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8K ON BOARD MEMORY!

5K RAM. 3K ROM or 4K RAM, 4K ROM (link
selectable) Kint supphied with 3K RAM, 3K ROM
System expandable for up to 32K memory

2 KEYBOARDS!

2 MICROPROCESSORS

280 the powerful CPU with 158 instruction including
all 78 of the BOBO. controls the MM57109 number
cruncher. Functions include +. — ' squares
roots. logs gnponenquﬁ trig functions, inverses etc
Range 107" 1o @ x 197" 10 8 tigures plus 2 exponent

56 Key alphanumeric keyboard for entering high level digits
language plus 16 key Hex pad for sasy entry of
machine code
EFFICIENT OPERATION

Why waste valuable memory on sub routines for
numeric processing’ The number cruncher handles
everything internally'

GRAPHICS!
B4 character graphics option — includes
transistor symbols! Only £18 20 extra!

MEMORY MAPPED

high resolution VDU circuitry using discrete
TTL for extra flexibility. Has its own 2K
memory to give 32 lines for B4 characters

RESIDENT BASIC

with extended mathematical capability, Only
2K memary used but more powerhul than
mast BK Basics!

KANSAS CITY

low error rate tape interface

1K MONITOR

resident in EPROM

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

NEW LOW
PRICE!

COMPLETE KIT

# comp 80 NOW ONLY
S £249  var

Kit also avallable as separate packs: e.g.
PCB. Keyboards, Cabinet, etc.

-

Cabinet size 190" % 15 7 % 3.3 Television by courtesy of Rumblelows Ltd  price £58 62

PS| Comp 80.Z280 Based powerful scientific computer
Design as published in Wireless World

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

Included in the PS| COMP BO scientific computer kit is a professionally finished cabinet, fibre- glass double sided, plated-through-hole printed circuit board. 2
keyboards PCB mounted for ease of construction. |C 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

PSI COMP 80 Memory Expansion System
Expansion up to 32K all inside the computer's own cabinet!
By carefully thought out engineering a mother board with buffers and its own power
supply (powered by the computers transformer) enables up to 3 8K RAM or BK
ROM boards to be fitted neatly inside the computer cabinet. Connections to the
mother board from the main board expansion socket is made via a ribbon cable.
Mother Board Fibre glass double sided plated through hole P.C.B. £39.90
87" x 30" set of all components including all
brackets, fixing parts and ribbon cable with socket

to gonnect to expansion plug . i Fre—ury Ew - ‘ m W;; e
8KStatic  Fibre glass double sided plated through hole P.C.B. £12.50 . — S . D %m&
RAM Board 56" x4.8" = | ERaS e a0 Wm ki
Set of components including IC sockets, plug and £11.20 - 5 ﬁwli- — & W —

socket but excluding RAMs.

2114L RAM (16 required) £5.00
Complete set of board, components, 16 RAMS £89.50
8K Fibre glass double sided plated through hole P.C.B. £12.40

ROM Board 56" x4.87

swctcommoenocudrg Crosasuoms vom e T T T T T
SEEEEEEEEEENE

2708 ROM (8 required) £8.00
Complete set of board, components, 8 ROMs £78.50
Floppy Disk, PROM programmer and printer interface coming shortly! PCBsize 16 0""x12 5"
Value Added Tax not included in prices UK Carriage FREE

PRICE STABILITY: Order with confidence. Irrespective of any price

changes we will honour all prices in this advertisement until May
30th, 1980. If this month’s advertisement is mentioned with your M P I E R s
order. Errors and VAT rate changes excluded.

A o o g Ehaeoot a6 agtef eoes BILE £ (a division of POWERTRAN ELECTRONICS)

U.K. OHDEIFS: Subsequent to :FS% harge for VAT. NO charge is
sl bl B PORTWAY INDUSTRIAL ESTATE ANDOVER
A 0 i et i oy mpsonat eevies: Chbo: Maaiand 2efy ANDOVER HANTS SP10 3MN (0264) 64455
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MODEL KB 756

FULLY ASSEMBLED & TESTED
CASE AVAILABLE

Accessories Available include: —

Edge Connector KB15P £1.95*
Numeric Key Pad’ KB710 £7.50*
Plastic Case (Black) KB701 £12.75*
DC to DC Converter DC512 £5.00*
*U.K. Orders add 15% VAT on Order total.

FULL DATA SHEET ON REQUEST

Citadel Products Limited.

Dept. CT. 50 High Street, Edgware,
Middlesex HA8 7EP. Telephone 01-951 1848

IR CACTER

L KEVBOARDS

Happy Memories

21L02 450ns 83p 16K Memory Upgrade Kits for TRS-80, Apple and
21L02  250ns 1.00  Sorcerer all at £42.50

2114 450ns 4.25

2114  250ns 475 Vero S100 Products:

4116  200ns 450 6 SlotCard Frame with Power Supply 241.36
4116 150ns 550 Prototyping Cards (3 types) each 13.66
2708  450ns 4.95
2716 Sv 16.95 Extender Card 21.70
Motherboard with 6 connectors 67.65
IC Sockets: Ithaca Intersystems Products:
Pins Solder W/W S1002Z80 CPU Card 4MHz A&T 176.81
8 10p 24p S100280CPU Card 2MHz A&T 150.94
14 11p 36p 5100280 CPU Card Bare Board 30.19
16 12p 39p S100Video Display Board A&T 125.06
18 16p 46p S100 Video Display Board Bare Board 21.56
20 17p 58p S10016 x 2708/2716 A&T 73.31
22 19p 61p S10016 x 2708/2716 Bare Board 21.56
24 21p 63p S100 Proto Board (Plated Through) 21.56
28 27p 70p See ithaca’s own advertisement for full range
40 37p  109p
VERBATIM Mini-discs (Pet, TRS-80, etc.) 19.95
SAA5050 14.85 Cannon MIN-D 25 way connectors: Female 1.84
SAA5020 7.15 Male 1,60 Hoods 63p. Other sizes available
81LS95 1.50
B81LS97 1.54 DIN 41612 Eurconnectors 64 way: Female 3.24
74LS series: Right-angled Male 1.98. Other Sizes available

Lots of them POA DIP Switches: 4, 7 & 8 way all at 85p
We stock a full range of Wire-Wrapping equipment and supplies for you to
choose from; we have shelves of books — give us a ring with your
requirements and avoid crippling postage charges, Our stocks are too
numerous to list here — free price lists sent upon request.

The shop is open from 10 until § Monday to Saturday and is worth a visit to

catch a surplus bargain — Keyboards at 39.50 today, we may have some left
when this gets to print? 18 slot S100 Mother Boards at 22.507

ALL PRICES INCLUDE VAT. POSTAGE FREE ON ORDERS OVER 10 POUNDS

IN VALUE, OTHERWISE ADD 30p. ACCESS AND BARCLAYCARD WELCOME,

YOU MAY TELEPHONE WITH YOUR CARD NUMBER AND REQUIREMENTS.

TRADE ACCOUNTS ON APPLICATION, GOVERNMENT & EDUCATIONAL
ORDERS WELCOME £10 MIN.

STOP PRESS: Superboard .
UK101 TRS80 Compatible

GCOLOUR
YOUR

DAZZLING COLOUR GRAPHICS FOR NASCOM 1 & 2

Genuine bit-addressable “pixel” system for straight-
forward programming of pictorial or mathematical
functions.

8 Colour display plus 8 colour independent background
facility. Full documentation with FREE SOFTWARE:
powerful sub-routines for vector generation, demon-
stration program for animated effects. All runs in Nascom
1 without expansion. Complete with UHF Colour
Modulator for operation with normal colour TV set.
Superior design allows connection to most other micro-
processor systems — send us diagrams etc of your b & w
video circuitry for free advice. Don't be fooled by the
price: this is a top quality product which will transform
your computer.

NOW AVAILABLE FOR£45

LIMITED PERIOD AT PEUS WA
W!LL'AM go\r\:{:r H:)L:géer,‘lf?ullenu:y Road, Vs
STUART oo inmiasen " EEY—

SYSTEMS Ltd Telephone: Brentwood (0277) 810244

TRS 80
SOFTWARE

The leaders in
innovative
software

All types of programs
for the TRS 80
Model 2 software
available soon
Large 27p SAE for
our current catalogue

A. J. HARDING

DEPT CT_ e | 28 Colli e,
19 Bevois Valley Road, Southampton, Boxtill B & sses
Hants. SO20JP  Tel: (0703) 39267 Tel. (0424) 220391
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‘All these only
from HENRY'S __

Here's an offer you can'trefuse:

Because of the lack of availability of MK 4118
FREE RAMs, Nascom Microcomputers is supplying its

POWER Nascom 2 withoutthe 8 spare 4118s but with a FREE

SUPPLY 16K dynamic RAM board.

/lunscgm-zqn&]gu BAM

= osssssssssssss  When the 4118s become
5 R N NASCOM-2 available, Nascom2
¥ “‘;"; \\ \ with purchasers can have them
S g N atthe special price of £80
s : 32K R':ms + VAT for the 8K,
’ £345 a7 So, for £295 plus VAT
f P&P 150 thisis what you get:
. ' _ MEMORY
YT T s R EGw "~ - ® 16K RAM board
i E 3 (expandable to 32K)
-r!:r!;'rfg‘ '.?.-.. - Buy @ 8K Microsoft BASIC

e ® 2K NAS-SYS1
to
BrItISh T

It's ® 1K Workspace/
Scratchpad RAM.

@ Main board sockets
195 - BeSt ! ! forthe 8x4118s or
lyc VAT g p] MICROPROCESSOR 2708 EPROMS
own ho 2102 1.20) ® ZBOA which will run at AMHz but is selectable between1/2/4 MHz
intoyou €175 plus K 8 for 8.00l HARDWARE
low prY AT). EX oc 2114 4.00| g Industrial standard 12" x 8 PCB. through hole plated. masked
£165 plus 8 for 3000  4nd screen printed All bus lines are fully butfered on-board
;1{;? 5;_'23 INTERFACES @ Licon 57 key solid state keyboard
2708 750/ ® Monitor/domestic TV interface
afor 28.00| ® Kansas City cassette interface (300/1200 baud) or RS232/2CmA
4118 teletype interface

The Nascom 2 kit1s supplied complete with constructionarticle
and extensive software manual for the monitor and BASIC

EXPANSION NASCOM-1 Pgoqummill-.gFManull .... EAS0
*£ xpansion butter board £az2isn = oNe(sUpPIYIOTURTLD P
MEMORY KITS (inclusive al 32K expansion Mk 1| £24.50
hardware) *8A power supply for larger
8K ggs than 32K expansion £60.00
16K £140 *Exparsonc ard frame £29.50
37K £200 EPHOM programmer . . . . £13.95
#1/ QL board with oders and SMART-1 . . ... L. £74.965
all h finy Basic £25.00
) J and super Tiny Basic (with editor and machine
i £35 uhty routined £35.00
NE d gperating system n (2 Zeap assembler editor £32 no
( BKBASICROM . . . ... .. £40.00
OMPATIBLE FROM T2 anad B BUG Naspen Text Handler . . . . . £30.00
£25.00 Disassembler . . . . . . . .. £9.95

NAS SYS 1. MONITOR . . |

| NASCOM IMP PLAIN
oo MO®_ DAPER PRINTER

R e R e Fully built and housed in a stylish enclosure

e —— for just £325 plus 159, VAT Interfaces with
- all micro computers. Deliveries Ex-Stock.

