURN 
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Jump To It 
The outstanding feature of 
Bugaboo is its detailed 
graphics. These depict a deep 
pit consisting of many ledges 
that the player (impersonating a 
flea) has to jump between in 
order to ascend to freedom. The 
Commodore's graphics have a 
slight edge over those in the 
Spectrum version 

Bugaboo (The Flea) On The 
Spectrum 

unusual computer game for the Spectrum 
and Commodore 64 in which the player 
takes the role of a flea that gets trapped in a 
deep pit. For a top-selling program, the 
game is surprisingly simple — but the 
sophisticated graphics and fast action make 
it a delight to play. 

Sa 

The impressive title sequence of Quicksilva’s 
Bugaboo game informs you that you are 
approaching the planet Cebella-7, on which there 
is evidence of life. After landing safely, you hop 
around in the lurid flora on the planet surface 
before losing your footing and tumbling into a 
deep pit, which opens out into a large cave. The 
object of the game is to escape from the abyss. 

Ledges protruding from the gaudily-coloured 
rocks provide footholds in a_ landscape 
reminiscent of Hieronymus Bosch — multi- 
coloured mushrooms and flowers abound, and 
spiders cling to the walls of the cavern. You must 
attempt to escape by jumping from ledge to ledge, 
all the while avoiding a flea-eating dragon. In the 

Bugaboo (The Flea) On The 
Spectrum 

Time : 01.13 Deve. : 60 

Booga-boo (The Flea) On The 
Commodore 64 
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SCREEN SHOTS BY IAN McKINNELL 

Commodore version only, Venus flytraps provide 
a further floral hazard. 

The screen acts as a window on the playing area 
in both versions, and new sections of the cavern 
are revealed as you move around and climb higher. 
The cavern is approximately three screens wide 
and five screens high, so it takes time to discover all 
the hazards. You may take any one of several 
different routes, and the ledges are cunningly 
placed to increase the difficulty. 

The scenario may be original, but the game is 
spoilt to a certain extent by the program coding. 
You have one life only, and the introductory 
instruction sequence is repeated each time this is 
lost — which happens a lot, as the dragon proves to 
be almost impossible to avoid. 

As the game progresses, the ledges become 
harder to reach. But no hazards are introduced at 
higher levels, which is unfortunate as the program 
would be considerably more addictive if other 
predators appeared in the later stages. Storing 
multiple screens uses a lot of memory, leaving little 
for complex rules and action, but there are many 
other programs that manage to pack more in — Jet 
Set Willy is a good example. The Commodore 64 
version features more complex graphics than the 
Spectrum version, but otherwise fails to make the 
most of its extra memory. 

The Spectrum version is keyboard-controlled, 
with the ‘1’ and ‘0’ keys triggering jumps to the left 
and right. The strength of these jumps is 
determined by the length of time the relevant key 
is held down: the longer the Key is pressed, the 
higher you will go. The Commodore 64 version is 
only for use with a joystick, with the fire button 
controlling the scan — a more Satisfactory 
arrangement if you have a good joystick. 

Despite the criticisms of Bugaboo’s long-term 
addictive quality, it must be said that the game has 
plenty to recommend it. The controls are 
extremely simple, allowing the user to start playing 
immediately, without having to keep returning to 
the instruction screen. And the imaginative 
graphics are simply stunning. 

Bugaboo (The Flea): for 48K Spectrum, £6.95 

Booga-boo (The Flea): for Commodore 64 + joystick, 
%/ 90 

Publishers: Quicksilva, P.O. Box 6, Wimborne, 
Dorset BH21 7PY (0202 891744) 

Authors: Indescomp & Microbyte 

Joysticks: Commodore version only 

Format: Cassettes 
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MULTIPLE CHOICE 

As we continue our investigation of 
Assembly language arithmetic, we consider 
the problems associated with subtraction, 
and the various ways of dealing with them. 
We also begin to look at the programming of 
multiplication in machine code, and 
introduce a new class of logical operations 

accumulator to be S5F, and the carry flag is set. 
This is entirely consistent, as can be seen: 

S5F - SE4 = $7B Carry Set 
S5F = SE4 + $7B Carry Set 

If we take the carry flag’s state as indicating that a 
negative result has occurred, then we can interpret 
$7B as a two’s complement number: 

— the Shift and Rotate op-codes. $7B In Binary = 01111011 
Take Away One -1 

Both the Z80 and 6502 support the SBC (SuBtract Gives One's Complement 01111010 
with Carry) instruction, but their implementations 
are quite different. On the 6502, the carry flag is 
used to handle the borrow facility, which is the 
equivalent in subtraction of the carry facility in 
addition. In Z80 Assembly language, SBC works in 
exactly the same way as the ADC instruction — the 
carry flag is set or reset to indicate the result of the 
operation. 

