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Your computer system needn’t cost a fortune.

Some computer kits include little more than a mother board and
a front panel, and you pay extra for everything else you need to-
make an operating computer.

SWTPC doesn't do it that way, so you can get your Southwest
Technical 6800 Computer up and running at a bargain cost
compared with most other systems. It-comes complete at $395
with features that cost you extra with many other systems.

The Extras You Get

These extras include 4K of random-access memory, a
mini-operating system in read-only memory, and a serial control
interface. They give you 1) a considerable amount of working
memory for your programs, 2) capability through the mini-
operating system to simply turn on power and enter programs
without having to first load in a bootstrap loader, and 3) an
interface for connecting a terminal and beginning to talk with
your computer immediately.

Low-Cost Add-Ons

Now that you have a working computer, you'll probably want
to add at least two features soon, more memory and interfaces
for needed accessory equipment. Memory for our 6800 is
another bargain. You can get 4K memory boards for just $100
and 8K boards for only $250.

Our interfaces cost little compared with many other systems.

Enclosed is:
$995 for the Dual Minifloppy
$325 for the CT-64 Terminal
%175 for the CT-VM Monitor
$395 for the 4K 6800 Computer

Name _

Or BAC #
OrMC #

Address
City _ —— _ State

$250 for the PR-40 Line Printer
$79.50 for AC-30 Cassette Inferface

For just $35 you can add either a serial or parallel interface
board. (And you won't have to buy several interfaces on a costly
board to get just the one you want.)

Peripheral Bargains

Your computer is no good without at least a terminal for
entering data and viewing computer output, and you will
probably want a good method of storing programs and data.

We oifer you a line of high-quality peripherals at low prices.
(You can prove this by just comparing prices.)

Buy our CT-64 Video Terminal for only $325 and our CT-VM
Monitor with matching cover for $175. Our MF-68 Dual
Minifloppy costs just $995, complete with Disk BASIC and a
disk operating system. For cassette storage our AC-30
Cassette Interface gives simple control for one or two cassette
recorders.

You can get inexpensive hard copy with our PR-40 Al-
phanumeric Line Printer.

We back up the 6800 system with low-cost software,
including 4K and 8K BASIC.

Compare the value you get with our computer and peripher-
als before you buy. We think you'll find that SWTPC gives you
more for your money in every way.

Bty .
= Southwest Technical
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Exo. Dat ] Products Corp.

EXD Da e | 219 w. Rhapsody. San Antonio, Texas 78216

xRabate 1 London: Southwest Technical Products Co.. Ltd
I Tokyo: Southwest Technical Products Corp./Japan
l
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The easy way to get disk storage,
FORTRAN IV, and other programming power

Control up to
four 8” drives

Function
switches

Here's a new disk controller and
disk drive combination that will set
you up for truly powerful disk storage.

The new controller is extremely
versatile. You can use it with either
our new 5” single disk drive or our
8” dual disk drive. In fact, the con-
troller will interface up to three 5” or
four 8” drives.

That means you can have enor-
mous disk storage since the new con-
troller puts 92 kilobytes on each side
of a 5” diskette and 256 kilobytes on
an 8” diskette. Recording is in soft-
sectored |IBM format.

FORTRAN IV AND MORE

You can get still more Cromemco
disk operation aids. For example, we
also offer FORTRAN |V for our com-
puter users.

And as in so many things, we are
the first manufacturer in the field to
offer this advanced program for the
Z-80 nP.

Besides FORTRAN IV we also offer
our special BASIC (14-digit precision),
our Z-80 Assembler, and now an en-
tertainment diskette with over a doz-
en of our Dazzler® games.

KEYBOARD CONTROL

The new Model 4FDC disk con-
trolter (supplied in our Z-2D) is for
our Z-2 computer or any S-100 bus
computer using our Z-80 CPU card.

You should also know about these
other capabilities of the new con-
troller:
® |ts PROM-resident Disk Operating

System (RDOS) gives you key-

Circle 34 on inquiry card.

Control up to
three 5” drives

Cantn sinIv 0

capimant 1917

|

Dual 8”
disk drive

Single 5”
disk drive

board control of your disk drive
and also includes a bootstrap to
load our powerful CDOS disk
operating system supplied on all
Cromemco diskettes.

¢ The controller will interface your
CRT terminal through its RS-232
serial port. May save you an 1/0O.

e It has 5 programmable interval
timers.

e It has vectored interrupts.

¢ And it has an 8-bit parallel input
port and an 8-bit parallel output
port.

LOOK TO THE FUTURE

This new disk controller equips
you for the future as well as for now.
Not only can you now have very
large storage, but the features of the
controller and the standard IBM for-
mat protect you from early obso-
lescence.

Cromemco 4F7™ 7

CRT terminal
interface

cani SINvL 8
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i
ii LSI circuitry
1 kilobyte
PROM

STORES/FACTORY

This new card and the disk drives
are in production and available.

So contact your computer store
or the factory today and you can have
the power of FORTRAN IV and a
large memory right away.

PRICES

Model 4FDC-K Disk Controller kit...........$ 395
Model 4FDC-W Disk Controller assembled ...$ 595
Model WFD 5” single disk drive assembled ..$ 495
Model PFD-K 8” dual disk drive kit ......... $1995
Model PFD-W 8" dual disk drive assembled . .$2495

Disk drives are complete with

power supply, case and cables.

SOFTWARE
Purchasers of Cromemco computers
or drives may purchase software on 5”
or8” diskettes as follows;

sll all
Diskette Diskette
Model Model Price
FORTRAN tV FDF-S  FDF-L  $95
Z-80 Assembler FDA-S FDA-L $95
16K BASIC FDB-S FDB-L $95

Dazzler® games FDG-S FDG-L  $95

i n ¢ o r p o r a t e d
Specialists in compuiers and peripherals
2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 ¢ (415) 964-7400
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You can now have the industry’s
finest microcomputer
with that all-important

disk drive

YOU CAN GET THAT
ALL-IMPORTANT SOFTWARE,

TOO

Loading your programs and files
will take you only a few seconds with
the new Cromemco Z-2D computer.

You can load fast because the
Z-2D comes equipped with a 5”
floppy disk drive and controller. Each
diskette will store up to 92 kilobytes.

Diskettes will also store your pro-
grams inexpensively—much more so
than with ROMs. And ever so much
more conveniently than with cas-
settes or paper tape.

The Z-2D itself is our fast, rugged,
professional-grade Z-2 computer
equipped with disk drive and con-
troller. You can get the Z-2D with
either single or dual drives (dual
shown in photo).

CROMEMCO HAS THE
SOFTWARE

You can rely on this: Cromemco
is committed to supplying quality
software support.

For example, here's what's now
available for our Z-2D users:
CROMEMCO FORTRAN IV COM-
PILER: a weli-developed and power-
ful FORTRAN that's ideal for scien-
tific use. Produces optimized, relo-
catable Z-80 object code.
CROMEMCO 16K DISK BASIC: a
powerful pre-compiling interpreter
with 14-digit precision and powerful
I/0 handling capabilities. Particularly
suited to business applications.
CROMEMCO Z-80 ASSEMBLER: a
macro-assembler that produces relo-
catable object code. Uses standard
Z-80 mnemonics.

The professional-
grade microcomputer
for professionals

ADVANCED CONTROLLER CARD

The new Z-2D is a professional
system that gives you professional
performance.

In the Z-2D you get our well-
known 4-MHz CPU card, the proven
Z-2 chassis with 21-slot motherboard
and 30-amp power supply that can
handle 21 cards and dual floppy
drives with ease.

Then there’s our new disk con-
troller card with special features:

® Capability to handle up to 4

disk drives

® A disk bootstrap Monitor in a

1K 2708 PROM

® An RS-232 serial interface for

interfacing your CRT terminal
or teletype

® | S| disk controller circuitry

Z-2 USERS:
Your Z-2 was designed with the future
in mind, It can be easily retrofitted
with everything needed to convert to
a Z-2D. Only $935 kit; or $1135 for
assembled retrofit package.

Cromemco

Specialists in computers and peripherals
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2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 ¢ (415) 964-7400

Shown with optional .
bench cabinet

We're able to put all of this in-
cluding a UART for the CRT interface
on just one card because we’ve taken
the forward step of using LSI con-
troller circuitry.

STORE/FACTORY

Contact your computer store or
Cromemco factory now about the
Z-2D. It's a real workhorse that you
can put to professional or OEM use
now.
Kit: Z-2D with 1 disk drive

{Model Z2D-K) .............. $1495.
Assembled: Z-2D fully assembled

and tested (Model Z2D-W). .. .$2095.

Additional disk drive
(Mode! Z2D-FDD) ............ $495.

SOFTWARE
{On standard 1BM-format
soft-sectored mini diskettes)
16K BASIC (Model FDB-S)......... $95
FORTRAN IV (Model FDF-S). . ... ... $95
Z-80 Assembler (Model FDA-S)....$95

Circle 34 on inquiry card.
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This month’s cover is based on Kurt
) Schmucker and Robert M Tarr's
article, The Computers Of Star Trek
(page 12). It is an appropriate topic
for computer people, many of whom
are science fiction aficionados,
Trekkies, and users of the Force. The
theme, interpreted by artist Robert
Tinney, is: What would happen if the
crew of the Enterprise visited a holo-
graphic museum of ancient technology
that had an exhibit devoted to per-
sonal computing, circa 1977? Robert
used Willard Nico and his 8080 based
computer system with dual floppy
disk, video terminal and DECwriter as
models for the diorama. The cassette
recorder, made obsolete by the disk
drives, is shown unused.

The floppy disk can give your
computer the extra storage power
needed for many applications such as
advanced music and voice synthesis,
artificial intelligence and robotics.
Find out more about the ubiquitous
floppy in Ira Rampil's A Floppy Disk
Tutorial.

Microprocessor  operation code
structure is sometimes incompletely
documented, as is demonstrated in
two articles: Gerry Wheeler's commen-
tary on Undocumented M6800 In-
structions and H T Gordon's commen-
tary on The XF and X7 Instructions of
the MOS Technology 6502. The
effects of the undocumented op codes
are interesting, even if you don’t want
to use them as part of normal coding
practices.

In a neat combination of tutorial
and practical information, Bill Struve’s
article A $19 Music Interface (and
Some Music Theory for Computer
Nuts) provides a way to generate
square wave musical tones for four
channels as a result of an investigation
of the theory of harmony.

Transform your computer into a
powerful 8 channel 3% digit voltmeter.
Steve Ciarcia shows you how in the
latest installment of Ciarcia's Circuit
Cellar. Let a BASIC program do all
your calculations and get results that
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compare favorably with expensive
digital voltmeters. Read On a Test
Equipment Diet? Try an 8 Channel
DVM Cocktail!

Once upon a time, Jack and the
Machine Talked; now Jack and his
friendly 6800 have moved onto better
things like debugging the programs
issued by the assembler described in an
earlier article. Turn to Jack and the
Machine Debug by Grappel and
Hemenway for a humorous (but
tutorial) account of the development
of a program called Tracer 6800 which
uses software breakpoint techniques to
provide an instruction by instruction
machine code execution trace on a
terminal or hard copy device.

In This BUTE

To write well conceived programs
easily, you have to design them in a
disciplined and structured fashion.
David A Higgins begins describing one
useful method in the article on Struc-
tured Programming with Warnier-Orr
Diagrams, Part 1: Design Methodo-
logy.

As a second installment in a series
of articles, Stephen P Smith turns to
the problems of motion in which
effects of the motion's current state
feed back into the model. Turn to
Simulation of Motion: An Automobile
Suspension for a more detailed model
which features damping (shock absor-
bers) and bounce (springs) in response
to external conditions (bumps in a
road).

The use of interrupts allows you to
keep track of several devices at the
same time. If you are not familiar with
the use of interrupts read Robert Wier’s
article, A Little Bit on Interrupts.

Constructing and interfacing a Poly-
Morphics Video Interface is described
by Wayne Wenzlaff. Wayne describes
his experiences with his video interface
and how he modified a television set
for use as a monitor in Using the Poly-
Morphics Video Interface.

Multiprogramming allows your
computer to seemingly perform several
tasks at the same time. It can save pro-
cessor time by always having a pro-
gram executing while another pro-
gram waits for some type of input.
Prof Irwin Lahasky’s article, Multipro-
gramming Simplified, explains the
basics of multiprogramming.

Many experimenters, including the
editors of this magazine, have dis-
covered the real advantages of pur-
chasing used but eminently usable
gear. Sol Libes gives valuable pointers
to frugal hackers in Where to Get
Bargains in Used Computer Equip-
ment.

As personal computer users acquire
more and more memory for their
processors, thoughts can be turned to
more powerful languages for the ex-
pression of programs. Gary McGath
feels that small computer users should
have nonnumeric, symbolic data
manipulation abilities in their lang-
usages. In A Look at LISP, Gary de-
scribes one of the candidates for such
symbolic manipulations in the small
computer.

Relative addressing allows jumps
within a program to be made indepen-
dent of the location of the program
in memory address space. But what
about such position independent
code in processors like the 8080 which
have no relative branch addressing?
Read James P Gaskell’s Relative Ad-
dressing for the 8080 and learn how to
simulate this feature for the 8080.

Handshaking is the process of coor-
dinating two asynchronous processes,
such as serial communication opera-
tions and a program. In a short article,
Thomas McGahee shows how to Save
Software: Use a UART for Serial 10.

What do you do if you're an ocean-
ographer and want a microprocessor
to help collect data at the bottom of
the sea for eight weeks? One solution
is to use a watertight titanium sphere
and a battery powered processor.
Henry Lahore shows how he did it
in A User’s Report on Intercept Jr.



Meet The North Star Family

THE NORTH STAR S-100 FAMILY—four high perform-
ance products at attractive low prices. Our boards are
designed for use in the North Star HORIZON computer
and other S-100 bus computers using 8080 or Z80 proces-
sors. Visit your computer store for a demonstration, or
write for our free color catalog.

16K RAM BOARD

No other $S-100 bus memory can match the performance
of the North Star 16K RAM at any price. This low-power
board has been designed to work at full speed (no wait
states), even at 4MHz with both Z80 and 8080 systems.
Memory refresh is invisible to the processor, bank switch-
ing is provided and addressability is switch selectable in
two 8K sections. Best of all, a parity check option is avail-
able. Kit: $399. Assembled: $459. Parity Option — Kkit:
$39. Assembled: $59.

MICRO DISK SYSTEM

The North Star MDS is a complete floppy disk system with
all hardware and software needed to add floppy disk
memory and a powerful disk BASIC to S-100 bus com-
puters. The North Star MDS is widely considered one of
the best designed and most complete S-100 bus products

NoRrTH ST1TAaR

available. The MDS includes the S-100 interface board
with on-board PROM for system startup, Shugart mini-
floppy disk drive, cabling and connectors, and DOS and
BASIC software on diskette. Kit: $699. Assembled: $799.
Additional drive — Kit: $400. Assembled: $450. Single
Drive Cabinet: $39. Optional Power Supply: $39.

Z80A PROCESSOR BOARD

The North Star ZPB brings the full speed, 4MHz Z80A
microprocessor to the $-100 bus. Execution is more than
twice the speed of an 8080, and the ZPB operates in sys-
tems both with and without front panels. The ZPB in-
cludes vectored interrupts, auto-jump startup, and space
for 1K of on-board EPROM. Kit: $199. Assembled: $259.
EPROM Option — kit: $49. Assembled: $69.

HARDWARE FLOATING POINT BOARD

If you do number crunching, then this board is for you.
The FPB performs high-speed floating point add, subtract,
multiply and divide with selectable precision up to 14
decimal digits. Arithmetic is up to 50 times faster than
8080 software, and BASIC programs can execute up to
10 times faster. A version of North Star BASIC is included.
Kit: $259. Assembled: $359. Prices subject to change.

CoMPUTERS

2547 Ninth Street - Berkeley, California 94710 « (415) 549-0858

Circle 83 on inquiry card.
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Is PASCAL

tditorisl

the Next
BASIC?

BYTE December 1977

By Carl Helmers

One of the most interesting phenomena
in the academic world of computer science
of late is the language PASCAL. This lang-
uage is the subject of much intense activity,
and is rapidly gaining acceptance as the lang-
uage of choice for training and illustration
of computer concepts to new students of
the field. Characteristic of this phenomenon
is the existence of on the order of 100
different implementations of the language
for various computers and a very active
“PASCAL User's Group.”

PASCAL began in the late 1960s as a
tutorial experiment of Professor Niklaus
Wirth: a method of teaching the concepts
of programming in a systematic fashion
using a consistent and highly structured
program representation. Historically,
PASCAL has antecedents in the ALGOL
language but with the addition of con-
cepts such as record and file structures
which were missing in ALGOL's definition.
The following passage by Professor Wirth
gives the essence of PASCAL’s purposes. . .

The development of the language
PASCAL is based on two principal aims.
The first is to make available a language
suitable to teach programming as a system-
atic discipline based on certain fundamental
concepts clearly and naturally reflected by
the language. The second is to develop
implementations of this language which are
both reliable and efficient on presently
available computers.

The desire for a new language for the
purpose of teaching programming is due to
my dissatisfaction with the presently used
major languages whose features and con-
structs too often cannot be explained logi-
cally and convincingly and which too often
defy systematic reasoning. Along with this
dissatisfaction goes my conviction that the
language in which the student is taught to
express his ideas profoundly influences his
habits of thought and invention, and that
the disorder governing these languages
directly imposes itself into the program-
ming style of the students.

There is of course plenty of reason to be
cautious with the introduction of yet
another programming language, and the
objection against teaching programming
in a language which is not widely used and
accepted has undoubtedly some justifi-
cation, at least based on short term com-
mercial reasoning. However, the choice of a
language for teaching based on its wide-

spread acceptance and availability, together
with the fact that the language most widely
taught is thereafter going to be the one
most widely used, forms the safest recipe for
stagnation in a subject of such profound
pedagogical influence. | consider it therefore
well worthwhile to make an effort to break
this vicious circle. [Quoted from the second
edition of the PASCAL User Manual and
Report, by Kathleen Jensen and Niklaus
Wirth, Springer Verlag, New York, 1974,
page 133.]

Since the time of PASCAL'’s creation by
Professor Wirth, the language has become
widespread, primarily because his tutorial
purposes also happen to coincide with what
one might want in a systems and appli-
cations programming language used in
software development. In fact acceptance
has been sufficiently widespread that there
now exist implementations for some of the
more common microprocessors in the
personal computing field (using the PASCAL
User's Group Newsletter as a source for
this information in a listing of implemen-
tations in issue #8 recently published). What
are the ramifications of PASCAL as it might
affect personal computing users?

At the present time, outside of low level
assemblers, the personal computing field is
dominated by one language, BASIC. It is the
high level language of choice for users of the
equipment and for manufacturers who sell
to the users of the equipment. Any at-
tempted personal computing system design
these days must come up to the standards
of a reasonable BASIC (such as the Micro-
soft BASIC used by MITS, OSI, Commodore
and others) or it will be at a relative dis-
advantage in the marketplace. This domi-
nance of BASIC as a language is a fact of life
in this field. A decade and a half of language
design evolution has occurred since BASIC
first came on the scene, yet it still dominates
at the user level. Why?

In a casual enumeration mode, | can list
several fairly obvious and interrelated
reasons why this has become the case; out
of these reasons will come a similar scenario
for development of PASCAL as a future
option for personal computers.

® Everybody knows BASIC.

® BASIC has a manufacturer indepen-
dent standard definition.

® Lots of implementations of BASIC are
available.

® Much personal use applications soft-
ware already exists in BASIC.

® BASIC is friendly.



corporation

64K for $1495

The most cost effective
products for your
microcomputer.

RM64
64K bytes

THE EXTENSYS
RM64 MEMORY BOARD
provides the most cost
effective system memory
found in the industry. h
The RM64 provides this because
of our low cost per byte when
compared to our competition plus the increased reliability of a
single board over multiple boards containing less memory. The
board is S-100 bus compatible making it usable in over a dozen
different microcomputer systems including ALTAIR and IMSAL.
The RM64 is available in four configurations: 16K, 32K, 48K, or
64K bytes of memory all on ONE board. The board is completely
assembled, checked out and burned in for over 100 hours prior
to shipment. This complete testing procedure allows Extensys
to provide a one year warranty on parts, labor and materials
(assuming no misuse of the board occurs).

On board hardware is provided for:

individual memory bank address selection in 8K byte

increments;

Complete dynamic refresh logic without loss of processing
efficiency while programs are running;

Board select logic which allows more than one 64K byte board
per system;

$-100 bus compatibility including on-board voltage regulator;

Memory overlap which allows memory sharing the same address
space to coexist in the same system;

Write protection in 16K
blocks; and

Fully socketed for 64K
allowing 16K, 32K, and 48K
versions to be upgraded at

a later date.

Delivery of the RM64 is 15 to 30 Days upon
receipt of order. Prices for the RM64 include shipping and handling
prepaid in the continental United States.

Extensys Corporation is also announcing several other new,
highly cost effective products. The FOS100 Fioppy Disk System
is based upon the Extensys File 1/O Board and incorporates
either one or two dual PerSci Model 277 fioppy disk drives. The
FOS100 System also includes the Extensys Multiprocessor
Operating System, EMOS. EMOS provided many large system
capabilities, such as multi-processor, multi-user operation and
individual file privacy based on user supplied passwords. The
MM16 Memory Manager interfaces to RM64 memory boards to
create a megabyte or more of memory and adds full DMA
capability to the FOS100 Floppy Disk System.

Circle 52 on inquiry card.

Extensys Fully Assembled and Tested Prices

RM64-16  $ 595  FOS100-2 $2880 LI
RM64-32 $ 895 FOS100-4 $4680 J80 Berierde Aventle
RM64-48 $1195 Mountain View, CA
RM64-64 $1495 MM16 $ 295 !

94040

16K Upgrade $ 375 (415) 969-6100
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At a superficial level, these reasons are
part of a self-sustaining loop of circular
reasoning: Since BASIC is friendly, every-
body wants to know BASIC; since so many
people learn BASIC, there tend to be lots
of implementations. Much software for
applications has been written in BASIC.
Since a manufacturer independent standard
for BASIC exists, conversion of programs
from one machine to another is simplified,
thus making widely available software useful
to people, and so on . . . ad infinitum. . .
This is Professor Wirth's “vicious circle.”

Like many similar conventions, BASIC
has been bootstrapped into the public
awareness over time, and has acquired a
certain inertia of its own that will keep it
going for vyears in the same way that
FORTRAN seems to live forever. Let's
examine the reasons in this list, and in so
doing compare BASIC to PASCAL, a lang-
uage which is quite possibly in an earlier
stage of a similar bootstrap cycle and may
indeed become a much demanded “language
of choice” for the user community. Vicious
circles can have positive aspects: it all
depends on which circle one has established.
A contention | make is that the same sort
of “vicious circle” ‘can be, and indeed is
being established for the language PASCAL.

Everybody Knows BASIC.

BASIC historically was introduced at a
time when ‘“big” computers dominated the
field, and there was a need to partition the
activities of such computers into small
individually oriented packages for purposes
of making the ‘“big” computer available
to many people. This partitioning succeeded
admirably: when professor X {or Y or Z)
wanted to make real exercises in program-
ming available to students, BASIC was
frequently employed, due to its availability
and interactive simplicity. Like any tech-
nology, BASIC did not start out in an
“everybody knows' state, but it got that
way through its early availability and no
small push from pedagogues of computer
science.

Today, the teachers of programming are
tending to push PASCAL as the language of
choice for teaching ‘“‘good” programming
concepts. The PASCAL User's Group is
evidence of the number of academic people
who support the ideas of Professor Wirth to
the extent of implementing their own local
PASCAL systems for educational purposes.
(This is typically done using a number of
techniques of machine independence con-
ceived by early implementors of PASCAL
for purposes of spreading its implemen-
tations.) One result of this availability is that

PASCAL is becoming the tool of teaching
programming concepts which Professor
Wirth envisioned . . . and the beginnings of
the ‘“‘everybody knows” state for PASCAL
are already evident.

BASIC Has a Manufacturer Independent
Standard Definition.

This comment is nominally true of
BASIC. Work is indeed in progress on an
ANSI standard for BASIC, and there is
of course the original Dartmouth College
definition of BASIC. The fact that people
are trying to define a standard form of

-BASIC, however, is a result of the fact

that the implementations of BASIC have
been somewhat subject to variations. In
the personal computing world, there are
numerous differences at a detail level
between language extensions of various
BASIC interpreters, some as basic as the
variations in string and array handling
in various forms of minicomputer BASIC.

BASIC language implementors are no
different from implementors of a number
of languages, often succumbing to the
“wouldn’t it be neat if" syndrome and
throwing in features not part of the original
definitions of the language. The hitch with
such featurism is that if anyone uses the
features, the programs written with the
feature may no longer be portable.

Of course PASCAL would be no more
immune to featurism on the part of imple-
mentors; at least that would be an obvious
contention since there is no fundamental
difference between people who implement
BASIC and people who implement PASCAL.
But before making such a statement, an
examination for the motives of implemen-
tation featurism should be made. BASIC
in its original definition is a very limited
and parochial language, one which represents
a -viewpoint of quick implementation of
programs with limited [O formatting,
standard floating point operations, and no
intent to service large or complicated
applications. Thus, many of the “feature”
temptations presented to BASIC imple-
mentors are a result of attempts to correct
the deficiencies of BASIC by adding omitted
items (for example, strings, implemented
differently in various BASIC interpreters).

PASCAL, on the other hand, by having
a definition which is more general in scope
than BASIC (although by no means compli-
cated to use in simple problems) helps cut
down these ‘‘feature” temptations on the
part of its implementors. One basic example
of this slightly more general definition is
in PASCAL’s inclusion of extensible data

Continued on page 184



MB3 2K/4X EPROM Board

Kit lass EPROM $ 64.95
Kit with 8-1702A (1 us] 104.95
Kit with 16-1702A {1 us) 144.85

MB4 4K Memory Board
Kit with 4K 450 ns 100 mw RAM 3$109.95
Bare PC. Board 29.95

MBE 8K Momory Board
Kit.with BK 450 ns 100 mw RAM  $199.95
Bare RC. Board 29.95

MB7 16K Momory Board
Kit with 4K RAM  $187.85
Kit with BK RAM 295.00
Kit with 16K RAM  525.00
Bare PC. Board 29.95
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Kitless EPROM S 84.95 .

