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FUTURE COMPUTERS?



* 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

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

* b6-key alphanumeric keyboard — plus 12-key cursor, numeric pad
e Internal editing functions — insert, delete, scroli, roll, slide, etc.

e Parallel printer |/O port
* 50 to 38,400 baud operation — programmable

* 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 (5612) 344-0241
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What Cromemco computer card
capability can do for you

The above diagram shows in a func-
tional way one of the most complete
lines of computer cards in the industry.

Look it over carefully. It could be well
worth your while.

These are all cards that plug into our
S-100 bus microcomputers.

You can also assemble them into a
custom system in convenient Cromemco
card cages.

MULTI-PROCESSING AND
INTELLIGENT 1/O

The range of capabilities and versatility
you can draw upon is enormous.

In processors, for example, you have a
choice of CPU’s including our extremely
useful new 1/O Processor. This can be
used as a satellite processor to do off-line
processing, multi-processing, and to form
intelligent I/O. It opens the door to a
whole new group of applications and
tasks. Ask us about it.

HIGH RESOLUTION
COLOR GRAPHICS
Again, you can have beautiful high-
resolution color graphics with our color
graphics interface. You can select from
over 4000 colors and have a picture with
a resolution at least equal to quality
broadcast-TV pictures.

You have an unprecedented selection
of memory including our unusual 48K
and 16K two-port RAMs which allow
high-speed color graphics.

LOTS OF STORAGE

These days you often want lots of disk
storage. So you can select from our disk
controller card which will operate our 5"
and 8" floppy disk drives (up to 1.2
megabytes). Or select our WDI interface
to operate our 11-megabyte hard disk
drives.

POWERFUL SOFTWARE AND
PERIPHERAL SUPPORT

There’s much more yet you can do
with our cards. And, of course, there’s an
easy way to put them to work in our 8-,
12-, and 21-slot card cages. Our PS8
power supply makes it simple to get the
system into operation.

Finally, Cromemco offers you the
strongest software support in the industry

Cromemco”
i mie o r p o r a t o d

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 * (415) 964-7400
Tomorrow's computers today
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with languages like FORTRAN, C,
COBOL, ASSEMBLER, LISP, BASIC and
others. There is also a wide choice from
independent vendors.

To top it all off, you can draw from a
substantial array of peripherals: ter-
minals, printers, color monitors and disk
drives.

CONTACT YOUR CROMEMCO REP
There is even more capability than
we’'re able to describe here.
Contact your Cromemco rep now and
get this capability working for you.

CROMEMCO COMPUTER CARDS

® PROCESSORS — 4 MHz Z-80 A CPU, single
card computer, I/O processor ® MEMORY —
up to 64K including special 48K and 16K two-
port RAMS and our very well known
BYTESAVERS® with PROM programming
capability ® HIGH RESOLUTION COLOR
GRAPHICS — our SDi offers up to 754 x 482
pixel resolution. ® GENERAL PURPOSE
INTERFACES —QUADART four-channel serial
communications, TU-ART two-channel
parallel and two-channel serial, 8PIO B-port
parallel, 4PIO 4-port isolated parallel, D+ 7A
7-channel D/A and A/D converter, printer inter-
face, floppy disk controller with RS-232 inter-
face and system diagnostics, wire-wrap and
extender cards for your development work.
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High-resolution display with alphanumerics

Get the professional color
display that has
BASIC/FORTRAN simplicity

LOW-PRICED, TOO

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

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

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

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

The resolution surpasses that of a color
TV picture.

BASIC/FORTRAN programming

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

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

Tomorrow's computers today

Z-ZH

e, fistem

Model SDI plugs into Z-2H 11-megabyte
hard disk cc or any Crc 0
computer

DISPLAY MEMORY

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

CONTACT YOUR REP NOW

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

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

Cromemco

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94043 » (415) 964-7400
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Iin This Issue

“Future Computers” is our cover theme this month and the subject of the
editorial. Before you write to comment on our cover's “unusual” design
approach (created by artist Robert Tinney), keep in mind the proximity of Aprit
1

Elsewhere in this issue we describe Steve Ciarcia’s latest project, a low-cost
logic analyzer, and tell how to build your own Turing machine. Other articles
include: a follow-up to our earlier review of the Sinclair computer, this time a
description of the MicroAce kit version; a reformatter for CPIM and IBM-
format floppy disks; a closer look at the Ti Speak & Spell; a fascinating review
of three different APL packages for the patient {but eager] APL fans in our
audience; details about data compression; all about intercomputer data links
and the game of Go; and the conclusion of an article from last month about
3-D computer graphics.
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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

MICROANGELO

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

RS-170 com-
posite or direct
drive output

Local or external
sync generation

4 Mhz 280

microprocessor

60 hertz real-
time clock

8 level interrupt
tie-in

IEEE S100 bus
compatible

Screenware™ Pak |

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

Screenware™ Pak II

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.

Circle 2 on inquiry card.
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UCSD’

PASCAL
FORTRAN

PORTABLE
Develop on a Z-80T,
runonLSI-11%, T.1. 990,
6800 or vice versa

EFFICIENT
Structured, readable
Speeds davelopment X5
Easy maintenance

POWERFUL
Full standard Pascal
plus extensions
ANSI '77 Fortran Subset

CoOST EFFECTIVE
Complate system including
interpreter, screen editor,
utilities, fliler, assembler,
and complier.

with Pascal $400
with Fortran $450
with Both $600

APPLICATIONS

PFAS

(Pascal File Access System)
Keyed-ISAM in 6K user
memory $200

INTELLECT UL VI.2
A full range 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 RUN ON
DEC PDP-11f or
TRS-80 MODEL 11§

PCD SYSTEMS

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

*TM Univ. ot Calif.

TM of Zilog

TM of Digital Equipment
§TM of Tandy Corp.

Future Trends in
Personal Computing

Chris Morgan, Editor in Chief

Future Com-
puters—what
will they be like?
Some exciting
developments have
been occurring in
the industry lately
that should give us
some clues. I at- |
tended the Con-
sumer Electronics
Show in Las Vegas
this past January,
where Toshiba in-
troduced what
could be the most
significant product
of the year for the
personal-comput-
ing market: a pock-
et-size flat-screen
television set.
While no specific
mention was made
of its possible use
with a personal
computer, it takes
only a moment’s
thought to see the
potential of this engineering marvel.
First introduced in Japan some
months ago, the Toshiba television
hasa4.1 by3.1 cm (1% by 1% inch)
LCD (liquid-crystal display) screen
housed in a case measuring 17.3 by
8.2 by 1.8cm (6% by 3% by
7o inches)! It has only half the resolu-
tion of a standard CRT (cathode-ray
tube) display, but its small size masks
that fact effectively. Toshiba has also
solved the problem of liquid-crystal
“overhang,” the slow-fade effect that
plagues LCDs in electronic games.
The response time of this particular
design is fast enough to handle the
1/30 of a second television-frame
refresh rate. Although the screen is
dimmer than a CRT display (the im-

Miastkowski.

Photo 1: Toshiba's new pocket-size
television prototype. A built-in zoom .
feature is available that enlarges any | flooded with porta-
one of the four screen quadrants for ble computers hav-

close-up viewing. Photo by Stan

age is formed from
reflected rather
than transmitted
light), it has accept-
able contrast and
sharpness. The

screen is fed by a

bank of shift regis-
| ters; it would be an

easy task to display
I computer graphics

and characters on
| it.

The Toshiba flat-
screen unit is still
in the prototype

phase and  will
l probably not be
available for a year
| or so, retailing for
| approximately $600.
I predict that with-
in two years the
market will be

ing built-in screens
of every size and
! shape.

Sony has introduced a new elec-
tronic “typewriter” that fits in a brief-
case and lets you enter, store, and
edit up to 200 pages of text using a
built-in microcassette recorder. Text
is displayed on a one-line liquid-
crystal display. Combine such a de-
vice with a flat-screen multiline video
display and you have a very attrac-
tive concept, indeed.

Another Sony breakthrough is a
new miniature floppy-disk system
(see photo 3, page 10). Each disk
measures 8.9 cm (3%2 inches) in
diameter and holds over 800,000
bytes! The disk resides in a rigid
housing for protection. Sony plans to
introduce the disk as part of a new,
miniature word-processing system.



Percom Mini-Disk Drive Systems for TRS-80* Computers...

Now! Add-On and Add-In Mini-Disk

e Ve o W
[ ———— G
m— - -

New for the TRS-80* Model 111

Patterned after our fast-selling TFD Model I drives. And
subjected to the same reliability controls. These new
TFD mini-disk systems for the Model [l provide more
features than Tandy drives, yet cost far less.

o Flippy Capability: Both internal (add-in) and
external (add-on) drives permit recording on either
side of a diskette.

e Greater Storage Capacity: Available with either 40-
or 80-track drive mechanisms, Percom TFD mini-disk
systems store more. A 40-track drive stores up to 180
Kbytes — formatted — on one side of a 5-inch
diskette. An 80-track drive stores a whopping 364
Kbytes.

® 1.5 Mbyte On-line: The Percom drive controller
(included with the initial drive) handles up to four
drives. With four 80-track mini-disk drives you can
access over 1.5 million bytes of on-line file data.

Moreover, the initial drive may be either an
internal add-in drive or an external add-on drive. And
whichever configuration you get, the initial drive kit
comes complete with our advanced 4-drive
controller, interconnecting cables, power supplies,
installation hardware, a DOS and of course the drive
mechanism itself.

e First Drive Includes DOS: OS-80™, Percom’s fast
extendable BASIC-language disk operating system, is
included on diskette when you purchase an initial
drive kit. Originally called MicroDOS, 0S-80 was
favorably reviewed in the June 1980 issue of Creative
Computing magazine.

e Works with Model Ill TRSDOS: Besides being fully
hardware compatible, Percom’s Model lll 40-track
drive systems may be operated with Tandy’s Model IlI
TRSDOS — without any modifications whatsoever.
And, TRSDOS may be easily upgraded with simple
software patches for operating 80-track drives.

Percom TFD add-on drives start at only $399. Model
III Drive kits start at only $749.95.

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

The industry leader in microcomputer peripherals,

Percom not only gives you better design, better
quality and first-rate service, but you pay less
to boot.

- Storage for your Model III.

Still #1 for Model 1

As if greater storage capacities, exceptional quality
control measures and lower prices aren’t reasons
enough to make Percom your first choice for Model |
add-on drives, all Percom Model I drives are also rated
for double-density operation.

Add our innovative DOUBLER™ adapter to your
Model 1 Expansion Interface, and with Percom drive
systems you can enjoy the same double-density storage
capability as Model Ill owners.

The DOUBLER includes a TRSDOS*-like
double-density disk operating system called DBLDOS™

We also offer a double-density Model I version of
0S-80 as well as DOUBLEZAP programs for modifying
NEWDOS/80 and VTOS 4.01 for DOUBLER
compatibility.

Of course you don’t have to upgrade your computer
for double-density operation to use Percom mini-disk
drive systems. In single-density operation, our TRS-80*
Model 1 compatible 40-track drives store 102 Kbytes of
formatted data on one side of a diskette, and our
80-track drives store 205 Kbytes. By comparison,
Tandy’s standard drive for the Model I stores just 86
Kbytes.

And like our Model lll drives, Model | add-on drives
are optionally available with “flippy”’ storage capability.

System Requirements:

Model III: 16-Kbyte system (min) and Model Il BASIC.
The second internal drive may be installed after the first
internal drive kit is installed, and external drives #2, #3
and #4 may be added if either an internal or external
first-drive kit has been installed. External drives #3 and
#4 require an optional interconnecting cable.

Model I: 16-Kbyte system (min), Level Il BASIC,
Expansion Interface, disk operating system and an
interconnecting cable. For double-density storage, a
Percom DOUBLER must be installed in the Expansion
Interface and DBLDOS {comes with the DOUBLER) or
other double-density DOS must be used. For
single-density operation, a Percom SEPARATOR™

adapter, installed in the Expansion Interface, will

virtually eliminate “‘CRC ERROR — TRACK LOCKED

OUT" read @rrors. Prices and specifications subject to change without notice.

PERCOM

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

(214) 272-3421

*Trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data-Company.
TBOUBLER, DBLDOS, 0S-80 and SEPARATOR are trademarks of Percom Data Company. Inc.

+Trademark of Virtual Technology Corporation.
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Photo 2: The Osborne I per-
sonal computer. This new
64 K, Z80A machine has two
floppy-disk drives and fits
under an airline seat. Price:
$1795. Photo by Elliot Varmer
Smith.

Although no official word has come from the company,
we have learned that it is developing a complete personal-
computer system. Fujitsu and Seiko are also developing
personal computers for the U.S. market.

New Trends in Portability: The Osborne I

This month Adam Osborne introduced a new personal
computer, called the Osborne I, at the West Coast Com-
puter Faire in San Francisco. Its features include: a Z80A
processor; 64 K bytes of dynamic programmable mem-
ory (60 K bytes are available to the programmer; the re-
maining 4 K bytes are used by the display screen); IEEE
and RS-232C interfaces; modem electronics; a 5-inch
video monitor with 24 rows of 50 characters, upper- and
lowercase, two display intensities, and underlining for all
characters; two 5-inch single-density, single-sided floppy-
disk drives; standard typewriter keyboard; 10-key nu-
meric pad; two pockets for storing floppy disks; and the
following software: the CP/M operating system,
CBASIC, WordStar, Mailmerge, and a CP/M-compati-
ble spread sheet program that resembles VisiCalc.

There are two particularly interesting points about this
computer: (1) it will cost $1795, and (2) it’s portable! An
optional battery pack will be sold with the unit. Also op-
tional are a 9-inch monitor, an acoustic coupler, and
double-density, double-sided floppy-disk drives. The
$1795 price tag (which includes all the software) is re-
markably low. It remains to be seen if the company can
turn a profit at this price. I recently had an opportunity
to see the Osborne I in action. 1 was impressed with its
compactness: it will fit under an airplane seat. (Adam

8  April 1981 © BYTE Publications Inc
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PASCAL/Z™ Q.E.D.

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

PASCALIZ generates true Z-80 native code — ROMable
and re-entrant — 5-10X faster than P-code interpreters;
permits separate compilation; supports Direct File Access
and variable length 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 Zllog. Inc. respectively.
PASCAL/Z and InterSystems are trademarks of Ithaca Intersystems Inc.

InnfeerNyysienmns®

Ithaca Intersystems Inc.

Micros for bigger ideas.



The Intersystems
price-performance-reliability

story now has
three versions.

Y

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

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 1l 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
[EEE 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

Circle 6 on inquiry card.

economical 2-serial, 4-parallel
Multiple 170 board. Our 6-serial
170 board. Our Double-Density
High-Speed Disk Controller. And
what is undoubtedly the most flex-
ible front panel in the business.
Everything you need for a com-
plete IEEE S-100 system. Available
separately, or all together in your
choice of DPS-1 mainframe styles.
Whatever your needs, why
dump your money into obsolete
products labelled “IEEE timing
compatible” or other words peo-
ple use to make up for a lack of
product. See the future now, at
your Intersystems dealer or call/
write for our new catalog. We'll
tell you all about Series Il and the
new IEEE S-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

lonfeerSsysiemns™

Ithaca Intersystems InC

Micros for bigger ideas.



r 1

Photo 3: Sony'’s new 3%-inch floppy disk and drive. Each
double-sided floppy disk can hold up to 875 K bytes of informa-
tion, unformatted. The recording density is 1.47 times that of
the 5-inch disk.

Osborne is currently seeking approval from the FAA to
operate the unit on board a plane.) One quibble: the
screen may be too small for some people’s taste. Con-
sulting Editor Mark Dahmke is preparing a full test report
on this computer for an upcoming issue of BYTE.

* * *

Update

We have received numerous requests for more infor-
mation on the Microterminal described in the January
editorial. We cannot divulge any more information at
this time, but watch for a complete report coming soon.

Also in the works: full reports on the Commodore
VIC-20 color computer; the TRS-80 color computer hi-
res (high-resolution) graphics; a special issue on local net-
works; reviews of three LISP packages; the new spelling-
correction programs; Logo for the Apple Il and TI 99/4;
and our annual August language issue, this year on
Smalltalk, one of the most exciting languages in the com-
puter field today. Watch our upcoming editorials for fur-
ther information about future computers.

atlast—the DYNATYPER
TYPEWRITER INTERFACE!™

\:‘.

Turn your electric typewriter into a low cost,
high quality hard copy printer. 1 yearwarranty

DYNATYPER - Rochester Data's patented* Computer/Typew
Interface is the industry standard for typewriter output. %

® 2 minutes to initially install and 5 seconds to remove ce.

® You do not have to modify your typewriter. All war-
ranties and maintenance agreements on your type er will be
honored.

® Compatible with all power carriage return 'ewriters having
standard U.S. keyboard. The Dynatyper s with Selectrics

(model 1) and most non-Selectrics ( 2). Please specify.
Typewriter conversion between moda es 2 minutes and the kit
(17 plungers) is available for a no fee

® The Dynatyper is compatible with nrword processing software.
(Scripsit, Penci, Applewritea&sywrlter, Magic Window, Visi-calc

CCADBM, Supertext, Wri

[ ] lnterfacesavallablef WMS-80, APPLE, PET/CBM, OSI, Northstar,
HP-85, H-89. WeI nIy 3 Ibs. Extremely portable.

® Delivery St 0 weeks., Price $499 for complete system.
F.O.B. r Domestic. VISA and Master Card accepted.
Call l ky at 716-244-7804

. Ing
%a registered trademark of Rochester Data incorporated
3000 Winton Road South, Rochester, N.Y. 14623

The Carl Helmers Newsletter

Readers of recent issues of BYTE are probably aware that
Carl Helmers, former Editorial Director of BYTE, is now
working on projects outside of McGraw-Hill. One of Carl’s
new undertakings is the Carl Helmers Personal Computer
Newsletter, which will cover the present state of personal
computing, future developments in hardware and software,
artificial intelligence, mass storage, and many other topics.
The newsletter will contain no advertising, cost $200 per
year, and will appear monthly. Carl is also considering a free
“personal computer industry conference call,” which would
be made available via a toll-free 800 number if interest
among subscribers is high enough. The setup would enable
up to twenty people to participate in a regularly scheduled
monthly "roundtable” discussion.

For more information about subscribing to the newsletter,
write to North American Technology Inc, Strand Building,
Suite 23, 174 Concord St, Peterborough, NH 03458, or call
603-924-6048. We wish Carl luck in his new venture...CM

BYTE's Bugs

Invisible Getting the
Software Review Number Straight
Because of a last-minute In the February 1981

10  April 1981 © BYTE Publications Inc Circle 7 on inquiry card.

scheduling change, the prod-
uct review by BYTE editor
Gregg Williams, “The
muSIMP/muMATH-79 Sym-
bolic Math System” (Novem-
ber 1980 BYTE, page 324),
did not appear on the “In the
Queue” page for that issue.
We regret the omission.

BYTE, on page 345 of the
“What's New?” section, the
telephone number given for
General Digital Corporation
was incorrect. The correct
number is (203) 289-7391. We
apologize for any difficulties
that may have arisen due to
the error.m

Circle 8 on inquiry card. e=p



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 11 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.

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

Industrial grade circuit board

PROM firmware for powerful user interface

68488 IEEE-488 controller chip

1B A
A
X

Slot-independent connection to Apple

Ay A i
Yy O, I
SSM’s A488 board ds the Apple 11 t
¥ PG, EXRANas ke A ppie i1 19 SSM Microcomputer Products, Inc.
a high-performance IEEE-488 controller. 5190 Pa::agc?n Bg\/; g8 ine

San Jose, CA 95131
(408)946-7400 Telex: 171171

* Registered trademarks of Apple Computer Inc. TWX: 910-338-2077



Computers and Trees:
The HHC Forest

I read Gregg Williams and Rick
Meyer's article about the Panasonic/
Quasar hand-held computers (January
1981 BYTE, page 34), and I could hardly
contain my excitement over the potential
use for these devices in my field: forest
measurements and statistics.

Forest inventory and survey work
typically involves many man-hours in the
forest collecting information on tree size,
species, sawtimber quality and value,
growth, etc. This information is normally
hand-written on tally sheets in the field,
and either hand-tabulated in an office or
key-encoded for statistical summary and
analysis by computer. Forest scientists
and practicing foresters are continually
looking for more economical methods of
obtaining resource information at the
level of precision required for complex
management planning and decision-
making.

The HHCs (hand-held computers) ap-
pear to have the capability of being used
in the field as data-entry devices, thereby
eliminating the need for subsequent key-

Letters

encoding of hand-written information.
With their alphanumeric capability, they
should be able to store and manipulate
descriptive text as well as numeric infor-
mation. With suitable applications pro-
grams, | would think they are also capable
of handling a fairly large repertoire of
forestry problems (eg: compiling tables
describing timber volumes by species, log
grade, and size class; estimating stumpage
values for timber sales, etc). For larger
data-processing requirements, they could
transmit their data, through the modem
attachment, to a host computer. In short,
I see in these devices a potential for great-
ly reducing the man-hours required for
routine data-entry and processing applica-
tions in forestery.

George L Martin Jr

Assistant Professor of Forest Biometry
Department of Forestry

College of Agricultural and Life Sciences
University of Wisconsin

1630 Linden Dr

Madison W1 53706

The advent of HHCs will be a boon to
many who must perform data entry and
sophisticated calculations in the field. Un-

FINDING SOLUTIONS
AND BEING COMPETITIVE
IS OUR BUSINESS. ]

Having problems and looking for a
computer to help solve them?
Are you finding computer dealers
come in one of two ways? Either
Full system support with Full price
or Take it or Leave it with Low
price. At Omega we don‘t believe
that you should have to make a
choice. Yes, we're in business to sell
products but also, to solve your
roblems. QOur prices will be the
owest possible. Our support and

%pplﬂ computear

uthonzed Dealer

product quality will be second to none. Check out our Mail Order prices in this
ad (our retail prices will be higher). See if you don’t agree with our first claim.

For our second claim, call us with your data processin
Better yet, come in and see us. Finding solutions and
business. We never forget either of them.

APPLE Il ... SCALL
APPLE Il "PLUS” 48K ..........cociinun.n $ 1169.95
HEWLET PACKARD 85 0r 83 ................ $ CALL
APPLE Il ACCESSORIES:

Disk Il with controller ....................... $ 535.00

Disk 1l 2nd drive
Graphics Tablet .............
Language System with PASCAL
Silentype Printer W/int ... ..
Integer Firmware Card .......
Microsoft Z-80 Softcard
Videx videoterm 80 col Card
Sanyo 12" Green Monitor .

needs and problems.
eing competitive is our

Supplies:
Scotch Diskettes - Best of Quality!
price per box of {10)

744-0, 10, 32
740-0 SS/SD 0 Sector .
741-0 SS/DD 0 Sector .

743-0 DS/DD No Format ....................

New Products:

Videx L/C Adapter ......................... 110.00
Microsoft 16K RAM Card .................... 169.00
D.C. Hayes Micromodem Il .................. 315.00
Novation DCAT Modem ..................... 195.00
EPSONMX-B0 ... CALL

Mail Order Terms of Sales: Price based on prepaid orders. NO COD's. Visa or Master Charge orders add 3% to purchase
gf ice. Allow 14 working days for personal and company checks to clear. Order under $100.00 add $3.00 for shipping and

andling. All orders (unless specified in ad) within Continential U.S. shipped U.P.S. no charge. APO or out of Continential
U.S. wnte or call for shipping charges. All prices subject to change and all offers subject to withdraw! without notice. CA

residents add 6% sales tax

The Problem Solving Company

12 April 1981 ® BYTE Publications Inc

OMEGA MICRO COMPUTERS

3447 Torrance Boulevard ® Torrance, California 90503 ® (213) 370-9456
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fortunately, neither the price nor the
availability date of the Panasonic/Quasar
unit was announced at the CES (Con-
sumer Electronics Show), as I had origi-
nally hoped. As an educated guess, |
would place the price in the $400 to $650
range, with the units possibly being avail-
able as early as mid-1981....GW

Oddest Programming
Language of Them All

In the December 1980 BYTE, Mr Daniel
Weise presented a version of a self-repro-
ducing program. (See ‘Thief-Reproduth-
ing Programth,” page 16.) The following
version of the same fundamental algo-
rithm is written in my favorite program-
ming language—English:

" 1t o1t

Replace every occurrence of “x” in "' x 'x'.
P ry

by “Replace every occurrence of %’ in
y P ry

lx lellll by ll‘

Which executes as follows:

1t

Unquote ” x ‘x’.”" to obtain the form x “x".

Replace “"x” by the quoted substitute to
obtain x “Replace every occurrence of 'x’

et 1 "

in 'x "x"." by

Replacing x by the unquoted substitute we
obtain Replace every occurrence of “x"
in " x 'x"." by "Replace every occurrence
of x"in'x "x"." by ".

