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> BATTLESHIPS!
Bring Out The

Big Guns




2 MICROPROCESSORS

Z80 the powerful CPU with 158 instruction. including
all 78 of the 8080, controls the MM57109 number
cruncher. Functions include +, —, ° squares
roots, logs Sxponennqﬁ trig functions, inverses elc
Range 107" to 9 x 197 to B figures plus 2 exponent
digits

8K ON BOARD MEMORY!

5K RAM 3K ROM or 4K RAM. 4K ROM (link
selectable) Kit supplied with 3K RAM, 3K ROM
Systemn expandable for up to 32K memary

2 KEYBOARDS!

56 Key alphanumernc keyboard for entering high level
language plus 16 key Hex pad for easy entry of
machine code

EFFICIENT OPERATION

Why waste valuable memaory on sub routines for
numeric processing? The number cruncher handies
everything internally!

GRAPHICS!
64 character graphics option — includes
transistor symbols! Only £18 20 exiral

MEMORY MAPPED

high resolution YDU circuntry using discrete

RESIDENT BASIC

with extended mathematical capability. Only

TTL for extra 1|-r_mh1luw H.?s its own 2K 2K memory used but more powerful than
memory to give 32 lines for B4 characters most 8K Basics! .
E\‘r\rwn rs.m" tﬁvgtlwiauc 1 Kih\‘!ol:l;;lzgﬁ

resident in {

SINGLE BOARD DESIGN
Even keyboards and power supply
circuitry on the superb quality double
sided plated through-hole PCB

COMPLETE
KIT .

: ' ONLY
Y COMP BO £275.00

e - +VAT

Cabinet size 19.0" % 16 7" x 3 3" Telewision by courtesy of Rumblelows Ltd | price £58 62

PSI1 Comp 80.280 Based powerful scientific computer|
Design being published in Wireless World — NOW!

The kit for this outstandingly practical design by John Adams being published in a series of articles in Wireless World really is complete!

Included in the PSI COMP 80 scientific computer kit is a professionally fimshed cabinet. fibre-glass double sided. plated-through-hole printed circuit board 2
keyboards PCB mounted for ease of construction, IC sockets, high reliability metal oxide resistors, power supply using custom designed toroidal transformer. 2K
Basic and 1K monitor in EPROMS and. of course. wire. nuts, bolts. etc

SYSTEM
EXPANSION
COMING
SHORTLY!

m wﬁf e ~ & m% . ,.;:Q&“M Kit also available as separate packs e.g
ﬁ%" “@ %W .. I PCB. Keyboards, Cabinet, etc

e.g- ra Wﬁ - w m 7 " . o e
8K RAM Board s m%==@ ==

8K ROM Board
Prom programmer
Printer Interface
etc.

etc.

PCB size 16 0''x12.5"

Value Added Tax not included in prices UK Carriage FREE

PRICE STABILITY: Order with confidence. Irespective of any price

changes we will honour all prices in this advertisement until December
31st, 1979. If this month’s advertisement is mentioned with your order,
Errors and VAT rate changes excluded.

EXPORT ORDERS: No VAT. Postage charged at actual cost plus 50p (a leISIOﬂ Of POWE RT RAN ELECTRO N ] CS

handling and documentation.
U.K. ORDERS: Subsequent 1o 15% surcharge for VAT, NO charge is

made for carriage. Or currantratel if cha.nged. . ) PORTWAY !N DUSTRIAL ESTATE ANDOVER
SECURICOR DELIVER: For this optional service (U.K. mainland only) AN DOVER HANTS SP10 3MN {0264:' 64455

add £2.50 (VAT inclusive) per kit,
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New releases for your appraisal

TURING MACHINES
A study in Computability

THE TRS-80
A buyers report

MPU’S BY EXPERIMENT

Machine code rules

BATTLESHIPS
From board to computer, play one

PRINTOUT

Readers comments

SOFTSPOT

From you to us

NUMBER CRUNCHER 48
We calculate this project
PROBLEM PAGE 56
Did you get it right?
TRITON TYPECAST 62
Cheap print for home system
BEGINNING BASIC 70
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Subscriptions 15, Marketplace 43, ETI 54, Next month 55, Books 60.
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S0P PRESS

Uﬁ ...44 NEW PROGRAMS
for the PET in the latest

PETSOF T CATALOGUE
1nclud1ng A

PP.YROIJ. 400 (Duk] £50 A totally new and complete disk based payro
H busineszes. Up to 400 emple S
2 equipped with dual loppy, an Anadex DP8S00

~

Il system

or device !L'

ter is require

a standard week' to be speci
re provided and amend

ransfer

igaof
avagilable

r lactors
ment

6502 FORTH £30 FOR
syste prr's and applic
ATH Compiler/]

Jl'“_rr/.'ll"]:)’;"'[ aking
and explain the

HUNT £10 A nes

The contex

% The Original Cassette !

Magazine for the Commodore

PE e CURSOR

PETSOFT

7 PROGRAMMERS TOOLKIT

"“10 Powerful New Commands for your PET!

r a free Data

Recommended by Commodore

Programs are available on Commodore format cassettes. Some titles are available on disk
ACT PETSOFT and Commodore Disk systems. PET is the trade mark of Commodore

r et Et S Di Radclytfe House, 66-68 Hagley Road, Edgbaston, BirmmqhuD
B E" i B16 8PF. Telephone: 021-4558585 Telex: 339396

My name is

Please send me a copy of your

[iveat———m--—y0- - -
latest catalogue
i e S o e LS e Postcode

[ have a new/old ROM PET [ have NO PET

_______________ oot i o ety i i)
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NEWS

MILLION BIT BOX

Rostronics have been appoint-
ed UK distributors for Micro-
mation and the first product
being sold is the Megabox.
This is a double density, dual
disk system with either single
or double density units. Com-
patible with all 8080 and Z80
$100 systems at up to 4MHz
it uses the CP/M operating
system. Format is to the IBM
3740 standard but a special
model is available for the TRS
80, The cost for the 1Mb unit
is £1350 and the 2Mb unit is
available at £1750. The special
TRS-80 version includes 32K
of RAM and an RS232 port so
it can stand alone with the
processor unit. Further details
are available from Rostronics
at 118 Wandsworth High St,
London SW18.

DUPED
BY TAPE?

If you want to duplicate your
software for your local club or
friends a service is being
offered by Simon Stable Pro-

motions. Virtually any taping
standard can be accomodated
and quantities of ten upwards
cost 33p each. A single sample
can be done for 50p. Library
boxes are available at 10p each
but these will increase the post
charges. Please note that this
service should NOT be used to

rip off others peoples software
as you have to sign an indem-
nity form with each order that
leaves you liable for heavy
penalties if caught.For more
details please contact Simon
Stable at 46 West End,Laun-
ton, Oxon or ring 08692—
2831.

NEW DEALER GIVES
NEWSLETTER

A and G Knight of Aberdeen,
a television rental company
who are moving into the micro
business are offering a free
newsletter. Among their prod-
uct range are Nascom and
Xitex systems.After hearing
many complaints about vari-
ous newsletters they decided
to produce their own. As well
as covering their product range
the publication includes detail
on connecting a Nascom to re-
place a radio teletype, an
article on bubble memories
and more besides. For infor-
mation on both the newsletter
and theie range contact them
at 108 Rosemount Place,Aber-
deen ABZ 4YW.

NEWBEAR BLAST
OFF

For those of you with a desire
to wipe out your own PROMS
ready for new data Newbear
are now stocking a range of
UV lamps. These include a
timer on all but the cheapest
model and are of American
origin. The cost for a six unit
eraser is £56 going up to a 144
chip model at £1227. A leaflet
is available from Newbear at
40 Bartholomew Street, New-
bury, Berkshire.

2020 PRICE CRASH

ITT have announced that the
price of their 2020 version of
the Apple is being cut in price.
The new suggested retail prices
are £867 for 16K, £931 for 32
K and £995 for 48K. These
reductions have been caused
by increased demand and cost
saving through in-house manu-
facture of IC's. Expected soon
is a larger disk for the small
business and educational end
of the market.
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TRANIAM rmoners

SINGLE BOARD
PERSONAL

TR ITON COMPUTER

Three new exciting expandable systems designed for
ease of construction and flexibility.

Kits come complete with
case, power supply, full
keyboard, PCB. All com-
ponents available separately,
see catalogue. Full hardware.
Programming manual avail-
able. The system is easy to expand
and is well supported. Features —
2, 25 or 7K Basic in Eprom (see
catalogue).

eSingle Board

Holds up to 8K Memory
eCassette Interface

eThree Firmware options

eBasic in Eprom

ePlug-in Expansion
Boards

Perso“al computer From Em V;T

EXPANSION
MOTHERBOARD

TRITON. Expand your Triton simply and
easily with our new 8-slot motherboard
complete with its own P.S.U. takes 8 plug-
in Euro cards. Plug-in 8k RAM card and

Eprom cards now available. Kit complete

with PSU + 1 set connectors.

Triton 8k Static
RAM card kit
uses 2114L low
power 4k static
RAMS. On board
regulation. Mem
jump select.

PCB only £15 — RAMS £5.50

Kit less RAMS £35incl 5SKTS & components

/

8K EPROM / 5’
CARD 1
Triton 8k Eprom "‘f
card kit designed e =
to take up to |
8 x 2708 Eproms |

(1k x8) as RAM card. s |
PCB only £15 Q::?
Kit less Eproms £31 £97

Eproms (blank) £9

Complets kit + VAT

Bl DIRECTIONAL
MATRIX PRINTER £595 /.

The BDS80 is a low cost, 80 column line printer with
microprocessor control to provide excellent re-
liability and performance

o5x7 Matrix @10 lines/sec Paper Advance
@10 Char perinch @112 Char/sec

o6 lines/inch e84 lines per minute

400 Char Buffer eSelf Test

oFull ASC Il Char Set eFully Cased

A
UNIQUE
PRINTER
FAST
AND
RELIABLE

Switch selectable baud rate from 110 to 9600 on a
standard V24 and RS232 Interface — Send SAE for
further details. Ideal printer for Triton or any system
requiring high speed, reliable, hard copy. We can
supply consumables.

$100 BOARDS

8k Static RAM board (460ns)  £123.75 Pascal/Z

8k Static RAM board (280ns)  "£146.25 T

780 cpu board (2MHz) £131.25 P"' !mf own

Z80 cpu board [4MHz) ____E16375 DBET icro

2708/27 16 EPROM board £63.75 3‘:3 OD:?E\%IEI

Prototype boards and bare boards. SS‘J;ESTL o

Video display board (64 x 16, 128 u/l ! us system

Ascii). £108.75 ;ﬂng DSPUS1 Nmkz

Disk controller board £131.25 arame'blsﬂ[ﬁzs 5

K2 disk operating system B" disk £56.25 Ds:sce a1/ on 8 disk. &

Assemble/z Macro Assm B" disk  £37.50

VISIT US FOR DEMONSTRATION

ITHACA

We stock the
full range of ITHACA products.

PCB CONNECTORS THAP' Triton resident assembly
Edge connectors gold [T e

contact double sided PCB Links via the L6.1 monitor and new scientific
connectors = basic to make Triton & stand slone devalopment
1 Pri 156" Pr = systemn. Trap is an Bk package n EPROM and
a4 s S f1oe = resides on our EPROM card. Set of 8 x 2708 only
25/50 £360 10/20 £150 g £80 including documentation

28/66 £3.90 12/24(Pet) £2.00 sEDITOR «BREAKPOINT

30/60 £4.15 15/30 £22 = +ASSEMBLER #SINGLE STEP

85/70 £4.60 18/36 £2.30 oDISASSEMBLER oTRACE

36/72 £4,75 28/56 £2.65 «SYMBOLTABLE «PROGRAMME LOAD

40/80 £5.00 36/72 £3.30 oCREATE oMONITOR

43/88 £550 43/a2 £3.90

50/100 (S100) £5.80 £460 + VAT See catalogue for further details

SAE for list of programs available for Triton.

