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Now SWTPC offers complete best-buy computer system with $995

dual minifloppy, $500 vi
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$995 MF-68 Dual Minifloppy

You need dual drives to get iull beneiits
from a minifloppy. So we waited to offer a
floppy until we could give you a dependa-
ble dual system at the right price.

The MF-68 is a complete top-quality
minifloppy for your SWTPC Computer. The
kit has controller, chassis, cover, power
supply, cables, assembly instructions, two
highly reliable Shugart drives, and a
diskette with the Floppy Disk Operating
System (FDOS) and disk BASIC. (A floppy
is no better than its operating system, and
the MF-68 has one of the best available.)
An optional $850 MF-6X kit expands the
system to four drives.

Enclosedis:
$1.990 for the full system shown above
(MF-68 Minitloppy. CT-64 Terminal with
CT-VM Monitor).
$995 for the Dual Minifloppy

___ %325 tor the CT-64 Terminal

____ $175for the CT-VM Monitor

___ %395 tor the 4K 6800 Computer
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$500 Terminal/Monitor

The CT-64 terminal kit offers these
premium features: 64-character lines,
upper/lower case letters, switchable con-
trol character printing, word highlighting,
full cursor control, 110-1200 Baud serial
interface, and many others. Separately
the CT-64 is 3325, the 12 MHz CT-VM
monitor $175.

_ $250forthePR-40 Line Printer
$79.50 for AC-30 Cassette Infertace
___ Additional 4K memory boards at $100
Additional 8K memory boards at $250
__ OrBAC # Exp. Date
OrMC # Exp. Date
Name. .Address
City. State Zip

deo terminal/ monitor, $395 4K computer.

$395 4K 6800 Computer

The SWTPC 6800 comes complete with
4K memory, serial interface, power supply,
chassis, famous Motorola MIKBUG®
mini-operating system in read-only
memory (ROM), and the most complete
documentation with any computer kit. Our
growing soitware library includes 4K and
8K BASIC (cassettes $4.95 and $9.95;
paper tape $10.00 and $20.00). Extra
memory, $100/4K or $250/8K.

Other SWTPC peripherals include

$250 PR-40 Alphanumeric Line Printer
(40 characters/line, 5 x 7 dot matrix,

75 line/minute speed, compatible with
our 6800 computer and MITS/ IMSAL);
$79.50 AC-30 Cassette Interface System
(writes/reads Kansas City standard tapes,
controls two recorders, usable with other
computers); and other peripherals now

and to come.
Southwest Technical

Em =1 Products Corp.

219 W. Rhapsody, San Antonio, Texas 78216
London: Southwest Technicai Products Co., Ltd.
Tokyo: Southwest Technical Products Corp./Japan
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You can now have the industry’s

finest microcomputer
with that all-important

disk drive

YOU CAN GET THAT
ALL-IMPORTANT SOFTWARE,

TOO

Loading your programs and files
will take you only a few seconds with
the new Cromemco Z-2D computer.

You can load fast because the
Z-2D comes equipped with a 5"
floppy disk drive and controller. Each
diskette will store up to 92 kilobytes.

Diskettes will also store your pro-
grams inexpensively—much more so
than with ROMs. And ever so much
more conveniently than with cas-
settes or paper tape.

The Z-2D itself is our fast, rugged,
professional-grade Z-2 computer
equipped with disk drive and con-
troller. You can get the Z-2D with
either single or dual drives (dual
shown in photo).

CROMEMCO HAS THE
SOFTWARE

You can rely on this: Cromemco
is committed to supplying quality
software support.

For example, here’s what's now
available for our Z-2D users:
CROMEMCO FORTRAN IV COM-
PILER: a well-developed and power-
ful FORTRAN that’s ideal for scien-
tific use. Produces optimized, relo-
catable Z-80 object code.
CROMEMCO 16K DISK BASIC: a
powerful pre-compiling interpreter
with 14-digit precision and powerful
I/O handling capabilities. Particularly
suited to business applications.
CROMEMCO Z-80 ASSEMBLER: a
macro-assembler that produces relo-
catable object code. Uses standard
Z-80 mnemonics.

The professional-
grade microcomputer
for professionals

ADVANCED CONTROLLER CARD

The new Z-2D is a professional
system that gives you professional
performance.

In the Z-2D you get our well-
known 4-MHz CPU card, the proven
Z-2 chassis with 21-slot motherboard
and 30-amp power supply that can
handle 21 cards and dual floppy
drives with ease.

Then there’s our new disk con-
troller card with special features:

® Capability to handle up to 4

disk drives

e A disk bootstrap Monitor in a

1K 2708 PROM

® An RS-232 serial interface for

interfacing your CRT terminal
or teletype

® LS| disk controller circuitry

Z-2 USERS:
Your Z-2 was designed with the future
in mind. It can be easily retrofitted
with everything needed to convert to
a Z-2D. Only $935 kit; or $1135 for
assembled retrofit package.

Cromemco

Specialists in computers and peripherals

2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 ® (415) 964-7400

Shown with optional k¥
bench cabinet

We're able to put all of this in-
cluding a UART for the CRT interface
on just one card because we've taken
the forward step of using LSI con-
troller circuitry.

STORE/FACTORY

Contact your computer store or
Cromemco factory now about the
Z-2D. It's a real workhorse that you
can put to professional or OEM use
now.
Kit: Z-2D with 1 disk drive

(Model 22D-K) .............. $1495.
Assembled: Z-2D fully assembled

and tested (Model Z2D-W). ...$2095.

Additional disk drive
(Model Z2D-FDD) ............ $495.

SOFTWARE
(On standard 1BM-format
soft-sectored mini diskettes)
16K BASIC (Model FDB-S)......... $95
FORTRAN IV (Model FDF-S)........ $95
Z-80 Assembler (Model FDA-S)....%$95

Circle 40 on inquiry card.
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Your computer’s usefulness de-
pends on the capability of its CPU,
memories, and /O interfaces, right?

So here’s a broad line of truly
useful computer products that lets
you do interesting things with your
Cromemco Z-1 and Z-2 computers.
And with your $-100-compatible Al-
tairs and IMSAIs, too.

CPU

e 7-80 MICROPROCESSOR CARD.
The most advanced uP card avail-
able. Forms the heart of our Z-1
and Z-2 systems. Also a direct re-
placement for Altair/IMSAl CPUs.
Has 4-MHz clock rate and the power
of the Z-80 uP chip. Kit (Model ZPU-
K): $295. Assembled (Model ZPU-
W): $395.

MEMORIES
e 16K RAM. The fastest available.
Also has bank-select feature. Kit
(Model 16KZ-K): $495. Assembled
(Model 16KZ-W): $795.
e 4K RAM. Bank-select allows ex-
pansion to 8 banks of 64K bytes
each. Kit (Model 4KZ-K): $195. As-
sembled (Model 4KZ-W): $295.
e THE BYTESAVER — an 8K capa-
city PROM card with integral pro-

TV DAZZLER

your computer
more useful-

a wide choice of
memory, 1/0, CPU

grammer. Uses high-speed 2708 eras-
able PROMs. A must for all eom-
puters. Will load 8K BASIC into RAM
in less than a second. Kit (Model
BSK-0): $145. Assembled (Model
BSW-0): $245.

e 16K CAPACITY PROM CARD. Ca-
pacity for up to 16K of high-speed
2708 erasable PROM. Kit (Model
16KPR-K): $145. Assembled (Model
16KPR-W): $245.

1/0 INTERFACES

e FAST 7-CHANNEL DIGITAL-
ANALOG 1/0. Extremely useful
board with 7 A/D channels and 7
D/A channels. Also one 8-bit par-
allel 1/0 channel. Kit (Model D +
7A-K): $145. Assembled (Model D
+ 7A-W): $245.

e TV DAZZLER. Color graphics in-
terface. Lets you use color TV as full-
color graphics terminal. Kit (Model
CGI-K): $215. Assembled (Model
CGI-W): $350.

e DIGITAL INTERFACE (OUR NEW
TU-ART). Interfaces with teletype,
CRT terminals, line printers, etc. Has
not one but two serial I/ O ports and
two 8-bit parallel 1/O ports as well
as 10 on-board interval timers. Kit

Cromemco

Specialists in computers and peripherals

Circle 40 on inquiry card.

(Model TRT-K): $195. Assembled
(Model TRT-W): $295.

e JOYSTICK. A consele that lets
you input physical position data with
above Model D + 7 A/D card. For
games, process control, etc. Con-
tains speaker for sound effects. Kit
(Model JS-1-K): $65. Assembled
(Model JS-1-W): $95.

PROFESSIONAL QUALITY

You get first-class quality with
Cromemco.

Here are actual quotes from ar-
ticles by independent experts: ““The
Cromemco boards are absolutely
beautiful’”” . . . “The BYTESAVER is
tremendous’” . . . "Construction of
Cromemco |/0O and joystick are out-
standing” . . . “Cromemco periph-
erals ran with no trouble whatso-
ever.”

Everyone agrees. Cromemco is
tops.

STORES/MAIL

So count on Cromemco. Look
into these Cromemco products at
your store. Or order by mail from
the factory.

We wish you pleasure and suc-
cess with your computer.

2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 ¢ (415) 964-7400
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In This
BUTE

In this issue, author Steve Ciarcia
begins what we expect to become a
regular feature in BYTE: Ciarcia’s
Circuit Cellar. Steve, a senior engin-
eering consultant to the aerospace
industry by profession, is a rare com-
bination of writer and tinkerer. The
conceptual model he brings to his
interactive column format is that of
the late C L Stong's stewardship of
“The Amateur Scientist” in Scientific
American, but with an emphasis
on hardware and software combina-
tions to accomplish interesting appli-
cations of personal computing
systems. Steve welcomes feedback
from readers. . .CH

Games and models which employ
moving objects require some attention
to details of motion as simulated by a
computer program. Beginning a series
of articles on the subject of moving
objects, Stephen P Smith’s Simulation
of Motion: An Improved Lunar
Lander Algorithm shows how a real
time game can incorporate models of
motion in more than one dimension.

Donald T Piele shows that a com-
puter fair doesn’t have to be big to be
good. A Minicomputer Fair: Tiny and
Personal describes the University of
Wisconsin’s efforts to produce their
own micro extravaganza, which drew
over 700 attendees. Readers may get
some ideas about putting on shows of
their own based on Professor Piele's
experiences.

What might not be appreciated by
the neophyte is the fact that an
interrupt driven clock suggests other
uses besides keeping time. In M F
Smith’s article on Using Interrupts
for Real Time Clocks you'll find a
simple timekeeping algorithm, and a
sketch of how it can be extended to
share processor time between two
different processes.

4  BYTE November 1977
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Do you' occasionally find incorrect
data in your computer when you
know you entered the correct informa-
tion and processed it with a reliable
program? Does your computer do
strange things every time the washing
machine or furnace turns on? Perhaps
your problem is voltage transients.
John McCain writes about Spikes:
Pesky Voltage Transients and How to
Minimize Their Effects.

If you want to post a calendar of
events in your computer’s memory
with a resolution of 1 second, a mere
three integrated circuits added to an
existing LS| digital clock can turn it
into a source of time information for
your computer. Use Robert Grappel’s
article in this issue to find an answer
to the metaphorical question: '"Does
Anybody Know What Time It Is?”

Any regular source of interrupts
can be used as the key element in a
simple real time clock for the typical
personal computer. James R Sneed
shows how to create such an interrupt
source, then program a 6502 to gen-
erate internal variables for hours, min-
utes, seconds and 1/15th seconds of
the day in his article on Adding an
Interrupt Driven Real Time Clock.

If you do a lot of mathematical
calculations on your microcomputer,
you’ll enjoy reading Floating Point
Arithmetic by Burt Hashizume. Find
out how to add an economical floating
point package to your system and
improve your number crunching
facilities.

An excellent way to learn about
computers is to build one yourself.
Hilary D )ones shows that this is not
such a terrifying task. Read Building
a Computer From Scratch and find
out how to construct a working {albeit
limited) computer for under $70
{plus the price of a power supply).

Occasionally readers ask for detail
plans of computer systems. David
Brader, a BYTE reader from Electric
City WA, has implemented anexcellent
piece of homebrew craftsmanship in
his Kompuutar system based on the
MOS Technology 6502 processor. In
this issue, we provide David’s complete
design for the central processor,
control panel interface, and serial
terminal interface of a general purpose
computer.

Frequency counters are useful tools
for a variety of applications. Perry
Lynne shows you how to add one to
your microcomputer in Implementing
an LS| Frequency Counter. His design
takes advantage of the Intel 8253
programmable interval timer (as well
as the power of the microprocessor)
to produce a design that & both
accurate and economical.

How do you make an 8 bit machine
emulate a more comprehensive design?
In his article, SWEET16: The 6502
Dream Machine, Stephen Wozniak de-
tails the design and functions of a low
level interpreter for 16 bit operations
which extend the functions of the
more limited 8 bit 6502 processor.

Continuing the theme of real time
and how to keep track of it, G A R
Trollope provides an example of the
interrupt driven approach, imple-
mented through the IRQ interrupt
line of a 6800 processor with a PIA
port. Do You Need Real Time? If so,
turn to this article.

The game of NIM is well-known
in the annals of computer lore, but
many people have had no contact
with it. Irwin Doliner presents us
with a version of the game and
supplies us with the design theory
behind it in his article, NIMBLE:
The Ultimate NIM?



Verbatim

You want to record your message verbatim—word for Wh01e
message

is qual1

word—whether it's bits, bytes or “Dear Folks” trans-
lated into word processor language.

Our objective in manufacturing recording media for
the electronics industry —digital tape cassettes, floppy
disks, mag cards, computer cartridges—is to give you the finest,
the best, the most dependable, the most cost-effective.

That means rugged, long-lived, abrasion-resistant recording media
with superior magnetic qualities. If we made tires, they'd be steel-

belted radials.

We delivered our first digital grade certified tape cassettes back in
the beginning, 1969. We made the first commercial 3740-com-
patible floppy disks that didn't bear [BM’s name. And the first
Flippy® reversible flexible disks with anyone’s name on them. The
first mini data cassette is ours, And we've got the newest minia-

ture flexible disk, the MD 525.

—_— e
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Now, Verbatim media. It's a new formulation of ferric
oxides, an advanced macromolecular binder system
to adhere it to the tough polyester film, and a proc-
ess control system that demands over 200 separate

quality checks before the material is cut, packaged,
and certified to be 100% error-free.

( ]

The final quality check? *Make it pretry!” Our production people
tell us that magnetic recording media is one of the rare instances in
manufacturing where aesthetic appearance translates directly into
final product quality. It has to look beautiful to work beautifully.

We have the formulas, the machines, the technology to make high
quality recording media. But it takes the best people in the indus-
try to deliver Verbatim disks, cards, cartridges and cassettes.
You'll find them at your favorite retail computer store.

Information Terminals Corp. Us

Sunnyvale, California




Editorisl

By Carl Helmers
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The
Compleat

Robotics Experimenter

On August 16 1977 | received one of
those refreshing and intoxicating articles
(or rather group of articles) which makes
the combined intellectual and emotional
joys of creating a magazine once a month
rise to new heights. This group of articles
is a basic background tutorial on biological
inputs to the field of robotics and artificial
intelligence, written for the personal com-
puting experimenter by Ernest W Kent, a
professor in the department of psychology
of the University of Illinois at Chicago
Circle. It is one of those articles, like Ralph
Hollis' article on NEWT in the June 1977
BYTE, which gets instant high priority due
to the subject matter and style of presenta-
tion. (Readers should see the beginning of
the series in early 1978.)

| call the twin subjects of robotics and
artificial intelligence ‘‘hot" ideas for BYTE
based on reader interest as expressed in the
BOMB poll's responses to Ralph Hollis’
article on NEWT and Mike Wimble's articles
(among others}) on various artificial intelli-
gence concepts. Inspired by receipt of Dr
Kent’s articles, the theme of this editorial is
the concept of smart machines and related
robotic mechanisms as a fertile field for

.experimentation with design and imple-

mentation. What are the categories and
classes of experimentation which are rele-
vant to artificial intelligence and robot
design? Why are we (experimenters all} so
fascinated by the simulation of life? What
are the topics of study needed to become
“the complete robotics experimenter?”
What will we see over the course of the next
decade or so, as personal computers become
the refined personal software development
systems needed to support private robotics
research?

It often helps to draw inspiration from
fiction, an element of our culture which has
been present from its. beginnings in the
allegorical tales of primitive religions to the
sophisticated and future oriented techno-
logical fiction tales of contemporary film,
television and printed media. Fictional

representations of plots, scenarios and tales
are a sort of logical game practiced by
creators, logical games with very real emo-
tional and value orientations which stimulate
thought about real problems while providing
an interesting and enjoyable diversion for
users of the art. Technological fiction, of
which science fiction is a proper subset, is
the appropriate contemporary place to turn
for inspiration regarding the very comtem-
porary possibility of ingenious and useful
automatons guided by artificial intelligence.

A particular science fiction tale which has
been one of my greatest emotional inputs
regarding the positive values of technology
in human culture is a tale entitled Door
Into Summer, by Robert Heinlein. First
published in the 1950s, this now outdated
tale of the near future (1970 is the year
when the action commences with flashbacks
to the fictional 1960s) is perhaps the one
science fiction story which maps most
closely to the current technological milieu
of the smart machines made possible by
microprocessor technology. Anyone who is
seriously interested in practical use of robo-
tic technology and smart machines should
read this book as a source of background
information and ideas about what is or
might be possible. (The actual plot is a well
constructed romantic tale in spite of its use
of that logical trap which is the time travel
deus ex machina.)

The inspiration to be drawn from the
story of Door Into Summer is that of an
exciting time when technology has advanced
to the threshold of intelligent robotic mech-
anisms mass-produced for use in mundane
tasks. It is the era of Drafting Dan (auto-
mated intelligent drafting machine), Hired
Girl (automated housekeeping robot), and
numerous similar specialized devices. Some
of these fictional concepts have already
been implemented in practice, especially in
the area of automated aids to the production
of capital goods. The idea of Drafting Dan,
the intelligent drafting device, is actually in
use on a small scale today but with a far
higher degree of refinement and intelligence:
| refer to the various computer aided design
techniques utilizing graphic displays and
computational support in fields as diverse
as airplane design, computer design, and
architecture. Others among the concepts in
Robert Heinlein's story have yet to be
implemented with any degree of perfection
or widespread use.

The parallels between Door Into Summer
and the current era are many. In the fic-
tional account, technology has developed

Continued on page 138
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The complete
655 line printer.

Its ready to plug in, has an 80-column
format, a remarkable MTBF and is
14 times faster than a teletype!

Breaking the hardcopy barrier

It's finally happened! The Axiom
EX-800 provides full performance
hardcopy at a price compatible with
today’s low cost micros. This little
80-column machine zips along at 160
characters per second (14 times faster
than a teletype) —at a breakthrough
single quantity price of $655 for a
complete printer.

When we say complete
we mean it

The EX-800 is a stand-alone unit
with case, power supply, 96 character
ASCllgenerator and interface, paper
roll holder, infra-red low paper detec-
tor, bell, and multi-line asynchronous
input buffer. You won't find these
standard features on any other
printer, regardless of price!

Our only option

Our printer is so complete, that we
offer only one option. A serial inter-
face (RS 232C or current loop) good
for 16 baud rates from 50 to 19,200
and thoughtfully provided with a
switch for either Centronics or Tally
compatibility. Might we call it a Tally-
whacker? At $85.00 it certainly
should be!

Built-in LSI microprocessor
The heart
of the EX-800
is a printed
circuit card,
containing a "
custom LSI chip made by Intel to
Axiom specifications, which controls
all printer functions. Microprocessor
power means flexibility. Such as the
built-in self test routine and variable

«P4308 3163
7637 ani0w

character size. It also means reliability.
Several industry surveys have shown
LSI to be many times more reliable
than equivalent conventional circuitry.

the paper is inexpensive and readily
available, costing about 1¢ for an
8% x 11” equivalent.

Light, small, quiet, reliable,
and versatile

Our EX-800 weighs in at 12
pounds, is just 9% inches wide, 4
inches high, and 11 inches deep, and
is delightfully quiet which makes it
ideal for office and other low noise
environments. The simple print
mechanism is virtually maintenance
free. In fact, tests show an incredible
MTBE many times greater than
impact printers. This versatile printer
is the ideal mate for micros, minis,
CRTs, instruments and systems.

