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WHAT ARE YOU LOOKING FOR IN A SYSTEM?

VERSATILITY — Data bus—motherboard design allows you to configure a system to the end users exact needs.
EXPANDABLE — Minimum RAM capacity 56K Expandable to 768K. Two 1/O ports — Expandable to seventeen.

MASS STORAGE— 3.0 M/bytes on 5%" flexible disks. (4 drives) 5.0 M/bytes on 8 inch flexible disks—(4 drives)
40 M/bytes on "“Winchester'’ fixed disk.

SOFTWARE — Operating System — Multitasking, multiuser with memory management.
Languages — FORTRAN, Pascal, BASIC, PILOT
Utilities — Debug, Sort-Merge, Diagnostics — over 40 others.
Data Processing — General Ledger, Receivables, Payables, Payroll, Jobcost, Mail List,
Inventory, Record Management System.
Word Processing — Text Editor and Processor — device independent with proportional spacing
bidirectional printing.

COST EFFECTIVE—System consisting of 128K processor, terminal, and 2.4 M/byte dual eight-inch disk drives —
less than $6,000.00 (O.E.M. 100 quantity)

il

SOUTHWEST TECHNICAL PRODUCTS CORPORATION

219 W. Rhapsody
San Antonio, Texas 78216 (512) 344-0241




Management Information Display

Ultrasonic heart sector scan

High-resolution display with alphanumerics

Get the professional color
display that has
BASIC/FORTRAN simplicity

LOW-PRICED, TOO

Here’'s a color display that has
everything: professional-level resolution,
enormous color range, easy software,
NTSC conformance, and low price.

Basically, this new Cromemco Model
SDI* is a two-board interface that plugs
into any Cromemco computer.

The SDI then maps computer display
memory content onto a convenient color
monitor to give high-quality, high-
resolution displays (756 H x 482 V pixels).

When we say the SDI resuits in a high-
quality professional display, we mean you
can’t get higher resolution than this
system offers in an WTSC-conforming
display.

The resolution surpasses that of a color
TV picture.

BASIC/FORTRAN programming

Besides its high resolution and low
price, the new SDI lets you control with
optional Cromemco software packages
that use simple BASIC- and FORTRAN-
like commands.

Pick any of 16 colors (from a
4096-color palette) with instructions like
DEFCLR (c, R, G, B). Or obtain a circle of
specified size, location, and coler with
XCIRC (x, v, 7, €).

*U.S. Pat. No. 4121283

Circle 1 on inquiry card.

Model SDI High-Resolution Color
Graphics Interface

HIGH RESOLUTION

The SDI's high resolution gives a
professional-quality display that strictly
meets NTSC requirements. You get 756
pixels on every visible line of the NTSC
standard display of 482 image lines. Ver-
tical line spacing is 1 pixel.

To achieve the high-quality display, a
separate output signal is produced for
each of the three component colors (red,
green, blue). This yields a sharper image
than is possible using an NTSC-composite
video signal and color TV set. Full image
quality is readily realized with our high-
quality RGB Monitor or any conventional
red/green/blue monitor common in TV
work.

Z-2H
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Model SDI plugs into Z-2H 11-megabyte
trard disk computer or any Cromemco
computer

DISPLAY MEMORY

Along with the SDI we also offer an
optional fast and mnovel two-port memory
that gives independent high-speed access
to the computer memory. The twoe-poft
memory stores one full display, permit-
ting fast computer operation even during
display.

CONTACT YOUR REP NOW

The Model SDI has been used in scien-
tific work, engineering, business, TV,
color graphics, and other areas. It's a
good example of how Cromemco keeps
computers in the field up to date, since it
turns any Cromemco computer into an
up-to-date color display computer.

The SDI has still more features that
you should be informed about. So contact
your Cromemco representative now and
see all that the SDI will do for you.

Cromemco

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 * (315) 964-7400

Tomorrow’s computers today
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Here’s the state of the art
in low-cost hard-disk computers

11 MEGABYTES
OF

FAST HARD-DISK STORAGE

Yes, the Cromemco Madel Z-2H
is in a class by itself in the computer
field.

These Z-2H features tell you why:

® 11 megabytes of hard-disk

storage

® 64 kilobytes of fast RAM

@ Two dual-sided floppy disk

drives

e Z-80A type processor

® Fast 4 MHz operation—150

nanosecond access time

o Fast hard-disk transfer rate of

5.6 megabits/second

® Low cost

And that’s not all you get. Not
nearly.

BROAD
SOFTWARE SUPPORT

You also get Cromemco software
support—the broadest software sup-

port in the microcomputer field. Soft-
ware that Cromemco is known for.
Like this:

Structured BASIC

FORTRAN IV

RATFOR (RATignal FORtran)
COBOL

Z-80 Macro Assembler

Word Processing System

Data Base Management

And more all the time.

FIELD PROVEN

The Z-2H is clearly in a class by it-
self. We introduced it last summer.
It’s field proven. It's reliable.

And it’s rugged. Housed in a sturdy,
all-metal cabinet.

EASILY EXPANDABLE
As always with Cromemco, you get
expandability. The fast 64K RAM in
this Model Z-2H can be expanded to
512 kilobytes. That amount of RAM
combined with 11 megabytes of hard-
disk storage gives you enormous

Cromemco

computer power—the equal or even
beyond what much larger computers
sometimes offer.

What’s more, this computer gives
you a 12-slot card cage. That's to plug
in your special circuits as well as
additional RAM and interface cards.

This expandability is supported by
still more Cromemco value —the
Z-2H’s heavy-duty power supply that
gives you 30A at 8V and 15A at +18V
to support plug-ins.

LOW COST — SEE IT NOW

The Z-2H is real. It's been in the
field for many months. It's proven
itself.

You should see the Z-2H now. Con-
tact a Cromemco representative and
arrange for a demo. Learn that Cro-
memco is a survey-winner for reli-
ability.

And learn that the Z-2H is under
$10K.

In the long run it always pays to
get the best.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400

Tomorrow's computers today
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32 HOME IN ON THE RANGE! AN ULTRASONIC RANGING SYSTEM
by Steve Ciarcia

Combine automatic sonar ranging and infrared-light detection in a computer-controlled scanner.

64 MICROGRAPH, PART 1: DEVELOPING AN INSTRUCTION SET FOR A
RASTER-SCAN DISPLAY by E Grady Booch

Micrograph is an intelligent, low-cost, color-graphics terminal that interfaces to any microcomputer
and standard, unmodified color television receiver.

126 GRAPHIC COLOR SLIDES, PART 1 by Alan W Grogono

The first of this two-part article gives a series of useful subroutines for generating color images on a
Compucolor II.

%}148 'EHREE-DIMENSIONAL GRAPHICS FOR THE APPLE Il by Dan Sokol and John
epari

With this popular computer, use a two-color scheme to generate three-dimensional figures.

296 A GENERAL INTERPOLATING GRAPHICS PACKAGE FOR THE TRS-80 by D K
Cohen and Devon Crowe

Interpolate between points of a graphed function and three-dimensional figures.
340 AN 8088 PROCESSOR FOR THE S-100 BUS, PART 3
by Thomas Woodward Cantrell

This monitor program takes advantage of some powerful software and architectural aspects of the
8088 processor.

Background

22 THE FUTURE OF COMPUTER GRAPHICS by Bruce Eric Brown and Stephen
Levine

Take a look at the future of graphics hardware and applications.

90 LANGUAGE CONTROL STRUCTURES FOR EASY ELECTRONIC VISUALIZA-
TION by Dr Thomas DeFanti

Zgrass, a hybrid of language and hardware, can be used to solve graphic-display problems.

180 A SIMPLIFIED THEORY OF VIDEO GRAPHICS, PART 1
by Allen Watson Il

Part 1 covers the principles of television and computer-generated graphics.

206 GETTING TO KNOW YOUR MONITOR by Ron Dalpiaz

Meet the most frequently used human/computer interface — the video terminal.

220 DIGITAL STORAGE OF IMAGES by Thomas Williams

Theory and practice of digital-image capture and storage are explained in detail.

244 MACHINE PROBLEM SOLVING, PART 3: THE ALPHA-BETA
PROCEDURE by Peter Frey

In the conclusion of this series, we discover how searching for information stored in tree structures
can be made more efficient.

361 ADD MACRO EXPANSION TO YOUR MICROCOMPUTER, PART 2
by David C Brown

Notes on implementation and options are presented in this final part.
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In This Issue

The cover for this issue of BYTE is a still from a
90-minute computer-animated cartoon called The
Works. The photo was provided by Dick Lundin
and Lance Williams and is constructed from quadric
surfaces and polygons, using texture-mapping and
normal-perturbation techniques. The background
was painted by Paul Xanter—programming credit
also goes to Tom Duff and Duane Palyka. A trailer
of The Works was shown at SIGGRAPH '80 (page
172), although the film itself may not be finished for
another two years.

A number of the articles for this month's theme
were solicited with the help of Jay Nickson and Ken
Lodding; their editorial begins on page 6. Both are
employed by DEC (Digital Equipment
Corporation): Jay is the manager of the human in-
terface program for simplifying man/machine com-
munications, Ken is a senior software engineer
whose long-term interests intermix art and computer
graphics.

Publisher’s Note

As most readers will have observed, the September Fifth anniversary issue marked the beginning of a
new phase for BYTE. The jump from a 300-page to a 400-page issue means a 33% increase in the material
presented to our readers each month.

Because advertisements tend to be more visible than editorial content (especially in a technical
journal), some readers may suspect that the larger issues mean merely more ads. But, in fact, the larger
issues have approximately one third more editorial content. The new size does create design and
manufacturing problems, however. The solution to these problems includes.a redesign of the editorial
pages of BYTE to make the editorial content easier to find and use. We expect the new format to be im-
plemented early in 1981. .

We are confident that the increased editorial content and new format will make BYTE even more of a
bargain as well as a more useful tool for our readers. And that, after all, is what it’s all about.

Virginia Londoner
Publisher
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RS-170 com-
posite or direct _
drive output

Local or
external sync e
generation

4 or 5 Mhz ‘
Z.80 micro- =
processor

60 hertz real- //

MICROANGELO

HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER

by

SCION

CORPORATION

Light pen
interface

Time multi-
. plexed refresh

4K resident
Screenware™
Pak I operating
system

32K RAM
. isolated from
host address

time clock
space
Blevel W ) o W’ Y7 s > High speed
interrupt tie-in 'Illll!ﬂllll“lllllllllllll Illllllllllllllllllli - communica-
tions over
IEEE S100 bus parallel bus
compatible ports

Screenware™ Pak |

A 4K byte operating system resident in PROM
on MicroAngelo™ Pak I emulates an 85 char-
acter by 40 line graphics terminal and provides
over 40 graphics commands. Provisions exist
for user-defined character sets and directly
callable user extensions to Screenware Pak I.

SCION Corporation
8455-D Tyco Road
Vienna, Va. 22180

(703) 827-0888

Host Resident Terminal Software

An interface software package that coordi-
nates input/output from the MicroAngelo™
graphics board, the MicroAngelo™ keyboard,
and your computer. The result is a flexible,
yet sophisticated graphics terminal.

European Distributor:
Micro Diversions UK Ltd.
17/19 Mesnes Street
Wigan, England WN1 1QP
09-423 4311
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Have some
great
memories.

16K PROM boards.

B PROM card has 2708-type memory

Bl Quality board construction Bl 0-4 wait states
Bl Address any 4K group to any 4K boundary
B Contro! up to 8 banks of memory B Fully
assembled and tested B PRICE—$300
{Caltfornia residents add 6% sakes tax)

Expandable 5 MHz RAM boards.
8—32K expandable RAM board uses Tl 4044
memory runs at SMHz B Fast 250 ns access
time M Bank select B Address any 4K block to
any 4K boundary B Quality board construction

PRICE—BK--$175; 16K—$315; 24K—$475;
32K—$620; 8K add-on kits—$135
(Catfornia residenis add 6% sales tax) !

Call or write Artec for details

) L J il=
e
& Peeg @@

ARTEC ELECTRONICS, INC.

605 Old County Rd., San Carlos, CA 94070
Telephone (415) 592-2740

6 November 1980 ® BYTE Publications Inc

The World of
Computer Graphics

Guest Editorial by Ken Lodding and Jay Nickson

Man is a visual animal. He surrounds himself with graphic images. Images
are employed to convey information, to explain concepts, and to com-
municate feelings. The ability to draw is instinctive. It materializes in infants
soon after the start of verbal development, perhaps to complement the slowly
developing verbal skills. Although the ability to draw tends not to become as
fully developed as verbal skills, images continue to provide much of the adult
human communications ability. Pictures are a primary information-carrying
channel: the histogram accompanying a financial article, the plot of a
mathematical function, and the illustrations in BYTE are but a few examples.

The importance of graphics for conveying information arises from the
nature of man’s visual system. The eye provides an extremely high-bandwidth
information channel for transferring the data to be processed by the brain’s op-
tic center. The importance of this channel can be seen from the redundancy
built into the system and from the distribution of optic nerve fibers in the
brain. It is believed that no less than six different brain sites are directly ser-
viced by connecting optic nerve fibers. (See reference 4.) The fundamental im-
portance of visual information is reflected in the old adage, “seeing is believ-
ing,” and in the observation that understand is one of the synonyms of the
word see. Text fails to use our native abilities to comprehend information fully
because it presents data in a linear, sequential fashion. Contrast this with
graphical images, which can be processed in a single viewing—a phenomenon
called preattentive perception. (See reference 6.)

The computer has become a primary source or conveyor of information, yet
the main interface between man and machine has remained the serially
oriented text display. The net result is that, as the volume of data available to
be presented increases, the user’'s communication channel becomes swamped
with an avalanche of text output. The volume of this avalanche far too often
restricts the comprehension of the information. The information is obscured as
effectively as if it had been encrypted. The spectacle of the computer user
literally buried under reams of printed output has ceased to be an amusing car-
toon and has become a nightmare for too many. To cope with the flood of in-
formation, the computer user is turning to graphics.

The information-transfer rate of a graph can be many orders of magnitude
greater than an equivalent text presentation. Conceptually, a graph has greater
information density than a table. Compare the plot of a sine curve with a table
of sine values. Each value within the table corresponds to a specific point on
the graph. However, the plot displays a far greater number of points than
could the most extended table. A high information-transfer rate results from
the greater data density and the faster operation of the human mind and visual
system. Patterns, periodic functions, trends, and comparisons can often be ob-
tained “by inspection” of a graph, while understanding a tabular display re-
quires much more time and effort. This is not, however, accomplished without
a cost. The only penalty paid for speed is the loss of precision: a graph cannot
be read to the same number of significant digits as can be obtained from a
table. This loss of precision is not a problem, as the specific data value of in-
terest can be extracted from the function or table of data used to generate the
plot initially.

About the Authors

Ken Lodding and Jay Nickson are employed by the Digital Equipment Corporation in Mer-
rimack, New Hampshire.
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“For reliable data storage,
I recommend systems with
Shugart disk drives,, Tom Knight, President—

“The last thing you need when you put
your personal computer or small business
system to work is a disk drive that you
can’t rely on. If the drive quits, your
systern is out of business.’

That’s why more and more manu-
facturers and dealers depend on Shugart
disk drives for reliable data storage. These
professionals don’t want disk drive prob-
lems any more than you do. Shugart has a

TM—Minifloppy is a trademark of Shugart Associates.

® Nycom, Los Altos, California

large family of drives, too—in all sizes and
capacities to suit your system storage
needs. For the smaller systemn, the original
5%-inch Minifloppy ™ stores 250 to 500
kilobytes (single or double-sided)—that’s
about 50 to 100 pages of printed material.
Our single and double-sided 8-inch
floppys store 800 to 1600 kilobytes. And
for systems that need a larger data base,
our 8-inch or 14-inch fixed disk drives

store from 5 to 58 megabytes. No other
manufacturer offers such a wide variety of
disk storage for personal computer and
small business systems.

Word processing, general business,
accounting—big system or small, you can
rely on Shugart drives. We're known as the
Headstrong company for good reason.
We’re Headstrong about reliability, quality,
and value. Ask your dealer. He knows us.

Relyon the

Headstrong Company.

JA.Shugart

475 Oakmead Parkway, Sunnyvale, California 94086



In addition to presenting data in a rapid, meaningful
fashion, an important benefit of computer graphics is the
ability to present images realistically. Plotting a
topological surface, modeling DNA, creating an architec-
tural rendering, and simulating a pilot's view from the
cockpit of an aircraft are all enhanced by presenting the
image in a manner which gives the viewer a sense that the
picture is not an illusion. To achieve greater realism, a
prime factor is to provide the illusion of depth. Perspec-
tive, hidden-line removal, shading, and highlighting all
provide depth cues to the viewer. This month's com-
puter-generated cover by Lance Williams of the New
York Institute of Technology clearly illustrates the cur-
rent state of the art as applied to an artistic endeavor. The
same techniques are available and can be employed when
graphically representing numeric data.

Three-Dimensional Graphics

To provide the illusion of depth, a three-dimensional
model can be defined. Establishing the viewer’s geometric
relationship to the model and following the rules of
perspective, the model image is mathematically projected
onto a two-dimensional viewing plane. Although pro-
viding good visual depth cues (eg: parallel lines appearing
to meet at a point), there is no real illusion of depth; in
other words, the model image is still “flat.” To correct
this, the phenomenon of stereopsis (from the Greek,
meaning "solid sight”) can be employed. You may be
familiar with the 1847 Brewster stereoscope. Here, the
approach taken to give the illusion of depth was to
photograph the same scene twice, having moved the
camera about 6 cm sideways between photos. The two
images could then be viewed through a stereoscope that
utilized a prism and lens system to alter the image paths
to the eye, so that the two views seemed to originate from
a common point. (The old-fashioned stereopticon and the
modern View-Master are variations on this theme.) The
observer's visual system fused the two images, giving the
illusion of a three-dimensional image.

Various computer-graphic techniques using the same
principles have been developed. A common technique is
to employ glasses with electro-optic shutter eyepieces to
provide the image separation. With the electro-optic
glasses, the cyclopic video display presents left- and
right-perspective images in alternate frames, which are
then synchronized with the electro-optic shutters. The
left eye is presented with the left stereograph, while the
right eye's view is blanked by the optical shutter; the im-
age and shutter swap for the right eye. The viewer's inter-
nal visual system fuses the image to give the appearance
of depth. For an example of this, see “The Future of Com-
puter Graphics,” page 22.

A different approach to providing left and right images
to the visual system uses color to separate the images.
Using a device called an anaglyph, the left view is
presented in one color, and the right in a different color.
Color filters control which eye sees what view. A pro-
gram for generating and viewing anaglyphs is presented
in the article “Three-Dimensional Graphics for the Apple
11.” (See page 148.) While the traditional colors employed
are red and green, any two colors and corresponding
filters could be used, because the illusion is based on the
separation of the images, and has nothing to do with the
particular colors. The phenomenon is as apparent to a

8  November 1980 © BYTE Publications Inc

®
PASCAL/Z™ Q.E.D.

Ithaca Intersystems PASCAL/Z is the most powerful CP/M™
compatible Z-80™ Pascal compiler ever ... and here’s why:

PASCAL/Z generates true Z-80 native code — ROMable
and re-entrant — 5-10X faster than P-code interpreters;
permits separate compilation; supports Direct File Access
and variable length STRINGsS; utilizes fast one-pass recursive
descent organization; the macro-assembler generates
relocatable object modules; and much, much more.

Complete package includes compiler, macro-assembler,
linker/loader and source for the full library on one disk; with
free copy of Jensen/Wirth book and complete documenta-
tion. Only $395.00.

IT'S DEMONSTRABLE!
Don't just take our word for it. Ask for a demonstration of
these features and more today at Computerland® and other
full-service computer stores.
Ithaca Intersystems Inc., 1650 Hanshaw Road
P.O. Box 91, ithaca, N.Y. 14850. Phone (607) 257-0190

Computerland is a registered trademark of Computerland Corporation.
CP/M and Z-80 are trademarks of Digital Research Corp. and Zilog, Inc. respectively.
PASCAL/Z and InterSystems are trademarks of Ithaca Intersystems Inc,

lonferNyySiems

Ithaca Intersystems Inc.

Micros for bigger ideas.
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Outside of the garden
you need a computer that can grow.

For the averagegarden-variety home and hobby operation,
a high quality personal computer is a real temptation. But
let’s face it: in the world of business, engineering and
scientific applications you need a system that can keep up
with bigger ideas.

Bigger ideas today mean the power and flexibility to
move the micro up to and beyond the level of yesterday’s
minis. More memory to hold bigger data bases. More
flexibility to handle a variety of data entry devices. More
programming and computing power for numbercrunching
and applications development. And easy upgrade to 16 bit
operation when you need it.

Intersystems has that, and more. The power and flexibility
of the versatile 5-100 bus, with 20 slots of expandability for
up to 16 individually-addressable DMA devices and up to 1
Megabyte of memory, fully accessible to all users via our
unique memory management system. Plus reliable
Intersystems design and manufacture, and the support of
our PASCAL/Z™...the most powerful Z-80™ compiler ever.

For really serious computing, our front panel provides a
powerful diagnostic tool for debugging or development.
Combined with a scope, itallows you to look at any location
in the circuitry, set breakpoints, trigger and view one-shot
events, and many other activities usually possible only with
expensive logic analyzers. No wonder it’s fast becoming the
tool of choice for repair technicians and custom hardware
designers.

Intersystems Series Il is the most complete line of fully
IEEE 696 compatible S-100 boards...easily upgradeable to
our MPU 8000™ or other 16 bit S-100 CPU’s as they become
available...so you’re never locked out of rapid expansion, or
locked into obsolescence, by dependency on a proprietary
product line.

Soif you've left those garden-variety applications behind,
come to Intersystems and get a system that will grow as big
as your next idea. Get it from the people who know small
computers...your Computerland store...or other fine full
service computer dealers.

Ithaca Intersystems Inc., 1650 Hanshaw Road
P.O. Box 91, Ithaca, N.Y. 14850.
Phone (607) 257-0190 TWX: 510 255 4346.

Z-80 15 a rademark 01 Z0g. Inc
PASCAL/Z MPU 8000 and InterSystems are rademarks of Ithaca Inlersystems Inc

nnfertyysienmns”

Ithaca Intersystems Inc.

Micros for bigger ideas.




color-blind person as it is to a viewer with normal color
vision. For those interested in further information, the
book Seeing is an excellent reference on vision in general
and stereopsis in particular. (See reference 4.)

A more recent and unique approach to presenting
three-dimensional images is SpaceGraph, developed by
Dr Larry Sher. His technique uses a vibrating mirror and
a video display. The technique is to generate on the
display two-dimensional “slices” of the three-dimensional
object to be viewed. The slices are rapidly generated in
synchronization with the dynamic motion of the mirror,
the front slice being generated when the mirror is extend-
ed toward the viewer, the back slice when the mirror is
concaved away from the viewer, and the intermediate
slices as appropriate for the travel of the mirror between
these extremes. The rapid sequence of images is fused
by the viewer's visual system to give the illusion of a
“space filling” object. (See reference 7.)

Those adventuresome souls who find three-dimensions
insufficient for their purposes can use computer graphics
as an aid for visualizing objects which, theoretically, exist
in four or more dimensions. If you are interested in this
area, Hypergraphics is a good introduction to the sub-
ject. (See reference 3.) The book includes
hyperstereograms of such objects as hypercubes or
tesseracts, hypercones, and other denizens of higher
dimensions.