COMPONENTS 74LXX SNASTAN ) MEMORY AND SUPPORT CHIPS — NEW LOW PRICES
SNALSOON 18 SNTALSBAN 21 SNTALSIGEN 40 SNTALSISHANT 89 SNTALSTISN 255 (prices excluds VAT)

N1 ) ; 74LS196AN 85 SN7ALSI6N 2 55 REGS AY MiSCLE
SN74LS0ON 20 SN7ALSESN 21 SNTALSIION .75 SN7ALS196N 1.20 SNIALSI2TN 285 BUBEONY . k) it e o e am = 750
SN74LSOIN 18 SNTALSAIN 150 SN7ALSIASN 120 SNTALS1STN1.20 SNI4LSIEN 1.36 gl e S e 400 LwIac 7 7812 % 0K Im TMSmN 500
SNTALSOAN 20 SN74LSTSN 35 SN7ALST4EN 175 SNTALS22IN 125 SN7ALSISIN 150 £ 28 3D 2% Te 500 LMTZICH =8 7815 0 IMHZ IE MO 1200
SN74LSOSN 26 SNT4LSTIN 40 SN7ALSISIN 85 SNTALS240N220 SNTALSIEEN 65 8295 22 22 2% 2518 2800 M72ICN A3 T % 008K 1T Mclez 12
SNTALSOBN 20 SNTALSTSN 46 SNT4LSISIN B0 SNTALS241N 190 SNT4LSIEN 65 om 420 &m0 08 26 200 (MPBCN 130 780K 150 134 3 96364 1095
SNTALSDIN 22 SNTALSTBN .35 SN74LS154N 160 SN74LS242N 190 SN7ALSIEIN 65 ) 420 815 816 ROMS LM738CN 130 812K 10 e 1M chrs
SN74LSION 18 SN74LSTBN 35 SNTALSIS5N 125 SNT4LS24IN 135 SNTALSIEBN 65 215 100 2114 550 7ASZE] 370 LM74iCh-14 @ T8ISK 150 247K 305 me0 63
SNJALS1IN 26 SNT4LSBIANT 15 SNTALSISEN 125 SNTALS244NZ10 SNTALSITIN 1.75 248 100 FLd 180 74S472 1200 LMTAICN@ 25 TEMK 150 6K 0 %0 100
SNT4LS12N 25 SN74LSBEN 110 SNTALSISIN 60 SN74LS245N 260 SNTALSITAN 170 #8251 800 74C320 1100 ST 800 LM747CN-14 79 7905 10 e i o a0
SNTALSTIN 55 SNT4LSOEN 40 SNT4LSISEN 99 SNTALSZ4TN 1.25 SNT4LSITSN .72 263 1100 740921 19.00 7454 1248 LMI4ICH 119 7912 10 A 2 ZEOA 150
SNTALSTAN B9 SNT4LSSON 65 SNTALSIGON 115 SNTALS248N 136 SN7ALSITIN 178 25 500 740928 1100 745474 1248 LMJ4CNE 5 7915 3 e sl i
SNTALSISN 25 SNTALSSIN 99 SN74LSIBIN 1.15 SN74LS249N1.30 SNTALSIIEN .22 267 11.00 4027 1100 10 LMTBCH 45 T4 L 0 e 8.00
SNT4LS20N 20 SN74LSEEN 90 SNTALSIGIN 115 SNTALSZHIN 1,45 SNTALSITON 1.40 RB258 1250 404 1470 2513 750 LM1458H 72 1850 5_::: 2 _ScwMei :ﬂm
SNTALS2IN 25 SN74LSHIBN 65 SNT4LSIEIN .90 SN74LSISIN1.25 SN74LS3IBIN 366 2R 1800 4045 9.15 96364 1095 MissaN-g 48 T912K Ly e T Kyed
SNTALSZIN 26 SNT4LSOEANT 20 SNT4LSTEAN 150 SN74LSZSIN 140 SN7ALSIEEN 57 SE20P 4% 4060 7.00 14412 1280 LMiaB8D 886 T9IEK 1% ;u‘?ﬂ; I WWRAPSKTS
SN74LS26N 29 SNTALS9EN 1.75 SNTALSI65N1.70 SN74LSIBN 95 SN74LSINN 1.98 &21P 450 2107 780 LINEARS Lvigop B8 TDAC . 180 CUUE i® 80 %
SN74LSZ7N 35 SN7ALSIOTN 39 SNTALSIESN 1.75 SN7ALS260N 145 SN7ALSITN 150 B8sP 460 4116 800 LMMOTAH 39 LMuagoAD 125 DALS & o am o '
SN74LS28N 35 SN74LSI0SN 30 SNZALSIESN 105 SN7ALSPB0N 39 SNIALSISN 18D i 550 4118 2000 LVMXOTAN-S LMISENA 28 sl 16m 250 14D 3
SNTALSI0N 25 SNTALS112N 35 SN7ALSIBON 195 SN74LS26IN 350 SN7ALSIOEN 1.70 AY-52976 11.50 80F20 1000 LMiMiniDip) 30 LMZ02N 65 S 7o Im 16DIL 'u
SN74LSIZN 77 SN7ALS11IN 44 SNTALSIION250 SN7ALS266N .39 SN74LSIBEN 275 MCladll 1200 ZCTC 1000 LMX0GN % LI % eni 24 cMos 8D 8
SNTALSIIN 39 SNZ4LS114N 44 SN7ALSI7AN220 SN7ALSZTIN 185 SNTALSIGON 160 MSTI00 1243 ZEOAPIO 1400 LMIGEK ey 138 200 7 Cost 18 24DIL 2
SNTALSTIN 23 SN74LSI122N 79 SNTALSI7AN1.1S SNTALSZTON 79 SNTALSAZ4N 450 MEYen 1000 ZOACTC 1400 LMTm 18 LMESORN. S0 Son o COW0 7 2801 7
SNTALSHN 29 SNT4LS12IN 80 SNTALSI75N 105 SNTALSZB0N 176 SN7ALSAAEN 125 ME7I61 1000 D IR Tece V8 o o e %0DIL £
SNTALS4ON 26 SN74LS124N 150 SNTALSIBINZ7S SNJALS2EIN 180 SN74LSSATN 125 ) R e neal oy DK %

SN74LSAIN 79 SN74LS125N €5 SN7ALSIGON 175 SN7ALS290N 180 SN74LSA0N 195 A Y L
SN74LS4TN 95 SNIALS128N 65 SNTALS191N 175 SN7ALS29IN 180 SNIALSESEN 95 s Sl T S it 1= 16 x 214L only £7
SN74LS48N 96 SNTALS13ZN 75 SN7ALS1ZIN 145 SN74LS205AN2.20 SN7ALUSEEON 95 g e ’ 1 £
SN74LS49N 1,09 SN74LS13IN 39 SN74LSISON 175 SNT4LSZ9BN220 SNTALSETON 270 8x 4116 only £58
TRITON DOCUMENTATION HOME COMPUTING CATALOGUE _ NEW
available separately as follows, prices include p & p If you're in town, visit our showroom in ,,;;;gp.\ Af:::: ct_a:loﬁua
Triton manual — detailed circuit description and constructional details Chapel Street, next to Edware Road tube (<% i\ firteet ﬁmf,’:{,
plus user documentation on level 4.1 monitor and basic £5.70 station. We have Tri T \
L4.1 listing — listing of 1K monitor and 2K tiny basic £4.20 REsE; fltDI‘l? on display plus a 40p
L5.1 user documentation on level 5.1 firmware £1.20 comprehensive range of components and + SAE
tg.:l'ssﬁl‘lgd— Iis‘iingt::i 1.5K m}f‘sait;)r and zt.sx bat:in 5.2 accessories, specifically for personal com-

.1 user documentation on asic interprater ) 1. t ar ALL
Matherboard, 8K RAM and 8K EPROM constructional details SAE st ook, oo nes date; cableg PRICES
User group newsletter subseription £4 per annum Triton software — Send plus much more. Showroom open 6 days a EXCLUDE VAT

week. (Half day Thurs. from 1.30).

TRANSAM EN

| BABCLAvCARD

)

ALL PRICES
EXCLUDE VAT

VAT

TRANSAM COMPONENTS LTD.
12 CHAPEL STREET
LONDON, NW1 TEL: 402 8137



NEWS

ALIEN—A REVIEW

What, you may ask is a film
review doing in a computer
magazine! Well the answer is
quite simple.When we publish-
ed the Dateline 5000 program
a couple of months ago we
wanted to get hold of a few
pictures of spacecraft to illust-
rate the article with, so we
tried all the companies who
were making sf movies. We
didn’t get any pics but we did
get an invite to the Press show
of Alien. By now you have
probably heard about the
horror aspect of the film in a
variety of reviews but this
aspect aside it must surely rate
as one of the best films of the

—

year, or even the decade.The
whole film is set on a ship that
has to make a landing to check
out a distress call. It could be
in the 18th century but inst-
ead it is in the future, and in
space, not that this detracts
in any way from the story.
The central plot is the classic
‘who gets got next' story and
the ‘getter’ is of course the
Alien. The superb use of
the special effects in the
film add to the story
rather than turning it
into yet another fan- 4
tasy type film of the /8
Star Wars or Gallac-
tica type. Yes,
this rates

as a true sf movie and as a
necessary part of the story
there is a quantity of gore.
The novel, which | had read,
does not in any way spoil the
horror element of the film,it
just fills in some of the details
which have to be left out

because of time, | wonder just
what was in the 13 minutes
that they cut? The second
very good reason to go and see
the film is the prescence of a
young lady called Sigourney
Weaver, making her film debut
with a stunning performance
as Ripley. It is mildly ironic
that out of the crew of
seven on the ship (plus
a cat) she is one of
the survivors. Alien
is undoubtedly
a true piece of
science fiction,
possibly an epic
and if you
don’t mind
being scared
half to death
you really
should go
and see it.
Alien,
cert X
runs for
1 hour
and 56
minutes.

COMPUTING TODAY NOVEMBER 1979




Upgrade your FET...

.. . with the ACT PETSOFT S

PROFESSIONAL DISK SYST
K oilnel

A complete stand-alone system for the Commodore PET
allowing up to 800,000 bytes of mass storage o
Designed by Compu/Think for business use,
powerful double density syst : omplete ran
or sequential file access and support.

| headed double density
for 16K and 32K |

RS{}’I%E;}FLJ'SV for 16K and £840

The Disk Operating System is in @ ROM which plugs
directly into 16K ¢
Expandamem me:
The Disk Oper ysten
commands to PETs BASIC.
complete set of utility programs and
manual.

Supported by PETACT Bu

Sales Accounting, Inv

ing, and soon Stock Con

>
o
o
~

Meore mem

Iy power for yo
Reliable and easy to use

Languages supported incl
Assembler, FORTH, FIFTH

and soon FORTRAN and PASCAL

Wide range of PETSOFT programs including
Payroll £50 + Stock Control £25

Supports the Pagemate Database  £299

-AcrPetsof

o)

My name is |
My name is |
Please send me details of the ey
, PETSOFT PROFESSIONAL LR [
DISK SYSTEM !
g ~ \'-.ie
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NEWS

GET IT WITH
APPLE TOO!

Pacsal is now available. Micro-
sense, the master UK distrib-
utor for the Apple are now
about to start distribution of
Pascal (starting September).
The language is an implement-
ation of the standard and
includes extensions for graphic
and filing as well as a text
editor. The language requires
48K of RAM,at least one disk
and a full VDU if the 80 char-
acter line is required. The

standard TV only gives the
left or right 40. The new
language is supported by a
system card that adds 16K to
the RAM and allows a choice
of languages including Pascal
to be used. Further features
include an auto-start facility
for either BASIC or Pascal.
The price is a mere £296 and
you can use old software
under the new system. For
more details please contact
Microsense at Maxted Road,
Maylands Avenue,Hemel Hem-
pstead, Herts.

