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MB800 Microprocessor Programming Manual =

cOMBUTER
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Swi? 6800

* COMPLETE WITH 2K OF MEMORY

* SERIAL INTERFACE

* STANDARD ROM MONITOR (Motorola MC 6830L7)
* 4K AND 8K BASIC AVAILABLE

Always the best value in hardware and now an outstanding
selection of software too. What more could you want in a
computer system? For less than four hundred dollars you

software and eliminates any need for console switches and
light. Data may be entered from the terminal in convenient
hexadecimal form. The power supply is adequate to operate

get everything you need—ready to connect to a terminal
and go to work. No surprises, no funny business, just good
reliable hardware in a very practical system that may be ex-
panded to meet almost any later need.

Memory and interfaces are not extra cost items in our
system. A standard Motorola MIKBUG® ROM monitor
makes the system completely compatible with Motorola

® Motorola

[ e ]
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a fully expanded system with up to 24K of memory and up
to eight (8) interfaces—simultaneously.

See the 6800 and our peripheral equipment at your nearest
dealer, or write for a complete description.

MP-68 COMPUTER KIT—with serial interface,
2K of memory and ROM monitor

$395.00 ppd

Your

Southwest Technical Products Corporation, 219 W. Rhapsody, San Antonio, Texas 78216
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most powerful microcomputer

(it’s also a powerful Z-80 1P development system)

Uses high-speed Z-80 uP

You see here a major new de-
velopment in microcomputers: the
Cromemco Z-1.

It is the fastest and most power-
ful microcomputer available.

It gets its speed and power from
a selected version of the new Z-80
microprocessor that can operate at
a 4 MHz clock rate. (The Z-1 also
lets you switch to 2 MHz to be
compatible with older systems.)

P development system

In addition to being a powerful
microcomputer the Z-1 is a major
uP development system. It will give
you a big head start in developing
your circuits around the Z-80 uP.

All you need do is plug your
breadboards into the Z-1's 16 or
more extra sockets. You're right
into the computer bus.

Broad “S-100 support
What’s more, the Z-1 offers you
all kinds of peripherals and soft-
ware. |t uses the standard “S-100"
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bus supported by over a dozen man-
ufacturers. And all Cromemco per-
ipherals (PROM memory and pro-
grammer, RAM memory, analog 1/0,
color TV interface, etc.) just plug
into the Z-1's extra sockets.
Cromemco also provides com-
plete software support: a monitor,

| & SWITCHES

_ assembler, BASIC interpreter and

more to come soon.

Another thing: you can bet the
Z-1 won't be obsoleted. Future CPU
cards can plug in for the present
CPU card.

Not a kit
The Z-1 comes completely as-

sembled and tested. It's a quality,
commercial-grade microcomputer. It

is not available as a kit. Just plug
it into the 110-volt line and you're
ready to go.

The Z-1’s ready, too. It's being
shipped. And for all you get, the low
$2495 price is a pleasant surprise.
It’s especially pleasant when you
compare it with the price of any
complete, assembled microcom-
puter with all the Z-1's features.

Call now and get our brochure
on this new system which is so im-
portant in working with the Z-80.

Z-1 components
e Z7-80/4 CPU
e 8K static RAM
e Capacity for 8K PROM
e PROM programmer
e Resident monitor in PROM
e RS-2321/0

e Full 22-slot motherboard and
connectors

e Fan installed
e Not a kit; completely assembled

Cromemco

Specialists in computers and peripherals
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 e (415) 964-7400
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Terry Dollhoff provides readers
with some food for thought on hash-
ing techniques. Turn to Making Hash
With Tables to find out what it means
to hash data as a method of improving
table access time. The straightforward
way of seeking data in a table (search-
ing each element in turn) is far from
the most time efficient, as you’ll
discover by considering  Terry’s
arguments.

For an output only interface, you
don’t necessarily have to use a UART
to drive a Teletype printer. Gregory C
Jewell shows How to Drive a Teletype
Without a UART using five standard
TTL integrated circuits.

How do you drive a tape recorder’s
head directly, and read data directly?
" If you read David M Allen’s article in
this issue, you’ll find out that Satura-
tion Recording’s Not All That Hard
after all. David shows a simple tape
driver circuit, input signal processor
and the design of software for direct
digital recording with audio tape heads
on cassette recorders.

Watts Inside a Power Supply? Find
out by reading Gary Liming’s account
of power supply basics. You'll find
that there are indeed watts lost inside
a power supply, the reason these items
invariably come with some form of
heat sink. After reading Gary’s article
you’ll have some good background
information in your memory banks for
evaluating the various power supply
schemes which are used in practice,
and why such schemes are used.

Altair BASIC (in whatever form
you have it) is an excellent aid to the
utilization of an 8800 system. How-
ever, there is that residual problem of
putting in a 20 byte bootstrap pro-
gram every time you turn power on. In
this issue, a short article by Jim
Kreitner shows you how to Pick Up
BASIC by PROM Bootstraps.

Who knows what the bears and
bulls will be doing next in the stock
market? Play Black Friday, a BASIC
game by Bob Baker, and you’ll get a
heuristic feel for what happens
through the powerful tool of simula-
tion. Will X-Pando do better than
Slippery Oil after a simulated year of
trading? Play the game and find out.

Newcomers may wonder what is
meant by the term “direct access
storage device.” This is the most useful
form of mass storage, a form which is
the dream and goal of every small
system hacker who has passed the
beginning stages of programming appli-
cations of his or her computer. To
help define the terminology for the
novice, reader Curt Hill has provided
an elementary article on the types and
uses of direct access storage.

The SYS 8 monitor as it is supplied
by IMSAI and Processor Technology is
a self-contained operating system for
8080 based microprocessors which
comes equipped with its own set of
executive commands. These com-
mands are used for calling programs
that are resident in the system. Would-
n’t it be great if programs that are not
part of the monitor could be part of
the executive command table? This
was the conclusion of Willard | Nico.
He decided to have easy availability of
his most used programs by adding
them to the executive command table.
He describes how you too can easily
accomplish this in his article SYS 8
1/2 — Your Own Executive Com-
mands.

Representations of two dimensional
game boards as the bits of various
bytes in your computer’s memory can
often be chosen to help facilitate
evaluation and strategy computations.
In Computer Models For Board Games,
Russell R Yost Jr presents some basic
background information on the prob-
lem and suggestions for represen-

tations useful in the games of TACTIX
and HEXPAWN.

For use when testing out your
hardware, the idea of The Built-In
Logic Tester can prove quite useful.
K W Christner discusses the concept in
a short article on his version of a logic
probe.

Riddle of the Month: What is not
like an elephant with a suntan?
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Build the ‘“Coffee Can Special”
EROM Eraser described by Lawrence
Burbey in order to convert white
elephant EROMs into blanks ready for
reprogramming.

Video interfaces often produce an
EIA composite video signal as the
principal output. What do you do
when you have a commercial digital
monitor with separate sync inputs of
the type used in display terminals?
Why, that’s when you follow David
Rosen’s lead and Separate Your Sync
by tapping the interface at a non-
standard point.

June BYTE had an article on ELM,
an Eloquent Little Monitor. In this
issue, author G H Gable describes a
method of Using Interrupts to Speed
Up an ELM. The use of interrupts and
a tape drive with a direct memory
access interface make a valuable exten-
sion of the basic monitor concept.

In June and July a survey was
conducted of computer hobbyist clubs
in the US and Canada. The question-
naire covered such areas as number of
members per club, types of computers
owned, applications for the computers
and the members’ backgrounds. In his
article, A Computer Hobbyist Club
Survey, David Caulkins releases the
results of the survey and explains some
of the conclusions that he has reached
as a result of the survey.



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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Editorisl

Articles Policy

BYTE is continually seek-
ing quality manuscripts writ-
ten by individuals who are
applying personal systems, or
who have knowledge which
will prove wuseful to our
readers. Manuscripts should
have double spaced type-
written texts with wide mar-
gins. Numbering sequences
should be maintained sepa-
rately for figures, tables,
photos and listings. Figures
and tables should be provided
on separate sheets of paper.
Photos of technical subjects
should be taken with uniform
lighting, sharp focus and
should be supplied in the form
of clear glossy black and white
or color prints (if you do not
have access to quality photog-
raphy, items to be photo-
graphed can be shipped to us
in many cases). Computer
listings should be supplied
using the darkest ribbons pos-
sible on new (not recycled)
blank white computer forms
or bond paper. Where possible,
we would like authors to sup-
ply a short statement about
their background and experi
ence.

Articles which are accepted
are typically acknowledged
with a binder check 4 to 8
weeks after receipt. Honorar-
iums for articles are based
upon the technical quality and
suitability for BYTE’s reader-
ship and are typically $25 to
$50 per typeset magazine
page. We recommend that
authors record their name and
address information redun-
dantly on materials submitted,
and that a return envelope
with postage be supplied in
the event the article is not
accepted.m

The Appliance Computer,

by Carl Helmers

With the beginning of the new year, it’s
time to return to the theme of the “ideal”
personal computing system, the ne plus ultra
in terms of design finesse, convenience and
low price. In short, a quality packaged
product ready to be programmed by the user
... the same concept found in the program-
mable calculator, but applied to the general
purpose computer system instead. This prod-
uct is on the way. My ‘“authoritative”
pronouncement on the future of the field
during 1977 is that 1977 is to be the year of
the “Appliance Computer.” Now that I’'ve
made my pronouncement, you ask in reply
“now how can Helmers make a crazy state-
ment like that?” The rest of this month’s
commentary concerns the reasons for this
summary of the coming year, a view from
the root node of an information tree.

Quite simply, the “appliance computer”
is the concept of a true finished product
desk top general purpose computer which
can be purchased at your local dealer, a
complete package of hardware with support-
ing systems software at a reasonable price. It
is the software experimenter’s dream ma-
chine, a computer where the only concerns
are the generation of programs and the
hardware is just assumed to exist and work
properly. It is the starting point of applica-
tions and systems programming experimen-
tation. The appliance computer is the per-
sonal computing system which does not
require that its owner own an oscilloscope, a
complete electronics laboratory, or have
experience in the repair and tuning of
hardware.

The systems hackers and hardware
hackers will of course complain about the
very concept of the appliance computer,
which is fine. “You're too constrained by
someone else’s choice of compatible op-
tions.” “You’re limited by a particular style
of engineering.” “In my perfect system, I'd
do this instead.” “l wouldn’t be caught dead
with such a kluge in my system.” There is no
doubt that there is a lot of pleasure to be
gained from the ego involvement of hard-
ware creation and system design. The appli-
ance computer hardly eliminates that
pleasure — for those who are sophisticated
and knowledgeable enough to enjoy it. They
simply avoid buying appliances.

But consider the appliance computer in

Circa 1977

analogy to the musical instrument. Most of
us musicians (amateur like myself, or profes-
sional) get our jollies out of playing the
instrument, not out of building it. Sure, | do
some weird things like designing an attach-
ment to my baby grand player piano so that
my computer programs can play it too; but |
do so to enhance my ability to play music,
and then | do a custom design only because
there are no commercial products. | am
primarily a user of the piano, not the builder
or designer of the piano system. The builder
of the piano, some craftsman at Steinway
circa 1910, simply put together a very
specific and well designed set of hardware
which | program with my own software
creations, via my finger tips (and later via
rolls or solenoid valves in the pneumatics).

So why is it appropriate that 1977 be
termed the year of the appliance computer?
| have inputs from numerous sources to tell
me that the personal computing products are
shaking down into finished systems. For
example, just take a look at the class and
quality of the new Digital Group cases —
they’re the kind of finished product profes-
sionalism one would expect on a computer
table in the livingroom of a home. Now, if
only Robert Suding’s brainchild were com-
pletely assembled and tested at the same
price. As another example, take a look at the
level of case design sophistication and engi-
neering quality represented by the new
Processor Technology SOL systems. Again,
it’s still a kit, but it augurs well for the
coming year. Take a look as well at the STM
BABY computer. Here is a finished product,
not a kit, which is initially a bit more limited
in scope as a general purpose system than
some of the other products, but which
before the year is out will have a complete
set of options including mass storage and a
high level language. Then there is Steven
Jobs’ and Steve Wozniac’s Apple Computer,
presently only available in single board form
without case, but soon to become a finished
product item at dealers coast to coast, with a
case as previewed at Atlantic City last
September. There are others as well, firms
which have yet to advertise but which have
exciting products we may see at dealers in
the near future. These include the Gremlin

Continued on page 14



Sol Systems put it all together.
One source for hardware and software.

One source for

engineered compatibility
of computer and peripherails.

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 fo 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 2080A.
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 1/O module.
Here's a board with two 8-bit parallel 1/0O
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,
A/D, 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 1/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 FOCAL™ °*

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. 1, 1976)

SOFTWARE cuTs Paper
ITEM with manual Source cassette tape
BASIC 5 software

#2 yes e $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.

*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.

$995.%

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 1/O

module $149 $199
CUTS Computer Users Tape
System cassette interface $ 87 $119

VDM-1 Video Display Module  $199 $295

Mass Storage Systems

Helios Il 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 $ 35 $ 45
WWB Wire Wrap Board $ 40 —

Prices, specifications and delivery
subject to change without notice. Please allow
up fo 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 assembiled,

* 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 availabie 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.

$529

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.

e Invisible refresh, no waiting while
CPU is running.

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

+7.51t0 10 VDC at 0.4 A typical

+15t0 +18V at 100 mA typical
—15to —18 VDC at 20 mA max

 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 Katella #10
Orange CA 92667

The Byte Shop
2227 El Camino Real
Palo Alto CA 94306

The Computer Center
8205 Ronson Road
San Diego CA 92111

The Computer Store

of San 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
Santa Clara 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 Mart
5091-B Buford Hwy.
Atlanta GA 30340

ILLINOIS

The Numbers Racket
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
Park 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

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 Mart
fap NG of New York
eicampyigr s 314 Fifth Ave.

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

New York NY 10001
Synchro Sound Enterprises

193-25 Jamaica Ave.
Hollis NY 11423

OREGOM

The Real Oregon
Computer Co.

205 West 10th Ave
Eugene OR 97401

RHODE ISLAND

Computer Power, Inc.
M24 Airport Mall
1800 Post Road
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

ledhnciogy

Or}



About the Cover. ..

January is the look to the future
month. For this month’s cover, Robert
Tinney hit upon the idea of emphasiz-
ing the use of the computer to solve
problems and improve the way things
are done in a fantasy on a crystal ball
theme. Against a drab world picture in
browns and yellows, we see the bril-
liant color of the future in the picture
on the terminal. It is also fitting that
in this January BYTE, two years after
the original Altair publicity in Popular
Electronics, that it is a MITS Altair
that Robert found when he visited
Willard Nico and Don Nash to get
images to model in his painting.

Update on Machine Readable
Printed Programs . . .

In last month’s BYTE, we ran a test of
the bar code strings needed to make a
machine readable printed program. The pur-
pose of the test was to see what would
happen when the information was passed
through a printing press. An old engineering
rule of thumb is that if there is a simple test
to be made, try it; this is what we did. Of
the five test samples, visual inspection indi-
cates that the low density versions would
pass with flying colors. Of the three high
density samples, (a), (b) and (d) in figure 4
on page 17, (b) and (d) are totally unaccept-
able due to the bleeding between the lines
near the top of the samples.

Visual inspection of the high density
single width version at (a) shows consider-
able variation in line and space width as
printed, but no complete closure of spaces.
Thus the (a) density with a spacing of 8
frames per inch horizontally on the page is a
marginal density.