Suppose that we add SE4 to S5F using ADC 
(having cleared the carry flag first). The result in 
the accumulator is $43, and the carry flag is set, 
showing that the true result is $0143. There has’ 
been an overflow into the carry flag because the 
accumulator cannot contain the full result. 

Negate ~_ 
Gives Two's Complement ™ 10000101 = $85 

We should expect to find, then, that S5F — SE4 
results in the negative number — $85. Let’s check 
this result in decimal: 

S5F= 95 decimal 
-SE4= 228 decimal 

$85 = -133 decimal 

Clearly, this all makes sense as far as it goes. 
Suppose now that the subtraction in question was 
actually a two-byte sum: $375F — $21E4. 

Now suppose that on the Z80 we again clear the HI LO 
carry flag, and subtract $E4 from S$5F: the result in $37 SF = 14175 decimal 
the accumulator is $7B, and the carry flag is set. If =oel. = _~8676 decimal 
we now add $7B to SE4 (having cleared the carry 915 7B = 5499 decimal 
flag once again) we find the result in the 

4x4 Bit Multiplication 

MULTIPLICAND HI 

AFTER ONE SHIFT AFTER TWO SHIFTS 

MULTIPLICAND 1001 

0011 MULTIPLIER 

00011011 

AFTER THREE SHIFTS 

THE HOME COMPUTER ADVANCED COURSE 297 

Shift Times 
This example shows four-bit 
multiplication for the sake of 
clarity—the number of bits 
does not affect the algorithm. 
The worked example shows 
how the product is formed by 
the addition of zeros or 
shifted versions of the 
multiplicand, depending on 
whether each bit of the 
multiplier is zero or one. The 
multiplier bits are right- 
shifted through the carry flag, 
while the multiplicand bits 
are left-shifted from Jo-byte to 
hi-byte through the carry flag 

: | 

sid 



Shift Work 
The Shift and Rotate 
instructions are used 
primarily to examine the 
contents of a register bit by 
bit. With each shift, the top or 
bottom bit of the register is 
moved into the PSR carry 
flag; the state of the carry 
flag can then be used by a 
branch instruction to 

determine the flow of 
program control (as can be 
seen in the multiplication 
subroutine in this 
instalment). The rotate 

instructions can be used so 
that register contents are 
preserved, but the logical 
shift instructions shift zeros 
in as they shift bits out. A left 
shift, therefore, multiplies the 
register contents by two, and 
a right shift divides the 
contents by two 

Logical Shift Right 

We know that if we do the lo-byte subtraction 
first the result is $7B, and a carry. That carry is then 
added by the SBC instruction to $21, making $22, 
which is then subtracted from $37, giving $15. The 
answer, $157B, can be seen to be correct by 
checking the decimal version. 

Two-byte arithmetic on the Z80, therefore, 
follows this simple procedure: 

1) Clear the carry flag. 
2) Subtract the lo-bytes with carry. 
3) Subtract the hi-bytes with carry. 

The 6502 version of this sequence differs in the 
first particular — the carry flag must be set to 
permit a ‘borrow’ out of the lo-bytes from the hi- 
byte. If no borrow occurs, then the subtraction 
proceeds as normal, and the carry flag remains set 
for the subtraction of the hi-bytes, which should 
similarly proceed normally. If an underflow occurs 
in the lo-byte subtraction, however, the carry flag 
acts as the ‘ninth bit’ of the accumulator. This 
ensures that a correct result occurs there, and that 
the carry flag is then reset. When the hi-bytes are 
subtracted with a reset carry flag, the effect is the 
same as in the Z80 hi-byte subtraction with the 
carry flag set — the number to be subtracted is 
decremented before the subtraction takes place. 
Both methods of dealing with the subtraction 
borrow have their equivalent in the old-fashioned 
arithmetic methods of ‘borrowing’ here, and 
‘paying back’ there. Let’s consider the 6502 
version in more detail. 