LABEL YOUR OWN!

A range of self-adhesive labels
has just been launched by the
firm of Fisher Clark. Made in a
new material that overcomes
the problems of tractor fed
printers they are available in a

wide range of sizes and numb-
ers per sheet. Special sizes and
shapes are available to order
and a nationwide stockist net-
work has been set up for their
distribution. For details please
contact Fisher Clark at 102
West Street, Boston, Lincs.

S

.

CHECK ITOUT

Got a problem with your disk?
Worry no longer because a
new range of peripheral test
gear has been introduced.Made
by Wilsons and distributed by
Rack Data the units cost betw-
een £700 and £1300 and
check out all functions of disk
tape and a variety of other
mass storage devices. The
floppy disk exerciser for

example can be used with mini
or standard drives and is user
programmable. It displays the
current status at all times and
provides three test patterns for
data checking. All the units in
the range are portable and self-
powered, ideal for the field
engineer.Details available from
Rack Data at Rose Industrial
Estate, Cores End Road,
Bourne End, Bucks or ring
06285-27117.

KEY TO SUCCESS

A new range of modular key-
boards is available from Devlin
Electronics. By using a one
piece moulding they have eli-
minated the need for metal
frames. Both standard 60 and
16 way units are available in
either flat or sloping types
and they can be supplied to
suit a users own PCB or on a
PCB to suit PET,ASCII or XY
matrix applications. All key-
tops are double shot engraved
and prices range from £7.20
for the 16 way unit to £26 for
the 60 way. Further details
from Devlin at Caroline Court,
Cranbourne Lane, Basingstoke
Hampshire.
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DY HAVEAND

APPLE Il COMES TO
SCOTLAND

' Why not call h\d_ see the fantastic Apple Il the finest u:l!;.:ro
cqrronl!y available. Demonstration without obligation.

LGas ot o o, s s, S s e £830
Disc drive withcontroller. . . .............. £425
16K add-on . . . . new low price, phone for details
High-speedserial I/F .. .........ccc0uuuunn £110
ParallelilE: viero e o s va e sy s % [1] ! ]
BT o 18111 e |8 s s DT o e P v S oo s £140
Applesoft firmwarecard ................. £110

STOP PRESS

SUPERCOLOUR FOR APPLE Il. At last — top quality colour
for your Apple. Brand new Supercolour board. Gives red, green,
blue and sync, as totally independent TTL signals, thus eliminat-
ing all previous colour problems. The quality of colour using this
method which drives the 3 colour guns of the CRT indepen-
dently is fantastic. Colour of text, low res. graphics and high
res. graphics can be switched separately by the user, e.g. green
text,

SUPERCOLOUR BOARDFORAPPLE................ £90
ISOLATOR BOARDS for Sony 14" colour T.V. .. ........ £50
SUPERTALKER — Allows Apple to speak to you. Memorises
your voice or sounds and speaks words or phrases as required

.............................................. £190
APPLE CLOCK BOARD — Real time clock with battery back
up.388daysby Imsintervals .............. ... c0en £140

PASCAL — Coming soon. -
Software packages prepared by arrangement. For further details
please write, phone or telex.

STHATILAID

041-552 6731
Tel. order welcome with Access and Barclaycard

Callers welcome Lallers welcome

Now on Telex 777268, 24 Hours Service

MICRO COURSES

A large number of micro based
courses have been scheduled
for the next few months. First
we have a three day course
being run by Microsystemn
consultants of PO Box 65,
Camberly, Surrey. Based on
the AIM 65 processor the
course runs 5-7 November at
the Euro Crest Hotel in Maid-
enhead. Cost is £185+VAT
and includes lunch, refreshm-
ents and course material. You
can ring Microsystem on Cam-
berly 27417.

A one day course is being run
at Thames Poly on 21 Nov.
Called an Introduction To
Microprocessors in Engineer-
ing it costs £32 and interested
parties should contact Mr
Tyler at the Poly in Wellington
Street, Woolwich or ring him

on 01-854 2030 extn 396.
Next on the agenda is a three
day course from 5-7 Novem-
ber called Micr Computers,
Application and Planning.This
is being run by the Coventry
and district Engineering Emp-
loyers Association.The fee is
£138 incl of VAT and lunches
and the course is based around
the Commodore PET.Anyone
interested should contact Mr
Jackson at Woodland Grange,
Leamington Spa CV32 6RN or
ring 0926—36621.

Finally a bumper bundie of
courses from the Central Lon-
don Poly and ICS.Included are
courses on Pascal,Computer
Graphics, Trouble Shooting
and a whole lot more. Details
are available from ICSP at
Pebblecoombe, Tadworth,
Surrey KT20 7PA or ring on
Leatherhead 79211.

The Original Cassette Magazine
for the Commodore PET.

PETSOFT GOES
HARD

Petsoft are now moving into
the hardware market with an
exclusive UK distributorship
of the Compu/Think disks.The
first product is a 400K double
density,dual drive floppy. At
around £795 it is faster and
cheaper than other commerc-
ially available units. Also being
sold are the Expandamem
boards for PET,KIM and AIM
systems. Another recently

announced product from Pet-
soft is a cassette based magaz-
ine called CURSOR. Each tape
contains at least 5 new progr-
ams and has a full graphics
cover and contents table. Full
documentation is supplied
with each tape and also includ-
ed is news on all PET related
products. The cost of a years
sub to the magazine is £36 for
ten issues, a trial sample is
available for £4. For details
contact Petsoft at PO Box 9
Newbury, Berks.
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BUBBLING AWAY

Plessey have produced a Multi-
bus compatible :Mb memory
card using their PB8064 units.
The card offers 100K per sec
transfer rate and uses the 64K
device. A MIL spec version,the
PBM90M offers 8Mb in an
ATR module as an alternative.
Prices range from €£500 to
£1300. Also in the bubble
field this month are GR Ele-
ctronics of Newport who have
produced a serially interfaced
unit designated GR7000. The
units are packaged with a PSU
in ‘black box' style and offer
10 to 40K with daisy chain
capability.An integral \24/
RS232 connector offers Baud
rates of up to 9600 giving a
30mS access time to any new
start address. The need for
special software is reduced by
having integral firmware.Prices
range from £750 for 10K to
£1000 for 40K.

PET MEETS THE
WORLD

A communications unit is now
available for the PET. Plugging
into the user port it provides
eight channels for either input
or output or mixed.The device
is called the Communicator
and will allow you to use the
PET as an intelligent control
device for such systems as a
burgular alarm or central heat-
ing. Supplied ready built at
£135 it comes with software
details for some examples,
Further information from
Mektronic Consultants at Lin-
den House, 116 Rectory Lane,
Prestwich, Manchester,

POWER ON WITH
POWER ONE

HAL Computers are stocking a
range of power supplies for
both standard and mini disk
units., IBM, Shugart and Per-
Sci drives in a variety of conf-
igurations can be catered for.
Also announced is an intelli-
gent controller board, the IFC
8400, which can bhandle up
to eight single density units
and is connected via an RS
232 or eight bit parallel port.
Configured on a standard SBC
80 multibus the unit can be
controlled from a dumb ter-
minal and the user simply is
concerned with the creation,

appending and deletion of
files as the operating system
is built in. Details are available
from HAL Computers at 133
Woodham Lane, New Haw,
Weybridge, Surrey.

MORE FROM
MOLIMERX

A.J.Harding have added yet
more software to their already
vast range for the TRS-80. Inc-
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luded in the new range is a
software routine to allow you
to pack 117740 bytes onto a
standard diskette instead of
the normal 89600 bytes. Also
announced is a level 2 expans-
ion adding 70 commands to
the language,a matrix manipu-
lator and a self appending ref-
erence program for locating
subroutines etc. For a copy of
the latest release and price list
please contact A.J.Harding at
28 Collington Avenue, Bexhill
on Sea, East Sussex.
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CHESS CHALLENGER 7— E85.65 + VAT,
PLAY CHESS AGAINST THE COMPUTER.

ELECTRONIC CHESS BOARD TUTOR
£17.17 + VAT.

DTHER CHESS COMPUTERS | !
CHESS CHAMPION — 6 LEVELS £47.39
+ VAT.

CHESS CHALLENGER — 10 LEVELS —
£138.70 + VAT,

BORIS — MULTI-LEVEL TALKING
DISPLAY £183.04 + VAT.
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EPROM
ERASERS .isrocx
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MODEL UV141 EPROM ERASER
e Fast erase times (typically 20 minutes for 2708 EPROM).
e 14 EPROM capacity.
e Built-in 5to 50 minute timer to cater for all EPROMS.
e Safety interlocked to prevent accidental exposure.
e Convenient slide-tray loading of devices.
e ‘MAINS' and ‘ERASE’ indicators.
e Rugged construction.
® Priced atonly £78 + VAT (price includes delivery).

MODEL UV140 EPROM ERASER
Similar to Model UV141 but without timer
Low price at only £61.560 + VAT (price includes delivery).
WRITE OR TELEPHONE FOR FURTHER INFORMATION OR
SEND CHEQUES/OFFICIAL COMPANY ORDERS TO:

GP Industrial Electronics Limited

Skardon Works, Skardon Place, North Hill, Plymouth
PL4 8HA. Telephone: Plymouth (0752) 28627

TRADE & EXPORT ENQUIRIES WELCOME

" FOR FREE BR ES — SEND S.AE

nies

Callers welcome at gur shop m Welling

To order by

AJD DIRECT SUPPLIES LIMITED, Dept CT 11102 Bellegrove Roa
\ Welling, Kent DA16 3QD. Tel: 01-303 8145 (Day) 01-850 8652 (Evenings)
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All your microcomputer requirements can be
bought with confidence by mail order from
MICRODIGITAL, one of the largest and longest
established computer stores.

Most orders are despatched same day as
receipt, if not a note explaining what the supply
situation is. If we cannot supply within 30 days we
will, on request, make an immediate cash refund.

Access and Barclaycard orders are welcome
either in writing or over the phone. Your account
will not be charged until the goods are despatched.

Official orders of over £10 are also welcome,
With normal 30 days trade credit extended to bona
fide commercial and government organisations.

If you do not have our brochures, write or
phone today for free copies by return.

MICRODIGITAL LIMITED
FREEPOST (No stamp required) LIVERPOOL L2 2AB )
E’TEL: 051-236 0707 (MAIL ORDER 24 HOURS A DAY) J
TEL: 051-227 2535
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PlEW bt from

VEWTRONICS
‘EHPLORER 85"

microcomputer kit
Low Cost with On Board

S-100 expansion

atm + VAT

The 'EXPLORER 85’ is inexpensive with LEVEL ‘E’ Lst P&P

all the advantages of a powerful board Add 8K sockets, 5.00 Free
plus potential for ‘infinite’ expansion. power supply regu-
® Uses New Fast INTEL 8085 cpu, 100% lator and decoupling
compatible with B08B0A software but components for
50% faster than 8080A cpu. popular 2716 or 2516
* Powerful 2K monitor EPROMS (EPROMS
: ;K user R?Méaégand:ﬂble toP64K notincluded)
rovision for ROM or EPROM
* Buffered and decoded S100 expansion gim:ig';mpogrg(l: el
on board (up to 6 $100 boards) PLORER 85
* Cassette interface (with motor control DE LUXE STEEL 15.00 200
and cassette file structure) RS232; 20ma CABINET FOR

loop: 4 8 bit and 1 6 bit I/0 ports

VIDEO KEYBOARD

* Programmable 14 bit -binary counter/ TERMINAL
timer

* Separate ASC11/Video Terminal POWER SUPPLY IN 25.00 200
features: — a full 128 character set upper/ STEEL CABINET
lower case, full cursor control, Greek GOLD PLATED S-100 4.00 Free
symbols for Maths, 75 ohm video output BUS CONNECTORS
convertible to baudot output, selectable
baud rate, RS 232 or 20ma loop, I/0 64 RF ~MODULATOR 6.00 Free

or 32 characters by 16 line (monitor or

TV)

8kHz required when
using TV set aerial

* And lots of other great features all for the socket
price of £295.00 plus VAT, and P & P $-100 16K RAM 16500 2.00

EXPANDABLE

LEVEL ‘'C’ List P&P Expandable to 60K on

S-100 main frame ex- 32.80 2.00 one board

pander kit. Increases

the number of S-100 INTEL 80805 Users 6.00 Free
Manual

slots to 6. Includes all
sheet metal, 5 slot
extender board,
board-guides and
brackets. Fits into
EXPLORER cabinet
(less S-100 pin con-
nectors).

