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CT -64 TERMINAL SYSTEM 

" 64 OR 32 CHARACTERS PER LINE 
* UPPER AND lower case LETTERS 
* FULL 8 BIT MEMORY 
* 128 CHARACTER ASCII SET 
* 110/220 Volt 50 -60 Hz POWER SUPPLY 

" SCROLLING OR PAGE MODE OPERATION 
* CONTROL CHARACTER DECODING -32 COMBINATION 
* PRINTS CONTROL CHARACTERS 
* USABLE WITH ANY 8 BIT ASCII COMPUTER 
* REVERSED BACKGROUND - HIGHLIGHTING 

COMPLETE WITH - Chassis and cover, cursor control, 110 -1200 Baud serial interface and keyboard. Optional 
monitor show in photo available. 

Now you can buy it. The terminal that has all the fea- 

tures that people have been asking us to include. The 
CT -64 has all the functions that you could want in a 

terminal and they may be operated by either switches, 
or through a software program. 

All cursor movements, home -up and erase, erase to end 
of line, erase to end of frame, read on, read off, cursor 
on, cursor off, screen reversal, scroll, no scroll, solid 
cursor, blinking cursor, page selection and a beeper to 
warn you of end of page; all are provided for your use in 

the CT -64. 

219 W. Rhapsody 

San Antonio, Texas 78216 

Circle 29 on inquiry card. 
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You may also switch from upper case only teletype style 
operation to upper -lower case typewriter style operation. 
You can reverse the field on individual words to high- 
light them, or you can reverse the whole screen. 

CT -64 is complete with keyboard, power supply serial 
interface and case. A matching 9 inch monitor with 
coordinated covers is also available to make a complete 
system. 

CT -64 Terminal Kit $325.00 

MM -1 Monitor (assembled) $175.00 

You are right, it's just what I have been asking for. 

Enclose is $325.00 for the CT -64 

Send the MM -1 monitor too. Send Data 

or BAC 
or MC Ex Date 

NAME 

ADDRESS 

CITY STATE ZIP 

Southwest Technical Products Corp. 
219 W. Rhapsody, San Antonio, Texas 78216 



Meet the most powerful 
µC system available for dedicated work. 

Yet it's only $595: 
Here's the muscle you've been telling us you wanted: 

a powerful Cromemco microcomputer in a style and price 
range ideal for your dedicated computer jobs -ideal for 
industrial, business, instrumentation and similar applica- 
tions. 

It's the new Cromemco Z -2 Computer System. Here's 
some of what you get in the Z -2 for only $595: 

The industry's fastest µP board (Cromemco's highly 
regarded 4 MHz, 250 -nanosecond cycle time board). 
The power and convenience of the well -known Z -80 
ALP. 

A power supply you won't believe ( +8V @ 30A, 
+18V and -18V @ 15A - ample power for addi- 
tional peripherals such as floppy disk drives). 
A full -length shielded motherboard with 21 card slots. 
Power -on -jump circuitry to begin automatic program 
execution when power is turned on. 
S -100 bus. 
Standard rack -mount style construction. 
All -metal chassis and dust case. 
110- or 220 -volt operation. 

DEDICATED APPLICATIONS 
The new Z -2 is specifically designed as a powerful but 

economical dedicated computer for systems work. Notice 
that the front panel is entirely free of controls or switches 
of any kind. That makes the Z -2 vir- 
tually tamper -proof. No accidental 
program changes or surprise mem- 
ory erasures. 

FASTEST, MOST 
POWERFUL 1,C 

Cromemco's microcom- 
puters are the fastest and 
most powerful available. 
They use the Z -80 mi- 
croprocessor which is 

Shown with 
optional bench 

cabinet 

widely regarded as the standard of the future. So you're 
in the technical fore with the Z -2. 

BROAD SOFTWARE /PERIPHERALS SUPPORT 
Since the Z -2 uses the Z -80, your present 8080 soft- 

ware can be used with the Z -2. Also, Cromemco offers 
broad software support including a monitor, assembler, 
and a BASIC interpreter. 

The Z -2 uses the S -100 bus which is supported by the 
peripherals of dozens of manufacturers. Naturally, all 
Cromemco peripherals such as our 7- channel A/D and 
D/A converter, our well -known BYTESAVER with its 
built -in PROM programmer, our color graphics interface, 
etc., will also plug into the S -100 bus. 

LOW, LOW PRICE 
You'll be impressed with the Z -2's low price, technical 

excellence and quality. So see it right away at your 
computer store -or order directly from the factory. 

Z -2 COMPUTER SYSTEM KIT (MODEL Z -2K) (includes 
4 MHz µP card, full -length 21- card -slot motherboard, 
power supply, one card socket and card -guide set, and 
front panel; for rack mounting) $595. 

Z -2 COMPUTER SYSTEM ASSEMBLED (MODEL Z -2W) 
(includes the above as well as all 21 sockets and card 
guides and a cooling fan; for rack mounting ) $995. 

Z-2 
(1.11/iputri6stenL , 
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TV DAZZLER 
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To make 
your computer 
more useful- 

a wide choice of 
memory, I/O, CPU 

Your computer's usefulness de- 
pends on the capability of its CPU, 
memories, and I/O interfaces, right? 

So here's a broad line of truly 
useful computer products that lets 
you do interesting things with your 
Cromemco Z -1 and Z -2 computers. 
And with your S- 100 -compatible Al- 
tairs and IMSAIs, too. 

CPU 
Z -80 MICROPROCESSOR CARD. 

The most advanced µP card avail- 
able. Forms the heart of our Z -1 
and Z -2 systems. Also a direct re- 
placement for Altair / IMSAI CPUs. 
Has 4 -MHz clock rate and the power 
of the Z -80 p.P chip. Kit (Model ZPU- 
K): $295. Assembled (Model ZPU- 
W): $395. 

MEMORIES 
16K RAM. The fastest available. 

Also has bank -select feature. Kit 
(Model 16KZ -K): $495. Assembled 
(Model 16KZ -W): $795. 

4K RAM. Bank -select allows ex- 
pansion to 8 banks of 64K bytes 
each. Kit (Model 4KZ -K): $195. As- 
sembled (Model 4KZ -W): $295. 

THE BYTESAVER - an 8K capa- 
city PROM card with integral pro- 

grammer. Uses high -speed 2708 eras- 
able PROMs. A must for all com- 
puters. Will load 8K BASIC into RAM 
in less than a second. Kit (Model 
BSK -0): $145. Assembled (Model 
BSW -0): $245. 

16K CAPACITY PROM CARD. Ca- 
pacity for up to 16K of high -speed 
2708 erasable PROM. Kit (Model 
16KPR -K): $145. Assembled (Model 
16KPR -W): $245. 

I/O INTERFACES 
FAST 7- CHANNEL DIGITAL - 

ANALOG I /O. Extremely useful 
board with 7 A/D channels and 7 

D/A channels. Also one 8 -bit par- 
allel I/O channel. Kit (Model D + 
7A -K): $145. Assembled (Model D 
+ 7A -W): $245. 

TV DAZZLER. Color graphics in- 
terface. Lets you use color TV as full - 
color graphics terminal. Kit (Model 
CGI -K): $215. Assembled (Model 
CGI -W): $350. 

DIGITAL INTERFACE (OUR NEW 
TU -ART). Interfaces with teletype, 
CRT terminals, line printers, etc. Has 
not one but two serial I/O ports and 
two 8 -bit parallel I/O ports as well 
as 10 on -board interval timers. Kit 

Cromemco 

(Model TRT -K): $195. Assembled 
(Model TRT -W): $295. 

JOYSTICK. A console that lets 
you input physical position data with 
above Model D + 7 A/D card. For 
games, process control, etc. Con- 
tains speaker for sound effects. Kit 
(Model JS -1 -K): $65. Assembled 
(Model JS -1 -W): $95. 

PROFESSIONAL QUALITY 
You get first -class quality with 

Cromemco. 
Here are actual quotes from ar- 

ticles by independent experts: "The 
Cromemco boards are absolutely 
beautiful" . . . "The BYTESAVER is 
tremendous" . . . "Construction of 
Cromemco I/O and joystick are out- 
standing" . . . "Cromemco periph- 
erals ran with no trouble whatso- 
ever." 

Everyone agrees. Cromemco is 
tops. 

STORES /MAIL 
So count on Cromemco. Look 

into these Cromemco products at 
your store. Or order by mail from 
the factory. 

We wish you pleasure and suc- 
cess with your computer. 

i in c or p or at e d 

Specialists in computers and peripherals 
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 (415) 964 -7400 

Circle 41 on inquiry card. 
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ó In This 

Some uses of a microprocessor 
involve the connection to the outside 
world through an analog interface. 
When fooling around with such pro- 
jects from music generation to robotic 
control, however, it quickly becomes 
necessary to have a large number of 
inexpensive real world interfaces. To 
help point you in the right directions 
Douglas R Kraul supplied an article 
on Designing Multichannel Analog 
Interfaces. 

In the past, readers have seen some 
interest expressed in the concepts of 
robotics, the use of small computers as 

the brains of mobile automated 
mechanisms. Robots have long been 

fancied in science fiction literature and 

cinema, but only rarely have people 
taken any practical steps towards a 

"real" robot as opposed to paper 
romanticisms or stage dummies. One 
of those rare cases is that provided by 

Ralph Hollis and his associate Dennis 
Toms, both of whom are physicists at 

the University of Colorado, Duane 
Physical Laboratory, Boulder CO. 

Ralph has been pursuing the design of 
practical robots as an avocation since 

1957, and lately has progressed to the 
point of a working mobile computer 
system called Newt, whose picture 
provides the theme of this month's 
cover. Turn to Ralph's article, Newt: 
A Mobile, Cognitive Robot for essen- 

tial background information on con- 
temporary robot design philosophies. 

page 46 

IIi 
Hard copy is a most useful output, 

but it tends to be somewhat expensive. 
Dan Fylstra shows one very attractive 
option in his article on Interfacing the 
IBM Selectric Keyboard Printer. Dan 

purchased a used print mechanism late 
in 1976, and since then has success- 

fully interfaced the device to his 

KIM -1 system. Readers interested in 

using these printers (which are avail- 
able in significant numbers on surplus 
markets) will find Dan's article an 

essential guide to the art. 

How can hardware be used to 
accomplish the details of Interfacing 
With an Analog World? Turn to author 
Joseph Carr's second part of a two 
part series to find out some of the 
details of basic conversion circuits 
which use the outputs of sensors and 
preamplifiers discussed in last month's 
article. 

Much of the software that is avail- 
able on the market today is available 
on paper tape so as to be easily read 

into your microprocessor. The prob- 
lem is that most common paper tape 

readers are so slow that it seems to 
take forever to read a large program 
into memory. In the article Come Fly 
With KIM, Rick Simpson introduces us 

to a solution to this speed problem: 
the Fly Reader, which he uses with 
MOS Technology's KIM -1. 
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Now that you've got the hardware 
built, how do you run it? Ken Welles 
answers this question in Software for 
the Economy Floppy Disk. His pre- 
vious article (February 1977 BYTE, 
page 34) described how to construct 
an inexpensive floppy disk with min- 
imal hardware. This month he provides 
a series of subroutines to run it, which 
could easily be expanded into a corn - 
plete floppy disk operating system. 

Last month in the first part of his 
article Artificial Intelligence, An Evo- 
lutionary Idea, Michael Wimble intro- 
duced us to the use of a simulated 
evolution technique by which it was 

possible for a program to alter itself 
and reshape its responses as a direct 
result of an outside stimulus. This 
month in Part 2: Implementation, Mr 
Wimble details how the computer ex- 
perimenter can implement this type of 
program on any small computer 
system. 

To many people the concept of 
assembly language is that of the funda- 
mental language of the computer next 
to machine language. However, each 

particular assembly language command 
must be broken down into a series of 
simpler command sequences. These 

commands are known as microinstruc- 
tions. In his article, An Introduction 
to Microprogramming, S M Quek de- 

scribes how the concept of micro- 
instructions is a great benefit to the 
user of a computer, allowing the easy 

change of basic instructions. 

In previous issues Michael McNatt 
has shown us the availability of 
Baudot teleprinters and the ways in 

which they can be interfaced with 
your microprocessor. In his concluding 
article, A Guide to Baudot Machines: 
Part 3, A Teleprinter Test Circuit, he 

describes a test circuit that can be used 

for generating Baudot characters for 
alignment and adjustment purposes. 



POWER. 

IMSAI Introduces the Megabyte Micro: 
The Megabyte Memory 
Until today, the largest memory you could 
fit and address in a single microcomputer 
CPU was 65K. 

Now, IMSAI presents an incredible 
memory system for micros 16 times more 
powerful than yesterday's best. 

Imagine, a full megabyte of power from 
sixteen 65K RAM boards. 

And, to control all this, the IMSAI 
Intelligent Memory Manager (IMM), the 
super control board. 

You can write protect blocks through- 
out the full megabyte. Or, map in 16K blocks. 

Plus. preset 16 mapping configurations 
with protect for high speed transfer or rapid 
change. 

All interrupts are fully vectored, and 
there's an interrupt if an attempt is made to 
write into protected memory. 

There's even a real "time of day" clock. 

65K, 32K and 16K RAM 
Boards 
Until today, the most memory you could 
plug into a single slot was 16K. 

Now. IMSAI presents memory boards 
in astonishing multiples of sixteen: 65K, 
32K and 16K low power, dynamic RAM 
Boards. They can be used in any S- l00 bus 
computer individually or in combination 
to form conventional systems up to 65K 
bytes. 

Every board is fast. With "hidden 
refresh" and no "wait state" 

The Complete Megabyte 
Microcomputer System 
The IMSAI Megabyte Micro'M is only part 
of the story. The full system can include 
dual floppy disks, terminals, plotters, 
printers and tape cassettes. 

IMSAI also offers the finest high level 
and peripheral software available. Paper 
tape and Tape Cassette I/O and super Disk 
Operating Systems. Plus, BASIC and Disk 
BASIC with more high level languages 
coming. 

Until today, the microcomputer's 
potential was just something you talked 
about. 

Now, you can put it to work. Powerfully. 
Circle 12 on inquiry card. 

GENTLEMEN: 
I'm power hungry! 

Send 65K RAM Board Kit $2599 Assembled $3899 
Scnd 32K RAM Board Kit $749 Assembled $1099 
Send 16K RAM Board Kit 5449 Assembled $679 
Send IMM ROM Control Kit S299 Assembled 3399 
Send IMM EROM Control Kit $499 Assembled S699 

Send full catalog $1.00 

Check /MO enclosed. Amt. S 

Charge my: BAC M /C 

x Exp. Date. 

Sig 

Send name of my nearest IMSAI dealer 

Name 

Company Title 

Address 

City 

State /Zip 

R 

IMSAI Manufacturing Corporation 
14860 Wicks Blvd. 
San Leandro, CA 94577 
(415) 483-2093 TWX 910 -366 -7287 

or 



Sol Terminal Computer 
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One So 
equals three 
computers. 

To do real work with any computer, big or small, it takes 
a complete system. That's one of the nice things about the 
Sol -20. It was built from the ground -up as the heart of three 
fixed price computer systems with all the peripheral gear and 
software included to get you up and on the air. 

Sol System I costs just 51649 in kit form or S2129 fully 
burned in and tested. Here's what you get: a Sol -20 with the 
SOLOS personality module for stand alone computer power, 
an 8192 word memory, a 12 TV /video monitor, a cassette 
recorder with BASIC software tape and all necessary cables. 

Sol System II has the same equipment plus a larger 



ellos 
II 

N... .. 

capacity 16,384 word memory. It sells for $1883 in kit 
For even more demanding tasks, Sol System 

memory, the video monitor, Helios II Disk Memory 
$4237 in kit form, 55037 fully assembled and tested. 

And remember, though we call these small or p 

form; $2283 fully assembled. 
III features Sol -20 /SOLOS, a 32,768 word 
System and DISK BASIC Diskette. Price, 

The functional beauty of Sol Computer Systems is 

more than skin deep. A look inside reveals a simple elegance 
of design and sturdy construction. 

ersonal computer systems, they have more 
power per dollar than anything ever 
offered. They provide performance com- 
parable with mini -computer systems priced 
thousands of dollars more. 

The Small Computer 
Catalog for the rest of the real 
computer system story. 

Visit your local computer store for 
a copy of our fully illustrated 22 page cata- 
log. Or you may write or call us if more 
convenient. Please address Processor 
Technology, Box B, 6200 Hollis Street, 
Emeryville, CA 94608. (415) 652 -8080. 



See Sol Systems at your dealer 
ARIZONA 

Byte Shop Tempe 
813 N. Scottsdale Rd. 
Tempe, AZ 85281 

Byte Shop Phoenix 
12654 N. 28th Dr. 
Phoenix, AZ 85029 

Byte Shop Tucson 
2612 E. Broadway 
Tucson, AZ 85716 

CALIFORNIA 

Bits 'N Bytes 
679 S. State College Blvd. 
Fullerton, CA 92631 

The Byte Shop 
1514 University Ave. 
Berkeley, CA 94703 

The Byte Shop 
2626 Union Ave. 
Campbell, CA 95124 

Byte Shop Computer Store 
6041 Greenback Lane 
Citrus Heights, CA 95610 

Computer Center 
1913 Harbor Blvd. 
Costa Mesa, CA 92627 

The Byte Shop 
16508 Hawthorne Blvd. 
Lawndale, CA 90260 

The Byte Shop 
1063 El Camino Real 
Mountain View, CA 94040 

The Computer Mart 
624 West Katella #10 
Orange, CA 92667 

The Byte Shop 
2227 El Camino Real 
Palo Alto, CA 94306 

Byte Shop 
496 South Lake Ave. 
Pasadena, CA 91101 

The Computer Store 
of San Francisco 
1093 Mission Street 
San Francisco, CA 94103 

Byte Shop 
321 Pacific Ave. 
San Francisco, CA 94111 

The Computer Room 
124H Blossom Hill Rd. 
San Jose, CA 95123 

The Byte Shop 
509 Francisco Blvd. 
San Rafael, CA 94901 

The Byte Shop 
3400 El Camino Real 
Santa Clara. CA 95051 

The Byte Shop 
2989 North Main St. 
Walnut Creek. CA 94596 

Byte Shop 
14300 Beach Blvd. 
Westminster. CA 92683 

Recreational 
Computer Centers 
1324 South Mary Ave. 
Sunnyvale. CA 94087 

Byte Shop of Tarzana 
18424 Ventura Blvd. 
Tarzana, CA 91356 

Digital -Deli 
80 West El Camino Real 
Mountain View, CA 94040 

COLORADO 
Byte Shop 
2040 30th St. 
Boulder. CO 80301 

FLORIDA 
Byte Shop of Miami 
7825 Bird Road 
Miami. FL 33155 

Microcomputer Systems Inc. 
144 So. Dale Mabry Hwy. 
Tampa. FL 33609 
Sunny Computer Stores 
University Shopping Center 
1238A S. Dixie Hwy. 
Coral Gables. FL 33146 

Delta Electronics 
2000 U.S. Highway441 East 
Leesburg, FL 32748 

GEORGIA 
Atlanta Computer Mart 
5091 -B Buford Hwy. 
Atlanta. GA 30340 

ILLINOIS 
The Numbers Racket 
518 East Green St. 
Champaign. IL 61820 

itty bitty machine co. 
1316 Chicago Ave. 
Evanston. IL 60201 

itty bitty machine co. 
42 West Roosevelt 
Lombard. IL 60148 

INDIANA 
The Data Domain 
406 So. College Ave. 
Bloomington, IN 47401 

The Data Domain 
219 West Columbia 
West Lafayette. IN 47905 

The Data Domain 
7027 N. Michigan Rd. 
Indianapolis. IN 46268 

The Byte Shop 
5947 East 82nd St. 
Indianapolis. IN 46250 

KENTUCKY 

The Data Domain 
3028 Hunsinger Lane 
Louisville. KY 40220 

MICHIGAN 
The Computer Store 
of Ann Arbor 
310 East Washington 
Ann Arbor. MI 48104 

General Computer Store 
2011 Livernois 
Troy. MI 48084 

Computer Mart of Royal Oak 
1800 W. 14 Mile Rd. 
Royal Oak. MI 48073 

NEW JERSEY 
The Computer Mart 
of New Jersey 
501 Route 27 
Iselin. NJ 08830 

Hoboken Computer Works 
No. 20 Hudson Place 
Hoboken. NJ 07030 

NEW YORK 

Audio Design Electronics 
487 Broadway. Sie. 512 
New York. NY 10013 

The Computer Corner 
200 Hamilton Ave. 
White Plains. NY 10601 

The Computer Mart 
of Long Island 
2072 Front Street 
East Meadow. L. I. NY 11554 

The Computer Mart 
of New York 
314 Fifth Ave. 
New York. NY 10001 

Synchro Sound Enterprises 
193 -25 Jamaica Ave. 
Hollis. NY 11423 

The Computer Shoppe 
444 Middle Country Rd. 
Middle Island. NY 11953 

OREGON 

The Real Oregon 
Computer Co. 
205 West 10th Ave. 
Eugene. OR 97401 

Byte Shop Computer Store 
2033 S.W. 4th Ave. 
Portland. OR 97201 

Byte Shop Computer Store 
3482 S.W. Cedar Hills Blvd. 
Beaverton, OR 97005 

OKLAHOMA 

High Technology 
1020 West Wilshire Blvd. 
Oklahoma City, OK 73116 

RHODE ISLAND 
Computer Power, Inc. 
M24 Airport Mall 
1800 Post Rd. 
Warwick, RI 02886 

SOUTH CAROLINA 
Byte Shop 
2018 Green Street 
Columbia, SC 29205 

TENNESSEE 
Microproducts & Systems 
2307 E. Center St. 
Kingsport, TN 37664 

TEXAS 
The Micro Store 
634 So. Central Expressway 
Richardson, TX 75080 

Computertex 
2300 Richmond Ave. 
Houston, TX 77098 

Interactive Computers 
7646 Dashwood Rd. 
Houston, TX 77036 

Byte Shop 
3211 Fondren 
Houston, TX 77063 

WASHINGTON 
Byte Shop Computer Store 
14701 N.E. 20th Ave. 
Bellevue, WA 98007 
The Retail Computer Store 
410 N.E. 72nd 
Seattle, WA 98115 

WASHINGTON, D.C. Area 
Media Reactions Inc. 
11303 South Shore Dr. 
Reston, VA 22090 

WISCONSIN 
The Milwaukee 
Computer Store 
6916 W. North Ave. 
Milwaukee, WI 53213 

CANADA 
The Computer Place 
186 Queen St. West 
Toronto, Ontario M5V 1Z1 

Trintronics 
160 Elgin St. 
Place Bell Canada 
Ottawa, Ontario K2P 2C4 

First Canadian 
Computer Store Ltd. 
44 Eglinton Ave. West 
Toronto, Ontario M4R lAl 
Pacific Computer Store 
4509 -11 Rupert St. 
Vancouver, B.C. V5R 214 

rg hgy 
Processor Technology, 6200B Hollis Street, Emeryville, CA 94608, Phone (415) 652 -8080 

Circle 24 on inquiry card. 



The 

Software 

Dilemma: 
Editorial 

How is it possible to simultaneously make software widely available (and 

low priced), yet reward the producers of good software with adequate 

compensation for their efforts? 

By Carl Helmers 

Conventional wisdom has it that propri- 
etary software must come at extremely high 
prices, commensurate with concentrated 
work on the part of a small number of 
dedicated and thoughtful programmers. 
After all, this wisdom has it, we'll only sell a 

few copies of package X anyway, so why not 
keep a tight lid on it and charge as much as 

possible? 
This conventional wisdom has worked 

well in the past, when the typical computer 
system might cost upwards of $10,000 or 
$100,000. But when the typical computer 
system comes in at a price on the order of 
$1000, paying prices which are of this same 

order of magnitude for software packages is 

not a very likely move on the part of the 
individual purchaser with his or her personal 
budget. 

In the personal computing field we are 

participating in a market phenomenon 
characterized by a change from the situation 
which supports the conventional software 
wisdom, to a new situation which has its 
own characteristics. More and more people 
are getting into the swing of things with 
computer use, and thus more and more 
people have needs which can and should be 

filled by specialized software products. 
Where computers are concerned, when we 

talk about a 100,000+ person active indi- 
vidual user market as we do today, we are 

for the first time talking about the potential 
for mass marketing of software in ways 
unheard of in the conventional wisdom of 
computing. Establishing a new "conven- 
tional wisdom" is clearly required; as a step 
toward that goal, this paper provides a 

survey of the prospects for mass marketing 

of software, and a solution of the software 
dilemma posed above. 

Let's Draw Some Parallels: 
Woodworking 

Like many individuals, I dabble a bit in 

the arts of crafting furniture. Suppose, for 
example, that I want to build a nice, neat 
contemporary rolltop desk for my study. As 
an individual with limited time available for 
such leisure crafts activity, I'd probably 
want to start with an existing design rather 
than working out all the details myself. In 
seeking the end product of a rolltop desk, 
I'd be in the same situation (as a wood 
craftsman) as the owner of a computer 
system desiring a compiler, assembler, appli- 
cation product or peripheral. I know in 
principle that rolltop desks exist and that in 
principle I could design then fabricate one, 
or use an existing one as a mental model 
with my own variations. But to save time 
and possible mistakes I might want to find 
some source of a "proven" design with 
detailed information on achieving the goal of 
a rolltop desk. Well, in the world of wood - 
crafting, as in the world of photography, the 
world of live steam model engines, or the 
world of backpacking, there are numerous 
sources of information including ready -made 
designs and techniques. I refer, of course, to 
books which are just published products 
with specific orientation or theme. 

Similarly, when I have a computer system 
and I know that some neat language or 
software development tool exists, I also 
know that in principle I could write such a 

package myself using my own design or 
general design concepts taken from any 
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Continued on page 68 

This editorial consists 
of the text of a paper de- 

livered at the First West 

Coast Computer Faire in 
April of this year. 

About those missing 
mailing wrappers and 
the May issue: 

A strike at the printing 
plant was responsible 
for May BYTEs arriv- 
ing late to subscribers 
and for May and lune 
issues being mailed with- 
out the customary brown 
wrappers. The wrappers 
will be restored as soon 
as our printing situation 
is restored to normalcy. 



Intel delivers micro 
ahead of the fast 

In 1971, Intel invented the microcomputer 
and quickly became the world's largest 
supplier of microcomputers and micro- 
computer support products. We still are 

Over the past six years we've in- 
vested millions of dollars to make the 
microcomputer even more useful and 
more economical. Today there are over 
195 Intel® microcomputer hardware 
and software products available to help 
people like you keep ahead of costs, ' 

ahead of the competition and ahead of 
the fast changing world. 

We're now offering seven microcomputer 
families. Including the newest high performance 8085 and the single chip 8748 
with resident PROM. And 81 LSI peripheral, memory and I/O support circuits to 
help you cut design time, do more and get to market first. To reduce design time 
even further, choose one of our SBC80 Single Board Computers or System 80 

packaged microcomputer 
systems. 

But a wide selection of 

7 microcomputer families 81 LSI peripheral, memory and 
I/O support products 

33 software products, users' library 
with 235 programs 

i I 

Intellec Development System with 
42 options and accessories 

1 

30 SBC 80 Single Board 
Computer products 
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2 System 80 packaged 
microcomputer systems 
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microcomputer components 
and systems is only half the 
story. We also provide program- 
ming support, including the 
PL/M high level microcomputer 
language to help you cut months 
off those big software develop- 
ment jobs. And Intellect/ micro- 
computer development systems 
with ICETM in- circuit emulation 



computers to keep you 
changing world. 

and symbolic debugging to help reduce 
system integration and debug time. 

Then there's application assist- 
ance, training classes and regularly 
scheduled seminars available world- 
wide. A users' library with 235 
programs and still growing. 

Intel's investment protects your 
investment. Here are a few examples. 
Our new 8085 microprocessor offers 

greatly improved performance over 
our industry standard 8080, with sub- 

stantial cost savings. Yet you use the same 
software, the same peripheral, memory and 

I/O circuits as the 8080. You don't have to go through a new learning experience or 
re- invest in software to upgrade your system to 8085 performance. And that same 
kind of protection comes when you invest in an Intel development system. Last 
year's investment in an Intellec system is preserved even when we introduce a new 
microcomputer. Our newest 8085 and 8748 microcomputers are now fully 
supported with development software 
for your present Intellec system. :. , .' ' 

And you will soon be able to add 
low cost ICE -85 and ICE -48 in- 
circuit emulation modules. 

Let Intel help you stay ahead. 
Get started now by asking for our new microcomputer product line brochure 
describing the full line of Intel microcomputer products, systems and software. 
Use the reader service card or write: Intel Corporation, 3065 Bowers Avenue, 
Santa Clara, CA 95051. 

¡ntj delivers. Circle 117 on inquiry card. 



AN APL LOVER'S STORY 

Regarding the two letters by APL 
enthusiasts in your February 1977 issue, 
let me lend my voice to this group. While 
still in high school, I got my first taste of 
APL from a friend at IBM via a long - 
distance line to Detroit, and got access to 
Xerox Sigma 9 APL while a junior in 
college. Since then I've written a lot of 
APL code - including a 7 page pattern 
recognizer program (imagine what that 
would be in BASIC!) and about five 
pages of n- dimensional optimization 
routines, and now I am running IBM 
5100 APL where I work. Needless to 
say, I think APL is the greatest thing 
since left -hand Turing machines. 

I have just bought an ECD Micro - 
Mind computer (graphics) system with 
the explicit intent of buying 32 K of 
memory when the price comes down, 
and beg, borrow, buy, or if necessary, 
write an APL interpreter. (What about 
Tiny APL, analogous to Tiny BASICs 
being written now ?) Since my computer 
will have graphics capability, I won't be 
interested in APL ROMs. (Might I sug- 
gest mnemonics, eg: $R for APL "rho," 
$QQ for APL "character quad. ") I have 

used them "without hardly noticing." 
But in any case, put my vote in for APL, 
and I would be happy to hear from any 
APL enthusiasts. 

Gregg Williams 
3439 Southern, #7 

Memphis TN 38111 

SOME APL 
PERIPHERALS QUESTIONS 

You can add my name to the list of 
those who would be interested in an 
APL character generator chip (Letters, 
February 1977). Like a lot of people 
who have used APL, I caught the bug, 
and have been disappointed that there is 
no software for the 8080 to support 
APL. Though I suspect it's only a matter 
of time. 

A cost of $20 to $25 for a chip 
"feels" right to me. This would require 
about half the 500 buyers that Mr 
Montgomery postulates in his letter. I 

have a couple of warnings to add, 
though. First, a full upper and lower case 
keyboard is desirable, although it's 
certainly possible to use a spare control 
key to signal upper case and take care of 
the translation problem in software. 
Such keyboards don't seem to be as 

cheap and available as the surplus upper 
case ones. Second, I can attest to the 
fact that using little stickers on the keys 
to show you where the symbols are leads 
to a lot of frustration. Better to have 
keys imprinted with the letters and 
symbols. What would it cost to have sets 
of these made up for distribution with 
the character generators? 

I'm convinced that there's a real 
market for a "small" (not tiny) APL 
interpreter. The word would spread fast 
to those who haven't had a chance to use 
it and are putting up with the inade- 
quacies of BASIC (mainly the size 
of source programs) without much 
complaint. 

James C Wilson 
Ketron Inc 

3250 Wing St #402 
San Diego CA 92110 

We know of one interpreter which is 
nearly complete for the TMS -9900, plus 

several 8080 versions. Watch future 
BYTEs for some fairly extensive APL in- 
formation. Articles are now in prepara- 
tion concerning APL interpreter design, 
use of APL, etc. 