The advantages of
electrosensitive printing

The EX-800 can print 80, 40, or
20 characters across the five inch
wide electrosensitive paper. Under
software control, single characters or
words may be printed larger for
emphasis. The permanence of the
hardcopy is archival, because once
the aluminum coating has been re-
moved, there is no way to put it back.
It's unaffected by sunlight, moisture
or heat. Although the printer doesn't
provide multiple copies, excellent
quality photocopies can be made
from the hjgh contrast printout. Also,

M”@M AXIOM CORPORATION

5932 San Fernando Rd., Glendale, CA 91202 - (213)245-9244 « TWX 910-497-2283

Circie 8 on inquiry card.

Just unbox and plug it in
That’s all you have to do to the

Axiom EX-800 — apart from pay

for it, and at $655 that’s almost

a pleasure.

Send to: ASIOWM
5932 San Fernando Rd.,
Glendale, CA 91202

[] Urgent. Please phone me atext
[J Have rep contact me

[ Id like to have a demonstration

[[] Send lit including sample of printout

Name_ .y _

Company e N 1S
Dept

Address
City
Zip

e a o State

Telephon e N SN = = ;
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Check out TTs

new 4K static RAMs.
They’ve got
everything

you ever liked
about the 2102.

And more.

2102 1K
Static RAM

Ti's New 4K
Static RAMs

SIMPLETO USE

NO CLOCKS. NO
TIMING STROBES.

%0
ADDRESSES VALID
OV o

-"_‘ ~ACCESS TIME
TAVAY t

e TR0

i
_

Like the popular 2102, Tl's new 4K static
RAMs are easy to use. Minimize system
overhead; no refresh; simple address-
ing. It's easy!

No clocking needed for TI's fully static
4K RAMs. No edges. Just present an ad-
dress to the selected device and data
can be read at access time. That's t.

8  BYTE November 1977
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21021K
Static RAM

TI’'s New 4K
Static RAMs

FULLY STATIC. ACCESS
TIME = CYCLE TIME.

DATAVALID —
NO TIME LIMIT.
l>v v 3000
ADDRESSES O <> VALID
L s gk ¥ s Fud v |
fe——— ACCESS TIME
ICICIY ——T=Iinon
s O R o P
" R LIMIT
L__A....i_i Aasmc it a Ny ] 0]

SINGLE +5V SUPPLY.
FULLY TTL COMPATIBLE.

+10% TOLERANCE
SUPPLY.

HIGH SPEED.

| 2102 |

T 4K STATICS

L A I 1 I ! L L I 1
1000 900 800 700 600 500 400 300 200 100

ACCESS/CYCLE TIME (ns)

Max.
Access 4Kx1 K x4
150 ns TMS 4044-15 TMS 4045-15
200 ns TMS 4044-20 TMS 4045-20
250 ns TMS 4044-25 TMS 4045-25
300ns TMS 4044-30 TMS 4045-30
450 ns TMS 4044-45 TMS 4045-45
LOW POWER.
Four Low Power 1X One Tl 4K Static
Parameter Static RAMs (2102AL-2) | RAM (TMS 4044-25)
Max. Access 250 ns 250 ns
Min. Cycle
Operating 1368 mW 500 mW
Power (Max .}
Package(s) 4x16 pin 1% 18 pin
Board Area 357 1.0
Ratio

HIGH DENSITY 18-PIN PACKAGE.

W N |

Fuily static RAMs are totally asynchro-
nous. Require no precharge or recovery
time. Access and cycle times are always
the same.

Fully static RAMs offer output data that
are valid as long as the address is valid.
Makes designing straightforward. No
limit on output valid time. No extra
circuitry.

Just one +5 V supply needed. Full TTL
compatibility on all inputs and outputs
with full 400 mV guaranteed dc noise
immu nity.

Improved power supply tolerance means
less stringent regulation. Less cost.

TI's new 4K static RAMs take up where
the 2102 left off. Offering a wide choice
of speeds from 150 ns to 450 ns maxi-
mum access/minimum cycle. Plenty of
performance to match today's and to-
morrow's CPUs.

Compare the power savings of the new
4K statics to the low power 21L02. For
equivalent speed, the new TMS 4044
uses 63% less power.

For super low standby-power/battery-
backup operation, use the pin-compati-
ble 20-pin TMS 4046/47 Series. Data is
retaineddownto 10 mw.

The new 4K statics come in industry-
standard, 18-pin packages, plastic or
ceramic. A density improvement of al-
most four-to-one over 2102s.

FORDATASHEETS, application reports, price and delivery, callyour nearest authorized Tl distributor or Tl field sales office.

TEXAS INSTRUMENTS

#1977 Texas Instruments Incorporated

Circle 152 on inquiry card.

INCORPORATED
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Cisrcis’s

Circuit Cellsr

Steve Ciarcia
Box 582
Glastonbury CT 06033

Power Wiring Table

| don't want to get into a fight over
which microprocessor chip is better. They all
have their favorable and unfavorable fea-
tures. But, if you look a little closer, you
may find that some of these extra features
can be added with very little expense.

I was speaking with a fellow computer
nut recently, and he was arguing about the
merits of the 6800 versus the 8080. | really
didn’t care to continue the conversation nor
to justify why | had an 8080 and Z-80. But,
when he said that one reason was that the
6800 had memory mapped 10 and the 8080
didn’t, | knew he didn't know what it was.

Memory Mapped IO

This of course made me curious, and |
approached a number of 8080 users to ask
if they knew what memory mapped 10 was.
They assured me that they did, and that it
was in fact one of the main features of the
6800. But such a feature is hardly exclusive
to the 6800!

First of all, memory mapped 10 means
simply that a portion of memory address
space has been reserved for interfacing with
external devices. A byte of data is stored
into a memory location, as always, but this
storage unit, rather than being made up of
1024 bit programmable memory chips, is an

OUTPUT OATA BUS (FROM CPU)

MSB_ r-(o]|-[e]-[F]-[R]-[3]-[x]-[C]--°&
Number Type +5 VDC Gnd
Pin Pin 1c3
7407 : B . :
IC1 7420 14 7 30 3b 3c a0 o
Ic2 74154 24 12 A ) h \ ol
IC3 7407 14 7 A (OC 9 11 13 3
Ic4 7407 14 7 3d 3e 3f 4b
IC5 74100 24 7 2200
) 10 12 4 |
(TYPICAL |
FOR 8) {>or
OUTPUT ]
STROBE DDG'
| alg ) '
STROBE NO. .
x> 262 '2 E'>D5
| ic2 L No2 )
A7 e 2 no3s [Tolals {>04'| surFeRED
] \ 4 noa | OUTPUT
} | BuUS
as > o N\e 1T 2 —nos | ic { >0
e 18 6 7420 |
1 4| 7420 Gl LR, s ,
as[v>—T5 1o -;——NO.? - >0
[ ‘ 8 _no.s A ! ,
A4 E>—J_ 9 nos { >0
10 |
| ——NO.10
20 1 [ po'
A3 T > D —:g.lllz '_El> )
——No. 2 I3 Jez la lu fio [i5 he 1
21 14
a2 [R> < ——NO.13 DI 02 03 04 05 06 D7 08
! 22 16 NO-14 2 1C5
ar[P> B 17 NO-15 3 74100
| 23 F—NO.16 23
AO[N > A Q 02 Q3 Q4 Q5 Q6 Q7 Q8
I 15 [a 19 |20 |8 9 18 17
! MSB LsSB

10 ADDRESS BUS
(10 CARD CONNECTOR=-22 PIN)

8 BIT LATCHED

PARALLEL OUTPUT

Figure 1: A schematic diagram for a direct addressed output port decoding circuit. The port assignments as diagrammed are from
octal codes 360 to 377. The bus pin assignments are for the Digital Group bus system, but the Altair (S-100) bus is logically

equivalent,
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Intel delivers SDK:-85. Its the quickest
way to sink your teeth into 8085 design.

wwa\mﬂ\“w
Intel wants you : mu‘dw complete family of programmable
to prove to yourself Wi peripheral controllers and
why the 8085 has your own prototype

become the new \
industry stan- .
dard microcom-
puter. To make it
easy for you to do A
that, our System De-
sign Kit for the 8085 is
available now for '
only $250.
SDK-85 is
the best way we
know for you to

evaluate MCS-85™

logic and special

circuitry.

SDK-85 makes

an excellent
teaching aid for
both microprocessor
design and program-
ming courses, for
microcomputer design
seminars and as a project
for the progressive
hobbyist. Because the 8085
is the most advanced micro-
and develop proto- computer, SDK-85 is the key
types of 8085-based ; _to state-of-the-art knowledge.
designs, because it % T o <l SDK-85 can be assembled
gives you a hands-on 221 in just a few hours with a solder-
look at this important ing iron and a few basic tools.
new microcomputer’s Hook it up to your 5V power
capabilities. supply and it’s operational the

And to simplify your evalu- same day you receive it. You can

ation, we've designed SDK-85 get your SDK-85 from any of Intel’s

e

as a stand-alone kit. It comes . distributors for $250 in single unit
complete with an integral key- ™ quantities.
board for system control and To order SDK-85 or any of
data/program entry, and LED display out- the MCS-85 components, contact:
put. To simplify programming, debugging Almac/Stroum, Components Special-
and operation we've incorporated an on- ties, Cramer, Hamilton/Avenet, Harvey
board, ROM-resident software monitor. Electronics, Industrial Components,
The 8085 family of components Pioneer, Sheridan, L.A. Varah,
provides you with unprecedented design Whyle Liberty/Elmar or Zentronics.
flexibility. The basic three-chip, high level Or, for more information, use
integration MCS-85 system is included in the reader service card or write: Intel
SDK-85. It includes the 8085 CPU, 8155 Corporation, 3065 Bowers Avenue,
256-byte RAM with [/O and timer and Santa Clara, CA 95051.

8355 2K-byte ROM with I/O. And there’s Telephone: (408) 246-7501.
an on-board single-chip keyboard/display in d lo

interface, the 8279. Sockets are provided tel elivers
for easy RAM and ROM/EPROM expansion. *

And there’s ample free space layed out
for easy wire wrap expansion using Intel’s

Circle 71 on inquiry card. BYTE November 1977 11



8 bit storage register such as a 74100. This
type of procedure provides access to the
data byte through the *“‘back door,” or
output lines of the 74100. If you have
followed me to this point, you can see that
the concept of memory mapped 10 is
applicable to any microprocessor that
- > directly addresses memory! | don’t know of
e 5500009080308 030s 1y : too many processors which operate without
3335585300005au5 ¢ (NN - ; : this ability, so we’ll just have to conclude
2000 TROON s .y n : ’
i ‘ A that any microprocessor can be wired to
provide memory mapped 10, including the
8080.

Look no further! It's a bird. . .it’s a
plane. . .no, it’s Superchip! It looks like an
8080, acts like an 8080 and, while not trying
to steal Motorola’s thunder, has memory
mapped 10! The name of this new chip?
Well, it’s the plain old 8080 with an jnte/li-

56 7800\ Sgeearsiels]
[ololace olalololele o]
OGOIOTD,

k. "’."qfragfé;é-- «;F gent user,
_ \Q' oo Why should | consider memory mapped
QNN 10?

The 8080 directly addresses 64 K bytes
of memory and 512 10 ports (256 in and
256 out). The only way data can arrive at an
output port is by being passed through the
accumulator and routed to a particular port

10
AN

Photo 1: A realization of the hardware circuit shown in figure 1 with the by a 2 byte output instruction. Similarly, a

addition of eight lights connected to the outputs of IC5. The connector 2 byte instruction directs input data to the

attaches to bus lines for the author’s other front end projects. accumulator. Additional programming is
necessary to store this input byte in
memory.

Photo 2: A prototype for the circuit shown in figure 2.
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» Now!Giveyourself aworking

knowledﬁ

forjob or

Now, without getting boxed-in to classroom
schedules, you can learn the basics of mi-
croprocessing and programming and apply
them to actual problem-solving applications
in your job or your hobby. in addition, if you
happen to have a strong electronics back-
ground, you'll be abie to apply your
speciaized knowledge to trouble-shooting
techniques and hardware configurations of
microprocessors and systems.

It's all made possible with Bell & Howell
Schools’ all-new, self-study program de-
signed specifically for professionals (en-
gineers, technicians, programmers) and
advanced hobbyists.

Once you complete this program, you will
be able to:

1. Write simple programs in both assembly
and machine language, given the pro-
gramming manual and instruction set for
a particular microprocessor unit.

2. Describe the basic operation of the mi-
croprocessaor, including the means of in-
ternal data transfer, instruction decoding,
memary access and I/O.

3. Convert numbers between the decimal,

binary, octal and hexadecimal systems.

. Follow the execution of a simple program,
including arithmetic and logic statements.
5. Identify and describe the circuits neces-
sary to interface a microprocessor sys-
tem with the outside worid.
6. Describe the data transfer between the
microprocessor, memory and peripheral
equipment.

-3

e of micro

obby. I

All-new self-study program from
Bell & Howell Schools provides
engineers, technicians and
advanced hobbyists with
applicable knowledge of basic
programming concepts and
trouble-shooting techniques for
use in microprocessing systems.

11. Explain the operation of bidirectional data
bus systems.

12. Describe the operation and use of
semiconductory memory systems, i.e.
EROM, ROM, RAM.

The emphasis is on the practical.

This introductory program concentrates on

the practical operations of microprocessing,

providing you with ready knowledge you can
apply to products you are now marketingand,
particularly, to those you have on stream.

Every word, every segment, every graph is

presented in a way to communicate practical,

usablefacts. . . and inthe mosteffective way
possible.

That's why each segment is followed by self-
grading questions. This way, you're able to
reinforce the major points you've learned and
apply them more effectively to the subject
matter in the next segment.

You work at your own pace.

There are no classes or seminars to attend.
No pressures or deadliines. You progress as
fast or as slow as you like.

Once you complete the program, you will
have a valuable referencetoolyou may return
to for reviewing and refreshing your memory.

I Send to: Bell & Howell Schools, 2201 W. Howard, Evanston, lllinois 60202

O Enclosed is my check or money order for
$89.50. Please send postpaid the Bell & Howell
Schools Microprocessing Program. If not com-

processing

And because the program is designed by Bell
& Howell Schools, you know you'll have the
most up-to-date information offered any-
where.

Try it for 10 days at no risk.

We are so confident that this extraordinary
program will meet your standards and expec-
tations in every way that we invite you to
accept this program at no risk whatever.
Simply do this. Order your Microprocessing
Program today for $89.50. Examine the
materials closely and complete as many
segments as you like. If, within ten days, you
do not agree that this program can help you
learn the basics of microprocessing in the
fastest, most practical way, just return the
materials and your money will be refunded
promptly.

So, right now, return the coupon below. Re-
member: there's no risk. No obligation what-
ever. You must be completely convinced that
this Microprocessing Program can do the job
for you—or your money back.

BeLLe HOWELL SCHOOLS

2201 West Howard Street
Evanston, lllinois 60202

i

7. Understand the techniques of trou- | m?:‘ﬂ%agfﬁdi;';mg{?gu‘;’g' be returned  Name |

bleshooting micro-computer-based sys- | O Charge to credit card below: . |

* Louk5 - | BankAmericard # b L |

8. Observe the proper servicing procedures

> for MOS circults. | Master Charge # o I

’ 9. Understand the basic operation of a mi- | For Master Charge card, include 4-digit number |

croprocessor in both a computing and | abovename |

control application. | Expiration date State |

. 10. Understand the techniques of connecting |
i the proper test equipment to a micro- | Signature Zn

T processor system, observing wave forms | |

andother data to diagnose a system faulit. S S S S A S -1
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Obviously, if the data path went to a
memory location instead of an output port,
a broader range of instructions would be
available. The 8080 (like most computers)
has some very powerful instructions when it
comes to memory operations. For the 8080
these include MOV, MVI, STAX and STA
instructions which, by definition, are added
to the output data manipulation repertoire
with memory mapped |O.

Often the best way to approach a new

subject is to analyze the present method. -

Figure 1 illustrates the basic design of an

Power Wiring Table

8080 output “port.” To emphasize simpli-
city I've used 74100 latches for this example
rather than the more complex ports such as
the Motorola 6820 peripheral interface
adapter. This configuration provides 16
output strobes, starting with the octal
output port address 360 and ending with
octal 377. Integrated circuits 1 and 2 decode
the address bus and, when provided with
an output strobe during an output instruc-
tion, load the present contents of the data
bus into an 8 bit storage register (IC5).
ICs 3 and 4 provide buffering and allow
more 74100s to be attached to the buffered
ouput bus lines for multiple ports. The pin
designations are for the Digital Group bus
system, but the Altair (5-100) bus is

Number Type +ssvDe | Gnd logically equivalent.
Pin Pin Converting an output system to memory
mapped 10 (illustrated in figure 2) requires
Ic1 7420 14 7 the addition of two more integra_tt_ad cirCL_Jits,
Ic2 74154 24 12 ICs 6 and 7, to decode the additional eight
:gg ;38; }3 ; lines associated with memory addressing.
MEMORY ADDRESS BUS 74100 24 7 With the decoding arrangement illustrated
(MEMORY BOARD CONNECTOR) =
.o IC6 7402 14 7 in figure 2, the 16 output {(memory) loca-
! | IC7 7420 14 7
a1s (19 >—
I
2
alaf1E > MEMORY DATA BUS (FROM CPU)
L3 M3 - [o]- [€]- [F1-[+]- [0]-[¥]-[]+2
s[> VAVAVAVAY,
. 1c3
arz[ie>— ESO 3 5 (
' s 3a 3b 3¢ 4a 1C4
Al [15>—= 7407
! . 2 9 4 T 13 2 3
sy oc \WANWANANV
1
" 2e0ll 8 10 12 4
A9 4 |
= TR C>o
; {>oe
1 |
]
nig .
MEM > [>os
WRITE 1 . |
STROBE | .
! {>04'| BurrerED
| 2l [ MEMORY
| 19 )\ STROBE NO. I » | DATA BUS
! e ) {>o3
] 1Ic2 =—nNO.2 J
e 74154 3 \os {>o2
1 | ;—NOA I '
as V> ol el —nos { >o
| 4| 7420 Gl =—NO.6 1
As[U>— 4 la 7 No.7 —{ >oo]
[ | 8__No.8 ' !
) 2 |3 2 far Ju fio _Jis_Le
Aa T DI D2 D3 D4 D5 D6 D7 DB I
1 19 no.10 12
A3[s > 24 H—No.(1 74100
[ 2 12 no.iz 23
a2 [R> ¢ 12—No.13 Ql_ 02 Q3 Q4 Q5 Q6 _Q7_ Q8
1 22 G—-NO.M 5 4 |19 [20 |8 9 |is |17
AL [P> B % nNois
i . 7 No.16 Ms8 e
Ao[N > A 22 CO-M-M1-M-r-r-ri-r1==
1
)

Figure 2: A schematic diagram for a memory addressed output port decoding circuit. The port assignments in this case are from

\

J

8 BIT LATCHED
PARALLEL OUTPUT

split field octal memory addresses 377/ 360 to 377/377. Here again, the bus pin assignments are for the Digital Group bus.
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When you put it together, it's really together.

Some people build personal computers for the love of building. The Equinox System’
isfor people who build for the love of computing.

You put it together. And it’s really together.

The Equinox 100™ mainframe combines the 8080A CPU with «a front panel program-
ming station featuring ultra-convenient octal keyboard and digital LED readout.

There are low-cost 4K and 8K memories. All your interfacing comes in one kit. Even
EQU/ATE™and BASIC-EQ ™languages on easy-loading cassettes.

It's all together now. It's all S-100 compatible. And it's upward-compatible with new
Equinox ™equipment, software and systems coming in the months ahead.

See the Equinox System ™ at your local computer shop. Call toll-free to 800-648-5311
(BAC/MC accepted). Or write Equinox Division, Parasitic Engineering., P.O. Box 6314,
Albany. California 94706. THE EQUINOX SYSTEM™ All together now.

|

Mmo®
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Example 1:

Example 2:

CONTINUE

CONTINUE

QOutput the contents of the B register to port r.

8080 Direct 10
MOV B, A ; Move the contents of the B register to the accumulator
QUTr ; Output the accumulator to port #r

; Total bytes 3

; Total states 15

Memory Mapped 10

LXI HL : Set memory pointer HL

MOV M, B ; Move B register to memory location HL
: Total bytes 4
; Total states 17

For simple data manipulations like this, the direct 10 technique, which is familiar to all
8080 users, occupies less memory space.

With two 8 bit digital to analog convertors attached to output registers,
generate two sawtooth waveforms 180 ° out of phase.