Animation is another technique that can assist in user
comprehension of data. Often we are dealing with infor-
mation gathered at discrete intervals over a period of
time. Here, the problem of analyzing data is one of

T

LOPPY DISK FACTORY DIRECT FLOPPY DISK FACTO

N

® Buy factory direct from the manufacturer of floppy disks
sold exclusively under other well-known brand names.

e Save distribution costs on reversible 5.25” floppy disks,
which are 100% certified for 40 track, dual side, double
density and all other standard applications.

® 50%p savings on 5.25” floppy disks with new factory-
direct 2.2 megabyte capacity "Diskit".

® Factory-direct "Diskit". includes twelve floppy disks
and accessories, plus a head cleaner disk and solution
packaged in a bookcase binder for easy access, handling
and Storage. "Diskit” complete for the introductory
price of only $48.50 plus $2.50 freight and handling.
Normal price $58.50. Order now and save $10.00
(CA residents add 6%2% sales tax).

e Available in hard and soft sector configurations; when
ordering indicate number of sectors — 1, 10 or 16.

® Send check or money order to:
Factory Direct
P.0. Box 60758
Sunnyvale, CA 84088
For VISA or MasterCard call toll-free
(800) 824-7888
in Calif. (B0OO) 852-7777
In Alaska & Hawaii (B0O0O) 824-73919
Ask for Operator 98

w ACTORY OIRECT FLOPPY DISK FACTORY DIRECT FLOFPY DISK FACTOR
10 AHOL3V4 XMSI0 AddO14 L3340 AHOL3Vv4 XS10 AddO14 LO3HI0 AY

ASI0 AddO74 133410 AHOLDOV4 X510 AddO14 13
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understanding what is occurring to the data elements
over.some length of time. Animation provides a looking
glass into the time domain. Flowing, three-dimensional
images can represent anything from an economic world
model to a bridge under stress.

Hidden Benefits

There are times when animation provides the viewer
with unexpected information—information which, in
retrospect, was present but not readily discernible by any
other method of examination. An interesting example of
this situation involves the simulation of an internal com-
bustion engine. The simulation, performed at a research
laboratory, wrote out data in the conventional manner:
stacks of numbers. At the same laboratory, some time
after the engine simulation had been completed and used
for experiments, a different group of researchers devel-
oped a computer-animation system. The engine simula-
tion was selected as a good demonstration of the new
graphics software, and a computer-generated film was
produced. During the screening of the film it was noticed
that small rectangular elements, used to represent ideal-
ized gas packets, displayed a strange, unexpected oscilla-
tion at their endpoints. Review of the animation soft-
ware provided no explanation for this erratic behavior.
Close examination of output from the original simulation
revealed that the oscillations were indeed present. This
fact had not been previously noticed because the infor-
mation had been obscured by a combination of the
tremendous amount of data, the smallness of the oscilla-
tion, and the extended period over which it occurred.
What had in fact been found were acoustical-wave
phenomena occurring within the cylinder of the engine,
which could potentially be used for the development of
more efficient engines. The events went unnoticed until a
computer-generated movie was constructed.

In the 30 years since its beginnings, computer-
generated graphics has grown steadily, but not spec-
tacularly. Previously the costs of both the display and the
computer resources needed to support graphic displays
have limited the impact. Rapidly falling memory prices
and television technology have renewed the interest in
computer graphics. The combination of a television
raster display and a memory-intensive, bit-mapped ar-
chitecture makes possible a graphic system capable of
providing full-color, dynamic images with previously
unheard of realism and economy. “Micrograph, Part 1:
Developing an Instruction Set for a Raster-Scan
Display,” describes the design and construction of a
color-display processor that costs approximately $250 to
build. (See page 64.) This is possible only because of the
plummeting cost of hardware. This is a cost reduction of
three orders of magnitude in 15 years, with color added
for freel

Graphics Software

The advent of inexpensive graphics hardware has, not
unexpectedly, spurred the development of graphics soft-
ware. The traditional approach for supporting graphics
has been to provide a collection of subroutines that per-
form the graphic-display functions. These subroutines
are called from languages whose orientation is toward the
manipulation of text and numerical data. This approach
is fine if you only want to accumulate data and make a
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" Maybe we can
| save you a call.

Many people have called with the
same questions about the AIO.
We'll answer those and a few more here.

Q: Does the AIO have hardware handshaking?

A: Yes. The serial port accommodates 3 types—RTS,
CTS. and DCD. The parallel port handles ACK, ACK.
BSY,STB. and STB.

Q: What equipment can be used with the A1Q?

A: A partial list of devices that have actually been tested
with the AtO includes: IDS 440 Paper Tiger. Centronics
779, Qume Sprint 5, NEC Spinwriter, Comprint, Heathkit
H14, IDS 125, IDS 225, Hazeltine 1500, Lear Siegler
ADM-3,DTC 300, Al 841.

Q: Does the AIO work with Pascal?

A: Yes. The current AIO serial firmware works great
with Pascal. If you want to run the parallel port, or both
the serial and parallel ports with Pascal, order our
“Pascal Patcher Disk

Q: What kind of firmware option is available for

the parallel interface?

A: Two PROM's that the user installs on the A1O card
in place of the Serial Firmware PROM’s provide:
Variable margins, Variable page length. Variable
indentations. and Auto-line-feed on carriage
return.

Q: How do [ interface my new printer to my Apple
using my AIQ card?

A: Interconnection diagrams for many popular
printers and other devices are contained in the
AlO Manual. If your printer is not mentioned.
please contact SSM's Technical Support Dept.
and they will help you with the proper
connections.

Q: | want to use my Apple as a dumb terminal
with a modem on a timesharing service like

The Source. Can I do that with the A[Q?

A: Yes. A "Dumb Terminal Routine” is listed
in the AIO Manual. It provides for full and
half duplex, and also checks for presence
of a carrier.

Q: What length cables are provided?
A: For the serial port, a 12 inch ribbon cable
with a DB-25 socket on the user end
is supplied. For the parallel port, a 72 inch
ribbon cable with an unterminated user
end is provided. Other cables are available
on special volume orders.

The AIO is just one of several boards
for the Apple that SSM will be introducing
over the next year. We are also
receptive to developing products to
meet special OEM requirements.
So please contact us if you have
a need and there is nothing available
to meetit.

Drive
2190 Pas::ag((:):\"for 1295131

..7
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SSM Microcomputer Products
2190 Paragon Drive

San.Jose, California 95131
(408) 946-7400






ng and the Apple.

If you could talk to Orville Wright, he'd
tellyou the problems he faced as a turn-
of-the-century engineer. You could tell him
all about the technological solutions
available to today’s engineer and scientist...
particularly a 20th century phenomenon
that tests assumptions and defines models
before a project gets off the ground.

The Apple personal computer.

Computation, calculation,
analysis...the power to
pilot your projects.

With a highly-integrated system from
the extensive Apple personal computer
family, Orville and brother Wilbur would
have increased their productivity. Perhaps
even launched the Kitty Hawk Flyer well
before 1903.

An Apple in their hangar would have
freed them from the time and tedium of
crunching numbers by hand.

An Apple in your lab or office will give
you the problem-solving capabilities you
demand from a big computer...without
the time-consuniing problems typical of
remote processing,

But the Apple system solution doesn't
stop there. It keeps on soaring with proven
performance, power and expandability

1

K

Apple’s existing software library includes
a program that plots the shape of an
airfoil, given its parameters.

that's unparalleled for analyzing alterna-
tive paths of design and modeling a
wide variety of physical processes.

Want more memory? Depending on
your choice of system, Apple has memory
expandable to 64K bytes or 128K bytes.
Prefer wide displays? Choose 40 or 80
characters. Need to control instruments
in thelab? Get on the IEEE 488 bus. Over

Circle 8 on inquiry card.

100 companies also supply peripherals for
Apple because Apple is the most popular
personal computer with the least com-
plicated interface.

Want an efficient system of data storage
and access? Apple’s 5% " disk drive not
only offers you increased application
versatility, but high density (143K bytes),
high speed and low cost. You can even add
up to four or more drives to your

“>
~g% your own
¥ programs, the
Apple also speaks
in languages other
than FORTRAN: Pascal,
BASIC, PILOT and 6502

Apple system. With assembly language.

proven reliability,

o wonder it's the Where to learn

most popular drive more about Apple,

onthe market today. the small-yet-
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. Apple.
Discover the 20th
century tool versatile
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A R an RERARRE I'J enough to monitor
1 RSEaRsaaaRu: Jf i H | 'p*' Lt quality controls and
manufacturing sched-

Wilbur determined that birds didn’t have to constantly flap
their wings to fly. With an Apple, ke could've determined the
Sfixed-wing design of the Kitty Hawk Flyer much faster.

ules, orchestrate
tolerance tests and
determine alternative

FORTRAN that helped
to design a 20th century
flying machine.

Fluent in the same language that helped
to design the 747, Apple FORTRAN lets you
tackle differential equations at the touch of
a key. And since more than 170 companies
also offer software for the Apple family,
you can have one of the most impressive
program libraries ever...including vast
subroutine libraries for math, science,
engineering and statistics. When youwrite

parts selection. Learn why Apple emerges
as the technological leader of reliable
personal computer products that increase
your productivity.

Let the Apple dealer show you how,
by putting the system of your choice
through its-paces. He'll tell you about our
extended warranty, support and service.
And he'll prove that a personal computer
is not just a flight of fancy but a serious
solution. Don't let history pass you by.
Visit your nearest Apple dealer, or call
800-538-9696. In California,
800-662-9238.

iqpple"’computer




AN EXCITIN
WAY TO PC
THE APPLE . . .

IQNS
OGY!
| | < introduces two new and
effective education packages . . . Chem Lab

Simulation #1 and #2 . .. designed for use with
the Apple 11" computer.

Developed by a chemistry professor at
Oklahoma State University, both programs
realistically and dynamically illustrate the laws
of basic chemistry. They provide virtually
Unlimited results and instant feed back!

Suitable for high school or college level
introductory chemistry students, the
programs are an invaluable lecture aid. And
for individual study, they provide first-hand
student involvement as werl as help solve the

perennial teaching problems of limited time,
space, and resources.

uses APPLE's™ high resolution graphics to
simulate:

® An acid-base titration
experiment

eDetermination of an
unknown weak avid,
including a titration
experiment and a pH-
meter experiment

e Determunation of
Avagadro’s Number,
thdduding a titration
experiment and a
monomolecular film
experiment

written in machine language for fast response

time, uses APPLE’s™ colorful low-resolution
raphics to simulate: ]

grap o The Ideal Gas Law

® The Kinetic-Molecular
Theary

®The Principles
of .Entropy

See your nearest dealer today. or contact:

P.O. Box 14665 ‘
Oklahoma City, OK 73113

(405) 840-9900
APPLE™ s a registered trademark of APPLE COMPUTER, INC.
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picture from it. The subroutine approach excludes the
possibility of treating graphical objects as variables
within the language, or using them within statements and
expressions. Some research work has been done which in-
cludes the concept of graphical objects and operators
within a language structure. To date, there have been a
number of different approaches to the problem of han-
dling graphical objects. Deeply intertwined in the prob-
lem is our fundamental lack of understanding of how to
provide graphics support. Viewed from the perspective of
a language, what fundamental primitives must be pro-
vided? What are the appropriate data types? How are ex-
pressions constructed? What operators need to be pro-
vided? The list of unknowns goes on and on. “Language
Control Structures for Easy Electronic Visualization,” by
Dr Tom DeFanti, addresses this area. (See page 90.) Some
examples of other, experimental, graphics languages are
given in references 2 and 5. SHAZAM (Smalltalk’s
sHaded imAge Zippy Animated Moviemaker) is an in-
teresting animated-movie language written in Smalltalk.
(See reference 1.) In no way does this list exhaust the pro-
gress that has been made in graphics languages, but
rather it reflects a small sampling of recent work.

All the aspects of graphics we have discussed allow us
to construct windows into universes, real or imaginary.
Computer graphics is exciting because with this tool we
can witness the unraveling of a DNA molecule, or the
collision of galaxies. We can watch the structure of the
universe as it expands from the moment of the theoretical
big bang, or, reversing entropy, see it collapse into the
primordial particle. We can plot a mathematical func-
tion, view an economic trend, or travel faster than light
to where robotic insects populate metallic worlds. Best of
all, we can make it all seem real, because we can see it/
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Articles Policy

BYTE is continually seeking quality manuscripts written by indi- |
viduals who are applying personal computer systems, designing
such systems, or who have knowledge which will prove useful to
our readers. For a more formal description of procedures and
requirements, potential authors should send a large (9 by 12 inch,
30.5 by 22.8 cm), self-addressed envelope, with 28 cents US postage
affixed, to BYTE Author’s Guide, 70 Main St, Peterborough NH
03458.

Articles which are accepted are purchased with a rate of up to $50
per magazine page, based on technical quality and suitability for
BYTE's readership. Each month, the authors of the two leading
articles in the reader poll (BYTE's Ongoing Monitor Box or
"BOMB") are presented with bonus checks of $100 and $50. Unso-
licited materials should be accompanied by full name and address,

as well as return postage.
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TRS-80* Model I Computer Owners . . .

Double-density storage.
It’s really here!

Here at Percom. And your authorized Percom dealers.
And double-density storage is here in a big way. Because now
you can choose from three different Ievels of mini-disk systems —

all double-density rated.

And get the storage that precisely meets your application

needs.

Not to mention the service and quality that’s made Percom the

industry leader.

Although rated for double-density operation, all
levels of Percom drives work equally well in single-
density applications.

You can operate these drives in ordinary single-
density format using TRSDOS*, Percom OS-80™
or any other single-density operating system.

Or, you can add a Percom DOUBLER™ to your -

Tandy Expansion Interface and store data and
programs in either single- or double-density
format.

Under double-density operation, you can store
as much as 350 Kbytes of formatted data — de-
pending on the drive model. — on one side of a
five-inch minidiskette.

That’s four times the capacity of standard Model
I mini-disks, almost 100 Kbytes more than the
capacity of the eight-inch IBM 3740 format!

Available in 1-, 2- and 3-drive conflguratlons in
all three model lmes, Percom burned-in, fully-
tested drives start at only $399.

TFD-40™ Drives

[} TFD-40 Drives store 180 Kbytes (double-density) or
102 Kbytes (single-density) of formatted data on one
side of a 40-track minidiskette. Although economical-

| ly priced, TFD-40 drives receive the same full Percom
£1 ; (cqiuahty control measures as TFD-100 and TFD-200
rives

TFD-100™ Drives

TED-100 drives are ‘“flippy’’ drives. You store twice
the data per minidiskette by using both sides of the
§ 1 disk. TFD-100 drives store 180 Kbytes (double-
. B density) or 102 Kbytes (single-density) per side.
8| Under double-density operation, you can store a 70-
page document on one minidiskette.

TFD-200™ Drives

TFD-200 drives store 350 Kbytes (double-density) or
197 Kbytes (single-density) on one side of a minidis-
kette. By comparison, 3740-formatted eight-inch
disks store only 256 Kbytes. Enormous on-line stor-
f§lo| age capacity in a 5” drive, plus proven Percom
. reliability. That's what you get in a TFD-200.

Quality Percom products are available at authorized dealers.
1-800-527-1592 for the address of your nearest dealer or to order directly from

Percom.
™ trademark of Percom Data Company, Inc.
* trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company.

Prices and specifications subject to change without notice.

the DOUBLER“‘ — This proprietary adapter for the TRS-80*
: l}/]lodel | compc;ner packs approximately twice
W the data on a disk track.
bl JW )
Depending on the type of drive, you can
fii), store up to four times as much data — 350
i .3 i' Kbytes — on one side of a minidiskette as you
RS can store using a Tandy standard Model | com-
!\!’ puter drive.
S Easy to install, the DOUBLER merely plugs
T into the disk controller chip socket of your
Expansnon Interface. No rewiring. No trace;cutting.

And because the DOUBLER reads, writes and formats
either single- or double-density disks, Yyou can con-
tinue to run all of your single-density software, then switch to
double-density operation at any convenient time.

Included with the PC card adapter is a TRSDOS*-compatible
double-density disk operating system, called DBLDOS™, plus a
CONVERT utility that converts files and programsfrom single- to
double-density or double- to single-density format.

Each DOUBLER also includes an on-card high-performance
data separator circuit which ensures reliable disk read operation.

The DOUBLER works with standard 35-. 40-, 77- and 80-
trackdrives rated for double-density operation.

Note. Opening the Expansion Interface to install the
DOUBLER may void Tandy’s limited 90-day warranty).

Drive enclosures, power supplies Percom drive enclosures
are finished in compatible silver enamel. Three sizes accommo-
date either 1, 2 or 3 drives. Drive power supplies are heavy duty,
cool-running open-frame design. Three-wire ac power cords are
safer, have lower noise pickup.

Free software patch Thissoftwarepatch, called PATCH PAK™,
upgrades TRSDOS* for operation with improved 40- and 77-
track drives. For single-density operation only.

PERCOM

PERCOM DATA COMPANY. INC.
211 N. KIRBY + GARLAND TX - 75042

(2141272-3421

Call toll free
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Moore Praise Comes FORTH

If FORTH is trickery, give me more
trickery.

In my view, FORTH is a common-
sense approach to programming,.
Granted, there are also bits of pure
genius thrown in.

It makes sense to put all the routines
used by the operating system, compiler,
parser, editor, etc, in one dictionary
conveniently accessible to the user at all
times. That is, if they will fit. One of
the bits of genius of FORTH is that they
do indeed fit with room to spare for
user-defined routines. The result is in-
stant liberation from the “systems man”
who tries but can't please everyone. It is
your computer, and with FORTH you
have access to everything on it.

It makes sense to use a stack to pass
parameters between routines and to
separate this stack from the return-
address stack. You end up with a
language that is designed to compute
rather than to be read. Every step in
FORTH is directed toward computing a
result. FORTH is a sequence of com-

mands rather than statements as found
in BASIC or Pascal. The functions of
computing and documentation are
separated. Hence I strongly disagree
with Gregg Williams’ advice (see August
1980 BYTE, page 130) that the user
should introduce intermediate variables
to improve readability. I concur with his
objective, but I would encourage their
use only in the commentary where they
belong. There is no point to introducing
unnecessary variables in the computing
process. In the commentary, in-
termediate variables can and should be
used very effectively to help describe the
computations that are occurring on the
stack without interfering with the process.
While FORTH takes away the ex-
pository statement, it does give back an
important documenting feature, namely
relative ease in preparing precise
common-language definitions of each
routine. All FORTH routines have a
describable goal, and most of the action
takes place on the stack. Hence FORTH
routines tend to be simpler to describe. I
have never seen a glossary for a
language or operating system that comes

Thousands
of
“like new”
products
with
money back
guarantees.

REl Sales Company

(800)227-8409

In California (213) 993-7368, (415) 968-8845 or (714) 879-0561
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even close to the completeness and con-
ciseness of the fig-FORTH glossary sup-
plied by the FORTH Interest Group. It is
a gem, a complete English-language
description of FORTH. Every routine on
the computer is concisely defined in
English.

You have to have faith that taking the
sacred function of documenting out of
the lahguage and turning it over to the
user to do as he sees fit will work. After
a while, you begin to wonder if Milton
Friedman didn't write FORTH for his
television series Free to Choose.

Finally, it makes sense to give the pro-
grammer a shot at controlling the com-
piler, especially when the compiler has
access to all the routines of the system.
C H Moore has shown with FORTH
that compilers do not have to be large
inflexible systems which try to take into
account every eventuality and really
can't do it. The result of this bit of
FORTH trickery is a powerful compiler
so tiny that it can be made interactive
and used on line with no batch process-
ing, linking loader, or other monstros-
ity which we are accustomed to
associate with a compiler.

How small (or big) is tiny? The fig-
FORTH system supplied by the FORTH
Interest Group for the 6502 contains 220
primitive routines (not including the
Editor or Assembler) that occupy a total
of 6221 bytes. By my count, 34 of these
routines are compiler functions, and
they occupy a total of 982 bytes. My
guess is that this is an order of
magnitude smaller than other compilers
of comparable power. That is trickery.

If there ever is a contest for the all-
time ingenious software development, I
would like to nominate C H Moore's
best, the { ;CODE } routine and/or its
logical extension
{ <BUILDS ... DOES> }.

Edgar H Fey Jr

Edgar H Fey Jewelers Inc
1156 Fox Valley Ctr
Aurora IL 60505

Flash: Magic Exists!

I was delighted to see an issue of
BYTE devoted to FORTH. As a user of
and tinkerer with STOIC for 5 years, 1
heartily agree with the various authors’
ravings about the extensibility, flexibili-
ty, and increase in productivity provided
by FORTH. I was, however, amused at
the many ways in which postfix
(reverse-Polish) notation was rational-



In late 1978, Intertec conceived the idea
of the InterTube Video Display Terminal.
Since that time, we've greatly enhanced its
operation with the addition of many new
exciting features. But perhaps the most sig-
nificant announcement in the InterTube line of
video terminals is our new InterTube Il.

The new $895* InterTube Il obsoletes
dumb terminals and out-performs the smart
ones. Powerful standard features include:

a full 24 line by 80 character display, 128
upper and lower case ASCII characters,
reverse video, complete cursor addressing
and control, an 18 key numeric pad, user-
defined function keys, blinking, a self-test
mode, protected and unprotected fields,
below-the-line descenders, automatic key
repeat, twin RS232 serial ports and character
and line insert/delete. Incredible!

“Quantity One - Dealer Inquiries invited.

InterTube Il also boasts newly designed
processor, video and power supply circuits.
All'in all, the InterTube Il is what we believe
to be the most powerful, reliable video termi-
nal available today. And it costs less than its
predecessor - our popular InterTube |l.

InterTube Il users will appreciate the
many painstaking hours of human engineering
which insure effortless operation without
operator fatigue. InterTube IlI's new high
resolution, non-glare CRT provides the
sharpest possible display image. And our
newly designed keyboard has that expensive
“feel” you normally find only on terminals
costing two to three times as much. But,
most importantly, the InterTube Ill features
state-of-the art design with just three easily
removable modules. So, with only @ common
screwdriver, servicing is a snap!

Better yet, we've got a nationwide serv-
ice network with outlets located in over S0
cities to provide fast and efficient on-site or
depot maintenance. Pius, an extended
warranty program is also available.

If you're an existing InterTube user, you
no doubt have discovered the exceptional value
the InterTube really is. And, if you're not, why
not call or write us today for the name and
address of your nearest InterTube Il dealer.
Intertec video terminals are distributed world-
wide and may be available in your area now.

INTERTEC

“1 C_DATA

SYJEMS.

2300 Broad River Rd, Columbia, SC 29210
(803) 798-9100 TWX: 810-666-2115

Clrcle 10 on Inqulry card.



ized as being a better or more efficient
way to do things even though it renders
programs “write only” or at best difficult
to read.

Since maintainability of programs
becomes even more critical when pro-
ductivity is increased tenfold or more, I
feel that the requirement of postfix nota-
tion by FORTH is a serious shortcom-
ing. There is nothing mystical about
postfix notation; all compilers and inter-
preters must eventually reach this form
because that is the order in which the
computer must carry out its operations.

Over the past two years Jeff Morris
and I have added various superstructures
onto FORTH (one per application) that

attempted to combine the better features
of Pascal (eg: record structures, algebraic
notation) with the power and flexibility
of FORTH. The outcome of all of these
experiments was a conceptual break-
through which resulted in the invention
of Magic. Magic has all the advantages
of FORTH, plus, Magic programs are
readable (thus maintainable).

For example, the FORTH (or Magic)
statement:

B@ C@ + A@ * A!
can also be written in Magic as:

A:=A*(B+C)

CT

1-800-854-2003 ext. 815

computer Technology Associates
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and in fact compiles in three fewer
words (since the @s are not needed),
and the FORTH (or Magic) statement:

A@ B@ = IF
can also be written in Magic as:
IF(A.EQ.B)

Magic is a major enhancement to the
basic compilation structure of FORTH (a
metaFORTH), not simply an add-on
superstructure. Magic programs typically
compile more slowly (due to the in-
creased complexity of the compiler) but
require less memory and run faster than
equivalent FORTH programs.

