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YOUF\’_ CHOICE—Smart e:ther' way

e Over 140 software driven functions

* 82 x 24 or 82 x 20 screen format — software selectable

e High resolution 7 x 12 matrix characters — P-31 green phosphor

e Upper/lower case character set — plus graphics character set

e 56-key alphanumeric keyboard — plus 12-key cursor, numeric pad
e Internal editing functions — insert, delete, scroll, roll, slide, etc.

e Parallel printer 1/0O port

* 50 to 38,400 baud operation — programmable

e Cursor type, cursor position, print control characters, protected fields,
shift inversion, dual intensity and many other features

8212 — twelve-inch diagnonal screen or 8209 — nine-inch diagnonal screen

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W, RHAPSODY
SAN ANTONIO, TEXAS 78216 (512) 344-0241

Circle 328 on inguirv card.



Cromemco accepts

your challenge,

Data General

Yes, Data General, we saw your
ad.

So we realize you hope to win
over some of our computer
business,

And we can see you have reason
to be pleased about your line of
minicomputers. They are MINIs
though.

But Cromemco produces state-
of-the-art MICROcomputers.

Powerful ones.

And our micros have some
outstanding advantages.

For example, Cromemco is the

double-sided, double-density floppy

disk drives and with (b) 8-inch

double-sided, double-density floppy

disk drives AS WELL AS (c) 8-inch

Winchester hard disk drives.

only microcomputer manufacturer

to support a broad range of

microcomputers with (a) 5-inch

WE'RE BUSTING
" THE COMPETITION’S

Reproduced from the
¥ July 31, 1980 issue of
Electronics magazine.

R

in original ad

Circle 1 on inquiry card.
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_BOARDS AGAIN.

Cromemco logo on
computer board shown

Announcing MB8(/2 and MB(/3,

the newest members of Data

i Ceneral's growing family of

mictoNQVA™ board computers.

They're the best computers on a

board money can buy. You getup

to 64K bytes of memory, serial

and paralle! /O lines. and soft-

| ware support from MP/OS,

= our famous micro operating

I system. You even get supporting
i languages like MP/PASCAL and

{ MP/FORTRAN V. See for yourself.
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The competition will always
sing the praises of their littte single
board computers. But from now
& on they'll be doing it falsetto.

Daia General COqruation, Westhot, 7
MA 01580, b17Y S6b-8911, w
Bl microNOViA fs a Trademan, of 4
Data Generel, *0a1a Generat /‘-ﬁ)\n“
2 Comporation, 1986, /’o‘ &“;‘9‘
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That means, of course, that our
customers have a wide choice of
disk storage capability.

UNEQUALLED
SOFTWARE SUPPORT

OK. That was one point.

Here’s another: our stunning
selection of software support.
Cromemco is the only micro

manufacturer to produce both

single-user and multi-user multi-

tasking computers with software

SYSTEM SOFTWARE

®  CDOS (a CP/M®* -like operating
system)

CROMIX (a UNIX-like operating
system) ‘

RPG-II (IBM-compatible)
COBOL

BASIC

FORTRAN IV

RATFOR

LISP

C

Macro Assembler

APPLICATION SOFTWARE

Word Processing System
Data-Base Management
General Ledger
Accounts Receivable
Accounts Payable
Inventory

All of this is available now with more
coming all the time.

So there you are, D.G.

You can see why we know our
microcomputers will stand the test.

Cromemco eagerly accepts the
challenge.

* CP/M is a registered trademark of Digital Research.

Cromemco-

p

Tomorrow's Computers Today
280 BERNARDO AVE. MOUNTAIN VIEW, CA 94043

(415) 964-7400 » TWX 910-379-6988
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Management Information Display

Ultrasonic heart sector scan

HIGH POINT
RESOLUTION

432 toerttcal) w 756 (horizortall

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 results in a high-
quality professional display, we mean you
can’t get higher resolution than this
system offers in an NTSC-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 color with
XCIRC (x, y, r, ©.

*U.S. Pat. No. 4121283

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-ZH
g fyaom_o

Model SDI plugs inte Z-2H 11-megabyte
hard disk computer or any Cromemco
computer

DISPLAY MEMORY

Along with the SDI we also offer an
optional fast and novel two-port memory
that gives independent high-speed access
to the computer memory. The two-port
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 94043 ¢ (415) 964-7400

Tomorrow’s computers today

Circle 1 on Inqulry card.
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20 structured Programming and
Structured Flowcharts by Gregg Williams
A technigue that makes programs easier to
write, understand, fix, and change.

36 Build the Disk-80: Memory
Expansion and Floppy-Disk Control by
Steve Ciarcia / Steve discusses how to use
dynamic memory and floppy-disk-controller in-
tegrated circuits and presents a design that in-
corporates them.

54 Three-Dimensional Computer
Graphics, Part 1 by Franklin C Crow | Ways
to display solid objects with the removal of hid-
den lines and surfaces.

1 32 What Is Good Documentation?
by Jim Howard / How to write clear and effec-
tive documentation.

166 A Beginner’s Guide to Spectral
Analysis, Part 2 by Mark Zimmermann
Images can be transformed into holograms via
Fourier transforms.

262 A Simple Approach to Data
Smoothing by Fred Ruckdeschel and Janice
A Krinsky / The techniques described here can
aid in the interpretation of data taken from real-
world situations.

300 The New Literacy: Programming
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Iin This Issue

Do you have trouble making all the pieces fall in place when you are
writing a new program? Robert Tinney’s cover this month symbolizes the
theme of programming methods. But the symbolism is only pictorial—the pro-
cess of designing and putting a new program together is often much harder
than assembling an intricate jigsaw puzzle. This issue includes several articles
on different aspects of programming and design: “What Is Good Documenta-
tion?’” by Jim Howard; ‘“*Structured Programming and Structured Flowcharts”
and the editorial, “Is This Really Necessary?”, both by Editor Gregg Williams;
“A Coding Sheet for FORTH,” by John O Bumgarner; and “’A Simple Ap-
proach to Data Smoothing,” by Fred Ruckdeschel and Janice A Krinsky:

BYTE is published monthly by BYTE Publications Inc, 70 Main St. Peterborough NH 03458, a wholly-owned
subsidiary of McGraw-Hill, Inc. Address all mail except subscriptions to above address: phone (603] 924-9281 . Ad-
dress subscriptions, change of address. USPS Form 3579. and fulfillment questions to BYTE Subscriptions, POB
590. Martinsville NJ 08836. Controlled circulation postage paid at Waseca, Minnesota 56093 - USPS Pubilication
No. 528890 [ISSN 0360-5280). Canadian second class registration number 9321. Subscriptions are $19 for one
year, $34 for two years, and $49 for three years in the USA and its possessions. In Canada and Mexico, $21 for
one year, $38 for two years, §55 for three years. $43 for one year air delivery to Europe. $35 surface delivery
elsewhere. Air delivery to selected areas at additional rates upon request. Single copy price is $2.50 in the USA
and its possessions. $2.95 in Canada and Mexico, $4.00 in Europe, and $4.50 elsewhere. Foreign subscriptions
and sales should be remitted in United States funds drawn on a US bank. Printed in United States of America.

Address all editorial correspondence to the editor at BYTE, POB 372, Hancock NH 03449. Unacceptable
manuscripts will be returned if accompanied by sufficient first class postage. Not responsible for lost manuscripts or
photos. Opinions expressed by the authors are not necessarily those of BYTE. Entire contents copyright © 1981
by BYTE Publications Inc. All nghts reserved. Where necessary. permission Is granted by the copyright owner for
libraries and others registered with the Copyright Clearance Center [CCCJ to photocopy any article herein for the
base fee of $1.00 per copy of the article or item plus 25 cents per page. Payment should be sent directly to the
CCC. 21 Congress St. Salem MA 01970. Copying done for other than personal or internal reference use without
the permisston of McGraw-Hill is prohibited. Requests for special permission or bulk orders should be addressed to
the publisher.

BYTE® is available in microform from University Microfilms International. 300 N Zeeb Rd. Dept PR, Ann
Arbor M) 48106 USA or 18 Bedford Row. Dept PR, London WC IR 4EJ England.

Subscription WATS Line: (800) 258-5485
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...stands well above
other S-100 graphics dis-
plays in its price and per-

formance range.”
BYTE, Product Review

" . .better monochromatic

.. .display...."
ELECTRONIC DESIGN,
1981 Technology Forcast

MICROANCGELO

HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER
512 x 480 resolution black and white and vivid color displays

RS-170 com-
posite or direct
drive output

Local or external
sync generation

4 Mhz 280

microprocessor

60 hertz real-
time clock

8 level interrupt
tie-in

IEEE S100 bus
compatible

Screenware™ Pak |

A 4K byte operating system resident in PROM on
MicroAngelo™. Pak I emulates an 85 character
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 1.

Screenware™ Pak 11

An optional software superset of Pak I which
adds circle generation, polygon flood, program-
mable split screen for separate graphics and ter-
minal I/O, relative coordinates, faster vector and
character plotting, a macro facility, tull UCSD
Pascal compatibility, and more.

Light pen
interface

Time multi-
plexed refresh

4K resident
Screenware™
Pak I operating
system

32K RAM
isolated from
host address
space

High speed
communications
over parallel
bus ports

T

And now...COLOR!

The new MicroAngelo™ Palette board treats trom
2 to 8 MicroAngelos as "bit planes” at a full
512 x 480 resolution. Up to 256 colors may be
chosen from 16.8 million through the program-
mable color lookup table. Overlays, bit plane
precedence, fade-in, fade-out, gray levels, blink-
ing bit plane, and a highly visual color editor are
standard.

SCION

8455-D Tyco Road ¢ Vienna, Virginia 22180 e« TWX: 710-831-9087 ¢ (703) 827-0888



Circle 3 on inquiry card.

UCSD’

PASCAL
FORTRAN

PORTABLE

Develop on a Z-801,
runonlLSI-11%, T. 1. 890,
6800 or vice versa

EFFICIENT
Structured, readable
Speeds development X5
Easy maintenance

POWERFUL
Full standard Pascal
plus extensions

ANSI '77 Fortran Subset

CosT EFFECTIVE
Complete system Including
interpreter, screen editor,
utllities, filer, assembler,
and compiler.

with Pascal $400

with Fortran $450

with Both $600

APPLICATIONS

PFAS
(Pascal File Access System)
Keyed-ISAM in 6K user

memory $200

INTELLECT V1.2
Afullrange LISP interpreter
for UCSD p-systems $200

MEDOFFICE
Professional medical office
software for 1 to 5 doctors.
Call for pricing.

DATEBOOK
Appointment scheduling on
your micro $295

READY TORUNON
DEC PDP-11% or
TRS-80 MODEL 11§

PCD SYSTEMS

P. 0. Box 143
Penn Yan,NY 14527
315-536-3734

*TM Univ. of Calif.
TM of Zilog
TM of Digital Equipment
§TM of Tandy Corp.
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Is This Really Necessary?
A First Look at Design Techniques

Gregg Williams, Editor

Complete the following sentence:

When [ start programming, the first thing [
do is -

Some people draw flowcharts. A few adventuresome—usually foolhardy
—souls type in lines of BASIC directly on their computers. Most of us start by
scribbling and sketching on sheets of paper. However, is that enough? Perhaps
so, if you're writing for yourself; but if anything important is at stake—time,
money, or reputation—you probably need to spend more time designing.

In this editorial, I'll show you what design is, why you need it, and how it
works. I'll also present some new design tools (of which there are more and
more every day), a design example, and a sampling of good books on design
and programming. | promise to stay as far away from the concept of "struc-
tured programming” as possible. Much has been written about it elsewhere. [
want to concentrate on what happens before you start programming.

What Is Design?

Webster’s New Collegiate Dictionary defines design, the verb, as "to con-
ceive and plan.” As a noun, a design is “a preliminary sketch showing the main
features of something to be executed.” In terms of programming, design
becomes proportionately more important depending on the size of the prob-
lem: We speak of program design when we write a game program for
ourselves, project design when we design and write an accounting system on
an existing computer at work, and system design when we draft a proposal for
a hardware/software combination that will implement a given set of re-
quirements for a data base system. (Actually, “system design” is used in the
literature to describe the design of anything larger than one program; but I
wanted to make a distinction between project design and system design
because of the widely varying amounts of work they require.)

In designing and writing programs, I've found that the point dividing system
design from program design is the point at which I have specified the function
of the program and its use of computer resources (eg: are records stored on
disk in a random-access file and called as needed, or are they read into
memory before any processing is done?). After this point, I am designing the
program (usually a fairly straightforward—though nontrivial—process).
Before this point, I'm making certain critical decisions that strongly influence
the requirements and performance of the proposed implementation of the pro-
gram. In this sense, such decisions will often need to be made even when I'm
designing and writing a single program. [ can then see that both system design
and program design have enough in common so I can eliminate the modifier
and speak simply of design. | can safely say then that design is concerned with
making a set of performance-related decisions and specifying the program(s)
that implement them.

(An integral part of design, of course, is documentation. Documentation of
the overall design should be followed by documentation of the program design
and its implementation. The finished documentation package, which should
clarify both the organization of the system/project/program and the details of



“For reliable data storage,
you can’t beat Shugart’s

M s n 2 ﬂo 99 ™ Raymond Schlitzer, Owner—
l l pp [ Computerland, San Francisco

“I sell systems my customers can depend
on. That’s why most of the personal and
small business computer systems sold here
feature Minifloppy disk drives. I know
from experience I can rely on the
Minifloppy.”

Since 1976 Shugarts Minifloppy has
been used by more small computer system
manufacturers than any other drive. In
fact, more than half-a-million Minifloppys

TM-—Minifloppy is a trademark of Shugart Associates.

have been installed. The Minifloppy looks
small—but it stores a lot of data. 250
kilobytes on one side, or up to 500 kilo-
bytes in the double-sided model. Thatk
about 50 pages of printed information on a
single-sided Minidiskette, and twice that
on the double-sided version. You'll have
plenty of storage capacity for your pro-
grams, letters, forms, or ledger entries.
And you find your data fast, too, because
the Minifloppy is a random access device

that eliminates the need to search for your
data serially as you must with a tape
cassette unit.

No matter what problem you're
solving with your computer system, you
can rely on Shugart’s Minifloppy for data
storage. 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.

vA.Shugart

475 Oakmead Parkway. Sunnyvale, California 34086



the program(s) involved, will be of immense help to you,
or anyone else, during debugging, testing, and
maintenance.)

To put the role of design in perspective let's look at the
lifespan of a medium-sized system: :
o (System) Design: This is the step I talk about in most of
this article, It includes finding out what the problem is,
devising alternative schemes to solve it, deciding on the
one that (you think) will result in the “best” implementa-
tion, and filling in the design details with regard to the
items that go into the system (input), the manipulations
made on these items (process), and the results that are
generated by the system (output). By the end of this pro-
cess, you will have divided the entire system into pro-
grams and specified the input, process (what, not how),
and output of each one.

e Program Design: This is where structured program-
ming is used. You know what the program is supposed to
do and what computer resources are to be used; now you
must fill in the details of how its objectives are to be ac-
complished. It is commonly accepted that the best way to
design a program is to repeatedly break the task to be ac-
complished into subtasks, until each subtask is simple
enough to be programmed in the language you are using.
Note that the design process ends without your having
written any lines of computer code. In this step, you are
simply filling in the details of what the program is to do
without worrying about the particular syntax of the com-
puter language you will use. (There are numerous design
notations to help in this process. The two I like most are
structured pseudocode, described below, and structured
flowcharts, which is described in my article, “Structured
Programming and Structured Flowcharts,” on page 20 of
this issue.)

eCoding: This is what most people call “programming, "
even though they are referring to the entire design/coding
process. Coding is the specific act of translating a pro-
gram design into the particular syntax of the computer
language you are using (often called the target language).
The more detailed the design is, the more coding becomes
a rote task. The completeness of the design is determined
by several factors. These are: how well you think you
know the application being programmed and the com-
puter language used, how important it is to get the pro-
gram right the first time, and how many surprises (mostly
of the “oops, I forgot to...” kind) you can tolerate during

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 (9by 12 inch,
30.5 by 22.8 cm), self-addressed envelope, with 2B cents US
postage affixed, to BYTE Author’s Guide, POB 372, Hancock NH
03449.

Articles which are accepted are purchased witha 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.
Unsolicited materials should be accompanied by full name and
address, as well as return postage.
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PASCAL/Z™- Q.E.D.

Ithaca Intersystems PASCAL/Z is the most powerful CPIM™

compatible Z-80™ Pascal compiler ever . . . and here’s why:
PASCALIZ 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 STRINGs; 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.

LnnferyySenms™

Ithaca Intersystems inc.

Micros for bigger ideas.



The InterSystems
price-performance-reliability story
now has three versions

ey

While everyone’s been busy
trying to convince you that large
buses housed in strong metal
boxes will guarantee versatility
and ward off obsolescence, we've
been busy with something better.
Solving the real problem with the
first line of computer products
built from the ground up to con-
form to the new [EEE S-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.

We call our new line Series
Il. And even if you don't need the
full 24-bit address for up to 16
megabytes (!) of memory right
now, they're something to think
about. Because of all the perform-
ance, flexibility and economy

Circle 6 on inquiry card.

they offer. Whether you’re looking
at one of our three mainframes, at
a new mainframe, expanding your
present one or upgrading your
system with an eye to the future.
(Series Il boards are compatible
with most existing S-100 systems
and all IEEE S-100 Standard cards
as other manufacturers get around
to building them.)

Consider some of the fea-
tures: Reliable operation to 4MH2z
and beyond. Full compatibility
with 8- and 16-bit CPUs, pe-
ripherals and other devices. Eight
levels of prioritized interrupts. Up
to 16 individually-addressable
DMA devices, with IEEE Standard
overlapped operation. User-selec-
table functions addressed by DIP-
switch or jumpers, eliminating sol-
dering. And that's just for openers.

The best part is that all this
heady stuff is available now! In
our advanced processor—a full
IEEE Bus Master featuring Memory
Map addressing to a full mega-
byte. Our fast, flexible 16K Static
RAM and 64K Dynamic RAM
boards. An incredibly versatile and

economical 2-serial, 4-parallel
Multiple 1/0 board. Our 6-serial
[0 board. Our Double-Density
High-Speed Disk Controller. And
what is undoubtedly the most flex-
ible front panel in the business.
Everything you need for a com-
plete IEEE S-100 system. Available
separately, or all together in your
choice of DPS-1 mainframe styles.
Whatever your needs, why
dump your money into obsolete
products labelled “IEEE timing
compatible” or other words peo-
ple use to make up for a lack of
product. See the future now, at
your Intersystems dealer or call/
write for our new catalog. We'll
tell you all about Series Il and the
new IEEE 5-100 Bus we helped
pioneer. Because it doesn’t make
sense to buy yesterday’s products
when tomorrow’s are already here.

Ithaca Intersystems Inc.,
1650 Hanshaw Road/P.O. Box 91,
Ithaca, NY 14850
607-257-0190/TWX: 510 255 4346

Unnfersyysiems

Ithaca Intersystems Inc

Micros for bigger ideas.
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coding. In most informal situations (ie: when you're not
programming for hire), a sketchy design provides an ac-
ceptable compromise between no design and a rigorous
design.

SPECIFi~
CATION

10% 15%

DESIGN

REQUIREMENTS
10%

INTEGRATION
TEST

20 %

MODULE
TEST

25%

Figure 1: A pie chart giving average percentages for activities
within the process of designing, writing, and testing a program.
The chart does not include maintenance of the program, which
is estimated to take twice as much time as design, writing, and
testing.

(Let your computer play psychlamst')

ANALIZA is a program which simulates a
conversation with a psychiatrist. You are the
patient, the computer becomes the doctor.

ANALIZA is based on the famous "Eliza”
program from MIT some years back, but has
been greatly enhanced. It provides both enter-
tainment as well as an interesting example of
Artificial Intelligence. Below is a sample:

Patient: | have feelings of paranoia

Computer: Does it please you to have
feelings of paranoia?
Patient: No it bothers me
Computer: Then why have feelings of
paranoia?
ANALIZA is a match for anyone.
Requires: 48K CP/M, CBASIC2

Cost: $35.00

CPIM Formats: 8" soft sectored, 5" Northstar, 5 Micropo:
is Mod I, Vector MZ, Superbrain D0/QD

All Orders and General information:
SUPERSOFT ASSOCIATES

P.0. BOX 1628

CHAMPAIGN, IL 61820

(217) 359-2112
Technical Hot Line: (217) 358-2691

(answered only when technician Is available)
SuperSoft

First in Software Technology

CP/M REGISTERED TRADEMARK DIGITAL RESEARCKH

\
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® Testing and Debugging: This section is actually two in-
tertwined processes—testing, the search for errors (both
syntactic and logical), and debugging, the elimination of
those errors. Most programmers estimate that this pro-
cess can take as much time as both designing and coding.
The results in figure 1 (by M V Zelkowitz in “ Perspec-
tives on Software Engineering,” ACM Computing Sur-
veys, June 1978, page 198) support this conclusion. The
amount of needed debugging and testing greatly increases
depending on the program’s size and importance. It de-
creases with the amount of design and structured pro-
gramming carried out before the coding. In a multi-
program system, programs are first tested and debugged
(labeled “module test” in figure 1), then the entire system
is tested and debugged (labeled “integration test” in figure
1).

®Maintenance: This section applies mostly to large pro-
grams for personal use and systems that are used in a
work environment. Maintenance runs the gamut from
fixing the occasional (or not-so-occasional) bug, to add-
ing new features, or to moving a system of programs to
an entirely new computer system. It's been estimated that
maintenance occupies up to 90 percent of a (professional)
programmer’s time. Fortunately, most personal computer
users don'’t have to carry this burden.

Why Designing Is Necessary

Whether we like it or not adventures begin only when
something unexpected happens. In fantasy, adventures
are always positive and exciting; in real life and in pro-
gramming, they are usually unwanted, inconvenient, and
sometimes costly or dangerous. Only short personal pro-
grams can squeeze by without some basic design work
behind them. If the program gets longer, or if you are
writing for somebody else (either friends or employers),
you probably can't afford a programming “adventure.”
Remember that the design process includes finding and
making decisions that influence the quality of a program
or system. In other words, the more important it is to
write the best program, the more design you need to do.

Here are some reasons that argue strongly in favor of
well-thought-out design:

e Limited resources (eg: not enough computer memory or
disk space, or a slow system response time)
eTime/money constraints (ie: the need to complete a
program or system within deadline and under budget)
eThe need for increased reliability

o The need for program stability and flexibility in the face
of long-term maintenance

In addition to contributing to the quality and reliability
of a program, design also contributes to your mental
health as a programmer—you usually save time when
you design; you eliminate all-night emergency program-
ming marathons; the process of testing and debugging is
shorter and less nerve-racking; and you're less likely to
have your program “crash” at an embarrassing or crucial
moment.

Some Popular Excuses, and Rebuttals
"I don't know where to start”: Read some of the books
Text continued on page 200
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Make the Apple II* a powerful
IEEE-488 Controller in a snap.

Just plug the SSM A488 board into any Apple II* expansion slot for a low-cost,

full-featured instrumentation interface. SSM gives the Apple II the power and
versatility of a $9,000 IEEE-488 controller. At a fraction of the price.
Our board converts the Apple II into a truly sophisticated controller that
programs and controls up to 15 different instruments connected together
on the 488 bus.

We make programming easy. The 68488 chip, designed by Motorola, forms the
heart of our A488. We back this chip with powerful on-board firmware to
give you system control via simiple string commands. The only software
you need is easy-to-program Applesoft* Basic. To develop special purpose
firmware, simply replace our PROM with a RAM. With the A488, bus com-
munications operate at top speed—without depending on software loops for
timing. And like the more expensive IEEE-488 controllers, this system interfaces
with more than 1200 instruments and peripherals.

Suitable for OEMs as well as end users, Whether you make test/measurement systems for re-
sale, or simply for yourself, the SSM/Apple combo gives you top performance. As it cuts
your costs. Call your local dealer or SSM today for complete details.

Industrial grade circuit board IEEE-488 bus cable
; . (6 ft. with stackable connectors) \
PROM firmware for powerful user interface

68488 IEEE-488 controller chip

Slot-independent connection to Apple 1

==y

SSM’s A488 board expands the Apple Il to SSM Microcomputer Products, Inc.
a high-performance IEEE-488 controller. 2190 Paragon Drive

San Jose, CA 95131
(408)946-7400 Telex: 171171
* Registered trademarks of Apple Computer Inc. TWX: 910-338-2077



On Technical Writing

I enjoyed Chris Morgan'’s editorial on
technical writing (“What's Wrong with
Technical Writing Today?” December
1980 BYTE, page 6), but there is a sad
exception to his first law: Academics can
benefit from not writing clearly. [ sug-
gest a paper by ] S Armstrong in the
April 1980 Interfaces, published by The
Institute of Management Sciences.

Armstrong, from the Wharton School,
found that material more difficult to
read was rated higher in research com-
petence. “Management scientists gain
prestige by unintelligible writing.” My
wife, an academic biologist, and I have
seen similar hypotheses about academic
publishing in computer science. (Com-
munications of the ACM may be a

perfect example.)
Since such “news” would only under-

mine the effort you folks are making at
BYTE, you must keep all this a secret.

Gerald Ruderman

Management Decision Systems Inc
300 Third Ave

Waltham MA 02154

In the December 1980 editorial, Chris
Morgan says that “Jargon isn't intrin-
sically bad....”

Ha! [ caught you. Jargon is intrinsical-
ly bad; it may be necessary sometimes—
an evil necessity—but it's always bad.
I've often wondered if those who edited
BYTE were in favor of jargon. Now |
know.

Like many aspects of our society,
jargon has two purposes: an obvious
one, and a hidden, unadmitted one. The
obvious purpose is to save space, as Mr
Morgan pointed out. The hidden one is
to exclude outsiders from the circle of
the insiders.

To use jargon in explaining the work-
ings of a particular product would be
justifiable in a manual directed toward
sophisticated, knowledgeable profes-
sionals, if the product were released in a
specific, well-known context. An exam-
ple is all the funny words people
familiar with IBM equipment always
use. Such an approach in a journal like
BYTE is entirely inappropriate.

The distinctive difference between
BYTE and some of its less successful

Introducing

THE

processing systems.

needs of the most sophisticated user.

® Multi-operating system

® Changes terminal drivers

® Customized to utilize all the
features of terminat 8 printer

invnited.

%Py

1854 E. University
1-B00-528-7385

EENCHMAIK-

THE BENCHMARK software system sets new standards in word processing. First, it
canbe dehvered torunonthe CP/M®orthe North Star DOS, so there may be no need

to buy a special operating system. Second, it has all the features of systems costing
thousands of dolfars more. Third, the price is as low as, or lower than, most word

Anyone can learn to run and use THE BENCHMARK in one day of self training.
Completely self-prompting in English. THE BENCHMARK is a full capabikity word
processor, has been thoroughly testedin an office environment and proved to meet the

ony $499

THE BENCHMARK is distributed by R&B Computer Systems. Dealer inquiries are

Compulter
Systems”

THE BENCHMARK is a trademark of Metasoft Corporation
CP/M s a registered trademark of Digital Research

WORD
PROCESSING
SYSTEM

® Overtype - erases. COrrects

® Variable, electronic decimal tab
® Screen menus simpkfy operation
® Bilock move and get

plus tax
where applicable

Tempe, Arizona 85281
AZ-802-368-7101
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competitors is that many BYTE articles,

even though written in jargon, try to ex-
plain something, while too many articles
in other magazines use jargon purely for
the purpose of mystifying.

Jargon may have many purposes, but
the rapid, effective spread of informa-
tion is not one of them. If you really
wish to communicate ideas, write in
English—or some common human lan-
guage.

The balance of Mr Morgan'’s editorial
was actually quite to the point. I'd like
to add, "DON'T use big concepts when
small ones will do.”

James Gregor Owen
14 Ocean Dr
Freeville NY 13068

The December editorial apparently
struck a nerve among readers, judging
from the comments we received. Mr
Owen raises a point I did not cover: the
"high priesthood” syndrome that arises
when a writer sets out to impress and
mystify through jargon. At BYTE, we
wage a (not always successful) battle
against this philosophy, and hope that
our readers will continue to tell us when
we go astray. I'd also like to thank the
editors at General DataComm Industries
Inc, Danbury, Connecticut, and several
other readers who caught some minor
gaucheries in my editorial. Oh, the irony
of it....CM

Iintel’s Educational Products

As the manager of Intel Corporation’s
Educational Products Group [ would like
to thank BYTE for suggesting our com-
pany as a source for blemished com-
ponents. Steve Ciarcia's reply to an
“Ask BYTE" letter has generated a large
response from students and educators.
(See “"Quick and Cheap,” December 1980
BYTE, page 320.) In order to help
BYTE's readers to more fully benefit
from our program, I would like to bring
some additional information to their at-
tention.

The Educational Products Group has
the responsibility for the administration
of the component kit program. To avoid
delays of up to 4 weeks, all inquiries
should be directed to us, not the product
manager.

We no longer offer an 8080-based kit;

Circle 9 on Inquiry card. e=p



Edison had over
1,800 patents in
his name, but

you can be just as inventive
with an Apple.

Apple is the company with the brightest ideas in
hardware and software and the best support — so you can
be as creative with a personal computer system as Edison
was with the incandescent bulb.

How Apple grows with you.

With Apple’s reliable product family, the possibilities of
creating yourownsystemare endless. Have expansion capa-
bilities of 4 or 8 accessory slots with your choice of system.

Expand memory to 64K bytes or 128K bytes. Add an
A to D conversion board. Plug into time sharing, news and
electronic mail services. Use an IEEE 488 bus to monitor
lab instruments. Add 4 or 6 disk drives — the 54" 143K
bytes, high-speed, low-cost drive that’s the most popular
on the market.

Apple speaks many languages.
Since more than 100 companies create software for
Apple, you'll have the most extensive library in the personal

computer world. Want to write your own programs?
Apple is fluent in BASIC, Pascal, FORTRAN, PILOT and
6502 assembly language.

There’s even a series of utility programs called the
DOS Tool Kit that not only lets you design high-resolution
graphic displays, but lets you work wonders with
creative animation.

More illuminating experiences in store.
You won’t want to miss all the Apple products being
introduced at your computer store all the time. Don't let
¢ history pass you by. Visit your nearest
e Apple dealer or call 800-538-9696.

In California, 800-662-9238. Or write:
Apple Computer, 10260 Bandley Drive,
Cupertino, CA 95014.

applc computear Inc.



Letters

instead we offer a broad line of kits
based upon the 8085, 8048, 8086, and
8088 microprocessors. The 8086 and
8088 kits include a serial monitor. Kit
prices range from $35 up to $90, and
each contains enough components to
construct a minimum system.

Intel is in the process of expanding the
program, and we publish a quarterly
magazine to let prospective members of
the academic community know of these
developments.

Please contact us if you would like
more information on how we can help
you. Our telephone number is (408)
987-5020.

Steven A Lapham

Manager, Educational Products
Intel Corporation

3065 Bowers Ave

Santa Clara CA 95051

Iintertec Responds to Criticism

In response to Mr Phillip Lemmons’s
letter (see “Superb Brain,” October 1980
BYTE, page 22), I would like to make
the following observation. We at Inter-
tec disagree with his analysis of the situ-
ation and feel that clearing up the facts

would be a benefit to Intertec and our
users alike.

Everyone must realize that nothing re-
mains static in the computer industry.
New ideas constantly emerge, resulting
in a stream of new developments. The
continual upgrading of technology, and
the subsequent evolution of computer
software and hardware, is the basis of
high technology as all of us know it to-
day. As responsible manufacturers, we
feel obliged to pass on these techno-
logical advancements to our users.

As improvements are added to our
products, we offer our previous
customers, whenever feasible, an

" upgrade option at nominal cost. If the
modification cannot be accomplished
with a simple EPROM change, for in-
stance, we still feel a responsibility to
offer some kind of solution to our
customers.

Such is the case with Mr Lemmons's
“$1500 enhancement.” The modifications
to which he refers involved changing the
whole unit: processor module, power
supply assembly, disk drives, etc. In
January 1980, the SuperBrain was
modified to offer even more capabilities
than our advertisements claim. There-
fore, had Mr Lemmons purchased this

enhancement, he would, in effect, have
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DIVISION OF MARK GORDON ASSOCIATES., INC.
P.0. Box 77. Charlestown, MA 02129  (617) 491-7505
CANPUIERS OPERATING SYSTEMS
2;:;:’2:?.\” VOK v i 7:;:";: NEWDOS by APPARAT INC 49.00
Model-Il G4K System 3499.00 NEWDO St Ly ARGARATING, gl
MMS FORTH DISKKET TE-PRIMER 79.95
ek Marteilil 859.00 NEWDOS 80.. .. ... ... oz 149.00
DISK DRIVES DISKETTE TRS-80*
40 Track 5*4 inch dnive 314.00 BUSINESS SOFTWARE BY SBSG
80 Track 5% 544.00 Free enhancements and upgrades to registered owners for
4 DisteDrive Cable 39.00 the cost of media and mailing 30 day free telephone sup-
PRINTERS port User reference on request
Centronics 730 599.00 Fully Interacuve Accounting Package. Generat Ledger.
Epson MXB0OB Call for price Accounts Payable. Accounts Recewvable and Payroll
Centronics 737 849.00 Repart Generating
Olidata Microline 83 1044.00 Complete Mackage (requires 3 or 4 dnves) $475.00
Integral Data 4400 999.00 Inclividuat Modules(requires 2 or 3 cirives) $125.00
NEC 5510 w-tractor 1679.00 Inventory Il (requires 2 or 3 drives) $ 99.00
Olkidata Microline 80 ...599.00 Mailing List Natnc & Address Il
Diablo 630 , F 2495.00 (ru.]u"es 2 drives) $129.00
Intelligent Terminal System ST-BO NI $150.00
MISC HARDWARE Thetlectrc Pencil iromMichael Strayer $150.00
Expansion int TRS.BO(O14) 249.00 file Management Sysiem $ 49.00
Navation D-Cat Modemn 166.00
16K Memory Kit 41.99 FINE PRINT
Leedex Monitor 109.00 TRS 80 s a Tandy C Use ol abor )
Printer Cable for above 49.00 tems may requie the use ol Rado Shack TRS.DOS Radio Shack
1SO-2 Isolator 54.00 equipment supject to the wil and whum of Rado Shack
ACULINEFILTER 14.00 ORDERING INFORMATION
We accept Visa and Mastercharge We wil shipC 0 O certliedcnech
STORAGE MEDIA o maney orders only  Massachusells resi0ens 40d 5 Dercent Sates tax
Scorch-box 10-5% 27.00 To order cak toll.iree 1-800-343-5206
Memorex-box 10-5° 12.00 For information caill 617.491-7505
Plastic Slomgc Box 5.00 The Company cannol be liable tor piclonal or typographical inaccuracies

Circle 10 on inquiry card.

received a completely new unit for
$1500—half the end-user cost for the
same unit.

As for the software problem Mr
Lemmons referred to, we are confident
that an EPROM update costing $100
would have taken care of his problems.
Mr Klein of Information Engineering
sold it to him for $150. Admittedly, Mr
Lemmons may have received this update
a little sooner than he would have had
he purchased directly from the factory;
nevertheless, the EPROM is available
from us.

For an end-user price of $2995 for our
basic SuperBrain model, we think (and
we have thousands of testimonials from
happy SuperBrain users to support this)
that Intertec offers the best price/perfor-
mance ratio in the industry.

If any other BYTE readers have prob-
lems similar to Mr Lemmons’s, please
call our Product Services department at
(803) 798-9100. Our staff of application
engineers will be glad to assist you in
any way possible.

At Intertec, the customer has always
been (and still is) our main concern. Our
phenomenal growth in recent years
would not have been possible if we did
not hold steadfastly to this simple
management principle. We hope Mr
Lemmons (and any others who may be
dissatisfied with us) will understand our
point of view and give us a chance to
demonstrate the sincerity of all of our
customer-support programs.

Denise Stevens

Marketing Communications Manager
Intertec Data Systems

2300 Broad River Rd

Columbia SC 29210

Hurray for muSIMP

I recently purchased muSIMP/
muMATH for my Radio Shack TRS-80
Model 1, so | was interested in Gregg
Williams's review in the November 1980
BYTE. (See “The muSIMP/
muMATH-79 Symbolic Math System,”
page 324.) The version I purchased is the
small, inexpensive TRS-80 version,
which does not include the trace, array,
and matrix packages.

While the discussion of muMATH was
complete, I was disappointed that Mr
Williams only touched briefly on the ca-
pabilities of the underlying muSIMP lan-
guage used to implement muMATH.
The introduction of a low-cost version
(or any version) of LISP for the TRS-80
should be marked as a major develop-
ment. muSIMP is a close cousin of LISP,
and, in this light, muMATH is seen as a
powerful illustration of its capabilities.
The impressive achievements of muMath



Introducing the COLOR CONNECTION™
Plug A TRS-80* Color

Computer into the World of
System-50" Computing.

Now you can expand Tandy’s exciting new TRS-
80* Color Computer using proven System-50
products. Expansion possibilities are limitless.
And expansion is easy. Plug one end of the
COLOR CONNECTION into the Program
Pak* connector of the Color Computer.
Plug the other end into a System-50 bus
motherboard. Now add the functions you
want, selecting from an inventory of
standard modules manufactured by
competent, long-established firms
— from the inventory of solid per-
formers, like Percom Data
Company.

2y

i

Get serious!

For serious computing like
word processing add the Per-
com ELECTRIC WINDOW™,

This memory-mapped video
display card features instant
display updating, software-
defined full display formatting
— up to 80 characters by 24
lines, an extendable character
generator that generates fully-
formed upper and lower case
characters, and more. The
ELECTRIC WINDOW pro-
vides either composite or sepa-
rate sync-video output, and
interfaces a standard black-&-
white video display monitor.

Mini-disk storage — today!
Available off-the-shelf for your ex-
tended system is Percom’s field-
proven LFD mini-disk system. The
first choice of knowledgeable 680X

computerists since 1977, Percom
LFD mini-disk systems come com-
plete, ready to plug in and run. File
storage capacities range from 102
Kbytes for a one-drive LFD-400™

systemn to almost 0.6 .

Mbyte for a three-drive
LFD- 800™ system.

Beyond 16K

Another option is incremental
rnemory expansion. Add 8-, 16- or
24-Kbytes of static RAM with our
M24SS card; 16-, 32- or 48-Kbytes of
dynamic RAM with our M48DSS card.
The COLOR CONNECTION prevents
contention between internal computer mem-

System Requirements

The COLOR CONNEC-
TION interfaces a TRS-80*
Color Computer'to a System-

50 bus motherboard. Power for
the COLOR CONNECTION is
obtained from the computer. Power

for the extended bus cards must be pro-

vided by an external source. such as Percom’s System-50
Power Supply. The COLOR CONNECTION provides for
disabling the computer internal memory at 8-Kbyte
boundaries to prevent contention with external memory.

The COLOR CONNECTION. ............. $99.95

Quality Percom products are available at Percom dealers nation-
wide. Call toll-free, 1-800-527-1592, for the address of your
nearest dealer, or to order direct from Percom.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

PRICES DO NOT INCLUDE SHIPPING AND HANDLING.

™ trademark of Percom Data Company. Inc.

* trademark of Tandy Radie Shack Comoration which has no relationship 3o I’ercom Data Company.

ory and external memory.

Theright motherboard

Fast mini-disk storage, full-format alphanumerics and
memory add-on are obvious expansion possibilities. The
optional Percom System-50 Motherboard allows you to
consider the less obvious. This seven-siot motherboard
not only can be self-extended. but also can be extended
with our 30-pin /O motherboard. The richness of readily
available peripheral interface cards provides an uncom-
mon degree of expansion flexibility.

The System-50 (SS-50) bus community. With a TRS-80*

Color Computer and the COLOR CONNECTION. it's
your world. Enjoy!

PERCOM

PERCOM DATA COMPANY, INC.
211 N. KIRBY GARLANO. TEXAS 75042

(214) 272-3421
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have overwhelmed the fact that muSIMP
is a general language suitable for more
than symbolic mathematics applications.
The differences between muSIMP and
LISP are mostly at the user interface.
The input syntax and the output format
have been altered to provide a congenial
environment for symbolic mathematics,
but internally muSIMP is LISP with only
a few minor alterations (which could
well be regarded as improvements over
the original). These alterations are sum-
marized in “LISP-Based Symbolic Math
Systems” by David R Stoutemyer, which
appeared in the BYTE LISP issue of
August 1979, page 176.

At $75 (plus another $20 for the com-
plete reference manual) muSIMP for the
TRS-80 is a great bargain. Yet
Microsoft’s ads have pushed muMATH
with only a passing reference to
muSIMP’s close relationship to LISP.

The documentation that comes with
the TRS-80 version of muSIMP/
muMATH does not include a number of
important muSIMP functions. For exam-
ple, the functions related to property
lists are not even mentioned. Property-
driven functions are a major component
of muMATH's power and extensibility.
The TRS-80 owner who wants to ex-
plore the power of muSIMP definitely

needs to purchase the full reference
manual to supplement the material that
accompanies the package.

The full reference manual is im-
pressive. It includes listings of on-line
tutorials apparently available with the
larger CP/M version. Unfortunately, it
does not specifically address the system
environment of the reduced TRS-80
package. A number of system functions
are not included (SAVE, LOAD,
OBLIST). While the manual is extremely
useful to the TRS-80 owner, it would be
even more useful if it included a sum-
mary of the differences between the full
CP/M version and the reduced TRS-80
version.

In short, for the TRS-80 owner who is
interested in experimenting with artificial
intelligence projects, muSIMP alone is
worth the price of the muSIMP/
muMATH package.

John R Goldin
66 Brownell St
New Haven CT 06511

BYTE Saluted

I am a career Army officer. After five
years of assignments outside of the data-

processing field, I have returned to that
arena; however, the landscape has
changed. 1t is covered with new tech-
nology, methods, technical terms, and
jargon.

I want the world to know how useful
BYTE is in overcoming the insecure feel-
ing of operating in this new landscape.
Particularly noteworthy and helpful is
BYTE's editorial policy of parenthetically
explaining all jargon and technical terms.
While other trade journals seem to take
delight in obscurity, BYTE consistently
targets on clarity. | hope other publica-
tions will follow BYTE's lead. It's
needed.

Keep up the good work, BYTE!

James H Powers

Lieutenant Colonel, US Army

Director, ADP (Automatic Data Processing)
Support Division

US Army War College

Carlisle Barracks PA 17013

Seilf-Replicating Code

I would like to point out the shortest
self-replicating program I know of. It is
written in Microsoft BASIC, as found in
the Commodore PET (also known as the

A REFURBISHED “SELECTRIC” ASCIl TERMINAL
FOR THE SMALL BUSINESSMAN OR SERIOUS HOBBYIST.

The AJ 8411/0 terminal.
Now available from dealers nationwide.

Demand for our AJ 841 |/O computer terminal has
been great. And now it's getting even greater. So call your
local computer shop dealer right away. Supply is limited!
You may never have another opportunity like this one to buy

your own professional terminal.

ASCI| code

on request)

s

14.9 cps printout

High quality Selectric printing

Heavy-duty Selectric mechanism

Off-line use as typewriter

Documentation included

30-day warranty on parts and labor (details available

Call toll-free now
For location of your nearest AJ dealer, call toll-free:

800/538-9721

California residents call 408/263-8520.

ANDERSON
JACOBSON

The AJ 841 features:
Choice of serial RS 232 or parallel interface
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Now with new CP/
for thousan 5 mo,

The Heathkit All-In-One Comiputer now has spaée
for 64K of addressable RAM, so you can run bigger,
more complex programs.

And our new CP/M® Operating System (Standard
ORG-0, Version 2.2) makes thousands of CP/M pro-
grams available to you. Heathkit systems can run
more, do more, store more than ever before.

A new 8-inch double-sided, double-density disk sys-
tem, with over 1 million bytes per drive, is now avail-
able for Heathkit H-89 and H-8 Computers.

The new 8-inch disk system features soft-sectored
disks for IBM™ compatibility. It's capable of operat-
ing in standard IBM 3740 format. And the 8-inch sys-

VISIT YOUR HEATHKIT STORE
Heathkit products are displayed,
sold and serviced at Heathkit
Electronic Centers*, located in
major cities throughout the U.S.
and Canada. See your white
pages for the store nearest you.

“Units of veritechnology Electronics
Corporation, in the U.S.

i

W"’Nfluim

e —————

Imnm f

fém can be used in conjunction with 5%-inch
systems. For compatibility with the rest of the in-
dustry, Heathkit Computers may just be the most
flexible systems you can buy.
All Heathkit computers and peripherals are avail-
able in money-saving, easy-to-build kit form —or
completely assembled and factory tested. All are
supported by the -best documentation in the busi-
ness and by 62 service centers throughout the U.S.
and Canada. You’'re never out in the cold.
For complete details and prices on Heathkit com-
puters, peripherals and software, write today for
the latest Heathkit Catalog or visit your
nearby Heathkit Electronic Center*.

Send for FREE catalog
§ Write to Heath Company, Dept. 334-754,
Benton Harbor, Ml 49022

In Canada, contact Heath Co., 1480 Dundas St. E.,
Mississauga, Ontario L4X 2R7

Heathkit

IBMis a registered trademark of International Business. Machines Gorporation. CP/M is a trademark of Digital Research, Inc.
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UNiVERSE

FINGERTIPS

| § TellStar"

for the Apple lI

Choose a daté, time, ;trld place on
Earth and let TellStar display the

With interactiv
TellStar ena

F'nrlt High R
[:Id',r'_. on a

and prec Brsions

TellStar Level | on disk £39.95
Morthern Hemisphara Star Tables
TellStar Lmr E‘| 1| £79.95
ehens manual

Visit your local computerstore fordem-
onstration or write for more information.

Name

Address
City Zip

Information Unlimited
Software, Inc.

281 Arlington Avenue
Berkeley, CA 94707
{415) 525-9452

TeliStar is a trademark of Scharf Software Services
Apple is a irademark of Apple Computers. Inc
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CBM 2001). It relies on the fact that
PET BASIC sees all commands the same
way. In many BASICs, you can write a
1-line instruction without a line number
and it will be executed when entered.
But PET BASIC also allows commands
like RUN or LOAD to be inserted into a
program with a line number, like any in-
struction. The program is:

1LIST

Because of the compact storing of code
in the PET’s memory, the program takes
up only 2 bytes, one for the line num-
ber, and one for the PET's internal
representation of LIST (the space be-
tween is provided by the subroutine that
controls the printout of integers).

I'm currently in the 9th grade, and am
fluent in BASIC. I intend to learn
Pascal when the school library gets the
book it just ordered.

William Sommerfeld
3 Mary Ln
Greenvale NY 11548

Printers Challenged

For some months now, | have been
searching for a printer that meets all of
my needs, and have met with little suc-
cess. | have lost hope of finding what |
want by looking at magazine advertise-
ments, visiting computer stores, and
circling numbers on reader-service cards.
I would like to issue this challenge:

If any printer manufactuer or distributor
has a machine that fits all (and I mean
all) of the requirements listed below, I
will buy it, pure and simple.

oIt must have some form of letter-
quality printing. A fast, low-quality
mode and a slow, high-quality mode
would be fine. ("Letter-quality,” as far
as | am concerned, means lowercase let-
ters with descenders.)

eIt must be able to handle both single-
sheet and fanfold paper (with either pin
or tractor feed).

e It must have graphics capability. I can
write the graphics software if I must, but
the graphics must be real, not block
graphics or plotting of Xs.

oIt must have at least some minor forms
control. Even a simple top-of-page for
11-inch paper would be sufficient.

o] must have some convenient way to
get the printer fixed when it breaks. I
live in Brooklyn; a service center any-

where in the New York City metropoli-
tan area would be fine.

e The printer should cost $1000 or less.
The highest I am willing to go, including
tax, shipping, and all the options I need,
is $1200.

Are all these requirements unreason-
able? I don't think so. There are a num-
ber of printers advertised in BYTE that
miss by only one or two points. For ex-
ample, MPI's 88G printer does not have
lowercase descenders and the closest
place | could have it repaired is in
Ridgewood, New Jersey; otherwise, |
would have purchased it right away.
The Centronics 737 has no graphics (no
Centronics I know of does). Okidata’s
Slimline cannot handle single sheets,
while their Microline has no descenders
and only block graphics. The Base2
prints in dark-blue ink and can't handle
single sheets either, neither can the
Anadex GraphicsPLUS... and so on.

I suppose printer manufacturers have
their own reasons for not including this
capability or that feature in their
printers, but | have a pretty good reason
for wanting the features I want. I don't
do just one thing with my computer, I
do a whole range of things, from busi-
ness writing to hobbies to simulations to
music synthesis. | refuse to invest in
another printer that does not help me
use my computer to its greatest poten-
tial.

Bill Seligman
667 Rugby Rd
Brooklyn NY 11230

Run Down

Being a Hewlett-Packard fan and own-
ing an HP-41C, | was anxious to read
Bruce D Carbrey's review of the cal-
culator in the December 1980 BYTE.
(See “A Pocket Computer? Sizing up the
HP-41C,” page 244.) | feel that the
review was quite good and that all of
Mr Carbrey’s judgments were fair and
realistic, especially when comparing it
with Texas Instruments’ TI-59.

However, | must disagree with one of
Mr Carbrey’'s observations. He said that
the typical life-span of the nonrecharge-
able size-N batteries is 1 to 2 months. |
have had my calculator for 13 months,
and I have used it a good deal during
that time. Only a week ago did it
become necessary to replace the original
set of batteries.

Fred W Scheifele
108 Shelly Ln
Delran NJ 080758
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Intelligent Home Controller-for lights and
appliances. Real-time schedules and
energy conservation. Complete applications
software package. Home security with random
scheduler. Power usage accounting package for
home energy cost control. No wiring.required.

Real-time and date information. Interrupts
permit Foreground/Background operation of
two programs simultaneously. Battery back-up.
Crystal-controlted tfor + .001% accuracy. Onboard

i} ROM for easy access from BASICs. Supports
PASCAL. Time from one millisecond to one year.
SARARR
5 ' Input/Output Speech Digitizer. Permits talking programs. I/O capability
allows interactive programs with speech-prompted inputs. Use output for
A4 speech directed activities in business systems, announcements in a control-

room, or sound effects in entertainment programs. Easy to use because input
as well as output is under user control with special software operating system.

Program your own EPROMSs. Create your own firmware.
Programs 2K, 2716 5V EPROMs. Disk software package
provides easy EPROM programming. EPROMs are verified
after BURN. RUN your programs from on-board socket or
instalithem on ROMPLUSH+.

More power for your system through firmware. Six sockets
accept 2716 EPROMs or ROM equivalents. Six or any com-
binatlon can be used at once. Scratch-pad RAM and two TTL
connectors. Special 2K ROMs available for powerful system
enhancement: Keyboard Filter ROM—COPYROM—QOthers
coming soon.

Sophistication previously available only on
experimental mini and mainframe com-
puter synthesizers. Digital instrumental
music synthesizer system. 16 voices in
stereo. Instrument definitions simulate the
sound of real instruments—and more. Fully
programmable waveforms. Envelope Con-
trol. Composition system—sheet music
input using standard music notation.
Chords and multi-part scoring up to 16
voices. A true instrument that anyone with
an Apple can play.

16 channels analog to digitatinput. 16
channels digital to analog output.
" Eight bit resolution. Super-fast Su
sec. conversion time. Monitor and
output to the real world. All on one
card.

Mountain Computer makes
more peripherals for
the Apple Computer

than Anybody.

and ... aplace to putthem

By popular demand! Eight more slots for your
Apple. Attractive sturdy enclosure. |ts own heavy
duty power supply. Easy to use. Address cards
in Expansion Chassis the same way as in your
Apple. Only one additiocnal command 1o specify
in Apple or in Expansion Chassis. Compatible with
all Apple peripherals.

3

At last! An intelligent, high-quality device for
data entry from user-marked cards. Implement
BASIC programming, examination scoring,
inventory maintenance and other applications
requiring off-line data preparation for batch
entry later. Connects to any computer having
RS-232 interface. Software and cards are
avallable for jobs in business, science and
education.

MOUNTAIN COMPUTER has the most compre-
hensive line of Apple peripherals available.
Anywere. From anybody. We know the Apple
inside and out and are committed to providing
the most innovative and unique products to
expand and enhance its capabilities and use.
After all, we were the first company t0o make an
Apple peripheral—except Apple Computer.

Available at Apple Dealers worldwide.

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

Applesis a trademark of Apple Computer Inc.

.




Structured Programming
and Structured Flowcharts

Structured programming—that
phrase, unfamiliar to me and, 1
assume, to most people several years
ago—is now endowed with such
magical powers that most books on

Gregg Willlams, Editor
BYTE

POB 72
Hancock NH 03449

shows a problem and its solution
written in this outline form.

The above example demonstrates a
process known as decomposition:
brealung a task {(problem) into “h:
T

bility of breaking a task into a set of
subtasks that accomplish the main
task when executed sequentially.
The second construct, if...then...
tlst, performs one of two subtasks,

P include it herein
their titles.

But what is structured program-
ming? Most of us feel that it is prob-
ably good for us, like genting regular
exercise or brushing our teeth after
each meal. You may also think it's
:.:w complialed {not true) that it

s down wrong, it
usually s it up) or Iﬁal it cu?noi
be done unless your computer runs a
language like Pascal or ALGOL
{wrong again).

Simply put, structured program-
ming is a set of techniques that makes
programs easier to write, easier to

, easier to fix, and easier
to change. These techniques are sim-
ple and general and can be adapted to
any computer language that has a
goto statement—that includes
BASIC, assembly ge, FOR-
TRAN, and COBOL. The purpose of
this article is to show you a new form
of notation that will help you write
structured programs. But first, let's
review structured programming.

The Elements of Si i Pro-

his process rep
most important concept in structured
programming, je: that 3 problem can
be solved by ki

ding on the truth or falsity of a
stated condition. An everyday exam-
pleo(ﬂ\hcomtrud hgiveninﬂ\e

into subproblems, until every sulr
problem can be solved If you plan
this decomposition before you try to
write it out in the narrow, precise,
and time-consuming syntax of ﬂ\e
target k {ie: the pr

“If &t is raining
outside, | will take my umbrella with
me; i it is not, 1 will leave the um-
brella at home.”

The third and least familiar con-
struct, while...do, is actually a

language you use to solve the prob-
lem). you will have a better chance of
geuting your program right the first
time.

It has been
mathematically proven
that any program can
be written using three

baslc constructs.

But how do you decide which way
to break the problem into sub-
problems? Common sense helps. Ask
:':danell. “What sequence of actions

gramming

A structured program is like a set
of notes written in outline form. The
headings accompanied by Roman nu-
merals—1, 11, lll, and so on—provide
the overall organization. Each Roman
numeral topic is broken into several
component topics (A, B, and C, for
example) and each of these is sub-
divided further (1, 2, 3, ...) and fur-
ther {a. b, ¢, ...) as needed. Table 1
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decisions would | have to make if

1 were doing this without a
computer?”

The rest of the answer comes érom

the Literature of st.rudured program-

ming. It has been

lized do-loop that repeats a set
of actions {called the body of the
loop) while a stated condition is true.
You use this construct when making
iced tea from a mix: “As long as
{while) the mix is not completely
dissolved, 1 will continue to stir it.”
1€ you combine lines of code in the
three ways described above, the re-
sulling program is said to be struc-
tured. In most languages (BASIC, for
eample) you will still use goto
statements, but they will be restricted
to carrying your program lo specific
points, ie: the beginnings and ends of
tasks or subtasks. Each module (sub-
task) in a structured program has a
property known as “one-in, one-out”;
that is, there is only one entrance and
one exit from these modules, and no
module will ever jump into the mid-
dle of anoll\er one. Instead of bemg
like a plate of spaghetti, a program
more like a slrins of pearls {with ead\
ing another,

proven that any program can be writ-
ten using three basic patterns, called
programming constructs {or simply
constructs): sequence, if...then...else,
and while...do. The first construct,
sequence, gives you the basic capa-

pearl

string of pearls, and so on) each
module has a definite and unchanging
position on the string. When such
regularity can be counted on, existing
modules can be changed or deleted,
and entirely new modules can be add-



MAKING MINIS OUT OF MICROS.

Here's the system builder’'s
solution for successful computers
and applications. Push in the CCS
component. Push in the operating
software. And push on with your ap-
plication. CCS systems and compo-
nents are designed to go together
quickly, and to keep running reli-
ably, with a proven return rate of
less than 1%.

And you get performance. The
systems deliver hardware vectored
interrupts and the capability to inter-
leave DMA data transfers with rates
as high as two megabytes per sec-
ond, plus bank select memory of up
to 512K bytes. This 8-bit system pro-
vides single user, multiuser, and
multitasking capability with ample
speed to prevent operator waiting or
loss of incoming real-time data.

The systems are available with
CP/M or MP/M operating systems.
For real-time or multiuser applica-
tions, the CCS OASIS real-time
multitasking operating system sup-
ports re-entrant programs and
relocatable code modules, with
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Please have a sales representative

Please send more information on
CCS Systems and Expansion

California Computer Systems I
250 Caribbean Drive
Sunnyvale, CA 34086

facilities for task-to-task communi-
cation, file protection, time-of-day
bookkeeping, spooling, task overlay,
dynamic memory management,
ISAM file structures and device-
independent /0. CCS OASIS in-
cludes debug, text editing, linkage,
and file sort utilities; the system
supports a host of existing lan-
guages, applications, and utilities
from a range of vendors.

Powerful computer systems you
can configure to your demanding
requirements quickly, and with con-
fidence. Choose from a variety of
systems. Expand with CCS board-
level modules for memory, disk con-
trol, high-speed arithmetic, and I/O,
plus subsystems for floppy and hard
disk storage.

If you sell, install, or use com-
puter systems, you should know
more about the CCS product line.
We’ve got a lot more to tell. Tear
out and return the coupon for more
information. Or call.

CP/M and MP/M are trademarks of Digital

Research OASIS is a trademark of Phase One
Systems.



Structured Programming: A
Qualification

About a year ago, I thought that
structured programming was the
ultimate tool in the analysis,
design, and implementation of a
computer program. I had read sev-
eral books on the subject, browsed
through a great many more, and
successfully applied the techniques
to real-world problems. Many
books spoke of structured design,
but I saw the concept as simply the
same structured programming
tools applied to the earlier process
of program design—thaf is, of
transforming a situation to be
solved into a set of programs that
will accomplish the task. I was
more wrong than right.

Through my experience with a
particular programming project, 1
suddenly recognized a major point
that I had formerly not compre-
hended: that structured program-
ming does not encompass the en-
tire process of programming. The

ed without problems caused by unex-
pected module interaction.

That is the theory of structured
programming—now for putting it in-
to practice. Figures 1 thru 3 show the
three constructs (sequence, if...
then...else, and while...do) in stan-
dard flowchart form and as BASIC
code. (For a more detailed look at
writing structured programs in
BASIC, see "Applied Structured Pro-
gramming,” listed in the references.
This article appears in an anthology
that contains several other good ar-
ticles on program decomposition—

process of programming begins
with some sort of description or
specification of the program to be
W ritten. With small programs (the
kind we spend most of our lives
writing), this is usually enough.
But as the problem gets bigger (and
perhaps more ill-defined), more
and more crucial design decisions
must be made before you divide
the problem into programs.

I also learned that certain design
decisions within a given program
are overlooked by the main ideas
of structured programming. Struc-
tured programming is a literal-
minded discipline that deals ex-
clusively with the orderly dis-
assembly of a problem into the
series of program statements that
solves it. It does this while assum-
ing several givens: the overall
algorithm to be used (eg: bubble
sort or heapsort), the data struc-
tures used (eg: linked lists, arrays,
or binary trees), and implementa-
tion details (eg: sequential or ran-

sometimes called top-down design or
programming by stepwise refine-
ment—and structured programming.)

The Origins of a New Notation
When I got my first job as a com-
mercial programmer, I realized that I
was going to have to write longer
programs than I had previously writ-
ten. This prompted me to adapt struc-
tured programming techniques to my
work in BASIC, COBOL, and RPG
II. (As it turned out, my longest pro-
gram was a 35-page COBOL program
that grew to 75 pages without going

Problem: Given a numeric array V with N
elements, find the largest element, MAXV,
and its index, MAXINDEX. These variables
are related as follows:

e 1 < MAXINDEX < N

o MAXV = V (MAXINDEX)

e MAXV is the largest value in V(1),
V(2),..V(N).

Table 1: A problem and its solution in
outline form. The common outline
form used for summarizing a body of
material can also be used to give struc-
ture to the emerging design of a pro-
gram. Table 1a gives a statement of the
problem and table 1b gives its solution
in outline form.

Solution:

|. Set problem up:
A. Set MAXVAL = -8 x 10%
B. Set MAXINDEX = 0O
C. Set INDEX = 1

Il. Find largest element:

. Set up a loop that increments the
variable INDEX from the beginning to the
end ot the array V.

For each value of INDEX:

1. Compare the current array value ( V

(INDEX) ) to MAXVAL:

a. if MAXVAL is equal or larger, do
nothing;

b. if MAXVAL is smaller, replace MAX-
VAL with the current array value and
MAXINDEX with the current index
(the value of INDEX).

I11. Print the largest element (MAXVAL)and its
index (MAXINDEX).
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dom-access files, the packing of
one or two characters per byte).
These details, which may have a
tremendous effect on the quality of |
the program (in such aspects as |
size, speed, readability, and main-
tainability), are factors that are
evaluated and weighed in the de-
sign process.

The purpose of these paragraphs
is two-fold: first, to affirm that the
techniques described in this article
can make a significant improve-
ment in your skills as a program-
mer and that they are sufficient for
many programs; and, second, to
emphasize that the quality of a
program can often be greatly im-
proved by attention to the design
decisions that are made in the early
stages of analyzing the program
design. | am including a list of par-
ticularly helpful books and articles
in the references at the end of this
article,

out of control, I could not have done
this without the rigorous use of struc-
tured programming techniques.)

As my programs grew larger, I be-
came dissatisfied with the methods I
used to plan my programs. Conven-
tional flowcharts obscured the struc-
ture of my programs. Nassi-Schnei-
derman charts and Warnier-Orr dia-
grams were unsatisfactory for other
reasons.

The best solution offered in struc-
tured programming texts was struc-
tured pseudocode, an informally
written Pascal-like “program” that
uses terse English phrases to describe
the program. Listing 1 shows the
structured pseudocode for the pro-
gram outlined in table 1b. I used
structured pseudocode extensively to
outline programs but found that the
details of the resulting pseudocode
often obscured the overall design of
the program.

In retrospect, I can see that I
wanted a design notation that could
do the following:

o Completely describe the algorithm

to be programmed

eProvide overview and detailed

documentation that was easy to read

® Not need to be redrawn every time
Text continued on page 26
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EXTRA. EXTRA.

Extra paper widths
to 381 mm (15")

Extra sharp
and clear |
9x7 ¥
dot matrix
print letters

Extra alphabet selection —
English, German, Japanese
and Swedish

Extra advantage
of bottom or back
paper loading

Now you get more extras when you
pick the new dot matrix printers by
C. Itoh. Choose the Comet 80-column
printer and det the extra benefits of
four character sizes and paper-saving
| print compression. Choose the Comet
11 136-column printer and receive the
added extra of a full-width computer
size printer that accommodates paper
widths to 381 mm (15").

Both the Comet and Comet Il also
offer the rare combination of low cost
and high performance. Both models
operate at an efficient 125 cps bidirec-
tional print speed andina 9x 7
dot matrix.

C. ltoh's Comet series has the
extra advantage of a unique mul-
tilingual capability with a selec-
tion of four. different alphabets:
English, German, Japanese and
Swedish. Other special character-
istics include a programmable
VFU (Vertical Format Unit) plus

self-test diagnostics. For your opera-
tor's convenience, there's easy bottom
or back paper loading, and both
Comets use a standard low-cost nylon
ribbon. Plus our printers already meet
1981 Class A FCC, UL, and fire safety
requirements.

If all that wasn't enough, Comet
and Comet Il are plug-compatible

{ with all major printers in the industry;

meeting standard parallel serial inter-
face specifications. Our printers are
backed by C. Itoh's warranty and a
nationwide field service organization.

Extra
paper-saving
print
compression

And as a final, all important extra, when
you choose either printer from C. Itoh
you get immediate ofFthe- shelf delivery.
So ifyou want the highest quality at
the best price, look intc the extras the
C. ltoh Comet and Comet II printers
offer. Youll get a lot more than you bar-
gained for. For more information, con-
tact C. Itoh Electronics, Inc, 5301
Beethoven Street, Los Angeles, CA
90066; Tel. (213) 390-7778. Chicago
Office: 240 E. Lake Street, Suite 301-A,
Addison, 1L 60101; Tel. (312) 941-1310.
New York Office: 666 Third Ave., NY, NY
10017; Tel. (212) 682-0420. Dallas
Office: 17060 Dallas Pkwy, No. 108,
TX 75248; Tel. (214) 931-0177
C. Itoh represented in Canada by
Canadian General Electric.

32 C.ITOH
ELECTRONICS, INC.

One World of Quality
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don’t risk

magnetic damage to
EDP storage media

Many computer users have learned *“the hard way” that
accidental exposure to magnetic fields can erase or
alter data and programs stored on disks and tapes.
Such irretrievable loss can occur during media transit
or storage if unprotected disks or tapes are exposed to
the magnetic fields produced by motors, transformers,
generators, electronic equipment, oreven intense tran-
sient fields induced by electrical storms.

Data-Safe Products provide rekable, economical
protection against stray magnetic field damage by
shielding disks and tapes with the same high-permea-
bility alloy used to shield cathode ray tubes and cther
magnetic-sensitive components. DISK+SAFE Floppy
Disk Protectors, punched for 3-ring binder, sandwich
two 8" disks, or smaller mini-disks, between sheets of
magnetic shielding alloy encased in the strong vinyl
pockets. (Binder sent free with 10 Protectors).

DISK*SAFE

FLOPPY DISK PROTECTORS

TAPE+SAFE

METAL CASSETTE SHIELDS

TAPE «SAFE Cassette Shields are constructed of mag-
netic alloy, with heliarc-welded seams and an easy-
open hinged top. Each attractivety-finished TAPE*SAFE
holds one cassette in its original plastic box. A
shelved metal FILE DECK {not shown) stores up to six
TAPE«SAFEs for easy access. (One free with each six
TAPESAFEs). VISA and MasterCard telephone orders
accepted. Prices below include shipping.

DISK+*SAFE Floppy Disk Protectors: 1-5, $8.95 ea;
6-9, $7.95 ea; 10 or more w/binder, $6.95 ea;

TAPE~SAFE Cassette Shields:1-5, $14.95 each;
6 or more with free FILE DECK, $12.95 each.

TAPE+SAFE FILE DECK: $10.95 each.

Data-Safe Products, Inc.
1926 Margaret St., Phila.. PA 19124 215/535-3004

Dealer Inquiries Invited
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Listing 1: A structured pseudocode solution of the INDMAX problem given in the text
and in table 1 Structured pseudocode is a terse, informal, Pascal-like program that
helps the user design a program before writing it in a formal programming language.

Program FINDMAX:
Initialize system variables (MAXV = -9 x 102°, MAXINDEX = 0, INDEX = 1)
While INDEX = N
find value of current array element ( CURRV = V (INDEX) );
if current array element (CURRV) > maximum element so far (MAXV)
new maximum element = current element
new maximum index = current index ( MAXINDEX = INDEX)
endif
increment INDEX by |
endwhile
print MAXV, MAXINDEX
(end of program)

Listing 2: A BASIC implementation of the FINDMAX problem from table 1. In this pro-
gram, the variable MAXINDEX has been shortened to MINDEX to distinguish it from
the variable MAXV. This program is written in TRS-80 Modell Level Il BASIC, and it
will run on other computers that use Microsoft BASIC.

100 ¢

110 REM FROGGRAM F INDMAX

120

130 REM THIS FROGRAM TAKES AN ARRAY OF NUMEERS, V, AND
140 REM FINDS THE LARGEST ELEMENT, MAXV, AND ITS INDEX,
150 REM MAXINDEX, SUCH THAT:

160 REM MAXY = V (MAXINDEX)

170 ¢

180 REM (FOR THE FURFOSES OF ILLUSTRATION, WE WiLL ASSUME
190 REM THAT THE DATA IS ALREADY IN THE ARRAY V.)

200

210 3

220 REM MAIN FROGRAM ==

230

240 DIM V(12)
250 GOSUE 8Q0:
260 REM

270 =

280 REM —————————— BOX 1:
290 :

J00 MAXY = -9 % 10020
310 MINDEX = O

320 INDEX = 1

J30 s

F40 REM ———————e—— EOX 2:
50

F60 REM —— (BEGINNING OF WHILE...DO LOOF}
370 IF INDEX > N THEN 520

380 CURRV = V (INDEX)

390 :
400
410
420
430 =
440
450 =
4460 REM —— (JUMF TO BEGINNING OF WHILE...DO LOOF)
470 GOTO 3I7¢Q

480

490 :

5000 REM ——————————— BOX 3:
510 =

520 FRINT:
O30 PRINT *
540 FRINT
550 @
560 END
570 REM
764 2
770
780 REM ——————————— SUBROUTINE 7O FILL V ARRAY ———— e
790 =

800 DATA 12: REM -- (NUMBER OF ITEMS TO BE READ IN)

810 DATA 1, 15, -28, .24, -17.92, O, S5, 1, O, 21.4, =205, 17
820 READ N

830 FOR I=1 TO N: READ V(I):
840 RETURN

REM -=NOT FART OF ALGORITHM IN FIGURE 6;: THIS

SUEROUTINE ENTERS DATA INTO ARRAY V

INITIALIZATION ROUTINE —===—====—————

FIND LARGEST VALUE

IF CURRV < MAXV THEN 440
MAXV = CURRV: REM --
MINDEX = INDEX

(THIS FART EXECUTED IF FALSE)

INDEX = INDEX + 1

FRINT FINAL VALUES --

FRINT “THE LARGEST VALUE IN THE
V("3 MINDEX ; ™)

V  ARRAY IS:"
MAXV

END OF MAIN FPROGRAM ====s=s==s=====s==s====

NEXT I



If you write software,
write Digital Research.

We can help you

bring your products

to market.

Independent Software
Vendors (ISV's) are the key to
solving the software crunch in
the 1980’s. To help you bring
your products to market,
Digital Research introduces
the ISV Support Plan —
designed to assist you in:
Developing Your Product
0O With the fast and powerful

PL/I-80™ Programming

System
O ISV Seminars covering high

level applications

programming

Getting Established in

Your Market

ISV Seminars cover:

0 Designing a marketing
strategy
Advertising
Writing Manuals
Assuring software security
Supporting and updating
products

n-Going Support lncludes:
Legal and technical
information
Distribution channels
Printing facilities
Free product listing in our
Applications Software
Catalog

oo 0O OoOooo

All this plus the world’s
largest software marketplace
— the CP/M® customer base.

So why do it alone? Write
Digital Research. We'll send
you our free brochure
detailing the ISV Support
Plan.

DIGITAL RESEARCH'

P.O. Box 579

Pacific Grove, CA 93950
(408) 649-3896

TWX 910 360 5001
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Circle 20 on Inquiry card.

Text continued from page 22: tured programming, any program

w d a change was made in the flowchart  can be expressed as a combination of
e 0 eUse a minimum of unfamiliar nota- four basic building blocks. These are

tion sequence, if...then...else, while...do,

What they e Be visually pleasing and decomposition. (The first three

constructs, described in ~~~ventional

do but 'I:his structured flowchart not'ation, flowcharts in figures 1a thru 3a, are
*e e which I developed over a period of given in structured flowcharts in
several years, meets these criteria. figures 4a, 4b, and 4c, respectively.)
The sequence construct (figure 4a)
W hen you have Basic Constructs in Structured is identical for both conventional and
Flowcharting structured flowcharts; however, a
According to the tenets of struc- later construct, decomposition, will
distinguish the structured flowchart
9 . .
you have the beSto (@) l sequence construct from its conven-
The best Data . lq tional counterpart.
Base Systems for 3 |:|:|E SUBTASK 1
E dataKEY* I (&)
SUBTASK 2
¢ Index sequential and relative record files 100 (BASIC statement for subtask 1)
* Fastextended search/data analysis I 110 (BASIC statement for subtask 2)
{a)Fastaccess to specific information 120 (BASIC statement for subtask 3)
{b) Basic statistics reported from search SUBTASK 3
* Extensive report capabilities ’
e Flexible sort function l
Price
Diskette version
(specify type & size). . ..........$99.50
Corvus 10 Mb version. .. ... .On request Figure 1: Sequence as a control structure. Figure 1a shows how a linear sequence of sub-

tasks is drawn using conventional flowchart notation. Figure 1b shows the equivalent
sequence as a series of BASIC lines.

The best Business _—a%
Data System for ;apple

E bookKEYper*

c
= Fully integrated with dataKEY

= Accounts Payable, Receivables
= General Ledger
e Transaction driven—no file size limit

(a)

Price (CONDITION)
Diskette version
2 (_s_pﬂif}r_tjlbe & SiZE] oAl T S5 Pl e P 5450'00
Corvus 10 Mb version_. . .. . .On request
SUBTASK DONE IF SUBTASK DONE IF
CONDITION IS FALSE CONDITION IS TRUE

The best Personal e
Finance System for aupple

@ Personal budgetKEYper*
= Y

=
¢ Fully integrated with dataKEY

s Checkbook manager
s “Payables” manager
e Expenses statements

fa) CONVENTIONAL

Price (b)
Diskette version 100 IF (condition) THEN 200

(specify type & size), . . ........ $200.00 120 (BASIC statements for subtask
- ' done if condition is false)

*Our software runs with Apple || DOS 3.3, or Applesoft
or Language System and is compatible with Corvus
10 Mb, 8" Si toValle and 5% " disketle, menu- :
d?iven. ar\d‘t’;z’:l:l ) ) e 190 GOTO 300

- - 200 (BASIC statements for subtask done if
condition is true)

TEL. (603)465-7264

m P U Iﬁ 299 (last st:atement of “true” subtask)
i (tmc& lm 300 (first statement of next construct)

The “full-service" computer company Figure 2: The if...then...else construct as a control structure. Figure 2a shows the con-
9 Ash Street ¢ Hollis, NH 03049 ventional notation for this construct, while figure 2b shows the BASIC equivalent.
’
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University Basic ROM kit.
Now available for TM990/ 189 module.
On-board. Or off.

We’'ve added another option to our
TM990/189 University Module. Now, in
addition to the I/0 and RAM expansion
kits previously offered, you can buy the
TM990/189-1 module with a University
Basic ROM kit on-board, and get new
hardware features, too. Features like:
® 1K byte of extra RAM
e Asynchronous communication port
e Off-board CRU expansion
All for the attractive price of $399*.
With the TM990/469 Basic ROM Kkit,
standard 189 modules provide “hands-
on” training for students and engineers
who want to learn a high-level language
like Power Basic. The kit also supports
a subset of the Power Basic commands
and statements including SAVE and
LOAD. Unique color commands such as
TONE, COLOR, PATTERN and
SPRITE work with TI's TMS9918
Video Display Processor. Another fea-
ture is the ability to access assembly

language routines from the University

Basic programs.

When purchased separately, the
ROM kit costs only $110*.

Of course, the standard TM990/189 is
still available. And, it’s still your best
ticket into the microprocessor world.
For maximum hands-on experience.
For ease and simplicity of learning and
teaching about microprocessors, hard-
ware, and assembly language.

Outstanding features for the stan-
dard fully assembled TM990/189 stand-
alone learning tool include:

e Powerful 16-bit microprocessor with
minicomputer instruction set.

e 45-key alphanumeric keyboard and
10-digit, 7-segment display for easy
assembly language programming.

® ROM-resident software

® Audio cassette interface

¢ Easy-to-add EIA and TTY interface

¢ 1K byte RAM expandable to 2K

e 4K byte ROM and 2K byte expansion
EPROM socket.

® 16-bit programmable /O controller.

® User addressable LEDs and sound
indicator.

A 570-page tutorial text accompa-
nies the TM990/189. It’s a detailed
guide for self-paced learning. Or, the
basis for a three-hour university
course. Also with the module: a 300-
page user’s guide.

The TM990/189 complete with tuto-
rial text and user’s guide is only $299*,

Order your University Module from
your nearest authorized Texas Instru-
ments distributor. For more informa-
tion, send for a free copy of our newly

revised brochure, CL- o
423B. Write to Texas In-
struments Incorporated, 0

P.O. Box 1443, M/S 6404,
Houston, Texas 77001.

TEXAS INSTRUMENTS

* U.S. price. subject to change without notice
© 1981 Texas Instruments Incorporated

Circle 4 on Inquiry card.
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fo) CONVENTIONAL

BODY OF LOOP

L
—

(b)

100
110

IF (opposite of condition) THEN 300
(BASIC statements for body of loop,
done if condition is true)

GOTO 100

(first statement of next.construct)

299
300

Figure 3: The while...do loop as a control
structure. Figure 3a shows the while...do
loop in conventional flowchart notation.
Figure 3b shows the equivalent loop in
BASIC code.

The if...then...else construct is fair-
ly straightforward in the conven-
tional flowchart (figure 2a). In the
structured flowchart version (figure
4b), the boxes to be performed are to
the right of the decision diamond,
with the understanding that only one
of the two boxes will be performed
based on the value of the condition in
the diamond. If the “else” side of the

SUBTASK 1

|

SUBTASK 2

|

SUBTASK 3

l

(o)

WHILE

SUBTASK DONE IF
CONDITION 1S TRUE

(CONDITION)

I

BODY OF LOOP

SUBTASK DONE IF
CONDITION IS FALSE

r6)

(c)

Figure 4 The basic structured flowchart notations. Figure 4a shows the structured flow-

chart notation for a sequence of tasks; it is

Figure 4b shows the structured flowchart notation for the if..

equivalent to the flowchart of figure 1a.
.then...else construct

(equivalent to figure 2a); note that it is the placement of the letters T and F (for true and
false) that determines the conditions under which a given subtask is performed. Figure

4c shows the structured flowchart notation for the while..

.do construct (equivalent to

figure 3a); the diagonal line leading down indicates that the condition (in the hexagon) is

performed before the body of the loop.

construct is not needed, the box
labeled F is eliminated. In this case, if
the condition does not evaluate to
true, no actionis performed, and con-
trol continues with the next construct
following the decision diamond.