8080 Direct 10

LX!1 BC : Load initial values into B and C {000, 200 octal)
INCB : Increment the B value

MOV B, A ; Move the contents of the B register to the accumulator
ouT 1 : Output the accumulator to port 1 (1st sawtooth)
INCC : Increment the C value

MOV C, A ; Move the contents of the C register to the accumulator
ouT 2 : Output the accumulator to port 2 {2nd sawtooth)

JMP CONTINUE
Total bytes 14
Total states 60 {one pass)

Memory Mapped 10

LX1 HL : Load initial values into H and L (000, 200 octal)
INCH : Increment the H value
INC L : Increment the L value

SHLD ADDR; Store H and L in two consecutive memory locations wired
as output registers.

JMP CONTINUE
Total bytes 11 g
Total states 46 (one pass)

tions will be from split octal addresses 377/
360 to 377/377.

Now let's compare a couple of simple
programs written using each method (see
examples 1 and 2). It can be easily seen that
the extra instuctions which operate on
memory can greatly improve the output
speed of the 8080. This extraspeed, though
not necessary when driving a 110 bps Tele-
type, can be a saving grace in a computer
music or graphics application. In fact, many
video display drivers utilize this technique.

Summary

There are certain advantages to con-
verting 8080 peripherals to mapped versus
direct 10. Among the major points to con-
sider are the following:

® More 10 ports are available. The
full 64 K bytes of addressable mem-
ory space can be setup for 10. It is
not inconceivable that a video
graphics display will use 8 K bytes
of memory. This, of course, means

16  BYTE November 1977

that the 8 K bytes are decoded to
provide 8192 10 port assignments.

® Once the H and L registers have
been loaded and provide a memory
pointer, memory output is by 1
byte instructions (such as MOV and
STAX).

® By not always having to pass
through the accumulator, outputs
are faster.

® 16 bit 10 capability through the use
of the LHLD and SHLD instruc-
tions.

Now, should you consider changing your
8080 system to memory |0? Frankly, if you
are the type of person who will never write
an assembly language program and is con-
tent to stick with high level languages such
as extended BASIC, don’t even consider it.
If the software packages supplied by the
computer manufacturers have worked con-
sistently for you to this point, don't tempt
fate. The majority of the systems sold, in-
cluding Altair, IMSAI, DGS and so on,
use 8080 10 instructions to all their peri-
pherals. But many video systems bought as
plug-in boards for the Altair (S-100) bus
have memory mapped 1O designs.

Delving into memory mapped 10 should
be reserved for people willing to use assem-
bly language and prepared to modify stan-
dard software if required. In future editions
| intend to investigate computer music
applications where fast memory mapped
8080 (Z-80) 10 will become a necessity.
But, for the meantime, you should at least
know what it is.®

Author’s Note:

I hope you've enjoyed
the first instaliment of
Ciarcia’s Circuit Cellar. 1'd
like to have yeour com-
ments and criticisms as
well as any ideys you may
have for future editions of
this feature. I'm always
Interested in hearing from
‘brainstorms.  Send  alf
correspondence to Steve
Ciarcia, POB 582, Glaston-
bury cr 06033, and please
enclose o stamped, self-
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Manufacturers of QuanTronics Computer Products

Space Age Memorvy...

...at Down to Earth Prices

MM8 Static RAM MM16 EPROM

* Available in 250nS and 450nS versions s Utilizing up to 16 2708 EPROMS

* S-100 Bus Computer Systems * S5-100 Bus Computer Systems

* Memory capacity of 8K-bytes x 8 bits maximum * Memory capacity of 8K or 16K bytes by DIP Switch
* Addressing selectable by DIP Switch * 8K boundary addressing by DIP Switch

* Wait cycles selectable by DIP Switch » 0 to 4 wait cycles by DIP Switch

* Memory protect from %K to 8K by DIP Switch * Data output, address input lines fully buftered

* Data output, address input lines fully buffered * Hi-grade glass-epoxy with plated-thru holes

* Provision for SOL “Phantom™ line * Epoxy solder masked

Find Out For Yourself — See Your Local Dealer Today!

=13 [Fi=]

- Proewen Sowen Svstens, .

Ma'nufactu're; of QuanTronics Computer Products

A040 DEERING AVE. SWITE 10 CANLGGA PARK, CA. 91304
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Simulation of Motion:

- Stephen P Smith
POB 841
Parkslay VA 23421

Part = An Improved Lunar Lander Algorithm

About the Authar

Stephen P Smith's pet profect as an amateur is @ PASCAL compiler fora
personal computer. Professionally, he leads the Computer Sciences Corporg-
tion support team attached fo the range safely office at NASA Wallops
Flight Center, where he and his team of analysts develop analytical methods
and construct digital simulations of fight paths, flow fields ard structural
responses of rockets and alrcraft. The BASIC programs which are part of this
griicle and the remaining parts to come in several instoffments were developed
and run on a Tektronix 4057, which uses a 6800 microprocessor and includes
a BASIC interpreter,

One of the most delightful applications
for personal computers is games, not just
playing them, but creating them. If you are
like most enthusiasts, you will have begun
with random number games like blackjack,
but sooner or later you will want to work
with games involving moving objects. To
describe that motion using a microcomputer
you will need to use a form of simulation.
The simulation could involve detailed mathe-
matical models solved with elegant numeri-
cal techniques.

More likely, the novice will begin by fol-
lowing the pattern of the simple lunar
lander games which have appeared often
in BYTE (see “Kim Goes to the Moon,” by
Butterfield in April 1977 BYTE, or ‘“Con-
trolling Small DC Motors with Analog
Signals” by Dwyer, Critchfield and Sweer in
September 1977 BYTE). The truly ad
vanced simulations are best left to pro-
fessionals with mainframe computer power,
but the home user can progress well beyond
the simple lunar lander game. By picking up
the basic physics and simple numerical
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methods presented in this article and the
following ones, you will learn to simulate
a wide variety of motion. Whether you use
these simulations to create games, like the
real time LEM simulator presented here, or
to develop new applications for your per-
sonal computer system, you will acquire
some valuable additions to your applications
software toolbox.

For any application involving motion,
your simulation will be required to predict
the speed and position of an object at some
time in the future. The predictions can be
made using a microcomputer if you first
limit the type of motions considered at
any point in the program. In the lunar
lander game, for example, the excursion
module (LEM) is only allowed to move up
and down. The simulation is said to have one
degree of freedom. Other degrees are
possible, but the separation into different
degrees of freedom is an important first
step.

Let's see how a one degree of freedom
simulation is performed. Thanks to Sir |saac
Newton and his apple (that was a fruit, not
a computer), we know that an object will
continue to move in any degree of freedom
without changing speed until a force acts
on it. To predict how the LEM will move,
we need only to examine the forces which
might be present and determine how they
effect the up and down motion.

Because the moon has no atmosphere to
involve us in aerodynamics, only two forces
need be considered, gravity and thrust.
Gravity makes the LEM fall faster. Thrust
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Generic Unit

Length
Velocity

Acceleration
Mass

Force

Metric

1 meter
1 meter per second

1 meter per second per second

1 kilogram

1 newton

3.2808 feet

3.2808 feet per second

2.2369 miles per hour

3.2808 feet per scond per second
2.2046 pounds {mass)

0.0685 slugs {mass)

0.2248 pounds (force)

Table 1: This article was written using the metric system of units. As the
front runners in an exciting new technical hobby, we should be more ready
than most to accept the coming metric conversion in this country, but if you
haven’t been converted yet, the above table will be useful.

Heavenly
Body

Maoon
Earth
Mercury
Venus
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto

Surface
Gravity
{m/sec2)

1.62
9.80
3.95
8.72
3.84
23.16
8.77
9.46
13.66
4.89

makes it fall more slowly. The exact effect
of each can be calculated with only a few
operations.

Gravity is the simpler of the two. It has
exactly the same effect on every object.
During each second of a lunar landing near
the moon’s surface, the moon’s gravity will
make a LEM fall 1.62 meters per second
faster. (Those of you who wish to land on
more exotic heavenly bodies are referred
to table 2.) In most simulations, speed and
position are considered positive if they are
directed upward, in this case away from the
lunar surface. To simulate 1 second of fall
through lunar gravity we must subtract 1.62
meters per second from the present speed.
If the LEM i moving at -100 meters per
second now (100 m/sec downward), 1
second later it will be moving at -101.62
meters per second.

In many games, the effect of thrust is
also simulated by a constant change in
speed. Often it is given in multiples of
gravity called “g"'s. One ''g" of thrust adds
1.62 meters per second to the speed, just
as gravity subtracts that amount. Two
“g"s add twice that, and so on. This
assumption reduces the complexity of the

Surface
Heavenly Gravity
Body {m/sec?)
Asteroids
Ceres 0.85
Pallas 0.54
Juno 0.21
Vesta 0.43
Jupiter’s moons
Ganymede 3.43
lo 2.26
Europa 1.98
Callisto 3.20

Note that the gravitational accelerations shown in this table are surface accelerations,
valid during the final stages of a landing when a spacecraft is relatively near the heavenly
body. A more complicated simulation is required if movement far away from the hea-
venly body is contemplated.

Table 2: Players who grow adept at lunar landings may wish to try landing
on some other heavenly bodies. The above table of accelerations due to
gravity is provided for them.
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simulation, but it fails to demonstrate the
way in which forces actually cause changes
in speed.

Unlike gravity, forces such as thrust do
not have the same effect on every object.
They have a larger effect on light objects
than they have on heavier ones. [t is
important to consider this fact in accurate
simulations, because weights can change.
The LEM becomes lighter as it burns fuel
to create thrust. A given value of thrust
will have a larger effect toward the end
of the flight than it will at the beginning.

Weight is not really the correct term to
use when calculating that effect. We should
talk instead of mass. The difference is
subtle, but important. Mass is a basic pro-
perty of matter. Weight is the result of
gravity pulling on the mass. A man on the
moon weighs only 1/5 as much as he does
on earth, but his mass is the same. This is
true because the moon’s gravity pulls only
1/5 as strongly on his mass. The effect of
a force is determined by the mass of an
object, not by its weight. A given thrust
will have the same effect on a LEM whether
the LEM is landing on the moon, on earth,
or is floating “weightless” in space.

In the metric system, the unit of mass
is the kilogram. The unit of force is the
newton. These units are very convenient
for calculating the effect of a force on the
motion of an object. The force (in newtons)
divided by the mass (in kilograms) is exactly
equal to the rate of change in speed
(“acceleration” in meters per second per
second). No additional constants are needed
as they are when units of feet and pounds
are used. For example, let our LEM have a
mass of 1000 kg and let its engine produce a
thrust of 10,000 newtons. To simulate 1
second of thrust, a program would add 10
meters per second to the speed (10000/
1000) to account for 1 second's worth of
acceleration.

Remember though that during the same
second 1.62 meters per second must be sub-
tracted to simulate the effect of gravitational
acceleration. The actual change in speed will
be 10.-1.62=8.38 meters per second. In two
seconds, the change will be twice that or
16.76 meters per second. In half a second,
the change will be one half as much and so
on. While this may seem obvious, it illus-
trates an important point. The change that
each force makes in the speed in 1 second
may be determined separately. The separate
effects are added up and then multiplied
by the length of time we are simulating
to find the ‘actual value the simulation pro-
gram will add to the speed.

Now that we can predict speed, let's
apply the same technique to predict the

a_shadl
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Just by looking you can see it’s
a rugged, professional unit with
a 9?’ video monitor covered with
smoked plexiglass, and a 53-key
ASCII keyboard.

But there’s more than meets
the eye. What you can’t see is the
mainframe which is a 10-slot
plexiglass card rack. Or its fully
shielded motherboard with 10
spaces ‘provided for sockets (2

sockets are already included for
you). Or the heavy duty filtered
power supply and 75 CFM
cooling fan. Or the power switch
and cord on the rear panel. Or
the space available for a floppy
disk system. Or the expansion
capabilities on the back panel for
the addition of sockets.

You’ll receive
VERSATILE CRT

The
fully

The good news is that you can now add any S-100
bus compatible component to The VERSATILE CRT.

The bad news is you’ll have to decide for yourself what
components will combine to make the best system for you.

assembled with a 90-day
warranty, about 20 days after we
get your order. Or you can buy
one at your nearest dealer.
Dealers can have super fast de-
livery from stock to 20 days.
You’ll also receive complete doc-
umentation and operating
manual. Total price for The
VERSATILE CRT is $699.95.
Dealer inquiries are welcomed.

Compact and Expandable, The VERSATILE CRT lets you dg it your own way.

COMPUTER DATA SYSTEMS

5460 Fairmont Drive ® Wilmington DE 19808

(302) 738 - 0933



Photo 1: A scene from the “lunar lander’’ program which is the Digital
Equipment Corportation’s graphics equipment demonstration program.
This simulation is a real time model of a lunar landing in which a light pen
is used to input control information and displays track the landing. The
object of the game is to land near (but not on) the only MacDonalds' ham-
burger stand on the moon. This simulation, like the one discussed in the
article, has two degrees of freedom; superficially it differs from the program
of this article largely in its incorporation of real time graphic display light pen
control inputs and a model of the lunar terrain.
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position. We have shown that if the LEM is
moving downward at 100 meters per second
now, (speed=-100) then in 2 seconds the
speed will be -100.+2.x(THRUST/MASS
-1.62). Similarly, if the LEM is 10000
meters above the moon now, in 2 seconds it
will be 10000.+2.x(speed) meters up. Just as
we multiply the forces by time and add the
product to the speed, we multiply the speed
by time, and add the product to the posi-
tion.

What we have just done is to predict the
speed and position at a “step” of 2 seconds
into the future. In the jargon of simulation,
2 seconds is the step size. The step size can
take any value you choose. Returning to the
1000 kg LEM, let the step size be 0.1
seconds. For a present speed of =100 meters
per second, the speed predicted for 0.1
seconds in the future is -100.+0.1x(10000./
1000.-1.62)=-99.16 meters per second. If
the position now is 10000 meters, then the
position predicted for 0.1 seconds in the
future & 10000.+0.1x(-99.16)=9990.08
meters above the moon.

Using these values of speed and position
we can find new values for the forces and
mass. We can then step the simulation into
the future once again. The process can con-
tinue indefinitely, but usually one or more
variables is tested for an end condition at
each step. The test might be on position
(Are you still above the moon?), on mass
(Is there fuel remaining?), or on some other
variable. Should any of the tests fail, the
program will branch and end the simulation.

Adding a New Degree of Freedom

You now know the basic procedure for
simulating motion in one degree of freedom.
The LEM simulation has been in one degree
because we have only predicted the up and
down movements. These are called vertical
motions. Suppose that we also predict the
way the LEM moves horizontally, in other
words, from side to side. The pilot must not

only reach the surface of the moon success-
fully, but also land close to his target. While
the pilot’s task has become more compli-
cated, our simulation fortunately has not.
Just as we are able to calculate the effects
of each force separately, we are able to
make calculations for speed and position
separately in each degree of freedom.

To make those calculations for the
second degree of freedom, first determine
what forces are acting. Gravity, by defini-
tion, acts only up and down. It does not
enter into the horizontal calculations. So far,
thrust has also been limited to vertical
action, but we can easily add a second
thrust acting to the side. Positive horizontal
thrust should cause the LEM to move left,
while negative thrust moves it right.

Since there are no other forces to con-
sider, the change in horizontal velocity (in
meters per second) will be exactly equal
to the horizontal thrust (in newtons) divided
by the mass (in kilograms). This is, of
course, the same equation used in the first
or vertical degree of freedom. Similarly, the
same equations used to calculate vertical
speed and position will be used to calculate
horizontal speed and position.

Return to the example used earlier, but
also consider the horizontal motion. Let the
LEM start 100 meters to the left of its
target moving at 10 meters per second to
the right. Generally motion to the left will
be considered positive and to the right
negative, so the horizontal speed is -10
meters per second. We found that during a
step of 0.1 seconds the vertical speed
changed from -100 to -99.16, and the
position changed from 10000 to 9990.08.
Quite apart from those calculations, we may
set a horizontal thrust, say 5000 newtons,
and find that during the same step the
horizontal speed will become -10+0.1x
(5000/1000) or -9.5 meters per second.
The horizontal position will become
100.+0.1x(-9.5)=99.05  meters.  After
making these calculations, the simulation

Continued on page 216



sl THE AJ 841 1/0—-A COMPLETELY
R REFURBISHED IBM SELECTRIC
L=l TERMINAL WITH BUILT IN ASCI)
INTERFACE-JUST $995

Features:
= ASCII code ® High quality selectric printing
= 14.9 characters per second printout = Reliable, heavy duty selectric

mechanism

Special introductory price— $995
(regularly $1195). 75% discount over = Off line use as typewriter
original price of new unit.

Choice of RS 232 Serial Interface or
Parallel Interface (requires 3P + S)

Order direct from factory

30 day warranty —parts and labor

Nationwide service locations

AJ 841 WARRANTY AND SERVICE IS
AVAILABLE IN THE FOLLOWING CITIES:

Los Angeles Cincinnati

Philadelphia Detroit

Hackensack Dallas . q

Columbus Houston s

Cleveland Atlanta

San Jose Chicago o

Boston New York Il A

JACOBSON

Anderson Jacobson, Inc., 521 Charcot Avenue

WaShlngton' D.C. San Jose, California 95131, (408) 263-8520

D |

I HOW TO ORDER AN CLIP AND MAIL WITH ORDER I
AJ 8411/O TERMINAL SELECT EITHER:
I . O RS 232 Serial Interface I
1. Make cashier's check or money order pay- O Parallel Interface {requires 3P + §)
| ebleto: ANDERSON JACOBSON, INC. [
Numberofunits @ $995.each $
I Address your requestto: I
Personal Computer Terminal Local Sales Tax $
| ANDERSON JACOBSON, INC. Shipping and handling $35.00 each |
521 Charcot Avenue (excluding San Jose} $
| San Jose, CA 95131 |
2. Upon written notification, pick up your ter- L0272 &
I minal at the AJ service office located in one NAME. I
I ofthe above cities. Allow six to eight weeks I
for delivery. ADDRESS
I 3. Afinal check of your unit will be madeat the I
local AJ service office at time of pick up. CITY STATE ZIp
I 4, For warranty or repair service, return unit I
to designated service location. PHONE ( )

e —
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theuy're

here!

the new HEATHKIT low-cost
personal computing systems

BYTE November 1977

The new VALUE-STANDARD in personal
computing systems! Heathkit computers
give you the power and performance to
go wherever your imagination and pro-
gramming prowess take you. They're de-
signed to get you up and running fast,
interface with I/0 devices easily and
quickly, accept additional memory and
I1/0 devices, store and retrieve data with
speed and accuracy, respond to your re-
quests with lightning speed. They offer
complete mass storage capabilities, power
and reliability for any programming appli-
cation, and they're priced low enough to
give you real VALUE for your computer
dollar! We've told you they're the ones
you've been waiting for — here’s why!

These Heathkit computer products are
“total system" designs with powerful sys-
tem software already included in the pur-
chase price. They're the ones you need
to get up and running fast. And they're
backed by superior documentation in-
cluding easy-to-follow step-by-step as-
sembly and operations manuals, and
service support from the Heath Com-
pany, the world’s largest and most experi-
enced manufacturer of electronic kits.

NEW H8 8-Bit Digital Computer. This 8-
bit computer based on the famous 8080A
microprocessor features a Heathkit ex-
clusive “intelligent” front panel with octal
data entry and control, 9-digit readout, a
built-in bootstrap for one-button program
loading, and a heavy-duty power supply
with power enough for plenty of memory
and interface expansion capability. It's
easier and faster to use than other per-
sonal computers and it's priced low
enough for any budget.

NEW H11 16-bit Digital Computer. The
most sophisticated and versatile personal

computer available today— brought to
you by Heath Company and Digital Equip-
ment Corporation, the world leader in
minicomputer systems. Powerful features
include- DEC's 16-bit LSI-11 CPU, 4096 x
16 read/write MOS memory expandable
to 20K (32K potential), priority interrupt,
DMA operation and more. PDP-11 systems
software for fast and efficient operation
is included!

NEW H8 Video Terminal. A full ASCII ter-
minal featuring a bright 12" CRT, long and
short-form display, full 80-character lines,
all standard serial interfacing, plus a fully
wired and tested control board. Has au-
toscrolling, full-page or line-erase modes,
a transmit page function and a plot mode
for simple curves and graphs.

NEW H10 Paper Tape Reader/Punch.
Complete mass storage peripheral uses
low-cost paper tape. Features solid-state
reader with stepper motor drive, totally
independent punch and reader and a copy
mode for fast, easy tape duplication.
Reads up to 50 characters per second,
punches up to 10 characters per second.