@ Optional tractor feed. ® Baudratefrom 11010 960C

The Nascom IMP (Impact Matrix Printer) features are: ® External signal for optional synchronisation of baud

® 60 lines per minute @ 96 character ASCli set -

® 80 characters per line (inciudes ugoe' iower case § HALF PRICE EXCLUSIVE TO HENRY'S
® Bi-directional printing ® Automatic CR/LF - 50% OFF MAKER'S PRICE
® 10 ine print buffer ® Acceptis 8. paper 0FFE~Rr -

®Software sslectable 20, 40 and Bu
column using 120mm aluminium-

. _ised paper. 1 rol supplied.

- @150 lines per minute.

FERRANTI COMPUTER KEYBOARDS

. A& . & B 'S ®Centronics parallel data interface
e 1 R TR O T T “g|ZE for Nasscom, Tandy, etc.
“SOLID & . gl e, 4 » N ®240volt csing input.
STURDY 3 . L SR R Y *14x6x3 s ASCIl character set
Al P PO T S S SR G A SLOPING ®Paper feed, and on/off select switches
CASE e . LR R A e * FRONT” @ Audible ‘BELL’ signal  Weight 10ibs
. B e ! i ®Size: 13" x 104" x 41" LIST PRICE £400
: : : ®New, boxed and fully guaranteed A
60 Key ASCII Coded in steel case ingeogeandiion 80 column Our Price £195.00

Latched output complete with Plug & Cable e plus VAT post FREE
with circuit to convert to T.T.L. levels. £25 p+ P£2 50 CENTRONICS P1 PRINTER Spare paper £9 for 3 Rolls + VAT

Your London & National Nascom Distributor v
Export Orders deduct VAT, but add 5% carriage COMPUTER SEND F. ”ENR_‘Is
Official Export & Educational Orders welcome BROCHURE 15p EEE Computer Kit Division

OUF Tele‘.l‘. 262 28‘1 MO”O Ref ’ 400 T(ansomcs FREE STAMP 404 Edgware Road. London, W2, England

01407 RR22
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APPLE CROP

As each month goes by we seem
to find more and more bits
being made for Apples, a veri-
table glut of goodies must exist
by now. The latest offerings to
be added to the mountain are
both from Microsense, the main
dealers. The first is an ALF
Music Synthesiser card which
allows you to write your own
magnum opus on the screen
with a paddle control. You can
play about with the pitch,
envelope, decay, sustain and
volume within the full piano
range of eight octaves and then
send the completed work to
the outside world through your

HiFi. Each card can produce
three voices and you can have
up to three cards. The unit
costs £180. The second — and
far more important — offering
is the new Prestel capability.
Owl Computers, in conjunction
with the PO and Microsense
have modified a standard Apple
communications card to handle
the Prestel transmissions. The
unit has provisional approval
and is expected to cost around
£600 but this does not include
the modem which you will have
to rent from the PO. For more
details on the Prestel card con-
tacts Mike Gardner of Owl
Computers on 0279-52682 or
for general Apple info contact
Microsense at Finway Road,
Hemel Hempstead, Herts.

PETSOFT
ACT

Cries of "more choice’ have
now been answered by Petsofts
introduction of a FORTH Com-
piler/Interpreter package for the
PET. The implementation con-
sists of a 200 word ‘dictionary”’
where each word is equivalent
to a subroutine in BASIC. This
allows the user to tailor pro-
grams easily and also allows
structured programming thus
making for more flexible soft-
ware. The package also includes
an assembler and text editor,
the cost is @ mere £30 + VAT,
The parent company, ACT, have
further cemented their relation-
ship with the American firm
Computhink by jointly pro-
ducing the new 800 Series
machine. At an exceptionally
well oiled press reception the
august members of the compu-
ter press were allowed to play
with the system before the
dealers had their show. | suspect
that this practice will be discon-
tinued owing to the erasing of

vital programs on disc. Still the
system is very flexible, the 8"
floppies give it a very useable
one and a bit megabytes and it
looks and feels like a GT version
of the PET. Perhaps Commo-
dore will think twice about the
introduction of their new sys-
tem into this country? The main
benefit that this small business
system can offer is its compata-
bility with all the existing
software produced by ACT for
the PET — a figure of 80% is
guoted. Technical details are :—
2 MHz 6502, 46K user RAM,
12" VDU (64 by 30), 122880
addressable graphics points and
standard PET graphics, full edi-
ting, three programmable fonts,
standard parallel printer port,
RS232 serial port, disc port for
up to four 8’ floppies, Exten-
ded DOS, Microsoft BASIC with
machine code monitor and Tiny
Assembler, full ASCII keyboard
in upper/lower case and numeric
pad. The price for a basic sys-
tem is quoted at £3,950 with
800K mass storage. For details
contact ACT at 5—6 Vicarage
Road, Edgbaston, Birmingham
B15 3ES.

SHOP TALK

First out of the bag this month
is the news that the Byte Shop,
who were taken into receiver-
ship a month or so back, has
been sold off to Comart. Com-
art are better known for their
comprehensive stocks of Crom-
emco kit among small business
users. The chain of existing
shops is still trading under the
name Byte Shop 1980 and it
looks as though the future
plans for expansion will go
ahead, but maybe not so fast.
Second item to crawl out of
the mailbag is news that Adda,
the West London store, are to
open a central London office
in Hanover Street. The new
address is 1-2 Hanover St.,
London W1 and the phone is
01-408 1611. The main aim
behind the expansion is to
offer a better, faster software

service to businessmen in the
central London area. Midwich,
the Nanocomputer people had
sprouted a new organisation to
handle its small business mach-
ines and Apples. The new
company is called Siafield and is
looked after by Phil Everton at
the same address as Midwich,
namely 209b High Street, Wal-
tham Cross, Herts EN8 7AY,
phone Waltham Cross (97)
29310. Midwich are now dealing
solely with the SGS-Ates range
of product, including the highly
successful Nanocomputer. And
last but not least comes news of
expansion by Newbear, in the
guise of Newbear Books. They
have opened a new store in
Birmingham, at the Tivoli
Centre, Yardley and there is
good access and lots of free
parking. Shop hours are 9-5
Monday to Friday and vyou
can phone on 021-707 7170 for
a booklist or further details.
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NEWS

SINCLAIR HOMES IN

Clive Sinclair, the man who
brought you the Mk 14 and
the Microvision, among other
things, has announced his latest
offering to the world. Called
the ZX80 it is a ZBOA based
system with a touch keyboard
and built in BASIC. The whole
thing is about the size of a small
desktop calculator — you can
hold it in your hand quite
easily. Special items abound
because of a radical new design
idea, you get single key oper-
ation for common BASIC com-
mands, syntax error checking on
entry and a full alphanumeric
keyboard. However with the

| think that our last club survey
has produced the highest ever
response, we have had over 90%
of our forms back now so if you
are still holding onto one, send
it in. First in the column this
month come the additions to
the list, The PET education
group is run by Dr Chris Smith
of the Department of Physi-
ology, Queen Elizabeth College,
Campden Hill Road, London
W8 7AH. They have about 20
members, membership is free
and they have a special interest
in CAL, that's Computer Aided
Learning according to my dic-
tionary. Changes to the pub-
lished list are starting to come in
as clubs have their AGMs, from
the top. . . Southgate Computer
Club have a new primary con-
tact, Mr Panos Koumi of 33
Chandos Avenue, Southgate,
London N14 7ES. The tele-
phone is 01-882 2983 and they
meet on Wednesday and Thurs-
days fortnightly, membership is
£1. The Gwent Amateur Com-
puter Club has got itself a new
meeting place, namely 10 Park
Place in Newport where they
meet each Wednesday night.
They now own a couple of sys-
tems and as a result the club
fees are now £3 or £1.50 for
students with a meeting charge
of 20p. Their new primary
contact is lan Hazell at 50
Ringwood Hill, Newport, Gwent
NPT 9EB and the phone is
Newport (0633) 277711 during
office hours. SELMIC are now
holding regular meetings at the
Thames Poly, Churchill House,
Greens End, Woolwich on the
second and fourth Wednesdays
of the month. A door charge of
75p is made for non-members,
their primary contact remains
unchanged. The North London
Hobby Computer Club is mov-
ing well, recent talks have
included Speech Synthesis and

CLUB CALL

Recognition and Security And
Fraud. Future evenings include
Artificial Intelligence and Ro-
bots on April 9th, CAl on May
7th and the House Computer on
June 4th. Meetings are held in
the Students Common Room
and they start at 7pm. Further
details of the club activities can
be found in their excellent
magazine GIGO. Contact de-
tails are unchanged from the
survey entry. And whilst on the
subject of mags we are now
getting Printout, Richard Paw-
sons new PET extravaganza.
Excellent value for money and
it can't be too popular with
Commodore as he keeps break-
ing their secrets! Printout costs
£9.50 for ten issues and is a far
better bet than the official user
group who haven't produced a

single mag since Richard left to
do his own thing — if they have
done one I'd love to see it
because it hasn't crossed my
desk yet.

And finally on the Club
scene . . .The Merseyside Micro-
computer Group have asked us
to point out that they have a
vast array of sub-groups as well
as the parent body. Full details
are given in their regular news-
letter but the main ones are
Research Machines 380Z (run
by Alan Pope), Education
Group {run by Mr M Trotter),
Apple Special Interest Group,
the SC/MP group (run by Bob
Perrigo) and the PET special
interest group. Contact any of
these through the main organi-
sation at the University of
Liverpool.

=

price at just under £100 ready
built, or £77.95 for the kit, you
do have to accept restrictions
on the flexibility of the mach-
ine, The ZB0A is run at 3.25
MHz instead of the usual 4 MHz
as this is a convenient multiple
of the TV scan frequency, yes
the CPU has to look after the
TV as well, and the system is
not as fast as one would expect.
The BASIC has been squashed
down from 4K Integer style by
using a look-up table system for
the command words and by
having the character set built in
with the monitor. One is not
informed how much ROM is
used but there is 1K of RAM —
equivalent in Sinclair terms to
4K of usual RAM. The design
includes the drivers for the
VDU, a normal B/W TV but
black on white, and a cassette
interface for mass storage, at
some non-standard rate, but the
bus capability is very limited
owing to a lack of buffering.

