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CPU 8080 Y Limrose's MICROTUTOR MPT 8080 has been chosen
by the British Post Office, and many other large
FH H e companies in U.K. and overseas, to train their
o F F onn| engineers in this new and exacting technology .
Lyl The MICROTUTOR MPT 8080 comes ready to use.
— = Nothing else to buy or debug. It's front panel has all

you need to understand how the industry -standard
8080 microprocessor works. And... you can expand

it later to use as a 'Development System'.

It's inexpensive, it's versatile and comprehensive.
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It has a full range of expansion modules, such as
expansion motherboard, RAM, ROM, Teletype and
VDU interfaces, Cassette Interface, EPROM and
PROM Programmers, and even an inexpensive

EPROM erasure.
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Buffered Data and Address Buses
Advanced "Real-time" monitor
Expandable with plug-in cards
Comprehensive Instruction Book

And, of course, the MICROTUTOR MPT 8080 is
supplied with a comprehensive Instruction Book .
By following the Instruction Book, most persons
with limited technical knowledge can rapidly learn
how microprocessors work .
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Publisher’s Letter )

(SP SIRTON PRODUCTS
Dear Reader,

We receive a few Ietters every day from readers We specialise in the S.100 Bus System with 8080 or Z.80 CPU’s.
5 . a Board Kits
telling us why they like PCW. One of our readers said 2 Gl Wl 0 o st comlote
that the best thing about us is that we do not have . geith sockets etc. - £106.75
o SN S ESseme s, il '
H H B /S d — built & tested £121.55
| hope he is not going to be shocked too much e e oot 908 with Iegel
when he learns that it is not a deliberate policy on our i E"?géamﬁ' B it Ak £118.50
part but more the result of difficulties any new o e 4 edge connortors £49.95
magazine not linked to a big publisher experiences at Keyboard — now in stock
its initial stages. A credibility gap has to be bridged, Keybaard ASR33 style, in kit form, having ASCH 7 Bit output, with
. . . E case ;.
and this we are well on the way to doing: convincing {Available ready built to special order only)
shops, manufacturers, dealers and agencies that ~ Coming Soon

.

their money is well spent. 1/0 Board Four 8 Bit Parallel and One Serial Port

Our advertisers are happy with PCW as a medium:; « Vidoo Imtortate Board with 1K RAM TEA
readers can help to further convince them by Hardware
mentioning PCW when writing or phoning about S.100 edge connectors gold plated solder tail £5.45
products or services. Transformer Pri 110/240 V; sec. 8 V @ 10 Amp &

OUI’ own eXhibition! Elsewhere in thiS iSSUG are é?i;/gé:;e@ctsi;rcv?th integral bracket rating 18 Amp Eggg

some more details. Ours is being billed as the
exhibition with the difference, and with good reason.
We have found an ideal associate to help us organise

Integrated Circuits

| Due to recent price reductions from the semiconductor manufacturers
we can now offer the following prices:

. a R 8080A CPU Chip 2 4 Se £9.75
the exhibition — Interbuild Exhibitions Ltd, an 21,02 RAM 1Kx1 Bit Low Power 450 n Sec £1.50
HR Y = = g 4 21L02 RAM 1Kx1 Bit L P 250 n S £1.95
exhibition organiser which agrees entirely with our IO Tt B e Pt Sl
aims. Since 1895, they have staged trade and similar 1702 EPROM 256 x 8 Bit Few Only £6.50
LS J Ora 8212 1/0 PORT 8 Bit £3.10
exhibitions all over the world. Interbuild Exhibitions A . ats of ,
d . o Of the And Mont ome GI'OU the sk also for our Lists of 74, 74LS, TTL and CMOS IC’s.
Lt ., 1s pa . . ry g . ry . P, * Items thus marked also avajlable ready built and tested at £20 extra.
most experienced exhibition organisers in the U.K.
The combination of PCW reader enthusiasm and Please add 8% VAT.
H H A thiti NEW PRODUCTS BEING ADDED TO OUR RANGE EACH MONTH
their expertise promises an exhibition to remember. WRITE OR "PHONE FOR LATEST LISTS, PRICES AND DISCOUNTS.
Now to an apology. The last issue was late, but as
this issue shows we are back on schedule, having e Post & Packing: Kis:
organlsed ourselves to switch over to belng monthly- 13 Warwick Road, Coulsdon, Surrey CR3 T(r)gnps(fa;:(rlv:ér: £1.00.
2EF. Hardware and IC's:
Tel: 01-660 5617 (day and evening). 30p per order.
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Editorial Page

A Letter to the editor
Any tendency to complacency and self congratulation |
might have had after the success of PCW was quickly
righted when | received the following letter from a reader,
Derek J. Chown. It has been edited. He writes, "I
wonder if any of your readers feel the same as | do about
the term ‘personal computer’? At first | couldn’t think why
the term should offend me . . . it seems to preclude the
use of the machine by anyone but its owner... a
‘personal computer’ permanently displayed for all to see.
Ah, that’sit, *'. . . for all to see’’. It’s the same old human
weakness being exploited by the manufacturers just as it is
with cars and T.V. sets and kitchen appliances and hi-fi.
With computers, which are already established outside our
homes, it is necessary to emphasise ‘personal’ in order to
keep ahead of the Joneses. With a mere ‘home’ computer,
it is doubtful whether this could be achieved. ‘Personal’
helps us overlook the fact that it is a ‘little brother’, or
rather ‘microbrother’ to scientific and commercial
machines. Or am | just too British?”’

Of course | do not agree with this viewpoint, but then |
do have a vested interest: our magazine. All the same,
Derek Chown has said something worth thinking about.

Mr. Huge advises me

| was having a quiet conversation with Mr Small when Mr
Huge strode into the office — impeccably dressed, as
affable as a nightclub commissionaire. His eyes twinkled
with good humour until he sat down, opened his attaché
case, and talked business. The gist of this one-way
conversation was that our readers were sheep; we weren't
doing enough to clip the wool off their backs. Then he
turned nautical and said that if we didn’t trim our sails
others with greater resources would come sailing in and
blow us out of the water; if we didn't want to sink, he
should take the helm.

| noticed that Mr. Huge, imposing though he was,
avoided looking Mr. Small straight in the eye.

Finally, taking my attention for agreement, a look of
patronising boredom spread over his face. He was certain
he had won his point, so | was no longer of interest. He
immediately fell asleep and the room was filled with his
self-important snores.

Mr Small now spoke for the first time. He said just one
word, "'Poppycock!”’

Competition Result

The NASCOM 1 has been won by Kenneth F. Horton of
50, Lymefield Drive, Worsley, Manchester. The subject of
his article was, ‘'Frequency Measurement with the 6800."
A Sinclair Programmable has been won by David Francis
of 11 Croft Crescent, Yarpole, nr. Leominster,
Herefordshire, with  his entry, "Getting  into
Neighbourhood Consultancy’”. The other Sinclair
Programmable was won by Mr. W. Mclvor of 2 George
St., Accrington, Lancs. His entry was, ' A Byte Orientated
Hex Keyboard’’. The names and addresses of the winners
of the September 1977 isue of Scientific American will be
published next month.

New Contributors
Andrew M. Stephenson is a full time writer specialising in
science fiction of a technological nature. His latest novel,
Nightwatch, is published by Futura as an Orbit book . . .
Once David Goadby gets on the telephone to his friends
they get chained to the line. He's a practical wizard . . .
Mark O’Connor works at Chelsea College library, plays
guitar (claims he’s improving) and says he’s paranoid
about computers . . . Cliff Clark is a Member of the
Institute of Science Technology, but he says, “don’t go in
for judging by letters behind a name . . . go more for, if
you switch it on does it work?"’

Bob Waller is an expert’s expert, a consultant at CAP
Microsoft. He is very tall, with a sense of humour to
match . . . Mark Colton is just seventeen, a pupil at

Oundle . . . Stephen Holden has his own small software
house, Small Machine Software. He writes engaging
letters and has an empathy with the beginner . ..
Margaret Berg is a software programming consultant with
Wilcox Computers of Wrexham. Her 8080 Detug routine is
a subset of one that has been in use for over a year.

Linda Grand tells us a little something about herself in
her article ... F. Heathman is a computer engineer
working for a big computer manufacturer. His interests are
in minimal hardware circuitry, and robot hardware . . .
Ken Wheeler at first wasn’t sure if he would stay in
England or go back to California; he’s stayed, and we get
his owner’s report . . . Dr David Hand's article on pattern
recognition is written by a man of wide interests.

Finally, to Sheridan Williams. Our cover is an
imaginative illustration for his article on faster Basic
programming. It is entirely apt that he is a keen amateur
astronomer and has built his own 8} Newtonian reflecting
telescope. Twenty nine years old, he is a lecturer at Barnet
College, London.

Advertisers

It pays to advertise in PCW.

* It's the magazine people want to keep.

% A highly intelligent and articulate readership
with purchasing power to match.

% Unique in Europe, from the quality of its
content to its widespread distribution: on sale
to the public at all good newsagents.

% On sale at specialist shops.

% Available at over thirty prestigious hotels.

% Estimated sales of No. 1 — 25,000.

% Over 3,000 subscriptions.

It pays to advertise in PCW.

Contact the Advertising Department at 62A
Westbourne Grove, London W2.

OR 'phone 01-727 8758.

Subscriptions

Having difficulty in ensuring your copy of
PCW?

You can make sure of getting your copy by
taking out a subscription. Rates (for twelve
issues):

UK — £8

USA — $20

The Continent and elsewhere — £9.80
Subscriptions payable to Intra Press, 62A
Westbourne Grove, London, W2.

Back numbers: Available to callers at the above
address (newsagents, ground floor) or by post
. for 65p. Also available to personal callers: Byte
magazine (£2.00).
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Letters

Dear Sir, ;

| am 15 years old and am very interested in the subject of
computer programming. We have a terminal in school
which we can log onto either the H.P.2000F or the Systime
5000. | am not doing computer studies but | use it as much
as | can (during lunch and after school).

| would like to make programming my career. If you
have any advice on how | could go about this | would be
very grateful.

Among the subjects | am taking for ‘O’ levels are:
Mathematics, Physics, Chemistry, English.

I have enjoyed reading your first edition of Personal
Computer World. Carry on the good work.

Jeffry Kallenbach

78 Cariton Mansions,
Randolph Avenue,
London WS INS

PCW We invite the submission of articles which can
comprehensively, in not more than 1,000 words, answer
Jeffrey’s enquiry. PCW

Interaction with a big |I.

You asked for interaction, well here it is, but please bear in

mind that | am a computer support Engineer so | obviously

know more about hard and software than most. (Letter

refers to Vol. 1, No. 1).

1. The Searcher/Minmon — good with tapes, either

cassette or paper, for the monitor.

Editorial — very good.

Who's Who — good idea but the info should be with

the article.

77 — 68 — good but at this level very limited.

How not to crumb up your breadboard — Bad, Bad,

Bad, Ordinary Solder must NEVER be used on

electronic circuits, to do so is asking for trouble.

Standard TTL only requires + 5V so why a double

P.S.U. Remaking bad solder joints the way

described works if it was due to a cold iron but it will

not help dirty joint at all (of course you cleaned and
tinned your components before using them — didn’t
you?) Integrated circuits are not necessarily highly
sensitive devices; military spec devices and
radiation-hardened types can work in environments

that will kil men, what are sensitive are M.0.S.

1.C’s, since most M.P.U.’s (but not all) are M.O.S.

Care should be taken, circuits like PIOs and RAMs

also tend to be M.0O.S. so beware.

6. NASCOM — Good; | may well buy one.

7 A Computer That Means Business — this seems to
me to be pure advertising — what’s it doing in
Personal Computer World?

8. The Gingerbread Man’s Computer — |If you must
have business machines in, this approach is much

EE AN

better.

9 Flow charts and Pontoon — good but basic.

10. Missionary job — great but where can | get a cheap
Selectric?

11 It's a pity the chart in John Coll’s article was split up-
12. Modelling — looks good, but I've not read it properly
yet.

In conclusion very well put together with few glaring
errors, well balanced but aimed a little bit low for me; but
worth having if only to keep in touch with amateur
computing.

A.J. Dickinson

295 Stretford Road,
Urmnston,
Manchester.
M313AG

CASBA
You ask for interaction from readers and | make the
following comments; The spread of articles appears good

— catering for the novice through, apparently, the real
expert. However, in order that novices such as me can
begin to understand articles aimed at the expert, could you
not give a mini review at the beginning of each article
indicating what experience, knowledge etc. is required to
appreciate the article.

The idea of CASBA is excellent — please note me as a
person interested. | am a Chartered Accountant with a
particular interest in business systems and becoming
increasingly involved with computer  manufac-
turers/systems houses etc trying to sell small systems. My
experience indicates that there is a need for a CASBA type
organisation. Particular areas where it could be of
assistance is in making computers understandable to the
small business community and perhaps encouraging
suppliers to bring prices down to those acceptable to the
small business community .

N. Horder,
15 Stokes Road,
Winchester, Hants.

Our readers have a proprietary interest in their
magazine:

Congratulations (belated) on your very informative first
issue. Writing as a senior programmer with no electronics
knowledge, | found the level about right. There is a natural
tendency for technicians to assume technical knowledge
and software people to assume programming experience
in writing articles. You seem to have successfully stamped
on this.

Suggestions for future issues — an article on power
supplies {(why, what and how) and a bit on the history and
development of BASIC.

Now to a niggle. | assume the inset to ''Past Procession”’
(Vol. 1, No. 1) was written without reference to Randell’s
collection of essays recommended by Kewney. From this
book, | noted that the first mechanical calculator was
produced by Hr. Schickard of Tibingen, that Hollerith
produced a punched card system for the Baltimore
Mortality Statistics in 1887, Zuse and Schreyer predated
IBM and Harvard by 3 years {(and the code-breakers at
Bietchiey may have been earlier than that) and that
Williams and Kilburn in Manchester produced a stored-
program computer in 1948. Torres’ electro-mechanical
calculator of 1920 (with input/output by ‘modified
typewriter!) is also worth a mention. Perhaps not all these
dates are significant in the development of computers, but
then Pascal’s calculator is as irrelevant as Schickard’s in
comparison with Thomas’ Arithmometer of 1820, which
gained wide acceptance. | do not have the book in front of
me, but | believe my notes are accurate.

Some significant developments you missed were LEO in
1951 (first business computer) and Atlas (first with a lot of
things).

May | also plead for a future panel on software
developments — not so dramatic, but nonetheless
important.

As | say, it was only a niggle about what was just an
appendix, in effect, and | think the magazine as a whole is
marvellous.