PSR CARRY FLAG 
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If we clear the carry flag, and subtract SE4 from 
SOF, the result is $7A in the accumulator, and the 
carry flag remains clear. We have seen from the 
Z80 example that a ‘true’ result is $7B with the 
carry flag indicating a negative number. $7B is the 
two’s complement of the ‘real’ answer (-$85). We 
can see that $7A is the one’s complement of this 
number, and that the state of the carry flag, 
therefore, is a kind of switch on the accumulator’s 
mode. That is to say, it is set for two’s complement, 
and reset for one’s complement. 

If we do the subtraction on the 6502 with the 
carry flag set, then the accumulator contains $7B, 
and the carry flag is reset. If this is a two-byte 
subtraction, puttirg the carry flag into reset state 
will ensure that the hi-byte subtraction result is 
decremented, thus taking care of the ‘borrow’ 
from the lo-bytes. 

MULTIPLICATION 

Consider the decimal multiplication sum: 

174 Multiplicand 
x209 Multiplier 

1566 1st Partial Product 
000 2nd Partial Product 

+348 3rd Partial product 

36366 Final Product 

You don’t have to understand positional notation 
to use this method, you just have to be able to 
follow simple procedures and do single-digit 
multiplication. The heart of the method is the 
writing of each partial product one place to the left 
of the previous product (the empty columns are 
left blank here for emphasis). Once the necessity 
for this is accepted, then forming the partial 
products requires only a knowledge of the 
multiplication tables. 

The combination of shifting partial products 
and rote learning of tables is what makes decimal 
long multiplication difficult for many people. 
There is only one real product in binary 
multiplication, and that is one times one; all other 
single-digit products result in zero. Consider this 
binary long multiplication sum: 

1101 = 13 decimal 

1001 = 9 decimal 

1101 1st Partial Product 
0000 2nd Partial Product 

0000 3rd Partial Product 
1101 4th Partial Product 

1110101 = 117 decimal 

The shifting of partial products is clearly seen in 
this example, as is the overall simplicity of 
multiplication in binary. A partial product is equal 
to either zero or to the shifted multiplicand, 
depending on whether the corresponding 

multiplier bit is one or zero. That immediately 
sounds like the sort of test we’ve become used to as 



an Assembly language control structure. To 
perform binary multiplication, examine each bit of 
the multiplier in turn, and add zero (if the bit is 
zero) or the shifted multiplicand (if the bit is one) 
to the total. How, then, do we examine a single bit 
of the multiplier, and how do we shift the 
multiplicand? 

Testing the state of a particular bit in a byte can 
be done using the BIT instruction on both the Z.80 
and 6502 microprocessors. On the Z80, this 
instruction takes an address and a bit number as its 
operands, and the zero flag is set if that particular 
bit is zero and reset if the bit is one. On the 6502, 
the operand is an address. The contents of this 
address are ANDed with the accumulator, and the 
zero flag is set or reset, depending on whether the 
result is false or true. 

These instructions permit subtle programming, 
but neither method is particularly convenient 
here. It would be much more convenient if the bit 
in question could be made to act as the carry or 
zero flag, so that program flow would branch 
automatically according to the state of each bit in 
turn. Needless to say, both processors’ instruction 
sets make that possible through the use of the shift 
instructions. As the name implies, these will also 
solve the problem of shifting the multiplicand. 

There are a variety of shift and vofate 
instructions in both instruction sets, although the 
Z80’s are more complex than those of the 6502. In 
general, their effect is to shift each bit in a register 
one position to the right or to the left. They differ 
in detail in their treatment of the end bits of the 
register — a bit must be shifted out of the register at 
one end while another bit is shifted in at the other 
end. If bit 7 is shifted out of the register and put 
immediately back into bit 0, then the operation is a 
rotate left. If bit 0 is shifted into bit 7 the operation 
is a rotate right. If this is done, then the contents of 
the register change in order, no new values are 
introduced, and after eight such rotations the 
register will be restored to its original state. 

If rotation is not employed, then a destination 
for the shifted-out bit is necessary, and a source 
must be found for the shifted-in bit. Both are most 
often supplied by the various condition flags of the 
processor status register (PSR), and in particular 
the carry flag. In constructing a multiplication 
subroutine to multiply two single-byte numbers, 
we need to shift the multiplicand left and the 
multiplier right. The multiplicand bits must be 
shifted out into the hi-byte of the multiplicand 
while zeros are shifted into the unoccupied bits. 
Fhe multiplier bits have to be shifted through a 
PSR flag for testing, but their destination, and the 
state of the shifted-in multiplier bits, is 
unimportant unless we need to preserve the 
contents of the multiplier. All that concerns us 
about the multiplier during multiplication is 
whether the shifted-out bit is one or zero. 