You can add up to 16K of RAM
onto the system, it comes in 3K
chunks which cost £12 for the
board and £16 per K. Because
of the architecture It would
not be advisable, although poss-
ible, to hang exotic peripherals
onto the system as the CPU
would spend more time looking
after them than it would ser-
vicing the program. However,
at the price it represents a
definite opening into computing
for schools and colleges —
especially in kit form —and as a
very high class executive mind
stretcher. The kit version is
available as from February and
the ready built system is pro-
mised for March., We have
naturally asked for a review
sample and will let you know
in the near future how the
system measures up under test.
Sinclair Research can be reached
at 6 Kings Parade, Cambridge
CB2 1SN and their phone is
0223-312919.
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Infroducing the

Illl[ﬁlIIlN

. A suite of powerful business programs at a

budget price — from ACT Petsoft, the

Commodore Disk £95 Cassette version

Full facilities for the maintenance of the Sales Ledger, the

preparation of a list of outstanding balances and printing of
statements. All data including new customer details, invoices, |
credits, cash and transfers are entered under step by step '
guidance on the display screen. Printed results include Audit

List, Aged Debtors List Control Account and Statement.
For 32K F'ETS

professional software specialists!

LEDGER £120

Commodore Disk £95 Cassette version

Full facilities for maintenance of the Purchase Ledger, the
preparation of a list of outstanding balances and printing of
remittance advices. The system produces the following
printed results: Audit List, Aged Creditors List, Control
Accounts, Purchase Ledger Record, Remittance Advice,
Cheques and Payment List.
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For 32K PETs

INVOICING WITH STOCK £75

A ppwerful, easy-to-use system for the CompuThink
Disk, handling 1200 or 2400 stock items per diskette.

Both Sales g

i PAYROLL 200 £50

Ledger are For up to 200 employees, on disk or cassette.
WORDCRAFT £325

The ultimate PET Word Processor, now on
CompuThink Disk.

. and over 200 more business programs,
games and programming aids in the NEW
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NEWS

TAPING IT

Home computer users have now
been given more choice in the
cassette tape market with the
introduction of a new Scotch
digital tape from 3M. Desig-
nated the 830 it comes in a
neat little box and is available
in two sizes, C10 and C30. The
new style packaging of the tape
has also spread to the whole
range of 3Ms data recording
media and the silver and black
design is easily spotted. We have
had a sample of the new C30in
the office and it seems to per-
form excellently, we have not
managed to get any LOAD
ERRORS on the PET! For
details on the whole range of
3M products contact them at
3M House, PO Box 1, Bracknell,
Berkshire.

S100 IN A SPIN?

A new disc system for the S100
bus has been announced by
Equinox and is claimed to be
exceptionally reliable. The unit
is the KB10 with 5 MB of fixed
and 5 MB of removable storage
which is about ten times faster
than a floppy. Software current-
ly supportable includes CP/M2,
MP/M, FAMOS and OMNIX.
The unit can also cope with up
to four tape systems along
with “unlimited” disc storage,
the only limit will be the fact
that the unit costs £4950 a
go. Details are available from
Equinox at Kleeman House, 16
Anning Street, New Inn Yard,
London EC2.

OF COURSE

Portsmouth Poly are running a
series of courses in the near
future. Included in the list are
"'First Steps’’ a three day course
for engineers on July 24,
“*Second Steps” which is a
follow wup on 7-9th July,
Microprocessor System Design
which is a four day course on
17—18th July and a course on
Sixteen Bit Micros which runs
for two days on 17-—18 July.
Full details of all these can be
obtained from Mrs A P Sizer at
the Dept of Electrical and
Electronic Engineering, Ports-
mouth Polytechnic, Anglesea
Road, Portsmouth PO1 3DJ.
Manchester Poly are also run-
ning a seminar on the 28th May
in the All Saints Building of the
Poly. Called Microcomputing in
Research and Higher Education
it is aimed at people involved in
those areas. Further details are
obtainable from Dr G J Boris
Allan on 061-228 6171 ext
2457 or direct form him at the
poly, Dept of Social Science,
Aytoun Street, Manchester M1
3GH. Finally on the topic of
conferences COMPSTAT 80 is
here. This will be held at the
University of Edinburgh be-
tween 18 and 22 August and
over 300 people have registered
so if you want to go you'd
better hurry. The main topic of
interest is that of computational
statistics so if that's your par-
ticular scene you can obtain
details from the Director, Pro-
gram Library Unit, University
of Edinburgh, 18 Buccleugh
Place, Edinburgh EH8 9LN.

TOUCHY STUFF

This must be the month for
touch sensitive keyboards, two
offerings at once, you can't say
that we don’'t bring you the
goodies! The first is the Mk 3
touch keyboard from Star De-
vices that we have on offer in
our competition. It is a great
improvement on the original
Mk 1 that we reviewed back in
April last year — not that there
was anything wrong with that —
and includes some fantastic
options. Among the list of
possible configurations we find
single five volt supply, odd or
even parity, repeat key, elec-
tronic shift lock, etc and those
are just the start. User definable

options include RS232 output,
fourteen baud rates, on-board
+12 V option for the RS232,
TTY character set only, tri-
state outputs plus many more.
Each key is expected to last for
at least five million strikes so
it’s unlikely that you'll wear it
out and the touch surface -is
wipe clean and fully sealed so
you can pour coffee all over it.
At the bargain price of £48.50
for the basic unit plus your
chosen options will you be able
to resist it?

The second touch keyboard
unit is of American origin and
is called TASA. The whole thing
is a mere .325 inches in depth
and is being stocked by Inter-
face Components of Amersham

at a price of £49.50. The unit
features a full 128 key ASCII
keyboard with electronic shift
lock and rollover and the output
is supplied in parallel ASCII
with strobe to CMQOS levels or
TT1 with a pull down load for
open collector logic. The op-
tions are fixed on this unit
because it is totally sealed in a
lump of plastic but this does
mean that it can be used in
sterile or hostile environments.
Star Devices may be contacted
at Unit One, Mill Lane, New-
bury, Berks or ring on 0635-
40405. Interface components
can be reached at Oakfield Cor-
ner, Sycamore Road, Amersham
Bucks or telephone 02403-
5076.

CONFESSION TIME

A couple of slight problems
have come to light. In our
Feb issue location 0D52 of
Malcolm Bell's Logic Emulator
should read OA not AO. The
message text for MESS 2 and 3
should also be ignored and
re-entered from scratch as
corruption occurred. With re-
gard to our Competition the
closing date is the end of March
so if you haven't sent it in yet
get a move on! Several people
have also rung up about the
number of letters in the 12th
clue down, it should be 4 not
5 but most people have worked
that out for themselves!
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microtan 65

Small enough to learn with
Big enough to work with!

A 6502 based

microcomputer.
Expands into a system.

VDU alphanumeric display on un-modified domestic TV of 16 by 32 characters.

COMPUTER SYSTEMS LIMITED

i FYVVV VYT
e -

£69

plus VAT

AAAAALAAAL 4

Superb 1K monitor TANBUG

1K RAM for user programme, stack
and display memory.

Optional lower case pack making a total of 128 displayable characters.
Optional chunky graphics pack (64x64 pixels) @ Excellent documentation.

ALL PRICES INCLUDE VAT.

COMPUTER SYSTEMS LIMITED

Add £ 1.50 PEP Please.

MICROTAN 65 outperforms all other small The TANEX expansion board opens the door
microcomputers in terms of value for money to a full system as well as including an
and performance. It is much easier to use as a abundance of features. In its minimum config-
result of the video display, intelligent key- uration TANEX is supplied with 1K RAM,
board socket, and very powerful monitor. 16 parallel I/0 lines, TTL serial I/0 port,
The system grows to become a very useful, cassette 1interface, 2x16 bit counter timers,
complete microcomputer in sensibly priced and memory mapping, data bus buffering, and
very well designed modules. Each module is  fully socketed. When fully expanded
1s superbly packaged and with comprehensive TANEX offers all of the above plus a further
hardware and software documentation. The 6K RAM, 6K ROM, 8K MICROSOFT BASIC, a further
Microtan users manual is A4 size, 136 pages 16 parallel I/0 lines, 2 counter timers
thick, and comes beautifully bound. and TTL serial I/0 port, and a third serial
EHEUG is probably the most powerful 1K 1/0 port with RS232/20mA, full modem control
wonitor  available. Apart from bringing and 16 different baud rates. Check the
the hardware alive it really does serve price list below to see how cheap it is
the purpose of programme debugging. TANBUG to fully expand the systenm.
offers memory and register examine, modify 20 Way keypad- plugs into the intelligent
and list, block moves, single instruction, keyboard socket and gets you going without
multiple non-destructive br:eakpoints with the expense of a full ASCII keyboard. Keyboard
ability for multiple passes, address offset socket will accept any ASCII keyboard.
calculation and many other useful features. Mini-mother board, comes complete with
MICROTAN 65- More power for your money! connectors and reset switch.
ORDER FORM: EXPANSION COMPONENTS:
~ Qty. Microtan 65 Kit £79.35 Qty. Serial I/0 Kit £14.80 6552 £ 9.20

Qty. Microtan 65 Assembled £90.85 Qty. 2716(5V type) £28.75 2114 £ 4.80

Qty. Tanex (min.con) Kit £49.45

Qty. Tanex Assembled £60.95 NAME :

Qty. Lower case pack £10.90 ADDRESS:

Qty. Chunky Graphics pack £ 7.50 . e e

Qty. 20 Way Keypad £ 8.95 i

Qty. Mini-mother board £ 9.95 i

BROCHURE AVAILABLE ON REQUEST PLEASE SEND 10p.
TANGERINE COMPUTER SYSTEMS LTD.
FOREHILL, ELY, CAMBS. Tel: (0353) 3633.
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PLEASE DESTROY THIS MAGAZINE

If you do we’ll send you a pew one (and
you'll be helping us!) CT needs some
feedback and to get it we must go to
you, our:readers. In order to go on
producing the kind of magazine you
want to buy we would like you to
tell what you want to see. Every
single answer we get is read and
considered (honest!) and helps to
form the future issues of Computing
Today. Why the replacement
magazine offer? Well, that is
because we know most of you
keep your issues in pristine
condition and dislike cutting
them up — even for a cause as
worthy as this. After some head
scratching we decided the
simplest way to ensufe that
enough people returned us forms
was to provide a new copy in
return for the questionnaire. Out
and out bribery really.

Please tick below if you wish
a new copy and enclose the contents
page from this one with your letter,

As a further bribe we are running
.a draw for 50 of our magnificent T—shirts
which you can’t enter unless you fill in the
form overleaf.

Here is my tick — where’s my new CT? -




1. Please rate this month’s articles on a scale 1(awful) to 9(superb). If you didn’t read that particular feature score it 0.