BK ‘MICROSOFT’ 53.00 Free
BASIC ON CAS-

SETTE TAPE

The most versatile and

popular basic ever

written. Complete

with documentation.

-----—------‘----I-'-_--------------

NEWTRONICS KEYBOARD TERMINAL

The Newtronics Keyboard Terminal is a low cost stand alone Video Terminal that operates quietly and maintenance

free. It will allow you to display on a monitor 16 lines of B4 characters or 18 lines of 32 characters on a modified TV (RF ‘ AVAILABLE . Now ‘NEWSOF"'

| now | NEW Il

Modulator required).

The characters can be any of the 96 ASC 11 alphanumerics and any of the 32 special ch , in addition to upper . BK FULL . GAMES for ELF “
lower case capability it has scroll-up features and full X-Y cursor control. All that is required from your microcomputer 4 GAMES for Es_m
is 300 baud RS232-C or 20ma loop serial data plus a power source of 8v DC and 6 3v AC. The steel cabinet is finished in _

IBM Blue-Black. And if that is not enough the price is only £136.66 + VAT as a Kit, or £176 + VAT assembled and BAS'C send for list

tested. Plus £2 P&P (Monitor not included).

- IR e S I D e ST - RS ST - iR e P SRR NN

BuUY Al ELF b

*Power Supply (6.3v AC) for ELF 11 £5.00

*ELF 11 Deluxe Steel Cabinet (IBM Blue) £em.n
*Giant Board Kit System/Moniter, Interface to/cassette, RS232,
TTY, etc. £35.00
*4K Static RAM board kits (requires expansion power

supply) £69.44
*Expansion power supply (required when adding 4K Ramsi£18.00
*ASC11 Keyboard Kits 96 printable characters, etc. £50.58
*ASC11 D/lux steel cab (IBM Blue) £15.02
*Kluge prototype board (build your own circuits) £12.83
*86 pin Gold plated connectors each £4.00
*ELF Light pen writes/draws on TV screens £6.50
*Video graphics board 32/64 characters by 16 lines on TV/moni-

tor screens £68.85
*ELF 11 Tiny basic on cassette £13.50

*ELF 11 Bug/monitor powerful systems monitor/editor £13.50

*T. Pitmans short course in programming manual (nil VAT) £4.00

*T. Pitman short course on tiny basic manual {nil VAT) £4.00

*RCA 1802 users manual (nil VAT) £4.00

*On cassette Text Editor: Assembler, Disassembler (each) £18.96
Save 10% and buy all three together.

All units can be supplied wired and tested. Available at all leading

stockists
Henry's Radio, 404, Edgware Road, London. W2.

: o
MICTOCOMPUIEr £,

for less than 1 VaDS
some Tl gemes o

ELF 11 BOARD WITH VIDEO OUTPUT

STOP reading about computers and get your “hands on” an, ELF 11 and Tom Pitman’s short course. ELF 11
demonstrates all the 91 commands which an RCA 1802 can execute, and the short course speedily instructs

you how to use them.

ELF 11's VIDEO OUTPUT makes it unique among computers selling at such a modest price. ELF 11 is perfect
tor engineers, business, industry, scientific and educational purposes.

SPECIFICATION

*RCA 1802 B bit microprocessor
with 2568 byte RAM expandable to
B4K bytes

*RCA 1861 video IC to display
program on TV screen via the RF
Modulator

Single Board with professional hex
keyboard fully decoded to eliminate
the waste of memory for keyboard
decoding circuits

Load, run and memory project
switches

16 registers

Interrup, DMA and ALU

Stable crystal clock

Built in power regulator

5 slot plug in expansion bus (less
connectors]

Send 5.A.E. for comprehensive broch

200 ) Loz 1 Lo et SN O 0 o S0 e

Barclaycard/Access

“To Newtronics 138 Kingsland Road
London E28BY Dept CT
Tel: 01-739 1582. Sole UK Agents
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ARRRGGGHIH....

Here we see a classic case of CT
deprevation. Bulging ringed eyes, pro-
fuse sweating, enlargement of the
chin and nose, deformation of the dig-
its. A particularly nasty case this. Un-
doubtedly terminal I’m afraid. The spec-
imen displays the usual manic increase
in strength which in this case was employed
to tear the newsagents sign from its roots
and beat to death not only the gentleman
walking away with the last copy of Com-
puting Today but also three grannies, five
dogs (assorted breeds) a police informer
buying Mayfair, two schoolchildren, a

tax inspector in drag (OBE) half the
County Cricket Club and a passing coach
load of nuns, before being brought down by
the entire workforce of the local iron
foundary. Of course all this could have

been avoided oh so easily had the poor
unfortunate taken out a subscription to CT
and had a years supply delivered to his door.
As it is the nurse is gonna have a hell of a
time trying to get the magazines through the
letterbox of the padded cell. Why not make
the world a safer place and take out a sub
yourself now — before the hands begin
to tremble and the eyes begin to
/ spin. It only costs £8.00 a year
- (£9.00 overseas surface mail) — a

\// P small price to pay.
.U / i
A '} / Computing Today

g
il

Subscriptions Dept.,

M.A.P. PO Box 35,
Bridge Street,
Hemel Hempstead,
Hertfordshire.
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If your Accounts

are a problem-

the solution could
be on your desk.

You could use your telephone to call Comma
Computers on Brentwood (0277) 811131.

Or you could use a pen and envelope to
complete and return the coupon to us.

Later on, you could have a free copy of our

'no jargon' brochure on your desk from which
you could see how Comma Computers have
used advanced micro-processor technology to
make business computers easy to understand,
use and afford!

Still later, but not much later because Comma
Computers are quick and
simple to install, you

\\\ \\\\\\ : g
\ \\\\\i\\i\ &;][[ﬂfn
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could have a Comma Aquarius, Aries or Leo
business system on your desk — a complete
system with computer, printer, keyboard,
display, installation, 12 months maintenance
and software to perform Payroll, Accounts,
Invoicing and Credit Control applications and
provide instant management information
including Profit and Loss Statements and all
from less than £6000.

Butchers, bakers, candlestick makers . . .
all, at last, enjoy the benefits brought to
business by the silicon chip and increase the
efficiency of dealings with customers and
suppliers as well as accountants, auditors,
HM Collectors of Taxes and Customs and
Excise.

can

Comma Computers Ltd.
West Horndon
Industrial Park,
West Horndon,

Essex CM13 3XJ

----—------1

Name _
Position_—_____
Organisation — S I
Address SRl SO i} PR

Postcode

To: Comma Computers Ltd,
West Horndon Industrial Park,
West Horndon, Essex CM13 3XJ

: [

Telephone — b P ol _=
g

i
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Giles Gummer

The art of Computability is
the subject of this article. We
also present a simulation
program to try it out

ne of the questions that Computer Scientists ponder
0 in their baths is "What questions can computers never

answer?’’. Much research has gone into describing
simple “computers”’, because once such a machine has been
described, the task of defining what problems it can (or
can't) solve can proceed, much as algebraic proofs are built
on the basic ideas of lines and angles.

Of course one could expect that the classes of unsolv-
able problems fo each machine would be entirely different,
but it is one of the triumphs of the subject that this can be
proven not to be the case. Although many different approa-
ches to the task of defining a machine have been made,
starting from abstract mathematics such as the theory of
recursive functions, or from a simple, easily visualised phy-
sical model, like the Turing Machines | am going to describe,
or from a mixture of both like the register machines of
Marvin Minsky, each can be shown to be equivalent to the
others. Problems that can be solved by one “machine” will
be amenable for solution by another, and a problem that it is
impossible for a Turing Machine to solve will also be unsolv-
able on a Minsky Machine.

This subject is known as the study of Computability,
and a problem that can be solved by one of these universal
computing systems is termed Computable.

Unsolvable Problems
Three questions that my pocket calculator cannot answer
are:

1) What is the square root of —1?

2) What is 9 raised to the 9th power of 9?

3) Who won last year’s Derby?

The first and last of these | will discount now, as they are
merely beyond the scope of a machine that deals solely in
real numbers. The second is “unsolvable” for rather a more
subtle reason, since if | were given a calculator with a large
enough display, | would be able to find the answer. A calcu-
lator is a finite machine (and so is an |.C.L. mainframe if it
has no exchangeable storage media) so there are a finite
number of ’states’ it can exist in. Simply, if its internal
circuitry consisted of n flip-flops, then it could assume no
more than 2" states, and its state at any one time could be
given as an n-digit binary number.

Any finite machine can be fooled into giving the
wrong answer merely by increasing the size or complexity of
the problem it is posed. If my new large calculator was
asked to find the factorial of nine to the (nine to the nine),
it would fail where an even bigger one would not. Although
| cannot comprehend the magnitude of the answer, nor guess
the time that a calculator would take to produce it, neverthe-
less, (nine to the (nine to the nine))! = ? is a computable
problem. All | need to solve it is integer arithmetic and very
large internal registers and amounts of backing store.

If | now replace ‘very large’ with ‘infinite’, | have an
infinite machine, with the knowledge of how to perform
integer arithmetic (a program in firmware) and an unboun-
ded amount of memory.

Turing Machines

Turing machines are also infinite. The invention (published
1936) of British mathematician Alan Turing, they consist of
a program written as a sort of flow chart called a Finite State
Diagram, which controls a single tape-head moving up and
down a strip of magnetic tape that extends without bound in
both directions. It is much easier to think about an infinite
tape than to buy one, and this is one of the reasons why
Turing Machines are still ‘thought computers’, and not built
in hardware.

The tape-head moves over the tape, which remains
stationary. The tape may be thought of as being divided into
squares, each of which may contain a symbol. The head reads
one symbol at a time, and moves one square at a time, either
right or left. Fig 1 represents a tape and head, the zero’s
are blank tape. A Turing machine cycle consists of moving
the tape head one square in the direction the program
requires, reading the symbol now beneath the head, and
perhaps overwriting it with another symbol. Data may be
presented by writing it on the tape before setting the
machine to work, and results appear as the symbols on the
tape once the machine has halted at the end of its compu-
tation.

Finite State Diagrams

All the actions of a Turing Machine may be described (i.e.
controlled) by means of a (Finite) State Diagram, though
such diagrams are also used for other purposes. Fig 2 shows a
simple example of a Diagram representing a program to find
the parity of a binary number (whether it has an odd or even
number of ones). It has two states, the large circles labelled
E and 0. The machine starts in state E. The binary number is
input to the machine one bit at a time. State E has two
arrows labelled 0 and 1 pointing from it. These indicate the
action to be taken upon readingina O or a 1. Ifa 1 is read,
the machine assumes state 0. If a 0 is read, it remains in
state E. Similarly for state 0, a 1 takes the machine back to
E, while a O leaves it where it is. The machine will count the
number of 1’s in its input, and exist in state E if that number
was even, and in state 0 if it was odd.

This Diagram has written no symbols, nor has it tried
to control a tape-head. Fig 3a shows a Diagram that does
both of these, and which may be used to run a Turing
Machine. When the Machine shown in Fig 3b starts under
the control of Diagram 3a, the binary number written to the
left of the A on the tape will be incremented twice.