. When you're thinking about expansion
ri:a]::slﬁl;::sM/MsM;;nsw look to the Solid.State Music "blue
boards:" You'll find quality and user versa-

tility built into every one allowing you to ex-
pand your system in whatever direction you
choose . . . and, we've been doing it for years.

102 Input/Output, PROM and

Unlversal Board Right from the start we design our boards with our

SheRC Bowa 2098 customers in mind. Extra features are added that will

e aid in expansion, not hinder program design and devel-
£ opment. All first class parts are used and they're checked
y VB1 Vidao Intortace Board to make sure you have years of trouble free operation. Plus,
- every kit comes complete with assembly instructions and user

information to make assembly a snap and operation a pleasure.

Talk to your dealer today to get more facts about the "blue boards”

or write direct. Compare prices, quality and features. You'll find out

$B1 Muslc Synthoslzar Board why more and more people are using Solid State Music “"blue boards”
KIt with paper lape of MUS-X1 $199.95 fOr their 8‘1 00 bus eXpanSiOn.

SPECIAL BONUS OFFER
An 8080 Monitor for
1/2 price!!!

104 2-Paraliel nnd 2-Serial

input/Oulput Board, o o5 If you buy any of the Solid State Music

kits or assembled boards you'll receive

Assombled boards also avallavie a SSM8080 Monitor complete with ei-
asfloly Maheriprices ther eight 1702's or two 2708's and over

50 pages of software information. A
$49.95retail value. . . just $25.00. Hurry!

ouoercom

Solid State Music
2102A Walsh Avenue
Santa Clara, CA 95050

BIfE|g 105 Bp Ry Earch (408) 246-2707 We're the blue boards
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DON'T KNOCK
HOMEBREW

| just happened on Edgar Cohen’s
letter titled “Homebrew’* (August 1977,
page 12). He feels as | do, that we as
readers should be looking at more
homebrew computer articles in BYTE.
My motive for writing was spurred by
your follow-up comments.

We in amateur radio have been home-
brewing it for years, even before com-
mercial equipment was available. And
much of the present day homebrewing
is for economic reasons. At age 13, |
wouldn’t have had my own amateur
radio station had it not been for home
built equipment, much of it coming
from construction articles in publica-
tions like BYTE. This same rule applies
to test equipment I’ve built (frequency
counter) and { think it applies to com-
puters as well.

As a matter of fact, the only reason
| don’t have a computer yet is because
practically everything on the market is
out of my price range. To top if off,
there are very few good surplus buys
available, another way we in amateur
radio get by cheaply.

| think you are wrong about the time
invested in homebrew equipment. | and
many other readers would gladly invest
the time, if only the technology were
there to give us a shove in the right
direction. Certainly, the parts aren’t ex-
pensive at all and much can be saved by
wire wrapping instead of using ready to
go printed circuit boards made up and
sold by someone eise.

Gary L Montgomery
WB3GBQ
Rockville MD

In reply, let me reiterate the fact that
| am a confirmed homebrewer, always
trying to get the best system by my own
viewpoints on the subject of design. But
perhaps the reason | don’t view the
method as cost effective is the remem-
brance of money spent to get one of the
first Motorola 6800 chips ($360 for an
XC6800 in early 1975) and similar
purchase of 4 K static memory chips
ahead of later price reductions. |'ve
built a system with close to 800 TTL
and MOS integrated circuits in the main
processor modules, a system which,
much to my homebrew surprise, works
quite reliably. So I can certainly attest to
the effectiveness of the approach. . .CH
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ANOTHER VIEW OF TECHNOLOGY'S
USEFULNESS

| am writing to BYTE in response to
previous letters by Robert Garner (Ask
BYTE, May 1977) and Nelson Ingersoll
(Letters, September 1977) about the
moral future and purpose of the com-
puter.

In response to Mr Garner’s letter, the
real hazard that results from computers
being “plugged into applications right
and left’ arises not from intangible and
poorly defined moral abuses that might
result from their introduction, but rather
from the standpoint of cost effective-
ness. Computers are being considered for
such purposes as maintaining home food
recipe files and keeping track of food
inventory, where it is much simpler and
cheaper to perform these tasks the old-

fashioned way. | agree with Mr Garner’

that computers could be misused, but
he seems to promote the same general
hysteria that is currently plaguing the
new science of genetic engineering. True,
along with every new technological
development comes a host of possibi-
lities of misuse, but surely these can be
minimized so that we could reap the
maximum benefits from it? Sanctimo-
nious morality does nothing but help
the public to concentrate solely on the
deficiencies of a technological develop-
ment and destroy it before it has had a
chance to prove itself.

Mr Ingersoll’s problem seems to lie
in the fact that he sees the computer as
a device that will replace all of our
duties as human beings and turn us into
nonthinking, passive entities. | primarily
see the computer as a tool, as a device
that will aid man and not replace him.
The “‘automation of physical and mental
drudgery” does not relieve man of any
responsibility to be productive and to
think, but rather it frees him from
simpler tasks (drudgery) in order to be
the most creative and achieve the
greatest self-satisfaction; man is only
utifizing the feature that distinguishes
him from the rest of the animal king-
dom; in this instance, a decided advan-
tage. | argue that performing simple and
thoughtless tasks is drudgery. The “box”’
analogy is poor in that it presupposes
it took no effort to design, build, and
program the computer and robot to
make the box. What Mr Ingersoll over-
looks is that to accomplish this the man

Continued on page 19
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RHODE ISLAND

Cranston Jabbour Electronics City
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Memphis Sere-Rose & Spencer Electronics

Oak Ridge Computer Denn
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Announcmg

One-Stop Component Center

*Over 200 quality items in-

cluding integrated circuits,
resistors, diodes, transis-
tors, capacitors, connect-
ors, switches, sockets,
LEDs and Data Books
covering all JIM-PAK®
items.

» Immediate delivery on all
orders

=Store display racks avail-
able

#»Stock rotation and return
policy

*Direct mail program avail-
able from list of active
electronic buyers indealers’
area.

=National advertising cam-
paign in leading electronics
magazines to include list
of qualifying dealers

=»Nationally known manu-
facturers’ products at prices
every dealer can afford

»Guaranteed products

»Standard  industry part
numbers

A component line of proven
sellers developed for the
independent dealer. 1deal for
computer shops, school
stores, electronic dealers,
hobby shops, orany location
where there is a potential
market for electronic sales.

A product line which sup-
plies most of your needs
from one distributor with a
reputation for fast and
efficient service. Attractive
and compact display racks
make initial installation of
the JIM-PAK® line easy.

Your customers deserve the
best. Now you can profitably
retail name brand compon-
ents at competitive prices.
Be the first in your area to
announce and sell the JIM-
PAK® line. Write or call
today.

--_a=® FOR MORE INFORMATION AND PRICING SCHEDULE CONTACT:
J , a division of James Electronics, 1021 Howard Avenue, San Carlos, California 94070, (415) 592-8097

Circle 67 on inquiry card.
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The Computers of Star Trek

Introduction

The world of Star Trek represents many
things to many people. To the majority it is
an escape into a time when man is once
again challenged by the vastness of his
known universe and can assume the now
lost role of the explorer of unknown ter-
ritories with their inherent, but also un-
known, dangers. To others it is the tale of
man’s final triumph over his own inhuman-
ity; a world where race (human, humanoid
or other), color and background are not
points of contention and disunity, but are
rather different reference points from
which the society can grow together in
peace. In this case “infinite diversity in
infinite combinations’ yields a whole which
is greater than the sum of its parts. To yet
others it is a time when science and the
mysteries of nature are more clearly under-
stood, an understanding which brings forth
a technology beyond one's wildest
imagination.



Whatever view one takes of the Star Trek
phenomenon, one can ask how closely our
present culture approaches that ideal, be it
in the area of science, human understanding,
or man's view of himself in his world. This
essay will try to measure one such gap
between our own world and that of Star
Trek: the state of computer technology.

Star Trek, with its fantastic starship the
Enterprise, presents a level of computer
science and computer engineering predicted
by many science fiction writers.!»2:3:4,5
Problems like voice 10, automatic program-
ming in a natural language and computer
analysis of complex, ill-defined problems
are handled routinely. How close is the
present technology to solving these problems?
How soon can the computers of the Enter-
prise be constructed? Let us try to answer
these questions.

Very little, if any, technical information
is available on the Enterprise computers.
Only vague, nontechnical statements are
ever made by the Captain or the Science
Officer.

“Deep in the heart of this ship are our
computer banks. They operate the entire
ship. They also contain the whole of
human and humanoid knowledge. They
are indisputably reliable. Our lives depend
on them.’’s

“In a matter of a few seconds we can
obtain an answer to any factual question,
regardless of its complexity.”’?

No references are ever made to its physical
configuration. s it in fact one large central
processor with terminals and perhaps ter-
minal concentrators scattered throughout
the ship, or a number of smaller optimized-
for-special-functions  processors  loosely
coupled through a shipwide network? The
portions of the Star Fleet Technical Manual
which recently have been made available to
other than Star Fleet personnel do not in-
clude the “Ship's Computers Systems
Schematics” section or the ‘‘Ship’s Com-
puters Maintenance Schematics’ section.8

This essay will speculate on various
hypotheses supported by the user level in-
formation available, and will attempt to
show the hardware and software possibilities.

The Role of the Enterprise

The world of Star Trek takes place in the
late 22nd or early 23rd century.g'lo In that
era the United Starship Enterprise is perhaps
the second largest scientific and technical

have bonded together to form a union called
the United Federation of Planets. It is a
union more loose than the United States of
America of the 19th, 20th and 21st cen-
turies, yet stronger than the United Nations
of the 20th century.!? These planets occupy
a significant portion of the Milky Way called
the Treaty Exploration Territory, roughly
a sphere centered on Sol with a radius of
4750 parsecs (approximately 15,500 light
years). The Articles of the Federation were
the agreement which established this union.
They authorized funds for the building of a
Star Fleet to act as the armed, peace keeping
force of the Federation. The Fleet would be
designed and built using state of the art
techniques.

Included in this Star Fleet appropriation
was an initial expenditure for 14 heavy
cruiser starships, one to be named the
Enterprise. These starships would be capable
of extended duration patrol of the Treaty
Exploration Territory and would be provided
with weaponry and other capabilities enabling
them to accomplish a myriad of possible
tasks.

A starship on patrol represented the
Federation in all matters within its occupied
quadrant of space. Its functions included
military uses (defense of borders and moni-
toring of intergalactic treaties with the
Klingon and Romulan Empires, two other
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achievement resulting from the combined
technologies of a unified portion of the
Milky Way.!! In the 22nd century a portion
of the intelligent life forms of the galaxy

“Computer, | want a complete rundown of all references to the design of
computer systems for Enterprise class ships in the first quarter century of
BYTE magazine.”

“Yes, sir, but are you prepared for recursion?”’
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Fedcration-sized planetary unions, police
actions (enforcement of Federation law,
investigation of criminal actions), scientific
missions (new explorations, data gathering
assignments), diplomatic assignments, and
missions of mercy.

It may be of benefit to compare the star-
ship Enterprise to its namesake of the 20th
century, the United States aircraft carrier
Enterprise, in order to get a grasp of the
scope involved in the construction of such
a vessel. The USS Enterprise, launched in
1960, was the largest warship of its time and
represented state of the art technology. It is
still operational today and is powered by
ten nuclear reactors. The USS Enterprise
can sail on one set of reactor cores for
about ten to 13 years or roughly 300,000
miles. It is provisioned every few weeks,
however. The total cost of the construction
and outfitting was 451 million dollars. In
wartime, its complement is 5500 people
consisting of 162 officers and approxi-
mately 2940 enlisted men plus 2400 airmen
attached to an air wing.!3

The starship Enterprise, on the other
hand, is powered by a controlied matter-
antimatter reaction.!#:15

The total cost of the Enterprise was 50
billion credits.!® On patrol, its complement
consists entirely of 430 officers with 43
command (lieutenant and above) and 387
crew (ensign rank).17 Traveling at the speed
of light (ie: Warp Factor 1, approximately
1/200th of its flank speed) the Enterprise
can travel for 18 years (as measured by a
calendar traveling aboard the Enterprise?)
without refueling or taking on additional
provisions.18

Computer Uses and Capabilities of the
Enterprise

An enterprise as complex as a starship
requires a vast amount of computer sup-
port. Many of the routine tasks, such as
monitoring of life-support systems, food
synthesis and turbolift control (a vertical
and horizontal elevator used for intraship
transportation) are automatically maintained
and controlled by the ship’s computers.
These are manually controlled only during
an emergency.

Even more demanding and less well-
defined tasks are routinely delegated to the
ship’s computers. The computers can activate
the ship’s alert systems and initiate the
deflector shields (a set of very sophisticated
defensive force shields which block matter
and selective energy transmission) upon
analysis from the ship’s sensors. It appears
that only a portion of the ship’s vast amount
of sensory data is routinely patched through

the computer, since it is often instructed
to ‘“tie in to all ship’s sensors’’ and provide
the command staff with an analysis of
unknown phenomcna.l 9,20,21

If most of the Enterprise compuling
power resides in a central processing unit,
this may point to a limitation in the com-
puter’s processing power. Perhaps if all data
from all sensors were routinely processed
there would be insufficient computing
power to perform the remaining essential
functions. If, on the other hand, there is a
network of processors, then it may be that
the results of sensor input are not routinely
passed to the central complex.

Certain groups of sensors may be tied
to local processors which perform the
necessary functions, eg: activation of shields.
The central processor complex does not
routinely have need for these results unless
correlation of the sensor data is required.

Computer control of the weapons sys-
tems (phasers and photon torpedoes) is also
possible through analysis of sensor input,
but it is not as accurate as computer assisted
human contro! coupled with visual contact
with the desired target.22 This, too, may
point to either a lack of sufficient com-
puting power for timely analysis, or a lack
of appropriate decision algorithms for this
type of situation.

Another major use of the computer,
perhaps the one most apparent to the casual
observer, is information storage. The need
for an immense data base can be clearly seen
when one considers the role a starship plays
in its patrol area. A starship captain acts
autonomously from Star Fleet Headquarters
in almost all aspects of his command.23 As
far as violations of Federation law are con-
cerned, he is the judge and jury. In addition,
the officers and crew often require instant
access to the immense technical knowledge
of the Federation in order to cope with new
phenomena encountered in their patrols.
This requires the existence of an immense
interactive data base on the Enterprise
itself. Because of the intergalactic distances
involved, there can be no link to the com-
puters at Star Fleet Headquarters or on
Memory Alpha.?4 Subspace communica-
tions require time for transmission, too
(often on the order of days). 2526

The vast amount of information stored in
this data base is best appreciated by relating
two incidents that happened on the Enter-
prise. The first involved a small space cruiser
traveling toward Ophiuchus VI without an
identification beacon. Upon pursuit, the
cruiser entered an asteroid belt. After

Continued on page 172



Look To The North Star HORIZON Computer.

HORIZON™_ 4 complete, high-performance microprocessor
system with integrated floppy disk memory. HORIZON is
attractive, professionally engineered, and ideal for business,
educational and personal applicaticns.

To begin programming in extended BASIC, merely add a CRT
or hard-copy terminal. HORIZON-1 includes a Z80A processor,
16K RAM, minifloppy™ disk and 12-slot S-100 motherboard
with serial terminal interface — all standard equipment.

WHAT ABOUT PERFORMANCE?

The Z80A processor operates at 4MHZ — double the power of
the 8080. And our 16K RAM board lets the Z80A execute at
full speec]. HORIZON can load or save a 10K byte disk program
in less than 2 seconds. Each diskette can store 90K bytes.

AND SOFTWARE, TOO

HORIZON includes the North Star Disk Operating System and
full extended BASIC on diskette ready at power-on. Our BASIC,
now in widespread use, has everything desired in a BASIC, in-
cluding sequential and random disk files, formatted output, a
powerful line editor, strings, machine language CALL and more.

NoRrTH ST1TAR

EXPAND YOUR HORIZON

Also available— Hardware floating point board (FPB); addi-
tional 16K memory boards with parity option. Add a second
disk drive and you have HORIZON-2. tconomical serial and
parallel 1/O ports may be installed on the motherboard. Many

widely available S-100 bus peripheral boards can be added to
HORIZON.

QUALITY AT THE RIGHT PRICE

HORIZON processor board, RAM, FPB and MICRO DISK SYS-
TEM can be bought separately for either Z80 or 8080 S-100 bus
systems.
HORIZON-1 $1599 kit; $1899 assembled.
HORIZON-2 $1999 kit; $2349 assembled.

16K RAM —$399 kit; $459 assembled; Parity option $39 kit; $59
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit;
$259 assembled. Prices subject to change. HORIZON offered
in choice of wood or blue metal cover at no extra charge.

Write for free color catalogue or visit your local computer store.

CoMvMPUTERS

2547 Ninth Street « Berkeley, California 94710 « (415) 549-0858
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Introducing Apple I1.




The home computer thats ready
to work, play and grow with you.

Clear the kitchen table. Bring in the color
T.V. Plug in your new Apple II¥ and connect
any standard cassette recorder/player. Now
you're ready for an evening of discovery in
the new world of personal computers.

Only Apple II makes it that easy. It's a
complete, ready to use computer—not a kit.
At $1298, it includes features you won't find
on other personal computers costing twice as

much.

Features such as video graphics in 15 colors.
And a built-in memory capacity of 8K bytes
ROM and 4K bytes RAM —with room for lots
more. But you don’t even need to know a
RAM from a ROM to use and enjoy Apple II.
It’s the first personal computer with a fast
version of BASIC —the English-like pro-
gramming language — permanently built in.
That means you can begin running your
Applell the first evening, entering your own
instructions and watching them work, even if
you've had no previous computer experience.
The familiar typewriter-style keyboard
makes communication easy. And your pro-
grams and data can be stored on (and re-
trieved from) audio cassettes, using the built-
in cassette interface, so you can swap with
other Apple [l users. Thisand other peri-
pherals —optional equipment on most per-
sonal computers, at hundreds of dollars extra
cost—are built into Apple II. And it’s
designed to keep up with changing technol-

ogy, to expand easily whenever you need it to.

As an educational tool, Apple [Iis a sound
investment. You can program it to tutor your
children in most
any subject, such
as spelling,

history or math. But the biggest benefit —no
matter sow you use Apple I[I—is that youand
your family increase your familiarity with the
computer itself. The more you experiment
with it, the more you discover about its
potential.

Start by playing PONG. Then invent your
own games using the input keyboard, game
paddles and built-in speaker. As you experi-
ment you'll acquire new programming skills
which will open up new ways to use your
AppleIl. You'll learn to “paint” dazzling color
displays using the unique color graphics com-
mands in Apple BASIC, and write programs

to create beautiful kaleidoscopic designs.

As you master Apple BASIC, you'll
be able to organize, index and
store data on household fi-
nances, income tax,
recipes, and record col-
lections. You can learn to
chart your biorhythms,
balance your checking ac-
count, even control your home
environment. Apple Il will go as
far as your imagination can take it.
Best of all, Apple Il is designed to grow
with you. As your skill and experience with
computing increase, you may want to add
new Apple peripherals. For example, a re-
fined, more sophisticated BASIC language is
heing developed for advanced scientific and
mathematical
applications.
And in addi-
tion to the
butlt-in
audio, video
and game
interfaces,
there’s
room for
eight plug-in
options such as a prototyping board for ex-
perimenting with interfaces to other equip-
ment; a serial board for connecting teletype,
printer and other terminals; a parallel inter-
face for communicating with a printer or
another computer; an EPROM board for stor-
ing programs permanently; and a modem
board communications interface. A floppy
disk interface with software and complete
operating systems will be available at the end
of 1977. And there are many more options to
come, because Apple Il was designed from
the beginning to accommodate increased
power and capability as your
requirements change.

If you'd like to see for yourself
how easy it is to use and enjoy
Applell, visit your local dealer for a
demonstration and a copy of our

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

SPECIFICATIONS

 Microprocessor: 6502 (1 MHz).

¢ Video Display: Memory mapped, 5
modes—all Software-selectable:

- Text—40 characters/line, 24 lines
upper case.

- Color graphics—40h x 48v, 15 colors

- High-resolution graphics —280h x
192v; black, white, violet, green
(16K RAM minimum required)

- Both graphics modes can be selected
toinclude 4 lines of text at the bottom
of the display area.

- Completely transparent memory
access. All color generation done
digitally.

e Memory: up to 48K bytes on-board

RAM (4K supplied)

- Uses either 4K or new 16K dynamic
memory chips

- Up to 12K ROM (8K supplied)

* Software

- Fast extended Integer BASIC in
ROM with color graphics commands

- Extensive nionitor in ROM

*1/0

- 1500 bps cassette interface

- 8-slot motherboard

- Apple game [/O connector

- ASCII keyboard port

- Speaker

- Composite
video
output

Apple Il is also
available in board-only
form for the do-it-yourself hobbyist. Has
all of the features of the Apple II system,
but does not include case, keyboard,
power supply or game paddles. $798.

PONG is a trademark of Atari Inc.

*Apple II plugs into any standard TV using
an inexpensive modulator (not supplied).

detailed brochure. Or write Apple Computer
Inc., 20863 Stevens Creek Blvd.,Cupertino,
California 95014.

Circle 4 on inquiry card.

'clpple computer inc.



Order your Applell now.

from any one of the following authorized dealers:
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ALABAMA
Computerland

3020 University Dr. N.W.
Huntsville  538-1200
The Computer Center
303 B. Poplar Place
Birmingham 942-8567

ALASKA

Team Electionics
Countty Village Shopping Center
700 E. Benson Blvd.
Anchorage  276-2923
Team Electronics

404 E. Fireweed Lane
Anchorage 272-4823
Team Electionics

1698 Airport Way
Faithanks  456-4157

ARIZONA

Brle Shop
813 N. Scotisdale Road
Tempe 8941193

CALIFORNIA
Cnmgulel Components
5848 Sepulveda Blvd
Van Nuys  786-741
Computerland
11074 San Pabio Ave.
El Cerito  233-5010
Computerland
22654 Foothill Bivd.
Hayward  538-8080
Cnm uterland

La Ciene: a Blvd.
Inglewnnd 176-8080
CumBulelland
24001 Via Fabricante
Mission Viejo  770-0131
Computerland
4233 Convoy Street
San Oiego  560-9912
Computerland
117 Fremont St.
San Flanusw 546-1592
Computertand
104 W. First Street
Tustin  544-0542
Byte Shof
6041 Gleenlmk Lane
Cmus Heaghls 961-2983

2233 EI gamino Real
Palo Alte  327-8080

B;le Shop
496 S. Lake Ave.
Pasa ena

Byte Shop
2626 Umun Avenue
San Jose 377-4885

B;le Shop
1200 W. Hillsdate Blvd.
San Mateo  341-4200

Byte Shof

3400 EI gamino Real
Santa Clara  249-422)
Byte Shoj

2989 N. Main Street
Walnut Creek  933-6252
A-VIDD Electionics
2210 Bellflower Road
Long Beach 598-0444
Computer Country

2235 Salt Air Drive
Santa Ana  832-9681

Cumgulel Playground

8789 Westminstes Avenue
Westminster  898-8330
Computer Store

1093 Mission St.

San Francisco  431-0640
Electric 8rain

3038 N. Cedar Ave.
Fresno  227-8479
Rainbow Cumnunnu, Inc.
10723 White

Granada Hllls 380 AN
Strawberry Electronics

71 Glenn Way #9
8elmont  595.0231

COLORAOO

Sho
3464 S. Acuma St
Englewood  761-6232

Team Electronics

3275 28th Street

Boulder 447-2368

Team Eleclmmcs

The Citadef

Colorado Spnngs 596-5566
Team Electronics

107 S. College

Fort Collins ~ 484-7500
Team Electronics

Teller Arms Shonnmo Center
2401 Nonh Avenue

Grand Junction 2454455
Team Electronics

2045 Greeley Mall

Greeley  355-3800
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COLORAOO {continued}

Team Electionics
1450 Main Street
Longmont  772-7800

Team Electronics

1022 Constitution Road
Belmont Plaza

Pueblo  545-0703

FLORIOA

XA
544 €. Oakland Park Blvd.
Fl I.audeldale 561-2983

Peeh
25 Bud Road
Miami  264-2983

GEORGIA

Data Mart, Inc.
3001 N. Fulton Orive
Atlanta  233-0532

HAWAII

Real S
190 S. KquSlteel #6890
Honolulu

ILLINOIS

Team Electionics
Meadowdale Diive, Space 1A
Carpentersville 428-6474
Team Electronics

Northgate Mail Shopping Center
Decatur  877-2774

Team Electronics

Sandburg Mall

1150 W. Carl Sandhubn Drive
Gelesburg  344-13

Team Electionics

Southpark Shopping Center
4200 16th Street

Moline  797-8261

Team Electronics

4700 Block - N. University Ave.

Peoria  692-2720
Team Electionics

1714 Fifth Avenue

Rock Island  788-9595
Team Electronics

321 N. Alpine Road
Rockiord  399-2577
Team Electsonics
Woodfield Mall F-119
Schaumburg  882-5864
Team Electronics

2716 S. MacAsthur Blvd.
Springfield  525-8637
Cumglulelland

50 E. Rand Road
Arlington Heights
Computesland
9511 N. Milwaukee Ave.
Niles  967-1714

Itty Bitty Machine Company
1316 Chicago Avenue
Evanston  328-6800

INDIANA

The Oata Domain

2805 E. State Blvd.
Fort Wavne  484-7811
The Data Domain

7027 Michigan Road
Indianapolis  251-3139

1I0WA
Team Electronics

202 Main Street
Ames 232 7705

Team Electronics
Quck Creek Plaza
Bettendord  355-7013

Team Electronics

4444 First Avenue N.E.
Lindale Plaza

Cedar Rapids 393-8956

eam Electronics

20 Kimberly Road
Northpark Shog%m%()emel
Davenport

Team Electronics

2300 Kennedy Road
Dubuque  583-9195
Team Electronics

Room 120 - Space 18
The Ma

lowa City  338-3681
Team Electronics

2015 E. Fourth Street
Sioux City  252-4507
Team Electronics

K- lutkvalds Station
2001 Leech Avenue
Sioux City  277-2019
Team Electronics

2750 University Avenue
Waterloo  235-6507
KANSAS

Team Electronics

215 W. Kansas Avenue
Garden City 276-2911
Team Electronics

14 S. Main S

ain Stieet
Hutchinson ~ 662-0632

255-6488

KANSAS lcontinued)