The operations quote and unquote
work as follows:
Quote text = “text™”.
Unquote “text*”’ = text.

where text” is a faithful copy of text, ex-
cept for the replacement of each quote
mark, single or double, by its comple-
ment. This transformation is idempotent.
This is a time-honored syntactic device of
English.

I leave it to you, dear reader, to judge
the relative perspicuity of this English ver-
sion and the LISP version provided by Mr
Weise.

James P Corbett
24 Sheffield Lane
Florence MA 01060

Readers should note that they may not
be able to get this program to run on
every model of the human brain—which
is probably just as well, since once run-
ning, it would use up all available process-
ing time and memory space....CPF
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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 and the best support — so you can
be as creative with a personal computer system as Edison
was with the incandescent bulb.

How Apple grows with you.

With Apple’s reliable product family, the possibilities of
creating your own system are 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 5%" 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
4 history pass you by. Visit your nearest
4. Apple dealer or call 800-538-9696.
In California, 800-662-9238. Or write:
‘ Apple Computer, 10260 Bandley Drive,
Cupertino, CA 95014.
appila computer inc.




Letters

Vive la Guerre

I have a few comments on Bruce Car-
brey's article “A Pocket Computer? Sizing
up the HP-41C." (See the December 1980
BYTE, page 244.) The article was very in-
teresting, since I use both an HP-41C and
a TI-59 frequently. Mr Carbrey did a
comparison that I had planned but had
never done.

On page 246, he states that storing a
number in a register on a TI-59 requires
three lines. This applied to the earlier
SR-52, but only two lines are needed with
a TI-59. Two is better than three, but the

one-line approach of the HP-41C is better.
It makes editing a program without a
printer much easier, especially since you
don’t have to remember key codes.

Mr Carbrey’s benchmark test program
does not, however, use the TI-59s
strengths well. A major difference be-
tween the calculators is that both label
and absolute addressing exist on the
TI-59, while the HP-41C uses only labels.
Since the HP-41C program is compiled, it
is not penalized. Using absolute address-
ing in the TI-59 program cuts run time by
3 seconds and saves a step.

Listing 1 is a benchmark program that

YOU THINK YOU’VE SEEN WORD
PROCESSING SOFTWARE?

The MAG?C WANDTMWord Processing

System offers you the best features of any system

in the micro market

FEATURES INCLUDE:

Full-screen text editor
Simple, control key operation
Edit programs as well as text
Assemble, compile or run programs
without modification
Files larger than memory
Files up to 256K
Library files
Merge part or all of one file with
another
Spool printing
Print a file while editing another
Easy page formatting
Simple commands set margins, page
length, etc.
Override commands at run-time
Give any command from the key-
board as well as in file
Variable pitch control
Change pitch in mid-line, even
mid-word
Up to 128 user-defined variables
String, numeric or dollar format
Form letter generation from external
data files
Compatible with both sequential and
fixed-record files
Conditional commands
Any command may be conditional
Print to disk and/or printer
Save all or part of output on disk
Switch from specialty printerto CP/M
list device
Print the same file on either specialty
or standard printer

Version 1.1 is now available

EASE OF OPERATION

With all its power, the MAGIC WAND is
remarkably easy to use. This is no acci-
dent. The command structure is designed
to be flexible and logical so that you can
perform basic functions with a minimum of
commands.

We have included in the manual a step-
by-step instructional program, for the per-
son who has never used a word-proces-
sor before. The trainee uses sample files
from the system disk and compares his
work to simulated screens and printouts.

In addition to the lessons, the manual
has a complete documentation of the
command structure, special notes for pro-
grammers, an introduction to CP/M for
non-programmers and a glossary. The
manual is typeset, rather than typewritten,
for greater legibility.

We have written the manual in non-
technical English, because we want you
to read it. We don't overload you with a
bunch of jargon that could confuse even a
PhD in Computer Sciences.

We send out newsletters so that users
of the MAGIC WAND can learn special
applications of the print commands. For
example, we might show you how to cre-
ate a mailing list or set up an index for
a file.

In short, we've done everything we can
to make things easy for you. Because the
best software in the world is just a bunch
of code if you can't use it.

For more information, call or write:

staall business applications, .

3220 Louisiana e Suite 205 ® Houston, Texas 77006 ® 713-528-5158

CP/M 15 a tegustered trademark ot Digilal Research Corp
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uses the TI-59's parenthesis feature. This
seemed especially apt considering Hew-
lett-Packard’s and Texas Instruments’
battle over Reverse Polish Notation vs
Algebraic Operating System. My pro-
gram is 10 steps shorter, uses 4 data
registers, and runs in 33 seconds. This im-
proved performance is achieved by reduc-
ing the number of relatively slow memory
arithmetic operations and utilizing the
TI-59's stack. (Also note that the correct
answer in Mr Carbrey's table 1, on page
254, is $17553.30, not $17533.30.)

Listing 1
000 76 LBL
001 11 A
002 58 FIX
003 02 02
004 42 STO
005 01 0l
006 91 R/S
007 42 STO
008 02 02
009 91 R/S
010 42 STO
011 03 03
012 9] R/S
013 55 +
014 0l 1
015 00 0
016 00 0
017 85 +
018 01 1
019 95 =
020 42 STO
021 04 04
022 45 Y
023 43 RCL
024 02 02
025 94 +/-
026 65 X
027 43 RCL
028 01 01
029 85 +
030 53 (
031 00 0
032 85 +
033 43 RCL
034 04 04
035 45 ¥
036 43 RCL
037 02 02
038 94 +/-
039 97 DSZ
040 02 02
041 00 00
042 32 32
043 54 )
044 65 X
045 43 RCL
046 03 03
047 95 =
048 91 R/S

Much has been made of the HP-41C’s
plug-in accessories, but I wonder if they
are really a major design change. They
obviously follow TI's development of the
printer attachment and Solid State Soft-
ware. The HP printer has excellent print
quality and features, but it is very slow.
The Bar-Code reading “Wand” is the only
significant advance in my opinion.

The capacities of the two calculators are
about equal in my experience. Most
users want both a printer and a card

Circle 12 on inquiry card. e=—p



80 character display makes it ideal for word processing
and scientific applications.

| America, Inc.
130 Martin Lane,Elk Grove Village, IL 60007

Easy on your Eyes
and your Budget

This high quality professional computer
monitor provides sharp, clear display of
up to 80 characters by 25 lines of text,
making it ideal for word processing as
well as standard business applications.

Lightweight industrial grade construc-
tion gives maximum portability with
reliable operation.




Letters

reader, so only two memory modules can
be added. Thus, a maximum of 830 pro-
gram lines is available without data
registers in practical applications, and this
limit is quickly reduced. Even allowing for
the HP-41C’s greater storage efficiency (I
find a 50% improvement over the TI-59),
the HP-41C is only marginally better.
The lack of a TI response to the HP-41C
threat mystifies me. Although users were
surveyed last spring, no new product has
appeared. The discounts being offered on
TI's "59” calculators clearly suggest that
something is coming soon, but it has been
a year since the HP-41C'’s introduction.

Perhaps the pocket computers from Radio
Shack and Sharp threw a wrench into the
works. TI has always played a game of in-
creased capacity at lower cost in the pro-
grammable-calculator marketing wars. 1
await TI's next entry with great anticipa-
tion. Users have profited immensely from
the battles between Hewlett-Packard and
Texas Instruments in this market. (Take
out your old calculator and try using it
now.) Vive la guerrelll

G John Garner
319 Blue Haven Rd
Dollard des Ormeaux, PQ, Canada
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Eliminate The Data Comm Hassles of
Outmoded “DUMB” Modems

Compoliution

Steve Ciarcia’s article “Electromagnefic
Interference” (January 1981 BYTE, page
48) is a very good and long-overdue sum-
mary of the electronic noise-pollution
problem. Many radio engineers have been
fighting the battle against the plastic com-
puter box and the poorly designed digital
boards that dominate the industry. We
are ready for some stiff regulations
regarding fundamentals, such as simple
metallic shielding and grounding prac-
tices, so that the rest of the world can con-
tinue to use RF (radio-frequency) com-
munications.

One omission in Mr Ciarcia’s article is
the reference to a state-of-the-art hand-
book or text for more comprehensive in-
formation on the subject. One of the best
comes from Bell Laboratories, in Henry W
Ott's book Noise Reduction Techniques in
Electronic Systems (New York: John
Wiley & Sons Inc, 1976).

R W Burhans

Ohio University

Avionics Engineering Center
Athens OH 45701

This omission was caught and rectified.
See "BYTE's Bits” March 1981 BYTE, page
314, for additional reading material. Also,
see | N Demas’s review in the September
1980 BYTE, page 311....GW

Well-Rounded Machine

We at Hewlett-Packard were very
pleased to see Brain Hayes's excellent arti-
cle on the HP-41C calculator. (See “The
HP-41C: A Literate Calculator?”, January

BIZCOMP's Intelligent Modem is new. Brand new. It teams a Bell 103-type “"dumb"’
modem with a custom BIZ-080 microcomputer in an attractive desk-top enclosure.
RESULT: Incredibly simple data comm for professional users. No more mad dash
to get a handset into coupler mufts before being disconnected by the remote. No
more exclusion-key telephone needed to do the dialing. No more outboard coupler
boxes. And for computer sites, communications software written in high level
language like BASIC or COBOL. How's that for simplicity!

The 1030 gives you automatic dial, automatic answer and, unique to the industry,
automatic REPEAT dial. The top-of-the-line 1031 adds command-selectable tone or
dial pulse dialing for TWX net applications and self-test for ensuring full function-
ality. Both models are FCC registered for direct connection and feature comm
rates from 110, 134.5, 150, 200 to 300 baud. BIZCOMP's innovative Code-Multi-
plexed Design enables complete control using a simple 3-wire RS-232 interface.
Don't burden your customers with data comm hassles. Install a BIZCOMP Intelli-
gent Modem today.

BIZCOMP Communications...
Why not start with the best?

BIZCOMP

P.O. Box 7498 e Menlo Park CA 94025 ® 415/854-5434

Rentals and leasing avallable from Leasametric, 800/227-6773, 415/574-5797 In Callf.

1981 BYTE, page 118.) He did make some
statements that deserve clarification,
however. In particular:

There is something absurd about the
world's fanciest calculator not being
able to give results accurate to more
than seven or eight decimal places.

The example he used was the (vVZ)
computation, which is a good illustration
of a common misunderstanding about
computer arithmetic. When calculating
2, the 41C works internally with 13
digits and then rounds correctly to 10
digits. This helps to insure the accuracy of
the displayed result. But this result is still
not really /2, merely the best representa-
tion possible on this, or any other,
10-digit machine: 1.414213562.

At this point, the calculator does not
know where this number came from: it
could be a previous result, or it could
have been entered exactly as such through

Patent Pending
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THE NEW RELIABLES

Take alook at the new industry standard in reliability.

Our warranty on all IMS International products is
two years from the day a dealer sells them.

Two years.

The systems we offer are some of the most advanced in
microcomputer history. That gives the IMS dealer
another distinct advantage in his marketplace.

There's more.

Low retail cost —well under $10,000 complete —with
the best margins and benefits in the industry. Face
it, even the most impressive specifications are no
replacement for profits.

Next to profits, full factory support is the second most
important feature we give the IMS dealer.

Our systems are designed to meet the specific needs of

] ' - P
R T e s s Tk
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your business computer today and tomorrow. The price/
performance comparison with competitors is one of an
IMS dealer’s easiest sales closes.

Tailored sales plan. National advertising backup. Point
of purchase program. Protected territories.
Complete system delivery in 30 days.

We have what you and your customer need.

The package is complete. New. Reliable.

For more information on our superior computer line
and the unique dealer program that comes with it, call
Fred Williams (collect) 714/978-6966, or write us:

.Il \, I! Box 201
I h A i 2800 Lockheed Way

inrernanional Carson City, NV 89701
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NEW CATALOGUE LISTINGS
FROM

JOHN D. OWENS

ASSOCIATES, INC.

CAT 100 FULL COLOR
GRAPHICS

Complete S-100 color imaging system P
with high performance video FRAME
GRABBER. 3 fundamental functions are ¥
+ digitization of video input in real time }
+ + image storage in dual-port, on-
board memory + + + video input of
buffered image in gray levels, NTSC col- F
or or RGB color.

Discount price . $1,875.
Write or call for option descriptions and H
pricing, too numerous to list here.

HOUSTON INSTRUMENTS
HIPAD DIGITIZER i

Create your own graphics using either
stylus or optional cursor. Excellent tor
architectural drawing, business graphs, M
schematics, free form drawing, etc.
More accurate and easier to use than
keyboard input or joysticks. “Stream H
mode” allows continuous placement ot
coordinate pairson 11” X 11" pad using &
either stylus or optional cursor. For H
lS)-El_I(_)O systems and also Apple, TRS-80,

SN SHLY IDOSK8Y SAIM0 U NHO

\Hoie

Our discounted price $ 755.

Letters

the keyboard. Squaring this number cor-
rectly and rounding again yields
1.999999999, Any 10-digit calculator that
does otherwise is either doing “funny
arithmetic,” or else is not telling you
everything it knows. But the 41C has lived
up to its claim: each calculation was per-
formed correctly to 10 digits. Also, and at
least as important, the behavior of the cal-
culator is utterly predictable and repeat-
able.

A calculator is a tool, and, like any
tool, it has its limitations. These limita-
tions must be understood if the tool is to
be used properly. The point is this: there
exist sequences of calculations that will
generate errors of any magnitude on any
finite-precision arithmetic machine. Keep-
ing this in mind, the “world’s fanciest cal-
culator,” the HP-41C, is a tremendously
powerful tool indeed.

Steve Abell

Research and Development Engineer
Hewlett Packard Company
Corvallis Division

1000 NE Circle Blvd

Corvallis OR 97330

LDOS for TRS-80 USERS

New operating system can support up to
8 drives (either 514", 8" or new Win- g
chester fixed disk) in any combination.
Features include ISAM Accessing Tech-
niques. Keyboard type ahead. graphics
string packer. dated files and many,

many more. p
Our discounted price . . % 126, ¥
Manual only i ... % 250

DMA-DOS North Star 8"
FLOPPY SUBSYSTEM

A new operating system, completely

CP/M® compatible that allows use of B

both 8" (Shugart single sided, double

density via Tarbell controller) and 5% "

drives.

Complete hardware, software package |s
_ $1,910. E

TARBELL CPU Z-80

Features memory management hard- (g
ware that allows dynamic mapping of [
logical to 1 MB of physical memory in E
4K blocks. Supports an easy to use im-
plementation of MP/M® . Either 2 or 4 §
MHZ, jumper selectable. TWO on H
board RS232 ports will full handshaking
capability: crystal controlled program- [
mable timer.

SEE OUR ADS ON PPAGES
178 AND 179

JOHN D. OWENS

Associates, Inc.
12 Schubert Street

Staten Island, New York 10305
212 448-6283 212 448-2913 212 448-6298
Uverseas Callers: Phone 212 448-6298

WE HAVE NO READER INQUIRY NUMBER.
PLEASE WRITE OR CALL.
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MlicroAce: More
Power to Sinclalr

I disagree with John McCallum’s state-
ment in “The Sinclair Research ZX80" (see
the January 1981 BYTE, page 94) that by
building the kit version “you will not save
any money.” My MicroAce cost a mere
$150—a savings of 25% over the price of
a ZX80. It was easy to build, although the
instructions were not nearly as elaborate
as Heathkit's.

The MicroAce has room for two more
programmable-memory integrated cir-
cuits than the ZX80. The increase to 2 K
bytes almost triples the possible program
length (portions of the first 1 K bytes are
used for “housekeeping”). This expanded
capacity gives you a much more usable
computer. Its unique design means that
you can store as much information as
other systems that use 3 K to 4 K bytes.

I couldn't afford $500 or more for a
computer, but, for about $175 (kit plus
memory chips), I have learned quite a bit
and gained much enjoyment while doing
$0.

John R Mullen
8518 Terrang Ct
Rockford IL 61111

The MicroAce kit is reviewed by
Delmar Searls on page 46 of this issue.

Calling Z8000

The “BYTELINES” section of the
January 1981 BYTE (page 200) contained

an item saying that Microsoft proposed a
standard set of calling conventions speci-
fying parameter-passing and register
usage for the Z8000 microprocessor. It
was actually Zilog Inc, inventor of the
Z8000, that established the conventions.
Zilog announced the Z8000 standards at
last year's WESCON show in Anaheim,
California. The announcement contained
the statement that the conventions “have
thus far been adopted by Microsoft and
are under consideration by several other
companies.”

Thank you, BYTE, for letting me set the
record straight by pointing out that Zilog
originated the Z8000 calling conventions
that were subsequently adopted by Micro-
soft.

Bruce Weiner

Product Marketing Manager
Zilog Inc

10460 Bubb Rd

Cupertino CA 95014

Why Didn’t We Think....

8 :_,..‘_‘cv‘}

I always look forward to the latest issue
of BYTE, as | am sure many others do. [
would like to pass along this suggestion to
my fellow readers who use an Apple Il
computer. It is my solution to the well-
known “accidental RESET” problem that
plagues users of that machine.

Manauba Sakuta, MD
6324 Wilryan Ave
Edina MN 55435

December Adventure

BYTE'’s “Product Reviews” of games in
the December 1980 issue were absolutely
perfect. There are too many bad programs
on the market; being able to see a picture
of the display (along with a description of
how the game is played) is a big help.

I noticed that BYTE didn’t continue this
policy in the January 1981 issue—1I realize
that you can’t have seven game reviews in
every issue, but it would be nice....

Thanks.

PAD from Livermore CAR
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All t e In

MusicSysten.l generates the sound of any musical
instrument—qeal or imagined! Solo or sextet. Rock
or classical. llaid-back or loud. At home or in the
concert hall &r classroom. MusicSystem sets new
standards for computer generated music.

Digital Synthesizer with 16 voices. Stereo output.
Polyphonic-m¢nlti-voice chords and note sequen-
ces. Additive Synthesis of instruments. Waveforms,
envelopes, angl amplitudes are fully programmable
for each voicg to create instrument definitions and
music dynaggics. 32 Khz sample rate. Frequency
resolution isf .5Hz steps. Graphical input of sheet
music on RQigh-resolution screen using standard
music nofation. Print out sheet music with a
graphics#printer. Complete softvare operating
\ system# Graphical music editor using light pen

(provided), game paddles, or keyboard. Pre-
entered music provided for immediate playing
and enjoyment. Thorough documentation and
tutorial user's manual.

gtr\xments

w\'-th\a\n Apple
\

n P

A

lay
\

7.5

Drop by your Apple.\DeaIer and ask to hear for
yourself. You'l know what we mean when we say
MusicSystem is all the instruments anyone with an
Apple can play!

Available al Apple Dealers worldwide

Mountain Hardware

LEADERSHIP IN COMPUTER PERIPHERALS
A Division of Mountain Computer, Inc.

300 Harvey West Bivd., Santa Cruz, CA 95060
(408) 429-8600
Music | can play? Send details.

- State_________Zip

*Apple is a trademark of Apple Computer, Inc.



Recurrence in Numerical
Analysis

James J Davidson
c¢/0 BYTE Publications
POB 372
Hancock NH 03449

Although Taylor's series are the most universally
useful method of computing higher mathematical func-
tions, they do have their drawbacks. In particular, many
functions have representations only in the form of alter-
nating series. This can cause great difficulty in maintain-
ing accuracy if large arguments are required. Often, so
many significant digits are lost in the process of computa-
tion that the results are, at best, useless. At worst, if you
do not suspect that gross inaccuracies are occurring, you
may make severe engineering mistakes.

1f the various remedies such as argument scaling are in-
effectual in improving accuracy, the only recourse is to
seek alternate methods of computation. Of those alter-
natives, recurrence relations have the widest applicabili-

ty.

What's a Recurrence Relation?

Various functions have the mathematical property that
if you know two consecutive values, you can use those to
find a third. This process can be repeated to find a fourth
from the second and third, and so on. Of course, you
need to pick the right pair to start from, but if you do,
you can get to any value you want.

The simplest illustration of a recurrence relation is the
Fibonacci series. This is a series of special numbers
known in mediéval times to Leonardo of Pisa, surnamed
Fibonacci (1175-1230). Fibonacci numbers are found in
botany and other natural sciences, as well as in certain
mathematical theories of aesthetics. They are interesting
in their own right, and there is at least one society
devoted to study of their mathematical properties.

The Fibonacci series proceeds in the following fashion:

0,1,1,2,3,5, 8,13, 21, 34, 55, . ..

Each term is obtained by adding the two previous terms.
As a formula, the series can be expressed as:
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where the initial terms must be specified as 0 and 1. Once
you get started, it is obvious that you can keep going in-
definitely using the same formula. It is not even necessary
to begin at the beginning. If you know the thirteenth and
fourteenth terms, for instance, you can find the fifteenth
by adding them together.

Programming this recurrence relation is not going to be
much of a chore. The important thing to keep in mind is
that three values must exist within the computer
simultaneously: the n and (n+1) terms, and the sum of
these two, which is the value being calculated. Then,
after the value is found, it must be slid into the (n+1)
position, with that one being slid into the n position. This
sliding process is the only tricky part because it must be
done in the proper order, and it is the heart of all recur-
rence programming.

Listing 1 shows how simple the job is. After initializa-
tion, the FOR...NEXT loop handles the calculation in 6
lines. The new term is calculated in line 160 and printed
in line 170. The sliding process is done in lines 180 and
190. Note that A1 must be slid into A0 before A2 is slid
into Al; otherwise, Al will be lost. That, in principle, is
all there is to programming recurrence relations.

Forward and Backward Recurrence

Recurrence relations have a property that on first ac-
quaintance seems absolutely incredible: if you go in the
“right” direction, you increase the number of significant
digits in your answer with every new term. This means
that in certain cases you can start out with a completely
arbitrary guess and, if you go long enough, end up with
eight or nine significant digits in your final result! On the
other hand, if you go in the “wrong” direction, you lose
digits with each iteration and end up with garbage.

There is nothing at all mysterious about this property.
If you think about the Fibonacci series, you will realize
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CCS. MAKING MINIS OUT OF MICROS.

Here's the CCS line of board-level
computers for system builders on the
move. Push Iin the CCS board. And
push on with your application. CCS
board-level systems go together
easily, come up quickly, and run
reliably, with a proven return rate of
less than 1%.

CCS board-level computers
offer systems builders the optimal
combination of low development
cost, low manufacturing cost, and
high reliability from proven, tested
modules.

A headstart on reliability. CCS
modules are designed to industrial
performance standards, manufac-
tured to industrial quality standards,
fully burned in and tested. You spend
more time and energy on your
application when you rely on CCS
modules instead of reinventing (and
rebuilding) standard computer
functions.

A full selection of S-100 board-
level computers. Whether you want
to add capability to another S-100
based system, or build a system from
scratch, chances are you'll find solu-
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2-80A CPU Modgules. -

Static-RAM Memory-Modules.

Dynamic RAM Memory Modyles.

-Serial and Parallel 1/0 Modules.

Floppy Disk:Gontrolier.

o

Hard Disk Controiler.” -

_High Speed Arithmstic Module.

» Avallable Quarter 2, 1981
+ For use with CCS System Models 200. 300, 400.

ons for all your system needs in the
CCS product line. CCS manufactures
a comprehensive selection, so you
cantailor asystem to your needs with
a minimum of components. You buy
exactly what you need. Butyou can
easily expand later.

We'd like to tell you more about
the CCSline of board-level com-
puters, OEM systems, and computer
systems. There's a lot more to tell.
Send in the coupon for more
information, contact your tocal
computer dealer, or call.

call me.
O Please send more information on
l CCS Board-Level Computer
Modules.

Namse

| Company

Address
I City/State/Zip
I Phone ( )

I California Computer Systems I
250 Caribbean Drive
Sunnyvale, California 94086 I



that that is exactly what happens there. Starting with two
numbers one digit long (0 and 1), you can build up after
thirty or forty terms to as many digits as your machine
will hold. For this case, we are going in the right direction
because the answers get progressively larger as we
calculate each new term.

In this case also, we are moving in the direction of in-
creasing index, n. This is called forward recurrence. If we
were to start out with a high-order pair of terms and
calculate down towards zero, that would be called

Listing 1: The Fibonacci numbers through recurrence. The
Fibonacci numbers are used here to demonstrate how easy it is
to program a recurrence relationship. All that is necessary is to
keep proper order in the calculation and the shifting of
variables.

0010 REM

0020 REM *“* FIBONACCI NUMBERS

0030 REM *** BY RECURRENCE RELATION.
0040 REM

0100 INPUT "HOW MANY FIBONACCI NUMBERS"”,N

0110 A0=0
0120 PRINT AOQ
0130 Al=1
0140 PRINT Al

0150 FORI=1TON-2
0160 A2=Al+A0

0170 PRINT A2

0180 AO0=Al

0180 Al=A2

0200 NEXT1I

0210 END

Listing 2: A Taylor's series program for the Bessel functions.
Lines 160 thru 190 calculate the first term. (Line 160 should not
be necessary, but many BASICs insist on executing a
FOR...NEXT loop at least once, regardless of index and target.)
This program is not recommended if the argument will ever ex-
ceed about five or ten, depending on your BASIC.

