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PAINTBOX is a must for every 48K
SPECTRUM owner! If you want to exploit
the full graphics capability of your

machine you can do so
eqsily with PAINTBOX.
Take a look at the screen prints shown
above They are the sort of thing you could
produce on your SPECTRUM
PAINTBOX gives you an enfire suite of
graphics programming aids in one
integrated program. For instance:
UDG EDITOR
The facility to define and re-define up to
84 graphics characters for your programs
or for use in screen-planning.

UDG DRAWING BOARD

A tully-integrated UDG planner for
defining up to 4 Banks of characters
Planning facilities include MIRROR,
INVERSE, ROTATE, FILE

SKETCHPAD
An experimentation “window" for
developing the UDG set

simply and
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PRECISION PLOTTER

An amazingly versatile high resolution
drawing board which includes PAPER
choice INK choice PLOT, DRAW, CIRCLE,
FILL, ARC, OVER, ERASE, and STORE!

SCREEN PLANMER

Combining PRECISION PLOTTER and
UDG characterst A multi-purpose graphics
facility to enable you to produce incredible
screen graphics. All work can be sent to a
Printer and SAVED as SCREEN or as CODE
with its own builf-in machine code routine
for instant recall from BASIC

The program comes with a DEMO
program and a 28 page book that's
packed with hints and tips on how to gel
the best from PAINTBOX

PAINTBOX is ideally suited for use wilh
the Print 'n’ Plofter Spectrum Jotter
Package — the first and best graphics
planning pad for the Spectrum! So why
not place an order today? Write, call, or
see your local dealer.

i U ) 5 i

24 HDUR CREDIT CARD ORDERING

Post fo: Dept S Print ‘'n’ Plofter Products Lid
19 Borough High Street, London SEI 95E
Pleose send me
PAINTBOX™ SOFTWARE @ £7.50 (+75p p+p
total £8.25)
SPECTRUM JOTTER PADS @ £7.50(£150 p+p
fotal £9)
SPECTRUM KEYBOARD OVERLAYS @ ©2 60
(35p p+p total £2 95)
5 ROLLS 7X PRINTER PAPER 6 €155 (95p p+p
total £12.50)
[ Ienclose remittance in full
] Please bill my Access/Barclaycard/Visa/
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Overseas orders pleose add 25% for additional
surfoce mall rofe

HAME
ADDRESS




A b1 A . A \
1 .I‘I I.‘I ‘I
| 1 |
I | | [
| IS 1 5 1 O A

5

11

14

19

22

3

38

44

48

48

NEWS
QL orders flood in and the ZX-81 receives
added power.

LETTERS
Your views and problems.

REVIEWS
John Lambert assesses some of the latest peri-
pherals in-depth.

QL REVIEW
Mike Wright considers the possibilities of the
new Sinclair machine.

PROFILE
Nigel Clark meets David Karlin, the man be-
hind the QL.

FLEXI-FILE
John Davison describes how to make a filing
system for all occasions.

SPECIAL OFFER
We repeat our popular offer of the ZX-81 kit.

CENTRONICS INTERFACE
Richard Sargent builds a one-chip interface for
the Spectrum.

MATHS PRECISION
Stephen Rush shows how the accuracy of cal-
culations on the Spectrum can be improved.

ROBOT ARM
An easy-to-build arm which shows the possi-
bilities of bigger products.

DIGITAL ELECTRONICS

Joe Pritchard continues his series which helps
you to understand the theory behind our pro-
jects.

SHOPPING LIST
Our regular section showing sources for items
which are not commonly available.

UPDATE
We return to earlier projects.

reflect the interest and needs of readers, we have

expanded coverage of matters in the Sinclair hard-
ware market and made improvements to the traditional
areas of the magazine.

Our aim is to make Sinclair Projects the complete
hardware companion for your Sinclair machine — essen-
tial reading for those who want to know how commercial
hardware works and how you can build something your-
self.

To achieve it we will be reviewing in depth all the latest
peripherals on the Sinclair market, showing what they do,
of what they comprise, and how they perform their tasks.
This month our chief reviewer, John Lambert, looks inside
the Dean Electronics thermal printer and the Fox Elec-
tronics programmable joystick for the Spectrum, among
many other items.

We also intend to provide lengthy reviews of important
products or comparisons of groups — of peripherals which
perform similar tasks. In this issue Mike Wright considers
the possibilities of the new QL, the Sinclair Quantum
Leap.

The world of computers can often seem an inhuman
place but without people there would be no machines, no
programs, no users. From now we will be promoting the
human aspect by meeting some of the people behind the
latest machines or developments.

Everyvone is talking about the QL at the moment, so
Nigel Clark went to speak to one of the men behind its
development. Though still a young man, David Karlin has
already done a great deal in the world of micro-electronics.

The number of build-it-yourself projects has been re-
duced from six to four but they are still as interesting as in
previous issues. With the growing interest in robots, as
shown by the number of readers who have enquired about
the Prowler, we have a project to build a simple arm. We
have made the device as uncomplicated as possible, so that
we give the essentials of what is involved while still making
something useful.

In a project for the Spectrum, Richard Sargent shows
how to build a one-chip Centronics interface. That is the
industry standard interface for printers and should interest
anyone wanting to improve hard copies of information.

The other two articles are software projects. Both have
been chosen because of their help to serious users of the
Spectrum. One permits people to build a flexible filing
system which can be used to accommodate a variety of
records. The other shows how accurate mathematics can
be performed.

YOUR Sinclair Projects has changed this month. To

Managing editor Nigel Clark Consultant editor David Buckley Managing production editor Harold Mayes MBE News writer John Lambert
Design Elaine Bishop Advertisement manager John Ross Advertisement Executive Robert Marcus Editorial assistant Colette McDermott
Production assistant Dezi Epaminondou Managing director Terry Cartwright Chairman Richard Hease.

Sinclair Projects is published bi-monthly by ECC Publications Lid. It is in no way connected with Sinclair Research Lid.

Telephone, all departments: 01-359 3525, If you would like to contribute to any of the Sinclair User group of publications please send programs,
articles or ideas for hardware projects to Sinclair User and Projects, ECC Publications, 196-200 Balls Pond Road, London N1 4AQ. We pay
£50 per 1,000 words for each article used.
© Copyright 1984 Sinclair Projects. 1SSN 0264/0449. Printed and typeset by Cradley Print PLC, Warley, W. Midlands. Distributed by
Spotlight Magazine Distribution Lid, 1 Benwell Road, Holloway, London N7. 01-607 6411.
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Upgrade your
16K

ZX SPECTRUM
Now!

The CHEETAH 32K RAMPACK simply plugs into the user port at the rear of
your computer and increases the memory instantly to 48K,

Fully compatible with all accessories via rear edge connector
No need to open computer and invalidate gquarantee

Why send your computer away and wait weeks for upgrade
Fully cased tested and guaranteed.

Why wait any longer?

Only £39.95 including VAT and P&P.

Now make your
Spectrum and ZX-81 Talk

The Cheetah "'SWEET TALKER'' just plugs into the back of the computer using the existing power supply. Based on an
allophone system you can easily program any word sentence or phrase Fully cased, tested guaranteed and compatible
with all accessories via rear edge connector. Complete with demonstration cassette and full instructions. No more lonely
nights! Simply incredible at £29.75 (Please quote when ordering whether Spectrum or ZX81 owner)

16K RAM Pack for ZX-81 £19.75
64K RAM Pack for ZX-81 £44 .75

Prices include VAT, postage & packing. Delivery normally 14 days. Export orders at no extra cost. Dealer enquiries
welcome

Send cheque/PO now to:
CHEETAH MARKETING LTD
Dept SPJ
24 Ray Street
London EC1 R3 DJ
Tel: 01-278 6954

32K RAM Pack and “"SWEET TALKER'' also available from larger Branches of

@ fonn Menzes WH SMITH
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Power from the ZX-81

DESPITE having large amounts of
computing power at their disposal,
many large companies are using the
ZX-81 to help them with their re-
search. They have discovered that the
little machine, with the addition of
the Forth ROM cartridge from
Skywave Software, gives them many

QL orders rush

SIR CLIVE SINCLAIR’S reputation
for launching good products is such
that orders for the QL have been
flooding in. The only machines to
have been seen so far are those on
display at the launch vet there is now
a waiting list ““well into the thou-
sands’.

Although the first machines were
expected to be delivered early in
March, the unexpected rush means
that a backlog will develop.

There were more than 400 orders in
the first two days alter the launch and
now they are arriving at 500 a day.

facilities at a low cost — the ROM
costs only E25.

David Husband of Skywave, based
at Boscombe, Bournemouth, says he
was surprised at first when he started
receiving orders from large compan-
ies such as ICI, universities and a
number of Government establish-
ments. ““It does not surprise me any
more; they just realised what can be
done with the ZX-81 and the ROM,™
he says.

The ROM with its multi-tasking
capability makes the ZX-81 a useful
controller of applications, particu-
larly in laboratories and as a teaching
aid. Husband savs it would be ideal
for a project such as the weather
station being built in Sinclair Pro-
Jects, where the measurements of
temperature and pressure could be
performed at regular intervals but the
user could still program the machine.
It is also possible to have a number of
windows on the screen in the same
way as the new QL.

ZX—Micflé)drive
design frozen

THE DESIGN of the Spectrum Mi-
crodrive has been frozen and there
are no plans to make the improve-
ments which have been made for the
QL Microdrive. A spokesman for
Sinclair Research said most of the
changes had been cosmetic but ad-
mitted that they allowed an ad-
ditional 15K of storage to be
guaranteed for the QL version.

The ZX Microdrive sold for the
Spectrum has a minimum of 85K of
storage, whereas the QL Microdrive
could supply 100K.

David Karlin, one of the leading
members of the QL design team, said
that a number of engineering changes
had been made and there had been a
great deal more error-checking and
attempts to increase the performance
of the controller chip.

A spokesman added that the
changes would be difficult to imple-
ment on the ZX Microdrive.

Plea for More Support Call TEleprinter
rampaCk HAVING bought the Octo- [ understand that the prlnter
AS A fairly new owner of a  ber/November issue for the problems are usually found LOOKING through Sin-

ZX-81, 1 am still using the
unexpanded 1K version.
Now, however, | wish to
expand to the much more
useful 16K package. No-
where can I find a circuit
diagram for an add-on
RAM pack. Can you advise
me of anyone who can sup-
ply a RAM pack in Kit
form? The object, obvious-
ly, is to do the job as cheap-

ly as possible.
R J F Richardson,
Harrogate.

oA 6K RAM pack is a
complicated  circuit  and
since they can be obtained
readv-huilt from as little as
about L£15 it is not worth
considering trying to make
one. The parts alone would
probably cost as much.

purpose of constructing the
Battery-Backed RAM, the
first three-quarters of a
page were completely over
my head. 1 was therefore
very disappointed to find
that not only was [ unable
to understand the article

but the RAM board was ol

a rather strange capacily
i.e., 8KB.

When programming my
ZX-81, using the 16K pro-
grams freely available in the
computer magazines, | fre-
quently experience prob-
lems with supply wvoltage
fluctuations and computer
screen lock-up. The only
way (o restore computer
functions is to re-set the
mains supply, therefore los-
ing the program, if not al-
ready lost.

with the ZX-81 but vou can
se¢ that this problem re-
quires a 16K battery-backed
RAM. Is it possible to
modify the 8K RAM pro-
ject to function as a 16K
board by using more 2K
RAMs or different com-
ponents?

K J Bryan,

Deal, Kent.

@ You misunderstand the
purpose of the batrery-
backed RAM. The project
was to allow one to store
machine code routines rath-
er than Basic programs and
is mapped outside the Basic
program area. To overcome
your problem, you could
build the barttery-back-up
system of the December/
January issue.

clair Projects and consider-
ing building the Radio
Teleprinter, I decided to
write a short machine code
subroutine to simulate the
output from the interface.
It showed two problems
with page 17, the machine
program which 1 have not
noticed in Update:

Line 16514 Data : missing
a 00. Dec. address 16523
should read 16528.

At 16600 the call address
given may be satisfactory
for old ROM users but it
caused me a few headaches.
I think that new ROM users
should have :

16600 40D8 CD2BOF

CALL SLOW.
Malcolm Purves,
Bristol.

SINCLAIR PROJECTS  April/May 1984



=]

F . e
—
A
L

| I |

6 1

i

éheap co

THE NEW [0 port from
Multitron gives the Spec-
trum a means of communi-
cating with the outside
world. Using the port it
could control motors, turn
lights on and off, or detect
when a switch has been
closed. What it does is to
transfer signals to and from
the outside in a form the
CPU can understand.

The port is an uncased
PCB with through connec-
tor based on the Intel 8255
AP-5 chip. The chip has
three 8-bit ports — A, B
and C — and a control reg-
ister D, the addresses being
31, 63, 95 and 127 respec-
tively. Each port can be set
to either input or output,
with the upper and lower
nibbles of port C capable of
being set independently to
cither.

Two more modes of op-
eration are available which
allow strobed 1/0 with
handshaking and strobed
bi-directional operation; in
both cases the data can be
latched. Details are given in
the user manual.

Connections to the board
are either by a 28-way Spec-
trum-style edge connector
or Soldercon pins — bread-
board style. The manual
gives comprehensive details
of how the port works and
how to set it up. It also
includes two briefl pro-
grams, one to make the port
test itself and one to show
binary numbers being out-
put to LEDs.

One thing it does not do
is to give simple circuit dia-
grams to show how to con-
nect a LED or perhaps a
relay.

hnector
for the Spectrum

Priced at £13.50 plus 35
pence p&p, including man-
ual, it provides a cheap in-
troduction to control appli-
cations. Available from
Multitron, 5 Milten Close,
Headless Cross, Redditch,
Worces B97 SBQ. Tel: 0527
44785,

Sinclair
thermals

DEAN ELECTRONICS
has recently introduced a
Sinclair-compatible thermal
printer, the Alphcom 32. It
is manufactured by the
American company which
produces the Timex-Sinclair
2040,

The printer plugs into the
rear connector ol either the
ZX-81 or Spectrum and will
accept the standard com-
mands of LPRINT, LLIST
and COPY, so existing soft-
ware can be used without
alteration. Using 110mm.
wide white thermal paper, it
produces a very readable
output at a speed of roughly
two lines per second.

The printer casing is ap-
proximately 195mm. x
140mm. x 55mm. black-
moulded ABS, with a per-
spex blister on top which
holds the paper. Two wires
emerge from the back, one
— about 150mm. long — to
an over-size edge connector
containing a 74LS10, used
to decode A7 and A2, and a
ferrite ring to suppress in-
terference. It has a ZX-81
size connector Lo the com-
puter and a through port
for RAM packs. The other
lead connects to the sup-
plied external power supply

by way of a male 3.5mm.
jack plug. Inside the printer
there is a minimum of elec-
tronics — a ROM chip,
marked TS2040, to handle
the printer operations; live
chips to control the printing
mechanism; a handful of
discrete components; and
two PCB-mounted switches
to turn the printer on and
off and to advance the
paper. Use of both switches
together performs a self-test
function.

The bulk of the space is
occupied by a very solid-
looking, rubber-mounted
printer mechanism. The
printhead is made of a ce-
ramic material into which
20 wires are inlaid. As they
are moved across the paper
they burn off the top sur-
face of the paper to leave a
black ink impression.

Each wire covers two
character squares in a zig-
zag fashion which shows up
the only disadvantages.
When doing a COPY the
zig-zag is noticable on any
solid blocks of ink.

The printer becomes
warm in use but that is not a
problem, as there are ade-
quate ventilation slots on
the top and bottom and a
large heatsink inside. On a
Spectrum the edge connec-
tor lead fouls the power
lead, making insertion diffi-
cult and it does not fit flush
at the bottom, making the
Spectrum slightly unstable.

Costing £59.95, including
power supply and one roll
of paper, with extra rolls of
paper at only £1, the printer
must be seen as a good al-
ternative Lo the Sinclair
printer. The Alphacom 32 is
obtainable from Dean Elec-
tronics Ltd, Glendale Park,
Fernbank Road, Ascot,
Berkshire SL5 8JB. Tel:
0334 885661 and branches
of W H Smith,

Sound made
in stereo

FOR THOSE with a musi-
cal bent who have a Sinclair
machine, help is at hand.
Mot a musical bent straight-
ener but the Tricord from
Petron is a stereo progra-
mable sound generator
board in two versions, with
and without an internal am-
plifier and speaker, for
both the ZX-81 and Spec-
trum.

The Trichord has three
basic modes of operation.
First, using an in-built
PROM, it can reproduce
any ol 255 sound effects
ranging from one described
as a low bong to a steam
engine and whistle, plus
many indescribable ones.
Second, it can be used to
play three-part  harmony
and, finally, the internal
registers of the PSG chip
can be accessed to produce
your own sound effects.

All versions of the Tri-
chord are the same-sized
black plastic box which has
a ZX-81 connector and
through port. On a Spec-
trum that means that only a
Sinclair printer could be
plugged into the back of it.

Inside the box is an AY-
3-8910 PSG chip. [t has 14
internal registers to control
the frequency and pitch of
three sound channels, the
pitch and channel of a white
noise generator, separate
volume controls, and has
eight in-built  envelope
shapes for which the period
can be altered.

The Trichord is probably
the most versatile sound
generator on the market at
the price.

Petron Electronics is at
Courtlands Road, Newton
Abbot, Devon TQI12 2JA.
Tel: 0626 62836.

6

SINCLAIR PROJECTS  April/May 1984




o~ o o ——
\ X 3\ LY \ Y
- —'—!| I‘I ] -
£l ] [ Il
1o
1
1
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Disc driving on
the Spectrum

LATEST in a sudden crop
of disc interfaces for the
Spectrum is the FDC-1 Mk2
from Technology Research.
It will accept up to two
S54in. drives in either 40- or
80-track, single- or double-
sided format and is com-
plete with a utility disc.

The interface plugs on to
the rear user port and pro-
vides a through port for
other add-ons, drive cable
and connector and a sockel
for the Spectrum power
supply. On power-up the
contents of an EPROM in
the interface is loaded into
the upper 4K of memory
and a jump is made to the
DOS, where a password has
to be entered. The password
has to agree with a pass-
word held on the disc to
allow access.

At that point the full
range of commands be-
comes available — LOAD/
SAVE of Basic or machine
code, both of which can be
auto-run; ERAse a file on
disc; and an INITialisation
routine for new discs. The
initialisation is carried-oul
after a new disc has been
FORMATed using a pro-
gram on the utility disc and
stores the current password
on the disc.

Initialising a disc will
wipe it, so an additional
command LOCK is pro-
vided to prevent that hap-
pening, if required.
DIRectory will give you —
provided you have the cor-
rect password — a list of
the files and their length,
plus the amount of spare
space. Two additional com-

mands are available for ran-
dom access of the disc,
PUT and GET, but our
provisional copy of the new
instructions gave limited de-
tails, although we are as-
sured that will be remedied
on the proper instructions.

Inside the interface are
two PCBs; the lower one
takes the lines across to the
rear connector and holds
the power socket. The up-
per one holds the main elec-
tronics, a disc operating
chip — a 1771 the
EPROM and a good deal of
buffering around the cable
socket. The 1771 is a rela-
tively old disc chip and can-
not provide double density
but by using two boards it is
very easy to change one
when, at a later stage, you
need that feature, The buf-
fering on the cable is par-
ticularly useful, as the
interface uses the same
standard as BBC machines
and a drive can be discon-
nected without crashing the
system,

In use, the interface
proved reliable. The only
time it crashed was when
trying to save a program
without giving it details of
program length and start.
In that instance the inter-
face defaults to saving the
whole 64K but the drive did
not appear to like the idea
and just spun aimlessly.
Apart from that it worked
first time, every time,

Machine code users who
normally use the upper
memoriy for their routines
are catered for as Tech-
nology Research can, for a

DOS assembled anywhere
in the upper 32K.

With a 40-track, single-
sided drive the interface
gives 97.5K of file space,
with 2.5K being taken by
the directory. Larger-capac-
ity drives lose a similar per-
centage.

Priced at £85 plus VAT,
the interface is rather ex-
pensive but it allows the use
of drives not dedicated to
one machine; also if an 80-
track, double-sided drive is
used, you have 390K of file
space at less than £2 a time.

Technology Research
Ltd, 356 Westmouni Road,
London SE9 INW. Tel: 01-
856 8408.

Joystick

variety
NEW FROM Fox Elec-
tronics is a programmable
joystick interface for the
Spectrum. The interface
plugs into the rear connec-
tor of the Spectrum and has
a through connector for
other add-ons. On the right-
hand side of the case is a
standard 9-pin, D-type,
Atari-style socket for the
joystick and one switch.

To use the interface all
you have to do is put up the
switch, which then displays
a menu on the screen. You
then have the option of cre-
ating a new key set from
any of the 40 keys, includ-
ing the shift keys and EN-
TER, or selecting, with a
single keystroke, one of the
16 sets already created.

Pressing the E key exits
to Basic ready to load a
game and programs the
joystick. If necessary, the
key sets can be saved on
tape.

Leaving the switch down
will make the Spectrum ig-
nore the interface unless

SINCLAIR PROJECTS  Aprif/May 1984

on which uses the ROMCS
line; if so, vou may find
that a clash occurs.

Inside the interface is a
2K CMOS RAM, the
6116LP, and a small ni-cad
battery. When in use the
battery is kept topped-up by
the Spectrum power supply,
via a 7805 regulator, and on
power-down maintains the
memory for a minimum of
six months.

On putting up the switch
the interface pages-out the
Spectrum ROM and jumps
to the program held in its
RAM. The program then
transfers into the Spectrum
RAM, pages the ROM back
in and puts the menu on the
screen. On pressing the E
key, the program transfers
back to its own RAM, sets
up the joystick and calls the
NEW routine. Any new key
sets created are saved in the
process.

All that is clever and pro-
vides the easiest interface
on the market today but it
also provides two by-pro-
ducts. First, when the
switch is put down, the in-
terface causes a hardware
re-set. That is to say if you
have a game running you
can jump out of it without
having to pull the plug — a
saving of plug wear. Sec-
ond, details are available
from Fox for a machine
code programmer to use the
interface as a pseudo ROM.,
Often-used routines could
then be loaded at the flick of
a switch.

When used with a Micro-
drive, the Spectrum power
lead fouls the joystick lead,
making insertion difficult.
At £28.50, the interface is
very good value. From Fox
Electronics Ltd, 141 Abbey
Road, Basingstoke, Hamp-
shire RG21 9ED. Tel: 0256
20671.
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NEW from Kempston Elec-
tronic is the model E Cen-
tronics interface for the
| Spectrum. [t contains an

EPROM which enables it,
{ on power-up, to direct the
commands LPRINT and
LLIST direct to the printer
without the need for ad-
| ditional software. Also
built into the EPROM are
routines which allow the use
of COPY for the Epson and
Sickosha range of printers.

Housed in the standard
Kempston case, the inter-
face plugs into the user port
of the Spectrum and is com-
plete with a cable to connect
to the printer.

The interface is dead-
ended in that it does not
have a through port for

Kempston interface
prints defined graphics

other add-ons. That may be
a problem if yvou want to
use it at the same time as the
Kempston joystick interface
or any other dead-ended de-
vice. A difficulty which
may arise with full-size key-
boards is that the case is
shaped with a lip to fit on
top of the standard Spec-
trum. The lip may prevent
the case fitting snugly.
Inside the case is a 2K
EPROM which houses the
printer software and a
handful of chips which de-
tect when the Spectrum is
using the LPRINT, LLIST
and COPY commands. It
does that, for example, with
the COPY command, by
monitoring an address, and
when the Spectrum uses it

to do a COPY the interface
takes over and directs out-
put to the printer.

Using the interface is very
simple. If only text is to be
printed, no setting-up is
needed, apart from POKE-
ing an address with the
number of columns re-
quired if that is other than
the default setting of 80.
The address is one of the
unused ones in the system
variables area.

