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BYTE's 0.02 Centennial

Reflections on Entry into Our Third Year

Articles Policy

BYIL is continuglly  seeking quality
nranuserpls written by individuals who are
applying  personal syytems, or who have
Rnpwledae which wilt prove wsetul to our
readers. Munuscripts should have doubic
slgced typewriiten texts with wide morgms,
Numbering sequences should be muintained
sepgratedy tor tigures, robles, photos und
listings. Fugures end tobles should be pro
vided on sepurate sheels of paper. Photos
uf techencdl subjects showld be taken with
vnitarm lighting, sharp tocus and showld be
supplivd in the form of clear glossy block
und white or color prints (if you do not
fave wccess 1o quality photography, frem
to be photographed con be shipped 1o us
i1 muny cases). Computer listings should be
supplivd using the darkest ribbons possible
wn riew (not recycled) blank white com-
puler torms or hond paper, Where pussible,
we wendd fike guthors 1o supply o shart
walerent  gbonl  thelr backyround  und
UNDCTIeAry,

Artiefes witich ore gecepied ure typically
wknowledged with o binder (rech 4 o §
wee ks utter receiplr, Honorarnums for articles
ure bused wpon the technical quality and
suitaubilive: for BYTE's readership and are
typreally £25 1o $50 per Iypeset mayosine
puge. We recommend that authors record
their nume and address inlormation redun-
danitfy an moleriofs submitted, and that o
Feraen eavelope with poastage be supplivd
e e vrent the article is not gccepted. ®

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 dale 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-ll 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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Great Locations

Now Open:

22634 Foothill Bivd.
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

@511 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 Falls 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:

Hunftsville, AL

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

Nashua, NH

Austin, TX

Franchise Opportunities
Available—Contact:

E. E. Faber, President
ComputerLland Corp.

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

Circle 202 on inquiry card.






Leticrs

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 Lhe article. As the man who serviced
our IBM 10 printers {an ex-IBMer)
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 ASCI| 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  fife 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 (5-100) 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 5-100, 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

comman, 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
($-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 ail
others, a system that is sclf-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
concepls.

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

Theres an iCOM
for Everyone
at these
Computer Stores...

ARIZONA

Byte Shop
Tempe
(602) 894-1129

CALIFORNIA

Orange Computer Ctr
Costa Mesa
(714) 646-0221

Byte Shop
Lawndale
(213) 371-2421

Byte Shop
ML. View
(415) 969-5464

Computer Mart
Orange
(714)633-1222

Byte Shop
Pasadena
(213)684-3311

Byte Shop
Santa Barbara
{805)966-2638

Byte Shop
Santa Clara
(408) 249-4221

Byte Shop
San Diego
(714) 565-8008

Byte Shop
San Rafael
(415) 457-9311

Computer Room
San Jose
(408) 226-8384

Byte Shop
Tarzana
{(213) 343-3919

Tech-Man
Tarzana
(213) 344-0153

Byte Shop
Thousand Qaks
{80S) 497-9595

Byte Shop
alnut
{415)933-6252

Byte Shop
Westminster
(714) 884-9131

COLORADO

Prime Radix
Denver
(303)573-5942

FLORIDA

Byte Shop
Miami
(305) 264-2983

The Computer Siore
Jacksonvilie
(904) 725-8158

ILLINOIS

Itty Bitty Machine
Evanston
(312) 328-6800

Numbers Racket
Champaign

(217) 352-5435
Champaign Computer
Champaign

{217) 359-5883

INDIANA

Data Group
Indianapolis
{317)849-5280

KENTUCKY

Cybertronics
Louisville
(502} 499-1551

MASSACHUSETTS

American Used
Computer
Boston
(617)261-1100

MINNESOTA
Microprogramming
Burnsville

(612) 834-3510
NEW HAMPSHIRE
Computer Marl
Nashua

(603) 883-238B6
NEW JERSEY

Computer Mart
Iselin

(201) 283-0800
NEW YORK

Synchro Sound
Hollis
(212) 468-7067

Computer Mart
NYC
(212) 6B6-7923

NORTH CAROLINA

Digital Dynamics
Charlotle
(704) 374-1527

PENNSYLVANIA
Byte Shop

rymar
(2158)525-v7112
SOUTH CAROLINA

Carolina Computers
Columbia
(B03) 798-6524

TEXAS

Micro Stare
Richardson
(214) 231-1006

Microtex
Houston
(713)780-7477

Compuier Terminal
El Pasp
(915)542-1638

WISCONSIN

Madison Compuler
Madison
(608) 255-5552

CANADA
Computer Marl

Toronto
{416} 484-9708

Computer Place
Toronto
{416} 598-0262

]
koo mICROPERIPHERALS
6741 Variel Ave., Canoga Park, CA 91303 U.S.A.
Tel. (213) 348-1391  agwmsonof Pertec Computer Carparatian

Circle 203 on inquiry card,
























COMPUTER
88-RCB
HAMMOND
D2 ORGAN
88-RCB
MOOG
88-RCB 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 twe 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-RC8B 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 controi 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 cantrol,
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-II has a standard ASCIl key-












SCORTOS SCORTOS
Music Symbol Description Code Music Symbol Dascription Code

o whole note X1 ¢ quarter rest 4

J half note X2 ¥ gighth rest 8

J quarter note X4 ¥ sixteenth rest 16

J‘ eighth note X8 b4 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-g-‘o triplets 3{XnXnXn)

Music Symbol Description SCORTOS Code

C Pitch representations c

D D Table 1: The alphanumeric

£ E music coding convention
used by the SCORTOS

F F system. The X symbol

G G preceding each numeric
SCORTOS code symbol

A A indicates that the numeric

B B symbol must be preceded
by a pitch representation

$ sharp + before it can be recognized

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

b flat - with pitch C.

JJ slur A
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

20

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 symbals
that will enable music passages to be




©/

£} I
5] —
Oboe P
F’ S

POl K2- T3/4 (2.)03 ''"The dotted half rest is to be repeated three times"

- —]
P02 K2- T3/4 03 F4 G4 A8. F16 /04 C8. (3 B16 02 F4B4 /D8, E16 F4. GB/FEDCO03B0O2C/
P03 K2~ T3/4 03 F2.N\/ F4 F2\/ F24 / F2/\/F2 4/
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l- - L ‘ ‘ ' L
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</ ~——
P04 K2- T3/4 2. /2. /4 4 F4N/ F2. /
): b i bl _— 3 oy n f
Cello 7 53 7 n‘ I 1
n,h—) o
P05 K2- T3/4 2, 2, /4 8. Q02 E~16 F/\/ F2, /

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
music score.

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

System Software

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:

® 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.

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









See Sol here...

ALABAMA

ICP, Computeriand
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
Tuecson, AZ 857186
(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
{316) 961-2983

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

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

{209} 431-8461

Bits 'N Bytes

679 S. State College Bivd.
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. E! Camino Real
Mountain View, CA 94040
(415) 961-2828

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

8yte 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

Circle 207 on inquiry card.

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 Bivd.
Tarzana, CA 91356
{213) 343-3919

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

The Byte Shop

2989 North Main St.
Walnut Creek, CA 94586
{415) 933-6252

Byte Shop

14300 Beach Blvd.
Wesiminster, CA 92683
(714) 894-9131

COLORADC

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 Cente:
1238A S. Dixie Hwy.

Coral Gables, FL 33146
(305) 661-6042

Delta Electronics

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

Byte Shop of Miami
7825 Bird Road
Miami, FL 33185
{305} 264-2983

Microcomputer

Systems Inc.

144 So. Dale Mabry Hwy.
Tampa, FL 33609

(813) 879-4301

GEORGIA

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

ILLINOIS

itty bitty machine co.
1316 Chicago Ave.
Evanslon, IL 60201
{312} 328-6800

Reeves Communications
1850 W. Court St.
Kankakee, IL 60901
(815) 937-4516

itty bitty machine co,
42 West Roosevell
Lombard, IL 60148
{312) 620-5808

INDIANA

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

The Byte Shop

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

The Data Domain
7027 N. Michigan Rd.
Indianapolis, IN 46268
{317) 251-3138

KENTUCKY

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

MICHIGAN

The Computer Slore
of Ann Arbor

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

Compuler Mart

of Royal Oak

1800 W. 14 Mile Rd.
Royal Oak, M! 48073
{313) 576-0900

General Computer Store
2011 Livernois
Troy, M! 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
{518) 794-0510

The Computer Shoppe
444 Middle 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

CHIO

Cybershop

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

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

{513) 298-1248

OREGON

Byte Shop Computer Stare
3482 SW Cedar Hills Bivd.
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 [SLAND

Computer Power, Inc.
M24 Alrport Mall
1800 Post Rd.
Warwick, Ri 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
flouston, TX 77063
(713) 977-0664

Interactive Computers
7646%2 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 Compuler 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, W1 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 Place

186 Queen St. West
Toronto, Ontaric M5V 121
{416) 598-0262

Pacific Computer Store
4509-11 Rupert St.
Vancouver, B.C. V5R 2J4
(604) 438-3282
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printed circuit board itself, and secondly,
reasanable 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, aithough 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.
| 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 intc her
future | see a handsome genuine calfskin
briefcase waiting.®
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Figure 2: The mechanical design of the chassis box is shown in this iflus-
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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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 PS!
PRESSURE . VALVE A
REGULATOR 5,000 PSIG o
T 1r
|
v ! — PRESSURE
! _} DETECTOR
-- UNDER
TEST
VALVE B
10,000 PSIG O
oI
—
ATMOSPHERIC
PRESSURE VALVE C
0 P5IG ,
il
10,000 —_—
P51G
PUMP |
RESERVOIR
ACTION OF ON
VALVE A OFF - L L
ACTION OF ON
VALVE B orr —J | I Mo
ACTION OF ON
VALVE C OFF ]—I J—l r_
RESULTANT 10K
PRESSURE AT
PRESSURE 5K
DETECTOR
(PSIG) )

Figure 1: Configuration of a conventional impulse pressure calibration test

2sEcS—=|  |——8sECS—]

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.

3z

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 0 pounds per
square inch gauge (PSIG) and 10,000 PSIG
every ten seconds and remains at 5,000 PSI1G
between cycles. [PSIG, or gauge presstire, is
a differential pressure measurement using
the ambient pressure as g 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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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, leancd against the concrete
wall and asked with a pathetic whimper, I
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 1o the detector
to a sinusoidal waveform,” This was the
method | had assumed he was going to usc
initially.

“I can't have a guy sitting there cranking
a pressure controller knob ten hours a day.
It's going Lo take two weeks Lo run this test
as it is. That's why | automated it!” He
seemed 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
VIN FROM D/&
VOLTAGE DETECTOR
CONTROLLED -5 7O +5VOLTS UNDER TEST
PRESSURE >
REGULATOR /
13,000 PSIG —*| o0 TO 10,000 PSIG /
|
I .
. |
| |
I
16,060 0 PSIG
PSIG
PUMP
RESERVOIR
COMPUTER 0K = — = =
APPLIED
RESULTANT 5K
PRESSURE
{PSIG) 0 —————-
|2 5ECS 8 SECS

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

compulter controlled system which applies the test pressure sinusoidafly.
This approach gives a much better indicgtion of the unit’s true life ex-

pectancy, and incidentally shows one practical appfication of digital 1o 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 Lo be an uphill fight, but |
knew | was going Lo have Lo 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.

MNed 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 considercd that this num-
ber crunching machine has the same |ogical
abilitics to control analog devices if properly
interfaced.

General Considerations

Whilc this may have been a lengthy intro-
duction Lo 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 paramecters such as dis-
placement, tcmperature, 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
qualitics 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).

Becausc 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 reguirements 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 ol as a digitally controlled program-
mable potentiomeler which produces an
analog output. This output value (V) is
the product of a digital signal {D) and an
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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. Fach 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 of) and is related by the
following equation:

Vo= (D) (Veer)

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 cither 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

vV REF
MSB
AT "
AN ) 4 vV our
R
P I RL
R
R

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 witl 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 guantity presented by the computer
is a representation of a fractional valuc Lo
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 bit is 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 casiest
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, 1/4, /8,
.. 12N are generated by connecting resis-
tors with magnitudes of R, 2R, 4R, .. 2NR
between a reference voltage, —V ef, 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 swilches
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 1o 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 digilal to analog
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converter, 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 a4 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 f
ouTPUT

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 are
needed and can be reduced to one value, R,
if three components are used for each biL
Keeping matched resistor values with the
same temperature coefficients contribuies to
a very stable design. Certain tradeoffs are
required between ladder resistance values
and current flow to balance accuracy 4and
noise.

One form of the R—2R ladder digital Lo
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 typces.
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 Lo
be a little less expensive than voltage types.

Probably one of the most useful and cost
effective multiplying digital to andlog
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Figure 6: Output charac-
teristics of a digital fto

analog converter show-
ing least significant
quantization.






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 voltuge “droop’’ (ex-
ponential decay) will occur over time as the capacitor stowly discharges.

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

A sample and hold circuit is simply a
charged capacitor analog storage device.
Amplifier Al 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 1o be updated, the
switch is closed, the circuit enters the
“sample' or acquisition mode, causing the
capacitor Lo chdrge exponentially toward the
new value present at the output of Al. When
the switch is rcopened and again in the
“hald" state, the output of A2 will be cqual
to the capacitor voltage level.

The secret of good sample and hold is to
use good high input impedance buffers to
minimize the leakage lrom 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 dosigner can do to minimize
this featurc is Lo use precision components
{usually more expensive) and refresh  the
sample and hold frequently enough o over-
come decay problems,

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

For the home computer experimenter,
sample and hold ouwipuls, which require
periodic relreshing, can become a bother,
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This is especially true during step-by-step
checkout of system software.

Refreshing a muliiplexed digial 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 require updating tens of times
per second, while the better des  ed 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 input 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 pscudoreal time analog
control scheme utilizing BASIC, This is 4
realistic capability in slow process control
applications wherc 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 rcal time
operating system  does imply some con-
straints. |If analog control is involved, the
time between updates 1o an analog output
interface can be on the order of tens of
seconds, especially if the computer is re-
quired 1o 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 1o 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 separale storage register and
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which form an 8 bit random access scratch pad, 1C7 performs the actual analog to digital conversion. The remaining portion of

the circuit consists of timing generation and art analog multiplexer with sumple and hold circuitry.

digital 1o 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 Lo
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 ICT, 1C2, and
IC3 decodes the processor's output port
address and strobes the compuler 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-
lace is illustrated as part of figure 9.

The timing section consists of a 200 kHz
clock generator 1C6 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 ps settling time.
For the tirst 10 us, the analog multiplexer
1ICI10 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 s 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 s 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 carlier. 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, controlled 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 worsl case delay of 80 ps between a
scratch pad update and an appropriate
analog ouiput response. This is of no con-
sequence as far as Lhis article is concerned.
However, Lo maintain the ability to use
BASIC as a real time opcerating 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 10 400 kHs. This has been success-
fully accompiished on the prototype and
will increase the sampling rate on each chan-
nel to 25000 samples per second. Un-
fortunately, it is far more demanding of the
current to voltage converter |C9,. Only one
oul of three LM301As may work success-
fully over the full range of 10 V. Another
quick method is to remove the 7493 (1C8).
This causes the interface to stay addressed
on channcl 4, doing 50,000 uninhibited con-
versions per second.

The converter itself is an 8 bit
MCT1408L-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)
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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 stutement for the block
and can be reused without conflict by subsequent code. 1hus the symbol
GO at location 021E defined within block NEWBLOCK s not the same
location us the luter use of GO in the outer level of the hierarchy at locatfon
0229. Note thut 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 nume at loca-
tion 200 condenses to NEWK in the symbol table.
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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 cx-
cludes the author: ME! Well, | have finally
gotlen 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 therc 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. |t 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 delete 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 already 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 appcared
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 biock. Such a block
is entered 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 cailed 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 siatement 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 1. 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.
T 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
biocks {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 items developed within a
lower level of the tree. This is a fairly
standard structuring scheme.

Listing 2: This is u structured pseudocode
representation which shows how the hier-
archy of figure 1 would be implemented in u
normul  coding sequence. The assembly
starts with an initiel {outer or global is an
equivalent term} level so there is one more
END statement thun the number of BGN
statements. This is required to findlly
terminate the assembly. In this listing,
indentation of the code has been used to
highfight the various fevels of nesting of the
blocks from figure 1.

—_—

START OFf PROGRAM llevel A)
: BGN (level B}

BGN (level C)

END

BGN llevel D)

END

END
BGN f{level £}
: BGN flevel F)
END
BGN (tevel G)
: BGN {level H}
END

BGN (level [}
BGN [levet J)
END
BGN llevel K}
: END
: END
: END
END
BGN (tevel L}
: END
END (end of assembly)

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, onfy a maximum of five are ever active and using up space in
the symbol table at uny one time., Any entry point referenced at the be-
ginning of block A during the 1 pass ussembler’s operation is available to any
block in the hierarchy even if it is not defined until the end of the assembly,

45



This general arrangement is significantly
modified, however, by the 1 pass nature of
the Tiny Assembler. In this case, a symbaol
“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 a4 low level block of code
and then defined as a label in a Tater 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 enlered into the symbol
table by a high level block of code (as a
forward reference if need be). In 1his way
the symbol and all references to it will be-
long to the high icvel 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 refercnce
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 itsclf 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 arc dircct 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, |, ] 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 instcad of a simple hierarchy, things
become a bit more complex because of rela-
tionships that cross between branches of
the structura! tree. The same rules apply
when determining what can be referenced
from what, however, so a program’s block
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 T 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 1o an
existing global symbol. Therefore, symbals
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 unigue.

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 refercnces
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, cvery
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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 reorgunization of symbol tuble 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, und are described in more detail in the text of the arlicle,
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likely to be reached. All programs have a
rootl 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 scarch
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 {wherc
possible) in listing 3.

e The FCC pseudooperation will allow
the usc 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.

® |If a label is used with an ORG stale-

ment, its value (as well as the program

counter) is set lo the value of the
operand.

Execution of the assembler after an

assembly has been completed invokes

the cold start rather than the warm
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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.

¢ 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 1o cofrect
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 1o 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 #$3C
STAA $8007

will suppress the echo on input for any
program using the standard Motorola
MIKBUG input routines. In this casc 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 madc
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 fucilities for rereading the loader tape for verification, nor error handling
oulside of that provided by the Motorola MIKBUG monitor’s routines.

G

LOCN Bl R2 RH3

0000 POEAPEVABFAEIPEURESDIEEIPEEAAAGQOPIOPIANIRSTIS
0000 > & *
000D >e  'QUIF1’ LNAIEH POFR THFE TINY ASSFVHFLFF e
[olsleie] > .
0000 PN AE RSN INEREROLECIORVIOUNTLALIIETOILOIETTS
0000 >
EDSS *HEXIN FQU $FEO55 MIKPUG HFEX PY1E IN
FOu47 >atHIN EQU  $FO47 MIMBUG ATTFFESS 1V
Elac >CHAPIN FQU $FlacC MIKRUG CHARACIFF IN
AR >CHAKOUT FOU  S$EIT! MIXBLUG CHARACTER OUT
000 | >S$1AK1 FEU 1 S14FT LORIMING CHaR
000 L *STOP EQU 1 STRP LOA! INC CHoF
Qoog >
Al4R > Oh $ADuR
AOHH (M1 1) > FIR LORIEL LOsl STARTINF ATTE
a04n HE 3¢ >LDapER l.1aA #&3C SUPEFFSS FCHD FOR
AQAH AOD AA
ADUT IF MDY 1V > 51aa SROQ7 NPT
AOLF HE 3E > Lraa #°> PRINT *EFATY “WaFy*
ADST B FL D1 > J5h  CHAROUT
AOS4 PD FEL AC >3ERRCH JSE  CHAEIN SFRRECH FOF STAFT
ADST #1 0Ol > CYPA #51AFT OF PLOCK
ROSY 26 19 > BNF SFAECH
ADSB BI” FO 47 > JSi ACEIN GFT LOATING ArfFFSS
AOSE Bl FI art >LOOP JSE  CHARIV FFAT NFXT CHARBACTF{
an6l /1 01 > CvPA ¢STOP IF STOP COTF THFN
AD63 27 EF > EFQ  SFaked SFAFCH FOF NYT PLOCK
AKS PP EO 56 » JSk  HEXIN FLLSE KFAL HFX FYTF
a0e8 AT 00 > S$Tea X STARF 11
ADGA OB > X INCFFMFN1 ADDIRFSS
ACBH B0 F) > BRA  LOOP ANL CONTINUF
AOBL >
AGET > END END OF ASREMDLY

]

4 e LINHESOLVED

*ne SYMROLS?

T

APRN EO47 CHAN F1AC  CHAT FII'l  HFEXN F0O55 LOAT anas
LOOP AD%F  SFAH ADRA  S5Tay On0Ol STOP N00I

| 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
wark 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 /s 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 reoduble (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 5t, Peterborough NH 03458.
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Product

(Jescrigtion

Recogpnition for Heuristics SpeechLab

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

The first thing | noticed about the
Heuristics SpeechlLab 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, | was convinced that the
board worked. Horace LEnea and )ohn
Reykijalin, the principle designers, demon-
strated the recognition ol 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, bapana, 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 clse I've
seen produced by the personal computer
industry.

Hardware Manual

The hardware manual comtains the stand-
ard sections: introduction, assembly, and
theory of operation; bui, 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 te do with it?"
is a question frequently asked by friends of
personal computer owners. With this kit the
question is the answer. The Heuristics pecple
seem to be trying to creale 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.

Onc 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 Frangcisco CA 941318
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Hal Chamberlin
29 Mead St
Manchester NH 03104

Computer music is probably one of the
most lalked about serious applications for
home computers. By serious | mean an appli-
cation that has a degree of complexity and
open-cndedness 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 cven a good
definition of such a Lechnigue may never be
discovered.

At the same time, compuler music is an
casy ficld 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 ol great value to other Tamily 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 longer
very difficult to break into truly original
rescarch in serious performance of music by
computer. The advances in digital and linear
integrated circuits have made pulling to-
gether the hardware system lor supporting
such research largely a matter of clever sys-
tem design rather than UbGrute financial
strength. Programming, tempered  with
musical knowledge, is the real key Lo 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 C,
should serve to acquaint the reader with the
more popular techniques, their implemen-
tation, strengths, weaknesses, and ultimate
potential.

Generally, all computer music perflor-
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 standar  :or ercial com-
puters such as the IBM /09 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
liming device, it did not take long for
these carly tinkerers to figure out how lo
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 carelully
chosen for their execution Lime 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 freguency of

106
T/ 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
(—M‘)Hertz

and a duration of

N
% seconds. software had control of the printer hammer DURATION
timing. Each time a hammer was fired a COUNT =
Using different loops with more or fewer in- pulse of sound was emitted upon impact DUR. ARG.
structions will give us different Ms and thus with the paper. Using a timed loop program
different notes. Using different Ns when with a print hammer fire instruction im- i
entering these loaps gives different durations bedded in the loop gave a raspy but accur-
for the notes, and so we have satisfied the ately pitched buzz. [/t afso tended to cause FREQUENCY
definition of elementary monotonic music. 18M  customer engineers great lirepid- COUNT -—
Of course at this point the computer is ation . . .CHJ This same scheme should also FREQ. ARG.
merely humming to itself. Several techni- be possible on some of the small, completely
ques, some of them quite strange, have software controlled dot matrix printers that i
evolved to make the humming audible to are now coming on the market.
mortals. A sane approach, however, is to connect
. DECREMENT
One such method that doesn’t even re- a speaker 1o an output port bit through an FREQUENCY
quire a connection to the computer is to amplifier. Instructions would then be placed COUNT

use an AM portable radio tuned to a quiel
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 Let’s look at an example of a timed loop
computers had only 256 bytes of memory music playing program, not so much for its e
and no 1O peripherals except the front musical value (which is negligable}, but for PORT BIT
panel. some insight into what is involved, and also

What is actually happening is that the to introduce some terms. The MOS Techno-
internal logic circuitry with its fast rise logy 6502 microprocessor will be used for DECREMENT
time pulses is spewing harmonics that these cxamples. These programs are designed DURATION
extend up into the broadcast band region of to run on a KIM-1 system, and should run COUNT

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

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 limed 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 carly 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 1407 central processing
unil and the 1403 printer was such that

inside the timed loops to toggle the bit and
thus produce a clean, noise-free rectangular
wave,

Timed Loop Example

on most other 6502-based systems with very
minor modilications. 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.

NG

FREQ
COUNT
=0P

RETURN

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
used to drive the circuit in figure 2 to produce an audible tone.

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
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Mote Frequency {(Hz)
Middle C 261.62
cH 277.18
D 293.66
D# 311.13
E 329.63
F 349.23
F# 369.99
G 391.99
G# 415.30
A 440.00
A# 466.16
8 493.88

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

3.3K
QUTPUT PORT BIT [C>—An——4

The heart of the program is the tone gen-
eration subroutine which will be named
TONE. ldeally, such a routine would accept
as inpul 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 cach 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. Indeced this approach is
very accurate (to within 1 ps 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 contro! 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 1o get the frequencies and
durations desired? First the execution
time of the nested loops must be
determined. In the KIM-1 with a 1 MHz
clock and a 6502 the tightest inner waiting

+5v

2N3638
(OR ALMOST ANY PNP
TRANSISTOR)

220
1/2W

16002
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 ms, 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 puise 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 onc 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 vields a frequency
argument of 236. The duration argument is
311. So if TONE is called with these para-
meters, a nice G# ecighth 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 6 7 8 9 10
112 1.00 0 0333 0 0.200 © 0,143 0O g111 0O

113 1.00 0.500 0O 0250 0.200 Q@ 0.143 0125 0 0.100
1/4 1.00 0.707 0333 O 0.162 0.236 0143 © 0111 0.141
1/5 1.00 0.841 0.561 0.259 0173 0240 0©.210 0116 O

116 1.00 0.867 0667 0433 0.200 D 0.143 0217 0.222 0173

Table 2: Harmonic amplitudes of rectangulor waves. Note that, uniike 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 ampli-
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 selup described thus far has
no control over either of these parameters:
the volume level is constant, and the enve-
lope of each nete is recltangular with sudden
onset and termination.