The concept of metaFORTH is
discussed briefly in the article by Kim
Harris. (See “"FORTH Extensibility: or
How to Write a Compiler in Twenty-
five Words or Less,” August 1980 BYTE,
page 164.) This is the direction of the
future and will be the source of some
super-powerful programming tools in the
next decade. Magic is a first step in that
direction.

I hope and expect that new
metaFORTH languages such as Magic
will be developed so that FORTH users
can have their cake and eat it too. The
time has come to stop justifying the
unreadability of postfix notation.

Arnold Epstein PhD

Director, Software Development
Octek Inc

7 Corporate Pl

S Bedford St

Burlington MA 01803

Needs Tektronix Secrets

Can a BYTE reader help me? I have a
Tektronix 4051 computer which came
with a BASIC interpreter. Some of my
programs must run faster, and I would
like to rewrite them in machine code.
Tektronix states that machine code is
unsupported on the 4051 and suggests
spending another $10,500 for a faster
Model 4052. Someone somewhere is pro-
gramming the 4051 in machine code, as
“Space Tag” on the demonstration tape
is in machine code and runs incredibly
faster than ordinary BASIC programs.

Richard Daily
800 Charlesgate Dr
St Louis MO 63122

Information Please

I recently acquired a Video Brain
home computer built by A Umtech
Company. The serial number is 003087
and the model number is 101A. It was
built in either Santa Clara or Sunnyvale,

Circle 12 on inquiry card. ===



Mountain Computer
can now

EXPAND

Your Appile II Peripheral Capacity
EXPANSION CHASSIS

Quality You Expect

Eight more slots for your Apple! Now you
can bank-select eight more peripheral slots
with immediate or deferred software
commands—Ilike having up to 16 peripheral
cards “on line”—or use the Select/Deselect
switch mounted on the front panel.
Expansion Chassis' heavy-duty power
supply is primarily for peripherals, without
the heavy demand of motherboard support
chips required in your Apple. This means
much more power is available for peri-
pherals than in your Apple itself! If you've
run out of room in your Apple—Expansion
Chassisis youranswer. Drop by your Apple
dealer for a demonstration, or contact
Mountain Computer for the location of

the dealer nearest you.

A\

Mountain Computer

INCORPORATED

Performance You Demand

e Eight mirrorimage I/0O slots of the Apple

e Fully buffered, bi-directional data lines

e Apple Il compatible interface card

e Dual selection capability; hardware or
software

e |mmediate or deferred selection in
software mode

® From BASIC, asingle POKE command
turns the chassis ON or OFF

e Compatible with all software

e Dedicated power supply with
approved power transformer

Lﬂ Mountain Computer

INCORPORATED

300 Harvey West Blvd., Santa Cruz, CA 95060
(408) 429-8600 TWX 910 598-4504




California. I understand it has a Fair-
child F-8 8-bit microprocessor. It has
1 K bytes of programmable memory
and 4 K bytes of read-only memory.
What I am looking for are cartridge
programs, which have a 45-terminal bus,
the expander sets, or anything that
would be interchangeable. Also, any in-
formation or leads would be gratefully
appreciated by me and my friends.

Richard L Rowland
7072 Kenwood
Las Vegas NV 89117

An Overlooked FORTH Vendor

The staff at Datricon Corporation was
both delighted and disappointed with the
August 1980 BYTE. Our delight stems
from the extensive coverage of the
language FORTH and Charles H
Moore's interesting article, “The Evolu-
tion of FORTH, an Unusual Language,”
page 76.

However, we were disappointed with
BYTE’s failure to mention Datricon’s
ACS 12-PRO or Datricon’s 4 K
D-FORTH. Datricon’s implementation of
FORTH resides in 4 K bytes of EPROM
(erasable programmable read-only
memory), produces code that can be
placed into ROM (read-only memory),
and provides for interrupt handling and
the automatic setting of the data-transfer
rate. Our ACS 12-PRO, with D-FORTH
and the STD BUS interface, is a very
powerful 6800-based single-board com-
puter. A development package is also
available for generating application
EPROMs.

Jed W Heald, President
Datricon Corporation
7911 NE 33rd Dr

Suite 200

Portland OR 97211

We at BYTE were surprised to find
additional FORTH vendors advertising
in our August 1980 issue. Other vendors
include Rockwell Intemational (for the
AIM microcomputer, see page 67 of the
August 1980 BYTE), Kenyon
Microsystems (for 6809 systems, see
page 104 of the same issue), Sirius
Systems (for the Radio Shack TRS-80,
see page 171), Quality Software (for the
Exidy Sorcerer, see page 208), Eric
Rehnke (for the KIM, SYM, and AIM
computers, see page 290), the Software
Farm (for the TRS-80, see page 292),
and Professional Management Services
(for the Alpha Micro, see page 294).
FORTH vendors not listed in the August
1980 BYTE are invited to submit a two-
paragraph product release, which will be
published in a future BYTE "What's
New?” column....GW
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FORTH Is Better Than LISP, He Cs

Unlike BYTE's earlier issue on LISP,
the August issue on FORTH did an ex-
cellent job in making this intriguing
language readily understood. The ar-
ticles did not come right out and say
that FORTH is so machine-efficient due
to the user preprocessing his logic into
postfix notation, but most readers
should realize this.

Although I can tolerate that sort of
notation for a desk calculator, it is
unbearable for computer data process-
ing. Although the C language is
philosophically different, it is a threaded
language which is much preferable.

Dick Sims
185 Freeman St, Apt 951
Brookline MA 02146

Check Out a Computer

I always look forward to the new
issue of BYTE and was especially eager
to read the July 1980, Computers and
Education issue. Arthur Luehrmann’s ar-
ticle, “Computer Illiteracy—A National
Crisis and a Solution for It,” page 88,
struck home on a point with which I
wholeheartedly agree: “this country’s
general public is woefully ill-prepared to
live and work in the Age of Informa-
tion.”

I was, however, disturbed by the fact
that the role of public libraries was
never mentioned. Public libraries are in
a unique position to help solve the prob-
lem: they serve people of all ages,
regardless of educational background;
they are generally open more hours than
schools; they are, perhaps more than
any other institution, vitally interested
in an information-aware public; they
specialize in providing access to informa-
tion, and they are free.

Many public libraries have microcom-
puters available for public use and pro-
vide a complement of interactive pro-
grams for individuals to learn with.
Libraries that have done this report ex-
tensive and enthusiastic use of the equip-
ment.

It’s a sorry fact that most people have
just never had the opportunity to even
see a computer system. Until the oppor-
tunity to see, touch, and use computers
is afforded, computers will remain
shrouded in mystery for the vast major-
ity of people of all ages. The public
library is one of the best hopes we have
to alleviate this problem.

Carlton A Sears

Adult Services Coordinator
Asheville-Buncombe Library System
67 Haywood St

Asheville NC 28801

Letters continued on page 122
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‘A growing

line of tools to

expand the Apple

7440A Programmable interrupt Timer Module.
Time events in four operating modes—continu-
ous, single shot, frequency comparison, and
pulse width comparison. Includes three 16-bit
interval timers, plus flexible patcharea for
external interface. Programmable interrupts,
on-board ROM, and much more.

7720A Parallel Interface. Two bi-directional 8-bit
I/0 ports will connect your Apple to a variety of
parallel devices, including printers, paper tape
equipment, current relays, external on/off
devices. Full featured, programmable inter-
rupts, supports DMA daisy chaining.

7811B Asithmetic Processor. Interfaces with
Applesoft, so you just plug in and run. Based
on the AM 9511 device, provides full 16/32-bit
arithmetic, floating point, trigonometric, loga-
rithmic, exponential functions. Programmed [/0
data transfer, much, much more.

7710A Asynchronous Serial Interface. Conform-
ing to RS-232-C A thru E 1978 standard, this
card will drive a variety of serial devices such as
CRT terminals, printers, paper tape devices, or
communicate with any standard RS-232 device,
including other computers. Full hand-shaking,
and fully compatible with Apple PASCAL!

7470A 3% BCD A/D Converter. Converts a DC
voltage toa BCD number for computerized
monitoring and analysis. Typical inputs include
DC inputs from temperature or pressure
transducers. Single channel A/D, 400 ms
per conversion.

7490A GPIB IEEE 488.nterface. A true imple-
mentation of the IEEE 488 standard —the
standard protocol for instrumentation and test
devices. Control and monitor test instruments
such as digital voltmeters, plotters, function
generators, or any other device using the
IEEE 488.

7114A PROM Module. Permits the addition to or
replacement of Apple II firmware without
removing the Apple I ROMs. Available with
on-board enable/disable toggle switch.

7500 A Wire Wrap Beord. For prototyping your
ownq designs.

7510A Solder Board.
7590A Extender Board.
7016A 16K Dynamic Memory Add-On.

Watch this space for new CCS products for
the Apple. We've got some real surprises in the
works. To find out more about the CCS product
line, visit your local computer retailer. The CCS
product line is available at over 250 locations
nationally, including most that carry the Apple.
Orcircle the reader service number on this ad.

Apple II. Apple Il Plus, and Applesoft are trademarks
of the' Apple Corporation.

CCS makes the difference.



We see the Apple

o

We see it as a good
way to get things done.

Apple has built a great computer. We at CCS have
built a great line of peripherals and components to expand
the Apple. To do almost anything you want to get done
with a computer.

If you want to do business with an Apple, we've got
tools to connect the Apple to standard business printers and
terminals. Or to modems, for communications over tele-
phone lines, with other computers, even with other Apples.

If youwant toapply your Apple to engineering, scien-
tific, or graphic projects, we’ve got tools for high-powered,

=

erently.

high-speed math functions, and fast, high resolution graph-
ics. And tools to connect the Apple tolab test equipment
like function generators or plotters.

And we have tools to connect the Apple to the outside
world, including A/D converters and interval timers with
external interface.

We make components for the S-100 bus, the PET, and
the TRS-80, too. We built our products to deliver hard-
nosed value to the OEM, and to the inventor who knows the
best, at prices that are unbeaten.

Tofind out how much computer your Apple I can be,
see things our way. Because for serious users with serious
uses for the Apple, we've got the tools.

California Computer Systems
250 Caribbean Sunnyvale, CA 34086

(408) 734-5811



The
Future of
Computer
Graphics

Bruce Eric Brown
and
Stephen Levine
Lawrence Livermore National Laboratory
University of California
POB 808
Livermore CA 94550

Predicting the future can place one
in a very precarious position.
Although technology is moving for-
ward at such a pace that it is almost
impossible to lock a long way down
the road, we do have a good idea of
what the near-future trends will be.
So here [ will discuss where the trends
in computer-generated graphics are
headed.

Computer graphics is the fastest-
growing segment of the computer in-
dustry. Although many existing com-
puters already have graphics
capabilities, the future is even
brighter. Since personal computer
users will make up the largest percen-
tage of the computer graphics
market, the standard color television
receiver will be the most common

Editor’s note:

It was only 5 years ago when the first annual
computer graphics show was held. The
Philadelphia show was sponsored by SIG-
GRAPH (the Association for Computing
Machinery's Special Interest Group on Com-
puter Graphics). At that time, the show at-
tracted ten vendors and a few hundred visitors.
SIGGRAPH-80, which was held this summer in
Seattle, brought to that city over 100 vendors,
about 6000 visitors, and filled twenty-four
times the space of SIGGRAPH-75. So you can
surmise how the the computer graphics field
will continue to grow....SM
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display device. Research is continual-
ly going on in video-generation
techniques, and we can expect the
quality of video images to improve
dramatically.

Also on the horizon is the use of
networks. Best of all, the price of
graphics systems should continue to
fall, and as they do, the number of
applications will increase drastically.

Three Dimensions
‘This is an exciting time for ex-
perimentation with computer

graphics. Looking into our crystal
video display, we can see many
changes coming within the next few
years. True three-dimensional
displays will become common.
Researchers will finally be able to see
their models in three dimensions
without the need of special glasses,
stereo pairs, or by viewing two-
dimensional projections.

Already in existence are integral
hologram displays made from
computer-generated images. (An ex-
ample is shown in photo 9.) The



holograms are made by
photographing 1080 computer-
generated images on 35mm film and
transferring them to the hologram. In
a few years it will be possible to
generate these directly; we might
even see a laser-driven, computer-
controlled, holographic-image output
device.

There are currently several
methods in use for displaying three-
dimensional television images, but
the most promising uses an interlaced
television picture. The even scan lines

O

display an image for viewing with the
right eye and the odd scan lines have
an image for the left eye. The screen is
viewed through a pair of glasses
whose lenses are made with PLZT
(lead lanthanum zirconate titanate)
ceramic. Voltage pulses synchronized
with the display of the odd and even
fields darken the left and right lenses
alternately. As a result, the viewer
sees a true three-dimensional image.
Photo 10 is a composite view of a
display showing the images for both
the left and right eyes.

Photo 1: A computer-generated com-
posite view of a DNA molecule using both
ball-and-stick and space-filling models.
Using keyboard control, the configuration
of the model can be changed and it can be
rotated in any direction. Such models are
already assisting scientists in their
research and will have an even bigger role
in the coming years. Photo courtesy of
Nelson Max, Lawrence Livermore Na-
tional Laboratory.

Photo 2: Computer-generated art by Los
Angeles artist David M. As you can see,
computer graphics could revolutionize the
world of art.

Photo 3: A perspective view of a two-
dimensional array of numbers. Photo
courtesy of Melvin L Prueitt, Los Alamos
Scientific Laboratory.

Photo 4: Census data plotted to show
population changes. This is an example of
the type of material which could be
available on a computer network with
wide-band capabilities, such as cable
television. Courtesy of Edward Zimmer-
man, White House.

Photo 5: A ground-level view of a
computer-generated airport scene used in
a real-time flight simulator. Photo
courtesy of Marconi Radar Systems.

Raster-Scan Displays

Low-priced memory will also
change the look of computer
graphics. Up to the present, the
market has been dominated by
storage tubes and calligraphic (ie:
stroke-writing) displays; however,
raster-scan displays can be refreshed
from a frame buffer of semiconductor
memory. Therefore, in the coming
years, we can expect the graphic-
terminal market to be dominated by
raster-scan devices. The standard
display will be a color television
receiver connected as a mirco-
processor-controlled intelligent ter-
minal. The cost of some of these
graphics terminals will be at or near
the cost of a modern color television
receiver.

Raster-scan color television will
probably be the graphics standard for
the following reasons:

® The US video standard is well
established.

® |t has a large industry supporting
it.

@ The cost of developing another
standard is prohibitive.

@ The great numbers of personal
computer users will help determine
the trend. Why buy a color output
monitor when you already have
one or several available at home?
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Top-of-the-line video displays will
include devices with 1000-line resolu-
tion (already available) as well as a
number with 2000-line resolution.
The cost of these will be significantly
higher than that of a modern color
television receiver.

On a raster-scan display, each dot
on the screen is known as a picture
element or pixel. Since each pixel is
displayed 30 times a second, the im-
age generator must either generate 30
Hz or store the pixel intensities in
memory. Frame-buffer systems usual-
ly use dual-ported memory which
both stores the image and refreshes
the display.

To simplify things, let's assume a
square picture with the standard 500
lines and each line containing 500 pix-
els. To display a completely black-
and-white line image with no shades
of gray we would need 250,000 (500
by 500) bits or 32 K bytes of
memory. In order to display gray
levels, the number of bits used for
each pixel must be increased. To
display color, we either divide the
number of bits available among the
three primary colors (red, green, and
blue) or use a color map. A color map
takes each pixel value stored and out-
puts the three intensities: the most
common method is to use 1 byte in-
put and 3 byte output. The number of
colors which can be displayed is the
product of the number of output in-
tensities for each color. At a given
time, only a subset, which is limited
by the input values, can be displayed.
If we use 8 bits in, 24 bits out, we can
display any 256 colors of the
16,777,216 available.

In the near future we should be see-
ing 2000-line resolution systems with
24 bits per pixel (1 byte for each of the
three primary colors and 12 bits per
color in the map). 12 megabytes of
memory would be
needed for such a
system. With
memory prices ex-
pected to continue
to fall, in about 5
years the major
cost element of
such a system
would be the
monitor and elec-
tronics.

1,

Vector Displays

Although it ap-
pears that raster-
scan displays will
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have the major share of the graphics
market, line-drawing (ie: vector-
display) systems will continue to
grow, though at a slower rate. There
are basically two types of line-
drawing systems: the storage tube
and the refresh calligraphic writer.
Storage tubes available today have
higher resolution and greater image
stability than most refresh systems.
One disadvantage of the storage tube

Photo 6 (above): An example of the
computer-generated graphics used to train
space-shuttle pilots at the Johnson Space
Center in Houston, Texas.

Photo 7 (below): The control panel for an
experimental fusion reactor at Lawrence

Livermore National Laboratory.

Transparent touch panels mounted over
the color video displays have eliminated
most switches. To control the reactor, the
operators need only to touch the screen
over the desired control area shown on
the screen. Photo courtesy of Glenn
Spreckert.

nonooo @

i

is the lack of selective erasure. In
order to remove one line the entire
screen must be erased and redrawn.
With refresh displays the line is
removed from the display list and the
line is redrawn on the next refresh
cycle.

Calligraphic displays can display
about 20,000 three-dimensional vec-
tors or 100,000 two-dimensional vec-
tors at 30 Hz. In the next few years we
can also expect a doubling of these
capacities.

Raster-scan display buffers can also
be used to display vector images and
should begin to replace calligraphic
displays as faster hardware becomes
available. Many users will probably
prefer the somewhat slower speed of
the raster scan since they are able to
display continuous-tone color im-
ages.

Input

One tool which should see much
use in the future is a transparent
touch panel mounted over the face of
a video screen. As shown in photo 7,
an automated nuclear-reactor control
room is one of the many possible ap-
plications. (Note the lack of
switches.)

Hard Copy
Currently, one of the major prob-
lems of graphic terminal users is how
to satisfactorily get hard-copy
output. The most common method is
to use a camera to take a picture of
the video screen. A device is also
available which records the video
output directly on film. Both of these
methods leave much to be desired.
The final solution may not necessari-
ly come from the manufacturers of
graphic terminals. The goal of copy-
ing machine companies is a dry
method of putting a color image on a
piece of paper (like
22 the current, dry
black-and-white-
image method).
At present, the
device with the
highest-quality
color output is
the film recorder.
For raster output
devices, the reso-
lution of current
recorders is 4000
by 4000 pixels,
each with a range
of 256 intensities.
These devices use
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THE NEW MODEL 16

The new Industrial Micro Systems Model 16 Hard Disk
Subsystem is a “fixed-removable” high speed, bulk
storage device providing from 32 megabytes (32
million characters) to 96 megabytes of on-line storage
for the Industrial Micro Systems:8000 or Series 5000
microcomputer systems. The Model 16 includes a
credenza enclosure that provides a quiet, strong and
attractive package for office
or industrial applications
where large memory is
required. The Model 16 also
includes a fully buffered
DMA S$-100 bus controller for
fast and easy interfacing.

WINCHESTER
TECHNOLOGY WITH
BUILT-IN BACKUP

The Model 16 includes a 16
megabyte removable
cartridge and a 16, 48, or 80

megabyte fixed media that employs Winchester 3340
technology. Files and programs may be copied
between the fixed media and the removable cartridge
for fast, easy backup and archival storage.

FAST ACCESS

The interface between the Model 16 hard disk and the
Industrial Micro Systems
computer is provided by the
Hard Disk Controller. The
Hard Disk Controller utilizes
Direct Memory Access (DMA)
for fast data transfer with
minimum processor interven-
tion. The maximum data
transfer rate is 1.2 megabytes
per second and the controller
fully buffers the data, a
sector at a time, to and from

the disk. Available in 220 V,
50 HZ Versions

Now you don’t have to look hard for fast computing power. Contact your Industrial Micro Systems Dealer today.

INDUSTRIAL MICRO SYSTEMS

Marketing
628 N. Eckhoff, Orange, CA 92668
(714) 978-6966

Manufacturing

2800 Lockheed Way, Carson City, NV 89701

(702) 883-7611

See us at Comdex '80 Nov. 18-21, 1980 Las Vegas Convention Center.



as many as seven filters and multiple
passes are made on the film to create
full-color images. Additive-color red,

Photo 8: A problem in hydrodynamics
illustrated through the use of computer
graphics. The photo is part of a series
illustrating a steel rod impacting a steel
plate. Color changes represent areas of
varying stress. In the future, such graphics
will be widely used in education. Photo
courtesy of Lawrence Livermore National
Laboratory.

Photo 9: Integral hologram of a molecule
created by photographing 1080 computer-
generated images on 35mm film and then
transferring them to a hologram. In the
future computers will be able to generate
holograms directly. Photo courtesy of
Donald L Vickers, Lawrence Livermore
National Laboratory.
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green, and blue filters or subtractive-
color yellow, cyan, and magenta
filters are used. In both systems, the
seventh color is neutral for plotting
black-and-white images. We can ex-
pect to see more of these recorders
available in the near future, and some
of the stripped-down models should
be available at lower prices.

Another group of devices which fit
into this category of film output are
COM (computer-output-on-micro-
film) devices. Many of those current-
ly available have graphic capability
as well as variable intensity. At the
present time, COM devices are main-
ly used for alphanumeric-fiche out-
put. Currently only black-and-white
machines are available, although
color-fiche machines are expected to
be produced in the future. The most
important consideration is the need
for high-quality, large-format color
images. The resolution of current
COMs is about 32,000 by 32,000 pix-
els. Although higher resolution is
theoretically possible, such devices
will not be produced until a need for
them is demonstrated.

Laser recorders may soon capture a
portion of the expanding graphics
market. Since a laser beam has much
more energy to deposit on film than a
CRT (ie: video display) image, laser
recorders will be much faster than ex-
isting methods. On a modern film
recorder, one full-intensity pass at
4000 by 4000 pixels takes about 1
minute. To record the same amount
of data, the laser requires 1 second or
less. The energy of a laser beam is
great enough that a split beam could
record up to five copies at the same
time.

A current weak link in laser
systems. is the deflection systems.
Although solid-state methods are be-
ing developed, rotating mirrors are
used today. Another drawback with
any system that uses film is that
unless users have their own process-
ing facilities, film development takes
at least 24 hours and sometimes much
longer.

The Xerox 6500 color copier can be
interfaced to a number of terminals
for image-recording, or it can be con-
nected to computers for direct out-
put. Ink-jet plotters, printers with
color ribbons, and flat bed-drum
plotters with color pens are included
in this class of output devices. Con-
tinued improvements in speed and
color reproduction can be expected.

The brightest future is for the video

disk. Today, these devices can hold
50 minutes (180,000 frames) of video
per disk. Although the initial cost is
high, the great number of frames
available makes this device the ideal
output and storage medium.

Computers — The Future

Although so far I've concentrated
on graphics hardware, what about
the future of the beast behind the
display — the computer?

It seems likely that within a few
years the home computer user will
have a choice of several 32-bit virtual
machines with at least a million
words of expandable, central mem-
ory, and 100 million words of disk
space. This type of system will be
ideal for a color-frame buffer system.

Applications

Since pictures are a very efficient
means of communication, the future
applications of computer graphics are
virtually unlimited. Photo 6 is a
photograph of computer-generated
graphics used to train space-shuttle
pilots. Within the next few years,
games and simulations with graphics
of nearly the same quality will be
available to the personal computer
user. The PLZT glasses described
earlier will be used to provide three-
dimensional images for the would-be
space-shuttle or 747 pilot. You can
also expect the technology to be put
to use in amusement parks. The
Disneyland people have already used
computer-generated graphics in some
of their attractions and are continuing
to develop them for future use.