Team Electronics
2319 Lovisiana Street
Lawrence 841-377%
Team Electronics

1132 Westloop Shapping Center
Manhattan  539-4636
Team Electronics
Space 81-A Mid-State Mall
Salina 827-9361
Team Electronics

07 W. 27th_Street Terrace
Topeka 267-2200
Team Electronics
Towne East Sauare
7700 E. Kellog
Wichita 685-8626
Team Electionics
791 N. West Street
Wichita 942-1415

Team Electionics
“The Mall” on Hang Street
Wichita 682.7
Barney & Associates
425 N. Broadway
Pittsburg 2311970

KENTUCKY
Computerland

813 B Lvndon Lane
Louisvilie 425-8308
The Data Domain
5064 Euclid Avenue
Lexington 233-3346
The Data Oomain
3028 Hunsmgsel Lane
Louisville  456-5242

MARYLANO
Cnm uterland

065 Frederick Road
Rnckvllle 948-7676

MASSACHUSETTS
The Cumgutel Store, Inc.
120 Cambridge Street
Burlinoton  272-8770

MICHIGAN

Team Electropics

Delta Plaza Shungma Center
Escanaba 786

Team Electsonics

M&M Plaza

Menominee 864-2213

MINNESOTA

Team Electonics
Ridgedale Mall

12503 Wayzata Blvd.
Minnetonka  544.7412

Team Electronics
204 Southdale Center
Edina  920-4817

Team Electionics
1248-50 tden Prairie Centes
Eden Praiie  941-8901

Team Electionics

207 Thied Street

Bemidji  751-7880
Team Electronics

Kandi Mall South Hwy 71
Willmas  235-2120

Team Electionics
Crossroads Shoy ;nmg Center
St. Cloud 25

Team Electronics
Cedar Mall

Owatonna  451-7248
Team Electionics
Mesabi Mal

Hibbing 263-8200
Team Electronics
Thunderbitd Mall
Virginia  741-56919

Team Electronics

Apache Plaza

Silver Lake Road

St. Anthony  789-4368
Team Electionics

1733 S. Robert Street
West St. Paul 4511765
Team Electionics

2640 Hennepin Avenue S.
Minneapolis  377-9840

MINNESOTA (continued)

Team Electronics
455 Rice Street
St. Paul  227-7223
Team Electronics
110 Sixth Avenue S.
St. Cloud  251-1335
Team Electronics
6413 Lyndale Avenue S.
Minneapolis  869-3288
Team Electronics
1311 Fourth St. S.E.
Minneapolis  378-1185
Team Electionics
glewnud Plaza

000 White Bear Avenue
Mnnlewoud 7773137
Team Electionics
Madison East
Mankato  387-7937
Team Electronics
310 Grant Avenue
Eveleth 749-8140
Team Electmmcs
Har Mar
2100 N, Snellmg Avenue
St. Paul
Computer Depot
3515 W. 70th Street
Minneapolis 927-5601

MISSOURI

Team Edectronics

Biscayne Mall

301 Stadium Bivd.
Columbia  445-4496
Electronic Components Intl.
1308-8 South Hwy 63
Columbia  443-5225

MONTANA

Team Electionics

613 Cential Avenue
Gieat Falls 852-3261

Team Eleclmmcs

Mlssuula 549 419
Computers Made Easy
415 Morow

Bozeman  586-3085

NEBRASKA
Team Electionics

148 Conestoga Mall
Highway 281 & 13th Steet
Grand Island  381-0559
Team Electionics

* Street

Lincoln  435-2959
Team Electronics

04 S. 72nd Stieet
Cedarnole Shu‘)gma Cenler
Omaha
Team FElectronics
Bel ir Plaza

12100 W, Center Road

Omaha 100
Team Electronics
Sunset Plaza Shugrmu Centes
Nodfolk 3791

Team Electmmcs
The Mall

1000 S
North Plane %34 4645

NEW HAMPSHIRE
Computermart

170 Main Stieet

Nashua  883-2386

NEW JERSEY
Computerland

2 De Hart Street
Morristown  539-4077
Computermart

501 Route 27

Iselin  283-0600

NEW YORK
Computerland

1612 Niagara Falls Blvd.
Buflalo 838-6511
Computerland

225 Elmira Road

Ithaca  277-4888

Co-op Electronics
Sldé)Mnin Street
Clarence  634-2193

NORTH CAROLINA
ile Shoj
1213 Hlllshumu h St.
Raleigh 833-0210

NORTH OAKOTA
Team Electionics

2304 E. Bioadwa
Bismarck 223-4546
Team Electronics

West Actes Shopping Center
Fargo  282-4562

Team Electronics

1503 11th Avenue N.
Grand Forks  748-4474
Team Electronics

209 11th Avenue S.W.
Minot  852-3281

Team Electionics
109 Main Street
Williston 5727631

OHIO

The Data Domain
1932 Brown Street
Davion  223-2348
OKLAHOMA
Team Electionics
1105 Eim Street

Stubbeman Village
Noiman  329-3456

Team Eleclmnics
Crossroads Mall
7000 Crossroads Space 20|0
Oklahoma City 63’
Team Electronics
genn guuare Shopping Center
e,
Okiahoma City  848-5573
Team Electronics
Hall of Fame Avenue
Stillwater  377-2050
Team Electronics
5305 E. 41st
Southroads Mall
Tulsa 633-4575
Team Electronics
Woodland Hills Mall
7021 Memorial
Tulsa  252-5751
Team Electronics
Surrey Hills
Yokon 373-1994

an Bytes & Micros

1186 N. MacArthur Bivd.
Oklahoma City  947-5646
High Technology

1020 W. Wilshie Blvd.
Oklahoma City  842-2021

OREGON

Team Electionics

1913 N.E. Third Street
Bend 389-8525
Team Electronics
1023 S.W. 1st

Canby 266-2539
Team Electronics

2230 Fairground Road N.E.
Salem 364-3278

SOUTH DAKOTA

Team Electronics
402 W. Sioux Avenue
Piene  224-1881

Team Electronics
1101 Omaha Street
Rapid City  343-8363

Team Electronics
13 W, 41st Street
Sioux Falls  336-3730

Team Electronics

41st Street & Westerm Avenue
Western Mal

Sioux Falls 339 1421

Team Electionics

Sioux Empire Mall
4001 West 415t Streat
Sioux Falls  339-2237
Team Electronics

223 Ninth Avenwe S.E.
Watertown 886-4725

TEXAS

Byte Shop

3211 Fondren

Houston  977-0664

Computerland

6439 Westheimer

Houston  997-0808

Cnm uter Shops, Inc.
933 Noith Central

Oallas 234-3412

The Computet Shop

812 San Pedio

San Antonio  828-0553

Cumpuler Tetmmal

2101 M
3] Pasn 532 1777

The KA Computer Store
1200 Maijesty Orive
Dallas

VIRGINIA

Home Computer Center
2927 Virginia Beach Bivd.
Virginia Beach 486-1700

themlle Electronics
2 0. Box

Timberville 896-8926
WASHINGTON
Team Electionics

. Yakima
Yakima 453-0313

WISCONSIN
Team Electronics
3209 Rudolph Road
Eau Claire  834-0328
Team Efectronics
3365 E. Claitmont Parkway
Eau Claire  834-1268
Team Electronics

65 €. Washinglon Avenue
Madison 244-?339
Team Electionics
7612 W, Appleton Avenue
Milwaukee 461-7800
Team Electronics
3701 Ourand Avenue
Eimwood Plaza Shopping Center
Racine 554-8505
Team Electronics
3347 Kohler Avenue
Memorial Mall, Snace H 4
Sheboygan  458-8791

eam Electronics

300 S. 76th
Southridge Center
Greendale 421-4300

Team Electronics
Sunsise Plaza

Highway 8 Eas|
Rhinelander 369-3900

Team Electmmcs

1505 Losey Blvd. S.
Village Shnnmng Center
LaCrosse  788-2250
Team Electronics

2207 Grand Avenue
Wausau 842-3364
Team Electronics
3301-3500 S, 27th Street
Southgate Shun;) n? Center
Milwaukee 672-7600
Team Electronics

2619 Milton Avenue
Janesville  756-3150

Team Eiectronics
1801 Marshall Sueet
Manitowoc  684-3393
Team Electronics

700 W. Browndeer Road
Northridge Center
Milwaukee 354-4880
Team Electronics

396 Park Avenue
Oshkosh 233-7050

WYOMING

Team Electronics
Hllllug Shunmnu Centes
Montan

Casper 235-689

CANAOA

Future Bvle
2274 Raocl
Munueal nue

731-4638

If you would like to be an Apple dealer, call Gene Carter,

Director of Dealer Marketing, 408-996-1010.

apple computear inc:

T

20863 Stevens Creek Boulevard, B3-C
Cupertino, California 95014
(408) 996-1010

Circle 4 on inquiry card.



Circle 90 on inguiry card.

the inside story

TERMINAL TAPE
LINE OoN

RATE
300
& 00 T ® L2

AUTO

i, EJE

LOCAL

| .‘L =3 1200
E—u LM cis-30+
/

The CIS-30+ ... four times as fast as SWTPC's AC-30 with the same dual-
cassette capability . . . plus a 1200-baud data terminal interface . . . in a SWTPC
color-compatible package that’s only 1/10 the size of the AC-30.

Dependable? The simplicity of Harold Mauch PerCom Data designs says more
than any well-chosen words. Simply put, for only $79.95* you get the fastest, most
dependable dual function interface you can buy for your SWTPC 6800.

See your nearest dealer or order direct from PerCom.

PerCom ‘peripherals for personal computing’

Record and playback at 120,
60 or 30 self-clocking bytes per
second {extended Kansas City
Standard)

1200, 600 or 300 baud data
terminal interface

Dual cassette operation

Compatible with SWTPC cas-
sette software

Optional kit permits program
control of cassettes

Optional adaptor permits inter-
facing with any computer

Upgrade your SWTPC 6800 system to 1200 baud with
PerCom’s CIS-30+dual-cassette/terminal

interface

PERCOM

PERCOM DATA COMPANY, INC.
DEPT.B+318 BARNES « GARLAND, TX 75042

(214) 276-1968
*Kit price. Assembled and tested:

$99.95 + shnp&ng Tex. res. add
5% tax. BAC &

C available.

Continued from page 10

must have been extremely proficient at
building boxes, for otherwise the pro-
gramming would have been impossible.
{Anyone who programs computers
would know this.) To illustrate my con-
cept of the computer as a tool, | propose
that once the computer and robot have
freed the man from the drudgery of
making simple boxes, he can rcally
think about what larger structure or
scheme those boxes will be a part of.
Following these guidelines will make
the computer a safe and useful tool
that benefits all society.

Mark Bizer
43 Morgan Cir
Amherst MA 01002

CONFIRMATION OF THE SR-51A
PRINTER TRICK. ..AND SOME
GRAPEVINE JUICE

After rcading Webb Simmons’ lctter
in the Scptember 1977 BYTE regarding
the use of his SR-51 Tl calculator on the
PC-100A printer, | decided to try the
same with my SR-STA. Obviously this
model functions on the PC-100A as well
as the SR-51 as shown by the printout
tapes | have included with my letter. The
longer tape is a line regression problem
which | “made up” on the spur of the

moment in my haste to try out the
SR-51A on the printer. Each ‘x’ value
(1,3,5,7,9, 11, 13) and each ‘y’ value
(2, 4,6,8,10, 12, 14} is notated at the
edge of the tape and the number of data
points entered (7) are also shown. The
shorter tape shows the printout of two
problems | copied from the owner's
manual of the SR-51A on pages 40 and
42 respectively. The first is the conver-
sion of polar coordinates (5,30°) to
rectangular coordinates while the second
is a conversion of spherical {5, 30°,60°)
to rectangular coordinates.

In addition to the SR-51A | also
own the SR-50, SR-56 and the TI
Programmable 58 “*Solidstate Software’’
and of coursc the PC100A printer. As
| am a newcomer to the hobby of home
calculator and computer systems | would
appreciate hearing from other readers
who use these calculators | have men-
tioned, in order to ecxchange ideas and
information with them. | would like to
know espccially if anyone who practices
chemistry or biochemistry asa hobby or
as a student has any programs for these
subjects that could be used or modified
for use on the T1-58 or SR-56?

Finally, | have heard that Tl intends
to relecase a “programmer”’ for the
T1-58/59 which will allow users to
record their own library modules and
also is planning on video monitors and
XY plotters to add on to their pro-
grammable calculators. Are Lhese idle
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rumors or do you know. if there is any

truth to them?

William A Faria
74 Division St

New Bedford MA 02744
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NEED NEW PLAYER PIANOS?

Since you didn’t mention it in the
September 1977 issue, let me be the first
to tell you about Superscope’s latest
entry:

It's called the Pianocorder {a Super-
scope trademark), and it is an electronic
player piano. Built around an 8080
processor, it's scheduled to come in two
versions: a Vorsetzer, for grand pianos
and such, and what seems to be a retrofit
kit that can be put in an upright or
spinet. This version is supposed to come
out around $1500 or so. The control is
by means of a digital casette tape, which
controls which keys are down, and also
controls the dynamics (by controlling
the pulses into the solenoids). There are
two things that are really exciting about
this: there’s a record mode (casually
invite Van Cliburn over and have him try
out your new piano); and the device will
come with 100 cassettes, recorded from
Mr Tuchinsky’s collection. He’s presi-
dent of Superscope, and an avid fan of
player piano rolls from Welte; his
collection includes most of the great
pianists from the turn of the century,
who cut rolls for Mr Welte.

You can get more details from the
source by contacting Tony Blazina,
manager, Pianocorder Division, Super-
scope Inc, 20525 Nordhoff St, Chats-
worth CA 91311. He says that basic
descriptive literature should be available
in a few weeks, and marketing early in
1978. | first read about it in a recent
issue of Electronics magazine.

A long list of possibilities come to
mind. The output device is a piano.
Given the data format, you could encode
a score, make an arrangement for four
hands {why not eight?). You could take
the sheet music, encode it, fine tune the
phrasing, pedalling, dynamics until you
had the perfect performance. For
learning and teaching, you could encode
the right or left hand, or one part of a
duet.

| hope we'll see an article covering
these bases not too long from now.

Michael D Zorn
1833 S Peck Rd #4
Monrovia CA 91016

PRIMER REMOVER

It was good to see so much attention
to APL in the August 1977 issue. But
you goofed when you recommended the
APL Primer.

The APL Primer may be easy to read,
but its author missed the boat on two
key attributes of APL. He neglected
APL’s treatment of arrays as wholes, and
its treatment of programs as ‘“‘user de-
fined functions’” that take arguments,
return results, and behave just like
primitives. The truth is, he didn’t realize
at the time either how central those two
topics are, or how easy to introduce
they’d prove to be.

Experience shows that they're not
hard to get across. By shrinking from
forthright treatment of these funda-
mental aspects of APL (and thereby
fostering dreadful programming habits),
the APL Primer does the newcomer
to APL a great disservice.

You shouldn’t recommend it. IBM
should withdraw it.

Paul Berry

| P Sharp Associates Inc
Ste 110, 299 California Av
Palo Alto CA 94306

PS: | know; | wrote it.

page 40) this sequence (box below).

2. There are many serious errors in the
APL references. For example, there
are five errors in those on page 65
(August) alone. Perhaps you should
consider publishing a carefully
checked and annotated bibliography
for APL.

3. In discussing APL, care should be
taken to use appropriate terminolo-
gy. For example, Mr Wimble's article
confuses the important distinction
between operators and functions
(already commented upon in Mr
Anthony’s letter {August page 17))
and uses the term arity for valence.
Perhaps the best reference for
terminology and fundamental con-
cepts is one not yet mentioned
in your articles: APL Language
Manual, available from IBM Corp

APL COMMENTS

| would like to offer a few comments
on APL matters in your August and
September 1977 issues:

1. The readability of APL expressions
might be brought out more clearly
by adding to vyour explanation
(September BYTE, page 166) of my
thought experiment (August BYTE,

as Form #GC26-3847.

Kenneth Iverson
163 Great Oak Ln
Pleasantville NY 10570

Mike Wimble concurs; the confusion
over operators and functions is in part
due to changes and revisions to APL over
the years. We regret the bibliographic
errors, and will attempt to correct them
in future APL articles.m

W
(1N)o. [N
0=(1N)e. |\ N

+/80=(1N)eo. | N
2=+/Q0=(1N)o. | 1N

(2z+/Q0=(1N)e. | \N)/\N

Ail candidates for primes to N.
A remainder table.
Divisibility table. Column I
shows the divisors of I.
The number of divisors for each of § .
A sieve showing which numbers have
exactly two divisors (the primes).
Selection of the primes by the sieve.
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Great Locations

Computerland

Now Open:

3020 University Drive N W
Huntsville, AL 35805

11074 San Pablo Avenue
El Cemto, CA 94530

22634 Foothll Bivd
Hoyward, CA 94542

6840 La Crenega Bivd
Inglewood, CA 90302

24001 Via Fabricante, 2904
Mission Vieyo, CA 92630

4233 Convoy Street
San Diego. CA 9211

M7 Fremon) Street
San Francisco. CA 94105

EICid Ploza
171 € Thousond Oaks Bivd
Thousand Oaks, CA 91360

104 W Fust Street
Tustin, CA 92680

2475 Black Rock Turnpike
Farfield, CT 06430

Astro Shopping Center
Kirkwood Highway
Newark, DE 1971

50 East Rand Rood
Arlington Hexghts, IL 60004

951 No Milwaukee Avenue
Niles, IL 60648

10935 S Cicero Avenue
Oak Lawn, IL 60453

813-B Lyndon Lane
Lousville, KY 40222

16065 Fredenck Road (Rt 355)
Rockville, MD 20855

419 Amherst
Nashua, NH 03060

2 De Hart Street
Momstown, NJ 07960

1612 Niagora Falis Bivd
Buffalo. NY 14150

225 Eimira Road
Ithaco, NY 14850

1304 SOM Center Road
Maytield Heights, OH 44124

Shoal Creek Ploza
3300 Anderson Lane
Austin, TX 78757

6439 Westheimer Road
Houston, TX 77057

52-58 Clorence Street
Sydney, NSW AUSTRALIA

(205)539-1200
(415) 233-5010
(5) 538-8080
(213) 776-8080
(714) 770 -0131
(714) 560-9912

(415) 546-1592

(805) 495-3554
(744) 544-0542

(203} 374-2227

(302) 738-9656
(312) 255-6488
(312) 967-1714
(312) 422-8080
(502) 425-8308
{301)948-7676
(603) 889-5238
(201 539-4077
[716) 836-65M
(607) 277-4888

(216) 461-1200

(512) 452-5701
(713)977-0909/0910

29-3753

Opening Soon:

6743 Dublin Bivd
Dublin, CA 94566

42-42nd Avenue
San Mateo, CA 94403

2027 28th Street
Kentwood, MI 94508

Franchises Avatiable:
Computeriand Corp.

1922 Republic Ave.
San Lteondro, CA 94577
(415) 895-9363

Circle 30 on inquiry card.



The Best Game in Town.

Welcome to ComputerLand.
An incredible adventure into
the world of personal
computers. A one-of-a-kind
shopping experience.

Each ComputerLand store
presents everything you ever
wanted to know about
computers. And then some.

Take our Game Room, for
starters. You'll find excitement
for the whole family in our
endless variety of challenging
computer games. You can battle the Kiingons in an
out-of-this-world game of StarTrek. Create an elec-
tronic work of art with a computer controlied TV. Test
your skill in a game of computerized hangman.

You can even plot your biorhythm.
But we're more than just fun and games.
Each ComputerLand store offers a

knowledgeable and person-
able staff of professionals

s

to serve you.

Plus the greatest avail-
able selection of micro components. Whether it’'s a data
processing system for your business or a computer controlled
sprinkler system for your home, you'll find whatever you need
at ComputerLand

Read on.
Genuine Service.

We want to supply
you with the one
system that's right.
Rather than a com-
plete system that isn’t.
Or a limited system
that is.

That’s why, at Com-
puterL.and, you deal
with real professionals
who are also real
people. People who
speak your language
in addition to BASIC, COBOL or FORTRAN.

People, in short, who can offer both the novice and
the old hand the same expert guidance in selecting
the optimum system he or she needs.

Yet, assisting in the purchase is only the beginning of
ComputerLand’s service. If the kit you bought requires a
little more do-it-yourself than you yourself can do, we
provide assembly assistance.

If that complex program proves to be just that, we provide
programming assistance,

Circle 30 on inquiry card.

ANnd if your system breaks down,
our in-store service department
will get you back up and
running.

Right now!
Great Selection.

Your first stop at ComputerLand
may well be your last stop.

ComputerLand offers the finest
quality and

|

largest selec-
tion of all the
major brand names.
Like Apple Computer,
Cromemco. DEC, Diablo,
Hazeltine, ICOM, IMSAI, Lear Siegler,

National Semiconductor, North Star, Texas
Instruments, Vector Graphics and more.

Plus a complete inventory of tools, books and accessories.

What's more, at ComputerLand. we deal in product. Not

promises. Our inventory is on our own shelves. Rather than the
manufacturer’'s. So you can take delivery on tomorrow’s com-
ponents today.

Which means.
simply put, that at
ComputerLand, you
getexactly what
you want.

Exactly when you
want it.

Be Our Guest.

Begin with the
grand tour of our
exhibit areas. "Test- ==
drive” any of our
individual systems.

Then tell us your needs. We'll sit down and talk about the system
that's right for you. It's as easy as that at ComputerLand.

The great computer store. RATED G.

Call or write for the address of the ComputerLand store nearest you.
Franchise opportunities available.

Computerland

1922 Republic Avenue, San Leandro, CA 94577 (415) 895-9363
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Some people build personal computers for the love of building. And
the systems they buy are usually more fun to build than to operate.

The Equinox System M, onthe other hand, is designed for people who
build for the love of computing. When you put it together, it's really to-
gether. Ready to work for, and with, you in the development of your own
protessional, intellectual, business and even social interests.

The Equinox System ™ goes together easily with construction aids
like parts legends and solder masks. The Equinox System ™ fits together
perfectly, and will continue to be a perfect it with future hardware and
software. And it's all S-100 compatible, so you'll be able to work together
with the largest group of peripherals, software, suppliers and system
users in personal computing.

Mainframes, interfacing, memory, software—The Equinox System

has it all together now.

Really together.

THE MAINFRAMES

The Equinox System * M ofters an important choice in mainframes.

The Equinox 100 ™ mainframe integrates the popular 8080A CPU
into a powerful front panel programming center. For users who prefer
another CPU, however, we also offer the Equibox ' '—a fully engineered
cabinet, power supply and S- 100 busboard system ready for installation
of your choice of CPU

It would be difficult to forego the speed and convenience of the
Equinox 100 "™ front panel, however. [t allows you to-work in concise
octal digits on a 12-key keyboard and digital LED display. It allows you
to monitor and/or alter the contents of any CPU register or register pair,
1/O device or memory location. And the Equinox 100" front panel
will perform these operations while fully halted, single-stepping, or Slow-
Stepping ™ at a programmable rate!

It is, quite simply, one of the most powertful, intelligent and wonder-
fully convenient front panels in the world. And comparisons of The
Equinox System™ mamframes don't stop at the front panel.

Both Equinox 100 ™ and Equibox ™ compare directly to-full-scale
and mini computers in reliability of operation. Both Equinox 100 ™ and
Equibox "™ are equipped with massive 26-amp Constant Voltage (ferro-
resonant) power supplies to protect your programs from in-home appli-

™
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ance loads, system loads, and even area-wide line voltage drops as
low as 90 VAC

And the exclusive Noiseguard ™ system on our 20-slot busboard
produces signals that are “textbook clean,” eliminating a major source
of data errors and intertacing problems that plague most other
personal computer systems. Plus, there are dozens of other features
more convenient: carrying

handle and tilt-up stand, key-

operated power switch for

system security, spare power

regulators for your small

peripherals, and more.

mainframes have been acclaimed as a major advance in per-

sonal computers. Equinox 100 ™Mor Equibox '™ —each has the

features you want all together in one elegant package.

THE INTERFACING

Interfacing your input/output devices to your mainframe can
be a frustrating, expensive and time-consuming process.
you're likely to need in one low-cost kit.

The Equinox I/O Intertace is a single board that plugs right into your Equinox 1OO bus And
you're ready to plug in 3 audio cassette units with individual motion control, a Teletype* or
RS-232 terminal, and any 8-bit parallel device. . . including graphics display, line printer or
paper tape reader.

The Equinox I/O Interface has 1K bytes of RAM and ROM on board, preprogrammed with
and data handling tasks to increase the efficiency
of your software. Your programs can store and
retrieve cassette data with a simple CALL COPE
instruction. Data is formatted, checked and trans-
ferred in blocks up to 64K bytes with a single READ
or WRITE instruction. COPE can even bootstrap

to make your mainframe

It's no wonder that Equinox : :

That's why The Equinox System "™ offers all the interfacing
powerful Cassette Operating Executive (COPE) software. COPE handles dozens of interfacing
your programs.



