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State of the art ““Winchester''type hard disk with a data
storage capacity of nearly 16 Megabytes, makes the
SWTPC 6809 system the most flexible as well as the most
powerful eight-bit microcomputer system in the world.
The intelligent controller, using DMA data transfer, makes
maximum use of the ““Winchester’” capability. It is com-
pletely compatible with the FLE X9 operating system used
on the SWTPC 6809 floppy disk system.

CDS-1 ""Winchester’’ disk drive with controller . .$3,995.00
Cabinet—matching our 6809 computer desk ... $150.00

219 W. RHAPSODY

SOUTHWEST TECHNICAL PRODUCTS CORPORATION

m I~  SANANTONIO, TEXAS 78216

(512) 344-0241
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Z-ZH

Compurerystem_-

A

€ Cromemco

Low-cost hard disk computers
are here and field proven

it's a reamy Ln-Cro new

" Model Z-2H you get all of the ﬁbgve"' ;
and even more, With Cromemco you

getit all.

In this new Model Z-2H you get
not only a large-storage Winchester
hard disk drive but also two floppy
disk drives. In the hard disk drive you
get unprecedented storage capacity
at this price—11 megabytes unfor-
matted.

You get speed—both in the 4 MHz
ZB80A microprocessor and in the fast
64K RAM which has a chip access
time of only 150 nanoseconds. You
get speed in the computer minimum
instruction execution time of 1 micro-
second. You get speed in the hard
disk transfer rate of 5.6 megabits/sec.

EXPANDABILITY
You get expandability, too. The
high-speed RAM can be expanded to
512 kilobytes if you wish.
And the computer has a full 12-slot
card cage you can use for additional
RAM and interface cards.

BROADEST SOFTWARE SUPPORT
Wwith the Z-2H you also get the
broadest software support in the

Circle 1 on Inquiry card.

" micracomputer field. Software Cro-
. memco Is known for. Software like

this:
o Extended BASIC
® FORTRAN IV
® RATFOR (RATional FORtran)
e COBOL
® Z80 Macro Assembler
@ Word Processing System
® Data Base Management

with more coming all the time,
SMALL, RUGGED, RELIABLE
With all its features the new Z-2H,

including its hard disk drive, is still
housed in just one compact cabinet.

Hard disk drive at lower left can be inter-
changed just by sliding out and disconnecting
plug. Seven free card siots are avallabie.
Z-2H includes printer interface card.

Cromemco

included in that cabinet, too, is
Cromemcoruggedness and reliability.
Cromemco is time-proved. Our
equipment is a survey winner for
reliability. Of course, there's Cro-
memco’s all-metal cabinet. Rugged,
solid. And, there’s the heavy-duty
power supply (30A @ 8V, 15A @
+18 V, and 15A @ —18V) for cir-
cuitry you'll sooner or later want to
plug into those free card slots.

SEE IT NOW

Last summer we told you this new
Z-2H would be a smash. And it is.
So see it at your dealer’s now. Have
him put you in touch with a user—
there are lots of them because
Cromemco has been delivering for
months. See for yourself how pleased
our users are,

PRESENT CROMEMCO USERS
We've kept you in mind, too. Ask
about the new Model HDD Disk
Drive which can combine with your
present Cromemco computer to give
you up to 22 megabytes of disk
storage.

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

Tomorrow’s computers today
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The single card computer

with the features
that help you in real life

COMPLETE COMPUTER

In this advanced card you get a pro-
fessional quality computer that meets
today’s engineering needs. And it's one
that’s complete. It lets you be up and
running fast. All you need is a power
supply and your ROM software.

The computer itself is super. Fast
4 MHz operation. Capacity for 8K bytes
of ROM (uses 2716 PROMs which can
be programmed by our new 32K BYTE-
SAVER® PROM card). There's also 1K of
on-board static RAM. Further, you get
straightforward interfacing through an
RS-232 serial interface with ultra-fast
speed of up to 76,800 baud — software
programmabie.

Other features include 24 bits of bi-
directional parallel 1/0 and five on-
board programmable timers.

Add to that vectored interrupts.

ENORMOUS EXPANDABILITY
Besides all these features the Cro-
memco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there’s Cromemco’s broad
line of S$100-bus-compatible memory
and 1/0O interface cards. Cards with fea-
tures such as relay interface, analog
interface, graphics interface, opto-
isolator input, and A/D and D/A con-

version. RAM and ROM cards, too.

CardCage 32K BYTESAVER PROM card

EASY TO USE

Another convenience that makes the
Model SCC computer easy to use is our
Z-80 monitor and 3K Control BASIC (in
two ROMs). With this optional software
you're ready to go. The monitor gives
you 12 commands. The BASIC, with 36
commands/functions, will directly ac-
cess I/O ports and memory locations —
and call machine language subroutines.

Finally, to simplify things to the ulti-
mate, we even have convenient card
cages. Rugged card cages. They hold
cards firmly. No jiggling out of sockets.

AVAILABLE NOW/LOW PRICE
The Model SCC is available now at a
low price of only $450 burned-in and
tested (32K BYTESAVER only $295).
So act today. Get this high-capability
computer working for you right away.

l n ¢ o r p o r a t e d
Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040  (415) 864-7400
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17 EASE INTO 16-BIT COMPUTING: GET 16-BIT PERFORMANCE FROM AN
8-BIT COMPUTER by Steve Ciarcia

Steve tells you how the Intel 8088 is well-suited for building a minimum-configuration 16-bit computer.

34 ELECTRON BEHAVIOR IN A CHEMICAL BOND by Michael Liebl
Learn how to use a computer to explore the inner processes of a molecule by finding solutions to the Schrodinger
wave equation.

74 SOLVING PROBLEMS INVOLVING VARIABLE TERRAIN, PART 2: SPECIAL
CASES, INCLUDING HEXAGONAL GRIDS by Scott T Jones
After developing a general algorithm last month, Scott now explores several modifications that may be applied to
typical conflict-simulation problems.

126 A POWER-LINE PROTECTION CIRCUIT by Neil Schneider and Bror Erickson
For hobby applications where an isolation transformer is too big and expensive, this relay-based circuit can provide
some protection from power-line wiring errors.

130 LANDING MODULE SIMULATION WITH RANDOM SURFACE by S ] Houng
This game uses the Motorola MEK6800 D2 kit. It can be interfaced to display the landing approach on an
oscilloscope.

142 THE DIRT-CHEAP BOOTSTRAP, MORE NOTES ON BRINGING UP A
MICROCOMPUTER by Albert S Woodhull

An inexpensive way to add front-panel functions to a minimal microcomputer system.

156 HYDROCARBON MOLECULE CONSTRUCTOR, by Randall S Matthews
The program presented here uses the high-resolution graphics ability of the Apple Il to give a visual representation
of molecular bonding.

232 SUPER TIC by ] Roehrig
This is a three-dimensional, 4-by-4-by-4, tic-tac-toe game that can play against a human opponent. The program
has ten levels of expertise, is written in BASIC, and can be modified to run in two dimensions.

Background

60 HEWLETT-PACKARD'S NEW PERSONAL COMPUTER, THE HP-85
by Christopher P Morgan

A first look at a personal comp from a company d for its calculators and minicomputers.

84 TRS-80 PERFORMANCE, EVALUATION BY PROGRAM TIMING

by James R Lewis
James provides us with a direct comparison of the TRS-80 computer with an IBM System/370.

11_.114 ELECTRONIC PLANIMETRY by Peter A Santi, John Fryhofer and Gregory
ansen
These authors describe a situation in which a specialized tool was replaced by a g l-purpose minicomp

194 OPERATION CODES FOR 8080, 8085, AND Z80 PROCESSORS
by D Martin Harrell

The need to convert an assembler mnemonic to the hexadecimal object code often occurs when programming the
8080 microprocessor family. Here is a helpful summary of related information.

230 TO ERR IS HUMAN by Roger A McGregor

Techniques to enable your computer to detect and correct typographical errors in assembly-language programs.