Given, therefore, that the multiplier is stored at 
address MPR, the multiplicand at MPDLO, and the 
product at PRODLO and PRODHI, we can write these 
subroutines as follows: 

____EIGHT-BIT MULTIPLICATION —_ | 

ORG $C 100 ORG D000 
START __LDA #500 START _LD BC,(MPR) | 

STA PRODLO 
STA PRODHI 
STA MPDHI LD D,$00 
LDX #8 LD HL,S00 
CLC LOOPO _SRL C 

LOOPO ROR MPR 

CONTO ASL MPDLO 
" ROL MPDHI 

DEX A oe 
ENDLPO BNE. LOOPO “MPR DB SE2 

RTS MPDLO DB S7A 
MPR DB SE2 MPDHI DB — 
MPDLO ‘DB S7A PRODLO DW $0000. 
PDH S00 ADDIT ADD HL,DE 

PRODLO 
PRODHI 
ADDIT 

DB 
DB 
CLC 
LDA 
ADC MPDLO 

SS 
oo 
See 
a eee ee 

STA PROOUG 
a ee 
Mites 
MMs 
IEG 

LDA PRODHI 
ADC MPDHI 
STA PRODHI 
RTS 

As can be seen from this example, programming 
the Z80 is made much easier by its 16-bit registers 
and associated instructions. In particular, 
compare the ADDIT subroutine in the two 
programs. The 6502 version uses ROR to rotate the 
multiplier rightwards through the carry, and ASL 
and ROL to shift the multiplicand leftwards out of 
MPDLO into MPDHI through the carry. The loop is 
controlled by the X register as a counter. 

The Z80 version uses SRL to shift the multiplier 
rightwards through the carry, and SLA and RL to 
shift the multiplicand leftwards in DE via the carry. 
The loop is controlled by register B as a counter. 
Notice that the ADD instruction not only supports 
16-bit register arithmetic, but also is not affected 
by the carry flag — unlike ADC. 

In the next instalment of the course, we will 
discuss methods of division, and consider various 
ways of controlling the screen display. This will 
complete the tutorial element of the course, and 
will be followed by 6502 and Z80 exercises and 
examples in future instalments. 

Exercise 15 

1) Write a multiplication subroutine using a 16-bit 
multiplicand and.an eight-bit multiplier of your 
choice. 
2) Multiplication is merely repeated addition: write 
an eight-bit by eight-bit multiplication subroutine 
that does not use the shift or rotate instructions: 
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Design Angle 

The Olivetti M20 business 
computer is a 16-bit machine 
that was first launched in 1981. 
It incorporates a Zilog Z8000 
microprocessor and uses the 
Olivetti PCOS operating system. 
Olivetti has recently launched 
an IBM PC-compatible version 
of this machine 

Smart Exterior 
Olivetti has always been noted 
for the advanced design of its 
products. But its concern for 

smart appearances also applies 
to the architecture of company 
buildings. This office was 
erected in 1959 and shows 
many features that were 
subsequently adopted by other 
architects 

ITALIAN ELEGANCE 

In the highly competitive world of office 
machinery, the market is dominated by the 
American and Japanese giants. But one 
European-based multinational, Olivetti, has 
gained such a reputation as a manufacturer 
of ‘elegant and serious’ office machines that 
it is now considered a major force in 
business automation. 

Camillo Olivetti founded his company in 1908. 
With a workforce of 20, he set up a machine shop 
in Ivrea, then a small town in rural Northern Italy, 
and began production of the company’s first 
typewriter, the M1. At that time the Italian 
economy was still predominantly agricultural, 
lacking the heavy industry that had fuelled 
expansion in Germany, Britain and the USA. 
Despite this, Olivetti’s production rose steadily, 
growing from four machines per day in 1914 to 
50 per day in 1929. 

In the 1930s, Camillo’s son Adriano began to 
reorganise the company structure, introducing 
students from Olivetti’s own night school, 
founded in 1924. Compariy housing and social 
benefits were also made available — a ‘cradle to 
the grave’ policy reminiscent of that later used to 
great effect by the Japanese. While industry in the 
rest of the world struggled through the pre-war 
economic depression, Olivetti continued to grow, 
and by 1933 the company had sold 15 million 
office products. In 1937 the first Olivetti 
teleprinter was launched, followed in 1940 by the 
company’s first calculator. 

