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YOUR CHOICE-smart either 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

¢ 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
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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.

?

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

Circle 1 on inquiry card.

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

Cromemco logo on
computer board shown
in original ad

Announcing MBC/2 and MB(C/3,
newest members of Bata

al's growing family of
mi uo?*’f WVA™ board computers.
They're the best computers on a
boardmoney.can buy: You getup
10 64K mes,of memory, serial
and parallel /O lines, and soft-
ware support from MP/OS,
our famous micro operating
system. You even get supporting
Janguages like MP/PASCAL and
MP/EORTRAN 1V. See tor yourself,

ARGOMUVA

MBI/ SRS,
T R R T

MHC

2K i Bk B 42k

a A T azk - 16K

110
ey,

1 Boads 1
Herard SeewTShG 1 T 5485
The competition will always

ing the praises of their little single
board computem But from now

2
A
t

b S B S R

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

like this:

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-

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

(415) 964-7400  TWX 910-379-6988
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Account

Management Information Display

Ultrasonic heart sector scan

HIGH POINT
RESOLUTION

492 (vertical) x 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
inte 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.

T T — e

o Z2H
- Compuardysen_

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

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
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20 structured Programming and
Structured Flowcharts by Gregg Williams
A technique 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.

132 \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
Languages as Languages by Jon Handel
BASIC, ALGOL, and APL are compared to the
English language.

317 Computer Music: A Design
Tutorial by Thomas P Orlofsky / A modest
amount of theory provides the background for
building a simple program-controlled digital tone
generator.
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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

CROANCGELO

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 7280
microprocessor

60 hertz real-
time clock

8 level interrupt
tie-in

IEEE S100 bus
compatible

Screenware™ Pak I

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
detfined character sets and directly callable user
extensions to Screenware™ Pak I.

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, full 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

And now...COLOR!

The new MicroAngelo™ Palette board treats from
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 e Vienna, Virginia 22180 ¢ TWX: 710-831-9087 e (703) 827-0888
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UCSD’

PASCAL
FORTRAN

PORTABLE
Develop on a Z-807,
runonLSI-11%, T. 1. 990,
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,
utilities, 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 TO RUNON
DECPDP-11% or
TRS-80 MODEL 11§

Pc D 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 I
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. I promise to stay as far away from the concept of “struc-
tured programming” as possible. Much has been written about it elsewhere. I
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. I 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. I 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
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“For reliable data storage,
you can’t beat Shugart’s

Minifloppy’

“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” o

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. That’
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

™ Raymond Schlitzer, Owner—
Computerland, San Francisco

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.

A.Shugart

475 Oakmead Parkway. Sunnyvale, California 94086



Editorial

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

Articles which are accepted are purchased with a rate of up to
$50 per magazine page, based on technical quality and suitability
for BYTE’s readership. Each month, the authors of the two
leading articles in the reader poll (BYTE's Ongoing Monitor Box or
“BOMB”} are presented with bonus checks of $100 and $50.
Unsolicited materials should be accompanied by full name and
address, as well as return postage.
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o
PASCAL/Z™ Q.E.D.

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

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

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

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

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

nferNyySiemms™

Ithaca Intersystems Inc.

Micros for bigger ideas.



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

A

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 5-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.

We call our new line Series
II. 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 4MHz
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 I/0 board. Our 6-serial
I/0O 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 |EEE 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/PO. Box 91,
Ithaca, NY 14850
607-257-0190/TWX: 510 255 4346

lnoferyyysiems

Ithaca Intersystems Inc

Micros for bigger ideas.

o
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Editorial

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%

DESIGN
15%

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.

AMNALJZA:

(Let your computer play psychiatrist!)
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

CPI/M Formats: B" soft sectored, 5" Northstar, 5" Micropo-
lis Mod Il, Vector MZ, 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)
SuperSoft

First in Software Technology

CP/M REGISTERED TRADEMARK DIGITAL RESEARCH

\
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o 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)
oThe 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 simple 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

PROM firmware for powerful user interface
68488 IEEE-488 controller chip ‘\

1EEE-488 bus cable
(6 ft. with stackable connectors)

Slot-independent connection to Apple 1

AR Y
—A_77/
oo o0
SSM’s A488 board expands the Apple II 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. I 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! I 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 I
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 terminal & printer

invited.

1954 E. University
1-800-528-7385

EENCHMArk-

THE BENCHMARK software system sets new standards in word processing. First, it
canbedelivered torun onthe CP/M®or the 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 dollars 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 capability word
processor, has been thoroughly testedinan office environment and proved to meet the

ony $499

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

Computer
Systems”

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

WORD
PROCESSING
SYSTEM

o Overtype - erases, corrects

® Variable, electronic decimal tab
® Screen menus simplify operation
® Block move and get

plus tax
where applicable

Tempe, Arizona 85281
AZ-602-368-7101
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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 1 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. 1'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

Intel’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
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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 @nd 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 5Y5" 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
™" Apple dealer or call 800-538-9696.

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

)
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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

Intertec 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

COMPUTERS

DIVISION OF MARK GORDON ASSOCIATES, INC.

GORDON

(617) 491.7505

OPERATING SYSTEMS

NEWDOS by APPARAT INC 49.00
NEWDOS + by APPARAT INC 99.00
MMS FORTH DISKETTE-PRIMER 79.95

NEWDOS 80. . v vive 6 arais 06 sssarass « < e v oo v e o s 149.00
DISKETTE TRS-80*
BUSINESS SOFTWARE BY SBSG

free enhancements and upgrades to registered owners for

the cost of media and mailing 30 day free telephone sun-

port User reference on request

Fully Interactive Accounting Mackage. General Ledger.
Accounts Payable. Accounts Receivable and Payroll
Report Generating

Complete Package (requires 3 or 4 drives) $475.00

Indlividual Modules(requires 2 or 3 cirives) $125.00
Inventory Il (requires 2 or 3 drives) $ 99.00
Mailing List Name & Address |l

(requires 2 drives) $129.00
Intelligent Terminal System ST-80 111 $150.00
TheElectrc Pencil fromMichael Shrayer $150.00
file Management System $ 49.00

P.0. Box 77, Charlestown, MA 02129

COMPUTERS
Atari800WIGK ................... 799.00
AKMOdEl . ; s & coun o sva o s+ 5 599.00
Model-1l 64K System 3499.00
16K Model Il ..................... 859.00

DISK DRIVES
40 Track S*a inch drive 314.00
BOTraclk SVa ... 544.00
4 DislcDrive Cable 39.00

PRINTERS
Centronics 730 599.00
EpsonMX80B ... ........... Call for price
Centronics 737 ...849.00
Okidata Microline 83 ............. 1044.00
Integral Data 440G 999.00
NEC 5510 w-tractor . 2679.00
Olkidata Microline 80 ................cc... ... 599.00
Diablo 630 ....................... 2495.00

MISC HARDWARE
Expansion int. TRS-80(Ok). . 249.00
Novation D-Cat Modemn. . ... ... .. .. 166.00
16K Memory Kit 41.99
Leedex Monitor 109.00
Printer Cable for above. . 49.00
1SO-2 isolator 54.00
ACLINEFILTER 24.00
STORAGE MEDIA

Scotch-box 10-544 . v o ¢ s wanss wwnes v 27.00
Memorex-box 10-5'a 22.00
Plastic Storage Box 5.00

FINE PRINT
TRS-801s a Tandy Corporahion trademark Use of above operatingsys
tems may require the use ol Radio Shack TRS-DOS Radio Shack
equipment subject to the wilt and whim of Radio Shack
ORDERING INFORMATION
We accep! Visa and Mastercharge We will shipC O D ceriiedcheck
or money orders only Massachusells residenls add 5 percent saies tax
To order call toll-free 1-800-343-5206
For information call 617-491.7505

The Company cannot be liable for pictorial or lypographical inaccuracies.
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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 I, 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.

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™
system to almost 0.6
Mbuyte for a three-drive
LFD- 800™ system.

Beyond 16K

Another option is incremental
memory 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

..............

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 Radio Shack Corporation which has no relationship to Percom Data Company.

ory and external memory.

The right 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-slot motherboard
not only can be self-extended, but also can be extended
with our 30-pin I/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 GARLAND. 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. It 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. I 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

Self-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 1/0 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.

The AJ 841 features:

» Choice of serial RS 232 or parallel interface

* ASCII code

* 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
on request)

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

800/538-9721

California residents call 408/263-8520.

A, ANDERSON
JACOBSON
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Co

The Heathkit All-In-One Computer 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.

for Heathkit
puters _

tem 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
Healhk' 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
Mlss:ssauga Ontario L4X 2R7

Heathklt

IBM'is a registered trademark of International Business Machines Corporation. CP/M is a trademark of Digital Research, Inc.
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Choose a date, time, and place on
Earth and let TellStar display the
Stars, Planets, Sun, Moon and
fascinating Stellar Objects in
High Resolution Graphics.

With interactive commands, *
TellStar enables you to easily
locate and-identify stellar objects.
Right Ascension, Declination, *
Azimuth, EleVation, Rise and Set
Times are presented adjusted for
precession. Planetary data is calcu-
lated using Kepler's equations.
Constellations are drawn before
your eyes. Print High Resolution
Graphics displays on a Silentype.
Scientific data can be printed on
any printer.

A Calculation Utility is provided
for equatorial, ecliptic, horizontal,
and precession conversions.

TellStar Level | on disk $39.95
Northern Hemisphere Star Tables

TellStar Level Il on disk ~ $79.95
Comprehensive 47 page manual
Northern Hemisphere Star Tables
Southern Hemisphere Star Tables
Messier Object Star Tables

Visityour local computer store 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 trademark of Apple Computers, Inc.

TellStar™-

for the Apple It - ..
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Letters

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:

1 LIST

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, I 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 I
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 I 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).

o 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.

o 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 1 could have it repaired is in
Ridgewood, New Jersey; otherwise, I
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. I 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, I 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.) I 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, I 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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and

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-controlled for + .001% accuracy. Onboard
---- ” i ROM for easy access from BASICs. Supports
PASCAL. Time from one millisecond to one year.

Input/Output Speech Digitizer. Permits talking programs. I/O capability
allows interactive programs with speech-prompted inputs. Use output for
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 EPROMs. Create your own firmware.
Programs 2K, 2716 5V EPROMSs. Disk software package
provides easy EPROM programming. EPROMSs are verified
after BURN. RUN your programs from on-board socket or
installthem on ROMPLUS.

More power for your system through firmware. Six sockets
accept 2716 EPROMs or ROM equivalents. Six or any com-
bination can be used at once. Scratch-pad RAM and two TTL
connectors. Special 2K ROMs available for powerful system
enhancement: Keyboard Filter ROM—COPYROM-—-0Others
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-
"N trol. Composition system—sheet music
*‘. input using standard music notation.
j | Chords and multi-part scoring up to 16

an Apple can play.

N b \ . 16 channels analog to digital input. 16

ki channels digital to analog output.
" Eight bit resolution. Super-fast 9u
sec. conversion time. Monitor and
output to the real world. All on one
card.

i \ voices. A true instrument that anyone with
il

Mouniain Computer makes

more peripherals for

the Apple Computer
than Anybody.

. a place to put them

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

o

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
available 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 to make an
Apple peripheral—except Apple Computer.

Available at Apple Dealers worldwide.

ﬁ Mﬂn m@onaoaa?;)};mb?

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

Apple is a trademark of Apple Computer Inc.




Structured Programming
and Structured Flowcharts

Structured programming—that
phrase, unfamiliar to me and, I
assume, to most people several years
ago—is now endowed with such
magical powers that most books on
programming include it somewhere in
their titles.

But what is structured program-
ming? Most of us feel that it is prob-
ably good for us, like getting regular
exercise or brushing our teeth after
each meal. You may also think it's
too complicated (not true), that it
slows down programming (wrong, it
usually speeds it up), or that it cannot
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
understand, 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 language, 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 Structured Pro-
gramming

A structured program is like a set
of notes written in outline form. The
headings accompanied by Roman nu-
merals—1I, II, III, 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, c, ...) as needed. Table 1
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Gregg Williams, Editor
BYTE
POB 372
Hancock NH 03449

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

The above example demonstrates a
process known as decomposition:
breaking a task (problem) into its
subtasks. This process represents the
most important concept in structured
programming, ie: that a problem can
be solved by repeatedly breaking it
into subproblems, until every sub-
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 the
target language (ie: the programming
language you use to solve the prob-
lem), you will have a better chance of
getting your program right the first
time,

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

basic constructs.

But how do you decide which way
to break the problem into sub-
problems? Common sense helps. Ask
yourself, “What sequence of actions
and decisions would I have to make if
I were doing this without a
computer?”’

The rest of the answer comes from
the literature of structured program-
ming. It has been mathematically
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-

bility of breaking a task into a set of
subtasks that accomplish the main
task when executed sequentially.