ON AUTOMATED BAROMETERS AND 
OBTAINING MERCURY 

I was very interested in Mr Firth's 
article on weather predictions (Decem- 
ber 1976 BYTE, page 62), for there have 
been very few articles in BYTE on 
getting a computer to do things other 
than to play Star Trek. I was especially 
interested in his idea about getting baro- 
metric readings into a computer. Being a 

chemistry student I ran across an article 
in the Journal of Chemical Education 
(October 1976). Although the barometer 
in the Journal is a little different, it's 
basically the same as Mr Firth's. 

Also, in Mr Firth's article he men- 
tions that you need a quarter pound of 
mercury, and many lab supply houses 
will not sell you mercury for any reason 
without a company's purchase order. 
Another way of obtaining the mercury, 
although it may take some time, is to 
remove the mercury switches from old 
washing machines. The mercury is not 
very pure, but it can be cleaned up some- 
what by passing it through a pin hole in 
filter paper. The mercury obtained by 
this method is good enough to be used in 
the barometer. This may seem a lot of 
work to go through, but it sure beats 
paying $13 for a quarter pound of 
mercury that you will probably use a 

quarter of. 

D Pasken 
23 Farview Cir 

Camillus NY 13031 

Mr Pasken enclosed a Xerox shot of 
the article he mentions, which can be 
found on page 670 of the October 1976 

SWTP 6800 OWNERS -WE HAVE A CASSETTE I/O FOR YOU! 

The CIS -30+ allows you to record and playback data using an 

ordinary cassette recorder at 30, 60 or 120 Bytes /Sec.! No Hassle! 

Your terminal connects to the CIS -30+ which plugs into either the 
Control (MP -C) or Serial (MP -S) Interface of your SWTP 6800 
Computer. The CIS -30+ uses the self clocking 'Kansas City' /Biphase 
Standard. The CIS -30+ is the FASTEST, MOST RELIABLE CAS- 
SETTE I/O you can buy for your SWTP 6800 Computer. 

PerCom has a Cassette I/O for your computer! 
Call or Write for complete specifications 

1.01 

ON ATF 

W6° 120 

Kit - $69.95* 
Assembled -$89.95* 

(manual included) 
* plus 5% f /shipping 

PEECOM 
PerCom Data Co. 

P.O. Box 40598 Garland, Texas 75042 1214) 276 -1968 

PerCom - peripherals for personal computing' 

maslel cNalyr 
A 
BANNAMEAICAAD 

MIMI= 
TEXAS RESIDENTS ADD 5% SALES TAX 
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issue of the Journal of Chemical Educa- 
tion. The design is by John T Violo and 
William E McDermott of the US Air 
Force Academy. The design, in detail, is 

a recording manometer. Reference is 

made to a paper, circa 1953, by H T 
Svec and D S Gibbs (in Rev Sci lnstr, 24, 

202, 1953). The paper also gives a 

reference to a source of wire for the 
measurement: 28 gauge bare nickel 
chrome wire cable cord manufactured by 
Consolidated Companies, Chicago IL. 

SOME SR -51 CALCULATOR 
INTERFACE INFO 

I read with interest Ralph Getsla's 
(Letters of January 1977 BYTE) request 
for information on interfacing his SR -52. 
My interests are similar, only my out- 
look evolves around the use of the SR -51 

A terminal strip that can be seen upon 
removal of the battery pack of the 51. 
My plan here is to interface the 51 to the 
modified TV typewriter terminal that I 

am presently in the completion stages of 
building, I was able, so far, to track these 
lines back to their source by the use of a 

hand held flashlight after disassembly of 
the 51 (see interface diagram). If I can 
get any information on the two chips in 
question I believe I would be in business. 

William D Lewis 
469 Heatherbray Ct 
San Jose CA 94136 

Open 
28 15 

TMC0523NS -5 

U1-25 

11 

..U1.. - 
Piggybacked over 

10- 
(7) 

9~1 14 

8 

1- 
U1-14 28 15 

U2-17-- 

TMC0501 N L 14- 
12~ 

NB- U2-10 

PS: Could this interface be the same as 

the SR -52? I will be writing Texas 
Instruments for any information they 
will be able to give me on these devices. 
If not, I will operate via the probe. 

Who knows? 

Continued on page 122 
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The new 
2708 MB -8 
8K -16K EPROM kit 
for just $85.00 

Both the MB -8 2708 and the MB -3 1702A EPROM 
boards offer these features: 

Optional memory- option of 2K or 4K 1702A's, or 
8K or 16K 2708's. 
Dip switch selection of addressing and wait cycles. 
Reverse voltage protection. 
On -board regulators for all voltages. 
All sockets included. 
Gold- plated contacts. 

Contact your local dealer today for complete details. 

ED Solid State Music 
2102A Walsh Avenue 

Santa Clara, CA 95050 
(408) 246 -2707 

The 1702A MB -3 gives 
you lowest cost 

EPROM versatility. 
Board only $65.00 

2K $105.00 
4K $145.00 





You've just run out of excuses 
for not owning a personal computer. 

Clear the kitchen table. Bring 
in the color TV. Plug in your new 
Apple II* and connect any standard 
cassette recorder /player. Now you're 
ready for an evening of discovery in 
the new world of personal computers. 

Only Apple II makes it that 
easy. It's a 

cassette interface, so you can swap 
with other Apple II users. 

You can create dazzling color 
displays using the unique color gra- 
phics commands in Apple BASIC. 
Write simple programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG -using the game paddles. 
supplied. You can even add the dimen- 
sion of sound through Apple II's 

built -in speaker. 
But Apple II is more 

than an advanced, infinitely 
flexible game machine. Use 

it to teach your children 
arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 

manage household finances, 
chart the stock market or 

index recipes, record collections, even 
control your home environment. 

Right now, we're finalizing a 
peripheral board that will slide into 
one of the eight available mother- 
board slots and enable you to compose 

music elec- 
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 
allow your 
Apple II to 

talk with another Apple II, or to inter- 
face to a printer or teletype. 

Apple II is designed to grow 
with you as your skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible upgrades and peri- 
pherals will keep Apple II in the fore- 
front for years to come. 

Write us today for our detailed 
brochure and order form. Or call us 

for the name and address of the 
Apple II dealer nearest you. (408) 
996 -1010. Apple Computer Inc., 

20863 Stevens Creek Boulevard, 
Bldg. B3 -C, Cupertino, 
California 95014. I 

complete, ready to use computer, not a 
kit. At $1298, it includes video gra- 
phics in 15 colors. It includes 8K bytes 
ROM and 4K bytes RAM - easily 
expandable to 48K bytes using 16K 
RAMs (see box). But you don't even 
need to know a RAM from a ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer with 
a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 
first evening, even if you've had no 
previous computer experience. 

The familiar typewriter -style 
keyboard makes it easy to enter your 
instructions. And your programs can 
be stored on -and retrieved from - 
audio cassettes, using the built -in 

Apple IIm' is a completely self -contained 
computer system with BASIC in ROM, 
color graphics, ASCII keyboard, light- 
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game I/O interfaces built -in. Also in- 
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
Microprocessor: 6502 (1 MHz ). 

Video Display: Memory mapped, 5 
modes -all Software -selectable: 
Text -40 characters /line, 24 lines 
upper case. 
Color graphics -40h x 48v, 15 colors 
High -resolution graphics -280h x 
192v; black, white, violet, green 
(12K RAM minimum required) 
Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 
Completely transparent memory 
access. All color generation done 
digitally. 

Memory: up to 48K bytes on -board 
RAM (4K supplied) 

Uses either 4K or new 16K dynamic 
memory chips 
Up to 12K ROM (8K supplied) 

Software 
Fast extended BASIC in ROM with 
color graphics commands 
Extensive monitor in ROM 

I/O 
1500 bps cassette interface 
8 -slot motherboard 
Apple game I/O connector 
ASCII keyboard port 
Speaker 
Composite 
video 
output 

Apple II is also 
available in board -only 
form for the do -it- yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. $598. 

PONG is a trademark of Atari Inc. 
*Apple II plugs into any standard TV using 
an inexpensive modulator (not supplied). 

%apple computer inc 
Circle 272 on inquiry card. 



What's 
New? 

Games are More Fun with 
Action Inputs 

ti 

410 

Ci 

This little truism can be confirmed 
by anyone who has implemented and 
played a space war with joystick control, 
or used joysticks for direct control of 
moving systems such as robots or other 
mechanical marvels. Cromemco, 2432 
Charleston Rd, Mountain View CA 

A New Audio Tape Cassette Driver 
for the Altair Bus 

PerCom Data Company Inc, 4021 
Windsor, Garland TX 75042, has just 
introduced a new version of Harold 
Mauch's Kansas City standard phase en- 
coding audio signal interface board, a 

version which plugs directly into an 

Altair bus slot. Harold's design allows 
phase encoding with redundancy at 300 

bps (Kansas City standard), 600 bps, 
1200 bps and 2400 bps. In addition to 
the tape interface function, the CI -812 
product also includes a companion 
RS -232 terminal interface with data 
rates from 300 to 9600 bps. The kit 
price of this board is $89.95, and an 

assembled version is $119.95. 

Circle 602 on inquiry card. 

94043, has sent along this photo of the 
new model JS -1 joystick console adap- 
ters for their Altair compatible D +7A IO 
board. What you get is two independent 
game control boxes with two axis joy- 
sticks, four game function buttons, and 
loudspeaker outputs for aural effects 
(such as photon torpedo or phaser 
sounds). The kit form of the box (in 
foreground) is available for $65. 

Circle 601 on inquiry card. 

Hard Copy That's Hard to Beat for Speed 

The Digital Group, POB 6528, Den- 
ver CO 80206, has announced what is 

probably the fastest and widest line 
width matrix impact printer mechanism 
and electronics package yet to be mar- 
keted to personal computing users. In kit 
form (kit refers to the electronics, not 
the mechanics), prices for this printer 
start at $495. What you get is a fast 120 
characters per second 5x7 dot matrix 
printer which gives 96 characters per line 
at 12 characters per inch pitch, and line 
spacing of six lines per inch. 

Since it is a true impact printer 
mechanism intended for computer sys- 
tems use, it will take up to four part 
forms and should prove most useful to 
business people for that reason. For the 
amateur computer person with software 
development in mind, the 120 character 
per second rate means listings of assem- 
blies and compilations which take one 
twelfth the time of a 10 character per 
second Teletype, but at a price for the 
mechanism and its interface which is 

lower than the new cost of a Teletype! 
Other features of the OEM mechanism 
selected by the Digital Group include 
built -in ribbon reinkers for a total ribbon 
life of 10,000,000 characters, use of 
8.5 inch (22 cm) wide standard roll, fan- 
fold or sheet paper, an 8 bit parallel 
interface ready to plug into your com- 
puter's output port after you wire up the 
cable, and the option of double width 
characters. For those with idle curiosity, 
the inking life of 10,000,000 characters 
before replacement of ribbon cor- 
responds to over 23 hours of flat -out 
printing, or 250,000 lines with 40 non - 

blank characters per line. 

Inexpensive Wire Wrap Tools 

OK Machine and Tool Corporation, 
3455 Conner St, Bronx NY 10475, has 

come out with a unique product line of 
wire wrapping tools and accessories for 
the amateur electronics person. These 
products include manual and battery 
powered wire wrapping tools, precut and 
stripped wire, wire rolls, dual in line 
package sockets, and wire wrapping 
"kits." Of particular interest to people 
on a tight budget is a new low in prices 
for wire wrapping tools which are 
powered. The OK BW -630 battery 
powered wire wrap tool uses standard C 

size batteries and comes equipped with a 

bit and sleeve for wrapping AWG 30 wire 
for only $34.95 (less batteries). This is 

not a kluge, but a genuine wire wrap gun 
with positive indexing mechanism to 
return the bit to a well defined position 
after each wrap, and the usual "anti - 
backforce" spring loading of the bit to 
prevent overwrapping. Both of these 
features are standard items on the in- 
dustrial wrapping guns which have been 
used for years. 

Circle 603 on inquiry card. Circle 604 on inquiry card. 
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Order your Apple II now 
Use this order form to get your Apple II fast. As a special offer for 
those who order now, we will include free a custom vinyl carrying case 
(a $50 value). And we will also pay shipping charges to anywhere in the 
continental United States. 

Apple II Price List. 
RAM 
Complement 

Apple II 
System 

Calif. Residents 
Add 

Apple II 
Board -only 

Calif. Residents 
Add 

4K $1, 298.00 $ 84.37 $ 598.00 $ 38.87 

8K 1,398.00 90.87 698.00 45.37 

12K 1, 498.00 97.37 798.00. 51.87 

16K 1, 698.00 110.37 978.00 63.57 

20K 1, 778.00 115.57 1,078.00 70.07 

24K 1,878.00 122.07 1,178.00 76.57 

32K 2,158.00 140.27 1,458.00 94.77 

36K 2, 258.00 146.77 1,558.00 101.27 

48K 2,638.00 171.47 1,938.00 125.97 

Memory is offered at a 20 % savings when ordered with the system -or board -as reflected in the prices above. 

Additional RAM can be easily added -in at a later date as your needs develop. 
One set 4K chips (4K bytes) $125 
One set 16K chips (16K bytes) $600 

Prices and specifications subject to change without notice. 

ME MN 

Order Form 
Please send me an Apple II System 
Board Only 

with K bytes of RAM (4K minimum) at $ 

California Residents add 6.5% tax 
Total $ 

Name 

Address 
City 

State Zip 

Phone 

Shipping Address (if different) 

MN - 

apple computer Inc; 
20863 Stevens Creek Blvd. , B3 -C 
Cupertino, California 95014 
(408) 996 -1010 

Cashier's check or money order enclosed. 
(Please allow 2 additional weeks for personal checks.) 

Please charge to my 

BankAmericard 

VISA 

Master Charge 

Card Number 

Expiration Date 

Signature 

Mail to: Apple Computer Inc., 20863 Stevens Creek 
Blvd., B3 -C, Cupertino, California 95014 

Circle 272 on inquiry card. 



Douglas R Kraul 
4373 Ashwoody Trl 
Atlanta GA 30319 

Designing Multichannel 

Analog interfaces to and from the per- 
sonal computer system can present a diffi- 
cult dilemma to the small systems user: The 
analog interface usually is a very expensive 
proposition, especially if more than one 
input and one output are needed. Schemes 
like that suggested by Roger Frank /page 70 
of the May 1976 issue of BYTEJ, can 
greatly reduce hardware complexity, and 
thus cost, since much of the interface 
burden is left to the software of the com- 
puting system. Direct extension of this 
principle to the case of multiple input 
voltages and multiple output voltages can, 
however, result in a hardware cost that at 
the least rises linearly with the number of 
needed outputs and inputs. One alternative 
scheme requires an additional bit of input to 
the computer and one additional voltage 

DIGITAL 
TO ANALOG 
CONVERTER 

ANALOG 
INPUTS 

7 

ANALOG 
MULTIPLEXER 

OUTPUT 

IO 
PORT 
A DAC 

6 

4 

3 

2 OUTPUT 

INPUT 
SELECT 

6 ID, 
sp 

VOLTAGE 
COMPARATOR 

4 p 
3C> 

INPUT 
IO 
PORT 
B 

OUTPUT 

2 C.) 

E> 
O E> 

Figure 1: Block diagram symbolizing the hardware that is needed for a 

multiplexed analog to digital converter for eight inputs. The three outputs 
from 10 port B select the analog channel. The output from the multiplexer is 

fed to the negative side of a voltage comparator. An analog output from a 

digital to analog converter is fed to the positive side of the comparator. When 

the analog value from the converter is greater than the value being tested, the 
voltage comparator will output o 1. Using successive approximations the 
input voltage can be determined. 
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comparator for each additional analog to 
digital input up to a total of 8. On the 
output side each additional voltage output 
leads to an additional 8 bit output port and an 

additional 8 bit digital to analog converter. 
This results in a situation where a many 
input, many output analog interface requires 
an inordinate amount of hardware, which 
means money to the user. (We should not 
kid ourselves by saying that large numbers of 
analog channels are rarely needed. Many 
worthy applications, like control of analog 
music synthesis, automated test facilities or 
control of robots would easily push the 
number of channels needed beyond the 
point of no return for the previously sug- 

gested schemes of interface.) Thus one must 
turn to a modified philosophy of interface 
design in order to meet the necessary goal of 
a less expensive analog interface. 

Fortunately digital techniques provide us 
with a method of solution to the problem: 
time multiplexing. Time multiplexing is 

simply the process by which one device can 
be made to function as many logical devices. 
To the user these virtual devices appear as if 
they were full fledged dedicated devices. 
Thus our objective is to find some technique 
by which one analog to digital converter and 
one digital to analog converter can be made 
to function in many seemingly simultaneous 
conversions. 

Basics of Time Multiplexed Interfaces 

The basic principles are illustrated first 
for the analog to digital case. Figure 1 

illustrates the hardware that allows multi- 
plexed analog to digital conversions. An 
output port, A, from the computer is used 
to provide the necessary eight bits to drive 
the digital to analog converter (DAC). The 
output of the digital to analog converter is 

connected to the minus input of the voltage 



Analog Interfaces 

comparator. The output from the corn - 
parator provides an input to the computer 
by way of the most significant bit of an 

input port to the computer. This structure 
thus far is identical to the scheme proposed 
by Roger Frank. The difference is that the 
positive input to the comparator is rio longer 
connected directly to the voltage to be 

converted. Rather the comparator is con- 
nected to the voltage to be converted by 
way of an analog multiplexer. 

The analog multiplexer here is performing 
the needed function that allows one analog 
to digital converter to deal with many 
channels. A typical application might use an 

8 to 1 multiplexer. Thus any one of the 
eight voltage inputs might become the volt- 
age to be converted if the multiplexer selects 
it. 

The selection is accomplished by a binary 
code applied to the select input of the 
multiplexer. In an 8 to 1 device the binary 
code 011 would pick the input labeled 3. 
The code which selects the input was set by 
the computer through an output port. For 
our 8 to 1 example three bits would be 
needed, possibly originating from the lower 
three bits of an 8 bit output port. 

This change results in almost no change in 
the software that would service the analog to 
digital conversions. In fact, the only neces- 
sary modification is to preload the channel 
selection word, which chooses the voltage to 
be converted in the proper output port. 
Then the analog to digital conversion routine 
can be called. 

Time Multiplexed Digital to 
Analog Conversion 

Multiplexing of the analog to digital 
conversion really only solves half of the 
analog interface problem. The problem of 
economically generating multiple analog out- 

puts from the converter still remains. We can 
apply the versatile analog multiplexer to 
solve this problem as well. (However, there 
are complications that can mask the simplic- 
ity of the method.) 

The basic hardware of the multiplexed 
digital to analog converter output is shown 
in block form in figure 2. Once again the 
source of the digital to analog converter's 
word is an 8 bit output port from the 
computer. The output is now connected to 
multiplexed sample and hold circuits. Much 
like the multiplexer used in the analog to 
digital conversion system the multiplexed 
sample and holds connect the output of the 
digital to analog converter to the desired 
analog output which is chosen by the select 
inputs to the multiplexer. The difference 
between the plain analog multiplexer and 
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Figure 2: Block diagram of the basic hardware needed for a multiplexed 
digital to analog converter for eight channels of output. Three bits of output 
from lO port B select the channel that is to be used. When a strobe Is enabled 
the chosen channel is activated. Each analog channel has a sample and hold 
circuit which must be updated periodically due to the leakage of the 
capacitor. 
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Figure 3: Functional schematic of a typical sample and hold circuit. The 

input switch can be mechanical or electronic. In the case of a multiplexed 
interface it is an analog switch. 

( START 

A: NUMBER 
OF 

CHANNELS 

Figure 4: Flowchart of a 

typical lO driver for u 

digital to analog system. 
This progruwn is called peri- 
odically to update the 
value that is being held by 
the sample and hold 
circuitry. 

the multiplexed sample and hold is memory. 
The multiplexed sample and hold has the 
ability to remember the voltage that was 

applied to the desired output (for a while). 
Before proceeding, some background 

information on sample and hold circuits in 
general will prove instructive. A functional 
schematic of a sample and hold circuit is 

shown in figure 3. The major components of 
the sample and hold circuit are an electronic 
input switch, a memory capacitor and a high 
impedance buffer. The sample and hold 
circuit works as follows: The voltage to be 

remembered is applied to the input. The 
switch is closed, allowing the voltage to be 

applied to the capacitor. The switch is then 
opened and the input voltage can now be 

changed because the output of the sample 
and hold now reflects the formally applied 
voltage. This discussion assumes ideal corn - 
ponents. There are a number of error 
sources. The majority revolve around the 
memory capacitor. 

The remembered voltage is stored as an 

electric charge in the memory capacitor. 
Because of this any variation of charge with 
time, ie: current, causes an error in the 
remembered voltage. This explains the need 

for a high input impedance in the buffer 
amplifier so that it doesn't drain away too 
much charge. A measure of a sample and 
hold circuit's ability to retain the voltage to 
within a certain percentage is its hold time. 
Another problem associated with the 
memory capacitor is acquisition time. This 
arises from the fact that charge cannot be 

delivered instantly to the capacitor. A finite 
amount of time is needed to deliver enough 
charge to change the capacitor to the new 
voltage. Thus we have two design para- 
meters: hold time and acquisition time. 

The multiplexed design is not much 
different from the principles outlined above. 
The sample switch is merely replaced by our 
friend, the analog multiplexer. The output 
to be changed is selected, the strobe then 
enabled (closing the switch) and after the 
acquisition time, disabled (opening the 
switch). The select word and the strobe will 
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possibly originate from the lower four bits, 
for an 8 output system, of an output port 
from the computer. 

This type of interface does represent a 

burden on the computer. The reason for this 
burden is the very finite hold time of the 
capacitor. No sample and hold circuit can 
retain its value forever. The time can be 

increased by using a larger capacitor, but a 

limit is reached because a larger capacitor 
leads to longer acquisition times. Thus, the 
sample and hold device must be updated 
periodically if the outputs are to remain 
accurate. This situation is not unlike that of 
dynamic memories which are effectively two 
state sample and hold circuits. 

Use of the Multiplexed Digital 
to Analog System 

Obviously this type of interface will 
require much more computer intervention. 
The software, though, is not difficult. A 
possible IO driver is flowcharted in figure 4. 

For an 8 output system an 8 entry data file 
is needed to hold the current output values. 
Periodically (perhaps cued by the interrupt 
system) with a period less than the hold time 
a routine is executed to update the eight 
outputs. The main loop of this routine 
consists of the following: The value of the 
output presently being updated is sent to the 
digital to analog converter interface. The 
output is then selected and strobed. This 
action then repeats until all eight outputs 
have been updated. 

What Time Multiplexing Buys You 

For the small systems user minimizing 
hardware is essential. The potential saving of 
a time multiplexed analog interface is high. 
The reason for this in general is the reduced 
hardware. Another not so apparent reason is 

the ease of expansion. 
The most obvious hardware savings 

occurs in the digital to analog converter. 
This is because eight channels can be had for 
the cost of one converter, one 8 to 1 analog 
multiplexer, eight memory capacitors, eight 
output buffers, and two output ports. This is 

contrasted to the eight converters, and the 
eight output ports from the computer 
needed by the conventional brute force 
approach. On the input side the gain is not 
as obvious. Here we have replaced eight 
comparators with one comparator and a 

multiplexer. Both cases require an output 
port, an input port and a digital to analog 
converter. A check of prices reveals, though, 
that eight comparators cost more than one 
multiplexer. 

The clincher is when one considers up- 
dating the system to more than eight chan- 



nets. The output channel needs only to 
increase the number of sample and hold 
devices which is cheaper by factors of eight. 
The brute force scheme required one more 
converter and one more output port per 
additional channel. Table 1 compares the 
number of components needed for a con- 
ventional and a multiplexed system based on 
16 channels. 

The multiplexed analog to digital con- 
version process has an even more spectacular 
success. In the dedicated hardware approach 
each channel requires one comparator and 
one bit of input to the computer. The 
increment for the multiplexed approach is 

only one multiplexer per eight additions, 
and one bit of output. Table 2 compares the 
needed components, based on 16 channels. 
Thus overall we see that the multiplexed 
approach offers a multitude of hardware 
savings. 

What Time Multiplexing Costs You 

This design technique is typical of many 
that trade hardware for software. Obviously 
since we have taken so much out of the 
hardware, the software and computer effi- 
ciency will degrade. It is perhaps a truism 
that if the interface is designed intelligently 
these problems can be minimized. 

The analog to digital interface suffers the 

least..The main problem here is the amount 
of time spent doing the conversion routine. 
If fast changing inputs or a multitude of 
moderate inputs are to be converted then 
the computer is severely loaded. However, 
many applications only require moderate 
conversion rates. Foremost of these are 

interfaces to human operators. Maximum 
conversion rate needed here is around 
100 Hz. Typically, this is around 0.001 Hz 

to 0.1 Hz. Examples of this are the propor- 
tional controls in games and operator set 

parameters. Control signals in electronic 
music also fall in these categories. Thus this 
type of interface can work well in many 

GLOSSARY 

Acquisition Time: The time required for a sample 
and hold circuit to change from its previous value 
to its new value within a prescribed tolerance. 

Analog Multiplexer: A solid state device that 
allows a multitude of connections to be accessed 
by a common line. The action is like an N position 
switch. 

Comparator: An analog device whose output is 

logical 1 if the plus input is greater than the minus 
input and logical 0 if the situation is reversed. 

Digital to Analog Converter (DAC): A device 
whose output analog signal (current typically) is 

proportional to a digital word at its input. 

Component Dedicated Multiplexed 

Digital to analog 
converter 16 1 

10 ports 16 +16 bits 2 
8 to 1 multiplexer 0 2 

Table 1: Comparison of the amount of 
hardware that is needed for the direct 
method of digital to analog converter versus 
the multiplexed method of interfacing. The 
table is constructed for an interface con- 
sisting of 16 channels. 

Component 

Digital to analog 

Dedicated Multiplexed 

converter 1 1 

10 ports 3 2 
Voltage comparators 16 1 

8 to 1 multiplexers 0 2 

Table 2: Comparison of the amount of 
hardware needed for direct methods of 
analog to digital interfacing versus the multi- 
plexed method of interfacing. The table is 

constructed for an interface consisting of 
16 channels. 

typical applications if the rates and the 
numbers arc not excessive. 

The digital to analog interface suffers 
from a similar situation. Here the main 
problems are extremely slow changing out- 
puts or large numbers of fast outputs. Here 
again an analysis of likely applications re- 

veals that a great number of output signals 
reside in the frequency spectrum between 
1 Hz and 100 Hz. Sample and hold circuitry 
can be economically designed with hold 
times in the excess of one second. Also the 
whole refresh process can be made transpar- 
ent to the main program if it is done under 
interrupt control by causing the update 
routine to be executed at the rate of the 
fastest output in response to the request of a 

programmable timer. As with the analog to 

High Input Impedance Buffer: A device whose 
input draws little current from any other devices 
connected to it. It is important in a sample and 
hold circuit since currents cause the voltage held in 
the memory capacitor to discharge. 

Hold Time: Amount of time that passes before the 
output from a sample and hold circuit changes 
from the originally held value by a prescribed 
tolerance. 

Sample and Hold: Analog memory device which 
stores a voltage as electrical charge in a capacitor. 

Time Multiplexing: Process of combining several 
measurements for transmission over one signal 
path. In our case, this signal path is the IO port 
structure of a processor. 
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Figure 5: Schematic of the multiplexed analog to digital and digital to analog 
interface. The parts were mostly chosen for speed and cost considerations. 
The integrated circuits are mostly CMOS. All resistances are measured in 
ohms and all resistors are 114 W. Be sure to bypass each power pin with a 

0.01 µF capacitor to help eliminate any stray spikes originating from power 
surges. 

digital cases this type of interface works well 
with a moderate number of medium speed 

outputs or a multitude of low speed outputs. 
Note that outputs which can be changed at a 

rate up to that of the acquisition time (if 
only one channel is used) can be had by 
using fewer channels in the output program 
loop. Outputs that meet these requirements 
are some automatic testing signals, mechani- 
cal devices and control signals for electronic 
music. 
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To summarize, this type of interface 
burdens the computer system. Using it 
wisely for moderate types of signals does 
lead to a workable system. Conveniently 
these types of signals are quite prevalent in 
interfaces to humans, and many types of 
equipment. 

A Complete Design Example 

To illustrate these principles in more 
concrete terms a complete interface is des- 
cribed in figure 5. The 8 channel interface 
represents hardware well within the realm of 
most small systems users. It is optimized for 
signals from 0.1 Hz to around 100 Hz, 
though lower and higher rates are possible at 
the expense of efficiency. This type of 
interface is useful in interactive games, 
testing of equipment and electronic music. 
Parts used are neither exotic nor expensive. 

Figure 5 contains the complete circuit. 
The following comments on component 
selection are in order. The digital to analog 
converter was chosen for cost reasons. 
However, almost any state of the art current 
output converter can be used. Note that a 



multiplying converter can provide for scaling 
of the output by a voltage, possibly from 
another interface. The LM318 operational 
amplifier was chosen to be the current to 
voltage converter to minimize response time 
of the DAC. As such, only an operational 
amplifier of similar speed should be sub- 
stituted unless you can tolerate slower 
response. Also care must be taken to isolate 
the amplifier from stray signals, or it could 
become unstable and oscillate. The multi- 
plexer chosen for both converters is one of 
the CMOS variety. In order to meet the 
specifications on this device and give an easy 

design, the voltages of this system are re- 

stricted to ± 5 V. This allows for adequate 
range for most 8 bit applications. 10 V full 
scale means one bit is 39.1 mV. This can be 

scaled down if needed. 
The sample and hold capacitor was 

chosen to satisfy the acquisition and hold 
time requirements. Changing its value can 

tailor the system to individual needs. Always 
use polystyrene capacitors since their char- 
acteristics are essential to a good interface. I 

used the new CMOS operational amplifiers 
for the buffers because of their high imped- 
ance and low cost. Notice that they operate 
on the same power supplies as the analog 
switches. 

The comparator was chosen for its low 
cost and speed. Similar devices could be 

substituted. The necessary power supplies 
are ±15 V and ±5 V. The ±15 V could be 

reduced to ±12 V if convenient. 
The software for such an interface is not 

difficult. Roger Frank's article and figure 4 

contain the basics. A complete routine 
written for an MOS Technology 6502 based 

system is shown in listing 1. 

Summary 

A multichannel analog interface can be 

designed with a minimum of hardware if a 

Listing 7: Typical program written for a 6502 based system to update eight 
digital to analog conversion channels. The program sequentially addresses 

each channel, outputs the desired voltage to be held, disables the channel, and 
steps to the next channel. This is done once for each time that the program is 

called. This program could be set up as an interrupt handler which responds 
to a clock strobing an interrupt line. 