Other Heathkit computer products in-
clude a cassette recorder/playerand tape
for mass storage, LA36 DEC Writer Il key-
board printer terminal, serial and parallel
interfaces, software, memory expansion
and I/0 cards, and a complete library of
the latest computer books. The Heath
User's Group (HUG) provides a newslet-
ter, software library and lots more to help
you get the greatest potential from your
Heathkit computer products. We've got
everything you need to make Heath your
personal computing headquarters, send
for your FREE catalogtoday!



HE

8-Bit
Computer

$375 kit

Also Available: the famous LA36
DEC Writer Il Keyboard Printer Ter-
minal only $1495 (Assembled)!

2315023 ETLE
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$1295 it

H
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HEATH
Heath Company, Dept. 334-350
Schlumberger Benton Harbor, i\nichigan 49022

Please send me my FREE Heathkit Catalog.
| am not on your mailing list.

Rt

HEATHKIT CATALOG

Name

Read all about our excitingcom- - [ =

puter systems and nearly 400 other . &y —
fun-to-build, money-saving elec-

tronic products in kit form. | BE=TEE Zip

Prices are mail-order FOB, Benton Harbor, Michigan. .

Prices and specifications subject to change without notice.

Heath Company, Dept. 334-350 Benton Harbor, Mi 49022 L---------------------
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A Minicomputer Fair:

BYTE November 1977

Tiny and Personal

Donald T Piele

Assoc Professor of Mathematics
University of Wisconsin—Parkside
Kenosha WI 53140

If you start planning in April for a com-
puter fair in June, you are probably either a
novice, mini-minded, crazy, or all of the
above. But sometimes a bit of insanity is just
what is needed to make one jump in and do
something new. Uncertain of what would
happen, we plowed ahead with our fair, and
we're glad we did.

The “us” | am referring to is the Center
for the Application of Computers, a small
group of faculty members at the University
of Wisconsin-Parkside who share a common
interest in computers and their many uses.
We decided, rather late in the year, that an

Photo 1: Students from
the Kenosha area enjoy a
computer display at the
1977 University of
Wisconsin-Parkside Com-
puter Fair.

excellent way to proselytize our colleagues
and generate interest among students and
the general public would be to sponsor a
computer fair. Our broad objective was to
provide a forum for the rapidly developing
field of personal computing with all its
associated implications and applications.

E xhibits

A viable computer fair needs hardware
exhibits. Unfortunately, Kenosha WI is not
located in Silicon Gulch, and manufacturers
cannot afford the time and money to attend
every computer fair that springs up around
the country. However, local computer
stores, or those within a day’s drive, are very
interested in the exposure that such a fair
brings. Despite the fact that Saturday is the
busiest day of the week for them, we were
able to line up six different computer stores
for the fair, one as far away as Madison
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The Computer for the Professional

Whether you are a manager, scientist, educator, lawyer,

accountant or medical professional, the System 8813 will
make you more productive in your profession. It can keep
track of your receivables, project future sales, evaluate
investment opportunities, or collect data in the laboratory.

Use the System 8813 to develop reports, analyze and store
lists and schedules, or to teach others about computers.
It is easily used by novices and experts alike.

Reliable hardware and sophisticated software make
this system a useful tool. Several software packages are
included with the machine: an advanced disk operating
system supporting a powerful BASIC language inter-
preter, easy to use text editor, assembler and other system
utilities. Prices for complete systems start at $3250.

See it at your local computer store or contact us at
460 Ward Dr., Santa Barbara, CA 93111, (805) 967-0468.

PolyMorphic

Systems

BYTE November 1977
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Photo 2: Third graders Esther Marianyi (left) and Lisa Hanson from South-
port and Roosevelt schools in Kenosha WI deep in thought as they program
one of the computers at the Wisconsin Computer Fair.

(120 miles). Many manufacturers who were
contacted but could not come helped out
by encouraging the stores in our area to
attend and display their products.

Other sources of hardware were hobbyists
and computer clubs within driving range.
Two Chicago area clubs and the Wisconsin
Computer Society (an amateur computer
club) were invited, and they responded with
a number of excellent displays. Two $25
cash prizes were donated by BY TE magazine
for the best “*homecooking.”

The support we received from the com-
puter stores, clubs and a few local manu-
factlrers made the hardware component of
our fair very successful.

Manufacturers who could not come
usually sent the all-important free brochures
that everyone enjoys collecting at a fair
whether they ever read them or not. A few
generous manufacturers such as Vector,
OK Tool and Hexadaisy included samples
of their products which we could use as
valuable door prizes.

Speakers
Another important component of every
fair is the speakers. Throughout the day, a

number of “small talks” {one half hour in
length) were given by members of the Center
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for the Application of Computers, faculty
members from other schools, hobbyists and
students. Topics ranged from an introduc-
tion to personal computing, cryptography,
microcomputers in the laboratory, and
computer graphics, to optical character
recognition and speech conversion. The
featured speaker for the day was Ted
Nelson, the writer, showman and computer
guru who came armed with his talk, ““The
End of the Dinosaurs.”

Programming Contest

The final component of our fair (and the
one that made it very special) was the First
Annual Interactive Computer Problem
Solving Contest. The glitter of computer
hardware with all its razzlers and dazzlers
soon fades without an understanding of how
one controls them through programming.
Despite the fact that kids will sit for hours
at a terminal playing a canned computer
game, nothing can compare with the excite-
ment that radiates from their faces when
they successfully write their own programs
to solve a problem.

The programming contest was divided
into four categories: 1st thru 6th grade, 7th
thru 10th grade, 11th thru 12th grade, and
college. The contestants entered as teams
of up to three members each and were
assigned one terminal per team. Five pro-
blems of varying difficulty were handed
out with a 2 hour time limit for solution.
The 11th thru 12th category proved to be
the most popular, and one 2 hour session
with 19 teams was devoted exclusively to
this category. After two hours each team
turned in their solutions which consisted
of a listing of the program and a sample
run. The programs were quickly graded
using the criterion of accuracy first and
cleverness second.

The winners in the 11th thru 12th class
were three seniors from Eau Claire Wl (Tim
Sirianni, Ellery Chan and Jeff Teeters) who
traveled 300 miles that day to enter the
contest. They did an outstanding job writing
successful programs for all five problems
within the 2 hour time limit—an exceptional
performance surpassing even the college
division that took the same exam. Prizes
for first, second and third were awarded
in all divisions, including trophies, books
and complimentary subscriptions to pub-
lications.

Finally, the kids in the 1st thru 6th grade
category deserve special attention. Earlier
in the year, the special education class of
K thru 4th graders from Kenosha Unified



INTERDATA, a world leader in the computer
industry, is looking for ambitious

state of the art personnel to join us in
shaping tomorrow’s computer technology.

How do you qualify?
Your strong interest in small
computer systems proves that
you are ambitious, and your
work is in state of the art
technology.

What do we have to

We're offering you the oppor-
tunity to join our growing
company, working with top pro-

fessionals in the industry, in an  Wouldn't it be great?
We offer you virtually unlimited
advancement potential, an ex-
cellent salary, and outstanding
benefits for just doing what
you like best!

environment where you'll be
recognized and handsomely
rewarded for your technical
contribution in creating hard-
ware and software tools.

schools, taught by Iris Helman and Sally
Greenwood, had visited the computer center
and played games on the terminals. This of
course only whetted their appetites for
more computer time, and arrangements were
later made to return for four 1 hour lessons
on programming in the BASIC language.
Besides the mechanics of coding a computer,
the elementary ideas of programming logic
were emphasized through flowcharting.
These ideas were discussed every day
without a computer. The class enjoyed trans-
forming its own scenario into a flowchart
format using simple statements and bran-
ching conditions. We were pleasantly sur-
prised at how entertaining and creative a
flowchart can be when written by young
children. The results were posted on a bulle-
tin board at the fair and they proved to be a
very popular attraction.

FuturePlans

By starting earlier next year we hope to
make the 2nd Annual UW-Parkside Com-
puter Fair even more exciting. But quality,
not quantity, will remain our long suit.
About 700 attended the first fair and 1000
is our upper limit for a comfortable fair.
Hardware exhibits will again be sought from
local stores and vendors, but they will not
play the dominantrole that they do at larger

Why are we offering
you this opportunity?
Because we feel that your inno-
vative ideas would be an
advantage to our company.
Since you would be working at
something you are truly inter-
ested in, we think you'll be
offer? eager to learn and dedicated to
the advancement of our
technology.,

A UNIT OF

fairs; talks and workshops exploring the
expanding list of minicomputer applications
will be just as important.

The 2nd Annual Interactive Computer
Problem Solving Contest will be expanded
and announced much earlier so that junior
high and high schools throughout Wisconsin
and Northern lllinois will have time to get
ready. This vyear's exams will be freely
handed out to schools along with instruc-
tions on how to run a computer problem
solving contest locally. Through these
contests we hope to lend encouragement
to the growing number of teachers and
young students who are eager to learn
more about problem solving with the com-
puter. In the process, we will be learning
a great deal about this subject ourselves.

Finally, colleges and universities should
take the lead in introducing the community
they serve to the coming revolution of cheap
computer power. They already have the
physical resources to do the job with a
minimum of cost. The return in public
relations alone is worth much more than the
investment. The local newspapers and
Racine and Milwaukee television stations
carried stories about the fair. Our fair repre-
sents one way of bringing computer aware-
ness to the general public, and we highly
recommend it.®

Look into the
exciting world of
INTERDATA...

call Bill Beattie at

(201) 747-7300; or

write for more information.

®
XN Tnmw

PERKIN ELMER DATA SYSTEMS
106 Apple St., Tinton Falls, New Jersey 07724
Equat Opportumty Employer M/F

Circle 73 on inquiry card.

Turn your small systems interest
into abig
career

opportunity!

BYTE November 1977 29



A1 (S

SPACE WAR DEFINITIONS

| have seen repeated mention, both in
BYTE and in other sources, of the origi-
nal computer game of Space War de-
veloped at MIT. What | have failed to see
is any type of description or explanation
pertaining to this classic king of com-
puter games. What exactly does the origi-
nal Space War entail in the way of dis-
play and participation? | am deeply
interested in computer games, and |
wonder just what was offered by this
“oldie-goldie’” to have rated such con-
tinued interest.

Again, in reference to MIT's Space
War, are there currently any manu-
facturers' software or hardware products
which are comparable? With thrillers
like MiniTerm’s Deluxe Space War and
ECD's Animated Spacewar, | wonder if
the current state of the art in computer
games doesn’t exceed that of the original
MIT game.

Rick Craig
2609 E Woodlyn Way
Greensboro NC 27407

See the article by Dave Kruglinskion
page 86 of the October 1977 BYTE for
the answer to your question about what
a classic Space War game does, illus-
trated by a practical example, which will
probably not be the last such example
seenin BYTE.

SAMPLING BIAS?

After reading your editorial in May
1977 BYTE | still find it hard to believe
that only 1% of your readers are female.
Did you by any chance look at marital
status in the questionnaire? | would
guess that in many cases both husband
and wife are computer hobbyists. In
most cases | would guess that married
women interested in computers would
share that interest with their husbands.
The reverse however would not be as
common. If my husband and | received
your questionnaire he would most likely
fill it out, thus skewing the results
toward the 99% male figure. I'll bet what
your survey really shows is the very
small number of single women interested

in computers and married women who.

are more interested than their husbands.

Next survey how about asking how
many other people — other than the
subscriber — read the magazine, and
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their age, relationship, level of interest,
education, etc.

Looking at that 1% figure makes me
feel very lonely. I'm sure there must be
more women like myself who are inter-
ested in computers. | would enjoy
hearing from other women hobbyists.
Write and let me know who you are and

what your interests are. 1'll pass the
information back to BYTE. It won't be
an official survey, but 1l bet I'll get

swamped with letters and postcards.
Come on girls, let's show them that we
exist!

Leah R O'Connor
6315 W Raven St
Chicago IL 60646

AN INVITATION TO ALL 1802
USERS: THE 1802 EXCHANGE

Very little software for the RCA
CDP1802 is currently in the public
domain. To remedy this situation | am
going to publish a 10 page booklet listing
available software. If you desire to sell or
even give away your software please send
me a listing for my review. My booklet
will provide a complete description and
cost information with a reference num-
ber corresponding to a number on an
ordering coupon.

| plan to charge $1 for the booklet.
This amount will also cover the costs
associated with processing the coupons.
The use of the coupon will reduce the
costs to the person ordering from more
than one source.

The publication date is set for early
December 1977. Advance orders may be
made at $1 per copy. Send all orders,
software listings, and other correspon-
dence to:

Ross Wirth
1636 S 108 East Av
Tulsa OK 74128

SELF-PROPAGATION MONSTERS

| discovered a real “'bug" in the Z-80.
If the registers are set up correctly, and
the user has 64 K of programmable
memory, a “living"” creature can be
created, similar to the interrupt driven
monsters that pop up unexpectedly. Its
only purpose in “life’ is to procreate
and eat food, namely time. If you object
to my use of the term “life,” go back
and reread the definition. The ‘crea-

Rated[G/

Great Locations
Computerland

Now Open:

3020 University Drive N.W.
Huntsville, AL

(205) 539-1200

4074 San Pablo Ave.

&l Cerrito, CA 94530
(415) 233-5C4C

22634 Foothill Bivd.
Haywaord, CA 94542
(445) 538-8080C

6840 La Cienega Biva.,
Inglewood, CA 90302
(213) 776-8080

24001 Via Fabricante
Mission Viejo, CA 92675
(744) 770-0434

4233 Convoy Street

San Diego. CA 924

(744) 56C-9912

121 Fremont Street

San Francisco. CA 94105
(415) 546-1592

42 42nd Ave.

San Mateo, CA 94403
(415)572-8080C

171E. Thousand Oaks Bivd,
Thousand Oaks, CA 91360

1(805) 495-3554

404 W. First Street
Tustin, CA 92680
(744)544-0542

Astra Shopping Center
Kirkwood Highway
Newark, DE 1974

(3C2) 738-9656

50 Eost Rond Road
Arlington Heights. IL 60004
(312) 255-6488

951 No. Milwaukee Ave.
Niles, IL 60648

(312) 967-1714

10935 S. Cicero Ave.
Oak Lawn. IL 60453
(312) 422-8080

813-BLyndon Lane
Louisville, KY 40222
(502) 425-8308

16065 Fredenck Road
Rockville, MD 20855
(301) 948-7676

419 Amherst

Nashua. NH 03060
(603) 889-5238

2 De Hart Street
Morristown, NJ 07960
(201) 539-4077

1642 Niagara Falls Bivd.
Buffalo, NV 14450

(746) 836-651

225 Eimira Road
Ithaca. NY 14850
(607)277-4888

1304 SOM Center Road
Mayfield Heights, OH 444124
Phone: inquire Locally
3300 AndersonLane
Austin, TX 78757

Phone: Inquire Locally
6439 Westheimer Road
Houston. TX 77057
(713)977-09C9

Franchises Avallable:
Computeriand Corp.
1922 Republic Ave.

Son Leandro, CA 94577
(415) 895-9363

Circle 30 on inquiry card.



The Best Game in Town. And if your system breaks down,

our in-store service department
will get you back up and
running.

Welcome to ComputerLand.
An incredible adventure into
the warld of personal

computers. A one-of-a-kind Right now!
shopping experience.

Great Selection.
Each ComputerLand store

presents everything you ever
wanted to know about
computers. And then some.

Your first stop at ComputerLand
may well be your last stop.

ComputerlLand offers the finest
Take our Game Room, for quality and
starters. You'll find excitement
for the whole family in our
endless variety of challenging
computer games. You can battle the Klingons in an
out-of-this-world game of StarTrek. Create an elec-
tronic work of art with a computer controlled TV. Test

your skill in @ game of computerized hangman.

You can even plotyour biorhythm.
Butwe're more than just fun and games.

Each ComputerLand store offers a
knowledgeable and person-

able staff of professionals % Q '

(T " largest selec-
( o _ : - tion of all the
: g major brand names.
Like Apple Computer,
Cromemco, DEC, Diablo,
Hazeltine, ICOM, IMSAI, Lear Siegler,
National Semiconductor, North Star, Texas
3 Instruments, Vector Graphics and more.

to serveyou.

Plus the greatest avail- Plus a complete inventory of tools, books and accessories.
able selection of micro components. Whetherit's a data
processing system for your business or a computer controlled
sprinkler system for your home, you'll find whatever you need
at ComputerLand.

What's more, at ComputerLand, we deal in product. Not

promises. Our inventory is on our own shelves. Rather than the
manufacturer’s. So you can take delivery on tomorrow’s com-
ponents today.

Read on. .
Which means,

Genuine Service. simply put. that at
ComputerLand, you

We want to supply get exactly what

you with the one you want.

system that's right.

Rather than a com- Exactly whenyou

plete system that isn’t. want it

Or a limited system

that is. Y Be Our Guest.

That's why, at Com- Beginwith the

puterLand, youdeal grand four of our

with real professionals exhibit arecs. “Test-

who are also real drive” any ofour

people. People who individual systems.

speak your language

... in addition to BASIC, COBOL or F(g)RTRAyN' By Then tell us your needs. We'll sit down and talk about the system

that'srightforyou. It’s as easy as that at ComputerLand.

People, in short, who can offer both the novice and .
the old hand the same expert guidance in selecting The great computer store. RATED G.

the optimum system he or she needs.
¥ . Call orwrite forthe address ofthe ComputerLand store nearest you.

Yet, assisting in the purchase is only the beginning of Franchise opportunities available.
ComputerLand’s service. If the kit you bought requires a

™
little more do-it-yourself than you yourself con do, we
provide assembly assistance. omp" e' Qn

If that complex program proves to be just that, we provide
programming assistance. 1922 Republic Avenue, San Leandro, CA 94577 (415) 895-9363

Circle 30 on inquiry card.



ture’” is an ED BO instruction, the block
transfer LDIR.

To put it simply, it turns into a
memory eater, copying itself everywhere
into memory, prepetuating its existence.
Externally, it looks like an ED BO run-
ning loose. Here it is:

ORG 0000H

0l 00 00 LD BC.0000H ;DO ASK THAVSFEI
i1 0B 00 LO DE.0008H .UP 2 LOCATIONS
20 09 00 LD HL:0009H :TO PEAPETVATE

€0 80 LD JHEME*S THE ANIMAL

iTHAT GOES wIUNNING OFF

Try it, it's fun.

Also in this category, there’s the
14747 instruction in DEC PDP-11s. It
copies itself lower in memory {even
though DEC manuals say the instruction
shouldn’t work), and then executes the
moved instruction! This one doesn't
perpetuate, but it's neat to kill memory
when you don't want someone to screw
with some secret software.

Fred Beckhusen

MS 23

Mostek Corp

1215 W Crosby Rd
Carroliton TX 75006

Then of course there is the famous
MVC instruction of the IBM 360 and
370 series, key to the famous OS 360
“time bomb" technique wherein a pro-
pagating MVC in supervisor mode
mysteriously clears a 360's memory,
crashing the machine hours after the
joker who scheduled it has signed off
7SO. Since the MVC moves 256 byte
chunks and, once started, it always com-
pletes, the last MV C of the program goes
one step further by clearing the program
itself! (Reputedly, later than the mid
1970s, releases of IBM's TSO closed the
holes by which clever programmers
could get into supervisor mode from a
TSO terminal.). . .CH

MOTOROLA EVALUATION KIT
ARTICLES NEEDED

As an owner and user of an MEK-
6800D2 kit from Motorola, | would like
to see some software especially for this
system with its |-BUG monitor. A some-
what similar but older system, the
KIM-1, has a devoted following and
many articles concerning this system
have appeared in past BYTEs. | believe
the D2 system, with a little encourage-
ment, could alko become popular. |
know you are a 6800 fan, CH, so how
about encouraging someone to write
about this Motorola kit?

David Beach

POB 360

Frankford Ontario
CANADA KOK 2C0

PS: The MEKG6800D2 appears fairly
well thought out. Mine went together
without any problems (I used sockets
for all the chips, however.) and ran
perfectly on the first power up.

MORE ON COMMERCIAL RADIO
AUTOMATION

Joe Alwin’s request in the February
1977 BYTE for information on micro-
processor based radio automation sys-
tems is easily answered. McCurdy Radio
of 108 Carnforth Rd, Toronto
CANARA, has an 8080 based system
that will do just what he wants. Data
input is via keyboard or standard audio
cartridges or cassettes for compatibility
with other radio station equipment.
Logging may be on Teletype, or the
data may be recirculated in memory
and used again for another day’s pro-
grams. Data is displayed on a CRT.