ARTICLE SCORE COMMENTS

NEWS
MACHINE CODE

PET BITS

PROGRAM LIBRARY

HP 85 PREVIEW

SOFTSPOT SPECIAL

PROBLEM PAGE

PICO-BASIC

MPUs BY EXPERIMENT

LETTERS

LANGUAGE SURVEY

Please asterisk the single best feature in your estimation.
2. How does this issue of CT compare to the last? Please indicate:

MUCH BETTER SLIGHTLY BETTER NO DIFFERENT SLIGHTLY WORSE MUCH WORSE

3. If you have been a reader since our birth how does this issue compare to our early days?

MUCH BETTER SLIGHTLY BETTER NO DIFFERENT SLIGHTLY WORSE MUCH WORSE

4. Do you intend to run any of our software from this issue? If yes, which?

VBN

5. Which computer system do you own or use at work?
Name: & C 3ol om i s f S 5 5 e s e e e o s A N el Home use/Work use

6. Which of these topics would you like to see CT cover more in future?

Need More About Right Now Need Less Sheuld Ignore

Software For
Home Systems

Business Software

Hardware
Designs
Applications
Reports

Home System
Reviews
Business System
Reviews

Thank you very much for your assistance. Please do not forget to indicate on the previous page if you'd like a replacement issue. In addition
if you enter your name and address below we will know where to send your tee shirt if you're one of the 50 drawn.

RETTDG 000 0 0 600400 0 08 G 000000 0c 0 SaEe 80 o a0 6 615 & R0 0 Ol DIGa0 0 O gt 6 B T o A CRE 0 & 0 O O
AQAIess) 5 o s n s s 55w ata e & 5 4 i e e 6w £ e e & B R R G & E R e B s 8 s e 8 el e 5 s
How big is your chest : small, medium orlarge . . ... .. ...t ittt ittt it it e (for your tee shirt).
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Your Commodore PET System

The Commodm e PE'T 1s Britains best selling g microcomputer
and the most popular ("hou eln every field:—

% In Education for teaching Computer Seience
and a= a teaching aid Iuruliu 'rsubjects,
#% In Science and Engineering for solving
problems and for monitoring laboratory
‘qulpmt'lll
% In Business the PET system
can be put to a wide range of
funetions including Payroll,
Accounting, Statistical
Analvsis. Stock Control and
Word Processing.

A SELF-
CONT. \l\l-l)
MICRO-
(itml’l"l‘Fl{
FROM £550

Not least of its attractions is the price of a PET = from £550 for a self containe d unit. to under ﬂ,_,‘;(lil
i()l‘ih('(()ll][)lt’lt system inc luding k [opp\ Disk Unit and |||"h -spe ed Printer. Ask vour nearest
Commodore dealer below for de tails about Commodore h‘nti\\arv software

LONDON

Capital Computer Systems,
W1.637 5551

ACE (by Top TV Ltd), SW1. 7301795

Micro Computer Centre,

ur Dealer

T.& V. Johnson, CAMBERLEY, 62506

T.& V. Johnson, OXFORD, 721461

Petalect Electronic Services Ltd,
WOKING, 23637/21776

Business Electronics,

-~
i

Business & Leisure Microcomputers,
KENILWORTH, 512127

Caddis Computer Systems Ltd,
HINCKLEY 613544

Allen Computers, GRIMSBY, 40568

Tripont Associated Systems,
SUNDERLAND, 73310

Newcastie Computer Services,
NEWCASTLE UPON TYNE,
[0632) 615325

and tldlnlngr OUTses,

Network

LIVERPOOL

Microdigital, LIVERPOOL, 227 2535
Rockliftf Brothers Ltd,
LIVERPOOL, 521 5830

SOUTHAMPTON, 738248 CPS [Data Systems) Ltd, MANCHESTER
SW14.876 6609 Amplicon Micre Sy , T
Logic Box Ltd, SW1. 222 1122 é“aﬁlc,;otnoml_c;g?}é';ml' i r:?::::gz::n;g:.“ss SOUTH WALES & Cytek UK Ltd

Sumlock Bondain Ltd, EC1. 250 0505
DaVinci Computers Ltd,

NW4. 2029630
L & J Computers, NW9, 204 7525
Adda Computers, W1. 408 1611
C5S Business Equipment Ltd,

EB.254 9293
Advanced Management EC2. 6389319
Metyclean Ltd, SW1. 828 2511
Microcomputation,

Southgate. 882 5104
TL.C.World Trading Ltd. WC2. 839 3894

HOME COUNTIES

Orchard Electronics Ltd,

OXON, 0491 35529
D.L. Chittenden Ltd, CHESHAM, 4441
J.R.Ward Computers Ltd,

MILTON KEYNES, 562850
Dataview Ltd, COLCHESTER, 78811
South East Computers Ltd,

HASTINGS, 426844
Symtec Systems Ltd,

SOUTHAMPTON, 38868
Alphascan Ltd, BANBURY, 75606
Super-vision, SOUTHAMPTON, 774023

Bromwall Data Services Ltd,
HATFIELD, 6098064840

MMS Computer Systems,
BEDFORD, 40601

Isher-Woods, LUTON, 416202

Sumlock Bondain, NORWICH, 26259

CSE [Computers). READING 61492

Oxford Computer Systems,
WOODSTOCK, 811976

MIDLANDS &
STH. HUMBERSIDE

Taylor Wilson Systems Ltd
KNOWLE. 6192

Betos (Systems) Ltd.
NOTTINGHAM 48106

Holbrook Business Systems,
DERBY 368088

Lowe Electronics Limited,
MATLOCK, 2817

Davidson-Richards Ltd,
DERBY, 366803/4

Arden Data Processing.
LEICESTER, 22255

Tekdata Ltd, STOKE-ON-TRENT, 813631

BIRMINGHAM, 773 8240
Cliffstock {Computer Systems] Ltd,
WOLVERHAMPTON, 24221

YORKSHIRE &
NTH. HUMBERSIDE

Microprocessor Services,
HULL, 0482 23146
Microware Computers. HULL, 562107
Computer Workshop, LEEDS, 788466
Hallam Computer Systems Lid,
SHEFFIELD. 663125
Ackroyd Typewriters Ltd,
BRADFORD, 31835
Datron Micro Centre,
SHEFFIELD, 585490
Yorkshire Electronics Service Ltd,
MORLEY, 522181
Sheffield Computer Centre,
SHEFFIELD. 53519

NORTHEAST

Dyson Instruments, DURHAM 66937
Currie & Maughan,
GATESHEAD, 774540

WEST COUNTRY

Computer and Design.
BROADSTONE, 0202 697341
A.C Systems EXETER, 71718
Computer Supplies (Swansea|
SWANSEA, 290047
Sigma Systems Ltd, CARDIFF. 21515
Devon Computers, PAIGNTON, 526303
Bristol Computer Centre,
BRISTOL, 23430
J.A. D.Integrated Services,
PLYMOUTH 62616
Sumlock Tabdown Ltd, BRISTOL, 26685
Radan Computational Ltd.
BATH, 318483
T.& V. Johnson Ltd, BRISTOL, 422061

NORTHWEST &
NORTH WALES

B.&B. Computers Ltd, BOLTON, 26644

Megapalm Ltd, CARNFORTH, 3801

Tharstern Ltd, BURNLEY, 38481

Fylde Business Machines Ltd,
PRESTON, 731901

Preston Computer Centre,

MANCHESTER. 832 7604
Executive Reprographic Ltd
MANCHESTER, 228 1637
Sumlock Manchester Ltd,
DEANSGATE.{0618) 834 4233
Computer Workshaop,
MANCHESTER. 832 2269
Professional Computer Services Ltd,
OLDHAM. 061-624 4065
D. Kipping Ltd. SALFORD_ B34 6367
Catlands Computers Ltd,

Wilmslow 527166

SCOTLAND

Microcentre, EDINBURGH, 225 2022

Thistle Computers, KIRKWALL, 3140

McAllister Business Equipment,
EDINBURGH, 336 2402

IRELAND

Sottech Ltd, DUBLIN, 784739
Medical and Scientific
LISBURN, 77533

Fl'hisisalistol dealers

M:Sg':’.g:;ﬁ";&;gq C.5.M.Computer Systems, Wards Office Supplies, PRESTON, 57684 participating I[; dum':‘n]'l-lll
Micro Facilities Ltd, MIDDX, 979 4546 BIRMINGHAM. 360 6264 GATESHEAD. 605915 RPL Mizrosystems, DOUGLAS, 4247/8 advertising and nota full hist

DDM,BRENTWOOD, 230480

StuartR. Dean Ltd, SOUTHEND, 62707

Alpha Business Systems,
HERTFORD. 57423

HSV Microcomputers,
BASINGSTOKE, 62444

HSY Microcomputers,
SOUTHAMPTON, 22131

RUF Computers [UK),
BURGESS HILL. 45211

Wego Computers Ltd,
CATERHAM, 49235

Cx

commodore

We made small computers big business.

Commodore Information Centre. 360 Euston Road. N\W1 3B1..01-388 5702
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M.]. Bell.

Programming in machine
code tends to frighten many
people away.

the demand by novice micro-enthusiasts for advice in

programming at a level they can easily understand.
Having spent large sums of money on home computers,
many are finding it harder to pick up than they had been led
to believe by glossy advertisements and, whilst there are
many self-teach books available for high level language sys-
tems such as BASIC, ALGOL, Pascal and FORTRAN, it is
much harder to find instruction in Machine Code program-
ming.

T his is the first part of a series of articles in response to

In this first part the Central Processing Unit (CPU) is
put under the microscope to gain some insight into how the
heart of any micro-system functions. The second part will
investigate the ‘language of machine code’ and ponder on
how a mere human can understand its logic. Later parts will
be devoted to program writing from first principles, through
flowcharting and structuring, to the final documentation
stage. This will be illustrated by putting together a program
to calculate any monthly calendar from the year 1756 to
9999,

It is hoped that this series will be informative, not
only to those who have no alternative to machine code but
also to those that have higher order systems that permit user
subroutines to be written in code.

The Central Processing Unit (CPU)

The silicon chip, immortalised by political hysteria, is here to
stay, and the sooner society is educated to understand its
potential and its limitations the better it will be for all con-
cerned. It is no more than a tool in the hands of craftsmen
and when properly used will be a tremendous advantage to
mankind, but like all complex tools its principle of operation
must be understood by the user and from this fundemental
will grow experience and innovation.

A CPU is a large scale integrated device (LSI) com-
prising many thousands of logic gates and ‘flip-flop’ type
memories constructed by advanced techniques onto a single
chip of silicon, which is encapsulated in a plastic or ceramic
housing. Access to the silicon chip is by way of two rows of
‘pins’ that are internally connected to the silicon device.
Needless to say, in the event of failure repair is impossible.

The CPU’s main function is to process data by shift-

ing it in binary form from one set of registers to another set
in a manner pre-programmed for each coded operation,
Fig.1 shows the architectural principles of any 8 data-bit
wide CPU with a 16 bit address capability, (A 16 data-bit
wide CPU is very similar with the data bus expanded to twice
the size. The principle of operation is identical.

There are 3 main information paths which are used
for control and data transfer to external hardware.

1. CPU and system CONTROL signals

2. 16 bit address bus

3. 8 bit data bus,

All these leads are connected to external hardware that is
responsible for the control and storage within the system.