TOME 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)+44 MICROSECONDS

1700 MPORT = 1700 : ADDRESS OF OUTPUT PORT WITH SPEAXER

DOEQ DUR = X'E0 ; ARBITRARY PAGE O ADDRESS OF DURATION PARM
0100 A2FF TONE: LDX #X'FF ; SEND ALL 1'S TO THE OUTPUT PORT

0102 8EQQ17 57X MPORT

0105 RA TAX ; TRANSFER FREQ PARAMETER TO INDEX X

0106 CA WHIGH: DEX 3 WAIT LOOP FOR WAVEFORM HIGH TIME

0107 DOFD BHE WHIGH 3 TIME IN THIS LOOP = S®FREQ PARAMETER
0100 FOOD BEQ .42 3 WAIT 15 STATES TO MATCH TIME USED TO
010B FOQO BEQ 42 ; DECREMENT AND CHECK DURATION COUNT AFTER
C10D FOOO BEQ .+2 ; WAVEFORM LOW TIME

010F FOOO BEQ .42

G111 FOOO BEQ .2

0113 A200 LDX 40 ; SEND ALL 0'S TO THE OUTPUT PORT

0115 BEGO17 5TX MPORT

0118 A4 ThX ; TRANSFER FREQ PARAMETER TO INDEX X

0119 Ca WLOW: DEX 3 WAIT LOOP FOR WAVEFORM LOW TIME

011A DOFD BHE WLOW + TIME IN THIS LOOP = S®FREQ PARAMETER
011C CHED DEC DUR 5 DECREMENT LOW PART OF DURATION COUNT
QU1E DOOS BHE TIMWAS ; BRANCH IF NOT RUN OUT

0120 CHEY DEC DUR+1 ; DECREMENT HIGH PART OF DURATION COUNT
0122 DODC ENE TONE 3 GO DO ANOTHER CYCLE OF THE TONE IF NOT O
orzd &0 ATS ; RETURN WHEN DURATION COUNT RUNS OUT
0125 FOOO TIMWAS: BEQ .42 3 WASTE 7 CYCLES TO EQUAL TIME THAT WOULD
0127 FOOO BEG .42 s HAVE BEEN SPENT IF HIGH PART OF DUR WAS
0129 pODS BKE 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 nonsymmelri-
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.
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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.

G6

The circuit in figure 3, which can be used
with any TTL compatible output port,
gives an output voltage

v:( L \ys

255

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, I, as a fraction between 0 and !
rather than an integer. The henefit of this
will become 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 10
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 0 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 2 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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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 onfy a very rough approximation of the original, but low pass fifter-

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 compuie tlhe enlire sound
waveform in detail al its own speed.

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

Figure 4 shows a sine wave as it would
appear at the DAC oulput, 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 ki 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 anaiyzer.

Before giving up, let's look al the fre-
quency spectrum of rhis staircase-like wave
on a spectrum analyzer. The spectral plot in
figure 5 shows a strong frequency com-
ponent at 1.2 kHz which is the sine wave
we are trying 1o 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 cach 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 [ 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 ta 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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Figure 5. The spectral plot of the staircase-like sine wave approximation shown in figure 4. This
frequency versus amplitude graph indicates a strong frequency component at 1.2 kHz, the fre-
guency of the sine wave. Normally, this would be the only frequency component to appear on
a plot like this, but the presence of steeply rising steps in this waveform approximation intro-
dces distortion components at higher frequencies, as shown.

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 il 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-
quency (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.
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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 small
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 iot 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-
mcter 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-
tancous 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 o
do if the sample rates of the two tones are
the same. Actually, all the audio mixer does
is to @dd the two inpul vollages together Lo
produce its output, but a very important
realization is that the addition can also be
done in the computer before the outpul
conversion by the DAC! The two samples
are simply added together with an ADD
instruction, the sum is divided by two {10
constrain it to the range of -1 ta +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 lo generate an ensemble of tones, each
one possibly having its own waveform,
amplitude envelope, and loudncss relative
to the others. Indeed, this is ali that is
necessary to simulate a typical organ.

Up to this paint 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 1o build the
tone from harmonic components. Each
harmonic component of the tone is simply






Listing 2: A program which, in conjunction with tables 3, 4 and 5, generates
four simuftaneous musical voices, each with a different waveform and volume
level. The program is designed for use with the 6502 processor cotipled to
an & bit unsigned digital to analog converter (DAC) like the one shown in
figure 3.

000D

1700
1701
1780
1c22

fdooo
oot
0003
0004
0006
oot
6009
0004

000C
OO00E
D010
ootz

Qotu
o015
o7
omg
oo
001D

0100

0100
0102
0105
0106
0108
Q104
010C
0108
Q110
o2
PRRTLY
016
0118
Qi1A
oie
0ilE
0120
022
012y
0126
0127
0129
0128
012D
012F
0131
0133
0135
0137
0139
0138
013D
013F
oLz

D145
D146
o148
0149
D14A
D1uC
Q14E
014F
D151

0154

s1¢]
0000
00
000D
00
Q000
00
0000

0000
0000
[ehvlaled
0000

00

Qooo
0002
nogo
[plecslo]
5200

ASFF
BDO117
p8
AS17
8515
518
8516
ACOD
A518
8519
B11S
FO3C
€901
Fo29
851K
E615
Doo2
EB16
B115
AR
B520
919
E619
BSIF
FARL]
E615
Doo2
E616
€619
AS519
Co14
DOES
205701
UCDED

cB
B11%
48

cB
B115
8516
68
8515
LCOEDT

hezac

DAC

DACDIR
AUXRAM
KIMMON

VIPT:
V2PT:
V3PT:

VEPT:

VIIN:
V2IN:
V3iN:
VAIN:

DUR:

NOTES:
SONGA :
INCPT:
INCA:
TEMPO:

MUSiC:

MUSICI:

MUSIC2:

MUSIC3:

MUSICA:

NXTSEG:

ENDSNG:

i

THIS PROGRAM PLAYS MUSIC IN 4-PART HARMONY ON THE KIM-1 OR

OTHER 6502 BASED SYSTEM USING AN B-BIT UNSIGNED

DIGITAL-TO-ANALOG CONVERTER CONNECTER TO AN OUTPUT PORT.
DOES NOT USE THE ROR

FOR SYSTEMS WITH A 1 MHZ CRYSTAL CLOCK.
INSTRUCTION.

SONG TABLE IS AT "SONG"

ENTRY POINT [S AT "MUsIC"

TUNED

3:4 TIME, 100 BEATS PER MINUTE, DUR=6Y

.= 0 ; ORG AT PAGE O LOCATION O

=z X*1700 ; OUTPUT PORT ADDRESS WITH DAC

= X'1701% 3 DATA DRIECTICN REGISTER FOR DAC PORT

= X' 1780 ; ADDRESS OF EXTRA 128 BYTES OF RAM IN 6530
= X'1ca2 ; ENTRY POINT TO KIM KEYBOARD MONITOR
.BYTE 0 i VOICE 1 WAVE POINTER, FRACTIONAL PART
.WORD WAVITB ; INTEGER PART AND WAVE TABLE BASE

.BYTE 0O i VOICE 2

.WORD WAV2TB

.BYTE © v VOICE 3

.WORD WAV3TE

.BYTE 0 : VOICE U

.WORD WAVUTB

.WORD © i VOICE 1 [NCREMEMT {FREQUENCY PARAMETER)
.WORD © i YOICE 2

.WORD O© ¢ VOICE 3

.WORD O i YOICE 4

CBYTE © ; DURATION COUNTER

.WORD @ i NQTES POINTER

.WORD SONG + ADDRESS OF SONG

.WORD 0 ; POINTER FOR LOADING UP VINT - VUNT
.WORD VIIN i INITTAL VALUE OF TNCPT

.WORD 82 ; TEMPO CONTROL VALUE, TYPICAL YALUE FOR

DESIGNATES A QUARTER NOTE

.= X'100 3 START PROGRAM CODE AT LOCATION 0100

MAIN MUSIC PLAYING PROGRAM

LDA #X'FF : SET PERIPHERAL 4 DATA DIRECTION
S5TA DACDIR ; REGISTER TO QUTPUT

CLD 3 INSURE BINARY ARITHMETIC

LDA SONGA ; INITIALIZE NOTES POIRTER

STA NOTES ; TO BEGINNING OF SONG

LDA SONGA+?
STA NOTES+?

LDY #0 SET UP TO TRANSLATE U HOTE ID NUMBERS
LDA INCA INTQ FREQUENCY DETERMINING WAVEFGRM TABLE
STA INCPT INCREMENTS AND STORE [N ¥1IN - VWIN

LPA (NOTES) , ¥
BEQ ENDSNG

GET DURATION FIRST
BRANCH IF END OF 30NG

CMP # TEST IF END OF SONG TABLE SEGMENT

BEQ NXTSEG BRANCH IF SO

STA DUR OTHERWOSE SAVE DURATION IW DUR

INC NOTES DOUBLE INCREMENT NOTES TO POTNT TO THE

BNE  MUSIC3
INC  NOTESs1
LDA  (NOTES),Y
TAX

LDA  FRQTAB+1,X
STA  (INCPT),Y
INC  INCPT

LDA  FRQTAB,X
STA  {INCPT),Y
INC  NOTES

BNE  MUSICH
INC  NOTES+?

NOTE ID OF THE FIRST VOICE
GET A NOTE [D WUMBER
INTO INDEX X

INDEX TD HIGH BYTE
GET HIGH BYTE OF FREQUENCY

NOTE ID OF THE NEXT VOICE

GET LOW BYTE OF CORRESPUCNDING FREQUENCY
STQORE INTO LOW BYTE OF YOICE INCREMERT

STORE INTQ KIGH BYTE OF YOICE INCREMENT
DOUBLE INCREMENT WOTES TO POINT TO THE

INC INCPT 3 INDEX TO NEXT VOQICE EINCREMENT

LDA INCPT ; TEST IF 4 VOICE [NCREMENTS DONE

CMP #VLEING2

BNE MUSIC3 i LOOP IF NOT

JSR PLAY ; PLAY THIS GROUP OF HOTES

JMP MUSICH i GO LDAD UF NEXT SET OF NOTES

INY ; END OF SEGMENT, NEXT TWO BYTES FOINT TO
LDA (NQTES) Y ; BEGINNING QF THE HEXT SEGMENT

PHA

INY ; GET BOTH SEGMENT ADDRESS RYTES

LDA (NOTES), Y

STA NOTES+1 THEN STORE IN WOTES POINTER

PLA
STA NOTES
JMP MUSICY ; GO START INTERPRETING HEW SEGMENTT

JMF KIMMON ; END OF SONG, RETURN TO MONITOR
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 digital 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 harmanic
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

Q158
Q15C
015E
D160
06
A3
167
@64
0168
Q16D
016F
01
073
075
G177
a1y
Q7B
017D
017F
5
183
0185
Q187

0189

0188
0180
018F
Q131

0133
Q135
0y

[eRL:1:]

0194

DIac
019g
0140

Qa2

[sAF]

0106

0148

0144

Q1AB

AQ0D
AG1D

1]
B101
7104
7107
TIGA
80017
A500
650¢
Bs00
A501
650D
B50n
A503
H50E
8503
ABO4
650F
8504
4506
6510
8506
ASDT
6511
8507
AS0Y
6512
8509
508
4513
8504
A
DOGS
Ch1k
FOOC
AG1D
DoBY
nooo
pooG
[o00
poBY
4]

PLAY:

PLAYY:

TIMWAS:

ENDNOT:

PI1END

LDY
LDX

CLC
LDA
ADC
ADC
ADC
STA
LDA
ADC
5Th
LDA
ADC
3TA
LDA
ADC
STA
LDA
ADC
STA
LA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
LDA
ADC
STA
DEX
BNE
DEC
BEQ
LDX
BNE
BNE
BNE
BNE
BNE
RTS

0 ;5 SET Y TO ZERO FO SIHATGHT [NLIRECT
TEMPO o OSET X [0 TEMFO CIUNI
i COMFUTZ AND DUIRUT A CUMPLsULE SAMPLE
i CLEAR CARRY
{VIPT+1),Y 3 ADD UF k VOICE SAMPLES
(V2PT+1),Y : USING INDIRECT ADDRESSING THhoUGH YOICE
(V3IPT+1),Y i PUERTEAS INTO WAVEFUGhM TABLES
(VEPT+1},Y  STRALGHT INDIRes ]l wieN 4 INDREX - v
X'1700 3 SEND 3UM TO Lid:iThL-lu-ANALLG CubvEhinh
VIPT 3 ADDL PNCREMEXNID T4 PalWlehs fub
LARY ; THE B VOICES
IpT v FLIRST FRACTIUNAL FAHL
VIPTa1
VIIN+1
VIET o THER [NIgdkR |akT
V2PT i VOICE 2
V2IN
v2pT
V2PTet
VZINet
V2PT+1
V3PT i VUICE 3
V3IN
V3PT
V3IPT+)
V3INe?
Y3PTe!
VHPT 3 VOICE 4
VHIN
VGPT
VHPT+1
VU IN+1
VUPT+!
; DECHEMEST & JifkoE laMiu wudhl
TIMWAS T BHANUN 10 TI¥~n Whoo& fF NoL Rul Ul
DUR 3 DECREMENT & JHELE LURATLDE GUUNHTEH
ENDROT v JUMP QUT IF EHL OF HNGik
TEMPD + HESTORE 1aMPO CUUNT
PLAY?Y v CORTINUE PLAYINU
Y4 3 WASTE 12 LiATES
.e2 i 3
2 H
PLAY] 3 VONTINVe FlLAGING

i RETURH

3O TUTAL Luoi TaME 5 Tow Lidfee = Bifw 2
i DEF (NE BEGINKING ADDhRGG ruil THIND PART
GF SONG TABLE

Sampled Waveform Example

It should be obvious by nuw that while
these sampled waveform technigues are
completely general and capable of high
quality, there can be a greal deal of com-
putation required. bven the most powerful
computers in  existence would be hard
pressed to compute samples lur a significant
piece of music with many voices and all
subtleties implemented at a rate fast enough
for direct oulput to a DAL and speaker.
Typically the samples are computed  at
whatever rate the program runs and are
saved on a mass storage device. Alter Lhe
piece has been “computed,” 4 playback pro-
gram retrieves the samples and sends them to
the DAC at a uniform high rate.

Most microprocessors are last enough to
do a limited amount ol sampled waveform
computation in real time, The 6502 is one
of the best & bit machines in Lhis capacily
due to its indexed and indirect addressing
modes and its overall high speed. The
example program shown in listing 2 has the
inherent capability 1o generale 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,
anly 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 Lhe 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
V4IN 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
WAVATB 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 Q 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 lhe 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 Lo 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,






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.

INPUT o—AANA—4

0 T0 +5V

SK SOURCE
IMPEDANCE

00IF
0021

0023
0025
oo27
0029
0028
Q020
QU2F
0031

0033
0035
0037
0039
0038
003D
003F
0041

0o43
nous
ool7
004g
oo4R
oolp
0OUF
L]

0053
0055
0057
0059
0058
005D
005F
0061

0063
0065
0067
0069
0068
006D
006F
o7

0073

0075
a0?7

0079
00TB
007D
007F
0081
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 65.41
Hz (for C2) to 1046.5 Hz (for C6).

+5V

0000
01E9
0206
0225
0245
0268
028C
o2B3
02pC
0308
0336
0367
0394
03D1
040B
o4Lg
0484
ol ol f
0519
0566
0588
0B0F
066C
06CD
0735
Q7TA3
0817
0892
0915
099F
0A31
0ACC
0871
OCIF
oco?
0D9B
0E64A
Qris
102E
1124
1229
133E
1462
1599
16E2
183E
19AF
1836
1CDY
1EBB

I 4700pF

> 91K

SIK

AAA

g 5iK

56K Is

150pF

VW

IGBOOpF

- 14
5
LM3300

+l2v

S6K 82K

AA AA
VWA W

b—— OUTPUT
+3.5 10
+85vV

< OI5uF

.

LBYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
LBYTE
LBYTE
LBYTE
.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
LBYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE

100 F

T
6V

NOTE FREQUENCY TABLE FOR 8.772 KHZ SAMPLE RATE
RANGE FROM C2 (65.41 HZ) TO C6 (1046.5 HZ)
INCR.

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
12,31
12,215
13,155
14,106
15,69
16,46
17,36
18,11
19,62
20,98
21,153
22,226
24,62
25,175
21,54
28,212
30,139

'
;
'
5
3
H
H
H
i
H
H
i
'
i
3
3
P
v
i
H
H
’
3
H
V
i
H
’
P
H
H
H
'
‘
'
'
H
5
3
y
;
)
H
'
H
B
i
V
H
H
'
3

N ot s o -
oo ENOOENOD

g2
ol
96
98

405

.295

415
783
408
308
4g8

.998

83
00
54
u7
.81
59
.83
57
.82
.62
00
.00
.65
00

NOTE FREQ.
SILENCE
c2 65.
c2r 69
b2 73.
D28 7.
E2 B2.
F2 87.
Fae 92.
G2 97
c24 103
A2 110.
A2# M6.
B2 i23.
c3 130
c3y 138,
D3 146
D38 155,
E3 164
F3 174
F30 185,
G3 196
G3¢ 207
A3 220.
A3 233.
B3 246,
c4 261.
Che 277.
Di 293.
pue 311,
El 329.
F4 349,
Fue  369.
Gl 391,
G4 u1s.
Al 440,
AU0 U66.
-1 ug3,
<5 523.
c5e 554,
D5 587.
D50 622.
E5 659.
F5 698.
F58 739,
G5 783.
G54 830.
AS 880.
AS6 932
BS 987.
cé 104

6.5

COEENTAOROVIUVIUE S E Swww b om0 N RN —

10
10
1"

12.

12

13.
.
15.
16.
17,
18.

19

20.

21

22.

24

25.

27

28.
30.
DEFINE BEGINNING ADDRESS FOR SECOND PART
OF SONG TABLE

.9089
.0224
L1427
. 2701
L4051
.5481
.6996
L8601
.0302
L2104
L1403
.6035
.8178
.ouug
. 2854
.5402
.8102

0962
3992
7203
0604
4208
8026
2071
6356

.0897

5707
o8ou

.6203

L1924
. 7984
L4405
1208
L8416
6052
4142
2713
1794
A
1607
.2h06
3847
.5969
8811
L2417
6831
.2103
8283
5426
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> 2 FILTERED
+5v OUT

NOTES: ALL RESISTORS (/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 (V1PT thru V4PT) to the four
waveform tables. Each painter 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 zerg,
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 controf element.

The most obvijous 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 O
to +10 volts, although some modules will

AN

1000uF
1oV

i

Figure 8. An inexpensive,

2N3638 wide band Jow power
:[(] gg audio amplifier. This cir-

GREATER cuit, when coupled with

SPEAKER the circuits in figures 3

and 7, is all the experi-
menter needs to create

l music with his or her
microprocessor.

SONG TABLE

EACH MUSICAL EVENT CONSISTS QF 5 BYTES

THE FIRST [S THE DURATION OF THE EVENT IN UNITS ACCORDING TO
THE VALUE OF "TEMPO", ZERQ DENOTES THE END OF THE SONG.

THE NEXT 4 BYTES CONTAIN THE NOTE ID OF THE 4 VOICES, 1 THROUGH
W, O INDICATES SILENCE FOR THE VOICE.

0200 .= X200 ; START 30NG AT 0200

H 50NG TABLE FOR THE STAR SPANGLED BANNER BY FRANCIS 5COTT KEY
i AND J. STAFFORD SMITH
H DURATION COUNT = 64 FOR QUARTER NQTE

0200 HOUADDOO3Z SONG: .BYTE 96,74,0,0,50 ; 3/8 cs o] 1
0205 104400002C .BYTE 16,68,0,0,44 ;1416 Al A3
0204 4040000024 .BYTE 64,64,0,0,36 P2 Gl F3 2
020F 4044000024 .BYTE 6U,68,0,0,36 HR L Al F3
0214 UO4ADD0022 .BYTE 64,74,0,0,34 ;oW c5 £3
0219 BOSUUELLIE .BYTE 128,84,78,68,30 RV Fs o] 1 D3 3
021E 305C52U51C .BYTE 48,92,82,68,28 i 3216 A5 E5 AU ci3
0223 105800401C LBYTE 16,88,0,64,28 ;1416 G5 Gl ci3
0228 UO54003CIE .BYTE 6U4,84,0,60,30 Dok FS Fi D3 4
022D 4OLUOO3CIE .BYTE 64,68,0,60,30 ;o1k Al Fil D3
0232 4ouBuO3C28 .BYTE 64,72,64,60,40 T 84 G4 Fi G3
0237 BOUAUO3A32 JBYTE 128,74,64,58,50 D2 cs GY4 E4 ct 5
023C 204A000032 .BYTE 32,74,0,0,50 ; 1/8 c5 cy
0241 204A000032 .BYTE 32,74,0,0,50 ; 1/8 cs ch
0246 6OSCSUNL2Y .BYTE 96,92,84,68,36 ; 3/8 a5 F5 Al F3 6
0248 2058004028 .BYTE 32,88,0,64,40 ; 1/8 G5 G4 G3
0250 4054003C2C JBYTE  64,84,0,60,48 s 174 F5 Fi A3
0255 80%24A4032 .BYTE 128,82,74,64,50 ;2 £5 cs cl o7
025A 30UEWGO02E .BYTE 48,78,70,0,46 ;3416 DS BE4 Be3
025F 10524A402E LBYTE 16,82 7U,64,46 ;1216 ES c5 o] B3
0264 HOSUUALL2C .BYTE 64,84,74,68,u44 Ry 5 c5 Al A3 B
0269 405400003C .BYTE 64,84,0,0,60 ;14 FS FU
026E H0WAD00032 .BYTE 64,74,0,0,50 ;o1/h cs ch
0273 40UND0002C .BYTE 64,68,0,0,44 ;o Al A3 9
0278 403C000024 .BYTE 64,60,0,0,36 ;124 Fi F3
027D 304A000032 .BYTE 48,74,0,0,50 1 3716 5 cl
0282 1044D0002C .BYTE 16,68,0,0,44 D116 Al u3
0287 403CO0DO2Y .BYTE 64,60,0,0,36 i otsh 0 F3 10
028C HOWHOQ0024 .BYTE 64,68,0,0,36 VL A4 F3
0291 4DKAODDO22 LBYTE  64,74,0,0,34 sl s €3
0296 BOSHHEHUIE JBYTE 128,84,78,68,30 D\2 F5 D5 Al Dy N
0298 305C524K1C .BYTE 48,92,82,68,28 1 3716 A5 £5 Al C#3

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:

Q240
Q2h5
D24A
b24F
g2BH
a289
02BE
02¢3
p2cd
D2Ch
oz2p2
02p7
o2pe
02EY
02E6
02EB
Q2F0
Q2F5
D2Fh
Q2FB

0083
Q083
0088
oo8p
0092
0097
Qogc
QORI
Q0RG
00AB
008D
00BS
GOHA
QO0BF
ooch
Qocy
Q0CE
0003
oop8
oonD
GDE2
ODET
OQEC
O0ED

0148
O1AR
0180
0185
01B4A
O1BF
01CH
01C3
O1CE
0103
0108
01D
01E2
01E7
O1EC
01
01F2

1780
1780
1785
1784
178F
1794
1799
1749E
1743
1748
1TAD
1762
17B7
17BC
1761
17CH
17c8
1700

105800401C
4DS4003CIE
HOBLODICIE
upuBLD3C28
BOUANGO3ATR
2048000032
2044000032
605C544424
2058004028
2054003C2C
BO52UAND32
304E46002E
10521 A402E
HOSARUY2C
405400003C
404A000032
uQHUG0002C
403C000024
01

8300

3050540428
10505440428
HO5C5URU2Y
4OSESHNE2E
UQB25hUA2C
Bob25uba2C
205E584628
205C540h2C
u058524032
BOSCHMIU3C
LOSES24640
BOSESB4B1A
YOSES246 1A
605CHANL2Y
2058444028
dosdaa3cac
BDS52444032
20UE00362E
20524 A342E
LOSHUA3C2C
404y 3C0036
o1

ABD?

