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E EUITI N 
More Memory -Same Price 
4K Now Standard In 6800 
San Antonio -The SwTPC 6800 computer system, always a best buy is now an 
even greater bargain. Price reductions by the manufacturers of MOS memory cir- 
cuits have made it possible to now offer the standard $395.00 6800 computer kit 
with 4K of memory instead of 2K as previously. Memory circuits are 21 L02 types 
which make possible powering up to 24K of memory in the stock chassis with the 
standard power supply. 

The Southwest Technical 6800 at $395.00 includes everything needed to work 
with your terminal. You get 4K of static MOS memory and a serial interface as 
part of the basic package. These are not extra cost options ( ?) as in many com- 
puter systems on the market. 

8K MEMORY CARDS 
ANNOUNCED - 

For those 6800 systems needing the 
maximum possible amount of memory, 
Southwest Technical Products announ- 
ces 8K memory cards. These memory 
expansion cards have 8K Bytes of low 
power MOS memory per board. These 
kits feature the new 4K static RAMS 
that are now becoming available. These 
new RAMS make it possible to put 8K 
of memory on a board without crowding 
the parts, or using small hard to solder 
connecting lines. These new memory 
boards feature DIP switch address selec- 
tion and a write protect switch on each 
board. 

The low power consumption of this 
new memory board makes it possible to 
use up to 48K of memory in the stand- 
ard 6800 chassis with the stock power 
supply. Priced at $250.00 these mem- 
ory cards cost no more than less dense 
memories from other sources. 

PRICES CUT ON 
4K MEMORIES 

Southwest Technical Products has re- 

duced the price of its standard 4K mem- 
ory card by 20 %. These cards use low 
power 21 L02 static memories. The new 
price for the MP -M memory kit is 

$100.00 for a full 4K kit. 
This kit contains 4K of memory with 

full buffering and dual on -board voltage 
regulators. Six of these memory cards 
may be used in a standard 6800 chassis 
to provide 24K of memory for the 
system. Memory now becomes even 
more of a bargain -24K for only $600.00. 

Who Needs It? 

We continue to get reports from custo- 
mers who are amazed at the ease of 
assembly of the 6800 computer. One 
reports that he purchased test equip- 
ment before ordering a computer at the 
advice of friends who owned brand "X" 
machines. His total use of the test equip- 
ment was zero (0) when he installed 
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each board in the 6800 and they all pro- 
ceeded to work perfectly the first time. 
He later found in comparing notes with 
other 6800 owners that his was not a 

unique experience. 
People who have built most of the vari- 

ous types of computers on the market 
generally agree that our instructions are 

the best and most complete. So don't 
worry about purchasing the least ex- 

pensive computer system, there are still 

good honest values being offered in the 
world of personal computing. 

SUPER SOFTWARE 
"Lack of Software" can no longer be 

used as an excuse by those who have the 
poor taste to purchase computers using 
older, less elegant processors than the 
MC -6800. Southwest Technical Products 
has not only editor -assembler and game 
programs available for the 6800, but also 
both 4K and 8K BASIC. 

The ability to run ANSII standard 
BASIC programs on the 6800 make the 
enormous number of BASIC programs 
out there all usable on the SwTPC 6800. 
That's right, you can run anyones BASIC 
programs on the 6800 provided they are 
written in standard BASIC (as most are). 
4K Basic at $4.95 and 8K BASIC at 
$9.95 are inexpensive enough for any- 
one to own. They do not cost hundreds 
of dollars as in some systems, or only 
become available when combined with 
purchase of huge amounts of memory as 

in others. 
Loading even a relatively long program 

such as 8K BASIC into your SwTPC 
6800 is not a long procedure when the 
AC -30 cassette interface is used. This 
super reliable and inexpensive ($79.95 
complete with cabinet and power supply) 
cassette interface uses the "Kansas City" 
standard format and will load 8K BASIC 
in approximately five minutes. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. Rhapsody 

San Antonio, Texas 78216 



4 MHz ZPU card 4K RAM card 

Now your best choice 
in CPU cards can have 

a really- expandable memory 

LIKE TO A HALF MEGABYTE 
You probably know our Z -80 CPU card. It's the 

finest and most powerful card available. Not only 
does it have a guaranteed speed of 4 MHz and a 
crystal -controlled 2/4 MHz clock rate, it also has 
a power -on memory jump feature that greatly 
simplifies starting -up. 

Now we've developed an outstanding 4K RAM 
memory card for this CPU card (or for any S -100 
bus CPU card). Our new Model 4KZ is a static 
memory that has: 

(1) a guaranteed speed of 4 MHz 
(2) a memory- bank -select feature. 

As you would expect with a Cromemco product, 
this new Model 4KZ gives you advanced perform- 
ance at low cost. It achieves its 4 MHz speed 
while using proven, reliable, low -power memory 
chips (21L02's). How? By a novel design that uses 
address anticipation. 

ENORMOUSLY EXPANDABLE 
You get staggering expandability in the new 

4KZ - to 512 kilobytes if you'd like. 

GIin c or p or a t e d 

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

Here's how: with the 4KZ you can organize 
memory into as many as 8 banks of 64K bytes 
each. 

Then an 8- position switch on the 4KZ selects a 
given bank. 

With memory expandability like that, Cromem- 
co's CPU and RAM cards are the basic hardware 
for a broad range of jobs - even jobs that until 
now were only for large computers. 

LOW PRICED 
The new 4KZ has the high quality Cromemco is 

known for. It is available at computer stores - 
or directly from the factory. 

Just a word of caution. The 4KZ is bound to be 
in demand, so we suggest you act promptly. 

4K Static RAM Memory kit (Model 4KZ -K) $195 
4K Static RAM Memory assembled, 

burned -in and tested (Model 4KZ -W) $295 

ZPU card kit (Model ZPU -K) $295 
ZPU card assembled, burned -in 

and tested (Model ZPU -W) $395 

Cromemco 
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The computer was created to free 

mankind from the drudgery of doing 
tiresome chores best left to an auto- 

maton. In most computers, there is 

an extremely helpful monitor program 

such as the SYS 8 program avail- 

able in versions by IMSAI and Proces- 

sor Technology. Sometimes, the 
writers of such programs leave the user 

with a few residual chores to do, like 
entering line numbers for each com- 
mand or operation. Bill Nico wasn't 
satisfied with that, and proceeded to 
patch in an automatic line numbering 
feature for SYS 8, described in his 

article on Sweet Auto Line. 

A key component of a usable sys- 

tem concept is the mass storage sub- 

system. In this issue, Jack Breimeir, 
one of the engineers on the Phi -Deck 
design, and Ira Rampil of the Univer- 
sity of Wisconsin begin a two part 
article on The Digital Cassette Sub- 

system. In part I you'll find some 

background information on digital 
recording, and details of the problem 
of head interface electronics for digital 
recording. 

Mass storage is the critically impor- 
tant component of a personal com- 
puting system which is often passed up 

on grounds of price or complexity. 
People tend to have preconceived ideas 

that a controller which is a compli- 
cated technological nightmare will 
double the price of a drive alone. 
However, demonstrations of accom- 
plishment are a way to dispel precon- 
ceived biases. Dr Kenneth B Welles 

shows in his article on the Economy 
Floppy Interface that buying just a 

couple of drives and building a rela- 

tively inexpensive homebrew control- 
ler can give anyone the advantages of 
over 200 K bytes on line per drive. His 

circuit takes just 17 common inte- 
grated circuits (one of which is an LSI 

communications processing device), 

Color television interfaces are start- 
ing to become popular. However, not 
everyone has a color television sitting 
around idly. Is it possible to have a 

color terminal and not have to use a 

color television set? Subjective color is 

a possibility that is explored by Steve 

Bain in his article Color Displays on 
Black and White Television Sets. Read 

Steve's article and find out how you 
too may be able to add a color 
modulation effect to a black and white 
television set. 

Serial storage media are widely used 

in low cost computer systems. They 
range in performance from paper tape 
through cassette tapes with manual 
controls to high performance program - 
mably controlled cassettes, tape car- 

tridge drives and full industry standard 
magnetic tape drives. Find out some of 
the background information pertinent 
to use of most magnetic tape serial 

media in Brian D Murphy's article, 
Serial Storage Media: An Introduction 
and Glossary. 

Human interactions with computers 
go both ways. For computer outputs, 
most people think in terms of visual 
displays. This completely ignores the 
use of other senses like hearing (or 
touch or smell for that matter). In 
Audible Interrupts for Humans, 
Charles F Douds describes a simple 
circuit which can take advantage of 
the audio channel of the human 
system. 

Here you are, a novice or experi- 
enced flier, cruising along in your an- 
cient Cub under VFR conditions when 
... all of a sudden, VFR becomes IFR 
and you can't see. If you had an inex- 
pensive Omega navigation system in a 

portable package in your copilot's 
seat, you'd at least know where you 
are on the map with an accuracy of 
about 1 mile. In his article Cub 54, 
Where Are You? (Or How to Navigate 
Using Mini -O), Ralph Burhans begins a 

multiple article discussion on Omega 
navigation, design of an Omega 

receiver for use with a small computer 
as a personal navigation system, and 
software for determination of position 
information. Aviation enthusiasts and 

boating enthusiasts who are into 
microcomputers will be able to use 

this information to help make an 

experimental robot navigator. 
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Is it an impossible dream? Is it 
conceivable to make an audio cassette 

IO port with only a single bit line in 

each direction? Well, if you ignore the 

need for connecting wires, clipping 
diodes and isolation capacitors, then 
you can use a "hardwareless" software 
technique such as that described in 

Daniel Lomax's The Impossible Dream 

Cassette Interface. 

Most of today's microprocessors 
have all of their functions centralized 
without a single device. The F8 micro- 
processor by Fairchild Semiconductor 
is unique in that it divides the system 
functions among several basic circuits. 
In his article, Microprocessor Update: 
The F8 System, Robert Baker de- 

scribes this rather unique way of ap- 

proaching the development of a micro- 
processor system. 

Upon receiving that first micro- 
processor, the budding computer 
hobbyist is often confronted with dis- 

dainful stares and must endure such 

comments as, "Well now, let's see it do 

something." If you have a Moto- 
rola 6800 based system with 
MIKBUG, John Rathkey's article, A 
MIKBUG Roadmap ... , will aid you 
in getting your system to "do some- 

thing" that will satisfy even the most 
doubting of your critics. 

In several manufactured products 
which have been appearing lately, a 

hexadecimal input keyboard is one 

feature of the computer processor. 

Joseph Hoegerl describes how this sort 
of Calculator Keyboard Input for the 
Microcomputer can be wired up and 
used to replace toggle switches. His 
version is for an 8008 system, but the 

same hardware is applicahle to other 
computers as well. 

If you are interested in designing 
your own TTL circuits you should 
be aware that there is a definite 
limit to the number of gates that 
can be interconnected. In TTL 
Loading Considerations Greg 
Tomalesky explains how these 
limits are determined by circuit 
designers and gives advice on what 
pitfalls to watch out for when 
designing your own TTL circuits. 

Charles Howerton has come up 
with an interesting and tightly coded 
package of 8080 routines to perform 
utility functions for applications soft- 
ware. The design goals of fitting into 
256 bytes yet providing a wealth of 
extensions to the machine's instruc- 
tion set are well met, as can be seen 

from his article's documentation of 
the package. 
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Guest Editorial 

This month, for the first time, we run a guest editorial. The writer of this 
essay is Portia Isaacson, who is chairperson of the 1977 National Computer 
Conference which will be held in Dallas TX lune 13 -16 1977. (The conference 
this year for the first time recognizes the existence of our new trend in 
computing, personal computing, by creating a special theme for that purpose 
and taking the unprecedented step of adding a special exhibit hall for 
personal computing displays.) Here is an interesting view of the history and 
state of personal computing by an individual who has been enthusiastically 
participating right from the start. Portia is a professor of computer science at 
the University of Texas at Dallas and a principal in the Micro Store, a retail 
computer outlet located at 634 S Central Expressway, Richardson TX 75080, 
which is run by her husband David Wilson. 

Personal Computing: 

Portia Isaacson, PhD 

University of Texas at Dallas 
Richardson TX 75080 

It is clear that we are en- 

tering a dramatic new era 

in which information pro- 
cessing power will be 

abundantly available for 
use by the individual con- 

sumer... 

An Idea Whose Time Has Come! 

Several years ago we knew that com- 
puters were going to become very small and 
very inexpensive. However, predictions of the 
effect of inexpensive computers did not 
begin to cover the strength of today's 
personal computing movement, where we 
find enthusiasm at a very high pitch. It is 

clear that we are entering a dramatic new era 

in which information processing power will 
be abundantly available for use by the 
individual consumer. 

The only thing one could be sure about 
during the past year when writing about the 
personal computing movement is that by the 
time the article was printed it would cer- 
tainly be antiquated. Every month there are 

several new computer clubs, several new 
computer stores, hundreds more computers 
owned by individuals, and a noticeably 
higher level of excitement among insiders to 
the movement. To most of us the whole idea 
of personal computing is so delightfully 
intoxicating that we can't quite believe its 
time has really come - but it has! 

The personal computing movement 
started quietly enough when MITS an- 
nounced a computer kit for under $500. 
Soon afterwards kits were available from 
several different manufacturers featuring the 
computer, a keyboard, a TV display inter- 
face, audio cassette interface, and the BASIC 
language; all for little more than $1,000. 
Wow! A really operational system for about 
the price of a good TV or stereo - clearly in 
personal range. So the hardware and BASIC 
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software were available. The other needed 
ingredient was imagination. 

There was no shortage of imagination. In 
fact, almost everyone who has ever worked 
with a computer has, at some time or 
another, been stricken with computeritis - 
the infection of the imagination with ideas 

about "what neat things could be done with 
a computer if only I had access." For years 
we've known that students many times 
substitute the computer center for other 
forms of recreational activity. Also, that 
many programmers can be found in the wee 
hours with their company computer, doing 
their own thing. 

Applications of a personal computer are 

as far ranging as the individuals who imagine 
them. Personal accounting, music genera- 
tion, library maintenance, language analysis, 
stock market analysis, game playing, model 
train control, household control, and tutor- 
ing are only a few of the known applica- 
tions. The computer has few inherent 
Iimitations. 

A "movement" can be characterized by 
the people involved. What kinds of people 
are "into" personal computing? And how 
many? Based on the circulation of the major 
personal computing publications and the 
attendance at conventions, 100,000 is surely 
a very conservative estimate of the rapidly 
growing number of involved people. What 
are these people like? True, at first, they 

Continued on page 140 



Introducing Sol Systems 

A complete computer /terminal 
concept with all the 
standard features,software 
and peripheral gear you 
want in your 
personal computer. 
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Sol Systems put it all together. 
One source for hardware and software. 
One source for 
engineered compatibility 
of computer and peripherals. 
That's the Sol plan. 

Though the microprocessor made the 
powerful small computer possible, a lot of 
folks found out early efforts in the market- 
place were selling the sizzle a lot more than 
the steak. After an initial investment of sev- 
eral hundred dollars, you ended up with 
some nice parts, but no memory of any kind, 
no I/O devices or interfaces, no display, print- 
out or software. 

The Sol plan ends all that. Processor 
Technology takes the position that it's far 
better to be right than first. So let's get down 
to the Sol no tricks plan. 

For $995 in kit form, the first complete 
small computer 

Standard is a basic word at Processor 
Technology. The Sol -20 has more standard 
features than any other small computer we 
know of. Here's what you get. 

8080 microprocessor* 1024 character 
video display circuitry* 1024 words of static 
low -power RAM* 1024 words of prepro- 
grammed PROM* a custom, almost sensual 
85 -key solid -state keyboard* audio cassette 
interface capable of controlling two record- 
ers at 1200 baud* both parallel and serial 
standardized interface connectors* a com- 
plete power supply* a beautiful case with 
solid walnut sides* software which includes 
a preprogrammed Prom personality module 
and a cassette with Basic -5 language plus 
two sophisticated computer video games* 
the ability to work with all S -100 bus 
(Altair 8800 /IMSAI /PTC) products. 

There are no surprises. Everything 
you need to make it work is here. In kit 
form, nominal assembly time from our fully 
documented instructions is four to seven 
evenings. 

Or start with the Sol -PC for just $475 
You can begin your Sol system with the 

all on one board Sol -PC kit. It has all the 

memory and interface electronics including 
video display, keyboard interface, audio 
cassette interface, all necessary software 
and the ability to accept the full Processor 
Technology line of memory and interface 
modules. Use the Sol -PC as the basis of a 
microcomputer, low cost CRT terminal or 
editing terminal 

And these specs are standard 
Display: 16 lines of 64 characters per line. 
Character set: 96 printable ASCII upper 
and lower case characters plus 32 select- 
able control characters. 
Display position: Continuously adjustable 
horizontally and vertically. 
Cursor: Selectable blinking. Solid video 
inversion. Programmable positioning standard. 
Serial interface: RS -232 and 20 -mA current 
loop, 75 to 9600 baud, asynchronous. 
Parallel interface: Eight data bits for input 
and output; output bus is tristate for bidirec- 
tional interfaces; levels are standard TTL. 

Keyboard interface: Seven -level ASCII 
encoded, TTL levels. 
Microprocessor: 8080, 8080A, or 9080A. 
On -card memory: 1024 bytes PROM (ex- 
pandable to 2048 bytes), 2048 bytes RAM. 
External Memory: Expandable to 65,536 
bytes total ROM, PROM, and RAM. 
Video signal output: 1.0 to 2.5 volts peak - 
to -peak. Nominal bandwidth is 7 MHz. 
Power required ( ±5 %): +5 volts at 2.5 
amperes, +12 volts at 150 mA, and -12 
volts at 200 mA. 

The Sol plan, completely expandable. 
By filling the basic main frame with 

tailor made Processor Technology plug -in PC 

boards, you can really expand the computing 
power and flexibility of your Sol -20 Personal 
Computer. 

New items are being announced fre- 
quently, but right now, here are some of the 



things you can add to your Sol -20. The 
ALS -8 Firmware module is an assembly 
language operating system to give you the 
power to develop and run programs. Use 
it to quickly write, edit, assemble, de -bug 
and run your own programs. Some say it's 
the most useful software development on the 
market today, but modesty prohibits. 

And when it comes to add -on memory 
boards, you've come to the right place. 
We've probably got more than anyone else. 
Choose from 2K ROM or 4, 8 or 16K RAM 
(read all about the 16KRA board on the last 
page of this ad). The PT 2KRO will accept 
up to eight 1702A or 5203Q erasable, 
reprogrammable memories (EPROM's) with 
the ability to store in a non -volatile fashion 
up to 2048 eight -bit words. 

Our read /write memories are the 
industry standards for high reliability. We 
know, because we have literally scores of 
customer letters saying "Your memory 
modules work and keep on working." 

To help you solve additional interfac- 
ing problems, add the 3P +S I/O module. 
Here's a board with two 8 -bit parallel I/O 
ports with full handshaking logic and a serial 
data rate that can be set anywhere between 
35 and 9600 baud. Set up control conditions 
for both parallel and serial ports. Data and 
error flags can be polled. 

A full line of Sol -20 tailored peripherals 
No computer can do the full job with- 

out the right set of peripheral gear. PT has 
sought out the best manufacturers of periph- 
eral equipment and worked with them to 
give you a choice of quality so you can get 
the most out of your Sol -20. Choose from 
line and serial printers, perforated tape 
readers and punches, floppy disk memories, 
black and white or color graphics displays, 
ND, D/A converters and more. 

Software, the Computer 
Power Essential 

A big part of making the first complete 
small computer is providing you with a wide 
range of easy to use, easy to obtain, low cost 
software. For the Sol -20, we've developed a 
whole group of offerings. And more are on 
their way. 

TREK 80 
Based on the NBC television series 

STARTREK, this 8K assembly language pro- 
gram uses the VDM graphics capability for 
real time war with the Klingons. No holds 

barred, they're out to get you from each of 
the 100 quadrants. TREK 80 resides and 
runs in 8K of memory and requires the PTC 
Sol or VDM -1. 

New PT 8K Basic 
Processor Technology has the fast new 

BASIC you've needed for so long. Using our 
superior BCD math, the speed of the new 
language is double that of our own fast 
BASIC -5. To multiple program capability, 
we've added strings, multidimensional arrays 
and multi -line, multi -variable, user functions. 
This is the BASIC for full capability systems. 
Look at the BUSINESS ANALYSIS program 
example in the manual to find out how PT 8K 
BASIC gives you more while using less 
memory for the working program. 

Five reasons why it's so good 
1. Strings are not limited to a length of 256 

characters and can extend to the bounds 
of memory. 

2. Renumbering of lines with full gosub, etc. 
updating. Also EXAM and FILL allow for 
direct memory operations while IN and OUT 
provide direct I/O capability. 

3. Every statement is fully implemented. 
RESTORE, for instance, restores the data 
pointer as usual. BUT, with PT 8K BASIC, 
RESTORE 100 will set the pointer to the 
data located at line 100. 

4. Fully implemented string and math func- 
tions include all of the standards -VAL, 
STR, ASC .... EXP and LOGI and LOG. Also, 
the more advanced statements such as ON- 
GOTO and IF THEN ELSE along with a loop 
EXIT are provided. 

5. PT 8K BASIC has a 'perfect' implemen- 
tation of PRINT USING which saves program 
memory space while still providing more 
capability than the usual PRINT USING. 

The new PT 8K BASIC is similar to the 
version we're developing for ROM. You use it 
here before buying the more expensive ROM. 

You'll find your PT 8K BASIC also 
includes both a built -in VDM driver and 
special editor. The cassette version also 
includes named program SAVE and LOAD for 
the CUTS Cassette interface or Sol. 

New 8080 FOCALTM DEC 

8080 FOCAL has been updated to 
include operator precedence and all other 
standard FOCAL conventions. It also has a 
driver for VDM -1 display and PT Cassette 
program SAVE and LOAD This version is 
available only on CUTS Cassette and resides 
in 8K of memory. 



GAMEPAC 1 to entertain family and friends 
Show off your VDM -1 and computer 

with this lineup of video games. Each 
is included on the cassette or paper tape. 

TARGET keeps track of your hits and 
misses while you blast away at the moving 
target. You and your family can get together 
for whole evenings at a time with this one. 

ZING. Learn hexidecimal arithmetic 
fast with this VDM game as two players keep 
the five balls in the air. If both of you get too 
good ... ZING, of course, will make it harder. 

LIFE. The Sol or VDM makes a good dis- 
play for the game of life and this version 
allows two modes of operation. The universe 
can be flat or wrapped around on itself. 
The real meaning of life we'll leave to you 
but it's fun to watch. 

PATTERN. We haven't figured this one 
out ourselves but it's sure nice to have your 
computer doing it. You choose the geometric 
design and how rapidly it changes. 

Sol Systems Price List 
(prices are net, effective Dec. I, 1976) 

SOFTWARE 
ITEM with manual 

BASIC 5 software 

Source 
CUTS 

cassette 
Paper 
tape 

#2 yes ** $19.50 
8K BASIC no $29.00 $37.00 
New 8080 Focal no $14.50 N/A 
TREK 80 video 

game no $ 9.50 $14.50 
GAMEPAC 1 

video games no $ 9.50 $14.50 
MATHPACK video 

calculator yes $14.50 $19.50 
ASSEMBLER 

software #1 yes $14.50 $19.50 
ALS 8 no $35.00 $45.00 

* *CUTS cassette of BASIC 5 is included FREE with all orders for Sol 

units or CUTS cassette interfaces. Additional cassettes available 
for $14.50. 

Sol system owners be sure to note Sol 
system on your order. These special versions 
use less code and provide easier loading 
along with more convenient operation. 
SOLOS, SOLED and CONSOL all have provi- 
sion for the special versions. 

All Processor Technology software is 

distributed on an individual sale basis for 
personal use. No license to copy, duplicate 
or sell is granted with this sale. Each software 
package has been copyrighted by Processor 
Technology and all rights therein are reserved. 

Sol Terminal Computers Kit Price 

SOL -PC SINGLE BOARD TERMINAL 
COMPUTER' $475.* 

SOL -10 TERMINAL COMPUTER' 
Sol -PC with case, power supply 
and 70 key solid state keyboard. $795.* 

SOL -20 TERMINAL COMPUTER' 
all features of Sol -10 with larger 
power supply, 85 key solid state 
keyboard, fan, and five slot 
expansion backplane. $995.* 

*Sol prices include CONSOL 
Personality Module. If SOLED Intelligent 
Editing Terminal Module or SOLOS Stand- 
alone Operating System Module is desired 
instead, add $100. If ordered separately, 
personality modules are $150 each. 

Memory Modules Kit Asmbld. 

ALS -8 PROM Resident Assembly 
Language Operating System - $425 

SIM -1 Interpretive Simulator 
add -on option for ALS -8 - $ 95 

TXT -2 Text Editing add -on 
option for ALS -8 - $ 95 

2KRO Erasable PROM module $ 65 $ 89 
4KRA 4096 -word Low Power 

Static RAM $159 $195 
8KRA 8192 -word Low Power 

Static RAM $295 $375 
16KRA 16384 -word Dynamic 

RAM - $529 
Interface modules 
3P +S Parallel,Serial I/O 

module $149 $199 
CUTS Computer Users Tape 

System cassette interface $ 87 $119 
VDM -1 Video Display Module $199 $295 
Mass Storage Systems 
Helios II Disk System' 

includes dual PerSci 270 
floppy disk drive, cab- 
inet, fan,S -100 bus compatible 
controller, power supply, sys- 
tem diskette with complete 
PTDOS software $1895 $2295 

Misc. 
EXB Extender Board 
WWB Wire Wrap Board 

$ 35 $ 45 
$ 40 - 

Prices, specifications and delivery 
subject to change without notice. Please allow 
up to two weeks for clearance of personal 
checks. Mastercharge accepted. All orders 
amounting to less than $30 must include $3 
for handling. 



New 
16K RAM, 
fully assembled, 
5529 

More bits per buck than ever before on a 
fully burned in and tested board uncondi- 
tionally guaranteed for one year. 

Processor Technology made the first 
4K static RAM modules for the home com- 
puter market. Now in a price performance 
breakthrough we offer you a 16,384 byte 
dynamic memory module assembled, tested 
and burned in. Not a kit -and at $529 
who'd want to build it from scratch? 

Processor Technology gives you the features 
to make 4K dynamic RAMS work for you. 

Invisible refresh, no waiting while 
CPU is running. 
High speed 400 nsec access time worst 
case Z -80 and 8080 compatible. 

Processor Technology Dealers 
CALIFORNIA 

The Byte Shop 
1514 University Ave. 
Berkeley CA 94703 

The Byte Shop 
2559 South Bascom Ave. 
Campbell CA 95008 

The Computer Mart 
624 West Kotello #I0 
Orange CA 92667 

The Byte Shop 
2227 El Camino Real 
Polo Alto CA 94306 

The Computer Center 
8205 Ronson Road 
San Diego CA 92111 

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

The Byte Shop 
509 Francisco Blvd. 
San Rafael CA 94901 

The Byte Shop 
3400 El Camino Real 
Santo Claro CA 95051 

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

FLORIDA 

Microcomputer 
Systems Inc. 
144 So. Dale Mabry Hy. 
Tampa FL 33609 

GEORGIA 

Atlanta Computer Mort 
5091 -B Buford Hwy. 
Atlanta GA 30340 

ILLINOIS 

The Numbers Rocket 
518 East Green Street 
Champaign IL 61820 

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

The Chicago 
Computer Store 
517 Talcott Road 
Pork Ridge IL 60068 

INDIANA 

The Data Domain 
111 South College Ave 
Bloomington IN 47401 

MICHIGAN 

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

Versatile addressing, each 4096 byte 
segment is individually addressed to 
any of the sixteen available 4K 
segments. 

Low power -typically 5 watts when 
running -the same as most 4K 
memory modules. 

BATTERY BACKUP capability built -in 
for standby operation. 
IMPORTANT NOTICE -No 16K 
memory module available is fully, 
truly static. 4200/4402 type "static" 
RAM's have high level, high current 
clocks with high transient power 
levels. Any RAM with 12 volt 30 mA 
clock pulses should not be called 
"STATIC" just because each memory 
cell is a flip -flop. 

Specifications 

Access Time 
Cycle Time 
Rams Used 

Capacity 
Memory 

Protect 
Addressing 

Operating 
Power 

400 nsec max 
500 nsec max 
Intel 2104 or Mostek 4096 
types 
16384 8 -bit bytes 

standard on card 
each 4096 byte page 
addressable 
+7.5 to 10 VDC at 0.4 A typical 
+15to +18V at 100mAtypical 
-15 to -18 VDC at 20 mA max 

See your nearest dealer listed below or 
contact us directly. Address Processor Tech- 
nology, 6200 Hollis Street, Emeryville CA 
94608, Phone 415/652 -8080. 

NEW JERSEY 

The Computer Mort 
of New Jersey 
151 Kline Boulevard 
Colonia NJ 07067 
Hoboken Computer Works 
56 Second Street 
Hoboken NJ 07030 

NEW YORK 

Audio Design Electronics 
487 Broadway, Ste. 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 Mort 
of New York 

314 Fifth Ave. 
New York NY 10001 

Synchro Sound Enterprises 
193.25 Jamaica Ave. 
Hollis NY 11423 

OREGON 

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

RHODE ISLAND 

Computer Power, Inc. 
M24 Airport Moll 
1800 Post Rood 
Warwick RI 02886 

TEXAS 

The Micro Store 
634 South Central 
Expressway 
Richardson TX 75080 

WASHINGTON 

The Retail Computer Store 
410 N.E. 72nd 
Seattle WA 98115 

WISCONSIN 

The Milwaukee Computer Store 
6919 W North Ave. 
Milwaukee WI 53213 

CANADA 

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

Trintronics 
160 Elgin St. 
Ottawa, Ontario 



SAVE THE COMPUTERS 
FOUNDATION? 

As a regular reader of the articles in 
BYTE magazine I have noticed the ab- 
sence of any columns on computer 
nostalgia and antique computers. An- 
tique computer interest appears to be 
growing because it is perceived in per- 
spective to and in contrast with micro- 
processors. Nostalgia discussions would 
compare old computers with micro- 
computers in the area of first cost, 
computing power, logical organization, 
speed, electricity consumption, size, 
weight, reliability, etc. 

Antique computers include the desk 
size drum and vacuum tube machines of 
the 505, early magnetic core minis of the 
60s, and the first Wang and HP desk top 
calculators of the late 60s. The oldest 
antique computers include the Royal - 

McBec LGP -30, Bendix G -15, Burroughs 
E101, IBM650, Elcon 125, Alwac, 
Monrobot VI, Univac I and II, and the 
IBM 700 and 7000 series. 

Since only a few of these machines 
were ever built, and many have already 
disappeared, there is a real danger they 
may become extinct. We can help pre- 
serve our computer heritage by publish- 
ing interesting articles on computer 
nostalgia and antique computers. 

Don Nyre 
305 Lai olla Dr 

Newport Beach CA 92663 

Only problem: You can only look al 
'ern, because the power bills will be sky 
high, and who has used vacuum tubes for 
spure parts? Interested readers are urged 
to contact Don, or write up commentary 
on their favorite antiques so we can 
occasionally publish some history. 
Who'll write an account of Babbage's 
engine? 

ARE WE SCHIZOPHRENIC 
PLUGGED -IN EXPERIMENTALISTS? 

I just scanned issue No. 14 and am 
well pleased! BYTE seems to give the 
same schizophrenic, plugged -in. ex- 
perimentalist joy of ham radio's old 
days before commercial (yawn) avail- 
ability of 2000 watt PEP linear ampli- 
fiers. This is the impetus, battered and 
bruised by a nasty electrical engineering 
curriculum, jaded by very large scale 
integration, which has largely failed me 
these days. 

Before I go back to working on my 

business and law school applications, let 
me give you a reason for joy: money! 
Please note the gift subscription form 
and the address label upon this sleeve. 
I'd like to buy a year's subscription for 
my friend and three years for myself. 

Jeffrey S Wilson 
POB 30113 

Parma Heights OH 44130 

The above letter was written on u 

battered BYTE wrapper. 

I DON'T LIKE YOUR PRODUCT 

Please do not send me any more 
issues of BYTE. I got the first two issues 
and did not like it. I got the impression 
the magazine was intended for computer 
hobbyists. Instead, it seems to me more 
dreary and boring than any textbook or 

trade journal today. I have been a 

computer professional for fifteen years, 
and your publication is by far the dullest 
I've seen. Let me know if your format or 
content changes in the future. Mean- 
while, no more issues please. 

Ray Lawrence 
120 Roseland La 

East Patchogue NY 11772 

Congratulations, Ray. You've just 
exercised your right to vote your pref- 
erances in a free market, by what you 
buy and what you don't bury. We'll 
collect our votes from the remaining 
73,000 or so people (circa January 1977 

issue) who don't seem to feel the way 
you do. 

TELE SELECTRIC CONVERSIONS? 

Recently I have a project in mind to 
build an intelligent teleprinter. The 
system will consist of a converted electric 
typewriter which will be controlled by a 

8080A microprocessor, 8 K memory and 
3 programmable IO ports which includes 
RS232 interface. The advantage of this 
teleprinter is that it can be used as a 

stand alone computer or as a computer 
terminal. 

The typewriter I intend to use is the 

Continued on page 76 
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WHY WRITE ONE! 
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YOUR LIBRARY IS WAITING 
The much requested Volumes III and IV are ready. 
If you already have Volumes I and II you'll want 
to add these to your set. With the addition of 
Volume IV there is no reason why anyone who 
even THINKS of using a computer can't own their 
own SOFTWARE LIBRARY. You can start yours 
for less than $10 plus postage and handling. These 
programs are IMMEDIATELY executable in ANY 
computer with at least 4k. The entire Library is 

1000 pages long, chocked Full of program source 
code, instructions, conversions, memory require- 
ments, 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. 

WHILE THEY LAST 

VOLUME I & II - $24.95 each 

VOLUME III - $39.95 each 
VOLUME IV -$ 9.95 each 

add $1.50 per volume for postage and handling. 
10% discounts on purchases of any three (3) 
volumes. 
volume discounts are available to qualified users & 
dealers 

VOLUME THREE 

Adv. Bus. 

Billing 
Inventory 
Payroll 
Risk 
Schedule 2 
Shipping 
Stocks 
Switch 

VOLUME FOUR 

General Purpose 

SCIENTIFIC RESEARCH 

Bingo 
Bonds 
Bull 
Enterprise 
Football 
Funds 1 

Funds 2 
Go -Moku 
Jack 
Life 
Loans 
Mazes 
Poker 
Popul 
Profits 
Oubic 
Rates 
Retire 
Savings 
SBA 
Tie -Tac 

1712-B FARMINGTON COURT; CROFTON, MD 21114 

/ 
/ 
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How come the master of 
this machine has to be 

relegated to such a menial 

task as remembering to 
enter line numbers? 

Sweet Auto Line 

,nnigllllllllllllli 

In any problem, the first 
step is to decide what the 
problem is... 

Original SYS8 Modified SYS8 

READ: LXI H,IBUF 
SHLD ADDS 
MVI E,2 

NEXT: CALL IN8 

Willard I Nico 
DELTA t 
11020 Old Katy Rd, Suite 204 
Houston TX 77043 

I was writing a program the other day, 
using the editor and assembler provisions of 
the SYS 8 self -contained operating system. 
For the N to the ith time, I forgot to type in 
a new line number before entering the 
instruction code and got the familiar 
WHAT? response from the monitor program. 
If there was a market for WHAT ?, I'd be 

rich! 
Anyway, the thought hit me like a brick, 

"How come the master of this machine has 
to be relegated to such a menial task as 

remembering to enter line numbers ?" After 
all, my IMSAI is supposed to be the kind of 
a servant who doesn't mind that type of 
work. I should be free to think creatively. 
That's when I decided to put SAL on the 
payroll: my Sweet Auto Line automatic line 
numbering program. 

READ: LXI H,IBUF 
JMP PATCH 

BACKIN: MVI E,2 
NEXT: CALL IN8 

Listing 1: Change that 
must be made to the 
SYS 8 monitor input logic 
in order to determine 
whether or not the auto 
line indexing feature is 
wanted. 

12 

SAL Patch 

PATCH: SHLD ADDS 
JMP n n 

ONOFF, 
a switch location 
with address of AUTOL 
if SAL is on, address of 
BACKIN if SAL is off 

thus if SAL is on the code is 

PATCH: SHLD ADDS 
JMP AUTO L 

thus if SAL is off the code is 

PATCH: SHLD ADDS 
JMP BACKIN 



Job Description 

The first step was to decide exactly what 
was required, and I came up with the 
following list: 

1. Automatically generate a four digit 
number at the beginning of each data 
file line. 

2. Allow for selection of the increment 
of increase between line numbers. 

3. Permit manual entry of out of se- 

quence line numbers to allow program 
correction. 

4. Allow the automatic feature to be 

turned on and off as desired. 
5. Provide for selection of the beginning 

line number. 
6. Automatically disable the feature 

when an executive command is 

entered. 
After fiddling with the ideas and writing 

the program, I now have Sweet Auto Line 
working for me and I don't forget to enter 
line numbers any more. In fact, I don't 
even think about them; SAL and IMSAI do 
it for me. 

The starting point for writing the Sweet 
Auto Line program was to define exactly 
how SYS 8 handles data input from the 
keyboard. Figure 1 is a flowchart detailing 
the procedure used in this 8080 monitor and 
where my Sweet Auto Line routines are 

patched into it. The flowchart shows that 
the program does not carry out any pro- 
cessing of the input information until the 
entire line has been entered. Each character 
typed in is stored in sequential locations of 
the IBUF input buffer until the carriage 
return code (ASCII hexadecimal OD) is 

detected. This code signals the monitor that 
input of data for the current line is 

complete. 
The monitor then examines the first 

character in IBUF to determine if it is a 

numeral. Lines beginning with one of the 
numbers 0 through 9 are flagged as program 
lines for the current file. If the first char- 
acter in IBUF is other than a number, the 
program branches to the executive area. 

Sweet Auto Line depends on a SYS 8 

convention for proper operation: At least 
one space character must be entered after a 

Original SYS8 Modified SYS8 

SYS8: LXI SP,AREA +18 
CALL READ 
INX H 
MOV A,M 
CPI '9' +1 
JC LINE 
CALL VALC 
CALL COMM 

EOR: CALL CRLF 
JMP SYS8 

SYS8: LXI 
CALL 
INX 
MOV 
CPI 
JC 
CALL 
JMP 

EOR: CALL 
JMP 

BEGIN 

I BUFF (1) I 

NUMERIC 

re- 
FILE 
ROUTINES 

J 
SET 
STACK 
POINTER 

CALL 
READ 

HL: 
START OF 
INPUT 
BUFFER 

E:2 

YES 

YES 

I 

END OF 
LINE 
HOUSE- 
KEEPING 

COMMAND 
ROUTINE 

YES 

YES 

NO 
I SAL 

UNAUTO 
I PATCH 

LEGAL 
COMMAND 

p 

OUTPUT 
'WHAT' 

SP,AREA +18 
READ 
H 
A,M 
'9' +1 
LINE 
VALC 
UNAUTO 
CR LF 
SYS8 

OUTPUT 
CARRIAGE 
RETURN 8 
LINE FEED 

SAL Patch 

13 

UNAUTO: LXI 
SH LD 
CALL 
JMP 

CAR- 
RIAGE RE- 

TURN 

NO 

ECHO AND 
COLLECT 
CHARACTER 
IN I BUFF 

YES 

I STC 
INSERAL 

PATED H 

LERE I 

SET 
CHARACTER 

:COUNTER 
J 

r----- 
IDELETE I 

ICHARACTERI L----J 

BACK 
UP 

H,BACKIN 
ONOFF 
COMM 
EOR 

Figure 1: Flowchart of the 
section of SYS 8 monitor 
that allows the input of a 

line of data illustrating 
where the SAL routine 
will be patched into it for 
automatic line number 
generation. 

Listing 2: Change in the 
original SYS 8 system that 
allows the SAL patch to 
be turned off again. 



line number and executive commands do not 
allow a space as the first character. 

After automatically generating the new 
line number on the console output device 

such as a CRT, Teletype or other device, 
SAL waits for the first character to be 

typed. I f that character is a space, the new 
line number is entered into the SYS 8 IBUF 
plus the space character that was typed. If 
any other character is detected, four back- 

Listing 3: Complete listing of the Sweet Auto Line program for the 
IMSAI version of SYS 8. Assembly was started at hexadecimal memory 
location E200. The addresses of monitor routines given in the Equate Table 
are for the IMSAI version of the SYS 8 program. Addresses of the output 
routine and keyboard input routine should be changed to the addresses 

appropriate for your system. Be sure to check the code given for BKSPA and 
change it if necessary to the proper code to back up your display. The 
standard SYS 8 code for this function with the Processor Technology Video 
Display Module CRT Driver software is hexadecimal SF for underline. 

r 200 

F700 F`I 
1:''01 OEO'.' 

r203 21CAr.' 
F206 tir/r7 
1209 IA 

r2on OF 

120B OF 

r ,0r 01- 

120D OF 
r2oF: CDME:' 
I"1'11 IA 
E:217 CDAAF.' 
E.^IS 13 
1216 OD 
1217 C2091."2 

F:'1A EI 
1:1B Cn06nR 
1^lE 7R 
1^F 32C9r2 
1-.2 1120 
E224 C24EE2 
1227 0104 
E229 11C0E2 
E:'2C 1 A 

E22I1 77 
122E 13 
122F 23 
E_30 OD 
E231 C22CE2 
E.'.34 ES 
F235 0102 
1237 1118E2 
E2311 2111E2 
12311 AF 
123E lA 
123F 8E 
F:'40 17 
[241 12 
1242 OD 
1243 1B 
E244 2B 
1245 C23EE2 
E248 El 
E249 1E06 
1249 C35BE2 
124E 0E04 
1250 0608 
1252 CDO0EO 
1255 OD 
1256 C250E2 
E259 1E02 
1258 3AC9E2 
E25E C3CCOO 

1261 210005 
1264 22CEE2 
1267 CD3303 
E26Á 21C7E2 

TIRE 'SWEET AIITO-1 INI B WlIlird I. Nrcl.' 