Next month, watch for still another test.m

Book Reviews

Computer Power and Human Reason: from
Judgment to Calculation by Joseph Weizen-
baum, W H Freeman and Co, San Francisco,
1976, 300 pp, $9.95.

| should probably begin by identifying
myself as an outsider to the world of “pure”’
thought and computers. | am among those
firmly entrenched in the humanistic tradi-
tion. My prejudices run toward poetry rather
than programs, and emotion rather than
algorithms. Mathematics to me is a mysteri-
ous foreign language. When faced with a
problem involving more than a few simple
operations, my eyes glaze, my palms grow
clammy. | am overcome with what by now
has become a well-ingrained, almost pri-
mordial fear. | give up without a struggle.
When Carl Helmers handed me a copy of a
book which seemed to focus primarily on
computers, my heart and mind rebelled only
to become fascinated within a few pages.
This book is as much about life as it is about
computers.

Computer Power and Human Reason is
an exciting, challenging book written by
one who must be considered an extraordinary
man, Joseph Weizenbaum. He is an MIT
professor in the field of computer science.
Several years ago he invented a language
analysis program called ELIZA which pro-
grams a computer to respond like a Rogerian
psychotherapist, a program which must have
demanded a great deal of sophisticated
thought in the use of language and com-
puters. The book is partly a reaction to the
history of the program, ELIZA. Here’s how
a typical ELIZA sequence looked:

[ AM SORRY TO HEAR YOU ARE
DEPRESSED
It’s true. | am unhappy.
DO YOU THINK COMING HERE WILL
HELP YOU NOT TO BE UNHAPPY
I need some help, that much seems
certain.
WHAT WOULD IT MEAN TO YOU IF
YOU GOT SOME HELP
Perhaps | could learn to get along with
my mother.
TELL ME
FAMILY
My mother takes care of me.
WHO ELSE IN YOUR FAMILY TAKES
CARE OF YOU
My father.
YOUR FATHER

MORE ABOUT YOUR

1

COMPUTER

POWER
AND

FROM JUDGMENT
TO CALCULATION




You are like my father in some ways.
WHAT RESEMBLANCE DO YOU SEE

You are not very aggressive but | think

you don’t want me to notice that.
WHAT MAKES YOU THINK | AM NOT
VERY AGGRESSIVE

You don’t argue with me.
WHY DO YOU THINK | DON'T ARGUE
WITH YOU

You are afraid of me.
DOES IT PLEASE YOU TO BELIEVE |
AM AFRAID OF YOU

My father is afraid of everybody.
WHAT ELSE COMES TO MIND WHEN
YOU THINK OF YOUR FATHER

Bullies.
DOES THAT HAVE ANYTHING TO DO
WITH THE FACT THAT YOUR BOY-
FRIEND MADE YOU COME HERE
[pages 3-4]

Astounding? We may surmise that
Weizenbaum is a master computer technician
and knows a little bit about how computers
“think.” But he is more than a technician.
He is a humanist and serious social thinker.
One may credit him with being in the order
of a Renaissance man. He writes well. He
writes specifically. And he writes with soul.

The chief problem Weizenbaum grapples
with here concerns a society which is rapidly
moving away from its agrarian roots in
which holistic thinking, emotion, spirit,
and human values are cherished; a society he
perceives moving toward a machine domi-
nated world in which artificial intelligence
may come to dominance and deal human
dignity a very severe black eye. Weizenbaum
takes on those who champion the cause of
technology over the poetry of the human
spirit: the B F Skinners, the Newells, the
Simons, the Schanks (mentioned in his
book), and gives them a pretty good run for
their money. He does it in the form of trying
to find a limit to the appropriateness of
computer thinking. (One may take a bit of
license here and surmise that the computer is
a viable symbol of technology as a whole.)

Weizenbaum is wary of the concept of
artificial intelligence. He says that the expec-
tation that computer thinking will mirror
human thinking will never be fully realized.
One of his most interesting arguments is that
the barriers posed by natural language may
well be insurmountable. Context and vo-
cabulary pose problems that may never be
handled adequately without real world
human experience. Language is ripe with
ambiguities as anyone who has taken the
trouble to consider the question at all is well
aware. Computers are notoriously unambigu-
ous. He argues that the human experience is
a shadowy one—one which can never be

12

boxed into a logical framework and ulti-
mately must be poorly communicated in the
form of a necessarily deterministic computer
program. The range and depth of human
experience is unfathomable and unlimited.
After reading Weizenbaum’s book, I'm not
quite sure exactly what programmers can
program but | expect it lies somewhere in
the realm of the finite.

What are the limits of computer thinking?
Of technology? After reading Professor
Weizenbaum’s book | still don’t know. The
fact is that nobody knows.

Peter Travisano
Jaffrey NHE

More Resource Books

The following letter was received re-
cently, and we print it in the book reviews
section since it concerns resource materials
for computer applications available in book
form.

In the October issue of BYTE, Fred Bell
concludes his interesting review of the
Dwyer and Critchfield book, Computer Re-
source Book — Algebra, by asking if there
are other computer resource books for
geometry, trigonometry, probability and sta-
tistics. Here is a list of a few more, with a
brief description of each:

1. Advanced Placement Calculus: Exercises
with Computer Programs by B Bates, K
Jarvis and A Van Duyne, 174 pp, $5.50
(Answer Key, $1.50; Solution Manual,
$5.50).

In addition to 600 calculus problems,
this book contains 30 computer programs
covering function graphing, limits and
derivatives, function approximations, the
definite and indefinite integral, roots and
intersections, areas and volumes, curve
lengths and surface areas, systems of
differential equations, etc.

2. Problem-Solving with the Computer by
Edwin R Sage, 244 pp, $6.95.

This text teaches BASIC in the con-
text of the traditional high school math-
ematics curriculum. There are 40 care-
fully graded problems dealing with many
of the more familiar topics of algebra and
geometry. Probably the most widely
adopted computer text.

3. The ENTELEK Computer-Based Math
Lab by Lawrence M Stolurow, 344 pp,
8-1/2 X 11, ISBN 87567-040-7, $24.95.

This book contains 35 computer-
assisted instruction programs for use in
high school mathematics courses. Once

Continued on page 103



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 tomorrows 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 IMSAIL. 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 assembly
language to develop sopl}gﬁbated
and unique softwa

IMSAI Manufacturing Corporallon
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
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Continued from page 4

computer and the computer brainchild of a
bunch of MIT beavers who call themselves
ECD Corporation. Then there is of course
the much rumored Heathkit entry into the
market (again as a kit, but certainly to be
exhaustively engineered and documented)
and the rumors of Japanese imports aimed at
the 1977 TV games market but actually
consisting of general purpose computers
with minimal interfaces and video output.
My ‘“ideal” target of an under $2000
finished product machine which is complete
with video interface, mass storage on dual
audio cassettes, keyboard input, 8 K of
memory or so, systems software in ROM and
a high level language capability is well within
sight. It can be purchased in kit form over
the counter right now. By the end of the
year, we can expect to see the fully assem-
bled and tested versions appearing, again
well under $2000 in price, and even lower
for stripped down versions in mass produc-
tion. The wealth of products now on or
about to enter the market suggest that the
appliance computer is the computer of
1977, and the desires of users are sure to
support this appraisal of the market.®

2k, 4k,

battery back up.

e Plus Tl low profile sockets, gold-plated edge
connectors, solder masked, first line parts and

guaranteed for 90 days.

$250.00 in easy-to-assemble kit form includes complete
documentation and assembly instructions. $295.00 assembled.

The MBB6A is available off-the-shelf through your computer
hobbyist stores or direct, along with our other fine products
including processor, memory, I/0, mother and extender boards.

ANAGEMENT AND CIRCULATION
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Carl T Helmers Noone Avenue.  Peterborough. New Hampshire 03458
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And now minis too!
All from a catalog, at discount prices.

Digital’s Direct Sales Catalog —
the first catalog to offer com-
puter products by mail with
off-the-shelf delivery —was
such a success, we've come out
with an expanded second edi-
tion thatincludes the PDP-8A,
the newest member of the
world’s most popular mini-
computer family.

We’ve also added the LA180
line printer and expanded the
sections on microcomputers,

logic modules, terminals, cab-
inets, connectors, accessories,
and supplies from the first
edition.

Of course, you still get our
5% catalog discount, plus
another 4% for cash with your
order. You also geta 10-day
free trial period, plus our stand-
ard 90-warranty. (Since we're
selling by mail, you do have to
install the equipment yourself.)

If you were among the thou-

sands who ordered our original
catalog, you'll get the new one
automatically by mail.

If you weren’t, why not sign
up now?

For your free copy, call 800-
225-9480 (Mass. 617-481-7400
ext. 6608). Or write:
Components Group, Digital
Equipment Corp., MR2-2/M59,
One Iron Way, Marlborough,
MA 01752. (Catalog sales to
U.S. only.)
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DOCUMENTATION STANDARDS

| would like to propose some documenta-
tion standards for the distribution and publi-
cation of software for the computer
hobbyist.

A source listing with self-documenting
comments must be included with any soft-
ware. Anyone familiar with the pro-
gramming language should be able to fully
understand the program by studying the
source listing and comments. The source
itself must also be available. If an object
module is included the object module for-
mat must be completely described. A loader
should be provided with a complete explana-
tion of loading and running the software.

There are many overwhelming reasons for
saying this. The hobbyist will want to study,
modify, and improve the software. Others
can learn programming and the principles of
complex software systems such as assem-
blers, text editors, compilers, interpreters,
and operating systems by seeing how the
software works. Those who have added new
or different peripherals and hardware to a
system know what a task it is to patch the
software without a source listing. We must
also face the fact that at some time in the
future the company will drop support for
the software and we will be forced to fix any
bugs in the software ourselves.

These documentation standards would
appear to be common sense but in practice
they are not in widespread use. A source

listing with good documentation is more
essential to software than a schematic is to
hardware. | feel that it would be extremely
beneficial to the growth of the computer
hobby if we would all strive to meet these
simple documentation standards.

James O Hamblen
3500 Greystone #218
Austin TX 78731

Most sensible. Any reasonably executed
software product designed for an “experi-
menter” should have good documentation.
If for reasons of keeping software propri-
etary, the code is not published, a minimum
level of documentation should include a
complete list of relocation information, a
complete list of 10 routine calling points and
calling sequences for patching customer
specific routines, and any other information
needed to modify the software for a given
system configuration.

WOW, WHAT A NEAT FORMAT

CHEERS to Laurence Krakauer /[October
1976 BYTE, page 36/ for publishing the
SIMPLE way to code Morse Code in a single
BYTE.

For years | have been watching people try
the hard ways. Not too long ago, | saw
somebody using up two bytes, one for dots
and one for spaces, for each Morse character.

Notice the analogy to start-stop tele-

printer operation. One sends MARK for a
very long, undetermined, time. Then one
sends SPACE for one bit, called a start bit,
followed by the data bits. The space bit says
“The character starts right after me.” The
space bit is then thrown away, since it is not
a data bit.

Krakauer could have done it that way, by
right-justifying the data bits in the byte,
inserting a one for a start bit to the left of
the data, and padding the remaining left bits
with zeros.

His decision to left-justify the data, add a
stop-bit, and pad with zeros to the right
made it even easier since we operate easily
on the carry flag.

In teleprinter operation, we take a two-
bit penalty for start and stop bits, requiring
ten bits to send eight data bits. In Krakauer’s
format, the start bit is unnecessary, since we
know where the byte starts. He takes only a
stop-bit penalty, leaving 7 good data bits.

N ) Thompson

Univ of Hawaii Geophysics
2525 Correa Av

Honolulu HI 96822

NEW COPYRIGHT LAW

| was astounded, amazed and very pleased
to get the award for the Bomb Bonus
Contest!!! Who would have thought of it for
a paper on copyright, no less! Bless your
readers!!

All | can say for the future is that perhaps
this will act as a further spur for me to write
some additional pieces for BYTE.

Do you know that we are getting a new
copyright law, which will be effective on
January 1 19767 Some points: It will for the
first time make a magnetic tape a protect-
able “copy!” Also, a program in the core
memory will be a “copy.” The new law
preempts al/ copyright rights to the federal
law (previously state laws applied to unpub-

Continued on page 52

SWTP 6300 OWNERS-WE HAVE A CASSETTE 1/0 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 1/0 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 Speciall
2502 UART-$6.95

PerCom — ‘peripherals for personal computing’

PerCom Data Co.

P.O. Box 40598 . Garland, Texas 75042 « (214) 276-1968

BANKAMERICARD

lom

TEXAS RESIDENTS ADD 5% SALES TAX
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The @D pn-63 Nicronind display processer displays graphics ini
i

|
Chacactar === 120 different § x 12, softvare- :
definable dot matrix characters, displaved as 20 or 40 ;‘
Iines of 13 to 120 characters per line, all changesble
in real tines

lo(ﬁD\Ollrl@

fap Eacmat === & bit pattern vith a 120 x 160 square
display, each square individually settadble,

For resolution, amount of text, and variety and detail of
graphics, nothing cen toveh it,

32K byte expansion boards and a mapping
option give Micromind expandable access
to 64 Megabytes. Utilizing software-
controlled [/O channels, Micromind's
advanced encoding techniques load data
from ordinary tape recorders at 3200

bits per second.

Micromind comes to you ready-to-use,
factory assembled and fully tested. Among
microcomputers, it has the largest memory
capacity and the fastest storage. You're
looking at the work of the finest display
processor on the market. You won't find a
microcomputer with a more powerful CPU.
powerful assembler, a debugger, a file You won't find a computer with a

system, graphic routines, and peripheral more flexible keyboard. You won't
handlers. We also include dynamic graphic find anything to

games: Animated Spacewar and Life. touch it at
ECD'’s standard Micromind uM-65 $987.54.
supplies 8K bytes of memory. Additional

Micromind is an incredibly flexible,
complete and expandable, hardware/
software, general purpose computer
system. You won't outgrow it.

Hardware includes an 80 key, software-
definable keyboard, I/O interface board,
6500A-series microprocessor (powerful
enough for advanced computing), a high-
detail graphics and character display
processor, power supply, rf modulator,
and connections for up to 4 tape recorders
plus TV or monitor. An interconnect bus

So, quit the kluge scene and key into
Micromind. You'll be a main frame per-
former, with all the comforts of home.
We're not fooling... this is the cat’s u!

ECD CORP.
196 Broadway, Cambridge, Mass. 02139

(617) 661-4400 €®

permits 15 additional microprocessors,
parallel processing and vastly increased
computing power.

System software—including ECD’s own
notsoBASIC high level language, on
advanced error-correcting tape cassettes
—provides a word processing editor, a

r-----------------------1
: Name ]
I Address :
: City/State Zip |
]
I [ Fantastic! Check enclosed: $987.54. Shipping paid by ECD I
I O BankAmericard [J Master Charge Mass. Resident add 5% Sales Tax ]
|
P # Expiration Date :
: Signature |
[J Send me your brochure. b !
------------—----------J
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TABLE:
+4:
+8:

+12:

+16:
Figure 1: An Opcode Table Organized for

Direct Access. Note that with this particular
organization the first data byte of each entry +24:
is related to the address of the entry within
the table, in a sorted sequence.

+20:

+28:

00

01

02

03

04

05

06
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Making Hash With Tables

Hashing is a technique used to speed up
table searching operations by making posi-
tion in the table depend upon the data.
Many newcomers to programming reject
hashing as an overly complicated technique
useful only by the designer of exotic systems
software, but this is not the case. Any large
program, written for fun or profit, may
include tasks of accessing, storing, or modi-
fying entries in a table or array. Most game
playing programs include a number of such
tasks. Application of hashing techniques can
often dramatically improve the performance
of these programs. This article will explore
the use of hashing (sometimes called key-to-
address transformation) as a simple but
effective mechanism for accessing stored
data. These techniques can be used in

Terry Dollhoff applications where the data is organized
504 Early Fall Ct randomly and where each item has a unique
Herndon V A 22070 key associated with it. For example, con-

Listing 1: Typical 8080 code sequence for a linear search of a table until the
first byte of the current table entry matches the value in the accumulator. In
this listing, the HL register pair must be preset to the address of the table, the
DE register pair must be set with the number of bytes per table entry, the B
register must contain the number of entries to search (maximum 255) and the
key value sought must be loaded in A. This is by no means the only possible
8080 linear search strategy.