Nucleus
6 Editorial: Hunting the Com- 184 Product Review: Lucidata P-6800

puterized Eclipse Pascal

14 Letters 186 Technical Forum: The Direct

68, 212, 240 Programming Quickies: Impact of the Computer; Cutting the
Gear-Ratio Calculations for Bicycle Gregorian Knot
Derailleurs; and many more 208 Desktop Wonder: The Periodic
108 BYTE News Chart at Your Fingertips....
168 Book Reviews 218 Event Queue
174 BYTE's Bits 246 What's New?
176 Clubs and Newsletters 287 Unclassified Ads
180 BYTE's Bugs 288 Reader Service, BOMB
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ON THE COVER

This month's cover theme is “Computers in the Laboratory.” Per-
sonal computers can be employed as a tool of analysis and control in
scientific applications. We celebrate this theme with a fantasy sug-
gestive of one area of scientific application: an advanced color-
graphics-oriented personal computer is shown over a Bunsen burner
on a beaker stand. On the terminal is a high-resolution image of some
liquid boiling. This computer, without floppy-disk drives, certainly
suggests a future direction: built-in, permanent mass storage with suf-
ficient capacity to eliminate any need for removable media. We might
even conjecture that a pattern is shown here being "boiled” into a
bubble memory.
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troller; William H. Hammond, Communlcatuons Eric B. Herr, Plannlng and Development John W. Pat-
ten, Sales Edward E. Schlrmer International.

Offlcers of the Corporation: Harold W McGraw Jr, President, Chief Executive Officer and Chairman
of the Board; Robert F Landes, Senior Vice President and Secretary; Ralph J Webb, Treasurer.
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address, USPS Form 3579, and fulfillment questions to BYTE Subscriptions, PO Box
590, Martinsville NJ 08836. Second class postage paid at Peterborough NH 03458 and at
additional mailing offices—USPS Publication No. 102410 (ISSN 0360-5280). Canadian
second class registration number 9321. Subscriptions are $18 for one year, $32 for two
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necessarily those of BYTE. Entire contents copyright © 1980 by BYTE Pubhcatlons Inc.
All rights reserved. aly

BYTE® is available in microform from University Microfilms International, &
300 N Zeeb Rd, Dept PR, Ann Arbor MI 48106 USA or 18 Bedford Row, Dept o
PR, London WC1R 4EJ ENGLAND.

Subscription WATS Line: (800) 258-5485
Office hours: Mon-Thur 8:30 AM - 4:30 PM, Friday 8:30 AM - Noon, Eastern Time



i . . . o
T.M
- 812 x 484 resolution MICROANGELO
display suporvised by HIGH RESOLUTION -
i it GRAPHICS SUBSYSTEM
. 32K bytes of dual port $1988.00
memory give a com- Light Pen Optional
pletely undisturbed
screen image
- Resident software em-
ulates an ASCII ter-
minal and provides
graphics routines for
point, line, region, and
light pen usage, and
more
- Compatible with any
S-100 system, yet eas-
ily interfaced to other
computers
- 7R key keyboard with
graphics function
keys
- 18” high performance
monitor

SUBSYSTEMS

Micro Diversions

WORDSMITH "
VIDEO . Wordsmi% Word Pro-
cessor software
SUBSYSTEM - 40-line page display
WSE5.00 - Selectric layout key-
yout Kkey:
board plus 20 Word-
smith function keys
- 18” high performance
monitor
- Compatible with S-100
systems

- Complete documenta-
tion

Call or write:
Micro Diversions, Inc.
8455-D Tyco Road
Vienna, Virginia 22180
(703) 827-0888




Altos Computer Systems
2378-B Walsh Avenue
Santa Ciara. CA 95050

Apple Computer
10260 Bandiey Dr.
Cupertino, CA 95014

Commodore Business Machines, Inc.

3330 Scott Boulevard
Santa Ciara, CA 95050

Digital Microsystems Inc.
(Formerly Digital Systems)
4448 Piedmont Ave
Oakiand, CA 94611

Industrial Micro Systems
633 West Katella, Suite L
Orange. CA 92667

North Star Computer
2547 9th Street
Berkeley. CA 94710

Polymorphic Systems
460 Ward Dr.
Santa Barbara. CA 93111

Problem Solver Systems
20834 Lassen Street
Chatsworth, CA 91311

Processor Applications Limited
2801 E. Valley View Avenue
West Covina, CA 91792

Technico Inc.
9130 Red Branch Road
Columbia, MD 21045

Texas Electronic Instruments
5636 Etheridge
Houston, TX 77087

Thinker Toys
1201 10th Street
Berkeley. CA 94710
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Hunting the
Computerized Eclipse

by Carl Helmers

As noted last month, the subject of this editorial is completing some
technical details of a project that has consumed all my spare time during the
closing months of 1979. This project is the practical execution of what was
really a pipe dream last March when the July 1979 editorial (“Computers and
Eclipses”) was written. The July editorial was inspired by my travels the
previous February to see my first total solar eclipse from a roadside near
Roundup, Montana. During that event, which took place in cold wintry
weather, all my pictures were taken manually using the telephoto lens on my
Nikon F2A camera. | knew there had to be a better way of controlling my
camera during an eclipse event, and set about concocting a suitable first
approximation of a computer-control method.

As a result of writing about the problem, I received a letter from and even-
tually met one of our readers, Norm Whyte, of Monte Rio, California. In the
course of the ensuing correspondence and telephone calls, we developed a
degree of friendship based on mutual interests in matters scientific and
technological. The result was that since there were a couple of berths left in the
travel plans for Norm'’s eclipse trip to Kenya during February 1980, I was able
to become more serious about making a real version of the fantasy sketch
outlined in last July’s editorial.

With the decision to go made, the next decision was how to implement the
system. The number one step, of course, was to order a motor drive and a
magazine back for the Nikon camera. I quickly came to the conclusion that if I
were going to travel all the way to Kenya to watch 4 minutes of celestial
follies, more than thirty-six exposures would be appropriate. The Peter-
borough Camera Shop did their job, so by September I had the motor drive,
and I had the magazine-back and bulk-loading accessories by mid-October.
The camera system and methods of developing a 250-frame roll in a small
batch tank were debugged at the camera store in November, through the
efforts of its owner Wayne Esty and lab technician Skip DeLiquori.

At about this time, I began testing my refined concept of electrical control
for the motor-drive/shutter mechanism. It took about 15 minutes to verify
what [ wanted to know: applying an ohmmeter and a miniature Phillips
screwdriver to the detachable control head of the motor drive, I was able to
determine the proper wiring of the four-wire MC-1 remote-control cable I had
purchased. In the normal use of a Nikon motor drive, this cable serves as the
electrical equivalent of a mechanical cable release.

In my application, I simply cut off and set aside the extension socket for the
control head. In its place I wired an electronic simulation of the control head.
This electronic simulation is the circuit of figure 1 (see page 10), which acts like
the push-button switch of the motor drive head. One silicon diode is required
in the logic which distinguishes between single shot and continuous firing of
the motor drive.

The relatively machine-independent, Pascal language interface to the
machine-dependent absolute addresses of the annunciator output ANO is pro-
vided through a variant record technique. This technique works in UCSD
Pascal implementations such as Apple Pascal, but may not work in all imple-
mentations since it definitely “bends” the formal definition of the language.



Shugart invented the minifloppy in 1976.
Today there are more than 100.000 of the little drives
in use. That's because users want the affordable
random access data storage of the minifloppy.

Shugart packs years of proven floppy
drive technology into this tiny package. Up to 110
kbytes of data storage. Fast random access of
about one-half second. And high speed data trans-
fer of 125 kbits per second. Plus sensible,
maintenance-free features like write protect to
prevent accidental data loss, an activity light to
indicate when the drive is selected by your
computer and a door interlock to protect your
media from damage.

