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Circle 200 on inquiry card.

SWTPC announces first dua
minifloppy kit under $1,000

Now SWTPC offers complete best-buy computer system with $995
dual minifloppy, $500 video terminal/ monitor, $395 4K computer.

BWTH S5 e

$995 MF-68 Dual Minifloppy

You need dual drives to get full benefits
from a minifloppy. So we waited to offer a
floppy until we could give you a dependa-
ble dual system at the right price.

The MF-68 is a complete top-quality
minifloppy for your SWTPC Computer. The
kit has controller, chassis, cover, power
supply, cables, assembly instructions, two
highly reliable Shugart drives, and a
diskette with the Floppy Disk Operating
System (FDOS) and disk BASIC. (A floppy
is no better than its operating system, and
the MF-68 has one of the best available.)
An optional $850 MF-6X kit expands the
system to four drives.

Enclosed is:
_ $1,990 for the full system shown above
(MF-68 Minifloppy, CT-64 Terminal with
CT-vM Monitor).
____ $995 for the Dual Minifloppy
_ $325 for the CT-64 Terminal
— $175 for the CT-VM Monitor
____ $395 for the 4K 6800 Computer

$500 Terminal/Monitor

The CT-64 terminal kit offers these
premium features: 64-character lines,
upper/lower case letters, switchable con-
trol character printing, word highlighting,
full cursor control, 110-1200 Baud serial
interface, and many others. Separately
the CT-64 is $325, the 12 MHz CT-VM
monitor $175.

__ $250 for the PR-40 Line Printer
$79.50 for AC-30 Cassette Inferface
Additional 4K memory boards at $100
Additional BK memory boards at $250

comsuten

s 6800 ¢

$395 4K 6800 Computer

The SWTPC 6800 comes complete with
4K memory, serial interface, power supply,
chassis, famous Motorola MIKBUG®
mini-operating system in read-only
memory (ROM), and the most complete
documentation with any computer kit. Our
growing software library includes 4K and
8K BASIC (cassettes $4.95 and $9.95;
paper tape $10.00 and $20.00). Extra
memory, $100/ 4K or $250/8K.

Other SWTPC peripherals include

$250 PR-40 Alphanumeric Line Printer
(40 characters/line, 5 x 7 dot matrix,

75 line/minute speed, compatible with
our 6800 computer and MITS/IMSAI);
$79.50 AC-30 Cassette Interface System
(writes/reads Kansas City standard tapes,
controls two recorders, usable with other
computers); and other peripherals now

and to come.
Southwest Technical

Or BAC # Exp. Date
_ _ OrMC # —. Exp. Date
Name. Address __ —
City g __State Zip

[

Products Corp.
219 W. Rhapsody, San Antonio, Texas 78216
London: Southwest Technical Products Co., Ltd.
TJokyo: Southwest Technical Products Corp./Japan



The new 16K RAM card that turns
your computer into a

Available now —
store/factory

Here's the industry’s leading 16K
RAM card.

it ‘has two ‘outstanding features
that make it important to you:

(1) It's fast: It operates up to 4
MHz with no wait states. That's im-
portant because it lets you run pro-
grams on: your Cromemco Z-1 and
Z-2 computers in about haif the time
required by other systems.. Even if
your present computer is not 4 MHz
fast, this new Model 16KZ RAM equips
you for the time when you'll need
angd want higher eomputer speed.

(2) It has Cromemco’s Bank-Select
feature. Bank-Select lets you expand
memory far beyond 64K bytes. Not
just beyond 64K but far beyond — up
to 512K bytes if you wish, Again, with
Cromemcg you get present outstand-
ing perfarmance plus obsolescence
protection.

Bank-Select lets you organize
memory into 8 banks of 64K each.
The active bank is software-selected,

A useful. giant

Whatever your ‘S-100 bus com-
puter — Cromemco, Altair 8800 or
IMSAl 8080 — you can have enor-
mous. memory with theinew Model

Circle 201 on Inguiry card.

working giant

16KZ. You can run the large programs
and files that make computers truly
valuable — that take them out of the
toy class and make them useful, pro-
ducing units.

With Bank-Select you can even
operate an 5-100 bus computer as a
time-share computer with up to 8
stations. A given memory bank can
be accessed only by one station, so
there is full confidentiality.

Advanced Gromemco englneering
Designing. a2 16K RAM card to
operate at 4 MHz is a significant engi-
neering accomplishment. That's why

1«
64K
DIRECTLY
ADORESSABLE

U

K

Cromemco with our strong eng"l’neer-
ing staff is the only manufacturer to
offer such a card.

And notice that this advanced card
is available and ready.for delivery —
at your store or from the factory:
16K RAM memory kit

(Model 16KZ-K) ....... .. $495.
16K RAM memory assembled,

tested, and burned in for 160

hours (Model 16KZ-W) . ... $795.

Mastercharge and’ BankAmerlcard accepted with
signed order.  Show complete card numbep and
axpiration date.

California users add. 6% or 6Y2% sales tax. as
applicable.

.lncorp“oraled
‘Specialists in computers and peripherals.
2400 CHARLESTON RD_., MOUNTAIN VIEW, CA 94043 ¢ (415) 964-7400



Meet the most powerful
MC system available for dedicated work.
Yet it’s only $595.

Here’s the muscle you've been telling us you wanted:
a powerful Cromemco microcomputer in a style and price
range ideal for your dedicated computer jobs—ideal for
industrial, business, instrumentation and similar applica-
tions.

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

® The industry’s fastest nP board (Cromemco’s highly
regarded 4 MHz, 250-nanosecond cycle time board).

® The power and convenience of the well-known Z-80
uP.

® A power supply you won'’t believe (+8V @ 30A,

+18V and —18V @ 15A — ample power for addi-

tional peripherals such as floppy disk drives).

A full-length shielded motherboard with 21 card slots.

Power-on-jump circuitry to begin automatic program

execution when power is turned on.

$-100 bus.

Standard rack-mount style construction.

All-metal chassis and dust case.

110- or 220-volt operation.

DEDICATED APPLICATIONS

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

FASTEST, MOST

Z-2

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

BROAD SOFTWARE/PERIPHERALS SUPPORT

Since the Z-2 uses the Z-80, your present 8080 soft-
ware can be used with the Z-2. Also, Cromemco offers
broad software support including a monitor, assembler,
and a BASIC interpreter.

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

LOW, LOW PRICE
You’ll be impressed with the Z-2’s low price, technical
excellence and quality. So see it right away at your
computer store—or order directly from the factory.

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

7-2 COMPUTER SYSTEM ASSEMBLED (MODEL Z-2W)
(includes the above as well as all 21 sockets and card
guides and a cooling fan; for rack mounting ). ..$995.

Computerfystem_,

J——
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Cromemco
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About the Cover

The conceptual target of the cover
painting for September was a theme of
music and sound, Taking this theme,
Robert Tinney implemented this
cover, entitled "Breaking the Sound
Barrier.” It was inspired by the legend
of opera star Enrico Caruso breaking
a wine glass through sympathetic
resonances with his voice. The sound
barrier we're referring to, of course, is
the physical barrier between a program
and the real world, which is crossed
by one of a number of musical and
audio output devices and software
presently on the market or about to
come to the marketplace.

In This
BUTE

Experimenting with music on your
computer can be very rewarding. If
you're looking for a streamlined way
to input musical material into your
system, look no further. Hal Taylor
shows you how in SCORTOS: Imple-
mentation of a Music Language. Who
knows, with SCORTOS you could
have your synthesized concerto for
alpenhorn and orchestra up, running
and debugged by next week.

A naked microcomputer board is
unprotected from a harsh environ-
ment. In his article this month,
R Travis Atkins turns couturier as he
fashions external garb in the form of
A New Dress for KIM.

Steve Ciarcia returns this month
with a combjnation of tutorial ideas
and practical details so characteristic
of his style. Read Steve's Control the
World! (Or at Least a Few Analog
Points) to review digital to analog con-
version, and learn how BASIC can be
used to compute and represent wave-
forms through a converter using a
scope as a display.
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A Tiny Assembler need not have
tiny features, as Jack Emmerichs ex-
plains in his article on Expanding the
Tiny Assembler. Jack adds structured
programming features and incremen-
tal improvements to the Tiny Assem-
bler design he described in April and
May issues of BYTE this year. By
reorganizing the symbol table to add
the “begin’’ pseudo operation, “Tiny"
takes on a number of “big” features
while preserving practical operation
as Version 3.1 in under 4 K bytes of
memory.

Looking for a very simple way to
build a wire wrap board? Ira Rampil
has an idea in A One-Sided View of
Wire Wrap Sockets.

Are you interested in making music
with your computer? Hal Chamberlin’s
A Sampling of Techniques for Com-
puter Performance of Music is one of
the best ways to get acquainted with
this fascinating field. The article will
give you complete directions for
creating 4 part harmony on your
microprocessor for a very modest
investment. Get out those 4 voice
fugues that have been languishing
in your music drawer and bring them
to life!

Did you ever want your computer
to sing you a lullaby? Well, as Ted
Sierad points out, it's not too hard to
do so if you Tune In With Some Chips,
using the circuit and software he de-
scribes.

The roster of ‘‘complete’ computer
systems for the amateur computing
person expanded considerably with
the introduction of the Noval 760.
Turn to an account by designers Lane
T Hauck and James D Nash, System
Description: the Noval 760, for details
of the philosophy and overall design
behind this product.

page 12

A double feature written by Carl
Helmers and Chris Morgan of BYTE
covers key details of an interesting
musically oriented peripheral which
can be added to the personal com-
puter: acoustic pianos with pneumatic
player actions. Notes on Anatomy:
The Piano’s Reproductive System gives
global morphology of a Duo-Art
upright reproducing piano. Notes on
Interfacing Pneumatic Player Pianos
covers some details of how to engineer
a computer interface for the pneu-
matic control lines using valve ele-
ments manufactured for the pipe
organ industry.

With this issue, readers will note the
continued progression of information
on APL, and several articles intro-
ducing the theme of music represen-
tation and performance with com-
puters. Readers can look forward to
further information on these themes
in future issues.

APL is one of the most interesting
high level languages around these days.
If you want to continue learning what
goes on in an APL interpreter, read
part 2 of Mike Wimble's An APL Inter-
preter for Microcomputers. Here Mike
covers the expression evaluation sec-
tions of the interpreter.

Many people are familiar with use
of orthogonal basis functions such as
sines and cosines to compute arbitrary
waveforms. But how many readers
have heard of Walsh Functions: A
Digital Fourier Series which forms
arbitrary repetitive waveforms as
weighted sums of digital waveforms?
Read Benjamin F Jacoby's tutorial
to find out a bit about these functions
and their generation.



Announcing the West Coast's largest Personal Computing
Show. April 28, 29, and 30, 1978 at California's brand new
Long Beach Convention Center. This is a selling show with
180 booths (each draped, carpeted and with 500 watts
of electricity). Three full days of conference sessions.
There will be home brew exhibits, exhibitors lounge,
inquiry badge system, computerized registration, a
newsroom, and a full blown advertising and promotional
campaign to bring you thousands of qualified buyers.

PERCOMP’

M wouldit mice i 'I

I wouldn’t miss it
for anything.

Send me the show kit:

Name: Title:

Company:

Address: State:

Zip Code:_ Phone:
Call: (714) 973-0880 Or mail this coupon: PERCOMP 78,

1833 E. 17 St., Suite 108, Santa Ana, CA 92701.
I Sign early, corner booths are limited.

[ 4 §F N § §® B N § § |

Circle 281 on inquiry card.



BYTE's 0.02 Centennial

Reflections on Entry into Our Third Year

Articles Policy

BYTIL is continually seeking quality
manuscripls written by individuals who are
applying personal systems, or who have
knowledge which will prove useful to our
readers. Manuscripts should have double
spaced typewritlen texts with wide margins.
Numbering sequences should be maintained
separately tor figures, tables, photos aend
listings. Figures and tables should be pro-
vided on separate sheets of paper. Photos
of technical subjects should be taken with
unitorm lighting, sharp tocus and should be
supplicd in the form of clear ylossy black
and white or color prints (if you do not
heve access to quality photography, items
to be photograplied can be shipped to us
in many cases). Computer listings should be
supplied using the darkest ribbons passible
un new (not recycled) blank white com-
puter torms or bond paper. Where possible,
we would like authors 1o supply a short
statement about their background and
experivnce.

Articles which are accepted are typically
ucknowledged with a binder check 4 10 8
wee ks atier receipl, Honorariums for articles
ure bused upon the technical quality and
suitability for BYTE's readership and are
typically $25 to $50 per typeset magazine
puge. We recommend that authors record
their name and address information redun-
dantly on materigls submitted, and that a
return envelope with postaye be supplied
in the event the article is not accepted.®

By Carl Helmers

The September 1977 BYTE marks the
end of the second year of our publication’s
existence in the public eye, although actual
work on the magazine began at the end of
May 1975. Since that time, the phenomenon
of personal computing has expanded con-
siderably as more people become aware of it
through mass media publications, radio and
television shows, trade fairs such as the First
West Coast Computer Faire and the National
Computer Conference. Good sense says a
peak must be reached in any new and ex-
panding marketplace, but to date we have
seen no signs of the traditional “shakeout”
(intense competition such as that which
occurred recently in the calculator and
watch marketplaces). For whatever reasons,
a few firms have fallen by the wayside, but
the general trend still remains one of expan-
sion and exploration, to the ultimate benefit
of the user of personal computing products
who is presented with new options and
lower prices for older options.

The “‘appliance’” computer, a complete
system presented in an assembled and tested
package is on the threshold of its ultimate
dominance in the general purpose personal
computer field: from the high end, moving
down in price, we find products like the
Apple-Il and the Commodore PET 2001
machines; from the low end, moving up in
function at the same price, we find the
increasing versatility and capability of pro-
grammable calculators such as the newly
announced Texas Instruments SR-59 with
its optional ROM software modules and
expanded printing and magnetic card peri-
pheral capabilities. And for the discrimi-

Continued on page 95
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Rated G

Great Locations

Now Open:

22634 Foothill Blvd.
Hayward, CA 94542
(415) 538-8080

6840 La Cienega Blvd.
Inglewood, CA 90302
(213) 776-8080

24001 Via Fabricante
Mission Viejo, CA 92675
(714) 770-0131

4233 Convoy Street
San Diego, CA 92111
(714) 560-9912

104 W. First Street
Tustin, CA 92680
(714) 544-0542

50 East Rand Road
Arlington Heights, IL 60004
(312) 255-6488

2511 No. Milwaukee Ave.
Niles, IL 60648
(312) 967-1714

813-B Lyndon Lane
Louisville, KY 40222
(502) 425-8308

16065 Frederick Road
Rockville, MD 20855
(301) 948-7676

2 De Hart Street
Morristown, NJ 07960
(201) 539-4077

1612 Niagara Falis Bivd.
Buffalo, NY 14150
(716) 836-6511

225 Elmira Road
Ithaca, NY 14850
(607) 277-4888

6439 Westheimer Road
Houston, TX 77057
(713) 977-0909

Opening Soon:

Huntsville, AL

San Francisco, CA
San Jose, CA
Thousand Oaks, CA
Detroit, Ml

Nashua, NH

Austin, TX

Franchise Opportunities
Available—Contact:

E. E. Faber, President
Computerland Corp.

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

Circle 202 on inquiry card.



The Best Game in Town.

Welcome to ComputerLond
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 Klingons in an
out-of-this-world game of StarTrek. Create an elec-
tronic work of art with a computer controlled 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. L
Each ComputerLand store offers a

knowledgeable and person-
@7
B

able staff of professionals

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-
puterLand. you deal
with real professionals
who are also real
people. People who
i 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 seleciing
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.

And 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
maijor 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
get exactly 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



eriens

REGARDING INTERFACING THE
IBM SELECTRIC KEYBOARD
PRINTER

My congratulations to Mr Fylstra on
a job well done in his June article in
BYTE. | spent half a year, back in 1970,
on designing the interface for the 735
Selectric to the Microdata 800 Mini-
computer, and in the process went
through many of the discoveries revealed
in the article. As the man who serviced
our IBM 10 printers {(an ex-1BMer)
said to me, that machine is a triumph
of development over engineering!

One fruit of my work was a 2048
bit ROM which we custom programmed
to do the ASCII to ‘‘bail code' conver-
sion and back, without recourse to a
software lookup table. It is still available
as the MM5230KP from National Semi-
conductor. But note that it handles
only the *“correspondence’” version of
the Selectric: our machine needed full
upper and lower case graphics.

Dan’s comments on using the ‘‘a”
and “b" contacts for figuring ready/busy
of the printer are quite valid. One thing
we learned was that allowing the clutch
to stop between characters does lead to
shortened life between adjustments.
Back in 1970 we used a TTL voting cir-
cuit to read the contacts, because they
bounced so much, and accurate timing
is essential for *‘wide open‘’ running.

One last point: The contacts are open
reed, and must be ‘“‘wetted” by using a
current several times higher than the
5 mA shown, else they get dirty very
quickly.

Good luck to all ye who pass this
way again!

Richard Percival

National Semiconductor GmbH
Industriestrasse 10

808 Furstenfeldbruck GERMANY

IS BUS COMPATIBILITY NEEDED?

| have recently noticed that many
people ascribe a certain importance to
a product if it is “Altair (S-100) compat-
ible.** This should not be unusual; many
people own Altair bus based systems and
wish to buy only what is useful to them.
But | am angered by people who auto-
matically downgrade a product that is
not S-100, even if they do not own a
system themselves. They seem to think
that compatibility and board inter-
changeability rank high on the list of
priorities for a “‘good’’ computer system.
This is typical of most of the hobby
market.

| feel that the next few years will
bring a change in that viewpoint. As
computers become more and more

common, processor power and built-in
features will take precedence over bus
compatibility. This is especially true in
the consumer market. Who, in the early
days of radio, would buy a separate
tuner, amplifier and speaker assemblies
if they could buy a complete, assembled
unit? Consumers would never consider
buying and inserting full size printed
circuit boards into a system; they will
rarely care whether they have a separate
video board of a video section or a single
board computer if it works.

This is not to say that the Altair
(S-100) design will vanish. The large
number of systems and boards available
makes it a great system for someone who
knows what he or she is doing. For all
others, a system that is self-enclosed and
requires no expansion for basic 10 de-
vices (tape recorder, TV set) will be
more popular.

If we are to go anywhere with home
computers, as designers we must under-
stand what consumers expect them to
do; we must not force them to adapt
to our insufficiencies; we must learn to
provide a useful and well-integrated
product.

C David Espinosa
21191 Gardens Dr
Cupertino CA 95014

The first automobiles were not truly
consumer oriented, either, but as the
public became educated in the uses of
the product and as manufacturers
learned more about the product and its
design, the personal transporter became
today’s ubiquitous mechanism. In the
continuing evolution of the personal
computer, a similar user orientation is in
the works and presently unfolding as
innovative technological entrepreneurs
gain experience and refine the product
concepts.

IBM 360/370 EMULATIONS

Concerning Tom Koon's letter in the
May 1977 BYTE about 360/370 emula-
tion: this has already been done in at
least one instance that | know of. Roger
Appel of Interdata recently mentioned
that his company took on this project
a few years back. Interdata’s Boston area
phone is (617) 890-0557, and as to the
price, don’t count on it being cheap.

) Howell Mitchell Jr
Dynamics Research Corp
60 Concord St
Wilmington MA 01887

A PUZZLE: DELETING THE
DELIMITER

| have comments to make regarding
Dave Chapman's problems with deli-
miting the delimiter (May 1977 BYTE).
There is a similar but even more an-
noying problem if you're working with
an editor program which has a delete
character.

The question is, how do you change
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Rich Man, Poor Man, Merchant, Physician,

Teacher, Lawyer, Stgdent, Musician....

There’s ¢

4>

5

\,
COM Floppy Disk

N

System for Everyone!

More Uses

People from every walk of life are
adding iCOM® Floppy Disks to their
microcomputers for such diverse
tasks as payroll, inventory control,
mailing lists, game playing, record
keeping, parts ordering . . .

We've uncovered some innovative
applications,too: The sailboat architect
who puts equations and algorithms on
an iCOM disk to test his nautical
theories; the student who has auto-
mated a bowling alley ; the iCOM
dealer who designed an environmental
control system for a university.

More Speed
These users have found iCOM
floppies to be much faster and more
versatile than cassette or paper tape.
With iCOM,
programs can
be loaded in
seconds; files
updated in
minutes;
hundreds of
programs can

More Models

iCOM has Frugal Floppies™, Dual
Floppies, Microfloppies™ (using the
new 514" diskette), and other new
approaches to floppy disk systems.
Each is hardware and software
compatible with Altair™, IMSAI, Poly
88, Sol-20 and other microcomputers
using the Altair S-100 bus format.

ey

More Software

Then there's iCOM’s famous
software: Powerful field-proven
FDOS- Il with macro-assembler, string-
oriented text editor, and file manager
Plus easy-to-use compatible 8K Disk
BASIC. Each with super features such
as: named variable length files, auto-

More Backup

We've been building floppies for
microcomputers for more than 3 years.
Long before the rest. Thousands of
systems are operating perfectly in the
field. And we're part of Pertec
Computer Corporation, one of the
largest manufacturers of peripherals,
microsystems, data entry products
and data processing systems. We'll be
around whenever you need us.

More Dealers
Maybe not in quantity, but in quality.
We've chosen our dealer network
carefully to assure you of assistance
every step of the way. Our prices are
right. Our delivery is
fast. Our dealers are
experienced and
knowledgeable . W\\ﬂ‘oa-‘,\‘
i 3
. r You-
Must Reading Do §°
Our free booklet,
""What a Floppy Disk
Can Do for You"'

is must reading. e
Send for yours today s B e
or visit your dealer. ha

be stored on
a single disk. *

file create, open and close, multiple
merge and delete . . . and more.

©1977, Pertec Computer Corporation

[ca MICROPERIPHERALS

6741 Variel Ave., Canoga Park, CA 91303 U.S.A.

a division of Pertec Computer Corporation Tel.(213) 348-1391 TWX 910-494-2788



a delete character, when typing the char-
acter deletes the previous character? A
variation of this exercise is obtained
when you suppose that somehow the
character for “change’’ has been set to
be the character for “‘delete.”

These are amusing puzzles, and it
can be left to the reader to figure out
how to get into and out of these situa-
tions.

E G Johnston
Computer Sciences Corporation
Silver Spring MD 20910

MORE ON SR-52/SR-51 INTERNALS

I am interested in interfacing the
SR-52 with some other equipment and

have gathered a little {very little) infor-
mation which might help William D
Lewis (letters of June 1977 BYTE) with
his SR-52. First, the SR-52 and SR-51
terminal strips appear to be similar. The
SR-52 has a TMCOS501NL which they
call Ul and a TMCO0524NL which
appears to be a version of the TMC-
0523NS-5,but it is called U2.

The terminal strip connectors in the
order shown ir the June BYTE are: NC,
D12, 02, Ext, IDLE, IRG, D15, DO, 01,
KN, KP, KR. The pinouts of the TMC-
0501NL are: 1(DPT), 2(SB), 3(SA),
4(SF), 5(SC), 6(SD), 7(SE), 8(KT),
9(KS), 10(KR), 11(KQ), 12(KP),

Continued on page 174

AN IMPORTANT WARNING ABOUT
THE ELEMENT MERCURY AND ITS
COMPOUNDS

The June 1977 issue of BYTE arrived
recently and Mr Pasken’s letter on ob-
taining mercury caught my eye, causing
me to go back and read Mr Firth's article
on weather prediction in the December
1976 issue, page 62, which | had not
read the first time around. | fear that
Mr Firth, and perhaps Mr Pasken, are
under a misapprehension as to the nature
of the hazards of contact with metallic
mercury. As an industrial hygienist, |
feel impelled to set the record straight
and to comment on Mr Pasken's method
of obtaining mercury.

A note in Mr Firth's article states
that “mercury can be harmful if you
breath the vapors, swallow it or other-
wise get it in your body. But there is
little danger from . . . putting your hands
in it."” 1t is true that mercury vapors are
harmful; however, the rest of the state-
ment | have quoted is, by and large, not
true for metallic mercury, which is what
one would use in a barometer. Metallic
mercury is readily absorbed through the
skin. On the other hand, if swallowed it
passes virtually without absorbtion
through the gastrointestinal tract and
presents very little hazard to the indi-
vidual. (One should, of course, try to
avoid swallowing it anyway.)

Mr Pasken does not address the
hazards of mercury, but his method of
obtaining it is one which, in view of
those hazards, | would not recommend.
In breaking open mercury switches and
cleaning the mercury by passing it
through a hole in a filter paper, one's
tendency would be to work with the
material rather close to the face. This
could result in considerable breathing
of mercury vapors. (Remember, most
readers will not be doing this in a
chemistry lab equipped with adequately
performing fume hoods.) In addition,
the potential for skin contact is obvious-
ly quite great.

Mercury, if spilled on a floor, can be
quite difficult to clean up. Sweeping will
only break it into smaller and smaller
drops which will lodge in cracks and in-

crease the cleaning problem. Vacuuming
is a preferred method. But most people
don’t keep laboratory aspirators in their
homes, and contaminating the family
vacuum cleaner with mercury is hardly
an ideal solution. There are also commer-
cial materials which when sprinkled onto
a mercury spill create mercury com-
pounds which can be swept up, but |
doubt that many people have such things
available to them at home. And frankly,
should mercury be spilled on a rug, |
can't imagine how it could be cleaned
up completely.

There are a few other points to con-
sider. If mercury is spilled on your floor,
it is a greater hazard to your small
children and pets than to you. They are
down there where the vapors are
stronger and are in more intimate con-
tact with the floor, and potentially with
the spill. Also, mercury is fun to play
with. Children, and adults too, like to
coat coins with it or watch a droplet roll
around the palm of a hand. Such recrea-
tion leads to skin contact, which should
be avoided. Finally, should you be
working with mercury in your home in
winter, and your home is not heated
with forced air, the room in which you
work will not have much ventilation and
the mercury vapor concentration will be
higher than otherwise.

I should mention that the above
statements on the hazards of mercury
are made with respect to metallic, or
elemental, mercury. Mercury compounds
can also be hazardous in other modes of
exposure.

In summary, metallic mercury is a
harzardous material, both by breathing
the vapors and by skin contact. If you
must work with it, avoid skin contact,
and, if you don’t have access to a chem-
istry laboratory, work with it outside or
in a well-ventilated room. Store mercury,
and your open dish mercury barometer,
where children, pets and other curious
people cannot get at it, again, preferably
in a well-ventilated room.

Peter L Zavon
57-01 Fox Run
Plainsboro N) 08536
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You Asked For It!

You asked for the Intel 8080ACPU . . . . . . . . . . . . . ... . Wegaveyou the VECTOR1
You asked for a real-timeclock . . . . . . . . . . . . . . . . . . . Wegaveyouthe \IECEO’H
You asked for eight level

vectored priority interrupts . . . . . . . . . . . . . . . . . . . . . Wegaveyou the \IECEO’H
You asked for a jump-on-reset

and resident monitor . . . . . . . . . . . . . .. . . . . . . . . Wegaveyouthe \IECEO’H
You asked for the S-100bus . . . . . . . . . . . . . . . . . . . . Wegave you the \IECEO?I

You asked for an 18 slot
fully shielded motherboard . . . . . . . . . . . . . . . . . . . . . Wegaveyou the VECTOR1

You asked for a
rugged, reliablechassis. . . . . . . . . . . . . .. . .. ... Wegaveyouthe\lE(EO?l

Then ... You asked for the compactness and
convenience of installing your minj-floppy —-
disk directly in the front panel. . . . . . . . NOW. . . We give you the\’l:(LO? 1+




Hal Taylor
Interactive Music
Box 11

Arlington VA 22210

'I'ﬁfpm"'

Photo 1: The author’s computer music system, which consists of an Altair
8800 computer with 32 K bytes of programmable and read only memory,
and an ADM-11! video terminal. Also pictured is a Mini-Moog electronic
music synthesizer (top left) and a Farfisa VIP 400 electronic organ (bottom

SCORTOS:

Implementation of a Music Language

Perhaps nowhere can technology better
serve the creative end of the music arts than
through the computer. The computer has a
natural affinity for the application to music
since it is capable of carrying out processes
which create and perform music. It can be
programmed to learn any language the com-
poser wishes to use to describe his musical
ideas. It can manipulate the symbols of that
language to produce transformations of the
composer’s original ideas. It can enlarge and
improve the quality of the composer’s crea-
tive output by allowing him to work in an
interactive mode where he can hear his
musical works performed within minutes of
their conception.

The computer owes this affinity to its
unerring accuracy and high bandwidth, qual-
ities which its human inventors do not
possess. The human mind is slow and noisy
and requires years of exercise to achieve the
coordination necessary to perform complex
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musical passages. Although the computer
may ncver be able to match the expressive
subtleties of a concert soloist, it is in some
cases more suitable for the performance of
music than a human being.