Networks

There are a number of advantages
to having your own, isolated per-
sonal computer, but connecting it to a
network opens up a vast new world.
Networks designed specifically for
personal computer users, such as The
Source, are already in existence. Un-
fortunately, the narrow bandwidth of
conventional voice-grade telephone
lines severely limits graphic
capabilities.

One future possibility is the use of
cable television for networks with
graphic capabilities. Cable is increas-
ingly available in all but the most
rural areas and has wide bandwidth,
portions of which are not used. Per-
sonal computer users could tap into
this resource and use the extra band-
width for local communication nets.

Another possibility is to have the

Circle 15 on inquiry card. =p



ATARI: PERSONAI.

GROW WITH YOU

Start with a better computer.

Atari computers have built-in capa-
bilities you can’t even add onto
many other personal computers.
Three programming formats (ROM
cartridge, disk and cassette). A 57 key
upper/lower case ASCII keyboard with
29 keystroke graphics symbols. 128
colors and hues. Four separate sound
channels and a built-in speaker. Four
congroller ports. A built-in RF

©1980, Atari, Inc.

@ A Warner Communications Company

Altari reserves the right to make changes tq products
or programs without notice.

ATAR] CHBS MBS

] < LErFT CARTRIDGE

modulator and FCC approval for
connection to any TV, Plus, nationwide

Atari Authorized Service Centers.
And more.

Add memory. The ATARI
oo™ is supplied with

' 16K of memory. You can

expand up to a full 48K of

RAM with 8K or 16K Memory
Modules™ you install yourself.

* In less than a minute. The

RI 400's™ 8K of RAM may be

expanded to 16K at Authorized Ser-

vice Centers. Both may be expanded

to 26K of ROM with slip-in ROM

cartridge programs.

Add peripherals. The ATARI 410™
audio-digital program recorder. Sin-
gle or dual density* disk drives. The
ATARI 8oo individually addresses up
to four drives. Add the ATARI 850™
RS232 Interface Module. Add high

speed 4o or 8o-column printers. Add
an acoustic modem for remote data

access. Add a light pen* And there
are more Atari peripherals
on the way.

ATARI

PERSONAL COMPUTERS

Add programs. Choose among doz-
ens of programs in Atari’s rapidly
expanding software library. Programs
categories include:
* Personal Finance

& Record Keeping

* Personal interest & Development
* Professional Applications

* Education

* Information & Communication

* Entertainment

* Programming Languages

* Small Business Accounting

Add it up. With Atari, you start
with more. And you can build to
more. Because Atari offers you per-
sonal computer systems that grow
with you. Ask your Atari retailer
to give you a full demonstration
of Atari computers, peripherals
and programs. Complete systems.
Because when other people were
thinking hardware and software,
Atari was thinking systems.
*Available Fall, 1980

1265 Borregas Avenue, Sunnyvale, CA 94086

Call toll-free (800} 538-854y (Except Alaska and Hawali)
{In Calif ornia: (800} 6721404} for the name of your nearest Atari retailer.
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The System X8000 MICRO-MINI™ based on *
the 16-bit Zilog ZB00O processor is available
for immediate delivery.

FEATURES (partial list)

¢ Zilog Z8000 CPU

¢ |ntel Multibus compatible

® Uniqgue memory management system
allows up to 16 megabytes of memoery

¢ Optional 9511 arithmetic processor

¢ 8-level vectored + non-maskable interrupts

¢ Two programable timers

¢ On-board monitor ROM option

¢ Full “Multimaster” capabilities allow muitiple
processors and/or DMA devices on the
same bus

¢ Flexible and/or hard disk controller

¢ Powerful disk-based operating system

¢ Memory boards: 16K, 32K, 48K, 64K, 96K,
128K

¢ 15-slot backplane
¢ Heavy-duty switching power supply
¢ Industrial quality throughout

Prices start from $998. System discounts.
Call for prices on complete custom systems.

SYSTEM X9020

(CPU Manual $19.95)

$41 95 The SUPER-MICRO™
READY TO RUN

SYSTEM FEATURES (parttal list)

Pascal MICROENGINE' X3000

® 16 bit P-code CPU

® 64K bytes RAM/Full DMA

® Floppy disk controlter (SS orDS)

® Floating point hardware {IEEE standard)

® System software with enhancements

* 2serial, 2 paraliel ports

s Pascal compiler text editors, file manager,
CPU & memory diagnostics, symbolic Pascal debugger,
linker, utitities and more,

Floppy Dtsk Drives (2)

® 1M combined memory

® Double density. single sided

e Standard 8" disketles

® §mstrack totrack

] %900*
@?% With CPU

MODEL X-920
DISPLAY/EDIT TERMINAL

*LIMITED TIMF cash price. 10 % DOWN guarantees
priority. Master Charge & VISA cards accepted.

System discounts

ADM3A+ plus RG graphics (512x256)...$1995
NEC Spinwriter 5510 or 5530 w/trac

Anadex DP-9500 printer (60dpi)
X-912 CRT (less 18 function keys) .
P-E 550 CRT (“Bantam”)

.. 1595
o 1499

Siemens standard 8" drive (ss/sd-dd) .... 399

312 684-3183
™ COMPUTEX

Microcompule r Systems
5710 Drexel, Chicago, IL 60637
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Photo 10: Interlaced left-eye and right-eye view of a computer-generated image of an
aircraft carrier. The image is viewed in three dimensions when the user wears glasses
with lenses made of PLZT (lead lanthanum zirconate titanate) ceramic. The lenses by
the right and left are darkened alternately by voltage pulses synchronized to the display.
Photo courtesy of John A Roese and Larry E McCleary, the Naval Ocean Systems

Center.

cable-television company provide a
main computer to control the net-
work and act as a data base. The
range of services which could be pro-
vided is virtually limitless. An exam-
ple is shown in photo 4, where census
data has been plotted to show
population changes.

Exploring the Future

Computer graphics have exciting
possibilities as an artistic medium. It’s
been said that computer-generated
color graphics will revolutionize art
in the same way that acrylics changed
the world of artists who once worked
with oil paints. Photo 2 shows
computer-generated art by Los
Angeles artist David M.

The simulators discussed earlier
will also be widely used by film-
makers. Special effects, instead of
being animated one frame at a time,
could be programmed and filmed in
real time. For instance, a director
could ask for an airport scene on a
clear day, as in photo 5. By changing
a parameter, the same scene could be
created on a foggy day.

The motion picture industry is in
the forefront of developing and using
sophisticated systems for computer-
generated graphics. Increasingly
higher levels of realism willbe created
in the future and the time-consuming

tasks of creating special effects and
editing will be performed using laser
scanner/recorders and video disks. In
terms of dollars, the movies will be
one of the largest users of computer
graphics for the near future.

Applications, as we've seen, are
limited only by our present imagina-
tions. Photo 1 shows. a computer-
generated composite view of a DNA
(deoxyribonucleic acid) molecule
using both ball-and-stick and space-
filling models. Such displays will
speed up the rate of research. The
molecule model can be rotated,
changed in configuration, and taken
home for the scientist to use on his
personal computer.

Classroom displays will greatly
surpass the audio-visual methods
commonly used today. Photo 8
shows a hydrodynamic problem with
impact calculations displayed
through color changes. A computer
display of this sort could be created
and updated in the midst of a lecture.

In the wide world of computer-
graphic applications, we have only
scratched the surface.®



THE UNBEATABLE S-100

MEMORY

"l,

s/

I'.'q‘ anrewE il
[ A N

| —— ,_l THTHILTHE
That's the MEASUREMENT systems & con-
trols DMB Series of S-100 bus memory

modules, fully compatible with ALPHA
MICRO, CROMEMCO, NORTH STAR, MP/M,
and most other S-100 systems.

Definitely a winner, the DMB Series is avail-
able with Bank Select (DMB6400) or without
(DM6400) and utilizes industrial quality con-
struction, provides outstanding reliability,
and is backed by dedicated customer service
and a one year guarantee.

The DMB6400 uses I/O port addressing for
the bank select feature. A switch provides the
ability to select any one of the 256 I/O ports
for addressing the memory banks. The mem-
ory is configured as four totally independent
16K software selectable banks, with each
bank addressable on any 16K boundary.

A Divisionof MEASUREMENT éystems & controls
incorporated

Outstanding features such as those listed
below make the DMB series the UNBEATABLE
S-100 Memory.

e Four independent 16K software select-

able banks.

e Each bank is independently addressable

on any 16K boundary.

e Switch selectable bank sizes — from

16K to 64K in 16K increments.

e Eight banks (512K) per I/O port for each

of the 256 ports.

e Z2-80 4MHz operation with no wait
states using transparent refresh.
On-board diagnostic LED’s.

Low power — 8 watts maximum.
Reliable, tested and burned-in memory.
IEEE S-100 compatible timing.

One year guarantee.

Attractive Dealer & OEM Prices.

See your nearest computer dealer, or contact
us for the complete story on the UNBEAT-
ABLE S-100 Memory.

867 North Main St. / Orange, Calif. 92668 / (714) 633-4460
TWXITELEX: 678 401 TAB IRIN






8-Bit Champion

In price-performance, look to Intel’s powerful iAPX 88 microprocessor
to leave the pack behind. Both now and down the road.

In price-performance races,
the iAPX 88 isthe one to beat. It's
two times faster than the Z-80A
and the 6809. And recent bench-
mark tests show that the iAPX 88,
with its 8088 CPU, consistently
outperforms its closest competi-
tors in memory efficiency, ease of
programming and throughput—by
as much as 4 to L. This is especially
important in high-performance
tasks such as block moves, charac-
ter searches, word shifts, and
16-bit multiplies. All critical for
applications like word processing,
terminal control, scientific
instrumentation and industrial
control.

And because it's the only 8-bit
microprocessor that addresses up to
1 million bytes of memory, the 8088
can take on large programs. Without
having to slow down due to over-
lays or memory bank switching,
like other 8-bit processors.

Tough price competitor

In price competition with other
8-bit microprocessors, the iAPX 88
has become the front runner.

You save dramatically on

8080 8085 8088

L

8-Bit Microprocessor Price Trends

memory chips, too. The iIAPX 88
takes—on the average— 30% less
memory than competitors for the
same programs. T hen too, it allows
you to use lower cost memory to
get the same throughput as
competitors. With a SMHz
8088, you can use our 450ns

memories and still outper-
form a 4MHz Z-80 requiring
250ns chips. Depending on

PRICE

874

1980 1982 |
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the application, your cost savings
here can be substantial.

No contest now with new
Intel software

To unleash the new power that
the iAPX 88 puts in your hands,

it takes more powerful software —
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the kind only Intel delivers today.
Software that produces object code
directly and gives you important ex-
tensions that allow you to fine-tune
the software to your application.

Software such as PASCAL-88,
the block-structured application
language rapidly becoming the
one most widely used. With our
PASCAL-88, you can do direct
port /O and interrupt handling, as
well as independent program
module compilation. And produce
code that runs faster than other,
P-code interpreter versions.

Along with PASCAL-88, you
get PL/M-88, our systems imple-
mentation language, our ANSI-
compatible FORTRAN, and our
ASM-88 macroassembler. So with
more software capability than
you've ever had before, now you

can choose the right language tool
for each application—whatever
it calls for.

Get out in front with complete
development support

All the development support
tools you need are ready to go
today from Intel. Start with the
Intellec® Microcomputer Devel-
opment System. Add to that
our ICE-88™ in-circuit emulator.
Together they give you CPU emula-
tion inreal time, plus features like
symbolic debugging, diagnostic
commands and program trace
capability. With these tools you'll
get your products to market faster
than by any other route.

Looking down the road

Best of all, with the iAPX 88,
your investment in today’s solution
is protected. Since the 8088 is
100% object-code compatible with
the 16-bit 8086 — plus its future
generations, the iAPX 186 and
iAPX 286 —you have the industry’s
only guaranteed headstart on the
path to the future. Regardless of
which language you're writing in.

So if you want to outdistance
the pack, choose the iAPX 88—
available today from your local
Intel distributor. To get yourcopy
of benchmark results, contact your
local Intel sales office or distributor.
For more information write Intel
Corporation, 3065 Bowers Avenue,
Santa Clara, CA 95051. Or call
(408) 987-8080.

Europe: Intel international, Brussels, Belgium.

Japan: Intel Japan, Tokyo. United States and Canadlan
distributors: Allance, Almac/Stroum, Arrow Electronics,
Avnet Elecdronics, Component Speclalties, Hamiiton/Avnet,
Mamiiton/Electro Sales, Harvay, Industrial Components,
Ploneer, L.A.Varah, Wyle Distribution Group, Zentronics.
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Home In on the Range!
An Ultrasonic Ranging System

Each month I try to present a hard-
ware project that is both interesting
and relatively easy to build. Unfor-
tunately, it's not as simple as picking
a topic and quickly whipping up
some circuit. More often than not, I
have a number of potential topics and
projects on the fire at the same time.
Some are in limbo and just waiting
for the right parts. Others are post-
poned when it turns out that the nec-
essary hardware is something that
could be better built by NASA
(National Aeronautics and Space
Administration) than by a computer
hobbyist.

One topic that has always in-
terested me is the concept of auto-
matic ranging. I became involved
with this idea when ] wrote an article
entitled “I've Got You In My
Scanner,” November 1978 BYTE,
page 76. The original article was
about an infrared sensor and par-
abolic reflector mounted to rotate on
a stepper-motor shaft. With com-
puter-controlled stepping, the result
was something like the sweep of a
radar antenna. The project was sen-
sitive to infrared and visible light.

The scanner, parabolic-reflector,
and stepper-motor combination
could easily tell the direction of a
light source to an angular resolution

Diagrams and schematics of the Ultra-
sonic Ranging System Designer’'s Kit were
provided through the courtesy of Polaroid
Corporation.

32 November 1980 © BYTE Publications Inc

Steve Ciarcia
POB 582
Glastonbury CT 06033

of 7.5°. It could make a 180° sweep,
stop, and then follow the brightest
object in its field of view. By

Photo 1: A computer-controlled, stepper-

motor-driven infrared and ultrasonic
ranging scanner. An infrared-sensitive
photo Darlington transistor (GE L14F2) is
mounted a the focus of a parabolic reflec-
tor, which is attached to the shaft of a
stepper motor; the ultrasonic transduceris
mounted above it.

The infrared sensor and drive
mechanism were described in a previous
Circuit Cellar article, "I've Got You in My
Scanner! A Computer Controlled Stepper
Motor Light Scanner.”

recognizing the absence of known
light sources (when the light path is
blocked), it could even function as
part of an intrusion alarm.

However, even though it could
"see,” the infrared scanner could not
tell how far an object was in front of
it, or detect the presence of a non-
luminous body crossing its path.
What I really wanted was a device
that could provide the computer with
range as well as direction. That's
when | started hanging around the
camera shop.

Polaroid to the Rescue

The automatic focusing system on
the Polaroid SX-70 Sonar OneStep
Land camera intrigued me. I had con-
sidered tearing a camera apart just to
use the ranging unit for my scanner,
but sanity prevailed and I went back
to designing my own circuit. Some-
where between thoughts of “Who'd
really build this thing anyway?" and
"l hope everyone can find all these
components,” ] started seeing ads
from Polaroid offering just what I
wanted, without the camera.

The solution came in the form of an
Ultrasonic Ranging System Designer's
Kit sold by Polaroid for $125. The kit
contains a technical manual, two
instrument-grade electrostatic ultra-
sonic transducers, a modified SX-70
ultrasonic circuit board, an ex-
perimental demonstrator display
board, and two Polapulse 6 V bat-
teries. With this unit I was able to
enhance my original infrared-scanner
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Now! North Star
plication Softwarel

North Star now offers application
software for use on the HORIZON!
Now you have one reliable source
for both hardware and software
needs! The first packages avail-
able are:

NorthWord—

NorthWord is a simple-to-operate
word processing system designed
for use with the popular North Star
HORIZON. NorthWord enables you
to increase office efficiency and cut
document typing time and cost.
NorthWord incorporates the most
sought-after word processing fea-
tures: easy editing, on-screen text
formatting, simultaneous document
printing, and much more. NorthWord
can be integrated with other North
Star software packagesto produce
customized letters, labels and
reports quickly and efficiently.

MailManager—

MailManager enables you to com-
pile and maintain complete organ-
ized mailing lists. Lists are easily
accessible and can be compiled
witha great deal of flexibility. Entries,
corrections and deletions are easily
made. The North Star MailManager
can printyourliston individual enve-
lopes, on mailing labels, or in com-
pact summary form.

InfoManager—

InfoManager is a powerful list-
oriented, data management system.
[t will accept up to 50 categories of
information for each record and has
the ability to select and sort before
printing. The North Star InfoManager
has power and flexibility for many
applications: product inquiry, in-
ventory, customer/client records,
calendar reminders, and as an easy
way to fill in often-used forms.

GeneralLedger—

General Ledger and Financial
Reporting, two programs in one,
maintains general ledger accounts
based on such input as checks,
bank deposits and journal entries,
and uses the information in the
general ledger to produce custom-
ized financial statements and
financial reports.

NorthWord is the central building
block for all the North Star applica-
tion software to follow. Packages
now being tested include other
accounting and professional appli-
cation packages. For more informa-
tion or a demonstration, contact
your local North Star dealer.

Northsrofy‘

North Star Computers, Inc.
1440 Fourth Street
Berkeley, CA 94710

(415) 527-6950

TWX/Telex 910-366-7001



design to include automatic range
detection. The new scanner system
incorporating the Polaroid unit is
shown in photo 1. More on this later.

Polaroid Ultrasonic Ranging
System
The Polaroid Ultrasonic Ranging

System Designer's Kit costs $125
(This offer is good until December 31,
1980. Photo 2 shows the Designer’s
Kit as received.), and is available
from:

Polaroid Corporation
Ultrasonic Ranging Marketing

‘ UWTRASONIC  DESIGNERS
RANGING KT
SYSTEM
ETIITIIIIIIIIILI/] ]/

LIPS
et 7322999797

Photo 2: Polaroid Ultrasonic Ranging System Designer’s Kit, which includes ultrasonic

sonar transducers, electronic circuitry, and a detailed specifications booklet.

Department 465 E

20 Ames St

Cambridge MA 02139
telephone (800) 225-1618

Two primary components compose
the ranging unit. They are the elec-
trostatic transducer (see photo 3) and
the ultrasonic transceiver board (see
photo 4). Together these components
are capable of detecting the presence
and distance of objects within a range
of approximately 0.9 feet (0.3 meters)
to 35 feet (10.6 meters) with a resolu-
tion of + 1.2 inches (* 30 mm, or
0.29% of range).

In operation, a pulse is transmitted
toward a target, and the resulting
echo is detected. The elapsed time
between initial transmission and echo
detection can be used to find the dis-
tance by taking this round-trip time
and multiplying it by the speed of
sound. For a transmitted pulse to
leave the transducer, strike a target 2
feet (0.61 meters) away, and return to
the transducer, it requires 3.55 ms
(1.78 ms per foot, or 5.84 ms per
meter, during the round trip).

Essential to system operation is the
transducer (shown disassembled in
photo 5). It acts as a speaker in the
transmit mode and as an electrostatic
microphone in the receive mode. The
transducer is 1.5 inches (38.1 mm) in
diameter and consists of a 0.003 inch
(0.07 mm)-thick gold-plated foil
stretched over a concentrically

Photo 3: Close-up view of the Polaroid
Ultrasonic Transducer.

34  November 1980 © BYTE Publications Inc

Photo 4: Close-up of the ultrasonic circuit board, which contains custom analog and

digital integrated circuits.
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-SOFTWARE HARDWARE PACKAGE

National Mlcrosof’rware Producers

ANNOUNCES

VTS/80

Video Typing System for 8080, 8085 and Z80's
PROFESSIONAL QUALITY

WORD PROCESSING PACKAGE FOR
CP/M* COMPATIBLE MICROCOMPUTERS

Q

mx>iqmcmaz—mmmnc=1==ei

® CP/M COMPATIBLE ® OPERATES ON 8080, 8085  ® REPLACEMENT KEYTOPS
AND 280 MICRO- COLOR CODED BY
® EASILY OPERATED BY COMPUTERS WITH 48K FUNCTION
OFFICE PERSONNEL MEMORY
® MANUAL WITH
e CONTAINS ALL ® CHOICE OF 5" OR 8" EXTENSIVE GRAPHICS
PROFESSIONAL WORD FLOPPY DISKETTES DESIGNED FOR THE
PROCESSING FEATURES FIRST-TIME USER
® REPLACEMENT KEYTOPS
® PROMPTS ON SCREEN PROVIDED FOR MOST ® SELF STANDING MANUAL
GUIDE USER THROUGH CRT's IN EASEL BINDER
FUNCTIONS
® SUPPORTS SERIAL AND e SPANISH, FRENCH,
e COMPARABLE TO DEC, WORD QUALITY GERMAN, DUTCH
NBI, Q Y X, WANG . . . S%IQE)ERS (DIABLO, NEC, VERSIONS AVAILABLE

SOLD THROUGH AUTHORIZED DEALERS AND DISTRIBUTORS ONLY

O.E.M. INQUIRY INVITED NATIONAL MICROSOFTWARE PRODUCERS, INC.
i 3169 FILLMORE STREET :
SUGGESTED RETAIL PRICE 49, %
24008 G] _j\j\ JR} San Francisco CA 94123 USA
CP/M is a registered Lrademark of Digital Researgl) N 415-346-7025 TeLex 171780
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grooved aluminum plate. When the
metallic backplate is in proximity to
the foil, it forms a capacitor. The foil
is the moving element which converts
electrical energy into sound and the
returning echo into electrical energy.

The diameter of the transducer de-
termines the directionality of the

transducer. The acoustical signal-
strength lobe pattern, or acceptance
angle, during operation is shown in
figure 1. The graph indicates that the
transducer is fairly directional,
When the unit is activated, the
transducer emits a sound pulse, The
crystal-controlled electrical pulse

I
we cut taxes 7%, K
up the prime rate "‘
2% double defense %

spending, while

[
\
eliminating Saturday ' &’

mail delivery?

T/MAKER helps me '\\
juggle the imponderables *&
fast and gives me a national
overview on my CRTscreen.(Yuk!)

T/MAKER can integrate numerical and
text data, making analysis easy and
then print out a document in hard copy
tor the clods on Capitol Hill,

T/MAKER is a wonderful tool fordata |
analysis. It is easy to set up calculations |
tor rows and columns of tabular data, :,
automatically perform the
computations, review the results and
then modity some of the data to se€ the
impact on the over all results. Several
days of manual work can be |
accomplished in minutes.

T/MAKER is a full screen editor for word|

processing which handles text up to 255 |

| characters wide. It includes features like |
text formatting and justification, text
butter for block moves and repeated

| inserts, global search and replace and |

commands for printing your letters, (

|

1f|

LA
i

reports and documents.

| T/MAKER can perform an unlimited
number of analysis and reporting tasks |
which integrate numerical and text

| processing. For example:

| e Financial Statements e Balance Sheets
o Statistics ® Growth & Projections o
Profitability Reports ® Revenues &
Expenditures e Portfolio Analysis e Price |
Lists e Rate Structures e Inventory
Valuation. . ... and much, much more.

1

|

| T/MAKER requires a 48K CP/M system,

| atotal of 240K bytes of disk storage,

| CBASIC-2, and a CRT computer
terminal with cursor addressing and

clear screen. !

T/MAKER system is $275.00 complete
| with documentation and quick-
reference card.