Qur proprietary read/write head provides
maximum data interchange margins, and it is

positioned precisely on the selected track by a
patented spiral cam actuator.The DC drive motor
with integral tachometer assures accurate diskette
rotation and low heat dissipation. A die cast
aluminum base plate provides a solid foundation
for the drive.

At Shugart, technology leadership is more
than a slogan, it's a commitment. Get reliability
and value when you invest your money for floppy
disk storage. Ask for the standard of the industry.
minifloppy. If it isn‘t Shugart, it isn‘t minifloppy.

\A®Shugcrt Associates

435 Oakmead Parkway. Sunnyvale, California 94086

T™M minHioppy Is registered trademark of Shugart Associates
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Photo 1: The Camera. The camera equipment has slightly ex-
panded since originally conceived. The method of interfacing
has also been greatly simplified. The camera now has a
250-exposure magazine back, which will be loaded with ASA 64
Kodak Ektachrome slide film. It turns out that the Nikon MD-2
motor drive allows direct computer control of camera opera-
tion, through a single bit interface (see figure 1). When the shut-
ter speed control is in the “bulb” position, this single bit out of
the computer controls exposure time and motor drive action.

A transition from 0 to 1 opens the camera shutter after flip-
ping the reflex mirror out of the way; a transition from 1 to 0
closes the shutter and causes the motor drive to advance the film
to the next frame. The optically isolated two-transistor interface
is wired to the four conductors in the Nikon MC-1 remote shut-
ter extension cable. Readers should refer back to the July 1979
BYTE editorial for a much more elaborate and probably un-
workable mechanical kludge suggestion.

All one needs to do is reference the appropriate address.
One address, if referenced, sets the ANO output line; the
second address, if referenced, resets the ANO line. I
could have used the Apple-dependent, machine-language
routine called TTLOUT, but decided instead to use the
variant record escape of setting a pointer to an integer ad-
dress value. The test program of listing 4 was used to
verify the operation of the circuit in figure 1.

At the stage of this editoral’s writing during December
1979, 1 had created a Pascal program shown in listing 1
{with execution shown in listings 2 and 3 photographed
from my terminal). This program represents the most dif-
ficult part of the model, allocating the detail exposure
times for all the shots of the eclipse.

The advantages of using this high-level language
become obvious whenever such an elaborate program is
even contemplated. I started out with a first version of
the program that defined the application-specific data
types of “seconds,” “milliseconds,” “absolute-time,”
“exposures,” and “an-exposure-detail.” The records
“absolute-time” and “an-exposure-detail” give examples
of how Pascal may be used to create conceptually
oriented data types for specific purposes.

In this real-time simulation, I chose to use the milli-
second as the basic unit of time, with actual time values
on the order of seconds expressed as a two-part record
with an integer value 0 thru 999 of milliseconds and an in-
teger value of 0 thru 32,767 of seconds. I chose to express
time in this manner as a part of my original intention to
use a small, single-board computer programmed in

8 March 1980 © BYTE Publications Inc

Photo 2: Field computer equipment. My original plan was to
take a small, single board computer for use in the field.
However, as the winter solstice of 1979 was fast approaching, it
became obvious that it would be far easier to simply take along
the Apple Il Pascal machine which has the complete simulation
of the event written in a high-level form. Thus, I went hunting
at a local computer store, where I came upon a truly elegant
Apple Il traveling case. (Contact Bob McGuffie, Computerland
of Nashua, New Hampshire, if you want one. I paid $108 for
this product.) The case will accept two floppy-disk drives, the
Apple, and the Sanyo miniature television which will be used as
my field display. (At the eclipse field site, we will have 110 V
AC power provided by a small gasoline generator.)

assembly language. Such an expression of the data would
have made it easy to translate the high-level language
simulation into a hand-crafted small program.

(After time started growing short and I had not yet
received the small computer I had intended to use, I
started asking skeptical questions like: “Why should I
flagellate myself with a macroassembly language expres-
sion of a perfectly good program written in Pascal?”
After all, this “big machine” with its new suitcase is cer-
tainly portable and has the single-bit output needed.)

The variables needed by the program are declared with
long, explanatory names immediately following the
TYPE declarations. Thus, whenever I need a variable
which is intended to be an “absolute-time” value, I
declare it using the application-specific type of that name.

Text continued on page 12

Circle 2 on inquiry card._»



. At Intersystems,_
dump” is an instruction.

Not a way of life.

[Or, when you're ready for IEEE S-00, will your
computer be ready for you?)

|- oy
We're about to be gadflies again.

While everyone’s been busy
trying to convince you that large
buses housed in strong metal
hoxes 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 IEEE S-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.

We call our new line Series
1™ 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 a new mainframe, expanding
your present one or upgrading
your system with an eye to the
future. (Series Il boards are com-
patible with most existing S-100
systems and a/l IEEE S-100 Stan-
dard cards as other manufacturers
get around to building them.)
Consider some of the fea-
tures: Reliable operation to 4MHz
and beyond. Full compatibility
with 8- and 16-bit CPUs, pe-
ripherals and other devices. Eight
levels of prioritized interrupts. Up
to 16 individually-addressable
DMA devices, with IEEE Standard
overlapped operation. User-selec-
table functions addressed by DIP-
switch or jumpers, eliminating sol-
dering. And that's just for openers.
The best part is that all this
heady stuff is available now! In
our advanced processor —a full
IEEE Bus Master featuring Memory
Map™ addressing to a full mega-
byte. Our fast, flexible 16K Static
RAM and 64K Dynamic RAM
boards. An incredibly versatile and

e oo h

.......

economical 2-serial, 4-parallel
Multiple 1/O board. 8-bit A/D-D/A
converter. 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 our
new DPS-1 Mainframe!

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
procluct. 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.

\Y ™
lnoferSyysienmns
Ithaca Intersystems Inc.,
1650 Hanshaw Road/P.O. Box 91

Ithaca, NY 14850
607-257-0190/TWX: 510 255 4346
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New from SSM.
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80 Character Vldeo

our VB3 is the perfect"&i deo
interface for word processing.
It produces a standard 80x24
display of upper and lower case
characters or as much as 80x31
for a full page of text. The matrix
for graphic display goes up to
160x204. And with optional
EPROM, as many as 256 user
programmed characters or
symbols can be produced.

VB3 is memory mapped
for rapid screen updating. But it
oceupies memory only when
activated. So one or more VB3s
can be located at the same
address with a full 65K of mem-
ory still available to the user.

It generates both U.S. and
European TV rates and meets
the new IEEE S-100 standard.
Other features include key-
board input. black on white or
white on black, one level of grey,
underline, strike thru, blinking
char., blank-out char., and
programmable cursor. Software
includes a CP/M compatible
driver and a powerful terminal
simulator.

VB3 is available in several
configurations. Retail prices
start at S3753 Kit. SHO assembled.

compatlble Z-80 CPU on the
market.

It operates at 2MHZ or
4MHZ by DIP switch selection
and includes two sockets for
2716/2732 EPROMs or TMS
4016 2K RAMs. Memory sock-
ets can be disabled. Separate
run/stop and single step switches
allow system evaluation without

“the benetit of a front panel.

CB2 also features an
MWRITE signal, firmware
vector jump, and an output port
to control 8 extended address
lines (allowing use of more than
65K of memory). Jumper
options generate the new IEEE
S-100 signals to insure future
S-100 compatibility.

Retail price—S210 kit,
S275, assembled.

Our line. CPU, Video. 170, RAM.,
EPROM, EPROM Programmer.
Music. Prototyping, Terminator.
Extender, and Mother boards.
Available assembled or as kits.

“exception that the on-board

k)ur populat; CB] with the

RAM has been increased from
256 bytes to a full K.

[t also features an optional
2K of 2708 EPROMs, power-on/
reset vector jump, MWRITE,
parallel input port with status
and DIP switch addressing.

Retail price—S139 Kit,
$219 assembled.

2116 Walsh Avenue
Santa Clara, CA 95050 (408) 246-2707

Send for our free brochure and find
out why SSM has become the favorite
of discerning Hobbyists and OEMs.