If a program can be devised to convert
musical symbols to the sounds they repre-
sent, then the computer can be of value to
the composer as a means of developing
composition prototypes, that is, preliminary
designs of musical works that he could hear
performed before he copied the parts and
gave them to the orchestra. An editing
capability would also be available to him to
alter the music until it produced the desired
results. When the computer performed the
work to his satisfaction, the original score
and the instrumental parts could be pub-
lished on a computer controlled plotter.
With such a system the composer could
avoid the drudgery of hand copying parts,
and would be encouraged to experiment
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Figure 1: A standard alphanumeric keyboard modified for the SCORTOS language. SCORTOS
is a language dedicated solely to the processing of musical information. The keyboard is a stand-
ard ASCII unit which has been relabeled with music symbols. The user enters a musical compo-
sition by striking the keys which correspond to the symbols in the music score of the composi-

tion (see also photo 2).

with new forms that he might otherwise
hesitate to give to an orchestra.

The computer can also be useful to the
composer as an originator of musical ideas
since it can simulate the process by which
the human mind creates music. A music
composition consists of a series of musical
events chosen from a minimum of about 200
different possibilities (consider, just 12 tones
and 18 types of notes). Only certain of these
combinations are pleasing to the human ear.
The composer’s job is to discover those
combinations which produce aesthetic
results. The manner in which he or she
does this is personal, intuitive, and cannot
by itself form the basis for a workable
algorithm. It is possible, however, to infer
some of the underlying rules of music
by analyzing it. Whether we are composing
with our minds or with a computer, we
follow a set of rules that determine which
pitches will be chosen, in what order
they will be arranged, and how long each
will last in time.

The set of rules describes the style and
structure of the music and can be repre-
sented in a computer by a statistical model.
A process can be programmed into the
computer that uses the model to decide
which musical events are suitable for use in
the composition. The process is one in which
random choices are discarded according to
a stochastic model. [According to Webster’s,
stochastic processes are processes based on
the behavior of random variables. Random
variables, in turn, are functions which are
the result of statistical experiments in which
each outcome has a fixed probability. For
example, the number of spots showing if
two dice are thrown is a random variable . . .
CM/ In order to produce a musical event,
the program generates a random number

which it associates with a variable such as
pitch or time. The number is then subjected
to the constraints of the model. The model
is constructed by feeding specimens to an
analysis program which are representative of
the desired compositional style. The speci-
mens are analyzed according to pitch, time
and chord structure, and a probability
matrix of n dimensions is generated, where n
is the degree of order desired and represents
the extent to which the analysis was carried
out. As n increases, progressively more order
is imposed upon the process, since more
information is available to describe the

13

Photo 2: The modified
ADM-11l video terminal.
The keytops on the ASCII
keyboard have been modi-
fied to enable the user to
easily  encode  musical
compositions. See figure 1.



POV, L S s

Introducing Apple I1.




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

Clear the kitchen table. Bring cassette interface, so you can swap

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 Il makes it that
easy. It'sa

complete, ready to use computer, not a
kit. At $1298, it includes video gra-
phics in 15 colors. It includes 8K bytes
ROM and 4K bytes RAM —easily
expandable to 48K bytes using 16K
RAMs (see box). But you don’t even
need to know a RAM from a ROM to
use and enjoy Apple II. For example,
it’s the first personal computer with

a fast version of BASIC permanently
stored in ROM. That means you can
begin writing your own programs the
first evening, even if you've had no
previous computer experience.

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

with other Apple II users.

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

built-in speaker.

But Apple I is more
than an advanced, infinitely
flexible game machine. Use
it to teach your children

arithmetic, or spelling

for instance. Apple Il

makes learning fun.

Apple II can also
manage household finances,
chart the stock market or
index recipes, record collections, even
control your home environment.

Right now, we're finalizing a
peripheral board that will slide into
one of the eight available mother-
board slots and enable you to compose
music elec-
tronically.
And there
will be other
peripherals
announced
soon to
allow your
AppleIl to
talk with another Apple I, or to inter-
face to a printer or teletype.

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

_ brochure and order form. Or call us

for the name and address of the
Apple II dealer nearest you. (408)
996-1010. Apple Computer Inc.,
20863 Stevens Creek Boulevard,
Bldg. B3-C, Cupertino,
California 95014.

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 I/0 interfaces built-in. Also in-
cluded are two game paddles and a
demonstration cassette.

SPECIFICATIONS

* Microprocessor: 6502 (1 MHz).

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

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

- Color graphics —40h x 48v, 15 colors

- High-resolution graphics —280h x
192v; black, white, violet, green
(12K RAM minimum required)

+ Both graphics modes can be selected
to include 4 lines of text at the bottom
of the display area.

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

¢ Memory: up to 48K bytes on-board

RAM (4K supplied)

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

- Up to 12K ROM (8K supplied)

¢ Software

- Fast extended integer BASIC in ROM
with color graphics commands

- Extensive monitor in ROM

*«1/0

- 1500 bps cassette interface

- 8-slot motherboard

- Apple game I/0 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 Il system,
but does not include case, keyboard,
power supply or game paddles. $598.

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

"qpple computer Inc.

Circle 208 on inquiry card.




COMPUTER
88-RCB
HAMMOND
D2 ORGAN
88-RCB
MOOG
EHAE SYNTHESIZER
ARP
88-RCB STRING
ENSEMBLE
88-RCB
ARP OMNI
POLYPHONIC
SYNTHESIZER
88-RCB

Figure 2: A medium scale SCORTOS configuration. The 88-RCB units are
relay boards which can be driven by the computer to operate organs, synthe-
sizers or other similar instruments. Each board consists of two 8 bit data
registers which can be loaded from the central processing unit. Each of these
bits in turn drives a transistor which energizes a relay. One 88-RCB board can
control 16 keys, or 1 1/4 octaves of a musical keyboard. The system can ad-
dress (and therefore control) up to 256 keys.

desired composition and less is left up to
chance.

Zeroth order stochastic control is no
control at all. Random choices are used to
build the composition without testing them
against the model producing unlistenable
music in most cases. In first order control,
the transitions between pitches and rhythms
are governed by the probability distribution
of those transitions as they occurred in all
the analyzed samples. Music produced in this
manner still sounds amorphous, but will
have fewer pitches that sound alien.

It is not until we impose higher order
control that a melody as we know it will
take shape with its symmetrical phrases and
regular intervals. In second order control,
the selection of an event depends upon the
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event that preceded it; in third order
control the previous two notes, and so on.
For example, if the previous note chosen
was a B-flat and the random number gener-
ator has just produced a C, the program
refers to that location in the probability
matrix which gives the probability of a C
following a B-flat, If there is no probability
of this happening, the C is rejected. If the
probability is 1.00 then a C always follows a
B-flat in this style of music, and the program
will reject all random numbers that are not
Cs.

Of course the source of the information
within the model need not be music speci-
mens, as in this example, but may originate
from mathematical functions, poetry or any
one of a hundred other sources. It is this
capability which makes the computer so
intriguing as a composer’s tool.

The Score to Sound System

The Score to Sound System (SCORTOS)
was developed to provide the composer with
an inexpensive means of conducting com-
puter implemented music research and
composition prototype development. The
system has the capability to perform conven-
tional music scores by allowing music
symbols to be entered through a terminal
keyboard by an operator. Music of computer
generated specifications can be performed
through user program calls to a set of
subroutines that interface the user program
to the SCORTOS system software.

Music is produced by the computer driv-
ing relays that are wired in parallel to the
keyboard switches of electronic music
instruments — organs, synthesizers, etc. This
allows a simple and inexpensive interface
between the composer’s studio instruments
and the computer. The limitation of this
approach is in its inability to provide the
computer with access to the timbre controls
of the synthesizer, an encumbrance which
may be tolerable to experimenters primarily
interested in the musical variables of tonality
and syntax. Also, there is a rich assortment
of preset timbres available in commercial
keyboard instruments, among them, the
Orchestron which generates actual orchestral
and choral sounds from a prerecorded opti-
cal disk.

The system consists of an Altair 8800
computer with 32 K bytes of memory, an
ADM-IIl video terminal, a mass storage
device (either cassette or floppy disk), one
or more International Data Systems 88-RCB
relay control boards and any electronic key-
board instruments the user wishes to con-
nect to the 88-RCBs.

The ADM-III has a standard ASCII key-



Verbatim

You want to record your message verbatim—word for WhOle
_message

is quali

word —whether it's bits, bytes or “Dear Folks” trans-
lated into word processor language.

Our objective in manufacturing recording media for
the electronics industry —digital tape cassettes, floppy
disks. mag cards, computer cartridges—is to give you the finest,
the best, the most dependable, the most cost-effective.

That means rugged. long-lived, abrasion-resistant recording media

with superior magnetic qualities. If we made tires, they'd be steel-
belted radials.

We delivered our first digital grade certified tape cassettes back in
the beginning, 1969. We made the first commercial 3740-com-
patible floppy disks that didn't bear IBM’s name. And the first
Flippy® reversible flexible disks with anyone’s name on them. The
first mini data cassette is ours. And we've got the newest minia-

ture flexible disk, the MD 525.

PRI LT

_udiskettes
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Now, Verbatim media. It's a new formulation of ferric
oxides, an advanced macromolecular binder system
to adhere it to the tough polyester film, and a proc-
ess control system that demands over 200 separate

quality checks before the material is cut, packaged.
and certified to be 100% error-free.

The final quality check? “Make it pretty!” Our production people
tell us that magnetic recording media is one of the rare instances in
manufacturing where aesthetic appearance translates directly into
final product quality. It has to look beautiful to work beautifully.

We have the formulas, the machines, the technology to make high
quality recording media. But it takes the best people in the indus-
try to deliver Verbatim disks, cards, cartridges and cassettes.
You'll find them at your favorite retail computer store.

Information Terminals Corp. He

Sunnyvale, California




Photo 3: A close-up view
of the component side of
the 88-RCB 16 channel

relay  interface  board
which can drive a musical
Reyboard  with  signals
from the computer.

board whose keytops have been relabeled
with music symbols (see figure 1 and photo
2). The composer enters the composition
into the computer by striking the key
corresponding to each musical symbol as it
appears in the score. This creates a music
text file. The source text is passed to a
language processor which maps each musical
event represented in the source text into a
physical 1O address plus a timing value, and
writes this to a binary output file. The result
is a list of records each of which defines
which key of which instrument will be
turned on and for how long. The binary
output of the language processor is read by a
driver program which uses the 10 addresses
and timing values in each record to deter-
mine what data is to be loaded into the data
registers of the 88-RCBs, and at what time it
is to be loaded. The keyboard instrument
responds by playing the piece just as if
someone were playing on its keyboard. In
fact, the system can be thought of as an
organist with 16 very flexible fingers, be-
cause it is capable of performing 16 separate
parts simultaneously.

Keyboard Instrument to Computer Interface

The 88-RCB is the interface between the
computer and the electronic keyboard
instruments. It was designed expressly for
the SCORTOS system project, but is also
useful for other low current switching appli-
cations. The board has two 8 bit data
registers which are “write only’’ accessible to
the central processing unit (CPU) through
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two output ports which are individually
strappable to any address in the 8080 IO
channel. The data register latches the con-
tents of the CPU’s A register when an OUT
instruction has been executed to that regis-
ter’s output port address. The outputs of
each bit of the data registers drive a transis-
tor which in turn drives a board mounted
DIP relay.

The complement outputs of the data
register latches are used to drive light emit-
ting diodes (LEDs) which can be mounted
on the board or on a front panel to monitor
the status of each relay. The relays are wired
in parallel to the keyboard switches of the
electronic music instruments which elec-
trically isolate the peripherals from the
computer and ensure plug-to-plug compati-
bility among most keyboard instruments.
Each 88-RCB controls 16 keys, or 11/4
octaves of keyboard. To ensure an adequate
tonal range, two 88-RCBs may be configured
on any instrument (see figure 2).

The maximum number of keys the sys-
tem can address is 256. In arriving at a figure
of maximum connectivity, it was necessary
to balance programming considerations
against what was thought to be an adequate
number of system-controllable sound pro-
ducing peripherals. 256 keys are equal to
about 20 octaves of keyboard (three full
piano keyboards) which may be distributed
among ten sound-producing peripherals, giv-
ing each instrument a 2 octave range. This
maximum configuration seems adequate to
provide for the largest studio application.
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It’s like adding a room to your brain!

The System 8813 from PolyMorphic Systems is a complete,
powerful problem solver in a single walnut cabinet. This
machine allows you to perform complex financial, engineer-
ing, and scientific models in the comfort of your office or den.

The high speed video display presents your results in text,
tables and graphics. The detachable typewriter-like keyboard
permits relaxed program entry and operation. Convenient
mini-discs store programs and data for compact filing, secure
storage, and fast access. Our disc BASIC programming lan-
guage 1s simple enough for the computer newcomer, yet
powerful enough to amaze the most advanced users.

The whole family can immediately use and enjoy pre-
programmed applications and educational packages. Let the
System 8813 become your trusted business, profession, and

personal tool. The PolyMorphic Disc System is a completely
assembled and tested unit with brushed aluminum front panel,
walnut cover, detachable keyboard, video monitor, [6K RAM.
Includes system software and fully extended BASIC on disc.

System with | discdrive — $3250
System with 2 discdrives — 3840
System with 3discdrives — 4430

Delivery 60 days ARO. Upgrade packages for POLY 88
owners will also be available. Prices and specifications
subject to change without notice.

I-’OIyN\(erhic (805) 967-0468
Systems 460 Ward Drive, Santa Barbara, CA 93111




SCORTOS SCORTOS
Music Symbol Description Code Music Symbol Description Code

o whole note X1 ! quarter rest 4

J half note X2 7 eighth rest 8

J quarter note X4 b4 sixteenth rest 16

JN eighth note X8 4 thirty-second rest 32

} sixteenth note X16 k left hand repeat {

ﬁ thirty-second note X32 'l right hand repeat ]

- whole rest 1 = bar /

— half rest 2 J;—-I triplets 3{XnXnXn)

/
Music Symbol Description SCORTOS Code

C Pitch representations C

D D Table 1.: The alphanumeric

= - music coding convention
used by the SCORTOS

F F system. The X symbol

. G preceding each numeric
SCORTOS code symbol

A A indicates that the numeric

3 B symbol must be preceded
by a pitch representation

# sharp & before it can be recognized

0 natural N as a note. For example, C2
would be a half note

b et - with pitch C.

J ‘/J slur N >
dot

A simple method of representing key-
board address was chosen to minimize the
execution time of the DRIVER program.
One byte is used to represent the keyboard
address (pitch), and one byte contains the
length of time the event will last (rhythm).
Since a music piece consists of so many
events, the size of the data record is critical.
It affects the total performance of the
system by limiting the length of any per-
formance to the number of event records
that will fit in available memory. For this
reason, it is not practical to increase the size
of the event data record to accommodate a
connectivity greater than 256.

The Alphanumeric Representation of Music

The conventional music score format is
not the most perfect method for entering
music into computers. The music symbols
must be somehow transformed into a code
the computer understands. In the conven-
tional method, the operator enters data from
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a music score into an alphanumeric key-
board. This method has two disadvantages:
it often requires multiple alphanumeric
symbols to define one musical event (one
character for pitch, one character for
rhythm, one character for dynamics). The
second disadvantage is that the choice of
alphanumeric symbols must relate in some
way to the quality of the musical symbols
they represent, which in the past has meant
that the symbols were scattered about the
keyboard with no regard to their qualitative
value. As aresult, the data entry process was
a hunt and peck procedure which may have
been too discouraging for all but the most
enthusiastic.

The human to computer interface should
provide maximum ease in data entry and
data editing. There are four ways to accom-
plish this:

® Choose a set of alphanumeric symbols
to represent the set of musical symbols
that will enable music passages to be
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Figure 3: A fragment of an orchestral score annotated in SCORTOS code (see listing 1),

best recognized in alphanumeric form.

® Eliminate all

redundancies in

the

System Software

music score.

® Position the alphanumeric symbols on
the keyboard logically in the order of
their musical value and group them by

The SCORTOS System Software consists
of a group of programs written in 8080
assembler language which carry out the four
major functions of the system:

type.

® Generate bar markings and bar num-
bers automatically during data entry.

Table 1 shows the alphanumeric symbols
used to represent conventional music nota-
tion in the Score to Sound System. Note

® entry and manipulation of the sym-
bolic music text.

® conversion of the text to binary data.

® conversion of events initiated by user
programs to binary data.

® conversion of the binary data to
music.

that each alphanumeric symbol alludes to
the quality of the music symbol it repre-
sents. A musical event can be defined by one
or two symbols, depending upon whether
the event is a rest or a note. A numeric
symbol which is not preceded by a letter
character is recognized as a rest. Notes
always occur as a pair of symbols, that is, a
letter character followed by a numeric
symbol. Figure 3 illustrates a portion of an
actual orchestral score along with its corre-
sponding SCORTOS code.

Since the characters generated by the
SCORTOS keyboard hardware do not corre-
spond to those desired to represent the
music symbols, the data entry software
echoes back the desired character with the
terminal in full duplex mode.

The interaction of these programs with each
other is shown in figure 4.

The monitor allows the user to control
the system’s major functions. It recognizes
three command verbs with one or more
arguments per verb. Each verb calls a system
module, and its arguments specify the data
file which is to be operated upon by that
module. Table 3 is a list of command verbs
recognized by the monitor.

The editor allows the user to enter music
text through the terminal keyboard and
provides a means by which it may be easily
manipulated.

As text is entered through the keyboard,
the editor’s data entry processor keeps a

running count of the bar number and auto-

'
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Continued on page 206




S0l Terminal Computer
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One Sol-20
equals three
computers.

Todoreal work with any computer, big or small. it takes
a complete system. Thats one of the nice things about the
Sol-20. Tt was built I'rom the ground-up as the heart of three
lixed price computer systems with all the peripheral gear and
soltware included to get you up and on the air.

Sol System 1 costs just 51649 in Kit form or S2129 fully
burned in and tested. Heres what vou get: a Sol-20 with the
SOLOS personality module Tor stand alone computer power.
an 3192 word memory. a 127 TV/video monitor, a cassette
recorder with BASIC software tape and all necessary cables.

Sol System H has the same equipment plus a larger




capacity 16,384 word memory. It sells for $1883 in kit form: $2283 fully assembled.

For even more demanding tasks, Sol System 11 features Sol-20/SOLOS, a 32.768 word
memory. the video monitor, Helios 11 Disk Memory System and DISK BASIC Diskette. Price.
$4750 in kit form, $5450 fully assembled and tested.

And remember, though we call these small or personal computer systems, they have more
power per dollar than anything ever
offered. They provide performance com-
parable with mini-computer systems priced
thousands of dollars more.

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

Visit your local computer store for
a copy ol our fully illustrated 22 page cata-
log. Or you may write or call us if more
convenient. Please address Processor
Technology., Box B. 6200 Hollis Strect.
Emcryville. CA 94608, (415) 652-808(0).

[OpsE=

Fhe functional beaaty of Sol Computer Svstems s
more thanshindeep. A look inside reveals asimple eleganee
ol design and sturdy construction.




See Sol here...

ALABAMA

ICP, Computerland
1550 Montgomery Hwy.
Birmingham, AL 35226
(205) 979-0707

ARIZONA

Byte Shop Tempe
813 N. Scottsdale Rd.
Tempe, AZ 85281
(602) 894-1129

Byte Shop Phoenix
12654 N. 28th Dr.
Phoenix, AZ 85029
(602) 942-7300

Byte Shop Tucson
2612 E. Broadway
Tucson, AZ 85716
(602) 327-4579

CALIFORNIA

The Byte Shop

1514 University Ave.
Berkeley, CA 94703
(415) 845-6366

Byte Shop of Burbank
1812 W. Burbank Blvd.
Burbank, CA 91506
(213) 843-3633

Byte Shop Computer Store
6041 Greenback Lane
Citrus Heights, CA 95610
(916) 961-2983

Computer Center
1913 Harbor Blvd.
Costa Mesa, CA 92627
(714) 646-0221

Data Consultants, Inc.
2350 W. Shaw, Suite 114
Fresno, CA 93711

(209) 431-6461

Bits 'N Bytes

679 S. State College Blvd.
Fullerton, CA 92631

(714) 879-8386

The Byte Shop

16508 Hawthorne Blvd.
Lawndale, CA 90260
{213) 371-2421

Opamp/Computer
1033 N. Sycamore Ave.
Los Angeles, CA 90038
(213) 934-3566

Digital Deli

80 W. El Camino Real
Mountain View, CA 94040
(415) 961-2828

The Computer Mart
624 West Katella #10
Orange, CA 92667
(714) 633-1222

Byte Shop

496 South Lake Ave.
Pasadena, CA 91101
{213) 684-3311

The Computer Store

of San Francisco

1093 Mission Street

San Francisco, CA 94103
(415) 431-0640
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Byte Shop

321 Pacific Ave.

San Francisco, CA 94111
{415) 421-8686

The Computer Room
124H Blossom Hill Rd.
San Jose, CA 95123
(408) 226-8383

The Byte Shop

509 Francisco Blvd.
San Rafael, CA 94901
(415) 457-9311

The Byte Shop

3400 El Camino Real
Santa Clara, CA 95051
{408) 249-4221

Recreational Computer
Centers

1324 South Mary Ave.
Sunnyvale, CA 94087
(408) 735-7480

Byte Shop of Tarzana
18424 Ventura Blvd.
Tarzana, CA 91356
(213) 343-3919

Computer Components
5848 Sepulveda Blvd.
Van Nuys, CA 91411
(213) 786-7411

The Byte Shop

2989 North Main St.
Walnut Creek, CA 94596
(415) 933-6252

Byte Shop

14300 Beach Bivd.
Westminster, CA 92683
(714) 894-9131

COLORADO

Byte Shop

2040 30th St.
Boulder, CO 80301
(303) 449-6233

Byte Shop

3464 S. Acoma St.
Englewood, CO 80110
(303) 761-6232

FLORIDA

Sunny Computer Stores
University Shopping Center
1238A S. Dixie Hwy.

Coral Gables, FL 33146
(305) 661-6042

Delta Electronics

2000 U.S. Hwy. 441 East
Leesburg, FL 32748
(904) 357-4244

Byte Shop of Miami
7825 Bird Road
Miami, FL 33155
(305) 264-2983

Microcomputer

Systems Inc.

144 So. Dale Mabry Hwy.
Tampa, FL 33609

(813) 879-4301

GEORGIA

Atlanta Computer Mart
5091-B Buford Hwy.
Atlanta, GA 30340
(404) 455-0647

ILLINOIS

itty bitty machine co.
1316 Chicago Ave.
Evanston, IL 60201
(312) 328-6800

Reeves Communications
1550 W. Court St.
Kankakee, IL 60901
(815) 937-4516

itty bitty machine co.
42 West Roosevelt
Lombard, IL 60148
(312) 620-5808

INDIANA

The Data Domain
406 So. College Ave.
Bloomington, IN 47401
(812) 334-3607

The Byte Shop

5947 East 82nd St.
Indianapolis, IN 46250
(317) 842-2983

The Data Domain
7027 N. Michigan Rd.
Indianapolis, IN 46268
(317) 251-3139

KENTUCKY

The Data Domain
3028 Hunsinger Lane
Louisville, KY 40220
(502) 456-5242

MICHIGAN

The Computer Store
of Ann Arbor

310 East Washington
Ann Arbor, M| 48104
(313) 995-7616

Computer Mart

of Royal Oak

1800 W. 14 Mile Rd.
Royal Oak, Ml 48073
(313) 576-0900

General Computer Store
2011 Livernois
Troy, Ml 48084
(313) 362-0022

MINNESOTA

Computer Depot, Inc.
3515 W. 70th St.
Minneapolis, MN 55435
(612) 927-5601

NEW JERSEY

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

(201) 420-1644

The Computer Mart
of New Jersey

501 Route 27
Iselin, NJ 08830
(201) 283-0600

NEW YORK

The Computer Mart

of Long Island

2072 Front Street

East Meadow, L.I. NY 11554
(516) 794-0510

The Computer Shoppe
444 Middie Country Rd.
Middle Island, NY 11953
(516) 732-4446

The Computer Mart
of New York

118 Madison Ave.
New York, NY 10001
(212) 686-7923

The Computer Corner
200 Hamilton Ave.
White Plains, NY 10601
(914) 949-3282

OHIO

Cybershop

1451 S. Hamilton Rd.
Columbus, OH 43227
(614) 239-8081

Computer Mart of Dayton
2665 S. Dixie Ave.
Dayton, OH 45409

(513) 296-1248

OREGON

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

(503) 644-2686

The Real Oregon
Computer Co.

205 West 10th Ave.
Eugene, OR 97401
(503) 484-1040

Byte Shop Computer Store
2033 SW 4th Ave.
Portland, OR 97201

(503) 223-3496

RHODE ISLAND

Computer Power, Inc.
M24 Airport Mall
1800 Post Rd.
Warwick, Rl 02886
(401) 738-4477

SOUTH CAROLINA

Byte Shop

2018 Green Street
Columbia, SC 29205
(803) 771-7824

TENNESSEE

Microproducts & Systems
2307 E. Center St.
Kingsport, TN 37664
(615) 245-8081

TEXAS

Byte Shop

3211 Fondren
Houston, TX 77063
(713) 977-0664

Interactive Computers
76462 Dashwood Rd.
Houston, TX 77036
(713) 772-5257

The Micro Store

634 So. Central
Expressway
Richardson, TX 75080
(214) 231-1096

VIRGINIA

The Computer Systems
Store

1984 Chain Bridge Rd.
McLean, VA 22101
(703) 821-8333

Media Reactions Inc.
11303 South Shore Dr.
Reston, VA 22090
(703) 471-9330

WASHINGTON

Byte Shop Computer Store
14701 N.E. 20th Ave.
Bellevue, WA 98007

(206) 746-0651

The Retail Computer Store
410 N.E. 72nd

Seattle, WA 98115

{206) 524-4101

WISCONSIN

Madison Computer Store
1910 Monroe St.
Madison, WI 53711

(608) 255-5552

The Milwaukee
Computer Store
6916 W. North Ave.
Milwaukee, WI 53213
(414) 259-9140

CANADA

Trintronics

160 Elgin St.

Place Bell Canada
Ottawa, Ontario K2P 2C4
(613) 236-7767

First Canadian

Computer Store Ltd.

44 Eglinton Ave. West
Toronto, Ontario M4R 1A1
{416) 482-8080

The Computer Piace

186 Queen St. West
Toronto, Ontario M5V 121
(416) 598-0262

Pacific Computer Store
4509-11 Rupert St.
Vancouver, B.C. V5R 2J4
(604) 438-3282
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Alphanumeric Music by Melanie Jubb, 188 S 14th St, San Jose CA 95112
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Melanie Jubb’s oil painting celebrates the idea of computers and music, emphasizing this issues’s artistic themes.m
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Photo 1: The author’s new
dress for KIM is shown in
this shot taken with the
briefcase opened. The un-
used area of the power
supply cover is used to ad-
vantage as a place to
mount prototyping boards
for use in 10 contexts with
KiM.

R Travis Atkins
67 Greenend Av
Middletown RI 02840

At first | was reluctant to take KIM out
in public because she was so small and home-
ly compared to other systems her age. No
one actually ever laughed at her in my pre-
sence, but | could sense the pity that they
had for me. | wondered, would my KIM
forever be overshadowed by those bristling
brutish Altairs and IMSAIs at every social
gathering? | knew KIM’s strengths and her
weaknesses, and | wondered if there was
anything that | could do to help her find
acceptance in the world. Then, one evening,
while talking to a friend whose IMSAI was
drawing considerable attention, as usual,
it occurred to me that it wasn’t his central
processing unit’s 1Q that set it apart from
my humble KIM. No, it was the way that it
was dressed that did so much toward creat-

SWING OPEN DOOR

Figure 1: The assembly which was inserted into the briefcase has two sections
at different levels as shown in this view. The section at the left covers a built-
in power supply for the system. The lower section on the right faces two edge
connectors (B) for the KIM-1 card. A single pop rivet hinge (A) allows a door
to the power supply section to open. This allows the power supply card to
slide out on the appropriate card guides (C). The power cord and other
externals plug into the top of the chassis (E), which has enough area to
accommodate prototyping cards as seen in photo 1. The height of the power
supply section (D) is chosen based on the size of the briefcase.
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A New Dress for KIM

(A Brief Case History)

ing the image of great sophistication and
power.

| resolved that very evening to give my
KIM the same advantages that her peers had;
after all, who wants to be accused of neglect-
ing loved ones? If she was to be ooo’d
and aaah’d over, then she’d have to be
dressed up before | took her out again.
Although | must say honestly that | doub-
ted that her 8.5 by 11 by 5/16ths dimen-
sions would ever win her a spot on the
centerfold of BYTE.

| suspect that there are many other KIM
owners around who have also wondered how
to dress up their bare-bones KIM board to
take them out to club meetings and such,
so here’s the way that | did it. I hope it
gives you some good ideas for your own
KIM-1.