Label 

UPDATE 
LOOP 

Op Operand 

LDX #07 
LDA,zpa,X BUF 
STA DAC 
TXA 
STA CONT 
ORA 04 
STA CONT 
DEX 
BPL LOOP 
RTS 

Data Definitions 

BUF: A string of output bytes 
DAC: Address of DAC output port 
CONT: Address of control port 

Commentary 

initialize pointer; 
get next byte for output; 
output byte; 
accumulator:= pointer; 
select channel and enable sample and hold; 
turn sample and hold strobe off; 
turn selected sample and hold off; 
pointer:= pointer -1; 
if pointer > =0 then go to LOOP; 
else return from subroutine; 

few software vs hardware trade offs are 

made. Though the multiplexed approach 
does impose some software burdens, for 
most applications the variation of the 
outputs and inputs is slow enough to make 
this type of interface transparent under the 
interrupt system. This type of interface 
should make many real world applications 
possible to the limited budgets of most 
experimenters. 
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COMPUTER MUSIC WITH OR WITHOUT ,_7:7_1[1' THE COMPUTER 
EQUALLY TEMPERED DIGITAL TO ANALOG CONVERTER 

Based on a multiplying principle, the 8780 generates the 
exact exponential stair -step function required to make 
the simplest linear response oscillators and filters 
produce equally tempered musical intervals. 6 bits of 
data generate over 5 octaves control voltage. Compatible 
with PAIA synthesizer modules, easily interfaced to any 
processor with or without hand- shaking logic. 
#8780 D/A CONVERTER KIT. $34. 95 ( +$1 postage) 
THE PAIA HIGH LEVEL LANGUAGE FOR COMPUTER 

MUSIC DATA ENTRY (We call it a keyboard) 
An n key roll-over scanning matrix encoder tied to 
a 37 note AGO keyboard provides 6 bits of date and 
both STROBE and STROBE control outputs. Input 
control lines to the encoder include SCAN (starts Sr 

stops the encoder clock), RESET, START & RANDOM 
making the keyboard universally applicable to all 
computer /processors from the largest to the smallest. 
#8782 ENCODED KEYBOARD. . $109. 95 (+ freight 20 lbs) 

WITH A COMPUTER 

Both the 8780 D/A and 
the 8782 Encoded Key- 
board easily interface to 
any processor providing 
capabilities and control 
never before possible with 

music synthesize 

WITHOUT A COMPUTER 
An infinite hold, DIGITAL 
Sample & Hold and the heart 
of an entire system of mod- 
ules that will be introduced 
over the next few months 
including: Memories, 
Polytonic output modules 

and others. 

DETAILS 

ON THESE& MORE 

IN OUR FREE CATALOG 

ELECTRONICS. INC. 

DEPT. 6 -B 1020 WEST WILSHIRE BLVD. OKLAHOMA CITY, OK 73116 
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COMPLETE 
FLOPPY DISK SYSTEM 

FOR YOUR ALTAIR /IMSAI 
$699 

That's right, complete. 
The North Star MICRO -DISK SYSTEMTM uses the Shugart 

minifloppyTM disk drive. The controller is an S -100 corn - 
patible PC board with on -board PROM for bootstrap load. It 
can control up to three drives, either with or without 
interrupts. No DMA is required. 

No system is complete without software: we provide the 
PROM bootstrap, a file- oriented disk operating system (2k 
bytes), and our powerful extended BASIC with sequential 
and random disk file accessing (10k bytes). 

Each 5" diameter diskette has 90k data byte capacity. 
BASIC loads in less than 2 seconds. The drive itself can be 
mounted inside your computer, and use your existing power 
supply (.9 amp at 5V and 1.6 amp at 12V max). Or, if you 
prefer, we offer a power supply ($39) and enclosure ($39). 

Sound unbelievable? See the North Star MICRO -DISK 
SYSTEM at your local computer store. For a high -performance 
BASIC computing system, all you need is an 8080 or Z80 
computer, 16k of memory, a terminal, and the North Star 
MICRO -DISK SYSTEM. For additional performance, obtain 
up to a factor of ten increase in BASIC execution speed by 
also ordering the North Star hardware Floating Point Board 
(FPB -A). Use of the FPB -A also saves about 1k of memory by 
eliminating software arithmetic routines. 

Included: North Star controller kit (highest quality PC 
board and components, sockets for all IC's, and power regula- 
tion for one drive), SA -400 drive (assembled and tested), 
cabling and connectors, 2 diskettes (one containing file DOS 
and BASIC), complete hardware and software documentation, 
and U.S. shipping. 

MICRO -DISK SYSTEM $699 
(ASSEMBLED) $799 

ADDITIONAL DRIVES $425 ea. 

DISKETTES $4.50 ea. 
FPB -A $359 

(ASSEMBLED) $499 

To place order, send 
check, money order or 
BA or MC card #with exp. 
date and signature. Uncer- 
tified checks require 6 
weeks processing. Calif. 
residents add sales tax. 

NORTH STAR COMPUTERS, INC. 
2465 Fourth Street 
Berkeley, CA 94710 

Circle 155 on inquiry card. 24 

A High Performance 
Character Display Terminal 

Volker -Craig Ltd, 266 Marsland Dr, 
Waterloo, Ontario CANADA N2J 3Z1, 
has introduced a new data terminal 
intended for use in small business 
systems, timesharing and other small 
computer end user applications. The 
features of this terminal include RS232C 
interface at rates from 110 to 9600 bps, 
a 1920 character display (24 lines of 80 
characters), 12 inch CRT display, com- 
posite video output for extra slave 
monitors, XY cursor addressing by 
computer or operator, 64 key ASCII 
keyboard with tactile feedback and auto- 
matic repeat, and an optional separate 
numeric data entry keypad. Options 
include upper and lower case ASCII 
keyboard and display, switched serial 
interface, parallel input and output inter- 
faces, and custom keyboard character 
fonts such as APL or French. The 
display is the model VC303A, and the 
price is $1595 in quantities of one, $995 
to distributors and OEM quantity 
buyers.. 

Circle 605 on inquiry card. 

Here's a Product That Counts 

E Barry Hilton, president of Auto- 
mated Industrial Measurement Inc, POB 
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New books ... for everyone who's into 
their own computer. Programs. 

Fun. Games. Languages. Excitement. 
urremanolftwew 

SCELBAL, the new microcomputer language 
that's simpler than machine language. q ,t,, 

--0/1? _so. a, o8o SYS URGE `, 4 ~4:tS 41. 

A complete language for 
"8008 " / "8080" systems 
including source listings, 
routines, flow charts and 
more! 

SCientific ELementary BAsic Language for "8008 " / "8080" 
systems. A complete, illustrated program book. Routines. 
Techniques. Source Listings. Flow Charts. And more. 
Took several years to develop. Now yours for many years 
to come. First time that intimate details of higher level 
language has been offered for such a low price. Only $49! 
You get 5 Commands: SCR, LIST, RUN, SAVE, LOAD. 
14 Statements: REM, LET, IF ... THEN, GOTO, FOR with 
STEP, END, INPUT, PRINT, NEXT, GOSUB, RETURN and 
optional DIM. 7 Functions: INT, SGN, ABS, SQR, RND, 
CHR, TAB. And, it runs in 8K and more. Here's all the 
data needed to customize a high level language for your 
system ... at a fraction of the cost! 

Order your copy today! Get $401,, 
started advancing your system! ppd. 

SCELBAL SUPPLEMENTS ... 
SCELBAL has taken off so fast, two special supple- 
ments had to be printed. First, there's Extended Math 
Functions: SIN, COS, LOG (BASE E), EXP (BASE E) 
and ATN ... only $5.00 ppd. The second supplement, 
String Handling Capabilities, includes the numeric 
functions LEN and ASC. It sells for only $10 ppd. 

Cook up mouthwatering programs 
for your "8080" or "6800 "! 

Delectable "how to" facts, 
including descriptions of 
"8080" or "6800" instruction 
sets. How to manipulate 
stacks. Flow charts. Source 

listings. General pur- 
pose routines for 
multiple precision 
operation. Program- 
ming time delays for 
real time applications. 

w. t(tElt6s(OM 
oh. 

R 

(OMSU111N4 
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Prices shown for North American customers. 
Master Charge. Postal and Bank Money Orders 
preferred. Personal checks delay shipping 
up to 4 weeks. Pricing, specifications, 
availability subject to change without notice. 

Random number generators. 
And more. You even get float- 
ing point arithmetic routines! 
Input /output processing for 
basic I/O programming 
through interrupt processing. 
And so much more, we can't 
list it all here. Scelbi's 
Software Gourmet Guides 
and Cookbooks for "8080" 
or "6800 ". (Specify!) 

Order your copies today! $ n95 
Start cookin'! Bon Appetite. i each ppd. 

Microcomputer Outer 
Space War Games ... 

Captain your own starship on an inter -gallactic 
journey to adventure. Meet alien ships in realistic 
combat. Plan a painstaking journey filled with 
battles, refueling problems, weaponry, warp 
factors and more -all against your "8008"/"8080" 
or "6800" computer. Either complete book, written 
in machine language for 4K memory, is an 
ongoing, ever -changing interstellar adventure, 
including source listings, flow charts, routines and 
much more. Choose your copy today. Blast off 
to high adventure in outer space! 

Order either GALAXY today! $1 4" each each ppd. 

Scelbi Books are available 
in many fine Computer Stores. 

II(ELI31 COMMUTER Post Office Box 133 PP STN (ONSIILIIN1i 1NE. Milford, CT 06460 
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END FRONT 
PANEL 

FIDDLING .. . 

Use a 

JUMP 
STEIRT. 

4K ROM 

With a JUMP START 4K RAM 
board in your Altair /IMSAI, 
the system will jump to any 
preset byte of memory after 
power -up or reset. Never tog- 

gle a jump to your monitor or 
bootstrap again! Just power -up 
or hit reset -JUMP START 

automatically transfers con- 
trol to the selected address. 
The JUMP START 4K RAM 

board has these standard 
features: 

4K 450 ns low power RAM 
fully buffered 
DIP switch address selection 
memory protect with POC 

battery backup connector 
fully socketed 
disabled during INTA 
optional wait state 

Prices: 
Kit 
Assembled 

$145 
190 

Call toll -free anytime to 

place credit card orders: 
800/648 5311 

Prepaid mail orders shipped postpaid 
in USA. California residents add 6% 
sales lax. 

UVl1L1cnoxLI=JloIJ V 

MICROMATION INCORPORATED 
524 UNION STREET 
SAN FRANCISCO, CA. 94133 
415/398-0289 

Dealer inquiries invited 

CIRCLE NO. 242 

125, Wayland MA 01778, stopped by 
BYTE's offices in early February, toting 
an Altair 8800 under his arm and an 
interesting peripheral which his firm has 
designed and is marketing. The peri- 
pheral is the AIM -1005 frequency meter, 
demonstrated to us mounted upon a 

Vector prototyping card for the Altair 
bus. (This was a demonstration setup; his 
firm will soon have a $30 card with all 
the connections to the Altair bus made 
for piggyback mounting of the fre- 
quency meter on a permanent basis.) 
What this $178 product does for its user 
is provide a programmable frequency 
meter with 13 bits of precision, and 11 

different time base ranges allowing 
measurement over time periods from 10 
us to one hour. The input logic has 
scaling counters with an upper limit of 
25 MHz, so it is possible to make a quite 
useful general laboratory frequency 
meter with outputs on a computer ter- 
minal by simply driving this peripheral 
with a simple assembly language or 
BASIC program. The device is interfaced 
through memory address space, decoding 
the high order four bits of the 8080's 16 

bit address bus. 

".ircle 606 on inquiry card. 

A Synthesizer Example .... 
Al Cybernetic Systems, POB 4691, 

University Park NM 88003, has sent 
along some new information on their 
Model 1000 Speech Synthesizer, which 
was first described in Wirt Atmar's 
article in August 1976 BYTE, page 26. 
The picture here is the production 
version of this device, which is an analog 
model of the human vocal tract, digitally 
programmed with commands that corre- 
spond to American English phonemes. 
Since the device works with coded 
phonemes, the maximum information 
transfer rate for speech which is required 
is about 50 bps. The device plugs 
directly into the Altair bus and cost is 

$325, with delivery from stock. 
A significant and interesting bit of 

literature which came with this picture 
was "Programming Example 1," an 

A New Brochure 

EDUCATION AND DEVELOPMENT 
MICROCOMPUTER 

E & L Instruments, 61 First St, 
Derby CT 06418, has just released a new 
8 page brochure describing the MMD -1 

education and development micro- 
computer and its optional accessories. 
Copies of the MMD -1 brochure are avail- 
able from the company, as well as its 
representatives and authorized dealers. 

Circle 607 on inquiry card. 

Altair BASIC program with an 8080 
machine language subroutine for details 
at a low level. The program is an 
implementation of the well -known 
Lunar Lander game, but with the novel 
twist that the "ship's computer" tells you 
your present height from the surface of 
the planet as you land. It will run on any 
Altair 8800 equipped with 12 K of 
memory. So, what you do is plug in the 
Model 1000, read in BASIC, type in this 
program and set up its machine language 
support routine, then proceed to use a 

new mode of interaction with the com- 
puter system. 

Circle 608 on inquiry card. 
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xnea PIEEfltl 
The SOROC 1Q120 

CURSOR CONTROL. Forespace, back - 
space, up, down, new line, return, home, 
tab, PLUS ABSOLUTE CURSOR AD- 
DRESSING. 

TRANSMISSION MODES. Conversation 
(half and full Duplex) PLUS BLOCK 
MODE - transmit a page at a time. 

FIELD PROTECTION. Any part of the 
display can be "protected" to prevent 
overtyping. Protected fields are displayed 
at reduced intensity. 

EDITING. Clear screen, typeover, abso- 
lute cursor addressing, erase to end of 
page, erase to end of line, erase to end 
of field. 

DISPLAY FORMAT. 24 lines by 80 char- 
acters (1,920 characters). 

CHARACTER SET. 96 characters total. 
Upper and lower case ASCII. 

KEYBOARD. 73 keys including numeric 
key pad. 

REPEAT KEY. 15 cps repeat action. 

DATA RATES. Thumbwheel selectable 
from 75 to 19,200 baud. 

SCREEN. 12 inch rectangular CRT - P4 
phosphor. 

SPECIAL INTRODUCTORY PRICING 

Kit $ 995.00 Assembled $ 1,295.00 
(Price includes block mode, lower case and 24 
line options.) 

Specials of the Month 
North Star Micro Disk 
with power supply and cabinet Kit - $699 

Assembled - $799 
IMSAI I -8080 with TDL ZPU Kit - $825 

Assembled - $975 
Digital Systems FDS Disk Drive with 
CP /M Software (assembled only) . Single - $1,750 

Dual - $2,350 
Mountain Hardware PROROM Kit - $145 

Assembled - $210 
Vector Graphic 8K RAM Kit - $235 

Assembled - $285 

XIMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR 
THE PERSONAL COMPUTER ENTHUSIAST AND THE 
SMALL SYSTEM DESIGNER. LET US QUOTE ON ALL 
YOUR HARDWARE AND SOFTWARE NEEDS. 

OUR RETAIL STORE - THE COMPUTERISTtrn - IS NOW 
OPEN IN SAN FRANCISCO. CALL US FOR DIRECTIONS. 

NOW WERE 
TOLL FREE 

800-227 -4440 
(in California, Hawaii, and Alaska, call collect: 

415/566-7472) 

27 

1290 24th Avenue, San Francisco, CA 94122 
(415) 566 -7472 

Circle 220 on inquiry card. 

COO orders freight collect. Orders with payment shipped prepaid. California 
residents add 6% sales tax. Please allow 3 weeks for delivery. 



The Digital Group adds character(S >. 

The Digital Group's computer 
systems have a lot of character 
already. Just one quick look at 
any of our products in their 
unique custom cabinets con- 
firms that. But we believe it 
never hurts to add a bit more. 

So, the Digital Group has added 
character in a big way to give an 
added dimension to the opera- 
tion of our video -based com- 
puter systems. We are pleased 
to announce our new TV readout with a 64- character line. 
It will give your system a great deal more capability. Give 
it more character, if you will. 

Here are the specifics on the Digital Group TV Readout 
and Audio Cassette Interface: 

64, to be exact. 

Atti, , 1 C '. 
r-_131 1411M NI 
'iIB kA . 

1024 Character TV Readout 
64 characters horizontal by 16 lines 
7x9 character matrix (effectively 7x12 due to char- 
acter shifting) 
1K on -board RAM for buffer storage- requires 
no main memory- completely independent 
128 character ASCII 

Upper case alpha 
Lower case alpha with base line extenders (g, 
J, P, Y) 
Numbers and extended math symbols 
Greek alphabet 

Software driven cursor - forward and backward 
Compatible with most microprocessors; Interfaces 
with 1 8 -bit parallel output port 
Timebase may be driven with an external timebase 

(may be synchronized to TV camera, TV set, etc.) 
Readout timebase available at connector (can be 
used for graphic driver, etc.) 
White characters on black, and/or black on white; 
software selectable 
Plugs into standard dual 22 -pin TVC connector on 
Digital Group Systems 

Improved Audio Cassette Interface: 
Reliable FSK recording technique 
Uses standard unmodified audio cassette recorder 

Write cassette system 
uses a digitally synthe- 
sized frequency shift 
system, derived from TV 
system's master crystal 
oscillator 

Read cassette system 
easily aligned using the 
write system as an align- 
ment aid. 

Runs at 1100 baud 
(100 characters /second) -loads 
16K in 3 minutes 

512 TVC to 1024 TVC Upgrade Kit: 
As always, when the Digital Group extends the capabilities 
of our systems, it doesn't mean obsolescence for any 
products. We are offering an upgrade kit for present Digital 
Group system owners who wish to go to the longer line 
length. This kit uses most of the IC's from our TVC-F read- 
out. No unsoldering is required; all new sockets, capac- 
itors, resistors, PC board and other necessary parts are 
supplied. 

Prices: 
TVC -64 -Full 64- character TV Readout & Audio Cassette 
Interface: 

Kit - $140 Assembled - $205 

TVC- 64UPG- Upgrade kit from TVC -F: 
Kit - $65 

If you already own a Digital Group system, our 64- charac- 
ter line will definitely enhance its operation. If you're just 
looking, you might want to keep in mind that the Digital 
Group has a lot of characters. 

Write or call now for details on our new 64- character TV 
readout and all our other exciting products. 

1- the c rtal go 
box 6528 denver, colorado 80206 (303) 777 -7133 

Circle 78 on inquiry card. 



Peripheral Vision 
impacts 
your computer. 

WITH A 
FULL -SIZE 
LOW-COST 
IMPACT 
PRINTER. 

Until now, the hobbyist and small businessman have had one major problem in assembling 
a reasonably price microprocessor system with the capabilities found in the more costly 
computers. It was impossible to find a high -quality, high- output printer for hard copy needs at 
an affordable price. 

Peripheral Vision has come up with a solution. 
We are offering a full -size impact printer designed for microprocessors -and it comes 

with a mini price. Kit prices start as low as $495 for the printer and interface card. And that won't 
impact your pocketbook. 

Peripheral Vision's printer is loaded with capabilities. Take a look: 
It's fast -120 characters per second 
96 characters per line, 12 characters per inch horizontal, 6 lines per inch 
Makes up to 4 copies simultaneously 
Character set and pitch variable under software control 
5 x 7 character matrix 
Ribbon has built -in re- inkers for a life of 10,000,000 characters 
Paper can be either a standard 81/2 -inch roll, fanfold or cut page 
Interfaces to 8 -bit parallel ports 

Just remember, Peripheral Vision is committed to helping you get along with your computer. 
The new printer we are offering is another example. It is high quality, low in cost and will 
definitely impact your system. 

Write or call now to find out how to impact your computer. 

L 

L r 
INC 

PO. Box 6267 Denver, Colorado 80206 (303) 777 -4292 

Circle 194 on inquiry card. 



Newt: 
A Mobile, 
Cognitive 

Robot 

MAIN 
IMAGE 
SENSOR 

POWER 
CONVERSION 

MANIPULATOR 

AUXILIARY 
IMAGE 
SENSOR 

SENSORY 
TURRET 

COMPUTER 

BATTERY 
ENCLOSURE 

WALL 
FOLLOWER 
(RETRACTED) 

DRIVE 
MODULE 

PROXIMITY 
DETECTORS 

MOTIVE SYSTEM 
GEAR BOX 

REAR 
FEELER 

(EXTENDED) 

Figure 1: The robot Newt as it will appear when completed. There are three main subsystems 
shown in this diagram which was supplied by the author: motive, manipulator and sensory 
turret. The entire machine is controlled by an on board microcomputer. The motive power 
subsystem is built around two precision drive wheels actuated by stepper motors. The 
manipulator, a simple hand capable of grasping, lifting and rotating, is also actuated by stepper 
motors and includes various sensors. The sensory turret at the top is a platform which includes 
a main image sensor, which can be tilted to look straight down or up at a slight angle using a 

stepping motor; other sensors are shown in outline form, and are a subject for future experi- 
mentation. 

Ralph Hollis 
Dept of Physics and Astrophysics 
University of Colorado 
Boulder CO 80309 

In the late 1930s, a young man named 

Rossum began manufacturing industrial 
robots in a small factory on the outskirts of 
Prague. This venture was immediately suc- 

cessful and would have virtually guaranteed 
a second industrial revolution had it not 
been for a singular tragic circumstance: The 
robot workers became irrational and re- 

volted. They turned on their masters and 

burned the factory to the ground. 
Fortunately, the preceding scenario is 

only a work of fiction by the Czecho- 
slovakian writer K apek. Since 6apck's 
coinage of the word "robot" in his 1923 
play R U R it has been the subject of a great 
many works of science fiction, including 
Isaac Asimov's 1, Robot and the movies 
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"Forbidden Planet," "Gog," "Silent Run- 
ning," "Westworld" and others. 

Alas, the imaginative stories of the 
science fiction writers have far outstripped 
the efforts of the robot engineers. Progress 
in building real robot devices has been 
painfully slow over the past several decades, 
although a few individuals and small groups 
have produced some very interesting results. 

It is not my purpose here to review these 
works, but lather to describe a project with 
which I have been personally involved for 
some time: the construction of a freely 
moving robot vehicle which will be capable 
of interacting with its environment in a 

rational way, and managing its own survival. 
I he work is being done by a small group of 
NLople ill the Dua..e Physical Laboratory of 
the of Colorado. The project is 

being financed through personal funds, and 
in this sense qualifies as an "amateur" 
undertaking. 



What are the requirements for such a 

robot? It must be able to explore the 
environment in some orderly manner, mea- 

sure the attributes of objects and obstacles 
encountered, classify them according to 
some scheme, and incorporate them in its 
evolving internal world model. The world 
model must have a logical structure which 
allows modifications to be easily made; it 
must be compact with respect to memory 
space, and it must use a design which can be 

consulted in some reasonable way. The 
roLot must be able to manipulate the world 
model (cognition), derive informed decisions 
from it, and carry out these decisions in 
physical action to achieve broadly defined 
goals. 

Figure 1 is a general view of the robot as 

it will appear when completed. Practically 
speaking, it resembles less a mechanical man 
than, say, a shop type vacuum cleaner. The 
machine is cylindrical, about 36 cm (14 
inches) in diameter and 76 cm (30 inches) in 
height, weighing approximately 27 kg (60 
pounds). All rigid mechanisms lie within the 
cylindrical boundary or can be retracted 
within the boundary if necessary. This de- 

sign greatly reduces the number and diver- 
sity of senses required. The robot will be 

fitted with a smooth cylindrical skin (not 
shown), removable in sections for easy in- 
spection and maintenance. Modular con- 
struction is used in the robot wherever pos- 
sible. There are three main subsystems: 
motive, manipulator and sensory turret. 
These are presided over by an 8080 based 

microcomputer with 8 K bytes of EROM 
and 24 K bytes of programmable memory. 
The entire system is powered by a 6 V, 84 
amp -hour storage battery. 

How the Robot Gets Around 

The robot is given locomotion by two 
main diametrically opposed drive wheels. A 
third (unpowered) castoring wheel is located 
at the rear. This motive geometry has been 
successfully employed in several other robot 
vehicles constructed by other groups, and 
has been in use in the author's robot 
research since 1957. The vehicle's center of 
gravity is located well aft due to the place- 
ment of the battery and other heavy corn - 
ponents, obviating the need for a front 
wheel. The wheels are constructed of 
aluminum with neopreme O -ring tires. The 
main wheels are driven by stepping motors 
through precision 3:1 gearing. A single com- 
mand step rotates a wheel 0.6 degrees, so 

there is a total of 600 steps per revolution. If 
both wheels are moved in the same direc- 
tion, the vehicle travels forwards or back- 

wards in a straight line. If the wheels are 
moved in opposite directions, the vehicle 
executes a perfect rotation about its vertical 
axis. By stepping the wheels at different 
rates, a circular trajectory is approximated 
having a radius which can range from zero 
to infinity. The hardware and software 
necessary to drive the stepping motors are 
discussed in some detail later in this article, 
since they have very general application. 

The robot navigates principally by open 
loop dead reckoning. That is, it depends 
largely on the precise control of the wheels 
during acceleration, deceleration, and con- 
stant speed motion to achieve accurate 
positioning of the vehicle. The robot's posi- 
tion and azimuth relative to a fixed origin 
are computed at the end of each motion 
segment by counting stepping motor in- 
crements and using trigonometry. The preci- 
sion attainable is limited principally by 
wheel slippage, unequal wheel diameters, 
nonplanar floors, round -off errors, and step 
quantization. In practice, all these errors are 

small for short distance movements. 
The robot's excellent open loop per- 

formance makes it unnecessary to have 
continuous closed loop servo systems, such 
as have been extensively employed in other 
robots. For example, consider the problem 
of having a robot view a small object on the 
floor a short distance away, and then go pick 
up the object. One approach would be to 
have the robot continuously view the object 
as it moves towards it, adjusting its motion 
in a continuous way to converge on the 
object and pick it up. In this approach, a 

rather crude motive system would suffice, 
since errors are always nulled. A heavy load, 
however, is placed on the sensor -computer 
system. An alternative approach, the one 
followed here, is to have the robot view the 
object once, and then compute exactly how 
to move to the object and pick it up. When 
the computation is completed, the machine 
simply carries out the proper motions in a 

blind fashion. There is a greatly reduced 
strain on the sensor -computer system, at the 
expense of having to build rather precise 
motive machinery. Of course, this approach 
assumes the relevant environment will re- 
main fixed for the duration of the task. 

In this general spirit, by using high 
precision open loop movements throughout 
the robot, only intermittent feedback 
through the senses is required to close the 
control loop. In this way, the overall com- 
plexity of the robot can be kept at a 

reasonable level, allowing the required com- 
putations to fall within the abilities of an on 
board microcomputer. 
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Epistemological 
Engineering 

With artificial intelli- 
gence, robotics and ap- 
plied cybernetics coming 
of age through the recent 
progress in the fabrication 
of computer systems, it is 

quite likely that the 
branch of philosophy call- 
ed epistemology will have 
a much more explicit role 
In technology during the 
coming years. Epistemol- 
ogy is the study of nature 
and grounds of knowledge; 
understanding of episte- 
mology. is crucial to any 
attempt to realistically im- 
plement artificial intelli- 
gence systems. So in a fu- 
ture world of cognitive 
automata and advanced in- 
formation systems, we 
may Indeed find the new 
specialist who is the "epis- 
temological engineer." 



Scanning the Environment 
with Electronic Senses 

The sensory turret (see figure 1) provides 
a general platform on which to mount 
various senses, some of which might be quite 
experimental and temporary in nature. It 
can pan a full 360 degrees, and a small 
section containing the main image sensor can 

tilt from approximately 30 degrees above 
horizontal to 90 degrees below horizontal. 
Both of these motions are controlled by 
stepping motors. The main image sensor has 

a motorized focus control. The geometry of 
the "hand -eye" system allows orthogonal 
views of objects held in the manipulator jaws 
by using both image sensors under condi- 
tions of controlled focus and lighting. 

Each image sensor is a 32 by 32 element 
integrated array of photodiodes on a silicon 
chip measuring approximately 4 mm (0.1 
inch) square. The array acts like a 1024 bit 
memory. Each element is precharged to a 

fixed voltage; then at some later time the 
voltage of each element is read out, de- 

creased in proportion to the amount of light 
which has fallen on it. Several milliseconds 
are required to digitize the image. Up to 16 
levels of gray can be discerned, which means 
that 512 bytes of computer memory are 
sufficient for a single image. Once the image 
is obtained, it is analyzed by appropriate 
software. The extremely small size of these 
solid state image sensors, and the simplicity 
of their associated electronics, make them 
ideal for robot use. Higher resolution devices 
such as charge coupled sensors and miniature 
television cameras are available, but their 
cost and complexity make them unattractive 
for such applications. Besides, the amount of 
data generated would be too unwieldy to 
handle with a microcomputer. 

In addition to the main image sensor, 
several simple phototransistor light sensors 

are mounted on the tilting platform of the 
sensory turret. These enable the robot to 
locate and track point sources of light. 

Several other proposed senses are to be 

mounted on the turret. These are shown in 

schematic form in figure 1. To the left of the 
image sensor is shown an ultrasonic ranging 
transmitter and receiver which should be ex- 
tremely useful for finding the range to walls 
at distances as great as 10 meters (33 feet). 
The idea is to transmit short bursts of 40 
kHz sound and measure the time required 
for an echo to be received in order to com- 
pute the distance. Much of the necessary cir- 
cuitry is available in compact integrated 
form. 

Just to the right of the image sensor is 

shown a long wavelength infrared radiation 
detector with which it might be possible to 
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locate sources of heat such as dogs, cats and 
humans. 

Located on an axis perpendicular to the 
main image sensor are shown two micro- 
phones which form part of a sound location 
system. The intent is for each sensor to 
acquire a short sample of sound. The corn - 
puter then attempts to find a phase relation- 
ship between them, thereby locating the 
direction of the source. 

Many other possible senses can be 

imagined; the sensory turret is intended to 
provide a versatile platform and interface for 
experimenting with them. For example, 
using a helium neon laser, or perhaps a 

compact metal vapor laser, it may be pos- 
sible to provide an optical range finding 
system with high resolution if a suitable 
detector can be found. Eventually it is 

hoped to provide limited forms of speech 
synthesis and phrase recognition (using off 
line electronics with an analog radio link). 
This would make it possible to give general 
spoken commands to the robot in con- 
textual surroundings, and have verbal feed- 
back to insure that the commands were 
being properly interpreted. 

Sharing some space with the sensory 
turret system, and directly below the plat- 
form in figure 1, is the necessary power 
conversion electronics. These modules con- 
vert the battery voltage to ±12 V and +5 V 
(regulated) for use by the electronics, and 
also house the battery recharging circuitry. 

Manipulating Objects in the 
Environment 

The number of tasks which a simple 
robot can do is greatly increased if it has 

some sort of hand with which to grasp and 
manipulate objects in the environment. The 
human arm and hand system, with its 27 
degrees of freedom, is a marvelously versatile 
mechanism. Large industrial manipulators 
are fairly complicated and have six or seven 

degrees of freedom. For practical reasons, 
the present system is limited to a mere three 
degrees of freedom which, when combined 
with the two degrees of freedom of the 
motive system, should be sufficient for 
carrying out simple tasks. 

The manipulator is able to grasp objects, 
move up and down along the front of the 
robot by means of a rack and pinion drive, 
and to rotate about a horizontal axis. All 
three motions are controlled by stepping 
motors. The manipulator has a parallelogram 
geometry which permits the jaw faces to 
remain parallel regardless of their separation. 
This feature simplifies the problem of pick- 
ing up objects of varying sizes. When not in 
use, the jaws open wide enough to bring all 



parts of the manipulator within the cylin- 
drical boundary of the robot, where it is out 
of the way and does not cause problems 
when the robot turns and maneuvers in tight 
places. 

An auxiliary 32 by 32 element image 
sensor with fixed focus lens is mounted 
directly in the manipulator assembly, pro- 
viding a view of whatever object is between 
the jaws. 