To use the COPY com-
mand the interface must be
set up for your type of
printer. By entering as a
direct command COPY:
REM? the interface dis-
plays a menu page which
shows its current status.
You can then set it up for
the Epson range, Seikosha
100 or 250 printers, or add
your own routines. Once
yvou have set it up in that
way any user-defined char-

acters or graphics charac-
ters which appear in a
listing will be printed as
shown on the screen An
annoying feature is that
those characters are wider
than normal and make the
listing appear untidy.

For computer artists
there is an enlarged setting.

When it is turned on,
COPY will produce a
double-sized copy, about

I180mm. x 145mm. on an
Epson, suitable for hanging |
on the wall. Other settings |
are available to control the
tokens, escape characters
and automatic line leeds.
Al £55 inc. the interface
is by no means inexpensive
but has many useful fea-
tures. Details from Kemp-
ston Micro Electronics Lid,
Unit 30, Singer Way, Wo-
burn Road Industrial Estate,
Kempston, Bedford MK42
TAF. Tel: 0234 856633,

Your Interconnection
System for the
Microcomputing World

Choose from our M50 range of
exciting products all designed to assist
the hobbyist in building an inter-
connection system most suitable for his
particular application:

headers; sockets; colour coded

cable; DIP connectors; sub-miniature

D25 way plug, socket and hood.

With the M50 you get much more than
Justa good contact. You get a complete

interconnection system that includes the

cable.

BICC-VERO ELECTRONICS LIMITED

Retail Dept,, Industrial Estate,
Chandlers Ford, Hampshire, SO5 3ZR.

Our new catalogue containing over
150 new products is available now

For further information on these
products ring (04215) 62829 or write to:
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TI-Ili NEW MACHINE from
Sinclair Research, the QL or
Quantum Leap, promises 1o
live up to its name and to be a major
revolution for people in business who
want real computing power at moder-
i ate cost.

The hardware is designed merely (o
provide large computing power at a
| reasonable cost but the supporting
software and expansion facilities are
all aimed at the professional and
small business market.

INTEL 8049

The QL measures 53in. X 1iin. x
183in., weighs a little more that 3lb.,
and can be connected to either a
monitor or a television screen. A col-
our monitor will give a wider screen
and a greater resolution than a tele-
vision screen. The machine features
the Motorola 68008 32-bit processor
with 128K of user RAM; 32K is re-
served for the screen display, which in
its highest resolution gives 512 x 256
pixels in four colours or 26 x 256 pix-
els and eight colours.

An Intel 8049 is also used in the

CPU controlling the keyboard,
sound, R5232C receive and real-time
clock functions. That leaves the

68008 to look after all the prinicipal
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Real computing power
at a moderate cost

Mike Wright reviews the latest machine from Sinclair Re-
search and finds much of which Sir Clive can be proud.

functions and in all there is IMB of
non-segmented address space avail-
able.

Four custom-built chips are also
included. The first, dual-sourced
from Plessey and Synertek, controls
display and memory; the second,
dual-sourced b§ NCR and Synertek,
controls the other major functions,
including the Microdrives, local area
network and RS232C transmission;
the third and fourth from Ferranti
provide analogue functions required
by the Microdrives.

There is a 65-key, full-travel key-
board. The introduction of the key-
board means that the traditional use
of keywords on other Sinclair ma-
chines will not be possible. It is com-
plete with two built-in Microdrives
and the ability to connecl six more.
They are improved versions of Spec-
trum Microdrives and are not com-
patible with the Spectrum, although
with re-formatting the cartridges will
be.

MICRODRIVES

Other features include a ROM car-
tridge slot which will allow the ROM
to be expanded by 32K, an expansion
slot for a 0.5MB RAM, two R5232C
ports and two joystick ports. The QL

should also be able to link to 63 other
QLs or Spectrums.

The cost of all those facilities is a
reasonable £399 but before it can be
put to use a monitor or a television set
and a printer will be needed. That will
add about £300 for a colour monitor
and £250 for a reasonably good-qual-
ity dot matrix printer.

Even with those additions, the cost
compares very favourably to existing
systems. Sir Clive Sinclair said at the
launch: “‘For £800 you can have a
word processor better than anything
yvou can buy currently.”

Despite those cost-benefits there
are several points which must be
worrying to potential business users.
The biggest of them is the decision to
stay with the Microdrive, although in
an updated and improved form, in-
stead of using floppy discs as back-up
storage. Since the introduction of Mi-
crodrives last year, some experts have
been worried by the performance of
the drives and by the use of continu-
ous loop of video tape.

In addition, there is no connection
for a cassette recorder. Although
loading from a cassette is a slow,
tedious business, a cassette copy of a
program is usually fairly reliable and
it is cheaper to produce commercial
programs on cassette.

The cost of a blank cassette can be
as little as 15 pence if bought in large
numbers, while the costs of a Micro-
drive cartridge is about £5.

DISC PLAN

It is also interesting 1o note that
Sinclair Research plans to produce a
hard disc interface, while it has no
plans to produce either a disc drive or
a floppy disc interface. The cost of a
hard disc could be two to three times
the cost of the computer.

Another point to consider for users
with large amounts of data is that
once the RAM expansion has been
ritted the QL has 640K of RAM,
Each Microdrive cartridge holds only
a maximum of 100K.

In keeping down the costs of the
new machine, Sinclair may have
sinned by omission for business users.
The industry standard interface for
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printers is the parallel or Centronics
interface.

'he QL is cquipped with two
RS232C ports but not a Centronics
port. Most printers are fitted with a
Centronics  interface while the
RS232C is offered as a more expens-
ive option. An alternative would be to
wait until Sinclair produces its
planned Centronics interface but that
again means extra cosl,

For its operating systems, Sinclair
Research has developed QDOS for
which there are some elaborate
claims. It is able to run more than one
program at a time, it can divide the
screen into a number of windows so
that different displays can be shown
simultaneously and input-output is
device-independent,

The language used is another in the
growing family of Basics, this one
being called Sinclair Super Basic. It is

said to be “‘a radical enhancement of

Spectrum Basic.” That makes for the
same problems people found when

they changed from the ZX-81 to the
Spectrum. They will not be able to
upgrade their machines while retain-
ing their favourite software. Even if
the program is on a Microdrive car-
tridge, it will not be possible to use it
on the QL.

The feature which will interest non-
technical users is the suite of pro-
grams written by Psion specifically
for the QL. They are described by
Psion managing director David Pot-
ter as *‘'more powerful and functional
than existing products for desk-top
compulters costing up to £5,000."

OPTIONS DISPLAYED

The suite has been designed for
usability by a mass market with no
prior training. It is said that even the
most inexperienced person can per-
form useful tasks immediately, while
experienced users can achieve a re-
markable level of sophistication.

There is a word processor, a
spreadsheet, a database and a busi-

ness graphics program. They are inte-
grated in style, structure, design and,
perhaps most important, in the shar-
ing of information. The last feature
allows data to be transferred between
programs so that information from
the database or spreadsheet can be
transferred to the graphics program
where it can be represented graphical-
ly and from where it can be moved
into a document for printing.

Although the manual contains
large sections on all four programs,
information on the present status and
options available are displayed in
English at the top of the screen.

The QL appears to live uplto Sir
Clive’s claims that it is a quantum
leap for the company and com uting.
It is aimed at the business mm'sel and
it would appear to satisfy the de-
mands of people in business. Sinclair
Research, however, appears to be
hedging its bets by including joystick
ports, so that games can be played on
it.

CAMBRIDGE LEARNING
SELF-INSTRUCTION COURSES

GSC SUPERKIT £19.90

Learn the wonders of digital electronics!
This practical kit for beginners comes complete with an instruction manual,components and
EXP300 breadboard to teach you all the basics of digital electronics. The course needs no
soldering iron; the only extra you need to buy is a 414V battery.
Using the same board you can construct literally millions of different circuits.
Bigita Elnctresic Gt The course teaches boolean logic, gating, R-S and J-K flipflops, shift registers, ripple
.' W0 counters, and half-adders.

 Sotoh e Iy Itis supported by our theory courses

DIGITAL COMPUTER LOGIC £7.00

which covers: basic computer logic; logical circuit elements; the design of cireuits to camry out logical functions: flipflops and registers; and

DIGITAL COMPUTER DESIGN £9.50

Our latest, most up-to-date course on the design of digital computers, both from their individual logic elements and from integrated circuits. You are
first shown the way in which simple logic circuits operate and then, through a series of exercises. arrive at a design for a working machine.
GUARANTEE Norisktoyou If you are notcompletely satisfied, your moneywill be refunded upon return of theitem in good condition within 28days

of receipt. )
Other courses available include: MICROPROCESSORS & MICROELECTRONICS @ £650 COMPUTER PROGRAMMING IN BASIC @
VAT Ne 303026022

CAMBRIDGE LEARNING

GSC

-~
I
|
)
I
|
|
I
1 Self lnstraction

£11.50.
CAMBRIDGE LEARNINGLIMITED, UNIT  RIVERMILLSITE, FREEPOST, 5T IVES, CAMBS, PEI74ER, ENGLAND. Tel: STIVES (0450) 67446,

“ Please sllow 28 days for dellvery in UK Al prices inchude worldwide post s ge | abrmail ivedra plesss psk lor prepaymest invidice], Giro A ¢ No 2TRI159.

SUPERKIT (8) = £19.90 Talsphonsorders lrom card holders sccepted on 0450 67446 Ovarseas cuminmers
DIGITAL COMPUTER DESIGN (8] « £9.58 (imcimdiag Eire) should sanda bank draft i sterling drawn on s London bank, or guote credi
DIGITAL COMPUTER LOGIC  £7.00 card ammbar

lenchose & *cheque PO payable o Cambridge Learming Lid. for £
where spplicabls|

Plensr change my
*Access American Expresa Barclaye ard Diners Clubs Eurocard Visa Mastercharge Trustcard

Expiry Date
S bgrature

Crednt Card No

Lasrning Lissbted, (ml
Cambs PELT 48R, England. (Registered in England wo 1 328762).

Cambridgs Bbvarmill Shte. FREEPOST, 51 lvas, Hustingdos,
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HE MOST DIFFICULT job in

I designing the new Sinclair QL

was to reduce the pin count to
a satisfactory level. That is the view
of one of the leading members of the
design team, David Karlin.

“We spent the first two months
trying to reduce the pin count to 80,
he says, adding that it was one of the
major reasons for choosing the Mo-
torola 68008 for the main CPU chip.
Using the ability of that chip to pro-
cess information in 32 bits but having
only an B-bit bus allowed for a big
reduction in the number of pins.

32/8-BIT

The chip, however, caused Sinclair
Research some problems in deciding
how to describe the machine. Ideally
it should be a 32/8-bit machine but
that is not a generally-accepted nam-
ing system and it was thought it
would have been confusing.

Karlin adds that whatever it was
called, all the software would look
like that for a 32-bit machine.

The full CPU consists of the 68008
operating at 7.5MHz for all the prin-
cipal functions, while a second pro-
cessor, the Intel 8049, controls the
keyboard, sound, RS232C receive
and real-time clock functions.

The operating system, called
QDOS and developed by Sinclair, is
said to include a number of key fea-
tures such as single-user multiple
tasking, time-sliced priority job
scheduler, display handling for multi-
ple-screen windows and device-inde-
pendent input-output.

It has IMB of non-segmented ad-
dress space, which makes possible a
wide lamily of peripherals and en-
hancements. Of that, 32K is used flor
the screen bit map; a small amount is
used for other functions leaving, on
the unexpanded 128K machine, about
96K of usable memory.

Counting the p
making the quantum leap

The RAM can be extended exter-

1

nally to 640K and the 32K ROM can
be expanded by ROM cartridge to
64K. The QL uses Super Basic which
is said to be a great improvement on
the Basic used in the Spectrum.
There are four other chips which
are designed to Sinclair specifica-
tions. Two have been dual-sourced to
ensure there are no difficulties with
delivery. The first, which controls the
display and memory, is supplied by
Plessey and Sunertek. The other,
from NCR and Synertek, controls the
other major functions, including the
two Microdrives, local arca network

and RS232C transmission. The other
two chips are supplied by Ferranti
and provide the analogue functions
required by the Microdrives.

Karlin says that once Sinclair had
set the specifications for the chips
discussions were started with a num-
ber of manufacturers to discover not
only if they could meet the technical
requirements but also if they would
be able to supply the chips in suffi-
cient numbers. Having decided on the
companies, the design work was done
independently.

““‘Rather than have one company
do the design work and then supply
the other with a mask, we thought it
better to have each company do its
own design,”" he says.

ins helps in

That was an area which threatened
to become one of major difficulty.
When the first prototypes were re-
ceived from the manufacturers they
did not work in the system. “We
checked them thoroughly and eventu-
ally found that there was nothing
wrong with them. The problems had
been external,’” Karlin says.

He followed the development work
all the way through and listening to
him talking about it would be easy to
think that he had been involved in
nothing more than a making a few
simple improvements to the Spec-
trum. Many observers, however, are
already saying that Sinclair Research
is fully justified in saying that the new
machine is a quantum leap of similar
proportions to that which brought
computing power within the reach of
millions with the introduction of the
ZX-80.

Existing machines which use simi-
lar technology cost a minimum of
£3,500 and to upgrade existing micros
to provide comparable facilities it is
estimated the cost would be almost
£2,000. The QL with its software
support costs £399.

GENERAL RESEARCH

Karlin has been with Sinclair Re-
search since August, 1982 when he
returned from the States, where he
had been working on general research
for Fairchild in Palo Alto, Califor-
nia. Although born and educated in
Britain, he went to the U.S. after
leaving Trinity College, Cambridge,
where he had been studying a mix of
engineering and electrical sciences.

He decided he wanted to return to
Britain, contacted Sinclair Research

" which was looking for researchers at

the time, and was given a job. Since
then he has worked on a number of
projects but his main work has been
on the development of the QL.
From conception to launch took
only 14 months. **The first six
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months were spent designing the ICs
and the last eight months were needed
to debug them,” he says.

In that time, little changed from his
original ideas of what the computer
should contain. ““I would have liked
to include a £20 colour tube and we
decided to increase the RAM to 128K
at a fairly late stage but the overall
design was much the same as my
original ideas,”" he says.

He emphasises, though, that the
design was a co-operative effort by a
number of people at Sinclair Re-
search.

PORTABLE MACHINE

“It was not a simple matter of Sir
Clive giving us a specification and the
rest of us producing a machine to
satisfy that,” he says. “We were all
throwing around ideas, some of
which we used and others we did
not.”

One of the early ideas, given wide
publicity by Sir Clive, was a portable
machine with its own power supply
and flat-screen television and two Mi-
crodrives. Karlin said, however, that
that had been decided against early in
the development stage.

Having two Microdrives formed
part of the final machine, although
improvements have been made on

those which are used with the Spec-
trum. Although much of the drives
has remained the same, with storage
in the region of 100K and an average
access time of 3.5 seconds, Karlin
says they have been “‘improved a
great deal’’,

“We made a number of engineer-
ing changes, put in a great deal more
error-checking and tried to increase
the performance of the controller
chip.”’

He cannot say if those improve-
ments will also be made to the 7ZX
Microdrives.

Karlin defends the decisions to
omit two facilities, a Centronics inter-
face and a cassette recorder connec-
tor. With the QL having a ROM
cartridge slot and Microdrives, he
sees no necessity for inputting infor-
mation from cassetie.

The reasons for including an
R5232C rather than a Centronics in-
terface were more complicated, While
agreeing that the Centronics is more
usual at the moment, he says:

““The Centronics interface is more
expensive and occupies more board
area than the RS232C but does exact-
ly the same job. The problem is that it
is the industry standard but we think
that with our using the RS232C more
people will start using it as well .’

Karlin is confident that the QL
represents 14 months well-spent. He
sees an immediate market for the
machine in the professions and higher
education, particularly for university
students who have large calculations
to do or theses to write. In addition,
there is the small business market
where he thinks large numbers can be
sold, not only because of the price but
““because of the large amount of busi-
ness software and the quality of that
software.”

PLENTY OF IDEAS

Sinclair Research is also confident
about the machine and it intends to
publish ROM information as soon as
it can get it together from all the
internal documents.

““Everything we have done has
been done very carefully so that we
can be confident it will work,’’ Karlin
says. ““We did not publish that infor-
mation about the other machines be-
cause we wanted to be able to change
things if we found it necessary."’

About any future work with which
he is involved at Sinclair Research,
Karlin is keeping very quiet. *““There
are always plenty of ideas being
thrown around at Sinclair, so I do not
think there will be any shortage of
work,” he says.
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iEpnnM SERVICES

ZX hardware specialists
Industrial microsystem design and manufacturer

EPROMS for ZXB1's

The ZXB1 BK EPROM board allows direct accesstod x 2K 27168 EPROMS or
6116 RAM s, It fits in line with the ZX PRINTER and RAMPAC K and contains its
own power supply componants. The board(or card for use with amaother board)
costs £18.895 and comes complete with aither EPROM 1 or 11

Further preprogrammed EPROMS are available priced £8.85 each:
EPROM | 40 toolkit routines; EPROM Il RAPID SAVE/LOAD, 16K in one
minute; EPROM X adds SPECTRUM commands to the ZX81, EPROM IV a
maching code monitar; EPROM V a ZB0 disassemblar,

EPROMS for ZX SPECTRUMS

The 8K SPECTRUM EPROM board is available complete with one pro-
grammed toolkit EPROM at £20.95, andcanacceptafurther three 2K 2716, 4K
2732 EPROMS or 6116 RAMs. - More software soon.

EPROM PROGRAMMER FOR ZX81 or SPECTRUM
Programs INTEL 27 16,32, 324, 64 and 128. ZIF socket £54.75. AUTOSTART:
runs a programme stored in EPROM on power-up £8.95

DATA AQUISITION AND CONTROL

A wide range of hardware for control and monitoring purposes. 3 buffered
precisicn analogue output card £26.95. B analogue input card in varicus
degree of accuracy, from £23.85. 24 line IN/OUT Cards with various options,
from£14.50. 12 input OPTO ISOLATOR £23.95, 48 line MULTIPLEXER £9.95.
COUNTER/TIMER £13.95 REAL TIME CLOCK £21.95 3 slot MOTHER
BOARDS: ZX81 £1595, SPECTRUM £16.95

Also Available:

AUDIO GEMERATOR £20.85 ZXB1 GRAPHICS BOARD £24.50 RS232
Commumications Interface £25 85 SPECTRUM RAMPACK Adaplor£6.95.23
of 28 way Edge Cards 75p, Angle Cards £1.25. 23 or 28 way Gold Edge
Conneclors £2.50. Gold Edge Cards €250

ErroM SERVICES
3 Wedgewood Drive. Leeds LS8 1EF (0532) 667183

MULTITRON

ZX SPECTRUM SPECIALISTS
HIGH QUALITY —LOWEST PRICES

FEATURES

ZX SPECTRUM USER PORT EOGE CARD

24 1/0 LINES *__,’_,———' CONNECTION

#-DRIVE COMPATIBLE SINGLE WiE
; SOCRETS
ﬂﬂ!'ﬂ_ = = _ POWERFUL
-l Fia

EASILY
PHOGRAMMED
USING BASIC
I AOLIT
COMMANDS

- Ty
LB o
T e THROUGH
P ———— BUS FOR
- PRINTER ETE

BUILT AND TESTED £11.75

Ideal for automation, control, robotics ete etc.

1/0O PORT SUPPORT MODULE 1

8 Channel A/D Controller Features:

1) 8 analogue input channels 4) Plugs onto the Multitron 1O pon
2] Fast conversion time 5) Manual supplied
3) Chaice of accuracy

* Transducers, Control IC's, books etc. SAE for lists, #

1L.8B £12.60 1 L.5.8. £15.76
CONNECTORS
2= 28 way Spectrum female......

| L5.B. £16.95

| PLEASE ADD VAT

2x 28 way Spectrum spade ... AND ﬁﬂ'] PIP
Single wire socket (per 20) B 4 ) v
Wire pack for bread-boarding .................co.cn. 093 | TO TOTAL ORDER

MULTITRON
5 MILTON CLOSE, HEADLESS CROSS, REDDITCH B97 5BQ
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VELLEMAN

INTERFACE SYSTEM FOR SINCLAIR
ZX 81 AND ZX SPECTRUM

Turn your computer into a practical and wseful instrument .

Velleman introduce their interface system consisting of a
specific motherboard for each type of computer, and interface cards
that can be plugged onto the motherboards,

The systems for the ZX81 and Spectrum are now available, each
motherboard provides space for four interface cards and is supplied
with a 23 pole edge connector making it possible to connect the ZX
printer or to stack more motherboards

K261% Motherboard far Z2X B1. Kit form
K2616 Motherboard for £ZX Spectrum. Kit form

Interface cards now available:
K2609 —DC output board with 8 open collector outputs (25 V50
A ety e
K2610—A/D converter, 8 bit precision... :
K2611 —8 optocoupler inputs ...,
K2614 — Centronics parallel printer interface |,
K2618—D/A converter, 8 bit precision

OTHER NEW KITS IN THE VELLEMAN RANGE
K2601 —Stroboscope. ..
K2602 — 4 channeal running light with modulator
K2604 —Kojak Siren :
K2606 —LED Audio powWer MELEF........covvvmmernnssienss
{all prices inclusive of VAT

SEND FOR NEW FULL COLOUR SHEET DETAILING
COMPLETE RANGE available free from:

VELLEMAN UK..

P.O. Box 30, St. Leonards-on-Sea,
East Sussex TN37 7NL, England.
Telephone: (0424) 753246

Velleman kits are also available from the following:

AVON: L.F. Hanney 77 Lower Road, Bath.

BERKS: Lovering Bras. 76 King's Road, Reading.

BLACKPOOL: Eteson Electronics, 158 Lower Green, Poulton-Le

Fylde.

DEVON: S & R Brewster, Union Street, Plymouth,

ESSEX: R. Jones Electronics, 267 Rectory Road, Grays.

GLASGOW: Marshalls Electronics, 86 West Regent Street,

HERTS: Hemmings Electronics 15 Brand Streat, Hitchin.

IRELAND: Baxol Tele Exports, Co. Wicklow

LIVERPOOL: Progressive Radio, 93 Dale Street

LONDON: Bradley Marshall, 325 Edgware Road.

MAMNCHESTER: Spectron Electronics. 7 Oldfield Road, Salford.

NORTHANTS: M.W. Associates, 10 Crown Street, Kettering.

SURREY: D.R. & J.G. Taylor, 24 Beckenshaw Gardens, Woodman-
sterne.

WILTS: Camlab Electronics, 27 Faringdon Road, Swindon.

Retail enquires welcome.




=

Flexible response to
growing piles of paper

Filing large amounts of information can be difficult with many of the available programs. John
Davison decided to write his own to allow him to adjust the system to suit his requirements

HROUGH THE YEARS |

seem to have amassed a con-

siderable quantity of paper-
work containing information on a
wide variety of topics, most of which
I would not want to dispose of, but Lo
which 1 seldom refer. While I was
anxious to keep the information, I
was equally keen to reduce the vol-
ume of paper. The obvious solution
was to store it on cassette tape.

In looking for a suitable file pro-
gram I soon realised that most of
those available, or published, had one
of two failings of a pre-determined
fixed length and/or a large number of
relatively short records. In both re-
spects that was the precise opposite of
what was called for; | needed to store
fairly long individual records and
have total flexibility of record length.
The answer, of course, was to write
the program to suit my requirements.
Flexi-File is the result.

TEXT FILES

Initially I used it to create files of
historical and geographical infor-
mation but given its inherent flexibil-
ity | have since used it for a variety of
other types of information, including
temporary text files such as the firsi
draft of an article. There is no restric-
tion as to its use. If you have any
information in the form of a subject
heading — record name — and tex-
tual details record entry, Flexi-File is
for vou.