First of all, | had two major constraints
to deal with: namely, my budget and my
own skill, or rather lack of skill in the field
of beautifully sculptured fiberglass and
metal enclosures and the like. So | knew
that | would have to settle for a simple and
cheap approach to this thing. One thing that
the KIM had going for it was its small
size, because that meant that it could be
placed inside a reasonably sized package.
But, what was a reasonably sized package?
And, where could | get one cheap?

A shoe box?. . .no, that’s too big. Hey,
how about that old briefcase in the back of
my closet?. . .not a bad idea!

Much to my surprise and pleasure |
discovered that those sneaky designers at
MOS Technology must have been anticipa-
ting my train of thought, because when |
opened that old briefcase and dropped the
KIM in, it was a perfect fit! Great, now |
knew what my enclosure was going to be,
so the next question was how to support
it inside the briefcase. Again, two con-
straints: first of all, protection for the



printed circuit board itself, and secondly,
reasonable looks.

The briefcase’s exterior would provide
some rough handling protection for the
KIM, but it would also need some solid
support from the bottom; therefore, since
the bottom of my briefcase was not flat,
| would have to construct a flat platform
for the KIM. As for the basic appearance, |
really wasn’t too crazy about an open frame
power supply, nor would that be an awfully
safe setup. So, | decided that the power
supply would have to be placed inside a
special enclosure, away from stray fingers.
The chassis design, shown in figure 1, was
the result of considerable study.

Some of the more notable yet less ob-
vious features of this design are:

® A swing open door to provide ac-
cess to the power supply compart-
ment (pop rivet hinge).

& The 44 pin edge connectors (one of
which is provided with the KIM-1)
penetrate the chassis wall to give
solid support and to protect the
loose wires.

® PC board edge guides to hold the
power supply and other auxiliary
components on a removable card.

® An overall height selected to suit
the briefcase depth (mine filled the
lower half).

® Placement of the power cord, swit-
ches, and other auxiliary parts on
the top surface of the power supply
compartment to facilitate easy re-
moval of the entire assembly for
bench work or to change to a new
briefcase.

® A large surface to place connectors,
etc.

® A Plexiglas cover sheet to further
protect the KIM-1 board and filter

the LED displays may also be added.

® Use of the upper half of the brief-
case to carry documentation, etc.

The KIM-1 board is recessed in this de-
sign, but it is not hard to get to the key-
board for programming it, although this was
one thing that | thought might give me
trouble at first. Being recessed does give the
KIM an added amount of protection, and |
have found that the recess over the board is
a great place to carry my KIM-1 owner’s
manual. That spares me from having to ex-
plain what in the world | have in my brief-
case every time | open it in public.

The auxiliary area on top of the power
supply compartment is the place where you
can customize your chassis to suit your own
particular needs. On my chassis | put a surp-
lus 50 pin connector which is wired to most

of the pins of the A connector, and selected
pins of the E connector of my KIM board.
1 use this to patch into a small prototype
board which | also placed on that surface,
and | must say this has proven to be a most
useful setup. Of course, you will probably
want to provide jacks for your audio cassette
unit, and maybe one for a Teletype if you're
fortunate enough to have access to one.

At any rate, my little KIM is no longer
the club wallflower, and as | look into her
future 1 see a handsome genuine calfskin
briefcase waiting.m
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Figure 2: The mechanical design of the chassis box is shown in this illus-
tration. The depths of the two sections are dimensioned to fit the author’s
briefcase. This can be fabricated out of a piece of aluminum stock 1/6
of an inch thick and measuring 20.5 by 15.5 inches (or, in integral metric
dimensions, 2 mm thick measuring 52 by 39 cm). The drawings show dimen-
sions for the actual KIM-1 connector holes with metric dimensions in paren-
theses. The housing was cut, milled (the pin edge connector holes) and con-
structed at a local machine shop for under $15.
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. VDP-80 Computer with 300 Ipm printer.

. PCS-80 with CRT, dual fioppy disk & Intelligent
Keyboard options.

. Peripherals—(clockwise from left) 45 cps daisy-
wheel printer /terminal, 24x80 CRT terminal,

45 cps daisy-wheel printer, Intelligent Breadboard,
44 col. alphanumeric line printer.

D. Processor. Memory & Interface boards—shown MPU-A. 65K
RAM, and floppy disk, line printer and serial | /Q’s.

E, PCS-80 System—sample component configurations.




Microc

omputers:

Just Ask IMSAL

If you wonder who leads the way in
technology. look into IMSAL’s list of
industry firsts—[MSAI 8048. first complete
control computer on a board: IMSAI 65K
RAM Board. first to offer four times the
memory capacity previously available on
one board: IMSALI printers. first with high-
speed direct memory access.

If you wonder why IMSAI products
have gained the reputation for the standard
of excellence in microcomputer systems.
check with any one of the more than 10.000
IMSAI owners.

If you wonder who offers the broadest
line of hardware. software. and peripherals.
visit any one of the more than 275 IMSAI
dealers around the world.

If vou wonder how microcomputing
can it vour specific needs. ask IMSAL.
Because when it comes to microcomputers.
we have the answers.

An IMSAI Product to Answer Every
Microcomputing Need:

Let's start with our product line. In
all. IMSAI offers more than 120 high
quality. completely integrated systems.
components. peripherals and software.
Here’s just a sampling:

Single Board Central Processors:

* MPU-A (8080 based)—Industry standard.
* MPU-B (8085 based)—50% faster 8080.

* 8048—Programmable control computer.

Interfaces:

* Video 1/0—24x80 CRT. Edit & data entry.

« Serial 1/0-2 port [/0. all sid. protocols.

* Parallel 1/0—4 & 6 port TTL level 1/0.

* Multiple 1/0-2 cassette. 2 parallel.
| scrial & | control /0.

* DMA—For floppies & line printers.

Peripherals:

* Printers—40/80/132 col. 30 cps-300 Ipm.

* Video displays— Large assortment.

* Tape Drive—9 track. 800 bpi. 25 ips.

* Floppy Disks—Single/double density.

Memory Expansion Boards:

* 4K RAM—Programmable memory

rotect.

+16/32/65K RAM- 16K paging option for
virtual memory addressing.

* Intelligent Memory Mngr.—Handles up
o | megabyte.

Self-Contained Systems:

* VDP-80—Computer/terminal/mass
storage unit. Assembled & tested.

* PCS-80—Integrated component system.

Software:

» DOS—Enhanced CP/M.

* BASIC—Interactive or compiler with
scientific and /or commercial features.

* FORTRAN [IV—Level 2 ANSI compiler.
* Self-contained Systems:
SCS 1 & 2/TCOS—Assembler/line
editor/debugger.
4 & 8K BASIC—Optional cassette
support.

Compare IMSAL You'll realize that
ours is the most complete product line
available. Whatever your needs. you can
get them from one source. IMSAL.

A wide selection of components is only
the beginning. IMSAI offers much more.
Just ask.

Answers For Businessmen:

Announcing IMSATI's VDP-80. This
totally self-contained unitincludes a mega-
byte of disk memory via floppy disk. 32K
computer memory (expandable to 256K).
12" CRT and 62 pad main keyboard with
10 pad numeric keyboard. Several
printer options available.

If you want speed and accuracy in
high volume work such as word processing,
or business data collection and analysis. the
VDP-80 is your cost effective answer.

Answers For The Personal User &
Educators:

Introducing IMSATI's new PCS-80
System. the fully integrated microcomputer
component system. configurable to your
exact needs. The basic system consists of
our Intelligent Keyboard and the PCS-80
which houses an 8085 based CPU. 16K of
RAM. intelligent ROM monitor. serial [/0
port. 24x80 CRT. with an extra 7 slots in the
chassis for expansion.

System component options include
single or dual mini and standard floppy
disks. The choice is yours. configure the
system as you like.

IMSAT has answers for the educator.
too. Take the basic PCS-80. add 8K of
PROM. 4K of RAM and our self-contained
8K BASIC software. and vou have a
complete operating system your entire
department can use to teach anything from
elementary programming to advanced
compulter science.

Require a bit less sophistication? Use
our Intelligent Breadboard system for
learning. designing and building micro-
computer assemblies.

Rather do it from scratch? Start with
oursingle board MPU-B central processor.
the heart of the PCS-80 Svstem. It has a 1K
ROM monitor. 256 bytes of RAM and
serial and parallel 1/0.

Since the MPU-B is 8085 based. you
can run all programs previously developed
for the 8080. 50% faster. Without requiring
faster memory.

Answers For Industry:

IMSAI products provide the
expandability and flexibility manu-
facturers demand for microcomputing
applications.

We offer rack mountable components
for the standard 19” RETMA racks.
powerful MPU boards. /0 and memory-
boards for easy system expansion and
configuration. and a broad line of
peripherals and subsystems fully integrated
and ready to go to work.

IMSAI has what you need to make
tomorrow’s design today’s reality.

Answers For Current IMSAI Users:

There are over 10.000 of you. And.
we haven’t forgotten. You might say that
we thought of you before you even thought
of us.

That’s why every new product is
designed to accommodate expansion.
rather than outdate equipment.

For example. our new PCS-80 retro-
fit kit comes complete with MPU-B.
replacement front panel photomask and
additional hardware bracketing. So you
can enjoy a single cabinet PCS-80
computer. with your choice of integrated
component configurations.

The Answer For Everyone:

Dial (415) 483-2093. Ext. ACT.

That’s IMSATI’s action hotline. Designed to
answer the thousands of questions we
didn’t have a chance to answer in the space
of this ad.

Call us. We'll assist you in putting
together a system. direct you to your nearest
IMSAI dealer. and send you our new
catalog with all the details.

In short. if you have any questions at
all regarding microcomputers. put us to
the test.

Just ask IMSAL.

IMISAT

The Standard of Excellence in
Microcomputer Systems.

IMSAI Manufacturing Corporation
14860 Wicks Bivd., Dept. 8-9

San Leandro, CA 94577

(415) 483-2093 TWX 910-366-7287

Features and specifications subject to change without
notice.

Circle 205 on inquiry card.
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Photo 1: The author’s
prototype for the 4 chan-
nel self-refreshing digital
to analog converter shown
in figure 9. Also contained
on the board is a proto-
type 4 channel analog to
digital converter circuit.

Steve Ciarcia
POB 582
Glastonbury CT 06033

“Ka-chunk! OK, get the reading quick!
Ka-chunk! Pop! Pop! Bang!! The darn thing
crapped out again! We'll never get one of
these detectors to pass a life test.”

The burly mechanic puffed his fat cigar
and with a disgusted sigh continued, ‘“The
dime store engineers who design these
kludges should be the ones who have to test
them! That's if you could ever get them out
of that puzzle factory upstairs!”

That was my cue. | was indeed an engi-
neer descended from the puzzle factory and
my mission was lo discover why we were
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(Or at Least a Few Analog Points)

having so much trouble life test qualifying
one of the pressure detectors we intended
for future manufacture. Hearing the pre-
ceding commentary as | approached the
testing lab, | decided that an authoritative
professional type would not be very popular
at the moment, so | went into my innocent
nonmanagerial mode and entered the fab.

This [ab was not unlike any other small
production qualification and testing lab. It
had the usual machinery and instrumenta-
tion and many artifacts of former test pro-
grams lying about. The most prominent
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IS YOUR DOLLAR BUYING
AS MUCH POWER & FLEXIBILITY
AS TDL’S XITAN SYSTEMS PROVIDE?

... the best CPU board I've put together. .. excellent parts. ..

OUR CUSTOMERS SAY worked right off without trouble shooting.” ... i i l!l() . -
THINGS LIKE THIS Cambridge, Mass.

e PrOAOGL” poru s rsprresnsemrsr it sebrodbs seTesvavyisd KMM
ABOUT TDL PRODUCTS: Bella Vista, Arh.
... high quality components, good enginecring & complete
documentation . .. up and running without any problems.” ... ... .. ... wp
Scattle, Wash.
CExeellent e e Col. DWW

Santa Maria, Calif.

“Very impressed with superb quality.” ... oo SK-1
Boston, Mass.

. When we combined our highly praised ZPU board and our System Monitor Board, we |

| defined the standard for the industry; we integrated more power and flexibility in two slofs of
il our motherboard than most other systems can muster using five or more boards. When we
put this setup into our rugged aluminum case we created the first XITAN system, the alpha 1.
By adding a CRY terminal and/or teleprinter you will have a complete computer system.

KiT: $769 ASSEMBLED & TESTED: $1039

By adding a 716 memory module and our PACKAGE A software (o the alpha 1 we crested a
o second XITAN system, the alpha 2. Thus, a complete and extremely powerful micro-computer

system emerges well worthy of you who are operating at the most sophisticated levels. The
XITAN alpha 2 provides you with 18K of RAM, 2K of ROM, 2 serial 10 ports, 1 parallel 11O
port, our 1200 baud audio cassette interface as well as our extraordinarily powertul software

package which includes 8K Basic, the Text Outpat Processor, the Zapple Text Editor and the
alpha 2 Relocating Macro-Assembler. Add your own 10 device and GO .. .with the most powerful
and flexible micro-computer package ever offered.

KIT: $1369 ASSIMBLID & TESTID: $1749

IF YOU ARE A BEGINNER, YOU WON'T EASILY OUTGROW THE XITAN SYSTEM.
IF YOU ARE AN ADVANCED USER, YOU WILL DISCOVER XITAN IS EXACTLY WHAT YOU NEED.

Cucle 209 on inquiry card.

Fwrite for descriptive brochure on the XITAN alpha series TECHNICAL
and system software. When you ask at your dealer, say “ZY-TAN."”’ DESIGN
ORDERING INFORMATION: Send check, money order or BankAmericard, Master Charge LABS

current number and expiration date. Shipping is usually made via UPS or UPS Blue Lahel RESEARCH PARK  BLDG 1 1101 STATE ROAD

Specify other arrangements if you wish. Prepaid orders are shipped posipaid. PRINCE TON, NEW JERSEY 08540 (609) 921-0321



artifact was the leader of the instrumenta-
tion group, Ned. Ned’s large frame amply
filled the white lab coat though it was barely
discernable in the dense cloud of cigar
smoke. The combined scent of hydraulic
oil, burned resistors, and cigar smoke con-
vinced me that today was not going to be
my day.

“Hi, Ned. What’s the problem with the
new detector?”, | asked.

“It’s about time one of you guys came
down and asked. This has got to be the most
fragile pressure detector | have ever tested.

5,000 PSt
PRESSURE VALVE A
REGULATOR 5,000 PSIG =
T i}
|
: : — PRESSURE
DETECTOR
l--d | UNDER
TEST
VALVE 8
10,000 PSIG 7
1r
—
ATMOSPHERIC
PRESSURE VALVE C
0 PSIG =
10,000 =h
PSIG
PUMP I 2
RESERVOIR
ACTION OF ON
VALVE A OFF L] L L
ACTION OF ON
VALVE 8 OFF 11 1 [—L
ACTION OF ON
VALVE ¢ oFF I M I~
RESULTANT 10K
PRESSURE AT
PRESSURE 5K
DETECTOR
(PSIG) )

Figure 1: Configuration of a conventional impulse pressure calibration test

2SecS—{ f——8sECcs—]

setup. Note that the pressure detector under test receives what amounts to
a square wave input. This type of violent pressure change can shorten the
life of the detector and give a false indication of its long term life expectancy.
PSIG, or "‘gauge pressure,’’ is explained in the text.
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So far, we have wiped out four engineering
prototypes and. haven’t gotten to 20,000
pressure cycles, let alone the 50,000 life
test,’”’ he bellowed.

My eyes rolled slightly as he mentioned
the failed units. These pressure detectors
were not in the least bit fragile; they were
ruggedized units with a prospective sale price
of $4700 each. The four engineering proto-
types were handmade and far more costly.
Before it became too apparent that | was
coming to a slow burn, | asked the obvious
question. ‘““Ned, are you following the en-
gineering test specification?”’

“You guys are really something! ['ve
been in this business for 30 years. | was
testing . . ."

“OK, OK, Ned! Just tell me what your
test procedure is. Pretend |I'm a novice and
tell me by the numbers.” | was sure that he
felt that was the way he had to work with
any engineer, so | humored him and just
listened.

“All right. The pressure detector is rated
at 7500 PSIG and we are life testing it,"”" he
said with a cigar chomping smile. “The
pressure is cycled between O pounds per
square inch gauge (PSIG) and 10,000 PSIG
every ten seconds and remains at 5,000 PSIG
between cycles. [PSIG, or gauge pressure, is
a differential pressure measurement using
the ambient pressure as a reference. Usually,
standard sea level pressure (14.7 pounds per
square inch) is used as the reference .. .CM]
At the conclusion of each cycle, the detector
reading is compared to an out-of-tolerance
spec. Oven temp and other control param-
eters are constantly monitored. Every
10,000 cycles, a calibration run is taken and
compared to the accuracy specification
quoted. We just haven't been able to get one
of the bloody things to hang together long
enough to finish the test. The pressure
diaphragm keeps breaking.”

So far, what he was relaying was exactly
the procedure | had outlined. Nothing
sounded wrong, so the next obvious
question was a description of the test
apparatus,

“| decided to automate the testing pro-
cedure,” he gleamed like a kid describing a
new toy. “‘l made a sequencing circuit with
relays to cycle the pressure automatically.
All the operator does is record the data and
run the calibrations. Here, let me draw you
a diagram.”

It was unbelievable! True, Ned was fol-
lowing the spec, but what a way to do it!
Pressure transducers are expected to with-
stand a certain amount of overpressuring,
which was the reason for the test. But over-
pressure in combination with a 10,000 PSIG
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THE EXTENSYS
RM64 MEMORY
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the most cost
effective system
memory found in the
industry. The RM®64 provides this
because of our low cost per byte when
compared to our competition plus the increased reliability of a Delivery of the RM64 is 15 to 30
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impulse was like a jackhammer. The engi-
neering group upstairs would be amazed that
the test made it though 20,000 cycles. |
wiped my brow, leaned against the concrete
wall and asked with a pathetic whimper, *‘|
suppose the failed detectors make good boat
anchors.”

“What?”, he asked, not having heard
what | had said.

“Ned, while | think your intention is fine,
your method may be a little too rough on
the unit. Why don’t we change the square
wave pressure being applied to the detector
to a sinusoidal waveform.” This was the
method | had assumed he was going to use
initially.

“I’can’t have a guy sitting there cranking
a pressure controller knob ten hours a day.
It’s going to take two weeks to run this test
as it is. That's why | automated it!"” He
secemed to get mad as | challenged his
inventiveness.

“You don't have to compromise any-
thing. Get a DC proportional control valve
from the stock room and modulate the
pressure sinusoidially. In fact, you can use
the minicomputer which you ordinarily
use for mathematical calculations over there

PRESSURE
voutace '™ FRO:','onA voLTs DETECTOR
CONTROLLED =t S UNDER TEST
PRESSURE
REGULATOR
10,000 PSIG —= | 0 710 10,000 PSIG
[
|
|
y |
1 |
Le—
10,000 0 PSIG
PSIG
PUMP
RESERVOIR
COMPUTER 0K — = —-
APPLIED
RESULTANT 5K
PRESS URE
(PSI16) 0 ------
{2 secs 8 SECS

Figure 2: The same pressure detector as in figure 1 being tested here with a

computer controlled system which applies the test pressure sinusoidally.

This approach gives a much better indication of the unit’s true [ife ex-
pectancy, and incidentally shows one practical application of digital to analog

conversion.

in the corner to drive it directly, collect the
data, and run the calibration automatically.”

“You guys upstairs must be suffering
from thin air. | know about computers;
ones and zeros and all that stuff. We're
talking about a DC voltage controlled valve.
That isn't consistent with computer binary
voltage levels. You would have exactly the
same on and off situation as my relay con-
troller,” he stated.

It was going to be an uphill fight, but |
knew | was going to have to introduce Ned
to the world of analog to digital and digital
to analog conversion. | first mapped out the
life test circuit and diagrammed the wave-
forms.

Ned was no neophyte. He felt that he
knew a lot about computers and in fact
was quite familiar with the uses of BASIC
and FORTRAN on the lab minicomputer.
But Ned had never considered that this num-
ber crunching machine has the same logical
abilities to control analog devices if properly
interfaced.

General Considerations

While this may have been a lengthy intro-
duction to computer analog interfacing, it
often takes a real life situation to make one
realize the added potential of the computer
when it is combined with analog capabilities.

Since natural parameters such as dis-
placement, temperature, volume and mag-
netic field strength are analog, and most
practical methods of data acquisition, man-
ipulation and visual presentation are digital,”
conversion between analog and digital
qualities is a fundamental operation in
computing and control systems. The basic
building blocks are the digital to analog
converter (DAC), and the analog to digital
converter (ADC).

Because these converters are essentially
interface devices, the basic conversion
circuitry must be adapted to properly mate
the application to the computer. Such
variables include the possible necessity for
buffers, registers, clock circuitry and refer-
ence voltages, all of which are external sup-
ports for the actual conversion device. The
exact design requirements can be lengthy
and are handled separately by necessity.
Digital to analog conversion is the first topic
to be discussed.

Digital to Analog Conversion

The digital to analog converter can be
thought of as a digitally controlled program-
mable potentiometer which produces an
analog output. This output value (V) is
the product of a digital signal (D) and an



Wh should buy a digital
)lrny:ll:lmeter from the

leader in digital multimeters.

If you’re shopping for your first multi-
meter, or moving up to digital from
analog, there are a few things you
should know.

First, look at more than price. You’ll
find, for instance, that the new Fluke
8020A DMM offers features you won’t
find on other DMMs at any price. And
it'sonly $169*

Second, quality pays. Fluke is recog-
nized as the leading maker of multi-
meters (among other things) with a
30-year heritage of quality, excellence
and value that pays off for you in the
8020A.

Third, don’t under-buy. You may think
that a precision 3%-digit digital multi-
meter is too much instrument for you
right now. But considering our rapidly
changing technology, you're going to
need digital yesterday.

If you're just beginning,
go digital.

Why not analog? Because the 8020A
has 0.25% dc accuracy, and that’s ten

times better than most analog meters.

Also, the 8020A’s digital performance
means things like 26 ranges and seven
functions. And the tougher your hogne
projects get, the more you need the
8020A’s full-range versatility and ac-
curacy. The 8020A has it; analog meters
don’t.

If you’re a pro.

You already know Fluke. And you
probably own a benchtop-model multi-
meter.

Now consider the 8020A: smaller in
size, but just as big in capability. Like
2000-count resolution and high-low
power ohms. Autozero and autopolarity.
And the 8020A is MOV-protected to
6000V against hidden transients, and
has overload protection to 300V ac.
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Beginner or pro, you'll find the meter
you now have can’t measure nanosie-
mens. So what? With the 8020A con-
ductance function, you can measure
the equivalent of 10,000 megohms in
nanosiemens. Like capacitor, circuit
board and insulation leakage. And, you
can check transistor gain with a simple,
homemade adapter. Only with the 80204,
a 13-o0z. heavyweight that goes where
you go, with confidence.

What price to pay.

$169.*

Of course, you can pay more. Or less.
In fact, you could pay almost as much
for equally compact but more simplistic
meters, and get far less versatility. And,
the 8020A givesyou the ‘plus’ of custom
CMOS LSI chip design, and a minimum
number of parts (47 in all). All parts
and service available at more than 100
Fluke service centers, worldwide. Guar-
anteed, for a full year.

Rugged. Reliable. Inexpensive to
own and to operate; a simple 9V battery
assures continuous use for up to 200
hours.

Where to buy.

Call (800) 426-0361 toll free. Give
us your chargecard number and we’ll
ship one to you the same day. Or, we’ll
tell you the location of the closest
Fluke office or distributor for a per-
sonal hands-on feel for the best DMM
value going.

*U.S. price only

Fluke 8020A DMM for
Home Electronics Experts: $169

FLUKE
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Figure 3: A 4 bit weighted resistor digital to analog converter. A 4 bit word is
used to control four single-pole single-throw switches. Each of these switches
is in series with a resistor. The resistor values are related as powers of 2, as
shown. The other sides of the switches are connected together at the sum-
ming point of an operational amplifier. Currents with magnitudes inversely
proportional to the resistors are generated when the switches are closed. They
are summed by the op amp and converted to a corresponding voltage.

analog reference (V qf) and is related by the
following equation:

Vo= (D) (Vyef)

To a large extent, no digital to analog or
analog to digital converter can be of much
practical use to anyone without specifying
the type of code utilized to represent digital
magnitude.

Converters work with either unipolar or
bipolar digital codes. Unipolar includes
straight binary and binary coded decimal
(BCD). Even floating point converters have
been used on occasion: witness the auto
ranging digital voltmeter. Offset binary,
one's and two's complement and Gray code
are usually reserved for bipolar operation.
Since the obvious sphere of this article is
home computer applications, straight and
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ﬁ‘7—|||>—T—°\svin 2R
A A \ 4 vV ouTt

RL

SR
1»—/'}7—4: sw2 2R be

AAA,

AV
T

2

OV

Figure 4: A 4 bit 'R — 2R’’ ladder network digital to analog converter. This
type of digital to analog converter makes use of a resistor ladder network
constructed with resistors of values R and 2R. The topology of this network
is such that current flowing into any branch of a 3 branch node will divide
itself equally through the two remaining branches. Because of this, the cur-
rent will divide itself in half as it passes through each node on its way to the
end of the ladder. The four switches are again related as powers of 2. The
position of each switch with respect to its distance from the end of the ladder
determines its binary significance.
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offset binary will be the only digital
methods addressed.

It is important to remember that the
binary quantity presented by the computer
is a representation of a fractional value to
be multiplied by a reference voltage. In
binary fractions, the most significant bit has
a value of 1/2 or 2—1, the next most signifi-
cant bit is 1/4 or 2—2, and the least signifi-
cant bitis 1/2N or 2—=N. It can be seen that
adding up all the bits approaches a value
of 1. (The more bits, the closer the value is
to 1). The discrepancy between the binary
value approaching 1 and the actual value 1 is
the quantization error of the digital sys-
tem. I'll discuss this later.

Offset binary is nothing more than
straight binary except that the binary num-
ber zero is set to represent the maximum
negative analog quantity. In the easiest
terms, the most significant bit is a zero for
negative analog values, and a one for positive
analog values.

The conversion of digital values to pro-
portional analog values is done by either of
two basic conversion techniques: the
weighted resistor digital to analog converter
and the R—2R digital to analog converter.
The weighted resistor digital to analog con-
verter is by far the simplest and most
straightforward. This parallel decoder re-
quires only one resistor per bit. In the
weighted resistor digital to analog converter,
switches are driven directly from the signals
that represent the digital number D. Cur-
rents with magnitudes of 1/2, /4, 1/8,
../2N are generated by connecting resis-
tors with magnitudes of R, 2R, 4R, .. 2NR
between a reference voltage, —Vref, and the
summing point of an operational amplifier
by means of a set of switches. The various
currents are summed and converted to a
voltage by the operational amplifier (see
figure 3).

While this may appear to be a simple
answer to an otherwise complex problem,
this method has some potentially hazardous
ramifications. The accuracy of this converter
is a function of the combined accuracies of
the resistors, switches (since all switches
have some resistance) and the op amp. In
conversion systems of greater than ten bits
resolution, the magnitudes of the resistors
become exceptionally large and the re-
sultant current flow is reduced to such a low
value as to be lost in circuit noise.

A reasonable . alternative to the weighted
resistor digital to analog converter is the
R—2R converter. This is often referred to as
a resistor ladder digital to analog converter.
The R—2R digital to analog converter is the
most widely used type of digital to analog



oYY
SEESE

e
2

2

24 Channel LOGIC ANALYZER, complete with 2 cards and
3 sets of probes (only one set shown).

Features

— 24 channels with 256 samples each.

— Display of disassembled program flow.

— Dual mode operation — external mode analyses
any external logic system. Internal mode monitors
users data and address bus.

— Selectable trigger point anywhere in the 256
samples.

— 0-16 bit trigger word format or external qualifier.

— 10MHz sample rate {(50ns min. pulse width)

— Synchronous clock sample with coincident or
delayed clock mode.

— User defined reference memory.

— Displays and system control through keyboard
entry.

— TTL Logic level compatible (15 pf and 15 ua
typical input loading).

— Includes annotated source listing.
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Display of disassembled
program fiow.

Circle 212 on inquiry card.

Databyte, Inc.

P.O. Box 14B

7433 Hubbard Avenue
Middleton, Wisconsin 53562
Tel: (608) 831-7666

24 channel
Logic Analyzer
plugs into
your S-100Bus

The DATALYZER

The Databyte Logic Analyzer (DATALYZER) is a con-
venient, flexible, high quality device. Efficient
engineering has allowed a combination of features
previously available in only the most expensive units.

Designed to plug easily into your S-100 Bus, the
DATALYZER is a complete system —— for only
$495. Display of disassembled program flow is a
standard feature, not an extra. And the low price
includes 30 logic probes, so you can hook up
immediately, without additional expense.