: AUTOMATIC LINE NLIMBr N1NG PROGRAM 
FOR MTCROTEC 'SYS R. MON1TOI'A1SFMBLIN 
R-. Willard F. N:I -1 

Ok0 0120011 

THE ABOVE INSTRUCTION 181081 ISMS 
THE ADDRESS AI WH11'll 1H1S PROGRAM 
BEGINS. 

AUTO!.: POSH 
MVI 
LXI 
LXI 

CONVT1 IDA% 
INC 
RRC 
RFC 
RIC 
CALL 
IDAX 
CALL 
INX 
[ICk 

JNZ 
PI1F' 

CALL 
M11V 

SIA 
CPI 
JNZ 
MVI 
LXI 

100P2: LDAX 
MOV 
INS 
INX 
OCR 
JNZ 
PUSH 
MVI 
LXI 
LXI 
XRA 

LOOP1: LOAX 
ADC 
[IAA 

SIA( 
OCR 
DCX 
DCX 
JNZ 
POF' 

MVI 
JMP 

ABORT: MVI 
LOOP4: MVI 

CALL 
DCR 
JNZ 
MVI 

DONE: LOA 
JMF' 

SAVI. H t I. 1(111I S1 EIS 
I (10P C.UUN 1EI( 
A.X. II II NC" N11Mr11 II 510811 

F. 'NARY 1 !NE NUMBER STASH 
GC T FY 1F 
I:111Á11: MOST SIGNIFICANT BI IS 

INTO POSITION 

UNPACK : CONVI(RI PACKED DINANY TO ASCII 
U i GEI BYTE BACK 
UNPACK i CONVERT AGAIN 
11 i NEXT PACKED DIGIT 
C ; CCFINT LOOPS 
CONVI ; CO ATTAIN TF NOI DONE 
H RESIO1F REGISTERS 
KDI'IIN i AFT 1111(11 FROM KCYBOAI +D 
A.F i MOVE ICI ALCI IM111 ATCIk 
SAVE i SAVE KEYBOARD 1NP111 

: WAS INI-IJI A 'SPACE'', 
ARCM : NOT A IINF FOR FILE IF NOT 
C.4 i (1K 10 GO. DIGITS IN LINE NUMB 
II.NIIMBB F OrT Ill LINF NUMBER STORAGE 
D ; CII D1Á11 
M.A i PITT 11 IN INIU1 RIIFFEk 
D i SEI III.' FOR NEXT PI611 
H : NEXT INI.111 BUFFER 1 OCATION 
C : L :OIINI THE DIGIT 
L00F" . LOOP II' NOT DONE 
II SAVE 11 t L REGISTERS 
r.2 i SET LIT' COUNTER 
O.LINE41i SEI In PACKED NUMBER STORAGE 
H.INCR41i SET 10 INCREMENI VALUE 
A i CLEAR CARRY 
P ; GE: r PACKED NUMBER 
M 

II 

H 
LOOP1 
H 
Erb 
DONE 
Cr4 
BrBKSPA 
CRTOUT 
C 
LOOP4 
Er2 
SAVE 
NEXT44 

i ANN IN INCREMENT VAI JJ[ 

i ADJUST Foil DECIMAL 
; STORE NEW VALUE 
i COUNT IT 
I NEXT PACKED OIGI1 
; NEXT INCREMENT VALUE 
i DO NEXT IF C NOT AT ZERO 
i RESTORE H 11. REGISTERS 
i TELL MONITOR 5 CHARACTERS 
i GO FINISH 
i NOT A PROGRAM LINE. ERASE 
I LOAD BACKSPACE CODE 
i BACK UP LINE NUMBER ON CRT 
i COUNT IT 
i LOOP IF NOT DONE 
i TELL MONITOR ABOUT INPIJI CHAR. 
F GET THE KEYBOARD INPUT 
i GO 111 MONITOR 

I THIS PORTION OF THE PROGRAM SETS THE 
F STARTING LINE NUMBER AND THE INCREMENT 
I VALUE 

SETL: LXI 
SHED 
CALL 
LXI 

Hr0500H i DEFINE DEFAULT INCREMENT -5 
INCR ; STORE DEFAULT INCREMENT 
VCHK i CHECK PARAMETER ENTERED 
HrLINE i SET TO CURRENT LINE NO. STASI! 
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space commands are output to the console 
to wipe out the line number and the typed 
character is entered as the first one in IBUF. 
After each line number is entered in IBUF, it 
is increased by the operator selected incre- 
ment and saved for use in the next program 
line. 

Turning on SAL 

The initial line number is established by 
using a SETL executive command with 
parameter passing. The technique for adding 
your own executive commands, such as 

SETL, was described in the January 1977 

( BEGIN 
SETL 

E261 

INCR : 5 

HL:- 
ADDR(LINE) 

E26D 

DE: 
ADDR (ABUF) 

E270 

NO 

LINE: 
PACK (DE) 

/Pr- -- & -r E277 ACK FOUR / 

/ASCII 
!CHARACTERS! 

INTO TWO 

IBYT \E27C ESY L J 
INCR: 
PACK (DE) 

r - - - - --I 
I SWITCH ON I 

SAL 

L J 

YES 

OUTPUT 
ERROR 
MESSAGE 

1 
LINE I 

/INCREMENT I 

iI PRESENT I 

L - - - - -J 
NO 

E27F 

ONOFF: 
ADDR 
(PATCH) 

V 

RETURN TO 
MONITOR 

Figure 2: Flowchart of the SETL routine 
that will determine at what number the line 
numbers should begin and what the incre- 
ment between line numbers will be. Ad- 
dresses in this figure refer to listing 3. 



768/03X 

MICROPRO- 
GRAMMABLE 
COMPUTER 
ARCHITECTURES 

by A. B. 
Salisbury 

Pub. price, $13.50 
Club price, $11.40 

767/017 
COMPUTER 
INTERFACING 
AND ON -LINE 
OPERATION 

by J. C. Cluley 

Pub. price, $14.50 
Club price, $12.35 

767/009 

DIGITAL SIGNAL 
PROCESSING 

by A.V. 
Oppenheim and 
R.W. Schafer 

Pub, price, $22.95 
Club price, $18.95 

767/262 

ENGINEERING 
CYBERNETICS 

by R.M. Glorioso 

Pub. price, $16.95 
Club price, $12.95 

768/307 
CONTENT 
ADDRESSABLE 
PARALLEL 
PROCESSORS 

by C. C. Foster 

Pub. price, $11.95 
Club price, $9.95 

768/870 

GERT MODELING 
AND 
SIMULATION: 
Fundamentals 
and Applications 
by L. J. Moore 
and 
E. R. Clayton 

Pub. price, $15.95 
Club price, $13.25 

Introductory offer 
to new members of the 

COMPUTER PROFESSIONALS' 

BOOK CLUB 

any one 
of these great 

professional books 

for OI only 

Special $1.00 bonus book comes to you 
with your first club selection 

770/271 

BUCHSBAUM'S 
COMPLETE 
HANDBOOK OF 

PRACTICAL 
ELECTRONIC 
REFERENCE 
DATA 

by W. H. 
Buchsbaum 
Pub. price $17.95 
Club price, $13.50 

767/092 
DATA 
PROCESSING 
DOCUMENTA- 
TION: Standards, 
Procedures, and 
Applications 
by W. L. Harper 

Pub. price, $22.95 
Club price, $17.95 

, 1bnAtmoh ' 
Cmpnr- 
rw,lnrxnon., 
L iwbk#'r<"J 

767/661 
INTERACTIVE 
COMPUTER 
GRAPHICS 
by B. S. Walker, 
G. R. Grund, & 
E. A. Drawneck 

Pub, price, $14.50 
Club price, $12.30 

768/803 
DATA 

COMPRESSION 

by L.D. Davisson 
& R.M. Gray 

Pub. price, $25.00 
Club price, $17.95 

766/754 

HANDBOOK OF 

COMPUTER 
MAINTENANCE 
& TROUBLE. 
SHOOTING 

by B.W. Maguire 

Pub. price, $18.00 
Club price, $13.95 

767/521 

SYSTEMS 
SIMULATION 
The Art and 
Science 
by R.E. Shannon 

Pub. price, $14.95 
Club price, $12.50 

768/714 
APPLYING DATA 

STRUCTURES 

by T. G. Lewis 
and M. Z. Smith 

Pub. price, $15.95 
Club price, $12.25 

767/815 

GAMES AND 

PROGRAMS: 
Mathematics 
for Modeling 
by R. R. 
Singleton 
& W. Tyndall 

Pub. price, $13.00 
Club price, $10.75 

save time and money 
by joining McGraw -Hill's new 
COMPUTER PROFESSIONALS' 
BOOK CLUB 
T HIS new professional club is designed to meet your day -to -day on- the -job 

needs by providing practical books in your field on a regular basis at below 
publisher prices. If you're missing out on important technical literature -if 
today's high cost of reading curbs the growth of your library- here's the solution 
to your problem. 

The Computer Professionals' Book Club was organized for you, to provide an 
economical reading program that cannot fail to be of value. Administered by 
the McGraw -Hill Book Company, all books are chosen by qualified editors and 
consultants. Their understanding of the standards and values of the literature in 
your field guarantees the appropriateness of the selections. 

How the Club operates: Every month you receive free of charge The Computer 
Professionals' Book Club Bulletin. This announces and describes the Club's 
featured book of the month as well as alternate selections available at special 
members' prices. If you want to examine the Club's feature of the month, you do 
nothing. If you prefer one of the alternate selections -or if you want no book at 
all -you notify the Club by returning the card enclosed with each Bulletin. 

As a Club Member, you agree only to the purchase of four books (including 
your first selection) over a two -year period. Considering the many books published 
annually, there will surely be at least four you would want to own anyway. By 
joining the club. you save both money and the trouble of searching for the best 
books. 

r-- MAIL THIS COUPON TODAY - --, 
COMPUTER PROFESSIONALS /Book Club 
P.O. Box 582 Princeton Road, Hightstown, New Jersey 08520 
Please enroll me as a member and send me the two books Indicated. I am 
to receive the bonus book at the introductory price of 51.00 plus my first selec- 
tion, plus lax, postage and handling. If not completely satisfied, I may return 
the books within 10 days and request that my membership be cancelled. If 
I keep the books, I agree to take a minimum of three additional books during 
the next two years at special Club prices (guaranteed 15% discount, often 
more). I will receive the Club Bulletin 12 times a year. If I want to examine 
the featured selection, I need lake no action. It will be shipped automatically. 
II, however, I want an alternate selection -or no book at all -1 simply notify 
the Club by returning the convenient card always enclosed. I will always have 
a minimum of ten days in which to return the card and you will credit my ac- 
count fully. including postage, if this is not the case. Membership in the Club 
Is continuous but cancellable by me at any time after the four -book purchase 
requirement has been filled. This order subject to acceptance by McGraw -Hill. 
Orders from outside the continental U.S. must be prepaid. All prices subject to 
change without notice. Offer good for new members only. 

Write Code # of $1.00 bonus Write Code # of 
book selection here first selection here 

NAME 

ADDRESS 

CITY 

STATE ZIP 
EXTRA SAVINGS: Remit in lull with your order. plus any local and state 
tax, and McGraw -Hill will pay all postage and handling charges. P39184 



Listing 3, continued: 
E268 117E10 
E270 CD88E2 
E273 2ICEE2 
E276 IA 
E277 FE00 
E279 CA7FE2 
E27C CD88E2 

E27F 2100E2 
E82 2289E2 
E285 C38800 

E288 C888E2 
E288 C09CE2 
E28E 07 
E28F 07 
E290 07 
E291 07 
E292 47 
E293 13 
E294 C09CE2 
E297 80 
E298 77 
E299 13 
E29A 23 
E29B C9 

E29C IA 

E29D FE30 
E29F 8AÁ504 
E2Á2 FESA 
E2Á4 028504 
E2Á7 E6OF 
E2A9 C9 

E2AA E60F 
E2AC C630 
E28E 77 
E2AF 47 
E280 CD00E0 
E283 23 
E284 C9 

E285 227410 
E288 C3 
E289 C700 

E2BB 21C700 
E2DE 2289E2 
E2C1 CD5E01 
E2C4 C380100 

LXI 
CALL 
LXI 
LDAX 
CFI 
JZ 
CALL 

D.ABUF i SET TO ASCII BUFFER 
PACK i PACK BCD DIGITS 
H.INCR i SET TO INCREMENT STORAGE 
D : cm FIRST VALUE FROM ABUF 
o : CHECK IF INCREMENT ENTERED 
SWITCH : USE DEFAULT VALUE IF Not 
PACK : PACK INCREMENT VALUES 

THIS PORTION OF THE PROGRAM CHANGES 
THE DESTINATION OF THE JUMP INSTRUCTION 

i IN THE PATCH TO ACTIVATE THE AUTOMATIC 
I LINE NUMBERING FEATURE 

SWITCH: LXI HrAUTOL : START ADDRESS OF AUTO). ROUTINE 
SHLD ONOFF T STORE IT AT BRANCH LOCATION 
JMP EOR : RETURN TO MONITOR INPUT 

: THE FOLLOWING SUBROIIT INE PACKS 
: FOUR ASCII DIGITS INTO TWO 
EIGHT -BIT BINARY BYTES 

PACK: CALL TWICE 
TWICE: CALL TEST 

RLC 
RLC 
RLC 
RLC 
MOV B.A 
INX D 

CALL TEST 
ADD B 

NOV MrA 
INX D 

INX H 
RET 

i DO FOLLOWING ROUTINE TWICE 
i TEST FOR NUMERICAL D18TT 
: ROTATE. BITS TO LEFT 

FOUR PITS OF PACKED 
BINARY 
BYTE 

i HOLD 
: SET TO NEXT DIGIT 
: CHECK LEGAL DIGIT 
: PACK :' DIGITS 

STORE RESULT 
: SET IO NEXT DIGIT 
i NEXT STORAGE LOCATION 

THIS SUBROUTINE TESTS AN ASCII CHAPACTER 
: TO MAKE SURE IT IS ONE OI- THE DIGITS 
'O THROUGH 9. IF IT IS NOT, 

i AN EXIT IS MAUE TO THE ERROR ROUTINE. 
i THE ASCH NUMBER CODE IS ALSO 
: STRIPPED FROM THE CHARACIIR 

IERI: LDAX D : GET DIGIT 
CPI '0' i ASCII 0 OR HIGHER 
JC WHAT I ERROR II NOT 
CPI I CAN'T BE MORE THAN 9 
JNC WHAT i ERROR IF SO 
ANI OFH i STRIP OFF ASCII CODE 
RET 

1HIS SUBROUTINE UNPACKS AN EIGHT -BIT 
BINARY BYTE INTO TWO ASCII NUMERICAL 
CHARACTERS 

UNPACK: ANI OFH : MASK ALL BUT FOUR BITS 
ADI 'O' : ADD ASCII NUMBER COTE 
MOV M.A : STORE AS ASCII 
MOV BrA i HOLD IN B REGISTER 
CALL CRTOUT : ECHO TO OUTPUT 
INX H i SET TO NEXT STORAGE LOCATION 
RET 

: THE FOLLOWING ROUTINE IS THE PATCH 
i THAI CONTROLS WHETHER OR NOT AUTOMATIC 
: LINE NUMBERS ARE GENERATED 

PATCH: SHLD ADDS : ORIGINAL SYS 8 INSTRUCTION 
DB 0C3H : JUMP INSTRUCTION 

ONOFF: DW NEXT -1 : DEFINE AS OFF INITIALLY 

: THIS ROUTINE TURNS AUTOMATIC 
I LINE NUMBERING FEATURE OFF 

UNAUTU: LXI H.NEXT -Ii MONITOR IS DESTINATION IF OFT' 
SHLD ONOFF I STORE DESTINATION IN PATCH 
CALL COMM : ORIGINAL SYS 8 INSTRUCTION 
JMP EOR I RETURN TO MONITOR 

i 

F THIS IS THE AREA WHERE THE PROPER ADDRESSES 
ARE STORED FOR THE VARIOUS LOCATIONS 

i REFERENCED IN THE AUTOL PROGRAM 

E2C7 LINE: DS 2 i STASH FOR CURRENT LINE NUMBER 
E2C9 SAVE: DS 1 : STORAGE FOR KEYBOARD INPUT 
E2CA NUMBR: DS 4 i STASH FOR ASCII LINE NO. 
E2CE INCR: DS 2 STASH FOR INCREMENT VALUE 
E000 CRTOUT EGU OE000H i VIDEO DRIVER PROGRAM 
0008 BKSPA EOU 08H i BACKSPACE CODE OF VIDEO DRIVER 
D806 KBDIN EOU 0D806H i ADDRESS KEYBOARD INPUT ROUTINE 
107E ABUF EOU 107EH i ASCII BUFFER ADDRESS 
0333 VCHK EGU 0333H i VCHK ROUTINE IN MONITOR 
00BA EOR EOU OOBAH : MONITOR INITIALIZATION 
0008 NEXT EOU 0008H i MONITOR REENTRY POINT 
0485 WHAT EOU 04A5H : ERROR MESSAGE 
015E COMM EOU 015EH : MONITOR COMMAND SEARCH 
1074 ADDS EOU 1074H I MONITOR STORAGE LOCATION 

i END OF PROGRAM 

END 

ABORT E24E ABUF 107E ADDS 1074 AUTOL E200 
BKSPA 0008 COMM 015E CONVT E209 CRTOU E000 
DONE E258 FOR 00BA INCR E2CE KBDIN D806 
LINE E2C7 LOOP1 E23E LOOP2 E22C LOOP4 E250 
NEXT 0008 NUMBS E2CA ONOFF E289 PACK E288 
PATCH E2B5 SAVE E2C9 SETT. E261 SWITC 127E 
TEST E29C TWICE E28B UNAUT E2BB UNPAC E2AA 
VCHK 0333 WHAT 04A5 
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issue of BYTE under the title "SYS 8'A . . 

. Your Own Executive Commands," page 66. 

The command format is: SETL 0100 10 

In this example, the first program line 

number will be 0100, the second 0110, and 

so on with each line number being 10 higher 

than the preceeding one. The SETL sub- 

routine accepts input of the initial line 

number you wish SAL to generate, plus the 

increment by which each succeeding line 
number is to increase. The program checks 

( BEGIN 
AUTOL J 

E200 l 

SAVE HL 
ON 
STACK 

E229 

NUMBR:. 
UNPACK 
(LINE) 

E2B0 

DISPLAY 
NUMBR 

E2IA 

RESTORE 
HL 

E2IF 

SAVE: 
INPUT 

(KEYBOARD) 

NO 

E229 YES E24E 

DE:. 
ADDR 
(NUMBR) 

E23Á 

INCREMENT 
LINE 
NUMBER 

E25B 

IGNORE 
INCREMENT - 
ATION FOR 
ONE LINE 

RETRIEVE 
KEYBOARD 
INPUT 

RETURN TO 
MONITOR 

I SIMULATE STATE 
OF SYSB ON RE- 
TURN FROM 

LREAD CALL I 

Figure 3: Flowchart of the A UTOL routine 
that increments the line numbers and deter- 
mines if an executive command hos been 
entered. If an executive command is input 
the automatic line numbering will cease. 
Addresses in this figure refer to listing 3. 



Microcomputers are highly 
complicated devices. When you 

buy one you want to make sure 
the manufacturer has a solid repu- 

tation for reliability and support. You 
want to make sure he'll be in your corner 

a year or two down the road. 
The Altair'M8800 from MITS was the first 

general -purpose microcomputer. Today, there are 
more Altair computers up and running than all the 
other general -purpose microcomputers combined. 
Today, Altairs are successfully used for literally hun- 
dreds of personal, business, scientific, and industrial 
applications. 

Because we are so popular, many people have tried 
to copy us. The pages of microcomputer magazines 
are full of advertisements for Altair compatible devices 

and Altair imitation computers. 
Because we are NUMBER ONE, 

we offer a much broader range of 
products and services than any of 
our competitors. One manufacturer 
might be able to copy one of our 
computers. Another might be able 
to produce a working memory card. 
But no one can copy the overall 
Altair concept. 

The Altair concept is a system 
concept aimed at practical, cost 
effective applications. That's why 
we offer three mainframes includ- 
ing the Altair 680b, Altair 8800a, 
and Altair 8800b; ten peripherals 
including a multi -disk system; and 
over 20 plug compatible modules 
including our new, low power 16K 
static memory board. That's why we 
are the only microcomputer manu- 
facturer to go to the extra expense 
of providing our customers with 
quality, higher language software. 

When you buy an Altair, you're 
not just buying a piece of equip- 
ment. You're buying years of reli- 
able, low -cost computing. You're 
buying the support of the NUMBER 
ONE manufacturer in the micro- 
computer field. 

[=17:1 
2450 Alamo SE/Albuquerque, NM 87106/505-243-7821 



Note: The SYS 8 
Mon i t or /Editor /As- 
sembler was written 
by Microtec of Sun- 
nyvale CA, and is 
included free with 
the IMSAI 8080 
Computer. Proces- 
sor Technology Co 
distributes a similar 
version of the same 
program for only a 

copying charge. 

to make sure you entered the starting 
number by using the VCHK routine in 

SYS 8. If you forgot to enter the number, 
you get another WHAT? for your collection. 
If an increment value is not entered, the 
default value of 5 is used. Sweet Auto Line 
is activated when the SETL command is 

issued and deactivated by the use of any 
other executive command. 

Employer Provided Tools 

To get SAL working productively, you 
need to provide the proper working environ- 
ment. What your new employee needs are 

two small changes to the SYS 8 program 
and, of course, the Sweet Auto Line pro- 
gram itself. 

The first change to SYS 8, shown in 

listing 1, diverts program flow to a patch in 

Sweet Auto Line that determines if the 
automatic feature is on or off. The patch 
contains the line of code which was replaced 
in the monitor plus a JMP instruction. The 
second and third bytes of the JMP instruc- 
tion are changed by SETL so that the 
destination of the jump is AUTOL, the start 
of the line numbering program. This turns 
SAL on. 

The second change to SYS 8, shown in 

figure 3, is similar except that program flow 
is diverted to the UNAUTO routine in SAL. 
UNAUTO changes bytes two and three of 
the J MP instruction in the patch so that the 
program goes right back where it came from 
without going through the line numbering 
procedure. This turns SAL off. 

Method to Madness Dept 

Here's why the particular locations for 
changes to the monitor were chosen. 

Each new line of data input begins at 
READ call in the monitor. First, we allow 
the HL register pair to be set to the start of 
the input buffer by the LXI H, IBUF 
instruction. Our JMP to the patch replaces 
the SHLD ADDS instruction. If SAL is off, 
the program flow jumps back to the 
MVI E, 2 instruction and everything works 
as though there had been no changes at all. 

However, if SAL is on, the line number 
will be automatically placed in IBUF, the 
character counter, register E, will be set to 
the correct value, and the first keyboard 
input character will be in resister A. The 
return will be to the CPI 24 instruction. 

The jump to UNAUTO replaces the 
CALL to COMM which is duplicated in the 
UNAUTO routine. If a line of input data 
does not start with a number, the program 
flows through UNAUTO to turn SAL off 
before checking for a legal executive 
command. 
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Put SAL to Work 

When using SAL, an executive command 
is used to set the beginning line number, 
optionally select the increment of increase 

for each succeeding line, and turn SAL on. 
This command and the address of the SETL 
routine should be added to your executive 
command table. The command is: 

SETL beginning -line [increment] 

(square brackets denote options) 
Examples: 

First Line No. Increase 

SETL 1000 20 1000 20 
SETL 1 5 0001 5 
SETL 20 0020 5 
SETL A100 10 WHAT? 

To turn SAL off, use any executive 
command, even one that is not in CTAB. Of 
course, you can't use SETL! 

To correct a previous line, simply follow 
the standard procedure and type in the line 
number you wish to correct. When finished, 
SAL will repeat the line number she has 

saved as next. If you forget to type a space 

after SAL delivers the line number, use the 
key you would normally use to back up, 
usually the underline. When you have 
backed up to the beginning of the line, type 
a carriage return and SAL will repeat the 
next line number. 

Note that the maximum line number that 
SYS 8 can handle is 9999. SAL makes no 
test that this number has been exceeded. 
The next number after 9999 is 0000 and if 
you are not careful you may write over some 
of your program lines. The line increment 
value may range from 0 to 9999. If you use 

0, you will set the same line number over 
and over. If you use 9999, well, would you 
believe a two line program? 

How Does She Do It? 

SAL uses four locations to store various 
data. These are: 

LINE 2 bytes for the next line 
number in packed binary 
format 

SAVE 1 byte for the keyboard 
input character 

NUMBR 4 bytes for the next line 
number in ASCII format 

INCR 2 bytes for the increase 
increment in packed binary 
format 

The first program activity occurs when 
the beginning line number and increment are 
set and SAL is turned on. Those functions 
are handled by the SETL routine as shown 
in the flowchart in figure 2. In the event no 
increment is specified, the default value of 5 



ALL WE 
CAN TELL YOU IS 
THATMENWHO 
DON'T SMOKE 
LIVE ABOUT 

6 YEARS LONGER 
THAN MEN WHO 

DO SMOKE: 
If you want someone to help you 

stop smoking cigarettes, 
contact your American Cancer Society. 

AMERICAN CANCER SOCIETY 
This fact taken from a research study is based on the smoker who at age 25 smokes about a pack and a half of cigarettes a day. 



Listing 4: Equate Table with monitor routine addresses for using the Sweet 

Auto Line program with the Processor Technology version of the SYS 8 

program. This assembly was started at hexadecimal memory location 5000. 

i THIS IS THE AREA WHERE. 
ARE STORED FOR 

: REFERENCED IN 

rHE PROPER ADDRESSES 
THE VARIOUS LOCATIONS 
THE AUTOL PROGRAM 

SOC7 LINE: DS STASH FOR CURRENT LINE NUMBER 
5009 SAVE: DS 1 STORAGE FOR KEYBOARD INPUT 
SOCA NUMBR: DS 4 STASH FOR ASCII LINE NO. 
SOCS 1NCR: DS STASH FOR INCREMENT VALUE 
E000 CRTOUT LOU OE000H VIDEO DRIVER PROGRAM 
0008 BKSPA EOU 08H 1 BACKSPACE CODE OF VIDEO DRIVER 
DB06 KBDIN FOU ODRO6H ADDRESS KEYBOARD INPUT ROUTINE 
DOSA ABUF EOU ODOSAH ASCII BUFFER ADDRESS 
F293 VCHK COLI OF ?93H VCHK ROUTINE IN MONITOR 
FO1F EOR EDU OFOIrH i MONITOR INITIALIZATION 
FO2D NEXT LOU OFO2DH I MONITOR REENTRY POINT 
F41A WHAT FOU Or41AH ERROR MESSAGE 
FOC3 COMM LOU Or OC3H MONITOR COMMAND SEARCH 
DOSO ADDS EOU ODOSOH . MONITOR STORAGE LOCATION 

I END OF PROGRAM 

END 

is used. This value is loaded into the HL 
register pair and stored at INCR at the start 
of SETL. If a later test shows that a 

different value is desired, INCR is changed 
accordingly. 

Next, the monitor's VCHK routine is 

used to determine if a beginning line number 
was specified. VCHK exits to the WHAT? 
error routine if it finds no line number was 
chosen. If a line number is found, the HL 
resister pair is set to the LINE storage area 
and the DE register pair is loaded with the 
address of the monitor's ASCII buffer, 
ABU F. The first four ASCII digits in ABUF 
are converted to simple binary values and 
then packed two to a byte by the PACK 
routine. Each digit is tested to make sure it 
is a valid number by TEST. The two bytes 
are then stored at LINE. 

SETL then checks the next ABUF entry 
for an increment value. If none is present, 
the 5 initially stored is used. If an entry is 

found, the next four ABUF characters are 
packed into two bytes as before and stored 
in INCR. 

The SWITCH routine fetches the starting 
address of the AUTOL routine and stores it 
as the second and third bytes of the jump 
instruction in PATCH, thus turning SAL on. 
Each time the monitor enters its READ 
routine, the program is diverted to SAL's 
PATCH. If SAL is on, the program goes 
through AUTOL to generate a line number. 

As the flowchart of figure 3 shows, 
AUTOL saves the data in the HL register 
pair on the stack so that those registers are 
available for use. They are then set to the 
address of the NUMBR storage area. Register 
pair DE is set to the LINE memory address 
and the next line number is retrieved from 
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that area and unpacked into four ASCII 
digits. The UNPACK routine stores the 
ASCII digits in the NUMBR stash and, as 

each digit is stored, it is also displayed on 
the console device. 

After displaying the line number, the 
program waits for an input from the key- 
board which it stores in the SAVE memory 
byte. This input is tested for a space and if it 
is any other character, a jump to the 
ABORT routine cancels the entry of the line 
number into the monitor's input buffer. If a 

space is detected, the ASCII digits in the 
NUMBR stash are entered into the monitor's 
input buffer, IBUF. The value stored in 

INCR is then added to the line number in 
LINE and the new value restored in LINE 
for use the next time through. 

The E register is used by the monitor to 
point to the place in IBUF just after the last 
valid character. Since we have added a four 
digit line number plus a keyboard entry 
character, we set register E to 6 so that the 
monitor knows what we have done. Lastly, 
the keyboard character is retrieved from 
SAVE and carried back to the monitor for 
input of the rest of the line. 

In the ABORT portion of the program, 
four rubout commands are generated to 
wipe out the line number printed on the 
control console. Since the number had not 
been entered into IBUF or increased by the 
increment value when the nonspace key- 
board entry was detected, no further proces- 
sing of the line number is necessary. The E 

pointer register is set to 2 to indicate that 
one character is in IBUF, the SAVEd char- 
acter retrieved and the monitor reentered. 
The PACK routine extracts the binary equiv- 
alents of ASCII numbers and combines two 
of them into one byte. This packing facil- 
itates adding the increment value to the line 
number by allowing use of the DAA, Deci- 
mal Adjust Accumulator instruction. 
PATCH, SWITCH and UNAUTO have al- 
ready been explained in sufficient detail. 

A program listing of the Sweet Auto Line 
is shown in listing 3. The addresses of the 
monitor routines given in the Equate Table 
are for the IMSAI version of the SYS 8 

program. If you are using the Processor 
Technology version of this program the 
appropriate addresses can be found in listing 
4. 

Well, there you have it Sweet Auto Line 
is an example of sane, moderately intricate 
computer programming which goes to work 
and makes life easier for you. You will find 
it convenient to use, and after a short while, 
you'll wonder how you ever got along 
without SAL on the payroll. 

Now if she could just type .. . 



Turn us on. 
And the Digital Group will get you going. 

One of the first things you'll discover when you get 
started with microprocessors is that there's a lot more 
involved than the hardware. That's why you should 
consider a system's software, too. 

With a Digital group system, you can get going 
fast... and you don't have to be a programming 
genius to make your computer do something for 
you. Turn us on, and your system really does what 
you want it to do- easily and quickly. Because the Dig- 
ital Group firmly believes that a computer without 
usable software is useless. 

Every system the Digital Group delivers has several 
operating programs included with it. As soon as you 
turn it on it's doing something! In addition, we make 
available an ever -growing number of software pack- 
ages for Digital Group systems at all levels of 
support. (They're listed below.) 

But first, how do you get started? 
With Tiny Basic Extended. 

For only $5, you get the "beginning" and for an addi- 
tional $5 you can get a cassette full of game programs 
that work with it. Both are on audio cassette that your 
Digital Group system can understand. You can list 
the programs on the TV screen of your Digital Group 
system and see exactly how they work step by step. 

Now the real fun begins. 
Change the program. See what happens. Make it 
work better. Try other variations. The best way to 
learn how to program your computer is by studying 
an easy -to- understand operating program and 
changing it to see what happens. Bit by bit, under- 
standing will come. (And it's nice to know that in the 
meantime, your system can be working while you're 
learning.) 

When you're ready for more, so are we. 
Here are a few programs we have for you: 

TINY BASIC EXTENDED $5.00 

TINY BASIC GAMES: 
Volume 1- Chomp, Checkers, Tic- tac -toe, 
Digiguess and Brainteaser $5.00 
Volume 2- Artillery, Dr. Therapy, Reverse, 
Biorythm and Golf $5.00 
Volume 3- Taxman, Snark, Trap, Number, 
Square -Root and Clock $5.00 
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Volume 4- Hamurabi, Stars, 23- Matches, 
20- Questions, Blackjack, Factor and Batum . . $5.00 
Volume 5- Bomber, Lunar Lander, 
Spacebattle, Matador and Dice $5.00 
Volume 6- Chief, Mr. Quizzer, Addition, 
Subtraction and Multiplication $5.00 

"GALAXY" 
1976, SCELBI Computer Consulting, Inc $7.50 

ALSO: 
Z -80 Educator $10.00 
Z -80 Assembler $15.00 
Z -80 Dis -Assembler $10.00 
Z -80 Text /Editor $7.50 

And many more. 

Here's how to get going. 
First, take a look at our hardware (we've pictured 
it here in our new line of cabinets). Then just fill in the 
coupon below for all the details on our systems - 
hardware and software -so you can turn us on. 

the ital grou 
P.O. Box 6528 
Denver, Colorado 80206 
(303) 777 -7133 

OK, Get me going. I want all the details. 

Name 

Address 

City /State /Zip 



$194 for the 
caboodle. 



whole kit & 

the kaboodle $99 
The kaboodle is our popular SC /MP Kit micro- 

computer package: SC /MP microprocessor, ROM, 
RAM, timing crystal, PC Board, and all necessary 
drive logic. All for just $99. 

The kit is our new, low -cost terminal kit: 
keyboard display, and special ROM with debug 
keyboard /display scanning program. All for 
just $95. 

You don't need a $500 development system. 
You don't need a $1,000 teletype. 
You buy our kit and kaboodle, and you're in 

business. In microprocessors, video games, home 
control systems, whatever. For training, for 
learning, for development. 

If you'd like complete information, we'll send it 
to you for nothing. 

Or, if you'd prefer the actual microcomputer and 
terminal kit, that'll be just $194 extra. 
r 

National Semiconductor 
2900 Semiconductor Drive, Santa Clara, CA 95051 
Gentlemen: 
_Please send me more information. - Please send me a real live SC /MP Kit ( ISP- 8K/200) $99. 
_Please send me a real live Keyboard Kit ( ISP- 8K/400) $95. 

Here's my check. ( California residents add 6% sales tax.) 
Also available at your local distributor. 
Name _ Title 
Company 
Address_ 
City _- State Zip __ 

M National Semiconductor 
L 



Ira Rampil 
917 Engineering Research Bldg 
University of Wisconsin 
Madison WI 53706 

Jack Breimeir 
The Economy Co 
1901 N Walnut 
POB 25308 
Oklahoma City OK 73125 

The 

Digital Cassette 

Subsystem: 
When people first acquire a small com- 

puter of traditional design, they are usually 
content for some time with using the con- 
sole lights and switches for IO. If the proud 
new owner has any software aspirations, he 

or she will soon begin to crave some sort of 
device to raise the level of intelligence of the 
man -machine interface. For many, an 

ASR 33 Teletype or its equivalent makes an 

ideal first peripheral for a computer system; 
it gives one a keyboard, a hard copy printer, 
and paper tape bulk storage for program 
libraries. There comes a time, however, when 
the incessant clatter of a 10 character per 
second paper tape reader is no longer music 
to one's ears. The fact of the matter seems 

to be that as the ambition of a programmer 
grows, so does that programmer's restless- 

ness and impatience to see things being 
done. There is something irksome about 
sitting and watching one's IO machine take 
longer to read a program than it took to 
code it. The obvious answer is a high speed 

random access store, like a disk or drum. 
However, no matter how elegant it might be, 

not everyone has $5 K for a cartridge disk. 
Floppy disks are not yet the answer in terms 
of cost, reliability and media life. Perhaps 
the best answer for today's amateur may lie 
with the ubiquitous Philips cassette. There 
are many alternatives when dealing with 
cassettes from which to make design choices. 
Therefore, this article is meant as a reference 
for ideas, rather than as a construction 
article. 

The theme of this article refers to the use 

of high performance digital cassettes, so let's 
define terms. High performance is intended 
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to mean better than the amateur's common 
forms of automatic program loading, namely 
Teletypes and low speed audio cassettes. 
One important performance factor that is 

easy to improve upon is speed. A Teletype 
clatters along at 110 bits per second, and an 

audio cassette at up to 2400 depending on 
whose system you use, but a digital cassette 
system begins hitting mechanical limits at 

32,000 bits per second (for NRZ1 = 1600 
bpi X 20 ips = 32 kbs). A conservatively and 

therefore more reliably designed system will 
loaf along at 7,000 to 8,000 bits per second. 
That's about one thousand characters per 
second, or 100 times the speed of a Teletype. 
Imagine a 4 kilobyte program being loaded 
into main memory in less than 5 seconds. An- 
other, perhaps more important feature pos- 

sible in an electronically controlled cassette 

system is a concept known as block replace - 
ability. This means that a block of data on 
the tape can be erased and overwritten with 
different data, without disturbing any other 
preexisting data on the tape. This technique 
obviously requires very accurate computer 
control and synchronization of tape motion. 
Block replaceability is not an easy goal to 
achieve in the design of a cassette system. In 
fact, most cassette peripheral system manu- 
facturers do not offer it, and audio cassette 
drives never have it. Amateurs, however, can 

do things that professional designers cannot 
or will not do because amateurs are not as 

concerned with markets, cost and reliability 
optimization. Block replaceability is a 

worthy goal of amateur experimenters in 
spite of additional hardware requirements 
because, in conjunction with the proper 
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Figure 1: The magnetization curve of the 
typical magnetic tape medium. The applied 
magnetic field, H, results in a residual 
magnet of strength B after the tape has 
passed the head. The linear regions A to A' 
and B to B' are used by audio recorders via 
the trick of using a bias signal which rapidly 
switches through the A to B region and 
allows reconstruction of the analog signal 
intensity based solely on the linear segments. 
A digital recorder, in contrast, drives the 
head to saturation (and beyond) at C and D, 

giving the maximum magnetization possible 
in either direction. 

Part 1, Digital Recording Background 

and Head Interface Electronics 
software device handler, a cassette memory 
system can simulate a random access device 
like a disk or DECtape. Although obviously 
much slower, such a cassette system would 
enable indigent personal computer users to 
run the equivalent of a disk operating 
system, with all of its attendant advantages 
and features. 

Magnetic tape systems of one form or 
another have been a mainstay of commer- 
cially designed computer systems for several 
decades. As such, there is a fairly large body 
of information in the engineering literature 
on the theory and practice of digital magnet- 
ic recording. Until now, analog magnetic 
recording with audio cassettes has been used 
in the majority of amateur computer appli- 
cations. A brief look at the physics of analog 
and digital magnetic recording should con- 
vince the reader of the vast superiority of 
digital techniques. 

The fundamental difference between 
audio and digital recording is in the method 
and degree of magnetizing the tape. For 
audio recording, low distortion is a primary 
requirement. Looking at the B versus H 

curve (magnetic intensity versus magnetizing 
force) for tape, figure 1, we see that the 
curve is mostly nonlinear. Only the linear 
portions of the curve can be utilized if low 
distortion is of importance. There are two 
linear regions from A to A' and from B to B' 
in figure 1. The high frequency bias typical 
of audio recording is used to insure opera- 
tion in the two linear regions for the full 
range of the audio signal level. However, for 
digital recording as in almost all digital 
systems, we are interested in only two 

states: 0 or 1, on or off, true or false or 
whatever names are convenient for distin- 
guishing two separate states. Two such states 
are readily available for digital recording, 
these being points C and D on the B versus H 
curve of figure 1. Each of these two points is 

in the saturation region of the curve where a 

further variation in the magnetizing force 
results in a negligible variation of magnetic 
intensity in the tape and both points are in 
regions of opposite polarity. These then are 
the two states used for saturated digital 
recording. 

There are several advantages to operating 
in the saturation regions of the magnetic 
media which we shall examine now. During 
readback of magnetic tape, the signal in the 
magnetic data transfer head is proportional 
to the rate of change of the flux or 

eR = N d 
where eR instantaneous read head 

voltage 
N = number of windings 

around head core 

dt = change of magnetic flux 
per unit time 

For a given magnetic head and a given 
tape speed, the maximum readback voltage 
is obtained by recording a transition of the 
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signal from point C to D or D to C of 
figure 1. In other words, use the maximum 
possible change of flux in order to take 
advantage of the full amplitude capability of 
the magnetic media. This results in the 
maximum readback signal which in turn 
gives the highest signal to noise ratio. 
Secondly, since the tape is being saturated 
there are no critical bias levels or record 
current levels to maintain. All that is re- 
quired is that the current through the record 
head be of sufficient value to operate at or 
above the knee of the B versus H curve. Most 
digital systems operate at record head cur- 
rent levels of 125% tape saturation or above. 
Because this level is well above saturation, 
the exact value is not critical and, therefore, 
no adjustments are required in the recording 
electronics during manufacture or during 
maintenance. 

As previously mentioned, the manner in 
which the signal is used to designate ones 
and zeros for digital systems is different 
from the techniques used for audio. In audio 
the high frequency bias switches between 
the two linear regions of the tape while the 
audio is superimposed on the bias for record- 
ing the information. When audio recording 
techniques such as frequency shift keying 
(FSK) are used for storing digital informa- 
tion, typically 4 to 8 cycles of an audio tone 
are recorded in combination with the 50 to 
100 kHz high frequency bias. During read - 
back, the audio tones are recovered and 
converted back to digital information. 