Frank Little

47 Christopher Road
Ynysforgan
SWANSEA
SA66QR

PCW Niggle away. It's good for us all. PCW

Phenomenal Computing

| would like to appeal, through your pages, to any reader
who might be interested in a special project, but first a few
words to put the context. Some of your readers may know
of my small journal, FORTEAN TIMES, and the recent
book | co-authored with John Michell, PHENOMENA. The
subjects of both are the many accounts of varieties of



strange phenomena, from UFOs to falls of frogs, from
haunted houses to vanishing people, from enigmatic
archaeological objects to series of mystery fires, etc (full
prospectus on request). Despite the ‘cranky’ nature of our
material, our interest is genuinely scientific, and our
biggest problem is in handling the sheer volume of data.
The late Charles Fort, from whom we take our name and
direction, spent most of his life in libraries extracting
material from scientific journals and newspapers from all
over the world, and within his set limits of 1800-1931 AD
came up with about 40,000 separate datums. From my
own researches | know there are many he missed, and our
research programme involved scanning all the likely
sources before and since Fort’s period. Meanwhile FT's
small network of readers scour contemporary papers for
reports of these types of events for the pages of FT. All of
which makes for an incredible amount of data to correlate.
The real figure for separate datums may be several
millions, and added to daily!

At the present the few serious researchers engaged’ in
Fortean studies are firmly convinced from vyears of
combined experience that one of the most fruitful lines of
inquiry is the intergration of many different kinds of
information. A very limited pilot analysis of Fort’'s data,
some years back, revealed that in selected categories there
were identifiable periodicities. Similar work (primarily for
stock exchange speculators) by the American Institute for
Cycle Research, has established, eg., a 9.6 year periodicity
that links, say, lynx abundance in Canada, European
wheat prices and the U-magnetic value of our palnet’s
magnetic envelope. For our part we wish to feed in
correlates and data from as many sources as possible, and
retrieve case details in statistical, serial and similarity
combinations.

Perhaps, among vyour doubtlessly fast growing
readership, there are a few closet Forteans who would like
to combine their interest in the Unusual with their
knowledge and experience of home computing. In terms
of the applications we have in mind, it's obvious that
someone who has read Fort, or know of our modern
continuation of his pioneering work, will have less of a
communication gap and have more motivation than
anyone starting from scratch. Essentially I'd like to hear
from anyone who would be interested in advising us. We
have very limited resources, but lots of data, inventiveness
and enthusiasm. For my part I'm prepared (and interested)
in learning enough about software and hardware to play a
constructive role in what is, for us at least, an exciting and
inevitable step — our own computer and database.

Best wishes for your future success.

Robert J M Rickard
Editor

FORTEAN TIMES
c/o DTWAGE.

9-12 St Annes Court,
London W1.

PROFESSIONAL ADVICE

| have just bought a copy of ““Personal Computer World",
as we intend to buy a computer quite soon for business
use.

As we are a firm of commercial and industrial
photographers, | noted immediately the low standard of
photographs used in the magazine.

Good photography is not cheap but, in my opinion, the
interesting articles are being let down by the photographs
accompanying them. Bad photography can do nothing but
harm the sales of your new magazine whereas good
photography can do nothing but improve them.

J R Goodman
Partner

Sales Photographic
40 Preston Rd,
Brighton BN1 4QF.

HELP!

| am at present compiling {with friends) discographies
(bibliographies of gramophone records) of various types ot
music, and the obvious problem is one of the sheer volume
of paperwork, index cards etc., and the chaos caused

PERSONAL COMPUTER WORLD

when a draft is subseqguently to be updated by more
research. The flash answer to our problems would be a
ready made word processing from one of the big boys . . .
the problem is one of finance. | would be grateful for any
advice which would point me in the right direction. Is it
possible to assemble a storage system and the necessary
hardware/software to be able to compile and edit
directories of reference information from the-components
available to the amateur?

Mike Black
26 Alma Road
Carshalton, Surrey.

| have been in computing for more years than | care to
remember and have seen a lot of changes of attitude, from
single user machines to enormous centralised batch and
multi-user machines, and now the expanding trend back to
single-user minis and micros. Back to hands-on use again,
but the most important change has been the continual
reduction in cost, to a point where small businesses and
individuals can begin to afford them.

But despite the low cost of hardware there is still a big
gap in the area of applications software and present
hardware for micros still leaves a lot to be desired for
applications oriented computing. At present micro-
processors are most suited to control functions which
don’t involve much numerical computation. It is certain
‘that this will change. and new generations of
microprocessors will provide arithmetic functions beyond
addition and subtraction.

In the meantime we can prepare for this by trying to find
useful applications for micro-computers beyond games and
basic software tools. Readers like the one who wants to
know how to use small computers for calculating the daily
feed rations for a herd of 120 cows, should be encouraged
to describe their present manual processes, so that those
of us who are good at programming can have a go at
estimating what is necessary and then writing some

software.

As an owner of a Texas SR52 programmable calculator
which offers a great deal more computing functions than
the simple micro, | have written more than 80 application
programs which are stored on magnetic cards. | have
been surprised at what is possible with such a physically
small device, and even programs that | had previously
written for full-scale computers of 8K or more bytes have
proved to be simpler to write and squeezable onto a few
cards. !

With best wishes for the success of PCW.

J.H. Sexton
46 Riverdale,
Wrecclesham,
Farnham,
Surrey,
GU104PJ.

| read your first issue with much interest, most of the
articles being very well informed. The article *'Basic
Pontoon’’, however, contained an algorithm that could
be of interest, only to someone who wishes to burn as
much time as possible on his processor. | refer to the
shuffle. |, in fact, instrumented this algorithm and came
up with the following average figures.

Over 1,000 shuffles each shuffle generated
approximately 120 random numbers, and iterated the inner
loop (where cards were counted) no less than 3,700 times!

To anyone considering mounting this game | would like
to offer the following code:

31 FORI=1to 52

33 LET P(1)= INT(1/4)

35 NEXT I

36 REM THE ABOVE SETS UP THE PACK AS
37 REM1,1,1,1,2,2,2,2,... .ETC

38 REM AND IS ONLY EXECUTED ONCE!

60 FORI=1to 52
70 LET R = INT(RND*52)+1
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80 LET S1=P(l)
90 LET P(l) = P(R)
100  LET P(R)=S1
110 NEXT |
120 REM THE ABOVE RE-ARRANGES THE PACK
130 REM INTO RANDOM ORDER
140 REM AND IS THE ACTUAL SHUFFLE
150 REM
These statements can be plugged into the program as
published.

G.E. Greenwood
12 Ryeland,
Stony Stratford,
Milton Keynes,
Bucks.

Reader’s Assessment

Welcome to a new computing magazine. As you say in
your editorial you would like to interact with your readers, |
thought that | should respond.

The overall standard of the first issue is very high, my
only grumble being that there should be more pages and it
should be a monthly!

As regards the articles themselves, | would rate them as

follows (points out of 10): —
The Searcher 8, Personal Power 7, Past Procession 4,
Mighty Micromite 8, How not to ...5, Yours to
Command 9, The Little Symposium . . . 7, The Elegant
Minmon 10, A Computer that . . . 3, Gates of Reason 8,
Gingerbread Man's .. .6, Flowchart...7, Basic
Pontoon 10, Missionary Job 5, Open Page 6, Do We
Want . . . 2, Direct Addressing ... 8, Cutting the
World . . . 1.

Some of the above may surprise you, but I've tried to
give a fair rating from my point of view. The highest ratings
have gone to those articles which convey the most
information or which will be useful in one’s library. The
lowest rated ones don't really deserve the space devoted
to them! The one about converting an IBM 73 had so much
promise but failed completely — anyone with the
knowledge to understand it probably woudn’t need the
article.

| myself am a relative beginner having gained an interest
in home computing through taking courses with the Open
University. I'm sure that there are many others in my
position who wish to start home computing and are eager
to read a magazine such as PCW in order to gain
information. Some of the American magazines fall into the
trap of trying to cater for both the hobbyist and the
professional user, whether he be a small businessman or a
teacher, and | feel that those magazines are not as good as
those which are primarily for the hobbyist. Although of
course such a publication will contain articles of great
interest to the professional.

I would like to see PCW developing in interaction with
the hobbyist, possibly by printing programs like BASIC in
an educational format and allowing for as much feedback
as possible from readers by way of comments,
improvements, criticisms etc. Also constructional articles
on retail kits or home-brew designs which could extend the
capability of reader’s systems. How to take cheap surplus
equipment and connect it to one’s system — written for
the beginner so that he learns as he goes along. Possibly a
series of articles on fault finding — | know from experience
that it is very frustrating to build a kit and for it not to work!
Brian V. Teece,

4 Eastville Avenue,
Rhyl, Clwyd LL183TH

SINTROM MICROSHOP

DIVISION

Sintrom welcomes Microshoppers with

SWTPC-Micropolis-Perex
Lear Siegler-DRI

Tel: Reading (0734} 84322
Telex: 847335

Microcomputer Hobby Shop
14 Arkwright Road,
Reading, 8erks. RG2 OLS



TALKING TERMINALS?

Talk to SAS Computer Products.
We’ll help solve your terminal needs.

SOROC 1Q 120

ol

Assembled $825

TELEPRINTER 43

Model 4320 KP (Rs-232) $1377

LEAR SIEGLER ADM-3A

]

Kit $695 Assembled $795

SELECTRA-TERM

The ideal hard copy device with ex-
panded features and greater reliabil-
ity for your microcomputer system.

Assembled $1 750

For detailed information contact:

SAS COMPUTER PRODUCTS, INC.

7742 Redlands St., No. 113021
Playa Del Rey, CA 90291 USA
Phone(213)821-0642 Telex18-1059

European Sales and Service
SAS Computer Products, Inc.
Badenerstrasse 281
CH-8003 Zurich, Switzerland
Phone 01/241 49 05 Telex 58738

OEM and dealer discounts. All
prices FOB Los Angeles, CA, USA
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THE

PCW

COMPETITIONS

THE PCW MICROCHESS
CHAMPIONSHIP

An Open Event for small machines with
up to 32K of memory.
Full details from the address below.
Entries accepted from all over the world.

34

Best Software: £200 Prize

Best Homebrew System: £200
Prize

Best School Application: £200
Prize

Best Home Application: £200
Prize
plus The PCW Trophy in each
category.
plus Donated Prizes.

FURTHER DETAILS FROM
COMPETITIONS
PCW
62A WESTBOURNE GROVE
LONDON W2
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Tid Bi
l lts PRODUCTS ... . COMPANY NEWS . . .

MICROS PRICE REDUCTION A significant price
reduction is announced for the MICROS microcomputer
system, effective immediately it is now listed at £399
assembled and £360 in kit form. Based on the Z80 cpu it
includes a 1K monitor EPROM, a 47 key solid state
keyboard, video, TV, cassette and teletypewriter
interfaces, serial 1/0, 2 parallel I/0 ports and 2K of RAM.
16K bytes of mixed ROM and RAM can be fitted in the
instrument housing and up to 64K externally. Deliveries of
an impact printer which can be plugged into the RS232
serial port will begin shortly and the anticipated price will
be £150. Comprehensive specifications are now available
on request.

THE MICRONICS COMPANY

1, Station Road,

Twickenham,

Middlesex.

NEW } Megabyte Floppy Disc Subsystem for S100 280
Systems

Xitan Systems announces the launch in the UK of a new
‘not so dumb’ version of the popular INFO 2000 floppy disc
subsystem.

-} Megabyte online storage for only £1,800
assembled.

- Includes CP/M* disc operating system.

- Large range of optional development software
available.

- Controller includes 2 serial I/O ports.

- Uses IBM format soft sectored diskettes.

The new version incorporates on one S100 board a
floppy disc controller for up to 4 single drives or 2 Persci
277 dual drives, two RS232 serial |/0O channels, 1} parallel
ports, 1K EPROM boot loader for the CP/M operating
system, a second 1K EPROM for the Console and line
printer 1£O drivers. The board has room on it for a further
6K of 2708 EPROMs for customer use, addressed X'E800’
to X'FFFF'.

Two drives are supplied in a single Persci 277 unit. It
comes complete with a slimline case, power cord, and
power supply, switchable to any of four standard supply
voltages.

The CP/M operating system is in 8080 code and includes
a text editor, dynamic 8080 debugger, 8080 assembler and
various utilities. Optional software includes: —

- 8080 Disc Basic Interpreter;

- 8080 Commercial Disc Basic Compiler;

- 8080 Fortran;

- TDL Z80 software package of a Z80 Macro
Assembler;

- Text editor,;

- Text output processor;

- Basic Interpreter;

- TDL Z80 ANSI Fortran.

*CP/M is the trademark of Digital Research Inc.

Also available are various American oriented applications
packages from Structured Systems Inc.

Further details from:

XITAN SYSTEMS,
31 Elphinstone Road,
Highcliffe,

Dorset,

BH235LL.

PERSONAL COMPUTING AND SMALL BUSINESS
COMPUTER SHOW ¢ PHILADELPHIA, PA, U.S.A. »
AUGUST 24th - 27th, 1978 (RT.l. Box 242 WARF RD.
MAYS LANDING, NEW JERSEY 08330 Phone (609)
653 1188)

Personal Computing ‘78 TMtill move to a new location for
this year's presentation when the Philadelphia Civic Center
plays host to the most complete display of personal
computing exhibits east of the Rockies. The 1978 edition is
slated to run four days, August 24 thru 27th, making it the
largest show of its type anywhere.

The opening session of the show will feature a full-day
industry trade show set aside for dealers and members of
the industry as well as guests of exhibitors and
representatives of TV and other segments of the media.
Special meetings and seminars for dealers and retailers are
planned for the opening night at convention headquarters
located in the Philadelphia Sheraton.

John H. Dilks, Ill, show director, has announced he
expects over 200 exhibitors will sign up for the 300
available booths well in advance of show time.

In addition to the exhibits, other attractions will include
an art show, music festival, computerized mouse maze,
and the highly successful Personal Computing College.TM.
The college will again include over 80 hours of free in-
depth seminars conducted by some of the country’s
leading names in the computing field. There will be topics
of interest for everyone, whether the individual is beginner,
student, hobbyist, educator or computer professional.

Applied Computing and Software Ltd., the London-
based systems and software house, has announced a
doubling of its turnover for the company’s 1977 financial
year.

Turnover for the year was £1.2 million, with profits of
approximately £38,000. Some 40 per cent of revenue was
from overseas business, chiefly from ACS America, the
UK company’s US subsidiary.

During the year ACS established specialist divisions and
groups in a number of growth areas such as banking,
broking and finance and the production field. Highlights of
1977 included the development of systems for shipping
and freight forwarding agents, garment and fashion
companies, steel and iron foundries, container and plastic
manufacturers and a number .of commercial and
government organisations.