The DATALYZER is available in kit form ($495),
and as a fully assembled device on two PCB’s {$595).
Four-week delivery, a substantial warranty, and the
Databyte, Inc. commitment to service make the
DATALYZER a worthwhile investment. Begin
debugging by sending the coupon now.
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Figure 5: A typical current
output monolithic mul-
tiplying digital to analog
converter. This Motorola
Integrated circuit contains
an R — 2R network like
the one in figure 4 plus ad-
ditional current switching
logic. The relative accu-
racy of this 8 bit unit is
*] least significant bit, or
0.19% of full scale.

converier, even though it uses more com-
ponents. This circuit is illustrated in figure 4
and also contains a reference voltage, a set of
binary switches and an op amp, but the basis
of this converter is a ladder network con-
structed with two resistor values, R and 2R.

One resistor (2R) is in series with the bit
switch, while the other (R) is in the sum-
ming line, so that the combination forms
what electrical engineers call a ''pi'’ network.
This suggests that the impedances of the
three branches of any node are equal, and
that a current, |, flowing into a node
through one branch flows out as 1/2 through
the other two branches. In other words, a
current produced by closing a bit switch is
cut by half as it passes through each node on

ANALOG T
OUTPUT

1/2LSB ‘

the way to the end of the ladder. Simply
speaking, the position of a switch, with
respect to the point where the current is
measured, determines the binary significance
of the particular switch closure.

This type of converter is easy to manu-
facture because only two resistor types arc
needed and can be reduced to one value, R,
if three components are used for each bit.
Keeping matched resistor values with the
same temperature coefficients contributes to
a very stable design. Certain tradeoffs are
required between ladder resistance values
and current flow to balance accuracy and
noise.

One form of the R—2R ladder digital to
analog converter is the multiplying digital
to analog converter. Digital to analog con-
verters are available with either a fixed
reference or with an external variable
reference. Multiplying digital to analog
converters, which utilize external variable
analog references, produce outputs which
are directly proportional to the product of
the digital input multiplied by this variable
reference. Functionally, these converters are
available as current or voltage output types.
The current output devices are necessarily
faster because they do not include output
amplifiers which limit the bandwidth. Be-
cause this output amplifier is not included,
current digital to analog converters tend to
be a little less expensive than voltage types.

Probably one of the most useful and cost
effective multiplying digital to analog

DESIRED ANALOG
OUTPUT VALUE

/
/

/<— DIGITAL OUTPUT VALUE
APPROXIMATING ANALOG
VALUE WITHIN *1/2LSB

l 172L5B
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DECREASING BINARY
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/

/
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INCREASING BINARY VALUE

Figure 6: Output charac-
teristics of a digital to

analog converter show-
ing least  significant
quantization.
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i Figures 7a and 7b: Two methods for providing multiple channel
= output capability. Figure 7a shows a paralle! digital to analog
UPDATE T converter method in which the computer routes information to
STROBE two different digital to analog converters. In figure 7b, two
NO.2

converters available on the hobby market
today is the Motorola MC1408L-8 8 bit
digital to analog converter (see figures 5
and 6).

As previously mentioned, this monolithic
converter contains an R—2R ladder network
and current switching logic. Each binary bit
controls a switch which regulates the current
flowing through the ladder. If an 8 bit
digital input of 11000000 (19210) is applied
to the control lines of the illustrated con-
verter, the output current would be equal
to (192/256) (2 mA) or 1.50 mA. Note that
when binary 11 111 111 (or 255 decimal) is
applied, there is always a remainder current
which is equal to the least significant bit.
This current is shunted to ground, and the
maximum output current is 255/256 of the
reference amplifier current, or 1.992 mA for
a 2.0 mA reference current. The relative
accuracy for the MC1408-1.8 version is +1/2
least significant bit, or 0.19% of full scale,
and is more than adequate for most home
computer analog control applications.

A Design with the User in Mind

I could actually stop right now and be
satisfied that the reader has at least some
idea of what a digital to analog converter is,
but no mention has been made as to its
uses. BYTE has published previous articles
on digital to analog converters, but few
actually using them in detail designs.

When we last left Ned in the testing lab,
he was hooking up a voltage controlled pres-
sure regulator and attaching it to the com-

sample and hold circuits are fed by the same digital to analog
converter. Multiplex logic switches the output of the converter
between the two sample and hold circuits. The latter do just what
their name implies: when strobed, they store the value of the
incoming voltage and stay very close to that value until strobed
again, at which time they change to the new value. The sample
and hold technique of figure 7b is economically more attractive
than the multiple digital to analog converter approach.

puter through a digital to analog interface.
Though only the voltage requirement of the
value was mentioned, the pressure detector
is situated in an environmental control
chamber with the temperature maintained
by a setpoint controller.

At various times during the testing phase,
the temperature is clevated. To adequately
automate this test procedure, therefore, two
analog output values are required: one for
temperature setpoint and the other for pres-
sure setpoint. It takes one digital to analog
converter for the first voltage and we could
add another separate digital to analog con-
verter for the second voltage, but this is
overly expensive and not necessary. The
preferred method is to use multiplexed
digital to analog conversion. This technique
uses a single converter and switches it back
and forth between the two channels doing
the respective digital to analog conversion
50% of the time on each channel. To insure
that each channel does not go on and off as
the converter switches back and forth be-
tween them, a circuit called a sample and
hold is employed on each channel to main-
tain the output at a constant level until the
next refresh by the digital to analog con-
verter. Figures 7a and 7b illustrate the
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; DROOP VOLTAGE DIFFERENCE
DUE TO CAPACITOR DISCHARG-
ING EXPONENTIALLY WITH A
LONG PERIOD TIME CONSTANT.
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Figure 8: A basic sample and hold circuit. When the switch is closed, the ca-
pacitor begins to charge up exponentially to the value of the input voltage.
Theoretically, the capacitor will maintain this value indefinitely after the
switch is opened, but in reality a certain amount of voltage “droop’’ (ex-
ponential decay) will occur over time as the capacitor slowly discharges.

separator versus multiplexed digital to
analog approach, and figure 8 illustrates a
basic sample and hold circuit.

A sample and hold circuit is simply a
charged capacitor analog storage device.
Amplifier A1 is an impedance isolating
buffer connected to the digital to analog
converter or other voltage supply and con-
nected to the capacitor through a switch.
This switch is normally open in the ‘‘hold”
state. When the output is to be updated, the
switch is closed, the circuit enters the
“sample’” or acquisition mode, causing the
capacitor to charge cxponentially toward the
new value present at the output of A1. When
the switch is reopened and again in the
“hold” state, the output of A2 will be equal
to the capacitor voltage level.

The secret of good sample and hold is to
use good high input impedance buffers to
minimize the leakage from the capacitor and
hold the output for long periods of time. No
sample and hold can be designed without
some droop during the holding period. The
best that the designer can do to minimize
this feature is to usc precision components
(usually more expensive) and refresh the
sample and hold frequently enough to over-
come decay problems.

Is There a Way to Overcome the Necessity
to Refresh Sample and Hold Outputs?

For the homc computer experimenter,
sample and hold outputs, which require
periodic refreshing, can bccome a bother.
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This is especially true during step-by-step
checkout of system software,

Refreshing a multiplexed digital to analog
interface usually requires a separate digital
to analog refresh subroutine which must be
called at regular intervals while executing
the program. Simple, inexpensive sample and
holds may rcquire updating tens of times
per second, while the better designed circuits
available to the hobbyist can do satisfac-
torily with a once per second update. The
fact remains, though, that the refresh is a
requirement. This can limit digital to analog
interface applications.

Drive the Digital to Analog
Converter with BASIC?

Many extended BASIC programs such as
the Digital Group MaxiBASIC can directly
interface with computer jnput and output
ports. This means that analog devices can be
driven with a digital to analog converter,
analog data processed through an analog to
digital converter, and the acquired data
mathematically manipulated using BASIC.
The implication is a pseudoreal time analog
control scheme utilizing BASIC. This is a
realistic capability in slow process control
applications where control feedback does
not have to be activated within micro-
seconds of an initiating event. Solar heating,
low duty cycle repetitive machine functions,
building environmental control systems, and
supervisory control of setpoint control-
lers are examples of slow processes where
slow computer response is of no major
consequence.

The Final Configuration

Utilization of BASIC as a real time
operating system does imply some con-
straints. If analog control is involved, the
time between updates to an analog output
interface can be on the order of tens of
seconds, especially if the computer is re-
quired to do extensive calculations and
record outputs to a printer, Of course, a
special interrupt driver could be added to
the BASIC and the processor interrupted
frequently to service the external devices;
but why make life difficult? The idea of
using BASIC in the first place was to pro-
vide a control capability without adding
special machine language drivers, a capability
which would enable anyone to try his or her
hand at closed loop control programming.
This approach, though, tends to eliminate
the classical sample and hold multichannel
digital to analog method from consideration.
It would also scem that the only approach
left is the separate storage register and
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4 channel self-refreshing digital to analog converter. The circuit is self-refreshing and asynchronous in the

Figure 9: A ‘smart”

IC1, IC2 and C3 form an address decoding network

independent of computer timing.

sense that it maintains its analog outputs

»

S output port address and strobes the computer data bus contents into IC4 and 1C5,

which decodes the 8080 or Z-80 processor
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which form an 8 bit random access scratch pad. [C7 performs the actual analog to digital conversion. The remaining portion of

the circuit consists of timing generation and an analog multiplexer with sample and hold circuitry.

digital to analog converter combination pre-
viously illustrated. A more intelligent
alternative is a combination of the two
methods.

The necessary interface is essentially a
smart multiplexed digital to analog converter
which maintains its analog setpoints in-
dependent of the computer timing. The
design of this interface is illustrated in
figure 9. It is a hybrid system composed of
separate digital storage sample and hold
circuits for each of four output channels.
Internal timing generators sequentially read
the storage registers, initiate the digital to
analog conversion, and refresh the sample
and holds. Photo 1 shows how this card
looks when built using a Vector board with
44 pin edge connector.

The key feature of this unit is the input
storage buffer. Two 74170 4 by 4 bit regis-
ters are configured to form a 4 word by 8 bit
random access scratch pad. An address de-
coding network composed of IC1, IC2, and
IC3 decodes the processor's output port
address and strobes the computer data bus
contents into the appropriate scratch pad
location. These four jumper selectable port
addresses can be set to be any four con-
secutively numbered output ports. The
exact selection and jumpering details are
outlined in the check out procedure. This
particular scratch pad can be written into
and read from simultaneously. The interface
is completely asynchronous and does not
have to be synchronized with the computer
in any way.

There are four basic sections to the inter-
face: the scratch pad and port decoding,
digital to analog converter, timing generator
and analog multiplexer, and sample and
holds. A basic timing diagram of the inter-
face is illustrated as part of figure 9.

The timing section consists of a 200 kHz
clock generator IC6 and address counter
IC8. The 7493 counts down the 200 kHz
clock and drives the address lines of the
scratch pad and multiplexer at a 50 kHz
conversion rate. Each channel is accessed,
converted and sampled in a similar manner.
When the address lines have settled on a
particular channel, the output lines of the
scratch pad (IC4 and IC5) present the
respective stored digital word to the digital
to analog converter IC7. The converter
immediately starts moving towards the new
value.

Since its settling time is dependent upon
the magnitude of change from one channel

to the next, the worst case being minus full
scale to plus full scale, the 20 us conversion
period incorporates a 10 us settling time.
For the first 10 us, the analog multiplexer
IC10 is inhibited from conducting the signal
to the sample and hold. After this settling
time has concluded, the inhibit signal is
dropped, and for the next 10 us the sample
and hold for that particular channel is in the
sample mode. The circuit automatically
sequences itself to the next scratch pad
address and repeats the process over and
over.

Anyone capable of alittle quick math can
realize that if the digital to analog con-
version is proceeding at 50,000 conversions
a second, each sample and hold is being
updated at the fantastic rate of 12,500 times
a second. This seems to be in direct disagree-
ment with a “‘tens of times a second’’ state-
ment made earlier. It is important to remem-
ber that this is an asynchronous analog
interface. When new data is written into the
scratch pad, the new value is not available at
the sample and hold output until the next
regular sampling period, controiled by the
timing generator. The high sampling rate is
more to increase the response of the inter-
face than refresh the outputs.

At a 50 kHz conversion frequency, there
is a worst case delay of 80 us between a
scratch pad update and an appropriate
analog output response. This is of no con-
sequence as far as this article is concerned.
However, to maintain the ability to use
BASIC as a real time operating system and
yet not lose the capability to do high speed
applications such as voice synthesis, a few
simple modifications can be made. The inter-
face clock rate can be increased from
200 kHz to 400 kHz. This has been success-
fully accomplished on the prototype and
will increase the sampling rate on each chan-
nel to 25,000 samples per second. Un-
fortunately, it is far more demanding of the
current to voltage converter [C9. Only one
out of three LM301As may work success-
fully over the full range of 10 V. Another
quick method is to remove the 7493 (IC8).
This causes the interface to stay addressed
on channel 4, doing 50,000 uninhibited con-
versions per second.

The converter itself is an 8 bit
MC1408L-8 multiplying digital to analog
converter. As previously outlined, ‘‘mul-
tiplying"” means that it uses an external
variable reference voltage. In this case, a
6.8 V zener diode regulated voltage is passed
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Expanding the Tiny Assembler

(Increasing Function without Building More Memory)

L0CN Bl B2 PR3

0000 PEESPEPEC R AR S0 IR GGG Ett Rttt tsattttne
0000 > .
0000 > FAAMPLE OF AN INLINE PGN HI.OCK .
0000 > .
0000 A A R R Y R R A A A A A L R L
0100 > OkG %100

0100 >ROVTINFA EMP 2 SUPHOUTINFS aVaILAPBLE
o102 >HKOUTINEB Rv¥B 2 IN FXIS1ING COTF

0104 >ROUTINEC RE¥P 2

o106 >ROUTINETI F¥R 2

0108 >ROUTINEE RvYE 2

010Aa >FOUTINFF Fvp 2

o10C >FLAGI RME 1 TEST CONTITIONS

oior >PLAG2 kvp 1 AVAILABLFE IN

Ol 0E >FLAG3 RMB 1 EXISTINEG COTE

0200 > OFG $200

0200 PEECCCICEIIUNCINEEE PG EEUECR GOt RARtsttratttaRade
0200 >e INLINE ColLE .
0200 PRE0EE 20000 0000005000002ttt atatbrat
0200 >

0200 >NEWPLOCY BGV STORT NF INLINF PLOCK

0200 7' 01 OC > TST FLACGI

0203 2D 00 B PLT CONEL JUYMP TO SURROUTINF

0205 22 00 > BHI CONT2 TEPFNLING ON 1FS1

0207 7I* 01 Or > TST FLAG? CONTITIONS

020a 23 00 > PLS CONILJ

020C BL 01 00 > JSE  FOUTINEA

020F 20 00 > BRA CO FIRST IISE OF SYMROL °GO°
0211 BR 01 02 >CoNI'l JSF  EOUTINFE

0204 OC

0214 20 00 > BFA €D

0216 RD 01 0& >CONT? JSI:  EOUTINFC

0206 OF

0219 20 00 > BPHA GO

0218 RDh 01 06 >CONI JSR  FOUTINED

0208 OF

021F BD 01 04 >GO JSR EOUTINEE SYMBOL °*GO* EESOLVE!
0215 oK

021A 03

o210 or

0221 > END ENL OF INLINE PLOCK

sse UNRESOLVFEIL:
wee SYMPOLS?

Y
CON1 0211 CON2 0216 CaNI 021P GO 021F

0221

0221 YD 01 OF >CONTIVUF TST FLAE3

0224 22 00 > PHl GO EFUSF OF SYwpaL °Go°

0226 Db Ol OA > JSE  ROUTINFF

0229 01 >G0 NOP ‘GO FESOLVE! acaIN

0225 03

022a A N A A R R R PN R PR R AL R L RN R R R AL ]
or24 >e INLINE COTF CON1INUFS .
o22a P e Y R N YR )
0224 >

0224 > END END OF ASSEMBLY

#s¢ UNHESOLVEL:

e+ SYVMRULS?

Y

COVE 0221 FLAl 010C FL62 010L FLA3 OIOF GO 0229
NEWK 0200 EOUA 0100 LOUFR 0102 PROUC 0104 EOUD 0106
FOUE Oln#& HOUF 0104

Listing 1: This simple in line BGN block shows the format of the BGN and
END pseudooperations of the Version 3.1 Tiny Assembler. Any symbols
defined within the block are deleted by the END statement for the block
and can be reused without conflict by subsequent code. Thus the symbol
GO at location 021E defined within block NEWBLOCK is not the same
location us the later use of GO in the outer level of the hierarchy at location
0229. Note that the new version of Tiny Assembler still condenses symbols
into 4 character names in the symbol table by using the first three and the
last characters of the symbol as typed. Thus the NEWBLOCK name at loca-
tion 200 condenses to NEWK in the symbol table.
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Jack Emmerichs
8465 N 51
Brown Deer Wi 53223

It is worth noting that the group of
people who have been using the Tiny As-
sembler since the end of 1976 as listed on
page 133 of the March 1977 BYTE ex-
cludes the author: ME! Well, | have finally
gotten my own computer system up and
running and have been able to get some use
out of the assembler myself. | soon found
that there were a few things here and a few
things there that could be changed or added
that would make the whole assembly process
more convenient. | guess there is just no
pleasing some people.

The problem is that, as predicted, | have
a minimal configuration system. It is a
SwTPC 6800 with (at the moment) no extras.
The assembler just fits, so there is no place
to put patches or additions except at the top
of the symbol table. This of course reduces
the capacity of the program. It became
obvious that the proper approach to further
modifications would be to increase the
efficiency of the assembler so that additions
could be made while maintaining or in-
creasing the symbol table capacity. The
first modification, therefore, would have to
be the ability to delcte symbols when no
longer needed so that the symbol table space
could be reused. This would allow a smaller
table to handle a larger number of symbols.

As suggested in the article ‘“‘Implementing
the Tiny Assembler” (May 1977 BYTE,
page 84), this has been accomplished by
developing a “begin” statement (the as-
sembler mnemonic is BGN). This statement
causes the next available location in the
symbol table to be pushed into a table stack
and a structural level counter (which starts
at 1 and keeps track of the nesting level of
the BGN statements) to be incremented.
Symbols entered beyond this point in the
table belong to this BGN block. A label on
the BGN statement itself will not belong to
the block being defined, but to the group of



symbols aiready in the table. The END
statement must then be changed to pull a
symbol table location out of the table stack
and perform end of block processing on the
symbols from this point to the end of the
table. Everything relating to these symbols
is then cleared from the assembler’s tables.
The structural level indicator is decre-
mented, and if it becomes 0, end of program
is signaled. Using this arrangement, the
nesting level of BGN blocks is only limited
by the space available for the table stack
or the size of the structural level counter
(256 in this case).

In practice, the BGN block is used to
break a program into individual segments
that can each be treated as single functions
or routines. Labels and variable names with-
in such blocks are local to the block and are
not known outside the block in the rest of
the program. This can be most useful when
employing structured programming tech-
niques such as those that have appeared
from time to time in BYTE articles. A
properly structured BGN block should
have only one entry point and one exit
point. It may be used in either of two
different ways.

First, a section of in line code that is
only used in one place in a program may be
defined as a structural block. Such a block
is cntered by ‘‘falling into” the first state-
ment, and exited by ‘‘falling out of" the
last statement as program steps are executed
in sequential order. There will usually be no
label associated with the BGN statement for
such a block.

The second possibility is to define a block
as a subroutine which can be called from one
or more places in the program. Such a block
is entered by a jump or branch to subroutine
and is exited by a return statement. In this
case the entry point (which is usually the
BGN statement itself) does require a label.
In both cases, once a block has been com-
pleted, the internal structure is of no interest
to the rest of the program, and any entrics
in the symbol table and the forward
reference table for the current block may be
removed when the block is ended.

An example of a small in line BGN block
is shown in listing I. Once this group of
branch and jump instructions has been
completed, the symbols defined within it
may be reused without conflict. A more
complex program structure using BGN
blocks as subroutines is shown in figure 1.
This is similar to the hierarchy diagrams dis-
cussed in the first of these articles (see
“Designing the Tiny Assembler,”" April
1977 BYTE, page 84, for a discussion of
hierarchies and networks). The pseudocode

to implement this structure is shown in
listing 2. Within any block, references can
be made to entries in the symbol table for
any already active block (ancestors), the
entry point of any block at the same level
(siblings), the entry point of any block at
the next lower level (direct descendants),
and the entry point of any block which is
at the same level as currently active ancestor
blocks (aunts and uncles). References cannot
be made to items which are across any level
of siblings and then down another branch of
the ‘‘family tree’’ (nieces, nephews and
cousins), or to ilems developed within a
lower level of the tree. This is a fairly
standard structuring scheme.

Listing 2: This is a structured pseudocode
representation which shows how the hier-
archy of figure 1 would be implemented in a
normal coding sequence. The assembly
starts with an initial (outer or global is an
equivalent term) level so there is one more
END statement than the number of BGN
statements. This is required to finally
terminate the assembly. In this listing,
indentation of the code has been used to
highlight the various levels of nesting of the
blocks from figure 1.

START OF PROGRAM (level A)
: BGN {level B)
8 BGN (level C}

END

BGN {level D)
H END

END
BGN (level E}

: BGN {level F)

END

BGN (level G)
BGN lievel H)
END

BGN (level 1}

i BGN level J)

END

BGN (level K)

B END

H END

8 END
END
BGN f(level L}

8 END

END {end of assembly)

BLOCK &
ELCI!.EK B BLOCK E BLOCK L
J—I—\ I—‘—l
BLOCK € BLOCK D BLOCK F BLOCK G
l—‘—J
BLOCK H BLOCK 1
BLOCK J BLOCK K

Figure 1: This hierarchy diagram shows the relationships between the func-
tional blocks used in the example of listing 2. Of the 12 blocks in the system
of this program, only a maximum of five are ever active and using up space in
the symbol table at any one time. Any entry point referenced at the be-
ginning of block A during the 1 pass assembler’s operation is available to any
block in the hierarchy even if it is not defined until the end of the assembly.
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This general arrangement is significantly
modified, however, by the 1 pass nature of
the Tiny Assembler. In this case, a symbol
“belongs to" the first block that references
it rather than the block that defines it as a
label. Therefore, a symbol that is defined
and used at a low level is inaccessible to
higher levels as usual, but symbols that are
first referenced in a low level block of code
and then defined as a label in a later higher
level block of code cannot be handled by the
assembler. This is because the symbol be-
longs to the low level block, and both the
forward reference table and the symbol
table will be cleared of all references to such
a symbol at the end of the low level block.

This problem of what level the symbol
belongs to can be avoided by requiring such
symbols to be first entered into the symbol
table by a high level block of code (as a
forward reference if need be). In this way
the symbol and all references to it will be-
long to the high level block and will stay in
the tables while low level blocks are created
and ended. When the symbol is finally used
as a label, all unresolved references to it
will be resolved, even those which were
made in blocks which have been terminated
and no longer exist. In general, a symbol
must be entered into the symbol table at a
level equal to or higher than every reference
that is made to it. It is therefore a good idea
to define common subroutines early in the
program or to make reference to their entry
point names in the highest levels of the
structure.

To illustrate how these rules are applied,
consider what symbols are ‘‘known to,"” or
can be referenced by code within block G in
the example in figure 1. Any items in A
and E that have already been used can be
referenced because they are ancestors. Any
items within G itself can of course be
referenced. This was the scope of the origi-
nal versions of the Tiny Assembler. The
entry points of H and | can be referenced
because they are direct descendants. The
entry point of B can be referenced because
it is an ancestor’s sibling that has already
been defined. The entry point of F can be
referenced because it is a sibling that has
already been defined. Any items first used
within H, I, J or K cannot be referenced by
G because they belong to a lower level. Any
information about C and D that was not
originally referenced in A is unavailable be-
cause they are cousins. The entry point of L
(if not yet used) and any items in A and E
that have not yet been used cannot be made
a forward reference because they will not be
defined until after references to them from
G have been removed.
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When a program is structured as a net-
work instead of a simple hierarchy, things
become a bit more complex because of rela-
tionships that cross between branches of
the structural tree. The same rules apply
when determining what can be referenced
from what, however, so a program’s biock
structure should be planned so that multiple
paths within the network can be contained
within a single block to reduce or eliminate
forward reference problems.

For programs with a moderate number of
symbols or extremely complex forward
references, the whole assembly may be con-
sidered a single block. In this case, no BGN
statement need be used at all. The first END
statement that is encountered ends the pro-
gram much as it does in the original versions
of the Tiny Assembler.

It should be pointed out that the entire
table of currently active symbols is searched
during symbol processing. Therefore, a block
may not redefine a symbol used by an earlier
but still active block. If this is tried, a dupli-
cate symbol error will occur. This restriction
is based on the fact that a 1 pass assembler
allowing redefinition of symbols at a local
level could not tell the difference between a
forward reference to a redefined local
symbol and a backward reference to an
existing global symbol. Therefore, symbols
may only be reused after they have been
deleted from the symbol table by an END
statement. As it turns out, the hierarchical
structuring scheme of the Tiny Assembler
is similar to other structural languages such
as PL/I, but the restrictions on redefining
symbols and the rules determining what level
of the structure a symbol belongs to make
the structuring of source programs for this
assembler unique.

While developing the methods used to
handle BGN and END statements it became
evident that the deletion and possible reuse
of symbols would make it very difficult to
produce a complete symbol table dump at
the end of the program. In fact, there may
never be a complete symbol table during
an entire assembly (a situation which re-
quires a 1 pass design by the way). There-
fore, each END statement terminates a
structural block as if it were a complete
program. All unresolved forward references
to symbols first used in the current block are
listed and the user is given a chance to abort
the END statement. If it is aborted, the
user will reenter the block, and may con-
tinue with corrections and additions as if the
END had not been entered. If the user does
not elect to abort the END statement, a
sorted symbol table listing is provided for
the completed block. In this way, every
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ORDER FORM [Write in each box the quantity of each part required)
KIT ASSEMBLED KIT ASSEMBLED KIT ASSEMBLED
4KROM | WWC | 6BEXT-L J
| 8KSC-Z | 88EXT ] eswwec [

68EXT-S | BBUC [ |

 — 68KSC |
| BKSC ‘
t ASSEMBLY AND OPERATING MANUAL $4.,00
—— NAME
PLEASE PRINT OR TYPE
ADDRESS
§8sms cITY STATE ydd

SEND CHECK « MONEY ORDER « COD'S ACCEPTED « CREDIT CARDS

SEALS ELECTRONICS, INC - N AR
P.0. BOX 11651 —— 3 W
"'u [ T KNOXVILLE, TN 37919 3 LLL1l] 1441 [ 111

MOST ORDERS SHIPPED WITHIN 10 WORKING DAYS

[READ ONLY MEMORY]

B Will accept up to 16 ea. 1702-A or 5203 EProm Providing up to AQQ_& |
words of non-volatile memory for Boot Loads to Complete Programs,

@ Programming Available at Factory for $3.00 per EProm when accom-
panied by binary formated tape.

@ Each 1702-A has its own Vgg clocked for Low Power Consumption.

® Will work with the weakest power supply based S-100 buss computer.

@ Switched Selected Address in 4K Blocks.

@ Switch selected wait states so that even the slowast 1702-A can work
in your system. 0-8 wait states. a

@ Solder Masked on both sides of PC Board.

@ Component Screened on Component Side of PC Board.

Kit Price: .. $119.00 Assembled Price: . . .$179.00

[STATIC MEMORY CARD FOR SWTPC 6800]

® 8192 Words of Static Memory

W Access Time: 500 nsec. {250 nsec on request)
& Memory Chip 91L02 APClor 2102AL-4

B Battery Standby

B Address Selected 8 Ea. SPST Dip Switch

B Low Power

® All Lines Buffered.

@ All IC’s with sockets

B Solder Masked on both sides of PC Board.

Kit Price: .. $269.00 Assembled Price; . s .$359.00 A

[STATIC MEMORY CARD)

ALTAIR®IMSAI®and S-100 buss compatible.

Access Time: 250 nsec max.

Ziloa Speed Compatible up to 4 mhz.

Memory Chip: 2102LHPC or 2102AL-2

Battary Standby: >1.5 to 4 voits €

Address Select: 8 ea. Spst. Dip Switch.

Wait States: None

Current Reg.: Less than 200 ma per 1K

8 All Address, Control, and Data out lines fully buffered.
8 All IC’s supplied with {C Sockets

@ Solder Masked on Both Front and Back of P.C. Board .

Kit Price: . . $295.00 Assembled Price; , , .$395.00

Cifle 214 oﬁ"tnqunry card.
OTHER SEALS ELECTRONIC PARTS AVAILABLE

- ¥
fitem No. Description Kit Price Assembled Price
- BK Static Memory Card 500 nsec $269.00 $369.00
Wire Wrap Card $ 37.50 $47.50
88 Extender Card $ 29.00 $ 38.00 ®
‘Extender Card {Small) swrec sa00 compsubin Prodce $ 19.00 $ 25.00 “' "'
Extender Card (L.arge) swrec 6000 compatii Producs $ 29.00 $ 39.00

C  Wire Wrap Card swrec 6800 comosoie Proguc $ 35.00 $ 45.00 ELECT RO N | CS I N C
‘Battery Back-Up Card $ 55.00 $ 68.00 ’ .