Figure 2: Timing and tape positioning in u digital recording. At (a) is shown 
un example of a square wave applied to some tape head, alternating between 
two saturation current levels arbitrarily culled +1 and -I. The result is a 

pattern of magnetized regions on the tape, with boundaries at each transition 
point. The passage of the magnets over the head during a read operation 
induces a current pulse proportional to the rate of change of the magnetic 
field's direction. Here we've arbitrarily given NS as the designation for a +1 

current state, and SN as the designation of the -1 current state ut write time. 
The trace at (c) shows the voltage integral of currents due to the field 
transitions of (b) when the tape is read. The key to recording digital data is 

the creation of a time format for the transitions of the fields (which don't 
have to have the regular pattern shown here). 
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O 
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O 
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Saturated digital recording systems require 
no such complication. Each excursion from 
one saturation polarity to the opposite is of 
significance. These magnetic polarity 
reversals are called flux transitions or flux 
reversals and, generally, less than one to a 

maximum of two are required per bit of 
digital information. 

Let us now take a closer look at what the 
saturated digital signal looks like on tape. 
The head drive current is switched between 
the saturation currents as shown by the 
square wave in figure 2a. The result is that 
cells of magnetization are recorded on the 
tape as shown in figure 2b. The magnetic 
cells alternate in polarity corresponding to 
the direction of the recording current. When 
the tape is read back, the read head will have 
a voltage induced only at the cell boundaries 
where there is a large change of flux. The 
resulting input head waveform is shown in 
figure 2c. Notice that the head has an output 
only at the locations where the flux changes 
occur and no output between flux changes 
where the remanence magnetism is constant. 
The magnetic head output when reading is 

obviously much different than the recorded 
current waveform. This situation is quite the 
opposite of the requirements for audio 
systems where the playback voltage must be 

a faithful reproduction of the record cur- 
rent. 

Another difference between audio and 
digital recording worth noting is in the 
method of erasing tape. Audio tape must be 

erased with a high frequency signal to 
replace the recorded signal with a com- 
pletely random jumble of magnetic cells, or 
domains, that produce no signal. If this prior 
erasing is not done, then the new audio 
signal is simply added to the previously 
recorded signal, achieving a "sound on 
sound" effect. Saturated digital recording 
eliminates the need for an erase head, and a 

separate erase process. Since saturated re- 
cording forces the tape to comply corn - 
pletely with the new data, the previous state 
of tape is irrelevant. Digital recording erases 

TRANS TION REGION 

NIN Sp5 N{{N S NpN Sy5 NyN Sy5 NIN SpS NIN SS NIN Si 
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Figure 3: A typical head drive circuit for saturation recording. The 709 operational amplifier 
here is used to drive the magnetic tape head to saturation in either direction by applying a 10 V 
signal with respect to ground. A magnetic recording head winding resistance of typically 100 
ohms in the digital cassette case results in a current of 1013400 =0.003 A (3 mA). 

the old data automatically with every write. 
Some digital recorders do have an erase 

head, usually called a tunnel erase head. 
These erase heads are only used to insure 
compatibility between different decks. 
Because different decks have different mech- 
anical head to tape relationships, the tunnel 
erase heads erase a track much wider than 
the head records on. This wide swath of 
erasure insures data recorded on a different 
machine can be erased completely, in spite 
of a slight head misalignment. The conven- 
tion when purposefully recording a blank 
piece of digital tape is to simply saturate the 
head in one direction for the entire blank 
section. 

In digital systems, the data or informa- 
tion is determined by these flux transitions 
rather than by any continuously varying 
analog signal. There are many different 
combinations in which the transitions can be 

used to designate a 1 or O. The polarity, 
position, or relative spacing of the transi- 
tions are all possibilities. The process of 
assigning information to the flux transitions 
and recovering it is termed encoding and 
decoding. The more popular methods of 
encoding and decoding are covered later in 
this article. 

Recording or writing flux transitions onto 
tape is relatively straightforward. Digital 
cassette magnetic heads typically require 4 
to 10 mA peak to peak current for satura- 
tion of the tape. This amount of current 
drive is easily available from a general 
purpose operational amplifier. Figure 3 is a 

circuit diagram of a typical write amplifier 

that delivers plus and minus 3 mA current 
drive to the magnetic head. The circuit 
consists of a 709 operational amplifier with 
back to back zener diodes providing bipolar 
limiting. TTL logic level inputs are applied 
to the write data input, inverted and then 
supplied to the inverting input of the op 
amp. The noninverting input of the op amp 
is referenced at 1.4 V positive, thus the 
output will switch polarities when the input 
changes from one TTL level to the opposite. 

II 
II 

e2-I-I 
* PEAK I I 

SHIFT i I 

Ìlo-T-0.1I 
I I I--r-I 

Figure 4: Merging of transitions. When two 
transitions come close together on the tape, 
the response curves (see figure 2c) upon 
reading the data can overlap significantly. 
This crowding of flux changes tends to cause 
interference such that the amplitude of the 
signal is reduced, and the time coordinate of 
the peak of the curves will shift slightly. 
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Figure 6: Time relation- 
ships of the voltage wave- 

form from the head (a), 

the positive threshold de- 

tector output (b), and the 
negative threshold de- 
tector output (c). The 
threshold outputs serve as 

a gate for the peak de- 
tector. (Refer to figure 5 
for the system block 
diagram.) 
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Figure 5: Block diagram of typical magnetic tape head read electronics for digital recording. 
The preamplifier and amplifier sections merely turn the very weak signal actually generated in 
the head during a read data transfer into a strong enough signal to analyze. The peak detector 
marks the time at which the peak negative or positive amplitude is achieved, and the positive or 
negative threshold detectors merely gate the direction in which the signal was detected. The 
result is a pair of lines, one having a pulse for each + transition, one having a pulse for each - 
transition. 

The output is clipped at plus and minus 
10 V by the negative feedback through the 
zener diodes. Since the inputs to the op amp 
are offset 1.4 V above ground, the zener 
diodes are 8.2 and 11.0 V units to provide a 

symmetrical ±10 V output. The resistance of 
a cassette digital magnetic head is typically 
less than 100 ohms, thus, a 3.3 k resistor in 
series with the output of the op amp 
provides the ±3 mA drive to the magnetic 
head. 

As previously shown in figure 2, when the 
recorded magnetic pattern is read back, the 
voltage induced in the read head is a series of 
positive and negative pulses occurring when 

THRESHOLD LEVELS 

I! 
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the flux transitions cross the head gap. The 
flux transitions have been shown widely 
spaced with no interaction. In order to 
achieve maximum storage density and high- 
est data transfer rates, the flux transitions 
are normally written close together. When 
this is done, the interaction between transi- 
tions must be taken into account. Because of 
the physics of the magnetic tape to tape 
head system, flux transitions recorded on 
tape are not infinitely narrow. The resulting 
induced readback voltage is a pulse shaped 
somewhat like half a sine wave. When two 
closely spaced transitions are read, the re- 
sults are as illustrated in figure 4. 15 is the 
recorded saturation current; el and e2 are 

the induced read voltages which would occur 
if the transitions were widely spaced; and eR 

is the actual resultant read voltage due to the 
close spacing of the transitions. The trailing 
and leading edges of one pulse overlap into 
the areas occupied by adjacent pulses. The 
result is a reduction in amplitude of each 

pulse. This phenomenon is called pulse 
crowding. A close look also reveals a shift in 

the position of the peak of the pulse. This is 

known as peak shift. 
Another consideration in magnetic tape is 

the amount of dropout allowed. Dropout is 

a momentary decrease or loss of signal 
amplitude during readback, due to minor 
imperfections in the tape magnetic material 



or tape to head interface. Digital grade 
cassettes arc certified to have no more than 
50% loss of amplitude of a signal recorded at 
1600 flux reversals per inch (FRPI). Audio 
grade cassettes generally are not certified 
and it is up to the manufacturer's discretion 
as to the amount of dropout permitted in his 
product. 

What the preceding two paragraphs mean 
in terms of digital tape signals is that, instead 
of constant amplitude readback signal, there 
will always be random amplitude variations 
in the signal and shifting of the pulse peaks 
depending on the flux transition pattern 
written. The pulse crowding peak shift and 
dropout rate limit the maximum flux den- 
sity that can be utilized for digital tape if 
error free data storage is a requirement. The 
maximum flux density for cassette tape is 

normally 1600 FRPI. In addition, the design 
of the read amplifier is a key clement in 
minimizing the effects of the above tape 
characteristics. 

Figure 5 is a block diagram of a typical 
read amplifier. The signal from the magnetic 
head is amplified in two stages by a low 
noise preamplifier and amplifier. The analog 
signal at the output of this block is about 
4 V peak to peak. The signal is then applied 
to the peak detector and plus and minus 
threshold detector. The threshold detectors 
accept analog signals as inputs and have logic 
level outputs. When the input signal is below 
a preset reference level, the output of the 
positive threshold detector is a logic low. 
When the analog signal at the input exceeds 
the positive reference or threshold value, the 
output is a logic high. The negative threshold 
detector operates in the same manner except 
that it detects negative pulses. These signal 
relationships arc illustrated in figure 6. The 
threshold detectors effectively isolate the 
low level noise and the amplitude variations 
from the read signal while supplying logic 
level pulses as an output for further 
processing. 

Even though the threshold detectors 
remove amplitude variations from the read 
signal, there will be time jitter in the outputs 
duc to these variations as illustrated in 
figure 7. This effect can be eliminated by 
detecting the peak of the analog read signal, 
then combining the result with the threshold 
information. This is the function of the peak 
detector block in figure 5. The sequence of 
events and resulting outputs is shown in 
figure 8. Note that we now have logic level 
information that accurately locates the cen- 
ter of the flux transition at a logic signal 
edge with no timing or amplitude variations 
due to amplitude fluctuations in the read 
signal. 

(a) 

(b) 

(c) 

1U 

Figure 7: A superimposition of a strong 
signal and a weak signal (a) shows how there 
can be considerable jitter in the threshold 
detector outputs. At (b), the strong signal 
quickly reaches the threshold when it is 
rising, and remains above the threshold for a 

longer time, thus resulting in a wider pulse 
than at (c) where the lower amplitude signal 
is read. In the normal operation of the tape, 
crowding effects such as seen in figure 4 and 
the dropout effect together require that the 
input circuitry be tolerant of amplitude 
variations. 
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Figure 8: Decoding begins using u peak detector, which changes its logic state 
at the time the derivative of the voltage with respect to time changes sign. 
The peak detector output is then gated with the threshold detectors resulting 
in a pulse which has a negative transition at the peak, and a width dependent 
upon the amplitude of the signal. The negative edge of the flux transition 
lines is the derived clock reference used for input operations. 
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Figure 9: Details of a dig- 
ital recording read head 
signal processor. This cir- 
cuit is drawn from the 
schematic used by the 
Economy Company's Phi - 
Deck product. Parts des- 

ignations and jack des- 

ignations refer to the Phi - 
Deck product. 
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Let's take a look at some of the detail 
circuitry of a read amplifier. Figure 9 is a 

schematic diagram of a read amplifier cor- 
responding to the block diagram of figure 5. 
The preamplifier and amplifier consist of a 

MC 1303 dual, low noise audio amplifier. 
The amplifier circuits are a standard op amp 
configuration with negative feedback con- 
trolling gain and frequency response. The 
feedback elements for the first stage consist 
of R45, R46 and C24. M idband gain is set 

by R45 and R46. The high frequency 3 db 
corner frequency is determined by R45 and 
C24. R51 is an offset adjustment to provide 
for zero offset voltage and R39 is a gain 
adjustment for the signal level. The second 
stage is similar to the first with the addition 
of low frequency rolloff determined by R56 
and C36. The two stages combined have an 

overall gain of approximately 1000 with 
12 db per octave rolloff above the upper 
cutoff frequency and 6 db per octave below 
the lower cutoff frequency. Different en- 

coding and decoding methods have different 
read amplifier bandpass requirements. The 
read amplifier gain and bandpass require- 
ments are also dependent upon the tape 

speed. The read amplifier bandpass should 
be tailored to pass only the frequencies 
required by the system; thus, the highest 
signal to noise ratio is obtained. 

The threshold detectors consist of LM311 
comparators, IC4 for positive pulses and IC5 
for negative pulses. One input of each of the 
comparators is connected to an adjustable 
reference voltage. The reference voltages can 

be varied to select the level or threshold 
value at which a pulse is considered a valid 
flux transition. Resistors R15 and R19 
supply negative feedback to give a small 
amount of hysteresis. This prevents the 
comparator outputs from oscillating during 
switching. By grounding pin 1 of the com- 
parator and returning the output to +5 V 
through a pullup resistor, the outputs are 

TTL logic levels. 
The peak detector consists of an amplifier 

stage, IC10; a passive differentiator, C16 and 

R28; and a zero crossing detector, IC1 1. The 
amplifier provides gain to compensate for 
the attenuation of the differentiator net- 
work. The output of the differentiator will 
be a positive or negative voltage corres- 
ponding to whether the analog signal has a 

positive or negative slope. The differentiator 
output is supplied to the zero crossing 
detector, IC11. The output of IC 11 will be a 

high or low logic level changing states only 
when the differentiator output changes 
polarity, thus locating the peak of the 
readhack pulse. 

Next month cassette decks, encoding 
schemes, and applications will be discussed. 

COMPLETE 
FLOPPY DISK SYSTEM 

FOR YOUR ALTAIR /IMSAI 
$ 599 

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

mini floppyTM disk drive. The controller is an Altair com- 
patible PC board with on -board PROM for bootstrap load. It 
can control up to three drives, either with or without 
interrupts. 

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

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 (with specified cutout), and 
use your existing power supply (.5 amp at 5V and .9 amp at 
12V typ). Or, if you prefer, we offer a power supply and 
enclosure. 

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 in BASIC execution speed by also order- 
ing the North Star hardware Floating Point Board (FPB -A). 
Use of the FPB -A also saves about 1k of memory by elimina- 
ting 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, cabling and connectors, 2 

diskettes (one containing file DOS and BASIC), complete 
hardware and software documentation, and shipping. 

MICRO -DISK SYSTEM $599 To place order, send 
(ASSEMBLED) $699 check, money order or 

ADDITIONAL DR IVES $425 ea. Bp card N with exp. date 

DISKETTES $4.50 ea, 
and signature. Uncertified 
checks require 6 weeks 

FPB-A $359 processing. California resi- 
(ASSEMBLED) $499 dents add sales tax. 

NORTH STAR COMPUTERS, INC. 
2465 Fourth Street 
Berkeley, CA 94710 
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Some letters to BYTE are 
technical in nature and are 
best served by some form of 
response. We will try to 
answer as many such letters as 
possible. If you have a puzzle 
concerning some aspect of the 
personal computing field, 
write down a clear statement 
of your question and send it 
to: 

Ask BYTE 
Byte Publications Inc 
70 Main St 
Peterborough NH 03458. 

We will publish names and 
addresses of individuals 
making inquiries unless you 
specifically request us to omit 
the reference. 

Ask I3YT[ 
Got my first issue of BYTE yesterday and 

was much impressed by content and format. 
I was especially interested by Dr Suding's 
article on a TV interface /August 1976, page 
66/ since I'd like a demand terminal to our 

SIN(T)+ SIN(3s1)/3 

SIN (T) 

SIN(3+T)/3 

/Note: This letter was 

received from a person 
who signed it "Steve" with 
no return address; as some- 
times happens, the en- 
velope was discarded be- 
fore the discovery that 
there was no return ad- 
dress or other identifica- 
tion on the letter itself. 
This problem of identifica- 
tion is the reason for re- 
questing our authors to 
record their names redun- 
dantly in packages sent to 
BYTE. J 

NOTE. 
SECOND HALF OF CYCLE DUPLICATES 
FIRST BUT WITH ( -I) ALGEBRAIC 
SIGN MULTIPLYING EACH VALUE 

U1108 computer. It needs 80 char /line, so 

his bandwidth comments grabbed my atten- 
tion to say the least. 

In the hope that I didn't really under- 
stand what he said, could we review? With 8 

bits /char (7 in the matrix + 1 space) and 32 
chars /line it looks like you have 256 bits/ 
line. At standard deflection rates, yielding 
53.34 is trace time, that works out to about 
4.8 Mbits /second. Since the worst case pat- 
tern is alternate ones and zeros, it looks like 
bandwidth for the fundamental frequency 
must be at least 2.4 MHz. Did I miscalculate 
or do you really need to pass the third 
harmonic? 
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First, note that with a 256 bit pattern of 
alternating light and dark, the worst case for 
bandwidth purposes, the actual frequency of 
the video data is found by dividing 128 (a 

two segment pattern is involved) into 
53.34 µs, not 256. Thus the frequency of 
the fundamental in the 256 element display 
is 24 MHz worst case (417 ns per 2 bits). In 
order to make a passable (first) square wave 
appoximation, Fourier analysis from an 

elementary mathematics course shows that 
the first two terms are the fundamental and 
the third harmonic, in a ratio of 1 to 113 in 
amplitude. Thus the amplifiers for a first 
order representation of a digital signal on the 
scan line should be able to pass 2.4 * 3 = 
7.2 MHz if no distortion of the first order 
approximation is to occur; in fact somewhat 
less than a flat response will still allow an 
image to be seen and understood, as is 

demonstrated by the fact that TV displays 
on standard sets work at all. The results of 
low bandwidth are a smearing together of 
the picture elements. 

The same considerations apply when 
thinking about the typical commercial dis- 
play monitor with its nominal (flat) response 
bandwidth extending in the 15 to 25 MHz 
range. Take the example of an 80 character 
display with 8 picture elements per charac- 
ter. The number of picture elements per scan 

line is then 640; and keeping the same scan 

time, this gives 83.33 ns per picture element. 
In the worst case alternate state display, two 
elements, or 166.7 ns, are required for each 
cycle, giving a frequency of 5.99 MHz. The 
third harmonic of this frequency is 

17.97 MHz. Thus on a monitor with 15 MHz 
nominal bandwidth there might be some 
smearing or loss of definition due to less 

than unity gain for the third harmonic, and 
on monitors with higher bandwidth, a 

sharper picture would be obtained. For 
reference, accompanying this note is a pic- 
ture of the third harmonic approximation to 
a square wave and the first and third 
harmonic terms in isolation. 



Why pay X49 

for a complete book 
on a new 

higher level 
language 

when it's worth more? 

You ve heard about it. Now, 
it's available to everyone. 
SCELBAL. SCientific ELemen- 

tary BAsic Language. A new high 
level microcomputer language for 
8008/8080 systems that's simpler 
than machine language. This com- 
plete 368 page, profusely illustrated 
book is so comprehensive you might 
not be able to use all its information 
for years. But as you and your 
system mature, this book will stay 
forever young with refreshing ideas 
and extensions of your own 
parameters. 

A Total Language, including Source Listings 

Hera's everything you need. A 
gold mine of routines, 
techniques, source listings, 

flow charts and lots more. It took 
21/2 years to compile, evolve and 
write. Now it's yours for years to 
come. Look at all you get! 

5 Commands: SCR, LIST, RUN, 
SAVE, LOAD. 14 Statements: REM, 
LET, IF ... THE, 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. 

Contains Overall Logic Description Program 

The first eleven chapters, over 
160 pages, describe the 
statement interpretation logic 

of the program, using flow charts, 
commented symbolic assembly 
language code and verbal 
descriptions. The book also details 
SCELBAL 8008/8080 assembly, 

SCELBAL. A Higher Level Language for 8008/8080 Systems. 
An unequalled book of solid documentation with room to grow. 

providing absolute code for the 
program in octal, beginning at origin 
01/000 for either version. Plus, 
you'll find painstaking operating 
instructions and even suggestions 
for tinkerers and innovators. 

Software is Our ONLY Business 

We know there's no one 
program for every poten- 
tial user. So, particular 

care has been taken to provide a 
good, sound, fundamental selection 
of syntax statements and functions 
in this language. You get all the 
information necessary to get started 
... and to grow and expand with 
ease as you and your system 
capability evolve. The language is 
easily custom -implemented in 
virtually any 8008/8080/Z -80 based 
computer! 

Free Bonus "SCELBAL UPDATE" Included! 

Fvery copy of SCELBAL may be 
registered with the publisher. 
Registration assures that you'll 

receive the first 6 issues of 
"SCELBAL UPDATE" absolutely 
free. These exciting supportive 
improvements and suggestions are 
combined with user's unique 
findings and ideas. "SCELBAL 
UPDATE" is a LIVING concept. As 
you and your system grow, you can 
update at will. We've only scratched 
the surface. There's more excite- 
ment to come! 

Introducing 2 New SCELBAL Supplements! 

SCELBAL has taken off so fast, 
two special supplements had 
to be printed. First, there's 
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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. 

Don't delay. Order SCELBAL today! 

you can own this invaluable 
book for only $49 ppd. You'll 
have all the data you need to 

custom -tailor a high level language 
for your system. The revealed 
secrets of its operation are virtually 
priceless. "SCELBAL -A Higher 
Level Language for 8008/8080 
Systems ". Only $49 ppd. And, it 
includes six (6) Free "SCELBAL 
UPDATES" too. Order today! 

Here are typical comments about SCELBAL .. . 

"SCELBAL looks fantastic! My system 
isn't even on -line yet, but I'm eagerly 
looking forward to activation day." 
"Your section on statement interpretation 
taught me to understand how a high 
level language operates. I never thought 
I could do that before!" 
"I've tailored SCELBAL software to my 
own insurance business. Now I offer 
new, expanded computerized service to 
my customers, using my own 8008." 

111M1131 (O 
11li1N6 (ONS IN(. 

1322 Boston Post Road Rear 
Milford, CT 06460/(203) 874 -1573 

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



Build This Economy 

Floppy Disk Interface 

The floppy disk drive offers the advanced 

computer hobbyist tremendous potential fora 
high performance computer system. With 
one or more floppy disk drives, an interface, 
and the proper operating software, the 
hobbyist can store hundreds of different 
programs on a single disk. Each of the 
programs can be given a name such as 

STARTREK, BASIC or EDIT, and a pro- 
gram can be run simply by typing its name, 
for instance "RUN EDIT ". With this inter- 
face, the program can be brought into the 
computer at speeds of up to 31,250 bytes 
per second (for programs less than 5000 
bytes long in the proper format). Each disk 
will store over 300,000 bytes of programs, 
computer music, Dazzler graphics, ASCII 
text, synthesized speech thesaurus or data of 
any form, and . any data on the disk can be 

accessed in at most one second, typically in 

less than one quarter second. In fact, the 
draft of this article was written and edited 

Dr Kenneth B Welles 

General Electric, Nela Park 

2623 Fenwick Rd 

University Heights OH 44118 

using mass storage on a disk drive in my 
personal home computer system. The entire 
article takes up less than seven percent of 
one floppy disk, and the time saved in the 
retyping of successive revisions of the article 
was tremendous. [Groan! Do I wish I had a 

floppy disk, CRT display, HYPERTEXT 
software and input scanners in my office .. . 

CH] 
Floppy disks also allow the quick assem- 

bly of large programs, without having to 
start, stop and rewind cassette players. 
Proper software allows a single floppy disk 
drive to merge several data files into one 
ordered file (for the updating of mailing lists 
or financial records), an operation which 
would take several cassette recorders on a 

cassette based operating system. 
All of the features mentioned are the 

potentials of a floppy disk computer system. 
For a personal computing user to realize 
these potentials, he or she needs both 
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Photo 1: The author's disk 
drive and interface board 
shown removed from the 
system. The lnnovex drive 
is at left, with a diskette 
partially inserted in the 
front door and the elec- 
tronics board for the drive 
shown in an "open" posi- 
tion. The interface board 
is at the end of a multicon- 
ductor twisted pair cable, 
and a separate cable is 
used for drive power. 



About the Author 

Dr Welles is an enthusiastic personal computing user, with a fairly well 
developed system. At the time he wrote the current article, his system 
included an Altair processor, 14 K programmable memory, 5 K of 2708 
ROM, and 2 Innovex floppy drives interfaced to the system. Miscellaneous 
peripherals include homebrew versions of a paper tape reader, television 
display, a modified office Selectric typewriter output, vector graphics, 
television camera input, and TV dazzler outputs among others. His main 
interests are image processing, pattern recognition, computer graphics and 
robotics. The entire text of his draft was typed and edited on his system, with 
hard copy output printed on the Selectric as the draft text submitted to 
BYTE. [At some yet to be determined future date, we'll eliminate the paper 
step and have authors such as Dr Welles simply send an appropriate machine 
readable representation of their articles ... CH) 

hardware and software. This article covers a 

hardware interface for floppy disk drive 
units. 

Until recently, only the well financed 
hobbyist could afford a floppy disk drive for 
a personal system. In addition to the $650 
to $1000 cost of the drive unit, one was also 

forced to spend from $300 to $1500 for a 

floppy disk drive controller. The high price 
of the controller buys a very intelligent 
electronic device, however. A single com- 
mand from the computer causes the con- 
troller to seek a particular track on one of 
up to four disk drive units, load the head, 
find the desired sector, format and read or 
write the data, calculate the CRC (Cyclic 
Redundancy Check), determine if the trans- 
fer had been successful, and retry the trans- 
fer in the event of a read or write error. The 
design of such an intelligent controller is 

based on the old school, IBM/360 approach 
that processor time is too valuable to waste 
doing the housekeeping for a peripheral 
device. A personal computing user, on the 
other hand, has lots of processor time, 
limited funds, and consequently a different 
philosophy. One of the original reasons for 
the development of microprocessors was to 
perform in software all of those functions 
that would normally (and expensively) have 

to be designed in hardware. In this vein, in 

collaboration with W R Hemsath of 
Cornell University, I have designed and built 
a floppy disk drive interface which incor- 
porates minimal hardware, and yet does not 
sacrifice the flexibility needed to read and 
write various data formats. This interface 
consists of only 17 integrated circuits, only 
one of which is a special purpose chip. The 
total cost of the chips is less than $25. The 
design shown here will interface up to eight 
floppy disk drives to an 8080 processor. In 

order to properly describe the design and 
function of the interface, let us first review 
briefly what steps are required to transfer 
data to or from a floppy disk. 

Disk Drive Operation 

In operation, a disk is inserted into the 
drive and the access door is closed. The act 
of closing the door engages the disk onto the 
spindle, and the disk is then rotated at 360 
RPM. A stepper motor drives the magnetic 
data transfer head radially in and out to 77 
discrete positions, the outermost called track 
0 and the one nearest the center of the disk 
called track 76. Normally, the head does not 
touch the spinning disk, but is positioned a 

small distance away from it. When data is to 
be read or written, a modified relay is 

energized allowing a spring loaded pressure 
pad to press the flexible disk into contact 
with the head. Timing holes punched in the 
floppy disk pass by a photo detector and 
generate a series of pulses. These "sector 
pulses" are used to determine which one of 
32 segments or sectors of the disk is cur- 
rently passing the head. Use of such holes to 
define sectors is called "hard sectoring" in 
disk drive jargon. The pulses are used to 
signal the approximate starting point of each 
sector. Data is read from and written to the 
disk in a manner quite similar to the reading 
and writing of data on magnetic cassettes. In 
normal operation, each of these 32 sectors 
will store slightly over 1024 data bits, or 128 
bytes. To write data onto a particular track 
and sector of the disk, the following opera- 
tions must take place: 

1. The head is moved in or out to the 
desired track. 

2. The pressure pad is loaded, pressing 
the disk against the head. 
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USER'S SYSTEM 

STEP 

INNOVEX 
SERIES 200 
DISKETTE 
DRIVES 
L6 
R6 

LIS 

IRIS P02 

R9 

R4 

LI3 
R13 

L5 

R5 

L12 

R12 

L21 

R21 

LIS 

RI8 

L7 

R7 

LB 

RB 

LI7 

DIRECTION 

¡ FILE UNSAFE .. 
1! 

FILE UNSAFE RESET 

It 

DEVICE SELECT 

INDEX 

11 

+ TRACK ZERO 

1f 

WRITE CURRENT SELECT 

HEAD LOAD 

WRITE GATE 

¡ READY 

1 

SEPARATED DATA 

R17 (READ DATA) 

LIS 

RI9 
LIO 
RIO 

L16 

RI6 

LI4 
R14 

R2 

SEPARATED CLOCK 

W .. WRITE DATA - 

WRITE PROTECT 

SECTOR (MODEL 220) 

1 

+24VDC 
+24VDC RET 

. 

,L2 
R3,L3 

+5VDC 
R20,L20 

+5VDC RII,LII 
LOGIC GND RI,LI,R22,L22 

3,6 1 

P06 IS A USER 
INSTALLED OPTION 
FOR RADIAL POWER 
DISTRIBUTION 

5 

4 
POE 

OPTIONAL 
2 

AC INPUT 
3 

2 AC POWER 

I 

CONNECTOR PO4 

FRAME GROUND 

AC INPUT 
- 

I 

DENOTES / FRAME 
GROUND 

Figure I: This diagram, 
redrawn from the Innovex 
Series 200 -M Maintenance 
Manual, shows all of the 
TTL level signal lines that 
must be passed between 
the disk drive and the con- 
trolling interface. 

ODENOTES 
SHIELDED 
CABLE 

DENOTES 
TWISTED 
PAIR 

The signals sent to the drive from the interface 
are: 

Device Select: When this line is high, all 
commands from the interface are ignored by the 
drive, and all signals from this drive unit are put 
into a high impedance state. If several drives are 
used, all of the input and output signals may be 
tied together on a common bus with the exception 
of the device select lines. By pulling only one of 
the several device select lines low, the interface 
selects that particular disk drive to send commands 
to and receive data from. 

Step: A low going pulse on this line causes the 
head positioning motor to move the data transfer 
head in or out one track. 

Direction: During a step pulse, if this line is 

high then the head moves out one track (towards 
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track 0). If this line is low, then the head will move 
in one track. 

Head Load: When this line is low, the pressure 
pad brings the spinning disk in contact with the 
data transfer head. 

Write Current Select: Because the surface veloc- 
ity of the disk relative to the head varies from the 
outermost to the innermost track, the density of 
the data on the disk will also vary. To compensate 
for this variation, the write current select line 
varies the amount of current used to write data as a 

function of the track being written. This line must 
be low when writing data onto tracks 0 to 43, and 
high for tracks 44 to 76. 

Write Gate: Pulling this line low enables the 
data on the write data line to be sent to the head 
and recorded onto the disk. 

Write Data: Data to be written on the disk must 
be serialized and sent out on the write data line as 

a series of low going clock pulses (one pulse every 
4 µs) separating the presence (a 1 data bit) or 
absence (a 0 data bit) of a low going data pulse. 
Figure 2 shows the write data signal used to send 

the data bit string 10100 . 

File Unsafe Reset: This line is pulsed low just 
before a write operation is to take place. The pulse 
resets the file unsafe status to a safe (write 
enabled) condition, thereby allowing the write 
operation to be performed. 

The signals sent to the interface by the disk 
drive are: 

File Unsafe: A low signal on this line indicates 
that an error condition existed when a write 
operation was attempted. When file unsafe goes 
low, no writing can be done on the disk, preventing 
the loss of previously written data due to some 
error condition. 

Track Zero: When the data transfer head is 

positioned at track 0, this line goes low, enabling 
the computer to calibrate the head position. When 
the head is at tracks 1 to 76, this line is high. 

Index: A 500 Ms low going pulse appears on this 
line to signify that the index hole has just come 
into position under the photodetector. This pulse 
is used by the computer to determine which sector 
is sector O. 

Sector: A 500 is low going pulse .appears on 
this line each time a sector hole (not an index hole) 
passes under the photodetector. 32 pulses occur 
every revolution, and these pulses are used to 
determine the approximate starting positions of 
the various data sectors. 

Ready: When AC and logic power are present at 
the disk drive and a disk is loaded, the ready line 
goes low. 

Separated Clock: When previously written data 
is being read from the disk, the clock is recovered 
from the data stream, and is presented on this line 
as a series of 200 ns low going pulses. The 
recovered clock pulses come approximately every 
4 ps with variations due to the changes in drive 
motor speed. 

Separated Data: The serial data coming from 
the disk during a read is indicated by the presence 
(a 1 data bit) or absence (a 0 data bit) of a 200 ns 
low going pulse on the separated data line, between 
adjacent separated clock pulses. 

Write Protect is an optional signal that is not 
used in this interface. On a disk drive with this 
option added, the user can write protect the data 
on a disk by punching out or uncovering a write 
protect hole in the disk jacket. A write protected 
disk cannot be written onto. 



3. Sufficient settling time is allowed for 
the head movement and pressure pad 
loading to fully stabilize. 

4. Delay until the start of the sector 
pulse which corresponds to the desired 
sector. 

5. Turn on the WRITE GATE of the disk 
drive to allow data to be written. 

6. Write 64 0 bits (16 bytes of 0). 
7. Write a single synchronizing byte (sync 

byte). 
8. Write the desired data bytes. 
9. Write 64 0 bits. 

10. Turn off the WRITE GATE to prevent 
any more data from being written. 

11. Unload the pressure pad. 

Because the disk drive records data seri- 
ally, steps 7 and 8 require that each byte 
being written must be sent out as a series of 
8 bits, with one bit being sent out every 
4 ps, and with no skipped bits between bytes. 

Reading data from the disk requires a 

similar series of operations: 

1. The head is moved to the desired 
track. 

2. The pressure pad is loaded. 
3. Settling time is allowed for movement 

and loading. 
4. Wait for the start of the sector pulse 

corresponding to the desired sector. 
5. Search for the first occurrence of the 

sync byte. 
6. Read in the desired data. 
7. Unload the pressure pad. 

Searching for the sync byte entails shift- 
ing the incoming serial data into a 8 bit byte 
and comparing the result of each shift with 
what the sync byte should be, every time 
that a new bit is read (every 4 µs). When a 

match is found, then the data bit stream that 
follows is broken into bytes on every eighth 
bit, using the sync byte boundary to define 
the data byte boundaries that come after the 
sync byte. 

From the proceeding lists of read and 
write procedures, two things become appar- 
ent: First, the speed required for shifting 
data in and out (1 bit every 4µs) is too fast 
for most microprocessors to handle under 
software control (and searching for the sync 
byte is more time consuming still!). Second, 
all of the other operations (stepping the 
head from track to track, loading the head, 
searching for the proper sector pulse and 
turning the write gate on and off) are easily 
within the capabilities of microprocessor 
software control. Therefore a minimum 
hardware interface should control all of the 
functions which are not time -critical, 
through software and a simple input and 

DATA 

-4µs 
DATA 

o 

CLOCK CLOCK 

2µs 

DATA 

CLOCK 

DATA DATA 

CLOCK 

o 

CLOCK 

o 

Figure 2: The timing of data cells on the disk. Each bit cell is framed by a 

clock pulse on either side. If the data is 1, u pulse appears in the middle of the 
4 ps cell width; if the data is 0, no pulse appears in the middle of the cell. The 
waveform in this example has 5 cells with the pattern of data needed for the 
string 10100. 

latched output port. The remaining func- 
tions then determine the major portion of 
the design. 

The disk drive we used for this interface 
is an Innovex 220 hard sectored flexible disk 
drive, and the signal lines required to operate 
the drive are typical of most floppy disk 
drives. There are 15 standard TTL level 

signals required to operate the model 220 
drive, 8 from the interface to the drive, and 
7 from the drive to the interface. The signal 
names and functions for the interface are 

summarized in figure 1. 

Figures 3 and 4 show the circuitry of the 
floppy disk interface. The circuit has 6 

major sections: processor 10 instruction 
decode, instruction latch to disk drive, status 
load from disk drive, head load- unload, 
USRT transmit, and USRT receive. 

Table 1: Semantics of the OUT 243 instruction. This table lists each 

accumulator bit, along with its meaning when used to transfer data to the 
disk interface in the OUT 243 instruction of an 8080. (In a different wiring 
of the 10 instruction decoder, or in a different computer, the same format 
could be used for the actual data transfer.) 

OUT 243 INSTRUCTION 

Bit 

o 

Signal Name 

Write Current Select 

Polarity in Accumulator 

1 for tracks 0 to 43, 0 for track 44 to 76 
File Unsafe Reset 0 to 1 to 0 transition causes reset 

2 Direction 1 for step in, 0 for step out 
3 Write Gate 1 enables the drive to write 
4 Step Track 0 to 1 to 0 transition steps one track 

5,6,7 Drive Select 000 selects drive 0, 111 for drive 7 

Table 2: Semantics of the IN 241 instruction. This table lists the status bits 
read by the IN 241 instruction of an 8080 using this interface. 

IN 241 INSTRUCTION 

Bit Signal Name Polarity in Accumulator 

0 Track Zero 0 means the head is at track 0 
1 File Unsafe 0 means file unsafe condition exists 
2 Ready 0 means disk drive is ready 
3 Sector Hole 1 to 0 transition marks start of each sector 
4 Index Hole 0 means that the next sector is sector 0 
5 Head Loaded 1 means that the head is still loaded 

6,7 Unused Always 1 
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Figure 3: This diagram shows the major portion of the disk drive interface. IC1 and /C2 form the output command decoder. IC3 
and IC4 form the input command decoder. IC70 sets up the data from the disk into a format acceptable to the USRT. IC77 and 
/C72 put the data from the USRT into the proper format for the disk drive. A list of all integrated circuits with power 
connections is found in table 3. 
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Photo 2: The author's system. The processor is an Altair, and other peripherals include a homebrew Selectric typewriter 
interface ... 

Processor IO Instruction Decode 

IC1 and IC2 decode output instructions 
to the interface. Executing the 8080 instruc- 
tions OUT 240, OUT 241, ... OUT 247 
(240 to 247 decimal) cause 500 ns low 
pulses on the output lines 0 to 7 of IC2. 
These pulses can be used to latch data from 
the output data bus lines DOO to DO7 into 

Table 3: Integrated circuit power wiring list. 
This table lists euch integrated circuit in the 
floppy disk interface, along with its power 
wiring pins. 

Number Type +5 V GND 

I C1 74 L30 14 
IC2 74L42 16 
IC3 74L30 14 
I C4 74 L42 14 
IC5 74LS175 16 
I C6 74 LS175 16 
IC7 7442 16 
IC8 8097 16 
IC9 74123 16 
IC10 74123 16 
IC11 74193 16 
IC12 7442 16 
IC13 74123 16 
IC14 7438 14 
IC15 7400 14 
IC16 74L04 14 
IC17 S2350 2 

Note: 74 LXX and 74LSXX types may be replaced 
by 74XX; 8097 may be replaced by 8T97. 

various registers, or to trigger specific func- 
tions (as will be shown later). 

IC3 and IC4 form the input instruction 
decoder for the instructions IN 240 to IN 
247 in a similar manner to the output 
decoder. The pulses on the output lines of 
IC4 are used to gate data onto the input data 
bus lines DIO to D17 and into the accumula- 
tor. Again, the pulses may be used to trigger 
specific functions that are not data input 
operations. ¡In adapting this design to a non 
8080 based computer, this decoding logic 
would have to be modified .... CH] 

Instruction Latch to Disk Drive 

Execution of an OUT 243 causes the 
contents of the 8080's accumulator to be 

loaded into IC5 and IC6. The 5 least 
significant bits are used to send the low 
speed control signals to the disk drive. Table 
1 shows the allocation and the polarity of 
these bits as they appear in the accumulator. 
The three most significant bits are used by 
IC7 to select one of up to eight different 
drives which may be attached to each 

interface. 

Status Load from Disk Drive 

Execution of an IN 241 instruction en- 
ables IC8 to load the current status of the 
selected disk drive onto processor input data 
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lines DIO to Dl5. Table 2 shows the alloca- 
tion and polarity of these bits as they are 

loaded in the accumulator. The two most 
significant bits are unused, and will always 
show 1 s. 

Head Load -Unload 

IC9 is a retriggerable one shot with a 2 

second pulse width. Executing an OUT 245 
instruction initiates this pulse and loads the 
disk drive head, regardless of the contents of 
the accumulator. If another OUT 245 in- 
struction is executed within 2 seconds of the 
first OUT 245, then the head will remain 
loaded for a further 2 seconds. The head will 
unload 2 seconds after the last OUT 245 

Figure 4: This diagram shows the circuitry used to perform all of the low speed functions of the disk drive. IC8 is a 6 bit input 
port, and ICS and /C6 are an 8 bit latched output port. IC7 selects one of up to 8 disk drives on the system, and IC9 controls the 

loading of the disk 's data transfer head for a read or write operation. 
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(load head) instruction. This 2 second 
pause allows the head to stay loaded during 
successive reads and writes to the disk, but 
will automatically unload the head after 2 

seconds without any disk activity. Alter- 
natively, an OUT 246 instruction will cause 
the head to be unloaded immediately if and 
when that is desired. This automatic head 
unload feature minimizes wear on the floppy 
disk. If it were not present in some hardware 
or software form, the head would be con- 
tinuously in contact, wearing out disks quite 
quickly if your machine ran 24 hours a day. 

TDS Transmit Data Strobe 

An OUT 240 instruction of this interface puts a 

pulse on the TDS line which loads the accumulator 
into the USRT transmitter buffer through proc- 
essor data output lines TDO to TD7. The USRT 
then shifts this data byte out onto TSO (Transmit 
Serial Out). One bit is shifted onto TSO for each 
pulse on TCP (Transmit Clock Pulse). 

TBMT Transmit Buffer Empty 

Whenever the transmitter buffer is ready to 
receive another byte (from an OUT 240 instruc- 
tion), the TBMT line goes high. 

TFS Transmit Fill Strobe 

An OUT 241 puts a pulse on the TFS line 
which loads the accumulator into the USRT fill 
buffer. If new data is not sent to the transmit data 
buffer by an OUT 240 soon after a TBMT signal, 
then the USRT has no data to send out on the TSO 
line. In this case, data from the transmit fill buffer 
is sent out in place of the missing data. 

RSS Receiver Sync Byte Strobe 

An OUT 242 pulses the RSS line which loads 
the accumulator into the USRT sync byte buffer, 
for use at the beginning of a data read operation. 

RR Receiver Reset 

An IN 243 causes the receiver section of the 
USRT to be reset into the "Search for Sync Byte" 
mode. The received serial data stream enters on 
RSI (Receive Serial Input), and is clocked into the 
received data buffer by the RCP (Receive Clock 
Pulse) line. When the data byte in the received data 
buffer matches the byte in the sync byte buffer, 
the RDA (Received Data Available) line goes high. 
After this happens, a new byte is put into the 
received data buffer after every eight clock pulses 
on RCP. 