FIND: CMP M Check for a match;
RZ If so then exit;
DAD D Advance to next table entry;
DCR B Decrement count;
JNZ FIND Continue till end;
JMP ERR Table exhausted, treat as error;
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sider a table that contains computer opcode
mnemonics and their associated value as
used in an assembler; by using the opcode
value as a key this table could be used to
determine the mnemonic associated with
any particular value. Such a table is an
integral part of any disassembler.

In any computer, a particular entry in a
table can be specified by the starting address
of the entry. Locating an item in a table
implies that the starting address for that
item must be determined. One possible
method that can be used to determine the
address, and by far the most common
method, is to examine each item sequen-
tially, starting with the first item, until the
desired item is located and hence the item
address determined. This approach is termed
a linear search and as you can see by the
the 8080 subroutine of listing 1, it is simple
to code. The big disadvantage of a linear
search is that it is costly in terms of
processing time because, on the average, at
least one half of the table entries must be
examined before locating the desired item. If
the table is moderately large and numerous
accesses are required, then the table lookup
processing time will constitute a significant
part of the total processing time.

An alternative to the linear search in-
volves storing the information in a sorted
fashion based upon the key. However, even
the best known algorithms for locating data
in a sorted table require an average of Log?
N tests, where N is the table size. Therefore,
a table with, let’s say, 500 entries requires an
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average of nine tests to locate an arbitrary
item. Although this is a considerable
improvement over the linear search, which
would require an average of 250 tests to
locate an item, hashing techniques require
considerably fewer tests than either method,
without the added burden of sorting.

The Key

The fundamental idea behind any hashing
technique is that instead of searching the
table to determine the address of a particular
entry, an attempt is made to calculate the
address using the key. That is, a subroutine
is written which, when given any desired
key, calculates the table location containing
the item associated with that key. If this
calculation is successful, then the desired
item is located with a single search.

The first step is to determine the key.
This choice will depend upon the intended
use of the table. In the opcode table
mentioned earlier, the opcode value is the
key since all lookup requests are of the
form: “What is the mnemonic for the
opcode X?’ On the other hand, if this same
table were incorporated in an assembler or
compiler, then the mnemonic would be the
key because requests are now of the form:
“What is the opcode value for mnemonic
X?”. In all of our examples, we will assume
that the opcode value is the key.

Direct Access Hash

Imagine that there are only a limited
number of opcode values and it so happens
that, although the value is eight bits long,
the opcode is uniquely determined by the
rightmost three bits. If a table, called
TABLE, is created with eight 4 byte entries,
and the mnemonic and value for each
opcode is placed in the table entry whose
address is found by multiplying the right-
most three bits of the opcode by four and

:TABLE

+4

+8

12

+16 . :
Figure 2: A Hash Accessed Table. Note that

+20 with the hash algorithm described in the

text, three elements of this table map into

identical starting entries, resulting in a re-

hash requirement indicated by the arrows
and dotted lines.

+24

+28

adding the results to the base address of the
table, then a simple subroutine can calculate
the precise location of any entry. That
subroutine, shown in listing 2 for an 8080,
simply strips off the rightmost three bits of
the key, multiplies them by four, and adds
in the starting address of the table as shown
in figure 1. Entries are added to the table in
the same manner. Tables of this type are
called direct access and are most commonly
used for conversions; that is, converting
from one character code to another, from  Editor’s Note:
opcode values to mnemonics, etc. In many
direct access tables the actual key is not even
stored in the table since a comparison is not
necessary to determine the proper entry.

In this article, we repre-
sent several algorithms in a
structured pseudo code
form appropriate to the
Open Hash discussion.  These algo-
rithms are referenced by
numbers in brackets, as in
[n] for algorithm n. Each
algorithm  should be
thought of as a formal
procedure, which in prac-
tice would be called as a
subroutine.

The direct access method would ob-
viously break down if certain opcode
mnemonics were associated with values
whose rightmost three bits were equal. In
this case, where direct access is infeasible,
the algorithm must be slightly modified. A
subroutine is still used to calculate the
address, but since it is no longer possible to

Listing 2: Typical 8080 code sequence for direct hash with a table of eight
entries, each entry being four bytes in length. In a direct hash approach, the
actual data value (in this case, a number from 0 to 7) being sought is used to
determine the offset in the table directly. Here the calculation is made
according to the formula: ADDR := BASE + 4 * (A & 7) where A is the value
of the entry being sought, BASE is the starting address of the table, and
ADDR is the effective address of the table element involved.

FIND: LXI H,TABLE HL:=Table pointer;
ANI 7 Extract rightmost three bits;
RLC Multiply by four;
RLC
ADD L Add the table address;
MOV LA
MVI A,O0
ADC H
MOV H,A HL:=Entry address;
RET
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Microcomputer pro
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ia7301 Compute

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* It's 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 & t 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™
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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“U.S. Patent Pending
Pong is a trademark of Atari, Inc.

Programming P

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 /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 1/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.

How to
SetUpa
Microcomputer
Programming
Course at

Your College

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.

ina Book

A free bonus

If you order
your Computer
in a Book before
February 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.
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g L] Here's my check or money orderfor _______com-g
plete ia7301 Computer(s) in a Book at $450 each.g
Since | ordered my Computer in a Book before Feb-R
ruary 15,1977, | want the Microcomputer Applications
Handbook as a free bonus. (Calif. residents add®
6! 2% sales tax).

[J Charge my order to the credit card below:
BankAmericard No.
Master Charge No. ) -
For Master Charge card, put 4 digit number from
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. Mail to: lasis Inc., 815 W. Maude, Suite 22,

= Sunnyvale, CA 94086
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successfully calculate the location of all
entries, some type of searching algorithm
must be employed to pinpoint the position
of the entry, given the calculated position.
The initial predicted position of the table
item is called the hash index and the
procedure which produces the hash index is
called the hashing function. For the remain-
der of our discussion, HASH is used to
denote that subroutine and therefore
HASH(K) denotes the hash index for a
particular key, K.

Before considering how the information
is initially entered in a hash table, it may be
useful to examine the process used to locate
an arbitrary entry in a hash accessed table. If
KEY is used to denote the key associated
with the desired entry, and TABLE, a table
consisting of N entries (each of which are B
bytes long), then the algorithm to locate the
entry that is associated with KEY, using
hash techniques, is as follows:

[1] (1 1,J := HASH(KEY);
2. do until (I=J—1) [worst case end test for search failure] ;
3 if @ TABLE + | * B) = 0 then [element not present, search failure] ;
4. do; call ERROR; return; end;
5. if @ TABLE + 1 * B) = KEY then
6. return [the item has been located] ;
7. =1+1;
8. if | =N then | := 0 [wrap around table space limit] ;
9. end;
10. call ERROR [element not present, search failure] ;

In this algorithm, specified in a structured
pseudo code form, step 1 calculates an initial
estimate of the location of the item associ-

REV ated with KEY, the hash index. This value is

saved in ] for the worst case end test in the
do until construct of step 2. In steps 3 and
4, the algorithm tests for a null entry end of
search criterion and calls an ERROR routine
if this is detected. Return to the calling
program follows detection and flagging of
\ Y the search failure condition. Then the algo-
/ rithm tests to see if the current entry is

\ . equal to KEY at step 5; if this condition is
found, the algorithm terminates with a
return operation at step 6. Otherwise, the
next index is calculated at step 7, an end

around wrap condition is tested at step 8,
FOLPED KEY and the do loop is closed at step 9 with an
end statement. If the loop execution ends
through the test on line 2, step 10 is reached
Figure 3: Folding Keys. and an error condition is flagged before an
When it is desired to retain automatic return assumed after the last line
the significance of all the of such a procedure.
bits in a key while com- Consider again the opcode table example.
pressing the total number If the hash procedure is defined as HASH(K)
of bits used, folding by = REMAINDER(K/8), then each table item
some operation such as ad- shown in figure 2 can be located by at most
dition can be used. three searches using algorithm [1].
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Defining HASH

In choosing a hash function, you must
attempt to define a general procedure, using
a minimal number of simple computations,
which produces an even distribution of hash
indexes for a random selection of possible
keys. If we knew that all opcodes were even
numbers, then the hashing function
HASH(K) = REMAINDER(K/8) would not
be efficient, because it will produce only
even numbers. This simple example illus-
trates that the hashing function must be
carefully selected to suit the particular appli-
cation. It should also be noted that it is not
necessary for the key to be a numeric value.
If alphanumeric or other keys are used, the
hashing function should ignore the data type
and simply perform numeric or logical ma-
nipulations of the key as though it were
numeric.

One of the most widely utilized, and
historically the first, hashing function has
already been mentioned. If N is the size of
the table (in terms of the number of entries,
not the number of bytes) the hash index is
the remainder of the key divided by N. More
precisely stated, HASH(K) = REMAIN-
DER(K/N). In a machine such as the 8080
which lacks division capability, this function
will be made significantly faster by re-
stricting the length of the table to a power
of two (ie: N=2M). If N= 2M  then the
REMAINDER (K/N) also happens to be the
rightmaost M bits of K and a divide operation
is no longer required. The remainder is
selected by a logical AND operation.

The remaindering function will not
produce well distributed hash indexes if
many of the entries end with the same bit
sequence. This situation is frequently en-
countered when dealing with alphanumeric
data. Changing the table size to a prime
number usually improves distribution, but
now we are back to the unwanted divide
operation for calculating the remainder.
There are two other alternatives to this
problem. The first is a technique called
folding as diagrammed in figure 3. This
method applies the remaindering algorithm
to the bit string that is obtained by adding
the upper half of the internal binary repre-
sentation of the key to the lower half. This
minor improvement minimizes the effect of
patterns that may occur within the key. You
should be careful what improvisations are
made to the folding technique. For example,
substituting a logical AND for the add
sounds good, but will merely make matters
worse. If in doubt, try experimenting with
various keys by examining the effects of key



value in a test program to grind out hash
indices.

A second method for minimizing the
effect of similar bit patterns in the key, best
applied to tables of size ZM, is called
squaring. This consists of selecting the center
M bits of the number that is obtained by
multiplying the key by itself. Since the
middle bits of the product depend upon all
of the bits in the key, this method generally
produces a uniform distribution of hash
indices.

Since the squaring method is safest, it
may appear that one should always use it.
This is certainly not the case because the
purpose of hashing is to save processing time
and although squaring is the most general
technique, it is unfortunately the slowest
since it relies on a multiply operation which
the 8080 and most other small processors
lack. It is often acceptable to settle on a
slightly less efficient hash function if such a
function is substantially faster. The guideline
for selecting the hash function is to employ
a more complex function only in those
specific cases where a simple function fails
to produce an adequate distribution of hash
indices. But remember, any hash function is
better than a linear search. Why? A linear
search is a hash access where HASH(K)=0
for all values of K, therefore any distribution
is better than none. This degeneracy is
evident in algorithm [1] when the data item
sought is not in the table, and the algorithm
searches every location.

Multibyte Hash

Until now, we have tacitly assumed that
the entire key can be contained in one byte.
This is impractical, and the hashing concept
is easily extended to cover those cases where
the key occupies more than a single byte. If
the key is continued in byte locations
(Kot s K]') then a multibyte hash function,
HASHM, can be defined in terms of
any of the. previous hash functions as
HASHM(K,J) = HASH(Kq+ ... +Kj). That is,
any of the single byte hash functions are
applied to the sum, ignore carry, of the
bytes in the multibyte key. As you see in
figure 4, this is similar to the folding
technique just mentioned.

Another possibility for a multibyte hash,
which should be used with some degree of
caution since it may not provide an even
distribution, is to apply a single byte hash
function to the last byte (or any other byte
of your choosing) of the multibyte key. This
eliminates the time required to add the
words of a multibyte key. As usual, the
programmer is faced with a time versus
efficiency tradeoff.

MULTI-BYTE KEY

\ R

/

#

COMBINED KEY

Figure 4: The principle of folding key elements can be extended to a
multibyte key. The multibyte hashing scheme might be employed where a

key is a character string field.

Guidelines

In summary, the sole purpose of a hash-
ing function is to calculate an initial table
index for a linear search, given a specific
key. There is no one best algorithm and the
number of algorithms available is bounded
only by your imagination. The general guide-
lines to follow when designing your hashing
function are:

1. Keep it simple — Remember, the goal is
to locate an item in the minimum
amount of time. If the perfect hash
requires more time than a linear
search, it is useless!

2. Insure an even distribution; beware of
weird bit patterns in the key.

3. Check out the operation of the func-
tion prior to employing it as a hash
function. There is often an over-
whelming urge to give it the smoke
test, but hash indices are used to form
memory addresses so it may be dif-
ficult to isolate bugs in the hash
function after you've incorporated it
into a table lookup procedure. Save
yourself some time, check the table
lookup subroutines first.

Building the Table

Obviously, for the hash access algorithm
to operate smoothly, the table items must
have been entered into the table properly.
The relative ease with which entries can be
made in a hashed table is an important
advantage of hash techniques. Remember,
even though a sorted search is reasonably
efficient for locating an entry, the entire
table must be sorted before any access is
allowed. Thus, if accesses were to be inter-
mixed with entries, the algorithm would be
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grossly inefficient due to the amount of
resorting required.

Before any entries can be made in the
hash table, the key field of the table must be
initialized to some flag value which is not
encountered as a possible key. If a table
entry contains this value, then it can be
assumed that the entry is unoccupied. The
most common value used to designate an
empty table entry is the integer zero, and
assuming this to be the case, the algorithm
to add an item associated with KEY, to the
table of N entries (each B bytes long) is:

1,J := HASH(KEY);

do until (I=J—1) [worst case end test for search failure] ;
if @ TABLE + 1 * B) =0 then
do;
[enter the item at (TABLE +1 * B)];
return;
end;
| :=14+1;
if | =N then | := 0 [wrap around table space limit] ;

end;
call ERROR [no room left in table] ;

Notice that the lookup algorithm [1] and
the entry algorithm [2] are very similar in
nature. The loop control is identical, and the
only difference is in the actions taken. It is
quite possible to make an automatic entry
occur whenever a key is not found as
indicated by a null key value found during a
search. The following algorithm combines
both operations.

1,J := HASH(KEY);
do until (1=J—1) [worst case end test for search failure] ;
if @ TABLE + | * B) = KEY then
return [the item has been located] ;
if @ TABLE +1 * B) =0 then

do;
[enter the item at (TABLE +1 * B)];
return;
end;
l:=1+1;
if I = N then | :=0 [end wrap around table space limit] ;

end;
call ERROR [if this point is reached, table is full] ;

TABLE:
+42
£
+33
+4:
+5:
+6:
+73
+8:
+9:

+10:
Fii1s

33—(0)8:001—9-0028

+28:
+29:
+30:
+31:

o

vTHon

Figure 5: Horizontal Or-
ganization of Tables. In
this method of organiza-
tion, all the bytes of a data
entry are assigned to con-
tiguous addresses.

In addition to adding or locating entries,
it may also be necessary to delete entries. To
delete an item, you might think that we
could merely locate the item and then set
the table entry to zero, thus making it
available for future entries. However, if that
approach were taken, not only would the
desired entry be deleted, but other entries
might be made inaccessible. The reason that
other entries would be lost is that the
searching terminates when an unused loca-
tion is found. As an example, setting the
entry at (TABLE + 20) in figure 2 to zero
would also make the entry at (TABLE + 24)
inaccessible. Therefore, an alternate scheme
must be used to delete entries.

The first step is to select a deleted entry
flag that is distinguishable from the unused
entry flag and is also not allowable as a key.