In addition to reducing the sheer
bulk of vour filing system, Flexi-File
offers basic text-handling functions.
Let me make it clear now that the
program is not a word processor: to
achieve that on the Spectrum requires
a machine code program. While |
admire several features exceptional to
Sinclair Basic, not least the string-
handling utilised to the full in this

program, its speed is not impressive
when compared, for instance, to BBC
Basic. Ironically though the Spectrum
offers much more user-available
RAM than its competitors and it is
that feature that makes it so useful
for file-handling, permitting a file
approaching 30K in length.
OVER-WRITE

Flexi-File offers a record displayed
in a formatted style, to avoid splitting
words at line ends, and with the op-
tion for a printout from a ZX printer
if available; an editing facility which
enables text 1o be inserted, deleted, or
moved, and individual characters to
be over-written.

I have found the program es-
pecially useful when writing notes or
original text. Instead of the confusion
of erasing and alterations one associ-
ates with a ‘paper file’ it has been
simple to change the text as needed
and then print-out a clean copy via
the printer. It is obviously an ideal
program for anyone making notes for
educational purposes, be it a school
project, university dissertation, or
preparation for a lecture; the first
draft of the various sections can be
typed into the file and edited as re-
quired.

Clearly the ZX printer is no use to
produce the final copy but at least the
screen display offers a clean, tidy and
readable draft from which the final
version can be typed — no struggling
with deciphering your own hastily-
scribbled handwriting, Or are we,
perhaps, already approaching the day
when written work will be accepted
on computer cassette?

The only function usually associ-
ated with file programs and not avail-
able here is a SORT routine but,
given that Flexi-File is designed to
hold a relatively small number of

records, that is not a significant dis-
advantage. If we assume an average
record length of 200 words — 1,200
bytes — the file will hold 25 records
and it will take the search routine
about one second to locate the start
of the last record in the file, which
should be acceptable.

So let us look at the program in
action, which should enable you to
see what personal applications you
have for Flexi-File. Having typed-in
the program listing, carefully and
correctly, enter the following as a
direct command:

LET e$="FLEXI-FILE”: LET
fe =30000 : SAVE e$ LINE 80 : VER-
[FY e$ <enter>

Once the program — about 5.7K —
is SAVEd and VERIFYed, enter GO
TO 80 and the menu will appear: the
program is operated primarily from
the menu. The BORDER and
PAPER are set to blue and the INK
1o white, chosen because they seem to
be the most pleasing to read. They
can be changed easily by altering the
appropriate numbers in line 80 but
bear in mind that there are other
colour commands in the program
which assume white INK, so beware
of producing invisible prompts.

FACILITIES

The facilities offered are to LOAD
a file from cassette, SAVE the current
file to cassette, list the record names
in the current file, change one of
those record names, start a new re-
cord, or review an existing record.
The bottom line of the display invites
you Lo type-in a number, 1 to 6, or ‘n’
to create a new file. So type ‘n’ and
the screen will clear and print a warn-
ing message, appropriately in red.

That is just a safeguard in case you
inadvertently press ‘n’ while an exist-
ing file is in the computer. Type ‘¢’

14
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The Listing
1 PALUSE @ LF INEEYS="" THEH
L T 16
11 LET 1%=INKEYS BEEP .B82.0-
RETURN
48 LLS LU SUE e@8 - PRINT PA
PER 2)AT B,LULDE fEinii" "iPade
sTRE 27 32000—-Fe - LET c-LEN a%
iF ca72 THEH LET c=&72
41 PRINT as{ TU 2
42 LET line=18' LET col=1€
49 PRINT AT line.cal; INVERSE
13 OVER 213" !
44 GO SUEB 100 PRINT AT line,co
1; INVERSE 1; OYER 1% "

45 IF 18>"4" AND 19<"9" THEN
LET line=lime+(1%="6" \=(19="7"
LET rol=col+l 19="4" = 18="35" )

46 LET line=line={ 21 AND Lline>
10+ 21 ARD line<12 LET cal=col
=32 AND sal 231 0+0 32 AND cal<d)

47 IF ¢ line=1%32+col+1LEN a%

THEH LET lime=IHWT (LEN a%- 323+

1" LET col=LEN a%=¢line-1 %32
48 LET Posn=(line-1,k3Z+col+l
49 IF CUDE 1%=226 THEM RETURN

%9 IF 19="d" THEM IHNPUT AT 1.
& "How many characters? "i;ch' LE
T at=g®ic TO Posn=) +a®pPosntch T
O > GO TU 48

51 IF 1%="s" THEN LET start=p
osn' GO TO 42

52 IF is="f" THEM LET finish=
posn: LET »S=as{start TO finishl
¢ LET as=a®( T0 start-1)+a%¥(fini
ah+l TU 3 GO TO 44

53 IF i%="m" THEM GU TU 57

54 IF 1%="r" THEN PRINT AT 1li
ne,cal;"” ";CHR® 8)' BEEP .1.28°
GO SUB 18:' PRINT i®' LET a%{rPozn
Jmis: GO TO 42

55 IF 1W< 1" THENM GO TU =3

mE INPUT AT .0, "Enter new tex

t > " LINE =%
57 LET as=a%< TOU Pasn—1 d+x+as
tpoen TU » LU TU 44

A8 BORDER 1 PAPER 1- IHK 7 G
L SUE 4% PRINT e%:AT @, 16 3880
g-fe;" hutes free""’ """}l = LUAD a
Filae""'"2 = SEVE the Firla"’’'"4
= List Record Hamez"'’'"4 = Chan
g2 a Record Mame"’ "% - Start n
2w Record"’*"6 - Review 3 Record
"IAT 21.8:"TyPe number H = 0Upe
n Hew File "

H1 GU SUB 168 IF 19="n" UR 18%=
"HY THEM GO TO 98

B2 IF 1%<"@" UR 1&>"&€" THEN G
O TL 81

B GO TO 1086EVAL 1S

98 GO SUB 4%0¢ PRINT  PRPER 73
INK 20AT 10,4 "ANY EXISTIHLG INF
ORMATION"JAT 12,7 "WILL BE LUST
WHEH" AT 14,%;"A HNEW FILE IS CRE
ATEC" ;AT 21.@," c=Continue * Uth
er keva=Return "' LU SUB 10+ IF
isC>"'c” OR 19="C" THEN GO TO BG

91 GU SUB Te86: DIM {8 300000
LET fe=2: PRINT IHVERSE 1,AT i@
JE"% FILE IS NOUW UPEN %' PAUSE
3a: BEEF .5,20' LO TO B@

188 LET rlen=CUDE £8(n—2)K255+0
UDE fECn=12' RETURH

1%6 LET f®{n=2)=CHRE (INT {rlen
#2562 LET f#in—1)=LHRS <rlen-L
QODE f8Cn—2 782963 RETURN

2686 INPUT AT 8.0 " Enter Record

Name"*"3"; LINE n®' IF LEN n#>Z
4 THEH CLs LU TO 288

205 PRINT AT 12.8:"Is thia the
correct name?" '’ PAPER Z;n®

218 GO SUB 10 IF 1%<>"w" AND i
&< """ THEN GO TO 208

E15 LET n¥=LCHR® LEN n¥+n®: RETU
RH

258 LET a=n+CODE f8in)+l' REETUR
M

306 LET as=""+ BEEP .5.20

335 LU SUB 100 IF CODE 19=226 T
HENH FETURN

318 IF COGE 1%=12 THEW PRINT C
HRE 8" "iCHRE 2. LET ag=a®c TO
LEH a®-12

F15 IF CODE 19>31 AND CUDE 1%<1
28 THEN PRINT 1%, LET aS=a®+1$
326 [F LEN as=c72 THEM BEEP .1
+19+ BEEP .1.20* BEEP ,1,3d9' BEE
P .1.28: BEEP .1,18: RETURN

32% L0 TO 385

398 LET rlen=rlentdivi GO SUB
198 LET fe=fe+diff ' RETURN

486 INPUT AT G.8;"Enter Record
Hame"”' LINE z®°' LET n=9

a4g5 IF n>fe THEN GO Tu 420

416 IF foin+l TU n+CUDE @ n )=
% THEH RETURH

415 GO SUB 188 LET nen+rlen: L
0 T 465

420 CLS : PRINT AT 6,0 "There 1
an’t 3 Record Hame"’"sPelt like
} waa IH‘“‘ERBE 1;"""“;:.‘"“"'"; l
NYERSE @' PRINT AT 12.8;"Would
vou like a list of the Record
HamesT "JAT 21,8;"v = YES 1 oth
ar keds = HOY: GO SUB 18 IF 1%=
"' OR 1®="Y" THEN GU Tu 3080
42% GU TU B8

456 BRILHT @' (L% + BRIGHT 1+ R
ETURH

S8 IF diff>»d THEN
510 LET blmstart
515 LET b2=b1+10868: IF
EM LET bZ=fe

528 GO SUB 558 LET bl=biZ+l: IF
b1>»e THEH RETURH

529 LO TO 315

548 LET b2=fe

535 LET bi=hZ-1800' IF bl{start
THEN LET bl=start

548 GO SUB 558° LET ba=ki-1: IF
h2<{start THEN RETURHN

5945 G0 TO 535

558 LET tS~f$ibl TO BZ3 LET 8
Chl+cd10f TO b2+cd1f =t%: RETURHN

LU TO 538

Zxfe TH

GEn LS PRINT PAFER 2.{%.n+1

TU rn+CUDE FECM) 20 LET linarml:
FETURN

T2 CLS + INPUT "Hame of FILET

", LIME e%: IF LEN e%i>10 THEH G
0 TG 7o
718 RETURM
1880 G0 SUB 700 PRINT AT 19,12-
INT (LEN e®-253)"LUAL1nS ",e®: IHN
VERSE 14AT 15,9 "START THE TARE"
LUAL &% DATA £6C 3+ LET fe=256%
CODE £8C1L0L0DE F8C20 GO TO 8O
20600 CLS 0 LET £%C10=(HRS INT (f
e 2560 LET f$(2i=LHRY ¢ fe-CUDE
FEC 1 0R2560: PRINT INVERSE 1:AT
6,6 "SAVEING "ie%' SAYE e% LATAH
f&¢ ) BEEP .%9.,20
2618 GO SUB 4538 PRINT AT 6.8 "

REWIND TAPE "JAT 9.4;"Press a
ny keyw to VERIFY"' PAUSE 8' GO S
UE 450 PRINT AT 1@.1;"Un Error
nupni anter GO TU 200Q"' VERIFY
e% DATA f#{ > BEEP .1.,18' BEEF .
15,20 BEEP .15,36' GO TO 86
3028 LET n=3: LET a=0
3010 L0 SUB 4599° PRINT
a%;" + Record Hames
€1 TO 32-LEN %2 LET line=2
3026 LET a=a+(am0i—¢a=13: PRINT

PRFER a:AT line.@;f¥< n+l TU n+l
UDE fFB(nl>: GU SUE 108 LET nwn+
rlen
3338 IF nife THEM GO SUB J160-
GO TO 2@

3048 LET line=line+l' IF line=22

THEN GO SUB 318 LET line=2:
GO TO 3818
38%0 GO TO 3020
2180 INPUT AT 1.9 "Print-out wan
tecd? "3 LINE 1%+ IF 1%="w" OR 1%
="'Y" THEN COPY
4118 RETURN
4008 LU SUB 450 L0 SUB 488 PRI
NT AT 2.6 "Current name 1a '="
PAPER ‘=% L0 SUB 208 GO SUB
1 LET diff=(LEN nS=1)=-LEN z%:

IF cliff=i3 THEH LET f#cn TO n+l
GDE v$C1aoen®: LU TO BB
46310 LET start=n+(0DE FfEini+l:' G
0 SUB S06: LET f¥in TOU n+CUDE nE
1 ad=aE: GO SUE 3% G0 TO 29
SiEa CLS LO SUB Zoe: CLYS PR1
HT PAPER Z;n$t2 TO »TAE 207400
aa=-fer GO SUB 300 LET rlensd+lU
DE n&d L H4LEH a%' LET n=fe+d: GO
SUE 150 LET feiie+d TU fed+rlend
=al+adi' LET fe=fe+rlen' LO TO 26
G CLY PRINT INVERSE 1;AT 8
S CREVIEW RULTINE® » GO SUE 400

Ll SUE 160 PRINT AT 12, 15=1HT
CLEN sBs20 " ixh "

G LET Page=l: GU SUB 2358+ 1HP
LT AT B.,8;" Edit ' Format ' (ldd

PAPER 2.

[velete Retirn b U |
i%: IF 1$="a" UR 1%="A" THEN LU
TO 2000
ABZE IF ifs="d" LR 19="D" THEN G
G TU 200
GE30 IF 1E="e" UR 1®="E" THENH G
L TO e
GE40 IF $="F" OR 1%="F" THEN G
0TO G106
cab@ IF 1%="r" UR 1$="R" THEM G
0 TO B
EEEl L0 TU edld
=180 L0 SUB 6sHG: PRINMT  PAFER 2

TAB 28;paas;","
G118 LET bwa+31: IF bintrlen-3 T
HEWM LET b=n+rlen-3

6128 IF fE(bX>" " ANL fRChIq "~
" AHD fRCb+: 002" M OANHD bLn—E4r]
en THEM LET b=b-1' GO TU 6124

6130 PRINT AT line.B8:f9ca T b
5140 LET a=b+1- IF adn+rlen=3 TH
EN G0 SUB s266: GO TO SB1

G1%0 IF f#Ca)i=" " THEH LET ama+
1" LD TO &198

al68 LET line=mline+l' IF line<22
THEN GO TO 6118

G178 LU SUB 200 LET Page=page+

1: LD TO 6168

&208 INPUT AT 1.4 "COUPY - LPRI

NT > "3 LIME 1®: IF iw="c" 0OR
1%="C" THEN COUPY
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2L FBCNHLUDE fECh I+l TU nirle
=3

6220 RETURN

VEOE LET brassTi IF boomtrlen—u

THEM LET b=n+rlen-J

Ve LET a%=f%ia TU bl GO SUE 4
i1

TR0 LET diff=LEN afi~ib-a+1): IF

diff=0 THEN L0 TO 7049

IF
G

LO SUB 394 LET ama+LEN 3%-
arntrlen=3 THEH GO SUB 2500
T &E1o
TESE LET page=pase+]
9800 LLS 0 L0 SUB &R
PER Z:THAEB 27;3080d-fe G0 SUH 38
B LET startmn+rlen-2- LET diffm
LEN 2% GO SUB S@@ LET fatart

T start+lLEN a%~-1)=3%' GO SUB 3

L0 TU PddE
PRINT PR

= e { F e T— s Ty S
}__

j =] - r—

| ) T

1

|H|

6218 IF 1%="1" LR 1®="L" THEN L TR LET start=b+1: GO SUR 508 58 GO SUB 299 G0 TU SHLO
PRINT "»":f#¢n+1 TU n+LUDE FS$<n) V340 LET 8ca TO a+LEM am=1r=a% 9223 LD SUB 450 PRINT AT 10.15-

INT CLEN z®-20;"»")f6Cn+l TO n+l

ODE F®<naddi"<" AT 14.6; INVERSE

1i"Delete this Record 7"+ GO SUB
163

FALE IF 1%<>"w" AND 16<>"Y" THEN
GO TOo sBua

9320 LET diff=rlen-rlenk2: LET =

tart=n+rlan-2+ GO SUE 586 LET ¢

e={e+d1f¥: GO TO &G

and you are asked to INPUT the
lilename (e$); as that is used in the
LOADing and SAVEing routines it

| cannot exceed 10 characters in length

and the program refuses to accept an
invalid file name — lines 700-710.
The file array (f$) is then DIMen-
sioned 30,000 characters long and the
file-end marker (Te) set at 2. That last
variable is used (o point to the end of
that part of the file already used, or in
other words fe+1 is the first free
byte. It is set initially at 2 because the
first two bytes of a file hold the value
of fe.
fe = CODE 1$(1) % 256 + CODE F$2).
Once again the screen is cleared
and the menu printed. This time type
‘3" to enter the first record. In com-
mon with most of the routines in the
program, this single-line routine —
line 5000 — makes extensive use of
sub-routines. The first of those —
line 200 — INPUTS the record name,
which cannot exceed 24 characters in
length, for reasons connected with
the display routines. Before the
name, (n$), is accepted it is printed so
that a check can be made of its spell-
ing.
SPELLING

Most of the choices make use of the
sub-routine at line 10, which obviates
the need to use the ENTER key; a
repeat facility is available in this sub-
routing, on all keys, by holding down
the key, but note that with a SHIFT-
ed character the SHIFT key has to be
kept held down also. Where a YES/
NO response is expected, 'y’ = YES
and all other keys = NO,

So, il the record name is spelt
correctly, type *v* and the record
name is aceepted, with a control char-
acter added at the start of string —

line 215 — the CODE of this charac-
ter represents the length of the name
and its relevance will be apparent
later.

The record name is then printed at
the top of the screen on a strip of red
PAPER, along with the number of
free bytes in the file. As the record
name has not yet been placed in the
file, its length is not included in fe
and so the number displaved at this
stage should be 29998. The sub-rou-
tine at line 300 is then called and you
can type the entry on to the screen,
the entry being held in a temporary
string (a$). It is displayed on the
screen exactly as it will be held in the
file and individual characters may be
deleted by using the DELETE key in
the usual way.

TYPE THE ENTRY

A screenful of text is the most that
may be entered by this routine and
when the length of a$ reaches 672 —
line 320 — the program BEEPs to
inform you of the fact and returns to
the main routine in line 5000. To
return before a$ reaches that length
type SYMBOL SHIFT/A (STOP) —
line 305. Before the record is entered
into the file its overall length is calcu-
lated (rlen), that being stored in the
lirst two free bytes — line 150 —
followed by the record name (n%) and
the entry (a$). Thus a complete re-
cord comprises the following ele-
ments:

(CODE byte 1)% 256+ (CODE byte
2} =total record length

(CODE byte 3)=length of record
name

(bytes 4 to x) = record name

(bytes x + 1 to y) =record entry

Finally this routine adds the record
length to fe and returns to the menu.

To test the program it will be worth
repeating the procedure a few times,
so that all functions can be examined.

END MARKER

Having done that and having re-
turned to the menu display, type ‘3’
to list the record names. That routine
prints a heading, on red PAPER, of
the filename, which is presumed to be
at least five characters long; if you
anticipate shorter file names add ex-
tra space between the quotation
marks in line 3010 and then print-out
the record names alternately on blue
and black PAPER.

If there are more than 20 records
the listing is displayed as two pages
with an option to send each page to
the printer. This routine involves the
search sub-routine,

Initially the variable n is set at 5 —
line 3000 — which is the subscript of
[$ holding the length of the first
name. After that name has been
printed, n is incremented by the
length of the first record — lines 100
and 3030 — so that it equals the
subscript holding the second name’s
length, and so on until it exceeds the
file-end marker. Thus the time taken
to lecate any record depends on its
position in the file; the time taken to
find the ‘last’ record is a product of
the number of records, irrespective of
their individual or combined lengths.

ROUTINE

The routine at line 4000 — type 4’
from the menu — may at first glance
appear superfluous after all: the re-
cord name entry sub-routine gives
you a chance to check that the name
is correct. That routine is designed to
permit a complete change of the
name. I first included it as a result of

16
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storing biographical information assigning appropriate values to a and from a$.

about fictional characters; the record
name was, of course, the name of the
character and in a few instances |
wanted to change the name. Depend-
ing on your personal applications,
this routine may or may not be used
much.

Given that the new record name
will not necessarily be the same length
as the old one, it becomes necessary
to move blocks of the file up or down
within f$ to create extra space or close
vacated space. The sub-routine at line
500 performs that function and is
entered with the variable diff equal to
the difference in length of the two
names, and start pointing to the first
subscript after the old name. The file
is moved in blocks of 1001 bytes and
the new name inserted. The record
length control characters and fe are
adjusted accordingly — sub-routine
350 — and the menu re-displayed.

The principal routine of the pro-
gram is that entered by typing ‘6'
from the menu, starting at line 6000,
the Review Routine. You are asked to
INPUT the name of the record to be
reviewed and when that has been lo-
cated in the file, five options are
displayed in the lower part of the
screen — Edit, Format, Add, Delete
and Return.

The choice 1s made by INPUTing,
in either lower- or upper-case, the
initial letter — which appears in IN-
VERSE VIDEQ, line 6010; at the risk
of stating the obvious, when typing-in
the program those letters are preced-
ed by CAPS SHIFT/4 and followed
by CAPS SHIFT/3. As you would
expect ‘r’ is used to quit the routine
and returns you to the menu.

‘E’ takes you into the editing facili-
ty — lines 7000-7050 — and begins by

Summary of main variables

c§: the filename (< 11 characters long)

$: the file itself (up to 30000 characters)

fe: the file-end marker (stored as f$(1 to 2))

ns: record name (<25 characters long)

a%:  text being entered or edited

i$: character returned from INKEYS sub-
routineg (line 10)

5 a temporary string holding up to 1001
characters, used during the ‘file-shift’
sub-routine.

b to create a temporary string, a$,
comprising a maximum of 672 char-
acters from the chosen record.

The display has the record name,
‘page’ number and number of free
bytes as a heading, on red PAPER,
followed by the text held in a$; the
editing cursor is printed at the centre
of the screen. The cursor effectively
inverts the INK and PAPER colours
in its current position and hence
shows up clearly amid a screen of
text,

The editing procedures are con-
tained in a sub-routine starting at line
40, which was inspired by a useful
routine published in Sinclair Projects,
January, 1983, Strictly speaking, as
the sub-routine is called only from
line 7010 it should have been incorpo-
rated into the main routine but |
included it in several programs and
have become accustomed to it being
‘GOSUB 40°, so did not bother to re-
number it for this particular use. The
main point is that it does not detract
from usefulness of the program.

FORGOTTEN

While in the sub-routine — lines 40

to 57 — in the main file is forgotien;,

all operations work on a$. The func-
tions available are deleted, insert,
move, and replace. The cursor is
moved by using the cursor control
keys — 510 8 — but UNshifted. Line
46 treats each line and column of the
display as if it were a loop; so, for
instance, moving the cursor down
from the bottom line causes it to re-
appear on the topmost line of the
same column, and vice versa.

That means that it is sometimes
quicker to reach a particular charac-
ter by apparently moving in the oppo-
site direction. That is possibly as clear
as mud, in which case | suggest that
you play with the cursor and you will
soon see the point I am making.

Having positioned the cursor, typ-
ing ‘d" — delete, line 50 — produces a
prompt in the lower screen asking you
to INPUT the number of characters
to be deleted, the first one being al
the cursor position. Almost instanta-
neously, the screen is re-displayed
with the selected characters removed

To move a block of text, begin by
moving the cursor to the first charac-
ter of the block and type ‘s’ — start,
line 51. Then move the cursor to the
last character of the block and type
‘f* — finish, line 52. As with the
delete function, a$ is re-printed with
the block of text removed. That block
is stored as x$ and can be moved to
any ‘page” of any record in the file, or
indeed in any other file.

There is one very important provi-
so, that neither the block-move nor
the insert functions should be used
again until the block has been re-
inserted, otherwise it will be lost.
From another viewpoint that can be
useful, as move can be utilised effec-
tively to delete the block of text —
quicker than counting the characters.
To re-locate the block position the
cursor and type ‘m' — line 53 — the
block will be inserted immediately
before the cursor-position and a$ re-
printed.

To replace an individual character,
position the cursor at the character
and type ‘r’" — line 54; a space is
printed over the character and a
BEEP invites you to type-in the new
one, which is printed into the space
and inserted at the appropriate posi-
tion in a$.

If the key pressed was ‘i’, a prompt
appears in the lower screen asking
you 10 type-in the new text insert —
line 56 — and when ENTER is
pressed that will be inserted immedi-
ately before the cursor position as
with the block move.

COMPARED

When the editing of a particular
‘page’ is complete type STOP (SYM-
BOL SHIFT/A). The length of a$ is
then compared to its original length
line 7020 — and if it is different the
sub-routine at line 500 is called to
move the file up or down to accom-
modate the new version.