RDE Received Data Enable 

An IN 240 instruction pulses the RDE line. 
This puts the data in the USRT received data 
buffer onto data lines RDO to RD7, and it is 

loaded into the accumulator. In this manner, the 
8080 brings in the data read from the disk. 

SWE Status Word Enable 

An IN 242 pulses the SWE line which loads the 
USRT status word into the accumulator to ex- 
amine for data ready, or to find possible errors. 

The USRT 
The abbreviation USRT stands for Uni- 

versal Synchronous Receiver Transmitter; 
this chip really is quite universal. Although it 
was originally developed for data trans- 
mission over phone link, wire link, and some 
types of tape drive, the 52350 USRT per- 
forms all of the needed high speed data 
transfers to and from the disk with almost 
no modification. Before discussing the 
operation of the USRT transmit and receive 
sections of the interface as a whole, take a 

look at the functions of the USRT itself, as 

Figure 5: This is a block diagram of the USRT integrated circuit, the AMI 
S2350. The information here is redrawn from the original contained in AMI's 
data sheet on the device. The USRT integrated circuit is the heart of this 
inexpensive floppy disk interface, performing all of the high speed data 
manipulations needed to read and write data from and to the disk drive. The 

USRT was not intended to be used as a floppy disk interface when it was 

originally designed. But as demonstrated by this article, a little ingenuity can 

often come up with surprisingly versatile applications of standard integrated 
circuits for use in high speed data communications. 
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A printed circuit board is 

available for the advanced 
hobbyist to construct his or 
her own interface. The printed 
circuit board fits into a single 
Altair (or generic equivalent) 
slot, and supports the circuit 
described in this article with 
two additions: 

1. Eight head load cir- 
cuits allow multiple 
drives to load heads 
simultaneously. 

2. Space is provided for 
a 1702 type PROM, 
to allow the user to 
load the operating 
system from the disk 
without toggling in 
any data. 

The printed circuit and 
documentation only (no ICs 
or sockets) are available for 
$35 from K B Welles, 2623 
Fenwick Rd, University 
Heights OH 44118. 

denoted by the various signal lines. Figure 5 

shows a block diagram of the S2350, along 
with captions detailing these lines and their 
relation to the interface as a whole. 

USRT Transmit 

After the disk drive head has been loaded 
and the desired track and sector found, the 
write gate is turned on and data from the 
processor may be sent to the transmit 
section of the USRT through an OUT 240 
instruction. IC11 divides the Altair 2 MHz 
clock by 8 to give the 250 kHz clock 
required by the disk drive. This clock is fed 
into TCP, and IC12 combines the data from 
the transmitter serial output line and an- 

other clock phase into the proper write data 
format required by the disk drive as seen in 

figure 2. 

USRT Receive 

IC10 is simply used as a pulse stretcher 
for the separated data and separated clock 
from the disk drive. The data pulse is 

expanded to overlap the falling edge of the 
clock pulse. This overlap allows the data to 
be read properly by the USRT. When a byte 
of data has been received (as denoted by the 
receiver data available line), an IN 240 in- 
struction will load the received data into the 
accumulator. 

Software Timing 

The article to this point has shown how 
data can be transferred between the proc- 
essor and the disk drive in the correct 
format, but nothing has been said about the 
ability of the 8080 to send or receive data at 
the proper rate. A 250 kHz bit rate is one 
byte of data in or out every 32 µs under 
ideal conditions. If the drive motor speed 
variations are taken into account, this figure 
can be as low as 30µs per byte on a read 
operation. Since 8080 instructions take from 
2 to 7 µs to execute (assuming a 2 MHz 
clock and fast memory), this restricts the 
read loop to very few instructions. If it is 

desired to transfer more than 256 bytes in or 
out at any one time, the read loop might 
look like: 

Symbolic 
Instruction 

LOOPA: IN STATUS 
ANI DATAREADY 
J Z LOOPA 
IN DATA 
MOV M,A 
INX H 

DCX B 
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Execution 
Time 

5.0µs 
3.5µs 
5.0µs 
5.0µs 
3.5 µs 
2.5µs 
2.5µs 

MOV A,B 
ORA C 

JNZ LOOPA 

2.5115 

2.0 µs 
5.0 µs 

36.5µs 

In the above example the HL register is 

used to point to the data buffer, and the BC 

register is the number of bytes to be read. 
The total time of the loop, 36.5 µs, is 6.5 µs 
too long for the worst case data read. 
Obviously this program will not read data in 

properly. 
By eliminating two lines of code the loop 

is reduced to a total time of 28 As as shown 
in the following example. This is quite ample 
for the interface and allows additional lee- 
way for the possibility of dynamic memory's 
introducing a wait state during the loop. 

Symbolic Execution 
Instruction Time 

LOOPB: IN DATAWAIT 
(IN 244) 5.0µs 

IN DATA 
(IN 240) 5.0µs 

MOV M,A 3.5µs 
INX H 2.5µs 
DCX B 2.5µs 
MOV A,B 2.5µs 
ORA C 2.0µs 
JNZ LOOPB 5.0µs 

28.0 µs 

Obviously this version of the routine will 
not work without some special "trick." In 
this case, the trick is that the first three lines 
of LOOPA have been replaced with the first 
line of LOOPB and some special hardware. 
The first three lines of LOOPA prevented 
the IN DATA statement from reading data 
before data was available. In LOOPB, the IN 
DATAWAIT is an IN 244 instruction. This 
triggers IC13b, a one shot, which puts the 
8080 into a slow memory wait state by 
pulling the Altair's PRDY line low. When 
data is ready for input, the RDA line of the 
USRT resets IC13b and allows the LOOPB 
routine to continue. During normal execu- 
tion of a read operation, the 8080 does a 

4µs wait between lines 1 and 2 of LOOPB. 
This wait state serves to synchronize the 
reading of the disk data with its availability. 
Any amount of data from a partial segment 
to an entire track may be input with this 
routine. 

If some hardware failure should occur, 
and data stops coming into the USRT, then 
RDA will never go high. If no data arrives 
after 3 ms, then IC13b completes the one 
shot cycle and releases the 8080 wait state. 
This feature prevents a hardware failure in 
the disk drive or interface from hanging the 



processor up in an endless wait state. 
Whether a read operation is successful or 
not, the end of the loop is reached when the 
BC register pair's count is decremented to 
zero and the J NZ condition no longer 
pertains. 

In order to write data, a software output 
loop similar to LOOPB is employed: 

Symbolic 
Instruction 

LOOPC: OUT DATAWAIT 
(OUT 244) 

MOV A,M 
OUT DATA 

(OUT 240) 
INX H 

DCX B 

MOV A,B 
ORA C 

JNZ LOOPC 

Execution 
Time 

5.0 µs 
3.5 µs 

5.0 µs 
2.5 µs 
2.5 µs 
2.5 µs 
2.0 µs 
5.0 µs 

28.0 µs 

With this output loop, the 8080 can 
maintain the data rate required to transmit 
data to the disk properly. A similar hardware 
synchronization trick is also used in this 
case. 

Final Hardware Notes 

The circuit shown in figures 3 and 4 was 

developed for use with an Innovex 220 
drive. The 220 has multiple options which 
can be selected by jumpers on the circuit 
board. The options required for use with this 
interface are: 

1. Radial Interrupt Disabled (Link E 

installed) 
2. Radial Rotation Sensing Disabled 

(Two Link Es installed) 
3. Read Data Option Disabled (Link A 

installed) 
4. Write Protect Option Disabled (Link H 

installed) 
5. Stepper Power Option (Link E 

installed) 
6. Radial Head Load Disabled (Link E 

installed) 
The selected options allow multiple drives 

to be used with the interface. While up to 
eight disk drives can be connected in parallel 
(with the exception of the device select 
lines), the shorting clip on the P07 line must 
be removed from all but the last disk drive 
on the bus (P07 connects the bus termina- 
tion resistors to +5 V). In addition, the user 
must provide power supplies for the follow- 
ing voltages and currents: 

+5 V, 800 mA for each drive 
-5 V, 75 mA for each drive 
+24 V +/ -2 V, 1.4 A for the first drive, 

0.1 A more for each additional drive 

Conclusion 

The small number of ICs in this circuit 
(17) and their low cost and easy availability 
puts the construction of this circuit within 
the abilities of many intermediate and ad- 
vanced computer hobbyists and experi- 
menters. The addition of a disk drive to the 
average home system will increase the overall 
system usefulness many times. By reducing 
the time required for software generation to 
a fraction of that on a cassette or paper tape 
system, software throughput and sophistica- 
tion of the typical personal computing user 
(and professional) will typically double or 
triple. 

I currently have two drives running on 
an Altair system, and a complete disk 
operating system existing in 2 K of PROM 
that allows operating with up to 240 
different named files on each disk. Loading 
BASIC takes only 6 seconds, and loading 
STARTREK using CLOAD takes only 3 

more seconds. The disk drive and operating 
system has increased software generation at 
least fourfold, and made the system much 
more enjoyable to use. 
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Figure l: The Benham 
Disk. When rotated clock- 
wise ut .5 to 10 revolutions 
per second, the black arcs 
nearest the center appear 
to be red, the middle arcs 

appear to be green, and 
the outer arcs appear to be 

blue. If the direction of 
rotation is reversed, so is 

the order in which the 
colors appear. 

Add Subjective Color to Your 
Video Interface 

Color Displays on 

Black and White 

Television Sets 

Interest has been growing in the idea of 
using standard color television receivers as 

microcomputer output devices. At least one 

color television interface is already com- 
mercially available and more are on the way. 
In addition, many homebrew projects are 

ongoing. 
There are, however, problems with using 

home color televisions as output devices for 
microcomputers. Most hobbyists' color tele- 
visons are dedicated to pastimes such as 

Walter Cronkite and "The Waltons." The 
family may not enjoy relinquishing its view- 
ing rights while that new program is being 
debugged. 

More serious are the technical problems 
involved. National Television System Com- 
mittee standards were designed to compact 
the maximum amount of useful color 
information into the minimum bandwidth. 
The standards accomplish this goal well, but 
they require that the color information in 
the video signal be highly encoded. Hence 
the hobbyist must either encode his color 
data or extensively modify his set. Also 
there are the traditional color television 
bugaboos of convergence and excessive 
X -ray exposure to consider, since the average 
viewer to screen distance for most computer 
10 applications is likely to be less than the 
viewer to screen distance for conventional 
viewing. 

One can also brood over the inherent 
resolution limitations of National Television 
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System Committee color television. The 
National Television System Committee, as 

you may recall, was the engineering group 
which developed US color television specifi- 
cations. If high speed memory prices con- 
tinue their expected decline, the cost of 
storing a high resolution picture will become 
insignificant when compared with other 
system costs. The personal computing 
experimenter may find that the resolution of 
his computer graphics is limited only by the 
construction of his CRT and the bandwidth 
of its driving circuitry. For standard color 
televisions the chrominance bandwidth is 

much less than the luminance bandwidth 
and thus the color change resolution is 

rather limited. Even if the color picture tube 
were to be driven by high bandwidth cir- 
cuitry, color change and intensity change 
resolution would still be limited to about 
500 X 500 = 250,000 points by the shadow 
mask inherent in the tube. Of course, it is 

possible to build a higher resolution shadow 
mask tube, but one must remember that 
color picture tubes are affordable only 
because they are mass produced. There is 

currently little demand for high resolution 
color tubes. 

The preceding discussion is not an 

attempt to quench the reader's desire to 
have his microcomputer spew data in living 
color. A look at the impressive outputs from 
the Cromemco or Intecolor devices would 
rekindle this desire anyway. The discussion 
is intended only as an effort to legitimize the 
search for an alternative. Is there a viable 
alternative to standardized shadow mask 
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WALL OR OTHER REFLECTIVE SURFACE 

/ 

IL=, c 

Figure 2: A suggested 
geometry of illumination 
for viewing the Benham 
disk. 

color for real time computer output in 

color? The surprising answer is yes! 

Subjective Color ... 
There is a long known but little discussed 

method of making black and white images 
which are properly modulated appear in 

color. This method employs an optical illu- 
sion known as the Prevost -Fechner- Benham 
effect. The colors which result are called 
Fechner's colors or subjective colors. 

One can modify most video display inter- 
faces or television typewriters to produce 
subjective color output on a standard black 
and white television. The modifications are 
entirely electronic and do not involve mov- 
ing filters, special glasses, or Rube Goldberg 
mechanical contraptions. Most viewers agree 
that the colors which are produced, although 
not competitive with NTSC colors in satura- 
tion and brilliance, are impressive. 

Subjective color television does have its 
limitations, however. It works best in pro- 
ducing sensations of the primary colors: red, 
green and blue. Other colors can be pro- 
duced, but only at some loss in saturation. 
Subjective color can be made to appear only 
in relatively small areas of the screen which 
lie against a white background, but this is 

not a significant problem in most computer 
10 applications. For instance, one cannot 
cause the entire screen of a black and white 
TV to appear in a subjective red. However, 
one can cause red, green or blue dots, lines 
or letters to appear against a white surround. 
Finally, due to the nature of the modulation 
which produces the illusion of color, subjec- 
tive color images have a noticeable flicker. 

... And Its Origin 

The Prevost - Fechner - Benham effect is 

named after its discoverers and developers. 
Benedict Prevost was a French monk who in 
1826 discovered that a black and white 

46 

object which was moved through a beam of 
light in a darkened room could produce a 

variety of colors. G T Fechner, a German 
physicist, developed a disk in 1838, with 
black and white areas which produced sub- 

jective colors when rotated. Subjective color 
was not heard from again until 1894 and 

1 895 when C E Benham published papers on 

"The Artificial Spectrum Top" in the 
journal, Nature. Benham developed a disk 
that is particularly efficient in producing 
subjective colors and it is reproduced in 
figure 1. 

Just as there is a small percentage of the 
population which is colorblind, some people 
do not see subjective color. These two 
groups of people do not coincide. Some 
otherwise colorblind people see the entire 
spectrum of subjective colors. To find out if 
you can see subjective colors, draw your 
own Benham disk or make a photo copy of 
figure 1 and mount it on a piece of 
cardboard. The large black area will likely 
not photo copy well, so darken it with a 

black felt tip marker. You may also need to 
go over the black arcs with a ballpoint pen. 
High contrast between the black and the 
white areas of the disk will produce the best 
subjective color. Stick a straight pin through 
the center of the disk and cement the head 
of the pin to the topside. Then go into a 

room that is lit by incandescent lamps and 
rotate the disk between your thumb and 
forefinger at approximately five to ten 
revolutions per second. Experiment with 
slightly different speeds until you see the 
colors listed in the caption to figure 1. I have 
found that the geometry shown in figure 2 is 

one of the best for viewing the disk if a 

single source is used for illumination. Notice 
that the light as well as the disk is within the 
field of vision. 

It must be emphasized that subjective 
colors do not result from any change in the 
wavelength distribution of the light which is 

reflected from the disk. If a one second time 
exposure were to be made of a spinning 
Benham disk on color film, the result would 
be a light grey disk with dark grey circles. 
The colors result from a temporal optical 
illusion. Television makes use of another 
temporal optical illusion: The flicker fusion 
which causes single frames shown in rapid 
succession gives the appearance of con- 
tinuous movement on the screen. The 
explanation of subjective color is probably 
partly psychological, due to the mental 
interpretation of black and white areas of 
contrast, and partly physiological, due to the 
differing response and decay times of various 
color receptors. However, the precise reason 
for the effect remains unknown. 
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P.O. Box 515, Prairie View, Illinois 60069 State Zip 
312/634 -0076 BY177 
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The Color Code ... 
Just how does one go about adding 

subjective color to a video display? Unfor- 
tunately, the large number of varying video 
display interfaces and television typewriters 
which are now available make it impossible 
to give a single cookbook approach. Thus, it 
will be explained rather precisely what the 
effects of the modifications must be and 

then some general suggestions will be given 

as to how to implement these effects. The 
rest is up to the reader. Suggestions will only 
be directed toward the goal of implementing 
the primary colors. Nonprimary colors can 
be produced, but the results are less impres- 
sive and the price is a considerable increase 
in the complexity of the necessary 
modifications. 

American computer hobbyists are fortu- 
nate in that the 30 frames per second NTSC 
standard supports subjective color almost 
optimally. The European standard of 25 
frames per second is much less attractive. 

The code which produces subjective color 
can be read from a Benham disk. Think of 
the television display in terms of subjective 
color cycles. Each such cycle lasts for one 
fifth of a second and comprises six complete 
video frames, each lasting one thirtieth of a 

second. One cycle corresponds to one 
revolution of a Benham disk. For the first 
three frames of each subjective color cycle, 
the entire CRT display must be black. 
During the fourth frame only those portions 
of the display that you want to appear as red 
should be black. The rest of the display must 

0.2 SECONDS, ONE SUBJECTIVE COLOR CYCLE 
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be white. During the fifth frame, those areas 

of the screen that you want to appear as 

green should be black and the surrounding 
display should be white, including the areas 

that were black during the fourth frame. 
During the sixth frame those areas that you 
want to appear as blue should be black. The 
rest of the display should be white. A new 

cycle should then begin with the start of the 

very next frame. 
There is one exception to the code given 

above. Those portions of the display that 
you want to appear as black should be black 
during all three of frames four, five, and six 

of each cycle. 

...And Its Implementation 

Now for some suggestions as to how to 
implement the subjective color. Comments 
will be directed toward some idealized 
reader who is familiar with television ter- 
minology and who has a video interface 
which produces typical television display 
functions. That is, it produces dot matrix 
characters on a conventional black and white 
television from ASCII coded input. How- 
ever, many of the suggestions will be useful 
in graphics oriented applications as well. 

It is possible that some currently available 
or soon to be available video interface is so 

versatile that subjective color can be imple- 
mented using software alone. Our discussion 
will be directed toward its implementation 
with hardware. 

Most video interfaces are set up to pro- 
vide white dot matrix characters against a 

black surround. Subjective color requires 
black characters against a white surround. 
This requirement suggests that interfaces 
which support interlacing are to be preferred 
for this application over those that do not. 
Unfortunately, the popular low cost inter- 
faces such as Southwest Tech's TVT II and 
Processor Technology's VDM -1 do not inter- 
lace since doing so would greatly complicate 
their timing circuits. Luckily, a lack of 
interlacing is not a serious problem in the 
creation of subjective color for typical 
viewer to screen distances. Use of a small 
monitor minimizes the effect of dark spaces 
between lines. 

VDM -1 can provide a black on white 
image under software control. With other 
interfaces, providing this feature may be as 

simple as inverting the output of the charac- 
ter generator's shift register. However, it is 

conceivable that doing so could affect the 
generation of the vertical and horizontal 
sync pulses so check the circuit diagram of 

Figure 3: Subjective color timing pulses. Continued on page 116 
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Experience 
the excitement of owning the finest 
personal computer - 
IMSAI 8080 
Waiting for you - all the incredible 
performance and power of the 
IMSAI 8080. And at a price you 
would normally pay for a home 
music system: $699 in kit; $931 
assembled. 
WORLD OF USES 
The IMSAI 8080 is a superbly 
engineered, quality computer. It is 

versatile, expandable and power- 
ful, putting literally hundreds of 

applications and uses at your 
fingertips. Imagine sitting at your 
desk and enjoying interaction with 
your IMSAI 8080! Press the on 
switch and you're ready for game 
playing, research, education, busi- 
ness applications, or for laboratory 
instrument control. It has all the 
power you need, and more, to 
make your application ideas come 
alive. 

GROWS WITH YOU 
The IMSAI 8080 is designed for 
many years of pleasure. With its 

open- chassis engineering you can 
expand your system by adding 
peripherals and interfaces. The 22- 
slots and 28 amp power supply 
mean that you can plug -in today's, 
plus tomorrow's modules. 

Right now you can add a module 
for displaying color graphics and 
characters on TV; a ready -to -use 
keyboard; small and large printers, 
and a single interface that lets 
you attach multiple devices includ- 
ing a cassette tape recorder. Ex- 
pect the latest, exciting equipment 
from IMSAI. We are committed 
to leadership in this expanding 
technology. 
EASY TO PROGRAM 
With our BASIC language you 
can operate the IMSAI 8080 
quickly and easily. Technically 
knowledgeable? Use our asse 
language to develop sop 
and unique software. 

If you're thinking personal computer, 
treat yourself to the very best - 
IMSAI 8080 

Send for free four -color brochure 
or $1 for catalog. Call or write for 
name of nearest dealer. 

IMSAI Manufacturing Corporation 
14860 Wicks Blvd. 
San Leandro, CA 94577 
(415) 483-2093 
TWX 910.366 7287 

European Distributor 
Harper Industry Products. Ltd 
6079 Sprendlingen 2 
West Germany 

Prices: USA Domestic 



Brian D Murphy 
72 Circuit Dr 
Riverside RI 02915 

Brian Murphy has been 
professionally involved in 
the computer business for 
more than eight years, at 
all levels of programming 
and usage. His experiences 
range from scientific and 
simulation software on 
large machines to the 
world of personal micro- 
computers. He is currently 
employed by the US Navy. 

Serial Storage Media: 
An Introduction and Glossary 

This is an introduction to the use of a 

cassette type recorder for mass storage of 
information. Once the initial novelty of the 
small computer system has worn away, a 

junction occurs at which the computer freak 
either matures or puts his (or her) system on 
the market and moves on to something else 

like stamp collecting. If a person has a valid 
interest in the uses of computer technology, 
however, he or she soon finds self in a 

bind as regards the permanent or semi- 
permanent storage of programs or data on 
something more easy to transfer into his /her 
computer than paper. If a hobbyist is limited 
by funds (or by spouse), he or she soon 
learns that the only media suitable for 
his /her storage is magnetic tape utilizing a 

cassette recorder. He /she now has available a 

primitive serial access device. The word 
"serial" has the same root as "series," which 
means (in a very loose definition) one thing 
following on the tail of another. If you walk 
down a corridor to a particular room you are 

Technique 

Characteristic 
Vocal 

ID 
Digital 

ID 
Position 

ID 

Access Time Medium Worst Best 

Amount of Manual 
Interaction (Play, Worst Best Medium 
Rewind Pushing) 

Tape Utilization 
(Minimum Wasted Medium Worst Best 
Tape) 

Table 1: Comparisons of Manually Controlled Cassette Information Manage- 
ment Techniques. A rudimentary file storage system is possible with manually 
controlled cassettes, essentially variations of what people used to do with 
paper tupe file systems. A file system is u way of locating logically grouped 
records in the mass storage medium. For manual recorders this can be done 
by listening for voice identifications through a loud speaker, by running the 
tape and matching against a desired block identification recorded with the 
records, or by looking at the tape position counter. 
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applying serial access to the problem of 
locating the room you want to enter: Each 
door is passed in turn. Thus serial access is 

quite different from random access (such as 

in your computer's memory), where you 
arrive immediately at your destination (simi- 
lar to teleporting yourself directly to the 
room you wish to enter). One goal of this 
article is to familiarize the novice reader 
with the computer industry concepts and 
terminology. To this end, we include a 

glossary that will hopefully define those 
terms with which you may not be familiar. 
Also included is a book list for your bedtime 
reading pleasure. 

A cassette type recording medium is the 
most economically attractive alternative for 
the small system at this time. The cassette 
recorder as it comes off the dealer's shelf, 
however, is awkward to use in a computer 
system. There are three general methods, 
appealing because they are inexpensive, 
available for using such a device. The three 
general filing system methods for using a 

manually controlled cassette device for mass 

storage are detailed below: 

Identify each recording by prefacing it 
with a vocal recording (vocal id). 
Simply record your verbal description 
of a block before beginning the mark 
tone which precedes data. 
Use software to sense for a recorded 
digital code while searching the tape 
(digital id). This allows automatic 
search at normal data rates, but can 
take a long time. 
Buy a more expensive audio recorder 
with a mechanical position readout 
and maintain a written record of tape 
usage (position id). Here the manual 
cuing controls of the recorder get you 
to a desired block very quickly. 

The cassette used in one of these fashions is 

essentially a replacement for paper tape and 
like paper tape requires manual (or at most, 



automatic motor control) operation. Each of 
these techniques has its own advantages and 
disadvantages as shown in table 1. 

As the personal computing user becomes 
more sophisticated, he or she will soon find 
a need to have an electronically controlled 
recorder available for his /her use along with 
software of a more sophisticated file system. 
Such a software controlled recorder can 
automatically search the tape for a requested 
recording, going forward or backward as 

required, and loading in the desired data. 
The file system is a neat software utility that 
can operate separately or, for the more 
advanced, as part of an operating system. 
The remainder of this article will acquaint 
the novice with some of the characteristics 
of automatically controlled serial storage 
and the tradeoffs and physical considera- 
tions inherent in its nature. No attempt is 

made to go into the much larger subject of 
file systems. 

As was mentioned previously, searching 
for a particular item in serial storage requires 
looking (humanly or via software) at identi- 
fying material that accompanies the desired 
recording. For tape media, the looking pro- 
ceeds in a serial fashion until the desired 
record is located. A record is a group of 
bytes or words representing the data stored. 
The time that it takes to locate the desired 
record is called access time, and in measuring 
the efficiency of the device in general, 
average access time. A serial device has an 
access time of T *(N -1) to find the Nth 
record, if all records are the same length and 
the time to get to the second record is T. If 
the records are of variable length, the access 
time will be the sum of all the times to pass 

by each preceeding record. The average 
access time would be the time it takes to 
search half the recorded tape. The software 
must have a way to tell one record from 
another, or in fact when one record ends and 
another begins. In a simple record file 
system, each record is preceeded by a tape 
mark which signals the start of a record. 
Tape marks are distinctive in nature and are 

composed, for example, of a number of 
special characters of predetermined count 
(the ASCII SYN character is sometimes 
used). Following the tape mark is identifying 
material, and the record itself followed by a 

checksum (see the glossary). A sample lay- 

out of a typical tape (or format) is shown in 
figure 1. Associated with each recording are 
inter -record gaps. The gaps are areas on tape 
that contain no meaningful data. They exist 
due to the physical limitations of the 
recorder and represent the time the motor 
takes to start or stop. These "gap waste" and 
may consume a considerable amount of the 
tape of an unwary user. 

To appreciate the impact of gap waste it 
is necessary to understand the physical 
aspects of the recorder and tape medium. 
The amount of information that can be 
recorded or read during a given time is 

determined by the transfer rate of the 
recorder. Transfer rate is measured in bits 
per second (bps) and is a function of 
recording density, tape speed, and the 
recorder electronics. The recording density is 

the number of bits that are stored on one 
inch of the tape, measured in bits per inch 
(bpi). Now we can relate inter -record gap to 
a physical situation. Suppose we have a 

recorder with a transfer rate of 2400 bits per 
second and a motor start or stop time of 0.5 
seconds, with a linear speed change during 
that interval. This is a model which demon- 
strates the problem of gaps; in actual sys- 

tems the start time might differ from the 
stop time, and the curve would probably not 
be linear. Using this simplified model, since 
the stopped rate is 0 inches per second, and 
the "started" rate is the full tape speed, the 
linear speed change implies an average speed 
of the tape during the interval change which 
is exactly half of the full speed. Thus, during 
the transition interval, exactly half of the 
tape which would have gone by at full speed 

INTER TAPE 
RECORD MARK 
GAP 

RECORD-4 
CHECKSUM INTER- 

RECORD 
GAP 

ETC. 

L TAPE 
MARK 

Figure 1: Format of a Typical Magnetic Tape Record. This diagram can be 
viewed as a timing diagram (from left to right), or as its equivalent, a physical 
map of a lape which is moved past a fixed head from left to right. In this 
conception, a record is preceded by an inter- record gap, followed by a 

software (or hardware) coordinated tape mark for synchronization, then Oa 
file system is employed) some software identification information and finally 
the data of the record. A trailer of a checksum is often used for error 
detection, after which an inter -record gap precedes the next item on the tape. 
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is wasted in the gap. At full speed, with a 

2400 bps transfer rate, 0.5 seconds would 
have recorded 1200 bits, so the tape which is 

lost to the gap during speed changes corre- 

sponds to 600 bits in this case, or 75 bytes. 

Since each record is surrounded by a startup 
leader and a slowdown trailer, the total gap 

is the sum of these components, or the 

length of tape which would have stored 

75 +75 =150 bytes in this particular model. 

This should he a clue as to why small 

physical records are wasters of tape. Con- 

III % f ETC. 

INTER- 
RECORD 
GAP 

TAPE t 
1 

MARK BLLOCK I CHECKSUM CHECKSUM 
N 

MARK 
TER 

MARK 

BLOCK LOGICAL 
STRUCTURE RECORD 

LOGICAL 
RECORD 
N 

RECORD 
GAP 

Figure 2: A Blocked Magnetic Tape Format. Instead of immediately ending 
the recording operation, the physical record can be formatted to contain 
multiple logical records, so that the number of gaps required is reduced. 
Blocking is cr very common software practice whenever computers get large 
enough to allow several thousand bytes to be used for 10 buffers in which the 
blocked records can be built and decoded by software. 

GLOSSARY 

Access time: The time required to locate a par- 
ticular record on the storage medium. 

Average access time: The amount of time required, 
on the average, to locate an item on the storage 
medium. On tape the average time is the time it 
takes to search half the recorded tape. 

Blocking: A method for collecting logical records 
into a single physical record on the storage 
medium, thus minimizing inter -record gaps. 

Checksum: A value calculated from the data which 
is used to help determine if data transferred from 
one medium to another is correct. If a record is 
read from tape and a temporary electronic error 
occurs that alters the data being sent, the check- 
sum may signal an error. A simple checksum is 

generated by treating each byte or word recorded 
as a number, adding each such byte or word into a 

total as it is recorded. Overflow is ignored, and the 
final total is recorded on the tape with the record. 
This particular method, while simple, is not fool- 
proof. Many more elaborate techniques exist which 
even allow for correction of an error. The same 
procedure is followed on subsequent reading of the 
record, and the final total is compared against the 
recorded checksum. If the two values do not 
match, an error has occurred. 

Format: The manner in which data is grouped to 
allow organized access and handling of the data. 

Gap waste: The amount of storage space wasted by 
inter -record gaps. 

Inter -record gaps: That portion of unused tape 
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sider a logical print line record of 72 

characters (fixed length) which is to be 

stored on tape for later use with a Teletype 
or its equivalent. If I were to store 72 bytes 
per physical record, making the logical and 

physical record equivalent, then each record 
would occupy the space on tape which could 

Type 

Characteristic Blocked Unblocked 

Tape Utilization Higher' Lower 

Access Time Faster" Slower 

Software Complexity Higher Lower' 

Computer Memory 
Needed to Process More Less 

Computer Time 
Needed to Process 

Longer Shorter" 

Table 2: A Comparison of Blocked versus 

Unblocked Record Formats. This table iden- 
tifies general qualitative characteristics of 
the two forms. The asterisks identify 
qualities which are often desirable. 

surrounding the beginning and end of a recorded 
section of tape. The gap exists due to the nonzero 
startup and stop time of the recorder's motor. 

Logical record: A contiguous recording of a block 
of bytes or words that has a separate identity. An 
example of a logical record is the recording of one 
program. 

Physical record: Also a block, this term refers to a 

continuous collection of logical records grouped 
together without gaps. The purpose of the physical 
record is to conserve storage medium. One physical 
record might conceivably have multiple logical 
records, or only a portion of a logical record. 

Record: A record is a string (or block) of data 
recorded on the medium that is separated from 
other records by inter -record gaps. 

Recording density: The number of bits stored on 
one inch of tape. The units of measurement are 
bits per inch (bpi). 

SYN: The "synchronization" character. It has the 
ASCII hexadecimal value 16. 

Tape mark: A distinctive recording at the begin- 
ning of a tape record signaling the beginning of a 

record. It must be distinguishable from data to 
avoid confusion. 

Transfer rate: The number of bits per second (bpi) 
a given device can transmit. In commercial drives, 
this rate varies from design to design, even given 
identical recording density and format. For audio 
recording of data, it is largely a function of the 
interface modulator and demodulator and for the 
most part is independent of the tape recorder. 



store 72 +150 =222 bytes if the gap were not 
present. The utilization of the tape is thus 
72/222 or about 32 %. If, instead of a 72 
byte physical record, we use some 10 
software and a blocking factor of (for 
example) 25 logical records per physical 
record, physical space on the tape for each 
record is 1800 +150 or the equivalent of 
1950 bytes, which has a utilization of 
1800/1950 =92 %. Thus the answer to maxi- 
mizing the use of tape space is to be found 
rrr the practice of blocking and the use of file 
systems with moderately large buffer areas 
in memory. 

Blocking is this practice of grouping 
multiple logical records into each physical 
record. Suppose you have a number of small 
records to save and want to eliminate gap 
waste as much as possible. By creating a 

"block," which is a contiguous group of 
records, you can treat the block as a large 
physical record which is in reality composed 
of a number of smaller logical records, as in 
figure 2. Each logical record is one of the 
individual records that you originally wished 
to store. Now there will be gap waste only 
around the physical records (blocks), and 
thus the wasted tape will be greatly reduced. 
The problem now becomes one of finding 
the correct block and locating the proper 
logical record within it via software. The 
mechanism which allows you to do this and 
other neat things like calling records by 
alphanumeric string names is the file system. 
However, blocking is not without disadvan- 
tages, not the least of which is memory 
requirements. In big systems, block sizes 

often range into the thousands of bytes, and 
various "multiple buffering" techniques 
require alternating regions. In a large 
IBM /370 program (say 100 K to 200 K 

bytes) it is not uncommon to find 30 K to 
50 K bytes used only for buffers: Some of 
the pros and cons of record blocking are 

shown in table 2. 

Armed with the information in this short 
tutorial and glossary, the novice reader, it is 

hoped, will have a better appreciation of the 
concepts of information storage adapted for 
inexpensive computers. 

SUGGESTED READING 

These books are contemporary texts, which 
should be available at most good technical li- 
braries and college book stores. 

Operating Systems: a pragmatic approach, Harry 
Katzan Jr, Van Nostrand Reinhold Co. 

Systems Programming, John J Dovovan, McGraw - 
Hill. 

Computer Organization and Programming, William 
C Gear, McGraw -Hill. 

Now.. unlimited 
video versatility for 
S -100 bus systems at 
an affordable price! 

nlinlited because the VBf Video interface',' 
Board is the first complete software oriented 
video system available. You get hands -on 
control without being boxed in by the 
hardware. Plus, the VB1 offers both video 
reverse and graphics with the convenience 
of no internal hardware adjustments. 
There's more: 

On board dip switch selection of 32 or 64 
characters per line with 16 display lines. 
Upper and lower case and greek 
alphabet -other interchangeable fonts 
available. 
2 x 3 matrix graphics. 
Parallel and composite video outputs to video 
monitor or TV set. 

zr 

The VB1 software package is a hobbyist's dream. 
It's designed for flexibility and expansion plus it gives 
you exceptional control over the cursor, character 
and graphics selection, home up, end -of -line and a 
lot more. 

$179.95 in easy -to- assemble kit form including 
complete assembly instructions, documentation 
and software manuals. $249.95 assembled. 
The VB1 is available through your local computer 
store -or direct -along with our other S -100 bus 
compatible products including memory, I/O mother 
and extender boards. 

Dr-T1 A Division of Solid State Music 

2102A Walsh Avenue. Santa Clara. CA 95050 
(408) 246 -2707 

See us at the First West Coast 
Computer Faire in San Francisco 
April 16th & 17th 
Booths 323 & 325 

We're the blue 
boards. 
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Audible Interrupts for Humans 

Dr Charles F Douds 
381 Poplar St 
Winnetka IL 60093 

One of the great virtues of computers is 

that their flexibility allows them to do all 

kinds of things to make our lives easier or 
better. 

Unfortunately, systems analysts and pro- 
grammers working on big systems some- 
times tend to forget this. Microprocessors 
can make things easier and more fun for us, 

too. But we sometimes forget the basic 
principle of human engineering: People 
should not be forced to fit the system; the 
system should fit the people. 

I almost forgot this when I was develop- 
ing my hardwired process control system. 
The design philosophy behind the whole 
system was that it was to take over certain 
jobs that the human operators were not 
interested in doing, while other more 
interesting jobs remained the operators' 
responsibility. There was no intention to 
make it a fully automatic system. This fits 
principles of good human engineering, but 
in the details I overlooked something. 

An output from the original system pre- 
sented a visual display to the operator. One 
state indicated that he could proceed as he 

wished; the other state indicated that he 

must come to a stop. A clearly visible dis- 
play was provided. The display consisted of 
a set of three vertical LEDs for go, and three 
horizontal ones for stop. The only trouble 
was that when people began using the sys- 

tem, they were often going when they 
should be stopping. 

What I had overlooked was that the 
operator would be, quite properly, watching 
the equipment he was running. Only when 
the LED display happened to be within his 
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line of sight would he respond to them. 
To remedy this situation I could have 

hollered at the operators until they learned 
to watch the display as well as their equip- 
ment; or I could have used another one of 
their sensory inputs. The first choice does 

use a sensory input other than vision. Why 
not just automate my hollering? That is 

what I did; only the end result sounds a lot 
better. Not only that, it provides additional 
information as well. It also indicates when 
the signal has cleared. 

What I did was to build an audio annunci- 
ator that is triggered by the same line that 
drives the display. When the line goes high, 
the device emits a one second beep. When it 
goes low, a hoop sounds. Beep for stop; 
boop for go. It worked out quite well. 

The Circuit 

The audio burst is generated by two 
or one 556 timing IC. IC2 is wired 
oneshot to determine the tone duration 

555s 
as a 

. The 
time is set by C4 and R11. A negative going 
pulse on input pin 2 triggers the oneshot on. 
If your circuit creates a pulse, rather than a 

level change, the input should be connected 
here. 

The tone is generated by IC3. Its fre- 
quency is set by C5, R13 and R14. The ratio 
of R13 to R14 determines the pulse width. 
Diode D3 helps to provide more nearly a 

square wave. If pin 4 is connected directly to 
VCC temporarily, you can pick the resistor 
combination that gives the most pleasing 
tone. Connecting R15 from the output of the 
oneshot into pin 4 allows the free running 
oscillator to be turned on for the duration 
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THE NEW 1977 IC MASTER 
THE FORMAT EXPLAINED: 
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Microcomputer pro 
with the Iasis_Có 

The fact is that right now microcomputer program- 
ming is a bear. Microprocessors are loaded with subtle- 
ties which make software development a long, arduous 
process. That's why we developed the ia7301 Computer 
in a Book:' Its a fully operational microcomputer system 
and a 250 page programming course all contained in a 
3 -ring binder. This is not a kit or a toy but a powerful, 
microcomputer system (based on the industry standard, 
the 8080) and a practical programming course specifi- 
cally designed to quickly bring you up to a high level of 
understanding and proficiency in programming 8080 
based microcomputer systems. 

The Computer in a Book comes to you completely 
assembled and tested. All you need is an inexpensive 
dual voltage (+ 12V G ' 5V) power supply. The 5V 
is generated internally in the computer. There is nothing 
else to buy. 

A super programming course 
The programming course text is easy to follow and 

begins with a one instruction program to determine if 
a switch is open or closed. This is built upon and ex- 
panded, instruction by instruction, until 250 pages later, 
you become adept at programming complex problems 
like multi -byte arithmetic and games of skill like Pong'M 
Only with the lasis Computer in a Book can you have 
the advantages of a handy programming text together 
with an operational computer to load and test programs 
each step of the way and thereby learn the intricacies 
of microcomputer programming at a comfortable pace. 

And since this microcomputer has a special built in 
monitor program which allows you to look into the 
operational parts of the system you'll never get bogged 
down in debugging or editing. The ia7301 Computer in 
a Book is the fastest way to learn everything about 
microcomputer programming. 
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Some great microcomputer features, too 
The microcomputer system features a 24 pad key- 

board, 8 seven segment LED readouts that display 
information in hexadecimal code which is far more 
versatile and advanced than binary or octal coded 
systems, and an onboard cassette tape interface for 
saving programs. The hexadecimal keyboard also con- 
tains 6 special mode keys which allow you to call up and 
change any data or instructions in the 8080 registers 
or in the system's RAM memory. Likewise programs 
can be executed instantly or they can be stepped 
through one instruction at a time using the appropriate 
mode key, so that you learn your way around the inner 
workings of an entire microcomputer system. 

Also the write tape and read tape mode keys have 
been carefully designed for accurate and convenient 
operation with any home cassette tape recorder that has 
an earphone and remote microphone jack. Two LED 
indicator lamps tell how long it takes to dump or reload 
programs from the systems memory onto tape and back 
again. But in the reloading cycle, if any errors have 
occurred such as a lost piece of data, or the volume knob 
is too low, the readout displays will indicate errors. This 
little feature prevents untold problems in debugging a 
reloaded program. 

Upwards expandability from the start 
We designed the Computer in a Book to be upwards 

expandable and not become a kluge in the process. The 
microcomputer contains 1K bytes of RAM memory, 1K 
bytes of PROM memory (containing the monitor pro- 
gram), and 2 I/O ports. The Computer in a Book is 
expandable to virtually any level you want, i.e. up to 
65K bytes of memory and 256 I/O ports. 

Optional expander boards are available and attach to 
the ia7301 computer at the top edge connector. A wide 
variety of standard interface boards can be plugged into 
the system to give add on memory, TV and teletype 
interface, and much more. Thus an educational system 
is easily upgraded into a full computer system. 
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Also we are offering 
preprogrammed PROMs and 
extension cassette tapes so you can use your computer 
as a teaching machine for your children, as an inventory 
control system for your business or as an accounting 
system for your home. The Computer in a Book can 
become a computer for all reasons. 

A college assistance program 
Educators interested in ex- 

posing their students to a 
comprehensive background in 
Microcomputer programming 
should look into the lasis 
Microcomputer Instructional 
Courses for their college or 
university. Send for our free 
pamphlet which describes 
ways of setting up short 
microcomputer programming 
courses. It offers some advice 
on structuring a coordinated 
and comprehensive program, 
so your students can learn 

programming and get valuable hands -on experience 
with operational systems at very reasonable prices. 