The notation for the while...do
construct is not as easily derived. The
conventional flowchart cannot direct-
ly express this kind of loop; it must

use a decision diamond and an exter-
nal loop (figure 3a). The structured
flowchart version (figure 4c) intro-
duces a new symbol, a hexagon. (Ac-
tually, the hexagon is used to denote
one of several kinds of loop struc-
tures; the word while makes this a
while...do loop.) The box connected
below and to the right of the hexagon
is performed as long as the condition

* % %

£ MM

* NORTH STAR USERS
8" FLOPPY SUBSYSTEM HAS DAWNED ON THE HORIZON
COMPLETE WITH MANUALS. SOFTWARE, HARDWARE FULLY INTEGRATED, READY TO RUN

* i nll\ companiblic with North Star hardwaee ® Allows use ot 87 and or 57 drives  *Detailed, 80 page manual included * Background print tashs
* Supports tloppy tiles up to 4.2 MB *Simple, plug-in operativn *Fully CI*’M*

compatible * File security * Extensive utilities included

* * * *

DMA-DOS Software

Tarbell Double Density Controller
Cables :

Dynamic Microprocessor Assocndles l)usk Operalmg System

$200
and power supply

$420 Total package

. %40

Dual Shugart 8" 800R drives in cabinet with fan

I'rice« and otters subject to ch.m;,p wnhuut notice

.. $1,250
$1,910

=
-
2
v
I
I
A
>
=
-
£
E
%
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The 2nd Generation is here!

MEASUREMENT systems & controls proudly vectored priority interrupts, RS-232C interfaces
introduces its new and exciting “2nd Generation” with full handshake, asynchronous or synchronous
family of S-100* compatible products. Each has operation with asynchronous baud rates to 19,200.
been specifically designed for use with Available in four or eight channel versions.

multi-user and network
operating systems such
as MP/M, CP/NET, and

OASIS. Every product is

DOUBLE DENSITY
FLOPPY DISK
CONTROLLER BOARD—
fully tested and burned- controls up to four 5%-
in, comes with a 1 year - . , inch or 8-inch disk drives
guarantee, and offers : s i AR using IBM soft sectored
you features not E ' | formats. It features 1K
currently available from of on-board buffering,
any other source. DMA controlled data
! . e : transfers and the per-
Z80 PROCESSOR o YA \ e’ Fee, formance character-
BOARD — The most R . istics of the superior

powerful CPU board available today. Outstanding NEC 765 chip.
features include 4MHz operation, high-speed serial
and parallel /O utilizing DMA or programmed 64K BANK SELECTABLE MEMORY BOARD —
control, eight vectored priority interrupts, and a Features include I/O port addressing for bank
real time clock. select with 256 switch selectable I/0 ports for the
memory bank addressing. The memory is
MULTI-USER SERIAL I/O BOARD — For use in configured as four totally independent 16K
expanded systems requiring up to eight additional software-selectable banks, with each bank
serial I/O ports. Features include: 16 maskable addressable on any 16K boundary.

*All products meet the new IEEE standards.

“Attractive Dealer & OEM Prices”
See your nearest computer dealer, or
contact us for the complete story on

The 2nd Generation.

S ST Group
1601 Orangewood Ave. / Orange, Calif. 92668

A Division of MEASUREMENT systems & controls (714) 633-4460 TWX/ TELEX: 678 401 TAB IRIN
incorporated




TASK X _—}

l SUBTASK 1

l

SUBTASK 2

SUBTASK 3a

SUBTASK 3b

SUBTASK 4

SUBTASK 5§

Figure 5: Example of the subdivision of a task. A central rule of structured flowcharts is
that any box can be broken into multiple boxes that represent the necessary subtasks.
Here, task X is broken into five subtasks executed in top-to-bottom order. Subtasks 1,
2, and 5 are simple subtasks. Subtask 3 is an if...then...else construct. Subtask 4 is a
while...do loop.

listed in the hexagon is true. The con-
dition is performed first (denoted by
the position of the hexagon being
spatially above the box being per-
formed); this allows the possibility of
the body of the loop being performed
zero times if the condition is initially
false.

The fourth and pivotal construct of
this programming notation, decom-
position, can best be stated as a rule:
any box representing a task can be
broken into multiple boxes that repre-
sent the necessary subtasks. The sub-
tasks may be rectangular boxes that
represent simple tasks, or they may
be any other valid structured flow-
chart construct (if...then...else,
while...do, etc). They are written top
to bottom in the order of perfor-
mance, with the line denoting pro-
gram flow entering each subtask box
from its top and exiting from the bot-
tom.

Figure 5 illustrates the above con-
struct. Task X is composed of five
subtasks performed in numeric se-
quence. Tasks 1, 2, and 5 are simple
subtasks. Subtask 3 is an if...then...
else construct that allows either sub-
task 3a or subtask 3b to be per-

ZENIT

S & M Systems, Inc., the "All-In-One” Software Company

BUSINESS SOFTWARE

FOR THE 2-89!

is offering a full line of Business Packages for the
"All-In-One” 2-89 Microcomputer

Inseq-80(rm) Business Software Systems
Industry Standard Osborne Based: Accounts Payable/Receivable,

General Ledger, Payroll

S & M Software: Retail Inventory Control, Invoicing,
Manufacturers Inventory Control, Customer Mail List

PLUS MANY MORE!!

All Systems have been Field Tested and are ready for shipment!
CALL ABOUT OUR NATIONAL DEALER PROGRAM AND JOIN THE BEST
IN SELLING THE FINEST SOFTWARE ON THE Z-80 MARKET!
SYSTEMS ALSO OPERATE ON TRS-80 MOD I, MOD II, MOD Il
AND ALTOS MICROCOMPUTERS

For Further Information, Contact: § & M Systems, Inc.
P. C. Box 1225

Hawverhill, Massachusetts 01830

Or Dial Direct: 1-617-373-1599

1-617-481-5231

March 1981 © BYTE Publications Inc
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Time & Money. Commodore, Atari’ & Apple’
users get more with VisiCalc™ software.

A financial VP in Massachusetts is cutting the time it takes
to prepare month-end reports from three days to three hours.

A California company is replacing most of its time-share
computer service with a personal computer and VisiCalc,
saving at least $30,000 the first year.

Thousands of other personal computer users are also sold
on how VisiCalc is increasing their productivity. Besides saving
time and money, theyre simplifying their work and getting
more information that helps them make better decisions. A
typical user reaction comes from a New York dentist:

“VisiCalc has become an integral part of my business.’

VisiCalc displays an “electronic worksheet” that auto-
matically calculates nearly any number problem in
finance, business management, marketing, sales, engi-
neering and other areas. The huge worksheet is like a
blank ledger sheet or matrix. You input problems by
typing in titles, headings and your numbers. Where
you need calculations, type in simple formulas
(+,—X,+) or insert built-in functions
such as net present value and averaging.
As quickly as you type it in, VisiCalc
calculates and displays the results.

"I am extremely impressed with Visi-
Calc’s capability, flexibility and orderly
presentation of instructions’’

So writes the director of a NewYork cor-
poration. He appreciates VisiCalds powerful
recalculation feature. Change any number in
your model anid instantly all numbers affected by
that change are recalculated and new results are
displayed. You can ask “What if . . 2, analyzing
Commodore is a registered trademark of Commodore
Business Machines Inc., Atari is a registered trademark of

Atari Inc, Apple is a registered trademark of Apple
Computer Inc.

more alternatives and forecasting more outcomes. It really
increases your decision-making batting average!

When you finish, you can print a copy of the worksheet just
as it appears on the screen and/or save it on diskette.

1 like VisiCalc’s ease of use’’

That response comes from a Utah businessman usirig Visi-
Calc for production forecasts, financial report ratio analysis and
job cost estimating, Ease of use is VisiCalc's best-liked feature.
It's designed for a non-programmer, and has an extensive, easy-
to-understand instruction manual.

Users also like solving a wide variety of problems with
VisiCale . . . and solving them their way. VisiCalc can even
justify the cost of a personal computer, according to a New
Hampshire financial analyst:

“VisiCalc is paying for itself over and over.’

VisiCalc is available for 32k Commodore PET/CBM, Atari
_ 800 and Apple disk systems. VisiCalc is written by Soft-
n ware Arts, Inc.

See VisiCalc at your Personal Software dealer
For your dealer’s name, call Personal Software Inc.
at 408-745-7841, or write 1330 Bordeaux Drive,
Sunnyvale, CA 94086.

While there, see our other Pro-
ductivity Series software: Desktop Plan
and CCA Data Management System.

AN They’re like time on your hands and
Hmd money in the bank.

I jre ?Eﬂsoma\%
f ) sorf\m\
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formed. Subtask 4 is performed as
long as the condition within the hexa-
gon (B>Y) is true. Of course, any
subtask box may be further divided
into its component subtasks.

Since any box can be broken into
component subtasks, you can now
see how this notation is used to design
a program. The boxes in the leftmost
column give the overall design of the
program; boxes are then expanded to
the right as each box (task) is divided
into boxes representing the appropri-
ate combination of subtasks. As a
result, you can scan any one of
several of the leftmost column of
boxes for an overview of varying
depths of the program design, or you
can study the implementation of any
major or minor subtask by concen-
trating on only the boxes and control
structures growing to the right of the
given subtask.

An Example
The following example will il-

FINOMAX

INITIALIZATION

lustrate the process of developing a
program using structured flowcharts.
Using the example of table 1a, sup-
pose you are given an array of N
numbers, V(1), V(2),...V(N), and
have to find the index value MAX-
INDEX such that the largest value in
the V array is MAXV=V(MAX-
INDEX). The entire structured flow-
chart for this problem is given in
figure 6.

Cover the right three-fourths of the
flowchart so that only the subtasks
numbered 1, 2, and 3 are visible. This
is what the “first pass” of the flow-
charting effort should look like. Sub-
task 1 is the initialization of the prob-
lem. Subtask 2 is the determination of
MAXINDEX and MAXV. Subtask 3
is the printing of these two values.
Since the task in subtask 3 is simple
enough to be directly accomplished in
the target language (for example,
BASIC), it need not be subdivided.

Subtasks 1 and 2 are developed
concurrently. Subtask 2 is basically a
loop that examines V(1), V(2),...V(N)
in turn, keeping the appropriate
values for MAXV and MAXINDEX
for the I elements encountered thus

1.1

MAXYV=-9-102°

1.2

[

MAXINDEX =0

1.3

2

INDEX = 1

FIND LARGEST VALUE MAXV

AND ITS INDEX MAXINDEX

PRINT MAXV, MAXINDEX

END

WHILE
INDEX SN

2.1.1 I

far. The values of MAXV, MAX-
INDEX, and INDEX must be set (as is
done in subtasks 1.1, 1.2, and 1.3).
Note that this loop could have been
done more easily using a do-loop;
other optimizations could also have
been made, but this example is given
for the purposes of illustration only.

The main work for each element is
done as subtask 2.1.2: if the current V
element being examined (ie:CURRV)
is greater than the maximum V ele-
ment so far, MAXV and MAXINDEX
are set to the current array and index
values, respectively. These subtasks,
numbered 2.1.2.1 and 2.1.2.2, are
performed only when the relationship
given in the diamond of 2.1.2 is true.

Once the structured flowchart has
reached the level of detail shown in
figure 6, most of the design considera-
tions have been conceived and per-
fected; it is then a simple task to
translate the program into BASIC
(see listing 2) or any other general-
purpose computer language. The
benefits are more pronounced when
used with a larger program. If a struc-
tured flowchart is subdivided to the
right until each box represents a task
that can be directly coded in the tar-
get language, you will catch most of
the “oops, I forgot to...” insertions
and changes that programmers
generally think of after they have
started coding the program.

Other Control Structures

Although the three constructs
discussed so far are sufficient for
writing any program, it is not always
convenient to use only these con-
structs. Other control structures can
be devised for the convenience of the
programmer. For example, boxes 1.3,

CURRV = V(INDEX)

21.2.1 ]
MAXV s CURRV

2.1.2.2 l

INDEX = INDEX +1

MAXINDEX =INDEX

Figure 6: Structured flowchart for program FINDMAX. Given an array V with N elements, the problem is to find the largest element,
MAXV, and its index within the V array, MAXINDEX. The numbers above each box give the sequence and level of that box in rela-
tion to the entire problem. For example, box 1 can be broken into three subtask boxes: 1.1, 1.2, and 1.3,

32  March 1981 © BYTE Publications Inc
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General 1/0 Processor

How to tell if it's a White Computer.

(Users 2 through 16 — multiuser expansion
with high performance through distributed
processing.)

Look for a single user CP/M® system that ex-
pands to multiuser configurations economically.

Look for independent 6 MHz Z80B-based User
Modules with 64K of RAM memory, each module
with a port to the user terminal capable of handling
baud rates of up to 38K under program selection.
Look for high-speed block data transfers from user
modules to the Global Processor for disk storage.
That way, CP/M programs run indepen_dently for
each user. Fast. And each users’s station acts just
like the fastest standalone system — no delays no
waiting for other users.

Look for a Z80-based Global Processor for disk
and tape I/0 that transfers data from disk to user
modules at the data tran'sfer rate of the peripheral
device. And a controller that handles as many as 8

SMD disk drives for up to 528 megabytes of hard
disk storage, plus up to four 8" floppies, plus op-
tional streaming tape backup.

And look for a Z80-based General I/0 Processor
that supports up to eight printers — with 64K bytes
of independent buffer memory.

That's part of how you tell if if's a White Com-
puter. There’s a lot more. Here’s a number and
address for more information.

CP/Mis a registered trademark of Digital Reseach.
Z80, ZBOA, ZBOB are registered trademarks ofZilog Corporation.

CWHILE

C OMPUTER S

White Computer Compény A 1876 Industrial Way
Redwood City, California 94063 A 415 364 7570
{

o




2.1, and 2.1.3 in figure 6 can be re-
placed by a control structure that is
available in most programming lan-
guages—a do-loop that varies INDEX
from 1 to N. An example of the nota-
tion I have devised for this is given in
figure 7a; the body of the loop is per-
formed according to the parameters
given in the hexagon.

Another well-known control struc-
ture is the repeat...until loop, shown
in figure 7b. The position of the body

FOR | =
1 1010

of the loop, above and to the right of
its associated hexagon, is meant to
signify that the body of the loop is
performed before the condition is
tested. Although the meaning of this
notation does not implicitly follow
from its form, it was chosen for its
simplicity and consistency with the
notation already developed.

Other constructs come to mind: a
case structure, an unconditional goto,
and two controlled gotos—the restart

BODY OF LOOP

|

v BODY OF DO-LOOP

UNTIL
(CONDITION}

fa/

16)

Figure 7: Structured flowchart notation for a do-loop and a repeat. ..until loop. In the
do-loop, figure 7a, the hexagon contains all pertinent information defining the loop,
and in the form most comfortable to the user. In the repeat...until loop, figure 7b, the
notation is interpreted as showing the body of the loop being executed before the condi-
tion is tested. In both cases, the box representing the body of the loop can be expanded

to the right, into its component subtasks.

If You Own a 56K CP/M Machine,
Then You Should Have Leverage

Leverage is an innovative new informa-
tion management system recently intro-
duced by Urban Software Corporation. It
combines a number of powerful tools,
including full screen data entry, report
generation, word processing, and subset
extraction, into an integrated, easy-to-use
package. The Leverage system provides
many capabilities previously available only
through costly custom programming, yet it
is designed for use by non-programmers.

Leverage Highlights
e Data bases are easily configured to
your particular applications; prototypes for
mailing lists, personnel files, appointment
calendars and inventory systems are pro-

vided.

® Flexible report generator lets you
define report formats such as alphabetized
lists, tables, directories and schedules.

e A ““Help Key'' allows instant, in-con-
text access to an on-line manual over
80,000 characters long.

e Graphic menu selection provides opti-
mal responsiveness and ease of use.

e Written in “C,” a powerful systems pro-
gramming language developed by Bell Labs
in conjunction with its UNIX operating
system (most of UNIX is written in “‘C").

e Sophisticated programming techniques
like hash table coding, dynamic overlays,
shell sort and heap sort guarantee maxi-
mum efficiency.

Leverage Program. . ... $185

Manual alone. ........ $ 15 (Applicable to subsequent purchase of program)
Educational rates available. UNIX is a trademark of Bell Labs, CP/M of Digital Research.

If your local dealer does not yet have Leverage, use the reader service card or call

Urban Software for a brochure.

Urban Software Corporation
19 West 34th Street ® New York, NY 10001 * (212) 947-3811
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(restart the innermost containing
loop) and the exit (go to the first task
after the innermost containing loop).
Although I have used some of these
constructs for quite some time, they
are not presented here because I am
not yet satisfied with the notations I
have developed for them. In any case,
structured flowcharts are meant to be
a personal notation—you should add.
to and modify these constructs to fit
your needs.

Conclusions

I have found structured flowcharts
helpful in designing programs. The
notation is obviously intended for
weakly structured languages (like
BASIC), as its utility decreases when
the structure of the target language
increases.

The notation is, at the moment, in-
formal, and it should stay that way.
It should be extended and modified in
whatever way seems useful to you. In
particular, you should use additional
notation for special features of the
target language (eg: global and local
variables, use of a stack of inter-
mediate computation) when appli-
cable. If the structured flowchart is to
be read by another person, however,
you should define all the structures
used in terms of their equivalent
unstructured (conventional) flow-
charts.

If the final structured flowchart is
to be redrawn, you should do so with
clarity in mind. Place only those
boxes that help explain the overall
design with the main flowchart; leave

"the implementation details to subor-

dinate flowcharts.

I hope you will find this notation
useful. I would appreciate your sug-
gestions, criticism, and comments. B
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TRS-80* Model I Computer Owners . .

e

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 levels 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 35-track 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 configurations in
all three model lines, 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

guality control measures as TFD-100 and TFD-200
rives.

s

TFD-100™ Drives

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

TFD-200™ Drives

i 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-
| 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. In Canada call 519-824-7041.

™ \rademark of Percom Data Company. Inc.

Terademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company

Circle 25 on Inquiry card.

Prices and specifications subject to change without notice.

The DOUBLER™ — This proprietary
adapter for the TRS-80* Model I com-
puter packs approximately twice the
data on a disk track.

Depending on the type of drive, you
can store up to four times as much
data — 350 Kbytes— on oneside ofa
AL minidiskette as you can store using a
Tandy standard Mode! I computer drive.

Easy to install, the DOUBLER merely plugs into the disk
controller chip socket of your Expansion Interface. No rewir-
ing. No trace cutting.

And because the DOUBLER reads, writes and formats
either single- or double-density disks, you can continue to
run all of your single-density software, then switch to dou-
ble-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
programs from single- to double-density or double- to sing-
le-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-track drives rated for double-density operation.

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

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

PERCOM

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

[2148)272-3421

Call toll free




Build the Disk-80

Memory Expansion and Floppy-Disk Control

The term “memory expansion” no
longer causes the same pained expres-
sion among computer owners as it did
a few years ago. Back in the “Model
T"” days of personal computing, it
was a major undertaking, often the
largest expense of setting up a per-
sonal computer system. At that time,
volatile memory integrated circuits
contained only a fraction of the
capacity of those available today,
and mass storage often consisted of
slow audio cassettes.

Back in 1975, if you were adding
32 K bytes of memory to your com-
puter you would probably have used
256 type-2102A 1 K by 1-bit static
memory chips. These cost between $2
and $5 each, and you probably would
have needed a power supply larger
and heavier than the computer.
Believe it or not, the 2102A was a ma-
jor improvement over the previous
type-1101 memories (256 by 1-bit
static devices). It would have taken
1024 (1 K) of the type-1101 com-
ponents to make 32 K bytes.

Since that time, memory tech-
nology has progressed by leaps and
bounds, and the cost per bit has
dropped considerably. Many com-
puter manufacturers now use dynamic
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rather than static memory. The result
is much higher density, lower system
cost, and easier after-market memory
expansion on most computers.

The 64 K-byte personal computer
system is more common than you
would imagine. Adding another 16 or
32 K bytes of memory these days
simply means plugging a few (8 or 16)
integrated circuits into a memory-
expansion unit or motherboard.
Usually the standard power supply
suffices.

Even with these advantages, using

—

Photo 1: The Disk-80 mounted in its
enclosure and attached to the TRS-80
Model 1 computer. The Disk-80 is about
half the size of the Radio Shack TRS-80
Expansion Interface.

dynamic memory is not quite as sim-
ple as it sounds. There are con-
siderable differences between static
and dynamic memory. Most people
know relatively little about designing
a dynamic-memory system, and even
professional designers are intimidated
by having to deal with multiplexing
addresses, selecting bus drivers, se-
quencing activation of power sup-
plies, and decoupling and noise. |
don't expect that reading this article
will make you into an authority on
dynamic memory, but perhaps you
will at least have a better under-
standing of it.

Mass-storage technology has also
progressed during this same period.
Displacing the audio cassette as the
exclusive medium, the floppy disk
and Winchester-technology hard disk
have become the de facto storage
standards.

For some time I have wanted to
present articles on dynamic-memory
and disk-controller integrated cir-
cuits. I have delayed chiefly because I
generally prefer to present my articles
as usable applications.

The three largest-selling personal
computers, the Radio Shack TRS-80,
the Apple I, and the Commodore
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PET, use 16 K-bit dynamic-memory
chips. Only the TRS5-80 Model I re-
quires the user to add extra memory
via an external module, the TRS-80
Expansion Interface. (The TRS-80
Model Il does not.)

This month’s hardware project, the
Disk-80, is an expansion interface for
use with the TRS-80 Model I that ex-
pands the user memory and provides
for the attachment and control of
floppy-disk drives. Dynamic memory
and a specialized floppy-disk-drive
controller are used. Although this
project was designed for use with the
TRS-80 Model I, the elements of the
systems and the principles involved
are applicable to any personal com-
puter.

What's Inside the Disk-80?

The Disk-80, shown in photo 1, is
completely hardware- and software-
compatible with the TRS-80 Model I
and includes hardware enhancements
for increased reliability. Readers
familiar with the TRS-80 Expansion
Interface will note that the Disk-80 is

Copyright © 1981 by Steven A Ciarcia.
Al rights reserved.

considerably smaller.

The keyboard/processor module of
the TRS-80 Model [ system is a single-
board computer with memory-
mapped video display and keyboard.
The only provision for [/O (in-
put/output) in the basic configura-
tion is an [/O port for an audio-
cassette recorder and a single-bit
relay line for control of the recorder
motor. Any user-memory expansion
beyond 16 K bytes and any printer or
disk I/O must be handled externally.
The unit sold by Tandy/Radio Shack
to perform these functions is called
the TRS-80 Expansion Interface.

Figure 1 is a block diagram of the
Disk-80. It attaches to the key-
board/processor unit through the
40-pin TRS-BUS connector and pro-
vides the following functions:
32 K-byte user-memory expansion,
Centronics-compatible parallel
printer port (full 8 bits), real-time
clock, four-drive 5-inch floppy-disk
controller, external data separator
(used in reading floppy disks), buf-
fered TRS-BUS connection to other
peripheral devices, and power sup-
ply.

The three major functional sections
are as follows:

Photo 2: The Disk-80
printed-circuit board (cir-
cuit of figure 2). The red
cable connects to the ex-
pansion connector on the
TR5-80 keyboard/pro-
cessor module. The 34-pin
edge connector above the
red cable is a 5-inch
floppy-disk drive interface
connector. The sixteen in-
tegrated circuits lined
against the left side of the
board are 32 K bytes
worth of type-4116
16 K-bit dynamic memory
devices.

e Memory-expansion section, which
accommodates up to 32 K bytes of
dynamic memory;

e Four-drive 5-inch floppy-disk con-
troller; and

e Parallel printer port.

The activities of these sections are
coordinated through a common ad-
dress decoder.

The Disk-80 system is divided into
two circuit boards. The main board,
shown in photo 2 and outlined
schematically in figures 2a, 2b, and
2c, contains everything except the
power supply and the printer port.
The other board, referred to as the
power-supply/printer-interface
board, is shown in photo 3 on page
45.

Disk-80 Addressing

The disk controller, printer, and
real-time clock are addressed as
memory-mapped parallel I/O ports
through IC28, a 74L5155 decoder.
Eight strobe signals are produced to
decode memory addresses within the
range of hexadecimal 37EQ to 37EC
(only six of these are used in the
Disk-80) to coordinate these pe-
ripherals. Their functions are shown
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Figure 1: Block diagram of the Disk-80 expansion interface for the Radio Shack TRS-80 Model I.

Elements of the
systems presented and
the principles involved

are applicable to any
personal computer.

in table 1 on page 44.

IC26, an eight-input NAND gate,
and IC27, a 74LS139 decoder, func-
tion as memory-bank decoders. They
produce two strobe signals. One,
designated 32 K (or informally,
32 K enable), is the active-low enable
strobe for expansion memory be-
tween hexadecimal addresses 8000
and BFFF. The second strobe, 48 K
(or 48 K enable), controls the bank of
memory between CO00 and FFFF.

Operation of Dynamic Memory
When designing memory systems,
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it is necessary to understand both the
components and the computer sys-
tem. In the past, the most popular
dynamic memory components were
MK4096- and MK4027-type 4 K by
1-bit devices. Today the standard
memory component in personal com-
puters is the MK4116. (More recent-
ly, maximum density has increased to
64 K bits per chip. Unfortunately,
these parts are expensive, about $70
each, and are not yet generally used
in personal computers.)

The 4116 is a 16 K-bit dynamic
memory device. The 14 address bits
required to specify one of the 16,384
cell locations that each store a single
bit of data are multiplexed into seven
shared pins. The timing of the signals
presented to these pins is shown in
figure 3 on page 45.

During execution of a Z80
memory-read or memory-write in-
struction, a 16-bit address is present
on the processor’s address bus. If the
memory address is between hexa-

decimal 8000 and FFFF, the processor
will try to find the addressed memory
devices in the Disk-80's memory-
expansion section. Decoding address
lines Al4 and A15 determines
whether the location is in the 32 K or
the 48 K memory range and enables
the appropriate bank. The remaining
14 bits are multiplexed directly into
the eight 4116s (one 4116 is used for
each bit of the addressed byte loca-
tion).

IC20 and IC21, 7415157 quad 2-to-
1-line multiplexers, apply the first 7
row-address bits to each 4116
when the MUX (multiplex) and RAS
(row-address strobe) signals are low.
This latches the row address into the
4116. Next, the MUX signal goes
high, applying the 7 column-address
bits to the 4116, and CAS (column-
address strobe) goes low. At the con-
clusion of this sequence, data is either
written into or read from the 4116

Text continued on page 44
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Figure 2a: Schematic diagram of the address-decoding and buffering section of the Disk-80. Figure notes are found in the text box on

page 44.
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Figure 2b: The memory-expansion section of the Disk-80 module. See notes on page 44.
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Text contintied from page 38:
depending upon the polarity of
the Write Enable input. In turn,
the Read Enable line controls the
direction of data flow through the
memory data buffers, IC17 and I1C18,
7415244 non-inverting octal buffers.

The MUX, CAS, and RAS signals
are generated within the TRS-80
keyboard/processor module in a 3-bit
shift register. Figure 4 on page 46 il-
lustrates, in simplified logic, the
derivation of these signals.

At the beginning of each read or
write cycle, the Z80 microprocessor’s
MREQ (memory request) line is
pulled low. The MREQ signal is also
used by the TRS-80 as the RAS
signal. The RD and WR (negative-
logic read-enable and write-enable)
lines are logically ORed to feed the
CLR (clear) inputs and the D input of
FF1, the first flip-flop in the 3-bit shift
register. When either RD or WR
goes low, a logic 1 is loaded into FF1
at the occurrence of the rising edge of
the 10.6445 MHz master clock pulse.
On the next clock pulse, the logic 1 is
shifted into FF2, the second flip-flop,
of which the Q output controls the
MUX signal. The next clock pulse
shifts the logic 1 into flip-flop FF3.
The_inverted Q output of FF3 is
the CAS signal to memory. When
theRD or WR line goes high again,
the three flip-flops are cleared and the

Notes

L On IC1 thru IC16 (the 4116
components) the +5V lead on
each IC should have one de-
| coupling capacitor. One decou-
pling capacitor should be on every
| other chip for the +12V and
—5 V leads, for a total of thirty-
two decoupling capacitors. Careful
placement of decoupling capac-
itors is absolutely critical to proper
operation.

2. All other places where de-
| coupling capacitors are required
are denoted by an asterisk (*) on
the diagram.

3. All capacitors are 12 V ceramic
disk type unless otherwise noted.

address multiplexers are reset.

It is easy to see that multiplexing
the addreses is fairly simple, especial-
ly when the signals needed are
available on the 40-pin TRS-BUS con-
nector.

Interestingly enough, Radio Shack

production TRS-80 Expansion Inter-
faces. Because some of the signal
pulses are very short in duration
{about 200 ns) and susceptible to
noise, the early-production Expan-
sion Interfaces had to have a buffered
cable to eliminate memory errors.

4. All resistors are 1/4 W 5%
tolerance carbon-film type unless |
otherwise noted.
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did not use these signals in late- Eventually, this arrangement was

Write Strobes
37E0 — disk-drive select (1 of 4)
37E4 — not used
37E8 — printer data out
37EC — set disk-controller registers

Read Strobes
37E0 — read real-time clock/reset interrupt
37E4 — not used
37E8 — read printer status
37€EC — read disk-controller registers

Table 1: Hexadecimal memory-mapped addresses of registers used by the Disk-80 to
coordinate the disk-drive controller, the printer interface, and the real-time clock.

IC Number Type +5V GND  +12Vv -5V

1 thru 16 4116 (200 ns) 9 16 8 1

17 7415244 20 10

18 7415244 20 10

19 741532 14 7

20 74L5157 16 8

21 74LS157 16 8

22 74LS00 . 14 7

23 74L514 14 7

24 7415244 20 10

25 7415244 20 10

26 74LS30 14 7

27 74LS139 16 8

28 74LS155 16 8

29 7416 14 7

30 7416 14 7

31 74LS20 14 7

32 74LS175 16 8

33 74L5123 16 8

34 74L5123 16 8

35 74LS00 14 7

36 74LS04 14 7

37 741574 14 7

38 741574 14 7

39 74L5240 20 10

40 7415240 20 10

a1 7415367 16 8

42 INS1771D-1 21 20 40 1

43 CD4049 1 8

44 74LS90 5 10

45 CD4518 16 8

46 CD4518 16 8

47 741574 14 7

48 74LS74 14 7

49 74LS00 14 7

50 74LS14 14 7

51 *
Table 2: List of integrated circuits and power-wiring requirements for the Disk-80,
excluding those integrated circuits found on the optional power-supply/printer-
interface circuit board. The entity marked IC51 on the schematic diagram is really a
connector for the 14-conductor ribbon cable running between the power-supply/
printer-interface board and the disk-controller board.




replaced with a circuit in the Expan-
sion Interface that derives the MUX
and CAS signals by sending RAS
through a delay line. Of the three
original signals, only the RAS
signal, which has the longest pulse
duration, is used.

If cable lengths are kept to a
minimum and proper signal termina-
tion is employed, there is no good
reason why any signal available from
the keyboard/processor module
should not be used. The Disk-80 uses
a combination of active termination
and Schmitt-trigger inputs to
guarantee reception of all available
signals.

Memory Refreshing

So far you have heard only the
good things about dynamic memory.
One of the less desirable character-
istics is called memory refreshing.
Unlike static memory, which stores
data in active bistable circuits com-
posed of three transistors, the
dynamic 4116 stores its 1s and Os in
single-transistor cells that simulate
capacitors. As from a capacitor, the
electrical charge that represents a bit
slowly drains off unless it is “re-
freshed.” Refreshing is accomplished
by addressing ail memory cells (or a
required minimum of them) on a
regular basis. .

The 4116 is a RAS-only-refresh
device. Instead of addressing all
16,384 bit-cell locations, only the 128
rows are cycled. This type of
refreshing uses only the RAS signal
and is achieved in less time than
methods that use both row and col-
umn addressing. Because the MUX
and CAS pulses are not used, the
memory is not enabled, and the
refreshing does not interfere with
other system operations. However,
all 128 rows must be addressed at
least every 2 ms to avoid loss of data.

Refresh circuits are generally
binary counters that generate sequen-
tial addresses which are applied to the
memory chips. The Z80 processor in-
cludes a built-in 8-bit RAS-only
retresh register. During the decoding
and execution of an instruction op
code, the 7 bits of the refresh register
contents are placed on the low-order
lines of the address bus, and
the MREQ line is strobed. In effect,
the Z80 accomplishes ‘“hidden
refresh” as it executes its normal pro-
gram. For more information on this
capability, I refer you to the Zilog

Z80-CPU Technical Manual.

Sequencing the Power Supply and
Decoupling

Unfortunately, in addition to
refreshing dynamic memory, a
designer has to be concerned about
sequencing the turning on of the

ov
+5V

ov—— |
+5V

ov

+5V

(2]
w

ov
+5V

Dour

oy ——+— +- —

DouTt

Figure 3: RAS, CAS, and MUX timing
diagram for 4116-type 16-pin dynamic-
memory integrated circuit. A 14-bit
address (16,384 by 1) is multiplexed _into
seven address pins. When MUX and RAS
are low, the row-address bits are read into
the 4116. Later, when MUX is high and
CAS goes low, the column bits are read
into the 4116, activating the data output
for that memory cell.

power supplies. While some brands
of type-4116 memory devices are
more tolerant than others, the follow-
ing rule must be applied: the —5 V
supply (Vgs) must be applied to the
4116 before the +12 V supply (Vp5),
and the —5 V supply must remain on
until the +12V supply has been
removed. The +5V (V¢¢) supply is
less critical, but it is best to turn it on
and off synchronously with the
+12 V supply. Many dynamic-
memory components have been de-
stroyed by designers not adhering to
these rules.

Supplying Power

Power-supply sequencing is impor-
tant because many power supplies
overshoot their rated voltages when
they are turned on. If Vg, (=5 V) is
not turned on and V,, (+12 V) over-
shoots to more than +15 V, the chip
will blow. Applying V., first pro-
vides an extra margin to prevent
device destruction. Also, Vgzz must
never go positive with respect to any
other input.

The Disk-80 power supply, shown
in photo 3 with the optional printer
interface, meets these requirements. [t
is designed such that the time con-
stants of the various sections produce
a phased start-up and shutdown. This
sequential operation is primarily
achieved by use of filter components

ASE 4700 7

iEdd—0— S sibe—p— i

o5
=
=
2
o
-

H

Photo 3: The Disk-80 power supply with the parallel printer interface. The power sup-
ply provides 1 A at +5V, 400 mA at +12 V, and 50 mA at —5 V, and is designed for
use with dynamic memories such as the 4116 that require sequenced application of

power.
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Figure 4: Simplified schematic diagram of the internal circuitry of the TRS-80 Model I showing the derivation of the memory-refresh

logic.

that are matched to the transformer
impedance. Also, because I have
designed it around a transformer with
specific secondary voltages, the
Disk-80 power supply is very efficient
and produces relatively little heat. It
is designed as a separate circuit
board, allowing it to be used with any
project requiring power for dynamic
memory. It easily powers the full
tifty-four-chip Disk-80, including
32 K bytes of memory.

A Centronics-compatible parallel
printer port can be optionally built on
the power-supply board. A schematic
diagram of this port was printed in
my previous article, “I/O Expansion
for the TRS-80, Part 2: Serial Ports,”
BYTE, June 1980, page 42.

Finally, techniques of properly
distributing power and decoupling
transient noise voltages must be ad-
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dressed. Correct layout of the com-
ponents in the Disk-80 is critical. The
4116s can generate high-current tran-
sients when in operation. Resulting
voltage spikes can cause data loss
unless the voltage transients are
minimized by properly placed
decoupling capacitors (a capacitor,
usually a ceramic disk type with a
value of 0.01 uF to 0.1 uF attached
between power and ground).

Some suggestions that are of par-
ticular concern in the memory area of
the circuit board:

eDecouple the Vg, and V,, supply
lines on every other chip.
eDistribute larger capacitors around
the board to reduce supply-voltage
droop.

e Decouple V¢ every few chips.
eKeep signal lines short.

Real-Time Clock

To be compatible with TRS-80
hardware, the Disk-80 contains a
real-time clock. It provides an inter-
rupt to the Z80 at a rate of 40 times a
second (every 25 ms). When the NMI
(nonmaskable interrupt) is enabled,
the clock-produced interrupts cause
the Z80 to transfer control to a
specific ROM (read-only memory)
address (the interrupt vector). Unless
there is a user-supplied routine to be
executed, the Z80 simply returns
from the interrupt sequence and con-
tinues where it left off. Various disk
operating systems for the TRS-80 use
an interrupt-servicing routine called
in this manner to increment a time-of-
day clock or event timer.

Five-Inch Floppy-Disk Controller
The Disk-80 uses an LSI (large-
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Figure 5: Simplified schematic diagram of a 5-inch floppy-disk external data separator. T he internal data separator of the FD1771 is
not recommended for use in such applications. This circuit can be added to any existing TRS-80 Expansion Interface (which does not
have an external data separator) to improve performance.

scale integration) floppy-disk-
controller integrated circuit. This one
component performs the following
functions: encoding, decoding, pat-
tern recognition, serial-to-parallel
and parallel-to-serial conversion,
CRC- (cyclic redundancy check)
character generation, and control of
the disk-drive mechanism.

Floppy-disk controllers are
available from a number of manufac-
turers in both single- and double-
density versions. Since practically all
TRS-80 Model I disk software is
stored in single density, the Disk-80
uses a Western Digital FD1771-B01
single-density disk-controller in-
tegrated circuit. This component is
second-sourced by National Semicon-
ductor as the INS1771D-1.

The standard single-density 5-inch
floppy-disk drive stores 110 K unfor-
matted bytes per disk distributed on
thirty-five tracks (some drives can use

forty or more tracks). Using a soft-
sectored format like that used in the
IBM 3740 Data-Entry System, each
track is divided into 16 sectors storing
128 bytes each. The total amount of
data that can be stored on a disk is a
function of the disk operating system
and the number of tracks per disk
supported by the drive itself.

The 5-inch floppy disk is rotated by
a DC motor at a speed of 300 rpm.
An 8-inch floppy-disk drive contains
an AC synchronous motor, which
spins the disk at 360 rpm. The bit
density of the data is the same, but,
due to the differences in rotational
speed and disk diameter, the 5-inch
drive transfers data at 125 kbps
(thousand bits per second) as com-
pared to the 8-inch drive's rate of
250 kbps. The 5-inch drive's lower
data rate makes programmed [/0 a
practical transfer method. Pro-
grammed data transfer through

specific registers requires less complex
hardware than DMA (direct memory
access) transfer.

Drive selection is handled by IC32,
a 7415175 4-bit register, and [C33a, a
741.5123 one-shot (monostable
multivibrator). Only one drive is
selected at a time, and the drive
motors are turned off between disk
accesses. To address a particular
drive, a one-of-four drive code is
loaded into IC32 through the
memory-mapped register at hexa-
decimal address 37EO. This action
starts a 5-second “motor-on” timer,
which is activated whenever a drive is
selected. It also activates the Head
Load Time (HLT) control line on the
FD1771. The software takes into ac-
count the 1 second required for the
motor to come up to speed and the
80 ms required for head loading.
Unless another access is made to this
same drive, the motor will shut off
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Disk-80 blank circuit board
(containing no components)
Power-supply/printer-
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Ordering Description
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PWR Kit
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Disk-80 Assembled
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$379.95

All printed-circuit boards are solder-masked and silkscreened and come
with assembly instructions. Various other components and kits are also
available. Call or write for a complete price list.

l
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Photo 4: External-data-separator section
of the Disk-80 board. An external data
separator is recommended when using the
FD1771 disk controller with the 5-inch
floppy disks. This circuit (shown in figure
5) can also be added to the Radio Shack
TRS-80 Expansion Interface to improve
performance. After setting the adjustment
potentiometers, use nail polish as shown
to lock their positions.

after 5 seconds.

The Z80 bus structure makes it
relatively easy to use a floppy-disk
system. All data, commands, and
control for the FD1771 are handled
through conventional memory-
reference instructions. Eight memory-
mapped ports (four in and four out)
handle all the communication be-
tween the Z80 and the FD1771. The
range of addresses is hexadecimal
37EC to 37EF.

The Z80 controls the FD1771
through eleven commands, which are
divided into four groups:

Type ] —Commands that move
the read/write head:
Restore, Seek, Step,
Step-in, Step-out.

Type II —Commands that read
and write data: Read
sector, Write sector.

Type lll—Commands that per-
form status checking
and formatting: Read
address, Read track,
Write track.

Type IV—Force-interrupt
mand.

com-

An address map of Type |, II, and
III FD1771 register-access functions is
shown in table 3 on page 50. The
commands and data are com-
municated to the FD1771 by setting
the appropriate logic levels on ad-
dress lines A0 and A1l (pins 5 and 6 on
the ' FD1771) and strobing either
the RE (read-enable) or WE (write-
enable) inputs (pins 4 and 2).

Many disk-control commands re-
quire a parameter such as a track or
sector address. This data must first be
loaded into the appropriate register in
the FD1771. To send a track address,
for example, the 8-bit track address is
loaded into the Z80's accumulator,
and a store-accumulator [LD (HL), Al
instruction to the track-register port
at address 37ED is executed.

Of the FD1771's sixteen control

Circle 26 on inquiry card. =
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lines, seven interface directly to the
disk drive through drivers and
receivers (type-7416 and 74L.514 com-
ponents). The Write Data line
transmits the digitized serial com-
posite data to be written on the flop-
py disk. The Write Gate line enables
the actual writing process. The
Index input transmits the pulse
from the index-hole photodetector
that indicates the beginning of a
track, and the Write Protect line
tells the controller when a write-
protected disk has been inserted into
the drive. The Track 00 line is ac-
tivated when the read/write head is
positioned over track 00 (the outer-
most track) of the disk’s surface. The
Direction Select line defines the
direction in which the head will move
when the Step line is pulsed. Each
pulse moves the head one track.

An External Data Separator Is the
Best Insurance

As previously mentioned, the
5-inch floppy-disk drive transfers
data at 125 kbps, while an 8-inch
drive transfers at 250 kbps. The dif-
ference in data rates affects the data
separator’s timing values as well as
the clock rate used by the controller
chip. The 5-inch drive requires a
1 MHz clock, while a standard 8-inch
drive uses a 2 MHz clock.

Data received from the drive’s elec-
tronic circuitry is a multiplexed com-
bination of data and clock pulses.
The FD1771’s internal data separator
can separate the data and clock bits,
but use of the FD1771’s internal data
separator is not recommended where
high reliability is required. An exter-
nal data separator must be added to
maintain a soft-error rate better than
1 in 10

The internal separator operates
from the 1 MHz system clock, which
is not synchronous with the clock
pulses of the disk data. Due to
mechanical variations and other fac-
tors, sometimes a bit of data can ar-
rive at the FD1771 at a point in time
"outside the data window,” that is,
when the controller is not expecting
it.

[Editor’'s Note: For a more detailed
explanation of the importance of the
data window, see "Interface a Floppy-
Disk Drive to an 8080A-Based Com-
puter” by John Hoeppner in the May
1980 issue of BYTE, page 72....RSS]
The nonsynchronous data window'’s
1 ps (microsecond) resolution can
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37EC 0o 0
37ED 0 1
37EF 1 0
37EF 11

Hexadecimal 37EC 37EC
Memory-Mapped A1l AQ Fead Enable Write Enable

Status Register
Track Register
Sector Register
Data Register

Table 3: Memory-mapped addresses used by the Disk-80 to communicate with the
FD1771 or INS1771 floppy-disk-controller integrated circuit. The FD1771 interacts
with the Z80 processor by memory-reference instructions, not by DMA. The
FD1771 can execute eleven high-level function commands.

e —

Command Register
Track Register
Sector Register
Data Register

SERIAL DATA

MISSING CLOCK PULSES
. /LD\ )

DATA WINDOW
(6us ONE-SHOT)

Uy

FALSE CLOCK
PULSE GENERATOR
{5.4us ONE-SHOT)

SEPARATED DATA |—]

“yn wg®

Figure 6: Timing diagram illustrating the operation of the external data separator shown
in figure 5 on page 47. Clock pulses are denoted by the letter C, data pulses by the letter
D,

move with respect to a data bit's ar-
rival by enough that the data bit can
actually fall outside the data window.
This would be interpreted as an error.

To help eliminate what has been a
major problem for TRS-80 Model [
disk users, the Disk-80 includes an ex-
ternal data separator. Neither the
Radio Shack TRS-80 Expansion Inter-
face nor the LNW Research System
Expansion Board has an external data
separator. Figures 5 and 6 illustrate
the circuitry and function of the
Disk-80's external data separator.

The external data separator places
a 400 ns (nanosecond) one-shot on
the Read Data line from the drive.
This arrangement reduces the Read
Data input pulse width from 1.2 us
to 400 ns. When configured for ex-
ternal clock and data separation, the
FD1771 requires pulse widths be-
tween 300 and 700 ns. The narrower
the pulse width, the better the data
separator’s resolution.

To produce the separator’'s data
window, a 6 pus one-shot is triggered
by the leading edge of the clock pulse.
Since the time between clock pulses is

8 ps, a data bit is expected within 4 us
after the clock pulse's leading edge.
The extra 2 us allow for shifts in the
phase of the data or clock bits. This is
all that is required to satisfy any
potential timing problems. However,
since we also have to be IBM 3740
compatible, more is required.

The IBM 3740 format creates a
unique addressing mark by dropping
three clock pulses during the address-
mark clock pattern. To produce data
windows during missing clock-pulse
intervals, a false clock pulse is
generated with a 5.4 us oneshot. If
the 5.4 us one-shot times out past the
expected instant of the next clock
pulse, its own pulse’s trailing edge
triggers the other (6 us) one-shot,
generating a data window.

A 3-bit counter distinguishes be-
tween missing clock pulses and ad-
dress marks. If the data separator is
already in phase, it is constantly reset
by the separated clock output. When
the separator encounters the address
mark, the counter is incremented by a
pulse on the separated data line. On
the occurrence of the fourth missing
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clock pulse, the data window is reset.
The separator becomes in-phase
again on the next true clock pulse.
Photo 4 shows the location of the
false-clock and data-window adjust-
ment potentiometers, R20 and R21,
on the Disk-80 circuit board. These
are the only user adjustments in the
unit. The best method for setting
them is to use an oscilloscope and a
pulse source. With only IC34 inserted
in the board and the +5 V supply on,
apply a 50 to 100 kHz clock pulse
first to IC34's pin 1. With a scope
probe on pin 4, adjust R20 until the
one-shot period is 5.4 ps. A similar
clock signal is applied to pin 9 of

1C34: that section should be set for a
period of 6.0 us by turning R21.

In Conclusion

The TRS-80 Model I may no longer
be on the minds of the marketing
moguls at Tandy Corporation, but
the hundreds of thousands of Model I
owners will want to keep using it.
Now that you know what is inside an
expansion interface, you could build
one, if necessary.

Correctly assembling an expansion
interface from the circuit diagrams of
figure 2 is more than just making all
the right connections, however.
Layout, decoupling, and power

You can extend the useful-
ness and data entry speed
of your TRS-80 by giving it
the graphics and menu ca-
pabilities of the Bit Pad One
digitizer.

With the Bit Pad and
proper software, you can
generate schematic dia-
grams; describe sales
curves to your computer; enter alphanu-
meric information by merely touching
printed letters on a menu, orenterorderor

inventory information by
merely checking boxes on
printed forms.

Bit Pad One, complete
with stylus, specially de-
signed plug-in TRS-80 in-
terface and power supply
cost just slightly over
1 $1,000.

If you don't have a digi-

tizer, you are restricting your TRS-80's
abilities. We"l gladly send you a list of dis- ~
tributors who have the Bit Pad One.

i corpotation

11 35 Brentwood Avenus, Fairfield,
CT 06430, (203)384-1344

Now, Bit Pad One~
digitizer makes it easy to add

graphics capability
toyour TRS-80! -

>
®
(2] KX
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distribution are probably the most
critical factors to be considered.

I had to be aware of these same
considerations while I was designing
the Disk-80, and I had a dilemma
when it came time to build the pro-
totype [ do for every Circuit Cellar
article. The Disk-80 uses fifty-four in-
tegrated circuits and 120 resistors and
capacitors. The placement of these
components is as important, in many
cases, as the inclusion of the compo-
nent.

To eliminate major trouble-
shooting headaches and make it
easier for others to construct this in-
terface, I went straight from my
schematic diagram to a printed-
circuit board, without breadboarding
or wire-wrapping. Besides making it
easier for me, the result is an elimina-
tion of the concern that experimenters
would have about the placement of
components and decoupling capac-
itors and the routing of signal lines.
The printed-circuit boards are
available from The MicroMint, at the
address given in the text box on page
48. The schematic diagram of the
power supply is not provided here
because the correct sequential ap-
plication of the voltages depends on
the use of the exact transformer and
components | specified; the circuit
may not work with substitute com-
ponents. If you really want a
schematic diagram and a parts list for
the power supply, send a stamped,
self-addressed envelope to The
MicroMint.

[ hope that many of you will take
this opportunity to build your own
expansion interfaces. B

Next Month:

Build a low-cost logic analyzer.

References
1. Z80-CPU Technical Manual. Zilog Inc,
10460 Bubb Rd, Cupertino CA 95014,
1977.
2. Hoeppner, John. “Interface a Floppy-
Disk Drive to an 8080A-Based Com-
puter.’* BYTE, May 1980, page 72.

Editor's Note: Steve often refers to previous
Circuit Cellar articles as reference material for
the articles he presents each month. These
articles are available in reprint books from
BYTE Books, 70 Main St, Peterborough NH
03458. Ciarcia’s Circuit Cellar covers articles
appearing in BYTE from September 1977 thru
November 1978. Ciarcia’s Circuit Cellar,
Volume 11 presents articles from December
1978 thru June 1980.




New iSBX Multimodule boards

Intel introduces a whole new dimension
in configuring single board computer systems.

Intel pioneered the concept of
flexible microcomputer system design
in 1976, with our family of iSBC™
single-board computers interfaced via
the Multibus™ system bus— presently
accepted as the industry standard.

Now we've extended this well-
accepted concept to board-level
de51 n: A new generation of Multi-

odule boards interface to iSBCs via
the new iSBX bus. So now you have
a second design option. You can
expand systems in large increments
with Multibus boards. Or in smaller,
more economical increments with
Multimodules.

The key to configuration
flexibility

The iSBX bus— the first physical/
electrical interface fordirecton-
board expansion of iSBC systems—
assures compatibility between these
systems and the emerging Multi-
module product line.

Present on all future Intel
single-board computers, the
iSBX bus saves design time and
space, and facilitates fast, easy
upgrading. System performance is

New Multimodules and iSBX Bus-compatible iSBCs

ISBC 80/10B Single Board Computer
B0B0A-based microcomputer with one
iSBX bus conneclor, 48 programmabie
1/0 lines; one USART. timer; c?auty
for 1K-4K bytes RAM; up to 161

EPROM

ISBC 80/24 Single Board Computer
8085A-2 based micracomputer oper-
| ating at 4.8 MHz (2.4 MHz o, gmonal)
two iISBX bus connectors; 4 rogram
mable 1/0 lines; one USART;
rogrammable limers programmable |
nterrupt controller; capacity for 4K-8K
bytes RAM; up t0 16K EPROM

ISBX 311 Analog Input Multimodule

8 or 16 input channels, voltage pro-

tected; 12-bit resalulmn, =20 mVto

‘" 9 full scale; 20 kHz samples/sec;
compatible with iCS 910 Signai Condi-
tioning Termination Panel

ETEh D et
[IIJ lmuumml [N
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ISBX 328 Analog Output Multimodule
8 channels of analog output; voltage or
4-20 ma current loop; 1 -bit resolu-
tion; compatible with iCS 910 Screw
Termination Panel

ISBX 331 Fixed/Fioating Point Math
Muitimodule
Fixed point single- (16-bit) and doubXe-
(32-bit) precision arithmetic; floating
me single- (32-bit) precision func-
jons; floating-to-fixed and fixed-to-
floating point conversions: transcen-
dental functions

1S8X 332 Flpating Point Math
Muitimodule

Single- (32-bit) and double- (64-bit)
precision arithmetic; cm:;atibic with
Pmposed |EEE format and existing
intel floating point standard

also improved because Multimodules
tie directly to the iSBC internal bus..
Connection to the iSBX bus is made
with a set of rugged connectors—
one on the iSBC board, the other
on the Multimodule itself.

The new Multimodule family
Multimodules represent a whole
new family of-plug-in expansion
boards. They allow you to add a
variety of special performance

features to your existing iSBC system.

Currently available add-ons are
shown below. Soon you'll also be
able to add other Multimodules for
IEEE 488 GPIB control, com-
munications, peripheral interfaces
—and more,

With those modules
you can now
respond

quickly
to new applications opportunities.
Examples? For data acquisition
from thermocouples ang strain
gauges, simply plug in the iSBX 311.
For 4-20 ma current loop control,
use the iSBX 328. In laboratory
control applications, instead of an
independent math processor,

now you can choose the more

Circle 29 on inquiry card.

economical iSBX 331 or 332 math

modules.

Three Multlmodule-compatlble
iSBC boards
Intels 8-bit
iSBC 80/10B,
80/24 and 88/40
single-board com-
puters are the first
of many iSBCs to
offer iSBX Multi-
p- . module expansion
iS8X 960-5 Connector capabilities. The
first two are improved versions of

widely used iSBC boards. (See table).

Custom tailoring, too

For users who want to design their
own Multimodule boards, Intel offers
iSBX 960-5 connectors. When used
in conjunction with the iSBX specifi-
cations, this set of connectors lets
you create modular boards that meet
your own unique requirements.

Auvailable from Intel today are
the first six iISBX Multimodules and
three iSBX-compatible iSBCs. For
further information, or to order,
return this coupon or call your local
Intel sales office or distributor. Or
contact Intel at the address below.

;| e

Eurape: Intel International, Brussels, Belgium.
Japan: Intel Japan, Tokyo. United States and
Canadian distributors: Alliance, Akmac/
Stroum, Arrow Electronics, Avnet Electronics,
Companent Specialties, Hamilton/Avnet,

Hamilton/Electro Sales, Harvey, Industrial

Components, Pioneer, L.A.Varah,

Wyle Distribution Group, Zentronics.

Please send information on:
{ O iSBX Multimodules O iSBC 80/10B
[1iSBC 80/24 O Configuration Guide

O Other

O Please have a Sales RLpresemauve call.

Name. ; S
Title/Organizatim:\

Address.

City/State/Zip

Phone _

Intel Corporation, 3065 Bowers Avenue, Santa
Clara, CA 95051. Telephone (408) 987-8080.




Three-Dimensional Computer
Graphics, Part 1

Franklin C Crow
Department of Computer and Information Science
Ohio State University
2036 Neil Ave Mall
Columbus OH 43210

The process of generating computer representations of
three-dimensional structures has been pretty thoroughly
worked out over the past fifteen years. Several books on
computer graphics describe the necessary steps and com-
mercial graphic software has been available for some
time, Recently, three-dimensional graphic software has
been made available even to those using microcomputers
for personal or recreational purposes.

The software necessary for producing representations
of simple shapes is not terribly complicated. In this arti-
cle, I will try to lay out a few fundamental algorithms
that can form the core of a three-dimensional graphics
package. However, in order to make sense of these
algorithms, considerable explanation will be necessary.

To generate an image of a three-dimensional shape, we
have to have a computer-readable representation of the
shape. (I will describe a couple of ways to represent
shapes.) Then the data for the shape must be transformed
to conform to the view of the shape that would be seen
from a given point. The data must then be further
transformed to fit the shape to the limits of a display sur-
face (video display or plotter). Finally, those parts of the
shape that are hidden from view, either because they ex-
ceed the limits of the display or because they are hidden
by other parts of the shape, must be eliminated.

Getting the Data

The first decision to be made when generating three-
dimensional data for input to a graphics system is which
coordinate system to use. A right-handed Cartesian
system is most often used. Standing at the origin of such a

Photo 1: High-resolution display of solid three-dimensional ob-
jects defined as sets of polygons.
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system, the x axis would go to the right, the y axis
straight ahead, and the z axis straight up. If we think in
terms of a small area of the earth, x would measure
longitude (east positive, west negative), y latitude, and z
altitude.

Points in this space can be defined as a trio of numbers
giving x, y, and z coordinates. A three-dimensional
drawing of an object can then be considered a set of lines
connecting points in space. An object can be described by
listing all its points in the order in which we would draw
them. We can then draw the object by “following the
dots.”

However, we rarely see drawings that are made
without ever lifting pencil from paper, so we should add
an indicator wherever we move to a point without draw-
ing a line. Thus one format for describing objects consists
of a list of sets of numbers. Each set contains three
numbers describing a position in space and a command to
draw a line to that position or just move to that position
without drawing a line, a total of three numbers and a
character. An example of this format can be seen in figure
1a, with the associated data given in table 1a. The Pascal
procedures given in listing 1 (on page 70) read and dis-
play objects defined in this format.

This format is fine if we just want to make drawings of
objects that appear to be constructed of straight pieces of
wire. To represent a solid object, we have to define a sur-
face enclosing the object and therefore need another for-
mat. Surfaces are most easily represented if we define
them as sets of faces, or polygons.

To define objects made of polygons, we must list the
polygons individually. This can be done by listing the
coordinates of each vertex (point) of the polygon in
clockwise order (as seen from outside the object) around
the periphery of the polygon. It is important that all
polygons be described consistently since the clockwise
order is useful for calculations determining which side of
a polygon is facing the viewer.

L1 t]
e '
- rI'-.I.Ijll .I II"I'l‘lll‘

Photo 2: Low-resolution display of the same objects as in photo
1.
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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.
Affer 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 operctin? 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 cntical response times. Inter-
task communication is also supported through
the ‘pipe’ mechanism.

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,
son/mer?e 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 yearly
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.




A solid object is customarily defined as a group of ad-
joining polygons. Since neighboring polygons share ver-
tices along common borders, objects can be more com-
pactly defined by first listing all the vertices belonging to
the object and then listing polygons by the numbers of
the vertices they use. An example of this sort of format is
seen in figure 1b, with data in table 1b. The procedures in
listing 2 read and display objects as a set of polygons.

Now that we know how to read and display objects,
where do we get the data describing the objects? The
simplest way is to dream it up. After all, much of the joy
of computer graphics lies in creating imaginary worlds.
Take a piece of graph paper and draw front and side
views of an object you'd like to represent. Then measure
the vertices of the object by counting squares from some
point of origin on the paper. The front view will give you
the x and z coordinates, and the side view will give you
the y coordinate (see figure 2).

People who are involved in creating three-dimensional
graphics generally build software to aid in designing ob-
jects. For example, a program to generate surfaces of
revolution is relatively easy to write. Then shapes such as
wine glasses and vases are easy to make. A surface of
revolution can be defined by a sequence of points follow-

Photo 3: Removal of hidden surfaces can be clearly observed in
this display generated on a custom graphics display unit con-
nected to a Digital Equipment VAX 11/780.

Photo 4: Transformation of a scene due to a change in the loca-
tion of the eyepoint as well as transformation of the objects
within the scene. Compare with photo 3.
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ing a path up one side of the surface. The points then
sweep out a surface by rotating about a central axis. Sur-
faces of revolution are widely used in computer imagery.

More advanced techniques make use of high-speed in-
teractive graphics terminals (costing $20,000 to $150,000)
in conjunction with elaborate software to define and
modify shapes. See the papers by Crow and Parent (listed
among the suggested readings at the end of this article)
for examples of this approach to data gathering.

Defining a View of Some Objects

Once data describing an object is available, it is time to
figure out how to look at it. In the real world, when we
look at an object, what we see is determined by our view-
point and the position of the object. How can we emulate
this in an imaginary world?

We want the choice of viewing an object from any
viewpoint. Therefore we must have an algorithm that
will move the vertices of the object to the proper posi-
tion, given a particular viewpoint. The input to this
algorithm consists of two points in space: the position
from which we are looking and the position at which we
are looking. [ will refer to these as the eyepoint and the
center of interest, respectively.

In order to understand how such an algorithm works,
we need to know more about how to move objects about
in an imaginary world. So far [ have defined an object
within its own space or frame of reference. Now we
would like to arrange a number of objects in a scene, each
in a different position and orientation.

Changing the position of an object is relatively simple.
Using the longitude, latitude, altitude model of space, we
can move an object east by simply adding some positive
number to the x coordinates of all its vertices. To move
an object north, we add some positive number to all its y
coordinates. To move an object up or down, we change
all its z coordinates. This process is called translation.

Similarly, to change the size of an object we multiply
all its coordinates by the same number. This is called scal-
ing. To make an object twice as large in every dimension,
we multiply all coordinates of every vertex by two. Thus,
changing the position or size of an object is relatively
straightforward. Rotating an object or combining suc-
cessive operations, however, requires more sophisticated
techniques.

Objects can be moved about quite elegantly using
techniques provided by matrix algebra. We devise a sort
of template that is filled in to provide the operation
desired. Filled templates, called transformation matrices,
can then be combined to provide complicated operations.

A template, or matrix, consists of sixteen positions
(four rows by four columns). Numbers loaded into a
matrix are combined with vertex coordinates to yield up-
dated coordinates by matrix multiplication. The first col-
umn of the matrix affects only the x coordinate and
therefore contains all the numbers that define the updated
x coordinate. The second column treats the y coordinate
similarly, and the third column handles the z coordinate.
The fourth column is for completeness, to make things
more elegant. It also allows us to pull some fancy tricks
such as finding the inverse of a transformation. I won't
use the fourth column in this article, however.

A vertex is “transformed” by the matrix as follows: To
get the new x coordinate, the old x coordinate is
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Don’t play games
with your company’s money.

Our entry level computer system is the first stepin
a full range of computer products. Not the last step in
a full range of computer games.

We call it VIP. The Vector Intelligent Partner. And
with a price of just $3695, you can't get more computer
for your money.

VIP has all the assets and none of the liabilities of
other entry level systems. It starts off with a lot more
disk capacity. It has the same computational power, uses

the same software as our larger systems, and can
be upgraded at any time. So you avoid the
expense of new hardware and software when
you outgrow your current system.

You'll beabletodolow cost word processing,
mail list sorting, database management and
accounting. You can even do software

development.
VIP is perfect for salesmen, real estate
brokers, insurance agents, small business
owners and corporate department heads.

Because at Vector, improving your business is the
best way to improve our business.

For information contact Vector, 31364 Via Colinas,
Westlake Village, CA 91362. Or call 213/991-2302.

VECTOR

Economy Sized Computers™
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Ia
M 1.0 ~1.0 =-1.0
d -1.0 -i.0 -1.0
d -1.0 =-1.0 =00
d -.00 -1.0 1.0
a 1.0 ~1.0 TeU
d 1.0 1.0 1.0
d 1.0 1.0 -1.0
d 1.0 -1.0 -1.0
d 1.0 -1.90 1.0
M ~i.0 =140 .00
d -1.0 -.09 1.0
d -1.0 1.0 1.0
d -1.0 1.0 -1.¢0
lj "I.O -1.0 "1.0
M -1.0 -.09 1.0
d -.00 -1.0 1.0
M -1.0 1.0 =~1.0
d 1.0 1.0 -1.0
M 1.0 1.0 1.0
d -1.0 1.0 1.0
1b
10 7 {(NumFts NunrFolys)
1 1.0 -1.0 -1.0
2 -1.0 -1.0 -~1.0
3 -1.0 -i.¢ .00
4 -.00 -1.0 1.0
3 1.0 -1.0 1.0
6 -t.0 -.090 1.0
7 -1.0 1.0 ~1.0
g t.¢0° 1.0 ~1.0
9 1.0 1.0 1.0
19 -1.9 1.0 1.0
3 1 2 3 4 5
4 8 1 5 ¢
4 7 8 510
] 2 710 & 3
4 g8 72 2 1
5] 3 4 610 %
3 I &6 4
Table 1: Data for an object defined as a set of lines (table 1a)
and for an object defined as a set of polygons (table 1b). In
table 1a, the “m" and "d" in the first column mean “move to”
or “draw to" the point with x, y, and z coordinates as given
in the next three columns, respectively. In table 1b, the first
line gives the number of points (10) and polygons (7) in the
shape. The next 10 lines give the point number (1 thru 10)
and the x, y, and z coordinates of the point. The last seven
rows describe the seven polygons: the first number gives the
number of points making up that polygon, and the rest of the
numbers on that line give the point numbers (as described by
the point description lines) that make up the polygon. Both
tables 1a and 1b describe the shape shown in figure 1b.
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(1L,1,1) o

(-1,~1,-1) 2

(1a) (1b)

Figure 1: Three-dimensional object displayed as a set of straight
lines defined by 10 points (figure 1a) and a set of polygons de-
fined by using the same points (figure 1b). See table 1 for
associated data.

multiplied by the top number in the first column, then
added to the product of the old y coordinate and the se-
cond number in the first column. The sum is then added
to the product of the old z coordinate and the third
number in the first column. Finally, the whole thing is
added to the bottom number in the first column. The new
y coordinate can be obtained by combining the second
column and the old vertex coordinates in the same way.
Similarly, the new z coordinate is produced using the
third column. The Pascal procedure in listing 3 (on page
70) transforms a vertex.

Under the rules stated above, the bottom row of the
matrix holds numbers that translate the object. A number
at the bottom of the first column is added to all x coor-
dinates to move an object east or west. Similarly,
numbers at the bottom of the second and third columns
affect the y and z coordinates. To scale objects, we enter
the scaling factor along the top-left-to-bottom-right
diagonal of the matrix. The top-left number in the matrix
is multiplied by the old x coordinate to yield the new x
coordinate. Similarly, the second number in the second
column multiplies the y coordinate and the third number
in the third column multiplies the z coordinate.

Rather than trying to explain rotations in the limited
space here, | will simply illustrate how to fill in the
matrix. Trying a few examples by hand should convince
you that rotations work. Simple rotations are those that
rotate an object about one of the axes of our space. For
instance, to rotate an object about the z axis by an angle
A, use the following matrix:

cos(A) sin(A) 0 0
—sin(A) cos(A) 0 0
0 0 1 0

0 0 0 1

Note that this matrix leaves the z coordinate unchanged,
which is what we would expect from a rotation about the
z axis. Furthermore, a rotation through a zero angle
leaves everything unchanged since the cosine of zero is 1
and the sine of zero is 0.

I always use the convention that a positive rotation oc-
curs in a counterclockwise direction looking in the
negative direction along the axis about which you are
rotating. This means that if the thumb of your right hand
is pointed in the same direction as that axis, your fingers
will curl in the direction of positive rotation. Keeping
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We make our
competition
opsolete

with Information Master.™

Information Master™ is the sophisticate of
software packages, but it also speaks your
language. Its uncomplicated English-
speaking design makes it easy to learn.
No programming knowledge is necessary.
Put it in your Apple II* and you're ready
to go.
High Technology's Information Master
organizes and prints everything from
mailing lists to stock market data. Specify
what records to store, type in the informa-
tion, and Information Master organizes,
calculates, stores and reports. Design your
own reports and labels. Information Master
is revolutionary in its adaptability and
comes with a simple step-by-step instruc-
tion manual. Its screen layouts are designed
to show you maximum information for
easy operation. information Master is so
smart it stops mistakes that our competition
 lets you make.

If your computer dealer doesn't have
Information Master, see one who does.

High Technology's perfect complement to
Information Master, Data Master,™allows
you to change your mind months later
without redoing
all the work
you've
already
done.
Ask
about
it!

Technology, Inc.
Software Products Division
P.O. Box B-14665

8001 N. Classen Blvd.
Oklahoma City, Okla. 73113
405 840-9900

*Apple llis a irade name ol
Apple Compuler. Inc
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Figure 2: Vertices for objects to be displayed in.three dimen-
sions may be measured from front and side views laid out on or-
dinary graph paper.

track of such things requires a strong sense for visualizing
space. When in doubt, I sketch things with pencil and

paper. .
To rotate about the x axis, use the following matrix:

1 0 0 0
0 cos(A) sin(A) 0
0 —sin(A) cos(A) 0
0 0 0 1

To rotate about the y axis, use the following matrix:

cos(-A) 0 —sin(A) 0
0 1 0 0
sin(A) 0 cos(A 0
0 0 0 1

Combining these fundamental rotations results in even
more interesting rotations.

Note that all transformations occur relative to the
origin of the given space. Thus, to rotate or scale an ob-
ject without changing its position, we must first be sure
that it is centered on the origin. Therefore, a rotation or
scaling "in place” (ie: without changing position) requires
a translation to center on the origin, followed by rotation
or scaling, then a second translation back to the original
position.

Once all the objects in a scene have been transformed
to the desired positions and orientations, a view from a
given eyepoint in the direction of the object of interest is
simulated by an additional transformation that places the
object in the desired position and orientation. This
simulation can be achieved by combining a few rotation
matrices.

In the first step, we move everything so that the eye-
point lies at the origin of the space and the center of in-
terest lies on the y axis, or due north. To do this, we
translate the eyepoint to the origin and apply the same
matrix to all the other data. The translation matrix is as
follows:

1 0 0 0
0 1 0 0
0 0 1 0
—Eye.X —Eye.Y —Eye.Z 1

where Eye.X, Eye.Y, and Eye.Z are the x, y, and z coor-
dinates of the eyepoint.



The Perfect Fit

The Micromodem Il data communications system
and the Apple II* computer. What better combination to
maximize the capabilities of your personal computer!

This popular direct connect modem can transmit
data between an Apple Il and another Apple ll, a
terminal, another microcomputer, minicomputer or
even a large time-sharing computer anywhere in North
America. The Micromodem Il has unique automatic
dialing and answer capabilities which further increases
the communications possibilities between the Apple ||
and another computer or terminal.

You can send and/or receive messages or data
when you are out of your office, home or out of town.
Your branch business locations can communicate with
each other regarding inventory and other matters over
the phone. Or you can communicate with friends
across the country. And you can access information
utilities like the SOURCE for various business and
personal applications.

The Micromodem Il consists of two parts. One part
includes the printed circuit board which holds the
Micromodem 1I, ROM firmware and the serial interface.
The board plugs directly into the Apple Il providing all
the functions of a serial interface card plus
programmable auto dialing and auto answer
capabilities. The on-board ROM firmware enables the
Micromodem Il to operate in any of three modes to
perform different tasks-terminal mode, remote console
and program control mode.

The other part of the Micromodem Il datacomm
system is a Microcoupler which connects the
Micromodem board and Apple Il to a telephone line.
The Microcoupler gets a dial tone, dials numbers,
answers the phone and hangs up when a transmission
is over. There are none of the losses or distortions
associated with acoustic couplers. The Microcoupler is
compatible with any North American standard
telephone lines and is FCC-approved for direct
connection inthe U.S. It works with standard dial
phone service or Touch-tone service.

The Micromodem Il is completely compatible with
Bell 103-type modems. Full and half-duplex operating
modes are available as well as speed selectable
transmission rates of 110 and 300 bps.

Why notincrease your Apple II's capabilities by
outfitting it with the sophisticated Micromodem !l data
communications system? The Micromodem Il is
available at retail computer stores nationwide. For the
store nearest you, call or write:

(DHayes

Hayes Microcomputer Products Inc.
5835 Peachtree Corners East, Norcross, Georgia 30092 (404) 449-8791

Circle 34 on inquiry card.

™ Micromodem Il is a trademark of Hayes Microcomputer Products. Inc.
*Apple Ilis a registered trademark of Apple Computer Inc.
The Micromodem Ilcanalso be used withthe Bell & Howell computer.

Hayes Microcomputer Products, Inc.
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Computer Generated Graphics
Made Simple

Zgrass is an exciting user-oriented language
developed for real time interactive graphics.

2Zgrass software includes a full screen text editor;
point, line, box, ellipse, pattern display and fill
graphics routines; full math capabilities; full string
manipulation and array capabilities; both interpre-
tive and compiled modes of execution.

® The Datamax® UV-1 is the only advanced graphics
system featuring the Zgrass language.

e Using much of Bally's® commercial video game
electronics, the UV-1 shares the same reputation
for ruggedness and reliability.

® 64K bytes of memory (16K EPROM, 16K screen
RAM, 32K user RAM).

e 280 microprocessor; floating point math pro-
cessor; custom video graphics processor; custom
input/output processor with 4 A/D converters and
3 channel sound synthesizer.

® 320x202 2 bit/pixel screen; 256 display colors.

e Qutputs for RGB and legal, recordable NTSC
video.

e Intetfaces for graphics tablet, disc drive, joystick
controllers, audic tape, RS-232 ports.

e Complete CAl self teaching lesson package. Ideal
for education.

EXPLORE THE WORLD OF ZGRASS® GRAPHICS.
UV-1by Datamax® For more information, contact

catomaXinc.
=l 350 NORTH ERIC DRIVE
PALATINE. ILLINOIS 60067

(312) 991-7410

A rotation about the z axis can now be used to move
the center of interest in a northerly direction. In par-
ticular, we move the center of interest into the plane
defined by the y and z axes. The angle of rotation is
found by passing the center of interest through the eye-
point translation matrix defined above and then applying
the following formulas:

cos(A) = C1.Y/ICT.X)* + ([CL.Y)
sin(A) = C1.X/{CL.X)” ¥ (CLY)

where A is the angle of rotation and C1.X and C1.Y are
the x and y coordinates of the translated center of in-
terest, respectively (see figure 3).

The process of moving the center of interest onto the y
axis is completed by rotating the object about the x axis,
using the following formulas:

cos(A) = C2.Y//(C2.Y)? + (C2.2)?
sin(A) = —C2.Z//(C2.Y)? + (C2.2)?

where C2.Y and C2.Z are, respectively, the y and z coor-
dinates of the translated and rotated center of interest (see
figure 4),

Because all this is done with the intention of displaying
the resulting coordinates on a flat surface, one more
transformation is called for. It is useful to think about the
display surface (video display, plotter, etc) as a space in
which the x axis measures width, the y axis height, and
the z axis depth. We can place our transformed coor-
dinates into this space by interchanging the y and z axes,
using the following matrix:

[eNoNoN
o= OO
OO +HO
= O OO0

Given coordinates for an eyepoint and a center of in-
terest, we can use the matrix multiply procedure to com-
bine the above operations into a single orientation for
displaying a view of the scene. The procedure in listing 4
(on pages 70 and 72) builds such a matrix. We refer to the
resulting arrangement of a scene as the eyespace.

Clipping

Once all the data in the scene is transformed to the
eyespace, we must decide how much of the scene fits on
the display. The display can be thought of as a window
into an imaginary world. Things such as the size of the
window and our distance from it determine what can and
cannot be seen: We can use the edges of the window and
the origin of the space (ie: the eyepoint) to define planes
that clip parts of polygons not visible through the win-
dow (see figure 5).

The clipping window defines the field o f vision in much
the same way that the film gate and lens in a camera limit
the field captured by the film. The window can be defined
as a polygon corresponding to the boundaries of the
display as we expect to view it. For example, if we are in
the habit of looking at a 12-inch video display from a
distance of 16 inches or so, the clipping window should
be a rectangle about 6 inches high and 8 inches across,
located 16 inches from the eyepoint.

Circle 35 on inquiry card. Circle 36 on inquiry card. emap
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THE World Class Multiprocessor

* From Guangzhou. China to Norwich. England. From Banphai.
Thailand to Pasadena. California. A proven record of performance
and reliability in installations throughout the World makes the

DISCOVERY MULTIPROCESSOR the international choice in

multiuser microcomputer systems.

WORLD CLASS SOFTWARE

Our Distributed Processing Oper-
ating Systemn, dpos/2™, resides in
the Service Processor, establishing a
CP/Mt environment for each user
and managing access to the shared
systemresources. Multiuser facilities
are provided for print spooling, for
interprocessor communication and
for private, publicand shared-update
files. Several processors can be em-
ployed concurrently by a single user
via the enhanced batch submit facil-
ities. And with DISCOVERY all
CP/M compatible programs will
execute without modification, thas
protecting your software investment.

WORLD CLASS HARDWARE

The ACE 64K Distributed Process-
ing single board Computer. the
dpc-180 ” gives the DISCOVERY
MULTIPROCESSOR its unique
architecture. One DPC is dedicated
to each user providing exclusive use
of the onboard Z-80, 64K ram and
serial 1/0. Shared storage is pro-
vided by an expanded DPC used as
the Service Processor. Additional
users can be added at any time by
simply inserting additional DPC's
into the standard S-100 bus — upto
16 in a single chassis!

+ CP/Mis a registered TM of Digital Research. Inc. |

Whatever your requirements, Whatever your language. No matter
howyou sayit— DISCOVERY is THE World Class Multiprocessor.

The ACE DISCOVERY MULTIPROCESSOR dedi-
cates a complete. 64K Z-80 Distributed Processing single

board Computer. the dpc-180" to each user An
expanded DPC coordinates all of the system activities.

Multiuser mainframes with 192K ram start at
under $6000. The 64K dpc-180™ is priced at
$1395. Immediate delivery. A complete line of
standard peripherals including a 26M byte hard
disk subsystem can be supplied on request.
Dealer and OEM inquiries are invited.

Action Computer Enterprise, Inc.
55 West Del Mar Boulevard, Pasadena, California 91105 USA @ Cable ACEPAS Pasadena @ (213) 793-2440
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Figure 3;: Graphical representation of calculating the rotational
angle about the z axis in computing the eyespace matrix.

X

Figure 4: Graphical representation of calculating a rotation
about the x axis.
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Figure 5: Representation of how a viewing window “clips” por-
tions of polygons lying outside the pyramid defined by the win-
dow and the eyepoint.
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The first step of the clipping process is to define the
planes to be clipped against. Planes can be defined by
four numbers, the coefficients of an equation of the
following form:

AXx+BXy+CXz+D=0

We can simplify this equation somewhat since all the
planes we are interested in pass through the origin. For all
planes passing through the origin, the fourth coefficient,
D, equals zero.

Our window can then be characterized by a sequence
of sets of three numbers, each set describing one plane.
Listing 5 produces the coefficients of the plane equations
needed for clipping. Input is assumed to be a polygon.
Each clipping plane is determined by three points: the
eyepoint and the two endpoints of an edge from the input
polygon. This assumes that polygon vertices are taken
clockwise as seen from the eyepoint and that a “left-
handed” (width, height, depth) eyespace is used.

Once we have the clipping-plane coefficients, they can
be applied to all the vertices of a polygon to find out
which lie inside and which lie outside the field of view.
The clipping coefficients are applied to a vertex using the
following formula in Pascal style:

Distance : = Vtx. X * Clp.X + Vitx.Y * Clp.Y +
Vix.Z * Clp.Z

This operation (known as a vector dot product) yields a
distance measure that tells us how far inside or outside
the viewable area the vertices lie. Negative numbers in-
dicate that a vertex lies outside, positive numbers that a
vertex lies inside. If distances for all clipping planes ap-
plied to all vertices of a polygon are positive, it is com-
pletely visible. If distances for all vertices and any of the
clipping planes are negative, the polygon is entirely out-
side the window and thus not visible (assuming the clip-
ping window is convex). If some distances are positive
and some are negative, we may have to cut the polygon
into inside and outside portions. .