The record control characters and
fe are increased or decreased accord-
ingly. The variables a and b are then
incremented and the next ‘page’ of
the record displayed.

If during that routine vou should
delete some text by mistake, do not
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press STOP. So long as you are still
within the sub-routine, only a$ is
being affected; the file (f$) remains in
its original form. Instead, press
CAPS SHIFT/SPACE — BREAK —
and then enter GO TO 7000 to start
the editing function.

PAGE NUMBER

After the final ‘page’, the main
review routine prompt appears in the
lower screen. Having edited a record
you will probably want to see it for-
matted, so type ‘f*. The format func-
tion — lines 6100 to 6220 — also
prints a heading on red PAPER,
comprising the record name and a
page number. Note that any given
record may produce more pages in
that form than in the editing style,
because on average a formatted
screen will contain only 620 charac-
ters from the file, as against a full
editing display of 672.

Also note that the PRINT state-
ment in line 6100 assumes that no
record will produce more than nine
pages; if vou think that may not be
the case, change that statement to
read — PRINT PAPER 2: TAB
29 + (page < 10);

The record is then displaved one
line at a time, each line being checked
to ensure that no words carry-over
from one line to the next. Each time
the screen is filled there is the option
to make a hard-copy on the ZX print-
er. Typing ‘¢ — COPY — does pre-

cisely that, printing-out a
reproduction of the screen; ‘I' —
LPRINT — provides a complete

printout of the record but that will be
unformatted. When the whole record
has been displayed the main prompt
re-appears.

This time, enter ‘a’ and the single-
line routine — 8000 — enables you to
enter an addition to an existing re-
cord. This screen display is the same
as when starting a new record and the
new text is added to the end of the
existing entry, for which reason the
first character to be typed should
almost certainly be a space, which
will save you that portion of editing
later.

To enter the text, type STOP
(SYMBOL SHIFT/A); this has been

used on a number of occasions where
you might have expected ENTER to
have been used. I decided against
using that key because of its proxim-
ity to the space key, which increases
the chance of catching it accidentally
with potentially-irritating if not disas-
trous consequences.

Again, the sub-routine at line 500 is
used to move the file down to make
room for the extra text and the appro-
priate control characters and fe ad-
justed.

The last function to consider is
selected by entering ‘d> — Delete, line
9000+ . That function displays the
record name and asks il you wish to
delete the record, a safeguard in case
‘d’ was entered in error. Assuming
you do, the file is shifted up to over-
write the unwanted record and fe
decreased by the record length.

If the record was the last one in the
file, it just decreases the value of fe
and the record will be over-written
when a new record is entered. The
function returns you direct to the
main menu line 80 — as no more
operations are possible on a non-
existent record.

It is probably worth noting the two
escape routes, to avoid a state of
panic should you feel that you have
entered something incorrectly and are
about to lose hours of careful typing
of valuable information.

BRFEAK

Whenever the sub-routine at line 10
is being used, typing CAPS SHIFT/
SPACE, (BREAK), will produce re-
port code L — BREAK in program.
This can be especially useful during
the editing routines. When a letter or
name is being INPUT typing CAPS
SHIFT/6 — cursor down — produces
report code H — STOP in INPUT —
from which you can enter an appro-
priate GO TO statement or e¢xamine
the file via direct commands.

When a file has been reviewed fully
vou will obviously want to SAVE it
on to tape cassette. Most file pro-
grams us¢ a separate array to store
record names, which requires you to
save the program with each file. That
is the main advantage of Flexi-File.
By incorporating record names, and

+ editing and know that they can be

the file-end marker, in the main file
array it becomes possible to store files
separate from the program, with a
small saving in the time it takes to
LOAD and SAVE any given file.

Typing 2’ from the menu selects
the single-line routine at line 2000
which, having SAVEd the file array,
BEEPs and prints an appropriate
message Lo prompt you to re-wind the
tape to VERIFY the file. Immediately
prior to SAVEing the file, the current
value of fe is inserted into the first
two bytes of 3.

There is obviously ne need to
SAVE the program. To LOAD a file
back into the computer, type ‘1’ from
the menu display. The routine at line
1000 begins by asking you to input
the file name and refuses to accept
one longer than 10 characters; no file
can have been SAVEd with a name
longer than that. Once the file is
LOADed, the appropriate value of fe
is calculated from the first two bytes
of the file and the menu re-displayed.

APPLICATION

Having tried all the routines on
your test data, vou should have a
good idea of the flexibility and appli-
cation of the program. Although
written for, and so far used only on
tape cassette, there is no reason why
Flexi-File should not be used with the
Microdrive,

Using the EDIT routine to move a
block of text from one file to another
is clearly a very slow process with
cassette — possible but not very prac-
tical.

Given the speed of the Microdrive,
however, it becomes a potentially
very useful function, with up to three
files on one cartridge. Of course, it
will become possible to amend the
program to take full advantage of the
improved facilities offered by the Mi-
crodrive.

If, like myself to date, you have not
received an order form for the Micro-
drive and Interface, you can at least
still make a start on creating useful
files with the benefit of full text-

transferred to the mass-storage sys-
tem when they are available.
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Build your own Sinclair
Special ZX-81 Kit Offer
ONLY £25 (plus p&p)

A special offer open to readers
of Sinclair Projects has been
negotiated which means you can buy
the world-beating ZX-81 for just £25
(plus post and packing).

Stocks are limited, so be sure to place
your order soon. Allow 28 days for
delivery. Maximum four units per
applicant.

The kit is available by mail order only. No callers please.
The prices apply to United Kingdom only. Overseas
orders can be accepted but there will be an extra postal
charge. The full price can be obtained on application to

ECC Publications at the address on the coupon.
B T T R TR e i S T T T e T T e e o R P e e e e e e e ek g e By
| To: Sinclair Projects Special Offer, x

| ECC Publications, 196-200 Balls Pond Road, Islington, London N1 4AQ

: Please send me ZX-81 kit(s) at the special Sinclair Projects price of
i £25 plus £2.95 p&p.

: Please tick if you require a VAT receipt | |

I *I enclose a cheque/postal order payable to ECC Ltd for £
|

| *Please charge to my Access/Barclaycard/Trustcard account no.

l *Please delete/complete as applicable

: Signature
| Name Mr/Mrs/Miss
| Address

SINCLAIR PROIECTS  April/May 1984




AGF PROGRAMMABLE INTERFACE
Recognised as the only true Hardware
ogrammed joystick interface this product
offers all the features associated wiigsuch a
design.
You can use any Atari-compatible joystick
controller with any software for your Sinc-
lair Spectrum or ZX81, not just those with a
Joystick option,
Movement of the joystick is recognised by
the computer exactiy the same as pressing
the appropriate control keys, and can there-
fore give the most immediate response to
that movement. The hardware p med
design works with all possible key-reading
methods, both BASIC and Machine Code,

Eight directional movement, with or with-
out the fire button being pressed, can be
achieved by only rogramming the left,
right, up, down and fire keys required by
the game.

Programming is achieved by a two-digit code,
which is looked up on the Programming
Chart supplied, for each direction and firi
button. These two numbers are then se
ected on a pair of leads which are clipped
onto appropriately numbered strips on the
interface.

Once conﬁru.red this can be marked onto a
Quick Reference Programming Card for
storing with the game. As the programming
is not power dependent the interface can be
immediately used when next switched on.
The keyboard remains fully functional and
can be used simultaneously with the joy-
stick.
An integral rear expansion connector means
ere is no need to remove the interface to
connect other peripherals,

NB. A recent design improvement now
means that the AGF ‘ﬁ::grumm:bk Interface
works with the new Quickshot

Il rapid
“Auto Fire” feature,

Spe

KEY FEATURES

*

JOYSTICK
INTERFACE

ctrum

or Z2X81

Programmable design gives TOTAL soft-
ware support.

Acce Atari, Co tition Pro, Wic
Starflghtcr, Quior Sy o I, Wico,
Rear extension connector for all other
add-ons.

Free demo program and instructions,

PACKAGE CONTENTS SUPPLIED

® Programmable Interface Module as illus-
trated, complete with clip-on program
ming leads.

® Self adhesive programming chart detailing
how to define which key is simulated by
UP, DOWN, LEFT, RIGHT, and FIRE.

® One pack of ten Quick Reference Pro-
gramming Cards for at-a-glance setting
o your games requiremen s,
e —
ACE S .
w:—-"—_n—-u_

g

12 months guarantee and full written

instructions.

| FROM: MR/MRS/MISS

ADDRESS

SEND C.W.0. (NO STAMP NEEDED) TO: A.G.F. HARDWARE, DEPT.SU.

FREEPOST, BOGNOR REGIS, WEST SUSSEX, PO22 9BR.

ary ITEM ITEM PRICE TOTAL
PROGRAMMABLE INTERFACE 27.95
JOYSTICK(S) 17.95
PACK(S) QUICK REFERENCE CARDS 1.00
ZX810] ZX SPECTRUM [ Please tick FINAL TOTAL
DEALER ENQUIRIES WELCOME EXPORT PRICES ON APPLICATION




C

OIVIPATIBILITY

JOYSTICK
INTERFACE I

for

=1s

or ZX81

ABOUT OUR JOYSTICK INTERFACE

Following in the foolsteps of our extremely
popular original interface, which has sold
over 1,000 worldwide since October last
year, we have improved its performance.,

The Interface Module Il has been specially
designed to plug on to the rear connector
of your ZX Spectrum or ZX81 and allow
you to conneéct any standard Atari I}'pc
digital Joysticks. All of the computer's
connections are duplicated on an extension
connector so that you can still use any other
devices intended for use with your computer.
The Interface Module 11 resides in the same
memory space as the keyboard, which re-
mains fully functional at all times, therefore
it will not interfere with anything else
connected,

When a suitable joystick is_plugged into KEy FEATURES

‘Player 1" socket its action will mimic pres- . _
sing the cursor keys, up *“7", left “5™ andso  * Proven cursor key simulation for

on. The firing button will simulate key ¢. maximum software support

A second Joystick may be connected in the % Accepts Atari, Competition Pro, Wico,
‘Player 2" position which simulates in a para- Starfighter, Le Stick, etc Joysticks

* Second Joystick facility

Hel fashion keys T-Y-U-I-P.
Usm; joystick control in your uwn‘}:rograma * Rear exiension connector for all other
add-ons

is as easy as reading keys. Eight directions
and Fire are all read by simple BASIC.

ectrum

AGF COMPATIBLE SOFTWARE —
AVAILABLE NATIONWIDE

Computer
Trade
Association
Member

The following titles are available from us:

Galactic Jailbreak/ : Apocolypse
Snake Software £4.95

3D Tanx : DK 'Tronics  £4.95
Splat ! : Incentive

Software Ltd £5.50
Pheenix : Megadodo

Software £5.50
Escape : New Generation

'-Ic-!'tware £4.95
3D Tunnel B £5.95
Knot in 3D b el £5.95
Cyber Rats : Silversoft £5.95

COMPATIBILITY CASSETTES £4.95

These cassettes have short programs to
load before the chosen game which will
convert it to use the cursor keys and there-
fore become compatible with the Interface
Module 11,

Cassette | converts Cassette 2 converis

Arcadia Centipede
Schizoids Planetoids
Hungry Horace Jet-Pac

Horace Goes Skiing Psssi
Spectres T 3D Combat Zone
Penetrator - Invaders

T Will require 48K Memorw

m nu
186 : 67 e, Preston, Lancashire PR1 2AT

S.Humhm Dlllﬁ‘! lt
Brainwave Microcomputers 24 Gloucester Road, Brighton BN1 4AQ
24 Crown Street, Ipswich, Suffolk IP1 3LD  GB Microland

: 7 Queens Parade, London Road,
310 Streatham High Road, London SW16 Hants
Chelsea Micros L
14 Jerdan Place, [.nndon S5W6 1 BH
ﬁ"‘m:" -

Lonllml WIH 9FA 296 Gloucester Road, Horfield, Bristol

l Great Colmnn Street, Ipswich, 74 Green Lane, Tettenhall, Wolverhampton
Suffolk IP4 2AA - Scone

Screen .
. 144 St ¢ Road, Cheltenham
i GLSO'3EL

uugymmw
49 Broad Street, Hereford HR4 9AR
Micro Fare

mmmmmmmommm

6 Main Avenue, Moor Park, Northwaod
Middlesex. :

. , Plymouth PL1 INS
Rmd, Penge, London SE20
Electronics &

Tel
26a Bradford Street, Shipn
Shropshire TF11 EAU -

The Camrht

Unit 25, e Arcade, Percy Street,
'IN:QWMT yne NE1 4PZ )Lt
26 Anlaby Road, Hull HU1 2PA

FROM: MHIMRSJ’M!SS
ADDRESS

SEND C.W.O. (NO STAMP NEEDED) TO: A.G.F. HARDWARE, DEPT SU

FREEPOST, BOGNOR REG!S WEST SUSSEX, PO22 9BR

EXPORT PRICES ON APPLICATION

DEALER ENQUIRIES WELCOME

Ty ITEM ! | memprice |  TotaL
i~ INTERFACE MODULE II 16.95 g
JOYSTICK(S) - QUICKSHOT | 195
W SOFTWARE: i '
=  SOFTWARE: 3
Zx81 [0 ZXSPECTRUM L[] Please tick FINAL TOTAL
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Parallel interface
for the Spectrum

Many people want to connect their machines to a better printer than that supplied by Sincilair.
Richard Sargent explains the design of a one-chip interface which has extra facilities.

PECTRUM OWNERS who

would like to attach their ma-

chines to a printer other than a
Sinclair have a choice of commercial
interfaces but they are somewhat ex-
pensive. If you are intending to make
occasional use of a club printer, £40
to £50 is a great deal to tie up in a
printer interface. Alternatively, it you
are about to buy a printer, £50 is a
nasty hidden extra, somewhat worse
than VAT. The answer, of course, is
to do it yourself, at a cost of less than
£10.

The easiest printer interface to
make is one which sends eight bits at
a time, in parallel, direct to the print-
er. There is a standard set for it called
the Centronics standard, where vol-
tages, signals and pin numbers are all
specified. Figure three shows the con-
nections on the Amphenol-type plug
which usually is used to plug into the
printer. Figure two shows the mini-
mum number of signals which must
be exchanged between printer and
computer.

The chip chosen to communicate
with the printer is the Z-80 parallel
input/output port chip, known as the
ZB0APIO. You will need to obtain
the version with the ““A"’, since that is
the high-speed version. There are
many clever things the chip can do

and the technical manual published
by Zilog is well worth having if you
think you are likely to experiment
using the chip.

For our purposes, however, it is its
ability to connect to the Spectrum bus
with no decoding chips and its ability
— on the A port lines — to have some
bits configured as inputs and other
bits configured as outputs, which
makes it such an attractive chip. Fig-
ure three shows the connections, with
the dashed section being optional.

The prototype was squeezed on to a
piece of Veroboard 10cm. by 3.5cm.
which did not leave much room for
the wiring. The board should not be
bigger than 10cm. by 6.5cm., or it
will not [it into its neat cassette tape
box. The cassette box not only looks
neat but protects the circuitry and
provides a convenient place for the
operating instructions — on the in-
side of the clear plastic.

Figure four shows the general
method of construction. The edge
connector should stick out as much as
possible, as that permits air to con-
tinue to flow from the back of the
Spectrum, helping to cool it. A wiring
diagram is not relevant — you should
list all the connections you need to
make and cross each from the list
when you have soldered it, double-

checking as you go that you have
wired to the correct pin.

For the cable to the printer I used
12-core flexible cable; that is easy to
anchor inside the cassette box but
ribbon cable would be equally suit-
able.

When Sinclair Basic does LPRINT
and LLIST it first checks a location in
RAM to find the address of a routine
in ROM which it will use. That ad-
dress is 15 bytes after a starting ad-
dress given by the contents of
CHANS. It will move around de-
pending on how many Microdrives
are fitted but CHANS is always at
23631. Normally the two bytes of
RAM contain 09F4H but they must
be changed to FE80H for the Cen-
tronics LPRINT and LLIST to work.

NEW and USR 0 both set them
back to 09F4H. That setting-up pro-
cedure can be done from Basic, or
automatically by PRINT USR 64512.
COPY can be achieved only by RAN-
DOMIZE USR 64986, and should not
be attempted via the Spectrum COPY
key.

The code rides in high memory and
is about 700(d) bytes long. Since it is
assembled for a 48K Spectrum, 16K
owners will have to subtract 8000H
from all the absolute jumps and calls.
So CALL PRINTER CDA3FD be-

Figure 2: One-chip Centronics interface. Computer-printer exchange of signals
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comes CDA3TD. Five other adjust-
ments from FD to 7D are also
required , at FDSC, FD36, FD3A,
FD60, FD&7. Those bytes reference
tables.

If space is at a premium only the
last 305(d) bytes of code need be
entered. That will give the COPY,
LPRINT and LLIST but all Spectrum
graphics will be printed as spaces and
the width of print will be the maxi-
mum the printer allows — usually 80
characters. If you can enter only this
minimum system, which starts at

FDA3H, you must change all four
CALL OUTBYTE(CDF3FC) to
CALL PRINTIT (CDCCFD). All the
bytes down memory of FDA3 give the
printer routine a few more facilities.

Many dot matrix printers will out-
put block graphics, though they prob-
ably will not have the same codes as
the Spectrum graphics. If you patch-
in the routine CHUNKY, the Spec-
trum graphics codes 128-143 will be
changed into the codes required to
output the small shape of a graphic
block on an Epson 80 printer. The

routine merely looks up the new code
in the table NW so if you have a
printer with different codes for the
various shapes of graphiecs, all you
need is your own table of codes at
NW.

The difficulty with having user-
defined graphics and block graphics
printed as spaces is that you ought to
draw them by hand later. Patch-in the
routine NUMBER and they will be
printed as their decimal code equiv-
alent, bracketed neatly.

If you wish the print width to be
less than the maximum specified by
the printer in use, the byte 64753 must
be POKED to non-zero and the
width, in characters, POKED into
64754,

The hexadecimal dump is not a
patch but an extra routine — two
routines, in fact. Any area of memory
will be sent to the printer from a
specified starting address — POKE
64664/5 with the start — to a speci-
fied end address — POKE 64666/7
with the finish.

With 64754 set to width 48, RAN-
DOMIZE USR 64668 prints a hexa-
decimal dump. RANDOMIZE USR
64672 prints the bytes as ASCII but
no check is made for control charac-
ters and it is recommended that you

Figure 4: One-chip Centronics interface (Spectrum). Mechanical construction.

The Yerohoard is held in place by two screws, one of which anchors the cable. The edge-
connector is offsel (o the right, so that the unit, once fitted, does not interfere with the
power supply socket of the Spectrum. Note (hat the copper side of the Yeroboard faces the

Spectrum keyboard.
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do not operate this printout unless
yOu are sure your are printing a valid
ASCII file.

The copy routine at FDDAH works
by printing each pixel dot of the
Spectrum screen as a single dot on the
printer paper. A good deal of bit-
manipulation is necessary to change
the format of bits on the screen into
the form required by the printer. The
maximum size of printout obtainable
from the Epson MX70/80/100 series
printers is llem. wide, 6cm. deep.
The width, but not the depth, can be
halved by changing the byte at
FES0H from 4B to 4C. Doubling the
5.5 X 6cm. image by a software
routine would then give llem. by
12em. — interesting but distorted.

The new Epson RX80 printer has a
graphics printout, CRTI1, which
prints normally as 7.5cm, wide by
6cm. deep and is capable of being
doubled by software to 16 x 12cm.
To do that the routine DOUBLE at
FC25H is patched into the main copy

routine at location FE2EH. Further
bit manipuation is carried-out to
print four dots on the paper for every
single pixel dot on the screen.

The code may be entered using a
hex-loader, and working through the
code shown in figure one. If you have
an assembler, vou should enter the
source code and customise the pro-
gram 1o suit your requiremnents.

Finally there is the matter of the six
spare ports on the PIO chip. They
exist, so why not use them? Five have
been configured as inputs, so they
could be North, South, East, West
and Fire signals from a switch-type
joystick. They would not, however,
be compatible with any commercial
software,

There is another rather more in-
triguing possibility — to use them to
communicate with another computer,
In many schools the Research Ma-
chines 380-Z operates in close prox-
imity to a Spectrum. Often the 380-Z
can send only seven bits of parallel

data to its printer and therefore can-
not print-out graphics. Linking a 380-
Z to a Spectrum could not only let the
380-Z print out its graphics but could,
with a small amount of software,
allow the Spectrum to act as a printer
buffer, printing 32K of 380-Z data
while the 3B0-Z was engaged in more
productive tasks.

The intended link is one-way only,
380-Z to Spectrum. The PIO chip is
configured ready for the link and the
hardware requirement is merely the
wiring of a Cannon D-type plug, as
shown in the wiring diagram.

Two short machine code routines
are needed, one for each machine,
and the source listings are given.
Time has not allowed me to test the
code for the 380-Z part of the link but
[ have a similar link running success-
fully between a Nascom 2 and a Spec-
trum. It may be an expensive way to
link a Spectrum but for the cost of a
piece of cable and a D plug, it is
certainly an interesting experiment.

Figure 3: One-chip Centronics interface (Spectrum) circuit diagram with pin nos. The layout of the Spectrum edge connector is given on page

160 of the Spectrum manual.
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SAMPLE PRINTOUTS

A COPY of a screen listing.

L
IR R

i

——= =
j.-J — i A
o I b O |
S

A hex dump — line width now set to 48d.

Graphics printed as their code numbers.

1101401C1391013BIC137101361014310144301451L1
1471C148101491015010151101521015310154101551]
1L1571015S81C1591C160101611016210163101641

AS COPY of a sereen list, in RX80 CRT graphics, doubled.