The price 
The complete Computer in a Book which includes an 

operational 8080 based system, 250 page programming 
course, machine code pad, hexadecimal conversion 
card all in a 3 -ring binder is offered for only $450. The 
Computer in a Book has a 90 day parts and service 
warranty. lasis also provides a check out list and start 
up instructions with each system. Please allow 30 days 
for delivery. 

How to 
Set Up a 
Microcomputer 
Programming 
Course at 
Your College 

A free bonus 
If you order 

your Computer 
in a Book before 
March 15, 1977, 

lasis will give you an 
$8.00 Microcomputer 

Applications Hand- 
book as a free bonus. 

It contains 144 pages of 
text, diagrams, and tables 

on hardware design and 
microcomputer applica- 

tions. Order today. If the 
Computer in a Book isn't 

everything we say it is, then 
return it within 15 days for 

a full refund and keep the 
Applications Handbook as a gift. We're sure you'll find 
that microcomputer programming is a snap with the 
ia7301 Computer in a Book. 

Here's my check or money order for com- 
plete ia7301 Computer(s) in a Book at $450 each. 
Since I ordered my Computer in a Book before 
Mar. 15, 1977, I want the Microcomputer Applications 
Handbook as a free bonus. (Calif. residents add 
61 .o , sales tax). 

Charge my order to the credit card below: 
BankAmericard No. 
Master Charge No. 
For Master Charge card, put 4 digit number from 
above name here 
My Signature 
Credit card expiration date 

Name 
Firm _ 

Address 
City State - _ -_Zip 

Please send me your pamphlet on setting up a Micro- 
computer Programming Course. 

Mail to: lasis Inc., 815 W. Maude, Suite 26, 
Sunnyvale, CA 94086 

(408) 732 -5700 

iasis inc. ................................i 
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Figure 1: One way of pro- 
ducing audible tones on 
command. The input is 
shown as a switch, Si, at 
the left but could just as 

well be a signal derived 
from a single bit computer 
output. 
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of the desired tone burst. The high fre- 
quency bypasses, C11 and C12, keep the 
circuit from being triggered or modulated by 
RF noise that is present on VCC and ground. 

The up and down trigger is formed from 
two operational amplifiers: IC1a connected 
as an inverting amplifier and IC1 b connected 
as a noninverting one. Their outputs are 

differentiated by C2 and R8 or C3 and R9 
to form a negative going spike when the 
input level goes up and again when it goes 
down. These spikes are ORed by D1 and D2 
into the oneshot's trigger input. 

This gives us a circuit that emits a tone 
whenever the input changes state. The two 
different tones are achieved by changing the 
input voltage to pin 5 of the tone generator. 
Connecting R12 between one of the opera- 
tional amplifier's output and this pin causes 
the tone to shift. 

The circuit worked well on 5 V. However, 
the volume from the speaker was less than I 

wanted. I had a poorly regulated 12 V avail- 
able, so I filtered it with R1 and Cl. You 
may not need them. The small loudspeaker 
can be connected in many ways. I had a 

small, inexpensive Radio Shack audio output 
transformer that I used with a current 
limiting resistor in series connected directly 
to pin 3 of the tone generator. Volume can 
be increased by putting a 10 -100µF electro- 
lytic capacitor across R24. 

Almost any operational amplifier can be 

used. I used a quad LM3900, so I had two 
sections left over. On the breadboard version 
I wired these together as a mixer, then 
fed in an audio signal from a microphone 
and an interesting sounding audio frequency 
signal from the system controller. These 
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were eliminated in the final version, but you 
might have a use for similar ideas. The total 
cost of the complete circuit including the 
speaker was under $5. 

But what is this system that I built? It is 

a complicated one compared to the 16 

toggle switches it now replaces in a 

model railroad layout. In its final version, 
the system will replace approximately 600 
toggle switches. More importantly, it saves 

many months of learning on the part of 
eight or ten people as they attempt to 
coordinate their actions in running trains on 
a schedule at a large model railroad club. 
Toggle switches are ordinarily used to direct 
the electrical power from each engineer's 
throttle to the section of track in which 
his train is running. The logic system takes 
over this job. Even after people learn which 
toggle switches to turn on, and when, they 
still forget to turn some of them off. Sooner 
or later this fouls everything up, sometimes 
in the most mysterious ways. The hardwired 
logic system breadboard has been working 
for about two years, but we are about to 
change over to a microprocessor system 
for installation in the G -C Model Railroad 
Club in Chicago. 

Take a look at your system design. How 
could it be better designed for people? Is 

there an action required by the operator 
at random times? Could you use an audible 
interrupt? Perhaps you have a long program 
on a cassette and you could use an audible 
signal when the 10 minute loading is com- 
plete. Or perhaps you have a data link 
that requires attention. There are many 
possible uses for an audio signal to provide 
good human engineering. 
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It's a two touch affair 

VECTOR 1 is based on the 8080A Microprocessor and S-100 Bus 

EASY TO ASSEMBLE, EASY TO ACCESSORIZE, EASY TO BUY AND VERY EASY TO OPIRATI. 
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Ralph W Burhans 
Research Engineer and Lecturer 
Ohio University 
Electrical Engineering Dept 
Athens OH 45701 

What is Omega? 

The Omega navigation system is a radio 
based method which was originally designed 

as an ocean locating system for shipping. It 
was not intended for use over the world land 

niasses. However, the signals are free to the 
user no matter where he /she is located and 

in a sense represent another worldwide 
resource particularly for those who have no 
other radio navigation aid available. In con- 
tinental USA urban areas, we have many 
VHF -UHF and microwave navigation aids 
for aircraft, so there is not much need for 
Omega except in remote mountain areas 

Figure 1: The worldwide Omega transmis- 
sion network. The Omega system uses a set 
of eight transmission points scattered around 
the globe, emitting u pattern of bursts of 
radio frequencies on u IO second cycle as 

shown in the table. Each possible pair of 
transmitters sels up a pattern of "lines of 
position" consisting of a series of hyperbolas 
one can find on an appropriate map. To find 
u position, phase differences between the 
various transmitters define u locution on the 
Omega grid. The microprocessor control of 
Mini -O enables the experimenter to take 
advantage of Omega for shipboard or aerial 
navigation. 

Stations 

Norway IA) 

Liberia )B) 

Hawaii IC) 

North Dakota ID) 

La Reunion Island (E) 

Argentina (F) 

Australia- ITri nidad) (G ) 

Japan (H) 

Start 

Cub 54, 

where line of sight propagation is restricted 
and the VLF -Omega is not disturbed. Omega 

in other parts of the world is often the only 
radio navigation aid available for planes and 

boats. Omega and other VLF systems are 

often used by offshore oil drilling and 

marine exploration crews as a means of 
locating their rigs or vessels particularly 
while in transit to and from. 

The choice of frequencies and the time 
slot spacing is a historic matter based in part 
on the analog and servo mechanisms used 30 
years ago. Nowadays, we have digital proc- 
essing methods but some analog semicon- 
ductor receivers are still in use. Most notable 
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The only good microcomputer handbook 
in a world of bad ones. X7.95 

Microcomputer 
Applications 

Handbook 

Microcomputer 
Applications 

9andbook 

Microcomputer 
Applications 

'iandbook 

Are you tired of microcomputer literature being 
too technical, confusing or vague? Then you should 
find the lasis Microcomputer Applications Hand- 
book a welcome relief to both your intelligence and 
your wallet. 

It was expressly written for the reader who 
wants to learn everything about the world of micro- 
computers, especially 8080 based systems. It 
explores the advantages and applications of micro- 
computers in 144 pages of clear, easy reading text 
which is profusely illustrated with diagrams, sche- 
matics and charts. You'll be guided through all 
important decisions in designing a system to fit 
your needs. And you'll be apprised of the trade - 
falls and common pitfalls along the way. 

The lasis Microcomputer Applications Handbook 
tackles the roles of development and OEM systems 
from a practical, functional standpoint. Also one 
whole chapter is devoted to a comprehensive 
hardware design casebook for you hardware 
application buffs. 

We're certain you'll like the step -by -step attention 
paid to writing monitor programs, text editors, and 
assembler programs. 

And there's plenty more information on 8080 
system architecture and instruction sets. 

That's a lot of good news for $7.95. We think it's 
been overdue for some time. 

815 W. Maude Ave., Sunnyvale, CA 94086. Tele- 
phone: (408) 732 -5700. TWX: 910- 339 -9311. 

Dealer inquiries invited. 

Here's my check or money order for 
lasis Microcomputer Applications Handbooks din 
$7.95 ea. Add $ .50 for postage and handling if ordereci 
after March 15, 1977 (Calif. residents please add $ .521 

IN state sales tax). 
Charge my order to the credit card number below:: 

BankAmericard No. 

gMaster Charge No 
For Master Charge, add 4 -digit number 
above name. It is 
Here's my Signature 
Credit card expiration date _ 

11 FIRM 

NAME 

g ADDRESS 
CITY 

STATE /ZIP 
Mail To: 

{ IASIS, INC., 
U no 

815 West Maude Avenue, Suite 27, 
Sunnyvale, California 94086 

:asis inc. 

from right: 



What's 
New? 

It's Here at Last 

It usually takes some time between 
the announcement of a new processor 
chip and the availability of a product 
which uses it. Well, for the first time, 
there is a product on the market at a low 

price which uses the Texas Instruments 
9900 processor. The product is made by 
Technico Inc, Columbia MD, and is a 

single board computer measuring 7 by 
16 inches (18 cm by 41 cm) and 
containing the following logical charac- 
teristics: 

TMS -9900 processor 
monitor with 13 commands 
implemented 
on board programmer for 2708 UV 
erasable PROMS 
125 page manual on the system plus 
wall chart schematic 

The product is a processor board only, 
so the user will have to provide n 8 bit 
bytes of memory (organized as 16 bit 
words) where n is up to the capacity of 
the TMS -9900 address space, 64 K bytes. 
The price for this processor board, $269 
unassembled or $369, is probably one of 
the lowest priced ways of starting a 16 
bit homebrew system. 

According to the news release, 
Technico (which is located at 9130 Red 
Branch Rd, Columbia MD 21045) is a 

fully franchised Texas Instruments 
distributor. The engineering and design 
work for the TMS -9900 "Super Starter 
System" was done by Rosse Corp, 
Vienna VA. Information can be obtained 
by dialing toll free 1- 800 -638 -2893. 
Dealer prices and OEM prices are 
available. 

What to Do with an 
Oliver Audio Reader ... 
notes by Carl Helmers 

Oliver Audio makes the OP -80A 
paper tape reader, probably the least 
expensive way short of a homebrew 
project to obtain a paper tape reading 
facility. BYTE purchased one of these 
readers in order to be able to decode 
occasional strange letters to the editor 

that come on long sheets of very narrow 
paper with holes. Well, after loading in 
one program (Tom Pittman's Tiny 
BASIC for the 6800) and thereby debug- 
ging this form of input, I came to the 
conclusion that the box by itself lacks a 

certain degree of "solidness." It proved a 

bit difficult to hold the box, and for 
yellow paper tape the light levels proved 
to be critical, due to the translucent 
nature of the paper. So to provide a solid 
mounting, and a fixed but adjustable 
support for a lamp, I went to the 
woodshop, got out my saber saw, sliced 
up a random piece of 1 by 4 pine, used 
two 8 pound nails to attach a random 
piece of 2 by 4 vertically, then clamped 
the whole assembly to my bench. This 
photo, taken by Ed Crabtree at his 
studio, shows the result, using a sample 
of tape from a program submitted to 
BYTE. (Observant readers with an 

OP -80A and a critical eye will note one 
flaw in the photograph as shown 
here ...) 

The OP -80A was mounted on the 
pine board by punching two holes in its 
back plate with a Roper -Whitney 51 

punch (a hand tool available from 
industrial supply sources). Two screws 
were then used to hold it to the board, 
tightening to a point where the plate was 
still loose with a clearance to the board 
slightly under the thickness of the case's 
interlocking groove edge. Then, when 
the main part of the case is slid onto the 
plate, the bottom of the case is tightly 
held against the board. The final assem- 
bly step of securing the front side of the 
case with screws can then be 
performed.. 
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Now. 
THE PERFECT MICROCOMPUTER V 1 

DEALERS 
EAST COAST 
Computer Mart of New York, Inc. 
314 Fifth Avenue 
New York, New York 10001 
212- 279 -1048 

Computer Mart of Long Island 
2072 Front Street 
East Meadow, New York, New York 11554 
516 -794 -0510 

The Computer Mart of New Jersey 
501 Route 27 
Iselin, New Jersey 
201 -283 -0600 

The Computer Mart 
1097 Lexington 
Waltham, Massachusetts 02154 
617- 899 -4540 

WEST COAST 
Byte Shop of Westminster 
14300 Beach Blvd. 
Westminster, Ca. 92683 
714 -894 -9131 

Byte Shop 
18424 Ventura Blvd. 
Tarzana, Ca. 91356 
213- 343 -3919 

Byte Shop 
Palm Plaza 
Thousand Oaks, Ca. 91360 
805- 497 -9595 

Byte Shop 
2559 S. Bascom Ave. 
Campbell, Calif. 95008 

Kentucky Fried Computers 
2465 Fourth Street 
Berkeley, Ca. 94710 
415- 549 -0858 

MIDWEST 
DATA DOMAIN -the Personal Computer Stores 

INDIANA 
( Home office) 
406 S. College Ave. 
Bloomington 47401 
812- 334 -3607 

7027 Michigan Rd. 
Indianapolis 46268 
317- 251 -3139 

219 Columbia 
West Lafayette 47905 
(Opening early December) 

ILLINOIS 
(itty bitty machine co., inc.) 
1316 Chicago Ave. 
Evanston 60201 
312 -328 -6800 

42 W. Roosevelt 
Lombard 60148 

KENTUCKY 
506 Euclid Avenue 
Lexington 
606- 233 -3346 

3028 Hunsinger Lane 
Louisville 40220 
502 -456 -5242 

WISCONSIN 
2221 E. Capitol 
Shorewood 53211 
414 -961 -2430 

TEXAS 
The Micro Store 
634 S. Central Expressway 
Richardson, Texas 

caOq Cqi1?FiC inc. 
717 LAKEFIELD RD., SUITE F 

WESTLAKE VILLAGE, CA 91361 



Where Are You? 

(Or How to Navigate Using Mini -O) 

is the classic TRACOR Model 599 Omega 
receiver which has precision analog sample 
and hold phase locked loops with a 100 kHz 
reference clock. A few of these have even 
appeared on the surplus market. 

Prof J A Pierce of the Harvard University 
Crufts Laboratory is the inventor of Omega. 
He chose frequencies and spacings based on 
simple number ratios. For example, 10.2, 
11.33, and 13.6 are in the numerical ratios 
of 30 - 36 - 40, and can all be generated by 
integer division from a common 408 kHz 
clock frequency - thus 408/40 = 10.2, 
408/36 = 11.33, and 408/30 = 13.6. These 
gear ratios and decade multiples were impor- 
tant considerations in Pierce's ideas because 
of the widespread use of mechanical servo- 
mechanisms at the time. 

In the presently implemented version. of 
Omega navigation, eight radio transmitters 
operate in the very low frequency (VLF) 
range of 10 to 14 kHz. Each station trans- 
mits a very stable frequency in such a way 
that a phase measurement of one station 
with respect to another can be made in a 

receiver which uses a suitable reference clock 
oscillator. Figure 1 shows the locations of 
the several Omega network stations cur- 
rently in operation around the world. By 
measuring the phase difference between two 
or more pairs of stations, so- called "lines of 
position" may be generated. The intersec- 
tion of two lines of position can be used to 
estimate the receiver position. The lines of 
position are hyperbolas which look like a 

skewed coordinate grid when plotted on a 

local area map such as in figure 2. Computed 
tables, charts, and diurnal (day- night) correc- 
tions are published on a worldwide basis by 
the US Defense Mapping Agency. The grid is 

very stable when the proper corrections are 

applied. The lowest frequency of 10.2 kHz 
results in a "lane" spacing of the lines of 
position of about 8 miles when measured on 
the great circle baseline connecting the two 
stations. Longer spacings are found, as 

NORTH 

10-10 MILES --s 

GAL LIPOLIS OH 

HENDERSON WV 

Figure 2: The intersection of `lines of position" from two Omega station 
pairs is depicted in this map section near the author's location in Athens OH. 
The picture is drawn with north at the top. The lines of position from the 
Hawaii (C) and Trinidad (G) station pair run from the southwest corner to 
the northeast corner of this local map. The lines of position from the Hawaii 
(C) and North Dakota (D) station pair run from the northwest to southeast in 
this local map. Together, these sets of lines form a local Omega coordinate 
grid, which can be used while navigating a planned air trip from Albany 
Airport OH to Henderson WV as shown by the dashed line. To use Omega, 
maps or tables supplied by the US Coast Guard are a virtual necessity. 
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would be expected, for the extreme edges of 
the hyperbolic contours. 

In practice the usual Omega receiver 
works by measuring the phase between each 
station and a local clock reference. Phase 

differences are then obtained by subtracting 
these readings for selected station pairs. The 
phase differences convert directly to relative 
position and distance readings on a map. In 
Omega jargon, a centicycle is 1 /100th of a 

cycle and directly convertible to 1 /100th of 
a lane, called a centilane. One lane represents 
a 360° phase difference or equivalent to a 

one cycle change in the phase as used in this 
hyperbolic mode of navigation. Thus a navi- 
gator in a boat or aircraft can plot his or her 
course on a map relative to the Omega lines 
of position grid, and observe the crossings of 
these lines, called lane changes, as he pro- 
ceeds to move along this course as in figure 
2. The time it takes to cross a lane can be 
converted with simple arithmetic and trigo- 
nometry into a direct estimate of the aircraft 
or boat velocity. The position of the vehicle 
with respect to the Omega grid can be 
estimated by measuring the lane crossing 
points for two or more lines of position. A 
continuous measure of relative velocity and 
position between lanes can be obtained by 
eye, sampled every 10 seconds, by observing 
a strip chart record of two station pairs 
chosen for the best grid geometry relative to 
the receiver's current position. 

The Omega system has eight stations 
throughout the world. Signals may be 
received up to 8000 nautical miles (about 
14,800 km). In theory at least three of the 
Omega stations can be received any place on 
earth. The system is synchronized with 
atomic clocks at each station. In 1976, the 
time for the start of the 10 second sequence 
of figure 1 was set so that station A in 
Norway will start its cycle about 5 seconds 
before the least significant digit of universal 
time is zero, or station D will start its 
sequence when the least significant digit of 
universal time is zero. (Universal time is the 
current version of what used to be called 
Greenwich Mean Time, an international time 
standard, formerly derived from astronomi- 
cal observation, now derived from atomic 
clocks.) For an observer in any of the 
standard time zones, where local time is "n" 
hours removed from universal time, when- 
ever the local time is xx:xx:x5 he or she 
would find the beginning of the sequence for 
station A, with a burst of 10.2 kHz lasting 
1.0 seconds. Incidentally, an Omega receiver 
can also operate as a time reference source 
for checking clocks since a single Omega 
station "ticks" at a 10 second rate, when 
measured on a single frequency such as 

10.2 kHz. In the most elementary Omega 
monitor receiver the amplitude of the "tick" 
can become a direct check on time. How- 
ever, because of the atmospheric noise and 
the rise time limitations of both the trans- 
mitter and receiver, it is not possible to 
obtain precise timing by measuring signal 
amplitudes. What is possible is the measure- 
ment of the phase of the Omega carrier with 
respect to a local reference oscillator, after 
the station turns on. Stations are transmit- 
ting for 0.9 to 1.2 second intervals with a 

gap of 0.2 seconds between each trans- 
mission. The gap insures that there is abso- 
lutely no overlap regardless of how far away 
the observer is from a particular transmitter. 

An "Omega Users Handbook" is being 
prepared by the US Coast Guard Omega 
Navigation System Operations Detail (USCG 
ONSOD), and will be available shortly. 
/Write US Coast Guard Headquarters, 
(G- ONSOD /43), 2100 Second St SW, Wash- 

ington DC 20590. f ONSOD also supplies a 

daily Omega status report on a taped mes- 
sage which can be heard by dialing the 
phone numbers (202) 245 -0298, Washington 
DC, or (808) 235 -2181, Hawaii. The 
National Bureau of Standards station WWV 
broadcasts an Omega status message at 16 
minutes past the hour within a 42 second 
time slot, on the shortwave frequencies of 
2.5, 5, 10, 15, and 20 MHz. 

Omega has been in experimental develop- 
ment for 30 years and has just recently 
become operational. Most receivers in pres- 
ent use are expensive, in the $5 k to $50 k 

class. As yet there is a lack of worldwide 
demand for lowcost sets, mainly because 
hardly anyone has heard about Omega. It is 

possible to receive Omega signals with rela- 
tively simple hardware involving a parts cost 
of $100 or so, including a reference clock 
oscillator, sequence timer, and interface for 
phase measurements with a microprocessor 
system. A complete hardwired digital sensor 
processor can be built for under $500 in 
parts including data display on a strip chart 
recorder. 

The advent of lowcost microprocessors 
and all the digital interfacing hardware alter- 
natives is an obvious choice for Omega 
receiver systems. Commercial Omega 
receivers are starting to use these methods 
although they still command a high price 
($11,000) because of the low volume of 
production. I wrote this article in the inter- 
est of reducing this cost and complexity 
problem to the bare essentials for the do -it- 
yourself electronics buff. There are many 
possible methods to consider. At our lab we 
have chosen what we believe to be the 
simplest methods, not necessarily the best. 



It offers more. 
It costs less. 

No system is more complete. None is less expensive. OSI system boards and full 
documentation start at $29. Fully assembled systems at $439. Only you govern where 
they end. And OSI offers more features than ever. Full multiprocessing capabilities. An 
innovative full color graphics and alphanumeric video system. New options for even 
greater system expansion. New software. And two of the best -priced floppy disk options 
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As others become aware of Omega, it is very 
likely that further improvements and simpli- 
fications can be achieved. 

VLF (Very Low Frequencies) 

Frequencies in the 10 kHz to 20 kHz 
region propagate in a mode where the earth 
and its ionosphere form a cavity which acts 
as a spherically symmetric waveguide. At the 
low end of the range the ionosphere is only 
about 2 wavelengths (60 km) high and single 
mode transmissions may be received over 
very long ranges. 

For the simplest Omega propagation 
monitor or computerized do- it- yourself navi- 
gation aid, the single channel frequency of 
10.2 kHz is desirable. The higher frequency 
of 13.6 kHz will give somewhat more signal 
strength but more problems are created due 
to multimode transmissions. The ideal VLF 
frequencies which minimize diurnal changes 
in the received phase would be about 
11.9 kHz for daytime paths and 12.2 kHz 
for nighttime. It is interesting to note here 
that the USSR has an "Omega like" naviga- 
tion system which uses 11.905 kHz, 
12.649 kHz and 14.881 kHz. The reason 
that these VLF methods use several different 
frequencies is to resolve the lane ambiguity 
to much greater than 8 nautical miles for the 
10.2 kHz case. Thus a difference frequency 
like 3.4 kHz can be generated from 13.6 - 
10.2 with a suitable complex receiver and 
processor system. For Omega, the 3.4 kHz 
would result in a 24 mile lane. However, a 

single frequency receiver can be used to 
provide correction on position when good 
dead -reckoning data is available from the 
navigator who keeps track of his /her course 
direction and independently estimates veloc- 
ity (or guesses it from wind drift, pitometer 
readings, air speed- temperature corrections, 
etc). Thus a single Omega frequency used 
completely without reference to anything 
else can only resolve position -velocity to 
within one Omega lines of position grid 
"square," and the problem is to decide 
which of many possible grid locations (sepa- 
rated by 8 mile intervals at 10.2 kHz) is the 
correct one. Of course the navigator should 
know from where he started and his destina- 
tion, so that at least the initial conditions for 
navigation are available. Then the Omega 
receiver along with dead -reckoning data can 
be combined to give a better estimate of the 
true position after starting along a known 
course line. In effect the Omega receiver can 
give an independent estimate of the vehicle 
velocity and the microprocessor or even the 
pocket calculator can help in manipulating 
the numbers involved in the computations. 

Because of atmospheric noise and other 
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uncertainties in the propagation caused by 
sunspots or polar cap absorption, the typical 
Omega receiver resolves position to some- 
thing like ± 1 nautical mile (1.8 km) when 
the diurnal correction tables are applied. For 
local area users, starting from a known 
point, a single frequency receiver should be 

able to resolve Omega positions to within 
±' /a mile (0.3 km) in the absence of gross 
interference to the received signals, over a 

short duration mission (one hour or so) that 
is not near sunrise or sunset. 

Another technique for improving the 
precision of Omega is to compare the navi- 
gator's received phase with a known ground 
station's received phase over a 100 mile 
radius for differential corrections. The local 
ground monitor has to transmit an almost 
continuous data stream of its Omega read- 
ings to insure that some short duration 
propagation anomalies did not cause a "lane 
jump" or some other error. The ground data 
is transmitted to the remote user via another 
radio link. Differential corrected monitor 
systems have been used to determine the 
position of weather balloons by having the 
Omega signals modulate a UHF carrier fre- 
quency retransmitting the data to ground 
stations where the data is processed. 

As with most radio communications 
systems, Omega suffers from the usual 
signal -to -noise problems for the ultimate 
resolution. The general atmospheric noise 
level caused by thundershowers on a world- 
wide basis creates field strengths of 10 to 
100µV per meter in a 30 Hz bandwidth at 
the Omega receiver antenna. The lowest 
detectable Omega signals may be only 
10µV, often buried in 100µV of noise. 
Local thundershowers and 60 Hz harmonic 
interference also plague Omega users. Wire 
antennas are best for picking up strongest 
signals, but also respond just as well to all 
the noise. A loop antenna can discriminate 
against some noise due to directional nulls 
but suffers from the problem that the phase 
of the Omega station signal reverses when 
the loop is rotated through 180 °. A much 
more complex receiver system is required 
when using a loop antenna system. 

Some Fine Points on the Omega System 

The suggested range for usable reception 
of Omega signals is 600 to 6000 nautical 
miles (1,000 to 10,000 km) from the trans- 
mitter. When a receiver is close to a station 
the phase measurement to that station will 
be in error because of multiple mode propa- 
gation. Another problem near a transmitter 
is that the receiver may need to reject the 
unwanted signal from the local transmitter 
in order to receive a desired signal of some 
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Figure 3: Block diagram of the Mini -O system. The system is shown here in 
outline; details of the hardware are found in part 2 of this article. The 
microprocessor is a key element in the processing of Omega information, 
making it possible to save thousands of dollars relative to the least expensive 
commercial equipment. 

other transmitter on a different frequency. 
Thus the skirt selectivity or adjacent channel 
rejection capability of the receiver is of some 
importance. An example would be North 
Dakota transmitting on 11.333 kHz when 
trying to receive Argentina on 10.200 kHz, 
where the 11.333 signal might get into the 
10.200 front end. 

In the USA many observers will have 
trouble receiving the A channel from Nor- 
way. The path of the propagation over the 
Greenland icecap is severely attenuated. The 
ice acts like an absorber (similar to a giant 
size carbon wedge as often used in micro- 
wave waveguide attenuators). Omega is also 
affected by sunspot activity or any radiation 
that disturbs large blobs of the ionosphere. 

Omega signals may be received under- 
water. The "skin depth" of sea water at 
10 kHz is appreciable so a submarine or 
underwater explorer with a trailing wire 
antenna can in theory use Omega for naviga- 
tion purposes. Reception in airborne systems 
is usually quite good except for a phenome- 
non known as precipitation static when 
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charged rain or snow particles hit the 
antenna in sufficient quantity to obliterate 
the signals. Loop antennas tend to reject this 
type of interference and are found in many 
commercial or military airborne receivers. 

The choice of the spacings between 
channels and length of transmissions, varying 
from 0.9 to 1.2 seconds in 0.1 second 

increments, was made so that an observer 
might use the station on times to uniquely 
determine which combinations of stations 
are being received. This is a nonredundant 
sequence of time intervals. Nowadays we can 

also do this with an automatic synchroniza- 
tion software routine which first has to 
monitor a hundred or so seconds of Omega 
frames and decide where the usable signals 
are, before starting up a sequence generator 
at some point in the frame. However, a 

much simpler synchronization method may 
be used when a strong station signal is 

available. 
For North American users (Mexico, USA 

and Canada) the D channel at North Dakota 
will usually provide a positive identification 
based on signal amplitude only without any 
fancy software required. This saves us a lot 
of trouble, particularly in the early stages of 
experimenting with Omega sensor systems. 
Observers in other parts of the world, for 
example in Europe, might use the A station 
at Norway for an easy way of identifying 
where the Omega system is synchronized to 
the local reference. Similarly the African 
nations can use Liberia or LaReunion Island, 
South America can use Argentina, and the 
Northern Pacific Ocean area can use either 
Japan or Hawaii. Temporarily, G channel is 

assigned to Trinidad, but this will be moved 
to the South Pacific area at some future 
time. 

A few words about the concept of fre- 
quency offset are needed to help in under- 
standing Omega systems. We discuss the 
offset of one clock with respect to another 
in terms of how many cycles they are apart. 
Thus two 1 MHz oscillators turned one Hertz 
apart in frequency might be said to be offset 
from each other by 1 X 10 -6 which means 
that one clock will "beat" with the other at 
a rate of 1 cycle every million cycles with 
respect to whichever one we call the stan- 
dard. We can talk about an Omega clock 
which appears to be changing (drifting) 1 

lane (1 cycle) in, say, 60 seconds. The offset 
here would be expressed as the time of one 
Omega cycle divided by the time taken to 
change one cycle or: 1/10200/60 seconds = 

9.8 X 10 -5/6 X 101 = 1.63 X 10 -6. Here the 
clock itself appears to be giving a one lane 
change every 60 seconds. However if we use 
this clock with respect to Omega stations C 
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Figure 4: Signal envelope from the Mini -O receiver at 10.2 kHz. This is a 
photo reproduction of a strip chart recording made from data taken at 
8:00 AM EST on April 11 1976. 

and D which are only about 1 second apart, 
and, we subtract the two readings (D vs 
clock from C vs clock), then only about 1 

second elapsed between the measurements. 
The error in the measurement is thus about 
1 /60th of a lane which is negligible. Further- 
more, this is a constant error which does not 
change appreciably with time or from sta- 
tion to station. 

Still another factor involved here is the 
fact that the vehicle may be moving with 
respect to the fixed positions of the Omega 
stations. This is, of course, what we are 
trying to measure; that is, how fast are we 
moving with respect to a particular station 
pair? The Omega receiver output gives a 

reading or plot on a strip chart recorder 
which is the line of position desired. The 
rate at which this reading changes or moves 
across the chart with a repeat at every "lane 
change" in a sawtooth fashion, is the basic 
data of the Omega system. Two such records 
specify where the receiver is located pro- 
vided we knew from where we started and 
did not loose count of the number of lane 
changes (sawteeth lane count) made. Many 
marine navigators like to use the filtered 
Omega lines of position phase differences in 
this manner because it gives them a rapid 
idea of where they have been and how fast 
they are going in a graphical display as 
opposed to reading out numbers on a digital 
display. Thus most digital Omega processors 
can also provide digital to analog conversion 
outputs which can be programmed for lines 
of position data, or with more sophistica- 
tion, even plot a course with a "bug" on an 
X -Y moving map display. But a boat is by 
nature slow. 
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In contrast, the general aviation pilot 
doesn't have time to watch these interesting 
displays and is usually supplied with data in 
the form of a computed miles to go to some 
waypoint and a heading error indicator 
which is obtained from some kind of digital 
data processor. Simplified software for this 
is in the development stage at the present 
time. Most of the software for the filtered 
lines of position display has been worked 
out and will be detailed as part of this series 
of articles on Mini -O. 

There are a great many problems for a 

microprocessor experimenter to study. In 
particular, the output of data in coordinate 
systems like latitude and longitude instead 
of Omega lines of position; the correction of 
lines of position estimates with diurnal 
lookup tables or ionosphere models; and the 
use of multiple frequency Omega channels, 
are fruitful areas for some simplified soft- 
ware data reduction methods. 

An area of interest using microprocessor 
software techniques is that of providing 
velocity aiding loops which estimate the rate 
of change of the received phase and incre- 
ment the memory ahead or predict where 
the phase should be for the next time slot. 
In a moving vehicle using only three stations, 
we can directly track at general aviation 
velocities (< 150 knots or 277 kph). How- 
ever, at jet velocities a more sophisticated 
mathematical technique called a second 
order loop is of some value. A second order 
loop also improves the signal -to -noise 
because it tends to correct for clock error 
although the clock drift is not easily deter- 
mined independent of the vehicle motion 
when using only three stations on a single 
frequency. With four or more stations being 
received or when using more than one 
frequency in several different receiver front 
ends, the clock error may be estimated and 
the system used in the direct ranging mode. 
This doubles the lane distances to 16 miles 
measured as concentric circles surrounding 
each transmitter instead of the hyperbolic 
station pair difference mode. These methods 
require more software, and about double the 
complexity of the receiver front end. 

In the longer range future we might 
contemplate that BYTE readers could 
exchange information on "DX" reception of 
Omega signals at very long ranges such as 
from Japan or LaReunion Island for USA 
observers, using super software tracking 
loops able to dig signals out of a lot of 
interfering noise. Software methods of 
improving the reception for weak signals 
would be of value for the future utility of 
Omega. 

Hardware areas also need some improve- 
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ment. In particular someone needs to invent 
a single op amp (single +5 V power supply 
using one section of a quad) noise editor 
that will blank out wide band noise pulses 
without generating transients driving the 
narrow band filters. Noise blankers are a well 
known art, but what this world really needs 

is a simple one that does not double the 
front end complexity of the present Mini -O 

system. 

Omega Sensors 

All Omega receivers involve some analog 
radio frequency circuitry in the front end to 
amplify the microvolt signal levels up to 

values sufficient to operate digital processing 
systems. It is highly advantageous to use a 

lot of sequential narrowband filtering to 
improve the resolution of the resulting 
square wave edges. A typical Omega receiver 
will have a preamplifier, a set of narrow 
band filters, some type of limiter, and finally 
a comparator to generate edges for phase 

processing. Preprocessing bandwidths in the 
30 to 100 Hz range are found in most 
commercial systems. The advent of quartz 
tuning forks and mechanical filters operating 
in the 10 kHz region makes it possible to 
have a relatively simple system with 4 to 
15 Hz bandwidth. Very narrow radio fre- 

GLOSSARY OF OMEGA TERMINOLOGY 

This is terminology frequently found in Omega 
literature, some of which is used in these articles. 
Readers will find this glossary a useful guide to 
detailed study of Omega navigation. 

Frame One complete 10 second Omega 
sequence of transmissions. 

Time Slot The time within a frame when one 
station transmits on a single fre- 
quency according to the table in 
figure 1; simultaneously several oth- 
er stations will be transmitting on 
the other frequencies in the same 
time slot. 

Lane Spacing between adjacent LOPs 
which are 360° apart electrically, 
but measured over the earth surface 
usually in nautical miles. Note that 
this distance will vary from 8 miles 
in the center of the hyperbolic pat- 
tern to 25 miles or so at the ex- 
treme baseline extensions of the 
station pair in question. 

Centilane One hundredth of a lane (1/100). 
(Abbreviated CE L.) 

Cycle Phase difference of 360° between 
two transmitters as measured at the 
receiver. 

Centicycle One hundredth of a cycle (1 /100). 
(Abbreviated CEC.) 

Line of 
position 

Path of constant phase difference 
(usually at 0° or 360 °) between 
two transmitters as measured over 
the earth surface. (Abbreviated 
LOP in literature.) 

Epoch of A Start time of the A transmitter 
(NORWAY station on 10.2 kHz) 
with respect to UTC (Universal 
Coordinated Time as referenced to 
atomic cesium clock time). 

Difference 
Omega 

Use of two or more frequency 
channels to generate longer range 
LOPs as 13.6 - 10.2 = 3.4 kHz. 
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Differential Corrected line of position measure - 
Omega ments using a nearby fixed ground 

reference receiver. 

Composite 
Omega 

Diurnal 

Offset 

PCA 

SID 

Prop 

Precip or 
P- static 

PPC 

Mathematical weighting of received 
phase on 10.2, 11.33, and 13.6 to 
generate pseudo frequencies such as 

11.9 or 12.2 kHz for reducing 
effects of diurnal changes. 

Day to night changes in the posi- 
tion of particular station pair lines 
of position as measured over the 
earth surface. 

Frequency difference between two 
clocks usually expressed in frac- 
tional cycles where cycles are de- 
fined in terms of UTC seconds 
(Hz), may be expressed as Af /f or 
of /t. 

Polar cap absorption associated 
with solar radiation which causes 
Northern Lights type of display - 
may last for hours or days and dis- 
turb signals which propagate over 
the polar regions. 

Sudden ionosphere disturbance, 
changes in the height and density of 
the ionosphere caused by showers 
of solar radiation particles associ- 
ated with sun spots. 

Propagation of VLF signals as it 
refers to Omega, such as "prop 
error." 

Precipitation static due to charged 
water, snow, ice, fog, rain, clouds, 
striking conductive surfaces and 
antennas. Most pronounced in air- 
craft "E- field" antenna systems, 
but also observed in marine and 
ground monitors, particularly dur- 
ing very cold dry blowing snow, 
or sudden rain showers underneath 
thunderheads. 

Predicted propagation corrections 
as obtained from tables, or compu- 
ter programs built in to Omega 
navigation systems. 
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Figure 5: A 24 hour record of raw data received with one of the first test rigs of the Mini -O design. During the daylight hours, 

considerable 60 Hz interference was noted. This results from the fact that noisy electrical machinery or high power SCR or 
TRIAC controls connected to the local AC power system of the laboratory generate significant amounts of the 170th harmonic 

of 60 Hz, 10.2 kHz. This recording was made using a 4 bit precision for phase differences between the C and D station pair of 
the Omega system on April 8 1976. A total of 8640 consecutive measurements were made during the day, once every 10 

seconds. The results were recorded on a Heathkit chart recorder as they were measured with a 200 minutes per inch chart drive 

speed. 

quency bandwidths like 0.5 Hz cannot be 

used because the filter bandwidth is less than 
the "on time" of the signal. Other types of 
filters involve ceramic and mechanical 
magneto- restriction devices. Another 
method that has sometimes been used is the 

superheterodyne receiver where a local oscil- 
lator is mixed with the Omega signal to 
generate an intermediate frequency such as 

1 kHz or lower where the bandwidth of the 
intermediate frequency is inherently nar- 

rower than the incoming signal amplifiers. 
The receiver local oscillator or reference 

oscillator used for phase comparison must 
have good stability and a frequency offset of 
less than 5 X 10-6 to insure that the phase 

difference over a several second gap does not 
drift more than a few centicycles. Quartz 
crystal oscillators can provide this. Most 
receivers use what is called a TCXO (tem- 
perature compensated crystal oscillator) 
which can be set to an offset of 1 X 10 -7 

and will maintain this low offset within 
1 X 10-6 over a reasonable operating tem- 
perature range (the short term stability over 
several hours is usually much better). The 
low frequency quartz oscillators used in 
digital watches (215 Hz) can provide better 

than 1 second per week (about 5 X 10-6) 

low offset capability when treated with 
some care. The most expensive Omega re- 

ceivers sometimes use an atomic clock refer- 
ence and can operate in the direct ranging 
mode, comparing each station to the atomic 
clock without subtracting station pair 
differences. 

The receiver clock system (housekeeping 
timer) should provide some means of gener- 
ating the desired Omega sequence intervals 
and a suitable reference for the phase com- 
parison. It is convenient to choose a crystal 
oscillator frequency which has some direct 
and simple relation to the Omega frequency 
desired. A TCXO clock on 2.6112 MHz is 

often used (28 X 10200 Hz). Other receivers 
may use a standard 5 MHz reference and a 

complex frequency synthesizer to provide 
equivalent references. If we think in terms of 
binary systems, it is possible to devise 
intermediate frequency types of digital proc- 
essors which use 2n Hz as the basic reference 
or BCD equivalents like 1 kHz, 100 Hz, 
10 Hz, 1 Hz and 0.1 Hz. The Mini -O system 
to be described uses a 215 Hz clock to 
provide all the reference frequencies includ- 
ing the Omega sequence timing rate. 
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The second part of this 
series of articles by Ralph 
Burhans and his associates 
at Ohio University will fol- 
low in next month's 
BYTE. In part 2, you'll 
find details of the hard- 
ware of the Mini -O re- 
ceiver, which can be built 
by the advanced experi- 
menter with interests in 
navigation problems. Part 
3 by Richard Salter fol- 
lows with information on 
processing software. 

Another feature common to all Omega 

receiver systems is some form of multiplexed 
phase locked or recursive filtering applied to 
the phase information following the corn - 
parator. Digital hardware sensor systems are 

one method where a suitable clock system is 

advanced or retarded in phase by adding or 
deleting pulses to a countdown chain. An 
up -down counter system can also be used 

with a digital comparator. Software based 

digital filters have been devised which are 

basically recursive low pass filters operating 
at a relatively low sample rate. The sampling 
rate of the original edges is controlled by the 
analog radio frequency bandwidth used in 

the front end. Thus a 30 Hz bandwidth 
system might require a digital sampling rate 
of something like 100 Hz for optimum 
detection in the Nyquist sense where the 
Nyquist Sampling Theorem requires the sam- 

pling rate to be at least twice the input 
bandwidth. Some systems combine both 
software and hardware filtering of the phase 

information to generate final output band- 
widths of the information down to 0.01 Hz. 
With this narrow effective bandwidth, the 
receiver requires a long time (2 minutes) to 
lock up on the signals and correspondingly 
can hold lock through a lot of transient 
noise where the signal drops out momen- 
tarily. These digital systems are inherently 
sample and hold types where a shift register, 
counter, or latch holds the data for each 
Omega time slot in a multiplexed operation. 