ORDER DELIVERY: FROM STOCK TO 10 DAYS  TELEX NO.55.7444 TELEPHONE NO. 615/693-8655
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occurrence of every symbol and unresolved
reference in an assembly is listed without
requiring that they ever really exist at the
same time.

Does this ‘virtual symbol table’” mean
that we have an assembler of unlimited
capacity that will run in 4 K? Well, no, not
really. While this may be theoretically true,
there are some practical limits which are
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Listing 3: In addition to the reorganization of symbol table management and
introduction of the BGN pseudooperation, a number of minor incremental
improvements were added to Version 3.1 of the assembler. These are illus-
trated here, and are described in more detail in the text of the article.
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likely to be reached. All programs have a
root segment and a list of global symbols
which exist throughout the entire assembly.
As the program increases in size, the root
segment usually grows along with it, but at
a slower rate. At some point it becomes
impractical to try to fit ever larger programs
into the Tiny Assembler. The current design
provides for 150 symbols when running in a
4 K machine. This is large enough to as-
semble simple programs with ease, signifi-
cant programs through moderate use of
structural blocking, and large complex
programs if need be. | don’t really know
what its practical limit would be now, be-
cause as noted earlier, | haven't really used
the Tiny Assembler enough.

As an additional improvement, the
Version 3.1 Tiny Assembler can now expand
or contract to the user’'s requirements. If
an 8 K machine were used, the symbol table
could be increased to hold over 830 sym-
bols. This could be effectively expanded into
the thousands through the use of structural
blocking. However, the sequential search
times required to find symbols in such a
table would no doubt start to become
noticeable. Remember, this is supposed to
be a TINY assembler, not competition for a
full-scale standard assembler.

Having addressed the capacity problem,
| then returned to the minor changes that
started this whole modification project in
the first place. Several items which did not
work as one might expect in the previous
version have been changed to process in a
more normal manner, and a larger subset
of the Motorola 6800 assembly language
definition is now supported. The following
is a list of some of the major changes which
have been made. They are illustrated (where
possible) in listing 3.

e The FCC pseudooperation will allow
the use of character string delimiters
as well as the previous string length
operand.

® The FCB statement will allow the use
of literals following an apostrophe,
and the FCB and FDB statements may
now make forward references.

® Delimiters such as the comma (,),
space ( ), plus (+) and minus (—) may
be used as literals after an apostrophe.
The apostrophe itself may be used as
such a literal.

® |f a label is used with an ORG state-
ment, its value {as well as the program
counter) is set to the value of the
operand.

® Execution of the assembler after an
assembly has been completed invokes
the cold start rather than the warm



start entry point so that different
programs being assembled at the same
time are completely separated. Within
a given assembly, however, restarts
are still from a warm start entry point.
A warm start uses the old symbol table
contents, and a cold start clears the
entire symbol table before entry.

e The Tiny Assembler can now be stored
in its entirety in ROM or PROM, and
it is more easily relocatable.

® The forward reference and symbol
tables can be redefined at a location
and size determined by the user.

® A comment line starting with *P will
produce a page break and a new
heading (eg: *PAGE).

While modifying the assembler, | found the
need for a simple, quiet (on a Teletype)
loader to try out various program changes.
As mentioned in previous articles, there are
two types of loaders for the Tiny Assembler.
Those handling complex forward references
must first zero memory and then add each
byte of generated code to the current
memory value (a single memory location
may have several components added to it).
Those handling corrections made by the user
when the assembler is used interactively
must simply replace whatever is currently
in memory with the generated code. Since |
tend to have many more errors to correct
than complex references to handle, the
loader shown in listing 4 was developed to
complement the one listed in the Tiny As-
sembler User’s Guide. If the assembler’s
stack is relocated from AO7F to A042
(which is easy to do: simply change loca-
tions 06D3, 06D4 of Version 3.1), the as-
sembler and the loader can remain resident
in a 4 K machine at the same time. The
code:

LDAA
STAA

#$3C
$8007

will suppress the echo on input for any
program using the standard Motorola
MIKBUG input routines. In this case it
allows the Teletype to read the Tiny As-
sembler load tape without having the print
mechanism chattering away.

The current version (3.1) of the Tiny
Assembler is quite a powerful assembly pro-
gram which will operate within very tight
memory restrictions. In larger machines
this may mean more space can be made
available for an input source buffer, moni-
tor, editor, assembled object modules or
other memory resident programs. In small
machines it may mean the difference be-
tween being able to assemble anything at
all or not.

Listing 4: A “quiet” loader is one which demurely purrs as it loads in from
the reader of a Teletype, ignoring the noisy printer. This is a loader capable of
residing in the Motorola MIKBUG program’s scratch pad and loading object
code from the Tiny Assembler. Note that there is no end of tape character,
nor facilities for rereading the loader tape for verification, nor error handling
outside of that provided by the Motorola MIKBUG monitor’s routines.
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0000
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0000 >& .
0000 >«  °*QUIET® LOADEH FOR THFE TINY ASSFMPLFF ¢
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ADS1 BL K1 Il > JSR  CHAFOUT
A0S5S4 BD F1 AC >SEARCH JSR CHARIN SFARCH FOF STaRT
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ADS9 26 F9 > BNF. SFARCH
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ADEB A7 00 > STAA X STORF 11
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STOP 000!

| should point out that the development

of the Tiny Assembler was not a 1 person
project, but rather a collective madness that
infected quite a few individuals. Several
sections of Version 3.1 reflect the ideas and
work of Al Losoff, Chuck Bram and George
Kuss. As the assembler evolves, | would like
to hear from others who have found new
and wonderful ways to improve, modify
or adapt the program to different environ-
ments and requirements. By the way, | do
not have the facilities to answer requests
for copies of the Tiny Assembler. Contact
BITS, 70 Main St, Peterborough NH 03458,
for the PAPERBYTESTM edition of Tiny, or
the Milwaukee Computer Store, 6916 W
North Av, Milwaukee WI 53213, for an
AC-30 cassette of the object code ($6).m

Editor’s note: As this article goes to press, Version 3.0 of Tiny Assembler
6800 is available as a 40 page book complete with user’s guide, machine
readable (bar code) object listing and complete assembly listing. The price of
this book is $7 plus 35 cents postage and it may be ordered through BITS. In
preparation as this article goes to press is the Version 3.1 supplement to the
original book, which will contain documentation of these extensions,
machine readable (bar code) object listing, a reprint of this article, and a
complete Tiny Assembler 6800 Version 3.1 source listing. Write BITS at

70 Main St, Peterborough NH 03458.
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Product

(Jescription

Recognition for Heuristics SpeechLab

A new star is born. The Heuristics voice
input board for the Altair (S-100) bus is an
interesting new option for personal com-
puting enthusiasts. Now, for $250 one can
add voice input to the computer.

The first thing | noticed about the
Heuristics SpeechLab was the price, $250 in
kit form, compared to huge sums for com-
mercial equipment. After seeing a live dem-
onstration at the Homebrew Computer Club
in Palo Alto CA, 1 was convinced that the
board worked. Horace Enea and John
Reykjalin, the principle designers, demon-
strated the recognition of three words after
a single training. Horace would type in a

word and then pronounce it. The computer

then used about 64 bytes to store a template
for the word, “Apple, banana, mango. . .”
The crowd at Homebrew stood in amaze-
ment as the computer typed out the spoken
words.

Three weeks later | had my own Speech-
Lab kit. Surprise number two. The two
documentation manuals are an order of
magnitude better than anything else ['ve
seen produced by the personal computer
industry.

Hardware Manual

The hardware manual contains the stand-
ard sections: introduction, assembly, and
theory of operation; but, the pages are
numbered, paragraphs are tied together and
the manual is actually readable. Several
useful appendices are also included: trouble-
shooting, test program, warranty, sche-
matics, etc.

Laboratory Manual

“Now what are you going to do with it?"’'
is a question frequently asked by friends of
personal computer owners. With this kit the
question is the answer. The Heuristics people
seem to be trying to create a Renaissance
environment for scientific inquiry. The lab-
oratory manual is a successful attempt to tie
the diverse field of computer speech analysis
together in a coherent fashion. The manual
is bound to become popular among re-
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searchers in the field of speech recognition.
The work is probably the best text material
presently available on the subject.

The manual consists of 270 pages. The
main body of the text presents 35 explor-
atory experiments to thoroughly acquaint
the user with the problems and techniques
of speech recognition. A sampling of
experiments are: confusion matrix, com-
pression amplifier, fricative consonants, and
area averaging. A complete listing and
explanation of Li Chen Wang's Palo Alto
Tiny BASIC is included. The BASIC has
been modified with a “Speech” command
to access the speech input board through a
high level interface. Most of the experiments
are centered around Tiny BASIC, a wise
design decision that makes experimentation
easy and interesting. The experiments are
clearly presented and should be easy to
perform for anybody who can program
in BASIC.

Assembly

The printed circuit board is silk-screened.
Components are sequentially numbered as
they appear on the board, from left top to
bottom right. The layout appears to be flaw-
less; no jumper patches are needed. | com-
pleted the assembly in two 2 hour sessions.
Everything went smoothly except for two
missing resistors which were supplied in four
working days by mail. Like most small
companies headed for success, Heuristics is
bending over backwards to please customers.
The hardware worked perfectly, so | didn’t
need the excellent troubleshooting section
that is included.

One word of warning. The Heuristics
board is intended for use with an Altair
{S-100) bus 8080 computer, enough mem-
ory to run Tiny BASIC, and some applica-
tion programs. A hardcopy terminal is not a
must, but is useful for obtaining plots of
waveforms.

Rick Parfitt
1 Johnstone Dr
San Francisco CA 941318



Why buy a micro,
when you can buy a mini_for less!

MOST OF TODAY’S PERSONAL
COMPUTERS are microcomputers.
Compared to our minicomputer they are slow
and expensive.

Our mini ‘‘the MINI 12™"” has been
around for three years. We’ve been steadily
selling it to industrial customers who have
proven its reliability. Only recently have we
paid much attention to the personal
computing market. We’ve discovered that our
computer is simply better, and most interest-
ingly, LESS EXPENSIVE.

NONE OF THE MICROCOMPUTERS
can offer you the range of software available
to the MINI 12. Compatibility with the most
popular minicomputer, DEC’s PDP-8E, gives
you a vast library of programs. You will also
be pleasantly surprised when you experience
the speed and sophistication of our
EXTENDED BASIC compiler, or FORTRAN,
ALGOL and FOCAL.

Unlike today’s microcomputers, our
Mini 12 is fully software supported by an
advanced operating system, including...file
handling text editor, symbolic assembler,

loaders, ODT
(octal debugging technique),
batch processor, and system utilities.

The MINI 12 comes with 8K of memory
and is easily expandable to 32K. Because the
MINI 12 processes 12 bit words (instead of 8
bit bytes) you need far less memory. For most
applications... using our optional MINI
STORE digital cassette system with the
BASIC compiler, you will never need add
another single byte!

Because we want you to have the
pleasure of using your minicomputer right
away, our MINI 12 comes fully assembled,
debugged and ready to plug in. It includes a
full front panel, controller for eight digital
tape drives, and built-in serial interface plus
other technical niceties like a binary loader
and monitor bootstrap in ROM memory.

Frankly, when compared with micro-
computers, we’re surprised at how good a
deal we are. Write... or better yet, give us a

call @303-794-1634 and let us help you get it
all together!

-"— Il_— F Post Office Box 2298, Littleton, Colorado 80161, Telephone 303-794-1634

PDP-8E and Focal are Trademarks of Digital Equipment Corporation
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Announcing a Computer

@ that thinks in BASIC
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Ohio Scientific's new Mode! 500 computer has full mini-computer
BASIC in ROM and a minimum of 4K RAM for user programs.
BASIC is always there when the computer is turned on.

Make your terminal intelligent!

If your company or school has remote computer terminals, con-
sider the Model 500-1. It fits in the communications line between
the terminal and modem or system. When the 500-1 is off, the
terminal talks to the modem. When it is on, the terminal talks to
the Model 500. Use the Model 500 for short and medium sized
programs in BASIC. Use its immediate mode as an ultra-powerful
scientific calculator!

Computers for Students

Couple a Model 500 to a low cost purchased or leased terminal
such as the popular ASR-33 teletype for student instruction. The
Model 500's BASIC is a perfect instructional language for stu-
dents. Since the computer's machine code is also accessible,
the Model 500 can challenge the advanced student with other
optional software such as our interactive Assembler/Editor.
Personal Computing

The Modei 500 has eliminated all of the grief of the first genera-
tion personal computers. This computer comes fully assembled,
tested, and guaranteed.
I\rA‘ost importantly, it is easy to use since the BASIC is always
there.
Flexibility and Expandability
The Mode!l 500 uses Ohio Scientific's standard 48 line bus so
thatitis fully compatible with our Model 400 kits and Challengerim
product lines. Any of thirteen accessory boards including RAM,
PROM, parallel, serial, A/D, DI/A, cassette, and video graphics can
be added as well as peripherals including floppy disks, line
printers, color graphics, and more.

The Model 500 is offered here in three forms to meet every
application and pocket book.

Specifications

Model 500 Board $298.00
8" x 10" fully assembled board including 6502 microprocessor
running at 1MHz, 512 bytes of PROM, 8192 bytes of ROM con-
taining 8K BASIC and 4096 bytes of RAM for user programs. The
board contains an ACIA based serial interface which is jumper
selectable for RS-232C or 20ma loop at 110, 300, 1200, 2400, or
4800 baud.

The 8K BASIC features: full floating point math including
transcendental functions, N dimension arrays, multiple letter

variables, full string functions, logical operators, PEEK, POKE,
USR, and lots more!

The Model 500 board requires +5 volts at 2 amps, -9 volts at
500ma, an external reset switch, and an ASCII serial terminal for
operation.

Model 500-1 $429.00

Fully enclosed 500 board with power supply, reset switch, and
two 25 pin EIA standard terminal connectors for loop through
operation. The 500-1is 12" x 15" x 4".

Model 500-8 $629.00

This unit is a 500 board in an eight siot Challenger'™ case aliow-
ing seven slots for expansion. The unit has a heavy-duty UL
recognized power supply and is 15" x 17" x 10".

ORDER FORM

Order directty from:
Ohio Scientitic; Hiram, Ohio 44234

This introductory offer expires August 31, 1977, Please allow up to 60 days
for delivery.

PRINT ORTYPE CLEARLY.

Name

Shipping Address

City - ____State_ _Zip.
Payment by: BAC (VISA)__ MC Money Order_
Credit Card Account # R __ Expires S _

Model 500 Boards @ $298.00 —_— N
Model 500-1 Computer @ $429.00
Mode! 500-8 Computer @ $629.00

Additional 4K RAM Memories
for 500-8 @ $149.00

4% Sales Tax (Applies to
Ohio Residents only) R S

TOTAL CHARGED OR ENCLOSED.

]
)
)
)
)
)
)
)
1
)
)
)
1
)
)
1
)
)
)
)
)
)
)
1
)
1
)
:
1 Interbank # (Master Charge) —=
L
]
1
1
1
1
1
"
3
1
1
1
1
]
3
3
1
1
L}
1
)
)
)
)
1
&
3

OHIO SCGIENTIFIC

Hiram, Ohio 44234



The Complete
Challenger System

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

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

This fully-assembled system includes:

HARDWARE:

OSI Challenger 65 with 16K RAM, serial interface, system
monitor PROM, and floppy disk bootstrap PROM.

OSI Challenger single drive floppy disk formatted for 250K
bytes storage per diskette surface.

Stand-alone terminal and Sanyo monitor for 16 lines of 64
characters at 2400 baud (other terminal options are available).

And all interconnecting cables!

SOFTWARE:

2 diskettes containing over 100,000 bytes of software in-
cluding OSI's powerful Disk Operating System with variable
length sectors. 6502 DISK BASED RESIDENT ASSEMBLER/
EDITOR! A totally interactive Assembler/Editor which as-
sembles up to 600 lines a minute and is completely compatible
with MOS Technology's Cross Assembler format. This program
also contains a powerful disk-based line editor with commands
for general text editing. 0SI'S EXTENDED MONITOR: A power-
ful machine language debugging and utilities package including
a Disassembler which is format compatible with the Assembler!
0SI 6502 8K BASIC FOR DISK BY MICROSOFT: This powerful
BASIC has all the features of Altair” 8K BASIC for the 8080
plus higher speed and disk storage. And it comes complete
with a BASIC program library.

DOCUMENTATION AND SUPPORT:

We include over 600 pages of hardware, software, program-
ming, and operation manuals. The Challenger is based on the
well-proven OSI| 400 system. The over 2,000 OSI 400s and
Challengers now in use assure continuing hardware and soft-
ware support for this system for years to come!

EXPANDABILITY:

The Challenger System can now be expanded to 192K of
RAM and 16K of I/O and ROM. There are over 13 accessory
boards including A/D, D/A, parallel and serial /0, cassette
interfaces, a dual drive floppy, a video graphics display, several
RAM and PROM boards, and multiple-processor configurations.

APPLICATIONS:

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

PRICES:
Challenger System, complete as stated above with terminal

and monitor $259900

As above without terminal. Specify RS-232 or 20ma loop
and baud rate szoggoo
IMPORTANT NOTE:

One of the most important features of the Challenger System
is that it is not really “new’. OS| has been delivering the basic
circuitry of the Challenger since November 1975 and the floppy
disk since June 1976. The only thing new is the total integration
of the components as a complete, simple to use, fully-assem-
bled, small computer system.

For more free information and the address of the OSI
Computer Dealer or representative in your area, write to:
08); Dept. S; Hiram, Ohio 44234 or enclose $1.00 for the full
0S| catalog which contains kits from $134 and fully assembled
computers from $439.

Dept. S, Hiram, Ohio 44234
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One-Sided View of Wire Wrap Sockets

Photo 1: Bending a socket pin with a Slit-N-Wrup tool. The Slit-N-Wrap s
positioned approximately 0.1 inch (0.254 c¢m) from the bottom of the
socket, and the pin is bent up so it lines up verticully with the holes on the
top of the socket. Three pins on this socket have ulready been bent showing
what the result looks like.

) i

Photo 2: A mounting procedure forsockets. First determine where the sockets
will be placed and make a mark where the pins contact the board (the black
marks on the board). Using a hot glue gun, put a generous amount of glue on
the board at the spot where the pins contact. Put the socket down on the glue
and hold for a few seconds until the glue cools.

54

ira Rampil

Dept of Electrical and Computer Engineering
University of Wisconsin—Madison

Madison Wi 53706

Recently, while laying out the compo-
nents for a new PDP-11 device controller, a
devilishly simple construction technique re-
vealed itself to me. Digital Equipment Cor-
poration specifies that their printed circuit
modules be restricted to component heights
of 0.38 inch (0.97 ¢cm), and on the solder
side only 0.06 inch (0.15 c¢cm) are allowed
for the height of soldered and clipped off
leads. These specifications enable boards to
be mounted on half inch centers on a back-
plane. A problem arises, however, if wire
wrap or Vector Slit-N-Wrap is the desired
interconnection technique. DEC’s solution
to this problem is to provide a circuit board
with soldered sockets for the integrated
circuits. Each socket pin is connected by a
foil trace to a wire wrap post staked and
soldered to the component side of the
board. Aside from meeting the DEC dimen-
sional specifications, therc is another impor-
tant benefit. Since the wirc wrapping is now
done on the samc side as the components,
it's harder to get lost and make erroneous
connections. The only caveat is to route the
wires so they do not cross directly aver any
chip, otherwise you will have difficulties re-
placing defective components.

There are two difficulties in using DEC
manufactured boards in my, or any other,
microprocessor application. The first prob-
lem is flexibility; the layouts are prearranged
and there is no provision for 40 pin chips.
The second problem is cost; a so called quad
board which measures about 10.5 by
8.5 inches (26.7 by 21.6 cm) costs approxi-
mately $160.

The new technique which is described
here retains all of the DEC board advantages
with ultimate flexibility of layout, and very
low cost. The best advantage is simplicity.
The entire technique caonsists of bending the
lcads of a conventional wire wrap socket
around so that they point upwards, and then
gluing the socket down on a blank, unper-
forated board. The photos demonstrate the
technique using a new Slit-N-Wrap pencil,
by Vector Electronic Company.

For best result:
® Use quality sockets that have their
posts solidly embedded in plastic, so they
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will not be pulled out during the bending
operation.

® Usc a metal wire wrap pencil to do
the bending. It is exactly the right size for
the job. Slide the pencil down each post to
a point about 0.1 inch (0.254 c¢cm) from the
socket base. Slowly bend the post out
straight, away from the socket, and then up
along the body. Remove the pencil and
press the bent post flat against the socket
to remove some of the remaining angle.
The bent posts should be vertically aligned
with each respective pin contact in the
socket. Use of the wire wrap pencil leaves
just enough room between the post and the
socket for the wrapping operation.

® Onc mcthod of gluing the sockets
down is to mix a small solution of epoxy
glue and bricfly press each socket into the
glue so that all of the bends in the posts
receive a small dab of glue. After all of the
sockets are in place, bake the board in an
oven at approximately 140°F for an hour
or until the glue hardens. A faster method
is to use a hot glue gun as shown in photo 2.
1t will prove useful to roughen a smooth
circuit board with a file or sandpaper prior
to gluing to achieve a stronger board. If
mechanical shocks are anticipated this is
an essential consideration.

e Route all of the wires into the spaces

Photo 3: Closeup view of
several mounted sockets.
Notice how the glue is sit-
ting at the bends in the
pins, assuring a good me-
chunical connection and
secure mounting. One very
important [tem should be
noticed: none of the wires
cross other sockets. This is
to prevent difficulties with
changing circuits, should
one fail. The heavy copper
bars running on either side
of the sockets are power
connections. Notice that
pins 7 and 14 are con-
nected to these bars for
ground and +5 V.

al

between sockets. Never cross a socket. This
will allow you to easily replace the individual
integrated circuits.

® The Slit-N-Wrap tool is a very casy and
inexpensive way to wire wrap. [t is con-
venient for doing daisy chainjng with. My
only complaint with the system is the means
of cutting the wire. | think a surgeon’s iris
scissor or other small cutting tool would be
much better than the tiny chisel provided by
Vector. ®
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Photo 4: View of the Slit-
N-Wrap in action on the
one-sided prototyping
bourd. Notice how the tip
of the tool fits snugly on
the pin with very little
room between it and the
socket.






The Dumb Terminal Fan Club, that is.
Because in just two short years, the Lear
Siegler Dumb Terminal has made thou-
sands of friends. Throughout the world.

And there's a good chance you're one.

You might be a distributor, an OEM —
even an end user. Or maybe just an admirer
of good, practical design.

You might work with terminals for a
living. Or assemble them for a hobby.

But it really doesn't matter. Because the
Dumb Terminal Fan Club is strictly for fun.
For everyone,

Be the first on your block.

Here's your chance to become a Dumb
Terminal charter member.

And it's so easy. No goldfish to gulp down.

No blood oath to take.

All we need is your completed member-
ship application form and a measly $6.00.
(Cash, check, or money order, please.)

In return, you'll receive a nifty Dumb
Terminal Fan Club Kit containing:

One official Dumb Terminal T-shirt. A
good, practical design. (Just like the Dumb
Terminal.) Fashioned in durable blue
cotton/polyester. With a likeness of our
Club Leader on the chest.

One 8" x 10" color photo of The Dumb

If you like the
Dumb Terminal,
join the club.

Terminal, Himself. Autographed and suit-
able for framing.

One official Dumb Terminal Fan Club
Membership Certificate. To proudly display
on your office, den, or garage wall. A
real conversation starter.

One official Dumb Terminal Fan Club
Membership Card. Entitling you to all the
rights, privileges, and fun of a charter
member. Positive identification, should
someone ask, that you're definitely one of us.

One Dumb thing after another.

In weeks to come, therell be more
Dumb fun.

Like an official Dumb Terminal Fan Club
newsletter to help keep members informed
of product updates and Club activities.

Plus posters, paraphernalia, and sur-
prises, too.

So don't wait until you need another clean
T-shirt —join the Dumb Terminal Fan Club
today.

Chances are, it won't be the only thing
you share with some of the smartest folks
around.

LS. . Dumb Terminal. Fun Club.

1 Lear Siegler

® . P
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What! No decoder ring? Well, count me in as a

Charter Member of the Dumb Terminal Fan Club anyway.
Please make all checks and money orders payable to Le Ance & Reiser, OK?

I Name Title (?).
Company.
I Street
City. State Zip. s
Enclosed is $ for Fan Club Kit(s). —
Quantity and size(s) of shirt(s) required: o
S M L XL y g S >
Rush this application to: Dumb Terminal Fan Club Headquarters c/o ] .i'_ - i
LeAnce & Reiser. PO. Box 17123, Irvine, CA 92714 e N



The book you’ve waited for is here!

UNDERSHANDING

M

CUNIPUTERS

AND SMALL COMPUTER
SYSTEMS

What's an accumulator? How do you use relative addressing? Indexed addressing?
Boolean logic operations? Does a program counter count programs? What’s an 1/0
port? What are EPROMS? What is paging? A stack? The difference between a dot

and vector CRT display? How do you copy programs using an ordinary tape
recorder? What can a microcomputer really do? What kind of personal computer
system should 1 buy?

These and hundreds of other questions about microcomputers are answered

in this profusely illustrated, easy-reading “must’ book. Here are the funda-
. mental concepts behind the operation of virtually all microcomputers ...
written in simple English so that anyone can gain the extra knowledge
that will let him or her read and understand computer magazines and
manufacturers’ literature and feel “at home” around computers. Here
are just some of the items discussed . ..

o How a CPU is organized and how it follows sequences of directives
to solve problems.

o lllustrates basic instructions from almost every class of
microprocessor.

o Discusses common memory addressing modes — illustrates
typical uses.

o What you must know to tell a computer what to do

when using machine language programming methods.

o Explains use of flow charts; program worksheets;

hand assembly of source codes into object codes;

memory maps; purpose of an Editor, Assembler,

Monitor.

N o Benefits of using a high level language
N — introduction to BASIC.

e How a computer communicates.
Types of commonly used input/out-
put devices and their operational
concepts.

e Practical aspects of selecting a
small computer system.

e Plus, hundreds of other practical
facts and information.

If you're at all curious about small computers,
you must own this 300 page no-nonsense text
that reads like a simple book, and inciudes
an easy-to-use glossary of key microcomputer
oriented words. UNDERSTANDING MICRO-
COMPUTERS. The name says it all. And, it
all costs only $9.95. Order your copy today!

v SCELBI (OMPUTER
CONSULTING INC.

PO Box 133 — PP STN
Milford, CT 06460

Price shown for North American customers. Master
Charge, Postal and Bank Money Orders prelerred.
Personal checks delay shipping up to 4 weeks. Pric-
ing, specifications, availability subject to change
without notice. SCELBI Books are available in many
fine Computer Stores.
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Personal Computer Network

The PCNET (Personal Computer NET-
work) Committee has been functioning in
the Palo Alto area since the April 1977 West
Coast Computer Faire. The committee’s
goal is the creation of regional (followed by
national) personal computer networks for
the computer to computer transfer of mes-
sages and files. A set of network protocols
{sets of conventions defining all levels of
intercomputer communication) is almost
completely designed. These protocols should
be operable in 8 K bytes of machine copy,
and are designed to be implemented in string
BASIC.

The committee believes this should be
attractive to personal computer users. Parti-
cipation will be voluntary; you can decide
to participate (or not) on any given day of
network operation. Network functioning
will be relatively insensitive to the absence
of an appreciable fraction ol member com-
puters.

Our current thinking indicates the fol-
lowing tentative equipment required for par-
ticipation in the network:

® A personal computer with 1210 16
K of wuser memory and string
BASIC.

® An originate/answer MODEM cap-
able of 300 bps.

A message service: the ability to send a
message (generally English text, although
almost any file can be sent) is quite val-
uable. It doesn’t sound very dramatic, but it
is surprising how powerful and efficiency
improving such a message exchange facility
is. What keeps ordinary message services
(telephone, telegraph, mail) from working
well seems to be a combination of factors:
too slow (mail); often hard to catch some-
one {phone); difficult or time consuming
to use {mail, telegrams); expensive in terms

" Techaicsl

Forum

THE SAME 8K STATIC MEMORY KITS

YOU'VE PURCHASED IN THE PAST, NOW ASSEMBLED AND TESTED

790 HAMPSHIRE RD. A+ 8
WESTLAKE VILLAGE. CA 9136]
TEL: (805) 497-0733

Not atfillated with Vector General, inc.

Output Disable:

Board:

vO0 CRAPHC INC.

SPECIFICATIONS:
Access Time:

Power Consumption:
Address Lines:
Memory Protect:

Power Regulators:
Address Select:

“Fast 8" 250 ns, Fairchild
2102LHPC

“8K BABY" 450 ns, Fairchild
2102LPC

No Wait States

“Fast 8", 1.6A at+ 5V

“8K BABY”, 1.3A at+ 5V
Schmitt triggers for buf-
fering

Hardware 8K

4 ea.7805

Dip switch accessabie from
top of board. No need
to remove board to re-
locate.