Hash Access Method
itoms A Soriad With Rehash Indicated Below
Occupied Search Search Linear Random Day's Wt Inc
10% 75 5.6 1.1 1.1 1.1 1.0
50% 125 79 1.5 14 1.4 1.4
75% 187 8.5 25 2.0 2.0 1.9
90% 225 8.8 5.5 2.8 2.7 25

Table 1: Comparison of Table Access Methods. This table gives the results of
an experiment with random data to test out the various methods of access.
The tables were filled to the percentage levels indicated at the left. A table
size of 500 possible entries was used. The access methods shown are described

in text.
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Then, whenever an entry is to be deleted this TABLE: 00 BYTEO
new value replaces the entry. The new flag +1: 01 +1
indicates that the entry is available for :_—2:, 8§ ::23
future additions to the table but does not +4: 04 +4
terminate a search operation. If O is used to +5: 05 +5
denote an unused entry and —1 is used to +6: 06 +6
denote a deleted entry, then the complete et 07 +7
4 ; i +8: N BYTE1
hashing algorithm is: +9: L 1
+10: S +2
[4] T 1,J := HASH(KEY); +11: A +3
2.  do until (I=J—1) [worst case end test for search failure] ; +12: A +4
3. if @ TABLE + | * B) = KEY then +13: R +5
4. do; +14: (o +6
5. if [entry is to be deleted] then [delete the entry] +15: S +7
6. @(TABLE + 1 * B) := —1;
75 return [item has been located ] ;
8. end; s .
9. if @(TABLE + | * B) = 0 then [this is a null entry so] +24: P BYTE3
10. do; +25: R +1
11 [enter the item at (TABLE +B * 1)]; +26: R +2
12, return; +27: D +3
13. end; +28: D +4
14. l:=1+1; +29: i § +5
15. if | = N then | = 0 [end wrap around table space limit] ; +30: R +6
16. end; +31: P +7
17. call ERROR [if this point is reached, table is fulll ;

This algorithm either locates an item or
adds the item to the first available location.
If an item is to be deleted it is first located
and then the key field of the table entry set
to —1.

Collisions

A collision occurs whenever
HASH(KEY1) = HASH(KEY2), but KEY1
# KEY2. As discussed earlier, a good hash-
ing function will avoid this condition, but
the problems caused by collisions cannot be
ignored. Note for example that the hash
index for opcodes 04, 24 and 34 in the table
shown in figure 2 is 4 and hence these
entries collide.

What happens when two entries collide?
The only solution we’ve discussed thus far is
to search the table, in a circular fashion,
from the point of impact as in algorithms

[1] to [4]. If, in general, a collision occurs,
then the resulting search, good or bad, is
called a rehash. The process mentioned
above, namely, searching the table in a
circular fashion from point of impact, is
called a linear rehash, and as you might
expect falls into the bad category. Other
more efficient algorithms will be discussed
later.

If we denote the rehashing algorithm by
REHASH, then the general hashing lookup
algorithm may be restated in its final form:

1,J := HASH(KEY);
K:=0;

[6]

[

do;

Figure 6: Vertical Organization of Tables. In
this method of organization, a multibyte
table element is treated as “n’’ single byte
subtables where “n”’ is the number of bytes
in each entry. Each of the “n’’ subtables has
a length (in bytes) equal to the number of

elements in the table.

6. if [entry is to be deleted] then [delete the entry]
7« @(TABLE + 1 *B) := —1;
8. return;
9. end;
10. if ((K=0) & [deletion or null element @ TABLE + | * B)]) then
11. K := | [save last available table entry index] ;
12. if @ TABLE + 1 * B) = 0 then [this is a null entry so]
13. do;
14, [enter the item at (TABLE + B * K), next available slot] ;
15. return;
16. end;
17 | := REHASH (1,J) [REHASH results in 0 < | < N where N is table size] ;
18. end;
19. call ERROR [if this point is reached, table is full] ;

The linear rehash that we've been using
implicitly in [4] as steps 14 and 15 is
described as REHASH(I) = (1+1)[mod N],
where (I1+1)[mod N] means that if (1+1) is
greater than or equal to N, then N is
subtracted from the value (I+1). This insures
that the table is searched in a circular
manner. The operation X[mod N], called X
modulo N, is used in most rehashing algo-
rithms to limit the range. Mathematically, it
is the remainder of X/N; but whenever we

do until (REHASH(I,J)=J) [worst case end test for search failure] ;
if @ TABLE + 1 * B) = KEY then [we have a match so]
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use X[mod NJ it can be calculated as
described above (ie: subtract N if X is
greater than or equal to N). Here again we
have avoided the use of a divide operation to
provide a more efficient function.

Improved Rehash

The problem with the simple linear re-
hash is that the table will not fill uniformly.
This condition is referred to as clustering
and causes an increase in the average number
of tests required to locate an item in the
table. As an example, a cluster can be seen
forming at TABLE+16, +20, and +24 in the
table shown in figure 2.

There are a number of nonlinear algo-
rithms which perform the rehash function
without causing the clustering problems
mentioned above. Although the computer
science literature abounds with such algo-
rithms, a majority of them fall into one of
three classes. An attempt has been made to
select the simplest and best from each class
and present them here.

Pseudorandom Rehash
The first class of rehashing algorithms is
the pseudorandom rehash and is based upon
a pseudorandom number generator. The
pseudorandom number generator used is not
important, but it must be of the non-
repeating variety. That is, it must generate
all possible values before any previous value
is repeated. It must also generate all of the
integers in the range O, ..., N where N is the
table size. The following simple procedure
incorporates a common random number
Art by Stephen J Rogowski generator and will perform the rehash func-
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tion for any table of size N= 2M. The
variable R is internal to the rehashing func-
tion, but it must be preset to one whenever
the function HASH is initiated (ie: step 1 of
algorithm 5).

[6] REHASH (1,J):
7. R := REMAINDER (R*5 / N*4);
2. REHASH := (R/4 +J) [mod NJ ;

If you're seeking the most efficient imple-
mentation of this one, the REMAIN-
DER(R*5/N*4) is just the rightmost M+2
bits of R*S because N=2M and 4*N=
22#9M=0M+2  Fyrthermore, the divide
operation in step 2 can be replaced by a
right shift of two positions. Finally, if you
think of R*5 as R*4+R, then it’s easy to see
how to reduce that multiply operation to
left shift and addition operations.

Let’s look at the sequence generated by
this rehash routine. If our table is eight
entries long and the initial hash index is, let’s
say, 4, then R takes on the values
1,6,7,4,5,2,3,1, so the table would be
searched in the order 4(initial index),
5,2,3,0,1,6,7. How does this avoid the clus-
tering situation? If we chose another initial
index, say, 5, then the table is searched in
the order 5(initial index),6,3,4,1,2,7,0. As
you see, the entry searched after entry 5 will
depend upon the initial index. If the initial
index was 4, then 2 is searched after 5; but if
the initial index was 5, then 6 follows 5. In a
linear search, 6 always follows 5. This
dependence upon the initial index is what
avoids the clustering.

Quadratic Rehash

A second class of algorithms for rehashing
is the quadratic rehash and these are based
upon a quadratic function. The major draw-
back with most algorithms in this class is
that they search only one half of the table,
so two different rehashing algorithms are
required. The most efficient quadratic re-
hash, and one which does search the entire
table, was first introduced by Colin Day /see
bibliography, reference 1]. Day’s algorithm
can only be applied to a table whose size is a
prime number that produces a remainder of
1 when it is divided by 4 (eg: 5=4%1+1,
401=4*1+1). At first glance, this appears to
place a great many restrictions on the
allowable size of the table; but don’t despair,
because experience will show that a number
satisfying the required condition can be
found very near any desired value. Be certain
that you use an acceptable number or the
procedure will not search all locations of the
table. Like the last rehashing function an
internal variable is used. The variable, R,
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must be preset to (—N) whenever the func-
tion HASH is called. The quadratic rehash
process is (remember that the mod operation
is just a conditional subtraction):

[7]  REHASHI(I,J):
1. R:=R+2;
2. REHASH := (1 + /R/) [mod N];

If we look at the sequence generated by
this procedure, we see that R takes on the
values (for a table of size 11=4%2+3)
-11,-9,-7,-5,—-3,-1,1,3,5,7,9,11.  There-
fore, if the initial index were 4 the table
would be searched in the order: 4(initial
index), 2,9,3,6,7,8,0,5,1,10. One major dif-
ference between this algorithm and the
random rehash is that this one calculates the
next index based on the previous one. The
random rehash calculates the next index
based on the initial index.

Weighted Increment Rehash

The last, and probably the simplest,
method for performing the rehash is called a
weighted  increment [see bibliography,
reference 2]. This one is unique because it
uses the hash index to calculate an incre-
ment which is in turn used to step through
the table. The table size is again restricted to
a power of 2, and whenever the function
HASH is called, the variable R is preset to
(2*)+1)[mod N], where | is the initial hash
index. The weighted increment method is:

[8] REHASH(IJ):
1. REHASH := (1+R) [mod N] ;

This process is very much like a linear
rehash. In fact if R were always set to 1 it
would be a linear rehash, however R depends
on the hash index. If our table is eight
entries long and the initial index is 5 then
R=2*5+1[mod 8]=11—8=3 and the table
items are searched in the order
5,0,3,6,1,4,7,2. Since the increment is a
constant for any particular hash index, we
can improve the basic hash algorithm when
using this rehash technique. You will notice
that all memory references are of the form
(TABLE+1*B), where B is the number of
bytes. We can avoid that multiply by in-
cluding it in the computation of R. If we let
R=((2*)+1)[mod N])*B, then all of the
table references become (TABLE+I). If we
also initialize | to TABLE+HASH(KEY) we
can make all references as just (1).

Laying Doubts to Rest

You might conceivably ask, “What is
gained by using a complex rehashing func-
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tion?”’; or if you're one of the more cynical
observers, “Why use hashing at all?”. In an
attempt to answer these questions, a simple
experiment was performed. First a table of
approximately 500 entries was filled with
randomly generated entries and then each
entry was located in the table using the
lookup technique under test. This simple
experiment provides an insight into the
comparative efficiency of table lookup algo-
rithms. Table T summarizes the results of the
experiment. This data clearly illustrates that
there is significant improvement in table
lookup time when hashing is utilized. Fur-
thermore, when a complex rehashing algo-
rithm is incorporated in the search pro-
cedure, the statistics are again improved. It is
worth noting again that, although the num-
ber of tests for a sorted table is not
tremendously large, the approach is very
inefficient if the table must be accessed
before being filled with entries.

One other surprising fact about the aver-
age search length (the number of tests
required) for hash accessed tables is that it
does not depend upon the length of the
table. Rather, the search length depends
only upon the load factor or the percentage
of occupied items in the table. This means
that you can expect the average search time
for a table of size 10,000 to be about the
same as the search time for a table of size
500! This is surely not the case with the
linear or sorted search. While the average
linear search length skyrockets to 4,500 (for
a 90% full table of size 10,000), the average
hash search length remains at less than six!

Although table 1 seems to indicate that
the weighted increment is most efficient, we
must be careful not to read too much into
these results. The statistics in table 1 were
obtained using randomly generated keys in
the test program. When actual keys are used
the search statistics will vary somewhat
because actual keys are rarely perfectly
random. For example, the search length for
a weighted increment search is adversely
effected by bit patterns in the key. The best
way to insure that you are using the most
optimal search procedure is to repeat the
experiment with a sample of actual keys. If a
finely tuned algorithm is not important,
then the weighted increment is probably the
better choice because it is simple and can be
applied to any format of table. As we will
see shortly, most of the algorithms work
best if the table is rearranged in memory.

Application

There are a number of “tricks’ which can
be used to improve efficiency. A number of
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them have already been mentioned. One
approach not discussed so far is table re-
organization. Throughout our discussion we
have assumed that each table entry occupies
more than a single byte. If each table entry
is B bytes long, then the typical memory
reference is (TABLE+I*B). It would be
desirable to eliminate or at least reduce the
multiply operation. If a weighted increment
rehash is used: We already discussed how to
eliminate the multiply. Another method to
eliminate a multiply is table reorganization.

All of the tables discussed so far were
horizontally organized. This means that the
items are stored as shown in figure 5. This is
the most common table organization. An
alternative organization is a vertical organiza-
tion such as in figure 6. If you have
organized your table vertically then the first
byte of an item is addressed by (TABLE+I)
and the multiply is gone. All of the other
bytes in the item are addressed by
(BYTEN+1) where BYTEN is the address of
the nth byte of the first item. Thus by
organizing the data vertically we eliminate a
multiply operation. This vertical arrange-
ment is practical from other aspects also.
Consider searching the table for all items

GLOSSARY

Clustering: Grouping of elements within a table
caused by equal hash indices.

Collision: Two elements with the same hash index.

Direct access hash: A hash algorithm which pre-
cludes collision. That is, no two elements have
identical hash indices.

Dissassembler: A program to translate object code
to assembly language. Inverse of an assembler.

Folding: Procedure for randomizing the hash
index. The upper and lower half of the key are
added together before the index is calculated.

Horizontal table: A table whose entries are stored
sequentially. That is, (entry one, byte one), (entry
one, byte two), etc.

Hash index: The initial estimate of the location of
an entry within the table.

Hashing: A nonlinear algorithm for storing/
retrieving data from a table.

Hashing function: The algorithm or procedure for
calculating the hash index.

Key: Field within an entry that is used to locate
the entry. For example, surnames are the key field
of the entries of a telephone directory.

Linear rehash: A method for resolving collisions.
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containing a specific value in the third byte.
Since the third byte of each item is stored
sequentially  this search operation s
simplified.

Conclusion

We have tried to show that hashing is not
nearly as complicated as you might have
thought. By using these techniques perhaps
you can regain a valuable slice of your
microprocessor’s processing load.m
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The table is searched sequentially from the point
of impact.

Linear search: Table search which examines each
item starting with the first item and proceeding
sequentially.

MOD: Remainder of one number divided by
another. That is, X MOD Y is the remainder of
X/Y.

Pseudorandom rehash: A method for resolving
collisions. A nonrepeating random number genera-
tor is used to determine the next entry to be
searched.

Quadratic prime: A prime number which produces
a remainder of 3 when divided by 4.

Quadratic rehash: A method for resolving col-
lisions. A quadratic or second degree function is
used to determine the next entry to be searched.

Rehash: Any algorithm for resolving collisions.

Squaring: Procedure for randomizing the hash
index. The key is multiplied by itself before the
hash index is computed.

Vertical table: A table where the bytes of each
entry are stored sequentially. That is (entry one,
byte one), (entry two, byte one), etc. FORTRAN
stores arrays in this manner.

Weighted increment rehash: A method for resolv-
ing collisions. The hash index is used to determine
the next entry to be searched.
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How to Drive a Teletype Without a UART

Figure 1: Parallel to Serial
Conversion  Schematic.
The multiplexer 1C2 is
used to select formatting
and data bits according to
the state of the counter
[C1. IC3is an output latch
which  would not be
needed if access to an ex-
isting latched output port
were available. The Tele-
type current loop is driven
by transistor Q1 from the
output of the multiplexer.

Gregory C Jewell
11855 SE 118th
Renton WA 98055

This parallel to serial converter performs
functions similar to any other; however, this
circuit is designed with the microprocessor
hobbyist in mind. This conversion design is
simple and extremely easy to trouble shoot.
All the logic involved is out in the open, so it
can be examined with an oscilloscope.