4oUBUD3C28
BOMAUOIAYA
4OMADDOO32
HOSLURGNZE
4054464028
205444420
20524A442C
HOYELBICIE
HOYEBBICZE
HONELATE2C
4058464028
205E460028
205C44002C
205840002E
0

8017

20543C0030
HOGUUAUN T2
HOSZURMDA
200 R000032
204400002E
GOSUYRLY2C
2058004032
2050004440
205ED04640
60625C540Y
2054 4E4436
205B484034
BOSCSUYA3Z
205E5U4E32
4058524632
BOSHNALAIC
alo]

.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
.BYTE
«BYTE
.BYTE
.BYTE
.BYTE
-BYTE
.BYTE
.BYTE
.BYTE
.BYTE
LBYTE
.BYTE
.BYTE
.BYTE
.WORD

.BYTE
.BYTE
CBYTE
.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
.BY¥TE
.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

0

END OF PIECE

16,88,0,64,28 R VAL o] Gl C#3
64,84 0,60,30 ;174 F5 Fu D3 12
6u,68,0,60,30 A Al Fu 03
64,72,64,60,40 R P2 BY Gl Fl G3
128,74,64,58,50 v o2 c5 Gl E4 cy 13
32,74,0,0,50 i /8 c5 cu
32,74,0,0,50 : 1/8 c5 cl
96,92,84,68,36 ; 3/8 AS F5 Al F3 ot
32,88,0,64,40 1 1/8 G5 Gl G3
32,84,0,60,u44 ; 1/8 Fs Pl A3
128,82, 7h,64%,50 ;12 E5 cs GH cho1
48,78,70,0,46 ;316 D5 B84 Bé3
16,82,74, 64,46 FARVAL E% c5 Gl 863
64,88, 74 68,44 HRYL] F5 cs A A3 1o
64,84,0,0,60 A F5 Fi
64,74,0,0,50 Y] c5 Ch
64,68,0,0,44 Do/ Al A3 17
64,60,0,0,36 ;1 Fi F3
1 ; DEFINE END OF THIS SEGMENT
POEND ; ADDRESS OF BEGINNING OF NEXT

; SEGMENT
POEND 7 ORG AT END OF PAGE O CUBE
48,92,84,68,40 T 3/16 AS F5 Al G3
16,92,84,68, 40 PR FAT AS F5 A G3
64,92,84,68,36 ;o1 25 F5 A Fs 18
64, 94,84, 70,40 2 B&5 FS BOE  G3
64,98, 84 74, 0y R ch FS ch As
128,98,84, 74, 44 ;172 o) F5 c5 A3 19
32,94,84,70,40 ;178 BaYy  FS Bo4 G3
32,92,B4,68 44 ;18 AS FS Al A3
64,88 ,82,64,50 3 1/ cs E5 Gh 20
64,92,84,68,60 ] AS F5 A4 K4
64,94 82,70, 64 ;1 B@s B85 Béu  Gu
128,94 ,88,70,26 L1z B85 G5 Bé4  Cc3 20
6u,94,82,70,26 L] BES ES Bes  C3
96,92,74,68, 36 i 3/8 A5 ot} Ab Fy 22
32,88, 74,64,40 ; 1/8 G5 c5 Gu G
64,84,74,60,44 RVZ] F5 o] Fl A3
128,82,74,64,50 ;12 E5 c5 Gl cu 23
32,78,0,54,46 s 1/8 i3 Dl LR
32,82,74,58 46 ; 1/8 ES c5 £ Be3
B4, 8N,78,60, 84 P2 F5 c5 Fl A3 24
b4 ,68,60,0,54 v Al Fit b
1 ; DEFINE END OF THIS SEGMENT
P1END ; ADDRESS OF BEGINNING OF NEXT

+ SEGMENT
P1END ; ORG AT END OF PACE 1 COBE
64,72,64,60,40 T I/h Bl Gl Fu G3
128,74 ,64,58,26 ;172 c5 GY El ¢y 25
64,74,0,0,50 R c5 ch
64,84, 74,68, 36 HRRL] F5 cs Al F3 26
64 ,84,70,6U, 40 HR FS Bé4y  Gu G3
32,8N,74,68 4 ; 1/8 5 c5 Al A3
32,82,74,68 b4 . 1/8 E5 " " "
64,78,70,60,46 T/ b5 BA4  Fh BE3 27
64,78,70,60,46 Ry DS BAU  Fu Be3
64,78,74,62 44 D 14 DS c5 FOu A3
64,88,70,64,40 ; 1k G5 B&4 Gk G3 28
32,94,70,0,%0 i 1/8 BES  BOU ¢3
32,92,68,0,44 ;178 A5 LY A3
32,88 64,0,46 ; 1/8 G5 GH BE3
1 + DEFINE END OF THIS SEGMENT
AUXRAM 1 ADDRESS OF BEGINNING OF NEXT

3 SEGMENT (IN 6530 RAM)
AUXRAM ; ORG AT BEGINNING OF 6530 RAM
32,84,60,0,48 ; /8 F5 Fu BY
64,84 T, 68,50 R VZ! 5 cs Al cy 29
64,82, 7h, 64,20 3 /4 ES cs GY C3
32,74,0,0,50 ;18 €5 ch
32,74,0,0,46 ; 1/8 [%3 BE#3
96,84, T4 A8, 44 ; 3/8 F5 cs Al A3 30
32,B8,0,64,50 ; 1/8 [ ch cu
32,92,0,68,64 ; 1/8 A5 Al G4
32,94,0,70, 64 ;18 B85 Béy G
128,98,92,84,68 vz co A5 (3] M3
32,84,78,68,54 ; 1/8 F& 1 Al bu
32,88,72,64,52 ; 1/8 G5 BY o) DéY
96,92,84,74,50 ; /8 AS F5 c5 o 32
32,94,84,78,50 ; /B Be5 F5 D5 o
64 ,BB,82,70,50 R G5 E5 BOY  C
128,84,74,68,60 ;172 F5 c5 Al F4 33

78

would produce a nearly inaudible 16.4 kH..
A typical oscillator madule 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 wavetorms simultane-
ously.

A voltage controlled amplifier has as a
minimum a signal input, a control input, and
a signal output. The voltage at Lhe 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 paich 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 contro!
voltages under program controi and the
ADCs would allow operator input from the
keyboard, for example, to be stored. Since
control voltages vary stowly 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 FPAGE BOUNDARY

MAXIMUM VALUE OF AN ENTRY 1§ 63 DECIMAL OR 3F HEX TQ AYQID
OVERFLOW WHEN 4 VOICES ARE ADDED UP

NOTE THAT ALL L VOICES USE THIS TABLE DUE

Recently, specialized music peripherals
TQ LACK OF RAM IN BASIC KIM-1

have appeared, usually oriented toward the

several interfaces to electronic organs in 0300 X'300 ; START WAVEFORM TABLE AT 0300
existence _also. Even piano mech:fmlsrrfs 0300 WAVITE . VOICE 1 WAVEFORM TABLE
can be activated, as noted eisewhere in this 0300 WAV2TB = i VOICE 2 WAVEFORM TABLE
. su 0300 WAV3TB z + VOICE 3 WAVEFORM TABLE
155U€. 0300 WAVATB = i VOICE 4 WAVEFORN TABLE

S-100 {Altair) bus. In some cases these are ; LD L RN ENTAL
digital equivalents of analog modules of ; THIRD HARMONIC .5, 90 DEGREES LEADING PHASE
similar functi(_)n. For examplg, a variable 0300 3336353636 BYTE X*33,X'3%,%035,X'36, X136, %37, %' 38,X' 39
frequency oscillator may be implemented 0305 373839
. divid b N d . b 0308 393A43A3B3B .BYTE X'39,X'3A,X'3A,X'3B,X'3B,X'3B,%X'3C,%X'3C
Ustng a IVIde-Dy- counter driven by a 030D 3B3C3D
crystal clock. The output frequency is gg:g ErErtraated -BYTE X73C,X*3C,X"3C,X"3C,X73C,X'3C, %'3C, X3¢
determined by the value of N loaded into a 0318 3¢3c3CIBI8 .BYTE X'3C,X'3C,X'3C,X'38,X'3B,X'38,X'3B,X"'3B
. . . 031D 3B3B3B
register in the device, much as a control 0320 3A3A3A3A3A JBYTE  X°3A,X'3A,X'3A,X'3A,X'34,%'34,%739,X°39
voltage affects a voltage controlled oscil- gggg ;3?3333939 BYTE  X'39,X'39,X'39,X'39,X'39,X'39,%'39,X'39
lator. Such an approach bypasses the fre- 032D 3939§9 ’ VTR AR SRR SRR SRR
quency drlft pl.oblems and lnterfa(.‘.lng ex- gggg g:g;§£3A3A .BYTE X*3A,X'34,%X'3A,X"3A,X'34,X"3B,%'38,X'3B
pense of analog modules. The biggest advan- 0338 3B3C3C3C3D .BYTE X'3B,X*3C,X'3C,X'3C,X'3D,X'3D,%'3D,X"3D
. . H BH 033D 3D3D3D
tage,.howr.vm, is avall_ablllty of advanced 0340 IEIEIEIEIF BYTE X3E,X'3E,X'3E,X'3E,K'3F, X' 3F, X 3F, X' 3F
functions not feasible with analog modules. 0345 3F3F3F
. ) 0348 3F3F3F3F3F BYTE  X'3F,X'3F,X'3F,X'3F,X'3F,X'3F, X' 3F X13F
One of these is a programmable wave- 034D 3F3FAF
form. A small memory in the peripheral gggg gggggg”m -BYTE  X'3E,X'3E,X*3E,X'30,X*3D, X" 3C, X" 3C, X*38
holds the waveform {either as individual 0358 3B3A393838 .BYTE X'3B,X'3A,X'39,X*38,X'38,X'37,%36,X'35
; st : 035D 373635
sample values or Foune_r _coef_flcnents), which 0360 3433353130 JBYTE X'34,X'33,X'32,X'31,X'30,X'2F, X'2E,X'2D
can be ChangEd by Wn“ng In 4 new wave- gggg 22553\’2928 BYTE X'2C,X'2B,X'2A,X'29 X'28,X'27,%'26,%X'25
form under program control. Another advan- 036D 272625 ’ PRTTR R SR mEem et
tage is that time multiplexing of the logic o Zhzgzaanay SBYTE  X'24,X'23,X°22,%'21,%'21,%X'20, X" \F K'1F
is usually paossible. This means that one set 0378 YE1E1DIDID _BYTE X'1E,X'JE,X"1D,X’1D,X'1D,X'1D,X" 1C, X" IC
H H H 037D 1DICIC
of logic may su‘nulat.e the function of several 0380 1CIC11DID BYTE X*1C,X*1C,X'1D, € 1D,X 1D,X¢1D, X" 1D, X" IE
digital oscillators simultaneously, thus re- 0385 1DIDIE
. . . 0388 1E1F1F2020 CBYTE X'1E,XUIF, X*IF,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 ggggg‘;?“?-" (BYTE X'23,X'23,X124,X'24, X125 K126, X126, X" 27
nothing more than a hardware implemen- 0398 2828292929 .BYTE X'28,X'28,X'29,X'29,X'29,X'2A,X 24, %' 2B
H H R 039D 2A242B
tation of the PLAY routine mentioned
Q3A0 2B2B2B2B2B .BYTE X'2B,X'2B,X'2B,X'2B,X'2B,X'2B.X'2B,X'24A
earlier. 0345 282824
o . . 03A8 2A2A292928 (BYTE  X'2A,X'2A,X'29,X'29,X'28,X'27,X'27 ., X'26
Digital/analog hybrids are also possible. 03AD 272726
The speech synthesizer module produced gggg ggiﬁgzzm BYTE  X'25,X'24,X'23,X'22,X'21,X'20,X' IF, X' 1D
by Computalker Consultants, for example, 03B8 1C18191817 LBYTE  X'1C,X'1B,X*19,X"18,X'17,X 15, 14,X 13
1 H . 03BD 151413
comblnes a program'm_able OSCl'I.atOf, Seve{a' 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 080308
- . 4 . ‘07,X'06,X'05,X'04,X03,X'03,X°02, X0
noise gencrator, and programmable switch- S rosga0uos BITE  X(07.X'06,X105,X10K, X103, X103, X'02.
ing on one board. Although designed for g;gg 3383820000 <BYTE X'01,X'00,X"00,X'00,X00,X'00,X'00, %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
mable nature gives it significant musical 030D 020304
. R . 03E0 0506070809 .BYTE X'05,X'06,%'07,X'08,X'09,X'0B,X*0C,X'0D
potential, particularly in vocals. 03ES 0BOCOD
How do these various control techniques o3 orayane -BYTE X'OF,X'10,X'12,X"13,X"15,X°16,X!18, k14
compare with the direct waveform compu- gggg ;g;gg;zoze .BYTE X'1B,X'1D,X'1F,X'20,K'22,%'23,X'25,%4'27
tation techniques discussed earlier? A de- 03F8 282A2B2C2E JBYTE 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 27303
ing of the music. Another advantage is LEND
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
quantity of synthesizer modules available. to avoid overflow when all four voices are summed.
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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

*  TOCCATA AND FUGUE IN D-MINOR BACH

L]

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 1A3,1/64; 2A2,1/64
1A@3,1/64; 22€2,1/64
1A3,1/8; 2A2,1/9
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,Ll/6d
1043,1/32; 2Ck#2,1/32
1p3,1/16; 202,1/16
R,1/4
iD2,1/1; R,1/4
2C#3,1F2: R,1/16
1E3,7/16: R,1/16
1G3,7/16: R,1/16
1BE3,5/16; R,1/16
1Ck4,4/16; R,1/16
1E4,3/16

/-

140 1B#4,1/8; 1G4,1/8; LE4,1/8;

1E3,1/32
163,1/32
1B€3,1/32
1Ck4,1/32
1Bg4,1/8

1B@4,1/8; 1G4,1/8; 1E4,1/8;
1a4,1/8; 1FH4,1/8; 1D4,1/8;

PEMPO 1/4=950
1iD3,1/32
TEMPO 1/4=1050
1a3,1/32
TEMPO 1/4=1150
iD4,1/32
TFEMPO 1/4=1200
1Fid,1/32
1n4,1/8

1A4,3/8; 1F#4,1/8; 1D4,1/8;
141 1p4,1/2; 1883,1/2; 2G3,1/2;

1G4,1/2; 3BR2,1/4

1E4,1/4; 1C#4,1/4; 2BR3,1/4;
1F4,1/4; 1D4,2/4; 2A3,1/4;
142 1E4,1/2; 2A3,1/2: 3A2,1/2:

1C4,2/4; R, 1/4

104,4/2; 2F3,1/4; 3B@2,1/4
2B@3,1/4; 2G3,1/4; 3G2,1/4
143 2A3,3/2; 2F3,3/2; 3D3,3/2;

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-

2E3,1/8; 3C#3,1/8

1C44,1/8; 2E3,1/8; 3C#3,1/8
2F§3,1/8; 3C3,1/8

2F$3,1/8; 3C3,1/8
3G2,1/4

3E2,1/4

3F2,1/4
R.1/4

3p2,3/2

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-

niess of each note.
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4 voice example program described earlier,
a high speed, large capacity mass storage
systern 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 Lo 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
goad 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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a specification statement; otherwise, it is a
note statement. Specification statements
simply set up parameters that influence the
execution of succeeding note statements and
take no time themselves.

A VOICE statement assigns the timbre
described by its parameters to a voice hum-
ber which is used in the note statements. In
the example score, the first group of para-
meters describe the waveform in terms that
are implementation dependent, such as
harmonic amplitudes. The next, isolated
parameter specifies the overall loudness of
the voice in relation to other voice:. The last
pair of parameters specifies the attack and
decay times respectively for notes using this
voice. Depending on the particular imple-
mentation, other parameters may be added
without limit. For example, vibrato might be
described by a set of three additional para-
meters such as vibrato freguency, amplitude,
and a delay from the beginning of a note to
the start of vibrato.

A TEMPO statement relates nole dura-
tions in standard fractional terms to real
time in milliseconds. The effect of a tempo
statement lasts until another is encountered.
Although the implementation for which the
example was written required a sequence of
tempo statements to obtain a retard, there is
no reason why an acceleration or a
retard set of parameters could not be added.

Note statements consist of one or more
note specifications and are indented four
spaces {the measure numbers are treated as
comments). Each note specification begins
with a voice number followed by a note
name consisting of a letter, optional sharp
(#) or flat (@) sign, and an octave number.
Thus C#4 is one half step above middle C.
Following the comma separator s a duration
fraction. Any fraction is acceptable, but
conventional musical fractions are normally
used. Following the duration are two op-
tional modifiers. A period (.) indicates a
“dotted"” note which by convention extends
the note's duration by 50%. An *'S" specifies
a staccato note which is played as just an
attack and decay (as specified by the corres-
ponding voice statement) without any
steady state. The presence of a semicolon (;)
after a note indicates that additional notes
which are intended to be part of the same
statement are present, possibly extending o
succeeding lines.

The execution sequence of note state-
ments can become a little tricky due to the
fact that note durations in the statement
may not all be equal. The rule is that all
notes in the statement starl simultaneously.
When the shortest one has ended, the notes
in the next statement are initiated, even
though some in the previous statement may
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be still sounding. This could continue to
any depth such as the case of a whole note
in the bass against a series of sixteenth notes
in the melody. The actual implementation,
of course, limits the maximum number of
simultaneous tones that may be built up.

Also available is a rest specification which
can be used like a note specification. Its
primary function is to provide silent space
between note statements, but it may also
be used to alter the “shortest note” decision
when a note statement is scanned. If the rest
is the shortest then the notes in the next
statement are started when the rest elapses
even though none of the current notes have
ended. A use of this property may be seen
in the last part of mcasure 2 where an
arpeggio is simulated.

As can be seen, NOTRAN is best suited
for describing conventional organ music,
although it could be extended to cover a
wider area as well. One such extension which
has been experimented with but not fully
implemented is percussion instruments. First
2 set of implementation dependent para-
meters was chosen to define a percussive
sound, and then a PRCUS statement similar
to the VOICE statement was added to the
language. To initiate percussive sounds,
specifications such as “P3,1/4"” would be
interspersed with the note specifications in
note statements. The “3" would refer to
percussive sound number 3 and the 1/4
would be a “duration’ which would be
optional. All percussive sounds in the same
statement would start simultaneously with
the regular notes.

A much more general music language is
the well-known MUSIC V. 1t was designed to
make maximum use of the flexibility
afforded by direct waveform computation
without overburdening the user. It is a
massive program written in FORTRAN and
clearly oriented toward large computers.
Much significant computer music work has
been done with MUSIC V, and it is indeed
powerful. An excellent book is available
which describes the language in detail and
includes some background material on
digital sound generation (see entry 1 in the
list of references at the end of this article).

A different approach to music languages
is a “generative’” language which describes
the structure of the music rather than the
note by note details. In use, the structure is
described by “loops,” “subroutines,” and
“conditional branches” much as an algo-
rithm is described by a computer language.
The structure is “executed’ to produce
detailed statements in a conventional music
language which is then played to produce
sound. The intermediate step need not
necessarily be visible to the user. One well






Ted B Sierad
146 Sunset Rd
Mamaroneck NY 10543

Are vou flascinated with the idea of
computerized music, but find the mechanics
of producing such effects too complex? I've
come up with a simple technique which is
the subject of this article, and which is well
within the capabilities of the novice com-
puter expetimenter. With less than a dozen
inexpensive inlegrated circlits, d lew resis
wrs, capacitors and a small prototyping
board you can be well on the way to
creating interesting music with your Altair,
IMSAL or similar compuier. My design
creates a4 progranumuble music tone gener-
dator peripheral which has outputs that sound
somewhat reminiscent ol a clarinel when it
is programmed by simple or complex sott-
ware used 1o sequence notes in time. The
first attempts | made al music generalion
required complicated programs and many
integrated circuits. But as | gained muoie
familiarity  with the problem, the project
reduced into a relatively simple solution as
illustrated here.

The Hardware

Ihe diagram of the melody box hardware
is ilustrated in tigure 1. This hardware is the
key 1o generation of wones from the compu-
Ler. Software to be described later is respon-
sible for sequencing the notes in time, thus
creating a melody. The basic principle of
operation of this melody bax peripheral is

use ol a latched binary code in eight bits to
select one of several  adjustable  resistors
which will be switched into an oscillator
circuit as the timing resistor. In the parti-
cular circuit shown in figure 1, | used a pair
of 7475 latch circuits 1o hold the code sent
from an 8080’y 10 instruction; then | de-
coded the 8 bit pattern with a pdir of 7441
circuits which | happened to have an hand in
my workshop. The 744 1s separately decode
two 4 bit codes into selection of one of ten
open collector vutput lines. These oulput
lines are low if the line is selected, and
effectively disconnected if not selected. The
software used to drive the 10 port should be
set up o select only one active line by giving
out a "null code" such as binary 1111 inone
half of the 8 bit word, while selecting a4 given
tone in the other halt of the 8 bit word. This
guarantees that only one line is in the low
state out of a possible 20 lines. The line
which is in the low logical state will then
affect the frequency of the oscillator imple-
mented by the 555 timer integrated circuit,
IC7 of figure 1. The pitch ot the note
selected is determined by the tuning of the
polentiometer associdted with a given binary
code by the decodets.

The low fogic level output ol the decoder
is similar to a ground or cero voltage. Since
all the other lines are effectively tloating as
open collector outputs, o definite low state
on the one line inserts the resistor selected

————————

Figure 1: Schemuatic of the melody box. This circuit works by chunging the timing efements of a 555 oscillator integrated circuit
to set the pitch. One resistor sets the pitch of each note of the scale. To turn off the oscillator, the circuit detects a special case
which turis off the power to the oscillator by raising its ground pin to the high logic level.
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4 USERS ON 1 MICRO?!

That's right! The TSC Multi-
User System brings you the
capability you've been ask-

ing for! Four simultaneous
users. all running BASIC.
all independent. ard all on
the same Micro!

Presently, the system is
available only for the SWTPC
6800. It includes a 4-user

version of TSC's Micro BA-
SIC Plus. Also available are
8K tape and disc-based

BASICs.

e 1

& |

==

You thought it couldn't be
done, but TSC has done it!
The basic system sells for
less than $130 and is avail-
able now. Write for com-
plete details or visit your

dealer.

*Also be sure to check out
the complete line of TSC
software, including Text
Editors, Word Processing
Systems, Assemblers, Utili-
ties, Diagnostics. Interpret-
ers, Games, and more!

Technical Systems Consultants, Inc., P.O. Box 2574, West Lafayette IN 47906

Circle 225 an inguiry card.













Continued from page 86

NOTE LENGTH (Odd Bytes)

76584 3210765432370

LDUOOIOD1U”0000|D|10J
||| lIl ll] i

Hexadecimal Qctal Relative
) Length Length Decimal
Piteh Note Length Code Code Langth Musical Symbology
MIDDLE “C" Doited QUARTER
(3] 001 1 J Sixteeneenth note
02 002 2 J Eighth note
03 003 3 J- Dotied eighth note
BEGIN -
HERE
04 004 4 Quarter note
:%Iggggs .OF 06 006 [ J. Dctted guarter note
FIRST NOTE
IN TABLE
08 010 3 Half note
J oc 0t4 12 _A_-__ Dotted half note
10 020 16 T Whole Note
OQUTPUT : »
PITCH (POINTER)
ngg‘;&gzt 20 040 32 oSS Two whole noles
(POINTER)
a0 100 &4 -SOooa Four whole notes
EACH NOTE
TAKE A PITCH POINTER: =
BYTE FOLLOWED POINTER +2
BY LENGTH BYTE
PITCH {Even Bytes) Music Symbology
A
—
» y ®
7 L
TIM{ING LOOP TO l\)
SET THE TEMPO. Hexadecimal = Qctal st 2
ote o
AT SHORT FOR WAt Code Code Note 4
FAST TEMPQ, AT
LONG FOR SLOW o o0 zSim
o oo Optinnal®
02 002 c
Q3 003 C=or Db
QL | comren - —
COUNTER-1 04 004 D
05 005 D= or Eh J
06 006 E
a7 00?7 F
o8 010 F=or Gb ——]
os on G <
10 020 Gzor Ab J
20 040 A el
30 060 Auor 8b —I
40 100 ]
1S 50 120 c - L
e o 1c & NOTE (POINTER) 60 140 CrorDb - ]
TEXT RESTART 70 160 [»]
COREP,
80 200 | 3
YES 90 220 F -
FF 377 Restart cade

Figure 2: Programming model for the melody box. The note pitch and length codes listed are interpreted by the program shown
as a flowchart here. Each note is completely specified by a pitch code and a length code contained in twa bytes of memory as
shown by the example.
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Figure 3: The melody box A Set of Chromatic Scale Data for Tuning the Melody Box
no.tes are tungd by running Octal Hexadecimal
this chromatic scale text . .
) Relative Note and Relative Note and
t{rrough the program of Address Length Code Address Length Code
figure 2. While listening to 000 061 002 00 01 02
the scale, adiust each 002 002 002 02 0202
i o1t / 004 003 002 04 0302
note’s potcnrfometer until 006 004 002 06 04 02
the sound is a correct 010 005 002 08 0502
mtisfcal interval. 012 006 002 0A 06 02
014 007 002 ocC 07 02
0186 G10 002 0E 08 02
020 Q11 002 10 09 02
022 020 002 12 1002
024 040 002 14 2002
026 080 002 16 3002
030 100 002 18 40 02
032 120 002 1A 50 02
034 140 002 1C 60 02
036 160 Q02 1E 7002
040 200 002 20 80 02
042 220 602 22 90 02
044 D00 040 24 00 40
046 377 xxx 26 FF xx repeat code
1
l ] i
=) | | |
. o & @ e - . | J
| | = T~ L ) | o
- - - o o_r - o o
pa— S R
TABLE LOCATIONS —
ocTaL 000 002 004 006 010 OIZ—— 014 OI6 020 022 024—— 026 030 032 034 036 040—— 042 044 046 050
HEXADELIMAL 00 02 04 06 08 O0A—— OC OF [} 2 14 16 18 1A e IE 20—— 22 24 26 30
Figure 4: A test string, A Familiar Tune
shown in machine code i
i L. QOctal Hexadecimal
form and in traditional . .
. . Relative Note and Relative Note and
musical  representation, Address Length Code Address Length Code
sans time signature, using 000 002 004 00 02 04
note lengths as defined in 002 002 004 02 0204
figure 2. 004 006 004 04 06 04
006 011 004 06 09 04
010 120014 08 50 0C
012 040 024 0A 2014
014 040 004 ocC 2004
016 007 004 OE 0704
020 011 004 10 09 04
022 040 004 12 2004
024 011 040 14 09 20
026 002 004 16 02 04
030 002 004 18 0204
032 006 004 1A 06 04
034 011 004 iC 09 04
036 011014 1E 09 0C
040 004 024 20 04 14
042 006 004 22 06 04
044 007 004 24 a7 04
046 006 004 286 06 04
050 004 004 28 04 04
062 002 030 2A 0218
054 000 001 2C 00 01
056 377 xxx 2E FF xx stop
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DO IT

WITH 16 BITS

DO IT BETTER

With the language that is best suited for vour application: Business programming in
COBOL., Scientific and Engincering in FORTRAN IV, Educational in BASIC, and
Svstems Implementation in our MACRO ASSEMBLER.

With hardware that will grow with vour application, and protect vour software in-
vestment.,

DO IT FASTER

With extensive support and ulility programs to speed development of vour applica-
tions soltware. These include a Diskette Operating Svstem, Relocatable Linking
Loader, Load Module Library <ditor, Symbolic Debugger, and Text ditors.

With a 16 bit processor that includes hardware multiply and divide, real-time clock,

and peripherals like single or dual diskette subsvstems with integral DMA con-
troller.

DO IT WITH A MicroNOVA-
BPI

If vou are serious about computing. call or write
today. BPL Inc.. 2205 East Broadway. Suite 6.
Tucson. Arizona 83719 1602) 326-6975

) NOVA is 3 regislered trademark of Data General Corporalion, Southboro, Massachuselts Circle 230 on inguiry card.















connectors. The cable for any peripheral is
terminated by a small printed circuit board
which contains  four integrated circuits
which actually implement the 10 port.

The graphics system is one of the nicest
aspects of the Noval hardware. The display
systemn contains its own 4 K byte volatile
memory which is dedicated to image genera-
tion and display. Control of the screen is
done using a memory mapped approach, so
that every scrcen location has a unique
memory address. This allows fast access to
any screen location using any of the 8080A
memory referencing instructions.

The graphics system is character oriented
with user dcfined character graphics. | K
bytes of the video memory arc devoted to
holding the character codes for the screen
which are accessed cvery time the beam
scans the CRT. The screen is organized as 28
rows of 32 characters each. The character
codes span a full 8 bit range which gives the
capability for defining 256 different charac-
ters. The characters are formatted as an 8 by
8 array of “‘dots.” The dcfinition of these
dot patterns is contained in a second 2 K
byte image memory, also user program-
mable. (A little figuring shows that to
represent 256 different images of 64 dots
each requires 2 K bytes of memory.) Since,
like the refresh memory, the image memory
is treated like any other 8080A system
memory, it can be directly accessed using
conventional memory reference instructions.
“Loading” the character generator is simply
a matter of writing bit patterns (which will
be displayed as dot pattern on the CRT) into
consecutive memory locations.