The second construct, if...then...
else, performs one of two subtasks,
depending on the truth or falsity of a
stated condition. An everyday exam-
ple of this construct is given in the
following sentence: “If it is raining
outside, I will take my umbrella with
me; if it is not, I will leave the um-
brella at home.”

The third and least familiar con-
struct, while...do, is actually a
generalized 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, I will continue to stir it.”

If you combine lines of code in the
three ways described above, the re-
sulting program is said to be struc-
tured. In most languages (BASIC, for
example) you will still use goto
statements, but they will be restricted
to carrying your program to 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 another one. Instead of being
like a plate of spaghetti, a program is
more like a string of pearls (with each
pearl containing another, smaller
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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O Please have a sales representative

O Please send more information on
CCS Systems and Expansion

California Computer Systems I
250 Caribbean Drive
Sunnyvale, CA 94086

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 I/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/0O,
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
to real-world problems. Many
but I saw the concept as simply the
same structured programming
tools applied to the earlier process

transforming a situation to be

more wrong than right.

particular programming project, I
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

~ successfully applied the techniques

books spoke of structured design,

of program design—that is, of

solved into a set of programs that
will accomplish the task. I was

. Through my experience with u ‘

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.

Lalso learned that certain design
decisions within @ 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 deta:ls (eg sequentml or ran-

can make a significant improve-

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

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. I am including a list of par-
ticularly helpful books and articles
in the references at the end of this
article,

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—

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 Ia gives a statement of the
problem and table 1b gives its solution
in outline form.

Solution:

|. Set problem up:
A. Set MAXVAL = -9 x 10
B. Set MAXINDEX = 0
C. Set INDEX = 1

II. Find largest element:

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

For eachvalue 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).

111. Print the largest element (MAXVAL) and its
index (MAXINDEX).
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out of control. I could not have done
this without the rigorous use of struc-
tured programming techniques.)

A's 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

e 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 —
4 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 get the extra benefits of
four character sizes and paper-saving
print compression. Choose the Comet
II 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 II also
offer the rare combination of low cost
and high performance. Both models
operate at an efficient 125 cps bidirec-
tional print speed and ina 9 x 7
dot matrix.

C. Itoh'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 II 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 if you want the highest quality at
the best price, look intc the extras the
C. Itoh Comet and Comet Il printers
offer. You'll 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, IL 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, orevenintense tran-
sient fields induced by electrical storms.

Data-Safe Products provide reliable, 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 other
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 attractively-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
TAPE*SAFEs). 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

DealerInquiries 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 1
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 Model I Level Il BASIC, and it
will run on other computers that use Microsoft BASIC.

100 =

110 REM FROGGRANM FINDMAX

120 3

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 MAXVY = V (MAXINDEX)

170 3

180 REM (FOR THE FURFOSES OF ILLUSTRATION, WE WILL ASSUME
THAT THE DATA 1S ALREADY IN THE ARRAY V.)

190 REM

200

== MAIN FROGRAM ===== == mmmmmmmmm==

DIM V(12)
GOSUER B80Q0O: REM ==NOT FART OF ALGORITHM IN FIGURE 63 THIS
REM SUEBROUTINE ENTERS DATA INTO ARRAY V

R e S BOX 1: INITIALIZATION ROUTINE
MAXV = -9 % 10020

MINDEX = O

INDEX = 1

R E R e e EBOX 2: FIND LARGEST VALUE

REM —-- (BEGINNING OF WHILE...DO LOOF)
IF INDEX > N THEN S20
CURRV = V (INDEX)

IF CURRV = MAXV THEN 440
MAXV = CURRV: REM —-— (THIS FART EXECUTED IF FALSE)
MINDEX = INDEX

INDEX = INDEX + 1

450 :

460 REM —-— (JUMF TO REGINNING OF WHILE...DO LQOOF)

470 GOTQ Z70

480 :

490 3

500 REM ————=—————— ROX Z: FPRINT FINAL VALUES —-

510 @

S20 PRINT: PFPRINT "THE LARGEST VALUE IN THE V ARRAY IS:"

530 FPRINT " V("s MINDEX ")y = "3 MAXV

S40 FRINT

S50

560 END

S70 REM = END OF MAIN FROGRAM ===================
760

770 =

780 REM —————eeeee SUBROUTINE TO FILL V ARRAY —————rm
7590

800 DATA 1X2: REM —— (NUMEBER OF ITEMS TO EE READ IN)

810 DATA 1, 1S5, -28, .24, -17.92, O, S, 1, 0, 21.4, =205, 17

820 READ N
820 FOR I=1 TO N: READ V(I)s: NEXT I
840 RETURN
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Circle 20 on inquiry card.

y 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 o e Use a minimum of unfamiliar nota- four basic building blocks. These are

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

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

constructs, described in ~~=ventional

do but This structured flowchart not'ation, flowcharts in figures 1a thru 3a, are
LA which I developed over a period of gjven in structured flowcharts in
several years, meets these criteria. figures 4a, 4b, and 4c, respectively.)
The sequence construct (figure 4a)
when 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
0 . .
you have the beSto (a) I sequence construct from its conven-
The best Data o tional counterpart.
Base Systems for ; |J|:|! SUBTASK 1
@ dataKEY* I (&)
SUBTASK 2
¢ Index sequential and relative record files 100 (BASIC statement for subtask 1)
* Fast extended search/data analysis | 110 (BASIC statement for subtask 2)
(a)Fas.tacceg,s .to specific information 120 (BASIC statement for subtask 3)
(b) Basic statistics reported from search SUBTASK 3
e Extensive report capabilities )
¢ 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
Thebest Business —iaZ I sequence as a series of BASIC lines.
Data System for ;ﬂpp c
bookKEYper*
¢ Fully integrated with @P dataKEY (2)
e Accounts Payable, Receivables a
e General Ledger
¢ Transaction driven—no file size limit T
Price (CONDITION)
Diskette version
(specify type & size). . ......... $450.00
Corvus 10 Mb version. ... ... On request
oI I 3355ﬁ§~°?"£ ;le SUBTASK DONE IF
e best Persona _= 4 T S FALSE CONDITION IS TRUE
Finance System for ;CIDDIQ
Personal budgetKEYper*
y
-
¢ Fully integrated with dataKEY (a) CONVENTIONAL
e Checkbook manager a
¢ “Payables” manager
¢ Expenses statements
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 Il DOS 3.3, or Applesoft
or Language System and is compatible with Corvus
10 Mb, 8" Sorrento Valle and 5% " diskette, menu- :

) 190 GOTO 300

dri , and tutorial.
iRl Ll 200 (BASIC statements for subtask done if
condition is true)

TEL. (603)465-7264

ISi E P UTﬁ 299 (last statement of “true” subtask)
i (ﬂ)URCE 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/O 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
® Asynchronous communication port
o 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

e Audio cassette interface

e 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 I/0 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, [7

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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(a) CONVENTIONAL

BODY OF LOOP

=1
—

(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

(a)

|

WHILE

SUBTASK DONE IF
CONDITION IS TRUE

(CONDITION)

I

BODY OF LOOP

SUBTASK DONE IF

CONDITION IS FALSE

(6)

(c)

Figure 4: The basic structured flowchart notations. Figure 4a shows the structured flow-
chart notation for a sequence of tasks; it is equivalent to the flowchart of figure 1a.
Figure 4b shows the structured flowchart notation for the if...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 action is 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

* * *

&

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

otally compatible with North Star hardware * Allows use ot 8" and or 57 drives * Detailed. 80 page manual included * Background print tasks
*Supports tloppy tiles up to 4.2 MB *Simple. plug-in operation * Fully CI>*M*

compatible * File security * Extensive utilities included

* * * *

DMA-DOS Software

Dynamic Microprocessor Associates Disk Operating System
Tarbell Double Density Controller
Cables

$200
and power supply
Total package

P'rices and atters subject to change without notice

Dual Shugart 8" 800R drives in cabinet with fan

NAMO "d NHOI "DNI ‘S3LVIDOSSV SNIMO "d NHOI

S
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WI Wi PAY SHIPPING ON PREPAID ORDERS (Continental USA only). WE HAVE NO READER INQUIRY NUMBER. PLEASE WRITE OR CALL.

JOHN D. OWENS ASSOCIATES, INC.
12 SCHUBERT STREET, STATEN ISLAND, NEW YORK 10305
OVERSEAS CALLERS: TWX 710 588 2844 or call (212) 448 6298 *DOMESTIC CALLS: (212) 448 6283 (212) 4486298 (212) 448 2913
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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 R R

operating systems such 8 SNl h R DOUBLE DENSITY
as MP/M, CP/NET, and - O FLOPPY DISK
OASIS. Every product is 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 using IBM soft sectored
you features not formats. It features 1K
currently available from of on-board buffering,
any other source. DMA controlled data
transfers and the per-

Z80 PROCESSOR formance character-
BOARD — The most . Fe— istics of the superior
powerful CPU board available today. Outstanding NEC 765 chip.

features include 4MHz operation, high-speed serial
and parallel I/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/O ports for the
memory bank addressing. The memory is
MULTI-USER SERIAL I/0 BOARD — For use in configured as four totally independent 16K
expanded systems requiring up to eight additional software-selectable banks, with each bank
serial /0 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 S 1T 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 ——I

l SUBTASK 1

|

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

BUSINESS SOFTWARE

FOR THE 2-89!

S & M Systems, Inc., the "All-In-One” Software Company
is offering a full line of Business Packages for the
"All-In-One” 2-89 Microcomputer

Inseq-80(tm) 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 |, MOD II, MOD Il
AND ALTOS MICROCOMPUTERS

For Further Information, Contact: S & M Systems, Inc.
P. O. Box 1225

Haverhill, Massachusetts 01830

Or Dial Direct: 1-617-373-1599

1-617-481-5231
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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%X,=) or insert built-in functions
such as net present value and averaging. |
As quickly as you type it in, VisiCale [
calculates and displays the results.

“l am extremely impressed with Visi-
Calc’s capability, flexibility and orderly
presentation of instructions”’

So writes the director of a NewYork cor-
poratien. He apprediates VisiCalds powerful
recalculation feature. Change any number in
your modeland 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 P
Business Machines Inc., Atari is a registered trademark of oan

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.

“I like VisiCalc’s ease of use’’

That response comes from a Utah businessman usirg 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
VisiCalc . . . 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-
' ware Arts, Inc.

o 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.
They're like time on your hands and
money in the bank.
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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

|

MAXV=-9-102°

l

1.2
MAXINDEX =0
|
INDEX =1
2
FIND LARGEST VALUE MAXV
AND ITS INDEX MAXINDEX
2.1

PRINT MAXV, MAXINDEX

END

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)

21.21 I

MAXV=CURRV

2.1.2.2 I

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.
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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 userterminal 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 independently 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 1/0 that transfers data from disk to user
modules at the data transfer 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 it'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.
280, Z80A, Z80B are registered trademarks of Zilog Corporation.

CWHILE

C.0 M:.P U, T E_R 8§

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

(¢}




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 7010

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)

(a)

(b)

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.®
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TRS-80* Model I Computer Owners . .

Double-density storage.
It’s really here! ‘

Here at Percom. And your authonzed Percom dealers —

And double-density storage is here in a

big way. Because now

you can choose from three dtfferent levels of mlm-dnski S stems —_

~ all double-density rated.

And get the storage that precnsely meets your apphcatlon

needs.

Not to mention the service and quahty that S made Percom the_

industry leader.

Although rated for double- densnty 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-
gending on the drive model — on one side of a
ive-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 conflguratlons 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.

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
ki | 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.

™ trademark of Percom Data Company Inc.

TMtrndemnrk 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 onesideofa
minidiskette as you can store using a
Tandy standard Model 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

(214) 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 1K 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. I
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 II, and the Commodore




PET, use 16 K-bit dynamic-memory
chips. Only the TRS-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.
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considerably smaller.

The keyboard/processor module of
the TRS-80 Model I system is a single-
board computer with memory-
mapped video display and keyboard.
The only provision for I/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/0O 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
TRS-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 1/0O ports
through 1C28, a 74LS155 decoder.
Eight strobe signals are produced to
decode memory addresses within the
range of hexadecimal 37EO 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 1C21, 74LS157 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 2c: Schematic diagram of the disk-controller, clock-generator, keyboard/processor-module-interface, external-data-separator,
and disk-drive-interface sections of the Disk-80 expansion module. See figure notes on page 44.
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Text continued 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 1C18,
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

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.