Figure 1 shows the circuit. In the quies-
cent state, the READY line is high. This
holds the 7493 counter, IC1, at zero which in
turn connects input Eg to the output W of
the 74150 multiplexer |C2. When the micro-
processor is ready to transmit a data byte, it
samples the READY flip flop output, pin 5

ASCI| DATA FROM
MICROPROCESSOR

D7 D6 D5 D4 D3 D2 DI DO

of IC4. If READY s high, then the micro-
processor writes the ASCII character into
the data 74199 register, IC3, and resets the
READY line. A low READY line enables the
7493 counter, IC1, which addresses the bits in
sequence. Upon the first count, the start bit
E1 is connected to the output. The eight
data bits and two stop bits are then ad-
dressed by subsequent states of the counter.
The 110 Hz clock produces a transfer rate of
9.09 milliseconds per bit or 10 characters
per second. When state 12 of the counter is
reached, IC5a detects this and sets the
READY flip flop. This action clears the
counter and signals the microprocessor that
it is ready for another data byte. No serial
shifting takes place and all bits are available
at all times for observation on an oscillo-
scope. As shown, this circuit provides a
standard asynchronous format of one start
bit, 8 data bits and two stop bits. By
reassigning the 74150 multiplexer inputs,
other serial formats are possible.®
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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 /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 s 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.

POLYMORPHIC 5YS1ENS

POLY-88

Seeitat 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, ¥ 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
Byte/biphase 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
Systems

737 S. Kellogg, Goleta, CA 93017
(805) 967-2351




Saturation Recording’s

Not All That Hard

David M Allen
Electronics Consultant
1317 Central Av
Kansas City KS 66102

The cassette recorder is doubtless the
most common and popular peripheral device
among hobbyists, and considerable attention
has been paid to its employment. Almost all
of this attention has been directed toward
the use of unmodified audio recorders. This
complicates a simple problem. Saturation
recording is the logical way to store digital
data on tape, so why use audio? Saturation
recording is more straightforward, more
flexible, and inherently more reliable. The
design presented here uses only a few garden
variety integrated circuits; no PLLs, no
UARTSs. It presupposes no encoding scheme,
so the user is free to pick and choose among
the various techniques available. | used
ordinary NRZ (Non Return to Zero) ASCII
because it was easiest to write software for.
The hardware in this design is extremely
simple; software is used for encoding and
decoding as well as the serial to parallel and
parallel to serial conversions. Where hard-
ware versus software tradeoffs were avail-
able, software was used since integrated
circuits cost money and require test equip-
ment to insure that they work properly.
Software can be free (depending on who
writes it) and thus where budgets are tight or
flexibility desirable, the trade of software
for hardware comes highly recommended.
This is the so-called “‘intelligent” approach,
and this interface was in fact employed in
the construction of an “intelligent” terminal
which | use as a Teletype replacement.

The cassette recorder used in the proto-
type system was a genuine “El Cheapo,”
purchased for $5 at a warehouse sale. The
electronics didn’t work, but in this design
the electronics are not used anyway ....
only the head and motor are used and must
be in good condition.
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The Pragmatics of Saturation
Recording

During recording (or “‘writing”), only a
single signal is impressed onto the magnetic
medium; there is no carrier, nor bias signal.
The signal itself, at any given instant, will be
in one of two states: full positive or full
negative. Note that while the digital data
may be discussed in terms of ones and zeros,
it is written on tape as +1s and —1s where
the value 1 refers to saturation of the
magnetic medium [see BYTE, March 1976,
page 18]. To accomplish this in a cassette
recorder, it is necessary only to pass a small
direct current through the winding of the
combined record and playback head. Polar-
ity of the saturation recorded signal (+ or —
1) will be determined by the direction of
current flow through the head winding. The
magnitude of the recorded signal will be that
corresponding to saturation of the magnetic
medium, and is achieved by passing enough
current through the head winding to guar-
antee that the medium will be magnetized as
much as it is capable of being magnetized.
The level of this current will be a function of
the magnetic material and head character-
istics, but is noncritical so long as minimum
requirements are met.

On playback (or ‘‘read’’) the head will be
exposed to a series of tiny magnetized zones
which are oriented in first one direction,
then the opposite, corresponding to the ones
and zeros of the original data. A voltage is
induced in the head winding only when a
transition between two oppositely polarized
zones moves past the head’s face. Although
the data resides on the medium in the form
of zones of constant magnitudes, it will be
sensed in the form of transitions, and must
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Figure 1: Timing of a Direct Digital Read Operation. The flux on the tape is
shown at the top as an idealized square wave. The playback voltage is second
from top, an analog function which reflects the actual tape flux zones and the
sensing of these zones through the tape head. Referring to the schematic of
figure 3, the positive going and negative going transition edges are detected
and used to produce pulses which drive the 7474 flip flop used to reconstruct
data as received. This data out of the 7474 is read and decoded by the

be reconstructed if it is to resemble the
original data (see figure 1).

Erasure of old data does not necessitate a
separate erase head, since erasure is inherent
in the recording of new data at saturating
levels. In some applications a separate erase
head may be desirable to prevent the occur-

rence of unerased gaps due to starting and
stopping the tape motion between blocks of
data, but this was accomplished in the
prototype without the need of an erase
head. Little need is seen for an erase head in
simple applications.

Hardware Design

The hardware required to write data onto
tape is indeed trivial. The only tricky aspect
is figuring out how to switch the direction of
the write current without resorting to dis-
crete components and a negative power
supply. Fortunately, 3 state components
permit the use of a single integrated circuit
to accomplish this function as shown in
figure 2. The level of current required for
writing will be a function of the recording
head, and will typically be around 5 to
15 mA. In my EI Cheapo, the head winding
resistance was sufficiently high that TTL
voltage levels could be impressed directly
across it and vyield the proper level of
current. Other heads, particularly those de-
signed for digital use, may have much lower
winding resistance, and feeding TTL voltages
to such heads with no current limiting would
be disastrous. An ohmmeter on the Rx10 or
Rx100 scale, or the manufacturer’s data
sheet for the head, should be used to
ascertain the value of external current
limiting resistance required. One such digital

adaptive software running in the processor.

head (Vicron P-357)3-B) has a DC resistance
of 40 ohms, and requires 6 mA of write
current. Assuming a TTL output voltage of
3.2V, the required current limiting resis-
tance should be 3.2/0.006 or 533 ohms.
Since 40 ohms is accounted for in the
winding itself, approximately 500 ohms of
external resistance should be used. As shown
in the schematic, in my design | split the
current limiting resistance into two sections
to maintain symmetry, but this was not seen
to be really necessary. Note that the advan-
tage of 3 state components in this applica-
tion lies in the fact that during read opera-
tions the drivers can be placed in their high
impedance state so as to have no effect on
the input head circuitry, thereby obviating
the need for any mechanical switching be-
tween read and write operations.

Reading the recorded data is slightly
more complex since the signal levels coming
from the head winding will be on the order
of microvolts and since the data must be
reconstructed as explained previously.
Figure 2 shows the read circuits | recom-
mend. The actual amount of amplification
required in a system will be a function of the
head employed and the tape speed. Digital
heads with low inductance will require more
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+5V GND +5 V forcing the head to write resistances allows substitution
steady data after the program from your parts box.
IC1 74125 — 7 14 has turned off output at the
1IC2 7402 - 7 14 end of a write operation. This Note 5: Test points 2 and 3
IC3 555 = 1 8,4 blanks out the tape during are (respectively) the upper
IC4 LM1458N 8 4 = motor slow down. and lower thresholds for the
1IC5 LM311N 8 4 _ comparators. Adjustment of
IC6  LM311N 8 4 _ Note 2: See the text for an R3 will vary the width of the
IC7 7474 7 14 explanation of the write cur- gap between the thresholds.

rent limiting resistances R.

Note 3: Test point 1 should be
slightly under 2.5 V when the
system power supply is +5 V.,

Note 4: Pick R1 and R2
(nominally 100 k and 18k
here) so that the peak to peak
amplitude of the signal at test

Note 6: There are two “+5 V"
supplies in this circuit. The
raw system supply as it comes
to the circuit is referenced as
the “‘digital +5 V"' in this dia-
gram; the isolated and filtered
“analog +5 V" is used to sup-
ply the amplifiers and
comparators.

Figure 2: Schematic of a Direct Digital Recording Interface. The output circuit takes NRZ data from the computer’s 1 bit
output port (assuming the write enable line is at zero) and drives the heads directly from two 3 state gates in a 74125 package.
The input circuit is overdriven and should be ignored during output operations. For input, the write enable line is high, disabling
the 3 state drivers, allowing the signal from the head to be processed by an amplifier section followed by a pair of edge detectors
which reconstitute the data in a set-reset flip flop.
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amplification since they will generate smaller
voltages. The amplification should be set so
as to provide a peak to peak signal of
roughly 2 or 2.5V at the inputs to the
comparators (test point 4).

The two comparators provide two thres-
holds which are symmetrical with respect to
VCC/2 (2.5 V). The thresholds are adjust-
able, but should always be symmetrical with
respect to VCC/2, since the amplified tape
signal is symmetrical with respect to VCC/2.
Adjustment of the thresholds is not espe-
cially critical, and can be done without a
scope if needed. A compromise is effected
between the highest possible thresholds
(maximum excursion of the tape signal) and
the lowest possible thresholds (both equal to
VCC/2). Adjustment is made empirically,
keeping the thresholds as high as possible
while allowing for dips in peak signal ampli-
tude due to “‘dropouts.” | found that thres-
holds of between 25% and 75% of the peak
signal amplitude were usable and favored the
75% end so as to discriminate against pos-
sible noise or tape print through. This
phenomenon occurs when undesired signals
caused by adjacent layers of tape magnetize
each other. Hence for a 2V peak to peak
signal with a 2.5 V centerline, the thresholds
are nominally as follows:

Low: 2.5 — (2.0/2) *0.75=1.75V

High: 2.5 + (2.0/2) *0.75=3.25V
These values are suggested as starting points,
not necessarily as the final operating levels.

Hence, whenever a positive going peak
exceeds +3.25V the 7474 will be set, and
whenever a negative going peak goes below
+1.75 'V the 7474 will be reset. The output
of the 7474 will then be a reconstruction of
the original recorded data. The most obvious
and probably simplest way to adjust the
thresholds is by using a tape, prerecorded
with repetitions of a fixed pattern such as an
ASCII U, or hexadecimal AA or some other
convenient value. With an oscilloscope con-
nected to the output of the 7474, and
synchronized to the start of each data word,
the thresholds can be adjusted to give a
stable representation of a single character
across the scope screen. With the thresholds
properly set, the individual bits should be
stable throughout the entire length of the
tape; if not, then either the thresholds are
set wrong or the scope is not properly
synchronized. In a normally operating sys-
tem, purists may be able to observe slight
jitter in the positions of the bit transitions,
which is due to varying magnetization char-
acteristics of the magnetic medium. This is
normal, and should be only a fraction of a
percent of the overall character time. The
type of cassette may be important here,

although not necessarily critical at lower
densities of recording. Of five different types
of cassettes tried, all worked except for a
bargain basement cheapie whose dropouts
were so severe as to render it useless even for
its intended audio applications. Certification
is not necessary; willingness to buy respect-
able brands is sufficient.

Emulation of a Paper Tape Facility

Users who intend to use a cassette re-
corder as a replacement for the paper tape
functions of the ASR33 or similar Teletypes
will have some extra mechanical functions to
worry about. Problems are incurred when
the tape is started and stopped, because of
the time required for the motor to accelerate
or decelerate. During this acceleration or
deceleration time, data must not be present
on the tape, since errors will occur unless
some sophisticated speed tolerant technique
is used. One solution to this problem is to
incorporate leaders and trailers of blank
(erased) tape during the write operation.

The use of leaders before and trailers
after a string or block of data requires a
delay of a fraction of a second before and
after the passage of the data. It is therefore
necessary that the tape output software
must wait until the motor startup delay has
passed before transferring any data. One way
to accomplish this is to buffer the input
data. The output routine could write to the
buffer whenever and at whatever speed it
wants to, and after the buffer is filled it is
then transferred onto tape along with the
necessary leaders and trailers. This requires
more hardware in the form of memory for
the buffer, and more software in the form of
routines to handle transfers into and out of
the buffer.

Another, simpler way to accommodate
the necessary delays is by modifying the
program which uses the tape IO to allow for
the delays whenever it writes to tape. A
valuable practice among software writers is
the organization of the character input and
output routines into a single subroutine for
each, which is called by other software. In
software designed for paper tape emulation
it is a simple task to add the appropriate
delays whenever the PUNCH-ON or
PUNCH-OFF Teletype command codes are
encountered. The software which is docu-
mented in this article presupposes that soft-
ware which requires the 10 will tolerate the
appropriate time delays. There are also some
simple additions to the hardware which will
reduce the software overhead by incor-
porating the needed delays into the system.
Motor coasting after power is removed is the
longest time interval which must be accom-
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Figure 3: Motor Control Circuit. The relay is used to control the motor of the
tape recorder, driven from an output bit of the computer. The relay is a
single pole double throw variety which shorts out the motor if the motor is
not on. This guarantees that the motor will generate current during
slowdown, which is dissipated in the wiring of the short circuit, braking the
motor electromagnetically. (This braking action of a DC motor operated as a
generator is used as a key principle in the design of regenerative braking
systems for electric railroads, street cars and electric cars.)

Figure 4: Block Timing.
This diagram shows the
timing of a block of data
during a write operation.
The logical OR function
provided by [C2c causes
the 555’s delay to extend
the actual 3 siate buffer
enable beyond the end of
data by about 0.5 seconds.
The software should pro-
vide a leader delay of ap-
proximately 0.5 seconds
preceding the start of data
to allow the motor to turn
on and come up to speed.
The motor control timing
is also shown in relation to
the other signals.

modated, and fortunately it is a simple
matter to reduce this time significantly.

In the unmodified cassette recorder the
motor is turned off by breaking the current
path from its power supply and leaving it
open circuited. If, after breaking the current
path, the motor windings are short circuited,
its coast will end much sooner. A simple
circuit shown in figure 3 uses an SPDT relay
contact to accomplish this with no distur-
bance to the original motor wiring on most
cassette recorders. The rewind and fast
forward circuits function as before; only the
forward circuit is changed.

Since the motor coasting time can only
be reduced, not eliminated, it may be
desirable to use a oneshot in the hardware to
keep the write enable line on following a
write operation, until the motor has

WRITE ENABLE |

2N3568 OR
SIMILAR

DIGITAL
SUPPLY

ONE BIT OF A

LATCHED OUTPUT PORT
WHICH IS USED

FOR MOTOR CONTROL.

HI=MOTOR ON
LO=MOTOR OFF
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stopped. Figure 4 illustrates the timing
characteristics desired. This guarantees that
the tape which passes the head during motor
coast will be erased by holding the outputs
constant with no data transmitted.

The equivalent function at the beginning
of the write operation is not necessary since
the write enable will be on from the moment
the motor is turned on and all during the
time it is accelerating up to speed.

Software

Since the hardware is doing no more than
writing or reading one bit at a time, the
functions of serial to parallel and parallel to
serial conversion must be assumed by soft-
ware, as must the encoding or decoding of
data, as well as timing of the individual bits.
This would seem to cause considerable soft-
ware overhead; but in my prototype all the
above functions, plus those of motor control
and checksum calculation and verification,
were accomplished in approximately 230
bytes on a 6800. This number can easily be
reduced, either by shifting some of the
simpler functions such as bit timing to
hardware or by eliminating some of the
prototype’s features such as paper tape

THREE STATE BUFFER I

ADDITIONAL DELAY

le—=1/2 SECOND
E DUE TO 555

ENABLE

WRITE DATA

~ 1 (IO

:¢— DATA RETARD OF APPROX —!
1/2 SEC TO RECORD BLANK ¢
"LEADER" DURING MOTOR
ACCELERATION

|*— GREATER THAN 1/2 SEC

b\" TRAILER" RECORDED
DURING MOTOR
DECELERATION

t o

MOTOR CONTROL

=5

38

I



NOTE :

BLOCK POINTERS ARE SET UP PRIOR

TO CALLING "WRITER"; CHECK SUM
CALCULATION IF ANY IS MAINTAINED

BY THE NEXTCH AND SAVECH ROUTINES.