What about color? This feature is built
into the system, but an external color
monitor is required to use it. The system
allows the user to define four different color
“schemes’ for use with such a monitor,
where each scheme consists of cight pairs of
image and background colors. Although the
color schemes themselves require burning a
32 by 8 PROM, sclection of one of the four
is done in software.

1 K bytes of memory physically located
in the video system are available for general
purpose use. fn all Noval system software,
the BO80A “overhead’ variables such as the
stack data and system flags are stored here,
so that the user has maximum use of the
16 K byte (or 32 K with expansion) memory
elsewhere in the system.

The development of hardware for the
Noval system was closely paralleled by in-
tensive software development. It is the “co-
operation” between these two disciplines
which we feel has produced a successful
integrated package.
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Software

Noval softwarc is organized around a
number of utility and supervisory routines
which are collectively referred to as the
system “monitor.” In the minimum system
configuration, a 3 K byte PROM resident
segment of the monitor contains a command
processor, a few utility routines and the
software required to communicate with the
front panel, keyboard, CRT and cassette
tape. The primary function of this 3K
program is to load other monitor and system
routings from cassctte (unless a PROM
option has preloaded this data).

Standard software includes an editor,
assembler, debugger, and a graphics charac-
ter gencration package. As an option, all of
the above software can also be installed in
PROM. A BASIC interpreter is also available.

Editor, Assembler and Debugger

The Noval editor, assembler and debugger
for 8080A code have many unique features.
Before examining this system, however, lct's
quickly outline what these decvelopment
tools are traditionally designed to do.

An cditor allows you to enter, formal and
modify ASCII text. Input to the editor is
either old text which is to be modified or
new lincs of text which are Lyped in. Text
output from the editor is used as input to
the assembler. The assembler input is called
a source program. The assembler translates
the ‘“source” into binary codes which are
intelligible to your processor. Traditionally
on large machines and many minicomputers
cditors and assemblers are independent pro-
grams,; text created by the editor must be
saved somewhere while the assembler is
being loaded. When the assembler has been
loaded, the edited source program can be
reloaded and assembled.

When assembly is complete, the assembier
produces a listing of the source program and
the associated binary codes. The binary
codes are called the object program. The
assembler output also includes a list of errors
found in the source program. Perhaps you
typed MOB A,B instcad of MOV AB, or
maybe you forgot to define label “LOOP.”
So back you go to the editor. Load, reedit,
save, load, reassembile, . ..

The Noval system uses an interaclive
approach to editor and assembler design.
The Noval editor can be used in 2 mode
which checks each line of proposed assembly
language code for syntax errors as it is
entered. Thus when you type “MOB A,B"
and attempt to insert it into the text, the
editor does not allow the line to be inserted.
Instcad, an error message is issued and the






line must be retyped. The method used
involves the editor and assembler working
together; the assembler is called by the
editor to check the syntax of each proposed
instruction. The editor cannot check for
every possible assembly error condition, but
errors that are caught constitute a large
percentage of typical assembly errors. The
editor's interactive assembly mechanisms
can, of course, be disabled to allow input of
arbitrary text as well,

The mechanics of using the editor and
assembler have been kept as simple as
possible. A 2 letter keyboard command (ED)
calls the editor from the monitor’s command
processor. The first 24 lines of text {if any)
are displayed immediately. Each line of text
has been automatically assigned a line num-
ber. One letter keyboard commands allow
you to insert (1), erase (E) or change (C)
lines. Up arrow (1)} and down arrow (i)
allow viewing of previous or upcoming pages
of text. Any specific section of text can be
displayed by simply typing the line number.
A search command (S) allows capability to
search for any ASCII string. All editor com-
mands immediately display the results of
command execution. An inserted line, for
example, is immediately displayed along
with its neighboring lines.

The “ESC” key causes exit from the
editor and returns control to the monitor
command processor. All assembler com-
mands work directly on prescanned text
created by the editor, with no need to save
intermediate results.  Assembler options
include capabilities to assemble and list
errors, assemble and print assembly listing
on the printer, assemblc and display a listing
on the CRT, and execute the object program
after assembly. When assembly errors are
noted (most arc undcfined labels since syn-
tax is checked during cditing), the editor can
be immediately recalled and the source
program modified. The Noval editor and
assembler interaction helps minimize the
time spent in the program development
cycle, a concern which is just as important
to the amateur as it is to the professional
programmet .

The monitor save text command allows
saving any number of lines on the cassette
tape. Special assembly commands allow seg-
ments of the large source program to be read
into memory, assembled and linked to pre-
viously asscmbled segments. Very large pro-
grams can be assembled in this manner. The
ultimate size limitation essentially depends
only on the amount of available memory.

When the source program has assembled
properly, typing OD transfers control to the
Noval ODT (On-line Debug Technique) com-

106

mand processor. From here insertion of
software breakpoints and use of the ODT
jump command allow the user to cxecule
any scgment of object program. Before the
jump all 8080A registers can be preset. Upon
hitting a breakpoint (a dedicated restart
instruction, “RST 2"), the breakpoint ad-
dress is displayed along with all register
values, the stack pointer address and pre-
vious elements on the stack. When the entire
development procedure is complete, the
debugged source and object programs can
easily be saved on cassette tape.

Leave the Driving to Us

Communication between the central
processor and peripheral equipment in this
{or any) system is accomplished with sofl-
ware ‘‘drivers.” Drivers deal with the de-
tailed workings of system input or output,
and, at best, are organized to make such
communication an easy task. Drivers for all
peripherals in the Noval system are included
in the standard PROM monitor. Also in-
cluded is extensive documentation on how
to use each of them. Furthermore, the
monitor includes a large number of utility
routings which can be used for special
purpose programming applications. Ex
amples include a routine to print ASCII text
on the screen; routines to create and display
graphics characters; a routine to find a
keyboard key “push” and return the ASCIl
code for the key. In total, the user of the
Noval system has access to over 75 syslems
routines which can be used in a varicty of
applications.

An Eye Toward Revision

Onc problem with accessing drivers using
subroutine calls is that absolute address of
the subroutine must be known. As sub-
routine revisions are made, absolute ad-
dresses change and all rcferences to sub-
routines must be modified. Typically, a
reassembly of a large amount of user applica-
tions software is required cach time sysiem
subroutines are modified. [Perish  the
thought.| Noval monitor utility routines can
be called without knowing the absolule
address of the routine. To call one of these
routines, the programmer inserts an
“RST 7" instruction followed by a | byte
constant  which identifies the desired
routine. As an example,

RST 7 (Restart 007)
DB 17 (Define Byte 017)

calls utility routine number 17, which crases
the display screen. The restart 7 data (the
“DB 17" above) is used by the monitor to
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Figure 1: The normal arrangement of a player piano’s vacuum control system
is itlustrated here. A pluyer piano rofl moving past a "tracker bar,” analogous
to a magnetic tape recorder’s read head, turns on and turns off a flow of air
into the evacuated control line which goes to one of the pneumatic controls
of the piano. For the key mechanisms, the leading edge of loss of vacuum
cues the striking of a key, which is held down until vacuum is restored.
This occurs when the roll passes to a point which closes off the particular
line. For controf of a full 88 notes, there are 88 separate ‘‘channels’ in the
tracker bars of the more sophisticated players, not counting additiona! chan-
nels to control dynamics, peduls and other special effects.

ware skills needed to build computers for
music control.

| also knew that player pianos existed,
and would eventually make an interesting
experiment for use with electronic music
in programmed performances of concerto
style works with orchestral background
for the solo instrument provided by elec-
tronics. Bul | had never turned my atten-
tion to the details of the piano interface
problem until one day in October of 1976
when | went to an estate auction in nearby
Milford NH at which a 1910 Steinway-
DuoArt baby grand player piano (in un-
playable condition) was put on the block.
After outbidding a mechanical music box
museum owner from Maine, | had the poten-
tial for the ultimate piano. When the piano
is eventually restored, it will provide my
personal and computer music systems with
a piano output device which, incidentally,
can be used for normal piano rolls, normai
practice under direct manual control of
the keys, and under computer control using
an interface to be described in this article.

The piano, which is shown in photo 1,
gave me the impetus needed to examine in
more detail the problem of controlling a
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pneumatic vacuum line with the output of
a computer. Figure 1 shows a schematic
illustration of the essence of the typical
player piano’s control mechanism. The
player piano roll passes over what is called
the “tracker bar” in the jargon of that
technology. This tracker bar has one hole
for each active key of the pianc as well as
auxiliary holes for various other types of
information which may be encoded on the
rolls. When a hole in the roll passes the hole
in the tracker bar, the vacuum line associ-
ated with the hole is opened to outside air.
This release of the vacuum in the line
triggers one of the “pnegumatics” in a bank
under the piano, which is basically a vacuum
operated buffer amplifier with enough output
power to toggle a key or actuate some other
mechanism. The operation of the ‘‘pneu-
matic” is of no great concern at this paint,
since all we need to know is that if the
vacuum line is opened, the key will be
struck, and that if the vacuum line is closed,
the key will be released and the device will
charge up with vacuum, waiting for the
next time that key is to be actuated. The
conversion to electronic control is simplest
if we just adapt the existing mechanism by
plugging up the tracker bar holes {tem-
porarily during electronic performance)
and adding a “T" junction to each control
line so that an electronic control vaive can
simulate the opening of the vacuum line.
Figure 2 shows this adaptation of the
usual vacuum line arrangement for electronic
control.

Figure 2 also shows schematically the
physical arrangement of a flap valve. As |
began looking into the problem of control-
ling air flow, | quickly learned about the
existence of electrically controlled pneu-
matic devices used in pipe organ and piano
technology. It turns out that there is a
company called Reisner Inc, which among
other items makes a specialty of manufactur-
ing and selling control wvalves for player
pianos and pipe organs. Photo 2 shows the
model for the schematic rendition in figure
2, a Reisner No 601-90 magnet with 5/8
inch valve mounted for the purpose of
testing on a scrap of pine board, with a
metal standoff used as the junction fitting to
connect to the vacuum line. The Reisner
subassembly consists of everything you see
attached to the metal frame which is
screwed to the top of the wood block: the
magnet, the upper valve seal with cushions
for sound dampening, and the return spring.
In adapting this unit to a player piano’s
purposes, a bank of these valves is required,
with a number depending upon the details of
the particular piano. {For more complete
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INHIBIT LINE (NORMALLY 1}
SHARED
BACK emF REISNER 601-90
PROTECTION MAGNET WITH
DI0DE 5/8 . VALVE
(EG:INDI4) 904 COIL
SN75452
8 PIN DIP
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X : ONE SECTION OF QUAL PACKAGE
Y: OTHER SECTION'S PiNOUTS

Figure 3: The basic muagnet drive circuit used for the pneumatic pliyer piano interface. The driver circuit shown here is ¢ Texus
Instruments SN75452, a dual peripheral driver which comes in a miniature 8 pin dual infine package. Each driver has a maximum
capability of sinking 300 mA in the low level output state (logical T input which “turns on’' the magnet). With the nominal
80 ohm coil und a low level output of 0.25 V the coil wilt huve 11.75 V across it. The current through the coil is thus 130 mA,
mare than enough o actuate the valve bused on experiments with the unit shown in photo | which was tested against a4 vacuum
applied to valve through the rubber hose.

noids of the Reisner magnet valves. The
solenoid coil has a resistance of nominally
90 ohms, and from the specification shect
(confirmed by tests in my laboratory) the
valves can be actuated under load with a
current higher than about 100 mA (about
9V across the magnet). Using the Texus
Instruments Linear and Interface Circults
Datu Book as the source of information, it
soon became apparent that the 75452 pe-
ripheral driver circuit {or its cousin, the
75451) would prove quite adequate for the
job since it can sink 300 mA and has a
maximum voltage rating well above the
voltage required for the actuation of the
magnets. The basic circuit feor driving a
solenoid with the 75452 integrated circuit is
shown in figure 3. In this illustration, | have
shown one of the Lwo gate inputs as an
inhibit signal (normally at logic level 1) and
the other inpul pin as the control signal
defined so that if it is low (logic 0) the
magnet is off (valve closed) and if it is high
(logic 1) the magnet is on (valve open). The
diode mounted on the solencid coil is an
absolute requirement. These magnets have a
considerable inductance, and as a result
when the current is removed will generate a
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substantial back EMF which can damage the
75452 output transistor if it is not shorted
out by the diode. {The inductance is suffi-
cienl o cause an impulse which can be feh
by the observer if fingers are held across the
coil while the voltage is removed. This
suggests a minimum of 50 o 100V of
inductive “kick.”)

Logic of a Practical Interface

The brute force technique of interfacing
the piano would be to simply put one wire
from a latched output bit to each driver ol
the piano magnets, resulting in roughly 80 to
100 1wisted pair interface data paths in a
monstrously thick cable. This is an unwieldy
mess. The problem is shared by pipe organ
aficionados, as | found out from Jeff
Raskin’s lecture at the First West Coast
Computer Faire’s session on compulers and
music in April of this year. At that time he
suggested the use of a serial technique 1o
define the state of a bank of contrel valves.
Basically, the technique consists of using
serial synchronous transmission from the
computer to cul down on the immense
number of lines which would otherwise be
required. Figure 4 shows a detailed sketch of
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80 REM THIS PROGRAM CALCULATES THE VALUES FOR A SINE WAVE AND
82 REM PUTS THEM IN PAGE 100 (OCTAL) OF MEMORY

90 PRINT “SINE WAVE POINT CALCULATCOR"'
100 LET A=3.14/180*360/256

110 FCR B=0 TO 255

120 LET W=INT(127.5+(127.5*SIN(A*B))

130 FILL 16384+B,W

160 NEXT B

Now How Do | Use It?

Once you have conquered the hardware
and constructed an interface (see notes in
the box) you should be ready to exercise it
under program control. There are some
interesting applications using the digital to
analog interface alone, none the least of
which is Ned's problem.

You will remember that my solution to
the impuise response problem in Ned’s test
setup was to vary the pressure sinusoidally
using a computer generated voltage to con-
trol a pressure regulator. Adding a computer
sounds 2 bit unnecessary, but remember
that an analog to digital interface will be
attached for data acquisition.

With this particular digital to analog inter-
face, programming an analog control voltage
utilizing an extended BASIC such as tlhe
Digital Group's MaxiBASIC, is quite easy.
To operate a real time sine wave that varies
the pressure between 0 and 10,000 PSIG
requires a control regulator with a control
voitage range of —5 V to +5 V and the
following wvery simple BASIC program:

90 REM THIS PROGRAM CALCULATES
AND QUTPUTS A SINE WAVE.

100 LET A = 3.14/180%360/256

110 FOR B =0 to 255

120 LET W = INT(127.5+127.5*SIN(A*B))

130 OUT 252,W

140 NEXT B

150 END

This program calculates 256 values of a
sine wave with an amplitude of —5 to +5 V.
When run in real time, the period of the
waveform is about two seconds. The period
is basically set by the time it takes to com-
pute the expression an line 120 some 256
times. An alternative method is to calculate
the points once, load the values in memory
and call a subroutine which scans the table
when directed to do so by the program.

The first time that the points are com-
puted, it will take two seconds as beforc.
Then they are available in a look up table. A
program which constructs such a memory
resident table is illustrated in listing 1.
Phote 2 shows an oscilloscope trace of the
synthesized sine wave created by the digital
to analog converter in figure 9 using the
lable created by listing 1.

Listing 1: An extended BASIC program to
compute and joad a table in memory with
256 sample points of a sinuscidal waveform.
Digital Group MaxiBASIC interpreter.

Photo 2: An oscilloscope display of a sinusoidal waveform synthesized by
using the BASIC program in listing 1 in conjunction with the digital to analog
converter shown in figure 9.

Split Octal

Address Octal Code Operation Commentary

012/000 041 000 100 LXI H&L Set the program counter to page 100;
012/003 176 MOV A Move addressed mermory to

accurnulator;

012/004 323375 ouT Output accumnulator to port 375;
012/006 054 INR L Increment L register;

012/007 302003012 JMP COND. Jumpto 012/003if L # 0O;

012/012 311 RET Return to BASIC program;

Listing 2: A machine language program which is used to drive the digital
to analog converter in figure 9. This program is called by the extended
BASIC program in listing 3.

300 PRINT "“THIS PROGRAM WHICH DRIVES AN 8 BIT D/A PRODUCES *'
310 PRINT “ANY WAVEFORM FROM A BINARY TABLE"

400 REM THIS PROGRAM CALLS A SUBROUTINE AT 012/000 (OCTAL)}
410 REM WHICH OUTPUTS THE 256 WAVEFORM VALUES TO

420 REM D/A ON OUTPUT PORT 375{(OCTAL})

430 REM OCTAL AT 012/000

440 REM 041 000 100 176 323 375 054 302 003 012 311

450 REM MAX SPEED FOR ADSR IS 4 MSEC.

470 REM BINARY TABLE IS ON PAGE 100 (OCTAL)

502 PRINT “GENERATE THE WAVEFORM HOW MANY TIMES ?':INPUT E
505 FOR X=1 TOE

510 LET A=CALL(2560,0)

515 NEXT X

1000 END

Listing 3: An extended BASIC program which calculates 256 points of a
given waveform which is to be synthesized and then calls the machine lan-
guage routine in listing 2 to actually drive the digital to analog converter in
figure 9. The call to the subroutine in listing 2 occurs at line 510 of this
program. Digital Group MaxiBASIC interpreter.
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Phote 3: An oscilloscope display of a musical envelope waveform called an
ADSR waveform. "ADSR" stands for Attack, Decay, Sustain and Release, a
popular way of characterizing on ompliitude envelope which is typical for
many musical instrument waveforms, This waveform was synthesized by
means of the program in listing 4 which was used to drive the digital to analog
converter in figure 9. Also see figure 10.

80 PRINT "ADSR MEMORY LOADER"

%0 REM THIS PROGRAM COMPUTES DECIMAL VALUES FOR A PIECE-WISE

91 REM LINEAR ADSR WAVEFORM AND ILLUSTRATES THE METHOD

92 REM THE VALUES ARE THEN LOADED INTO PAGE 100(OCTAL) OF MEMORY
93 REM THEY ARE THEN AVAILABLE FOR MACHINE SUBROUTINES

100 FOR X=0 TO 60

105 REM THIS IS THE “A" SECTION
110 LET Y=INT{({255/60}*X)

120 FILL 16384+X,Y

125 NEXT X

130 LET W=61

135 FOR Z=0TO 39

137 REM THIS IS THE “D" SECTION
140 LET Y=INT{({—75/40)*Z+255)
150 FILL 16384+W,Y

152 LET W=w+1

155 NEXT Z

Listing 4: An extended
BASIC program which
generates a table of sample
points of the ADSR wave-
form whose graph appears
in figure 10. Digital Group

A simple program which scans the table
and drives the digital to analog converter is
assembled into the memory of my particu-
lar system at split octal address 012/000
{hexadecimal OA0O0) as shown in listing 2.
This program can be called at any time with
the BASIC command CALL (2560,0), and
when driven at faster than 100 ms periods
can be easily displayed on an oscilloscope.
[Note thatr 2560 is decimal for split octal
address value 0712/000 or hexadecimal
0A00./ The program in listing 3 incorpo-
rates the routine in listing 2 as a called sub-
routine and can be used to display any
waveform defined by the table located at
address 100/000 in split octal notation
{hexadecimal 4000).

On to Bigger and Better Applications

An obvious application of this program-
ming technique is to mathematically com-
pute and generate complex waveforms which
would otherwise require extensive dedicated
hardware to duplicate. Music application is
an area which is being heavily infiltrated
with computer technology. A composer in-
terested in electronic music effects can de-
sign discrete waveforms, display and review
them before committing them 1o a per-
formance design.

An alternative approach is to use BASIC
to generate all the tables defining envelope
or waveform aspects of desired instruments
and then let BASIC sit idle while a machine
language program selects and calls the
tables to produce a musical score.

IL's often easier to illustrate onc example
rather than discuss volumes of theory. One
of the least complicated musical envelope
wavclorms is the ADSR envelope. ADSR
stands for Attack, Decay, Sustain and

igg Egg‘i{:llé’cl TO 220 MaxiBASIC interpreter. Release. Warious combinations of these
172 REM THIS IS THE “S" SECTION four varl_ables produce unique sounds similar
175 FILL 16384+X,Y to such instruments as the piano or trumpet,
igg Eggg‘qz{zm In an electronic music application the
190 FOR X=0 TO 34 composer would combine the necessary
192 REM THIS IS THE “R" SECTION fundamentals and harmonics characteristic
%?g #ﬁ?ﬁi??sﬂgl‘fwssl*xﬂso) of a particular instrument and control the
212 LET N=N+1 4 output amplitude with an ADSR w_a\feform
220 NEXTX 258 feeding a vollage controlled amplifier, or
1000 END VCA. Both the envelope and harmonic con-
D tent are separate elements of musical compao-
s
LINE EQUATICNS 180
A FROM 0 TO 60 Figure 10: A simple ASDR
¥« 255/60X v (Attack, Sustain, Decay
LD FROM &1 TC 100
e o 4 ass 7 and  Release) er.tve;'ope
5 FROM 101 TO 220 waveform along with the
Y-180 line equations necessary
R FROM 221 TO 255 for digital to analog wave-
Y« |BO/35X + 180 1 | 1 .
o 60 100 z20 255 Y form synt{?e.srs (see
To TE T2 T3 T4 photo 3 and listing 4).
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thesizer involves the same point plotting
methods as previously outlined, with the
exception that the equations become more
involved,

Consider the trigonometic series for the
complex waveform with a peak amplitude
of B=127.5 as illustrated in figure 11.

The Fourier series approximating a tri-
angular waveform can be plugged inlo an

"extended BASIC program which calculates
the points, while the program in listing 3 can
be used to display the tabulation. Photo 4
shows the resulting oscilloscope display.

Conclusions

What started out to be just a simple inter-
face for an analog output can be incorpo-
rated into control, music and educational
applications. The extent and direction of
an cxperimenter’s system expansion is of
necessity governed by price performance.
This is an inexpensive interface which con-
nects an otherwise isolated digital computer
to the analog world. When coupled with a
high level language such as extended BASIC,
its potential is limited only by the program-
mer. To think that the home computer is an
expensive toy useful only to bide time be-
lween monopoly games is equivalent to
thinking that a building is only used to hold
the sidewalk down.m
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The 4 channel self-refreshing digital to ana-
{og converter pictured in figure 9 is available in
the following forms from Pinnacle Products,
POB 3155, Talcottville CT 06066:

Blank PCboard . . . ... ...... $34
Postpaid in the Continental US

Complete kit . .. .......... $69

Assembled and Tested . . . ... .. $99

Circle 249 on inquiry card.

PRAMMER

by XYBEK

An extraordinary 2k memory board
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On-board 1702A PROM programmer
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Supplied with one 1702A, pre-programmed with
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Supplied with progranuning power supply
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Altair/IMSAl compatible board catches program bugs and
provides timing for real-time applications.

Four hardware breakpoint addresses. Software breakpoints
only possible at instructions in RAM. Better Bug Trap
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Board can stop CPU or interrupt CPU at a breakpoint.

Real-time functions: watchdog tin.er, real-time clock (for
time of day clock), interval timer.

Sophisticated timesharing made possible!

Unique interrupt structure: generates a CALL instruction to
your subroutine anywhere in memory, not a RST!

Addressed as memory. All parameters set easily by software.

All this and more for about the price of a real-time clock
board, but nothing else does the job of the Better Bug Trap.

$160, assembled and tested. 2 manuals plus software. 90 day
warranty. Shipped UPS. Delivery from stock.

fcronicy o

BOX 3514, 123 WEST 3RD ST., SUITE 8
GREENVILLE, NC 27834 e (919) 758-7757

161 Circle 260 on inquiry card.




Personal Computing Expo

will come to New York!
P CE PERSONAL COMPUTING EXPO

NEW YORK COLISEUM, OCTOBER 28, 29, 30, 1977

It's a brand new show (in the world's biggest economic
center) specifically for manufacturers, buyers and
those providing services to the personal computing
enthusiast. For the first time, this booming field will
have a New York Coliseum showcase. It is planned as
the largest public show of its type and will attract ot-
tendance from the huge population areas of Boston,
Washington, Philadelphia and Baltimore.

New York's is the world's communications focal point,
the one place that will put personal computing in a
significant spotlight. New York is surrounded in depth

by people who work in the computer field, by com-
puter learning centers, universities, personal com-
puting clubs and thousands of others whose lives are
aftected by computers.

More than 100,000 paid subscribers of BYTE magazine
will be urged to view the exciting exhibits and to at-
tend the BYTE-sponsored lectures. Circle the dates:
October 28, 29, 30 — and make your plans now to be
’rhel"‘e when Personal Computing Expo comes to New
York!

"’ Personal Computing: An idea whose time has come! '’ *

Tutorials by the IEEE
Computer Society,
Mid-Eastern Area

Personal Computing Expo is also joined by the In-
stitute of Electrical and Electronics Engineers Com-
puter Society, Mid-Eastern Area Committee, whose
experienced stoff is presenting six day-long
tutorials ot a modest charge. If inconvenient for
you to attend a tutorial during the show, simply
sign up for follow-up tutorials on weekends after
the show.

Whereas the lectures will provide you with in-
formation, the tutorials will teach important skills
enabling you to use your own computer at home or
at work.

TUITION:

The tuition fee for the tutorial program in-
cludes a one-day admission to the
Personal Computing Expo.

One Two Three
Tutorial  Tutorials  Tutorials

Students (with ID) $30 $50 $75
IEEE Members $40 $70 $100
Non-Members $50 $90 $125

Tuition includes hand-out material, in-
cluding text and/or hand-out materials.
Participants will also receive a certificate
of participation.

)
REGISTRATION:

In order to provide an interactive, learning environ-
ment between the participants and the lecturers,
the number of registrants is limited. Registration is
accepted on a first-come, first served basis. Early
registration is therefore suggested. Cancellations
received before September 15, 1977 will receive a
tull refund.

To register, make your check payable to the |EEE
COMPUTER SOCIETY, and mail to:

Daniel R. McGlynn, Ph.D.

Tutorial Program Chairman

IEEE Computer Society

329 - 84th Street

Brooklyn, N.Y, 11209

FOR FURTHER INFORMATION:

on the technical content of the tutorials, technical
background suggested to derive maximum benetfit
from the program, or information on the IEEE Com-
puter Society, call

Cary Ringel

Chapter Chairman

IEEE Computer Society (212) 460-4600

TIME AND LOCATION:

The tutorials will be held from 9 AM to 4 PM each
day in the New York Coliseum, at a location to be
announced and posted. Participation in the
tutorials also includes a one-day admission to the
exhibition area and other lecture programs.