In addition to mechanical force sensors in 
the jaw faces, there are several infrared LEDs 
in one face with opposing phototransistors 
in the other face. These LED phototransistor 
pairs define beams of light between the two 
jaw faces. By scanning the manipulator up 
and down, and moving the entire vehicle 
forwards and backwards, these beams enable 
the robot to measure the height and depth 
of simple objects resting on the floor be- 
tween the jaw faces, as well as to determine 
when objects are correctly positioned for 
picking up. The widths of objects are mea- 
sured directly by counting the number of 
stepping motor pulses required to close the 
jaws on the object. 

A tactile sensor is mounted on the front 
of each jaw to enable the robot to sense and 
locate large obstacles such as walls. The 
robot can align itself accurately either 
parallel or perpendicular to the wall, after 
performing a simple series of maneuvers. 
This action is convenient for many of the 
tasks the robot might have to carry out. For 
example, a simple strategy of maneuvers 
allows the robot to "square itself off" from 
a corner in a room, thereby defining a 

precise origin for its navigational 
coordinates. 

The tactile sensors double as electrical 
contacts used for plugging into ordinary wall 
outlets for the purpose of recharging the 
robot's battery (more about this later). 

All electrical power and signals to and 
from the manipulator assembly are sent 
through folding ribbon cables which are not 
shown in figure 1. 

Auxiliary Senses 

In addition to the senses mounted on the 
manipulator and sensory turret assemblies, 
there are several auxiliary senses illustrated 
in figure 1. A pair of retractable feelers are 
provided in the rear of the vehicle and serve 
much the same purpose as the tactile sensors 
on the manipulator jaws. These rear feelers 
enable the robot to detect and square up 
from walls and corners if the manipulator is 

occupied with holding some object. 
In addition to the rear feelers, a pair of 

retractable wall -follower feelers located on 
the sides of the vehicle enable the robot to 

travel parallel to a wall by measuring the 
distance from itself to the wall. The rear 
feelers and the wall -follower feelers are both 
activated by double coil latching solenoids 
and contain "microswitches" consisting of 
movable masks and infrared LED- photo- 
transistor pairs. 

For all of the robot's varied and spe- 
cialized senses we have discussed so far, 
there is nothing to prevent the robot from 
accidentally running at high speed into a wall. 
To prevent just such a mishap, and to 
provide a "soft" broad area "sense of 
touch," the robot is equipped with a number 
of proximity detectors, several of which are 
shown in schematic form in figure 1. These 
detectors work on a simple, but elegant, 
principle. Infrared LEDs, amplitude modu- 
lated by a 20 kHz signal, send broad beams 
of light out from the robot. If a wall is 

nearby, some of this light is reflected back 
into phototransistor sensors located in the 
same module. The received signal is amplified 
and sent to a phase sensitive detector locked 
to the outgoing signal. The computer is 

notified if the signal exceeds some program- 
mable threshold. These proximity detectors 
are quite insensitive to ambient light condi- 
tions, not very sensitive to the color or 
texture of the reflecting surface, and have 
useful ranges extending from several centi- 
meters to perhaps one meter. With these 
detectors, the robot is free to travel at fairly 
high speed until a wall or other obstacle is 

encountered, and can then slow down and 
investigate it with caution. 

It should be mentioned that all of the 
senses interact with the processor through a 

vectored priority interrupt system. 

Robot Psychology 

Up to the present time, the environment 
of the robot has been intentionally re- 
stricted. The robot is permitted to roam 
freely within a large "playpen" constructed 
of plywood. As various sensory functions are 
added, and the robot nears completion, 
simple objects such as blocks of wood, and 
larger obstacles constructed from plywood 
will be introduced, and restrictions on the 
environment will be gradually relaxed. While 
this is happening, the complexity of the 
software will greatly increase. It is ex- 
pected to take several more years of effort 
before the robot reaches a form which can 
be considered "finished." Whether the robot 
will ever be able to cope successfully with a 
"general" environment, such as a typical 
research laboratory or home living room, is 
certainly an open question. 

The software will be developed as a 

hierarchy of modules. The bottom strata of 
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Photo 1: The feeding 
trough. This is a photo- 
graph of an ordinary wall 
outlet with a white con- 
crete block wall as a back- 
ground. The robot must be 
able to seek out and plug 
into outlets such as this in 
order to periodically 
replenish its energy 
supply. 

this hierarchy will be occupied by hardware 
oriented routines for motor control, inter- 
rupt servicing, sensory data acquisition and 
the like. These routines will be relegated to 
EROM, where they will reside as powerful 
appendages for the higher level software. In 
the highest reaches of the hierarchy will be 
the planning algorithms: heuristic program 
ming which will take into account goals, 
subgoals, behavior, the structure of pri- 
orities, and what may generally be called the 
"psychology" of the robot. 

If the robot is turned loose in a strange 
room, its immediate behavior will be to 
begin exploring the room in some systematic 
way, locating walls and the boundaries of 
objects with respect to a specific origin. As 
new features of the environment are en- 
countered, they will be incorporated into 
the world model. Particular interest will be 

shown in the positions and heights of rec- 
ognizable wall outlets, since these are crit- 
ical for survival. As the model of the room 
nears completion, the original intense curios- 
ity will subside, and will be replaced by an 

attitude of playfulness. The world model 
will be consulted to find out which objects 
(eg: wooden blocks) are small enough to be 
manipulated. The robot may choose to 
group together objects with similar charac- 
teristics, build simple structures by stacking 
blocks and so forth. When the energy supply 
nears exhaustion, the robot will interrupt its 
play, head directly for a convenient wall 
outlet, plug in, and recharge its battery. The 
recharging process might take several hours, 
during which all motors will be turned off, 
and all but one 4 K byte memory module 
will be powered down. After recharging, the 
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robot will unplug itself and continue on its 
way. When the robot eventually "tires" of 
its environment, it will perhaps leave the 
room, wander down the hallway, and look 
for other rooms to explore. An interesting 
experiment would be to observe how long it 
takes for the machine to recognize a room in 
which it is arbitrarily placed, but has previ- 
ously explored. In addition to observing 
general behavior, one can give the robot 
general tasks to perform, such as picking up 
all small objects in a cluttered room and 
placing them in a box in the corner. 
(Mothers with small children, take note!) 

Many of the computing requirements for 
the robot will exceed the capabilities of its 
on board microcomputer. For example, the 
analysis of complicated scenes viewed by the 
image sensors can, at present, be done only 
by a very fast computer with lots of memo- 
ry. For this reason it is planned to equip the 
robot with a duplex radio telemetry link to a 

"black box" which connects with a tele- 
phone. The robot will then be able to 
initiate telephone calls to a large timeshared 
computer, and be able to communicate with 
it via the 2400 bps telephone lines. Control 
routines in the on board microcomputer will 
invoke large analysis programs stored on 
permanent disk files attached to the time- 
shared computer. 

A visual scene can be transmitted in less 

than a second, and the large computer can 
extract features of interest and send them 
back to the robot in several seconds. It will 
also be useful to take advantage of the off 
line disk files to store large data bases such 
as portions of the world model. When the 
robot has finished its transactions with the 



large computer, it simply "hangs up the 
phone" and goes about its business, perhaps 
reinitiating the hookup at a later time. It is 

important to point out here that in no sense 

is the large computer "in control" of the 
robot. The robot is simply using the services 
of the large computer to perform calcula- 
tions that are too involved or too lengthy to 
do itself, much as you or I would use a 

computer to solve some problem. Also, it 
should be noted that if the large timeshared 
computer is busy, or if the computations are 
long, the robot is free to continue with other 
tasks until the requested analysis can be 

performed. 
This usage of an off line timeshared 

computer will permit access to a large 
amount of general robot planning software 
written in high level languages by other 
groups. The telemetry hookup will, as a side 
benefit, enable the robot to make calls to 
human researchers (hopefully not in the 
middle of the night) to report malfunctions 
or unusual conditions in the environment by 
means of coded audio signals. (The robot 
night watchman ?) 

Finding Energy Sources 

It may be necessary for the robot to 
survive for weeks at a time without super- 
vision or interruption of its operation. To do 
so, it must manage its own energy supply. 
The battery voltage and current are sensed 
periodically and converted to digital form by 
a simple software driven analog to digital 
conversion system. This information, along 
with the battery's internal temperature 
(sensed with a thermistor probe), allows the 
state of charge to be determined. When this 
reaches some minimum level, the robot is 

obliged to renew its supply of energy by 
finding a wall outlet and plugging in. 

From the outset, it must be said that the 
robot will depend heavily on prepro- 
grammed strategies to accomplish this task. 
A standard wall outlet mounted on a white 
concerete block wall is shown in photo 1. 

The cover plate is of brushed stainless steel, 
and the receptacles are made of light colored 
molded plastic. From a distance of perhaps 
10 meters (33 feet), with the turret image 
sensor focused on infinity, theoutlet ap- 
pears as a small spot. Any such spot, 
identifiable by the software as a few dark 
picture elements surrounded by a light field, 
is worth further investigation. If several 
spots are visible, a single one will be selected 
for closer examination. 

Using the motive system and the sensory 
turret in combination, the direction and 
distance to the spot is then computed by 
triangulation. After this is done, the robot 

Photo 2: Here is an oscilloscope display of the wall outlet shown in photo 1, 

as viewed by an image sensor. The, e we a total of 1024 picture elements in 
this sensor, each with 16 levels of gray perceptible to the computer. The 
picture has 32 columns and 32 rows of elements. The outlet appears as a dark 
rectangle with a light background. The two receptacles can just be resolved at 
this range. 

Photo 3: As the robot moves closer to the wall outlet, more detailed features 
of the socket become apparent. This is an oscilloscope display of an 
individual receptacle, as viewed at close range by the image sensor. By 
applying pattern recognition techniques to images such as this and the image 
in photo 2, the robot can recognize outlets and determine the exact position 
and height of the electrical contacts, prior to its final maneuver to plug itself 
into the wall. 
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Figure 2: Output decoding logic used to create discrete (level) outputs and pulse outputs. This circuitry connects to an 8080 
data bus through memory address space. The outputs are used to drive the various lines of stepper motor interfaces such as those 
shown in figure 3. Each stepper motor individually uses one discrete level output (for forward or reverse direction control) and 
one pulse output (to initiate one step sequence). Two discrete level outputs are also used to control the running versus standby, 
or off, status of the motors. 

drives to the approximate position of the 
spot, and with LED proximity sensors and 
the tactile sensors on the manipulator, it 
attempts to sense and recognize the exist- 
ence of a wall, which is hopefully associated 
with the spot. If this is the case, the robot 
moves out perpendicular to the wall for a 

fixed distance, sets the image sensor focus 
accordingly, and rescans for the spot which 
hopefully should now begin to have the 
shape of a wall outlet from this short range. 
By a series of small maneuvers, the robot 
positions itself exactly in front of the outlet 
at a precise distance away. At this time, the 
manipulator begins a vertical motion until 
the outlet is centered in the field of view of 
the auxiliary image sensor. The computer now 
has a straight on, in focus view such as that 
seen in photo 2. 

At this point, fairly simple pattern rec- 
ognizing algorithms are used to analyze the 
shape, size and topology of the image 
(feature extraction). These features are com- 
pared with known properties of wall outlets. 
If enough features match within certain 
error bounds, the recognition is successful. 
(In this respect, it is much easier to attempt 
to recognize a specific object than to try to 
analyze a general scene.) If the recognition is 

not successful, several more attempts are 
made at slightly different distances to over- 
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come the granularity effects of the sensor. If 
a recognition is still not successful, the robot 
heads off to explore other spots. Assuming 
success at this point, the robot moves in for 
a high resolution image of a single receptacle 
(see photo 3). Again, the image is analyzed, 
and further recognition tests are made. If 
everything is okay, the exact height and 
distance to the electrical contacts are deter- 
mined, and the manipulator jaws close to the 
separation appropriate to the space between 
the two contacts. An attempt is now made 
to plug in, with the computer monitoring 
the voltage between the two plug prongs on 
the manipulator. Small searching motions are 

made until contact is established, whereupon 
the jaws open slightly to make good electri- 
cal connections. The computer then directs 
the recharging operation until the correct 
charge is reached. It is expected that the 
robot will normally be able to go about six 
hours between recharging operations. 

Stepping Motor Drives 

I n order to execute all of the motions 
required of it, the robot must have precise 
control of the motors. This is accomplished 
by means of the stepping motor drive 
modules which constitute the interface be- 
tween the on board computer and the 
stepping motors. There is a total of seven 



identical drives: two for the motive system 
(one for each wheel), three for the manipula- 
tor (grasp, lift and rotate), and two for the 
sensory turret (pan and tilt). 

Figure 2 illustrates the logic used to 
provide both pulse and discrete (level) out- 
puts from the computer. For simplicity, 
only eight pulse outputs and eight discrete 
outputs are shown. The scheme can be 

expanded to many more outputs, with the 
addition of suitable logic. Low power TTL 
provides the connection to the address, data 
and control buses of the microprocessor. 
Lines AO to A3 select one of 16 possible 
outputs, with A15 acting as an input output 
select line. The sign bit, D7, is used to signify 
whether a one or a zero will be written into 
the selected discrete output line. Generation 
of the negative going output pulses and 
strobing of the data are done by the MEMW 
pulse. A 9334 addressable latch and 
74LS138 binary to octal decoder provide 
the outputs to the system. If desired, one 
pulse output can be wired to the CLR line of 
the 9334 latch for simultaneous resetting of 
all the discrete outputs. 

Figure 3 shows an individual stepping 
motor drive circuit which is sufficiently sim- 
ple and general to permit many other non - 
robot applications where precise computer 
controlled motion is required. The circuit 
generates the 4 phase pulse sequence of high 
currents necessary to operate a Slo -SynTM 
bifilar type stepping motor manufactured by 
the Superior Electric Company. Inputs to 
the stepping motor circuit are connected as 

desired to the discrete and pulse outputs 
shown in figure 2. The forward or reverse 
input (FR) determines whether the motor 
shaft turns clockwise (FR = 1) or counter- 
clockwise (FR = 0) as viewed from the shaft 
end of the motor. The forward limit input 
(FL) prevents the motor from moving for- 
wards (clockwise) if FL = O. The reverse 
limit input (RL) prevents the motor from 
moving backwards if RL = O. These inputs 
are generally not controlled by the com- 
puter, but are wired to simple limit switches 
to prevent excessive motion of the motor in 
a particular direction. In the case of the 
robot, these "reflex inputs" are independent 
to allow the computer to change the direc- 
tion of motion after a mechanical limit has 
been reached, and to establish "zero point" 
settings for the various possible motions. 
The pulse input (P) triggers on a negative 
going transition and causes the motor to ad- 
vance one step (1.8 degrees) in the direction 
specified by the FR input. Thus, 200 pulses 
on the P input cause the motor shaft to 
rotate exactly one revolution. The maximum 
pulse rate is of the order of several hundred 
pulses per second without error, but this 

depends strongly on the motor size and the 
driven load. The clear input (CLR), when 
momentarily brought low, resets the count- 
ing flip flops to zero in case it is necessary to 
establish a standard shaft position when 
power is turned on. The off input (OFF), 
when brought low, removes all current from 
the motor windings, and frees the shaft 
except for a small holding torque caused by 
the permanent magnets. If OFF = 0 and 
standby (SBY) is brought high (SBY = 1), 
the shaft position is maintained, but at 
greatly reduced current. The off and standby 
inputs are critical for application in the 
robot, since they permit substantial power 
savings. In figure 3, series 7400 logic can be 
substituted for the 74L and 74LS series if 
desired, but at the expense of extra power. 
Resistance values in the drive circuits are 
typical, and might need to be optimized for 
a particular motor. The diodes in the emitter 
circuit of the 2N3055s should have a high 
surge rating, and moderate heat sinking for 
2N3055s is advised. 

Connections to a Slo -SynTM stepping 
motor are shown in figure 4. In the robot, all 
motors are powered directly from the main 
6 V battery ( +MV). Values for the resistance 
R can vary from zero to several ohms and 
are selected to be compatible with the 
motor's maximum current rating and 
dynamic characteristics. 

Robot Control: Software Aspects 

The previous discussion dealt with several 
general and specific aspects of the robot 
system and how it is intended to operate, 
once completed. Of the three major subsys- 
tems, motive, manipulator and sensory tur- 
ret, only the motive subsystem is fully 
operational at present. The others are in 
various stages of detailed design and con- 
struction. Photo 4 reflects the current state 
of construction, which includes several tern - 
porary items such as the hand wired corn - 
puter backplane and stepping motor drive 
modules, the crude "hand" made from sheet 
metal, and the cables leading to conventional 
power supplies. The 16 kg (35 pound) bat- 
tery is on board to maintain balance, but not 
used, awaiting completion of the power 
conversion electronics. The open area at the 
front of the robot will be taken up by the 
manipulator assembly when it is completed. 
The power conversion modules and the 
sensory turret will go in place above the 
computer. 

Software for the robot is created on the 
CDC -6400 computer using an 8080 cross 
assembler written in FORTRAN IV by 
Robert Mitchell. Object code for the 8080 is 
punched on 8 level paper tape by the 6400 
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Figure 3: Each stepper motor (there are seven presently incorporated into Newt's design) requires a drive circuit as shown here. 
This circuit contains counting logic and high current drivers needed to create the 4 step sequence of signals required by a 
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Slow -SynTM stepping motor. The inputs to this interface circuit include one level (FR) signal and one pulse signal (P) derived 

from an output port such as the one shown in figure 2. The forward and reverse limit inputs are used to override commands 

when a sensor detects that rotation of the motor has reached some mechanical limit of the motor's activity. The power control 
logic (summarized in the chart) is used to conserve battery power by allowing a "standby" mode for the motor when it is not 
being actively driven. This standby mode holds the motor shaft positon actively, but uses less current than the full torque state 

used to move the shaft from step to step. 

system, and is subsequently read into the 
robot's memory through an ASR33 Tele- 
type. A modest resident monitor program is 

stored in the first 666 bytes of EROM, 
which allows dumping and modifying of 
memory, punching and reading of paper 
tape, and branching to any memory loca- 
tion. The monitor is essential, because the 
computer has no conventional "front panel" 
with switches and lights. 

The current robot control program oc- 
cupies about 1000 bytes of programmable 
memory, not including table areas of vari- 
able size. It provides a method for exercising 
direct control of the robot for testing 
purposes. The coding, written by Dennis 
Toms, is very general, modular and compact. 
In order to start and stop the stepping 
motors without error, it is necessary to 
provide a profile of acceleration and de- 
celeration. This is most conveniently done 
by using a time -delay table giving the appro- 
priate time intervals between stepping motor 
pulses. The table is precomputed to yield a 

uniform acceleration over some time period. 
It is sufficient to have a single table for all 
motors. Each motor has associated with it a 

14 byte motor status word (MSW) whose 
format is given in figure 5. The motor 
number and motor flag each occupy one 
byte; the other entries are two bytes (one 
word) each. The motor number byte is a 

fixed number which associates the MSW 
with a particular motor. The motor flag byte 
is a code which gives the current state of the 
motor (off, on, standby, accelerating, de- 
celerating, emergency stop, etc). The speed 
pointer word is an index which points to the 
current entry in the time delay table. The 
top speed word specifies the index to the 
delay table entry, giving the shortest per- 
missible delay between stepping motor 
pulses (maximum motor speed). The total 
steps word specifies the number of steps the 
motor is to execute. The acceleration, con- 
stant speed and deceleration counters speci- 
fy the number of steps to be taken in the 
acceleration, constant speed and decelera- 
tion phases of the motion, respectively. 
These counters are decremented appro- 
priately as the motion takes place, so that if 
necessary, at any time during the motion the 
state of the motor can be determined by 

CABLE 
FROM 
MOTOR 
DRIVE 
CIRCUIT 
(FIG.3) 

GREEN /WHITE 

GREEN 

WHITE 

(SEE TEXT) 

BLACK 

RED 

RED/ WHITE 

Figure 4: Wiring and color code for the Superior Electric Slow -Syn TM bifilar 
stepping motors. The resistance R should be set (see text) to reflect typical 
operating characteristics of the motor's use. The wiring is shown by color 
designations, and is connected to the drive circuit of figure 3. The ground 
return to figure 3 can be via the robot's chassis or through an additional 
circuit in the cabling. 

interrupt handling routines. After all bytes 
of the appropriate MSW have been loaded 
with proper values, low level software takes 
over to carry out the motion. A pulse is 

issued to the selected motor causing it to 
advance 1.8 degrees. After a delay specified 
by the first entry in the delay table, a second 
pulse is issued, and the speed pointer is 

incremented to point to the second value in 
the delay table, and the acceleration counter 
is decremented. This process continues until 
the acceleration counter reaches zero. When 
this occurs, the acceleration phase is com- 
plete and the constant speed phase is en- 
tered. For this phase, the speed pointer is 

Figure 5: Format of the 
motor status word. There 
is one motor status word 
allocated to each stepper 
motor; an interrupt driven 
process updates and times 
the operations of the 
motors. The information 
includes motor identifica- 
tion, status flags and pa- 
rameters which specify the 
details of a cycle of opera- 
tion consisting of accelera- 
tion, constant running 
speed and deceleration. 
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Photo 4: The robot Newt 
as it appears in the current 
state of construction. The 
hand wired computer 
backplane and stepping 
motor drive modules and 
sheet metal "hand" and 
power cables to an ex- 
ternal source are all 
temporary. 

held fixed, pointing to the time delay value 
corresponding to the top speed index, while 
the constant speed counter is decremented 
for each step. After the constant speed phase 
is completed, the speed pointer is decre- 
mented for each pulse, causing the motor to 
decelerate. The motor finally stops after a 

number of pulses have been issued equaling 
total steps. The motor is then placed in 
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standby condition and this fact is stored in 
the motor flag byte. If unforeseen condi- 
tions arise which make it inadvisable or 
impossible to complete the motion as 

planned, the interrupt software stores the 
appropriate emergency stop code in the 
motor flag and the motor is halted. In all but 
extreme emergency cases requiring instant 
stopping of a motor running at high speed, 



the software can recover the total number of 
steps actually taken, saving it for naviga- 
tional purposes. 

To exercise direct control of the robot, a 

simple interpretive command system was 

developed. The currently implemented com- 
mands are listed in table 1. Each command 
consists of the 1 byte ASCII character F, B, 

L, R, W, V or Q, followed by a 2 byte 
argument. In the case of the F, B, L and R 

commands, the argument is simply the num- 
ber of motor steps to be taken (less than or 
equal to 215 - 1). For the W command, the 
argument is the waiting time in units of 
10ths of a second. For the V command, the 

argument specifies the new maximum speed 

of the robot in steps per second. For the Q 

command, the argument gives the 16 bit 
address of a sequence of commands stored in 

memory. Of course, many other commands, 
such as those appropriate for sensory turret 
and manipulator motion, will be added to 
the list of table 1. A program of robot 
activity consists of a simple sequence of 
these 3 byte commands, one after the other. 
For example, the following 15 byte se- 

quence (arguments shown in hexadecimal 
notation): 

F OA10 
L 000B 
B 0010 
W 0066 
B 0002 

would cause the robot to move forward 
2576 steps (about 1.4 meters), turn left 11 

steps (a few degrees), back up for 16 steps, 
stop and wait for 10.2 seconds, and then 
back up two steps. All accelerations and 
decelerations are taken care of automatically 
by the lower level software. 

Commands can be given to the robot in 
several different ways (command modes) 
which are specified in table 2. For the D 

mode, the robot simply executes the com- 
mands directly as they are entered on the 
Teletype. After each command is given, it is 

necessary to wait until it is carried out 
before entering another command. In the R 

mode nothing is executed, but each corn - 
mand is recorded in sequence in the mem- 
ory. The N mode is a combination of the D 

and R modes. It permits a sequence of 
commands to be recorded as they are being 
executed. The P mode allows playback of 
any previously recorded sequence. In this 
mode, the Teletype cable can be discon- 
nected to allow the robot to roam freely. If 
the C mode is specified, the robot creeps 
along at a very slow pace under an F, B, L or 
R command for an indefinite number of 
steps. The motion is terminated by de- 

Table 1: Currently im- 
plemented commands. The 
demonstrations of opera- 
tion seen in photo 5 were 
created using an inter- 
pretive sequence including 
these seven basic com- 
mands. The command list 
is open ended in that 
many additions to the pos- 
sible operations are ex- 
pected as the software is 

developed further. 

ASCII Command Code Command Definition 

F Move robot forward 
B Move robot backward 
L Rotate robot left 
R Rotate robot right 
W Make robot wait 

Set robot maximum speed 
Q Execute command sequence 

pressing any key on the Teletype, after 
which the number of steps taken is printed 
out. The T mode is a combination of the C 

and R modes. The E, L and O modes are 

"bookkeeping" in nature, and permit 
erasing, listing, and setting the origin of a 

command sequence, respectively. During the 
creation of a program of action for the robot 
(command sequence), any combination of 
modes can be used as desired. It is easy to 
think of many other useful modes which 
could be added to the list of table 2. 

Using the commands listed in table 1, it 
has been possible to do a number of pre- 
liminary experiments with the robot which 
serve to test both the hardware and soft- 
ware, and to prove some of the fundamental 
ideas. For example, one can place wooden 
alphabet blocks on the floor at random, and 
then program the robot (using the N and T 
modes) to "pick them up" by trapping them 
in its temporary "hand." After putting the 
blocks and the robot back in their initial 
positions, the playback (P) mode can be 

used to repeat the motions automatically. 
One such test, rather in the form of a 

demonstration, is shown in photos 5a to 
5g. In the first frame, photo 5a, the robot 
is moving towards the nearest block from its 

Table 2: Command modes for the robot. The software presently implemented 
is used to try out various exercises of the robot's machinery. The software is 
structured into several command modes described by this list. 

Command Mode 

D 

R 

N 

P 

C 

T 

E 

L 

0 
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Type of Operation 

Direct (simply execute the commands) 

Remember (record commands) 

Normal (combine D and R) 

Playback (run through a command sequence) 

Creep (directly execute motions at a turtle's pace) 

Teach (combine C and R) 

Erase 

List 

Set origin 



(u) 

(c) (d) 

Photo 5: A program of action executed by the robot. In this sequence, prearranged blocks are pushed to appropriate locations 
to spell out N E W T, which is the robot's name. 

(a) The robot's actions start with its movement from an initial position in the left corner of the playpen toward its first b lock. 

(b) As it closes in on the block, it maneuvers into position to entrap the block. Note that in this prearranged course, the robot 
is executing a fixed sequence of interpretive commands, and is not yet using visual inputs to find b locks at arbitrary positions. 

(c) After trapping the block and moving to the final position, Newt releases the block at its final position. 

(d) Here, a second block has been fetched and released next to the first block, and Newt is turning around in order to head for 
the third block. 

(e) Now Newt is ready to pick up the third block in the sequence. 

(f) After placing the third block and going to the fourth, Newt has picked up this last block. 

(g) Finally, the fourth block has been placed, completing the spelling of Newt's name, which is the end of the programmed 
sequence of approximately 100 interpretive motion commands. 
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(e) 

initial position in the left corner of the 
playpen. In 5b, it is maneuvering into posi- 
tion for "picking up" the block. In 5c, 
the block has been picked up, moved and 
released in a new position. In 5d, a second 
block has been fetched and placed next to 
the first block, and the robot is turning 
around and heading for a third block. In 5e, 
it is about ready to pick up the third block. 
In 5f, the third block has been placed, and 
the fourth block is in the "hand." In the 
final frame 5g, the fourth block has been 
placed, spelling out N E W T, which is, of 
course, the robot's name. Approximately 
100 3 byte commands were required for this 
sequence. The program can be executed 
dozens of times without error, and the final 
positions of the blocks and the robot after 
the sequence is finished has a scatter of a 

few millimeters ( ±1/8 inch) in each direc- 
tion. Of course, when the robot is complete 
with all its senses, it will seldom have to 
execute such a lengthy sequence in a com- 
pletely open loop fashion. Perhaps it can 
eventually do tasks such as searching for and 
finding specific alphabet blocks in a random 
pile of blocks. This would require frequent 
closing of the feedback loops through the 
visual senses. 

As the robot goes through its motions, 
such as depicted in photos 5a to 5g, it 
seems to possess an almost uncanny grace 
and precision. Small children, when watch- 
ing it, are frightened at first, but this soon 
gives way to playful interest and warm 
curiosity. Even hardened computer experts 
are amazed to see a computer driving itself 
around on wheels! 

(f) 

(g) 

Some Personal Remarks on Building Robots 

It will not be possible for one person 
alone to write the software for the robot. 
This is far too large a job. It is hoped, 
however, that as the hardware nears comple- 
tion, it will act as a focal point for many 
persons wanting to experiment with the 
robot by writing their own software. A 
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fascinating project would be to create a 

general "Robot Control Language" which 
would free each programmer from the de- 
tails of the hardware. What a rich experience 
it would be to work together, exchanging 
ideas in a highly interactive way. There are 

many tutorial possibilities for computer 

SOME TERMINOLOGY 

Amp hour: A unit of energy for rating batteries. 
The battery of NEWT, with its 84 Amp hour ca- 
pacity, can store enough charge to drive a steady 1 

A load for 84 hours, or a 14 A load for six hours. 
The finite capacity of any practical battery means 
that any mobile robot must incorporate some pro- 
grams for seeking electrical outlets and recharging 
batteries periodically. 

Azimuth: As used here, an angle relative to a fixed 
direction in the horizontal plane. 

Cognition: As Webster has it, this is "the act or 
process of knowing, including both awareness and 
judgement." [Webster's New Collegiate Dictionary, 
1976 edition.] In the context of robots and artifi- 
cial intelligence, this term refers to programmed 
models which approximate the behavior of natural 
cognition. 

Degrees of freedom: The state of a robot mechan- 
ism (or any other system) can be described by 
specifying the current value of each variable para- 
meter. Thus, if a robot arm has seven joints, the 
position of its "hand" might be determined by the 
angular setting of each joint. Each such indepen- 
dently variable parameter of a system is called a 

"degree of freedom," so the seven jointed arm 
would have seven degrees of freedom. 

Heuristic: A heuristic computer program is one 
which starts out with an approximate method of 
solving of a problem within the context of some 
goal, and uses feedback from the effects of the 
solution to improve upon its own performance. 
Heuristic programming is one of the major contem- 
porary artificial intelligence techniques, and is a 

key to developing a cognitive robot. 

Manipulator systems: A generic term for any me- 
chanical device which a robot uses to directly ma- 
nipulate its environment. In the NEWT robot, this 
is currently (see photos) a simple sheet metal frame 
which can catch a block and slide it across the 
floor as the robot moves, with no active grasping; 
NEWT is intended to eventually have a much more 
flexible system of manipulation as described in the 
text. Most industrial robots currently in use consist 
of manipulators alone, without much in the way of 
sensory feedback or motive systems. 

Motive systems: A generic term for the mechan- 
isms used to convey the robot around its environ- 
ment. In the NEWT robot, this refers to the two 
drive wheels, balancing caster and stepper motors 
which propel the robot. 

Open loop, closed loop: A closed loop system is 

one which operates with feedback from errors. The 
feedback is intended to correct for the errors and 
thus approach the truth; an open loop system ig- 
nores error signals and operates on the sometimes 
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science classes and beginning students 
learning about computers. There are prob- 
lems in psychology, procedural languages, 
human -to- machine communication, func- 
tioning of parts of the brain ... (Working 
with robots is certainly one way to gain a 

much greater appreciation for the complex- 

naive assumption that no errors occur. The terms 
must be qualified by a reference to the time inter- 
vals involved in the system: NEWT, for example, is 

a closed loop system over long time periods, since 
it is intended to navigate using feedback from its 
sensors; however, due to the processing loads asso- 
ciated with sensors, NEWT operates open loop be- 
tween navigation sightings in a manner analogous 
to the dead reckoning method of navigation used 
occasionally by airplane pilots or captains of ships. 