MOTOR: = LO;
< WRITEDATA: = Hl;
WRITENAB:=LO;

i

RETURN

WRITER

MOTOR: = HI;
WRITENAB: =HI;
WRITEDATA: =HI;

CALL DELAY
(172 SEC)

|

WAIT FOR MOTOR—I
SPEED TO |
STABILIZE

[m—————=—
|

READER

MOTOR: = HI
WRITENAB: =LO

CALL NEXTCH
(1);

WRITEDATA: =
Lo;

BITCNT: = 8;

Figure 5: Flowcharts for
10 Software to Emulate a
Paper Tape Facility. The
author’s system imple-
ments a version of this
logic for a 6800 system,
which is not printed as a
part of this article. In
these flowcharts, an end of
data condition is assumed,
but not defined for both
input and output; in the
author’s version, ASCII
control characters were
used to communicate this
information.
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SOFTWARE
(FIGURE 5)

TAPE DATA

PROCESSOR
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Figure 6: Timing of Input Operations. This timing diagram details operation of an input “read” algorithm for non return to zero
(NRZ) data recorded in an asynchronous 8 bit data format containing one start bit and two stop bits, identical to one of the
standard UART formats. The processor continuously samples during the start bit search of LOOPI, then it waits for 1.5 bit
times and begins sampling once per bit period until all the data has been shifted into a register by L OOP2. Then it processes data
and sends it to an input buffer before testing for end of input and going back for more sampling if needed. This input sequence

repeats for each character.

emulation. The real advantage of this design
lies in the fact that the hardware is so simple
that it determines few of the capabilities of
the system; instead, the user defines them by
way of software.

Flowcharts of the basic functions for
reading and writing data are shown in fig-
ure 5. The write function is fairly straightfor-
ward. The read algorithm is a bit more
confusing and deserves explanation. In order
to read a serial data word, two time intervals
are used. Since the data will be sampled in
the center of each bit, sampling must be
delayed from the leading edge of the start
bit to the middle of the start bit before
beginning the sampling process on the bit
string. Thereafter, samples will be spaced a
full bit width apart, as shown in figure 6. In
my version of the software, a single delay
subroutine was used, and the amount of
delay was changed by dividing a delay
parameter (DPARAM) value by 2 with a
right shift when the half bit width increment
was needed, otherwise using its full value.
The balance of the input software is re-
latively straightforward.

These algorithms are for simple NRZ
(non return to zero) data, which was chosen
for its ease of implementation and for its
relative density as recorded on tape. The
ASCII characters can be recorded directly
onto tape, including their start stop bits in
standard  asynchronous format. Other
methods of recording data onto tape, such as
Bi-phase-L and Bi-phase-M, require more
flux transitions per character than | cared to
contend with. Readers who are interested in
investigating or using a different coding
scheme should refer to the bibliography.
Since the amount of data which can be
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squeezed onto magnetic media per unit
length is inversely proportional to the num-
ber of flux transitions per data bit, NRZ in
asynchronous format seemed an acceptable
method for my purposes since its syn-
chronizing information is carried only once
within each character, rather than within
each bit. Using straight NRZ at 1300 baud (a
bit width of 0.77 ms) with the tape moving
at the standard 1 7/8ips (4.5 cm/sec) re-
sults in a density of approximately 700 flux
reversals per inch worst case. Commonly
used commercial densities are 800 and 1600
frpi, but | encountered degradation above
700 frpi due to the use of the audio tape
head which came with the cassette recorder;
adjacent flux reversals tended to merge
together and cause significant amplitude
variations during reading. The value of 700
frpi has proven to be a valid design parame-
ter since it provides good data rates yet is
not easily affected by dirt or variations in
media type. Other cassette interfaces require
certified cassettes and scrupulous cleaning of
the head; the one described here has worked
reliably for months now, with no attention
to cleanliness since initial alignment.

Suggestions for Improvement of Performance

The biggest advantage of this system is its
relative independence from the associated
hardware. Hence the user may simplify the
software to the point that it is merely a
bootstrap loader for larger programs, or can
expand it, incorporate buffers for movement
of data, use self clocking methods for data
encoding, and ultimately configure a com-
plete cassette operating system using the
hardware described here. Still there are



points for improvement, if one is willing to
spend a little money. A tape head designed
for digital use can make a considerable
improvement in performance in two ways:
its narrower gap will permit recording at a
higher density, and its lower impedance will
permit movement of the tape at higher
speeds before its inductance causes the
recovered pulses to merge together. When
using such a head, recall that its DC resis-
tance will be much lower, and that it would
be disastrous to feed unlimited write current
to it directly from the 74125s. Current
limiting resistors must be used. Consult the
manufacturer’s specifications for appropriate
current levels.

Since serial/parallel conversion is accom-
plished in software, the processor will be
required to execute fast enough to accu-
rately provide timing for each bit, with an
accumulated error small enough to accu-
rately provide room for tape stretching, and
wow and flutter of the cassette drive. Data
from my prototype suggest that a data rate
of at least 2400 baud should be possible
with a 6800 processor operated at its maxi-
mum clock frequency of 1 MHz. With care it
might be possible to increase this rate
substantially.

It is hoped that this introduction of
saturation recording techniques will provide

experimenters with higher speed mass
storage at rock bottom prices. For those
concerned about compatibility, it should be
noted that the hardware is so simple that it
should be feasible to support almost any-
one’s recording format without changing the
hardware in any way. Each user will be free
to develop his or her own pet format, yet
still be compatible with everyone else’s by
merely writing the appropriate software.m
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Figure 1: The Power Supply as a System. This is a block diagram identifying
the conceptual divisions of a typical power supply system.

Watts Inside a Power Supply

3152 Santiago Dr
Florissant MO 63033

Ever spend an hour or so entering soft-
ware in your system, when suddenly the air
conditioner or furnace kicks in, leaving your
all too volatile memory looking like garbage?
Power supplies are very important com-
ponents to a small computer system; and
careful consideration, before building or
buying, will help make your system more
reliable.

The purpose of this article is to acquaint
the reader with some basic principles of
power supply operation. There are many
types of power supplies, but for the applica-
tion to personal computing systems, only
the well regulated, low voltage type will be
considered here. Also, the power input will
be assumed to be the North American norm
of a 115 VAC, 60 Hz wall outlet.

Before selecting a power supply, the
voltage output and its regulation must be
determined. This is usually set by the kind
of circuit being supplied. For example, TTL

Table 1: Symbol definitions used in text,
equations and schematics of this article.

Vpri — Voltage applied to transformer primary
(120 V rms, 60 Hz).

Vsec — Voltage of the secondary winding (rms).
Vde — Rectified DC valtage.

Cf — Filter capacitance.

Vin — Rectified and filtered voltage supplied to
regulator.

Rz  — Series zener resistor.

Vo — Regulated voltage supplied to load.

lo — Maximum current to be supplied by load.

If — Current rating of fuse.
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logic requires +5V at *5% regulation in
order to satisfy design specs. The major
decision that must be made is the amount of
current that the supply will need to deliver.
Integrating additional supplies at a later time
is somewhat difficult, and it is usually wiser
(and cheaper in the long run) to select a
supply that will meet anticipated needs as
your system grows.

The basic function of a power supply can
be segregated into five components as shown
in figure 1. These are stepping the line
voltage to a lower more desirable value (A),
changing the alternating current to a direct
current (B), filtering the DC (C), making
sure the voltage is held constant under
adverse conditions (D), and distributing the
current to the device to be driven, called the
load (E). The symbols given to the voltages
at each point are listed in table 1 to avoid
confusion.

Converting the line voltage into a lower
voltage is accomplished by using one of the
most efficient electrical devices ever devel-
oped, the transformer. The power trans-
former is a chunk of laminated iron plates
with a2 minimum of two wires wrapped
around it. The ratio of the number turns
around the core for each wire determines the
AC voltage ratio of the transformer.

For power supplies, the winding that is
connected to the power line is called the
primary, and the winding that gives the rated
voltage of the transformer is called the
secondary. Transformers will often have
multiple secondaries, giving many output
voltages. Power transformers of this type are
often called line transformers.

Selecting the proper transformer consists
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Figure 2: Common Rectification Schemes. The half wave rectifier gets its

name from the fact that only half of the input cycle is utilized; the full wave
rectifier uses the whole cycle, but requires -a transformer with twice the
voltage desired, and must have a centertap. The bridge rectifier is also a full
wave rectifier, but adds some extra diodes as a trade off against the center
tapped higher voltage transformer required by the simple full wave design.

of finding one with a voltage rating close to
the desired voltage. The final value of this
voltage depends on the type of rectification
and regulation to be used. These considera-
tions will be noted later.

While keeping cost in mind, you should
also select one with at least as much current
capacity as you expect to need. A lower
voltage or current rating than will actually
be used will cause the transformer to over-
heat and may short out the windings, pos-
sibly causing damage to the load.

A little caution should be exercised in
looking at transformer specifications. If a
secondary winding is center tapped, or has a
lead connected to the middle of the winding,
be sure you know whether the given voltage
is for the full winding or for each side of the
winding. Also, the voltages are usually rated
in effective or rms (‘“root mean square”)
values, but may be given in peak values. To
convert from rms to peak or peak to rms
voltages, use equation 1 in table 2.

The next step is to convert the alternating
current to a direct current, a process called
rectification. This is normally done with
diodes and in this application such diodes
are referred to as rectifiers. The diode is a
device that will only pass current in one
direction and, in the common notation for
diodes, current flows against the arrow.

There are three common approaches to
rectification: the half wave, full wave, and
bridge rectifiers. An example of each is
shown in figure 2. The half wave rectifier
conducts only when the AC is carrying

o DB v «havvn
el = are) '

current in the direction the diode will pass.
The output waveform is shown; and since it
only passes half the AC cycle, it is not very
efficient. Filtering is also more difficult for
this rectifier. As a result, half wave rectifica-
tion is seldom used in a well regulated
supply.

The full wave rectifier uses a transformer
whose secondary winding is center tapped.
With this type of transformer, the full
secondary voltage rating must be twice the
desired output. However, the whole cycle of
the wave is used by only using two diodes
with it.

Another type of rectifier which uses the
entire input cycle is the bridge rectifier. It
requires four diodes, but a center tapped
transformer is not required. Bridge rectifiers
are available in complete packages with four
leads for easy implementation, and are prob-
ably the most widely used form.

Be sure to use a diode with greater

Table 2: A reference list of useful equations
for power supply design.

Eqg.1

Eg. 2a
2b  PIV > 2 * Vsec (for bridge rectifiers)

Eg. 3a

Vrms = Vpeak * 0.707 (Vpeak = Vrms *

1.414)

PIV > 4 * Vsec (for half or full wave rectifiers)

Cf > (0.066 * 10)/Vin (for half wave rectifiers)

3b  Cf> (0.033 * lo)/Vin (for full or bridge rectifiers)

Eq. 4a Rz = (Vin — Vo)/lo
4b Pz =102 * Rz

Eq. b5a

I = (lo * Vsec * 5)/Vpri (for slow blow fuse)

5b  I¢=(lo * Vsec * 10)/Vpri (for fast blow fuse)
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Figure 3: Using a Capaci-
tor for Filtering. The ca-
pacitor charges up when-
ever a voltage is applied,
and the load resistance
tends to discharge the ca-
pacitor. The net result is a
tendency for the voltage
to remain approximately
constant with ripple left
over from the rectifica-
tion.
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current capacity than will be drawn from the
supply. If this rating is exceeded, the diodes
will overheat and be destroyed. This rating
can be extended with heat sinks and fans,
but it is cheaper and more reliable to use
adequate diodes to begin with.

Besides the current rating, the maximum
voltage applied in the opposite direction the
diode conducts should not be exceeded. This
is measured in peak volts, called the peak
inverse voltage, or PIV. Determining the
exact peak inverse voltage rating depends on
the kind of load and filter being used. A safe
“rule of thumb” to follow is to allow the
PIV for the half and full wave rectifiers to be
at least four times the secondary voltage and
at least twice that for the bridge diodes: see
equation 2a or 2b of table 2.

The next step in getting the voltage into a
usable form is called filtering, and this
smooths out the pulsating DC into a more
constant voltage. There are many different
methods for filtering, but for low voltage
supplies the capacitor input type is best.

The effect of placing a capacitor across
the rectifier is shown in figure 3. As the
supply is turned on, the first pulse from the
rectifier charges the capacitor. As the first
pulse drops, the capacitor discharges until
the next pulse charges it, and so on, giving
the resultant waveform.

Specifying the correct filter capacitor
involves two more ratings. The voltage rating
should be greater than the peak voltage
applied to it. The other rating is the capaci-
tance, and to specify this we must look at an
important factor in the supply, the ripple.

Vo
ZENER BN
VOLTAGE ‘-\\\\
ouT
S
lo
MAXIMUM
CURRENT

INPUT
f-/ -
7N G e
/ ~ ~J K
ZENER | / \ / \i \

\
N
L v/ N o
LEVEL V V
v
t —

WITHOUT FILTRATION
PRECEDING ZENER

TURN

ON
WITH FILTER
PRECEDING ZENER

44

Ripple is the ratio of the AC still left on
Vi to the average DC level of the filter
output. Ripple may be expressed as a per-
centage or in decibels. The larger the capaci-
tance, the longer it takes the capacitor to
discharge and the smaller the ripple will be.
The period of the ripple is the reciprocal of
its frequency; for a 60 Hz line this is 1/120,
or 8.33 ms. The capacitor should have a time
constant of at least four times the ripple
period. Using these constants, a formula for
determining the capacitance is given in equa-
tion 3 of table 2. Remember, this is a
minimum value, and the tolerance of the
capacitor should be taken into account.

To conserve space or cost, several small
capacitors may be added in parallel to reach
the desired capacitance. Also, Vi, will be
closer to the peak value of Vg, and this
must be considered when selecting a
transformer.

The equation for determining the capaci-
tance was based upon 120 cycles per second
and does little to filter out higher frequen-
cies that may be on the line. Induced RF
noise may be filtered out by adding a 0.1 uF
capacitor across the supply.

Now that filtering is accomplished, we
have a direct current with some ripple at any
given voltage we specify. However, the volt-
age will only remain as desired if the load
resistance and line voltage are constant. The
line voltage is hardly constant and may vary
from 90 to 130 V and can momentarily rise
to 300 V in some instances of surges. In an
application where the load resistance is
constant, a simple voltage dropping resistor
may be used to drop V;, down to the
voltage the device needs.

However, this method wastes the current
through the resistor, and does nothing to
prevent V;, from varying with line voltage
changes. Also, most digital applications have
varying load resistances because of gate
switching and memory operations and re-
quire a closely regulated supply, so some-
thing more sophisticated is needed.

Figure 4: Zener Diode Regulation. Use of a
zener diode is one of the simplest regulation
methods. The zener is a low voltage semi-
conductor equivalent of what used to be a
common item in vacuum tube equipment,
the gas discharge regulator tube. When the
voltage has increased to the zener level, the
characteristic curve of the diode guarantees
that it stops increasing. If used with unfil-
tered rectifier outputs, the choppy wave-
form shown is typical; if the average DC
level with filtration is above the zener level,
a steady supply results.



Figure 5: Using Series Current Pass Transis-
tors. Because of the large amount of power
burned up in the zener resistor, it is desirable
to use the zener as a reference level rather
than as the final active regulating element.
This figure shows two similar ways of
employing series “pass’’ transistors to regu-
late the output voltage with a zener refer-
ence. At (a) a single transistor is utilized, at
(b) a “Darlington pair” is used to provide
greater gain and thus a lower power level
through the reference circuit of the zener
diode and its resistor.

The simplest type of regulator is the
zener (or reference, avalanche, breakdown,
or regulator) diode. This diode is similar to
the rectifier, except thatitis reverse biased
and is always used with a series resistor. The
basic circuit is shown in figure 4, along with
a characteristic operating curve. As the
voltage across the diode reaches the zener
voltage, the diode will conduct enough
current to keep the voltage drop across the
diode constant, keeping V, held at the zener
voltage. If the current becomes excessive,
the diode will burn up; this is why a current
limiting series resistor is always used.