Photo 3: The Apple 11/Nikon interface. The interface of figure 1
was wired on a framework of "P” pattern Vector perforated
board. Vector terminal pins were used to provide anchorage for
the Apple II cable (left edge), the cable from the Nikon MC-1
shutter extension (right edge), the connector for a 9 V transistor
radio battery (bottom edge), and mountings for the two NPN
transistors. Wiring was done using number 20 guage copper
wire for most connections; wire-wrap connections were used for
one or two signal buses.

Text continued from page 8:

The model I am using for exposure control is a table-
driven one, with two tables of the data type “an-
exposure-detail.” The table “ten-shot-grouping” is ini-
tialized (in procedure “initialize,” naturally) with a set of
ten exposures bracketing a range from 2 milliseconds to
about 4 seconds. The second table “transient-shots” is
used to specify the exposures that will be taken during the
transient diamond ring events at the beginning and the
end of the eclipse.

The exposure control details are provided by two
numbers in my model: the number of milliseconds
devoted to the open camera shutter state, and the number
of milliseconds of waiting time which will be used to
separate the shot from the next shot. This waiting time is
initialized to an "overhead-duration” figure set by a
Pascal constant of that name. The present value of
“overhead-duration” is set at 200 milliseconds, corres-
ponding to the motor drive’s maximum speed of 5 frames
per second. This initial value of the time required for each
frame is used for the first pass through the procedure
"“sum-up-eclipse” in order to calculate the minimum time
needed for all the exposures in the total phase.

The procedure “normalize-timing” is the main portion
of the simulation program as it stands in listing 1. After
some initialization dialog in listing 2, the procedure
“alloc-exposures” is used to assign an equal number of
exposures to each diamond ring sequence (second contact
and third contact) given the number of exposures during
totality and the total number of exposures available in
the bulk film cassette.

Then the procedure “preliminary-allocation” is used to
total up the time requirements of the diamond ring expo-
sures, totality exposures, and an arbitrary amount of
slack time entered to allow a hand-coordinated cuing of
the third contact diamond ring sequence. The margin

Text continued on page 102
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Listing 1: A Pascal eclipse interval-allocation program. This
listing contains the first cut at a Pascal camera-control program
for the 1980 solar eclipse. The program’s name is “eclipse-
monitor-simulation” in order to emphasize that the entire pro-
cess is a conceptual simulation of an actual detailed sequence of
events. At this stage in the design, most of the model details
have been selected in order to produce a detailed time line
specified by tables. The input parameters to the program are the
number of exposures, the number of exposures during totality,
the time expected for totality at the site of observation, and the
time to be reserved at the end of totality for manual cuing of the
second diamond ring/Baily’s beads (so-called third contact) ex-
posure sequence. Listings 2 and 3 were made photographically
from the terminal during a run of the program. The program as
shown here has the time allocation portion completed, with the
details of the actual time line simulation represented by dummy
procedures, which were written in late December 1979.

[4 NOTES ABOUT THE DESIGN PROCESS )
[®]
{ Ster 1: Hish Level Descrimtion = begun Noveaber 22, 1979 b
( This is a first cut at a rrosras to sisulate the eclirse )
[4 rhotodrarhy process, and define some of the necessary slobal )
( data of the eproblem. )
t) COMPLETED 11/24/7%9 )
( Ster 2! Fi1ll in allocation details - )
{ Achieve a complete allocation of the eclirse camera con— )
{ trol function as evidenced by calculation of a detailed timse )
{ line for the eclisse event diven various conditions! b
{ Given:! )
{ n = number of totality exsosures )
{ L] = pusber of diamond ring exmrosures )
( t s totalitw tiee )
( s = slack in allocated totalilw time )
( Then lel us seek the followins... )
( ¥ d2 = diamond ring time at 2nd contact b
( ¥ d3 = diamond rind tise at 3rd contact )
( ¥ z = extra slack (one half of diamond rina total))
[4 L = anticiration time (half first diamond ring) )
( ¥ A = reauired Lime for exrosures during tolalitw )
( ¥ a = allocaled totality time for exrosures )
4 s = margin rer frame in totalitw )
( Theorems: b
{ d2+93 derived froa table of diamond ripg frames )
{ A derived from table of totalitw framses b
« z = (d2 + d3)/2 b
[4 P =d2/ 2 )
4 as=t-s -2z b
C x % ¢(a~A)/n 3
[4 b]
[4 FROCEDURES Detailed Here Are... b
4 initialize )
§ normalize b
& COMPLETED 12/16/79 b
)
{ Ster 3! Fill 1n the simulated details... b
4 Create a prosram which uses the results of ster 3 to )
{ 90 throush a detailed tise line of the exsreriment on rarer b
(8 (or terminal screen). Each event (shutter transition )
{ oren-->close or close-->oren will be sarked by 3 rerort of )
2 its nature and time of execution relative to <start> sisnal )
b]
{ PROCEDURES Detailed Here Are... )
4 auait.cue b
( diamond_rind_burst )
{ totality )
Q
( Ster 4! Aadart Lo real Lime control - )
[8 Put in augmentations of the software Lo actuallw demon- )
{ strate oreration with the Nikon F2A casera vis a relav )
( rludded into the Arrle Il Game Paddle Sockel b
{ THIS IS THE FINAL FORM OF YHE PROGRAM TO BE USED IN THE )
{ FIELD CONTROLLING THE EXPERIMENT... 3
{ Necessary ster! delersiningd 3 sethod of measuring tise )
< intervals from the CPU clock which is consistent with UCSD )
f Pascal. Possiblwy use asseablw languase subroutine. )

PROGRAM eclirse_monitor_siasulations

CONST

overhead_duration = 200 (ailliseconds)’
TYFE

seconds = INTEGER;

williseconds = INTEGEKS
absolute_tise =

RECORD
units i secondsi
thousandths ! milliseconds
END;
exposures = INTEGERi
an_exposure.detail =
RECORD
duration { milliseconds;

wait_after ! milliseconds
END}
strind_pointer = tSTRING;

VaR
s $ STRINGC 12815
crash_ahead ! BOOLEAN;

Listing 1 continued on page 96
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MORE CAPABILITIES THAN
ANY OTHER PERSONAL COMPUTER
UNDER $1,000°

Compare the built-in features of the
ATARI*800™with other leading personal
computers. Whether you program it
yourself or use pre-programmed car-
tridges or cassettes, the ATARI 800 gives
you more for your money.

Run your own programs? Easy. Just
plug in the 8K BASIC or optional
Assembler language cartridge, and
go.They're ROM based. That means
more RAM for your programs.

Also included with the ATARI 800 is
an internal speaker and four separate
sound channels, FCC approval, a
built-in RF modulator, the ATARI 410™
Program Recorder and a high speed
seriat 1/0.

Peripherals? Add up fo 48K of
user installable RAM. Or up to four
individually accessible floppies.

\

1265

CAtari 1979 (I
A Warner Communications Company

ﬂomto

.

A high-speed printer. And more to come.

Graphics programs? No problem. The
ATARI 800 offers 128 color variations:
16 colors in 8 luminance levels. Plus
29 keystroke graphics symbols and 8
graphics modes. All controlled from a
57 character ASCIl keyboard. With upper
and lower case.

Or,program it our way.There are excit-
ing programs availabie and many more
on the way for the ATARI 800. Business
programs. Home Management pro-
grams. Entertainment.And with the 410
audio/digital recorder, you can add
Atari’'s unique Talk & Teach™Educational
System cassettes.

19781979

[A—l1
& “ihluﬁ i iluliij”

7 1

i U R T
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Your way or our way, you'll find that
the ATARI 800 is probably the most
powerful computer that $999.99°
can buy.

And with that power, you get depend-
ability. Dependability built info Atari's
custom designed and fully-tested LSI cir-
cuitry and lower component count, (less
components, less chance for failure).

But if anything ever does go wrong,
you'll find a complete network of
computer-connected Atari service facil-
ities waiting for you throughout the
country.