Notes

1. On ICI1 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.

4. All resistors are 1/4 W 5%
tolerance carbon-film type unless

otherwise noted. 1
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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
37EC — 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  +12V -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 745157 16 8

22 74LS00 - 14 7

23 74LS14 14 7

24 7415244 20 10

25 7415244 20 10

26 74LS30 14 7

27 7415139 16 8

28 7415155 16 8

29 7416 14 7

30 7416 14 7

31 741520 14 7

32 74L5175 16 8

33 7415123 16 8

34 74L5123 16 8

35 741500 14 7

36 74L.S04 14 7

37 74L.S74 14 7

38 741574 14 7

39 7415240 20 10

40 74LS240 20 10

41 74LS367 16 8

42 INS1771D-1 21 20 40 1

43 CD4049 1 8

44 74L.S90 5 10

45 CD4518 16 8

46 CD4518 16 8

47 74LS74 14 7

48 74L.S74 14 7

49 741500 14 7

50 74L514 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. o

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
refresh 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

+5V
RAS
oV
+5v
RD
oV
+5V
MUX
oV
+5V
CAS
ov
+5V
DouT Dour
ov

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 (Vgg) must be applied to the
4116 before the +12 V supply (V,p),
and the —5 V supply must remain on
until the +12 'V supply has been
removed. The +5V (V¢c) 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 (—=5V) is
not turned on and Vpp (+12 V) over-
shoots to more than +15 V, the chip
will blow. Applying Vg, first pro-
vides an extra margin to prevent
device destruction. Also, Vs 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. It
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

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 TRS5-80 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
fifty-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 wvoltage 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 Vgp and Vpp supply
lines on every other chip.

e Distribute 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 1 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 1/O 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 1C32,
a 7415175 4-bit register, and 1C33a, a
7415123 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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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:

Typel —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 I[IV—Force-interrupt com-
mand.

An address map of Type I, 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 A1 (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), A]
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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Hexadecimal 37EC 37EC
Memory-Mapped A1 AQ Read Enable Write Enable
37EC 0 0 Status Register Command Register
37ED 0 1 Track Register Track Register
37EF 1 0 Sector Register Sector Register
37EF 1 1 Data 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.

*
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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 I
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 us one-shot is triggered
by the leading edge of the clock pulse.
Since the time between clock pulses is

8 us, a data bit is expected within 4 ps
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 ps one-shot. 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 1C34 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

IC34: 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. i

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
$1,000.

: If you don't have a digi-
tizer, you are restricting your TRS-80's
abilities. We'll gladly send you a list of dis-
tributors who have the Bit Pad One.

,
2 corporation

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

T

Now, Bit Pad One*

digitizer makes
graphics capab
to your TRS-80!

it easy to add

ility
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distribution are probably the most
critical factors to be considered.

[ 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 I 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, | 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. ®

Next Month:

Build a low-cost logic analyzer.

References
1. Z80-CPU Technical Manual. Zilog Inc,
18;?0 Bubb Rd, Cupertino CA 95014,
1 .
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 Il 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
design: A new generation of Multi-
module 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 for directon-
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
8080A-based microcomputer with one
iSBX bus connector; 48 programmable
1/0 lines; one USART; timer; capacity
for 1K-4K bytes RAM; up to 16K
EPROM

0 00gaO000D o I
0007 105 000000
100 c—000000000ooo
000 [] gggp ooooonoong

iSBC 80/24 Single Board Computer
8085A-2 based microcomputer oper-
ating at 4.8 MHz (2.4 MHz optional);
two iSBX bus connectors; 48 program-
mable I/0 lines; one USART; three
prog! ble timers; pr bl
InterruF?t controller; capacity for 4K-8K
bytes RAM; up to 16K EPROM

1SBX 311 Analog Input Multimodule
8 or 16 input channels, voltage pro-
tected; 12-bit resolution; +20 mV to
5V full scale; 20 kHz samples/sec;
compatible with iCS 910 Signal Condi-
tioning Termination Panel

1SBX 328 Analog Output Multimodule
8 channels of analog output; vaitage or
4-20 ma current loop; 12-bit resolu-
tion; compatible with iCS 910 Screw
Termination Panel

iSBX 331 Fixed/Floating Point Math
Multimodule

Fixed point single- (16-bit) and double-
(32-bit) precisionarithmetic; floating
point single- (32-bit) precision func-
tions; floating-to-fixed and fixed-to-
floating point conversions; transcen-
dental functions

iSBX 332 Floating Point Math
Multimodule

Single- (32-bit) and double- (64-bit)
precision arithmetic; compatible with
proposed IEEE 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 dataacquisition
from thermocouples and 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
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economical iISBX 331 or 332 math

modules.

Three Multimodule-compatible
iSBC boards
Intel’s 8-bit
iSBC 80/10B,
80/24 and 88/40
single-board com-
puters are the first
of many iSBCs to
offer iSBX Multi-
module expansion
iSBX 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 iISBX-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.

intal delivers

solutions.

Europe: Intel International, Brussels, Belgium.
Japan: Intel Japan, Tokyo. United States and

Canadian distributors: Alliance, Almac/
Stroum, Arrow Electronics, Avnet Electronics,
Component Specialties, Hamilton/Avnet,

Hamilton/Electro Sales, Harvey, Industrial

Components, Pioneer, L.A.Varah,

Wyle Distribution Group, Zentronics.

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

O Other

[ Please have a Sales Representative call.

Name

Title/Organization
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.
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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.
After a user ‘logs-in’ with his user name and
password, any of the system programs may be
run at will. One user may run the text editor
while another runs BASIC and still another runs
the C compiler. Each user operates in his own
system environment, unaware of other user
activity. The total number of users is only
restricted by the resources and efficiency of the
hardware in use. :

Multi-Tasking

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

Support

The design of UniFLEX, with its hierarchical file
system and device independent |/O, allows the
creation of a variety of complex support
programs. There is currently a wide variety of
software available and under development.
Included in this list is a Text Processing System
for word processing functions, BASIC interpreter
and precompiler for general programming and
educational use, native C and Pascal
compilers for more advanced programming,
sort/merge for business applications, and a
variety of debug packages. The standard
system includes a text editor, assembler, and
about forty utility programs. UniFLEX for 6809 is
sold with a single CPU license and one years
maintenance for $450.00. Additional 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: Remowal 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. I 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 step in
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
L expense of new hardware and software when
| you outgrow your current system.
You'll beabletodo low 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
q -1.0 -1.0 .00
b =00 -1.0 0 1.0
i 1.0 =10 4.0
b 1.0 1.0 1.0
b 1.0 1.0 -1.0
b 1.0 -1.0 -1.0
d 1.0 -1.0 1.0
f -1.0 -1.0 .00
b -1.0 -.00  1.¢
d -1.9 1.0 1.0
fr -1.0 1.0 -1.0
i -1.0 -i.¢ ~-1.0
" -1.0 -.00 1.0
d ~.00 -1.0 1.0
M -1.0 1.0 -1.0
d 1.0 1.0 ~-1.0
f 1.0 1.0 1.0
d -1.0 1.0 1.0
1b
19 7 {(NumrFts NumFolys)
1 1.0 -1.0 -1.0
2 -0 -1.0 ~1.0
3 -1.0 -i.¢ 00
4 =00 -1.0 1.0
3 o -1.0 1.0
6 -1.00 =000 1.0
7 -1.0 1.0 1.0
8 1.0 .0 ~1.0
? 1.0 1.0 Fod
10 -0 1.0 1.0
] T2 3 4 0%
4 g 1 3 ¢
3 o8 910
i 2 710 6 3
4 B 7 1
3 3 4 610 ¢
3 3 &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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(1,1,1) 9

(-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
osolete

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

Technology, Inc.

Software Products Division
P.O. Box B-14665

8001 N. Classen Blvd.

Oklahoma City, Okla. 73113

405 840-9900

*Apple Ilis a trade name of
Apple Computer. 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 —EyeY —Eye.Z 1

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



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 Il, 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 |l consists of two parts. One part
includes the printed circuit board which holds the
Micromodem Il, 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 Perfect Fit

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 in the 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 Il 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 beused withthe Bell & Howell computer.

Hayes Microcomputer Products,

Inc.




Computer Generated Graphics
Made Simple

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

Zgrass 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 Interfaces for graphics tablet, disc drive, joystick
controllers, audio 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

datomaXinc.

0 Bl 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/-{CT.X) ¥ (CLY)?
sin(A) = C1.X/+/{CL.X)Z ¥ (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/J/(C2.Y)? + (C2.2)?
sin(A) = —C2.Z/4/(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 2
OoOmr=OO
OOk o
= O OO

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
thefield 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. emp
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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 System, 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, thus
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 [/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 — up to
16 in a single chassis!

+CP/M is a registered TM of Digital Research. Inc.

Whatever your requirements, Whatever your language. No matter
howyousayit— 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

=0



C1

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.

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 + Vtx.Y * Clp.Y +
Vtx.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
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important. Not all companies are
the same. 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
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With every new advance in
space technology, COMSAT con-
tinuestolead and grow. Following
INTELSAT came COMSTAR and
MARISAT, two industry-leading
commercial comrrminications sys-
tems. COMSAT also is now the
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perspective (ie: objects in the distance should be smaller).
This transform can take the form of a scaling matrix as
follows:

Scale.X : = DotsAcross * WinDist/WinWidth
Scale.Y : = DotsDown * (4/;) * WinDist/WinWidth

The matrix is then:

Scale.X 0 0 0
0 Scale.Y 0 0
0 0 1 0
Middl. X Middl.Y 0 1

In the above transform, DotsAcross is the number of
dots across the display, DotsDown the number of lines
on the display from top to bottom, WinDist the distance
to the window in eyespace, WinWidth the width of the
window, and Middl.X and Middl.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 (4/,)
takes into account that the standard video display is 4/,
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 a more careful
calculation. If the maximum width of the window is less
than 4/, 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, if we use a display with a different aspect ratio,
the width of the display divided by its height should
replace the 4/,.

The procedure in listing 7 divides the x and y coor-
dinates of each vertex by its z coordinate to achieve the
perspective effect, then applies the transformation to
display coordinates directly, rather than using a matrix
transformation.

This completes the process of computing an image of
objects 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 themselves 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
considerably at a very small increase in the cost of
preparing object descriptions.

Earlier in the article, [ stressed the importance of taking
the vertices of all 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 choose to do so, we can construct all objects as
closed surfaces for display purposes.
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In any event, if 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 pictures of solid objects made of closed surfaces,
we can immediately reject any polygons appearing 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 a 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.

If a closed convex surface is being displayed by itself,
the above process is adequate to produce the image with
only visible faces shown. However, if 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
coordinates of each polygon in turn. If all polygons are
roughly 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 objects 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 stored 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 algorithms. For a thorough discussion 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

CP/M
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 easyto use full
screen editor. VEDIT is a highly refined and proven editor
which is easy enough for novices to learn and use. Yet its
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 ‘UNDO’ 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 Custonuzable

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 IBM 3101, and keyboards producing 8 bit
codes or escape sequences are also supported.

\ew Featires 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: Disk 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 Il SoftCard @ Sorcerer ® TRS-80 Model |
TRS-80 Model I ® 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 RETUR

NEC THE FIRST NAME IN LETTER
QUALITY PRINTERS.

CompuMatrt offers beautitul print
quality with NEC Spinwriter ter-
minals. Both KSR and RO versions
give unsurpassed hard copy out-
put CALL

NEW FROM INTEGRAL DATA-
THE IDS 560 PRINTER. 132
column graphics printer.

3

IDS 445. Priced lower

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

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

IDS 460 $1.295

The 460's features include. Corre-
spondence quality printing, high
resolution graphics capability,
programmable print justification.

CENTRONICS PRINTERS

The incredible Model 737. The
closest thing to letter quality print
for under $1,000.

737-1 (Parallel Interface) — $899.

COMMODORE

COMPUMART has delivered more
Commodore computers in the
US. than any other dealer. Call
us now for low _pnces and spe-
cialdeals. NEW FOR PET:
Visicalc (Need 32K & a disk
drive) $199. - Word Pro I. $29.95 -
Word Pro 2. $99.95 - Word Pro 3.
$199.95 - Word Pro 4. $299.95.
Educators Take Notell Commo
dore has extended its 3 for 2 deal
until 6-30-81 This means that any
educational institution which
buys two Commodore com-
puters will receive a third abso-
lutely FREE. Call our sales
department for complete details.

Omni Printers

from Texas

Instruments
The 810 — List 51895. SALE! §1795.
The 820 (Ro) Package —
Includes machine-mounted
paper tray and cable. A com-
pressed print option and device
forms control are standard fea-
tures, $2,155.
The 820 (KSR) Package —
Includes tull ASCIl Keyboard plus
all of the features on the RO

NEW! The PMC-80, The new
computer that's software com-
patible with the TRS-80. Level 11

16K at $6
ACCESSORIES FOR PMC — 80
EXP100 S100 Bus Expander
Disk, Printer, RS232 [/O $410.
S-32K S-100 Bus 32K RAM Board

for EXP-100 $295,
CAB-40 Cable 12" long ribbon
cable

for EXP100 §25.

COMPUMART's Microflex 65 Sys-
tern for your AIM Includes:
Adapter Butter 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
Microflex 65 brochure
ROCKWELL AIM 65
Our AIM systemn includes 4K AIM
with BASIC interpretor assembler,
Power Supply. Cassette recorder
& Enclosure 799.
$499.