Documentation alone is $25.00.

| LIFEBOAT
| ASSOCIATES
1651 Third Ave.NY, NY 10028

| (212) 860-0300
| International Telex 220501
|

T/MAKER is a trademark
of P. Roizen
| CP/M is a trademark

of Digital Research
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TYPICAL BEAM PATTERN
AT 50 kMz

Figure 1: Typical transmission frequency-response curve (Ia), reception frequency-
response curve (1b), and radial-beam pattern (1c) of the Polaroid ultrasonic transducer.
The beam pattern was measured at 50 kHz, with dB values normalized to on-axis
response.
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Memory [xnansmn Module

for TRS-80..

Three assembled and

All you have
to remember
is to plug it in

Introducing the MT-32. Our new, brilliantly
designed Printer/Memory expansion module
for the TRS-80. This unit will add 16K or 32K
of dynamic RAM to your basic 16K machine.
The module also contains circuitry to drive
Microtek’s MT-80P dot matrix printer, or any
other Centronics-compatible printer.

No hardware modification to your TRS-80 is
required. Just plug into your bus connector
and you are ready to go.

All Microtek products are covered by a one
year warranty.

*TRS—BO is a Registered Trademark of Tandy Corp.

tested configura-
tions are available:

Without RAM
(MT-32A @ $119.50)

With 16K RAM
(MT-32B @ $159.50)

With 32K RAM
(MT-32C @ $199.50)

Available from Microtek
or your nearest computer dealer.

MICRDTEI-GM

9514 Chesapeake Drive

San Diego, CA 92123

Tel. (714) 278-0633

Outside Calif. call toll free: 800-854-1081
TWX 910-335-1269

MEMIIIIY TBANSPIANT
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SPECIALS

HRZ-2-32K-DD-ASM....... 52275

HRZ=2-32K-Q-ASM........52675
NORTHWORD DQu.aansaaaa.$ 295
MAIL MANAGER...2uaasass$ 235
INFO-MANAGER: 2. ausaasa$ 365
GENERAL LEGER.:.asasaasa$ 775
ACC. REC. OR ACC. PAY..§ 445
WORD STAR.:nsasasana.as$ 320

COMMODORE (PET):
2001 32K.euuaansaaasaaa$51090
8032 (80 COLUMN SCREEN)$1599
2040 DUAL DRIVE........$51090
8050 DUAL DRIVE (1MEG).$1499
2022 TRACTOR PRINTER...S 749

APPLE II PLUS CALL FOR PRICE

SPINWRITERS FROM NEC:

5510 RO OR 5530 RO §$2490
5520 KSR SERIAL........527890
CENTRONICS:
730ucuananasnnnnnnansaasd 659
737-1 (LETTER QUALITY) § 849
(WE CARRY THEIR COMPLETE LINE)
PAPER TIGER 440G.........5 990

OTHER PRINTERS WE STOCK:
ANADEX, COMPRINT, EATON. EPSON.,
TELETYPE,TI,ETC~CALL FOR PRICE
DISPLAY TERMINALS
HAZELTINE 1420...0000....5 949
1500.uceacnanaas$ 999
(WE CARRY THEIR COMPLETE LINE)
INTERTUBE Il..uucaasnsnsa$ 775

TELEVIDEO 914............% 850

MOST ITEMS IN STOCK.
PRICES SUBJECT TO CHANGE

MULTI-BUSINESS COMPUTER SYS. !
28 MARLBOROUGH STREET
PORTLAND, CONN. 06480

(203)342-2747 TWX 710-428-6345
M-F 9-6 SAT.9:30-3:00
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Photo 5: Expanded view of the Polaroid ultrasonic sonar transducer. Behind a
honeycomb grill, a 0.003-inch (0.07 mm)-thick gold-coated foil stretches over a
concentrically grooved aluminum plate. The retainer at left holds the parts in place.

Photo 6: The EDB, which contains the electronic circuitry shown in figure 4. The three-
digit LED display is at the upper right.

generated by the driver circuit is a
300 V high-frequency 1 ms “chirp”
consisting of fifty-six pulses at four
carefully chosen frequencies: eight
cycles at 60 kHz, eight cycles at
57 kHz, sixteen cycles at 53 kHz, and
twenty-four cycles at 50 kHz. This

combination is used to overcome cer-
tain topographical characteristics of
the area into which the signal is being
transmitted, where a single frequency
might be cancelled and no echo
would be received.

Text continued on page 42
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Apple PIE -+

Apple PIE (Programma International Editor)
and FORMAT (text formatter) offer full strength
solutions to today’s word processing problems.
These versatile, powerful programs provide
document preparation and word processing
capabilities previously found only on much larger
computer systems.

PIE is a general purpose, full screen editor
that uses control keys and function buttons to
provide a full range of editing capabilities such as
search and replace, delete, copy, insert, move.
Changes may be made directly anywhere on the
screen and are shown as they-are performed.

FORMAT  uses simple instructions
embedded in the input text to describe the desired
appearance of the final document. It handles
centering, underlining, indenting, page numbering,

srow ’s Word Processing problems

(1)
o°®

Formatter

margins, headers, footers, even form letters, and
includes a proofing capability.

These high-quality, cost-effective programs
come with comprehensive documentation and run
on a 32K Apple 1I. They are available through
your local computer store or direct from 3
Programma International, Inc. at the
introductory price of $79.95*.

VIDEX VERSION T.M.

DOUBLE VISION TM.

SUPRTERM VERSION TM.

STANDARD VERSION
*December 1, $129.95.

PROGRAMMA

3400 Wilshire Boulevard
Los Angeles, California 90010

Simple enough for the beginner. Versatile enough for the professional.

:
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Photo 7: The prototype of the interface circuit of figure 5 has Photo 8: Close-up of the back side of the reflector and
been attached to the EDB. The interface allows a computer to transducer of the scanner, showing the mounting apparatus.
read the three-digit distance value.

THERE IS A BETTER WAY:
\A C.T.1l forthe 8086/8088...only $175.

A.C.T.ll(Assembly Coded Translator) is a cross-assembler that lets you develop 8086/8088 code on any CP/ M based
8080, 8085, or Z80 machine. Compare with competing software: A.C.T. Il supports more Intel mnemonics and costs less,
while delivering features such asassembly speeds greater than 1000 lines/ minute, macro support, a comprehensive set of
pseudo-ops, absolute assemblies, system text file support, local proc definition, code file format (standard Intel hex), and
many more special features.
A.C.T. I fits in 24K of RAM (including CP/M). Complete with manual (available separately for $20) and sample programs.
’F:'ﬁ‘ A.CT.IISALSO AVAILABLE. Develop 6502, 6800, 8080, 8085, and 280 code on any 8080, 8085, or 280 machine running
under CP/M, Same features as A.C.T. 1; $125 with manual (manual available separately for $15).
SPECIAL COMBINATION PRICE: For a limited time, A.C.T.1 and A.C.T. )l are available for $225 including all manuals.

order — call 408-248-5543

PASCAL ataBasicPrice: $175 comblete =
CP/M compatible PASCAL/M includes features such as built-in error checking, console cursor SOQC,/M

controls, extensions chosen for campatibility with other popular PASCALS, complete random file and
long integer {32 bit) support, tull Wirth implementation, all I/0 totally compatible with CP/M file
structure, optional updating service, full accessto CP/M data files written in other languages and
stored under CP/M, and much more.
PASCAL/M fits In 56K of RAM ({including CP/M) and includes a90page manual {avallable
separately for $1G). You may never go back to BASIC again!

Howto order: All disks are shipped on single-sided. single-density. saft-sectored CP/M campatible media.
PASCAL/M: Specify Z80.8C80. or Z80+9511 math chip verslon (all are $175). We accept UPS COD, Mastercarde  P-O. BOX 32805
ISA®, persanal checks(allaw time taclear), and certified checks. Califernians add sales tax. Add $10cutside USA SAN JOSE. CALIFORNIA 95152
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NEW DISK SYSTEM
POLISHES APPLE"

Micro-Sci's new disk drive family
really makes your Apple shine.

Both the A-40 and A-70 offer
extra performance plus the ability
to read existing diskettes written
on Apple Disk II systems.

And ajumper selectable boot
prom for 13 and 16 sector interger
Basic or 8 sector Pascal comes
standard.

The Model A-40 actually costs
alot less than Apple Disk II drives.
Yet it provides 40 tracks instead of

35, along with up to 20K increase
in capacity. Maybe an extra 20K isn't
anything to write home about, but
the speed sure is—5 mstrackto
track vs. Apple’s 15 ms.

The Mddel A-70, on the other
hand, features twice the tracks and
capacity of the Apple Disk II, but
it costs only a few dollars more.

The secret of outstanding per-
formance and reliability is a state-
of-the-art design incorporating a
band positioner, instead of a plastic

MU-SCI

" MICRO-SCI

cam, plus an improved media
centering system.
SPECIAL DISCOUNT.

One A-40 plus controller is priced
at only $495 and the second drive
is just $395. You can save
up to $200 per system over Apple 11
drive prices.

Andyou can save eveh more if
you act now. Contact us today for
a special $50 introductory discount
on your Micro-Sci A-40 or A-70
system order.

1405 E. CHAPMAN AVENUE - SUITE E - ORANGE, CALIFORNIA 92666 - 714/997-9260

MICRO-5CI IS A DIVISION OF STANDUN CONTROLS, INC.

Apple and Apple Il are registered trademarks of APPLE COMPUTERS INC., SAN JOSE, CALIFORNIA
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Figure 2: Block diagram of the ultrasonic circuit. The circuit board contains a variety of
custom components and is slightly modified from the unit used in SX-70 Land cameras.
This circuit, as well as the EDB, is powered by a 6 V Polapulse battery. It seemed to
work acceptably with a 5 VDC power supply.

The block labelled “User Hardware" can be the EDB or any interface that can convert
the ultrasonic circuit board's time-gated output into useful form.

Text continued from page 38:

The ultrasonic circuit board con-
trols both the transmit and receive
operating modes. It contains both
digital and analog circuitry. In addi-
tion to transmitting the chirp and
processing the echo, this circuit also
tailors the amplifier sensitivity
depending upon the object distance.
Lower amplification is needed for
close echoes, while higher amplifica-
tion is needed for distant echoes. This
is accomplished by increasing the
amplifier gain and Q (ratio of re-
actance to resistance) in steps. Figure
2 is a block diagram of the ultrasonic
circuit board.

Experimental Demonstration
Board
The ultrasonic circuit board
previously described is a modified
camera assembly. The EDB (Experi-
mental Demonstration Board, shown
in photo 6) is not a camera compon-
ent; it was designed specifically as a
user interface to the ultrasonic board.
Text continued on page 48

DRIVE
CIRCUIT

+Vee
POWER = ULTRASONIC MELOG
SUPPLY | CIRCUIT
- BOARD
i <1 TRANSDUCER
+6V GND GND Vsw XLOG
r ! !
EXPERIMENTAL DEMONSTRATION | BOARD
\EON/OFF =T
SWITCH SET
v SYSTEM
DD
L CLOCK CIRCUIT f:;ESENCE LC wlRESET ECHO
| 5Hz LATCH
RESET
420 kHz i
CLOCK I‘LE
CIRCUIT AC
COUPLING oF L1 AC
CTLK SR L 1000 COUNTS —— COUPLING
¥ hJ OF A7 DLE
SR L T
CLOCK  RESET * 178 ms &
TIME-TO-DISTANCE MASTER LATCH
CONVERSION RESET ENABLE
A1
46us 3-DIGIT BINARY
PER CYCLE COUNTER
#=| SCANNING CLOCK
= #= CLOCK INPUT
12 INCHES/CYCLE SCANNING OUTPUTS MULTIPLEXED BCD OUTPUTS
178 us /CYCLE = = =
ns DSy |DS, |DS,; o3 |0 |07 |ag
L L ¥ L Y L
3-DIGIT DRIVE BCD-TO-SEVEN-
DISPLAY 4 CIRCUIT SEGMENT CONVERSION

Figure 3: Block diagram of the Polaroid Experimental Demonstration Board.
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Even at 5:12 a.m., its hard to quit

playing Personal Software"strategy games.

A quick game before turning in can become an all-night
session when you load any of the Personal Software ™ strategy
games into your Apple; PET* or TRS-80F They’ll challenge,
teach and entertain you. And now there are two new games—
Gammon Gambler™ and Checker King™—joining Bridge
Partner,” Time Trek™ and the best-selling Microchess”

Gammon Gambler is a sure bet. With ten levels of skill,
you can begin a novice and become
an expert. Whichever level you play,
the computer moves so quickly
you don’t have to wait. The
program follows U.S5.
tournament rules, and in-
cludes the doubling
cube to spice up the
game. Written for
the Apple and

Gammon Gambler PET by Willy
Chaplin.

Checker King—you probably forgot
how much fun it igl If you move and
change your mind, take it back and move
again—without a peep from the computer.
Play eight skill levels. Add and remove
pieces. Save three board positions for later
play. And solve three challenging checker
puzzles. Written by Michael Marks for
the Apple, PET and TRS-80.

Microchess, the most widely used
personal computer chess program, is a
nearly perfect chess opponent for the total
noviceor the advanced enthusiast. Written
by Peter Jennings for the Apple, PET and
TRS-80.

*Apple is a trademark of Apple Computer, Inc.; PET is a f
trademark of Commodore Business Machines, Inc.; TRS-80 is 4
a trademark of the Radio Shack Division of Tandy Corp.

Bridge Partner. You against the computer in over 10 million
different hands of contract bridge. You can even specify the
hands’high card points. Written by George Duisman for the Ap-

ple, PET and Level Il TRS-80.

Time Trek is easy to learn, dif-
ficult to master and impossible to
forget. Take command of a starship
in real-time action to make the gal-
axy safe again. PET version by Brad
Templeton. TRS-80 program
by Joshua Lavinsky.

Personal Software, Inc,
also produces the VisiCalc™
program (the software that's
revolutionizing personal

Checker King

computing), CCA Data Management Sys-
tem, the Vitafactsseries and otherexciting
software for the Apple, PET and TRS-80.
Now that you've read about the
Personal Software programs, go see a
demonstration. For the name of your
nearest Personal Software dealer, call
(408) 745-7841 or write to Personal
Software Inc., 1330 Bordeaux Dr.,
Sunnyvale, CA 94086.

STRATEGY GAMES SEAES



While they were thinking
hardware and software,
we were thinking

16K SUPER RAM
32K SUPER RAM
16K MEMORY MASTER
24K MEMORY MASTER

MAIN
MEMORY

f:

HARD
\
CONTROLLER

8 INCH 1.2 MEGABYTE
FLOPPY DISKS

S-100 SYSTEMS. From add-in memory boards  with the CPU through 3 1/O ports (command,

to add-on hard disk. High performance S-100  status, data). The controller can generate inter-
busboards. Single, dual and quad-density disk  rupts at the completion of each command. A
systems with up to 1.2 megabytes on a single 512-byte sector buffer is on-board. And the
floppy disk drive. |/O boards. All, with system is available for S-100 main-

the Morrow Designs systems approach § frames.

to hardware and software. SYSTEMS FOR SYSTEMS. Whether
COST EFFECTIVE SYSTEMS. i you're building systems or trying to
Morrow Designs Discus M26 offers & expand your present system at reason-
26 usable megabytes of memory for 4 able costs, Morrow Designs offers
just $4,995. About $192 per mega- - », complete, cost-effective subsystems.
byte. And, it's a complete system, 4 %, Modular systems that allow you
including a Shugart SA4008 , g to build your system your way.
Winchester-type sealed-media | SOFTWARE FOR SYSTEMS.
hard disk, power supply, cabies, Morrow Designs backs each
subsystem with high-quality,

and cabinet with fan. The single
board controller supervises all fully-tested software. INSTALL
oftware allows you to attach
GO0H BN eSS

data transfers, communicating




systems.

CPM
3

AUTO-INSTALL

280/8080
| CPU

LANGUAGES:
C. BRATFOR, FORTRAN,
PASCAL. BASIC

WORD PROCESSING
DEVICE
\4/:'\1/ DRIVERS MANAGENENT
ACCOUNTING
IEEE STANDARD S-100 BUS >
MULTIBOARD
K
RE)M | REAL PROGRAMMABLE
TIME INTERRUPT FLOPPY
1K CLOCK CONTROLLER DISK —4 RS 232
RAM [ | CONTROLLER
L TR, I,
DAISY PORT I
3 SERIAL PORTS !
DAISY WHEEL i ] [ l:l |j
PRINTER RS 232 RS 232 RS 232 14 INCH 26 MEGABYTE
HARD DISK
any Morrow disk system to any CP/M B \\ to you is reliable system efficiency at
system operating under CP/M. cost effective prices.

Morrow CPM/CDOS software allows o Better systems for less. See Morrow

you to attach any Morrow disk drive

to Cromemco Systems. In fact, if soft-
ware runs under CP/M, it willrunon |
any Morrow Designs hardware. |

COMPARE PERFORMANCE.

Hardware performance. Software
performance. System performance. Any
Morrow Designs disk drive, hard or floppy,
can be mixed and matched through Morrow
Designs standard software. And all necessary
hardware, software and firmware is included
with each system.

NOW, COMPARE PRICE. Morrow Designs
products offer maximum efficiency at minimum
cost. But we don't cut corners. What that means

Circle 26 on inqulry card.

Designs full line of memory and 1/0,
plus floppy disk/and the M26 hard
disk system at your computer sup-
plier. Or, send in the coupon for our
full line catalog. Can't wait: Call us at
! (415) 524-2101.

5221 Centrat Ave. Richmond. CA 94804

Gentlemen, Please send me your complete OEM hardware and
software specifications. Plus the name of my nearest distributor.

Name -

Company
Address - -

City State _ Zip
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Circle 27 on inquiry card, ==

itry to convert the raw data of the sonar
display.

-digit LED

ins all the necessary circu

ric distance value and display it on a three

. This board conta

into a nume

Schematic diagram of the EDB
interval

transmit/receive time

Figure 4
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The new standard is now here
— this beautiful, feature-
packed, one-piece desktop
computer system at a very,
very affordable price. Continu-
ing the TRS-80 tradition
begun with our famous Model I,
the amazing Model Il gives you
everything you've always wanted
in a personal computer —including
easy expandability.

It Talks Your Language! Model Il is
available with either Level 1 or
powerful new Model Il BASIC.
Best news of all is that nearly all
Model 1 software is compatible
with Modelll], so you already have
a huge library of applications to
choose from. Radio Shack already
offers over 80 quality packages —
from games to sophisticated
business programs to word
processing.

Big Storage Capacity! Model III
BASIC features dual-speed cas-
sette loading (1500 and 500 baud).
You can expand your Model III to

76 % TRET COPEATI (D
o
7 1

| =™

—

S

Radio Shack is

Lowering the Cost of

High Technology!
= 5699

support up to four (two integral)
double-density disks at 175K each
for a total system capadity of up to
670K bytes.

Powerful Memory! Up to 48K of
internal memory is easily added,
since no expansion interface is re-
quired. Model III is completely
self-contained. Start with a 4K
Level | system or move up to our
16K Model Il BASIC right away for
the applications you need.

High-Resolution Display! Every
Model III has a sharp display of 16
lines of 64 characters. Model III
BASIC adds lower case plus
graphics and spedal characters.

‘Retail prices may vary atindividual stores and dealers. Spedial order may be required initially.

Il includes a paralle! printer
interface and 65-key
keyboard. Model III BASIC
adds “extras” like a real
time clock, scroll protect,
keyboard controlled screen
print, and RS-232 firmware.

And It's Very Affordable! The 4K
Level I system is only $699* The
16K version with powerful Model
I BASIC is just $999* So why
wait, step up to the new standard
now. Available at Radio Shack
stores, dealers and Computer Cen-
ters everywhere.

Radio fhaek

The biggest name in little computers™

Send me your TRS-80 Catalog!_I

Radio Shack, Dept. 81-A-40
| 1300 One Tandy Center
Fort Worth, Texas 76102

I Name

' Street
' City
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Bit 1 Bit0
0 0
0 1
1 0
1 1

sent to the computer.

Table 1: Correspondence of the 2-bit digit-select codes with the EDB output data

Output Digit to Computer
DS, (LSD)

D'Sf (MSD)
n/a

Ic1
CD4042
r 4 2 b
Qo [>—— o Qo
> 7 10 o
E @ g g :A:|A\TLLEL
13 11 INPUT PORT
2| 0u >—0, Q2 {BCD OUTPUT)
=
14 1
E | ea>——ps Q3
> o
e POL__ CK wi
=] >
= 6 5 o
] +6V =
z o
< o
: f
Q (=
r-
2 2
= z
= ]
= @
= | = 12|, 13
E (9853 >—*%0 o
o
s ic2
0 CD4052 (DIGIT SELECT)
<
5 CENY l}—ﬂ‘xl qE <]8iT1 i;:guu
“ | b5, |:>—15 X2 YL <] BIT O | OUTPUT PORT
) 1 xg VEE 777 ’
Figure 5: Schematic diagram of an inter-
face that allows a computer to directly
read the three-digit LED display of the _———————
EDB, using four integrated circuits. Number Type +6V GND
Through 2 bits of a parallel output port, a
the computer sends a digit-select code and :g; g84842 12 S
then reads the corresponding BCD value 1c3 CD:O?(Z) » 8
of the selected digit through 4 bits of a IC4 CD4070 14 7
parallel input port.
+12v
A
$1000 $1008
< 01 uF 01
A
2,
STEPPER MOTOR
14
13/, 8 o ! vELLow|a . 4|RED
bo [>—L31 ul GRAY[3 . 3'[BLACK
COMPUTER 3 SAA1027 .
Morray (b1 > R L YELLOW|2 -~~~ 2'|RED
PORT 16 '
2 D—z‘s P L GRAY |1 ..~~ 1'|BLACK

L

Figure 6: Stepper motor and controller used in the infrared and ultrasonic scanner. The
motor is a North American Philips K82701-P2 type, which turns 7.5° per step. It

operates on 12 VDC.

The SAA1027 integrated circuit is available from Signetics or from North American
Philips, Cheshire, Connecticut, (203) 272-0301.
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Text continued from page 42:
The EDB contains all the necessary
electronic circuitry to convert the
transmit/receive time interval into a
figure indicating distance (in feet) and
present it on a three-digit LED (light-
emitting diode) display. Figure 3 is a
block diagram of the EDB, while fig-
ure 4 shows the schematic diagram.
Connecting the EDB to the com-
puter requires some thought. The
output of the EDB is a three-digit
display with a numeric output range
of 00.9 to 35.0 in increments of 0.1
feet. The multiplexed display is con-
trolled by a three-digit binary counter
with strobed digit-select lines. It uses
a single BCD (binary-coded decimal)-
to-7-segment decoder/driver. At any
instant, only one digit is energized,
but because of the persistence of
human vision, they all appear to be
illuminated. Unfortunately, this
multiplexed display output is not
very computer-compatible and re-
quires additional interface circuitry.

Decoding the EDB Output

Figure 5 is the schematic diagram of
a four-integrated-circuit interface that
decodes the counter output on the
EDB and latches the digits while the
computer reads them. Essentially the
circuit consists of a three-input
demultiplexer (IC2), an edge detector
(IC4), a 4-bit latch (IC1), and an out-
put buffer (IC3). The four-chip circuit
is conveniently mounted on a piece of
perforated circuit board and attached
to the rear of the EDB, as illustrated
in photo 7.