The procedure in listing 6 takes a polygon and clips it
by a set of plane coefficients stored in a second polygon
array. Each plane is tested in turn against each polygon
vertex. Vertices lying inside (on the positive side of) a
plane are copied to a temporary polygon array. Where
two adjacent vertices are found to lie on opposite sides of
a plane (ie: D1XD2<0.0, meaning the signs of the
distances are different), the intersection point of the clip-
ping plane and the edge connecting the two vertices is
copied to the temporary array. When all the vertices of
the polygon have been clipped against one plane, the
temporary array is copied back into the input array and
clipped against the next plane. This process eliminates
parts of polygons lying outside an unbounded pyramid
emanating from the eyepoint and delimited by the win-
dow polygon.

Displaying

Any polygon found to lie within the field of vision
must be displayed. An additional transform is necessary
to take the coordinates of the eyespace to the coordinates
used by the display device, the "screen space.” Further-
more, a division is necessary to achieve the appearance of



How far yougoin your career is
directly related to your ownabil-
itiesand ambitions. At the samse
time, where you work is just as
important. Not all cornpanies are
the sams. At COMSAT, we pride
ourselves on the creative latitude
we offer our professionals. We
don't stifle imaginations.

We encourage you to develop
new skills and abilities as you
work with some of the best people
in their respective fields. The
opportunitiesfor self-growthand
professional fulfillment are vir-
tually unlimited at COMSAT.
You'll be involved in some of the
most important and exciting
projects takdng place in the world
today, in all areas directly and
indirectly related to high tech-
nology.

We're the company that pio-
neered the INTELSATglobal com-
mmunications system, which today
keeps more than 100 nationsin
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With every new advance in
space technology, COMSAT con-
tinues tolead and grow. Following
INTELSAT came COMSTAR and
MARISAT, two industry-leading
commercial comrmunications sys-
temns. COMSAT also is now the
U S. representative to INMARSAT,

the most recent international

communications organization
providing satellite communica-
tions to the maritime commmunity.
COMSAT's latest projects include
telecommunications products

7y COMSAT

manufacturing, integrated CAD/
CAM systems, domestic and
global technical and support
services, environmental moni-
toring, satellite-to-home sub-
scription television. Additionally,
COMSAT Laboratories performs
supporting research and dev-
elopment in communications
satellite technology and related
areas.

Our rapid expansion has creat-
ed numerouscareer openingsin
many diversified engineering
disciplines including cormmuni-
cations, RF system, spacecraft,
design, mechanical, microwave,
sr. transrmission systems, marnu-
facturing, sales, test, and modem
design, as well as technician-
related areas and marketing,.

We offer excellent salaries and
benefits. If you want to know
more about us, simply forward
your resume, indicating your
area of interest. Wellbe intouch
with you promptly. Write to
Senior Employment Represen-
tative, Department 81-1RC,
COMSAT, 950 L'Enfant Plaza,
S.W., Washington, D.C. 20024

An Equal Opportunity - Afirmative Action Employer.

BYTE March 1981

65



perspective {ie: objects in the distance should be smaller).
ﬂlif) transform can take the form of a scaling matrix as
follows:

Scale.X :
Scale.

= DotsAcross * WinDist/WinWidth
: = DotsDown * (*/,) * WinDist/WinWidth

The matrix is then:

Scale.X [ [} [}
[ Scale.Y [ [
[ 0 1 [}
Middl.X Midd).Y [} 1

In the above transform, DotsAcross is the number of
dots across the display. DotsDown the number of lines
on the display érom top to bottom, WinDist the distance
to the window in eyespace, WinWidth the width of the
window, and Middl.X and Midd).Y are the x and y coor-
dinates of the middle of the display (in screen space,
usually DotsAcross/2 and DotsDown/2). The factor (*/,)
takes into account that the standard video display is */,
as wide as it is high (the aspect ratio). It is assumed that
the window has the same proportions as the display.

Nonrectangular windows require 3 more careful
caleulation. If the maximum width of the window is less
than ¢/, times the maximum height, another number
must be substituted for the window width in the above
calculations. That number should be the maximum of the
window width and ¢/, times the window height. Of
course, i we use a display with a different aspect ratio,
the width of the display divided by its height should
replace the *7,.

The procedure in listing 7 divides the x and y coor-
dinates of each vertex by its 2 coordinale to achieve the
perspective effect, then applies th ion to

In any event, i a polygon appears on the screen with
its vertices in counterclockwise order, we must be seeing
it from the inside. If we are looking at a closed surface
from the inside, some other part of the surface must lie
between us and the polygon in question. Therefore, when
making p-:lurcs of solid objects made of closed surfaces,
we can ly reject any pol PP in
counterclockwise order.

Earlier we used planes for clipping by evaluating the
positive or negative distance from a point to the plane.
Similarly, when the eyepoint lies on the positive side of
the plane of a polygon, the vertices of that polygon ap-
pear in clockwise order. When on the negative side, they
appear in counterclockwise order. Some of the pro-
cedures developed earlier can be used to determine
whether or not 3 polygon “faces the eyepoint.”

Three of the vertices of the polygon define a plane.
Here we can use the procedure developed earlier for find-
ing a plane defined by two window vertices and the eye-
point. Use the three points to define two lines. If the two
lines are treated as direction vectors {subtract one end-
point from the other), the two vectors can be passed to
the procedure, which then returns coefficients for a plane
parallel to the polygon and passing through the origin.
These coefficients, when used in a dot product with one
vertex of the polygon, yield a number that tells us on
which side of the polygon the eye lies. The function in
listing 8 does the job.

1€ a closed convex surface is being displayed by itsel,
the above process is adequate to produce the image with
only visible faces shown. However, ¥ the surface is not
convex, or there is more than one object involved, fur-
ther procedures are necessary.

Those polygons surviving the clipping procedure and
the “eye-facing’ test can be sorted by their distance from
the eyepoint. We base the sort on the average of the z

display coordinates directly, rather ﬂ\an using a matrix
transformation.

This completes the process of computing an image of
obijects with all data shown, as though the objects were
made of pieces of straight wire. Next, we look at how to
achieve the appearance of solid objects capable of hiding
each other.

Hidden Faces

There are two methods that allow solid objects to hide
parts of ves or other objects. The first uses the
plane equation of each polygon to determine whether or
not it lies on the far side of its object. If it does, the
polygon is clearly hidden by closer parts of the object.
The second uses a clipping procedure similar to the one
described earlier to remove parts of faces that are hidden
by closer faces.

In everything that follows, polygons are assumed to be
convex. Restricting things in this way simplifies the task

rably at a very small increase in the cost of
preparing object descriptions.

Earlier in the article, ] stressed the importance of taking
the vertices of al) polygons in a consistent order, usually
clockwise as seen from outside the object. Many objects
are closed surfaces, meaning that the inside of the object
can be seen only by passing through the surface. In fact,
if we to do so, we can construct all objects as
closed surfaces for display purposes.
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coordinates of each polygon in turn. If all polygons are

the same size, no two polygons intersect each
other, and no two polygons lie close to each other in
nearly parallel planes, the sort order will allow us to
eliminate hidden parts of polygons. Most scenes involv-
ing separated, reasonably simple obijects will conform to
the above conditions.

Since the polygons must be transformed, clipped, and
tested for “eye-facing” one by one, it makes sense to use
an insertion sort to order the polygons displayed. A list
of polygons to be displayed is built by inserting each new
polygon description (number of vertices and position in
vertex array) in the already sorted list of previous
polygons. A binary search can be used to reduce the

- search time for finding the insertion point. The procedure

in listing 9 implements a binary insertion sort. Note that
polygon vertices are siored in an array in contiguous
groups. The z coordinate of the first element of the group
is used to hold the average z coordinate of the polygon
for subsequent tests.

Sorting is a major part of nearly all hidden-line and
hidden-surface al| For a th h di jon of
sorting and other aspects of hidden-surface algorithms,
see the paper by Sutherland and others listed in the sug-
gested readings. Also see the third volume of Donald E
Knuth's The Art of Computer Programming for a
thorough treatment of sorting in general.

Text continued on page 82




FULL SCREEN EDITOR

CUSTOMIZABLE

The best newssince CPM...
customizable full screen editing

As a serious computer user you spend much of
your time editing, whether it be for program development
or word processing. Make the best use of your time with
the help of VEDIT, an exceptionally fast and easy touse full
screeneditor. VEDIT is a highly refined and proven editor
which is easy enough for novices to learn and use. Yetits
unequalled set of features also makes it the choice of
computer professionals. And because VEDIT is user
customizable, it adapts to your keyboard, hardware,
applications and preferences.

In VEDIT, the screen continuously displays the
region of the file being edited, a status line and cursor.
Changes are made by first moving the cursor to the text
you wish to change. You can then overtype, insert any
amount of new text or hit a function key. These changes
are immediately reflected on the screen and become the
changes to the file.

VEDIT has the features you need, including
searching, file handling, text move and macros, plus it has
many special features. Like an ‘UNDQO' key which undoes
the changes you mistakenly made to a screen line. And a
mode which allows a programmer to enter all textin lower
case and let VEDIT convert the labels, opcodes and
operands, but not the comments, to upper case. The
screen writing is almost instantaneous on a memory
mapped display or can use your CRT terminal's editing
capabilities. Disk access is very fast too, and VEDIT uses
less than 12K of memory. The extensive 70 page, clearly
written manual has sections for both the beginning and
experienced user.

Totally User Customnizable

Included is a setup program which allows you to
easily customize many parameters in VEDIT, including

the keyboard layout for all cursor and function keys,
screen size (up to 70 lines, 200 columns), default tab
positions, scrolling methods and much more. This setup
program requires no programming knowledge or
‘patches’, but simply prompts you to press a key or enter a
parameter.

The CRT version supports all terminals by allowing
you to select during setup which terminal VEDIT will run
on. Features such as line insert and delete, reverse scroll
and reverse video are used on 'smart’ terminals. Special
function keys on terminals such as the H19, Televideo
920C and 1BM 3101, and keyboards producing 8 bit
codes or escape sequences are also supported.

New Features and Support

The new release includes disk write error recovery,
indent and undent keys for structured programming, and
the ability to insert a specified line range of another file at
the cursor position. Versions for MP/M®and the Apple I*
SoftCard® are now also available.

Ordering
Specify the CRT version, your video board or

microcomputer, the 8080/Z80 or Z80 code version, and
disk format required.

Standard Package: Dick and manual................. $110
Manual: Price refunded with software purchase......... 15

VISA and MASTER CARD Welcomed.
Attractive Dealer Terms.

CP/M and MP/M are registered trademarks of Digital
Research, Inc. Apple Il is a registered trademark of Apple
Computer, Inc. SoftCard is a trademark of Microsoft.

North Star @ Heath H8/H89 @ SuperBrain @ Apple ll SoftCard @ Sorcerer ® TRS-80 Model |
TRS-80 Model | ® MP/M @ Most other CP/M"Systems with CRT or Memory Mapped Displays

CompuView Products Inc.

618 Louise, Ann Arbor, Michigan 48103 @ Telephone (313) 996-1299

Circle 38 on inquiry card.
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10 DAY FREE RETURN

NEC THE FIRST NAME IN LETTER
QUALITY PRINTERS.

CompuMart offers beautiful print
qualty with NEC Spinwriter ter-
minals. Both KSR and RO vetsions
glve unsurpassed hard copy out:
put CALL

NEW FROM INTEGRAL DATA-
THE IDS 560 PRINTER. 132
column graphics printer.
$1,695

IDS 445. Priced lower

than the 440 and equipped
with a better print head. IDS

445 w/graphics $894. DS 445
w/o graphics $795.

D5 460 $1.295

The 460's features include: Corre-
spondence quality printing, high
resolution graphics capability.
programmable piint justitication.

1“

CENTRONICS PRINTERS

The incredible Model 737. The
closest thing fo letter quality print
for under $1,00O0.

7371 (Parallel Interface) — $899,

[ COMMODORE

Commodore computers in the
US. than any other dedler. Call
us now for low pnces and spe-
claldeals. NEW FOR PET:
Visicalc (Need 32K & a disk
drive) $199. - Word Pro 1. $29.95 -
Word Pro 2. $99.95 - Word Pro 3.
$199.95 - Word Pro 4. $299.95.
Educators Take Notell Cornmo
dore has extended its 3 for 2 deal
until 6-308L Thismeansthat any
educational institution which
buys two Commodore com-
puters will receive a third abso-
lutely FREE. Call our sales
department for complete details.

COMPUMART has delivered more

Omn| Printers

from Texas

Instruments
The 810 — List S1895. SALE| $1795,
The 820 (Ro) Package —
Includes machine-mounted
papet ttay and cable. A com-
pressed print option and device
forms control are standard tea-
tures. $2.155.
The 820 (KSR) Package —
Includes tull ASCIl Keyboard plus
all of the features on the RO
$2395.

NEW! The PMC-80, The new
computer that's software com-
patible with the TRS-8C. Level 11
16K at $645

ACCESSORIES FOR PMC — 80
EXP1OCO SO0 Bus Expander
Disk. Printer, RS2321/0 $410.
$-32K SO0 Bus 32K RAM Board
for EXP-100 $295.
CAB-40 Cable 12" long 1ibbon

cable
for EXP 100 $25.

Dysan Diskettes — Single side,
Single density, Hard or Soft Sector
$5.ea

Memorex 3401's — 5% discs
$3.25 with hub ring tor Apple
$350.

Memory Integrated Circuits —
Calli for gty. discounts when
ordering over 50 units

Motorola 4116 (200 Nanosecond.,
Plastic) $4.50 ea

Fadrchild 2114 (Standard Power,
Plastic) $4.50 ea

COMPUMART stocks the com:
plete line of MATROX PRODUCTS.
Call tor specs.

COMPUMART now otfers the
ENTIRE DEC 1SI-11 PRODUCT LINE
Call for prices & dellvery.

NOVATION CAT!®

ACOUSTIC MODEM

Answer Qriginate, 300 Baud. Bell
108, Low Profile Design $179.00
NEW! D-CAT

Direct Coupler from Novation
$199.

Visit our giant

ANN ARBOR
STORE

1250 North Main Street
Ann Arbor Michigan

Super Selling Terminals

We have the foliowing Leax
Slegler Terminals in stock at
Call tor

prices too low to print —
quotes.

ADM — 3A Indus-
tries favorite
dumbterminal
for some very
smatt reasons

Intermediate Terminal
from Leat Slegler. Call for details

NEW from Le

Iom Ledr

Siegler CALL wm_
IT SHERE — 1t

is the new VTR

We have the Iouowlng best-
selling Haszeltine te: als {n

stock at prices much too low to
t.

prin

(410, 1420, 1500, 1520, 1552)
Call COMPUMART Now for our
lowest prices ever.

HP4I1C Calculator. ... .. $239.00
Memory Modules. For storing
programs or up to 2000 lines of
program memory §29.95

“Extra Smart” Card Reader
Records programs and data
back onto blank magcards.
§199.00

The Printer. Upper and Lower
case. High 1esolution plot-
ting. Portable Thermmal

operation S
Application Modules .

29.95

NEW SUPER41-C Systems with
Quad RAMS built-in (Maximum
memoly on-board leaves slols
open for Application Pacs and
ﬁgripherals The HP 41C-C$325.00
4)C.C Plus Card Reader
§495.00
HP 41CC Plus Card 8
Reader & Printer $845.00
Quad RAMS for the 41C €
(Equivalentto tour
Memory Modules
all packed
intoone)
$95.00

366.00 |

SEND FOR OUR
FREE CATALOG

COMPUMART s Microflex 65 Sys-
femn for your AIM Includes:
Adapter Butfer Module w/4-slot
module stack. 8K RAM module.
16K PROM/ROM module, Asyn-
chronous communications Inter-
face, and Power Supply $1,299
Call or writer for our complete
Microtlex 65 brochure
ROCKWELL AIM 65

Our AIM systemn includes 4K AIM
with BASIC interpretor assembler.
Power Supply. Casselte recorder
& Enclosure §799.
4K AIM-65 $499.

PL55 High Level Lan?uage $125,
Paper tor the AIM (1oll $2.50
Rockwell's 4-slot

Motherboard (sale) $175.
HP-85

Hewlett-Packard's Personal Com-
puter for ndustry. This extremely
portable computer teatures
extended BASIC to solve your
problems quickly and efticienily
alon% with an advanced
graphics systern to enhance
communication.

HP-85 ACCESSORIES

We carry HP. Peripherals (Disk
Drives to Graphics Plotters)
Enhancemenis: (BASIC Tiaining,
General Statistics, Financial Dect:
sion. Math, Linear Programming
$95 ea). HP-85 Accessorles:
(Enhancement ROMs, ROM
drawer, Overhead Transparency
Kit): Supplies: (Plotter Pens, Tape
Cartridges): Interface Modules
(HP-BB Interface, HP-IB Intercon-
nect Cables, Serial (RS-232C)
Interface Module).

We can get your every HP
petipheral made for the HP-85.
gﬁl& FOR COMPLETE DETAILS &

EXCLUSIVE from CompuMart!
Special Otfer. Zenith Color
Video Monitor for $379!

NEW FROM SANYO — Four Great
Monitors at Low CompuMart
Prices Sanyo's new line of CRT
data display monitors are
designed for the display of
alphanumertic ot graphic data.
9” Sanyo Monitor $169.

12" Sanyo Monitor $289.

12” Sanyo Monitor with green
screen $299.

13" Sanyo Color Display Monitor
$495.

COMPUMART exclusive ATARI
SPECIALS

ATARI 800 Personal Computer
Systern — Comes with 8 oper-
ators Manual. 16K Rany Mew
ory module, 10k ROM "

g
Operating System. Power d
Supply. TV
Switch _«<¥n -
e "W

$950.
[ ) B
i
| ST ; »

PERIPHERALS
Atari4lO Program Recorder
5

Atarj 810 Disk Drive
(SIO0 off with purchase) $699.95
NEW Dual Disk double density
$1499.95
825 Printer (Centronics 73
995.00

$249.95
NEW! Light Pens $74.95
NEW! Visicale for Atari $199 (o/0]
Educators Take Note. Atari has
extended is 3 tor 2 deal until 6-
30-8L Any educational institution
that buys two Atari 800's will
recelve an Atar 400 computer
absolutely FREE Call our sales
dept for complete details.

RS232 Intertace w/Cable

IMPORTANT ORDERING INFORMA TION All orders must include 4%
shipping and handling. Mass residents add 5% sales tax. Michigan
residents 4% tor salestax Phonesopen from 8:30 a.m. to 7.00 p.m..
Mon-Fr1; 11:00 am. t0 4:00 p.m. Sat. BQ's accepted from Dun &
Bradstreet rated companies - shipment contingent upon receipt ot

signed purchase order. Sale prices valid for month of magazine
date only - all prices subject to change without notice. Our Ann
Arborretailstoreisopen 11:00 a.m. o 7.00 p.m. Tues.-Fri. 10.00 a.m.

to 5:00p.m. Saturdays.



APPLE 1

We carry the most comnplete
inventory of Apple compulters.
perighercls. and software. CALL!
OurBest Selling Apple System,
Save over $250 on our most pop-
ular Apple System System
includes a 48K Apple 1l Apple
Disk, DOS33, & Controller, and a
Sup R Mod RF Medulator. S0

List
COMPUMART Sale Price:.  $1875.

SOFTWARE FROM APPLE

Apple Plot. The pertect graphic
complement for Visicailc. $70
Dow Jones News & Quotes ggg

Adventure (Uses 48K)

DOS Tool Kit $75
Apple Fortran $200
TaxPlanner $120
FROM PERSONAL sottwcre
Visicalc $149
Desk Top Plan $99
NEW FROM MUSE

The Voice $39.95
Super Text $99.00
Address Book $49.95
Miscellaneous Apple I
Accessories

Easy Writer (80 col need a
Videx) $249
Easy Mover $49
Easy Mailer $69

From VIDEXMVideo Term.
80 Col x 24 line, 7 x 9 Matrix plug
in compatible board for the

ﬁ‘zw trom Apple for the Apple
Dos 3.3 Convent disks to 16 sector

format for 23% more storage and Apple [l Price $325 without
faster access gcphics EPROM With graphics
NEW tor the Apple II ROM $350.
From MicroSoft S.SM Serial & Parallel Apple
16K RAM Board $19500 | Intertace $a5
FORTRAN $17500 | ABTs Numeric Key Plan suo
COBROL $750.00 | Californic Microcomputer
Card Reader from Mountain Keyboard
Hardware $1,195.00
HI-Res Dump for 460 Printer from
{the Computer Siation $49.95
HARDWARE ACCESSORIES FOR
APPLE
Silentype Printer w/x face  $635 )
Super Sound Generator (mono)
i e -
n .

i i Space won't allow us to give you

gl(? p(c:,cratr)\troller (plugs into pcds“ the delails and specs on this

already tamous new compuler.

O Pl XROi, Call our ex;ﬂ:seﬂ sales force today

sion accessoties for your Apple

for tull delails - they can answer
Isr&trolr—_}clx(&g}(slem ggg any questions. We have com-
T'hgeMusic Systern $545 plete system packages in
ROM plus baara w/Keyboard stock. COMPUMART carries all
tilter Y 5199 Apple I related software and

nardware. I! you need an Apple

Clock Calendar II call COMPUMART now.

16 Channel A to D Converter

$35

$650
$175

$280

o]
A&;}lle Expansion Chassis
ROM Writer

Applelll In
Stock Now for

=

L N Tty /

Immediate Shipment.

COMPUMART has been serving the
computer needs of industry since 1971

We stock, tor immediate shipment, only
those products from the finest micro-computer

manufacturers.

And any product, except software, can
be retumed within 1O days tor a full refund —
even if you just change your mind

We also honor all manufacturers’
warranties. Our expert technicians will
service any product we sell that cannot
be better, or faster, serviced by the man-
ufacturer's local service center.

gl v

‘? 5 !

SYSTEMS

Call us for more information on products,
product configuration and service. Our
phones are open Monday thru Friday. 830
amto 7200 p.m. and Saturday 1.OO am. to
4,00 pm.

We have a staft of highly knowledgeable
sales people waiting to hear from you,
and tohelp.

Because service is what weTe

all about.
" 4

00-343-5504

In Mass. Call 617-491-2700

Circle 39 on inquiry card.

COMPUMART

B

65 BENT STREET, DEPT 114, PO.BOX 568
CAMBRIDGE, MA 02139
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$1,850*

$1,685*

It's grown into a complete
family of quality low cost digital plotters

In just two short years, The
HIPLOT has become the most
popular digital plotter among
small systems users. With a
record like that, what can we do
for an encore? WE'VE IN-
TRODUCED A COMPLETE LINE
OF HIPLOTS...with a model
suited for just about every plot-
ting application.

The HIPLOT DMP Series is a
new family of digital plotters
with both ‘‘standard” and ‘‘in-
telligent’” models available with
surface areas of 8%2." x 11" (DIN
Ad) and 11" x 17" (DIN A3). For
the user needing a basic reliable
plotter, we have the “old stan-
dard” DMP-2(8%z2" x 11")and the
“new standard” DMP-5 (11" x
17"). For those needing a lit-
tle more capability, there are
the DMP-3 (82" x 11"} and
the DMP-6 (11" x 17")—both

TM HIPLOT and DM/PL are Trademarks
of Houston Instrument

Yes, they are UL listed!**

microprocessor controlled and
providing easy remote position-
ing of the X and Y axes (perfect
for the OEM). For those who
want this intelligence plus the
convenience of front panel elec-
tronic controls, we've provided
the DMP-4 (82" x 11") and the
DMP-7 (11" x 17").

The “standard” plotters come
complete with an RS-232-C and
a parallel interface. The “intel-
ligent” DMP plotters acceptdata
from either an RS-232-C or Centronics
data source. For the “standard” plot-
ters, software is available from
our ever expanding “Micrographic
Users Group.” The “intelligent”
HIPLOTs use our exclusive
DM/PL™ |anguage which min-
inimizes plot software to a
fraction of that normally as-

GRAPHICS DIVISION OF

BAUSCH& LOMB

Circle 40 for literature
Circle 41 to have representative call

sociated wth digital plotting.
With the new DMP Series,
high quality digital plotting can
now be a part of your system. It
just doesn’t make sense to be
without this valuable tool when
there is a DMP plotter with the
plot size, speed and capabilities
that are exactly tailored to your
specific needs...and vyour
budget.
Prices for the DMP series
range from $1,085* to $1,985*.
For complete information con-
tact Houston Instrument. One
Houston Square, Austin, Texas
78753. (512) 837-2820. For rush
literature requests, outside Texas
call toll free 1-800-531-5205. For
technical information ask for
operator #5. In Europe contact
Houston Instrument, Rochester-
laan 6, 8240 Gistel, Belgium.
Telephone 059/27-74-45.

*U.S. suggested retail prices only.
“*DMP 2, 3 and 4 UL listed
DMP 5, 6 and 7 UL listing pending
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Corvus Transforms the Personal Computer

into a Powerful Business Tool.

In business, professional offices, and schools 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. %

STOP PLAYING GAMES
AND GET DOWN TO BUSINESS

“

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

(408) 946-7700/TWX 910-338-0226
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SYNCHRO-SOUND ENTERPRISES
ANNOUNGES OUR

NEW MICRO-COMPUTER
SYSTEMS CENTER

We are one of the oldest, most experienced, highly dedicated
micro-computer systems houses in the metropolitan New York area...
the ORIGINAL Computer People who KNOW computers and offer

you EVERYTHING you need in small computer systems.

FEATURING
CROMEMCO
SYSTEMS

System 3
System Z2H
System Zero

Business application
software available.
Word Processing.
Multi-tasking,
multi-user.

High performance
Low Price

Call, write or stop in ]

...compare Price, SYNCH Ro -So UND
Quality, Delivery,

Service and you'll ENTERPRISES, INC. THE COMPUTER

see why you don't 125 MINEOLA AVENUE, PEOPLE
El
have to look ROSLYN HEIGHTS, N.Y. 11577
anyplace else! 516-484-1852 ¢ PHONE ORDERS: TOLL FREE 800-221-2320

VISIT OUR SHOWROOM HOURS DAILY AND
WORKING MODELS ON DISPLAY SATURDAY 10-4

Bank Americard Master Charge



@iorpic’ 1L

16K computer

DISK with CONTROLLER
NEW DOS 3.3 $535
without . . . $446
Nearly Everything
for Apple

WE WILL BEAT
ANY ADVERTISED PRICES

ON MOST ITEMS IF MERCHANDISE
IN STOCK

APPLE SOFTWARE

Adventure by Microsoft ............. 29
Apple Bowl ......................... 19
Apple Stellar Invaders............... 19
Assembler/Disassembler ............ 69
Applebug Debugger ................ 29
AppleGraph & Plot Sys. ............. 59
Applepost Mailing List Sys........... 44
Applesoft Cassette Demos .......... 29
Applesoft Util. Prog. — Hayden...... 29
Applewriter Word Processor......... 65
Asteroids in Space .................. 19
Autostart ROM Pkg.................. 59
Battleship Commander.............. 19
Bill Budges Space Game Album ..... 39
Bill Budges 3-D Graphics/Tool ...... 39
Bill Budges Trilogy of Games ....... 29
Cashier Retait Mgmt. Sys. .......... 199
Checkbook Cassette ................ 19
Contrib. Vols. 1-5 w/man. ........... 29
Controller Bus. Pkg. ............... 514
Cosmos Mission/Disk ............... 25
CCA Data Mgmt. Sftwe. ............. 84
3-D Animation Pack................. 55
Desktop Plan Sftwe. ................ 79
DOS Tool Kit ... 65

DOS 38 Upgrade seeees - - nnai i f anns 49
Dow Jones Portfolio Evaluator....... 45
Eastgammen mewms s - see: : s smpe oo se 23
Forth Il by Programma .............. 45
Fortran for Language Sys........... 159
HIEQE=OMa smmieiccs = 45 5 i i 2 i i 25
Integer Basic Cassette Demos ....... 29
PASCAL Language Sys............. 459
Sargon Il Chess Game disk ......... 34
ShellGames.......oooviiveinan .. 29
Single Disk Copy Routines .......... 29
SpacerNVader suas v eoms cwal i 25
StarCruiser ........ ... 24
Stellar Trek ........oovvviiiiiia... 23
Sub-Logic FS-1 Fit. Sim./disk........ 34
Sybex Apple-80 8080 Sim............ 19
Tax Planner ..........cooevuvnnnn... 99
The Correspondent ................. 35
Tranquility Base .................... 24
Visicalc by Personal Sftwe. ......... 119

Complete Peachtree Business
Package for Apple

AND MUCH MORE . ..

CALL 1-800-854-2833
PHONE ORDERS

MON. - SAT. 8 to 6 P.S.T.

APPLE Il 48K

$1199

APPLE COMPUTER
INTERFACE CARDS

HiSpeed Serial Int. 7710A .......... 145
Applesoft Il Firmware Cd. .......... 149
Centronics Interface Cd. ........... 179
Apple Clock/Calendar Cd.

by Mtn.Comp.................... 225
Comm. Cd. & DB25 Cable.......... 179
Integer Basic Firmware Cd.......... 149
Parallel Printer Cd.................. 139
CCS Parallel Print Cd. 7720A ....... 155
ROMPLUS w/keyboard filter........ 165

ROMPLUS (keyboard filter extra) ... 159
SSM AIO Serial/Parallel 1/0

Assembled & Tested ............. 189
Serial Interface Cd. ................ 139
ACCESSORIES
Apple Joystick. ..................... 47
ABT Numer. Input Keyboard A orB 114
A/D D/A Board by Mtn. Comp. ..... 319
Arith. Processor 7811 AorB ....... 339
Clear Cover for Apple Computer..... 25
COPYROM by Mtn. Comp. .......... 51
Corvus 10MByte Disk w/pwr. supp. 4395
Dan Paymar L.C. Kit1or2.......... 59
ExtenderBoard ..................... 27
GPIB by CCS model 7490A ........ 259
Graphics Input Tablet .............. 649
Hayes Micromodem* ............... 318
Introl X-10 Remote Control Sys. .... 239
Introl X-10 Controller Only ......... 169
M&R Sup-R-Term 80 column board . 329
Microsoft 2-80 Soft Card ........... 295
Novation Cat Modem .............. 159
Programmable Timer CCS 7440A ... 159
Prototyping Hobby Card ............ 22
ROMWRITER by Mtn. Comp. ....... 149

Speechlink 2000/64 Word Vocab. ... 215
SuperTalker Speech Synthesizer. ... 239

Symtec LightPen.................. 214
Versa-Writer Digitizer

Drawing System ................. 209
Videx Videoterm ................... 279

AUTHORIZED
APPLE
SALES &
SERVICE




“BEST PRINTER VALUE IN THE WORLD"
Check our prices on THE ULTIMATE IN QUALITY

Epson Printers

Assembler/Editor .......... ... ...
Atari 400 Computer ...............: 439
IF Atari 820 Printer

Atari 810 Disk Drive................. 499
Atari 410 Program Recorder......... 69
Atari 16K RAM Module............. 149
Atari BasicROM .................... 45

LIST U ® Atari Visicalc ........cooviiiiiin. 129
Apple Controller & Card ATARI BiasketDall uucenei e e mumeass ypenqnnmome: 30
&p(‘;)ame PRICE MAKES Video Base i i mik oawms s wimdas s d 4w e b 30

Super Breakout . ....... ... oo il 30

LIST M CALL IT. WE Music Composer..........coiinnn. 45

)
» Most reliable small printers ever sold! SELL IT g;’:’g:}g;ghess """""""""" gg
+ Uses standard printed paper. 3D Tic-Tac-Toe .. 1....... ... 110, 30
» Graphics option transfers screen image AOYSHIBK sons oot fimbiomni¥od Fodiuiwes? 19
directly to paper. Space INvaders ..........o.iieiiinnn. 19

NEW! MX80
40, 80, 132 columns

LisT $645

TX 80 w/Graphics

PRINTERS, MONITORS, DISCS

Anadex DP8000. . ..., 795 Paper Tiger 440 w/Graphics ........ 895 Dysan disks (pkg. 10) ............... 50
Anadex DP8000AP . ........ccu.. .. 795 Paper Tiger 460 w/Graphics ....... 1195 Memorex disks (pkg. 10) ............ 40
Color MONItOr oo e 375 Silentype w/interface Cd............ 510 Opus disks (pkg. 10) ..........oovun 35
Daisy Wheel Printer . .............. 1795 Sanyo 8" B&W . .......... oot 169 Televideo 912C a..uessastinssnswins 699
MPI BT ettt 595 Sanyo 15" B&W ................... 259 Televideo 920C . ... ..ocviiiinnn 749
NEC Spinwriter #5510............. 2585 NEC Green Screen 12"............. 239 Verbatim disks (pkg. 10) ............ 30

LEEDEX VIDEQ 100 sk MONTHLY afe CENTRONICS 737
12" Black & White $119 SPECIALS o $137

32K Double Density 299
64K Double Density 3495
64K Quad. Density 3995

our price CALL

';’;’1 ’:,‘;,’.q,‘: ’1 '.1 'J ’:‘: ';' i
M }

.....

LARGE STOCK OF SOFTWARE & ACCESSORIES

TO ORDER: Phone orders invited using Visa, Mastercard, or bank wire transfers. Visa & MC credit card service charge of 2% Maii orders
may send charge card number (include expiration da(eg cashiers check. money order. or personal check (allow 10 business days for checks
to clear). Please include phone number. Inc!ide 3% ($5.00 minimum) shipping. handling. and insurance in USA. Shipments within Calif.
add 6% sales Tax. Foreignordersinciude 1% handling — shipped freight collect. Foreign orders over $1000 allow 3 weeks extra and include

$25 license fee. All equipment is in factory cartons with the manufactures warranty. Equipment is subject to price change and availability
We ship the same day on most orders. No C.0.D.s accepted. Retall store prices differ from mail order prices

(714) 579-0330 « MAIL TO 1251 BROADWAY, EL CAJON, CA. 92021

Circle 43 on inquiry card.

AUTHORIZED =] oM STen
SA?.ESLE & ”o: 0 METRICS
SERVICE Lo ING




The Byte Covers shown at left are available as
Collector Edition Prints. Each full color print is:

* 11" X 14" including a 1%2" border.

* Part of an edition strictly limited to only 100
prints.

Personally inspected, signed and numbered
by the artist, Robert Tinney.

= Accompanied by a Certificate of Authenticity.
Carefully packed and shipped first class.

Priced at $20, plus $3 ($6 overseas) for post-
age and handling. If Set 1-4 or Set 58 is
ordered, the price for all 4 prints is only $70.
Toorder, use the coupon below. Visa or Master-
Charge orders may call Toll Free.

5 ¥ ¥ |
| Please send me the following Collector Edi-

tion Byte Covers and Certificates of Authen-
ticity.

Qty. Cover Amount
____#1-7 Bridges of Konigsberg ............. $20
—_#2-Funand Games .................... $20
——#3-HOMEDIEW o aux ss s ams s s buse e ss i $20
___ #4-SoftwareMirage .................... $20
___#5-Computer Engineering............... $20
___#6-Total Eclipse ....................... $20
___#7-Computer Hardware .. ............... $20
__ #B8-Perspectives. ....................... $20

O | have enclosed check or money order
O visa (0O MasterCharge
Card #____

Expiration Date

Send my print(s) to:
Name___ -

Address_

¢y —

State. Zip. i _ _
Mail this coupon to:

2 INOUSISB siw aniiam is st oi m R @ wmrnsimnan $70
Post. & hand. ($3 in US , $6 overseas) $

robert tinney graphics
1864 N. Pamela Dr.

Baton Rouge, LA
70815




CRYSTALWARE

Let Crystal Be Your Guide on the Road to Adventure

NY. %53

For more information you may write or call:
Crystal Computer, 12215 Murphy Avenue, San Martin, Californis 95046 (408)683-0696
Circle 44 on inquiry card.
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Circle 45 on Inquiry card.
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Suddenly Radio Shacks New
TRS-80 Color Computer is

Even Better!

New Extended Color BASIC. Here's an advanced TRS-80
Color Computer that includes a 16K ROM Extended BASIC
with advanced graphics, eight brilliant colors, and sound, for
an unprecedented low price! You can draw fine lines, circles,
rectangles, boxes and more with easy-to-use one-line com-
mands. Four graphic modes with two color sets allow up to
49,152 programmable screen points (pixels). There are 255
separate tones for music or sound effects. All this on a 16K
RAM machine (including video memory) loaded with the
dynamic features a serious programmer demands. You gef
a 32x16 screen, multi-character variable names (two signifi-
cant), editing, tracing, user-definable keys, 255-character
string arrays, floating point 9-digit accuracy, and even
machine language routines:

Priced at Only $599, the TRS-80 Extended Color BASIC
Computer is useful, entertaining and educational. Yet using
it can be as simple as plugging in one of Radio Shack’s
instant-loading Program Paks. Come in and see what's
already available. The computer attaches to your TV, or our
own $3939 TRS-80 Color Video Receiver. For just $24.95,
you can add a pair of joysticks which add flexibility to games
and video displays. A built-in serial interface lets you attach
a printer or a modem. A tutorial Color BASIC instruction
manual is included, of course.

More Good News. Extended Color BASIC is also available as
an upgrade kit ($39) for the 4K Color Computer (16K RAM

required — $119). There's a modest installation charge for
each kit

r . I

A Low-Cot, Direct
venient alternati
The TRS-80 Mod

1d of 0
Sion o only

New TRS-80 VIDEOTEX Softlware (with the modem shown
below) offers Color Computer owners quick, affordable
access to many kinds of information and data services. For
example, our exclusive agreement with CompuServe®
Information Service gets you local, national and intemational
news, weather and sports from 11 area newspapers and the
Assodated Press News Service; information on over 32,000
stocks and bonds; an educational reference service; enter-
tainment news and reviews; nationwide Electronic Mail with
other users; and much more! You'll also access Dow Jones
Information Services for Wall Street news, stock quotes and
more.

Only $29.95 Buys You VIDEOTEX Software including a free
hour on both CompuServe and Dow Jones, plus operator's
manuals. Come see the new TRS-80 Color Computer, its
programs and accessories, at one of our 6000 outlets today!




Text continued from page 66:

Once the polygons are sorted, we can apply a clipping
algorithm in a reversed sense. We will remove any parts
of polygons lying inside a closer polygon as seen on the
display. Starting with the closest polygon and working
outward, each polygon will be clipped by all its
predecessors. Remember, keeping things simple will re-
quire that polygons be convex. (Nonconvex polygons can
always be broken into a set of convex ones.)

In order to use a polygon for clipping, its edges must be
converted to clipping planes. Therefore, once any part of
a polygon is determined to be visible, the entire polygon
is subsequently converted to plane coefficients using the
same procedure used earlier to convert the window
description for clipping.

Since each polygon edge, once clipped, can be
displayed without further treatment, it is easiest to clip
each edge individually. This process is not as straightfor-
ward as it may seem. A polygon may clip an edge into
two parts, each of which must then be subsequently clip-
ped by the remaining polygons. Of course, any of the
later polygons may further divide one of the edge
fragments. This sort of situation is best handled using
recursion. Therefore, the procedure given in listing 10
recursively clips a polygon by all closer polygons and
flags visible polygons for use in subsequent clipping. Hid-
den polygons obviously need not be used to clip more
distant polygons.

Conclusion

The preceding procedures provide essentially

OHIO DATq

business program
for your mlcro

I Proformalincome Statement and Balance Sheet

L

OO OqTq PRODUCT COORITION
14800 Detroit Avenue » Lakewood, Ohlo 44107
Call [216] 221-9000

$ 50.00 I

I Managers' Budgeting Program $ 50.00
Capiltal iInvestment Analysis $§ 35.00 I

I Depreciation Method Comparison $ 35.00
I Histogram Formed From Set of Numbers $ 20.00 I
Simple Loan Analysis $ 15.00 I

l Lease/Buy Analysis $ 2500
Make-Buy Declslon Analysis $ 15.00 I
I Mortgage Analysis $ 15.00 I

l Sales Commission Report $ 15.00
Sales Manager's Information System $150.00 I
I In BASIC—Source Listings I

Llcensing Only
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everything needed to display three-dimensional line
drawings representing solid objects modeled by
polygons. An effort has been made to make the pro-
cedures concise. This has been done at the expense of effi-
ciency and sometimes, perhaps, even at the expense of
clarity. I have assumed the availability of a display of
some kind that can be used to draw lines. Most systems
capable of full graphics provide software for generating
lines.

In the interests of completeness, Part 2 will present a
complete program incorporating the procedures de-
scribed above. I have been able to use it, somewhat
crudely, with a semigraphic terminal (Zenith H-19) and
the UCSD Pascal system (see photo 2) and, more satisfy-
ingly, with a 500-line raster display and a Pascal inter-
preter running under the UNIX operating system (see
photos 1, 3, and 4; photos are on pages 54 and 56).

If you have a serious interest in three-dimensional
graphics, a full understanding of what has been presented
here is heartily recommended. In addition, you should
consult the suggested readings listed below for more
material. Many people have spent time on the problems
discussed in this article and have published useful articles
describing other ways to produce computer-generated
three-dimensional images.

In addition to line drawing images, much computer
graphics is now displayed using the features offered by
raster displays. Quite realistic imagery is possible, offer-
ing a vast array of possibilities well beyond those de-
scribed here. There is much work to be done in this area
yet, so if you are interested, go to it!m
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Newman, W and R Sproull, Principles of Interactive Computer
Graphics, 2nd edition, McGraw-Hill, 1978. The classic text on com-
puter graphics—some consider it difficult, but you must readiit if you
are serious about the subject.

Rogers, D F and J A Adams, An Introduction to Computer
Graphics, McGraw-Hill, 1977. A cookbook approach to the subject
with many useful algorithms listed in BASIC.

Giloi, W K, Interactive Computer Graphics, Prentice-Hall, 1978. An
introductory textbook with a somewhat different approach than that
of the two books above. *

Knuth, D E, The Art of Computer Programming: Volume 3, Sorting
and Searching, Addison Wesley, 1973. A treasure trove of algorithms
and analyses of algorithms—a very important book.

Sutherland, | E, et al, *'A Characterization of Ten Hidden-Surface
Algorithms,” ACM Computing Surveys, March 1974. A very infor-
mative explanation of the extant hidden-surface algorithms of the
time. Computing Surveys is available in most technical libraries.

Crow, F C, ““A System for the Design of Three-Dimensional Ob-
jects,” Proceedings of the ACM National Conference, 1977. A
system for designing three-dimensional shapes involving simple
curved surfaces, available from the Association for Computing
Machinery, 1133 Avenue of the Americas, New York NY 10036.

Parent, R, ““Three-Dimensional Object Synthesis," Proceedings of
SIGGRAPH '76, 1976. A more comprehensive system for building
three-dimensional objects. See also the proceedings of the annual
SIGGRAPH conterences for the last five years or so, which contain
papers describing most of the interesting work done in recent
years—the best way to keep up with what's going on. Available from
the Association for Computing Machinery, listed above.
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Pascal/MT+ Features:

An International Standard:

Pascal/MT+ conforms to the ISO Standard
for Pascal, our competition doesn't even
come close! A report on the performance
of Pascal/MT+ on the Pascal validation
suite is included with each compiler.

Modular Program Compilation:

The Pascal/MT+ modular compilation
mechanism allows construction of fully
coupled modules and programs allowing
the modularization of large programs
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time efficiency.

Efficient Native Code:

All versions of Pascal/MT+ produce effi-
cient, compact NATIVE OBJECT CODE. In an
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ferent microprocessors. Pascal/MT+ pro-
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Extensions:
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of how to use them. A short summary of
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BCD and Floating point reals. AMD9511
support, bit. byte and unsigned word
manipulation, I/0 port access, a full imple-
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Target Machines:
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Pricing:
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Others Call
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Product Review

The Micro Matrix
Photopoint Light Pen

Stephen B Gray, 219 W 81 St, Apt 7C, New York NY 10024

Because it's called a light pen, and because of the way it
seems to be used, many people have the incorrect impres-
sion that a light pen does something directly to the image
on the video screen. In actuality, it's the other way
around. A light pen contains a photodiode that detects
the movement of a point of light on the video screen,
determines the coordinates of that point, and branches to
a specified action for that point.

8088 MAINFRAME
CP/M86
OPERATING SYSTEM

Wan! to move to the new 16 bit generation of micro's? You do
not want to assemble a system from board products? Finally, a
complete system that only needs a Video Terminal plugged in
to be onthe air.

The LDP1 will get you going with your 16 bit systems quickly
while not obsoleting other boards in your system. The LDP1 is
a 16 bit system based on the LDP88, 8088 CPU board and the
LDP72, advanced floppy disk controller. In addition you get
64 K of RAM, an 8" floppy disk, a mainframe with power supp-
ly and your choice of two differen! operating systems. All this
for the unbelievable price of $3499 (with 86-DOS).

PRICES
LDP1 with 86-DOS $3499
LDP1 with CP/M-86 3599

Kit Assembled & Tested

LDP88 $349.95 $399.99
LDP72 219.95 27495
S100 Prototype Board 29.95
86-DOS 195.00
CP/M-86 250.00

Micro Soft Basic 86 500.00 86-DOS required
350.00 with LDP1 and 86-DOS

PASCAUM 250.00 CP/M-86 required
Rev. A LDP88's while they last $275

LOMAS DATA PRODUCTS

11 Cross Street
Woestborough, MA 01581
Telephone (617) 368-4335
PASCAL/M 8 a Irademark of Sorcun

CPMBE 13 a trademark of Digial Research
86-D0S 15 2 rademark of Sealtie Computer Products
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For example, if you're playing tic-tac-toe, you only
have to point the light pen at the square in which you
want to place your X. With a scan limited to nine areas
on the video screen, the photodiode detects which area
you're pointing to and puts an X in that square.

Applications

As hinted above, one of the most popular applications
for the light pen is games. Instead of pressing a key, you
need only point the pen. This eliminates having to
memorize which key does what.

Another popular application is the fast selection of
items in a screen menu. Some advanced graphics pro-
grams use light pens and menus. A screen may present a
selection of shapes along one side, for example. You
touch one, then touch the point on the screen where you
want the computer to place the shape. Using small menus
along the bottom of the screen, you control the size and
rotation of the shapes to create complex subjects.

Micro Matrix Photopoint

One of the several light pens on the market for the
Radio Shack TRS-80 is the $19.95 Photopoint from
Micro Matrix, POB 938, Pacifica CA 94044. (The Photo-
point is also available from Quality Software, 6660
Reseda Blvd, Suite 105, Reseda CA 91335.) The
documentation notes that “The light pen allows the user
to use their CRT as a programmable keyboard where
your own BASIC program (or a prepackaged one) can be
written to ask questions and the operator just points at
the appropriate answer. No more fumbling with
keyboards! The Photopoint can be used with any DOS
and with any size memory (must be a Level II TRS-80)."
Fortunately, the rest of the documentation is not as con-
fusing as that first sentence.

For your $19.95 you receive a light pen that looks like a
slender felt-tip pen, with a two-part cable which connects
to a9 V battery and to your recorder. You also receive a
cassette with backgammon, tic-tac-toe, Word Sampler,
and a light-pen subroutine; documentation containing
another game and a listing of the subroutine is also in-

cluded.
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(1a)

(1b)

(1c)

17 16 YOIR MOvE?
CPOINT %mw oF 4.

Photo 1: Three of six demonstration programs included with
the Micro Matrix Photopoint light pen: x, y plotting (Ia),
backgammon (1b), and tic-tac-toe (Ic). The light pen requires a
TRS-80 Level 11 with 16 K bytes of programmable memory},.
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Using the Photopoint

The pen’s miniature plug is connected either to your
cassette recorder’s auxiliary or microphone jack. When
plugged into the auxiliary jack, the pen responds to
graphics but not to normal text. When plugged into the
microphone jack, the pen is sensitive to both text and
graphics (the suggested mode for most uses).

One of the main reasons for Photopoint’s comparative-
ly low price is that it uses the amplifier in your tape
recorder. To turn on the amplifier, remove any cassette
from the recorder; then, while holding in the record in-
terlock pin (at the rear of the cassette compartment),
press the RECORD and PLAY buttons simultaneously.
The only thing left to do is connect a 9 V battery to the
battery clip, and you're set to go.

After loading the light-pen subroutine, you will see a
menu from which you can choose any of six demonstra-
tion programs.

The light pen doesn’t read instantly; you have to wait
for the scan to pass the square you're aiming at, and then
a bit longer for the software to react. One good way to
get a feel for what is going on is to place a broadcast-band
AM radio near the TRS-80 keyboard. You'll hear
something like a "dit-dit-dit-un-pah” as the computer
recognizes a flashing square. Since it can’t “read” a static
square, the program flashes the squares in sequence to
give the photodiode a target to pick out.

Thefirst two demonstration programs are similar, with
a series of eight squares arranged horizontally (in pro-
gram 1) and vertically (in program 2). When any square
is touched by the light pen, the number of the square (1
thru 8) is printed on the screen. The third demonstration
program uses the same principle—this time with a series
of fifty blocks; the fourth scans eight randomly placed
squares; and the fifth (see photo 1a) plots lines and curves
by lighting an asterisk when a pair of squares along the
x and y axes are touched.

The backgammon program (see photo 1b) allows you
to use the light pen to roll the dice, redraw the board, or
play a new game. Or, you can move by aiming the light
pen at FROM and TO selection squares.

Tic-tac-toe (see photo 1c) is played with a large field
and double-size characters. You play against the com-
puter, and indicate a square by pointing the pen to the
right of the number in that square.

The computer puts an X in the square you select, then
an O in the square it selects. The process continues until
the computer detects that the game has been won or
drawn.

The fourth program on the cassette is Word Sampler.
You or the computer enters a sentence. Then you point
the light pen at any word, and the computer displays that
word above the sentence, starting at the left margin and
continuing with further words you select. Thus you can
construct a new sentence by rearranging the words of the
old one.

The fifth program is called Cube Chase, After you key
in eight lines, you point the light pen at a white square on
the screen, and the square quickly moves elsewhere.

If you plug the light pen into the auxiliary jack, remove
the black plastic plug from the microphone jack, and then
whistle or snap your fingers, the cube will change its posi-
tion on the screen. (This works on my CTR-41, although
perhaps not on some other cassette recorders.)



The first personal computer

for under $200. =5,

The Sinclair ZX80.

A complete computer—
only $199.95 pius $5.00 shipping.

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

t's the Sinclair ZX80. The computer that
“Personal Computer World” gave 5 stars
for ‘excellent value!

The ZX80 cuts away computer jargon
and mystique. It takes youstraightinto
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. With the 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
2X80 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 8%" x 1%" and a mere
12 02.). 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 with its 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
by reading. It makes learning easy, exciting
and enjoyable.

You'll also receive a catalog packed with
items that can make your ZX80 even more
useful. Including 27 program cassettes, from
games and home budgeting for just $6.95,
to Sinclair’s unique Computer Leaming Lab
(a workbook, six cassettes with 100lessons,
andtwo cassettes for storing programs).

2X80’s advanced design features.
Sinclair's 4K integer BASIC has perfor-

mance features yow'd expect only on much

larger and more expensive computers.

m Unique ‘one touch’ entry. Key words
(RUqN PRINT, LIST, etc.) have their
own single-key entry to reduce typing
and save memory space.

rn.

B Automatic
error detection.

A cursor identifies errors

immediately to prevent entering

programs with faults.

m Powerful text editing facilities.

m Also programmable in machine code.

m 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 con-
sumer electronics worldwide.

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 10-day money- In Ohio call: 800-582-1364.
back guarantee, and a 90-day limited warranty  Ask for operator #508.
which can be extended by 12 months under Sin- Phones open 24 hours a day, 7 days a week.
clair’s extended service program for $25.00.

] ]
Elh: IEIP Sinclair Research Ltd., 475 Main St.,
P.0. Box 3027, Wallingford, CT 06492.
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Ta: Sinclair Research Ltd., 475 Main St., P.O. Box 3027, Wallingford, CT 06492.

Please send me ZX80 personal computer(s) at $199.95 each (US dollars), plus $5

shipping. (Your ZX80 may be tax deductible.)  For Conn. deliveries, add sales tax.

Send me Computer Learning Lab(s) at $49.95 each.

Register me for extended service program(s) at $25.00 each.
I enclose a check/money order payable to Sinclair Research Ltd. for $.

I Name |

Priceincludes 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 to the antenna
terminals of your TV. Also included s a connector for
a portable cassette recorder, if you choose tostore
programs. {You use an ordinary blank cassette.)

The ZX80 is a family learning aid. Children 10 and
above willquicklyunderstandthe principles of
computing—and have fun learning.

To order call toll free: 800-543-3000.

I Address
City State Zip _
Occupation Age

Intended use of ZX80
Have you ever used acomputer? O Yes O No Do you own another personal computer? [J YesJ No

I BY-3



The explanation is simple: The TRS-80 receives its in-
formation from the Photopoint light pen through tape
port 255. The program makes the recorder think the light
pen is a microphone. A sudden change of impedance oc-
curs when a scanning blip of light is detected by the pen’s
photodiode.

Photo 2: Quick Draw enables use of the light pen to draw or
erase figures in a 48 by 64 graphic field. More complex drawing
programs may be written but the manual gives no information
on how to do this.

MICROSTAT
NOW AVAILABLE FOR CP/M*

MICROSTAT, the most powerful statistics package available
for microcomputers, is completely file-oriented with a power-
ful Data Management Subsystem (DMS) that allows you to
edit, delete, augment, sort, rank-order, lag and transform (11
transformations, including linear, exponential and log) existing
data into new data. After a file is created with DMS, Microstat
provides statistical analysis in the following general areas:
Descriptive Statistics (mean, sample, and population SD.,
variance, etc.), Frequency Distributions (grouped or individ-
ual), Hypothesis Testing (mean or proportion), Correlation and
Regression Analysis (with support statistics), Non-parametric
Tests (Kolmogorov-Smirnov, Wilcoxon, etc.), Probability Dis-

tributions (8 of them), Crosstabs and Chi-square, ANOVA (one
andtwoway), Factorials, Combinations and Permutations, plus
other unique and useful features.

MICROSTAT requires 48K, Microsoft Basic-80 with CP/M
and is sent on a single-density 8" Disk. Itis also available on
5" diskettes for North Star DOS and Basic (32K and two
drives recommended), specify which when ordering. The
price for Microstat is $250.00. The user's manual is $15.00
and includes sample data and printouts. We have other
business and educational software, call or write:

‘e ECOSOFT
[aser crarge AR AN
AL

Indianapolis. IN 46268
(317) 283-8883

* CP/M is a registered trade mark of Digital Research.
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Micro Matrix is also reportedly planning an interface
for Sargon Il so you can play chess using a light pen. Also
planned are a number of chase games.

PENBASIC

For $14.95, Micro Matrix is offering Steve Bjork's
PENBASIC, which adds ten new commands to Level II
BASIC. Among the most interesting are:

o P =&NOTE(exp) produces a tone on the cassette out-
put with (exp) ranging from O (highest pitch) to 255
(lowest pitch).

oP=&PEN PEEK tests to determine if the light pen is
pointed at a lighted part of the display.

oP=&PEN performs a full screen search for the pen
position. If the pen is not found, a —1 is returned; if it is
found, PRINT @ (position) is returned.

eP=&PEN USING searches for the pen only at the
points specified in the expression.

oP=&PEN FOR searches for the pen at the points
defined in a one-dimensional integer array.

Using PENBASIC, any of the 1024 locations on the
TRS-80 video display can be detected. The four-page
PENBASIC manual explains eight of the ten commands
and includes brief examples of using them within pro-
grams. The manual appears to be written for those with a
good knowledge of BASIC. In fact, two of the functions
aren't explained at all.

Along with PENBASIC, the demonstration tape con-
tains two programs: Quick Draw and Line of Five.

Quick Draw (see photo 2) enables you to use the light
pen to draw and erase figures in a 64 by 48 graphic field.
You use related key commands to draw, erase, position
the cursor, load and save to and from tape, and end the
program. Turning on a square can take several seconds
(sometimes longer). Quick Draw is described as a “simple
drawing program,” which hints that more complex (and,
perhaps, faster) programs can be written. The manual
gives no clues how to do this.

Line of Five is described as "the first in a series of ap-
plication programs for PENBASIC.” It's a simple game of
capturing five squares in a row before the computer does.
The computer plays a fairly aggressive game but can be
beaten.

The Micro Matrix Photopoint light pen and PEN-
BASIC make a useful package for examining light-pen
applications. What makes it even more attractive is that
the price is the lowest on the market. m

Why Can't a Light Pen Use the Raster Scan?

The Exidy Sorcerer is probably the only home com-
puter that can use the raster scan, according to Mike
Banks, president of Micro Matrix. The Sorcerer uses
the microprocessor to control the video and sets up a
counter to keep track of the vertical scan. The TRS-80
has no such counter, and thus cannot ask, as the
Sorcerer can, “What was the count at the moment |
saw the light?” In PENBASIC, when the PEN PEEK
command detects a lighted part of the display, it is
merely looking to see if the tape-recorder output, at
port 255, is high or low.

Circle 48 on inquiry card. ——p
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Say Ahh...

Our New grafixPLUSTM 80-column printer
opens wide for easy servicing.

introducing the newest members of our
grafixPLUS™ family—the DP-9000 Series 80/132
column printers—built on the same tradition of
quality printout, solid design and low cost of
ownership established by our 132/220 column
DP-9500 Series.

A Case for Serviceability

Not that is comes up often, but want to get inside?
Simple. Just remove a few screws and the clam-
shell case swings open exposing all major compo-
nents. This easy access plus built-in self-test and

minimum component count yields an MTTR of one-

half hour. The 9-wire print head replacement’s even
simpler ... two screws and it's out. Without
opening the case. And without a service call.

Performance Plus

The DP-9000 Series prints the full ASCII 96 charac-
ter set, including descenders and underlining, bi-

directionally, at up to 200 CPS. Number of columns.

can go up to 80 or 132, depending on character
density—switch or data source selectable from 10
to 16.7 characters per inch. And all characters can
be printed doubie width. The print head produces
razor-sharp characters and high-density graphics
with dot resolutions of 72X75 dots/inch under
direct data source control.

Interface Flexibility

The three ASCIl compatible interfaces (parallel,
RS-232-C and current loop) are standard, so con-
necting your computer is usually a matter of plug-

...close p

SALES OFFICES Sdn Jose, CA (408) 247-3933

it-in and print. Also standard are: a sophisticated
communications interface for printer control and
full point-to-point communications, DEC PROTO-
COL, and a 700 character FIFO buffer. An addi-
tional 2K buffer is optional.

When you're ready for a printer (or several
thousand), look into the grafixPLUS DP-9000 Series
from Anadex—you'll find an open and shut case
for quality. Contact us today for details, discounts
and demonstrations.

A\ Anaoex
...the plus in printers




What's Inside Radio Shack’s
Color Computer?

Tim Ahsens, Jack Browne, Hunter Scales
3501 Ed Bluestein Blvd
Austin TX 78721

N 94

The only similarity between Tandy C. jon'
Color Computer and its older brother — the. original TR&
80—is the name. Even the microprocessor has been
changed. In an apparent breakaway from the Z80, the
Color Computer uses the Motorola MC6809E
micr as the workh of the new silver box,
In fact, when we opened the enclosure, we didn see any
semiconductors that werent made by Motorola.

The Color Computer is totally self-contained—no
bulky separate power transformers —and the only cord,
the one to the wall socket, has a standard three-prong
connector, It can work with any color or black-and-
white television set and has provisions for joysticks, a
1500 bps (bits per second) cassette interface, and an

for prep game car-
tridges,

Our aim in this article is to expose the insides of the
computer and show what makes it run. Using this infor-
mation, you should be able to expand the Color Com-
puter in a number of ways, with a minimum of expertise,
We will akso describe the graphics interface so that do-it-
yourself graphics routines should be a piece of cake.

System Hardware

Taking the cover off is simply a matter of removing
seven screws and lifting the lid. Be warned, however, that
Tandy takes a dim view of owners fooling around with
their hardware. Opening the case voids the warranty on
the machine (one of the screws lies under a paper label
that gives this warning).

The irst surprise is that the entire computer is built on
a single printed-circuit board—including the power
supply Most of Ihe digital cu-r.\uitry lies inside an RFI

Number Device
Pant of Pirs Quantity Number Description
MCEB0BE 40 1
mMCes21 40 2 23 Parglel intertace
dapier
MC8883 40 L) Syncivonous Adoress
Mutighaxer
mCesa? L] 15 Y
Ganeraior
MCMEBBA3SS 24 2 &7 8 Koyte Read-Ondy
MCMae27 1 8 Biwy 154 Kb Lvowm
mable Memory
MCTAS138 18 1 1% 3o Decoder
MCTaS02 14 1 ” gmnﬂ 24nput NOR
&
MC74LS2a4 20 118 Octal ButferALing Oriver
MCT4LS273 20 1 » 8-bh Laich
MC140508 14 12 Hex ening
CMOS Buller
MC145208 1% 121 Oual 4-Chenned
MC1372 1 122 Color-Subcar rier
Modula
MM33E 1 a2 Quad votiage Com-
MC723C " 12 okage Reguiator
MC78M12 3 1 % Vohage Reguiaior
MC7OMI2 3 2% Vohage Reguetor
MC78M05 3 LI 4 1
UM1285-8 NA 1 28
Modulaior

Table 1: List of integrated circuits used in the TRS-80 Color

Computer. large-stale integration reduces the mamber of

devices necessary to build in sophisticated capabilities. and

l;;lﬂﬁs refiability. All circuits used are manufactured by
otorofa.

90 Mesch 1901 © OYTR Publicatons b

) shield - this was probably
necessary Io get FCC {Federal Communications Commis-
sion) Type Approval, but it also helps to give a clean
dhﬂ:y‘.h"l;clodgd alook at the parts, simply pry off the top

There are only twenty-four DIPs (dual in-line
packages) in the system and they are all made by
Motorola. (The parts list is shown in table 1.) The
machine comes stuffed with 4 K-byte memory circuits;
but there is a simple way to change these to 16 K-byte

and a tricky way to get 32 K bytes of on-
memory —more on this later,

While we do not yet have a schematic diagram, the
block diagram in figure 1 should be sufficently detailed
to allow a thorough understanding of the system, There
are four basic sections:

sthe microprocessor

sthe video-display circuitry

sthe memory

sthe other 170 (input/output) devices (keyboard,
casselte, serial port, and joysticks)

The microprocessor is Motorola’s advanced 8-bit

machine, the MceaooE It was dstamd to wppon
today's high-level I; ding the E
Text contirued on poge 96



IF YOU CAN
WAIT A MINUTE,

WE CAN SAVE
YOU*4,000.

With the Starwriter™ Daisy
Wheel 25 cps printer from C. Itoh.

A business letter, written on a 45 cps
word-processing printer, might take
about two minutes to print.

With the Starwriter, it might take
closer to three.

The typical 45 cps printer retails for
about $3, 000.

But the Starwriter 25 retails for about
$1,895—thus saving you about $1,000.

And therein lies the biggest difference
between the Starwriter 25 and the more
expensive, daisy wheel printers.

The Starwriter 25 comes complete
and ready-to-use, requiring no changes
in hardware or software. It uses indus-
try-standard ribbon cartridges, and it’s
“plug-in” compatible to interface with a

wide variety of systems, to help lower
system-integration costs.

Using a 96-character wheel, it
produces excellent letter-quality print-
ing on three sharp copies with up to 163
columns, and offers the most precise
character-placement available, for out-
standing print performance.

C.Itoh’s wamranty;

3 months on parts and labor, sup-
ported by one of the best service organi-
zations in the industry.

4,000 OFF

| Leading Edge Products, Inc.,
| 225 Turnpike Street,
| Canton, Massachusetts 02021
| Dear Leading Edge:
I'dlike to know moreabout the Starwriter, and
| how spendingaminute can save me a grand.
Please send me the name of my nearest dealer.

I Title
Company
Street
State Zip
Phone: Area Code

I Number

|
|
|
|
|
|
| Name |
|
|
|
|
|
|
[}

LEADING
EDGE.

Leading Edge Products, Inc., 225 Turnpike Street, Canton, Massachusetts 02021
Dealer inquiries invited. For immediate delivery from the Leading Edge Inventory Bank™ call toll free 1-800-343-6833
In Massachusetts, call collect (617) 828-8150. Telex 951-624

BYTE March 1981
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SuperSoft’s \\

DIAGNOSTICS I: A system diagnostic package.
Tests:

¢ Memory ¢ CPU(B0B0/8085/280) <+« Terminal e« Disk ¢ Printer
To ourknowledge the CPU test Is the first of its kind anywhere. Dlagnostics
| can help you find problems before they become serlous. A good set of
diagnostic routines are a must In any program llbrary. Minimal re.
quirements: 32K CP/M. Supplled with complete user manual: $75.00 Manual

§SS FORTRAN: The SSS FORTRAN compiler is fast. efficient. and complete
(full 1966 ANSI standard with extensions). The RATFOR compiler compiles into
FORTRAN allowing the user to write structured code while retaining the
beneflls of FORTRAN. The FORTRAN supports many advanced features not
found in less complete implementations. including: complex arithmetic,
character varlables, and functions. Complete sequencial and random disk 1/O
are supported. SSS FORTRAN will compile up to 600 lines per minute' Recur-

alone: $15.00 sive subroutines with static variables are supported. ROMable * COM" liles
DIAGNOSTICkS ":' The most C°"‘p'°h°"l;": 5‘8' |°'GCPIM| c;:mpatlble may be generated. SSS RATFOR allows the use of contemporary loop control
system checkoull proglamsyeverassembled. fincludesyall o and struclured programming techniques. SSS RATFOR is similar to FORTRAN
Diagnostics |, plus: ‘% ‘77 in that 1t supports such things as:

¢ Every test is "submit'-able

s REPEAT.. UNTIL * WHILE * |F..THEN...ELSE
SSS RATFOR Is suppliad with source code in FORTRAN and RATFOR.
System Requirements & Prices:

SSS FORTRAN requires a 32K CP/M system.

SSS FORTRAN with RATFOR: $325.00

SS FORTRAN alone: $250.00

RATFOR alone: $100.00

(RATFOR sold only with valid SSS FORTRAN licenss)

* A complele Spinwrlter/Diablo/Qume test has been added
(Serlal Interface only)

¢ Output may be logged to disk

* Expanded memory test

¢ Expanded terminal test

¢ Expanded disk tast

Dlagnostics Il provides the next level In system maintenance.

Requires: 32K CP/M

Price: $100.00 Manual only: $15.00

SYSTEM MAINTENANCE |

STACKWORK'S FORTH: A full, extended Forth interpreter/compliler produces

COMPACT, ROMABLE code. As fast as compiled FORTRAN, as easy to use as in-

teractive BASIC.

SELF COMPILING: Includes every line of source code necessary o recompiie
itself.

EXTENSIBLE: Add functions at will.

280 or 8080 ASSEMBLER Included.

Single license, OEM licensing avallable.

Piease speclfy CPU type: Z80 or 8080

Supplled with extensive user manual and tutorlal: $175.00

Documentation alone: $25.00

SUPER-M-LIST: A complete, easy to use malling list program
package. Allows for two names, two addresses, clty, state, zip and
a three digit code fleld for added flexIbillty. Super-M:List can sort
on any field and produce mailing labels direct to printer or disk file
for later printing or use by other programs. Super-M-LIst Is the
perfact companion to TFS. Handles 1981 Zip Codes!

Requires: 48K CP/M

Supplied with complete user manual: $75.00 manual alone: $10.00

'TINY' PASCAL II: We still call it 'Tiny’ but it's bigger and better than everl This Is
the famous Chung-Yuen 'Tiny' Pascal with more features added. Features include:
s recursive procedures/functions ¢ Integer arithmetic ® CASE

* FOR {loop) * sequential disk 110 * 1 dimensional arrays
* IF..THEN..ELSE s WHILE s PEAK & POKE

* READ & WRITE s REPEAT..UNTIL * more

‘Tiny' Pascal is fast. Programs execute up to ten times faster than simliar BASIC
programs. SOURCE TOO! We stiil distribute source, In ‘Tiny' Pascal. on each
discette sold. You can even recomplle the compller, add features or Just gain in.
sight Into compller constructlion.

Requires: 36K CP/M. Supplled with complete user manual and source on discette:
$85.00. Manual alone: $10.00

TFS-Text Formetting System: An extremely powerful formatter.
More than 50 commands. Supports all major features Including:
s left & rightmarginjustification s user deflned macros
* dynamic Insertion from disk flle s underlining and backspace
TFS lets you make multlple copies of any text. For example: Per-
sonalized form ietters complete with name, address & other inser-
tions from a disk flle. Text (s not [Imited to the size of RAM making
TFS pertect for reports or any big Job. Text Is entered using CP/M
standard edltor or most any CP/M compatible editor.
Requires: 24K CP/M
Supplied with extensive user manual: $85.00 manual alone: $20.00
Source to TFS In B0BO assembier (can be assembled using stan-
dard CP/M assembler) plus user manual: $250.00.

TERM: A complate intercommunications package for linking your com-
puter to other computers. Link either to other CP/M computers or to large
timesharing systems. TERM Is comparable to other systems but costs
less, delivers more and source s provided on discette! With TERM you
can send and raceive ASCIl and Hex flles {COM too, with included conver-
tion program) with any other real time communication between users on
separate systems as well as acting as timesharing terminal.

* Engage/disengage printer * errorcheckingand auto retry
s terminal mode for timesharing between systems

* conversational mode s send files s recelveflles
Requires: 32K CP/M

Supplied with user manual and 8080 source code: $150.00

TEXTPROCESSING

UTILITIES I: A collection of programs that you wlll find useful and
maybe even necessary In your daily work {we did!).
Includes:

GREP: Searches flles for a specified string

SORT: Incore sort of variable length records

CMP: Compare two flias for equality

PRINT: Formatted listings to printer

PG: Lists files to CRT a page at a time

. plus more . . . Manual alone: $15.00

Requires: 24K CP/M

Supplied with manual on discette: $60.00 ;% INTERCOMPUTER COMMUNICATIONS

UTILITIES Il: Many new programs not available elsewhere. Includes these

“file™ utllities: ENCODE/DECODE: A complete software security system for CP/M.
DIFF: Source comparitor Encode/Decode s a sophisticated coding program package which trans-
PR: Powerful multicolumn output formatter forms data stored on disk into coded text which Is completely unrecog-
DC: Desk calculator nizable. Encode/Decode supports multiple security levels and passwords.
RPL: Substitute strings In flles A user defined combination {One billion possible) Is used to code and

... plus more . . . decode a file. Uses are unlimited. Below are a few examples:
Requires: 24Kk CP/M  $60.00 ¢ data bases s payroll files s programs * taxrecords
Supplled with manual on discette Encode/Decode Is avallable in two versions:
Encode/Decode | provides a lavel of security suitable for normal use
1 UTILITIES L Encode/Decode N provides enhanced securlty for the most demanding

needs.
Encode/Decode |: $50.00 Encode/Decode |i: $100.00 manualalone: $15.00

SOFTWARE SECURITY

ANALIZA: An amazingly accurate
simulation of a session with a
psychlatrist. Better than the famous
“ELIZA" program. Enlightening as
well as fun. An excellent example of
Artlficial Intelligence.

Requires: 48K CP/M, CBASIC2

Cost: $35.00

Z8000CROSSASSEMBLER: Supports:
full 28000 syntax. segmented and
unsegmented mode, full 32.bit
arithme tic, hex output, listing output,
“downl oader".

Requires: 56K CP/M $50000

1 year maintenance $300.00

manual alone $ 5000

CP/M Formats: 8" soft sectored, 5" Northstar, 5" Micropo-
lis Mod Il, Vector MZ, Superbrain DD/QD
All Orders and General Informatlon:

SUPERSOFT ASSOCIATES
P.0. BOX 1628
{ ENTERTAINMENT 28000 too! |:

B T CHAMPAIGN, IL 61820
' : = @ (217) 359-2112
On line “Help" system provided with every program package. Technlical Hot Line: (217) 359-2691

(answered only when techniclan Is available)
SuperSoft [yt
: : SHI-SHIMBAS T Il
First in Software Technology (I:);)SEWN;;;: HIMBASHI. MINATO-KU, TOKYO 7105 JAPAN

SuperSoft’s Masterpiece
of the Month &

CP/M REGISTERED TRADEMARK DIGITAL RESEARCH
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TOGETHER AT LAST

SSS FORTRAN & RATFOR are the critic's choice!

The SSS FORTRAN compiler is fast, efficient, and complete (full 1966 ANSI
standard with extensions). The RATFOR compiler compiles into FORTRAN allowing
the user to write structured code while retaining the benefits of FORTRAN.
Together they form an incredible team!

SSS FORTRAN Specifics
SSS FORTRAN makes full FORTRAN IV available to microcomputers. SSS
FORTRAN meets and exceeds the ANS| 1966 FORTRAN standard. The compiler
supports many advanced features not found in less complete implementations,
including: complex arithmetic, character variables, and functions. SSS FORTRAN
will compile up to 600 lines per minute! Recursive subroutines with static
variables are supported. ROMable ".COM" files may be generated.

FEATURES

Code generation; ROMable *.COM" files or intermediate code files (saves disk

space). External routines may be called.

Byte, integer, real, double precision, complex, logical, charac-

ter and varying length strings.

All standard operations plus string comparisons, assignments,

and .XOR.

Hexadecimal, decimal. and character literals with features to

imbed control characters.

ANS! 1966 standard with multiple statement lines, state-

ments may end witha '

Contrals: Map. List. and Symboal table output options.

1/0: Read, Write, Append, Rewind, Close, Delete. Rename, Search,
sequencial and Random 1/0 on disk files. Supports all CP/M
devices. The User can add device handlers t0 use custom|/0
devices.

Errars: Over 200 distinct compiler error messages. precision and

illega! instruction warnings during execution.

FORTRAN programs may be interrupted at any time; the stack

Data types:
Operations:
Constants:

Statements:

Interrupts:

FEATURING

$SS RATFOR

RATFOR is a preprocessor that compiles to SSS FORTRAN. SSS
RATFOR allows the use of contemporary loop control and struc-
tured programing techinques. SSS RATFOR is similar to FORTRAN
‘77 in that it supports such things as:

REPEAT ... UNTIL WHILE IF.. THEN .. ELSE
Begin End Brackets Macro Defines

SSS RATFOR s supplied with source code. The source code
is distributed in both RATFOR and SSS FORTRAN. Not only does
this prevent obsolescence, but allows the user to add enhance-
ments as desired.

000600 C©0 00 O

System Requirements & Prices
SSS FORTRAN requires a 32k CP/M system. 280 only.
SSS FORTRAN with RATFOR:  $325.00
SSS FORTRAN alone: $250.00
RATFOR alone: $100.00
(Sold only with valid SSS FORTRAN license)

CP/M Formats: 8" soft sectored, 5 Northstar. 5" Micropolis Mod II.

Vector M2. Superbrain DD/QD

All Orders and General Information:

SUPERSOFT ASSOCIATES

P.O. BOX 1628

CHAMPAIGN, IL 61820

(217) 359-2112

Technical Hot Line: (217) 359-2691

(answered only when technician is available)
“CP/M REGISTERED TRADEMARK DIGITAL RESEARCH
SSS FORTRAN is the copyright of
Small Systems Services. Urbana. lllinois

SuperSoft

First in Software Technology

pointer is always preserved.
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Block diagram of the Radio Shack Color Computer. Although a detailed schematic diagram is not available, the connec-
tion of the main components can be readily determined. Note that the use of large-scale integrated circuits (the microprocessor,

SAM dynamic-memory handler, video-display generator, and parallel port interfaces) means that a minimum number of com-

ponents is necessary to build this flexible computer.

Figure 1

—

Circle 50 on Inquiry card.
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NOW CLEANING YOUR OWN

DISKETTE HEADS COULD SAVE
YOU A>40 SERVICE CALL.
AND A LOT MORE.

The recording heads on your
diske e drives may be dirty—
and that can cause you a lot of
grief. There's the serviceman
you have to calt when the
machine doesn't perform. (You
know how much service calls
cost these days!) There's
machine down-time. Idle data
entry clerks. All the other delays
a cranky machine can cause.
And that service call might
noteven be necessary.

3M solves the problem
in seconds—and leaves
your heads
“Computer Room Clean’

The Scotch® head-cleaning
diskette kit lets you clean the
read-write heads on your
8" or 54" diskette drives. in just
30 seconds, without any
disassembly, mess or bother,
the heads can be completely
‘cleansed of dirt, dust, magnetic
oxides—all the things that can
get into your machines every
day. And foul them up.

Just saturate the special
white cleaning pad in its jacket
with the cleaning solution. Then
insert the jacket into the disk-
ette drive and turn it on. Your
machine does the rest. The

heads are microscopically cleaned
without wear, without abrasion.
This 3M head-cleaning
diskette kit has been evaluated
and approved by major diskette
drive manufacturers. It's the
best possible way to clean your
heads without service calls or
machine teardowns.

At only $1 percleaning—
it's the best insurance you
can get.

This fast-cleaning new Scotch
kit comes with everything
¥ou need (including special

juid, applicator tip, cleaning
diskettes) to handle up to

30 cleanings. That's only about
a dollar a cleaning.

With the Scotch head-clean-
ing diskette kit, you could save
yourself a lot more than just a
service call. So try this remark-

b

A Scotch cleaning diskelte shown
before use, and after 15 cleanings
of recording head's.

the dealer nearest you, call toll
free: 800-328-1300.

(In Minnesota, call collect:
612-736-9625.) Ask for the
Data Recording Products
Division.

{Not yet avarlable for Burroughs Mini-Disk I,
Vydec or 96 TP! Drive.)

==
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Figure 2: Pin description of Motorola’s MC6809E
microprocessor. The device has several 16-bit instructions that,
coupled with ease of programming and speed, make for a very
powerful 8-bit processor.

15 0
X—INDEX REGISTER

Y- INDEX REGISTER

POINTER REGISTERS
U= USER STACK POINTER

S - HARDWARE STACK POINTER

E'F'HII 'le'vlc gg:ﬁfsoTNEDRlTWN CODE

L CARRY

OVERFLOW

PC PROGRAM COUNTER
A B ACCUMULATORS
\ < )
o]
7 0
I oP I DIRECT PAGE
REGISTER
7 0

ZERO

NEGATIVE

IRQ MASK

HALF CARRY

FIRQ MASK

ENTIRE FLAG

Figure 3: Registers available in the 6809. Similar in architecture
to the 6800, the 6809 has three extra registers to facilitate mem-
ory acesses: a direct page register, a user stack register, and a
second index register. The instruction set is also more robust,
with the addition of 16-bit add, subtract, and multiply opera-
tions.
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Text continued from page 90:

BASICs now available. It has two 16-bit index registers
and two 16-bit stack pointers, as well as two 8-bit
accumulators- that can be used as a double-precision
16-bit accumulator. It supports both position-
independent code (code that can be executed anywhere in
memory without reassembly) and reentrant (interrupti-
ble) code.