Make your own comparison. Hands
on. Anywhere computers are soid. Or,
send for a free chart that compares

the features of the ATARI 800 to
other leading fully-programmable
computers.

*Suggested retail price $999.99, includes
computer consote, program recoraer
and BASIC language cartridge.

PERSONAL COMPUTER SYSTEMS

t. C, Sunnyvale, Califomia 94086. Call toil-free 800-538-8547
72-1404) for the name of your nearest Atari retailer.



Letiens

Needed: Software and/or
Computers in Rhodesia

In the Faculty of Engineering at the
University of Rhodesia, we have a
critical shortage of computing facilities,
and we do not have the foreign currency
or the monies to purchase even simple
systems like the Apple II or Cromemco.
We are therefore obliged to build our
own microcomputer systems. Unfor-
tunately, we do not have the necessary
expertise at the University or in the
country to write the necessary BASIC
interpreters, assemblers, and editors to
make our systems useful or suitable for
teaching purposes. I would appreciate it
if one of your readers could put me on
to someone who could possible supply
the BASIC interpreter and/or compiler;
assembler, with loader if required; and a
text editor for the Intel 8080 or 8085
Microprocessors.

I have been through BYTE magazine,
but no one seems to offer the above
software in the form which we could
adapt for our own homebrew com-
puters, and, therefore, we would appre-
ciate it if one of your readers could
advise us of anyone who may be able to
sell or donate such software to enable us
to offer a more effective computer
teaching facility.

W B Green
Projects Engineer
POB M P 167
Mount Pleasant
Salisbury
RHODESIA

The Bare Necessities

1 enjoyed the article “Budget Building
on a Bare Board” by Dan S Parker
(October 1979 BYTE, page 206). As he
points out, there are large savings in
building up only the parts of a circuit
board that are needed. For instance, I
have built only one serial input/output
(I/0) port (for my Teletype) from the
two serial and four parallel ports
available on the SSM [O-4 circuit board.
I have also applied this technique to a
Z80 processor board, an 8 K-byte
memory board, an erasable program-
mable-read-only memory board, and a
cassette interface board.

Mr Parker’s article did not go on to
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describe what you can do using these
partially built-up boards. I am using the
Integrand Research mainframe box, the
SSM Monitor VI.O (in the erasable
programmable-read-only memory), and
Palo Alto Tiny BASIC (Extended),
which [ typed into my system from the
May 1976 and February 1977 issues of
Dr Dobb’s Journal of Computer
Calisthenics and Orthodontia. This
BASIC interpreter fits in only 2 K bytes
of memory and is amazingly powerful.

I am writing a program to store a
mailing list of 1000 names and addresses
in main memory. The program should
be able to add, delete, alphabetize, sort
by ZIP code, and compress the list to
free space from deleted entries. Just how
far can one go without a floppy disk
drive?

Readers of BYTE can obtain copies of
the software [ have written from me for
either a small copying charge or in ex-
change for other software. I use the Intel
hexadecimal checksum format on either
paper tape or Kansas City cassette tape.

I have found that the Jade Serial/
Parallel/Cassette 1/O board is not
software-compatible with the SSM
monitor, but it can be made so through
a process that involves cutting conductor
etches on the board. You must reverse
the port address bits 0 and 7, invert the
transmitter-buffer-empty signal, invert
the read-data-available signal and move
to bit 7, and cut the control bits for the
universal asynchronous receiver/
transmitter (UART) from the data bus.
Following this, you rewire these in the
desired format.

Ralph Johnston
35 Groveland St
Newton MA 02166

Biological Rhythms
and Biased Data

Regarding the editorial “. . . Pseudo-
science Done . . .” (November 1979
BYTE, page 6): I totally agree with Carl
Helmers’ comments on the “science of
biorhythms.” At many times I have also
been curious about the apparent cyclical
nature of my physical and mental pro-
cesses — such as, a few occasional
nights of especially weird dreams; or
several days of running slower and more
painfully than usual (I run for exercise);
days of great mental energy filled with

- o - m
pulse wndth oompanson Indudes three 16-bit

A growing
line of tools to

expand the Apple.

interval timers, plus flexible patch area for
external interface. Programmable interrupts,
on-board ROM, and much more.

7720A Poratie! Interfoce. Two bi-directional 8-bit
1/0 ports will connect your Apple to a variety of
parallel devices, including printers, paper tape
equipment, current relays, external on/off
devices. Full featured, programmable inter-
rupts, supports DMA daisy chaining.

78118 Arithmetic Processor. Interfaces with
Applesoft, so you just plug in and run. Based
on the AM 9511 device, provides full 16/32-bit
arithmetic, floating point, trigonometric, loga-
rithmic, exponential functions. Programmed I/O
data transfer, much, much more. (Not currently
compatible with Apple Il Plus—check with
your dealer.)

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

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

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

T114A PROM Module. Permits the addition to or
replacement of Apple II firmware without
removing the Apple Il ROMs. Available with
on-board enable/disable toggle switch.

7300 A Wire Wrop. 8oord. For prototyping your
own designs.

7S10A Soider Board.
7590A Bxender Board.
70164 16K Dynamic Memoty Add-On.

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

Apple 11, Apple I Plus, and Applesoft are trademarks
of the Apple orporation.

CCS makes the difference.



le see the Apple
fferently.

We see it as a good
' ' 'h‘ d high-speed math functions, and fast, high resolution graph-
WGY O ge |ng$ oneo ics. And tools to connect the Apple to lab test equipment
like function generators or plotters.

Apple has built a great computer, We at CCS have And we have tools to connect the Apple to the outside
built a great line of peripherals and components to expand  world, including A/D converters and interval timers with
the Apple. To do almost anything you want to get done external interface.
with a computer. We make components for the S-100 bus, the PET, and

If you want to do business with an Apple, we've got the TRS-80, too. We built our products to deliver hard-
tools to connect the Apple to standard business printersand  nosed value to the OEM, and to the inventor who knows the
terminals. Or to modems, for communications over tele- best, at prices that are unbeaten.
phone lines, with other computers, even with other Apples. To find out how much computer your Apple II can be,

If you want to apply your Apple to engineering, scien-  see things our way. Because for serious users with serious
tific, or graphic projects, we've got tools for high-powered,  uses for the Apple, we've got the tools.

- California Computer Systems
; ' 250 Caribbean Sunnyvale, CA 94086 (408)734-5811
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UP TO 2400 MEGABYTES
OF HAF CONTROL
E §-100 BUS
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CDC PHOENIX
CDC MMD

Konan’s SMC-100 is versatile, fast, cost efficient. It’s the
disk controlier that brings 8-100 bus micro computers
together with large capacity hard disk drives.

Versatile

Intertaces S-100 bus micro
computerswith all fixed or removable
media disk drives with storage
module (SMD) interfaces. Each
Konan SMC-100 will control up to 4
drives ranging from 8 to 600
megabytes per drive, including most
“Winchester' type drives. Up to 2400
megabytes of hard disk per
controller! And you can take your
pick of hard disk drives: Kennedy,
Control Data, Fujitsu, Calcomp,
Microdata, Memorex, and Ampex, for
example.

Fast

SMC- 100 transfers data at fast, 6 to
10 megahertz rates, with full onboard
sector buffering and sector
interleaving, and a DMA that’s faster
than other popular S- 100 DMA
controllers.

Cost efficient

SMC-100is priced right to keep your
micro computer system micro-priced.
It takes advantage of low-cost-per-
megabyte disk drive technology to
make the typical cost less than $80
per megabyte.
The OEM/Dealer single quantity price
is only $1650, with driver ROM option.
Excellent quantity discounts are
available.

SMC- 100 avallabliity:

Off the shelf to 30 days in small
quantities. (Complete subsystems
are on hand for immediated delivery.)

Konan has the'answers. Talk to them
today. Call direct on Konan's order
number: 602-269-2649. Or write to
Konan Corporation, 1448 N. 27th
Avenue, Phoenix, Arizona 850009.