Systems were developed for more than 15 different
manufacturers’ computers, indluding IBM, ICL,
Burroughs, Honeywell, Univac mainframes and small
business systems. Also: DEC, Prime, Olivetti, Hewlett-
Packard, BCL, Systime, NCR, Singer and ABS.

"Overall, the future looks bright,” says ACS managing
director, Peter Goldsmith. ""As hardware continues to fall
in price, the importance of software and systems
competence at the implementation end is becoming
increasingly recognised. Success will be limited by the
ability to recruit, keep and develop capable staff.”

For further information contact:

Peter Goldsmith
.Applied Computing and Software
Tel: 01-637 0105



Personal Computers Ltd. are pleased to announce that
California based Apple Computer Inc. has obtained
funding through a recent equity offering. Mike Sterland,
Managing Director of Personal Computers Ltd., said, ""We
are delighted, this will ensure that Apple becomes a major
force in the Personal Computer market”. The investors
include Venrock Associates, Capital Management Inc.,
and Arthur Rock, three highly respected names in the U.S.
venture capital community.

Initial financing for the company was provided by the
Bank of America and by individuals within the company.

A.C. Markkula, Apple’s board chairman, said “The
proceeds will be added to our working capital and used to
increase the company’s production, new product
development and world-wide marketing programs’’.

"‘Apple currently enjoys a 12-month market and
technology leadership position, and we intend to maintain
it.”’

Apple Computer, Inc. ha been in the personal
computing business since January, 1976, and has been
shipping the Apple Il Computer since May of 1977. U.K.
Distributor is Personal Computers Ltd., 18-19 Fish Street
Hill, London, 01-623 1434. Contact: Mike Sterland.

Intel have an extensive technical library which contains
many works of reference on the subjects of memory and
microprocessor design. Intel has decided to make the
library generally available although, since the cost of
producing this literature is very high, the company has to
charge for the more substantial documents. However,
many of the articles, reports and reference cards are
supplied without charge, and up to five of these no cost
items may be requested with each order placed. Order
forms are available from /Intel, Broadfield House, 4
Between Towns Road, Oxford OX4 3NB.

MICROCOMPUTER-BASED CONTROLLER WITH
BASIC INTRODUCED BY DYNABYTE

Palo Aflto, CA — A single-board programmable
microcomputer system designed specifically for control
applications has been developed by Dynabyte, Inc., a Palo
Alto manufacturer of S-100 bus microcomputer
components and systems.

The Building ControllerTMcan manage electrical systems
a building, automate the control of laboratory test
equipment, operate a model railroad train, and apply itself
to hundreds of other applications.

The unique feature of the Basic Controller, according to
Dynabyte, is that it allows the user to operate the
computer and the external devices it controls with a
BASIC language called ZIBLTV which was written by
Dynabyte specifically for control applications.

FEATURES

e 2.5 MHz Z80 microprocessor
e 4K of RAM, expandable on board to 16K
e 4K of EPROM with programmer
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e Two RS232 serial }/0 ports, user configurable via
software, one port also has 20ma current loop

e One parallel input port and one parallel output
port

® 300 baud audio cassette interface with extensive
file handling capabilities and motor control

e Keyboard input port
32 individually memory mapped flag outputs
32 individually memory mapped sense inputs
{with resistive pullups)

® B8relays: 4 reed relays that handle .75 amps and 4
relays that handle 5 amps

® 8 individualy memory mapped LED’s, intended
as indicator lites

® One 8bitliteport for display of data

® Video interface generates 16 lines of 64
characters with standard composite video output

Dynabyte, Inc.

4020 Fabian

Palo Alto, California 94303
Rick Mehrlich (415) 494-7817

A FIRST SELECTION OF PET COMPUTER
SOFTWARE AVAILABLE FROM COMMODORE
Commodore have published their first Official Programme
Library, available as of 1st May. Among entertainment
programmes available are LUNAR LANDER, PONTOON
and BIORHYTHMS.

Management, stock control and inventory
programmes to first time business sytems users, who have
neither time nor inclination to write their own programmes,
are available from software houses, details of which will be
included in future Users Club Newsletters. In addition to
those programmes now generated through the PET
USERS CLUB, more commercial, scientific and statistical
programmes, including a programming instruction
cassette, will be introduced in June.

HARDWARE: A new addition to PET will be a second
external cassette deck unit available from May onwards at
£65 plus VAT. In June, Commodore will also be
introducing an 80 column impact printer, followed by a
floppy disk, memory expansion and modem. The printer
costs £425 +VAT.

Contact: COMMODORE SYSTEMS DIVISION 360 Euston Road,
London NW1 (01-388 5702)

COMPUTER ASSISTS IN THE DIAGNOSIS OF
MULTIPLE SCLEROSIS

(PCW This press release was so interesting, we decided to
print a large part of it PCW).

At the National Hospital for Nervous Diseases in London, a
Digital Equipment GT46 minicomputer is employed to aid
in the early diagnosis of patients suspected of multiple
sclerosis. GT46 is Digital Equipment’s designation for a
laboratory system which comprises a 16-bit PDP-11/40 (or
PDP-11/34) computer together with VT11 display unit and
other laboratory interfaces.

The technique used by Dr. David Small, Consultant in
the Department of Clinical Neurophysiology, is based on
the discovery that the volley of nerve impulses (action
potentials) triggered through the eye in response to
environmental signals produced by pattern reversal
stimulation, are often abnormal in patients with multiple
sclerosis.

Screening takes place in a small room where the patient
is seated in a comfortable armchair facing a TV monitor.
Electrodes are attached to the back of the patient’s scalp.
The averaged visual evoked potentials (VEP) to pattern
reversal stimuli are then recorded in the dark from each eye
separately. The stimulus consists of a black and white
checkerboard pattern, which is projected via a mirror
mounted on a pen motor, onto a translucent screen in
front of the patient.
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A pulse, synchronous with the onset of the mirror
movement, is used to trigger the PDP-11/40 computer
which acts as a multichannel signal averaging system. The
evoked responses are sampled for a period of 256 ms, and
128 such responses are averaged together. The process is
repeated to ensure the reproduceability of the response,
and also to produce a final averaged visual evoked
response comprising the average of 256 individual
responses.

A typical record for a normal healthy subject consists of
a major negative wave occurring around 70 ms and a major
positive wave at 90 — 100 ms. The latency of response is
measured from the onset of the sweep to the peak of the
major positive wave. In the normal subject the response
latency falls into a fairly narrow range whereas in multiple
sclerosis it may be increased, frequently by as much as 20
ms in an affected eye.

The method has proved invaluable because a common
source of difficulty to the neurologist in the diagnosis of
multiple sclerosis is the absence of objective evidence of
neurological damage at more than one site in the nervous
system. The discovery of a delayed visual evoked response
can establish the presence of multiple lesions.

Contact:

Valerie Baillie,

Digital Equipment Co. Limited,
Digital House, Kings Road,
Reading, Berks.

Tel!— (0734) 583555

ERA News:

Three countries, Algeria, India and Mexico, sought ERA’s
assistance in the establishment of their own local technical
organisations. In Algeria, ERA was retained to undertake a
planning and feasibility study of a laboratory complex to
provide all the basic services necessary for the
development of the Algerian electrical and electronic
manufacturing industry.

Microprocessors dominated Computers & Automation
activities during 1977. In, addition to undertaking
development work for clients in the UK, Spain and
Portugal, a new muiti-client project ‘“The Engineering of
Microprocessor Systems’’ was launched to help engineers
overcome the technical, financial and managerial problems
involved in developing a microprocessor system.

Please contact for further information:

Michael Webb

ERA Limited

Cleeve Road,

-Leatherhead

‘Surrey KT22 7SA

Tel: Leatherhead (03723) 74151

00
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Tt holds five megabutes of secrets,
Now it wants to see apriest”

elelqtor

Also featuri ring

3 ‘complete full length construction projects. The

elektor ‘preconsonant’, ‘consonant’ and ‘luminant’
which together provide a top-notch, fully reliable
audio preamplifier with an LED level display. Using
standard components these projects include circuit
design, components lists and layout with pre-drilled,
ready etched printed. circuit boards and front panel
available from the publisher.

10

I’ electronics magazine

" .|. different circuit designs in our ‘Summer
Circuits ‘78’ double issue. By tradition
this issue will contain over 100 different
circuit designs to stimulate the reader.
Covering many different topics

including — of particular interest to
microprocessor enthusiasts — Software
Siren, Debouncer, Cmos FSK Modulator,
Hexagonal readout and Universal Data-
Bus Buffer.

elelqtor

On sale at leading
newsagents from June 16th

in cases of difficulty copies of this issue are availabie
from the publisher, Elektor Publishers Ltd., Elektor
House, 10 Longport, Canterbury, Kent CT1 1PE
Tel: 0227 54439/30

Price
£1.00
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Faster, More Lfficient Programs

Sheridan Williams

What can you do to make your programs faster and
more efficient? This article will hopefully provide the
personal computer programmer with the ways of
speeding up his programs. Ways already exist for
those with money — companies and firms where ten
thousand pounds here and there is easily found.
Those with money have several options open to
them: they can buy a faster computer, or buy a faster
compiler!, or pay a "“software house’ (or computer
bureau)? to write the program for them. | have,
however, yet to come across a program written by an
amateur or professional that cannot be made faster.

It is not always a good idea to concentrate solely
on making the program faster, because in doing so it
may become longer and/or less accurate. {An article
on accuracy will appear in the near future). Neverthe-
less there are ways that are well worthwhile
implementing which do not make the program longer
or less accurate.

What is the point in a program that takes one hour
to reply to a noughts-and-crosses move? Note also
that the slower the computer hardware the more
worthwhile are the improvements in speed. Today's
large mainframe computers are so fast that a 20%
saving in a response time of one second is
unnoticeable; but a similar saving to a micro user
could save 10 seconds or more.

If you are like me then | think that you will get great
personal pleasure improving your programs — even
the ones that are supplied or bought (provided that

you have the listing) are usually capable of"

improvement.

The amateur is lucky because computing is his
hobby and he can devote time to his hobby which is
free. | have written hundreds of programs and have
yet to be entirely satisfied; they could all be improved
in one way or another. | have a program that takes 15
seconds to reply to a 3-D noughts and crosses game;
it used to take over 30 seconds, but by observing the
points outlined later | managed to halve its time of
response.

OK then, let’s get started on some ways to speed
up programs. These processes may only make the
program 10-20% faster, but they could make a
staggering improvement. | once wrote a program
that would have taken 8600 years to perform some
routine. It only required a small modification and the
same routine worked in 0.4 seconds, a slight
improvement. Here are some ways in which a
student of computer science is taught to manage
programs more efficiently. (What about doing a
computer science evening class?)

ONE LINE IMPROVEMENTS

The statement LET X = A?T2 could be made 30%
faster written in this way: LET X = A*A. Powers are
much slower than multiplications.

Similarly replacing LET X = A?3 with LET X =
A*A*A will give a 15% improvement; non-integer
and higher powers are not worth altering. '
The statement LET X = 2*A could be made 6% faster
written in this way: LET X = A+A. Multiplications are
slower than additions.

FUNCTION EVALUATION
Remember that certain operations are faster than
others, the usual order for decrease in speed is given

below. If a statement can be replaced by one further
up the list then usually it results in a faster execution.

+_

*/

T

INT SGN ABS RND
SQR

EXP LOG
SIN COS TAN ATN

Each line takes successively longer
than the previous one. The order of
these functions may vary with
different compilers and should be
checked with the manuals, or by
running the benchmark tests
mentioned later in the article.

ARRAY VARIABLES

Do not use array variables unless absolutely
necessary, always replace LET A(1) = 3*A*B with
LET A1 = 3*A*B unless of course you need the
modified address that Al(l) can provide. It takes most
compilers 656% longer to find an array variable in
store than an ordinary variable.

Another common occurrence that happens often
is the use of the same array element on successive
lines. The left hand example is 10% slower than the
right hand example.

10 LET X = A(P)+3 S5LET T = A(P)

20 LET Y = A(P)+4 10 LET X =T+3

30 LET Z=6*A(P) 20LETY=T+4
30LETZ=6*T

Successive calls of the same array variable -are
inefficient. Even though the right-hand program is
longer it is faster.

FOR-. .. NEXT LOOPS

FOR . . . NEXT loops are the fastest way of
performing a loop, so should always be used in
preference to the LET .. IF .. THEN loop. The
former are staggeringly faster, often anywhere
between 200% to 2000% faster. Example below

10LETA=0 20 FOR A= 1To 1000
20 LET A= A+1 30 statements within loop
30 statements within loop 40 NEXT A

40 If A< 1000 THEN 20

Typical times are 12 sec and 4 sec respectively for
execution. Note also that the right-hand program is
also one line shorter. )

Nested FOR loops are a source of slowness too,
compare these two programs: —

1O FORA=1T020 1OFORB=1T0O4
20FORB=1T04 20FORA=1T020

30 LET X(A,B)=0 30 LET X(A,B)=0

40 NEXT B 40 NEXT A

50 NEXT A 50 NEXT B

The left-hand program will execute 25% slower than
the right-hand program. Why? In the left method the
inner loop is set up 20 times. Setting up means that
the computer has to store the start, stop and
increment parameters. In the right method the loop
has only to be set up 4 times.

If at all possible stick to INTEGERS as parameters
in a FOR loop. (The opposite of integers are REALS,
integers are whole numbers that' can be stored
exactly; Reals are numbers that may not store

11
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exactly; try converting 2.1 into binary). Most
compilers treat integers in a different way to real
variables, and integer arithmetic is around 10% faster
than real arithmetic.
T1IOFORA=1TO100@ 1@ FOR A = 1.1 TO
1000.1
20 NEXT A 20 NEXT A
There is a more important consideration than one of
speed in the right-hand program, that is of accuracy,
the right-hand program will only loop 999 times
instead of 1000. (the reason will be printed in a future
article).

Another common fault is evaluating a constant
inside the loop, when it could have been-evaluated
outside it. Example:

12 FORA=0TO 90 LET X =3.14159265/180

STEP 10

2Q LET X=3.14159265/ 20 FOR A = @ TO 90
180 STEP 10

30 LET B=B+SIN(A*X) 30 LET B = B+SIN(A*X)
40 NEXT A 40 NEXT A

The left-hand program is poor programming as well
as taking 15% longer.

Here is an interesting program, the output
achieved has been varied depending on the compiler
used.

10 LETA=1

20 FORA=1TO 3*A STEP A

30 PRINTA;

40 NEXT A

What happens if we use as parameter for the loop
the loop variable itself? Here are two outputs
-achieved with different compilers: 123and 1248 16
32 64 128 256 for ever. If when you run this program
you do not get the output 1 2 3 then the following is
another way of speeding up your programs:

1O LETB=6 1D LETB=6
20FORA=BTO 3*B 20LETC=3"B
STEP B/3
30 statement 30 LETD=B/3
40 NEXT A 40 FOR A = B TO C
STEPD
50 statement
60 NEXT A

The right-hand program will execute faster, because
the loop parameters will only have to be calculated
once, at the beginning of the loop only.