0010 REM

0020 REM *** BESSEL FUNCTIONS, FIRST KIND, INTEGER
ORDER

0030 REM *** BY TAYLOR'S SERIES.

0040 REM

0100 INPUT "ARGUMENT", X0
0110 INPUT “ORDER", N

0120 X=X0/2
0130 X2=X*X

0140 S=0
0150 T=1

0160 IF N=0 THEN 200
0170 FORI=1TON
0180 T=X1'T

0190 NEXTI

0200 FOR I=1 TO 999

0210 S=S5+T

0220 T=-X2/I/(N+D)*T

0230 IF S<>S+T THEN NEXT I

0240 PRINT S
0250 END
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Of the various mathematical func-
tions that can be calculated by
recurrence, the ones with the

greatest englneering utility are the

Bessel functions.
el e = —— — — ——— ___—_— — ]

backward recurrence. For the Fibonacci series, backward
recurrence is “wrong” (because you lose significant digits)
and forward recurrence is “right” (because you gain
them), but for some other functions the reverse is true.

Putting it another way, if you lose digits going one
way, it is because (and only because) you are subtracting
nearly equal large numbers. Avoidance of that situation
is one of the cardinal principles of numerical calculation.
In this case, avoidance consists simply of going in the op-
posite direction, in which case you are adding the
numbers instead of subtracting them.

But how do you know which direction to go in? Very
simply, look in a mathematics handbook. If that fails,
and you have no knowledge of function behavior to
guide you, trial and error is a solution. Set the program
up for forward recurrence (which usually is easier) and
see whether the terms get larger or smaller. If they get
smaller, you guessed wrong. (Be sure that the decrease is
not just local. Unfortunately, global function behavior
must be known before you can be fully certain that you
are going the right way.)

Bessel Functions

Of the various mathematical functions that can be
calculated by recurrence, the ones with the greatest
engineering utility are the Bessel and the Bessel-related
functions. This is fortunate because many of these are
strictly alternating series with no hope of argument scal-
ing, and large arguments always seem to be the ones of
greatest interest.

The family of Bessel functions includes many varia-
tions. There are the first, second, and third kinds; in-
teger, fractional, and noninteger orders; and regular and
modified types. The related functions include Kelvin,
Airy, and Ricatti-Bessel. For now, though, we will be
concerned exclusively with regular Bessel functions of the
first kind, and of integer order. These arise as solutions of
Bessel's differential equation:

dz
2;}—:{— + x? + (x* —njy =0
This equation appears in a wide variety of engineering
and scientific problems, such as heat transfer and mem-
brane vibrations. It also shows up indirectly in the
analysis of frequency-modulated signals. Any time cylin-
drical coordinates are used in analysis, Bessel's equation
is almost certain to be involved somewhere. As a conse-
quence of that fact, Bessel functions are also called (par-
ticularly in German) cylinder functions.

Let us see where the problem lies in computing these
functions by Taylor’s series. The Taylor’s expansion is;

(XN p X 2
M0 =(3) (=) X (g5a7)

This is clearly a strictly alternating series, and the critical

X
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THE HARD EDGE

IN SYSTEM PERFORMANCE...

31 MByte Formatted Capacity

The ADES S33 MByte Hard Disk Subsystem is the HARD EDGE in System Performance. The S33
transforms your S100 computer from a slow, floppy-bound machine into a high performance system. The

S33 is a complete subsystem which includes the ADES PS100 S100 compatible hard disk controller card,

the Priam DISKOS (TM) 3350 hard disk, an attractive desktop cabinet, power supply, CP/M* BIOS
software, and ribbon cable. With its 31MB formatted capacity and a CP/M data transfer rate greater than
40K bytes/second the $33 can instantly increase the performance of any S100 computer system.

533 FEATURES. The PS100 single card controller, which is
|IEEE-S100 compatible, contains an on-board processor, a
528-byte host interface RAM, and the hard disk interface.
It has a fifteen command repertoire, on-board CRC to
guarantee data integrity, user seiectable base address,
bank select feature, phantom RAM disable, and full S100
interrupt capability. It controls up to four Priam drives. In
addition, the S33CBIOS software package allows easy
integration into most CP/M systems. Application notes
cover CBIOS integration and system boot directly from the
hard disk.

“CPIM is a registered trademark of Digital Research

RDES

EXPANDABILITY. With the S33 subsystem, you have freedom
to grow in two different directions. First, the PS100 con-
troller supports all Priam 8- and 14-inch hard disk drives,
including the 68 MByte and 158 MByte models. As your
database expands, so does your system’s capability.
Second, one PS100 controller handles up to four drives of
any size and in any combination, providing a full range of
capacities.

The 833 is only the first in the expanding line of ADES

mass storage products. When you need an edge on your
competition or more power in your personal system, look
to ADES for the “HARD EDGE in System Performance."

/

ADAPTIVE DATA & ENERGY SYSTEMS
2627 Pomona Boulevard ¢ Pomona, CA 91768
Phone: (714) 594-5858
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Figure 1: The Bessel function of argument 10 and variable order v. When progamming a recurrence relation, information such as this
is needed to determine whether to use backward or forward recurrence. Since the function goes to zero for large orders (values of v),
we conclude that we need to use backward recurrence to achieve good accuracy. The Bessel function behaves similarly for other
arguments: as soon as the order (v) exceeds the argument (x), the function rapidly declines to zero.

Terminal sale.

Display format 24 x 80— 128 ASCII character set. Selectable
transmission up to 19.2K baud. RS 232 interface. Typewriter
standard type keyboard—59 keys.

$525 each.

Completely refurbished by Western
Union, ADMS3 terminals built by Lear
Seigler, available at a price considerably
lower than any other refurbished units you
can buy.

Act now and get advantages few can
offer!

e 90-day warranty.

e National service network.

Interested in other models? Also avail-
able are the 33KSR, GE Terminet 300 and
| GE Terminet 1200. Write on your letter-
head to Jim Chenard, Western Union,
Dept. A, One Lake Street, Upper Saddle
River, NJ 07458. Or call (201) 825-5333.

western union

*[n quantity:
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argument occurs at x =2. But it is rare that one is satisfied
with values that small.

Listing 2 is the program for this series. Keep in mind
that the magnitude of the Bessel function can never ex-
ceed unity, and see where your machine starts to bomb.
If you have double precision, you may want to see how
much difference it makes. Recognize, too, that a range of
10°% can be a real limitation. For x =100, the largest term
nearly reaches 1042, Depending on your BASIC, a max-
imum argument of five to ten is recommended.

Bessel Recurrence Relation
Now to recurrence. The relation we will use is:

Jea(x) = 2n/2)].(x) = J.-1(x)

and the first thing we need to know is which direction to
go. This is a recurrence in order, not argument, so the
question is whether the function increases or decreases as
the order gets larger and the argument stays constant.
Figure 1 (from the National Bureau of Standards hand-
book) answers this clearly. At large positive arguments,
the function heads toward zero. This means that, when
we want to calculate J,(x) for a given n, we must calculate
higher-order values of J(x) and use the recurrence formula
to calculate down to order n.

The next problem is where to start. This is quite an in-
volved question, and, unfortunately, there are no
established answers.

Let us suppose we want to calculate Js(22). We have to
start someplace above eight, but where, and with what?
If we knew, for example, ],5(22) by calculation, we would
probably just as easily know J3(22) by calculation and
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DIMENSION 3

Plus 3 channel digitally synthesized
sound and 16k onboard RAM, driver

flexibility. Install Dimension 3 in your
present computer within minutes your-

software is available to maximize user

self. No technical expertise required.
Dimension 3 from Dimensional Design
Inc. is available through Computer City,
Canada (dealer enquiries welcomed).

COLOR GRAPHICS

Takes your PET", CBM™ or TRS-80" into the future
Our VDP color board features 256 x 192 pixel resolution, 15 exciting colors
on 5 planes producing 3-dimensional graphics and true animation,
standard composite video output to either T.V. set or monitor (through optional R.F. Modulator)

PET, CBM are registered TM's of Commo-
dore International. TRS-80 is a registered
TM of Tandy Corporation. Dimension 3
is a registered TM of DDI Dimensional
Design Inc. Artist's representation.

Introductory price offer (PET-CBM) $595.00 U.S. TRS-80 $649.00 U.S.

-




would not need to use recurrence. We will make an ar-
bitrary guess (using it and zero as the two numbers need-
ed to start recurrence) and let the virtues of “right” recur-
rence provide our significant digits.

However, while it is true that recurrence can provide
increased accuracy, this is true only relative to the initial
guess, which was arbitrary. This means the result we get
may be highly precise but completely inaccurate. What
we look for, then, is some way of normalizing, or ad-
justing, the result. Perhaps somewhere in the process, or
in the final answer, there is a clue to what the right output
should be. If so, that clue can be used to give us the cor-
rect value.

Normalizing Sum
The solution lies in one nice formula:

1 = Jo(x) + 2]:(x) + 2Ju(x) + 2]o(x) + ...

If we simply double each even term as we calculate it and
add them all together, then subtract one zeroth term
(because it is not doubled in the formula), we should get
unity. If we do not (and we will not), divide the recur-
rence result by this sum and out comes a closer approx-
imation to the correct answer.

This does mean, however, that every calculation will
always have to proceed all the way to zero order. The
formula also tells us how far up we must start: at an order
high enough that its contribution to the sum will be
negligible.

The full process goes like this: you begin by choosing
an argument at random, then finding the highest order
that makes a difference in the total sum. If the total sum is
greater than 1.00, divide the beginning argument by this

10 20 25 30 35 40 45

e e e

number and repeat the process. The final result should be
a beginning argument and an order high enough so that
two conditions are true: first, that the next higher-order
term does not contribute significantly to the sum; and
second, that the sum is approximately equal to 1.00.

You will find that the starting point depends both on
the argument and the order of the answer you desire.
Larger arguments always require higher starting points,
as do higher orders. But the relationship is not simple,
and no single equation will fit all points exactly. If the
equation must err (and it must), it is best that it do so on
the high side, although it should not be too far on the
high side.

If the starting point is too low, the normalizing sum is
inaccurate, degrading the answer. If it is too high, execu-
tion time becomes excessive and you run the risk of ex-
ceeding your machine’s range. (The sum can grow very
quickly.) Note, however, that it is the normalizing sum,
not the recurrence calculation, that is the main source of
trouble, Recurrence starts with an arbitrary guess
anyway and goes in the “right” direction (backward), so
accuracy is not an issue here (with one important excep-
tion that will be explained later).

Programming all of this—except for the equation
derivation—really is not too difficult, but it is messy and
time-consuming. Fortunately, it has been gone through
by various mathematicians, and formulas do exist for
finding the starting order. The results listed will vary,
though, depending on the number of significant digits in
the particular machine they were developed for.

Table 1 gives the raw data rounded to the next higher
even integer of the starting order necessary for ten-place
accuracy. This information was compiled by Samuel G
Allen of New York on an SR-56 pocket calculator. From

50 55 60 65 70 75 80 85 90 95 100

50 56 64 70 76

86 88 94 98 104 1710 116 122 128 134 138

88
90
92
94
98

94
94
96
100

98
102
104

104
106

110

102
106
110
116
120

104
106
110
116
120

106
108
112
116
120

108
112
116
118
122

112 116
116 118 122

118 120 122 128
122 124 126 130 134
126 126 128 132 134 138

OOORN—=LO
A
o

1

14
14
14
14
14
16
18

22
22
22
22
22
22
24

24
24
24
24
24
24
26

Table 1: Raw data used by S G Allen to derive his equation for the starting order of the recurrence relation.
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The No Problem

The Lanier
No Problem®
Typewriter_
can pay for it-
self 1n one year.
You can prove
itin your own
office! Right now.

It's true. One typist with a
Lanier No Problem typewriter
can do work as fast as 2 or 3
people using ordinary electric
typewriters.

These savings alone could
pay for a No Problem typewriter
in one year. Or less.

That'’s just the beginning.
Even office expenses such as
floor space and filing are
reduced. Paperwork gets done
faster and more accurately.

The No Problem concept

The Lanier No Problem
electronic typewriter is multi-
use, with extraordinary powers.

It speeds up your everyday
typing like no ordinary type-
writer can.

Your secretary prepares
pages on a TV-like screen
instead of on paper.

Changes and corrections are
made right on the screen.

No whiteouts. No erasures.
No false starts.

You get your work back
faster and it’s right the first time.

Up to 40
pages can be stored on
a single memory disc. And
letter-quality printing is done at
less than 30 seconds per page.
Many typewriters in one
The No Problem typewriter
can perform additional tasks
simply by inserting different

No Problem Smart Discs™
=] Lanier's unique
Smart Discs
use the same
. medium as the

'Sﬂp_&t M\ storage discs.
Want to add and subtract,
multiply or divide? Insert the
Math Master Smart Disc.

Other Smart Discs enable you
to sort long lists, prepare per-
sonalized standard letters and
even keep track of your
timekeeping.

|

= -

The No Problem Trial

When Lanier places a No
Problem typewniter on trial we
do more than plug it in and leave.

We help you become more
productive the first day.

The No Problem typewriter
has proven itself in thousands of
offices from coast to coast. We'll
show you how it works with
your applications in your office.

So why wait?

The Lanier No Problem
typewriter is available today
to solve today’s office problems.

Send this coupon to set up an
immediate appointment or call:

(800) 241-1706.

Except in Alaska or Hawaii. In Georgia,
call collect (404) 321-1244.

Yes, I'd like to know more about the No
Problem Trial Offer!

Name

Title

Best
Phone TimeToCall____
Firm Name
Address

City State Zip

What kind of typing or word processing
system are you using now?

County

Lanier Business Products, Inc.
1700 Chantilly Dr. NE, Atla.nla GA 30324

*Tral charges may be appl;ad_t:)»;a_rd_););r— T
No Problem typewriter purchase.
©1981 Lanier Business Products, Inc.

The No Problem Typewriter. It does more than just type.
RETURN POSTCARD AVAILABLE—BACK OF BOOK.
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Listing 3: Generating Bessel functions by recurrence. This one is
slower than Taylor's series for small arguments, but is vastly
more accurate for large ones. Within the accuracy range of a
machine, no limit has been found on maximum order or argu-
ment.

0010 REM

0020 REM *** BESSEL FUNCTIONS, FIRST KIND, INTEGER
ORDER

0030 REM *** BY RECURRENCE RELATION.

0040 REM

0100 INPUT "ARGUMENT", X0
0110 INPUT “ORDER”, N

0120 X=XO
0130 IF ABS(X)<1.E—10THEN X=1.E-10

0140 Y=X
0150 IF N>X THEN Y=N
0160 N9=INT(Y +3*SQR(X)+9)

0170 J9=0
0180 J8=1.E-30
0190 S=0

0200 FOR I=N9 TO 0 STEP -1

0210 J7=2"I/X*]8-]9

0220 J9=]8

0230 18=]7

0240 IF INT(I/2)=1/2 THEN S=S+2*]9
0250 IF I=N THEN J=]9

0260 NEXT1I

0270 S=S-]9
0280 J=1/8
0290 PRINT ]
0300 END

the data, he derived a fairly simple equation which errs
conservatively by about ten percent in the region N=4X.
The equation is as follows:

N9 = int(max(N,X) + 3/ X +9)
which is implemented in lines 140 thru 160 of listing 3.

Program Comments

If you have followed the discussion to this point, the
program in listing 3 should be straightforward. Lines 140
thru 160 calculate the starting order, and lines 170 thru
190 do the initialization. Note that the arbitrary guess for
I8 (J.(x)) is 1.0 X 107%. It is chosen small (and can be
much smaller if your range goes to 107%°), so that large
arguments can be accommodated without overflowing
the normalizing sum. J9 (J..,(x)) is initialized to zero,
which reflects the assumption that the next higher term is
too small to be significant.

The recurrence loop (lines 200 thru 260) includes the
normalizing sum at line 240. Line 250 picks out the par-
ticular order you specified and stores it as variable J.

After exiting from the loop, line 270 subtracts a zero-
order term from the sum, and line 280 divides the chosen
value by S to normalize it properly.

One fact has not yet been mentioned: the recurrence
relation involves a division by x, so that x=0 causes an
error message. But this is a perfectly legitimate argument
at any order, so line 130 assigns a small value instead. It
cannot be too small, though, or overflow will occur
rapidly because of that division by x.

Building Blocks for
Microcomputer Systems,
Dedicated Controllers
and Test Equipment.

R’1/0

S-100 ROM,
RAM & 1/0
BOARD

ECT's R2l/O is an S-100 Bus I/O Board with 3 Serial
/O Ports (UART's), 1 Parallel /O Pont, 4 Status Ports,
2K of ROM with the 8080 Apple Monitor Program and

2K of Static RAM.
$295.00

RM-10

S-100

RACK MOUNT
CARD CAGE

ECT's RM-10 is a rack mount 10 siot Card Cage with
Power Supply, consisting of an ECT-100 rack mount
Card Cage (19"W x 12.25"H x 8"D), the MB-10 Mother
Board (with ground plane and termination) ail 10
connectors and guides and the PS-15A Power Supply
(15A @ 8V, 1.5A @ = 16V). $295.00

Specializing in Quality Microcomputer Hardware
Industrial e Educational ¢ Small Business e Personal

EET"‘ Card Cages, Power Supplies, Mainframes, CPU’s, Memory, /0, OEM Variations
ELECTRONIC CONTROL TECHNOLOGY (201) ss6-s0s0

763 Ramsey Ave., Hillside, NJ 07205
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The 2nd Genercation is here!

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

multi-user and network
operating systems such
as MP/M, CPINET, and
OASIS. Every product is
fully tested and burned-
in, comes with a 1 year
guarantee, and offers
you features not
currently available from
any other source.

DOUBLE DENSITY
FLOPPY DISK
CONTROLLER BOARD—
controls up to four 5%-
inch or 8-inch disk drives
using IBM soft sectored
formats. It features 1K
of on-board buffering,
DMA controlled data
R transfers and the per-
------- 4 formance character-
The most prim——— istics of the superior
powerful CPU board available today. Outstanding NEC 765 chip.
features include 4MHz operation, high-speed serial
and parallel /O utilizing DMA or programmed —

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

For use in configured as four totally independent 16K

expanded systems requiring up to eight additional software-selectable banks, with each bank
serial /O ports. Features include: 16 maskable addressable on any 16K boundary.

*All products meet the new IEEE standards.

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

The 2nd Generation.
'S LB Group
1601 Orangewood Ave./ Orange, Calif. 92668

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

incorporated See us at the sixth Computer Faire, booth
1526, San Francisco April 3-5




Altering this program to give a complete array of
Bessel functions of various orders for a given argument is
easy. Simply define an array of dimension N +1 and start
storing values when the variable I becomes equal to N. At
the end, each value must be divided by S.

You will find that execution time for this program is
quite long. For small x, the Taylor's series is much faster
and therefore may be preferred for arguments that are
guaranteed restricted. When in doubt, use the recurrence
method (listing 3).

Negative Orders

Note from figure 1 that the behavior at negative orders
is very different than that of positive orders. So, instead
of trying to adapt listing 3 to handle negative N, use the
absolute value of N for N and transform the output by
the relationship:

J-a(x) = (=1)" X ].(x)

How Accurate Is It?

There is only one practical way to check accuracy on a
routine like this: compare the results against known
values in a published table. But that creates a problem
because available tables give out before the program
does. The massive compilation by the staff of the Har-
vard Computation Laboratory (Harvard: 1947) goes up
to x=100 and n=135.

The most sensitive test, though, is to check in the
region of the zeros at various orders. The Bessel functions
look like damped sine or cosine waves, crossing zero at

AQCS On
A NOVA® 4/X?

/ Wild Hare's \
/  MISS Provides NOVA® Users  \,
/ With Multi-User Capabilities '\

DG users now have a choice when upgrading to a mul-
ti-user environment. Previously. the only way to support a
true multi-user environment was to upgrade to AOS, but
not anymore.

MTSS provides all of the standard RDOS features for up
to 16 users simultaneously and each user is totally in-
dependent. Users may edit. compile and execute pro-
grams written in FORTRAN IV, FORTRAN V, ALGOL, BASIC,
MACS, etc.

This means no software rewiiting is necessary. No new
operating system need be installed.

More importantly, MTSS supports all NOVA"’s as well
as ECLIPSE"'s so no expensive hardware upgrade is
required.

Now Data General Users
Have A Choice!

P.O. Box 35841, Boulder, Colorado 80307
(303) 422-1182

30  April 1981 © BYTE Publications Inc Circle 23 on inquiry card.

The most sensitive test Is to check
In the reglon of the zeros of the
function.

intervals that look as though they might be periodic.
(However, they aren’t and the exact locations of the zeros
is of considerable interest to mathematicians.) Obvious-
ly, if you put in an argument that is supposed to be at a
zero of the function, you expect to get a result of zero.
This is unlikely for two reasons:

® The locations of the zeros are transcendental numbers
and cannot be specified exactly. The theoretical result,
then, should not be exactly zero.

® Backward recurrence is “right” only when the function
increases as you proceed in that direction. But at a zero,
the function suddenly nosedives down (see figure 1).
Here, (2n/x) X ].(x) is supposed to equal J...(x), so their
difference is zero. This is subtraction of nearly equal large
numbers, which usually results in a small truncation er-
ror.

For the above reasons, all errors and inaccuracies ac-
cumulate at the zeros. In particular, truncation errors
show up flagrantly here. Not only does truncation cause
the output to be nonzero, it actually translates the ap-
parent location of the zero to a lower value. The trunca-
tion is not really bad (it usually affects only the last digit),
but those interested in the mathematical properties of
Bessel functions should be aware that this bias does exist.

With that background, we can state that the accuracy
of the program of listing 3 on a nine-digit truncating
BASIC is seven to eight decimal digits. Note that I said
decimal digits, not significant digits. As far as I can deter-
mine, the seventh digit after the decimal point is good to
within one count anyplace, including zeros. Away from
the zeros, the eighth digit appears good to within one
count. This includes any x or n up to one hundred, based
on spot and systematic checks against the Harvard tables.

Using the Royal Society tables of zeros, further checks
can be made under worst-case conditions. For example,
the forty-eighth zero of order 19 occurs at
x=178.846699. The actual output there is 7.6 X 107,
which will cause the seventh digit to be off by one count.
Worse errors may be possible, but this one is the largest I
found.

Other BASICs with fewer digits should have similar
properties: about a two-digit loss as long as the range is
not exceeded by the normalizing sum. For engineering
use, this should be entirely adequate.®

References
1. Abramowitz, M and | A Stegun. Handbook of Mathematical Func-
tions with Formulas, Graphs, and Mathematical Tables. Washington:
National Bureau of Standards, 1964.

2. Harvard Computational Laboratory Staff. Tables of the Bessel
Functions of the First Kind. Cambridge: Harvard University Press, 12
volumes, 1947 and following years.

3. Olver, F W J (editor). Royal Society Mathematical Tables, Volume
7: Bessel Functions Part Ill, Zeros and Associated Values. New York:
Cambridge University Press, 1960.




Time & Money. Commodore, Atari & Apple
users get more with VisiCalc" software.

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

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

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

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

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

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 New York cor-
poration. He appreciates VisiCalc’s powerful
recalculation feature. Change any number in
your model and instantly all numbers affected by
that change are recalculated and new results are
displayed. You can ask “What if . . .7, analyzing
Commodore is a registered trademark of Commodore r
Business Machines Inc., Atari is a registered trademark of

Atari Inc., Apple is a registered trademark of Apple
Computer Inc.
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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 using Visi-
Calc for production forecasts, financial report ratio analysis and
job cost estimating. Ease of use is VisiCalc's best-liked feature.
It's designed for a non-programmer, and has an extensive, easy-
to-understand instruction manual.

Users also like solving a wide variety of problems with
VisiCale . . . and solving them their way. VisiCalc can even

justify the cost of a personal computer, according to a New
Hampshire financial analyst:

“VisiCalc is paying for itself over and over’

VisiCalc is available for 32k Commodore PET/CBM, Atari
_ 800 and Apple disk systems. VisiCalc is written by Soft-
ware Arts, Inc.
. See VisiCalc at your Personal Software dealer.
For your dealers 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.

See us in Chicago at NCC, booth 881




Programming Quickies

Apple Name-Address

Gary Stotts, 10390 Owens Cr, Broomfield CO 80020

Name-Address is a program that will store up to 100
names, addresses, and telephone numbers. It is written
for the Apple personal computer and requires one disk
drive. The program is organized as a binary tree so that
names can be entered in any order and stored in
alphabetical order. A larger number of names and ad-
dresses can be stored by changing the DIM statements in
lines 30 thru 90.