Round off errors: In operations such as addition, 
multiplication or calculating transcendental func- 
tions, there is often some uncertainty in the least 
significant part of the result. In an extended calcu- 
lation in which these operations are repeated over 
and over, appreciable round off errors can accumu- 
late. In a digitally controlled vehicle guidance 
system such as that used for a robot, these numeri- 
cal errors are a major source of uncertainty in the 
vehicle position, and are just as important as more 
obvious sources of error such as step quantization 
or slippage in the drive mechanism. 

Senses: In a robotics context, senses are specialized 
peripherals which convert information about the 
environment into signals which can be analyzed by 
a computer or used directly by the electronics, as 
in a reflex. Sensory information may be obtained 
from devices as simple as a microswitch with a 
"feeler" arm, or as complicated as photoelectric 
imaging arrays with zoom lenses and pointing 
mechanisms. 

Stepping motors: An ordinary electric motor is 

characterized by continuous motion when ener- 
gized. A stepping motor uses a different design phi- 
losophy to achieve a motor which will move its 
shaft in small incremental angular steps on com- 
mand, and will actively maintain its position in be- 
tween each command. This type of motor is very 
well adapted to digital control of mechanical sys- 
tems, and is used by NEWT for all mechanical mo- 
tions in the robot. 

Step quantization: The stepper motors have a 

finite angular resolution built into their design. 
This means that any mechanical motion derived 
from the motor will have a certain minimum step 
size, so that any attempt to position to a finer 
tolerance must be approximated. 

Trajectory: The path of a moving object is its tra- 
jectory. In the case of the mobile robot, a trajec- 
ectory is planned before motion takes place, given 
a desired goal position and a world model which 
covers its course and objects which may be in the 
way. 

World model: A world model is the result of cogni- 
tion as implemented in robots. Formally, it is an 
information structure built up in the memory of 
the robot, based on both initialization and heuris- 
tic interaction with the environment. 



ity and capability of the brain.) In addition, 
experiments can continue on sensor develop- 
ment and interfaces from sensor to com- 
puter. There are a great many practical spin- 
offs from this kind of work. 

Many people believe that as more and 

more advances are made in microelectronics, 
the prospects of mass producing robots will 
become attractive, and the prices of these 

hypothetical machines will plummet. (Let us 

hope we will have learned something from 
R U R.) If this occurs, many applications 
will open up. Besides such things as plane- 
tary surface exploration, such as already 
demonstrated by the Viking robots, one can 

envision undersea robots working on oil 
pipelines and well heads, coal mining robots, 
fire fighting robots, agricultural robots, 
robots on assembly lines producing cus- 

tomized articles, robot -like prosthetic 
devices, and many other types of robots for 
specialized and general service, doing jobs 
which are too difficult, too dangerous, or 
which are otherwise undesirable for humans. 

I have been asked many times the ques- 
tions, "Why are you building a robot ? ", and 
"What will it do when it is finished ?" The 
answer to the second of these questions is 

easy: I simply don't know what the robot 
will be able to do. This is the whole point of 
building the robot. Given a modest amount 
of hardware and a greater amount of soft- 
ware, thoroughly integrated to form a sys- 

tem, the idea is to find out just what such a 

system is capable of doing. The whole is 

likely to be far greater than the sum of the 
parts. The system is pushed as far as the 
available time, money and energy will allow 
in order to learn what can be done and what 
cannot be done; in other words, to explore 
the frontier of robot research, and to know 
and understand the problems involved. The 
necessary knowledge can neither be obtained 
by theoretical studies, nor by simulations 
using large computers. 

In regard to the first of the questions, I 

have been fascinated with robots since the 
mid -I950s and have constructed several 
robot devices prior to the one described in 
this article. The construction of such ma- 
chines presents many interesting challenges. 
A functioning robot is a most curious blend 
of electronics, mechanics, computer design, 
computer programming and artificial intel- 
ligence. All these fields come together in the 
design and construction of a robot, and each 
must be explored in depth. Added to this are 
the challenges and excitement of locating 
obscure components in surplus store parts 
bins around the country, planning, building, 
and then replanning, rebuilding, and, of 
course, experimenting and learning. To me, 

About NEWT's Name and Family Tree 

The origin of NEWT's name is buried in 
an often quoted verse from Macbeth by 
William Shakespeare ... 

In the cauldron boil and bake; 
Eye of newt and toe of frog, 
Wool of bat and tongue of dog, 
Adder's fork and blind- worm's sting, 
Lizard's leg and howlet's wing, 
For a charm of powerful trouble, 
Like a hell -broth boil and bubble. 

Newt I, the present robot's predecessor, 
was a light- seeking robot consisting of a 

large eye on a stalk rising above a motor 
driven platform. 

all these are fascinating aspects of endeavors 
which are perhaps best left to amateurs. I 

say this, because I strongly believe that the 
amateur computer enthusiast has a golden 
opportunity to participate in advances in the 
field of robotics. In fact, the amateur has 
several advantages over the professional. The 
research can be as abstract as the amateur 
wishes it to be and can be conducted 
without regard to immediate payoff poten- 
tial in the marketplace. There is no need to 
spend time writing elaborate proposals, no 
need to continually justify the direction of 
the work, and no need to get hard results 
every few months to write up and stick into 
quarterly reports. History has shown that 
precisely this atmosphere of freedom which 
surrounds the amateur is the atmosphere in 
which brilliant innovations and discoveries 
are sometimes made. 

Acknowledgment: The author 
wishes to express gratitude to 
Dennis Toms for his enthusi- 
astic help and interest in this 
project. 
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Photography by Carole Brock 

Photo 7: The complete 
setup of the IBM Selectric 
Keyboard Printer, typing 
under the control of a 

KIM -7 microcomputer 
with a 4 K memory expan- 
sion. The Selectric inter- 
face described in this ar- 
ticle is housed in the 
equipment case in the 
center of this photo. 

Interfacing the IBM 

One of the most desirable forms of 
computer output is high quality typewritten 
text suitable for preparing letters, reports 
and other documentation. A word proc- 
essing system which speeds up the process of 
writing and revising text would be a very 
useful and feasible application for a small 
microprocessor based system, provided that 
a suitable hard copy output device can be 

found at a reasonable price. 
An ideal output medium for such a word 

processing system would be an IBM Selectric 
office typewriter. Selectrics are moderately 
expensive when compared to ordinary type- 
writers ($630 to $830 depending on the 
options chosen), but they are ubiquitous in 

the office environment, produce very high 
quality typed output, and can be used to 
print in many different type styles simply by 
changing the ball shaped typing element. 
Special typeballs are available for printing 
mathematical symbols and for the APL 
character set (see "What is APL ? ", by Mark 
Arnold, November 1976 BYTE, page 20). 

46 

Unfortunately, the job of converting a 

Selectric office typewriter is made somewhat 
more difficult by the fact that (contrary to 
popular belief) the Selectric mechanism is 

entirely mechanical and not electronic in 

nature. The only use of electric power in an 

ordinary Selectric is for the motor which 
turns the drive shaft and various gears and 
cams. It is necessary to use solenoids to push 
levers and "bails" in the base of the mech- 
anism to achieve printing under computer 
control. Similarly, contact switches must be 

installed in order to use the keyboard for 
computer input. 

There is another alternative, however. A 
variety of computer terminals and other de- 
vices based on the Selectric mechanism are 
becoming available on the surplus market, 
often at a fraction of their original prices. 
These machines have their own built -in sole- 
noids or other means for mechanical control, 
and present some sort of electrical or elec- 
tronic interface to the outside world. The 
simplest, most commonly available, and of- 



Selectric Keyboard Printer 

ten the cheapest of these are the Selectric 
Input /Output Keyboard Printers, Models 73, 
731, 735 and others. They were manufac- 
tured by IBM, typically for use as IO devices 
in other companies' computer systems. As 
these systems have become obsolete, the Se- 

lectric Keyboard Printers have found their 
way into surplus channels. 

As a business school student and experi- 
enced user of computers, I have always 
wanted to build a word processing system 
around my own home computer. Hence I 

seized a chance to acquire a Model 73 
Keyboard Printer for $450 from the Com- 
puter Warehouse Store in Boston. (These 
units were sold out in a few weeks; I have 
heard of prices ranging from $250 to $1500 
through other channels, but as interest in the 
units increases, their typical prices are bound 
to rise.) Armed with a couple of old IBM 
manuals provided by the Computer Ware- 
house Store, I set out to accomplish what I 

expected would be a straightforward inter- 
facing process. 

(Teaching KIM to Type) 

This article is a report of my experience, 
and a detailed description of the interface 
which I built. Briefly, the interfacing proc- 
ess, while simple in principle, was not at all 
straightforward in practice. But it was suc- 
cessful, even for such a mechanically inept 
person and relative novice in electronics as 

me. For about $50 in parts (including such 
extravagances as a pretty cabinet and a $20 
IBM connector to plug into the Selectric's 
peculiar 50 pin receptacle), and lots of labor, 
I produced the unit shown in photo 1. It's 
only an interface to the Selectric printer, 
since I'm content to use my existing ASCII 
keyboard for input. It has its limitations, but 
it works. 

This, of course, is hardly the last word on 
Selectric Keyboard Printer conversion. 
As a BYTE reader, I would be delighted to 
see information on mote comprehensive 
interface designs, as well as actual experi- 
ences with several of the units currently on 
the market. Since most of them are sold on 
an "as is" basis, these machines can bring 
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Photo 2: A closeup of the 
IBM Selectric ball mech- 
anism on its moving car- 
riage within the printer. 
The Courier 72 ball shown 
here is one of many 
balls available with the 
"Correspondence" coding 
arrangement. 

you a lot of grief (read on). So it's wise w 
report on problems, and how you overcame 
them. 

The Selectric Mechanism 

To appreciate what the interface must do 
(and what can go wrong), it is first necessary 
to understand basically how the Selectric 
mechanism works. The typing element is a 

í'iwiansim 
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Photo 3: This diagram, from the IBM manual number 241 -5159 -3, shows how 
the various bails of the mechanism are connected in a typical case. The IBM 
manuals for the typewriter output unit are valuable reference materials and 
can be obtained by calling your local IBM office. 
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golfball sized hollow sphere embossed with 
up to 88 characters, arranged in four hori- 
zontal rings of 22 characters each. Photo 2 

illustrates the ball in its rest position in the 
mechanism. All the lower case or unshifted 
characters appear on the "western hemi- 
sphere," the side normally closest to the 
paper. The upper case characters are in 
corresponding positions on the back side or 
"eastern hemisphere." Pressing the shift key 
causes the whole typeball to rotate 180 °, 
thereby allowing the upper case characters 
to be printed. Hence, the actual typing 
operation can select any of 44 characters, 
four half rings of 11 characters each, with 
five to the left and five to the right of the 
center or "home" position on each ring. A 
particular character is selected by causing 
the typeball to tilt up or down and rotate 
right or left; then the ball jumps forward to 
strike the ribbon and paper. These move- 
ments account for the peculiar "dancing" 
motion seen when the Selectric is typing 
continuously. The typeball is mounted on a 

carriage which moves across the page, as 

opposed to traditional pre -IBM typewriters 
where the paper carriage moves and the 
typing mechanism remains stationary. 

The actual tilting and rotation of the 
typeball is accomplished by an incredibly 
complicated system of latches, pulleys and 
levers which are driven by six moving 
"bails," or rods in the base of the machine. 
Although we need not understand the de- 

tailed mechanical linkages, we should 
appreciate the roles played by these six 



INTRODUCING THE COMPLETE 
CHALLENGER SYSTEM. 

051's DREAM MACHINE 

:s111111. 

is a totally Integrated computer system. 
Imagine a system complete with terminal, CPU, memory, 

floppy disk, software, and all the little necessities to make it 
work together immediately. Now imagine this complete system 
available not only fully assembled, but priced much lower than 
anyone else's kit. What you are dreaming of is OSI's "new" 
Challenger System! 

In the configuration shown above, the Challenger includes 
everything an end user needs for a complete small computer 
system. All you add is 110 VAC power and a desk to put it on. 

This fully -assembled system includes: 

HARDWARE: 
OSI Challenger 65 with 16K RAM, serial interface, system 

monitor PROM, and floppy disk bootstrap PROM. 
OSI Challenger single drive floppy disk formatted for 250K 

bytes storage per diskette surface. 
Stand -alone terminal and Sanyo monitor for 16 lines of 64 

characters at 2400 baud (other terminal options are available). 
And all interconnecting cables! 

SOFTWARE: 
2 diskettes containing over 100,000 bytes of software in- 

cluding OSI's powerful Disk Operating System with variable 
length sectors. 6502 DISK BASED RESIDENT ASSEMBLER/ 
EDITOR! A totally interactive Assembler /Editor which as- 
sembles up to 600 lines a minute and is completely compatible 
with MOS Technology's Cross Assembler format. This program 
also contains a powerful disk -based line editor with commands 
for general text editing. OSI'S EXTENDED MONITOR: A power- 
ful machine language debugging and utilities package including 
a Disassembler which is format compatible with the Assembler! 
OSI 6502 8K BASIC FOR DISK BY MICROSOFT: This powerful 
BASIC has all the features of Altair" 8K BASIC for the 8080 
plus higher speed and disk storage. And it comes complete 
with a BASIC program library. 

DOCUMENTATION AND SUPPORT: 
We include over 600 pages of hardware, software, program- 

ming, and operation manuals. The Challenger is based on the 
well -proven OSI 400 system. The over 2,000 OSI 400s and 
Challengers now in use assure continuing hardware and soft- 
ware support for this system for years to come! 
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EXPANDABILITY: 
The Challenger System can now be expanded to 192K of 

RAM and 16K of I/O and ROM. There are over 13 accessory 
boards including A /D, D /A, parallel and serial I /O, cassette 
interfaces, a dual drive floppy, a video graphics display, several 
RAM and PROM boards, and multiple -processor configurations. 

APPLICATIONS: 
The Challenger system is complete, fully assembled and 

configured so that the Disk Operating System can be booted 
in immediately on system power -up. Even a relatively inex- 
perienced operator can have a complex BASIC program on -line 
just seconds after the system is turned on. The ease of use, 
high reliability, and large library of standard BASIC applica- 
tions programs make the OSI Challenger System the first 
practical and affordable small computer system for small 
business, educational institutions, labs, and the personal 
computerist. 

PRICES: 
Challenger System, complete as stated above with terminal 

and monitor $259900 
As above without terminal. Specify RS -232 or 20ma loop 

and baud rate $209900 
IMPORTANT NOTE: 
One of the most important features of the Challenger System 

is that it is not really "new ". OSI has been delivering the basic 
circuitry of the Challenger since November 1975 and the floppy 
disk since June 1976. The only thing new is the total integration 
of the components as a complete, simple to use, fully- assem- 
bled, small computer system. 

For more free information and the address of the OSI 
Computer Dealer or representative in your area, write to: 
OSI; Dept. S; Hiram, Ohio 44234 or enclose $1.00 for the full 
OSI catalog which contains kits from $134 and fully assembled 
computers from $439. 

UI 
Ohio Scientific Instruments 

11679 Hayden Street, Dept. S, Hiram, Ohio 44234 
Circle 40 on inquiry card. 



BCD TYPEBALL 
CODES 

CORRESPONDENCE 
TYPEBALL 

CODES 

moving bails. Two of the bails, referred to as 

Ti and T2, are moved or not moved in one 
of the four possible combinations to provide 
the proper degree of tilt necessary to select 
one of the four rings. Three more bails, 
called R1, R2 and R2A, are moved or not 
moved in various combinations to provide 1, 

2, 3, 4 or 5 increments of counterclockwise 
rotation, normally to select one of the five 
characters to the right of center on the given 
ring (as seen from above). Finally, when the 
bail named R5 is moved, the typeball rotates 
90° clockwise so that the counterclockwise 
movement provided by Rl, R2 and R2A can 
select one of the five characters to the left of 
center on the ring. (When none of the rotate 
bails is involved the center position on each 

ring is selected.) 
To print a particular character, then, we 

need to know its position on the typeball 
(which can vary from ball to ball), as well as 

what combination of bail movements - T1, 
T2, Rl, R2, R2A and R5 - will take us to 
that position. Figure 1 presents the "coordi- 
nates" of each character in terms of the six 
bail movements for the two most common 
character arrangements, the ones used on the 

TYPEHEAD LAYOUT 

T -# s = Tilt latches active 
R -#s = Rotate latches active 

4 3 2 

Upper Case 

+1 +2 +3 +4 +5 

"BCD" and "Correspondence" encoded 
typcballs. 

The Keyboard and Print Magnets 

In an ordinary Selectric typewriter, the 
keys are mechanically linked to the various 
bails, as shown in photo 3. Striking a key 
depresses an "interposer" bar with a particu- 
lar combination of fingers which arrest the 
motion of some of the bails. The interposer 
also moves a "cycle bail" which releases the 
drive shaft and allows it to turn 180 °. On 
the drive shaft are a number of cams which 
control the series of movements necessary to 
print a character, as selected by the tilt and 
rotate bails. At the end of the cycle every- 
thing is back to normal, waiting for another 
key to be struck. 

In a Selectric Keyboard Printer, the tilt 
and rotate bails are also mechanically linked 
to six electromagnets. The magnets pull 
down armatures which otherwise would 
arrest the motion of the bails. To print a 

character, some combination of the six 
magnets must be energized, the particular 
tilt and rotate "code" for that character as 

found in figure 1. In addition, something 

5 4 3 2 

Lower Case 

1 0 +1 

Tilt 

+2 +3 +4 +5 T2 T2 
@ > J 1 3 5 7 8 0 2 4 6 9 ' O O 

$ % \ "'" + i T V X Y $ S U W Z , 1 0 

l ;%; ] A J L N P Q - K M O R S O 1 

? ° > [ j: A C E G H , B D F I . 1 1 

.- .- .- .- o o o o o o .- - .- - .- o o o o o o 
0 0 o o .- o o o o - .- o o o o.- o o o o .- - 
o o .- - 1- O O .- .- 1- '- O O '- .- .- O O r- I- . g- 

o .- O .- O O ,- O ,- O .- O ,- O .- O O .- O ,- O .- 

E 
' & ' $ Z @ % I I I 3 7 8 4 z 2 5 6 0 9 0 0 

X U D C L T N E K H B x u dc I t n e k h b 1 0 

M V R A O ° . "I S W m v r a o j . ' i s w 0 1 

G F . , ? J + P Q Y g f ; , / i =p q y - 1 1 

COLOR KEY 

= Home Position of Ball 

= Tilt Rotate Command Bits 

w 
2 
O x 

w 
2 
O x 

Figure 1: The graphic fonts of the BCD and Correspondence typewriter codes. The location of each character on the Selectric 
ball is described by a unique combination of case, tilt and rotate commands. The upper case versus lower case choice is made by 
a mechanical latch set up before printing, so the chart is broken down into two main sections for each code. The home position 
of the typeball is flagged in each case by a color shading. The binary command information for each matrix position is given by 
the rows in the center labeled "ROTATE" and the columns at the right labeled "TILT." Thus, to form the Correspondence code 
for the letter S, the tilt command bits are 01, and the rotate command bits are 0110 for a tilt rotate command code of 010110 
to be used in the format described in figure 7. 
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SATISFY YOUR APPETITE 
FOR COMPUTER 
KNOWLEDGE SiMOOKDOOK5 
Send for the cookbooks and 

manuals described. Increase 

your knowledge of minicomput- 
ers, microprocessors, computer 
technology, related computer 
circuits and peripheral equip- 
ment. Be satisfied or your 
money back. 

How To Buy & Use 

Minicomputers 
& Microcomputers 
By William Barden, Jr. 
This manual gives you the 

basics of minicomputers and 

microcomputers. Explains 
their hardware and software, 
the peripheral devices available 

and various programming languages 

and techniques. Allows you to decide which 

system is best for your needs. 240 pages; 

softbound. No. 21351 $9.95 

Microcomputer Primer 
By Mitchell Waite and 
Michael Pardee 
Written for the beginner in the 

computer field. All the basic 

concepts and characteristics 
of microcomputers are 

explored. The easy to under - 

stand language prepares you 

for further study. 224 pages; 

softbound. No. 21404 

$7.95 

CMOS Cookbook 
By Don Lancaster 
Your complete guide to the 
understanding and use of 
Complementary Metal- Oxide- 
Silicon integrated circuits. 
Gives usage rules; power 
supply design examples; 
applications; information on 

breadboards, testing, tools, 
and interface. Detailed 
coverage of logic and more. 

416 pages; softbound. No. 21398 $9.95 
The Big CMOS Wall Chart 35" x 23" 
Big, readable wall chart provides essential 
information on CMOS devices. No. 21399 $2.95 

PuTEß 

DICTIONAßp 

HANDBOOK 

I 

Computer Dictionary and 

and Handbook 

By Charles J. Sippi & 

Charles P. Sippi 
At your finger tips you have 

more than 22,000 definitions, 
acronyms, and abbreviations 
dealing with the field of data 

processing. Also 13 

appendices cover a myriad of 

computer related subjects. 

784 pages; hardbound. No. 

20850 $19.50 

TTL Cookbook 

By Donald E. Lancaster 
You'll discover what 
Transistor -Transistor Logic is, 

how it works and how to use 

it. Discusses practical digital 
applications. You'll learn to 

build TTL systems that 
entertain, test and train. 336 

pages; softbound No. 21035 

$8.95 

User's Guide to UL (Wall Chart) 35" x 23" 
Shows you needed information on TTL 

devices at a glance. No. 20180 $2.50 

TV Typewriter Cookbook 

By Don Lancaster 
Your comprehensive guide to 

low cost television display of 

alpha- numeric and graphics 
data for microprocessor 

systems, word processing, TV 

titling and video games. 

Covers configurations, 
memories, keyboards, 
techniques and much more. 

256 pages; softbound. No. 

21313 $9.95 

Send your order 
Today! 

Send books and /or wall charts checked below, 

$ enclosed. I understand that, if not 

completely satisfied, I may return my order 

within 10 days for a full refund. 

20969 21351 21399 El 21080 

21404 20850 21313 

LJ 21398 21035 J 21168 

Include sales tax where applicable. 
Canadian prices slightly higher. 

20715 

Active -Filter Cookbook 

By Don Lancaster 
Dynamic coverage of active 
filters. What they are and how 

to use them. Learn to build 

and apply them to audio 
equalizers, speech therapy, 

psychedelic lighting and more. 

240 pages; softbound. 
No. 21168 $14.95 

NAME 
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CITY 

STATE 
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EJ630 

Howard W. Sann & Co., Inc. 
4300 West 62nd Street 
Indianapolis, Indiana 46206 
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IC Op -Amp Cookbook 

By Walter G. Jung 
Now one book gives you 

in -depth exposure to IC op 

amps. Covers theory and over 

250 practical circuit applica- 
tions. 592 pages; softbound. 

No. 20969 $12.95 

RTL Cookbook 

By Donald E. Lancaster 
You will learn the how and 
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Photo 4: A detail of the 
underside of the Selectric 
Keyboard Printer with 
housings removed. The 
overlay shows several of 
the key points such as the 
location of various mag- 
nets, the switch contacts 
and interconnection 
receptacle. 

R5 
Check R2A R R2 

Print Magnets 
50 Pin Receptacle Control Magnets 

(tab, backspace, index, space, carriage return) 

Keyboard Lock 

Solenoid 

Upper and Lower 
Case Shift 
Magnets 

must actuate the "cycle bail" to start the 
printing process. Hence a trip mechanism is 

provided which moves the cycle bail when- 
ever any of the armatures is pulled down. 
However, there is one character on each 
hemisphere which should be printed when 
none of the magnets is energized, for the 
code 000000. Hence the trip mechanism is 

connected to a seventh magnet, called 
"check," which provides an odd parity 
function for the other six magnets. It is 

energized whenever necessary to ensure that 
the total number of magnets energized is 

odd. Thus the check magnet is energized on 
the code 000000, and this serves to actuate 
the cycle bail. (I didn't realize this when 
building my interface, so I can't print those 
two characters yet. Don't make the same 
mistake!) 

Besides the print magnets, there are a 

number of other magnets and armatures 
inside the Keyboard Printer which control 
special functions such as space, backspace, 
tab, carriage return, index (ie: advance paper 
without returning), ribbon shift, and upper 
and lower case shift. Many of these magnets 
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can be seen in photo 4, which exposes the 
underside of the machine and outlines the 
positions of many components. The upper 
and lower case shift magnets are latching, 
and hence they lock the machine into the 
new case until the opposite magnet is ener- 
gized. Note that the operator cannot shift 
the machine back into lower case when the 
upper case magnet is latched! By Murphy's 
Law this is bound to happen whenever you 
are testing the interface, but it can be 
remedied by fooling around with the shift 
cam at the end of the drive shaft. 

No electric power is provided for any of 
these magnets inside the Keyboard Printer, 
but the coil connections are brought out to 
the 50 pin receptacle at the back of the 
machine. The magnets are rated for 43 to 
53 VDC at 125 to 300 mA, applied for at 
least 10 ms in order to pull down the 
armatures and cause the desired action. 

Switch Contacts 

The other major addition to the basic 

Continued on page 133 
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Interfacing With an 

Analog World Part 2 

Last month we discussed transducers and 
amplifiers. These are necessary portions of a 

signal processing system which result in 

scaled voltages of, for example, 0 to 10 V 
corresponding to the original physical 
parameter being measured. But how can we 

convert these voltages into numbers inside a 

computer for computation, and use numbers 
from computations to control external 
voltages? In this article we'll see how some 
of the more common conversions are 
accomplished. We'll start with digital to 
analog conversion, even though this may 
seem at first glance to be backwards. The 
reason for starting with the output process is 

that digital to analog conversion is simplest, 
and that many analog to digital input 
conversion techniques require a digital to 

nalog conversion as part of the process. 
There are several techniques for making a 

digital to analog converter (often abbrevi- 
ated DAC). In most cases these converters 
use some form of binary weighted current or 
voltage summation that is controlled by the 
digital word presented to its inputs. A 
typical example is the classical R -2R 
technique which is outlined in figure 1. The 
active element Al is an operational amplifier 
of unity gain inverting follower configura- 
tion. Although an amplifier of the 741 
general purpose family will suffice in many 
experimental situations, it is often better to 
select one of the more costly premium grade 

integrated circuit operational amplifiers. We 

have shown the digital inputs of the circuit 
in figure 1 as mechanical switches, a 

configuration which is most useful in a 

tutorial situation when teaching the concept 
of the digital to analog conversion. In 

practical digital to analog conversion applica- 
tions the switches are electronic, and are 
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controlled by some form of n bit binary data 
source such as a counter or computer output 
port. 

A precision reference voltage source is 

required as well, and for many commercial 
and industrial system designs this will be a 

precise 10.000 ... V. The accuracy of the 
converter is largely dependent upon the 
precision of the reference voltage. Although 
any precise voltage regulator circuit may be 
used for the reference, I have found in 
laboratory instrumentation experience that 
commercial products such as the REF -01CJ 
or REF -01H J (for severe applications) work 
quite well. In a homebrew experimenter's 
situation, where relaxation of tolerances is 

quite normal, a simple zener diode reference 
circuit will often prove quite adequate. 

Now let's consider the circuit in figure 1 

in more detail. What happens when 
various combinations are presented to the 
digital input? Suppose that all the input bits 
are in the low state, which means that they 
are connected to ground by the electronic or 
mechanical switches shown. The value of the 
output voltage is given by the product I1 R. 

When all bits are grounded through the 
switches, the input current to the amplifier 
is zero, as can be deduced by tracing, noting 
that there are no nonzero inputs to the 
amplifier's feedback node. (In practical 
circuits, though, there may be some output 
voltage under these circumstances due to 
offsets in the operational amplifier itself. 
These undesirable offsets may be nulled out 
through an offset adjustment potentiometer 
arrangement, RNULL in this circuit. See 

some of the tutorial design books on 
operational amplifiers for further elabora- 
tion of this detail.) 

If the most significant bit of the word is 
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set to a logical 1 value, then the output 
voltage (assuming RG is arbitrarily set) will 

LABORATORY QUALITY 
REFERENCE 2 

be approximately one half the reference L 
voltage, as can be verified with the PRECISION 

operational amplifier gain formula shown in 
MONOLITHICS 

figure 3 of the first part of this article. (The I OO K REF -01 

remaining resistors in the R -2R network 
10- TURN TRIM 

have no effect in this case since both ends 

are effectively tied to ground. One end is the 
real ground at the left, and the other end at L 
the feedback node of the amplifier is its 
"virtual ground" for the signal.) The analysis Figure 1: A classical R -2R 
of the next most significant bit and the But use of amplifiers and resistors as shown network digital to analog 
remaining bits of the digital word is a bit in figure 1 is hardly optimal in an age of converter implemented as 

more complicated, but the result is what integrated circuits. A number of manu-a circuit diagram with 
might be expected. The bit controlled by S2 facturers offer convenient low cost 8 bit discrete parts and opera- 

in figure 1 will contribute one fourth of the integrated circuit digital to analog converters tional amplifiers. The 

reference voltage to the output of Al; the that contain almost all of the electronics, essentials of any digital to 
bit controlled by S3 will contribute one except possibly the EREF supply and the analog converter are 

eighth of the reference voltage. And for operational amplifier used for output voltage present: a reference volt- 
switch, or bit, n (where n starts at 1) the conversion and level shifting. I have used age (two alternatives 
contribution will be EREF /(2n). those by DATEL, Analog Devices and shown), a switched net- 

Let us assume that we have an 8 bit Precision Monolithics with good results in work that creates a binary 
digital to analog converter of the type shown laboratory instrumentation. Experimenters weighted current con- 
in figure 1. The word at the input terminals and designers will also find the parts in the trolled by the switches, 
is 11001011 and the reference voltage is Motorola MC1408 family, as well as several and buffering and conver- 
precisely +10.000 VDC. What is the output similar parts made by Signetics, to be quite sion amplifiers to create a 

voltage? The following calculation, which is useful. For my examples in this article voltage output which can 

easily generalized, shows how the value is I have selected the Precision Monolithics drive other circuits. 
derived: DAC -08. I found this product easy to obtain 

in low quantities (ie: one) through local 
L.= 10 X1/ 1+ I+ 

0+ U+ 1+ 0 + ! + ! 
.,1 

distributors. 

f 
\ 

1 K1 
22 

23 2 
25 

26 

27 28 J Figure 2 shows the basic circuit for using 
the DAC -08, along with two voltage 

I ta..tiun Based on a Ulgttal Wurd conversion schemes for its current outputs 
Ou put of pins 2 and 4. The integrated circuit itself 

contains the electronic switches, the resis- 
_ (10/2) + (10/4) + (10,32) + (10/128) + (10/256) = tance ladder, a reference amplifier and the 

= 5 + 2.5 + 0.3125 + 0.078125 + 0.0390625 current output buffer that drives pins 2 and 
= 7.93 V 4. Two types of input are required to make 
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Figure 2: While the circuit 
of figure 1 could be 
constructed, it is usually 
more convenient to re- 
place it with a monolithic 
integrated circuit device 
such as the DAC -08 part 
by Precision Monolithics, 
which is used for this 
illustration. The integrated 
circuit contains all the 
components of the R -2R 
network of switches and 
buffering amplifiers. It still 
requires an output conver- 
sion circuit (two variations 
shown) and a reference 
voltage. Because the R -2R 
network is an integrated 
circuit, this form guar- 
antees the highest possible 
accuracy with none of the 
extra bother of hand 
wiring a circuit as in figure 
1. 
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this digital to analog converter do its work. 
One is the reference current, IREF thru pin 
14. This current can be generated by a 

precision voltage reference (sec figure 1) and 
a precision low temperature coefficient 
resistor in the ideal cases. (For low precision 
applications, ordinary resistors will work just 
fine.) For the configuration shown in figure 
2 and a reference potential of 10 V, this 
resistor should be precisely 5000 ohms, a 

number which is derived from the docu- 
mentation of the DAC -08. 