8 -BIT
DATA BUS

DATA BUS
CONTROL

INTERNAL DATA BUS ALLU

INST
INSTRUC = <: REG
TION

DECODE

&
CONTROL

CPU
REGISTERS

< STE! cru
CONTROL CONTROL
SIGNALS

.
) 16-BIT
5V GND ] U ADDRESS BUS

Fig.1. A typical 8 bit CPU’s architecture. Each of the main areas is
discussed in the text.

One of the important design factors to be remembered if
designing or expanding a system is that these leads have a
very low power handling capability and great care must be
taken to ‘buffer’ all interconnections.

CPU And System Control Signals

This group of interface connections is used to input such
system controls as the ‘clock’, the Read/Write logic, Single
Step logic, Dynamic Refresh etc and the supply voltages. It
is not within the scope of this series to pay too much atten-
tion to this group as they are more relevant to system design,
but further attention will be paid to the ‘clock’ and the
‘dynamic refresh’ later on this part.

The Address Bus

The address bus has 16 three-state (tristate) outputs which
can be wired to external memory devices within the system.
Output from the CPU on these leads is the binary address of
the memory location that is to be interrogated either for the
purpose of reading data from, or writing data to, that part of
the memory. The maximum binary output from the 16 leads
is T111111111111111 or FFFF for short. In decimal terms
this number is 65,536, and so this is the maximum number
of memory locations possible. In computing terms this is
confused still further by calling it 64K memory locations.
This apparent anomaly is caused by the internal construction
of memory chips which conforms to a matrix format suitable
for binary decoding. For instance, a TK memory contains
1024 cells which are arranged as 32 rows of 32 cells. Not all
of these 64K address locations need be used for user program
storage, in fact most systems have large areas reserved for the

14
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MACHINE CODE COURSE

system monitor and other ‘firmware’ such as BASIC inter-
preters. A particular address may even be allocated to control
some external machinery, like a modem or random number
generator, or additionally it might be the address used for
an Input/Output port.

Data Bus

The data bus has 8 tristate connections which can serve as
both outputs or inputs as the CPU dictates. These leads
transfer data to and from memory devices under the control
of the system clock. The maximum size of the binary data
ranges from 00000000 to 11111111 which is FF or in
decimal terms 256. Any number of memory devices and/or
external ports can be connected to the data bus provided it
has been adequately buffered as described earlier.

How It Functions

All digital computers work in an orderly manner, and to
ensure that data is manipulated only when the sending and
receiving hardware is ready a very stable clock pulse is
required. It is possible to work a CPU in a ‘step-by-step’
mode but this is usually confined to the single stepping of
instructions rather than clock pulses. A clock pulse can be
derived internally in the CPU as with the ROCKWELL 6502,
or externally as with the Z80 & 8080. In both cases a crystal
at about 16 MHz is used and this is divided down to the
normal operating speed of 1, 2 or 4 MHz for most systems.
The CPU uses the clock pulses in the manner shown below:—

(30] P 3] P3 P ] 6 P7 L] F3 P0 Pl

FETCH INSTRUCTION READ WRITE
CODE MEMORY MEMORY

Fig.2. How your CPU gets clocked! This is the vital heart of any
system and care must be taken.

The typical timing chart shown in Fig.2 has 10 clock pulses
to a complete instruction cycle. The first four pulses are
used to decide which operation is required to be carried out,
for example a ‘shift data’, ‘arithmetic operation’ etc. This is
decided in the Instruction Decode & CPU Control area and
the Instruction Register shown in Fig.1. During the next
three clock pulses data is moved from the specified memory
location into the CPU, acted upon, and the final result is
written back into memory during the last three clock pulses.

It is not generally necessary for the programmer to
have any more detailed knowledge of the CPU timing se-
quence, but it is essential that the total number of cycles
(known as Machine Cycles) is known for each instruction.
This information is given in the various manufactures appli-
cations documentation for each CPU, Together with the
known system operation speed it is possible to calculate the
execution time of each instruction.

eg INSTRUCTION; Move the contents of register A
to register B
No. of clock pulses; 4
SPEED of SYSTEM OPERATION;
0.5 uS per clock pulse
TIME TAKEN; 4 x 0.5uS = 2uS

2 MHz ie

For most home programs the length of time taken to run a
routine is not important, but where a timing circuit like a
clock or delay element is incorporated the instruction
timings become a critical part of the program design. Ano-
ther application of this is interworking with peripheral equip-

ment such as modems (modulators/demodulators), printers
and floppy disc units,

The CPU Internal Registers

The number and form of internal CPU registers vary from
one device to another, but typical configurations are shown
using the Zilog Z80 and the Motorola 6800 CPU devices,
as examples.

Main Registers Alternative Registers
Accumulator Flags Accumulator Flags
A F A F
B C B’ Cr
D E D’ E general
] purpose
H ! L H* L’ registers
Interrupt Memaory
Vector | Refresh R
INDEX REGISTER 1X
. INDEX REGISTER 1Y
STACK POINTER sP )
i special
PROGRAM COUNTER PC purpose

registers

Fig.3. The Z80's array of registers. You don’t often need them all,

For those users of the 8080 device they can consider
just the MAIN REGISTERS and the SPECIAL PURPOSE
REGISTERS of the Z80 as the alternative set and the | and
R registers are not provided. The Z80 registers B,C, D, E, H
and L are each 8 bit wide and can be used for data storage.
Additionally they can be combined into REGISTER PAIRS
as BC, DE and HL for storage of 16 bit wide data such as
16 bit memory addresses or arithmetic arguments. The
INDEX REGISTERS, PROGRAM COUNTERS and STACK
POINTERS are also 16 bit wide and are used for holding
memory addresses. The use of INDEX registers will be
covered fully in Part 2 of this series. The PROGRAM COUN-
TER holds the address of the current instruction that is being
executed and is either incremented at the end of the machine
cycle, or updated as the program dictates.

The Stack Pointer is used to hold the address of the
bottom of a Last In First Out (LIFO) file which is situated in
a reserved area of the user memory. This file is required by
the CPU to keep track of the return addresses when sub-
routine calls are made, and can be used to great advantage
for the temporary storage of data using the PUSH and POP
instructions. Again, this will also be explained in detail when
the machine code instructions are investigated in Part 2. The
configuration of the Motorola 6800 shown in Fig.4 gives
some idea of how much different designs vary. The Program
Counter, Stack Pointer and Index Registers are much the
same but there are no general purpose registers provided
internally. It is necessary to use addresses within the user
memory area for any short term storage of data. The 6800 is,
however, provided with dual Accumulators compared to the
single one on the Z80, and this makes up for some of the
deficiency of registers. The Accumulator is the most impor-
tant of all the internal registers and will be looked at in more
detail.

The Accumulator

The accumulator, or ‘register A’ as it is in known in Z80 and
8080 jargon, is the most used of all the 8 bit registers. It
forms the base for all instructions except those that transfer
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MACHINE CODE COURSE

data between other registers. For example data to be output
-or input from a port is frequently stored temporarily in the
accumulator. It is also the register used for arithmetic or
logic operations, and in all cases the result of one of these
operations is returned to the accumulator for the next
operation. It will be seen when we discuss the system moni-
tors in Part 3 that it is usual to store in this register any data
that will primarily be acted upon in a monitor subroutine
such as Delay, String, Input or Output.

The Flag Registers

The Flag register or Condition Code Register as it is known
in the 6800 world is different from all other registers in that
it cannot be written into by a user. It is used to indicate
certain conditions that may have occurred during the exe-
cution of the previous instruction, like the result being zero
or less than zero. It can indicate if the result of a comparison
is true or not true and furthermore it can indicate vital infor-
mation required for arithmetic operations such as half carry
and overflow. Acting on the information from these flags a
program can make decisions as to which subsequent program
path it is to follow, thus giving great flexibility to program
writing,

A list of the functions of these flags is given below,
although it must be remembered that some may not be
included in your system.

CARRY — This flag is set if, as a result of an add, subtract or
compare instruction the result causes the accumulator value
to pass through zero either from 1 down to FF or from FF
up to 1. This flag is also used as a temporary store in the shift
and rotate instructions, :

ZERO — As its name suggests this flag is set only when the
result of an instruction is zero,

SIGN — In order to determine if a number is negative or
positive the CPU looks at the most significant bit of the
accumulator. If it is positive the most significant bit is ‘0’, if
negative the bit is ‘1’. The sign bit is a reflection of the most
significant accumulator bit and therefore indicates the sign
of a number.

PARITY/OVERFLOW — Parity checking of numbers of
inputs is frequently carried out if there is any possibility of
corruption, if for example the input is from magnetic tape
where ‘drop-out’ can corrupt data. The parity/overflow bit
is used to indicate if the result of an arithmetic or logical
operation is odd or even. This flag is also used to indicate
an overflow as a result of ‘two’s compliment arithmetic’
operation.

HALF CARRY & ADD/SUB — These two flags are of aca-
demic interest only as they cannot be used by a programmer.
The CPU interrogates them when carrying out a decimal
adjust operation. This will be described in Part 2.

Interrupt Register

Before looking at the interrupt register a few words on what
‘an interrupt is. If a system is being used to control a number
of external circuits it is possible that at any time one or more
of those circuits will require the system to service it, When
this is detected by the system it is required to jump to the
correct part of the program to deal with that circuit. Its
normal operation is interrupted. The interrupt register is used
to carry the last 8 bits of an interrupt address vector. The
system port will carry the other 8 bits thereby specifying a
.memory address in the program.

Memory Refresh Register (Z80)

A very useful register provided more for the system designer

PROGRAM COUNTER

STACK POINTER

INDEX REGISTER

ACCUMULATOR A

ACCUMULATOR B

CONDITION CODE
REGISTER (CCR)

Fig.4. The 6800’'s selection, less than the Z80 but still enough for
most purposes.

BIT 7 6 5 4 3 2 1 0

S Z X H X P/V N c

WHERE S = SIGN FLAG
H = HALF CARRY FLAG
N = ADD/SUBTRACT FLAG
Z= ZERO FLAG
P/V = PARITY/OVERFLOW FLAG
X = UNUSED BITS

Fig.5. The status word exposed. Understanding of its function is vital.

than the programmer. External memory has often been men-
tioned wihtout explanation but there it must be considered
more fully. As has been seen a CPU has a very limited capa-
city of memory that can be accessed by the program. It is
therefore a prime requirement that a large external field of
memory is available to store both data and the precise order
of program instructions. This memory field can comprise of
two types of memory; Read Only Memory and Random
Access Memory (or Read/Write memory). The first is pre-
programmed and contains things like system monitors or
high level language programs, whilst the second can be used
by the programmer for data. Of this second type, usually
referred to as RAM there are two types; the static RAM
and the dynamic RAM.

Without going into too much detail because memory
devices are a subject in their own right, a static RAM will
hold its data secure as long as the supply voltage is main-
tained. A dynamic RAM will lose its data very rapidly unless
it is constantly refreshed by having its data continually
updated. It is to facilitate this constant memory refreshing
that the Z80 provides the Memory Refresh Register. Where it
is not provided on other systems a separate circuit element
must be used if dynamic memory is required.