The program first asks if there is an address file. Next
the menu appears as follows:

1 - Add a Name

2 - List a Name

3 - List All Names
4 - Change a Name
5 - End

DISCOUNT PRICES

APPLE 1l COMPUTERS

16K APPLE Il 1089.00
32K APPLE N 1134.00
48K APPLE Il 1179.00
DISK W CONTROLLER  645.00
DISK ONLY 475.00
APPLESOFT CARD 159.00
INTEGER CARD 159.00
PASCAL SYSTEM 425.00
SILENTYPEPRINTER  525.00
RAM MEMORY

FOR TRS-80, APPLE Il

16K SET4116's 45.00

NORTH STAR COMPUTERS

HRZ-1D-32K-ASM  2125.00
HRZ-2D-32K-ASM  2475.00
HRZ-1Q-32K-ASM  2375.00
HRZ-2Q-32K-ASM  2990.00
VERBATIM DISKETTES
BOXOF10 5% 29.50
BOXOF 10 8" 39.50

FREDERICK COMPUTER PRODUCTS
MUNICIPAL AIRPORT

FREDERICK, MD. 21701
{301) 694-8884
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The required entries to add or change a name-address
record are the name, the street address, the city-state-zip,
and the telephone number. To list any one address, enter
the name. The name must be entered as last name first
with no commas. Option 5, “END”, will always create a
new name-address file.®

Listing 1: Name-Address—a program for the Apple Il that will
store up to 100 entries, as shown here. More entries can be
stored by changing the DIM statements in lines 30 thru 90.

10 REM BINARY TREE NAME/ADDRESS FILE
20 REM AUTHOR GARY A STOTTS

30 DIM N$(10Q). REM NAME ARRAY

40 DIM A%(100): REM ADDRESS ARRAYS
S0 DIM BeC100)

B0  DIM L%C100): REM LEFY LINK ARRAY
70 DIM R%L(100): REM RIGHT LINK NRRAY
BO  DIM P$(100): REM PHONE # ARRAY
90 DIM B%(S0): REM STACK ARRAY

100 D% CHRs (4}

110 PRINT D$:"0PEN NAMADR, 5G, D1°
120 CALL - 93G: INPUT "1S THERE NN ADDRESS FILE (Y/N)} “:iV#
130 IF Y$ = “N* THEN 200

140 PRINT D$:"READ NAMADR"

15¢  INPUT E

16¢ FOR I ¢ 1 TO E

170 INPUT N${I)! INPUT As(1). INPUT Betl): INPUT Pt} INPUT LZ{1): INPUT R%ZCTY
180 NEXT

190 PRINT Ds

200 CALL - 93G: PRINT TAB( 7):“NAME/ADDRESS PROGRAM™: PRINT

21N PRINT "1 - ADD A NANE"
220 PRINT "2 LIST A NAME™
230 PRINT “3 - LIST AL NAMES™
230 PRINT "4 - CHANGE A NAME"
230  PRINT *% END"

260 PRINT @ INPUT ENTER YOUR SELECTION *:ns:Mi uaL (s
270 IF M1 < | OR M1 > 5 THEN 260

280 ON MI GOSUB 320,720,930.1120.1340

290 GOTO 200

300 REN

310 REM NDD N NAME SUBRDUTINE

320 CcALL - 93G: PRINT TAB{ 7):"ADD NAME RECORD": PRINT

330 E ¢+ E + 1! REM FIRST EMPTY POSITION IN LIST

310 1 = 1! REM START SENARCH AT ROOT

350 INPUT “ENTER NAME “iNls

380 IF LEN (N1s) ¢ | THEN 1%0

370 INPUT "ENTER STREET ADDRESS ":Nls

380 IF LEN (Als) 1 THEN 370

390 INPUT “ENTER CITY-STATE-ZIP “ifls

40n IF LEN (Bls) ¢ 1 THEN 390

410 INPUT “ENTER PHONE NUMBER "iPls

420 REM IF NAME 1S {ARGER THAN ITH, SEARCH RIGHT BRANCH
430 IF Nls ™ NsII) THEN BOW)

440 IF Nls < > Nstl) THEN 180

450 PRINT "DUPLICATE NAME"

460 INPUT “ENTER C TO CONTINUE ":Cs

470 RETURN

480 REM IF LEFT LINK NOT NWL. SEARCH LEFT BRANCH
490 IF Lx(f) € > O THEN I = LX(1): GOTO 43¢

500 REM HANG NEW LEFT LINK ON PRIOR

310 L%(ly r €

520 N$(E) » Nls: REM FILL NEW RECORD
S30 AS(E} = Als

540 Be{E) = Ble

S50 LX(E) = O

SE60 RZ{E) =

]
520 PS{E) = Ple
380 RETURN
590 REM IF RIGHT LINK NOT NULL. SEARCH RIGHT BRANCH
600 IF RX(I) > O THEN I = R%{I): GOTO 3130
610 REM HANG NEW RIGHT LINK ON PRIOR

620 RX(I) =

630 Ne(E) =« Nis: REM.- FILL NEW RECORD
G40 AS{E) = A1s

650 Be{E) = Bls

660 L%{E) = O

670 RZ(E) =« O

680 P${E) = Ple

690 RETURN

700 REM

710 REM LIST A NAME SUBROUTINE

720 ChALL - 936: PRINT TAB{ 7):"LIST A NAME/ADDRESS*

730 PRINT [ INPUT "ENTER NAME TO LIST “:Nls
740 IF LEN (Nl$) < 1 THEN 720

7950 1 = 1

760 IF Nis > Nsi{l) THEN 870

770 IF N1% < > Ne(I) THEN 850

780 PRINT Net(l1): REM FOUND

790 PRINT Asil)

800 PRINT BsiI)

810 PRINT Ps(l)

820 PRINT | INPUT “KEY C TO CONTINUE ":Cs
830 RETURN

840 REM SENRCH LEFT

850 IF LX(1) ¢ > O THEN I = LZ{I)! GOTO 760
860 REM SEARCH RIGHT

870 IF R%{I) ¢ > O THEN I = RY(I)! GOTO 760
880 REM

890 PRINT “NAME NOT FOUND™

900 RETURN

910 REM

Listing 1 continued on page 34
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User User
Module

Module

Global Processor

User User
Module Module

Distributed CP/M processing. Up to 16 users, )
each with independent CPU and memory. il

General 1/0 Processor

User User
Module

Module

y

—

How to tell if it's a White Computer.

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

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

Look for independent 6 MHz Z80B-based User
Modules with 64K of RAM memory, each module
with a port to the user terminal capable of handling
baud rates of up to 38K under program selection.
Look for high-speed block data transfers from user
modaules 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
modaules 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 1/0 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/M is a registered trademark of Digital Reseach.
280, Z80A, Z80B are registered trademarks of Zilog Corporation.

L WHI |

C OMPUTERS

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




High
Technology

We make our
competition
opsolete

with Information Master.™

Information Master™ is the sophisticate of
software packages, but it also speaks your
language. Its uncomplicated English-
speaking design makes it easy to learn.
No programming knowledge is necessary.
Putitin your Apple lI*, 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.

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

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

i Technology, Inc.
. Software Products Division
P.O. Box B-14665
8001 N. Classen Bivd.
Oklahoma City, Okla. 73113
405 840-9900

"Apple Il is a trade name of
Apple Compuiter. Inc
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Programming Quickies

Listing 1 continued:

920 REM LIST ALL NAMES SUBROUTINE
930 P & 1IL1L e OIT e O CALL - 8936
940 T o T & 1

930 S%(T) = P; REM PUSH STACK

960 IF P ¢+ > O THEN P - L%Z(P): GOTO 940
970 1T ¢ T - 1
29@» IF T -
990 P - SX(T). REM POP STACK

1000 PRINT N$(P): REM PRINT NANME

1010 PRINT AS{P)

1020 PRINT BsiP)

1030  PRINT Psi{P}

1040 PRINT

1950 L1 » L1 » &

1060 IF L1 = 20 THEN L1 e o0 INPUT “ENTER C TO CONTINUE "iCs

1070 1 -1 -1

1080 P - R%IP)! REM CHECK FOR RIGHT LINK

1080  GOTO 940

1100 REN

1119 REM CHANGE AN ADDRESS

1120 CALL - 936! PRINT TABt 7):"CHANGE A NAMEZADDRESS": PRINT

1130 INPUT “ENTER NAME TO CHANGE “INls

1140 IF LEN (Nls) 7 1 THEN 1120

1150 1 » 1

1160 IF Nls ™ Netl} THEN 1310

1170 IF N1s$ © ~ Nsf[) THEN 1290

1189 PRINT *OLD ":Asil)

1190 INPUT “NEW "iNsi{l)

1200 IF LEN {NS(1)) < | THEN 1190

1219 PRINT =0LD “:Bs(l)

1220 INPUT “NEK “:Bsil)

1230 IF LEN {Becl)y # 1 THEN 1220

12410 PRINT *OLD *:iPsil}

1280 INPUT “"NER “IPsil)»

1769 PRINT

1270 RETURN

1280 REM SEARCH LEFT

1290 IF L%tl) <& % O THEN I =« L%01): GOTO 1169

130» REM SEARCH RIGHT

1310 IF R%(1) 4 N~ 0 TREN I - RY%(I): GOTO 1160

1320 REM

1339 REM EO0J

1340 PRINT D$:"DELETE NAMADR™

1350 PRINT Ds:"OPEN NAMADR™

1360 PRINT D¢:*WRITE NAMADR*

1270  PRINI E

1380 FOR 1 = 1 TO €

139% PRINT Netl): PRINT As(1)! PRINT Bet]). PRINT Pe(I)! PRINT LX{1': PRINT R%(1*
1400 NEXT

1410  PRINT De:“CLOSE"

1420 END

A Graphic
Execution Display

R B Minton, 8617 E Stearn Lake Dr, Tucson AZ 85730

I wrote a program for my Ohio Scientific Superboard
to compute artificial satellite orbits and noted it ran
slower and slower as time and the number of orbits pro-
gressed.

It occurred to me that I could graphically display how
fast the program was executing and find out where it was
slowing down by adding some extra code. Every 20 lines
or so, | inserted K9=K9+1:GOSUB 2000, and then at
the end: '

2000 S9=54244

2010 POKE S9+K9,48+K9
2020 FOR Z=1 TO 30:NEXT Z
2030 POKE S9+K9,32

2040 IF K9=9 THEN K9=0
2050 RETURN

This flashes the numbers 1 thru 9 from left to right on
the bottom row of the video screen every time the main
portion of the program loops. You can easily note the
delay between certain numbers; this helps to pinpoint
where the program is spending most of its time. The
troublesome area or line can be further narrowed down
by adding more GOSUBs, or by moving those from the
faster part to the slower part. (Be sure that there are nine
GOSUBs and that each is executed only once within the
loop.)

This method alerted me to a poorly written line of code
I would have otherwise never suspected.®
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e 0 THEN INPUT "ENTER C TO CONTINUE ":iCs: RETURN @ REM ALL NANE FOUND
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TRS-80* Model I Computer Owners . . .

Double-density storage.
It’s really here!

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

all double-density rated.

And get the storage that precisely meets your application

needs.

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

industry leader.

Although rated for double-density operation, all
evels 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

rograms in either single- or double-density
ormat.

Under double-density operation, you can store
as much as 350 Kbytes of formatted data — de-
ending 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 configurations in
all three model lines, Percom burned-in, fully-
tested drives start at only $399.

TFD-40™ Drives
| '"’ TFD-40 Drives store 180 Kbytes (double-density) or

102 Kbuytes (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-
i page document on one minidiskette.

TFD-200™ Drives

| TFD-200 drives store 350 Kbytes (double-density) or
197 Kbytes (single-density) on one side of a minidis-
kette. By comparison, 3740-formatted eight-inch
disks store only 256 Kbytes. Enormous on-line stor-
| 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.
.nark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company.

Prices and specifications subject to change without notice.

The DOUBLER™ — This proprietary
adapter for the TRS-80* Model | 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 one side of a

K ® 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.

PERGOM

PERCOM OATA COMPANY. INC.
211 N. KIRBY - GARLAND TX - 75042

(214) 272-3421

Call toll free




Ciarcia’'s Circuit Celiar

Build a Low-Cost Logic Analyzer

Steve Ciarcia
POB 582
Glastonbury CT 06033

The Digital Age has
spawned a variety of elec-
tronic troubleshooting
aids, including logic
probes, integrated-circuit
test clips, multi-trace os-
cilloscopes, and logic ana-
lyzers. All are useful, up
to a point, but it is impor-
tant to know when to use
a particular test instru-
ment and how much you
can depend on it.

If the logic states of
signal lines were the only
information needed, a
simple voltage measure-
ment would suffice in
digital troubleshooting.
But timing, rather than
absolute voltage level, is
the more important con-
sideration in digital sys-

tems. Most digital systems Photo 1;‘_0:12 frgfr:suertltfy used :;_st instrument is a dl'm;brr‘eatﬂflg

te by setting discrete state ndicator. [he sixfeen n lcﬂt?rsl are Fﬂiﬂ.ﬂsfﬂr— riven in-
operate by se candescent lamps or LEDs (light-emitting diodes). The indicator
lf)glc conditions on l?us panel is attached to a “chip-clip” connector so that the logic
lines and then strobing | states on any TTL (transistor-transistor logic) or LS (low-power
that data through the sys- Schottky-diode-clamped) TTL dual in-line package can be read
tem at the occurrence of while the circuit is energized. The display is most valid for static
edges of specific clock conditions.

pulses. A system operates
correctly only if all the

LED (light-emitting diode)
indicators at any selected
point in a circuit. How-
ever, it is a static device
and will not follow rapid-
ly clocked digital logic
other than to indicate
general activity. Even
when the concept is ex-
panded to include four-
teen or sixteen separate in-
dicators on the probe (as
shown in photo 1), effec-
tive use still depends on
stopping the system clock
(or slowing it substantial-
ly) to examine static logic
states. Unfortunately,
stopping the clock changes
the dynamics of circuit
operation and may, in
many instances, mask the
true cause of problems.
More frequently, digi-
tal-logic errors are
dynamic and occur during
clock-state transitions.
The errors are often due to
timing problems asso-
ciated with the propaga-
tion of signals through the
circuit or with miscuing of

parallel states are set correctly at a The first special digital instrument multiplexed components. Because the
specific instant in time. The system was the logic probe. A schematic logic state at clock transitions often

fails if any single logic state is inerror  diagram of a typical logic probe is

at any clock time during program ex- shown in figure 1. This device ac- Copynght © 1981 by Steven A Ciarcia.

ecution. curately indicates the logic state on  All rights reserved.
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determines either proper operation or
failure, a more suitable test instru-
ment would be one that provides the
operator with a view of all logic ac-
tivity coincident with the transition
of the clock.

To most people this sounds like a
job for a multi-trace oscilloscope with
its sweep triggered from the system
clock. An oscilloscope can in many
instances be of value, but unless it is
an expensive storage-tube scope, fast
system-clock rates can make viewing
difficult. Also, viewing two signals
with respect to each other in real time
is of little help when the error occurs
intermittently and involves more sig-
nals than can be viewed simul-
taneously.

What Is a Logic Analyzer?

One solution to the digital-
troubleshooting dilemma is called a
logic analyzer. This is an instrument
that displays a “truth table” of the ac-
tivity of the digital circuit being tested
under actual operating conditions.
After you have selected a key com-
bination of input signals, called a trig-
ger or sync word, and activated the
analyzer, it stores all signal-input
logic states for a specific number of

system-clock transitions. Depending
upon the sophistication of the par-
ticular unit, many commercial logic
analyzers can accommodate 32 or
more inputs and store up to 256 clock
cycles before and after the trigger
event.

A logic analyzer acts
like an electronic time
machine.

In effect, a logic analyzer acts like
an electronic time machine. When se-
quentially displayed in the order it
was acquired, the stored data can be
used to form state tables or timing
diagrams of the circuit’s operation.

For example, a logic analyzer might
be used to troubleshoot a malfunc-
tioning microcomputer I/O (in-
put/output) port that keeps receiving
consistent but wrong data. You don’t
know whether the error is caused by
the wrong data being sent to the out-
put register or by an incorrect address
signal strobing the register at the

Type
74121

wrong time (try troubleshooting this
kind of problem with just an
oscilloscope). You can find out by
connecting the logic analyzer to the
address and data buses of the micro-
computer.

Set the trigger-word switches to
produce a trigger pulse when the ad-
dress bus contains the I/O port ad-
dress. When the trigger pulse occurs,
you can examine the logic states on
the data bus with the analyzer to see
what value was being loaded into the
port register at the occurrence of the
trigger pulse, as well as those states
following the pulse. It is like having
an 8- to 32-channel oscilloscope with
the display frozen in time on a
specific clock cycle.

Commercial logic analyzers are
generally stand-alone instruments
with integral video-monitor or oscil-
loscope displays. They can present
stored data in a variety of ways. A
data-domain analyzer ordinarily
displays logic states as lists of 1s and
0Os. The listings are sequential and in
either binary, octal, or hexadecimal
format. This display method is par-
ticularly helpful when you are debug-
ging address-bus problems. In such
cases, data is most easily read as

LED3
LED220

“PULSE"

1C1
74LS14

+5V  GND

74LS14 14 7

14 7

+5v
‘f 2200
AP
+5v
7 Leo1
LED220 13k
$
| _toeico 2uF
r Ic1 N F—
| 74L514 1b : 10 11
| 30 CexT RexT
|
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I 1 2 | 4 =
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| l 100ms
! 5
| |
| ic |
! i
! i
} |
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Number
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LED 2
LED220
"LoGIc 1"
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Figure 1: A simple logic probe that uses two integrated circuits. When a logic-0 signal voltage is applied to the input, the “logic 0"
LED will light. When a logic-1 signal voltage is applied to the input, the “logic 1" LED indicator will light. If the input oscillates be-
tween the 0 and 1 states, the “Pulse” LED indicator will also light.
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4-digit hexadecimal values.

For hardware troubleshooting, a
time-domain analyzer is preferred.
This unit presents the stored data in
timing-diagram format. The result
appears like the display of an 8- or
16-channel oscilloscope. The vertical
scale has a high-voltage value that
represents a logic 1 and a low-voltage
value that represents a logic 0. The

data signals are plotted with respect
to each other and can be displayed as
a function of actual time.

A third data format is the mapped
mode. Essentially, the display screen
is divided into an x, y coordinate
system, and data points are plotted as
dots on the screen. In some units, vec-
tors between dots connect successive
data points so that it is easier for an

.
. (iORD

Photo 2: The prototype logic analyzer described in this article. The switches on the left

are for setting the trigger (sync) word.

operator to trace sequential activity
in the device under test. The process
of interpreting this kind of display is
essentially one of recognizing a
“good” pattern and identifying wild
vectors. Presumably, a properly
operating program will have a
repeatable pattern. Any discrepancies
will show up as an extra dot or “wild
vector.”

The various types of logic-analyzer
display formats are shown in figure 2
on page 40.

Regardless of the display format,
all logic analyzers share a common
internal structure. Generally, they in-
corporate the subsystems outlined in
the block diagram of figure 3. All
logic analyzers have some form of in-
put conditioning, trigger-word selec-
tion and comparison, memory, and
display (LEDs, oscilloscope, or raster-
display tube, etc). The combination
of capabilities is usually a function of
price, which can range from $2500 to
$10,000.

A Low-Cost Logic Analyzer

Obviously, we cannot hope to con-
struct a logic analyzer that is
equivalent to an $8500 Hewlett-
Packard unit. However, we can
design a special logic analyzer as a
peripheral device of a personal com-
puter. By utilizing the display and
processing power of the computer,
we can greatly enhance the capa-
bilities of a relatively simple hard-
ware interface. Also, for those
readers interested in the concept but
not quite ready to grab their soldering
irons, I will outline a method that
demonstrates how to use your present
computer to perform logic-analyzer
functions totally in software. First,
the hardware approach.

Figure 4 is the schematic diagram of
a low-cost eight-input logic-analyzer
interface that requires only one and a
half parallel I/O ports (9 output and 6
input bits) for complete operation. It
is easily expandable to 16 or even 32
inputs.

All probe inputs and clock signals
are conditioned through Schmitt trig-
gers to reduce noise and false trigger-
ing. When the sync word, set on ex-
ternal switches (SW1 through SW8),
appears on the. input lines, the
analyzer automatically collects and
stores 16 sequential words repre-

2

'™

.

[

'

[
e

(memmnen
e

Photo 3: Inside the box of photo 2 is the circuit of the analyzer as shown schematically
in figure 4. Seventeen integrated circuits are used.
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senting input status at the instant of
either an internal or external clock
signal (usually the system clock). It
can operate on either edge of the
clock pulse and store data at frequen-
cies as fast as 5 MHz. The prototype
interface is shown in photo 2.

Unlike commercial logic analyzers,
this unit has no integral CRT
(cathode-ray tube) display: it has
eight externally controlled LEDs. It
depends instead upon the computer
to display the list of stored data.
After the interface has taken sixteen
samples, it sends a Scan Complete
signal to the computer. A computer
program sets the Read/Write line to
the Read mode and sets a 4-bit ad-
dress to access the contents of the
16-word scratch-pad memory. As the
4-bit address is incremented, the ap-
propriate 8-bit output is placed on the
analyzer’s data-output lines from the
scratch-pad memory and is stored by
the computer. In addition, as the
computer reads the scratch-pad
memory, the contents of each loca-
tion are displayed on eight LEDs. If
the addresses are changed slowly, or
are otherwise physically set, the 16
stored words can be viewed directly
without a special display program.

Once the data has been acquired by
the computer, a format-and-display
program lists the values on the com-
puter’s display in binary, octal, or
hexadecimal format, simulating a
commercial analyzer display. To
gather an additional 16 words, the
computer program merely sets the
Read/Write line to the Write mode
and toggles the Sample Enable line.
The BASIC program in listing 1 on
page 43 exercises the interface and
displays the output shown in listing 2.

Inside the Interface

The analyzer hardware (shown in
photo 3) has an interface consisting of
seventeen integrated circuits. Input
signals are fed through IC1 and IC2,
which are hex Schmitt-trigger in-
verters. Photo 4 shows typical test
connections. These conditioned out-
puts are in turn buffered and gated
through to the memory section by
IC3, a type-74LS240 8-input bus
driver. The output of this driver is
compared to eight preset switches
through two 74185 4-bit comparators
(IC7 and IC8). (Trigger-word initia-
tion is disabled by setting all switches
to the logic-1 state. Storage will com-

mence on the first clock pulse after
Sample Enable.) If the switch settings
and data input are equal, a pulse is
generated which stores the current in-
put data. The first word stored is
usually the sync word (assuming that
the trigger word and external clock-
pulse edge are synchronous).

On the trailing edge of the

WE (memory-write-enable) pulse, the
4-bit memory-address counter IC9 is
incremented. Data will be stored
again at the occurrence of the next
edge (positive or negative as selected)
of the clock pulse.

Text continued on page 42

Photo 4: The analyzer is intended for use while a circuit is in dynamic operation. Con-
nection to the circuit can be done with the “chip-clip” method shown in photo 1, or by
using separate test probes. The latter is more versatile. The circuit shown under test is
the Disk-80 expansion interface from last month’s Circuit Cellar.

Photo 5: When the circuit of figure 5 (on page 42) is attached to the logic analyzer, a
data-domain display can be converted to a time-domain display. Essentially nothing
more than an eight-channel scope multiplexer, this circuit greatly expands the display
potential of the average oscilloscope, as the photo demonstrates.
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Figure 2: The data acquired by a logic analyzer can be displayed in various formats.
The different types are:

(2a) The ones and zeros logic-state display. In this format, binary words are plotted
against clock pulses in a matrix m bits wide by n clock pulses deep. This format is used
most often where word flow or data sequence is of prime concern.

(2b) Same as 2a except that the data is listed in hexadecimal notation. Hexadecimal
listings are most frequently used in logic analyzers specifically designed for
microprocessor troubleshooting, where thirty-two to forty inputs are not uncommon.

(2c) The timing-diagram display. In the timing format, data words are plotted
against time. This format is used most often for hardware troubleshooting to detect in-
correct timing between signals.

(2d) Vector-display analyzer. In the vector-display format, data words define points
on an x, y coordinate system. Usually, the data word is divided in half with a separate
D/A converter attached to each segment. One output goes to the display’s x input and
the other goes to the y input.

DISPLAY

TRIGGER
WORD
SELECTION
SWITCHES

> MEMORY i COMPUTER

Ny

WORD
COMPARATOR SAMPLE
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AND
TRIGGER READ
CIRCUITRY CONTROL

) (

Figure 3: Basic block diagram of the simple logic analyzer. In this case, the block labeled “computer” refers to an externally attached
personal computer. In commercial units, the computer and display are integral components of the logic analyzer.
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Figure 4: Schematic diagram of an eight-input logic analyzer. One and a half parallel 1/0 ports are required for operation. Note
that the 74185 integrated circuits used here have a different pinout specification from the 74L585. User connections are on the left;
computer connections are on the right.
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Number Type +5V GND
IC1 74L514 14
IC2 741514 14
IC3 74LS240 20 1
IC4 7489 16
IC5 7489 16
IC6 74LS157 16
IC7 74185 16
IC8 74L85 16
IC9 74LS93 5
IC10 74121 14
IC11 NES555 8
IC12 74121 14
IC13 74LS74 14
IC14 741502 14
IC15 74LS20 14
IC16 7416 14
IC17 7416 14

Table 1: Power connections for in-
tegrated circuits of figure 4, on page
41.