The Second World War brought a temporary 
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halt to Olivetti’s expansion, but in the post-war 
years the company concentrated on developing 
new markets, arriving in the UK in 1948. The 
company’s success was founded on elegant design 
and quality products, and even IBM executives 
were forced to admit that Olivetti products ‘fitted 
together like a beautiful picture puzzle’. 

In the 1950s and 1960s, Olivetti began to 
concentrate on the development of business 
computers. This process began with the 
introduction of a numeric accounting machine in 
1955, and Olivetti’s first mainframe computer — 
the Elea — was developed a few years later. 

The company continued to diversify, moving 
away from mechanical office machinery towards 
the electronics-based equipment that Olivetti 
identified as the major trend in office automation. 
A new range of minicomputers was introduced, 
together with banking terminals and 
communications equipment. 

Today, Olivetti manufactures a vast range of 
electronic business machines — over 1,000 
different products are available in the UK alone — 
and the company invests large sums in developing 
software support for its machines. In 1982, 
Olivetti was the second largest computer 
manufacturer in Europe (surpassed only by IBM), 
with the M10 portable computer and the M20 
business machine both selling well. 

The M10 hand-held computer weighs about 1.7 
kg (3.25 pounds) and comes equipped with an 
8X40 character screen. The machine is battery- 
powered and has 8 Kbytes of internal RAM that 
can be expanded to 64 Kbytes. The M20 16-bit 
business machine runs on a Z8001 micro- 
processor, which has proved unpopular with other 
16-bit machine manufacturers. It also contains an 
8086 processor, allowing some compatibility with 
CP/M-86 and MS-DOS. | 

Olivetti is also planning a new IBM-PC 
compatible machine that the company claims will 
cost less than its IBM rival. Called the M24, it 
features an 8086-2 processor and has the option of 
a Z8001 card to make it compatible with the 
Olivetti M20. This compatibility has meant that 
Olivetti has been forced to abandon its own PCOS 
operating system. 

Olivetti has recently signed a deal with AT&T 
(the world’s largest — telecommunications 
company) to collaborate on a project to develop 
the Unix operating system. And there is no doubt 
that in the future Olivetti’s worldwide dealer 
network and _ productive’ research and 
development division will maintain the company’s 
reputation for stylish and_ well-manufactured 
business products. 



DATA IN STORE 
Coming soon in 
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Beautiful patterns can be created 
si 'aldemcr-ti- Moh mbrcstalemdal-Batelals 
geometrical formulae. We show 
you how with a program for the 
BBC Micro, Spectrum and | 
Oric-l/Atmos in Issue 17 

Ofosaaho)bic=) meltlit-mer-tamr-Vq-mailihe 
enthusiasm travelling and impress 
their fellow train passengers if 
they equip themselves with a lap- 
held portable micro. Our feature in 
Issue 18 reviews half a dozen of 
these light-weight wonders 

fd sX- mod sKoylor-moymd(-walestlmeorabalk=) mer-tal 
Jol= Moy a\- Meo) dal-m caoy-] Morey avavessbate 
topics that the computer user has 
to face. In Issue 19 we shed light 
on daisy wheel printers, which 
offer the highest quality of print - 
Jo} tl mat: hicem-3ak- (eo fem cole) 

Minefield is a favourite computer 
game calling for quick wits and a 
fast finger on the keyboard. Ina 
new series beginning in Issue 20, 
we program this game for the BBC 
I bon doy c-V.abalem-lohté-tale-Ve (Me) m dal 
machine’s superb graphics 
capability 

boxe) aay eleinnave m (=r-hi-t- mele mysisamile 
money to invest on the stock 
exchange, do the next best thing 
Jopim eo) Wiptale m- Ww o)bt-sbal-t-1-me (-hatomepal 
your micro. We review a portfolio 
of these simulations in Issue 21 

@jhi—mifolet mereyeaheleii—yar-se)ael= 
joyKeiabeactoM Col lole) ar-lmehimitalanaemimcon:| 
digitiser- a device that turns 
images into numbers. Digitisers 
are explained and compared in 
Issue 21 

All this and, of course, the Home Computer Advanced Course regular 
features: applications, reviews of hardware and software, programming 
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