PL45 ngh Level Language $125.

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

Memorex 3401's — 5 discs
$3.25 with hub ring for Apple
$3.50.

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

Motorola 4116 (200 Nanosecond,
Plastic) $4.50 ea

Fairchild 2114 (Standard Power,
Plastic) $4.50 ea

COMPUMART stocks the com-
plete line of MATROX PRODUCTS.
Call for specs.

COMPUMART now ofters the
ENTIRE DEC LSI-11 PRODUCT LINE
Call for prices & delivery.

NOVATION CAT!™®

ACOUSTIC MODEM

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

Direct Coupler from Novation
$199.

Super Selling Terminals

We have the following Leaxr
Siegler Terminals in stock at
prices too low to print — Call for
quotes. P
ADM — 3A Indus-
tries favorite
dumb terminal
for some very
smart reasons.
ADM — 3A +
NEW from Lear
Sxe]gler CALL
IT IS HERE! —

is the new
Intermediate Termmcl

from Lear Siegler. Call for details.

W\}L

We have the ionowins best-
selling Hazeltine te: als in

stock at prices much too low to
t.

prin

(1410, 1420, 1500, 1520, 1552)
Call COMPUMART Now for our
lowest prices ever.

HP4IC 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 resolution plot-
ting. Portable Thermal

operation.......... $355.00
Application Modules
$29.95

NEW SUPER41-C Systems with
Quad RAMS built-in. (Maximum
memory on-board leaves slots
open for Application Pacs and
peripherals. The HP 41C-C$325.00
HP 41C-C Plus Card Reader

$495.00
HP 41C-C Plus Card 5
Reader & Printer $845.00 -
Quad RAMS for the 41-C {
(Equivalentto four ¥
Memory Modules
all packed
intoone) «f
$95.00

Visit our giant
ANN ARBOR
STORE

1250 North Main Street
Ann Arbor, Michigan

SEND FOR OUR
FREE CATALOG

Paper for the AIM (roll) $2.50
Rockwell's 4-slot

Motherboard (sale) S175.
HP-85

Hewlett-Packard’s Personal Com-
puter for Industry. This extremely
portable computer teatures
extended BASIC to solve your
problems quickly and efficienily
along with an advanced
graphics system to enhance
communication.

HP-85 ACCESSORIES

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

We can get your every HP
peripheral made for the HP-85.
gpaﬁlél‘s 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
alphanumeric or 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
System — Comes with 8 oper-
ators Manual, 16K Rany Mexw

ory module, 10k ROM ¢
Operating System. Power

Supply. TV

Switch <
&750% )

PERIPHERALS

Atari4lO Program Recorder
$89.95

Atari 810 Disk Drive

(SIO0 off with purchase) $699.95
NEW Dual Disk double densi% s

825 Printer (Centronics 73

5.00
RS232 Intertace w/Cable $249.95
NEW! Light Pens $74.95
NEW! Visicale for Atari  $199.00
Educators Take Note. Atari has
extended its 3 for 2 deal until 6-
30-81L Any educational institution
that buys two Atari 800's will
receive an Atar 400 computer
absolutely FREE. Call our sales
dept for complete details.

IMPORTANT ORDERING INFORMATION All orders must include 4%
shipping and handling. Mass. residents add 5% sales tax. Michigan
residents 4% for sales tax. Phones open from 8:30 am. to 7:00 p.m.,
Mon-Fri; 11:00 am. to 4:00 p.m. Sat. PO's accepted from Dun &
Bradstreet rated companies - shipment contingent upon receipt of

signed purchase order. Sale prices valid for month of magazine
date only - all prices subject to change without notice. Our Ann
Arborretailstoreis open 11:00 am. o 7:00 p.m. Tues.-Fri,, 10:00 a.m.
to 5:00p.m. Saturdays.




APPLE 1 NEW from Apple for the Apple From VIDEXVideo Term.
We carry the most complete . 80 Col x 24 line, 7 x 9 Matrix plug
inventory of Apple compulers, Dos 3.3 Convert disks to 16 sector in compatible board tor the
peripherals, and software. CALL! format for 23% more storage and Apple Il Price $325 without
OurBest Selling Apple System. taster access $60 grcphics EPROM With graphics
Save over $250 on our most pop- | NEW for the Apple II PROM $350.
ular Apple System. System From MicroSott S.SM Serial & Parallel Apple
includes a 48K Apple 1l Apple 16K RAM Board $195.00 | Interface 3
Disk, DOS33, & Controller, and a FORTRAN §175.00 | ABTs Numeric Key Plan $1uo
Sup R Mod RF Modulator. COBOL $750.00 | Calitornia Microcomputer
| List $2120. | Card Reader from Mountain Keyboard
COMPUMART Sale Price:.  $1875. Hardware S1195.00
HI-Res Dump tor 460 Printer from
iop!prlew}%cﬁz;geopMe #gcsl‘gzraphic the Computer Station $49.95
complementfor Visicale,.  $70 | HARDWARE ACCESSORIES FOR
Dow Jones News & Quotes  $95 | APPLE )
Adventure (Uses 48K) 635 | Silentype Printer w/x face $635
DOS Tool Kit §75 | Super Sound Generator (mono) Apple I
Apple Fortran Sggg il gl(gereo) gggg PP
Tax Planner ghi ren . i
FROM PERSONAL softwaze %10 Controller (plugs into pcdé‘w tsfecggtg’i%nc}s&lgp‘?’eg é%gt;]‘f you
Visicale dle port) g already famous new compulter.
Desk Top Plan $99 | Mountain Computer — Expan Call our expert sales force loday
NEW FROM MUSE sion accessories tor your Apple for tull details - they can answer
The Voice $39.95 | Introl — IO System $289 any questions We have com-
Super Text $99.00 | Super Talker $299 Plete system packages in
Address Book $49.95 | The Music System $545 stock. COMPUMART carries all
Miscellaneous Apple I ROM plus board w/Keyboard Appl o I related softwaze and
Accessories: tilter $199 | hardwaze. It you need an Apple
Easy Writer (80 col. need a Clock Calendar $280 | n'call COMPUMART now.
Videx) $249 | 16 Channel A to D Converter '
Easy Mover 49 | $350 . )
Easy Mailer $69 | AppleExpansion Chassis $650 ‘\
ROM Writer $175 -

Applelll In

Stock Now for
Immediate Shipment.

COMPUMART has been serving the
computer needs of industry since 1971

We stock, for immediate shipment, only
those products from the finest micro-computer
manufacturers.

Call us for more information on products,
product configuration and service. Our
phones are open Monday thru Friday, 830
amito 700 pm. and Saturday 1lOO am. to
4,00 pm.

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

And any product, except software, can
be retumed within 10 days for 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.

Because service is what we're
all about.

00-343-5504

In Mass. Call 617-491-2700

Circle 39 on inquiry card.
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Look what’s happened to
HIPLAT"

$1,850°

DMP-2 $1,085

$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 HIPL@TS...with a model
suited for just about every plot-
ting application.

The HIPL@T 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
A4) and 11" x 17" (DIN A3). For
the user needing a basic reliable
plotter, we have the “old stan-
dard” DMP-2(8%2" 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 (14" x 17").

The “standard” plotters come
complete with an RS-232-C and
a parallel interface. The “intel-
ligent” DMP plotters accept data
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”
HIPL@Ts use our exclusive
DM/PL™ language which min-
inimizes plot software to a
fraction of that normally as-

houston instrument

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 your
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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STOP PLAYING GAMES
AND GET DOWN TO BUSINESS

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

(408) 946-7700/TWX 910-338-0226
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FEATURING
CROMEMCO

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.

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,
Quality, Delivery,
Service and you’ll
see why you don't
have to look
anyplace else!

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

SYNCHRO-SOUND

ENTERPRISES, INC. THE COMPUTER

125 MINEOLA AVENUE, PEOPLE
ROSLYN HEIGHTS, N.Y. 11577
516-484-1852 ¢ PHONE ORDERS: TOLL FREE 800-221-2320

Bank Americard Master Charge



DISK with CONTROLLER
NEW DOS 3.3 8535
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 DOS 33 Upgrade ..........cvven... 49
AppleBowl ............ ...l 19 Dow Jones Portfolio Evaluator....... 45
Apple Stellar Invaders............... 19 Fastgammon ....................... 23
Assembler/Disassembler ............ 69 Forth Il by Programma .............. 45
Applebug Debugger ................ 29 Fortran for Language Sys........... 159
AppleGraph & Plot Sys. ............. 59 Head-on.........oooviiiiiiiiin... 25
Applepost Mailing List Sys........... 44 Integer Basic Cassette Demos ....... 29
Applesoft Cassette Demos .......... 29 PASCAL Language Sys............. 459
Applesoft Util. Prog. — Hayden...... 29 Sargon Il Chess Game disk ......... 34
Applewriter Word Processor......... 65 Shell Games. ...t 29
Asteroids in Space .................. 19 Single Disk Copy Routines .......... 29
Autostart ROM Pkg.................. 59 Spacelnvader ...l 25
Battleship Commander.............. 19 Star Cruiser ... 24
Bill Budges Space Game Album ..... 39 Stellar Trek ..., 23
Bill Budges 3-D Graphics/Tool ...... 39 Sub-Logic FS-1 Fit. Sim./disk........ 34
Bill Budges Trilogy of Games ....... 29 Sybex Apple-80 8080 Sim............ 19
Cashier Retail Mgmt. Sys. .......... 199 Tax Planner ........................ 99
Checkbook Cassette ................ 19 The Correspondent ................. 35
Contrib. Vols. 1-5 w/man. ........... 29 Tranquility Base .................... 24
Controller Bus. Pkg. ............... 514 Visicalc by Personal Sftwe. ......... 119
Cosmos Mission/Disk ............... 25 Complete Peachtree Business

CCA Data Mgmt. Sftwe. ............. 84 Package for Apple

3-D Animation Pack................. 55

Desktop Plan Sftwe. ................ 79

DOS TOO! Kit . eeeesnensnnnnenn es AND MUCH MORE ...

CALL 1-800-854-2833
PHONE ORDERS

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

APPLE Il 48K

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................ L 47
ABT Numer. Input Keyboard A or B 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® ............... 319
Introl X-10 Remote Control Sys. .... 239
Introl X-10 Controller Only ......... 169
M&R Sup-R-Term 80 column board . 329
Microsoft Z-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

J DIV. OF
COMPUTER

METRICS
INC.




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

Epson Printers

APPLE & MOST OTHER COMPUTERS

NEW! MX80
40, 80, 132 columns

LisT $645

TX 80 w/Graphics

LIST OUR
Apple Controller & Card
& Cable PRICE

LsT $340° CALL

¢ Most reliable small printers ever sold!

e Uses standard printed paper.

o Graphics option transfers screen image
directly to paper.

N\
a A\ PERSONAL COMPUTER SYSTEM

|
Lty

G T

Assembler/Editor .............. . ... 45
Atari 400 Computer ...............: 439
IF Atari 820 PFNtEr .............on... 429

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

& Atari Visicalc ..........covviiiin... 129
ATARI Basketball .......................... 30

VideoEasel............... ..ot 30

MAKES Super Breakout . ...o.ovueeinini... 30
Music Composer.................... 45

IT’ WE Computer Chess.........ovviivnn... 30

SELL IT Star Raiders ...........ccoooii.. 39
3D Tic-Tac-Toe.......ovvvvvinnnnnn. 30

Joystick .. vvin i 19

Space lnvaders .........coiiiinin.. 19

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

ouR priICE CALL

LARGE STOCK OF SOFTWARE & ACCESSORIES

PRINTERS, MONITORS, DISCS

Anadex DP8000. ......oo v, 795 Paper Tiger 440 w/Graphics ........ 895 Dysan disks (pkg. 10) ............... 50
Anadex DP8000AP .........oou.... 795 Paper Tiger 460 w/Graphics ....... 1195 Memorex disks (pkg. 10) ............ 40
Color MORItOF v v 375  Silentype w/interface Cd............ 510 Opus disks (pkg. 10) ......cooiinnntn 35
Daisy Wheel Printer ............... 1795 Sanyo 9" B&W..................... 169 Televideo 912C .................... 699
MPLB8T v 595 Sanyo 15" B&W ................... 259 Televideo 920C"...........ovvnnn. 749
NEC Spinwriter #5510............. 2595 NEC Green Screen 12"............. 239 Verbatim disks (pkg. 10) ............ 30

1430 4. 3 4,099 F.Y 1 ¢ ¢
e 4 Il B A TR RS AT AVANY
hr SO Y I R I I B

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 date), 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. Foreignordersinclude 1% handling — shipped freight collect. Foreign orders over $1000 allow 3 weeks extra and include

$25 license tee. 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. Retail store prices differ from mail order prices

(714) 579-0330 ¢ MAIL TO: 1251 BROADWAY, EL CAJON, CA. 92021

Circle 43 on inquiry card.