It works like this. The machine starts in state L. The
L indicates that it is to move left, and then look fora 0 or a
1. If it finds a 1 it is to replace it with a O (the symbol in the
middle of the arrow labelled 1), and continue in the same
state. Thus it will step left, replacing 1's with O's until it
encounters a 0. This it will replace with a 1, and the machine
then changes state to R. The binary number has been incre-

‘mented.

In the R state, the machine steps right, looking for an
A or a B. It will ignore any 1's or O’s it reads, and will even-
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TURING MACHINES

tually find the A marking the end of the number. The
Diagram shows that the machine must replace this with a B
and start again on the left search for a 0. The tape will now
look like Fig 3c. The head will next move left, read the 0,
replace it with a 1 and start on the right search. It immediate-
ly finds the B it wrote two steps before, and on reading this
the machine halts (Fig 3d). Two has now been added to the
number on the tape.

Programming Turing Machines

The second example above operated on only one number, a
binary integer with the symbol A marking the least signifi-
cant bit. The number could grow as large as it pleased, since
the tape extended without bound to the left (and right). If
two or more numbers are needed, they must be delimited
in some way, and extra symbols may be brought into use as
markers. Fig 4a shows one layout for three binary numbers.
The X's mark the start of virgin tape.

Since we have introduced more symbols, there is no
reason why the numbers on the tape need be represented in
binary. Denary and Hexadecimal are just as legal, but in fact
the base which is easiest to program in is Unary. In this base
the number n is represented as n ones in a line, suitably
delimited. It is a very primitive and simple counting system.
Fig 4b shows the tape of 4a written in Unary. Fig 4c is a
Diagram to increment a Unary number placed anywhere in
a string of such numbers delimited as in Fig 4b. The tape
head must start on the number or on the marker to its right.
The diagram has seven states and four symbols; the same
problem with numbers in binary would have been consider-
ably more complicated. In general, you can write state
diagrams with fewer states by employing more symbols, and
vice-versa. The symbols used in a diagram and on a tape to
solve a problem are called the alphabet of the Turing Mach-
ine that performs the solution. Taking Fig 3a and modifying
it to add five to the number on the tape can be done by
enlarging the alphabet (Fig 5a), or by adding more states and
some data on the tape (Fig 5b).

Fig bc shows the program and tape for adding two
Unary numbers (very easy!) and Fig 5d is a program to
multiply two Unary numbers by repeated addition, showing
also the tape at the beginning and the end of the calculation.
By making a few additions to Fig 5d you can get a program
that will square a number, or raise it to an arbitary power, or
produce its factorial. Hence a fairly simply Diagram could be
produced to calculate in Unary, the value of (nine to the
(nine to the nine))!,

Universal Turing Machines

Without doubt the most important discoveries about the
behaviour of Turing Machines, and therefore the other
computing systems, stems from the study of Universal
Turing Machines, or Turing Machines that simulate the action
of other Turing Machines. The problem is this: produce a
state diagram for a Turing Machine which will be able to
simulate in a recognisable way the action of any Turing

TAPE
y—HEAD

Solo[x|¥[¥[x[¥]o]o {

Fig.1. The tape on a Turing Machine extends
to infinity, both left and right.
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Fig.2. A simple example of a Finite State

Diagram.
B
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Fig.3. A Finite State Diagram that controls
tape. The various stages are shown.
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Fig.4. The State Diagram for the Unary
system.
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Fig.5. State Diagrams for handling Unary calculations.

Machine. It will need 1) the tape symbols that the simulated
Turing Machine would start with and 2) a description of the
state diagram that controls the simulated Machine, both
written on the simulating Machine’s tape as its data,

This is not too hard a problem. Once approach, that
taken by M. Minsky in his excellent book ‘Computation:
Finite and Infinite Machines’, Prentice Hall International
Inc. 1972, is to keep a direct copy of the tape that the
simulated Machine would produce. Certain simplifications
can be made to the simulated Machine; its alphabet can be
restricted to two symbols, since if its Diagram is written so as
to consider these in groups of three (or four) then it can be
made equivalent to a Machine with up to eight (or sixteen)
symbols, and similarly it can be shown that a Turing Machine
whose tape extends in only one direction can do anything
that an ordinary Turing Machine can do. With these simplifi-
cations we need only simulate a Machine with the alphabet
(0, 1), whose tape extends only to the left of a marker, and
the space to the right of that marker is then available for
describing the simulated Machine's State Diagram. Minsky
keeps a ‘File’ of states, symbols recognised and correspon-
ding actions, together with a record of the current state, and
the current head position and input symbol. Different parts
of the simulating machine then perform the actions of
reading the input symbol, looking up the current state tofind
what to do, if necessary changing the current state and
writing an output symbol, and moving the simulated tape
head.

Because some Turing Machine will be able to perform
the solution of any given computable problem, this simula-
ting machine will be able to perform the solution of any
computable problem, given the correct data. It is thus called
a Universal Turing Machine. Minsky manages to pack its
Diagram into 23 states with an alphabet of 8 symbols, and if
you think that is small, his book goes on to describe,
amongst other things, a 7 state 4 symbol Universal Machine.

The Halting Problem

| started this article by asking “What problems can Com-
puters never solve?”, and the Halting problem is held to be
one such. The stumbling-block remains that we cannot prove
a Turing Machine to be a Computer, or a Computer to be a
Turing Machine, in the same way that we cannot prove
Newton’s laws of motion. Nevertheless, the evidence in
favour of both Newton (with due consideration given to
Relativity) and Turing is considerable; in our case particu-
larly the astonishing equivalence of Turing Machines and the
other universal systems that model computability.

The Halting Problem concerns the existence of a
particular Turing Machine, call it A, which, when presented
with a description of another Turing Machine M, and the
data that M starts with, will determine whether or not M
will ever halt when started on its tape. It is quite possible for
a Turing Machine never to reach the halt state when started
on some tape, and it would be of value to know before we
set a machine going on a lengthy calculation whether or not
it is going to give us an answer. The description of M given to
A could be in exactly the same form as the Universal Mach-
ine described above would need to simulate M.

Now the machine A which will tell us whether the
Machine its data describes will ever halt may take a long time
to decide, and indeed it itself may never halt. So perhaps the
first thing to do is to give A a description of itself, and ask it
if it will ever halt when set going on a tape containing a
description of M. We now have A studying a simulated
version of A studying a simulated version of M. If A exists,

18
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and works, it will at some point now halt, saying “Yes, | will
halt and answer your question about M’, or ‘No, | will never
halt’.

Sadly at this point we can shoot ourselves down. By
sabotaging our machine A in a legal fashion by attaching to
the "YES’ halting exit an infinite loop, we have a new mach-
ine B which acts like A except that it can only halt if the
machine it is studying does not halt, and it takes the ‘NO’
exit. If B is set to studying the behaviour of itself, we now
have a logical impossibility. For B can only halt if the mach-
ine it is studying does not, but it is studying itself, and will
thus halt if it does not halt, and fail to halt if it halts! These
are the only possibilities, and both are contradictions. This
means that B cannot exist, and since if A exists, we can
easily construct B, then A cannot exist either, and the prob-
lem that A was to solve is not computable.

This problem is truly unsolvable, and by reducing
other (equally abstract) questions about Turing Machines to
problems whose solution requires a machine like A we can
build up a large family of provably unsolvable problems.
Many of these problems have specific instances which are
solvable; | can easily tell whether my Turing Machine is going
to halt, but | have no general procedure for determining this
for an arbitary Diagram and an arbitary tape, and by this
definition the problem is non-computable. By studying these
questions we are extending our knowledge of what com-
puters as we understand them are ultimately capable of.

Nascom | Turing Machine Simulator
This program provides an animated simulation of a program-
mable Turing Machine. It runs on an unmodified Nascom |
under T2. Facilities are provided to create a representation of
the State Diagram within the Nascom, to write the memory
tape’s initial data configuration, and to step the Turing
Machine through its computation either manually or auto-
matically at variable speed.

The program executes from OC50 and has three
phases: the State Diagram, the Memory Tape and the Simu-

The State Diagram

This section of the program (mostly the subroutine ENLIST)
builds a chained Data Structure in core starting from OF50.
Fig 6 shows its logical and physical structure. Since entering
a long state diagram is tedious, the first question the com-
puter asks is ‘N.S.D.?’ (=New state diagram?). Type Y for a
new one; any other key will leave the existing Data Structure
undisturbed. This means that existing Diagrams may be re-
used or saved on tape for reloading later.

The computer first wants to know how many states
there are in your new Diagram. Enter this as a hexadecimal
number, remembering that the HALT state must count as
one too.

Next you must enter information about each state,
one state at a time. The computer will prompt you in the
upper left corner of the screen with five mnemonics indicat-
ing which piece of data it is expecting. The mnemonics are:
1) STID for the state identity
2) NRSY for the number of symbols recognised by the state
3) IPSY for the code of the input symbol
4) DNST for the identity of the destination state
5) OPSY for the code of the output symbol

STID

States are identified by a two digit hexadecimal number. The
direction of head movement associated with the state is given
by the most significant bit of the identity number. ID’s
greater than 7FH are LEFT SEARCHING states. The other
seven bits must be distinct for each state (97H and 17H are
the SAME state) but need not be in a continuous numbered
sequence. The state the Turing machine starts in MUST be
the first state to be input to the computer,

NRSY

This Hex number defines how many times the diagram
building program cycles round the next three prompts. The
HALTIing state is distinguished by being the only state to
recognise no symbols.

STATE ID

lation.
s

STATEID

//'

e

SEARCH

DIRECTION

NO OF SYMBOLS NRSY

INPUT SYMBOL
NEXT STATE
OUTPUT SYMBOL

INPUT SYMBOL

OUTPUT SYMBOL

0F50 10
STATE O NEXT —— LSBYTE OF ADDRESS
OF NEXT ID (EG 58)
NASY
—_—
I BLOCKOFINPUT SYMBOLS
T PAIRS OF
L. DNST/OPSY
FOR EACH IPSY
0 NEXT STATE

LAST STATE IN LIST
BACK POINTER

50

STATE1 STATE 2

Fig.6, Finite State Diagram and data for the example program.

CORE
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START o IPSY
r’ | ] i
0 /}
— OPSY
STATE 00 =

STATE 8

No. of States? 2

STID 00 The start state; right searching

NRSY 02 or 2

IPSY 30 ASCII 0

DNST 0 i.e. this state

OPSY 30 =IPSY

IPSY 31 the second symbol recognised

DNST 1 the other state; 81 would have done as well
OPSY 31

STID 81 the left searching state, no. 1

NRSY 2

IPSY, 31 order doesn’t matter

DNST 1

OPSY 30

IPSY 30

DNST O

OPSY 31 after this the machine will display the tape.

Start this one on a blank tape.

/—. HALT = STATE &
X

START /IPSY =0PSY

=STATE 80 i
o]

A A
(o
| ——@.-A-—EJ STATE 03

STATE O1 STATE 82

No. of States? 5 including the HALT state

STID 80 - start state, left searching
NRSY 2

IPSY 58 ASCII X

DNST 4 4 will be the halt state
OPSY 58

IPSY 31

DNST 1

OPSY 30

STID 01

NRSY 2

IPSY 41 ASCII A

DNST 1

OPSY 31

IPSY 58

DNST 2

OPSY 58

STID 82 state no. 2. left searching
NRSY 2

IPSY 59 ASCIl Y

DNST O

OPSY 59

IPSY 31

DNST 3

OPSY 41

STID 3

NRSY 1

Fig.7. State Diagrams and data lists for the program.

IPSY
The ASCII code of the symbol read in. During the simulation
this is compared with the symbol currently under the tape
head.