The video display is generated by the Motorola
MC6847 VDG (video display generator). This is a 40-pin
LSI (large-scale integration) part that reads from %2 K
bytes to 6 K bytes of memory, depending on mode, to
produce an analog video signal. This signal is fed to the
MC1372 color-subcarrier modulator to get composite
video, which is then modulated by the ASTEC video
modulator to channel 3 or 4.

The Color BASIC interpreter is stored in an 8 K by 8
bit ROM (read-only memory). Its companion, Extended
BASIC, comes in another ROM of the same type. The
basic machine comes with only the first ROM; the ex-
tended ROM costs $99 plus installation.

As mentioned, the computer comes with eight
MCM4027 4 K-bit dynamic memory circuits. Tandy will
upgrade your system to 16 K bytes by replacing these
with MCMA4116s (16 K-bit devices) for $119. Or you can
buy the system with 16 K bytes and the Extended BASIC
ROM for $599.

These memory circuits are controlled and refreshed by
a special part, the MC6883 SAM (synchronous address
multiplexer). It provides all the signals for the memory
and the VDG and also provides the timing signals for the
microprocessor.

The other 170 functions are all handled by parallel
ports in the form of MC6821 PlAs (peripheral interface
adapters). The keyboard is connected to these and is
scanned and decoded in software. The serial port and
cassette port are both derived from a single parallel line
and are selected by software. The optional joysticks are
encoded with an A/D (analog-to-digital) converter com-
posed of a resistive-summing network hooked to a 6-bit
parallel port and an LM339 comparator.

The MC6809E Microprocessor

The third-generation MC6809E 8-bit microprocessor
features several 16-bit operations. This puts it functional-
ly between the 8- and the 16-bit processors. A description
of the MC6809E signals appears in figure 2.

The programming model of the MC6809E is shown in
figure 3. Three registers were added to the register set of
the original MC6800:

ea direct page register
®a user stack pointer
*a second index register

There are two 8-bit accumulator registers, the A register
and the B register, that are used for data manipulation
and serve as holding registers for arithmetic calculations.
The MC6809E has many 16-bit arithmetic operations, in-
cluding additions, subtractions, loads, stores, and an 8
bit by 8 bit multiplication. The 16-bit arithmetic opera-
tions use both accumulators — with the A register treated

Circle 51 on Inquiry card. wemp



*No one else We've got great news for people the D 804 delivers fully-compensated

who've been holding out for a high readings in °C from -20°C to
gives you quality, high performance DMM at a +1265°C, for checking heating and
as mny moderate price: Fluke's new nine- refrigeration systems.
5 - function model D 84 is now available Peak hold feature captures
functlons IR 5 celect electronics supply stores. transients: A short-term memory in
a handheld . With a suggested list pnce of only the D80 captures and holds peak
DMM "5229 and features you won't find in any readings
- other handheld DMM, the D8} is an - dAnd more: 0.1% basic dc accuracy,
] . exceptional value. Here's why. conductance, 26 measurement ranges,
Now youcan Logic level and continuity battery, safety-designed test leads and a
move up €O testing: A real timesaver for one year parts and labor warranty. A
Fluke” ‘troubleshooting passive circuits in .pcbs, full line of accessories is also avatlable . -
€. cables, relay panels and the like. The to extend the measurement mpabnhtm From tl:le world
D804ar}]1;s a switch-sgﬁctable gudible of yoKrSkDMM e leader in DMM’s.
tone visual symbols to indicate your dealer about the oW
continuity or logic levels. powerful, versatile D 804 and the rest of gne f(:" e)’,‘(r:lflesgned

. Direct temperature readings in  Fluke's new Series D line.of low-cost
°C: Used with any K-type thermocouple, digital multimeters, .

-

*Suggested U.S. list price If your dealer doesn’t carry Series D
Multimeters yet, call this number. We'll be

| P Asrweg * happy to tell you who does. 1-800-426-9182




Efficient position-independent code
can be written using the
capabilities of the MC6809E.

as the most significant byte. When the A and B registers
are concatenated, they are referred to as the D register.

The DP (direct page) register is one of the new
registers. Its contents form the high-order byte of the
address bus during instructions utilizing the direct
addressing mode. This register may be changed to allow
direct addressing anywhere in the 64 K-byte memory
map, as compared to the MC6800, which allowed direct
addressing only in the first 256 bytes of the memory map.
Direct addressing uses the immediate byte of the instruc-
tion as a 1-byte pointer into a single 256-byte “page” of
memory. This shortens instruction execution time
because the high-order byte is furnished by the direct
page register. MC6800 source code compatibility is en-
sured because actuation of the RESET line clears the
direct page register.

The MC6809E has four 16-bit pointer registers
available to the user. The U and S registers support stack-
oriented instructions such as PSH and PUL. The S
register is used as the hardware stack pointer to support
interrupts and subroutine calls. The U register gives the
designer the capability of maintaining an independent
stack.

The other two registers, X and Y, are intended primari-
ly for use as index registers, although special indexing

modes allow them to be used to maintain additional stack
areas. All four pointer registers can be used as index
registers, allowing indexed addressing, indirect address-
ing, or indexed indirect addressing. These pointer register
capabilities permit the MC6809E to function efficiently as
a stack processor, allowing the microprocessor to sup-
port graphics, high-level languages, and modular pro-
gramming techniques.

The microprocessor’s program counter, while primari-
ly used by the processor to address the next instruction,
may be referenced as an index register, thus allowing
addressing relative to the program counter.

The condition code register defines the state of the
microprocessor such that conditional branch instructions
may be used. The condition code register also allows
masking of some of the interrupts.

The register set is manipulated with the 59 instructions
shown in table 2. Over 1460 different op codes are
available to the programmer if all modes of the instruc-
tions are considered. However, only the 59 mnemonics
must be remembered when using an assembler.

Efficient PIC (position-independent code) can be
written using the capabilities of the MC6809E. The pro-
gram counter can be used as a pointer to provide offsets
within the program. For example, when a portion of PIC
is executed, the stack addresses, peripheral addresses,
and other addresses may be specified as offsets from the
current program counter address.

Other key factors in effective position-independent
code writing are the use of long and short relative-branch

Text continued on page 102

BECAUSE

e Unique software e Technical support e Quick
delivery o Established company e Release 2
CP/M° {some packages under UNIX* and TRSDOS?)
e Quality software @ In-house expertise o Fast
response ® User orientation ® Competitive prices
e Customer service » Verbatim® media ® Onyx
hardware (CP/M and UNIX versions)

Communication Arts, Huntington Beach, Ca.

Business

Medical

Real Esta'e
Computer Systems

RM/COBOL—The new standard for microcomputer COBOL!! The only COBOL
for CP/M (also on TRSDOS & UNIX) with alternate keys (multi-key IS AM), CRT
screen handling, Interactive debug, and the most useful Level 2 features. Compat-
Ible with RSCOBOL*—but runs taster.
Plus existing CBASIC2 packages:

APH' [Automated Patient History)

Osborne & Assoc.—Payroll ® Payables/Receivables

® General Ledger

NAD® (Name and Address}

PMS (Property Management System)
Inquire for details
Trademarks of: 'Ryan-McFarland Corp.. ’Compiler Systems, Inc.. *Digital Research. ‘Bell

tured Systems Group. inc., *Small Business Applications, Inc.

Why Do Professionals Prefer

Software from Cybernetics?

tion, down Ioading package, support for CORVUS 10 Mb hard disk. Many addi-

And system software packages:
MAGIC WAND? Editing/Word Processing
CBASIC2 Compiler BASIC
QSORT* Soft Merge Package

Telephone Laboratories, Inc., *Tandy Corp., *Verbatim, Inc.. 'Cybernetics. Inc., *Struc-

BECAUSE

Unique swift routing Cybernetics response system
gives you no-nonsense technical answersthatsave
you time. Call: (714) 848-1922.

e NEW RM/COBOL' applications:
e Order Entry/inventory ® Receivables ® Payables ®
General Ledger * Financial Modeling * Client Account-
ing—and more on the way!

o NEW CBASIC2? applications:

e REAP (Real Estate Acquisition Programs).

TRS 80’ Model ] CP/M—The fastest Mod Il CP/M with the most features. Out-
tor newcomers to CP/M, multiple CRT emula-

tional user-oriented features.

Distributed in U.K. by

Microcomputer Applications Ltd

11, Riverside Court. Caversham. Reading. England
TEL: (0734} 470425

1LIC(8 8041 Newman Ave. Suite 208
Ek/k’ Huntington Beach. CA 92647
© (714) 848-1922
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C &‘I"ascal
Efﬁciencyi‘@é‘[’ortabﬂity
Flexibility‘b‘\fstrong Iyping

Now you don’t have to compromise!

Whitesmiths Ltd. now offers portable language development systems for four
families of computers. Approximately one thousand installations use our
software.

We support complete versions of both C and Pascal, as compilers and cross-
compilers. You get C automatically when you license Pascal, and you get
native support with each cross-compiler. Test the software on your VAX

before burning PROMs for your 68000 or 8080.

Whitesmiths Ltd. offers a variety of licensing arrangements, the simplest
being a binary license for use on a single CPU. The full source code is avail-
able with internal documentation. Maintenance, training and sublicensing
rights may also be obtained.

Call or write for more information.

Source Target Machines
Operating
Systems 8080/280 | LSI-1/PDP-N VAX-1 M68000
8080/280 C. $630
CP/M Pascal: $880 * * *
LSI-11/PDP-11:
Idris, Unix, RT11, C: $130 C: $630 * C: $N1130
RSX-11/M, Pascail: $1380 | Pascal: $880 Pascal: $1380
RSTS/E, IAS
VAX-N

C: $1130 C: $630 C: $1130
e Pascal: §1380 * Pascal: $880 | Pascal: $1380
M68000 »* C: $630
VERSAdos ® ® Pascal: $880

dnis 18 a erademark of Whitesmmiths, Led. B Unix is a trademark of Bell Lat ws B CP/Mis o teademark of Digital Rescarch Company B VMS,
RSX-11/M, RSTS/E, LSk, VAX, atc trad ks of Digiral E qui) Corporation B VERSAdos is 2 irndemark of Motorola Corporation

* Special Order

PrOte ctyours Oft wadre

1nvestment. * L d
itesmith S, LtQ.
PO.Box 1132 Ansonia Station New York, N.Y.10023
(212) 799-1200

Circle 75 on inquiry card. BYTE March 1981



Circte 53 on inquiry card.

RADIO SHACK Mnemonic Desc?ist';r?PEHATIONs
TRS-80 MODEL | ! ABX Add B register to X register unsigned.

MORE SPEED ADCA, ADCB Add memory to accumulator with carry.
10-20 times faster than Lavel || BASIC. ADDA, ADDB Add memory to accumulator.
* MORE ROOM ;
Complled code plus VIRTUAL ANDA, ANDB AND memory with accumulator.
MEMGRY/ makes your RAM,act |arger. ANDCC AND:immediate with condition code register.
* L‘&"%’JST&‘,’HCJQ%‘,S(O its large in- ASLA, ASLB, ASL Arithmetic shift left accumulator or memory.
] i . . .
?:‘;:‘fn‘l:’,’; :?,ﬁ;‘p..,,., than most Forths: ASRA, ASRB, ARS Arithmetic shift right accumulator or memory.
:{’,‘.E,';,‘,’;ﬁg.‘:,’,’gf Brelciion 4TS BITA, BITB Bit test memory with accumulator.

% MORE EASE CLRA, CLRB, CLR Clear accumulator or memory.
E‘,?.?,'L‘LT;,“;',';?;;",:’,‘“E,%"°’- i CMPA, CMPB Compare memory with accumulator.
koaﬂ,‘,',’;‘;‘,?’,L‘;‘.,:g‘f’uLﬁf,?.%x;',“cm COMA, COMB, COM  Complement accumulator or memory.
display driver, single- & double-width DAA Decimal Adjust A accumulator,

graphics, etc.
% MORE POWER DECA, DECB, DEC Decrement accumulator or memory.

.ﬁf:.’,‘,’;,‘i,‘:::“,{ﬁg Z{,sr:‘%rﬂ‘a, EORA, EORB Exclusive OR memory with accumulator.
Internal 80B0 Assembler

(ZBO Assembler also available) EXG R1, R2 Exchange R1 and R2.

L’.‘:‘J;’,‘,‘;,‘;‘;JW vidactan pritary INCA, INCB, INC Increment accumulator or memory.

(10-Megabyte hard disk available) LDA, LDB Load accumulator from memory.

LSLA, LSLB, LSL Logical shift left accumulator or memory.

m LSRA, LSRB, LSR Logical shift right accumulator or memory.
MUL Unsigned multiply (8 bit by 8 bit = 16 bit).
NEGA, NEGB, NEG

Negate accumulator or memory.

THE PROFESSIONAL FORTH ORA, ORB OR memory with accumulator.
FOR TRS-80 MODEL | ORCC OR immediate with condition code register.
(Over 1,000 systems In use) PSHS (register list) Push register(s) on hardware stack.
331(5;,‘327&“,5,{’3,\?1,?“'}’. .\/.1.'?13:! irex, 1 PSHU (register list)  Push register(s) on user stack.
[‘e"c,f,ﬁ,og‘;gg:‘fg,?;m‘?ﬂ Ml PULS (register list)  Pull register(s) from hardware stack.
AND MMS GIVES IT PULU (register list) Pull register(s) from user stack.
PROFESSIONAL SUPPORT ROLA, ROLB, ROL Rotate accumulator or memory left.
Source code provided RORA, RORB, ROR  Rotate accumulator or memory right.
msﬁgypu?;iﬁ'ﬂbmm SBCA, SBCB Subtract memory from accumulator with borrow.
MMSFORTH User Groups
Programming statf can provide advice, STA, STB Store accumulator to memory.
p’“,‘ég',';'.?é"i'ésn?’{?’oﬁé'ﬁél‘,u,. SUBA, SUBB Subtract memory from accumulator.
MMSFORTH UTILITIES DISKETTE: includes TSTA, TSTB, TST Test accumulator or memory. -
,FOL‘%,T:‘J,G F;?Hf %%T:pﬁ'f Bﬁi',ﬁ;},‘,’! TFR R1, R2 Transfer register R1 to register R2.
Dagraas mode, more). pis 2 ful Fortratyle 16-BIT OPERATIONS
MMSFORTH, 1 drive & 16K RAM), . . $39.95° ADDD Add to D accumulator.
THE DATAMANDLER V1.1, a very soph- SUBD Subtract from D accumulator.
S TalSinlsy i w8 (maciTeg gk LDD Load D accumulator.
mrnsu';%‘m'_ i .arue % 328 R"_Ms’:sg‘f;';'.’ _ STD Store D accumulator.
CMPD Compare D accumulator.
FaHTH BEOKS AVSILABLE LDX, LDY, LDX, LDU Load pointer register.
Es:\f%%%so%::;;pamm: T_ ‘I(z;orr!:ssgsvj‘:aq STX, STY, STS, STU  Store printer register.
— more datased and advanc-
S REAGED INTERBRETIVE TANGUASESS CMPX, CMPY. CMPU. ) .
advanced, excellant analysis of CMPS Compare pointer register.

MMSFORTH-llke language ..., ... $18.95° LEAX LEAY. LEAS,

CALTECH FORTH MANUAL — good on
Forth internal structure, etc $10.00* LEAU

Load effective address into pointer register.

* — Software prices include manuals and re- i

quire slgnlng of a single-system user SEX Sign extend
2.

license. Add $2,00 S/H plus $1.00 per addi- H H H H
TEal NS ‘s - aidbrs Wi oi% ar. TFR register, register Transfer register to register.

Foreign orders add 15%. UPS COD, VISA & H H H H
NITE] BoanptaLE 0o paid pureliantscodnrs, EXG register, register Exchange register to register.

please. PSHS (register list) Push register(s) onto hardware stack.

Send SASE lor free MMSFORTH information. H H :
Good daslars sought. PSHU (register list) Push register(s) onto user stack.

Gat MMSFORTH products from your PULS (register list) Pull register(s) from hardware stack.

MILLEﬁoﬂfgzgg%aPUTEﬂ PULU (register list)  Pull register(s) from user stack.

SERVICES (B3)

o L EaE R Ry Riadoue Table 2: The 6809 instruction set.

(617) 653-6136
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INDEXED ADDRESSING MODES

Mnemonic
0, R

[0, R]
R+
R+ +
LR+ +)
.—R
.——R
[.= =R]
n, P

[n, P]
A R

[A, R]

B, R

[, R

D, R

(D, A]

Description

Indexed with zero offset.

Indexed with zero offset indirect.
Autoincrement by 1.

Autoincrement by 2.

Autoincrement by 2 indirect.

Autodecrement by 1.

Autodecrement by 2.

Autodecrement by 2 indirect.

Indexed with signed n as offset (n=5, 8, or 16 bits).
Indexed with signed n as offset indirect.
Indexed with accumulator A as offset.
Indexed with accumulator A as offset indirect.
Indexed with accumulator B as offset.
Indexed with accumulator B as offset indirect.
Indexed with accumulator D as offset.
Indexed with accumulator D as offset indirect.

NOTE:R = X, Y, U,orS;P = PC, X, Y, U, or S. Brackets indicate indirection. D
means use AB accumulator pair.

6809 RELATIVE SHORT AND LONG BRANCHES

Mnemonic
BCC, LBCC
BCS, LBCS
BEQ, LBEQ
BGE, LBGE
BGT, LBGT
BHI, LBHI

BHS, LBHS
BLE, LBLE
BLO, LBLO
BLS, LBLS
BLT, LBLT

BMI, LBMI

BNE, LBNE
BPL, LBPL
BRA, LBRA
BRN, LBRN
BSR, LBSR
BVC, LBVC
BVS, LBVS

Mnemonic
CWAI

NOP

JMP

JSR

RTI

RTS

SEX

SWI, SWI12, SWI3
SYNC

Description

Branch if carry clear.

Branch if carry set.

Branch if equal.

Branch if greater than or equal (signed).
Branch if greater (signed).

Branch if higher (unsigned).

Branch it higher or same (unsigned).
Branch if less than or equal (signed).
Branch if lower (unsigned).

Branch if lower or same (unsigned).
Branch it less than (signed).

Branch if minus.

Branch if not equal.

Branch if plus.

Branch always.

Branch never.

Branch to subroutine.

Branch it overflow clear.

Branch if overflow set.

6809 MISCELLANEOUS INSTRUCTIONS

Description

Clear condition code register bits and wait for interrupt.
No operation.

Jump.

Jump to subroutine.

Return from interrupt.

Return from subroutine.

Sign extend B register into A register.

Software interrupts.

Synchronize with interrupt line.

Circle 54 on inquiry card.

IT'S YOUR CHOICE

You can sor fas using your present facillies, or
you can do it faster with Rocers’ superb facl-
tles, of you can use the fasresr: SUPERSHAPP X,
The hean of SUPERSHAPP X i o SUPER FAST
in-memony sor routine that hos been bench-
marked ogainst everything on the market and
bears them all ... hands down.

SUPERSHAPP X I3 the most iImponant compo-
nent of SHAPP X EXTENDED DUILTIN FUNCTIONS
which i3 a much needed set of additions fo the
Model Il DASIC interpreter that will put fime
saving power at your fingertips. Let's compaone
{using random dota) SUPERSMAPP X and Rocet's
GSF SORT for speed:

SORT "SUPERSMAPP X RACET GSF
10,000 integers 39 seconds 59 seconds
5,000 Singles 22 seconds 34 seconds
2,000 Serings 10 seconds 15 seconds

SUPERSHAPF X bs guoranteed to be e FASTEST
in memory SORT on the market or your money
bock. With i you also get these EXTENDED
BUILTIN FURCTIONS: PEEK, PEEKW POKE POKEW
XDATS XTIM5 ETIMS FILES AND THE SPECIAL
SCMD (SHAPP-COMMAND), PLUS: cpen "E, Set
SCROLL PROTECTION. ERASE oll ARRAYS in one
command. Specify size and Dink rate of CUR-
S5OR. Long ERROR messoges. Read from
Video. Soeen Read. Diskerne ID's and mone!
you want the FASTEST 50RT on the morket, you
want SUPERSMAPP X. Don't waste time. Call or
wiite today for SUPERSHAPP X. $100.00

= "
o

4§5mﬁ? o
SHEPP IHC.

8160 Corporate Park Dr.
Cincinnati, Ohio 45242

Call Toll Free —
et
Ohio residents

call collecr (512) 891-4494
All products now avalloble fo run with TRSDOS 2.0,

Now available for Model Il




StackWork'’s

FUHRTE

A full, extended FORTH interpreter/compiler
produces COMPACT, ROMABLE code. As fast as
compiled FORTRAN, as easy to use as interactive
BASIC.

SELF COMPILING
Includes every line of source
necessary to recompile itself.

\
2,
Q)
e\ EXTENSIBLE
NN -\\\ Add functions at will.

. CP/M* COMPATIBLE
280 or 8080 ASSEMBLER included

Single license

$175.00
Documentation alone: $25.00

OEM's, we have a deal for you!

CP/M Formats: 8'' soft sectored,
5'" Northstar, 5" Micropolis Mod |1,
Vector MZ, TRS-80 Mod i

Please specify CPU type.
280 0r8080

All Orders and General Information:
SUPERSOFT ASSOCIATES

PO.BOX 1628

CHAMPAIGN, IL 61820

(217) 359-2112

Technical Hot Line: (217) 359-2691
(answered only when technician is available)

SuperSoft

First in Software Technology

*CP/M registered trademark Digital Research

Supplied with extensive user manual and tutorial:
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Text continued from page 98:

instructions and LEA (load effective address) instruc-
tions. The relative-branch instructions allow PCR (pro-
gram counter relative) branching. When an 8-bit offset
is used, control may be transferred anywhere within a
256-byte area. A 16-bit offset allows transfer of control
anywhere in the entire 64 K-byte address space. The
following are examples of the relative-branch instruc-
tions:

DECA Decrement A Accumulator
BEQ CAT If A = Othengoto CAT
(CAT is within *+ 128 bytes)
INCA Increment A Accumulator
LBEQ DOG If A = 0 then go to DOG

(DOG is within *+ 32,768 bytes)

The LEA instructions work by calculating the effective
address of an indexed instruction and storing it in the
specified pointer register. This allows the programmer to
use all the internal addressing hardware of the
microprocessor. Below are some examples of the LEA
instructions.

Instruction Operation
LEAX10,X X+10-X
LEAY A)Y Y+A-Y
LEAX DY Y+D-X
LEAU —10,U U-—-10-10U
LEAX TABLE,PCR (see text below)

Note how the registers may be incremented or
decremented using the LEA instructions. In addition,
registers may be used as offsets, as explained above. The
program counter may be used as a pointer register with
8- or 16-bit signed offsets. As in relative addressing, the
offset is added to the current contents of the program
counter register to create the effective address.

The last example calculates the offset of TABLE and
adds it to the current value of the program counter
register. This value is then placed in the X register. Tables
related to a particular routine will maintain the same rela-
tionship after the routine is moved, since addresses are
calculated when the code is executed.

Position-independent code is not without disadvan-
tages, the major being that it generally takes 5 to 10 per-
cent more space than nonrelocatable code. In addition,
PIC usually takes 5 to 10 percent more time to execute.
Typically, PIC would be used for utility programs where -
the run-time addresses are dynamically determined. This
eliminates the need for a linking loader to perform a
relocation operation. Common examples of this type of
code would be machine-language utilities such as graphic
routines and subroutines called by BASIC programs.

The MC6809E has several very interesting hardware
features also. Referring to the signal descriptions of figure
2, note that not only does the microprocessor have 16
address lines, 8 data lines, and an R/W (read/write) line,
but there are several other control lines. The MC6809E is
synchronized to the video-display circuit by the two
clock inputs, E and Q. These two clocks control internal
operation of the microprocessor. Figure 4 shows typical
timing diagrams for bus operations.

Circle 56 on inquiry card. ——p



SOLVE THE STORAGE
SHORTAGE

with ten multi-user megabytes

CompuStar’s 8-inch Winchester

Intertec’s exclusive 255 User Controller

———
CompuStar Cable Assembly

If you could think of just one way to im-
prove our phenomenally popular Super-
Brain, what would it be? More disk
storage? Well, we already thought about
it. And for only a few thousand dollars for
a whopping 10 megabytes of lightning-
fast storage, it's nothing short of another
major breakthrough! From the company
that wrote the book on pricelperfor-
mance . . . Intertec.

Our New CompuStar™ 10 Megabyte
Disk Storage System (called a DSS)
features an 8 inch Winchester drive
packaged in an attractive, compact
desktop enclosure. Complete with disk.
controller and power supply. Just plug it
into the Z80 adaptor of your SuperBrain
and turn it on.” It's so quiet, you'll hardly
know it's there. But, you'll quickly be as-
tounded with its awesome power and
amazing speed.

‘Some models require hard waresoltware modification.

The secret behind our CompuStar DSS
is its unique controller/multiplexor. It
allows many terminals to “share” the
resources of a single disk. So. not only
can you use the DSS with your Super-
Brain, you can configure multiple user
stations using our new series of Compu-

Star™ terminals, called Video Processing
Units or VPU'sTM,

Four CompuStar VPU’s are available.
At prices starting at less than $2.500.
Some models are designed to operate as
stand-alone microcomputers. with inter-
nal disk storage. Just like your Super-
Brain. Each model features its own 64K of
RAM and can be "daisy-chained” into a
powerful multi-user network. Just connect
one VPU into the next. Using easy-to-
install cable assemblies. Connect up to
255 users in a single system. One at a
time. As you need them.

Whether you need an extra 10
megabytes for your SuperBrain or an
enormous multi-user network., the
CompuStar™ DSS solves your storage
shortage problems. Sensibly. And
economically. Plus, your investment is
protected by a nationwide service net-
work with outlets in most major U.S.
cities. Providing efficient on-site or depot
maintenance.

Get a demonstration of this extraor-
dinary new system today. Call or write
now for the name and address of your
nearest CompuStar dealer.

INTERTEC
— DATA
SYSTEMS.

2300 Broad River Rd, Columbia. 8.C, 29210
(803) 798-9100 TWX: 810-666-2115

L]
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WE
DELIVER!

Business Sofrware

Before you buy the programs that your company is going to
depend on for its accounting, ask the folowing questions:

Do | get the source (Don't settle for less.
code? You cannot make the
smallest change without it.)
(The Osborne documen-
tation is the best.)

(if not, why not? What are
they afraid of?)

The Osborne system is the industry standard accounting
package, with literally thousands of users. We offer an en-
hanced version of that package that will run on most systems
without recompiling.

CRT INDEPENDENCE. The original programs were
designed to run on a Hazeltine terminal. To use a different
CRT, you had to modify and test two modules — and recom-
pie every program! With the Vandata package, you simply
pick your CRT from a menu and run.

FILE/DRIVE MAP. The original package had all data files
on the same drive as the programs. Ows allows you to
dynamically specify the drive assigned to each file. In fact, you
can change the drive assignments whenever you wish, to ac-
commodate expanded file sizes or new hardware — al
without recompiling!

INTEGRATION. The original AR and AP systems had to
be changed and recompiled to feed journal entries to GL. Our
instalation program eliminates this hassle. it simply asks you if
you want the systems integrated, and what your special ac-
count numbers are.

SPEED. The original programs used a binary search to ac-
cess the GL account file. We use an enhanced technique that
greatly cuts down on disk accesses, thus speeding up account
lookups significantly in the GL, AR and AP systems.

BUGS. We have corrected a number of bugs in the original
programs. If you find a bug in our programs, well fix it — and
send you a $20 reward Our users are sent bug fixes in source
form

MORE! We have made many minor enhancements, and
fixed many minor problems. We are committed to the ongoing
support of our package. Vandata has been an independent
software supplier for over seven years. Qualty and support are
our way of doing business.

General Ledger with Cash Journal

Accounts Receivable

Accounts Payable

Payroll with Cost Accounting

= All Four Packages (GL, AR, AP,PR). ..., .,

Magic Wand (Super Word Processor!f)

Pearl Level lll (best prog. tool available)

CBASIC-2

TRS-80° MOD Il CP/M® 2.2 (Pickles & Trout) $185

HB9/ZB9 CP/M® 2.2 (Magnolia Microsystems)$249

Formals Sid 8", 5" NorthSiar DD. TRS-80 MOD #®, HB/2B9. Manuals for

GL. ARIAP. and PR are not included in price — add $20 per manual desied

(AR/AP are in one manual). CP/M™ and CBASIC-2 required lo run accouning
software. Users musl sign kcensing agreemenl. Dealer inQuries invited

(206) 542-8370
VANDATA

17541 Stone Avenue North
Seattle, WA 98133

Is it well documented?

Is it fully supported?

To order call:
or write:

CP/M® s a regislered irademark of Digital Research.
TRS-B0® is a regislered Irademark of Radio Shack. Inc.

Circle 87 on inquiry card.
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Three interrupt control lines, NMI, FIRQ, and IRQ,
allow peripherals to request (demand!) support. Each in-
terrupt causes the microprocessor to retrieve a vector
from a specific address and use it to begin executing
instructions.

The Color Computer uses IRQ (interrupt request) and
FIRQ (fast interrupt request) to support real-time clock
input (driven by the horizontal and vertical sync signal
from the VDG) and to auto-start read-only memory car-
tridges. The NMI (nonmaskable interrupt) input is
reserved for use by the expansion port.

These interrupts function in different manners. The
NMI cannot be disabled or postponed under software
control and is useful in real-time interrupt-servicing disk
transfers. The other two interrupts are maskable under
software control. One is “faster” than the other in that a
response to an FIRQ) saves only the condition code
register and the program counter on the stack. The other,
IRQ, “stacks” all the registers, as does NMI. Separate in-
terrupts were used for the PIAs (parallel interface
adapters) to provide independent vector addresses for the
service routines, thereby minimizing the software
overhead. .

The interrupt vectors in the Color Computer are map-
ped to the top of the BASIC ROM by the SAM chip.
These vectors point to locations in programmable
memory starting at address hexadecimal 100. On reset,
the BASIC program stores jump instructions in these
locations which point to the interrupt-service routines.
Each jump call consists of 3 bytes: the jump extended op
code (hexadecimal 7E) and the address of the routine. If a
particular interrupt is not being used, all 3 bytes of its
jump call would contain 00. See table 3 for a map of the
interrupt-service addresses.

To define a jump call, program the 3 bytes with the re-
quired jump instruction. For example, if the SWI (soft-
ware interrupt) service routine is located at hexadecimal
8000, the SWI jump call should be loaded with 7E 80 00.
The following BASIC program would load the SWI jump
call with this vector:

POKE 264,0
POKE 263,128
POKE 262,126

This example program defines the last byte of the jump
call first, then the middle byte, then the first byte. This
approach is required to prevent interrupt service until the
jump call is completely defined. If the jump call was
defined by starting with the first byte, an interrupt could
be vectored to the wrong address. All interrupt-service
routines should end with a hexadecimal 3B (Return from
Interrupt op code) to restore the Color Computer to the
proper state.

Two other MC6809E input-control signals used by the
Color Computer are HALT and RESET. RESET is con-
trolled by the pushbutton switch on the rear right-hand
portion of the Color Computer. When the switch is
pressed, RESET goes low to initiate a restart routine. The
HALT input is connected to the expansion port. When
HALT goes low, the MC6809E completes the current in-
struction, then releases the address, data, and R/W lines
to the high-impedance state. This allows another device,

Text continued on page 110
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When DecisionMasterT’Mspeaks everybody listens.

Let's face it. We all have to make decisions. Decisions that can change our lives. Decisions that can
make us happy or unhappy. Decisions that could win us fame or fortune. Now, DecisionMaster
can help you make the best decisions of your life.

Use Bayesian theory to peer into the future...even if you've never heard of the Bayes® Rule.
Do a complete weighted factor analysis. . . without knowing what one is. Use discounted
cash flow to compare investment alternatives without bothering with present value
tables. These and other sophisticated theories that were once the exclusive domain of
professors and top business executives are built into DecisionMaster’s algorithms....
s0 you can use them at the touch of a key!

DecisionMaster is easy to use. It features:

» A fully documented manual developed by an authority in the field.
* A unique program-controlled cross reference system.
* A powerful formatted-screen data entry system.

You’ll use’DecisionMaster in hundreds of routine decisions,
as well as more important ones such ase Buying a house
» Changing jobs* Selecting investment » Evaluating insur-
ance policies * Expanding product lines * Leasing vs. -
purchasing.

If you buy only one computer program this year,
make it DecisionMaster. And when it speaks,
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Figure 4: Timing diagrams for 6809 bus operations. A s with the 6800, both memory and peripherals are accessed in the same way
and share the same address space. The complete instruction cycle.for reads (figure 4a) and writes (figure 4b) is the same: approx-
“imately 1.1 ps.
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PRINTERS
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ANADEX DP-3500
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CONSUMER COMPUTERS MAIL ORDER, 8314 PARKWAY DRIVE, GROSSMONT SHOPPING CENTER NORTH, LA MESA, CA. 92041
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ﬂ

Contents of
Address of Indirect Indirect
Interrupt Routine Routine
Interrupt Vector Call Address Call
Source (hexadecimal) (hexadecimal) (hexadecimal)
Reset FFFE AD27 none direct
call to
restart
NMI FFFC 0109 undefined not used
SWI FFFA 0106 undefined not used
IRQ FFF8 010C ASB3 Extended
BASIC
uses
894C to
update
real-time
clock.
FIRQ FFF6 010F AOF6
SwWi2 FFF4 0103 undefined not used
Swi3 FFF2 0100 undefined not used
Table 3: Interrupt vectors for Color Computer BASIC. At
the reception of an interrupt, control is transferred to a ser-
vice routine via a call to an address stored near the top of the
64 K address space (occupied by the BASIC ROM). The
address points to a 3-byte jump instruction (loaded into pro-
grammable memory when BASIC is initialized); that, in
turn, points to an interrupt-handling routine.

Bus Available Bus Status Machine State
Signal Signal
low low Normal (running)
low high Synchronize Acknowledge
high low Interrupt Acknowledge
high high Halt/Bus-Grant Acknowledge

Table 4: The four possible machine states. The Bus
Available and Bus Status signals can be decoded to detect
when the bus is not being used by the processor.

Text continued from page 104:
such as a DMA (direct-memory access) controller, to
contro] the bus.

Since the microprocessor is not halted until completion
of the current instruction, the external bus controller has
to wait 20 bus cycles before driving the bus. This delay is
required because the longest execution time for an
MC6809E instruction is 20 cycles for a CWAI instruction
(see table 2).

This delay could have been minimized if the BA and BS
lines were brought out to the expansion port. BA and BS
(Bus Available and Bus Status) indicate one of four
machine states. These four states and the BA and BS
signal combinations are shown in table 4.

Of the four states, the Halt/Bus-Grant Acknowledge is
the only one pertinent to the design of the Color Com-
puter. The Normal state indicates that the
microprocessor is executing code. The Synchronize
Acknowledge state, which allows the processor to be syn-
chronized to an external event, is not required in the
Color Computer. Nor is the Interrupt Acknowledge
state, which indicates that vector fetches are occurring.

Four other MC6809E signals were ignored by the Color
Computer’s designers: TSC, AVMA, BUSY, and LIC.
TSC (Three State Control) is used to put the buses into
the high-impedance state for cycle-stealing operations.
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Figure 5: Pin description of Motorola’'s MC6847 Video Display
Generator. In concert with the Synchronous Address Multi-
plexer (see figure 6), this device interprets the contents of a block
of memory to create a color display (using either an internal
character generator or an external one). The output signal is
converted to composite video by an MC1372, while a device
built of discrete components modulates the signal to radio fre-
quencies for reception on a standard television.

This type of operation is typically used for DMA or
dynamic-memory refresh and is not needed in the Color
Computer.

AVMA, BUSY, and LIC are intended primarily for use
in multiprocessor systems (which the Color Computer is
not). AVMA (Advanced Valid Memory Access) is the
signal indication that the processor will use the bus
during the next cycle. The BUSY output provides the “in-
divisible” memory indication required for a “test and set”
operation (operations of this type are required for effi-
cient multiprocessor support on a common bus). LIC
(Last Instruction Cycle) indicates that the first byte of an
op code will be latched at the end of the present bus cycle.

The MC6809E was the best choice of the
microprocessors available for use when the Color Com-
puter was designed. The external clock inputs allow the
microprocessor to be synchronized to the video display
to allow interleaved memory accesses. In addition, the
power of the MC6809E instruction set allows the efficient
graphics drivers supported by the Extended BASIC.

The Video Display and the Memory Controller
The “Color” in Color Computer comes from the
MCé6847 Video Display Generator. This device can
display information stored in memory using a variety of
alphanumeric, semigraphic, and graphic modes. To
understand how it works, refer to the signal description
shown in figure 5. Normally the address lines DAO thru
DA12 would be connected to a block of programmable
memory (usually static devices such as MCM2114s)
shared with the microprocessor. Depending on the mode
selected, the VDG would read the memory and, taking
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CM-600 $6.95*
RW-50 $2.98*

NEW CM-600 SOLDERLESS PROTOTYPE BOARD

CM-600isaunique system for solderless construction of circuit prototypes, useful to
both engineers and hobbyists. The CM-600 is a neoprene board 44" (114mm) x 6"
(152mm) with 2280 holes on .100" (R.54mm) centers. Standard components
including DIP’s are mounted by simply inserting leads into the holes in the long life
necprene material. Interconnections are easily made using 20 or 22 AWG (0,8 or
0,65mm) wire jumpers. Positive contact is assured by the elasticity of thehole,which
compresses the leads together. To remove components or leads, simply pull out. This
facilitates easy circuit changes making it ideal for breadboarding experimental
circuits. CM-600 also features numbered rows and columns for easy reference.
Accessory Kit RW-50 contains 50 pcs of AWG 20(0,8mm) insulated jurmnper wires of
assorted lengths from #”(13mm) to 4" (100mm). Both ends are stripped and bent 90°
for.easy insertion. In stock directly from.

OK Machine & Tool Corporation
3455 Conner St., Bronx,N.Y. 10475 U.S.A.
Tel. (1) 994-6600 Telex 125091

*Minimum billings $28.00, add shipping charge $2:00.
New York State residentsiadd applicable tax"
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Figure 6: Pin description of Motorola’s MC6883 Synchronous
Address Multiplexer. This device provides the complex timing
signals required by the microprocessor and for refresh of
dynamic memories, as well as multiplexing addresses going into
the memories. The various programmable modes of the video-
display generator are provided for so that the SAM can help to
refresh the video display. (This occurs during the portions of
instruction cycles that the processor does not access memory.)

/ INTRODUCING

IRTIHES IIIIII

MULTIPLE APPLICATION PROCESSING SYSTEMS

MP/M™USERS GROUP

Digiac Corporation, a major manufacturer and supplier
of automated Educational Training Systems, is proudto
announce the formation of MAPS, a National MP/M
Users Group which will provide all MP/M users with a
vehicle to exploit MP/M's benefits.

MP/M SUPPORT PRODUCTS

Digiac is supporting MP/M with a series of exclusive
S100 products:

e Universal MP/M Support Module

* MP/M XIOS Configurations for popular
Disk Systems

°* MP/M Multibank Memory Module

e CT-80 Multi- Workstation System

For Additional Information: i
Contact Lorraine Keckeisen i e
MAPS
Commercial Products Div. ‘
DIGIAC CORPORATION , '
Smithtown, New York 11787
Phone (516) 273-8600 CORPORATION
kMP/M is a trademark of the Digital Research Corporation

175 Engineers Road

-
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the information off its data lines (DDO thru DD?7), it
would format and shift out video information to its com-
panion part (the MC1372 Color Television Modulator) to
be transmitted to a TV receiver.

This method of using the part is fine, but it has a few
drawbacks. First, there needs to be a way to allow the
microprocessor to write its output data to memory. This
means that there must be three-state buffers between the
microprocessor bus and the VDG bus (and logic to con-
trol them). A control pin on the VDG, Memory Select
(MS), must be used to put the VDG's address lines in the
high-impedance state when the processor accesses the
memory.

Ore side effect of this is that the VDG shift registers
will be filled with the data from its data bus as usual, ex-
cept that the address lines are under the control of the
microprocessor, and so the data that gets sent out on the
video lines is incorrect. This results in “sparkles” of ran-
dom color on the TV screen and can be annoying when
you are trying to move your TIE fighter out of enemy

- gunsights!

Second, there is only one block of memory for the
VDG to “look” at. In trying to implement computer
animation, it would be nice to allow the microprocessor
to draw one picture while another is being displayed.
Then you would simply swap memory pages and, voil3,
the horse moves! You can't do this with the system out-
lined above unless you resort to fancy hardware.

Of course, both of these problems can be overcome.
We have seen it done with an entire board full of TTL
(transistor-transistor logic) packages but this is expen-
sive and not for the faint of heart. Fortunately, these
problems have a solution in the form of another LSI
device from—you guessed it—Motorola. The MC6883
SAM (Synchronous Address Multiplexer) is a 40-pin TTL
part that marries the MC6809E and the MC6847 to some
dynamic programmable memory.

SAM, the Synchronous Address Multiplexer

The little jewel called the SAM should really interest
computer experimenters. In the first place, it provides the
clock signals needed by the microprocessor. The E and Q
clocks are derived from the 14.31818 MHz crystal —they
are normally 895 kHz —but this can be changed, as we
will see. Secondly, the SAM also provides RAS (row-
address strobe) and CAS (column-address strobe)
signals for dynamic-memory refresh. As anyone who has
tried to design a dynamic-memory board can tell you, it
isn't easy; and one of the hardest things is deriving RAS
and CAS and hiding the refresh cycle from the processor.
The SAM does it all and could do it even without a VDG.
A complete memory board could be designed around this
device even if you didnt want a video display. A signal
description of the MC6883 is given in figure 6.

To conserve the number of pins on a dynamic-memory
circuit the address is multiplexed in 6-bit pieces (7 bits for
16 K-bit devices). The SAM takes all the microprocessor
address lines, multiplexes them to the memory, and con-
trols RAS, CAS, and WE (Write Enable). A typical read
cycle is shown in figure 7.

The microprocessor puts out an address to read a loca-
tion in the dynamic memory. The SAM splits this address
into the row address and the column address. First the
row address is presented to the memory on the output
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First compare quality.
Thencompare cost. .

Morrow Designs’ 10 megabyte
hard disk system: $3,695.

MORE MEMORY. LESS MONEY.

Compare Morrow Designs DISCUS™
M26™ hard disk systems
to any system available
for S-100 or Cromemco
machines. First,compare
features. Then, com-
pare cost per mega-
byte. The M26 works
out to under $200 a
megabyte. Andthe M10 is N
about half the cost of com-
peting systems.

COMPLETE SUBSYSTEMS.

Both the M10 (8"), and the M26
(14™), are delivered complete with
disk controller, cables, fan, power sup-
ply, cabinet and CP/M® operating
system. It's your choice; 10 Mb 8"

at $3,695 0r26 Mb 14"at $4,995.
That's single unit. Quantity prices are
available.

BUILD TO FOUR DRIVES.

104 Megabytes with the M26. 40+
megabytes with the M10. Formatted.
Additional drives: M26: $4,495.
M10: $3,195. Quantity discounts
available.

5-100, CROMEMCO
AND NORTH STAR*

The M26 and M10 are sealed-media
hard disk drives. Both S-100 controllers
incorporate intelligence to super-

vise all data transfers through four I/0O
ports (command, 2 status and data).
Transfers between drives and control-
lers are transparent to the CPU. The
controller can also generate interrupts
at the completion of each command
...materially increasing system through-
put. Sectors are individually
write-protectable for multi-
use environments. North
Star or Cromemco?

Call Micro Mike's,
Amarillo, TX,

(806) 372-3633 '
for the software

package that allows

the M26and M10 to run
on North Star DOS. MICAH of

\

Morrow Designs’
26 megabyte

hard disk system:
$4,995.

*CP/M is a trademark of Digital Research Corp.

Sausalito, CA, (415)332-4443,
offers a CP/M expanded to full
Cromemco CDOS compatibility.

AND NOW, MULT-I/0"

Mult-1/O is an |/O controller that allows
multi-terminal and multi-purpose

use of S-100 and Cromemco computers.
Three serial and two parallel output
ports. Real time clock. Fully program-
mable interrupt controller. Designed
with daisy-wheel printers in mind.
Price: $299 (kit), $349 assembled

and tested.

MAKE HARD COMPARISONS.

You'll find that Morrow Designs’ hard
disk systems offer the best price/
performance ratios available for S-100,
Cromemco and North Star compu-
ters. See the M26 and M10 hard disk
subsystems at your computer dealer.
Or, write Morrow Designs. Need infor-
mation fast? Call us at(415) 524-2101.

Lookto Morrow
for answers.

5221 Central Avenue
Richmond, CA 94804

“Cromemco is a trademark of Cromemco. Inc.

‘North Star is a trademark of North Star Computers, Inc.
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Figure 7: Typical read cycle of 4116-type dynamic memory circuits. T o reduce the number of pins required, the memory device in-
terprets the address being accessed as two sets of 7 bits that come at different times over the same set of pins. The memory cells of
each device are arranged in an array, and the two sets of bits define a row address and a column address. When a set of address bits
is valid, either the CAS (column-address strobe) or the RAS (row-address strobe) signal is sent to latch in the respective portion of

the address.

lines ZO thru Z5, and the falling edge of RAS causes the
memory to latch this part of the address into internal
decoders. The SAM then puts out the column address
and drops CAS. This causes the memory device to latch
the column address and decodes the location in the inter-
nal memory array. The memory’s stored data is then put
on the data-output lines and through a buffer to the
microprocessor.

Now, what about refreshing? Dynamic-memory cir-
cuits are made of small capacitor cells and, unless they
are refreshed, the charge that represents the stored infor-
mation will bleed off in a very short time. The memories
are constructed such that merely accessing all the row
addresses every 2 ms will keep the data alive. Usually this
is done with counters that need only count from 0 to 63 (0
to 127 for 16 K-bit devices). The trick is to hide this from
the microprocessor.

In the MC6809E, this is possible because the
microprocessor needs to access memory only during the
time that the E clock is high, so all that must be done is to
refresh the memories when E is low. The SAM also does
this little chore.

There are two differences between a system that uses 4
K-bit circuits and one that uses 16 K-bit devices. First, the
MCMA4116 integrated circuits have an extra address line
which must be connected to the Z6 output of the SAM.
Second, the refresh counters in the SAM must be pro-
grammed to put out 128 refresh addresses for the
MCMA4116s instead of the 64 needed for the MCM4027s.
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The SAM has to be programmed to do this. How this is
done will be detailed later.

In the Color Computer, the change is simple. There are
only two jumpers that need to be switched to select either
4 K-bit or 16 K-bit memory devices. One of these con-
nects the seventh address line, and one is connected to a
PIA input line. Upon reset, the BASIC interpreter reads
this bit and sets up the SAM for the type of memory in-
dicated. That's all there is to it.

So what does all this have to do with the VDG? Since
the VDG needs to be able to read memory to refresh the
video screen, the SAM takes care of this, also. The
address lines of the VDG are not connected at all in this
system. Rather, the SAM is programmed into the same
mode as the VDG and duplicates the timing of the VDG's
address bus, except that it accesses memory to refresh the
VDG during the E low time (so that the VDG accesses are
transparent to the microprocessor). Since there is no
possibility of a bus fight between the processor and the
VDG, there is no need to deny the VDG access to the
memory and the screen remains glitchless.

The full timing is shown in figure 8. The SAM usually
provides memories with the address needed to access the
data for the VDG to output as video. During the active
display time (one frame of video) these addresses
automatically refresh the memory devices. During the
vertical retrace time, the SAM puts out refresh addresses.
The microprocessor can access the memory at any time E
is high and is therefore not affected.
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Figure 8: Diagram of a typical dynamic-memory refresh cycle. The SAM provides every dynamic memory with a signal on each row

address, as required, to refresh the data contained within.

The VDG supports one
alphanumeric mode, two
semigraphic modes, and eight full
graphic modes.

Programming the VDG

The VDG has 5 mode-control pins that determine how
the address lines behave and how the data that is obtain-
ed from the memory is to be interpreted. In this system,
these lines are connected to lines PB3 thru PB7 of PIA2.
The data-output register for this device is located at
address hexadecimal FF22. The microprocessor can write
directly to this port to select the VDG mode. In fact,
Extended Color BASIC has a statement, PMODE, to do
just this.

The VDG has one alphanumeric mode (using its inter-
nal character generator or an external one), two
semigraphic modes, and eight full-graphic modes. The
modes and the way the mode-control pins must be pro-
grammed are shown in table 5.

The alphanumeric mode is the one used by BASIC to
print on the screen. The VDG sequentially reads 512
bytes from memory for each TV frame. The data is inter-
preted as character codes, with the first byte correspond-
ing to the top left corner (“home” position). There are 16
rows of 32 characters for a total of 512 characters on the
screen. The character code is given in table 6.

Lowercase characters are displayed as inverted (light
characters on a dark background). This is done by tying
bit 6 (DD6) of the VDG to the INVERT pin. Because this
bit is set in all lowercase numbers, they are inverted.

To support the SET and RESET commands in Radio
Shack'’s Level I BASIC, data line DD7 on the VDG is con-
nected to the alpha/semigraphic pin (A/S). Whenever
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this bit is set, the VDG will interpret the data in the
manner shown in table 5, under the semigraphic-4 mode.
Instead of displaying a character, a colored block that is
divided into four smaller blocks is displayed. The code in
the byte read from memory determines which pattern of
blocks is shown and what color it is. Using the smaller
element within the block as a pixel, this gives a grid of 64
by 32 blocks, which are the dimensions of the SET and
RESET commands. The other semigraphic mode is
similar to this, but each large block is divided into six
blocks (instead of four) and has a choice of two sets of
four colors, controlled by the CSS (Color Set Select) pin.
(Refer to the semigraphic-6 mode in table 5.)

The remaining eight modes are of the bit-mapped
graphic type. They require 1, 1.5, 2, 3, or 6 K bytes of
memory, depending on the mode. Basically, the data in
memory is interpreted as pixels. In the four-color modes
(1-C, 2-C, 3-C, and 6-C), each pixel is represented by 2
bits, selecting one of four colors. The set of colors is
selectable by the CSS pin. In the two-color modes (1-R,
2-R, 3-R, and 6-R), each bit is mapped one-to-one on the
screen. If the bit is set, the pixel is colored, and if it is not
set, the pixel is black. The color set can be changed so the
pixel can be either buff or green; color sets are controlled
by the CSS pin. The resolution of these modes varies
from 64 by 64 to 256 by 192 pixels horizontal and vertical
respectively.

To use these graphic modes, you simply program the
VDG by writing the mode code into the PIA output
register, and write to the “screen memory"” addresses. The
only problem is that the VDG's address lines are not con-
nected to any memory. As mentioned before, the SAM
provides the addresses and the VDG interprets the data
from the memory, so the SAM must be programmed to
be in the same mode as the VDG in order to get a mean-

Text continued on page 120



Can You Tell Which Tax Practitioner
Uses Aardvark Software ?

AardvarkSoftware, specializing in tax-related applications, helps you save timeand energy while your
clients’ benefit from the most comprehensive tax programs available. Our programs are designed
byCPAs with over 17 years of "Big Eight” taxexperience.These programs meet orexceedtherequire-

ments of most professional tax practitioners.

Our programs run on a variety of microcomputers, including Apple, TRS-80 and Commodore.

Tax Preparation
"Tax Prep” allows you to easily calculate your
clients' Federal Form 1040, all lettered sched-
ulesexceptR & RP and the mostfrequently used
numbered forms. Selected state forms are also
available. Since this system is user-oriented
evena novice can process returnsimmediately.
Price $495

Tax Planning
“Tax Plan” is designed to eliminate hours of
work and human error in evaluating various tax
alternatives for your clients. It allows you to
enter a variety of income and expense items
and to determine the tax effects attributable
to changes in one or more items.

Introductory Price $395

Depreciation
Quickly computes current year bonus and tax
preference depreciation, investment tax credit,
and investment credit recapture. At your option
the program will automatically switch from
accelerated to straight line depreciation, when
beneficial. Printed output is available in tax
return and/or worksheet format. .
Introductory Price $150

Estate Tax Planning
“Estate Plan” permits a comparative analysis
ofthe Estate & GiftTax eftects of different levels
of wealth and/or lifetime gift strategies. The
user has the ability to input a variety of taxable
estate assets and valuations.

Introductory Price $595

Aardvark Software™ programs are fast, efficient and easyto use.
Of course, if you enjoy working nights, weekends, holidays,...
For more information, please write orcall us.

AARDVARK SOFTWARE INIC.

The Microcomputer People for Professionals
783 NORTH WATER STREET MILWAUKEE. WISCONSIN 53202 414/289-9988
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High-Order
Hexadecimal
Digit

0
@
P
0
&
P
0

-l ] N 2Dy

3 4
C D
ST
# 3
3 4
cCbD
ST
# s
3 4

-ty ~-O0>

0
1
2
3
4
5
6
7

acters, dark characters on a light background.

E
U

e

Low-Order Hexadecimal Digit
5
/e
5
E
u
%
5

Table 6: Codes for the characters stored in the VDG's internal character generator. The lower section contains inverse-video char-

6 78 S ABCDEF
FGHUJKLMNDO
VWX Y Z[\NTT1 =
o & ' () 4+ ., = ./
6 7 8 9 : < => 7
FGHU LMNO
VWXY W e
& ' [ ) - ./
6 7T 8 9 < m ?

Text continued from page 116:
ingful display.

Programming the SAM

With a SAM in the system, the memory map is pretty
much fixed. The SAM directly decodes the addresses
from the processor to access memory, and provides
device selects for the rest of the sytem on the SO thru S2
pins. These pins are decoded by a 3-to-8 decoder
(741.5138) to get the active-low select signals for the rest
of the system. Refer to the memory map shown in figure
9.

The reset vector and interrupt vectors at thetop of the
map are mapped from hexadecimal FFF2 thru FFFF to
BFF2 thru BFFF. This allows these vectors to be stored in
the 8 K-byte BASIC ROM beginning at address hexa-
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Circle 65 on inquiry card.

decimal A00OQ. The addresses of the two PIAs, the second
ROM, and the off-board ROM cartridges are also shown
in figure 9.

The block of addresses from hexadecimal FFCO to
FFDF are the locations of the SAM registers. The SAM is
programmed and its various options selected by writing
to these locations. The data is immaterial since the data
bus is not connected to the SAM. Each register bit has
two unique locations, an even location and an odd one.
Writing to the even location will clear the register bit.
Writing to the odd location will set the bit. By encoding
the bits, and accessing the appropriate locations, the
SAM can be programmed.

The memory map in figure 9 shows the modes and the
locations associated with each. S stands for set and C for
clear in the diagram. The programmable attributes in-
clude:

¢V DG mode —mode of address lines during VDG refresh
time.

eDisplay offset —the base address of the memory used by
the VDG is specified here. This is the address of the pixel
in the upper left-hand corner of the screen in graphic
mode. Programmable in ¥ K pages.

eMemory size—4 K-bit, 16 K-bit or 64 K-bit dynamic
memories or a full map of static memory and 1/0.
eMicroprocessor clock rate —can be set for 0.8, 1.8 MHz
or address*dependent rate.

*Page —allows two 32 K-byte memory pages between
hexadecimal 0000 and 7FFF.

The VDG mode bits in the SAM must be programmed
to match the mode selected for the VDG on its mode pins.
Table 7 shows the correspondence between the SAM and
the VDG modes. If the two modes do not agree,
interesting results can be obtained. Some of these “mixed”
modes include graphics mixed with alphanumerics.

The VDG address offset specifies where the SAM

- should start the address counters. Figure 10 shows the

address sent by the SAM as a function of this offset. This
allows the VDG display to be “paged” through memory in
512-byte pages, allowing fast page swapping for anima-
tion, etc. On reset, BASIC will set the offset to hexa-
decimal 400 so all the screen output of the BASIC inter-
preter is at locations hexadecimal 400 thru SFF. Try
POKEing to these locations to use the alphanumeric and
semigraphic modes.

The Extended BASIC supports the higher-resolution

Text continued on page 124



Introducing
quality print at matrix speed.
I-%r only $1295.

Until now, word processing output
was a slow, expensive proposition. You
could pay thousands for a slow, letter-
quality character printer. Or give up
print quality for matrix speed and price.

Butthat was before Paper Tiger™ 460
offered you a better choice.

The new Paper Tiger 460 isthe first
matrix printer with high-density dot
matrix characters plus high speed. At a
low price.

The secret? A unigque nine-wire, stag-
gered matrix head provides overlap-
ping dots in both horizontal and
vertical planes. The result is
dense, high-quality characters
you'll be proud to show off.

What's more, Paper Tiger 460
gives you a combination of fea-
tures simply not available on any
other printer, at any price. Like
bi-directional, logic-seeking print-
ing at speeds in excess of 150
characters per second. Micro- ~
processor electronics, with built-in diag-
nostics and self-test. Proportional spacing.
Automatic text justification. DotPlot™ high

And itssimple, chassis-mounted
cartridge ribbon lasts up to four times
longer than cassette or spod ribbons,

Paper Tiger 460 is the one printer
that gives your Apple! TRS-80, *or
other small business computer both
data processing and word process-
ing output. At a price you can afford.
Get your paws on Paper

Tiger 460, and join the tens of
thousands of satisfied Integral

Data Systems users. For the

name of the Paper Tiger dealer
nearest you. Call us toll-free:
800-258-1386. (In New Hamp-
shire, Alaska, and Hawaii, call

(603) 673-9100.) Cr, write for
complete specifications. Integral
Data Systems Inc., Milford,

New Hampshire 03055.

Integral Data Systems stands rea
performance printers ideally su
printer, the IDS 460, offers feat

Automatic proportional spacing
processing systems, plus the ca
resolution of 84 by 84 dots per

Paper Tiger 460 Print Sample

resolution graphics option. RS232 and paral-
lel interfaces. And more.

But its most important feature is high relia-
bility. Paper Tiger 460 is designedtobe
tough and dependable. It hasrugged,
stepper-motor head and paper drives.

A new rugged ballistic-type print head.

Tiger:
‘@ Integral Data Systems, Inc.

*Suggested single-unit U.S. retail price.
t Apple is a trademark of Apple Computer Inc.
$TRS-80 is a trademark of Radho Shack, a division of Tandy Corp.
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Figure 9: Memory map of the Color Computer address space. The general division of addresses is provided at the left, while the
SAM programming registers and the processor-interrupt vectors are expanded at the right.

122  March 1981 © BYTE Publications Inc



The unique
and valuable
components of the MicroAce

The MicroAce is not just another personal
computer. Quite apart from its exceptionally low
price, the MicrocAce has two uniquely advanced
compaonents: the powerful BASIC interpreter, and
the simple teach yourself BASIC manual.
The unique versatile BASIC interpreter offers
remarkable programming advantages:
® Unique ‘one-touch’ key word entry: the
MicroAce eliminates a great deal of
tiresome typing. Key words (RUN, PRINT,
LIST, etc.) have their own single-key entry.

@ Unique syntax check. Only lines with carrect
syntax are accepted into programs. A cursor
identifies errors immediately. This prevents
entry of long and complicated programs with
faults only discovered when you try ta run
them.

® Excellent string-handling capability takes up

to 26 string variables of any length. All strings

can undergo all relational tests l(e.g.

comparison). The MicroAce also has string

input to request a line of text when

necessary. Strings do not need to be

dimensioned.

Up to 26 single dimension arrays.

FOR/NEXT loops nested up 26.

Variable names of any length.

BASIC language also handles full Boolean

arithmetic, conditional expressions, etc.

Exceptionally powerful edit facilities,

madification of existing pragram lines.

® Randomise function, useful for games and
secret codes, as well as mare serious
applications

® Timer under program caontrol.

allows

A Micr

-

® PEEK and POKE enable entry of machine code
instructions, USR causes jump to a user's
machine language sub-routine.

® High-resolution graphics with 22 standard
graphic symbals.

® Al characters printable in
program caontral.

® Lines of unlimited length.

reverse under

‘Excellent value’ indeed!

For just $149.00 (including handling charge) you
get everything you need to build a personal
computer at home... PCB, with IC sackets for all
ICs; case; leads for direct connection to a cassette
recorder and television (black and white or colaor);
everything!

Yet the MicroAce really is a complete, powerful,
full-facility computer, matching or surpassing other
persanal computers at several times the price.

The MicroAce is pragrammed in BASIC, and you
can use it to do quite literally anything, from playing
chess to managing a business

The MicroAce is pleasantly straightforward to
assemble, using a fine-tipped soldering iron. It
immediately proves what a good job you've done:
connect it to your TV ... link it to the mains adaptor
... and you're ready to go.

Fewer chips, compact design,
volume production-more power
per Dollar!

The MicroAce owes its remarkable low price toits
remarkable design: the whaole system is packed on
to fewer, newer, mare powerful and advanced LS!
chips. A single SUPER ROM, for instance, contains
the BASIC interpreter, the character set, operating
system, and monitor. And the MicroAce 1K byte

Licenced by Sinclair Research Ltd.

ocomputer
for everyone at

a Micro Price

cel - a new generation of

miniature computers

A COMPLETE COMPUTER

for $149.00 for 1K Kit
Post and Packing FREE
{Add 6% Tax for Shipments inside Califarnia)

RAM (expandable to 2K on board] is roughly
equivalent to 4K bytes in a conventional computer
typically staring 100 lines of BASIC. [Key words
occupy only a single byte.)
The display shows 32 characters by 24 lines.
And Benchmark tests show that the MicroAce is
faster than all other personal computers.
No other personal computer offers this unique
combination of high capability and low price.

The MicroAce teach-yourself
BASIC manual.

If the features of the BASIC interpreter mean
little to you-don’t worry. They're all explained in the
specially-written book free with every kit! The book
makes learning easy, exciting and enjoyable, and
represents a complete course in  BASIC
proagramming-from first principles to complex
programs. (Available separately-purchase price
refunded if you buy a MicroAce later.)

A hardware manual is also included with every kit.

The MicroAce Kit:
$149.00 with IK COMPLETE
$169.00 with 2K

Demand for the MicroAce is very high: use the
coupon to order today for the earliest possible
delivery. Al orders will be despatched in strict
rotation. If you are unsuccessful in constructing
your kit, we will repair it for a fee of $20.00, past and
packing FREE. Of course, you may return your
MicroAce as received within 14 days for a full
refund. We want you to be satisfied beyond all
doubt and we have no doubt that you will be.

280 A microprocessos Sockets for
chip, wdely recognised TV, cassette
as the best ever made. recorder, contains...
power
Expansion supply. i
Connector v SUPER

modutator ROM. ®

Rugged,
flush,
Keyhoard

eyt . -
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Your MicroAce kit

Printed circuit board, with
IC sockets far all ICs.
Complete components set,
including all ICs-all
manufactured by selected
waorld-leading suppliers.
® New rugged keyboard,
touch-sensitive, wipe-clean.
® Ready-moulded case
® Leads and plugs for
connection to domestic TV l
and cassette recorder.
(Pragrams can be SAVEd
and LOADed on to a
portable cassette recorder.) I
® Mains adaptor of 600 mA
at 9vDC nominal
unregulated.
® FREE course in BASIC
pragramming and user
manual.

Unit Price

JOIN THE REVOLUTION - DON'T GET LEFT

BEHIND - ORDER YOUR MICRO ACE NOW!!

r-------------
Send Check, Money Order or quate your Credit Card Nao. to:

MicroAce 1348 East Edinger, Santa Ana, Califarnia, Zip Code 92705.

l or phone (714) 547 2526 quoting your Credit Card Number.

TOTAL

I Quantity

l Name

Address

City

Description Amex
MicroAce Kit 1K | $149.00 Diners
: : Check
MicroAce Kit 2K | $169.00 Maney Order
I Manual $10.00 Master Charge
- Visa
1K Upgrade Kit $29.00
s — ——e Card No.
a(l;:;)g\qzn:;;ﬁde California TOTAL
Exp. Date
State Zip
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Mode

_ GMO
GIA GM2 GM1 EXTH CSS

Synchronous Address

Video Display Generator Signals

Multiplexer Signals

Internal alphanumeric 0
External alphanumeric 0
Semigraphic-4 0
Semigraphic-6 0
Full graphic 1-C 1
Full graphic 1-R 1
Full graphic 2-C 1
Full graphic 2-R 1
Full graphic 3-C 1
Full graphic 3-R 1
Full graphic 6-C 1
Full graphic 6R - 1
Direct memory access X

Vo Yy Vg
X X 0 X 0 0 0
X X 1 X 0 0 0
X X 0 X 0 0 0
X X 1 X 0 0 0
0 0 0 X 0 0 1
0 0 1 X 0 0 1
0 1 0 X 0 1 0
0 1 1 X 0 1 1
1 0 0 X 1 0 0
1 0 1 X 1 0 1
1 1 0 X 1 1 0
1 1 1 X 1 1 0
X X X X 1 1 1

Table 7: Mode correspondence between the SAM and the VDG.

Al5 Al4 A13 Al2 All Al0 A9 AB AT A6 A5 A4 A3 A2 Al AO

[re]esra[rs]reri]rof 0o o 0 Jo oo o] o]

M5B Ls8e

Figure 10: Mapping of the video-display refresh address. The
SAM uses a 7-bit offset to determine the start of video-display
memory. This allows the use of 512-byte "pages” for display
refreshing, making it possible to page through memory to create
fast animation effects, etc.

Text continued from page 120:

graphics and can also allocate more memory for multiple
pages, up to eight. It provides graphic operations, such as
LINE, DRAW, and CIRCLE, that are fast enough to
allow the programming of real-time games using the
joysticks as controllers.

Memory type is self-explanatory. The SAM must be
programmed for the type of memory devices used in the
system to produce the correct timing signals. If 16 K-bit
circuits (MCM4116 or the equivalent) are used, pin 35
can be used for RAS1. This is needed to select a second
bank of devices to provide 32 K bytes of memory. One
way to do this on the Color Computer is to piggyback a
second set of eight MCM4116s on top of the existing in-
tegrated circuits, paralleling all the pins except for the
RAS pin. When this is jumpered to pin 35 on the SAM,
the system then has 32 K bytes of user-programmable
memory.

The microprocessor clock rate is also programmable.
There are three modes, as shown in figure 9. In mode 0,
the clock rate is fixed at one-sixteenth the crystal frequen-
cy. In this case, that is 895 kHz. Mode 2 gives a fixed rate
of one-eighth the crystal frequency, or 1.8 MHz. This can
be used with an MC68B09E, a 2 MHz version of the
microprocessor. However, there are no memory or VDG
addresses output in this mode, so don't use it.

Mode 1 is the most interesting. It gives a dual-rate
clock of 895 kHz or 1.8 MHz depending on the address
used in the bus cycle. When the processor accesses
addresses from hexadecimal 0000 to 7FFF and FFOO to
FF1F, the lower rate is used, allowing for slower memory
and peripherals. When all other addresses are accessed,
the processor runs at 1.8 MHz. Using fast ROMs will
almost double the speed of the system because a majority
of the microprocessor’s memory references are to fetch op
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codes. If you want to try this, execute the following
BASIC statement:

POKE 65495,0

This will set bit RO of the microprocessor rate register at
location hexadecimal FFD7 and put the SAM into the
dual-rate mode. If your microprocessor can run at the
higher speed (a pretty good bet), you will see the
changing-color cursor flashing about twice as fast as nor-
mal. Your BASIC programs will now run about twice as
fast, too. There is one problem, though —don't try to use
the SOUND, CLOAD, or CSAVE statements in this
mode. The PIA used by these statements is at location
hexadecimal FF20 and it will probably not run at the
higher speed.

The other two registers do not apply to the Color Com-
puter. The Map Type bit chooses a mixed
programmable/read-only type of system such as the
Color Computer or a fully programmable system such as
a disk-based one. The Page bit allows two 32 K-byte
pages of memory to be accessed between locations hexa-
decimal 0000 and 7FFF. This cant be done on this
system.

Keyboard Scanning

The keyboard is configured as an 8 by 7 matrix of keys.
The Color Computer uses a software routine to encode
the keyboard in a manner similar to that of the TRS-80
Model I. This is done by shifting a 0 through the B port of
PIA IC8. The B port drives the 8 rows of the keyboard;
the 7 columns are connected to the A port of IC8. The A
port has internal pull-up resistors that provide a logic 1
level unless a key is depressed. When the shifted 0 occurs
on the row of the closed key contact, the low level is
passed to port A. By repeating the scanning procedure
several times, debounced inputs are recognized.

If you need to monitor the keyboard during a program,
a function (INKEY$) is provided: The BASIC statement

A% = INKEY$%
will return a character if a key is closed when the function
is called. An example use of this function would be to

monitor the keyboard during a “Tank” game for direction

Circle 76 on inquiry card, ==



The largest selection
of software from the
world’s largest
software publisher.

Product

ISIno.19

Write for our catalog.

DISK OPERATING SYSTEMS

CP/M CONFIGURED FOR:
APPLE I

DIGITAL MICROSYSTEMS FOC3
DURANGO F-85

HEATH H8 AND H89

ICOM MICRO DISK

ICOM 3712

ICOM 3812

ICOM 4511/PERTEC D3000
INTEL MDS

MICROPOLIS FLOPPY DISK
MITS/ALTAIR

LANGUAGES

ALGOL-60 muSIMP
APL/V80 NEVADA COBOL
BASIC-80 PASCAL/M
(COMPILER) PASCAL/MT
BASIC-80 PASCAL/MT +

(INTERPRETER) PASCAL/Z
BOS C COMPILER PL/I-80

CBASIC-2 SMAL/80
CIS COBOL S-BASIC
COBOL-80 TINYC
FORTRAN-80 WSMITHS C
KBASIC COMPILER
muLISP XYBASIC

LANGUAGE AND APPLICATIONS
TOOLS

BASIC UTILITY  MDBS.RTL
DISK M/SORT FOR
DATASTAR COBOL-80
FABS PEARL
FORMS 2 FOR QSORT
CISCOBOL STRING BIT
MAGSAM Il1 STRING/80
MAGSAM IV SUPER-SORT
MDBS.DRS ULTRASORT It

WORD PROCESSING SYSTEMS
AND AIDS

MOSTEK MDX MAGIC WAND __ TEX
NORTH STAR LETTERIGHT  TEXTWRITER Il
0SI C3 MICROSPELL  WORD-STAR
PRO-TECH HELIOS SPELLGUARD

TRS-80 MODEL |
TRS-80 MODEL | DATA MANAGEMENT PACKAGES
TRS-80 MODEL I CONDOR MDBS QRS
ZENITH 789 HOBS WHATSIT?
MP/M FOR INTEL MDS MDBS

HARD DISK INTEGRATION MODULES ~ GENERAL PURPOSE

CORVUS WITH APPLE I SOFTCARD  APPLICATIONS

CORVUS WITH $100 AND TRS-80 CBS
MODEL Ii SELECTOR IlI-C2

ICOM 4511/PERTEC D3000 SELECTOR IV

KONAN PLUS CDC PHOENIX
XCOMP SM/S PLUS COC PHOENIX
XCOMP DFC10 FOR PERTEC D3000

SYSTEMS TOOLS

BUG AND uBUG  TRS-80 MODEL Il
CP/M

DESPOOL

DISILOG CUSTOMIZATION
DISTEL DISK

EOIT UNLOCK

EDIT-80 WORD-MASTER
FILETRAN XASM-18
1BM/CPM XASM-48

MAC XASM-65
MACRO-80 XASM-68

PASM XMACRD-86
PLINK 20T

RAID 280 DEVELOPMENT
RECLAIM PACKAGE

SID 281D
TELECOMMUNICATIONS

BSTAM BSTMS

MAIL LIST APPLICATIONS

MAILING ADDRESS (PTREE)
NA{%L-MERGE FOR WORD-STAR
POSTMASTER

It used to be that
computers would
do ever

but spell.

Now they can spell.
With Microspell.

No matter what is on your word proces-
sor—a letter, presentation, thesis, manu-
script — bad spelling makes a bad impres-
sion. Now you can correct spelling errors
automatically with a new software system

from Lifeboat. Called Microspell, it converts your microprocessor into
a spelling proofreader. Microspell scans each word you write and
tells you every time it finds a misspelling. Automatically, it will print
alternatives, and you select the correct word. Words you're unsure
of? Microspell will be your dictionary, too.

Microspell has a basic 20,000 word dictionary, and you can add
to it yourself. Add technical words, create auxiliary dictionaries,
special expressions, and acronyms.

Complete with full dictionary, all utilities, and a demonstration

file, Microspell from Lifeboat costs $249.
e S )

JOB COSTING (GD)
PAYROLL (P TREE)
PAYROLL (SSG)

NUMERICAL PROBLEM-SOLVING
TOOLS

ANALYST STATPAK
FPL T/MAKER
muMATH

BUSINESS APPLICATIONS

ACCOUNTS PAYABLE (GD)
ACCOUNTS PAYABLE (PTREE)
ACCOUNTS PAYABLE (SSG
ACCOUNTS RECEIVABLE (GO)
ACCOUNTS RECEIVABLE (PTREE)
ACCOUNTS RECEIVABLE (SSG)
CASH REGISTER

GENERAL LEDGER il (CPAIDS)
GENERAL LEDGER (GD)
GENERAL LEDGER (PTREE)
GENERAL LEDGER (SSG
GLECTOR FOR SELECTOR I1I-C2
INVENTORY (GD)

INVENTORY (PTREE)
INVENTORY (SSG)

APPLICATIONS

APARTMENT MANAGEMENT
DATEBOOK

£SQ-1

MASTER TAX

PROPERTY MANAGEMENT (PTREE)
STANDARD TAX

BOOKS AND PERIODICALS

APL—AN INTERACTIVE APPROACH

ACCOUNTS PAYABLE & ACCOUNTS
RECEIVABLE-CBASIC

THE CP/M HANDBOOK

THE C PROGRAMMING LANGUAGE

GENERAL LEDGER-CBASIC

LIFELINES NEWSLETTER

PASCAL USER MANUAL AND REPORT

PAYROLL WITH COST
ACCOUNTING-CBASIC

STRUCTURED MICROPROCESSOR
PROGRAMMING

USING CP/M—A SELF-TEACHING
GUIDE

ACCESSORIES

DC 300 DATA CARTRIDGE
HEAD CLEANING DISKETTE
FLIPPY DISK KIT

FLOPPY SAVER

Program names and computer names are
generally trademarks or service marks of the
author or manulacturing company.

All software products have specilic re-
quirernents for hardware and additional as-
sociated software (e.g. operating system or
language).

All products are subject to terms and condi-
tions of sale.

Copyright ) 1981 Lifeboat Associates. No
portion of this advertisement may be repro-
duced without prior permission.
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keys and a “Fire” key. This would allow you to play a
“Tank” game without having a set of joysticks.

Digital-to-Analog Converter

The D/A (digital-to-analog) converter allows the
Color Computer to send analog waveforms. These
signals are used for the cassette output, sound to the
video modulator, and as a reference signal for A/D
(analog-to-digital) conversion.

Six of the eight port A lines are configured as outputs
and buffered to drive a resistive adder network for analog
signal generation, as shown in figure 11. The resultant
analog signal ranges from 0 V to +5 V in 78 mV steps.

1c2
MC140508
PART OF IC4 r—— "
MCE821P | 1 320K
2
paz}d L
| s 160k
pa3l® 14 15 X
| . 8ok
pagl 3 & b
| ! 40K
pash? 1 12
|
8 7! 6 20K ANALOG
L ! > ourrur
10K
parl? 9 10
| |
[ |

Figure 11: Schematic diagram of the Color Computer’s digital-
to-analog converter. In a rather simple scheme, the output lines
of a parallel port drive a resistive adding network to provide
conversion. The resulting analog signals are used for recording
on a cassette, providing the video modulator with sound, and
also as part of the analog-to-digital converter.

Ica
MC6821 6
8 Al oiGiTAL TO aNaLOG
PORT & CONVERTER
~| (FIGURE 11}
OV < VRgf <5V
1c23 xo—<]
MLM339 ° ;‘O:HY’IVE
. d x1—<J | anaLoG
LEVEL
PAT7 x2 —<] FROM
+ z JOYSTICKS
ics A B X3
Mce821
1c21
caz 1/2 MC14529
cB2

Figure 12: Diagram for the analog-to-digital converter circuit.
Also used as the joystick interface, this circuit applies the
successive-approximation method (see figure 13) to change
analog signals to digital form.

126  March 1981 © BYTE Publications Inc

This type of converter is accurate to + %2 the least signifi-
cant bit, or in this case +39 mV.

Cassette Port

The Color Computer has a cassette port which con-
nects to a low-cost recorder. Motor-control capability is
included that allows the cassette recorder to be started or
stopped as required. The motor can be turned on and off
with the statements MOTOR ON and MOTOR OFF.
This allows the user to fast-forward or rewind tapes
without having to unplug connections to the Color Com-
puter.

Data is output to the recorder from the D/A converter.
If an oscilloscope is connected to the data-output line, pin
5 of the cassette jack, an 800 mV 1500 bps signal will be
seen.

When data is loaded from the cassette recorder, the
playback signal can be routed to the modulator sound in-
put in a manner that allows you to monitor the cassette
signal via the speaker of a television set. This is done with
the AUDIO ON and AUDIQO QFF statements.

The cassette data-output can be used for an analog out-
put level because the D/A converter can be controlled by
a user program. The motor-control relay can be used to
control loads up to 6 V DC at 500 mA.

Joystick Interface

Two joystick ports are provided which allow full x,y
directional control. Each joystick has a pushbutton for
use with games (eg: paddle control for the Pinball game).
Each joystick consists of two potentiometers, each con-
nected across +5V and ground. The wiper of each
potentiometer is connected to the input of an analog
multiplexer controlled by PIA IC8. The voltage level
from each of the four potentiometers is routed to the A/D
converter to get a digital value for the position. This
value will range between 0 and decimal 63. The
JOYSTK(j) function returns the digital value of the
joystick position.

Analog voltage levels from the joysticks are digitized
using a successive-approximation technique. This is one
of the more popular methods of A/D conversion. The
6-bit D/A converter is used in a feedback loop to
generate a known analog signal to which the unknown
analog joystick input is compared. This technique is not
as fast as a flash converter, nor is it as slow as a binary
counter.

Figure 12 shows the block diagram for the successive-
approximation converter circuit. Figure 13 shows a
flowchart for this approach. The D/A converter inputs
are controlled by the microprocessor to form a
successive-approximation register. The analog output is
compared to the analog joystick input by the MLM339
comparator whose output is monitored by the MC6809E.