Permits use with frans-
parent loader

Quallty G-10 material with .
solder mask both sides

59
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THE LATEST IN TAPE SYSTEMS

MODEL CC-8 - $175.00

4800 BAUD CASSETTE RECDRDER

An ASYNCHRONOUS NRZ type Recorder
with remote motor start/stop. Error rate 109 at
4800 BAUD. Can be used from 110 to 4800
BAUD into a UART or “Bit Banger PIA" — no
clocking required. This is not an audio recarder.
It takes RS232 or TTL signals from the
terminal or computer and gives back the same
signals. No audio interface is used. Motor
start/stop is manual or through TTL or RS232
signals.

Tape speed is 3.2"/secand nominal; 1.6"/sec.
optional. 110 volt, 60 Hz, 5 watts. (220 Volts
on special order). Can use high quality audio
cassettes (Philips Type) or certified data
cassettes. Can be used in remote locations from
a 12 Volt battery.

Recommended for DATA LOGGING,
WORD PROCESSING, COMPUTER
PROGRAM RELOADING and DATA

STORAGE. Especially recommended for 6800
systems, 6502 systems, 1800 systems and
beginners with the 8080 systems. Manual
control except for motor start/stop. 6800 or
8080 software for file or record searching
available on request with order. Used by major
computer manufacturers, Bell Telephone and
U.S. Government for program reloading and
field servicing. AVAILABILITY — Off the
shelf.

MODEL 3M3A - $220.00

50 KILOBAUD CARTRIDGE RECORDER

This is a self clocking (1/1) high speed
recorder. Loads BASIC in under 2.0 seconds.
Recording is dane at 19.2 Kilobaud. Playback
at 30 Kilobaud. File or Record searching is
done at 50 Kilobaud and loading is automatic.
Worst case access time about 2 minutes for up
to 2 megabytes on the 3M Data Cartridge.

Tape speed 10"/sec. on record, up to
30”/sec. on playback. Records one clock track
and one data track on each pass (2 passes).
Recording is NRZ unencoded from RS232 or
TTL signals.

This recorder requires one Parallel port for
motor control, and one serial port for data and
clock. {Cannot be used with UART's or UART
boards such as the 3P+S). Used with USART's,
ACIA’s or other 1/1 clocking |/0 devices under
software control only. No manual controls.
Software for 8080 and 6800 available. Power
supply is built in, 110V, 60 Hz. 220 V, 50 Hz
for export.

AVAILABILITY — 90 Days

PR DR NS X N ——

..

2SIO (R) CONTROLLER
$190.00 ($160.00 Kit)

PROVIDES MONITOR AND TAPE
SDFTWARE in ROM TERMINAL and TAPE
PORTS on SAME BOARD CONTROLS ONE
or TWO TAPE UNITS (CC-8 or 3M3A)

This is a complete 8080, 8085, or Z80
system contraller. It provides the terminal 1/0
(RS232, 20 mA, or TTL) and the data cartridge
1/0, plus the motor controlling parallel 1/0
latches. Two kilobytes of on board ROM
provide turn on and go control of your Altair
or Imsai. NO MORE BOOTSTRAPPING. Loads
and Dumps memory in hex on the terminal,
formats tape cartridge files, has word processing
and paper tape routines. Best of all, it has the
search routines to locate files and records by
means of six, five, and four letter strings. Just
type in the file name and the recorder and
software do the rest. Can be used in the BiSync
(IBM), BiPhase (Phase encoded) or NRZ modes
with suitable recorders and interfaces.

This is Revision 7 of this cantroller. This
version features 2708 type EPROM's so that
you can write your own software or relocate it
as desired. One 2708 preprogrammad is
supplied with the board. A socket is available
for the second ROM allowing up to a full 2K of
monitor programs.

Fits all S100 bus computers using 8080 or
Z80 MPU's. Requires 2 MHz clock from bus.
Cannot be use; with audio cassettes without an
interface. Cassette or cartridge inputs are
RS232 level.

AVAILABILITY — Off the shelf.

OVERSEAS: Export Version 220 volt 50 hz. Write factory or: Megatron-Datameg, 8011 Putzbrunn, Munchen, Germany;
Nippon Automation 5-16-7 Shiba, Minato-Ku, Tokyo, Japan; Hobbydata, FACK 20012, Malmo, Sweden; G. Ashbee, 172
Ifield Road, London SW 10-9ag: Trintronics, Ltd., 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique
Barges 17, Barcelona 14, Spain; ARIES, 7, rue Saint Phillipe du Roule, 75008 Paris; Microlem 20131, Milano, [taly; Eagle

Electric, Capetown, S. Africa.

For U.P.S. delivery, add $3.00 Overseas and air shipments charges collect. N.J. Residents add 5% Sales Tax. WRITE or CALL for further
information. Phone Orders on Master Charge and Bank Americard accepted.

Canadian Distributor:
Trintronics Limited

186 Queen Street West
Toronto, Canada M5V 121
Tel: (416) 598-0262

NATIONAL MULTIPLEX CORPORATION

3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530
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of characters per dollar (phone, telegrams)
etc. A computer based message system
overcomes most of these difficulties.

People regularly using such a system
rapidly develop a whole new communication
style. Most messages are brief, 500 charac-
ters or less. Content tends to be much more
informal and direct than conventional media
such as business letters. Message system users
move rapidly toward a computer based per-
sonally oriented file system containing
messages, distribution lists, text files, etc.
The difference is one of kind, not just of
degree.

The PCNET Committee is about to start
a series of experiments. We would welcome
people with personal computer systems who
would like to participate. We're especially
interested in people in the Palo Alto dialing
area. We would also be most interested in
similar network cfforts in other places. We'd
like to avoid West Coast chauvinism and
want to work closely with people in other
parts of the country.

For further information write or call:

Dave Caulkins

(415) 328-2411 (work)
(415) 948-5753 (home)
437 Mundel Way

Los Altos CA 94022

This text was supplied by Dave Fylstra.m

Adding New
Transcendentals to
Limited BASICs

Vince A Sempronio
PSC#2 Box 1451
BAFB DC 20332

As an avid reader of your periodical, and
a devoted BASIC user, | discover that even
the best of the many ‘“tiny” BASICs that
have hit the market still lack a few functions
which I, as well as others, find uscful. What
do you do when you need some of the more
complex math functions, more specifically
the trigonometric functions? Well, if your
BASIC has only the TAN (tangent), ATN
{arc-tangent), and SQR (square root), most
of the trigonometric functions are available

Continued on page 184

Circle 220 on inquiry card.

Put exceptional
versatility and control
intoyour $-100bus
systemwiththe

‘blue boards'...and
save
money
inthe
bargain!

XB1 Extender Board MT1 15 siot Mother Board
Board Only $45.00
With Connectors $105.00

Board Only $9.00
With Connector $13.50

—

o

VB1A Video Board
Kit $189.95
Assembled $264.95

MB4 4K Static RAM (low power)
Kit $128.95
Assembled $179.95

111 1t
MB6A 8K Static RAM (low power) sB1 Sznthe
Kit $265.00 Kit $250.00
Assembled $325.00

Assemblied $325.00

RN gy, 0 )

it

MB3 2K/4K EPROM (17024) e Boar
Kit less PROM's $65.00 :/&2 ségfggac 5
2K—$105.00/4K—$145.00 Assembled $79.95
As bled board availabl

] ] MB7? 16K Siatic RAM (low power)
Kit $525.00

[ ] B Assembled $599.95

1 16K 1

| [ |

| S ==l We’'re the blue boards!

Compare the Cybercom blue boards with any others on the market
today. You'll find exceptional quality plus prompt delivery and
significant cost savings. All Cybercom kits are guaranteed 90 days
for parts and labor.

Contact your local computer hobbyist store or write for details.

&
h“4 Solid State Music

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



Hal Chamberlin
29 Mead St
Manchester NH 03104

A Sampling of Techniques for

Computer music is probably one of the
most talked about serious applications for
home computers. By serious | mean an appli-
cation that has a degree of complexity and
open-endedness which can totally preoccupy
experimenters and funded institutions for
years. Computer performance of music is a
discipline so vast that the final, “best” tech-
nique for its implementation or even a good
definition of such a technique may never be
discovered.

At the same time, computer music is an
easy field to break into. With only minimal
effort and expenditure a very impressive
(to the uninitiated) music performance
demonstration may be put together. With a
little more work a system may be assembled
which is of great value to other family mem-
bers, particularly children just starting to
learn music theory. Such a system could, for
example, eliminate manual dexterity as a
factor in a child’s musical development.
Finally, on the highest level, it is no fonger
very difficult to break into truly original
research in serious performance of music by
computer. The advances in digital and linear
integrated circuits have made putting to-
gether the hardware system for supporting
such research largely a matter of clever sys-
tem design rather than brute financial
strength.  Programming, tempered with
musical knowledge, is the real key to ob-
taining significant results. Thus, in the
future, hobbyists working with their own
systems will be making important contribu-
tions toward advancement of the computer
music art.

While the scope of one article cannot
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fully cover such an extensive topic, it
should serve to acquaint the reader with the
more popular techniques, their implemen-
tation, strengths, weaknesses, and ultimate
potential.

Generally, all computer music perfor-
mance techniques can be classified into two
generic groups. The first includes schemes
in which the computer generates the sound
directly. The second covers systems where
the computer acts as a controller for exter-
nal sound generation apparatus such as an
electronic organ or sound synthesizer.

Early Techniques

Just as soon as standard commercial com-
puters such as the 1BM 709 and, later, the
1401 made their appearance, programmers
started to do frivolous things with them
after hours, such as playing games and
music. Since elementary monotonic (one
note at a time) music is just a series of tones
with different frequencies and durations,
and since a computer can be a very precise
timing device, it did not take long for
these early tinkerers to figure out how to
get the machine to play such music. The
fundamental concept used was that of a
timed loop.

A timed loop is a series of machine
language instructions which are carefully
chosen for their execution time as well
as function, and which are organized into a
loop. Some of the instructions implement a
counter that controls the number of passes
through the loop before exiting.

Let’s examine some fundamental



timed loop relationships. If the sum total
execution time of the instructions in the
loop is M microseconds then we have a
loop frequency of

106
™/ Hertz {cycles per second).

If the initial value of the decrementing
counter that controls the number of loop
passes is N, then the total execution time
before exit from the loop is (MxN) micro-
seconds. Thus what we really have is a
“tone” with a frequency of

106
<T>Hertz

and a duration of

MxN
103 seconds.

Using different loops with more or fewer in-
structions will give us different Ms and thus
different notes. Using different Ns when
entering these loops gives different durations
for the notes, and so we have satisfied the
definition of elementary monotonic music.

Of course at this point the computer is
merely humming to itself. Several techni-
ques, some of them quite strange, have
evolved to make the humming audible to
mortals.

One such method that doesn’t even re-
quire a connection to the computer is to
use an AM portable radio tuned to a quiet
spot on the broadcast band and held close
to the computer. Viola! /Sic/ The humming
rings forth in loud, relatively clear notes.
As a matter of fact, music programs using
this form of output were very popular in
the “early days” when most small system
computers had only 256 bytes of memory
and no |O peripherals except the front
panel.

What is actually happening is that the
internal logic circuitry with its fast rise
time pulses is spewing harmonics that
extend up into the broadcast band-region of
the radio spectrum. Since some logic gates
will undoubtedly switch only once per
loop iteration, the harmonics of the swit-
ching will be separated in frequency by the
switching or loop frequency. Those high
frequency harmonics that fall within the
passband of the radio are treated as a
“carrier” and a bunch of equally spaced
nearly equal amplitude sidebands. The
radio’s detector generates an output fre-
quency equal to the common differences of
all these sidebands, which is the loop fre-
quency and its harmonics. The timbre of the
resulting tones is altered somewhat by the

choice of instructions in the loop, but basic-
ally has a flat audio spectrum like that of
a narrow pulse waveform. Noise and distor-
tion arise from other logic circuitry in the
computer which switches erratically with
respect to the timed loops. One practical
difficulty with this method is there is no
clearly identifiable way to get the com-
puter to ‘“shut up" for rests or space be-
tween identical notes.

The Hammer-Klavier

Other early methods used some kind of
output peripheral to make sound. In a
demonstration of an IBM 1401 over a de-
cade ago this was literally true: the com-
puter played a line printer! It seems that the
hookup between a 1401 central processing
unit and the 1403 printer was such that
software had control of the printer hammer
timing. Each time a hammer was fired a
pulse of sound was emitted upon impact
with the paper. Using a timed loop program
with a print hammer fire instruction im-
bedded in the loop gave a raspy but accur-
ately pitched buzz. [/t also tended to cause
IBM  customer engineers great trepid-
ation . . .CH/ This same scheme should also
be possible on some of the small, completely
software controlled dot matrix printers that
are now coming on the market.

A sane approach, however, is to connect
a speaker to an output port bit through an
amplifier. Instructions would then be placed
inside the timed loops to toggle the bit and
thus produce a clean, noise-free rectangular
wave.

Timed Loop Example

Let’s look at an example of a timed loop
music playing program, not so much for its
musical value (which is negligable), but for
some insight into what is involved, and also
to introduce some terms. The MOS Techno-
logy 6502 microprocessor will be used for
these examples. These programs are designed
to run on a KIM-1 system, and should run
on most other 6502-based systems with very
minor modifications. Motorola 6800 users
should be able to easily convert the pro-
grams into 6800 machine language. 8080
users will benefit most because successful
conversion indicates a thorough under-
standing of the concepts involved.

Figure 1: A basic tone generation subroutine. There are two nested loops in
this routine: the first, or inner loop controls the frequency (or pitch) of the
note to be generated, while the second, outer loop controls the duration of
the note. A train of square waves is generated at the output port bit which is

ENTRY

DURATION
COUNT =—
DUR. ARG.

FREQUENCY
COUNT =
FREQ. ARG.

DECREMENT
FREQUENCY
COUNT

FREQ.
COUNT
=07

NO

PULSE
OuTPUT
PORT BIT

DECREMENT
DURATION
COUNT

RETURN"

used to drive the circuit in figure 2 to produce an audible tone.
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Note Frequency (Hz)

Middle C 261.62
c# 277.18
D 293.66
D# 311.13
€ 329.63
F 349.23
F# 369.99
G 391.99
G¥# 415.30
A 440.00
A# 466.16
B 493.88

Table 1: Equally tempered
scale note frequencies in
Hertz. |n order to deter-
mine frequencies of notes
in the higher octaves,
multiply by 2 for each
octave above this one. For
lower octaves, divide by 2
for each lower octave.

3.3k
OUTPUT PORT 8IT [ >———a—4

The heart of the program is the tone gen-
eration subroutine which will be named
TONE. ldeally, such a routine would accept
as input two arguments: one related to the
pitch of the note and the other controlling
the duration. With such a subroutine avail-
able, playing a piece of music amounts to
simply fetching the arguments from a
“song” table in memory and calling the
routine for each note to be played.

As mentioned previously, we could have
a separate, carefully timed loop for each
different tone frequency needed. TONE
would then call the proper one based on the
pitch parameter. Indeed this approach is
very accurate (to within 1 us on the 6502)
but a great deal of memory is consumed for
the 30 or so notes typically required. It also
lacks flexibility. (This will be discussed
later.) A better approach is to embed a
second, waiting loop to control the execu-
tion time of one pass through the outer
loop, and thus the tone's frequency. Figure
1 is a flowchart illustrating this. When
using this scheme, the frequency argument
directly determines the number of times
through the inner, waiting loop and the
duration parameter directly determines
the number of times through the outer,
tone generation loop.

Now, how are the argument values
determined to get the frequencies and
durations desired? First the execution
time of the nested loops must be
determined. In the KIM-1 with a 1T MHz
clock and a 6502 the tightest inner waiting

+5v
33K
2N3638
(OR ALMOST ANY PNP
TRANSISTOR)
¢ 224
172w
1
10042 ¢
voL. $
ANY KIND
OF SPEAKER

»

Figure 2: A speaker driver circuit designed to accept square or rectangular
waves and produce audible tones through a loudspeaker. In this particular
application the circuit is driven from an output port bit of a KIM-1 micro-
computer, although the circuit can accept any TTL compatible output port
bit. When the input to the circuit is a logical 0 level, the transistor turns on

and drives the speaker. When the input is a logical 1, the transistor turns off

and current to the speaker is interrupted.
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loop that can be written is 5 us, assuming
that the inner loop count (frequency argu-
ment) is 256 or less and that it is held in a
register. The total time spent in the loop
is [(5xM)-1]) microseconds, where M is
the frequency argument and the -1 is due
to the shorter execution time of an un-
successful branch. (The observant reader
will note that the execution time of some
6502 instructions is altered if they cross
a memory ‘‘page boundary”; thus, an
assumption of no page crossing is made.)
But there is still the time required for a pass
through the outer loop to output a pulse and
decrement the duration counter. This is
termed “loop overhead.” For an example,
let's say that the loop overhead is 25 us.
As a result, the total outer loop time is
[(5xM)-1+25], or [(5xM)+24] microseconds
which is the period of the audio waveform
output. In order to determine the M re-
quired for a particular note, a table of note
frequencies (see table 1) is consulted. Then
the equation,

_ (106 -24)
M= (F_
5

where F is the desired frequency, is solved
for the nearest integer value of M. Lower
frequency notes are preferred so that the
percentage error incurred due to rounding M
is minimized. The duration argument is
actually a count of the number of audio
tone cycles which are to be generated for
the note, and thus its value is dependent on
the tone frequency as well as the duration.
Its value can be determined from the rela-
tion N=DxF, where N is the duration argu-
ment, D is the duration in seconds, and F is
the note frequency in Hertz.

As a complete example, let's assume that
an eighth note G# an octave above middle
C is to be played, and that the piece is in
4/4 time with a metronome marking of 80
beats per minute. Since an eighth note in
this case is one half of a beat, the duration
will be

0.5x60
80

or 0.375 seconds. The note table shows that
the frequency of G# an octave above middle
C is 830.6 Hz, which yields a frequency
argument of 236. The duration argument is
311. So if TONE is called with these para-
meters, a nice G# eighth note will be pro-
duced.

Now let’s go a step further and look at a
practical ‘“‘music peripheral” and TONE sub-
routine. Figure 2 shows a circuit for driving
a speaker from any kind of TTL compatible



Wave Harmonics

Duty

Cycle Fund 2 3 4 5 6 7 8 9 10
1/2 1.00 0 0333 0 0.200 O 0.143 0 0.111 O

1/3 1.00 0.500 O 0.250 0.200 O 0.143 0.125 O 0.100
1/4 1.00 0.707 0333 0 0.162 0.236 0.143 0 0.111 0441
1/5 1.00 0.841 0.561 0.259 O 0.173 0.240 0.210 0.116 O

1/6 1.00 0.867 0.667 0433 0.200 O 0.143 0.217 0.222 0.173

Table 2: Harmonic amplitudes of rectangular waves. Note that, unlike square waves, asymme-
trical rectangular waves contain even numbered harmonics. This simple technique of varying
the duty cycle of such waves can have an appreciable effect on the timbre of the resulting

sound.

output port bit, including those found in the
6530 “combo chips” used in the KIM-1.
When the output port bit is a logic O level,
the transistor turns on and drives a current
determined by the volume control setting
through the speaker. When the bit is a logic
1, the current is interrupted. Larger speakers
or even a high fidelity speaker system will
give a richer timbre to the lower pitched
tones. The AUX input to a sound system
may also be used instead of the transistor
circuit. Using a patch cord, connect the
shield to the common terminal of the power
supply and the center conductor to the
output port bit through a 10 K to 100 K
isolation resistor.

Listing 1 shows an assembled listing of a
practical timed loop tone generation sub-
routine for the 6502 microprocessor. Several
refinements beyond the flowcharted
example have been made to improve tone
quality and flexibility. The inner waiting
loop has been split into two loops. The first
loop determines the length of time that the
output rectangular waveform is to be a
logic 1 and the second loop determines the
0 time. If both loops receive the same
frequency argument (which they do as
written) and the loop time of both loops is
the same, then a symmetrical square wave
output is produced. However, if one or more
“do nothing” instructions is inserted into
one of the two loops, the output waveform
will become nonsymmetrical. The signifi-
cance of this is that the rectangular wave-
form’s duty cycle affects its harmonic
spectrum, and thus its timbre. In particular,
there is a large audible difference between
a 50%-50% duty cycle (square wave) and a
25%-75% duty cycle. Table 2 lists the
harmonic structure of some possible rec-
tangular waves. As a result, some control
over the timbre can be exercised if a separate
TONE subroutine is written for each ‘‘voice”
desired. Unfortunately, if this is done the
frequency arguments will have to be recom-

puted since the outer loop time will then be
altered.

Real music also possesses dynamics,
which are the changes in overall volume dur-
ing a performance. Furthermore, the amp/i-
tude envelope of a tone is an important con-
tributor to its overall subjective timbre. The
latter term refers to rapid changes in volume
during a single note. This is the case with a
piano note, which builds up rapidly at the
beginning and slowly trails off thereafter.
Of course the setup described thus far has
no control over either of these parameters:
the volume level is constant, and the enve-
lope of each note is rectangular with sudden
onset and termination.

TONE SUBROUTINE FOR 6502

ENTER WITH FREQUENCY PARAMETER IN ACCUMULATOR

DURATION PARAMETER STORED AT LOCATION DUR (LOW PART) AND
DUR+1 (HIGH PART) WHICH IS ASSUMED TO BE IN PAGE ZERO
ROUTINE USES A, X, AND DESTROYS DUR

LOOP TIME = 10#%(FREQ PARAMETER)+U4l4 MICROSECONDS

1700 MPORT = X*'1700 ; ADDRESS OF OUTPUT PORT WITH SPEAKER
00EQ DUR = X'EO0 3 ARBITRARY PAGE O ADDRESS OF DURATION PARM
0100 A2FF TONE : LDX #X'FF ; SEND ALL 1'S TO THE OUTPUT PORT
0102 8E0017 STX MPORT
0105 AA TAX ; TRANSFER FREQ PARAMETER TO INDEX X

' 0106 CA WHIGH: DEX 3 WAIT LOOP FOR WAVEFORM HIGH TIME
0107 DOFD BNE WHIGH ; TIME IN THIS LOOP = S*FREQ PARAMETER
0109 F000 BEQ .2 3 WAIT 15 STATES TO MATCH TIME USED TO
0108 FOOO BEQ .42 ; DECREMENT AND CHECK DURATION COUNT AFTER
010D FOOO BEQ .2 ; WAVEFORM LOW TIME
010F FOOO BEQ .2
0111 FOOO BEQ .42
0113 A200 LDX #0 ; SEND ALL 0'S TO THE OUTPUT PORT
0115 8E0017 STX MPORT
0118 AA TAX ; TRANSFER FREQ PARAMETER TO INDEX X
0119 ca WLOW: DEX ; WAIT LOOP FOR WAVEFORM LOW TIME
011A DOFD BNE WLOW ; TIME IN THIS LOOP = S*FREQ PARAMETER
011C C6EO DEC DUR ; DECREMENT LOW PART OF DURATION COUNT
011E DOOS BNE TIMWAS ; BRANCH IF NOT RUN OUT
0120 C6E1 DEC DUR+1 ; DECREMENT HIGH PART OF DURATION COUNT
0122 pODC BNE TONE ; GO DO ANOTHER CYCLE OF THE TONE IF NOT O
0124 60 RTS 3 RETURN WHEN DURATION COUNT RUNS OUT
0125 F000 TIMWAS: BEQ .2 ; WASTE 7 CYCLES TO EQUAL TIME THAT WOULD
0127 FO00 BEQ .42 ; HAVE BEEN SPENT IF HIGH PART OF DUR WAS
0129 DODS BNE TONE ; DECREMENTED AND GO DO ANOTHER CYCLE

Listing 1: An assembled listing of a practical timed loop tone generation sub-
routine for the 6502 microprocessor. This routine is an elaboration of the
flowchart shown in figure 1 which allows the user to generate nonsymmetri-
cal rectangular waves. Experimenting with the wave's duty cycle affects the
harmonic content of the resulting tone and creates many interesting aural
effects.
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By graduating to a more sophisticated
music peripheral, control of dynamics and
amplitude envelopes can be achieved with a
timed loop music program. The secret is to
use a digital to analog converter connected
to all eight bits of the output port. A digital
to analog converter (DAC) does just what
its name implies: it accepts a binary number
from the output port as input and generates
a corresponding DC voltage as its output.

2
6

F

BE 5% CARBON FiLM
TYPES. 47K SHOULD BE

Il 4050
3 \ 2 N
. \ A 47K
| N s K
9 [\ 10 47K
ot 7 [ > ANA
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Ic2 4050
3 '\ 2 47K
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Figure 3: An 8 bit digital to analog converter (DAC). This circuit accepts an 8
bit binary number from the output port and generates a corresponding DC
voltage as its output. The output voltage from this circuit is equal to ((1/255)-
x5) V, where | is the decimal equivalent of the 8 bit input which can take on

any value from 0 to 225.
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The circuit in figure 3, which can be used
with any TTL compatible output port,
gives an output voltage

(]
V'<255\XS

where | is the binary number input between
0 and 255. When working with this kind of
DAC, it is convenient to regard the binary
number, |, as a fraction between O and 1
rather than an integer. The benefit of this
will hecome apparent later when calculations
will be performed to arrive at the valuc of |.
The output of the DAC must be used with a
sound system or the amplifier circuit in
figure 8, not the simple transistor speaker
driver circuit in figure 2.

As written, the TONE subroutine (see
listing 1) alternately sends O and 255 to
the output port with the music peripheral.
With a DAC connected to that port, voltages
of 0 and 5 V will be produced for the low
and high portions of the rectangular wave.
If instead O and 127 were output, the DAC
would produce only 0 and 2.5 V giving a
rectangular wave with about half the amplit-
ude. This in turn produces a less loud
tone, and so control over dynamics is
possible by altering the byte stored at
hexadecimal 101.

Arbitrary amplitude envelopes are also
made possible by continuously exercising
control over the amplitude during a note.
Simple envelope shapes such as a linear
attack and decay can be computed in line
while the note is being sounded. A more
general method is to build a table in
memory describing the shape. Such a table
can be quickly referenced during note
playing. Great care must be taken, however,
to insure that loop timing is kept stable
when the additional instructions necessary
to implement amplitude envelopes are
added.

More Complex Techniques

Even if all of the improvements men-
tioned above were fully implemented, the
elementary timed loop approach falls far
short of significant musical potential. The
primary limitations are a narrow range of
tone colors and restriction to monotonic
performance. The latter difficulty may be
alleviated through the use of a multitrack
tape recorder to combine separate parts, but
this requires an investment in noncomputer
hardware and is certainly not automatic.
Also, unpitched percussive sounds such as
drum beats are generally not possible. Musi-
cians, too, will probably notice a host of
other limitations such as lack of vibrato and
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It's ready to plug in, has an 80-column
format, a remarkable MTBF and is
14 times faster than a teletype!

Breaking the hardcopy barrier

It's finally happened! The Axiom
EX-800 provides full performance
hardcopy at a price compatible with
today’s low cost micros. This little
80-column machine zips along at 160
characters per second {14 times faster
than a teletype) —at a breakthrough
single quantity price of $655 for a
complete printer.

When we say complete
we mean it

The EX-800 is a stand-alone unit
with case, power supply, 96 character
ASCII generator and interface, paper
roll holder, infra-red low paper detec-
tor, bell, and multi-line asynchronous
input buffer You won't find these
standard features on any other
printer, regardless of price!

Our only option

Our printer is so complete, that we
offer only one option. A serial inter-
face (RS 232C or current loop) good
for 16 baud rates from 50 to 19,200
and thoughtfully provided with a
switch for either Centronics or Tally
compatibility. Might we call it a Tally-
whacker? At $85.00 it certainly
should be!

Built-in LSI microprocessor

The heart
of the EX-800
is a printed
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containing a

custom LSI chip made by Intel to
Axiom specifications, which controls
all printer functions. Microprocessor
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built-in self test routine and variable
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character size. It also means reliability.
Several industry surveys have shown
LSI to be many times more reliable

than equivalent conventional circuitry.

the paper is inexpensive and readily
available, costing about 1¢ for an
8% x 11" equivalent.

Light, small, quiet, reliable,
and versatile

Our EX-800 weighs in at 12
pounds, is just 9%z inches wide, 4
inches high, and 11 inches deep, and
is delightfully quiet which makes it
ideal for office and other low noise
environments. The simple print
mechanism is virtually maintenance
free. In fact, tests show an incredible
MTRBF, many times greater than
impact printers. This versatile printer
is the ideal mate for micros, minis,
CRTs, instruments and systems.