DNST

The identity of the state that the machine must assume upon
recognising IPSY. This is again a two digit Hex number.
Space has been left for implementing the simulation of NON-
SEARCHING state diagrams, and the most significant bit of
DNST is not used at present.

OPSY

The ASCII code of the symbol to be written under the tape
head. If no change to the symbol is needed OPSY must be
the same as IPSY, or strange characters will appear.

Errors

Errors in each line may be corrected by backspacing, but
once Newline is pressed, the line is processed. If you make a
mistake and cannot correct it for this reason, type FF in
response to the next prompt. This will return you to the
STID prompt and that whole state may be re-entered. If you
type FF when the STID prompt is being displayed, the com-
puter will step back to the previous state, so errors early in
the procedure may be corrected. The error message ‘NO!’ is
output and the monitor re-entered if you try to step back
too many states. Fig 7 shows two State Diagrams and the
corresponding input to the Nascom.

The Memory Tape

Fourteen lines of the Nascom’s screen can be used to display
the tape (which is of necessity not infinite. . .). After inputt-
ing the State Diagram the blank tape is displayed (filled with
0’s) and can be manually written on to provide the initial
tape configuration required. The following control char-
acters are used:

> step the tape head right once and remember the
direction

< step the tape head left once and remember the .
direction

$ start the simulation with the tape and head as
currently displayed

All other characters are written onto the tape, and the head
is stepped on one sguare in the current direction.

The Simulation

The $ control character starts the simulation. At the end of
each Machine cycle the program will look for characters
from the keyboard to control the movement of the head.
The following are recognised:

M set to manual mode

A set to automatic mode

F speed up tape head

S slow down tape head
Manual Mode

All keys except A will cause the Turing Machine to execute
one machine cycle. A invokes automatic operation.

20
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Automatic Mode

The computer will execute a delay loop between each Turing
Machine cycle. The duration of this loop, and hence the

which reads the keyboard or the computer will seem to

ignore you,

speed of the tape head, can be altered by pressing S or F to

slow it down and speed it up respectively. On long delays the
key must be held down until the program executes the CALL

Attempting to go too fast will result in the slowest
speed being selected and vice-versa (look at the instructions
at E5E and E61).
The computer will halt the simulation and return to
the monitor if the Turing machine enters a HALT state or if
the tape head tries to run off the ends of the tape.

TURING MACHINE SIMULATOR

Execute from 0C50

START CALL INIT
PRINT

C50
Cs3

CALL CHIN
CMP Y
JRNZ TAPEI
PRINT

C&0

ce7

CALL LINE c79
LD BA

PUSH BC

XOR A

CALL DISPLAY
CALL LINE
EXX

Mmoo

NEXT

g

CALL ENLIST
EXX

JRNC NEXT
LD HL,0F50H
PUSH HL
POP IX
16(NOP)
PRINT

LD HL,BCAH
LD (C18),HL
PRINT

o

TAPEI

LD HL,80AH CCB
LD DE,0010H
LD B,OFH

OUTER PUSH BC

LD B,30H

LD (HL}, 30

INC HL

DJINZ INNER

ADD HL,DE

POP BC

DINZ OUTER

LD HL,9CAH

LD B,30H

LD (HL},20H

INC HL

DJNZ CLINE

LD HL,9E2H

LD (HL),'v

LD (OBFAH) HL

PRINT

LD DE 40H

Sm

INNER

m

CLINE

m
NuamMOONDEoTNMOODOOD W

TAPE

CALL CHIN
CMP 'S

JRZ GO
CMP >

JRZ SWRT
CMP '<

JRZ SWLT
ADD HL,DE
LD (HL),A
SUB HL,DE
CALL MOVE
LD (BFAH) HL

Q

mmwmgmmgﬂgmm

MVE

0E
2E

3F
00

4E
B6F
74
73

oD

0E
0D

OE

09
oB
08
00

00

0D
0B

2E
20
1F

6F

61
3F

JR TAPE 11
SWRT LDB,OH |
JR MVE 5
SWLT LDB,0OMH 7
JR MVE 9
‘N/LN.S. D.2N/L! HALT PRINT B
Check for new diagram.
If not a new diagram. JP PARSE 25
GO LD A, (1X+2) 8
‘C/SNo. of states?N/L". OR A B
JRZ HALT G
to read reply. CALL MONIT E
CALLSETDIRN 31
hide result,
parameter for DISPLAY. LD HL,(BFAH) 4
display first prompt, CALL MOVE 7
to read reply. LD (BFAH),HL A
ENLIST uses the other CALL DELAY D
registers. LD C.40H 40
to do the work. ADD HL,BC 2
LD A HL 3
carry flag set at end. (FID). PUSH IX 4
top of state diagram, POP HL 6
or LD IX,HL. 2(INC HL) 7
padding. LD C,(HL) 9
‘C/s". LDD,C A
INC HL B
MOVe cursor. CPIR o
JANZ GO E
SUB HL,BC 50
LD A,D 2
DEC A 3
RLC A 4
ADD AL 5
‘Now write your tape; LD LA 6
=L, =R", LD D,{HL) 7
top of screen. INC HL 8
LD BC,40H g
line count, LD A,(HL) 4]
LD HL,(BFAH) D
column count. ADD HL,BC 60
write ‘0’ over all screen, LD (HL).A 1
LD AD 2
LD H,0FH 3
skip over dead screen. SLA A 5
LOOP LD E,(1X+0) 7
SLAE A
clear a line for tape head. CPAE cC
column count, JRZ FOUND D
write © ‘. LD L, (I1X+1) F
PUSH HL 72
POP I1X 3
initial head position. JR LOOP b
'v is the head. FOUND 9(NOP) 6
record head position, JR GO D8O
>, 3(NOPR) 2
40 is difference between head MOVLINE
position and symbol read. PUSH BC D85
to read instructions. PUSH HL 6
LD DE,HL 7
start simulation, LD C,40H 9
DJNZ RMOV1 B
set direction right. SUB HL,BC D
LD B,30H F
set direction left, LP1 LDI 91
HL to read symbal. DEC HL &l
write A there, LD (HL),20H 4
restore HL. :',}h.rjf]?tm ?
to move head. LD BC.B0AH &

update head position record.

18
06
18
06
18
EF
74
1F

E2
00
F4
01

FO
48
65
00

C3 86

DD

7E

ED
40
E8

FA
CA
FA

40

E5

23

B1
D8
42

FA

OF
24,
5E
23

BE

E1
FO

AB

5D
40
1C
42

AD

F8
0A

61 6C
64 2E

02
02

OE
oD

OB

oD
0E

00
0B

00

01

00

08

next instruction.
B is direction flag,

'HALTED.N/L".

IX points to 1op of current
state; A now has no. of
symbols.

check for halt state.

for control instructions.
dir'n. of motion may have
changed.

point HL at head.

and move it.

update head position record,

find symbol under head.

set up registers for CPIR to
find if read symbol is
recognised.

loop if symbol not recognised
now find new state,
D had no. of symbaols.

HL now points to DNST,
D has DNST,

A now has OPSY,
HL now points under head.
write OPSY,

now move to new state,

hide direction information,
STID.

A has DNST,

next in chain.

for non searching diagrams.
padding.

called by MOVE if head
moves off edge of screen.
DE points to line destination.

if head moving right.

point HL to line to be moved.
column count.

move one square.

clear old line.

now check if off screen at
top.
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POP HL 2k VE] CMP'M 9 FE 4D
SUB HL,BC D ED 42 JRZ SETMAN B 28 0C set to manual please.
LD AH F 7C LD HL,EO2H D 21 02 DE address of the byte to change
0OR AL A0 B5 i.e. if HL = 0. speed.
JRZ BANG 1 28 23 if it's run off. CMP ‘F 50 FE 46
ADD HL,BC 3 09 JRZ UPSPD 2 28 0A
LD BC,FFFOH 4 01 FO FF = —10H the change in head CMP 'S 4 FE 53
position. JRZ DNSPD 6 28 09
JR OUT 7 18 1A RET 8 €8 character not recognised.
RMOV1 INCB 9 04 B now =0, SETMAN
ADD HL,BC A 09 much as when head moves EX 9 08 get flag.
left. LD A,FFH A 3E FF
LD B,30H B 06 30 JR MANUAL C 18 06
RLP LDD D ED A8 move square, UPSPD RRC (HL) E CB DE rotate to shorten delay loop.
INC HL F 23 RET 850 C9
LD (HL),20H BO 36 20 clear old line. DNSPD RLC (HL) 1 CB 06 rotate to lengthen delay loop.
DEC HL 2 2B RET 3 cs
DJNZ RLP 3 10 F8 MANUAL
LD BC,B79H 5 01 79 0B check if off at bottom. EX 4 08 hide flag.
POP HL 8 E1 PRINT 5 "EF 3A 00 e
SUB HL,BC 9 ED 42 CALL CHIN 8 CD 3E 00 CHIN loops till key found.
LDAH B 7C LD HA B 67
OR AL C B5 PRINT C EF 1D 00 ‘BfS.
JRZ BANG D 28 07 LD AH F 7C
ADD HL,BC F 09 CMP ‘A 70 FE 41
LD BC,10H CcoO 01 10 00 the change in head positon. RET NZ 2 CO only A matters,
OUT ADDHL,BC 3 09 EX 3 o08 new flag,
POP BC 4 LD A,00H 4 3E 00
RET 5 C9 EX 6 08
BANG POP AF 6 F1 tidy up stack. RET 7 €9
JPHALT 7 €3 1B 0D and halt, DISPLAY
MOVE LD HL,20H A 36 20 clear old head. PUSH HL E78 ES hide main registers.
LD AL c 7D PUSH DE 9 DS
AND 3FH D E6 3F check for end of line, first PUSH BC A Ch&
stage, LD HL,EBFH B 21 BF OE top of prompts table.
SUB OAH F D6 DA RLC A E: 07 A has 1D of prompt required,
DJNZ RMOV D1 10 09 B has direction flag. RLC A F 07
PUSH AF 3 F5 hide flags. ADDL 80 85
INC B 4 04 restore B, LD LA TNEF HL points to required prompt.
POP AF 5 F1 restore flags. LD BC,04H 2 01 04 00 character count,
CALLZ MOVLINE 6 CC 85 0D if off at left end. LD DE,BCAH 5 11 CA OB destination of prompt.
DECHL 9 2B LDIR 8 ED BO transfer the characters.
JR XIT A 18 09 POP BC A C1 recover registers.
RMOV SUB 2FH C D6 2F second stage check for eol. POP DE B D1
PUSH AF E -FB POP HL cC El
INCB F 04 AND A EBD A7 clear carry flag.
POP AF E0 F1 RET E C8
CALLZ MOVLINE 1 CC 85 0D if off at right end. PROMPTS TABLE F 53 54 49 44 STID.
INC HL 4 23 93 4E 52 53 59 NRSY.
XIT LD (HL),76H 5 36 76 replace tape head (V). 7 49 50 53 59 IPSY.
RET 7 C9 B 44 4E 53 54 DNST..
SETDIRN F 4F 50 53 589 QPSY.
LD B,1H 8 06 O ENLIST CMP FFH EA3 FE FF check for error input.
LD A (IX+0) A DD 7E 00 STID. JRZ ERR 5 28 78
RLA o 17 direction bit into carry. TEST Cb1 7 CB 49 C contains flags on the state
JRC SKIP E 38 01 of enlist, bit 1 set for IPSY,
DECB FO 05 B now =0. DNST & OPSY states.
SKIP  RRA 1 1F JRNZ TRIPLES 9 20 23
RET 2 C9 TEST Cb0 B CB 41 bit 0 set if expecting NRSY.
LINE CALLINLINE DF3 CD DB 01 read a line. JRNZ STATES D 20 08
LD DE,B4BH 6 11 4B 0B = where it is now. LD (HL).A 27 expecting STID, put HL.
CALL NEXNUM 9 CD 5A 02 translate it. INC HL BO 23
LD A,(C13) C 3A 13 0OC and put the number in A, INCC 1 0C i.e. set bit 0.
RET F C9 LDAC 2 79 i.e. with 1 to get prompt no.1
DELAY PUSH HL EO0 E5 CALL DISPLAY 3 CD 78 OE when DISPLAY is called.
LD B,1H 1 06 01 fast delay; MONIT alters this RET 6 C9
value, STATESLD DA 7 &7 first work out where next
LD DE,FFFFH 3 11 FF FF =% state will start; hide NRSY in
CYCLES B
LD HL,2393H 6 21 93 23 SLA A 8 CB 27 calculate in A the 1. byte of
DOWN ADD HL,DE 9 19 ADDAD A B2 the address of the next state’s
JRC DOWN A. 38 FD ADD 2H B C6 02 start; the m.s. byte will be OF,
DJNZ CYCLES C 10 F8 ADD AL D 85
POP HL E E1 LD (HL),A E 7 use this as pointer.
RET F C9 LD E.L F 6D save 1.s, byte of address of
INIT  EXX 10 D9 set up other registers for pointer it may have to be
enlist. changed to make chain into
LD C,00H 1 0OE 00 ring.
LD HL,F50H 3 21 50 OF INC HL co 23
\ PUSH HL 6 ES LD (HL),D 1 72 NRSY stored next.
POP IX 7 DBE) INC HL 20 23
EXX 9 D9 INC C 3, 0c i.e. set bit 1,
EX A 08 set auto/manual flag, LDB.D 4 42
LD A FFH B 3E FF LDAD 5 T7A
EX D 08 0R A 6 B7 if it's a halt state there are no
RET E C9 JRZ ENDL 7 28 3A triples.
21(NOP) F 00 00.. for non searching facility. LDAC 9 79 i.e. with 2,
MONIT EX E40 08 check auto/man. flag. CALLDISPLAY A CD 78 OE for prompt no. 2 = IPSY.
OR A 1 B7 RET D C8
JRNZ MANUAL 2 20 20 if A =0 then auto, TRIPLES
EX 4 08 hide flag. TEST Cbb E CB 69 bit 5 clear if expecting IPSY.
CALL KBD § CD 69 00 KBD does not loop. JRNZ NOT1ST DO 20 OF
RET NC g8 DO no key found. SET CbS 2 CBE9
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LD (HL).A
LDAD
SLA A
ADD AL
SUB A,B
LD LA