At the start of a conversion the MSB (most significant
bit) of the D/A converter is turned on by the
microprocessor, producing an output equal to half the
full-scale value. This output is compared to the analog in-
put and if it is greater than the joystick voltage, the
microprocessor turns the MSB off. However, if the D/ A
output is less than the joystick voltage, the MSB remains
on.
Following the trial of the MSB, the next most signifi-
cant bit is turned on and again the comparison is made



THE NEW RELIABLES

Take a look at the new industry standard in reliability.

Qur warranty on all IMS International products is
two years from the day a dealer sells them.

Two years.

No catches. No small print. No exceptions.

The systems we offer are some of the most advanced in
microcomputer history. That gives the IMS dealer
another distinct advantage in his marketplace.

There's more.

Low retail cost—well under $10,000 complete—with
the best margins and benefits in the industry. Face
it, even the most impressive specifications are no
replacement for profits.

Next to profits, full factory support is the second most
important feature we give the IMS dealer.

Qur systems are designed to meet the specific needs of

your business computer today and tomorrow. The price/
performance comparison with competitors is one of an
IMS dealer’s easiest sales closes.

Tailored sales plan. National advertising backup. Point
of purchase program. Protected territories. Guaranteed
complete system delivery in 30 days.

We have what you and your customer need.

The package is complete. New. Reliable.

For more information on our superior computer line
and the unique dealer program that comes with it, call
Fred Williams (collect) 714/978-6966, or write us:

.Il \, |! Box 201
LMj 2800 Lockheed Way

mreananonal Carson City, NV 89701
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between the converter's output and the joystick voltage.
The same criteria apply and this bit is either kept on or
turned off. This procedure of testing each bit continues
four more times until the 6 bits of the D/A converter
have been set to the proper level.

Once the conversion is complete the microprocessor
reads the joystick output by reading port A of PIA IC4.
The internal structure of port A allows a read of the port
to sample the output logic levels. Now the Color Com-
puter has the digital value for the joystick voltage. The
time necessary to do this conversion is constant and does
not vary with the analog voltage level.

Note that the Color Computer has an on-board A/D
converter that accepts a signal between +5 V and ground
and can digitize it with less than a 40 mV error. This
means you can use the appropriate joystick inputs to
monitor various analog voltages. The switch inputs are
connected to the PIA (the left switch to IC8 pin 3, PAY;
and the right switch to IC8 pin 2, PAO). You can write a
progam to monitor these bits for use with external
devices. Figure 14 shows the connectors for the joysticks
{which are not shown in the TRS-80 Color Computer
Operation Manual).

RS-232 Interface

An RS5-232 interface is also provided. This allows you
to connect all manner of devices to the Color Computer.
The standard RS-232 Transmit Data, Receive Data, and
Carrier Detect signals are provided. This is the funda-
mental signal subset used by most devices. Tandy sells an
off-the-shelf line of printers and a modem that are readily

“Selectric® Interface System

EASILY interfaced to any IBM Selectric |,
II, or III,

STOP spinning your wheels. Letter qual-
ity at an affordable price.

CONNECTS via Parallel or RS-232, ac-
commodates varied handshaking.

ONLY $575 to $599. Dealer inquiries in-
vited.

NEW design provides added features.

ESCON Products, Inc
12919 Alcosta Blvd.
San Ramon, Ca., 94583
{415) 820-1256
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usable.

Expansion Port

The expansion port provides the capability to interface
almost anything to the Color Computer. Table 8 lists the
pins and their functions. Note that the entire address bus
is brought out. There is also a decode-defeat pin which
disables the 7415138 that decodes ROMs and peripherals.
This allows the expansion port to redefine the memory
map. For instance, a flip-flop could be toggled to remove
the BASIC and Extended BASIC ROMs from the memory
map and replace them with programmable memory. A
disk-controller board could also contain 48 K bytes of
memory to fill the system from address hexadecimal 0000
to FF60.

The Vector Graphic company makes a wire-wrap pro-
totype board (part number 4609) that fits the expansion
connector of the Color Computer. This allows you to
build your own peripheral boards. We are working on an
interface to the General Instrument “Cricket” sound
generator. The output from this circuit can be routed to
the video modulator through a pin on the expansion con-
nector. If you want, you can also build your own game

START SUCCESSIVE
APPROXIMATION ROUTING

CLEAR iC4, PORT A
= D/A INPUTS

|

Is5

SET BIT I OF
D/A INPUTS

COMPARATOR
Low

RESET BIT I OF
D/A INPUTS

I=1-1

NO

YES

READ 1C4 PORY A
{AND SHIFT RIGHT
TWO BITS) FOR
DIGITAL LEVEL

|
Cw

Figure 13: Flowchart of the successive-approximation algorithm
used by the Color Computer.




THE UNBEATABLE $-100
MEMORY

That’s the MEASUREMENT systems & con-
trols DMB Series of S-100 bus memory
modules, fully compatible with ALPHA
MICRO, CROMEMCO, DYNABYTE, 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
ahility 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 Division of MEASUREMENT systems & 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.
* Eight banks (512K) per 1/O port for each
of the 256 ports.
Z-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



The single board
microcomputer
that's perfect

for GP/Net ™

Everything you need for a network slave is built in:
Z-80 processor, 64K dynamic RAM, even the console
serial port. The forthcoming expansion board will add
additional ports, priority interrupt control, and IEEE
S-100 bus master capability for the network master
processor. And MuSYS delivers all the software sup-
port you need to take advantage of CP/NET™ and the
advanced MP/M™ operating system. For your multi-
user system, it's the ideal way to add stations, share
common resources (peripherals, programs, data bas-
es), and increase total throughput, while maintain-
ing hardware isolation for each user.

Just $1,395 ea. Generous dealer and quantity dis-
counts available. Call or write today for more details.
CP/Netand MP /Mare trademarks of Digital Ressarch.

NUSLS

Multi-user Microsystems

1451 Irvine Blvd., Suite 11, Tustin, CA 92680
(714) 730-5692. TWX: 910-595-1967
CABLE: MUSYSTSTN

N——— X TAP OF JOYSTICK
N Y TAP OF JOYSTICK

l—- GROUND

SWITCH TO GROUND

CONNECTED TO +5Vv
THROUGH 1008 RESISTOR

Figure 14: Pin designations of the Color Computer joystick con-
nectors. The connectors will mate with a standard 5-pin DIN
plug, and any signal within the A/D converter’s range may be
monitored under program control.

Expansion Port Pin Description
pin  function pin  function
1 -12V 2 +12V
3 HALT 4 Nonmaskable Interrupt
5 RESET 6 E
7 Q 8 CB1 of IC4
9 +5V 10 DO
11 D1 12 D2
13 D3 14 D4
15 D5 16 D6_
17 D7 18 RIW
13 AO 20 A1
21 A2 22 A3
23 A4 24 A5
25 A6 26 A7
27 A8 28 A9
29  A10 30 A1l
31 A12 32 C000 thru FEFF
33 Ground 34 Ground
35 Analog In 36 FF40 thru FF5F, CS
37 A13 38 Al4
39 A15 40 Decode Deteat
Table 8: Signals available at the expansion port.

cartridges. If you want them to auto-start like the Tandy
cartridges, connect pins 7 and 8 together. This runs the Q
clock into the' CB1 input of PIA IC4, causing an FIRQ
interrupt. The FIRQ interrupt-service routine jumps to
hexadecimal C000 and starts execution. There is also a
device select on pin 32 that is decoded from hexadecimal
C000 to FEFF.

Summary

We have tried to completely describe the architecture
of the Color Computer and deduce the reasoning behind
the design trade-offs. Tandy certainly is to be com-
plimented on the amount of “bang for the buck”—every
part is fully used and several innovative design ideas are
evident. We believe that the Color Computer has the
capability to surpass the Model I in sales.

In a later article we will take a detailed look at the
Extended BASIC and discuss its capabilities. We are cur-
rently implementing several popular video games in
BASIC. Once the algorithms are proven, we plan to con-
vert them to machine language to increase the speed,
although with the power of the Extended BASIC we may
not have to.®
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Lifelines.

The serious publication
for the serious
software user.

If you care, really care, about choosing
and using software, you need
Lifelines.

1 Lifelines is the publication dedicated to keeping you
February 1981, Vol. 1 Issue #8 up-to-date on happenings in the explosive
microcomputer world.

- - | ] B | R
H BN s memee—=—

T B & e g . .
] =3 Eh.l‘=a || Lifelines specializes in news about software for CP/M

and similar operating systems.
Lifelines does it witha guarantee of high

M A comparison of VisiCalc* & level. in-de i
, in-depth analysis of software uses and

T/MAKER. {| capabilities.

B Abstracts and catalog of a new ||| Lifelines does it with valuable information
software diskette available from necessary to make intelligent software buying
The CP/M* Users Group. decisions.

B The first in a series of articles by .L"ell.nes does it with the latest
Osborne/McGraw/Hill on the use information on The CP/M Users Group.
of their accounting packages Lifelines does it withthought provoking

available from The CP/M Users ||| discussions on many of the more controversial issues

Group. facing computer users.
M A review of MACRO-80 by Micro- How can you live without Lifelines?
soft highlighting its compatibility Subscribe Now!

with Digital Research’'s MAC.* $18.00 for twelve issues: U.S., Canada, and Mexico.

- - $40.00 fortwelve issues: all other countries.
o gpg::};m ::ﬂ éﬂpfﬂvg'glél?stanllal | $2.50 for each back issue: U.S., Canada, and Mexico.
$3.60 for each back issue: all other countries.

B Current up-to-date information on -.
serious software for CP/M com- | All orders must be pre-paid by check to: LIFELINES,
patible computers. 1651 Third Avenue, New York, N.Y. 10028— Checks

must be in U.S. $, drawn on a U.S. bank. Or use your
L VISA or MASTERCARD. Call (212) 722-1700
|

LEFELINES
J

*VisiCalcis a trademark of Personal Software, Inc.
CP/M and MAC are trademarks of Digital Research, Inc.
The CP/MUsers Groupis not affitiated with Digital Research.
T/MAKER is a trademark of P. Roizen.
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What Is Good Documentation?

As more and more people discover
the joys of owning a microprocessor
the need for good documentation will
continue to grow. Information will be
needed at all levels, from detailed
hardware and software documenta-
tion to descriptions of which buttons
to push to play your favorite game.

Who will provide this information?
The simple answer is that those who
know will tell those who don’t know.
It sounds simple, but it's not. Every-
where, complaints are made about
documentation—“inadequate,” “er-
roneous,” “over my head,” ‘“bad or
nonexistent,” and so on. All too of-
ten, companies market excellent sys-
tems with poor or sketchy documen-
tation, resulting in unhappy cus-
tomers and unsatisfactory sales.

It's a common mistake to believe
that because somebody is an expert in
a subject, he can explain it to others.
For example, it's assumed that a pro-
fessor who knows a subject inside and
out can pass on this information to
students. However, whether he can
or cannot depends on something else
besides his knowledge of the subject.
It depends on his ability to put
himself in the place of the users, the
students, to begin where they are,

Jim Howard
150 Ramona Place
Camarillo CA 93010

using their language and their know-
ledge level. (Of course, if there is a
failure to communicate, it is the stu-
dents who fail, not the professor!)
The microprocessor industry is a
classic example of the communication
problem. Aside from a few shining
lights, microprocessor literature suf-
fers from a bad case of “the jargons."
The problem was not as serious while
the technology was being pursued by
only a few hobbyists, who like to
work things out for themselves. Now

Aside from a few
shining lights,
microprocessor

literature suffers from

a bad case of ‘‘the

jargons.”’
e e

that the public is becoming involved
in large numbers, the information
must adapt to the customer, not the
other way around.

Many could undoubtedly do a
better job of communicating if they
followed a few principles. But doing

this requires conscious dedication.
And, of course, it requires principles.
Those principles are what this article
is about.

To translate the jargon of the ex-
pert into terms meaningful to the rest
of the world, we need an interpreter.
Such an interpreter is similar to the
compiler or interpreter used in com-
puters, which translates the source
language into one the machine under-
stands. In both cases, the source
language is provided by the computer
expert. The machine is the user in one
case, the public in the other.

Information Design

The interpreter we require can best
be referred to as information design.
This term is better than the common
term “technical writing,” in that it in-
dicates what really is re-
quired—conscious, step-by-step de-
sign. Writing is just one aspect of pre-
senting understandable information.
In fact, technical writing is similar to
writing code for a computer program.
If the planning and structure are
sound, the writing almost takes care
of itself.

There are many aspects of informa-
tion design, not all of which can be

e Content defines the breadth and
depth of the material in a docu-
ment, and is best specified by a
topic diagram. Consistency and
uniformity of treatment are re-
vealed by such a diagram: One
topic should not be treated in great
detail and others of equal impor-
tance hardly mentioned. The
breadth and depth should fit users’
needs—all relevant material in-
cluded, no unnecessary redundan-
cies, and sufficient detail to allow
users to understand the explana-
tion or perform the job,

o Organization gives shape and

Information Design Principles
direction. The users always know
where they are, where they have
been, and where they are going.
Indexes and headings make the
organization wvisible to users, so
that information is located easily
and quickly. Material is grouped
and sequenced to flow logically
and naturally from one topic to
another. A top-down approach is
used, to provide e overall struc-
ture before confusing users with
details. Introductions and sum-
maries tie pieces together both for-
ward and backward, and reinforce
for long-term memory.

eFormat makes the information
understandable through language
and illustrations. Language speaks
to one half of the bratn—the ver-
bal, linear side. Simple vocabulary
and short, direct senterces muake
for ease of understanding. [llustra-
tions speak to the other half of the
brain—the nonverbal, spatial side.
Hlustrations are most effective
when fhey are ttear the relevant
text and are keyed to it through
call-outs and highlights. Working
together, words and illustrations
present the whole “picture” as
neither can alone.

132 March 1981 © BYTE Publications Inc




Time is precious
lose it?

1.ili

h 3A Y SUPPORTED

2k
PDP-11 J-100 « $495

FOU-150 « $460
LSI-11/2 e TCU-50D » $325
Multi-Bus # .. .. . TCU-410 « $325
EXORcisor®' ... TCU-68  $325
HP2100 ......... TCU-2100 * $395 Serial Line Clock ..SLC-1+$640

Lockheed SUE . TCU-200 - $550 (RS 232 or 20mA) Micropracessor controlled.

Auto message intercept-and response.

Naked Mini* ..... TCU-310 « $385 10 Digitdisplay option $180.

If automatic and accurate dateandtimeentry three months). Timing is provided by a crystal

is important to your system on powerup — controlled oscillator. Prices are U.S. domestic
you need a Digital Pathways battery sup- single piece. Quantity discounts available,
ported calendar clock. All Digital Pathways’ '

TCUs have on board NICAD batteries to maintain  For more information on these timely products
date and time during power down (typically upto  contact:

DIGITAL PA'I'HWAYS
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Digital Pathways Inc.
1260 L'Avenida

Mountain View, CA 94043
Phone: (415) 969-7600

' Trademark of Digital Equipment Corp.
2Trademark of Intel Corp.

3Trademark of Motorola Inc.

4Trademark of Computer Automation Inc.




covered here. What is necessary is
that a few key principles are made
clear.

The basic objective of information
design is usability. Whatever the user
intends to do—write a program, as-
semble a piece of hardware, learn
how a system works—the documen-
tation must serve this purpose.

Although this may sound trivial, if
you're writing a technical document,
it's surprising how easy it is to lose
sight of this overall requirement after
page 1. The presentation can become
an ego trip without your realizing it.
On the other hand, it's hard to go

wrong if you consistently keep the us-
ability objective in mind.

How do we determine if a docu-
ment is usable? Whatever the type of
document—operator’s manual, main-
tenance procedure, reference manual,
training program—it has some pur-
pose. Its purpose may be to explain a
concept, describe the operation of a
piece of equipment, or guide a person
through an assembly procedure.

To be usable, the document must
take the users from a state of in-
complete knowledge about some sub-
ject to a condition of more complete
knowledge. If it's a procedure, the in-
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formation must guide the users
through the task. In any case, the
document must take them from
“here” to “there.”

That's what information design
does: It starts where the users are and
builds step by step. The information
designer first asks who the users are.
Then he puts himself in their place
and asks, “What will they under-
stand, with their experience? What is
their technical knowledge and
vocabulary? How can they best be
helped?”

Next, he builds step by step. He
breaks up complicated subjects into
simpler parts. He leads the users
gradually into new territory, helping
them make their own discoveries.
With each step their confidence grows
and they want to learn and do more.
At the end, the users know they have
succeeded —and, therefore, so has the
information designer.

The Elements of Information
Design

If we are going to start where the
users are and build step by step, we
need a plan of action. We need to
decide:

ewhat information to include in the
document

ehow to organize it

ehow to present it so it's understand-
able

We'll discuss these aspects under the
headings of Content, Organization,
and Format.

Content

The content of a document is the
specific technical material contained
in it. This should be carefully defined
by boundary lines set down by the in-
formation designer.

Content really has two aspects:
what information is included
(breadth) and what is its level of
detail (depth). A simple example will
illustrate the important difference be-
tween breadth and depth: An opera-
tor's manual for a computer system
might tell you to “remove and replace
the printer’s print wheel as
necessary.” The subject of print wheel
replacement is thus “covered” in the
manual; that is, in terms of breadth,
it is part of the content. However, the
lack of “how to” details may make
this information of little use to many
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Meet the HP Series 80:

Hewlett-Packard’s newone-on-one
computing systems for professionals.

LA LT YO Narps
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HP Series 80 Personal Computers for Professionals: IP-85 ($3250%) und 1P-83 ($2250) specifications:
16K RAM expands to 32K, 32K ROM expunds to 80K ; CRT with integrated praphics; (HP-85 only: built-in
thermal printer, cassctte tape unit); Software includes VisiCale™ PLUS, Information Management, Graphics
Presentations, Surveying, Data Communications (Spring '81), Stutistics, Regression Analysis, Math, Lincar
Programming, Waveform & Circuit Analysis, BASIC Training. P peripherals include floppy dises, printers
and plotters.
*Suggested retail price excluding applicable state and local taxes— Continental U.S. AL, Aksha & I lawaii.

VisiCulc is a trademark of Personal Software, Inc.
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Together, you can
analyze technical
problems and evaluate
solutions.

Rapidly and accurately.

HP Series 80 personal computing
systems provide the technical solutions
you require. Quickly! Easily! Inexpen-
sively! Analysis techniques that were
formerly difficult and often impossible,
become part of your everyday work
routine. You can evaluate functional
behavior, select variable alternatives,
perform cost analysis...and more...all
with greater accuracy and using more
variables than you thought possible.

SERIES 80, VISICALC™
PLUS AND YOU

HP’s VisiCalc™ PLUS is a major new
software tool. It's an electronic worksheet
that instantly recalculates results as you
change the variables. You ask the what-if
questions and immediately see their
effects on your solution. No program-
ming is necessary...you can become
proficient with VisiCalc™ PLUS in a few
hours... and then watch your horizons
broaden. VisiCalc™ PLUS features many
powerful functions including statistical
analysis tools and the entire HP Series 80
BASIC math set. Plus graphics! Create
professional presentations with curve-fitting
plots, stacked or clustered bar-graphs,
exploded pie-charts and line graphs, all in
up to four colors, on paperor transparencies.

ONLY FROM
HEWLETT-PACKARD

HP Series 80 personal computing
systems are part of a forty-year tradition
of electronic products built to uncompro-
mising standards of excellence. Addi-
tionally, HP Series 80 products are serviced
by HP technicians and on-site service
contracts are now available. We urge you
to judge for yourself with a hands-on,
one-on-one demonstration at your HP
dealer. For locations, call TOLL-FREE
800-547-3400, Dept. 283 A, except
Alaska/Hawaii. In Oregon call 758-1010.
Or write Hewlett-Packard, Corvallis,
Oregon 97330, Dept. 283A.

p
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HEWLETT
PACKARD
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LOBO’'S NEW LDOS
Puts musclie in YyOu¥

LOBO DRIVES' new LDOS™
Disk Operating System is loaded
with outstanding features that will enable you
to realize the full power and potential of your
TRS-80! With LDOS, you can support up to

eight drives (5V4 and 8-inch drives, double-sided

drives, double-density drives, 80-track drives),
including the new 8-inch and 5V4-inch
Winchester fixed disk drives, in any
combination.

Other LDOS muscle building features
include: ISAM accessing techniques; keyboard
typeahead; Graphic string packer; Dated files,
Marked files; File transfer by class; Built-in

* TRS-80 is a registered trademark of Radio Shack, a Tandy Company.

LOBO DRIVES, INT'L
354 South Fairview Ave.
Goleta, CA 93117

(805) 683-1576

@8

drives

INTERNATIONAL

%
I Rs-so lower case display drivers;

Non-breakable AUTO and DO
commands, and many, many more.

LDOS is the perfect operating system to
use with your LOBO DRIVES LX-50 or LX-80
expansion interface and disk drive
subsystems. There's even an 800 number
for instant service. To find out how you can
put more muscle into your TRS-80, contact
your nearest LOBO Drives dealer or cal or
write.

LDOS is available:
A. Operating System Diskette
with Master Reference

Manual ——

$139 h Sy

B. Master Reference Manual t\— 1y
Only

$25
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‘your TRS-80* '
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Orives)

With The LOBO LX-80 Expansion Interface

Now you can realize all the power and
potential of your TRS-80*, Model 1. If it's
add-on memory you need, your LX-80 can
accommodate up to four 5¥-inch, single-
or double-density 35, 40 or 80 track mini-
floppies, four 8-inch floppies (single or
double sided), and up to eight Winchester
fixed disk-drives (5% ". 87, 14”’).

LOBO’s powerful new LDOS™ operating
system, provided with your LX-80, allows
for the use of any eight drives, in any

combination, single or double density.

And there’s more ... lots more. There are
two parallel ports (standard), two serial

ports (optional), a keyboard ROM override
switch, and a 32K memory expansion
(optional). Send for a free LX-80/TRS-80
cost performance comparison chart.

For the full story on how the LX-80 can
expand your TRS-80, see your nearest
LOBO dealer, or write or call:
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printer users. Thus the proper depth
of information is not part of the con-
tent.

A good tool to help a writer of
documentation analyze breadth and

BREADTH

depth is a topic diagram (figure 1),
which is an arrangement of topics in
boxes at different levels, with lines
joining related topics. It serves a pur-
pose similar to that of an outline, but

SUBJECT OR
PROJECT
INTRODUCTION

DEPTH

TOPIC 1

11 1.2 1.3

TOoPIC 2

2.1 2.2

Figure 1: A topic diagram is a useful tool for determining the breadth, depth and con-
sistency of a piece of writing. Although similar in content to an outline, the topic
diagram provides a clearer visual check on how topics are handled. As shown, topics 1
and 2 are major topics at the same level. Neither is a subtopic of the other and both will
be treated equally when the writing is done. Subtopics represent breakdowns of each
major topic. As additional topics and subtopics are added the diagram can extend

downward and to the left and right.

The 4601 Combo #

¢ Punching speed: 75 Cps
Reading speed: up to 150 Cps

¢ RS-232-C serial interface

« Utilizes all types of Mylar® and
paper tape

¢ Reliability: MTBF 100 million
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Choice

GNT Makes a Tape Punch Station and
a Tape Reader/Punch Combination.

Both are small, quiet, and economical.
One of them will fit your needs exactly.

Contact your local dealer or call for complete specifications.

15 GNT AUTOMATIC INC.

1560 Trapelo Road, Waltham, MA 02154 (617) 890-3305 Telex: 923318

The 3601Punch
* Punching speed: 50 or
75 Cps
RS-232-C serial interface

Utilizes all types of Mylar® and
paper tape

Reliability: MTBF 100 million
characters

.

138  March 1981 © BYTE Publications Inc

Circle 78 on inquiry card.

provides an easier visual check on
such elements as breadth, depth, and
consistency of treatment.

In figure 1, topics 1 and 2 are major
topics at the same level in the
diagram. They might be two major
components of a system, or groups of
software, or procedures. Neither is a
subtopic of the other and they will be
treated equally in the presentation.

Subtopics are shown under each
major topic: 1.1, 1.2, 1.3 under topic
1, and 2.1 and 2.2 under topic 2.
These represent breakdowns of each
major topic. The diagram can con-
tinue on down to further depths of
subdivision and can also be extended
to the left and right as additional
topics are added at a given level.

We can see that the breadth of the
topic diagram, particularly at the ma-
jor topic level, tends to indicate the
breadth of content. The depth of the
diagram indicates the depth of con-
tent. While this should not be con-
sidered an infallible guide, it is useful
in preliminary planning.

Another use of a topic diagram is
that it gives an idea of consistency of
coverage. A glance at figure 1 will tell
the writer if topics at the same level
are being treated with some con-
sistency in how they are subdivided,
or if one topic is being pursued to
greater levels of detail than others.
Without such a guide, it's easy to
cover one topic in great detail and
give other topics at the same level on-
ly token treatment or overlook them
completely.

Definition of content is as impor-
tant for what is not included as for
what is. Many technical documents
include irrelevant information. This
can be particularly annoying in pro-
cedural documents, when users are
trying to accomplish an exacting task.
They want to get on with it, but are
continually being interrupted with ex-
traneous remarks that belong in some
other part of the document or should
be left out entirely.

Figure 2 shows a topic diagram for
this article. As you can see, in addi-
tion to defining content, such a
diagram shows a preliminary
organization or structure.

Organization

To proceed step by step, we need to
know where we are going and a route
to get there. In other words, we need
structure, or organization. Informa-
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tion must be grouped, sequenced, and
related in order to be understood.
Otherwise, it is merely a jumble of
disordered facts or ideas—a ‘“shop-
ping list.” If we had to learn
everything by rote memory from
shopping lists, we'd be in big trouble.
Once a good structure is established,
all kinds of details can be hung on it
and they will be understood and
remembered.

Organization is also what makes
information in a document easily ac-
cessible. Accessibility depends on
both the overall structure of the docu-
ment and how this structure is made
visible to the user through indexing
and headings. If information is organ-
ized properly, the user will be able to
turn quickly to the information he
wants. Once there, he will be able to
continue with a minimum of routing
to other parts of the document.

The importance of structure or or-
ganization can be illustrated by a
very simple example—a telephone
book. Have you ever stopped to
think how useless a telephone book
would be if the names werelisted ran-
domly rather than alphabetically?
The important aspects of structure or
organization include indexing and
headings, grouping and sequencing,
routing, and introductions and
reviews.

Indexing and Headings

Indexing and headings are the
means by which the organization of
the document is made easily visible to
users. A writer may actually have a
good organization, but if it is not
clear to users, it will not really have
served its purpose.

Indexing as used here includes both
the standard type of index found at
the end of a document and the table
of contents. The index should be set
up with the idea that users will
sometimes look for items alphabeti-
cally, as in a dictionary. Many items
that are too small or too specific to be
included in the table of contents are
made accessible with a good index.

Often a table of contents can be
usefully constructed in two parts: an
overall table in front and more de-
tailed tables with each major section
of the document. This avoids an un-
wieldy table up front. Figure 3 pro-
vides an example of a two-part table
of contents. The main table (on the
left in the figure) would appear in the
front of the document. Each major
section would start with its own table
of contents (on the right in figure 3)
showing the more detailed headings
and subheadings in the section.

A consistent set of headings serves
to make information accessible.
Headings also help users remember

WHAT IS GOOD
DOCUMENTATION
?

INFORMATION
DESIGN

l

DESIGN

ELEMENTS OF
INFORMATION

CONTENT

CRGANIZATION

FORMAT

SUMMARY

Figure 2: A topic diagram written for this article.
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where they are, which is just as
important. Thus high-level headings
should be repeated frequently, for
example as a running head at the top
of each page. Having the relevant
headings always in front of the user
makes the structure visible, and de-
tails are then assimilated more easily.

Grouping and Sequencing

The overall organization of the
document is established by how the
content material is grouped and se-
quenced. Again, the topic diagram is

CONTENTS
LIST OF FIGURES
LIST OF TABLES

1. INTRODUCTION
2. SYSTEM COMPONENTS
3. SYSTEM OPERATION

4. COMMUNICATIONS

— T N——

useful during the planning stages in
making visible the planned organiza-
tion of the document.

Whether the document is pro-
cedural or descriptive, grouping of
the topics should be based on a
logical pattern and the relevance of
different items. For example, pro-
cedural tasks normally performed
together (such as the various steps re-
quired to start up a computer system)
should be grouped together. In a
system description, the individual
descriptions of system components

2, SYSTEM COMPONENTS

2.1 CENTRAL PROCESSING UNIT
CONTROL PANEL
MICROPROCESSOR
DIRECT MEMORY ACCESS

2.2 DISK DRIVES
DRIVE CONTROLS
NUMBER OF DRIVES
DRIVE COMBINATIONS

2.3 VIDEQO TERMINAL
DISPLAY SCREEN
KEYBOARD

/\M

Figure 3: An example of a two-part table of contents. By using an overall table in the
front of the document, and a more detailed table later, an initial unwieldy table is
avoided where a user would be subjected to unwanted detail.

LONG - TERM MEMORYT

SHORT-TERM MEMORY —————— =

N7
*

I~

-

Figure 4: Summaries and long-term memory. In the human brain, memory is divided
into short-term memory and long-term memory. Although the capacity of long-term
memory is large, all information must first pass through a short-term memory. When
writing, the inclusion of summaries, reviews, and question-and-answer sections is an ef-
fective way of passing information into long-term memory.
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would normally be grouped together,
as in the example table of contents
shown in figure 3.

Sequencing is one of the most
critical parts of the structure. The
user is being led step by step from the
known to the unknown, from the
simple to the complex. Here the top-
down structuring principle frequently
used in writing computer programs
also applies. The sequence should
begin at the top and give the readers
the big picture before engulfing them
with details. It is not unusual to begin
reading a document and find yourself
up to your ears in technical details
before you really know what's going
on.

Most equipment operations and
human activities have a natural or
normal sequence that should be
preserved in the documentation. For
example, you normally gather to-
gether all the tools and supplies re-
quired for an activity before starting;
therefore, this information should
logically precede the activity descrip-
tion. It is disconcerting to have to
stop in the middle of a task and run to
the hardware store to buy some item.

Routing

Once you start using a document it
is inconvenient to have to refer to
other parts of the document, or to
other documents. The more often you
are routed, and the more pages you
have to thumb through to get there,
the less useful the document. On the
other hand, if all information is
repeated at each point of need, a
bulky document can result. Obvious-
ly, judgment is required in weighing
these trade-offs. For example, you
wouldn’t want to tell a user how to
solder a particular type of joint every
time it came up—you would set aside
a special section for this purpose.
However, if a safety precaution ap-
plies to a number of different tasks in
the document, it is better to accept
the redundancy and repeat the
precaution,

Introductions and Reviews

A general rule is to prepare users
for what is coming and to remind
them of where they have been. Pro-
ceeding through a document, users
may forget where they are, forget
what has gone before—and decide
they didn't really want to learn this
anyway. Information should be

Circle 80 on inquiry card. ——p
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designed to help users relate
backward and forward and recognize
and retain key points along the way.

Further, readers need introductory
instructions to help them find and use
information. For example, the
numbering schemes for tasks or il-
lustrations, the use of safety symbols,
notes, cautions, and warnings, and
the treatment of information about
tools and supplies should be briefly
explained. If these instructions are
backed up by consistent information
presentation (see Format section),
users will quickly learn what to ex-
pect, no matter where they are in the
document.

Simple reviews at key points rein-
force information and help users re-

tain it in memory. Human memory,
to put it simply, consists of two parts,
“short-term’”” and “long-term.”
Whereas capacity is very limited in
STM (short-term memory), the
capacity of LTM (long-term memory)
is large indeed. The catch is that in-
formation can get to LTM only
through STM. Summaries and re-
views and question-and-answer ses-
sions are effective ways of establish-
ing information firmly in LTM. This
important concept is illustrated in
figure 4.

Format

Format usually has the rather nar-
row meaning of “physical layout of
the page.” Here the term is meant also

to include the rules that govern text
and illustrations—that is, how infor-
mation is presented on a page.

The general rule is that language
and illustrations should work
together. Each is an effective way of
presenting certain kinds of informa-
tion, and relatively ineffective for
other kinds. When combined proper-
ly, they form a powerful presentation
technique.

People will readily admit that pic-
tures can do things that words cannot
and vice versa. And yet it is surpris-
ing how often we find ourselves
reading words, words, words, when a
visual or two would have helped the
presentation considerably. Many
ideas become clearer with an illustra-
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tion, and some kinds of information
can hardly be communicated at all
without one. If you want to tell some-
one what something looks like, show
a diagram or a photograph.

It is known that the left and right
sides of the brain are quite different.
For most people, theleft side is domi-
nant and works mostly with linear,

C )

~— 1\
/\\_,L/ \\
NN 2N
<\ N LEFT HALF (WORDS}

\/

sequential logic (like a computer). It e N \\\
is also the verbal side and controls b .
language. j ' N

The right side specializes in images, J \ R
music, pictures—it deals in spatial X ‘\\

and visual concepts, in contrast to the
linear, verbal left brain. Schools,
with their traditional emphasis on
verbal skills, have tended to neglect
the right side of the brain. People
who are less adept with their left
brain have suffered as a result. Ein-
stein, for example, was a poor stu-
dent in language, but had a great
ability to visualize (see figure 5).

'(Ii'he. tdeal Comkl?mattlon t}lls word}: Figure 5: The left and right sides of the human brain are very different. In most
an. PRI .wor Ing togetner, eac humans, the left side, which works mostly with linear and sequential logic, is dominant.
doing what it does best. In a pro- T, left side also controls verbal communications. The right side of the brain deals in
cedure, for example, words can tell spatial, visual, and more holistic concepts. One of the best ways of imparting informa-
readers what to do and how to do it;  tion to the reader is through a combination of both words and pictures, thus enabling
pictures can tell them what it looks the reader to use both sides of the brain.

RIGHT HALF (PICTURES)

THE HHRD EDGE

IN SYSTEM PERFORMANCE .-

With a1 mi N BY

and a CP/M 2.2 TRANSFE
32K BYTES PER SECOND, the §533
dramatically increases performance
of any 8100 computer system. With
a dollar/byte price tag lower
thanany available subsystem,
the 833 is the HARD EDGE you
need. Call or write ADES for
detailed S33 specifications and
information on our expanding
line of Mass Storage Controllers

and Subsystems.
CP/M registered
TM of Digital Research

See us in Booth #1620 WEST COAST COMPUTER FAIR

ADAPTIVEDATA & ENERGY SYSTEMS « 2627 Pomona Blvd = Pomona, CA91768+(714) 594-5858
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Orange Micro

RADIO SHACK
CENTRONICS 737 (LINE PRINTER IV
Word Processing Print Quality

* 18 x 9 dot matrix; suitable for word

Q processing ® Underlining ® proportional
spacing ® right margin Justification e serif
typeface ¢ 50/80 CPS e 9%" Pin
Feed/Friction feed *» Reverse Platen »

80/132 columns

CENTRONICS 7371
CENTRONICS 737-3

(List$995) $780
(List $1045) $830

EPSON MX80

Low-Priced
Professional Print Quality

* 9 x 9 dot matrix » Lower case descenders
* 80 CPS e Bidirectional, Logic seeking ®
40, 66, 80, 132 columns per line » 64 special
graphic characters: TRS-80 Compatible
Forms handling » Multi-pass printing ® Ad-
Justable tractors

EPSON MX80
EPSON MX70

(List $645) $Call
(List $495) $cCall

OKIDATA MICROLINE SERIES

TRS-80 Graphics Compatibility

e 9 x 7 dot matrix » 80 CPS ¢ 80, 132
columns — 64 shapes for charts, graphs &
diagrams ¢ Double wide characters ¢ 6/8
lines per inch » Up to 3 part copy * Friction
& pin feed » 200 M character head warranty

OKIDATA MICROLINE 80
OKIDATA M82 Bidirectional, Forms handling
OKIDATA M83 Wide carriage, 9 x 9 dot matrix

IDS PAPER TIGERS

Dot Resolution Graphics, quality print

(List $800) $579
(List $960) $799
(List $1260) $Call

s 7 wire printhead (445); 9 wire printhead
(460) with lower case descenders ® Over
150 CPS » bi-directional, logic seeking
(460) » 8 character sizes; 80-132 columns
® AdJustable tractors ® High-resolution dot
graphics * Proportional spacing & text
Justification (460).

IDS 445G 7 wire printhead, graphics
IDS 460G 9 wire printhead, graphics

CALL FOR FREE CATALOG

(800) 854-8275
CA, AK, HI (714) 630-3322

At Orange Micro, we try to fit the right printer to your application.
Call our printer specialists for free consuitation.

(List$895) § 795
(List$1394) $1150

“SPECIALIZING IN PRINTERS
AND CRT’S”

VISTA — C. ITOH

Daisy Wheel Letter Quality

e 25 CPS (Optional 45 CPS) » Typewriter
quality ® Centronics parallel » RS 232
Serial (Optional) * Proportional spacing ®
Bidirectional ®* Programmable VFU e Self
test s Diablo compatible * Friction feed
(Optional tractors) s 136 printable
columns. » Manufactured by C.ITOH.

(List$1895) § Call

Low Cost, High Speed, Wide Carriage
* 9 x 9 dot matrix * Lower case descenders * Wide carriage
AdJustable tractors to 16” » 150 CPS, Bidirectional, Logic Seeking

ANACOM 150 (List $1350) $ Call

ANADEX
Dot Graphics, Wide Carriage

* 11 x 9 dot matrix; lower case descenders » Dot resolution graphics
¢ Bl-directional, logic seeking ® Up to 200 CPS RS 232 Serial &
Parallel * Forms control ® X-ON/X-OFF ¢ Up to 6 part copy.

ANADEX 9501 (List$1650) $1450

NEC SPINWRITER
High Speed Letter Quality
* 55 CPS » Typewriter quality * Bidirectional » Plotting * pro-
portional spacing.
5510:-5R0, Serial, w/tractors
5530-5 RO, Parallel, witractors

TELEVIDEO CRT’S

PRICES SLASHED!
TVI912C
TVI 920C
QUANTITY PRICING AVA|LABLETV| 950

(List$2995) $2625
(List$2970) $2599

Please Call Toll Free
Prices are too low to
advertise

PRINTERS

MALIBU 165 wide carriage, graphics, letter quality .. (List $2495) $ 1975
QUME 5/45 typewriter quality (List $2905) $ 2559

INTERFACE EQUIPMENT

CCS APPLE PARALLEL Interface & cable
APPLE Il - EPSON MX80
parallelgraphicsintertace board & cable
SSM AIO BOARD Apple Serial/paraliel interface
MICROTRONICS Atari paraliel interface
ATARI 850 Interface module, serial/iparallel
TRS-80 CABLES to keyboard or Exp. interface
NOVATION D-CAT direct connect modem

TELEPHONE ORDERS: Mon.-Fri. 8:30 - 5:00
The Orange Micro Printer Store (Retail):
Mon. -Fri. 10:00 - 6:00, Sat. til 4:00

o

Orange
Micro. Inc.%

3148 E. La Palma, Suite E
revision. Anaheim, CA 92806

Phone orders WELCOME; same
day shipment. Free use of VISA &
MASTERCARD. Personal checks
require 2 weeks to clear. Manu-
facturer's warranty included on all
equipment. Prices subject to
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like and where it is. For descriptive
material, words and diagrams will do
a good job of explaining and describ-
ing, provided they are working
together. When you decide to use pic-
tures to communicate with readers,
follow the flow through step by step.
Don't be content with offering an oc-
casional “amazement diagram” and a
“see figure so-and-so.” You can
perhaps wake up the right half of the
reader’s brain this way, but to get it
working with the left half as a
unit—whole-brain learning—make
the words and pictures work
together.

Here are some guidelines on how to
do this, discussed under the following
headings: keying text to illustrations,
positioning text and illustrations, and
limiting information density.

Keying Text to Illustrations

The mutual reinforcement of text
and illustrations can be strengthened
by keying the text to the illustration.
This can be done by a liberal use of
highlights and call-outs, which are
“talked to” in the text.

For complicated diagrams, an in-
dexing system can be used. An exam-
ple of this common technique is
shown in figure 6. Three parts of an
electrical unit are designated A, B,
and C in the picture on the right.
These same letters are used in the text
on the left to refer to these specific
parts. This method can be used with
fairly complex diagrams without con-
fusing the reader. The alphabetical or
numerical symbols take up little room
on the diagram and can be ordered

(for example, clockwise in figure 6) to
make it easy to locate any symbol.

Highlights and call-outs help the
user zero in on the main items of in-
terest in a picture. A heavy outline or
shading or color, together with a call-
out of the item of interest, can make
the text and illustration mutually sup-
port each other and help the user
relate illustration to text.

Consistent, standard nomenclature
should be used in linking text to il-
lustration, and indeed throughout the
document. Information becomes less
accessible and less understandable if
the same item is referred to by dif-
ferent names.

Positioning Text and Illustrations

Because the text and related pic-
tures should work together, they
should be positioned close together.
Ideally, the user should be able to
work back and forth between text
and illustration without having to
turn a page. While this ideal is
sometimes impractical, it is usually
possible to keep the illustration close
to the relevant text. For important,
frequently referenced figures, fold-
outs are sometimes the answer.

Limiting Information Density
Information is like food. If readers
eat too fast, or too much at one time,
they get indigestion. If information is
presented too fast or in too large
doses, readers will get confused. This
is because of the limited capacity of
short-term memory. Therefore, like
food, information must be broken up
into “bite-size” pieces to be digestible.

Figure 6: Keying text to illustrations. The mutual reinforcement of text and illustrations
(as shown in figure 5) can be strengthened by keying the text to the illustrations through
the use of highlights and call-outs which are “talked to" in the text.
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Accurate.
Up-to-the-minute.
Easy to read.

More people choose microcom-
puter tutorials from Osborne/
McGraw-Hill than any other source.
That’s because Osborne/McGraw-
Hill remains at the forefront of
computer technology, providing
the latest information — written to
the most exacting standards of
technical accuracy.

What's more, at Osborne/
McGraw-Hill, we're dedicated to
presenting complicated ideas in a
clear, easy-to-read fashion.

So...whether you're just
getting into computers or you're
an experienced programmer —
Osborne/McGraw-Hill has a best
selling book to meet your needs
and expand your knowledge.

It’s easy to order the books
you want, too. Just tear out the
facing page coupon at the dotted
line, check the books you want, fill
in your name and address, add
tax and shipping and enclose your
check or money order for the
appropriate amount. Or include
your Visa or MasterCard number
and expiration date.

Your best sellers will be rushed
to you by return mail!

Look for the
Osborne/ McGraw-Hill
display in your local

computer bookstore.

OSBORNE
/A McGraw-Hill Company
The best microcomputer books
money can buy.

630 Bancroft Way, Berkeley, CA 94710
{415) 548-2805
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BEST SELLERS

from the Microcomputer Bookshelf

26-8 An Introduction to
Microcomputers: Volume
0 —The Beginner’s Book.
Adam Osborne. Start here if you know
nothing about microcomputers. Painlessly
introduces basic computer concepts and
terminology to the absolute beginner. With
the help of numerous illustrations, gives
you a sound understanding of basic com-
ponents and their operation. For any micro-
computer you may have. $7.95

AN INTRODUCTION TO
Microcomputers

e

Clip this page at the dotted line to order the baoks you want.

28-4 Running Wild —
The Next Industrial
Revolution. Adam Osborne.
Calculators, digital watches, program-
mable microwave ovens— each day new
products based on Space Race-derived
technology enter our lives. What long term
effects will these innovations have on

our lifestyle, our jobs, our society? This
entertaining and concise survey, written in
anecdotal style, is readable by absolutely
anyone. Complete with dramatic socia
and economic predictions for the coming
25 years. $3.95

SOME COMMON
[l

FROGR SV
el

06-3 Some Common

BASIC Programs.

Lon Poole/Mary Borchers. These
well-designed programs solve a variety
of finance, math, statistics and general
interest problems. Complete documenta-
tion, easy-to-use for all level programmers.
76 fully debugged programs for only $14.99

46-2 Apple Il User's
Guide — NEW. Lon Poole/
Martin McNiff/Steven Cook.
Complements your Apple Il Owner's Man-
ud. Properly indexed and under one cover,
this comprehensive guide is the complete
programming tool. Includes all special fea-

tures of your Apple Il computer. $15.00

ni
2ssing unit operation and
current programming techniques.
-date. $12.99

55-1 PET/CBM Personal
Computer Guide, second
edition. Adam Osborne/
Carroll Donahue. Step-by-step guide which
takes you from the "on” switch to the
assembly [anguage subroutine of your

ASSEMBLY LANGUAGE

If you've never programmed in assembly
language before, these books will teach
you how. Each book explains assembly
language microcomputer programming,
describes the functions of assemblers and
assembly instructions, discusses basic
software development concepts, includes
comprehensive coverage of the partic-
ular assembly language, and presents a
large number of fully debugged, practical
programming examples. Experienced
programmers will find these books an
invaluable reference.

10-1 8080A/8085
Assembly Language
Programming.

Lance A. Leventhal. $15.99

12-8 6800 Assembly
Language Programming.
Lance A. Leventhal. $15.99

21-7 280 Assembly
Language Programming.
Lance A. Leventhal. $16.99

27-6 6502 Assembly
Language Programming.
Lance A. Leventhal. $16.99

36-5 28000 Assembly
Language Programming.
Lance A. Leventhal. $19.99

35-7 6809 Assembly
Language Programming.
Lance A. Leventhal. $16.99

44-6 CP/M® User’s

Guide — NEW. Thom Hogan.
Complete overview of CP/M.
Describes all types of CP/M and their com-
patibility. Explains CP/M commands and
utilities in detail. Covers programming and,
suggests how to optimize your
system's performance. $12.99

38-1 Practical Basic
Programs. Lon Poole/etal.
40 comprehensive and
fully-documented programs designed

to run on most microcomputers. Espe-
cially useful in small business applications.
Easy-to-follow format requires no prior
programming knowledge. $15.99

47-0 Business System
Buyer’s Guide — NEW.
Adam Osborne. Buying a com-
puter for business? This book helps you
first define your needs and develop your
unique evaluation criteria, then helps you
compare your needs step-by-step with all
market offerings. The most useful Buyer's
Guide on the market. $7.95

Commodore system. it's a BASIC tutorial
and covers the most recent CBM products.
Essential for CBM owners or those con-
sidering a Commodore machine. $15.00

31-4 PET and the IEEE
488 Bus (GPIB). Eugene
Fisher/C. W. Jensen. Complete
description of the 488 Bus, GPIB {Genera
Purpose Interface Bus). Detailed informa-
tion on the GPIB, its lines and signals,
PET-IEEE interfacing methods, hardware,
sample bus transactions and more. $15.99

B

40-3 Some Common
BASIC Programs — PET/
CBM Edition. Lon Poole/
Mary Borchers. Check here for the Com-
modore version of this book. $14.99

29-2 The 8086 Book.
Russell Rector/George Alexy.

A handbook for all 8086 users.
Includes basic 8086 programming instruc-
tions, a thorough analysis of the 8086
instruction set, and detailed hardware and
interfacing guides. Reveals the full power
of the 8086's multiprocessing capabilities.
$16.99

Yes! Please rush me the book titles I have checked above.

My check/money order for $
Please bill my VISA/MasterCard #

| /K
!
Hill™

is enclosed.

Expiration date

Name

Address

Phone

State

City

Please add:

Tax {California residents add local tax)

Shipping fees:
75¢/item — 4th Class
$1.25/item — UPS
$2.50/item — Air Mail.
$4.00/item — Foreign Orders

Zip

Mail to:

OSBORNE/McGRAW-HILL
630 Bancroft Way, Dept. B13
Berkeley, CA 94710

Tel.{415) 548-2805
TWX: 910-336-7277

D Mail free catalog.




Good format does this.

Language should be simple and
direct, Only words the reader
understands should be used, with
rew words explained as they are in-
troduced. Explanations are easier to
read and understand if sentences are
short and simple, and if words have
few syllables.

[llustrations should not be cluttered
with unnecessary information. If they
are too “busy,” pictures become con-

fusing and are less useful. To avoid a
profusion of details, illustrations can
be used in a progression from simple
to more complex. This is related to
top-down sequencing. An initial
overall figure can give the "big pic-
ture,” which is easy to understand
and serves as a beginning structure
for proceeding to more detailed il-
lustrations. In forming such progres-
sions, it's important to preserve the
relative locations of the parts of

whatever is being pictured. For exam-
ple, if a simple block diagram of a
microprocessor leads off the series,
subsequent more detailed diagrams
and schematics should show the
various parts of the blocks in the
same relative positions as the original
block. An example is shown in figure
7. Note that the lower detailed
diagram preserves the relative posi-
tions, established by the upper figure,
of the major parts of the system.
Earlier we said that microprocessor
literature is suffering from a bad case

(7a) POWER of “the jargons.” However, you'll see
by now that there is much more to
good documentation than avoiding

DATA BUS ) jargon. You probably have had the
- U [1 H experience of reading something and
finding that it was very difficult to
MPU ( Y1/D BUS follow, even though you seemed to
ROM MEMORY P10 understand all the words. In this case,
C_—_______)VD BUS the author managed to avoid
e~ conTrRoL  technical terminology but failed in
other important areas. Good
],\[ ﬂ ]'T technical documentation requires a
cLOCK ADDRESS BUS N highly disciplined approach, and that
approach is provided by information
],T design. Those who adopt a go-as-
— you-please approach may score a suc-
: CONTROL LINES / cess now and then, but it will be by
accident. They have no way of know-
ing whether they have really reached
their audience. In many cases they
have not.m
(7b)
RESTART
TSC RES A
| [ | 8! )
MPU 0 RIw = csom:ss‘-—
ROM
A7 cs Al3 o le———»
AlQ0 cs A8 a Al4d 0 C:)PORT A
ALl A9[
cs cs E ) PORT 8
Al12 30
cs cs R/W
=] cs To‘ﬂ"‘_’
g1 AO-Sﬂ AO-ST\[
cLoCK g2 1 1 ADDRESS BUS N
VMA R/W [—e &
iRQ
VMA 02

Figure 7: To avoid reader confusion, illustrations should be used in a progression from less detail to more. An initial block diagram
(7a) can give the overall picture before going into greater detail (7b). When forming these progressions, it’s important to keep parts in

the same relative positions.
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...Makes The Difference!

MicroAge Computer Stores sell solutions to your professional, business )

and household-management problems, not just hardware. That's what

makes the MicroAge difference! From systems integration to easy-to- M-ﬁ:._ o Arers
understand applicdtion software, research and development to warranty E,f@ 1CA/ANS
service and repair, systems consulting to training and installation. In all L S e
these, we offer the latest, most innovative approaches. That's why we are. C CM“??UT& § I

the forerunners . .. the pioneers in the microcomputer industry. “Where Vision Becomes Reality”

But don't just take our word for it. Visit the-MicroAge Computer Store nearest
you and see the difference solutions make. We have differences you'll
experience with every time and money-saving idea. The difference that
will keep you satisfied now and for years to come!

9530 Viscount
El Paso, Texas 2710 S. Havana
(915) 591-3349 Aurora, Colorado
611 Rockville Pike 1707 Monroe Avenue 2065 El Camino Real West 83 South 10th Street 24 W.Camelback 2591 Hamilton Road
Rockville, Maryland  Rochester, New York Mountain View, California ‘Minneapolis, Minnesota Phoenix, Arizona’ Columbus, Ohio
(301) 762-7585 (716) 244-9000 (415) 964-7063 (612) 338-1777 602) 2650065 (614) 868-1550
5742 E. Broadway 1220 Melbourne Drive 2525 N. Scottsdale Road 1490 W. Spring Valley Rd.. 4550-50 E.Cactus  Coming soon to:
Tucson, Arizona Hurst, Texas Scoltsdale, Arizona Richardson, Texas Phoenix, Arizona Milwaukee,
(602) 790-8959 (817) 284-3413 (602) 941-8794 (214) 234-5955 (602) 996-2910 Indianapolis,

and Houston.

FOR FRANCHISE OPPORTUNITY INFORMATION CALL (602) 967-1421




Programming Quickies

Computing the
Determinant of a Matrix

Brian Flynn, 1704 Drewlaine Dr, Vienna VA 22180

Matrix inversion is often used in solving sets of
simultaneous equations and in performing multiple
linear-regression analysis. But what determines whether
or not a matrix can be inverted? The answer is its deter-
minant does. More specifically, if the determinant of a
matrix is 0, the matrix is singular and can't be inverted.

A Radio Shack Level II BASIC program for calculating
the determinant of a matrix is presented here. The
algorithm uses the upper-triangular technique and
switches rows, when necessary, to insure that the deter-
minant is always calculated, within the limits of the com-
puting capability of the TRS-80 Model I.

A matrix is a rectangular array of numbers or variables
(usually displayed in brackets). A square matrix is two-
dimensional with as many rows as columns. A character-
istic of a square matrix is its determinant. Determinants
are defined only for square matrices, just as only square
matrices are invertible. Unlike a matrix, a determinant is
written as an unbracketed, single number—a lone, lorn
creature such as 5, 0.03, or —1. The symbol for a deter-
minant is sometimes det, but more often two parallel ver-
tical lines: | |. (This latter symbol is also used for ab-
solute value. The circumstance in which | | appears
determines whether it means absolute value or determi-
nant.)

It's relatively easy to calculate a second-order determi-
nant, that is, the determinant of a second-order (2 by 2)
matrix: tally the product of the principal diagonal
elements and subtract from this the product of the off
diagonal elements. The principal diagonal is the imagi-
nary line segment running from the “northwest" corner to
the "southeast” corner of the matrix. The off diagonal, on
the other hand, is the one which connects the "“northeast”
and "southwest” corners. The process of calculating a
second-order determinant is illustrated in table 1.

Tallying a third-order (3 by 3) determinant is a bit
more difficult than tallying one of the second order. If the
elements of the matrix are not too unwieldy, however,
the calculation can still be made by hand without much
trouble. This is shown in table 2. But for matrices of
order four and higher, the business of determining the
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® 011022 - 012021

Q®
616)

®= 2-9-5-3=18-15=3

Table 1: The general method for evaluating a 2 by 2 matrix
and an example. The elements of the principal or major
diagonal are multiplied (aya,,), as are the elements of the off
or minor diagonal (a;;a,;). Then the product of the off
diagonal is subtracted from the product of the principal
diagonal.

® 031 022033+03202303) +01303202)

— 031032023 ~0312021033 —03302203)

5 2 4
1 3 7 ®=5:3:942-7-6 +4-8-1
. A 9 -5-8:7"2-1-9-4-3:6

=-119

Table 2: The method for evaluating a third-order determi-
nant is an extension of the method used for second-order
determinants. Note that plus signs are associated with the
three products formed by solid lines, and minus signs are
associated with the three products formed by dashed lines.




and performance.

dot matrix prices.

¢ Tractor option available

* Print Speed — 25 CPS (Optional 45 CPS for $2,195)

¢ Print Wheel — Industry standard 96-character Daisy Wheel
(including the extended-life dual plastic wheels)

* Service — Prompt maintenance/service agreements avail-
able nationwide

* Interface — Industry standard parallel (RS232-C optional)
Printable Columns — 136

Warranty — 90 days parts and labor, one year parts only
Proportional, bi-directional printing ® Programmable VFU
Extensive seli-test functions e Hardware and software
compatible

Vista does it again! Quality, Price and Perfor-
mance with a peach of a daisy wheel printer.

IMMEDIATE DELIVERY
For Further information
". Call Toll Free (800) 854-8017

The Vista Computer Company
TMCPM is a trademark of Digital Research

There are Daisies!. . . And, There are Daisiesl. . . But Vista has a Peach!
The Vista V300 is exactly that, a “peach” of a daisy wheel printer both from the standpointof price

Think of it, a printer at nearly half the price (when compared to models evenremotely competitive in
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 LSI Technology.”

But judge for yourself — look at the V300 features and keep in mind this is a letter quality printer at

AND, Vista Has a Complete V100 Word Pro-
cessing System for Only $4995!

The Vista V100 is a complete word process-
ing system that includes:

¢ Vista V300 Printer
Full Character Daisy

* Exidy Sorcerer
Computer, 48K

® V200EZ20 Disc Drive Wheel
System, Double e Wordstar, CPM™ 1.4
Density (Includes E Basic)

® Sanyo Data Display * Can also be used for
Monitor Data Processing

1317 E Edinger ® Santa Ana, California 92705 ® 714/953-0523
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Programming Quickies

determinant can get really complicated. Indeed,
calculating a fourth-order determinant one time by hand,
using the popular Laplace expansion, is usually sufficient
to elicit the plea, “Isn't there an easier way?"

Fortunately, there is. The upper-triangular method is a
straightforward, computer-compatible technique for
tallying a determinant of any order. The process, il-
lustrated in table 3, is in two steps:

o Transform the matrix so all of the elements below the
principal diagonal are Os, using elementary row opera-
tions. Anticipate division by 0, and switch rows of the
matrix to avoid it.

eCalculate the product of all elements along the
transformed principal diagonal. This product is the deter-
minant.

If you ever determine to determine the determinant of a
matrix, I hope you find the upper-triangular method
useful.m

4 2 3

:

STEP 1. TRANSFORM THE ELEMENTS OF THE LOWER TRIANGLE INTO
0s: TRANSFORM THE 8 INTO O BY MULTIPLYING THE ELEMENTS
"OF ROW #1 BY -2 THEN ADDING THEM TO THE CORRESPONDING
ELEMENTS OF ROW #2.

4 2 3
= 0 0 -5
® s e

TRANSFORM THE CIRCLED 2 INTO O BY ADDING =-1/2 TIMES
ROW #1 TO ROW #3.

4 2 3
=10 0 =15
0 8 45

TRANSFORM THE 8 INTO 0. F THE ABOVE PATTERN WERE FOL-
LOWED, -8/0 TIMES ROW #2 WOULD BE ADDED TO ROW #3.
TO AVOID DIVISION BY 0, SWITCH ROWS 2 AND 3. THIS CHANGES
THE ARITHMETIC SIGN OF THE DETERMINANT (LINE 4060 OF
THE PROGRAM ).

4 2 3
==l 0 8 45
0 0 ~5

STEP 1 1S NOW FINISHED SINCE THE ELEMENTS OF THE LOWER
TRIANGLE ARE ALL Os,

STEP 2. TALLY THE PRODUCT OF ALL ELEMENTS ALONG THE PRINCIPAL
DIAGONAL.
DETERMINANT = - [4:8.(-5)] =160

Table 3: T he upper-triangular method f or evaluating higher-

order determinants consists of two steps: first, transform the

elements of the lower triangle into Os, then find the product
of the principal diagonal.
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Listing 1: The program for determining the determinant of a

matrix.

10

20
30
40
50
60
70
80
90
100
1000
1010
1020

1030
1040
1050
1060
1070
1080
1080
1100

1110

1120
1130
1140
1150
1160
1170
1180
1180
1200
2000
2010
2020

2040
2050

2070
2080
2090
2100
2110
2120
2130

2140
2150
2160
2170
2180
3000
3010
3020
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100

REM CALCULATING THE DETERMINANT OF A
MATRIX
REM UPPER TRIANGULAR METHOD
REM BRIAN J. FLYNN; FALL 1980
REM MOD 1: INITIALIZE & ENTER DATA
GOSUB 1000
REM MOD 2: CALCULATE DETERMINANT
GOSUB 2000
REM MQOD 3: PRINT DETERMINANT
GOSUB 3000
GOTO 9999
REM MODULE 1
REM VARIABLES
REM  C = USED IN TRANSFORMING
MATRIX
REM DT = DETERMINANT
REM HOLD = USED IN SWITCHING ROWS

REM K = ORDER OF THE MATRIX
REMSIGN = +]1 OR -1
REM X = MATRIX

REM INITIALIZE

DEFDBL C,D,H,X:S5IGN = 1:DT =1:CLS
PRINT “THIS PROGRAM COMPUTES THE
DETERMINANT OF A MATRIX.”
PRINT:INPUT "HOW MANY ROWS (COLUMNS)
ARE IN YOUR MATRIX";K
DIM X(K,K)
REM ENTER DATA
FORI=1TOK
CLS:PRINT "PLEASE ENTER DATA.”
PRINT"ROW #“;I;":"
FOR]=1TOK
PRINT"COL #";I:INPUT X(L])
NEXT LI
RETURN
REM MODULE 2
REM CHECK FOR 15T-ORDER DETERMINANT
IF K=1 THEN DT=X(1,1):GOTO 2180
REM FILL LOWER TRIANGLE WITH Os
FOR L=1TOK-I
FORI=L TOK-!
REM AVOID DIVISION BY 0
IF X{(L,L)=0 THEN GOSUB 4000
IF DT =0 THEN 2180
C=X{I+1,L)/X(L,L)
FORJ=1TOK
X(I+1,0)=X(I+1])-X(L])C
NEXT J,I,.L
REM TALLY PRODUCT OF PRINCIPAL DIAGONAL
ELEMENTS
FORI=1TOK
DT =DT«X(I, I)
NEXT I
DT=DT+SIGN
RETURN
REM MODULE 3
PRINT"DETERMINANT = “;DT
RETURN
REM SUBROUTINE: SWITCH ROWS
FORM=L+!TOK
IF X(M,L)=0 THEN 4070

FORQ=1TOK
HOLD =X(L,Q):X(L,Q) =X(M,Q):X(M,Q) = HOLD
NEXT Q
SIGN = —SIGN:GOTO 4100
NEXT M
REM DETERMINANT = 0
DT=0
RETURN

END
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A Coding Sheet
for FORTH

John O Bumgarner, 17370 Hawkins La
Morgan Hill CA 95037

FORTH is a new programming language to most
people, and, while it has many advantages over other
languages, it does have an unconventional appearance.
FORTH is not an intrinsically difficult language, but the
unfamiliar appearance, the use of a last-in-first-out stack
for parameter passing, and a unique approach to problem
solving require you to reorient your thinking a bit.

When I was learning FORTH, I often used to stop and
sketch the appearance of the parameter stack as I defined
a “word” (portion of a program) to help me get every-
thing in place at the right time. It helped me, the novice
FORTH programmer, to have a graphic representation of
what the parameter stack looked like at each step. Later, |
needed to document programs, so [ expanded my sketchy
method and made a proper FORTH-style coding sheet
that provided the graphic parameter-stack representa-
tion.

_—

The need for documentation never

seems to go away, so | still use the
coding sheet regularly.

Now, while I rarely need help visualizing the stack, the
need for documentation never seems to go away, and so |
still use the coding sheet regularly. It has occurred to me
that other FORTH programmers, new or otherwise,
would find it useful too.

The coding sheet is shown full-sized in figure 1 and is
meant to be copied for use by the reader. The form is
deliberately simple to make it as flexible as possible. I
have tried to strike a balance between the size of the
spaces for words, the size of the spaces for stack items,

and the number of stack items.

In actual practice, eight stack items on the form are suf-
ficient because most FORTH words do not manipulate
the stack outside of the range of the normal stack
operators (which work from three to six words deep). In
fact, a rule of thumb for good FORTH programming dic-
tates that, if you get in a situation with the parameter
stack that cannot be handled by normal stack operators,
you are doing something wrong. You should stop and ex-
amine your methods to see how you can avoid the prob-
lem. In my experience, this is true; a better way results
from a little thought, and it usually is simpler, to boot!

The space for words used in the definition is left a bit
wide, as it is common to put short phrases on one line.
This not only saves space but also allows frequently used
short phrases such as fetching from or storing to a

Text continued on page 162

SUPERBRAIN
AND COMPUSTAR

USERS’GROUP

Your users’ group is here at last! We are Super « Star
International, an independent, world-wide users' group for
Intertec Data Systems’ SUPERBRAIN* and COMPUSTAR*
computers.

Our monthly magazine SUPER + STAR will fulfill all your
computing desires. When you join our group, you will enjoy
the latest: technical information, tips for beginners, special
business uses, equipment reviews, the Intertec story —
the people, ideas, and machines behind your computer. In
every issue you'll get a free program, industry news, and
software reviews.

Plus, we want your programs for our Software Supermarket,
where all members can buy programs at affordable prices.
We will investigate all the accessories you have always
wanted, test them, and offer them for sale at reduced prices.

With our group buying power we'll give you discounts on
commercial software. And that’s not all. We’ll find group
rates for car rentals, hotels, gifts, and more.

Super « Star International, with savings, service, and
efficiency — we’re here to win your heart.

Yearly membership fee is $50.00 U.S., $58.00 Canada, $74.00 Europe
and So. America, $81.00 Australia.

Your fee may be tax deductible; consult your accountant.

Dealers are invited to contact us concerning a special dealer program.
Software houses, we are interested in your programs! Send checks with
your name and address, made out to:

SUPER*STAR

SUPER + STAR INTERNATIONAL CORPORATION
3722 Chestnut Place
Denver, Colorado 80216
(303) 623-7973

Not alliliated with Intertec Data Systems.
*Superbrain and Compustar are the trademarks of fntertec Data Systems.
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DATE LOCATION WORD
WRITER VOCABULARY
STACK TOP WORDS

J.O.B.80

Figure 1: A coding sheet for FORTH used to show the effect of words in a FORTH definition on the parameter stack.
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zz April 8o T+ 1. EXPECT and 7 DELETE
DATE LOCATION WORD
J 2 Z. characlCr sy pul
WRITER VOCABULARY
STACK TOP WORDS
E XPELT tagey an ad | vum ¢ EXPeECT
addreds (ad )| and A
characiter coot (wuna) = ad N 24 4
it thew| accept]s and f
9tovred HaX nhmibec ad DO
o€ chavacters BHeqg innin
al twnel given dz{re:ﬂ,,ﬂ. ad ch Key
“em” rEprescutly the
i e 2 an ad <h ad OVER
Mcon«iug key PeEss) ad _ ad T T
ad | ch | ad’ .l
ad c!
/ad L_ OOP e
= PROV
3
HEX
ch . ?DELETE
(nex 7F i5 a|DEL chgeacter) ch 7€ via
ch TF el OVER
7 DELBTE acclepts a e | T/E =
characfer onthe stack] em |T/F | T/E DUP
and vekpeng a ‘tree’ valde G —| ch T TF ’
only if|the chatacter ‘l:_ T ch SWAP
7
wag a[DEL chdracter. e) T DRoP
Otherwitpe it tefturng el = T THEN ‘Y
a falsg aud the 5
orl'q wal characdter. vECIMAL
7
Table 1: An example using the FORTH coding sheet. In this example and that of table 2, FORTH words or phrases are listed in the
rightmost column, reading from top to bottom. The stack area on the same line represents zero or more parameters on the
parameter stack after the word or phrase has been executed; the rightmost entry in the stack area is always the top-of-stack, with
entries below it on the stack listed to the left. A dash represents an empty stack. "T/F" represents a flag of either true (nonzero
value) or false (zero value) pushed to top-of-stack as the result of some comparison operation. Arrows represent the flow of con-
trol due to either a loop construct or the outcome of an IF construct. Note that, in the definition of { ?DELETE 1}, the stack exits
the definition with two values on the stack if the comparison made evaluates as false, but only one value if the comparison is true.
See listing 1 for details.




(GET AHEAD START
ON TOMORROW WITH THE
SOFTWARE THAT'S GOING PLACES,
THE UCSD p-SYSTEM?

JULIE ERWIN, Director of Marketing, Sof Tech Microsystems

ur microcomputer software
system’s going places for
good reasons:

We're constantly expanding
and developing it. We started with
UCSD Pascal™ added FORTRAN,
and we'll be introducing more in
the months ahead.

We offer a total development
and execution environment, from
operating system and cross assemblers
to screen editor.

We run on most major micro-
processors today: Z80, 8080,

8085, 6502, 6800, 6809, 9900 and
LSI-11™ And because the UCSD
p-System’s portable, you can be sure
that what you invest in software
today is a good investment in tomorrow.

QCS_D_DSYStem We're going places and
gaining in popularity with microcom-
/ Iy puter manufacturers, applications

b/ . : “ﬁ,}@ LAY - developers, and demanding end users.
’ o g Get a head start on tomorrow by
B¢ UCSD pSystem working with a company that knows
how to develop professional
quality software, and that’s committed
to delivering it.

Our system’s available for
distribution licensing or for single-copy
sales. With Pascal, it costs $350. ..
with FORTRAN, $400...and with both
languages, $550. Documentation
sets are $50. Phone orders are welcome,
and Visa and Master Card orders
are accepted. Write or call for
more details.

SOIF a2

micrROSYSTEems

A SUBSIDIRAY OF SOFTECH

9494 Black Mountain Road, San Diego,
CA 92126. (714) 578-6105

TWIX: 910-335-1594

2974

UCSD p-System and UCSD Pascal are trademarksof the Regents of the University of California.
LSI-11 is a trademark of Digital Equipment Corp.
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Why is the 88G Printer
the new industry

leader?

QUALITY

The attractive, durable 88G casework is

formed from impact-resistant, flame-
' retardant Styron. Microprocessor con-
trolled stepper motors provide precision
control over print head and paper
positioning. Computer quality tractors
position paper for readability and are
fully adjustable to accommodate varying
paper widths.

MICROPROCESSOR
CONTROLLED INTERFACE

The microprocessor array provides the
intelligence for a dual R5232 serial

and a Centronics® type parallel interface.
Both inputs are fully buffered to allow
the 88G to receive data and print
simultaneously. A 1K character buffer is
standard with a 2K buffer available as
an option.

The short line thruput of the 88G has
been increased by incorporation of a
Quick Cancel feature that fully utilizes
the bidirectional/unidirectional printing
capabilities. Built-in diagnostic and
self-test capabilities allow the user to
easily pinpoint system problems and

a Power On confidence
test verifies
operational status of
the printer each

[ time power is applied

—

VERSATILITY

The 88G prints a full upper and lower
case 96 character ASCII set with a crisp,
clear 7x7 matrix in 80, 96, or 132 column
formats. For text processing and
correspondence applications, an 11x7,
80 column serif style matrix can be
selected by switch or software command.
The dual tractor/pressure-feed paper
drive system allows the user to choose
either pin-feed, roll, or single sheet
papers up to 9.5 inches wide.

Complete forms control allows the

88G to be quickly configured for printing
single or multiple-ply invoices, purchase
orders, checks, or any type of preprinted
form. Optional paper roll holders and
single sheet feeders can be quickly
attached.

The wide use range of the 88G makes
it the perfect companion for business
systems, data processing, RO teleprinter
and terminal printer applications.

GRAPHICS

A high-resolution, dot-addressable
graphics option can be added for appli-
cations requiring plotting, printing of
screen graphics, drawings, illustrations,
etc. Single dot print resolution greatly
extends the usefulness of the graphics
capability. Selection of one of the
four horizontal dot densities available
customizes the graphic printout, and
alphanumerics can easily be included
for titling of graphs and illustrations.

®Centronics is o registered trademark of the Centronics Data Computer Corp.

Circle 89 on inquiry card.

LONG LIFE
RIBBON CARTRIDGE

Ribbon difficulties are minimized
through use of a continuous loop cart-
ridge with a five million character life.
It is easily changed without opening
the case, and without any complicated
or messy threading operations.

PRICE

Every detail is directed toward providing
a heavy-duty, commercial quality
printer for only $749.00. No other printer
on the market today can provide its
quality, features and performance at

a comparable price. The 88G is an
obvious industry leader.

Micro Peripherals, Inc.
4426 South Century Drive
Salt Lake City, Utah 84107
Phone (801) 263-3081
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DATE LOCATION WORD
v, 0.B. DATA - INPvT
WRITER VOCABULARY
STACK TOP WORDS
sélup |an acclumulato - O VARIABLE NEGATIVE
setup  |aucther| one = o VARIABLE NON-NEG
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g o o
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o o
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( N / {
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false |part *‘ wum I addry | | NON-NEG
L numt *1
vum | [ToeN
test |for euld cowd|ifion (jnum=ol) T o=
loop | until |true - UNTIL

>

Table 2: Another example using the FORTH coding sheet. See listing 1 for details.
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Solution\sé-lii-shiin\ n[ME, fr.MF . fr.L solution-]
la: An answer to a problem.

At last there's a microcomputer designed to solve
your business’ problems; not create new ones.

In delivery for close to three years, the MicroDaSys
MillieMis a proven hardware design that now comes
with the fantastic SoftwareHows™ DBI Accounting
Solutionware™you've seen advertised -- a $2500
dollar value alone! This is one computer that's
complete when you buy it, right down to the best
applications software available. There are no
"required options’s And we've got all the best
features: Z-éDO, 64K, CP/M', dual double density 8"
floppies for 1MB on line sforage, 82x24 CRT with
special features, IBM format keyboard with numeric
pad, NEC 55cps letter quality printer, S-100 bus.
Also, Millie is supported by a nationwide rep network
and one of the best service contracts in the business.
And Millie is price competitive with much smaller
computers. Wﬁy settle for less than the best? Call

or write today tor flyers and manuals. You'll be glad
you did.

MiCI’ODasys, INnC. 2811 wilshire Blvd. Santa Monica, CA 90403
(213) 829'6781 TWX 910'321'2378 Y Rog.TM, Digital Rssserch
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Listing 1: A block of FORTH code. The FORTH words EXPECT , | ?DELETE } , and COUNTER are explained on the coding

sheets in tables 1 and 2.

0 ( Character and data input words)

1

2 ( EXPECT accepts n ch's putting them at given address)

3 ( Use: address n EXPECT )

4 : EXPECT 0 DO KEY OVER I + C LOOP DROP ;
5 HEX ( change base to HEX for the following word)

6 ( ?DELETE returns only T if given ch. isa DEL )

7 ( otherwise it returns the given ch. and a F on the top)

8 : ?DELETE 7F OVER = DUP IF SWAP DROP THEN

9 DECIMAL
10 0 VARIABLE NEGATIVE 0 VARIABLE NON-NEG
11 ( COUNTER counts the number of negative and non-negative)

12 numbers and exits if given a zero. FETCH supplies #'s)
13 COUNTER 0 NEGATIVE ! 0 NON-NEG ! BEGIN
14 FETCH DUP 0 < IF 1| NEGATIVE +! ELSE 1 NON-NEG +!
15 THEN 0= UNTIL ;

Text continued from page 155:

variable to read better. Such condensed definitions are
also useful to keep as documentation. (See table 2.)

(Editor's note: I have used John's sheet and found it
very helpful in the design and documentation of FORTH
words. I like to indent my entries in the "WORDS" col-
umn to show if...then...else constructs and loops. I have
also been working with a similar diagram that allows a
line to run across the long dimension on a page; this gives
me more room for indenting FORTH words and docu-
menting what they do....GW]

Listing 1 is an example of a typical FORTH block of
code. If it were part of a bigger listing, there would be

three such blocks on one page and the page would be
called a triad. If you wanted to see this block or edit it at
your terminal, you would type { 123 LIST }. [The
braces are not part of the FORTH phrase, but are the
standard BYTE delimiters that isolate FORTH words that
include punctuation and FORTH phrases from the sur-
rounding text....GW]

The FORTH coding sheets show the detailed structure
of each of the three words defined in block 123. The cod-
ing sheets in tables 1 and 2 show the words in great detail.

I hope that this coding sheet is of use to fellow FORTH
enthusiasts. It certainly helped me learn FORTH, and
allows me to produce clear documentation. m

@@ Micros aren't just for games anymore...
AARDVARK gets down to brass TAX. 99

AARDVARK SOFTWARE takes home éom-
puter use one practical step further with “Per-
sonal Tax,” a federal income tax program
designed specifically for homie use.

“Personal Tax” was developed by CPA’s
and computer professionals. It will calculate
Federal Forms 1040 and 4726, as well assched-
ulesA,B,Gand TC. The program features mul-
tiple entries fora variety of inputs (e.g. wages,
dividends and charitable contributions). Anin-
dexed instruction manual and easy-to-follow
input forms are included.

“Personal Tax” computes quickly and
accurately, then displays or prints the totals
automatically (using a standard printer inter-

face). You simply copy the totals onto your IRS
forms.

This spring, use your microcomputer to
simplify your taxes and file with confidence!
You won’t have to spend half of your refund
either. The “Personal Tax” program is very
affordable at only $75.

“Personal Tax” will run on: Apple I11,TRS':80
Models | and Il, and OSI. Additionally, under
CP/M, theprogram will run on VectorGraphics,
North Starand Cromemco.

Minimum machine requirements:
48K and one disk drive.

Send check or money order, or, write us for
more information.

A ARDVARK SOFTWARE INC.
The Microcomputer People for Professionals

783 NORTH WATER STREET MILWAUKEE WISCONSIN 53202 414/289-9988
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EXCITING NEWS FOR INVESTORS WITH TRS-80 32K DISK-BASED SYSTEMS!

Standard & Poor’s proudly announces

. STOCKPAK,
a unique software and data system

to help you meet your investment goals

STOCKPAK not only delivers a “stand-alone” Port-
folio Management System but also gives you the soft-
ware for Standard & Poor’s monthly Common Stock
Data Service (available to TRS-80 owners on a sub-
scription basis). With STOCKPAK and the Data Ser-
vice you command one of the most powerful and
versatile investment tools available.

Here’sHow STOCKPAK Will Help You:

A 900 COMPANY DATA BASE SERVICE

Monthly Data Service subscribers receive a diskette
containing 30 vital financial items on 900 of the most
widely traded stocks (S&P “500" and 400 NYSE, ASE
and OTC issues). Accompanying this monthly diskette
is an Investor’s Newsletter highlighting important fi-
nancial news and investment strategies, with sugges-
tions for maximizing the usefulness of the system.

STOCKPAK SELECTION SYSTEM
The heart of STOCKPAK is a powerful, analytical

stock selection tool which enables investors to choose
stocks which meet their investment criteria. For exam-
ple, you may wish to select only those oil and gas stocks
with price/earnings ratios of less than 7 and yields of 6%
ormore. Once a group of stocks hasbeenselected, you
can store it as a separate data file for continuing use.

REPORT WRITER

You can define the report formats you would like to
see on those stocks meeting your investment objec-
tives. Hundreds of calculations and ratios that you
define can be sorted, averaged or totalled, and dis-
played on video screen or optional printer.

like aWall Street professional.

STANDA l

SEiEE S

ANG K PAK
PORTRO

PORTFOLIO MANAGEMENT SYSTEM

Now you can effectively evaluate and manage your
own stock portfolio of up to 100 securities with as many
as 30 transactions for each. You can record “buy” and
“sell” transactions, price and dividend information and
stock splits for instant retrieval, for record keeping and
tax purposes. You can measure actual performance or
create hypothetical situations to help you make “buy”
or “sell” decisions.