AUTHORIZED
APPLE
SALES &
SERVICE




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.

o T G E—
l 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-Fun and Games ..

__ #3-Homebrew .....................0e

___#4-Software Mirage ....................
#5-Computer Engineering............... $20
__ #6-Total Eclipse ...........ccvvivennnnn $20

Total

O I have enclosed check or money order
O vVisa [ MasterCharge
Card #
Expiration Date.
Send my print(s) to:

Name.

Address.
City.
State. Zip.

Mail this coupon to:

I Post. & hand. (33 in US , $6 overseas) $

robert tinney graphics
1864 N. Pamela Dr.
Baton Rouge, LA




If you are the owner of an Apple, Pet, Atari, or TRS-80 and also have a disk drive, we have some of the finest fantasy software in the world for you. For
those systems with sound capability, our games have Crystalsonics — a newly developed concept in tone generation. For Apple and Atari there are
some truely superlative hires graphics. In fact, Sands of Mars offers 3-D graphics and flight simulation landing. It includes over 186 full screen hires
maps of Martian terrain.

* ok ok ok ok ok ok ok ok k&

We now serve over 30 countries around the world. Dealership and distributor inquiries are welcome. Special rates are available on larger orders. We
have 48 hours delivery to anywhere in the continental United States. We are also looking for experienced programmers and new game software. Qur
royalty terms are extremely generous. If you have what you consider to be a quality product that you would like to have marketed please give us acall.
If you would like to be a member of the Crystal User’s Club and be eligible to receive free user contributed software, please submit a program of any
type and a $10.00 membership fee. In return you will receive a Crystal Membership Card, a copy of The House of Usher, and a year’s subscription to
Crystal Vision. i

HOUSE OF USHER — Wander through a haunted house. Rooms and LASAR WARS — Crystalsonics - hires graphics - pretect the planet
scenery in 15 color lo-res graphics. We offer a $100.00 prize to the first earth from a full scale alien invasion. Over three types of invading craft
person to solve the mystery. Over 200 monsters, objects and perils. and hundreds of approach simulations. The games speaks for itself.
$24.95 . $29.95

GALACTIC QUEST — Crystalsonics - hires graphics -the ultimate WORLD WAR III — Crystalsonics - hires graphics - for you war game
space adventure. Vegan warships attack and fire in real time simula- freaks, this is it! Iran and Irag - nuclear missiles - hires 3 scene bat-'
tion. Land on and trade with over 64 star systems in 3 galaxies. Allow tlefield - demolition squads - tanks - strategy. Custom designed for two
6-12 hours for play. $29.95 arm chair generals. Saverthe world from nuclear holocaust! $29.95
SUMER — Travel back through time to ancient Sumeria in the middle BENEATH THE PYRAMID — Crystalsonics - hires graphics - brand
east. Youare given 10 years as king to restore this kingdom to prosper- new! Explore the pyramids and miles of winding secret tunnels beneath
ity. Plant, war, consult the astrologers - very hard to beat! $19.95 them. Enter at the Sphinx and find the hidden treasure chamber. All in

hires with very aggressive monsters and many many perils. To win you
must find the golden cat and your way out!!! $29.95

LITTLE CRYSTAL — Especially designed anthology for children from ages 5 to 80. Includes Mr. Music which turns your Apple into an organ of
sorts, gunk where two weird monsters shoot it out and many other educational as well as entertaining programs for children. True unique addition for
kids who always feel left out of Dad or Mom’s computerizing. $39.95

SANDS OF MARS — What we at Crystal believe to be the finest adventure game available to date. In addition to hires graphics and super tone
routines where the user’s system will support it, this game provides landing simulation, animation, and revolutionary 3-D graphics. It is the ultimate
inspace adventure and may take several weeks or months to play. Itis the Oydessy of the Starship Herman on its inaiden flight to Mars. The initial lift-
offis animated and paddle controlled. The flight through space is in Hires 3-D Graphics with many animated scenarias. You must land your starship
on Mars. It will lack enough fuel and supplies for a return voyage. You must lead your party through hundreds of Hires maps of Martian terrain and
subterrainian passages. You then will secure adequate resources for take off, navigate your ship back to earth and attempt a successful touchdown.

There is a mystery buried in the ancient city of Lemuria beneath the sands of Mars. We offer a $100.00 prize to the first space gamer to discover it.
Good luck! $39.95
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Suddenly Radio Shack's 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 get
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 $399 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 ($99) for the 4K Color Computer (16K RAM
required — $119). There's a modest installation charge for
each kit.

New TRS-80 VIDEOTEX Soflware (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
Associated 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.

Oniy $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 DQTQ

business programs .

— for your miCro el
Proformalncome Statement and Balance Sheet

OHIO 09Tq PRODUCTY CORDOWYTION
146800 Detroit Avenue » Lakewood, Ohio 44107
Call [216] 221-9000

$ 50.00 l

I Managers’ Budgeting Program $ 50.00
CapitaliInvestment Analysis $ 35.00 l

I Depreciation Method Comparison $ 35.00
I Histogram Formed From Set of Numbers $ 20.00 l
Simpte Loan Analysis $ 15.00 l

I Lease/Buy Analysis $ 25.00
Make-Buy Decision Analysis $ 15.00 I
I Mortgage Analysis $ 15.00 .

l Sales Commission Report $ 15.00
Sales Manager's Information System $150.00 !
I In BASIC—Source Listings I

Licensing Only

I Send for Our Catalog I
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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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Suggested Reading

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 read it 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 conferences 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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Arm

You know what a monster a deadline
canbeifyouhave to face it without the
proper tools. Arm vyourself with an
integrated set of programs, designed
from the beginning for production use,
all tuned to the single goal of producing
reliable software. Pascal/MT+ is a fully
integrated program production system
including our compiler, debugger, dis-
assembler and linker.

Used by many companies, large and
small, Pascal/MT+ produces high quality
reliable products in an amazingly short
amount of time. Our run-time library
contains all the tools needed to begin
program construction immediately.
Pascal/MT+ produces efficient, small
native machine code demanded by
today's product developers. All of our
library routines and features work
exactly the same on 16-bit systems as
they do on 8-bit systems so you can
increase your capability without re-
writing any of your software. Your
production quality products demand
production quality tools. Order
Pascal/MT+ now, call us today!

See us at West Coast Computer Faire, booth 1608

Payment Terms:
Cash, Check, UPS, C.0.D.,
Mastercard, VISA,
Company P.0.

Ydursélf W

Cardiff, California 92007

When You Have To Face A Deadline

7

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
without any sacrifice in either space or
time efficiency.

Efficient Native Code:

All versions of Pascal/MT+ produce effi-
cient, compact NATIVE OBJECT CODE. In an
independent benchmark Pascal/MT+ out-
performed all other Pascal compilers on
our target machines. In addition it pro-
duced the smallest final programs by
including only the minimum run-time
overhead necessary.

/ MT Micro SYSTEMS \
1562 Kings Cross Drive

ith Pascal/MT+®

(714) 755-1366

Totally Portable:

Pascal/MT+ has been designed from the
beginning to generate code for many dif-
ferent microprocessors. Pascal/MT+ pro-
grams you create today can bere-compiled
to run on a more powerful machine
tomorrow. All of the extended language
features are present in every version of the
compiler. This means you won't have to
start over when the customer demands
more, more and more.

Extensions:

Pascal/MT+ has many extensions to the
Pascal language too numerous to describe
in detail here. Our 160 page user's guide
describes the features and gives examples
of how to use them. A short summary of
features is listed below: dynamic strings,
BCD and Floating point reals. AMD9511
support, bit, byte and unsigned word
manipulation, 1/0 port access, a fullimple-
mentation of the NEW and DISPOSE heap
and many others.

Target Machines:

Available now ....... 8080, 8085 and Z80
Available soon.............. 8086, 8088
Coming .......... 68000, 6809 and 28000

Pricing:
8080/280 — $250.00
As of 4/7/81 — $475.00
Others Call

Communication Arts. Huntington Beach, CA




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

Want 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 on the 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 different 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 219.95 274.95
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 25000 CP/M-86 required

Rev. A LDP88's while they last $275

LOMAS DATA PRODUCTS

11 Cross Street
Westborough, MA 01561
Telephone (617) 366-4335
PASCALM is a trademark of Sorcim

CP/M-B6 is a trademark of Digital Research
86-DOS is a trademark of Sealtle Computer Products

84  March 1981 © BYTE Publications Inc Circle 46 on inquiry card.

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.



COMPUTER WARE

cai. oL FREE]-800-528-1054

ATARI

Special 32K 800 System
800 w/32K, recorder
star raiders, joystick..........

800 (16K)
400 ... ... i e
810 Disk Drive . . . ..........
825 Printer
850 Interface . . ............
16K Memory
410Recorder..................
830Modern...................
StarRaiders ..............
Software .. ........... From$ 10

MODEMS

Lexicon
LEX-II
Novation

VIDEO TERMINALS

Hazeltine
1500

e (6556666000000 000000
Zenith-Z-19.............

PRINTERS

Centronics
730 Serial
730 Paraltel
737 Serial
737 Parallel

Diablo
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Okidata
Microline 80
Microline 82
Microline 83
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Texas Instruments
810BasiC.......ovvunn.
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820 KSR Basic
820 KSR Package
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We Buy and Sell Used Equipment

COMPUTERS
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Dynabyte. ................. call
Northstar
HRZ 11-32K D (Assm) .. ... $2300
HBZ 1I-32K Q (Assm) ... .. $2665 Centronics 779.. $450
DISKETTES Hazeltine 1510 .. $650
Memorex Hazeltine 1420 .. $600
5%-10 Sector S/SD/D (Qty 10) $27 Centronics 730.. $375
Scotch

(Qty 100) $250
(Qty 100) $260

5%-0, 10, 16 Sector
8"-0, 32 Sector

MONITORS COMPUTER
-9" tor v en.n. $123
é::yog- QM?Angrf;{or ......... $147 wnnem

Experienced Equipment

Comprint912 ... $275
Atari 820 printer. $400
Dynabyte 8/4. .. $1700

Dynabyte 8/2
w/64K

$2400
Axiom 801 HS. .. $250
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VISA
Y

2222 E. Indian School Rd.
Phoenix, Arizona 85016

(602) 954-6109
1-800-528-1054

Store Hours: Tues.- Friday 10-6 MST Saturday 10-5 MST

Prices reflect 3% cash discount. Productshippedinfactorycartons with manufactures
warranty. Add 2%, a minimum of $5, for shipping and handling.
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(1a)

(1b)

(1c)

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 (1c). The light pen requires a
TRS-80 Level Il 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.

The first 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
$200.

for under

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
computers costing several times more.

It’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 you straightinto
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
ZX80 easy to learn, easy to use.

We've packed the conventional computer
onto fewer, more powerful LSI chips—
including the Z80A microprocessor, the
faster version of the famous Z80. This
makes the ZX80 the world's first truly port-
able computer (6%2" x 8%2" x 12" and a mere
12 0z.). 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, evenfor 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 Learning Lab
(aworkbook, six cassettes with 100 lessons,
andtwo cassettes for storing programs).

ZX80’s advanced design features.
Sinclair’s 4K integer BASIC has perfor-

mance features you'd expect only on much

larger and more expensive computers.

® Unique ‘one touch’ entry. Key words
(RUN, PRINT, LIST, etc.) have their
own single-key entry to reduce typing
and save memory space.

B Automatic
error detection.

A cursor identifies errors

immediately to prevent entering

programs with faults.

m Powerful text editing facilities.

® 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-
back guarantee, and a 90-day limited warranty

Com

puter

=

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 to store
programs. (You use an ordinary blank cassette.)

The ZX80is a family learning aid. Children 10and
above willquicklyunderstand the principles of
computing—and have fun learning.

To order call toll free: 800-543-3000.
In Ohio call: 800-582-1364.
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: IEIr Sinclair Research Ltd., 475 Main St.,
= P.O. Box 3027, Wallingford, CT 06492.

r———————— = ————

To: Sinclair Research Ltd., 475 Main St., P.O. Box 3027, Wallingford, CT 06492.
Please sendme ______ ZX80 personal computer(s) at $199.95 each (US dollars), plus $5
For Conn. deliveries, add sales tax.
Computer Learning Lab(s) at $49.95 each.

extended service program(s) at $25.00 each.

I enclose a check/money order payable to Sinclair Research Ltd. for $.

shipping. (Your ZX80 may be tax deductible.)
Send me
Register me for

Name

I Address

City State

Zip

Occupation

Age

Intended use of ZX80

Have you ever used acomputer? (J Yes 0 No Do you own another personal computer? O Yes (0 No

- =]



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 S.D.,
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. It is 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:

ECOSOFT

P.O. Box 68602
Indianapolis, IN 46268
(317) 283-8883

* CP/M is a registered trade mark of Digital Research.

master charge

THE INTERBANK CARD
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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.

oP=&PEN USING searches for the pen only at the
points specified in the expression.

eP=&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 I
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



Say Ahh...