LD A3H
CALL DISPLAY
RET

NOTI1ST
TEST Cb4
JRNZ LAST
SET Cb4
LD (HL)A
INC HL

LD A4H

CALL DISPLAY
RET

LD (HL).A
LDAB

LAST

ADD L

LD LD
SLAL

SUB AL

LD LA
DJINZ MORE

JR ENDL
LDC,3H
LD A2H
CALL DISPLAY
RET
POP AF
POP BC
DJNZ NMORE
JR ENDST
NMORE PUSH BC
PUSH AF
LD A, (IX+1)
LD LA
PUSH HL
POP IX
LD C,0H
LDAC
CALL DISPLAY
RET
ENDST PUSH AF
LDLE
LD (HL),50H
SCF

MORE

ENDL

NEW

RET
ERR  PUSH IX
POP HL
LD AL

OR A
JRNZ NEW
PUSH BC
LD BC,F50H
SUB HL,BC
POP BC
LDAL

OR H

JRZ CRASH
POP AF
POP BC

INC B
PUSH BC
PUSH AF
INC D
LDCD
SLA C
LDAL
SUB C
SUB D
LDLA
PUSH HL
POP IX
RET
CRASH PRINT

JP PARSE
4{NOP)

m
CSoons

m
O MMM © 0= - opDm p-3

n

—

~N DL N

F

(=]

DOPORNANOTMDPONOAEWRD NG @O

mm

w (%]

-n
w
D©® N=STMoOOPONONAN N-STMOODPNOAW N=

E-4

77
TA
CB
85
80
BF

3E
CcD
co

cB
20
CB
7
23

3E
CD
cs
77
78

85

BA,
cs
95
6F
10

18
OE
3E
cD
cs
F1
1
10
18
C5
F5
DD
6F
E5
DD
OE
79
CD
co
F5
6B
36
37

ca
DD

E1
19

B7
20
cs
01
ED
c1
7D
B4
28
F1
(o}

04
C5
F5
14
4A
cs
7D
9
92
6F
ES
DD
Cc9
EF
21
C3
00

START OF STATE DIAGRAM F50

27

03

78

61
0A
E1

04
78

02

08
03
02
78

02
10

7E

E1l

78

E5

EC

42

21

0E

0E

0E

01

0E

OF

write IPSY in table, then
advance HL to point to top
of DNST/OPSY pair. IPSY's
in table for lookup.

HL now points to address of
DNST.
parameter for DISPLAY,

bit 4 set if expecting OPSY.

now points to home for
OPSY.

that one was easy.

store OPSY then restore HL
to point to next place in
IPSY table.

B has no. of symbols left to
read.

D has total no. of symbaols.

check if more symbols for
this state.

if list has ended.

set two flags.

don't lose return address.
B now has no. of STATES.

if no more states,

hide BC.

and put back return address.
1.5, byte of top of next state.
point HL there.

and LD IX HL.

clear flags.

save return address.
complete data structure by
pointing from last state to
top of first state at F50,
Carry flag set for main pgm.

point HL to tap of state (in
I1X}.

check for return to previous
state,

clear state and start again.
hide BC.
don’t step back beyond OF50.

recover BC.

if HL—OFb50=0
return address.
state count must be
incremented,

now point HL to top of
previous state.

and put HL in IX.

if step back too far:
N/LNOIN/L,
re-enter monitor.
padding.

MAIN PROGRAM

! START 0C50

TAPEI OCAS
CLINE OCE4
TAPE OCF5

GO 0D28

Summary Of
Subroutine
Functions

INIT
LINE

DISPLAY

ENLIST

MOVE &
MOVLINE

SETDIRN

MONIT

DELAY

CALLS CALLS
INIT DE10

LINE ODF3

DISPLAY 0OE78

ENLIST OEA3 DISPLAY DET78

MOVE O0DCA
MONIT OE40
SETDIRN ODES8
MOVE 0DCA
DELAY DEDO

MOVLINE 0D85

MOVLINE 0DB5

Sets up registers and flags.

Reads a hexadecimal number from the key-
board, displays it, and puts its value in A.

Takes a number in A and displays on the
screen a 4 letter message which depends on
A’s contents. Numbers greater than 4 give
strange results.

Uses the alternative register set, and creates a
Data Structure representing the Turing
Machine’s State Diagram.

Take the position of the tape head in HL, the
direction of required movement in B and
move the head one square, perhaps skipping a
line.

Sets B according to whether the state pointed
toby IXis Ror L.

Reads control characters from the keyboard
and can change the speed of the delay loop. In
automatic mode it will not wait if no key is
pressed.

Executes a delaying loop. One loop parameter
can be altered by MONIT.
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( QUARTZ LCD
5 Function

Hours, mins , secs

£6.65

day e

[ SOLAR QUARTZ LCD
5 Function

Genumne solar pane| i
with battéry back-up
Hours muns -secs
Day  date

Fully adjustable
bracelet

Back lght

Only 7mm thick

£8.65

Guaranieed same

dispatch

Lo

.

W,

5

Hay

L M2

-

(QUARTZ LCD
11 Funct

Bibgit 1

£1

L Guaranteed same day dispatch

ION sLiM CHRONO

—
065 Thousands sold!

M3

!

( QUARTZ LCD
ALARM 7 Function

————

Alarm

Hours, mins., secs
Month, date. day
6 digns 3 flags
plus continuous
display of day

and date

of secands
Back-light

Only 9mm thick

£12.65

Guaranteed same
day dispaich

[ MULTI ALARM
6 Digits
10 Functions e

Hours, mans  secs
Month, date. day fL
Basic alarm
Memary date
alarm

= Timeralarm
with dual time
antd 5 country

* & W *

0ne
* Back light
* Bmm thick

£18.65

Chrono Dual Time

b digits
22 functions
Constant display of
hours and mins . plus
gptional seconds

or date display

AM /PM indication
Manth date
Continuous display

of day

Stop-walich 1o

12 hours 59 8 secs
in 1710 second steps
Spht and lap uming
modes

Dual time zones
Only Bmm thick
Back:light

open bra

£22.65

Guaranteed same
day dispatch

M5

TR i )
FRONT-BUTTON ALARM

Dual Time Zone Fac
6 digis, 5 flags .
22 funchons <
Solar panel with
battery back-up

6 basic functions
stop-waich 10

12 hours 59 9 secs
10 sec steps
Sphitand lap timing
modes

Dual time zones
Alarm

Gmm thick
Back-light

Fully adjustabie
bracelet

| £27.95

mnA

[ SOLAR QUARTZ LCD
Chronograph with Alarm

ility

\

(£29.65

(ALARM CHRONO
with 9 World

Time Zones

* 6 diugits, 5 flags
+ B basic functions
* 8 further tme
0nes
+ Count-down alarm
* Stop-watch o
12 hours 59 9 secs
n 1/10gec steps
Sphit and lap
timing modes
Alarm
9mm thick
Back-light
Fully adjustabile
bracelet

* % % *

( SOLAR QUARTZ LCD
Chronograph

Powered from

soiar panal wiih

batety back-up

6 digit. 11 tunctions
Hours, mins . secs day
date  day of weak
1:100th 1/ 10th secs
10X secs  muns

Sphit and lap modes
Back Light Autg
calendar Only Bmm
thick

Stainless steel bracelat
and back

Adjustable bracelet
Metac Price

| £13.65

Guaranteed same
day dispatch

M9

(QUARTZ LCD

Lady’'s Day Watch
only 25X20mm
and 6mm thick
Hours, minutes
seconds, day, date
backlight and auto
calendar
Elegant metal |
bracelet in silver or
gold fully adjust
able 1o suit very
slim wrists.
State colour pre-
ference
L £9.95 Guaranteed same
" day despatch

M15

—
QUARTZ LCD

Lady's Fashion
Watch. Elegant
bracelet in bronze /
gold finish or silver
colour Hours,
minutes, seconds
day, date, backlight
and auto calendar
Adjustable for the
slimmest of wrists

State colour pre-
ference

£14.95
Guaranteed same
\ day despatch

QUARTZ LCD
Lady's Cocktail Watch
Highly functional
watch which also suits
those special occa-
sions. Beautifully de-
signed with a very thin
bracelet which retains
strength as well as

elegance Hours
mins., secs. . day, date
backlight and
autocalendar

Bracalet fully adjust-
able to suit shm wrists
State gold or silver fin- {
sh |

£19.95 |

Guaranteed sama day

HANIMEX
Electronic
LED Alarm Clock

Features and Specification:

Hour minute display. Large LED display
with p.m. and alarm on indicator. 24 Hours
alarm with on off control. Display fiashing
for power loss indication. Repeatable
9-minute snooze. Display bright dim modes
control. Size:5.15" x 3.93" x 2.36" (131mm
x 11mm x 60mm).

Weight: 1.43 Ibs {0.65 kg).