Using a zener regulator consists of finding
one with the proper zener voltage and power
rating, and then calculating values for the
series resistor. The zener diode should have a
voltage rating equal to Vg and a current
rating that exceeds |lo. The power rating is
then calculated to be sure that it does not
exceed the manufacturer’s ratings, using Pz =
Vg * lg. The series resistor values are then
calculated using equations 4a and 4b of table
2.

Note that V;, must be greater than V;
actually Vi, = Vo + Iy * R,, and Vj, should
be measured at the lowest ripple voltage.
Another feature of zener diodes is that they
may be connected in series to increase the
regulating voltage or to achieve a voltage not
available in a single zener.

A quick survey of zeners shows that it is
not practical to use this simple approach in
high current supplies because the wasted
current thorough R, is inefficient and the
generated heat becomes a problem. High
current zeners are also expensive. A way to
extend the current capacity of zeners is to
use a series current pass transistor as shown
in figure 5a.

Most of the current now being supplied
passes through the power transistor with the
voltage of its base being controlled by the
zener. The 2N3055 is a typical type of
power transistor for this purpose. R, must
now be chosen to carry the zener current

and the base current. Zeners themselves can
be a source of noise, and the capacitor (C =
50 uF, typical) is added to provide filtering
across the zener.

This method will increase the output
current, but more input current is wasted
through R,. A more efficient method is to
use two power transistors in a Darlington
configuration as in 5b. The base current of
Qo can now be much smaller and reduces
the amount of heat generated by R,.

Using a zener in this way, with or without
pass transistors, provides a fair regulation
with few components and is suitable for
some applications. However, it still does not
guard against variations in the line voltage. A
much better method would be to use a type
of monitor to watch V, and check for
variations from the desired output. This is
called a feedback, or closed loop regulator.

Figure 6a shows a simple closed loop
regulator. Qo acts to bias Qq according to
the condition of Vg and uses the zener
voltage as a reference. If V; should suddenly
raise or drop, Q9 will automatically compen-
sate until V5 matches the zener voltage.
Because of the slight voltage drop across the
transistors, the output voltage will be
slightly less than the reference voltage of the
zener. The variable resistor is used to adjust
the bias of Qo and therefore adjust the
output to exactly the voltage desired. Cy is
necessary to help filter fast transients caused
by sudden current changes from the load
and also helps to keep Q9 from oscillating.

In figure 6a Qo acts like an amplifier for
Vo. The important part of this signal is
actually the difference between Vg, and the
reference voltage. A differential type of
amplifier used here would therefore increase
the sensitivity of the monitor, and an inte-
grated circuit op amp fits this application
neatly. A simple circuit using the op amp is
shown in figure 6b.

We can now say that we have a regulated
power supply, but for how long? If a
component in your system or supply should
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Figure 6: A zener diode,
or a zener with pass tran-
sistor, is an ‘“‘open loop”
regulator which pays no
attention to the load. The
circuit can be improved
using feedback techniques
to create a ‘“‘closed loop”
regulator which senses the
output voltage and feeds it
back to help control the
pass transistor(s). At the
left is a typical closed loop
circuit employing transis-
tors, at the right is a simi-
lar circuit using an opera-
tional amplifier as the
feedback element.

Figure 8: Attempts to pro-
tect against overvoltage
and other ills of power
supplies  require careful
thought. One of the most
common methods Is the
“crowbar”  circuit, so
named because the SCR is
used by brute force (as if
it were a crowbar) to short
out the power supply and
blow the fuse or circuit
breaker when the voltage
exceeds a preset limit.
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fail, it may take the rest of your system with
it!

One important approach to this problem
is to limit the amount of current the supply
will deliver. The most common current
limiting device is the simple fuse. To pro-
tect all the components in the system, the
fuse is usually added in series with either the
secondary or primary transformer leads.
Fuses are rated at the maximum amount of
current they will pass, and a formula for
determining the proper fuse size is given in
equations 5a and 5b of table 2. A compensa-
tion factor is included for dealing with both
fast and slow blow fuses. Since a lot of
expensive damage can happen to your sys-
tem in a very short time, fast blow fuses
should be used. However, “experimental’”

VIN

Figure 7: Current limiting is a very desirable
protection method. Here is a typical current
limiting configuration. The resistor R de-
velops a voltage dependent upon the current
to the load, and when the voltage goes too
high, Q. begins to cut off the regulator’s
action allowing the voltage to drop.
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POWER
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SCR ]
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supplies that may be subject to accidental
shorts and other abuses should use a slow
blowing fuse.

Fuses have one major drawback: They act
so slowly that most semiconductor devices
will blow before the fuse. Figure 7 shows a
simple circuit that provides very fast current
limiting. The resistor is chosen to produce a
voltage drop as the current flows to the load.
If the load current becomes too high, Q.
begins to turn on, reducing the base current
of the pass transistor, thus limiting the
current. The monitor amplifier will try to
keep the voltage constant, but is not able to
produce enough output current. After the
current limit is reached, the supply will act
like a constant current source.

Current limiting helps to protect the
supply from shorts in your system, but the
most important consideration is protecting
your system from the supply. If the pass
transistor short circuits, the entire unregu-
lated output of the supply will deliver
disaster to your integrated circuits. Pro-
tecting the load from a failing power supply
consists of ensuring that the output voltage
never rises above the value that the load can
tolerate.

Solving this problem is another special
diode, the silicon controlled rectifier (SCR).
This diode conducts virtually no current
until it is turned on, or “fired,” at which
time it conducts like a conventional diode.
Figure 8a shows a simple type of overvoltage
protection. The maximum V is set by the
value of the zener diode. If V, raises above

CIRCUIT
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POWER
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AAA
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Figure 9: Integrated Circuit Fixed Voltage Regulators. Eventually, all

the zener voltage, thg SCR will fire and short IN I ULavon
out the supply, causing the output to go to T |

zero. After the supply has shorted for a brief ViN GND
moment, the fuse will blow. Instead of using
a fuse, the SCR can be used to trigger a relay
or circuit breaker as shown in figure 8b. This 7
method of shorting the supply to prevent
high voltages from reaching the load is often

referreq to as ‘‘crowbar” overvoltage computer activity may be reduced to a few chunks of silicon, highly refined
protection. and tattooed with intricate patterns. Evidence of this is the simplification in
Now at last we have a supply that regulation provided by the typical integrated circuit linear requlator. Outside

provides ample current at the correct voltage
with both current limiting and overvoltage
protection. Getting the power to your
printed circuit boards should be accom-
plished by using the shortest possible leads
to prevent induced noise from reaching the

of the gross filtering capacitor always used on the raw DC supply, Vi, only
two additional components are needed for the typical linear regulator. These
components are small (typically ceramic) capacitors used to prevent radio
frequency oscillations of the regulator. The only problem with contemporary
IC regulators is that they tend to be limited in current capacity, hence the
common practice of using many local regulators throughout a computer

integrated circuits. The ideal is wide, well
filtered distribution, such as a bus and
ground plane system. Using a capacitor
(around 20 uF or so) across the supply leads
on the printed circuit board will also help to
filter the noise. (For more information
about noise on printed circuit cards, see the
article “‘Data Paths,” page 32, in the
February 1976 issue of BYTE.)

As anyone who has assembled one of the
currently marketed system kits hasseen, the
regulator just described using discrete
components can be fabricated on a single
silicon chip. The integrated circuit regulator
offers all the advantages of integrated
circuits; ie: high performance, small size,
easy implementation, and low cost. High
current capacity is sacrificed because making
high power monolithic integrated circuits
has been difficult, but this is more than
offset by the low cost of using many
regulators.

There is a distinct advantage to using
many small regulators instead of one large
one. If one of the regulators fail, the rest of
the system is isolated. Also, you only have
to distribute unregulated voltage to each
card and induced noise is much less of a
problem, and adding additional regulators
later on is no problem at all. Many kit
manufacturers have adopted this philosophy
in their designs. There are basically two
kinds of integrated circuit regulators. The
most common type is the fixed voltage
regulator, exemplified by the LM340-XX or
the 78XX series (where XX is a number

indicating output voltage like 7805 for a five linear integrated circuit £
volt output). These are three terminal de- regulator are designed for
vices and can be wired in simply by placing more complex operations,
bypass capacitors across the leads as shown such as the Rind used with -
in figure 9. These will supply up to one amp a pass transistor for vari- \’m Ic SR l
of current at any available voltage and have able voltage supply e 1
current limiting along with thermal shut- outputs. Yo
down if the heat becomes excessive. $R2
The other type of integrated circuit regu- 1 >

rather than one single requlator for the whole system.

lator is the variable voltage regulator that
lets you specify the voltage output. A
typical design is shown in figure 10. R and
Ry set the voltage output and an additional
pass transistor is shown to extend the
current capacity. There are many variations
on integrated circuit regulators, and none
should really be considered without consult-
ing the data sheets on them. An excellent
guide is the Voltage Regulator Handbook,
available at a National Semiconductor dis-
tributor.

An important parameter of the integrated
circuit regulator is the dropout voltage. This
is the minimum voltage drop that the inte-
grated circuit can tolerate. For example, a
7805 (+5) regulator has a dropout voltage of
2 V. This means that 2+5, or 7 V, is the
minimum voltage that should be supplied.
Further inspection of the spec sheet shows
that the maximum voltage that can be
placed across this integrated circuit is 35 V.
The higher the input voltage, the more
power is wasted in the form of heat.

Vin at this point is determined by slightly
less than the peak value of Vg, and
transformer  voltage selection becomes
important. If the value of Vg is chosen so
that V;, is exactly 7V, the regulator will
operate with minimal heat loss. However,

Figure 10: Some forms of
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this makes the power supply very susceptible
to power surges or even slight “‘brownouts.”
The transformer voltage selection should be
carefully weighed between heat dissipation
and reliability.

Saving the worst for last, the heat de-
veloped by regulators is an important con-
sideration in both the discrete and integrated
circuit versions. In the discrete design, the
pass transistor must have some way of
dissipating the power [(Vj, — V) * I5] that
is wasted. The same is true for the whole
integrated circuit regulator. One popular
method of using the integrated circuit
variety is to use an on card heat sink, with or
without fans to carry the heat away. Recom-
mended heat sinks are usually available with
the device specification. | fabricate my own
on card heat sinks by using 1/16 inch strap
aluminum from the local hardware store
and a hacksaw for cutting the fins.

The reason that so much heat is de-
veloped in these kinds of regulators is that
they are really nothing more than elaborate
dropping resistors. Is there a better way?
One possible answer is the switching
regulator.

The switching regulator uses the pass
transistor as a switch, regulating both the
output voltage and the efficiency of the
supply. A simple switching regulator is
shown in figure 11. It is very similar to the
series pass regulator except for the addition
of a diode and an inductor. This inductor
and Rq and C and the error amplifier form
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Figure 11: All of the linear regulators are really just fancy resistance elements
which change their resistance to accommodate changing load conditions while
keeping voltage constant. As a result they burn up power. The ‘switching
regulator,” such as that shown by this design idea, is an alternative which
does not waste power in the pass transistor. It uses a variable duty cycle
charging system for the output capacitor with feedback. In this conception,
the pass transistor is always saturated “on’’ or “off’’ and never stays very long

in the power consuming linear region of its operation. Thus the power wasted
in the pass transistor is much smaller.
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an oscillator that continually turns Q on and
off. When Q is turned on, the voltage flows
freely through the transistor and the power
lost is small. When Q is turned off, there is
of course no power lost. The output then
forms a series of pulses that is filtered by the
inductor. The diode is used to ground out
the back emf of the inductor.

Regulation is maintained by varying the
percentage of the cycle that the transistor is
turned on. If the load requires more current,
the time the transistor is turned on is
increased. This is done by feeding the output
back through the monitor amplifier to keep
the voltage constant. Calculating the fre-
quency of the oscillations is quite complex,
and involves a trade-off between large expen-
sive inductors and capacitors at low frequen-
cies and expensive high speed switching
transistors at high frequencies.

Switching regulators have their own dis-
advantages, however. It is hard to enjoy high
efficiency at the lower voltages, like 5 V.
Ripple is usually worse coming from a
switching supply than a linear supply. An
increased number of parts means some sacri-
fice in reliability. The frequencies (usually
between 10 and 100 kHz) cause radio fre-
quency radiation to the extent that shielding
requirements are currently under investi-
gation by the FCC. For the ‘‘average”
hobbyist, linear regulation with careful con-
sideration to heat dissipation is a much
simpler approach.

What lies in the future? At the time of
this writing, a three terminal 1.5 A regulator
that is fixed or variable with few external
components will soon be out. Tl is reported
to be working on an integrated circuit
switching regulator. A variable zener refer-
ence integrated circuit and an overvoltage
crowbar integrated circuit are in the works,
all of which look as if they will be in the
hobbyist’s price range.

Although | have tried to give an example
of each of the most common power supply
designs, | have barely scratched the surface.
However, for the novice or the software
inclined, simple regulated power supply pro-
jects can be a lot of fun and give good
introductory experience in reading com-
ponent specs and packaging techniques.
Integrated circuit regulator data sheets will
often have excellent application circuits for
building a fixed or variable supply. Then, if
you should transcend the state of a simple
kit builder and begin experimenting with
components and measuring the ripple and
percent regulation and operating tempera-
ture, then you will have arrived at a kind of
power supply scientist, and — well, more
power to you!m
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Pick Up BASIC

by PROM Bootstraps

The output of the regulator,
and ground  connections,
should be wired as follows:

+5V  GND
IC1 8223 16 8
IC2  74L30 14 7,
IC3  74L20 14 7
IC4 74L04 14 7
IC6 74L04 14 7

Table 1: Power Wiring List
for Figure 1.

Split

Octal

Address Octal Code Label
300/000 046 057 EXTBASIC
300/002 303 014 300

300/005 046 037 BASIC8K
300/007 303 014 300

300/012 046 017 BASIC4K
300/014 056 256 BOOTS
300/016 061 035 300 JKLUGE
300/021 333 006

300/023 017

300/024 330

300/025 333 007

300/027 275

300/030 310

300/031 055

300/032 167

300/033 300

300/034 351

300/635 016 300 KLUGE

Op Operands Commentary

MVI H,057 Point H to extended BASIC load address;
JMP BOOTS Go to bootstrap routine;

MVI H,037 Point H to 8 K BASIC load address;

JMP BOOTS Go to bootstrap routine;

MVI H,017 Point H to 4 K BASIC load address;

MVI L,256 Initialize low order load address;

LXI SP,KLUGE Initialize stack pointer;

IN ACRSTATUS Read the S10 status flags;

RRC Test low order bit in carry flag;

RC Crude trick jumps to JKLUGE if not ready;
IN ACRDATA Read the SIO data value;

cmP L Is A = L [test null condition] ;

RZ Trlckv jump to JKLUGE if not null;

DCR L := L — 1 [point to next byte] ;

MOV M,A @HL := A [store byte in memory]

RNZ if nonzero, take trick jump to JKLUGE;
PCHL go to tape bootstrap routine;

DA JKLUGE define address constant for trick jumps

Most Altair owners tire of handloading
the bootstrap loader for BASIC in a very
short time, even though it is only 20 bytes.
Here is a simple and very effective design for
a 32 byte PROM board that holds the
bootstraps for Altair Extended, 8 K, or 4 K
BASIC (Version 3.2). The normal bootstrap
sequence for the Altair BASIC programs is a
two stage process which is initiated by the
short programs which are usually toggled
into the machine but are found in PROM in
this version of the scheme. The first stage of
the process is what is taken care of by the
bootstrap PROM programming: The first
block on the load tape is a longer bootstrap
program which has a more elaborate loading
facility. In principle, the longer bootstrap
could have been used by MITS; but in
practice, its length (over 150 bytes) makes
hand toggle switch entry impractical.

via return mechanism and ROM stack;

Listing 1: PROM Bootstrap Loader, listed as assembled for the Altair SIO
board. The origin of the program is shown as location 300/000 (split octal
addressing format). A version for a second PROM, starting at location
374/000, can be blown from the same assembly for use with the ACR
interface, as described in the text. To derive the second version, simply
substitute the octal value 314 in place of 300 in the shaded boxes shown in

the listing.
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Jim Kreitner
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Operation

The most general form of the bootstrap is
shown in listing 1, suitable for either SIO or
ACR use. The desired bootstrap is selected
by examining the proper address, setting
switch A14 down, and when the tape leader
byte begins, the Altair is switched to the
RUN mode. The PROM addressing is
selected so that a minimum of switch chang-
ing is necessary — the schematic is for an
Altair which uses a 2SI0 board for the
interface to the system’s terminal. Since
Altair BASIC requires that sense switch A15
is raised when loading BASIC from an Altair
ACR cassette tape interface, and that A11 is
raised for a 2S10 terminal, and A10 is raised
for one stop bit, all that is necessary after
power up and reset is to examine split octal
location 314/0XX (where XX indicates the
version of BASIC being used) and to set A14
down. The tape is then ready to load. If you
are using an SIO interface for your terminal,
then A11 and A10 should be inverted before
they go to the 74L30. The address of the
bootstrap loader will then be split octal
300/000 instead of 314/000. If you use only
one version of BASIC the bootstrap can be
rewritten with a tape leader detector pre-
ceeding the bootstrap, as shown in listing 2.
This allows you to run the Altair without
waiting for the leader byte to appear. The
leader detector loops until the leader byte is
received, and then jumps to the bootstrap
loader proper.