Arithmetic And Logic Unit (ALU)

This is the last of our building blocks to examine and is the
one that handles the arithmetic and logic capability of a
CPU, It is a serial device and works very much like a pocket
calculator taking in data from a store (accumulator) carrying
out the function, and then outputting the answer. In this
case back into the accumulator. ALU’s to date perform only
the most simple functions of arithmetic but newer devices
on the market are beginning to include multiplication and
division, and there is little doubt that in the future this is
one area of development that will see a great deal of change.
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WHAT DOES £425 (incl VAT) BUY IN 1980 2

o A bounce free typewriter keyboard. A
A T A G ; S stylish case containing a cassette,
; PSU, and IJHF modulator.

A highly quality cassette, with tape counter 16k user
RAM. A full 12k Microsoft compatible BASIC, and
system monitor, which' is able to run TRS-80 level |l
programs straight from cassette tapes.

(O T

With full expansion capability, also
i - =y outputs for, video, TV and second
T R | cassette.

‘‘‘‘‘

In short a:—

video
genie
system

Contact:—

LOWE ELECTRONICS

Lowe Electronics Limited, Bentley Bridge, Chesterfield Road, Matlock, Derbyshire.
DE4 5LE. Telephone 0629 2817 or 2430. Telex 377482 LOWLEC G

TRADE ENQUIRIES WELCOME
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Your

T MICROCOMPUTERS @

. This coupon will bring you
details of our new complete
home computer course.

You wilFlearn all the basic
principles of computer
technology and receive full
instruction on computer
functions and programming.
Tuition is carried out at your
own pace on your own home
computer and is supervised by
our qualified computer staff.

eleee

BROCHURES

TUTORCOURSE
! HOME COMPUTER

} : Please rush me details of your

: HOME COMPUTER COURSE

Send today for a brochure

I Name
1

|
~y Address

TS5/
Block Caps. Please

=3 Post now, without obligation to:

' British National Radio
1 & Elechonics School.

: P.O.Box 156, Jersey, Channel Isles

Micro-Cc;m

2
uter Centre

P

for the MIDLANDS

Nascom and Commodore Specialists

A full range of micro computers and peripherals are
available, whether buying or browsing we can give
helpful and friendly advice.

Commodore Business Systems are suitable for the
professional office, the small business or the sole trader.
We will be pleased to give advice and a demonstration.

Nascom 2 systems can be fully built and tested to
order. We are sole distributors for the Micro Type case
for Nascom 1 and 2, also stockists of the William Stuart
colour graphics and full range of ‘add-ons’.

G M N =
Business & Leisure Micro Computers

16 The Square, Kenilworth, Warwickshire CV8 1EB.
Tel: (0926) 512127

[

BRUMASIYIG electronic

\ABSOLUTELY NO EXTRAS NEEDED

Also available ready assembled,
tested and ready to go
only £249 + VAT

Build, understand, and program
your own computer for only a
small outlay

Extra 4K
Memory 8 x 2114
only £32.00 + VAT

56 FORTIS GREEN ROAD

SFF96364  10.50
MUSWELL H"_L LONDON :ggg (200ns) gg; Buffers
TELEPHONE 01-883 3705, 01-883 2289 N10 3HN 4050 360ns) 235 74368 o)
s 4116 BT5 052
your soundest connection in the world of components Static RAMS BI85 138
e, s i s
- 16 811597 1.25
NOW AVAILABLE gmﬁ; ;;g 2}'535'98 1.25
. = % . 1.90
Low cost computer in kit form 21102 98 §T28 190
114 450 gr9s 157
4035 (1000ns) 8T96 157
UK 101 4045 (250ns) et o 3L
ns N

NO EXTRAS NEEDED ( 5257 (TMS4044) IBn-:?i?facu "
SIMPLY HIT e 893 8205 3.00
"RETURN’ AND GO ROMS 821 208
Asssen INEE 2513(U.C.) 625 g224 277
August to November ‘79 iyt (R g%g? 413
e cPU 5.00
Kit price only £199 + VAT 6800 590 8253 6.93
8080 495 8255 495

INCLUDED FREE 9900 26.05 Baud Rate

' Sample tape with extended machine UK101 & superboard case 280, ooy Generators
© code moditor and disassembler £17.50 + VAT :pgoms i D S30

Price includes RF modulator and Postagc%argggdat cop;cklng "21;%%#0 %}% UARTS

power supply 2716 1750 MMEa0s" 22

Dynamic RﬁMis T.V. Controller

TMS601INC  3.55

8 x 4116
only
£40.00 + VAT

2716
£17.50 + VAT
Superboard Il

only
£188.00 + VAT

2708
only
£5.75 + VAT

16 X 21LO2
only
£13.00 + VAT

AVAILABLE SOQN - COLOUR ADD-ON CARD
Enables you to choose your foreground, the background colour anywhere on the screen. Flash any character on the screen at will. Full
documentation and parts in kit form. Phone for details.
STOP PRESS:~ The latest edition of our 'STOP PRESS’ is now available, and contains an up-to-date price list showing all the items that'we stock.
.é;ngsand 8;’1 g.A.E. or phone for your FREE copy. Our catalogue is still available and if you're one of the few who haven't got a copy, order your
copy today.

All prices are EXCLUSIVE of VAT. Postage and packing 30p (computers charged at cost). CALLERS WELCOME. Hours 9.00 am-6.00 pm (enter
through stationers). TRADE and EXPORT inquiries welcome. Phone your orders through our ORDER-RING line quoting your Access or
. Barclaycard number (Min. tel order £5).
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SGS-ATES
announce two courses
Ol MICYOPYOCESSOLS.

SGS-ATES, the manufacturers of the Joseph Nichols, on the subject of
advanced microprocessor range, Z8000, Microprocessors (Z80 in particular). Two
780, Z8 and M3870, are pleased to specialist books by these authors will be
announce two, five-day practical presented free with these courses.
microprocessor courses. The course will enable each attendee to
Both courses are expertly instructed by ~ program and construct practical
two of the United States most applications using state-of-the-art
accomplished authors, Elizabeth and components with the Nanocomputer®

training system.

The courses will run from the 5th-9th
May at the Centre Hotel, London and
from the 12th-16th May at the Centre

Hotel, Liverpool. If you are

interested in attending either of
the courses, please complete
the enrolment coupon below.

_—

—

—— ——— SGS-ATES (UK) Limited, Planar House, Walton Street,
Aylesbury, Bucks HP21 7ON




THE TRIED AND TESTED
MICROCOMPUTER
SYSTEM

THAT EXPANDS
TO0 MEET

YOUR NEEDS

ELF I

- Computer Kit
STARTS AT

EH?C\IF:D WITH VIDEO OUTPUT £59'95

FEATURINGTHE RCA COSMAC 1802 cpu + V A T

STOP reading about computers and get your “hands on" an ELF |11 and Tom Pitman’s
short course. ELF Il demonstrates all the 91 commands which an RCA 1802 can
execute, and the shart course speedily instructs you how to use them.

ELF Il's VIDED OQUTPUT makes it unique among computers selling at such a modest
price. The expanded ELF 11 is perfect for engineers, business, industry, scientific and
educational purposes.

ELF Il EXPANSION KITS &var  ELF Il BOARD

*Power Supply for ELF 11 £5.00 E:PECIFICATI-JN
*ELF Il Deluxe Steel Cabinet (IBM Blue) £19.75 RCA 1802 &-bit
*Giant Board Kit System/Monitor, Interface m L'_-'uum_csssur with 256
to cassette, RS232, TTY, Etc. £75.50 E;l-' RJf-\--jl expandable to
*4K Static RAM board kits {requires o K h\-'TE>_
expansion power supply) £57.50 RCA 1861 video IC to
*Expansion power supply (required when display program on TV
adding 4K RAMs) £19.00 screen via the RF Modulator
*ASCII Keyboard Kits 96 printable characters, eic. £39.95 Single Hoard with
*ASCII D/lux steel cab (IBM Blue) £12.75 P'!”L‘ss'c"d’ hex keyboard —
*Kings prototype board (build your own circurts) £11.00 fully decoded to ul-..-m::ate
*86 pin Gold plated connectors, each £3.75 the waste of memory for
*ELF Light pen writes/draws on TV screens £6.00 ke_'{'““””" decoding circuits
*Video display board 32/64 characters by 16 lines on Load, run and memaory
TV/monitur screens £61.50 protect switches
*ELF Il Tiny basic on cassette £9.75 16 Frglsters. .
ELF-BUG Monitor, powerful systems momtorfeditor £9.75 2:‘?.‘”",[' ﬂ_:‘\A d:LU ALU
*T.Pitmans short course in programming manual (nil VAT) £3.00 B ‘.il le crystal cloc
*T.Pitmans short coursé on Tiny Basic manual (il VAT) £3.00 5‘—"’ "‘IHUW_E'r rt‘qulut':lr
*RCA 1802 users manual (nil VAT] £3.00 ; slat plug in expansion bus
*0n cassette, Text Editor, Assembler, Disassembler (each) £12.75 less connectors)

BREAKTHROUGH

We proudly announce the release £49°50
of the first 1802 FULL BASIC, with a hardware floating point RPN
MATH PACKAGE(requires 8k RAM). Also available for RCA VIP + VAT.
and other 1802 systems Board includes area for a ROM version.

Video 100 12" Professional Monitor

Ideal for home, personal and business computer systems
12" diagonal video monitor
Composite video input
Compatible with many computer systems
Solid-state circuitry for a stable & sharp
picture
Video bandwidth - 12MHz + 308
Input impedance - 756 Ohms
Resolution - 650 Lines Minimum in Central
80% of CRT; 550 Lines Minimum beyond

central B0%.
Only £79 + VAT

NEWTRONICS KEYBOARD
TERMINAL B
Kit £114.20 : var

assembled

and tested £144.20 + VAT

Optional Extra
Video Monitor £79 + VAT

Explorer/85

Professional Computer Kit

£275 ..

with
Microsoft BASIC
on Cassette

- | £29 5 + VAT
FEATURES INTEL 8085 cpu with

FLEXIBILITY: Real flexibility at LAST Hicrosot BASIC
The EXPLORER/85 features the Intel BO85 cpu

100% compatible with all 8080A and 8085 software. Runs at 3MHz.
Mother Board (Level A) with 2 S-100 pads expandable to 6 (Level C).
MEMORY

2K Monitor ROM WITH

4K WORKSPACE/USER RAM ONBOARD S-100
1K Video RAM

8K Microsoft BASIC in ROM or Cassette ~ EXPANSION
INTERFACES

STANDALONE FULL ASC11 Keyboard Terminal, 32/64 characters per
RS-232/20Ma Loop. 4, 8bit: 1, 6 bit 1/0 ports, programmable 14 bit
binary counter/timer, Direct interface for any S-100 Board.

FULL Buffering decoding for S-100 Bus pads, wait state generator for
slow memory. Each stage has separate 5v 1A regulator for improved
isolation and freedom from cross talk. P.S.U. requirements: 8Bv, 6.3v AC.
Runs with North Star controller and Floppies/CPM. EXPLORER/85 is
expandable to meet your own requirements with easy to obtain S-100
peripherals. EXPLORER/85 can be purchased in individual levels, kit
form or wired and tested OR as a package deal as above.