Current research effort among micro- 
processor Omega researchers is involved with 
the development of software based sampling 
systems at a suitable low interrupt rate 
where the microprocessor itself becomes the 
equivalent of the voltage controlled oscil- 
lator as it is used in analog phase locked 
loops. These are still in the development 
stage in our laboratory. 

Mini-0 Receiver Concept 

The simplified Omega receiver methods 
which have been used for a basic digital in- 
terface are shown in block form in figure 3. 
This consists of a short whip antenna, a 

radio frequency preamplifier, a 10.2 kHz 
narrow band filter and limiter, zero crossing 
and amplitude gate detectors, clock and 
housekeeping timer, and finally a binary 
sampled phase output module. The output 
consists of 4 to 8 bit words which are 

processed after interrupts which occur at a 

40 Hz rate. The master crystal clock labelled 
HKT in figure 3 supplies all the timing 
functions necessary to operate the Mini -O as 

an independent monitor receiver or as an 

interface for a microprocessor system. The 
modules may also be used to drive hardware 
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digital filters or analog type signal processors 
depending on the user's interests. 

4 Bit Raw Data Recordings 

The Mini -O receiver is a digital super- 
heterodyne design which indirectly mixes a 

10240 Hz local oscillator with 10200 Hz to 
generate a 40 Hz intermediate frequency 
difference. Because the local oscillator is on 
the high side of the signal, the phase change 

of the 40 Hz intermediate frequency is 

reversed in direction with respect to Omega. 
In the first work on this system a sampling 
rate of 8 Hz or 40/5 was used because of 
convenience. By averaging 5 cycles of the 
8 Hz samples, a binary count was generated 
with 4 bit precision. Example recordings of 
this raw data for measurements averaged 
over single time slot intervals are illustrated 
in figures 4 and 5. 
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The 
POLY 88 

Microcomputer 
System 

if you are into computers or considering a system, the 
POLY 88 is the machine to contemplate. 

HARDWARE 
Popular 8080 central processor Single -board CPU 

with ROM, RAM, vectored interrupt, real time clock, 
single -step logic and serial I/O Video interface card - 

generates video to TV monitor and provides parallel 
keyboard input port Serial and cassette mini -cards plug 

directly into CPU with ribbon cables Cassette 
ROM monitor with powerful debugger, video software, 
bootstrap loader Backplane and power supply on one 

board simplifies construction Rugged 6 amp power 
supply All circuit boards are high quality, double -sided 
with plated- through holes System is compatible with 
a wide range of Altair peripherals Minimum point to 

point wiring means that the POLY 88 kit can go 
together in three evenings! 

ABOUT SOFTWARE 
Software is the reason the POLY 88 was designed. The 

operator can proceed from higher level languages like 
BASIC to developing machine code with the aid of our 

assembler. Our BASIC is a full 8K BASIC with character 
and byte manipulation. Best of all, the programmer is 

finally free of the teletype emulation mode so the video 
display can be used to full advantage. 

The video display provides a unique opportunity to write 
new types of programs and games. Characters (16 lines 

of 64) and graphics (48 by 128 grid) are part of the 
processor's memory, so the display may be altered 
rapidly - the entire screen written in less than 20 

milliseconds. 
POLY 88 hardware provides many 

additional features that 
programmers have come to expect, 
such as vectored interrupt and real 

time clock. 

See it at your local computer store. 

ARE YOU NEW TO COMPUTERS? 
The POLY 88 was designed for ease of use. No one 
should have to learn all the inner workings of computers 
just to enjoy one at a reasonable price. With the POLY 
88, you can "play" pre -developed programs or explore 
the world of computer languages as your interests expand. 

THE POLY 88 IS FOR EVERYONE 
Want to develop a new computer language? Want to 
fight Klingons? The POLY 88 provides a firm foundation 
upon which to build your interests and develop your skills. 

POLY 88 SYSTEM PRICES: 
SYSTEM 1 - Kit includes 8080 vectored interrupt 
processor with real time clock, 1/2 K of RAM and 1K 
monitor on ROM: Video Terminal Interface displays 16 
lines of 32 characters on a video screen and has a 
keyboard input port; cabinet, backplane, and power 
supply; complete assembly, operation and theory 
manual. $595. 
SYSTEM 2 - System 1 plus 64 character line option and 
Bytelbiphase cassette interface kit. $690. 
SYSTEM 3 - System 2 plus 8K of RAM with BASIC 
and assembler programs on cassette tape. $990. 
SYSTEM 4 - The complete kit. It includes system 3 and 
TV monitor, keyboard and cassette recorder with all 
necessary cables and connectors. $1350. 
SYSTEM 7 - System 4 assembled, tested and ready to 
run. $1750. 
ACCESSORIES - 8K RAM kit, $300. Assembled $385 
POLY I/O Ideaboard, hardware prototyping kit board. $55. 
Analog Interface (1 channel) kit. $145. 

Prices effective until January 15, 1977. Prepaid orders shipped postpaid. 

PolyMorphic 737 S. Kellogg, Goleta, CA 93017 
Systems (805) 967 -2351 



Continued from page 11 

IBM Selectric series. I would like to have 
some suggestions and comments on this 
proposed project from other readers. 
Any readers who can give any informa- 
tion on how to convert the IBM Selectric 
to a teleprinter will be greatly 
appreciated. 

Ronald K S Chan 
Engineer, Engineering Laboratory 
Canadian General Electric Co Ltd 

3 -397 Reid St 
Peterborough, Ontario 

CANADA K9H 4G4 

FLEXOWRITING 
NUN 

Dear Sirs, 

In recent months the Friden leaouriter has begun to turn up in 

numerous classified li.tic . and surplus catalogs as new possibility 

for relatively inexpensive herd copy output device. To those con- 

templating purchasing one of these units, tmie letter staid as evi- 
dence that they tan idead be Interfaced to micro' output port 

without too much difficulty. This letter was typed by a model 2301 
Flexowriter interfaced to w homebred 6060 -based system running Basic. 

The interfacing of the 2300 series of Friden Fleiowrltera is similar 
in many respects to Interfacing old Baudot -code machine., but there 

are many advantages to the Flerowriter. Fleet is obviously having both 

upper and lower case. This plue the typewriter -type font on most 

models make the unit very applicable to text -editing ad typing pro- 

groan. Second, the Flexowriter types at practical 12codes /sec. (The 

actual lumber of characters /sec depends on the number of case shifts 
necessary In the text.) Third, the standard 16 -inch cerrige provides 
more than 160 columns of output, and if you're lucky enough to get the 
optional 20 -inch carriage, well 

There are many different Flexowriter model@ and mop variations of 
each, so the prospective buyer nay find the following information of 
help. The 2200 and 2300 aeries of automatic typing machine. are the 
most applicable of the commonly available model.. While like moat 
Flexowriters, they have a non-standard 6 -level code (which is very 

easily reduced to 7 -level code) they usually feature etadard 
6 -level paper tape punch and typewriter -type font. The 2304 even 
boasts proportional spacing ecret.ry- .hlft, which might make In- 

terfacing easier. 

The 2200 series usually ha. larger character set the many models 
have the 20 -inch carriage.. 

While the above units usually include a mechanical tape reader and 
code output from the keyboard the necessary code conversions make It 
much mole practical to use a separate unis- encoded keyboard and op- 
tical tape reader for the system input. 

In short, the Friden Flexovriter can provide very suitable hard 
copy device. Certainly the price of met of them atone makes them 
Quite attractive. 1 obtained two such unite through rather fortunate 
circumatencee for free. They can be interfaced to parallel aecli 
port for lees than 650, much less if you're good sdveneer. 

Anyone contemplating, or actually attempting to interface Flasowri- 
tar to his micro soy write me at the below address and 1 will be glad 
to help In any coy 1 can. 

OK 

Sincerely, 

Bob NSdfu.. 
2367 Yeager Bd. 115 
West Lafayette, 18 
47906 

The letter is reproduced here photo- 
graphically to show the type font 
and demonstrate the practicality of 
Flexowriters. 

REGARDING BAR CODES, 
CONTINUED 

I read with great interest your article 
"A Proposed Standard for Publishing 
Binary Data in Machine Readable Form" 
in the November 1976 issue of BYTE. I 

am very much interested in the problem 
of publishing software in cheap and 
easily transmitted form. Cassette tapes 
require an expensive (-$100) interface 
as well as a not so cheap ( -$3) tape. 
Your method requires only a piece of 
paper and a light pen hooked up to a 

single input bit of a microcomputer. The 
software is relatively simple, and doesn't 
take up that much room. (Remember, 

once the program has been read success- 
fully, it can be transferred to your own 
cassette system, if needed.) 

I am worried about one aspect of the 
standard that you discussed in your 
article. I think that reliability is the key 
issue - more important than either 
people, readability or density. Further- 
more, this reliability should be conserved 
through making at least one Xerox copy. 
I do not know the characteristics of a 

Xerox machine that well, but I can 
conceive that they consistently either 
make the black bars narrower or wider. 
This might cause all ones to be mapped 
into zeros or vice versa. I think that in 
addition to a longitudinal parity check, 
there should be a parity bit on each 
character. This method allows single bit 
correction instead of single bit detection. 

I have done a little experimentation 
with your code format 2, which seems to 
have the most reliability built in. It 
seems that 1/5 inch is probably more 
than necessary for the length of the bars 
- 1/7 inch looks good. I also think that 
whether the code is published in col- 
umns or rows is not so important (unless 
someone is planning to build page 

readers). 
I include the first paragraph of this 

letter which has been coded into bar 
code and produced by the MIT Artificial 
Intelligence Laboratory Xerographic 
Printer. This printer has 200 dots /inch 
resolution, and each character is 28 dots 
high and 48 dots wide. All of our 
software is line oriented, so I have taken 
the liberty of making the bars vertical 
instead of horizontal. Since the charac- 
ters use format 2, each zero is 2 black 
lines followed by 4 white lines and each 
one is 4 black lines followed by 2 white 
lines. (The lines are only I/200 inch 
wide, so that they merge together into 
bars.) Using this format, we can put 28 
characters on a 7 inch line, 66 lines on a 

10 inch page. This gives a total of 1848 
bytes /page. No synchronization or parity 
characters have been used, although they 
could easily be added. 

Henry G Baker Jr 
MIT Laboratory for Computer Science 

545 Technology Sq 
Cambridge MA 021 39 

This is the complete text of a letter 
printed in bar code form in last month's 
BYTE. See January BYTE for the bar 
code text referenced. 

APL INTEREST? 

Inspired by the APL article in the 
November BYTE, I would like to get 
together with some other people who 
have access to an APL system or are 
looking ahead to their own micropro- 
cessor based APL system and would like 
to build or modify a CRT or dot matrix 
impact terminal to display the 
APL /ASCII character set. 

I have some ideas which I will share 
on how to incorporate overstrike capa- 
bility in a CRT terminal inexpensively; 
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but the character generator is the prob- 
lem. APL character generator ROMs are 

nearly impossible to acquire and I would 
like to have one manufactured. 

If anyone is interested please send me 
your name and address along with any 
comments you may have. For example, 
would you prefer 5 by 7 (similar to the 
APL Decwriter) or 7 by 9 character 
matrix? If I perceive sufficient interest I 

will have the chip encoded and send you 
information. I expect cost per chip to be 
about $30. 

Phillip Apley 
Hampshire College Box 9 

Amherst MA 01002 

DELIVERY COMMENTS 

In December 76 BYTE you included 
a product review by D Anderson of our 
VDM -1 Video Display Module. He did a 

good job on the technical side; however, 
I am pleased to update the 60 day 
delivery time he referred to. We are now 
delivering the VDM -1 and most of our 
other products FORTY EIGHT HOURS 
after receipt of order when a money 
order or certified funds are included 
with order. 

Terry M Holmes 
General Manager 

Processor Technology Corp 
6200 Hollis St 

Emeryville CA 94608 

IDENTITY CRISIS: 
ARE WE NERDS? 

In the letters section of the October 
1976 issue of BYTE, Bryan Patterson 
posed the question of what computer 
hobbyists should call themselves. Your 
preference for the term "hacker" leaves 
much to be desired, as most computer 
professionals could legitimately claim 
this term, particularly those who spe- 
cialize in software development at other 
people's expense. 

In spite of over 25 years of com- 
mercial application, computer system 
development is still largely an undisci- 
plined form of self- expression, using ad 

hoc design methods, usually resulting in 
late and over budget delivery of un- 
reliable products. Recent developments 
in software engineering are largely 
scorned or ignored by the "artists" of 
the profession. Standards, usually a sign 
of stability and maturity of a profession, 
are largely ignored as being a damper on 
the free spirit of creativity. judging by 
the practices and results achieved by the 
professionals in the computer field, I 

would say the term "hacker" belongs to 
them. 

The computer hobbyist, on the other 
hand, is working with his own money 
and is his own customer. Some profes- 
sionals are also hobbyists, but it is my 
observation that more planning and care- 
ful design goes into their personal sys- 
tems than in their professional activities. 
Some of this is due to severe limitations 
on their personal resources, to be sure, 



and such limitations always seem so 
obvious. The rapid adoption of such 
things as the KC cassette standard and 
the Altair bus (as a de facto standard) 
are real signs of maturity. The free 
exchange of information, construction 
tips, programs, etc, by hobbyists, as 

opposed to the publications of thesis 
papers on the professional level, is much 
more practical in an engineering sense. 

I would not claim that the hobby 
computer field is not subject to mud- 
dling, but it has a "can do" spirit to it. 

The computer hobbyist seems to be 
interested in the novelty, education, 
recreation and delight offered by the 
small programmable systems. An 
acronym composed of the first letters of 
those attributes of amateur computing 
spells "NERD," which might be a term 
suitable for the computer hobbyist. Next 
time, Mr Patterson, you can say, "Hi, 
I'm a computer nerd!" 

Dick Curtis 
4741 Newtons Dr E 

Murrysville PA 15668 

DIRECT BINARY? 

I was reading your article in the 
November BYTE (issue #15) entitled "A 
Proposed Standard for Publishing Binary 
Data in Machine Readable Form." I 

thought it was a very good idea and I 

had considered it myself as a good way 
to store data in bulk and an easy way 
not to have to load in by hand programs 
that you see in magazines. However, I 

think that there is an easier format than 
the ones proposed in your article. The 
following format is similar, but takes up 
less space and has a consistent bit length: 

VIA- )XXXXXXXXXX 
VO4-j 
VI- jXXXXXXXXXX 
V1H XXXXXXXXXX 
Vi- (XXXXXXXXXX 
Vo -) 
V 04-I 

ETC. 

Where Xs represent a solid black line 
with no gap between lines and blanks 
represent an area with no ink at all. 

I hope you will consider using the 
above format as it could simplify it 
greatly and also save some paper. 

Wayne Loofbourrow 
815 Standish Av 

Westfield NJ 07090 

This method suffers from the prob- 
lem that it is not self -clocking. A format 
for bar codes, to be usable, must be 

self -clocking, which virtually requires 
some redundancy in the encoding. 

I NEED EASY COMPUTERS! 

Right now all I have going for me is a 

desire to use a computer, a little knowl- 
edge I have gained of computers from 

books, and a subscription to BYTE. 
Even with the dropping prices of micro- 
computer hardware, being a student, I 

still cannot afford a computer. How 
about an article on building your own 
microcomputer, using easily available 
parts and easy construction techniques, 
with provisions for expansion and fol- 
low-up articles on programming? 

Mark Sebald 
8722 W Bluemound Rd 

Wauwatosa WI 53226 

We're working on it. Already in 
house, expected out in mid 1977, is a 
very detailed construction project on a 
6502 computer system; and we're work- 
ing on getting articles for several other 
varieties. "Easily available" is taken to 
mean that most parts are found in the 
catalog sheets of hobby distributors. 

PRAISE FROM "DOWN UNDER" 

Please find enclosed order for US 
($30), being 3 years subscription renewal 
to BYTE (as from January 77). May the 
high standard of articles continue! 

G N Gould 
Sydney Hospital 

Biochemistry Dept 
Macquarie St 

Sydney 2000 AUSTRALIA 

COMPUTER LANGUAGE 
PTERODACTYLS, AND 

OTHER BEASTIES 

I write primarily in response to 
Mr Skye's letter in your August issue. I 

can only conclude that he had been with 
IBM too long, otherwise he would not 
attempt to debase the 8080 with 
FORTRAN or PL -I. FORTRAN is a 

virtual pterodactyl, flying on solely by 
inertia, whereas PL -I is much better, but 
too rambling in construction. If he in- 
deed takes up the admirable task of 
writing a high level compiler for the 
8080, he would be better advised to base 
his compiler on a fully structured lan- 
guage such as PASCAL. 

Inasmuch as PASCAL was originally 
devised as a pedagogical tool intended 
for use in examples of systems program- 
ming, it does not have a defined IO 
structure. In this aspect Mr Skye would 
be quite justified in reverting to PL -I. 
PASCAL also lends itself readily to 
modifications which would allow com- 
pile time extensibility in several areas. 
This is definitely to be preferred over 
add on "features" which take exception 
to structure, syntax, grammar, or com- 
mon sense in any language. 

Whatever the final characteristics of 
Mr Skye's language, it may well become 
the hobbyist's first or second program- 
ming language, due to early availability. 
Just as with natural languages, the lan- 
guage in which one program affects his 
approach to programming as a whole, 
and the first or primary language used 
tends to influence all later programming. 
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Where to get it. 
Equipment, parts, sup- 

plies and services. Hard to 
find and standard items at 
bargain prices. 

Over 600 places to find 
transceivers, antennas, 
surplus, new and used 
equipment, µPs /com- 
puters, ICs, components, 
assortments, assemblies, 
discounted items, test 
equipment, peripherals, 
etc. Hundreds of large and 
small mail order sources. 

A complete directory 
divided by sources, items 
and locations. Saves count- 
less hours of shopping. 
Easily pays for itself through 
comparative buying. 
Contains no advertising. 

-- --_ -ra to -_-- i' 
Rush my order. I enclose $5.95 plus 550 1 

postage and handling. Californians add 
390 sales tax. Full refund if not 
completely satisfied within 10 days. 1 

1 

Name 

Address 
1 

1 City /State /Zip 1 

1 Primary interest: Amateur Radio CB 1 

1 Experimenting µPs /Computers 1 

1 Send to: Peninsula Marketing 1 

Dept. D 1 

12625 Lido Way 
1 Saratoga, CA 95070 

1 

1 



It is therefore the duty of the language 
designer to attempt to instill the rudi- 
ments of proper programming practices 
and style in the novice by designing 
languages which encourage or require 
such practices. It is, admittedly, not easy 
to forego the use of some thrilling bit of 
"trick" code merely because it is con- 
figuration dependent, poorly docu- 
mented, grossly unstructured, or dif- 
ficult to follow when encountered 
unexpectedly in the code; however, it 
will be appreciated later, and practice 
helps firm the will. The best solution, by 
far, is to reduce the availability of such 
tricks until the user has outgrown his 
programming adolescence. 

Small tricks may be introduced in the 
code produced by the compiler if they 
are suitably documented. In fact, the 
reduced resources of the average micro- 
computer installation provides fertile 
ground for a well written optimizing 
compiler. If optimization of tricky out- 
put is included in a compiler, it is 
suggested that a section of the user's 
manual be devoted to the discussion of 
each instance, giving examples and a full 
explanation of how it works and why it 
was done in that manner. It is also to be 
suggested that optimization be a user 
option if included, as it is usually much 
easier to debug unoptimized code, than 
optimized code when finished. 

I will gladly enter into cor- 
respondence with anyone who wishes to 
discuss or debate the features which 
should properly be included in a pro- 
gramming language, and why (or why 
not). 

P M Lashley 
Director of Computing CSCS 

POB 764 
114 S Bullard St 

Silver City NM 88061 

Program structure should be looked 
upon as the language level equivalent of 
an integrated circuit used by the hard- 
ware designer. Why reinvent the DO or 
IF statements when you can get a 
language structure prepackaged to do the 
work? Why reinvent the NAND gate 
when it can be bought four per package 
in u 7400? And debugging with standard 
packages is so much easier, since func- 
tion is checked rather than internal 
details. Tiny BASIC and its later full 
function relatives are just a start in the 
right direction. 

APL CHARACTER ROMS? 

When APL becomes available for 
6800s and 8080s, it will be nice to have 
the APL character set, too. In view of the 
profusion of television displays based on 
the Motorola MCM6570 series character 
generator chips, I investigated the prac- 
ticality of obtaining an MCM6570 series 
generator for APL. My initial enthusiasm 
was almost quenched by my local 
Motorola representative, who informed 
me that although the unit price of a 

custom 6570 would be only $8.50, the 
minimum order would be 500 units and 

the custom -masking charge, a cool 
$1000. 

While I can't justify spending $5250 
($8.50 X 500 + $1000) for one or two 
chips, I wonder how many people would 
be willing to spend $10.50 (5250 
500)? Or would one of the television 
typewriter manufacturers be willing to 
take the plunge, design and market an 

APL television typewriter, and con- 
currently finance and vend the 
APL 6570? 

These approaches to the design of the 
new chip should be considered: 

1. By omitting approximately four 
"noncritical" APL characters - 
ie: characters not used to repre- 
sent APL functions - the entire 
character set, including overstruck 
characters, can be generated by 
one chip. This would auto- 
matically make any 6570 based 
television typewriter an APL 
television typewriter by simple 
chip swapping. 

2. Devoting a full chip to those APL 
characters that have no ASCII 
counterparts, the full APL charac- 
ter set and full ASCII character 
set, including all legal (and some 
illegal) APL overstrikes, can be 
accommodated using a standard 
ASCII 6570 as well. Required 
modifications to the television 
typewriter with this approach 
would include a chip select bit for 
each character in the refresh buf- 
fer, addition of chip selection 
circuitry in the video generator, 
and redesign of any cursor cir- 
cuitry (like that of the Processor 
Technology V DM -1) that depends 
on using only 7 bit ASCII. 

Roderick Montgomery 
52 Birch Av 

Princeton NJ 08540 

Creating a demand is what is needed. 
Would an APL enthusiast be willing to 
pay $52.50 for an APL character genera- 
tor? If that were the cose, all it would 
take would be 100 such people to get 
together, buy 500 ROMs and use only 
100. (Or better, give each purchaser 5 
ROMs to do with as he or she pleased.) 
However, demonstrating a market 
interest in the products is u better way. 
Let's see how many BYTE readers 
are really into APL, document that, 
and use it as a message to potential 
manufacturers. 

BELL 103 MODEMS NEEDED 

It seems to me that as the hobbyist 
and small business computer field con- 
tinues to develop, data communications 
will become increasingly useful and pop- 
ular. Because the Bell 103 type data 
communications hardware interface is 
already a broadly accepted interface, I 

intend to use it and hope it will be 
widely used by other hobbyists and 
small business operators (at 30 and 10 
characters per second). 
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I have a Tarbell cassette interface, 
and I intend to use it extensively in my 
system. However, the fact that no tape 
interface seems to be evolving as a 

hardware standard is creating a problem 
in the exchange of tapes by micro- 
computer users. 

Is it not easily possible to use an 
originate answer modem as a tape inter- 
face? Wouldn't this be an ideal hardware 
standard for the exchange of cassette 
tapes in our field? I don't have the time 
now to describe all of the potential cost 
and flexibility advantages of such an 

idea, but I'm sure they can be easily 
imagined. 

Stephen T Moore 
Moore Research 

POB 1562 
Sacramento CA 95814 

I think modem recording on tape has 
been tried ... with less than optimal 
results due to the old "wow and flutter" 
problem. Besides, there are manu- 
facturers now claiming that by using 
special techniques they can get 400 
bytes per second versus communications 
rotes; so why be stuck with a low rate? 

STANDARDS 

I am very confused about the 
plethora of cassette data recording 
"standards" presently available to the 
computer hobbyist. The more I read 
about them, the more confused I get, 
and I am pretty sure that I cannot be the 
only hobbyist out here with this dif- 
ficulty. If you could answer the ques- 
tions below for me, I think you will be 
performing a noteworthy service for 
many of your readers: 

1. Which "standards" are presently 
in use? 

2. Which are gaining /losing favor 
with hobbyists? 

3. Which are compatible with MITS 
Cassette BASIC? 

4. Which are easiest to implement in 
hardware /software? 

5. Which system is the fastest? 
6. Is there any relationship between 

these "standards" and the Na- 
tional Multiplex system advertised 
in BYTE? 

7. Is there a consensus at BYTE 
about what system you would 
prefer to load MITS BASIC and 
to store programs on an Al- 
tair 8800? 

I realize that the answers to these 
questions could be both involved and 
lengthy, but any help you could give me 
would be greatly appreciated. 

Chessman Kittredge Ill 
14 El Sereno Ct 

San Francisco CA 94127 

1. Audio tape recording media vary 
from manufacturer to manufac- 
turer. MITS uses the ACR board 
of their own design, with modem 
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like choices of frequencies. Digital 
Group uses a similar method, but 
with different frequencies. The so 
called "Kansas City" standard is 
represented by several different 
manufacturers, including South- 
west Technical Products' AC -30 
and PerCom. Motorola is also re- 
ported to be using it with its 
latest evaluation board kit. The 
Tarbell high speed standard is one 
of the best in terms of speed of 
operation, as is a "Kansas City" 
standard interface operating with- 
out redundancy using a 2400 
baud doto rate. 

2. For audio cassettes, as in all lO 
operations, unless some other dr- 
cumstance gets in the way, the 
faster the operation, the better 
off you are. 

3. All 10 methods are in principle 
compatible with MITS Cassette 
BASIC. The only problem is you 
probably will need to do a "hack" 
on that BASIC's object text in 
order to make it work in non- 
standard ways. We have not done 
that (yet) so the problems to be 
encountered can only be con- 
jectured . .. but it has been done 
by more than one user. 

4. In principal, nearly all of the 
different audio recording stan- 
dards can be best implemented 
with one set of hardware and 
several software designs for the 
encoding and decoding al- 
gorithms. The hardware minimum 
is an output (optionally filtered) 
from a TTL gate or equivalent, 
and on input signal conditioning 
port (single bit) which converts 
sine waves (more or less) from the 
tape into a clean clipped square 
wave while preserving transition 
times. Then the different inter- 
faces are typically achieved by 
simply using o different lO driver 
program. 

5. To find out which system is the 
fastest, look at their data rates. A 

300 baud system such as the 
unmodified "Kansas City" stan- 
dard is obviously much slower 
than the same hardware driven at 
2400 baud. Also, look at the 
software being used for for- 
matting the software. A cassette 
with a raw bit rate of 2400 baud 
will have an effective bit rate ever 
so slightly lower if the asynchro- 
nous data format of a UART is 

used, considerably lower if re- 
dundant coding is used to check 
or correct errors, and possibly as 

low as 30% of the maximum rate 
If the software employed sends 
hexadecimal dato as ASCII codes 
for hexadecimal digits. 

6. The National Multiplex system 
differs from the normal audio 
interface only in the greater effec- 
tive speed possible, and the fact 
that it ignores the original head 
drive electronics of on audio chan- 
nel and achieves greater speed in 
the electronics by driving the 
head digitally and directly. 

7. In a way, yes . .. the faster the 
better. 

This is by no means an attempt to be 
complete about the answer. A fuller 
answer might make good material for an 
author to supply a detailed comparison 
aimed at the neophytes just coming 
aboard. 

OPPORTUNITIES 

Display Text, Washington DC, has 
just introduced a Word Processing (text 
editor) microcomputer for $13,990. The 
system incorporates 24 K bytes of RAM, 
a Zilog Z80 chip, two Sycor flippie 
diskettes, a Thompson 66 line CRT, and 
a 55 characters per second Qume (type- 
writer quality) printer. 

At that price I expect the system to 

sell quite well. The marketing outlets are 

to be selected from independent dealers 
in most metropolitan areas. (Entre- 
preneurs take note.) 

So what? The opportunities for 
knowledgeable "microexperts" are un- 
limited with this system and many 
others. The significance of the Display 
Text system versus other systems is its 
Z80 full page 66 line CRT. System 
operators can scan a page on the CRT 
and know exactly how it will look 
printed. Of course, software by the mega 
bytes is needed to allow lawyers, in- 
surance agents, doctors, etc, to do things 
other than word processing on their 
Z80s. 

Never before have we had computers 
in the home to produce and debug 
commercially valuable software. I am 
personally involved with various smaller 
law offices in an attempt to help them 
select equipment and software to handle 
their typewriting, timekeeping, account- 
ing, and case deadlines. This system and 
other microcomputers for the com- 
mercial market could be a very re- 
warding vehicle for computer enthusiasts 
who can produce software or hardware 
assistance. 

Allen Swann 
Legal Office System Consultant 

2510 Oak Trail S 104 
Clearwater FL 33516 

WUMPUS SOFTWARE? 

I have written a ,machine language 
version of WUMPUS by Greg Yob. It's a 

great game. The 8080 program is under 
3 K and is completely self -contained: It 
requires no user PROM subroutines. 
Anyway, if anyone wants a listing, just 
send name, address, and $5 to: 

Ron Santore 
1957 Huasna Dr 

San Luis Obispo CA 93401 

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 

$69.95 - KIT" 
$89.95 - ASSEMBLED" 

Manual only - $4.00 
(refunded w /o) 

plus shipping 

PerCom Special! 
2502 UART -$6.95 

PerCom Data Co. 
P.O. Box 40598 Garland, Texas 75042 (214) 276 -1968 

PerCom - 'peripherals for personal computing' TEXAS RESIDENTS ADD 55 SALES TAX 
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BROADCAST STATION HANDLER? 

Mr Hosking's article "A Ham's Applica- 
tions Dream" I page 26, October 1976 
BYTE I is very dear to my ulterior motives 
for studying the current revolutionary world 
of microcomputers. 

In addition to being an old "ham" I am 
currently chief engineer for a small but 
automated FM broadcast station located at 
an altitude of 8500 feet (2600 m) in the 
Sierra Nevadas. 

The "automation" system is a solid state 
device that was built about 20 years ago and 
is quite reliable but is slowly becoming 
obsolete. Some foresighted individuals in the 
broadcast industry have begun to use com- 
puter techniques but on a limited and very 
costly basis. 

I have talked to a few microcomputer 
sales people regarding my application but 
receive an "I dunno." 

Would it be possible for an Altair 8800A 
or equivalent to, say, sequentially handle 
2000 events (switch tape deck, etc) in "real 
time" and give a "hard copy" (log) for a 

broadcast station and still be simple enough 
for an announcer or secretary to program 
the day's events? (And of course, not cost an 
arm and a leg ?) 

Thanks to you and your staff for an 

understandable approach to a very com- 
plicated and otherwise distant world of small 
systems. 

Joe Alvin CE 
KMMT 

Mammoth Mountain FM Associates Inc 
POB 1284 

Mammoth Lakes CA 93546 

If I were building such an application, I 
would want at o minimum o floppy disk 
system, and a good reliable printer. Using a 

single drive floppy system with 16 K bytes 
of memory and building custom drivers for 
all the events, as well as o custom real time 
clock, such on application could probably be 

assembled in the $4000 -6000 range for parts 
and subsystems, excluding labor. Would any 
readers with station automation experience 
care to share experiences? ... CH 

PROGRAM "BANK" NEEDED 

After a year's exposure to your very fine 
computer hobbyists' magazine, I feel con- 
siderably enlightened on the subject. The 
articles and advertisements have convinced 
me of the significance the machines will play 
in the computer revolution. 

Although I confess to be a confirmed 
computer hobbyist, I do not plan to submit 
to some of the rigorous repetitive activities 
that have been proven by other hobbyists. 
Namely, rewriting proven programs and 

manually loading the software into my 
computer. 

In many of your articles over the past 
months, considerable information has been 

provided on peripherals that interface and 
load typical programs into a computer's 
memory. However, I find myself in some- 
what of a void regarding how to rapidly load 
a program into a paper or cassette tape 
reader. 

Is there a company or group that will 
translate software into a paper or cassette 
tape for a nominal fee? Is there a program 
"bank" where the hobbyist can order proven 

software already on paper or cassette tape? 
Is there available to the hobbyist a translator 
that can perform the same? 

Any articles or services that might illumi- 
nate these questions will be of great help to 
me and I'm sure to other computer 
hobbyists. 

Laurence P Williams W5I1Q 
111 Bradford Cir 

Ocean Springs MS 39564 

See the information currently In BYTE 
regarding optical scanning of printed bar 
codes, and watch BYTE for information 
regarding clubs and other sources of soft- 
ware. We expect to be providing a software 
library of machine readable PAPER - 
BYTESTM and SHEET PROGRAMSTM 
using the printed bar code techniques. Watch 
future issues of BYTE for information on 
the PAPERBYTESTM project. (PAPER - 
BYTESTM and SHEET PROGRAMSTM are 
trademarks of BYTE Publications Inc.) 

MORSE REACTIONS TO OCTOBER 

I do believe filling your October cover 
with "BYTE" in Morse code was a bit 
self -centered. ( -... -. -- - .) Although the 
picture of Joseph Henry's telegraphy key 
was very interesting. 

To remark on Hickey's article, "The 
Computer .... Versus .... Hand Sent 
Morse Code," I must say that it was very 
good. But an interesting point came up when 
I read it. If every amateur radio station used 

computers in sending and receiving Morse 
code there would be no need for Morse 
code. Each station could, and might as well, 
just use ASCII. Of course the use of ASCII 
would eliminate the use of telephone lines 
for teletype. This would not be good for 
phone companies but businesses and people 
renting time on a larger system could benefit 
from the use of the air transmissions. I hope 
this idea could be developed further. 

Mark Lentczner 
445 Third St 
Brooklyn NY 

There is only one problem, though. 
Amateur radio is amateur; commercial mes- 
sages are not allowed on the air to amateurs. 
However, an amateur radio communications 
net for passing games, personal use pro- 
grams, etc, back and forth would be quite 
legitimate within the constraints of being 
amateur. We're looking for articles to ex- 
plore that possibility using established corn - 
puter network software concepts presently 
used only by the ' biggies. " 

As for the cover issue, isn't the cover of a 

magazine supposed to advertise its name ? ?? 

AGGRESSION BY COMPUTER 

Our faculty, staff and students are de- 

lighted with the way BYTE has developed. 
We look forward each month to receiving 
the next issue. 

Every day we hear "the computer is 

responsible!" Business and government are 

experiencing problems in computer data 
processing. Many of the difficulties are in 
relationships with the consumer public. 
Recipients are invariably frustrated in cop- 
ing. I am researching "case studies" involving 
people who are having troubles created by 
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the alleged computer error. I would like to 
hear from these people describing their 
situations and what steps they went through 
in solving, or attempting to solve the diffi- 
culties. All responses will be treated 
confidentially. 

Dr Richard A Bassler 
Associate Professor of Computer 

Systems Applications 
CTA -B The American University 

Washington DC 20016 

HANGMAN? 

I have bought several issues of your 
magazine and have enjoyed reading them 
very much. Although I am new to program- 
ming, and do not have a microsystem, I have 
access to an IBM 370/158 and an IBM 1130 
computer. I am learning much from BYTE 
on programming. 

Please, if you know of one, give me the 
name of a book or an article on games for 
computers, namely HANGMAN. The lan- 
guage can be in assembler, Fortran, Basic, or 
PL /1. I would appreciate this very much, as 

have hacked my brains out trying to figure 
that one out. 

Robert Todd 
1815 N Boomer Rd Apt F -20 

Stillwater OK 74074 

See page 118 of 101 BASIC Games, a 250 
page paperbound book available for $7.50 
plus $.50 postage /handling from Software 
Distribution Center, Digital Equipment 
Corp, Maynard MA 01754. This book con- 
tains a complete listing of the program, 
written by Kenneth Aupperle of Melville 
NY. See also, page 18 of What To Do After 
You Hit Return, published for $6.95 by 
PCC, POB 310, Menlo Park CA 94025, for a 

description of how to use such a game. (To 
get the game program itself, order HANG - 
MN for $3 in paper tape form.) 

DATA BASE MANAGEMENT INFORMATION ? 

I am a charter subscriber to BYTE maga- 
zine, and very much interested in getting 
into the home computer field. However, 
cannot justify it on the basis of it being the 
"ultimate toy." 

I, and possibly many others, could justify 
it if the home computer could be applied to 
do useful work around the house. 

One application which comes to mind is 

that of home or small business record 
keeping. This brings up the complex subject 
of data base management systems. 

I would very much appreciate a disserta- 
tion in BYTE on the design and implementa- 
tion of data base management. It could be 

presented as if the user had an Altair 8800 
printer, keyboard, and one or more tape 
cassettes. For example, flowcharts and sam- 
ples of 8080 code could be used to illustrate 
how an editor updates a variable length 
record on cassette by inserting, deleting, or 
changing data somewhere in the middle of a 

cassette record. 
I believe amateur radio grew as it did 

because of the social benefits of its applica- 
tions. Amateur computing must also have a 

beneficial goal in order for it to grow. 
H C Bickel 

587 Kiersted Av 
Kingston NY 12401 



Daniel Lomax 
Community Data Systems 
114 E Mohave Rd 

Tucson AZ 85705 

The Impossible Dream 

Cassette Interface 

In May 1975, I had a new Altair 8800, 
from the original Popular Electronics offer, 
with 256 bytes of memory and no more 
money. What could I do besides blink lights? 
The first thing I noticed was that there is an 

addressable latch in the system, the Inter- 
rupt Enabled latch on the 8080, which is 

nicely buffered and displayed on the Altair 
front panel. After turning it on and off for a 

few hours, it occurred to me that, with an 
earphone, the light might make music, and, 
after several day's mad programming, some 
incredibly accurate baroque music emerged, 
including one recorder piece of which a 

musician friend - who loaded the data for it 
- said he had never before been able to hear, 
being too busy playing it. 

After making recordings of the music, the 
question arose: "If I can record music, why 
not digital data ?" I hadn't heard of the 
various systems being developed at that 
time, and my tape recorder is a Ward's 
Airline $30 cheapie. But, anyway, I recorded 
various tones on cheap tape, played them 
back, and looked at them on an oscilloscope. 
I found that a 2000 Hz tone, linked to the 
tape recorder through a 0.1 uF capacitor, 

was reliably reproduced - more or less - 
with the tape recorder volume turned all the 
way up, as an 8 V peak to peak "square" 
wave: That is, "reliably" in the sense that 
the signal never failed to clip, had no visible 
glitches, and I could see no missed cycles. 
There was jitter in the frequency, a few 
percent. 

So, I built a breadboard single channel 
input interface to look at the signal, capac- 
itor- coupled, and diode -limited between 
ground and +5, with Altair IN instructions. 
Though this interface was all TTL - no 
active linear components - it was still 
unnecessarily complex, as I will show. Any- 
way, using one cycle of 1100 Hz as 0 and 
two cycles of 2200 Hz as 1, I found that I 

could record data and recover it reliably, 
using the Altair to time the interval between 
transitions of the playback signal. According 
to what I have read, this is impossible. 3M 
Corp is supposed to have spent many 
millions of dollars working on cassette data 
recording systems, only to find that audio 
cassettes were too unreliable. Therefore, 
established engineers need read no further 
(except as entertainment), since this might 

About the Author: 

Daniel Lomax learned electronics in the physics laboratory at Cal Tech in 
the mid 60s, but never graduated. Recent work in printing and publishing 
brought him in contact with a burned out Honeywell Controller which was 
part of a nonworking Photon phototypesetter, repair of which created a 
business for him (phototypesetter repair) and taught him TTL logic. He is 
active in the L -5 Society, a group working to encourage the establishment of 
permanent human colonies at the L -5 Lagrangian point of the Earth -Moon 
system. Demonstration of his typesetting proficiencies came to us in 
the form of excellent typeset manuscripts (which we reset for editorial and 
stylistic reasons). 
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CASSETTE ,'EAR' 

+5V 

PINT, ALTAIR INPUT 

0.5µF CASSETTE ,''AUX. 
ALTAIR, PINTE 28 >I o OUTPUT 

be in the same class as perpetual motion and 
angle trisection with compass and 
straightedge. 

But, if you are an impoverished hobbyist, 
and would like to store programs and data at 
more than 1500 baud without spending any 
money - assuming you have a tape recorder, 
some capacitors, diodes, and connectors - 
let us dream the impossible dream together. 
[The "unreliability" of a device is not 
necessarily dependent upon the modulation 
method alone. This method hardly contra- 
dicts any principles of information 
theory .... CH] 

After doing the above experiments, the 
corporation which owned the Altair folded, 
and with it my source of income and 
support for my family. I ended up with the 
Altair, but had no time to play with it until 
recently. Meanwhile, I have been following 
the literature, and have observed all kinds of 
proposed systems, none of them fast enough 
for the kinds of applications I have been 

considering and cheap enough for me to 
afford. Like Dr Suding [see "Why Wait ?" 
page 46, BYTE, July 19761, I cringe at the 
thought of waiting 15 minutes to find out 
that noise has destroyed data and I have to 
start over. 

My original bootstrap loader program was 

64 bytes long and included a routine which 
automatically set the appropriate timing 
value by examining a string of zeros which 
preceded the data on the tape, and which 
updated that value using the stop bit be- 

tween each byte. This article, however, 
describes a shorter loader, not automatically 
self- adjusting, and the hardware has been 
practically eliminated. 

It seems I had overlooked the fact that in 
the Altair there is, in addition to the sense 

switches, one free input channel - of sorts - 
PINT. If PINT cannot be used for some 
reason, a program can be written using 
normal input channels. Also, there is no 
reason to output two cycles for a single bit, 

Figure 1: Schematic of the "Impossible Dream" Signal Conditioning Logic. 
The output consists of simply driving the cassette recorder's input with a TTL 
level signal. The 0.5 uF capacitor is optional, according to the author, and can 
be replaced by a direct coupling. The input is a simple network to clip the 
signal coming back from the tape recorder. 

Listing 1: Minimum Hardware Cassette Output Program. This program is a 

stand alone method of recording data starting at location BUFFER on to the 
recorder through the Altair PINTE line. This program terminates when the 
page address is zero. A more general program could of course be written by 
changing the initial conditions, and the end of execution test at locations 046 
and 047. Note that in the listings of this article, the notation <0> is used to 
indicate page addresses. The programs shown can be loaded at any arbitrary 
page boundary by substituting an octal number (such as 003) for <0> every 
time it appears. 