Apart from the last point made, all the previous
points are universal and all compilers that | have used
benefit from the above methods of speeding up.

BRACKETS
Brackets make no difference to the speed at which a
function is evaluated. LET X = (((A + BJ)}/C) is

evaluated. at the same speed as LET X = (A + B)/C.
So the moral is always use too many brackets rather
than too few. An example of too few brackets is
given here in finding a solution to the quadratic ax? +
bx+c=0.

LET X1 =(—B+ SQR(B*B — 4*A*C)}/2*A would give
a wrong answer

LET X1 = (-B + SQR(B*B — 4*A*C))/(2*A) is
correct.

TRIGONOMETRIC FUNCTIONS

If your compiler will evaluate SQR faster than SIN,
COS, TAN, then if you are evaluating more than one
of the functions at the same time then it is worth
using the following trig identities to evaluate the
other: sin®x = 1 — cos?x
tan x =sin x/cos x cos?x = 1 — sin2x
In a program if we evaluate sin x we can evaluate cos
x and tan x fromit:

10 LET A= SIN(X) 1@ LET A= SIN(X)

12

20 LETB=SQR(1—A*A) 20 LETB=COS(X)
30 LETC=A/B 30 LETC=TANI(X)
The left-hand program should be faster than the
right-hand program.

LOOKING FOR THE PLACE TO SPEED THINGS
upP

The place to look is inside a loop. If the loop is
traversed enough times a saving of 10% each time
around can make an appreciable difference. If a
statement is not inside a loop it is unlikely to be
worthwhile altering it.

TESTING YOUR
SPEED

It is possible, indeed it is a very good idea, and only
needs to be done once, for the amateur to check and
list the speed of execution of various routines and
functions. The tests used for measuring are called
‘Benchmark tests’ and you will find a series of 8 such
testsin PCW Vol 1. No 1. Pg 57.

Benchmark tests are devised to find the speed and
efficiency of a particular computer/compiler; using
them it is possible to time a particular routine,
addition say. Here is a method for timing addition,
but it can be extended to time multiplication, SQR,
SIN, RND etc.
1@ PRINT'S’

COMPUTER/COMPILER'S

Time this program
using a stopwatch
from the printing
of the ‘S’ to the

20 FORA=1TO 1000

30 LETX=2 printing of the ‘E’.
Now replace the

40 NEXTA line30Q LET X=2+ A
and retime the

5@ PRINT‘E’ program. The differ-
ence in time is

60 END due to the 1000

additions performed
in line 39, so divide the time difference by 1000 and
you have the time for one addition.

Replacing statement 3@ with 3@ LET X = 2*A or
LET X = SQR(X) and you can time various functions.
Make a note of the various speeds and you can
modify your programs to work faster.

One final word of warning, your efforts may only
lead to a 10% saving in run-time but they could
accumulate to something more worthwhile.

GLOSSARY

1. COMPILER A compiler is a program written in
machine language, which translates a source
program, written in a high-level language (BASIC,
COBOL, ALGOL, FORTRAN) into a machine
language program. Remember that computers
cannot understand any other language except
their own machine language, and all other
languages must be translated before they can be
executed.

2 COMPUTER BUREAUS are independent
companies specially (SOFTWARE HOUSE)
formed to provide computing services to clients.
They offer many services, including program
writing, and hiring of computer time. They also
provide software packages.

To finish with here is a program to write:

Write (i} the fastest (ii) the fewest namber of

statements a program to fill the array A(1) to A(100)

with the first 100 prime numbers. (The lowest prime

number is 2).

Send your entries to Sheridan Williams 22,
Oakleigh Crescent, Whetstone, London N20
enclosing a stamped addressed envelope. The two
winning solutions will receive £5 each from PCW.
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The most
significant
event about
microcomputers
in business and
at home

International
exhibition,
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Day in

B
life of a
Retail
Gomputer
atore
GIRGA 1981

Tim Moore
and Andrew Stephenson

08.30

Bill slung his muddy denim jacket on top of a visual
display unit and subsided onto the stool before it. He
peered at his own image reflected in the machine’s
blank screen, sticking out his discoloured tongue for
inspection,

Jenny came out of her office, looked at him, then
she glanced at Jim, who was stacking software
manuals on a shelf. “Stock checking today,”” she
said genially.

14

Bill groaned and went to the coffee machine. A
token earned him a plastic cup wreathed in steam.
Jim said nothing until the last of the books was safely
balanced. Only then did he answer Jenny.

“No point re-ordering Nippexas parts’’, he said.
They always ignore our requests. Their despatch
computer invariably thinks up some ruse to foil us.
Depend oniit.”

Bill sipped his coffee and gasped. In a choked
voice he said ‘‘Blast Nippexas. If they will take 8
weekstodeliver "'

Jenny interrupted him smoothly: “How did it go
last night?”

With a scowl, Bill resorted to hjs coffee again,
whilst Jim sniggered.

“Don’t tell me,”” said Jim, “it beat you at
tiddlywinks again?’’

““No’ said Bill defensively,

“Noughts and crosses?”

Even Jenny, who preferred not to take sides, was
smiling.

"“Chess?” enquired Jim. Still Bill did not reply.
“Oh, come on!’’ exclaimed Jim. ‘“Just how much
have you managed to cram into that one-chip
wonder of yours?”’

“If you must know,’”’ blurted out Bill, sounding
lightly aggrieved, “‘it was Intergalatic Space War . . .
but it wasn't my programme. How was | to know
those confounded starship routines allow for double
hyperjumps?’’

“Never mind,” Jenny consoled him, “maybe
you'll make it to the championship next year.”

09.45
“"Well?'" asked Jenny. "What are we short of ?”

“More accurately,” snorted Jim, “‘what have we
got?”’

Bill surveyed his screen hardware listing moodily.
“Halbri still owe us 200 of those "Best of Basic
Software’’ comics qf theirs. And, as ever, the 4.7K
pullup resistors have got themselves lost in the
post.” He stirred the sludge in his coffee cup
thoughtfully, using a legless 65 kilobyte RAM as a
spoon. “You know,” he said, "one of these days we
might even hear from Fiyitel about their F-7800
handbook; they were promised for almost ten
months ago.”

Nodding, Jenny retired to her office again and
began to make phone calls.

Bill set aside the i.c. and dropped the coffee cup
into a waste bin on top of the pile that had
accumulated there so far that morning. It made a
wet, ugly sound. ““I've been thinking,” he remarked.

Jim raised his head politely from his own stocklist.

Bill continued: “The phone.”

“Profound,’”” observed Jim. “Is that the lot,
Socrates?”

*Of course not,”’ snapped Bill. | meant, we may
have the answering problem solved.”’

Jim’s eyebrows expressed his scepticism, even
before he said: "“You've found a spare two thousand
quid for an answering machine with printout?”’

“We don’t need one. Look, there's ample spare
capacity on our stock control Z-5000. Add a couple
of megabyte BRAMs for data storage . .. What's
that? Sixty, seventy pence? ... Then a standard
speech analyser chip: another forty pence . . . Plus a
couple of capacitors and pullup resistors, with
switches: three pounds twenty more, if we go for
economy . . . And we're on-line."”

A glazed vacancy had entered Jim’s expression.
“Um,’" he said, ‘"Who's writing the software?"’

““You, of course,’’ said Bill.



11.15

Naturally a customer arrived to spoil their morning.
With him he brought a handbook, which he flapped
helplessly around him as if swatting flies.

“This, ah, book,” he ventured, eyeing Bill and Jim
by turns. “It, ah, reads oddly.”

Jim and Bill tried to appear concerned. They had
both spotted the famous “’Rising Sun” logo on the
book’s cover.

In what way?”’ asked Jim helpfully.

“"Well, ah, very,”” said the man. “l mean, it has
been, ah, translated, | suppose?”’

Jim nodded sagely. “Why of course, sir.”

“Oh.”” The man riffled through the pages, all
thumbs in his diffident nervousness. “Well, | did
wonder. For instance — ‘‘He paused on his search —
"It says here: . being particular make secure
shifting multiplex bus C-56 is strobed in clamp —
sense staticised before initiating transcendental
function processor . ..” His already quiet voice
faded into silence. He looked helpless.

Bill coughed. “What, exactly, made you need to
refer to the manual?’’ he asked.

“Well,” said the customer, “‘the inbuilt instruction
programme wouldn’t work, so | thought . . ."”

Bill gazed sadly at Jim, who nodded. “’Just bring
back the old chip,” said Bill. ““We'll replace it free of
charge. No sense in ploughing through the printed
handbook for the sake of a couple of quid.”

Lunchtime in the pub

Bill belched gracelessly and set his pint of beer on the
bar. “Saw on the T.V. last night,”” he announced to
Jim, who was fitting his face around a ham roll, “"that
arsonists burned down the near-beer brewery.
Question is, though: who did it? The “‘guild of good
beer” people, fed up with picketing it for over a year?
Or the brewery’s owners, for the insurance money?”’

“A blessing either way,” mumbled Jim through
half-chewed ham and bread.

“Filthy automated fizz factory.”

Jenny said, from beyond Bill: ““Oh, it was probably
quite clean, really . . .

‘Did you ever try their keg bitter?”” demanded Jim.
""Expensive, gassy. In fact, a disgraceful application
of cybernetics, the sort of rubbish that gives honest
computers a bad name. Our old clockwork office
machine does better!”’

Jenny grinned. ‘‘Perhaps the guild should change
it's name. How would ‘Guild of Good Programming’
sound?”’

PErsoNAL COMPUTER WORLD

“You still wouldn’t catch me drinking that foul
stuff. Give me no-nonsense straight-from-the-
wood "

““Nectar?” suggested Jenny.

Jim did not rise to the taunt, but chewed his roll in
silence.

Bill drained off some of his own beer. “Still,”” he
said, “‘got to hand it to the brewery; they did choose
a good computer.”

“’Fat lot it did for the product,” said Jim. “Trouble
is, no amount of variable architecture cleverness is
going to make up for these idiots who insists on
inventing new languages to confuse the machines.
That’s what Jenny’'s Guild of Whosits should
concentrate on. What we need,” he added, warming
to his pet peeve, “is a machine that knows better
than the programmer and stays one line ahead of
him.”

Bill drained his glass. “If you mean a computer
that has a mind of its own,’’ he said heavily, *I| think
I’ve got one of those!”’

2.30p.m.
Jim stuck his head around the door into Jenny's
office. “The PROM — Burning Bar” . . . he began.

““We're going to have to add at least four more
stations.”

"Aren’t six enough?”’

“They are if you want a queue down to the super-
market and people camping overnight on the
pavement outside.”’

”Oh, damn!” said Jenny, brushing her hair out of
her eyes and a folder of microdiscs off her desk as
she stood up. Together they walked through to the
connecting door into the front shop.

A crowd was milling about the counters; the two
assistants were barely keeping pace with the press of
business, whilst the vending machines were doing a
non-stop trade in small spares.

Then Jenny smiled. “do you suppose,’’ she asked,
“that there’d be much demand for packed meals and
soft drinks, as well as the coffee.”

530p.m.

The phone rang as Bill was on his way out.
Unlocking the door, he re-entered and scooped the
handset up to his ear.

it was one of the local farmers, an old and valued
customer, so he bit back his standard line about
being shut and even decided against claiming to
work for the Battersea Dogs’ Home. Instead, he
allowed the worried man to ask:

“'Bill, lad, where’ve they 24-bit micros got to? Tha’
promised |I'd have them prompt be Christmas for
t'new cowshed.”

*Got my doubts,” said Bill. ’Sorry. But you know
how it's been lately, Mister Arkwright. Lot of
American promises — They can design, all right, but
can’t deliver. The real quality’s Japanese, these
days. And you know I'd not palm off seconds on
you."

“Ee, lad, | knows that, but __""

“*Just a few months longer, | promise. Maybe the
Koreans will start second-sourcing soon."’

“But —"

“Mister Arkwright, you want stuff that works, you
got to go to the manufacturers with the cash for
decent R & D, Right?” He waited for any objections.
There were none. “We'll be in touch soon,” he
promised, as he replaced the headset. Making for the
door and home, he felt content. Another day ended.
Soon be the weekend.
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THE
QATES
OF
QREASON

Patrick Sutton

Standard Logic

IN THE FIRST ARTICLE IN THIS SERIES, THE
READER WAS INTRODUCED TO THREE OF THE
BASIC GATES USED IN LOGIC DESIGN: THE
AND, OR AND NOT GATES. IN THIS ARTICLE, |
WILL DESCRIBE THREE MORE GATES AND GO
ON TO INCLUDE ONE OF THEM IN THE CIRCUIT
FOR A FULL ADDER. BUT FIRST OF ALL A NOTE
ON THE LOGIC SYMBOLS WHICH WILL BE USED
FROM NOW ON.

The gates described in the previous article were
allocated symbols which are infrequently
encountered in articles to logic design. It has been
decided, that a standard symbol form will be
adopted. Until 1973, two main standards were
employed, these were: 1) The American Standard
Graphic Symbols for logic Diagrams. |EEE STD 91-
1962, ASA Y32 14-1962; and 2) The Military
Standard Graphic Symbols for logic Diagrams. MIL
STD 806B, 256th Feb 1962. In 1973 these two
standards were superseded by: The IEEE Standard
Graphic Symbols for Logic Diagrams. |IEEE STD 91-
1973, ANSI Y32 14-1973.

In this new standard, both rectangular and
distinctive shapes were permitted in order to
represent logic functions graphically. It is these
symbols that will be adopted here. The reason for
introducing a new symbol set is to minimise any
confusion when comparing circuits discussed here
with those presented by engineers and
manufacturers of computers and related logic
circuits. This particular set of symbols has it is most
in line with usage.

Table 1 shows the half adder described in the first
article, redrawn using the |IEEE standard symbols. It
is hoped that the slight inconvenience incurred now
will be more than balanced by the future
consistency of representation.

16

Table 1

Previous symbol Standard symbol Logical function
D | |
|3 | o

~I><]— —[>C% NOT

Previous symbol denotes that symbol used in the first article.
Standard symbol is the |EEE standard symbol for that particular
logic function.

When is a gate NOT a gate?

Table 1 shows the symbol for the inverter or NOT
gate. Note the circle at the output side of the
symbol. This circle is often called an ““inversion
bubble” and can be added to the symbols for the
AND or OR gates to represent their inverted forms,
the NAND and the NOR gate. NAND simply stands
for not AND; and NOR stands for not OR. These
gates are shown in figures 2 & 3 along with their
input-output tables (sometimes known as truth
tables).