16k Dynamic RAM Kit

Expandable to 64k on one S-100 board in 16k increments, designed for
NO wait state operation utilizing the most advanced RAM controller,

16K RAM Kit..iriieiveirissnnsnssssrssssrssnsssssssssssssssrsssssersones £139 + VAT
16k RAM Expansion Kit (to expand the above up to 64k,
in 16k increments | e vt aatin £89.95 + VAT

NOW :—- EXPLORER/85 with
NORTH STAR FLOPPY DISCS

Explorer/85 up and ready to go (as illustrated) P e e £599
48kK......cccue...... £698
DAk £787

North Star Double Density Disc System, 3 - drive

controller and a Single 5%’ Drive with regulator, 180k byte........ £500

Wiy DiVE SV ST oo urm amavis i e B S FER S Ao da T e £600

BASE - 2 PRINTER, 80 character unidirectional,

variable density traction - friction fed etc. ..........ooiimiiiireiiiiiniens £450

EIachiEMORITOr S o i st vegss vasan sasw s shn s s e R fe R e aFaa A s £127

All prices are exclusive of VAT

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 64 characters or 16 lines of 32 characters on a modified
TV (RF Modulator required).

The characters can be any of the 96 ASC |l alphanumerics and any of the 32
special characters, in addition to upper/lower case capability, it has scroll-up
features and full X-Y cursor control. All that is required from your micro-
computer 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.

SEND SAE FOR COMPREHENSIVE BROCHURE

Please add VAT to all prices (except manuals), P&P £2. Please make cheques
and postal orders payable to NEWTRONICS or phone your order guoting
BARCLAYCARD, ACCESS number.

We are now open for dermonstrations and Sales, Monday-Saturday, 9.30 a.m.-
6.30 p.m. Mear Highgate Underground, on main Al into London.

lewtronics

255 ARCHWAY ROAD, LONDON N. 6
TEL: 01-348 3325




STOCKMARKET SIMULATION:

WHAT TO LOOK FOR IN
THE MAY ISSUE
ON SALE APRIL 11TH.

If you lie awake at night dreaming of what you would
do with that £1000 gift that will always arrive in the
post tomorrow, dream no longer. In a remarkable
game program written for the TI59 we have a com-
plete stockmarket where you can buy and sell, wheel
and deal, bear and bull to your hearts content.

Whilst the stock exchanges of reality are curious
and wonderful establishments this game is based on
proper theories and a full and detailed explanation of
the processes needed is given. So, if you don’t own a
TI59 do not despair you will be able to use the
information to implement the game on virtually any
programmable system.

So if you want to be among the market leaders

next month invest your sixty pence in our May issue,

it could be the best investment you’ll ever make.

Does your car or motorcycle seem to want more DRIVEN TO DESPAIR?
money than you bargained for? The author of our
Home Finance program presents a second offering

which will cater for your automotive expenses.

The program runs on the family PET but is easily
adaptable to any BASIC using system with the PETs
facilities. Access is available to a number of accounts
for details of repair and servicing costs and reminders
are given about the life expectancy of wearable items

such as tyres.

If you depend on your car and can’t account for
the money you spend, load up and discover where its
all going to. Rumour has it that Panther De Ville
owners with that optional PET may be buying all

copies so get to the newsagents early.

TRITON REVISITED ETIs own computer system is over a year old now,

and changes have been made since its conception that
make it rather more than a single board computer.

In our continuing series of owners reports on
popular machines John Hiscott takes his system
through the stages of development and lays his
observations open to the public eye.

No, that’s not the art of making connections, but a TERMINOLOGY
glossary of the “hundred most used terms’ in home
and hobby computing. Many of our enquiries start
out with, ‘I can’t tell the difference between RAM

and ROM’ so we decided to reveal all.

As an aid to simulating conversation this pull out
extra should not be missed, you might even learn the

elusive art of confusion!

I
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A collection of ideas
from PET owners.

FIRST BIT

R. Cason

s any PET user knows the most annoying part of
loading from Cassette is waiting for the FOUND'— —

— — — — —"message. This is mainly due to the lack
of a tape counter, but even with a counter you would not
know if the PET had passed the Program Header. You can
sometimes miss the header — wait several minutes — only
to .ind you are on blank tape.

A Solution

My method is as follows:— Connect a Soundbox to the user
Port Pin 6 (Cassette No. 1 Read) The Soundbox connection
is Pin M (CB2 Line)

On botnh SAVE and LOAD you can then hear the following:
a) The Header Tone

b) The Header Token

c) The Header ‘Title’

d) The Program DATA

e) The ‘Half Way Point’

f)  Second copy of DATA

g) Theend of file Token

By using the F. FWD, PLAY and REW keys you can then
locate the header on a multi-program tape — Press Play — and
wait. If you do not get the message FOUND ‘— — — — — 7

at the Header Title stage, rewind slightly and try again. Using
this method you can CUE the tape to the right position.
Other advantages are that you can also hear:

a) DROPOUTS

b) CROSSTALK

¢) NOISE

d) VARIATION in PITCH due to tight Cassettes.

e) The difference between DATA and PROGRAM tapes.
This is an invaluable aid, and is best implemented by fitting
a small toggle switch to the cover of the user port connector.

i.e. Position 1 SOUND (Pin M)
Position 2 OFF (No Connection)
Position 3 CASSETTE (Pin 6)

With Pin N being the ‘earth’.

Spare Tape
For those who like to keep a ‘Working Copy’ of their pro-
grams in addition to the ‘MASTER’ a separate cassette is
an advantage. | use an Hitachi TRQ 299 which has an auto-
matic level control (ALC) and a Cue and Review facility. In
my case the ALC gives perfect results on the PET recordings
every time. The Cue and Review facility allows you to fast
wind using Cue to find the ‘nth’ program on the tape.
Position the header using Review and transfer the
tape to your PET Cassette, Perhaps somebody will devise
a method to convert the PET Cassette to ‘Cue and Review’.
Incidentally can anybody suggest a method of
recovering data from a Program tape, on which the header
and part of the first copy of DATA has been erased? (Caused
by pushing RECORD instead of PLAY).

SECOND BIT

Jim Cocallis

he following routine allows a user to display PET mem-
T ory from address 0000 to address 65536. It has been

written in machine code for speed reasons: BASIC is
adequate but it is rather slow.

The routine used is a good example of simple mach-
ine code programming and because | am sure many of you
are playing with the idea of starting to investigate machine
code | will itemise the program step by step. First the whole
routines :—

0363 JSR $DC9OF 038A to 0399 = Symbol
Table
$ = Hex. address # = Hex. numbers
Explained Away
Frightening isn’t it? Let’s make it understandable by giving
it some meaning. The first column (headed location) shows
the address at which the first part of the next column’s
content is held in memory e.g. 033A holds the 8 bit code
representing the mnemonic LDA 033B holds the 8 bit code
for 00 and so on. The second column shows the mnemonics
used by the assembler programmer to assemble his program.
The mnemonic is used as an easy way to recall the binary
code which the micro understands, viz LDA is A9 in hex and
10101001 in binary. It can be seen that it would be very
difficult to remember the binary code, a little less difficult
to recall the hex code and considerably easier to recollect
LDA. The disadvantage is that a special program is needed
to convert the mnemonics into the binary code.

Now that the layout is clear we can get on with the
hard part; devising and coding a program. | needed to see
how BASIC stored a program and naturally | wrote a pro-
gram using that language to display the contents of RAM.
A problem arose; Microsoft BASIC in PET is PEEK pro-
tected and | was not able to look at the way in which it is
stored. A secondary problem was the time taken to print
1000 bytes onto the screen, BASIC tends to be slow if it is
PEEKing a location and then printing the contents of the
variable onto the screen. The routine devised was not good
enough to satisfy my need so | decided to look for a quicker
way and eventually the only good solution was to write a
program using machine code (MC). Before | could do so |
needed to know what routines were available to me using
the ROMs in the PET. It is not much use writing a small
program to output results to the screen if a routine is already

Location Mnemonic Location Mnemonic
033A LDA #00 0366 LDX #01
033C STA $DA 0368 LDY #00
033E STA $DB 036A LDA (DA),Y
0340 LDA #78 036C STA (DC),Y
0342 STA $DC 036E INY

0344 LDA #0E 036F CPY #00
0346 STA $E84C 0371 BNE $036A
0349 LDA #93 0373 CPX #00
034B JSR $FFD2 0375 BEQ $037E
034E LDA #0 0377 DEX

0350 STA $DD 0378 INC $DB
0352 LDX #00 037A INC $DD
0354 LDA $038A,X 037C BNE $0368
0357 JSR $FFD2 037E JSR $FFE4
035A INX 0381 BEQ $037E
035B CPX #0F 0383 INC $DB
035D BNE $0354 0385 CMP #20
035F LDX $DA 0387 BNE $0349
0361 LDA $DB 0389 RTS

22
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BITS OF PET

available. There are numerous sources of information avail-
able, IPUG, PET User Groups, books and magazines etc., and
after consulting many of them | was able to sit down and
write the first version. It did not work!! After some correc-
tions were made it worked and it is this final version which is
shown in this article,

Using Your ROM
The main ROM routines used are as follows:

$FFD2 This routine prints out the contents of the Accu-
mulator.

$FFE4 Get a character and place it in the Accumulator,
if no character then place O in the Accumulator.

$DC9%4 Take the contents of the X register plus the con-

tents of the Accumulator and convert them into
a decimal number then print the number onto
the screen.
Locations $DA to $DD are not used by BASIC and can
safely be used for MC programs to store variables or con-
stants.
To business; (I will use the line address as a reference)

033A Loads the Accumulator (LDA) with the hex.
number 00

033C and Store the contents of the Accumulator in add-

033E resses $DA and $DB. This is the start address
0000.

0340 LDA with the low order byte of the screen
location which will hold the first character to be
output,

0342 STA in a location which can be accessed later.

0344 and Set mode to lower case graphics: hex OE = 14

0346 and hex E84C = 59468.

0349 LDA with a hex code representing a character.

034B Jump to a subroutine which converts the con-
tents of the Accumulator and prints it on the
screen — 93 is the code for ‘Clear screen’.

034E LDA with the high order byte of the screen
start address e.g. hex 8078 = 32888.

0350 STA high order byte for later use. This routine
prints ‘“‘Starting byte = "onto the screen. It
does so by adding the value of the X register to

0352 the address specified ($038A) and fetching the

to contents of that address which is printed on the

035D screen. The counter X is incremented by one and
tested for equality to 15. If it does not equal 15
then the next character is fetched. Check the
number of characters in the output above,

035F and Takes the value held in locations $DA and $DB

0363 and prints it after completing the routine above.