The advantages of
electrosensitive printing

The EX-800 can print 80, 40, or
20 characters across the five inch
wide electrosensitive paper. Under
software control, single characters or
words may be printed larger for
emphasis. The permanence of the
hardcopy is archival, because once
the aluminum coating has been re-
moved, there is no way to put it back.
It's unaffected by sunlight, moisture
or heat. Although the printer doesn’t
provide multiple copies, excellent
quality photocopies can be made
from the high contrast printout. Also,
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Figure 4: A sine wave as it would appear at the output from the digital to analog converter
shown in figure 3. Each step in the approximation of this wave is called a sample. This parti-
cular illustration shows a 1.2 kHz sine wave sampled at a rate of 25,000 samples per second.
The resulting waveform is only a very rough approximation of the original, but low pass filter-

ing can improve accuracy (see figure 5 and text).

other subtle variations. All of these short-
comings may be overcome by allowing the
computer to compute the entire sound
waveform in detail at its own speed.

The one fundamental concept that makes
direct waveform computation possible is the
sampling theorem. Any waveform, no matter
how simple or complex, can be recon-
structed from a rapid series of discrete vol-
tage values by means of a digital to analog
converter such as the one used earlier. As an
example, let's try to generate an accurate
sine wave using a DAC. If this can be done,
it follows from the Fourier (harmonic)
theorem that any other waveform may also
be synthesized.

Figure 4 shows a sine wave as it would
appear at the DAC output. Each step on the
approximation to the sine wave is termed a
sample, and the frequency with which these
samples emerge from the DAC is the sample
rate. An attempt is being made in the
example to generate a 1.2 kHz sine wave at
a sample rate of 25 kHz, or one sample every
40 us. Obviously this is a very poor sine
wave, a fact that can be easily demonstrated
with a distortion analyzer.

Before giving up, let’s look at the fre-
quency spectrum of this staircase-like wave
on a spectrum analyzer. The spectral plotin
figure 5 shows a strong frequency com-
ponent at 1.2 kHz which is the sine wave
we are trying to synthesize. Also present are
the distortion component frequencies due
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to the sampling process. Since all of the
distortion components are much higher in
frequency than the desired signal, they may
be easily removed with a sharp low pass
filter. After filtering, the distortion analyzer
will confirm that a smooth, pure sine wave
is all that remains.

What will happen if the sine wave fre-
quency is increased but the sampling fre-
quency remains constant? With even fewer
samples on each sine wave cycle the wave-
form from the DAC will appear even more
distorted. The lowest frequency distortion
product is the one of concern since it is the
most difficult to filter out. Its frequency
is FD=(FS-f) Hertz, where FD is the lowest
distortion component frequency, FS is the
sampling frequency, and f is the sine wave
signal frequency. Thus as f increases, FD
decreases until they merge at f=FS/2. This
frequency is termed the Nyquist frequency
and is the highest theoretical frequency that
may be synthesized. Any attempt to syn-
thesize a higher frequency will result in the
desired signal being filtered out and the
distortion frequency emerging instead. This
situation is termed aliasing because the
desired signal frequency has been replaced
by a distortion component alias frequency.
Operating close to the Nyquist frequency
requires a very sharp filter to separate the
signal from the distortion. With practical
filters, signal frequencies up to 1/4 to 1/3
of the sampling frequency are realizable.
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Since any sound, whether it is a pitched
tone or unpitched sound, is actually a
combination of sine waves, it follows that
any possible sound may be produced by a
DAC. The only limitation is the upper fre-
guency response, which may be made as
high as desired by increasing the sample rate.
The low frequency response has no limit,
and extends down to DC.

There is another form of distortion in
DAC generated sounds which cannot be
filtered out, since it is spread throughout the
frequency spectrum. Quantization noise is
due to the fact that a DAC cannot generate
voltages that are exact samples on the de-
sired waveform. An 8 bit converter, for
example, has only 256 possible output vol-
tage values. When a particular voltage is
needed, the nearest available value will have
to be used. The theoretical signal to noise
ratio when using a perfect DAC is related to
the number of bits by the equation S/N=
(6xM)+4 decibels where M is the number of
bits. A practical DAC may be as much as 6
db worse, but a cheap 8 bit unit can yield
nearly 50 db, which is as good as many tape
recorders. When using 12 bits or more, the
DAC will outperform even the best profes-
sional recorders. Thus it is apparent that
computed waveforms can, in theory, be used
to generate very high quality music; so high,
in fact, that conventional audio equipment
is hard pressed to reproduce it.

Now that we have the tools, let’s see how
the limitations of computer music men-
tioned earlier can be overcome. For tones
of definite pitch, the timbre is determined
by the waveshape and the amplitude enve-
lope. Concentrating on the waveshape, it
should be apparent that a waveform table
in memory repeatedly dumped into the DAC

will produce an equivalent sound waveform.
Each table entry becomes a sample, and the
entire table represents one cycle of the wave-
form. The frequency of the resulting tone
will be FS/N where FS is the sampling fre-
guency (rate at which table entries are sent
to the DAC) and N is the number of entries
in the table. To get other frequencies, either
the sample rate or the number of table
entries must be changed.

There are a number of reasons why the
sample rate should remain constant, so
the answer is to change the effective table
length. If the table dump routine were
modified to skip every other entry, the
result would be an effective halving of
table size and thus doubling of the tone
frequency. If the table is fairly long, such
as 256 entries, a number of frequencies are
possible by skipping an integer number of
entries.

To get musically accurate frequencies, it
is necessary to be able to skip a fractional
number of table entries. At this point the
concept of a table increment is helpful in
dealing with programming such an oper-
ation. First, the table is visualized as a
circle with the first entry conceptually
following the last as in figure 6. A pointer
locates a point along the circular table
which represents the sample last sent to
the DAC. To find what should be sent to
the DAC next, the table pointer is moved
clockwise a distance equal to the table
increment. The frequency of the resulting
tone is now

FSx|
N

where FS and N are as before and | is the
increment.

69




3 0

30
29 V
TABLE

ENTRIES

TABLE
INCREMENT

=2

TABLE
POINTER

Figure 6: Diagrammatic representation of
the circular table used for storing the wave-
form ‘‘template.”’ The technique illustrated
here is that of storing a large number of
samples of one cycle of a musical waveform
in memory as a table which wraps around
itself in circular fashion. A pointer is used
to point to the next sample to be extracted.
In order to create a waveform with a given
frequency, the program is designed to skip
a fractional number of table entries to get
the next sample value. This fractional
number is called the table increment value.
The process is continued around the table
for one revolution to create a complete
waveform. The cycle around the table is
repeated until the duration counter decre-
ments to zero.

With integer increments, the pointer
always points squarely to an entry. With
mixed number increments, the pointer also
will take on a fractional part. The sensible
thing to do is to interpolate between the
table entries on either side of the pointer
to arrive at an accurate value to give to the
DAC. This is indeed necessary to assure
high quality; but simply choosing the nearest
entry may be acceptable in some cases, parti-
cularly if the table is very large.

There is one elusive pitfall in this tech-
nique. The table may contain the tabulation
of any waveform desired, subject to one
limitation: a nonzero harmonic component
of the waveform must not exceed the
Nyquist frequency, FS/2. This can easily
happen with the larger table increments
(higher frequency tones), the result being
aliasing of the upper harmonics. Theoreti-
cally this is a severe limitation. Often a smal}
amount of aliasing is not objectionable, but
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a large amount sounds like gross intermodu-
lation distortion. High sample rates reduce
the possibility or magnitude of aliasing, but
of course require more computation. For the
moment, we will ignore this problem and
restrict ourselves to relatively smooth wave-
forms without a lot of high frequency har-
monics.

Now that the DAC is used for generating
the actual waveshape, how is amplitude con-
trol accomplished? If an amplitude para-
meter is defined that ranges between 0 and
1.0 (corresponding to amplitudes between
zero and maximum), the desired result is
obtained by simply multiplying each sample
from the table by this amplitude parameter
and sending the product to the DAC. Things
are nice and consistent if the table entries
are also considered as fractions between -1
and +1 because then the product has a range
between -1 and +1 which is directly com-
patible with the DAC. (Note that the DAC
in figure 3 is unipolar. It can be considered
bipolar if +2.5 V output is the zero reference
and the sign bit is inverted.)

The last major hurdle is the generation of
simultaneous tones. Obviously, two simul-
taneous tones may be generated by going
through two tables, outputting to two
separate DACs, and mixing the results with
an audio mixer. This is relatively simple to
do if the sample rates of the two tones are
the same. Actually, all the audio mixer does
is to add the two input voltages together to
produce its output, but a very important
realization is that the addition can also be
done in the computer before the output
conversion by the DAC! The two samples
are simply added together with an ADD
instruction, the sum is divided by two (to
constrain it to the range of -1 to +1), and
the result sent to a single DAC. This holds
true for any number of simultaneous tones!
The only requirement is that the composite
samples not overflow the -1 to +1 range that
the DAC can accept. Rather than dividing
the sum, it is best to adjust the amplitude
factors of the individual “voices” to prevent
overflow. So now we have the tools nece-
sary to generate an ensemble of tones, each
one possibly having its own waveform,
amplitude envelope, and loudness relative
to the others. Indeed, this is all that is
necessary to simulate a typical organ.

Up to this point the timbre (waveform)
of a tone has been determined by the con-
tents of a fixed waveform table. Truly inter-
esting musical notes change their timbre
during the duration of the note. A reason-
able alternative to switching between similar
tables for implementing this is to build the
tone from harmonic components. Each
harmonic component of the tone is simply
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Listing 2: A program which, in conjunction with tables 3, 4 and 5, generates
four simultaneous musical voices, each with a different waveform and volume
level. The program is designed for use with the 6502 processor coupled to
an 8 bit unsigned digital to analog converter (DAC) like the one shown in
figure 3.

THIS PROGRAM PLAYS MUSIC IN 4-PART HARMONY ON THE KIM-1 OR
OTHER 6502 BASED SYSTEM USING AN 8-BIT UNSIGNED
DIGITAL-TO-ANALOG CONVERTER CONNECTED TO AN OUTPUT PORT. TUNED
FOR SYSTEMS WITH A 1 MHZ CRYSTAL CLOCK. DOES NOT USE THE ROR
INSTRUCTION.

SONG TABLE IS AT "SONG"

ENTRY POINT IS AT "MUSIC"

0000 .= 0 ; ORG AT PAGE 0 LOCATION ©

1700 DAC = X' 1700 ; OUTPUT PORT ADDRESS WITH DAC

1701 DACDIR = X' 1701 ; DATA DRIECTION REGISTER FOR DAC PORT

1780 AUXRAM = X*1780 ; ADDRESS OF EXTRA 128 BYTES OF RAM IN 6530

1c22 KIMMON = X*1C22 ; ENTRY POINT TO KIM KEYBOARD MONITOR

0000 00 VIPT: .BYTE 0 ; VOICE 1 WAVE POINTER, FRACTIONAL PART

0001 0000 .WORD WAVITB ; INTEGER PART AND WAVE TABLE BASE

0003 00 V2PT: .BYTE © ; VOICE 2

0004 0000 .WORD WAV2TB

0006 00 V3PT: .BYTE 0 ; VOICE 3

0007 0000 .WORD WAV3TB

0009 00 VUPT: .BYTE 0 ; VOICE &

000A 0000 .WORD WAV4TB

000C 0000 VIIN: .WORD O ; VOICE 1 INCREMENT (FREQUENCY PARAMETER)

000E 0000 V2IN: .WORD O ; VOICE 2

0010 0000 V3IN: .WORD 0 ; VOICE 3

0012 0000 VHIN: .WORD O ; VOICE &

0014 00 DUR: .BYTE 0 ; DURATION COUNTER

0015 0000 NOTES:  .WORD O ; NOTES POINTER

0017 0002 SONGA:  .WORD SONG ; ADDRESS OF SONG

0019 0000 INCPT: .WORD O ; POINTER FOR LOADING UP VINT - VUNT

001B 0C00 INCA: _WORD V1IN ; INITIAL VALUE OF INCPT

001D 5200 TEMPO:  .WORD 82 ; TEMPO CONTROL VALUE, TYPICAL VALUE FOR
; 3:4 TIME, 100 BEATS PER MINUTE, DUR=64
; DESIGNATES A QUARTER NOTE

0100 .= X' 100 ; START PROGRAM CODE AT LOCATION 0100

H MAIN MUSIC PLAYING PROGRAM

0100 A9FF MUSIC: LDA #X'FF ; SET PERIPHERAL A DATA DIRECTION

0102 800117 STA  DACDIR ; REGISTER TO OUTPUT

0105 D8 cLD ; INSURE BINARY ARITHMETIC

0106 AS17 LDA  SONGA ; INITIALIZE NOTES POINTER

0108 8515 STA NOTES ; TO BEGINNING OF SONG

0104 A518 LDA SONGA+1

010C 8516 STA  NOTES+)

010E A00O MUSIC1: LDY 0 ; SET UP TO TRANSLATE 4 NOTE ID NUMBERS
0110 AS1B LDA INCA + INTO FREQUENCY DETERMINING WAVEFORM TABLE
0112 8519 STA INCPT ; INCREMENTS AND STORE IN V1IN - VHIN
0114 B115 LDA (NOTES), Y ; GET DURATION FIRST

0116 FO3C BEQ  ENDSNG ; BRANCH IF END OF SONG

0118 C901 CMP " ; TEST IF END OF SONG TABLE SEGMENT
0114 FO29 BEQ  NXTSEG ; BRANCH IF SO

011C 8514 STA DUR ; OTHERWOSE SAVE DURATION IN DUR

011E E615 MUSIC2: INC  NOTES ; DOUBLE INCREMENT NOTES TO POINT TO THE
0120 D002 BNE  MUSIC3 ; NOTE ID OF THE FIRST VOICE

0122 E616 INC  NOTES+1

0124 B115 MUSIC3: LDA (NOTES), Y ; GET A NOTE ID NUMBER

0126 AA TAX ; INTO INDEX X

0127 BS20 LDA FRQTAB+1,X ; GET LOW BYTE OF CORRESPONDING FREQUENCY
0129 9119 STA (INCPT),Y ; STORE INTO LOW BYTE OF VOICE INCREMENT
012B E619 INC INCPT ; INDEX TO HIGH BYTE

012D BS1F LDA FRQTAB, X ; GET HIGH BYTE OF FREQUENCY

012F 9119 STA (INCPT),Y ; STORE INTO HIGH BYTE OF VOICE INCREMENT
0131 E615 INC  NOTES ; DOUBLE INCREMENT NOTES TO POINT TO THE
0133 D002 BNE  MUSICH ; NOTE ID OF THE NEXT VOICE

0135 E616 INC  NOTES+1

0137 E619 MUSICH: INC  INCPT ; INDEX TO NEXT VOICE INCREMENT

0139 4519 LDA INCPT ; TEST IF 4 VOICE INCREMENTS DONE

013B C914 CMP  #VUIN+2

013D DOES BNE  MUSIC3 ; LOOP IF NOT

013F 205701 JSR PLAY ; PLAY THIS GROUP OF NOTES

0142 4COE01 JMP  MUSICH ; GO LOAD UP NEXT SET OF NOTES

0145 c8 NXTSEG: INY ; END OF SEGMENT, NEXT TWO BYTES POINT TO
0146 B115 LDA (NOTES) , Y ; BEGINNING OF THE NEXT SEGMENT

0148 u8 PHA

0149 C8 INY ; GET BOTH SEGMENT ADDRESS BYTES

0144 B115 LDA (NOTES) , Y

014C 8516 STA NOTES+1 ; THEN STORE IN NOTES POINTER

O14E 68 PLA

014F 8515 STA NOTES

0151 4COE01 JMP  MUSICY ; GO START INTERPRETING NEW SEGMENTT
0154 4C221C ENDSNG: JMP KIMMON ; END OF SONG, RETURN TO MONITOR

8 4 VOICE PLAY SUBROUTINE
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a sine wave with an amplitude dependent
on the waveform of the resulting tone.
Giving a different amplitude envelope
to each harmonic is equivalent to smoothly
changing the timbre during the note. The
aliasing problem mentioned earlier can also
be solved by simply omitting any harmonics
that become too high in frequency.

Dynamic timbre variation can also be
accomplished by a dligital filter which does
the same thing to a sampled waveform that
a real inductance-capacitance filter does to
a normal waveform. A digital filter is simply
a subroutine which accepts a sample value
as an argument and gives back a sample value
which represents the filtered output. The
equations used in the subroutine determine
the filter type, and other arguments deter-
mine the cutoff frequency, Q, etc. This is a
fascinating subject which deserves its own
article.

What about other, unpitched sounds?
They too can be handled with a few simple
techniques. Most sounds in this category
are based in part on random noise. In
sampled form, random white noise with a
uniform frequency spectrum is simply a
stream of random numbers. For example,
a fairly realistic snare drum sound may be
generated by simply giving the proper ampli-
tude envelope to pure white noise. Other
types of drum sounds may be generated
by using a digital filter to shape the fre-
quency spectrum of the noise. A resonant
type of digital filter would be used for tom-
toms and similar semipitched drums, for
example. A high pass filter is useful for simu-
lating brush and cymbal sounds. An infinite
number of variations are possible. This is
one area where direct computation of sound
waveforms really shines.

The sampling theorem works both ways
also. Any waveform may be converted into
digital samples with an analog to digital
converter (ADC) with no loss of informa-
tion. The only requirement is that the signal
being sampled have no frequency com-
ponents higher than half of the sampling
frequency. This may be accomplished by
passing the signal to be digitized through a
sharp low pass filter prior to presenting
it to the ADC. Once sound is in digitized
form, literally anything may be done to it.
A simple (in concept) application is intri-
cate editing of the sound with a graphic

. display, light pen and large capacity disk.

The sound may be analyzed into harmonic
components and the result or a transfor-
mation of it applied to a synthesized sound.
Again, this is an area that deserves its own
article.
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Listing 2, continued:

0157
0159

0158
015¢C
015E
0160
0162
0164
0167
0169
0168
016D
016F
0171
0173
0175
0177
0179
017B
017D
017F
0181
0183
0185
0187
0189
0188
018D
018F
0191
0193
0195
0197
0198
019
019¢C
019E
0140
01A2
0144
0146
0148
01AA

01AB

A000
A61D

8
B101
7104
7107
7104
800017
A500
650C
8500
AS01
650D
8501
4503
650E
8503
ASOY
650F
8504
A506
6510
8506
4507
6511
8507
4509
6512
8509
ASOA
6513
8504
CA
D008
c614
FOOC
461D
DOBY
D000
D000
D000
DOB1
60

PLAY:

PLAYYV:

TIMWAS:

ENDNOT:

P1END

LDY
LDX

cLe
LDA
ADC
ADC
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
DEX
BNE
DEC
BEQ
LDX
BNE
BNE
BNE
BNE
BNE
RTS

RETURN

#0 3 SET Y TO ZERO FOH STRAIGHT INDIRECT
TEMPO ; SET X TO TEMPO COUNT
3 COMPUTE AND OUTPUT A COMPOSITE SAMPLE
3 CLEAR CARRY
{VIPT+1),Y ; ADD UP 4 VOICE SAMPLES
(V2PT+1),Y ; USING INDIRECT ADDRESSING THHOUGH VOICE
(V3PT+1),Y ; POINTERS INTO WAVEFORM TABLES
(V4PT+1),Y 3 STRAIGHT INDIRECT WHEN 1 INDEX = O
X'1700 3 SEND SUM TO LIGITAL-TO-ANALGG CONVERTER
VAPT 3 ADD INCREMENTS TO POINTERS FOR
VIIN ; THE Y4 VOICES
VAPT 3 FIRST FRACTIONAL PART
V1PT+1
V1IN+1
VIPT+1 i THEN INTEGER PART
VZPT 3 VOICE 2
V2IN
V2PT
V2PT+)
V2IN+1
V2PT+1
V3PT 3 VOICE 3
V3IN
V3PT
V3PT+1
V3IN+1
V3PT+1}
VUPT ; VOICE 4
VHIN
VUPT
VUPT+Y
VHING1
VUPT+1
; DECREMENT & CHECK TEMPO COUNT
TIMWAS ; BRANCH TO TIME WASTE IF NOT RUN OUT
DUR ; DECREMENT & CHECK DURATION COUNTER
ENDNOT ; JUMP OUT IF END OF NOTE
TEMPO 3 RESTORE TEMPO COUNT
PLAY1 ; CONTINUE PLAYING
42 3 3 WASTE 12 STATES
42 8 3
+2 8 3
PLAY1 7 3 CONTINUE PLAYING
g
H

TOTAL LOOF TIME = 1:4 STATES = 8770 HZ

DEF INE BEGINNING ADDRESS FOR THIRD PART
OF SONG TABLE

Sampled Waveform Example

It should be obvious by now that while
these sampled waveform techniques are
completely general and capable of high
quality, there can be a great deal of com-
putation required. Even the most powerful
computers in existence would be hard
pressed to compute samples for a significant
piece of music with many voices and all
subtleties implemented at a rate fast enough
for direct output to a DAC and speaker.
Typically the samples are computed at
whatever rate the program runs and are
saved on a mass storage device. After the
piece has been ‘‘computed,” a playback pro-
gram retrieves the samples and sends them to
the DAC at a uniform high rate.

Most microprocessors are fast enough to
do a limited amount of sampled waveform
computation in real time. The 6502 is one
of the best 8 bit machines in this capacity
due to its indexed and indirect addressing
modes and its overall high speed. The
example program shown in listing 2 has the
inherent capability to generate four simul-
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taneous voices, each with a different wave-
form and volume level. In order to make the
whole thing fit in a basic KIM-1, however,
only one waveform table is actually used.

This program could probably be con-
sidered as a variation of the timed loop tech-
nique, since the sample rate is determined by
the execution time of a particular loop. The
major differences are that all of the instruc-
tions in the loop perform an essential func-
tion and that the loop time is constant
regardless of the notes being played. Using
the program as shown on a full speed (1.0
MHz) 6502 gives a sample rate of 8.77 kHz,
which results in a useful upper frequency
limit of 3 kHz. The low pass filter in figure 7
coupled with the DAC in figure 3 and audio
system or amplifier in figure 8 are all the
specialized hardware necessary to run the
program with full 4 part harmony.

The program consists of two major
routines: MUSIC and PLAY. MUSIC steps
through the list of notes in the song table
and sets up DUR and V1IN thru V4IN for
the PLAY routine. PLAY simultaneously
plays the four notes specified by V1IN thru
VA4IN for the time period specified by DUR.
Another variable, TEMPO, in page zero con-
trols the overall tempo of the music inde-
pendently of the durations specified in the
song table. The waveform tables for the
four voices are located at WAVI1TB thru
WAV4TB and require 256 bytes {one
memory page) each. The actual waveform
samples stored in the table have already
been scaled so that when four of them are
added up there is no possibility of overflow.

The song table has an entry for each
musical “event” in the piece. An entry
requires five bytes, the first of which is a
duration parameter. By suitable choice
of the TEMPO parameter in page 0, ‘‘round”
(in the binary sense) numbers may be used
for duration parameters of common note
durations. A duration parameter of O signals
the end of the song, in which case the pro-
gram returns to the monitor. A duration
parameter of 1 is used to specify a break in
the sequential flow of the song table. In this
case the next two bytes point to the con-
tinuation of the table elsewhere in memory.
This feature was necessary to deal with the
fragmented memory of the KIM-1, but has
other uses as well. All other possible dura-
tion values are taken literally and are fol-
lowed by four bytes which identify the
notes to be played by each voice. Each note
ID points to a location in the note frequency
table which in turn contains a 2 byte fre-
quency parameter for that note which is
placed in V1IN thru V4IN.

The PLAY routine is optimized for speed,
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Available soon: an Assembler Editor package and Business
Applicarions for 10K Basic. Ger on the Quay mailing lisrsowhen
Bet 2. Quay 80SMB. 8K memory. they're ready you'll be among the first 1o know.

Here's 8K of staric RAM memory in a kir. You'll never find a Send for derailed informarion on all Quay products. Ger in on

more economical way ro added memory. Grear for . : AR
expanding the capacity of Quay 80Al or any ofher 5100 a good thing. Or for fast action call 201-681-8700.

microcomputer.

Dealer inquiries invited.

Bet 3. Quay 80MBPS. Motherboard/power supply.

When you're expanding, looking at bigger games; rthe
Quay 80 MBPS 12-slor motherboard with or withour a power
supply is besr for you. Gives you plenty of room. And when
the fime comes, you can pur it info a dynamite Quay

Circle 223 on inquiry card.

chassis (Ber 4).

Bet 4. Quay 80C. Chassis. u a

if you've grown.with Quay, component by component, you'll

reach the point where you'll want this fine chassis. It rumns CORPORATION

a jumble of hardware info a compact, good-looking, function-
rionally-efficient system. Ir gives your high-quality components
the ook of class. P.O. Box 386 O Freehold, N.J. 07728 O Phone: 201-681-8700.



Figure 7: A sharp low pass filter with 3 kHz cutoff. This circuit is used to filter out the high frequency distortion illustrated in

figure 5.
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g 5iK 150pF l
+12V 3 56K 220F
SIK
INPUT o—AAA—4 +2v
0 70 +5V SIK 6K _lel_ 7
5K SOURCE SR WW—¢ e o
IMPEDANCE LM3900 VWA WA~
4. L—— OUTPUT
] 7 +3.5 TO
~ 4700pF +85 V.
I Gt JT— OISuF
€ ‘i
+5v 2 91K :: 68K /J7 391K
L - FILTERED
+5V OUT

001F 0000
0021 01E9
0023 0206
0025 0225
0027 0245
0029 0268
002B 028C
002D 0283
002F 02DC
0031 0308
0033 0336
0035 0367
0037 0394
0039 03D1
003B 0u0B
003D Oulg
003F 0uBa
0041 OUCF
0043 0519
0045 0566
0047 0588
0049 060F
00U4B 066C
004D 06CD
00u4F 0735
0051 0743
0053 0817
0055 0892
0057 0915
0059 099F
0058 0A31
005D 0ACC
00SF 0871
0061 OCIF
0063 0CD7
0065 0D9B
0067 OE6A
0069 OFuS
006B 102E
006D 1124
006F 1229
0071 133E
0073 1462
0075 1599
0077 16E2
0079 183E
0078 19AF
007D 1836
007F 1CD4
0081 1E8B
0083

Table 3: Note frequency table used in conjunction with listing 2. This table is
for a sample rate of 8.772 kHz. The range of the notes used is from 65.4]

i
FRQTAB:

POEND

o

100uF

NOTE FREQUENCY TABLE FOR 8.772 KHZ SAMPLE RATE

ANGE

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

0,0
1,233
2,6
2,37
2,69
2,104
2,140
2,179
2,220
3,8
3,54
3,103
3,154
3,209
4,1
4,73
4,138
4,207
5,25
5,102
5,184
6,15
6,108
6,205
7,53
7,163
8,23
8,146
9,21
9,159
10,49
10,204
11,113
12,1
12,215
13,155
14,106
15,69
16,46
17,36
18,414
19,62
20,98
21,153
22,226
24,62
25,175
27,54
28,212
30,139

Hz (for C2) to 1046.5 Hz (for C6).

FROM C2 (65.41 HZ) TO C6 (1046.5 HZ)

.9089
.0224

w27
2701
4051
5481
6996
8601
0302
2104
4013
6035

.8178

ouus
2854
5402

.8102

0962
3992

.7203
. 0604
.4208
.8026
.2071
.6356
.0897
.5707
.0804
.6203

. 1924
.7984
4405
.1208
8116
.6052
4142
2713
L1794
LA
. 1607
. 2406
. 3847
.5969
8811
.2m7
.6831
.2103
.8283

ID NOTE FREQ. INCR.
0 SILENCE
2 C2  65.405 1
4 Cc2¢ 69.295 2
6 D2 73.415 2.
8 p2# 77.783 2.
10 B2 82.408 2.
12 F2  87.308 2.
14 F2#  92.498 2.
16 G2 97.998 2.
18 G2¢  103.83 3.
20 A2 110.00 3.
22 A20  116.54 3,
24 B2 123.47 3.
26 C3 130.81 3
28 C3#  138.59 4.
30 D3 146.83 4,
32 D3¢ 155.57 4.
4 E3 164.82 4
36 F3 174.62 5.
38 F3# 185.00 5.
40 G3 196.00 5
42 G3# 207.65 6
44 A3 220.00 6
46 A3# 233.08 6
48 83 246.94 7
50 Ccu 261.62 7
52 cu¢ 277.18 8
54 ph 293.66 8
56 Du#  311.13 9
58 EM 329.63 9
60 FUu 349.23 10
62 Fus 369.99 10
64 Gl 391.99 11
66 Gu# 415,30 12
68 AN 440.00 12
70 AUF  466.16 13
72 BY 493.88 14
74 C5 523.24 15
76 C5¢ 554.36 16
78 D5 587.32 17
80 D5¢ 622.26 18
82 ES 659.26 19
84 FS 698.46 20
86 FS5¢ 739.98 21
88 G5  783.98 22
90 GS5¢# 830.60 2u
92 A5  880.00 25
9l AS# 932.32 27
96 BS 987.76 28
98 6 1046.5 30

.5426
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; DEFINE BEGINNING ADDRESS FOR SECOND PART
3 OF SONG TABLE

NOTES: ALL RESISTORS 1/4 WATT 5%

ALL CAPACITORS EXCEPT 100uF
PLASTIC FILM OR NPO CERAMIC
PREFERABLY 5%

because its loop time determines the sample
rate. Essentially, the routine maintains four
pointers (VIPT thru V4PT) to the four
waveform tables. Each pointer consists
of three bytes in order of increasing signi-
ficance. The first byte is the ‘‘fractional
part” of the pointer, and the second byte
is the integer part which is also the lower
half of an address in the waveform table.
The third byte is the upper address which
normally remains constant. Waveform table
lookup is considerably simplified by using
the indirect addressing mode of the 6502
with these pointers. Note that the fractional
part of the pointer is ignored when the table
lookup takes place, since interpolation is
much too slow for a real time routine.