OSCILLOSCOPE
CHANNEL A
0OSCILLOSCOPE
CHANNEL 8

=
NNSNNNNaANO®EOOOOO N

10K

—AAA

10K

Text continued from page 39:

When sixteen samples have been
taken, the 4-bit memory address is {
binary 1111. IC13 and IC14 detect
this condition and set the Scan Com-
plete line to a logic 0. This also
disables further storage until the in-
terface is reset with a Sample Enable
pulse to IC2.

Reading the contents is simply a
matter of setting the Read/Write line
to a logic 0 and placing an ap-
propriate 4-bit address on the Read
Address input lines. When an address
is set on these lines, the data-output
lines of the analyzer will contain the
contents of that memory location.
The eight LEDs will also display that
value.
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Creating a Time-Domain Display
As previously mentioned, the
display format available from this in-
terface is generally a listing of 1s and
0s. This is quite useful under most
circumstances but not as appealing to
hardware buffs as a timing-diagram-
type output. Even if your computer
has graphics capability, writing a
program to simulate a multi-trace
oscilloscope display requires con-
siderable software expertise.

The logic-analyzer interface can be
converted to a time-domain display
with relatively little extra hardware
and only a single-line BASIC pro-
gram. Figure 5 is the schematic
diagram of the additional circuitry.
Essentially, it consists of a dual

4-input C!lg.ltal multiplexer and 2-bit  Figure 5: Eight-channel display multiplexer, which facilitates display of eight TTL in-
D/A (digital-to-analog) converter, puts on a standard dual-trace oscilloscope. lts intended use is to convert the data-
which offsets each of the four chan- domain output from the circuit of figure 4 into a time-domain display on an
nels when displayed. In effect, it oscilloscope.
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allows a dual-trace oscilloscope to
display eight channels simulta-
neously. Such a display appears in
photo 5.

Conversion from data-domain to
time-domain operation is not as dif-
ficult as it might seem. Consider the
operation of the analyzer for a mo-
ment. Once the 16-word buffer is full,
the data can be read out at any rate. If
we cycle the read addresses very
quickly, the outputs will form a
repetitive pattern which can be easily
viewed on an oscilloscope. The fast
cycling can be accomplished using a
4-bit counter and oscillator source at-
tached to the address-input lines or
by using a simple program statement
like:

100 FOR X = 0 TO 255:0UT 16,X:
NEXT X:GOTO 100

Using a dual-trace oscilloscope,
you can view two signals, or, with
the circuit of figure 5, you can view
all eight data channels simulta-
neously. Since there is no system
clock to contend with and the pattern
repeats every sixteen steps, triggering
problems are reduced and the display
is stationary. All other interface
operations remain the same.

Adding a Vector-Display
Capability

If you are determined to hunt “wild
vectors,” the same technique em-
ployed to provide a timing plot lends
itself to vector display. Using the
same methods to cycle the buffer data
on the output lines of the analyzer,
substitute D/A converters for the
multiplexer in figure 5. Typically,
two 4-bit D/A converters are needed.
One would be attached to the 4 high-
order bits and the other to the 4 low-
order bits. One D/A converter is at-
tached to the x-axis scope input and
the other to the y-axis input. When
the buffer is cycled, a unique vector
pattern will appear on the screen,
describing the 16 data words stored in
the analyzer’s buffer. (A more infor-
mative discussion on this approach to
troubleshooting was one of my
previous articles, “A Penny Pinching
Address State Analyzer,” February
1978 BYTE, page 6. It has been
reprinted in Ciarcia’s Circuit Cellar,
Volume I, available from BYTE
Books.)

Listing 1: A BASIC program that exercises the computer/logic analyzer interface,
displaying output through the computer's normal output devices.

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490

READ

REM Logic Analyzer Program

REM

REM data in on port 16, scan complete on bit 0 of port 17
REM read enable and sample enable are bits 6 and 7
REM of port 16

REM read address is bits 0 thru 3 of port 16

REM memory locations 25000 to 25015 is set aside as the data
REM buffer

PRINT"LOGIC ANALYZER"

PRINT:PRINT"Enable New Sample or List Analyzer Buffer";
PRINT" (E or L)";

INPUT AS

IF AS$ ="E" THEN 250

IF AS$ ="L" THEN 380

GOTO 190

REM Enable Logic Analyzer and take 16 readings

REM pulse sample enable line and set read/write line=0
OoUT 16,255:00T 16,0: OUT 16,255

REM

REM test scan complete line

IF INP(17) =255 THEN GOTO 300

REM when scan is completed store readings in table
FOR S$=25000 TO 25015

N=5-25000

REM set read address and store analyzer output

OUT 16,N :A=INP(16) :POKE S,A

NEXT S

GOSUB 380

REM Ones and Zeros data-domain display routine
PRINT:PRINT

PRINT"D7 D6 D5 D4 D3 D2 D1 DO"

FOR S§=25000 TO 25015 :X=PEEK(S)

FOR N=7 TO 0 STEP -1

W=X AND 2°N

IF W>0 THEN PRINT"1 "; ELSE PRINT"0 ";

IF N=4 THEN PRINT" "

NEXT N

PRINT" SAMPLE #";S5-24999

NEXT S

GOTO 190

Y

Listing 2: Sample output produced by the program of listing 1.

RUN
LOGI

Enab

~

HPOOrROKFMFROOFRHFOFORrROUD
HOOOOHRKHFHROORHFOOOKROUD

C ANALYZER

le New Sample or List Analyzer Buffer (E or L)? E

6 D5 D4 D3 D2 D1 DO
0 o0 1 1 1 0 SAMPLE # 1
0 1 01 0 1 SAMPLE # 2
1 1 1 0 1 o0 SAMPLE # 3
0 0 1 0 0 o SAMPLE # 4
0 o0 0 0 0 1 SAMPLE # 5
1 1 01 0 1 SAMPLE # 6
0 0 11 01 SAMPLE # 7
0 1 0 0 0 O SAMPLE # 8
0 1 01 1 0 SAMPLE # 9
1 1 0 0 0 1 SAMPLE # 10
1 0 0 0 1 1 SAMPLE # 11
1 0 0 0 1 O SAMPLE # 12
1 0 01 1 0 SAMPLE # 13
0 0 0 0 0 1 SAMPLE # 14
0 1 1 1 11 SAMPLE # 15
0 o0 1 1 0 1 SAMPLE # 16

Enable New Sample or List Analyzer Buffer (E or L)?
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SET STORAGE
BUFFER POINTERS
AND TRIGGER
WORD

SET SAMPLE-RATE
TIMER VALUE

l

INITIALIZE
PIA AND CLEAR
STORAGE BUFFER

READ PlA
PARALLEL
INPUT PORT

TIMER
TIMEe:OUT

RESET
SAMPLE
TIMER

INCREMENT
BUFFER
POINTER

EXIT TO
DISPLAY PROGRAM

READ PIlA
PARALLEL
INPUT PORT

|

Figure 6a: Flowchart of a software logic analyzer. Using a Motorola 6820 PIA
(Peripheral Interface Adapter), this sequence of operations is all that is required to
demonstrate logic-analyzer functions in software. This method is limited in speed of
operation by the execution time of the program.

+5v

220

DATA
BUS

ADDRESS
AND
CONTROL
SIGNALS

6820
PlA

Vee

PA7E——< b, 1
Pag E———<Jbg
Pag——<Jbg
PA4
PAs

ANALYZER

PA,
INPUTS

PA3
PAg

Vss ‘ﬂ—G CLOCK

CAq

1
o——————<I6ND
P4
7

Figure 6b: Pinout chart of the Motorola 6820 PIA used by the algorithm of figure 6a.
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Logic-Analyzer Functions Created
Through Software

While 1 generally prefer to
demonstrate hardware interfaces in
my articles, the functions of a logic
analyzer can easily be simulated in
software if data-acquisition speed
(under 20 kHz) is not critical. While it
may not be appropriate for testing
microcomputer bus signals, it should
work for slower applications.
- Figure 6 is a flow diagram outlining
the specific steps involved in ac-
complishing this function. While any
existing parallel input port will suf-
fice, the Motorola 6820 PIA
(Peripheral Interface Adapter) shown
has a separate clock input, which
greatly facilitates proper timing.

In Conclusion

As digital hardware becomes more
complex, the instruments used in
troubleshooting and debugging these
circuits must themselves become
more sophisticated. This sophistica-
tion, however, need not always be
provided in the form of a commer-
cially produced test instrument.
Often the solution can be intelligent
application of existing equipment
with limited modifications.

The logic analyzer I have described
can be used for all types of trouble-
shooting and testing of digital cir-
cuits. However, its true flexibility is
revealed when the instrument cap-
tures the extremely fast data flowing
in a microcomputer and generates a
stationary timing diagram with the
results. Built from scratch, combined
with an oscilloscope, and exercised
by a computer, this interface costs
only a fraction of the price of com-
mercial analyzers, yet approximates
many of their features.

Next Month:
Build a remote-controlled motor-
ized moving platform.m

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 ar-
ticles appeating in BYTE from September
1977 thru November 1978. Ciarcia’s Cir-
cuit Cellar, Volume Il presents articles
from December 1978 thru June 1980.




Development Software

For Texas Instruments
TM990 Micro
Modules

Eyring Research Institute, Inc.,
authors of TI's POWER BASIC™
and UNIVERSITY BASIC™, is
pleased to release development
software for use on the TM 990
microcomputer modules. PDOS/
EXPRES™ is a powerful multi-user,
multi-tasking operating system
designed for development, scien-
tific and industrial applications.

The PDOS/EXPRES® system in-
cludes:

e 8k byte PDOS multi-tasking
operating system

e Advanced EXPRESS BASIC
language interpreter

e Stand alone run module sup-
port

PDOS supports up to 16 con-
current user tasks with prioritized
round robin clock swapping. Up
to 32 contiguous or non-
contiguous files can be simultane-
ously open in sequential, random,
shared and read only access
modes. Llarge or small floppy
disks, bubble memory, hard disks

Eyring Research Institute, Inc.

Circle 29 on inquiry card.

“After having worked with
PDOS and EXPRES for the past
three months I have found them to
be a powerful and versatile com-
bination. The true multi-user,
multi-tasking capability has made
it a pleasure to use in our labora
tory environment where programs
are being used simultaneously for
controlling laboratory apparatus
taking and reducing data. . . We
are enthused by the product. . .”
Tom Ochs

Assistant Research Professor
Desert Research Institute

and extended memory capabilities
of up to 256k bytes are handled by
the operating system. Named files
on 256 directory levels are easily
accessible from EXPRES BASIC and
assembly language programs.
Disk files are time stamped with
date of creation and last update.
1/0 drivers are a simple extension
to the PDOS file structure.

The EXPRES BASIC interpreter
uses advanced interpreting
techniques which approach
execution speeds of common
threaded code compilers while
maintaining the highly advantage-

ous interactive approach to pro-
gram development. Other fea-
tures include:

® Multi-line recursive functions
with local variables

e Variable names of unlimited
length

® Reverse Polish pseudo-source
token storage

PDOS/EXPRES™ is available for
either an EPROM based system or
a RAM based system. A handsome
250 page Operator Reference
Manual walks you through the
features and use. All for an attrac-
tive price of $1500.00*.

Order your PDOS/EXPRES™
software from your nearest au-
thorized Texas Instruments dis-
tributor or contact Eyring Research
Institute, Inc. for further informa-
tion and a free color brochure.
Write or call Eyring Research In-
stitute, Inc., Software Marketing
Dept., 1455 West 820 North,
Provo, Utah 84601, phone (801)
375-2434.

*U.S. price, subject to
change without notice
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The MicroAce Computer

Delmar Searls, 1825 S Johnstone, Bartlesville OK 74003

About the Author

Delmar Searls is a professor of mathematics at Bartlesville Wesleyan
College, Bartlesville, Oklahoma. His interest in microcomputers is a
result of both professional and personal experience: he learned BASIC
programming by using a PET microcomputer on the job; at home, he
taught himself electronics, beginning with the basics, and continuing
through digital electronics and microprocessors. His interest in the
MicroAce was sparked by the remarkably low price.

The MicroAce is a small, Z80-based microcomputer in
kit form. When completed it measures 23.2 cm by 18.8
cm by 4.1 cm (9% inches deep, 7% inches wide, and 1%
inches high). It features an integer BASIC in ROM (read-
only memory), touch-sensitive keyboard input, cassette
[70 (input/output), and video output through an on-
board UHF modulator. The video display consists of 24
lines of 32 alphanumeric and graphics characters.

The kit comes in two forms, depending on the amount
of user-programmable memory purchased. For $149 (in-

_At a Glance

Name
MicroAce (kit)

Manufacturer
MicroAce

1348 E Edinger
Santa Ana CA 92705
(714) 547-2526

Price
$149 (with 1 K bytes
of programmable

Memory

4096 bytes of ROM
1024 bytes of pro-
grammable memory

Mass Storage
Cassette tape recorder
supplied by user

Other Features
Touch-sensitive
keyboard, RF-

memory) modulated output
(UHF channel 35),
Dimensions display of 24 lines by

23.2 cm by 18.8 cm by
4.1 cm (9% inches by
7% inches by 1% in-
ches)

Processor
280, 8-bit

System Clock
Frequency
3.25 MH:z

32 characters

Documentation
Teach-yourself BASIC
manual (67 pages)

Audience

Anyone who wants an
inexpensive microcom-
puter
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cluding shipping) you get a unit with 1 K bytes of pro-
grammable memory, expandable to a maximum of 2 K
bytes with the purchase of an upgrade kit for $29. You
can save $9 by buying the second version of the kit for
$169.

Depending on the sources available, you can save even
more by buying the 1 K-byte kit and purchasing the ex-
tra components from local or mail retailers. You would
need to buy three integrated-circuit sockets, two memory
circuits, a 741532 integrated circuit, and one capacitor.

If my experience is typical, you can expect to wait
about a month for your MicroAce to arrive if you mail
your order; less if you order by phone.

Construction

The advertisement for the MicroAce (as it appeared in
BYTE and in other magazines) states that you will receive
a “teach-yourself BASIC manual” and that “a hardware
manual is also included with every kit.” This is not cor-
rect. There is no hardware manual supplied with the kit,
only the BASIC manual which includes a section entitled
“Construction,” preceding the first chapter.

The assembly instructions are very general and, in my
opinion, not quite sufficient for those who have no ex-

Photo 1: The MicroAce kit as shipped. Starting at the bottom
and moving clockwise around the main circuit board are: the
discrete components, the integrated circuit sockets, the in-
tegrated circuits themselves, voltage regulator, power supply,
UHF modulator, antenna switch box, cable materials, and black
plastic case. The 8- by 11Vi-inch instruction manual gives an in-
dication of the size of this computer.



perience in circuit-board kit construction. There are no
guidelines for proper soldering techniques and no step-
by-step instructions that are commonly found with kits
from the larger kit manufacturers.

Component values are written in a rather unusual
notation. For example, a resistance of 470 ohms is written
470R, 1000 ohms is written 1K0, 2200 ohms is written
2K2, 47,000 ohms is written 47K, and 1,000,000 ohms is
written 1MO.

There is a logical pattern to the notation, but it is dif-
ferent from that which is normally used. I suspect that the
notation is British, since the MicroAce is essentially the
kit version of the Sinclair ZX80, which is made in
England.

Another unusual practice is the frequent listing of
capacitance in nanofarads rather than picofarads. While
this notation may be unusual, it should not cause any real
problem as color codes and identifying marks are also
listed for the various components.

The smaller components are packaged in plastic bags,
while the larger items are packed loose (see photo 1).
There were no missing parts, and, in fact, I received three
extra resistors and one extra capacitor. There was a mo-
ment of concern when I discovered that the parts list
called for eleven diodes and only nine had been supplied.
A close inspection of the circuit board, however, revealed
that only nine were required.

M..-----

AL SAVE HUN CONT ¥ INPUT  PRINT

j»‘*"ﬁ"“ﬂ.-...--

FOR GOTO

@M---- -.-
@ ﬁﬂ..--..-

Photo 2: Component side of the main circuit board. Note that
component locations are clearly marked, and that the keyboard

is an integral part of the printed-circuit board.

The circuit board is double sided with holes soldered
through. Component locations are indicated by white
outlines and white identification labels on the component
side of the board (see photo 2). Component type and
value is determined by cross-referencing the identifica-
tion label (R2, C12, U8, etc) with the parts list.

The actual assembly is straightforward and very easy,
especially for those familiar with circuit-board projects.
The construction notes suggest that components be
soldered to the board in the following order: sockets for
the integrated circuits, discrete components, cable
sockets, voltage regulator, and the video modulator.

Next, the integrated circuits can be installed. Be sure to
follow the appropriate precautions when handling the
MOS (metal-oxide semiconductor) devices, which in-
clude the Z80, two programmable-memory chips, and
the ROM circuit. At this point the unit can be tested for
proper operation. The last stage in construction, follow-
ing successful testing, is the installation of the unit in its
case (see photo 3).

The 1 K-byte version of the kit does not provide the
sockets for three circuit locations. (These are supplied
with the upgrade kit.) I suggest that anyone building this
version use masking tape to identify these locations prior
to construction. Otherwise, it would be easy to install a
socket in one of these locations, only to come up short
later on. Once a socket is soldered in, it is practically im-
possible to remove.

There are no instructions given for the preparation of
the cables that will attach your television and cassette
recorder. You are provided with about 10%: feet of
shielded cable, two phono plugs, and four mini-jacks. As
simple as this task may appear, more instructions should

MICROCOMPUTER thade in USL

US' S1oP I

Photo 3: Completed MicroAce with cables.
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Photo 4: Sample program displayed on a standard color televi-
sion set. The current program line is 180, as indicated by the
reverse-video cursor.

have been given to aid the inexperienced builder.

The fastenings provided for attaching the circuit board
to the lower half of the case, and for fastening the upper
half of the case to the lower, are plastic devices referred
to as “rivets.” In my opinion, these fasteners are inade-
quate. In fact, the rivet at one circuit-board location was
useless and kept popping out. To remedy the problem, I
used a fine round file to enlarge the holes in the plastic
case, and substituted small nuts and screws for the rivets.
Plastic washers were used to prevent the circuit board
from becoming marred.

The keyboard appears to be built up with two layers.
The bottom layer consists of the front one-third of the
circuit board, while the second layer is laid on top and
seems to be secured with some sort of adhesive. This is
done by the manufacturer, not the kit-builder.

REIT I THESN

"
'-m.u."-.--. 1

Photo 5: Layout of the MicroAce keyboard. Note that each
BASIC keyword is associated with a specific key.

On my unit, this overlay was positioned slightly too
far to the left, so that I had to press the right edge of the
key, rather than the middle, to get a response to the
keyboard entry. In addition, some keys require con-
siderably more pressure than others. These factors, plus
the fact that no audio or tactile feedback is given to in-
dicate a successful keyboard entry, make the keyboard a
little frustrating to use.

Program Entry

The output of the modulator is received on or near
channel 35 on a regular television set. I used an RCA
13-inch color set and had no trouble obtaining a good
display. With the controls set for normal reception of
commercial broadcasts, the display appears as white
characters on a gray background. If desired, white letters
on an almost black background can be obtained by ad-
justing the contrast and brightness controls (see photo 4).

On power-up, the display is blank with the exception
of a reverse-video “K” at the lower-left corner of the
screen. Whenever this reverse K appears, a nonshifted

THE 1981 SOFTWARE WRITER'S
MARKET lists hundreds of firms
who want software from independ-
ents.

They will buy rights to your software
or market and distribute it for you.

Includes service bureaus, consult-
ing companies, mini/micro manufac-
turers, publishers, computer stores,
international/national market out-
lets — Wang, Apple, HP, ADL, Dig-
ital, Atari, CDC, MCAUTO ...

SOFTWARE ENTREPRENEURS WANTED

free updates for two months
with this ad.

| KERN PUBLICATIONS « 190 Duck Hill Road @ P. 0. Box 1029 ¢ Duxbury, MA 02332 » (617) 934-0445

Detailed writeups describe how they
procure software from independ-
ents, what kinds they want, payment
rates, how they market, contract de-
tails . . .

Names, addresses, phone numbers
of key industry contacts.

The only market report of its kind
specifically for independents and
small software businesses.

Call or write to order! $45.00 per copy
VISA/MASTERCHARGE ACCEPTED
Include card no. and expiration date with orders.
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Heathkit Self-Study Courses give youac
command of computer language, so you
the programs that do your specific tasks.

. Choose from four programming languag

+

Easy, step-by-step learning
You learn at your own pace, performing exercises on your
computer and following a clearly written and illustrated text.
Tests at the end of each unit assure your understanding before pro-
ceeding to the next unit.In most courses your reading is reinforced
by cassette tapes, so you see and hear, for more thorough learning.

Hands-on programming exercises
You learn by doing, not just reading. Special exercises guide you
through the steps of designing and writing your own programs for
your computer. Upon completion of the courses you’ll be able to
tailor existing programs to your specific needs, or write your own
original programs from scratch. i :

Recommended for college credit

Many Heathkit Courses are now recommended for college credit
by the American Council on Education. If you can’t go back to
college, now you can bring college home to you.

Free Heathkit Catalog
Details and prices on the complete line of Heathkit Self-Study
Courses on computer and electronics subjects are in the new,
free Heathkit Catalog.Send for yours today or pick one up
at your nearby Heathkit Electronic Center.

FOUR HEATHKIT PROGRAMMING COURSES
BASIC™: easiest-to-learn, hobbyist’s language
PASCAL": sophigticated, easy-to-use language
COBOL™: the bdsinessman’s language
ASSEMBLY: very efficient, very precise language
Coming soon: FORTRAN™ and Microsoft* BASIC"

" Visit your
Heathkit Store
Heathkit products
Bl Boenton Harbor, MI 49022 are displayed,

In Canada, write Heath Co., sold and serviced at 62 Heathkit

1480 Dundas Highway East, Electronic Centers in the U.S. ‘
|
|

[ Dept 334 764

Mississauga, Ontario, L4X 2R7. and Canada. See your telephone
white pages for locations.

inthe U.S., Heathkit Electronic
Centers are units of Veritechnology
Electronics Corporation.

Heathkit

ED-159




keyboard entry from the bottom three rows of keys (see
photo 5) will result in a BASIC keyword being printed on
the screen.

Keywords (and thus the use of a reverse K) are BASIC
commands which are stored in a single byte of memory
but are spelled out on the screen. For a list of these
keywords, as well as other BASIC commands and func-
tions, see table 1.

Nonshifted keyboard entries from the top row are
printed as numeric characters for the line numbers (which
must be between 1 and 9999, inclusive). As a line number
is entered, the reverse K will shift to the right, one space
at a time. As long as the reverse K is on the screen, any
shifted-key input (other than an editing command) will
result in a syntax error. Commands entered without a
preceding line number are executed immediately in the
“command mode.”

After entering a line number, press the key corre-
sponding to the BASIC keyword with which your pro-
gram line is to begin. Every program line must start with
one of these keywords. For example, in some forms of
BASIC, the LET keyword is optional, and “10 LET A=5"
can be written “10 A=5". This is not possible with the
MicroAce.

Following the entry of a keyword, the reverse K cursor
changes to a reverse L, signifying that you are in the letter
mode and that keyboard entries will be interpreted as
regular alphanumeric or graphics characters. As you type
in a program line, the system monitor checks for syntax
errors after each character is entered. A line contains a
syntax error if, in its present form, the line is incorrect or
incomplete. Suppose you wish to enter the following line:

B7

SINGLE
BOARD

TECHNOLOGY S50

e 1.2 megabytes $3995.
e 2.4 megabytes $4995.
Suggested list price.