All Equinox software is designed to make full use of COPE capabili-
ties. So loading your Equinox software is as simple as selecting an
address and pressing RUN. Cassette data storage has never been
more convenient.

The Equinox /O Interface is programmed for the highly-reliable
300 baud Kansas City Standard for cassette data transfers. . .but can
be reprogrammed for faster
rates in the future. Your TTY/
RS-232 channel also features
user-prograrnmable rates up
to 4800 baud. And you have
access to all COPE routines.

There is no more cost-
effective way to handle your
system interfacing. And the Equinox I/O Interface is even
more attractively priced when purchased with a complete
system.

THE MEMORY

You can get your Equinox System ™
low-cost memory

The Equinox S stem 1M is the first system to offer the

L
THER

ECONORAM III ™ 8K x 8 memory board with the advanced

SynchroFresh “ natural-timing refreshing system.

Configured as two individually addressable 4K blocks, the ECONORAM Iil ™ comes as-
sembled, tested and guaranteed to work perfectly in your Equinox System '™ for one full
year. It is also available as a lower-cost kit.

For m%ht budgets, the K-Ration ™ 4K x 8 static memory kit is also available for your Equinox
System ™

together with more

. This high-efficiency design is one of the most widely used, lowest power and lowest
cost memories available for S-100 systems.
And the memory savings are even greater
when you purchase your Equinox System
all together!

Circle 88 on inguiry card.

THE SOFTWARE

The Equinox Systemn ™ how includes two primary software packages:
EQUI/ATE for text-oriented programming, editing and assembly, and
BASIC-EQ language for number-oriented programming.

Both of these powertul programming languages have been greatly
enhanced by full integration with our COPE interfacing software.

EQU/ATE gives you the power of a fully programmable text language.
Using EQU/ATE, you can create programs to edit copy, keep inventory,
manipulate your files of addresses or recipes, and more.

EQU/ATE is also one of the most powertul editor/assemblers available.
EQU/ATE writes, assembles and executes your programs. It is fully
symbolic, accepts global symbols and assembles programs larger than
available memory.

EQUV/ATE is also an extraordinary text editor which works interactively
with you to edit by character, string or line. It also offers full number edit-
ing of memory contents in octal, hex or decimal.

Yet, EQU/ATE is extremely compact, occupying only 4K of memory
with 8K total memory required.

BASIC-EQ is a powerful, interactive, high-level programming lan-
guage developed for math and science applications. Its primary use is
in the manipulation of numbers, although it is capable of string oriented
operation. Our version, BASIC-EQ, occupies 5K of memory.

Both BASIC-EQ and EQU/ATE are supphed on cassette, ready to
load themselves into your Equinox System ™. They are competitively
priced. . .and are even more attractive when purchased together with
your Equinox System

GET IT TOGETHER!

For more information and ordering:

BY MAIL Send check or money order to Equinox
Division, Parasitic Engineering. P.O.
Box 6314, Albany. California 94706

BY PHONE 800-648-5311. BankAmericard/Visa and
Master Charge accepted.

IN PERSON See The Equinox System ™ at your local

computer shop.

*A trademark of Teletype Corporation.

L)
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Ira Rampil

917 Engineering Research Bldg
University of Wisconsin

Madison W1 53706

Table 1: A comparison of
several different mass stor-

age techniques.
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A Floppy Disk Tutorial

What peripheral device most often defines
the home hacker’s ultimate system? It is, of
course, the floppy disk. But what are these
devices that seem to have the ability to
transform the smallest microprocessor sys-
tem into a full-fledged computer? How do
they work, and are they worth the cost? |
slowly uncovered the answers to these ques-
tions as | sought to upgrade my system by
adding floppies.

Basically, the floppy disk is the little
cousin of IBM and other manufacturers’
huge hard disk drives. As far as any com-
puter is concerned, the floppy is a real disk
drive. The differences between it and (for
example) an IBM 3330 disk are mainly
specifications of speed and storage capacity.
Floppies, like other disks, are relatively fast
random access memories. If the last three
words sound familiar, it should be no sur-
prise. Semiconductor random access mem-
ories store (if programmable) and read data
by address, with a unit quantity of data
(typically one bit) at each address. The data
at any address can be quickly and easily
changed without disturbing the contents of
any other address.

So it is with floppy disks except that the
access times are now mecasured in centi-
seconds instead of nanoseconds, and the
quantity of data at each point is now
hundreds or thousands of bits instead of just
one. Because the structure of disk storage is
similar to that of main memory, it is often
used to store programs and data, especially
those programs and data which are fre-
quently referenced or modified. In fact,
during the early age of electronic digital
computers, machines like the [IBM 650
actually used a rotating drum similar to a
disk as its only memory, which fetched new
instructions for execution with each revolu-
tion. It is widely believed that the Minute-
man missile system still uses such a memory.

All of the other mass storage techniques
available to hackers, such as paper tape,
audio, and even digital cassettes, are funda-
mentally serial memories. That is, all or most
of the recorded data may have to be passed
through in order to find a particular piece of
data. .

Table 1 compares several different mas
storage techniques. As you can see, floppy
disks fall between hard surface cartridge

Package: Drive +
Power + Controller

IBM 2315 IBM 3740 | Digital Audio

Technique Cartridge Disk Floppy | Cassette | Cassette Units

Data Capacity 48. 3.0 6.0 0.84 Miliion bits
{unformatted)

Average or Typical .035 .45 20 120* Seconds
Access Time * = manually

o controlled)
Data Transfer Rate 2500 250 10. 0.3 k bps
Price of Commercial $8000 $1500 $1000** | $100 **Note that

personal com-
puting digital
cassettes can be
much cheaper
than commercial

drives
System Cost per .32 .6 10 33.3 cents per bps
Unit Data Rate
System Cost per .016 .05 016 .012 cents per bit
Unit Storage stored
Media Cost $100 $8. $4. $4. {unit quantity
prices)
Storage Cost 1.7 2.2 0.55 3.9 cents/kilobyte
of media




Typetronic:

your source for complete computer
management systems...

now introduces New Jersey’s most
complete computer store

The new Typetronic Computer
Store has all the professionalism
and depth of the field-proven Type-
tronic minicomputer management
systems. In fact, the store is staffed
by experienced professionals who
have devoted years to the success

s,

~

pelronic
ggmputer

SLore

806 Route 17, Ramsey, N.J. 07446

201-825-1300
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of the Typetronic systems... power-
ful tools for management in such
fields as retail chain stores and
chemical distributor operations.
The Typetronic Computer Store
is New Jersey's most complete and
comprehensive store for hobby-
ists, engineers, and business

users. It offers a~
™

wide range of

=~ _ If you are located in the N.J./N.Y./Pa. metropolitan area and
| desire additional details, return this coupon:

contact me.

I Computer Store.

I ( ) We are considering the automation of our company
operations. Please have a systems representative

I( ) Please send me your brochure on the new Typetronic

hardware and software packages,

including microprocessor and

NOVA" compatible minicomputer

systems and peripherals...plus

classroom courses, expert assis-
tance, and many other services.
Highlights include:

e Hands-on demonstrations of
microprocessors and other
equipment.

e A variety of microprocessor
assembly kits...IMSAI, Pro-
cessor Technology, Motorola,
etc,

® Formal classes on both software
and hardware topics.

e Library of publications, product
literature, etc.

e Use of the Typetronic computer

with micro-assembler.
"NOVA is a registered trademark of Data General Corp.

Name . Title
Company _ Div.
I Street .

S ——

State Zip

City
L—————————

BYTE December 1977 25



PLASTIC
CARTRIDGE

DISKETTE /

COLOR KEY:

MAGNETIC MEDIA CONCEALED
BY PROTECTIVE WRAPPER

MAGNETIC MEDIA VISIBLE THRU
HOLES IN PROTECTIVE WRAPPER

Figure 1: An X-ray view of a floppy disk. The floppy disk is encased in a
protective plastic cartridge 8 inches square. Dotted line circles illustrate
the portion of the disk where data is stored. It is coated with an oxide layer
similar to that used on magnetic tape. The combination read and write head
contacts the oxide layer through the slot shown at the bottom of the
cartridge.
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disks and cassette systems in terms of
performance and cost. (We're not even con-
sidering the much more expensive 2311,
2314 and 3330 type disk drives of the
big machines here.) Both floppies and
digital cassette systems provide high per-
formance at medium cost. Audio cassettes
provide low performance at low cost. (Car-
tridge disks are not likely to fall into the
hands of a hacker; they are included for
reference only.) The big tradeoff is speed
versus price, of course. A floppy is very fast
and more expensive, while the digital cas-
sette is much slower but cheaper. The same
holds true for the media. Diskettes cost

more per kilobyte than do high quality
audio cassettes like Memorex MRX-2 C30,
when used for digital recording. If speed and
random access are important, get a floppy. If
low cost and vast amounts of storage are
important, get digital cassettes. My own
system will eventually have a floppy disk for
an operating system and a digital cassette
transport for archival storage.

Floppy disks were first developed at IBM
laboratories in the middle 60s. They were
first used as a means of storing micro-
program code for programmable peripheral
controllers in the $/370 family, and were
eventually used to store the microcoded
diagnostics and emulator functions for the
370 computers. Then, in the beginning of
1973, IBM introduced the 3740 Data Entry
System. Like a keypunch, except that data is
recorded on a floppy instead of cards, one
3740 floppy disk holds the equivalent of
3000 cards. IBM then predicted that floppies
would replace cards as the principle data
entry medium. This of course has yet to
happen completely, but is well under way.
In the midst of all the commotion, someone
discovered that floppy disks make excellent
mini and microcomputer peripherals, and
the floppy peripheral industry was born.
Thus the 3740 is the device that started the
floppy industry.

As for the floppy disks (diskettes) them-
selves, figure 1 provides a closeup view. An
IBM diskette looks for all the world like a 45
rpm record in a plastic jacket. Actually, the
diskette is defined to be a disk of heavy
Mylar based magnetic tape material. It is 7.8
inches (19.8 c¢cm) in diameter with a center
spindle hole 1.5 inches (3.81 ¢cm) in diam-
eter. The 0.01 inch (0.025 cm) index hole is
used to synchronize data as the disk rotates.
Data is stored on the surface of the disk in
the oxide coating, the same technique used
in magnetic tape storage. And like magnetic
tape, floppies are very susceptible to con-
tamination by foreign particles (dirt, dust,
fingerprints). Therefore, the diskette is en-
closed in a thin semistiff low friction plastic
jacket known as a cartridge. The standard
cartridge has three openings in it to allow
the spindle, read and write head, and index
photosensor to have access to the disk.

The inside surfaces of the cartridge have
soft, low friction liners. The liners wipe the
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"UP AND RUNNING

TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION
TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS

Four screens were incorporated, two terminals
entered votes as they came in and were used
to call back votes to check accuracy. Mon-
tagna called on the power and flexibility
offered by TDL’s ZPU board and three Z-16
Memory boards.

John Montagna, computer engineer (above left),
lead this successful network team in generating
election results speedily, efficiently and reliably
using predominantly TDL hardware and soft-
ware. Montagna created three programs to get
the job done. The text for a SWAPPER pro-
gram was written and assembled using the TDL
TEXT EDITOR and Z80 RELOCATING MACRO
ASSEMBLER. The SWAPPER text and all
debugging was run through TDL’s ZAPPLE
MONITOR. The relocatable object code was
punched onto paper tape. A MAIN USERS
program updated votes and controlled air dis-
play. An ALTERNATE USERS program got
hard copy out and votes in. The latter two
programs were written in BASIC. Montagna
modified the ZAPPLE BASIC to permit time-
sharing between the two USERS programs.

Montagna's setup worked constantly for over
four hours updating and displaying state-wide
and county-wide results without flaw.

“l chose TDL because they have all the soft-
ware to support their hardware, and it’s good;
it has the flexibility to do the job.”

John Montagna

We salute John Montagna and NEW JERSEY
PUBLIC BROADCASTING for spearheading
the micro-computer revolution.

TECHNICAL
DESIGN
LABS

TDL's XITAN SYSTEMS have the capacity to do
similar tasks for you. Write to us for XITAN

information and the name of your nearest TDL
dealer.
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RESEARCH PARK BLDG.H 1101 STATE ROAD
PRINCETON, NEW JERSEY 08540 (609) 921-0321
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Figure 2a: A diagram of
a floppy disk showing a
typical location of the
wire protect (or file pro-
tect) hole. When this hole
is punched out, data
cannot be erased from the
disk. The write protect
hole serves the same pur-
pose as the plastic tabs
on a magnetic tape
cassette.

Figure 2b: A floppy disk
with a design modification
to allow “hard sectoring.”
32 0.710 inch (0.025 cm)
holes are punched in the
disk in addition to the
index hole. These holes en-
able the hardware to
detect the exact rotational
position of the disk by
means of a photosensor.
The need for space wast-
ing address fields is elim-
inated with one hole per
sector, and the number of
data sectors can be
typically increased from
26 to 32 per track.
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WRITE PROTECT HOLE
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INDEX HOLE

32 O.in. SECTOR HOLES

disk clean and eliminate static charge while
reducing the necessary spindle torque. To
protect the disk even further when the
diskette is not in use, it is kept in a
cardboard sleeve, in the same manner that an
LP record is kept in its album cover. The
industry standard (IBM 3740) specifications
for diskettes is fairly rigorous and widely
accepted, although a number of variations
have lately appeared on the scene. Two of
these are shown in figure 2.

The write protect hole is a small plastic
knockout in the cartridge which serves the
same purpose as the small knockout tabs in a
tape cassette. A sensor detects whether the
knockouts have been removed or not, and if
so, disables the write electronics. Another
variation is the presence of many small
sector indexing holes punched in the disk.
The advantage of this so-called hard sector-
ing process is a higher data capacity per
track. This will be discussed in more detail
later.

A third, relatively recent, innovation in
the manufacture of diskettes is to coat both
sides of the Mylar backing with magnetic

oxide and to put an additional head access
slot on the opposite side of the cartridge,
giving a two-sided floppy disk (see photo
2 and figure 6). Some manufacturers have
gone so far as to develop a drive mechanism
which simultaneously accesses both sides at
once. IBM, Information Terminals, BASF
and Wabash are some of the companies
which sell floppy disks. The price of disk-
ettes varies from $12 to $7 each in boxes of
ten to about $4 to $5 each in large
quantities.

Drive Hardware

There is a commonly drawn analogy be-
tween a disk drive and a phonograph. Both
are mass storage devices in which the data is
stored on a platter-shaped medium. The
platter is seated on a spindle around which it
revolves while the data pickup (needle or
magnetic head) moves radially across the
data. In the case of a phonograph record, the
music, or data if you will, is recorded on
spiral grooves or tracks which are cut into
the record. To access a particular song, the
tone arm is moved radially over the record
and placed down in the starting groove of
the song. In contrast, the data on a com-
puter disk is stored in discrete concentric
circles, not one continuous spiral. The con-
centric circles are called tracks and are
accessed by a magnetic head which is
bumped mechanically from track to track
under computer control. Data is stored by
means of saturated magnetic recording at a
maximum density of 3200 bits per inch (on
the innermost track), and 48 tracks per
radial inch.

Most floppy drives on the market today
use either a synchronous AC or servo-
controlled DC motor to drive the spindle at
exactly 360 rpm. Speed control is very
important to insure data reliability. The
spindle motor runs continuously whether or
not a diskette is loaded.

When a diskette is loaded into a drive, it
is inserted into a narrow slot and the
cartridge is held in place between a spring
and a small metal protrusion. The door over
the slot is then closed, clamping the diskette
to the rotating spindle. At the same time, in
most drives, the read and write head is
engaged.

The type of read and write head used is
one of the important differences between
hard disks and floppies. Hard disks use a
system known as flying heads in which the
read and write heads are aerodynamically
floated off the surface of the disk. They are
held a very small and precisely controlled

Continued on page 35
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SOROC 1IQ 120 is tho most wanted terminal om the market.

For information concerning the REWARD contact-:-

SORDC 165 FREEDOM AVE., ANAHEIM, CAQEBD :

TECHNOLOGY, INC. 714 992- 2860 / 800- 854 0147
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Ohio Scientific advances

the state-of-the-art
of small computers.

From our inexpensive 8K BASIC in ROM Challenger IIP to our powerful triple processor
Challenger lll, Ohio Scientific offers a full range of products that are technologically
superior to anything available on the market today.

Challenger IIP

Challenger IIP from Ohio Scientific is our unique
personal computer with BASIC in ROM and 4K RAM
for programs in BASIC.

Complete with audio cassette interface and a full
computer keyboard, Challenger IIP can be connected
to a home TV via an RF converter and it’s ready to go.

Challenger IIP comes fully assembled and tested
for only $598.00.

-

OHIO SCIENTIFIG

11679 Hayden « Hiram, Ohio 44234

30 BYTE December 1977

.—_““H-A__ A K

Ve
S~ — N\\ .

Challenger II

Challenger Il
_I:” . from Ohio Scien-
; W;= tific is a disk
1 ' " based computer
_capable of stor-
" ing up to 500,000
- bytes of informa-
~™3 tion on an Ohio
.. “ 8cientific dual
- —emeze drive floppy disk.
Challenger Il comes with 16K of RAM (the disk
BASIC is automatically loaded into the computer so
there is no need for ROM's) and our powerful Disk
Operating System (DOS) which allows the computer
to perform big computer functions like random ac-
cess, sequential and index sequential files in BASIC,
and l/O distributors which support multiple terminals
and industry standard line printers.
And best of all a 16K Challenger Il with serial inter-
face, single drive floppy disk, (250,000 bytes) BASIC
and DOS costs only $1,964.00 fully assembled.

Challenger III

Challenger lll from Ohio Scientific is the revolutionary, new triple processor
computer that allows you to run programs written for the 6502A, 6800 and Z-80
processors.

Incredible as this is, a disk based Challenger |l costs

only about 10% more than conventional single processor

microcomputers. A 32K Challenger lll with a
serial interface and a dual drive floppy disk
assembled and tested costs $3,481.00.

For more information send for our
Free, short form catalog, or send $1 for
our 64 pg. Small Computing Buyers Guide.



Complete with BASIC in ROM and 4K RAM,
Challenger IIP is the ideal computer for programs
in BASIC.

BASIC is there the instant you turn the computer
on with a full 32 x 64 character video display.
Challenger IIP also comes with an Audio Cassette
Interface for program storage. The user simply con-
nects a Video Monitor or a TV via an RF Converter
(not supplied) and the machine is ready to use.

Challenger IIP is ideal for both the home user
who is new to computing or the experienced user
who wants expansion capabilities. Challenger [IP
comes with a four slot backplane and is expandable
via the full Ohio Scientific product line, which in-
cludes 15 system boards offered in over 40 different
versions.

Ohio Scientific has always maintained upward

expandability from old models to new models,
which is nice to know considering the rate at which
technology is constantly improving. For example,
Ohio Scientific’s original 400 series products can
be plugged right into the new Challenger IIP. And
Ohio Scientific has 2 years of experience in build-
ing personal computers, so we're not new to this
business unlike some of our competitors.

Complete with a full computer keyboard Chal-
lenger |IP comes fully assembled for $598 from
Ohio Scientific.

Check the chart below and compare Challenger
IIP with other BASIC in ROM computers. Unlike
other personal computers, Challenger IIP has a
much greater capacity for expansion and the capa-
bility to perform big computer functions with all of
its big computer features.

Processor 6502A 6502 or Z-80
Clock 1or2MHz slower
Display (Lines/Characters) 32/64 25/400r 16/64
Keyboard Full Computer 4 Function
(Capacitive Contact) Calculator Type or Full Computer
(Mechanical Contact)
Display Characters 256 128 or 64
Lower Case Yes No
Plotting Yes Yes
Audio Cassette Interface Yes Yes
BASIC 8K By Microsoft some have only 4K BASIC
String Functions PEEK, POKE, User Yes Not Always
Machine Language Accessible Yes Not Always
Optional Assembler/Editor Yes No
Disk Option Available Now Yes No
In Case Memory Expansion Ability 36K Less
Expansion Boards Available Now 15 None
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Introducing three boards only
Ohio Scientific could build.

Ohio Scientific provides 15 system boards offered in over 40 different versions for Ohio Scientific Com-
puter users. All of the boards are compatible with Ohio Scientific systems and many of them are by tfar
technologically superior to any other microcomputer products on the market. And Ohio Scientific has the
technology that made them possible.

'Il

4444

IJIII

'“tll
l] g
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500 CPU Board

This board gives you our ultra-fast 8K BASIC in ROM
with plenty of user workspace (4K RAM) for as little as
$298.00. Use it as a standalone or as the CPU in a large
system. BASIC is there the instant you turn it on. And
in the October issue of Kilobaud Magazine, our version
of 8K BASIC came out the winner in a BASIC timing
comparison test of all of our competitors. The 500 is the
fastest around!

510 Systems CPU Board

This is our unbelievable triple processor board! Com-
plete with the 6502A, 6800, and Z-80 processors, this
board allows you to run virtually all programs published
for small computers. Available in the Challenger Ill, the
510 board is ideal for industrial development and re-
search applications. There isn’t another triple proces-
sor board like the 510 anywhere, except at Ohio
Scientific!

560Z CPU Expander Board

The 5602 board is our multiprocessing board with a
Z-80 and 6100 chip. This board allows you to run
several processors simultaneously and the 6100 chip
lets you run powerful PDP8 software with the 5602Z. The
5602 board is the only multiprocessing board available
for small computers, and Ohio Scientific makes it!

These three state-of-the-art CPUs are only a small part of the picture. Ohio Scientific’'s advanced tech-
nology offers you other unique features such as Multiport Memories, Distributed Processing, Big Disks with
up to 300 megabytes on line, and Advanced Software.
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Announcing the most

advanced disk

anywhere for 6,000
The /4 megabyte disk
from Ohio Scientific

C-D74 from Ohio
Scientific is the ultimate
storage device for small
computers.

The C-D74 is the first
Winchester technology disk
for small computers making
big system technology af-
fordable and reliable for the
small system not under
maintenance contract.

The disk uses a non-re-
movable sealed chamber
drive with a unique rotary
positioner to provide the
highest performance disk
available today.

The Ohio Scientific
C-D74 can store all the
records of a medium size

OHIO SCIENTIFIC
DEALERS

Abacuz Stores Limited

§5 Erb St. East

Waterloo, Ontario

Canada N2C 3E0

(519) 885-1211

Amarican Microprocassors
Equipment & Supply Corp.

20 N. Milwaukee Ave

Prarieview, IL 60069

(312) 634-0076

Contury 23

4566 Spring Mountain Rd.

Las Vegas, NV 89102

Computer Mart of New York

118 Madison Ave.

New York, NY 10010

{212) 686-7923

Computsr Powar

P.0. Box 28193

San Diego, CA 92128

(712) 746-0064

Delawars Microsystams

92 E. Main St. #1

Newark, DE 19711

(302) 738-3700

Dasert Dats

Microcomputer Saies

P.0. Box 1334

Tucson, AZ 85702

(602) 623-6502

The Homs Computar Co.

P.0. Box 1891

University Station

Chariottesville, VA 22903

(804) 295-1975

Microcomp

P.0. Box 1221

Fond-Du-Lac, Wi 54935

(414) 921-4669

Microcomputsr Workshop

234 Tennyson Terr.

Williamsville, NY 14221

(716) 634-6844

Omaha Computer Stere

4540 S. 84th St

Omaha, NE 68127

(402) 592-3590

company for instant access. REPRESENTATIVES
And the Winchester tech- Abacaz Data Secom Systems
.0. Box 27 -1 N .
nology of the C-D74 means i tity, oA 16301 Ehambles, Ga 0T
that the drive can run 24 Associates Consultants (404) 934-3272
g 33 Ogden Ave. Yingeo, tac.
hours a day without worry East Williston, NY 11596 2 worid Trade Cntr.
. (516) 746-1079 Penthouse 107th Floor
of disk wear. BRAG Microcomputers New York, NY 10048
There are other important e A
C-D74 applications in business (716) 4425861

Computer Business

computing and research in computing P.0. Box 171
itself. The disk makes small computers 319 s
practical for much larger jobs than [ r o Sayputer
formerly thought feasible, particularly since most business computing is Medina, OH 44256

(216) 725-4560

disk bound and not computer bound. Omegs Computing, Lte.
C-D74 provides an unbelievable 35 millisecond average access time Toronto, Ont, M5§ 257

to any of 74 million bytes of information. With a 10 millisecond single (a16) 4242174

. X dible dat i t { 7.3 meaabits g:nD:’l'l::'lalc Computer Systams, BmbH

track seek, the drive has an incredible data transfer rate of 7. g 1 Cammatad g
per second. o _ West Germany

Recommended minimum hardware for the C-D74 is a Challenger Science Education Extenslon
with 32K RAM and at least 8K on a Dual Port 525 board, and a single | %;’55{?’3%;“'5;{’;2’%5‘
or dual-drive floppy disk. L

The drive , cable, interface for an Ohio Scientific Challenger and , ;:(I;::B’s:;?::::: sc';';'o':"
0S-74 operating system software is $6,000 FOB Hiram, OH. Tek-Alds, tne.
Equipment rack shown not included. B

(312) 328-0110

The state of the art in small computers.
1o orderdirect call 1-216-569-3241



Take an

even BIGGER

Bytel...

Fully assembled DEC
Writer || Keyboard
Printing Terminal at the
sensational low price
of only $1495!

with the Heathkit H11 16-Bit Personal Computing System

Based on the world-famous DEC
LSI-11, the Heathkit H11 and it’s
peripherals are designed to give you
all the power and speed you need for
total computing versatility. It's one of
the few FULL 16-bit personal com-
puters available to hobbyists today,
and equivalent commercial versions
would cost literally thousands of dol-
lars more! As with the H8 system,
complete “program-ready”’ software
is supplied: the Heath/DEC PDP-11
software includes ED-11 editor;
PAL-11S relocatable assembler;
LINK-11S link editor; Absolute
Loader; ODT-11X debug; IOXLP I/O
executive program; DUMP-AB-PO
and DUMP-AB-PB; plus BASIC and
FOCAL,; and it executes the PDP-11/

40 instruction set! The software is
supplied in easy-to-use paper tape
format, perfect for the H10 paper tape
reader/punch. And with Heath’s
complete assembly manuals and
software documentation, you have
the most solidly supported computer
system you’ll find anywhere. Sink
your teeth into it today!