18 >LPRINT
CEFGHIJELMHMORPQRSTUY

188 LIS) 1@
1992 RAMCOMIZE USSR £4356

F3 AF 11 FF FF C3 B 11 24 5D SC 22 SF BC 1B 43
C3 F2 15 FF FF FF FF FF 2A 5D 5C 7E CD 7D 00 DO
CD 74 00 18 F7 FF FF FF CZ 5B 33 FF FF FF FF FF
CS 24 61 SC ES C3 9E 146 F5 ES 2A 78 SC 23 22 78

[1291C1301013130132101331C1341013510128101421L14

v P Rl " BREC

4410
L1356

0131 FC39

o131 sFULL FUNETION PARALLEL FPRIMTER INTERFACE FC3A 3E1B PARAMS LD A, 1BH
0131 1R SARGENT July 1983 FCSC CDASFD CALL PRINTER
0131 FG3F IE2A LD A, #"
FCOO ORE &4512 FC41 CDASFD CALL FPRINTER
FCoo LOAD &4512 FLC44 3EOQ4 LD A4

FEQO FCA4 CDATFD CALL PRINTER
SCAF CHANS EQU 23431 FCAT JIEOD LI o OO

00T 4 TAEL EQU 1350 FCAB CODASFD CALL PRINTER
SBO0 BUFFER EQU 23294 FC4E 3EQ2

SBOO FCS0 CDASFD CalLl PRINTER
FCOO 2RAFSC INIT LD HL, (CHANS) sFind vector FCOOH=44512 FC33 C9 RET

FEO3 110F00 LD DE,1IS sand load 1t With F

FCO& 19 ADD ML, DE inmw address F CrdaCHn B_PUFF LD B,0 B=2
FOO7 44 LD By H FCS6 210058 LD HL,BUFFER
FLOB 4D LD C,L FC59 SE B_LPA LD E, (ML}
FCOY 1180FE LD DE ,NEWPRINT FCS%

FCOC 73 LD {(HL),E FCSA CRZ3 SLA E

Fcom 23 INC ML FCSC CB2E SLA E

FCOE 72 LD fHL},D FCSE CB23 SLA E

FCOF COREFD CALL FPLID sInitialise PIO chip FChG) CB23 SLA E

FC12 CDAFFE CalLL CR_LF jand clear printer’ s FCOH2Z OECS LD C,4%

FC12 powi bud fer FC&4 CB23 B_LP%® SLA E

FC1S €% RET ;——»To BASIE, vector addr in BC FC&6 FS PUSH AF

FEL1S FC&7 CBIZ RL I

FC1& 3ELB E_ROUTINE LD A, 1BH s FC1AH=64534 FC&% Fi POF AF

FC18 CDCCFD CALL PRINTIT FC&A CR1Z EL O

FCIB 3EA4S LD A,"E" FCaG 0D DEC C

FCID CDCCFD CALL PRINTIT FC&D ZOFS JR NI B_LFY
FC20 IEOD C_ROUTINE LD A,GOH ; FC20H=54A544 FC&F 7R LD A D

FC22 CIFFFC JP SEND jand then back into BASIC FETO CDAZFD CalLL PRINTER
FLC22 FC73 CDAZFD CALL PRINTER
FC22 FC76 23 THC HL

FC2Z2 L L e FC77 10ED DJNZ B_LPE
FC22 ;HRG=2 ie: 512 DOTS ACRDSS THE PAGE FE?9 C9 RET

FC22 s RXB0 CRT GRAPHICS FC?9

FLC22 [EsEEsRARssANENSEERERERTRRRRRERRENS FC7a O&D0 T_BUFF LD B, 0 §B=2
FC22 FETC 210058 LD HL,BUFFER
FC25 C3 DOUBLE PLISH B s FLZSH=6454% FC?F SE LFH LD E, {HL}
FC26 CD3AFC CALL FARAMS FC7F

FLC29 CD7AFC CALL T_BUFF FCEO DEO4 LD C,4

FC2C CD&FFE CALL CR_LF FCEZ? CR2T LPY SLA E

FC2ZF CD3AFC CaLL FARAMS FCB4 F5 PLISH AF

FC32 CDSAFC CALL B_BUFF FCHS CBIZ RL D

FC3% CDAFFE CaLl CR_LF FCABT Fl POF AF

FC38 C1 POP BC FCBA CB12 KL D

FCE39 CY RET FCHA oD DEC C

LD A,07H ;0200H bytes sent

Do 3 more

iho 3 more

o (Duffer longth)

tBegin to transfer
socontents of buffer

381t manipulation counter
iload carry bit drom E
isave carry bit

#1111 D §from Carry
jrepeat

FonCE

smani pul ations

s Ready

sprint result

FEwiER
:Gtep along Bufifer
iRepeat for whaole buffer

56 (Buffer length)

:Begin to btransder
jeontents of buffer

3Bit manipulation counter
iipad carry bit from E
isave carry bit

sf¥ill D drom carry
jreprat

joncE
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FCER
Fran
FLBE
FCT1

FCoa
FCs
FCs7
FCw7
FC97
Fegr
FEs7
FC97
FCw7
FC97
FCF7
FC97

Freg
FE9R
FCon
FCP0
FC9E
FCARD
Foaz
FEAS
FCAR
FCAS
FrAC
FCAF

FCHS

Frba

FCB&
FLBS
FCED
FCBA

FCEER 3
FCEBEC
FCBF
FCHF

Program continues

20FS

COASFD
COATFD

10EH
Cg

R T T T T eI ]

JR NZ LPY gmanipul ations

LD A0 sReady,

CALL PRINTER print result

CALL PRINTER itwice

INE HL iStep along Buffer

DINE LPE iFeprat for whole bulfer
RET

EE

FADDITIONAL ROUTINES —— MEX & ASCIT DUMP

e

s {IPDSIT) MUST BE LOADED WITH START ADINE S5
FAFINISH) LIKEWISE WITH END ADDRESS
(USE BASIC TO DD THIS

Lo laled
A000

STaRrT
FINISH

Q&1
1802
Cidaby
2ATEFD
Z22DFD
aF
SZZFFD
ZATAFC
EDSEZDFD

HEX

ASCTI
BYTES

LP

2220FD
ZE17?

F3
CB3F
CBIF
CEIF
CBIF
CDEIFC
F1
CDESFC
SE2O
COFFFC
1804

COFFFC
18CF

ASC

JECD
COFFFC
cs

ALLDONE

E&0F
FEO#®R
3802
Ca07
C430
CDFFFL
ce

FORM

W o i load from BASIC FO9BH=&4&64
DW &4 i load from BASIC FO9AH=&1664
LD B,1 FOFCH=44648

JR BYTES

LD B,0 sFCACH=&4672

LD HL, (START)
LD (POSITI ML
I0R A

LD (PRHEAD) , A
LD HL, (FINISH?
LD DE, (POSIT)
OoRrR A

SBC HL , DE

JE T OALLDOME
EX DE, M

e B

LD &, (HLE
INC HL

LD (FOSIT) HL

JR Z ASC
iProcess far HEX
PUSH aF

SRL A

SRL A

SRL A

GHL A

CAaLL FORM

POF  AF

CALL FORM

LD A, 20M

CALL SEMND

JR LP

Ptest HEX or ASCIT

iFrocess for ASCIE
CaLL SEND
JRLFP

LD A, 00H
CALL SEND
RET 3---> TO BASIC

AND OFH
CP oA

JR C F2
ADD A7
ADD A, 30H
CALL SEND
RET

:..ll'.*ﬂ"ll..liillillbq--.lll.lqul'.i*.i
TADDITIONAL CODE -- used by hex/ascii diimps
imay also be used by llist & lprint

|II“‘II"l"‘"'l.lll“"l.l.ﬁil.lllll-d.'.lll

LATCH
WIDTH

4F DUTEYTE

CACCFD

C3IFFFC

ES
aF
AFZFE 51
3

&7

ZAZFED

3C

SEND

3Z2IFFD
B
FO0E
CD&FFE
AF
322FFD
m
FEOD

DE & ;i# O then width=total width of
iprinter used FCF | H=g&q 751
70 1Eg:70d for A paper FOF2H=44 754
fEgrdBd for a hex dump

sFOFIH=64755

DE

LD
Lo
OR
Lo
JF

C,a
A, (ILATCHD
A

A,

Z FRINTITzthus CALL OUTBYTE actw
sas CALL PRINTET

JE

SEND ithus CALL ODUTHYTE acks

sas CALL SEMND

FUSH HL

LB LA

LD A, (MIDTHY
INC A

sFCFFH=&44T787

LD H,A

LD A, (PRHEAD)
INC A

LD (PRHEAD) A
oF M

JR NE 52
CALL CR_LF
KOR A

LD (FRHEAD) ,A
LG A,L

CF ODM

ZHOF
1BE=

200

i
11768FD
DD216EFD
TE2F
DDAE O
DD4&TT
caol
ED42
F243FD
P

12
noEs
Doz

13

an
Z0ET

TENE
CDFIFC

TEZ)
CDF3FC
SATEFD
COFSFC
23
IATECFD
CBF3IFC
CI97FE

10ZTERDT
A

FOso

FDeE
Foe7r
FO%R
FD9F
Fhas
1A%
OLAT
oAz
O1AT
o1A%
OLAT
OLAT
LAz
GLAT
OLAZ
O1AT
O
OO7E
i F
DO3F
CO3E
Fons
FDaa
F v

FERC
DABECFE
FERG
U2ECFE

1&00
5F
2113FD
BT

17

7E
C3CFFE

ADAZALAT
ABRBATAR
ARALASA T
ALAEADAF

Fa
=1

CDEBRD

JR T 54
JR 51

LD A,L
P oD

JR NI 83

LR A/

LD {PRHEAD) , A
Ln a,L

CALL PRINTIT
POP HL

RET

a3
54

FOSIT
FPRHEAD

DW O ;For
DH O ;For

internal
tnternal

[TCTe
(TR

H it L L LR L R
FCODE TO DUTPUT CHARACTER CODE NUMBER
$IN THE FORM Cix:x1 INSTEAD OF

A SINGLE SPACE

pEREESEAES LA AR R L R P Y T T T ey

NUMEE Lp
LD
LD
Lo
Lo

Hy O

LA
DE , kAM
IX,50UM
Ay 2FH
LD C, (1X+02
LD B, (IXel)
ADD A, 1
SBC HL ,BC
JP P LP1
ADD HL,BC
LD {DE) A
INC IX

INC Ix

INC DE

DEC C

JR ME LPZ
joutput code number as
LD A SE*

CaLL DUTEYTE

LDk A~

CALL DUTEYTE

LD A, (RAM2)

CALL OUTEYTE

INC M

LD A, (RAML Y

CALL OUTBYTE

JPrC3

tFOZ1H=AaR1 7

LF2

LF1

[lxxl

BLM DB 10M, 27H,0E8H , 3, 64H
OB O,0fH ., 0, 1,0

DB &,0,0

bBa o

be o

Frik
RARZ
RaM1

R R R L T R p ey
FPRINT CHUNKY GRAFPHICS ROUT INE
jeg:FOR EFS0M MX 80

LR e e e Y

31f A not in range 128-143 inc then JFPF CS

jelse load Ace and JP EXIT
CHUp Y CP 128 sFDYDH=548%93
JrCCs

CP 14341

JP NC £S5

joutput block graphics

LD n,0

LD E.A

LD HL ,NW-128 ;address of newcode
R A

ADD ML, DE

LD A, (HL)

JPEXIT

(0]

DB ORAGH , OfGH , OASH , OATH , 0ACH ; OREH , DADH , WFH

EXTRAF 1N
EXTRA

EQU #
EQL EXTRAF IN-INIT H

IR AA SRS R R TR LR R R R R S R R L Ny
iThis is the start of the code for the
jumal lest syatem (Copy,Lliut, Lprint)

g FPRINTER RINITINE
sOUTPUTS @ 8 BITS DATA + | BIT STROBE
MEUTS ¢ 1 BIT READY SIGNAL

ERREERENAS

AL R e ey ]

F_A_oON EQU SFH

F_B_CON  EDU 7FH

P A_DATA  EOU IFH

F_H_DMTA  EQU 3FH

FRINTER FUSH aF s FDASH=A3G 7]
FUSH aF
CALL FTO
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DB DAGH, OAZH, OA1TH, O0ASH , (REH , OAAH , ORFH , BABH

iinitialise PIO chip
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| B
FDAR DELT RDY IM A, (F_A_TIATAY
Flnan BIT O,/ FE3ZL 04 INC B
i JdR NI EDY FE3Z 04 INC B
FDAE FOFE AF FEX3 78 LD AB
FOAF DUT (F_B_DATAY A FEZ& FEIO CF 48
Fom LD A, aH wie e 1O FE3LH I0AF JF G COORDY
FOB: DUT (P_A_DATA} A robe sent FE3&
Firps LD & H | FEIS ALl done fow
FDn7 DUT (F_A_DATAL A robhe off FEIB CDYSFE CALL ESC_A
FORY FIOF §iF FEIR 3IEOC LD A1
FEA HET FEID CDAIFD CaLl PRIMTER
FDBa FEAQ CD&FFE CALL CR_LF
FhBR FIO LD A, OCFH A lines as “control “FDBBH=s4955 FEAS C9% RET; ——2 To IX MON
FIOED OUT (P _A_CONY A FE4AZ
FORF LD A, OFPH $11011000 Pits 1EZwoutput FE44 £5 SINGLE PUSH BC FFEAAH=G5092
OUT (F_A COND A FE4S 00000000
LD ALOFH $B 1ines=output FEA? 00 DB 0,0,0,0,0
OuT (P B_COND A FE4A 3JE1R LD A, 1BH
LD A, O&H iStrobe of f FEAC CIMTFD CALL FRINTER
Fhcs OUT (P_A_DATA) A FEAF 3E4B LD A,"K" 1Graphic mode K
RET FES1 CDATFD CALL PRINTER
FES4 JEGD LD A, 0O0H FO100H bytes belng sent
S CDASFD FRINTLT CALL PRINTER 1 FRCCH=&4%7 2 FESé& CDAIFD CALL PRINTER
FEON CF DM FES% 3EG1 LD A 0LH
co RET NZ 3<—— Code 201 <C9H> i linoieed FESB CINUIFD CALL PRINTER
i hardwired,; else codeFDDIH=44977 FESE
$192 CCoH> FESE 210058 LD HL,BUFFER
2 FS PUSH AF FEA1 0400 LD B,0
SEOR LD f,onM FE&S TE FLF LD A, tHL)
COASFD CALL PRINTER FE&4 CDAIFD CALL PRINTER
Fi FOF AF FE&7 23 INC HL
(o] RET FEAR 1089 DJINZ PLP
FE&A CDHFFE CALL CR_LF
e T T Ty FE&D C1 FOF BC
¥ ROUTINE Mo I — COPY FE&E L9 RET
L e e FE&E
FRANDOMIZE USSR <COPY> FE&F JEOD CR_LF LD A,0DH
FE71 CDCCFD CALL FRINTIT
CDFSFE CoPy CALL ESC_A i FODAH=&A50s FET4 %9 RET
SEOB LD A8 FET4
F CDAZFD CALL PRINTER FE7S 3E1PR ESC_M LD A 1EH
Ed CD&FFE CALL CR_LF FE77 CDAIFD CALL PRINTER
FEVA IE4) LD A, A"
Ob00 LD B,0 jRow O FEVL CDAIFD CALL FRINTER
ORI L .0 sColumn O FETF 7 RET
DBZ1005E LD 1X,BUFFER FETF
fAddress conversion FETF L T T T
e COORD2 LD A,C jUse B & C soltwars counters FETF 3 PROIUTINES 1| & 2 LIST LPRINT
CE3IF SRL A ito create a Spectrum FE?F iemmw wew raRrEEEEE -
&F LD L,#A sdimplay-file address in FEF
8 LD A.B jrogiater HL FEBO F5 NEWPHINT  PLISH AF F FEBOH=45152
Es30 AND TO0H 3O L 1 OO0 FEE1 FE7F CP 127 iFrocess copyright code
oF RRCA FEBS 2004 JR NI C4
&7 LR H,A FEBS IEAT LD A,"c"™
e LD A.B FEB7 1844 JREXIT
EAGE AND OEH FOO00 0 11D FEST 000000 ca De 0,0,0 iProcess codes 128-143
o7 RLCA FEAT FFEAPH=AS 141
oF RLCA FEST? sE% to hold JP CHUNKY <% xx sz
oF RLCA FERS % ko read CF 144 {(90H} 1f printer
oF RLLCA FEET sin Epson MYXA0 with block graphics
BS DR L FE&TF
&F LD L, FEBC FEBQ S P 128 sProcess codes sxx-—164
8 LD A,B FEBE ZA0R JR C CA
E&01 AND 1 3 OO0OG00 ] FE?O FEAS CFP 1&a+l
o7 RLCH FES2Z 3007 JdR NC Ch
o7 RLCA FESS OO 0B O,0,0 fjor O3 xx xx <JP NUMHBER> FEF4H=&4%5172
a4 0R H FES7 3E20 c3 LD A,Z0H jcode S0 is 1
F&d0 O A0M FETY 1834 JR EXIT
&7 LD H.A FE?S
FHL valid for use in FOSRH FETB FEFF Ca CP 255 iProcess tokens
c3 FUSH BC FERD ZH08 JR 7 REGW
os08 LD 8,8 FE?F FEAS CP 165
FEAL ZB20 JR O EXIT
ES FORH2 PUSH HL FEAS FEFF P 255
1600 LD By0 FEAL 3028 JR MG EXIT
E ZE0E LD A,B FEA7 F35 RESW FUSH AF
a4E FzB LD C, THLY FEAR JE2M LD A 20H
i LD E,B FEAA CDFIFC CALL OUTBYTE
Coig Fip SRL C FEAD F1i POF AF
1 DEC E FEAE 2159600 LD ML, TAB1
20F8 JR NI F3B FEBI D&AT SUB 145
ChiZ RL o FEBS 2808 Jr I RE
24 INE H FEES 47 LD B, A
In DEC A FEB&4 CHTE RZ BIT 7, (HL)
20F 3 JR NZ FZR FEBH 23 INC HL
A LD a. B FERT Z0FB JR 2 RZ
E El POP HL FEBR 10F% DINZ R2
FEBD 7E L& LD A, (HL)
DT To0 LD CIX+0) A FEBE CH7F BIT 7,.A
o INC 1% FECO 2e0d JE MEI R4
LOES DJINT FORMZ FECZ CIN3FC CALL OUTBYTE
FECS 23 INE HL
(] P BC FECA 10F3 JR R3
FECH CHEF Ra RES 7.8
iDo next column FECA COFIFC CALL OUTEYTE
FECD ZEZO LD A, 20H itrailing wpace
o INC C FECD
oc INC FECF CDF3FC  EXIT CALL OUTBYTE
e LD A,C FEDZ F1 POF AF
FE4D LP &4 FEDZ C% RET ====>disappear back into ROM
JHBF JE C CODRDZ FEDS
ALl columns converted for Lhis Fow FED4 FIN (S5 ThE
iSend print buffer to printer o131 LEM EfU FIN-PRINTER ;0131 H=00Z0%
CD44FE CALL SINGLE jor Call Double FE2EH=AS07O ':”3;.
01 =

15tep down a Row
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Figure 1
HEX DUMP

FCOO 2A 4F SC 11 OF 00 19 44 4D 11 BO FE 73 23 72 CD
FC10 BB FD CD &F FE C% 3E 1B CD CC FD 3E 45 CD CC FD
FC20 3E OD C3 FF FC C5 CD 3A FC CD 7A FC CD &F FE CD
FC30 3A FC CD 54 FC CD &F FE C1 C? 3E 1B CD A3 FD 3E
FC40 2A CD A3 FD 3E 04 CD A3 FD 3E 00 CD A3 FD 3E 02
FC50 CD A3 FD C9 06 00 21 00 SB SE CB 23 CB 23 CB 23
FC60 CB 23 OE 04 CB 23 FS CB 12 F1 CB 12 OD 20 F5 7A
FC70 CD A3 FD CD A3 FD 23 10 EO C? 0& 00 21 00 SB SE
FCBO OE 04 CB 23 FS CB 12 F1 CB 12 OD 20 F5 74 CD A3
FC?0 FD CD A3 FD 23 10 EB C? 00 00 40 00 06 01 18 02
FCAD 06 00 2A 98 FC 22 2D FD AF 32 2F FD 2A 94 FC ED
FCBO SB 2D FD B7 ED S2 28 25 EB BO 7E 23 22 2D FD 28
FCCO 17 FS CB 3F CB 3F CB 3F CB 3F CD E3 FC F1 CD E3
FCDO FC 3E 20 CD FF FC 18 D4 CD FF FC 1B CF 3E 0D CD
FCEO FF FC C? E4 OF FE OA 38 02 Cé6 07 C& 30 CD FF FC
FCFO C? 00 46 4F 3A F1 FC B7 79 CA CC FD C3 FF FC ES
FDOO &F 3A F2 FC 3C &7 3A 2F FD 3C 32 2F FD BC 20 OE
FD10 CD &F FE AF 32 2F FD 7D FE OD 28 OF 1B E3 7D FE
FD20 OD 20 05 AF 32 2F FD 7D CD CC FD E1 C9 00 00 00
FD30 00 26 00 &F 11 78 FD DD 21 &E FD 3E 2F DD 4E 00
FD40 DD 446 01 C& ©1 ED 42 F2 43 FD 09 12 DD 23 DD 23
FDS0 13 OD 20 E7 3E SB CD F3 FC 3E 31 CD F3 FC 3A 7B
FD&O FD CD F3 FC 23 3A 7C FD CD F3 FC C3 97 FE 10 27
FD70 EB 03 &4 00 OA 00 01 00 00 00 00 00 00 FE 80 DA
FD8O 8C FE FE 90 D2 BC FE 16 00 SF 21 13 FD B7 19 7E
FD?0 C3 CF FE AD AZ Al AS AB AA A9 AB A4 A6 AS A7 AC
FDAC AE AD AF FS FS CD BB FD DB 1F CB 47 20 FA F1 D3
FDBO 3F 3E 04 D3 1IF 3E 06 D3 1IF F1 C9 3E CF D3 SF 3E
FDCO F? D3 SF 3E OF D3 7F 3E 0& D3 IF C? CD A3 FD FE
FDDO OD CO FS 3E OA CD A3 FD F1 C? CD 75 FE 3E 08 CD
FDEO A3 FD CD &F FE 04 00 OE OO0 DD 21 00 SB 79 CB 3F
FDFO &F 78 E& 30 OF &7 78 E6 OE 07 07 07 07 BS &F 78
FEOO E& 01 07 07 B4 F& 40 &7 CS 046 08 ES 16 00 3E 08
FE10 4E 5B CB 39 1D 20 FB CB 12 24 3D 20 F3 7A E1 DD
FE20 77 00 DD 23 10 ES C1 OC OC 79 FE 40 38 BF CD 44
FEZ0 FE 04 04 78 FE 20 38 AF CD 75 FE 3E OC CD A3 FD
FE40 CD &F FE C9? C5 00 00 00 00 00 3E 1B CD A3 FD 3E
FESO 4B CD A3 FD 3E 00 CD A3 FD 3E 01 CD A3 FD 21 00
FE&O 5B 04 00 7E CD A3 FD 23 10 F9 CD &F FE C1 C9 3E
FE70 OD CD CC FD C? 3E 1B CD A3 FD 3E 41 CD A3 FD C9
FEBO FS FE 7F 20 04 3E 463 18 46 00 00 00 FE 80 38 OB
FE?0 FE AS 30 07 00 00 00 3E 20 18 34 FE FF 28 08 FE
FEARO AS 38 2C FE FF 30 28 F5 3E 20 CD F3 FC F1 21 9%
FEBO 00 D6 AS 28 08 47 CB 7E 23 28 FB 10 F? 7E CB 7F
FECO 20 06 CD F3 FC 23 18 FS CB BF CD F3 FC 3E 20 CD
FEDO F3 FC F1 C% 00 00 00 00 00 00 00 00 00 00 00 00
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Program 2a

:380Z TO SPECTRUM ONE-WAY LINK, TO CONNECT
sWITH THE PARALLEL PRINTER INTERFACE
;R SARGENT July 1983

F_A DATA

FRINTIT

FI10

F3
CD&FFD
Ol .o
O1FEF7
ED78
CB47
20FA

- S
= o
aF
CB39
CB39
CB39
CB39
3E80
3D
20FD
ED -
E&FO
Bl

(i1 [
CDBOFD
18DE

L3B0OZ

WAIT_GO

MLOOF

DEL

ZEO2
D31F
O1FEEF
DBLF

G_DATA

5TR

57

ED78
CB47
2805

CEBSA
20F3
c?