HOW TO ORDER STOCKPAK
STOCKPAK is designed exclusively for TRS-80

users with 32K business systems with two mini-disk
drives. You can obtain the basic software and sample
Data Base, plus a comprehensive User's Manual from
your local Radio Shack Store for only $49.95. The
STOCKPAK Monthly Data Updating Service can be
ordered directly from Standard & Poor's for $200 an-
nually, or from the order form provided in the basic
package you purchase from Radio Shack.

Standard & Poor’s Corporation
25 BROADWAY, NEW YORK, NY 10004 (212) 248-3994/3374

Circle 92 on Inquiry card.

BYTE March 1981 163



BYTE's Bits

IEEE Committee
Studies Terminals

Today’s computer ter-
minals talk, walk, listen,
feel, and see. Terminal tech-
nology embraces the sciences
of computers, electronics,
human factors, acoustics,
optics, and mechanics. The
Communications Society of
the IEEE (Institute of Elec-
trical and Electronics

Engineers) has formed a Ter-
minals Committee to focus
on the science of com-
munications terminals. The
committee will complement
the data-communications,
computer-communications,
and transmission-systems
committees’ activities by
sponsoring workshops on
special topics and by writing
standards.

Technological advances
have added video and game

terminals, and robots, to the
ranks of terminal devices.
Other areas of interest are
the telecommunications net-
works for voice and data
plus long-distance private
networks, local area net-
works, instrumentation, and
data bases. Terminals can be
electrically, acoustically, or
optically connected to these
networks.

The first sessions spon-
sored by the Terminals

MM-103 MODEMS

With our unbeatable quality,
loww cost, one-year warranty
and 24 hour a day Test Center,
you won't find a better S-100
bus modem than the MM-103!

Call or write for brochure
and price information:

o 1YL

POTOMAC MICRO-MAGIC,INC.
5201 Leesburg Pike, Suite 604
Falls Church, VA 22041

(703)379-9660 {VOICE)
(703)379-0303 (MODEM: 300 BAUD)

MEETS IEEE S-100 STANDARDS
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~ ARE NOT
CREATED EQUAL !

AFTER ALL...
ALL MODEMS
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Committee will be held at
the 1981 International Com-
munications Conference this
June. Papers will be read on
recent advances in terminals
and the impact of com-
munications systems on ter-
minals. Topics being con-
sidered for the 1981 and
1982 workshops include
office-automation terminals,
graphics communications,
plus speech-processing and
game terminals. For more
information, contact Fritz
Froehlich, Bell Laboratories,
Rm 1D622, Holmdel NJ
07733, (201) 949-4990.

Computer Camp

If your child is between
the ages of 10 and 18, he or
she can spend part of this
summer learning about com-
puters and programming
and still enjoy summer camp
activities. The National
Computer Camp will be
held in Moodus, Connect-
icut, July 19 thru 24 and
July 26 thru 31. Children at
all levels of computer ex-
perience are invited. Contact
Michael Zabinski, 382
Hitching Post Dr, Orange
CT 06477, (203) 795-9069.

TEXNET—Network
for TI-99/4 Users

Texas Instruments and
Source Telecomputing Cor-
poration have developed a
home-information and com-
munications service for
T1-99/4 users. TEXNET is a
subscription service avail-
able over telephone lines
coupled to the home com-
puter through a modem. It
offers the services of The
Source information utility
plus a text-to-speech
capability, which allows
users to hear messages typed
on the keyboard or trans-
mitted over the TEXNET
system. For more informa-
tion on TEXNET and the
TI-99/4 computer, contact
Texas Instruments Inc, Con-
sumer Relations, POB 53,
Lubbock TX 79408, (800)
858-4565; in Texas (800)
858-4279.m



printer
Ccosts less

than $450.
Beat that...
if you can.

This is the Epson MX-70. The lowest priced dot
matrix printer you can buy. Now, that in itself
should make it very attractive to a lot of people.
But you ain’t heard the half of it.

To begin with, the MX-70 has a lot more in
common with our now-famous MX-80 than just
the name. Like unequalled Epson reliability.
And technological breakthroughs like the
world’s first disposable print head. But frankly,
the MX-80 packs a lot more power than some
people need. So we built the
MX-70 to be a no-frills print-
er. At a no-frills price.

But the MX-70is still a great
little printer. We give you
80 CPS unidirectional print-
ing. Top-of-form recognition.
Programmable line feed and
form lengths. Plain paper
printing. An easy-to-read 5x7
matrix. Self test. And an
adjustable tractor feed.

That’s what you’d expect

from a basic little printer. But here’s something
youwouldn’t expect: the finest graphics package
on the market today. Free.

We callit GRAFTRAX II. And it means 480 dots
across the page, resolution to 60 dots per inch,
and a graphic image free of the jitter and overlap
that plagues other printers. You get cleaner grays
and finer point resolution.

So now you've got a choice. You want more
power and extra functions, you buy the MX-80.
You want a basic little printer
that prints, and keeps on
printing, you buy the MX-70.
They're both at your dealer
now.

But at this price, you'd bet-
ter hurry.

EPSON

EPSON AMERICA, INC.

23844 Hawthorme Boulevard * Torrance, California 90505+ (213) 378-2220
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A Beginner’s Guide
to Spectral Analysis, Part 2

In Part 10f this article. | introduced

Mark Zimmermann
9410 Woodland Dr
Silver Spring MD 20910

some of the ideas behind the Fourier
transform in one dimension. Here, |
will try to extend those ideas to two-
dimensional space. | will introduce a
few of the many uses of two-dimen-
sional spectral aralysis, with par-
ticular emphasis on image processing.
The main computer program that ac-
companies this article (see listing 1) is
a 6502 assembly-language program

Iis possible to ex-
press any reasonable function as a
sum of sines and cosines of various
frequencies. The mathematical recipe
for finding how much of each sine
and cosine went into making the
original signal is a fairly simple pro-
cess that is discussed in many books
(see references on page 198). Instead
of going into the math here, however,
I'd rather discuss the “feel” of Fourier

that performs a di
transformation on a 25- by 40-pixel
image. The program is specifically
adapted to run on the Commodore
PET microcomputer with 8 K bytes
of programmable memory, but it
should be a reasonably straightfor-
ward process to modify the code to
work on other comparable machines.
Several floating-point arithmetic
routines are used from the PETs
BASIC ROM (read-only memory); a
table is included that describes what
each routine does, so that it may be
replaced by your own arithmetical
procedures if necessary.

Components of Waves

As you will recall, the whole no-
tion of Fourier, or spectral, analysis is
to take a signal that is, for example, a
function of time, and resolve it into
its components (ie: the various fre-
quencies that make up the whole). A
chord played on a piano may produce
a sound that is very complicated
when plotted on an oscilloscope
screen, but when the chord is Fourier
analyzed, the individual notes (com-
ponent frequencies) stand out.

166 Murch 1991 © BYTE Fobbcations tax

ing, with the obijective of
helping you develop some instincts
about what a transform should look
like and what it means.

amount of cosine wave is a solid line.
The herizontal axis runs from zero
frequency (where it's intercepted by
the vertical axis) to high frequencies.
If the amount graphed on the right
goes negative, it simply means that
the original signal needs to have some
amount of the function —sine or
—cosine added to it. In other words,
the original signal contained some
sine waves that were 180° out-of-
phase with the standard sine wave (so
there's nothing special or mysterious
about having a negative amount of a
given frequency component).

What kind of insights can you get

Any reasonable
function may be
expressed as a sum of
sines and cosines of
varlous frequencles.

Figure 1 on page 168 shows several
pairs of graphs. In each pair. the
graph on the left represents a function
of time. It could be showing, for in-
stance, the difference between normal
atmospheric pressure and the instan-
taneous pressure in a passing sound
wave.

The graph on the right shows the
Fourier transform (a function of fre-
quency) of the graph on the left. It
plots the amount of the components
needed at each frequency to make the
left-hand graph. The amount of sine
wave is shown as a dashed line; the

by ining the graphs in figure 17
First, it's clear that any function of
time which is symmetric with respect
to the ¢t =0 (vertical) axis is made up
only of cosine waves, and any func-
tion that is asymmetric with respect
to t=0 is made of only sines. Every
cosine wave is symmetric about the
origin of time, s0 a sum of cosires
should certainly be symmetric; every
sine wave is asymmetric. A function
that is neither perfectly symmetric
nor perfectly asymmetric

both sines and cosines in its constit-
uent frequencies.

A second fact which becomes ap-
parent from a study of figure 1 is that
functions of time which have some
net area (area between the curve and
the horizontal axis) always have some
amount of component with zero fre-
quency plotted in their iransforms. A
zero-frequency wave doesn’t wave at
all: it's a constant number as time
goes by, like cosine(0). Contrariwise,
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ATARI
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SYSTEMS
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MX-80 SOFTWARE
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Interface Cards (40Col.) 16K
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8161 (IEEE 488) Enhanced
8131 (Apple Card) Version
8230 (Apple Cable) WordPro 1V
8220 (TRS-80 Cable) 80Col., 32K
WordPro IV+
Enhanced
Version

199.95

Multi-Cluster for Commodore Systems.
Allows 3 CPU’s (Expandable to 8) to access
a single Commodore Disk.

Multi-Cluster $795 (3 CPU’%s)
Each Additional CPU $199 (up to 8)

DIABLO 630

45 CPS, Letter Quality
RS-232 Port $2,710
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NEC
Spinwriter
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5520 (KSR-Serial)
TRACTOR OPTION ... 225

55 CPS
Letter Quality
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NEEGO

679 Highland Avenue
Needham, MA 02194
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Figure 1: Graphs on the right (functions of frequency) plot Fourier transforms for the
specific functions on the left (functions of time), indicating the amount of each compo-
nent frequency present in the original. Abrupt changes with respect to time (figures la
thru 1d) are reflected in the transforms by the presence of higher-frequency energy.
Graphs of functions exhibiting periodicity (figures le thru 1h) produce peaks centered
on the frequency of this oscillation in the associated transform.
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if a function of time has no net area, if
it is positive just as much as it is
negative, then its Fourier transform
has no zero-frequency component.
This component, in fact, is just the
average value of that signal.

Let’s examine several specific pairs
of graphs. The transform of a square
pulse (figure la) contains a number of
low-frequency cosines (to build up
the area under the pulse and create
the flat-topped sections which ob-
viously change little with time), but
in addition, a fair amount of high-
frequency cosine energy is required to
make the square pulse. A triangular
pulse of the same area has similar
low-frequency requirements, but
needs fewer higher-frequency waves
(see figure 1b). A Gaussian (bell-
shaped) curve requires very little
high-frequency contribution to make
its smooth function of time (see figure
1c).

This correlation between “abrupt-
ness” and high frequencies in the
Fourier transform is, in fact, quite
general. Functions that change
abruptly with time, like the square
wave, or that have a lot of fine detail
(the sharp edges), are not composed
only of low-frequency, slowly chang-
ing waves; the jumps require a lot of
high frequencies to define them. As a
square wave becomes narrower and
narrower, more and more high
frequencies are necessary: a falling
body’s thud, if replayed at a high
enough speed, can sound like an
abrupt gunshot. Signals that don't
have sudden jumps, like those
represented in the triangular graph,
can be made using fewer high-
frequency components, but the sharp
corners where the slope of the
triangle’s sides changes still require
high-frequency sinusoids. Smooth
curves like the Gaussian, where there
isn't much detail, require the least
amount of high frequencies.

Finally, look at the graphs in
tigures 1e thru 1h. The functions of
time (on the left) all show some sort
of periodic behavior. Their trans-
forms all reveal this by a peak at or
near the frequency of oscillation. The
more cycles of oscillation that the
temporal function goes through, the
sharper the peak in frequency space.
This effect is not just math-
ematical —you can hear it. A heavily
damped bell that rings for very few
cycles produces an abrupt note



Thinking of Data Base
for Your Small System?

Check these results from MDBS:

Leonard Overton, President of LS Business
Systems, reports:

“The MDBS data base system is now the
foundation for our future application
products. This is because MDBS helps us to
produce more flexible applications...
quicker. System design changes are made
easily. Time required for loading and

debugging is greatly reduced.”

Check these features and support:

MDBS is more complete—

\/Network and hierarchical data
structures

\/Non—procedural query language

v/ Host language support including:
BASIC, COBOL, FORTRAN,
PASCAL, PL/I

v/ Data base recovery
v/ Data base restructure utility

v/ Available for popular Z-80, 8080,
6502, 8086 and Z-8000 based systems

Setting standards of excellence for data base
software. . .worldwide.

Micro
Data Hase

Systems, inc.

Market Square, Box 248
Lafayette, Indiana 47302
317-448-1616

Dealer/distributor/OEM inquiries invited.

MDBS has complete documentation—

v/ DBMS Guide and Primer for
fundamentals

v/ MDBS systems documentation

MDBS has complete service and
support, including—

\/System updates and enhancements
Vv Training

v/ Phone consultation

v/ Newsletter

So if you're thinking of data base, check with us.
Use the coupon below. ..or better yet, give us a call today.

YES, please send me more information on the
remarkably flexible MDBS Data Base System.

Name _ Title
(Please print)
Company
Address
Cit
= State) @ip)
Phone
MAIL TO: Micro Data Base Systems, Inc.
Dept. B
P. O. Box 248

Lafayette, IN 47902
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Usting ©: The 6502 machine-language program 2DFT

two-dimensional

per forms
Fourier transform of images on the Conmmodore PET's video display. SINTAB is a table

of sin (x) for x=0, x/20, 22/20...

«.thru 19/20. in PET floating-point notation (5 bytes

per number). Numbers may be xdnd up or down for normali2ation; one good choice is
to divide each sine by the square root of 32 ROWSXFRMD is a table of transformed

rows from the screen. lngmr-ng with row 0, fmunty 0, real (cosine) f
)

without a well-defined musical pitch.
A tuning fork that rings for
thousands of cycles makes a clear,
precise tone,

Contemplation of some graphs of

then
(sine,

row 0,

. then row 0, frequency 1. real

transform. then -ma‘nmry and 5o on, ending with row 24, frequency 20, imaginary
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iDOME © RTS lastructioa. to returs to BASIC comtrol

:back up to prior rov (40 slesents/rou)

Fourier. m function-pairs can
lead to a number of other useful in-
sights. The illustrations in figure 1
were adapted from Ron Bracewell's
excellent book, The Fourier Trans-
form and Its Applications (see refer-
ences), which is worth looking at for
further inspiration.

Adding a Dimension

Many signals. like sound. or light
from a star, are essentially one-di-
mensional. and the techniques dis-
cussed above and in the earlier part of
this article are immediately applicable
to them. But there are other, extreme-
ly interesting signals which are two,
three, or more dimensional when
they arrive. Rather simple extensions
of the involved in L
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Uisting 1 contiaued on page 174

ensional spectral analysis will allow
mukidimensional signals to be trans-
formed, analyzed, and manipulated.
M discuss the two-dimensional case
because problems with more dimen-
sions can be attacked by completely
analogous methods.

What function does a two-dimen-
sional Fourier transform serve? For
one thing, & can help solve many
three-dimensional problems which
have translational symmetry; that is,
problems in which one of the three
spatial dimensions can be trivially
factored out. An obvious example is a
system like a coaxial cable, or a cylin-
drical waveguide, where everything
looks the same as you move along the
length of the device. Two-dimen-
sional Fourier transforms can give the
electrical characteristics of such
systems. To some extent, problems
involving thin layers like the Earth's
atmosphere can be dealt with using
two-dimensional transforms.

If that were all, a few people might
play around with two.dimensional
spectral analysis, but & wouldn't be a
huge indusiry. However, there’s
another class of problems that are of
overpowering interest. These prob-
lems are in the field of imaging, or
remote sensing. Ever since evolution
came up with the first rudimentary
eye-spots, creatures have been using
electromagnetic radiation to probe
their environments. With the devel-
opment of lenses that form a two-

Test continuad on page 178
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A°175 Program
That Makes Your
Microcomputer
- Worth Its Weight
In Gold.

The Denver

Software Company has

developed, with the

assistance of a Big Eight

accounting firm, a financial package for
microcomputers which accommodates
the needs of both the very small-
businessman and the household budget
manager, and costs far less than you
would imagine.

The FINANCIAL PARTNER™ contains ali
essential accounting functions, and yetis
easy to use. It also has built-in flexibility:
Programming expertise and valuable time
are not needed to get the FINANCIAL
PARTNER™ ready to use. And most
important, this is a complete package,
containing the programs, language,
operating system, and supplies.

The beauty of the FINANCIAL
PARTNER™ is that you don't have to be a
professional bookkeeper or accountant to
use it Controlier Jim Vogt says, "It is one

The FINANCIAL PARTNER™ is available from your

local dealer or youcandirect inquiries to:

of the

simplest accounting systems | have ever
worked with, and it has a great ability to
produce timely and accurate financial
statements for small business or home
use.” Allthe necessary “how-to’ is
detailed in a well-written, step-by-step
reference manual.

The FINANCIAL PARTNER™, which
operates from menu selections, collects
and organizes information for alf of the
standard categories: Assets, liabilities
(including accounts payable), normal
living expenses, deductible expenses
(including all six deductions for personal
Federal Income Taxreturns), earned
income (for both the wage earner and the

THE DENVER SOFTWARE COMPANY

MANUFACTURERS OF MICROCOMPUTER SOFTWARE

self-employed),
and other income
and expenses.

The provided chart of accounts
is tallored for most users, but it can
easily be modified by adding new

accounts or changing descriptions. The
FINANCIAL PARTNER™ generates
standard financial reports—inciuding a
detail trial balance, income statement,
and balance sheet— as well as

batch proof listings, check register,
vendor payable reports, and chart of
accounts reports.

The FINANCIAL PARTNER™ is available
for Apple, Atari, Commodore, Ohio
Scientific, Texas Instruments, Radio
Shack, Zenith, and most other
microcomputers.

Minimum hardware requirements are: 48 K
RAM, 140 K on-line storage, 40 x 24 or
80 x 24 display device, and almost any
80-column printer (optional).

36 Steele Street, Suite 19 « Denver, Colorado 80206
™ Dealer inquiries welcome. 303 321-4551.
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PROGRAMMING IN BASIC

Mari

3 D TIC TAC TOE
Aari
C/Atari.

CHESS

Atarl
C/Atarl. . ........ $39.9!
STAR RAIDERS

Alert
C/Atari. .

SUPER BREAKOUT
Atarl
C/Atari. . ..

EDITOR ASSEMBLER
Atwr|

C/Mart oy viaana $15.9!
VIDEO EASEL

Atarl

C/Mtari. .. ....... $39.9!

INVESTMENT PORTFOLIO

Smell Sysisms Softwere

WALL STREET CHALLENC
imsge Compuler Producls

C/Atari. . ........ $

MIND MASTER
Image Cu_mpullv Products

C/Atari. . . ...
SKILL BUILDER |

Imags Compuier Products

C/Mtari. . . ....... H
STRATEGY PACK K

Image Computer Products

C/atari. . ........
STRATEGY PACK I

Image Computer Products

C/Mari. ......... H
ALL STAR BASEBALL

Image Compuler Produtls

C/Atari: . ........ |
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TRS-80 Model Il, 64K RAM

TRS-80 Model IIi, 16K RAM y o e TRS-80*

-80 Model 1Il, 919.00  (#26-1062

TRS-80 Model Ill, 48K RAM $1039.00 (#;6-1052»,; COLOR COMPUTER
TRS-80 Model Ill, 48K RS232, 2-drives  $2299.00 ~ {¥26-1063) 4K $359.00

TRS-80 COLOR Computer, 4K RAM '

TRS-80 COLOR Computer, 16K RAM
‘TRS-80 COLOR Comp. 16K, Ext. BASIC
APPLE 1l PLUS, 48K RAM

ATARI-400, BK RAM
ATARI 400, 16K RAM
ATARI 800, 16K RAM

$359.00
$399.00
$529.00

$1119.00

$439.00
$499.00
$829.00

(#26-3001)
(#26-3001 +)
(#26-3002

16K with extended
BASIC $529.00

(#47-203)
(h3s.401)
(#36-800) TRS-80*

ATARL 800, 48K RAM $1089.00  (#36-802) MODEL Il

16K $919.00
48K with two drives $2299.00

. SUP-R-MOD RF Moduiator $34.95  (#47-100)
=y ATARI 800 APPLE JI Disk Orive w/controller $579.00  (#47-004)
| $829.00 MICROSOFT Z-80 SoftCard $279.00  (#47-80)
MICROSOFT RAMCard $169.00  (#47-81)

ATARI 400 PASCAL Language Card $469.00  (#47-PAS)

$439.00 Mountain Computer ROMWriter $169.00 (#47-MH003)

_ Mountain Computer ROMPlus + w/Filter $189.00 (#47-MH007)

L Mountain Computer Expansion Chasis $609.00 (#47-MH024)
ATARI 16K RAM $119.50 CCS Arithmetic Processor $399.95 (#47-7811C)
CCS Calendar/Clock Module $§125.00 . (#47-7424A)
AXLON 32K RAM §259.00 KURTA Graphics Table w/Interface $659.00 (#47-1000)
VERSAWRITER $239.00 (#47-1100) .
APPLE 1l e ~~ ALF AM |l Mysic Synthesizer $189.00 (#47-1200) o

NEC 12'* Monochrome Monitor - $239.00 (#5-200)
48K $1119.00

LYNX :
~V

MAKES YOUR COMPUTER A WHOLE NEW ANIMAL
-LYNX is more than a telephone coupler. LYNX is a one-piece total DlSK-80

telephone linkage system for TRS-80 Level | or Level |l or APPLE |l com-

puters. No RS-232 required for true originate/answer direct-connect Disk Controller (up to 4 drives)
telephene operation. DOS-compatible EMTERM terminal software is fur- Data Separator

nished on cassette.
Incl. 16K of RAM
TRS-80 Model-| (Level Level Il), - . -
29 MReRE L ChowolL L), 416 S (o) Provision for an additional 16K RAM

APPLE Il or APPLE Il PLUS, 16K min §239.00 (#19-85)
TRS-BUS Connector for future expansion
ONLY $369.00

PRINTERS

EPSON MX-70 §449.00  (#9-MX70)
EPSON MX-80 $§519.00  (#9-MX80)
OKIDATA Microline 80 $499.00 (#9-80)
OKIDATA Microlline 82 $669.00 (#9-82)
OKIDATA Microline 83 $999.00 (#9-83)
OKIDATA Slimilne 300 $3795.00 (#9-300)

TERMS: Prices and spectiications ars subject to changs HARDSIDE accepts VISA
& MASTERCARD, Certified checks and Monsy Orders; Psrsonsi checks accepted
{takes 3 weeks to clear) HARDSIDE peys »ll shipping chargss (within the 48
states) on a¥ PREPAID orders OVER $100.00.Dn all orders under $100 » $2.5D
handling cherge must be added. COD orders sccepted {orders over $250 require
2594 depostt) there |s » $5.00 handling charge. UPS Biue Label, and Ak Freight
svaitable 3t extra cost.

=)
TSE-HARDSIDE

6 South St .Milford, NH 03055 (603)673-5144
“TR2-80, APPLE and ATARI ara trademarks of Tandy, Apple Computer Co., TOLL FREE OUT-OF-STATE 1-800-258-1790

and Warner Communicstion, respectively.
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If you're looking for
the best prices
in the U.S.A.on

= .
MICROCOMPUTERS
We have consistently offered the
TRS-80 line at savings up to 20%,
which means you can save $150

to $1500 by buying directly from
Computer Discount of America.

TRS-80 Model ll, 64K System,
with disc drive only $3385.00

Other TRS-80 Model II, or Model

il computers and systems, Color
Computers, and Pocket Computers
are in stock at similar savings.

Our savings are as big on expan-
sion interfaces, printers, diskettes —
everything for your TRS 80 System.

ATAR!

MICROCOMPUTERS

We have the full line of ATARI
personal computers and systems,
including Models 400 and 800.
The computers, accessories, and
hardware are brand new, in
factory sealed cartons,and carry
a full factory warranty.

Most models are in stock for
immediate delivery (usually
within 7-10 days), and a price
quote is as near as your phone.
So if you're looking for the best
prices in the U.S.A., for micro-
computers and accessories, call
Computer Discount of America,
Inc., West Milford, New Jersey
07480. 201-728-8080. NO TAX ON
OUT-OF-STATE SHIPMENTS.

TOLL FREE 800-526-5313

Computer

Discount
of America

rized TRS-80 dealer. store B-282.
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Listing 1 continued:

DOCOLS: LDA
STA
LOOP4: LDA
STA
JSR
DEC
BPL
RTS

FTC&D: LDA
CLC
ADC
STA
LDA
STA
LDA
SEC
SBC
STA
LDA
STA
LDA
ASL
STA
ASL
ASL
ADC
ADC
STA

LOOPS: STA
LDA
STA
LDA
STA
JSR
LDX

LOOP6: LDA
STA
DEX
BNE
LDA
STA
LDA
CLC
ADC
STA
LDA
STA
JSR
LDY
LDA
JSR
JSR
JSR
LDA
STA
LDA
JSR
LDY
LDX
JSR
LDA
STA
LDA
STA
LDA
STA
JSR
LDX

1.OOP7: LDA
STA
DEX
IINE
LDA
STA
LDA
CLC
ADC
STA
LDA
STA
JSR
LDY
LDA
JSR
JSR
LDA
STA

#14
COLNUM
#3c
FREQ
FTC&D
COLNUM
LOOP4

COLNUM

#D3

RD ISP
#83
RDISP+1
#13

COLNUM
LDISP

#80
LDISP+1
COLNUM

A

ADRS

A

A

ADRS

#2E

STASH
ADRS

#1F
ADRS+1
#91

POINT
COLXFRM
#5
MYACC-1,X
COSACC-1,X

LOOP6
#1F
ADRS+1
STASH

#5

ADRS

#C3
POINT
COLXFRM
#0

#f COSACC
D9YSE
D728
DADE

#0
SGNCOMPR
80

D300

#0

# COsACC

‘DAAb

#1F
ADRS+1
STASH
ADRS

#c3

POINT
COLXFRM

#5
MYACC-1,X
SINACC-1,X

LOOP7
#1F
ADRS+1
STASH

#5

ADRS

#91
POINT
COLXFRM
#0

## SINACC
D73C
DADE

flo
SGNCOMPR

;enter here to transform and display 20%2 columns
;60/5=12 is maximum frequency which can be shown

;begin at 12 and do frequencies through -12
;fourier transform column & display

;when finished, go back to BASIC control

;point to screen address of right-hand column to
;be displayed (zero at center)

;point to left-hand display column

;(column 20 is only displayed on right...see below)

;temporary storage for multiplication 10*COLNUM

;now we have 10**COLNUM
;and now accumulator points to low byte of the real
;part of the last ROWSXFRMD table entry for this column

;high part of end of ROWSXFRMD table address in 8K PET

;pointer set for cosine transform of real part of data
;returns answer in MYACC and in P

;transfer answer to COSACC on page zero, 5 bytes

;reset data pointer before doing sine transform
;stash holds result of low byte address calculation

;add 5 to get to point to imaginary part of data
ythere is never a carry

;point setup for sine transform of imag. data

stransfer COSACC to S

;calculate S-P and leave result in P
ycopy P to §

iset sign comparison (address BE) to +

;must call PET subroutine with (BO) in A
J(P)*({S)=(P)**2 is calculated and left in P

;transfer P to COSACC

;point to real data again

;setup for sine transform of real data

;transfer answer to SINACC on page zera

;point to imaginary data

;and do cosine transform

;add (SINACC)+(P) and store in P
;copy P to §

Listing 1 continued on page 176
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Xerox proudly

announces
paper you cant
COpyon.

It isn’t your average 812" X 11",

Actually 1ty more like 33000” X 1474" And while your copier won’t know
what to do with it, your computer or word processor will.

Now you can feed your computer printer or word processor high-quality
Xerox Computer Forms.

Stock forms that are available in combined volume discounts, so you can
conveniently order them together with copier paper, and save on both. And
forms that are backed by our money-back quality guarantee.

For more information on how to order, make excellent use of this paper.
And send in the coupon. )

I'd like more information on how I
can save on Xerox Computer Forms.

4 Send to: Xerox Corporation,
P.O. Box 24, Rochester, N.Y. 14601.

Name
Title

Company
Address
| o _ City
P s A ; State
| : . Zip
Tel

B-3-81

XEROX

»
* XEROX® i a weademack of XEROX CORPORATION,



Circle 102 on inquiry card.

NEw Listing 1 continued:
LDA BO
for JSR D900 ;square of P is now in P
LDY #0
CP / Mo LDA #COSACC
JSR D73C ; (COSACCY+(P) is in P
JSR DE24 ;SQR(P) ...now we have fourier amplitude to be plotted.
Sofhmore TOOIS Thct Work IED: #I;g ;must avoid overflow, so check exponent of answer
M
« proven . BCS LIMITER ;take branch if result is bigger than 255
+ cost-effective JSR DOA7 ;convert P to an integer in B3,B4
« 1 [ LDA B4 ;but B3 is zero, by limiting process
housands in use e oERLTD
Avoroctgt/ahldn sto?ndcrd o?ﬁljng} forr1mcog ;&r LIMITER: LDA #FF ;teplace overflow by 255
mos systems, -Incl OVERLTD: LDY #0
?cnd HDOS formats for Heath/Zenlth sys- STA (RDISP),Y ;display it on the screen!!--first, right column
ems. TAX
(VjV(;iﬁen gy"::ompu?er professionals who ;‘gg L2
man e same high stondards In . .
thelr microcomputer software as they ::i :ﬁsp ;subttract 40 to point to previous tow
get onhablg ermmccergfﬁ k)1h<1?se pro- BCS OVERG
grams have builit ar atlon for qual-
lly, relabllity, and performance. The OVER&: ,‘fﬁﬁ 22{‘:‘,{’,;‘
HDOS versions are sold by Heath/Zenith CMP #14 ;check column number, and don't plot column
dealers natlonwide as well as through BEQ OVERS ;number 20 (no toom on screen!)
independent distrlbutors Intemationally. TXA )
Programs avallable on standard 8" :‘;A IiLDlSP),Y ;plot result in left column here
CP/M, 5" Heath CP/Mand HDOS disks: A LDISP
cLC
Programming Languages ADC #28 ;add 40 for next tow
C/80 STA LDISP
RAC%F%c??nnpller i e e 939,95 BCC OVERS
INC LDISP+1
Llsi%roon language extenslon . .539.95 OVERS: LDA FREQ
CMP #C4 ;see if we've reached frequency of -12 yet...
LISPInterpreter ........... ..539.95 BEQ DONE2
UVB;AAC/ZBO Bl Bex 28] SEC
acro assembler for ....529.95 SBC #5 ;dectement frequency
UVMAC/8080 STA FREQ
Macro assembler for 8080 .. .529.95 LDA STASH
. Word Processing & Utllitles — l.(l-:‘lg LOoPS ;80 back and do it again at new frequency
Text for - $34.95 COLXFRM: LDA #0
PACK/CRYPT ~ "~ LOOP8: iﬁ ;:\S'Acc-l X sclear out MYACC's 5 bytes
File compresslon/encryption. .524.95 DEX ’ ' t
Avaliable for the H89, H8, and 289 In Top soors
Heath 5" CP/M and HDOS formats only: STA ROWNUM ;initialize counter of rows
- Graphics & Word Processing LOORS: LY AoRsH
full screen text editor . ... ...52995 JSR DA74 ytransfer column member pointed to by ADRS to P
ED-A-SKETCH LDY #STABPG ;point to sine table page
LDA POINT
Ful screegﬂﬁ;spl:fs :;:1101' ...529.95 T (O (sine)*P in P
S LDY #0
[c}:-lgTOASEO(? ?YSTEM/ ILITIES LDA #MYACC
only JSR D73C s (MYACC)+(P) in P
gctdog disk llrary; file LDY #C
ump, compare, efc. ., .,....519.95 LDX #MYACC
REACH (HDOS only) JSR DAAG ; (P) to MVACC
Modem and flle tronsfer ..... 519.95 DEC ROWNUM
J— T — Egg 28:4512. ;teturn when all 25 are done
SEC
IN\’;?\%Etll??e actlon gome . .....519.95 [ﬁx FREQ
Action videogome . .........51995 1;:;2 :-;ESREQ :must handle movement of pointer carefully
MYCHESS BCS OVER6
Chess champlon ... .........53495 ADC #C8 iwork module 200, stay in table
OVER6: STA POINT
ORDERING INFOEP\QATION: Speclfy JMP NXTADR
progrom name an sk format. Check NECFREQ: SBC #C8 ;for FREQ less than zero, this ti
program listing above for fomat avall CMP FREQ ;moves pointer whi?ezst:ylng wi::;nlngle
abllity. Add 52/order (§3/order for 8" BCC OVER?
disks) for frst class postage and han- SBC FREQ
ding. CA residents add 6% sales tax. JMP OVERG
OVER7: LDA POINT
The Ooftware Toolwbrks™ o e o
Walt Bilofsky, Prop Jrb OVERG
SRy, e NXTADR: . LDA ADRS
14478 Glorietta Drive SEC
Sherman ngsr CA 91423 ;‘Il}‘: x[[))lib iback up 210 to previous column member
(213) 986-4885 A
Dedler inqulries Invited. DEC ADRS+1
CP/Mis a registered trademark of Digttal Research, Inc. OVERE I gLooes
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SHORTEN THE JOURNEY TO KNOWLEDGE.

The popular Sams series of Computer
Primers provide a working knowledge
of computers without being dry and
complex. The Primer Books guide you
through the subject at an easy pace.
Your journey to understanding is short,
exciting, and fun. The Sams Primers
offergood graphics ... a good balance
of data ... an upbeat, positive style ...
and are organized so that you can
read them straight through like a novel,

CP/M®™ PRIMER,

by Mitch Waite and Stephen Murtha,
Anon-technical discussion of CP/M
disk operating systems for 8080

and Z-80-based microcomputers.
No, 21791, $11.95,

PASCAL PRIMER

A complete guide to the hottest new
language in computers by Mitch
Waite and David Fox. No. 21793, $16.95,

Circle 103 on inquiry card.

COMPUTER

PRIMERS

COMPUTER GRAPHICS PRIMER

An easy-to-understand guide to
creating drawings, plans, maps, and
schematics on a computer monitor, By
Mitch Waite. No. 21650, $12.95.

MICROCOMPUTER PRIMER

(Second Edition)

Up-to-date facts on popular
microcomputers. Don'tbuyacomputer
without reading this book by Mitch
Waite and Michael Pardee,

No. 21653. $11.95.

BASIC PROGRAMMING PRIMER
Avaluable guide to BASIC, today’s most

widely used microcomputer language.

By Mitch Waite and Michael Pardee.
No. 21586. $10.95.

S

o B

Mail To: Howard W. Sams & Co., Inc.
4300 West 62nd Street « PO.Box 7092
Indianapolis, IN 46206

SAVE 10% ON ORDERS OF $20 OR MORE!
Quantity
No. 21791

No. 21783

$11.85
$16.95
$12.95

CPIM Primer
PASCAL Primer
Computer Graphics Primer  No. 21650
Microcomputer Primer No. 21653 $11.85
BASICProgramming Primer © No. 21586 $10.95
Amountotorder $
Deduct 10% it orderis $20 or more S
Add local sales tox where applicable S
Shipping & handling costs § 2.0
Totalamountotorder §
__ PAYMENT ENCLOSED — CHECK _ MONEY ORDER
—_VISA __ MasterCard Interbank No.
Account No. Expiration Date
Name {print)
Signature
Address
City
State____Zip

CALL TOLL-FREE 1-800-428-3696 FOR THE NAME OF YOUR
LOCAL SAMS BOOK OUTLET OR TO ORDER BY PHONE.
Ofter exprres 6/30/81 ADO71
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Free!

Edmund

Scientific

Catalog
T

unusual and intriguing
g are in this FREE 1981
w products for

".‘that‘s Your Interest?

g

add spa

Don't Delay!
Our FREE

ots, You'll
= ing for and
maore in Edmund Scientific's
World Of Science

O Yes! Rush me your FREE Catalog
so | can explore Edmund Scientific's

World of Science ... Today!
Name

Address

City

State Zip

Clip and Mail Coupon to
Edmund Scientific

Dept. 3016 KHO6 Edscorp Bldg.
Barrington, N.J. 08007
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Text continued from page 170:

dimensional image on the retina,
remote sensing took a giant step for-
ward.

When conditions are good, the im-
ages that develop on photographic
plates or inside vidicons (television-
camera tubes) can be used just as they
are. But often, noise or other in-
terference makes the original image
low-quality. When astronomers look
up, or spy satellites look down, they
want to squeeze every possible bit of
information out of their sensors, to
“milk” every photon. That’s one ma-
jor reason for all the progress in im-
age analysis and two-dimensional
signal processing that has been made
in the past few decades.

Advantages of
transforming a visual
image into the frequen-
cy domain overcome all
the limitations of the
photographic medium.

The advantages of transforming a
picture into the frequency domain,
where the elements of the image that
vary periodically are gathered and
grouped together, are numerous, just
as were the advantages of analyzing a
one-dimensional signal in frequency
space (as discussed last month in Part
1). By working digitally inside a com-
puter, you overcome all the limi-
tations of the photographic medium.
It's easy to enhance or mute contrasts,
to intensify edges of objects (high-
spatial frequencies) or to take out
distracting large-scale brightness
variations (low-spatial frequencies).
The wonderful images that come
back from NASA's planetary probes
are automatically processed by these
kinds of techniques before anyone
sees them.

If, after all this build-up, you're ex-
pecting to hear that the two-dimen-
sional Fourier transform is an arcane,
incomprehensible mathematical pro-
cess, I'm sorry, but [ have to disap-
point you. To take a two-dimensional
transform, you merely need to choose
a pair of perpendicular coordinate
axes (x and y). First do a one-
dimensional Fourier transform in the

x direction, and then do a one-
dimensional transform on the result
of that, in the y direction. That’s all
there is to it!

The 2DFT Program

The 6502 assembly-language pro-
gram in listing 1 performs two-dimen-
sional Fourier transforms. The pro-
gram takes as its input data the con-
tents of the Commodore PET micro-
computer’s video-display screen: 1000
numbers, arranged in 25 rows of 40
integers, each one in the range O thru
255. The results of the transformation
are displayed on the screen. Only the
amplitude of the transform is shown;
all phase information (whether the
wave is sine, cosine, or a mixture) is
suppressed.

I'd like to take a little time now to
describe how the program works, and
the choices and compromises I had to
mabke in implementing it. This discus-
sion should help you if you need to
adapt 2DFT to run on a different
microcomputer, and it should also be
a useful starting point for modifica-
tions and improvements of my pro-
gram. After the discussion, I'll return
to the uses of the program, the in-
sights that you can achieve by play-
ing around with it, and the fascinat-
ing topic of holography, and how to
do it with this program.

First, concerning the fundamental
algorithm used to do the transforms:
as mentioned above, a true two-dim-
ensional Fourier transform results
after you perform separate one-
dimensional transformations on each
row of a matrix, and then perform
separate one-dimensional transfor-
mations on each resulting column of
data. 2DFT does that. The routine
DOROQOWS finds the amount of cosine
phase necessary at each frequency, as
well as the amount of sine. Those
numbers are stored in memory for
each row. Then, the routine DO-
COLS does the same thing for each
column of stored half-transformed
data, and puts the amplitude of each
resulting frequency-space point onto
the screen. The amplitude is simply
the square root of the sum of the
squares of the cosine component and
the sine component (like finding the
hypotenuse of a right triangle).

To do the one-dimensional row
and column transformations, DO-
ROWS and DOCOLS call subrou-
tines ROWTRANSFORM and COL-



Software for the Apple Il and Apple Il Plus*

ASTEROIDS IN SPACE™

By Bruce Wallace

An exciting space action game! Your space ship is
traveling in the middle of a shower of astéroids. Blast
the asteroids with lasers, but beware — big asteroids
fragment into small astercids! The Apple game paddles
allow you to rotate your space ship, fire its laser gun,
and give it thrust to propel it through endless space.
From time to time you will encounter an alien space
ship whose mission is to destroy you, so you'd better
destroy it first! High resclution graphics and sound
effects add to the arcade like excitement that this
program generates. Runs on any Apple |1 with at least
32K of RAM and one disk drive.

On Diskette - $19.95

FASTGAMMON™ By Bob Christiansen.
Sound, hi res, color, and musical cartoons have
helped make this the most popular backgammon
playing game for the Apple II. But don't et these
entertaining features fool you — FASTGAMMON
plays serious backgammon. Runs on any Apple Il
with at least 24K of RAM.

Cassette - $19.95 Diskette - $24.95

ASTROAPPLE™ by Bob Male.

Your Apple computer becomes your astrologer,
generating horoscopes and forecasts based on the
computed positions of the heavenly bodies. This
program offers a delightful and stimulating way to
entertain friends. ASTROAPPLE produces natal
heroscopes {birth charts) for each person based
on his or her birth data. Any two people may be
compared for physical, emotional, and intellectual
compatibility. The program is written in Applesoft
BASIC with machine lan, ’iuage subroutines, It
requires either RAM or ROM Applesoft and at least
32K of memory.

Diskette - $19.95

BATTLESHIP COMMANDER™ by Erik Kilk and Matthew Jew,

A same of strategy. You and the computer each start out bg positioning five ships of
ditterent sizes on a ten by ten grid. Then the shooting starts. Place your volleys skillfully
— a combination of logic and luck are required to beat the computer. Cartoons show
the ships sinking and announce the winner. Sound effects and flashing fights alsoc add

to the enjoyment of the game. Both Applesoft and integer BASIC versionsare included.
Requires at least 32K of RAM.

Cassette - $14.95 Diskette - $19.95

"BABBLE™ by Den Warth,

Cassette - $14.95
ST gaieant'e: FRACAS™ by Stuart Smith.
s R 4 1 A fantastic adventure game like no other! Up to eight
, < players can participate in FRACAS at the same time.
. Journey in the land of FAROPH, searching for hidden
v+, treasure while warding off all sorts of unfriendly and
.. dangerous creatures. You and your friends can compete
#. with each other or you can join forces and gang up on the
; monsters. Your location is presented graphically and sound
effects enliven the battles. Save your adventure on diskette
or cassette and continue it at some other time. Both integer

O Cpattenenn.e S

Camtotnitons » .-a BASIC and Applesnft versions included. Requires at least

Qnesentne N

g 32K of RAM

Cassette - $19.95 Diskette - $24.95

MY SISTER'S PENCIL  SHARP-
ENER LOVES YOUR ANTEATER,
AND THE CRABORASS 15 AT-

TACKING THE FRIENDLY MATADOR,

Have fun with this unique software. You write a
story, entering it as a BABBLE program. As you
write the story you specify certain words to be
selected by the computer or entered from the key-
board at execution time. Run the program and
watch BABBLE convert your story into an often
hilarious collection of incongruities. The ways in
which BABBLE can entertain you are limited only
to your imagination. You can compose an
impressive political speech or write poetry. You
can plan a dinner menu. You can even form
images on the screen or compose musical tunes
with the help of BABBLE. The cassette versicn
requires at least 16K of RAM and the diskette
version requires at least 32K of RAM. BABBLE is
written in machine language and runs on any
Apple Il computer.

BABBLE

Diskette - $24.95

Cassette - $19.95

BENEATH APPLE MANOR™ by Don Warth.
Descend beneath Apple Manor into an under-
ground maze of corridors, rooms, and secret
?assages in quest of rich and powerful treasures.
he dungeon complex consists of many floors,
each lower level more dangerous than the last, If
you can reach the lowest level, you may even find
the ultimate cbject of your quest, the fabled
golden apple of Apple Manor. Strategy is extreme-
ly important as you deal with a variety of monsters,
each with its own characteristics. Written in
integer BASIC with machine language sub-
routines. Requires integer BASIC and at least 16K
of RAM on cassette or 32K of RAM on diskette.

Cassette - $14.95 Diskette - $19.95

LINKER by Don Worth,
L Turn your Apple [l or Apple Il Plus into a powerful and productive
software develugmem machine with this superb linking loader/editor
! package. LINKER does the following and much more:

o Dynamically loads and relocates suitabiy prepared machine
language programs anywhere in RAM

e Combines a main program with subruutmes You can assemble a
sub'rluutme once and then use it with as many main programs as you
wis

o Produces a map of all loaded routines, giving their location and the
total length of the resulting module.

o Contains a library of subroutines including binary multiplication and
division, print text strings, delay, tone generator, and random
number generator.

Linker works with virtually any assembler for the Apple 1. Requires 32K
of RAM and one disk drive.

R Diskette - $49.95
Manual Only - $19.95

N
K
E

QUALITY SOFTWARE

6660 Reseda Bivd.. Suite 105, Resedo, CA 91335
(213) 344-6599

Now exclusive distributors for products from The Software Factory, Newhall, California
*Apple |l and Apple Il Plus are ks of Apple Computer. Inc.

Circle 105 on inquiry card.

WHERE TO GET IT: Call us at (213) 344-6599 for the name of the Quality Software
dealer nearest you. If necessary you may order dlrectly from us. Mastercard and
Visa cardholders may place orders by telephone. Or mail your check or bankcard
number to Quality Software, 6660 Reseda Bivd., Suite 105, Reseda, CA 91335.
California residents add 6% salestax. SHIPPING CHARGES: Within North America
orders must include $1.50 for first class shipping and handlln% Qutside North
America the charge for airmail shipping and handling is $5.00. Pay in U.S,
currency.
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users.

FREE veuony

UPGRADE KITTO 48K WITH
PURCHASE OF APPLE | 16K

1195

- THE MICP\OCONDUCTOP\TM

the ultimate data base manager
for your TRS-80® and Apple®

The MICROCONDUCTOR™ is not just o file manager bur o frue Dota
Base Management System suitable far borh the novice and professional

DATA FILES—No [imir on the number of recards o file can hove.
FIELDS—Any type (string. interger. single. double) Eight entry
modes (including defoulrs, counting. and suppress).
REPORTS—Four ways to generare reporrs. Tarol numeric column(s).
Print on any paper in any farmatf (stotements. labels, etc.).
SORT—Any field(s) (i.e. multiple-key sort). Any size file. numeric or
ASCll. Ascending or descending.
MAINT.—Commond anticipation. Record duplicarion. Direcr access

ond sequentiol search.

UPDATING/ —Add. subtract, multiply. divide fields. Combine results from
MERGING  previaus calcularions. Test for ony condition and tole

action.

3299

SAVE

on add-

APPLE® & TRS-80®

NEW TOLL FREE ORDER NUMBER

.,_.-‘AVE ON APPLE 11 16K

ons for

DISK DRIVE SALE!

Complete with power supply and chassis.
TF 3 CégARANCE

SHUGART SA400

299

* Per ec FD200, 40 trock.. 3379
* TF-3MPIBS51, 40 trock. ... 3359
* TF-7 Micropolis, 77 trocls.. 3579

Disk Expansion System

NEWDOS+ 40 track ........ 110

SAVE 34 13 NEWDOS+ 35mack .......... 99

2Shugar SA400,0ne2-drivecable, D-Car ................... ... 3199
1 Expansion Interface 32K, Head Cleoner............ $19.95
and 1 35-trockk DOS+ AJA Business Pkg............ 1359
s The Source.................. 100

SPECIAL 1 1 49 Basic Cornpiler ... 1. 1195
PRICE ONLY 4 AT L7SF7 o<W ki ' i B 60

;

NEWDOS80

A new enhanced NEWDOS for the TRS-80®

The most powerful Disls Operating Sysrem for the TRS-80®
designed for rhe sophisticared user and professional programmer
who demands the ultimare.

NEWDOS/80 is the planned upgrade from NEWDOS 2.1.
Some of rhe fearures ore:

New BASIC commands for files wirh variable record lengths
up to 4095.

Mix or march drives. Use 35, 40 or 80 rrock 5" disls drives or
8" disls drives, or combo.

Security boot-up for BASIC or machine code application
programs.

New editing commands.

Enhanced RENUMber thor allows relocation.

Command chaining.

Device handling for routing to display aond printer
simulraneously.

DFG function: srrilsing of D, F and G keys allows user to enrer
a mini-DOS withour disrurbing om.
Compatible wirh NEWDOS (J/T §
Mochine longuogeSuperzop/80 2. 1ur|lmes

ad enhoncegd dgbug and copy. 1 49

Malibu
Spinwrirer
Daoisy Wheel

Centronics 779

Centronics 737
Cenrronics 702-9

TRS-80® MODEL Y .. . ... 3249
APPLE® . . 3299
TRS-80® MODELIN ... . . ... 3399
INTRODUCTORY OFFER Language System ........ 449
SAVE $300 LIST 5949 780 Sofrgord .......... ®309
‘ o OkidClTCl Micromoden .............. 5349
ﬁ Microline 80 he source ... e
L - %639 -
\ Parch for SANYO MONITORS
Apple Graphics389 |Qinch B/WV ................ 4209
EPSOM PRINTER 2inchB/WV........... 1279.50
w/interfoce cord G cable ... 5699 | 12 inch green phos. ... %309
MTI APPLE 8" DISK SYSTEM “,‘)O{S”,QLBSP’}\C,"EL
® One SA800R _Floppy s
simegestiosse $1425|  FOR APPLE
SUP-R-MOD Il 394,95  W/Contoller 3.3)
ABT KEY PADS . 199.00 5569
Pnnters
Silentype .................

Anadex 9500

/MICROCOMPUIER

NEW FOR TRS-80®

TF-8 80 TRACK DISK DRIVE TF-9 DUAL 80 TRACK DISK
by MPI DRIVE by MPI
Double your capaciy. Quadruple yourcapacity.
Single head mini floppy. 400K byres of storage (lilke
More than 200K byres of  having 4-40 trads drives in
storage. Complere with  one unit). Complete with
power supply and chassis. power supply and chassis.

3639 3789

1,549

TECHNOLOGY
INCORPORATED

Order Desk Only 800-854-7222

Telex #678401TAB IRIN

®Registered Trade Mark of Apple® and Radio Shack.

BARE DRIVES AVAILABLE
CALL FOR DISCOUNT PRICE

(714) 979-9923
ALL PRICES CASH DISCOUNTED
FREIGHT FOB FACTORY
ASK FOR FREE CATALOG

3304 W. MacArthur
)

Santa Ana, CA 92704
ViS4
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TRS-80® Model llIl Owners . ..

Why Wait?

Expand Your System Now

New low cost
internal disk kit
available rfo expand
your storage
capability. With this kit
Nnow you may expand
your Model llI
computer with up to
four MTI 40 track disl
drives, giving 175,000
bytes of storage per
drive for a toral of
700K. _

The kit includes one/ e
40 frack disk drive, / 4
controller, power /
supply, cables, ..
mounting
and installation
documentation.
Manufacturer Direct

Price

ony’699

COMPLETE SYSTEMS AND COMPONENTS AVAILABLE*
MTI MODEL IIl SYSTEMS ~ MTI DISK DRIVES FOR MODEL Ill

16K RAM, Model Il Basic ... %899 Inrernal Kirs .
2Disle, 48K ... 51949 b I o soyg  Model i DOS & Manual $21.95
System Cover................... 3695 A i e it -

i 16K RAM KIF Lo 59
*Uses MTI Disk Drives Dislk Drive 3 . ... ... 3379 RS-232 Serial Inrerface ... 95

and Memory. Disls Drive 4 ... ... 5359

MICROCOMPUTER TECHNOLOGY, INC.

3304 W.MACARTHUR, SANTA ANA, CA 92704
* PHONE (714) 979-9923 * TELEX #678401TAB IRIN

Order Desk Only 800-854-7222

, SN ALL PRICES CASH DISCOUNTED
[ Mastercard § VISA FREIGHT FOB FACTORY
® TRS-80® IS A REGISTERED TRADEMARK OF TANDY CORPORATION = ] ASK FOR FREE CATALOG
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XFRM, respectively. These simply
use the old, classical, straightforward
method of calculating a Fourier

ing each row (or column) elememt by
a sinusoidally varying factor, and
adding up the results of those multi-

components during the transforma-
tion process.
None ol this is anything for a non-
I

transform ~no  fast-Fouri:
form subtleties!

[ve avoided 1alking about the
mathematical mechanism for moving
from ordinary space to the frequency
domain in these articles so far,
because there are ample technical
references which explain such mauers
in great detail. and because the cal-
culation tends to get in the way of the
real substance of the subject, especial-
ly in an introduction such as this one.
Here, let me just say that the trans-
forms are accomplished by multiply-

at each fi . To find
out how much cosine pha:c at fre-
quency f is in a given row, multiply
each row element r(x} by cos(2sfx)
and sum those products for the whole
length of the row. The amount of sine
wave is found by multiplying r(x} by
sin(27fx) and summing those results.
You can unite the cosines and sines
into a set of complex numbers, with
the cosines making the real parts and
the sines the imaginary parts. Then,
usual complex-number algebra helps
keep track of how to add and subtract

inclined person to
worry about; it's just a recipe for the
machine to follow in order to crank
out the answers. There’s no more
need to follow the details of the pro-
cess than there is to follow the details
of how your pocket calculator com-
putes exponentials or logarithms. In
ten or twenty years, as the power of
computers grows and their cost
shrinks, there will’ probably be single-
keyword instructions to perform
Fourier transforms, just as most
machines now have EXP and LOG
routines available. Some people will
still work with the nitty-gritty, low-
level algorithms and p d just

S P Contents S=ze Pa -2
3 exponent + 80 82 8
89 81 Wactions MSB AD co
BA 82 frac byte2 8 OF
=3 ac. byte 3 iod DA
B8C 84 Wacton LS8 59 Az
80 85 sign 00 FF
-3 sign comparison  FF
BF roundoll byte 00

No":;$-' ;;'l.nsvglmlbecueuwm
0000 'y 3 set
CEDS ‘s%p& 10 (85) XOR @m nA
CED9  SANDP
D264 FRE®P)
D285 PO%P
Dsca o c -

ansiants i 1081 d SI9n) NOtS-
0508  LEFTS tion; &3 Lot
0604 A €024 e
DEOF  MIDS DOE3 ',
D654  LEN EDIA  h
0883  ASC I3
D685 VAL EOIF 2n
D8ES  PEEK
o728 S-¢
D73C  JSRDASE ten S + P
OI% Se+p
ot oamer
DBFD  JSRDASE. hen S ° P
0800 S°P
mmse‘ gAIQ 100Y)—S, separaiing sign. se1 8GN COMDFison, relwn with {B0) in A
DA?4 (A + 100Y)—P, upl-mo dw\
Mm vwmw«’ —(X + 100Y] merging sign
DADE P— with rounding
DAEY P- S. without FOunding
DAED  roundolP)
DAFD wl«ﬂ—A
2 2y
08%€  WNT
0€24 sog)
Q€ SIP
QEAD  EXPP)
OF45  ANOP)
DF9E )
OFAS S
OFEE T,
€048 AT
Conversions DCA? P—inleger in 8384 (10083 0 84)
0278 imteger 1 AY [100A + Y] -

Table 1: Entry points for Commodore PET ROM functions, including floating-point
subroutings that are utilized directly by the author’s program.
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as some engineers work with in-
dividual transistors today. But most
human work will be done using
higher-level languages, where it's
easier to invent new concepts and
prove theorems. Machines will han-
dle the low-level dirty work.

Besides the specific algorithm |
chose to use, some other important
decisions went into the design of
2DFT. First, to avoid all danger of
arithmetic overflow and underflow. [
use floating-point procedures except
at the final stage where the results of
the transformation are displayed. Av
that point, the floating numbers are
converted into fixed-point integers
and any results greater than 255 are
truncated to equal 255 (There are
never any negative resulls because the
square root of the sum of the squares
is always positive or zero.}

To save program space and avoid
the headaches of writing my own
routines, | call the floating-point pro-
cedures in the PET's BASIC ROM.
Table 1 is a list of hexadecimal ad-
dresses of the entry points to these
routines, and includes short descrip-
tions of what each routine does and
how to call it. Driven by my need for
machine-language floating-point cap-
abilities, [ found the locations of these
subprograms, and [ don't think that
there can be anything wrong with
PET owners using the subroutines in
their programs, as ['ve done. [ should
also note, however, that Commodore
and Microsoft may change the ad.
dresses given in table 1 in future pro-
duction of PETs and other machines.)

A second importam choice that
was made in the design of 20FT was



MICROBYTE INTRODUCES
PROFIT FOR YOUR BOTTOM LINE

kit il
DISK CONTROLLER

4 PORT /O *DMA to within 16M byte of memory

*Quad RS-232C Serial Ports, One 20mA Current Loop Port eState-of-the-art NEC765 LS| Controller

sFully IEEE S-100 Bus Compatible *|EEE-S100 compatible
sAsynchronous Communications with Z80A-Dart{TM) or *DMA arbitration allows use of multiple boards within a system
Synchronous Communications with Z80A-SI0/0(TM) *PLL data recovery for totally reliable operation

*Full Set of Modem Control Signals, including Rl (Ring Indicator) *Write pre-comp switched at mid-disc for reliable double density
*Easily Configurable to Any Type of Terminal Interface operation

*|/O Servicing Environments: (1) Polled; (2) Bus Vector; *Supports up to four (4) drives

(3) Z80 Mode 2 Vector *Power On, Power Off or Reset deselects drives to avoid
Off-Board Interrupt Daisy Chain Capability damaging files

*Special Receive Conditions: (1) Framing Error; (2) Parity *Drive deselect Time Out, deselect drives not in use

Error; (3) Receiver Overrun Error *Single or double sided operation

*Baud Rates Selected Individually from 50 Baud to 300K Baud *Single density/double density operation
*72 Hour Burn-In *8'" standard drives

*Separate Vo supply for data recovery to eliminate possible noise

problems

- o 28340 Cry

i3 e

lIlHllllllll““ll“l“lmllllllﬁ"l”lllllllll

2-80All-0 64K DYNAMIC RAM BOARD
*A complete single board Z-80A CPU with serial/parallel interface . | . .
*Fully compatible with the proposed IEEE $-100 Bus Standard *Fully 5-100 bus compatible/Alpha Micro compatible
*Z-80A CPU (4MHz version of the Z-80) *64K x 8 bit dynamic RAM
*158 instructions—superset of and upward compatible from the *Low power: + 8VDC @ 700 ma
8080's 78 instructions +16VDC @ 100 ma
*Up to 4K of on board Eprom with optional Z-80 monitor program — -16VDC @ 25ma

1K(2708), 2K(2716) or 4K(2732 *Built-in-parity with LED indicator and vector interrupt
-Fugl vec)toreé inte)rrupt c(apab)ility *Memory addressable in four 16K banks

*2MHz or 4MHz operation is jumper selectable *Hidden refresh ) e

*Selectable auto-wait state insertion for extending M1*, MREQ®*, *Gold contacts for high reliability
IORQ* and/or on board ROM *72-hour Burn-in !

«Dual RS-232 serial I/O ports using the Z80A-DART with individual *Memory mapped via DIP switch
baud rate selection (16 baud rates from 50-19,200 baud) *Built-in programmable write-protect

*Up to 24 bit paraliel I/O port—fully programmable Intel 8255A *Programmable control port for parity and bank control

eUp to 8 separate counter/timers using 2 Z-80A CTC
________________________ 3 It takes more than an initial low price to make
MICROBYTE an S-100 board a profit generator for a dealer. It

1198 E. Willow St., Signal Hill, CA 90806 « (213) 595-8571 takes a total value cluster from the manutac-
turer — a value cluster that includes:

[OPlease send me information on becoming a

* Products *

Microbyte dealer. * Price *

: : * Quality *

OPlease send info on the Microbyte 4 Bre<eale Senlse &
* Post-sale Service *

* Commitment *

~
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|

Name MICROBYTE has the products — from memory

Address boards to complete $-100 systems, and we offer

the rest of the value cluster — call today for the

City State Zip whole story on how you can become a Micro-
T S — e Sy B s N Nl byte dealer.
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to use the same scales for the horizon-
tal and vertical axes in the Fourier
transform. This is not as obvious a
choice as it might seem. Because the
video display screen isn't square, it
might seem to be better to squeeze the
vertical scale, so that as many high
frequencies could be plotted in the
vertical direction as are plotted
horizontally. The resulting distortion
would be perfectly acceptable math-

ematically, but it would make the pic-
tures harder to look at and might be
responsible for some mistaken no-
tions on the part of naive viewers.
Additionally, choosing different
scales for horizontal and vertical
transformations would require the
use of a different set of sines and
cosines for each dimension.

I chose instead to make the scales in
the frequency domain equal. The re-

Listing 2: This program calls 2DFT and helps translate its results to a form more easily
viewed by a human. A picture can be drawn on the screen, using the usual cursor-
control characters. Hitting the exclamation-mark key tums the picture into a form that
2DFT can read, where each cell has in it a number (from 0 thru 255) proportional to the
magnitude of the image at that cell. The quote key turns the numbers back into a
“density plot” where the brightness of each cell is proportional to its magnitude.

s REM**POKE 135,6 BEFORE RUNNING 70 PROPECT MACHINE-LANGUAGE 20FT PROGRAM
10 DATA 32,58,59,103,106,118,225,245,244,229,160:FOR I=1 TO 10:READ G%:NEXT
20 PRINT “HU1* -RETURN- TO TRANSFORM SCREEN"

10 PRINT "
40 PRINT * R
100 GET AS:JF AS="" GOTO 100
110 J=ASC(AS):IF I=13 GOTO 200
120 IF I=34 GOTO 800
130 IF 1=33 GOTO 900
140 PRINT A$;:GOTO 100
200 £YS(1536 ):5YS(1713):G0T0 100

“QUOTES- TO MAKE DENSITY PLOT®
~ TO TURN DENSITY TO NUMBERS"

800 FOR 1+32768 TO 33767:A=PEEK(1):POKE I,G%(A/25):NEXT:GOTO 100
900 FOR 1=32768 TO 33767:A=PEEK(I):B=10:FOR J=O TO 9:IF A-GL(J) THEN B=J:J=9

910 NEXT:POKE 1,25%B:NEXT:GOTO 100

220 REM*”POKE 135, 32 WHEN FINISHED TO REGAIN ACCESSIBILITY TO ALL MEMORY

e

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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quired sines and cosines are stored in
a table (on PET memory page
STABPG, in listing 1); a pointer
moves through the table, allowing the
transformation subroutines to read
off the trigonometric functions with a
minimum amount of computational
overhead. The effect of making the
scales equal in both directions is that
instead of using a 25- by 40-pixel
(picture-element) screen, the program
is really transforming a 40 by 40 im-
age. The extra 15 rows are presumed
to be filled with zeroes before every
transformation. After transforming,
the high frequencies that fall outside
the bounds of the video screen are not
calculated. (This is not a devastating
loss; as you may have heard, you can
cut off and throw away part of a
hologram and still reconstruct the
whole original image from the re-
maining fragment. The only cost is a
loss of resolution and sharpness in the
reconstructed image. More on this
later.)

The third significant choice I made
in writing 2DFT was to display the
amplitude of the Fourier transform:
the square root of the sum of the
squares of the sine and cosine com-
ponents. A photographic plate has a
sensitivity that is proportional to the
light energy which falls in any given
area. Taking the square root adds
mathematical complexity and com-
putational time to the transformation
process. On the other hand, the
square-root operation makes it a lot
easier to look at and interpret the
transform results on the video screen.
It prevents almost all overflows
because any number between 0 and
65,535 is mapped into the range 0 to
255 automatically. The cost in time is
an additional 10% or so, which is ac-
ceptable for the benefits that result.
Finally, the nonlinearity of the square
root turns out not to interfere much
with the holographic process, in my
experiments.

The video-character generator used
in the PET is capable of storing a
number between 0 and 255 in each of
the thousand screen locations, but for
human viewing, this kind of a display
isn't very good. In the BASIC driver
program which calls and controls
2DFT, I've included short routines to
convert the screen contents to and
from a "density plot,” where each pix-
el on the display is filled with a
character with brightness propor-



Big Savings for SS-50 Bus Computerists

LFD-400'Mini-Disk System

$459.95

The choice of knowledgeable 680X computerists
since 1977 ® Proven clock-data separation circuitry
and other superior design features ® Reliable hard-
sector diskette formatting ® Stores up to 102 Kbytes of
formatted data on 40 tracks ® Comes corg&l)egte with
4-drive controller, drive assembly, 6800 or ROM
disk operating system, interconnecting cable and oowe-
hensive users manual ® Add-on diives cost only $399.95

Save
h. cuc
$140! “" ““™ REGULAR $599.95

SBC/9'Single-Board Computer —~1 ~— ~ ~—

$139.95 ]

A computer or a fully compatible SS-
50 bus MPU card ® Interchangeable
6802 or 6809 processor ® Extendable Pl
1-Kbyte ROM monitor ® Paralle] and SRR e =
serial VO ports — selectable, full-range bit rate
&12(3(0)’ for serial /O ® Extendable addressing ®
-card 1-Kbyte RAM @ Provision for additional
EPROM @ On-cardvoltage regulator circuits Circla 110

REGULAR $199.95

6809 MPU Upgrade Adapter
o

$39.95

Upgrades 6800 MPU cards to 6809 pro-
cessing power ® Configured for SWTP MP-
A2 M%U card but may be used with other
MPUs @ Plug-in installation requires no trace
cutting or soldering — easy to restore MPU to
original configuration ® mbled and tested ® In-
cludes user instructions ® 6809 ROM operating system,
PSYMON/AZ2, for use with the 6809 MPU Adapter —
$69.95. circle 111

Save

The ELECTRIC WINDOW'

$169.95

Memory-mapped instant display updating ®
Software-defined display formats @ Expand-
able 128-symbol character generator —
characters are fully formed and feature true
baseline descenders ® On-card display RAM
can be remapped ® Video output can be composite
or separate sync-video ® Voltage regulation circuitry
included on card. For an application review of the
ELECTRIC WINDOW: see Peter Stark's comments
on page 87 of the January 1981 issue of Kilobaud/
MICROCOMPUTING. circte 112

Save

$30!

REGULAR $69.95 REGULAR $249.95 $80!

Percom Price-Slashing,
Profit-Zapping
Fifth Anniversary Sale!

After five years of solid accomplishments, it’s time to celebrate. So we’ve
slashed prices for a gigantic 5th anniversary sale. Now, for a limited time,
you can get Percom design and Percom quality at enormous savings. But
don’t wait. Sale ends April 30th and quantities arelimited to stock on hand.

Save $100.00 on fully assembled, tested and
burned-in RAM cards! Hurry, regular prices in
eftect after April 30th.

These RAM cards feature 1-Mbyte extended addressing; buffered
data, address and control lines; and, on-card vollage regulation.
Cards are fully tested and burned-in. User manuals include 6800 &
6809 diagnostic memory test programs.

M24S$S 24-Khyte STATIC RAM CARD
$399.95 REGULAR $499.95

Save Memory is organized as (hree independent 8-
| Kbyte blocks. Each block may be located at any
$1 00! 8-Kbyle boundary of a 64-Kbyle address space ® Also

-

available in 8- and 16-Kbyte versions at regular prices. 8-Kbyte RAM expansion
kit includes extra RAM chip, plus socketsand other parts. Kit price is $139.95. @
Uses 2114 RAM chip. circte 113

M48DSS 16-Khyte DYNAMIC RAM CARD

$399.95 REGULAR $499.95

Save
Expandable 0 48 Kbyles @ Memory is organized as tee  $100!
independent 16-Kbyte blocks. Each block may be
localed in any of the four 16-Kbyte zones of a 64-Kbyle address space @
Special “map-oul” sirapping can be used 0 depose any 8-Kbyle block
from upper 32-Kbyte memory ® Uses type 4116 RAM chips @ 16-Kbyle
RAM expansion kit includes extra RAM chip, plus sockets and other parts.
Kit price is $99.95. circe 114

Watch for the COLORAMA-50"!

This soon-to-be-announced color VDG card for the SS-50 bus features
eleven colorful display formats in 2 to 8 colors, plus 2-color alpha-
numerics; full graphic resolutions from 64X64 pixels to 256X192
pixels; memory-mapped instant display control; low-cost modulator
option for TV interface; 1-Mbyte extended addressin?; cassette 1/O
option; and, operating software. Introductory price is only $219.95.

PERCOM

PRICESAND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
PRICESDONOT INCLUDE SHIPPING AND HANDLING.

PERCOM DATA COMPANY. INC
211 N KIRBY GARLAND. TEXAS 75042

(2141272 3421

COLORAMA.50. ELECTRIC WINDOW. LFD-400.PSYMON and SBC/9 are trademarks of Percom DataCompany. Inc.

Nobody supportsthe $S-50 bus like Percom

QOur field-proven software for 680X computers includes monitors,
operating systems, drivers. editors, assemblers, debuggers and high-
levellanguages like Super BASIC — our popular extended disk BASIC
interpreter.

Some of the other hardware products available include versatile proto-
typing cards in both 30- and 50-pin versions, extendable 50-pin
motherboards and 30-pin [/O card motherboards. Function cards,
prototyping cards and motherboards are optionally available with gold-
plated bus connectors. Also, most function cards are available in 86-
pin, EXORciser bus compatible versions.

Quality Percom products are available at Percom dealers nation-
wide. Call toll-free, 1-800-527-1592, for the address of
your nearest dealer, or to order direct from Percom.

EXORciser s a trademark of Motorola Corporation.




(b)

Photo 1: Photo la shows a simple image
of low-frequency components present
along the length of the stripes. Perpen-
dicular to the stripes, strong periodicity
occurs at frequencies that are multiples of
the spacing frequency. The resulting
transform is shown in photo 1b.

tional to the number formerly stored
in that cell (see listing 2). The density-
plot display uses only eleven distinct
symbols, so it's as if the 8 bits stored
in each screen location have been
truncated to about 31; bits. The loss
of precision is not severe, and the
density plots are much easier to look
at and understand than the raw data.

Experimenting with 2DFT

As I have implemented it, the 2DFT
program takes about 4 minutes to do
a single complete two-dimensional
Fourier transform of the contents of
the PET's screen and display the
results. (It runs faster if the input data
contains many zeroes, since the float-
ing-point multiplication routine in the
PET knows how to multiply by zero
quite rapidly!) The columns of the
answers are plotted as soon as they
are calculated. After a computation,
5250 bytes of PET memory are left
containing the results of the row
transformations in floating-point
notation (5 bytes per number).
Because the input data was a set of
strictly real numbers, fifty of the sine
components are always exactly zero
(two zeroes per row), and so there are

1000 independent numbers in mem-
ory —precisely as many independent
numbers as there were cells on the
screen. This is not coincidental; the
Fourier-transformation process “con-
serves information,” so it had to turn
out that way.

For your first experiments, and to
confirm that the program is working
correctly, I recommend that you
transform simple pictures. A good
test is a picture made up of parallel
stripes (see photo 1). The picture, like
a picket fence, has only low-fre-
quency components present in the
direction along the length of the
stripes. Perpendicular to the stripes,
there is a strong periodicity, at fre-
quencies which are multiples of the
fundamental spacing frequency. Log-
ically, the transform should be a
series of bright spots running along a
line perpendicular to the original
stripes.

Another good test is to transform a
sharp spike —a picture with only one
cell illuminated. Such a sharp point is
made up of equal amounts of sine
waves at all frequencies and in all
directions. Thus, the result of
transforming a spike should be a

64KBYTE EXPANDABLE RAM

DYNAMIC RAM WITHONBOARD TRANSPARENT
REFRESH GUARANTEED TO OPERATE N
NORTHSTAR. CROMEMCO. VECTOR GRAPHICS.
SOL. AND OTHER 8080 OR 2-80 BASED S100
SYSTEMS » AMHZ Z-80WITHNOWAITSTATES.

SELECTABLE AND DESELECTABLE IN 4K

INCREMENTS ON4K ADDRESS BOUNDARIES

LOW POWER—8 WATTS MAXIMUM.

200NSEC4116 RAMS.

FULL DOCUMENTATION.

ASSEMBLED AND TESTED BOARDS ARE

GUARANTEED FOR ONE YEAR AND

PURCHASE PRICE IS FULLY REFUNDABLE IF

BOARD 15 RETURNED UNDAMAGED WITHIN

14 DAYS.
ASSEMBLEO/

TESTED

$595.00

$529.00

$459.00

$389.00

64KRAM
48K RAM
32KRAM. ...
16K RAM

S100 MAINFRAME
AND CARD CAGE

* W/ 50LID FRONT PANEL .. $239.00

+ W/ CUTDUTS FOR 2 MINI—FLOPPIES . . . $239.00
+* 30 AMP POWER SUPPLY $119.00
+ 8 SLOT MOTHERBOARD $149.00
+ 19 SLOT MOTHERBOARD .. $199.00
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16K MEMORY EXPANSION KIT
ONLY S58

32K BYTE MEMORY
RELIABLE/CDSTEFFECTIVE EXPANDABLE RAM FOR

FOR APPLE, TRS-80 KEYBOARD, EXIDY,

AND ALL OTHER 16K DYNAMIC SYS-

TEMS USING MK4116-3 OR EQUIVALENT

DEVICES.

* 200 NSEC ACCESS, 375 NSEC CYCLE

« BURNED-IN AND FULLY TESTED

* 1 YR. PARTS REPLACEMENT
GUARANTEE

* QTy. DISCOUNTS AVAILABLE

—

VISTA V-200 MINI-FLOPPY SYSTEM
* 5100 DOUBLE DENSITY CONTROLLER
* 204 KBYTE CAPACITY FLOPPY DISK
DRIVE WITH CASE & POWER SUPPLY
* MODIFIED CPM OPERATING SYSTEM
WITH EXTENDED BASIC
$695.00

E T /M
COMPUTER  DEVICES

1230 W.COLLINS AVE.
ORANGE, CA 92668
(714) 633-7280
dd &% sales tax. Mastercharge
allow 14 days for checks to

rs welcome. Shipping charges
enls.

6502 AND 680D SYSTEM—AIM 65-°KIM*SYM*PET*844-BUS

* PLUG COMPATIBLE WITH THE AIM-65/5YM EXPANSION
CONNECTOR BY USING A RIGHT ANGLE CONNECTOR
é%UAP:DUED) MOUNTED ON THE BACK OF THE MEMORY

= MEMORY BOARD EDGE CONNECTOR PLUGS INTO THE
6800 S 44 BUS.

* CONNECTS TO PET OR KIM USING AN ADAPTOR CABLE.

* RELIABLE—DYNAMIC RAM WITH ON BOARD INVISIBLE
REFRESH—LOOKS LIKE STATIC MEMORY BUT AT
LOWER COST AND A FRACTION OF THE POWER
REQUIRED FOR STATIC BOARDS.

« USES +5V ONLY. SUPPLIED FROM HOST COMPUTER.

* FULL DOCUMENTATION. ASSEMBLED AND TESTED
BOARDS ARE GUARANTEED FOR ONE YEAR AND
PURCHASE PRICE IS FULLY REFUNDABLE IF BOARD IS
RETURNED UNDAMAGED WITHIN 14 DAYS.

ASSEMBLED WITH 32K RAM
& WITH 16K RAM
TESTED ~ WITHOUT RAM CHIPS
HARD TO GET PARTS (NO RAM CHIPS)
WITH BOARD AND MANUAL
BARE BOARD & MANUAL

$395.00
$339.00
$279.00

$109.00
$49.00

PET INTERFACE KIT—CDNNECTS THE 32K RAM BOARD TD
A 4K OR BK PET. CONTAINS: INTERFACE CABLE, BOARD
STANDDFFS, POWER SUPPLY MODIFICATION KIT AND
COMPLETE INSTRUCTIONS. ....$49.00

U.S. PRICES ONLY

Circle 115 on inquiry card.



NEW LOCATION JRDER 2
1198 E. Willow Street AL
Signal Hill, CA 90806 pping dd p 10
CcO ) Utep . Toll Free (800) 421-7701 outside caiit. Add 0 O
00 U
proaucts, INc. (213) 595-6431 insice caii.
SOFTWARE &
ATARI 800 ATARI orrionaL accessores | ATARI ACCESSORIES
(NEW 16K VERSION) MODEL #810 DISK DRIVE SYSTEM SGFS’EKFELBR;:EL;'&LK%U"#' =GR 3?;8'88
+COMPUTER CONSOLE sOPERATORS MANUAL | MODEL #B820 40-COL. DOT MATRIX PRINTER | STAR RAIDERS ROM $45.00
sATARI BASIC BK RAM sRF MODULATOR MODEL #B22 40-COL. THERMAL PRINTER CHESSROM gao.oo
+57 FULL STROKE *POWER SUPPLY ! 30.00
e i e s MODEL #B25 80-COL. DOT MATRIX PRINTER | V/DEQEASELROM -\ $30.00
PLUS 4 FUNCTION KEYSeJOYSTICKS MODEL #830 ACOUSTIC MODEM 3D TICTAC TOE ROM $30.00
*INVITATION TO PRO- sEDUCATION ROM MODEL #850 INTERFACE MODULE é%%??égmms s1800
GRAMMING CASSETTE  (NO CHARGE) :
CALL FOR(PRICE RIOBEL FEXa53 46K RN OPTITE #410CASSETTERECORDER $60.00
10% OFF SOFTWARE WITH PURCHASE CALL FOR PRICE & ASK ABOUT NEW SOFTWARE

Hiti
/0 Board
Assembled & Tested

$289.00

~Easiy Canbgurabie la Aoy Type of

*Special Recewe Conditions:

MICROBYTE p x
+Quag RS.232C Serial Porls, One
20ma Currenl Loop Port
~Fully EE SN0 Bus Compatible
«Asynchranous Communicahions
with ZBOA DarkTa;or Synchronous
Communicabons wir, ZB0A
SIORTH)
+Ful Set af Modem Conlrol Signals,
including Al (Ring Ind,catar)

Terminal |nlerface

“1i0 Servicing Envitonments

11} Polled: (2) Bus Vector.
{3)Z80 Mode 2 Vectar
+0ft-Board Interrupl Daksy Chian
Capabiily

(1) Framing Ertort (2) Panly Error;
) Recewer Overrun Enor
+Baud Rates Selected indivigualiy
Irom 50Baudto 300K Baug
72 Hour Burhdn

Disc Controller
Assembled & Tested

$389.