And now perhaps one of your
readers can help me. | am looking for

a “Universal Alarm Annunciator.” |If
any one of, say, 100 terminals is
grounded, | want to display a one line
alarm message on a CRT, eg: “#54:
XMTR OFF AIR.” The messages must
be previously entered from a key-
board and must of course be protected
against power failure. An additional
““HELP” routine could be used to call
up (off disk) a whole page of previously
entered text describing what to do to
solve the #54 alarm problem. As you
will appreciate, the difficuity lies in
solving the sorting problem economi-
cally. Including the CRT, keyboard
and microprocessor, the whole thing
should come in at less than $15,000.
Has anyone such an item up their sleeve?

M Barlow

5052 Chestnut Av
Pierrefonds
Montreal CANADA

LORAN-C CLARIFIED

In the July 1977 BYTE, there was a
letter from lan McNicol in which there
occurred a sort of throw-away line:
‘“ . ..whyuse OMEGA when there are
satellite systems like LORAN-C?" well,
perhaps this is a pertinent question, but
it displays a little misinformation.
LORAN-C is not a satellite system.
LORAN-C is a system consisting of a
master station and two to four slave
stations which broadcast a series of
pulses which modulate a 100 kHz car-
rier. The master sends a signal which is
received by the slave stations and the
navigation receiver. The slave stations
delay the master signal and rebroadcast
it to the navigator. The LORAN-C re-
ceiver measures the time difference be-
tween arrival of the master and slave

Continued on page 145

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL

the CI-812

The Only S-100 Interface

You May Ever Need

On one card, you get dependable “KC-
standard’’/biphase encoded cassette inter-
facing at 30, 60, 120, or 240 bytes per
second, and full-duplex RS-232 data ex-
change at 300- to 9600-baud. Kit, includ-
ing instruction manual, only $89.95%,

(PERCOM

PERCOM DATA COMPANY , INC.
4021 WINDSOR « GARLAND, TEXAS 75042

(214) 276-1968

*Assembled and tested,
$119.95. Add 5% for
shipping. Texas resi-
dents add 5% sales tax.
BAC/MC available.

PerCom ‘peripherals for personal computing”
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UP AND RUNNING

TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION
TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS

John Montagna, computer engineer (above left),
lead this successful network team in generating
election results speedily, efficiently and reliably
using predominantly TDL hardware and soft-
ware. Montagna created three programs to get
the job done. The text for a SWAPPER pro-
gram was written and assembled using the TDL
TEXT EDITOR and Z80 RELOCATING MACRO
ASSEMBLER. The SWAPPER text and all
debugging was run through TDL's ZAPPLE
MONITOR. The relocatable object code was
punched onto paper tape. A MAIN USERS
program updated votes and controlled air dis-
play. An ALTERNATE USERS program got
hard copy out and votes in. The latter two
programs were written in BASIC. Montagna
modified the ZAPPLE BASIC to permit time-
sharing between the two USERS programs.

TDL’s XITAN SYSTEMS have the capacity to do
similar tasks for you. Write to us for XITAN
information and the name of your nearest TDL
dealer.

Four screens were incorporated, two terminals
entered votes as they came in and were used
to call back votes to check accuracy. Mon-
tagna called on the power and flexibility
offered by TDL’s ZPU board and three Z-16
Memory boards.

Montagna’s setup worked constantly for over
four hours updating and displaying state-wide
and county-wide results without flaw.

“l chose TDL because they have all the soft-
ware to support their hardware, and it’s good;
it has the flexibility to do the job.”

John Montagna

We salute John Montagna and NEW JERSEY
PUBLIC BROADCASTING for spearheading
the micro-computer revolution.

TECHNICAL
DESIGN
LABS

RESEARCH PARK BLDG.H 1101 STATE ROAD
PRINCETON, NEW JERSEY 08540 (609) 921-0321
Circle 145 on inquiry card.



Introducing Apple I1.




You've just run out of excuses
for not owning a personal computer.

Clear the kitchen table. Bring
in the colorTV. Plug in your new
Apple II¥ and connect any standard
cassette recorder/player. Now you're
ready foran evening of discovery in
the new world of personal computers.

Only Apple Il makes it that

easy. It'sa

complete, ready to use computer, not a
kit. At $1298, it includes video gra-
hics in 15 colors. It includes 8K bytes
OM and 4K bytes RAM —easily
expandable to 48K bytes using 16K
RAMSs (see box). But youdon't even
need to know a RAM from a ROM to
use and enjoy Apple II. For example,
it’s the first personal computer with
afast version of BASIC permanently
stored in ROM. That means you can
begin writing your own programs the
first evening, even if you've had no
previous computer experience.

The familiar typewriter-style
keyboard makes it easy to enter your
instructions. And your programs can
be stored on—and retrieved from—
audio cassettes, using the built-in

cassette interface, so you can swap
with other Apple I users.

You can create dazzling color
displays using the unique color gra-
phics commands in Apple BASIC.
Write simple programs to display
beautiful kaleidoscopic designs. Or
invent your own games. Games like
PONG—using the game paddles.
supplied. Youcan even add the dimen-
sion of sound through Apple II's

built-in speaker.
But Apple I is more
than an advanced, infinitely
flexible game machine. Use
it to teach your children
arithmetic, or spellin
for instance. Apple I%
makes learning fun.
Apple Il can also
manage household finances,
chart the stock market or
index recipes, record collections, even
control your home environment.

Right now, we're finalizing a
peripheral board that will slide into
one of the eight available mother-
board slots and enable you to compose
music elec-
tronically.
And there
will be other
peripherals
announced
soon to
allow your
Apple Il to
talk with another Apple II, or to inter-
face to a printer or teletype.

pple Il is designed to grow
with you as your skill and experience
with computers grows. It is the state
of the art in personal computing today,
and compatible upgrades and peri-
pherals will keep Apple I in the fore-
front for years to come.

Write us today for our detailed
brochure and order form. Or call us
forthename and address of the

Apple II dealer nearest you. (408)
996-1010. Apple Computer Inc.,
20863 Stevens Creek Boulevard,
Bldg. B3-C, Cupertino,
California 95014.

Apple II™ is a completely self-contained
computer system with BASIC in ROM,
color graphics, ASCII keyboard, light-
weight, efficient switching power supply
and molded case. It is supplied with
BASIC in ROM, up to 48K bytes of
RAM, and with cassette tape, video and
game I/O interfaces built-in. Also in-
cluded are two game paddles and a
demonstration cassette.

SPECIFICATIONS

e Microprocessor: 6502 (1 MHz).

¢ Video Display: Memory mapped, 5
modes—all Software-selectable:

- Text—40 characters/line, 24 lines
upper case.

- Color graphics —40h x 48v, 15 colors

- High-resolution graphics—280h x
192v; black, white, violet, green
(12K RAM minimum required)

» Both graphics modes can be selected
toinclude 4 lines of text at the bottom
of the display area.

- Completely transparent memory
access. All color generation done
digitally.

e Memory: up to 48K bytes on-board

RAM (4K supplied)

- Uses either 4K or new 16K dynamic
memory chips

- Up to 12K ROM (8K supplied)

 Software

- Fast extended integer BASIC in ROM
with color graphics commands

- Extensive monitor in ROM

«1/0

- 1500 bps cassette interface

- 8-slot motherboard

- Apple game [/O connector

- ASCII keyboard port

- Speaker
Composite
video
output

Apple Ilis also
available in board-only
form for the do-it-yourself hobbyist. Has
all of the features of the Apple Il system,
but does not include case, keyboard,
power supply or game paddles. $598.

PONG is a trademark of Atari Inc.

*Apple Il plugs into any standard TV using
an inexpensive modulator (not supplied).

‘qpple computer Inc:
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Order your Applell now.

from any one of the following authorized dealers:

ALABAMA
Computerland

3020 University Dr. N.W.
Huntsville  538-1200
The Computes Center
303 B. Peplar Ploce
Birmingham 9428567

ALASKA
Team Electronics 5
LCountry Village Shopping Center
0 £. Bensen_Bivd.
Anchersge  276-2823
Team_Electronics
404 E. Fireweed Lane
Anchorage  272-4823
Iegm Electronics

irport Way
Faibanks  456-4157

ARIZONA

Byte Shep

B1IN. Sccllsdde Read
Temge B94-1183

CALIFORNIA

Computer Cempenents
5848 Sepulveda Blvd.
VanNuys  7B6-7411

Computerland

11074 San Patlo Ave.

€l Cersito  233-5010
Computerland

22554 Feethill Bivd.
Hayward 538-8080
Computerland

6840 La Cienega Blvd.
Inglewood  775-8080
Computerland

24001 Via Fahricante
Mission Vieic 770-0131
Cemputerland

4233 Convoy Street

San Diege  $60-9912
Computerland
117 Fremont S|
San Francisco
Computerland
104 W, First Street

Tustin  544.0542

Bﬁle Shep

6041 Greenback Lane
Citrus Heights  961-2983
Byte Sheg

2233 €1 Caming Real
Pale Alte  327-8080

L.
§46-1592

Byte Shep

486 5. Lake Ave.
Fasadens

Byte Shep

2626 Union Avenve
San Jose 377-46BS

Byte Shep
1200 W. Hillsdale Bivd.
San Malec 341-4200

Byte

3400 EI Eammc Real
Santa Clars  248-4221
B;le Shep

25989 N. Main Street
Walnut Creek  933-6252
A-V100 Electronics

2210 Belifiowes Ruad
Leng Beach 598-0444
Cemputer Country

2232 Salt Air Drive

Santa Ana  832-9681
Camputer Playorcund
6789 Westminster Avenue
Weslmslel 898.8:

gu(et Store

109 Mission St.

San Francisce  431-0640
Electric Brain

3036 N. Cedar Ave.
Fresno ~ 297-8479
Rsintow Computing. Inc.
10723 White 0

Granada Hllls 360- 211
Stiawherry Electrenics

Glenn a;
Belment  595-0231

COLORADO

Englewced 7616232
Iea- Electrgnics

275 281th Street
Boulde 447-2368

Team Elecllomcs

The Citadel

Colerade Sunm)s 596-5566
Team Electronics

107 S. Cellege

Fert Cellins ~ 484-7500
Team Electrenics

Teller Aims Shopping Center
2401 North Avenue

Grand Junction  245-4455
Team Electronics

2045 Greeley Mall

Greeley 356-3800

COLORADO icentinued)
Team [leclmmcs

14 Stre

772 7800

Team Electranics

l?‘)2’-2 l:uv;’sllilulinn Read
t Plazs

Foeslo " 546:0703

FLORIDA

Lengment

Byte Sh
18'44 [.o&klnnd Fark Bivd.
Ft. Lauderdale 561-2983

%25 8ird ch
Miami 264-2983

GEORGIA

Data Maxt, tnc.
3001 N. Fulten Drive
Atlanmis  233-0532

HAWAI

Real Share
180 S. King Street 8880
Honoluls  536-1041

ILLINOIS

Team Electronics
Meadawdale Orive. Space 1A
Carpentersville  428-6474
Team Electrenics

Nerthgate Mall Sheulm Center
Qecatwr  877-2774

Team [lecuoncs

Sandburg

1150 W, Call Sandhum Orive
Galesburg  344-1300

Team Electrenics
&ulhumk Shcnnmg Center

001
Maline 797 825

Team [Ieclum s
700

Peoria
Team Electronics

1714 Filth Avenve
Rack Island  788-8585

Team Electrenics

21 M. Alpine Road
Rockfesd  399-2577
Team Electrenics
Weodfield Mall F-118
Schaumburg 882-5864

Team Electronics
2716 S. MacArthue Blvd.
Springfield  525-8637
Com ulelland

. Rand
A(innlen Nemls 255-6488
Computerland
9511 N. Milwaukee Ave.
Nites  867-1714
Ity Bmv Machme Ccmnanv
1316 l:mca?;
Evanston  328- sau

INDIANA

The Data Demain
2805 E. State Blvd.
Fort Wayne 4847611

The Oata Domain
7027 Michigan Road
Indisnapols  251-3139

IOWA

Team Electronics
202 Main Street
Ames 232-7705

Team Electrenics
uck Creek Plaza
ettendorf  355-7013
Team Electionics
4444 First Avenue N.E.
Lindale Plaz;
Cedar Ranlds 393.8956

eam Electionics
20 Kimberly Road

e S Center
B PogRL ente
Team Electrenics

2300 Kennedy Read
Oubugue 5B3-8185

Team Electronics
Rccm 120 Space 18

he
lowa B-lv 336-3681

Team Electrenics

2015 E. Fousth Street
Sicux City  252-4507
Team Electronics
K.D Stockyards Station
2001 Leech Avenve
Sigux City  277-2018
Yeam Electranics

2150 Unwetsxg Avenue
Waterloo 23

KANSAS

Team Electienics

215 W. Kansas Avenve
Garden City  276-281
Team Electionics

14'S. Main Stseet
Hutchinsen  662-0632

Block— N University Ave.
692-2720

KANSAS continued)

Team Electonics
2319 Leuisiana Street
Lawrence B841-3775

Team Electionics

1132 Wesllucg Shunnmg Center
Manhattan

Team Electionics

Space B-A Mid-State Mall
Saling  827-8361

Team Eleclionics

807 W. 27th Street Terrace
Topeka 267-2200

Team Electronics

Towne East Square

7700 E. Kellog:

Wichita  6B5-

Team [lecllcmcs

781 N. West Street
Wichita 842-1415

Team Eleclionics

“The Mall” on Haug Street
Wichita  £B2-75!

Bamey & Associstes
425 N. Broadway
Pittsburg  231-1870
KENTUCKY

Computerland
B13 B Lynden Lane
Louisvile 425-8308
ghe Oata ODumain
0% Euclid Avenue
Lexingten  233-3346
The Data Domain
3028 Hunsinger Lane
Lovisville 456-5242

MARYLAND

Computerland
Y6065 _Frederick Road
Reckville 948-7676

MASSACHUSETTS
The Computer Stoze. inc
120 Cambridge Street
Burlingten  272-8770

MICHIGAN

Team Electrogics

Delta Plaza Shepping Center
Escanaba 786-3811

Team Electionics

Flaza
Menominee B64-2213

MINNESOTA

Team Electionics
Ridgedale Mall

12503 Wayzata Bivd.
Minnetenka  544-7412

Team Electranics
204 Southdale Center
Edina  920-4817
Tgam lectrenics
0 Eden Praitie Cenlel
Eden Prairie  941-8801

Team Electionics
207 Third Slleel
Bemidd  751-7
Team ilecucmcs

andi gulh Hwy 71
Willmar  235-2120
Team Electronics
Crossroads Shnauumg Center
St. Cloud
Team Electronics
Cedar Mall
Dwatonna  451-7248

Team [Iecumcs

hi Mal
Hlbhmn 263-8200

Team Electionics
Thunderbird Mall
Virginia  741.5919
Team Electionics

Apache Plaza

Silver Lgke Rea

St. Antheny 789 4368
Team Electronics

1733 S. Robert Street
West St. Paul  451-1765
Team Electronics

2640 Henpepin Avenue S
Minneapolis  377-3840

MINNESOTA {centinved)
Team Electronics

455 Rice Street

St Paul  227-7223
Team Electienics

110 Sixth Avenue S.

St Cleud  251-1335
Team Electronics

6413 Lyndale Averue S.
Minneapclis BE69-3288
Tgm Electrenics

1311 Fourth St. S.E.
Minneapolis  378-1185
Team Electrgnics
Maplewsod Plaze

3000 White Bear Avenue
Maplewced  777-3737

Team Electicnics

isen East
Mankate  387-7937
Team Electrenics
310 Grant_Avenue
Eveleth  748-8140
Team Electronics
Har Mar
2100 N. Snelling Avenue
S Paul  638-8147
Comguter Depet
3515 W. 70th Street
Minneapolis  827-5601

MISSOURI

Team [leclwmcs
Biscayne Mall

kiv)] Slndlul Blvd.
Columbis 445-4486

[Iecucmc Ccmncnems tntl.
1306-B Scuth w;
Columbia 443-5
MONTANA

Team Electrenics

613 Central Avenue
Great Falls  852-3281
Team Electionics

1208 W. Kent
Misscula  548-4118
Computers Made Easy

Motiew

Bozeman 586-3065
NEBRASKA

Team Electronics

148 Lonestcga Mall
Highway 281 & 13th Street
Grand Island  381-0559
Team [Ieclmmcs

" Street

lmcclu 435-2958

Team Electronics

304 S. 72nd Street
Cedarnale SMnging Center
Omaha 397-186
Team Electicnics

Bel Air Plaza

12100 W. Center Road
Omsha  333-3100

Team Electicnics

Sunset Plazu Sh::snrmn Center
Nerlolk

Team Eleclwmcs

The Mall

1000 S, O

North Piatte Eausas
NEW HAMPSHIRE
Comautermart

170 Main Street
Nashus  B883-2386

NEW JERSEY
Camputerland

2 De Hart Sueet
Maristewn  538.4077
Computermart

5§01 Route 27

Iselin  283-0600

NEW YORK

IEIZnulanm Falls Bivd.
Bultale B36-6511
Computerland

225 Elmira Road
Ithaca  277-4888
Ce-cp Electronics

8148 Main Street
Clarence 634-2193

NORTH CAROLINA
8¥le Shep

1213 Hillskercugh St.
Raleigh  833-0210
NORTH DAKOTA

Team Electionics

2304 €. Broadws:
Bismarck  223-4546
Team Electrenics

West Acles Shc% ing Center
Faigo 5

Tesm [Ieclmmc

1503 11th Avenue N.
Grand Ferks  746-4474
Team Electronics

209 11th Avenye S.W.
Mingt  852-3281

Team Electronics
108 Main Street
Willisten  572-7631

OHIO

The Oata Domain
1832 Brown Street
Dayten 223-2348

OKLAHOMA

Team Electionics

1105 Efm Street
Sluhhemm Vlllane
Netman  329-3456
Team [Iecncncs
Cressroads Mi
7000 l:lossmlds S acn 2010
Oidahema City  634-3357
Team Electrenics
Fenn Snume Shogping Center
Penn Squ
Dklahoma Bllv 848-5573
Team Electrgnics
1134 Hall of Fame Avenve
Stillwater  377-2050
Team Electrenics
5305 €. 415t
Scuthreads Mall
Tulsa 633-4575
Team Electronics
Waoudiand Hills Mall
7021 Memarial
Toisa  262-5751
Team Elecncmcs
Surtey Hills
Yoken 373-1894
Bits, Bytes & Micres
1186 N. MacArthur Blvd.
Oklaheme City 947-5646
High Technology
1020 W. wnshne Blvd.
Oklashema City  842-2021

OREGON

Team Electronics
1813 K.E. Third Street
Bend 389-8525

Team £lectionics

W. Ist
Canby 266-2538
Team Electrenics
2230 Fau%wuno Read N.E.
Salem

SOUTH DAKOTA
Team Electrenics

402 W. Sicux Avenue
Pierre 2241881
Team Electienics

1101 Dmaha Street
Rapid City 343-8363
Team Electronics

613 W. 41st Street
Sicux Falls  336-3730
Team Electionics

415t Slleel & Western Avenue
Wester

Sigux Falls 339 un

Team Electscnics

Sicux Empire Mall

4001 West 4151 Street
Sicux Falls  338-2237
Team Electicnics

223 Winth Avenue S.E.
Watertewn  B86-4725

TEXAS

te Shop
3211 Fondren
Heuston  977-0664
Com terland

6439 Westheimer
Houston  987-0808
Computer Sheps, Inc.
ISSgg Nerth Central
Dallas  234-3412
The Computer Shop
6812 San Pedro
San Antonic  B28-0553
Ccmrulel Terminal

Myctle St.

El Pase 5321777
The KA Computer Stere
1200 Maijesty Drive
Dallas

VIRGINIA

Home Computer Center
2827 Virgmia Beach Blvd.
Virginia Beach 486-1700

Timbervilie Electionics
F. 0. Box
Timbervile B96-8926
WASHINGTON
Team Electionics

23 W. Yakima
Yakime 453-0313
WISCONSIN
Team Electionics

3209 Rudelph Road
Eau Claire  834-0328

Team Electrenics

3365 £, Clairmant meav
Esu Clake B34.1288
Team Electronics
3365 £. Washington Avenve
Madison 2441339

Team Elecuienics
7512 W. Appleten Avenue
Mitwaukee 461-7600

Team Electrenics

3701 Ourand Avenue

Elmwood Plaza Shopping Center
Racine -8505

Team Elecirenics

3347 Kohler Avenwe

Memcnal Malfl. Space H-4
Sheboygan  458.8791

Team Electronics
5300 S. 76th
Southridge Center
Greendsle 421-4300

Tesm Electicnics
Sunrise Plazs

ighway 8 East
Rhnelander  369-3500

Team Electranics

1505 Losey Blvd. S.
Yillage Shepping Center
LaCresse  788-2250
Team Electronics

2207 Grand Avenue
Wausau  B842-3364

Team Electrenics

330||rgﬁlﬂﬂsg 27th Scl(e|el
ate Shogping Center

Milwavkee f ?