H11 LSI-11 16-Bit Computer . ...$1295

H11-1 4K Memory .............. 275
H11-2 Parallel Interface .......... 95
H11-5 Serial Interface ............ 95
H10 Paper Tape/Reader/Punch ..350
H36 LA36 DEC Writer Il ........ 1495

If purchased separately, $3605°°
Heath System Price $335°00

Prices are mali order net F.O.B., Banton Harbor, Michigan.
Prices and specifications subject to change without notice.

FRE

HEATH

Heath Company, 334-360
Benton Harbor, Ml 49022

Heathkit Catalog

Read about computers and nearly
400 other easy-to-build kits.

Use coupon for

I Please send me my FREE Heathkit Catalog.
I | am not on your mailing list.

= Name.

= Address

I ciw State
I CP-133-1 Zip.

mail-order
‘ catalog or bring ’
to store for

retail catalog.

34  BYTE December 1977

AVAILABLE LOCALLY
Visit the Heathkit Electronic Center
nearest you (Units of Schiumberger
Products Corporation) and see our
Complete Computer Line
Parts and service available. All kits dis-
played, and sold at slightly higher prices.
ARIZONA — Phoenix, 85017
2727 W. indian Schoo! Rd. 602-279-6247
CALIFORNIA
Anaheim, 92805
330 E. Ball Rd. 714-776-9420
El Cerrito, 94530
6000 Potrero Ave. 415-236-8870
Los Angeles, 90007
2309 S, Flower St. 213-749-0261
Pomona, 91767
1555 Orange Grove Ave. N. 714-623-3543
Redwood City, 9.
2001 Middletield Rd. 415-365-8155
Sacramento, 95825
1860 Fulton Ave. 916-486-1575
San Diego (La Mesa, 92041)
8363 Center Dr. 714-461-0110
Woodland Hills, 91364
22504 ventura Bivd. 213-883-0531
COLORADO — Denver, 80212
5940 W, 38th Ave. 303-422-3408
CONNECTICUT — Harttord (Avon, 06001)
395 W. Main St. (Rte. 44) 203-678-0323
FLORIDA
Miami (Hialeah, 33012)
4705 W, 16th Ave. 305-823-2280
Tampa, 33614
4019 West Hillsborough Ave. 813-886-2541
GEORGIA — Atlanta, 30342
5285 Rosweil Rd. 404-252-4341
ILLINOIS
Chicago, 60645
3462-66 W, Devon Ave. 312-583-3920
Chicago (Downers Grove, 60515)
224 Ogden Ave. 312-852-1304
INDIANA — indianapolis, 46220
2112 E. 62nd St. 317-257-4321
KANSAS — Kansas City (Mlulon, 66202)
5960 Lamar Ave. 913-362-4.
KENTUCKY = Louisville, 40243
12401 Shelbyville Rd. 502-245-7811
LOUISIANA — New Orleans (Kenner, 70062)
1900 Veterans Memorial Hwy. 504-722-6321
MARYLAND
Baltimore, 21234
1713 E. Joppa Rd. 301-661-4446
Rockville, 20852
5542 Nicholson Lane 301-881.5420
MASSACHUSETTS
Boston (Peabody, 01960)
242 Andover St. 617-531-9330
Boston (Wellesley, 02181)
165 Worcester Ave.
Ml(g( 9 )usl west of Rt. 128) 617-237-1510
Dolroll. 48219
18645 W, Elgh( Mlle Rd. 313-535-6480
E. Detrolt, 48021
18149 E. Elght Mile Rd, 313-772-0416
MINNESOTA — Minneapolis (Nopklnl. §5343)
101 Shady Oak Rd. 612-938-6371
MISSOURI — St. Louis (Brldgeton) 63044
3794 McKelvey Rd. 314-291-
NEBRASKA — Omaha, 68134
9207 Maple St. 402-391-2071
NEW JERSEY
Falr Lawn, 07410
35-07 Broadway (Rte. 4) 201-791-6935
Ocean, 07712
1013 State Hwy. 35 201-775-1231
NEW YORK
Buffalo (Amherst, 14226)
3476 Sheridan Dr. 716-835-3090
Jericho, Long Island, 11753
15 Jericho Turnpike 516-334-8181
Rochester, 14623
937 Jefferson Rd. 716-244-5470
White Plains
(North White Plains, 10603)
7 Reservoir Rd. 914-761-7690
OHIO
Cincinnati (Woodlawn, 45215)
10133 Springtield Pike 513-771-8850
Cleveland, 44129
5444 Peart Rd. 216-886-2590
Columbus, 43229
2500 Morse Rd. 614-475-7200
Toledo, 43615
48 So. Byrne Rd. 419-537-1887
PENNSYLVANIA
Phlladelphia, 19149
6318 Roosevelt Blvd. 215-288-0180
Frazer (Chester Co.) 1935
630 Lancaster Pike (Rt. 30) 215-647-5555
Pittsburgh, 15235
3482 Wm. Penn Hwy. 412-824-3564
RHODE ISLAND
Providence (Warwick, 02886)
558 Greenwich Ave. 401-738-5150
TEXAS
Dallas, 75201
2715 Ross Ave. 214-826-4053
Houston, 77027
3705 Westheimer 713-623-2090
VIRGINIA
Alexandria, 22303
6201 Richmond Hwy. 703-765-5515
Norfolk (Virginia Beach, 23455)
1055 Independence Bivd. 804-460-0997
WASHINGTON - Seattle, 98121
2221 Third Ave. 206-682-2172
WISCONSIN — Milwaukee, 53216
5215 W, Fond du Lac 414-873-8250
OPENING THIS FALL: San Jose, Californla

Circle 58 on inquiry card.




Continued from page 28

SOLENOID
PRESSURE. Pa0 Kl | %
LOAD SPRING
CARTRIDGE
HINGE ® BAIL ~—a
% p—— DISKETTE
\."
HEAD CARRIAGE / LD
\\o ’

REAO AND
WRITE HEAO

\ LEAO SCREW

Figure 3: Diagrammatic representation of a floppy disk drive system. The read and write head and the pressure pad are mounted
on the head carriage, which can be moved radially (see arrow A) to any given data track by means of the motor controlled lead
screw. The bail is solenoid actuated (see arrow B) and is used to lift the pressure pad away from the disk during insertion and
removal. The floppy disk remains in its protective plastic cartridge at all times; the head makes contact with the oxide surface
through an access slot (see figure 1). The spindle rotates the floppy disk at 360 rpm during use.

HEAD POSITION MOTOR —

distance away from the magnetic surface in
the relative wind created by the rapidly
spinning disk. Flying heads are very difficult
to build and maintain, and therefore quite
expensive. The advantage of flying heads is
that they cause no wear on the disk surface
{unless they “crash,” of course) and there-
fore permit very high rotational speeds and
data rate.

Floppies, on the other hand, use a con-
tact head. Contact heads are much simpler,
mechanically speaking. They are pressed
onto the floppy in much the same way as a
tape head is pressed into magnetic tape.
Thus in the terminology of flying heads,
floppy disk heads are permanently
“crashed.” The chief drawback of these
contact heads is the wear they cause to the
floppy and vice versa. Diskettes are rated in
terms of the number of passes the head
makes over a particular spot before an error
is likely to occur there, while read and write
heads are rated in terms of the number of
hours they can survive contact with the
diskette before replacement. Typically
quoted values of component life are in the
millions of passes per track for diskettes, and
tens of thousands of hours of contact for the
read and write heads. In order to stretch the
useful component lives, most floppy control-
lers will command the drive to unload the
head from the diskette when the floppy is

not being used. A typical mechanism for
head loading and positioning is shown
schematically in figure 3.

Most manufacturers use a lead screw
driven by a stepping motor to move the head
from track to track {A stepper motor is a
motor which rotates a fixed number of
degrees every time it receives a pulse.). The
head is mounted on a carriage which is
pushed back and forth across the diskette
by the rotation of the lead screw. The pitch
of the lead screw is chosen such that the
stepper motor’s angular rotation is trans-
lated into a linear motion equal to the track-
to-track radial distance of 0.0213 inches
{0.05 cm) (IBM format). A “‘seek,” which
means moving the head to the desired track,
consists of the retraction of the head back to
track 00 followed by n pulses to the stepper
motor in order to reach the desired track n.
Track 00 position of the head is detected
by a microswitch sensor. Likewise, tracks
44-76 are detected, for reasons to be dis-
cussed later. Variations on head positioning
schemes in the newer drives include “‘voice
coil” methods which position the head with
a linear actuator similar to an acoustic
suspension loud speaker’s voice coil.

Controllers

The basic function of a floppy disk con-
troller is to do many of the small house-
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keeping tasks necessary in order to use the
floppy as a storage device. Perhaps the most
important task of a controller is the handling
of floppy disk formatting. Formatting is the
key to the floppy disk’s random access capa-
bility, since it provides the stored data with
access addresses.

Basically, formatting breaks each track up
into discrete areas known as sectors. Each
sector is of fixed length and is assigned its
own address based on the sector’s physical
location on the disk. With soft sectored
disks, sector addresses are permanently
written into the beginning of each sector to
uniquely identify the corresponding block
of data.

Formatting is a concept similar to the

INDEX HOLE

wide bands between selections on a phono-
graph record. The bands on a record allow
the- listener to select and play particular
songs. In fact, a recent addition to the list of
exotic hi fi equipment is a microprocessor
controlled turntable called the Accutrac.
The unit has an infrared emitter and re-
flection detector built into the tonearm head
which sense when the tonearm is over a
smooth band, detect the record’s format,
and allow the processor to randomly access
any track. The track can be played and re-
played, or any other track on that side of
the record can be accessed.

A floppy disk controlier works in much
the same way. The computer passes a sector
address to the controller, which moves the

TRACK n
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| RREAMBLE ADDRESS MARK | INDEX GAP
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Figure 4: The IBM 3740 floppy disk format. The format is '‘s

-\-.-\""--\.\_\_\_\_\_;
“‘ﬂ-\.\_\_\_\_\-.

NEXT 1D

DATAY CA% Inoonsss MARK

f—33 avrss—-{

DaTa CHECKSUM

|.7 128 BYTES —+— 2 8VTES—¢|

oft’’ sectored, meaning that data written in the track controls the

organization of information on each track. Each of the 77 data tracks on the floppy disk contains data, address and control

fields grouped together to form ‘sectors.”

Each sector contains a sequence of fields, identical to those of the other sectors,

which are further broken down into individual data bytes. One complete track is shown in this illustration. The index hole

provides the only hardware synchronization in this format.
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Now you can gain all the speed and flexibility of a
disk-based PolyMorphic microcomputer system
without scrapping your POLY 88.

Our POLY 88 Upgrade-to-Disk Kit enables you to
quickly and easily convert your POLY 88into a
complete System 8813, a very versatile disk
system with one, two or three floppy disk drives.

You retain all the essential parts of your POLY 88
system (including the powerful BASIC software
library) and gainthe increased access speed and

front panel and walnut cabinet with one, two or
three floppy disk drives, controller, power supply, fan
and 2K of ROM. You also receive two copies of our
system disk, containing our powerful disk
operating system, fully extended BASIC and versatile
text editor and assembler. The single-drive POLY 88
Upgrade-to-Disk Kit costs $1,450.

Why wait? Drop by your nearest PolyMorphic
Systems dealer today and have him demonstrate
the speedy and flexible new System 8813 for you.

programming flexibility of PolyMorphic’s remarkable Then, ask him to show you just how quickly and
new System 8813

Our POLY 88 Upgrade-to-Disk Kit contains every-
thing you need to perform a quick “disk transplant”
on your POLY 88 at home, using a few simple tools.
Each upgrade kit contains a brushed aluminum

R

System 8813

]

easily you can perform a disk transplant on your
POLY 88.

If you can't drop by your dealer, please call us at
(805) 967-0468. Or write PolyMorphic Systems Inc.,
460 Ward Drive, Santa Barbara, CA 93111.

- .
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0ATA BYTE

DATA BITS > ! o]

GAP BYTE

DATA BITS . 0 0 0

ADDRESS MARKS

DATA BITS —

Figure 5: Examples of FM data encoding. In this scheme, clock bits alternate
with data bits to provide constant resynchronization during data recovery.
The concept of FM, or "frequency modulation,” comes about because a
string of 1s in the data bit, when interlaced with the clock bits, gives a differ-
ent frequency of pulses than a string of 0s. The pulse train at the top of the
figure shows the data byte 10010110 encoded using this technique. The
middle section shows the format for a “gap’’ or zero byte. Gaps are used to
provide buffer regions between fields so that minor fluctuations in motor
speed will not affect accuracy. Also shown is the format for address marks,
which serve to inform the system that the next byte is the beginning of a
data or address field. Certain clock and data bits of the address marks are
intentionally set equal to zero in order to differentiate them from other types
of bytes. The last three data bits in the address mark tell whether the infor-
mation that follows is deleted data, regular data, an index byte or an /D
byte.

head to the proper track. The controller
then waits for the desired sector address to
pass under the head before allowing the data
transfer to occur. The data transfers are
always of fixed length to avoid unintentional
overwriting of other sectors.

The IBM standard format is illustrated in
figure 4. It currently represents the most
popular form of soft sectoring. The format
is conservatively designed to protect against
overwrites and to synchronize data transfers.
The format details the content of each of
the 77 tracks: data, address and control
fields grouped together to form sectors.
Each sector contains a sequence of fields
identical to those of the other sectors. These
fields are further broken down into individ-
ual data bytes, each of which is coded to
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NN n

nnon MARK TYPE

000 DELETED DATA

o 11 DATA
1 00 INDEX
110 1D

identify its type to the controller. This
encoding is easily accomplished through the
use of clock bits. Clock bits are written, as
shown in figure 5, prior to every data bit on
a diskette. This is done to provide continu-
ous resynchronization in the data recovery
process. This in turn decreases the confusion
resulting from small motor speed variations
while decreasing the signal recovery band-
width and improving the overall data reli-
ability. Most data recovery circuits utilize
a phase locked loop which provides a limited
form of timing memory that can recover a
data bit if the preceding clock bit is missing,
or the motor speed is slightly off. Those
bytes which serve a special formatting func-
tion are called address marks and are rec-
ognized by a pattern of intentionally
missing clock bits. There is a single pattern
of clock bits that serves to identify all four
types of address marks; each type is iden-
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Floppy Disc

ddég’%‘(’ig,?a%{{/&/ . CABINET AN

PRDBLEM' SBLVER EYSTEMS

PROM: Space for 2K bytes, 1702A. Store
bootstrap loaders and monitors.

RAM: 1K bytes, 2102LIPC, 450 ns, low
power. NO NEED TO RELOCATE STACK
WHEN ADDING MEMORY.

CIRCUITRY: Replaces memory write logic
on ALTAIR™ and Imsai front panels.
REGULATORS: Two regulators. No need for
reguiated power supply.

JUMP-ON-RESET: PROM program execu-
tion starts at any locationin memory without
interfering with programs in any other por-
tion of memory.

§-100 BUS; +8 and -16 VDC; P/C BOARD
SOLDER MASKED BOTH SIDES WITH
PLATED THROUGH HOLES; ALL SOCKETS
INCLUDED.

OPTIONAL FIRMWARE: 512 byte monitor
for use with Tarbell tape interface on 2,
1702A PROMs.

PROM/RAM KIT WITHOUT PROMS $ 89
+OPTION A-SIORev.10r3P+S $129
+ OPTION B - 2 SIO (MITS) $129
+ OPTION C - SIO 2 (IMSAY) $129
+ OPTION D - Poly Video Interface $159

B THE VECTOR 1' G
BOARD (Iincludes Video Driver)
California residents please add 6% tax.

from IMMEDIATE DELIVERY FROM FACTORY
OR YOUR LOCAL COMPUTER STORE

VECToR GIaPHC O3 GRAPFHC iNC.

717 LAKEFIELD ROAD, SUITE F « WESTLAKE VILLAGE, CA 91361 = (805) 497-0733
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Pressure Pad
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Head Position
Motor

Lead Screw

Read and Write Head
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| fuserfion Sl

Photo 1: A floppy disk unit. The cover has been opened to reveal the disk
drive system and its associated electronics. The floppy disk is inserted and
removed at the front, as shown. Courtesy Innovex Corporation.
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tified by the data bits in the byte. Address
marks serve to inform the system that the
next byte is the beginning of a data or
address field.

Another special byte present in the [BM
format is the zero byte, which makes up the
predefined gaps. Gaps exist to provide a
buffer region between other fields whose
physical length may vary slightly, depending
on the spindle speed and software synchro-
nization. Gap bytes contain only clock bits
which preserve the proper output frequency
in the phase locked loop for synchronous
data recovery, starting with the first byte
of the next field.

Picking the index hole as a convenient
starting reference, every track will contain
the same sequence of data, address and con-

trol fields. Roughly 46 gap bytes after the
leading edge of the index photocell there
is an address mark called an index address
mark. The index address mark byte serves
as a landmark indicating that exactly 32
bytes follow before the first byte of the first
sector of the track. The length of the post
index gap is fixed at 32 bytes since it lies
between the index address mark and the ID
record of the first sector, and neither of
these fields are user written. Consequently,
they are immovable and fixed in length.

Each sector has four major fields: the [D
record, the ID gap, the data field record,
and the data gap. The ID record, as its name
implies, provides the complete identification
for the sector. Its first byte is an 1D address
mark which permits the system to get ready
to read the address information. Next are
the 8 bit track and sector address fields,
each followed by a byte of eight zeros.
Finally, a 16 bit cyclic redundancy check
word (see BYTE, March 1977, page 42) is
calculated to confirm error free address read
back. Note that in the IBM format, the track
and sector addresses are defined by the
sector’s physical location on the diskette.
Because of this the user cannot usually
modify the [D record. Following the ID
record is the ID gap, which is 17 bytes
long. lts primary functions are to buffer
the length of the data field record and
to provide a place for the read and write
head to switch to write mode before enter-
ing the data area without disrupting any
other information.

The data field record is the heart of the
floppy disk, and without it none of the rest
of these fields would be necessary. The data
field consists of 130 eight byte bits in which
the owner of the diskette is free to record
programs, text, or any other information
desired. Actually, only 128 bytes of the 130
bytes allocated is free for user data; the final
two bytes of the data field are reserved for
another cyclic redundancy check (CRC)
word. to permit error checking during
read operations. After the cyclic redundancy
check word, there is another gap, 33 bytes
long, providing a head write-to-read transi-
tion area and another safeguard against data
spillover. The next sector's ID address mark
follows immediately after the data gap. Of
course, the tangential speed of the diskette
is different for every track, being greatest on
track 00 and least on track 77. This physical
fact, combined with a constant data rate of




THIS ISMMWMGRDMMSMG
CHARACTERS GENERATED BY (LR NEW ALPHA-VIM-IL.

THE ALPHA-VIM-TT LETS YOU DISALAY BOTH LPFER AND lower case
LETTERS, 64 CHRACTERS FER LINE, 16 LINES DEEP IN A QLERR,
EXPENDED FORMAT. FOR ONLY $145.00!

The new ALPHA-YIM-1I is not a kit, but a fully assesbled,
tested, burnt-in board with a | year warranty. And look at
uhat you get! ke use fast, 230 nsec RAM'S to allow using the

R_PI-\Q-VD‘HI uith the 280 micro processor
t that allous use of an ASCII encoded

& -12V pover supplied for keyboard logic.

a keyboard
kegboard uu

The Alpha-VDM-II contains 1K (1024) bytes of ran-
dom access memory, to which the processor can
read or write, just as though the memory were an
integral part of the system. As the information is
written, the contents of this on-card memory are
displayed instantly without interrupting the opera-
tion of the processor.

All timing required to generate a standard video
signal is provided by a crystal oscillator and as-
sociated digital circuitry. Centering of the display
on the monitor screen is controlled by drift-free
counter logic.

The 1K by 8 static display memory buffer is directly
addressable as RAM on the S-100 bus. Displaying
data on the screen is accomplished by moving the
data to be displayed in the first 512 bytes of the
Alpha-VDM memory. Therefore the display update
is essentially instantaneous. Output routines can
make use of all Memory Reference instruction, in-
cluding one byte moves. (i.e. MOV M, reg.)

Multiple programmable cursor circuitry is built in.
All 1024 cursors can be displayed at one time, and
anywhere in the display. Thus, the VDM can display
white-on-black or black-on-white — perfect for
many video games! The VDM also features EIA
Circle 68 on inquiry card.

cards. And there's

Video output for any standard video monitor, or a
TV repair shop can easily modify your own set.

The VDM comes with free terminal mode software,
designed for teletype replacement. Options include
select blinking cursors, text line blanking after car-
riage return.

Also available: 4K RAM; $107.00, 8K RAM;
$197.50, 8K(Z) fast RAM; $217.50, Alpha-VDM;
$107.00, Graphics-VDM,; $137.00.

Order direct, by check, BankAmericard or Master
Charge (Add $1.50 shipping, credit customers give
us all the card numbers, please and Ohio residents
add 4v2% sales tax) or contact us for more infor-
mation. Kent-Moore Instrument Company, a sub-
sidiary of Kent-Moore Corporation (founded in
1919), P.O. Box 507, Industrial Ave., Pioneer, Ohio
43554. (419) 737-2352. Or, Kent-Moore of Canada,
246 S. Cawthra Rd., Mississauga, Ontario L-A3P2,
Canada.

Kent-Moore
INSTRUMENT COMPANY

T
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Photo 2: A closeup of the
Shugart SA850 double-
sided floppy disk head
assembly. Each head in
effect acts as the pressure
pad for the other head.
Courtesy Shugart Asso-
ciates.
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250 kHz, means that the physical bit density
on each track will be different, track 77
having the highest density. In order to pre-
vent peak shift distortion (see BYTE,
February 1977, page 36) on the more
crowded innermost tracks, the write current
delivered to the head is reduced when
writing on tracks 44-77.

Most floppies in use today use the fre-
quency modulation (FM) encoding described
here. In the search for ever higher per-
formance, several new codes have been
developed to increase the capacity and
transfer rate of floppy disks. These schemes
are MFM (modified FM) and M2FM
(modified MFM) which are usually referred

to as ‘“‘double density’’ options by manu-
facturers. They work by a set of rules that
remove clock bits when those bits will not
be required for synchronization. Group
coded data is also more compressed than
raw FM. All of these techniques require
more sophisticated electronics than FM, and
are slightly less reliable because they remove
redundancy and at the same time have prob-
lems with peak shift due to more critical
timing requirements.

Hard sectoring is another high perform-
ance option increasing the storage capacity
of a diskette. By adding sector holes tied
through the index photosensor to a sector
address counter circuit, the need for space



wasting address fields is eliminated, increas-
ing the space available for data. The number
of data sectors is increased from 26 to 32
in most hard sectoring schemes.

There have been several complex large
scale integration (LSI) chips introduced,
such as Nippon Electric’'s NEC uPD372,
which contain most of the circuitry neces-
sary to perform the formatting and device
control functions of a floppy disk controller.
These chips obviously simplify the task of
designing a general purpose, inexpensive
controller.

Decoding a diskette's format codes is as
far as some controllers go. They leave much
work still to be done by software in the
host computer in order to retrieve data files
from a diskette. At the other extreme some
controllers have dedicated intelligence in the
form of their own microprocessors. A floppy
disk operating system will usually include a
general-purpose set of subroutines, called
a device handler, which takes care of what-
ever messy details the controller can’t do.
A partial list of the tasks required of a
device handler for a floppy disk includes:

® determining the track and sector
address of a desired file

doing a seek to the desired track
scanning sector addresses for a match
reading, writing and buffering data
error detection and correction

If the files to be stored are longer than
one sector’s worth of data, then there must
be additional software, usually called a file
management package. The file manager
determines how to break up and reassemble
large blocks of data and maintain a directory
of where all the files and remaining free
space is located. The file manager is typically
used to invoke the device handler in order
to keep minor details transparent to the
user. The user merely has to call the file
manager and ask that a file identified by a
name be either written or retrieved. From
that point on, he or she can be completely
ignorant of the details of lookups, timing,
noncontiguous files, error retries and many
othe complications required for floppy disk
operation. Of course, transparent or not,
these two programs add quite a bit of over-
head to the task of disk access: the host
computer must spend time (up to several
hundred milliseconds) between the time
a request is made to the file manager and the
time the access begins. In most micro-
processors and minicomputers, this time
is precious and could almost always be spent

The Dual Sided Floppy

One of the most promising develop-
ments in the floppy disk field is the
new two-sided floppy. An example of
this is the Shugart Associates SA850/
851 double sided floppy disk drive
shown in photo 2. Details of the drive
mechanism are shown in figure 6. The
price of the unit is approximately
$750, and it is capable of storing up
to four times the data of a standard
floppy disk drive (1600 K bytes unfor-
matted or 1200 K bytes formatted).
The wunit is available with double
density FM encoding capability (called
M2FM). A metal band driven by a
stepper motor is used to position the
dual head assembly. Photo 2 shows a
closeup of the head assembly.