1448 N. 27th Avenue * Phoenix, Arizona 85009 e 602-269-2649
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great plans, etc. . . . But each time |
think about “taking data” on these
phenomena, | realize the strong possibi-
lity that such data would be biased by
my expecting that cycles do exist. We
know how powerful our subconcious
minds are. | feel my subconcious mind is
easily capable of keeping track of days
and thus creating (or at least influencing)
the very cyclical data I am searching for.
If this is the case, perhaps the data
gathering would only be valid for some-
one who had never heard of biorhythms.
Or, maybe the human-behavior guys
can figure a way around the bias,
Anyway, thanks for a good magazine.

Sid G Knox
4621 South G St
Oxnard CA 93030

Correspondence Regarding ''Curve
Fitting with Your Microcomputer™

“Curve Fitting with Your Microcom-
puter” (October 1979 BYTE, page 150)
has resulted in interesting mail cor-
respondence, some of which has enough
general value to merit discussion in
BYTE.

Several readers have requested infor-
mation on reference books which relate
to least-squares curve fitting in more
than one dimension. [ have yet to find a
book which has a good, balanced discus-
sion on this subject. Perhaps a reader
has. One useful book is Applied Regres-
sion Analysis, by Norman Draper and
Harry Smith (John Wiley and Sons,
1966). Another more detailed and com-
plicated discussion appears in Computa-
tional Geometry for Design and
Manufacture, by 1 D Faux and M ] Pratt
(John Wiley and Sons, 1979).

Dr Titus (of Tychon) has informed me
of a convolution technique for least-
squares smoothing of equally spaced
data. The mechanics of the method are
very similar to those involved in non-
recursive digital filters, and reminiscent
of Akima's approximation to the cubic
spline fit. The reference Dr Titus sup-
plied was “Smoothing and Differentia-
tion of Data by Simplified Least-Squares
Procedures,” by A Savitsky and M J E
Golay (Analytical Chemistry, volume
36, number 8, July 1964).

As a final note, it has been noted that
program line 800 in listing 1 has an error
in it. The correct statement is S =
S/(1-3), instead of S = S/(I-1). This
does not affect the curve fit or relative
comparisons, but influences the printed
value of the standard deviation by
several percent.

F R Ruckdeschel
Xerox Corp

Xerox Square
Rochester NY 146448



Apple letsyouget
personal with Pasc:

There’s only one logical way to find out what high level, general-purpose language has to offer,
a person wants in a personal computer. you’ll see why that’s very good news indeed.

Ask the person who'll be using one.

At Apple, we've been very successful at
identifying just what people look for in com-
puters. And then providing them with it.

In spades.

For serious enthusiasts, this means
making available sophisticated innovations
that are often conspicuously absent from
other personal computers.

When you've got it, flaunt it.

If you'd like to let the world know
who speaks Pascal, here’s how:
Follow the dotted line and cut out
the transfer image above.
Preheat iron (dry-wool setting) for
3 minutes. Slip garment on ironing board
over scrap material. Remove wrinkles.
Position transfer face down and pin edges
to ironing board cover. Iron transfer slowly

Like Pas,cal' for one minute. If paper browns, iron is
Apple Il is one of the few personal com- too hot. Let transfer cool for one minute, then unpin and
puters that has it. And when you turn this page slowly pull transfer straight up. Results are best when

and feast your eyes on the many advantages this t-shirt is at least 50% polyester.



Pascal by the package.

Our high-level, full feature Language System
consists of a plug-in 16K RAM language card, five
diskettes containing Pascal as well as Integer
BASIC and Applesoft extended BASIC, plus
seven manuals documenting the three
languages.

The beauty of this Language
System is that it speeds up
execution and helps cut unwieldy
software development jobs down
to size. Also, because the languages
are on diskette, loaded into
RAM, you can quickly and
economically take advan-
tage of upgrades and
new languages as
they're introduced. ‘

Apple’s Pascal
language takes
full advantage of
Apple high reso-
lution and color
graphics, analog input
and sound generation
capabilities. It turns
the Apple into the
lowest priced, high-
est powered Pascal
system on the market.
With Pascal, programs
can be written, debugged
and executed in just one-third
the time required for equivalent BASIC
programs. With just one-third the memory.

On top of that, Pascal is easy to understand,
elegant and able to handle advanced applications.
It allows one programmer to pick up where
another left off with minimal chance of foul up.

Because Apple uses UCSD Pascal,™ you
get a complete software system: Editor, Assem-
bler, Compiler, and File Handler. And because we
adhere to the standard, your programs run on any
UCSD Pascal system with minimum conversion.
Which is really something an enthusiast can
get enthusiastic about.

To be more specific.

The Apple IT’s specs are tempting enough
without the Language System and Pascal. With
them, they’re downright irresistible.

The text screen, a 24x40-line window, can
display an entire 80-column Pascal line, thanks
to Apple’s unique horizontal scrolling feature.

Characters are normal, inverse or flashing,
5x7, upper case. Full cursor control is standard.

Since Pascal runs on an Apple computer
with 48K bytes of on-board RAM, the additional
16K bytes on the language card bring the total
to a full 64K bytes.

And, Pascal runs on the new Apple II Plus. It
features an Auto-Start ROM that boots the Disk II
at power-on for turn-key operation. Applesoft

extended BASIC is resident in ROM.

Standard color graphics (in the BASIC
environment) offer 40h x 48v resolution, or
40h x 40v with 4 lines text, in fifteen colors.

Black/white high resolution, bit-mapped
graphics display 8K bytes of memory as a
280h x 192v image (140h x 192v in six colors).
Fully buffered

peripheral
connectors
provide
access to all
system buses,
for complete
interface
freedom.
And finally,
since it weighs a

mere 11 lbs. and has its own travel case,
as an option, not only is it easy to get carried

away with an Apple, it’s easy to carry one away.

We’ve got your numbers.

800-538-9696. (In California, 800-662-9238.)
Or write us at 10260 Bandley Drive, Cupertino,
California 95014. When you contact us, we’ll give
you the name, address and telephone number
of the Apple computer dealer nearest you.

If you’d like more information on the advan-
tages of owning an Apple personal computer, he
can fill you in. Personally.

Sl
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Ease into 16-Bit Computing:

Get 16-Bit Performance from an 8-Bit Computer

Stopping for coffee at the local
doughnut shop has become a morn-
ing ritual. I am quite capable of mak-
ing coffee at home, but I am not what
you would call a “morning person.”
Even though I have culinary talents
that include the preparation of eggs
Benedict and strawberry crepes, it
had better be evening when you re-
quest them around our house.

This morning started out like any
other. I pulled my car into the
doughnut shop’s parking lot only
after carefully examining all the
potential hazards. I carefully avoided
the broken glass, the beat-up 1962
Chevy and the large black van with a
“Tax the Rich!” bumper sticker.

After entering the shop, I sat down
and spread my reading material, the
latest issue of BYTE, on the counter.
As my coffee and bran muffin were
delivered, I could not help but
overhear the conversation of two
other people at the counter.

"Dave, have you been reading any
of the magazines lately? It looks like
everyone is going 16-bit crazy.”

“I've read a lot of descriptive
articles, but I suppose it’ll take a
while before we see any real hard-
ware.”

“Actually, I'm a little hesitant to
just jump on the bandwagon. My
8085 works just fine.”

“] know what you mean, Ed. The
Z80 system I built from scratch is still

Steve Ciarcia
POB 582
Glastonbury CT 06033

cranking along. I'd like to do
something with the 16-bit chips, but |
sure don't want to throw out my 8-bit
system.”

“What about building a small
system to experiment with? Didn't I
see an article a few months ago on a
single-board 80867"

“Yeah, I remember. It was in
BYTE. Wasn't it written by that guy
who lives around here someplace, in
his cellar or something?”