EXPO TICKETS:

Will be sent to tutorial registrants about three or
four weeks prior to the show.

Bv' DAILY TUTORIALS AND

SPONSORED LECTURES




Exciting lectures
sponsored by

BAUTE

The Small Systems Journal

Personal Computing Expo is endorsed by BYTE magazine, whose stoff has contacted prominent speakers
for an exciting series of lectures,

Visitors will be able to ottend these meetings free of charge. The lectures will not conflict with each
other eliminating the worrysome choice among several equally important topics. In addition, they will be
repeated on the next doy o give you o second chance if you missecr o topic.

Lectures are typicolly 30 minutes, often with demonstrations and an odcﬁ'ionol 15 minutes for questions.

Portia Isaacson Ph.D. . .. Saturday 11 AM and Sunday 12 Noon
Co-owner of the Micro Store, a personal computer store, in Richardson Texas actively engaged for 12
years in the computing field in industry and at universities,
Member of the ACM and IEEE, and chairman of the 1977 National Computer Conference.
Author of many articles in professional journals and magozines.
Received a Ph.D. in Computer Science from the Southern Methodist University.
Personal Computing: An Idea Whose Time Has Come
A review of what has happened so far in the personal computing field, and an outlook into future
developments, including those in the computer assisted home. Slide demonstration.
Sol Libes. . . Friday 6 PM and Saturday 10 AM
President of the Amateur Computer Group of New Jersey
Teacher of electronics and computer programming at a community college
Author of 10 books (working on the 11th} and several hundred magazine articles in electronics and com-
utin
secei%ed an award for “The Outstanding Amateur Computer Hobbyist of 1976" in Atlantic City by Personal
Computing 1976 show, and BYTE.
How to Get Started
A discussion of typical home computer systems and their essential hardware and software components,
John H. Dilks lll . . . Saturday 1 PM and Sunday 2 PM
President of Personal Computing Inc. and tradetair director of the Personal Computing shows in Atlantic
City in 1976 and 1977.
Experience with various computer systems since 1962,
Employed by Western Electric Co. Inc., division of the Bell System.
Member of the Amateur Computer Group of New Jersey and of the Philadelphia Area Computer Society.
Teaches microcomputer courses in an adult evening program at a vocationarschool.
Innovative and Unusual Computer Applications for the Home.
Discussion of “tar-out” applications of microcomputers and electronic technology for home use, such as a
child locator and warning device, a home security system, etc. Slide demonstration.
Robert S. Jones . . . Friday 7 PM and Saturday 2 PM
Publisher of Interface Age Magazine
Prior experience in sales and marketing for the semiconductor industry, including Intel, National
Semiconductor and Analog Devices Inc.
Personal Computing for the Business Man
Evaluating business applications for micro computers, including slides showing selected applications.
Louis E. Frenzel . . . Saturday 3 PM and Sunday 3 PM
Director of Computer Products at Heath Company, involved in the planning of new computer products.
Prior to Heath, with McGraw Hill in product planning and design of educational electronic kits.
Prior experience including computer engineering for eight years
Author of severol books, home study courses and numerous magazine articles in electronics and com-
uters.
seceived a BS in electronics from the University of Houston and a MEd from the University of Maryland
How to Build Personal Computer Kits
Tips for successful kit construction. Benefits of kit products for the personal computer user. Including
slides showing selected computer kits.
Carl Helmers . .. Saturday 4 PM and Sunday 4 PM
Editor-in-Chief and co-founder of BYTE magazine.
Obtained computing experience as a personal way to accomplish artistic ond technological goals in
music.
Graduated in 1970 with a BS in Physics from the University of Rochester, NY.
Worked for several years at Intermetrics, Inc. in Cambridge, Massachusetts on the NASA Space Shuttle

Project.
Prior to working with BYTE, publication of a small computer newsletter on a part-time basis.
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Computers and Music
How to create music with computers. Problems of performing electronic music, music under computer
program control and computer music in conjunction with traditional instruments. llustrations and ex-
amples from personal experience.
Juack L. Davies . . . Friday 8 PM and Saturday 5 PM
President of Pan Atlantic Computer Systems GmbH, a distributor of various micro computer systems in
Europe.
Exiegsive experience in using minicomputers and microcomputers in the US
Military Schools in Europe. Designed and developed numerous games and educational programs tor
students in these schools.
Microcomputers in Education
Discussion of the many possibilities of using microcomputer systems in schools. Effect of personal com-
puters on students.
David Fyistra . . . Saturday 6 PM and Sunday 5 PM
Member of the research staff of the Telecommunications Sciences Center at Stanford Research Institute
tor more than two years. Specialized in microcomputer software and computer simulation of speech pro-
cessing systems.
Graduated in 1974 with a BA in English and Psychology, Stantord University, Phi Beta Kappa.
Active in the research on communication systems and devices for the deaf.
Speech Analysis and Synthesis for the Amateur
Using the personal computer as a device to analyze the acoustical foundations of speech and to formulate
rules for the control of the speech synthesizer.
Max Mathews Ph.D. ... Friday 9 PM and Saturday 7 PM
Director of Acoustical and Behavioral Research, Bell Labs
Author of The Technology of Computer Music, and numerous articles.
Scientific Advisor to the Institute for Research and Coordination of Acoustics and Music (IRCAM)
Dr. Mathews is often regarded as the “Fother of Computer Music”
Pure Digital and Real Time Music Synthesis
The use of the digital computer as a musical instrument with which composers and performers create and
play music. Slide and tape demonstration.
Carl L. Holder . . . Saturday 8 AM and Sunday 6 PM
Director of Product Management, Planning and Communications at Information Terminals Corp. for five
ears.
’l';rior experience, including Memorex Corp., in the area of magnetic media development and testing.
Present and Future Storage Devices
Survey and discussion of current devices and media, including latest technological developments like the
charge coupled devices and magnetic bubble memories. Costs, advantages and disadvantages of these
devices for the personal computer user. Accompanied by slides.

J
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DAILY TUTORIALS

There will be two tutorials offered each day, one aimed af those participants who have
litthe or no experience with microprocessors, and the other for those already experienced

-with microprocessor systems.

BASIC COURSES
1. Development of Microcomputer Systems for

Business Use

Sy Rotner, Citibonk, N.A.

— system design concepls

— economic efficacy of microcomputers versus large centralized
computer systems

— distributed processing definitions

— advantages ond problem areas

— network design and orchitecture

— dota communications aspects

— cose study: design of o stand-olone workstation for data en-
try and retrieval

2. Development of Microcomputer Systems for

Home Use

Cory Ringel, Con Edison

— survey of simple microcomputer control systems for home use

— selection of hardwore: IC's, boards, kits, development
systems

— programming and software oids

— interfacing: A/D and D' A conversion

— examples: design of a home control system: microcomputers
for o music synthesizer: computer TV games.

— case study: use of the Motorolo 6800 in design of a microcom-
puter system

3. Survey and Comparison of Microprocessors

Donald Lewis. Standard Microsystems Inc and other speokers

— definitions ond distinctions between ALU.chips. controllers,
microprocessors, microcomputers

— current applications

— microprocessor architectures (bit-slice, 4-bit. 8-bit  16-but.
minicomputer-type)

— vendor survey

— performonce evaluation and criterio for selection

INTERMEDIATE/ADVANCED COURSES

4. Microprocessor Interfacing

Donald Lewis, Standord Microsystems Inc.

— interfoce components (peripheral interface chips, UARTS,
etc.)

— interface standards (IEEE 488, RE 232C, $-100, etc.)

— interfocing to keyboards

— interfacing to cosette ond floppy disk drives

— interfacing to disploy devices

— cose study: how to design o CRT terminol

5. Microprocessor Programming and Software

Donold Lewis, Stondord Microsystems Inc.

— software design: tlow-charting,
documentation, etc.

— ossembly languoge for the intel 8080, 8085, Z-80. Motorola
6800

— instruction types and addressing techniques

— use of the stack

— interrup! hondling and direct memory access (DMA)}

— software development aids

— high level languages for microcomputers

setting breakpoints,

6. Technology Analysis and Forecast of Future
Microprocessor Structures

Doniel R McGlynn, U.S. Philips Corp.

ond Will Mathys, MOS Technology Inc

— emergence of speciolized computotional elements (SCE) -
architectural evolution (stock processors, reconfigurable ar-
chitectures, multi-level logic)
resource managemen) techniques

— software evolution (nano-programming. extensible instruc-
tion sets, structured programming modules, very-high-level

languoges)
evolution of semiconductor technology of microprocessors
microprecessor architecture af the chip level

- case studies: design of MOS Technology's new B-bit and 16-bit

processars

~~

y




Personal Computing Expo to be
produced by
H.A. Bruno & Associates

H.A. Bruno & Associates, Inc., has been prominent in
the exposition and promotion fields since 1923. Highly
skilled in the production and promotion of consumer
and trade shows, the company currently promotes the
American Energy Expo, the National Boat Show, Auto
Expc/New York. Promotion assistance also is current-
ly rendered to the National Computer Conterence
ond the Triennial [IFIPS Congress in
Toronto.

The show proeducer has promoted successful shows in
the New York Coliseum every yeor since the building
opened in 1957. Stoff personnel are thoroughly
familiar with the building, its services, management
and labor,

Interesting, educational exhibits
of Personal Micro Computers

The lectures and tutorials are not just theory! You will
be able to see a multitude of micro computers. Try out
various demonstrations: tascinating games, even in
color: smoll business applications; computer produced
speech; music; color graphics; and many more. Micro
computers are not only small and portable, also you
will need only a “micro budget” to be able to take
them home.

Show Hours and Admission

Personal Computing Expo hours are as follows:
Friday, Oct. 28 — Noon to 10 p.m.

Sat. Oct. 29— 10a.m.to 10 p.m.

Sunday, Oct. 30 — Noonto 7 p.m.

General Admission: $5.00 (includes free BYTE lec-
tures) per day.

Two-day Tickets: $9.00 (advance sale only)

Three-day tickets: $13.00 (advance sale only)

General Information

You may find it advantageous to purchase two or
three-day admission tickets in advance. These are
available by mail only, no later than October 10,
1977.Use coupon below.

Group rates (10 or more persons) qualify for $1.00
oft regular prices. Arrangements must be made by
mail prior to October 10, 1977.

Special arrangements have been made if you
desire to stay overnight. Our headquarters hotel,
the Barbizon-Plaza, is located on Central Park
South, two blocks from Columbus Circle. Single
rooms available at $34.00 per night; $40.00 double,
plus tax. There's a weekend plan: $22.95 daily, plus
tax per person, double occupancy . . . includes
breakfast (brunch on Sunday) and meal gratuities.
Children under 14 in same room with parents, free.

For hotel reservations and information, call toll
free (800) 223-5493. From New York State call (B00)
223-5963.

For those traveling to New York by air, American

Airlines offers a convenient service through ar-
rangement with Personal Computing Expo. For in-
formation, call toll free (800) 433-1790. In Texas the
number is (800) 792-1150. From the West Coast,
round trip fare via American is only $227.00.

20,000 persons are expected to attend and view the
more than 200 exhibits by personal computer
manufacturers and retailers.

Personal Computing Expo will occupy the 4th floor
of the New York Coliseum. It is located on 59th
Street and Columbus Circle — the geographical
center of New York City. Garage parking in the
building is available.

For answers to any questions pertaining to your at-
tendance at Personal Computing Expo, contact the
Show Manager, Ralph lanuzzi, at Area Code
212/753-4920.

Advance sale of tickets available . . . Three days *13
Two days *9. .. General Admission *5
MAIL THIS CONVENIENT ORDER FORM NOW!

Personal Computing Expo admission is $5.00 per day. Advance reservation eliminates
waiting in line. Order advance tickets with this coupon. Admission ticket includes access
to exhibits, lectures and tutorials.

Please send me advance registration tickets for three days, Oc- I
tober 28-29-30. Total cost $13.00 per person.
Please send me advance tickets for two days, October ______ and I
October . Cost is $9.00 per person. I
Please send me advance tickets for one day, October ______ . Cost
is $5.00 per person. I
Make all checks payable to PERSONAL COMPUTING EXPO, and mail to: l
Personal Computing Expo, 78 East 56th Street, New York, N.Y. 10022, I
1
i

Name Amount enclosed $
Address

City State Zip
I S s A A S S N S N A S ) S N S S S S S M D S S e B







TSC's Software Catzlog. . .

We've received a 1977 catalog from
Technical  Systems Consullants, Box
2574, W Latayette IN 47906. While a lot
of people have been just talking about

Personal Computing Expo Sets
Inaugural NY Show for
October 28 thru 30

A major trade and public show,
featuring the latest developments and
equipment in the last growing Tield ol
personal computing, is scheduled to be
held ot the New York Coliseum,
October 28 thru 30 1977,

The show is called Personal Com-
puting Expo. It will feature an ex-
pected 250 exhibitors who will be show-
casing Lheir products for the first lime
in New York City.

There will be speeches arranged by
8YTE magazine and the |EEE to {iil the
seminar agenda, which includes topics
for everyone inlerested in personal com-
pulers, Irom novice Lo advanced levels.
Leading manuflacturers have been invited
1o display and explain their microcom-
puter systems aleng with other experts
who will conduct forums on algorithms,
software, language compilers  and
assemblers.

Personal design ot computers lor the
more experienced, kit building for the
navice, microcomputer applications for
business, industry and homes as well as
computerized games, vocal oulpul and
music are among other topics o be
included in the lorum.

Persons interested in exhibiting al
Personal Computing Expe should con-
teel  Ralph  lanuzesi, show  manager,
H A Bruno & Associates, Inc, 78 E
561h S, NY 10022, {212} 753-4920.=

Computer Shack is Rebarn
{as "Computerland”’)

We received the folfowing informa-
tion from Compiiter Shock:

Computer Shack Inc, 1922 Re-
public Av, San Leandro CA 94577,
has announced that it plans to change its
name 1o Computerland  Corporation.
Computer Shack president E E | aber
said this action will “strengthen the im-
pact and recognition ol the trade name
among the consumer public.” According
o management, franchisees and staff
have expressed o strong preference for
the “Computerland’ name claiming that
it betler  communicates  the  special
mature ol this retail compuler business.
"1t aveids the long-range dilution of
image that could resull from associating
high tlechnology quality producls and
modern store designs with Lthe public's
perceplion ol the name Computer
Shack,” Faber adds.

Caomputerland  Corporation is now
operating  ranchised retail stores in
three regional markets: Morthern and
Sauthern Caliternia and the Atlantic
Seaboard.m

the concept, the people at TSC have
gone out and done what a growing num-
ber ol entrepreneurs are doing: pub-
lishing and selling software at rgasonable
prices. The 7SC Software Caralog, which
has 2 nominal price of 25 cents Lo cover
postage, is available from the company.
Most items are sold as completely com-
mented, assembled machine code source
listings for the 6800, 8080 or 6502 pro-
cessor ol your system. The prices for
typical items [rom the catalog?

® A BCD [loating point package
for the 6800 processor is
$6.50 for the decumentation,
plus 3 for a MIKBUG format
paper tape.

® A scientific functions exten-
sion of the above package runs
$10 plus $4 for a paper tape.
This gets you transcendentals,
and other goodies.

® And of course, the firm will
give you a high level language
for the GB0D in the form of
"Micro Basic Plus' which runs
$15,95 for the documenta-
tion, plus a paper tape at 36
or cassette tape at $6.95,

The catalog is packed lull of numergus
items, with most programs writien for
the 6800 so far [but den't ignore the

availability of several 6502 and 8080
packapges).

The following quotation from the
catalog regarding copyrights and pricing
is well worth cansidering as a philosophy
for personal use seftware marketing:

TSC software is among the lowest
priced software available to the
friobbyist. Alf prices essentiolly re-
flect the cost of documentation
and packaging. Why does TSC self
software for so fittle? The answer
fs simple: Al TSC software is
copyrighted, which means it is
itlfegal to make copies of any
form. The fow pricing is to en-
courage the hobbyist to buy from
us instead of paying close to the
same gmount for g copy al the
tocal copying machine.

We heartily agree with this approach,
since the world of the personal use com-
puter cannot support the concept of unit
sales of custom written hand crafted
programming of extremely expensive
software. The automobile was a success
because of mass production and distribu-
tion. Marketing software ta lots of
people with personal computers requires
high volume production at low margin
as with any mass market, an enterprise
which TSC is proving quite rcalistic.®

Compucolor
Continental specialities
D.E.C.

Hitachi

lasis

Imsai

Intalligant systems

167

Lear

Microterm
Mational Multiplex
Morth Star
Polymorphics
Processor Tech.
Sanyo

SWTP

Tarbell

TOL

The Midwest's Most
Complete Computer Store

THE GENERAL

WE STOCK

Siegler

Texas Instruments
Vector Graphics
Vector Electronics
Ven-Tel

Xybek

Books and Magazines

ASK FOR OUR Z-80 SPECIAL

SEND $2 FOR OUR COMPLETE

CATALOG OF PRODUCTS & PRICES.

*Refundable with purchase of $25 or more.

The General

Computer Company

"A computer company of professionals.”
2011 LIVERMNDIS & TROY, MICHIGAMN
1310 MICHIGAN AVEMNUE o EAST LANSING MICHIGAN

o PHOMNE (01

Circle 252 on nquiry card.

Sams - Haydens - Osborne
Tab - etc. and many others.
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Continued from page 10

13(KO), 14(KN)}, 15(SH), 16(vsS),
17(01), 18(02), 19(EXT), 20(IDLE),
21{IRG), 22(1/08), 23(1/04), 24(1/02),
25(1/01), 26{vDD), 27(VGG), 28(5G),
and the pinouts on the TMC0524 which
are probably the same as the TMC0523
are: 1{D15), 2(VGG), 3(vDD), 4{1/01},

5(1/02),  6{1/04), 7(1/08), 8{IRG),
9{IDLE), 10{EXT), 11(02}, 12(01),
13(vsS), 14(DO), 15(D1), 16{D2),
17(D3), 18(D4), 19(D5), 20(D6},
21(D7), 22(D8), 23(D9), 24(D10},

25(D11), 26(D12},27(D13), 28(D14).

| know nothing more about the inter-
nal structure of the two chips than the
pinout names convey except that the
TMCO501 is called an ‘*Arithmetic Logic
Chip’ and the TMC0534 is 13 K word
ROM called a “SCOM.”" | believe it also
generates the digit scan pulses and the
twa phase clock.

I don’t think it will help Mr Lewis Lo
write Texas Instruments as | have writ-
ten and telephoned them and the only
information | can get is that the intor-
mation is confidential. However, that
was over a year ago and they may have
changed by now.

A company called Bootstrap Enter-
prises, POB 614, Richardson TX 75080
sells “service manuals’ on the SR-50 and
SR-52 and they may have one on the
SR-51. Their price is $4.50. The data
is skimpy but helps and they are prompt.

| am interested in any information
which anyone may have on the internat
workings of the SR-52.

Incidentally, does anyone know ol a
MOS or CMOS decade counter with
three state BCD output. If so, I'd like its
number and manufacturer.

Jack Lambert
5 Graham Rd
Lexington MA 02173

PASCAL PRESSURE

In his article "All This Just 10 Print
a Quotation Mark?" in May 1977 BYTE,
page 132, the author ofters us a mind
bending cure that is worse than the
discase. Since the BASIC language he
was using did not allow the user Lo repre-
sent a quote within a string delimited by
quotes, he created an entire scratch file
for the sole purpose of storing a quote
which he subsequently read up as a vari-
able and used.

The language | use, PASCAL, fea-
tures a simple and straightforward solu-
tion: a quote mark within a string is
represented by a pair of quote marks.
Thus, in PASCAL you might say that the
problem of quotes is “THE LANG-
UAGE" "S PROBLEM™.

George Cohn

Indiana University

Wrubel Computing Center
Memaorial Hall West, Room 013
Bioomington IN 47401

Right you gre. But no one hgs any
small computer PASCAL compilers (or
interpreters) yet, ond when g user has to
put up with what he's got, some mind
bending contortions maoy resuft out of
sheer necessity.

COMMENTS ON PASCAL AND
STACK MACHINES

The rumor of a Z-200 trom ZILOG
{April 1977 BYTE, page 140) seems Lo
have triggered a groundswell in the small
compulter industry {and among personal
computer enthusiasts) 1hat cannot be
ignored.

The concurrent article {page 128) by
Donald ] Stavely in your Technical
Forum pages adds weight 1o the concept
of using PASCAL f{or a PASCAL subset)

as a high level language for micro-
processor users. The problem, of course,
has been core. For example, PASCAL on
a PDP 11/45 typically resides in 16 K of
16 bit words and takes seven passes to
produce code for an abstract machine.
There is an additional overhcad of 21 K
words for an operating environment.

The ZILOG product, if it exisls,
would go a long way to bringing lhe
small computer industry o a mature
basis by providing it with a structured
language. If the Z-200 does not exist the
clamour of interest in such a product
which your publication has gencrated
must surely bring about its existence.

Keep up the good work, BYTE.

John S Perryn

Hartley Compter Applications Pty Lid
39 Sherwood Rd

POB 366

Toowong Qld 4066 AUSTRALIA

It turns out thet Z-200 flgter 2-800)
rumor was untrue as of the spring of
this vear, but Zilog (and other com-
panies) are not resting on past laurels.
One design idea we heard at the West
Coast Computer Faire from an LS}
designer employed by a semicondtctor
laboratory was the idea of a fairly con-
ventional processor design (ot the
machine language level) with built-in
hooks to higher level functions imple-
mented by fast machine language rou-
tines built into a ROM located in the
processor. The suggestion was muade
that such routines could be made to
run rtaster than if they were in cxterngl
ROM segments duc to the fack of any
need to go through the external inter-
faces of the chip, and also due to short-
cuts in the addressing of operands. in
essence, the concept is one of some
“vertical”’ microprogamming extensions
of the instruction set buift into the

SWIP 6800 OWNERS-WE HAVE A CASSETTE 1/0 FOR YOU!

The CIS-30+ allows you to record and playback data using an
ordinary cassette recorder at 30, 60 or 120 Bytes/Sec.! No Hassle!
Your terminal connects to the CIS-30+ which plugs into either the
Control (MP-C) or Serial (MP-S) Interface of your SWTP 6800
Computer. The CIS-30+ uses the self clocking ‘Kansas City'/Biphase )

LEY] TERMINAL TAPE
300 LOCAL AUTO

T o
‘T.:N \;:lt 3:4
PEROOM 3mr00

Standard. The CIS-30+ is the FASTEST, MOST RELIABLE CAS-
SETTE 1/0 you can buy for your SWTP 6800 Computer,

PerCom has a Cassette 1/O for your computer!
Call or Write for complete specifications

Kit — $69.95*
Assembled — $89.95*
{manual included)

* plus 5% f/shipping

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

DERGOM PerCom Data Co.

PerCom — ‘peripherals for personal computing’

Q=

TEXAS RESIDENTS ADD 5% SALES TAX
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MORE HIDDEN GOLD:
PC-100 OPERATES WITH SR-51

This letter is in responsc to that from
William D Lewis in June 1977 BYTE.
Perhaps | am not the typical BYTE
reader because | have acquired over the
last several months the Texas Instru-
ments Models SR-51, SR-56, SR-52 and
PC-100A. The last is a printer for the
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$R-56 and SR-52. If one removes the
batieries from these calculalors, the
appearances of rhe battery compart-
ments are similar (but guite different
from that Tor the SR-50). For all, in
addition 1o the battery terminals,
there is a 12 pad connector strip as
pictured by Lewis.

| have been tempted {or months
to put the SR-51 onte the PC-100A just
to see what would happen. | was in-
hibited from this by two facts: The first
is thal the compartment cn the SR-51
is shallow as compared with the others,
and second the PC-100A has a 3 position
switch marked SR-52, SR-56, “other.”
Alter Lewis' letter | said, "1 do it,"”
and jammed the SR-51 onto the printer.
| say “'jammed" because it did not go on
quite as smoothly as either the SR-56 or
SR-52. Maturally | chose the *“other"
position for the PC-100A selector
switch.,

The SR-51 is not an “other' device
and a next test showed it was not an
SR-56. A third trial shows the SR-51
to be an SR-52 as far as the printer Is
concerned. And, talk aboul hidden gold,
the results were fantastic {see reproduc-
tion of a printout). Before | discuss them
let me point eul that the inner workings
of the 5R-56 and SR-52 are very differ-
ent as viewed by Lthe PC-100A and things
go ta hell if the PC-100A selector switch
dees not match the calcuiator.

Texas Instruments is very incon-
sistenl in its warious machine features
and their modes of operations as com-
pared with those from Hewleti-Packard,
thus the SR-51 has many {unctions not
offered on the SR-52 and a few not
offered on the SR-56. But, surprise, the
PC-100A krows about them (unless it is
the SR-51 which has more goodies than
have been announced). [n any case,
when the PC-TODA*Ts adjusted for the
SR-52 but actually gets the SR-51, the
printer works as one would hape it
would. Actually it works better than ane

would reasonably expect. One can press
the PC-100A PRINT button to print the
displayed value at any time, but the
operation is most interesting when the
PC-100A is in the TRACE mode; here
one gets a complete audit trail of all
operations and results from aperations.
The operations printed out inctude
SINH, COSH, SLOPE, INTCP and other
functions which do mot even exist on
either the SR-56 or SR-52. Where does
this information come from? Will some
Texas Instruments engineer please tell
us?

The many owners of the SR-51 know
that it has the most preprogrammed
functions and built-in conversions of all
the pocket calculations built by Texas
Instruments to the present time. Now
that the price for the PC-100A printer
is dropping, many of these owners
might wish to make a spiffy equipment
upgrade by buying one for their SR-51.
And, of course, the printer will be usable
for a subsequent $R-56 or SR-52. Note:
SR-51A might be different (rom the
SR-51.

Webb Simmons
1559 Alcalz Pl
San Diego CA 92111

To carry this research further, we
need a reader with an SR-51A to try the
trick described here. Chances are that
the trick will still work, since Texas
Instruments probably was consistert
itr one respect: the design programiners
most likly wsed a common coding
scheme for ail the arithmetic and trans-
cendental functions of the caolculator
just to minimize the probability of soft-
ware error.

POPULAR COMPUTING REPLUGGED
We do appreciate the plug for Pop-

wlgr Computing in Peter Travisano's
Clubs and Newsletters column in your

§100 Bus Cards (ALTAIR/IMSAI Compatible)

B8-SPKM Clock Module

B88-UFC Frequency Counter Moriule

BB-MODEM  Ornginale/ Answer MODEM

INTERNATIONAL DATA SYSTEMS, INC.