A Z80A CPU combined with the CP/M®operating system
opens new vistas to software availability for eight-bit
micros. FORTRAN, COBOL, BASIC, APL, PL/1 and
Pascal are available now toaccommodate today's
scientific, educational, sophisticated small business
and personal system users.

e 4MHz Z80A CPU e colorvideo text & graphics
e CP/M 2 operating system e sound generator

e 64K 200ns main memory e 2-serial ports

e 6K 300ns video memory e 2-parallel ports

e 8-inch dual floppy drives e 4-counter/timers

Quantity discounts are available.
OEM inquiries are invited. Please contact:

COLONIAL DATA SERVICES CORP.
105 Sanford St.,Hamden, Connecticut 06514
(203)288-2524 EAST COAST - {415)957-9195 WEST COAST

®CP/M is aregistered trademark of Digital Research, Inc.
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20 PRINT “THE FINAL SUM IS ”; A

The PRINT command is entered by pressing one key (the
letter O) because the machine is in its keyword mode at
the start of each new line. Immediately following the en-
try of the first set of quotation marks, a reverse-video S
(for syntax) appears to the right of the reverse-L program
cursor. This does not indicate that an error has been
made, but rather that the line is incomplete. As the literal

e e e e

Keyword Commands
Keyboard Comments
Abbreviation
CLEAR Set all variables to zero
CLS Clear the screen
CONT Continue
DIM Dimension (one-dimensional arrays)
FOR
GosuB
GOTO
IF
INPUT
LET
LIST
LOAD Cassette input
NEW
NEXT
POKE
PRINT
RAND Randomize
REM Remark
RET Return
RUN
SAVE Cassette output
STOP
String Functions
Function Comments
CHR$(N) Return character or keyword string corre-
sponding to decimal code N.
CODE(S) Return decimal code number of first
character in string S
STR$() Convert the integer / into its corresponding
string representation.
TLH(S) Delete the first character from string S.
Other Functions
Function Comments
ABS(N) Return absolute value of N.
PEEK(N) Return decimal value stored in memory at
address N.
USR(N) Start machine-language routine at address
N.
RND(N) Return a random number between 1 and N
if N is positive.
Logical Functions
Function Comments
AND Check to see if two or more conditions are
met simultaneously.
OR Check to see whether any one of two or
more conditions is met.
NOT The opposite of a stated condition is tested.
(These logical functions have additional uses which cannot be
detailed here.)
Arithmetic Operations
+  Addition
—  Subtraction
H Multiplication
/ Division
** Exponentiation (2**3 = 2*2*2 = 8)
Table 1: Commands and functions available in MicroAce in-
teger BASIC, with comments at selected points. The manual
supplied with the kit provides a more detailed explanation.
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Solution\sé-lii-shiin\ n[ME, fr.MF.fr.L. solution-]
la: An answer to a problem.

At last there's a microcomputer designed to solve

our business’ problems, not create new ones.
Yn delivery for close to three years, the MicroDaSys
Millie™is a proven hardware design that now comes
with the fantastic SoftwareHows™ DBI Accounting
Solutionware™you've seen advertised - a $2500
dollar value alone! This is one computer that's
comIplete when you buy it, right down to the best
applications software available. There are no
"required options”. And we've got all the best
features: Z-80, 64K, CP/M', dual double density 8*
floppies for 1MB on line storage, 82x24 CRT with
special features, IBM format keyboard with numeric
Rad, NEC 55cps letter quality printer, S-100 bus.

lso, Millie is supported by a nationwide rep network
and one of the best service contracts in the business.
And Millie is price competitive with much smaller
computers. W ¥ settle for less than the best? Call
or wai_tg today tor flyers and manuals. You'll be glad
you did.

MiC'rODaS"YSJ |n(;. 2811 Wilshire Blvd. Santa Monica, CA 90403
(213) 829-6781 TWX: 910-321-2378 T



16384
SYSTEM VARIABLES (40)
(eg: POINTERS)

16424

PROGRAM

VARIABLES

END OF VARIABLES (2)

WORKING SPACE

DISPLAY FILE

SPARE

STACK

17407

Figure 1: Map of the programmable memory in the MicroAce
computer. Fixed boundary addresses are given in decimal; the
other boundaries are variable. Numbers in parentheses give the
size of a fixed block in decimal bytes.

string is entered, the reverse LS moves to the right as a
double cursor. When the second set of quotation marks is
entered, the reverse S disappears because the line now has
the correct syntax.

Consider a second example. You wish to enter the line:

125 LET I=I1+1
but inadvertently type:
125 LET [+1=1

This line would not be accepted because it contains a syn-
tax error. The reverse S cursor would be located directly
after the + symbol.

Notice that in this case the reverse S does not follow
the reverse L cursor, but remains at the point where the
error occurred. In the case of multiple errors, the reverse
S will always be located at the first error contained in the
line. When this error is corrected, the reverse S moves to
the second error, and so on.

As indicated above, no line containing a syntax error
will be accepted into a program. This guarantees that
every line in your final program is complete and free of
syntax errors. It does not, of course, prevent errors of
logic. When a line is complete and correct, it can be
entered into a program by pressing the NEWLINE
key—the MicroAce equivalent of a RETURN key.

As a line is entered into a program it is placed into
memory in two places. First, it is placed into the program
storage area, which begins at decimal address 16424. (See
figure 1 for a simplified map of the programmable
memory.) It is also relocated in the display-file section of
memory so that it appears on the upper portion of the
screen.
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AVAILABLE ON KEYBOARD
AND USING CHR$

AVAILABLE USING
CHR$ ONLY

B
-
=
E
.
=

EE BN " "1™

B

Figure 2: Graphics symbols available with the MicroAce. Note
that the first ten symbols are addressable from the keyboard,
while the second ten are their reverse-video images, available
only through the use of the CHR$ function in BASIC.

Recall that on power-up the reverse K was at the lower
left and that line entry was done at the bottom of the
screen. As new lines are entered they appear in numerical
order. The most recently entered line is identified by a
line cursor (a reverse video >).

A line entered with a number between those of two
previously entered lines is placed in the appropriate posi-
tion on the display, and the line cursor is moved to its
location. When the screen is full, the addition of new
lines causes the program listing to scroll up, always leav-
ing the most recently entered portion on the display.

This method of using programmable memory for both
program storage and display storage leads to problems.
In some systems, the video-display memory is dedicated,
meaning that an advertised 1 K bytes of programmable

Circle 34 on inquiry card. ===p



Most small system users think all micro-
somputers are created equal. And they're
ight. If you want performance, convenience,
styling, high technology and refiability (and
vho doesn't?) your micro usually has a price
g that looks more like a mini. It seems big
ierformance always means big bucks. But
ot S0 with the SuperBrain!

Standard SuperBrain features include: twin
double-density 5% drives which boast nearly
350,000 bytes of disk storage — expandable
'0 10 megabytes. A full 64K of dynamic
3AM. A CP/M* Disk Operating System to
nsure compatibility to literally hundreds of
application packages presently available. And,
3 12" non-glare, 24 line by 80 column screen.

*Regsiered trademask of Dugral Research e

You'll also get a full ASCil keyboard with
an 18 key numeric pad and individual cursor
contro! keys. Twin RS232C serial ports for
fast and easy connection to a modem or
printer. Dual Z80 processors which operate
at 4 MHZ to insure lightning-fast program
execution. And the list goes on! Feature after
feature after feature.

Better yet, the SuperBrain boasts modular
design to make servicing a snap. A common
screwdriver is about the only service tool
you'll ever need. And with the money you'll
save on purchasing and maintaining the
SuperBrain, you could almost buy another one.
For under $3,500, it is truly one of the most

remarkable microcomputers available anywhere.

Whether your application is small
business, scientific, educational or just word
processing, the SuperBrain is certainly an
exciting solution to the small computer
problem. And since you can easily expand it,
you'll probably never outgrow it.

Call or write us today for a complimentary
copy of our “SuperBrain Buyer's Guide.” We'll
show you how you can get big system per-
formance without having to spend big bucks.

—]r INTERTEC
SYSTEMS

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




memory are used for program storage only, and that ad-
ditional memory is supplied for storing video data.

With the MicroAce, the programmable memory avail-
able to the user must perform both tasks. Thus, as pro-
gram length increases, the area for displaying the pro-
gram listing begins to shrink as less and less memory is
available for display storage. As a result, the program
line-entry “window” moves up from its bottom position
on the screen. The advantage of this system is that when
your line-entry window is near the top of the screen, you
know you are close to filling the available program
memory. The disadvantage is that shorter and shorter
segments of a program can be listed at any one time. As
you will see later, this dual use of memory causes similar
difficulties when running a program.

Another feature of the MicroAce is that there is no
limit (other than available memory) to the length of a
program line. Thus, a large section of text can be printed
using a single PRINT command. This can save time and
memory if properly used.

A disadvantage of the system is that multiple
statements on a single line are not allowed. For example:

230 LET A=5: LET B=9
would have to be written as:

230 LET A=5
235 LET B=9

In another example:

Leverage User
Environment Termed

‘Unusually Friendly’

Advanced Human Engineering, Superior Documentation,
Detailed Tutorials and Ongoing Support Are Cited

Early reports from users of Leverage, the microcomputer-based infor-
mation management system recently introduced by Urban Software Cor-
poration, reveal a level of satisfaction rarely found among users of micro-
computer applications programs. Several factors have been cited to ex-
plain this highly favorable response, including:

¢ State of the art human engineering. Features like an extensive on-line
manual directly accessible by the program, graphic menu selection and
automatically programmed menus allow unparallelled ease of use.

e Several easy to follow tutorials demonstrate the capabilities of the
system and provide an ideal vehicle for mastering its operation.

¢ Clear, complete documentation includes a glossary, an index and
numerous tables and figures.

¢ Urban Software is firmly committed to the ongoing support of
Leverage. Many enhancements are planned, and a monthly newsletter
will provide application notes, manual updates, bug reports and new prod-
uct announcements.

Leverage Program..... $185

Manual Alone.......... $ 15 (Credited to subsequent program purchase)
Leverage Newsletter...$ 10/year (First year included with purchase)
For complete details on Leverage, call or write for a brochure.
Leverage is a trademark of Urban Software Corporation.

Urban Software Corporation
19 West 34th Street ¢ New York, NY 10001 « (212)947-3811
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200 INPUT A,B,C
would have to be written as:

200 INPUT A
205 INPUT B
210 INPUT C

Program Editing

As indicated earlier, new lines can be inserted
anywhere in a program by entering them in the normal
fashion. Entire lines can be deleted by entering the line
number and pressing NEWLINE. If the line that is cur-
rently displayed needs editing, the following procedure is
used: the up and down arrows (shifted 7 and shifted 6,
respectively) are used to locate the line cursor at the pro-
per line; then EDIT (shifted NEWLINE) is pressed to copy
the desired line in the program-entry window at the bot-
tom of the screen.

The left and right arrows (shifted 5 and shifted 8§,
respectively) are used to position the program cursor
within the line. Deletions are made by placing the pro-
gram cursor to the right of the desired character or
keyword and pressing RUBOUT (shifted numeral 0).

Insertions are made by merely typing in the correct
character or keyword. The portion of the line to the right
of the insertion shifts to the right to accommodate the in-
serted text. You cannot over-type incorrect text; it must
be deleted using the RUBOUT command.

A line that is not presently on display can be edited in
one of two ways. The up or down arrows can be used to
scroll the program listing down or up on the display until
the desired line appears, or the LIST command can be
used instead.

Normally, a LIST command will list the program start-
ing with the line preceding the requested line. If, for ex-
ample, the lines are numbered by tens, then a LIST 120
will result in a listing that begins with line 110 and con-
tinues as far as space and display memory permit. In
either case, once the desired line is displayed on the
screen, it can be edited as described above.

MicroAce has one disconcerting feature that affects the
entering and editing of programs. The microprocessor
performs only one function or task at a time. Thus, it
either handles keyboard input or controls the video
display, and as a result, every key closure during pro-
gram entry and editing causes the display to roll. This
makes it difficult to use the editing arrows, as it is hard to
follow a moving cursor on a rolling display.

Running a Program

A program is executed by entering the RUN keyword
command followed by NEWLINE. During program ex-
ecution, the display remains blank until a STOP or IN-
PUT command is executed, a BREAK or an error occurs,
or the program completes its run. At that point, the
microprocessor is free to devote its attention to the video
display. This means that a PRINT command in a pro-
gram merely loads the data into the display memory for
future use. It will not appear on the display until active
execution of the program ceases. For this reason,
animated graphics are not possible.

As mentioned earlier, there are some problems related
to running programs, because the available program-
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SUPERBRAIN

AND COMPUSTAR
USERS’GROUP

Your users’ group is here at last! We are Super % Star
International, an independent, world-wide users’ group for
Intertec Data Systems’ SUPERBRAIN™ and COMPUSTAR™
computers.

Our monthly magazine SUPER * STAR will fulfill all your
computing desires. When you join our group, you will enjoy
the latest: technical information, tips for beginners, special
business uses, equipment reviews, the Intertec story —
the people, ideas, and machines behind your computer. In
every issue you'll get a free program, industry news, and
software reviews.

Plus, we want your programs for our Software Supermarket,
where all members can buy programs at affordable prices.
We will investigate all the accessories you have always
wanted, test them, and offer them for sale at reduced prices.

With our group buying power we'll give you discounts on
commercial software. And that’s not all. We’ll find group
rates for car rentals, hotels, gifts, and more.

Super x Star International, with savings, service, and
efficiency — we’re here to win your heart.

Yearly membership fee is $50.00 U.S., $58.00 Canada, $74.00 Europe
and So. America, $81.00 Australia.

Your fee may be tax deductible; consult your accountant.

Dealers are invited to contact us concerning a special dealer program.
Software houses, we are interested in your programs! Send checks with
your name and address, made out to:

SUPER~STAR

SUPER %« STAR INTERNATIONAL CORPORATION
3722 Chestnut Place
Denver, Colorado 80216
(303) 623-7973

B e
Not affiliated with Intertec Data Systems.

*Superbrain and Compustar are the trademarks of intertec Data Systems.

56  April 1981 © BYTE Publications Inc Circle 37 on inguiry card.

mable memory is used for both program and display
storage. Program memory is given priority, so if, for ex-
ample, a PRINT command giving some instructions con-
tains more characters than the available display memory
can accommodate, the displayed message terminates at
the point where display memory was filled, program ex-
ecution stops, and an error message appears at the lower-
left portion of the screen.

This clearly limits the amount of displayable text that
can be included in a program. In the worst possible situa-
tion, where the entire screen is filled, 768 bytes of
memory (32 X 24 =768) would be required for the
display alone. Only 256 bytes remain in which to store
system pointers, program lines, variables, and so on.

Furthermore, the display will not scroll during pro-
gram execution. If a PRINT command results in a line of
text beyond line 24, program execution ceases and a dif-
ferent error message is displayed. The PRINT and CLS
(clear screen) commands must be used judiciously in
order to avoid printing too many lines, on the one hand,
and clearing text before it can be read, on the other.

MicroAce Integer BASIC

Integer BASIC is limited in its computational capa-
bilities. All numbers used in computation must be in-
tegers in the range — 32768 to 32767, inclusive. Results of
arithmetic operations are truncated (ie: all fractions are
dropped). Thus, 99 divided by 100 would come out 0,
because the division normally yields a quotient of 0.99.
But integer BASIC drops all fractions, leaving 0.

Only the fundamental operations of addition, subtrac-
tion, multiplication, division, and exponentiation (using
positive integral exponents) are implemented. This is true
not only for MicroAce integer BASIC, but for any form
of integer BASIC. The purpose of integer BASIC is to
provide the user with a high-level programming language
in as little memory as possible. This should be kept in
mind when evaluating the capabilities of an integer
BASIC.

While the features of MicroAce BASIC are given in
table 1, a few points should be emphasized. Note that
string manipulation, a feature not always included in in-
teger BASIC, is possible. Also, a USR function is pro-
vided which allows the user to run machine-language
programs. | have not yet experimented with this feature,
but should point out that the manual does not teach you
any machine-language programming. It merely suggests
that you write a monitor in BASIC to enter machine-
l;nguage programs, and use the USR function to run
them.

The use of keywords was discussed earlier. This greatly
simplifies program entry because entire commands are
entered with a single keystroke. Memory is conserved
because each keyword occupies only a single byte of
memory. Any keyword command can appear in an ex-
ecutable program line including LIST, LOAD, SAVE,
RUN, and NEW.

You have to be very careful with some of these com-
mands. Program execution terminates following a LIST.
The NEW command executed in a program, or in com-
mand mode (executed directly from the keyboard),
would wipe out everything in memory, including the pro-
gram itself. The LOAD and SAVE commands wouid be
of little value in a program since the cassette recorder

Circle 38 on Inquiry card. ==p



THE SOLUTION STORE

...Makes The Differencel

MicroAge Computer Stores sell solutions to your professional, business
and household-management problems, not just hardware. That's what
makes the MicroAge difference! From systems integration to easy-to-
understand application software, research and development to warranty
service and repair, systems consulting to training and installation. In all
these, we offer the latest, most innovative approaches. That's why we are
the forerunners . . . the pioneers in the microcomputer industry.

But don'tjust take our word for it. Visit the MicroAge Computer Store nearest
you and see the difference solutions make. We have differences you'll
experience with every time and money-saving idea. The difference that
will keep you satisfied now and for years to come!

9530 Viscount
El Paso, Texas
(915) 591-3349

611 Rockville Pike
Rockville, Maryland
(301) 762-7585

5742 E. Broadway
Tucson, Arizona
(602) 790-8959

2760-S South Havana
Aurorq, Colorado
(303) 696-6950

1707 Monroe Avenue
Rochester, New York
(716) 244-9000

1220 Melbourne Drive
Hurst, Texas
(817) 284-3413

2675 Maytair Road
Milwaukee, Wisconsin
(414) 257-1100

2065 El Camino Real West
Mountain View, California
(415) 964-7063

2525 N, Scoftsdale Road
Scofttsdale, Arizona
(602) 941-8794

1490 W. Spring Valley Rd.

Richardson, Texas
(214) 234-5955

83 South 10th Street
Minneapolis, Minnesota
(612) 338-1777

4550-50 E. Cactus
Phoenix, Arizona
(602) 996-2910

“Where Vision Becomes Reality”

24 W. Camelback
Phoenix, Arizona
(602) 2650065

Coming soon to:
Houston, Texas

Salt Lake City, Utah
St. Louis, Missouri
Indionapolis, Indiana

FOR FRANCHISE OPPORTUNITY INFORMATION CALL (602) 967-1421

2591 Hamilton Road
Columbus, Ohio
(614) 868-1550

Lincoln, Nebraska
Witchita, Kansas
San Diego, Califomia
Portland, Oregon



HOBBY\WORLD

Leedex 100G

* Green phosphor

® Hi-resolution
Cat No. 2999

ELECTRONICS, INC.

19511 Business Center Dr. * Dept. B4

Northridge, CA 91324

April Specials
NEW Leedex Monitors

for easy viewing

$169

13”
Color Monitor

¢ Hi-Resolution
¢ Full color
* Low cost

Cat No. 3000

/ $399*

Don’t Miss Out . ..

. on the other terrific buys in the Hobby-
world catalogue. Page after page of computer
products for the Atari, Apple, TRS-80 and
others. Our catalogue is FREE, so write or
phone for your copy NOW!

Toll Free:
(800) 423-5387

Local & Outside USA:
(213) 886-9200

Open Monday thru Friday: 10am-6pm
Saturday: 9am-5pm

We're changing our name to keep pace with the
times! Look for our new name, HW Electronics, in our
ads beginning in June, 1981.

58

April 1981 © BYTE Publications Inc

Circle 39 on inqulry card.

would have to be turned on at just the right moment in
order to complete the command execution.

The MicroAce BASIC provides an error message
whenever program execution ceases. The number of dif-
ferent messages is limited, but remember that all program
lines must have correct syntax before they are accepted
into a program. The error messages are given in the for-
mat c:nnn where c is an error code, and, in most cases,
nnn is the last program line executed. Here are some ex-
amples:

0:400 This could mean one of two things. Either the
program has come to a successful end at line 400,
or a BREAK was executed and line 400 would
have been the next line executed in the program.

5:40 This indicates that a PRINT command in line 40
attempted to print beyond the twenty-fourth line
on the display, which, as noted above, is not
possible.

4:40 This might indicate that a LET command was
used when there was no more memory available
for variables storage. (The error code indicates
there is not enough memory to perform the given
line.)

The system of error messages, together with the syntax
checking feature, make program debugging quite easy.
This is definitely one of the strong points of MicroAce
BASIC.

One negative aspect of the MicroAce BASIC is the in-
ability to halt program execution at an INPUT command.
When executing an INPUT command, the BREAK key is,
in effect, ignored. This is not that unusual as other com-
puters exhibit the same property. However, any key en-
try, including NEWLINE (and that is a bit unusual), that
is not a valid response to the INPUT command results in
the appearance of the reverse-video S syntax error cur-
sor, which means that the response will not be accepted.
It must be deleted using the RUBOUT command, and a
correct response must be entered before program execu-
tion resumes.

I entered a relatively simple game program which in-
volved locating a submarine within a three-dimensional
region. The player is allowed seven trials, and must input
three coordinates during each trial. Thus, a maximum of
twenty-one INPUT commands will be executed. Unless a
STOP command or an escape routine is included in the
program (or you disconnect the power), there is no ob-
vious way to terminate execution of the program until all
twenty-one INPUTs are responded to properly. This
could make debugging of highly interactive programs a
time-consuming process. By the way, even though this
program was quite short, the instructions for playing the
game could not be displayed without overflowing the
available display memory. Consequently, they had to be
omitted from the program.

Graphics

There are twenty graphics symbols available, as shown
in figure 2. Note that only ten are available from the
keyboard. The remaining ten are reverse-video graphics
available by using the CHR$ function.

In fact, any alphanumeric character, graphics symbol,
or keyword string can be printed using the CHR$ func-
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tion. Most characters can be printed in reverse-video as
well. The BASIC manual provides a complete list of all
available characters and strings, along with their decimal
codes. The code is unique to MicroAce and thus not com-
patible with standard computer codes.

Since each character position on the 24 by 32 display is
divided into four parts by the graphics symbols, a resolu-
tion of 48 by 64 dots is possible. Remember though, that
an extensive graphics display greatly limits the amount of
memory available for program storage.

Cassette Input and Output

I had to try two tape recorders before I could suc-
cessfully load a program from tape. The first recorder 1
tried lacked a tone control and could not load a program,
regardless of the volume setting. The second recorder had
a tone control and loaded properly with the control set at
maximum treble.

The proper volume level seems to vary from tape to
tape, even when they are made by the same company.
Before saving a program, the program name is recorded
on the tape by voice.

A cable is attached between the microphone output of
the computer and the microphone input of the recorder.
The recorder is placed in its record mode and the SAVE
command is entered followed by NEWLINE. The televi-
sion screen goes blank for about five seconds, followed
by a jumpy display of horizontal white lines. This in-
dicates that the data is being output to the recorder.
When the display returns to normal, the save is complete.

Loading a program involves a similar series of steps. In

OVER 8 MBytes
OF SOFTWARI
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DISKETTE FULL
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Users Group has nearly 50 volumes of
software available. Everything from
editors, assemblers, languages, games,
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USERS GROUP

1651 Third Avenue, New York, NY. 10028.

‘Domestic price. Inquire for overseas price.

**The complete catalog of CPMUG is available for $6
prepaid to the U.S. Canada and Mexico. STl prepaid
to all other countries.

® CP/M is a registered trademark of Digital Research. The CP/M
Users Group is not affiliated with Digital Research.
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this case, however, you cannot be certain that the pro-
gram is being input until the screen resumes its normal
display, giving a listing of the tail end of the successfully
loaded program.

If, after a reasonable interval of time, the display does
not return to normal, the BREAK key may be used to
reset the computer. Occasionally, you may have to
disconnect the power momentarily to recover from an
unsuccessful load. Once the proper volume setting is
found, however, loading can be done quite reliably.

The Teach-Yourself Manual

The manual supplied with the MicroAce, entitled The
Teach-Yourself BASIC Manual, is shown in photo 1. The
title may be slightly misleading. It brings to mind a
tutorial text complete with exercises for the reader, but it
is not that kind of text. It merely introduces the BASIC
commands, one at a time, illustrating their proper use
and perhaps some typical applications.

At the same time, the processes of program entry, pro-
gram editing, and program execution are taught. Token
coverage is given to the art of programming, but in all
fairness it might be unreasonable to expect a more de-
tailed explanation. As an introduction to the use and syn-
tax of fundamental BASIC commands, the manual is
quite adequate.

While typing errors (or misprints) are inevitable, I do
think that special care should be given to printing sample
programs. One program in the manual has two lines
which read "GO TO 7000” when the program contains
no line numbered 7000. Those two lines should have read
“GO TO 1000”. As written, the sample program would
not run successfully.

Other Considerations

I believe that any product’s value is partially deter-
mined by the manufacturer’s willingness to respond to
the consumer’s request for aid or assistance. Nine weeks
prior to the writing of this review, I sent a letter to
MicroAce requesting answers to specific questions related
to the MicroAce and to future plans for upgrading and
expansion. That letter was never answered. This, to me,
indicates a lack of interest in serving the customer.

At the same time that the letter was sent to MicroAce,
a similar letter was sent to Sinclair Research Limited, the
company that markets the Sinclair ZX80. (The MicroAce
is essentially a kit version of Sinclair’s machine and is
manufactured under a license from Sinclair Research
Limited.)