Our New grafixPLUST 80-column printer
opens wide for easy servicing.

Introducing the newest members of our it-in and print. Also standard are: a sophisticated
grafixPLUS™ family—the DP-9000 Series 80/132 communications interface for printer control and
column printers—built on the same tradition of - full point-to-point communications, DEC PROTO-
quality printout, solid design and low cost of : COL, and a 700 character FIFO buffer. An addi-
ownership established by our-132/220 column : tional 2K buffer is optional.

DP-9500 Series. When you're ready for a printer (or several

A Case for Serviceability ~ 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.

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 nnaaex .
simpler. . .two screws and it's out. Without ...the plus in printers

opening the case. And withoqt 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 double width. The print head produces
razor-sharp characters and high-density graphics
with dot re%solutions of 72X75 dots/inch under
direct data‘l source control. L
Interface Flexibility

The three ‘ SCIl compatible interfaces (parallel,
RS-232-C Q’\d current loop) are standard, so con-
necting your computer is usually a matter of plug-

|
...close p

SALES OFFICES: San Jose, CA (408) 247-3933
Fullerton, C’ (714) 871-0501 » Wakefield, MA (617) 245-9160 o Austin, T

ANADEX, INC. * 9825 DeSoto Avenue ¢ Chatsworth, California 91311, USA. e Telep
ANADEX, LTD. $ Dorna House. Guildford Road « West End, Woking, Surrey GU24 9PW, England e Tel: Chobham (O990:!



What's Inside Radio Shack’s
Color Computer?

Tim Ahrens, Jack Browne, Hunter Scales
3501 Ed Bluestein Blvd
Austin TX 78721

The only similarity between Tandy Corporation’s new
Color Computer and its older brother —the original TRS-
80—is the name. Even the microprocessor has been
changed. In an apparent breakaway from the Z80, the
Color Computer uses the Motorola MC6809E
microprocessor as the workhorse of the new silver box.
In fact, when we opened the enclosure, we didn't see any
semiconductors that weren't 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

Number Device
Part of Pins Quantity Number Description
MC6809E 40 1 1 Microprocessor
MC6821 40 2 2,3 Parallel Interface
Adapter
MC6883 40 1 4 Synchronous Address
Multiplexer
MC6847 40 1 5 Video Display
Generator
MCM68A364 24 2 6, 7 8 K-byte Read-Only
Memory
MCM4027 16 8 8 thru 15 4 K-bit Program-
mable Memory
MC74LS138 16 g 16 3-bit Decoder
MC74LS02 14 1 17 Quad 2-Input NOR
Gate
MC74L5244 20 1 18 Octal Buffer/Line Driver
MC74LS273 20 1 19 8-bit Latch
MC14050B 14 1 20 Hex Noninverting
CMOS Buffer
MC145298B 16 1 21 Dual 4-Channel Analog
MC1372 14 1 22 Color-Subcarrier
Modulator
MLM339 14 1 23 Quad Voltage Com-
parator
MC723C 14 1 24 Voltage Regulator
MC78M12 3 1 25 Voltage Regulator
MC79M12 3 1 26 Voltage Regulator
MC79M05 3 1 27 Voltage Regulator
UM1285-8 NA 1 28 ASTEC Video
Modulator

Table 1: List of integrated circuits used in the TRS-80 Color
Computer. Large-scale integration reduces the number of
devices necessary to build in sophisticated capabilities, and
improves reliability. All circuits used are manufactured by
Motorola.
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expansion connector for preprogrammed 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 also 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 first surprise is that the entire computer is built on
a single printed-circuit board —including the power
supply. Most of the digital circuitry lies inside an RFI
(radio-frequency interference) shield —this was probably
necessary to get FCC (Federal Communications Commis-
sion) Type Approval, but it also helps to give a clean
display. To get a look at the parts, simply pry off the top
of the shield.

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
devices and a tricky way to get 32 K bytes of on-board
memory —more on this later.

While we do not yet have a schematic diagram, the
block diagram in figure 1 should be sufficiently detailed
to allow a thorough understanding of the system. There
are four basic sections:

sthe microprocessor

sthe video-display circuitry

ethe memory

sthe other I/O (input/output)
cassette, serial port, and joysticks)

devices (keyboard,

The microprocessor is Motorola's advanced 8-bit
machine, the MC6809E. It was designed to support
today’s high-level languages, including the Extended

Text continued on page 96



IF YOU CAN
WAIT A MINUTE,

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, andit’s
“plug-in” compatible to interface with a

LEADING
EDG

WE CAN SAVE
YOU*4,000.

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 waranty;

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'd like to know more about the Starwriter, and

| howspendingaminute can save me a grand.
Please send me the name of my nearest dealer.

| Title
| Company.
Street
State Zip.
Phone: Area Code
: Number

I
|
|
|
|
|
I
| Name |
|
|
|
|
|
|
1

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
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SuperSoft’s

Gallery of CP/M Masterworks

DIAGNOSTICS I: A system diagnostic package.
Tests:

e Memory ¢ CPU(8080/8085/280)  Terminal e Disk ¢ Printer
To our knowledge the CPU test is the first of its kind anywhere. Diagnostics
| can help you find problems before they become serious. A good set of
diagnostic routines are a must in any program library. Minimal re-
quirements: 32K CP/M. Supplied with complete user manual: $75.00 Manual
alone: $15.00
DIAGNOSTICS Il: The most comprehensive set of CP/M compatible
system check-out programs ever assembled. Inciudes all of
Diagnostics |, plus:
¢ Every test is “'submit"-able
e A complete Spinwriter/Diablo/Qume test has been added

(Serial Interface only)
¢ Output may be logged to disk
* Expanded memory test
¢ Expanded terminal test
¢ Expanded disk test
Dlagnostics Il provides the next level In system maintenance.

Requires: 32K CP/M
Price: $100.00 Manual only: $15.00

| sYSTEM MAINTENANCE |

SUPER:M-LIST: A complete, easy to use mailing list program
package. Allows for two names, two addresses, city, state, zip and
a three digit code field for added flexibility. 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
perfect companion to TFS. Handles 1981 Zip Codes!

Requires: 48K CP/M

Supplied with complete user manual: $75.00 manual alone: $10.00

TFS-Text Formatting System: An extremely powerfu!l formatter.
More than 50 commands. Supports all major features Including:
¢ left & rightmarginjustification ¢ user defined macros
¢ dynamic Insertion from disk file * underlining and backspace
TFS lets you make multiple copies of any text. For example: Per-
sonalized form letters complete with name, address & other inser-
tions from a disk file. Text Is not limited to the size of RAM making
TFS perfect for reports or any big Job. Text Is entered using CP/M
standard editor 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 8080 assembler (can be assembled using stan-
dard CP/M assembler) plus user manual: $250.00.

TEXTPROCESSING

UTILITIES I: A collection of programs that you will find useful and
maybe even necessary In your dally work (we did!).
Includes:

GREP: Searches flies for a specified string

SORT: Incore sort of variable length records

CMP: Compare two flies for equality

PRINT: Formatted listings to printer

PG: Lists files to CRT a page at a time

. plus more . . .

Requires: 24K CP/M
% Supplied with manual on discette: $60.00

UTILITIES II: Many new programs not available elsewhere. Includes these

“file” utlilities:
DIFF: Source comparitor
PR: Powerful muiticolumn output formatter

DC: Desk calculator
RPL: Substitute strings in files
. plus more . . .

Requires: 24K CP/M  $60.00
Supplied with manual on discette

[uTiLmes |

SSS 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
benefits of FORTRAN. The FORTRAN supports many advanced features not
found in less complete implementations. including: complex arithmetic,
character variables, and functions. Complete sequencial and random disk /O
are supported. SSS FORTRAN will compile up to 600 lines per minute! Recur-
sive subroutines with static variables are supported. ROMable .COM" files
may be generated. SSS RATFOR allows the use of contemporary loop control
and structured programming techniques. SSS RATFOR is similar to FORTRAN
‘77 in that it suppor!s such things as:

¢ REPEAT.. UNTIL s WHILE s |F..THEN..ELSE
SSS RATFOR is supplied 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 license)

STACKWORK'S FORTH: A full, extended Forth interpreter/compiler 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 to recompiie
itself.

EXTENSIBLE: Add functions at will.

280 or 8080 ASSEMBLER Included.

Single license, OEM licensing available.

Please specify CPU type: 280 or 8080

Supplied with extensive user manual and tutorial: $175.00

Documentation alone: $25.00

'TINY' PASCAL II: We stlll call it 'Tiny’ but it's bigger and better than ever! This is -
the famous Chung-Yuen 'Tiny' Pascal with more features added. Features include:
e recursive procedures/functions e integer arithmetic * CASE

¢ FOR (loop) ¢ sgequential disk /O * 1 dimensional arrays
* IF..THEN..ELSE s WHILE ¢ PEAK & POKE
* READ & WRITE ¢ REPEAT..UNTIL s more

‘Tiny' Pascal is fast. Programs execute up to ten times faster than similar BASIC
programs. SOURCE TOO! We still distribute source, In ‘Tiny' Pascal, on each
discette sold. You can even recompile the compiler, add features or Just gain in-
sight Into compller construction,

Requires: 36K CP/M. Supplied with complete user manual and source on discette:
$85.00. Manual alone: $10.00

PROGRAMMING LANGUAGES

ANALIZA: An amazingly accurate
simulation of a session with a
psychiatrist. Better than the famous
“ELIZA" program. Enlightening as
well as fun. An excellent example of
Artificial Intelligence.

Requires: 48K CP/M, CBASIC2

Cost: $35.00

unsegmented mode,

“'downloader".

Z8000CROSSASSEMBLER:Supports:
full ZBOOO syntax, segmented and

full

Requires: 56K CP/M $500.00
1 year maintenance $300.00
manual alone $ 50.00

32-bit

arithmetic, hex output. listing output,

{ ENTERTAINMENT |

On line “Help" system provided with every program package.

SuperSoft

First in Software Technology

SuperSoft’s Masterplece
of the Month

CP/M REGISTERED TRADEMARK DIGITAL RESEARCH

TERM: A complete 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 is provided on discette! With TERM you
can send and receive ASCIl and Hex files (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
¢ terminal mode for timesharing between systems

* conversational mode * send files  receivefiles
Requires: 32K CP/M

Supplied with user manual and 8080 source code: $150.00

Manual alone: $15.00

INTERCOMPUTER COMMUNICATIONS

ENCODE/DECODE: A complete software security system for CP/M.
Encode/Decode Is a sophisticated coding program package which trans-
forms data stored on disk into coded text which is completely unrecog-
nizable. Encode/Decode supports multiple security levels and passwords.
A user defined combination (One billion possible) is used to code and
decode a file. Uses are unlimited. Below are a few examples:

¢ data bases * payroll files * programs s taxrecords
Encode/Decode is available in two versions:
Encode/Decode | provides a level of security suitable for normal use
Encode/Decode Il provides enhanced security for the most demanding
needs.
Encode/Decode |: $50.00 Encode/Decode li: $100.00 manualalone: $15.00

SOFTWARE SECURITY

CP/M Formats: 8" soft sectored, 5" Northstar, 5" Micropo-
lis Mod Il, Vector MZ, Superbrain DD/QD
All Orders and General Information:
SUPERSOFT ASSOCIATES
E P.O. BOX 1628
CHAMPAIGN, IL 61820
(217) 359-2112
Technlcal Hot Line: (217) 359-2691

(answered only when techniclan Is available)

Far East Distribution:

ASR International

3-15-8. NISHI-SHIMBASHI. MINATO-KU, TOKYO 7105 JAPAN
{03) 437-5471
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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 ANSI 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 " ;".

Controls: Map. List. and Symbol table output options.

170: 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 to use custom /0
devices.

Errors: Over 200 distinct compiler error messages. precision and

illegal instruction warnings during execution.

FORTRAN programs may be interrupted at any time; the stack

Data types:
Operations:
Constants:

Statements:

Interrupts:

FEATULING

SSS 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.

System Requirements & Prices

SSS FORTRAN requires a 32k CP/M system. Z80 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 I,

Vector MZ, 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
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Circle 50 on inquiry card.



NOW CLEANING YOUR OWN

'DISKETTE HEADS COULD SAVE
- YOUA*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 call 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 514" 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

At only $1 per cleaning—
it's the best insurance you
can get.

This fast-cleaning new Scotch
kit comes with everything

ou need (including special
luid, 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-

heads are microscopically cleaned able kit today For the riile

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

B N M o dowrie. A Scotch cleaning diskette shown

before use, and after 15 cleanings
of recording heads.

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 86 TPI 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

CC-CONDITION CODE
REGISTER

PC PROGRAM COUNTER
A B ACCUMULATORS
AN /
0
7 0
I oP | DIRECT PAGE
REGISTER
7 0

e|r[nfi|n]z]|v]ec

CARRY

L——— OVERFLOW
L———— 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 Kby 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 MCM4116s (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:

*a 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
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*“No one else
gives you
as many
functionsin
ahandheld
DMM.