Double-Sided

Stepping Motor Head Assembly

Carriage

Base Casting Capstan

Mounting Plate

=)
%

Carriage Way

Magnetic Heads

Double-Sided
Diskette

Figure 6: A diagram of the Shugart SA850 dual sided floppy disk drive. Note
the metal band which is used for positioning the head assembly. (Graphics
courtesy Shugart Associates.)

more profitably elsewhere.
In an effort to reduce unproductive over-
head time, many manufacturers are design-
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Command Language

Command Command Syntax Function

Allocate A X Create an empty
file of langth
n with name
AT

Copy CKY Copy file X into
b

Delete (B3

Eject Ed

File FulX

Delete file X
Eject disketis
In drive d
Open file X and
550N 1
logical unit
number u
Fu Close file asso-
ciated with u
F Close all files
Gap Gd Compraess data
gaps on drive
d
Read sactor 5 on
track t on
drive d
Initialize diskatta
an drive d
with optional
intérleaved
sector
S8 UETCE 580
Read entire file X
Rename X by ¥
Write sector s
on track t on
drive d
Position open
file associated
with u to the
rilative sector
and byte
offsat
Pu Report current
position of
apen file
associated
wiith u
Report index
track info for
file X
Read n bytes
fram open
file u
Ru Read variabie
Iength record
fram open
file u
Write a new file
called X
Run diagnostics
on drive d
Write n bytes 1o
the open file
associgted
with u

Input Itsd

kil K d seq

Load
Mame
Output

o2
o
a =<

Position Pusbyte

Query ax

Raad Run

Save 5X
Test Td

Write Wunmn

*File References (FR): A 4 part identifier for each
disk file consists of a name, version, type and
drive number. |dentifiers consist of alphanumeric
characters separidted by special punctuation char-
acters, “Wild card” and partial file constructions
are allowed,

ing and producing ‘‘intelligent’’ controllers,
which vary from dumb to very bright. The
label “‘intelligent’’ does not specify exactly
what the controller is capable of, but indi-
cates only that it can reduce the host's
workload associated with floppy disk use.
These intelligent controllers usually take the
form of a separate high speed dedicated
microprocessor attached to the host’s DMA-
IO bus. The host can issue a small number of
macrocommands which the controller pro-
cessor can decode and execute on its own.

There are two paths to intelligence that
manufacturers are currently taking. The
first, similar to the channel computer con-
cept, is to provide a controller capable of
executing user-written  mini-instructions
directly and independent of the host’s main
memory. These mini-instructions, above the
level of the controller’'s microcode but
below the level of typical user file
commands (GET file, PUT file), provide a
great deal of flexibility in terms of incor-
porating the floppy into a preexisting high
performance operating system. Controllers
of this type might be most efficiently used
in high performance minicomputer systems.
Here a sophisticated file manager program
can take full advantage of the flexibility and
other features of this type of controller and
at the same time reduce the host’s workload.
An example of this type of controller is
Scientific Micro Systems’ FD0O300 family of
controllers for various different computer
families.

The second approach is to incorporate
the entire device handler and most of the
file manager programs into the controller.
This method takes care of the hardware de-
tails and most of the software detaiis of file
management for the user. However, this
is at the expense of eliminating control of
file formats, directories and other things,
since the controller usually has a fixed and
rather simplistic approach to file manage-
ment. This is not necessarily bad for
personal microcomputer systems, in which
the goal is not necessarily tricky data file
manipulations but rather rapid and con-
venient access to a small number of files
(such as assemblers, compilers, sources and
object codes). In fact, this type of controller
may be the best bet for meeting that sort
of system requirement. An example of this
type of controller is the PerSci 1070. The
1070 communicates with its host largely
by single character ASCIl codes which
signify major file operations such as S for
seek, D for delete, and G for get (read).
The complete list of 1070 op codes is

Table 2: The command set for the PerSci intelligent
floppy disk controller.

fairly powerful, as can be seen in table 2,
Adding intelligence to a floppy disk con-
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troller costs about $200 to $300. This
brings the total cost to about $400 to $600,
matching the cost of most floppy disk
drives. Including another $200 for a power
supply, cables and a cabinet raises the cost
of a floppy disk system to double that of
many personal computer systems. Many
personal computer systems (the author’s
included) are little more than workshop
curiosities. The addition of a fast mass
storage device would transform them into
convenient and powerful interactive tools.®m

GLOSSARY

Address mark: A special byte used for format-
ting data {see figure 5).

Bail: A solenoid operated mechanical device
used to lift the pressure pad away from the
floppy disk during insertion and removal.

Cartridge: A square plastic sleeve used to
protect the floppy disk.

Data field: That portion of a sector in which
data can be stored.

Floppy disk: A flexible plastic disk used for
bulk data storage and retrieval.

FM encoding: A floppy disk encoding tech-
nique in which clock bits alternate with data
bits in a serial pulse train.

Gap byte: A data byte consisting of all zeros,
used as a buffer between various regions on the
floppy disk.

Hard sectoring: A technique of sector identifi-
cation in which each sector is assigned a unigue
physical hole on the disk, and 32 sectors can be
put in a single floppy disk track. Since this
form of sectoring requires a unique hole pat-
tern and a different type of controller, it is
incompatible with soft sectored disks.

Head: An electromagnetic device used for
reading, recording or erasing data on a magnetic
medium such as the floppy disk.

Sector: One of several fixed length subdivisions
of a floppy disk track used for storing data and
iD information. Typical mechanisms use 26, 32
or a similar small number of sectors per track.

Soft sectoring: A technique of sector identifi-
cation in which only one physical hoie on the
disk is used to synchronize the beginning of a
track’s data. Then, the remainder of the track is
divided into sectors which contain the sector
identification as part of the fixed format of
data on the track. Only 26 sectors per track are
possible due to the formatting information
which must be recorded with each sector. This
format is incompatible with the hard sectored
format which achieves higher data content.

Track: One of 77 concentric rings of data on a
floppy disk. The radial distance between tracks
is 0.0213 inch {0.05 cm).

[ 0 .y
Only

Computer Enterprises
Has All 3:

[X] 1. Lowest Prices

[X] 2. Reliability

[X]3. Speediest,
Shipping

i North Star Horizon Computer System
H The Complete Z80A System
] *280A CPU at 4 MHZ
i * 16K 200 ns RAM
* SerialI/O * 1orR
micro disk drives

0 Credit Cash |
] * DOS and BASIC Card Discount,.
i Price  Price

B Horizon 1 (1 drive) kit $1497 $14390 g
B Horizon 1 (2 drives) kit  $1871 $1799

i THE standard of Video
l Display Terminals—
Jj Lear Siegler ADM-3AKit § 770 $ 740

§l SPECIAL TOTAL SYSTEM
[ ] combination
i SAVE $50 MORE—
Horizon 1 and ADM-3A B
B kits $2214 $2129
 Horizon 2 and ADM-3A [
kits $2589 $2489 |

i
g SEND FOR YOUR FREE COPY j
g OF COMPUTER ENTERPRISES|

: - O N I G G B TR U U SR S S W l
Polymorphic VT1/64 kit 186 $179

IMSAI 8080 with 22 slots kit 6814 $890 .
IMSAI Factory Assembled 16K RAM 464 $448

IMSAI Factory Assembled 32K RAM 748 $719 .
IMSAI Video Interface VIO-B kit 234 $225

IMSAI Video Interface VIO-C kit 2278 $267 l
Seals 880ns 8K RAM kit 8250 $2840
TDL ZPU kit 1252 $2423

l 4X Expansion for TDL Z16K 5 99 $ 98 l
SEMI 4200 Chips 13 $ 12

TDL 8K BASIC Paper Tape 47 $ 48 .
TDL 12K BASIC Paper Tape 89 $ 88

l TDL Macro Assembler Paper Tape 47 $ 48 .

.Shipping charges: $10 per CPU on larger units; $1.50 l
per kit. $2,00 min. per order.

l Delivery is stock to 30 days on most items. Shipment is

J] immediate for payment by cashier's check, money or-

lder or charge card. Allow 3 weeks for personal checks .
to clear. N.Y. State residents add approp. sales tax.

B Availavility, prices and specs may change without [ |

grotee Write or Call

Fayetteville, N.Y. 13066
P.O.Box 71
Phone (315) 637-6208 Today!
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Techaicsl

Foruim

Table 1: A list of six un-
documented M6800
instructions and  their
definitions. The operations
and operation codes which
invoke them are defined in
the column labelled Re-
sult, and the next instruc-
tion address is given in
each case. Halt and Catch
Fire (HCF) does not have
a “next  instruction”
address because the pro-
cessor hangs up.
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Gerry Wheeler

Computer Communications Network Group
University of Waterloo

Waterloo, Ontario CANADA

Undocumented M6800 Instructions

According to Motorola there are 197
valid operation codes for the M6800 micro-
processor. This means that of the 256
possible 8 bit combinations, 59 are called
invalid instructions.

Have you, like myself, ever wondered
about these invalid codes? What would
happen if you accidentally executed one?
It does happen sometimes, of course, when-
ever your latest software creation takes an
unexpected leap into never never land and
begins executing randomly set memory
locations. What are those holes in the op
code chart anyway?

The mystery of those holes held my
attention until the suspense was unbearable.
To satisfy my gnawing curiosity | executed
those codes deliberately, defying man and
Motorola! And | got some interesting results.

Some of those codes seem to be just
NOPS: they do nothing. Others change the
flags in the condition code register according
to some pattern that is, as yet, unde-
ciphered.

But let me tell you about a couple of the
interesting ones. See table 1 for descriptions
of six instructions that Motorola didn't tell
us about. The mnemonics are, of course,
assigned by me.

The first one, NBA, is self-explanatory.
The A and B accumulators are ANDed to-
gether, and the result is stored in A. | had
to use NBA as the mnemonic because ABA
is already used by Motorola. This instruction
has been checked out thoroughly, and seems
to be perfect, even setting the condition
codes correctly. The only uncertainty is its
execution time.

Hexadecimal

Name Mnemonic Op Code
AND accumutlators NBA 14
store ACCA, immediate STAA 87
store ACCB, immediate STAB Cc?
store SP, immediate STS 8F
store I1X, immediate STX CF
Halt and Catch Fire HCF 9D or DD

The store immediate instructions may
require some explanation. Consider for a
moment the load immediate instructions.
These instructions take the byte following
the op code and put it into the appropriate
register. Therefore the store immediate
instructions should store the register into
the byte immediately after the op code,
right? The only flaw is that there is a hole
left after the instruction, and the register
is stored after that (see figure 1). Note that
the next instruction executed is the byte
following the newly stored register. This
means that the store immediate A and B
instructions are three bytes long, and the
store immediate X and SP instructions
are four bytes long!

Now for the big surprise. This one has
been dubbed HCF for Halt and Catch Fire.
Well, almost. When this instruction is run
the only way to see what it is doing is with
an oscilloscope. From the user's point of
view the machine halts and defies most
attempts to get it restarted. Those persons
with indicator lamps on the address bus
will see that the processor begins to read all
of memory, sequentially, very quickly. In
effect, the address bus turns into a 16 bit
counter. However, the processor takes no
notice of what it is reading. . . it just reads.
The only way out of this race is with the
RESET line. The machine ignores the IRQ,
NMI and HALT lines. For all intents and
purposes the processor has halted and caught
fire! It is quite possible that the HCF
instructions are put into the 6800 design
intentionally in the interest of production
testing of newly fabricated processor chips.

Next Instruction

Result At
A.B—A PC+1
A-PC+2 PC+3
B-PC+2 PC+3
SPh—=PC+2;SPI-PC+3 PC+4
IXh=PC+2;| Xi—=PC+3 PC+4

see text Not applicabie
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16K Static RAM KmaB
250nS & 450nS Versions
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By Problem Solver Systems, Inc.
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This one instruction might provide the auto-
matic test equipment with a quick initial
indication of whether the particular pro-
cessor chip is a total dud, or a prospect
for more detailed automatic testing and
verification of defect free operation.

While these instructions are now docu-
mented, some warnings must in all fairness
be stated lest the user run into problems.
The primary warning is that there may be a
reason that they were left undocumented:
they may not work with every 6800 pro-
cessor, so any software intended for pro-
duction, distribution to friends or for
publication should never use these instruc-
tions. At different times during the history
of M6800 production at Motorola, revisions
and changes in the production masks may
alter the effects of these instructions with-
out any warning to users; after all, an
undocumented instruction is not there from
Motorola’s point of view, so why tell the
users about changes in its definition? Simi-
larly, when 6800 parts are acquired from
suppliers other than Motorola, use of inde-
pendent designs for the production masks
by the second source leaves definition of
these undocumented instructions unspeci-
fied and not necessarily identical to

Motorola’s definitions. But these warnings
apply only to programs to be distributed
in some way; if your personal processor
executes these instructions and you find
a use for them in your own handcrafted
assembly language programs, then by all
means take advantage of them.»

MSB LSB

NEXT INSTRUCTION

INDEX REGISTER STORED HERE

DON'T CARE

("CF" = STORE INDEX, IMMEDIATE)

Figure 1: The ‘Store Index Immediate” instruction requires four bytes of
memory, as illustrated here. The operation code hexadecimal CF is followed
by one byte which is ‘‘don’t care” as far as the operation of this instruction
is concerned. The third and fourth bytes of the operation receive the 16 bit
address value from the index register in the normal order. In this diagram, rrrr
is the 16 bit target for the immediate store, and OP js the first byte of the
next instruction. Operation of the ‘‘Store Stack Pointer Immediate” instruc-
tion is similar.

BYTE December 1977 47



A $19 Music Interface

48

BYTE December 1977

(And Some Music Theory for Computer Nuts)

Bill Struve
800 Madison Av
Memphis TN 38163

“It's all Relative.” So it is in physics as
it was in music. About 600 BC Pythagoras
discovered that strings under equal tension
sounded harmonious if their lengths were
in ratios of small whole numbers like 2/1,
3/2, 4/3, 5/3, etc. Many experiments
throughout the world since that time have
told us that in music, it is the ratios of the
frequencies of the notes that count, not the
absolute frequencies. It has only been in
recent times that there has been inter-
national agreement that A above middle
C is 440 Hz. Musicians call the '‘distance”
between two notes an /nterval. Musical inter-
vals are actually the ratios of the frequencies
of two notes, and are so important in music
that many of the ratios, or intervals, have
names. For example, 2/1 is called the octave,
3/2 is called a perfect fifth, 4/3 is called a
perfect fourth, 5/3 is called the major sixth,
etc. These names make sense to musicians
because they represent the distance between
two notes on the musical scale like do re mi
fa sol la ti do, which might be numbered 1
through 8, respectively. An octave is do to
do, a perfect fifth is do to so/, a perfect
fourth is do to fa, a major sixth is do to
la, etc. The pure diatonic scale was con-
structed to maximize harmony between
notes. This scale has been called the natural
scale, and is one of the two most widely
used scales in Western music. Many unac-
companied singing groups sing on this scale
because it sounds right to them, even though
they may not be able to tell you the dif-
ference between pure diatonic and tempered
diatonic scales. Later you'll see how easy

it is for a computer to generate notes on this
scale.

Pianos, electronic organs, and synthe-
sizers are all tuned to a slightly different
scale, the equally tempered diatonic scale.
} S Bach (1685-1750) played keyboard in-
struments and composed music which
required changing key signatures (which
we'll define by example later in this discus-
sion), during the performance. But changing
key signatures on an instrument tuned to
the pure diatonic scale usually required
retuning the instrument as you'll see in a
moment. Bach found his way out of this
dilemma by slightly mistuning his instru-
ments, a technique which had recently been
developed in Europe. This tempering was
done so that all key signatures were equally
out of tune, or equally tempered. When
this is done, the ratio of frequencies of any
two adjacent notes turns out to be the
twelfth root of two (the value 1.0594631
noted mathematically as /2 or calculated
in FORTRAN-like languages as 2**(1.0/12)).
He chose this ratio because there are twelve
half steps per octave and the octave is a
ratio of 2/1. Only the octave is kept purely
harmonic in this scale: The perfect fifth is
0.11 percent low, the perfect fourth is
0.11 percent high, the major sixth is 0.91
percent high, etc. Since the most discrim-
inating ear can only perceive differences
in frequency when they are more than
0.2 percent, the most harmonious inter-
vals (the octave, the fifth and fourth) are
indistinguishable between the two scales.
But what Bach and the world gained by
giving up a little harmonic perfection was a
quantum jump in the versatility of fixed
tuned instruments (and an added quantum
jump in the time and skill required to
properly tune one).



FIRST EASY WAY TO BUY
A MINICOMPUTER

MINI 12 SPECIFICATIONS

word Length
CPU

Instruction Set
Clock Rate
Major State Time
Serial interface
Baud Rate
Memory

Control Panel
Parattel Interface
Real Time Ctock

Counter
Expansion Bus

Binary Loader
Monitor Bootstrap

Power Requirements

Dimensions

STEP 1

Fill in coupon below
TODAY
with your check for

and mail

$195 to:

TLF

P.O. Box 2298

Littieton

Colorado 80161

12 Bits

IM 6100 fully static CMOS
device

Identical to the Digital
Equipment Corporation
PDP-8E

4MHZ

S500NS

20 MA current loop
standard, RS-232
Optional

110 Standard, Others
optional

8192 words standard,
expandable to 32 K words
PDP-8E compatible, with
additional functions

12 input and 12 output
lines

Programmable, from 10
MS to 40,95 seconds
Counts External Events
50 line, TTL compatible
terminated bus structure
ROM resident.

ROM resident.
100/120/200/240 VAC,
50/60 HZ

2" high x 13" wide x 14"
deep

— i) STEP 2

You can use your BAC/

<

@_e»

V?Q_

BUT

HOW'M | GONNA PAY
FOR IT?

TLF offers 3 purchase plans:

1) CASH with order - and receive
a BONUS CERTIFICATE
worth $100 on selected MINI
12 accessories.

2) Send $350 with order and pay
balance of $545 when ready to
ship or COD to postman.

3) NO INTEREST EASY
PAYMENT PLAN

HERE'S HOW IT WORKS:

When your MINI 12 is ready
to be shipped you send us
$200 or pay postman COD.

") STEP3

The balance of $500 is paid
in 4 equal monthly
installments of $125 each.

VISA, Master Charge or TOTAL PRICE ONLY $895

American Express too!

WHAT COULD BE
SIMPLER?

Make all cheques payable to
TLF Corporation.

OTLF 1977

et |

MINI 12 Computers @ $895 each as per the plan checked below:

Please enter my order for

1 O Enclosed is $895 - | want the Bonus certificate. O Send more information please.
2 0 Enclosed is $350 - I will pay $545 when you're ready to ship or COD when delivered.

3 O Enclosed is $195 - | will pay $200 when you're ready to ship and 4 monthly payments of $125 ea.

I
I
I
I
|
I .._Check ____ Money Order BAC/VISA __ Master Charge Atnerican Express
| Card# Interbank # Exp Date
I
| Name Phone
e will be h : Address _
oo " es}‘:'el"mighta fen | State Zip
buy it herself (for you of | TLF Corporation P.O. Box 2298 Littleton Colorado 80161
course) for Christmas. | Telephone 303 922 6241 Telex 454541

|

I

I

|

|

|

|

- |
Signature ]
|

|

|

|

|

|

4

e e e e e e ——————— e
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Harmonious Computers

Microcomputers can give us both per-
fection and versatility. Since division by
small whole numbers is trivial with digital
electronics, it is at first sight more practical
to use the pure diatonic scale when digitally
generating music, just as it has been more
practical to use the equally tempered dia-
tonic scale for music performed on classical
keyboard instruments. Changing key signa-
tures in computer generated music is no
problem, since the entire instrument may be
“retuned” in a few microseconds.

The greatest advantage of the micro-
computer is the ease with which anyone
can produce music. Years of time con-
suming practice are not required. Applica-
tion of computers to music may change
music from an activity primarily dominated
by motor skills to one dominated by the
intellect. Composers no longer have to be
skilled at playing an instrument in order
to work out their compositions.

Do, re, mi, fa, sol, la, ti, do! North
American, English, and [talian children all
learn how to sing the scale. Most of them
also learn other representations of the same
musical scale like: CD EF G ABC, and:

Rarely if ever are any of these youngsters
exposed to: 264 Hz, 297 Hz, 330 Hz, 352
Hz, 396 Hz, 440 Hz, 495 Hz, 528 Hz, or
to: 1/1, 9/8, 5/4, 4/3, 3/2, 5/3, 15/8, 2/1.
These two sets of numbers are also repre-
sentations of do, re, mi, fa, sol, la, ti, do in
the pure diatonic scale. Equally valid (es-
pecially for the piano) representations of
this simple do to do musical scale are;
261.6 Hz, 293.7 Hz, 329.6 Hz, 349.2 Hgz,
3920 Hz, 440 Hz, 493.9 Hz, 523.3 Hg,
which are related to each other by powers
of the twelfth root of 2: 20/12(=1.000),
22/12(=1.1225), 2412, 2512 27/12
29/12, 21112 212/12 (=2.000). As you
may have guessed by now, these last two
sets of numbers are the frequencies and
frequency ratios of the equally tempered
scale of do to do played on a piano.

So far, so good, but if you are as fast as
| am at absorbing this material, by now it

should be as clear as mud! Organization of
facts into a pattern often does wonders for
the intellect, so let us organize all this in-
formation into one table (table 1) and call
it the “Key of C Major” so that musicians
will think we are talking about music instead
of computers.

You should notice a couple of things
about table 1. First, at the bottom line
you'll see that ['ve added a new concept:
the musician’s idea of step size. The steps
come in two sizes, whole and half. Remem-
bering that everything is relative, we can talk
about step size in terms of the ratio of the
frequencies of the pitches, or notes. In the
pure scale, a half step up in pitch is an in-
crease of 16/15 in frequency and a whole
step up is an increase of 9/8 or 10/9. In the
tempered scale all half steps up are an in-
crease in frequency by the twelfth root of
two (21/2), and all whole steps up in pitch
increase the frequency by the sixth root of
two (21/6) which is two half steps:

2112 4 21/12 2 22/12 = 71/6

Secondly, you should note that the dif-
ference between the pure and tempered
notes is imperceptible for four of the eight
notes. You may be wondering why 440/440
= +.91 percent instead of O percent and why
261.6/264 = 0 percent instead of -.91
percent. To answer this, look at the “Fre-
quency Ratio to C” lines and recall that
everything is relative so: C(tempered)/
C(pure) = 1/1, or O percent and A(tem-
pered)/A(pure) = 23/4/(5/3) = 1.6818/
1.6667, or +.91 percent.

To make this fast point clear let’s make a
do to do scale from A =220 Hz to A =440
Hz, table 2. | could have made C(tempered)
= C(pure), but that would violate an inter-
national agreement about A = 440 Hz!
Besides, this way | can tell you about a
scale in the minor mode. We'll impress
the musicians looking over our shoulders
by calling table 2 “Key of A Minor.”

The two major differences between these
two keys are the beginning note and the se-
quence of whole (W) and half (H) steps up
the scale. Both the starting place and the
sequence are specified in the name of the
key. The key of C major begins with C and
proceeds in the major mode sequence of
steps, WWHWWWH. The key of A minor

Article continued on page 54
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ESSIONAL THE AJ 84‘ l/ O-A COMPLETH.Y
et REFURBISHED IBM SELECTRIC
S teeall TERMINAL WITH BUILT IN ASCII
INTERFACE-JUST $995

Features:
= ASCII code = High quality selectric printing
" 14.9 characters per second printout = Reliable, heavy duty selectric

» Special introductory price —$995 mechanism

(regularly $1195). 75% discount over = Off line use as typewriter
original price of new unit.

Choice of RS 232 Serial Interface or
Parallel Interface (requires 3P + S)

® Order direct from factory
® 30 day warranty—parts and labor |
" Nationwide service locations

AJ 841 WARRANTY AND SERVICE IS
AVAILABLE IN THE FOLLOWING CITIES:

Los Angeles Cincinnati
Philadelphia Detroit
Hackensack Dallas

Columbus Houston 5
Cleveland Atlanta &
San Jose Chicago - - 32 f—
Boston New York TR o G JAcoBSON
o : Anderson Jacobson, Inc., 521 Cha Avenu
WaShlngton’ D'C ° San Jose, California 95131, (40?;6;:;2;
r————_——_—_—_—_—-——_—__—_—_
' HOW TO ORDER AN CLIP AND MAIL WITH ORDER
AJ 8411/0 TERMINAL SELECT EITHER:
l . O RS 232 Serial Interface
1. Make cashier's check or money order pay- O Parallel Interface (requires 3P + §)
' able to: ANDERSON JACOBSON, INC.
Number of units @ $995.each $
Address your request to:
' Personal Computer Terminal Local Sales Tax $
l ANDERSON JACOBSON, INC. Shipping and handling $35.00 each
521 Charcot Avenue (excluding San Jose) $
| San Jose, CA 95131
2. Upon written notification, pick up your ter- Ry o
' minal at the AJ service office located in one NAME
' of the above cities. Allow six to eight weeks
for delivery. ADDRESS
' 3. Afinal check of your unit will be made at the ES
local AJ service office at time of pick up. CITY STATE ZIP
' 4. For warranty or repair service, return unit
todesignated service location. PHONE | )

s ——
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FROM THE INVENTORS OF SEX SOMETHING NEW,
THE WORLD'S BEST KEPT SECRET.

SEX

Now what self-respecting company
resorts to a cheap trick like this to
get your attention.

WE DO

And it works, doesn't it? So does
our new 16K STATIC RAM memory
board. It is fully assembied and
tested and plugs Into your SWTPC
6800 microcomputer—allowing you
to expand your system 1o 48K. The
PRICE?? That's the sexy part. tt's
so BARE we can only reveal it
through the mail. (Sent in plain
brown wrapper so as not to offend
a non-computer oriented spouse.)

Street

Ciy —

Stale & Zip e

SMOKE SIGNAL BROADCASTING
£.0. Box 2017

Hollywood, California 90028

Exactly one year ago, we introduced SEX to BYTE Magazine with this little
ad. Your response was tremendous — much greater, in fact, than to any
of our other larger ads which made no mention of sex. Researchers at the
psychology department of TJU say that, because the readers of BYTE are
not a controlled group (some irresponsible parents even let their children
read the magazine), no statistically valid conclusions can be drawn. We
believe, however, that we may have stumbled across something of even
more interest to computerists than the old 8080. It is, in fact, the world’s
best kept secret.