Upon hearing that last statement, |
nearly choked on my muffin. I
thought it would be prudent to
remain anonymous until I learned
whether or not they enjoyed the arti-
cle. I carefully closed the magazine
and placed it face down on the
counter.

One way to ease
yourself into the world of
16-bit computers is with
the Intel 8088. This micro-
processor is an 8086 on the
inside with an 8-bit data
bus on the outside.

“Maybe, but anyway, the article
wasn’t too bad,” said Ed. I'm sure
they didn’t hear the sign of relief from
across the counter. Then he con-
tinued, “But it just seemed like a

larger computer than I have time to
build. It's obviously oriented toward
guys who don't have any other
development system. I'd prefer a
minimal hardware configuration to
start with. If I want large programs,
I'll run a macroassembler on my 8085
system, write the object code into an
EPROM, and then plug it into the test
board.”

“Eliminating all the keys and
displays will help, but how small a
computer can we end up with and still
be 16-bit? You'll need 16-bit address
and data buses, and what’s 1 K words
of memory—four chips? All the
EPROMs I know are 8-bit output.
That means at least two of them.”

“Wait a minute,” said Ed. “I didn't
say I had all the answers. The
minimal configuration may be twenty
chips, but isn't this closer to
something we could afford to experi-
ment with?”

This was the perfect opportunity to
express my point of view concerning
the things that I write and consult
about. “Excuse me,” [ said. “I
couldn’t help but overhear your con-
versation. Had you considered using
an 80881”

The two young men looked up at
me, paused, and harmonized, “An 80
what?”

“I know a little about micro-
processors. Have you considered
using an Intel 80887

March 1980 © BYTE Publications Inc 17



"Is it 16-bit7” asked Dave.

“Well, yes and no,” I replied. “It
uses an 8-bit data bus, but, internally
it'’s an 8086. Essentially it's an 8-bit
chip that’s completely 8086-software-
compatible.”

Should they listen to this doughnut
and coffee philosopher? “That sounds
tremendous, but won't it still require
quite a few chips to make an opera-
tional computer?”

I sensed that this was a good time
for my exit. Staying any longer
would involve my designing a com-
puter for them on the back of a
napkin. Ordinarily I probably would
have stayed, but I had just completed
a similar task in my latest article, so I
decided to let them wait a few more
weeks. | rose to leave, carefully roll-
ing up the copy of BYTE, cover page
inside, and stopped behind them on
my way out. “My recollection is that
while four chips is a possibility, a
five-chip computer is quite a reality.
I've even seen how a BASIC inter-
preter could be written to run on it. In
case you're interested, the next issue
of BYTE has an article all about it.”

I excused myself to attend an

important meeting. As I opened the
door I heard, “Thanks, Ill look for-
ward to reading it.” They watched me
intently as I drove out. I could only
speculate on their final conversation.

The 16-Bit Generation

The exciting items in microcom-
puting these days are the 16-bit
microprocessors made by companies
such as Intel (the 8086), Zilog (the
Z8000) and Motorola (the M68000).
All of these devices, although they
differ in internal architectures, com-
monly claim to have compressed the
power of a minicomputer within a
single chip of silicon. Most notably
are the 16-bit data bus and increased
addressing space. A 20-bit address
can directly address a megabyte of
memory.

There seems to be little doubt in the
minds of microcomputer-system
designers that the 16-bit processors
are the wave of the future. Already
some major manufacturers are
designing the new processors into
intelligent terminals, word-processing
systems, and other equipment. The
day when this revolution within a

NEW
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revolution will affect the personal
and small-business computer market-
place is not too far away.

But if it is obvious that the 16-bit
machines will be the trend of future
product technology, it is equally
obvious that it is relatively difficult
for the designer to make a leap from
the 8-bit world of the 8080, Z80, 6800
and 6502 to the emerging 16-bit
world. The 16-bit instruction sets are
more complex. The 8086, for
instance, has a repertoire of some 133
instructions, as compared to seventy-
eight for the 8080. Simply because of
the larger range of memory that can
be addressed and because of address
segmentation, addressing of memory
is more advanced. Also, the register
set is more complicated, and the types
of operands with which the processor
can work are more extensive,

As complex as the 8086 or any
other 16-bit microprocessor is from a
software viewpoint, it is in the design
of hardware circuits to work with the
16-bit processors where the real
complexities arise. Peripheral inter-
faces and existing hardware systems
are generally based on an 8-bit data
bus. When your whole design is built
to make efficient use of an 8-bit data
bus, converting to a 16-bit architec-
ture is not a simple matter of replac-
ing the processor. This incompatibil-
ity dictates substantial design changes
to take advantage of the new 16-bit
microprocessor.

A Gradual Approach to 16-Bit
Computing

There is an alternative to con-
verting abruptly to 16-bit architec-
ture. Look at photo 1 and observe the
Intel 8088 microprocessor. This
device uses an 8-bit data bus, so all of
your present hardware system com-
ponents will work with it from the
standpoint of getting information be-
tween the processor and the
peripheral-support devices or
memory, but the 8088 features a com-
mon internal architecture and com-
plete software compatibility with the
16-bit 8086 processor.

As a result, the 8088 provides an
excellent way for designers,
engineers, hobbyists, and students to
ease into the world of 16-bit com-
puting. Its 8-bit-compatible bus struc-
ture makes it the logical choice for
upgrading 6800, 6502, Z80 and 8080
designs to 16-bit capability without
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Photo 1: An exhibit of advancing
microprocessor technology. Here are four
integrated circuits produced by Intel Cor-
poration. From bottom to top, we have
the 8008, the first 8-bit general-purpose
microprocessor; the 8080A, one of the
breed of 8-bit devices that helped ignite
the microcomputing boom; the 8086, the
advanced 16-bit processor; and the 8088,
the subject of this article—a component
that contains 16-bit computing capability
in a package that can communicate with
the outside world through an 8-bit data
bus.

alteration of existing 8-bit hardware.

The 8088 can be used in projects
such as a low-cost system that
employs multiplexed peripherals such
as the 8155, 8755A and 8185. Or, fully
expanded, it forms a system that
allows a full megabyte of address
space and compatibility with the 8086
family of coprocessors and multi-
Processors.

This two-part article is designed to
give you a glimpse of the 8088. This
month in Part 1, I shall attempt to
familiarize you with the instruction
set of the 8088 and the hardware of a
microcomputer that is made from an
8088 and only four other integrated
circuits. The power of this five-chip
circuit will be emphasized by illus-
trating, among other examples, how
it can be configured to support a
multi-user Tiny BASIC.

Architecture of the 8088

Anyone comparing the internal
architectures of the 8088 and the 8086
processors will realize that they are

20 March 1980 © BYTE Publications Inc

Photo 2: An exhibit of advancing memory technology. The single black integrated cir-
cuit at the center can replace the entire board of components. The center component is
the Intel 8185 1 K-byte static programmable memory. The board is a 1 K-byte memory
board from a Scelbi 8B microcomputer system, which used the 8008 microprocessor

(circa 1975).
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Photo 3: Using the 8088 and other components of kindred technology, it is possible to
build a functional microcomputer system with only five integrated circuits. Part 2 of
this article (in the April 1980 BYTE) will present more detailed information about this

system.

identical. Even though I have pre-
viously discussed the 8086, a brief
explanation of this architecture is
necessary since the capabilities of our
five-chip computer depend directly
upon it. However, if you wish to read
a more detailed description, you
should refer to a previous Circuit

Cellar article, “The Intel 8086"
(November 1979 BYTE, page 14).

A diagram of the internal structure
of the 8088 is shown in figure 1. The
8088 contains two logical “units”, the
bus-interface unit (BIU) and the exe-
cution unit (EU), and a 4-byte
instruction queue.

Circle 10 on inquiry card. e



COMPARE SMARTS.