400 North Washington Street, Suite 200
Falls Church, Yirginia 22046 USA

Telephone (703) 536-7373

USES

Your computer keeps time of day regardless ol what prograrn it is executing.
Applicalions include event logging, dala enlry, ham radio, elc. Provision for
ballery backup is included.

Measure irequencies up 10 600 MHz or period with 1/10 microsacond resolu-
tion Computer can monilor lour separale inpuls under software control,

Use your computer lo call other compuler systems such as large limesharing
syslems Also aliows other computer terminals o “dial-up™ your computer.
Auto-gialer is included 50 your compuler can call other computers under sofl-

KIT PRICE

$96.00

$178.00

$245.00

MCTK

TSk

DACS

GENERAL PURPOSE PERIPHERALS

Morse Code Trainer/ Keyer

Temgperalure Sensing hMaotuie

Ewght B4 Digitat 1o
Analog Converter

ware control Operates al 110, 134.5, 150, 300, and 600 band

Hard/ Sottware package which allows your computer to leach Morse Code, key your
transmitter. and send preslored messages. Uses "NEW CODE METHOD" or training

Use i to measure ingide and/ or oulside lemperalure for compulerized climate

control syslems, etc.

Requires cne eight bil TTL level lalched parallel oulput port, Use il 10 produce
compuler music or to drive voltage controlled devices.

$29.00

$24.00

$1900

Terms: Paymenl with order. Shipmeni prepald. Delivery is siock {o 30 days. Wrile or call for detalled product brochures.

Circle 268 on inquiry card.
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S-100

COMPATIBLE

BILANK
BOARDS

Z-80 CPU $35.00
2708/16 EPROM $25.00
PROTOBOARD $25.00
8k STATIC $25.00

16/64 DYNAMIC
RAM $35.00

PLEASE ADD $2.00 SHIPPING PER ORDER.

d M audio 42

PO BOX 91 ITHACA, N.Y. 14850
{ WE'D LIKE TO MEET YOU AT PC ‘77 BOOTH 206

SAVE 5% To 15% On The
World's Finest
Hardware & Software.

Call (315) 637-6208 NOW.

List Price  Our Price

IMSAI 808 Kit wilh 22 slols $751 $645

IMSAI 4K 500ns RAM Kit $139 $117
North Star Micro-Disco

System Kit $699 $599

Gromemco Bytesaver Kit $195 $185

Vector Graphic 8K 500ns RAM
{Assembled) $265 $225

Edge Connectors & Guides for IMSAI

{in lots of 10-each) $ 7 $ 4
Our own Extender Board

w/conneclor $ 30 $ 15

Shipping charges $10 per CPU or larger umits, $1.50 per kit
$2.00 mintmum per vrder.

Provided stock 1S avallable. we will ship immediately for pay-
ment by cashier's check, money order ur charge cards. Allow
3 weeks for personal checks 1u clear

N.Y. Stale residents add appropnale sales tax. Prices may
change withoul notice.

P.O. Box 71 = Fayetteville, New York 13066

Circle 267 on inguiry card.
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BYTE. Congratulations! This is one of
the finest computer hobbyist oriented
magazines | have read to date.

| will come right o the point of this
letter. | am locking for a TV moenitar
that has a 9 inch diagonal screen, per-
haps in kit form. | would also be inter-
ested in just the CRT and associated
electronics so | could design my own
terminal cabinet.

All of the monitors {assembled) that
| have seen have been over $100. My
question is: why buy a $125 monitor
and watch nothing but your campuler
readout, when you could buy a 9 inch
TV and get the networks also?

is there anything that BYTE is aware
of that might fill my needs?

Rick Downs

205 Shelton Beach Rd
Apt 53

Saraland AL 36571

Look on page 4+ of The Best ol
BYTE Volume | {see the BITS adver-
tisement in this issue) for ¢ reprint of
Kenneth Barbier's article ""The lgnorgnce
is Bliss Television Drive Circuit.”’

A LETTER OF THANKS
TO RALPH BURHANS AND
ASSOCIATES

Many thanks for the series on Omega
navigation. | have been experimenting
with analog Omega devices for years;
now, thanks 1o vour scrics, | have em-
barked on a digital version.

| have coded the phase lock toop pro-
gram [or the G800 already. Currently
I am developing a simulator to drive i1
for test and evaluation. Let's have more
on digital radio receivers and coherent
cw.

Roy Murphy

System Development Corporation
REM 500

Macara CA 94086

APL CHARACTER GENERATION
INTEREST

In reading February 1977 BYTE, |
noticed a letter of interest dealing with
character ROMs for APL. At Lhe end ot
the letter, you said something about
creating a demand. 1'd like to say that |
would be willing to purchase two or
three such generators, but not five.

Thomas Curiey
POB 69
Morrisville NY 13408

A note of interest regarding vist!
reprosentations:  systems  with o re-
definable programmable memory butter
areas for character generation will prove
quite useftd (o APL hackers, Twa exam-
ples ure currently on the market: e
Noval computer first seen in BYTE in
the June 1977 isswe, and the FOBD
Micromind computer which fHus beet
advertised since January of this yedr.
With such redefingble graphics sets, there
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4 @ompury@

® 0O O'

AMPLIFIER

€11

SPEECH

h' SYNTHESIZER

$-100 BUS
b

CSR 1
SYNTHESIS-BY-RULE
SOFTWARE

1
SPEAK “KAAMPYUTAOLKER”

MODEL CT-1 SYNTHESIZER 395.00
CSR1 SOFTWARE SYSTEM 35.00
DEMONSTRATION CASSETTE 2.95

CALIF RESIDENTS ADD 6% SALES TAX

WRITE FOR INFORMATIVE LITERATURE

COMPUTALKER CONSULTANTS

P.O. BOX 1951, DEPT. B, SANTA MONICA, CA QOi(y

21 START-AT-HOME
COMPUTER BUSINESSES

in the shoestring, start-at-home
computer business handbook

CONSULTING @PROGRAMMING @ SOFTWARE PACKAGES @ COM
FREELANCE WRITING @ SEM)NARS @ TAPE/DISC CLEANING
FIELD SERVICE@® SYSTEMS HOUSES @ LEASING@OSUPPLIES
PUBLISHING@® TiME BROKERS @ HARDWARE DISTRIBUTORS
SALES AGENCIES @ HEADHUNTING@ TEMPORARY SERVICES
USED COMPUTERS@ FINDER'S FEES @ SCRAP COMPONENTS
COMPUTER PRODUCTS AND SERVICES FOR THE HOME

Plus -~ - hundreds of ideas on
moonlighting, going full-time,
image building, revenue building,
bidding, contracts, marketing,
professionalism, and much more.
No career planning tool like it
ever published. Order now and if
you're not completely satisfied,
send it back within 30 days for

a full and immediate refund.

@®8: X 1] ringbound @113 pp. ®512.00

D H T H s E ﬂ n c H 730 WAUKEGAN ROAD » SUITE 108

vncorporated DEERFIELD, ILLINOIS 80015
Rush copies of "The Shoestring Start-At-Home
Computer Business Handbook to me right away -
NAHE /COMPANY

ADDRESS

CITY/STATE/ZIP
DCHECK ENCLOSEDDBANKAMERICARDDMASTERCHARGE

#
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Continued from page 61

to you. The formulas below will implement
their respective functions.

By using the TAN and SQR functions,
the sine, cosine, secant and cosecant may be
found. The formulas are as follows, with x in
radians.

SIN{x} = TAN{x)/SQR{1+[TAN(x)"*2}}
COS(x) = 1/SQR(1+{TAN{x}**2))
SEC(x}) = SQR(1+(TAN{x)**2))

CSCix) = SQRUO+{TAN(x)**2)//TAN{x}

Note: could cause a division error when
x approaches 0.

From the ATN and SQR function, the
Arc-sine and Arc-cosine may be calculated.

ASN{x) = ATN(x/SQR{1-x"x}}
ACS(x} = ATNISOR (1 —x*x)fx}

For values of x < = 0, normalize by adding
2m to x.

For still other formulas, try looking in
any engineering and math handbook. TAN
and SQR can often be found in such books
expressed as series approximations which
can be expressed even in limited 16 bit
integer BASICs. »

On Finite State
Machines and
Their Uses

Gerald Owens
POB 9038
Tucson AZ 85720

The two articles by M Wimble in the May
and June 1977 BYTEs entitled “Artificial
Intelligence, An Evolutionary ldea” pro-
vided much food for thought for me, as well
as many others I'm sure. If | had a personal
computer, 1'd try a crack at the earthquake
prediction model.

However so much that | hate to dampen
anyone’s spirits, | must point out a basic
limitation to what the system that Wimble
outlines has. The implementation is based
on what is called a deterministic finite state
automation. It’s finite, since there are only
so many states, and it's deterministic, since
when onc goes from one state to the next
there is no ambiguity or uncertainty as Lo
which state to go to next. Certain properties
can be proved about what a finite state auto-
mation can do and what it can’t do.

First, what it can do. Recurrent patterns
are its forte. Given a recurrent pattern, the



method Wimble outlines will construct a
finite state automaton that will predict
what will happen next.

Now, what it can’t do. The deterministic
finite state automaton cannot recognize, or
act upon, all computer languages. You
cannot use the method to teach your com-
puter BASIC and expect it to digest your
Star Trek program. The language level is
of a higher sort than what a finite state

automaton can recognize. You should
have somebody write up an article on the
four levels of grammar, as outlined by
Noam Chomsky, and the machines used to
recognize sentences in those grammars. |
may suggest that there are more fruitful
lines of endeavor (like perpetual motion
machines or faster than light travel) than
teaching a deterministic finite state machine
alanguage.s

Comments on Floating Point Representation

Sheldon Linker's article on “What's in a
Floating Point Package?” [page 62, May
1977 BYTE] needs a refinement that might
make a difference.

He states that the base of the exponent
cantrols the dynamic range of the arith-
metic. What he did not state is that the base
also cffectively controls the precision. The
bigger the base, the greater the dynamic
range and the poorer the precision. And this
has nothing to do with stealing bits from the
mantissa. Choosing the base is not an arbi-
trary matter of picking a hefty dynamic
range.

The problem is illustrated when you
atlempt to add a single lowest order bit to a
mantissa that has all the bits turned on. You
can cither up the exponent by 1 and renor-
malize (which is the procedure | read into
Linker’s article) or you can just not perform
the addition. If the exponent is based on 2,
then increasing the exponent causes a change
in magnitude equal to the change that
would be found if a bit were added to any
other number. If the base is 16, the change
is much greater. The net result is that the
precision is much closer to six digits rather
than seven.

Another way to look at it is to acknow-
ledge first that all integer arithmetic takes
place in finite steps; there are gaps between
the numbers. Next, observe that the machine
doesn’t, through processes unknown, con-
vert over to a continuous number machine
when floating point is implemented. With
floating point we just get the option of
choosing the gap size as well as scaling the
numbers.

The difference between base 2 and base
16 may scem trivial to the novice, and
indeed must have seemed trivial to enough
of the right people at [BM when they went
hexadecimal. With base 2 you get seven
digits throughout the dynamic range. With
base 16 you seern to get seven digits most
of the time, but are bound to get six now
and then. In fact, with 2 and 16 as bases
you get f{our and three digits of precision
if your computations have any sophisti-

cation (like multiplication and summing)
at all. The exact results, of course, depend
on the numbers involved, but if you're
interested in floating point and want pre-
cision, then base 2 cannot be beat. But
remember that if you go double precision,
then the range will probably be extended
and you will have to exlend the exponent
field.

As an historical note, | heard somewhere
that I1BM put the exponent up front just to
be different from Burroughs or Univac who
had the exponent on the right.m

R A Baker
2227 N Belmont
Richmond TX 77469

get your
hands
on...

Hands on
microprocessor

short course with

FREE take home
microcomputer included

workshop $299.)"
Sept 14, 15, 16 Dalias, TX

Oct 11, 12, 13
Oct 18, 19, 20
QOct 26, 27, 28

Dec 6.7, 8 Detroit, MI

Jan 3.4, 5

in the $499 tuition. (New interfacing

Sept 19, 20. 21, (22, 23)" Houston, TX
Sept 26, 27, 28, (29, 30)* Washington, DC

Melbourne, FL
Denver, CO
Palo Alto, CA
Oct 31, Nov 1, 2, (3. 4)° San Diego, CA
Nov 14, 15 16, (17, 18)° Indianapolis, IN
Nov 28, 29, 30, (Dec 1, 2)° Boston, MA

Dec 12, 13, 14, (15, 16)" Chicago, IL
Mayaguez, Puertc Rico
{Special course for management)

Learn microprocessors first hand

from the original hands on people.

For more information call Jerilyn Williams,

(317) 742-6802 or write Wintek Corp.,

902 North 9th Street, Lafayette, IN 47304
® 6800 Hardware/Software

vy m ® Custom Hardware/Soitware

® In-house short courses

185 Circle 271 on inquiry card.














http:lingo.rs

Walsh Functions:

waLll);

WalLt2);

WAL(3),

WAL (4);

WAL(S),;

WAL(E);

WALITY,

waL(8),

WAL(9);

waAL{I0);

WAL (13,

wal 2],

WAL{I3);

WAL (14}

WALLIS);

waLto}

SAaLt)

CaL{1}

SAL(Z)

CAL(2)

SAL{3)

CAL{3Z)

SaL(4)

caL(4)

SAL(5}

CaL(®)

SaL{6)

CAL(B)

SALIT)

CAL(T)

SAL(B)
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Figtire 1: The
Thorugh

Walsh  Functions WAL(O)
WAL(15). The fuct that

functions lend themselves to digital genera-
tion is evident In the nature of the busic
wave forms. The notations SAL and CAL
emphusize the resemblance of Wualsh func-
tions to the Fourier series Irigonomelric
functions SIN and COS.

190

A Digital Fourier Series

Benjamin Franklin Jacoby, PhD
Information Conversion Devices Co
88 W Frankfort St

Columbus OH 43206

Using a mathematical technique called
Fourier analysis, it is possible to build
arbitrary wave forms by adding together
various ‘‘components.”

While a full appreciation of the inner
workings of the Fourier series requires a
knowledge of advanced mathematics far
beyond the capacity of many persons inter-
ested in electronics, that in no way deters
them from using the concepts or even
simplified portions of the math in practical
applications. Even beginners are aware that
wave forms can be broken into a set of
harmonics and that a set of sinewaves of
integer multiple frequencies can be summed
to build up a complex wave form. In a like
manner, Walsh function concepts can be put
to work once a few fundamental idecas are
mastered. A key to generating complicated
sounds in computerized music and voice
outputs is the ability to generate arbitrary
wave forms from digital codes.

In these days of digital computers, a
person familiar with Fourier concepts might
ask the question: Is it possible to build up
any wave form out of a sum of square waves
of some type? Such a system would be ideal
for use with digital logic. This question has
been answered in the affirmative by the
German mathematician H Rademacher, not
in 1972 or 1962, but in 1922. His set of
square waves, called ‘‘Rademacher func-
tions,” consists of a fundamental square
wave of 50% duty cycle at some frequency



Fourier series are used to
create wave forms as the
sum of pure sine and
cosine waves at selected
frequencies; this leads to
the obvious question: Is it
possible to use a similar
mechanism which builds a
complex wave form out of
digital wave forms with
sharp edges?

plus  harmonics of square waves of
2,4,8,16,32 and higher powers of two times
the fundamental frequency. A deficicncy of
this system, however, is that it is not
possible Lo generate any arbitrary wave
shape from only a simple sum of these
square wave harmonics.

Also in 1922, ) L Walsh presented his
indepcndently developed system to the
American Mathematical Society. His system
was later shown by the Polish mathematician
Kaczmarz in 1929 to include the Rade-
macher system as a subset of the Walsh
complete set of orthonormal functions,
which, in plain English, says that some of
the Walsh functions are square waves and
that if all Walsh functions are allowed (you
may not need to use them all, however) then
any arbitrary periodic wave form can be
built up by adding them together in a
manner totally analagous to sinewave sum-
mation in Fourier series.

Interest in the engineering applications of
Walsh functions was sparked by an article in
the IEEE Spectrum by Dr H F Harmuth of
the University of Maryland in 1968 and is
continuing because of the suitability of
Walsh functions to generation by digital
systems.

The fastest way to understand what
Walsh functions are is simply to look at a
picture of some wave forms. Figure 1 shows
the Walsh functions WAL(Q} through
WAL(15). It is seen that WAL(O) is merely a
DC level which we will usually ignore in
practical applications since offsets arc easily
handled by other mecans and that WAL(1),
WAL(3), WAL(7}, and WAL(15) are really
the square wave Rademacher functions. You
will note that in addition to the WAL(n)

D TYPE MASTER SLAVE FLIP FLOPS

GRAY CODE

LD OTLD Q [—D @
Qo> ck oMl gJex THgdex @

L {000m)

waLi)
[(saLan

(0011}

waL(2)
caLnl

Figure 2:

{00QIQ) WALIS)

Jisaiizn

1QO111}) walL(s)
4 D <Tsatxn
(00100} WAL(7)

<:I SAL{4)

{01000) Gwnulm

Satig)

{10000} waLi3n}

<saoe!

The logic of a digital circuit which generuates u set of Walsh

functions using a string of flip flops and some external gating. The flip flops
are connected as toggles {division by 2 at each stuge). The exclusive OR gales
combine terms [0 produce the more complicated Walsh wave forms indicated.

designation, the functions are also labeled
with CAL or SAL. These labels are also
commonly used and are acronyms for the
terms Cosine wALsh and Sine wALsh by
analogy to Fourier analysis. In short all WAL
{even n) are called CAL and all WAL {odd n)
arc called SAL. CAL and SAL are also
numbered but the numbers do not corres-
pond to the WAL designation though they
are easy to figure out. Also by analogy to
Fourier analysis, a Walsh spectrum is called a
sequency spectrum as opposed to a Fourier
frequency spectrum,

Enter Mr Gray and His Code

However, knowing what Walsh functions
look like and knowing how to generate them
digitally are two different things. It is clear
that the generation of WAL(1), WAL(3),
WAL(7), WAL(15), etc, is a4 snap since Lhey
are simple square waves. A string of flip
flops does the job, as shown in figure 2. The
generation of the remaining functions, while
a little more difficult, is not impossibly
complex once the mathematics is shaken
down into a few simple rules:

1. To generate WAL(n), first write the
number n in Gray code. Gray code is a
modified binary code having only one
bit changing at a time when going to
the next higher or next lower number.
A lable of Gray code numbers is
shown in table 1; and with a little

1M

In translating a mathe-
matical summation into a
physical circuit, the opera-
tional amplifier provides
the summing element and
the resistors from inputs
to the summing node form
the coefficients of the
component signals.

Walsh functions are the
digital answer to sines and
cosines used in Fourier
analysis.



Table 1: Gray Code Bit Patterns for the
Functions WAL(Q) Through
WAL(31). The corresponding SAL and CAL
notation of each WAL function is shown

z 2

=4 o Walsh

5 x

2 2

3 ut

. o [
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3 E |23 32323| 4

< G 44 9«4 <

2 o s 2222 =
WALIO) 0 00 00O
WALI(1) 1 0 0 0 0 1t |SsSAL(
WAL(2) 2 0 0 0 1 1 |cCAL(
WALI3) 3 0 0 0 1 0 | sAL{2)
WAL (4) 4 0 0 1t 1 0| cCALE)
WAL(S) 5 0 0 1 1 1 | SAL(3)
WALI(B) 6 0 0 1 0 1 | CAL(3)
WALI(7} 7 O 0 1 0 0| SAL(4)
WAL(8) 8 0 1t 1 0 0| CALI4)
WAL() 9 0 1 1 0 1 | SALI(S)
WAL(10) | 10 [ 0 1 1 1 1 | CAL(B)
WAL | 11 0 1 1 1 0| SAL(6)
WAL(12) | 12 0 1 0 1 0| CAL(®B)
WAL(I3) | 13 | 0 1 0 1 1 | SAL{7)
WAL(14) {14 | 0 1 0 0 1 | CAL(D
WAL(15}) | 15 0 1 0 0 0| SAL(8)
WAL{16) | 18 11 0 0 0 | CAL(8)
WAL(17} | 17 1 1 0 0 1 | SAL(9)
WwaAL{18) | 18 11 0 1 1| CAL®)
WAL(19) 19 1T 1 0 1 0 | SAL(10)
WAL(20) | 20 11 1 1 0| CAL(10)
WAL(21) | 21 11 1 1 1 | SALIIN
WAL{22) | 22 11 1 0 1| cAaLt
WAL(23) | 23 11 1 0 0| SAL(12)
WAL{24) | 24 10 1 0 0| CALN12)
WAL(25) | 25 10 1 0 1| SALUI
WAL(26) | 26 1 0 1 1 1| CcAL013)
WAL{27} | 27 1.0 1 1 0| SAL14)
WAL{28) | 28 1 00 1 0| caL(14)
WAL(29) | 29 1 0 0 1 1| SAL(IS)
WAL(30) | 30 10 0 0 1 | CAL(IB)
WAL(31) | 31 1.0 0 0 0 | SAL(16)

e T o ™
GRAY
CODE
So you want to produce a study, the pattern can easily be

sine wave? Calculate the
values at 16 evenly spaced
locations in the period,
then use these values to
calculate the Walsh coeffi-
cients using a tabulator
method. Then wire in re-
sistors of values derived
from the Walsh coeffi-
cients and the output of
the circuit will be a step
function approximation of
the desired sine wave.

extended to any value.

2, Starting with the least significant bit,
assign a square wave Rademacher
function to each bit. Assign WAL(1)
to the LSB, WAL(3) to the next,
WAL(7) to the next, etc,

3. Any Rademacher function whose bit
is O is not used. Those whose bits
are 1 are combined by modulo 2 ad-
dition, which is 10 say by exclusive
OR gates 10 give the Walsh output of
that order.

4. All  Walsh functions must begin
positive so that the composite Walsh
output may need to be inverted de-
pending upon how many exclusive OR
gates were used 1o produce it.

A couple of examples are shown in figure 2
and a complete generator producing all
Walsh  functions from WAL(1) through
WAL(15) is shown in figure 3.

It should be noted that although a Walsh
function is mathematically defined as going
from +1 to —1, and it is possible to obtain

192

down the right hand column of the table.

positive and negative swings with CMOS
logic with positive and negative supplies, in
practice little is gained by going this route
since all that is involved is a DC offset which
is easily handled by the summing amplifier.
Thus, 0—5 volt TTL logic outputs are fine.

Now that a set of Walsh functions has
been generated, it only remains to add them
in a summing amplifier with appropriate
magnitudes and signs to simulate any wave
form with a stair step approximation. The
general expression of a Walsh function repre-
sentation is a summation analogous to that
found in Fourier analysis:

Arbitrary wave form = X(t) = Ay +

_OZ:(A;. SAL(i) + B CAL(i))
|=

where A; and B; are weighting constants
which correspond to the resistors used in the
summing amplifier inputs, The size of the
steps and the number present will be deter-
mined by how many harmonics are com-
bined. The more you use, the smaller and
more numerous the steps, hence the better
will be your approximation to your original
wave form. The determination of these
combining coefficients from the wave form
desired requires a bit more detailed
consideration,

Wave Form Synthesis

Before proceeding any further into the
theoretical aspects of Walsh applications, a
review of what we are attempting to do and
how we intend to do it will help get our feet
on solid ground. The device we wish to build
using Walsh functions could be called “a
square wave Lo arbitrary wave form con-
verter.” It will be a circuit into which you
put a square wave of some frequency and
oul of which comes a periodic analog signal
with a frequency related to that of the input
wave (perhaps some submultiple} and a wave
form that can be made to take any shape
desired by adjusting a set of controls,
switches or internal resistors. With such a
device, digital logic could be used to
synthesize a frequency and the converter
could then be set to produce a sinewave for
use in standard applications, or given suffi-
cient accuracy of conversion, a computer
could be made to talk or even sing. Both
have been done by engineers working in this
area.

The converter consists of two parts: The
first is the digital expander which expands
the input square wave into a variety of
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digital wave forms, and the second is the
analog combiner which adds up these wave
forms to produce the periodic analog out-
put. The expander is, of course, the Walsh
generator shown earlier and the combiner
will be discussed below.

All of the Walsh outputs will be fed into
the summing junction of an operational
amplifier, but they will not have the same
strength or sign. |t is the strength and sign of
each component which will determine the
net analog output so that once we have
chosen the analog output we desire, the
relative strength and sign of each Walsh
harmonic must be calculated from that
desired wave form., Once these values are
known, a negative sign can be handied with a
digital inverier and the magnitude by the
choice of the resistor value into the summing
junction. The net output will then be a stair
step approximation to the desired output
which can then be made more perfect by
low pass filtering to smooth the wave shapc.

Theoretically, the calculation of the coef-
ficients from the analog wave form desired
involves complex operations with the intc-
gral calculus; but it turns out that it is

possible to shortcut the high powered math
by starting, nct with the analog signal, but
rather with the stair step approximating
function itself, This function can be easily
determined by eyeball or by just taking the
height of cach siep 1o be the value of the
analog output at the center of each time
interval. Figure 4 shows two examples: a
lincar ramp and a sincwave with 16 step
approximations. The height of each step is
shown.

Befare proceeding Lo an actual calcula-
tion we will give some time and work saving
rules, which are illustrated in figure 5.

1. The wavefoerm Lo be synthesized must
be repetilive {as in Fourier synthesis),
although il is casy to start and stop at
any point by control of the digital
input,

2. 1t is especially advantageous to use 21
steps in one period as this gives an
automatic cutoff to the number of
Walsh harmonics required

Figure 3: Extending the
logic of figure 2, this cir-
cuit generates aff the Waish
functions WAL (1) through
WAL(15) as illustrated in
figure 1. This circuit uses
an alternate kind of fiip
flop, the [K master sluve
flip flop connected us a
toggle. This circuit could
be built with two 7473
ICs, three 7486 {Cs and
one 7404 circuit. (One of
the 12 exclusive OR sec-
tions is used ds an
inverter.)

When Walsh function
analysis is applied to a
linear ramp, what's the re-
sult? A set of resistor
values which form an ordi-
nary DA converter opera-
ting upon the binary value
in the counter used for the
Walsh function generator.