You can see that the NAND gate quite simply
changes the output of an AND gate to its exact
opposite, ie /nverts its output. Similarly, NOR
inverts the OR output. These additional gates allow
further’decisions’” to be made and ““questions” to
be answered by a logic circuit.

For the sake of simplicity, consider the two-input
forms of these gates.

The NAND gate gives a logic 0 output when both
of its inputs are at logic 1. It gives a logic 1 in all
other cases. This gate signals the state that at least
one of its inputs is not at logic 1.

The NOR gate gives a logic 1 output when both
its inputs are at logic 0, and a 0 output for all other
cases. This gate signals the state that both inputs
are at logic 0. ‘

Let's take a somewhat improbable example as an
illustration.

Imagine a car park which has two parking spaces,
both of which are fitted with sensors which indicate
when a car is parked by outputting a voltage (logic
1). Now suppose the owners want to fix two lights
at the entrance, one of which indicates that the car
park is full and the other indicating that there is
space available. We have encountered two gates
which will perform this function — the AND and the
NAND gates, see figure 4.

Compare the /light on with the logic 1in the input-
output tables given for these gates.

You may consider the use of two lights
somewhat excessive as it is obvious that if the car
park is NOT full, then there is space for parking. Of
course, in coming to this conclusion you have
simply /nverted the AND operation and performed a
logical NAND operation. Even in this simpie



Figure 1 The Half Adder

Figure 1.4A of “The Gates of Reason” PCW Vol 1'No 1, redrawn
using |IEEE STD symbols.

example we see that a human being can make a
deduction which a machine must be wired up or
programmed to do.

Figure 4 shows also the OR and NOR gates in
relation to this problem. In this case they are
answering the question: are there any customers?
Againit is obvious that if the car park is empty, then
there are NOT any customers. Here again the gates
are performing trivial functions. However, suppose
the car park is a multi-storey one. In this case the
gates could be of considerable use in organising its
daily running.

Of course, here the circuit would be far more
complex, requiring multiple-input gates or many
double-input ones.

Both the NAND and the NOR gate will be met
again in future articles. It is important at this point
to note that the NAND gate is probably the gate
most frequently incorporated in logic circuit.

An Exclusive Gate

The OR gate we have examined is sometimes
called an inclusive OR. This means that it gives a
logic 1 output if either of the inputs is at logic 1, and
if both of its inputs are at logic 1. It includes the
state where both the inputs are at logic 1. It's a
pretty generous gate, unlike the AND which will
only let through (output) a logic 1 if both its inputs
are logic 1s.

There is another form of the OR gate called the
EXCLUSIVE--OR. Its symbol and input-output table
is given in figure 5. It can be seen that this gate only
outputs a logic 1 if its inputs are in opposite states;
that is, one is at logic 1 and the other at logic 0. The
exclusive ORis a pretty snobbish kind of gate; it
can’t stand being crowded: if both its inputs are in
the same state it outputs a logic 0.

in order to illustrate the function of this gate, let us
go back to the car park problem. Suppose that the

Figure 2 The Nand Gate Input Output Table

Symbol Input Qutput

Y

- a2 00
- O = O
Q =

Figure 3 The Nor Gate Input Qutput Table

Symbol Input Output
X X N7 R
R
i D& o o )
0 1 0
1 0 0
1 1 0
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owners of the car park want to know if they are
making a profit (car park full), a loss {(car park empty)
or breaking even (one car in the park). Obviously the
AND gate can detect a profitable state and the NOR
gate a loss. The exclusive OR can be used to
unambiguously detect the state of breaking even.
Notice here that the inclusive OR could not
distinguish between profit and breaking even.

Another way of expressing the exclusive OR
operationis: XOR Y but NOT X AND Y. As an exercise
try to draw an equivalent circuiit for the exclusive OR.
In this case the word ‘but’ can be replaced by AND.
Back to the sums

Looking again at the input-output table for the half
adder, compare the R column with the output
column for the exclusive OR gate. As you can see,
they are identical. The C, or carry out column of this
table is identical to the output of an AND gate. Thus
it can be seen that a half adder circuit can be

Figure 4 The Car Park Problem

Inputs. ‘And’ 'Nand" ‘Or “Nor'
Parking spaces Fuil? Spere for more? Any customers? Empty?
o O [ - £

7 | /| e
B O [ ™ | O
r Il
D ] (] I ]

AN
W
D
L
]
= =

achieved by using only two gates; the exclusive OR
and the AND gate. Figure 6 shows the circuit
diagram for a half adder using this configuration.
introducing the Full Adder

When addition is performed using a full adder,
account is taken both of the two bits to be added and
the carry in from any previous additions. The output
consists of the sum and carry out. The input-output
table was given in Table 1.1 of the first article.

It is easier, in order to design a full adder, to think
of the full bit addition as two operations:

1) Addition of the two input bits to form a partial
sum and a partial carry. 2) Addition of the partial sum
.and the carry in to form the sum and a second partial
carry.

Either the first OR the second partial carry,
produced by these operations, forms the carry out.

Table 2 shows an input-output of a full adder
implemented by using two half-adders. The two half
adders take care of steps 1 and 2 above. An OR gate
forms the final carry out. The circuit for this full adder
is shown in figure 7. Compare the input-output table
given here with Table 1.1 in the first article.

Figure 5 The Exclusive — Or
Input Qutput Table

Input Qutput
R

Symbol

=y D

x
=<
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—- O - O
(=2 =]
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Figure 6 A Half Adder using 2 Gates

i ;)D
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Figure 7 The Fult Adder

Ci
x Partial sum

DT,
-

cm

Ct1} and C(2) are partial carrys

In Table 2 the partial carry (1) is formed by the
logic And operation (X AND Y). The first half adder
forms the partial sum by the operation X exclusive
ORY.

The partial carry (2) is formed by the operation —
partial sum AND Ci in the second half adder.

The carry out is formed by C(1) OR C(2). Note that
the case where C(1) and C(2) are both logic 1 does
not occur here. This fact will be used later when the
circuit is constructed.

It is left to the reader to check the results in the
various columns'in Table 2. It may help to split up
this table into separate input-output tables for each
operation.

This particular circuit illustrates an important point
in logic design. It is often preferable to construct

complex circuits by combining two or more identical

sub-units. This is because the more a circuit is used,
the greater are the numbers produced and the

Tabie 2 The Full Adder

Inputs Outputs
Sum (R) Carry {Co}
X|Y|[Ci Partial 1st half adder] Partial 2nd halt Cllor C(2)
carry partial sum carry adder
c{n X Plus Y C(2) partiat sum
plus C(1)
0|0 |0 0 0 0 0 0
O 0l o 0 0 0 1 0
of1]o0 0 1 0 1 0
O e i 0 1 1 0 1
1100 0 1 0 1 0
O 0 1 1 0 1
ij11{o0 1 0 0 0 1
U (R il 1 0 0 1 1
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cheaper they become. In.terms of LS| (Large Scale
Integrated) circuitry the circuit design stage is often
simplified by using the same basic circuits to perform
many operations. If you examine photographs of
microprocessor chips, a large degree of patterning
within the chips’ circuitry is apparent, due to this
approach to design.

Integrated Circuits — The Missing Link

Nowadays, construction of logic circuitry is greatly
simplified by the introduction of a series of integrated
circuits — the 74 series. These circuits are supplied in
plastic packages with connecting pins at either side
forming what is known as a dual in line or DIC
package. The chips in this series have straight-
forward power requirements of +5 volts and 0 volts
(earth). Building logic circuits, using these devices, is
almost as simple as drawing the original diagram:
they form the ““missing link"’ between diagram and
operational circuit.

The 74 series pin connections for the gates already
described, are shown in figure 8. The notch,
illustrated at the left hand side of each diagram, is
present on the chips themselves as an indentation in
the plastic package. This marker aids correct
orientation of the package and is often supplemented
by a dot, or circular indentation in the package,
indicating the position of pin number 1. The pins are
numbered so as to increase in an anticlockwise
direction from pin 1.

For more detailed information on these and other
integrated circuits in the 74 series, the reader is
directed to many of the excellent texts covering the
topic of transistor-transistor logic (TTL) integrated.
circuits.

For the purpose of demonstration, we will confine
ourselves here to simple logic experiments and to
constructing the full adder circuit, using this series of
chips.

Experimenting with the 74 Series

In order to experiment with these integrated

circuits, it is perhaps advisable to purchase a

Figure 8 Part of the 74 Senes

7404 = Hex Inverter/NOT Gates 7400 — Quad 2-input NAND Gates
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Pin 14 marked Ve is the connection for s,
Pin 7 marked GNO Is the connection for o voits or ground.
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Figure 9 Using the 7805 voltage regulator

7-26 volts {posmve -+

L]

prototyping board. This is a board containing many
contacts, spaced at 0-1 inch intervals, forming a
grid. The contacts are usually made from nickel-silver
and are set into a plastic board. This arrangement
allows both the integrated circuits and their
connecting wires to be plugged directly into the
board, thus eliminating the need for soldering. The
major advantage to the experimenter is that the logic
circuits- may be built and taken apart very simply,
allowing the re-use of each component and wire.

If you do not possess a power supply, it might be as
well to buy one which supplies + 15 volts. This supply
can then be used for a variety of circuits. In order to
generate the required +5 volts from such a source,
another integrated circuit — the 7805 voltage
regulator, may be used. Figure 9 shows a circuit for
generating a regulated +5 volt supply from an input
of 7 to 25 volts positive. If many integrated circuits
are to be driven by the regulator (it can supply up to 1
amp), then a heatsink should be attached to the
metal part of the package.

In order to check the outputs of the circuits and
their various stages, a voltmeter or better still a logic
probe may be used. Since this latter device is
relatively expensive, a simple circuit for a logic probe
is shown in figure 10.

This circuit uses an inverter or NOT gate and a
light emitting diode (LED). One sixth of a 7404 chip
provides the inverter. Refer to figure 8 to find the
appropriate pin connections. This method of
constructing a logic probe, has the advantage that it
uses an inverter chip which can also be used for
future logic experiments. The input of the NOT gate
provides the input for the probe and should be
connected to the output to be tested. If the LED is
on, upon connection of the probe to the test point,
then that part of the circuit is at logic 1. If the LED is
off, then the output is logic 0. Note that even if no
connection is made to this probe, the LED is still on.
This is because, in the 74 series, the inputs to the
logic gates ‘float’ to logic 1 if they are not connected.
Should the LED prove too dim when on, the 1k<Q
resistor in the probe circuit may be replaced by 470%2.

For some introductory experiments, verify the
input output tables for the gates described. In order
to accomplish this, the relevant chip must have its
Ve pin {pin 14) connected to +5 volts, and the GND
pin {pin 7) connected to 0 volts or ground. Connect
the inputs of the gates to +5 volts (logic 1) or
ground f(logic 0) to form the various inputs
combinations given in the tables, and check the
output using the probe.

1/6 of 7404 Hex Inverter

O +5 volts

1k

Figure 10 A simple logic probe

Led

2 AN

Probe
Input

\

CONSTRUCTING THE FULL ADDER

Figure 11 is the connection diagram for a full adder
using the EXCLUSIVE OR gates and the AND gates.
It was noted earlier, that the partial carries from both
the half adders employed in this circuit, are never
simultaneously at logic 1. Because of this fact, one of
the spare EXCLUSIVE OR gates in the 7486 chip may
be substituted for the OR gate in figure 7.

The solid circles in figure 11 represent circuit
connections and the hollow ones represent input and.
output connections. In this experiment, as in the last,
vary the inputs by attaching them to +5 volts or
ground and test the outputs with the probe.

When you have satisfied yourself that this circuit

does in fact fulfil the requirements of a full adder,
further experiments may be undertaken. Here are
some suggestions: —
1.-Add a clocked circuit to the outputs of the full
adder by using the two spare AND gates in the 7408
chip. In order to do this, connect the R output to an
input of one of the AND gates, and connect the Co
output to an-input of the other spare AND gate. For
the clock, connect a wire to both of the remaining
inputs of the two AND gates. With the probe at the
new R output, connect the clock wire to +5 volts and
0 volts alternately. Notice that the true sum output is
only given when the clock wire is at +5 volts (logic
1). When the clock is grounded (logic 0), the output
is at logic 0. Repeat this experiment with the logic
probe connected to the new Co output. From this
simple experiment, it should be apparant that a clock
can make the outputs of logic circuits predictable at
certain times, in this case when the clock is at logic 0.
2. What happens if you put the clocked AND gates at
the inputs to the adder? For this experiment you will
need one more AND gate.
NOTE In both the clocked gate experiments, if no
connection is made to the clock inputs, of the AND
gates, they will float high and their outputs will be
enabled.
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Figure 11 The full adder — construction
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@ Indicates a connection Vec is connected to +5 volts

GND is connected to 0 volts or ground.

QO Indicates an input or output

3. Construct two half adders using the two different
diagrams given for this circuit; figures 1 and 6.
Confirm that these circuits are functionally
equivalent.

COMPONENT LIST

a)  GENERAL EXPERIMENTS

(i) PROTOTYPING BOARD

(i) POWER SUPPLY: +5 VOLT REGULATED OR 7-26 VOLTS
(POSITIVE) IF USED IN CONJUNCTION WITH THE REGULATOR
CIRCUIT.

{iii) A SELECTION OF THE 74 SERIES CHIPS.

b)  5VOLTREGULATOR CIRCUIT — FIGURE 9
17805 VOLTAGE REGULATOR CHIP & HEATSINK IF REQUIRED
10.22 uF CAPACITOR
10.47 uF CAPACITOR
14.7kQ { WATT RESISTOR

c)  LOGIC PROBE CIRCUIT — FIGURE 10
17404 HEX INVERTER CHIP
11 kuQ WATT RESISTOR
1 LIGHT EMITTING DIODE

dF  FULL ADDER CIRCUIT — FIGURE 11

17402 QUAD 2-INPUT AND GATES CHIP
17486 QUAD 2-INPUT EXCLUSIVE OR GATES CHIP.
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IF YOUR COWMPUTER
AN'T SHILE (OR -
PLOT) 1T PROBABLY . Z
HAS MERLIN DEFICIENCY -
ANENIA . S

C(EQUATION PLOTTED WITH BARSIC)

NOW THE FAMOUS MERLIN WITH
SUPERDENSE IS AVAILABLE IN THE UK —
and with improved graphics resolution. and 25%
more lines of text!

On European standard TV sets the best
ASCIl/graphics boards on the market for the
$100 bus give 25 lines of ASC11 or 320
horizontal x 250 vertical points of DMA bit
mapped graphics.