EQU 1FH

EGU OFDBOH ;448%96d (4BE Spectrum)
sor  7DBOH  32128d (146K Spectrum)
EQU OFD&FH ;564879d

sor  FD&FH 32111

;Deduct 327&8B to
sfor the 16K Spec
sDon 't forget to

DI
CALL PID
CALL S_N_RDY
LD BC,63486
IN A, (C)

BIT 0,A

JR NZ WAIT GO
CALL G_DATA
CALL S_N_RDY
LD C.4

SRL C

SRL C

SRL C

SRL C

LD A,B80H

DEC A

JR NZ DEL
CALL G_DATA
AND OFOH

OR C

CALL S_N_RDY
CALL PRINTIT
JR MLOOF

LD A,2; 00000010

OUT (F_A_DATA) ,A
LD BC,&61438

IN A, (P_A_DATA)

LD D,A
IN A, (C)
BIT O,A
JR 7 ABORT

BIT 3.0
JR NZ STR
RET

achieve addresses
trum
adjust the CAlls

s Interrupt off
;Set FIO
s 5end "Not ready”

;S5tart when
;kE\” Illll iE
;s pressed
s;bet 4 bits
Mot ready
;because

s the

sbits

;are being
sshifted

;Delay

sNext 4 bits
smerged with
sfirst 4

;Not ready
sPrint 8 bits
igo round again

sSend a

;s "ready" signal

sRead 5 bits until

sCheck if "ov
skey pressed

:strobe received
sthen exit with
:4 bits wvalid
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EL ABORT FOF HL ;adjust stack
FE EI

ce RET

FS 5 N _RDY FUSH AF :S5end a

SEGS LD A,6;00000110 ;"not ready"”
DZ1F OUT <F_A_DATA) ,A :signal

F1 FOF AaF

5 RET

Program 2b

FS
FS

CD
A

-
~7

20FD
F1
1F
LF
tF
1F
CD
arF
=D
POFD
Fi
Co

aF
Bl
F71E
FEZ(O
Z0F &
E700

; 380Z TRANSMIT TO SPECTRUM USING 7 BIT
:1/0 FPORT B8 BITS OF DATA SENT AS
; TWO SEFARATE NIBBLES %% FPROVISIOMAL *x

FPORT EQU OFBFFH
EMT EGU OF7H
KBDTC EQY 1EH

CENTRON EQU 0000;enter appropriate number
sthe number will be found contained
5in locations FFZS5/FF28H at switch-—
;on time

ORG 1000H
; LOAD WHERE-EVER
EMTRY FUSH AF
FUSH &F
CALL CENTRON ;5end low nibble
XOR A
DY DEC A sDelay
JR NZ DY
FOF AaF
RRA :Shift
RR& shigh
RRA snibble
RRA : and
CALL CENTRON scend it
XOR &
Doy DEC A sDelay
JR NZ DDY
FOF AF
RET
FELEASE XOR A sContinue
CALL ENTRY s sending
DB EMT, EKEBDTC snulls to Spectrum
EF e suntill stopped by
JR MZ RELEASE sthe "O" Lkey
DE EMT,0O sRetwrn to Command level

30
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Increasing accuracy
00Sts Spectrum uses

Stephen Rush manipulates strings to perform mathematical functions

ONE OF the problems with the
Spectrum, and most other
home computers when used
for accountancy, astronomy and the
like where numbers have to be very
precise, is that the Spectrum will dis-
play numbers only to eight digits after
which either it will ignore the rest of
the number — if the number is be-
tween 1078 and 10T —6 — or it fol-
lows the number with a letter E and
the power of 10.

That unfortunately is often insuffi-
cient when performing very complex
calculations. Also occasionally, if not
very often, numbers bigger than
10138 or less than 10T —38 are re-
quired and they not only cannot be
held to any real accuracy but also
cause the Spectrum to stop with an
error report, leaving you to find
another way of finishing the problem.

SLICING

The easiest way (o circumvent
those problems is to use string varia-
bles to hold the numbers — they will
hold the numbers to any amount of
places without the Spectrum trying to
change them for you — and manipu-
late those strings, using the excellent
string-slicing capabilities, to perform
the four major mathematical oper-
ations.

To get down to the programming,
please note that the first four sub-
routines are only to demonstrate the
basics and so to make them easier to
understand they will work only with
positive integers — i.e., no negative
numbers and no decimal points —
but the final program which contains
adapted versions of the programs also
contains other routines which allow
the user to enter both decimals and
negative numbers.

The most obvious and probably
easiest program is a simple addition
program which will add two strings
and leave the answer in a third string.
Note that if you enter the multiply
program you will need to have this
addition routine in the computer as it
is an integral part of the multiply
procedure.

If you look at figure one you will
see rhat the routine is based on a
simple loop which looks at successive
clements of each string, adds them,
and puts the answer in a third string.
The main lines of interest are:

Line 1080, which sets the variable Z
to the value of the ‘f"th element of the
shorter string, after first checking
that the string is long enough 1o allow
it.

DIVIDES

Line 1090 adds the ‘f’th element of
the longer string to 7, adds any re-
mainder from the last run through the
loop and then divides the answer by
10.

Figure 1. Add.

1000 REM ADD

1010 INPUT “First No.”",F$ : INPUT
“Second No."' 5%
1020 LET T$=""": LET R=0
1030 LET C$=0"+ F$ : LET

D% =0+ 5%

1050 IF LEN S$>LEN F$ THEN LET
C$=""0""+5%: LET D$="0"+F$%
1060 FOR F=0TO LEN C$ -1

1070 LET Z=0

1080 IF IEN DS =F + 1 THEN LET
LZ=VAL D§ (LEN D5 - F)

1090 LET R=(VAL(LEN
CS-F)+R+Z2)/10

1100 LET T$ =STRS ((R — INT
R)y*10) + TS

110 LET R=INT R

1120 NEXT F

1140 PRINT TS

Line 1100 puts the decimal part —
the part after the decimal point — of
the number, which corresponds to the
units, on to the total (T$) as the next
digit of the final answer.

Line 1110 removes the decimal part
of the number, the units, thus leaving
R as the remainder from the addition.

This routine, although not fasi,
will add two numbers each 50 digits
long in less than 10 seconds, which
should not cause too much distress
even if you want to add two very large
numbers.

The next routine will subtract one
string from another, though as we are
still dealing only in positive numbers
this routine will find the difference
between the two numbers. If you
want the routine to do a proper sub-
traction, you should add a line 640 to
read:

IF S$>F% THENMN LET
T3=*-""+T$ to the program —
figure two.

If you look at the subtraction rou-
tine in ligure two you will see that,
like the addition routine, it is based
on a short loop but unfortunately this
one is a little more complicated, so |
will make its explanation a little more
detailed.

COMPARING

Lines 530 and 540 are a simple if
rather clumsy way of making both
strings the same length by adding
““0's to the beginning of the shorter
string.

Lines 560 and 570 set A% to the
larger number and B$% to the smaller
number.

Beginners should note that when
comparing strings the computer does
not compare the values of the strings
but instead checks on the codes of the
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first element of each string — or
successive elements if the first ele-
ments are the same — and the string
which begins with the character with
the higher code — see appendix A of
the Spectrum manual — is the higher
string.

Fortunately as the codes of the
numbers are stored in numerical or-
der — i.e., the code of “2” is larger
than the code of ““1"" — this has the
same cffect as comparing the values
of the strings. Unfortunately, how-
ever, il the strings are of different
lengths you may arrive at the incor-
recl answer.

For example, if the computer com-
pares the two strings ““9"” and ‘800",
the computer will give the answer that
“‘9" is larger, which is not the correct
answer in this instance. To prevent
that “‘0""s have been added to make
the strings the same length. So the
example changes to ‘009" and
“800°" which gives the answer re-
quired, i.e., that ‘800" is larger.

NEXT DIGIT

Line 600 checks if the subtraction is
to need a carry from the next digit.

Line 610 does the subtraction — R
is the “carry’ if it is needed and RI1 is
the carry from the last subtraction if
there was one — and leaves the result
as the next digit of the final answer.

Line 620 then sets R1 to the num-
ber which has to be carried forward

Figure 2. Subitraci.

500 REM SUBTRACT

510 INPUT “First No." F$,*'Second
No."” 5%
520 LET TS
530 IF LEN F$=1LEN 5% THEN LET
5%5="0"+5% : GOTO 530

540 IF LEN 58> LEN F$ THEN LET
F$="0" +F§ : GOTO( 540

550 LET R1=0

560 LET A3="0"+5% : LET

[15 SLL) L '5$

570 IF F$=5% THEN LET AS="0"" +F§
: LET BS="0"" + 5%

580 FOR F = LEN AS TO 1 STEP - |

590 LET R=0

600 IF (VAL BS(F)+ R1)> VAL AS (F)
THEN LET R= 10

610 LET TS =STRS ((VAL

AS(F)+ R) - (VAL B$F)+ RIN+TS

620 LET RI1 - INT (R/10)

630 NEXT F

650 PRINT TS

wewy

for the next time round the loop.

The program will find the differ-
ence between two numbers each 50
digits long in about 10 seconds.

The next program will multiply two
strings by long multiplication. Figure
three will show that the program is
based on two small loops, one inside
the other. The outside loop goes
through one of the strings, one ele-
ment at a time, and the inside loop
multiplies that number by each ele-
ment of the second loop in turn. Note
that to use the multiplication routine
you must have the addition routine in
the computer or the multiplication
program will not work.

Line 140 sets the remainder (R) to
zero and sets the subtotal (Z3%) to the
empty siring.

Line 160 multiplies the correct ele-
ments of the strings and adds any
remainder from the last multiplica-
tion.

Line 170 puts the units part of the
calculation on to Z3% as the next digit
of the subtotal.

Line 180 calculates the remainder
to be carried forward and puts the
remainder in the variable R.

Lines 200 and 210 add “*0"’s to the
subtotal and then send the subtotal
and the current total to be added
using the addition routine.

PURPOSE

For those who do not see the rea-
son for doing this, here is a small
example of a long multiplication:

If you want 1o multiply 12,654 12,654

by 124, 124*
you first multiply 12,654 by 4

giving 50,616
then you multiply 12,654 by 2 and

add a 0" 253,080
then multiply it by | and add

00" giving 1,265,400

and then to get the final answer

you e ——
add these three subtotals giving 1,569,096

That is, in effect, the purpose of
lines 200 and 210, as they add “0’s
and then send the strings to be added.
The only difference is that those lines
add the subtotals after each is calcu-
lated rather than waiting to the end
and then adding them all.

IT you wish to multiply two num-
bers each 50 digits long, unfortu-

Figure 3. Multiply.

98 REM To use this program you must
have the addition routine in the computer
100 REM MULTIPLY

110 INPUT “First No.”” ,F$, “Second
No."”,5%

120 LET T%
AS="0"+F$%
130 FOR G=LEN BS TO | STEP -1
140 LET R=0: LET £%
150 FOR F=LEN A% TO 1 STEP - 1
160 LET A =(VAL BHG)*VAL AS
(Fp+R

170 LET Z$=STRS$(((A/10)
100))*10) + 2%

180 LET R = INT (A/10)
190 NEXT F

20 FOR H=1TO LEN B%
Z5=7%+"0" : NEXTH
210 LET F$=7% : LET 83 =T% : GOSUB
1020

220 NEXT G

250 PRINT T%

260 STOP

1130 RETURN

**:LET B$=5%: LET

uisy

(INT(AS

G- LET

nately this routine will take almost
12} minutes to arvive at the answer
because to do the calculation re-
quires:

A loop of 1 to 50 multipyling each
digit by one digit from the other
string; a loop of up to 1 to 50 adding
*0"s to the subtotal; a loop of be-
tween 1 to 50 and 1 to 100 to add the
total and the subtotal.

To complete the sum it will have to
go through the process 50 times,
which unfortunately takes a long time
to complete. For many applications
the answer is well worth the wait for
the accuracy alone but you should
also note that the biggest number the
Spectrum can normally handle with-
out stopping with an error is easily
surpassed by multiplying two num-
bers each only 20 digits long.

DENOMINATOR

The next routine is slightly limited
in that the number by which you are
dividing —the denominator — may
be only eight digits long and unfortu-
nately that applies to the main pro-
gram as well as the short routine. If
anyone knows of a way of circum-
venting this, 1 would love to know
how.

The number into which vou are
dividing — the numerator — can be
as long as nceded and you also have

S ——
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the option of choosing to how many
places you want the answer worked.

What is probably a much bigger
blow to people who will not bother to
type-in the main program but want to
see the division routine in action is
that we are still dealing only in inte-
gers and consequently the answer will
be a string of numbers and you will
have to find where to put the decimal
point — i.e., ““10” divided by *‘40”
will give the answer ““0025"" instead
of ““0.25".

IT you look at figure four you will
see that the routine is very short and
the only lines of interest are those
between 1565 and 1590.

DECIMAL

The easiest way to describe the
tasks of those lines is to show an
example of a long division next to a
description of how the computer does
the calculation. For example, if you
wanted to divide 9,714 by 12 to five
places, in practice you would PRINT
9714/12 but showing an example to
20 places would take too much room
and would also put my one typing
finger out of action for the rest of the
week. The calculation would be:

The
Line Action division
08095
1510 Sets FS 10 “*9714" and 5% 10
i [ oL 12)9714
1565 Sets Z 10 9. 9
1580 Divides 9 by 12 and puts the
answer (0) on the total.
1590 Calculates the remainder (9).
1565 ‘Brings the 7 down’. 97
1570 Sets R to the number formed
(97).
1580 Divides 97 by 12 and puts the 97
answer (8) on the total. (12*B)
1590 Finds the remainder (1). |
1565 *Brings the 1 down’. 11
1570 Sets R to the number formed
().
1580 Divides 11 by 12 and puts the 11
answer ((0) on the total. (120
159 Finds the remainder (11). 11
1565 “Brings the 4 down’. 14
1570 Sets R to the number formed
(114).
1580 Divides 114 by 12 and puts
the answer 14
{9) on the total. (12*9)
1590 Finds the remainder (6). 6
1565 Finds that IS is too shori so
it ‘brings down a 0 down’. 60
1570 Sets R 10 the number formed
(60).

1580 Divides 60 by 12 and puts the

answer (5) on the total.

1620 Arrives at the final answer 0809

As you can see, the decimal point
still needs to be placed and the easiest
way of doing it is to PRINT VAL F$/
VAL S%, which will give an approxi-
mate value which should help you to
place the point. This routine will do a
division to 1,000 places in about three
minutes.

As you have probably already said
to yourselves, the routines are almost
useless on their own as much of the
calculations you will want to do in-
volves negative numbers and/or num-
bers with decimal points.

To circumvent those problems re-
quires two more routines. The first —
lines 9500 to 9550 of the main pro-
gram, figure five searches the two
strings — F$ and 8% — to find any
decimal points. When it linds a deci-
mal point it removes it and remem-
bers from where in the string it came.
The routine sets DPI to the number
of digits after the decimal point in F$
and DP2 to the number of digits after
the decimal point in S$.

The other routine, from 9650 to
line 9600, checks if the first character
of F§ or S§ is a negative sign; the
variable NEG is set to 0 if both
numbers are positive, to 1 if the first
is negative and the second positive, to
2 if the first is positive and the second
negative, and to 3 if both numbers are
negative.

CHECKING

The final routine, though not very
imporiant, is very useful in tidying

Figure 4. Divide.

1500 REM DIVIDE

1510 INPUT **First No."",F$,"*Second
No."" 5%

1520 INPUT “No. of places™,P

1530 LET T$ ="

1550 LET R=0

IS0 FORF=1TOP

1565 LET Z =0 : IF LEN F$>F THEN
LET Z=VAL I} (F)

I57T0 LET R=R*10+ Z

1580 LET TS =TS + STRS (INT(R/VAL
S$)

1590 LET R=R - (INT{VAL T${LEN
TH)*VAL S3)

1600 NEXT F

1620 PRINT T3

the answers; its job is to remove the
trailing and preceding zeros which
make the answers look ugly. The im-
portant lines of this final routine are:

Line 9930 removes preceding zeros
from the variable T$.

Line 9920 returns if the number has
been reduced to “0".

Line 9940 is a complicated line
which does a fairly simple job; its
task is to search the string for a
decimal point; if it finds a point it
continues with line 9950 but if the
string does not contain a decimal
point it will return, after first check-
ing whether the string should be nega-
tive. This line prevents the rest of the
routine removing zeros from a num-
ber greater than | as they do not need
the zeros removing, ¢.g., you do not
want the zeros removed from 9500.

Line 9965 will then replace a zero
before the number if it starts with a
decimal point — i.e., *“.45" will be
changed to ““0.45". The results from
the first two routines are used in the
following ways:

For adding, if the first number is
positive and the second negative, line
7520 sends the strings to be subtract-
ed. If, however, the first number is
negative and the second positive, line
7530 swaps F$ and S$ and also swaps
DPI1 and DP2 before sending them to
be subtracted.

Lines 7560 and 7565 ensure that
both numbers have the same number
of decimal places by adding ““0”’s to
the string with fewer places after the
point.

Line 7670 finds the position of the
point in the final answer. When you
add two numbers ecach with x digits
after the point the answer will also
have x digits after the point and will
also make the answer negative if you
were adding two negative numbers —
i.e., if NEG 3.

To subtract, if the first number is
positive and the second negative you
are effectively adding two numbers,
50 line 8040 sends the strings to be
added; similarly if the first number is
negative and the second positive you
are adding the two negative numbers,
so line 8030 sends the strings to be
added.

Lines 8050 and 8060 ensure that
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both numbers have the same number
ol decimal places.

Line 8190 then finds the position of
the decimal point, using the same
reasoning that let line 7670 position
the point for the add routine.

To multiply, line 8640 makes the
final answer negative il one of the
numbers was positive and the other
negative. This line also places the
decimal point for you — when you
multiply a number with x digits after
the point by a number with y digits
after the point the answer will have
x+ vy digits alter the point.

To divide, line 9090 finds approxi-
mately where the decimal point will
be in the final answer; the number of
places before the point is roughly the
difference in the numbers of places
before the points in the original num-
bers.

ANSWER

Line 9100 allows for people divid-
ing by numbers less than 1.

Line 9120 checks if the second
number is larger than the first, in
which case the answer will have one
fewer digit before the point.

Finally line 9130 works out the
final answer miraculously.

When you have typed-in the pro-
gram you will see that the lines from
100 to 7000 have been left blank and,
as you may have guessed, that is
where you put your problems. They
should take the form LET F$ = *‘Firsi
No.” : LET 8% =*‘Second No." fol-
lowed by one of the following:
GOSUB ADD
GOSUB SUBTRACT
GOSUB MULTIPLY
GOSUB DIVIDE
depending on how you wish the
strings to be manipulated.

Also, if you require them, you have
17 memories at your disposal — all of
the string variables except those used
in the program. Do not use A%, BS,
CS, D%, F$, RS, S8, TS, or 7Z%. For
example, LET M$=TS$ will put the
result of the last calculation in mem-
ory M$%. Before using those memo-
ries, however, you should check that
you need to store the number, be-
cause remembering very large num-
bers will use up a great deal of your

precious RAM — the program takes
about 3.1K and another 300 bytes are
used by the minimum variables neces-
sary for the program to run. That, of
course, will increase considerably
when you have to add your own lines.

DO NOT RUN

If, however, you are unfortunate
enough to get error 4 OUT OF MEM-
ORY then do not use RUN or
CLEAR as they will erase the pro-
gram variables. Instead you should
do one of the following:

Look through the routine you are
using and see which string variables
are not used and set them to the
empty string — e.g., 2% is not used in
the ADD routine, so if you run out of
memory while using the routine LET
Z5="""" followed by CONTINUE
may help.

The following lines may be re-
moved as they are not important to
the running of the program — 1,
7500, 8000, 8500, 9000, 9500, 9650,
9900, and also line 2 if you do not
mind sacrificing my vanity.

IT you are still short of memory the
only solution is to start cannibalising
the routines you are not using and
then reLOAD the program before
using it again.

The main use of the program will
be for normal +, —, #, /, and here is

an example which will divide
97402.000055 by 98.64 and will then
add 65 — to do this sum you

should add the following lines to the
main problem:
100 LET F$=*'97402.000055"’
110 LET S$=*'98.64"
120 GOSUB DIVIDE
130 LET F$=T%
140 LET S$="*—65"
150 GOSUB ADD

Another use of the program is to
find high powers of numbers by mul-
tiplying repeatedly by the same num-
ber. For example, to find the exact
value of 17.64 to the power ol 35,
lines 100 to 150 from above should be
removed and the following Ilines
should be added:
100 LET F$=*17.64"
110 FOR Y=2TO 35
120 LET 5% =“17.64"
130 GOSUB MULTIPLY

140 LET F$=T$%
150 NEXT Y

Once this program is running satis-
factorily 1 suggest you go lor a stroll
to the local shops and buy a paper
and a box of tea bags as the program
is very slow to reach the exact answer.

Remember when using FOR NEXT
loops that you must not use the varia-
bles used in the main program as the
loop counter — i.e., do not use P, F,
Z, R, G, A, or H as the loop counter.

Another function which can be per-
formed easily using this program, but
is not practical without it, is a factori-
al routine. The factorial of a number
can be found by multiplying all the
numbers between 1 and the number
together, i.e., 6 factorial (6!)
6¥5*%4*1*3%2*%1)

SMALL ROUTINE

To find the factorials of 100, 69,
and 30 the following lines should be
added to the main program:

100 LET F$=*2"

110 FOR Y =3 to 100

120 LET S$=STR} Y

130 GOSUB MULTIPLY

140 LET F§=T%

150 IF Y=30 THEN PRINT “30
Factorial is *'; T$

160 IF Y=69 THEN PRINT “69
Factorial is *’; T$

170 NEXT Y

180 PRINT ““100 Factorial is **;

Before finally leaving Spectrum
owners 1 would like you all to try to
write a small routine — the ones you
write arc always the best — which will
round the last digit of the total — i.e.,
it will round 0.6666 up to 0.667 and
will round 8.3422 down to 8.342 —
which may make the final answer
more meaningful. Without the rou-
tine 10/3*3 will give the answer 9.999
but with the routine the 9.999 will be
rounded-up to the proper 10.

If you have not already done so, try
to write this routine on a piece of
paper — or on the computer il you
find it easier to concentrate when
sitting in front of the keyboard. If
your routine works it will show that
you understand at least the basics of
the program and should be able to
adapt the routine if your particular
problem needs the program altering
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in some way. I suppose I had better
show one routine which will do the
Job for those who could not bother
and for those who could not get their
routines to work properly:

11 LET ROUND=7450
ROU=0

7450 REM ROUND

7460 LET F3=T3% : LET S§=*‘5"" :
GOSUB Dp

7465 LET DP2=DP1 : LET NEG
=NEG*3 : LET ROU=1 : GOSUB
7550

7470 IF T$ (LEN T$)=‘‘."" THEN
LET T$=T$ (TO LEN T$-1)

7475 LET T$ (LEN T$)=*0"

7480 GOSUB ZR

LET

7490 PRINT *““The answer afier
rounding is”’, T$
7675 IF ROU=1 THEN LET

ROU=0: RETURN

And using GOTO ROUND will
round the number in TS.

straight on to a ZX-81 with only a few
minor changes, due to the multi-state-

ment lines on the Spectrum. Many of

the lines can just be split into many
separate lines, one after another. The
only lines which will require any
thought are those which contain IF
THEN statements.

When translating them you must
remember that if the statement is
false — e.g., if NEG< >2 for line
7520 — then the rest of the line is
ignored. Most of the lines with an IF
THEN statement, and also more than
one statement, will therefore require
a GOSUB and RETURN or a GOTO.
An example is line 7560 which could
be replaced by:

7560 IF DP1>DP2 THEN GOTO
9700
9700 LET S$=5%+ “0”
9701 LET DP2=DP2+1
9702 GOTO 7650
This approach should help with all

which must be replaced by:
9940 FOR F=1 TO LEN T$%
9941 IF T} (F)=*."" THEN GOTO
9950
9942 NEXT F
9943 LET
NEG=3)+T$
9944 RETURN
You should be able to convert the
rest of the program using those hints.
If you are still a ZX-80 owner, you
will probably have to try to think how
the routines work and try to adapt
them, remembering that the ZX-80
does numbers only as integers — the
strings will still hold decimal numbers
but the problem is getting the correct
numbers into the strings in the proper
order. If anyone wishes to try to
adapt the program I wish them the
best of luck but from what I remem-
ber of the ZX-80 it is probably easier
for you to write your own program,
using any ideas from my program

TEi= 5 and

The program will go almost of the problem lines except line 9940, which help you with the task.