Feature-for-feature our smart CRT
terminals cost less than their dumb
ones. Much less. Compare smarts.
Then compare price. You’ll pick

Reverse video | elcVIdef).
Blinking/ blank fields Four dxtf'ert;nt models to choose
from. Each with features you’d ex-

! - Up};zélz’?:: pect to pay extrafor. But with Tele-
trive : *  Video, they’re standard. 2 Pl
PRI & TRArTTR LT — , : at ) RS
S 1151150 ee— : i Protec‘!bdﬁﬁtd@r_ We put a lot ofengmegrmg»sawy £ ‘_é

—— ot Nan-gW" getepn. m;o our CRTs. Their modular desigh
e 0 I ey ——— Underlining cang high reliability. It also lets us
w1920 °3° 19435,00 949,00 " .
VEITEE RLRs : 12 X 10.char. res. huild in high volume. And sell to you- 2ok
e b i nmfmtediting keys atlow prices. o
. Blinking cursor  Find out how you can make your ;O
Typewriter/TTY next CRT buy a smart one. Contact -
keyboards TeleVideo today for information.

Numeric pad  nqtionwide Field Service is available
¢ 9 Bf’“d rates  fom General Electric Co., Instrumen-
(75-9600 Baud) 4,105 and Cormnmunication Equip-

* Self'test  pent Service shops.
* Auxiliary port

TeleVideo

’DeleVldco, Inc., 3190 Coronado Dr.
Santa Clara, California 95051
Phone (408) 727-5428




( MEMORY INTERFACE )

T | | — N D G Sm— D s G S M S G N —" A G S t— " —— ——S——
| sus- |
| INTERFACE |
| omIT 1
| INSTRUCTION |
| STREAM l
i 8-BUS BYTE 1
( QUEUE

I |
| s R ety e e ) 4
| 55 | =
| I CONTROL

| [ | SYSTEM :
—————e J

| execurion |
| wwir |
| |
|

= ARITHMETIC/

| = = LOGIC UNIT

1 P i

| &P ¥

I 50 OPERANDS

I o FLAGS

e e e e e e e e e e e e e e e e e e e e e e o

Figure 1: Diagram showing internal operational principles of the 8088 microprocessor.
The 8088 (and the 8086) use a pipelined architecture that increases performance by
overlapping instruction execution with memory-fetch operations. The 8088 can directly

execute any 8086 software.

8088 REGISTER MODEL: (8080 REGISTERS SHADED)

7 07 0
AX (A)
BX (HL)
cx (BC)
DX (DE}
15 0
{ sP (SP)
B8P
)
oY)
15 0
—{ (PC)
ofo|t]T (PSW)
15 0
cs
DS
sS
ES

Figure 2: The 8088 contains fourteen 16-bit registers. The shaded registers are those

common to the 8088 and the 8080.
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DATA

STACK POINTER
BASE POINTER
SOURCE INDEX
DESTINATION INDEX

INSTRUCTION POINTER
STATUS FLAGS
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STACK SEGMENT
EXTRA SEGMENT

The execution unit is where the
actual processing of data takes place
inside the 8088. It is here that the
familiar arithmetic logic unit (ALU) is
located, along with the registers used
to manipulate data, store inter-
mediate results, and keep track of the
stack. The execution unit accepts
instructions that have been fetched by
the bus-interface unit, processes the
instructions, and returns operand
addresses to the bus-interface unit.
The EU also receives memory oper-
ands through the bus-interface unit,
processes the operands, and then
passes them back to the bus-interface
unit for storage in memory.

The role of the bus-interface unit is
to maximize bus-bandwidth utiliza-
tion, (that is, to speed things up by
making sure that the bus is used to its
full capacity). The bus-interface unit
carries out this assignment in two
basic ways:

® by fetching instructions before
they are needed by the execution
unit, storing them in the instruc-
tion queue

@ by taking care of all operand fetch
and store operations, address
relocation, and bus control (These
actions of the bus-interface unit
leave the execution unit free to
concentrate on processing data and
carrying out instructions.)

Figure 2 summarizes the 8088 regis-
ter set. The shaded registers are the
8080 register subset, that is, the
registers that are common to the 8088
and its 8-bit predecessors.

The general registers, also called
the HL group because they can be
subdivided into High and Low bytes,
include the accumulator (AX), base
(BX), count (CX) and data (DX)
registers. The AX register may be
addressed as a 16-bit register, AX, or
the high-order byte can be addressed
as the register AH and the low-order
byte as AL. The same holds true of
the other three general registers (BX,
CX, and DX).

Another group of registers is the
pointer and index (or P and ) group.
This set contains the stack pointer
(SP), base pointer (BP), source index
(SI), and destination index (DI)
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Figure 3: Memory organization. The 8088 uses a memory-segmentation technique to ad-
dress up to 1,048,576 bytes (1 M byte) of memory. The user can use attributes of the
memory-addressing system to dynamically relocate a program anywhere within the en-

tire address space.

registers. Generally speaking, these
registers hold offset addresses used
for addressing within a segment of
memory. They can also participate,
along with the general register group,
in arithmetic and logical operations
of the 8088.

The 8088 uses memory segmenta-
tion to address this large memory
space efficiently. At any one time, the
8088 can deal with memory as a set of
four 64 K-byte segments. The total
memory is organized as a linear array
of 1,048,576 bytes, addressed as
hexadecimal 00000 to hexadecimal
FFFFF. The 8088 creates a 20-bit
address by combining a 16-bit offset
and a segment boundary value stored
in one of the segment registers. Figure
3 demonstrates how this works.

Each of the 16-bit-segment regis-
ters, the code segment (CS) register,
the stack segment (SS) register, the
data segment (DS) register, and the
extra data segment (ES) register, con-
tains a value that is added to a 16-bit
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offset address, forming a 20-bit ad-
dress. The memory is thus divided
into a maximum of four 64 K-byte
segments that are active at any single
time. The code segment of memory is
where instructions are stored, the
stack segment of memory is where the
pushdown stack is located, the data
segment is where data to be operated
on is found in memory, and the extra
segment is an additionzi 64 K-byte
data area.

When fetching an instruction from
memory, the location accessed is
given by a 20-bit address that is the
sum of two numbers. The first
number is the value of the 16-bit
instruction pointer. The second
number is a 20-bit value that is the
16-bit code-segment register with four
low-order zero bits appended. This
forms the 20-bit address required to
specify any location in the megabyte-
sized address space.

In the case of a memory-reference
operation for a transfer of data, the

absolute memory address referenced
by a given memory-access instruction
is calculated by adding the given
16-bit address to the base address.
The base address is given by the con-
tents of the data-segment or extra-
segment register and is followed by
four low-order zero bits.

In the case of a stack operation, the
memory location referenced is simi-
larly offset from the value contained
in the stack-segment register.

The 8088 has both relative and
absolute branch instructions. When
all branch instructions within a given
segment of memory are specified in
relation to the instruction pointer and
the program segment does not modify
the value of the code-segment regis-
ter, the program segment can be
relocated dynamically anywhere
within the megabyte address space. A
program is relocated in the 8088
simply by moving the code, updating
the value of the code-segment
register, and resuming execution.

Small System Applications

The 8088 can be used in a broad
range of applications, from systems
requiring use of a minimum number
of components to systems requiring
maximum performance. The compo-
nent-count-sensitive applications in-
clude point-of-sale terminals and sim-
ple controllers, which require that
system cost be kept low, but need
substantial processing power. A big
reason for this design flexibility is the
ability of the 8088 to operate in a
minimum-hardware mode.

The minimum-mode, multiplexed
configuration, as shown in figure 4, is
an effective way of building a power-
ful system around the 8088, while
using the smallest number of parts.
The processor is connected in the
minimum mode by wiring its Mn/Mx
pin in the high-logic state (at V.
potential). The multiplexed bus is
directly compatible with the Intel
8085A-family peripheral components
(8155, 8355, 8755A, and the new
8185).

A four-chip system can be designed
using the following components: an
8088 microprocessor; an 8284 clock
generator; an 8155 memory, input/
output (I/O), and timer device; and
an 8755A EPROM and [/Q device. A
fifth component, the 8185, is a simple
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