If you have been considering an ASCII/graphics
interface for your system, or if you hadn’t been
considering one because you thought good
graphics was too expensive, consider the
MERLIN with SUPERDENSE add-on. It's the
best there is and its at an affordable price .

Kit, only £275

CONVERT A STANDARD SELECTRIC
TYPEWRITER TO AN RS232 TERMINAL

The Sharp & Associates kit to convert an office
Selectric is now available in the UK. Full kit with
reader/punch port and RS232 interface,
conversion instructions and manuali, only
£540.00

For full details of these and many options (and
also our other personal computer equipment
such as Assembled 8K memory boards for £120)

Write or Phone

J & A COMPUTERS

15 FLEETWOOD GARDENS
MARKET HARBOROUGH
LEICESTERSHIRE

0858 7620
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1
SPECIALISTS IN
c O m a r MICROCOMPUTERS

Cromemco Z2 Processor

*  Power of Z80 Processor Card with z-2
Power-on-jump @"l"}"”‘ﬁj‘tﬁm

*  §100 Bus 21 slot Backplane to
configure the largest system

* 30 Amp Power Supply
'Z2 = 780 +S100
* Range of Analogue & Digital Interfaces

*  Powerful Disc based Software

Dynabyte Memory

16K Dynamic for Altair, Imsai, Poly 88.

16K Static with memory backing facilities,
and individual 4K boundary location and
write protect.

32K Static for large system economy.

Assembled, tested and 1 year’s warranty
at list prices.

North Star Mini-diskette System

With operating system, File & String,
handling

BASIC
For all 8080 & Z80 S100 Bus Systems.

For greater calculation speed use the
Hardware Floating Point Board.

Comart systems are available by direct mail order or through local suppliers.-

Xitan Systems Ltd., Computer Bits Ltd.,

31, Elphinstone Road, 41, Vincent Street,
Highcliffe, Yeovil,

Dorset, BH23 SLL Somerset.

Phone: Highcliffe 77126 Phone: Yeovil (0936) 26522

Our range of products is constantly being expanded - write or phone for catalogue of latest
controllers, diskette and memory systems and options.

k COMART LIMITED, P.0. BOX 2, ST. NEOTS, CAMBS. PE19 4NY TEL. 0480 74356
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RCA's CDP 1802 single-chip microprocessor,

£ bE

The CDP 1802 microprocessor Chlp from RCA Sohd State.

P TWWW‘!TU’U‘EIF

~ MIGRONITE

A COSMAC MICROPROCESSOR BASED SYSTEM

K. R. James

A MIGHTY

A COSMAC Microprocessor Based System
When scanning through the advertisements
concerned with microprocessor (M.P.U.)
components in electronics biased magazines and
catalogues, it is rare to see very much reference to
the RCA COSMAC CDP1802 M.P.U. This is
reflected in a general lack of knowledge of this family
of devices, which do in fact offer a number of
advantages for people just starting out in the world
of M.P.U’s. This article is intended to show how the
1802 M.P.U. can be used in a fairly simple computer
system, and to highlight the advantages of using this
particular M.P.U. over other types of M.P.U.

The 1802 is an all C-MOS device which results in
very low power consumption, so it is ideal for
applications requiring small power supplies (e.g.
batteries). This, however, does not mean that it is
not suitable for other applications. The key features
of the 1802 are: —

(i) Single power supply of 5V with the CDP1802C,
and 3-12V with the CDP1802.
The CDP1802 can run twice as fast if the supply
voltage is increased from 5 to 12V. For this
reason the 1802 is supplied with two +ve power
supply pins, allowing the internal circuitry to
run at 12V, while all input and output levels are

T.T.L. compatible (i.e. 5V max.)

(i) ~ Full C-MOS, T.T.L., D.T.L.
compatibility

(i)  On chip clock oscillator

{iv) Simple control

(v) 16 sixteen bit registers which are all available to
the user.

{vi) Serial output bit available

{vii) Direct control of up to 7 1.0 ports.

{viii} On chip D.M.A. (Direct Memory Access).

In most other respects it is similar to other makes
of M.P.U. i.e. it is an 8-bit parallel device that can be
used with up to 64K bytes of mixed ROM and RAM.
It also has a maskable interrupt input.
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The D.M.A. facility is worthy of special mention,
since it allows the easy entry of programs and data
without special ROM'’s or extra external logic to gain
direct access to the memory system. It is this D.M.A.
facility that makes the 1802 particularly attractive to
people new to M.P.U’s.

The maximum obtainable speed for the 1802 is
1.25 us per machine cycle, using a clock frequency of
6.4 MHz, with most instructions requiring 2 cycles,
although some jump and skip instructions require
three. This is not the fastest M.P.U. on the market,
but speed is rarely important, especially for
newcomers to the field.

Basic System Requirements

The basic requirements of a simple computer system
are as follows: — (Also see fig. 1).

(a) Central processor {This is the M.P.U.)

(b) A memory system.

(c) Input-Output (1.0) circuits.

RCA produce a full range of C-MOS memory
products, but these are silicon on saphire devices,
and are expensive; it was decided, therefore, to use
standard N-MOS memories in the system described
here. RCA also produce a complete range of |.0

devices, including, 1.0 ports, decoders, a UART, bus
separators, and a video controller. Unfortunately,
and probably because of the present lack of interest
in the 1802, the prices of these devices are expensive
for what they are. It was decided, therefore, to use
standard C-MOS devices for 1.0 and M.P.U. control
functions. (It is worth noting that many users of
other M.P.U’s tend to do the same, but with T.T.L.
instead of C-MQOS).

The basic system described here provides: —
IK of RAM.

One parallel output port.

One input port for direct pragram loading using the

D.M.A. facility.

A serial output for use under program control.

An interrupt input.

4 program defined input flags.

It is also designed to be easily expandable, i.e.
addition of more 1.0 ports, memory and more
complex interrupt, etc.

-Circuit Description

The complete circuit diagram of the system is shown
in fig (2). The Reset, Wait, Load and Run Control
logic is as described by RCA in their users manual for
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the 1802 (this manual will be discussed in further
detail later). The standard oscillator circuit is shown,
but an external clock can be fed into the Clock input
pinif required; if this is done, however, it is important
not to load the XTAL pin. With a 3.2 MHz crystal the
machine cycle time will be 2.5 us.

The I.0O control lines from the 1802, NO, N1 and N2
are used to drive a CD4028 octal decoder, this is not
essential, just the NO output could be used for
example, but using a decoder here allows for easy
[.O expansion. The N1 output is used in conjunction
with MRD and TPB to provide an output strobe pulse
to the two CD4042's which form the output port.
TPB is a timing pulse (internally generated) which
indicates that the 1802 is ready to move data from
the memory to the output port, and MRD indicates
the direction of data flow along the data bus. When
MRD = 0 (logic 0 = OV) data is read from the
memory to the M.P.U. or output port, and when
MRD = 1 (logic 1 = 5V) data is read from the 1.0
device to the M.P.U. and memory.

The input port is used in conjunction with the
DMAIN line. Two monostables are used to remove
switch bounce and provide a short duration pulse
{(which must be less that 5 us), this pulse sets the
CD4013 flip-flop, and strobes the data set on the data
switches into the CD4034 input register. The flip-
flop, after being set, asserts the DMA IN command,
which, when the M.P.U. is ready establishes the
DMA state code on the SCO and SC1 pins. These
pins are outputs that indicate the present state of the
M.P.U. and their truth table is: —

State Name SCt SCO
SO (Fetch) 0 0
S1 (Execute) 0 1
S2 (DMA) 1 0
S3 (Interrupt) 1 1

The DMA state is decoded to be combined with
MRD to produce the A enable signal required to
activate the outputs of the CD4034 input register.
The decoded DMA state signal is also used to reset
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the flip-flop. T.P.A. is another timing pulse supplied
by the 1802, and this is used to strobe the high-order
eight bits of the memory address to an address latch,
the low-order address being available shortly later on
the MApins directly. It is necessary therefore to have
a CD4042 latch. This is a four bit latch with only two
bits being required for 1K of memory, the other two
bits being available for easy memory expansion up to
4K.

Eight 2102 1K X 1 memory chips were used in the
memory system, because of availability and low cost,
these chips represent the lowest cost per bit of any
static RAM at the present time. Unfortunately the
2102 is not designed for going directly onto 2-way
buses, although it has got a tri-state output for ease
of expansion. It is necessary, therefore, to isolate the
outputs from the system bus during write cycles.
This is done by using two packages of CD4016
anologue switches, which are controlled by the MRD
signal. The CE control pin of the memory chipsis tied
to ground via a resistor so that it can be used in an
expanded memory system to inhibit this IK page of
memory, which is done by taking CEto = 5V,

Programming

Full details of the instruction codes for the 1802 are
available in the RCA publication MPM-201A, User
Manual for the CDP1802 COSMAC Microprocessor.
This manual (which cost £3.00 about a year ago), is
substantial and very well written, which is a rarity for
computer books. It contains descriptions of all the
instructions available to the user (atotal of 255) along
with details of interfacing the 1802, and detailed
timing diagrams for all 1802 operations. It also
contains a chapter on programming techniques. For
anybody interested in the 1802, this book is an
‘essential’ along with the device data sheet, which
RCA supplied me with, free of charge.

When a program has been written, it can be
entered into memory in the following way: —

1). Press the run switch, followed by Reset and
Load.

2).. Set up the instruction on the data switch.

3). Pressthe “input’’ switch.

(3) strobes the data into memory location pointed
to by register 0 {R(0}} which is always 0000 (M(0000))
after reset. The 1802 then automatically increments
R(0) so that it points to M(0001) for the next
instruction.

{2) and (3) can then be repeated until all the
instructions have been entered. When the program
has been fully entered the Reset switch should again
be pressed, which returns R(0} to M{(0000}, the start
of the program. Pressing the Run switch should, one
hopes, allow the program to run. When running a
single shot program, i.e. a program that should stop
when it has been completed, the instruction 00
should be used as the last instruction. This puts the
1802 into and IDLE state.

Since R(0) is used for DMA operations, it is good
practice to switch to another program pointer
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register, which can be any of the other fifteen
scratchpad registers. This should be done in the
initialization section of the program.

A useful and quick indication of whether or not the
M.P.U. input register and memory system is working
is to enter the instructions,

7B (Hex) Set Q.
00 Stop.

This should when run set the Q output high, and
should go low again when Reset is pressed. Also, by
holding DMA QUT at OV, the memory address count
can be checked, along with MRD, TPA and TPB.
(See timing diagrams in the manual). If this is done
just after switch on, any data on the data bus will be
just random.

The output port can be tested using the following

program: —

Instruction Code (Hex}  Description

E?: } Load FF into Data reg.

AF Put data reg into R(F)

EF Make R(F) the X register.

5F Store contents of data
reg in M pointed to by
R(X).

61 Output M pointed to by
R(X).

00 Stop.

This program when run should set all the
outputs, on the output latch, high, thereby testing
the output port. The use of R(F) reduces the number
of data switch changes when loading the program.

Extending the system
A number of extensions to the basic system are
possible, they include: —
(i) Extension of 1.0 capability, this is easily achieved
using the extra circuitry shown in fig (3). The signals
produced by this logic could be used in conjunction
with the data set up on the existing output port to
allow access of up to 256 1.0 ports. Fig (4) shows
such a port.

The connection of a UART is described in some
detail in the 1802 user manual.
(i) The DMA OUT facility can be utilised, as shown
in fig (5). This operates in a similar way to DMA IN,
except that data is now read out of, instead of
written into, the memory.
(iii} Interrupt facility. The single level of interrupt,
provided by the 1802, can be expanded as shown in
fig (6). This is a suggested circuit and had not been
tried out at the time of writing, it is given as an
indication of what is required. This circuit would
have to be used in conjunction with a suitable
program, pointed to by R(1), which interprets the
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information that is presented to it. R(1) is always
used as the program pointer when the 1802 drops
into the interupt mode.

Conclusions

This article is intended only as a brief introduction to

the 1802 M.P.U. and further information is available

from the following sources: —

1. COS/MOS Integrated Circuits, SSD-250, RCA.

2. User Manual for the CDP1802 COSMAC Micro-
processor, MPM-201A, RCA.

3. Subroutine Library for RCA COSMAC Micro-
processors, MPM-206, RCA.

4. COSMAC Microprocessor Product Guide, MPG-

180, RCA.

Of the above, (4) should be available direct from
RCA, at RCA Limited, Solid State-Europe, Sunbury-
on-Thames, Middlesex. TW17 7HW. This
publication also lists RCA’s distributors in the UK,
which is where the other publications can be
obtained.

It is hoped that this article will arouse some interest
in the 1802 M.P.U., which in turn may enable cost of
the devices in the 1800 series family to reduce,
enabling even further interest.

Notes for fig. 2.

(1) For 4042's Pol is Polarity, Pin 6.
Cis Clock Pin 5.
1/P'sare D Pins 4, 7,13,
1/Ps. 14.
O/P'sareQ Pins2, 10, 11,
O/Ps. .l

(2) For 4016's Connect a gate in series with

each data output of the
memory, and connect the
control pins (13, 5, 6, 12)
together. (This requires two
chips).

(3) For Memory Chips. Connect corresponding
address pins together for all
eight 2102-2 chips.

Connect all CE pins together.
Connect all R/W pins
together.

Also: —

Supply voltage pins are not shown (except for the
1802) and should be 5V for VDD and OV for Vss for
all devices.

Reasonable supply decoupling must be used, and
this also is not shown.

In the Author’s version the Data O/P’s and the Q
output were all connected to LED’s with driver
transistors.

Unless otherwise stated, all resistors are 33KQ.

If the CDP1802 is used (instead of CDP1802C),
VDD should be 12V and XTAL should be 6.4 MHz.

Integrated Circuits Used

1 X CDP1802CD

8 X TMS4034 = (= 2102-2)

1 X CD4001BE | Used for random logic,
1 X CD4011BE { including inverters.
1 X CD4012BE

1 X CD4023BE

2 X CD4016BE

1 X CD4028BE

1 X CD4034BE

3 X CD4042BE

1 X CD4013BE

1 X MC14528B.

Suffix D denotes ceramic package
Suffix E denotes plastic package.
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Most people who come into contact with the PDP-11
soon develop an affectionate enthusiasm for it. This
article attempts to explain why, and also to show
why a design almost 10 years old is still held up as a
standard against which new mini and micro
computers are judged.

Background

Digital Equipment Corporation introduced the first
PDP-11 in 1970. Since then, a whole family of PDP-
11 processors and related devices has been produced
so that today the PDP-11 is the broadest family of
compatible computer .products available. Thus as
well as a complete range of peripherals including
mark-sense readers, |IBM-compatible magnetic tape
drives, floppy discs, and VDU’s with graphics
capability, DEC make several processors which use
essentially the same instruction set but whose raw
processing speed varies by about 10:1. In recent
years DEC have introduced the LSI-11 series which,
apart from using a simpler bus structure, have the
same instruction set and other fundamental
characteristics as the original PDP-11's.