What is it you ask? First, please keep this confidential. If word got out to
too many people, it might depress the market for late model 8080’s so
much that one of those high priced units could be purchased for less than
a comparably equipped new economical 6800 with automatic bootstrap
and power disc drives. The world's greatest secret is: NOW THERE IS A
LOT OF GOOD SOFTWARE FOR THE 6800. For instance, there are two
disc based editors and three assemblers available for the SMOKE SIGNAL
BROADCASTING BFD-68 disc system. A disc based BASIC COMPILER
with data file capability is available and so is a BASIC INTERPRETER with
data file capability. We also have a DISASSEMBLER with TRACE capabil-
ity, a SOURCE GENERATOR and a smart 1K MONITOR program with 1/0,
tape load and punch, breakpoint, single step capability and much more.
If you're a newcomer to computing and want to learn what BASIC is all
about, we have a LEARN BASIC package that leads you from basic BASIC
to advanced BASIC in 12 easy lessons. All this plus the best microcom-

puter disc operating system around.

SUPER EDITOR: The SE-1 is a content oriented editor with
string search and block move capability. Changes may be
made by referring to line number or string content or a com-
bination of references. Naturally, it is designed for file trans-
fers to and from the BFD-68 so the size of the edited file is
limited only by the capacity of the diskette. $29 on diskette
or cassette.

SUPER ASSEMBLER: The SA-1 inputs source code from a file
on the BFD-68 and outputs object code to disc file. Some very
large programs can be assembled with the SA-1 since the
source code resides on disc and is not resident in memory.
Assembly listings include alphabetized and tabulated symbol
table: $29 on diskette or cassette.

Complete source listings are included for both the SE-1 and
SA-1. Order both for $53 and save $5.

SMARTBUG — A CURE FOR MIKBUGITIS: A super smart
Motorola-Mikbug replacement that preserves almost all Mik-
bug entry locations so your present programs will run without
modification. Uses ACIA for baud rates to 19,200 and includes
many additional features including a software single-step trace
command. Manual and source listing for $19.50.

TRACE-DISASSEMBLER: The TD-1 in the trace mode allows
you to trace through a program and monitor and change the
registers or memory as you go along. In the disassembler
mode, it provides you with a way to make a program listing
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from a program when you only have the object code. $19.95
on cassette. Add $5.95 for diskette.

SOURCE GENERATOR: The SG-1 is a very fancy disassembler
that takes object code in memory and creates a listing and
outputs source code to cassette tape or the BFD-68 in either
SWTPC CO-res or SSB Editor format. The source code gener-
ated includes labels so that the source file created may be
edited and re-assembled with whatever changes the user
wishes to make. $24.95 on cassette. Add $5.95 for diskette.

BASIC COMPILER: The Software Dynamics Basic Compiler has
been adapted for use on the BFD-68. This is a super fast busi-
ness oriented BASIC with PRINT USING statement, disk data
file capability and ten digit accuracy. Because it is a compiler,
you can develop business programs, compile them and deliver
an object module, thus, keeping the BASIC source program as
your trade secret. Write for more information.

LEARN BASIC is a 12 lesson programmed course in BASIC.
It takes the new owner of a 12K or larger 6800 computer sys-
tem from beginning BASIC to advanced BASIC in easily under-
stood steps. Requires SWTPC 6800 version 2.0 BASIC. includes
65 page manual. $39.95 on cassette or diskette.

A BASIC INTERPRETER for the BFD-68 with data file capa-
bility is available for $39.95 from Computerware, 830 First
Street, Encinitas, CA 92024. Write them for more details.

P.O. Box 2017, Hollywood, CA 90028 * (213) 462-5652
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FULLY ASSEMBLED PRODUCTS FOR THE
TRULY COMPATIBLE SS-50 6800 BUS.

Our Basic Floppy Disc System (BFD-68) must, in all modesty, be
called superb. It comes completely assembled with a disc con-
troller that is plug compatible with the SWTPC 6800. The cabinet
and power supply are capable of handling up to 3 Shugart Mini-
Floppy Drives. One drive is included in the price of the BFD-68
and others may be added easily at any time. Or you may save
money by ordering the dual-drive BFD-68-2 or triple drive BFD-
68-3 (pictured). Price: BFD-68 $795, BFD-68-2 $1139, BFD-68-3
$1479, SA-400 Drive $360.

The BFD-68 includes our Disc Operating System Software. The
software provides direct commands to name and rename files,
transfer memory to disc and disc to memory and to automatically
jump to the starting location of any program loaded from disc to
memory. The direct command names are: RUN, GET, GETHEX,
CLOSE, SAVE, DELETE, APPEND, RENAME, COPY, LIST, LINK and PRINT. In addition, the Disc File Management subroutines are
available to create files under your program control.

A bootstrap PROM is included on the controller board to initiate the Disc Operating System which loads into a 4K memory board
located at 7000 or optionally at DOOO. Thus, you can be up and running from a cold start in just a few seconds.

SUPER SOFTWARE: Free patches are provided for SWTPC BASIC version 2.0 and Co-Resident Editor/Assembler. These patches
allow the SAVE and LOAD commands to work with the disc or the cassette at your option.
See the opposite page for more details on the Super Software available for the BFD-68.

M-16-A: The M-16-A is a single power supply fully STATIC 16K
memory system. It is fully buffered and requires only half the
power of a similar size system using low power 2102's. With the
M-16-A, you can expand your system to 48K, add one of our
EPROM boards, our BFD-68 disk controller board and still have
room to spare. The M-16-A is switch selectable to any 4K starting
address and hardware write protect is included. Price $529.

P-38: The P-38 series modules are available in 3 configurations.
The basic P-38 is an 8K EPROM board containing room for 8
2708’s. Like all our products, it is completely assembled. As a
bonus, one 2708 is included which contains SMARTBUG, our 1K
Mikbug compatible monitor program. The P-38 is switch select-
able to any 8K location. Price $179.

The P-38-1 contains all the features of the basic P-38 plus a
built in interface to the POP-1 and the Oliver Paper Tape Reader.
Price $229.

The P-38-FF is a plug-in interface card for the ICOM Frugal Floppy
and the other ICOM full size floppy disks. It contains all the fea-
tures of the P-38-| plus an additional 2708 with the ICOM boot-
strap software. ICOM's 6800 FDOS-Il is included on diskette.
5 i Price $299.
The PS-1 power supply kit provides plus and minus 16 volts required for the P-38 series boards. Also, it allows a wiring modi-
fication to be made to the 8 volt supply that will increase its output by one volt. Price $24.95.

NEW PRODUCT: The POP-1 is a 2708 EPROM programmer that is contained in a separate cabinet outside the 6800 and connected
by ribbon cable. The POP-1 uses a separate self-contained power supply for the programming voltage. There is plenty of power to pro-
gram 2708's from any manufacturer — no need to choose only the most expensive 2708's. The POP-1 interfaces to the SMOKE
SIGNAL BROADCASTING P-38-1 EPROM board and complete software is provided on cassette. The software allows you to duplicate
an existing 2708 (making changes if you wish) or to transfer a block of RAM to EPROM. An adaptive programming technique is used
that allows most 2708's to be programmed within 15 seconds. Instructions are also provided showing how to modify the POP-1
to program the TMS 2716. Price $129.

ALL OUR PRODUCTS EXCEPT THE PS-1 ARE COMPLETELY ASSEMBLED. MASTERCHARGE AND VISA CARDS WELCOME.

SMOKE SIGHAL BROADCASTING

P.O. Box 2017, Hollywood, CA 90028 » (213) 462-5652
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Physicist’s

or
Mathematician's

Musician’s

Musician’s

Terms

Terms

Terms

Y4

N

(

Continued from page 50

Key of C Major

Interval Major Major Perfect Perfect Major Major
From C: Unison| Second Third Fourth Fifth Sixth Seventh Octave
Sung: do re mi fa sol la ti do
Called (o D E F G A B [
) ) ? :
— B
Written: ]_ ‘I' T "
) o | ®
Frequency
Pure: 264 297 330 362 396 440 485 528
Tempered: 261.6 283.7 320.6 349.2 3g2.0 440 483.9 B23.3
Frequency
Ratio to
C for,
Pura: M 9/8 6/4 4/3 a2 6/3 15/8 n
Tempered: 1 a1/6 2”3 96/12 at12 2344 a11112 2
Tempered/ ;
Pure ¢ 0 —0.23 +0.79 H1.11 =0.11 +0.81 +0.68 W 0
Step Size: ole Whole Half Whole Whole Whole Half

Units

Hz
Hz

HziHz
HziHz

Table 1: The key of C major. There is a direct equivalence between a musician’s terminology for musical concepts and the
physicist’s or mathematician’s precise measures of the idea. One of the attractions of music is this low level precision involved
in the creation of high level emotional sensations.
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NEW CP/M™ SOFTWARE

Digital Reseorch is pleosed to announce the
availobility of our new mocro assembier called
“MAC” which is upward compotible from our
previous 8080 ossembler provided with version
1.3 of CP/M™. Our new ossembler is compotible
with the latest Intel mocro standord, ond
incorporates several focilities which will prove
quite useful:

IF, ENDIF, ELSE provide conditional
ossembly focilities which are controlied by
boolean expressions involving the orithmetic
operators (+. -, °, /, MOD, and unory -), shift
and mask operations (SHL, SHR, AND, OR,
XOR), and relational operatots (LT, LE, EQ, GE,
and NUL).

MACRO definitions allow groups of
instructions to be stored and substituted in
the source program, as the macro names
are encountered. Definitions and calls can
be nested, symbols can be constructed
through concatenation (using the special &
operator), local symbols can be created
(using the LOCAL pseudo operation). Macro
parameters can be formed to pass arbitrary
strings of text to a specific macro for
substitution during expansion. In particular,
the MACLIB (macro library) feature allows
the programmer to define a particular set of
macros for generation of machine code for
any specific 8 or 16 bit machine which does
not match the Intel 8080 instruction set.
Macro libraries are included with MAC for the
Zilog Z-80 instruction set, along with macros
for peforming simple peripheral and se-
quential file 1/O under CP/M.

Circle 39 on inquiry card.

N DIGITAL RESEARLCH

IRPC, IRP, REPT provide repetition of
source statements under control of a list of
characters or items to be substituted eoch
time the stotements ore exponded. This
feoture is paricularly useful in generating
groups of assembly languoge stotements
with similog structure.

SORTED SYMBOLS are provided in a
diskette file suitable for listing on your line
printer or use during debugging.

TITLE, PAGE are provided to control poge
ejects ond titles on each poge of the source
listing.

PARAMETERS can be specified when
MAC is staned to control the source and
destination of particular files as well as listing
formats for macro generation.

MAC DOCUMENTATION

MAC documentation includes the “Macro
Assembler Language Method and Applica-
tions Gulde"”, the most complete guide to
macro applications available today. Examples
include macro-based languages, high-level
control structures and operating system interfa-
ces. Over 60 listings of working 8080 macro
assembly language programs are provided so
this manual can be used as a study guide in
advanced macro applications. (The manual is
available for separate purchase.)

The macro assembleroccuples a 12K region
of memory, and requires concurrent operation
with CP/M system, thus requiring 16K of program
space during operation. Additional memory

spoce is used for the symbol table, resulting in a
minimum usable memory size of about 20K.

PLEASE NOTE: MAC is a copyrighted product of Digital
Research and may not be copied for use by any
individual other than the purchaser. Due 1o the proprie-
tary nature of MAC, the miachine code diskefte is
available only to registered owners of the CP/M™
Operating System. Although you may purchase the
"Macro Assembler Language Manual and Applications
Gulde" separately, Digital Research cannot accept
diskefte orders without your registered CP/M™ Serial
Number. (If you haven't retumed your CP/M™ Registra-
tion Card, you may do so of this time.)

ORDER FORM:

| would like to purchase:

( ) *MAC Macro Assembler Language Manual
and Applications Guide” Only (200 pages) lor
$15.00

¢ ) *MAC Macro Assembler Language Manual
and Applications Gulde” and MAC Ma-
chine Code Diskette’. CP/M™ Serial No.

____for$70.00.

() MAC Machine Code Diskette‘ Only. CP/M™

Senal No. for $60.00.
Calilornia residents please add 6% sales tax.
Total purchase: § 3 —r

( ) Please charge to my
Mastercharge # — S
BankAmericard #
Expiration Date

( )l would like further information on:
( ) CP/M™ Operaling System.

( ) MAC Macro Assembler.

Name
Address. __ i am— p— —
Cwy __  Sate _ Zip

Ul DIGITAL RESEARCH

P.O. Box 579, Pacific Grove, CA 93940
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Table 2: The key of A minor. As in table 1, we note the same information, but start the scale on A instead of C. This changes
the order of half and whole steps (bottom line) from a major mode sequence to a minor mode sequence, an extra line has been

Physicist’s or Mathematician’s

Musician’s
Terminology

Key of A Minor

N7

Terminology
e N

-

Step
Size

Whole

Half Whole

Whole

Half

g

Whole

Whole

7~ | Interval Major Minor Perfect Perfect Minor Minor .
From A Unison Second Third Fourth Fifth Sixth Seventh QOctave
Sung* do re mi fa sol la ti do
§ Called A B c D E F G A
°
£
£
@
=
V)
§
z \ ) J
o | @
h ) ! ' &

system so do is C.

added to show the frequency ratios of the minor key with respect to the major key.

56

BYTE December 1977

*North American and English children learn a movable do scale, so do can be any note. The French and Italians have a fixed do




Computer Mainframe System

First in the TEI family .. . The MCS-112 and 122 Mainframe Systems.
“The Base on Which to Build”

The cabinet
A heavy duty, precision formed cabinet of fine
craftsmanship. Completely machined and
ready for assembly. The exterior is fin-
ished in TE! blue. Vented for most
efficient thermal character-

istics. Furnished with all

necessary hardware ] i

The motherboard
An $-100 Bus system high quality mother board with 100-pin edge connectors. Compatible with IMSAI, MITS,
CROMEMCO, TDL and other S-100 bus configured circuit boards. Plug connections for reset switch. Voltage terminals
are screw type to power supply leads. All card guides are provided. 12 slots for MCS-112 model and 22 slots for
MCS-122 model

Edge connectors
High quality edge connectors factory mounted and wave soldered to eliminate this nuisance for
you. Completely checked out for shorts or open traces. ALL edge connectors furnished, 12 for
» the MCS-112 and 22 for the MCS-122. No additional expense when you expand your
" system

The power supply
One of akind . . . using a constant voltage transformer (CVT) with a very
high immunity to input line noise . . . greater than 100 db rejection.
Line regulation better than = 1% from an input of 95 to 140 Voit
AC at full load to 85 to 140 Volt AC at thvee quarter load.
Designed to meet UL-478 specifications (EDP SPECS).
Individual fusing on all input and output voltage
lines. See specifications below for power

ratings :

The cooling system

A N5 CPM muffin fan with a
commercial grade washable filter
will provide clean airflow over all

circuitry

The wiring
All wiring is color coded and ALL is
precut to length with connecting lugs
factory machine applied. Soldering is
held to an absolute minimum.

The front panei
The front panel is blank
except for an indicating AC
switch and a reset switch
However, the chassis and mother
board are designed so that you may N Ly
remove the front panel and insert an IMSAI |

NOW ... TEl puts it all
together for you. Mainframe
systems (6, 12 and 922-slot) ...
Floppy and mini-floppy disc drive
systems (single, double and triple with

or ;grivalelnée front pa;rl\;:i (s;;g& ‘I"I:legON pE dual density) . . . a Z-80 CPU with address-
avatlable will be our "VIR - P \ “iu " ™

B e R e T

. Channel A/D and D/A converter ... 3 serial + 3

parallel muttiple 1/0 ... and other supporting boards

Specifications MCS-112 MCS-1922 and our newest item, the PROCESSOR TERMINAL — A

Dimensions  17%Wx12Dx 7% H 17%Wx19%:D x 7%H ; CRT, keyboard, mini-floppy disc and 12-stot mainframe with a

Power +8 volt DC 17 amps 30 amps | 8080A _CPU — all housed in one quality aluminum case. All of

Power =16 voit DC 2amps 4.amps these fine products at prices you will like. Watch for them all.

J

Contact your local TEl dealer or if you are not near one of our
dealers, write or call CMC MARKETING CORP direct for more

information. e AL ER INQUIRIES INVITED)

PLEASE SEND ME:

MCS-112Kit @ 395.00 O MCS-112 Assembled @ 445.00
MCS-122 Kit @ 495.00 O MCS-122 Assembled @ 575.00
Texas residents add 5% Sales Tax
| Enclose Check O or Money Order O

CMC MARKETING CORP

7931 Fondren Rd, Houston, TX 77036  Telephone (713) 774-9526 = I N 'ﬁ
J u a

BT
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Text continued from page 50

starts with A and proceeds in the minor
mode sequence, WHWWHWW.

Look at the frequencies of the notes
called D and G in these two keys. For tem-
pered tuning, each of these notes keeps the
same frequency although the key changes
from C major to A minor. For pure tuning,
however, each of these notes must be
lowered by 1.25 percent when changing
from C major to A minor. A singer or
violinist does this during a performance,
but can you imagine a pianist or organist
stopping in the middle of a performance to
retune two notes in each octave? Bach’s
equally tempered tuning survives all such
key shifts quite well. The most sensitive
intervals (octave, fourth, fifth) are still
imperceptibly different from the pure
scale, and the other intervals get no worse.
You should notice one more thing when you
are comparing these two tables. There are
two kinds of thirds, sixths, and sevenths.
As you may have guessed, there are also two
kinds of seconds, major and minor. There
is also an interval called the tritone, so there
can be twelve equal half steps per octave.

So if we list all of the intervals, we find
13 to get 12 half steps per octave. Since
these thirteen intervals form what is known
as the chromatic scale, we'll call this list
“Intervals of the Chromatic Scale” and
write it down in table 3.

You can learn at least five things by
inspecting table 3.

First, the b sign is used to denote a half
step down from a note and is called a flat.

Interval

Unison

Minor Second
Major Second
Minor Third
Major Third
Perfect Fourth
Tritone
Perfect Fifth
Minor Sixth
Major Sixth
Minor Seventh
Major Seventh

Octave

C Major A Minor Pure Ratio Tempered Ratio
[c=c] A—A 171 20/12
c-p* A-B® 16/15 2112
[c=D] [A=B | a/8 22/12
c-e’ 6/5 23/12
A-D! 5/4 a2
c=F] [a=D] 4/3 25/12
c-G A-E?® (64/45 or 45/32) 26/12
(c=q) = 3/2 2712
c-a' 8/5 28/12
A-G" 5/3 29/12
c-g 16/9 210/12
A-at 15/8 21112
[c=C] = 2/1 21212

Table 3: Intervals of the chromatic scale.
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The sign for a half step up is # and is called
a sharp.

Second, you should now be able to write
the notes used in the scales of all major and
minor keys. For example, the key of C
minor begins with C and proceeds
WHWWHWW, so it would be: C, D, Eb, F,
G, Ab, BY, C. The key signature is the short-
hand used by musicians to specify the key at
the beginning of each line of music:

—Q_lbi
o

This tells the person playing the music that
all of the Es, As, and Bs should be played
one half step flat.

Third, the major and minor modes
sound different because different intervals
are used for the third, sixth, and seventh.

Fourth, the two most dissonant intervals,
the minor second and the tritone, are not
used in any major or minor key, but are
needed for some key changes.

Fifth, and perhaps most important for
implementation on a ‘“dinky” computer
and for experimentation, is that the only
prime numbers used in the pure pitch ratios
are 2, 3, and 5. Also, 5 only appears to the
first power and 3 only to the first and
second powers. You will see later how easy
it is to implement the pure diatonic scale
with inexpensive integrated circuits external
to the computer, so the computer is not tied
up by generating the pitches itself. In con-
trast, the powers of the twelfth root of two
may be obtained from the moderately ex-
pensive ‘‘top octave” integrated circuit, or
calculated (but not accurately) in real time
by the dinky itself. In the latter case there
will be little computer power left for calcu-
lating the melody or harmony.

= KEY OF C MINOR

From Music to Mathematics and Back Again

Webster defines inversion of a musical
interval as: “A simple interval with its upper
tone transposed an octave downwards. ..
Inverted primes become octaves; seconds
become sevenths; thirds, sixths, etc."

A mathematical inversion Webster defines
as: “A change in the order of terms of a
proportion. ..” So what if a fifth is just an
inverted fourth? Simplification, that’s what!
if we divide the chromatic scale right in the
middle at the tritone, the bottom half is
just the inverse of the upper half. This means
that you only need to learn and think about
half as much. This is not only true musically
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BASE 2 is pleased to offer the following products to the S-100 market at the indstury’s lowest prices:

8K Static Memory Board

This 8K board is available in two versions. The 8KS-B operates at 450ns lTor use with 8080 and 8080A microprocessor
systems and Z-80 svstems operating at 2MHz. The 8KS-Z operates at 250ns and is suitable for use with Z-80 systems
operaling al 4MHz. Both kils leature Tactory fresh 2102°s (low power on 8KS-B) and include sockets for all I1C's.
Support logic is low power Schottky o minimize power consumption. Address and data lines are fully buffered and
4K bank addressing is DIP swilch selectable. Memory Protect/Unprotect, seleclable wail states and battery backup
are also designed into the board. Circuil boards are solder masked and silk-screened for ease of construction. These
kits are the best memory value on the market! Available from stock . . .

8KS-B $125

8KS-Z $145

Z-80 CPU Board

Our 7-80 card is also offered in two speed ranges. The CPZ-1 operates at 2MHz and the CPZ-2 operales al 4MHz.
These cards offer the maximum in versatility at unbelievably low cost. A socket is included on the board for a 2708
EPROM which is addressable to any 4K boundarv above 32K. The power-on jump fealure can he selected to address
any 4K boundarv above 32K or the on-board 2708. An On-board run-stop flip-flop and optional generation of Memory
Write allows the board to run with or without a front panel. The board can be selected to run in either the 8080 mode.
to take advantage of existing soltware. or in the Z-80 mode for maximum efficiency. For use in existing systems. a wail
state mav be added to the M1 cvele. Memory request evele. on-hoard ROM cycle. input cycle and output cyele. DMA
grant tri-states all signals from the processor board. All this and more on lop quality PC hoards. fully socketed wilth
fresh 1C7s.

CPZ-1 $110

CPZ-2 3125

$-100 for Digital Group Svstems

This kil offers. at long last. the ability to take advantage ol S-100 products within vour existing Digital Group main-
frame. Once installed. up to four S-100 hoards can be used in addition to the existing boards in the D.G. system. The
svstem includes an “intelligent” mother board. ribbon cables to link existing D.G. GPU 1o the DGS-100 bhoard and a
power wiring harness. The DGS-100 is designed to fit in the 547 x 12" emply area in the standard D.G. cabinet. It
mav seem expensive bul there's a lot here! End vour frustration!

DGS-100 $295

16K Static Memory Board

Base 2 can now offer the same price/performance in a 16K static RAM as in ils popular 8K RAM. This kit includes 8K
hank addressing with 4K houndarv address setting on DIP switches. This low power unit provides on-board bank
selection Tor unltimited expansion . . . No MUX hoard required. Using highest quality boards and components we
evpect this kit to b one of the most popular units on the market. Available in two speed ranges. the 16KS-B operaltes
a1 450ns while the 16KS-Z operates at 250ns.

16KS-B  $285

16KS-Z $325

Send for more details on these products. Get on our mailing list for information on more soon to be announced
products al factory-direct prices [rom BASE 2. Why pav more when vou can get the best at these prices???

basre iInc

p.o. box 9941 p.o. box 9941

marina del rey, ca. 90291 marina del rey, ca. 90291
213/822-4499 213/822-4499

CA residents add 6% tax FOB — U.S. destination
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and mathematically, but your own ears
will also easily recognize the similarities
between an interval and its inverse.

Try the following experiment on any
piano or organ that's in tune. Pick out any
black or white key and call it 1 for ref-
erence. This home note is called the tonic
and should be located near the center of the
keyboard for reasons I'll explain in a
moment. Now find note 6 by counting up
six keys including 1 and all black and white
keys. Now play both 1 and 6 together;
that's how a perfect fourth sounds. Try it
again with 1 and 8 this time; that's how a
perfect fifth sounds. Now go back and forth
between 1 and 8 and then 1 and 6 to get a
feel for the fifth and its inverse. Next try
the same thing with 2 and 7 then 2 and 9.
These two intervals are also the fourth and
its inverse, the fifth, but you have trans-
posed them up by half a step. Now try a
minor third and its inverse, the major sixth.
First play 1 and 4 together and then 1 and
10 together.

You should notice that the minor third
and major sixth don’t sound quite as sweet
or harmonious as the fourth and fifth did.
Now try transposing up a half step to 2 and
5 then another half step to 3 and 6, and so
on up the keyboard. Do the same with the
fourth, first 2 and 7, then 3 and 8 and so on
up the scale. Notice how the fourth and

minor third sound similar regardless of the

tonic or home key chosen, and how they
are clearly different from each other even if
played in different octaves; in music as in
physics everything is relative to the observer.

You may even want to make a list for
yourself of the intervals which sound alike.
You can also note which intervals are most
harmonious and which are most dissonant,

or rough. I'll even bet your list looks like
mine! [f you think ['ve biased you, have
your friends or family make lists. I'll bet
Interval Ratio Inverse Octave Shift Musical Inverse
Unison 1/1 1/1 2/1 Octave
Fourth 4/3 3/4 3/2 Fifth
Major Third 5/4 4/5 8/5 Minor Sixth
Minor Third 6/5 5/6 5/3 Major Sixth
Major Second 9/8 8/9 16/9 Minor Seventh
Minor Second™ 16/15 16/16 15/8 Major Seventh
Tritone 64/45 45/64 45/32 Tritone

*The minor second is more dissonant to me than the tritone, but the tritone seems
more dissonant to me than the major seventh, so the minor second doesn’t fit in
this list very well.