0366 LDX with the count value (do it twice).

0368 LDY with 00 (count the spaces).
This instruction takes the value held in Y and
adds it to the address held in $DA plus the next
address $DB viz
$DA contains 00, $DB contains 00. The address

036A held in these two locations is 0000 and Y has the
value 00. The address to be accessed is therefore
0000 + 00 = 0000, If Y held 19 then the figures
would be 0000 + 19 = 0019. This method allows
us to access 256 locations before resetting.

036C This routine stores using the same indirect
instruction used above. It stores 256 bytes
starting at $807F (prints onto screen).

036E Increase the counter by one.

036F This, comparison makes use of the fact that

incrementing an 8 bit register which contains
11111111 causes it to reset to 00000000. The

test for zero ensures that a full 256 cycles is
done.

0371 If the Y register is not equal to 00 then go back
and do the whole thing again.

0373 This line compares the X register to zero.

0375 If X =0 then branch to another routine,

0377 If X = 0 then Decrement X and thereby reduce
it to zero. The effect of this is to ensure that the
whole routine is only completed twice and only
displays 512 bytes of memory. Try changing the
value of X in $0366 and see what happens.

0378 If you refer back to the explanation of lien 036A
you will see that the instruction uses the next
location to the one shown, $DA uses $DB. We
must increment the values in the low order byte
location if we want to progress through memory.
This line does this once for every 256 loops.

037A This line increments the screen address as above

037C If Accumulator is greater than zero do it again
037E Get a character

0381 If no key pressed go back and test again

0383 lncr)emcnt the value in $DB (high byte start add-
ress

0385 Was the key pressed a ‘space’

0387 If not a space then start routine again, displays
the next 512 bytes.

0389 Return to BASIC

038A These addresses contain the codes of the letters

to needed to print out the message,

0399

That'’s the whole thing and | am sure that you will under-
stand it a lot better the next time you read this article. |
show below the hex dump relating to this routine. To con-
vert it for input via BASIC convert all the codes into decimal
form and poke each one into successive locations using a
For-Next loop.

Note
One last thing, this routine is not the best possible routine

and | am sure that it could be improved upon, however, it
does the job it was intended to. If you do improve it please
let me know.

033A A9 00 85 DA 8 DA A9 78
0342 85 DC A9 OE 8D 4C E8 A9
034A 93 20 D2 FF A9 80 85 DD
0352 A2 00 BD 8A 03 20 D2 FF
035A E§8 EO OF DO F5 A6 DA A5
0362 DB 20 9F DC A2 01 A0 00
036A Bt DA 91 DC C8 CO 00 DO
0372 F7 EO 00 FO 07 CA E6 DB
037A E6 DD DO EA 20 E4 FF FO
0382 FB  E6 DB C9 20 DO CO 60
038A 53 54 41 52 54 49 4E 47
0392 20 42 59 54 45 20 3D 20
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technical
book service

What Is A Microprocessor? .

2 Cassette tapes plus a 72 page book deal with
many aspects of microprocessors including
Binary and Hexadecimal counting, Pro-
gramming, etc. £12.00

Adams, C. BEGINNERS GUIDE TO COM-
PUTERS AND MICROPROCESSORS WITH

PROJECTS £6.05
Understanding building programming and operat-
ing your own microcomputer.

Ahl, BASIC COMPUTER GAMES £5.40

Albrecht, B. BASIC FOR HOME COMPUTERS. A
self teaching guide £5.45
Shows you how to read, write and understand basic
programming language used in the new personal
size microcomputers.

Albrecht B. BASIC. A self teaching guide (2nd
edition) ' £5.45
Teach yourself the programming language BASIC.
You will learn how to use the computer as a tool in
home or office and you will need no special maths or
science background.

Alcock, D. ILLUSTRATING BASIC £3.00
This book presents a popular and widely available
language called BASIC, and explains how to write
simple programs.

Altman, |. MICROPROCESSORS £10.80
Gives a general overview of the technology design
ideas and explains practical applications.

Altman, L. APPLYING MICROPROCESSORS

£15.50
Follow volume which takes you into the second and
third generation devices.

Aspinall, D. INTRO TO MICROPROCESSORS

£6.55
Explains the characteristics of the component.

Barden, W. Z-80 MICROCOMPUTER HAND-
BOOK £7.75

Barden, W. HOW TO BUY AND USE MINI-
COMPUTERS AND MICROCOMPUTERS
£7.90
Discusses these smaller computers and shows how
they can be used in a variety of practical and
recreational tasks in the home or business.

Barden, W. HOW TO PROGRAM MICRO-
COMPUTERS £7.25
This book explains assembly language programm-
ing of microcomputers based on the Intel 8080,
Motorola MC6800 and MOS Technology MCS6502
microprocessor.
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Barna, A. INTRODUCTION TO MICRO-
COMPUTERS AND MICROPROCESSORS
£8.60

Provides the basic knowledge required to under-
stand microprocessor systems. Presents a funda-
mental discussion of many topics in both hardware
and software.

Bibbero, R. J. MICROPROCESSORS IN INSTRU-
MENTS AND CONTROL £12.60
Introduces the background elements, paying
particular regard to the dynamics and computational
instrumentation required to accomplish real-time
data processing tasks.

Lancaster, D. TV TYPEWRITER COOKBOOK

£7.75
An in-depth coverage of tv typewriters (tv’s) the only
truly low cost microcomputer and small display
interface.

Lancaster, D. CHEAP VIDEO COOKBOOK

£6.50
Lesea, A. MICROPROCESSOR INTERFACING

TECHNIQUES £8.70
Leventhal. INTRO TO MICROPROCESSORS
£17.00

Lewis, T. G. MIND APPLIANCE HOME COM-
PUTER APPLICATIONS £4.90

Libes, S. SMALL COMPUTER SYSTEMS HAND-
BOOK £5.90
The Primer written for those new to the field of
personal home computers.

Lippiatt. ARCHITECTURE OF SMALL COM-
PUTER SYSTEMS £4.50

Moody, R. FIRST BOOK OF MICROCOMPUTERS
£3.85
(the home computer owners best friend).

McGlynn, D. R. MICROPROCESSORS - Tech-
nology, Architecture & Applications £9.20
This introduction to the computer-on-a-chip pro-
vides a clear explanation of the important new
device.

McMurran, PROGRAMMING MICROPROCES-
SORS £5.50
A practical programming guide that includes
architecture, arithmetic/logic operations, fixed and
floating point computations, data exchange with
peripheral devices’ computers and other programm-
ing aids.

Monro, INTERACTIVE COMPUTING WITH
BASIC £3.65
Nagin, P. BASIC WITH STYLE £4.15

Programming Proverbs. Principles of good pro-
gramming with numerous examples to improve
programming style and producing.

Ogdin SOFTWARE DESIGN FOR MICRO-
COMPUTERS £7.20

Ogdin. MICROCOMPUTER DESIGN £7.25
Peatman, MICROCOMPUTER BASE DESIGN

£5.70
Peatman, J. B. MICROCOMPUTER BASED
DESIGN £21.00

This book is intended for undergraduate courses on
Microprocessors.
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Peckham, HANDS ON BASIC WITH A PET £9.00

Peckham, BASIC - A HANDS ON METHOD
£6.95

Bursky, D. MICROCOMPUTER BOARD DATA
MANUAL £6.00

Coan, J. S. BASIC BASIC £7.50
An introduction to computer programming in BASIC
language.

Coan, J. S. ADVANCED BASIC
Applications and problems.

Ditlea, A SIMPLE GUIDE TO HOME COM-
PUTERS £4.10

Freiberger, S. CONSUMERS GUIDE TO
PERSONAL COMPUTING AND MICRO-
COMPUTERS £5.75

Frenzel, L. GETTING ACQUAINTED WITH

MICROPROCESSORS £7.25
This is an invaluable book for those who want to
know more about hobby and personal computing.

Gilmore, C. M. BEGINNERS GUIDE TO MICRO-
PROCESSORS ' £4.90

Grossworth, BEGINNERS GUIDE TO HOME
COMPUTERS £4.50

Gosling, R. E. BEGINNING BASIC £3.45
Introduces BASIC to first time users.

Graham, N. MICROPROCESSOR PROGRAMM-
ING FOR COMPUTER HOBBYISTS £7.15

Hartley, INTRODUCTION TO BASIC £2.80

Heiserman, D. L. MINIPROCESSORS FROM
CALCULATORS TO COMPUTERS £4.95

Hilburn, J. L. MICROCOMPUTERS, MICRO-
PROCESSORS, HARDWARE, SOFTWARE AND
APPLICATIONS £17.40
Complete and practical introduction to the design,
programming operation, uses and maintenance of
modern microprocessors, their integrated circuits
and other components.

£7.30

Klingman, E. MICROPROCESSOR SYSTEMS
DESIGN £16.95
Outstanding for its information on real micro-
processors, this text is both an introduction and a
detailed information source treating over a dozen
processors, including new third generation devices.
No prior knowledge of microprocessors or micro-
electronics is required for the reader.

Kemeny, J. G. BASIC PROGRAMMING £6.70

A basic text.

Korn, G. A. MICROPROCESSOR AND SMALL
DIGITAL COMPUTER SYSTEMS FOR
ENGINEERS AND SCIENTISTS £19.45

This book covers the types, languages, design
software and applications of microprocessors.

Duncan. MICROPROCESSOR PROGRAMMING
AND SOFTWARE DEVELOPMENT
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Rao, G. U. MICROPROCESSOR AND MICRO-
PROCESSOR SYSTEMS £20.75
A completely up-to-date report on the state-of-the-
art of microprocessors and microcomputers written
by one of the leading experts.

Rony, P.H. THE 8080A BUGBOOK: Micro-
computer Interfacing & Programming £8.35
The principles, concepts and applications of an 8-bit
microcomputer based on the 8080 microprocessor IU
chip. The emphasis is on a computer as a controller.

Scelbi. 6800 SOFTWARE GOURMET GUIDE
AND COOKBOOK £8.90

Scelbi. 8080 SOFTWARE GOURMET GUIDE
AND COOKBOOK £8.90

Scelbi. UNDERSTANDING MICROCOMPUTERS

£8.75
Gives the fundamental concepts of virtually all
microcomputers.

Spencer, GAME PLAYING WITHBASIC  £4.85

Schoman, K. THE BASIC WORKBOOK £3.85
Creative techniques for beginning programmers.

Sirion, D. BASIC FROM THE GROUND UP £6.20

Soucek, B. MICROPROCESSORS AND MICRO-
COMPUTERS £19.40
Here is a description of the applications programm-
ing and interfacing technigues common to all
MICroprocessors.

Spracklen, D. SARGON £9.90
A computer chess program in Z-80 assembly
language.

Titus, MICROCOMPUTER ANALOGUE CON-
VERTER £7.60

Titus, 8080/8085 SOFTWARE DESIGN £7.60

Tracton. 57 PRACTICAL PROGRAMS & GAMES
IN BASIC £6.65
Programs for everything from Space war games to
Blackjack.

Waite. M. MICROCOMPUTER PRIMER £6.40

Waite, YOUR OWN COMPUTER £1.60
Introd