This breadth of capability, together with the sheer
size of the DEC organisation, enables them to offer a
system tailored to meet most users’ requirements.

But DEC’s size cannot, by itself, account for the
success of the PDP-11. Indeed it is more likely that
DEC'’s current leading position in the minicomputer
business is a resu/t of the popularity of the PDP-11
series. So to explain this success we have to examine
the characteristics of the machine itself, and when
we do so, two features stand out; the physical
realisation of the machine’s architecture, and its
instruction set. In both cases, the PDP-11 represents
an elegant solution to the problems of computer
design and use, being designed in a way which is
conceptually simple but which results in a powerful
tool for the computer user.

Hardware

Itis the nature of DEC’s business that their machines
are used for a wide variety of applications; from
engineering design aids to machine tool controllers,
from message switching systems to time-shared
| computers for classroom use. Thus any new range
that was to be designed had to be flexible. It had to
be able to work with almost any number and type of
peripheral, it had to be able to provide a variable
amount of computing power — in terms of cycle
time and also number crunching ability — and it had
to meet a range of budgets.

The Bus

To meet this challenge, DEC engineers developed
the ‘Bus’ concept then coming into vogue, and they
developed it to an extent which has not been
surpassed in the 10 or so years since the PDP-11
design was started.

The PDP-11 is structured as a number of modules,
which are the particular processor, memories and
peripherals required for a given system, inter-
connected by a high speed bidirectional bus (Fig. 1).
This bus carries data, address and control signals
between the modules, and transfer of information via
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the bus is regulated by a ‘Bus Controller’, which is
usually situated in the processor module. Each
module is assigned a priority, and is allowed to use
the bus provided that no other- module with a higher
priority is also wanting to use the bus at the same
time. While it is using the bus, a module has
complete control in that it determines the direction of
data transfer and the source or destination for the
data. In this way a peripheral capable of handling
data at a high rate, for example a magnetic disc
memory, can effectively take control of the system
when it is ready to transfer data and route the data
correctly without requiring the processor’s help. This
technique is commonly called DMA (Director
Memory Access) and is usually used for
transferring blocks of data between a fast peripheral
and a pre-assigned area of main memory.

One interesting point is that the processor module
itself has a bus priority which it can change under
program control so that whereas it will normally have
the lowest priority in the system (allowing other
devices to use the bus when they want it) the
processor can raise its priority to keep control of the
bus when it is executing a time-critical part of a
program.

Because the processor module can be made
relinquish the bus, mul/ti-processor systems are
possible and the busses of two or more systems can
be joined via ‘Bus Switches’ for high speed
communication between systems.

Addressing

All memory locations and registers which can have
access to the bus are assigned individual addresses
from a common address space. The PDP-11 does not
distinguish between registers, |/0O controllers or
memory locations; thus one can use a virtually
unlimited number of 1/0O devices. (The top 4K of
address space is usually reserved for peripherals, but
this is a convention adopted for convenience and is
not essential). This technique is known these days as
‘Memory Mapped |/0’.

Although the PDP-11 is basically a 16 bit machine,
addresses refer to half-words, or 8-bit bytes. This
means that the basic PDP-11 with 16 address lines
can deal with a maximum of 64k bytes of memory
and registers. This is a relatively small amount of
memory by modern standards (although 64k bytes
would only have been found on a large mainframe at
the time the PDP-11 was designed) and while the
more powerful PDP-11’s incorporate a memory
management scheme to increase the usable address
space to 256 bytes, it is probably the most serious
limitation of the PDP-11 series.

The Bus, Again

One of the advantages of a bus oriented system like
the PDP-11 is that because it gives rise to a strict
definition of the connections to a particular module
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(or should do — S100 bus equipment designers
please note!) then new modules can be designed as
the need arises to work with or upgrade an existing
system. To this end the designers of the original
PDP-11 obviously spent a lot of time and effort in
defining their bus and ensuring that it would still
work reliably even in a large system. The resulting
PDP-11 bus not only caters for ‘backplane’
connections (between boards in a chassis) but can
also be implemented as a flexibie cable linking
different chasses — in a large PDP-11 system the bus
can run for tens of feet between different units and
even between different equipment cabinets. The
large peripherals, such as disc or tape drives, have
their controllers in-built, so the whole peripheral
becomes a single physical module which s
connected to the processor via the standard bus
cable. Multiple peripherals are simply plugged into
the bus in ‘daisy chain’ fashion.

Unfortunately the original version of the PDP-11
bus proved to be a bit too expensive and
cumbersome for use with the new LSI-11 series of
processor, so these have been designed around a
simplified version of the bus. Nevertheless, the LSI-
11 bus still retains all of the essential features of the
original.

One further feature of the PDP-11 bus worthy of
note is that it is asynchronous. The bus controller is
told by the modules in use when the data transfer is
complete. This means that differing speed memories
can be mixed in a system with each used at its
maximum speed. If a module doesn’t respond in a
reasonable time (usually because an address has
been specified for which there is no corresponding
memory or physical device on the system) then the
controller will inform the processor of the problem so
that an error routine can be started.

Peripheral Control

Two types of information are usually associated with

peripheral devices:

— Control and Status signals which affect the
operation of the peripheral. e.g. ‘Step Paper Tape
Reader’ (a contro/ signal) and ‘New Data
Received’ (a status signal).

— The actual data which is being transferred.
To handle these two types of information PDP-11
peripheral controllers contain Controi & Status
register(s) and Data register(s) capable of connection
to the system bus. The exact number and use of
these registers will depend upon the particular
peripheral.

As mentioned previously, specific addresses are
allocated to these registers, and they appear to the
processor as normal memory locations. Thus to send
data via a peripheral the program merely contains a
‘move’ instruction which will cause the data to be
placed in the peripheral controller Data register. All
instructions can therefore be used with peripheral
controller registers (in fact there are no special 1/0
commands).

Interrupts
Instead of seizing control of the system bus when it
has information for transfer, a peripheral controller
may instead interrupt the processor, causing it to
pause in its normal operation while it attends to the
peripheral. This approach is obviously slower than
DMA, since it relies on the processor executing a
special program to transfer data to or from the
peripheral, but it requires less logic in the peripheral
controller and is more flexible in that the operation is
controlled by software rather than by hardware.

As with DMA, priority levels are assigned to the
peripherals and to the processor {which can change
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its own priority), and the program can also enable or
disable the interrupting ability of each peripheral.

When the processor is interrupted it has to
determine which peripheral caused the interrupt. The
PDP-11 does this by using a system of ‘Vectored
Interrupts’. When an interrupt occurs the peripheral
controller responsible gives a particular address to
the processor, which then reads from that address
the starting address of the appropriate interrupt
handler routine. This system gives flexibility to suit
different system configurations, and also allows the
processor to respond quickly to an interrupt.

Nested interrupts are possible; a high priority
peripheral can interrupt the execution of an interrupt
handler routine for a lower priority peripheral.
Automatic interrupts are also generated for power-
up and power-down conditions and in the event of
certain system malfunctions; such as the use of a
non-existent address as mentioned previously.

Modules & Peripherals

The range of modules which can be connected to the
PDP-11 bus is impressive, especially as other
companies have produced specialist ‘PDP-11 Bus
Compatible’ modules for applications such as fast
Fourier transforms.

As well as the ubiquitous TTY, DEC terminals
include the popular LA36 30 char/sec ‘Decwriter I’
matrix printer/keyboard, VDU’s, monochrome and
colour graphic displays and line printers to produce
those bulky reports so ifoved by software system
designers.

Many types of memory module are available;
ROM, PROM, core and semiconductor RAM are
available in a range of sizes and speeds. Most
impressive is a 64k byte MOS memory just released
for the LSI-11 series; it is contained on a single 5" x
8! board. Floppies, cartridge, fixed and moving head
discs are standard options, as are paper, cassette
and industry standard magnetic tape drives. For the
network nut, there are a variety of data
communications interface modules, from an acoustic
coupler to a 16 lines multiplexer.

As well as these 'conventional’ peripherals, DEC
also produce numerous small devices, usually on a
single board, which can be plugged into the bus to
tailor the system to your requirements. Examples
include a. real time clock, a communications
arithmetic card, and a remotely controllable power
switch and bootstrap module which allows you to
start up a system from a remote location. DMA or
program controlled ‘Interface Foundation’ modules
form the basis for constructing your own PDP-11
bus-compatible device.

Users of the larger machines (PDP-11/40 and
11/45) may fit a separate Floating Point Processor,
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which operates in parallel with the main processor to
provide fast calculations to 17 decimal digits
accuracy using 64 bit accumulators, while the smaller
PDP’s (/05, /10 & /20) can be fitted with an
Extended Arithmetic Element which — connected to
the bus and programmed as a peripheral — does fast
32 bit integer arithmetic. A similar 32 bit fast
arithmetic capability is provided on the LSI-11
processor by merely plugging in another chip.

So Far So Good
In the preceding sections | have tried to give an
overview of the general hardware features of PDP-11

A dual cabinet version of Digital Equipment’s PDP-11/40 computer. One
of Digital’s famous PDP-11 family of 16-bit computers.

systems, and the impression that emerges is of a
complete family of compatible modules which can be
configured to meet a particular user’s needs by
simply plugging them into the system bus. | have
also tried to show how all devices which can

‘communicate with the bus are treated as parts of a

single address space, and how communication
between the devices via the bus can either be under
control of the processor (‘programmed’ data
transfers) or, when data has to be transferred
quickly, the module wanting to transfer data can
itself temporarily take over the bus (DMA transfer).
PCW The PDP-11 inspires lyricism in its devotees,
and in a future issue Mike Lord will go on to examine
the architecture of the processor itself, as well as its
instruction set. PCW

PDP-11 & LSI-11 Processors

PDP-11/05 Small, relatively low speed processor
designed for OEM use. 3.1uS register
— register move time.

Similar to PDP-11/05 but intended
for end-users, chiefly engineering
laboratories and small educational
systems.

The original PDP-11; still widely used
as it is built in a larger box and can
hence take more options than the /05
& /10. 2.3uS register — register move
time.

The cheaper large processor, can use
up to 256K bytes of memory. 0.9uS
register — register move time.

The most powerful PDP-11, up to 256K
bytes of memory. 0.3uS register —
register move time.

Single board (8.5" x 10") processor
built using LS| circuits with 8K bytes of
RAM on the same board. 3.5uS
register — register move time.

Similar to LSI-11 but without memory.
8.5" x 5" board.

Boxed version of LSI-11 with power
supply & serial interface. A modern
alternative to the PDD-11/05 & /10.

PDP-11/10

PDP-11/20

PDP-11/40

PDP-11/45

LSI-11

LSI-11/2
PDP-11/03
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PROGRAMMING

A PERSONAL
APPROACH

Stephen Holden

. =4

Learning to write programs is, in a large
measure, finding out that you are fallible just
like everyone else. Since computers are very
‘literal minded,’ they will cheerfully do exactly
what you tell them to do — even when you give
them the wrong instructions.

The result is that when you get the program
wrong, the computer gets the answers wrong.
Sadly we are not yet at the stage where our
computers can point out the mistakes in our
programs. So any programming errors (bugs)
we make must be discovered and put right
(debugged). Sherlock Holmes would have been
excellent at debugging, because the major
requirement is the ability to think in a clear and
logical way, freeing yourself of the
preconceptions formed during the initial
programming.

The best way to develop programs is to avoid
writing bugs into them from the start, but this is far
easier said than done. We can, however, adopt a
defensive strategy with twofold objectives:

1. Make the bugs easy to find.

2. Make the bugs easy to remove.

The first is largely achieved by writing your
programs as though you expected them to go
wrong. Remembering Murphy’s first law*, this is
bound to happen anyway. So put in statements
which print out the values of important variables
during testing, and include checks that expected
conditions have in fact occurred.

The second objective involves programming in
such a way that changes to the logic or output of the
program can be easily implemented. Make it easier to
understand the operation of the program by
including comments, and avoid clever programming
tricks. | have seen programs where the logic, while
very compactly represented, was so difficult to
follow that the only way to make the program
perform a slightly different function was to re-write
large sections of the code.

You should also remember, during the develop-
ment of a program, that the computer’s time is far
cheaper than yours. Many programmers are tempted
into ‘bit twiddling” in the expectation of gains in
execution speed which are unmeasurable. Get it right
first, then speed it up if it doesn’t run fast enough.

Since thousands of volumes have been written on
the subject of programming, a single article will never
be a definitive reference work. Instead, | invite you to
look over my shoulder during the design and

*If a thing can go wrong, it will.
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development of a small (and possibly useful)
program. Hopefully, this will point you in the right
direction and give you a start along the way.

Define Your Objectives

Before ever approaching the keyboard with the
gleam of battle in your eye, you must have a clear
idea of what you expect the program to do. It is best
if you have this in writing, and clearest if you specify
the items of information the computer will have to be
given when running the program, and the
information which you expect in return.

These items do not have to be written in any
special way, but should be used to clarify your mind
about the task of the program. Already you have a
yardstick by which to measure the program'’s
performance.

Let us now consider a specific problem, that of
reconciling your monthly bank statement with your
own records. The idea is to enter your credits and
debits from the statement, and then the credits and
debits from your records. You will obviously want to
know about any items for which no matching
transaction exists.

This gives us the following specification of inputs
and outputs:

Input: 1. Statement credits and debits.

2 Records of credits and debits.

1. Unmatched statement transactions.
2. Unmatched record transactions.

Professional systems analysts show in line-by-line
detail the sequence of queries and outputs. This is
perhaps taking things a bit too far for .a reasonably
simple program which is not part of a larger software
system, though.

Output:

Design Your Data Structures

Now you know what data are going to be sent into
and out of the computer, you will have to decide how
best to represent these data in the computer
memory. There is in reality no absolute best way of
doing this, and you will often find at the beginning of
your programming career that you have chosen a
representation which leads to unnecessary program-
ming complications. The only remedy at such a point
is to go back and rework the definitions, rewriting the
parts of the program which are affected by -the
change. In doing so, you can be confident that you
are breeding better programming habits, and
learning an approach which will pay for itself over
and over again by saving time in the future.

For our sample problem, we will be trying to match
the amounts in two lists of numbers (the statement
transactions and the record transactions). A natural
way of representing lists in a BASIC program is as
the elements of an array. Such a representation
allows you to get hold of the elements by using
subscripts, which are expressions in brackets after
the array name, specifying which element is to be
used. For example, A(5) is the fifth member of the
array A.