The second major type of input to the 
converter is the 8 bit digital word that is 

applied through pins 5 to 12. In the notation 
of figure 2 and throughout this article, the 
bits are numbered from 1 (most significant) 
to 8 (least significant). Bit 1 of the DAC -08 
package is wired to pin 5, with bits 2 thru 8 

wired to pins 6 thru 12. The logic levels at 
the inputs are the usual TTL levels, with a 

low voltage (approximately 0 volts) sig- 

nifying a logical 0, and a high voltage 
signifying a logical 1. 

One of the output conversion circuits 
shown in figure 2 is a simple unipolar 
conversion which uses two resistors and no 
operational amplifier. With this conversion, 
the formulas discussed in figure 1 apply 
except for the fact that the voltage is 

negative with respect to ground. When the 
input word is binary 00000000, then the 
output of the converter system is 0.00 V. 
Half scale ( -5 V output) is given by an input 
word of binary 10000000, and full scale 

output occurs when the input word is binary 
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11111111. The output under full scale 
conditions will not be 10 V, but approxi- 
mately 9.96 V. This slightly unexpected 
condition is due to the mathematics of the 
switching network. Evaluating the formula 
for the conversion given earlier, with a 

reference of 1 0 V and a binary 111 1 1 1 I 1 

digital value, we find: 

Eout = 10 X (255/256) = 9.96 V 

Also shown in figure 2 is an output 
circuit which uses an operational amplifier as 

a level shifter and voltage conversion device. 
Wired with the components shown, this 
amplifier connected to the DAC -08 gives a 

gain of 2 and shifts the generation of output 
levels to a symmetric bipolar range of -9.96 
to +9.96 V. Note that it is impossible to get 
an exactly zero voltage in this case, since the 
256 possible states are split symmetrically 
about zero. If the level shifting reference 
resistor RLS were adjusted slightly off the 
5 K value, the voltage range of the 
conversion could be pulled slightly (ie: 
0.04 V) positive or negative so that a true zero 
would be possible for one of the binary 
states. There are other possibilities for the 
output conversion circuits and as in any 
design situation, a little bit of imagination 
always comes in handy. (Readers looking for 
more examples of typical applications 
should consult the applications notes of the 
various manufacturers. Of particular use is 

the excellent specification sheet and applica- 
tion notes on the MC1408 DAC, published 
by Motorola ... CH] 



Analog to Digital Conversions 

With the concept of a digital to analog 
conversion covered, it is now possible to 
consider the opposite case: conversion of 
measured voltages from the sensor preampli- 
fiers into numbers which can be processed 
and used by a computer. Of the many 
techniques which are available for per- 
forming analog to digital conversions, we 
will only consider the details of integration, 
counter (or ramp), and successive approxi- 
mation methods here. These are the simplest 
and most universal methods. 

One of the basic parameters to be 

considered when talking about any analog to 
digital conversions is speed. This is not a 

major consideration in the output problem 
already discussed, since digital to analog 
current output conversions essentially take 
place at the switching speeds of digital logic, 
and are then limited only by the final 
operational voltage output amplifier's 
response. In the input case, however, some 
form of approximation cycle which con- 
verges upon the digital value is required; as a 

result, the conversion can be somewhat 
slower. 

Integration Methods 

At the slow end of the analog input 
conversion spectrum is the integration 
method. This is the type of conversion 
which is typically used in digital panel 
meters and similar instrumentation. These 

ANALOG 
INPUT 

INTEGRATOR 

C 

EREF p o Ì 
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can be useful in cases where you might 
mount the digital panel meter or multimeter 
in a system, both as a readout mechanism 
and as a measurement conversion device. 
Many such instruments offer parallel digital 
outputs on their rear panels, along with 
control and strobe lines. The appeal of this 
approach often is affected by two character- 
istics: relatively slow conversion speeds and 
binary coded decimal (BCD) encoding 
directly taken from the displays. The 
relatively slow conversion rates become a 

problem when looking at signals other than 
"slowly varying DC levels" of very low 
frequency sources. The coding character- 
istics may in fact be optimal for many 
computational schemes in a computer 
program, but it can be a nuisance if one 
attempts to use such a meter in a binary 
oriented hardware system. The typical "dual 
slope" integrator used in these digital panel 
meter circuits is illustrated in figure 3. 

The dual slope conversion circuit consists 
of five basic sections: an integrator, a 

comparator, a control logic section, a binary 
counter, and a reference current or voltage 
source. The integrator consists of an 

operational amplifier connected with a 

capacitor in a negative feedback loop. This 
capacitor is charged by the operational 
amplifier output voltage. The input to the 
integrator is taken from either the analog 
input or the reference source. The com- 
parator is made with an operational 
amplifier that has an open feedback loop. 

COMPARATOR 

EOC 
C> (END OF CONVERSION) 

BINARY OUTPUT 
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Figure 3: Analog to digital 
conversion by the dual 
slope integration method 
is often performed by slow 
devices such as digital 
panel meters. This method 
works through an analog 
integrator and a counter. 
The integrator has switch - 
able inputs. It first inte- 
grates the incoming signal 
for a specified time inter- 
val. Then it counts the 
time necessary to linearly 
discharge the charge just 
accumulated with a known 
s lope. The result is a count 
which is proportional to 
the voltage which drove 
the integrator during the 
charging time. 
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Figure 4: The ramp or 
counter method of analog 
to digital conversion is 

straightforward: A counter 
is initially zeroed and then 
allowed to count upwards 
until its binary code 
through a digital to analog 
conversion creates a volt- 
age greater than or equal 
to the input voltage. 

C> EOC 
(END OF 
CONVERSION) 

BINARY OUTPUT 

This makes its gain very high. If the two 
input voltages are not equal, then the 
operational amplifier output is high or 
saturated. In this case the comparator is 

ground referenced and uses just one active 
input. 

When a START command is received the 
control circuit resets the counter to 
00000000, resets the integrator to 0 V 
output (discharges C), and sets switch Si to 
the analog input. The analog voltage creates 
an input current to the integrator which 
causes the integrator output to begin 
charging capacitor C. This means that the 
output voltage of the integrator begins to 
rise. As soon as this voltage rises a few 
millivolts above ground the comparator 
output snaps high. The high comparator 
output causes the control circuit to trigger 
the counter, which begins counting clock 
pulses. The counter is allowed to overflow 
and this outputs an overflow bit. This bit 
changes the state of switch Si . The graph in 
figure 3 shows the integrator charging during 
the interval between START and the 
overflow of the binary counter (t0 to t1). At 
time t1 the switch changes the integrator 
input from the analog signal to a precision 
reference source. Also, at time t1, the 
counter has overflowed and again it has an 

output of 00000000 (maximum count + 1 is 

the same as the initial condition). It will, 
however, continue to increment so long as 

we have a high comparator output. 
The charge accumulated on capacitor C 

during the first time interval is proportional 
to the average value of the analog input 
voltage between t0 and t1. 
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Capacitor C is discharged during the next 
time interval (t1 to t2). When C is fully 
discharged the comparator will see a ground 
condition on its input and again it will 
change state to make its output low. This 
causes the control circuit to stop the counter 
but does not reset the counter. The binary 
word at the counter output at the instant it 
is stopped is proportional to the average 
value of the analog waveform over the 
interval t0 to t1. An end of conversion 
(EOC) signal is generated to let the 
microprocessor or other system know that 
the output data is stable, valid and ready for 
use. The speed limitations are based on the 
requirement for an accurate and stable 
analog integrator, and the need to average 
the input signal over a long cycle. 

Counter (Ramp) Analog to 
Digital Conversion 

A counter or ramp type analog to digital 
conversion circuit is shown in figure 4. Here 
we find a voltage comparator, a digital to 
analog converter with voltage output, a 

binary counter, and necessary digital control 
logic. Here is how the conversion works: 

When the START command is issued by a 

control system (for example, a computer 
output port) the control logic resets the 
binary count to 00000000 and enables the 
clock input to the counter, which begins 
counting upwards at the clock rate. Since 
the counter outputs set the voltage level out 
of the digital to analog converter, the DAC 
generated voltage to the comparator will 
begin to rise. As long as the analog input 
voltage is greater than the reference voltage 
generated by the digital to analog con- 
version, the state of the comparator output 
will enable counting via the control logic. 
However, when the rising reference level 
finally equals or exceeds the input voltage 
for the first time, the comparator output 
state will switch and stop the counter. At 
this time, the output of the counter can be 
read by the computer or other system, and 
represents the value of the analog input 
voltage. If the counter and digital to analog 
converter are both eight bits, the number in 
the counter will represent from 0 
(00000000) to 255/256 times the digital to 
analog converter's reference voltage level. 
The conversion time of this algorithm is 

proportional to the voltage being measured. 
Both the dual slope integration technique 

and the counter technique discussed thus far 
take far too long for many applications. On 
the order of 2n clock cycles are typically 
required where n is the number of bits 
involved. Conversion time becomes critical 
in an application when the frequency 
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response must be high and a faithful 
reproduction is required. (For reference, 
consult textbooks in electrical engineering 
concerning the "sampling theorem" and 

Nyquist's criterion that says we must have a 

sampling rate of at least twice the highest 
frequency that is to be recognized, if a 

faithful reconstruction of the signal is to be 

achieved.) 

Successive Approximation 

In programming and software design, we 

often find use of a "binary search" 
stratagem instead of a flat out sequential 
search when trying to speed up the process 
of finding an item in a table. This same 

approach is just as applicable in hardware, 
where the "successive approximation" 
technique of analog to digital conversion 
provides a much higher speed of conversion 
than the sequential counting methods 
discussed so far. The successive approxi- 
mation technique typically requires only 
n +1 clock cycles to make an n bit 
conversion, and its hardware is no more 
complex than that of the dual slope or 
counter methods. 

The successive approximation converter, 
shown in figure 5, consists of a comparator, 
control logic, a shift register with output 
latches for this form of conversion, and a 

voltage output digital to analog converter. 

When a START command is issued to the 
converter circuit, it loads a binary 1 value 
into the most significant bit of the shift 
register, which in turn sets the most 
significant bit of the output latch. This sets 

the output of the digital to analog converter 
to half scale. In true binary search strategy, 
if the input voltage is less than the reference 
output provided by this half scale setting, 
the most significant bit is cleared from the 
latch on the next clock pulse; otherwise, the 
most significant bit is left unchanged at the 
next clock pulse. Then the internal shift 
register of the successive approximation 
register unit is shifted so that its single high 
level bit is opposite the next most significant 
bit. Again, the output register is modified, 
this time so that bit 2 is set to 1 for the trial 
measurement. This bit has a value of one 
fourth of the total voltage range, which is 

added to the half range or zero value still 
latched from the first measurement. At the 
next clock pulse, if this new trial value to 
the comparator is greater than the input 
value, the 1 bit is latched in the successive 
approximation register; otherwise a 0 bit is 

inserted at the current position. This process 
continues with successively less significant 
bits until the shift register overflows 
indicating that the last bit has been tested. 
Some forms of this conversion have control 
logic to detect an equality condition and 
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Figure 5: The successive 
approximation method, 
here illustrated with a 

practical circuit, uses a 

binary search strategy. The 
most significant bit is 

tested first, then the next 
most significant bit, and so 

on down the line until all 
n bits have been tested. If 
at each stage the contri- 
bution of the selected bit 
causes the trial approxi- 
mation output from the 
converter to exceed the 
input value, the bit will be 

stored as a zero. After all n 
bits have been tested, the 
result is an n bit binary 
representation of the volt- 
age of the input. 

Continued on page 62 
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As one of the relatively small number 
of personal computing addicts in 
England, I'm very impressed with the 
rate at which the field is growing in 
popularity on the other side of the 
Atlantic. I've been subscribing to BYTE 
for the past six months and I promise it's 
always made fascinating reading. I wish 1 

knew where in this country one could 
lay hands on any issues before last 
August's. (Hint, anybody ?) 

The advertisements are fascinating, 
too. Anybody considering purchasing 
any sort of system is almost forced to 
import it from the USA. My query is 

about TV displays that most of these 
systems use. Naturally, they're designed 
for American TV standards, which 
differ from British ones. We have 625 
interlaced lines per frame, repeating at 
25 Hz. Is it, in general, possible to 
modify an American TV display device 
to work with a British TV? Or is all the 
timing generation usually performed in- 
side a special chip? Might I have more 
success if I tried to modify a TV instead? 
I know rather more about TTL logic 
than about televisions, but I'm game to 
learn if necessary. Otherwise, if the 
answer to all these questions is no, then 
the temptation to come and live in the 
States is going to be almost unbear- 
able.... 

I look forward to every issue of your 
magazine; I'm only sorry that I dis- 
covered it so late. Best wishes for the 
successful future that you deserve. 

Guy A Burkill 
Corpus Christi College 

Cambridge CB2 1 RH ENGLAND 

Are there any other British readers 
who have experienced the problems of 
interfacing American video generation 
logic to European television designs? 
Some firsthand knowledge of the subtle- 
ties to be found would be the best way 
to answer Guy's query on that subject. 

With regard to buck issues of BYTE, 
there are none left. However, much of 
the editorial content is now available in a 

book titled Best of BYTE edited by 
David Ahl, publisher of Creative Com- 
puting. This book contains reprints of 
numerous articles from the first 16 issues 
of BYTE, September 1975 thru Decem- 
ber 1976. 

SACRED BUSES 

I am very curious about something. 
What is sacred about the Altair bus as 

opposed to others? Would it not be 
possible to install a peripheral designed 
for the Altair scheme to, for example, a 

Digital Group or Southwest Technical 
Products bus? I am confused on the issue 

since it seems to me that, functionally, 
lines must correspond between the sys- 
tems pretty well. Perhaps the answer lies 
in the fact that the Altair bus was based 
on the 8080 processor, which has some 
unique 10 methods. Is that the problem? 
Is it really a question of 8080 versus 
other processor compatibility? I under- 
stand why a manufacturer would want 
to make plug compatible cards to the 
Altair bus, but why couldn't a simple 
conversion be available for any product? 

J C Chirigos 
1601 Kentucky NE 

Albuquerque NM 87110 

The main issue is one of plug -in 
compatibility. Whether you cull it the 
Altair bus, or, as used by non -MITS 
suppliers, the S -100 bus, the key to the 
wide availability of the peripherals is 
nominal compatibility at the hardware 
level. Even here, there are occasional 
clashes between various manufacturers 
about the definitions of pins not origi- 
nally assigned meanings in the Altair 
definition of the bus. 

At the detail level, a 100 pin bus 
surely works, and in principal one could 
talk to any other similar computer at 
the memory and bus interface level sim- 
ply by simulating all the signals which 
would have been present on the bus in 
its Altair implementation. This is a quite 
workable procedure, as demonstrated 
by many products 

True, the 10 structure of the 8080 is 

unique, and there are some 8080 specific 
features of the Altair bus as a result of 
this and other characteristics of the 
8080. But for the most part, the partic- 
ular selection of the lines present on the 
100 pin interface of the Altair bus is just 

a reflection of discretionary choices on 
the part of the designer(s) of the first 
Altair within the framework of the gen- 
eral design of a microprocessor with 
16 address bits and eight data bits. 

SOME TERMINOLOGY 

I have a problem. 
First, let me give you some idea of 

my background. I have spent 15 years in 
the computer industry as an applications 
programmer. I am fluent in BASIC, 
FORTRAN, PL /1 and APL. Now that I 

have left the industry, I am getting 
interested in recreational computing. 

I have never been involved in logic 
design or in the details of hardware, nor 
do I feel that I want to get involved with 
it now. I would not mind building a kit 
provided that the instructions were of 
the "put tab A into slot B" type. 
However, when I read all the ads and 
literature furnished by the various manu- 
facturers, I have the following problem: 
What are you all talking about? 

I thought I knew what "read only 
memory" was. Now I come across "pro- 

Continued on page 67 

BUY YOUR 
COMPUCOLOR 8001 
FROM THESE 
DEALERS. 
ARIZONA 
Phoenix: 

Tempe: 

Tucson: 

CALIFORNIA 
lawndale: 

Orange: 

San niego: 

San Francisca: 

San Jose: 

San Jose: 

Van Nuys: 

Phoenix Byte Shop Wèst 
12654 N. 28th Dr. 
Tempe Byte Shop East 
813 N. Scottsdale Rd. 
Byte Shop of Tucson 
2612 E. Broadway 

He Shop of lawadale 
1650811awthortme Blvd. 
Computer Klart of las Angeles 
625 W. Katella. No. 10 
-Ilke Computer Center 
8205 Ronson Rd. 
The Computer Store 
1)93 Mission St. 
Amco Electronics 
414 S. Bascom Ave. 
Byte Shop 
155 Blossom Hill Rd. 
Computer Components 
5648 Sepulveda Blvd. 

CONNEC 11CU't 
Windsor Locks: 'the Computer Stem 

63 S. Main SI. 

II.ORIDA 
Coral Gables: 

Tampa: 

GEORGIA 
At ama: 

HAWAII 
1 kxwlnlu: 

Sunny Computer Stores 
123M S. Dixie I hay. 
Microcomputer Systems 
144 S. Dale Malay I Iwy. 

Atlanta Computer Mart 
5091 -13 Buford Hwy. 

Compact Computers 
PO. Box 111096 

IIJJNOIS 
Champaign: The Numbers Racket 

518 E. Gran St. 
Evanston: Itty Bitty Machine 

1316 Chicago As 
Park Ridge: Chicago Computer Store 

157 lalcott Rd.. I hvy.62 

INDIANA 
Indianapolis: I lote Computer Shop 

11447 Chris Dr. 

MARYLAND 
Rockville: Computer Workshop. Inc. 

5709 Frederick Ave. 

IW\SSACHUSEI'rS 
Burlington: 'Hie Computer Store 

12(1 Cambridge St. 

MICHIGAN 
Troy CremaI Computer Company 

2017 Ijcemois 

MINNIS(YI'A 
Klinneop4is: Cost Reduction Services 

3142Hennepin Ave. So. 

1602)942 -7300 

(6021894.1129 

1602)3274579 

12131371.242I 

(7141633.1222 

1714)292.5302 

(4151431-0640 

140819982828 

1408)226-8383 

(213)786-7411 

12(6316270188 

130.518G1-6142 

1813187943111 

14(41455-0647 

(808)373 -2751 

12171352 -5435 

1312)328.6800 

13121823-2388 

1317)8943319 

I301)4684)455 

16171272 -8770 

1313) 362 -0022 

(6121822-2119 

MISSOURI 
Kansas City: Computer Nbrkshop of Kansas City (816)7415055 

69113 Blair Rd. 

NEW JERSEY 
Ixten: lbe Computer Mart 

501 Route 27 

NEW YORK 
East Meadow 

New York: 

1201)283 -0600 

'Ihe Computer Mart of lang Island 15161794{),510 
2(70 Front St. 
-Ibe Computer Man (2121279.1(48 
314 5th Ave. 

01110 
Columbus: Computervision 1614) 228-2477 

894 W. Broad St. 

18031771.7824 
SOUI'I I C'AROI JNA 
Columbia: Byte Shop 

2018 Greene SI. 

TEXAS 
I louston: Communications Center (7131774.9526 

7231 Fondren 
Richardson: The Micro Store 1214) 231-1196 

634 S. Central Expressway 

WASI IINCI'ON 
Scats le: Retail Computer Store 

410 NE 72nd St. 

WISCONSIN 
Beloit: 

%Slenown: 

12061524 -0101 

Austin Computers 1608)365 -6096 
1835 Nonhgate 
General Recision Electronics (414) 261 8148 
207 Rhine St. 

Compucolor Corporation 
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NOW $2750. 
AMERICA'S LOWEST-PRICED 

PERSONAL COMPUTER SYSTEM 
WITH COLOR VECTOR GRAPHICS. 

By taking advantage of the 
new technologies available to 
the industry today, we've con- 
sistently been able to give you 
one of the best prices on the 
market. Now because of great 
response, we can give you the 
best price. You can now buy 
the Compucolor 8001 for the 
reduced price of $2750. A com- 
plete stand -alone system with 
expanded graphics software 
for plotting points, vectors and 
bargraphs on a 160 x 192 
addressable grid -in color. 
Eight independent background 
and foreground colors. 

The Compucolor 8001 has 
an Intel 8080 CPU, 34 I/O 
ports and a color display with 
an effective band width of 75 
MHZ compared to 5 MHZ for 
standard TV sets. In fact the 
Compucolor is the only totally 
integrated system on the mar- 
ket which includes a color 
display. You can also have spe- 
cial options for the Compucolor 
8001 right now, including: Mini 
Disk Drives for extra memory, 
light pens and a variety of 
special keyboard features. 
BASIC 8001 Is Easy To Learn. 
Compucolor's BASIC 8001 is 

a conversational programming 
language which uses English - 
type statements and familiar 
mathematical notations. It's 
simple to learn and easy to use, 
too. Especially when it comes 
to intricate manipulations or 
expressing problems more 
efficiently.The BASIC 8001 
Interpreter runs in ROM mem- 
ory and includes 26 statement 
types, 18 mathematical func- 
tions, 9 string functions and 7 
command types for executing, 
loading, saving, erasing, con- 
tinuing, clearing or listing the 
program currently in core. 
Expandable Memory To 64K. 

The Compucolor 8001 has 11K 
bytes of non -destructible read - 
only memory which handles 
the CPU and CRT operating 
systems as well as BASIC 
8001. Sockets are in place for 
an additional 21K of EPROM/ 
MROM memory. The Random 
Access Main Memory has 8K 
bytes for screen refresh and 
scratch pad, 8K bytes for user 
workspace and room for 16K 
bytes of additional user work - 
space.The Compucolor also 
comes complete with a conve- 
nient mass storage device, 

Floppy Tape Memory. It's an 
8 -track continuous loop tape 
system, with a Baud rate of 
4800 and an extra storage 
capacity of up to 1024K bytes 
per tape. 

Color Graphics At 
Alphanumeric Black And 

White Prices. 
That's what we're becoming 
famous for, and thanks to the 
tremendous response to the 
Compucolor 8001, we've been 
able to reduce our price even 
lower -to $2750. Look over 
our dealer listing on the adja- 
cent page for the dealer nearest 
you.Then drop by for a dem- 
onstration. And while you're 
checking out the Compucolor 
8001, check out your dealer's 
financing plan. He can help you 
turn a good deal into a good 
deal more. 

Compucolor Corporation, 
P.O. Box 569, Norcross, 
Georgia 30091. 

Compucolor Corporation 
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stop the conversion ahead of overflow, but 
the worst case time is the n +1 clock pulses 
for n bits mentioned earlier. Figure 6 shows 
the sequence of voltages presented to the 
comparator by a 6 bit successive approxi- 
mation algorithm, as compared to a 6 bit 
counter conversion algorithm to show the 
time savings of this method. 

In the circuit of figure 5, the comparator 
is shown as the Precision Monolithics 
CMP -01C device, although faster conversions 
may be possible if a higher speed Advanced 
Micro Devices AM686 comparator is used 

instead. The Advanced Micro Devices 
AM2502 integrated circuit, which was 
designed for this successive approximations 
conversion application, contains everything 
needed for the logic described verbally 
above, except the digital to analog converter 
and the comparator. Other companies go 
even further with integration of the input 
conversion. Precision Monolithics, for 
example, makes an AD -02 circuit which 
contains all the complete 8 bit analog to 
digital conversions. It is relatively expensive, 
but its cost can often be justified by its 
utility and ease of use. It has a respectable 
conversion speed and has several input 
options that can accomodate analog voltage 
ranges of 0 to 5 V, 0 to 10 V, -2.5 to 
+2.5 V, -5 to +5 V, and -10 to +10 V. 

REFERENCE DAC 
OUTPUT VOLTAGES 

INPUT VOLTAGE 

Software Approaches ... 
As noted earlier, the software of a 

microprocessor can often implement the 
algorithms of digital to analog conversion. 
This is especially so with the successive 
approximation algorithm, since its inherent 
speed makes up for some of the slow facts of 
life concerning programmed execution. To 
rig a software approach to the problem, we 

need a digital to analog converter attached 
to an output port, an input comparator 
which drives one input line, and the software 
of successive approximation (or other 
methods for that matter). In this case, the 
successive approximation shift register is 

variable in a program, the output latch is an 

output latch connected to the DAC device, 
and decisions are made based on the single 
bit input. A previous article in BYTE /see 
"Microprocessor Based AnaloglDigital Con- 
version, " by Roger Frank, page 70 of May 
1976 BYTE/ discussed both the ramp 
(counter) and successive approximation 
methods described here, but showed how to 
implement them in software. 

Whether the approach taken is that of 
pure hardware or software aided designs, 
adding analog input conversions to a per- 
sonal system can expand its capabilities to 
cover many interesting real world control 
and measurement problems. 

REFERENCE DAC 
OUTPUT VOL. TAGES 

SUCCESSIVE 
APPROXIMATION METHOD 
BECOMES READY 

TIME-.I' 

COUNTER METHOD 
BECOMES READY 

Figure 6: Comparison of the successive approximation method with the ramp method of conversion for a 6 bit value. (Six is 

chosen for purposes of this illustration.) The successive approximation method takes a mere six cycles of testing to arrive at the 
best value, where the ramp method has to count up to the number which matches the input and causes the conversion to 
terminate. The ramp takes 44 cycles here, versus six for the successive approximation method. 
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Personal Computing 8e the 
It's happening at the Dallas Convention Center 

Big Plans for "Big D" 
Innovation and relevance are key words for the 1977 National Computer Conference, the 
first NCC ever held in the Southwest and the year's largest gathering anywhere of 
data processing users, computer professionals and computer hobbyists. More than 
25,000 people are expected to gather in Dallas for a conference program of more 
than 100 sessions and the year's largest display of computer hardware, software, sys- 
tems and services -plus the first National Programming Contest and a series of out- 
standing Professional Seminars. 

Largest Computer Exhibits Ever 
More than 300 major hardware and software companies will pack 1,143 booths 
into the Dallas Convention Center's modern 200,000- square -foot main hall -sur- 
passing the all -time exhibit record set at the 1969 Fall Joint Computer Conference in 
Las Vegas. Additional space for the Personal Computing Fair & Exposition is on 
the next level for a totally separate exhibit by commercial producers of Personal 
Computing hardware and software. 
For computer professionals and hobbyists with a need to know, the 77NCC offers 
a unparalleled opportunity to make close -up evaluations and comparisons of the 
latest in computer hardware and software, systems and service ... with many of the 
offerings scheduled to be shown for the first time. 

Headquarters Hotel 
Personal Computing headquarters for the 77NCC will be at the Holiday Inn in 
downtown Dallas. Low -cost housing also will be available at Southern Methodist 
University. For information about NCC's Deluxe Travel Service, which can take 
care of all travel and housing reservations for you in one neat package, contact 
77NCC, c/o American Federation of Information Processing Societies, Inc., 210 
Summit Ave., Montvale, N.J. 07645, 201/391-9810. 

r 
Registration Information! 
For registration at the conference. 

Full four -day registration for 
program, exhibits, Proceedings $75 

Student registration, as above, 
without Proceedings $10 

One -day registration, program 
and exhibits only $25 

Four -day registration, exhibits only $25 

One -day registration, exhibits only $10 

Proceedings only: members $30; 
non -members $60 

Professional seminars, each $30 

Checks should be payable to 1977 National 
Computer Conference for the exact amount 
only. Purchase orders will not be accepted. 



Great Computer Roundup 
during the 1977 NCC, June 13 -16 

Personal Computing Fair & Exposition 
The fast -growing field of Personal Computing will share the national spotlight in 
June, when the 77NCC will recognize the dynamic growth and promise of the field 
with the Personal Computing Fair & Exposition. In addition to the commercial 
exhibits of Personal Computing manufacturers, dynamic displays and demonstrations 
of non -commercial individual and group -owned projects will be featured at the 
Dallas Convention Center. The success of other hobbyists can give you new ideas 
for your own systems, "how -to" tips and dozens of clever solutions to everyone's 
problems. You might even find a joint- venture partner with a kindred spirit. More 
than 100 non -commercial small computing systems are expected, featuring hardware 
and /or software implementations, games, recreation, music, art, amateur radio, 
scientific, miscellaneous and general applications. Prizes and awards will be given 
in all categories. 

Personal Computing Program 
Two full days of panel sessions on June 15 and 16 will provide an in -depth look at 
Personal Computing: Past, Present and Future; The Future of Retail Computer Stores; 
Hardware of the Computer "Hobby" Market; and Personal Computing Software. 
Leaders in the Personal Computing movement will appear on each of the panels 
to let you know the latest developments in the field, point out trends you'll need 
to be aware of -and answer your questions. 

Special Interest Sessions 
In addition to the panel sessions, special interest groups will be able to gather 
informally for "how -to" programs on building a kit, debugging software, using 
assembly language, I/O interfaces, cassettes and disks, software standards and 
so on, into the night. If the special interest group you want is not organized when 
you get there, we'll do our best to help you get one started! 

National Club Congress 
Is a national personal computing association needed? If it is, what does it do, how 
does it do it, and who does it? To find out what's happening -pro and con -club 
reps from across the nation will gather to exchange ideas and discuss issues related 
to club activities and programs. Make certain your club sends an official delegate 
who can speak for you and vote vis -a -vis a national organization, establishment of 
national hardware /software standards, a national program library and interchange, 
educational seminars, meetings, ad infinitum. 

1977 NATIONAL COMPUTER CONFERENCE 
Dallas Convention Center June 13 -16 



77NCC: The Great Computer Roundup 
A record -setting roundup of the latest trends and developments in computing and 
data processing will be offered at the 1977 National Computer Conference, the first 
ever held in the Southwest. As a vital learning experience for people whose business, 
professional or personal activities relate to information processing technology and 
techniques, it will encompass 89 technical program sessions, 11 professional sem- 
inars, the largest computer exhibit ever held and many other special events. 

Timeliness and pertinence are key elements in the program, which will analyze 
latest developments and applications in computer science and technology, cost - 
effective computer usage, management concerns and public policy issues. A series 
of briefings and panel discussion will cover practical, up -to -date information 
important to effective management and professional development. Throughout, 
emphasis will be on personal interaction and the exchange of ideas. 

Underscoring the importance of NCC as a learning experience, the professional 
seminars will offer topics from system development and database technology to 
networking, planning and computer usage. Each will be covered in a comprehensive, 
one -day mini- course conducted by a nationally recognized authority. 

77NCC will pay special attention to the fast -growing field of Personal Computing. 
Included will be two full days of program sessions, a Personal Computing Fair, a 
Personal Computing Exposition, a National Club Congress, plus additional activities 
of particular interest to hobbyists. 

Special plenary sessions will feature a keynote address June 13 by Mark Shepherd, 
Jr., chairman and chief executive of Texas Instruments Inc.; the AFIPS Presidential 
Address June 14 by Dr. Theodore J. Williams; and a special address June 15 by A. 
Douglas Murch, senior vice president, Prudential Insurance Company of America. 

Other highlights will include a Pioneer Day Program honoring members of the 
computing group at Los Alamos Scientific Laboratory; the first NCC National 
Programming Contest; the annual NCC Computer Science Film Theatre; special 
tours and an all- conference reception. 