Team Electionics

2618 Milten Avenve

Janesville  756-3150

Team Electrenics

1801 Marshall Street

Manitowoc  684-3393

Team Electrenics

00 W. Blcwndeel Road

Northridge Center

Milwaukee 3544880

Team Electronics

386 Park Avenue
Oshkesh  233-7050

WYOMING

Team Electronics

Hnllm Shoppmg Center
207 5. Montana
Casper  235-6691

CANADA

Future Byte
2274 Reckland

Mantreal, Que.  731-4638

If you would like to be an Apple dealer, call Gene Carter,

Director of Dealer Marketing, 408-996-1010.

applec computer Inc:

20863 Stevens Creek Boulevard, B3-C
Cupertino, California 95014
(408) 996-1010

Circle 4 on inquiry card.



YTIE'S Bugs

Some Comments on “An APL Interpreter for Microcomputers, Part 1"’

The following letter from Fred | Dickey contains corrections to “An APL Interpreter
for Microcomputers, Part 1’ by Mike Wimble, which appeared on page 50 of the August

1977 BYTE. We thank Fred for his efforts.

| received my August 1977 BYTE
yesterday, and was quite impressed by
Mr Wimble's APL implementation article
and the fact that he is giving a hardware
independent description of a significant
software system. This article is of value
regardless of what type of micropro-
cessor one uses. Furthermore, one would
expect the article to be of value as long
as there is interest in APL, which will
probably be long after the current
crop of microprocessors become histori-
cal curiosities.

Despite my enthusiam, | regret to
inform you that | found the following
errors by doing a hand simulation of the
program on page 55.

1. Some arrays are dimensioned
starting at 0, others at 1. In particu-
lar TVAL starts at 0, and all others

seem to start at 1. This is not
explained anywhere.
2. FUNC, NOMBRE, OTHERS,

NILAD, MONAD, DYAD, EOL,
CARRET are called subroutines,
but they are in fact extensions of
the main routine given on page 56.

3. The labels IP, IPGET, IP.GET, and
IPINIT are nowhere defined.
Apparently IP = IPGET = IP-GET
and the flowchart on page 56
should appear as shown in figure 1.

4. Why is DA initialized to 3?7 Also,
the scanner initialization box on
page 56 should appear as in figure
1.

5. “No" and “yes"” on page 56 should
also appear as in figure 1.

6. The call to IDEN on page 56 should
say CALL IDEN (Q, B). Otherwise
Q and B are undefined.

7. The flowchart on page 62 should
appear as in figure 2.

8. On page 64, it should be made clear
that F and Q are local parameters
of subroutine FN.VAR_ADD. F and
Q have different meanings external
to this routine.

9. On page 64, “routine’ carret refer-
ences STMT. STMT must be in
ROM. What is its value?

10. The flowcharts do a good job of
trapping errors. How do you re-
cover?

11. Let *“ _" mean blank. On the
example of page 55, you state that

you are going to scan 37" 25, but
apparently 3_7" 2_5 is scanned
instead.

12. On page 55, SP{19). C = 6. | don't
see how this can be. Also, SP(9).
C=4not6,and SP(2). P=0.

13. Make the following change on page

SP(1}.C+9
SPil}.Pe-0
fa[

"FTABIF ).F 7o-VAL
LENG =—VAL
VFUNC (LENG)=-0
-VAL—VAL 41

Fred | Dickey
3420 Granville Rd
Westerville OH 43081

Mike Wimble replies:

Mr Dickey is correct on most points;
however, | would like to clarify the
following:

Point 3: /PINIT is of course the
beginning of the statement inter-
preter as defined in part 2 of the
article published in September.
Point 4: / inadvertently included
DA in this portion of the article.
It is used in a later version of the
interpreter to handle threaded
lists.

Point 9: STMT, again, is part of
the later version of my inter-
preter, and should be ignored.
Point 10: This version of the
interpreter has no provisions for
error recovery.

Point 12: SP(19).C was incor-
rectly set equal to 6; it should
equal 8. SP(2).P is correct as it
stands. Although | did not state it
explicitly, the case for SP(1).C=1
is used in the later version of my
interpreter. It indicates that P is
not to be used at that time (This

Continued on page 164

Figure 1.

PROGRAM
START

FLAG*-FALSE
i=2

SKIPSP

I1GNORE
LEADING
BLANKS

FLAG=—FALSE
Jo-Jgal

L

—

GET 10ENTIFIER

LOOKUP

{Q,VTa8.v1, 2}

<>

VARe—VAR +1

VTAB({VAR).Vie-Q
VTAB{VAR). V20
VTAS (VAR), V30

L

Figure 2,

1

LOOKUP

1514}, SPECTAB.K)

QeSS LI+N)

LOOKUP

(Q,REOTAB,N)

o s

NO

SP(1).Co3
SPUI), PN
114+
Jo—y e

SP(1)

sPl).

J—J

LG4
P2

-

>
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BOMB Lands on APL

Readers of the August 1977 BYTE voted
for APL all the way. The BOMB first prize
of $100 goes to Mike Wimble for his article,
An APL |Interpreter for Microcomputers,
Part 1, on page 50. The $50 second prize
goes to Dr Kenneth Iverson for Under-
standing APL, page 36. The distribution of
points for August's articles was relatively
even in the voting (The standard deviation

was only 10% of the mean of all article
votes.), indicating a diversity of interests on
the part of BYTE readers. Mike Wimble’s
article was 1.7 standard deviations above
the mean, and Dr lverson’s article was 1.3
standard deviations above the mean. Readers
are encouraged to express their opinions
about this month's articles by filling out
and sending in the BOMB card between
page 256 and the inside back cover.m

Readings for Your Next Squantum

By Manuel D Juan

“How do you multiply MDCXIl and L VI on this thing?"’

e

By Duane Bibby

“Maybe I'm biased, but he seems a little saturated to me."’

38
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Ohio Scientific advances
the state-of-the-art
of small computers.

e Challenger 1l with our ultra-fast 8K BASIC in ROM.
Now you can own a computer with full BASIC and plenty of
user workspace for as little as $298.00. And the BASIC
is there the instant you turn the machine on!

e Challenger lli is the remarkable computer which has 6502A,
6800, and Z-80 processors. This computer system allows
you to run all software published in the small computer journals,
yet, it costs only about 10% more than comparable single
processor computers.

e Challenger Single and Dual Drive Floppy Disks. These full size
floppy disks are available in kit form or assembled at about
the same prices as our competitors’ mini floppies. Yet, they
store three times as much data as the minies.

e Ohio Scientific’s new 9 digit precision business BASIC is only
slightly slower than our ultra-fast 8K BASIC. Still faster
and more powerful than anyone else’s 6 digit precision BASIC.

¢ Our incredible new 74 million byte disk drive. That's right,
74 million bytes is available for as little as $6,000.00
complete with interface for any Ohio Scientific computer.
This new disk is quite possibly the world’s highest performance
data storage device. It features an unbelievable 34 milli-
second average access time and an ultra-fast data transfer rate.

e Now is the time for you to dump your 1974 design vintage S-100
computer and move up to the state-of-the-art!

For more specifics, send $1.00 for our new Fall Catalog.

11679 Hayden
Hiram, Ohio 44234



ASIC in ROM Computers

by Ohio Scientific

If you're just getting into personal computing and are buy-
ing your first machine, you're probably confused by the myriad
of companies and products available.

However, there is one simple guideline you should follow
when choosing your first computer. Be sure that it is capable
of giving you full floating-point BASIC the instant you turn
it on. Machines with full 8K BASIC in ROM cost as little as
$298.00. Why should you settle for anything less?

Challenger IIP

The Challenger IIP from Ohio Scientific is the ideal
personal computer complete with BASIC in ROM and
plenty of RAM (4K) for programs in BASIC.

Complete with an audio cassette interface, the Chal-
lenger IIP uses a full computer keyboard, not a calcu-
lator keyboard.

In-addition, the Challenger lIP comes complete with a
full 64 character-wide video display, not a 40 character
display. The user simply connects a video monitor or
home TV set via an RF converter (not supplied) and
optionally, a cassette recorder for program storage.

The Challenger lIP comes complete with a 4 slot
backplane and case for only $598.00. Fully Assembled.

OHIO SGIENTIFIG

11679 Hayden « Hiram, Ohio 44234
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Model 500

The Model 500 is a fully populated 8 x 10 P.C.
Board with 8K BASIC in ROM, 4K RAM, serial port
and Ohio Scientific Bus compatibility for instant ex-
pansion. All you need is a small power supply (+5
at 2 amps and —9 at 500 MA) and an ASCII terminal
to be up and running in BASIC. And all for only
$298.00.

Super Kit

The Super Kit is a 3 board set with a 500 board
(like the Model 500)without the serial interface.

The ROMs are configured for use with the in-
cluded, fully assembled 440 video board to provide
a full BASIC computer and terminal.

The Super Kit also includes a fully assembled 8
slot backplane board which gives you 6 open slots
for expansion.

To be up and running in BASIC simply plug the
boards together, supply power (+5 at 3 amps and
-9 at 600 MA), add an ASCIl parallel keyboard
plus a video monitor or TV set via an RF converter
(not supplied).

Total price for the “kit” $398.00.



Meet Challenger IIP
from Ohio Scientific.

Unlike any other personal computer available today

Complete with BASIC in ROM and 4K RAM,
Challenger IIP is the ideal computer for programs
in BASIC.

BASIC is there the instant you turn the computer
on with a full 32 x 64 character video display.
Challenger [IP also comes with an Audio Cassette
Interface for program storage. The user simply con-
nects a Video Monitor or a TV via an RF Converter
(not supplied) and the machine is ready to use.

Challenger IIP is ideal for both the home user
who is new to computing or the experienced user
who wants expansion capabilities. Challenger IIP
comes with a four slot backplane and is expandable
via the full Ohio Scientific product line, which in-
cludes 15 system boards offered in over 40 different
versions.

Ohio Scientific has always maintained upward

expandability from old models to new models,
which is nice to know considering the rate at which
technology is constantly improving. For example,
Ohio Scientific's original 400 series products can
be plugged right into the new Challenger |IP. And
Ohio Scientific has 2 years of experience in build-
ing personal computers, so we're not new to this
business unlike some of our competitors.

Complete with a full computer keyboard Chal-
lenger IIP comes fully assembled for $598 from
Ohio Scientific.

Check the chart below and compare Challenger
IIP with other BASIC in ROM computers. Unlike
other personal computers, Challenger IIP has a
much greater capacity for expansion and the capa-
bility to perform big computer functions with all of
its big computer features.

Ohio Scientific Other BASIC in ROM
Challenger IIP Computers
Processor 6502A 6502 or Z2-80
Clock 1or2MHz slower
Display (Lines/Characters) 32/64 25/400r16/64
Keyboard Full Computer 4 Function
(Capacitive Contact) Calculator Type or Full Computer
(Mechanical Contact)
Display Characters 256 128 or 64
Lower Case Yes No
Plotting Yes Yes
Audio Cassette Interface Yes Yes
BASIC 8K By Microsoft some have only 4K BASIC
String Functions PEEK, POKE, User Yes Not Always
Machine Language Accessible Yes ' Not Always
Optional Assembler/Editor Yes No
Disk Option Available Now Yes No
In Case Memory Expansion Ability 36K Less
Expansion Boards Available Now 15 None
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Disk Based Co
by Ohio

Any serious application of a computer demands a Floppy disk or hard
disk because a disk allows the computer to access programs and data
almost instantly instead of the seconds or minutes required with cassette
systems. In real-world application of computers, such as small business
accounting, a cassette based computer simply takes too long to do the job.

Ohio Scientific offers a full line of disk based computers utilizing full
size floppy disks with 250,000 bytes of formatted user work space per disk.
That’s 3 to 4 times the work space of mini-floppies.

® Challenger Il

Challenger |l is available with
a single or dual floppy disk and
a minimum of 16K of RAM in-
stead of ROM BASIC. The disk
BASIC is automatically loaded
. into the computer so there is no
N — need for ROMs.
Ohio Scientific’s powerful disk
operating systems allow the computer to function like a big system with
features like random access, sequential, and index sequential files in BASIC
and 1/0 distributors which support multiple terminals and industry-stan-
dard line printers.

Challenger II's with disks can have the following optional features:

e 16 to 192K of RAM memory e Single or dual drive floppys e Serial

and/or video I/O ports e Up to 4 independent users simultaneously

e Two standard line printer options ® Optional 74 Megabyte Hard disk

e Much more

Challenger |l disk systems are very economical. For example a 16K

Challenger Il computer with serial interface, single drive floppy disk, BASIC
and DOS costs only $1964.00 fully assembled.




mputer Systems
Scientific

|

Ohio Scientific proudly announces the ' ————~—— 77—/ 777 1

. . | (3 send me the Fall '77 Catalog. | enclose $1. ]

ultimate in small CompUter systems, the Chal- l [ | would like to order directly from th[s advertisement. ]

lenger Ill. This computer has a 3 processor | (LB T GGV ERUIRC L)) |

. . E

cpu board equipped with a 6502A, 6800, and | :2:“58 I

Z-80. | |

. . l CITY. STATE ZIP I

This system allow; you to run virtually all | Toorder: Payment by: |

software published in the small computer | BAC (Visa) MC Money Order—__ |

P | Credit Card Account # |

magazines: . I Interbank # (Master Charge) |

The Challenger Il is fully software and I Model 500 Boards @ $298.00 |

hardware compatible with Ohio Scientific I Challenger IIP @ $598.00 |

products and can run virtually all software for | Suieéh"‘; @ 5333-00 ' p— ]
. . . 16 allenger Il complete with serial interface,

the 6800, 8080 and Z-80 |nC|Ud|ng Mlkbug® | single drivegfloppy disle, BASIC and DOS }

dependent 6800 programs! | @ $1964.00 — l

Incredible as this is, Challenger Ill costs I e S

only about 10% more than conventional | @ $3481.00 |

single processor microcomputers. For | Ohio Residents add 4% sales tax |

. . | TOTAL CHARGED OR ENCLOSED |

example a 32K Cha”enger Il with a serial l Orderqirectlyfrpm:Ohio Scientific, 11679 Hayden St., |

interface and a dual drive floppy disk (500,000 LT Ol EA &5 6 AL T LLINORTGE L |
| All orders shipped insured UPS unless otherwise requested.

bytes of storage) costs only $3481.00. Fully L - o R

Assembled, complete with software. Terminal
not included.

OHIO SCIENTIFG

11679 Hayden » Hiram, Ohio 44234
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Introducing three boards only
Ohio Scientific could build.

Onhio Scientific provides 15 system boards offered in over 40 different versions for Ohio Scientific Com-
puter users. All of the boards are compatible with Ohio Scientific systems and many of them are by far
technologically superior to any other microcomputer products on the market. And Ohio Scientific has the
technology that made them possible.

500 CPU Board

This board gives you our ultra-fast 8K BASIC in ROM
with plenty of user workspace (4K RAM) for as little as
$298.00. Use it as a standalone or as the CPU in a large
system. BASIC is there the instant you turn it on. And
in the October issue of Kilobaud Magazine, our version
of 8K BASIC came out the winner in a BASIC timing
comparison test of all of our competitors. The 500 is the
fastest around!

510 Systems CPU Board

This is our unbelievable triple processor board! Com-
plete with the 6502A, 6800, and Z-80 processors, this
board allows you to run virtually all programs published
for small computers. Available in the Challenger Ili, the
510 board is ideal for industrial development and re-
search applications. There isn't another triple proces-
sor board like the 510 anywhere, except at Ohio
Scientific!

560Z CPU Expander Board

The 560Z board is our multiprocessing board with a
Z-80 and 6100 chip. This board allows you to run
several processors simultaneously and the 6100 chip
lets you run powerful PDP8 software with the 560Z. The
560Z board is the only multiprocessing board available
for small computers, and Ohio Scientific makes it!

These three state-of-the-art CPUs are only a small part of the picture. Ohio Scientific's advanced tech-
nology offers you other unique features such as Multiport Memories, Distributed Processing, Big Disks with
up to 300 megabytes on line, and Advanced Software.

OO SCIENTIFIG

11679 Hayden « Hiram, Ohio 44234
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Announcing the most
advanced disk

anywhere for 36,000

The 74 megabyte disk
from Ohio Scientific

C-D74 from Ohio
Scientific is the ultimate
storage device for small
computers.

The C-D74 is the first
Winchester technology disk
for small computers making
big system technology af-
fordable and reliable for the
small system notunder
maintenance contract.

The disk uses a non-re-
movable sealed chamber

i drive with a unique rotary

=1 4 positioner to provide the
; i highest performance disk
available today.

The Ohio Scientific
C-D74 can store all the
records of a medium size
company forinstant access.
And the Winchester tech-
nology of the C-D74 means
that the drive can run 24

hours a day without worry
of disk wear.
There are other important
C-D74 applications in business
computing and research in computing
itself. The disk makes small computers
practical for much larger jobs than
formerly thought feasible, particularly since most business computing is
disk bound and not computer bound.

C-D74 provides an unbelievable 35 millisecond average access time
to any of 74 million bytes of information. With a 10 millisecond single
track seek, the drive has an incredible data transfer rate of 7.3 megabits
per second.

Recommended minimum hardware for the C-D74 is a Challenger
with 32K RAM and at least 8K on a Dual Port525 board, and a single
ordual-drive floppy disk.

The drive , cable, interface for an Ohio Scientific Challenger and
0S-74 operating system software is $6,000 FOB Hiram, OH.
Equipmentrack shown notincluded.

OHIO SCIENTIFIC
DEALERS

Abacuz Stores Limited

55 Erb St. East

Waterloo, Ontario

Canada N2C 3EQ

(519) 885-1211

American Microprocessors
Equipment & Supply Corp.

20 N. Milwaukee Ave.

Prarieview, L 60069

(312) 634-0076

Contury 23

4566 Spring Mountain Rd.

Las vegas, NV 89102

Computer Mart of New York

118 Madison Ave.

New York, NY 10010

(212) 686-7923

Computer Power

P.0. Box 28193

San Diego. CA 92128

(712) 746-0064

Delaware Microsystems

92 E. Main St. &1

Newark, DE 19711

(302) 738-3700

Desort Data

Microcomputer Sales

P.0. Box 1334

Tucson, AZ 85702

(602) 623-6502

The Homs Computer Ce.

P.0. Box 1891

University Station

Charlottesville, VA 22503

(804) 295-1975

Microcomp

P.0. Box 1221

Fond-Du-Lac, W! 54935

(414) 921-4669

Microcomputer Workshop

234 Tennyson Terr.

Williamsville, NY 14221

(716) 634-6844

Omaha Computer Stere

4540 S. B4th St.

Omaha, NE 68127

(402) 592-3590

REPRESENTATIVES

Abecuz Data

P.0. Box 276

O City, PA 16301
Associates Consultants

33 Ogden Ave.

East Williston, NY 11596
(516) 746-1079

BRAG Microcomputers

19 Cambridge St.

Rochester, NY 14607

(716) 442-5861

Computer Business

P.0. Box 171

LaPorte, IN 46350

(219) 362-5812

Johnson Computer

P.0. Box 523

Medina, OH 44256

(216) 725-4560

Omega Computing, Ltd.

Box 220, Station P

Toronto, Ont. M5S 257

(416) 424-2174

Pan Atlantic Computer Systems, 6mbH
61 Darmstadt
Frankfurterstrasse 78

West Germany

(08102) 3206

Science Education Extension
11516 LeHavre Dr.

Potomac, MD 20854

(301) 299-9506

Spectrum Technology Services
P.0. Box 942

Palos Verdes Estates, CA 90274
Tok-Alds, Inc.

1513 Crain St.

Evanston, IL 60202

(312) 328-0110

The state of the art in small computers.

To order direct call 1-216-569-3241
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The TRS-80: Radio Shadds New Entry into the Personal Computer Market

Announced in August, the new Radio
Shack TRS-80 is a major entry into the
personal computer market. The $599 single
board Z-80 based unit comes complete with
a full ASCII character set keyboard, cassette
recorder and video display monitor. Also
included for the price is 4 K bytes of pro-
grammable memory and 4 K bytes of read
only memory; the latter features a built-in
BASIC package. An additional 12 K bytes
of programmable memory can be added for
$289.