When the MSD (most-significant
digit) of the LED display is energized,
the DS; line is low. The data on Q,
thru Q; at this time form the BCD
value of that number. Similarly,
when DS, goes low, the data lines
will hold the second digit value. IC2
is a 4-to-1-line demultiplexer with the
three digit strobes as inputs. A 2-bit
TTL (transistor-transistor logic)-
compatible parallel output from the
computer determines which of these
channels is routed through the
multiplexer. To get DS, , the LSD
(least-significant digit), the input code
to the EDB interface would be 00. A
binary code of 10 would set channel
3, allowing DS; to go through. A
summary of the codes is given in table

The inputs to IC2 are offset by one
channel due to the peculiar timing of

the EDB. While the DS; line is

Circle 28 on Inquiry card, =P
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The MODEL 800 MST is certainly pleasing to look at, but its true beauty lies beneath the surface. A glimpse at its
features reveals why it is rapidly becoming the most sought after printer in the world . . .

e Four standard interfaces: e Up to 10 character fonts
RS-232 (15 baud rates) Standard 96 character ASCH
Centronics compatible parallel User defined character font s
IEEE-488 Provision for up to eight additional fonts )
20ma current loop e Dot resolution graphics in six densities

e Six line densities: 64, 72, 80, 96, 120, 132 e Variable line spacing control from 0 to 64 dots in

e 100 CPS at all six densities half-dot increments

e Unidirectional or bidirectional prirting e Auto form-feed for any form length at any line

e Sixteen horizontal and fen vertical tabs spacing

o Elongated characters in all six densities e Heavy-duty all aluminum chassis

o 1920 character buffer e 110vac or 220vac, 50/60Hz.

o Uses effher perforqfed or roll paper [ ]OO mI“IOn character printhead

e Fully adjustable tractors to 92" e Measures only 15" wide, 3" high, and 11” deep

e Auto self-test e Weighs only 15 Ibs.

..... but maybe its most attractive feature is the price . . . . . $699.00.

' P.O. BOX 3548 FULL.,CAL. 926349 / (7149) 992~-434949
4




physically tied to channel 0 and
would appear to be addressed with a
00 input code, the edge-detector tim-
ing of the circuit is such that we are
not latching the current digit's value,
but the next digit's value, when we
address the channel. However illog-
ical it may seem, the codes that work
are stated in table 1.

When we have selected which digit
we want to read by setting the proper
multiplexer-input code, that digit
value will be latched into IC1 and
available as a BCD value to the com-
puter. IC3 buffers the CMOS (com-
plementary metal-oxide semiconduc-
tor) voltage levels of the EDB to the
TTL level required by most comput-
ers. To read a three-digit range, we
simply set the three multiplexer codes
in succession. To obtain the distance
indication, just add the three values
as follows:

Distance = (MSD) X 10 + (2nd
digit) X 1 + (LSD) X 0.1

This interface design is essentially
speed-independent and can be driven
equally well by an assembly-language
or BASIC program. Listing 1 is a
BASIC program that reads and dis-
plays the three-digit range determined

RUN
hkkkhhhhhk

hhkhkhkhhhkhkkk
hhkhkhkhhhkhhkhkk
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hhhkhhkhkhkhkhhhkhhhhhhhkhkhhkhkhhkhhhkhkk
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hhkhkhhkhkhhkhhhkhhhhhhhkhhhkhkhkhkhhhk
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STEP 1

STEP 25

Figure 7a: Bar graph of distance
measurements taken by the scanning
system as the ultrasonic transducer was
pivoted in twenty-five steps through a
180° sweep around the Circuit Cellar
(each asterisk represents approximately
one-half foot). Note correspondence with
floor plan in figure 7b.
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by the ultrasonic ranging system.

A More Sophisticated Scanner
The original article, “I've Got You
in My Scanner!,” previously men-
tioned, has been reprinted in the book
Ciarcia’s Circuit Cellar, volume 1,
available from BYTE Books. Photo 8
is a close-up of the updated version of
the scanner, which now includes the
ultrasonic ranging detector. The basic
scanner consists of a North American
Philips stepper motor (12 V type
K82701-P2) and integrated-circuit
controller (SAA1027) with an infra-
red-sensitive photo Darlington tran-
sistor (General Electric type L14F2)

BOOKCASE

o

s ~‘.
COMPUTER p

(e

, /

BOOKCASE

fixed at the focus of a parabolic
reflector mounted on the shaft. I used
a Radio Shack solar cigarette lighter,
catalog number 61-2797, as the para-
bolic reflector. The driver circuit for
the stepper motor is outlined in figure
6. The original article explained the

infrared sensing system in detail.
The new scanner has the ranging
detector mounted on the stepper-
motor shaft, above the parabolic
reflector. Both point in the same
direction. The stepper motor is driven
through the SAA1027 with 3 bits of a
parallel output port. To drive the
motor clockwise, bit 1 is set low, bit 2
Text continued on page 56

@) SUPPORT COLUMN
——~ SCAN STEP

— BOOKCASE

/-TELEVISION

Figure 7b: Floor plan of Circuit Cellar showing location of scanner and beam paths to
room objects during the twenty-five steps in the scanning sweep. Bar graph of figure 7a
shows relative distance to the nearest obstruction in the beam path at each step.
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NOW: AN ORIGINATE/ANSWER 103
FOR LESS THAN °200

Switch-selectable originate/answer UDS techhology now adds a Bell-compatible originate/answer 103 to the family of line-powered

F CC certified for direct-connect modems. No AC connection or power supply required; operating power comes directly from the phone
Fits under your phone line. The unit fits underneath your desk phone. With the TALK/DATA switch in the TALK position, you
No AC required have an ordinary phone; move to DATA and you're in contact with the whole datacomm world at any
Onty $195 (quantity one) speed up to 300 bps.
| For details, contact: Universal Data Systems, 5000 Bradford Drive, Huntsville, AL 35805, Telephone
205/837-8100, TWX 810-726-2100

“"Confidence in Communications’

Universal Data Systems ILE

DISTRICT OFFICES: Summit, NJ. 201/522-0025 - Blue Bell, PA. 215/643-2336 + Atlanta, 404/952-3463 » Chicago, 312/ IDCMA
441-7450 - Dallas, 214/385-0426 » Santa Ana, 714/972-4619~ Sunnyvale, 408/738-0433 - Boston, 617/875-8868.

Created by Dayner/Hall, Inc., Winter Park, Florida
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32K or 64K (Double or Quad Density unit
available). Uses two Z-80 CPU's. Commercial-
type terminal with 12” monitor. Dual double
density minifioppies. Over 350 kilobytes of|
storage (twice that with quad density drives).
Two serial RS232 ports, |/0 ports standard.
Expandable with optional S-100 S-100 inter-
face. Comes with CP/M™™ 2.2 operating sys-
tem. MiniMicroMart includes BASIC inter-
preter and can supply a wide range of CP/M
Development and Application software.

w/32K Double Density, List $2905 . $2685

w/64K Double Density, List $3345.. ... $2883
w/64K Quad Density, List $3995 ...... $3595
64K Special Quad Version ............ $3395

INTERSYSTEMS

formerly ITHACA AUDIO

DPS-1, List $1795
LIMITED TIME $1299*

The new Series | CPU Board features a 4 MHz
Z-80A CPU and a full-feature front panel. 20-
siot actively terminated motherboard, with 25
amp power supply (50/60 Hz operation, incl.
68 cfm fan).

COMPLETE SYSTEM with interSystem 64K .
RAM, 1/0 Board w/priority interrupt and
double density disk controller board. Full 1-year

warranty, List $3595

ONLY $2895*
Above less disk controller, $3195..... $2539*
* Limited Time offer expires Sept. 15, 1980.

HEWLETT-PACKARD

!. L
I

F.0.B. shipping point. AN prices subject 1o change and all
offers subject to withdrawal without notice. Advertised prices
are for prepaid orders. Credit card and C.0.D. 2% higher.
C.0.D. may require deposit.

~ WRITE FOR FREE CATALOG —

MiniMicroMart

Desk-Top
Computer

Call
for
Price!

IHHHIIIIII
"I' |||

AN

i

1618 James Street
Syracuse, NY 13203 (315) 422-4467
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Listing 1: A BASIC program that uses the interface circuit shown in figure 5 to read the
three-digit distance value from the EDB and display the distance on the computer
printer. A sample execution follows the BASIC-language statements.

100 REM THIS PROGRAM ALLOWS A COMPUTER TO READ AND DISPLAY
110 REM  DISTANCE AS MEASURED BY THE POLAROID ULTRASONIC

120 REM RANGING SYSTEM DEMONSTRATOR BOARD. RANGE .9 TO 35 FT.
130 REM

140 REM

150 GOSUB 250

160 PRINT"DISTANCE TO TARGET IS ";S;" FEET"

170 GOTO 150

180 REM

190 REM

200 REM THIS ROUTINE SETS AND READS THE 3 DIGITS ON THE

210 REM  RANGING BOARD.

220 REM IT IS A THREE STEP PROCESS: SET THE DIGIT; READ THE
230 REM DIGIT VALUE; AND MASK OFF EVERYTHING EXCEPT THE 4 BIT
240 REM  CHARACTER.

250 FOR T=0 TO 2

260 OUT 16,T

270 S(T)=INP(16)

280 S(T)=S(T) AND 15

285 S=(5(2)*10)+(S(1)*1)+(S(0)*.1)

290 NEXT T

300 RETURN

RUN

DISTANCE TO TARGET IS 3.3 FEET

DISTANCE TO TARGET IS 3.4 FEET

DISTANCE TO TARGET IS 3.5 FEET

DISTANCE TO TARGET IS 3.4 FEET

DISTANCE TO TARGET IS 3.3 FEET

DISTANCE TO TARGET IS 3.4 FEET

DISTANCE TO TARGET IS 3.3 FEET

DISTANCE TO TARGET IS 3.4 FEET

DISTANCE TO TARGET IS 3.4 FEET

DISTANCE TO TARGET IS 3.5 FEET

DISTANCE TO TARGET IS 3.3 FEET

Listing 2: A BASIC program that causes the scanner to make a 180° scanning sweep in
twenty-five steps and prints the distance measurements in the form of a bar graph.
Figure 7a shows the output from the execution of this program on the system set up in
the Circuit Cellar.

100
110
120
130
140
150
160
170
180
190

REM THIS PROGRAM MAKES A 180 DEGREE SCAN AND RECORDS THE
REM DISTANCE TO SOLID OBJECTS EVERY 7.5 DEGREES.

REM
REM
REM
REM
REM
DIM
our
REM
REM CLOCKWISE SCAN

REM BIT 2 IS SET HIGH AND BIT 0 IS TOGGLED

FOR D=0 TO 24

OuT 18,5

GOSUB 470

OuT 18,4

NEXT D

REM

REM COUNTERCLOCKWISE SCAN

REM BITS 1 AND 2 ARE HELD HIGH AND BIT ZERO IS TOGGLED
FOR D=0 TO 24

our 18,7

GOSUB 570

ouT 18,6

NEXT D

REM

STEPPER MOTOR CONTROLLER ATTACHED TO PORT 18
ULTRA SONIC RANGING UNIT ATTACHED TO PORT 16

z(25)

:OUT 18,255 :REM PRESET STEPPER CONTROLLER

Listing 2 continued on page 56
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STOP PLAYING GAMES
AND GET DOWN TO BUSINESS

Corvus Transforms the Personal Computer

into a Powerful Business Tool.

In business, professional offices, and schoois through-
out the world, thousands of Corvus intelligent peripherals
bring mass storage, increased speed, and multi-user
capability to a variety of microcomputers. Current applica-
tions include accounts receivable and payable, medical
records, mailing lists, inventories, word processing, insur-
ance, mathematics and science, and other large and
complex files.

Corvus proven Winchester disk technology provides
10 to 80 million bytes of capacity, fully compatible with
your current operating system. This is up to 500 times the
capacity of a floppy disk.

The Corvus CONSTELLATION links up to 64 com-
puters in a state-of-the-art multi-processor network. It
provides shared mass storage, pipes for inter-computer
communication, and system spooling for sharing of
peripherals such as printers. Performance far exceeds
that of larger and more expensive networks.

Backup data protection and archival storage are pro-
vided by the Corvus MIRROR (Patent Pending), a low-
cost backup using standard video cassette recorders.

Contact your local Corvus dealer for the full story
about these innovative new products. * %

v

CORVUS SYSTEMS
* % 2029 O'Toole Avenue
* San Jose, California 95131

(408) 946-7700/TWX 910-338-0226
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Konan presents Hard Disk Control, Tape Control, and

Serial 1/0 Boards for S-100 computers. Konan, known.:

throughout the indystry for its . leading, innoyative:

guaranteed controllers tor 5100 systems; does it again, . - 3
Now, it offers youmore ot the expanded capdbth‘hes you 5o, B TN | T
need 4 "t RE .

First, theres Konan's complete hne of hcxrd disk. mass .
storage subsystems and controljers, These high reliability  ~ * -
‘products include the SMC100O™ sforage module (SMD ot i ad

' .CDC 9760 interface) hard disk coritroller forthe SIOOBus, - . .+ Pury, -
“ DATIOG Winchester type hard disk tape backup con-. -« = 2
‘froller;the I-I.ARDTAPE}TM system,and the new KNX-50Q™ .- .~ .5 % -
‘hard disk centroller which is sottwdre compcmble wnh_‘;.' AR
Alpha ‘Micro; AM-500*, Also; coming soon; Shugemt'™ " - & ., .

’ .technology mini-hard disk controller cmd 9 track reel to e W L N - 1

"+ reelia econtroller

' Now., Kondn mtroduces OCTOPLUSTM and OMN[POR"I'rNL b e b
two new serial /O boards, OCTOPLUS™, the-8portboard, - et Yy

:' . oﬂersdrealhmeclockandmllmtenruptcontrol Andthele oo s

- “port OMNIPORT™ offers you: an -efficient, economlccxl ol
bocxrdwhere more‘thcmapons ateneeded. SRS
With these and other quality products Konan shows v ° -
againthatwhenitcomesto S-100systems.itisdefinjtelyin - s
control (And all at attractive OEM and deadler prices) ey A
:For complete mtormcmon ccxll Kondn S duect, toll-free i in-, Eh L, % j

" tormation line 8QO- 528-4563 3 Lo R g
“Or witte to. ‘Konan' Corporation 1448 North ’Z7th Avenue =g % o, i
PhoemxAZ 85009; TWX/TELEXQIO‘?511552 2 i3 ! o

:._--‘ - -

- . o o
]

*Alpha Micro AM- 500 isa trademark of Alpha Micro Systems.

IN.CONTROL, SMC- lQO HARD TAPE, KNX-500, OCTOPLUS, Cmd
‘OMNIPORT are trademarks.of Konan Corporation.
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MTI stocks ‘em all

for faster delivery.

No hidden charges. Prices include delivery.
VISA and MasterCard orders accepted.

VIDEO TERMINALS
VT100 DECSCOPC............cevrsosiiicionens $ 1750
VT132 DECscope o
ADM-3A (dumb terminal} ......
ADM-3A+ {dumb terminal)
ADM-31 (2 page buffer} .........
ADM-42 (B page buffer avail.} ...
1410 (Hazeltine dumb terminal) . 825
1420 {dumb terminall .. . BEE
1421 (Consul 580 & ADM-3A ( comp.).... B

1500 (dumb terminai} e 1045
1510 (buffered) ............... e 1145
1520 (buffered printer port} ... .. 1395
1552 (VT-52 compatible} 1350

300 BAUD TELEPRlNTERS
LA34-DA DECwriter |V .
LA34-AA DECwriter IV .

145
1795

Teletype 4310 .. 0BG
Teletype 4320 .. .. 1225
Diablo 630 RO .... .. 2295
Diablo 1640 RO ., - 3085

. 3285
.. 3185
. 3388
. 1190
... 1685
. 2690
2895

Diablo %640 KSR
Diablo 1650R 0O ...
Diablo %650 KSR
T) 743 (portable} ..
T) 745 (portablelbunh -in coupler)
T1 763 (portable/bubble memory) ......
T! 765 {port/bubble mem/b-i coupler} .

600 BAUD TELEPRINTERS

T1 B25 RO impPact c.eceee.,iererssrecssornsncs 1565
Ti B25 KSR impact _ -.. 1645
Ti 825 RO Pkg. ... . 1750
T1B25 KSR PKG. ..uvvreviiiiciiciiianiiiosesnnns 1895

1200 BAUD TELEPRINTERS
LA120-AA DECwriter Il {forms pkg.) . 2245
L5180 DECprinter | . 2195
T1 783 {portable} .....eeeeen . 1745
T 785 (port/built-in coupler} .. 2395
T 787 (port/internal modem) .. . 2B45
71 B10 RO impact .....coeeeeiciis ... 1800
T1810 RO Pxs. ....... e 2047
T1 820 KSR impact . .. 2057
71820 KSR Pkg. .. 2275
11820 RO.... 1895
. 2047

Dataproducts M200 (2400 baud} .......... 2595
DATAPRODUCTS LINE PRINTERS

B300 (300LPM band} 5535
B600 {600LPM band) , .- 6861
2230 (300LPM drum)} . . 7723
2260 (600LPM drum} . .. 9614
2290 {OOLPM drum) ..ueuveeeeeesessesnses . 12655

ACOUSTIC COUPLERS
AlJ A242.A {300 baud orig.} ..
Al 247 (300 baud orig.)
Ald AD342 {300 baud orig.. il 5
All 1234 (Vadic compatible} .....
AlJ 1245 {300/1200 Bell comp.} ..........
MODEMS
GOC 103A3 (300 baud Bell} ...eeecevernnne
GDC 202S/T (1200 baud Bel) ... GGG
GDC 212-A {300/1200 baud Bell} .. . HEO
Al 1256 {Vadic compatiblel .. SRR - |-
CASSETTE STORAGE SYSTEMS
Techtran B16 {store/forward) ...... 1050
Techtran B17 {store/for/speed up) ....... 1295
Techtran 818 (editing) v 1785
Techtran B22 (dual} ... .. 2295
MFE 5000 (editing) ...... vene 1495
FLOPPY DISK SYSTEMS
Techtran 950 {store/forward) ..
Techtran 951 {editing} ._.............
“Please call for quote.

315
395
895
695

395

1395
.. 1995

Applications Specialists & Distributors
Great Neck, Mew York/Cleveland, Ohio.

N.Y.:516/482-3500 & 212/895-7177

B0DO0/645-8016. Ohio: 216/ 464-6688
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100

Listing 2 continued:

360 REM
370
FOR D=0 TO 24

FOR W=1 TO INT(Z(D))
PRINT"#* %",

MEXT ¥

PRINT" "

NEXT D

GOTO 220

REH

REH

400
410
420
430
440
450
460
470
480
450
500
510
520
530
540
550
560
570
580

FOR T=0 TO 2
OuT 16,T
S(T)=I1NP(16)
NEXT T

FOR 0=0 TO 10
RETURN

REH

REH

FOR Q1=0 TO 100
RETURH

tNEXT Q

:MEXT Q1

REHM PLOT RANGES AS BAR GRAPH

REM STEP DELAY AND RANGE SANPLE ROUTINEL

:S(T)= S(T) AHD 15
Z2(D)=(5(2)*10)+(S(1)*1)+(S(0)*.1)

Listing 3: A short BASIC program that demonstrates one method for using the
ultrasonic scanning device in a security system.,

REM
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

REM

REM

A=1 :GOSUB 220
GOSUB 330

A=2 :GOSUB 220

:REM

GOTO 140
REM

REH

FOR T=0 TO 2
ouT 16,T
S(T)=INP(16)
NEXT T

RETURN
PRINT"

GOTO 140
REM
REM

FOR Y=0 TO 200
RETURN

tNEXT Y

RUN

I GOT YOU IN MY SCANNER AT 11.4

Text continued from page 50:
is held high, and bit 0 is toggled to
produce each step. To drive the
motor counterclockwise, bits 1 and 2
are held high, and bit 0 is toggled for
each step. The new scanner can read
the distance at each step.

Listing 2 is a program that causes
the scanner to make a 180° scan and
prints out the distance measurements

I GOT YOU IN MY SCANNER AT ";X(2);"
REM AN ALARM ROUTINE WOULD BE PLACED HERE

REM SAMPLE RATE DELAY TIMER

THIS PROGRAM DEMONSTRATES HOW THE ULTRASONIC RANGING
REM BOARD CAN BE USED AS AN INTRUSION DETECTOR.

TAKE FIRST DISTANCE READING

:REM TAKE SECOND DISTANCE READING

IF ABS(X(1l))-ABS(X(2))>=.3 THEN GOTO 280

IF ABS(X(2))-ABS(X(1l))>=.3 THEN GOTO 280
:REM CONTINUE SCAN

:S(T)=S(T) AND 15

X(A)=(S(2)*10)+(S(1)*1)+(S(0)*.1)

FEET."

FEET.

in the form of a bar graph, demon-
strated here in figure 7a.

To help you understand the mode
of operation and value of the ranging
device, I have also sketched the area
of the Circuit Cellar where the mea-
surements were taken. (See figure
7b.)

The scanner (the red object in fig-
ure 7b) was placed on a tripod at a



Videoprint 3000 is the con-
venient economical means of
obtaining distortion-free
hardcopy from your Apple
computer graphics display in
full, brilliant color. The entire
system is self contained in the
convenient desk-top unit
shown above.

Videoprints eliminate such
off-the-screen photography
problems as barrel distortion,
color desaturation and loss of
color fidelity. Videoprints also
minimize the effects of raster
lines and video noise.

Videoprints are instantly
produced with Polaroid®
SX-70 or Polacolor 4" x 5"
films, as well as with conven-
tional color negative or 35mm
slide transparency films,
offering you a range of handy
sizes. The pictures are made
at the push of a button.

If you've ever wanted to
distribute copies of computer

Circle 34 on Inquiry card.
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graphics or file them in your
permanent records, or send
them through the mail or
project them as slides, you
need Videoprint.

Hook up to one single
cable and you're ready to
capture any image on the
Apple monitor screen. Other
personal computers with color
graphics capability work with
the Videoprint 3000, too.

In fact, if you use computer
graphics in any form, you
really need Videoprint 3000.
Find out all about this exciting
new tool. Write or call us today
for your local dealers’ location.

The Videoprint People.

Image Resource Corporation
2260 Townsgate Road, Westlake Village, CA 91361
(805) 496-3317

Videoprints shown were
produced by an Apple 11 with
graphics tablet, or by live
images on %4 "videotape.

“Polaroid; “Polacolor” and “SX-70"are registered
trademarks of the Polaroid Corporation.



height of 5 feet (1.5 meters), about 2
feet (0.6 meters) in front of my desk
area. The parabolic reflector was
pointed 90° to the left of center so
that a 180° scan resulted in it ending
up pointing 90° right of center. At
each of the twenty-five steps it took
to reach this point, it measured the
distance to the nearest obstruction to
its line of detection. For comparison,
the blue dotted lines in figure 7b show
where each step should have been and
what should have been in the way of
the sonar “beam.”

The program of listing 2 printed the
graph bar corresponding to each step,

starting with step 1. At the position
reached after step 1, the system
recorded a distance of about 5 feet
(1.5 meters) to the VTR (videotape
recorder) on the counter top. The
same result was obtained for the next
two steps. At the position reached
after step 4 (about 30° around), the
scanner was pointing between the
stereo system and the TRS-80 com-
puter on the desk to the right. This
was indicated by a reading of about
15 feet (4.6 meters), measuring the
distance to the bookcase on the far
wall.

The next couple of steps had the

Microhouse.

Microprice.

We will attempt to meet or beat ony adver-
tised price on hordware or software!

INDUSTRIAL MICRO SYSTEMS, the industrial-
strength microcomputers priced like the light-
weights, All IMS systems feature a Z80 4
mHz CPU, S-100 bus with 10 (series 5000)
or 12 (series 8000} slot motherboord, DMA
(IBM-compotible) double-density floppy disk
controller, 32K high speed (250 nS) static
RAM, rugged power supply, two RS232 serial
ports ond one poralel port (ol expandoble).
Eoch IMS system comes in your choice of an
attroctive desk-top or rackmount enclosure.
CP/M is included.