MICROBYTE
“DMA 1o wilhin 16M byte af memory
sStaleotihe-art NECT4S LSI
Convraliet
*IEEE-$100 compalible
“DMA arbitalion aliows useal
multiple Boards within a system
PLLdata recoveryfot tolally reliable
cperatian
*Wrile ore-comp switched at mid-disc
for reliale dayoledensity aperalion
*Supporls up ta lour(4) drives
*Pawer On. Power Gif o Reset de
seiectsdrive sta avoigdamagingfiles
«Orwve oeselect Time Oul. deselect
drives not in use
sSingle a doubfe sidec operation
+Single densityfdoudle density
aperatien
8 standard drves
~SeparateV e supply lardala recor-
ery lo elimifate poswible noise
oroblems

= g

Assembled & Tested

EXPANDORAM |

2.5 MH2/Z-80 CPU
WITH SERIAL & PARALLEL
110 PORTS

SBC-200 KIT

4 MHz/Z-80 CPU

WITH SERIAL & PARALLEL
110 PORTS

VDB-8024 KIT

SYSTEMS

Optional Monitor Program $50.00

e T A T
r?_"ﬁ"éi-’" = mﬁﬁ-ﬁ

: H 4
s . 78 nstruthens
m m’ m‘a‘ “Up la4Keten board Enrom with
L i opllona) 7-80 moniter pragram
- % IR(ZT08), 2K(271Bjor AR(2732)
0 | i A 5f 1 1} 4 } L oFull vectared inlerupt capadibly
E i 8 bt with MNI (1 bud
o | i i} & +2MHz or 4MMz aperation is umper
r 4 - setectable
s - T gl - “Selectable auto-wail state nseriion
AT NI Tor extending M1+ MAEG- IORD:
3349 00 oorenroaRom
. ~Duai R$-232 serial tGports using

S.D. SYSTEMS

A compiele sigle board Z80A CPU

Fully campatidie with the proposed
EE!

2-B0A CPL [AMH version of the 2 Q)
#1358 insiruchons-—superset of ang

+Up 1a 24 bil paratiel 110 port—tully

wih senal/parailel interlace

$:100Bus Standard

uoward Gompatible from the 8080's

the Z80A-DART wilh individual baud
rale sefectoniiram 30-19.200baud)

orogrammableintel 82554

$-100 PRODUCTS

64K RAM Board

MICROBYTE

«Fully $100bus compatidle
*64K & B bil dynamic RAM

a

*Buillan parity wit LED ind)cator
and vector interrupl

*Memory addressavie in four 16K
banks

-Hidgen refresh
«Gold conlacts fo) high reladiity
«72-hour Burnin
*Memory mapped via DIF switch
«Bult-in programmable write-protect
«Programmable caniret port farparily
and vank control
~Aphe Miro

Campaible

Assembled & Tested Callfor Price

QUME DT-8 DISK DRIVE

$249.00

$325.00

$380.00

80x24 /O MAPPED VIDEO BOARD
WITH KEYBOARD 110

CALIFORNIA COMPUTER

VERSAFLOPPY IKIT

S-100/EPROM PROGRAMMER
FOR 2708, 2716, 2732, 2758 &
2516(T)

ALL BOARDS ARE AVAILABLE
(ASSEMBLED & TESTED)
CALL FOR PRICE & DELIVERY

(SYSTEM SOFTWARE)
AVAILABLE UPON REQUEST)

$250.00

*Double-sided/Single-Double Density

2MHz DYNAMIC 32K $27500 | DISK CONTROLLER FOR «IBM-compatible/1.2 Mbytes/Disk
RAM BOARD 48K $299.00 8" & 5%" DRIVES *Fast — 3 ms. Track to Track
KITS 64K $325.00 $-100 BUS COMPATIBLE *154 Tracks/Daisy Chain 4 Drives

*|SO Standard Write Protect

EXPANDORAM I| 16K $260.00 | VERSAFLOPPYIIKIT  $350.00| °Programmable Door Lock

4 MH2 DYNAMIC 32K $285.00 | NEW DOUBLE DENSITY CALL FOR PRICE & DELIVERY

RAM BOARD 48K $31000 | DISK CONTROLLER FOR MICROBYTE D2 44900
*(2) QUME DT-8. DMA S-100 CONTROLLER,

SBC-100KIT $299.00 | PROM-100 KIT $210.00

POWER SUPPLY, CABINET, ASSEMBLED
& TESTED WITH CABLE.

LEss coNTRoLLER $2095°°

MONITORS DISK DRIVES

Leedex 100 SA801R
12" B&W $129.00 SHUGART
Sanyo VM5012 8"’ sgll.sided
12" B&W $240.00 |5 q| /dbl. density
Sanyo DMC 6013 CALL FOR
13" Color $450.00 PRICE &
IN STOCK DELIVERY

APPLE
SOFTWARE

(PRINTERS|

CENTRONICS 7371

MODEL 2016 16K STATC RAM BRD.

BY EDU-WARE

ANADEX DP8000

[MODEMS |

NOVATION CAT
300 BAUD, AUTO
ANSWER/ACOUSTIC

2032 32K STATIC RAM BRD.

2065 64K DYNAMIC RAM BD.

ANADEX DP9500

$149.00 ea.

2200 MAINFRAME
2400 MINI-8100S

2501 MOTHERBOA

5400 MINI-8100
5416 THE-8100

Circle 116 on inqulry card.

2116 16K STATIC RAM BD.

2422 DISK CONTROLLER

RD

2710 4-PORT SERIAL IO
2718 2 SER. PORT & 2 PAR.
2720 4-PORT PARALLEL IO
2802 6502 CPU BOARD
2810 Z-80 CPU BOARD

CALL FOR PRICE
& DELIVERY

(SOFTWARE AVAILABLE)

COMPU-MATH (FRACTIONS)
329.95

ANADEX DP9501

NOVATION D-CAT
300 BAUD/DIRECT

COMPU-MATH (DECIMALS)
$28.95

COMPU-READ
319.95

EDU-PAK |, CONTAINS

COMPU-READ, PERCEPTION
STATISTICS $35.00

TEXAS INST 810
BASE 2 800 MST

CALL FOR
PRICE

&
DELIVERY

CONNECT

$169.00 ea.
(OPTIONAL RS232
CABLE $22.00)

LIVERMORE

LIV-STAR 20M/300 BAUD

RS232, ACOUSTIC.
AUTO ANSWER, ETC.

[ENTERTAINMENT| $159.00
TERRORIST 32495
WINDFALL $16.95 m Price
NETWORK $16.95 Part # Box of 10
SPACE $24.95 Verbatim 5% (soft) MD525-01  $26.50
PRISONER 82495 Scotch 5% " (soft)  744-0 $33.00
ALL SOFTWARE IS ON DISK. Scotch5%4" (10-sec) 744-10 $33.00
PLEASE CALL IF YOU Scolch 5% " (16-sec) 744-16 $33.00
HAVE ANY QUESTIONS. Memorex 5% "' (soft) 3421 $24.00
Scotch 8" DS (soft) 743-0 $49.95

SPECIAL OF MONTH

80BOA.. ....... ... 2,50
Z80A. . ... 10.00
ZBOICTC o nnocsing 8.95
32075 ... ... ... 80
320T12.. ..o 80
34075 ... ... .. 70
340T12 ... ......... 75
78L12. ... 25
1-99 100 Up
14 PIN 10 09
16 PIN 12 A1
18 PIN .15 13
20 PIN o 21
24 PIN 26 24
28 PIN 30 28
40 PIN 40 38

(BURNDY/TIN SOLDERTAIL)

1-9 10-24 25 Up
DB25P 2.80 2.75 2.40
DB25S 3.80 3.70 3.60
Data Phone Hood 1.25

COMPONENTS

74L8240......... 1.35ea
74L8241 ... ... ... 1.25ea
7415244 1.25ea

2114 L-2/200 NS
1-16 $3.85ea.
17-49 $3.65ea.
50-99 $3.40ea.
100-499 $3.15ea.
500 Up $2.95ea.

2708/450 NS

$5.95 ea.
or
8/$44.00

2716/5 VOLT
$10.00 ea.
450 NS./Major Mfg.

CAPACITORS

1 @ 12 Volts Ceramic
9¢ ea.
OR
100/8.00
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screen with equal intensities in every
cell.

One of the first things that you
should discover when experimenting
with 2DFT is that the absolute loca-
tion of a picture on the screen doesn't
matter. Shifting a picture changes the
phases of the sines and cosines that go
into making that image, but it does
not change the amplitude of the fre-
quency spectrum of that picture.
Because only the amplitude and not
the phase is displayed, two pictures
which differ only by some shift
should give the same transforms.
(This insensitivity to shifts is one
reason for the usefulness of Fourier
transforms in pattern-recognition
problems!)

Another thing to notice about
2DFT is the relative overall intensity
of a picture and its transform. This
intensity, of course, is somewhat ar-
bitrary, since by multiplying each ele-
ment of the transform'’s sine table by
some constant, the whole trans-
formed picture gets multiplied by the
square of that constant. (The con-
stant shows up squared because the
sine table is used two times, once to
transform the rows and once for the
columns.)

If none of the transformed image
was lost because of the nonsquare
screen, it would be possible to adjust
the constant that multiplies the sine
table so that the sum of the squares of
the pixels before a transform equals

the sum of the squares after
transforming. The multipler is
1/SQR(L), where L is the length of a
side of the square screen.

In my implementation of 2DFT, I
tried multiplying every element of the
sine table by 1/SQR(32) and have
found it to work well. Thirty-two is a
reasonable mean value between the
length of a row and the length of a
column. The exact choice of the con-
stant isn't critical unless you want to
be able to read off quantative
mathematical transformation results.
For experimental purposes, any value
that keeps the picture elements from
growing too bright or too dim is ac-
ceptable.

An obvious quality of the transfor-

Where can you
get the most-
wanted micro-
computer pro-
grams?How can
you tell which ones are best for
you? How can you get instant
service on programs for word
processing, accounting, budget-
ing, engineering, inventory con-
trol,patient management. ., and
more?

You can place an order right now.
Simply dial-up Westico's 24-hour
computer (300 baud). Ask for @
quick review of program de-
scriptions and place your order
immediately.

Were a new, high speed
service staffed with technical ex-
perts who can provide programs
for individuals and companies
who are serious about the busi-
ness of microcomputing. After
you've acquired your program,
our technical service and sup-
port team will remain just a
phone call away.

You could lose valuable time

searching for programs and still
not find the one that's right for
your particular needs. Or, you can
order the perfect program from
The Software Express Service.
We've tried and tested hundreds
of programs. We have what will
work for you — whether you're a
doctor, lawyer, accountant, engi-
neer, scientist, surveyor. store
owner, manufacturer, dealer, con-
sultant or programmer.

Take advantage of Westico's 24-
Hour Software Express Service to
any town or city covered by Fed-
eral Express, U.S. Express Mail, or
other 24-hour delivery service.
Simply dial-up our computer, call
us or send a Telex and your pro-
gram will be sped to you over-
night. For regular service, you'll
receive your program promptly
by UPS. In the age of the com-
puter, it shouldn't take ages to
get what you want.

WESTICO

The Software Express Service

25 Van Zant Street * Norwalk, Connecticut 06855
(203) 853-6880



mations produced by 2DFT is that
they are symmetric about a cell near
the center of the video screen. The
cell around which everything seems
to revolve is the (0,0) cell, the center
of the frequency domain. It contains
the sum of all of the cells in the un-
transformed picture multiplied by
any factors that were chosen for the
sine table. It's also the cell which is
most likely to suffer from an
overflow problem because all of the
pixels in each original image were
positive numbers and add together to
make a large zero-frequency total.
(2DFT displays overflows as a
character of maximum brightness, for
the number 255.) The rest of the
transformed image is symmetric

about the central cell, in the sense
that each cell contains the same
number as the cell an equal distance
away on the opposite side of the
middle.

This follows mathematically from
the fact that the original image was
entirely real, with no imaginary
(complex-number) part. You can
think of it as just a convention, if you
like; to avoid sharp edges which
might cut off parts of a picture, we
have plotted "negative frequencies” as
if they had the same energy as the
corresponding positive frequencies.

It works out then that you can
think of the opposite edges of the
screen as being joined, so that
something moving off the screen at

the right-hand side comes in
automatically at the left edge. (Be-
tween the top and bottom edges,
there are 15 unseen lines, however, in
order to make the imaginary screen
square.) Because there are an even
number of columns, one column on
each side of the central (zero) column
is not duplicated. That column is
plotted as the rightmost one on the
screen.

It's a good idea to take some time
now to draw pictures on the screen,
transform them, and try to develop
some instincts about what the trans-
forms tend to look like. Many of the
results from one-dimensional Fourier
analysis carry over to two dimen-
sions. For example, we noted that an

CP/M™ programs for TRS-80 Model ll, Vector Graphic, iCom, Cromemco, North Star, Micropolls, Ohlo Sclentlfic and more.

GENERAL LEDGER Peachtree $550 $40 ADIL SUPERSORT { MicroPro $225 $25 AL
ACCOUNTS RECEIVABLE Peachtree 550 40 AD,IL SURVEYOR Peachtree 550 40 AD,|IL
ACCOUNTS PAYABLE Peachtree 550 40 AD,L
INVENTORY CONTROL Peachtree 650 40 AD.IL
PAYROLL Peachtree 550 40 AD|IL
CLIENT WRITE-UP Peachtree 090 40 AD,IL All software has specific requirements for proper operation suchas computer
PAS-3 MEDICAL Artificial Int. 500 40 ACI type, equipment configuration and support software.
PAS-3 DENTAL Artificial Int. 500 40 AClI Check the following codes for system requirements‘to be certain your system
PROPERTY MANAGEMENT Peachtree 990 40 AD.IL will accept the software offered.
(A) CP/M version 1.4 or higher.
(B) CP/Mversion 2.0 or higher.
PTA Asyst Design 595 40 AcCl (C) CBASIC-2.
E (D) MBASIC version 4.51.
ESQ-1 Legal Micro Info. 1495 50 ACIL (E) BASIC-80 version 5.0 or higher.
ESQ-1 Legal Demo Micro Info. 75 50 ACIL (F) 48K memory or greater.
DATEBOOK Organic 295 25 A0 (G) 56K memory or greater.
(H) 64K memory.
(1) Business system: AéSK memory, 200K dual disk drives, cursor address-
p able terminal, and 132 column printer.
WORDMASTER MicroPro 145 25 AKL (K) Cursor addressable terminal.
WORDSTAR MicroPro [ 450 40 AFKL (L) signed license required for shipment.
WORDSTAR MAIL-MERGE MicroPro 575 40 AFKL (O) specify 8080, 280, or CDOS.
WORDSEARCH Keybits 195 40 AF (P) give CP/M serial number.
TEXTWRITER Organic 125 20 AF (T) serial port and modem.
(Z) Z80 CPU.
MINIMODEL Financial Plan. 495 50 ACIL
STATPAK NW Analytical 500 40 AD|I Choose any of 4 ways to order:
e Write Westico, Inc., 25 Van Zant Street, Norwalk, CT 06855.
e Call (203) 853-6880.
ASCOM DMA
" Hemll L o Telex 643-788.
e Dial-up our 24-hour computer (300 baud) (203) 853-0816.
CBS DMA 395 40 AFK Specify prepaid, C.0.D., Master Charge, or VISA. (Please give credit card
MAGSAM IV Micro Appl. 295 25 A CF.K number and expiration date.)
SELECTOR IV Micro Ap, Inc. 395 25 ACGK Specify disk format: North Star Single or Double, Micropolis Mod | or
PRISM/IMS Micro Appl. 495 55 AC.FK Mod Il; 8” single density, or Ohio Scientific.
Prices do not include shipping and C.O.D. In CT add 7'%% sales tax.
BASIC-80 Microsoft 325 25 AF.L *Manual price will be credited against later purchase of software.
BASIC COM_PILER Microsoft 350 25 AFL CP/M is a trademark of Digital Research.
S-BASIC Micro Ap, Inc. 295 25 AF 280 is a trademark of Zilog. Inc.
NEVADA COBOL Ellis 150 25 A oy Vi eyl RO
o MT+ is a trademark Ol Micro Systems.
PL/I-B0 Digital Heseamh 500 35 BFL.P PEACHTREE is a trademark of Retail IScienc):es. Inc.
CBASIC Compiler Systems 120 15 A S-BASIC is a trademark of Topaz Computing
PASCAL/M Sorcim 175 20 AG SELECTOR IV is a trademark of Micro-Ap. Inc.
PASCAL/MT+ MTMicrosy.tems 250 30 A Copyright ® 1981 Westico. Inc.



(2a)

nm;
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image with very fine detail (sharp
spikes or narrow lines) in one dimen-
sion requires many high-frequency
sinusoidal waves to define it; the
same is true for two-dimensional pic-
tures. A picture that repeats only a
few times across the screen width will
have strong low-frequency com-
ponents in it (components that show
up in frequency space near the central
zero-frequency cell), while a picture
that repeats many times across the
screen will have strong components
at the higher frequency of repetition.
(In your experiments, dont forget

that you're not seeing the highest ver-
tical frequencies, which fall outside
the screen’s height.)

You should realize that even
though the program uses horizontal
and vertical axes to do the mathemat-
ical transform, those axes are ar-
tificial and not part of the initial or
final picture. So, if you're looking at
an image which has strong structure
trending along a line from northwest
to southeast, feel free to tilt your head
and define your own personal axes in
such a way as to make the image and
its transform easier to think about.

(2c)

Photo 2; This sequence illustrates some of
the properties of the holographic transfor-
mations as done by the 2DFT program.
Photo 2b is the hologram produced from
the simple image in 2a. In 2c, the image is
reconstructed from the hologram. Note
the mirror duplication of the original im-
age and the spreading of the reference spot
due to the cut-off of high vertical fre-
quencies by 2DFTs algorithm. A substan-
tial portion of the hologram is zeroed in
photo 2d (indicated by the @ symbol),
giving the reconstructed image in photo
2e. This reconstruction is fainter and
"noisier” than photo 2¢, but no part of the
overall image is missing.

Holography and Very-Long-
Baseline Interferometry

One of the most exciting and
valuable developments of technology
in the past thirty years has been that
of holography. Holograms can store
information at densities far greater
than normal photography, and with
far better immunity to noise and loss
of data from scratches, dust, etc on
the film. An equally exciting develop-

$100/ Source $200.

TXTBOOK/ Formatting software for document preparation, technical
and theses presentation, plus mass mailings. You and TXTBOOK are in total
control of paginanation, margination, and titling, with choice of several foot-
note styles, automatic table of contents generation, easy insertion of text from
external files, and more. Requires 32K CP/M and CBASIC2. Manual $15/ Object

2
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HARDWO RK' NG SOFTWARE DlSSAx/Txmom(/.g

D|SSAX/ A cunning, two-pass 280 disassembler that produces

print output and directly assembleable source output from COM files or
memory blocks. DISSAX is a sophisticated cross-referencing tool that
puts references where they belong, as line comments, not in a separate
output section, Requires 32K CP/M. Manual $5 / Object $75/Source $150.

Manual prices applicable to purchase of
software. -

Delivered by CEXEC on 8 single g
density soft sectored disks.

Discount for purchase of all
three programs.

Manual $30/Object
$300/Source $600

[
VISA
L]
f" ~
.
California residents add 6% % sales tax.

Response guaranteed to all inquiries
concerning application to mini/ main
frame computers.

FRMFLEX/ Three programs that create a series of fixed and/or editable fields
with separate CRT input and printer output formats. Thus, your pesky business
forms and unusual tabular formats are filled precisely and automatically with simple
linear entry of datal The only system of its kind, with unlimited application,
FRMFLEX allows complete filled/unfilled forms entry, updating, editing, and
creative flexibility. Requires 32K CP/M CBASIC2 and CRT with addressable
cursor. Manual $20/ Object $175/Source $350.

CBASIC2 is o trodesnark of Compiler Systams, Inc.

>
’;
"

ex

211 Sutter Street. Suite 300. S.F. 94108. 415-981-4724

CP/Mis a registered trademark
of Digital Research

San Francisco

OZ—XIO0LV 2>
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(8 SLOT S-100) {8 SLOT S-100)
SINGLE USER DRIVE EXPANSION

64K — 1 & 2MB FLDP 64K — 10MB — 1MB FLDP 35MEG — 17MEG TAPE

s

SINGLE USER — HARD DISK

256K — 10MB — FLOP

: | 16 USER NETWORK CP/NET® |
DR'VEL SSSLAVE NETWORK N"Nl DRIVE SLAVE NETW ORK ' { with 8 Levels of Host Background Tasking

".Means; Emulation Available on! ALL Systems:'

IBM3780, 2780, 3741, 2770 and
* More Add-On Sales,
*x Less Duplicate Inventory.
* Less Hassle from the Competition, |
*x More “Yes” Answers to your Customers. P“UDUBTS w

l 15392 Assembly Lane, Huntinton Beach, CA 92649 Telephone: (714) 898-1492 TE LE—X.681 -367 DELTMAR HTBH

'SOLD ONLY

IBM3270, 3271 and 3276,
PDP-11, RSTSE, TOPS nzﬁlfpﬂrﬁgﬂé;%ﬁ?ﬁﬁc

on Deck 10 & 20
and VAX




What can you honestly

- expect from an interactive
data terminal that costs only
$369?7*

Well, to begin with, color graphics.

~ RCA’s VP-3301 has unique color-locking circuitry that gives
you sharp, jitter-free color graphics and rainbow-free characters.

Plus much more: Microprocessor control. Resident and
programmable character set. Reverse video. State-of-the-art
LSI video control. 20 and 40 character formats. RS232C and

20 mA current loop. Six baud rates. Eight data formats. ASCII
encoding. Light-touch flexible-membrane key switches for
reliability and long life. CMQOS circuitry and a spill-proof, dust-
proof keyboard for hostile environments.

The VP-3301 can be used with a 525-line color or monochrome
monitor or a standard TV set through an RF modulator.** It
serves a wide variety of industrial, educational, business and
individual applications including communication with time
sharing and data base networks such as those provided by
Dow Jones News/Retrieval Service, CompuServe and Source.

All this—for the low price of $369. And it's made by RCA. So
get the whole story about the surprising VP-3301 today. Write
RCA MicroComputer Marketing, New Holland Avenue,
Lancaster, PA 17604. Order toll-free: 800-233-0094.

**Model VP-3303 with bullt-in RF modulator—$389. N
*Suggested user price. Monitor and modem not included. , 1
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ment in modern astronomy has been
the discovery of what's called very-
long-baseline interferometry, or
VLBL In a VLBI observation, radio
telescopes thousands of kilometers
apart look at the same object. The
signals which they receive are com-
bined, and by this combination, give
a resolving power equal to that of a
single telescope as large as the separa-
tion between receivers—a telescope
as large as the Earth, in some cases!

Even working at wavelengths very
long compared-to optical light, VLBI
techniques enable astronomers to see
objects that are hundreds or thou-
sands of times smaller than the largest
optical telescopes can resolve. The
vast increase in astronomical
information-gathering capability has
produced new insights during the last
few years concerning the structure of
distant galaxies and the early history
of the universe.

Both holography and VLBI rely on
the same secret: the two-dimensional
Fourier transform. Using the 2DFT
program presented here, it's easy to
make and reconstruct one type of
hologram, the “Fourier-transform
hologram,” which is most useful for
storing and retrieving two-dimen-
sional information. (Holograms to
record three-dimensional objects
work on similar principles. See some
of the references for more informa-
tion.) It's also easy to use this pro-
gram package to experiment with and
learn about some of the interferome-
try problems that radio astronomers
face.

Briefly, the results of a very-long-
baseline-interferometry observation
consist of a map of the object in the
sky —a map not in the usual sense,
but of the frequency domain. As the
Earth's rotation moves the radio-
telescope antennas relative to the
stars, the signals that the telescopes
receive sample different points in the
Fourier-transformed plane. With
enough observations, using enough
antennas, reasonably complete
coverage of this transformed map can
be achieved.

The big problem in VLBI is to
deduce what the astronomical object
looks like before transforming. If in-
formation about the relative phases
of points in the frequency domain
were available, it would be possible
to unambiguously invert the observa-
tions and produce a picture of the ob-
ject.



Now NRI takesyou inside the
new TRS-80 Model Ill microcomputer
fotrainyouat homeas the

new breedof com

NRI teams up with Radio Shack
advanced technology to teach
you how to use, program and

service state-of-the-art
microcomputers...

It's no longer enough to be just

programmer or a technician. With micro-

computers moving into the fabric of our
lives {over 200,000 of the TRS-80™
alone have been sold), interdisciplin-
ary skills are demanded. And NRI

can prepare you with the first

course of its kind, covering the com-
plete world of the microcomputer.

Learn At Home
in Your Spare Time

With NRI training, the program-
mer gains practical knowledge of hard-
ware, enabling him to design simpler,
more effective programs. And, with ad-
vanced programming skills, the techni-

Training includes new TRS-80 Model III micro-
computer, solid state volt-ohm meter, digital
frequency counter, and the NRI Discovery Lab
with hundreds of tests and experiments.

(TRS-80 s a trademark of the Radto Shack division of Tandy Corp.)

=,

-

cian can test and debug systems quickly
and easily.

Only NRI gives you both kinds of
training with the convenience of home
study. No classroom pressures, no night
school, no gasoline wasted. You learn at
your convenience, at your own pace. Yet
you're always backed by the NRI staff

! and your instructor, answering questions,

giving you guidance, and available for
special help if you need it.
You Get Your Own Computer
to Learn On and Keep

NRI training is hands-on training,
with practical experiments and demon-
strations as the very foundation of your
knowledge. You don't just program your
computer, you introduce and correct
faults...watch how circuits interact. ..
interface with other systems...gain a
real insight into its nature.

You also build test instruments and
the NRI Discovery Lab, performing over
60 separate experiments in the process.
You learn how your trouble-shooting tools
work, and gain greater understanding of

puter specialist!

the information they give you. Both mi-
crocomputer and equipment come as part
of your training for you to use and keep.

Send for Free Catalog. ..

No Salesman Will Call

Get all the details on this exciting
course in NRI's free, 100-page catalog. It
shows all equipment, lesson outlines, and
facts on other electronics courses such as
Complete Communications with CB, TV
and Audio, Digjtal Electronics, and more.
Send today, no salesman will ever bother
you. Keep up with the latest technology
as you learn on the latest model of the
world’s most popular computer. If card
has been used, write to:

NRI Schools
u McGraw-Hill Continuing
t" s Education Center
4 . 3939 Wisconsin Avenue
all

i Washington, D.C. 20016.
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GET IT
OFF THE
FLOOR

A DT L ST

Now that you have a shiny new
computer terminal, what are you
going to put it on? Computer Furni-
ture and Accessories makes a variety
of furniture for a wide range of com-
puter applications. In combinations
of six widths, three depths, and three
heights. With ‘L' shaped returns,
Micro shelves, data shelves, RETMA
mounting, and printer stands. With
optional drawers, doors, CRT turn-
tables, and casters. Sizes, shapes
and colors designed to fit your office
or computer room environment. Rea-
sonably priced and shipped from
stock.

Call CF&A. We'll get your system up
where you canreally put it to use.

Computer Furniture and
Accessories, Inc.
1441 West 132nd Street
Gardena, CA 90249
(213) 327-7710
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The secret of
holography and its
sophisticated ability to
retain information is
the two-dimensional
Fourier transform.

Unfortunately, VLBI can't (as of to-
day) produce enough phase informa-
tion. The astronomers have to look at
an image in Fourier-transformed
space which contains only amplitude
information, just like the image that
the 2DFT program produces. In some
cases, it's not too hard to guess what
the object that produced that trans-
form looked like, but observers often
must fall back on model making and
try to fit the simplest reasonable ap-
proximation they can think of to the
data. This is a tough subject, but an
important one. A lot of research is
going on now in an attempt to find
better solutions.

Fourier-transform holography is
also a subject for vigorous current
research. One reason for the interest
is that holograms could possibly pro-
vide huge, ultra-fast memories for
computer systems. Ordinary micro-
film is a very inefficient way to record
data. It fails to take advantage of the
information-storage ability of high-
resolution photographic film, and if
the bit density is pushed up, the
microfilm technique becomes unac-
ceptably vulnerable to film defects,
dust particles, etc. Conventional
photographic methods are too highly
localized for each bit that is writ-
ten —it’s like trying to transmit infor-
mation over a noisy phone line
without a decent error-detection and
correction code!

A hologram, on the other hand,
shares many of the best properties of
sophisticated error-preventing tech-
niques. Each bit of the original record
is spread out over the entire holo-
graphic image. A speck of dust can't
clobber a particular bit; all it cando is
add a slight overall noise to the re-
covered analog signal, and even that
noise can be entirely removed by a
simple digitizing process. If half of a
photograph is cut off and thrown
away, half of the picture is lost
forever. If half of a hologram is re-
moved, the whole picture is still
there! The sharpness of the picture is

reduced, but no particular region is
lost at all.

How can a hologram work? Photo-
graphic film records only the intensi-
ty, not the phase, of the light that hits
it. The secret is simple: put a phase
reference into the original object that
is being holographed! This phase ref-
erence is just a bright, pointlike spot
in the original. When transformed,
the bright spot by itself turns into a
constant signal over the whole fre-
quency versus space plane because (as
mentioned above) a sharp spike is
made up of equal amounts of sinu-
soids at all frequencies.

This constant background signal
provides a reference against which
the sines and cosines of the other
parts of the original object can in-
terfere, constructively and destruc-
tively. The background provides the
reference phase; the rest of the
Fourier-transformed image adds and
subtracts relative to that background,
and so an intensity recording (as on a
photographic plate) includes enough
phase information to allow the orig-
inal image to be reconstructed.

The reconstruction algorithm is
simple: just do another Fourier
transform of the hologram to return
to ordinary space! Mathematically, if
phase information is recorded, the
operation of Fourier transforming is
its own inverse, like the operation of
inverting is for numbers. The recon-
structed image comes back twice,
symmetrically situated about the cen-
tral zero-frequency spike, but it's easy
to mask off one of the two images if
necessary.

The 2DFT program is quite capable
of taking simple holograms and re-
constructing them. Because the trans-
formation is done on a 40 by 40 grid,
but only the central 25 rows of forty
elements are kept and displayed,
some of the high vertical frequencies
in the original image will be lost.
(That explains the vertical spreading
of some of the reconstructions,
especially noticeable in the central
region.) It's best not to try to recover
images with too much fine detail. If
the original is made of lines at least
two cells thick, it usually comes back
quite recognizably.

Note that the bright pointlike spot
that provides the reference phase
should be brighter than the rest of the
original image being transformed;
otherwise, the rest of the image tends
to act as a (poor) reference phase for
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The new 1421
by Hazeltine:

It can wear many faces.

Looks can be deceiving. The advanced features, newer technology, and the

new Hazeltine 1421 is more industry’s most comprehensive, two-year warranty.
than a terminal —it's a Getting to know the Hazeltine 1421 is easy.
Hazeltine terminal that does For the name of your nearest Hazeltine

the work of three. The distributor, call toll-free (800) 645-5300. In New
Hazeltine 1421 works with York State, call (212) 752-3377.

software designed for the Hazeltine 1420, the
ADDS 580, or the Lear >
Siegler ADM-3A. You select ' '
the protocol you need with a 4
convenient switch.

So, evenif your software

Hazeltine Corporation, Computer Terminal

Equipment, Greenlawn, NY 11740 (516) 549-8800
Telex: 96-1435

Hazeltine and the Pursuit of Excellence

was designed to run with Hazeltine " A

\ e r~
someone else’s terminal, you B / -,
can now enjoy the advantages of Hazeltine’s Answers for the ZamV ZaaN axN
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CONIPUTRUMNICS:

eee EVERYTHING FOR YOUR TRS-80c e

* TRS-80™ is a trademark of the Radio Shack Division of Tandy Corporation

Auadlable

0D-1l PROGRAMS

(1) ELECTRIC PENCIL (Michael Shrayer Software).
Complete word processor with extensive editing and
printer formatting features....$325 (STANDARD
TRSDOS VERSION)...$350 (DIABLO, NEC OR QUME
TRSQOS VERSION).

(2) GENERAL LEDGER, ACCOUNTS RECEIVABLE,
ACCOUNTS PAYABLE, INVENTORY CONTROL,
INVOICING AND PAYROLL (Small Business Systems
Group)...an extensive business system for the serious
user...can be used one module at a time or as a co-
ordinated system...$225...per module...$1299 for the
complete system.

(3) GENERAL LEDGER, ACCOUNTS RECEIVABLE,
ACCOUNTS PAYABLE, INVENTORY CONTROL
AND PAYROLL (Compumax)...a complete user ori-
ented business system..can be used one module ata
time or as a coordinated system.. $140 per module..
$995 for the complete system.

(2 MOD-II UTILITY PACKAGE (Racet Computes)...
adds (mportant utilities to TRSDOS..copy files
selectively...faster and more accurate file copying...
repair bad directories...displays sorted directory of
all files on 1 to 4 disk drives...SUPERZAP...change
disk 1D...and more...$150.

(5) ADVENTURE #1-#9 (Scott Adams - Adventure
International)...a series of games formally only
available on the large computers.. yourgoalistowork
your way through a maze of obstacles in order to
recover a secret treasure or complete a mission..the
package includes all 9 Adventures written by Scott
Adams...$99.95.

(6) GSF (Racet Computers)..Generalized Subroutine
Facility..a series of super fast machine language
utilities that can be called from a BASIC program (no
machine language knowledge required)...sorts 1000
items in under 5 seconds..allows PEEK and POKE
statements..move data blocks..compress and un-
compress data...works under TRSDOS...$50.

(T) DSM (Racet Computes).. Disk Sort Merge...sorts
and merges large multiple diskette fileson a1 to 4
drive system..NOT AN IN MEMORY SORT..can
actually alphabetize {(or any other type of sort) 4 disk
drives worth of data...sorts one complete disk of
information in 10 minutes...information is provided to
use DSM with the RS MAILING PROGRAM...works
under TRSDOS...$150.

(8) RSM (Small Systems Software)..a machine
language monitor and disassembler...can be used to
see and modify memory or disk sectors...contains all
the commands found on the Model-| version plus
some additional commands for the MOD-il..works
under TRSDOS...$39.95.

9) BLINK BASIC LINK FACILITY (Racet Computes)..
ink from one BASIC program to another saving all
variables...chain programs without losing variables
..$50.

(10) BASIC CROSS REFERENCE UTILITY (Racet
Computes) ...lists all variables and strings used in a
program (with the line numbers in which they appear)
...lists all GOTO's and GOSUB's (with the line num-
bersin which they appear)...searches for any specific
variables or strings {with the line number in which
they appear)...$50.

gﬂLDEVELOPMENT PACKAGE (Racet Computes)...
UPERZAP (to see, print or change any byte on a
diskette).. Disassembler and MOD-!I interface to the

CORMPUTROMNICS:

AMATHEMATICAL AFPRLLCATONS SERVCE

50 N. PASCACK ROAD

SPRING VALLEY, NEW YORK 10977

HOUR

24 orpER

LINE
(914) 425-1535

* All orders processed within 24-Hours
% 30-Day money back guarantee on all TRSDOS Software
* Add $2.00 for shipping in UPS Areas

MICROSOFT EDITOR ASSEMBLER PLUS including
uploading services and patches for Disk 1/0.assemble
directly into memory...save all or portions of source
to disk..dynamic debug facility (ZBUG)..entended
editor commands...$125.

(12) HARD/SOFT DISK SYSTEM (Racet Computes)...
The software essential to interface anyofthe popular
large hard disk drives..completely compatible with
your existing software and files..allows up to 20
megabytes of storage (and larger)...directory expand-
able to handle thousands of files.. $400.

(13) CAMEO HARD DISK DRIVE CONTROLLER..
coming soon (November 1?)

(14) HARD DISK DRIVES..coming soon (Nov. 17).

(15) H & E COMPUTRONICS, INC. SHARE-A-
PROGRAM DISKETTE #1...works under TRSDOS. .a
collection of programs written by MOD-Il owners...
programs include data base management..a word
processor..mail System..mortgage calculations...
checkbook register..and many others...$8 (add $3
postage outside of the United States, Canada and
Mexico)...FREE if you send us a diskette containing
a program that can be added to the SHARE-A-PRO-
GRAM DISKETTE.

(16) WABASH CERTIFIED DISKETTES.. $39.95 (per
box of 10).

(17) FLIP SORT DISKETTE STORAGE TRAY...Stores
50 diskettes.. comes complete with index-dlviders, tilt
plates and adjustable spacing...$44.95.

{18) MASTER PAC 100..100 essential programs...
BUSINESS..PERSONAL FINANCE..STATISTICS...
MATH...GAMBLING...GAMES..includes 125 page
manual and 2 diskettes...$99.95.

(19) BUSINESS PAC 100..100 essential business
programs...INVENTORY  CONTROL..PAYROLL...
BOOKKEEPING  SYSTEM..STOCK CALCULA-
TIONS...CHECKBOOK MAINTENANCE.. AC-
COUNTS RECEIVABLE...ACCOUNTS PAYABLE...
includes 125 pagemanualandtwodiskettes...$149.95.

(20) EDITOR ASSEMBLER (Galactic Software Ltd.). ..
the first user oriented Editor Assembler for the
MODEL Il and was designed to utilize all the features
of the MODEL I1. It includes innovative features for
ease of coding and debugging and complete docu-
m:n(a!ion {over 120 pages)..works under TRSDOS
..$229.00.

(21) BASIC COMPILER (Microsoft)..changes your
source programs into machine language...increases
program execution by 3-10 times.. $395.

(22) MAIL/FILE SYSTEM from Galactic Software Ltd.
stores 2.500 names per disk. No sorting time is
required since the file is automatically sorted by first
and last name plus Zip Code on input. Retrieve by any
combination of 19 user codes. Supports an 11 digit
alphanumerica Zip. Supports a message line. Comes
complete with user-oriented documentation (100-
page manual). Allows for company name and individ-
val of a company and complete phone number (and
extension)...works under TRSDOS...$199.00

(23) INCOME TAX PAC..Professional income tax
package...most forms and schedules...output to video
or line printer..automatic memory storage of all
information_data can be loaded from diskette,
changed and edited...built in errorchecking...$199.95.

(24) COMPUTER GAMES (SBSG)..Mean Checker
Machine, Star-Trek Ill, Concentration, TreasureHunt.
Banco. Dog Star Adventure...$74.95.

NEW TOLL-FREE
ORDER LINE

(OUTSIDE OF N.Y. STATE)

(800) 431-2818
S

-

* Add $3.00 for C.0.D. or NON-UPS Areas
* Add $4.00 outside U.S.A., Canada & Mexico
* We will match any bonafide advertised price

in any of the Major Computer Magazines
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(1) CP/M (Liteboat Associates)....an alternative
operating system for the MOD-II that allows MOD-IIl
owners to use any of the hundreds of programs
available under CP/M...$170.

(2) CP/M HANDBOOK...(Sybex)..a step-by-step
guide to CP/M..takes the reader through each of the
CP/M commands..numberous sample programs...
practical hints...reference tables...$13.95.

(3) GENERAL LEDGER, ACCOUNTS RECEIVABLE,
ACCOUNTS PAYABLE, INVENTORY CONTROL,
ANDPAYROLL (Peachtree Software)...requires CP/M
and MICROSOFT BASIC...professional business
systems...turn key operation...can be used as single
modules or as a coordinated system..$500 per
module.. $2500 for the complete system.

(4) WORD-STAR..The ultimate word processor...a
menu driven word processing system that can be used
with any printer. All standard word processing
commands are included..plus many unique com-
m;mds only found on WORD STAR...requires CP/M
.$495.

(5) MAIL LIST MERGE..An add on package that
allows the user to send form letters (created on
WORD-STAR)toany compiled mailing list {(using any
CP/M based MAIL program such as the PEACHTREE
MAIL PROGRAM)...requiresCP/M, WORD STAR and
andy CP/M based mail program...$150.

{6) SELECTOR Wl (Micro-Ap)..compiete data
management system...user defined fields and codes...
manages any list defined by the user..includes
additional modules for simplified inventory control,
accounts receivable and accounts payable..requires
CBASIC-2...$295.

(7) SELECTOR IV (Micro-Ap)..the ultimate data
management system...all features use the SELECTOR
1 plus...data file format conversions...full page report
formatter..computations...global search and replace
...hard disk compatible..data/text merging...$550.

(8) GLECTOR (Micro-Ap)...add on package to the
SELECTOR .. general ledger that allows the user to
define a customized chart of accounts.. $350.

(9) CBASIC-2..a non-intesactive BASIC used for
many programs that run under CP/M _.allows user to
make more efficient use of disk files...eliminates the
use of most line number references...require on such
programs as the SELECTOR...$120.

(10) MICROSOFT BASIC...an enhanced version of the
MICROSOFT BASIC found on TRSDOS..adds
commands such as chaining (allows theuser to LOAD
and RUN a new program without [osing the variables
currently in memory)._long variable length file
records, WHILE/WEND and others...can be used with
the BASIC COMPILER to speed up programs (3-10
times faster execution)...$325.

(11) MASTER TAX (CPAids)..professional tax
preparation program.. prepares schedules, A, B, C. D,
E.F, G, R/RP.SE.TC.ESand forms 2106, 2119, 2210,
3468, 3903, 2441, 4625, 4726, 4797, 4972, 5695 and
6521. Printing can be on readily available pre-printed
continuous forms. on overlays, or on computer
generated IRS approved forms. Maintains clinthistory
files...interactive with CP/Aids General Ledger...$995.

(12) GENERAL LEDGER || (CPAids)...designed for
CPA's...stores complete 12 month detailed history of
transactions..generates financial statements,
depreciation, loan amortizations, Journals. trial
balances, statements of changes in financial position,
and compilation letters...includes payrolisystemwith
automating posting to general ledgers..prints
payroll register. W2's and payroll checks...$450.

(13) ELECTRIC PENCIL (Michael Shrayer Software)
Complete word processor with extensive editing

and printer formatling features..$275 (Standard

printer version)...$300 (DIABLO, NEC or QUME

version).

(14) BASIC COMPILER (Microsoft)...changes your

sourca programs into machine language..increases
program execution by 3-10 times.. $395,

» (CP/M IS A REGISTERED TRADEMARK
OF DIGITAL RESEARCH)
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THE ORIGINAL MAGAZINE FOR
OWNERS OF THE TRS-80™ MICROCOMPUTER

" | MONTHLY

SOFTWARE NEWSMAGAZINE

FOR TRS-80~ & | : N FOR TRS-80"
OWNERS E [ ] [ ] C. OWNERS

MONTHLY NEWSMAGAZINE

Practical Support For Model I, I & III

PROGRAMS AND ARTICLES PUBLISHED IN OUR FIRST 12 ISSUES
PRACTICAL APPLICATIONS  INCLUDE THE FOLLOWING:
® A COMPLETE INCOME TAX PROGRAM (LONG AND SHORT FORM)
B US I N ESS STOCK MARKET ANALYSIS
WORD PROCESSING PROGRAM (FOR DISK OR CASSETTE)
LOWER CASE MODIFICATION FOR YOUR VIDEQO MONITOR OR PRINTER
ERCASE DIFIC DE R E
E D UCATI O N EXTEND 16-DIGIT ACCURACY TO TRS-80™ FUNCTIONS (SUCH AS
PERSONAL FINANCE S
B E G I N N E R,S C O R N E R PRINTER OPTIONS AVAILABLE FOR YOUR TRS-80™
COMPLETE MAILING LIST PROGRAMS (BOTH FOR DISK OR CASSETTE
C G RANDOM SAMPLING***BAR GRAPH
CHECKBOOK MAINTENANCE PROGRAM
SOFTWARE EX HA N E LEVEL Il UPDATES***LEVEL Il INDEX
M A R K ET p LA C E BEGINNER'ES GUIDE TO MACHINE LANGUAGE AND ASSEMBLY
LANGUAG
QUESTIONS AND ANSWERS LINE RENUMBERING

INVENTORY CONTROL
GAMBLING ¢ GAMES

PAYROLL (FEDERAL TAX WITHHOLDING PROGRAM)

A HORSE SELECTION SYSTEM*** ARITHMETIC TEACHER
NEW PRODUCTS SEQUENTIAL AND RANDOM ACCESS)

CREDIT CARD INFORMATION STORAGE FILE

AND CASSETTE TIPS. PROGRAM HINTS, LATEST PRODUCTS
PROGRAM PRINTOUTS ® ""COMING SOON IGENERAL LEDGER, ACCOUNTS PAYABLE AND
RECEIVABLE. FORTRAN 80. FINANCIAL APPLICATIONS PACKAGE.
....AND MORE PROGRAMS FOR HOMEOWNERS. MERGE TWO PROGRAMS,

STATISTICAL AND MATHEMATICAL PROGRAMS (BOTH
ELEMENTARY AND ADVANCED) . . . AND

F REE ’ * TRS 81715 A FRADEMAKK OF FANDY CORP

LEVEL Il RAM TEST Checks random access memory to ensure that all memory locations are working properly.

: WORD PROCESSING PROGRAM For writing letters, 1ext, mailing lists, etc.. with each new subscriptions or renewal

CLEANUP Fast action Maze Game.
ADVENTURE Adventure #0 by Scott Adams (From Adventureland International).
* All programs are supplied on cassette (add $3 for Diskette Version - add $5 for modified Mod-Il Version).

DATA MANAGEMENT SYSTEM Complete file management for your TRS.80™. FREE

SEND FOR OUR NEW 48 PAGE SOFTWARE CATALOG (INCLUDING LISTINGS OF HUNDREDS OF TRS-80™ PROGRAMS AVAILABLE ON
CASSETTE AND DISKETTE). $2.00 OR FREE WITH EACH SUBSCRIPTIONS OR SAMPLE ISSUE.

EMEWDMAEIJ‘LBDNIES&.“.””””.””".".“”“”“"”'"”““.““““..'\.I.E”w“'f'ai_.l::r‘:ﬁé.é

50 N. PASCACK ROAD e HOUR ORDER LINE
SPRING VALLEY, NEW YORK 10977 \@24 ORDER % (OUTSIDE OF N.Y. STATE)
ONE YEAR SUBSCRIPTION $24 .......... = LINE ™ (800) 431-2818
TWO YEAR SUBSCRIPTION $48 .......... (914) 425-1535

SAMPLE OF LATESTISSUE $4 ..........

START MY SUBSCRIPTION WITH ISSUE ..........
(#1 - July 1978 ® #7 - January 1979 ® #12 - June 1979 ® #18 - January 1980)
NEW SUBSCRIPTION ........ RENEWAL ........

CREDIT CARD NUMBER EXP. DATE

SIGNATURE
NAME

ADDRESS oo e CITy STATE ZIP
*++ ADD $6 YEAR (CANADA. MEXICO) - ADD $12 YEAR AIR MAIL - OUTSIDE OF U.S.A.. CANADA & MEXICO ***

Circle 122 on inqQuiry card.

A



Circle 123 on inguiry card

TEXAS INSTRUMENTS

INCORPORATED

YOUR
CUSTOM
PROGRAM

Stock market programs, oil field
calculations, real estate software, and
data for insurance rates aresome of
the many programs originally written
for the TI 59/58 calculator and
then converted to a custom Solid
State Software™ module. Companies
or individuals can permanently
store up to 5000 program steps of
their unique software in this
nonerasable module.

The services at American Micro
range from shipping finished modules
created from submitted formulas or
programs to renting and selling the
emulator software system that
enables onsite development.

COSTS

Programs less than
1000 steps . . . .. .. $26/module
Programs between 1000 and
2000 steps ., .. .... $36/module
Programs between 2000 and
5000 steps ... .....$48/module

Minimum order is 250 modules
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705 Bowser

" Richardson, Texas 75080
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the bright spot. Also note that some
errors come in due to overflow and
truncation, as only 8 bits of the
hologram are recorded on the dis-
play. If you want to, you can turn the
holographic display of numbers into
a density-plot image for inspec-
tion —but the resulting truncation to
about 3V, bits means still more noise
in the reconstructed image.

It's quite educational to delete a few
points (or a sizable fraction) of the
hologram, and still see the entire
original picture be reconstructed from
the remaining fragment. (It may be
desirable to change the density-plot-
ting gray-scale factors in some cases,
as the image reconstructed from a
partially removed hologram is fainter
than the usual result.) These are only
a few suggestions —try inventing ex-
periments of your own!

A finalword about very-long-base-
line interferometry: if it is known that
the astronomical object under obser-
vation contains a bright, pointlike
source in or near itself, it is possible
to completely reconstruct a map of
the original source. The bright spot
acts as a phase reference for the radio
astronomers. In fact, what they're re-
constructing is just a Fourier-trans-
form hologram—but on a galactic
scale!

Further Work

After a program is written, it's
always possible (and sometimes prof-
itable) to go back and see how it
could have been done differently, and
perhaps better. The 2DFT program is
no exception; I have several ideas for
improvements and modifications,
some of which you may wish to try.
First, now that I know not to be
afraid of cutting off parts of the
holographic image, I've wondered
whether a 64- by 64-cell transform
would be the best step up. Since the
dimensions are powers of two, it
would be possible to use the fast-
Fourier-transform algorithm and save
time by at least a factor of 6 (the
logarithm of 64 to the base 2) over the
slow method. I also think that it
might be worthwhile to use fewer bits
during the transform, since overflows
haven't been as deadly as I feared
before starting the project. Perhaps
integer arithmetic with 1 or 2 bytes
for the numbers would work; it
would certainly save space and time
over the 5-byte floating-point meth-

ods that are used by the PET's firm-
ware algorithms. (BASIC integer
operations on the PET are actually
done almost entirely in floating-point
arithmetic; the only benefit of in-
tegers that I know of is to save
memory in large arrays.)

I've seen comments about 1-bit
Fourier transforms in some refer-
ences. If that is a reasonable tech-
nique, you could use the Vicell
graphics capabilities of the PET
screen to display 50- by 80-pixel
transformed images.

Finally, there must be a better way
to find the amplitude of the trans-
formed data than to take the square
root of the sum of the squares of the
sine and cosine parts. (The PET's
floating-point square-root algorithm
simply raises the argument to the
V4 power, by taking a logarithm,
multiplying, and exponentiating. It's
not overly fast!) Perhaps a little table
lookup could get a fast square root
with sufficient accuracy for display
purposes.

There are surely other improve-
ments to be made on 2DFT. But as it
is, it has provided me with a powerful
learning tool. I've developed a more
intuitive understanding of holo-
graphy and the Fourier-transform
process than [ ever had before...and
it's been fun! I hope you enjoy it as
much. B

References
1. Beasley, M J. Lasers and Their Applica-
tions. Taylor & Francis Ltd, 1976.
2. Bracewell, Ron. The Fourier Transform
and Its Applications. New York: McGraw-Hill,
19685.
3. Cathey, W Thomas. Optical Information
Processing and Holography. New York: John
Wiley & Sons, 1974,
4. Cohen, Marshall H. ‘‘High-Resoluticn
Observations of Radio Sources.” Annual
Reviews of Astronomy and Astrophysics,
volume 7, 1969.
5. Collier, Robert J, Christoph B Burckhardt,
and Lawrence H Lin. Optical Holography.
Academic Press, 1971.
6. DeVelis, John B and George O Reynolds.
Theory and Applications of Holography.
Reading MA: Addison-Wesley, 1967.
7. Gabor, Dennis. ‘'Holography, 1948-1971."
Lecture given on the acceptance ofthe Nobel
Prize in physics, 1971. Reprinted in Laser
Devices and Applications, edited by Ivan P
Kaminow and Anthony E Siegman, |EEE
Press, 1973.
8. Ryle, M. "Radio Telescopes of Large
Resolving Power." Lecture given on the ac-
ceptance of the Nobel Prize in physics, 1974.
Reprinted in Reviews of Modern Physics,
volume 47, number 3, July 1975.




Who will be first
with the software
of the future?

It could be you and Hughes Ground
Systems.

Today Hughes warning systems
form rings around the world. From Nor-
way to Turkey, Hughes sonar, radar,
communications, computers and
displays form interactive systems serv-
ing whole countries — all dependent
on advanced systems and software
that you could help develop.

From undersea to outer space,
there's really no limit to your career in
software at Hughes.

And to facilitate your work, we've
assembled a division comprised solely
of software engineers. We've created
the world’'s newest, most sophisti-
cated software environment. You'll
work with your own terminal on a fully
interactive software development
system that includes graphics aides

and simulation support for software
design.

And if you're qualified, we’ll show
you an incomparable career path to the
top of the field. It's all at Hughes, with
1,500 projects and a backlog of over $5
billion.

Who will be first with the software of
the future? It could be you and Hughes.

At Hughes Ground Systems, we'll in-
troduce you to people, ideas and |obs
that could change your world. And
maybe ours.

Call or send resume to:

Hughes Aircraft Company
Ground Systems Group
Dept. B-3

P.O. Box 3310

Fullerton, CA 92634

(714) 732-4942

It could be you and Hughes
Ground Systems.

e

Software opportunities vastly beyond
the ordinary:

Software and Systems Test Engineers
Software Systems Engineers
with experience in:
Systems Software
Tool Development & Graphics;
AED Language and
CAPS 6 Computer
Software Development
Environment Engineers
with experience in:
Programmers Workbench/
UNIX/C Language
Group Heads and Programmers
with experience in:
Sonar or Torpedo Technology;
Software Development
Environment Area;
Utilities, Executive, Displays,
Operational Support;
Air Defense;
Real-Time Systems/Executive
Controls/Diagnostic Applications;
Operating and Data Management
Systems/Navy and Army
Systems/Communication Systems
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HUGHES AIRCRAFT COMPANY
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Proof of U.S. Citizenship Required
Equal Opportunity Employer
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UcsbD PASCAL™
SOFTWARE

PFAS
Key File Access System

A fast and professional package that enables
you to read records randomly by key in less
than half a second on floppy disk systems.
Some other features are:

*Wildcard search

*No overflow files

*No record length
limit

*No file reorganiza-
tion needed

*6K or less of
program code

*Real-time record and key deletion with
recovery of space

*Sequential access
by key
*No file size limit
*Uses B + tree for
file index
*Maximum key length
of 248 bytes

PFAS is $200

A version requiring less memory and does not
have wildcard searches or deletes is $125.
Documentation is $15*,

POST-HASTE
The Mailing List Program

Post-Haste is indexed using PFAS for fast
record retrieval and may contain in excess of
40,000 records when the disk space is
available. Post-Haste also offers:

*3 lines of address, each 35 characters long.
*Ability to handle foreign addresses,

*Print lists to 80 or 132 character printers.
*Print 1, 2, 3, or 4-up labels.

*Retrieve records by full or partial name.
*{pdate files with screen oriented input.

*50 character user definable field.

*Select records using complex select criteria.
*Sort selected records with up to 6 fields.

Post-Haste is $100
Documentation is $15*,

™ Regents of the University of California
* The price of documentation can be applied toward purchase
price of package.

C. J. Wigglesworth Software
P.O. Box 755
Cardiff-by-the-Sea, CA. 92007

Dealer Inquiries invited
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Editorial

Text continued from page 10:
listed at the end of this editorial.

"It looks like too much trouble”: Most of the things
you'll need to do are easy and make sense. After a while,
they will become so natural that you'll wonder how you
ever did without them.

"l don't have the time to spare—I'm on a tight
deadline”: You have time to debug, dont you? And you
have time to fix that bug that appears six months after
you wrote the program. Actually, the techniques of
design (which include structured programming during the
program design and implementation) take up less time
due to decreased time in testing, debugging, and
maintenance. In fact, what you're doing is spending more
time in design (doing it right) and less time in testing and
debugging (finding and fixing what you didn't do right
the first time).

"It takes all the fun (or mystery) out of programming”:
This is a difficult question to answer because there's an
element of truth in it. But what do you mean by "fun”? If
you mean surprises or adventure, you're right—there's
less of that because you know more of what is going to
happen before you start coding; on the other hand,
there’s less frustrating debugging. There’s less exultation
when a program finally works—but there’s also quite a
bit of pride in the knowledge that it will stay working.
Proper design takes some of the mystery out of program-
ming. Programming becomes a skill, but it is designing
that becomes the art.

Finally, if you are programming for a living,
haphazard programming may be "fun,” but can you af-
ford such fun? Untraceable bugs and unreliable programs
decrease your productivity and your effectiveness. Can
you and your company afford that?

Some Design Tools

The following briefly describes three design tools that
have been available for at least five years. Data flow
diagrams (DFDs) are usually used on large projects,
although they can help clarify your thinking on simpler
ones. They force you to clarify what information is being
manipulated and how it “flows” through the project. On
a level of design several steps closer to coding, structure

DATA

SOURCE FLOW 1

DATA
FLOW 5

DATA FILE
1

SINK

Figure 2: An example of a data flow diagram (DFD). The circles
represent processes (or actions) we are interested in within a
system. The boxes represent external systems. The parallel lines
represent data files (often called data stores), and the lines repre-
sent groupings of data that are transformed by the process.



Volumell
Ciarcia’s
Circuit Cellar

Steve Ciarcia, described as a ‘“technological
treasure,' is BYTE's most popular writer. His in-
novative circuit designs are ingenious, timely, prac-
tical, easy-to-build, and—they work.

Ciarcia’s Circuit Cellar, Volume Il is more than a
series of hardware designs: it is a ready reference and
workbook of related projects, now available as a single
source.

Volume Il features 19 articles, including 14 that
were voted by BYTE's readers as the best articles of
the month, such as: Build a Computer-Controlled
Security System, Communicate On a Light Beam
(laser communications), Anyone Know the Real
Time? (real-time clocks), The Intel 8086, Add Non-
volatile Memory to Your Computer, Computerize a
Home (AC remote control from your computer), A
Computer-Controlled Wood Stove, Ease Into 16-Bit
Computing (The Intel 8088), and I/0 Expansion for
the Radio Shack TRS-80: Parallel and Serial Ports.
e ey ——=

Special offer: Buy both Volume | and Volume II
now and get Volume | for one-half price. Offer valid
through April 15th. All orders must be postmarked
by that date.

L
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Volume | contains a collection of more than a Please send O

copies of Ciarcla's Circuit Cellar, Volume |, $8.00

year's worth of the popular series Steve writes for Please send O copies of Ciarcla's Circuit Cellar, Volume II, $12.95
BYTE magazine. Included are six winners of BYTE's AL Z‘,’fﬁ:,ﬂ;;’fg,';t,:‘%sﬁ::p'\f;fuf:;;’:
On-going Monitor Box (BOMB) award voted by the & I, $16.95

readers as the best articles of the month: Control the (Hurry-offer expires April 15, 1981)

World (a four-channel digital-to-analog converter for

X . ; Name Title Company
controlling appliances and other devices); Memory
Mapped 1/0; Program Your Next EROM in BASIC;
Tune In and Turn On (a computerized wireless AC Street City State/Province Zipcode
control system); Talk To Me (add a voice to your com- i
puter); and Let Your Fingers Do the Talking (a touch I O Check enclosed In the amount of §,
panel for your video display). O Bill Visa O Bill Master Charge
. Card No. Exp. Date

Buy these books at your favorite computer book- Add 75¢ per book to cover postage and handling.
store or direct from BYTE. BU"

Use our toll-free number (1-800-258-5420) and 70 Main Street

Bﬂﬂ’ﬁ Peterborough. New Hampshire 03458

order your copies today.




Editorial

charts are hierarchical models of a system that emphasize
the tasks and subtasks to be performed and the data that
passes among them. Finally, on the lowest level of design
before coding, structured pseudocode is an informal
English-like coding that allows you to experiment with
implementing the logic of a program without being
bothered with the narrow grammar of a particular com-
puter language. Although I'll give an example and a short
explanation of each method, you should refer to some of
the books described at the end of this editorial for further
details.

An example of a data flow diagram is given in figure 2.
The circles represent processes we are interested in (ac-
tions being performed, not states of the system), and the
arrows represent some grouping of data that is being
transferred from one activity to another. The rectangular
boxes represent other systems that interact with our
systems but that are not of interest to us. If the arrows
lead out of these boxes, they are called sources; if the ar-
rows lead in, they are called sinks. The two parallel lines
represent data files (also called “data stores”) that store
information for later use; depending on the file, arrows
may go in both directions.

Data flow diagrams are usually used in groups, with
one diagram representing the interaction of the system
with external systems (one circle interacting with several
boxes) and each of the other diagrams representing one
circle from a “higher” diagram. For example, figure 3a
shows an overview DFD of (a simplified version) the in-

teraction between the BYTE editorial department and the
rest of the world. Figure 3b shows an expansion of the
single circle in figure 3a. Further data flow diagrams can
be used (if needed) to subdivide a given process.

When a set of DFDs covers several levels, the circles in
the subordinate diagram reflect the identity of the parent
circle. For example, the processes (circles) in a diagram
representing process 1 of figure 3b (“log in and schedule
manuscripts”) would be numbered 1.1, 1.2, 1.3, and so
on; similarly, subordinate processes of 1.3 would be
labeled 1.3.1, 1.3.2, 1.3.3, and so on.

A data flow diagram is useful only when it meets cer-
tain criteria. Although I can't give all the dos and don'ts,
the following points are helpful: First, take care that
circles represent meaningful data transformations and ar-
rows represent meaningful collections of data. For exam-
ple, “read card deck” is not a meaningful transformation,
but “classify incoming orders” is.

Second, with one exception, the inputs and outputs to
a given diagram must be the same as those for the single
process the diagram represents in the next higher
diagram. This rule makes sense, and checking diagrams
for compliance often alerts you to some data flow you've
ignored. The one exception to this rule is that arrows for
rejected data on one level are not shown in the next
higher level (for example, see “manuscripts with no name
or return address” coming out of process 1 in figure 3b);
the reason for this convention is to avoid cluttering up
the diagrams.

SHIVA™

presents SHIV i

MULTI-USER MULTI-TASKING
$-100 OR APPLE Il
NOW 8 OR 16 BIT!!

The world-famous SHIVA™ Muiti-User Real-Time Multi-Tasking Virtual Operating System with its unique VIRTUAL-PERSONALITY'™ disk-resident
library of interface routines and Virtual R.A.M. mapping is now available in two versions: SHIVA™ 1.2 for 8-bit C.P.U.’s and SHIVA™ 1.6 for 16-bit
processors. SHIVA™ 1.2 pioneered the high-powered Virtual Operating System (VOS)for microprocessors with its user-reconfigurable Virtual R.A.M.
assignment for up to 16-users or real-time tasks. Now SHIVA™ 1.6 continues Omega Research™’s commitment to non-obsolescence and system
superiority by extending SHIVA™ into the 16-bit world of the 80’s. SHIVA™ 1.6 syntax is upward-compatible with SHIVA™1 .2, allowing SHIVA™ users to
recompile SHIVA™ 1.2 programs to run under SHIVA™ 1.6 easily, so users may purchase SHIVA™ 1.2 now, and move up to 3 16 bit processor later as
their needs dictate with no fear of "'software obsolescence.” SHIVA™ 1.6 is upward compatible with CP/M or CDOS files and programs through its
VIRTUAL-PERSONALITY™ disk-resident subroutines, supports hard disks as well as single or double-density floppies, features Logon and password
protection, and features executive shell commands similar to UNIX in structure and versatility. SHIVA™ interfaces currently to Microsoft Basic, Cobol,
and Fortran; C; Forth; UCSD Pascal Programs; Pascal/M; CBASIC-2; APL; ALGOL-60; LISP; PL/I; MAC; and new interfaces are continually in
development to keep SHIVA™ users State-of-the-Art.

SHIVA™ 1.2 is available for 8080, 8085, 6800, 6502, and ZBO-BASED SYSTEMS INCLUDING CROMEMCO, NORTHSTAR, VECTOR GRAPHIC, SWTP,
DIGITAL GROUP, ALTOS, IMS, APPLE Il, ITHACA INTERSYSTEMS, and TELETEK disk controllers. 6809 C.P.U. version is in development.

SHIVA™ 1.6 is available for 8086/8088/ and ZBO00-2 based systems, with versions in development for 68000 based systems.
Both SHIVA™versions 1.2 and 1.6 provide full disk utilities for all users. SHIVA™ 1.6 upgrades are available to registered SHIVA™ 1.2 users within one
year of purchase of SHIVA™ 1.2 for half the current list price. SHIVA™ — The State-of-the-Art in microprocessor operating systems.

SHIVA™ 1.2 SHIVA™ 1.6

R.A.M. addressing to 1.048 megabytes on 2 R.A.M. addressing to 128 megabytes on a .
Z80A-based system 28000-2 system

Minimum system R.A.M. (single user): 4K Minimum sxstem R.A.M. (single user) 4K
Additional R.A.M. per user: 2K Additional R.A.M. per user: 2K
Maximum # of users or tasks: 16 Maximum # of users or tasks: 16
Maximum # of physicai and logical drives: 128 Maximum # of physical and Logical drive: 256
R.A.M. Bank capacity: R.A.M. Bank Capacity: 6-8

64K
Banks (1.048 megwges) megabyte banks (128 megabges)*

System prices: S_ystem prices:

Complete Documentation Included: Documentation available separately for $50.00.
Signed license agreement must be returned prior to all shipments.

(Applicable to later purchase of SHIVA™ system)
CP/M is a trademark of Digital Research ® CDOS is a trademark of Cromemco. Inc. ® UNIX is a trademark of Bell Laboratories E
SHIVA™, VIRTUAL-PERSONALITY'™, and OMEGA RESEARCH' are trademarks of OMEGA RESEARCH"™. P

OMEGA RESERRGBIL.. r.0. Box 479, Linden, Ca. 95236 (209) 334-6666 ° 5. 52m
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The Zenith Microcomputer.

Engineers
GCompare the positions.

MEMORY PRODUCTS

Systems interfacing for state-of-the-
art memory devices.

FIRMWARE

Development of real time
code for a wide variety
of microprocessor based
Products. s

AW

MECHANICAL

Design of large volume
mechanical systems using
high technology materials.

DISPLAYS

Development of high resolution alphanumeric
and graphic CRT monitors and interfaces.

1/0 DEVICES

Design of interfaces for keyboards,
printers, communications networks.

DISK PRODUCTS

Design of systems for high den-
sity fixed and flexible disc
products.

ANALOG POWER
SYSTEMS

Design of analog/switching
power supplies, RF interfaces
A/D-D/A converters.

Then compare the opportunities.

In terms of project challenge, state-of-the-art technology
and ground floor potential, you’ll find the opportunities
at Zenith Data Systems incomparable. For example, take
the Zenith Data Systems Z89 microcomputer...with
dual Z80 microprocessor control, 64K of user RAM,
100K storage built-in, 12" diagonal CRT...only one of
the new microcomputer, peripheral and software prod-
ucts we've developed.

Pure Innovation... Solid Zenith Quality
AND JUST THE BEGINNING!

Join us in the forefront of one of our most innovative
phases. You’ll find corporate wide impact and mobility,
exceptionally stimulating project oriented environment
and the incomparable lifestyle of St. Joseph, Michigan.

Housing is still affordable here, a year-round resort area,
just 90 miles from Chicago. Compare it all...then CALL
COLLECT, or send a resume in complete confidence to:

Mike Wakefield
616/982-3673

;;_”_!!g data
= |systems

A Wholly Owned Subsidiary of Zenith Radio Corporation
Hilltop Road / St. Joseph, M1 49085

An Equal Opportunity Employer m/f/h
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Figure 3: Overview and detailed data flow diagrams. Figure 3a shows an overview data flow diagram of the interaction of the BYTE
editorial office with the rest of the world. Figure 3b is a detailed data flow diagram showing the workings of circle 0 in figure 3a. (The

system shown has been simplified for purposes of illustration.)

$GOLD DISK$ CP/M?® Compatible Z-80 Software

AVAILABLE FOR ALL 8-5" sS-SD |BM FORMAT SYSTEMS INCLUDING TRS-80'°, NORTHSTAR, SD SYSTEMS,

ALSO AVAILABLE ON 5°° DOUBLE DENSITY SUPERBRAIN**
GREAT LOOKING LETTERS & REPORTS! UN-CAN YOUR CANNED SOFTWARE!

Z-80 DISASSEMBLER

FEEL COUPED UP WITH YOUR CANNED SOFTWARE?
QUR Z~80 DISASSEMBLER RECREATES ASSEMBLY
LANGUAGE SOURCE FILES FROM ABSOLUTE CODE
ENABLING USERS TO EASILY TAILOR PROGRAMS TO

MEET THEIR SPECIFIC NEEDS, THE $ 7 2 00
PPD

REPORT WRITER

TAKETHEAGONY OUT OF TERM PAPER WRITING
AUTO FOOTNOTING, TABLE SPACING, HEADINGS
NO RETYPING TO INCLUDE CHANGES, CORRECTIONS

ALWAYS PROFESSIONAL LOOKING LETTERS, FORMS
SIMPLE MULTI-LETTER PRINTING $ OO
LEFT AND RIGHT JUSTIFICATION 4 2

SIMPLE TO LEARN, EASY TO USE PPD

CREDIT CARDS: FREE 24 HR ORDER
PHONE, WE'LL CREDIT INVOICE, ONE ——
DAY SERVICE, CHECKS, M.O.'s: TEN w
WORKDAY HOLD., CA. RES: ADD TAX. L

BOWER-STEWART & ASSOCIATES

] P.0. BOX 1389 |

HAWTHORNE, CA. 90250
(213) 676-5055

PRECONDITIONER ALLOWS THE
STATESYSTEM & CONTROLLER,

DiISASSEMBLER TO DECODE AscCil.

7 ALLOW TIME FOR SURFACE MAIL.
TRADEMARKS- ‘DIGITAL RESEARCH,
""RADIO SHACK, ' INTERTEC.

s

204  March 1981 © BYTE Publications Inc

Circle 128 on inquiry card.



QUALITY DISK SOFTWARE

BACKED BY ON-GOING APPLICATIONS SUPPORT
from SPECTRUM SOFTWARE

APPLE Il ®

HOME FINANCE PAK I. Entire Series $49.95 ® @
CHECK REGISTER AND BUDGET: This comprehensive CHECKING ACCOUNT
MANAGEMENT SYSTEM not only keeps complete records. it also gives you
the analysis and control tools you need to actively manage your account.
The system provides routines for BUDGETING INCOME AND EXPENSE.
AUTOMATIC CHECK SEARCH, and BANK STATEMENT RECONCILING, CRT or
printer reports are produced for ACTUAL EXPENSE vs BUDGET, CHECK
SEARCHDISPLAYRECONCILIATION REPORT and CHECK REGISTER DISPLAY
by month. Check entry is prompted by user-defined menus of standard
purposes and recipient codes, speeding data entry and reducing disk
storage and retrieval time. Six fields of data are stored for each check:
amount, check no.. date. purpose. recipient and TAX DEDUCTIBLE
REMINDER. CHECK SEARCH routines allow searching on any of these data
fields. Routines are also provided for CHECK SORT by date and check no..
DATA EDITING and Report Formats. Up to 100 checks/mo. storage
...... 515 009 [Fed BISHRE) Bman: § (Fm3) Smas 50 e STSTimd 61 om0 g o 1 S 10D

SAVINGS: Account management system for up to 20 separate Savings
accounts. Organizes. files and displays deposits, withdrawals and
interest earned for each account. Complete records shown via CRT or
Printer™ s aam il was o Ba el dis gfas i e dBam 55 oy aig o Bafak $14.95

CREDIT CARD: Get Control of your credit cards with this program.
Organizes, stores and displays purchases, payments and service charges
for up to 20 separate cards. Use for credit cards or bank loans. CRT or
printer reports .. ..... D T $14.95

UNIVERSAL COMPUTING MACHINE: $49.95 ®
A user programmable computing system structured around a 50 row x 50
columntable. User defines row and column names and equations forming a
unigue computing machine. Table elements can be multiplied. divided.
subtracted or added to any other element. User can define repeated
functions common to row or column greatly simplifying table setup.
Hundreds of unique computing machines can be defined. used and stored.
and recalled, with or without old data. for later use. Excellent for sales
forecasts. engineering design analysis. budgets. inventory lists, income
statements. production planning. project cost estimates-in short for any
planning. analysis or reporting problem that can by solved with a table.
Unique curser commands allow you to move to any element. change its
value and immediately see the effect onother table values. Entire table can
be printed by machine pages (user-defined 3-5 columns) on a 40 column
printer.

COLOR CALENDAR: $29.95 ®

Got a busy calendar? Organize it with Color Calendar. Whether it's
birthdays. appointments, business meetings or a regular office schedule,
this program is the perfect way to schedule your activities.

The calendar display is a beautiful HI-RES color graphics calendar of the
selected month with each scheduled day highlighted in color. Using the
daily schedule, you can review any day of the month and schedule an event
or activity in any one of 20 time slots from 8:00 A.M. to 5.30 P.M. Your
description can be up to 20 characters long. The system will also print out
hard copies on your minimum 40-column printer.

BUSINESS SOFTWARE: Entire Series $159.95® ©
MICROACCOUNTANT: The ideal accounting system for small businesses.
Based on classic T-accounts and double-entry booking. this efficient
program provides a ledger journal for recording posting and reviewing up
to 1,000 transactions per month to any one of 300 accounts. The program
produces CRT and printer reports covering:

Transaction Journal Balance Sheet

Accounts Ledgers Income and Expense Statement

Includes a short primer on Financial Accounting. Requires 48K Ram
.............................................. $49.95

UNIVERSAL BUSINESS MACHINE: This program is designed to SIMPLIFY
and SAVE TIME for the serious businessman who must periodically
Analyze. Plan and Estimate. The program was created using our Universal
Computing Machine and itis programmed to provide the following planning
and forecasting tools.

CASH FLOW ANALYSIS
PROFORMA PROFIT & LOSS
PROFORMA BALANCE SHEET JOB COST ESTIMATOR
REAL ESTATE INVESTMENT INVENTORY ANALYSIS

Price. including a copy of the Universal Computing Machine . ... $89.95

SALES FORECASTER
SOURCE AND USE OF FUNDS

TRS*80 ©

BUSINESS CHECK REGISTER AND BUDGET: Our Check Register and Budget
programs expanded to include up to 50 budgetable items and up to 400
checks per month. Includes bank statement reconciling and automatic
chetki seanchi(48K). ra il adsigels f Tma . e < blaEe <8 p $49.95

ELECTRONICS SERIES: Entire Series $259.95

LOGIC SIMULATOR: SAVE TIME AND MONEY. Simulate your digital logic
circuits before you build them. CMOS. TTL, or whatever, if it's digital logic.
this program can handle it. The program is an interactive, menu driven,
full-fledged logic simulator capable of simulating the bit-timeresponseof a
logic network to user-specified input patterns. It will handle up to 1000
gates. including NANDS, NORS. INVERTERS, FLIP-FLOPS, SHIFT REGISTERS.
COUNTERS and user-defined MACROS. UP to 40 user-defined random. or
binary input patterns. Simulation results displayed on CRT or printer.
Accepts network descriptions from keyboard or from LOGIC DESIGNER for

SIMUIAION + v vttt i e i e i e e $159.95 @@

LOGIC DESIGNER: Interactive HI-RES Graphics programfordesigning digital
logic system. A menu driven series of keyboard commands allow you to
draw directly on the screen up to 15 different gate types. including 10 gate
shape patterns supplied with the program and 5 reserved for user
specification. Standard patterns supplied are NAND, NOR, INVERTER. EX-
OR. T-FLOP. JK-FLOP. D-FLOP. RS-FLOP. 4 BIT COUNTER and N-BIT SHIFT
REGISTER. User interconnects gates just as you would normally draw using
line graphics commands. Network descriptions for LOGIC SIMULATOR
generated simuitaneously with the CRT diagram being drawn. $158.95 @

MANUAL AND DEMO DISK: Instruction Manual and demo disk illustrating
capabilities of both programs . ........oiiiiiiiiinn $28.95

MATHEMATICS SERIES: Entire Series $49.95 ®
STATISTICAL ANALYSIS [: This menu driven program performs LINEAR
REGRESSION analysis. determines the mean, standard deviation and plots
the frequency distribution of user-supplied data sets. Printer, Disk, 1/0
FOULINES iy mmpmimsiomsts srutiomem: immp gislls amemoiailils g mdiels| o & B o @ $19.95

NUMERICAL ANALYSIS: HI-RES 2-Dimensional plot of any function.
Automatic scaling. At your option, the program will plot the function. plot
the INTEGRAL. plot the DERIVATIVE, determine the ROOTS., MAXIMA,
MINIMA, INTEGRAL VALUE . .. ..o v n $19.95

MATRIX: A general purpose. menu driven program for determining the
INVERSE and DETERMINANT of any matrix, as well as the SOLUTIONto any
set of SIMULTANEQUS LINEAR EQUATIONS. ............... $19.95

3-0 SURFACE PLOTTER: Explore the ELEGANCE and BEAUTY of MATHE-
MATICS by creating HI-RES PLOTS of 3-dimensional surfaces from any
3-variable equation. Disk save and recall routines for plots. Menudriven to
vary surface parameters. Hidden line or transparent plotting ... $19.95

ACTION ADVENTURE GAMES:  Entire Series $29.95 ®
RED BARON: Can you outfly the RED BARON? This fast action game
simulates a machine-gun DOGFIGHT betweenyour WORLD WAR | BI-PLANE
and the baron's. You can LOOP. DIVE. BANK or CLIMB-and so can the
BARON. In HI-RES graphics, . ...oviieiiinnennenvnnns $14.95

BATTLE OF MIDOWAY: You are in command of the U.S.S. HORNETS' DIVE-
BOMBER squadron. Your targets are the Aircraft carriers, Akagi, Soryu and
Kaga. You must fly your way through ZEROS and AA FIRE to make your
DIVE-BOMB run. In HI-RES graphics . ...ovvvvvvinvinnenn. $14.95

FREE CATALOG-All programs are supplied on disk and run on Apple |l
w/Disk &Applesoft ROM Card & TRS-80 Level Il and require 32K RAM unless
otherwise noted. Detailed instructions included. Orders shipped within §
days. Card users include card number. Add $1.50 postage and handling
with each order. California residents add 6% %sales tax. Foreign orders add
$5.00 postage and handling.

SPECTRUM SOFTWARE
142 Carlow, P.O. Box 2084
Sunnyvale, CA 94087

FOR PHONE ORDERS: (408) 738-4387 —
DEALER INQUIRIES INVITED.
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Third, data flow diagrams should show the logical
flow of data, not its physical flow in an existing
system—a DFD is not a flowchart. For example, circle 1
in figure 3b should not be labeled “Karen,” even though
she logs all incoming manuscripts.

In conclusion, the data flow diagram is a planning tool
used in the early stages of design. It canclarify the flow of
data in either an existing or a proposed system. You'll
probably draft many versions of a data flow diagram
before you arrive at a satisfactory version—this is a nor-
mal and unavoidable consequence of your increased
understanding of the system and the improvements you
are making in its design.

It's particularly important to use data flow diagrams
when you are working for someone other than yourself
(for example, a partner or client) because DFDs give you
an easily understood document from which the other per-
son can contribute at an early stage in the design process.
This early feedback can often prevent costly backtrack-
ing in the later stages of system implementation.

The Structure Chart

Structure charts are used later in the design process,
when you know what a system (or program) is to do but
want to organize the design and interaction of modules.
Structure charts can be used to design either a single pro-
gram or a system of programs; if you are designing a
system, a finished structure chart will suggest logical
ways in which to group the modules of the system into
programs.