The computer is being marketed in se-
lected Radio Shack stores across the coun-
try; peripherals planned for release in
December include a disk drive, printer and
memory expansion hardware. An interesting
feature of the TRS-80 is the convenient
hinged door on back for easy access to the
40 pin printed circuit card 1O connector.

i

Photo 1: The New Radio Shack TRS-80 home computer system. Shown are Software will be available in a variety of
the keyboard, video display monitor, instruction manual and prototypes of packages, including a blackjack program
the upcoming memory expansion module and disk drive. (which comes free with the computer); a

payroll program for up to 15 people, priced
at $19.95; a kitchen menu program for
$4.95; and so on.

The unit is priced competitively with
some other computers on the market, and it
will be interesting to see what develops in
this low priced appliance computer market.®m

TRe- 80
MICROCOMPUYTER EXPANGION MOOULE

Photo 2: The single board
Z-80 processor  which
forms the heart of the
TRS-80. Note the 40 pin
10 connector at upper
right.

Taa-80 MICAROCOMPUTEN FLOSEY N80

Text and Photos by
Chris Morgan, Editor

Photo 4: A closeup of the forthcoming
Photo 3: Rear view of the Radio Shack com- microcomputer expansion module and
puter showing the 40 pin 10 connector. disk drive.
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You don’t have to be a million dollar corporation to profit
by distributing this Data General micro-computer system
with our BASIC business application packages for:

* |Invoicing with Inventory Contrbl
e Accounts Receivable ¢ Sales Analysis
e Accounts Payable ¢ Payroll e General Ledger

T e

* microNOVA® CPU
¢ 48KB memory
¢ dual floppies
.* 24 x 80 CRT
¢ 30-60 CPS printer
¢ integrated cabinet
¢ Diskette Operating

System -
¢ Extended BASIC

List price with three
application packages

We are seeking data processing oriented individuals and
companies to sell and install these systems in their areas.
Liberal distributor discounts start at quantity one. Hardware
installation and maintenance is available directly from your
local Data General office.

For more information, use the coupon.

| r—-—- - - - - - === ===-= B
D Please send me information about distributing
MCBA/Data General systems.
[] Name

I
|
I
Address |
|
I

Mini-Computer Business Applications Company
4929 Wilshire Blvd., #940
Los Angeles, CA 90010 City. St
Phone: (213) 936-7131 .
Zip Phone,

BYIJ
NOVAE® is a registered trademark of Data General Corp. L — e e e o e o e e e e - e
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A. VDP-80 Computer with.300 Ipm printer.

B. PCS-80 with CRT, dual floppy disk & Intelligent
5N o ; Keyboard options.

C Peripherals—(Clockwise from lelt) 45 cps dalsy- D. Processor, Memory & Interface boards—shown MPU-A, 65K

B e T “wheel printer7terminal, 24x80 CRT terminal, EAIERIDRRCS NG printer and serial |/0's.

45 ops daisy-wheel printer, Inteiligent Breadboard 3 B3 PC\S -80 System-—sample component configurations.
~ 44 col. alphanumerle line printer. . g




Microcomputers:

Just Ask IMSAL

If you wonder who leads the way in
technology. look into IMSATI’s list of
industry firsts—IMSA] 8048. first complete
control computer on a board: IMSAI 65K
RAM Board. firstto offer four times the
memory capacity previously available on
one board: IMSAI printers. first with high-
speed direct memory access.

If you wonder why IMSAI products
have gained the reputation for the standard
of excellence in microcomputer systems.
check with any one of the more than 10.000
IMSAI owners.

If you wonder who oft'ers the broadest
line of hardware. sof tware. and geripherals.
visit any one of the more than 275 IMSAI
dealers around the world.

If you wonder how microcomputing
can fit your specific needs. ask IMSAL
Because when it comes to microcomputers.
we have the answers.

An IMSAI Product to Answer Every
Microcomputing Need:

Let’s start with our product line. In
all. IMSAl offers more than 120 high
quality. completely integrated systems.
components. peripherals and software.
Here’s just a sampling:

Single Board Central Processors:

« MPU-A (8080 based)—Industry standard.
- MPU-B (8085 based)—50% faster 8080.

« 8048—Programmable control computer.

Interfaces:

* Video [/0—-24x80 CRT. Edit & data entry.

« Serial 1/0-2 port 1/0. ail std. protocols.

- Parailel 1/0—4 & 6 port TTL level 1/0.

« Multiple I/0—2 cassette. 2 parallel.
| serial & 1 control 1/0.

« DMA-For floppies & line printers.

Peripherals:

- Printers—40/80/132 col. 30 cps-300 lpm.

» Video displays—Large assortment.

+ Tape Drive—9 track. 800 bpi. 25 ips.

« Floppy Disks—Singie/double density.

Memory Expansion Boards:

+ 4K RAM—Programmable memory

rotect.

+16/32/65K RAM-16K paging option for
virtual memory addressing.

« Intelligent Memory Mngr.—Handles up
to | megabyte.

Self-Contained Systems:

+ VDP-80—Computer/terminal/mass
storage unit. Assembled & tested.

+ PCS-80—Integrated component system.

Software:

» DOS—Enhanced CP/M.

+ BASIC—Interactive or compiler with
scientific and/or commercial features.

Circle 67 on inquiry card.

e o

* FORTRAN IV—Level 2 ANSI compiier.
* Self-contained Systems:
SCS 1 & 2/TCOS—Assembler/line
editor/debugger.
4 & 8K BASIC—Optional cassette
support.

Compare IMSAL You'll realize that
ours is the most complete product line
available. Whatever your needs. you can
get them from one source. IMSAL

A wide selection of components isonly
the beginning. IMSA] ofters much more.
Just ask.

Answers For Businessmen:

Announcing IMSAI’s VDP-80. This
totally self-contained unit includes a mega-
byte of disk memory via floppy disk, 32K
computer memory (expandable to 256K).
12" CRT and 62 pad main keyboard with
10 pad numeric keyboard. Several
printer options available.

If you want speed and accuracy in
high volume work such as word processing.
or business data collection and analysis. the
VDP-80 is your cost effective answer.

Answers For The Personal User &
Educators:

Introducing IMSAI's new PCS-80
System. the fully integrated microcomputer
componentsystem, configurable to your
exactneeds. The basic system consists of
our Intelligent Keyboard and the PCS-80
which houses an 8085 based CPU. 16K of
RAM. intelligent ROM monitor. serial 170
port, 24x80 CRT. with an extra 7 slots in the
chassis for expansion.

System component options include
single or dual mini and standard floppy
disks. The choice is yours. configure the
system as you like.

IMSALI has answers for the educator,
too. Take the basic PCS-80, add 8K of
PROM, 4K of RAM and our self-contained
8K BASIC software. and you have a
complete operating system your entire
department can use to teach anything from
elementary programming to advanced
computer science.

Require a bit less sophistication? Use
our Intelligent Breadboard system for
learning, designing and building micro-
computer assemblies.

Rather do it from scratch? Start with
our single board MPU-B central processor.
the heart of the PCS-80 System. It has a IK
ROM monitor, 256 bytes of RAM and
serial and parallel 1/0.

Since the MPU-B is 8085 based, you
can run all programs previously developed
for the 8080. 50% faster. Without requiring
faster memory.

Answers For Industry:

IMSAI products provide the
expandability and flexibility manu-
facturers demand for microcomputing
applications.

We offer rack mountable components
for the standard 19 RETMA racks,
powerful MPU boards, 1/0 and memory
boards for easy system expansion and
configuration. and a broad line of
peripherals and subsystems fully integrated
and ready to go to work.

IMSALI has what you need to make
tomorrow’s design today’s reality.

Answers For Current IMSAI Users:

There are over 10,000 of you. And.
we haven’t forgotten. You mightsay that
we thought of you before you even thought
of us.

That’s why every new product is
designed to accommodate expansion.
rather than outdate equipment.

For example. our new PCS-80 retro-
fit kit comes complete with MPU-B.
redplacemem front panel photomask and
additional hardware bracketing. So you
can enjoy a single cabinet PCS-80
computer. with your choice of integrated
component configurations.

The Answer For Everyone:

Dial (415) 483-2093. Ext. ACT.

That's IMSAT’s action hotline. Designed to
answer the thousands of questions we
didn’t have a chance to answer in the space
of this ad.

Call us. We’ll assist you in putting
together a system, direct you to your nearest
IMSAI dealer. and send you our new
catalog with all the details.

In short. if you have any questions at
all regarding microcomputers. put us to
the test.

Just ask IMSAL

IMS/A

The Standard ot Excellence in
Microcomputer Systems.

IMSAI Manufacturing Corporation
14860 Wicks Bivd.. Dept. B-9

San Leandro, CA 94577

(415) 483-2093 TwWX 910-366-7287

Feawures and specitications subject to change without
nolice.
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M F Smith

Research Assistant
Department of Oceanography
University College

Galway IRELAND

Using Interrupts for Real Time Clocks

We have developed several software time-
keeping routines for oceanographic data sys-
tems which may be of more general interest.
These routines are based upon the Motorola
M6800 and have been tested on SwTPC
6800, MITS 680b and Motorola MEK-
6800D1 evaluation kit systems. The routines
require little memory or hardware and do
not slow program execution appreciably.
Features of the routines are:

® packed BCD storage of time values:
days, hours, minutes and seconds.

® little interference with user routines
through use of interrupts.

e usable with a wide range of clock
frequencies.

® minimal hardware complexity.

® possibility of event scheduling.

Plan ‘\\ L - —\\
/’ N\ Vd A
’ \ / \
] \ '—|— \
! | | >le |
\ ] \\ ] At /
\ / - P
N ) \A| =2u8 p
= < ~ ~ ’/
DS r- +5v
N : # PULL UP RESISTOR
\ ; ! {(MAY ALREADY EXIST
\\ ' { IN YOUR SYSTEM)
I
CLOCK sl 1 ONESHOT | !
SOURCE o_(__‘,_(Mog%s;gaslaE) e WIS
REEIGE PULSE WIDTH NMI
OPEN COLLECTOR
TYPICAL INTEGRATED CIRCUITS: BUFFER
74121, 74123, 960! TYP!’%Aol_l cm%ugs

Figure 1: The hardware configuration required for a real time clock imple-
mented with an interrupt line. For the 6800 processor, the negative going
pulse of the monostable (oneshot) should be at least two processor cycles
in length. The switch S1, or its logic circuitry equivalent, is essential in order
to disable the interrupts if user programmable volatile memory contains the
interrupt routines. If this switch or its equivalent is not present, receiving
interrupts from NMI in absence of an interrupt routine (following power on)
leadss to quite unpredictable results in the behavior of the system.
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Hardware

The routines are driven by direct non-
maskable interrupts of the processor by a
clock pulse source as shown by figure 1. Use
of the NMI in this fashion precludes use for
other functions but minimizes hardware.
Also, such use of interrupts can cause prob-
lems when timing loop software is inter-
rupted: constants which are valid without
interrupts can be incorrect when interrupts
are in operation. With these caveats in mind,
however, use of interrupts proves quite con-
venient.

The clock source may be in the range 1 to
99 Hz (10 Hz is used here) and drives a
monostable (74121, 9601, etc). The Moto-
rola literature describing the 6800’s non-
maskable interrupt function is just a trifle
confusing. Using the information in the
M6800 Microprocessor Applications Manual,
one could conclude that the NMI line re-
quires a low Jevel input to initiate an inter-
rupt. This conclusion results from the terse
description of NMI and reference to the fact
that NMI! is supposed to work similar to
IRQ. However, the hardware specification
sheets for the processor explicitly state that
NMI is sensitive to the negative going edge of
the digital signal on its input. This detail is
easily confirmed by experiment. [/t is also
the only sensible way to handle this inter-
rupt, in view of the fact that it cannot be
masked in the processor to inhibit further
interrupt while the interrupt routine is in
operation . . .CH/ The oneshot in figure 1
should be interpreted as a way of trans-
forming an arbitrary signal into a well-
defined TTL pulse of a minimum 2 micro-
seconds in length, or slightly greater, which
provides the required negative edge.

Unless the time routine is stored in ROM
with “hard” NMI! vectors, means of disab-
ling NM! pulses must also be provided until
the interrupt routine and vector are estab-



SAVE! BEFORE
8 PRICES GO UP!

ORDER NOW!
97

1

FOR THE BEGINNER. ..

Understanding MicroComputers and manufacturers’ literature. Makes you feel

Small Computer Systems. A profusely
illustrated, easy-reading ""'must’ book
explaining fundamental concepts behind
operation of microcomputers. Simple
English. Gives extra knowledge to read

"‘at home'' around computers. Accepted
as the standard for the neophyte, you
must own this 300-page no-nonsense,
easy-reading text. includes easy-to-use
glossary of key microcomputer oriented

and understand computer magazines and

words. Order now. Save! $9.95 each ppd.

pose routines for multiple
precision operation. Pro-
gramming time delays for 3
real time. And lots more. Even'&;
floating point arithmetic rou-
tines! Order your copies today.
Bon appetite! Specify: ‘8080’
or '6800'. $9.95 each ppd.

Guides and Cookhooks for
‘8080’ or ‘6800’ lets you cook
up mouthwatering programs.
Delectable "'how to'' facts, in-
cluding '8080' or '6800" in-
struction sets. How to man-
ipulate stacks. Flow charts.
Source listings. General pur-

FOR THE ADVANCED . . . m\\\\\& —
GALAXY Microcomputer E\\ &\&\) Higher Level
Outer Space War Games ,%‘)EJ\") = Language for
for ‘6800°. Captain your ﬂ '8008’/8080°
own starship on intergallac- \oroe Systems. .
tic journeys filled with bat- HF—R\_E\:EBOL&Q‘\.‘.E:{\E? Complete, illus-
tles, refueling problems, A;g%e L trated program

book. Routines.
Technigues.
Source listings.
Flow charts. More. Includes 5 com-

weaponry,.warp factors,
and more — all against your
'6800°. A complete book,
written in machine language

for 4K memory. Ever-chang-
ing interstellar adventure, includes source listings, flow
charts, routines, more. Qrder today. Blast off tomor-

mands, 14 statements, 7 functions, and it
runs in 8K and more. All you need to cus-
tomize a high level language for your sys-

row! $9.95 ppd. tem at a fraction of the cost. Order today!

$49 ppd.

The '8080' Programmer's Pocket Guide; '8080° Octal Code Card and/or ‘8080° Hex-
adecimal Code Card. Compact pocket guide tor instant reference to either code card
Cards are instant slide rule aids for programming/debugging ‘8080" software. Standard
mnemonics with corresponding codes. Color coded instructions indicate which flags
are affected during instruction execution. Quick, logical reference formats. ASCII code
chart for 128 characters. '8080° status words. Register pair codes. More. Order all

three now . . . oniy $2.95 per item.
Prices shown for North American customers. Master \d ‘([..BI (0Ml)lj'[n
CONSULTING INC,

Charge. Postal and bank Money Qrders preferred.
P | checks delay shippin to 4 weeks. :
R el e Post Office Box 133 PPSTN
Milford, CT 06460 Dept.B

Pricing, specifications, availability subject to change
without notice.
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% Entered following NMI interrupt pulse.

Update clock variables (ie: count interrupts
modulo E4:60:60:N where N = number of inter-

CLOCK ROUTINE rupts per second).

s Sy Location of “return from interrupt” in simple
clock routines of listings 1, 2 and 3.

——————— BACK- —_—————
"~ “sWoutp | YES GROUND ™, _NO " “smoulo |}
I TASK BE | TASK ON t TASK BE !
! DEACTIVATED? | P [ ACTIVATED? |

(T>ToP) '
- e

S Note: T, = time of next background
* task event.
NO o

To'T°+ATF 10'T0+ATB
[
: |
i RESTORE OLD . " SAVE OLD !

PROCESS STATE Old process state’’ is content of top PROCESS STATE |

I TO STACK seven levels of stack. FROM STACK :
I [ |
: Manipulations of process state can be "BASCEKTG RUOPUND |
| accomplished by maintaining two stacks PROCESS STATE" |
: and switching stack pointers. ON STACK {
| ]
| | |
| e |
! |
! |
| & ]
| |
| |
- ]

PROCESS TIMING DIAGRAM: ATgs4, ATgs2

|
|
ACTIVE
BACKGROUND INACTIVE ,lll I
!
t

|
ACTIVE [

e fe-

[ |

1 |

1 []

[ 1 |

] ] [}

) 1 ]

FOREGROUND INACTIVE il : ] 1l
" " ] " " " n 1l " H
] :l [l |': " :: n 1l :I l"
ACTIVE H ] n (I} It I} ) ]

CLOCK ROUTINE

(OVERHEAD)  'NACTWVE ] ,ﬂ !] ,n , ," . ,n ,n !]
] ] ] I ] 1 ] 1 ] 1
! 1 t ) ] [l [} 1 1 ]
INTERRUPTS ] | l I I | l | | |

CONSERVATION OF TIME: BACKGROUND + FOREGROUND + CLOCKROUTINE * I00% OF AVAILABLE TIME

Figure 2: A suggested algorithm for implementing two simultaneous tasks using the interrupt input to keep track of times 8T g
and AT g allocated to each process. It is assumed here that the “foreground’ task is the principle task, and that the presence
or absence of a hidden "background” task is governed by a flag.
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lished in programmable memory. We use a
mechanical switch {S1), but more elegant
methods are possible with increased hard-
ware complexity.

Software

A minimal timekeeping routine called
RAMTIME is shown as listing 1. This routine
performs the function of a real time clock
when it responds to the interrupts from
NMI. It has two counters. A counter 1 byte
long called WATCH continually cycles with
a binary integer count. A second 5 byte
count field provides the usual day, hour,
minutes and seconds counts using the
“overflow’ constants 99, 99, 24, 60, 60 and
the number of interrupts per second to
determine when a carry has occurred. All the
counting in this field is done in BCD. If at
any time it is desired to output the BCD
numbers in the various count fields, the
MIKBUG  subroutines OUT2HS and
OUTA4HS can be used to convert to external
ASCII decimal values on a terminal.

The program includes a binary ‘‘stop-
watch” function. The location WATCH s
incremented with every NMI pulse, thus
providing a convenient means of timing
short events. This function can be elimin-
ated with a small saving of memory, if
desired.

. Clock rates different from the 10 Hz rate
are accommodated by changing the RATE
variable (RAMTIME) to the packed BCD
value of the clock rate, eg: the present rate
of hexadecimal 10 (BCD for 10 Hz) is
changed to hexadecimal 60 for a 60 Hz
clock source.

Scheduling

The nature of the NMI-driven clocks
make them ideal for the inclusion of task
scheduling routines. Scheduling, using these
routines as vehicles, is transparent to the
user program, ie: scheduling is performed
without ‘‘knowledge” of the program that
scheduling is going on. Timetables are
accurate because the schedule is checked
every NMI. A very simple scheduler is
suggested in the flowchart of figure 2.
This algorithm implements a timing diagram
(like that in the figure) which switches
between two tasks arbitrarily called ‘‘fore-
ground” and ‘‘background.” This is the

PACE 001 RANTIME

00001 NAM RAMTIHE
00002 AQ4A ORGC SADGA
00003 AD4A 0O FCB ] DUMHMY LOCATION
00004 AQ4B OO DAY Fce 0 TIME IN PACKED BCD FORMAT
00005 AD4C 0O 1HouR FCB [
00006 AD4L 00 MIN FCh L]
00007 AQ4E 00 SEC FCB [
00008 AO4F 00 SECI FCB ]
00009 A050 00 FCB 0 DUMMY LOCATION
00010 AO51 00 WATCH  FCB [ BINARY “STOPUATCH® LOCATIONW
ooott *
00012 ADS52 99 FcB $99,599,524,560,.560
A053 99
ADS54 24
AD55 60
AQS56 60
co013 ' »
00014 AOS7 10 RATE  FCB S1o *CLOCK RATE
00015 L
0oole *FOR DIFFERENT CLOCK RATES, CHANCE RATE
eoo01L? *E.C., FOR 60 112 CLOCK CMANGE TO $&0
00018 *]1-99 HZ ALLOWARLE CLOCK RATES
00019 *
00020 AOS8 CE AOSL TIME  LDX JUATCH  TIME PROCRAM BECINS HERE
00021 AQSR 6C 0O INC 0,x INCREMENT THE STOPWATCH
00022 AQSD 09 DEX DECREMENT TIME ADDRESSES
00023 AOSE 6F 00 DINC  CLR 0,x CLEAR ON CARRY
00024 AQE0 09 DEX NEXT ADDRESS
00025 AQ6l 86 01 LDA A {1 DECIMAL INCREMENTATION/CARRY
00026 AO63 AB 00 ADD A 0,X
00027 AG65 19 DAA HALF CARRY
00028 AQBE A7 OO0 STA A 0,X COMPLETE DECIMAL INC
00029 AO06B Al 07 CMP A 7,X CARRY?
00030 AGBA 27 F2 BEQ DINC YES, CARRY
00031 *
00032 **#SCHEDULER(S) INSERTED HERE#***
00033 *
00034 AD&C 38 RTI RETURN TO PROGRAM
00035 *
00036 END

TOTAL ERRORS 00000

Listing 1: RAMTIME. This routine is a minimum “‘clock’ and "stopwatch”
function to be used at interrupt service of an NMI (nominally 10 Hz rate).
The ''stopwatch’ maintained at hexadecimal location AQ5S1 is incremented
as a binary number every interrupt for short term timing by counts. After
incrementing stopwatch, the routine treats the bytes at locations AO4A to
AOQ4F as a 12 digit BCD field with subfields for days (2 bytes), hours (1
byte), minutes (1 byte) and seconds (1 byte) and parts of a second (1 byte).
The overflow values for each field are coded as BCD numbers stored at loca-
tions A052 to A057.

simplest form of “timesharing” or ‘“‘multi-
programming.”