Thus: With a 4 step output no functions beyond WAL(3) are required

L) 8 1"
w16 "

3. 1f the coefficients for a higher order
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WAL(7) =
WAL(15) » .. .etc.
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APPROXIMATE
STAIRSTEP

Figtire  i: By picking u
series  of weighting con-
stantis for each Walsh func-

tion term, the outpuls of

tigure 3 can be summed by
urt nperational  amplifier
1o produce arbitrary' wave
foram. Here ure exumples
ol the ramp und sine wave
upproximuations  generuted
Hy the  Walsh tunction
method. The smootli curve
is the desired one in each
case, obluined by filtering
the output ot the summing
amplitier.

approximation are calculated (say 16
steps), and a less accurale approxi-
mation can be used (say 8 steps) then
one only need disconnect WAL(8)
through WAL(15) since the lower
order coefficients will have the same
value in cither casc {or nearly so). This
effect is demonstrated in the sine
generator circuit.

If your wave form Lo be synthesized
possesses certdin  symmeltries or can
be made 1o do so by a DC baseline
shift, many Walsh component coef-
ficients will be rero which will not
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only simplify the calculations, but the
circuitry as well.

4. If the wave form to be synthesized is
even, which is to say that any value
that the function takes to the lefl of
center is the same as the value an equal
distance to the right of center, then
only CAL functions will be used and
all SAL coefficients will be zero.

5. If the wave form is odd, or can be
madc so by a bascline shift, then only
SAL functions will be used and all
CAL coefficients will be zero. Here
any value to the left of center cquals
minus the value to the right of cenler.

6A. If the wave form is even as in point 4
above and in addition it is even about
the 1/4 point, then only CAL(k)
where k is an even number will be
present and all CAL(k) where k is an
odd number will be zero.

6B. If the wave form is even as in point 4
above and in addition is odd about the
1/4 point, then only CAL(K) where k
is an odd number will be present and
all CAL(k) with k an even number will
be zero,

7A. If the wave form is odd as in point 5
above and in addition is even about
the 1/4 point, then only SAL(k) where
k is an odd number will be present and
all SAL(k) where k is an even number
will be zero.

7B. If the wave form is odd as in point 5,
and in addition is odd about (he
1/4 point, then only SAL(k) with k an
cven number will be present and all
SAL(k) where k is an odd number
will be zero.

In the calculations that follow it will also
be observed that if a wave form is even or
odd, the signed sums of the step values need
only be calculated for the first half of the
wave form since that value will be exactly
half the sum of all steps. This is probably
best understood by examining some practi-
cal examples.

Two Examples

The first example will be the linear ramp,
This function can be made odd by adjusting
the baseline, so by rule 5 it is seen that only
SAL coefficients need be calculated and no
CAL functions need be generated.

The best way to gel your mind right in
calculating cocfficients is to make a table as
shown in table 2. The value desired for each
step comprising the output function is writ-
ten in order along the top of the table. Since
we are attempting to produce a lincar ramp,
our output will be a rising staircase wilh a
fixed increase with each step (we used two



A EVEN FUNCTION , SYMME TRIC
Y ABOUT CENTER OF ONE PERIOD

8. ODD FUNCTION , ANTISYMMETRIC
\. ABOUT CENTER OF ONE PERIOD

+ H - ! -
1 | — D ONLY CAL (K} TERMS 1 l_| r D ONLY SAL(K) TERMS

[N | LL\
L—one PERIOD

ARE NON ZERO

ARE NON ZERO

|

ONE PERIOD—J

c. EVEN FUNCTION, SYMMETRIC

ABOUT CENTER OF HALF PERIOD
‘—l‘s‘

EVEN FUNCTION, SYMMETRIC
ABOUT CENTER OF ONE PERIOD
JEE

L—ONE PE RIOD—’I

*}
ONLY CAL {K) TERMS FOR [
EVEN K ARE NON ZERQ

D 0DD FUNCTION, ANTISYMMETRIC
ABOUT CENTER OF HALF PERIOD

EVEN FUNCTION, SYMMETRIC
ABOUT CENTER OF ONE PER|OD

3

[ D ONLY CAL (K} TERMS

FOR ODD K ARE NON ZERO

U-.Ll‘_
S L

L— ONE Psmoo—-’

£ EVEN FUNCTION, SYMMETRIC
ABOUT CENTER OF HALF PERIOD

ODD FUNCTION, ANTISYMMETRIC
ABOUT CENTER OF ONE PERIOD

re— ONE PERIOD

units per step). This staircase will eventually
be filtered to remove the jogs and give a
linear ramp.

The body of the table shows the sign
(positive or negative) each particular Walsh
function takes in each of the 16 time
intervals into which one period of the
output wave form has been divided. As
indicated carlier, we need not go past
WAL(15) in this case. The Walsh sign values
can be taken from the wave forms of figure
1 or from table 3 which is good for up to 32
segment approximations.

The numbers to the far right are the sums
of the upper values when all signs are taken
into account. Thus, for WAL(1) we see that
it is positive in the first half period, but the
step values are negative, so we gel:

(=13) + {=13) + (=11} + (-9) + (=7) +
{(—35) + (=3) + (—1) = ~64 and in the second
half period where WAL(1) is negative and
the values positive we get:

—(+1) = (+3) = (+5) = (+7) - (+9) -
{(+11) — (+13) = (+15) = —64 or a total of
—128. This number gives the relative
strength of WAL(1) in the output summa-

F ODD FUNCTION , ANTISYMMETRIC
ABOUT CENTER OF HALF PERIOD

ODD FUNCTION ANTISYMMETRIC
ABOUT CENTER OF ONE PERIOD

I | ’3.
M - l L‘H | L
{ ONLY SAL (K) TERMS ONLY SAL(K)} TERMS
1 " FOR K ODD ARE NON ZERO
| |__-‘ _]_l

\ -3

]
L FOR K EVEN ARE NON ZERO

Figure 5: The properties
ONE PERIOD of even and odd functions
give constraints on the
SIGN OF WALSH FUNCTIONS weighting constanis
P = positive N = negative needed for a given wuve
form. Here ure illustrations
Mormalized Ratio of six different special
SAL[1)=—1=-1 cases of symmetry which
SAL(2) = -05=-1/2 give zero lerms in the
SAL(4) = -0.25=—1/4 Walsh function sum.
SAL(8) = —-0.125 = -1/8
Desired [~ ONE PERIOD
Function - - Signed
vawes | 715 [T12|T |9 3 T 5 2252|558 | sem
SAL{1} PIPIP|PIP[P (P[P |IN[N[N|N|NININ|N -128
SAL{Z) PIPIP|PIN[N|IN|N{PIP[P|P|IN|N[N|N - 64
SALI3) PIP{N|N|N[N|P|PIN[N[P|P|P|P[N|N 0
SALL4) PIP|N|N(P|P|N|N[P[P[N|NJP]P[N|N - 32
SALIS) PIN|NIP|P|N[N|P|N|P[PININ|P|P|N 0
SAL(B) PIN|N|{P|IN|P|P|N|P|N|N|P|N[P|[P|N 0
SAL(7) PIMN(P|ININIPIN|P|N[PIN|P|P|IN|P|N 0
SALIB) PIN|PIN|P|[N|/P|N|PIN[P|N|P|NIP|N - 186

Tuble 2: A computational table used to help determine the Walsh function
coefficients for the linear ramp. The relutive strength of the SAL or CAL
term in quesiion is oblained by summing horizontally the +1(P) or —1{N)
Walsh function value multiplied by the actual wave form value desired for
that element of time. After figuring out the value of the signed sum for euch
term, the vulues should be normalized so that the largest magnitude is 1
(regardiess of sign). Thus the normalized ratios shown below this picture were
computed assuming —128 corresponded to —1.
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The Sign of CAL and SAL in Each 1/32 Interval

of Their Period

WALIO) PPPP
SAL(1) PPPP
CAL(1} PPPP
SALI2) PPPP
CAL(2) PPPP
SALI{3) PPPP
CAL(3) PPPP
SAL(4) PPPP
CAL{4) PPNN
SALI5) PPNN
CALI(5} PPNN
SAL(B) PPNN
CALI(B) PPNN
SAL(7) PPNN
CALI(7) PPNN
SALIB) PPNN
CALIB) PNNP
SAL(9) PNNP
CALI{G) PNNP

SAL{10) PNNP

PPPP
PPPP
PPPP
PPPP
NNNN
NNNN
NNNN
NNNN
NNPP
NNPP
NNPP
NNPP
PPNN
PPN
PPNN
PPNN
PNNP
PNNP
PNNP
PNNP

CAL{10) PNNP NPPN
SALN) PNNP  NPPN
CALOT) PNNP NPPN
SALU12} PNNP  NPPN

CAL112) PNPN
SALU3) PNPN
CAL(13) PNPN
SALO14) PNPN
CAL(14) PNPN
SAL(15) PNPN
CALI1B) PNPN
SAL{1B) PNPN

NPNP
NPNP
NPNP
NPNP
PNPN
PNPN
PNPN
PNPN

PPPP
NNNN
PPPP
NNNN
NNNN
PPPP
NNNN
PPPP
PPNN
NNPP
PPNN
NNPP
NNPP
PPNN
NNPP
PPNN
PNNP
NPPN
PANP
NPPN
NPPN
PNINP
NPPN
PNNP
PNPN
NENP
PNPN
NPNP
NPNP
PNPN
NPNP
PNPN

PPPP PPPP PPPP PPPP

PPPP PPPP NNNN - NNNN
NNNN  NNNN NNNN NNNN
NNNN  NNNN  PPPP PPPP

NNNN  PPPP PPPP NNNN
NNNN  PPPP NNNN  PPPP

PPPP NNNN  NNNN - PPPP

PPPP NNNN  PPPP NNMNN
PPNN NNPP PPNN NNPP
PPNN NNPP NNPP PPNN
NNPP PPNN NMNPP PPNM
NNPP PPNN PPNN NNPP
NNPP NNPP PPNN PPNN
NNPP NNPP NNPP NNPP
PPNN PPNN NNPP NIMNPP
PPNN PPNN PPNN PPNN
PNNP PNNP PNNP PNNP
PNNP PNNP NPPN NPPN
NPPN NPPN NPPN NPPN
NPPN NPPN PNNP PNNP
NPPN PNNP PNNP NPPN
NPPN PNNP NPPN PNMNP
PNNP NPPN NPPN PNNP
PNNP NPPN PNNP NPPN
PNPN NPNP PNPN NPNP
PNPN NPNP NPNP PPN
NPNP PNPN NPNP PNPN
NPNP PNPN PNPN NPNP
NPNP NPNP PNPN PNPN
NPNP NPNP NPNP NPHNP
PNPN PNPN NPNP NPNP
PNPN PNPN PNPN PNPN

1 Period
P = Positive N = Negative

(Columns only for ease of reading.}

X

Table 3: A larger computational table giving 32 Walsh function componenis
and their signs during a 32 interval period.
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R R sum coefficients
SAL{1) PIPIP|P|P[P[P]P —5.1258 —1
SALI3) PIPIN|N|N|N|P]|P +2.1232 +0.4142
SALI5) PIN[N|P|P|N|N|P +0.4223 +0.08239
SAL{7) PINIP[N|PIN[P|N +1.0196 +0.1989

leat——— 1/2 period ——w={

Table 4: Using the computational table lo calculale the resistor values for a
16 step sine wave approximalion. The specialized sine wave generator of
figure 6 uses these results, subject to a further approximation shown in table
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tion, We repeat the process for cach Walsh
function.

It we divide all nonzecro values by the
largest ( WAL(1)), it is observed that the
weighting is binary and further it is seen that
only the square wave Rademacher functions
are nonzero. Thus, it is seen that the way Lo
generale a ramp is with a counter feeding a
standard digital to analog converter. (So here
we have a long, complicated way of arriving
at an “‘obvious” result, but it also should be
noted that D to A binary weighting is only
“matched” to a ramp output.)

If another wave form such as a sinewave
is desired, a D to A converter could be used,
but a more accurate method would be 10
switch between 16 voltages of appropriate
values. The Walsh system is just as accurate
and is simpler for the more general case.

If we divide a sinewave into 16 portions,
the value at the center of the first interval
will be Sin (11.25%) = 0.09802 and the next
will be Sin (33.75%) = 0.55557 and the next
Sin (56.25°) = 0.83147, ctc. This produces
the top row of our table. Since Sin(x) is an
odd function, even about the 1/4 point,
only SAL(1), SAL(3), SAL(5) and SAL(7)
are calculated over the first half period. Our
chart with the calculated coefficient values is
shown in table 4. Since in a standard opera-
tional amplifier summing circuit (we won'l
go into details here as they can be found in
any book on operational amplifiers), the
relative summing ratios are related 1o the in-
verse of the summing resistor values, we
divide each normalized value into 1 and mul-
liply by the feedback resistor value 10 obtain
each summing resistor value in ohms. Table
5 shows the calculated values compared to
1% and 5% E|A resistor standard values.

The total sinewave converter circuit is
shown in figure 6. While three of the co-
efficicnts were negative, a single inverter was
used on the lone positive Walsh output since
the op amp inverts the wave form. In addi-
lion, a gate has been added by which the
phase of the cntire output wave form can be

1
A x Tk 1% 5%EIA
10.00k 10.0k 10k
24.14K 24 3k 24k
1214 121 k 120k
50.27k 49 9k 51k

Table 5: The EIA resistor equivalents for
the calculated values of table 4. The 5%
tolerance resistance values shown al the right
were used in the circuit of figure 6.
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Walsh components. [t is interesting to also
note that if the components below the
dotted line are removed, an 8 step sinewave
approximation results. The feedback capaci-
tor and oulputl low pass filter can be added
to smooth up Lhe wave form to give a nearly
perfect sinewave.

The Walsh methods presented here would
seem to have wide application for experi-
mentation and engineering. Although these
concepts are based on advanced mathe-
matics, nevertheless, as the philosopher
Seneca observed so many years ago, ‘'The
language of truth is simple.”

Walsh Functions for Music Synthesis?

Some background information on the use
of orthogonal functions in music wave form
synthesis  has  been generated by Hal
Chamberlin, and published in Electronotes
Newsfetter, Volume 4, Number 25, July 20
1973, Hal also sent along a copy of a portion
of a report by B A Hutchins, 60 Sheraton
Dr, Ithaca NY 14850, on the use of Walsh
functions in wave form generation. Accord-
ing o Hal, there was considerable analysis of
Walsh functions in electronic music circles

tered on 1973, but complexities of con-
trolling the Walsh harmonic amplitudes
digitally led to the demise of that interest.
Hal's current approach is to employ a real
time Fourier series evajuation module which
digitally sums terms of the first 32 com-
ponents of a Fourier series, specified to 8 bit
accuracy both in amplitude and phase.

GLOSSARY

The following terms may be unfamiliar to some
readers and are highlighted with further
explanations.

Baseline: !t is possible to add a fixed DC level to an
analog signal, which will not affect its wave form.
Using the 0 V and +5 V levels obtained with TTL
circuits {using pull up resistors) as "Walsh func-
tions’' corresponds to a baseline adjustment of
+2.5 volts 10 the ideal case of a symmetric positive
or negative voltage value.

CAL: An acronym derived from Cosine wALsh.
The CAL functions are the "even’ Walsh func-
tions, analogous to the Fourier cosine functions.

Duty eycle: For a digital wave form, the duty cycle

is the percentage of time spent in the high state
refative 1o the full period of the wave form.
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ing components of the op-
erational amplifier help
smooth out the staircase
wave form generuted by
summing the Waish func-
tion components as
weighted by resistors.



Even function: An even function (or wave form) is
one which is symmetric about the center point of
its period. This means that its value a certain dis-
tance to the left of center is the same as its value
the same distance to the right of center.

Fundamental: The lowest frequency in a Fourier
or Walsh function summation.

Gray code: A binary code modified so that only
one hit changes when going to the next higher or
lower number. it is often used to deglitch position
encoders.

Harmonic: A frequency which is a multiple of the
fundamental frequency.

Integral calculus: The mathematical formalism
used to calculate the area under a curve. The inte-
gral calculus is used together with the theory of
orthogonal functions to evaluate analytically the
coefficients of Fourier and Walsh function expan-
sions. The example of Walsh function coefficient
calculation in this article uses properties of Walsh
functions to simplify the process of calculating
integrals required for the coefficients. There is no
such simplification for the Fourier coefficients of a
wave form, thus making the application of Fourier
analysis a more complicated problem.

0Odd function: An odd function {or wave form) is
one which is antisymmetric with respect to the
center point of its period. This means that if at a
fixed interval before the center point its value is X,
then at the same interval past the centerpoint the
value will be —X.
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Orthonarmal functions: The mathematical theory
of orthonormal functions is one of the most
powerful tools used by physicists, theoretical
chemists and engineers. Among other applications,
it provides the tools needed to analyze complex
wave forms and synthesize such wave forms using
the principle of superposition: That the whaole is
a linear sum of its parts. Fourier series and Walsh
function analysis mentioned here are two particu-
lar choices of a set of orthonormal functions which
have useful practical applications. (See also spec-
trum below.)

Periodic wave form: A periodic wave form Is ane
which has a fixed shape which is constantly re-
peated. A simple example would be the clock
oscillator signal of a typical home hrew central
processor. A more complicated example {subject to
imperfections) would be a long steady tone played
on a musical instrument.

Rademacher functions: The subset of Walsh com-
ponents consisting of only the unmodified square
waves.

SAL: An acronym derived from Sine wALsh. The
SAL functions are the '‘odd’’ Walsh functions,
analogous to the Fourier sine functions.

Sequency: Walsh function terminology referring
to the Walsh components of a wave form in exactly
the same way that frequency is used to refer to
the Fourier components. Example: Sequency
spectrum.

Spectrum: When orthonormal functions are used
to analyze a wave form, the resuit frequently is a
set of coefficients which weigh each of the basic
functions found in a {(theoretically} infinite sum
which represents the wave form. Each coefficient
corresponds to some parameter of the orthonormal
functions, which might be, for example, a number

n.”” Whatever the parameter is, a spectrum for the
analysis is obtained by plotting the coefficient
values versus the parameter value for a large num-
ber of coefficients. For a Fourier analysis, the
result is a plot of coefficient versus frequency
{which at the low end corresponds to a small
integer value). A Walsh spectrum would plot the
coefficient of WAL (n) versus n,

Wave form: For the purposes of this article, a
signal’s wave form is a value of (for example)
valtage as a function of time.m
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Circle 236 an inquiry card.

WHAT’'S A BOPA’

It’s a Basic Operating Programming Aid,
a new and revolutionary microcomputing
aid to help you write machine level pro-
grams faster and more accurately.

FA00 Start Adds of Display

AD Load "Space”

oz e racomn — FEATURES —
-- Retuin Whan End You write on movable slats,

O1 Screen Resches 32 memory addresses per board.

You assign the memory range.
Automatically reassigns addresses as
you edit.

Compiles and assembles programs
quickly.

4 columns, ROUTINE, CODE, MNE.,
COMMENTS.

* % % %

Next Display Adds.
G0 10 Load "Space”

»

»

Close-up of Board * Reduces Programming Time.
* Machine level programming is a snap.

ORDER CODE: * Program anywhere, it’s portable.
BOPA—1 Single card system $11.95 * Re-usable, unbreakable mechanism.
BOPA—4 Four card system with 128 * Corrections are quick and easy.

entries, pen, and Soivex-80 639.95 * Excellent learning aid.

cleaning solution 39. * Fits 3 ring binder (9 X 11" X 3/16”).
BOPA—8 ec:t':z::e:"’ggmaf_';;zss $74.95 * Completed programs can be xeroxed.
PNS Spacisl ink pen. $ 1.00 See It At Your Local Computer Store.
SLX Solvex cleaning Sol'n., 1% oz, $ 1.25

VAMP INC.
P.O. Box 29315
Los Angeles, CA 90029

MIN, ORDER §5. — Calif. Residents add 6% Tax.
For orders less than §15, add $1 for shipping.
Foreign orders add 50¢ per board {U.S. Funds Only).
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Continued from page 21

Contral Character Meaning

Pan musical part number declaration, where nn=a number from Q0 to
16

Kne key signature declaration, where n is 2 number andcis a "'+ or
g

Tn/n time signature declaration; ie: ' T4/4" means 4/4 time

Onn positions the CDEFGAB scale on the terminal keyboard to occtave
nn of the external instrument’s keyboard

{ }nn repeat text within parens nn times

<>=C equate all text within brackets to symbol C

Q+n transpose all subsequent text up n steps

Q-n transpose all subsequent text down n steps

oo all text within guotes is treated as commentary

CTRLA marks the end of the MUSIC TEXT FILE

luble 2: Control char-
ucters wsed by  the
SCORTOS lunguage proc-
5501

matically informs the user when he has come
to the end of a bar by displaying a slash and
the next bar number on the terminal. This
provides a checksum for cach bar and a
milestone to keep the operator informed of
his position in the score. Listing 1 shows a
sample of the dialog between the operator
and the cditor as the operator enters the
score fragment in Tligure 3. The italicized
type is supplied by the editor, the beld type
by the operator.

Conventional string oriented text cditors
are inconvenient for use wilh music text
since music is prone lo have Loo many
occurrences of any given string. Allowing the
user to access the text by part number and
bar number is more suitable since he refers
to a written score in the same way. Various
commands arc available within the editor
which allow a uscr to lisl selecled bars and
make inscrtions and deletions in the music
text at selected bar boundaries.

The converter is the system's music lan-
guage processor, IU scans the text of the
music lext file and translates the logical
entities of rhythm and pitch 1o the physical
values of time and keyboard address. For
cach event described in the file the converter
outputs a 2 byte record which contains the
duration of that event in standard system
timing units, and the location of the cvent
on the system controlled music keyboards.

Table 2 is a list of control characters
recognized by the converter. In keeping with
the design goal of climinating redundancies
in the music score, an equale (=) statement
was developed.  Using  equate, repeated
groups of notes nced only be typed in once
and equated to a symbol. Thercalter they
may be brought into the music source text
by typing the symbol to which Lhey have
been equated.

The driver interface subroutines allow the
user to communicate with the DRIVER by
providing him access Lo the binary output
fite. Through their use, a sequence of
musical events may be generated from
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within the computer by a user wrilten
program. For example, the researcher may
have made an analysis of a particular com-
poser's style (following the procedure de-
scribed carlier in this article) and may wish
to writc a program in BASIC which creates a
composilion based upon the properties of
that style. The sequence of events that
constitute the composition would be pro-
duced by calls to the driver interface sub-
routings.

The EVENT subroutine is the principal
interface subroutine. 1ts calling sequence is:

CALL EVENT

DS ARGI

DS ARG2

DS ARG3

DS ARG4
where:

ARG1 = part number.

ARG2 = duration of cvent.

ARG3 = address of keyboard switch,
ARG4 = stur code (0= no slur, 1= slur this
event Lo next event).

The DRIVER is a soltware represenlation
of the inner workings of a player piano
where the binary output file, subroutine
CLOCK, and the DRIVER’s main code are
the respective analogs of the piano roll,
sprocket drive and mechanical read head. All
of the control features of its mechanical
counterpart are available within the pro-
gram, including start performance, pause,
and stop performance, and some which are
upique lo a software simulation, such as
discrete tempo control and part selection.

The DRIVER causes music to be per-
formed by initiating and terminating musical
events according to the information con-
tained in the binary output file. The pro-
gram kecps a timer for cach part that is
participating in the performance. When an
event is initiated, the address data in the
cvent's data record is output to the appro-
priatc 88-RCB data register. This causes
sound to emanate lrom the instrument to
which the 88-RCB is conncected. The timer is
sct to zero, then incremented 20 times per
sccond and compared at cach incrementa-
tion to Lhe event duration ficld of the
event's data record. When these two quan-
tities are equal, the event is terminated by a
logical cxclusive OR of that cvent's key-
board address data with the 88-RCB data
register. The DRIVER then proceeds to the
next event record and repeats the process.

Timing is provided internally by sub-
routine CLOCK which contains a Liming
loop and which also interprets control com-
mands from the terminal. When a call is



MANUAL

Y

INPUT EDITOR —‘
USER

MONITOR CONVERTER

DRIVER

PURE
MUSIC

PROGRAM
MUSIC TEXT
FILE

‘ y

DRIVER
INTERFACE
SUBROUTINES

BINARY OUTPUT
FILE

Figure <4: The flow of information through the SCORTOS softwure. The
monitor controfs the system’s major functions. The editor allows the user to
enter music through the computer's keybourd (see figure 1) and to modity it
as desired. Listing 1 describes this in more detail. The converter scans the text
of the music text file und converts the vulues for rhythm and pitch into
physical values of time and keyboard address. The driver interface subrou-
tines allow the computer 1o play music that it has composed bused on
stochustic or random elements contained in the user’s programs,

made to CLOCK, the caller will not receive
control back until a specified interval of
time has passed. In this way it can be used as
a 1ime source. The time interval provided by
CLOCK is used as the basic unit of time in
the system. An interval of 1/20 of a second
is sulTicient to provide the resolution neces-
sary to perform the most complex musical
passages.

The internal generation ol timing is less
expensive and permits the tempo of the
perlormance Lo be casily varied on line. By
striking the keys labeled "rit” or “accel’ on
the terminal keyboard, the operator can
retard or accelerate the tempo of the per-
formance by 2.5% for cach stroke of the
key.

The use of processor cycles Lo gencrate
timing puts a great strain on the DRIVER, It
musl complete its work so quickly that the
listener is not aware of any delay beiween
music parts Lhal are supposed to be occur-
ring simultancously. Musicians can time 4
musical event to within 10 ms of its desired
occurrence. This imposes on the DRIVER
the specification that, for worst case condi-

Command Meaning

*E ab Call the EDITOR and load the source text file identified by the
characters ab

*C ab,cd Load the file identified by the two character code ab and use it a5 input
to the CONVERTER. Write the output of the CONVERTER to file cd

“Pcd Load the file identified by the characters cd. Call the DRIVER and

perform the music described by the data in file cd

Tuble 3: A [list of command verbs recognized by the system maonitor, Edch
verb calls a system module, und its urguments specity the data fite which is
{0 be operated on by that module.

EDITOR
COMMAND? N
FILE CODE? S5
ENTER PART NO. PO1
0001 “SYMPHONY NO 5 (PROKOFIEV)*****OBOE"” K2- T3/4 (203
0005 P02
0001 “1st FLUTE " K2-T3/4 O3 F4 G4 A8. F16/_
0002 04C8.03B16 04 F4 B4/
0003 D8.E16 F4.G8/
0004 FBEBDBCBO3BBO2C8/
0005 PO3
0007 “2ND FLUTE " K2-T3/4...... etc.