SERIES 5000 with 5 1/4" drives
With two single-sided, double-density

drives $2531.20
with two double-sided, double-density
drives 2908.75

SERIES 8000 with 8" drives
With one single-sided, double-density

drive $3359.00
With two single-sided, double-density
drives 4029.00
With one double-sided, double-density
drive 3659.00
With two double-sided, double-density
drives 4549.00

HIGH SPEED IMS S-100 MEMORY BOARDS

16K 250 n§ static RAM 290.00
32K 250 n§ static RAM 585.00
64K Dynamic RAM 937.50

CALL FOR MORE INFORMATION ON THE NEW
1MS/SHUGART 8" WINCHESTER S YSTEM

THE GOOD SLVER
WORDSTAR 2.1 The Lst  Microhouse
premier word-processing
softwore by MicroPro 495.00  349.98
WORDSTAR 2.1 with
MaiMerge 64500 489.98
DATASTAR data entry,
retrieval, and update
system from MicroPro  350.00 279.98
SUPERSORT sort/
merge/extract soft-
wore gives your CP/M
micro the power of a
key-to-disk system 250.00 199.98
BASIC 80 INTERPRETER
by Microsoft, ANSI
compotible, disk-
extended 350.00 287.50
BASIC COMPILER 395.00 330.00
WHITESMITHS C con-
forms to ful UNIX
version 7 C. One of the
best C compders for
micros on the morket 620.00 600.00
TG /Ationte Accounting
System:
Generd
Ledger compore at 530.00 175.00
Accounts
Receivoble compore at 530.00 175.00
Accounts
Payable compore at 530.00 175.00
Payroll compore at 530.00 175.00
All four pockages 595.00
Somple printouts (all 4 pkgs
included 10.00
Monuals (one pkg per monual)fach  35.00
CALL OR WRITE FOR FREE CATALOG
x| .
s ) vise
MASTER CARD OR VISA WELCOME

PRICES AND SPECFICATIONS SUBECT T0
CHANGE WITHOUT NOTICE

TRS-80 directly in the path of the
scanner beam, and then the path of
the beam was open to the far wall
again for a couple of steps. The rest of
the scan was similarly significant in
that the range detector accurately
described the perimeter from its view-
point. Most important, however, was
the demonstration of the sensitivity
of the ranging device. At steps 9 and
16, the only object in the path be-
tween the scanner and the wall was a
4-inch (10 cm) ceiling-support column
about 7 feet (2.1 meters) away. In
both cases the obstruction was ac-
curately identified.

We now have a device that can
rotate to a particular position and ac-
curately measure the distance to any
object it “sees.” A practical use of the
range detector is as a security device.
When the wall is known to be 16 feet
(4.8 meters) away from the scanner, a
sudden reading of 9 feet (2.7 meters)
indicates that someone or something
just moved in front of the range
detector. The program of listing 3
allows the range detector to be used
as a motion detector.

In Conclusion

I have demonstrated only two uses
for the Polaroid Ultrasonic Ranging
System Demonstrator Kit. The ma-
jority of applications I've heard about
thus far have been independent pro-
jects that utilize the ranging system
without the additional capabilities of
a computer. They include a walking
cane (with audio feedback) for the
visually handicapped, a 0 to 35 foot
(0 to 11 meter) altimeter for the
Gossamer Albatross aircraft (for its
English Channel crossing), and as an
electronic “dip stick” for measuring
liquid levels in storage tanks.

I hope that once you realize how
easy it is to attach this automatic
ranging system to a computer, you'll
have as much fun experimenting with
it as I have. Unfortunately, a new
problem has arisen. Until now, one of
the major reasons ] haven't attempted
to build a robot was the amount of
expense and technical effort required
to make it “see.” Now I'll have to find
a new excuse.l

Next Month:
Automated testing of electronic
products using programs written in

a high-level computer language.

FROM THE PRINT SHOP...

CENTRONICS PRINTERS List  Microhouse
730-1 100 cps 80 cal.  $795.00 $639.00
730-3 some with

RS232 interfoce 845.00 718.00
737-1 Letterquality

dot-matrix 995.00 849.00
704-9 180 cps, 132

col., RS232 interface  2180.00 1895.00
700-9 60 cps, 132 col. 1375.00 1149.00
TEXAS INSTRUMENTS PRINTERS

810 RO, 150 cps, 256

FIFO buffer 1895.00 1580.00
820 RO, 150 cps,

1280 FIFO, full ASCIL  1995.00 1679.00
NEC SPINWRITERS

5510 SERIAL or 5530

PARALLEL 3055.00 2459.00
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511 North New Street Bethichem, PA 18018 (215) 868-8219
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\When you pick a _Ddisy;
Pick Vista's V300 Printer
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| There are Daisiesl. .. And, There are Daisies!. . . But Vista has a Peach!

The Vista V300 is exactly that, a “peach” of a daisy wheel printer both from the standpoint of price
and performance.

Think of it, a printer at nearly half the price (when compared to models even remotely competitivein
quality) combined with the ultimate in reliability, print quality, and flexibility.

Typical Comments: “Superb print quality!”, “Highly reliable.”, "Definitely letter quality. . . | can’t
believe the price tag.”, “"Best use I've seen yet of LS| Technology.”

But judge for yourself — look at the V300 features and keep in mind this is a letter quality printer at
dot matrix prices.
e Tractor option available
o Print Speed — 25 CPS (Optional 45 CPS for $2,195)

e Print Wheel — Industry standard 96-character Daisy Wheel 5
(including the extended-life dual plastic wheels) AND’ Vista Has a Complete V100 Word Pro-

e Service — Prompt maintenance/service agreements avail- cessing System for Only $4995!
able nationwide

Interface — Industry standard parallel (RS232-C optional)

The Vista V100 is a complete word process-

e Printable Columns — 136 - . .
e Warranty — 90 days parts and labor, one year parts only Ing system that includes:
e Proportional, bi-directional printing ¢ Programmable VFU
e Extensive self-test functions e Hardware and software e Exidy Sorcerer e Vista V300 Printer
compatible Computer, 48K Full Character Daisy
Vista does it again! Quality, Price and Perfor- . ‘S’sg?;f]o g . \\/"V”;fg;tar CPM 1.4
mance with a peach of a daisy wheel printer. Density (Includes E Basic)
e Sanyo Data Display e Can also be used for
IMMEDIATE DELIVERY Monitor Data Processing

For Further Information
Call Toll Free (800) 854-8017

The Vista Computer Company 1401 Borchard Street @ Santa Ana, California 92705 e 714/953-0523
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Qver the past seven
years we've earned a name
for ourselves by making the
best magnetic media in the
business. Precision magnetic
media— Diskettes, Mini
Diskettes, Diagnostic Disk-
ettes, Rigid Discs, Disc
Packs, and Disc Cartridges
— all certified to be 100%
error free both on-track
and between the tracks.

Ay
UR MESSAGE.

Now we're making
it easier for you to buy the
best. Just dial Dysan direct
TOLL FREE at 800/538-8150
or 408/988-3472 (in Cali-
fornia) or contact your local
Dysan office listed below.

@ Dvsan

CORPORATION
5440 Patrick Henry Drive

Santa Clara, CA 95050
408/988-3472

Precision magnetic
media from Dysan. Our
media says it all.

Call your local Dysan office:

Dysan Corporation
5440 Patrick Henry Drive
Santa Clara, CA 95050
408/988-3472

19600 Fairchild
Suite 150

rvine, CA 92713
714/851-9462

13201 Bell Red Road
Suite 205

Bellevue, WA 98004
206/455-4725
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Kinetic String
Art for the Apple

Louis Cesa, 305 Doris Ave, Vestal NY 13850

The accompanying photographs were produced using
high-resolution graphics on the Apple Il computer. As in-
teresting as the pictures are, they do not do justice to the
real-time art that takes place on the screen. The photo-
graphs show only time slices at different stages in the
development of the kinetic string art. On the screen one
can see shapes forming and gradually being replaced by
other shapes in a continuous display of color and motion.

Algorithm Description for
Kinetic String Art Program

1. Initialize Variables:
X1=X2=Y1=Y2=CNT1=CNT2=0;

DIM C(150), TX1(150), TX2(150), TY1(150),
TY2(150);

AT=1

2. Erase the line from TX1(AT), TYL(AT) to TX2
(AT), TY2(AT) of color C(AT).

3. If CNT1=0thenchoose a new random colorand a
new random CNT1.

COLOR=1+RND(3)

CNT1=5x (1+RND(10))

4. If CNT2=0 then choose new step sizes for

DX1, DY1, DX2 and DY2 and a new random CNT2:
DX1=RND(9) —4

DY1=RND(9)—4

DX2=RND(9)—4

DY2=RND(9)—4

CNT2=5X(1+RND(10))

5. Compute new X1, Y1, X2, Y2 for next line and test
for screen boundaries. For example,

470 PX1=X1+DX1

480 IF PX1> =0 AND PX1< = MX THEN 500
490 PX1=X1: DX1=—DX1

500 X1=PX1

| 6. Draw the new line from X1, Y1 to X2, Y2.

7. Store the coordinates and color of the new line in:
C(AT), TXU(AT), TX2(AT), TYI(AT), TY2(AT)

8. Step AT to next position in table.

AT=AT+1
IF AT > 150 THEN AT=1

9. Go to step 2.
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The algorithm used is quite simple. (See textbox. Con-
tractual agreements preclude publishing a listing of the
program.) The pictures are drawn by a line segment
making a random walk on the screen. An initial pair of
endpoints is chosen at random; also chosen at random
are color, number of lines to be drawn with that color,
step size for each endpoint (in the x and y directions), and
number of times that the step sizes are to be used. Suc-
cessive lines are drawn by advancing the endpoints of the
line by the chosen step size in the x and y directions.
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Whenever the number of times that an action was to be
executed (such as number of lines to be drawn in a given
color) is exhausted, new random values for that quantity
and for the number of times that the quantity should be
used, are chosen. If a point attempts to walk off the
screen, it is reflected back.

The designs in the accompanying photographs are
formed by 150 lines. The program was coded so that
when the 151st line is added, the first line is deleted, and
so on. This is done by a routine that keeps track of each

J -«wmm e

10008 en e sanssamee foguenenaetatinn ““«u i

line segment currently on the screen. When the table con-
tains 150 lines, this routine erases the oldest line segment
before adding a new one. (This effect can be noted in
photos 1 and 2.) Interesting effects can be obtained by
using different algorithms to choose the new line to be
added at each iteration. For example, an interesting effect
is obtained with just 10 lines on the screen and choosing
random endpoints for each new line (essentially a visual
image of white noise).®
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Micrograph

Part 1: Developing an
Instruction Set for a Raster-Scan Display

Simply stated, computer graphics
is the technique of visual communica-
tion from computer to man. (See
reference 14.) Interactive computer
graphicsis an important subset of this
broad field and relates to computer-
generated displays that can interact
with a user in real or near-real time.
Interactive graphics started with at-
tempts to use the CRT (cathode-ray
tube) as a computer output device.
(See reference 12). The Whirlwind I in
1950 and Sketchpad in 1963 are ex-
amples of early attempts at interac-
tive computer-graphics systems.
Since that time, two distinct classes of
CRT-based devices have been
developed for use in interactive
graphics: calligraphic (or vector)
devices and raster-scan (as in a televi-
sion receiver) devices.

The area of vector graphics “has
for several years been sufficiently
mature to justify efforts at standardi-
zation within it.”” (See reference 8.) A
large body of information is available
on the design of such systems. (See
reference 13.) However, the same is

E Grady Booch
4314 Driftwood Dr
Colorado Springs CO 80907

not necessarily true of raster-scan
devices. Until recently, raster-scan
technology has not been economical-
ly feasible. Decreasing hardware
costs, especially for memory, have
facilitated the trend toward raster-
scan displays. (See reference 3.) The
emergence of raster-scan displays has
a side benefit, namely that “raster-
scan technology 1is the only
economical way to achieve color in
full-sized displays."” (See reference 4.)

For the microcomputer user, this
means that he can add moderate-
resolution color graphics to a system
at an affordable price, using raster-
scan technology. The benefits of col-
or graphics for the personal computer
are obvious: not only are color
displays dazzling and eye-catching,
but more important, they add a
new dimension for communicating
with a computer. Microcomputers
with color-graphics capabilities have
been available for some time, such as
the Apple 11 and the Compucolor.
Within the past year, however,
Motorola and AMI (American

Microsystems Incorprated) have
released a LS (large-scale integration)
chip, called a video-display
generator, which performs all the
video functions necessary to produce
a color-graphics and alphanumerics
display on a standard, unmodified
color television. As a result, low-cost
color-graphics displays are now
possible for the personal computer
user.

This three-part article presents the
theory, design, and construction of a
low-cost, color-graphics display pro-
cessor called Micrograph, which is
based on the Motorola MC6847
video-display generator. (See photo
1.) Essential characteristics of
Micrograph are described in the text
box. In the remainder of this article, 1
will review the characteristics of in-
teractive computer-graphics systems,
followed by an overview of the
Micrograph design. Subsequent ar-
ticles will concern the hardware con-
struction details for Micrograph and
the software necessary to control the
system.

About the Author

E Grady Booch is currently a computer
systems design engineer with the Air
Force Space and Missile Test Center. He is
involved with the development of a high-
resolution color-graphics system for
tracking missile launches. Grady received
his bachelor of science and master of
science degrees in computer science from
the United States Air Force Academy and
the University of California, Santa Bar-
bara, respectively.

Micrograph Features:

® 64 by 64, 128 by 128, and 256 by
192 pixel resolutions are available,
®Up to eight different colors are
displayed at one time.

@[ contains a single-board pro-
cessor, based on Zilog Z80 pro-
cessor and Motorola MC6847
Video Display Generator,

® Construction cost: about $275 .

® High-level graphics primitives
support,

@ Both graphics and alphanumer-
ics are supported,

® [t interfaces to a host microcom-
puter via three 8-bit input/out put
ports (status, inpul, and output)
and by radio-frequency or oideo
entry to g standard, unmodified
color television,
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WHEN OPPORTUNITY KNOCKS ...
\

e i it =

Open the door, and experience the dream. Your own busi-
ness, the one you've always yearned for. No more limits on
your creativity or earning potential. No more working for
someone else.

It you're a successful computer professional and have

access o some capital, chances are you could own a .

MicroAge Computer Store. MicroAge Computer Stores are MIC'O m
built around a whole new concept of what a computer store G
-should be. Designed to provide solutions, not just sell hard-

o “campurer store

MicroAge Computer Stores are firmly positionedinthe buss 1425 W. 12th Place ® Tempe, AZ 85281 ® (602) 967-1424
iness and professional marketplace. And as a MicroAge

Computer Store owner, you'll be backed by one of the

acknowledged leaders, industry pioneers in microcomput-

ing. Contact the Director of Franchising today to receive a

complete Franchise Information Package free of charge

and.at no obligation. Opportunity.is knocking . . . you'll see

what we mean. '




PROCESSOR 1

PROCESSOR 2

CONCAT-
ENATION

APPLI-

[N CATION

HANDLER

I INPUT

——==|- ="

PROGRAM

PARAMETERS

DATA BASE

TRANSFOR-
MATION
AND
CLIPPINGS

CODE DISPLAY I
GENERATOR FILE

DISPLAY
PROCESSOR

Figure 1: A general block diagram of an interactive graphics-display system. The functions of Processor 1 and Processor 2 may be
performed by the same device; however, the output of Processor 1 must be a structured abstract of the image to be displayed, for the
graphics package (Processor 2) to operate. (The figure is from Principles of Interactive Computer Graphics, by Newman and Sproull.
Copyright 1973, used with permission of McGraw-Hill Book Company.)

Background on Interactive

Computer-Graphics Systems
Newman and Sproull, in their book

Principles of Interactive Computer

Graphics (reference 12), present an
excellent model of a generalized in-
teractive graphics system, as
reproduced in figure 1. Processor 1,

B
T
:E
il
{

Photo 1: A view of the completed Micrograph prototype, based on the Motorola
MC6847 video-display generator. Use of this integrated circuit greatly simplifies hard-
ware design by eliminating the complex divider-chains usually found in homebrew

video displays.
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which is not necessarily a different
physical processor than Processor 2,
handles program-specific processing
for a particular graphics application.
The output of this processor is
generally a structured, abstract
representation of the set of images
that will be displayed.

Processor 2 represents the process-
ing that is to be handled by a graphics
package, as it is commonly called.
This processor manipulates the
abstract representations, performing
transformations (such as rotation,
translation, and scaling) and clipping
as needed. The output of this pro-
cessor is generally a display file con-
sisting of instructions that are mean-
ingful to a physical display processor.
The display processor uses these in-
structions to produce an image upon
some type of display device. For in-
teractive graphics, these processes
must occur very rapidly.

Numerous graphics packages for
commercial systems exist to handle
the requirements of Processors 1 and
2. SIGGRAPH (Special Interest
Group on Computer Graphics) of the
ACM (Association for Computing
Machinery) has proposed a standard
for such systems. However, for our
purposes, we must turn our attention
to the display processor itself. Before
examining the design for a color-
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Multi-User

UniFLEX is the first full capability multi-user
operating system available for microprocessors.
Designed for the 6809 and 68000, it offers its
users a very friendly computing environment.
After a user ‘logs-in’ with his user name and
password, any of the system programs may be
run at will. One user may run the text editor
while another runs BASIC and still another runs
the C compiler. Each user operates in his own
system environment, unaware of other user
activity. The total number of users is only
restricted by the resources and efficiency of the
hardware in use.

Multi-Tasking

UniFLEX is a true multi-tasking operotinc}; system.
Not only may several users run differen
programs, but one user may run several
programs at a time. For example, a
compilation of one file could be initiated while
simultaneously making changes to another file
using the text editor. New tasks are generated
in the system by the ‘fork’ operation. Tasks may
be run in the background or ‘locked’ in main
memory to assist crtical response times. Inter-
task communication is also supported through
the ‘pipe’ mechanism.

e

I Support

The design of UniFLEX, with its hierarchical file
system and device independent |/O, allows the
creation of a variety of complex support
programs. There is currently a wide variety of
software available and under development.
Included in this list is a Text Processing System
for word processing functions, BASIC interpreter
and precompiler for general programming and
educational use, native C and Pascal
compilers for more advanced programming,
sort/merge for business applications, and a
variety of debug packages. The standard
system includes a text editor, assembler, and
about forty utility programs. UniFLEX for 6809 is
sold with a single CPU license and one years
maintenance for $450.00. Additional yeary
maintenance is available for $100.00. OEM
licenses are also available.

FLEX'

UniFLEX is offered for the advanced
microprocessor systems. FLEX, the industry
standard for 6800 and 6809 systems, is offered
for smaller, single user systems. A full line of FLEX
support software and OEM licenses are also
available.

Box 2570, West Lafayette, IN 47906
(317) 463-2502 Telex 276143

“UniFLEX and FLEX are trademarks of Technical
Systems Consultants, Inc.




graphics display processor, we must
consider the characteristics of
calligraphic and raster-scan displays.

Comparison of Display
Devices
Four basic technologies exist to
support interactive graphics:
@ calligraphic
@ raster-scan
@ storage-tube
® plasma

Three of these devices (calligraphic,
raster-scan, and storage-tube) are

CRT-based, but only two

(calligraphic and raster-scan) are

adaptable to interactive, rapidly
Glossary

Aliasing: As used here, a granular
or stair-stepped appearance in an
tmage caused by the display screen
being divided into a finite number
of elements. This effect is most
noticeable on low-resolution
displays and on high-resolution
displays with near-horizontal or
near-vertical lines.

Calligraphic Display: A display.
that produres an image from a col-
lection of vectors and points, by
directing the electron beam in the
X and Y directions corresponding
to the vector endpoints.

Display Processor: A special-
purpose peripheral processor that
is dedicated to producing a visual
fmage on some type of display
(usually @ CRT) based on special
graphics instructions in a display
list,

Instancing: The technique of defin-
ing one image, then being able to
perform transformations to
reproduce the same image in
several different places on the
display.

Pixel: A picture element.
Raster-Scan Display: A display
that produces images, just as in
television, by amplitude modula-
tion of the Z-axis beam along a full
screen of horizontal lines (the
raster),

Scan-Line Conversion: An
algorithm used to calculate each
individual point along a vector,
given the starting and ending
points,

Transformation: Modifications of
an image, such as translation
(movement in the X, Y, or Z axis),
rotation (also in any axis), and
scaling (also in any axis).

moving displays.

Calligraphic displays produce im-
ages by drawing vectors using end-
point information. A relative or ab-
solute position is presented to the
display, and the electron beam is
deflected from its current position.
Analog methods of vector generation
can produce high-resolution vectors.
Symbols are usually generated as a
collection of vectors. Special hard-
ware may also exist to produce circles
and arcs, but these features are
generally not cost-effective.

Calligraphic displays can achieve
resolutions of up to 4096 by 4096 pix-
els (ie: picture elements) which cor-
responds to 16,777,216 elements
(which is why I don’t consider 256 by
256 pixels or even 512 by 512 pixels as
“high resolution”). (See reference 11.)
Therefore, a 21-inch-diagonal rec-
tangular CRT will typically have a
spot size of 0.02 inches (0.5 mm). (See
reference 9.) Vectors using these
techniques will appear sharp rather
than granular. Several thousand vec-
tors may be displayed flicker-free.

Calligraphic displays can produce
color images using beam-penetration
tubes. This type of CRT has multiple
layers of phosphor coating on the
face of the tube. Individual colors
(usually four different colors) are pro-
duced by varying the anode voltage

and hence the depth of beam penetra-
tion.

Raster-scan displays produce an
image much like commercial televi-
sion by generating a full screen of
horizontal lines. This set of lines (the
raster) is modulated in the Z axis (in-
tensity and color) to produce an im-
age. Vectors are drawn using digital
scan-line-conversion techniques
which compute every point along the
vector. Symbols are’ usually
generated using a character generator
which directly plots each point of the
symbol.

Raster-scan displays can achieve
resolutions up to 2048 by 2048 in
monochrome and 1024 by 1024 in
color, which corresponds to roughly
one million pixels (for color). (See
reference 9.) The limited resolution
for color displays results from the dif-
ficulty in producing shadow masks
and the granularity of the phosphor-
dot triples used in constructing the
CRT. Because of the nature of the
raster-scan CRT, the individual dots
have insignificant overlap and
therefore vectors appear coarse and
stair-stepped. However, techniques
such as ordered-dithering and anti-
aliasing algorithms exist to reduce the
effect of granularity. (See references
7, 10, and 12.) Stair-stepping (or
aliasing) is most noticeable in near-

CALLIGRAPHIC DISPLAY

Advantages Disadvantages

@ High resolution ® Analog circuitry
(4096 by 4096). often requires
adjustment.

® Thousandsof @
vectors can be
displayed.

Limited colors
(usually four).

® Display has low
brightness.

® Limited
intensities
are possible.

@ Shading of
large areas
impossible.

® Flicker occurs
when too many
vectors are
displayed.

® Ghosting
occurs on
rapidly moving
displays.

Table 1: Comparison of calligraphic (ie: vector) and raster-scan displays.

RASTER-SCAN DISPLAY

Advantages Disadvantages
® Digital circuitry ® Moderate
is quite reliable. resolution
(1024 by 1024
color).

® Many colors
possible (more
than 2'¢).

® Digital scan-line
conversion is
slow.

® Display is
high intensity.

® Many (gray
scale)
intensities exist.

@ Shading areas
is simple.

® Display does
not flicker.

@ Display has
high contrast.
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When the 68K™ and 68K MiniFrame™ were first announced in June, the computer and data processing world responded
to their incredible features with never-before-seen excitement!