Split 
Octal 

Address Octal Code Label Op Operands 

377 SSW EQU 377 
200 BUFFER EQU 200 

<0>/000 041 200 <0> START LXI H,BUFFER 
<0 >/003 061 200 <0> LXI SP,BUFFER 
<0 >1006 333 377 LOAD IN SSW 
<0> /010 117 MOV C,A 
<0>/011 027 R A L 
<0 >/012 324 055 <0> CNC ZERO 
<0 >1015 322 006 <0> JNC LOAD 
<0 >/020 017 RRC 
<0 >1021 117 MOV C,A 
<0 >/022 315 066 <0> NEXT CALL ONE 
<0 >/025 176 MOV A,M 
<0 >1026 006 010 M V I 8,010 
<0 >/030 007 BIT RLC 
<0 >1031 334 066 <0> CC ONE 
<0 >1034 324 055 <0> CNC ZERO 
<0>/037 005 OCR B 
<0> /040 302 030 <0> JNZ BIT 
<0 >/043 315 055 <0> CALL ZERO 
<0> /046 054 INR L 
<0 >1047 302 022 <0> JNZ NEXT 
<0 >/052 166 HLT 
<0 >/053 000 NOP 
<0 >1054 000 NOP 

<0 >/055 363 ZERO DI 
<0 >1056 315 105 <0> CALL TIMEA 
<0 >1061 373 El 
<0>1062 315 105 <0> CALL TIMEA 
<0 >1065 311 RET 

<0> /066 363 ONE DI 
<0 >/067 315 112 <0> CALL TIMEB 
<0>/072 315 105 <0> CALL TIMEA 
<0>/075 373 El 
<0>1076 315 112 <0> CALL TIMEB 
<0 >/101 315 105 <0> CALL TIMEA 
<0 >1104 311 RET 

<0> /105 121 TIMEA MOV D,C 
<0> /106 025 WAITA DCR D 
<0 >/107 302 106 <0> JNZ WAITA 
<0 >/112 121 TIMEB MOV D,C 
<0 >/113 025 WAITB DCR D 
<0 >/114 302 113 <0> JNZ WAITB 
<0>/117 311 RET 
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Commentary 

set initial output pointer; 
set the stack; 
input timing value; 
save it in C; 
set carry if SSW7 active; 
if not, output data '0'; 
and if not, look again; 
recover timing value bit 7; 
save it in C; 
output '1' as start bit; 
look up data byte; 
load bit counter to one byte length; 
set carry if data '1'; 
if '1', output '1'; 
if not '1'; output '0'; 
decrement bit counter; 
if byte incomplete, output next bit; 
byte complete, output stop bit: 
advance output pointer; 
go output next byte; 
page done, halt: 
space for 

exit jump; 

turn off PINTE; 
wait 2C cycles: 
turn on PINTE; 
wait 2C cycles; 

turn off PINTE; 
wait C cycles; 
wait 2C cycles; 
turn on PINTE; 
wait C cycles; 
wait 2C cycles; 

load timing counter; 
count cycles; 
count until zero; 
load timing counter; 
count cycles; 
count until zero; 



Listing 2: Minimum Hardware Cassette Bootstrap Loader. This program is 

used to read the data recorded on a tape by the output program of listing 1. 

The program is set up to assume coordination through the Altair interrupt 

line PINT, but the method could be applied using timing loops on input as 

well. 

Split 
Octal 

Address Octal Code Label Op Operands 

200 BUFFER EQU 200 
<0 >/000 041 200 <0> START LXI H,BUFFER 
<0 >/003 061 200 <0> LXI SP,BUFFER 
<0 >/006 066 000 CLEAR MVI M,000 
<0 >1010 303 106 <0> JMP SET 

<0 >/070 063 INT INX SP 

<0 >/071 063 INX SP 

<0>1072 270 CMP B 

<0 >/073 312 110 <0> JZ INTE 
<0 >/076 326 001 SUI 001 
<0> /100 176 MOV A,M 
<0 >/101 027 RAL 
<0 >/102 167 MOV M,A 
<0 >/103 332 122 <0> JC BYTE 
<0 >/106 333 377 SET IN SSW 
<0>/110 107 MOV B,A 
<0 >/111 373 INTE El 
<0 >/112 000 NOP 
<0 >/113 075 COUNT DCR A 
<0 >1114 302 113 <0> JNZ COUNT 
<0>1117 303 117 <0> LOOP JMP LOOP 

<0 >/122 054 BYTE INR L 

<0 >/123 302 006 <0> JNZ CLEAR 
<0>1126 052 001 <0> LHLD START 
<0 >1131 351 PCHL 

Commentary 

set initial load pointer; 
set the stack; 
clear initial load location; 
go to work; 

reset 
stack pointer; 

was interrupt immediate? 
if so, try, try again; 
set carry it data '1'; 
look up byte under construction; 
rotate through carry; 
put it away; 
if byte complete, go advance pointer; 
input timing criterion (sense switches(; 
hold for comparison; 
enable interrupt; 
give it time to act before timing; 
time period until interrupt; 
A >0 at interrupt, data '0% 
A =0 at interrupt, data '1'; 

advance load pointer; 
if not end of page, go load next byte: 
restore initial load pointer; 
transfer control to object program; 

Listing 3: Timing Test Patches to Listing 2. These patches are used to verify 
the timing for the outputs by testing the actual timing values received for 
each bit, storing them instead of the data. 

Split 
Octal 

Address Octal Code Name Op Operands 

ORG 113 
<0 >1113 074 COUNT INR A 

ORG 076 
<0 >/076 000 NOP 
<0 >/077 000 NOP 
<0 >/100 000 NOP 
<0 >/101 000 NOP 
<0 >/102 167 MOV M,A 
<0 >/103 303 122 <0> JMP BYTE 

ORG 131 
<0 >/131 166 HLT 

Listing 4: Dropout Test Patches to Listing 2: These patches are used to look 
for spurious binary 7 data in a tape filled with binary 0 data. The Altair will 
halt on any byte which is not 000 (octal). 

Split 
Octal 

Address Octal Code Name 

<0>/122 054 000 BYTE 
<0 >/124 312 006 <0> 
<0 >/127 166 

Op Operands 

ORG 122 
CPI 000 
JZ CLEAR 
HLT 

so the revised program looks for one cycle of 
2020 Hz as 0, and one cycle of 1470 Hz 
as 1 

To try the system out, you can use a 

solderless breadboard, or even just a bunch 
of jumpers with alligator clips. PINTE (for 
output to tape) can be picked up on the 
front panel. Both PINT and PINTE can be 

found on the motherboard, at Altair back - 
plane connector pins 73 and 28, respec- 
tively. I have found it convenient, for 
debugging programs using interrupts, to wire 
PINT to one of the extra switches on the 
Altair front panel, connecting the center 
terminal of the switch to ground. For the 
clipping network, I pick off ground from the 
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motherboard support rails, and +5 V from 
the front panel. Connect it all up as shown 

in figure 1. 

For a system test, clear the memory, then 

deposit the output program shown in listing 
1 into the memory. Replace the HLT at 

000,052 with a JMP START,303. The NOPs 

will serve as the START address. Set the 

sense switches to 010, and initiate RUN. 

Start recording. Wait about five seconds, 

then switch SSW7 to 1. Let the tape run to 

its end before stopping the Altair. This test 

begins by outputting continuous zero bits 

and then, when SSW7 is turned on, it 
outputs a start bit in the 1 state, then eight 
data zeros followed by a stop zero. Then it 
repeats with another start bit, and so forth. 

To read back this data, deposit the 

bootstrap loader into the memory. Change 

the PCHL at 000,131 to HLT (166). With 
the connector out of the earphone jack of 
the recorder, so you can hear the recording, 
start playing the tape. When the clean, high 
pitched tone starts (the train of zeros), stop 
the tape recorder immediately. Put the 
connector back in, and turn the recorder 
volume all the way up. Set the sense 

switches to OSO. Start the recorder, wait a 

second or so for it to settle, then start the 
Altair with the RUN switch. The Altair 
should, when the tape runs into the data and 
begins transmitting bytes, load for about a 

half second and then halt. To get out of the 
halt condition, hold the STOP switch up 
while you RESET. The memory, from 
000,200 to 000,377 should be blank, all 
zeros. Put 377 into 000,377, and try loading 
the tape again. 000,377 should come out 
blank again. 

If it doesn't work, tape recorder signal 
polarity may be reversed between recording 
and playback. Try reversing the signal and 
ground leads from the tape recorder to the 
input network. (Disconnect the output con- 
nector and any other common grounds.) If 
the system then works, interchange the El 
and DI instructions in the output program to 
produce correct results with normal con- 
nector polarity. 

To verify the timing, you can modify the 
loader as shown in listing 3. Set the sense 

switches to 000. Start reading the tape while 
data is being played back, rather than during 
the leader zeros as usual. The Altair should 
quickly halt. At address 000,200, and in 
sequential addresses, you should find the 
timing values for each bit as it came in. Make 
a list of these values, and you should see the 
data pattern. The value 050 was chosen to 
be in between the timing values for 0 and 1. 

To test tape for dropouts, which will read 
as spurious ls, use the bootstrap loader with 



the patch shown in listing 4. Start the 
recorder and Altair as usual for data, with 
the test tape having been filled with data 
000 as in the first test. The Altair will halt if 
it finds any byte that is not 000. It will also 
probably halt when the tape ends, from 
shutoff noise. 

The data rate for this system, as de- 
scribed, varies with the data: 1470 baud for 
all binary 1 s, 2020 baud for all Os. I suspect 
that it would work with higher data rates; 
but, for my cheap cassette, the signal level 
won't drive TTL reliably much above 2 kHz. 
The addition of an amplifier or zero -crossing 
detector could compensate for that problem, 
possibly increasing the data rate by a factor 
of two to four; of course, a better recorder 
and better tape would also help. 

The key feature of this method of re- 
cording data is that the recorded signal is 
symmetrical: It spends as much time high as 

low. I found that, if I tried to record 
unsymmetrical signals on the cassette, the 
narrower pulses tended to be present only as 
dips and bulges in the distorted attempt at a 

sine wave that the recorder produces. 
Figure 2 shows the waveforms present in 

the system under various conditions. If the 
cassette output does not produce a reliable 
interrupt, try a larger value capacitor or a 

V 
\ \ \ 

A 

B 

C 

Figure 2: Tracings of Typical Signals. 
a. The PINTE output signal from the Altair which is fed to the recorder. 
b. The input signal clipped and seen by PINT when a recording of (a) is 

fed back into the computer. 
c. Typical signals, in the case where polarity is reversed. See text for a 

complete explanation. 

lower frequency (increase the sense switch 
setting from 010). 

A final note: Timing values (sense switch 
settings) described in this article are 
appropriate for an Altair 8800 with memory 
wait cycles. If the processor is running at 2 
MHz with no wait states, try 014 as sense 
switch setting for the Output Program, and 
074 for the bootstrap loader. 

FROM 

Model 
BW -630 

THE 

HOBBYW RAP 
COMPLETE WITH BIT AND SLEEVE 
ONLY $3495 Now you, the hobbyist, can do 

wire -wrapping professionally with 
our easy to use Hobby -Wrap gun. 

OK MACHINE & TOOL CORPORATION 
3455 Conner St., Bronx, N.Y. 10475 / (212) 994 -6600 / Telex 125091 

025sq. post. 
AWG 30 wire 
(batteries not included) 
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Baker Street Irregular 

FILL IN: 

Robert Baker 
15 Windsor Dr 
Atco NJ 08004 

4 Letter Words 

BETA 
CASE 
MEAN 
MODE 

5 Letter Words 

GAMMA 
RANGE 

6 Letter Words 

DECILE 
EXCESS 
MEDIAN 
MOMENT 

7 Letter Words 

DENSITY 
GROUPED 
POISSON 
THEOREM 

11 Letter Words 

COEFFICIENT 
CONDITIONAL 
CORRELATION 
EXPECTATION 
MULTINOMIAL 

8 Letter Words 

BINOMIAL 
CUMULANT 
HARMONIC 
KURTOSIS 
MARGINAL 
QUARTILE 
SAMPLING 
SKEWNESS 
VARIABLE 
VARIANCE 
WEIGHTED 

9 Letter Words 

DEVIATION 
EMPIRICAL 
GEOMETRIC 
VARIATION 

10 Letter Words 

AR ITHMETIC 
CUMULATIVE 
PERCENTI LE 
REGRESSION 

12 Letter Words 

DISTRIBUTION 

B NI 

. In" 
111111111111111111111111111 

1 1 
MUM 1111.1 
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FLIP OVER 
OUR FLOPPY 
Only $750 from Peripheral Vision. 

Peripheral Vision is a brand -new company that's dedi- 
cated to selling reasonably priced peripherals for various 
manufacturers' CPU's. 

We think you'll flip over our first product. 
It's a full -size floppy disk for the Altair -Imsai plug -in 

compatible S -100 BUS. And it's available for as low as $750. 

Here are the features: 

1 interface card supports 4 drives 

Stores over 300,000 bytes per floppy 
Bootstrap EPROM included -no more toggling or 
paper tape 

Completely S -100 plug -in compatible 
Interface cabling included 

Drive is from Innovex (the originator of the floppy 
concept) -assembled and tested 

Interface card design is licensed from Dr. Kenneth 
Welles and the Digital Group 
Disk operating system with file management system 
included on floppy 
Cabinet and power supply optional 

Prices: 

Interface card kit and 
assembled and tested drive $750 $850 

Power supply- +24V at 2A 45 65 

Cabinet -Optima, blue - 85 

Kit Assm. 

Now, a little more about our company. 
Peripheral Vision may be brand -new, but we have some 

old- fashioned ideas about how to run our business. 
We know there are serious incompatibilities among the 

different manufacturers' peripherals and CPU's. We want to 
get them together. And, we want to bring significant new 
products to market - products consisting of everything from 
adaptation instructions /kits for hardware and software to 
major new products. 

It's a tall order, but we feel we're up to the task. 
Peripheral Vision has already obtained a license from 
The Digital Group to adapt versions of some of their prod- 
ucts to the S -100 BUS. And we're working on getting more 
from other companies. 

Most important to our customers, Peripheral Vision is 
committed to helping you get along with your computer. 
We'll do all we can to make it easy. 

Write us now for all the information on our company, 
our philosophy and our exciting line of products. And be 
prepared to flip over all of it. 

1311.11,. 
ti J .1 

P.O. Box 6267 /Denver. Colorado 80206/(303) 733 -1678 

Send me the works, and I just might flip over it! 

Name 

Address 

City /State /Zip 



Microprocessor Update: 

The F8 System 

Robert Baker 

- 1 40 - RC 15 Windsor Dr 

WRITE- 2 39 - XTLX Atco NJ 08004 

VDD- 3 38 - XTLY 
VGG- 4 37 .- EXT RES 

1 O 03 - 5 36 -1Ó 04 

DB3- 6 35 - DB4 

10 13- 7 34 - 10 14 

10 12- 8 33 10 15 

DB2 - 9 32 - DB5 

10 02 - 10 31 - 10 05 

10 01- 11 30 - 10 06 

DB1 - 12 29 - DB6 

1011-13 28 10 16 

1010-14 27 1017 
DBO - 15 26 DB7 

10 00- 16 25 10 07 

ROMCO- 17 24 V SS 

ROMC1 -18 23 INT REQ 

ROMC2 - 19 22 ICB 

ROMC3-20 21 ROMC4 

Pin Name Description Type 

DBO - DB7 Data bus lines Bidirectional 
(1), WRITE Clock lines Output 
10 00 - 10 07 10 port zero Bidirectional IO 10 - IO 17 to port one Bidirectional 
RC RC network pin Input 
ROMCO - ROMC4 Control lines Output 
EXT RES External reset Input 
INT REQ Interrupt request Input 
ICB Interrupt control bit Output 
XTLX Crystal clock line Output 
XTLY External clock line Input 
VSS = O V 
VDD = +5 Power lines Input 
VGG = +12 V 

Figure 1: Pin designations for the 3850 central processing unit chip. 
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The architecture of the F8 microproces- 
sor is rather unique in design since the vari- 
ous system functions are deliberately divided 
among the several basic circuits of the F8 

family instead of being centralized within a 

single processor. The currently available F8 

system components include the following 
devices: 

3850 central processing unit 
3851 program storage unit 
3852 dynamic memory interface 
3853 static memory interface 
3854 direct memory access 

These devices are interconnected by an 8 bit 
time multiplexed data bus for addressing and 

data functions, along with a 7 bit control 
bus for system coordination and synchroni- 
zation. System timing signals are derived 
from a master clock generator with a maxi- 
mum frequency of 2 MHz within the 3850 
processor. The clock output of the processor 
divides the machine cycle into a number of 
discrete phases dependent on the type of 
instruction being executed. Multiple mem- 
ory references may require as many as three 
machine cycles as controlled by the proces- 
sor's WRITE clock. Besides these two clock 
lines, the remaining five lines of the control 
bus are the Read Only Memory Control 
(ROMC) outputs. They are derived from the 
processor's internal control read only mem- 
ory as a function of each instruction and are 
listed in detail within the Fairchild docu- 
mentation along with a description of the 
corresponding operation of each F8 compo- 
nent. 

A 16 bit address structure allows address- 
ing of up to 64 K bytes of memory contain- 
ing any combination of programmable stor- 



age units or standard read only memory and 
programmable memory with the appropriate 
interface devices. Instead of transmitting an 

address to all the individual memory devices 
during each processor cycle, the memory 
devices maintain their own 16 bit program 
counter. Every programmable storage unit 
or memory interface updates its program 
counter just as a processor would, incre- 
menting the register each time an instruction 
is fetched or loading a new address when a 

jump instruction is encountered. For relative 
addressing, each device also has a built -in 
hardware adder to compute the displace- 
ment from the current program counter 
value. 

A second register, known as the stack 
register, backs up the program counter in all 
memory elements during subroutine calls 
and interrupts. When a subroutine or inter- 
rupt handler address is jammed into the pro- 
gram counter, the return address, the old 
contents of the program counter, is saved in 

the stack register. 
Every memory chip also contains a 16 bit 

pointer register called the data counter 
which can be addressed and loaded from the 

3850 processor. All memory references 

during memory reference instructions utilize 
the data counter which implicitly indicates 
an object address. 

The 3850 Processor 

The 3850 processor is the heart of the F8 

microprocessor system, containing the data 
manipulation logic that can perform either 
binary or decimal arithmetic. A control unit 
decodes 8 bit instructions controlling execu- 
tion of logic within the processor and gener- 
ating control signals for the other chips in 

the system. The processor chip pin assign- 
ments are shown in figure 1. Figure 2 indi- 
cates the three different modes of system 
clock generation: resistor capacitor network, 
crystal, or external clock; that may be used 

to provide a typical 2 ps cycle time. 
The 3850 processor has a single 8 bit ac- 

cumulator, and a scratchpad consisting of 64 

VGG 

vss 

RC MODE 
PERIODY (1.2RC+ 
400nS) ±200 n 

vss 

T 
C2 

vss 

CRYSTAL MODE 

VSS 
RC 

XTLY 

XTLX 

EXTERNAL CLOCK 

3850 
CPU 

EXTERNAL MODE 

Figure 2: Three modes of clock generation for the F8 system. 

Scratch pad 

Byte 
Address 

Decimal Octal 
0 0 
1 1 

2 2 

J 
HU 

9 
lo 

11 
12 

H HL 11 13 
jKU 12 14 

K 1KL 13 15 
14 16 

L 
QU 

QL 15 17 
16 20 

59 72 
60 73 
61 74 
62 75 
63 76 
64 77 

76543210 

5 4 3 2 
¡1 

0 

111 

HI LO 

Octal Address of 
Scratchpad Byte 

W Register 

Bit Number 

Accumulator 

Bit Number 

ISAR 

4 3 2 1 0 Bit Number 

C 
B 

O z C S 
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Figure 3: The program- 
mable registers for the 
3850 processor. 

Information and diagrams 
courtesy of Fairchild Semicon- 
ductor from their F8 Circuit 
Data Book and F8 Micropro- 
cessor Programmer's Guide. 



8 bit general purpose registers that are ad- 

dressed by a 6 bit indirect scratchpad ad- 

dress register as shown in figure 3. The W 

register, a 5 bit status register, indicates sign, 

carry, zero, and overflow conditions as a 

result of various processor operations and 

contains the interrupt control bit. The proc- 

essor chip also contains two 8 bit, bidirec- 

tional, IO ports with output latches for 
transferring data to and from the processor. 

Any of the over 60 machine instructions 

together with the eight different addressing 

modes, shown in table 1, may be used to 

manipulate or operate on 8 bit data con- 

Table 1: F8 instruction set and addressing modes. 

ADC 
Al 
AM 
AMD 
AS 

ASD 

BC 
BF 
BM 
BNC 
BNO 
BNZ 
BP 
BR 
BR7 
BT 
BZ 

CI 
CLR 
CM 
COM 

DCI 
DI 
DS 

El 

INC 
IN 
INS 

JMP 

Add data counter with accumulator 
Add immediate with accumulator 
Add binary accumulator with memory 
Add decimal accumulator with memory 
Add binary accumulator with scratch - 

pad register 
Add decimal accumulator with scratch - 

pad register 

Branch on carry 
Branch on false condition 
Branch if negative 
Branch if no carry 
Branch if no overflow 
Branch if no zero 
Branch if positive 
Absolute branch 
Branch if ISAR is not 7 

Branch on true condition 
Branch on zero condition 

Compare immediate 
Clear accumulator 
Compare with memory 
Complement accumulator 

Load data counter immediate 
Disable interrupt 
Decrement scratchpad register 

Enable interrupt 

Increment accumulator 
Input 
Input short 

Jump 

LI 
LIS 
LISL 
LISU 
LM 
LN K 
LR 

NI 
NM 
NOP 
NS 

01 
OM 
OUT 
OUTS 

PI 

PK 

POP 

SL 
SR 

XDC 
XI 
XM 
XS 

Load accumulator immediate 
Load accumulator short 
Load ISAR - Lower 3 bits 
Load ISAR - Upper 3 bits 
Load memory 
Link carry into accumulator 
Load register (5 types) 

Scratchpad 
Program counter 
ISAR 
Status 
Data counter 

Logical AND accumulator immediate 
Logical AND memory accumulator 
No operation 
Logical AND scratchpad and accumulator 

Logical OR immediate 
Logical OR memory with accumulator 
Output 
Output short 

Push program counter into stack register 
Set program counter to new location 
Push program counter into stack register 
Set program counter from scratchpad 
Put stack register into program counter 

Shift left 
Shift right 
Exchange data counters 
Exclusive OR immediate 
Exclusive OR accumulator with memory 
Exclusive OR accumulator with 

scratchpad 

Implied Addressing - The data for this one byte 
instruction is implied by the actual instruction. 
For example, the POP instruction automatically 
implies that the content of the program counter 
will be set to the value contained in the stack 
register. 

Direct Addressing - In these two byte instructions, 
the address of the operand is contained in the 
second byte of the instruction. The direct address- 
ing mode is used in the input output class of 
instructions. 

Short Immediate Addressing - Instructions whose 
addressing mode is short immediate have the 
instruction op code as the first four bits and the 
operand as the last four bits. They are all one byte 
instructions. 

Long Immediate Addressing - In these two byte 
instructions, the first instruction byte is the op 
code and the second byte is the 8 bit operand. 

Direct Register Addressing - This mode of address- 
ing may be used to directly reference the scratch - 
pad registers. By including the register number in 
the one byte instruction, 12 of the 64 scratchpad 
registers may be referenced directly. 
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Indirect Register Addressing - All 64 scratchpad 
registers may be indirectly referenced, using the 
indirect scratchpad register in the processor. This 
6 bit register, which acts as a pointer to the scratch - 
pad memory, may either be incremented, decre- 
mented, or left unchanged while accessing the 
scratchpad register. 

Indirect Memory Addressing - A 16 bit indirect 
address register, the data counter, points to either 
data or constants in bulk memory. A group of one 
byte instructions is provided to manipulate this 
area of memory. These instructions imply that the 
data counter is pointing to the desired memory 
byte. The data counter is self- incrementing, allow- 
ing for an entire data field to be scanned and 
manipulated without requiring special instructions 
to increment its content. The memory interface 
circuit contains two interchangeable data counters. 

Relative Addressing - All F8 branch instructions 
use the relative addressing mode. Whenever a 

branch is taken, the program counter is updated by 
an 8 bit relative address contained in the second 
byte of the instruction. A branch may extend 128 
locations forward or 127 locations back. 



tained in the accumulator, scratchpad regis- 
ters, or any memory location. Instructions 
referencing scratchpad bytes are the fastest 
executing F8 instructions, but only the first 
16 scratchpad bytes can be referenced di- 
rectly by instructions. The indirect scratch - 
pad address register must be used to refer- 
ence the last 48 bytes of the scratchpad but 
may also be used to address the first 16 
bytes as well. Scratchpad registers 9 through 
15 have special significance for the F8 sys- 
tem as mentioned later. 

The 3851 Program Storage Unit 

The program storage unit contains 1024 
bytes of read only memory, two indepen- 
dently addressable 8 bit 10 ports, a program- 
mable timer, external interrupt control cir- 
cuitry, and three address registers, called 
PCO, PC1 and DC. Each program storage 
unit chip is mask programmed during manu- 
facturing to user specifications, including a 6 

bit page select, chip enable, option which 
corresponds to the upper 6 bits of the ad- 
dress space. This customization at manufac- 
turing time makes it unlikely that the 3851 
will ever be used by homebrew computer 
people; however, it may show up in finished 
product or kit machines as a place to put the 
system monitor. The memory access logic of 
each program storage unit is only activated 
when the upper 6 bits in the program 
counter match the program storage unit page 
select code. With up to 64 possible program 
storage units, every program counter will 

Figure 5: A block diagram 
of the 3851 program stor- 
age unit. 

IO B7- DB7 
IO A7- 2 39 - DB6 

VGG- 3 38 - IO B6 

VDD- 4 37- IOA6 
EXT INT- 5 36- 10 A5 
PRI OUT- 6 35 - 10 65 

WRITE- 7 34 - DB5 - 8 33 - DB4 
INT REQ- 9 32 - IO B4 

PRI IN- 10 31- 10 A4 
MOW- 11 30- IOA3 

NOT USED- 12 29- IOB3 
ROMC4- 13 28 - DB3 Figure 4: Pin designations 
ROMC3- 14 27 - DB2 for the 3851 program 
ROMC2- 15 26 - IO 82 storage unit chip. 
ROMC1-16 25- IOA2 
ROMCO- 17 24- IOA1 

VSS -18 23 - IO B1 

IO AO- 19 22 - DB1 

10 B0 -20 21 - DBO 

Pin Name Description Type 

IO AO - IO A7 IO port A Bidirectional 
10 BO -10 B7 10 port B Bidirectional 
DBO - DB7 Data bus Input 
ROMCO - ROMC4 Control lines Input 
4), WRITE Clock lines Input 
EXT IN1: External interrupt Input 
PRI IN Priority in Input 
PRI OUT Priority out Output 
INT REQ Interrupt request Output 
DBDR Data bus drive Output 
VSS = O V 
VDD = +5V Power supply lines Input 
VGG = +12V 

ADDRESS XFER BUS (16 BITS) 

ADDRESS 
DE MUX 

PROGRAM 
COUNTER 
PCo 

XFER 
GATE 

11.6.1 16 

MIXER BUS (16) 

16 

STACK 
REGISTER 
PC1 

16 

DATA 
COUNTER 
ADDRESS 
PO NTER 

6 

INCREMENTER 
ADDER 

I I 

CROM 
I I 

IntirJ 
CONTROL 
SIGNALS 

ADDRESS BUS (16 BITS) 

PAGE 
SELECT 
MASK OPTION 

ROM STORAGE 
1024 WORDS (8 BITS /WORD) 

UPPER 
BYTE 
XFER 
GATE 

LOWER 
BYTE 
XFER 
GATE 

DATA BUS (8 BITS) 

L- I/O PORT 
ADDRESS 
SELECT 

MASK OPTION 

- 
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INTERRUPT 
ADDRESS 
GENERATOR 
MASK OPTION 

EXTERNAL 
DATA BUS 

TIMER INTERRUPT 
CONTROL 

N I I 
EXT INT PRI PRI 
INT REO IN OUT 



VGG 1 40 -V DD 

2 39 - ROMC4 

WRITE- 3 38 ROMC3 

INT REQ- 4 37'-ROMC2 

PRI IN- 5 ROMC1 

RAM WRITE- 6 35 - ROMCO 

EXT INT- 7 34-CPU READ 

ADDR7 - 8 33-REGDR 
ADDR6- 9 32 -ADDR15 
ADDR5 -10 31'-ADDR14 
ADDR4- 11 30 -ADDR13 

ADDR3-12 29 -ADDR12 
ADDR2-13 28 -ADDR11 
ADDR1 -14 27 -ADDR10 
ADDRO -15 26 -ADDR9 

DBO -16 25 -ADDR8 

Figure 6: Pin designations DB1 -17 24 -DB7 

for the 3852 dynamic DB2 -18 23 -DB6 
memory interface chip. DB3 -19 22 -DB5 

VSS -20 21 -DB4 

Pin Name 

DBO - DB7 
ADDRO - ADDR15 
(1), WRITE 
INT REQ 
PRI IN 
RAM WRITE 
EXT INT 
REGDR 
CPU READ 
ROMCO - ROMC4 
VSS = O V 

VDD = +5 V 
VGG = +12V 

Figure 7: Block diagram of 
the 38.52 dynamic mem- 
ory interface. 

Description 

Data bus lines 
Address lines 
Clock lines 
Interrupt request 
Priority in line 
Write line 
External interrupt line 
Register drive line 
CPU read line 
Control lines 

Power supply lines 

Type 

Bidirectional 
Output 
Input 
Output 
Input 
Output 
Input 
Input output 
Output 
Input 

Input 

contain the same address but only one chip 

will detect a page select match and forward 
an 8 bit instruction to the processor during a 

fetch cycle in a properly designed system. 

The 16 bit program counter provides the 

memory address of the next instruction to 

be fetched and transmitted to the processor, 

while the internal program storage unit logic 

will increment the program counter after 

each fetch. The program counter registers of 

all program storage unit chips are logically 

connected to the K register of the processor 

scratchpad, bytes 12 and 13. The contents 

of all program counter registers may be 

loaded from the K register or modified by 

certain instructions. The data counter regis- 

ter, as described earlier, is similarly linked to 

the H register, bytes 10 and 11, of the proc- 

essor scratchpad. Each program storage unit 
contains only one data counter register, so 

the swap data counters instruction has no 

effect. 
The 16 bit stack register (called PC1) is 

primarily used as a buffer for the program 
counter, saving return addresses for subrou- 
tines and interrupt handlers. The stack regis- 

ter is logically connected to the K register of 
the processor scratchpad and may be loaded 
to or from the K register. Whenever the 
value of the program counter is saved in the 

stack register, the value in the stack register 
is first saved in the K register. 

The internal circuitry of the two IO ports 
within the program storage unit may be 

selected from one of three manufacturing 
mask options for different hardware applica- 
tions: standard pull up, open drain, or driver 
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pull up. The programmable timer and inter- 
rupt logic are accessed in the same manner as 

the IO ports with specifically assigned port 
addresses that are the same in each program 
storage unit except for the page select bits. 

The programmable timer port is a con- 
tinuously running polynomial shift register 
that sends a signal to the interrupt control 
logic every 3.953 ms if the system has a 

2 MHz clock. Any numeric value between 0 
and 254 loaded to a timer port is decre- 
mented once every 31 clock pulses allowing 
programmed delays of up to 7,905 clock 
pulses. If 255 is loaded into a timer port, the 
timer is stopped. When a loaded timer count 
is decremented to zero, a timer interrupt is 

generated and will be transmitted to the 
processor if timer interrupts have been 
enabled via a control code loaded to the 
interrupt port. 

A mask programmed 16 bit interrupt 
vector is pushed into the program counter 
whenever an interrupt from the interrupt 
control of the program storage unit is 

serviced. However, bit 7 of the interrupt 
vector is set by the interrupt control and is 

not mask programmed. 
Pin assignments of the 40 pin program 

storage unit chip are shown in figure 4 with 
a block diagram in figure 5. Each chip 
requires +5 V and +12 V DC power supplies 
with total power typically less than 275 mW. 

The 3852 Dynamic Memory Interface 

The dynamic memory interface provides 
the necessary address and control lines to 
interface up to 64 K bytes of programmable 

VGG - 
(13- 

WRITE- 
MEMIDLE- 
CPU SLOT- 

RAM WRITE - 
CYCLE REQ- 

ADDR7 

ADDR6-, 
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VSS- 

Pin Name 

1 40 -V DD 
2 39 -ROMC4 
3 38 -ROMC3 
4 37 -ROMC2 
5 36 -ROMC1 
6 35 -ROMCO 
7 34 -CPU READ 

8 33 -REGDR 
9 32 -ADDR15 

10 31 -ADDR14 
11 30 -ADDR13 
12 29 -ADDR12 
13 28 -ADDR11 
14 27 -ADDR10 
15 26 -ADDR9 
16 25 -ADDR8 
17 24 -DB7 
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m, WRITE 
MEMIDLE 
CYCLE REQ 
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VSS =0V 
VDD = +5 V 
VGG = +12V 

Figure 8: Pin designations 
for the 3853 static mem- 
ory interface chip. 
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Figure 9: A block diagram 
of the 3853 static memory 
interface. 



memory, read only memory, or combina- 
tions of the two to the F8 processor. It 
contains the same address registers as the 
3851 program storage unit but it has two 
data counter registers (DCO and DC1). DC1 

is used as a temporary storage buffer for 
DCO and the swap data counters instruction 
may be used to exchange the contents of the 
two counters. The dynamic memory inter- 
face has no chip select mask since the entire 
program counter address is passed from the 
dynamic memory interface to the attached 
memory which in turn must decode the 
appropriate chip select lines. Two address- 
able ports provide direct memory access 

capabilities in conjunction with the 3854 
direct memory access chip discussed later 
and also provide refresh control for external 
dynamic MOS memory chips. Figure 6 

shows the pin assignments of the 40 pin 
package while figure 7 shows a block dia- 
gram of the interface. 
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Data bus lines 
Address lines 
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Registers load /read line 
Port address select 
Memory idle line 
Transfer request line 
Control status lines 
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Bidirectional 
Output 
Input 
Input 
Input 
Input 
Input 
Output 
Output 
Output 
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Figure 10: Pin designations for the 3854 direct memory access chip. 
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The 3853 Static Memory Interface 

The static memory interface chip is very 
similar to the dynamic memory interface 
except it is used to interface only static 
memory to the processor and does not have 

direct memory access capabilities. In addi- 
tion, it contains local timer and interrupt 
control ports like those in the program 
storage unit together with two additional 
programmable interrupt vector registers. Fig- 
ure 8 shows the pin assignments for the 40 
pin chip and figure 9 shows a block diagram 
of the static memory interface. 

The 3854 Direct Memory Access 

The direct memory access chip, together 
with the dynamic memory interface chip, 
allows high speed data transfers between 
peripherals and memory. All direct memory 
access data transfers are made during the 
second and third clock pulses of each 
instruction cycle without affecting program 
execution time. Up to four direct memory 
access chips may be used in a single F8 
system and an external device, including 
another microprocessor, may be connected 
to the system through these chips. 

The direct memory access interface con- 
tains three internal registers that are 
addressed as four separate IO ports: a 16 bit 
address register holds the address of the next 
memory byte to be accessed for a transfer; a 

12 bit byte count register allows blocks of 
up to 4 K bytes to be transferred; and a 4 bit 
control register determines the direct mem- 
ory access operation to be performed. Figure 
10 shows the pin assignments and figure 11 

is a block diagram of the direct memory 
access unit. 

Applications and Conclusions 

For personal computer applications, the 
F8 system provides an easy to use building 
block architecture with a narrow bus struc- 
ture simplifying hardware design and con- 
struction. Figure 12 shows a general F8 
system configuration implementing all of the 
possible system components. The F8 system 
architecture restricts the maximum number 
of chips per system as follows: 

1 - 3850 central processing unit 
64 - 3851 program storage units 

1 - 3852 dynamic memory interface 
1 - 3853 static memory interface 
4 - 3854 direct memory access 

At the other extreme, a minimum F8 system 
requires only two chips, the 3850 processor 
and a single program storage unit. 

Since all program storage units are mask 
programmed during manufacturing, software 
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Figure 11: Block diagram of the 3854 direct memory access. 

development may be slightly more difficult 
or expensive for the hobbyist depending on 
the applications involved. By using a 

dynamic memory interface or a static mem- 
ory interface along with standard memory 
chips, the more expensive program storage 
units may be avoided and make software 
development much easier. At least one pro- 
gram storage unit should, however, be 

included in a basic system to provide the 
additional 10 and programmable timer ports. 
Ideally, this program storage unit would 
provide a standard, commercially available, 
software utility package designed for the 
average hobbyist. Additional units could 
then be added later for standard, more 
advanced software or when desired custom 
routines and programs have been thoroughly 
tested. 

The F8 microprocessor system appears to 
be most ideally suited for mass produced 
microprocessor based products utilizing 
proven software. It does, however, provide 
enough flexibility to be of more than passing 
interest for general purpose personal com- 
puter app lications. 
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A MIKBUG Roadmap .. . 

Some of the more useful microprocessor 
options for hobbyists available today are 

based upon Motorola's MIKBUG monitor 
program. These options include the Moto- 
rola 6800 Design Evaluation Kit, the SWTPC 
6800 computer, etc. A big attraction of such 
kits is the MIKBUG read only memory, 
which provides the user with a monitor 
system and includes several utility routines. 
These allow the user to program in hexa- 
decimal code from the terminal rather than 
in a binary code from the front panel. The 
purpose of this article is not to extol the 
virtues of the kit, but to demonstrate to 
proud new owners of 6800 systems that the 
MIKBUG read only memory can be used to 
much greater advantage than is generally 
pointed out by the manuals, particularly for 
10 techniques. An example of the use of 
MIKBUG routines is provided by the simple 
application of listing 1, a program which 
adds two numbers. 

The MIKBUG firmware is a computer 
program for the 6800, copyright 1974 by 
Motorola Inc. It is called firmware because it 
resides in read only memory and is non- 
volatile. In computers which use MIKBUG 
the program is located starting at hexa- 
decimal address E000. The MIKBUG firm- 
ware takes 512 bytes, or just half of the 1 K 
memory. The program does not use the 
other half, nor does it use any device located 
at an address higher than hexadecimal El FF, 
the end of the MIKBUG firmware. The 6800 
microprocessor does use higher addresses for 
the interrupts and restart, but these are 

decoded to address locations within 
MIKBUG when MIKBUG is used. 

The main function of MIKBUG firmware 
is to provide a monitor and several utility 
functions which make the programming and 
debugging processes easier. The monitor can 
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be regarded as a home base in the vast 

wilderness of addressable memory. It accepts 
utility function commands, executes them, 
and returns to the terminal with an asterisk. 
If a program gets lost in memory, control of 
the situation is regained by pressing the reset 
button, which brings back the ever faithful 
servant monitor. The utility functions allow 
the user to load memory with a paper tape 
reader (L), go to any address and begin 

executing there (G), examine and change the 
contents of memory (M), print and punch 
selected blocks of memory (P), and display 
the contents of the stack, on which the 

values of all the registers are stored when 
under MIKBUG control. 

To take advantage of MIKBUG one must 
have a terminal, and most often the begin- 
ning hobbyist will have no other peripherals 
to play with. Anyone who has purchased a 

microprocessor kit and has encountered the 
"let's see it do something" attitude from 
doubting friends and acquaintances will 
appreciate the immediate need for quick and 
easy IO techniques. Such techniques are 

present in MIKBUG, just waiting for the 
user, if he or she can find them. MIKBUG is 

organized in several groups of subroutines, 
which are selectively accessed by the MIK- 
BUG utility functions that need them. For 
example, the memory change function needs 
a routine to input a character (M), output a 

character (space), input a 2 byte number 
(the address to be examined), input a car- 
riage return, output a 2 byte number, space, 
then a 1 byte number, and so on. Many of 
these routines are nested several levels deep. 
For example, the routine to output a 2 byte 
number simply calls the routine to output a 

1 byte number twice in a row. That's simple 
enough. Since a 1 byte number looks like 
two characters from the set zero through F 



to the terminal, the routine to output 1 byte 
uses the routine to output a character twice. 
As you may have guessed, input routines for 
numbers and characters use the same clever- 
ness. The point of all this is that the user can 

use aforementioned cleverness for his or her 
own IO routines by simply accessing the 
MIKBUG subroutines at the appropriate 
places. People with a MIKBUG listing, fa- 
miliarity with the 6800 instruction set, and 

the time and patience to trace through 
Motorola's MIKBUG mouse maze of sub- 
routines can figure out where the appro- 
priate places are for themselves. I encourage 
you to attempt this, for your own edifica- 
tion and purification of spirit. (It's always a 

good practice, when learning a new com- 
puter's instruction set, to peruse a few 
existing programs like MIKBUG in order to 
get examples.) Those lacking one of the 
above ingredients, or the inclination to try 
it, can get some of the more useful informa- 
tion from what I've found. 

Output Character 

The output character routine, labeled 
OUTEEE in the MIKBUG listing, is located 
at hexadecimal address El Dl. It uses accu- 

mulator A as a data source. Thus you must 
define the contents of accumulator A which 
will then be interpreted as an ASCII char- 
acter and shifted out in standard asynchro- 
nous format. It also uses accumulator B and 

the X register, but saves their contents at the 
beginning of the subroutine and restores 
them at the end. Therefore, the user need 

not be concerned with losing the contents of 
B or X. Listing 1 shows an example of the 
use of OUTEEE in a subroutine labeled 
PSTR which prints a string of characters, or 
a message. Control functions such as carriage 
return and line feed may also be imple- 
mented this way, by outputting their ASCII 
codes. 