Operation

Startup of the routines is not auto-
matic if routines and vectors are held in
programmable memory. The source of NM|
pulses must be disabled until the routine and
vector are loaded. Once they have been
installed, enable the NMI source and the
routine begins working. Time can be set
using memory alter functions or with
special setting routines. Once the time-
keeper is running, normal operation may
proceed as usual, subject again to the caveat
of checking the effects of interrupts on any
timing loops in other programs.m
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John McCain
3523 Hardy St
Shreveport LA 71109

Figure 1: Typical shape of
a voltage transient wave-
form. The voltage tran-
sient is superimposed on
the normal voltage in a
circuit, and is charac-
terized by an exponen-
tially damped envelope
around an oscillatory
waveform.
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Spikes: Pesky Voltage Transients and

How to Minimize Their Effects

You're sitting at your computer playing a
game of Super Universe War, about to defeat
King Computer, when suddenly, instead of
his spaceship disappearing from the display,
you see smoke rings drifting from the top of
your mainframe. While you curse the expert
technician that built the system (you), you
dissect the power supply and find a shorted
rectifier diode or a bad regulator integrated
circuit. Although the uninformed would
blame the component manufacturer, you
know that it was Spike that did you in;
possibly the voltage spike your brother made
when he started the washing machine. The
roughest environment you can put that
fragile MOS circuit in is probably the one
you find most comfortable, your house. The
way voltage transients run around the power
wiring in your home, you'd think they made
the mortgage payment. Let's look at just
what these beasts are, where they come
from, what they do, and how to protect
your microcomputer from them.

The beast I'm talking about is the voltage
impulse that enters your computer through
the wall plug and tries to eat power supply

<—EXPONENTIAL ENVELOPE

1200V -
S TO I10mS

VOLTAGE

components and fragile chips. These spikes
originate everywhere. You can’t turn on the
television or turn off the coffee pot without
making one. Many are small enough to pass
by unnoticed, but often they dump their
energy where you least want it. Voltage
spikes of 1700 V have been recorded on the
120 V wiring in common houses. Multiple .
spikes of over 1200 V can be expected in 2
to 4% of all houses. These are usually due to
changes in an electrical circuit, ie: opening
or closing a switch. Remember, the wiring in
your house obeys the same laws of nature
that govern other circuits with resistance,
inductance and capacitance. If you try to
rapidly change the current through an in-
ductor, for example, opening or closing a
switch, the voltage across: it rises rapidly.
Guess what? Most power wiring just happens
to be predominately inductive. Researchers
have shown that residential areas often
exhibit more transients, and more severe
transients, than commercial and even some
industrial areas. What does the spike look
like on an oscilloscope? It is usually a
damped sine wave such as the one in figure
1. It has extremely sharp rise characteristics
(steep leading edge) and it normally dies out
after 5 or 10 cycles. It may be only 5 us
long, but may last for 50 us or longer. A
typical wave shape is shown in figure 1.
Another source of surges that | will quickly
mention is lightning. Although we can’t
prevent it, wecan divert it. | have a lightning
arrester at the power entrance to my house.
If you don’t, | strongly suggest that you
look into getting one. It’s a good insurance
policy for about $10. I've never seen an
electric utility that didn’t install lightning
arresters like they were going out of style,
and those people know what they are doing.

Now, let's look at what a well-placed
spike can do. It might find a low impedance



The Dumb Terminal
lets you put it all together.

With the new, lower-priced Dumb Terminal™ Kit, that is.
Pick one up and escape, once and for all, the headaches
of scavenged teletypes and jury-rigged TV sets. With just
a little ime and aptitude, you can have a live and working
Dumb Terminal right in your own home, garage, or
business. One that lets you get it all out of your system
—orintoit.

Forget the cheap imitations, with their overblown
price tags and interminable lists of options. With
the Kit, you can build yourself the same, old
basic Dumb Terminal that's been selling over
1500 units a month. With basic, sensible
features like a bright 12" diagonal screen.
Fifty-nine data entry keys. 1920 characters
displayed in 24 rows of 80 letters. Plus 33
positive action switches that let you activate
functions like 1 of 11 different baud rates, an
RS232C interface, or a 20mA current-loop.
And more. Not bad for Dumb

All you need, besides the Kit, is
some initiative, and a few basic
tools — a good soldering iron,
wire cutters, needle-nose pliers,
and one or two trusty screw~
drivers. The Dumb Terminal
Kit provides you with every-
thing else. Including an
attractive cabinet, CRT
screen,keyboard, PC
board, and all essential

“Dumb Terminal” is a trademark of Lear Siegler, Inc., -
E.I.D./Data Products, 714 N. Brookhurst St., Anaheim, CA
92803, (800) 854-3805. In California (714) 274 -lOlO £
Circle 80 on inquiry card.

electronic components. Naturally, you also get illustrated,
step-by-step assembly instructions, not to mention an
easy-to-understand operator's manual.

So, if you'd like more input on the Dumb Terminal
Kit, just fill out the coupon and we'll send you complete,
free information.

Oh, and by the way, just by sending in the coupon,
you will be made a charter member of the Dumb
Terminal Fan Club. A select organization that will

send you your own nifty Dumb Terminal Fan
Club Kit, containing: an official certificate
of membership; an autographed photo of the
Dumb Terminal himself; and a bona fide
membership card to prove irrefutably you're
“"One of Us” (Sorry, limit one kit per person,)
And, if you include a trifling $6.00, you
can have your very own Dumb Terminal
T-shirt. (No limit at all on these.)

Simply mail the coupon and get the whole
assortment. And find out why members of the
Dumb Terminal Fan Club are some of
the smartest people around.

®
Dumb Terminal.
FunClub.

State Zip

for an official Dumb Terminal T- shlrt(s)

Enclosed is .
Please mqke all checks and money orders payable to Le Ance & Reiser, OK?
Quantity and size(s) of shirt(s) required: SemaN _— I3 XL

Rush this application to. Dumb Terminal Fan Club Headquarters
c/o LeAnce & Reiser, PO. Box 17123, Irvine, CA 92714,




56

BYTE November 1977

POWER
SWITCH

REGULATOR

-

D AC MAINS BRIDGE
VARISTOR RECTIFIER

FILTER DESPIKING
CAPACITOR CAPACITOR

| = I

Figure 2: The combined isolation and shunting method is the best way to protect your system

from voltage transients. The varistor shunts large
high frequency ‘‘despiking’’ capacitors provide a

transients in the AC source of power. Small
low impedance path for any components of

the external spike which make it through the transformer and rectifier. (The inductance of the
reqular filter capacitor tends to limit its usefulness at high frequencies.)

path to ground and pass by unnoticed. But
more than likely it will enter some dandy
appliance, or your computer, and do all the
damage it can. Remember that 1 that mys-
teriously appeared in memory shortly after
you wrote a 0? Have you ever wondered
how that bad data got into your system? It
could have been put there by your next door
neighbor turning on a vacuum cleaner. You
have seen rectifier diodes fail when they
were carrying only a tenth of their rated
current, voltage regulator integrated circuits
die when they weren’t even running warm,
and transistors stop working when the her-
metic seal broke, letting out the smoke.
(I've always wondered how they work with
all that smoke in there.) If you have mysteri-
ous errors in your system, transient and ran-
dom, chances are a spike might have been
involved.

Now let’s get to the good part: how to
get rid of the little monsters. There are two
basic techniques available. First, you can
attempt to isolate the equipment from the
source of the spikes by running it on
batteries or an uninterruptible power supply.
Isolation transformers show up at the sur-
plus dealers occasionally, but are usually
expensive. The second method is usually
cheaper, but is somewhat less effective. Use
the voltage divider principle and shunt the
spike to ground through a low impedance at
the power supply. A common example of
this principle is the 0.01 uF capacitor placed
between the power buses and ground of a
digital circuit, to suppress the low level
switching transients of digital integrated
circuits. Since we are talking about tran-
sients that come in over AC lines, we need to
put the low impedance on either the AC line
or the power supply bus. On the DC side,
hefty filter capacitors do this for the spikes
with low frequency characteristics, but they
often exhibit stray inductance which looks
like a high impedance to a fast pulse. Putting

a 0.01 uF capacitor in parallel with the filter
capacitor willl take care of many of these.
Nonlinear devices such as spark gaps and
varistors may be placed on the AC line. The
last part of the shunt method is the most
important. Put a good ground on the ma-
chine! If your house doesn’t have three wire
outlets, tie the case ground to a water pipe;
if you have to, drive a ground rod. Be aware
of the grounding system in all your elec-
tronic equipment. Poor grounding practice
can cause shocks, ground loops, and erratic
operation. [When | took my system away
from its usual solid grounding arrangements
for a demonstration at the ACGN/ meeting
May 20 of this year, the lack of a good
ground became painfully obvious: programs
which have never before committed suicide
became quite distressed and recal-
citrant ... CHJ

We can expect to adequately protect the
hardware without much trouble (or cash).
The best procedure is to use a combination
of the above methods as shown in figure 2.

I've tried to explain a little about voltage
transients without getting into the physics of
semiconductor failure or transient genera-
tion analysis. If you want to become better
versed in this field, read several of the
references. They all offer good background
material and references 2 and 3 give detailed
information. Hopefully, you are among the
many who haven’t had any problem with
spikes. The best time to prepare for them is
before they give you trouble.m

REFERENCES

1. Westinghouse Electric Corporation, Electrical
Transmission and Distribution Book, East Pitts-
burgh PA.

2. G J Hahn and F D Martzloff, July 1970, ""Surge
Voltages in Residental Power Circuits,’”” /EEE
Transactions on Power Apparatus and Systems,
89 (6) 1049-1056.

3. General Electric Company, Transient Voltage
Suppression Manual, Syracuse NY,



Processor
Terminal.

Alogical forward step in Microcomputer design

the Processor Terminal. A new design by TEl and look at
whatyou get . . . a complete, self contained microcompu-
ter system with display and mass storage, a full keyboard
and pilenty of slot space for additional boards. And that
famous TEl CVT power supply that makes brownouts a
thing of the past.

Display — A 15" high-resolution black and white video
display with an optical filter face plate to reduce glare and
improve type visability ... Keyboard — Full upper and
lower case ASCIl detached keyboard with 8 programmable
special function keys. Keyboard status indicators show
computer BUSY or READY. And a 16-key numeric cluster
pad set up calculator style . . . Disk Drive & Controller —
A Shugart SA-400 mini-floppy disk drive. Soft sectored

I

SPECIAL SYSTEMS GROUP

with a capacity of about 90 KB. IBM compatible format.
Controller will handle 3 drives . . . CPU — 8080 based with
a flexible design that allows you to implement a start up
“jump to" operation to any dip switch selected byte
address you choose. Merely turn on power or press RESET
and you are off and running. Excellent for power failure
automatic restart . . . Memory — 16K of static RAM memory.
Low power chips. Selectable address assignment and
memory protect features ... I/0 — 3P+3S input/output
board. 3 parallel ports and 3 serial ports with selectable
baud rates of 75 to 19,200. RS-232C and TTL outputs . ..
Video — A video board provides the support for the
video display functions ... Mainframe — A 12 slot
mainframe with a 17-amp CVT power supply, motherboard
assembly, heavy duty aluminum cabinet, fan and washable
fiter All edge connectors and card guides provided . ..
Software — C(P/M disk operating system and BASIC
provided on disk.

the Processor Terminal (Model MCS-PT) fully assem-
bled and tested is priced at $3495.00.

the Processor Terminal partialiy assembled (We build
the cabinet, keyboard, monitor, power supply, disk drive
and motherboard and you build the CPU, RAM, /O, Video
and Controller boards which we supply as kits). This
partially assembled unit is priced at $2995.00.

MCS

MICROCOMPUTER SYSTEM

Contact your local TEI Dealer or if you are not near one of our dealers, write or call CMC Marketing Corp direct for more information.

CMC MARKETING CORP
79231 Fondren Rd, Houston, TX 77036 Telephone (713) 774-9526
See you at Pers. Comp. 10/27-29 Chicago Booth # 53

Circle 23 on inquiry card.
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SYNGHROSOUND

ENTERPRISES, INC.
One-stop shopping
for Hardware and Software

Everything you need in small computer systems with special emphasis
on TERMINALS! Look at these units...compare price, quality, delivery,
service...and you'll see why you don’t have to look anyplace else!

LEAR SIEGLER ADM 3A TERMINAL

® Full addressable cursor ADM 3A
® Display format—24 lines ﬁBM'éA' > $739-95
of 80 characters per line
® Communications rates—75 to f‘gvsv%rpgfsde' . 849.95
' 19,200 Baud option......... 69-00

® Computer interfaces
—EIA standard
. N —
® Display Format
—80 characters
per line by 24 lines
® Full cursor control
® Edit operations: clear screen,
ADM 1A clear unprotecct:ed character type-over.
(Options are Character Insert/Delete,
TIERTSNI: Line Insert/Delete, Erase to end
e of page, Erase Line/Field)
and much more

Assembics $1398.00

ADM 2A TERMINAL

® 1920 character display (24 x 80)

® 16 function keys for 32 commands

: Separate keyboard—119 keys
10 key numeric pad

: Single key edit operations ﬁstl\griﬁled
Page, field or line edit T T2

® Security, protected fields $1895.00
and much more

o

OKIDATA MODEL 110 OKIDATA MODEL 22 @ 125 lines per minute

LINE PRINTER LINE PRINTER 3 L32-cs|lgmnrprint line
® 110 CPS dot matrix 8 Bl bt e R
Friction character sizes

Feed. .. $1 149-00 ® 12 IPS paper slew

Fesd. ... 1279.00

RS 232C

Serial
Ine;graface = b 26 0.0

Tractor Feed . ... 52249.00
RS 232C Serial Interface. . . 37 9-00

DECWRITER Il

® 132 column printing
® 10-30 CPS

® Full keyboard

® Tractor feed

$1695.00
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SYNGHROSOUND

ENTERPRISES, INC.

CENTRONICS 761 PRINTER

® 300 Baud serial transmission
® Bidirectional and incremental printing
® RS232, CCITT-V24, or
current loop interface
® Baud selection (110/150/300)

KSR with Keyboard........ $1695.00

Receive only version

1595.00

-~

CENTRONICS
703 SERIAL
PRINTER

® Low
cost
of ownership

® Bidirectional logic seeking printing

® Microprocessor electronics
® Excellent print quality $2395.00

IMSAI 8080 MICROCOMPUTER
® Powerful ® Low cost ® Easy to use

, e With 22 Slot
IMSAI 8080 § Ml)ther Board
$619-95 ® Fully IBM 3740 media FLOPSPJSI%-IEG
With 2-80 CPU and format compatible

849.95 ® Full formatter

and controller
built-in

ICOM Model FD 3712
Dual Drive System

$2795.00

PRt
A

HAZELTINE 1500

VIDEO TERMINAL

® Reverse video

® 24 x 80 display

® Programmable
brightness levels

® RS232 and
current loop

et I, S e e
I.NTELLIGENT TER_MINAL Compucolor 8001 ColorComputer. ;.. .. 2595.00
1920 character display ICOM Microfloppy System. .. .......... 989.00

® 8 different video levels North Star Microfloppy Disk Kit. .. ...... 599.00
® Full editing capability 2708 EPrOMS. . oot vvveee i iene e, 27.95
® Removable keyboard g Javelin9”VideoMonitor. .............. 159.95
and much more Livermore Modem Model 76............ 299.00
Sol 20 with Solos Kit (limited supply). . . .. 999.00

Assembled .. .. Micropolis Model 1053MOD 2 ... ... .. 1799.00
$16 59.00 IMSAI AP44-44 Col. Printer Kit. ......... 329.00

TDL Xitan Alpha1 ComputerKit. ... .. ...

We carry a full line of the following: TDL,
Centronics, Seals, Hazeltine, Micropolis,
Hayden, IMSAI, Cromemco,

SYNCHRO'SOUND ENTERPRISES, INC.

The Computer People

Compucolor, Icom, Lear Siegler, Okidata, 193-25 Jamaica Avenue,

DEC, Javelin, North Star, Peripheral Vision. Jamaica, New York 11423

Same day delivery and shipping on most 212/468-7067 TWX: 710-582-5886

items. Full modern repair facilities on Hours 9-4 daily Visit our new showroom

premises for complete servicing of and Saturday Working units on display
everything we sell. Dept. 88 BankAmericard ® MasterCharge

Circle 141 on inquiry card. BYTE November 1977 59



Robert G Lioyd
7554 Southgate Rd
Fayetteville NC 28304
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Ppogpamming Duickies

Simple Math Lessons

Here is a program | wrote using Tom
Pittman’s Tiny BASIC. It originally appeared
in KIM-1 User’s Notes. This program allows
my two children to play with the computer
and also learn math. The output of the
program looks like this:

THIS IS A MATH TEST
12

X 6
B

If the correct answer is input, the com-
puter replies with YOU'RE RIGHT and a
new problem is set up. For a wrong answer
the reply is 2?WRONG??, TRY AGAIN and
the same problem is repeated. If you answer
incorrectly three times THE RIGHT AN-
SWER IS 72 appears and a new example is
set up.

The actual problems are randomly chosen.
The number limits for multiplication are set
at line 200 for the multiplicand and 205
for the multiplier. Lines 305 and 355 define
the two addends for addition.m

10 PR “THISIS A MATH TEST”
15 PR
20 LET V=0
30 LET I=0
35 LET Z=0
40 PR “TYPE 1 FOR MULTIPLICATION"
50 PR
60 PR “TYPE 2 FOR ADDITION"
70 PR
80 INPUT I
90 PR
100 IF I=1 GOTO 200
110 IF I=2 GOTO 350
120 IF D=Q GOTO 500
130 GOTO 600
190 END
200 LET X=(RND (12)+1)
205 LET Y=(RND (12)+1)
210 IF X <=10 GO TO 230
220 GOTO 240

230
235
240
260
270
280
285
290
300
310
320
330
350
355

360
370
380
385
390

PR " n;x
GOTO 260

PR it H;X

IF Y<=10 GOTO 280
GOTO 290

PR 13 X ”;Y

GOTO 300

PR HX ”;Y

PR ¢ _ ”'

LET Q=X*Y

INPUT D

GOTO 120

LET X=(RND (50)+1)
LET Y=(RND (50)+1)
IF X<=10 GOTO 380
COTO 390

PR* "X

GOTO 410

PR it u; X

410 IF Y<=10 GO TO 430

420
430
435
440
450
460
470
480
500
505
508
509
510
512
514
600
610
620
630
640
645
650
655
660
670

GOTO 440

PR * + n; Y

GOTO 450

PR “ + n; Y

PR ¢

LET Q=X+Y

INPUT D

GOTO 120

PR “YOU'RE RIGHT”
PR

LET 2=2+1

IF Z<3 GOTO 512
GOTO 10

IF I=1 GOTO 200

IF I=2 GOTO 350

PR “WRONG , TRY AGAIN”
PR

LET V=V+l

IF V=3 GOTO 650

IF I=1 GOTO 210

IF I1=2 GOTO 360

PR “THE RIGHT ANSWER IS ",
PRQ

PR

GOTO 10



Look To The North Star HORIZON Computer.

HORIZON™_ a complete, high-performance microprocessor
system with integrated floppy disk memory. HORIZON is
attractive, professionally engineered, and ideal for business,
educational and personal applications.

To begin programming in extended BASIC, merely add a CRT
or hard-copy terminal. HORIZON-1 includes a ZBOA processor,

EXPAND YOUR HORIZON

Also available—Hardware floating point board (FPB); addi-
tional 16K memory boards with parity option. Add a second
disk drive and you have HORIZON-2. Economical serial and
parallel 1/0O ports may be installed on the motherboard. Many
widely available S-100 bus peripheral boards can be added to