Sinclair’'s response to my letter left many questions
unanswered (especially in regard to future plans), but
they did say that the MicroAce operates in the same man-
ner as the ZX80. Consequently, the comments made in
this review concerning the operation of the MicroAce
would apply to the Sinclair ZX80 as well.

I was also told by Sinclair that while the unit operates
like the ZX80, it is not identical to it, and that peripherals
marketed for the ZX80 might not work with the Micro-
Ace. They did not elaborate, and, as noted above, Micro-
Ace had no comment at all.

Conclusions
The MicroAce kit is a very inexpensive introduction to
the world of microcomputers. Kit construction is easy

Circle 41 on inquiry card, =——b



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, dircles,
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 fanguage 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 Software (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 international =
news, weather and sports from 11 area newspapers andthe

Assodiated Press News Service; information on over 32,000
stocks and bonds; an educational reference service; enter-
tainment news and reviews; nationwide Electronic Mail with
other users; and much more! You'll also access Dow Jones
Information Services for Wall Street news, stock quotes and
more.

Only $29.95 Buys You VIDEOTEX Software including a free
hour on both CompuServe and Dow Jones, plus operator's

manuals. Come see the new TRS-80 Color Computer, its
programs and accessories, at one of our 6000 outlets todayl =




enough that beginners can tackle the project with con-
fidence, assuming that they learn correct soldering
techniques.

Proper soldering is so crucial to success that I would
advise those with no experience to purchase Heathkit's
soldering course. This course is part of Heathkit's con-
tinuing education program, and costs $15.95 plus ship-
ping. While [ have not seen this particular course, I am
sure, based on my experience with their other products,
that it would be worthwhile. For further information,
write to Heath Company, Benton Harbor MI 49022.

MicroAce BASIC contains several nice features. The
use of keyword commands simplifies program entry and
reduces the amount of memory required for program
storage. Because line syntax is checked before the line is
entered into a program, fewer programming errors can
occur. This feature is especially useful for those just
learning how to use BASIC.

The machine’s compact size and light weight make
storage and transportation very easy. The unit is simple

to attach to a home television set, and the cassette input
and output operations are reliable, once the proper set-
tings are found.

The largest drawback is the severely limited amount of
programmable memory. This disadvantage is most ap-
parent when you try to write any but the shortest pro-
grams utilizing a significant amount of video display. I
would strongly encourage any prospective buyer to pur-
chase the 2 K-byte version of the MicroAce. Another
drawback is that the screen is blank during active pro-
gram execution. This limits the types of possible graphic
displays, and can be somewhat annoying.

If you recognize the limitations of the machine and
don't expect too much, then I think you can buy the
MicroAce kit with confidence. It is most appropriate for
someone who wants an inexpensive unit as a teaching
tool in order to learn the fundamentals of BASIC pro-
gramming. It might also appeal to hobbyists who want to
“tinker around” with microcomputers but don’t want to
risk their more expensive equipment.®
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Model 950

* Advanced editing with
wraparound

® Smooth scrolling
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Digital Minicassette Controller

The microcomputer-system design-
er has had a difficult time finding
low-cost storage devices. Frequently,
the choices have been limited to either
standard Phillips audio cassettes or
floppy disks. Although these are
relatively inexpensive storage media,
the transport mechanisms, or drives,
are not. In addition to the transport,
a controller and data formatter is re-
quired to interface the transport to
the microcomputer system. The con-
troller may either be a dedicated LSI
(large-scale integration) device or be

James Kahn
2284 Ellena Dr
Santa Clara CA 95050

T T e R - R ——
Commonly used mass-
storage mechanisms
and associated con-
trollers are often quite
expensive.

built up discretely from SSI (small-
scale integration) logic consisting of
TTL (transistor-transistor logic) gates
and flip-flops.

VECCRRRCERREREREVRUTVERRRREEEEUVRERNNT IR

o

Photo 1: The author’s minicassette system includes an Intel iSBC 80/30 single-board
computer and a Braemar CM-600 Mini-Dek transport.
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There is now another choice
besides the floppy disk and the
Phillips cassette: the digital mini-
cassette. Not only is the storage
medium inexpensive, so is the
transport (about $140, versus $400
for a floppy-disk drive). As a bonus,
the transport is extremely compact
(only 23 cubic inches) and requires lit-
tle power (1 watt). This makes it
suitable for a wide range of low-end
applications ranging from experimen-
tal systems to data logging for test in-
strumentation.

There is one problem with designs
using a minicassette: controlling it.
There are several choices for the
transport controller. One choice is to
design a controller of discrete SSI
logic. Although this choice will pro-
vide good performance, it requires a
handful of discrete components. The
SSI controller will use much circuit-
board space, compromising the ad-
vantage of a compact transport. A
better design would use a minimal
number of components and take ad-
vantage of current LSI technology.

One such controller-design solu-
tion is to use the Intel 8255A Pro-
grammable Peripheral Interface IC
(integrated circuit) to interface the
transport to a microcomputer system,
Although this design provides a sim-
ple solution to the problem, the pro-
cessor would be burdened with pro-
viding the low-level control needed
by the transport, in addition to sup-
porting its normal real-time 1/O (in-
put/output) tasks. Examples of these
low-level tasks are transport start-up,
data formatting, and transport shut-
down.

There is, however, a better LSI
solution available: distribute the
system intelligence from the micro-



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 easy to 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 text in 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 Custonizable
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.

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

Ordering

Specify the CRT version, your video board or
microcomputer, the 8080/Z80 or Z80 code version, and
disk format required.

Standard Package: Dick andmanual................. $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 ll 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
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Can Package
Almost ANY System Faster,
Have It Look Better,
Cost Less

Using one of
these systems?
e MULTI-BUS,
e Motorola
Exorciser,
o Rockwell AIM
65 Expansion,
e STD-BUS,
e S-100 & IEEE
N 696. .
ew packaging |
“available. gk #‘

Vector exclusives;
Your choice of
plastic or metal card
guides, fixed or adjustable
positioning. Mount connectors or motherboards without special
hardware or hole
drilling. Vector
ships more
card cages
; and packag-
~ing off-the-
shelf, than
any other
company.
For expert
assistance,
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packaging
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in California,
(213)365-9661,
outside
California,
use our toll-
free number:
(800)423-5659..

4 Vector CCK100,
$49.80 (1-9)
for S-100, {EEE696, Motorola Exorciser.

NEW
Vector
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$36.00 (1-9)

Complete as shown, Vector
CMA3A-20 with rhodulas, 152.00 (1-9)
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INCORPORATED
Avgnue, Sylmar, California 91342; TWX;
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processor to its peripheral devices by
using an intelligent peripheral con-
troller to carry the burden of low-
level peripheral interface re-
quirements. The processor now inter-
faces at a higher level, issuing the ap-
propriate command to the controller
and transferring the data to and from
the controller in response to its 170
requests.

The controller provides a buffer
between the processor and the
transport. For example, the cassette
transport expects data in a serial for-
mat, while the microprocessor is
designed for handling data in either
8-bit words or 16-bit words. The con-
troller performs data conversion from
serial to parallel and buffers the data.
This buffering is necessary to com-
pensate for the 1/O-service latency
caused by other time-critical tasks
handled by the microprocessor (ie:
the data is held until the computer
can devote itself to the controller). As
a direct result, the system’s work load
is reduced, allowing it to utilize this
savings in time to support other
tasks, yielding a higher-performance
microprocessor system,

Applying this to the minicassette
design, we look through the available
literature for dedicated single-device
cassette controllers. Unfortunately,
there are no devices of this caliber for
minicassettes. There is, however,
another solution: use the Intel UPI-41
Universal Peripheral Interface (UPI)
integrated circuit. Two versions are
available; we can use one of them, the
8741A, and design software, custom-
izing it to control the minicassette
transport.

The 8741A, shown in figure 1, is a
complete, single-chip microcomputer
containing 1024 bytes of EPROM
(erasable programmable read-only
memory), 64 bytes of programmable
memory, 18 programmable 1/0 lines
(providing a direct interface to the
peripheral device), and a timer/event
counter with an 8-bit prescaler for
real-time I/0O. In addition, it contains
a complete slave-microprocessor bus
interface, including both interrupt
and direct-memory-access capabili-
ties. A pin- and function-compatible
factory-mask ROM (ie: programmed
only at the factory) version of the
UPI-41, the 8041A, is also available.

The 8243 1/O-port expander com-
pletes the system and interfaces
directly to the 1/0O port of either of
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MORE SPECIALS

Integral Data Systems Livermore Accoustic
Model 445 Printer . . $695.00 Coupler

Centronics
Micro Printer

5" Scotch Diskette

Centronics 779-2 ... .775.00
Televideo Model 950 . . . 1295.

Industrial Micro Systems
16 K static memory . . 349.00
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T\r |
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PERIPHERAL BUS

Figure 1: Internal block diagram of the 8741A/8041A Universal Peripheral Interface.
1/0 lines can be programmed as inputs or outputs; 8041A control-program memory
must be factory programmed; 8741A memory is user-programmed,

the two slave microcomputers. Each
8243 provides 16 programmable,
bidirectional I/O lines.

Using the 8741A allows the design-
er to develop a custom peripheral in-
terface for particular 170 problems.
These devices have found applica-
tions in such diverse areas as
character-printer control, data en-
cryption, keyboard control, and in-
telligent displays. Developing an
8741A design is straightforward. The

designer develops a control algorithm
using the UPI-41A cross assembler
and programs the on-board EPROM
of the 8741A. Testing may be ac-
complished using either an ICE-41A
in-circuit emulator or the single-step
mode of the 8741A.

The Hardware

The complete microcomputer
system is shown in photo 1, including
the CM-600 minicassette transport.

The microcomputer system for this
design consists of an Intel iSBC 80/30
single-board computer. It supports an
8085A microprocessor, 8 K bytes of
EPROM, and 16 K bytes of program-
mable memory. In addition to an
8255A parallel interface and an
8251A serial interface, it contains a
Multibus system bus connector
allowing expansion beyond the
board’s local resources. Incidentally,
there is an 8741A socket built into the
board as well.

Let us examine the microcomputer-
to-8741A hardware interface. The
computer sees the 8741A as three
registers in its I/O address space: the
data register, the command register,
and the status register. The decoding
of these registers is shown in figure 2.
Within the 8741A, both the data and
commands are written into the same
physical register, the Data Bus Buffer
Input register (DBBIN). The state of
the register-select input, A,, deter-
mines whether a command or data
has been written (A, =0 for data). All
output to the microprocessor is read
from the Data Bus Buffer Output
register (DBBOUT).

The status register is composed of 4
software-programmable bits and 4
reserved bits reflecting the state of the
8741A slave microcomputer (see
figure 3 on page 78). The Input Buffer
Full (IBF) bit and Output Buffer Full
(OBF) bit reflect the state of the
DBBIN and DBBOUT registers,
respectively. Flag 0 (F,) and Flag 1 (F,)
can be set and complemented via the

screen.

cal scores and paper tape
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The DS-65 Digisector®is a random access video digitizer
which converts a TV camera’s output into digital infor-
mation the Apple can process. It features 256 X 256
resolution with up to 64 levels of grey scale.
Scanning sequences are user programmable.
On-board software in EPROM is provided for
displaying digitized images on the Hi-Res

Use the DS-65 for: Precision Security Systems
¢ Computer Portraiture * Robotics ¢ Fast to
Slow Scan Conversion ¢ Moving Target Indi-
cators * Reading UPC codes, schematics, musi-

DS-65 Price: $349.95
FSII Camera Price: $299.00
Combination Price: $599.00

WORISS p0.BOX1110DELMAR, CAS2014 714-942-2400

LET YOUR APPLE SEE THE WORLD!

NEW SOFTWARE FOR THE DS-65 IS NOW AVAILABLE

ON DISK!

A

— Portrait System Software: This program includes

captions and a credit line, reverse printing for
T-shirt application and the option to save por-
traits on disk.

— Picture Scanner: Provides a variety of differ-
ent dithering algorythms for compressing the
digitized image into the Hi-Res screen.
Write or call for more information!

GIVE YOUR APPLE THE GIFT OF SIGHT!

Master Charge / Visa Accepted
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The Perfect Fit

The Micromodem |l 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 Il
and another computer or terminal.

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

The Micromodem Il consists of two parts. One part
includes the printed circuit board which holds the
Micromodem I, ROM firmware and the serial interface.
The board plugs directly into the Apple |l 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 |l to operate in any of three modes to
perform different tasks-terminal mode, remote console
and program control mode.

The other part of the Micromodem |l 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 |l 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 not increase your Apple IlI'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:

(D,Hayes

Hayes Microcomputer Products Inc.
5835 Peachtree Corners East, Norcross, Georgia 30092 (404) 449-8791
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™ Micromodem Il is a trademark of Hayes Microcomputer Products, Inc.
*Apple Il s a registered trademark of Apple Computer Inc.
The Micromodem |l can also be used with the Bell & Howell computer.

Hayes Microcomputer Products, Inc,

microcoupl
\




internal software. The remaining 4
bits are used to indicate the status of
the transport.

The TTL-compatible 1/O lines of
the 8741A provide an uncomplicated
interface to the CM-600 Mini-Dek
minicassette transport (Mini-Dek is a
registered trademark of Braemar
Computer Devices Inc). The 170 lines
can be divided into three groups:
motor control, data control, and
cassette status. These I/O port lines
are shown in the 8741A interface
schematic in figure 4 on page 78. The
motor-group controls are go/stop,
fast/slow, and forward/reverse. The
data controls are read/write, data-in,
and data-out. The remaining group of
outputs reflects the CM-600's status:
clear leader, cassette present, file pro-
tected, and cassette side.

The Braemar CM-600 Mini-Dek
transport is representative of digital
minicassette transports. The
transport is compact, requiring only 3
by 3 by 2% inches for mounting. It
has a single read/write head and uses
only one drive motor. Operating
from a 5 V supply, it has modest
power-supply requirements, needing
only 200 mA during a read or write.

Tape speeds are 3 ips (inches per sec-
ond) during read/write, 5 ips for fast
forward, and 15 ips during rewind.
Calculating the data-transfer rate
based on the read/write speed and the
maximum recording density of 800
bpi (bits per inch) yields a maximum
data-transfer rate of 2400 bps (bits
per second). A more useful represen-
tation illustrating the significance of
this number is obtained by inverting
it. This yields the bit-cell period: 416
us. This control requirement is easily
met by the 8741A, its timer having a
minimum resolution of 80 us. If finer
resolution were required, software-
timing loops would have to be used.
The maximum resolution is limited to
the instruction-cycle time of the
8741A, 2.5 us, necessary for transfer
rates of 8000 bps.

Recording Format

Since the CM-600 does not provide
any data formatting, the 8741A must
perform this additional low-level
task. A multitude of encoding tech-
niques are available from which the
user may choose [ie: NRZ1 (Non-
return to Zero, change if 1), Phase,
GCR (Group Code Recording)]. For

Introducing...

MINI-FLEX

Designed Specifically

to Protect 5" Diskettes

2200 S. Main St.,

//\\/\
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‘Member of The
Advance Access
Diskette
Protection Family

For Further Information

CALL TOLL FREE
800-323-3412

ADVANCE ACCESS GROUP

Lombard IL 60148 312-629-5800
“Manufacturers of Information Processing Supplies”
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this application, a “self-clocking”
phase-encoding scheme similar to
that used in floppy disks was selected.
Phase encoding provides easy en-
coding and decoding of the serial
data, embedding the timing informa-
tion and data bits together in the
recorded bit cells on the tape. This is
an effective means of compensating
for speed variations of the drive.
Reading the data is accomplished by
using the clocking information of the
bit cell to synchronize the sampling of
the data bit coming from the
transport.

Figure 5 on page 78 illustrates this
encoding technique as applied to the
hexadecimal character 3A (all
characters referenced in this article
are hexadecimal). Notice that each bit
cell begins with a transition to a logic
level opposite the level of the preced-
ing bit-cell level. Decoding the data is
simply a matter of starting a timer on
this “clocking” transition of the cell,
waiting 3/4 of a bit-cell period, and
determining whether a mid-cell tran-
sition occurred. Cells with no mid-
cell transitions are Os; cells with tran-
sitions are 1s. Besides the encoding

Text continued on page 80

87414
WR ——»
RD ——» STATUS
REGISTER
CS ——»f
Ap ——
DATA BUS

INPUT REGISTER

iy

DATA
BUS

DATA BUS
QUTPUT REGISTER

CS RD WR Ag REGISTER

0o o i o DBBOUT

o o 1 1 STATUS

© 1 o o DBBIN (DATA)

o 1 o 1 DBBIN (COMMAND)
P K X X NONE

Figure 2: 8741A system-bus interface and
register decoding as seen by the host pro-
cessor.
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First compare quality.

Then compare cost.

Morrow Designs’10 megabyte
hard disk system: $3,695.

MORE MEMORY. LESS MONEY.

Compare Morrow Designs' DISCUS™
M26™ hard disk systems
to any system available
for S-100 or Cromemco
machines. First,compare
features. Then, com-
pare cost per mega-
byte. The M26 works
out to under $200 a
megabyte. And the M10is
about half the cost of com-
peting systems.

COMPLETE SUBSYSTEMS.

Both the M10 (8"), and the M26
(14"), are delivered complete with
disk controller, cables, fan, power sup-
ply, cabinet and CP/M® operating
system. It's your-choice: 10 Mb 8"

at $3,695 or 26 Mb 14" at $4,995.
That's single unit. Quantity prices are
available.

BUILD TO FOUR DRIVES.

104 Megabytes with the M26. 40+
megabytes with the M10. Formatted.
Additional drives: M26: $4,495.
M10: $3,195. Quantity discounts
available.

$-100, CROMEMCO

AND NORTH STAR*

The M26 and M10 are sealed-media
hard disk drives. Both S-100 controllers
incorporate intelligence to super-

vise all data transfers through four I/O
ports (command, 2 status and data).
Transfers between drives and control-
lers are transparent to the CPU. The
controller can also generate interrupts
at the completion of each command

...materially increasing system through- _

put. Sectors are individually
write-protectable for multi- 4
use environments. North ey a
Star or Cromemco? &

Call Micro Mike's,

Amarillo, TX,
(806) 372-3633 v
for the software L 4

package that allows
the M26 and M10to run
on North Star DOS. MICAH of

Morrow Designs’
26 megabyte
hard disk system:
~ $4,995.

"CP/M is a trademark of Digital Research Corp.

Sausalito, CA, (415) 332-4443,
offers a CP/M expanded to full
Cromemco CDOS compatibility.

AND NOW, MULT-I/O™

Mult-1/0O is an I/O controller that allows
multi-terminal and multi-purpose

use of S-100 and Cromemco computers.
Three serial and two parallel output
ports. Real time clock. Fully program-
mable interrupt controller. Designed
with daisy-wheel printers in mind.
Price: $299 (kit), $349 assembled

and tested.

MAKE HARD COMPARISONS.

You'll find that Morrow Designs' hard
disk systems offer the best price/
performance ratios available for S-100,
Cromemco and North Star compu-
ters. See the M26 and M10 hard disk
subsystems at your computer dealer.
Or, write Morrow Designs. Need infor-
mation fast? Call us at (415) 524-2101.

Look to Morrow
for answers.

5221 Central Avenue
Richmond. CA 94804

*Cromemco Is a trademark of Cromemco. Inc.

*North Star is a trademark of North Star Computers. Inc.



SYSTEMS

A. APPLE Il PLUS 16K . ......... e
APPLE Il PLUS 48K (APPLE Memory) o 1189
APPLE I STANDARD MODELS. ... ............ .. CALL
These are the newest models with FCC type
approval to prevent RF intefference.

e D. DISK Il DRIVE & CONTROLLER. . Cee..... 529

'ﬁm‘, . This model includes DOS 3.3 16 sector

5

DISK Il DRIVE ONLY (ADD-ON). ........... ... ..445
C. CHALLENGER 4P by OHIO SCIENTIFIC. . ... .. .. 699
C4PMF (MINI FLOPPY SYSTEM). Lid I b 1599
CIP MODEL lowwjed o b i st ot o b i 449
SARGON 11 (DISK OR CASSETTE) oD D wuif STOE .35
FIG FORTH (DISK ONLY). . ........... .. boxiaan - 69
D. PMC-80 THE TRS-80 WORKALIKE' ... 029

16K LEVEL Il W/PROGRAM RECORDER
CALL OR WRITE FOR MORE INFORMATION
E. EXIDY SORCERER II. S ... CALL

AVAILABLE IN 16K, 32K G 48K MODELS
5-100 EXPANSION UNIT. ... ... radyien 578
WORD PROCESSING PAC. ... .. ............. 179
PRINTE DEVELOPMENT PAC. ...t 89
ANADEX DP-9500 W/2K BUFFER. . ... . : & :I:Rl' 288 N v arvs vvRv s vnnnmnan v o
ANADEX DP-9501 W/2K BUFFER. ... .. L .....1450 810 DISK DRIVE. ... R 490
DASE 2 800-D.. .. ... ..599
C. ITOH STARWRITER 25 CPS. .. wavnciia 1750 P e 14
C. ITOH STARWRITER 45 CPS.....................2450 Ol
A. CENTRONICS 737. P . -
EPSON MX-70 W/GRAPHICS ... s Enie 449
D. EPSON MX-80 132 col....................... 620
PAPER TIGER IDS-445 W/DOT PLOT . 749
C. PAPER TIGER ID5-460 W/DOT PLOT ... ... ... 1195
PAPER TIGER IDS-560 W/DOT PLOT .. ... ... .. 1495
D. QUME SPRINT 5/45 ‘ : 2550

SILENTYPE \V/INTERFACE .......

VIDEO MONITORS

A. AMDEX/LEEDEX VIDEO-100 12" BGW.... .... ... 139
HITACHI 13" COLOR .. ... .. B e E . 389
D. NEC 12" P31 GREEN PHOSPHER ............. CALL
PANACOLOR 10" COLOR. ... .............. .. 375

SHOPPING MAIL ORDER? CALL US TODAY!