£10.20 Thousands sold

Ma

s et it

M13

1

[ EXECUTIVE
ALARM WATCH

& functions plus alarm
Conference signal, &
minute snooze alarm
Conference signal
sounds 4 secs. before
main alarm to give ad-
vance warning and
option 10 cancel
Snooze sounds 5 mins
after main alarm and is
always preceded by the
conference signal

L£14.95 M60

Automanc calendar
day and date. inhinite
bracelet. This man's
watch has elegance as
well as the robust
appearance provided
by a walch with
traditional features
Accuracy s provided
by a guartz crystal
powered by a long life
muiniature battery

L £24.95

( MACY QUARTZ
ANALOGUE ——

M21

~

Matac Wholesale:

more nol shown, also minimum order details

CiEms

8

HOW TO ORDER
Payment can be made by sending chegue. postal order, Barclay, Access or Amencan Express
card numbers: Write your name, address and order details clearly, enclose 40 pence per single
item for post and packing or the amount stated in the advert. All products carry 1 year wnitten
guarantee and full money-back 10 day reassurance Battery fiting and electronic calibration
service is available to customers atany Metac shop, All prices include VAT currently at 15%

Trade enquiries — send for a complete list of prices for all the goods advertised plus many

Telephone orders: Credit card customers can telephone arders direct to Daventry (02272)
76545 or Edgware Road 01-723 4753 24 hours a day

z Service Enquiries: 03272-77659
CALLERS WELCOME. Shops open 9.30am-6.00pm.

==

despatch

(" Metac price break- i
through for an —
Alarm Chrono- '_:’cf“::@*'
graph with o,

Dual Time
Only £18.95

OUTSTANDING FEATURES

+ DUAL TIME. Local ume always visible
and you can set and recall any other
ume zone (such as GMT)
Also has a light for night viewing

+ CALENDAR FUNCTIONS include
the date and day in each time zong

* CHRONOGRAPH/STOPWATCH
displays up to 12 hours, 59 minutes
and 59 .9 seconds
On command, stopwaltch display
freazes to show intermediate (sphit/ lap)
ume while stopwatch continues to run
Can also switch to and from
timekeeping and stopwatch modes
without atfecting either s operation

* ALARM can be set (o any time within a
24-hour period At the designated
ume, 8 pleasant, but effective buzzer
sounds to remind or awaken you!

L Guaranteed same day despacch  W116

7

[llevac

ELECTRONICS
& TIME CENTRES

North & Midlands

67 High Street, DAVENTRY
Northamptonshire
Telephone: 03272 76545

T

South of England

327 Edgware Road
LONDON W.2
Telephone: (01) 723 4753

=
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RS
@Uﬁ@j waiit for @ kit
compulter when Yyou
can buy a fullly buwiilt
& tested Supeiboardll
offf the shellf?

Ohio Scientifics

SUPERBORRDIL - £ 188

Full 8K basic and 4K user RAM Built and tested ( Delivery within 7 days)
\_Power supply énd R.F. Converter P.0.A. )

The machine can be economically expanded to assist in your instruct it or program it to do whatever you want, but you don't
business, remotely control your home, communicate with other have to. You don't because it comes with a complete software
computers and perform many of the tasks via the broadest lines library on cassette including programmes for each application stated
of expansion accessories in the microcomputer industry. above. Ohio Scientific also offers you hundreds of inexpensive
This machine is super easy to use because it communicates naturally  programs on read-to-run cassettes. Program it yourself or just enjoy
in BASIC, an English-like programming language. So you can easily  it, the choics is yours.

Features Commands k
@ Uses the ultra powerful 6502 microprocessor CONT LIST NEW NULL RUN
@ 8K Microsoft BASIC-in-ROM Statements
@ Full feature BASIC runs faster than currently available CLEAR DATA DEF DIM END FOR
personal computers and all 8080-based business GOTO GOSUB IF..GOTO |IF..THEN INPUT LET
computers, NEXT ON...GOTO ON...GOSUB POKE PRINT READ
® 4K static RAM on board expandable to 8K REM RESTORE RETURN STOP
@ Full 53-key keyboard with upper-lower case and user .
programmability . g;‘;:::zr‘;m
.i?gs;?iglw standard audio cassette interface for high Z.+,* 1,1, NOT, AND, OR, > <. <> >= <= = S ok
@ Full machine code monitor and 1/0 utilities in ROM RANGE 10"~ t0 10
@ Direct access video display has 1K of dedicated memory Funciions
(besides 4K user merﬁqwi, features uppercase, lower  Ags(X) ATN(X) COS(X) EXP(X) FRE(X) INT(X)
case, graphics and gaming characters for an effective LOG(X) PEEKI(1) POS{I) RNDI(X) SGN(X) SIN(X)
screen resolution of up to 256 by 256 points. Normal SPC(1) SQRI(X) TABI(I) TAN(X) UsRI(l)
TV’'s with overscan display about 24 rows of 24 charac- i N
ters, without overscan up to 30 x 30 characters. String Functions
ASC(X$) CHRS$(l) FRE(XS) LEFTS(X$,1) LEN(X$) MID$
Extfas (X$.1,J).
@ Available expander board features 24K static RAM (ad- VAL(XS$)
ditional mini-floppy interface, port adapter for printer RIGHTS$(XS,) STR$(X)
and modem and OSI 48 line expansion interface.
®Assembler/editor and extended machine code monitor
available. . Plus variables, arrays and editing facilities.
| Fully built and tested. Requires only +5V at 3 amps and a videomonitor or TV and RF converter to be up and running.
— — e
What the m Zinessau
nattine Mmagazinessray
“A useful machine..............c........represents value for money”
Computing Today June 79
“The Superboard represents good value with plenty of potential”’
il Practical Computing June ‘79
“Certainly one of the most exciting (computers) on the present market”’
Practical Electronics June '79
Dealer Enquiries welcome at Morgan St. address
Watford Electronics Videotime Products Lotus Sound \
33/35, Cardiff Road, 56, Queens Road, 4, Morgan Street,
Watford, Herts. Basingstoke, Hants RG21 1REA TLfngfg ;513 ;gl;g
Tel: Watford 40588/9 Tel: 0256 56417 el: O1- /
; \g - ,4)
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lan Sinclair

A first time buyers review of
one of the top selling home
computers

Beginner? I'll admit to having programmed before,

but that was using FORTRAN, and it was before
BASIC was invented. I'll admit cheerfully to having a certain
amount of experience of MPU’s and other hardware, as the
columns of this magazine witnesseth. But as far as BASIC
programming and the use of the microcomputer goes, I'm a
beginner. Or | was. . . .

Why did | wait so long? Being an old hand in the
electronics business, and having seen what happened to the
prices of calculators, | felt that prices had to drop. In add-
ition, | had been in the States in 1977 and seen the prices
which were being charged there; I've kept in touch with their
prices ever since! Next item was that | didn’t want to buy a
computer to play games, if the thing couldn’t earn its keep,
it wouldn’t be bought. Third item was that | already had a
spare TV and a cassette recorder, and it seemed a bit point-

T his is a report on how a “beginner’’ bought a TRS-80.

again.

A Problem Waiting For Solution
Time came and went, and | kept reading specifications. By

less to buy a computer which included these items all over

this time, early this year, several applications were starting
to crystallise. | spend a bit of time writing textbooks, and
one of the most time-consuming parts of the writing process
is indexing the page proofs. At present, it involves under-
lining, on the page proofs, each word that is needed in the
index, and writing that word, with its page number, on a
sheet which is reserved for its initial letter. The words then
have to be arranged in strict alphabetical order, and where
the same index word occurs on several pages, the page
numbers grouped alongside the word. It's a messy bit of
donkey-work, with 26 sheets of paper flying about, and the
sorting of words into strict alphabetical order taks a sur-
prising amount of time. This task looked like a prime target
for the use of a computer.

The other main item was the keeping of drawings
files. | have a collection of drawings, copies which by now
must amount to about five hundred items. They are filed
under subject headings, but to find the one | want, | may
have to look through more than one index. This looked like
another target, provided the computer could handle files on
cassette, possibly going to disc later. Thirdly came the
inevitable financial application, keeping track of who paid
what, and when, for what, and when, and if not, why not.

The tentative specification, then, was for plenty
RAM, around 16K, and no need for frills like colour graphics
(or any graphics, for that matter) provided there was plenty
of string-handling capability. At the time | had reached this
stage, prices were still well above the level at which | judged
the thing could pay its own way, but the TRS-80 Level-2
looked a useful contender.
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The traditional QWERTY layout is retained on the TRS-80 and it
also offers a separate numeric pad.

The Extended BASIC ROMs on their sub-chassis for level two.

Price Cut Equals Problem Solution

That situation suddenly changed when Comp of Barnet deci-
ded to bring a touch of realism to U.K. prices by offering the
16K TRS-80 Level-2 at £399 (plus Very Atrocious Tax). The
Level-2 has very much greater string-handling capability than
the Level-1, and 16K of memory is a respectable amount. In
addition, being dynamic memory means that the power
supply doesn‘t have to be a miniature version of Battersea
Power Station, glowing a dull red; and adding yet another
16K later doesn't strain the power requirements too much.
Were there any snags? Cassette compatibility with other
machines didn’t worry me too much — most of my programs
are of interest only to me, and when you’re compatible with
the world’s biggest-selling microcomputer, that's compatible
enough. Similarly, | don’t worry overmuch about not having
the S-100 bus (should anyone?). Standard connections and
systems are essential if you don’t know anything about the
hardware; they become less important if you know what's
going on, and hardly matter at all if every shop stocks inter-
faces and hardware for your system.

All in all, it looked like a good case for getting on a
train at Moorgate and, when BR could find a train to go all
the way, off at New Barnet. A few yards from the platform,
in Station Road, TRS-80's were changing hands rapidly. Not,
perhaps, like Tottenham Court Road on a wet Saturday
afternoon, but fast enough to bring a smile to their faces.
| saw mine flash up its memory size, slapped it back in the
box, and went off with it.

How do they do it? Officially, | don’t know, but
there’s a clue on the back of my TRS-80. It has the Radio
Shack LEVEL 2 4K label on, which suggests that the merry
men of Barnet probably ship them in as 4K units, add
another 12K of RAM and, bingo, 16K. At the same time,
they sort out the old US/UK TV standards bogey, so that the
picture on a TV receiver is absolutely rock steady. Since the
price includes the power supply and the video modulator,
your unit is complete and ready to go as soon as you take it
out of the box and connect a plug. They have, need | say,
installed a 240 V transformer. Full marks, chaps, for initia-
tive, friendliness and good soldering.

The Home Stretch

Now for that can’t-wait-to-get-it-home feeling. With all the
hardware unpacked, | found some of the very useful software
that comes with the TRS-80. There was, to start with, the
LEVEL-1 BASIC MANUAL. Now I've read quite a few
books on BASIC, most of them, in fact, but the TRS-80

LEVEL-1 manual knocks them all into a cocked hat. It’'s a
model of clarity, logically set out, well written, and a sheer
joy to read. There are no comic strip sequences, no learned
obscurity, just sheer good explanation with lots of examples.
The name to remember is Dr. David Lien — 1’1l be very happy
if my writing ever becomes half as good as his,

There’s just one small snag — quite a lot of the
LEVEL 1 material doesn‘t apply to LEVEL-2, as you dis-
cover on the first page when you try to print the memory
size. On LEVEL-1, the abbreviation PM is used to do this;
LEVEL-2 requires the words to be typed out a hit more
fully, as PRINT MEM. Differences of this sort don’t really
cause too much bother, once you‘ve met the first few.

The LEVEL-2 manual is also included with the out-
fit. This isn't intended for beginners, it's more of a dictionary
to the LEVEL-2 dialect of BASIC than a textbook. As far as
| can judge, LEVEL-2 BASIC is pretty standard, with several
of the little luxury touches, such as TAB, which delight the
keen typist. The software package is completed by three
cassettes, one with games (Backgammon and Blackjack), one
with systems programs in machine-code (Z-80, if you didn’t
know) and one blank. All in all, you get a lot for your
money.

The real test, though, is of its ability to do the job
it was bought for. First indications were that it would. |
could get only indications at first, because | need rather
specialised programs, which were going to need time to
write. | started to run small adaptations of standard pro-
grams, and also to run across the points which are not
covered completely by any manuals — more of these later.

Loaded To Save It

The first thing | knew | had to sort out was cassette loading
and saving, so that a precious program developed with sweat
and tears (no blood, because there are no sharp edges) over
days of effort could be saved and used. Just as important, a
program which was not fully debugged could b