We will also need some indication of which
transactions have been matched by the program,
and we can use arrays for this purpose too by
arranging that if a particular transaction in the nth
element of its array has been matched then the nth
element of another array will hold the value one.
Otherwise, we will arrange for that element to hold
zero.

Last of all we need some indication of how many
items have been put into each of the lists, and we
will do this by holding the subscript of the last
element in use in a variable. Since one picture is
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supposed to be worth a thousand words, | will save a
page of magazine by drawing Figure 1 to your
attention.

Here the T1 array is used to hold the transaction
amounts from the statement, and the M1 array holds
the marker to show whether they are matched. The
variable N1 contains the number of entries in use in
these lists. A similar situation holds for the record
items, which use arrays T2 and M2 and the variable
N2.

You can see that there are five statement items, of
which four have been matched, and six record items,
of which four have been matched. You may also
notice that all names associated with the statement
end in the digit 1, whereas those to do with the
records end in the digit 2. This may not seem
important, but it helps to ensure a separation of the
two sets of data in your mind.

N1 () () N2 T2() m2()
5 $3.20 | [ el | |
DICATES 4.5 i e 232 t j
LAST 14 Ve LAST 1 OSE
16.% ! 16 - 5| '
-
12.32 | [} (4]
[T 0 33.2
21 [

—

STATEMENT  (TEMS REwEL 1TENMS

Data structures for the bank statement checker.
The arrays have a maximum element number of ten
because they were not set up by a DIM statement.
There are five statement items and six record items.

How Would You Do the Job?

We have finally reached the point where we can
start thinking about the sequence of operations the
computer must perform. Just as an artist will begin
his picture in outline, with broad brush-strokes, you
should try to avoid getting bogged down in detail too
early. Imagine how you would tackle the problem
you are going to ask your computer to solve.

Better still assume that you are employing a
complete moron with few brains and less
imagination, but an unrivalled aptitude for figures
and logic. (Don’t laugh at this idea, because that's
exactly what you are doing when you use a
computer). How would you instruct him to give him
the best possible chance of success?

One fairly concise statement of the task is: ‘Read
the amount on each of my records, and scan down
the statement looking for an entry of the same
amount. If you find one, tick both the line on the
statement and the record, and in any case proceed to
the next record. When you have dealt with all
records, make a list of the statement lines you have
not ticked, and another one of the records you have
not ticked.’

Since your computer won’t be able to understand
these instructions, you must now translate this
statement of the task into BASIC. You will notice,
though, that much of what we have so far done is
quite /ndependent of the language in which the
program is to be written.

You may also notice that under a certain perverse
combination of circumstances the above instructions
would fail to have the moron do the right thing. This
error will be attended to later, but if you can see it
now you can go to the top of the class. If not, you
will appreciate the value of the debugging
statements we are going to write into the program.

Figure 1.

How to Instruct Your Moron
Since we are going to tell the computer to scan down
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the transactions on the statement, we must
obviously give it instructions to read these into its
memory before starting the program proper. This
kind of initialisation code is often required, so even if
you don’t write it first (perhaps because you didn't
realise it was necessary) you should leave enough
free line numbers at the beginning to fit in later.

The initialisation of the statement is handled in
lines 100 to 190 in the program listing, and should be
easy enough to understand if you've had any
exposure to BASIC. For those who haven't, line 110
sets the number of statement items to zero. Line 120
tells the user what to type (never assume that he’ll
know — if it takes a long time to tell him, ask him if
he wants instructions). Line 130 reads a transaction
amount from the system keyboard, and line 140 skips
out of the section if the user says he’s finished
typing. An input of some ‘sentinel value’, in this case
zero, is a commonly-used technique for getting out
of an input loop. Since we must have read a real
transaction if we get to line 150, the number of
statement items is increased by one. Line 160 stores
the transaction amount away in the appropriate array
element, and line 170 sets the transaction flag to
‘unmatched.’ Lastly, line 180 sends the computer
back to the input statement to enter another amount.
Line 190 is a comment because that way you can put
in and take out statements when modifying the
program knowing that you’ll never try to jump to a
statement that doesn’t exist.

To check that the statement has been correctly
set up, we include at lines 200-230 some program to
print the items out. These are debugging lines, which
can be removed when we are satisfied that lines 100
to 190 work correctly.

The next piece of code to write is the bit to read in
the record items. Since all of the statement will by
this time be in the memory, we check these items
immediately they are read in (lines 240-400). Lines
240 to 300 are closely parallel to the lines for the same
job on the statement, and require no further
comment. The next three lines are a programmed
loop to look at all the statement transactions. Line
310 establishes the limits of the loop, saying in effect
‘start with | as one and keep adding one to it until it
becomes greater than the number of statement
transactions.” Line 320 causes the computer to exit
early from the loop if it finds that the transaction
amount matches, to a piece of program which marks
both the record and statement transactions as
matched.

Line 330 says that we. must go back and try
another value for | if we haven’t yet tried all possible
values given in the FOR statement. If we have, of
course, the conclusion is that we have no matching
statement transaction. Consequently, we mark this
record as unmatched, and go back for another.

This section also includes debugging statements,
at lines 340 and 370, to inform us of the computer’s
actions in either case. This is in line with our
philosophy of expecting trouble and being
suspicious, rather than pleased, when it doesn’t
appear.

Lastly, the program scans up each of the marker
arrays and prints out the transactions which the
program hasn’t marked as matched. This code {lines
410-999) is unexceptional, bar the fact that there is a
special case when all transactions are matched to
account for why the program printed a heading with
no transactions. This is largely a matter of taste, but |
personally don’t like my programs to act in a stupid
fashion. Again there are debugging statements at
lines 445 and 545 to check that the computer has
done the right thing.



Testing

For realism, the preceding part of this article was
written before the computer was programmed. In
entering the program, some typing mistakes were
made which caused pathological behaviour soon
revealed by the debugging statements (one of which
had itself been incorrectly typed).

The following test cases were tried and found to
work.

1. No statement items.

2. No record items.

3. Some of each, but none matching.

4. Some of each, with a// matching.

5. Some of each, some matched, others not.

The deliberate mistake (see output 1) was
‘discovered’ by entering two statement items of the
same amount, and matching them both. Line 385
told me that they had not both been matched, and
the reason is clear. At line 320, when checking that
an item was matched, no attempt was made to see if
it had been previously matched. Line 320 was
changed to

320 IFT=T1(l) AND M1(l) = 0 THEN 370
and the program was adjudged to be working.

| have, however, kept a copy with the debugging
prints in it, because somewhere at the back of my
mind | keep hearing Murphy’slaw . . .
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100 REM INITIALISE STATEMENT ITEMS
110 LET N1=0

120 PRINT “STATEMENT INPUT = END WITH ZERO"
130 INPUT T

140 IF T=0 THEN 190

150 LET N1=N1+1

160 LET TTINLY=T

170 LET M1(N1)=0

180 GOTO 130

190 REM END OF STATEMENT INPUT

200 PRINT N13" STATEMENT ITEMS"
210 FOR I=1 TO NIl

220 PRINT T1(I)s M1(I)

230 NEXT I

240 REM READ AND MATCH RECORD ITEMS
250 PRINT "RECORD INPUT = END WITH ZERO"
260 LET N2=0

270 INPUT T

280 IF T=0 THEN 400

290 LET N2=N2+1

300 LEY :T2(N2)=T

310 FOR I=1 TO Nl

320 IF.T=T1(1) THEN 370

330 NEXT I

340 PRINT "ITEM DID NOT MATCH"

350 LET M2(N2)=0

360 GOTO 270

370 REM ITEMS T1(I)s T2(N2) ARE MATCHED
375 LEF M1 (I)=1

380 LET M2(N2)=1

385 PRINT "MATCHED STMT ITEM "jI
3%0 GOTO 270

400 REM END OF RECORD INPUT

410 REM PRINT STATEMENT ITEMS

420 PRINT "UNMATCHED STATEMENT TRANSACTIONS"
430 LET C=0

440 FOR I=1 TO Nl

445  PRINT T1(I)s M1(D)

450 IF M1(I)=1 THEN 480

460 PRINT “ITEM "3I,T1(I)

470 LET C=C+1

480 NEXT I

490 IF C<>0 THEN 510

500 PRINT "NONE"

510 REM PRINT RECORD ITEMS

520 PRINT "UNMATCHED RECORD TRANSACTIONS"
530 LET C=0

540 FOR I=1 TO N2

545 PRINT T2(I)s M2(I)

550 IF M2(I)=1 THEN 580

560 PRINT “ITEM "3I, T2(I)

570 LET C=C+1

580 NEXT I

590 IF C<>0 THEN 610

600 PRINT "NONE"

610 PRINT
620 PRINT w&#s FINISHED #s#w
999 END

RUNNH
STATEMENT INPUT - END WITH ZERO
? 12.32

? 25.67

?2 10.9

7 15.32

? 1.9

?

5 STATEMENT ITEMS
12.32 9
45.67 9
12 )
15. 32 bl

19 )
RECORD INPUT - END WITH ZERO

? 12.32

MATCHED STMT ITEM 1
? 13.9

MATCHED STMT ITEM 3
? 15.32

MATCHED STMT ITEM 4
? 45.67

MATCHED STMT ITEM 2
? 10.9

MATCHED STMT ITEM 3
20

UNMATCHED STATEMENT TRANSACTIONS
12.32 1
45.67 1

19 1
15.32 1

10 3

ITEM 5 10

UNMATCHED KECORD TRANSACTIONS
12.32

12 1

15.32 1

45.07 1

19 1

NONE

#4% PINISHED **%

Output 1. Statement item 3 was marked twice, and item 5
not at all.
KUNNH
STATEMENT INPUT - END WITH ZERO
? 33.43
? 12.76
? =9.03
? 45.86
?.5.30
29
* 5 STATEMENT ITEMS
* 33,42 J
» 3. 78 9
* 9,93 i)
* 45.86 2
*

5 b
RECORD INPUT - END WITH ZERO
2 5.00

MATCHED STMT ITEM 5
? -12.45
ITEM DID NGT MATCH
? 45.86
MATCHED STMT ITkM 5
?.33.43
MATCHED STMT ITEM 1
? 33.43
MATCHED STMT ITEM 1
2
UNMATCHED STATEMENT TRANSACTIONS
* 3343 1
* 12,76 9
ITEM 2 12.76
* =993 9
ITEM 3 -9.33
* 45.86 1
D 1
UNMATCHED RECORD TRANSACTIONS
oA | <
* ~12:.45 9
ITEM 2 -12.45
* 45.86 1
* " 33.43 1
*. 33,43 1

#%% FINISHED **%

Output 2. A typical debugging run. Lines marked with an asterisk
would not appear wnen debugging statements were removed.

Note that the deliberate mistake also causes an error here.

RUNNH

STATLMENT INPUT - END WITH ZERO
? 22.45

? 45.65

? 12.45

? 12.45

29

RECORD INPUT - END WITH ZERO
? 12.45

? 12.45

? 22.45

? 16.89

2

UNMATCHED STATEMENT TKANSACTIONS
ITEM 2 45.65
UNMATCHED RECORD TRANSACTIONS
ITEM 4 16.89

#*% FINISHED ***%

output 3. A final run of the corrected prrogram in its
production form. Note that the “"deliberate
mistake” causes no error here although given

every opportunity.
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Richard R. Waller, capmicrosoft L1a.

Do-lt-Yourself

MIGROS FOR
GOMPANIES

This is addressed to the 30% of current microcomputer buyers who are paying for equipment with
company money. It takes the form of a straight question. Are you man enough to make a case for
real money and put up a plan to your company to do the job properly? if you can see your way to
asking for up to £25,000 then in six months you could have a company microcomputer centre of
knowledge which could be of real service to dozens of potential company micro users.

More than this, your leadership could set a path for a communication network within the
company; an automated office if you like; and put you months or even years ahead of your
competition in handling your admin tasks.

If your company doesn’t do this, then micros will still come. They will come with each new
computer terminal, within each new computer peripheral and in items of office machinery. Ward
Processing is a natural for micros, and building services will increasingly find micros in air
conditioning, security gates and lifts. Small Business Machines are already creeping into ordinary

offices and stores. The factory is still fair game for micro control.

All this will happen. And no one will ask the Board
of Directors, or the DP Manager. Why should they;
the price of any one unit is much less than the limit of
discretionary spending of each individual manager
concerned.

| think you can do better for your company. All it
needs is initiative; the costs are not great compared
with the current DP budget, much less the cost of
the total paper-work handling for the organisation; it
has been estimated that DP tends to cost 2% of
turnover, and paper handling 40% of turnover.

The micro centres we have helped set up tend to
have 2-4 people full time to start with, plus part-time
services of a contract electronic wireman hired by the
hour to do the difficult bits. A key man is the leader,
requiring management/analysis/salesmanship skills.
A programmer or two will do the work, and there is
normally room for a junior/secretary/general
dogsbody to keep the paperwork in order, help
users, demonstrate (and make the coffee). After a
few months there will -be major programs to write,
which can be sub-contracted to the DP department
who have skilled resources for such work.

It is necessary to make a start somewhere. The
first use of micros in a company starting from scratch
should: —

a) Be very simple; complexity can come later.

b) Be non time critical; in case it has teething
problems.

c) Be supplied free of charge to the user.
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d) Be useful and visible.

It always seems to be difficult to come up with
ideas for this first project. May | suggest: Index of
Names and Addresses, Mailing Lists, Telephone
Directory, Staff lists, Weekly diary of appointments,
Database of staff skills, Index of available micros and
small business systems, library magazine circulation
records, inventory of furniture or office
machines . . . all fairly simple but useful and
demonstratable.

Real business applications tend to be big. Sales
Ledger is typically 30 programs, Purchase and
Nominal Ledgers perhaps 20 each, Stock Control is
25. Each program from our experience tends to be
between 200 and 700 MicroCOBOL statements and
thus each of these packages represents a very major
investment, certainly not much less than a package
produced for a main frame computer. As an estimate
for budgeting purposes, each program takes about
one week to design, write, test, and document, and
costs about £1.50 per statement.

Replication is the only solution; a major package
must be used by as many users as possible. Small
Business System suppliers do this and some of their
supplied software is very good. They are understand-
ably not willing to modify the basic package unless
you pay for the costs involved. A company package
can often be specially designed and written — in
which case spreading the cost of a stock control



package over, say, 60 depots can bring the software
cost down to less than £1000 per site. This would run
on a computer costing £5000 and thus the bill to any
individual site is quite reasonable.

Three others things can be done to help users.
There should be a growing library of utility programs
to Sort, Merge, Copy, Print and generally massage
data on files; we have 18 on our library. Then there
will be a number of ‘Executive Tools’ like a desk
calculator facility, Discounted Cash Flow, a diary of
appointments, etc. These will arrive al