Be in Dallas June 13 -16, when the 1977 National Computer Conference will offer 
computer specialist and generalist alike a most outstanding opportunity to attend 
the year's most complete computer roundup. 

1977 NATIONAL COMPUTER CONFERENCE 
Dallas Convention Center June 13 -16 



FRANKLIN ELECTRIC Co. 

altair - IMSAI - S -100 BUS 
COMPATIBLE 

Check these features ... 
ACCESS TIME - 450ns No wait states 
FULLY BUFFERED - for BUS reliability 
LOW POWER CHIPS - for long life and low power drain 
MEMORY WRITE PROTECT - Hardware, 2K segments 
POWER REGULATION - 4 Regulators for reliability 
ADDRESS SELECT -1 K boundaries - Dip. Switch 
LED MEMORY SELECT INDICATOR - Visual Check 
LED MEMORY PROTECT INDICATOR - Visual Check 
BATTERY BACKUP PROVISION - Saves memory during power failure 
OUTPUT DISABLE - Switch selectable for transparent loader application 
P.C. BOARD - Quality G10 material with solder mask both sides and silkscreen 
SOFTWARE - Diagnostic provided 

Circle 248 on inquiry card. 

MEMORY 

Price 
KIT - With IC Sockets 
KIT - Without Sockets 

Solder chips directly to PCB 

ASSEMBLED - With Sockets S295 
ASSEMBLED - Without Sockets $280 

$239 
$225 

To Order 
Name Address 

City State Zip 

Enclosed is S Check Money Order 
Bill my BankAmericard : Master Charge : Card No. 

Exp. Date Interbank No. 
Signature 
Handling and Postage $2.50. California Residents add 6% sales tax. 

FE FRANKLIN ELECTRIC Co. 733 LAKEFIELD ROAD 

WESTLAKE VILLAGE, CA 
18051 497 -7755 

Continued from page 60 

grammable read only memory" (or 
worse yet, erasable programmable ...). 
If its read only, how can it be program- 
mable? What is static memory? Is there 
any other kind of memory other than 
"random access memory ?" 

Is it possible for you to help me out 
of my dilemma? Something between 
"binary numbers are made up of zeros 
and ones" and "when the static EPROM 
is connected to the DMA using a 3P+S 
IO module." 

Al Weiss 
POB 942 

Alleghany CA 95910 

Short of the tutorial article which 
may be inspired by your questions, here 
are a few notes on terminology and 
concepts in computer design and imple- 
mentation. 

Random Access Memory: For the pur- 
poses of discussing the present state of 
technology, a random access memory 
means some sort of reference to semi- 
conductor memory parts (excluding 
serial access devices such as shift regis- 
ters). A magnetic core memory is a form 
of random access memory, but is not 
used in modern small computer technol- 
ogy due to various manufacturing and 

economic considerations. A read only 
memory (ROM) is a random access 
memory part, as is an ordinary program- 
mable memory. The read only memory 
is distinguished front the fully program- 
mable memory by the fact that it is non- 
volatile (the information is retained 
when power is removed) and moderately 
difficult or impossible to alter once it 
has been set up with a program. 

A commonly used acronym found in 
technical jargon and advertising is RAM, 
referring to random volatile program- 
mable semiconductor memories. Since 
both read only memories and volatile 
programmable memories are random ac- 
cess devices, this term is misleading and 
ambiguous. In BYTE's editorial content, 
we do not use the term RAM intention- 
ally, because of this ambiguity, and refer 
instead to 'programmable" and "read 
only" memory. Programmable empha- 
sized the volatile, user program oriented 
nature of parts which are often called 
RAMs in conventional engineering jour- 
nals, and read only characterizes the 
nonvolatile, permanent nature of the 
other type of random access memory 
part. (Of course, 'programmable" is still 
not on optimal choice, since even read 
only memories are always programmable 
in the sense of "program it only once.') 

Static Versus Dynamic: In brief, there 
are two types of volatile programmable 
memory parts, characterized by the in- 
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ternal design of the basic memory cell of 
the circuit. A static memory typically 
has a cell with sufficient active transistor 
elements to create a true flip flop mem- 
ory register. A dynamic memory typi- 
cally has a smaller memory element size 
which is achieved by replacing the mem- 
ory flip flop with a capacitor which 
stores an electric charge. As a result of 
this smaller unit bit cell size, at the limits 
of technology the largest dynamic parts 
have historically had about four times as 
many bits as the largest static memory 
parts. At the present time, the largest 
static memories readily available are 4 K 
bits per chip, whereas the largest 
dynamic memories are 16 K bits per 
chip. 

There is a subtlety of design with 
dynamic memories, however. This is the 
fact that since the storage elements are 
capacitive in nature, sensing and support 
electronics on the chip tend to drain the 
charge with time, losing any information 
stored in the cell. The dynamic memory 
chips must thus be refreshed period- 
ically, an operation that is commonly 
performed by cycling through a refer- 
ence to the low order bits of the address 
inputs to the chip. Static memory chips 
have no such refresh requirement, and 
are often easier to use in prototype, 
small or homebrew circuitry; the manu- 
facturing economies tend to make 
dynamic memories the most attractive in 
larger systems products. 



If you could design 
your own computer system 

from scratch, 
Miryou'd do it right. 

You'd want... 

Continued from page 9 

number of existing computer science text- 
books. But I'd really like to somehow buy 
the design in a completely documented form 
so that like the plan of the hypothetical 
rolltop desk, I could implement it literally 
with custom modifications. Tutorial and 
"how to" plans books for specialized fields 
such as those mentioned above are widely 
available already, and at prices well within 
the range of an individual's budget. They are 
marketed in large quantities because large 
numbers of individuals use the information; 
outlets range from mail order book services 
to retail stores. Drawing out of this parallel 
between individualized computing and indi- 
vidualized "anything else," it should be 
obvious what the solution of the software 
dilemma is: Publish detailed plans and 
tutorial information for software, on a scale 
commensurate with the size of the market. 
Publishing ideas is an activity which has a 

long and distinguished history, and yields 
both personal and financial rewards to those 
who engage in the practice, as well as real 
benefits to those who purchase the products. 
Let's turn now to the application of this 
concept to the software designs of the 
computing world. 
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The Ideal Model of a 

Published Software Product 

When we talk about publishing software 
at the present state of technology, we are 

talking about a product which is akin to the 
detailed design of the rolltop desk men- 
tioned earlier. It is a product which serves as 

the starting point for the home software 
craftsman, not a recipe which will fit with- 
out thought into every conceivable system. 
This will change a bit as the systems in the 
marketplace become more refined, but the 
nature of the computer as an intellectual 
amplifier tends to require a certain level of 
technical familiarity on the part of its user. 

(This is the element which distinguishes the 
general purpose computer from the applica- 
tions oriented dedicated computer such as a 

4 function calculator or oven controller.) 
In order to make a software package 

which is optimally configured for the 
customer's standard or customized use, there 
is a certain minimal level of documentation 
which is required. This level of documenta- 
tion is not necessarily needed by all users all 
of the time, but is in many respects akin to 
the reference books for integrated circuits: 
When a question needs to be answered, it is 

good to have the information needed to zero 

Computers 
with more 

convenience and power 
for your money 

plus flexible memory 
and 

I/O expansion 
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Peripherals 
designed for 

the way you use 
your system and, 

for a change, you'd 
want them all at a 
really reasonable 

price 

in on the answer. Here is what I consider to 
be adequate documentation: 

Users' manual textual materials con- 
cerning the "standard" uses and limita- 
tions of the software. Here is where we 

find such information as standard IO 

patch points, relocation tables, etc. 

Complete object code, preferably 
machine readable along with machine 
readable relocation information. 
Complete source listing of the package 
including source language and gener- 

ated object code for each statement. 
Program logic manuals and tutorials on 
the design of the product are an 

excellent option. 

The idea is to include enough information 
to allow the user to do routine field altera- 
tions, including relocation. The idea of a 

published software product is to compile all 
this information together in a comprehensive 
book form, to be sold at prices characteristic 
of books, as opposed to the past history of 
software prices for applications and system 
software packages. The technology of print- 
ing covers all the portions of the "complete" 
package except machine readable code, at 
least in the minds of most people. However, 
as we have demonstrated with experiments 

published in BYTE, printing technology also 
covers machine readable representations as 

well. 

Varieties of Machine Readable 
Representations 

User convenience demands that a soft- 
ware product be made available in some 
form of machine readable representation. 
While it is certainly possible to take an 

object listing in printed form and type it 
into a processor by hand, this is a long, 
tedious and error prone process. To com- 
plete the functional definition of "adequate 
documentation" given above, we need a 

form of machine readable object code at 
minimum, along with machine readable re- 

location information. Fortunately there 
exist several technologies which can be 

employed for this purpose, which I'll review 
here. 

ROM Releases 

This is the most expensive medium pre- 
sently available for reproducing software; 
however, it has utility in the convenience of 
use provided by built -in software. In terms 
of practical products, however, this form of 
software will most frequently show up in 

manufactured products preloaded at the 
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factory, rather than user integrated software. 
A ROM program is difficult to achieve in a 

relocatable form, and has a certain per- 
manence which is both its advantage (con- 
venience) and its disadvantage (difficulty or 
impossibility of patching). This method has 

been successfully employed in several desk 
top calculator packages in the form of ROM 
software options, and in such personal com- 
puting products as built -in BASIC interpre- 
ters and monitors. For end user markets, this 
form of software can dispense with all but 
the user oriented manuals in most purchases, 
since modification is impossible. 

Magnetic Digital Media Releases 

As more and more floppy disk products, 
large and small, come to market, the use of 
the magnetic diskettes for software releases 

is becoming common. Similarly, the Philips 
and 3M digital tape media with standard 
digital recording techniques can be con- 
sidered as vehicles for release of machine 
readable data. However, the price of the 
media and the costs of digitally recording 
and verifying each copy tend to make this 
method of delivery limited. It is used, quite 
naturally, as the vehicle for delivery of 
floppy disk operating systems from the 

4. Self- 
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manufacturers of drive interfaces, but there 
the writing and testing of a diskette full of 
data falls out of the expected quality as- 

surance tests prior to packing and delivery. 
The same is true for the other forms of 
hardware which have related operating sys- 

tem software products that can be recorded. 

Paper Tape 

This venerable medium has been in exis- 
tence longer than the modern electronic 
computer. No survey of distribution media 
would be complete without mention of it. 
Very reliable means exist for reading paper 
tapes into computers at quite economical 
prices, well under $100 for the peripheral. 
As a distribution medium, however, paper 
tape in my opinion suffers from several 
disadvantages: It is inconvenient to store, 
bulky, prone to create a messy tangle due to 
manual handling with inexpensive peri- 
pherals. Whether my opinion is supported in 
the marketplace is another question alto- 
gether. 

Audio Media Releases 

One of the most useful and practical 
vehicles for the distribution of software is 
likely to be the use of audio recording 
media. Here we can identify two principal 



methods of distribution; recording on tape 
cassettes or other magnetic tape audio me- 
dia, and recording on the audio equivalent of 
a read only memory, the phonograph record. 

The technology of recording on tape 

results in a product with a fairly high unit 
cost for each copy of the information. To 
this must be added the cost factors assoc- 

iated with normal printing of the rest of the 
documentation. Cassettes, as a recording 
method, are a logical choice for custom soft- 
ware, or small volume situations, but the 
high degree of manual labor associated with 
each copy argues against the practicality of 
large production runs in this form. 

The technology of making phonograph 
records is, on the other hand, a well estab- 
lished mass production technique which can 

be adapted to the software distribution 
without much variation from standard 
methods. To illustrate the point and to test 
the concept, I made a test in the spring of 
1976 at the suggestion of David Fylstra, an 

associate of mine who is also a homebrew 
record maker. He arranged for the cutting of 
a test record with the audio format of my 
personal monitor program, circa March 
1976, to test out this method using a master 
record cut on standard recording industry 
equipment. Depending upon size and quan- 
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step -by -step instructions 
and a "we won't let you 

fail" pledge. 

tity of pressing, the costs per record run well 
under $1, which is hard to meet with the 
cassette duplication method. 

Machine Readable Printed Media 

As a final option, there is the use of 
machine readable printed formats for object 
code and relocation information in the 
release of software products. This is a form 
which was suggested to us at BYTE by 
Walter Banks of the University of Waterloo, 
and with which we have been experimenting 
in the pages of BYTE. In this method, an 

optical reader is used to scan printed mate- 
rials which have been formatted into a series 
of bars corresponding to the digital informa- 
tion. Because of constraints in the design of 
the layout and the method of scanning, it is 

possible to simplify the scanner designs to 
the point where a very inexpensive peri- 
pheral is used together with some adaptive 
software which takes care of the speed 
tolerant input scan. The beauty of this 
method is that it "comes for free" in so far 
as actual production costs are concerned. 
Why is this true? The reason is that the 200 
to 300 pages of documentation needed to 
support a systems software product with 
perhaps 12 K bytes of object code require 
only an additional five to seven pages of 
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Articles Policy 
BYTE is continually seek- 

ing quality manuscripts writ- 
ten by individuals who are 
applying personal systems, or 
who have knowledge which 
will prove useful to our 
readers. Manuscripts should 
have double spaced type- 
written texts with wide mar- 
gins. Numbering sequences 
should be maintained sepa- 
rately for figures, tables, 
photos and listings. Figures 
and tables should be provided 
on separate sheets of paper. 
Photos of technical subjects 
should be taken with uniform 
lighting, sharp focus and 
should be supplied in the form 
of clear glossy black and white 
or color prints (if you do not 
have access to quality photog- 
raphy, items to be photo- 
graphed can be shipped to us 
in many cases). Computer 
listings should be supplied 
using the darkest ribbons pos- 
sible on new (not recycled) 
blank white computer forms 
or bond paper. Where possible, 
we would like authors to sup- 
ply a short statement about 
their background and experi- 
ence. 

Articles which are accepted 
are typically acknowledged 
with a binder check 4 to 8 
weeks after receipt. Honorar- 
iums for articles are based 
upon the technical quality and 
suitability for BYTE's reader- 
ship and are typically $25 to 
$50 per typeset magazine 
page. We recommend that 
authors record their name and 
address information redun- 
dantly on materials submitted, 
and that a return envelope 
with postage be supplied in 
the event the article is not 
accepted. 

machine readable bar code copy, hardly 
affecting the economics of the book at all. 
These 200 to 300 pages of documentation 
are required by the product concept, 
whether or not there is any other form of 
machine readable code made available. 

Economics of Publishing 

With media established, and a product 
concept outlined, what about addressing the 
problem of rewarding the producers of 
software products? Here, as in any area of 
publishing, the answer is quite simple. The 
publishing house judges whether the par- 

ticular software package is in its view a 

readily marketable product with a certain 
minimum press run potential. If so, the 
publisher puts up production capital, where 
the author puts up intellectual capital in the 
form of his or her work. It is a risk situation 
in which both parties are making a specula- 
tion that readers will purchase the product; 
as in numerous parallel situations through- 
out industry, authors and publishers work 
on an agreed upon split of any rewards from 
success in the marketplace. 

Applied to the software publishing var- 
iant of this business, the author's intellectual 
capital is in the form of the program, its 
source code, its object code, and its docu- 
mentation; the publisher's contribution is 

the marketing organization, the technical 
editing of the manuscripts, and the technical 
details of book preparation. Other than the 
specialized content, the method of operation 
and the details of the arrangement are not 
much different from publishing any item. 
Rewards to authors now become a small 

amount (in absolute terms) of royalty re- 

covered from orders of magnitude in sales 

for successful software book products. 

Proprietary Products 

The problem of protecting and keeping 
software proprietary is no longer a major 
"new" issue when publishing of software is 

contemplated. How many people extensively 
copy from books? Very few, and if they 
attempt to make a regular practice of it they 
would tend to be prosecuted by publishers 
under copyright law. In publishing software, 
an implicit or explicit license to copy the 
copyrighted materials for personal use and 

modification is part of the bargain; the price 
is low enough so that if you want your own 
user documentation, you buy your own 
copy of the book (even if you may have 

been using object code derived from your 
neighbor's computer). Since the docu- 
mentation is a necessary component of use, 

no sales tend to be lost in the long run due 
to the fact that object code can be swapped 
around. 

Conclusions 

What I have endeavored to show is that 
there is quite some potential for the sale and 
distribution of software using conventional 
publishing techniques with modifications to 
suit this type of product. By publishing 
software along with machine readable code, 
we end up with a way to make the products 
widely available, yet retain the desirability 
of compensating authors for their efforts in 
proportion to the success of the product. 

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS -232 TERMINAL 

the CI -812 
The Only S-100 Interface 
You May Ever Need 
On one card, you get dependable "KC- 
standard"/biphase encoded cassette inter- 
facing at 30, 60, 120, or 240 bytes per 
second, and full -duplex RS -232 data ex- 
change at 300- to 9600 -baud. Kit, includ- 
ing instruction manual, only $89.95 *. 

P[FLUDM 
PERCOM DATA COMPANY, INC. 
4021 WINDSOR GARLAND, TEXAS 75042 

ti 

*Assembled and tested, 
$119.95. Add 5% for 
shipping. Texas resi- 
dents add 5% sales tax. 
BAC /MC available. 

PerCom ' /peripherals for personal computing 
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ORDER FORM 
KIT ASSEMBLED KIT ASSEMBLED 

4KROM I_ I I I wwC 
I i 8KSC -Z [-I 88 EXT 

68KSC I I 1 
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8KSC [ 1 

ASSEMBLY AND OPERATING MANUAL $4.00 

it i 
[Write in each box the quantity of each part required] 

KIT ASSEMBLED 

I I 68EXT-L 
68WWC 
BBUC 

1 

NAME 
PLEASE PRINT OR TYPE 

ADDRESS 

CITY STATE ZIP 

SEND CHECK MONEY ORDER 

SEALS ELECTRONICS, INC 
P.O. BOX 11651 
KNOXVILLE, TN 37919 
MOST ORDERS SHIPPED WITHIN 10 WORKING DAYS 

COD'S ACCEPTED CREDIT CARDS 
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[READ ONLY MEMORY] 
Will accept up to 16 ea. 1702 -A or 5203 EProm Providing up to 4096 
,vords of non -volatile memory for Boot Loads to Complete Programs. 
Programming Available at Factory for $3.00 per EProm when accom- 
panied by binary formated tape. 
Each 1702 -A has its own Vgg clocked for Low Power Consumption. 
Will work with the weakest power supply based S -100 buss computer. 
Switched Selected Address in 4K Blocks. 
Switch selected wait states so that even the slowest 1702 -A can work 
in your system. 0 -8 wait states. 
Solder Masked on both sides of PC Board. 
Component Screened on Component Side of PC Board. 

Kit Price: . . $119.00 Assembled Price: . ..$179.00 

(STATIC MEMORY CARD FOR SWTPC 6800] 

8192 Words of Static Memory 
Access Time: 500 nsec. 1250 nsec on request) 
Memory Chip 91 L02 APC 
Battery Standby 
Address Selected 8 Ea. SPST Dip Switch 
Low Power 
All Lines Buffered. 
All IC's with sockets 
Solder Masked on both sides of PC Board. 

Kit Price: . . $269.00 Assembled Price: .$359.00 

[STATIC MEMORY CARD] 
ALTAIFr,IMSAI`", and S -100 buss compatible. 
Access Time: 250 nsec max. 
ZiI00 Speed Compatible up to 4 mhz. 
Memory Chip: 2102LHPC or 2102AL -2 
Battery Standby: >1.5 to 4 volts< 
Address Select: 8 ea. Spst. Dip Switch. 
Wait States: None 
Current Reg.: Less than 200 ma per 1K 
All Address, Control, and Data out lines fully buffered. 
All IC's supplied with IC Sockets 
Solder Masked on Both Front and Back of P.C. Board. 

Kit Price: . . $295.00 Assembled Price: . .$395.00 

OTHER SEALS ELECTRONIC PARTS AVAILABLE 
Item No. Description Kit Price Assembled Price 

8KSC 8K Static Memory Card 500 nsec 
WWC Wire Wrap Card 
88 EXT 88 Extender Card 
68 Ext.S Extender Card (Small) swrrcreaoc.wna . nm ,, 

68 Ext -L Extender Card (Large) WOK 0e0oe...,.,,a.rod..., 
68 WWC Wire Wrap Card ,*.c rem c.ou.a.em... 
BBUC Battery Back -Up Card 

$269.00 
$ 37.50 
$ 29.00 
$ 19.00 
$ 29.00 
$ 35.00 
$ 55.00 

$369.00 
$ 47.50 
$ 38.00 
$ 25.00 
$ 39.00 
$ 45.00 
$ 68.00 

ORDER DELIVERY: FROM STOCK TO 10 DAYS 

Eñ S 5 III I11 

ELECTRONICS, INC. 
TELEPHONE # 615/693 -8655 
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Technical 
Forum 

More on Using the 8x300 

Jon Twichell 
303 -D Eagle Hts 

Madison WI 53705 

A short note concerning your note in the 
March 1977 issue of BYTE (page 100) on 
the Signetics 8X300. This processor was 

designed and sold as the SMS 300 (Scientific 
Micro Systems, 520 Clyde Av, Mountain 
View CA 94043). I used SMS's development 
system in a scientific data acquisition sys- 

tem. Two years ago it was the fastest thing 
on the market. I was building a two dimen- 
sional multichannel analyzer out of a 

Modcomp II, and used the microcontroller 
for the address mapping and handshaking. 
Pure blinding speed was our object, subject 
to the constraint of programmability. The 
observation is that this is the same criterion 
for a microprocessor used for emulation. 

True, the 8X300 is fast, but by today's 
standards, not that fast. It is rumored that 

SMS is working on an ECL version ... . 

Anyway, if one examines the architecture of 
the 8X300, one finds two chokes, both 
fixable. The first is that the microcode is 

quite vertical, as one would expect with a 16 

bit instruction. One can effectively double 
the speed of the system by simply extending 
the microcode width by eight bits. Make 
your program memory 24 bits wide; use 16 
in the normal fashion. The extra eight are 

used as the address in working storage or IO 
space. The 8X300 must use an instruction to 
load the "memory address register" (IVR 
REG) and then another instruction to fetch 
the word at that address; by selecting an 

address for each instruction (the extra eight 
bits), most programs halve in size, and 

double in speed. 

The second choke is the time multiplexed 
10 bus. I seriously suggest the user extend 
the microcode and stay away from those 

Continued on page 110 

eset T VECO3 1 

and GO 
PROM /RAM 

BOARD 
from 

\IECEOR CI1?FC 

Circle 137 on inquiry card. 74 

PROM: Space for 2K bytes, 1702A. Store 
bootstrap loaders and monitors. 
RAM: 1K bytes, 2102LIPC, 450 ns, low 
power. NO NEED TO RELOCATE STACK 
WHEN ADDING MEMORY. 
CIRCUITRY: Replaces memory write logic 
on ALTAIRTMand lmsai front panels. 
REGULATORS: Two regulators. No need for 
regulated power supply. 
JUMP -ON- RESET: PROM program execu- 
tion starts at any location in memory without 
interfering with programs in any other por- 
tion of memory. 
S -100 BUS; +8 and -16 VDC; P/C BOARD 
SOLDER MASKED BOTH SIDES WITH 
PLATED THROUGH HOLES; ALL SOCKETS 
INCLUDED. 
OPTIONAL FIRMWARE: 512 byte monitor 
for use with Tarbell tape interface on 2, 
1702A PROMs. 
PROM /RAM KIT WITHOUT PROMS $ 89 

+ OPTION A - SIO Rev. 1 or 3 P + S $129 
+ OPTION B - 2 SIO (MITS) $129 

+ OPTION C - SIO 2 (IMSAI) $129 

+ OPTION D - Poly Video Interface $159 
(Includes Video Driver) 

California residents please add 6% tax. 

IMMEDIATE DELIVERY FROM FACTORY 
OR YOUR LOCAL COMPUTER STORE 

T M. 

LOR CRAPHC inc. 
717 LAKEFIELD ROAD, SUITE F WESTLAKE VILLAGE, CA 91361 (805) 497 -0733 



Deal 
Yourself ín... 

A 
A1Iántic City, N.J. 

August 27th -28th 
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What its all about! 

Software Development 
Micro Computers 

Hardware Development 
Disc Memories 

Computer Comparisons 
Interfacing 

Program Implementation 
AMSAT 

Computerized Music 
Video Terminals 
Kit Construction 

Printers 
Computer Games 

Digital Tapes 

Seminars and Technical talks by leading electronic equipment manufacturers 
Major Exhibits from all over the country 
Demonstrations in many areas including Home and Personal Computing 
Door Prizes, Free Literature and Free Mementos 
All this plus Sun and Surf - Fun and Excitement - Relaxation and Leisure 

la Personal 
C Computing 

77 Consumer Trade Fair 

SPECIAL GROUP RATES FOR CLUBS AND 
ORGANIZATIONS TRAVELING FROM THE WEST 
COAST AND MID -AMERICA. 

CONTACT 

Dawn Corrigan 
(213) 924 -8383 

Seven Seas Travel 
17220 S. Norwalk Blvd. 
Cerritos. CA. 90701 

Write for FREE TRIP -KIT to PERSONAL COMPUTING 77, 
Rt 1, Box 242, Mays Landing, New Jersey 08330 

EXHIBITION BOOTHS STILL AVAILABLE - CALL (609) 653 -1188 



Photo 1: The Teleterminal 
Corporation Fly Reader 
for use with the KIM -1 

microprocessor. 

Come Fly With KIM 

Many computer hobbyists start with 
nothing more than a processor, a small 
amount of programmable memory, a small 
onboard monitor such as MIKBUG or KIM 
and some front panel switches. Those with 
more foresight, or cash, will have a keypad 
or even a full keyboard for data entry and 
processor control. But even with a good 
monitor and a full keyboard and display, 
loading programs is a tedious chore at best, 
and there is an awful feeling when you turn 
off power, knowing that twenty minutes of 
typing just evaporated. 

The next step in expanding the system is 

usually an audio cassette interface or a 

Teletype with paper tape reader and punch 
for the wealthy or fortunate. Now the 
tedious retyping is eliminated and a pro- 
gram, once written and recorded or 
punched, can be reloaded in a matter of 
minutes. 

Many people stop at this point. When 
hand assembly of programs is required, a 

program of more than a few hundred bytes 
is rarely attempted. But as the software gap 

is slowly filled, more and more systems are 

being implemented with assemblers or 
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Rick Simpson 
MOS Technology Inc 
Valley Forge Corporate Center 
950 Rittenhouse Rd 
Norristown PA 19401 

BASIC interpreters. More memory is pur- 
chased to expand programmable memory 
from a few hundred bytes to 4 K, 8 K, or 
more. lone firm now even markets a 64 K 
board! . CH/ Once again your memory 
has outrun your ability to fill it in a 

reasonable time. 
For instance, using the Teletype paper 

tape reader or audio cassette interface on the 
KIM system, a 2 K Tiny BASIC interpreter 
takes almost ten minutes to load. A 12 K 

BASIC source program would take an hour. 
Even a 30 character per second interface 
only cuts this to twenty minutes. The 
alternatives seem to be a Tarbell or Suding 
type high speed cassette system, a 3M drive 
at 9600 bps or a floppy disk. 

The floppy disk certainly solves the speed 

problem. We can now load 12 K in a few 
seconds, but at a cost of $1,000 to $2,000. 
The high speed cassette is reasonable in cost, 
about $200 including the high quality cas- 

sette unit required, but tricky to interface 
unless a manufacturer -supplied board or kit 
is available. 

Although some magnetic tape units have 
start, stop, and search functions under pro- 



gram control, most users end up pushing the 
buttons. No hobbyist magnetic tape cassette 

unit can read a few (ie: one line or so) 

characters, stop and process the data, and 

then start and read some more, a real need 

when running an assembler with the source 
stored on the tape in a limited resource 
system. 

After this lengthy preamble, you may 
have suspected that I have an alternative 
solution in mind, and I do: a high speed 

paper tape reader, manufactured by the 
Teleterminal Corporation, called the Fly 
Reader, shown in photo 1. Although a bit 
more expensive than the high speed cassette 

system (about $350), it is far faster; reading 
at 300 characters per second, it can load my 
Tiny BASIC in twenty seconds, or fill that 
12 K of memory in two minutes. It is easy 

to interface, requires little software, and is 

extremely reliable. It needs only a single 
+5 V, 2 A power supply and is operated 
completely under program control. You can 

read as little as a single character at a time 
and can read in either direction; try that on 
your cassette! 

Paper tape has always been the standard 
mass storage device for minicomputers, until 
floppy disks came along, and paper tape has 

been the most universal and inexpensive 
method of software distribution and inter- 
change in the minicomputer field. 

The basic problem is that it is only a 

reader; how do you punch the tape? There 
are several answers: Flexowriters and other 
similar low speed punches are becoming 
available, as are gobs of older 7 level ma- 
chines. I've also seen higher speed punches, 
typically 60 characters per second, adver- 
tised for under $100. The fact that the 
punch is slow is not so important; typically 
you punch a tape once and read it many 

Figure 1: Block diagram of 
the Fly Reader. The input 
is achieved through an 
incandescent lamp and a 

photodetector array. The 
tape is advanced by a step- 
ping motor allowing input 
of data either forwards or 
backwards. The reader 
open sense switch is closed 
when the paper tape is in 
the reader. 

PAPER 
TAPE (.9 

times. Even if you have no punch, the reader 
is a useful peripheral because much software 
is available already punched. 

How it Works 

The Fly Reader can read at such a high 
speed because it transfers 8 bits in parallel 
and contains only a single moving part: a 

stepping motor connected to a toothed 
wheel which engages the sprocket holes in 
the paper tape. Sensing of the holes in the 
tape is done by photodetectors rather than 
the mechanical fingers used in a low speed 
reader. This is a method similar to that used 

in the manual reader sold by Oliver Audio. 
Figure 1 shows a block diagram of the unit. 

There are five control lines for the unit. 
All are compatible with standard TTL cir- 
cuitry. The "load status" line is a logic 1, 

+5 V, if the reader is not ready because the 
feed gate is not closed. When tape is inserted 
and the gate is closed, this signal goes to 
logic zero. 

In operation, the reader must be checked 
by software to see if the "reader ready" 
signal is at logic 1 to indicate that the reader 
is ready to read another tape character. The 
software must then issue a pulse from logic 1 

to logic 0 whose width is between 500 ns 

and 5001.s. This READ pulse will start the 
reader and drive the reader ready line to 
logic 0. The software then watches the "data 
strobe" line. When data strobe goes to logic 
1, the data can be read from the eight 
parallel output lines. If the program needs to 
read another character from tape, it must 
wait until reader ready goes back to logic 
1, issue another read pulse, and wait for 
another data strobe. Figure 2 shows the 
flowchart for such software and figure 3 

shows the interface timing diagrams. 

LAMP 

I I 

V 

PHOTODETECTOR 
ARRAY 

TOOTHHEAD 
SPROCKET DRIVE 
WHEEL 

READER OPEN 
SENSE SWITCH 

STEPPING 
MOTOR 

AMPLIFIER 
AND SIGNAL 
CONDITIONING 

CONTROL 
LOGIC 

Figure 2: Flowchart of the 
software for reading the 
paper tape with the Fly 
Reader. 