We probably have what yourre looking for In stock ot on incredible pnce. Our company Is an outhorized dealer for sales ond service for Apple Computer
Atorl ond Ohio Scientific. If you receive o defective product from us we will repoir or reploce (ot our option) any product In warranty. Qur Service Center
will repair all Apple Computer products. in or out of warranty. whether it was purchosed from us or onother dealer. (coll for more detoils)

PHONE ORDERS IN CALIFORNIA, ALASKA, HAWAII G FOREIGN (7 14)698-6088
SHIPPING INFORMATION OR BACKORDERS PLEASE CALL (7 14)698-0260
SERVICE CENTER AND FOR TECHNICAL INFORMATION (714)460-6302
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oswoe  TOLL FREE ORDER LINE  (apmy o

“ 800-854-6654

APPLE HARDWARE § APPLE SOFTWARE

TOP FIVE SELLERS APPLE COMPUTER INC.
LANGUAGE SYSTEM W/PASCAL. ... 425 EE;LESL%LTK” : : 28
SILENTYPE PRINTER W/INTERFACE . 549 TAX PLANNER 00
HAYES MICROMODEM Il .. ... .. .. 319 Azgtg WgSITER - 65
. A POST 45
VIDEX VIDEOTERM 80 w/graphics. 335 DOW JONES PORTFOLIO EVALUATOR 45
Z-80 MICROSOFT CARD .. ... . .. 290 DOW JONES NEWS & QUOTES REPORTER 85
APPLE FORTRAN . . 165
APPLE COMPUTER INC. APPLE PILOT . 120
DISK 1) DRIVE ONLY ... 445 DOS 3.3 UPGRADE . .. ‘ . 49
INTEGER OR APPLESOFT Il FIRMWARE CARD 155 MUSIC THEORY . .. . 45
A R T T LS BRRTY THE CASHIER etoil Mngmnt & inv. Al
. 1 THE CONTROLLER
HI-SPEED SERIAL INTERFACE CARD. 155 Gt D B S
COMMUNICATIONS INTERFACE CARD 185
SMARTERM 80 COLUMN VIDEO CARD 335 —— MISC APPLICATIONS PACKAGES o
I
MOUNTAIN COMPUTER INC. DESKTOP PLAN I 169
MUSIC SYSTEM (16 Voices). . 479 CCA DATA MANAGMENT DMS 85
g’(‘g ALS?"; 'E‘LE‘F@CE 219 EASYWRITER WORD PROCESSOR 225
. o SIS e 233 EASYMOVER MAIL SYSTEM 225
ININD LA O SYETE g 4 2] EASYMAILER LETTER WRITER 225
CLOCK/CALENDAR CARD ... .. o 239 :
ASCIl EXPRESS. . 65
SUPERTALKER SD-200. . . 249
ROMPLUS + CARD ‘ o 135 MICROSOFT FORTRAN . . 185
ROMWRITER CARD . o ) o 155 MICROSOFT COBOL . 695
MICROSOFT BASIC COMPILER. 375
CALIFORNIA COMPUTER SYSTEMS SUPER TEXT Il . 139
CLOCK/CALENDAR MODULE 109 PROGRAMMA APPLE p|E 119
GPID IEEE-488 CARD . . 259
ASYNCHRONOUS SERIAL INTERFACE CARD .~ .. 129 THELANDLOROAp! Mngmnt package .
PEACHTREE BUSINESS SOFTWARE CALL
CENTRONICS PARALLEL INTERFACE CARD . ... 99 TAX PREPARER by HowardSoft e
We carry oll CCS hardware. Please call APPLEBUG ASSEM/DISASSM/EDITOR 75
MISC. APPLE HARDW ARE 3-D GRAPHICS By Gill Dudge 53
16K RAM UPGRADE (Apple, TRS-80. Exidy) ... 189 SUPER FORTH 49
16K RAM CARD MICROSOFT .. 189
ABT NUMERIC KEYPAD (old or new I«ybrd) 115
ADT BAR CODE READER WAND . . 179 TOP TEN GAMES
ALF 3 VOICE MUSIC CARD . A B A LAY 229 APPLE GALAXIAN . - 23
ALF 9 VOICE MUSIC CARD . . 169 FLIGHT SIMULATOR . . . V1
ALPHA SYNTAURI KEYBOARD SYSTEM. . .. 1399 THE WIZARD AND THE PRINCESS. Y
BIT 3 FULL VIEW 80 CARD o 349 COSMOS MISSION (SPACE INVADERS) .24
CAT NOVATION ACOUSTIC MODEM . 169 SARGON 11 CHESS. . 32
CORVUS 10MB HARD DISK .. .. .. Adpgici sl d 4 Wi CALL HI-RES FOOTBALL. . ... ' . ... 39
LAZER LOWER CASE PLUS 50 COMPUTER QUARTERBACK .. . 39
MICRO-SCI DISK DRIVES. . CALL ADVENTURE BY MICROSOFT o 27
PAYMAR LOWER CASE (old of new l«ybrd) 55 PHANTOMS FIVE . ) ) 39
RADCOM AMATEUR RADIO INTERFACE CARD 189 REVERSAL (OTHELLO) ) 34
SPEECHLINK 2000 HEURISTICS ... .. 229

SUP ATEMNAL 80 COL CATD" (‘;‘L.’Tm e CALL OR WRITE

PPY DIS T LER. hhn b

El\éﬁsi\wf\cl%fEL[())IgIgIZERKPéE% A ——— : ??g FOR A COMPLETE
R H o[ W 36 0 8

X/‘EES):OEIEYHDSQ\ mor'; [ﬁgn listed. Please call SOFTWARE LIST

ORDERING INFORMATION: Phone Orders invited using VISA  MASTERCARD  AMERICAN EXPRESS DINERS CLUB CARIE BLANCHE or bank wire tonsfer Credit
cards subject o senvice charge 2% far VISA L MC 5% tor AE DC & CB Mail Orders may send credit card account number {(include exprrotion dote)
cashvers Or cerified check money order or personal check (allow 10 days to clear) Pease inctude a telephone number with ali orders Foreign orders (excluding
Mitary PO's) add 10% for shipping oll funds must be »n US dollars Shipping handing and nsuronce in US odd 3% (mwmimum $4 00) Cahfornio
resdents odd 6% soles tox We accept CODs under $500 OEMs Institutions & Corporguons please send for wallen qualguon All equipment 15 subject to
prce chonge and Ovollobiity without natice  All equipment s new ond complete with manufacturer womonty (usually 90 days) We connol guorantee
merchanuibility of ony products We ship most orders within 2 doys
WE ARE A MEMDER OF THE DETTER BUSINESS DUREAU AND THE CHAMBER OF COMMERCE
SHOWROOM PRICES MAY DIFFER FROM MAIL ORDER PRICES.

PLEASE SEND ORDERS TO:
CONSUMER COMPUTERS MAIL ORDER 8314 PARKWAY DRIVE, GROSSMONT SHOPPING CENTER NORTH LA MESA CALIF. 92041
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10 DAY FREE RETURN

| NEC THE FIRST NAME IN LETTER

| QUALITY PRINTERS.

| CompuMart offers becautitul 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.
$1695

IDS 445. Priced lower

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

445 w/graphics $894. IDS 445
w/0 graphics $795.

C 440 8] 205

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

Memorex 3401's—5 V4 dliscs

$3.25 with hub ring for Apple
$3.50.

Memory Integrated Circuits—
Call for qty. discounts when
ordering over 5O unils

Motorola 4116 (200 Nanosecond,

Plastic) $4.50 ea
Fadrchild 2114 (Standard Power
Plastic) $450 ea

Super Selling Terminals
We have the following Lear
| Siegler Terminals in stock at
prices too low to print—Call for
quotes
ADM—3A Indus-
tries lavorite
dumb terminal
for some very
smar reasons
ADM—3A
NEW trom Lear
Siegler. CALL!
IT IS HERE—It
is the new
Intermediate Termmcl
from Lear Siegler. Call for details.

Rg

CENTRONICS PRINTERS

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

7371 (Parallel Interface)—$899.

Omni Printers |
from Texas
Instruments |

| The 810—List $1895. 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 ASCll Keyboard plus
all ot the features of the RO

$2395.

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

Mm

| program memory

COMPUMART now offers the
ENTIRE DEC LSI-l1 PRODUCT LINE.
Call for prices & delivery.

NOVATION CAT'™

ACOUSTIC MODEM

Answer Originate. 300 Baud. Bell
108, Low Protile Design. $§179.00
NEW! D-CAT

Direct Coupler from Novation
§199.

HP41C Calculator . . . . . $239.00
Memory Modules. For storing
programs or up to 2000 lines of

“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

— | NEW SUPER 41-C Systems with

We have the tollowing best-
selling Hazeltine terminals in

stock at prices much too low to |

print

0410.1420. 1500, 1520, 1552)
Call COMPUMART Now for our
lowest prices ever.

open for Application Pacs and
peripherals. The AC-C$325. 0()
= | [

$495.00 |

Reader & Pnnter $845.0
Quad RAMS for the 41-C £

(Eq ntt
Me ry Modulesg
all packed

info one)

$95.00

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 830 am to 700 p.m.
MonFri 1.OO am 1o 400 p.m Sat P.O.'s accepled from Dun &
Bradstree! rated companies—shiprnent contingent upon receipt of

$29.95 |

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

NEW IN STOCK: The PMC-80. The
new computer that's software
compatible with the TRS-80.
Level [l 16K at
ACCESSORIES FOR PMC—80
EXP-100 S100 Bus Expander
Disk. Printer, RS232 I/0 $410.
$-32K S-100 Bus 32K RAM Board
tor EXP100 §295
CAB40 Cable 12" long ribbon
cable
for EXP100 §25.

=g

$645.

Visit our giant

ANN ARBOR
STORE

1250 North Main Street
Ann Arbor. Michigan

VISIT US AT THE NCC '81
BOOTH 1623

SEND FOR OUR
FREE CATALOG

NEW FROM SANYO—Four Great
Monitors at Low COMPUMART
Prices Sanyo's new line of CRT
data display monitors are
designed tor the display of
alphanumeric or graphic data.

Q" Sanyo Monitor $169.

12" Sanyo Monitor $289.

12" Sanyo Monitor with green
screen $299.

13" Sanyo Color Display Monitor
$495.

ROCKWELL AIM 65
Our AIM system includes 4K AIM
with BASIC interpretor assernbler.
Power Supply. Cassette recorder
& Enclosure $799.
4K AIM-65 $499.
PL&S High Level Language  $125.
Paper for the AIM (1oll) $250
Rockwell's 4slot
Motherboard (sale) $175.
Fourth for Rockwell AIM 65 $175.

HP-85—HewlettPackard's Per-
sonal Computer for Industry. This
extremely portable computer
features extended BASIC to solve
your problems quickly and effi-
ciently 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 Statis-

tics. Financial Decision. Math, Lin-
ear Programming $95 ea.): HP-85
Accessories; (Enhancement

ROMs, ROM drawer. Overhead
Transparency Kit): Supplies (Plot-

| terPens, Tape Cartridges): Inter-

face Modules (HP-IB Interface,
HP-IB Interconnect Cables. Serial
(R5232C) Interface Module).

We can get your every HP
peripheral made {or the HP-85.
VISICALC PLUS FOR HP-85 Every-

thing you ever wanted from Visl-
cale plus plotting. $200.

CALL FOR COMPLETE DETAILS &
| SPECS.

COMPUMART exclusive ATARI
SPECIALS— ATARI 80C Personal
Computer System—Comes with
800 operators Manual 16K Rany
Memory module, IOk ROM
Operating System. Power
Supply. TV

g:;mch

X <
$950. gy
~5

PERIPHERALS
Atari 410 Program Recorder
5$89.95

Atari 810 Disk Drive

(SI00 off with purchase) $699.95

NEW Dual Disk double density
$1499.95

825 Printer (Centronics 737)
$§995.00

RS232 Interface w/Cable $249.95 |
NEW! Light Pens $74.95
NEW‘ Visicale tor Atar $199.00

1cato Atla

Take Nofte nas

signed purchase ordet Sale prices valid lor month of magazne
date only-all prices subject to change without notice Our Ann
Arbor retad store is open iLOO am 1o 7.00 pm Tues-Fr.. I0.00 am

to SO0 p.m Saturdays



APPLE I

We carry the most complete
inventory of Apple compulers,
peripherals, and software. CALL!
Our Best Selling Apple System:
Save over $250 on owr most pop-
ular Apple System. Systemn
includes a 48K Apple I Apple
Disk, DOS3.3, & Controller. and a
Sup R. Mod RF Modulator. ]

List:
COMPUMART Sale Price: 31895

SOFTWARE FROM APPLE
Apple Plot The pertect graphic

complement for Visicalc. $70
Dow Jones News & Quotes  $95
Adventure (Uses 48K) $35
DOS Tool Kit $75
Apple Fortran $200
Tax Planner $120
FROM PERSONAL software
Visicale $149
Desk Top Plan $99
NEW FROM MUSE

The Voice $39.95
Super Text $150
Address Book $49.95
Miscellanecus Apple II
Accessories:

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

| IIN;EW trom Apple for the Apple

DOS 3.3 Conven disks to 16 sector
format for 23% more storage and
faster access $60.

NEW for the Apple I

From MicroSoft

16K RAM Board $195.00
FORTRAN $175.00
COBOL $750.00

Card Reader from Mountain
Hardware $1195.00
HI-Res Dump for 460 Printer from
the Computer Station §49.95

AHIJ:.RDWARE ACCESSORIES FOR

Sﬂentyg)e Printer w/x face $635
Super Sound Generator (mono)
$159 (stereo) $259
Light Pen $249
X-I0 Controller (plugs into pc(dé4
9

| dle port)

Mountain Computer—Expan-
sion accessories for your Apple
Introl—10 System $28

Super Talker $299
The Music System $545
ROM plus board w/Keyboard

filter $199

Clock Calendar $280

16 Channel A to D Converler
$350

Apple Expansion Chassis 5650
M Writer $17

From VIDEX!—Video Term.

80 Col x 24 line. 7 x 9 Matrix plug

in compatible board for the

Apple 11 Price $325 without

gcpmcs EPROM With graphics
ROM $350.

SSM Serial & Parallel Apple
Interface S

ABT's Numeric Key Plan $10
Calitornia Microcomputer
Keyboard $195

Apple I is in stock—CALL!

Commodore Strikes Back!

CompuMart carries the entirte Commodore line of computers,
peripherals. and accessories— call our sales force today tor

COMPUMART has been serving the
computer needs of industry since 1971.

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

manutacturers.

And any product, except software, can
be returned 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-
ufacturers local service center.

i{g)YS???ﬁMi COMPUMART

complete prnices and specs

The CompuMart/Commodore
Word Processing System

Gel cnisp. letter quality output
and ease of operation that's
unsurpassed This system

CPU. a 4040 Pual Disk. a C-ltoh
pnnter and X/{ace. and Word
Pro 4 Plus (all cables included)
Cali tor details and low prices.
List $5685 COMPUMART $4995

A complete system including a
Dual Disk Drive. Tractor Printer
and an 80 column 32K CPU for
under $4.00Q0. No intertaces
needed. Cables included

includes a Commodore 8032 32K

List $3.985 CompuMant §3635

New accessories from

Commodore tor Commodore
Visicalc $199
Word Pro 4 §299
Oz the Information Wizard $395
Wordcrait 80 $395
Tax Preparation Planner $495
Dow Jones Porifolio Manage:
ment Systern $149
Personal Tax Calculator $69
PASCAL Development Package
$295
Assembler Development
Fackage $99

Educators Take Notell Commo-
dore has extended 1its 3 for 2 deal
unhl 6-3C381

Complete Word
Processing System

for Under $5,000!

Call us for more information on products,

and to help.
all about.

product configuration and service. Our
phones are open Monday thru Friday, 830
am. to 7200 p.m. and Saturday 11.OO am. tc
400 pm

We have a staft of highly knowledgeable
y  sales people waiting to hear from you,

Because service is what we're

800-343-5504

In Mass. Call 617-491-2700

65 BENT STREET, DEPT. 115, P.O. BOX 568

CAMBRIDGE, MA O2139
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The joy of music —
without years of practice! STATUS REGISTER

7 6 5 4 3 2 1 0

A . - OBF - QUTPUT BUFFER FULL

LoPE TR ) b IBF - INPUT BUFFER FULL
e JJIRI 2y

Fo — FLAG 0 (USER DEFINED}

Fy —FLAG 1 (USER DEFINED)

DRIVE ACTIVE

FILE PROTECT

CASSETTE PRESENT

BUSY

Figure 3: Definitions of the status-register bits; Flag 0 and Flag 1 may be controlled by

. . . the user via the internal software.
ALF offers the very finest in music

hardware and software for the
Apple® II. You can enter your own
songs from sheet music and play
them back very easily — our de- +5v

8741a CM-600
tailed manual shows you how, step

by step. And there's a growing Vee

library of preprogrammed songs

available too — now over 115 songs i, jes MRTEEH PORER
on 7 "albums”, priced under $15 E—— [ Ss LOGIC POWER
each. ALF's highly acclaimed music —————0RD

software has many features found — T TEST 1{e DATA - OUT

on no other Apple music product — .lag P26 DATA N

and no customer has ever reported a
“bug” or error.

FORWARD / REVERSE
Dg-Dy

Whether you pick our exciting
9-voice MC1 music card at just

SYSTEM BUS
o
-
=)
Y

? P12 + FAST/SLOW
$195, or our gourmet 3-voice MC16 - T C—
card at $245, you'll get ALF's top- onE = R
quality hardware that's famous for — Paa P1a GL BRI BGER
reliability and clean sound (we've «1BF P2s P15 FILE PROTECT
been designing computer-controlled - »dRESET Pig CASSETTE PRESENCE
musical instruments since 1975).

EA l_ POWER GND
So see your Apple dealer today, and Vss SIGNAL GND
be sure to specify ALF music cards /l L CHASSIS GND
for the best performance. When

you've seen ALFs total music
package, you'll know why some Figure 4: The interface between the CM-600 Mini-Dek, the 8741A, and the host system.
music cards are more equal than
others!

Please mention this magazine when
requesting information from:

A L F Products Inc ,— CLOCKING TRANSITION

1448 Estes Denver, CO 80215 (303) 234-0871 /CELL\ /MiD-CELL\

Apple is a trademark of Apple Computer Inc.

[ EAR TRAINING )

Four programs (pitch discrimination,
interval recognition, chord recognition,

and scale recognition) for the ALF MC16 —l l [—
music card (described above) are
available on disk (or cassette). Under

—— LOGIC LEVEL Y

— LOGIC LEVEL 0

$50 for the set, see your local Apple 1o I o 1 1 1 o 1 0
dealer.
For more information write: Figure 5: The hexadecimal character 3A phase-encoded. This is the algorithm used with
@ A L F Products Inc. the minicassette controller. It is not the logic level of a bit cell that determines its value,
1448 Estes Denver, CO 80215 but the presence or absence of a mid-cell transition.
L (303) 234-0871
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In this age of runaway inflation...

f M@h W] "ﬁ:!'f .

The HIPAD™ digitizer

Inexpensive input to your computer

The HIPADTM digitizer can be used for both converting graphic information into
digital values and as a menu. Utilizing either the stylus or the optional cursor, the
operator can input graphic data into the computer by locating individual points on
the digtizers 11" x 11" (28cm x 28cm) active area. In the ‘‘stream mode" a contin-
uance of placements of coordinate pairs may be input.

Not a kit, the HIPADTM comes complete with both RS-232C and parallel interfaces
and has its own built-in power source. The origin is completely relocatable so coor-

‘ dinates may be positive or negative for a true reference value and oversized mater-
The ideal input device for the small ial may be input by simply resetting the origin.

system user.
Accurate positional information, free form sketches,

even keyboard simulation

All can be entered using the multi-faceted HIPADTM digitizer. Its capabilities and
low price make the UL listed HIPADT™ a natural selection over keyboard entry, inac-
curate joysticks, or expensive approximating light pens. It's perfect for inputting
isometric drawings, schematics, X-rays, architectural drawings, business graphs,
and many other forms of graphic information, as well as creating your own graphics.
Use it with Apple lI™ , TRS-80 Level Il ™, PET ™ or other
: popular computers
Available with stylus or optional cursor. The HIPAD'S™ built-in RS-232C and parallel 8 bit interfaces make it all
possible. (For Apple |l order DT-11A, for TRS-80 or PET order DT-11).

Furthermore, you get English or metric scaling, data format (Binary/BCD/ASCII),
selectable baud rates, and resoiution of either .005" or .01".

?
1

L
seafilianaill

{
H
e
i

oo
H
4

For complete information contact 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, Rochesterlaan 6, 8240 Gistel,
Belgium. Telephone 059/27-74-45.

TM HIPAD Is a trademark of Houston Instrument h o u Ston |n S 3 r 'nent
T f f : TRS-80 is a trademark of Tandy Corporation
Available with optional display. APPLE Is a irademark of Appie Computer Inc GRAPHICS DIVISION OF

PET is a trademark of Commodore Business Machines, Inc. BAUSCH & Lo M B @
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Text continued from page 72:

scheme, the data format is also up to
the user. The 8741A reads and writes
blocks of variable length with an 8-bit
checksum for error detection
automatically appended. An option is
to use the 8741A to check for errors
by generating a CRC (cyclic redun-
dancy check) code instead of a
checksum, as in the CRC-16 error
code used for floppy disks.

A block starts with a Sync
character (hexadecimal AA), fol-
lowed by the data (up to 64 K bytes),
which is in turn followed by the
checksum byte and trailing Sync

character. Blocks of data are
separated by an IRG (inter-record
gap). The IRG is such a length that
the transport can stop and start
within an IRG. The CM-600 drive
specification calls for a worst-case
start or stop time of 150 ms. A
450 ms IRG was selected for the
8741A to allow plenty of margin for
both controlling the transport (ie:
starting and stopping) and detecting
an IRG during the SKIP operation.

The 8741A Controller Software
The goal of the software design for
this application was to make the UPI-

SHORTEN THE JOURNEY TO KNOWLEDGE.

COMPUTER
PRIMERS

The popular Sams series of Computer
Primers provide a working knowledge of
computers without being dry and com-
plex. The Primer Books guide you through
the subject at an easy pace. Your jour-
ney to understanding is short, exciting,
and fun. The Sams Primers offer good
graphics . . . a good balance of
data . . . an upbeat, positive style . . .
and are organized so that you can read
them straight through like a novel.
CP/M™ PRIMER, by Mitch Waite and
Stephen Murtha. A non-technical discus-
sion of CP/M disk operating systems for
8080 and Z-80-based microcomputers.
No. 21791. $11.95.

PASCAL PRIMER A complete guide to the
hottest new language in computers by
Mitch Waite and David Fox.

No. 21793. $16.95.
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without reading this book by Mitch Waite
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41A microcomputer into an in-
telligent cassette-control processor.
The host microprocessor (8085A,
8080A, 8088, etc) issues a high-level
command such as READ or WRITE
to the 8741A, which accepts the com-
mand and performs the requested
operation. Upon completion, it
returns a result code notifying the mi-
croprocessor of the outcome (eg:
Good-Completion, Sync Error, etc).
Table 1 on page 92 lists the high-level
command and result codes for the
functions performed by the
minicassette controller.

The internal 8741A software can be
roughly divided into the various com-
mand functions. At the top of the
hierarchy is the command recognizer.
Its job is to get a command from the

WRITE

GET CNTLSB/
CNTMSB

ERROR EXIT

INITIALIZE
VARIABLES AND
START TIMER

YES

ERROR EXIT

START TRANSPORT

DOM
P

WRITE IRG AND
STOP TRANSPORT

EXIT

Figure 6: Flowchart of the WRITE com-
mand sequence.
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New power at your fingertips.

Konan presents Hard Disk
Control, Tape Control, and
Serial I/0O Boards for S-100
computers.

Konan, known throughout the industry for its
leading, innovative, guaranteed controllers
for S-100 systems, does it again. Now, it offers
you more of the expanded capabilities you
want.

Take your pick to suit your needs. There's
the SMC-100™ storage module (SMD or CDC
Q760 interface) hard disk controller. There's
the HARDTAPE™ subsystern which offers
Winchester hard disk control with tape
back up. Or maybe you could use Konan's
new KNX-500, software compatible with
the AM-500*, for 10 megabyte fixed/
removable media hard disks. The "DAVID”
is Konan's new error-correcting intelligent
disk controller for 51/4” and 8" Winchester
hard disk drives. And the "ENHANCER" is an
intelligent reel-to-reel tape controller with
high speed printer port for spooling, offline
sorts, copies, etc. Watch for new controllers
coming soon!

Also, Konan introduces OCTOPORT™ and
OMNIPORT™--two new serial IO boards.
OCTOPORT™, the 8-port board, offers areal
time clock and full interrupt control. And the
16 port OMNIPORT™ offers you an efficient,
economical board where more than 8 ports
are needed.

With these and other quality products,
Konan shows again that when it comes to
S100 systems, it is definitely in control. (And
all at attractive OEM. and dealer prices.)

Call Konan's toll-free order line:
800-528-4563.

Or write to. Konan Corporation
1448 North 27th Avenue
Phoenix, AZ 856009
TWX/TELEX 9109511552

*Alpha Micro AM-500 1s a irademark of Alpha Micro Systems

IN CONTROL. SMC-100. HARD TAPE, KNX-500. OCTOPORT. and OMNIPORT
are lrademarks of Konan Corporation.
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* ON-BOARD ADDRESS/
DEVICE DECODING

e BI-DIRECTIONAL DATA
BUS BUFFERING
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* LARGE BREADBOARD
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Bare board $39.95
+ 2.5% for shipping
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COMPLEMENT
TAPE INPUT

NO o YES

GET NEXT BIT
OF CHARACTER

l

Fo: 0

YES COMPLEMENT
BIT
P E— ..l
CHARACTERN,_YES
WRITTEN
P
MO GET NEXT
CHARA CTER
¥ |
GENERATE
CHECKSUM

Figure 7: Flowchart of the WRITE interrupt routine.

microprocessor and branch to the ap-
propriate command routine, ex-
ecuting until either the operation
specified by the command is complete
or aborted by the microcomputer or
CM-600. The command routine then
returns to the command recognizer to
await the next command. Since only
one command routine can be in ex-
ecution at any one time, the working
registers can change function based
upon which command is active.
These register names were assigned
according to their function to aid pro-
gram clarity. To understand the
operation of the controller, let us ex-
amine the flow of the various com-
mands in greater detail.

WRITE Command

When the WRITE command is
issued by the microprocessor, the
8741A expects a 16-bit unsigned
number specifying the number of
bytes to be written onto the tape to

follow immediately. The controller
requests only the desired number of
data bytes by keeping track of the
transfer count internally. All data
transfers to and from the computer
are double buffered. Before starting
the transport, the 8741A checks the
transport’s status, verifying that the
cassette is present and writing to the
tape is not inhibited. If the drive is
not ready for the data transfer, an ap-
propriate error code will be returned;
otherwise, the transfer will com-
mence. The flowchart of this function

is diagrammed in figures 6 and 7.
The controller begins the block
transfer by writing a 450 ms IRG,
followed by the leading Sync
character, the data, the checksum
character, and the final Sync
character. The data is encoded with
the phase-encoding algorithm
described earlier before being written
onto the tape. The internal timer is
Text continued on page 86



When You Have To Face A Deadline

Arm Yourself With Pascal/MT+®

NOW! THE PACKAGE INCLUDES OUR EXCLUSIVE PASCAL ORIENTED SCREEN EDITOR.

You know what a monster a deadline
can be if you have 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.

Cardiff, California 92007

Pascal/MT+ Features:

An International Standard:

Pascal/MT+ conforms to the SO 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.

Etficient 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

(714) 755-1366

Totally Portahle:

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 Z8000

Pricing:
8080/Z80 — $250.00
As of 4/7/81 — $475.00
Others Call

Communication Arts, Huntington Beach. CA
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