Circuit Description

The circuit of figure 1 uses only six
integrated circuits including the voltage regu-
lator, and can easily be fabricated with a
prototype board with either point to point
wiring, Vector “Slit 'N Wrap’’ or standard
wirewrap techniques. The 8223 PROM s



obtainable from many sources, and circuits
to program the 8223 have appeared in
previous issues of BYTE. Alternately, an
82523 can be ordered and programmed by
many of the larger electronics distributors
for a greater price. [ Forexample, we at BY TE
have purchased 82523s burned from mark-
sense cards by Hamilton Avnet.] The num-
bers shown on the schematic are the Altair
bus edge connector fingers.

Circuit Limitations

Because the circuit is designed for a
minimum amount of switch flipping, it
limits the memory to 48 K maximum if
addressed at split octal 300/000 and slightly
greater if addressed at 314/000. If you use
more memory than this, you will have to
change the circuit somewhat to obtain a
higher address, avoiding conflicts on the bus,
and change a few address bytes in the
program. It will then be slightly less conve-
nient to use; however, it will remain a vast
improvement over the ‘“‘power up, switch
flipping blues.”’m

Split
Octal
Address

300/000
300/002
300/004
300/007
300/012
300/015
300/017
300/020
300/021
300/023
300/024
300/025
300/026
300/027
300/030
300/031

Octal Code

333
376
302
041
061

333
017
330
333
275
310
055
167
300
351

012

007
256
000 300
256 XXX
031 300
006

007

300

Label Op Operand Commentary
BOOTER INP ACRDATA read potential leader byte;
CPI 256 is it the leader byte?
JIJNZ BOOTER if not then continue looking;
LXI HSTART HL := [starting address value] ;
JKLUGE LXI1 SP,KLUGE initialize stack pointer for kluge jumps;
INP ACRSTATUS read status;
RAR test low order bit in carry flag;
RC if carry then take kluge jump to JKLUGE;
INP ACRDATA A :=data [read input byte] ;
CMP L is A = L [test null condition] ;
RZ if null then take kluge jump to JKLUGE;
DCR L L := L — 1 [point to next byte] ;
MOV M,A @HL := A [store byte in memory] ;
RNZ if not null, then take kluge jump;
PCHL go to tape bootstrap routine;
DA define address constant for trick jumps

via return mechanism and ROM stack;

Note: The value XXX at location 300/011 should be replaced by 057 for Extended
BASIC, 037 for 8 K BASIC, and 017 for 4 K BASIC.

Listing 2: PROM Bootstrap Loader with Leader Detection, customized for a
particular version of BASIC and shown in the form needed for the Altair SIO
board. The origin of the program is shown as location 300/000 (split octal
addressing format). A version for a second PROM, starting at location
374/000, can be blown from the same assembly for use with the ACR
interface as described in the text. To derive this second version, simply
substitute the octal value 314 in place of 300 in the shaded boxes shown in
the listing. This version also requires substitution of a specific load address
constant for extended BASIC (octal 057), 8 K basic (octal 037) or 4 K basic

(octal 017) at location 300/011.

PDBIN
SMEMR [47> +5V
Als B2>—
Al4 2 13
12
AI3

91

BUS TIMING

VALID ADDRESS

X_ X

S MEMR

| R
| PDBIN |

3 4 12
AI2[33> O
Ic5 4 =
Al[BT >O<_:~—VAL|D DATA
5
al0z>
I 2 6
A9 B> — Dc
I 10 2
A8 B> = D‘% +5V BYPASS WITH
.IuF DISCS
a7 [63 13 ! | ice |z (SEETABLE) Im
A6 [B2
: 5{>L"J‘>c i T W R T
A5 25> <02 - GND [55> . i
e 74L04's
ROM
WITH BOOTSTRAP
N
15 [ 8712 > 07
14 T
A4 B> A4 B6 £3> os
13 6
A3 3> A3 B5 D5
A2 [8l 21p2 Ba |2 {sr> o4 > TO ALTAIR
" a DATA IN BUS
Al [63> Al B3 —{a2> b3
A0 [73 91 n0 B2 2 {a> o2
ICl 81 |2 {83> o1
8223 ]
BO —{95> po
J

Figure 1: Schematic of the Altair Bus PROM Interface. One such interface is
required for each PROM in principle; however, some of the decoding in the
gates and inverters can be shared between two or more PROMs at different
addresses.
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Continued from page 16

lished works), and now in January, the
author will have a federal copyright the very
instant his work is put to paper. (Now it has
to be “published” with copyright notice to
get the federal protection.) This will have
deep impact on program proprietors who
think they can protect by trade secret the
software they offer for sales.

Calvin N Mooers
Rockford Research Inc
140% Mount Auburn St
Cambridge MA 02138

IN DEFENSE OF THE RIGHT TO PUN

Enclosed is my renewal for another year
of BYTE. | was very reluctant to renew my
subscription for one particular reason: The
constant punning in the editorial and text
material drives me crazy. It may seem like a
petty complaint, but the puns and computer
analogies completely spoil my enjoyment of
an otherwise fine magazine. | may be the
only reader that feels this way, but if the
punning continues at its current level, |
probably won’t renew my subscription next
year.

Richard Kramer

You should hear the complaints from the
people around the office, at least the puns in
BYTE, such as they are, are limited in
context and subject matter. However, my
observations on the matter of peoples’ re-
actions to puns are that the more they
complain the more they really want ‘em.
Any comments from other loyal defenders
of a sophont’s right to pun?...CH

Deborah Luhrs says, “Give that man a
pun on the back.”

Doerua Zaaly
Daaler Circulation 70 Main St
Peterborough NH 03458
603-924.7217

UNSOLD COPIES OF BYTE

BYTE Publications Inc

100
STORE OF Ny
NY 10018

hnnn

DO NOT DESTROY

Dear Distributor,

1f you have any copies of BYTE left over please do not cut
off the covers and send them 1o us as proof that you did
not sell them. We are completely sold out of nine of the
first twelve issues of BYTE and have thousands of requests
for back issues. If you have any left over which you wish to
return, we shall be glad to credit you for the postage costs
and, of course, give you full credit for the magazines returned
as well. We anticipate the back issue demand to go on for
along time as new people discover BYTE so until informed
otherwise, please either hold the old copies for your own
future sale or return them INTACT to us.

Thank you,

@wm.ZQng_

Deena Zealy

Orpir

ROBEAT  058A¥D

KUDOS

I’'m happy to send along my check for
renewal. | look forward to each issue which
seems better than the last. Please keep the
6800 articles coming. You've already saved
me my renewal check. Again, well done and
keep it up.

Bill Bennett K3TNM

Thanks.
CIE ENTHUSIASM

I was fired with enthusiasm by the idea of
a Community Information Exchange /Octo-
ber 1976 BYTE, page 90/; please publish
letters or articles which would aid such a
project. More immediately, what can | do to
help initiate such a net? | have written to Mr
Wilber and Mr Fylstra to ask the same
question but | believe your magazine could
perform a valuable service by acting as a
clearing house of ideas on this project.

Despite my enthusiasm for the idea of a
CIE, | feel that Messrs Wilber and Fylstra
were unduly hard on computer profes-
sionals. I'm not one, but | read some of the
literature and my impression is that, far
from “have(ing) protected their privileged
position by keeping their knowledge to
themselves,” computer professionals reveal
many more ‘“‘secrets’ in the various journals
than do most professional groups, especially
about software and software theory. Useful
and efficient programs for almost any appli-
cation can be written using the often quite
specific articles and books on programming
which literally abound. Even compilers are
within the scope of the knowledgable ama-
teur with books such as Compiler Design
Theory (Lewis et al) which contains a very
specific  receipe for a simple BASIC
compiler.

It is true that people who earn a living
writing programs have shown a reluctance to
donate their efforts to hobbyists and some
have even been intemperate in their refusal,
but this is scarcely surprising; in my experi-
ence they are willing to share their knowl-
edge and in the long run that is all that a
dedicated hobbyist needs.

E N Svendsen

Apt 1801

11200 Lockwood
Silver Spring MD 20910

HAM, CB CALL SIGN
COORDINATION BY COMPUTER

Well, at last | got my subscription copy of
BYTE. I really enjoy the articles, but a lot of
it is over my head. It seems that quite a few
computer people are also hams. | was first
licensed back in 1955 and currently hold the
call WA6TLJ. But there is no time for
hamming until | get my new 8800b kit put
together and up and running.

| have an idea about a computer applica-
tion that may help out the Citizen Band
operators. How about a computer generated
list of modified nouns that would be issued
by the FCC in place of the awkward present
system of letters and numbers?

The whole idea of using letters and
numbers to identify a voice transmission is
out of date. Back in the 30s when most
communication was done in Morse code the
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use of meaningless alphanumerics was quite
practical. It was quicker.

However, numbers and letters are hard to
use in plain language. To identify the letter
“B” one has to use a phonetic like “Bravo.”
“Charlie” for “C.”" A waste of time.

Just as a programmer finds COBOL easier
to use than a mnemonic assembler, so the
average person would prefer to use a name
instead of a number or letter combination to
identify almost anything. Likewise CBers
prefer the use of an adjective and a noun to
identify one another.

| would suggest the following as modified
noun call sign for stations using only voice
transmission:

K (two-digit number) (adjective) (noun).
Example: K27 DANCING PLUM.

If there are 900 useable adjectives, and if
we can find 1,400 acceptable nouns, then
there would be enough call signs for all the
people who want a personal radio and it
would not be so difficult to identify one
another.

Now we need a computer program to
select a good list of adjectives and nouns and
to spot any bad combinations.

John B. Palmer
POB 27462
Tucson AZ 85726

Now, all you have to do is get this same
message through to the appropriate people
at the FCC and push like crazy.

HELP!!!

| have bought a Raytheon terminal DIDS-
400, model No. 402-2A-M11. Unfortunately
it doesn’t quite work. | am having some
difficulty in finding a schematic. Could you
please help me?

William R Hill Jr
214N 600E #3
Provo UT 84601

Readers with information to help Mr Hill,
Rindly write him.

WHAT ARE SR-52 INTERFACE
DEFINITIONS?

Recently, | have become interested in
personal computers and | am planning on
having my own sometime in the near future
(within 6 months or so). My problem is this:
I also have at this time an SR-52. | would
like to have some information ... | really
can’t see forking out the cash for a TI
printer if | am going to be getting a printer
for a computer. What | would like to know:
Is there anyone who could help me out on
interface requirements? Has anyone done
this type of thing yet? | saw the article on
adding a math function unit in BYTE No. 13
which is a step in the direction | want to go,
but, doesn’t quite meet the idea | have. |
would like for my computer to be able to
operate my SR-52, and my SR-52 to operate
my computer, providing hard copy both
ways, or, on demand from either.

Any ideas you have or could get for me
would certainly be appreciated. Cost is the
biggest factor so far. As a matter of fact, any
information on the SR-52's data contacts



DIGITAL DATA
RECORDERS
USING 3M DATA
CARTRIDGES

BRAND NEW DESIGN

Featuring the radically new “UNIBOARD"” method of construc-
tion for data cartridge drives. The major computer manufacturers
are changing from cassettes to cartridges at a rapid pace because of
freedom from binding and greater data reliability. Now, these
professional type units are priced within the range of all data users.
Being made primarily as OEM data storage units for the world’s
major manufacturers, these units, together with controller board
and s'tl)ftware ROM, are being made available to the individual user
as well.

* Appearance and specifications may be changed slightly following

Model 3M1
$169.95

Model 3M3
$199.95

acceptance tests now being conducted by 0 EM users.

MODEL 3M3 — Uses the 3M Data Cartridge, model DC300. This
cartridge contains 300 feet of .250 tape in a sealed container.
Records and plays at 9600 baud NRZ, 4800 baud P.E. Nominal
speed 8" per second. Max. recommended flux density 1200 fcpi.
Using four tracks, you can store nearly 2 megabytes of data on a
cartridge. Cartridge measures 4" by 6. Turns counter indicates tape
position. Inter-record gap light gives more accurate position.
2SI0(R) is not required for use, but is highly recommended for
8080 and Z80 systems.

COMMON SPECIFICATIONS: FULL SOFTWARE CONTROL of
record, play, fast forward and rewind. LED indicates inter-record
gaps. EOT and BOT are sensed and automatically shut down
recorder. Can also be manually operated using the switches on top
which parallel the software control signals when not under software
control. Signal feedback makes it possible to software search for
inter-record gaps at high speed. 117V — 60 Hz — 5 watts.

TWO 1/0 PORT CONTROLLER WITH ROM — Controls your
terminal and one or two cassettes or cartridge units. On board ROM
(For 8080 and Z80) has terminal and cassette software for turn on
and go operation. NO MORE BOOTSTRAPPING. Plug in compat-
ible with Altair and IMSAI. Loads and Dumps memory in Hex from
the keyboard, formats tape files, punches tape, functions as a word
processor and searches for files and four letter strings within files.
Keyboard controls the cartridge units above on rewind and fast
forward. Special keyboard codes enable you to dump and read
Phase Encoded tapes as well as NRZ tapes. (Including K.C. Std.)
Call routines give access to these from your software.

MODEL 2SI0(R) —With 1 ROM for NRZ Cassettes $169.95
(Assembled & Tested) (Half of above Program)
With 2 ROM's for Data Cartridges and
P.E. cassettes. $189.95 (Full Program)

Kits available for $30 off above prices.

OVERSEAS: EXPORT VERSION — 220 V — 50 Hz. Write Factory
or — Datameg, 8011 Putzbrunn, Munchen, Germany; Nippon
Automation 5-16-7 Shiba, Minato-Ku, Tokyo; EBASA, Enrique
Barges, 17 Barcelona, Spain; Hobby Data, SpireaVagen 5, Malmo,
Sweden; G.Ashbee, 172 Ifield Road, London SW 10-9AG.

MODEL 3M1 — Uses the 3M Data Cartridge type DC100A. This
cartridge contains 150 feet of .150 tape and is the same cartridge
used by H.P. and others. Runs at 4800 baud NRZ, 2400 baud P.E.
Tape speed adjustable, but nominally set at 5"'/second. Maximum
recommended flux density 1200 fcpi. Cartridge measures 2-1/8'* by
3-1/4". This model is ultra compact, y