1 REM PRECIZION HEL=G" LU TU 89626
2 REM 2. RUSH 1963 7546 LET MULT=8
9 INPUT "NO. UF PLALES «FUR D 7555 LET Té="": LET R=@

IVISIUN ", P 7568 IF DF1>UPZ2 THEN LET S#=SH+
14 LET Te=""- LET ADL=7580 - LE n@gr . LET DP2=0PZ+1: GO TU 796

T SUBTRACT=2006° LET MULTIPLY=£5 7565 IF DP2>DP1 THEN LET F&=F&+

@i LET DIVIDE=966E0: LET DP=9%5G0 "@g": LET DP1=DP1+1: GU TU 7E65
LET ZR=8934 77 LET Ce="@G"+S®: LET DE="B"+F
1% REM the proklems should ga %

hetween lines 20 and YEG8H 575 IF LEN Fe»LEM S® THEW LET
28 LET $="267%": LET sB="12": CHE="E"+F%E: LET D&E="0"+%8

Ll SUB divide
235 PRINT t&

SUE a3
ET i$="—16“'

L0 SUB multiply:

ET F&=5%: LET
' LET DP1=DiP2:

38 LET f$=t%: LET s&="-94":
FRINT t%: LET f@=t%: L
LU SUB subtract: PR
INT t&: LET f%=t%: LET =%="72":

PRINT t%: LET ¢

“oi=Re: LET DPi=DP1
LET DP2=DP3' LET

vhE6G FOR F=G TO LEN CH-1

TH9E LET Z£=0

TYeE IF LEN D$>F+1 THEW LET 2=V
AL DHCLEN D%-F )

TELE LET R=cYAL «CHOLEN CB-F ) )+R

L

+2/16

S=t%' LET a%="4": (LU SUB divide Ta

74688 PRINT "The arswer 18";7% TEEE LET R=INT R

7499 STOF TEd4E HEST F

7588 REM  ADD VESE IF MULT=1 THEM LET MULT=@:
518 GU SUE DP RETLURH

73520 IF HMEG=2 THEW LET HEL=#3: ([ VETE LET Ts=¢"-=" AND HEG=3 +TiH¢
O TO 8026 T LEN TH-DP1 24", "+TH LEN TH-DP1
VY530 IF MEG=1 THEM LET RE=F%: L +1 TQ 3

HAEE REM

7eze LET THE=5TRS CCR-INT Rakl@ )+

TEEa GO TO ZR
SUBTRACT
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HBE10 GO SUe R
BEa2e LET TH=""
B30 IF HEL=1 THEH
0 TO 7548

P4 IF MEG=2 THEH
0 To 754

A% IF LPL<DPZ THEM LET FE=F%+
"g": LET DP1=DFL+1: GU TU @5

Ba6G IF DPZ<DPl THEN LET Ss=S$+
"@g" '+ LET DP2=DP2+1: GU TU BEHed
A6 IF LEN F%»LEN S8 THEN LET
SHE="A"+S%: LU TO 2678

BEsE IF LEN S%rLEN F® THEN LET
FHE="@"+F&: LO TO BOGG

Ba9a LET R1=0

H11G IF F®>3S% THEM LET AS="G"+F
% LET B¥="O"4+56: LU TO 8138
Biz26 LET As="G"+5%: LET B&="Q"+F
G+ LET HNEL=3-MEf

B138 FOR F=LEWM A% TU 1 STEP -t
E146 LET R=#

8153 IF CWAL BECF +R1 2»WAL AdLF o
THEN LET R=i6

H168 LET TH=STR® (CYAL ASCF D+ -
(WAL BRCF 34+R1 D I0+TS

#1788 LET RI=INT (R-A18)

B1EB HEXT F

B198 LET Té=C"-" AND HEG=3 )+ T

Tu LEN TE-DPL »+"."+T% LEN TH-DF1

+1 TO >

8208 GU To ZR

#4586 REM MULTIPLY

#5189 GU SUB DP: LET TE="":

G="00"+5E: LET AG="0A"+F%
B354 FOR Ge=LEMW B TU 1 STEP -1

#953% LET R=8: LET Zs=""

%48 FUR F=LEN A% TU 1 STEF -1
8358 LET A=< VAL B®CLO¥VAL ASCF )

+[+

G578 LET Z2%=STRE (C(A~<180—=( IMT ¢
AA160 0 K10 )+2%

85688 LET R=IHT cA-18 >

2598 HEXT F

BEEA FUR H=1 TU LEN B%-L: LET 2%
=26+"B": MEXT H

pE1@ LET F%=Z%: LET SE=T%: LET T

G="": LLET R=0Q
8620 LET MULT=1:
BE38 HEXT G .
2640 LET TH=("=" AMD (HEG=1 OR N
EL=2224T&E. TU LEN TH-DF1-DP2a+",
"4+TH LEM TE=DPL=DE241 TO 3

HeER GO Tu ZR

dRie REM DIVIDE

gr1e LU SUB D LET 2%=""

SEAn LET R=w

SFdid FOR F=1 TO P

4% LET Z=G- IF LEHN F%*=F THEH
LET Z=%AL F&cF »

FO56 LET R=R¥10+Z

LET NEG=3' G

LET MHEC=#:

LET B

LU SUB 7578

2l LET ZE=26+5TRE  INT (RAYAL

S8

S9uvg LET R=R-CINT (WAL 24 LEH 2%

FERYAL LD

HEEE NEXT F

FAEE PRINT =%

P9 LET [PE=CLEN FE-DPL )=CLEN %

Gi~DPZ 341

91 FOR F=1 TO LEW S%: IF CUDE

SHE=CO0E "G" THEW LET OP3=0PE+)
LET S%=%4c 2 TO »: LET Z%="G"+2%
v HERT F

7118 FOR F=1 TU LEN Z#: 1F CODE

28=CODE "@" THEN LET 2%=2Z8(2 Tu
2+ HEMT F

126 IF S&:Fe THEW LET DP2=DF3-

1

125 IF DP3<1 THEN LET 2e="@"+2

& LET DPI=DP3+1: GO TU 9125

2133 LET TE=C"-" AHD (HEG=1 UR N

EG=2 204260 TO DP3+". "+28(DP3+1

To 2

‘3148 GO TO 2R

9500 REM 0P

9516 LET DP1=@: LET DP2=0

520 FOR F=LEM F% TU 1 STEP =1
IF F®CF =", " THEM LET DP1=CLEN

F#i-F ): LET FE=FS( TO F-134+F®CF+1
TO >

35368 NEXT F

9546 FOR F=LEM 5% TU 1 STEP -1
IF SHCF="," THEM LET DP2=(LEN

SH=F ) LET S$=58¢ TU F-1)+58¢F+1
TO %

9530 MEXT F

95608 REM MEGATIVE

9578 LET HNEG=8

9580 IF CODE FH=LODE “"-" THEM L

ET HEL=1‘ LET F®=FH(2 TO )

9596 IF COUE S$=CO0E - THEM L

ET MEG=NEG+2: LET G#=S6(2 TU O

9630 RETURN

39G0 REM 2R

9910 IF CODE TH=COUDE "= THEN L
ET NEG=S5: LET TH=T®(Z TO >

9920 IF Te="G" UR T&="G," THEM
RETLRH

9930 IF CODE TH=CODE "@" THEN . L
ET Te=T®(2 TO J° L0 TO 9920

3943 FOR F=1 TO LEN T&: IF T®eF)
£x"," THEM HEXT Fi@ LET Tg=c"="
AL MEG=%2+T%: RETLURH

3956 IF T$=",0" THEN LET T="@"
RETURH

3966 IF THCLEN T®)="G" THEM LET
TH=THC TU LEM TH~1) LU TO 2958
a5 IF CUDE TE=COLE "." THEM L

ET TH="0"+T$

HI7E IF HELG=S THEM
ki 1]

AGEH RETURM

LET TH="="+T

15
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INPUT/OUTPUT
PORT FOR
ZX SPECTRUM

* 3 Channals

{24 lines) KIT-£16.95
-y
* Programmabie BUILT - £1 8.95
mix of input
and cutpul (Output
connector
* May be used £3.25 if
with printer requiredj

* Uses INJOUT

instructions Includes VAT
and Inland
* Upilo 8 may PDS[EQE

be cannected

Ideal for
controlling models,
motors, robots,
automatic equipment, security systems ete.
practical applications circuits included,

Export postage (surface) £2.50 Send SAE for full catalogue of Spectrum and

ZX81 accessories. Cash with order or ACCESS

REDDITCH ELECTRONICS

21 FERNEY HILL AVENUE,
REDDITCH, WORCS B97 4RU

The Complete Printed Circuit Workshop

-Computer Cables & Connectors
We now offer an extensive range of computer cables &
connectors including a spectrum user port extender

cable. Send for complete cable & connector price list.

SPECTRUM EXTENDER N

HB/2069 £8.85*

Overcomes those interconnection problems! Six inch
double ended extender & male PCB plug. Also
available as single ended with 9" of ribbon cable

HB/2068 £4.76*

VIC/CBM 64 cassette interface
Operates with most data recorders HB/3000 £12.50*

Full Hobbyboard Catalogue £1.50" (refundable with first order over £iD)
*Prices inclusive of VAT, camage 60p in UK. Overseas orders
please add exira carriage.

adivision of

| i KELAN ENGINEERING Ltd
' Harragta, . Varks

completeP.CB.workshop o =
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ZX PROGRAMMERS. . -
look no further than =

Whether you write MACHINE CODE or BASIC we

have the very latest “state of the art” programming

tools for you, try them and see why our product is

widely regarded by professionals as the very best

available.

FULL SCREEN EDITOR/ASSEMBLER

(16/48K) voied THE MOST POWERFUL

MACHINE CODE PROGRAMMING TOOL YET

SEEN by HOME COMPUTER WEEKLY

® Editing facilities comparable to the most
sophisticated word processor with MOVE, COPY
and/or DELETE lines or blocks of code.

® [ OCATE, CHANGE or DELETE specified
strings or characters, full Z80 instruction set
supported. comprehensive syntax check,
powerful expression evaluator, 8 derivatives
including stand alone and quash, symbol table
display, assembly to screen, printer or save lo
tape and “SNAKE", a fully notated source code
demonstration program
(PLUS 80 version for the KEMPSTON
CENTRONICS 80 COLUMN PRINTER
INTERFACE now available).

MACHINE CODE TEST TOOL (16/48K)

tutor and de-bug program. co-resides with the FULL

SCREEN EDITOR/ASSEMBLER in 48K to give a

COMPLETE MACHINE CODE DEVELOPMENT

ENVIRONMENT that is second to none. The

programmer can switch between programs within

moments

® Allows easy entry and testing of machine coded
instructions

® Pages and displays memory registers so you
actually see what's happening. displays Main and
Alternate register sets, Breakpoints can be Set,
Viewed and Nullified, HEX:-DECIMAI
conversion, STOP and return to BASIC. MOVE
a memaory block., GOTO address. Character
Generator and full supporting documentation
and lutonai

MASTER TOOLKIT (16/48K). YOUR

BASIC WILL NEVER BE THE SAME AGAIN!

This program adds a whole range of really rowerful

commands and facilites for your Spectrum

® Real time cdock and alarm with off on set and
print commands

® BLOCK MOVE. COPY. DELETE and MERGE
two lines, FIND and CHANGE character siring
RENUMBER. 10 programmable keys fup to 255
chars. each), TRACE with continuous execution
display. VARIABLL display and dump.
COMPRESS, REMKILL. and PACK 1o minimise
nrogram bytes, CHANGE € ASE upper to lower
and vice versa, KAMTOP ADDRESS and
PRINTER output for vectors: Comprehensive
manual and mstructions supplicd

Available from selected branches of
W ITSMITHE BCXCOTS el MENZNES and other

good software stockists

~SOFTWARE . . .
SIMPLY THE BEST

I you eapersence any diffculty obtaweng your copy of these prograins semd a
cheque of postal order lor £9.95 per progeam (£19.95 lor the PLUS B0 version of

FULL SCREEN EDITORIASSEMBLER)
Oxford Computer Publishing Ltd, B
4 High Street, Chalfont St. Peter, Bucks. SL9 90B
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OBOTS are great fun but they
are expensive. Those used by

British Leyland cost tens of
thousands of pounds while many
cheaper designs aimed at schools, col-
leges and the enthusiast cost anything
between £700 and £1,000. Those
prices are clearly outside the range of
the average pocket. The robot de-
scribed here aims to rectify that situ-
ation for £25 to £30; excluding the
ZX-81 and an 170 board, a small and
simple robotic arm can be construct-
ed.

Although this robot has no practi-
cal use, it serves as an excellent dem-
onstration tool or it can be built for
pleasure. The materials required,
apart from a ZX-81 and an 1/0
board, are two Acom radio control
servos, some scraps of thin plywood
or card, a suitable box and some old
Meccano, or similar, rods and
wheels.

The construction method need not
be adhered to and the robot should be
adapted to suit the individual and his
materials. First the arm is construct-
ed. The pattern of the arm — figure
one — is copied on to %.in. plywood
or thick card. The arm is cut out and
folded along the dashed lines into a
box shape. That is then taped or
glued. Once the arm is complete, two
holes are made as indicated in figure
one. The holes are made using either

Cheap arm demonstrates
robot capabilities

Stephen Crawford shows
how by using existing materi-
als and a ZX-81 you can ob-
tain an idea of how large
industrial concerns could de-
velop in the years to come

a knitting needle or a special punch-
ing tool.

The next step involves making a
platform on to which the arm and
servo motors are attached. The plat-
form — figure two — is cut from a
piece of Y.in. plywood. Two Mec-
cano brackets — figure three — are
then bolted on to the platform as
indicated in figure two. If Meccano is
unavailable, similar items can be
made from thin aluminium.

A lin. Meccano bush wheel is
placed inside the arm so that the
centre of the wheel is aligned with the
two holes in the arm. The whole arm
assembly is placed between the brack-
ets and a 14in. Meccano rod inserted
through the holes. The bush wheel is

MATERIALS
The servos — Acom AS-1 — used cost between
£12 and £15. They may be obtained from any
maodel shop which supplies Acom radio control
equipment.

Since the number of stockists is enormous,
the best way of finding a supplier of the servos
would be to consult advertisements in an ap-
propriate magazine.

The 1/0 board was obtained rom Techno-
matic Lid and cost £11.50 plus VAT,

then glued to the arm and the grub-
screw in the bush is tightened, fixing
the arm and rod together solidly —
figure four.

The next stage involves the mount-
ing of the servo. A gearwheel is fixed
on to the right end of the rod, looking
from behind. The purpose of the
wheel is to provide a large surface
area on to which a servo head may be
attached. The servo is then mounted
on to the platform. The centre of the
servo head must be aligned accurately
with the centre of the rod. To do that
the servo must be raised to the correct
height.

Small blocks of wood glued to the
platform act as supports. The servo is
attached, both to the gearwheel and
the platform, by double-sided tape. It
should be noted that the bolt securing
the servo head to the servo should be
removed, as it causes a bump which
weakens the joint — figure five.

Once the robot part has been made
the next stage is construction of a
base. That is not critical and there-
fore detailed instruction has been
omitted. Briefly, however, it can be
made from wood or from a plastic or
metal projects box. A diagram of
minimum sizes is shown in figure six.

A suitable hole is cut in the top of
the box to accommodate the servo.
Once the hole has been cut, the servo
is screwed into place. The platform

Figure 1. All sizes in millimetres.

Materials — thick card or "g,in, ply.

e
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can then be attached to the base. To
do that a servo head is either taped —
double-sided — or glued to the under-
side of the platform — figure two.

The platform should then be bal-
anced. The robot arm is fully out-
stretched and small weights are taped
on to the platform in appropriate
positions so that the platform is bal-
anced about the centre of the servo
head. The servo head attached to the
platform is then connected to the
servo on the base.

The final step involves constructing
a hook for the end of the robot arm.
That is made from a paper clip bent
into the correct shape. The completed
hook is glued to the end of the arm.
The robot is then complete and it is
ready to be connected to the com-
puter.

So that the robot may be con-
trolled, it must be linked to the com-
puter via an interface board. In the

Figure 3. Meccano part 12B (2 required).

it . oy

prototype a Technomatic [/0 board
was used. It consists of eight inputs
and eight outputs but only two out-
puts are required. Other output
boards may be used but the machine
code routine — figure nine — must be
altered as in figure nine. The servos
are connected to each line as shown in
figure seven. Once that is complete
the robot is ready to be programmed.
The radio control servos are con-
trolled by changing the input pulse
width between 1,000x5 and 2,000uS.
For simplicity there are 100 program-
mable positions, i.e., for every 10xS
the input pulse is increased the servo

will turn about one degree. The time
between each pulse is of the order of
18,000uS. Figure eight illustrates the
waveform required. The servos in the
robot are controlled by a Z-80 ma-
chine code routine which is controlled
by a Basic program. The machine
code routine can be broken into three
parts — the 18,000uS delay, the
1,00045 pulse, and the adjustable
part of the pulse, lasting 0-1,000u5.
The machine code routine and ac-
companying comments are in figure
nine,

Unless vou have an assembler the
machine code will have to be loaded
into the computer in decimal, using
the loader program — program one.
To enter the code the loader program
is entered into the computer. The
program is RUN and the decimal
values — under the column Decimal
— from figure nine are entered one at
a time, pressing NEWLINE after
each value.

Once all the values have been en-
tered, press STOP then NEWLINE.
That will terminate the loader pro-
gram which is then deleted except for
the REM statement in line one which
will have taken a different appear-
ance. Great care must be taken when
entering the machine code, as one
mistake can crash the program. If
that happens the plug must be re-
moved and the loading procedure re-
peated.

Figure 2. Pattern for platform showing position of the Meccano brackets and the servo head.
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Figure 4. Mot to scale or proporiion.
A ‘Arm
Bush wheel
\ AT LTSI /
5 Rod
-~ — A ——
LT — _& E - g -
| -——
Bracket
Section through A-B
Elevation
Figure 5. Not 1o scale or proportion. Program 1: Machine code loader
| REM EEEEEEEEEEFEEEEEEEEEEEEEEE
| EEFEEFEEEEEEEEEEEEEEEEEEEEEEEEEE
| Arm EEFEEEEEEFEEED
[ 20 FOR F = 16515 TO 40000
' / Gaar 30 PRINT I,
40 INPLUT 1
S0 PRINT |
— = al- 4 60 POKE F.1
Counter J_ Servo ﬂ:: ?l‘\{t'li"':l I!-
balance
e T

I

Lt ] | ]
Z

)
Bottom servo head E | ‘\/Duuhle-sidad tape

Figure 6. Not 1o scale or properiion.

Hole for servo

T

e

Hole for wires

Minimum dimensions

Length 150mm
Width 90mm
Height 40mm

The Basic programs controlling the
machine code can then be entered.
There are two such programs. The
first — program two — is for manual
control. In it the position of the servo
motor is entered and the computer
responds immediaiely. Program three

is for automatic control. In this case
the servo positions are stored in a
Basic array. The program is used
where repetitive movement is  re-
quired — perhaps to demonstrate a
production line robotic arm.

To operate the first, lines 20 to

1000 are entered. Lines 240 and 250
may be altered to suit the design of
the robot. They have been included in
case the robot has a limit to its move-
ment, in which case the servo could
pull the robot apart.

When the program is RUN a small
menu is displayed. It indicates what
code has to be entered for a certain
movement. A number is entered
which corresponds to a command,
e.g., entering 1 means that any move-
ment will be in the vertical axis — the
arm will move. The computer then
displays a prompt for the absolute
position. An integer between 1 and 99
is entered and the computer will move
immediately to the required position.
Entering 50 centres the servo.

The second program operates by
poking the required data into the
machine code routine from a Basic
array. Each movement requires two
pieces of data — the axis of move-
ment and the absolute position. The
first piece of information is the axis
of movement — 1= horizontal (turn-
table); 2 =vertical (arm). The abso-
lute position is an integer between 1
and 99.

F
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rupted many times cach second so
that the display may be updated. In
that case the critical timing required
may be upset,

The servo routine and programs
are not limited to the robot described.
The same servos and software may
also be used in other projects where
critical and controlled movement is
required.

The robot will not weld cars but, in
addition to being an interesting toy,
should demonstrate what industrial
robots do.

1 A T
:i T £ |‘| L | ‘I
4 } } |
i
11
7 9: Machi isting.
Program 2: Manual control. Kipre Arhiecotle.Iniing
5~ 20 FAST Munemaonic Address (£X-81)  Decimal Comments
! T D0 16515 4 Load C with 50 for 50 pulses.
30 PRINT " ENTER NUMBER LR e . s e
CORRESHONDING 10 REQUIRED LD E,50 15617 30 Load E with value for servo
- MOV I',MII;NT.. .I H \"El'.RTI( Al 16518 50 position: | =E =99,
- #TIITLgEEI{?NIM . LD HL.3144 16519 13 Load HL with 3144 for about
1 : ) 15620 72 18 00045 delay.
| 50 PRINT | 16521 12
| 80 IF I=3 THEN I,("‘,l" 16536, 1 LD A0 16522 62 Load A with 0 for compare
90 IF 1= 1 THEN POKE 16536,2 tee9s o ierEs
220 PRINT “ENTER ABSOLUTE NOP I.-:':lq;;l a #
RAGTLIGN:: DEC HI 16525 43
o CPH 16526 188
y) - AN ~ - "HEN ¥
T T 3 AND 0> DR Ol THEN IRNZ 16527 12 Jump to address 16525 if
GOTO 220 16528 252 H # A,
| 250IFI=1and Q=75 OR Q<5 THEN Pl Il'm;i.'?‘} i;i'.!
| GOTO 220 F 5 ¥ ’ " 538 i
260 POKE 16518,0 e :21;[: ‘:fw ‘.I'm,'”.i" eklress L Ro25f
:-;]::u'(‘{'} [‘_h' h-':*“ 16515 LD HL,** 16532 13 Load HL with output port address.
! E 16533 248 Change values if another output port
16534 42 havine another address is used,
LD (HLY, 16535 54 Set bt O of port high (this
Lines 5 ol . 16536 1 can be changed depending on
ines 30 and 50 have to be changed the serve being: ised)
slightly if additional steps are re- DEC E 16537 29
quired. For every one movement, the CPE 16538 187
array is increased in size by two. NOP 16339 0
| ¥
| Hence the DIM statement should also ::;:, :::j{]} ::
= A ¥l
: be increased by two. Line 40 should NOP 16542 0
, also be altered similarly+_ It should NOP 16543 0
| read 40 FOR F=1TO X STEP 2;X is JRNZ 16544 a2 Jump to address 16537 if
. increased by two for every extra o :?f:: ﬁ‘” B8
' 10 ‘]
movcmtlrnl. ‘ ; LD B.ISI 16547 6 Load B for delay C (Fig. 3).
The situation becomes clearer if the 16548 181
. program is studied. In the demonstra- NOP 16549 0
‘ tion program the data in the array NOP 16550 0
should, when RUN, make the robot :3:,; 4 ::;;.E 5:34
arm move almost fully up; rotate | jpyy 16553 12 Jump to address 16551 if
right; lower the arm; pause; raise the 16554 252 B+ A.
arm; rotate left; lower the arm and LD (HL),0 16555 54 Set output port low
' pause. That sequence will continue Bece :?::f; ?3
! until the robot is stopped by halting i ipEas T
| the program. JRNZ 16554 32 Jump to address 16517 if
- On the ZX-81 all the programs 16560 212 C# A
have to be RUN in FAST mode. The RET 16561 201 Return to Basic.
reason is that when the CDI]'IpllIIEF 310 = L1000 for Technomatic 1/O Port — 244 42
SLOW mode the program is inter- 36850 for Latch Card — 242 143
Mrs 3

Program 3: Automatic conirol.