In a structure chart (see figure 4), rectangular boxes
represent modules that perform a given action. The
organization of the modules is determined by the arrows
interconnecting them; the one being pointed to is used by
the one doing the pointing to carry out its task. The
modules communicate in much the same way as people
do in a military hierarchy: the higher (calling) modules
are organizers, sending orders to the ones below; the
lower (called) modules are workers, performing their
tasks (often calling modules that they command) and
reporting back to their superiors. However, in this situa-
tion, it is the data that is transmitted up and down be-
tween modules. The structure chart records this move-
ment. The arrow that begins with an outline circle
represents data being passed (eg: an employee record, a
part number), and an arrow beginning with a filled-in cir-
cle represents a logical flag (eg: transaction-valid or
invalid-account-number flag).

Figure 5 isan example of a structure chart at work. The
task being illustrated (top box) is the writing of an (im-
aginary) order for a final article payment to a BYTE
author. Note that the data can pass both up and down,
depending on the situation, but that logical flags almost
always pass yes/no-type control information up to a call-
ing module. The vertical lines on the box “get valid article
record” (in the second row of figure 5) indicate that it is a
library module that can be used as is from an existing
library of routines.

A structure chart shows the subdivision of a system in-
to modules, the hierarchy of those modules, and the data
that passes among them. It does not imply anything
about the method used to implement a module, nor does
it imply a left-to-right execution sequence for modules on
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the same row. Again, the main benefit of structure charts
is the clarity of design they produce. Creating the struc-
ture chart forces you to be precise about what needs to be
done. Once completed, the structure chart gives you the
opportunity to find logical design flaws and to check for
overall completeness. As with the data flow diagram,
you'll probably write several versions of the structure
chart before you get one that will satisfy you; but, in do-
ing so, you'll create a design that will lead to a much
better system or program.

Structured Pseudocode

Structured pseudocode is used only after you've passed
the boundary from system design to program design. By
the time you're ready to use structured pseudocode, you
have already specified the function of the program and
some of its implementation details. Writing structured
pseudocode is like writing a program for an imaginary
machine that understands English-like phrases; it is a
“test run” for the real thing, coding the actual program in
the strict grammar of BASIC, FORTRAN, or some other
computer language. Structured pseudocode tells what is
to be done, the order it is done in, and how it is done.
Once the structured pseudocode has been written,
studied, and rewritten to your satisfaction, you can easily
code your computer program from the pseudocode.

Listing 1 gives a short example. The hypothetical task
is to find the lump-sum payment for an article from a
lookup table, given the classification number of the
desired article (which is the key field of the lookup table).
We'll assume that the lookup table has two fields, a
classification number and a payment amount, and that a
sequential search of the table is made to find the ap-
propriate line.

Listing 1 shows what's being done more clearly than an
equivalent BASIC (or even Pascal) program because it's
not concerned with rigorously expressing the algorithm
in the narrow (and therefore less meaningful) grammar of
the computer language. Still, since the pseudocode
follows (or should be written to follow) the style of the
target language, writing the actual program is simply a
matter of expanding the lines of pseudocodes to take care
of all the necessary details. For more information on con-

CALLING
MODULE

DATA useg/o \gm\ USED
LOGICAL
./F'LAG

LOGICAL FLAG
RETURNED \RETURNED

o/;ATA RETURNED

CALLED CALLED
MODULE MODULE
1 2

Figure 4: An example of a structure chart. The boxes represent
modules that perform specified actions, with the higher boxes
pointing to the subordinate boxes that they use. An arrow with
an outline circle represents a grouping of data, while an arrow
with a filled circle represents a logical flag that transmits the
results of some yes/no-type evaluation,



MICROPROCESSOR APPLICATIONS
MANUAL. By Motorola Semicon-
ductor Products, Inc. 720 pp., il-
lus., 8% x 11 format. With nuts-
and-bolts practicality, this manual
bythe Motorola people (who should
know) gives you detailed applica-
tions information on micro-
processors. Assumes no prior
knowledge on your part about
MPUs.
435/278 $42.50
{Counts as 2 of your 3 books!

PROGRAMMING LANGUAGES. By
Allen B. Tucker, Jr. 439 pp., illus.
Gives you not only the principies of
design but the applications of six
major programming languages.
Shows you their strengths and
weaknesses in solving various reg-
resentative '‘benchmark’ prob-

lems.
654/158 $23.95

completely up to date.
769/01X
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ENCYCLOPEDIA OF COMPUTER SCIENCE. Edited
by Anthony Ralston and C. L. Meek. 1,500 pp., 60
illus., 100 charts, 7 x 10 format. This first and only
in-depth coverage of the entire field of computer
science in a single volume is comprehensive and

(counts as 3 of your 3 books)

MICROPROCESSOR INTERFACING
TECHNIQUES. By Rodney Zaks and
AustinlLesea. 3rd £d., 456 pp., 405
illus. With the availability of LSI
interface chips and the easy-to-fol-
low guidelines in this text, design-
ing an entire system can be almost
simple!
582050-1 $25.00
{Countsas 2 of your 3 books!

£

$60.00

Go with McGraw-Hill's

TAKE ANY 3 BOOKS

FOR ONLY $790 EACH
when you join the
COMPUTER PROFESSIONALS'

BOOK CLUB (values up to $75.00)*

SOFTWARE DEBUGGING FOR MI-
CROCOMPUTERS. By Robert C.
Bruce. 351 pp., illus. Takes you
through the fundamental methods
for finding errors, glitches, and
faults in programs ... goes on to
techniques for tracking down and
exterminating program bugs ...
then combines these techniques
into a complete debugging plan.

582075-7 $18.95

SOFTWARE ENGINEERING. Edited
by Randall W. Jensen and Charles
C. Tonies. 580 pp., illus. Oriented
toward real aﬁplications in indus-
try, this book provides an inte-
rated treatment of the true foun-
ations of effective project man-
agement. A dependable guide for
designing better programs, imple-
menting them more efficiently, and
protecting them from theft or mis-
use.
788/367
{Counts as 2 of your 3 books)

PROGRAMMING THE 280. By Rod-
ney 2aks. 624 pp., with diagrams,
tables, and exercises. This book
describes all conceptsin simple yet
precise terms—building progres-
sively towards more complex tech-
niques. You'll find an extensive
chapter on advanced data struc-
ture manipulations, including lists,
tables, btnary trees—even hash-
ings and other algorithms.

$14.95

582049-8

THE BYTE BOOK OF PASCAL.
Edited by Blaise W. Liffick. 340
pp., illus. Up-to-date Byte articles
on the subject—from a general in-
troduction to system hardware—
from top experts in the field. in-
cludes two versions of 'a Pascal
computer, one written in BASIC
and the other in B0B0 assembly
language.

789/673 $25.00
{Counts as 2 of your 3 books!

$27.50

el

COMPUTER DICTIONARY AND
HANDBOOK. By Charles and
Robert Sippl. 624 pp., illus. This
handy reference/guide defines and
explains a wide range of computer
procedures, products, problems,
and applications. Appendixes pro-
vide a state-of-the art guide to es-
sential computer concepts.

582079-X $29.95
{Counts as 2 of your 3 books!

MINICOMPUTER SYSTEMS: Or-
ganization, Programming, and
Applications. By Richard H. Eck-
house, Jr. and L. Robert Morris.
2nd Ed., 491 pp., illus. Updated,
revised, and expanded, this is a
book for every systems program-
mer, systems designer, computer
scientist, and application special-
ist who wants to know more
about microcomputer hardware,
software, and design.

787/026 $21.95

AUTOMATIC DATA PROCESSING
HANDBOOK.Edited by The Diebold
Group. 976 pp., 269 illus. Written
by a staff of internationally recog-
nized authorities on ADP, this com-
prehensive handbook explains sys-
tems, programming and the lan-
guages, communications pro-
cesses, and the design and instal-
lation of today's computers.
168/075 $44.95
{Counts as 2 of your 3 books)

THE GIANT HANDBOOK OF COM-
PUTER PROJECTS. By the Editors
of 73 Magazine. 504 pp., 217 illus.
Solid, simple, and above all fun!
This outsized book shows you how
to build computer equipment from
scratch—computer games, a
bionic clock, a computer-con-
trolled thermometer, and much

more.
582012-9 $15.95



If you want a choice
in print wheels,_
theres only one choice

1n printers.

The Diablo 630.

It’s the only printer that lets you use either metal or plastic print wheels. So you can
choose the print wheel that’s just right for the job.

. The 630 works as well with a 96-character plastic daisy print wheel as it does with an
88-, 92-, or 96-character metal daisy print wheel. In over 100 different type styles.

Every 630 has fewer moving parts than competitive
printers, which makes it more reliable. And it offers unsurpassed print
quality. Compatibility with Diablo supplies. And bi-directional
printing capability.

The 630 is the only printer in the world that uses both metal
and plastic wheels. &

So if you want to change your print wheels, you'll just have i
to change your printer.

To a Diablo 630 printer.

Diablo Systems

XEROX

Disblo® and XEROX® arc teademiarks of XEROX CORPORATION.
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MICROPROCESSOR PROGRAM-
MING AND SOFTWARE DEVELOP-
MENT. By F. G. Duncan. 320 pp.,
with diagrams, tables, and index.
Tracks through the subject with
thoroughness and clarity. The de-
tailed discussion is based on the
Motorola 6800, Intel 8080 and
8085, and 2ilog 280— withmuchof
the material more generally appli-
cable.

582069-2 $28.00

{Counts as 2 of your 3 books)

MICROCOMPUTER INTERFACING.
By Bruce Artwick. 352 pp., 117 il-
lus. In this up-to-date, complete
design guide you'll find the de-
tailed descriptions and explana-
tions necessary to enable you to
select, build, and interface micro-
computer systems to virtually all
applications. Advanced interface
devices and methods are thor-
oughly examined and illustrated.

789/436 $21.95
ELECTRONIC GAMES: Design,
Programming, and Trou-

bleshooting. By W. H.
Buchsbaum and R. Mauro. 335
pp., 338 illus. Information you
need to design, program, and trou-
bleshoot electronic games is right
here in this widely popular hands-

PRINTED CIRCUITS HANDBOOK.
Edited by C.F.Coombs, Jr.2nd £d.,
634 pp., 595 illus. Covering the
subject of printed circuits from the
design's idea to final acceptance,
this enormously well-received work
includes double-sided plated
boards through printed boards and
also the major variations such as
multilayer and flexible circuits.
126/089 $32.50
(Counts as 2 of your 3 books)

PRINCIPLES OF INTERACTIVE
COMPUTER GRAPHICS. By William
M. Newman and Robert Sproull.
2nd Ed., 544 pp., illus. Now in a
revised, updated second edition,
this volume has long been THE
standard source of information for
designers!

463/387 $26.95
(Counts as 2 of your 3 books)

PERSONAL COMPUTING: Hard-
wareand Software Basics. Elec-
tronics Book Series. 224 pp., 175
illus., 8¥%2 x 11 format. Gives you
comprehensive guidance to the
present stateof tEe art in personal
computers—an overall survey of
the technology and methods avail-
able to performvarious tasks, facts
about the work others are doing—
and just how they are doing it.

PROGRAMMING THE 6502. By
Rodney 2aks. 2nd £d., 388 pp., il-
lus., softbound. This second edi-
tion has been increased by almost
100 pages. Formulas, diagrams,
tables, and practical examples on
almost every page make its con-
tents easy to grasp.

$12.95

582048-X

BIT-SLICE MICROPROCESSOR DE-
SIGN. By John Mick and Jim Brick.
398 pp. All in one place —the cru-
cial information gou've been need-
ing about the 2900 family of bit-
slice microprocessor components.
This remarkable “first" designs
right before your eyes not just one
but two complete 16-bit machines!
417/814 $18.50

Be sure to
consider these
important
titles as well!

MICROPROCESSORS / MICROCOM-
PUTERSSYSTEM DESICN. By Texas
Instruments. Inc.

637/58X $24.50

DATA BASE DESIGN. By G.
Wiederhold

701/30X $25.95
{Counts as 2 of your 3 books)

HANDBOOK OF MICROCIRCUIT DE-
SIGN AND APPLICATION. By D. F.
Stout & M. Kaufman

617/961 $34.50
{Countsas 2 of your 3 books)

SOFTWARE PSYCHOLOGY: Human
Factors In ComPuter and In-
formation Systems. By B
Shneiderman

789/797 $24.95

INFORMATION RETRIEVAL SYS-
TEMS: Characteristics, Testing
and Evailuation, 2/e. ByF. W, Lan-

caster
582000-5 $22.95

ANALOG SYSTEMS FOR MICRO-
PROCESSORS AND MINICOMPUT-
ERS. P. H. Garrett

786/4496 $18.95

DATA BASE COMPUTERS. By O. H.
Bray & H. A. Freeman
582042-0 $19.95

MICROPROCESSOR ARCHITECTURE
AND PROGRAMMING. By W. F.

Leah‘
784/812 $24.50

16-BIT MICROPROCESSOR AR-
CHITECTURE. By T. Dollhoff
§82003-X $24.95

ELECTRONICSDICTIONARY, 4/e. By
J. Markus
404/313 $24.50

* 1f you join now for a trial period and agree to purchase
four more books —at handsome discounts —over the next
(Publishers’ prices shown)

two years.

McGraw-Hill Book Clubs

me=mememe=: MAIL THIS COUPON TODAY - == e e

on guide.
$21.50

087/210 191/514 $19.50

Why YOU should join now!

¢ BEST BOOKS IN YOUR FIELD — Books are selected from a
wide range of publishers by expert editors and consultants to
give you continuing access to the latest books in your field.

e BIG SAVINGS —Build your library and save money too! We
guarantee savings of at least 15 % oft publishers' list prices on
every book. Usually 20%, 25%., or even higher!

¢ BONUS BOOKS — You will immediately begin to par-

ticipate in our Bonus Book Plan that allows you savings

getvi;een 70—80 % off the publisher's price of many
ooks.

* CONVENIENCE —14 times a year you receive the Club Bul-
letin FREE, fully describing the Main Selection and alternate
selections, together with a dated reply card. If you want the
Main Selection, you simply do notgin — it will be shipped
automatically. If you want an alternate selection —or no book at
all —you simply indicate it on the regular reply card and return
it by the date specified. You willhave at least 10 days to decide.
If because of late mail delivery of the Bulletin you should
receive a book you do not want, just return it at the Club's
expense.

As a Club member, you agree only to the purchase of four
more books over a two-year period.

] Computer Professionals' Book Club
I P.O. Box 582, Hightstown, New Jersey 08520

Please enroll me as a member and send me sither the ENCYCLOPE-
DIA OF COMPUTER SCIENCE, billing me only $3.00, or any three
other books, billing me only $1.00 each, plus local tax, postage, and
handling. If not satisfied, I may return the books within 10 days and
my mem%)arshi will be cnncaf;d. I agree to purchase 8 minimum of
fouradditionalbooks during the next twoyears as outlined under the
Club plan described in this ad. Membership inthe Clubis continuous
but cancelable by me any time after the the four-book purchase
requirement has been fulfilled.
[:I Check here if you want ENCYCLOPEDIA OF COMPUTER

below by number the books you want.

Afew expensive books (noted in the description) count as
Orders from outside the U.S. must be prepaid with international
money orders in U.S. dollars.

SCIENCE (769/01X).
[:I Checkhereif youpreferthreeothervolumes, and indicate
more than one choice.

Name

Address

City /State/Zip

Corporate Affiliation

This order subject to acceptance by McGraw-Hill. All prices subject
tochange without notice. Offer good only tonew members. A postage
and handling charge is added to all shipments. P39491
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verting structured pseudocode to BASIC, see my article,
“Applied Structured Programming,” in the book Pro-
gram Design: Programming Techniques, Volume I (listed
at the end of this editorial).

At this point I'd like to break my earlier promise and
say a few good words about structured programming,
which is the design philosophy behind structured
pseudocode. Structured programming asserts that any
program can be written as a combination of three pro-
gramming structures: a sequence of events, one of two
events chosen by the value of a condition (the
if...then...else construct), and an event repeated as long
as a condition is true (the while...do construct). Struc-
tured programming goes hand-in-hand with top-down
design (also called programming by stepwise refinement),
which says that you solve a programming problem by
breaking it into subproblems and continually subdivide
these subproblems until each one can be easily coded.
This process results in manageable, modular programs
that are easy to understand, debug, modify, and main-
tain. The importance of such advantages cannot be
overemphasized, especially if you program for a living.

Some Good Books

You will find the following books helpful if you're in-
terested in structured programming, program- design, or
system design. The first books deal primarily with struc-
tured programming and program design, while the latter
ones go deeper into long-range design.

Programming Proverbs by Henry F Ledgard (Hayden
Book Company, Rochelle Park NJ, 1975): This is a

- gramming Proverbs. It

friendly, but thorough, folk classic on methodical pro-
gramming. It contains 26 proverbs with examples and
some additional material on top-down design, and it can
be read and understood by almost everyone with some
programming experience. The languages used in the ex-
amples are ALGOL 60 and PL/1. The author, along with
several coauthors, has tailored the same material for dif-
ferent books that emphasize FORTRAN, COBOL,
BASIC, and Pascal. The titles are: FORTRAN (or
COBOL or BASIC or Pascal) with Style: Programming
Proverbs. All are published by Hayden Book Company.

The Elements of Programming Style, Second Edition
by Brian W Kernighan and P ] Plauger (McGraw-Hill,
New York NY, 1978): Written in the style of Strunk and
White's Elements of Style (the English language style
book), it is slightly more formal and not as folksy as Pro-
covers its material more
methodically than Programming Proverbs does.

A Collection of Programming Problems and Techni-
ques, by H A Maurer and M R Williams (Prentice-Hall,
Englewood Cliffs NJ, 1972): I've always enjoyed leafing
through this book because of all the tidbits of informa-
tion it possesses. It includes such diverse information as
the Ackermann function, algorithms involved with
reverse Polish notation, and information on generating
magic squares and solving simultaneous equations by the
Gauss-Seidel method. An excellent book for problem
ideas if you're teaching programming or need a short,
nontrivial problem to illustrate a point.

Software Debugging for Microcomputers, by Robert C
Bruce (Reston Publishing Co, Reston VA, 1980):

WRITE ARTICLE
CHECK ORDER

ARTICLE
NUMBER
e CLASSIFICATION-I T CLASSIFICATION
I NOTEGuNE INVALID FLAG
FLAG
ARTICLE
ARTICLE LOOKUP
TABLE
¥ v
CALCULATE
GET VALID CHECK AMOUNT
ARTICLE FOR LUMP-SUM
RECORD ARTICLE FROM
LOOKUP TABLE

ARTICLE
RECORD
ARTICLE
RECORD
CHECK
AMOUNT
CHECK
AMOUNT
Y y
CALCULATE
CHECK AMOUNT WRITE ORDER
FOR PER-PAGE FOR CHECK
ARTICLE
PAG
ARTmLEq\
COUNT NUMBER

GROSS CHECK
AMOUNT AMOUNT

GROSS AMOUNT
FOR CHECK

DEDUCT AMOUNT
ALREADY PAID

Figure 5: Another example of a structure chart. The (hypothetical) action illustrated is the generation o fan order for a check for final
payment to a BYTE author for an article. The vertical bars on the first and last boxes in the middle row represent predefined modules

that can be used in different situations.

210  March1981 ® BYTE Publications Inc



dBASE II vs. the Bilge Pumps.

by Hal Pawluk

We all know that bilge pumps suck.

And by now, we've found out —the hard
way —that a lot of software seems to work the
same way.

So I got pretty
excited when I ran
across dBASE 11, an
assembly-language rela-
tional Database Man-
agement System for
CP/M. It works! And
even a rank beginner
like myself got it up
and running the first
time I sat down with it.

If you're looking
for software to deal with
your data, too, here are
some tips that will help:

Tip #1: Database Management
vs. File Handling:

Any list or collection of data is, loosely,
a data base, but most of those “data base man-
agement” articles in the buzzbooks are really about
file handling programs for specific applications.
A real Database Management System gives you
data and program independence (no repro-
gramming when data changes), eliminates data
duplication and makes it easy to turn data into
information.

Tip #2: Assembly
Language vs. BASIC:

This one’s easy: if you're setting up a
DBMS, you're going to be doing a lot of sorting,
and Basic sorts are s-l-o-w. Run a benchmark on
a Basic system like S*-IV against a relational
DBMS like dBASE II and you'll see what I mean.
(But watch it: I've also seen one extremely slow
assembly-language file management system.)

Tip #3: Relational vs. Hierarchal

& Network DBMS.

CODASYL-like hierarchal and network
systems, around since the 1960’s, are being
phased out on the big machines so why get stuck
with an old-fashioned system for your micro? A
relational DBMS like dBASE 11 eliminates the pre-
defined sets, pointers and complex data structures
of a CODASYL-type DBMS. And you don't need
to be a programmer to use it.

Circle 131 on Inquiry card.

dBASE II vs. everything else.
dBASE Il really impressed me.

Written in assembly language (with no
need for a host lan-
guage), it handles up to
65,000 records (up to 32
fields and 1000 bytes
each), stores numeric
data as packed strings
so there are no round-
off errors, has a super-
fast multiple-key sort,
and supports [ISAM
based on B* trees.

You can use it
interactively with
English-like commands
(DISPLAY 10 PROD-
UCTS), or program it
(so when you've set up the formats, your secretary
can do the work). Its report generator and user-
definable full screen operations mean that you can
even use your existing forms.

And if all this makes your mouth water, but
you've already got all your data on a disk, that's
okay: dBASE II reads your ASCII files and adds
the data to its own database.

Right now, I'm using dBASE Il with my
word processor for budgeting, scheduling and
preparing reports for my clients.

Next come job costing, time billing and
accounting.

An Unheard-of Money-Back

Guarantee.

dBASE Il is the first software I've seen
with a full money-back guarantee.

To check it out, just send $700 (plus tax in
California) to Ashton-Tate, 3600 Wilshire Blvd.,
Suite 1510, Los Angeles, CA 90010. (213) 666-4409.
Test dBASE 11 doing your jobs on your computer
for 30 days. If, for some strange reason, you don't
want to keep it, send it back and they’ll refund
your money.

No questions asked.

They know you don’t need your bilge

Ashton-late

©Ashton-Tate 1980

BYTE March 1981 211



Although this book has little to do with structured pro-
gramming or design, | mention it because of its thorough
treatment of debugging techniques. If you're interested in
such debugging techniques as forcing, block debugging,
snapshots, and patching, you should read this book.

Listing 1: Structured pseudocode for a routine to find a value
from a lookup table. The lookup table contains two fields,
classification-number and check-amount, and this routine finds
the appropriate check-amount by matching a given classifica-
tion number to the classification numbers in the table. A sequen-
tial search is used, starting at the top of the table. If a
classification-number match is made, the check-amount needed
is the check-amount entry in the same line, and the error-flag
(for the information of the calling routine) is cleared. If no
match is made, check-amount is set to zero and the error-flag is
set.

while not-at-end-of-file and match-not-found
compare classification number of current line with classification
number sought
if the two are equal
check-amount sought is check-amount field in current line
ele
add 1 to table-index
endif
endwhile
if no-match-found
set error-flag
else
check-amount =0
clear error-flag
endif

return (to calling routine)

Program Design: Programming Techniques, Volume I,
edited by Blaise W Liffick (BYTE Books, Peterborough
NH, 1978): This book contains new material and articles
reprinted from BYTE. Subjects include “Top-Down
Modular Programming;” “Some Words About Program
Structure” (both by Albert D Hearn); “Applied Struc-
tured Programming” (by me); “Decision Tables: How to
Plan Your Programs” (by Thomas G Bohon), and several
other helpful articles. My only regret is that several ar-
ticles include what are called “Warnier-Orr diagrams,” a
program design technique I do not recommend.

A Primer on Structured Program Design, by Gary L
Richardson, Charles W Butler, and John D Tomlinson
(Petrocelli Books, New York NY, 1980). This book
covers structured programming and program design, but
it also touches on the larger elements of system design.
One nice feature is that it briefly lists several different
design tools in order to help you choose the one you like
best.

Classics in Software Engineering, edited by Edward
Nash Yourdon (Yourdon Press, New York NY, 1979): |
cannot say enough good things about this book. It is a
compilation of all the pivotal papers in the fields of struc-
tured programming (both theory and practice), program
and system design, and other related fields. Not only is it
extremely convenient to have these articles gathered
together, it's also the only way most people will ever see
them (since many of the articles appeared in the pro-
ceedings of computer conferences as many as 15 years
ago). By reading the articles (and the excellent introduc-

Building Blocks for
Microcomputer Systems,
Dedicated Controllers
and Test Equipment.

S-100 ROM,
RAM & 1/0
BOARD

ECT's R2/O is an S-100 Bus I/O Board with 3 Serial
I/O Ports (UART's), 1 Paralle! /O Port, 4 Status Ports,
2K of ROM with the 8080 Apple Monitor Program and

2K of Static RAM.
$295.00

RACK MOUNT
CARD CAGE

ECT's RM-10 is a rack mount 10 slot Card Cage with
Power Supply, consisting of an ECT-100 rack mount
Card Cage (19"W x 12.25"H x 8"D), the MB-10 Mother
Board (with ground plane and termination) all 10
connectors and guides and the PS-15A Power Supply

Specializing in Quality Microcomputer Hardware

™ Industrial e Educational e Small Business e Personal
E Card Cages, Power Supplies, Mainframes, CPU'’s, Memory, 1/O, OEM Variations
E I ELECTRONIC CONTROL TECHNOLOGY (201 s86-s080

763 Ramsey Ave., Hillside, NJ 07205
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PMC-80 Expanded

Use all standard peripherals and existing software

When you buy PMC-80 you get hard-
ware and software compatibility with
the most popular microcomputer sys-
tem in the world—that means thou-
sands of disk and cassette based
programs and all kinds of peripherals
are instantly available!

PMC-80 has configurations that give
the computer enthusiast a way to grow
from a STARTER system in affordable
increments. Begin at a low $675 for the
basic 16K level II system and grow to
the complete 48K memory system pic-
tured above with two floppy disks for
less than $3000.

FASTLOAD option inputs short pro-
grams as fast as “disk” from ordinary,

standard format cassettes. Fast, reli-
able and economical!

PMC-80 COMMUNICATOR option pro-
vides interface to modems and parallel
port printers. Take your pick of periph-
erals for communication with elec-
tronic bulletin boards and low cost
timeshare services via phone lines from
yvour home or business.

PMC-80 EXPANDER option provides
the most powerful configuration with a
total of 48K memory, provision for 4
mini-floppies, printer interface, RS-
232C communications interface, plus
a slot for the popular S-100 boards.

Sold through computer stores.

Personal Micro Computers, Inc.

475 Ellis Street, Mountain View, CA 94043

(415) 962-0220
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GET THE
SOFTWARE THAT'S
GOING PLACES.
THEUCSD p-SYSTEM:

You want a cogy of the exciting software system that's
%oing places. Professionals everywhere are using the

CSD p-System. Now, you can have it. The UCSD
p-System offers: a complete software development system,
your choice of languages, and a portable system that
runs on your microcomputer today and tomorrow. Send in
the coupon below and join the pros today. Phone orders
accepted with Visa or Master Card.

Yes, | want the software system that's going places—
the UCSD p-System. Here's my order:

UCSD p-System* (Version 1V.0) including documentation:

O with UCSD Pascal™ Compiler. . ...... $500.00
O with FORTRAN-77 Compiler. ....... $500.00
O with UCSD Pascal and FORTRAN-77.$750.00
O BASIC Compiler Add-On................. $150.00
O Assemblers Package (cross-assemblers)
for Z-80, 6502, 6800, 6809,
8080, 9900, Z8, PDP-11™/
LSLII™. .. $250.00
O Complete UCSD p-System with UCSD Pascal
Documentation Set. ................. $50.00

O Send me more information (general)

O Send distributor information

O Send information on the availability of systems for the
6800, 6809, and/or 9900 processors

My system has: (check only one)

O CP/M*® Version 1.4

0O CP/M Version I1.0 with 128-byte sectors

(0 8080 or Z80 processor without CP/M (requiring some
assembly language programming)

(0 6502 processor (requiring some assembly language pro-
gramming)

O PDP-11 with

O RX01 O RX02 {check one)
O RX01 0O RX02 (check one)

NOTE: {pertaining to two items above) For availability of RK0S and RLO1 disk
drivers. contact Sof Tech Microsystems.
*System requires 48K contiguous RAM. Software is
shipped on 8-inch floppy disks, and can be transferred
to other formats.

O Check or money order enclosed

" T3 Ship C.OD.

(U.S. orders only)
Calif. and Mass. residents must add applicable sales tax. For
foreign shipping charges, contact Sof Tech Microsystems.
Ship to:
Address:
City:
Zip:

State:

Phone:

Allow six weeks for delivery.

SOE=REE)

MICROSYSTEMS

A SUBSIDIARY OF SOFTECH

Sof Tech Microsystems, Inc.
9494 Black Mountain Road
San Diego, CA 92126
Ph: 714/578-6105
TWX: 910-335-1594

(UCSD p-System and UCSD Pascal are trademarks of the Regents of the

University of California, CP/M is a registered trademark of Digital Research
Corpuration. L.SI:11 and PDP-11 are trademarks of Digital Equipment Corporation.)
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Editorial

tions to each article, written by Mr Yourdon), you can
see how the key ideas in the field formed and grew. The
highly theoretical article, “Flow Diagrams, Turing
Machines, and Languages with Only Two Formation
Rules,” by C Bohm and G Jacopini, contains the
theoretical rigorous proof that any program can be writ-
ten using only sequence, choice (if...then...else), and
iteration (while...do). Although I don't have the room to
list all the articles in this 424-page book (most of which
are remarkable in some way), I must mention “The Hum-
ble Programmer,” by Edsger Dijkstra; “Revolution in
Programming: An Overview,” by Daniel McCracken,
and the monumental “Structured Programming with go
to Statements,” by Donald Knuth.

The Practical Guide to Structured Systems Design, by
Meilir Page-Jones (Yourdon Press, New York NY, 1980):
This is a very readable book explaining the latest design
techniques. I enjoyed reading it, and I referred to it con-
stantly while writing this editorial. It covers the three
techniques discussed above, as well as several I didn't
have room for (the concept of a “data dictionary,” for
one), and it is greatly enhanced by the inclusion of a com-
plete case study of a system designed using the methods
given in the book. The book concentrates on the design
process and talks only briefly of structured programming
and program design. Also, it presents much the same
material as the next two books (which come before it
chronologically), with a slight reduction in complexity
and a slight increase in readability. I recommend that you
read this book first.

Structured Analysis and System Specification by Tom
DeMarco (Prentice-Hall, Englewood Cliffs NJ, 1979):
This book covers much the same material as the
preceding book, but it treats the subjects covered more
rigorously and a bit more formally. It also addresses the
special problem of modeling and designing very large
systems that don't yet exist.

Structured Design: Fundamentals of a Discipline of
Computer Program and Systems Design, by Edward
Yourdon and Larry C Constantine (Prentice-Hall,
Englewood Cliffs NJ, 1979): This book is the parent of the
two just described (the first publication of this book was
in 1975, and the authors of all three books come from the
same school of design). Because it was written to describe
its design techniqes for the first time, the notation used is
a bit cluttered (compared to the streamlined design used
in the last two books), but this book is easily the most
comprehensive and the most theoretical; it attacks the
problem of program design on the broadest level. Par-
ticularly important are the ideas of coupling and cohesion
among program modules, each of which have separate
chapters in the book.

Conclusions

If I had to give you one word to associate with the con-
cept of design, that word would be forethought. Design is
forethought—it’s as simple as that. Few people would say
that they program without forethought, but program-
ming at the keyboard (or with a coding sheet) without
design is the same as playing the piano without sheet
music— more improvisation than rendition. So the ques-
tion is no longer, “Is this really necessary?” It's “can you
afford not to?”’m
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Model 5080

A Unique Printing Terminal

.»@;ﬁ
¢ 80 column, bi-directional printing e Large 360 character buffer A“\

e Upper & lower case font e Four interfaces — standard
* Full graphics — 480 columns per line  paralle! & RS232 & TTY &
e Top of form & horizontal tabs ¢ Baud rate switch selectable
* True 100 cps throughput e Self-test
e Bi-directional friction and ¢ UL/CSA approved
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The Model 5080, shown above, is a heavy-duty printing terminal
offered for sale at most competitive prices. Only $995 in single
quantity! This printer has been designed to conform to the most
stringent computer specifications, including software on/off con-
trol, status feedback signals and a busy signal should you fill our
extra large buffer. Don’t delay, order now to insure early delivery!

. R R X . . Model 5010 Model 80
Victor has delivered more than 700,000 industrial, quality matrix

printers. These are terminals, mechanisms, and heads designed
to solve your problems. Products that are backed by a strong
application engineering staff, worldwide service and 50 years of
Victor pride in product.

VICTOR DATA PRODUCTS
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DATALINE

Daniel S Hunt, 829 Presidio Dr, Costa Mesa CA 92626

There is a certain pleasure in writing assembly-
language subroutines for my Microsoft BASIC system;
however, the dismal tedium involved in hand-converting
object code into BASIC data statements is unmatched.

There are alternatives: one method is to put the object
code into a data file and read it into memory for execu-
tion by the program. The disadvantage with this method
is that one must keep a separate file for what is in essence
a subroutine. Besides, the file may be lost in a backup
operation or during insouciant copying of the BASIC
code to another disk.

My solution for this problem was to write DATALINE.
DATALINE is a BASIC program that takes freshly
assembled object code and moves it into DATA
statements so that the code can be integrated with the
BASIC mainline source code.

This program assumes that you are able to move object
code into a memory area protected from BASIC. If you
do not have the ability to move blocks of object code in
this way, the concatenation routine can be joined with an

800-323-1780
NCE's HOTLINE

FOR SAVINGS

* Ribbons for: Diabloc, Qume, T‘r
IBM, Wang, NEC, All Data OD1L§I°KCEHHMES
Printers and Typewrtiers. e 2 Year Warrant

® Printwheels, Elements and e 10 Million p.":.
Thimbles.

o Magnetic Media: Floppy disks, : 2;"\;::‘”5;3;""'“
mini-floppy, Tape, Packs and e The Best Disk

Cassettes.

Disc storage systems, Quiet- Avalably Teday,

izers, Anti-static mats, ink rolls Box of 10
and much more. 5%" (Soft Sector) 29.95
® Terminals and accesorles. 5:;' (qg g:g:g:; gggg
o TO ORDER o 's i ’
. g . ingte e-
Phone orders invited, using credit cards i
Or send check, cashiers check or money g'.ng:: ?egﬂ}y s2.50
gle Side
order thatdraws on a U.S. bank. Please Reversible 52.50
add 3% {$5.00 Minimum) for handling, &' Single Side .
shipping and insurance. Mincis resi- Double Density 50.00
dents add 5'%% sales tax. Mall order 8" Double Sided -
pricing only. Catalog malled upon Double Density 52.50

request.

NCE Supply Corp.
915 W. Liberty Drive )
h.l:E Wheaton, IL 60187 =
Phone 800-323-1780 Toll Free
*312.682-0001 Within lllinois
TELEX 724389ATT NCE
® Distribution Worldwide ®

R Wit the Thoroughireds™
Satisfaction Guaranteed
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algorithm to read a .COM file character by character.

To use DATALINE, load the object code into an area
protected from BASIC. The program will prompt you for
the load address, length of the program in 64-byte
segments, a file name, and a starting line number. It
peeks the object code byte by byte and concatenates a
string conversion of each byte to a line composed of line
number, “ DATA “, plus appropriate spaces and com-
mas between each byte value. Eight bytes are put on each
data line. The line is filed serially, and it appears to
BASIC to be a program file saved in “A” mode. You can
merge the data lines with your BASIC program by using
the MBASIC MERGE command.

This program includes one of my most used library
routines. This is a procedure that takes a hexadecimal-
value input at the keyboard and converts it to decimal
representation which can be used in PEEK and POKE
statements. As the MBASIC 5.1 interpreter is intolerant
of integer overflow, the conversion is to single-precision
floating-point base 10, rather than integer. While integer
conversion is possible, the extra speed gained in the exer-
cise is not worth the extra code or the increased com-
plexity.

If your BASIC is an older version of Microsoft, merely
reduce the length of the variable names where your inter-
preter rejects one here,

Listing 1: Written in Microsoft BASIC, this short routine takes
the drudgery out of writing assembly-language subroutines for
BASIC programs. The program rewrites object code as BASIC
DATA statements, as shown in listing 2.

10 REM *** MBASIC DATALINE WRITER ***

100 *

110 *

120 ' Written by Daniel S. Hunt, April 25, 1980

130 * MBASIC 5.1 INTERPRETER / Sol-20

140 *

150 WIDTH 64

160 PERSE = &HCODS : ‘SOLOS CLEAR SCREEN CALL

170 CALL PERSE:PRINT:PRINT

180 PRINT “--- MACHINE CODE / DATA LINE WRITER ---“:PRINT

190 INPUT “Enter hex base address of oject code “,HXIN$

200 GOSUB 350 :' CONVERT HEX STRING TO REAL DEC.

210 DBASE = BASETEN

220 INPUT “Routine length in 64-byte segments “,PAGES :
LENGTH = PAGES * 64

230 INPUT “Enter name of data statement file “,DFILE$

240 OPEN “0“,1,DFILE$

250 INPUT “Enter line number of starting data statement “,LNUM

260 LASTBYTE = DBASE + (LENGTH -1)

280 GOSUB 570 :'CREATE DATA LINES

230 CLOSE

310

320 '

330 REM --- CONVERTS HEX INPUT STRING TO DECIMAL ---
340’

350 CUME =

360 HDAT$ = “0123456789ABCDEF”

370 CHARPOS% = LEN(HXINS)

380 FOR I% = 1 TO LEN(HXINS)

390 ADDER =0

400 FOR]% = 1 TO LEN(HDATS$)

410 IF MID$(HXINS,1%,]) = MID$(HDATS,]%,1)THEN
ADDER =]% -1 Listing 1 continued on page 218
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ouP-an

100 CPS Bidirectional e Low Cost
100% Continuous Duty Cycle

100 Million Character Print Head
» Stylish, Measures 15" wide, 9” deep & 3.5” high

* Low Profile for Desk Top Installation * Human-Engineered for Ease of Service

*High-Quotient of performanceto cost.

DISTRIBUTOR/DEALER INQUIRIES INVITED

o
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TOUGHEST
BOARDS

IN TOWN
FOR S-100’s

Monitor and control
in wicked environments.

Want to put your S-100 system to
work in the world of computerized monitor-
ing and process control?

Dual Systems has all the boards it
takes to do the job in the toughest factory
environments. Al are designed to function
dependably in the real world of industrial
control. All operate with Cromemco, North
Star and other S-100 systems.

A/D board. 12-bit precision. 32 single-
ended inputs. Or 16 difterential inputs. 25
us conversion time. Vectored interrupt.
$635. Or $725 with 1 to 1000 gain trans-
ducer amplifier. Works with our thermo-
couple compensation board and our 4-20
mA input boards as well.

D/A board. Four independent channels.
12-bit precision. Input is binary or 2's com-
plement. Compatible with all existing 110
mapped software. $495. Drives our ampli-
fier board which outputs 4-20 mA.

CMOS RAM board. On-board battery
back-up preserves data a year. 200 ns
read/write time. Runs at 4 MHz. 8K bytes
$590. 16K bytes $990.

CMOS clock board. On-board battery
back-up keeps clock running a year. New
LSl chip carries date, hours, minutes and
seconds. Read or write directly from 1O
port. Vectored interrupt. $250.

We also provide complete main-
frame systems. OEM and dealer inquiries
are invited.

Contact Dual Systems Control
Corp., Dept. B, 1825 Eastshore Hwy., Berke-
ley, CA 94710. Phone (415) 549-3854.

THE NEW RELIABLES

218  March 1981 © BYTE Publications Inc

Technical Forum -
Listing 1 continued:
420 NEXT
430 ' { CASE CHARPOS% OF }
440 IF CHARPOS% = 4 THEN
CUME = CUME + (ADDER * 4096)
450 IF CHARPOS% = 3 THEN
CUME = CUME + (ADDER * 256)
460 IF CHARPOS% = 2 THEN
CUME = CUME + (ADDER * 16)
470 IF CHARPOS% = 1 THEN
CUME = CUME + ADDER
480 ' { END CASE }
490 CHARPOS% = CHARPOS% - |
500 NEXT
510 BASETEN = CUME
520 RETURN
530 *
540 *
550 ‘---CONVERTS OBJECT CODE TO BASIC DATA LINES---

570 FORI = DBASE TO LASTBYTE STEP 8
580 LNUMS$ = STRS(LNUM) + * "

590 DATL$ = LNUMS$ + “DATA "

600 FOR] =0TO?7?

610 BYTE = PEEK(I+])
620 *
630 IF] = 7 THEN

BYTE$ = STR$(BYTE)

ELSE

BYTE$ = STR$(BYTE) +"” + CHR$(44) +

640 *
650 DATL$ = DATLS + BYTES
660 NEXT

670 PRINT DATLS : TO CRT
680 PRINT #1, DATLS * TO FILE
690 LNUM = LNUM + 10

700 NEXT

710 RETURN

999 END

Listing 2: A "verification run" of DATALINE in a CP/M operating-system environ-
ment shows that assembly-language object code is converted into DATA statements for
embedding in a BASIC program.

A >asm qtab.aax
CP/M ASSEMBLER — VER 1.0

; ROUTINE TO INITIALIZE TAB STOPS ON QUME

.

3 ASEG
;nnnnnn DECLARATIONS **#tvessves

9000 = CACHE EQU 9000H ; ROUTINE ORIGIN

00F8 = SERSTAT EQU OF8H

00F8 = SERDAT EQU OF9H

0040 = SDR EQU 40H

0080 = - STBE EQU 80H

001B = ESC EQU 27D

0020 = SPC EQU 32D

000D = CR EQU 13D

000A = LF EQU 10D

0008 = HT EQU 09H

0001 = ONE EQU OlH

0OCF = SI EQU 15D

00CE = 50 EQU 14D

000A = NUMTBS EQU 10D

8000 ORG CACHE

;BEGINMAINPH%RAM"""""""""""'
INIT:

9000 210000 LXI H,0000H ;ZERO REGISTER SO THAT

9003 39 DAD SP ;VALUE PASSED TO H = SPC
SETTING

9004 226890 SHLD OLDSTK  ;SAVE OLD STACK POINTER
ADDRESS Listing 2 continued on page 222



OMEGA “WHOLESALE COMPUTER PRICES”
SALES DIRECT TO THE PUBLIC

CO. East Coast: 12 Meeting St., Cumberland, RI 02864
West Coast: 3533 Old Conejo Rd., #102, Thousand Oaks, CA 91320

PRODUCT SPECIAL
of the MONTH!!

Intertec Superbrair
32K Ram - $2449
64K Ram - $2649

NEC spin\»;riter9 1 ara &) e A :
5530 - $244 ] o ¢ ]
_— AT e, Products are

NOW
IN
STOCK
AT
OQOMEGA

T Applell - 16K, 48K

Call for Price i i : ‘I..' Sales

Co.

Atari 800 16K - $749
32K - $849 Okidata
_ Microline 80 -
Diablo 630 - $1995 Atari 850 Interface Module $159 525

(with tractor feed) $2195 Atari 825 Printer $695

Centronics - Ltd. quan. .
o QOMEGA OFFERS THE BEST DELIVERY AND PRICE ON:
2009 $1250 APPLE ¢ ATARI ® TRS-80 Model Il  INTERTEC ®
7301 § 525 DIABLO ® EPSON ¢ HEWLETT—PACKARD ® SOROC

Televid
N s12BorC— %N 53 siso COMMODORE ® NEC ¢ QUME ¢ CENTRONICS

920 C — 3769

CALL TOLL FREE FOR QOMEGA’S PRICE!
EAST COAST: 1-800-556-7586

QMEGA sells only quality merchandise to our customers.
QOMEGA will try to match any current advertised price with similar purchase conditions.

Before you buy anywhere else — be sure to call QMEGA Sales Co.
WEST COAST: 1-805-499-3678 EAST COAST: 1-401-722-1027

QMEGA ships via UPS, truck, or air. COD's.
Visa, Mastercharge accepted, with no service charge.

=== Telex: 952106
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Accurate...
and Lightning Fast !

the CompuPro Disc Controller Board is here.

Speed? The CompuPro Disc Controller Board has properly implemented DMA (direct
memory access), with arbitration, and fully conforms to all IEEE 696/ S-100
specifications. Runs with 6 MHz Z80s* as well as 8080, 8085, and 8088 CPUs.

Versatility? Controls single or double sided disc drives, 5" or 8” discs (including 96
track high density minifioppies), single or double density (soft sector).

Reliability? Uses industry-standard, third generation controller chips and the same
design excellence that is a part of every CompuPro product.

We weren’t going to put out another me-too disc controller board. . .and we didn’t.

ompuPro” . B0BCOUE

OAKLAND AIRPORT, CA 94614 (415) 562-0636 *280 15 3 trademark of Zilbg
Call (415) 562-0636, 9 AM to 5 PM PST, for the name of your nearest CompuPro retailer.
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the' CompuPTo Systems Approacit.

High

Unlike “all-in-one”’ computers, CompuPro’s modular S-100 systems are amazingly flexible machines that are ideal
for high leve! industrial, commercial, and scientific applications. Full conformance to all IEEE 696/5-100
specifications ensures well integrated systems performance, as well as freedom from obsolescence in the years to

come.
Performance, All CompuPro products meet the most demanding mechanical and electrical standards, accept the highest

High
Throughput.

NEW! COMPUTER ENCLOSURE 2

Introductory price: $795 (specify rack mount or desk top version)

Now it's easy to move up to an expandable S-100 system. . .COMPUTER
ENCLOSURE 2 is ready to accept boards the minute it's unpacked. Fused, constant
voltage power supply provides +8A at 25 Amps (!), +16V at 3 Amps, and -16V at 3
Amps. Also includes 20 slot shielded/active terminated motherboard, dual AC outlets
on rear, heavy-duty line filter, circuit breaker, quiet ventilation fan, reset switch, and
black anodized front panel (desktop version includes textured vinyl painted cover).
Rack mount version includes slides for easy pull-out from rack frame.

Also available: COMPUTER ENCLOSURE 1. Same as above, but less power supply
and motherboard. $289 desktop, $329 rack mount.

SYSTEM SUPPORT 1
MULTIFUNCTION BOARD

$295 Unkit. $395 A/T, $495 CSC

This multi-purpose S-100 board provides your computer with the most needed
system support functions - at less cost than buying numerous single function boards.
Includes sockets for 4K of extended address EPROM or RAM (2716 pinout), 1 socket
with battery backup; crystal controlled month/day/year/time clock with BCD outputs;
optional high speed math processor (9511 or 9512); full RS-232serial port; three 16 bit
interval timers (cascade or use independently); two interrupt controllers service 15
levels of interrupts; power fail indicator with provision to switch CMOS memory to
battery backup; and comprehensive owner's manual with numerous software
examples. Conforms fully to all IEEE 696/5-100 standards.

Want to make your S-100 system more versatile? System Support 1 is the answer.
(Add $195 to the above prices for the optional 9512 math processor.)

NEW LOWER PRICE ON 16K

CompuPro.

MEMORY EXPANSION- 8RAMS/$35 :

Just what you would expect from the memory leader: top quality, low power, high

speed (200 ns) 16K dynamic RAMSs, backed up with a 1 year limited warranty. Expand
memoryinTRS-80°-1,-1l and - 111 computers (Color model too) as well as machines
made by Apple, Exidy, Heath H89, newer PETs, etc. Add $3 for two dip shunts plus
TRS-80° conversion instructions. Limited quantity.

S-100 HIGH PERFORMANCE
MOTHERBOARDS

Actively terminated, fully shielded motherboards handle clock speeds up to 10 MHz.
Unkits have edge connectors and termination resistors pre-soldered in place for easy
assembly.

20 slot motherboard with edge connectors - Unkit $174, A/T $214
12 slot motherboard with edge connectors - Unkit $129, A/T $169
6 slot motherboard with edge connectors - Unkit $89, A/T $129

OTHER S-100 BUS PRODUCTS

Active Terminator Board $34.50 Kit

MemoryManager Board.. $59 Unkit, $85 A/T, $100 CSC
Mullen Extender Board. $59 Kit

Mullen Relay/Opto-Isolator Control Board. .$129 Kit, $179 A/T

Spectrum color graphics board .$299 Unkit, $399 A/T, $499 CSC
2708 EPROM Board (2708s not included).. ..$85 Unkit, $135 A/T, $195 CSC
Interfacer 1 (dual RS-232 serial ports).... ..$199 Unkit. $249 A/T, $324 CSC
Interfacer 2 (3 parallel + 1 serial port)..........c..c..............$199 Unkit, $249 A/T, $324 CSC

*LEGAL CORNER: Z80A [s a registered trademark of Zilog; TRS-80 is a trademark of the Tandy Corporation;

PASCAL/M 15 a trademark of Sorcim; CP/M s a registered trademark ot Digital Research

ompuPro”

OAKLAND AIRPORT, CA 94614

possible clock speeds for maximum throughput, and are backed with one of the best - if not the best - warranties in
the business (1 year limited warranty on all products, 2 year limited warranty with board exchange program for
boards qualified under the Certified System Component program).

When you're looking for a computer, there are lots of choices. But when you need a precision machine that is built
for the future as well as the present, the choice narrows down to the most experienced name in the S-100 business:

HIGH SPEED S-100 CPU BOARDS
8 BIT CPU Z

Like many others, we claim full conformance to |IEEE 696/5-100 specifications;
unlike many others, we'll send you the timing specs to prove it. CPU Z includes all
standard 2-80A* features along with power on jump, on-board fully maskable
interrupts for interrupt-driven systems, selectable automatic wait state insertion,
provision for adding up to 8K of on-board EPROM, and 16/24 bit extended addressing.
Works with 6 MHz CPUs: supplied with 4 MHz CPU. $225 Unkit, $295 A/T, $395 CSC.

16/8 BIT CPU 8085/88

Theonlyboard that bridges the 8 bit world of the present and the 16 bit world ot the
future. By using an 8088 CPU (for 16 bit power with a standard 8 bit bus) in conjunction
with an 8 bit 8085, CPU 8085/88 is downward compatible with 8080/8085 software,
upward compatible with 8086/88 software (as well a Intel's coming P-Series), designed
for professional-level high speed applications, and capable of accessing 16 megabytes
of memory. . .while conforming fully to all IEEE 696/5-100 standards (timing specs
available on request).

Looking for a powerful 8 bit CPU board? Looking for a powerful 16 bit CPU board?
Then look at CPU 8085/88, the best of both worlds.

Prices: $295 Unkit, $425 A/T (both operate at 5 MHz); $525 CSC (with 5 MHz 8085,
6 MHz 8088). Owner’'s manual availabie separately for $5.

8 BIT CPU 8085

This 1s a single 8 bit processor version of the above board. and may be easily
upgraded to full 16 bit operation at a later date. $235 Unkit, $325 A/T, $425 CSC.

SOFTWARE
8088/8086 MONITOR-DEBUGGER: $35

Supplied on single sided, single density, soft-sector 8" disc. CP/M* compatible. Great
development tool mnemonics used in debug conform as closely as possible to current
CP/M* DDT mnemonics.

PASCAL/M* FROM SORCIM: $175 COMPLETE

PASCAL - easy to learn, easy to apply - can give a microcomputer with CP/M* more
power than many minis. We supply a totally standard Wirth PASCAL/M* 8" diskette
and comprehensive manual. Specity 2-80* or 8080/8085 version.

S-100 MEMORIES

CompuPro memories feature fully static design to eliminate dynamic timing
problems, full conformance to al IEEE 696/ S-100 specifications, high speed operation
(4/5 MHz Unkit, 10 MHz A/T and CSC), low power consumption, extensive bypassing.
and careful thermal design.

Unkit AT CsC
8K RAM2A $159 $189 $239
16K RAM 14 (extended addressing) $349 $429
16K RAM 20-16 (extended addressing and bank select).......... $399 $479
24K RAM 20-24 (extended addressingand bank select).. . $539 $629
32K RAM 20-32 (extended addressing and bank select). . $699 $799
128K RAM 21-128 (extended addressing)................ - n/a $2795

Most CompuPro products are avallable in Unklt form, Assembled/Tested, or qualified
under the high-reliabllity Certitled System Component (CSC) program (200 hour burn-in,
more). Note: Unklts are not Intended for novices, as de-bugging may be required due to
problems such as IC infant mortality. Factory service |s available for Unklts at a flat
service charge.

TERMS: Prices shown do not Include dealer Installation and support services. Cal res
add tax. Allow at least 5% shipping; excess refunded. Orders under $15 add $2 handling.
VISA®@ and Mastercard® orders ($25 min) call our 24 hour order desk at (415) 562-0636.
Include street address for UPS dellvery. Prices are subject to change without notice.

FREE CATALOG: Want more information? Then'send for our free catalog. Forfast 1st
class delivery, add 41 cents in stamps; foreign orders add $2 (refundable with order).

v BODEOUE

ELECTRONICS

(415) 562-0636

COMPUPRO PRODUCTS ARE AVAILABLE AT COMPUTER STORES
WORLD-WIDE. . .CALL (415) 563-0636 FOR THE STORE NEAREST YOU.
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SINGLE SIDED-SINGLE DENSITY

5%" or 8" Diskettes ............s 10/$24
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ALL MAXELL DISKETTES ARE DOUBLE DENSITY

LIBRARY CASE._

3-ring binder album.
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programs on disks
Fully enclosed and
protected on all sides .
Similar to Kas-sette storage box.

Library 3-Ring Binder . .. .......
5% Mini Kas - sette/10
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insure efficient. error-
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SFD CASSETTES
C-10 Cassettes...... 10787 =
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(As illustrated)

-

disk from damage
8" Applicator $4 5%” Applicator $3
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tough mylar protects "
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Technical Forum -
Listing 2 continued:
8007 317A30 LXI SP,STKTOP ;SET UP LOCAL STACK
MAIN:
900A 215190 LXI H,PMODE ;THIS PUTS QUME IN PRO-
GRAM MODE
900D CD4190 CALL SCAN ;READ SERIES LINE AND SEND
IT
:IABO: ;ACTUAL MESSAGE LOAD BEGINS HERE
9010 B7 ORA A ;CLEAR FLAGS
9011 1E0A MVI  ENUMTBS ;SETS FOR CARRIAGE WIDTH
TABI:
9013 215790 LXI H,TAB8SP
9016 CD4190 CALL SCAN
9019 216090 LXI H,SETTAB

901C CD4180 CALL

A>asm qtab.aaz
CP/M ASSEMBLER — VER 1.0

S07A
003H USE FACTOR
END OF ASSEMBLY

A>type qtab.hex
:1090000021000039226890317A90215130CD41901 1
:10901000B71E0A215790CD4190216090CD41901DFF
:10902000C21390215490CD4190216330CD41903155
:109030006830C30000DBF8E680C A3590C979D3FI9F
:10904000C9B77EFE24C84FCD3590CD3D3023C34196
: 10905000901 BOE24 1 BOF24202020202020202024C1
:069060001B31240D0A245F

:0090000070

A >ddt qtab.hex
SID VERS 1.4

NEXT PC END
9066 9000 677F

#g0

A>b:

B> basic dataline

BASIC Rev. 5.1

[CP/M Version]

Copyright 1977, 78, 79, 80 (C) by Microsoft

Created: 14-Jan-80
5595 Bytes free

---MACHINE CODE / DATA LINE WRITER---

Enter hex base address of object code 3000

Routine length in 64-byte segments 2

Enter name of data statement file bytes.dat

Enter line number of starting data statement 5000
5000 DATA 33, 0, 0, 57, 34, 104, 144, 49
5010 DATA 122, 144, 33, 81, 144, 205, 65, 144
5020 DATA 183, 30, 10, 33, 87, 144, 205, 65
5030 DATA 144, 33, 96, 144, 205, 65, 144, 29
5040 DATA 194, 19, 144, 33, 84, 144, 205, 65
5050 DATA 144, 33, 99, 144, 205, 65, 144, 49
5060 DATA 104, 144, 195, 0, 0, 219, 248, 230
5070 DATA 128, 202, 53, 144, 201, 121, 211, 249
5080 DATA 201, 183, 126, 254, 36, 200, 79, 205
5090 DATA 53, 144, 205, 61, 144, 35, 195, 65
5100 DATA 144, 27, 14, 36, 27, 15, 36, 32
5110 DATA 32, 32, 32, 32, 32, 32, 32, 36
5120 DATA 27, 49, 36, 13,10, 36, 0, 0

5130 DATA0,0,0,0,0,0,0,0

5140 DATA0,0,0,0,0,0,0,0

5150 DATAO0,0,0,0,0,0,0,0
Okm
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Qantex Impact Printers
150 Characters Per Second
136 Columns Per Line

The microprocessor controlled Series 6000
is packed with standard features. True
lower case descenders and underlining.
Bidirectional logic seeking. Built-in test
capability. Rugged 400 million character
print head. Beautiful 96 character set in a
9 x 9 matrix. Parallel, or up to 19,200 baud
serial interfaces supporting RS-232, X-ON,
X-OFF or Current Loop. Full operator con-
trols. Quietized, sleek enclosure to en-
hance.your system. Delivery from stock.

Qantex pivision of

North Atlantic Industries

60 Plant Avenue, Hauppauge, N.Y. 11787

(516) 582-6060 TWX 510-227-9660
(800) 645-5292
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Qualtech Basic Systems Basic Systems Basic Systems Engineered Sales Audio Specialists
602-867-4655 213-673-4300 714-268-8000 408-727-1800 312-832-8425 219-234-5001
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AUSTRALIA BELGIUM CANADA FAR EAST FRANCE GERMANY THE NETHERLANDS
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02-9289921 7205066 416-445-1978 1-554-9742 49(89)692-4141
Distributor inquiries welcome!
Gircle 142 on Inquiry card. BYTE March 1981 223



: Technical Forum

Addition and Subtraction:
The 1802 Versus the Z80

Stephen Merrin, 4470 NW Alpha Pl, Apt 6, Corvallis OR 97330

Binary arithmetic is inherently simple because it in-
volves only Os and 1s. But recently, while I was trying to
understand the instruction sets of two very different
microprocessors, the 1802 and the Z80, I became con-
fused when examining addition and subtraction opera-
tions. The confusion arose primarily over the notion of
“borrow” in subtraction.

When you perform multiple-byte additions and sub-
tractions, instructions like ADD WITH CARRY and
SUBTRACT WITH BORROW (CARRY) are needed. In
the 1802 User Manual the instruction SUBTRACT MEM-
ORY WITH BORROW is defined as performing the
following;:

D — M(R(X)) — (NOT DF) —- DF,D

Here, 8-bit arithmetic is being performed. DF is the bor-
row (carry) bit and M(R(X)) and D are 8-bit operands.
On the other hand, in the Z80, you have the instruction
SBC s, SUBTRACT WITH CARRY, which accomplishes:

A—A—-5-CY

This operation involves the 8-bit operands A and s, and
CY is the borrow (carry) bit.

[f you are a programmer at the assembly- or machine-
language level, you are aware that ambiguity in the de-
scription of the instruction set cannot be tolerated. You
need to know such things as: Is the 1802 DF bit 0 or 1 if
the result of subtracting two positive numbers is nega-
tive? Is the Z80 flag CY 0 or 1 if the result of subtracting
two positive numbers is negative? (Oddly enough, even
though CY and DF serve the same purpose in both micro-
processors, the answer for the 1802 is opposite that of the
Z280.)

My obijective for this exercise was to explain to myself
exactly what was happening at the bit level during these
addition and subtraction operations. I also wanted to for-
mulate a simple model of the operation. As it turned out,
in the 1802, all addition and subtraction operations are
very neatly and cleanly lumped into one category. In the
280, however, the picture is not so simple. While the Z80
has a large and powerful instruction set which I prefer to
that of the 1802, the 1802 has a certain elegant simplicity.

What [ wanted to do was to first set up a model for
binary addition and subtraction, without reference to
any particular processor, then show how the 1802 and
Z80 addition and subtraction operations could be inter-
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preted in terms of my model. I wanted my model to re-
flect the inherent simplicity that I ascribed to binary
arithmetic.

In addition to 8-bit arithmetic operations, the Z80 also
allows for 16-bit and even 4-bit operations, the latter be-
ing used in BCD (binary-coded decimal) manipulations
(the half-carry flag H is the analog of the other carry flag
CY). In the 1802, except for incrementing and decremen-
ting the 16-bit registers R(N), all arithmetic operations
use 8-bit operands. In my model, I am concerned only
with 8-bit operations and how they can be used to imple-
ment multiple-byte additions and subtractions.

A unified model for addition and subtraction is possi-
ble because a subtraction operation can actually be
viewed as an addition operation. Addition and subtrac-
tion can be accomplished with the same hardware, pro-
vided there are circuits to do complementation.

Let X and Y be 8-bit quantities. Y will denote the
one’s complement of Y ( Y is again an 8-bit quantity, ob-
tained by replacing each 1 with a 0 and each 0 with a 1).
Let ¢; and c, denote 1-bit values, called respectively
“carry in" and “carry out.” In my general model, all 8-bit
additions and subtractions take the form:

X+Y+c — c,,5UM

Here, SUM is the 8-bit quantity resulting from the addi-
tion of X, Y, and c.. If a carry is generated, thenc, = 1;
otherwise ¢, = 0. This is shown in figure 1.

For single-precision (1-byte) additions and subtrac-
tions, c,=0 for addition and c,=1 for subtraction. For
multiple-byte operations, c, will take on the value of c,
generated in the last performed operation. The results of
an addition or subtraction will be in two's complement
form. The 8-bit quantity Y+1 (and throw away the
carry, if there is one) is the two's complement of Y.

If you wish to add X and Y, you do X+ Y+c; with
¢;=0; if you wish to compute the difference X—Y, you
do X+ Y +c; with c;,=1 (ie: add the two's complement of
Y to X). Thus, as advertised, both the sum and difference
of X and Y can be regarded as taking the form of an addi-
tion. The distinction is that, for subtraction, ¢, has a dif-
ferent value and the one’s complement Y is used. Some
examples are shown in figure 2.

The following is how multiple-byte sums are done.
Suppose we have X=X, X.._,...X; (an m-byte sequence)
and Y=Y,,, Ym-1...Y:, where each X and Y, is 8 bits. Let's
say that you want to compute the multiple-byte sum
X+Y. You first perform X, + Y, +¢; with ¢,=0. Then do
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Figure 1: A pictorial model
of the additionof X, Y, and G
to give SUM and the carry bit

C.
]

el

X2+ Ya+c, where c,=c, of the previous sum. And so
forth until you finally do X,+Y.+c, with c,=c,
resulting from the immediately preceding sum of X,.., and
Y.

Multiple-byte subtractions are similar. Again, suppose
X and Y are given as above, but now you want to com-
pute_the multiple-byte difference X—Y. First, perform
Xi+Y,+c; with c;=1. Next do X,+ Y,+c; with c;=c,
of the preceding sum; and so on until you finally do
Xmt Yatc; with c;=c, resulting from the immediately
preceding sum of X,., and Y,..,. Notice that X —Y is com-
puted by adding the two’s complement of Y to X in a
multiple-byte fashion.

Let me summarize the addition/subtraction model I
have just presented. Whether you choose to add or sub-
tract, or whether you want multiple-byte or single-byte
operations, in all cases the fundamental operation is a
sum of the form X+ Y+c,—~c, SUM.

Clock/Calendar
Now available on Three Buses

Fefl?;;str Format APPLE

Month-Day-Year

Day of Week  *TRS-80
Leap Year Bit

4 Interrupts ﬁ,—f%
+- 30 Sec. Adjust\N_—
Battery Backup

Simple to Program.

$-100 or Apple TRS-80

A&T $150 A&T Only

Kit $100 $150

Bare Bd  § 60 WE ACCEPT

VISA, MC

LAX COMPUTER PRODUCTS & AMER. EXP.
4728 Manhattan Beach Blvd. * Apple is o Trademaork of
Lawndale, CA 90260 ool Comauer Ca
(213) 542-4505 Toncy Com oo
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— e ———
X=5 Figure 2: Some examples of a
_Y=6 unified model for binary ad-
Find X+Y v .
dition and subtraction. ¢, and
00000101 X . i
00000110 Y c, are 1-bit values called
_+ 0 “carry in" and “carry out.” If
00001011 X+Y a carry is generated by the
Co=0 addition of X and Y, then c,
= 1; otherwise ¢, = 0,
X=5
Y=6
Find X-Y
00000101 X
11111001 Y
+ 1 [
11111111 X-Y
Co=
X=6
Y=5
Find X-Y
00000110 X
11111010 Y
+ 1 [
00000001 X~-Y
Co=1

The 1802 processor fits this model perfectly. In the
1802, both ¢, and ¢, correspond to the 1-bit register DF.
Just before the addition or subtraction operation is per-
formed, DF is the c,. Just after the operation, DF is loaded
with c,. (Incidentally, table 1 is a complete list of the 1802
arithmetic operations.) WITH CARRY and WITH BOR-
ROW operations take c; to be whatever value that cur-
rently resides in DF (ie: ¢; is determined by c, of the
previous operation). Otherwise, as discussed in my
model, c¢; must be 0 for an addition and 1 for a subtrac-
tion operation.

Table 1 is important for two reasons. First, it reveals
exactly what each operation does. (D+M(R(X))+
DF—DF,D is much clearer than D —-M(R(X))—(NOT
DF)—DF,D.) Second, it is obvious that, without excep-
tion, each addition and subtraction operation has the
form X+Y+c;,—~c, SUM. This last fact is no accident,
since (presumably) the same hardware is used for all
operations.

In the Z80, the 1-bit carry flag CY serves the same
function as the DF flag does in the 1802. In contrast with
the 1802, where the DF bit corresponds exactly with the
model's c; and c,, there is a distinction in the Z80 between
an addition and a subtraction as far as the role of the CY
is concerned. Consider this example that points out this
distinction. Is the computation 5—3 the same as
54 (—3)? That is, in the Z80, is there any difference in
the outcome between the assembly-language sequences
(LD A,05 SUB 03) and (LD A,05 ADD FD)? (FD is the
two's complement representation of — 3, written in hexa-
decimal.) While the end result is 02 in A for both com-
putations, the final value of CY is not the same. When
you do 5—3, CY=0. When you do 5+(—3), CY=1. If
you do analogous operations in the 1802, DF=1 in both
cases. How do you make sense out of all this?

Table 2 describes what occurs within the Z80 in terms
of my model. Four classes of operations are shown in the
table: add, add with carry, subtract, and subtract with
carry. X and Y are arbitrary 8-bit operands within the
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Technical Forum

ﬂ

Operands Used That Match
Operation the Formula:
Operation Code X + Y +c¢—~c,SUM
ADD F4 MQRX)) + D + O—-DFD
ADD IMMEDIATE FC MQRPHY + D + O0—-DFD
ADD WITH CARRY 74 M(RX)) + D + DF—-DF.D
ADD WITH CARRY {IMMEDIATE 7C M(R(FY) + D + DF-DFD
SUBTRACT D F5 MRX) + D + 1—-DF,D
SUBTRACT D IMMEDIATE FD MRP) + D + 1-DFD
SUBTRACT D WITH BORROW 75 M(R(X)) + p__ + DF-DF,D
SUBTRACT D WITH BORROW IMMEDIATE 7D MRP)H + D + DF—-DF,D
SUBTRACT MEMORY F7 D + MRX) + 1-DF,D
SUBTRACT MEMORY IMMEDIATE FF D + MQRP) + 1--DF,D
SUBTRACT MEMORY WITH BORROW 77 D + M@R(X) + DF—-DF.D
SUBTRACT MEMORY WITH BORROW IMMEDIATE 7F D + M(R(P) + DF—-DFDD
Table 1: Arithmetic operations of the 1802 microprocessor.
e TEYEY}Y}E}EE}E}ETESESS T} e

Operation X+Y X-Y

pertformed X+Y with carry X-Y with carry

Equivalent CY-0 CY-0

sequence of _

steps taken c,—CY c,—CY c,—CY _ c—CY _

within the SUM=X+Y+c, SUM=X+Y+c, SUM=X+Y +c, SUM=X+Y +c;

780 to perform CY—c, CY-—c. CY——c¢, CY—-—¢c,

the given

operation

Table 2: Addition and subtraction operations in the Z80 microprocessor.

No More Puns

P
Y}
ool
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.':c‘k;
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o &%

From BD Software, available
through Lifeboat Associates for a measly
$145. While this compiler is only a subset of
the incredible Unix* C, it is a subset de-
signed to fit comfortably on CP/M systems and
be maximally useful for non-number-crunching
applications; i.e., there are no inherent floating
point or long variable types. You do get: fast
and reasonably short object code, quick
compilation and linking, powerful hooks
into CP/M, plus plenty of docs and
sample programs.
Tryitand ... =2 h,,
er, ahem ... well, \k g
you know.

S ™

Urix is 3 trademark

CP/M is a trademark
of Bell Laboralories. T

of Digital Research.

LIFEBOAT ASSOCIATES,1651 3rd Ave., N.Y., N.Y. 10028
Ph: (212) 860-0300. Telex: 640693.
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Z.80. Notice that the “with carry” operations (ADC, SBC)
are distinguished from the others only in that CY is not
initially zeroed. The peculiar feature of table 2 (in com-
parison with table 1) is that, when doing a subtraction,
the CY bit is complemented beforehand to obtain c,.
Following the operation, c, is complemented to yield the
final value for CY. This explains why 5—3 and 5+(—23)
are not equivalent in the Z80 (as far as the end result of
CY is concerned). When the operation performed is a
subtraction, CY takes on the complement of c..

As an illustration of the importance of the above con-
siderations, suppose that you want to compute X—Y
(where X and Y are 8-bit positive values). Then you want
to branch according to whether the result is negative or
positive. In the 1802, DF=1 means that the result was
positive, and a branch is made based on the value of DF.
Suppose in the Z80 you wish to branch according to CY
(the branching could also be done according to the sign
bit; however, there are cases when using CY is more con-
venient, such as a shift operation that follows a subtrac-
tion). The problem is not so straightforward now,
because in the Z80, it is crucial to know whether or not
X —Y was computed using a subtraction operation. If so,
flag CY =0 means the result was positive.m

Technlcal Forum iz a featre intended as an interactive
diglog on the technology of personal computing. The sulyject
marter is npen-ended, and the intent is to foster discussion and
communication among readers of BYTE. We ask that all cor-

respondents supply their full names and addresses to be printed
with thelr commentanes. \WWe also ask that correspondents supply
their telephone numbers, which will not be printed.

Circle 146 on inquiry card. =i



COMPUTERS-TERMINALS-MODEMS!

MODEMS AND COUPLERS

Connect your Apple, TRS-80 or any other computer or terminal to the phone lines!

Penril

Penril
300/1200

Penril 300/1200—Bell 212A style $799
Bell 212A style. 1200 baud and 300 baud. Manual origi-
nate, auto-answer. Full duplex. RS232. Direct connect
to phore lines via RJ11C standard extension phone
voice jack. 1 year warranty.

Digital Equipment Corporation

DEC VT100

. DEC VT400 ... $1668
Detachable keyboard. Separate numeric keypad with
function keys. Business forms character set. Reverse
video. Selectable double-size characters. Bidirectional
smooth-scrolling. 80 cols or 132 cols. Split screen. Set-
table tabs. Line drawing graphic characters. Status line.
Key-Click.

HARDCOPY TERMINALS

Model 43

Teletype
Corporation

Teletype Model 43 KSR with R5232

and Connector Cable
30 CPS. Dotmatrix. 132cols.Truedescenders on lower
case. Excellent print quality for dot matrix printer. Pin
feed.

U.S. Robotics

USR-330A
Bell 103/113 style

USR-330D
Bell 103/113 style

USR-330D $339
Bell 103/113 style. 330 baud. Manual originate, auto-
answer. Half/full duplex. RS232. 1 year warranty. Direct
connect to phone lines via RJ131C standard extension
phone voice jack.

Same as USR-330D but includes auto-dial capability.

U.S. Robotics

The

Phone Link
Acoustic
Modem

u

Bell 103/113 style

300 baud. Sleek, low profile. Originate and answer cap-
ability. Haltfull duplex. Self-test. RS232. Light displays
for On, Carrier, Test, Send Data, Receive Data. 15 oz.

Perkin-Eimer
Corporation

CRT’s

Superowl 1251

Perkin-Elmer Superowl 1251 $1564
Inteligent, editing CRT. Detachable keyboard. 32 fully
programmable function keys. Intelligent printer part.
Business forms character set, Block mode. Protected
fields. Blinking fields. Numeric fields. Reverse video.
Haltintensity. Polling. Down line loading of options. Re-
mote control of all options by host computer. Settable
tabs. Status line. Separate numeric keypad. Transpar-
ent mode.

= & PRINTERS

DEC LA120

Digital Equipment
Corporation

DEC LA120... $2388

180 CPS. Dot matrix. Upper/lower case. 1K buffer. De-
signed for 1200 baud communications. 30 character
answerback message. Adiustable line spacing. Adjus-
table character sizes including double sized characters.
Settable horizontal and vertical tabs. Top-of-form capa-
bility. RS232.

Perkin-Eimer Corporation

Bantam 5508 .... $694
Compact. Silent. Upper/lower
case. 80th col. wrap-around.
Bell. Integrated numeric pad.
Printer port. Transparent
mode. Editing features.
Tabbing.

Bantam 550E...$755
Same as 550B plus
separate numerickey-
pad and cursor direction

Bantam 5505

Same as 550E plus block mode. 8 function keys, and
protected fields, reverse video fields, half intensity
fields, blinking fields.

550 Options
20mA Current Loop Interface
Non-Glare Screen $
2nd page of memory (5505 onlyj.. $100

NEC Corporation
NEC Spinwriter 5510 & 5520

5520 KSR Spinwriter

55 CPS. Impact printer. Selectric print quality. Change-
able print fonts. 110, 300 and 1200 baud data rate. Nu-
meric keypad. Friction and tractor feed.

5510 Spinwriter

55 CPS. Impact printer. Selectric print quality. Change-
able printfonts. 110, 300 and 1200 baud datarate. Fric-
tion and tractor feed.

Perkin-Elmer
Corporation

Pussycat 650/655
CRT Screen Printer

650/655 Pussycat CRT Screen Printer. $899
100 CPS. Extremely compact and quiet. 110 to 9600
baud rate. 2K buffer. Ideal for producing rapid. reliable
hardcopyof your CRT screen display. Can be added to
any CRT with our interface option.

Digital
Equipment
Corp.

DEC LA34DA ... $939

30 CPS. Dot matrix. Upper/lower case. 4 character
sizes. Up to 217 cols per line. 6 lines per inch settings.
Friction feed. Settable tabs. RS232.

DEC LA34AA

30 CPS. Dot matrix. Upper/ower case. 8 character
sizes including double size characters. 6 lines per inch
settings. Up to 217 cols per line. Friction feed. Settable
horizontal and vertical tabs. Top-of-form capability.

Options for LA34AA and LA34DA

Tractor Feed Mechanism

Numeric Keypad w/ Function Keys.. $69

Pedestal 2 $100

Paper Out Sensor

APL Capability with APL Keycaps ..

2K Buffer with Text Editor and 1200 Baud
Communications Capability $499

Leasing rates and lease/purchase plan information is available on request.

All equipment is shipped with a 10 day money back guarantee.

We ofter full service, on site maintenance plans on all equipment.

U.S. ROBOTICS nc.

CHICAGO, iLL BO80!

203 NWABASH SUITE 1718

All equipment in stock

SALES

SERVICE

GENERAL OFFICES

(312) 346-5650
(312) 346-569!
(312) 733-0497




Desk-Top Wonders

Hunt the Wumpus with Your HP-41C

Hank Librach, 52 Bulkley Dr, Fairfield CT 06430

Are you envious of all the people on your block who
have their own microcomputer systems with fancy dis-
plays, sound effects, and all sorts of goodies? You needn't
feel inferior any more. With the Hewlett-Packard HP-
41C programmable calculator, you can do all these things
by considering the display to be a one-lire video display
with 12-character capability. It will prompt you, make
different-frequency sounds, and scroll its alphanumeric
display.

You have probably played the popular Hunt the Wum-
pus game (in BASIC) on a microcomputer system. Now,
you can hunt him on your HP-41C. This version of Hunt
the Wumpus has all the excitement of the big game, in-
cluding the ability to throw gas cans, get snatched by
bats, or fall into a pit. You'll also be warned when the
Wumpus, a pit, or bats are near.

The program will easily fit into an unexpanded HP-
41C. With added memory modules and a bit of ex-

perimentation, many refinements are possible.

Playing the Game
After entering the program as shown in listing 1 (on
page 232), set the following:

o 5]ZE 018 (eighteen registers are used)

o FIX 0

e Enter the register data as shown in table 1

o ASN WUMP XEQ (assigns program to XEQ key)
o Put HP-41C in USER mode

®Press XEQ

At this point, you will be prompted with “SHOOT?"
Enter your choice, YES or NO (you will automatically be
in the ALPHA mode), and press RUN. You will be asked
which room you wish to enter. Continue until you win or
lose. Happy hunting!m

LSI-11 SYSTEMS FROM ANDROMEDA

Any size you want.
-\ -

No matter what your LSI-11 system
needs are, Andromeda can satisfy
them.

For example, the 11/M1 system shown
on the right weighs only 14 pounds yet
contains 102kb of mini disk storage
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(expandable to 389kb), 64kb of RAM,
spaceforupto16kbof EPROM, 4 serial
ports, and the LSI-11/2 CPU. All of this
for less than $4000. While the 11/M1
will run the RT-11 operating system, it
is best suited for dedicated applications
where its small size butlarge processing
power are needed.

Near the other end of the scale is the
11/H23-DDF system shown at the left.
The mobile enclosure includes the
LSI-11/23 processor, 256kb main
memory, 10mb of storage on thedouble
density RK-05 cartridge disk and
1.2mb on the double density floppy
disks. This system also has 4 serial
ports and 7 empty dual width slots for
additional interfaces. The $22,500 price
includes the video terminal shown, a
150 CPS matrix printer, and the RT-11
operating system.

These are just two examples of the
many LSI-11 based systems available
from Andromeda. And the standard
systems are just starting points; we
will provide any combination of pack-

age, processor, memory, interfaces,
and peripherals to meet your require-
ments. In addition to general purpose
systems, we also have turnkey pack-
ages for word processing, time-sharing,
data acquisition, and graphics.

We also provide individual boards,
software and accessories to support
LSI-11 systems.

LSI-11. RT-11, and RK-05 are trademarks of the
Digital Equipment Corp.

ANDROMEDA
SYSTEMSL -
9000 Eton Ave. ING T
Canoga Park, Calif. 91304 -

Phone: 213/709-7600
TWX: (910) 494-1248

Prices are domestic U.S.A. only.
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