Input Character 

The input character routine, labeled 
INEEE in the MIKBUG listing, is located at 
hexadecimal address E1 AC. Like OUTEEE it 
saves the X and B registers. When accessed, 

INEEE loops while waiting for an asyn- 
chronous format character to be sent from 
the terminal, and upon receiving input, shifts 
data into the A accumulator. After access to 
INEEE the content of the A accumulator is 

the ASCII code for the key of the terminal 
which was pressed when INEEE was called. 

Input Byte 

This routine, labeled BYTE in the MIK- 
BUG listing, is located at hexadecimal 

Listing 1: This example program demonstrating the uses of 
MIKBUG uses all the techniques discussed in the article. 
The program requests and inputs two 1 byte numbers. It 
then adds them and prints the decimal adjusted result in an 
algebraic sentence. The program then asks the user if 
another run is desired. If the reply is Y, it branches to the 
beginning of the program; otherwise it returns to monitor. 
This program requires a mere 127 bytes of memory. 

M68SAM IS THE PROPERTY OF MOTOROLA SPD, INC.. 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
J0(110 
00011 
00012 
00013 
00014 
00015 
00016 
0(1017 
00018 
00019 
10020 
00021 
0002:' 
00023 
00024 
00025 
00026 
0002/ 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
0(10.48 

000.49 
00040 
00041 
0H0042 

00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 

00052 

00053 

()0054 
00055 

COPYRIGHT 1974 TO 1975 BY MOTOROLA INC 

MO1ORI0.A M6800 CROSS ASSEMBLER. RELEASE 1.2 

NAM ADP 
0000 I411 4A BEGIN 6SR CARNET CARRIAGE RETURN 
0002 CE 006D LDX IMLSS1 SFART ADDRESS, 1ST MESS 
0005 HD 5 BSR PSTR PRINT MESSAGE. 
0007 CF. 0069 LDX SMEM STARI ADDRESS, MEN BLOCK 
000A bN FO55 JSR 1E055 INPIII 1ST NUMBER 
00011 A/ 00 SIA A 0.X STORE ISI NUMBER 
000F HD 3B BSR CARREL LARRIAGE RETURN 
0011 ND L055 JSR 1E055 INPUT 2ND NUMBER 
0014 A/ 01 SIA A 1,9 STORE 2ND NUMBER 
0016 AD 00 ADD A 0.X ADD NUMBERS 
0018 19 DAA DECIMAL ADJUST 
0019 A' 02 STA A 2.1 STORE ANSWER 
O01D 25 48 NCS (1VREIW BRANCH IF ANSWER 99 
OOID H6 20 IDA A Ií20 SPACE 
001F A/ 03 ANSWR SIA A 3,X STORE. 151 ANSWER DIGIT 
0021 UD 19 BSR CARREL CARRIAGE RETURN 
0023 ND FOBF JSN $EOBF OUTPUT IS1 NUMBER 
0026 H6 2H IDA A 51211 '4' 

002H NN I.IDI JCR SF1111 OUTPUT 'f' 
002B NII FONT JSR $FOBF OUTPUT 2ND NLIMBLR 
0(>'21. 86 .4D IDA A 513D 
0030 ND I.1Dl JSR SEILI! OUTPUT ._ 

0033 A6 01 LDA A 1,X 1ST ANSWER DIGIT 
0035 BD E1D1 JSR SE1D1 OUTPUT 1ST ANSWER DIGI'L. 

0038 ND EOBF JSR $EONF OUTPUT ANSWER 
003B BD OF BSR CARREL CARRIAGE RETURN 
003D CL 0078 LDX MESS2 START ADDRESS, 2N1I MESS 
0040 HD 17 NSR PSTR PRINT 2ND MESSAGE 
0042 BD E1AC JSR SE1AC INPUT CHARACTER 
0045 HI 59 CMF' A 5159 =Y? 
0047 27 B7 BEO BEGIN IF SO REPEAT PROGRAM 
0049 7E E0E3 JMP $E0E3 OTHERWISE RETURN TO MONIII, 
004C 36 CARREL PSH A SAVE A 
004D 86 OD IDA A 510D CARRIAIE RETURN 
004F ND F1D1 JSR 1E01 OUTPUT CARRIAGE RETURN 
0052 86 OA IDA A 510A LINE FEED 
0054 ND E1DI .ISR 1E1111 OUTPUT LINE FEED 
0057 32 PUL A RESTORE A 

0058 39 RTS BACK TO MAIN PROGRAM 
0059 Ah 00 PSTR IDA A X GET CHARACTER 
005B 411 IST A BY1E =0? 
005(: 27 06 BEO EXIT THEN GO BACK 
005E BD E1D1 JSR $E1111 OTHERWISE OUTPUT CHARACTER 
0061 OH 1NX NEX1 CHARACTER 
0062 20 E5 BRA PSTR 
0064 39 EXIT RIS RETURN TO MAIN PROGRAM 
0065 86 31 OVRFL.W LDA A 5131 1' 
0067 20 B6 BRA ANSWR RETURN TO MAIN PROGRAM 
0069 0004 MEM RMB 4 RESERVE 4 SPACES 
0060 32 MESSI FCC 8.2 NO.'S? 
006E 20 
006F 4E. 

0070 4F 
0071 2E 
0072 27 
0073 5:4 

0074 3F 
0075 OD FCB 10117100.0 
0076 OA 
0077 00 
0078 4D MESS2 FCC 6.MORE? 
0079 4F 
007A 52 
007B 45 
007C 3F 
007D 20 
007E 00 FCB O 

END 

SYMBOL TABLE 

HEGIN 0000 ANSWR 001F GARRET 004C PSTR 0059 EXIT 0064 
UVRFLW 0065 MEM 0069 MESSI 006D MESS2 0078 
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address EO55. BYTE does not affect the 
X register, but unlike OUTEEE and INEEE, 
it destroys the previous contents of the 
B accumulator. BYTE uses INEEE twice to 
get two characters, checks to be sure they 
are hexadecimal characters, and combines 
them, converting them to a 1 byte binary 
number in the process. This is stored in the 
A accumulator and is present there on return 
from BYTE. 

Output Byte 

This routine, labeled OUT2H in the 
MIKBUG listing, is located at hexadecimal 
address EOBF. It outputs one byte of data 
located at some memory address chosen by 
the user. OUT2H requires that the X register 
be loaded with the address of the byte of 
data to be output, which may be located 
anywhere. This routine does not affect the 
contents of accumulator B, but does change 
the contents of accumulator A. It also 
increments the X register, which makes it 
very convenient for outputting sequentially 
located bytes in a block. More on this later. 

Table 1: A descriptive list of the available M /KBUG subroutines summarizes 
the point of this article: Don't ignore the parts and pieces of your monitor, 
BASIC interpreter, compiler or other programs if you intend to write 
assembly language or machine language code. If you buy a program, ask for a 

source listing so you can get programming technique pointers. (Motorola is to 
be commended for handing out MIKBUG listings as a standard part of 
documentation right from the start. MIKBUG is described in detail in 
Engineering Note 100, "MCM683OL7 MIKBUG / MINBUG ROM," which was 

published by Motorola. The program is credited to Mike Wiles and Andre 
Felix of Motorola Semiconductor Products Inc.) 

Entry Points Discussed Here... 

Address Name Description 

E1 D1 OUTEEE Character output: A sent to terminal device. 
PAC INEEE Character input: A set equal to next input character. 
E055 BYTE Hex byte input: input two characters as hexadecimal 

byte in A. 
EOBF OUT2H Hex byte output: A sent to terminal as two 

hexadecimal digits. 
EOE3 CONTR L Return to MIKBUG control. 

Other Useful MIKBUG Entry Points... 

Address 

EQ47 

Name 

BADDR 

E067 OUTHL 

E06B OUTHR 

E07B PDATA2 

EOAA INHEX 
E0C8 OUT4HS 

EOCA OUT2HS 

Description 

Build address by calling BYTE twice; result in 
X register. 

Hexadecimal digit output from left nybble of 
byte in A. 

Hexadecimal digit output from right nybble of 
byte in A. 

Print string of data pointed to initially by X, 
until EOT character (hexadecimal 04) is found. 

Input hexadecimal digit, on error go to CONTRL. 
Output four hexadecimal characters and a space 

(uses OUT2H). 
Output two hexadecimal characters and space 

(uses OUT2H). 
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Access to Subroutines 

In the 6800 instruction set there are 

16 branch instructions and two jump in- 

structions. All may be used to access sub- 

routines under certain conditions. The 
branch instructions all use relative address- 

ing, which limits the range of branching 
from 126 bytes backwards to 129 bytes for- 
wards. This is because they use a 1 byte 
operand as the branch offset. The jump 
instructions (extended addressing) use a 

2 byte operand which allows them to jump 
anywhere. One of the branch instructions 
(BSR) and one of the jump instructions 
(JSR) store a return address in the stack 
before executing the branch. They go to the 
addresses specified by their operands and 

begin executing instructions at the new 
address until they encounter the return from 
subroutine instruction (RTS), at which point 
they return to the return addresses pre- 
viously stored. Each return from subroutine 
instruction read by the processor must be 

paired with a branch or jump to subroutine 
instruction, although the same subroutine 
may be accessed by more than one branch or 
jump instruction. If a subroutine or a series 

of subroutines which is terminated with a 

return from subroutine instruction is ac- 

cessed by any of the other branch or jump 
instructions, the return instruction will cause 

a return to an invalid address since the stack 
would not have been properly set up. 
Similarly, if a subroutine or a series of 
subroutines which does not end with the 
return instruction is accessed with jump or 
branch to subroutine, there will be no return 
to the main program. It just gets lost. The 
MIKBUG subroutines discussed in this 
article all eventually end with the return 
from subroutine instruction. Since they will 
always be located further than 129 bytes 
away from the main program departure 
point if called by a user, they must be 

accessed with the jump to subroutine 
instruction. 

General IO Techniques 

More often than not, a program will need 
to input or output more than one character 
or byte at a time. The use of subroutines 
which access the MIKBUG subroutines facil- 
itate this. An obvious example is the need to 
print a message, which involves printing 
several characters in a row. A good way to 
do this is illustrated in the subroutine 
labeled PSTR in listing 1. PSTR requires that 
the X register contain the starting address of 
a block of characters to be printed. PSTR 
increments the X register each time it prints 
a character and returns when it encounters 



an ASCII code of 00, which is a rarely used 
control character and is easily recognized 
with the test for zero (TST) instruction. 
Other stop characters could also be used. 
Similar subroutines may be used to input 
strings of characters or numbers. These 
subroutines may know when to quit by 
either counting the inputs and stopping at a 

preassigned number or by recognizing a stop 
character or number at the end of a string. A 
routine to output a string of sequentially 
located bytes would be even easier than 
PSTR using the same idea, because OUT2H 
increments the X register itself. Such a rou- 
tine may also be terminated by either 
counting outputs or by recognizing a stop 
byte at the end of a data block. If a 

subroutine inputs or outputs hexadecimal 
numbers, it is best to count in order to 
terminate, otherwise one of the 256 possible 
numbers is excluded from use because it is 

the stop number. When using the decimal 
numbering system, any byte which is not a 

member of the set of 1 byte binary coded 
decimal numbers may be used as a stop byte. 

Individual characters or small groups of 
characters which are input or output fre- 
quently in one program deserve their own 
subroutines. A good example is the combina- 
tion of carriage return and line feed. The 
subroutine in listing 1 labeled CARRET 
illustrates this. 

There may be times when an ouput is 

desired on certain conditions. There are 

14 conditional branch instructions which 
make it easy for subroutines to serve these 

needs. The subroutine labeled OVRFLW in 
listing 1 illustrates this situation. In the 
sample program, if the decimal adjusted 
result of the addition is greater than 100, the 
carry bit is set and the byte reserved for the 
answer holds only the two least significant 
digits. OVRFLW is accessed if the carry bit 
is set, and prints a 1 in front of the answer 
byte to make the algebraic sentence correct. 

Return to Monitor 

A happy end to any program is a graceful 
return to monitor. This is labeled CONTRL 
in the MIKBUG listing, and is located at 
hexadecimal address E0E3. CONTRL should 
be accessed with the jump (J MP) instruction, 
and only at the end of the users program. 
Listing 1 includes examples of all the 
routines described above. Other routines, or 
different nesting levels of the ones men- 
tioned here, may be found in the MIKBUG 
listing, and are summarized by name in 
table 1. The industrious reader can find 
routines which may be more useful to him 
or her, but the preceding ones will help get 
the show on the terminal. 

I Without our software, 
we're just another flasher. 

'1L. 

Let's face it. No microcomputer is 
worth a dime if you can't make 
it work. Even E &L's Mini- Micro- 
designer would be just a "light 
flasher" if it weren't for our soft- 
ware system. 
But the fact is that our tutorial soft- 
ware is the best in the business. 
Not just a pathetic rehash of chip 
manufacturers' specifications. But 
a clearly written, step -by -step in- 
struction that teaches you all about 
the microcomputer. How to pro- 
gram it, how to interface it, how to 
expand it. 
The teaching material is written by 
Rony /Larsen /Titus (authors of the 
famous Bugbooks). It's called Bug - 
book V. And it teaches through ex- 
periments designed specifically to 
get you up to speed on our Mini - 
Microcomputer (MMD -1). And you 
don't need any prior knowledge of 
digital electronics! 
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The best news? E &L's MMD -1 costs 
only $380 in kit form, including all 
software and teaching material. 
And now it's available locally from 
your nearest computer store. Stop 
in today and get the whole picture. 
MMD -1. The finest microcomputer 
system on the ma ket. 

I 
l 
I.E1 

lll ) 

E &L INSTRUMENTS, INC. 
61 First Street, Derby, Conn. 06418 
(203) 735 -8774 Telex No. 96 3536 

Dealer inquiries invited. 



Classified Ads 

WANTED: One set unpopulated MOD -B PC boards 
and Monitor 8 extra RAM boards. Jerry Walker, 
761 Clayton, San Francisco CA 94117. 

WANTED: Parts to complete Teletype Corp model 
35 for my own personal home computer system. I 

only have a typing unit. Karl F Kornafel, 2741 
Baur Dr, Indianapolis IN 46220; home after 1800: 
(3171257 -6044 or business after 2300: 
(317)262 -2445. 

WANTED: Schematics or PC board layout for 
simple Intel 8008 microprocessor using minimum 
hardware; also need simple 1702A PROM pro- 
grammer schematic. Will pay or exchange for 
technical information. Raymond J Ramirez, 2A -8 
Bairoa Pk, Caguas PR 00625. 

FOR LEASE: Model 735 Silent 700 portable data 
terminal. 6 month term for $90 per month. Has an 

acoustic coupler, RS 232 interface, full or half 
duplex, 10 to 30 cps, ASCII code. Dick Harding, 
633 Kingwood Rd, King of Prussia PA 19406; 
(215(265 -3719 level (215(864 -7017 (day). 

WANTED TO BUY: PDP8 -E expander box with 
cable and quad slot bus assembly. 861 -C cabinet 
power control, M18 -E bootstrap, MM8 -E and 
MM8 -EJ memory modules, card reader, printer, 
disk control and drive, magnetic tape, cassette 
system, all with cable and interface card for 
PDP8 -E. Willing to talk about any PDP8 -E hard- 
ware or software. Please call: (617)861 -6500 or 
write: Harry Bellmar, Minuteman Regional School, 
758 Marrett Rd, Lexington MA 02173. 

FOR SALE: FLEXOWRITER model SPD has 8 
level reader and punch. Previously used to create 
computer data base. Standard unit without modifi- 
cations or changes. $175. M T Buckelew, POB 10, 
Falls Church VA 22046. 

FOR SALE: Memories - 270 1103 1 K RAMs 
$400, 160 745206 256 bit RAMs $500, and a core 
stack constructed from 17 planes of IBM 1401 
memory $200. Each plane of the stack is arranged 
as a 50 x 80 matrix with separate sense and inhibit 
lines (68,000 bits total). All of the above will be 
sold with documentation included. Also for sale - 
8080A CPU chip $25. Contact: Arthur W Wetzel, 

222 North Craig St, Apt 2A, Pittsburgh PA 15213, 
(412)624 -5208 (day) or (412)683 -6293 )evening). 

WANTED: Information on care and maintenance 
of a Friden 2303 Flexowriter. Also would like 
information on how to interface it with a proc- 
essor. I will pay for cost of duplication and 
mailing. Dan Hastings, 5055 Lily La, Apt 210, 
Indianapolis IN 46254, (317) 297 -1079 (call 
collect). 

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. 

FOR SALE: Tektronix model 115 pulse generator, 
10 ns pulser with delay and 100 Hz to 10 MHz 

repetition with manual, like new, $595. Tom 
Murph, 4244 Philadelphia Dr, Dayton OH 45405, 
(513) 274 -4405. 

FOR SALE: Programs in BASIC, including games, 

scientific and educational programs. Also program 
guides and software packages. I have written a 

number of programs which I will sell for $1 to $5. 
All programs come with complete documentation 
including a cross reference listing of all variables. 
For list, send stamped envelope to: Richard 
Traynham, 2928 Sollwind Trail, Fort Worth TX 
76116. 

DEC:BUY,SELL,or TRADE: I have some DEC -11 

modules and hardware. Included are such things as 

a DF11a, M7821, M795, and some brand new 
W9671 PDP -8 Wire Wrap Boards. I need, or am 
interested in, the following items: DL1le, DF01 or 
other modem, DR11c, KE11, KW11L, TA11, 
RC11, or a floppy drive. If you can part with any 
of the aforementioned items for cash or trade, 
please let me know. L Stewart, 1402 Regent St, 
Apt 506, Madison WI 53711, 16081 255 -5380. 

FOR SALE: 1 C -Mod 80 system including: CPU 
(with 5204 Micro -Monitor), 2 K RAM card 
(2102 -1's), parallel or serial 10 card, backplane 
with connectors for 12 cards, $150 for above. RCA 
CDS 1200 modem with documentation, $50; 
Teletype model BRPEBB high speed 8 level punch, 
$45; RPC -4000 Computer System (has Fortran), 
$500. Call Sam Ulin at (302) 475 -7355 evenings or 
write POB 216, Claymont, DE 19703. 

HELP: Does anyone out there have any informa- 
tion on a Data Trends Inc general terminal unit? I 

need schematics, operating information, anything I 

can get. Also need any data on International 
Computer Products Digi -Deck units. I will pay all 
reproduction costs and shipping, or I have wall 
sized (11 X 14) IC microphotos and electronics 
graphics- trade? Contact: Bob Retelle, 2005 
Whittaker Rd, Ypsilanti MI 48197. 

FOR SALE: DEC PDP -8s, 4 K core memory, serial 
interface, possible 10 bus, all cables and power 
supplies. $450 or best offer or will trade for video 
terminal, 8080 machine, or any DEC mass storage 
peripherals. Also needed: information on Design 
Elements or Mgt Data Systems modem, model 
88 -OA. Jim Gonzalez, 150 S Summit Av, Hacken- 
sack NJ 07601, (201)342 -3110. 

WANTED: BYTE issues November 75 and April, 
May, June 76. Will pay almost any price. George 
Valaitis, 647 Linkfield Rd, Watertown CT 06795, 
(203)274 -5628. 

HELP: Neophyte will pay for technical assistance 
in converting Burroughs TM2OK714 terminal, with 
or without the control unit, to something my 
IMSAI 8 K BASIC can digest. Have 7 data bits in 
parallel at the terminal, no parity or buffers. I want 
to send entire line with a carriage return. A 
semischematic would do. Leo Biese, RFD 1, Hill 
NH 03243, (603(744.8906. 

FOR SALE: VIATRON 2111 data management 
system (as advertised in March 1976 BYTE, page 
87). The unit is in brand new condition and works 
like a charm. Complete with instruction manuals, 
cassettes, and schematics for $400; also IBM 
Selectric Printing Robot attachment for above 
$175. you pay shipping (160 lbs). First cashier's 
check or money order for $550 takes them both. 
Bill Robertson, 123 W Pearl St, Apt 22, Nashua 
NH 03060. 

FOR SALE: Cleaning house, all new unused parts. 
Intel 4004 $5; 4040 $10; 4289 $2; 4201, 4002 -1, 
4003 Sl each; MC6871A $5; MC14411 $3; 1MHZ 
xtal $1; 1.797 MHZ xtal Sl; MOS TECH scientific 
calculator chip set 2525 -2526 with data sheets $5. 
Ron Angstadt, RD 3, POB 281, Kutztown PA 
19530. 

WANTED: Does anyone have a spare copy of 
SWTP Newsletter No. 1? It's no longer available 
from SWTP; many thanks!! Also, if you have use 
for an IBM 6400 accounting system, please write: 
"Pete" Peters, Microputer Tinkers Society, 3845 
Le Bleu St, Beaumont TX 77707. 
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FOR SALE: ASR33, excellent condition (used by 
a little old Altair), $800. George Nelms, 3908 
Abbott Av S, Minneapolis MN 55410, 
1612) 922-3087. 

FOR SALE: Altair compatible 8080 CPU board 
with sockets, $35. CDC floppy disc drive in a sack 

includes spares and documentation, $125. Super 
Display: Computek 400/20, 96 character ASCII, 
Vector and Curve generator, Joystick input and 
keyboard, RS 232 110.2400 baud, full documenta- 
tion, 51250. Vermont Research Drum, 950 tracks, 
2600rpm, Read /Write electronics, documentation, 
$350. Hans Mahr, 28028 Ella Rd, Rancho Palos 

Verdes CA 90274,(213)377 -0735, eves. 

FOR SALE: Paper Tape Splices. Prepunched, clear 
or opaque miler patches for 8 channel tape. $2 per 
50 or $3 per 100. Send SASE. Finest quality, 
money back guarantee. Mike Campo, 457 Prom- 
ontory Dr W, Newport Beach CA 92660, 
(7141 751-8271. 

FOR SALE: Dual -drive Innoves Diskette (1974) 
for PDP -8E, ready to plug into Positive I/O 
Interface. Includes test tape, 10 used Diskettes 
(some with glitches), my own handler, 48 tracks, 8 
sectors of 259 12 bit words per sector. Best offer 
that is not absolutely ridiculous. William T Powers, 
1138 Whitfield Rd, Northbrook IL 60062. 

FOR SALE: Ampex core memory 32 K of 8 bits, 
300 ns access with R/W electronics, power supply, 
and complete manual. $750 or make offer. Rainer 
McCown, 9537 Longlook Ln, Columbia MD 21045. 

WANTED: Information leading to the contact of 
Charles D Hackett, former USAF 306X0, current 
electronics freak. Have him contact Ssgt James D 

Tucker, Lot 8, Hughes Trlr Crt, Knob Noster MO 
65336, (816) 563-2177, after duty hours. 

COMPUTING MACHINERY FOR SALE: One 
KIM board modified for half duplex terminal (can 
easily be changed back) in good working order 
with complete documentation. Also one JOLT 
system with CPU board, PROM board (with one 
PROMIand power supply mounted in box. Some- 
thing wrong with power supply but otherwise in 
working condition. Will sell both together for $200 
or KIM for $150 and JOLT for $75 all as is. 

Norman Bringsjord, 1346 Connecticut Av NW, 
Washington DC 20036, 1202)785 -9440. 

WILL TRADE /SELL: KELSEY 8 by 10 letterpress 
(like new) with 10 trays of type, (6 pt to 36 pt). 
All will be included. To use for business or hobby. 
Lots of extras. Value $750. Also have Thomas - 
Paramount Heathkit electronic organ in 100% mint 
condition with bench value $1150. Want micro- 
computer ensemble ( IMSAI, MITS, ALTAIR, 
SWPTC, etc). Can be kit (unassembled) or assem- 
bled. Write or call and tell me what you have. 
Shipping arrangements will be negotiated to in- 
terested parties. H Zallen, PO Drawer 2790, 
Norman OK 73070, (405)364 -1119. 

REALITY STRIKES!: I'm sitting on more of a 

system than I need in my work. 16 K PDP -8F (8 K 
core), dual Innoves diskette, VT -8E alpha /graphic 
terminal and KB, ASR -33 TTY, 16 channel A /D, 2 

channel D/A in need of two D/A converter ICs, 
rolling cabinet with 3 hinged sides. Worth over 
$13 k new; everything works. Will settle for less 
than half price, and accept some items in trade 
(toward Z -80 system) in lieu of cash. See your 
bank and make me an offer. William T Powers, 
1138 Whitfield Rd, Northbrook IL 60062, 
1312(272 -2731. 

FOR SALE: Motorola Evaluation Board 2 with 
Minibug 2 ROM, crystal clock, baud rate generator 
from 75 - 9600 baud. Has serial interface for 
20 mA TTY and RS 232 output, two 8 bit parallel 
output ports and fully buffered address and data 
lines. PC board has sockets for all chips and a 

socket for PC edge connectors. Asking $350 or 
best offer. R C Brand, 62 Preston Dr, N Kingstown 
RI 02852, (401(295 -1996 (evenings). 

WANTED: BYTE back issues, 2, 3, 8, 9 and 10. 
No reasonable offer refused, and I will accept 
Xerox copies. Write Mark Brown, Minneapolis 
Medical Research Foundation, 501 Park Av, 
Minneapolis MN 55415. 



ot 
c 

o oe t°Jt 
° , -th v oC' oC o 

t° :.tG _ w 
C.', )%,et 

top values, 
professionalism 
Computer Shack stores are 
exciting, enjoyable places 
to visit. From the striking 
interior decor to the fun and 
challenge of the GAME 
ROOM, you'll find Computer 
Shack stores a completely 
new computer shopping 
experience. 

You can count on Computer 
Shack stores for total profes- 
sional support whether your 
needs are those of a com- 
puter hobbyist, education, 
science or business user. The 
skilled, management- trained 
staff offers knowledgeable 
service, expert maintenance, 
and software guidance. 

quality products 
At Computer Shack stores 
the emphasis is on quality 
products. Featured are the 
finest in microcomputers, 
interfaces and peripherals, 
including the full IMSAI line. 
Every store is completely 
stocked with tools, books 
and a complete line of 
accessories. 

/ 

SALE OF THE MONTH 

This month all Computer 
Shack stores feature -IMSAI 
8080 Kit with a free $52.00 
22/ Slot Mother Board. Each 

board purchased this month 
comes with a free $7.00 
IMSAI Edge Connector. 

beginners 
welcomed 
Do you want to get started 
with microcomputers? Are 
you seeking expert guidance 
on computers, peripherals, 
software? The place to visit 
is your nearest Computer 
Shack. 

Watch your local newspaper 
for Computer Shack open- 
ings. Each store features a 

monthly Sales Special. 

0,et 
oo.t, *0* 

14860 Wicks Blvd. 
San Leandro, CA. 94577 
(415) 895 -9363 
Franchise Opportunities 
Available 

Now open in Hayward CA, 22634 Foothill Blvd.,(415) 538 -8080 
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Put Your Computer to Work 

Bill Roch 
RO -CHE Systems 
7101 Mammoth Av 
Van Nuys CA 91405 

MC 1-uwm anima 
To 11. But IN 

Now that you have your hobby computer 
assembled and running ... what next? Well, 
there is always Star Trek, Life, Hunt the 
Wumpos, and more in the way of computer 
games. After the games maybe you built a 

Christmas card list, list of anniversaries, 
phone directory or the like. But what 
happened when you volunteered to keep the 
batting averages for the Little League? All of 
a sudden you ran out of memory or you had 
to reenter the file of data each time you did 
an update. 

It seems the manufacturers of our little 
"beasties" did not foresee the need to read 
and write records. Sure, you can save and 
load blocks of data, but what about that 
collection of characters which makes up 
fields and a group of fields which makes up 
records? 

Our new product (RO -CHE Systems) is a 

controller designed to handle multiple motor 
control of audio cassette drives using status 
bits controlled by the computer. The soft- 
ware we supply with the unit is designed to 
work with either the high speed Tarbell 
cassette interface or the Altair 8800 ACR 
interface. In the past it took a commercial 
system or time sharing house to give you the 
ability to handle files containing individual 
records. With the "Magic Black Box" as we 
call it, control of audio cassette motors 
provides an element of automation pre- 
viously unobtainable using simpler cassette 
interface disciplines. We grabbed the extra 
status bits available on Don Tarbell's cassette 
interface and used them as control signals 
for the multicassette controller. In using our 
control box with other cassette interfaces, 
all you need to supply, outside of software 
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patches to the driver routines, is a parallel 
interface output to accomplish the same 

function. 
This controller handles up to four inex- 

pensive cassette recorders at one time with- 
out losing the ability to save and load from 
Altair BASIC and other packages. The soft- 
ware developed with our unit reads and 
writes physical records to and from software 
selected records. It's like having a big com- 
puter with four tape drives but not as fast. 

With all this file handling software and 
the hardware control box available at a 

fraction of the cost of a big system, how can 
it be used? 

Personal computer users are doctors, 
lawyers and indian chiefs, butchers, bakers, 
candlestick makers, white collar, blue collar 
and dirty collar workers who are members of 
lodges, churches and bowling leagues, and 
owners and managers of businesses. 

With the capability of handling data files 
larger than your memory size, it becomes 
only a matter of user application software to 
create such things as: 

Mailing lists 
Membership rosters 
Inventory 
Accounts receivable 
Accounts payable 
Back orders 
Batting and bowling averages 
Form letters 
Word processing 
Check book balancing 
Income tax calculations 

(I've started ... you add to the list) 
We demonstrated the multicassette con- 

troller at the June and July Southern Cali- 
fornia Computer Society meetings where it 
was set up to create a mailing list. 

The demonstration started by one indi- 
vidual keying in his name and address which 
were written on deck O. The next individual 
entered his last name. The software read the 
name from deck 0 and decided which name 
to write to deck 1 first. The rest of the name 
was entered and now the tape in deck 1 had 
two names and addresses. Each time a name 
was entered, the old master file was read and 
the new name was merged in alphabetically 



to the new master file. The demo software 
also had the ability to find a last name and 
print it out or to list the whole file of names. 
Last names were used as the key field for 
identification, but it could just as well have 
been part numbers, account numbers or any 
other such identification code. 

In addition to the cassette 10 routines, 
the software supplied with this box contains 
a number of utility routines for such things 
as keyboard entry and echo, message output, 
string compare, line feed, carriage return, 
string moving, etc. 

Where to Get It 

RO -CHE Systems, 7101 Mammoth Av, 
Van Nuys CA 91405, offers the multi - 
cassette controls in a two and four port 
model at $95 and $125 in kit form, and 
$135 and $175 when assembled and tested. 
A two port add on kit is also available at 
$32. Shipping and handling is $2.50 per unit 
except the acid on kit which is $1. 

The units come complete with assembly 
and operating instructions and a cassette 
containing the RCSCOS operating systems, 
Tarbell 10 and a low core assembler editor 
and monitor. Source listings of the operating 
system are available at $5 each. 

l 

FRIED I9KENTUCKY 
ICOMPUTERS ,---oc) 

0 

A discount computer store in Berkeley, California. 
We sell and service small computers for personal, 
educational, and business use, both in kit and 
assembled form. Many items are at substantial 
discounts from manufacturer's list prices. Special 
prices on complete systems. 

"IMSAI- Computers, memory, interfaces & peripherals 
North Star Computers -FPB & Disk 
Lear Seigler -ADM3 Terminal kit -$835 ($995 assem.) 

"Polymorphic Systems- Computers, memory & interfaces 
"Cromemco -TV Dazzler, Bytesaver, 7A +D & ZPU 
Enclosed Cherry Keyboard -$125 

"Morrow's Micro Stuff -Cassette interface 
*Vector Graphics- memory 

"Starred items available by mail order at 10% discount 
from manufacturer's current list prices. For prompt 
delivery, send money order or cashiers check plus 2% 
shipping & handling. Personal checks require 3 weeks 
processing. Calif. res. add sales tax. Minimum order $80.00. 

KENTUCKY FRIED COMPUTERS 
2465 FOURTH STREET 
BERKELEY, CA 94710 

TELEPHONE: (415) 549 -0858 

A COMPUTER IN EVERY POT 

WHY OUR MEMORY SHOULD BE YOUR MEMORY 
1. Quality 2. Delivery 3. Price 

ALTAIR & IMSAI COMPATIBLE SK STATIC 
RAM SPECIFICATIONS: 

Access Time: 450 ns - no wait states 
Current Requirement: + 5 to + 10V at 1.6A worst 

case, 1.35A typical 
Memory Chips: Prime components plus two 

extras 
Address Lines: Fully buffered 

Memory Protect: Hardware 8K 
Power Regulators: 4 ea. 7805 

Address Select: Dip switch accessable from 
top of board. No need to 
remove board to relocate 

Output Disable: Permits use with transparent 
loader 

Board: Quality G -10 material with 
solder mask both sides. 
Pre -tested for etch bridges. 

Order your 8K RAM kit for only $265.00 +6% Cal. 
sales tax + 3% hndlg. $350 assmbld., both incl. sockets. 

P.O. BOX 4784 
THOUSAND OAKS, CA 91359 
TEL:(213) 889 -9809 

F.O3 GR/1?FIC inc. 
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Calculator Keyboard Input 

for the Microcomputer 

There was a need for a 

simpler method to put 
programs into memory. 

Some months ago I purchased an RGS 

Electronics 008A Microcomputer Kit in 

order to learn about this computer thing. In 
the intervening months it has served a 

number of very useful functions. 
First, I learned about the basics of com- 

puters. In putting the kit together, I learned 
a great deal about the 8008 microprocesser 
and its associated circuits. By solving a 

problem in the operation of IO transfer, 
got to understand a lot about the logic of 
my computer. (It turned out to be a 

malfunctioning 7442 chip which provided 
the 10 gating pulses.) 

Second, I have become reasonably pro- 
ficient in programming, using the basic 
machine language of the 8008 in octal form. 
The instruction set of the 8008 is simple 
enough that one can remember the numbers 
in octal from about as easily as the 
mnemonics and it saves time when working 
with shorter programs. 

Third, it has provided me with a number 
of projects involving the computer itself or 
with the equipment tied into it. 

It did not take long for me to see that 
entering programs by way of the front panel 

Joseph Hoegerl 
RD 1 Box 262 
Guy Mills PA 16327 

switches was tedious and time consuming, 
especially since programs quickly become 
more complicated and longer as pro- 
gramming proficiency develops. There was a 

need for a simpler method to put the 
programs into the memory. The thought 
occurred to me that an inexpensive and 
simple solution might be to adapt a calcula- 
tor keyboard to enter data in octal form. 
The circuit described in this article is the 
result of thinking about this alternative. The 
unit proved to be both trouble and error free 
in the five months since it was completed. I 

use the keyboard continually, even though I 

have since interfaced a Model 15 Teletype 
and a five level tape unit to the CPU which 
enables entering programs from tape. 

A bootstrap program for initial input 
after a power shutdown requires only 15 

bytes which must be entered by the original 
front panel switches (see listing 1). The main 
program requires only 62 bytes and these are 
entered using the bootstrap (see listing 2). 
The keyboard has provision for entering data 
either in octal or hexadecimal format. The 
unit may be built with the full capability, or 
parts can be omitted to dedicate the key- 

Listing 1: Bootstrap Keyboard Input Program. This 8008 program reads the 
keyboard device of figure 1 and loads memory in ascending sequence. Its 
primary purpose is to enter the second full program of listing 2. 

I ntelese 
Octal Address Octal Code Label Op Operand 

000 /000 006 070 LAI 070 
000/002 161 OUT 
000/003 056 XXX LHI (H) 
000/005 066 XXX LLI (L) 
000/007 300 LAA 
000/010 250 XRA 
000/011 141 OUT 
000/012 101 INP 
000/013 370 LMA 
000/014 060 INL 
000/015 121 OUT 
000/016 000 H LT 
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Commentary 

define device address; 
select device; 
load upper address byte here; 
load lower address byte here; 
no op; 
clear "A" to zero; 
send control pulse out to interface; 
read a byte into accumulator; 
load the byte into memory; 
increment the address pointer; 
output a pulse to reset data ready flag; 
end of program, wait for restart. 



board to octal or hexadecimal input 
exclusively. 

Circuit Description 

The circuit of the input device is given in 
figure 1. A diode matrix decodes the key - 
switch closures into binary format. Data is 

entered in the normal sequence with the 
most significant digit first. The three 7475 
latches are activated sequentially (only two 
are used for the hexadecimal mode of input) 
and the binary equivalent of each digit is 

held in the 7475 latches until read by the 
computer and then cleared by a signal from 
the computer, or, in case of keypressing 
errors, by pressing the clear entry (CE) key 
on the keyboard. 

The choice of octal or hexadecimal is 

accomplished by the use of two 74157 
multiplexers, IC1 1 and IC I2. These are set 

to pick hexadecimal or octal encoding by 
S1. If only octal format is needed, the 
binary data can be taken directly from IC1, 
IC2 and IC3, at the points marked AO to A7 

on figure I. If only hexadecimal format is 

desired, IC11, IC12, and IC3 may be 
omitted and the outputs taken from the 
remaining IC1 and IC2 at the points marked 
BO to B7 on the diagram. 

The circuit operates as follows: When a 

key is depressed, one or more of the five 
decode lines will go to the high state. (Four 
lines are used for encoding the digits 'I' to 
'F'; and the fifth line is used to decode the 
zero key.) These are inverted by the five 
inverters, IC4A through IC4E, the outputs 
of which go low when a key is pressed. This 
causes the output of IC5, which functions as 

a nor gate, to go high. This transition is 

converted to a positive going pulse by the 
combination of IC4F, capacitor Cl and 
resistor R6. The pulse is inverted and 
squared off by IC6D. The output pulse of 
IC6D is fed to the three gates IC10A, B and 
C, one of which is enabled by the state of 
the 2 bit counter IC7A and IC7B. A "clear 
flag" signal from the CPU, or a clear entry 
(CE) key closure will reset the two flip flops 

Listing 2: Full Keyboard Input Program. This 8008 program defines a 

memory address with the first two bytes read from the keyboard after restart. 
Then it enters cm loop which loads memory byte by byte in ascending address 
sequence. 

Intelese 
Octal Address Octal Code Label Op Operand 

000/070 006 070 START: LAI 070 
000/072 161 OUT 
000/073 121 OUT 
000/074 106 116 000 CA L DATA 
000/077 350 LHA 
000 /100 106 116 000 CA L DATA 
000/103 360 LDA 
000/104 106 116 000 MBYTE: CA L DATA 
000/107 370 LMA 
000/110 106 162 000 CAL INHL 
000/113 104 104 000 JMP MBYTE 
000/116 006 200 DATA: LAI 200 
000/120 141 OUT 
000/121 016 002 LBI 2 

000/123 101 FLOOP: INP 
000/124 044 200 NDI 200B 
000/126 022 RAL 

000/127 100 123 000 JFC FLOOP 
000/132 011 DCB 
000/133 110 143 000 JFZ DLY 
000/136 250 XRA 
000/137 141 OUT 
000/140 101 INP 
000/141 121 OUT 
000/142 007 RET 
000/143 106 151 000 DLY: CAL DELAY 
000/146 104 123 000 JMP FLOOP 
000/151 036 326 DELAY: LDI 326 
000/153 300 TIME: LAA 
000/154 300 LAA 
000/155 031 DCD 
000/156 110 153 000 JFZ TIME 
000/161 007 R ET 
000/162 060 INHL: INL 
000/163 013 RFZ 
000/164 050 INH 
000/165 007 RET 
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Commentary 

Toggle switches are relics 
of the dark ages (of 
computing). 

load address of keyboard; 
select device; 
reset flag; 
A:= keyboard input; 
loads upper address into H; 
A:= keyboard input; 
loads lower address into L; 
A:= keyboard input; 
put byte into memory; 
to increment H and L; 
repeat for each byte in turn; 
set multiplexer to status; 
status pulse; 
set counter for debounce routine; 
input flag status: 
mask flag bit; 
put flag bit into carry and check 

carry bit; 
if carry false, then check again. 
if carry true then delay, then check again; 
22 ms delay; 
clear accumulator and carry; 
set multiplexer to accept data; 
accept data into A; 
send out reset pulse; 
end of FLOOP routine; 
22 ms delay; 
try again; 
set counter to give 22 ms delay; 
waste time; 
waste more time; 
decrement counter; 
waste time until counter is zero; 
return to calling program; 
increment lower address; 
return if lower address not zero; 
increment upper address if lower was zero; 
return to calling program; 
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Figure 1: Keyboard Input Logic. This circuit contains u diode matrix which encodes 16 hexadecimal input keys as a four bit 
code, a register to contain the results of that conversion, u multiplexer which gives a switch selected 3 digit octal or a 2 digit 
hexadecimal interpretation to the inputs, and control logic for keyboard debouncing, clearing, und entering data. 

to the start position. When this happens, 
gate IC10A will be enabled by a high level 
on two of the three inputs. The pulse from 
IC6D mentioned previously then satisfies the 
gate and its output will go high, momentar- 
ily causing Cl I to latch on the data present 
on the decode lines. 

When the key initially depressed is re- 
leased, the delay monostable made up of R7, 
R8, C2, IC6A, B, and C, causes a pulse 
which increments the counter formed by flip 
flops IC7A and B, thus setting up two lines 
of IC1OB to a high level and ready to accept 
the next digit. Note that this does not 
happen until the key is released, thus avoid- 
ing erroneous writing of the same data into 
more than one latch. This process continues 
for the third digit with IC10C enabled. 

After the desired digits have been entered 
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on the keyboard, the enter (EN) key is 

pressed. This sets the flag RS flip flop made 
up of IC8A and B. To prevent multiple data 
entry, its output must pass through the dual 
input gate IC9B, which will prevent data 
from passing through until the enter key has 

been released. At that time a high level will 
appear on the data ready flag output, 
signalling the CPU that data is ready for 
processing. The RS flip flop is reset by a 

negative going pulse on the clear flag input 
from the CPU. When this flag flip flop was 
initially set by the enter key, the 7474 flip 
flops IC7A and B are cleared to zero through 
IC8C and D. 

The Interface 

A standard RGS Electronics interface 
board was used with the addition of the 