Table 4: Music to mathematics to music. The intervals useful in music are
listed in order from the most harmonious to the most dissonant. Most people
are in good agreement about the order of evaluation of the relative degrees of

harmoniousness in the first five intervals listed.

60

BYTE December 1977

they all are in agreement. Table 4 contains
my list, which I've called "“Music to Mathe-
matics to Music” for reasons you'll see in
a moment.

Now isn't that a remarkable historical
achievement: what musicians have been
calling an inverse is also an inverse of the fre-
quencies of pitches according to the mathe-
matical definition of inverse. Although I'm
neither mathematician nor musician, | have
read a number of books on both subjects,
including some on the psychophysics of
music, and | have never seen this simple
and simplifying correspondence of musical
and mathematical inverses mentioned. Per-
haps it was information lost with the burn-
ing of Pythagoras and his temple 2500 years
ago. A close look at my list of most har-
monious to most dissonant reveals that as
the top and bottom of the fractions get
larger, the harmony decreases and the
dissonance increases, (with the exception
of the minor second; but let's forget about
this exception for the moment).

The order in this list is no accident;
neither is it a learned cultural bias! It is as
if we had a brain with a center which con-
tinually seeks for simplicity, harmony and
order. The harmonic series: 1, 2, 3, 4, 5,
6,..., is found extensively in man's
theories about nature. ls this because it is a
property of nature, or is it because man's
brain can understand things better if they
are in such a series? Such a question is
interesting, but can only be raised and not
answered in an article about music for
computer nuts. Music, like speech, is unique
to man and is totally abstract. By abstract,
I mean that for the most part, no attempt
to copy nature is made.

Music is solely a product of man's brain,
or ear-brain combination. Here is where we
find harmonic series galore. A musical chord
such as the major triad is three notes played
together, the frequencies of the notes being
related to each other as elements of a har-
monic series are related. In the key of C
major, the major triad is C, E, and G which
have pitch ratios of 4, 5, and 6 (ie: 4/4,
5/4 and 6/4). Often to make the chord
sound fuller, a musician will add the C an
octave lower, and the C an octave higher.
This also fills out the harmonic series some
more: 2, ,4,5,6, ,and 8. How about the
missing 1, 3, 7, 9, etc? You can try 1 and 3
for yourself; they are simply the C an octave
lower still, and the fifth up from the next
C, and they fit in beautifully.

Unfortunately, you won't be able to try
7 on a piano; it would be 7/4, which is
1.8 percent lower than B‘, a minor seventh
from the C of the triad. Fortunately, if you
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believe its power. The TSC Text Editing System
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cludes a “Mini-Tutorial” for those wishing to get
started immediately.

SL68-24 Manual and Source Listing $23.50
With Cassette $30.45 With Paper Tape $31.50

8080 Systems Available Soon!

6800 Text Processing System

The TSC Text Processing System is by far
the most powerful text formatter available to the
micro user. Over 50 commands are provided
for easy paging, margin setting, and spacing.
Right, left, right and left, and center justification
modes are all handled. The TSC Text Proces-
sor is actually a formatting language which
allows the creation of macros including vari-
ables. All of these features allow for very
efficient footnote handling, special document
preparation, and form letters.

Other features supported -include page
numbering (either Arabic or Roman Numerals),
complete page size control (line length, page
length, top, bottom, left and right margins, etc.),
tabs, conditional formatting control, exact title
placing, contiguous space and text control, plus
much, much more.

The Text Processor in conjunction with the
Text Editor will give your micro the powers of
the best text processing system available. The
complete assembler language source listing
and extensive users manual are included.
SL68-29 Manual and Source Listing $ 32.00
With Cassette $38.95 With Paper Tape $40.00

0 SL68-24 $23.50 D SL68-29 $32
0 W/Cassette $30.45 0 W/Cassette $38.95

l O W/Paper tape $31.50 0 W/Paper tape $41.00|
l o0 Complete 6800, 8080, & 6502 Software Cat-l

alog 25¢
TECHNICAL SYSTEMS | |
CONSULTANTS, INC. | Name |
BOX 2574 W.LAFAYETTE INDIANA 479068
3177427509 l Address I
I City State Zip. I
SPECIALISTS IN PROGRAMS, SOFTWARE, & FOR Y & THE

A ESS GE SN EES GED SN ENS EEn GEe Een e el

Circle 118 on inquiry card. BYTE December 1977 61



build the pure diatonic scale interface de-
scribed below, you will be able to hear for
yourself how well 7 fits into the series. Also
you will be able to hear 11, and 13, and to
hear how, and under what conditions they
fit.

The ear-brain wants so much to hear
harmonic series that it will even fill in
missing pitches. The “missing fundamental,”
or the lowest note of a harmonic series, has
been studied by many doing acoustics re-
search. If your ear is presented with a series
of tones whose frequencies are in the ratios
of whole numbers such as 2, 3, 4, 5, 6, or
3,5, 7,9, your brain tells you that you
actually hear the pitch corresponding to 1
{the fundamental) also!

Now let’s get back to the dissonance of
the minor second and why you needed to
stay in the middle of the piano keyboard
to do the experiments with intervals. If two
pitches are very close together, the ear can-
not tell them apart, and they are heard as
a single smooth pitch. If the pitches are far
enough apart, two smooth and distinct notes
are heard. If the distance between the
pitches is in the critical band, the two notes
are heard as two more or less rough notes.
This roughness is maximum at 1/4 of the
critical band. It turns out that the minor
second is 1/4 of the critical band over the
middle of the piano range, and this is why it

sounds so dissonant. The width of the criti-
cal band is roughly equal to:

100 Hz + 50 Hz x f

where f is the frequency of the note in kHz.
You can calculate that, as you go to lower
notes on the piano, roughness, or dis-
sonance, will be heard in the minor and then
major thirds, and still lower will be heard
even in the fourth and fifth, until at the
lowest octave the only consonant interval
will be the octave itself. Thus, if you want
the music you compose to sound har-
monious, you should have the pitches re-
lated to each other in the harmonic series,
and pitches played at the same time should
be more than 1/2 of the critical band apart.
Analysis of music composed by Bach and
Dvorak shows that their chords obey these
two simple rules.

To compose interesting music, you'll
need a few more rules. Most music has
two features, constancy and variety.
It is as if the brain center which looked for
order, simplicity, and harmony was easily
bored, so once it found a pattern, it would
soon be looking for another. Our musical
needs vary. Sometimes we want very simple
tunes so we can unwind, and at other times
we need complex melodies to keep our
interest. Once you have made a tune with a
computer, it will be possible, in principle,
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Figure 1: Block diagram of the musical tone generator interface. All logic (see figures 3 and 4) of the tone generator itself is
12 V CMOS, with level conversion from the TTL 5 V levels at the computer output.
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ARTEC Introduces
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The 8K-32K Expandable Memory That Grows WithYour System

Now, for the first time, you can have a GP-100—$20.00 I— - ] TO ORDER: Use your Mastercharge or
reliable true static memory that will grow Maximum design (= BankAmericard. Or just send along a money
with your system. Start with the board and versatility along ﬂ order. Your order will get same day service.

8K memory. Then add on one, two or three with standard ad-
8K increments of memory up to 32K. 250 ns dress decoding and
access time. The Artec 32K Expandable buffering for
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memory and all necessary support hardware. Room for 32 un-
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reliability has been proven in tough industrial decoding chips, 1
use. Now, you too can enjoy breadboards . DIP address select
and memories that will work time after time. switch, a 5 volt reg-
Boards like the GP 100 and the wire wrap ulator and more.
WW-100. Send for an Artec Board, your High quality FR4
order will be sent the same day as received. epoxy. All holes plated
through. Reflowed sol-

FOR MORE INFORMATION: For more
information about these or any of Artec's
complete line of circuif boards or for either
industrial or personal use, please call or
write. A catalogue will gladly be sent.
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0 32K 0O GP-100 O WW-100
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Bill my O Mastercharge

O BankAmericard No.
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Full 32K board —$1,055.00 WW-100—$20.00 j (s
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sizes of sockets in any
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regulator position for

multiple voltage applica-
tone Conizetineer ™ ARTEC €LECTRONICS, INC
pads arranged for easy ’ Q

pin insertion.

10% discount for-students & computer club members.

605 OId County Rd. * San Carlos, CA 94070 » (415) 592-2740
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Figure 2: Detail block dia-
gram of the tone genera-
tor, which uses the 1 MHz
clock of the KIM-1 as its
frequency standard. The
outputs at right are square
wave signals which can be
sent to further filtering
and signal processing be-
fore mixing down to one
or two stereo channels.
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for you to have the computer make all
sorts of variations of your tune to keep it
interesting.

Now let's switch gears from music to
computer oriented electronics and find out
how to build a diatonic computer music
interface. The interface costs less than $19
to build, including 24 integrated circuits,
LEDs, resistors, four diodes, and a universal
type printed circuit board. It will put out
four notes simultaneously, and will play in
almost nine octaves (17.36 Hz to 7812.5
Hz). The highest and lowest octaves have
12 and 13 different notes, and the middle
seven octaves have 33 notes each, giving
a total of 256 unique notes. It uses three
bytes of memory space.

The interface can be functionally divided
(see figure 1) into four parts:

® A set of programmable frequency
dividers.
® A three byte latch.

®2
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® An address decoder.
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nals from the computer to 12 V sig-
nals for the CMOS circuits so they
can operate fast enough to follow the
500 ns write pulse put out by the
computer.

The block diagram shows that |'ve chosen
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Figure 3: Schematic of the tone generator’s key, octave and note selection
logic. A default mixing circuit is shown to allow connection of all four out-
puts directly to one audio amplifier for testing.
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RIPHERAL VISIO

Peripheral Vision is a young, fast-moving company
that's dedicated to selling reasonably priced
peripherals for various manufacturers’ CPU's.

So now, when you build your microcomputer
system, you’ll know where to look for all the
peripherals that will make your system do what it's
supposed to do.

Peripheral Vision may be young, but we have some
old-fashioned ideas about how to run our business.

We know there are serious incompatibilities among
the various manufacturers’ peripherals and CPU's.
We want to get them together. And we want to bring
significant new products to market--products
consisting of everything from adaptation
instructions/kits for hardware and software to major
new designs.

Most important to our customers, Peripheral Vision
is committed to helping you get along with your
computer. We'll do all we can to make it easy.
Our first product is a real reflection of this
philosophy. It's a full-size floppy disk for the Altair-
Imsai plug-in compatible S-100 BUS. And it's
available for as low as $750.00.
Our floppy disk has many exciting features:
®1 interface card supports 4 or more drives
®Stores over 300,000 bytes per floppy
®Bootstrap EPROM included--no more toggling or
paper tape

Circle 91 on inquiry card.

®Completely S-100 plug-in compatible

®Drive is from Innovex (the originator of the floppy
concept)--assembled and tested

®Disk operating system with file management
system included on floppy

®Cabinet and power supply optional

Also in the works are many new products we'll be
letting you know about soon, if you'd like to take a
closer look. Like 1/0 cards, tape drives, an impact
printer--all for the S-100 BUS--and we're designing
peripherals for a lot of other CPU'’s too.

We've given you a little glimpse of who we are and
what we're doing. If you want to see more, just fill in
the coupon below.

I'E

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

Name

Address

City/State/Zip
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Figure 4: Schematic of the tone generator’s KIM-1 address space decoding, a

diagram of the edge connector, and power wiring table for figures 3 and 4.
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The six programmable dividers are the
heart of the interface (see the detail block
diagram of figure 2 and circuit diagram of
figure 3). Five of these are 4029 presettable,
bidirectional, binary or decade counters set
up to count down in binary mode. In this
mode the carry out (CO) line goes low when-
ever the counter counts down to 0. The CO
signal is inverted and returned to the preset
enable (PE) input which sets the counter to
the value of the binary number on input pins
Jqg to J1. Each positive transition of the
clock (C) input causes the counter to count
down by one as long as the clock inhibit
(C1) is low. Because J4 (pin 3 on IC9, IC15,
IC19, 1C21, and 1C24) is always high, the
counters may be set to divide by 8, 9, 10,
11, 12, 13, 14, or 15, depending on the
binary number on inputs J3 to J1. This
number is stored in 4042 latches by writing
the data into D3 to D7 of the latch as if it
were a memory location. For example, if a
binary three (011) were on J3to J1, 8+3, or
11 would be loaded into the counter when
PE went high, and the C input would have
11 positive transitions before CO would go
low, forcing PE high momentarily, and again

Power Wiring Table

Number Type +5V GND +12V
I1C1 7406 14 7 -
1C2 7406 14 7 -
IC3 7406 14 7 -
1C4 7406 14 7 -
I1C5 4028 - 8 16
1C6 4023 — 7 14
1C7 4028 - 8 16
ic8 4042 - 8 16
1C9 4029 — 8 16
1C10 4001 - 7 14
1C11 4042 - 8 16
1C12 4051 - 8 16
1C13 4024 - 7 14
1C14 4042 - 8 16
1C15 4029 - 8 16
IC16 4013 - 7 14
1IC17 4001 — 7 14
1C18 4042 - 8 16
IC19 4029 - 8 16
1C20 4042 - 8 16
1C21 4029 - 8 16
1C22 4013 — 7 14
1C23 4042 - 8 16
1C24 4029 - 8 16

loading the counter with 11. Thus the fre-
quency of PE pulses would be 1/11 of the
frequency of positive transitions at C. A
flip flop at the output of the note dividers
converts the PE impulses into square waves
with a 50 percent duty cycle. Each of the
Q4 latch outputs turns off a divider and
thus turns off the sound of one or more
note outputs. Bits 4 and 8 of hexadeci-
mal location 1400 turn off all the sound,
whereas bits 4 and 8 of address 1401 and
1402 turn off notes 1 thru 4, respectively.
The reason for all this turn off is that music
has a lot more silence in it than is generally
recognized. To make notes sound distinct,
rather than all run together, the sound must
be shut off for periods of 10 to 50 ms (for
example).

The key selector divides the computer’s
1 MHz clock by a number from 15 to 8 to
produce frequency fK of 66.7 kHz to 125
kHz as shown in the second block diagram.
A binary divider, 1C13, produces seven
more octaves (factors of two in frequency)
from fi, and the 1 of 8 selector, 1C12,
selects one of the octaves, fxo (520.8 Hz to
125 kHz), based on bits 6 to 4 stored at

Edge Connector Wiring Diagram

+5 V 1 A

12 V output 2 2 B
r $2 3 (o}
R/W 4 D

K | 6 E

Dg | 6 F

D4 7 H

D, | 8 J

Dy | 9 K

Dy 10 L

Dg 11 M

5 V inputs 4 gg ::23 g
Ag 14 R

Aq 15 S

Ay 16 T

A3 17 V]

Aq 18 \%
Ag 19 w

Ag | 20 X

As 21 Y

L Ag 22 2

ground
write page 20 )

write page 21
write page 22

Dg > 12 V outputs

Ag 5Vinput ~
H2v

Continued on page 170
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the best way to build
your system...

IMSAI introduces
the PCS-80

component system...




is to take it apart
piece by piece.

Compare the features of our S-100 bus
system, the industry standard, to anyone
else. After you’ve taken them apart piece by
piece, youw’ll know why IMSALI is the system
yquhcan grow with. At a price you can live
with.

IMSALI 80/30 Integrated Video Computer
(with Intelligent Keyboard—IKB-1)
Standard Features:

O Price assembled $1499. IMSALI is the only
S-100 bus manufacturer that offers a micro-
processor driven keyboard with “N” key
roll over, 2%K of RAM, 8 expansion slots,
choice of 4K, 16K, 32K and 64K RAM
expansion boards, 3K ROM monitor,
synch/asynch serial interfaces, parallel and
serial ports, high resolution CRT monitor,
24 x 80 display with graphic editing and
data entry features, and 28 amp power sup-
ply for the incredibly low price of $1499.

O mpu Speed. IMSALI is the only S-100 bus
manufacturer that offers true 8080 com-
patibility,operating at 3 mHz.

O RAM Included. 2%K.

O Expansion Slots. Eight expansion slots
are provided in a new terminated and regu-
lated motherboard (10 slots total).

O RAM Board Sizes. IMSALI is the only
S-100 bus manufacturer to supply 4K, 16K,
32K, and 64K RAM memory expansion
boards.

O ROM Monitor. IMSAL is the only S-100
bus manufacturer to provide 3K of ROM.
O Asynch/Synch. Only one other S-100 bus
manufacturer provides both methods of
data communication.

O PIO/SIO. IMSALI is the only S-100 bus
manufacturer that provides two serial ports
and one fully implemented parallel port at
no extra charge.

O Video 1/0. IMSAL is the only S-100 bus
manufacturer to include a high resolution
(14 mHz) monitor as an integrated part of
the computer.

O CRT Format. IMSAL is the only S-100
bus manufacturer to provide a full 24 x 80
screen, which is two times the capacity of
the common 16 x 64 screen.

O Graphic/Edit. IMSALI is the only S-100
bus manufacturer that provides graphics
and text editing features with character and
line insert/delete for your CRT display.

D Keyboard Included. IMSALI is the only
S-100 bus manufacturer to supgly a micro-
processor driven keyboard with “N” key
roll over and tiered construction for a true
typewriter keyboard touch.

O 28 amp Power Supply. The world famous
IMSAI power supply assures stability and
reliability of performance.

Options: IMSAL is the only S-100 bus manu-
facturer to provide a comprehensive array
of fully integrated options including: line
and character printers, CRT terminals,
intelligent keyboard, ACR storage, stan-
dard and mini floppies, TTY BASIC with
08, 4K, 8K and 12K BASIC, audio cassette
BASIC with OS, 8K disk operating system
(DOS) based upon CP/M.* scientificall
and commercially oriented disc BASI
level 2 FORTRAN IV compiler.

O Printers. Only one other S-100 bus manu-
facturer can supply both line and character
printers.

O CRT/Keyboard. IMSALI is the only S-100
bus manufacturer to provide both CRT
terminal and intelligent keyboard as
separate options.

O ACR Storage. Available.

O Floppies. IMSAL is one of the few S-100
bus manufacturers to provide both
standard and mini floppies and the only
S-100 bus manufacturer that supplies
double density standard floppies.

O TTY BASIC. IMSAL is one of the few
S-100 bus manufacturers that provides self-
contained operating systems with 4K, 8K
and 12K BASIC.

O ACR BASIC. IMSAI supports ACR
BASIC with an 8K version.

ODOS. IMSAL is the only S-100 bus manu-
facturer to provide an enhanced version of
the control program monitor (CP/M*) that
can support up to 18 disk drives.

O Disc BASIC. IMSAL is the only S-100 bus
manufacturer that provides both scientific
and commercial versions of compiler
oriented BASIC.

O FORTRAN IV. IMSAL is the only S-100
bus manufacturer that offers a level 2
FORTRAN IV compiler that operates
under an enhanced version of CP/M*

Prices and specifications subject to change without notice.
*CP/M is a trademark of Digital Research Corporation.

and

rice/Performance
no one else has put together.

Circle 61 on inquiry card.

IMISAT

The Standard of Excellence

IMSAI Manutfacturing Corporation, 14860 Wicks Blvd., San Leandro, CA 94577 (415) 483-2093 TWX 910-366-7287 in Microcomputer Systems
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Techaicsl

Forum

H T Gordon

Dept of Entomological Sciences
110 Wellman Hall

University of California
Berkeley CA 94720

Technical Forum is 9 feg-
ture Intended as an Interactive
dialog on the technology of
personal compuling. The sub-

The XF and X7 Instructions

of the MOS Technology 6502

None of the operation codes listed in the
instruction set of the MOS Technology 6502
has a low order bit pattern of 1111 (hexa-
decimal F) or 0111 (hexadecimal 7), al-
though many have 1110, 1101, 0110 or
0101. How does the processor interpret
op codes of type XF or X7 where X is an
arbitrary high order digit?

When [ tried this out | found that it exe-
cutes them as valid instructions to do both
the XE and XD, or both the X6 and X5
instructions, with fascinating and useful
results. Thus for example AS XX causes
a load of the byte in page zero location
XX into the accumulator, A6 XX loads
this byte into the X register, and A7 XX
loads it into both index registers, an oper-
ation that would need three program bytes
with the conventiona! coding.

Op code 87 is even more interesting,
since 85 XX stores the value in the accu-
mulator into page zero location XX and
86 stores the value in the X register into
XX, and it is obviously impossible to store
two different values simultaneously in one
location. The effect of 87 XX is to store
into location XX only those 1 bits that
occur in both the accumulator and the
X register. The effect is that of a logical
AND between the accumulator and the
X register (neither one being altered), with
storage of the result into XX.

The effect of 97 XX resembles that of
87 XX, except that the result of the AND
is stored in page zero location XX + Y,

into a Y indexed absolute address (XXXX +
Y) is commanded. However, 9E stores the
result of an AND between the byte in the
X register and hexadecimal immediate value
02, ie: if bit 1 of this byte is a 1, 02 is
stored, and if not, 00 is stored. {I have no
idea where the processor finds the 02.) Op
code 9F stores the result of an AND
between the value 02, the X register, and
the accumulator; if the bytes in both re-
gisters have a 1 in bit 1, 02 is stored; other-
wise 00 is stored.

When X6 and X5 command different
operations, X7 causes the X6 to be done
first, followed by the X5. For example
E7 XX causes the byte in XX to be incre-
mented by 1, then subtracts this value from
the accumulator, setting the proper flags
and leaving the result in the accumulator.
Everything the ‘“‘new"” instructions do could
of course also be done with the conventional
set, using more program bytes and time.
Most of the unused op codes of the 6502
“run,” but 12 of type X2 cause operations
to become “lost in space,” from which only
RESET can rescue them. It would be inter-
esting to know whether some of the unused
op codes of other microprocessor designs
will also prove to be valid instructions.

Since discovering the XF and X7 instruc-
tions, | have found that there are also
“unofficial” XB instructions. For example
A9 XX is a load immediate of the byte XX
into the accumulator, and AA commands
transfer of the byte in the accumulator

lect matter Is open-ended, and
the [ntent Js ro foster dis-
cussion  and  communication
agmong readers of BYTE, We
gsk thot afl corréspondents
supply thelr full nomes gnd
gddresses to be printed with
thelr commenigries. We afsa
ask that correspondents
supply thefr refephone num-
bers, which will be printed

since Y indexed storage is used by op
codes 95 and 96. Since these are store
instructions, no testable flags are set. In
general, op codes of type XD and XE
have the same logic as X5 and X6, differing
only in having a 2 byte absolute address
instead of a 1 byte page zero address. This
is not true for op codes of type 9X. Both

into the X register. The effect of AB XX
is to load XX into both the accumulator
and X registers, setting the usual flags.
Some other XB op codes are also executed,
but ! have not yet had time to work out
their operation. | have no doubt that some
of these instructions could be put to use,
but there is a hazard. If manufacturers

1

unless we gre explicitly osked

fo amit them.
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are nevertheless executed, but the operations
are not the same as those of 96 and 97.
They resemble the valid 9D in that storage

decide to add new planned instructions
in chip redesign, programs using the un-
planned ones will be incompatible.®



The®6 000 DP
Center.

O 12”CRT, 24x80 Field, User Programmable Font.
Character and line insert/delete allows fast program
correction and text editing. Inverse video and programmable
field allows highlighting or enlarging graphics of informa-
tion display. Titled fields protect information blocks from
being written over accidentally. Programmable font (up to
256 different characters) allows foreign language and special
purpose character forms.

O Alphanumeric Intelligent Keyboard. 62-pad main
keyboard. Programmable 12-pad numeric keyboard. 12-pad
control keyboard. Standard typewriter and calculator
keyboard layouts. “N” key roll over reduces operator error
during high-speed data entry.

DCommercial BASIC, FORTRAN IV, DOS Software.

Built-in ROM monitor allows extensive debugging and
diagnostics. BASIC, interactive or compiler version.

IMSAI Introduces  swern "

Distributed processing, financial reporting and analysis,

th o word processing, whatever your application, the VDP-80 is
e your answer.

Dial (415) 483-2093, and we’ll tell you how you can put
our $5995* DP Center on your desk top. When it comes to
small business computers, Just Ask IMSAL

Until now. owning real computing power meant paying
unreal prices. Announcing the IMSAI VDP-80 Video Data
Processor, a complete computer, intelligent terminal and

megabyte floppy disk mass storage system. Allin one 'BascdpriceVDP-S()/lOOO. ssws.(;\-ilm :sz RAM pa m;l dual dohublc density floppy

k . isk drive. U.S. Domestic Pric g s ic ject vithout notice.
compact cabinet. All for just $5995* A complete desk top M e wasicimant of Digital Reaarch Coporation,  yoct 1o change without nols
DP center.

For small business applications, the VDP-80 places a
stand-alone computer at your fingertips. And, our full line
of add-on peripherals, assures that the system can be
expanded as your needs do.

For the large business user, with an existing central
mainframe. the VDP-80 is the ultimate remote processor.
You have the advantage of powerful local processing
capability. plus the epitome in cost-effectiveness for
implementing a distributed data communications network.

Take a close look at the following features. Then you’ll
know why we call our VDP-80 the desk top DP center.

O Powerful. High-Speed, Central Processor. 3 mHz
Intel 8085 microprocessor. 32K RAM memory (expandable
to 196K). Parallel and serial 17/0. Asynch, synch and
bisynch communications. Programmable baud rates
(.05-56 KB).

O Megabyte Mass Storage. PerSci dual floppy, double
density disk drive standard. One million byte storage
capacity. Three floppy disk drives can be added-on.
providing 4 million bytes of on-line storage.

®
O Drives Printers, Plotters, Terminals, Modems and IMSAI Manufacturing Corporation
Tape Drives. Supports up 1o six terminals or modems. and 14860 Wicks Blvd.
four tape drives. Drives plotters. serial printers and line The Standard of Excellence  —o.-8andro. CA 94577
. i (415) 483-2093 TWX 910-366-7287
printers (up to 300 lpm). in Microcomputer Systems
Circle 61 on inquiry card. BYTE December 1977 73