Now you can
move up to
Fluke?

v

*Suggested U.S. list price

We've got great news for people
who've been holding out for a high
quality, high performance DMM at a
moderate price: Fluke's new nine-
function model D 84 is now available
at select electronics supply stores.

. With a suggested list price of only
and features you won't find in any

other handheld DMM, the D8M is an -

exceptional value. Here's why.
Logic level and continuity
testing: A real time-saver for

‘troubleshooting passive circuits in pcb’s,

cables, relay panels and the like. The
D8 has a switch-selectable audible
‘tone and visual symbols to indicate
oontinu:ty or logic levels.

Direct temperature readings in

If your dealer doesn’t carry Series D
Multimeters yet, call this number. We'll be

R g * happy to tell you who does. 1-800-426-9182

the D 804 delivers fully-compensated
readings in °C from -20°C to
+1265°C, for checking heating and
refrigeration systems.

Peak hold feature captures
transients: A short-term memory in
thedD 804 captures and holds peak
rea

And more: 0.1% basic dc accuracy,

conductance, 26 measurement ranges,
battery, safety-designed test leads and a
one year parts and labor warranty. A
full line of accessories is also available
to extend the measurement capablhtles
of your DMM.

Ask your dealer about the

powerful, versatile D 804 and the rest of

Fluke’s new Series D line of low-cost

°C Used with any K-type thermocouple, digital multimeters.

From the world’
leader in DMMs.

Now we've designed
one for you.




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 e Established company e Release 2
CP/M? (some packages under UNIX* and TRSDOS?)
e Quality software e In-house expertise o Fast

Why Do Professionals Prefer

BECAUSE
Unique swift routing Cybernetics response system
gives you no-nonsense technical answers that save
you time. Call: (714) 848-1922.

response e User orientation e Competitive prices
e Customer service e Verbatim® media e 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 ISAM), CRT
screen handling, Interactive debug, and the mostuseful 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.. 2Compiler Systems, Inc.. *Digital Research, ‘Bell

tured Systems Group, Inc., *Small Business Applications, Inc.

Software fro

TRS- 80’ Model n CP/M—The faslest Mod Il CP/M with the most features. Out-

)

NEW RM/COBOL.' applications:

e Order Entry/Inventory ® Receivables ® Payables ®
General Ledger ® Financial Modeling ® Client Account-
Ing—and more on the way!

NEW CBASIC2: applications:

e REAP (Real Estate Acquisition Programs).

Cybernetics?

l
|
m

for
tion, down Ioadlng package, support for CORVUS 10 Mb hard disk. Many addi-
tional user-oriented features.
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-

to CP/M, multiple CRT emula-

Distributed in UK. by:

Microcomputer Applications Ltd

11, Riverside Court. Caversham, Reading. England
TEL: (0734) 470425

8041 Newman Ave., Suite 208
Huntington Beach, CA 92647
(714) 848-1922

creERNETULCE

6z
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C @?I?ascal
Efﬁciency?‘é‘il‘l)ortabﬂity
Flexibility 8t Strong Typing

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 PROM s 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-11/PDP-N VAX-T1 M68000
8080/280 C: $630
CP/M Pascal; $880 * * *
LSI-11/PDP-11:
Idris, Unix, RT11, C: $1130 C: $630 * C: $1130
RSX-11/M, Pascal: $1380 | Pascal: $880 Pascal; $1380
RSTS /E, IAS
VAX-T1

: C: $130 C: $630 C: $1130
nlx/va2 Pascal: $1380 * Pascal: $880 | Pascal: $1380
M68000 C: $630
VERSAdos e e s Pascal: $880

Idris is a trademark of Whitesmiths, Ltd. Bl Unix is a trademark of Bell Laboratories B CP/M s a trademark of Digital Research Company B VMS,
RSX-11/M, RSTS/E, LSI-1I, VAX, are trademarks of Digital Equipment Corporation B VERSAdos is a trademark of Motorola Corporation

*Special Order

Protect your software
1nvestment. o h L d
itesmiths, [ td.
PO.Box 1132 Ansonia Station New York, N.Y.10023
(212) 799-1200
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MORE FOR YOUR
RADIO SHACK

TRS-80 MODEL |!

MORE SPEED
10-20 times faster than Level il BASIC.

* MORE ROOM
Compiled code plus VIRTUAL
MEMORY makes your RAM act larger.

* MORE INSTRUCTIONS
Add YOUR commands to its large in-
struction set!
Far more complete than most Forths:
singte & double precision, arrays,
string-handling, more.

* MORE EASE
Excellent full-screen Editor, structured
& modular programming
Optimized for your TRS-80 with
keyboard repeats, upper/lower case
display driver, single- & double-width
graphics, etc.

* MORE POWER
Forth operating system
Interpreter AND compiler
Internal 8080 Assembler
(280 Assembler also available)
VIRTUAL 1/O for video and printer,
disk and tape
(10-Megabyte hard disk available)

M/ (SFoRTH

THE PROFESSIONAL FORTH
FOR TRS-80 MODEL |

(Over 1,000 systems in use)

MMSFORTH Disk ?xstem V1.9 (requires 1
disk drive & 16K RAM) ........ just $79.95*
MMSFORTH Cassette SKAstem V1.8 (requires
Level || BASIC & 16K RAM) . ., .. ... $59.95*

AND MMS GIVES IT
PROFESSIONAL SUPPORT

Source code provided

MMSFORTH Newsletter

Many demo programs aboard
MMSFORTH User Groups
Programming staff can provide advice,
modifications and custom

programs, to fit YOUR needs.

MMSFORTH UTILITIES DISKETTE: includes
FLOATING POINT MATH (L.2 BASIC ROM
routines plus Complex numbers,
Rectangular-Polar coordinate conversions,

Degrees mode, more), plus a full Forth-style
280 ASSEMBLER; plus a powerful CROSS-
REFERENCER to list Forth words by block
and line. All on one diskette (requires
MMSFORTH, 1 drive & 16K RAM), .. $39.95*

THE DATAHANDLER V1.1, a very soph-
isticated database management system
operable by non-programmers (requires Disk
MMSFORTH, 1 drive & 32K RAM); with
manuals. ........ ... ool $59.95*

FORTH BOOKS AVAILABLE

MICROFORTH PRIMER (comes with
MMSFORTH) separately $15.00"
USING FORTH — more detailed and advanc-
ed than above $25.00*
THREADED INTERPRETIVE LANGUAGES—
advanced, excellent analysis of
MMSFORTH-like language $18.95*
CALTECH FORTH MANUAL — good on
Forth internal structure, etc $10.00"

* — Software prices include manuals and re-
quire signing of a single-system user
license. Add $2.00 S/H plus $1.00 per addi-
tional book; Mass. orders add 5% tax.
Foreign orders add 15%. UPS COD, VISA &
M/C accepted; no unpaid purchase orders,
please.

Send SASE for free MMSFORTH information.
Good dealers sought.

Get MMSFORTH products from your
computer dealer or

MILLER MICROCOMPUTER
SERVICES (B3)

61 Lake Shore Road, Natick, MA 01760
(617) 653-6136
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8-BIT OPERATIONS

Mnemonic Description

ABX Add B register to X register unsigned.
ADCA, ADCB Add memory to accumulator with carry.
ADDA, ADDB Add memory to accumulator.

ANDA, ANDB AND memory with accumulator.

ANDCC AND immediate with condition code register.

ASLA, ASLB, ASL Arithmetic shift left accumulator or memory.
ASRA, ASRB, ARS Arithmetic shift right accumulator or memory.

BITA, BITB Bit test memory with accumulator.

CLRA, CLRB, CLR Clear accumulator or memory.

CMPA, CMPB Compare memory with accumulator.
COMA, COMB, COM  Complement accumulator or memory.
DAA Decimal Adjust A accumulator.

DECA, DECB, DEC Decrement accumulator or memory.
EORA, EORB Exclusive OR memory with accumulator.
EXGR1, R2 Exchange R1 and R2.

INCA, INCB, INC Increment accumulator or memory.

LDA, LDB Load accumulator from memory.

LSLA, LSLB, LSL Logical shift left accumulator or memory.
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.

ORA, ORB OR memory with accumulator.

ORCC OR immediate with condition code register.

PSHS (register list) Push register(s) on hardware stack.
PSHU (register list) Push register(s) on user stack.

PULS (register list) Pull register(s) from hardware stack.
PULU (register list) Pull register(s) from user stack.
ROLA, ROLB, ROL Rotate accumulator or memory left.
RORA, RORB, ROR  Rotate accumulator or memory right.

SBCA, SBCB Subtract memory from accumulator with borrow.

STA, STB Store accumulator to memory.

SUBA, SUBB Subtract memory from accumulator.

TSTA, TSTB, TST Test accumulator or memory.

TFR R1, R2 Transfer register R1 to register R2.
16-BIT OPERATIONS

Mnemonic Description

ADDD Add to D accumulator.

SUBD Subtract from D accumulator.

LDD Load D accumulator.

STD Store D accumulator.

CMPD Compare D accumulator.

LDX, LDY, LDX, LDU Load pointer register.
STX, STY, STS, STU  Store printer register.
CMPX, CMPY, CMPU,

CMPS Compare pointer register.
LEAX, LEAY, LEAS,

LEAU Load effective address into pointer register.
SEX Sign extend

TFR register, register Transfer register to register.

EXG register, register Exchange register to register.

PSHS (register list) Push register(s) onto hardware stack.
PSHU (register list) Push register(s) onto user stack.
PULS (register list) Pull register(s) from hardware stack.
PULU (register list) Pull register(s) from user stack.

Table 2: The 6809 instruction set.




Circle 54 on inquiry card.

INDEXED ADDRESSING MODES

Mnemonic Description

0, R Indexed with zero offset.

[0, R] Indexed with zero offset indirect.

R+ Autoincrement by 1.

R+ + Autoincrement by 2.

R+ +1} Autoincrement by 2 indirect.

,—R Autodecrement by 1.

oy R Autodecrement by 2.

[,— —R] Autodecrement by 2 indirect.

n, P Indexed with signed n as offset (n=5, 8, or 16 bits).
[n, P] Indexed with signed n as offset indirect.

AR Indexed with accumulator A as offset.

[A, R] Indexed with accumulator A as offset indirect.

B, R Indexed with accumulator B as offset.

[B, R] Indexed with accumulator B as offset indirect.

D R Indexed with accumulator D as offset.

[D, R] Indexed with accumulator D as offset indirect.
NOTE:R = X, Y, U, or S; P = PC, X, Y, U, or S. Brackets indicate indirection. D S\l can do i fasierah Rocett Superti fodl

means use AB accumulator pair.

6809 RELATIVE SHORT AND LONG BRANCHES

Mnemonic Description = ) DED B o
BCC, LBCC Branch if carry clear. 4y S n : i‘.'f i > '_ 9
BCS, LBCS Branch if carry set. aving power at your fingertips. Let's compa
BEQ, LBEQ Branch if equal. P Q) JUREIONALY ’
BGE, LBGE Branch if greater than or equal (signed).
BGT, LBGT Branch if greater (signed). : il Ao L
BHI, LBHI Branch if higher (unsigned). 000 Single econd econd
BHS, LBHS Branch if higher or same (unsigned). oo0INNg 0'second BCO
BLE, LBLE Branch if less than or equal (signed). PEP pp guaranteed to b
BLO, LBLO Branch if lower (unsigned). S Garel o o ep b Al
BLS, LBLS Branch if lower or same (unsigned). b ONS: P P POKE PO
BLT, LBLT Branch if less than (signed). ok e
BMI, LBMI Branch if minus. ROLL PRO O
BNE, LBNE Branch if not equal. s Jpa . sen cna > e
BPL, LBPL Branch if plus. deo. Scareen Read. Diskefte' IU's and
BRA, LBRA Branch always. R i B T e Ty CO BN IOOrS#Y YOl
BRN, LBRN Branch never. e foday for SUPEF PP 00.00
BSR, LBSR Branch to subroutine.
BVC, LBVC Branch if overflow clear.
BVS, LBVS Branch if overflow set. : el

6809 MISCELLANEOUS INSTRUCTIONS s I

a8 £ 3

Mnemonic Description $issd 3% : : ig
CWAI Clear condition code register bits and wait for interrupt. : 2 I s 55, o
NOP No operation. i } * L
JMP Jump. ) i
JSR Jump to subroutine. 0100 Corpora PQ J
RTI Return from interrupt. afi, Ohic
RTS Return from subroutine. -~ all 1o BE -
SEX Sign extend B register into A register. - 00U #0420 _Ea
SWI, SWI2, SWI3  Software interrupts. LU NOIEINC
SYNC Synchronize with interrupt line. ¥ .' Bt y S




StackWork’s

HUHRYE

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 recompileitself.

/ 2
7

EXTENSIBLE
Add functions at will.