BTTL 
OUTPUT 
LINES 
(TO KIM -I PAO TO PA7) 

DATA STROBE (P84) 
READER READY (PB5) 
READ (PBO) 
FORWARD, REVERSE (SET TO DEFAULT STATE OF 0 OR I) 

LOAD STATUS LINE (TO PBI OF KIM -I) 
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Figure 3: Timing diagram generated by the software of listing 1. The 
minimum width of the data strobe is 50 As except when forced low by a new 
read command. The crossed out sections in the data true section indicate that 
the state of the output is unknown. A read command is issued only when the 
reader ready line is high. 

Other Interface Possibilities 
(An Advertisement ...) 

The interface described 
here uses most of the avail- 
able 10 lines on the KIM -1. 
Systems supporting several IO 
devices may wish to interface 
the Fly Reader through a 

separate interface chip. The 
MCS6532 is one such interface 
chip for adding more 10 to 
KIM -1 as well as an additional 
128 bytes of programmable 
memory and another interval 
timer. Two of these chips 
(with ROMs) are already built 
into each KIM. Since the 6532 
is a MOS rather than TTL 
device it does not load the 
KIM -1 address or data buses 
significantly. The MCS6532 is 

available for $16 postpaid 
from National Electro- Sales, 
12063 W Jefferson, Culver 
City CA 90230. 

Interfacing to Kim 

As described above, the Fly Reader inter- 
face requires eight parallel input lines, three 
input control lines and one or two output 
control lines. Two output control lines are 

needed if the forward, reverse function is 

used; otherwise only one control line is 

needed. Since KIM -1 has 15 bidirectional 
10 liries the interface is very simple. The 
A data port lines PAO to PA7 are pro- 
grammed as input lines and connected to 
the parallel output lilies from the Fly 
Reader. PB5 is connected to the reader 
ready line, PB1 is connected to the load status 

line, PBO is connected to the read command 
line and programmed as an output line, and 

PB4 is connected to the data strobe line. A 
5 V, 2 A power supply is connected to the 
reader and the interface is complete. When 
wiring the power connectors, you should 
make sure that separate power and ground 
wires are run back to the power supply for 
both the motor and logic connections. This 
will insure that current surges to the motor 
during stepping operations do not feed noise 
pulses into the control logic. 

Interface Details 

The fifteen KIM -I IO lines are divided 
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into two ports. Each port has a data direc- 
tion register and a data register. Writing a 1 

to a bit or bits in the data direction register 
configures the corresponding IO lines for 
output, writing a 0 sets them for input. For 
instance, writing a hexadecimal 02 to the A 
data direction register configures the PAO 

line for input, PA1 for output, and PA2 
through PA7 as input lines. Similarly, 
writing hexadecimal FO to the B data direc- 
tion register configures PBO through PB3 as 

input lines and PB4, PB5 and PB7 as output 
lines. Note that there is no PB6, and PB7 has 

no output pullup; it is essentially an open 
collector output. Reading the A or B data 
register will show whether the signal at each 

input line is 1 or 0 and will show whether a 

0 or 1 was previously written to any lines 
configured as outputs. Writing to a data 
register will set the appropriate output lines 
to 1 or 0 and does not affect lines pro- 
grammed as inputs. Hexadecimal address 
location 1700 is the A port data direction 
register, hexadecimal 1702 is the B data 
direction register, hexadecimal 1701 is the A 
data register, and hexadecimal 1703 is the B 

data register. 

The KIM Paper Tape Format 

The software to drive the reader uses the 
same paper tape format as that used in the 
KIM -1 Q (paper tape dump) and L (paper 
tape load) commands. Thus any paper tape 

punched on a low speed punch by KIM -1 

can be read by the Fly Reader. The KIM -1 

paper tape format ignores any characters 



Fantastic Software 
This LIBRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE 

Written in compatible BASIC immediately executable in ANY 
computer with at least 4K, NO other peripherals needed. 

BASIC 

SO FTWARE 

(? L I B R.. RkY 

This Library is the most comprehensive work of its kind to date. 
There are other software books on the market but they are 
dedicated to computer games. The intention of this work is to allow 
the average individual the capability to easily perform useful and 
productive tasks with a computer. All of the programs contained 
within this Library have been thoroughly tested and executed on 
several systems. Included with each program is a description of the 
program, a list of potential users, instructions for execution and 
possible limitations that may arise when running it on various 
systems. Listed in the limitation section is the amount of memory 
that is required to store and execute the program. 

Each program's source code is listed in full detail. These source code 
listings are not reduced in size but are shown full size for increased 
readability. Almost every program is self instructing and prompts 
the user with all required running data. Immediately following the 
source code listing for most of the programs is a sample executed 
run of the program. 

BASIC 

SOFTWARE 

LIBRARY 

H.M 
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su- 

BASIC 

S WARE 

LIBRARY 

VOLUME ! 

pr ..I. ..>.IM 

The entire Library is 1100 pages long, chocked full of program 
source code, instructions, conversions, memory requirements, 
examples and much more. ALL are written in compatible BASIC 
executable in 4K MITS, SPHERE, IMS, SWTPC, PDP, etc. BASIC 
compilers available for 8080 & 6800 under $10 elsewhere. 

This Library is destined to become one of the reference bibles for 
the small computer field, due to its versatility and uniqueness and 
the ease of operation of the programs it contains. These volumes are 
deductible as a business expense when purchased by a company. 
Send your remittance for prompt delivery, while supplies last. 
Volume discounts are available to qualified dealers. 
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LIBRARY 
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VOLUME I 

Bookkeeping 
Games 
Pictures S21.95 

VOLUME II 
Math & Engineering 
Plotting & Stat 
Basic Statement DO S24.95 

VOLUME III 
Advanced Business 
Billing 
Inventory 
Payroll S39.95 

VOLUME IV 
General Purpose S9.95 

VOLUME V 
Experimenter S9.95 

FUTURE ADDITION TO THE "BASIC SOFTWARE LIBRARY" 

Volume VI (A Complete Business System $49.95) General Ledger System Taxes, Pyrl, 
W-2's, Inventory, Depr., Financial Statements, etc. AVAILABLE MID SUMMER 

Available at most computer stores. 
Add S1.50 per volume for postage and handling. 

SCIENTIFIC RESEARCH 
1712 -B FARMINGTON COURT 

CROFTON MD 21114 

Phone Orders call (800) 6389194 
Information and Maryland Residents Call (301) 721 1148 

Circle 282 on inquiry card. 



hexadecimal 
address code label op. operand 

1C4F START EQU 
4000 08 CLD 
4001 20 57 40 PTRLD JSR PTRINI 
4004 20 6F 40 LOAD JSR GETPTR 
4007 C9 3B CMP $3B 
4009 DO F9 BNE $LOAD 
400B A9 00 LOADS LDA 00 
400D 85 F7 STA $F7 
400F 85 F6 STA $F6 
4011 20 8B 40 JSR PTRBYT 
4014 AA TAX 
4015 20 91 1F JSR $1F91 
4018 20 8B 40 JSR PTRBYT 
4018 85 FB STA FB 
401D 20 91 1F JSR $1F91 
4020 20 813 40 JSR PTRBYT 
4023 85 FA STA FA 
4025 20 91 1F JSR $1F91 
4028 8A TXA 
4029 FO OF BEQ LOADS 
402B 20 8B 40 LOAD2 JSR PTRBYT 
402E 91 FA STA FA,Y 
4030 20 91 1F JSR $1F91 
4033 20 63 1F JSR $1F63 
4036 CA DEX 
4037 DO F2 BNE LOAD2 
4039 E8 INX 
403A 20 8B 40 LOA D3 JSR PTRBYT 
403D C5 F6 CMP $F6 
403F DO 12 BNE LOADER 
4041 20 8B 40 JSR PTRBYT 
4044 C5 F7 CMP $F7 
4046 DO OB BNE LOADER 
4048 8A TXA 
4049 DO B9 BNE LOAD 
404B A2 OC LOAD7 LDX OC 
404D 20 31 1E LOADS JSR $1E31 
4050 4C 4F 1C JMP START 
4053 A2 11 LOADER LDX 11 
4055 DO F6 BNE LOAD8 
4057 A9 01 PTRINI LDA $01 
4059 8D 03 17 STA $1703 
405C 8D 02 17 STA $1702 
405F AD 02 17 LDA $1702 
4062 29 02 AND $02 
4064 DO 08 BNE OK 
4066 A9 58 LDA 'X' 
4068 20 AO 1E JSR $1 EA0 
406B 4C 57 40 JMP PTRINI 
406E 60 OK RTS 
406F AD 02 17 GETPTR LDA 1702 
4072 29 20 AND $20 
4074 FO F9 BEQ GETPTR 
4076 A9 00 LDA $00 
4078 8D 02 17 STA $1702 
407B A9 01 LOA $01 
407D 8D 02 17 STA $1702 
4080 AD 02 17 CHECK LDA $1702 
4083 29 10 AND $10 
4085 FO F9 BEQ CHECK 
4087 AD 00 17 LDA $1700 
408A 60 RTS 
408B 20 6F 40 PTRBYT JSR GETPTR 
408E 20 AC 1F JSR $1 FAC 
4091 20 6F 40 JSR GETPTR 
4094 20 AC 1F JSR $1 FAC 
4097 A5 F8 LDA $F8 
4099 60 RTS 
409A 20 57 40 MAIN JSR PTRINI 
4090 20 6F 40 LOOP JSR GETPTR 
40A0 4C 9D 40 JMP LOOP 

END 

commentary 

$1C4F 
clear decimal mode; 
go to PTRINI; 
go to GETPTR; 
if A not equal to 38 go to LOAD; 

else A: =00; 

store checksum; 

go to PTRBYT; (get byte count) 
X: =A; 
compute checksum; 
get high address; 
store high address pointer; 
compute checksum; 
get low address pointer; 
store low address pointer; 
compute checksum; 
A: =X; 
if A: =0 go to LOAD3; 
get data; 
store data; 
compute checksum; 
get next address; 
X: =X -1; 
go to LOAD2; 
X: =X +1 ; 

get data; 
compare high order checksum; 
if different go to LOADER; 
else get data; 
compare checksum; 
if different go to LOADER; 
else A: =X; 
if A not equal to 0 go to LOAD; 
else X:= location of 'KIM'; 
output message; 
go to START; 
X:= location of 'ERR KIM'; 
go to LOAD8; 
[initialization routine) 
A: =B port address; 
read flag: =1; 
A: =B register; 
determine PB1; 
if reader ready go to OK; 
else A:= 'X'; 
output 'X'; 
go to PTRINI; 
return; 
[subroutine to input one character) 
get bit from B data register; 
if not ready go to GETPTR; 

else output read pulse; 

turn off read pulse; 

get bit 5 from B data register; 

if character not ready go to CHECK; 
else get character; 
return; 
get character; 
pack character; 
get another character; 
pack character; 
A: =2 characters; 
return; 
go to PTRINI; 
go to GETPTR; 
go to LOOP; 

CROSS REFERENCE TABLE 

Symbol 

CHECK 
GETPTR 
LOAD 
LOADER 
LOADS 
LOAD2 
LOAD3 
LOAD7 
LOAD8 
LOOP 
MAIN 
OK 
PTRBYT 
PTRINI 
PTRLD 
START 

Value 

4080 
406F 
4004 
4053 
400B 
402B 
403A 
404B 
4040 
4090 
409A 
406E 
408B 
4057 
4001 
1C4F 

Referenced 

4085 
4004 4074 
4009 4049 
403F 4046 

4037 
4029 

4055 
40A0 

4064 
4011 4018 
4001 406B 

4050 

408B 4091 

4020 402B 
409A 

409D 

403A 4041 

Listing 1: The basic software needed to run the Fly Reader with the KIM -7 
microprocessor. The software uses the KIM -7 monitor routines and sub- 
stitutes the GETCH and GETBYT routines with routines GETPTR and 
PTRBYT. The new subroutine PTRINI properly configures the 70 lines used 
with the reader. Subroutine PTRINI will output an endless number of 'X' 
characters until the tape is loaded into the reader. The listing was set prepared 
from a cross -assembly provided by the author. A symbol table showing the 
values of the symbols used and where they are referenced follows the 
assembly and will prove useful when it is necessary to relocate a program at a 

different starting address. 

80 

read until a semicolon is found; the next two 
characters give the hexadecimal number of 
bytes on the current line to be punched. 
This is followed by four characters, two 
bytes, giving the high order and low order 
bytes of the starting address for the data to 
follow. This is followed by the data which 
KIM -1 software always punches 24 bytes per 
line, a 2 character checksum for the line, and 
a carriage return. The carriage return is 

followed by six null characters, and a semi- 
colon starts the next line. The last line 
punched contains 0 for the number of 
bytes, 0 for the address bytes and is fol- 
lowed by a four character checksum. When 
finished reading a paper tape, KIM -1 types 
'ERR KIM' if the checksum does not com- 
pute (there has been an error in reading 
the tape), or just 'KIM' if the tape was read 
correctly. 

The software consists of a copy of the 
KIM -1 monitor routine for reading paper 
tape modified by removing all calls to the 
GETCH and GETBYT routines and substi- 
tuting two new routines, GETPTR and 
PTRBYT. A new subroutine, PTRINI is 

called at the beginning of the mainline 
program to properly configure the IO lines 
and check that the read head on the Fly 
Reader is closed. If it is not, KIM -1 will type 
out the character 'X' endlessly until the read 
head is closed. The software shown in 
listing 1 occupies 154 bytes starting at hexa- 
decimal location 4000. 

The Fly Reader is an excellent way to 
add a high speed paper tape reader to a 

microprocessor system. It is easy to interface 
and requires only a single +5 V supply. As a 

fast paper tape device it is considerably 
faster than an audio tape cassette system and 
offers increased flexibility of operation. 



THE HOME COMPUTER 
COMES OF AGE 



Beyond state -of- the -art 
capabilities, hand- 
somely housed in a fine 
piece of functional 
furniture. 

Noval Incorporated 
proudly introduces the 
finest personal computer 
ever offered, the NOVAL 
760 COMPUTER. This 
fully computational, 
self- contained hardware 
and software package 
offers limitless expansion 
capabilities. NOVAL's 
extensive and expanding 
library of programs pre- 
sents exclusive oppor- 
tunities for educational 
applications, practical 
implementations and a 
world of fun. And you can 
develop low -cost end 
user products never 
before available at the 
small board level. 

The NOVAL 760 
COMPUTER, in its hand- 
some desk setting will 
take you wherever your 
imagination wants to go. 

Introducing the 
NOVAL 76QComputer 
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The Ultimate in 
Home Computers 
$2995 includes a 
fully -assembled, fully- tested 
personal computer with: 

Handsome wood desk, 
designed to complement 
any decor 
Crisp black and white 12" 
professional display monitor 
Full, easy -to -use Alpha - 
Numeric Keyboard 
Printer 
Extensive graphic capability 
Fully remote -control, pro- 
fessional mag tape system 
8080 Microprocessor 
System 

16K RAM 
3K PROM 

Display control, with 
additional 

1K Refresh RAM 
2K Character generator 

RAM 
1K Scratch pad RAM 

8 built -in I/O ports 
Power Supply 
System Software on mag 
tape, with 

Interactive Editor /Assembler 
I/O control for 

Printer 
Display (black & white 

or optional color) 
Mag Tape Unit 
Audio Tone Generator 
Keyboard 
Film Reader 
Paper Tape Reader 

Graphics 
On -line debugging 

technique 
E -PROM burner 
Copy- verify 

Comprehensive and 
complete Operating Manual 
(also available separately) 

The NOVAL 760 COMPUTER 
Instant -Edit feature makes 
Assembly Language inter- 
active AS YOU WRITE IT! The 
computer corrects errors 
before they're entered. 

And Look at these Additional 
NOVAL Capabilities: 

System Software on PROM 
BASIC on Mag Tape 
BASIC on PROM 
Bright color display screen 

which converts for TV use 
Second display screen 
16K additional RAM 
E -PROM Burner 
Bus -extender 
Film reader 
Paper tape reader 
Dual hand -held keyboards 
for competitive game action 
and, for the first time on a 
home computer, 
Basic Graphics! 

The NOVAL 760 COMPUTER 
Operating Manual 
This comprehensive, yet 
easy -to- understand, Noval 
Operator's Manual provides an 
exciting introduction to the 
capabilities and possibilities of 
microprocessor technology. In 

step -by -step, "how to" fashion, 
the intriguing inner -workings of 
the NOVAL 760 COMPUTER 
are revealed (included with 
your 760 Computer or avail- 
able separately for $20.00). 
Challenging Libraries 
Available Now 
Add the excitement of action - 
packed competition as your 
child learns the elements of 
math with Noval's extensive 
TELEMATH library. TELEMATH, 
a computer audio- video- 
graphic instructional system 
developed by Noval, presents 
challenging math problems to 
each of 2 players. The first 
pláyer responding correctly 
moves one step closer to 
victory in this graphic game 
format. 

Our exclusive affiliation with 
Gremlin Industries, the leader 
in commercial computer 
videographic and wall games, 
offers you the opportunity to 
play some of the most sophis- 
ticated games ever developed 
at home! With the Gremlin 
library, your NOVAL 760 
COMPUTER becomes a home 
entertainment center. 

The expanding libraries of 
TELEMATH and Gremlin are 
available to all NOVAL 760 
COMPUTER owners. 

The NOVAL 760 COMPUTER. 
A fully -assembled, fully 
tested personal computer... 
not a kit! 



If you can imagine it, you can achieve it with the NOVAL 760 COMPUTER. 

NOVAL 
NOVAL INCORPORATED, 8401 Aero Drive, San Diego, California 92123 714/277 -8700 



Classified Ads 

FOR SALE OR TRADE: Issues 1, 2 and 3 of 
BYTE for $10 or exchange for May 1976 issue and 
$5. CPT William T Pace, 54338 Seay St, Fort Polk 
LA 71459. (318) 537-7198. 

FOR SALE: Computers in Laboratory Medicine. I 

have several copies of this book which are surplus 
to a class requirement. This excellent book is 

edited by Derek Enlander MD and is one of the 
most up to date and forward looking works on the 
subject of computerization in nuclear medicine, 
clinical pathology, anatomic pathology and diag- 
nostic data retrieval. The book was published by 
Academic Press in 1975 -1976 and costs $14. David 
Johnson, 1473 Pine St, San Francisco CA 94109. 

FOR SALE: IBM 2311 compatible disk drive made 
by Marshall, plus disk pack, $425. Teletype ASR 33 
with auto -answer modem, auto -dial, stand. Three 
MITS 4 K dynamic boards, operating. Signetics 
3000 Microprocessor Designer's Kit. Make offer. 
Lenny Heath, Bob Turnage, 86 Village Grn, Green- 
ville NC 27834. (919) 752 -7813. 

FOR SALE: Two MITS 4MCD memories, one 
S -4 K update kit, less RAMS. All assembled, all 
nonfunctional. First cashiers check for $145 takes 
it all. K K Tatlow, 303 S 4th St, Rockford IL 
61108. 

FOR SALE: Friden Flexowriter Model 2303 with 
paper tape punch reader, 7 level, types 100 wpm in 
upper and lower case, works good, recently ser- 

viced, can be converted to ASCII, $150 plus 
shipping. J E Upchurch, P08 1987, Sebring FL 
33870. (813) 385-2788. 

FOR SALE OR TRADE: One Cartrivision video 
tape recorder, camera and tapes, $650 cash or 
Altair, IMSAI equivalent with memory. Doug 
Thurston, POB 1104, Silsbee TX 77656. (713) 
246 -3091. 

FOR SALE: Altair 8800 computer with 2 MITS 
4 K Dynamic memory cards, 88 -ACR cassette 
interface, 88 -2510 serial board, 88 -PIO parallel 
board, 2 expander boards, 8 K BASIC on cassette. 
Not completely assembled. Original cost was over 
$1200. Will sell for $750. Bob Majdanski, 
214 Coolidge Av, Hasbrouck Heights NJ 07604. 
(2011 288-3742 after 7 PM. 

WANTED: BYTE numbers 1, 2, 3, 8, 9 and 10. 
I will consider any offer, even partial ones. (One 
issue is better than none.) Send your terms and 
asking price to me and I'll get in touch with you. 
Tony Aiuto, 19 Old Field Ln, Lake Success NY 
11020. 

FOR SALE: Sphere 340 system with 20 K pro- 
grammable memory plus 16 K memory board less 

memory chips, 1 K EPROM system monitor, full 
SIM board (one cassette and modem), 80 column 
line printer with tractor feed, dual floppy disk, 
9 inch CRT in console, large power supply, 4 K 

EPROM board (1702A), no EPROM chips. Soft- 
ware includes assembler, editor, 10 handler, mem- 
ory test and disassembler. This system is ideal for 
program development. Working perfectly, $6500. 
Wayne Smith, 227 S State St, Salt Lake City UT 
84111. (8011 363-4941. 

FOR SALE OR SWAP: One Mohawk Data Systems 
1101 keyboard and tape unit. It's in good working 
condition with loads of electronics and it would 
even make a nice desk! Will trade for Altair 8800 
interface, memory, terminal or best offer of cash. 
Write G Ryan, Rm 1 -15, Off Campus Apts, 
Potsdam NY 13676. 

FOR SALE: HP -65, including a case, charger, 
manuals, programming forms, over 100 magnetic 
cards with tested prerecorded programs, and 40 
blank magnetic cards for your new programs. Any 
of over 140 HP -65 Users' Library programs avail- 
able for copying cost. Remember, the HP -65 is 

faster than the HP -67; so is better for problems 
where speed is needed. 5300. Delmer D Hinrichs, 
2116 SE 377th Av, Washougal WA 98671. 

FOR SALE: IMSAI 8080 with 22 card mother 
board, new in box, $645. Also, will assemble and 
debug it for you for $120 extra. S Kim, 10190 
Vicksburg Dr, Cupertino CA 95014. (408) 
996.0537, after 7 PM. 

FOR SALE: Two PDP12s (PDP -8 and Line); four 
4 K 12 bit memory units; three DF 32 disks, 
32000 words 16.7 As access time; two PC -12 high 
speed tape readers, 300 cps; two PC -12 high speed 
tape punches, 50 cps; two AFO1 -AMO8 analog 
converter systems; two 10 bus converters; two 
Teletypes; Dual -MS and OS -8 software and a lot of 
Decus software for the PDP -8, BASIC, FORTRAN 
and 8 K assemblers. All this for $5,500. I'll sell the 
units as two or three PDP -12s separately or 
together. Contact Keith El kin, Dianavagen 30, 115 
43 Stockholm SWEDEN 08/67 35 68. 

FOR SALE: Model 15 Page Printer - Baudot 
Teletype suitable to OSI, MITS 680b computers. 
Excellent working condition, with current source 
and box of paper. Also, Friden Auxiliary Punch - 
Baudot paper tape punch. Could be modified to 
ASCII with additional parts, not supplied. Prob- 
ably works, not guaranteed, with stand and motor- 
ized tape take up spool. Make offers for either to 
G A R Trollope, 433 Cherry Ln, Lewiston NY 
14092.(716)754 -7222. 

FOR SALE: M6800 cross assembler. A two pass 
cross assembler written in FORTRAN IV is avail- 
able for the M6800 Motorola micro. Input is in 
fixed format. Statements are similar to Motorola 
assembler language, most features of the language 
being supported. Additionally, a system symbol 
table is supported, enabling symbolic reference to 
system addresses and assembly of routines to 
contiguous memory locations. Send $1 for the 
manual, and $5 for the listing or $8 for a paper 
tape (state if XOFF needed) to G A R Trollope, 
433 Cherry Ln, Lewiston NY 14092. (716) 
754 -7222. 

FOR SALE: CDP -1802 microcomputer software, 
Morse keyboard, 256 bytes, $3. WA6UYV, 4956 
Andrea Blvd, Sacramento CA 95842. 

FOR SALE: Viatron System 21 in working condi- 
tion. Must sell to make room for 8080 system, 
$300; you pay shipping. Jim Williams, 4175 
Walnut Ridge Dr, Columbus OH 43224, (614) 
889 -3836, (days). 

TIMESHARING SERVICES WANTED: Research 
and advanced degree level programs and routines of 
civil and mechanical engineering, or bio- engineering 
or bio- medical interest. Please send full informa- 
tion and price list to Donald Becnel, PO8 14473, 
Baton Rouge LA 70808. 

WANTED: Someone who has or wants to write an 

8 K version of BASIC for my COSMAC ELF, as in 
the Popular Electronics August 1976 construction 
article. It uses the RCA COP 1802 central pro- 
cessor unit. Please send any and all correspondence 
on this subject to Greg Watson, 9617 Jomar Dr, 
Fairfax VA 22030. 

FOR SALE OR TRADE: BYTE issues #1 thru 
#10. $50, or swap for first six issues of 73 
magazine or first three issues of CO magazine. 
Wanted: Flexowriter with upper and lower case 

type; will buy or swap for three upper case only 
machines, one designed for computer interface. 
Greggory S Walls, 5630 Ensenada Way, Riverside 
CA 92504. 

TELEPRINTER: Creed 7B. Serial input /output 
device. Swap for KIM -1 or similar microprocessor. 
Free delivery. All BYTE back issues, 1975 and 
1976 (excluding numbers 3 and 10), included. T N 
Arthur, 30 Willingdon Av, Kloof 3600, Natal 
Republic of SOUTH AFRICA. 

FOR SALE: Vidar _624 computer clock, 999 
days, 23:59 hours, 23:59 minutes and 60 seconds, 
BCD output (like new), $200. Also, 1 Brpe (used) 
$100. FOB. Norwich NY 13815, (607) 334 -4478. 

WANTED: BYTE issues, October and November 
1975, (r2, 3). For sale or prefer to trade for the 
above issues, December 1975, June thru December 
1976, ( =4, 10, 11, 12, 13, 14, 15 and 16). David A 
Eastman, 4G Sable Av, N Dartmouth MA 02747, 
(617) 993-7098. 
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FOR SALE: BYTE #1 in mint condition (never 
removed from mailing wrapper). Best offer over 
$20. Steve Saunders, 5400 Ellsworth Av, Pitts- 
burgh PA 15232. 

FOR SALE: MCS 6502 resident assembler. Uses 

6530 TIM input and output routines. Can be easily 
modified to be used in systems not having the TIM 
chip. Resides in less than 2 K memory 
(4000- 47FF). This software contains a text editor 
(TED) which sets up the source file, and a 2 pass 

assembler which assembles the source and gener- 
ates a symbol table. If an error occurs, an error 
code and line number are outputted which pin- 
points the error in the source file. Source file and 
symbol table can be located practically anywhere 
in memory. Assembled programs can be executed 
via the TED R (Run) command. Hexadecimal 
listing and operator's manual, $15. Source code 
and manual, $25. C W Moser, 3239 Linda Dr, 
Winston -Salem NC 27106. 

FOR SALE: M6800 cross assembler written in 
FORTRAN and set up to run under any system 
with some minor modifications. Other M6800 
programs available. Mid -Michigan Computer Club, 
T Preston, 15151 Ripple Dr, Linden MI 48451. 

KIM -1 USERS: Am designing a universal PC board 
same size as KIM -1 board. Double sided, space for 
up to 70 16 pin and 12 28 pin chips, four regulator 
or power transistor packages with heat sinks. Need 
ten people to get cost to $30 each. Contact Gerry 
Houlder, 3832 Stevens Av, Minneapolis MN 55409. 

WANTED: The base for the CRT terminal en- 
closure that was offered by Tri-Tek. Will buy 
outright or swap for TTL chips or back issues of 
BYTE. If you have one of these bases for sale, 
write Larry Ingram, 20 Locust St, Cambridge MA 
02138. 

AUCTION: Issues 1, 2 and 13 of BYTE. Good 
condition. Make your offer of cash or equipment 
for use with Altair 8800. Bidding closes last day of 
month this is published. Enclose SASE and you 
will be notified if you are not a successful bidder. 
Also for sale: DEC PDP -11 regulators 5 V 25 A, 
$30; 15 V 10 A, $20. H S Corbin, 11704 Ibsen Dr, 
Rockville MD 20852. 

FOR SALE: DEC PDP-BE with following options: 
MM8E EJ 8 K core memory, KMBE memory exten- 
sion and timeshare control, KC8E programmers 
console, KPBE power fail detect, KL8E console 
Teletype control, BE8A omnibus expander. Asking 
$3000. If interested contact David Kohl, 3002 
Bedford Av, Brooklyn NY 11210. (212) 952 -4420 
days. 

COMPUTER Paper tape punches and readers, 8 
and 5 level. IBM 056 Verifier, ultra high speed 
paper tape punch (2400 ppm), 5 level. PDP - 
8e/LabBe software to exchange. 150 item list of 
ham, computer, test, hi fi, aircraft, photo, and 
antique gear for sale or trade. SASE. K2DCY, 
11 Squire Hill Rd, N Caldwell NJ 07006. 

FOR SALE: Teletype Model 33 KSR, $250. Model 
33 ASR, $350. Friden Programatic Flexowriter 
Model SPD with tape punch and tape reader, $225. 
Friden Programatic Flexowriter Model 2201 with 
tape punch and tape reader, $325. Send SASE for 
small list. Ron Turnure, 206 S Highwood Av, Glen 
Rock NJ 07452. 

Readers who have equipment, software or other 
items to buy, sell or swap should send in a clearly 
typed notice to that effect. To be considered for 
publication, an advertisement should be clearly 
noncommercial, typed double spaced on plain 
white paper, and include complete name and 
address information. These notices are free of 
charge and will be printed one time only on a space 
available basis. Insertions should be limited to 100 
words or less. Notices can be accepted from 
individuals or bona fide computer users clubs only. 
We can engage in no correspondence on these and 
your confirmation of placement is appearance in 
an issue of BYTE. 

Please note that it may take three or four 
months for an ad to appear in the magazine. 



synchro -sound enterprises 
"THE COMPUTER PEOPLE" 

ti $39 
95 

SYG1A 

"IN STOCK" 
NEW LEAR SIEGLER ADM - 3A KIT 

FULL ADDRESSABLE CURSOR 

CHARACTER GENERATION 
5 x 7 dot matrix. 
DISPLAY FORMAT 
Standard: 1920 characters, displayed in 24 lines of 
80 characters per line. 
CHARACTER SET 
Standard: 64 ASCII characters, displayed as upper 
case, plus punctuation and control. 
COMMUNICATIONS RATES 
75, 110, 150, 300, 600, 1200, 1800, 2400, 4800, 
9600, 19,200 baud (switch selectable). 

IMSAI 8080 MICROCOMPUTER 
POWERFUL EASY TO USE LOW COST 

$619.95/22 SLOT MOTHER BOARD 
849.95/WITH Z -80 CPU 

` ,dip ' 
COMPUTER INTERFACES 
EIA standard RS232C and 20 mA current -loop 
(switch selectable). 
DATA ENTRY 
New data enters on bottom line of screen; line feed 
causes upward scrolling of entire display with 
top -of -page overflow. Automatic new line switch 
selectable, end -of -line audible tone. 

ADM -3A KIT $ 839.95 
ADM -3A ASSEMBLED 1099.95 
LOWER CASE OPTION 89.00 
(when ADM -3 kit is purchased from us .... 59.95) 

Circle 96 on inquiry card. 86 

FOLLOWING MANUFACTURERS IN STOCK 
PERIPHERAL VISION, iCOM, TDL, OAE, 
PROCESSOR TECH., SWTP, APPLE, HAYDEN, 
TARBELL, IMSAI, LEAR SIEGLER, OKIDATA, 
DEC, JAVELIN, TELETYPE ASR -33, TRW. 

SPECIAL 9" JAVELIN HIGH RESOLUTION 
VIDEO MONITOR $159.95 

* * * * * * * * * * * * * * * * * 
* 2708 EPROM $59.95 * 
* Set of seven $350.00 * 
* * * * * * * * * * * * * * * * * 