20 FAST

30 DIM Lil6)

40 GOSUB 1000

S0 FOR F=1TO 16 STEP 2
60 POKE 16536,1(F)

T0 POKE 16518,L(F + 1)
90 LET L= USR 16515
100 NEXT F

110 GOTO 50

1000 LET Lil)y=1

1002 LET L{2)=90
1004 LET L{})=2

1005 LET Lt =1

1007 LET L{5)=1
1008 LET LiGy=10
1010 LET L(T)=1
1001 LET L{8)= 1{}
1013 LET L% =1
1014 LET L{I10}= 50
1016 LET Lilly=2
1017 LET L{12}=90
1019 LET L{13}=1
1020 LET L{l4)= 10
1022 LET L{15)=1
1023 LET Ll6)=10
G000 RETURMN
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Figure 7. Figure 8.
Connections to the servos
Red lead : + 5V
Black lead : OV
White lead : input
Qutput 0 @ & Input ) b P o
5V g & A — 18000uS — addresses 16519 16536
L . 1o To-asme 1 B — 0.100045  addresses 16537 16546
c 1000:5 — addresses 16547 16556
o @ I' [ ¢ OV Input pulse to the servo
Output 1 @ @ [Input
L—. 5V
g To serva 2 Ov = == a= ==
M A —- - C
ov
Figure 10.
The plugs were connected to the wires
A piece of experimental/Veroboard with pins using Veropins stuck in an experimentor
connected board. Veroboard could also be used if the
pins were soldered in. Pins were used
because the spacing matched the plug.
Wires coming from
lug to /O board
B ] Pins on to which the plug fits
0 oo o
J

W
QO
00‘3‘00 e Red { + 5V) lead
(8]
SH Black (OV lead)
White (input lead)
© o
Drawing of servo plug — not to scale
o o
o) (c]
Q o
Q
© Technomatic I/O board

(8] o
Q o]

[To white lead of servo 1)

0

'.....l*

®— {To black lead of servo 1)

'S {Ta red lead of servo 1)

{To white lead of servo 2)

(To black lead of servo 2)

(To red lead of servo 2)

Q\......’

Connection from I/0 board to servos
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Compuser Limited

a name you can trust

27 Vulcan Way, New Addington,
Croydon, Surrey CR9 0BG

POST YOUR ORDER TODAY

=¥ >
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frees u‘:‘¢ e
-

Sure! More than 10 tasks
simultaneously and, in some
cases, up to 300 times faster!
That's what replacing the basic
ROM with the new FORTH does
forthe ZX81 — and more!

The brains behind the
breakthrough belong to David
Husband, and he's building

of it. Already orders are flooding

G
e e

‘Rummorethn  \

tentasks oma
ZXS-FORIH RO

Skywave Software on the strength

/)
7

The Zx81-FORTH ROM gives
you a normal keyboard with a 64
character buffer and repeat, it
supports the 16k, 32k, 64k RAM
packs, itis fig-FORTH compatible
and it supports the ZX printer

The price, too, is almaost
unbelievable. As a “'fit it yourself
Eprom™, complete with manual,
IUs just £25+ VAT
Add £2 p&p UK (£5 Europe, £10

outside Europe) and send your
order to the address below

inand it's easy to see why

The ZXB1-FORTH ROM gives
you a totally new system_ In
addition to multi-tasking and split
screenwindow capability, you
can also edit a program while
three or four others are executing,
| schedule taskstorun from S0~
times a second to once a year, and
with a further modification switch
between FORTH and BASIC

Skywave

SOFTWARE

David Husband
73 Curzon Road, Bournemouth,
BH1 4PW, ENGLAND
Tel: (0202) 302385
International +44 202 302385,

wheneveryou like

sinclair

EDUCATION
EXHIBITION

Organised and Promoted by Computer Marketplace
Supported by Research Ltd,

Central Hall, Westminster, London S.W. 1

Wednesday 28th March 10.00am to 6.00pm
Thursday 29th March 10.00am to 8.00pm
Friday 30th March 10.00am to 5.00pm

SINCLAIR PROIECTS  April/May 1984

The Sinclair Education Exhibition is planned to give all
teachers, lecturers and educationalists a unique
opportunity to get up to date with the latest
developments concerning Sinclair computers.

Over 50 leading suppliers as well as Sinclair themselves
will be demonstrating hardware, software, peripherals
and supplies. All under one easily accessible roof.

This is an ideal opportunity to listen to informative talks,
try out systems, watch demonstrations and collect
literature away from the interruptions of students.

Admission is by ticket only and is limited to
educationalists over 18, Every educational
establishment in the country is being mailed with
tickets, but if you would like more just write to:
Ticket Office, Computer Marketplace (Exhibitions)
Ltd., 20, Orange Street, London WC2H 7ED,
stating your reguirements.

|_ " to Computer Marketplace (Exhibitions) Ltd,
| 20 Orange Street, London WC2H 7ED

Pleasesendme_____tickets for the
Sinclair Education Exhibition

NAME
ESTABLISHMENT __

ADDRESS

POSTCODE _




HIS TIME we will look at the

interfacing of TTL and CMOS

devices, at buffers, three-state
devices and the computer databus.
Why is it necessary to mix TTL and
CMOS devices in circuttry? There are
several reasons. One of them is that
the CMOS devices load whatever they
are connected to by only a small
amount less than that for an
LSTTL device. They also consume
less power. Also there are some func-
tions available in the CMOS family
which are not available in the TTL
family.

CMOS units can also drive more
CMOS inputs than can LSTTL units
drive LSTTL inputs. CMOS devices
will function on 5 volts, like TTL., but
they will work satisfactorily up 1o 15
volts. Thus we might make an address
decoder circuit from CMOS devices
to minimise the loading effect on the
computer bus and then interface it to
LSTTL devices lor the rest of the
circuit.,

Table one shows the input and out-
put voltage characteristics of CMOS
and LSTTL devices. They are typical
values for the devices and so in prac-
tice some variation from the figures is
to be expected. Let us consider the
case of interfacing a CMOS device to
an LSTTL input. The following con-

Figure Th, Using 4050 as a level changer.

+ 10V

ditions must be met:
i Vop for CMOS must exceed
Vi for TTL
i Vo for CMOS must be less
than Vy for TTL
iii  The CMOS gate must be capa-
ble of handling the current
needed by the TTL gate to
switch correctly.
It is only in the last instance that we

Reducing power demand by
mixing TTL and CMOS

Joe Pritchard continues his series on electronic theory, looking at interfacing different
types of devices, buffers and other interesting areas

fan-out 1o LSTTL of 1 at best. To
produce a successful interfacing of
signals, we employ a logic device
known as a buffer. The usual device
is the 4050, a CMOS buffer with the
ability to supply the current needed.

The typical methods of use for the
device are shown in figure one. Figure
la shows the most common arrange-
ment, with the power supply voltages

Figure la.

\ + 5BV
1
— 9 10
TTL output
8| 1/6 4050
CMOS
4 ov

need to take care. The TTL input
needs about 0.3mA when a low input
is applied and the CMOS output is
not capable of providing that current.
The device may be able to provide the
current but it is not guaranieed and so
we do not want to rely on it.

The CMOS gate has, therefore, a

-0
+ 5V
1
9 10
TTL output
1/6 4050
CMOS 8 6 405
ov
—)

for the TTL and CMOS parts of the
circuit being at the same level.

That need not be the case and in
situations where the CMOS supply is
higher than the TTL supply, the cir-
cuit configuration of figure Ib is
used.

In most logic devices, applying a |
signal with a value in volts of more
than the supply rail will damage the
device. That is not so with the 4050.
In that application, we say that the
4050 is involved in a level conversion
role — i.e., translating a voltage re-
presenting a logic 1 in one system into
a voltage representing a 1 in another
system. When used as a CMOS5-to-
TTL converter, the buffer can pro-
vide sufficient current for (wo
LSTTL gates. The pin-out for the
device is shown in figure two,

In the reverse situation, where we
wish to interface a TTL output to a

44
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Table 1. Characteristics at 5V power supply.

MName | Description CMOs TTL
Itypicall | (typical]
Vau | Output high 5V 3.4v
valtage
Voo | Outputlow | 0.01V 0.5v
voltage
Vin Voltage for 3.5V 2v
high input
Vi Voltage for 1.5V 0.8v
low input

CMOS input, the situation is easier.
We have no current considerations,
due 1o the very low requirements of
the CMOS devices. So all we have to
consider are the voltage levels. When
high, an LSTTL output is guaranteed
to deliver about 2.4 volts. The mini-
mum voltage a CMOS gate will recog-
nise as a high input is between 3 and 4
volts.

They are the worst possible cases
but we must design our circuits with

as having the ability to buffer a cir-
cuit, they also perform a logical in-

vert function. They are called
inverting buffers.
Some typical buffers are the

T4L.S16 and the 74L.517 devices. The
16 device is a hex inverting buffer and
the 17 is a non-inverting device. The
4049 is a CMOS hex inverting buffer.
As well as providing an interfacing
function, we can use a TTL buffer to
increase the fan-out of other LSTTL
devices, e.g., feeding a standard TTL
buffer from an LSTTL output and
then taking the buffer output to other
LSTTL devices.

A final use of buffers is in the field
of protetting delicate chips from hu-
man beings. If we are using an ad-
vanced chip such as a parallel input/
output device, known commonly as a
PIO, then in experimental work or in
education it is a good idea to input
signals 1o the P1O only through buft-

Figure 3. TTL-10-CMOS interface,
+ 5V
22K
CMOS
CMOS gate
TTL
ov

them in mind. The answer is to use a
simple resistor as a pull-up com-
ponent. Its function is to ensure that
whenever the TTL output goes high,
the CMOS input always sees a mini-
mum of 3.5 volts. That is shown in
figure three. Obviously the resistor
should be of a value so that when the
I'TL output is low, the CMOS input
is low as well.

We have already seen the use of a
buffer device in increasing the current
availability from a logic device. Also
we used a 7404 device in part one of
the series to help us drive a LED. We
could easily have used a buffer, Buff-
ers can be obtained in which, as well

ers. In that way, il a high voltage was
applied accidentally the buffers
would be damaged and not the more
expensive P10,

All the buflfers we have mentioned
so far and which have belonged to the
TTL family have had what are known
as totem pole outputs. That rather
graphic description refers 1o the inter-
nal design of the chips. There are
some buffers which have a different
type of internal circuitry at their out-
puts, while still being members of the
I'TL family.

Those devices are said to have open
collector ouwputs. The main differ-
ence so far as we are concerned is the

Table 2. Control of L5245,

[y C_E___ -bIH Ope_ratiun
0 0 0+o0l
0 1 lto O
1 0 float
1 1 fioat

current and voltage ratings of the two
output types. The open collector out-
puts are capable of handling more
current, typically up to 40mA. The
7407 and the 7406 are open collector
driver devices; the phrase driver is
used rather than a buffer because
those devices can handle more cur-
rent. Applications are shown in figure
four.

The 7406 device has an inverting
function and the 7407 a non-inverting
function. In both cases, current flows
through the load and into the TTL
output when the output is low,

It is not only buffers which are
available with the open collector out-
puts; other logic devices have them as
well., A typical example is the 7401,
which is the open collector equivalent
of the 7400 device. An interesting
side-effect of the open collector de-
vice is that it enables you to construct
some logic functions without using
logic gates. An example is the wired
AND gate shown in figure five and its
practical form in figure six. The to-
tem pole output devices make this
practice unwise but it is easily and
safely implemented on the open col-
lector devices.

Readers wanting an explanation

Figure 2. Pin-out for 4050,

VDD 14—
2 -

— 15

b 141

f—12

i

il

D\—! '-f_?:

7
o0 BT

Mo conmection [o pins 16 and 13
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are advised to seck a reference book
on the subject, as 1o explain it here
would involve a rather detailed exam-
ination of the internal design of the
TTL lamily of devices. Suffice to say
that the *wired AND' function is just
one ol a series ol wired logic func-
tions which can be formed in this way
from open collector devices. That is
obviously important in the design of
commercial logic devices but is not so
relevant for the home designer, for
whom the extra expense is usually not
too great.

We now discuss a group of devices
which are extremely important in the
design of devices to fit on to the
computer databus. They are the
three-state buffers, also known as tri-
state buffers. A three-state device has
three output states. | know that one
of the first things we learned about
logic devices was that there are two
logic states, 1 and 0. Well, the three-
state devices have those two states
and a third state, known coloquially
as the “*float’ state.

In that condition, the output is said
to present a high impedance to any
device connected to it. When float-
ing, the output has no effect on a
device connected to it. It is as if we
had a switch by which we could dis-
connect the output of the three-state
device from the input ol the next
device. When the output is floating,
the three-state device is said to be
disabled. When we allow the output
to assume a 1 or 0 logic value, we say
that the device is enabled.

Control over whether a device is

Figure 5. Wired AND.
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three-state buffer. Let us examine a
few practical three-state buffers in the
TTL family. The simplest is probably
the 74L.S125, which is a quad tri-state
buffer. The pin-out for the device is
shown in hgure eight. The circle on
the enable line indicates that it is an
active low line, i.e., the line is taken
to a logic 0 to enable the gates. The
T4L.5126 is identical except for the
small difference that the enable line is
taken high to enable the gates.

In each ol those devices, there is an
individual enable line for each gate in
the package. That is not usually the
case, as often there are up to eight
gates in the package. So the enable
lines are said 1o be commoned, in that
several gates are controlled by one
enable line. An example is the
7415244 device which has eight bulf-
ers controlled as two blocks ol four
gates. Figure nine shows an appli-
cation for this device. When the con-
trol signal is low, the data on the eight
lines from the external logic is made
available for the databus of the com-
puter. The control signal could be
generated by the computer. When the
signal goes high again, it is as if the

have been uni-directional — in a cer-
tain circuit the device has to be re-
wired to allow a signal to go in the
other direction. It would be very use-
ful if devices existed which would
allow signals to flow in both direc-
tions depending on the state of a
control signal to the device.

Such a chip exists, the L5245 Itisa
TTL device and allows two-way or bi-
directional data flow depending on
the state of one of its pins. The pin-
oul for the device is shown in figure
10. The CE terminal of the chip is the
enable line. That is an active low line,
as indicated by the bar over the label,
and is taken low to enable the buff-
ers. The DIR pin is the pin which

Figure 6. Open collector outpul wired AND,
+5V

2.2K
oV

controls the direction of data flow
through the buflfers.

Table two shows how combina-
tions of those two pins control the
bulfers. Here, all eight buffers are
controlled by the lines simultaneous-
ly. Obviously, the device will allow
two-way communication between the

enabled or disabled is done via a pin  [L.S244 were not connected to the data lines connected to it. I we en-
on the device. Figure seven shows the  databus of the compuler. abled the chip and then took DIR to a
circuit symbol for a non-inverting All the buffer chips considered logic low, data would flow from the B
Figure 4a. Inverting buffer. ] Figure 4b. Non inverting buffer.
+ BV 5-30V + By -——-—--_| 5,30V
Load Load
7 7
2
TTLin ! I\>r; I |\\-._
lq L7, 2
14 14
1/6 74086
1/4 7407
ov & ov L ov
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Figure 8. L5125 pin-out.
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lines to the A lines. The lines connect-
ed to B are said to be transmitting
data and the A lines are said to be
receiving data. If we took the DIR
line high, the situation would be re-
versed. As eight lines are involved,
the device is often described as an
octal bus transceiver.

Other three-state devices include
the LS367 and the 81L.897. The latter
unit is a member of a family of
devices designed originally for use
with the 8080 microprocessor but is
useful in other applications. None of
the devices mentioned so far has been
latched. The idea will be discussed in
detail next time but the basic concepts
are that the devices so far examined
have, when enabled, re-created at
their outputs the data which was at
their inputs at that moment.

A latched device can remember
data which has been put there by a
circuit until it is read. Even after it
has been read, the latch can still hold
the data until it is told to forget the
data.

The last operation is called re-set-
ting the latch. Thus the latched buff-
ers are handy devices. In a previous
article, in the June-July issue of Sin-
clair Projects, 1 discussed the 8212
latch in some detail. As we have
mentioned the computer bus in pass-
ing this time, let us look at it in more
detail.

In a computer, the various com-

ponents which make up the device are
linked by wires or tracks on printed
circuit boards. Some lines, as the
wires are called, carry information
about the present state of the com-
puter and they are called control sig-
nals, as they control interactions
between the microprocessor at the
heart of the computer and the other
devices in the circuit.

Those lines constitute the control
bus. Other lines carry information
relating to what the computer should
do next and on what numbers the
computer should next operate. The
lines are the databus.

A further set of lines tells the com-
puter where it can find its next in-
struction or data item. That is the
address bus of the computer. The
address bus and control bus are

Figure 7. Tristate buffer with active low
enable.

usually  uni-directional, although
some control lines will be bi-direc-
tional. The data bus is bi-directional
as it must carry data to and from the
MICrOProcessor.

All of those lines carry logic signals
and have a fan-out like any other
logic device. With regard to the ad-
dress and control buses, buffering is
not usually needed so long as only a
few extra LSTTL or CMOS loads are
placed on the address lines.

With several devices, buffering be-

comes necessary and could be done
with some of the devices already seen.
Buffering between devices added and
the databus should be considered to
be essential, so that when the device is
not in use it does not interfere with
the databus in any way. You can
imagine the confusion which would
confront the microprocessor if two
unbuffered devices tried to send sig-
nals to it at the same time, the situ-
ation which would occur if the
devices were not isolated from the bus
by the three-state buffers. Circuits
which send data to the databus or
devices which receive signals from the
bus may be isolated by the use of uni-
directional three-state’ buffers but de-
vices which are expected to send and
receive information would need bi-
directional devices.

Memory chips, such as those which
make up the RAM of Sinclair micros,
often have three-state buffers built
into them so that they can interface
directly to the databus.

The concept of the bus will be
explored further in a future part of
the series. Next time, we will examine
the second major group of logic de-
vices — sequential logic circuits. They
are the circuits whose logical behav-
iour depends to a certain extent on
signals applied previously.

With regard to practical experi-
ments, this time a few words on using
CMOS devices might be in order. Due
to their construction, CMOS devices
need protecting from static electric-
ity, which can damage them serious-
ly. Although protection is often built-
in, a little care will make life easier

Figure 9. L5244 application.
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for both you and the chip. The de-

vices are usually protected up to

about 4,000 volts and a static dis-
charge of below that should not both-
er them. As you can generally develop

a voltage on your fingers of up to

10,000 volts by walking across a ny-

lon carpet, care is still needed. So

here are a few points to note when
using CMOS devices:

® Never solder to them directly —
always use sockets. That also
makes fault-finding easier,

® Most CMOS devices are delivered
to the user with their pins either
short-circuited with conductive
foam or with the pins stuck into
metal foil. Never remove the chip
from that protection until you are
ready to use it in the circuit.

@ When breadboarding circuits, in-
sert the chip last. Never insert or
remove a chip from a powered-up
circuit,

® Try not to touch the legs of a
CMOS device. When handling, try
not to wear nylon clothing,

® Before handling, try to discharge
any charge on you by touching a
cold water tap or pipe.

They may seem extreme precau-
tions but they are the ones | employ
and I have not lost a CMOS chip vet,

The construction method of the
CMOS family makes their inputs very
susceptible to electrical noise if they
are left unconnected. With TTL de-

vices, unconnected inputs assume a
logical value of 1. That is not the case
with CMOS gates and it is necessary
to tie all unused inputs to either logic
I or logic 0, depending on the logic
function you are trying to achieve in
the circuit.

Figure 1. Pin-out of 15245,
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Project buyers’ guide

HERE IS a list of suppliers for difficult-to-obtain items which have

been used in projects.

Edge connectors 23-way for ZX-81 and
28-way for Spectrum.
Innovonics

add-ons.

23-way for ZX-81

Extender cards for fitting to rear of edge connector to allow stacking

ZXTONGUE

28-way for Spectrum — SPECTONGUE
Innovonics

PCB mounting 3.5mm. jack sockets as used in the Central Heating

Controller project.
MS Components Ltd

London SE27.

MS Components Lid, Zephyr House, Waring Street, West Norwood,

Tel: 01-670 4466.

Innovonics, 147 Upland Road, East Dulwich, London SE22.

UPDATE

Errors

December 1983/ January 1984

Update, page 14. Waveforms: “lower Q should be Q7.
Sound Generator, page 17, figure 3: ““CI should be 330pI,
Digital logic, page 24, figure 20: ““The NOT gate should be in the other

input to AND gate E”’.

Prowler, page 27, figure 1: ““The connection from

R4 1o [C2 goes to pin I,

MR™’; page 30, figure 7: “*pin 15 is R/W*.

Battery support, page 43 circuit layout:
R3".

““Connection A is by the top end of

Readers’ Tips — Four-button key-
pad, pl13. The right-hand side of the
figure showing the connections to the
ZX-81 PCB should be as below:

Edge of casa




COMPUTING
BOOK FOR
BEGINNERS

PLUS 2 complete practical glossar y of terms

If you only buy ONE
computing book

THISIS
CLASSIC!

An entertaining, but thorough reference source
with the most readable, comprehensive glossary
you'll find anywhere. The Good Computing Book
for Beginners is an essential A-Z of all the facts you
need to know about computing — and none you
don't!

ed

Whether you're brand new to computing, or an old
hand keen to stay ahead, you'll score by keeping this
classic, top-selling book within reach to use again and

again.

The author, Dennis Jarrett, is a successful journalist
who was also founder editor of Which Computer?
magazine — so his first edition quickly became a
standard work. Now this new, substantially
enlarged and revised edition covers the latest
trends, terms and technology with the relevant facts
— and ONLY the relevant facts — in plain English.

Here's another fact you'll find fascinating: it will only
cost you £2.95!

Use the coupon below to get your copy right away
— or buy it soon from your bookshop. It's the one
book you'll turn to again and again.
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Joystick and Light pen
Interface The LIGHT PEN enables you to
for Sinclair Spectrum with these produce high resolution
features to give you endless hours drawings on your own TV
of enjoyment. screen simply by plugging into
1. Super positive response fire the ear socket of your

button. Spectrum. The controlling
2, ::::n ;uc;lon cuss for stable software supplied with the
and operation.
3. Snug fit hand moulded grip. fight pen has 16 pre-defined
4. Additional fire button. instructions. You can change
5. Extra long 4 ft lead. colour (Border, Paper, lnkll.
draw circles, arcs, boxes, lines
The Interface supplied with the . : Y
Quick Shot () has a two joysticks and insert text onto the screen
facility. at any chosen place, you can
The first port simulates 6789 & 0 also draw freehand. There is a
ke 1!/: The second port simulates in feature to retain the screens
SD t:vﬂ;p:"a"d It will run any and animate. On the 48K
. Spectrum you can retain 5
1.
2. ﬂmgn; fg;l?m?am.e :.-.aynd Y screens. You can also use the
function. machine code on its own in
3. Using in (31) i.e. Kempstan. your own programs, for
" :ﬂri‘ﬂ““a"’ you wrise selecting out of a menu etc.

—

| been designed to take a ZX81

. the case (81 model only).
| | The case Is also large
{ enough for other add-ons

The LIGHT PEN is supplied

with a control interface, to
adjust the sensitivity/pen
alignment.
£19.95
. . . i r y
Keyboard for
use with a Spectrum
or ZX81 y
Our cased keyboard has 52 4
keys, 12 of which form a _
numeric pad. The 12 keys sPeCtra'
comprise 1-9 numeric plus full so und
stop and shift keys, all in red, to
dl:lgngulsh from ¥he main ‘;he :n—cai:cd i;:;'eaker Inbyour
ectrum Is really on a 'buzzer'.
; keyb?hrflfey’ Wh:':h el iTh ith the DK Tronics - SPECTRA
?;-:yﬁl i 2 by ok SOUND" you can generate fully
ack case to form a very amplified sound through the
attractive unit. The case has speaker on your TV set. SPECTRA

SOUND is a very simple but

or Spectrum computer. 16K, WIAT-SICS highly effective add-on. This
32K or 64K can aiso be fitted means that you no longer have a

to the motherboard inside faint beep but a highly amplified
- x sound, which can be adjusted
with the TV volume control.

The SPECTRA SOUND fits |
| compactly and neatly inside the
Lki‘-; I:tht:dpowgwelr:gmppa vg‘_’;ﬂ Spectrum case and Is connected
i e by three small crocodile clips.
;' smart self-contained d i
i unit with which other

|J.

" Qur ZX Professional
. . keyboard offers more /
keys and features than, f

N s

d-ons e.g. printer
c. can still be used.

/ /
ther model Iin it i |
:rinyuorangemmakl g /s/ f [ l
it the best val
e = value 1_/ / l

] 0 R S W S : x : g
DK Troniles Lid.. Unit 6, Shire HIll Industrial Estate,
Saffron Walden, Essex CB11 3AQ.
Telephone: (0799] 26350 (24 hrs) 5 lines