\\\\ CP/M* COMPATIBLE
Z80 or 8080 ASSEMBLER included

N \\‘}\g\\

|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 11,
Vector MZ, TRS-80 Mod i

Please specify CPU type.
280 0r8080

All Orders and General Information:
SUPERSOFT ASSOCIATES

P.0.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 D,Y Y+D-—-X
LEAU —10,U U-—-10-1U
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 meg

D/\T/\

READY

INTE?TEC COMPUIAR ™
DISK SORNGE

CompuStar’s 8-inch Winchester

Intertec’s exclusive 255 User Controller

| = (R
B B g

CompuStar Cuble A,

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 price/perfor-
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 hardware/software moditication.

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's™,

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
DAIA
EE SYJEMS.

2300 Broad River Rd. Columbia. S.C. 29210
(803) 798-9100 TWX: 810-666-2115
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DELIVER!

ANDAIA
Business Sofrware

Before you buy the programs that your company is going to
depend on for its accounting, ask the following 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?)

Is it well documented?

Is it fully supported?

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-
pile 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. Ours allows you to
dynamically specify the drive assignedto 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
installation 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, we'll 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. Quality and support are
our way of doing business.

General Ledger with Cash Journal $95
Accounts Receivable . . 5 $95
Accounts Payable $95
Payroll with Cost Accounting

» All Four Packages (GL, AR, AP, PR)

Magic Wand (Super Word Processor!l) . . . . . .
Pearl Level lll (best prog. tool available) . . ..

H89/289 CP/M® 2.2 (Magnolia Microsystems)$249

Formats: Std. 8", 5" NorthStar DD, TRS-80 MOD |I®, H89/289. Manuals for
GL. AR/AP, and PR are not included in price — add $20 per manual desired
(AR/AP are in one manual). CP/M® and CBASIC-2 required to run accounting
sottware. Users must sign licensing agreement. Dealer inquirieS invited.

To order call:  (206) 542-8370
or write: VANDATA
17541 Stone Avenue North
Seattle, WA 98133
w CP/M® is a registered trademark of Digital Research.
[ = iim | TRS-80® is a registered trademark of Radio Shack, Inc.
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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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(4a) READ DATA FROM MEMORY OR PERIPHERALS

| 1.11ps

370ns ——»

510ns

4.25V N

( 0.4V ‘ X

| 500 -

560ns
275ns 275ns

_ /]
BA, BS*

200ns 80ns
ADDRESS 830ns DATA —>|
DELAY SETUP
DATA @ DATA VALID @—-
(4b) WRITE DATA TO MEMORY OR PERIPHERALS
[«— 50ns
25ns
E
\ N
25ns
/
Q
|
[e— 25ns

Rw M m
ADDR
BA, BS*

200ns 200ns

DATA @\\ DATA VALID ®_

Figure 4: Timing diagrams for 6809 bus operations. As 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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Contents of

Address of Indirect Indirect
Interrupt Routine Routine
Interrupt Vector Call Address Call

Source (hexadecimal) (hexadecimal) (hexadecimal)

Reset FFFE A027 none direct
call to
restart

NMI FFFC 0109 undefined not used

SWi FFFA - 0106 undefined not used

IRQ FFF8 010C A9B3 Extended
BASIC
uses
894C to
update
real-time
clock.

FIRQ FFF6 010F AOQOF6

SWi2 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
control 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 CWALI 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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1 qus 007(] 40
2 [Joos css[] 39
3 [Jooo As[] 38
4 [Joo1 Fs[] 37
5 [Joo2 RP[] 36
6 [Joo3 as6[] 35
7 [Joo4 A/s g 34
8 [Joos cLk[] 33
9 [JcHB INV[] 32
10 [J¢B TNT/EXT[] 31
1 []¢A GMo[] 30
12 [ims GM1[] 29
13 [JoA5 Y[] 28
14 [Joas eM2[] 27
15 [Joa7 pa4[] 26
16 []oas DA3[] 25
17 [vee pA2[] 24
18 [Joa9 pa1f[]23
19 [Joa10 DA0 [] 22
20 [Joa11  pAl2[]21

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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NEW CM-600 SOLDERLESS PROTOTYPE BOARD
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a1 40[]vce
Al0[]2 39[]A12
a9 []3 38[]Aa13
Ag[]4 37[] A14
osc IN[]5 36[]Al5
osc out[]e 35[]z7 (RAS))
veLk[]7 34|26
0ag 8 33[]z5
HS[9 32[]z4
WE [J10 31[]23
casju 30[]z2
RASg []12 29[]21
a3 28[]z0
eE[]14 27[]so
R/W[]15 26[]s1
A0 []16 25[]s2
a1z 24[a7
a2[]18 23[] a6
A3 []19 22[]Aas5
GND [J20 21;]A4

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.)
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MP/M™USERS GROUP

Digiac Corporation, a major manufacturer and supplier
of automated Educational Training Systems, isproudto
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KMP/M is a trademark of the Digital Research Corporation

For Additional Information:
Contact Lorraine Keckeisen
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Commercial Products Div.
DIGIAC CORPORATION
175 Engineers Road

Circle 61 on inquiry card.

112  March 1981 © BYTE Publications Inc

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, voila,
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 didn't 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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*CP/M is a trademark of Digital Research Corp.

" Sausalito, CA, (415)332-4443,
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AND NOW, MULT-1/0

Mult-1/O is an I/O controller that allows
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You'll find that Morrow Designs’ hard
disk systems offer the best price/
performance ratios available for S-100,
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ters. See the M26 and M10 hard disk
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*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. To 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 Z0 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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SUPERBRAIN
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$2995

32K $2795
More than an intelligent terminal, the SuperBrain outperforms many other
systems costing three to five times as much. Endowed with a hefty amount of
available software (BASIC. FORTRAN, COBOL). the SuperBrain is ready to
take on your toughest assignment. You name it! General Ledger. Accounts
Receivable. Payroll, inventory or Word Processing. . .the SuperBrain handles
all of them with ease FEATURES INCLUDE:
® 2 dual-density minifloppies with 360K bytes of disk storage ¢ A CP/M Disk
Operating System with a high-powered text editor, assembler and debugger

Model QD SUPER BRAIN HARD DISKS

720K Bytes disk storage 10 Megabyte 16 Fixed-16
and 684K RAM List 549%5 y Removyable

S0 $4495 | $9995

CORVUS

10 megabyte disk
and mirror -
available
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APPLE || PLUS for price

A complete self-contained computer system with APPLESOFT floating point
BASIC in ROM, full ASC Il keyboard in a light weight molded carrying case

Features Include:

® auto-start ROM e Hi-Res graphics and 15 color video output
e Expandable to 48K.

Supertalker
Disk

Add-on Disk
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Superterm (24 x 80)
Speechlab
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Graphics Printer
Graphics Tablet
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Operating
System
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® New screen editor
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32K memory 96K memory

$1795

NEW 8050 DUAL DISK $1795

1 million bytes on-line storage
and DOS 2.0 operating system

NEW 2031 SINGLE DISK $595
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CaII for price

Commodore Computer
These low cost Commodore PET Business
Computers have virtually unlimited business
capabilities. Accounts Receivable, Inventory
Records, Payroll, and ”
other accounting
functions.

PET 16N & 32N
COMPUTERS 4
® Full size keyboard -
® 16 or 32,000 -
Bytes Memory
e Level lll
Operating
System * 4
® Full Screen
Editor K - -
® Upper low! & 64 graphic characters
= : i PET DUAL
FLOPPY DISK
® Stores 360,000
' Bytes on-line
© Microprocessor
controlled
« Uses single or
dual sided floppies
2 HI-SPEED PRINTER
‘ ® 150 characters per
second @ Up to 4
copies 8" wide
® Microprocessor
Controlled @ Prints
All Graphics e Full
Formatting Capability

RINTERS

CENTRONICS SALE
YOUR CHOICE

779-2 or 737-3
CENTRONICS 704

® 180 cps Bi-Directional ® Up 1015
wbaper Width e« g x 9 Matrix

* Upper/Lower Case
® Tractor Feed

i *RS-232
Serial Interface

$1795

CENTRONICS 700-9

$895

ONLY

(25cps Letter Quality)
EPSON MX-80

Paper Tiger 445
Paper Tiger 460

MONITORS
SANYO 12" GREEN
BMC 12" GREEN
SANYO 13" COLOR
ZENITH 13" COLOR.
LEEDEX 12" B&W

$1295 List $1895

® 60 cps ® Up to 15" paper width
® Tractor Feed e Parallel interface
for Apple & TRS-80 ® 2 channel
vertical forms! ® Top of Form!

CENTRONICS
737 Parallel $895

ANDERSON JACOBSON

841 1/0 Terminal Ideal for
~ word processing and
small businesses.
* ASCIl Code
15 CPS Printout
High Quality Selectric Printing
* Reliable heavy duty mechanism
* Completely Refurbished by A.J.
* Delivered FREE to nearest service center

CLOSE OUT SPECIALS!

List

Special

450
195
49
49

Chatsworth Card Reader for TRS-80
Axiom 801

Protoline PET to Centronics Interface....
Microtronics PET/Ham Interface

750

495
199
125

TEXAS Instruments 99/4 S695
(with 13" color Monitor)

Centronics 779-2 $895
Leedex-80 12" $89

Over 1000 software
tapes, books, disks,
on display. Come

in and browse.

XEROX 173

Letter Quality

Special

$2495
List $2755

® 40 Cps
e Uses all 100 metal & plastic daisy wheels
® Automatic bidirectional printing
®* Fewer moving parts

ON XEROX, CENTRONICS,

TO ORDER CALL (212) 687-50

SUPERBRAIN

On Site Warranty

DEALER INQUIRIES INVITED

XYMEC HQ 1000

with 10, 12, 15 Pitch &
Proportional Spacing

« 2-80 controlled $2495

e Up to 198 columns
}

EFT
VIsA
Min.Credit Card Order $75

NY residents add 8% sales tax
e Same day shipment on prepaid and
credit card orders

' 0 Open
Mon-Fri.10-6 Sat. 11-5

The COMPUTER FACTORY,

485 Lexington Ave.; New York, NY 10017 (46th St. Lobby)
Foreign order desk — Telex 640055

BYTE March 1981 115



-

I "

: |/

\

S AECHEVRAKETEOARENEN GED A RANEOEARANNAN G

VALID VDG/REF

ouors YY) JEBercs Konvaci
z0-27 ADDRESS JAWAWAN

COLUMN ADDRESS

PROCESSOR
E UMN ADDR
XXXROW ADDRESSXXX PROCESSOR COLUM DDRESS XX

o
w

i \

=/ \

o \ /

\ [

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 orexceedthe require-

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
of the Estate & Gift Tax effects 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, efficientand easyto use.
Of course, if you enjoy working nights, weekends, holidays,...
For more information, please write or call us.

AARDVARK SOFTWARE INIC.

The Microcomputer People for Professionals

783 NORTH WATER STREET MILWAUKEE. WISCONSIN 53202 414/289-9988

Circle 63 on inquiry card.
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An exceptional |

memory

atan exceptional price.

1 -

Our 16K Memory Merchant is
the first in a series of low . .
cost, remarkably engineered
memory boards. .

It's a' low power 16K Static = -

RAM (2114) with bank select

logic and extended 24 bit ,
address. Memory Merchant is

compahble with 2 Mhz 8080,

4 Mhz 280 and 5 Mhz 8085. One :

of its four mdependent 4K -
blocks has “windowing

capability”— any or all four
of the 1K sub-blocks may be

‘removed from the memory

block. Design features mclude
low power Schottky TTL :
circuitry and all inputs and
outputs are fully buffered. And
the Memory Merchant has
been engineered to meet |EEE
696 S-100 standard
specn‘lcatlons

g
ok o

== -

Clo §
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]
®

We're so bonfident about
our Memory Merchant that

we've backed it with an

extended six month, no repair
warranty. If the board fails,
return it for an |mmed|ate
replacement. - :

 Available through select dealers

‘ : Dealer mqumes invited. Dlstnbuted exclusuvely by:

- LMl

' ' 6925 5th Avenue SU|teE411 Scottsdale Arizona 85251 }

Telephone; 602-941- 0388
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Low-O
012 3 4
0 @ABCD
Highorder 5 = ¢ 7 5§
Hexadecimal 30 1 2 3 4
Digit
9 W@ ABCD
P QRST
6 P« 88
[0 1 2 3 4
acters, dark characters on a light background.

rder Hexadecimal Digit

Table 6: Codes for the characters stored in the VDG's internal character generator. The lower section contains inverse-video char-

56 78 9 ABCDTEF
EFGHUUJKLMNDO
UVWXYZT[\]1 -
% & () + = ./
56 7 8 9 < = > .7
EFGHU LMN
UvwiXxy \¥lgll
% & ° () ) St
5 6 89 : ;"< =

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
(74L.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 the top 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 A00O. 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:

VDG 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 ¥2 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.