During each sample, waveform table
entries for each voice are fetched, added up,
and sent to the digital to analog converter
output port. Then the increment (VxIN) is
added (double precision) to each pointer
(VxPT). Wraparound from the end of a
waveform table to the beginning is auto-
matically taken care of due to the fact that
the table occupies a full memory page.
Finally, the tempo counter is decremented
and checked. If the tempo counter is zero,
it is restored and the duration counter is
decremented and checked. If it is also zero
the note is finished and PLAY returns. The
net result is that TxD samples are computed
and sent out for the event, where T is the
tempo parameter and D is the duration para-
meter. Note that, unlike the earlier timed
loop example, there is no interaction be-
tween the duration parameter and the note
frequencies being played.
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How does it sound? With the waveform

table shown and a reasonably good speaker
system, the result sounds very much like an
electronic organ, such as a Hammond. There
is a noticeable background noise level due to
compromises such as prescaled waveforms
and lack of interpolation in the tables, but it
is not objectionable. The pitches are very
accurate, but there is some beating on
chords due to compromises inherent in the
standard equally tempered musical scale.
Also there are noticeable clicks between
notes due to the time taken by the MUSIC
routine to set up the next set of notes. All in
all the program makes a good and certainly
inexpensive basis for the ‘family music
application’ mentioned earlier.

Synthesizer Control Techniques

So far we have discussed techniques in
which the computer itself generates the
sound. It is also possible to interface a com-
puter to specialized sound generation hard-
ware and have it act as a contro/ element.

The most obvious kind of equipment to
control is the standard, modular, voltage
controlled sound synthesizer. Since the
interface characteristics of nearly all synthe-
sizers and modules are standardized, a com-
puter interface to such equipment could
be used with nearly any synthesizer in
common use.

Generally speaking, the function of a
voltage controlled module is influenced
by one or more DC control voltages. These
are usually assumed to be in the range of 0
to +10 volts, although some modules will

THE FIRST IS THE DURATION OF THE EVENT IN UNITS ACCORDING TO
THE VALUE OF "TEMPO", ZERO DENOTES THE END OF THE SONG.

Figure 8. An inexpensive,
wide

band low power

audio amplifier. This cir-
cuit, when coupled with

the circuits in figures 3
and 7, .is all the experi-
menter needs to create
music with his or her
microprocessor.

THE NEXT 4 BYTES CONTAIN THE NOTE ID OF THE 4 VOICES, 1 THROUGH

2N3567
1000uF
IN9I4 v
fl(
IN914
1 2N3638
1)
OR
S GREATER
$2.2¢ SPEAKER
; SONG TABLE
; EACH MUSICAL EVENT CONSISTS OF 5 BYTES
i
i
i
; 4. O INDICATES SILENCE FOR THE VOICE.
0200 = x'200 ;

0200 604A000032 SONG:
0205 104u400002C
020A 4040000024
020F 4044000024
0214 WOUWA000022
0219 B0SUUEWUIE
021E 305C52441C
0223 105800401C
0228 4054003C1E
022D 40O44003CIE
0232 40u8u03c28
0237 804AUO3A32
023C 204A000032
0241 204A000032
0246 605C5u442Y
024B 2058004028
0250 4054003C2C
0255 80524A4032
025A 304E46002E
025F 10524A402E
0264 4054UANL2C
0269 405400003C
026E 4044000032
0273 404400002C
0278 403C000024
027D 304A000032
0282 104400002C
0287 403C000024
028C 4044000024
0291 4044000022
0296 80SUUEUHIE
029B 305C52441C

SONG TABLE FOR THE STAR SPANGLED BANNER BY FRANCIS SCOTT KEY
AND J.
DURATION COUNT = 64 FOR QUARTER NOTE

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

STAFFORD SMITH

96,74,0,0,50
16,68,0,0,44
64,64,0,0,36
64,68,0,0,36
64,74,0,0,34
128,84,78,68,30
48,92,82,68,28
16,88,0,64,28
64,84,0,60,30
64,68,0,60,30
64,72,64,60,40
128,74,64,58,50
32,74,0,0,50
32,74,0,0,50
96,92,84,68,36
32,88,0,64,40
64,84,0,60, 44
128,82,74, 64,50
48,78,70,0,46
16,82,74,64,46
64,84,74,68, 44
64,84,0,0,60
64,74,0,0,50
64,68,0,0,44

START SONG AT 0200

i
)
)
)
)
)
)
)
)
i
)
'
)
'
i
)
)
i
'
)
)
'
'
)
i
i
i
)
H
i
i
i

3/8
1716
"4
/4
174
172
3/16
1/16
/4
1/4
174
1/2
1/8

i 1/8

3/8
/8
/4
1/2
3/16
1716

HRVL

14
174
/4
174
3/16
1/16
/4
14
1/4
1/2

i 3/16

c5
Al
]
A4
cS
F5
AS
G5
F5
Al
BY
c5
c5
c5
A5
G5
F5
ES
DS
ES
F5
FS
c5
A4
Fl
c5
Al
Fi
Al
c5
F5
AS

D5
ES

G4
Gl

[+

c5
c5

DS
ES

Al
Al
G4
FU
Fl
FU
EY

A4
[+1]}
Fl
GU

GU
Al

A4
A4

11

Table 4: This song table is an encoding of ‘‘The Star Spangled Banner” in
4 part harmony which is used by the program in listing 2. Each musical
event in the table consists of five bytes. The first byte represents the dur-
ation of the event in units, according to the value of the “tempo” (0 denotes
the end of the song). The next four bytes contain the note identifications of
the four voices (0 indicates silence for the voice).
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Table 4, continued:

0240
02A5
02AA
02AF
02B4
02B9
02BE
02C3
02c8
02CD
02D2
0207
02DC
02E)
02E6
02EB
02F0
02F5
02FA
02FB

0083
0083
0088
008D
0092
0097
009C
00A1
00A6
00AB
00BO
00B5
00BA
00BF
oocs
00C9
00CE
00D3
00D8
00DD
00E2
OO0E7
00EC
O00ED

01AB
01AB
01B0
01B5
01BA
01BF
01Cy
01C9
01CE
0103
01D8
01DD
01E2
01E7
01EC
01F1
01F2

1780
1780
1785
1784
178F
1794
1799
179
1743
17A8
17AD
1782
1787
178C
17Ch
17C6
17CB
1700

105800401C
4054003C1E
4O4Y4003CIE
404840328
804ANO3A32
2044000032
2044000032
605C544421
2058004028
2054003C2C
80524A4032
304EN6002E
10524 A402E
4O544ALL2C
405400003C
4044000032
404400002C
403C000024
01

8300

305C544428
105C544428
405C544424
4OSESH4628
406254442C
8062544A2C
205E544628
205C54442C
4058524032
405C54443C
405ES24640
B0SESBU61A
4OSES2u61A
605CHALL2Y
2058444028
4054443C2C
8052444032
204E00362E
20524A3A2E
4054443C2C
40443C0036
01

ABO)

4048403C28
804A4O3AIA
4044000032
4O5LLALL2Y
4054464028
20544 A442C
2052uA442C
4OUEY63C2E
4OUEY63C2E
4OUEYUA3E2C
4058464028
205E460028
205C44002C
205840002€
01

8017

20543C0030
4OSuuA4L32
4O524A401A
2044000032
204A00002E
60544A442C
2058004032
205C004440
205E004640
80625C5444
20544E4436
2058484034
605C544A32
205ESU4E32
4058524632
80544A4L3C
00

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.WORD

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
-WORD

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.WORD

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

have a predictable response to negative
voltages as well. In a voltage controlled
oscillator, for example, the output fre-
quency is determined by a control voltage.
For typical tuning, 0 V would correspond
to 16 Hz (a very low C), and the frequency
would increase one volt per octave for
higher voltages. Thus, +4 V would produce
middle C, and the maximum input of +10 V

16,88,0,64,28 i 1716 GS Gl c#3
64,84,0,60,30 VL FS Fl D3 12
64,68,0,60,30 Y2 A4 Fl D3
64,72,64,60,40 Y2 BY Gl Fl G3
128,74,64,58,50 HRYZ c5 G4 E4 cy 13
32,74,0,0,50 ; 1/8 cs ]
32,74,0,0,50 ; 1/8 c5 cu
96,92,84,68,36 ; 3/8 AS FS A4 F3
32,88,0,64,40 ; 1/8 65 G4 63
32,84,0,60, 44 ; 1/8 F5 £l A3
128,82,74,64,50 ;12 ES c5 (] ch 15
u8,78,70,0,u46 7 316 D5 BeY Bé3
16,82,74,64,46 3 1716 ES c5 Gl BE3
64,84,74,68, 144 VI F5 c5 Al A3 16
64,84,0,0,60 VL] F5 Fl
64,74,0,0,50 VL cs (o]
64,68,0,0, 44 YL A4 A3 17
64,60,0,0,36 HRYL] FU F3
) ; DEFINE END OF THIS SEGMENT
POEND ; ADDRESS OF BEGINNING OF NEXT

; SEGMENT
POEND ; ORG AT END OF PAGE O CODE
48,92,84,68, 140 7 316 AS F5 A4 G3
16,92,84,68, 40 3 1716 AS F5 Al G3
64,92,84,68,36 HRVZ AS F5 Al F3 18
64,94,84,70,40 Y2 B8S FS B84  G3
64,98, 84,74, 44 V2 c6 F5 c5 A3
128,98,84, 74,44 3172 cé F5 c5 A3 19
32,94,84,70,40 i 1/8 B8S FS B84 G3
32,92,84,68, 44 ; 1/8 AS F5 A4 A3
64,88,82,6u,50 VL GS ES (] cu 20
64,92 ,84,68,60 Y. AS FS Al Fu
64,94,82,70,64 ;14 B8S ES B84 G4
128,94,88,70,26 R VZ] BES G5 B4 Cc3 21
64,94,82,70,26 3 W/ BES ES Bé4 C3
96,92,74,68,36 7 3/8 AS cs A4 F3 22
32,88, 74,64,40 ; 1/8 G5 cs G4 G3
64,84,74,60, 44 ;14 F5 c5 Fl A3
128,82,74,64,50 HRVZ] £5 cs GY c4 23
32,78,0,54,46 i 1/8 D5 D4 BE3
32,82,74,58,u6 3 1/8 ES c5 E4 BE3
64,84 ,74,60, 4k VL F5 c5 F4 A3 24
64,68,60,0,54 YL A4 F4 Dl
1 ; DEFINE END OF THIS SEGMENT
P1END ; ADDRESS OF BEGINNING OF NEXT

; SEGMENT
P1END ; ORG AT END OF PAGE ) CODE
64,72,64,60,40 2] BY [} Fl G3
128,74,64,58,26 ;172 cs (] Ed c3 25
64,74,0,0,50 3 W/ cs c4
6u,84,74,68,36 3 W/ F5 c5 A4 F3 26
64,84,70,64, 40 s /4 FS BEW  GU 63
32,84,74,68, 44 3 1/8 F5 c5 A4 A3
32,82,74,68,44 3 1/8 ES U " "
64,78,70,60,46 V7] D5 BO4 F4 B3 27
64,78,70,60,46 ;A D5 B84 F4 B3
64,78, 74,62, 44 3 1/4 D5 c5 Fih A3
64,88,70, 64,40 ;14 G5 BeW G G3 28
32,94,70,0,40 ; 1/8 B85S  Beu G3
32,92,68,0,u4 i 1/8 AS A4 A3
32,88,64,0,46 ; 1/8 G5  Gc4 Be3
1 ; DEFINE END OF THIS SEGMENT
AUXRAM ; ADDRESS OF BEGINNING OF NEXT

; SEGMENT (IN 6530 RAM)
AUXRAM ; ORG AT BEGINNING OF 6530 RAM
32,84,60,0,48 3 1/8 FU B3
64,84,74,68,50 YL FS c5 A4 c4 29
64,82,7u,64,26 R VL] ES c5 Gl c3
32,74,0,0,50 ; 1/8 c5 c4
32,74,0,0,46 ; /8 c5 Be3
96,84, 74,6844 ; 3/8 FS cs A4 A3 30
32,88,0,64,50 3 1/8 G5 Gl ci
32,92,0,68,64 i 1/8 AS A4 Gl
32,94,0,70,64 i 1/8 BES Bé4  GU
128,98,92,84,68 i 1/2 c6 AS F5 M 3N
32,84,78,68,54 3 1/8 F5 D5 A4 D4
32,88,72,64,52 i 1/8 G5 BY Gl Deu
96,92,84,74,50 ; 3/8 AS F5 cs cu 32
32,94,84,78,50 ; /8 B85 FS DS c4
6u,88,82,70,50 i W/ G5 E5 BO4 Ch
128,84,74,68,60 HRYZ] F5 c5 Al 33
0 ; END OF PIECE
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would produce a nearly inaudible 16.4 kHz.
A typical oscillator module has two or three
control inputs and a number of outputs. The
voltages at the inputs are internally summed
to form the effective control value (useful
for injecting vibrato), and the outputs pro-
vide several different waveforms simultane-
ously.

A voltage controlled amplifier has as a
minimum a signal input, a control input, and
a signal output. The voltage at the control
input determines the gain from the signal
input to the signal output. In a typical
setting, +8 V would correspond to unity
(0 db) gain, with lower voltages decreasing
the gain by 10 db per volt.

Many other voltage controlled devices
have been developed during the approxi-
mately 12 year history of this field. In order
to play music, the modules are first ‘“pat-
ched” together with patch cords (like old
style telephone switchboards) according to
the desired sound characteristics. Manually
operated control voltage sources such as
potentiometers, joysticks and specialized
organ-like keyboards are then manipulated
by the player. The music is generally
monotonic due to difficulties in the control
elements (now being largely overcome).
Multitrack tape recorders are universally
utilized to produce the results heard on
recordings such as Walter Carlos’s Switched
on Bach.

A useful computer interface to a synthe-
sizer can be accomplished with nothing more
than a handful of digital to analog and
optionally analog to digital converters. The
DACs would be used to generate control
voltages under program control and the
ADCs would allow operator input from the
keyboard, for example, to be stored. Since
control voltages vary slowly compared to the
actual sound waveforms, real time control
of a number of synthesizer modules is
possible with the average microprocessor.
Due to the large number of DACs required
and the relatively slow speeds necessary, a
multiplexing scheme using one DAC and a
number of sample and hold amplifiers is
appropriate. The home builder should be
able to achieve costs as low as $2 per
channel for a 32 channel, 12 bit unit capable
of controlling a fairly large synthesizer.

The routing of patch cords can also be
computerized. A matrix of reed relays or
possibly CMOS bilateral switches interfaced
to the computer might be used for this task.
The patches used for some contemporary
synthesizer sounds resemble the program
patch boards of early computers and thus
are difficult and time consuming to set up
and verify. With computer controlled
patching, a particular setup may be recalled



and set up in milliseconds, thus enhancing
real time performance as well as reducing the
need for a large number of different mod-
ules.

Other musical instruments may be inter-
faced as well. One well-published feat is an
interface between a PDP-8 computer and a
fair sized pipe organ. There are doubtless

WAVEFORM TABLE

EXACTLY ONE PAGE LONG ON A PAGE BOUNDARY

MAXIMUM VALUE OF AN ENTRY IS 63 DECIMAL OR 3F HEX TO AVOID
OVERFLOW WHEN 4 VOICES ARE ADDED UP

NOTE THAT ALL 4 VOICES USE THIS TABLE DUE

Recently, specialized music peripherals
TO LACK OF RAM IN BASIC KIM-1

have appeared, usually oriented toward the

several interfaces to electronic organs in 0300 e X'300 ; START WAVEFORM TABLE AT 0300
existence also. Even piano mechanisms 5 wAVITE = T 9 (TR T
can be activated, as noted elsewhere in this 0300 WAV2TB = ; VOICE 2 WAVEFORM TABLE
q 0300 WAV3TB B 3 VOICE 3 WAVEFORM TABLE
Issue. 0300 WAVATB = ; VOICE 4 WAVEFORM TABLE

- H 3 FUNDAMENTAL AMPLITUDE 1.0 (REFERENCE)
S]OO (Alta,lr) bUS. In SOICRCaES these anc H SECOND HARMONIC .5, IN PHASE WITH FUNDAMENTAL
digital equivalents of analog modules of g THIRD HARMONIC .5, 90 DEGREES LEADING PHASE
similar functlgn. For examplg, a variable 0300 3334353636 LBYTE X'33,X'34,X'35,X°36,X'36,X'37, X'38, X139
frequency oscillator may be implemented gggg ;gi;iaaaa BYTE X397 38, K'30, X'36, 38,1 38.013C, 1 3C
using a divide-by-N counter driven by a 030D 3B3C3D ’ P IR R SRR SRR
crystal clock. The output frequency is g?:g §§§§§§3°3° -BYTE  X'3C,X"3C,X'3C,X*3C,X*3C,X*3C,X"3¢,X"3C
determined by the value of N loaded into a 0318 3C3C3C3B3B .BYTE X'3C,X'3C,X'3C,X'3B,X'3B,X'3B,X'3B,X'3B

. . o 031D 3B3B3B
register in the device, much as a contr9| 0320 3A3A3A3A3A LBYTE  X'3A,X'3A,X'3A,X'3A,X'34,X'34, X' 39, X 39
voltage affects a voltage controlled oscil- gagg 333333 030 VIE X35, 5039, X139 X739.X" 39X 30,1739, K"39
B VX'39,X'39,X"39,X39,X'39,X'39,
lator. Such an approach bypasses the fre- o e
quency drift problems and interfacing ex- gggg ;Q%Q;Qm‘ -BYTE  X'3A,X'3A,X'3A,X'3A,X'34,X"3B,X'3B,X" 3B
pense of analog modules. The biggest advan- 0338 3B3C3C3C3D .BYTE X'3B,X'3C,X'3C,X'3C,X'3D,X'3D,X'3D,X'3D
q ] HH 033D 3D3D3D
tage,.however, is avallfiblllty of advanced 0310 3E3EIEIEIF LBYTE X'3E,X'3E,X'3E,X'3E, X' 3F, X' 3F, X' 3F, X' 3F
functions not feasible with analog modules. gg":g g:ggg::ﬂﬁ BYTE  X'3F.X"3F. K'3F. KV 3. K'3F X" 3F X' 3F K1 3F
One of these is a programmable wave- 034D 3F3F3F ’ PR S SR SR A S
form. A small memory in the peripheral gggg %5%2:3030 -BYTE  X'3E,X'3E,X'3E,X'3D,X"3D,X'3C,X"3C, X 38
holds the waveform (either as individual 0358 3834393838 .BYTE X'3B,X'3A,X'39,X'38,X'38,X'37,X'36,X'35
: . : 035D 373635
sample values or Fourle_r f:oef'f|C|ents), which 0360 3433323130 JBYTE X'34,X'33,X'32,X'31,X'30, X' 2F, X'2E,X'2D
can be changed by writing in a new wave- 0365 2F2E2D
0368 2C2B242928 .BYTE X'2C,X'2B,X'2A,X'29,X'28,X'27,X'26,X'25
form under program control. Another advan- 036D 272625
tage is that time multiplexing of the logic g;;g g‘o‘fgﬁ?‘?‘ -BYTE X'24,X'23,X'22,X'21,X'21,X'20,X"1F,X*1F
is usually possible. This means that one set 0378 1E1E1D1DID .BYTE X'1E,X'1E,X*1D,X'1D,X"1D,X' 1D, X" 1C,X*1C
9 o . 037D 1DI1CIC
Of !Og'c ma_y S'mUIat_e the function of several 0380 1CICIDIDID .BYTE X'1C,X'1C,X"1D,X’1D,X*1D,X' 1D, X’ 1D, X' 1E
digital oscillators simultaneously, thus re- 0385 1DIDIE
2 9 ) 0388 1E1F1F2020 .BYTE X"1E,X'VF,X'1F,X'20,X'20,X'21,X'21,X'22
ducing the per oscillator cost substantially. 038D 212122
Actually, such a digital oscillator may be gggg 52325'7'2"25 -BYTE  X'23,X"23,X'24,X'24,X"25,X'26,X'26,X'27
nothing more than a hardware implemen- 0398 2828292929 .BYTE X'28,X'28,X'29,X'29,X'29,X'2A,X'2A,X' 2B
g 0 o 039D 2A2A2B
tation of the PLAY routine mentioned o;ﬂo R RnEe BYTE X'2B,X'2B,X'2B,X'2B,X'2B,X'2B,X'2B, X' 2A
earlier. 03A5 2B2B2A
Digital/analog hybrids are also possible. T GEITERRCZA AL 2o K0, KR ST X 2T Xe20
The speech synthesizer module produced g%:g ggiﬁgml .BYTE X'25,X'24,X'23,X'22,X'21,X'20, X" 1F,X*1D -
by Computalker Consultants, for example, 0388 1C1B191817 .BYTE X'1C,X'1B,X'19,X"18,X'17,X*15,X" 14,X*13
g Q 03BD 151413
combines a program‘n"!able oscﬂl-ator, several 03C0 11100FODOC .BYTE X'11,X'10,X'OF,X'0D,X'0C,X*0B,X'09,X'08
programmable amplifiers and filters, white 03C5 080908
. . . 0 ,X'06,X'05,X" ,X'03,X'03,X'02,X'01
noise generator, and programmable switch- S orosgz0u03 RS A 2
ing on one board. Although designed for g?gg gsggggoooo .BYTE X'01,X'00,X'00,X'00,X'00,X*00,X*00,X'00
producing speech, its completely program- 0308 0000010101 .BYTE X'00,X'00,X'01,X'01,X'01,X'02,X'03,X'04
H H H H H 03DD 020304
mable'nature.glves ',t significant  musical 03E0 0506070809 .BYTE X'05,X'06,X'07,X'08,X'09,X'0B,X'0C,X'0D
potential, particularly in vocals. 03E5 0BOCOD
How do these various control technigues g%gﬁ S GETTERRR ORI C R 2o g 32 g G L B KA
compare with the direct waveform compu- 03F0 1B1D1F2022 .BYTE X'1B,X'1D,X'1F,X'20,X'22,X'23,X'25,X'27
tation techniques discussed earlier? A de- pe i o 128 X'2A.X'2B.X'2C. X'2E. X' 2F . X' 30 . X'
q ! 03F8 28242B2C2E .BYTE X'28,X'2A,X’2B,X'2C,X'2E,X'2F,X'30,X'31
finite advantage of course is real time play- 03FD 2F3031
ing of the music. Another advantage is .END
simpler programming, since sound genera-
tion has already been taken care of. How- Table 5: This table is an encoding of the samples of the waveform used by the
ever, the number of voices and complexity program in listing 2. The table is exactly one memory page long on a page
of subtle variations is directly related to the boundary. The maximum value of any entry is decimal 63 or hexadecimal 3F
uantity of synthesizer modules available. to avoid overflow when all four voices are summed.
Y b/
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For example, if more voices are needed,
either more modules must be purchased or a
multitrack tape recording must be made,
which then takes us out of the strict real
time domain. On the other hand, a new
voice in a direct synthesis system is nothing
more than a few bytes added to some tables
and a slightly lengthened execution time.
Additionally, there may be effects that are
simply not possible with currently available
analog modules. With a direct synthesis
system, one merely codes a new subroutine,
assuming that an algorithm to produce the
effect is known.

A separate problem for the experimenter
is that a “critical mass" exists for serious
work with a direct synthesis system. To
achieve complexity significantly beyond the

g TOCCATA AND FUGUE IN D-MINOR BACH

VOICEl 40,0,0,0,0,30,0,0,0,0,0,0,0,60,0 10 30,30
VOICE2 37,0,0,0,0,0,0,0,50,0,0,0,0,50,0 10 60,60
VOICE3 0,0,9,0,38,0,0,0,38,19,0,0,0,28,0 15 100, 250

TEMPO 1/4=1200

002

140

/=/

1A3,1/64; 2A2,1/64
1A€3,1/64; 2A@2,1/64
1A3,1/8; 2A2,1/8
R,1/32

1G3,1/647; 2G2,1/64.
1F3,1/64; 2F2,1/64
1E3,1/64; 2E2,1/64
1D3,1/64; 2D3,1/64
1C#3,1/32; 2c#2,1/32
1p3,1/16; 2D2,1/16
R,1/4

3p2,1/1; R,1/4
2C#3,1F2; R,1/16
1E3,7/16; R,1/16
1G63,7/16; R,1/16
1B@3,5/16; R,1/16
1C#4,4/16; R,1/16
1E4,3/16

/=/

18€4,1/8; 1G4,1/8; 1E4,1/8; 2E3,1/8; 3C#3,1/8

1E3,1/32
163,1/32
18€3,1/32
1C#4,1/32
1B@4,1/8

1B€4,1/8; 1G4,1/8; 1E4,1/8; 1C#4,1/8; 2E3,1/8; 3C#3,1/8
1A4,1/8; 1F#4,1/8; 1D4,1/8; 2F#3,1/8; 3C3,1/8
TEMPO 1/4=950

1p3,1/32

TEMPO 1/4=1050

1A3,1/32

TEMPO 1/4=1150

1D4,1/32

TEMPO 1/4=1200

141

1F#4,1/32
1n4,1/8

1A4,3/8; 1F#4,1/8; 1p4,1/8; 2F#3,1/8; 3C3,1/8

1D4,1/2; 1B@3,1/2; 2G3,1/2;

1G4,1/2; 3B€2,1/4

3G2,1/4

1E4,1/4; 1C#4,1/4; 2B@3,1/4; 3E2,1/4

1F4,1/4; 1D4,2/4; 2A3,1/4;

3F2,1/4

1E4,1/2; 2A3,1/2; 3A2,1/2; R,1/4

1C4,2/4; R,1/4

1D4,4/2; 2F3,1/4; 3B€2,1/4
2B@3,1/4; 2G3,1/4; 3G2,1/4

143 2A3,3/2; 2F3,3/2; 303,3/2; 3D2,3/2

END

Listing 3: Bach's “‘Toccata and Fugue in D Minor” as encoded in NOTRAN, a
music language developed by the author (NOTRAN stands for NOte TRAN-
slation). The main function of the language is to transcribe organ music,
but it will work equally well with other types of music. Program state-
ments are used to encode duration, pitch, attack and decay rates, and loud-
ness of each note.
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4 voice example program described earlier,
a high speed, large capacity mass storage
system is needed. This means an IBM type
digital tape drive or large hard surface disk
drive; usually at least $3000 for a new
drive less interface. Used 7 track tapes and
2311 type disks (7.5 megabytes) are often
available for $500 and certainly provide
a good start if the user can design his own
interface. Synthesizer modules or peripheral
boards, on the other hand, can be purchased
one at a time as needed.

Music Languages

Ultimately, software for controlling the
sound generation process, whether it be
direct or real time control, is the real fron-
tier. The very generality of computer music
synthesis means that many parameters and
other information must be specified in
order to produce meaningful music. One
function of the software package is to con-
vert “musical units of measure” into phy-
sical sound parameters such as conversion
of tempo into time durations. Another part
is a language for describing music in suffi-
cient detail to realize the control power
available from music synthesis without bur-
dening the user with too much irrelevant or
repetitious detail. With a good language, a
good editor for the language, and real time
(or nearly so) execution of the language, the
music system becomes a powerful composi-
tion tool much as a text editing system aids
writers in preparing manuscripts.

Music languages can take on two forms.
One is a descriptive form. Music written in
a descriptive language is analogous to a con-
ventional score except that it has been coded
in machine readable form. All information in
the score necessary for proper performance
of the piece is transcribed onto the com-
puter score in a form that is meaningful to
the user yet acceptable to the computer.
Additional information is interspersed for
control of tone color, tempo, subtle varia-
tions, and other parameters available to the
computer synthesist.

A simple example of such a language is
NOTRAN (NOte TRANslation) which was
developed by the author several years ago
for transcribing organ music. Listing 3 shows
a portion of Bach's “Toccata and Fugue in
D Minor” coded in NOTRAN. The basic
thrust of the language was simplicity of
instruction (to both the user and the inter-
preter program), rather than minimization of
typing effort.

Briefly, the language consists of state-
ments of one line each which are executed
in straight line sequence as the music plays.
If the statement starts with a keyword, it is
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