The 68K constitutes a new standard in the micro/mini computer industry. The 68K boasts the power, features and speed
of a mini computer, but at a micro price. And our software is ready now — when you need it! We are proud to offer
this most complete 68,000 based product line!

The first two months of 68K production arealready sold out! Place your 30% depositnowtoreserve the nextavailable unit!

Processor Type Motorola MC68000
Motorola MCE809 for 170, Disk,
and memory management.

Processor Speed 8 MHz.

Bus Type Proprietary connector. Adapters
available for S-100, Versabus,
and others.

RAM Up to 512KBytes. Additional RAM
boards up to 4 billion bytes.
Parlty.

Memory Management Relocation and limit reglsters,
virtual memory, and demand

paging.
PROM 1to 32 KBytes firmware including
10 queueing and debugging,
memory management.
Parallel I/O 4 Parallel ports. High-speed DMA
port for Winchester or hard disk
?E»Zdr‘””s d Set (128K b RAM) $3995 Pias
wo Board Set ytes g .
68K Mini Frame (256K bytes RAM) $6995 _LS'-:rll'l o 6_ Serial RS-232 ports. ;
Additional RAM (128K bytes) $595 Disk I/O Single/Double Density Floppy
Disk Controller for up to 4 8"
Sofltware Drives.
Disk Operating System $500 Other Features Memory Management,Prioritized
68.000 Assembler ; 3350 Interrupt Handling, DMA, Mul-
Industrial Pascal Compiler $400 tiprocessing and Multitasking
Text Editor 3150 Capabilities. Virtual memory.
floating Point 3100

Disk Drives Dual Shugart 8" Double Density.

‘\\ l%mﬁmemmon $100 AL 19;ofvaecrkS\T;:Il;m::ée.l/lcr;c%g:
Software Documentation $100 nectors, dual 8" disk drives.
[ ]
MICI‘ODaS)’S PO Box 36215, Los Angeles, CA 90036 (213)731-0876

ing systems in the world. Now, in the latest revision,

MicroMed and MicroDent represent the most com-
lete, comprehensive, and cost-effective software
illing packages ever.

Eor three years, MicroMed™ and MicroDent™ have
been the finest micro-based medical and dental bill- SA Y A H Py H A! ?
g ([ ]

Did you see our October ad
for the unique and powerful
Data Base Integration™ ac-
counting SolutionWare™?

I you are a physician considering the installation of a
billing system for your medical or dental office, then
MicroMed and MicroDent are for you.

The SoftwareHows™ division of MicroDaSys is a
leader in solution-oriented office tools. Both Micro-
Med and MicroDent provide the most cost-effective
way 10 automate your patient accounting and record
keeping procedures;

MicroMed and MicroDent offer:

—Complete billing for small practices or busy groups.
—Handling of any insurance forms (including Medi-Cal, Champus, etc.)

® Management oriented
e Fully integrated

—Automatic Patient Recall system. e Powerful
—Multiple insurance coverage for any patient.
—Printing of patient statements automatically. o Easy to use

—Iinstant recall of patient Jedgers on CRT or printer.
—Daily transactions include treatment detaili.
—Insurance preauthorization (dental).

—All the reports you need for a successfull practice:

—Activity reports itemized by physician. In addition to our superio,r Ac-
—Daily, monthly and year-to-date totals by physician. ' d . '
—Service profitability analysis. counts Payab e and Receivab e,
—Aged accounts. receivable.
—Mail list data base extracts patlents on 1he basis of 15 selection criteria. G Ll ' Led 8 e!' cl nT(th Payroll
—Mailing labels, lists and form letter Yacilities, all automatically. modules, Ordernght y Micro-
™ -
Not only Ts your billing system a time and money saver, but best of all it entitles you to terrific tax advantages. Dasys lnventory ’ and Versa
MicroMed and MicroDent include CBASIC2 source code and comprehensive doc ion. And the Sort™ make the Softwa reHows
price Is right! Version 1.60F (floppy based) fs just $995 and Version 1.65FH (floppy and/or hard disk) is ™ :
$1500. I you don't have the latest version 2.06 of CBASIC2, we can supply it for just $150. To get you DBI bUSIneSS paCkage theo_nlx
started, we include sample computer forms. A Demo Disk is available to dealers, consultants and OEM’s. serious choice for today's soft-

Call or write today for your free brochure, sample forms and reports.

Then say Ah...HA!

ware needs.

Don’t hesitate! Call or write
today and ask us why our busi-
ness software sets a new stan-
dard of excellence!

Lucrative qdantity discounts
to deslers snd OEMs.

a divialon ot ~
MicroDaSys P.O. Box 36275 Los Angeles, CA 90036 Phone: (213} 731-0878 TWX:9103212978

™

. MicroDaty




MOV

VEC

JUMP

SYM

CALL SYM

VEC -+

RETURN

VEC

VEC

JUMP

Figure 2: The display list of primitive in-
structions performed by the display pro-
cessor of a calligraphic (ie: vector)
display. The loop is performed repeatedly
by the processor to guide the display elec-
tronics. A new or modified display is pro-
duced by altering the display list.

vertical and near-horizontal lines.
Any number of vectors, up to and in-
cluding a full CRT screen, can be
displayed without flicker.

Color raster-scan displays produce
their images by exciting triads of dots
or rectangles at each pixel. Each triad
generally consists of one red, one
blue, and one green element. Dif-
ferent colors (in excess of 2'¢) can be
produced by exciting each element at
different levels of intensity.

Clearly, the use of each type of
display is associated with certain ad-
vantages and disadvantages, as sum-
marized in table 1.

Controlling a Calligraphic
Display

As mentioned previously, a
calligraphic display draws vectors
based upon endpoint information.
Even the most complex images can be
created as a collection of vectors.
Because of the short persistence of the
CRT phosphors required for a fast
calligraphic display, once a vector is
drawn, it will disappear very quickly,
typically in just a few milliseconds.
Thus, the entire display must be con-
tinuously refreshed to avoid flicker
and a loss of portions of the image.
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COLOR DATA

Figure 3: A color raster-scan frame buffer. Each pixel (ie: picture element) on the screen
is represented by a unique set of X and Y coordinates. Every coordinate is associated
with some amount of color information (in this case, 4 bits). This data may be used to
specify an address in a color-look-up table such as figure 4.

Refresh rates vary with the intensity
of the display, but the image must be
refreshed at least 30 times per second.

These requirements give rise to a
structure called a display list. As
figure 2 indicates, a display list is
simply a collection of primitive in-
structions for the display processor.
The
scans this list to send vector-drawing
information to the display elec-
tronics. To modify a display, Pro-
cessor 2 (of figure 1) simply points the
display processor to a new display
list, or inserts or deletes a portion of
the existing list. Generally, a display
list is stored external to the display
processor in the host-processor
memory and is addressed via DMA
(direct memory access).

Numerous instruction sets have
been devised for calligraphic-display
processors. Since displays at this
primitive level are very difficult to
control, the trend is toward higher-
level graphics languages. However,
all primitive instruction sets must
contain certain basic features, in-
cluding primitives to move the beam,
draw a line, draw a character, call a
subroutine, and change colors or in-
tensity.

display processor repeatedly

Controlling a Raster-Scan
Display

Unlike calligraphic displays, raster-
scan displays generally employ what
is known as a frame buffer. The
frame buffer is essentially a block of
memory that maintains a one-to-one
correspondence with the set of pixels.
In other words, there exists one
memory location for every pixel. A
pixel can be specified in one or more
bits, as figure 3 indicates. Thus, color
information for a pixel is stored at
each memory location. In color
raster-scan displays, this memory
location does not necessarily hold
physical color information, but often
supplies a pointer to a color-look-up
table, as figure 4 indicates. Thus, for
example, a pixel may be specified by
4 bits, but the color information may
be translated to any sixteen of a possi-
ble 2'¢ colors. This technique allows
the display of many different colors
with a conservation of memory. The
techniques of contrast stretching and
pseudocoloring can be easily
achieved with a color-look-up table.

A raster-scan display does require a
large amount of memory to imple-
ment the frame buffer. For example, a
display with a resolution of 512 by
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Heath makes the All-In-One Computer more versatile
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512 by 8 requires 256 K bytes of
memory. This drawback is one of the
primary reasons that raster-scan
devices have only recently become
cost-effective.

Using a frame buffer, an image is
drawn by inserting color information
into the memory location
corresponding to the appropriate pix-
el. This architecture has the feature of
producing flicker-free images;
however, to draw vectors the display
processor must calculate every point
along the vector. Scan-line-
conversion algorithms that calculate
the points of a vector (given the end-
points) exist, but such algorithms are
slow compared to analog techniques
used in calligraphic displays. Once an
image is written into the frame buffer,
it will be continuously displayed.
Refresh is not required by the host,
but the image cannot be modified as a
calligraphic display can.

Clearly, the characteristics of color
raster-scan displays present control
problems unlike those for calligraphic
displays. We must therefore not only
exploit the inherent color-display
potential, but we must also deal with
the problems of selectively updating a
raster-scan display. As the next sec-
tion indicates, we can adapt
calligraphic control techniques to ef-
fectively control a color raster-scan
display.

Primitives for a Color Raster-
Scan Display

To develop an instruction set for a
color-graphics display processor, we
must first establish our requirements.
We assume as a minimum that these
primitive instructions will be ex-
ecuted by an intelligent display pro-
cessor having both a single-frame
buffer and a color-look-up table.
Therefore, we require that:

® The set of graphics primitives must
permit the construction of any im-
age within the physical limitations
of the raster-scan display. The set
doesn’t need to be minimal: effi-
ciency is a more important
characteristic.

® The graphics primitives must be
implementation-independent. The
primitives must be applicable to
any resolution and not be con-
strained by word size or any
similar characteristic of the target
Processor.

® The graphics primitives must be
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Figure 4: Color-look-up table. Using this scheme, a 4-bit value from the frame buffer
(shown in figure 3) can select one of sixteen predefined colors. In this example, each col-
or is composed of various intensities of red, green, and blue. Other systems may specify
colors by indicating values for intensity, hue, and saturation.

adaptable to a display-list struc-
ture, since display lists are a well-
established form of control for
display processors and hence per-
mit straightforward integration
with generalized graphics-support
software in the host processor.

Graphics Primitives

As explained previously, we know
that raster-scan and calligraphic
displays are architecturally different.
However, our third requirement in-
dicates that both classes of displays
must at least appear identical to the
user. Therefore, our graphics
primitives become an abstraction for
the control of a raster-scan display.
We must design a set of primitives in-
dependent of the actual architecture
of the display. Just as with the
benefits of using a high-level pro-
gramming language, the use of
abstractions in controlling a graphics

display allows the user to concentrate
upon producing images rather than
concerning himself with the
mechanics of the implementation.
Before examining the primitives for
a color raster-scan display, it is im-
portant that you understand two very
critical abstractions. First, it is
necessary that the user visualize the
display processor as manipulating a
two-dimensional Cartesian surface,
with the origin of the space at some
predefined location (usually the
center, or lower left-hand corner) on
the display surface. There may or
may not be a direct mapping of pixel
data in the display-processor memory
to this surface: the actual implemen-
tation should be invisible to the user.
From the previous section, we
know that the display processor
doesn't need to be concerned with
identification of objects that are
displayed in this space, but rather we
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need only to be able to manipulate-

the pixel data that forms these ob-
jects.

The second abstaction which we
must develop concerns graphics-
display registers. These registers are
defined in the display processor and
may be addressed by the user to set
up global image parameters, such as
current vector type, or to provide im-
mediate processor-status informa-
tion, such as the current X and Y posi-
tion. Clearly, these registers may be
implemented in diverse portions of
the display hardware. Concerning the
second requirement, it is important
that the user sees these registers as an
easily addressable set that may be
referenced by the host processor. As
we shall see, the use of graphics-
display registers helps reduce the
scope of some of the graphics
primitives that are necessary to con-
trol a color raster-scan display.

It is evident, as with any graphics
display, that the minimum set of in-
structions we need includes only a
point-positioning and a vector-
drawing primitive. But clearly, this
set is by no means efficient. Thus, I
will present and defend the set of
graphics primitives for a color raster-
scan display which will be im-
plemented in Micrograph. Next I
will present the primitive instruc-
tions in their mnemonic form in order
to maintain their implementation in-
dependence.

As with a calligraphic display, one
of the most fundamental operations
we perform is point positioning.
Since a raster-scan display does not
produce an image by beam move-
ment, but rather by Z-axis modula-
tion, we must abstract current X and
Y coordinates, which may also be ad-
dressed as graphics-display registers.
To increase the utility of a move
primitive (ie: primitive instruction
specifying a movement), we must in-
clude several options. To begin, both
absolute and relative point position-
ing are necessary. The need for ab-
solute positioning is obvious; relative
positioning permits an entire display
to be defined relative to a single point
in the image, which is an essential
feature if subroutines and instancing
are to be supported.

Furthermore, remember that the
elements of an image are often closely
spaced: thus, we need options for
long and short movement. With a

long movement, we may express a
point position in the full-screen coor-
dinates (for either absolute or relative
positioning). With a short movement,
we may express a point position with
a limited maximum value (such as 0
to 7, again either absolute or
relative). Therefore, it's possible to
decrease display-list memory re-
quirements with the use of short
movements, which take less storage
than a long instruction. Finally, it is
often necessary to simply plot a single
point. To do so, we must include the
option to illuminate or not. If we il-
luminate, we obviously must include
a parameter for the color of the point.
Mnemonically, our move primitive
can be represented as:

MOV TM,C,L()X, ()Y
where:

T = type (Short or Long move-
ment)

M = mode (Absolute or Relative
positioning)

C = color

I = illuminate (Yes or No)

X = X position or offset (with a
sign on the relative mode)

Y = Y position or offset (with a
sign on the relative mode)

For example, the primitive:
MOV S,R,4,Y,+3,—4

moves the current X,Y position by an
offset of (3, —4) and illuminates that
point in a color whose code is 4.
The next obvious primitive we
need performs vector drawing. With
the same justification as for the move
primitive, we must permit the options
of long and short vectors. We assume
that the starting point of the vector is
the current X,Y position, and the end-
points are determined by either ab-
solute or relative positioning. Just as
with a move primitive, we must also
be able to specify the-color of the vec-
tor. Finally, we must be able to define
the current vector type, such as solid,
dashed, or dotted vectors. Experience
indicates that such line types are rare-
ly used. Therefore, rather than speci-
fying this parameter in the primitive
itself, we assume that we have
available a graphics-display register
that defines the current line type.
Mnemonically, our vector primitive
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can be represented as:

VEC T M,C,(£)X, ()Y

where:
T = type (Short or Long move-
ment)
M = mode (Relative or Absolute
endpoints)
C = color

X = X position or offset (with a
sign in the relative mode)
Y = Y position or offset (with a
sign in the relative mode)

For example, the primitive:
VEC L,A,15,255,180

draws a vector (with the color coded
15) from the current X,Y position to
the pixel (255,180).

We must have an instruction that
allows us to call a subroutine. Such a
primitive is essential to support object
instancing. Furthermore, since we
assume the existence of an intelligent
target display processor, we must ex-
pand our primitive to permit a call to
a display-processor subroutine. Such

an option allows the user to execute
his own predefined routines, which
can possibly decrease the image-
generation time and reduce some of
the processing burden from the host
for often-used routines. Clearly, this
option is not essential, but it does
allow the user to exploit the full
capabilities of the display processor.
Mnemonically, our call primitive (ie:

primitive instruction to call a

subroutine) can be represented as:
CALLT,N

where:

T = type of subroutine (Processor
or Graphics)

N = name or
subroutine

number of

For example, the primitive:

CALL G7

calls the grapics subroutine number 7.
Along with the call primitive, we
obviously must have a primitive
which allows us to return from a
subroutine. Our return primitive in-
struction can be represented as:

RET

Text is often an element of a
display and therefore warrants its
own primitive. It is important to
realize that text usually occurs as a
string of symbols rather than a single
symbol. Therefore, we must include
an option to display a number of con-
tiguous symbols. Furthermore, in
terms of the symbols themselves, we
may wish to use either a standard
alphanumeric font or a user-defined
font. Therefore, we assume the
availability of a programmable sym-
bol generator. As will be explained,
the user may define his own set of
symbols and then display a string of
symbols by using the symbol
primitive, passing it the codes for the
appropriate symbols. Mnemonically,
our symbol primitive can be
represented as:

SYMN,S,..S.1
where:

N _
string
S, = symbol code

number of symbols in the
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For example, if we have defined a
128-character ASCII (American Stan-
dard Code for Information Inter-
change) set of symbols, the primitive:

5YM 5,68,80,77,80,83

displays the string “COLOR".

Also, as noted earlier, we may need
to synchronize our display with the
display frame rate, especially if we
wish to perform animation with
smooth movements. Therefore, we
need a primitive that suspends
display processing until the end of a
frame or until after a certain number

of frames. Mnemonically, our wait
primitive can be represented as:

WAIT N
where:

N = number of frames to wait
For example, the primitive:

WAIT 7

suspends processing for seven frames.

Since we have assumed the ex-
istence of a color-look-up table to
facilitate pseudocoloring and
contrast-stretching, we must provide
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ﬂ Everythmg
you'll ever need

-,i“ a basic, dnrect modem.

There’s only one originate/answer
modem that gives you the performance
and reliability of a direct connect
modem with the portability and price
of an acoustic. Novation’s new D-Cat.

D-Cat is the only direct modem
that's FCC approved for handset jack
connection with any modular phone.
Use it at home or at work on a 50-pin,
six line business phone. Talk to
D-Cats, Cats, or any other Bell 103
compatible modem.

D-Cat also has all the features you
want: full duplex capability, voice/data

monitor, up to 20 dB performance
improvement over acoustic, hold
function, privacy button, self-test,
and a remarkable price, Only $199.

But best of all, it's from Novation.
The recognized world leader in
personal communications.

D-Cc
Novation

Call for details:

(800) 423-5410

In California (213) 996-5060

Available at Avnet Electronics, Hamilton Electro, Hamilton Avnet, Kierulff Electronics, Byte Shops,
Computerland, and your local computer store.

Novation, Inc., 18664 Oxnard Street, Tarzana, California 91356
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some method of controlling such a
structure. There are two common
methods for the organization of such
tables. One method allows for the
definition of a color by the propor-
tions of red, green, and blue elements
(the colors which phy51cally make up
a pixel). This method . easﬂy per-
formed in hardware, but it is not
readily adaptable to common English
color descriptions (such as hot pink
or sea green). A preferred method,
which we shall use, defines a color by
its hue, intensity, and saturation.
This classification refers to, respec-
tively, the gradation of color (red,
pink, purple), the brightness of the
color, and the purity, or amount of
black, in the color (dark red, fire-
engine red).

We abstract the existence of a
three-part table (which will actually
be implemented in hardware) that is
used as a color-look-up table. Since
this table is user-alterable, we will
refer to its parts as color memories.
(They would usually be implemented
as programmable-memory elements.)
In order to generalize this primitive,
we need to be able to update the en-
tire table, one entire portion of the
table (hue, intensity, or saturation),
or all the parameters for a given color
code. This table will allow selection
of 2" colors out of a 2** color set
where 7 is the pixel size in bits and i,
h, and s are, respectively, the word
size of the intensity, hue, and satura-
tion color memory. For example, if n
={ = h = s = 4, we can select one
of sixteen colors out of a 2'* color set.
Mnemonically, our load-color-
memory primitive can be represented
as:

LCRAM R,M,(A,)C,
where:

R = reference (Intensity, Hue, or
Saturation color memory, or All)
M= mode (Single address or All
addresses in table)

A = address (optional)

C = color data for the color
memory

For example, the primitive:

LCRAM A5,2,5,7,2

DETACHABLE INSERT
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for under $200.

The Sinclair ZX80.
A complete computer—
only $199.95 Dlus $5.00 shipping.

Now, for just $199.95, you can get a
complete, powerful, full-function computer,
matching or surpassing other personal
computers costing several times more.

It's the Siticlair ZX80, the computer that
independent tests prove is faster than all
previous personal computers. The compu-
ter that “ggrsonal Computer World" gave
5 stars for ‘excellent value.’

The ZX80 cuts away computer jargon
and mystique. It takes you straight into
BASIC, the most common, easy-to-use
computer language.

You simply take it out of the box, con-
nect it to your TV, and turn it on. And if
you want, you can use an ordinary cassette
recorder to store programs. Withthe man-
ualin your hand, you'll be running programs
in an hour. Within a week, you'll be writing
complex programs with confidence.

All for under $200.

Sophisticated design makes the
ZX80 easy to learn, easy to use.

We've packed the conventional computer
onto fewer, more powerful LSI chips—
including the Z80A microprocessor, the
faster version of the famous Z80. This
makes the ZX80 the world’s first truly port-
able computer (6%" x 82" x 1%2" and a mere
12 oz.). The ZX80 also features a touch
sensitive, wipe-clean keyboard and a
32-character by 24-line display.

Yet, with all this power, the ZX80 is easy
to use, even for beginners.

Your course in computing.

The ZX80 comes complete withits own
128-page guide to computing. The manual
is perfect for both novice and expert. For
every chapter of theory, there’s a chapter
of practice. So you learn by doing—notjust
byreading. It makes learning easy, exciting
and enjoyable.

The ZX80’s advanced design
features.

Sinclair's 4K integer BASIC has perform-
ance features you'd expect only on much
larger and more expensive computers.
These include:
® Unique ‘one touch’ entry. Key words

(RUN, PRINT, LIST, etc.) have their own

single-key entry and are stored as a single

character to reduce typing and save
memory space.

B Automatic error detection. A cursor
identifies errors immediately to prevent

entering
programs with faults.

B Powerful text editing facilities.

® Also programmable in machine code.

B Excellent string handling capability—up
to 26 string variables of any length.

® Graphics, with 22 standard symbols.

® Built-in random number generator for
games and simulations.

Sinclair's BASIC places no arbitrary re-
strictions on you—with many other flexible
features, such as variable names of any
length.

And the computer that can do so much
for you now will do even more in the fu-
ture. Options will include expansion of 1K
user memory to 16K, a plug-in 8K floating-
point BASIC chip, applications software,
and other peripherals.

Order your ZX80 now!

The ZX80 is available only by mail from
Sinclair, a leading manufacturer of consumer
electronics worldwide. We've already sold
tens of thousands of units in Europe, so
demand will be great.

To order by mail, use the coupon below.
But for fastest delivery, order by phone
and charge to your Master Charge or VISA.
The ZX80 is backed by a 30-day money-
back guarantee, a 90-day limited warranty
with a national service-by-mailfacility, and
extended service contracts are available for
a minimal charge.

Price includes TV and cassette connectors,
AC adaptor, and 128-page manual.

All you need to use your ZX80 is a standard TV
(color or black and white). The ZX80 comes complete
with connectors that easily hook up tothe antenna
terminals of your TV. Alsoincluded s a connector for
a portable cassette recorder, if you choose to store
programs. (You use an ordinary blank cassette.)

The ZX80 is a family learning aid. Children10 and
above will quickly understand the principles of
computing—and have fun learning.

Phone orders only: (203) 265-9171. We'll
refund the cost of your call.

Information: General and technical —(617)
367-1988, 367-1909, 367-1898, 367-25565.
Phones open Monday-Friday from 8 AM to
8 PM EST.

[ ] [ ]
EIH:IE" Sinclair Research Ltd., 475 Main St.,
P.O. Box 3027, Wallingford, CT 06492,

BY-11-0 I

I To: SinclairResearch Ltd., 475 Main St., P.O. Box 3027, Wallingford, CT 06492.

Pleasesendme _________
I shipping. (Your ZX80 may be tax deductible.)

1 enclose a check/money order payable to Sinclair Research 