Listing 1: A sample of the didlog between the operator and the system editor
as the operator enters the score fragment in figure 3. The italicized type is
supplied by the editor.
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Continued from page 98

What is the equivalent of the LIN{x)
command, the GO TO...OF...
command, the PRINT USING, and the
IMAGE statements used in the program
as listed? Also, when the program is
campiled in VM 370 BASIC, lines 1520,
1600, 3370 and 3600 give the error
message ''"NO. OF DIMENS. INVALID",;
lineg 140 gives a “"SYNTAX ERROR IN
EXPRESSION: message. Can you sug-
gest revisions to eliminate the problems
and tell me where to get hold of a
VM 370 BASIC manual?

Glean Bultmann
2218 E Gatehouse Dr
Metairie LA 70001

LiN(x} is a built-in function in the
BASIC version wsed by David Price, a
function which is used for formotting
control on the terminal. {ts semantics are
maost Iikely: “advance the terminal by x
fines.”

PRINT USING and IMAGE agre re-
fated statements, used to establish a
format for output simifar to the FOR-
TRAN "FORMAT” statement in the
version of BASIC used in David Price’s
article. The monual for VM 370 would
have to be consulted to find the equiv-
afent, or you could dispense with for-
mats entirely (and get ¢ much cruder
output]! by using PRINT instead of

PRINT USING as a temporary measure.

The GO TO... OF ... is the logical
equivglent of a computed GO TO in
FORTRAN, gnd probebily exists afso in
the VM 370 BASIC. If you must im-
plement it yourself, the semantics should
be satisfied by g series of “IF" state-
mernts, as in the fofiowing conversion of
fine 780 of fisting | of David Price's
griicfe, page 107 of the March 71977
BYTE:

Mew Line 720 code . ..

IEA+] =1 THEN GO TO 890

IFA+] =2 THEN GO TO 1520
IFA+] =3 THEN GO TO 1640
1F A+ =4 THEN GO TO 1800
IFA+1 =5 THEN GO TO 2200
IFA+] =6 THEN GO TO 30710
HF A+ =7 THEN GO TO 3550

Of course, this example could be made
more efficient by calciluting the expres-
sionr A+1 First ond ussigning its value to o
varioble; to avoid picking another vari-
able name, we show this version of the
togic.

The problems with lines 1520, 1600,
3370 and 3600 are due to the fact that
the program os written by David Price
wses a substring’ feature of the BASIC
version he has access to. The notation
At{x,y) is ffrom the context of the
version of the program we printed) a
referenice to the characters in string A$
starting at focation x and extending to

focation y, Thus if A§ = "ANYTHING™
therr A$(3,5) has the value “YTH" by
this interpretation. No simple conversion
s possible; however, you can often
aclifeve the same effect by wusing a
FOR ... NEXT loop scanning the re-
quired range of chargcters within the
string and referencing the characters one
at @ time using A%(1} as a form which is
most fikely alfowed in the VM 370 ver-
sion of BASIC, (Check the manual on
this, and possibly use en alternate sub-
strinng notation if it exists). As for line
140, figuring out why It gives @ syntax
error would require reference to the man-
waly however, noting that many times
exponentiotion is indicated by a double
asterisk (**) one fikely ploce to start
would be by replacing the up arrow
exponentiotion symbol by a double
asterisk, (This symbol is the upward
pointing caret (™) seen in line 140 gs
printed in March 1977 BYTE).

As for getting hold of the manudf for
VM 370 BASIC, the most Hikely place to
start fs o trip to the computing center
which supports your terminal. Most
computing centers for timesharing net-
works have some form of user gccessible
documentation Nbrary. Afternately use
the formal channels ot your center to
order a manug! from {BM, or contact
{BM yourseff. The company is usually
only too happy to selisfy such reqguests
for documentation, and the charges are
nomingl, e

CMOS 4073 16
4001 A6 4075 16
4002 A6 [9516 85
4008 ‘on |4528 35
2007 18
4008 70 | LOW POWER
1,75 | 4011 .16 | SCHOTTKY
2.75 | 4012 .16 % | 74L500 23 %
43 | 4013 .30 3| 74L.502 .23 %
90 | 4015 80 [74LS08 23 %
75 | 4016 .35 | 74LS10 233
52 | 4018 70 |74LS27 .25 %
1.25 | 4020 .80 |74LS73 A5
1.35 | 4021 .95 | 741575 85
2.00 | 4023 .16 3| 7ALS151 5%
4025 .20 %1 74LS153 5%
4027 .40 | 74L5157 5%
20 | 4028 60 | 74LS161 1.00%
.20 | 4030 A5 | 74LS163 1.50
.20 | 4040 .95 7415164 1.50
.20 | 4042 .60 | 74L5174 1.00 %
20 | 4043 75 | 74L8175 1.50
20 | 4044 70 | 7415183 1.50
.20 | 4049 .35 %| 7415221 1.25 %
.20 | 4050 .35 3| 74L8251 1.50
40 | 4066 .65 | 74L5253 1.50
50 | 4065 .35 | 74L5257 1.25 3%
.50 | 4071 .16 | 74LS258 1.25 %

Crder Mirvmum 510 00 Add 31 00 shupping and handiing charge per order Cahfornia residenis add 6.53%

Order the famous lasis & volume Programmed Learning Course “Microcomputer Design is a Snap™ for

209

C.0.D. Qrders: Phone (day or night) 408/354-1448 l

PO BOX 2542B1
Sunnyvale, CA 940871

[
l LINEARS
IC Prices
l NES36T
NES55V
| * SPECIAL PRICES * NES56A
MEMORIES SCHOTTKY 1456Y
I Rams 74801 .25 14:3\’
74502 25 |56
l ;:g;mo ?:gg* 7447 .65 %| 74173 1.25 | 74837 A0 | s67V
I 21021 1.80 % | 7450 14 | 74178 75 | 74538 50 | S40L
Prome 7451 14 x| 74175 .75%| 74585 2.00
825235123 1.95:% | 7473 28 |M177 76 | 745112 80 | HIGH SPEED
I 825129 3.25 | 7474 .28 | 74180 .65 %| 745138 1.50 | 74H0O
Cthers 7475 .40 | 74181 1.50 | 74139 1.50 | 74HO1
l TMS 3409 2.00 | 7480 353k | 74191 85 | 748140 50 | 74HO4
MM 5013 1.50 | 7493 .68 74192 .70 %| 745151 2,00 |74H10
l Hg gg:‘g ;gﬂ 7488 28 |74183 702k| 745153 2,50 | 74H11
MHDO26H 325 | 7480 45 |74194 85 | 74S172 450 | 74H40
l 7483 A4 % |74195 68 | 745174 2.05 | 74H51
7495 49 |74198 1.25 | 745175 2.05 x| 74H52
l TTL 74107 29 9602 50 3k| 745181 2.95 | 74H74
7400 A2% | 74109 30 | 9300 75 | 748197 2.20 | 74H103
l 7402 14 74118 1.50 |9312 70 | 745257 1.50 74H106
7403 Ja4% | 74123 A5
I ;:g; ;:* ;:::; gg: sales lax Al orders stipped First Class within 24 Rours
I 7410 A2 | 74150 60 3
96 25 | 74151 .60 | §99.50 and receive a special $10.00 credit on any group of IC's.
7420 A% | 74152 50
I TAY 25 T4155 60 Satisfaction 100% guaranteed.
7437 20 | 74157 .60
I'Maa .20% | 74160 75 €LI R N
7440 A2k | 74161 6%
I?«t .65% | 74183 5%
7445 60 | 74165 -80 Free catalog—Just send us your name and address
I—-----------————-———————_----

Circle 302 on inguiry card.
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Available* for the first time:

CONFERENCE PROCEEDINGS

of the largest convention ever held

Exclusively Devoted to Home & Hobby Computing

over 300 pages of conference papers, including:

(Topic headings with approximate count of 7"x10" pages)

Friday & Saturday Banguet Speeches (16) Entrepreneurs (6)

Tutorials for the Computer Novice (16) Speech Recognition &

People & Computers (13) Speech Synthesis by Computer (14)
Human Aspects of System Design (9) Tutorials on Software Systems Design (11)
Computers for Physically Disabled (7) Implementation of

Legal Aspects of Personal Computing (6) Software Systems and Mcodules (10)
Heretical Proposals (11) High-Level Languages for Home Computers ({15}
Computer Art Systems (2) Multi-Tasking on Home Computers (10}
Music & Computers (43) Homebrew Hardware (8)

Electronic Mail (8) Bus & Interface Standards (17)

Computer Networking for Everyone (14) Microprogrammable Microprocessors
Personal Computers for Education (38) for Hobbyists (18)

Residential Energy & Computers (2) Amateur Radio & Computers (1l1)

Systems for Very Small Businesses (5) Commercial Hardware (8)

e plus ———-
Names & addresses of the 170+ exhibitors at the Computer Faire

Order now (rom: Proceedings: $12.00  (311.95, plus a nickel, if you prefer)
Computer Faire Shipping & Handling: .68  (Write for shipping charges ouside U.S.A.)

Payment must accompany the order.

Box 1579 gmm&mu
Palo Alto CA 94302 alifornians Add: .72 o Sales Tax
Inside Califomia; ©19 AN

(415)851-7664 $13.40  Payment must accompany the order.

*Copies will be shipped before August 30, 1977.

april, 1977 - san francisco
©77-1-10 by Computer Faire ~ BOX 1579, PALO ALTO CA 94302 oOo (415) 851-7664

Circle 313 on inquiry card. 220



S.D. SALES CO. P.0. BOX 28810 -B DALLAS, TEXAS 75228

* Imsai - Altair “A’” Compatible Kits
Z-80 CPU KIT COMPLETE - $149. kit

Z-80 Chip & Manual $49.95

#uulilv tor the lownse pricsl

hs advanca features of the Z-80 such as an expanded sat of 158 instructions, B080A software compatibility,
diffarent is the axtra care we took /n tha hardware design. The CPU card will alwny: stop on an M1 state.

Z-80 Manual - $7.50 Separately

From tha same peopla who brought you ths $89.95 4K RAM KIT. We ware not the first to intraduce an Imsai/Altair compstible 2-80 Card, but ws dao [sal that ours has the hest design and

a also genorate TRUE

eroperly. Dr‘naml: maemory refresh and NMI sra brought out for your use. Bslisva it or not, nat all of cur compstitors have gone to tha extra troubla of doing this.

As always 1

}3 kit includes all parts, all sockats. and complsete instructions for sase of assombly.
bo shippod on 8 stricl first coms firsi sarved basis, Dsalers nquiries welcome on this item. Kit lncludns 2itog Manwual and ol

. Becau:

so of our

ast Ox rlonca with our 4K kit weo su;
nns Kit shipped with 2 MH

crystals.,

and operation from o single SV DC supply, are all well known. YWhat makes qur card
SYNC on card, to Insure that the rest ol your system functions

t that you order early. All arders wlit

THE wHOLE 4K LOW POWER RAM BOARD KIT

WORKS

$89.95

Imsai and Altair 8080 plug in compatible. Uses low power static 21L02—1 500 ns.

RAM’'S. Fully buffered, dras-

tically reduced power consumption, on board regulated, all sockets and parts included. Premium quality plated
For 250 ns RAM's add $10.00

through PC Board.

NEW! DESIGN CONSOLETTE KIT - $89.95

S.D. Sales announces the inexpensive way to beat the wire wrap jungle. Our latest kit gives you 124 solderless quick connect terminals, enough
for eight 16 pin 1C’s and provides 50 x 8 common buss matrix. Has regulated +5VDC and +/- 15VDC, all at 1 AMP. Voltage regulation at 1007,
Also includes a pulse generator variable from 10hz to 50mhz and .01 sec to 100 nano seconds. Generator output is +5V. In kit form anly and

includes all parts, sockets: front panel measures 7'47"x8'3’

*, and hardware. case not available.

CAR/BOAT KIT M

$34.95

Music to yowr Eans!

MUSICAL HORN

Musical Horn Kit for ear, bear, or hame, Plays any tuns from Mour' to Led Zappalin.
d or custom tunes

solid state al

9%' Changa wunes in

able:

MAN

Availabla at S$6.96 each {ysu supply us with the shast music — wea supply slectronics
for your favarite tuna.) Ona song supplied with original ordar. Standard tunas avail-
DIXIE — EYES OF TEXAS — ON WISCONSIN — YANKEE DOODLE DANDY
- NOTRE DAME FIGHT SONG — PINK PANTHER — AGGIE WAR SONG — AN-
CHORS AWAY — NEVER ON SUNDAY — BRIDGE OVER RIVER QUI — CANDY

HOME KIT

$26.90

Home kit includes speakar which apar-
ates Yrom your door ball. Whan door ball
i3 pushad your favoring tune it piaved.
Car/boat kit OOES NOT include speok-
er. Uses standard Bohm PM speaker.

Allow 4 weaks delivery an both kits.

Limited .Q(wm&//

kit

$9.95

We made a fantastic kit sven betlar. Hadesigned to taka advantage of the latest
50250 super clock chip, singla 1.C. segmany drivar, SCR dhgit drivars, Grastly snmp!lﬂm COmSTFYCTION, Mum veltabia and easior 1o build. Kir includas alk

6 DIGIT ALARM CLOCK KIT

; Litronix Dual %" displays, Mostek

nacassary paris {sxcapt cass}. For P.C. board add $3.00; AC XFMR add $1.50. Do not confuse with Noa-Alarm kits sald by our campatition! Ehminata
NEW! WITH JUMBO LED READOUTS!

the hassta — avaid the 53141

romen
< 1
Fier Cims S RS rmont RESISTOR ACESISTOR 1N4148/1NO14
E i G T Iy A woss s ox e | 100/ $2
s, wﬁ'u’;‘t"uo:!;gr vy sizes, ;‘lnvla Jrd muit]. 25W leads. A good mix af $ -
ua for - Al new, By values! Speciall INA0OZ - 1A
CLAROSTAT 100 PIV

Just recelved 2 good
mixed lot of Natlosal
TO-92 plastic  transis-
tors. PNP & NPN, even
a few FET's. 40-50%
yield. Uontested Asst,

500/%3.

DISC CAFP
ASSORTMENT
P.C. Leods. Av lsan
10 ditferent  wilues,
Includes 001, .01, 05
olus  other  staadard

valugs.

60/$1.00

AMD-1702A
Huge Facory Purchase

FACTORY PRIME UNITS! BRAND NEW!
1.5 Micro-Seconds Access Time,

10/$40. $4.95 ea.

*

Special!

*

3.579545 11,000 MFD
MHZ Time sowvDC
Base Crystal Computer Grade Cap
$1.26 $3.00 each
39 MFD
28 PIN SOCKETS 16 V Mallory
3 for $1.00 Electrolytic
15 for $1.00

FACTORY PRIME!

21L02-1

Not only sre our RAM'S fastar than o ypesding bullst hul they
are now vory low power. Wa are plansed to offer primo new
21L02-1 Low Power and Supsr Fast RAM's, Allows you 1o
STRETCH yaur

ower supply farthee and at the sama Iime kee
the wait light oH r ¥ s

500ns 8/%$12.95
250ns 8/%$15.95

oM '
EMOVEDS A IC's from XEROX MOS 6 DIGIT
\C's c‘BOP‘ [ ) 1402 A Shift Regulator — 50c
R 1402 A Shift Reg UP/DOWN COUNTER
7400 — 9¢ 7430 - 9¢ 7493 -26¢ 40 l"IN DIP, Evuylmiazy\c;léév.arvyv;z;ud lndu ::unurlchlp. F " Direct LED sag driva,
Hil {] IWET Sl 1 n 1
;gg} _. gi -7/‘2‘;(7) :] 32 ;3}%; :%%2 In';;lhrluczla:gzaplvwlslq wl:h.:?mmr:.:m;:l“i:mz:ﬁ\znusl: ::’n’:;:; ::‘:pl‘nz Is:!p:r(r‘::le::::n
eading 2ero count input frequancy.
neﬂil 7406 13c 7438 —10c 74151 — 9¢
G 7407 —11¢ 7451 — 9¢ 74155 —22¢
, 7410 — 9¢ 7474 —16¢ 74193 —35¢
u,q. 7416 —13c¢ 7475 —24c 8233 - 35¢ mel
7420 - 9¢ 7486 —16¢ Intel - 1302 - 45¢
CALL IN  YOUR  BANK- . .
AMERICARD OR  MASTER 1—800—527—3460 TERMS NO COD'S. TEXAS RESIDENTS

CHARGE ORDER IN ON OUR
CONTINENTAL UNITED STATES
TOLL FREE WATTS LINE:

=

Texas Residents Call Collect:

214/271-0022

Money “Back
Guarantee!

ADD 5% SALES TAX. ADD 5%
OF ORDER FOR POSTAGE &
HANDLING. QRDERS UNDER

$10.00 ADD

75¢c. FOREIGN

ORDERS — U.S. FUNDS ONLY!

Orders over $15. - Choose $1. FREE MERCHANDISE!
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Classified Ads

ASTROLOGY: | arn interested 1n getting (i touch
with anyone doing astrological chart computation
and progression  on  minicomputer systems,
P Pierce, Bone and Joint Surgery Associalion,
Data Processing Dept, 2704 Marshalt Ct, Madison
Wi 53705.

HELP: I need schematics and electrical specs for a
Friden Selectadata paper tape reader, Model STR.
Also need schematics and specs and & “Technical
Manual”’ for a Frden Programmatic Flexowriter,
Model S5PD. | will buy the manuals ar pay for
copies, John Kane, USS Enterprise, AIMD M3
WCG30, FPO San Francisco CA 96601,

WANTED: January, February, March Aprni, May
and June 1976 BYTEs. Will pay any reasonable
price. Send offers and lists to Reuben Plant, 43
Avista Crr, S8t Augustine FL 32084,

FOR SALE" One ASR-33 friction feed Teletype
complete with reader, punch, and stand, $700. One
ASR-33 sprocket feed Teletype with stand and
punch, but no reader, $400. One ASR-33 sprocket
feed Teletype with stand, no reader o1 punch,
$350. Damiet Skret, 2485 Painted Rock Dr, Santa
Clara CA 95051, (408) 296-6783 or (408}
246-8686.

FOR SALE Video data terminal, RCA Maotlel
70/752, 12 wneh screen, 20 hines by 54 Characters.
Full editing eapatihty and cursor econtrot. data
insert. Quiput KS$232, 1,200 baud., ASCIHL Seif-
contained power supply, nmmg clock, and two 1O
boards. ASC1| keyhoard included, atsa schematics,
specs, etc, $600 or offer. Dick Blavney, 11241
Launanne Lo, Garden Grove CA 92641, atter 5 PM
(714) 538-8175.

FOR SALE. MOD 80-1, futly popuiated, untested;
MOD B-2, tested; two each MOD 84 and MOD 8.5,
unpopuiated, 8150 tor set. RM Termnoi as adver-
nserd by Micra-Mart, less power supply and printer,
580 FHon Burns, 701 E Pine =143, Lompac CA
93436.

FOR SALE. MOS Technology, KiM 1, $175.
Perfect condition. Presently runming with ASR 33
and casserie 1ape deck. Complete with ail MOS
manuals and many programs ncluding Lunar Land-
ng, a 1ext assemnbler, Hi-Lo and computer roulette
games, and a Morse code teaching program Wil
sell ASR 33 for §700. | wauld tike to buy ot trade
above tor a DEC PDP-8. Ancly Ring, 49 Main St,
Yarmouth ME 04086, (207) 846-5651 ar (207}
846-5B00 atter 5:00.

CIPHERING: Prvacy, cryptography, security,
Tutenial hook, 6603 computer compled ciphering
algorithms, demonstrauon copher systems, $13.25,
Clay Pierce, POB 4747, Sauicoy CA 93003

FOR SALE | have several commented listings of
SwTPC's MP-E resident assembler for the MGS00.
Full 132 column paper, S20 each. George Crue,
938 Enterpiise Av, Inglewood CA 90302

Readers who have equipment, software or other
items to buy, sefl or swap shouvld send in a clearly
typed notice to that effect. To be considerad for
publication, an advertisement should be clearly

ial, typed double spaced on plain
white paper, and include complete name and
address information. These notices are free of
charge and will be printed one time only on a space
available basis. Insertions should be limited to 100
words or less, Notices can be accepted from
individuals or bona fide computer users clubs only.
We can in no correspond, on these and
yaour confirmation of placement is appearance in
an issue of BYTE.

Please note that it may take three or four
months for an ad to appear in the magazine @

FOR SALE. MCR data baserl casselte wapes with
clear Ieaders [have been used} bul bulk erased, $4
pach or $3.50 each per dozen. Price includes
shupprng; supply limaed; Dest come first served.
Send cashier's check or maney arder to Lou Oddo,
2200 Forsyth Ad, Box 28, Orlando F L 32807.

FOR SALE: PolyMarphic, POLY B8 compuiter,
3480. Seals BKSC-Z, 8 K high speed memory
board, $280. Several IMSAIL boards, Tarbell, and
PolyMorphic hoards. Call 1213) 477.8478 for
details, or send SASE to Haoger lLews, 1477
Barrington =17, Los Angeles CA 90025,

WANTED { am a high school student »n need of
an Ingxpensive TTY. ) vnsh 1o use 1t 85 an ouiput
device lor my COSMAC 1802 systern and would
appreciale any infarmanon thar would lead 10 the
purchase of such adevice. 11 you can help with ths
o other devices, please coniact Darcy Roberts,
660 Laurwr Blud, Brockwlle, Ontano, K6V 5X8,
CAMNADA.

WANTEDR Econonmucid |BM Setectaic o0 equivalent
quabty termmal For lugh guahty hard copy. Must
have vaper and lower case charactes set, but can be
any stanwlard code and keyboard nerd not be
aperanive, Stuve Goldhand, 160 Avburn Av, Buf-
falo NY 14213,

SUMMER 1978: German student {microtech-
niques, 3rd holl-year now! searches opportunity to
et some practical expesence in small systems and
technical English in the USA. Goetz Kluge,
Loreleystrasse 93, DB230  Frankfurt BO, W
GERMANY

FOR SALE. IMSAl 8080, 22 slor mother board
with @ expims; 8 K Wecior Graphics gnogrammable
memary, professionally  assembled, never  been
wsedd, guarantped.  S993.  Please  call  (415)
548.2024, after ¥ PM, weekdays only. Gary
Melton, 17078 Lincaln i, Rerkeley CA 94703,

FOR SALE: 8 K BOBOu System, Inwel hus 8080a
CPU wath G 1D pans, sackets for three mare {add
one chipl, board sel un for up 1o 3 K PROM, 2 10
4 K 450 n3 static low power programmable memory
TYT Il with 2K programmable  memary,
WART bonrd, curser control board, HITS cassetie
wnterlace {space for bootstrap PROMI, Hall effect
ASCIH keyhoard, 5 A power supply, case and
cannectors for B4 K, {ull documentation, new, not
used, backplane unassembled, firsy 3975, D. Krivo-
shik, 18 Newcomib P, Elizebeth NJ 07202,

FOR SALE: Sphere 320 Sysiem {and morel)
Inclucles CPU bwoard, keyhoard, senat miyerface
hoard (SIML, pawer supply, 4 K memory board
expandable to 16 K {in addition 10 4 K of pro-
grammable memory on the CPU board), and a
videa monmitor with interiace beard, all enclosed n
an atteactve case. Included weth thes system s a 16
channel B iy analog to duptal converter (or work
with onalog swgnal moninoring, Assernbly required
on the SIM and memory board, but the basic
SYSTEM «5 ugd and rurtming an @ resalent texy editor
and debuaging system n 1K of PROM, The first
check for 31500 wall ger this excellent high quabity
systermn. Brent Bosgdsley, 13G6 Blawne Av, Salt Lake
City UT 84105,

FOR SALE" Theer MITS 4 K static grrogrammable
memary hoards. Assemblec, tested and burned in,
absolutely new condition, $18% vach, $3G0 for
wa, 35209 for three | wall pay shupping, Chis
Pettus, POB G11, Malibuy CA 80265

FOR SALE. Intessl Intercept Ji1 single board
computer  with  pragrammable  memory, ROM
moniar, keyboard and LED chsplay, with piugan
serial 20 mA Teleiype nr RS-232C interface and
ptug-in 2 channel ouiput interfoce New pnce

$360, will accepl highest offm owe 3225, Petes
Stark, POB 2089, M1 ®iscn NY 10549, (914)
241-1027

FOR SALE CT-1024 TV termunal compleiely
assemeblod n o beaut bul waad encloswse. Ready to
attaen to any TV, eludes. Paxaverter, ASCHI
keybamd, all curses ant erase funchians as push-
butions, computer tuisor canleal cud, serial inter-
face as RS232C. Plut lummplemoited) scrall mod
and 64 character mad hoard. Only S325 pastpmd
B J Yarkon, 1487 Bioadway, Roam 306, New
York NY 10036,

222

WANTED: Software. Resident assembler and Tiny
BASIC for my Matorola 6800 (20 K) system. |
will pay for coast of duplication and mailing. |f
there is somebody out there who is intarested in
exchanging programs and hardware information
for the Motorola 6800, please write. R Veening,
Paul Krugertaan 113, Den Haag HOLLAND.

FOR SALE: Data Reference Card for RCA 1802
microprocessor. Send $1 plus  self-addressed
stamped envelope to R W Moell, 5505 Daywood
C1, Raleigh NC 27609,

FOR SALE: E and L instruments MMD-1 8080a
based microcomputer complete with keyboard,
256 bytes programmable memory, 256 bytes ol
PROM programmed for keyboard entry and execu-
non of programs, power supply, snferfacing and
breadhoarding socket, case, and 40 pin edge con-
nector for expansion. Includes modular, self-taughi
microprocessor  course. Assembled, tested, ex-
cellent condition, S350 Edward D Parachse, 33
Viota Ln, New Britian CT 06083, {203) 223-2883.

1BM 1620: Being modified; additional core, periph-
erals are to be attached; tape, disk, cassettes,
printer are to be attached: any comments, sugges-
tions as to probable problems etc, will be appre-
ciated. Please contact T K Maki, 102 Mottt Rd,
Westminster MA 01473,

GAMERS: | have compiled a book of BASIC
games. Most are new games. [f you wish to have a
copy, send 310 in the form of a check ar money
order 1 Mike Brothers, 4100 Sarataga Dr,
Bloomington IN 47401. Indiana residents add
$.40 far sales tax.

FOR SALE: New 102 switch keyboard printed
circuit board double sided, plated through holes,
16% by 7 nch board. ASCI) output or can be
changed with 1702A PROM for any 7 bit code. Al
schematics, parts hist, modifications {only five left)
S6. Also Motorala crystal oscillator K1091A {20
MHz 810 new), (4 MHz 36 used) 34 pin dip. 4
MHz perfect for OS| video board optional oscil-
lator. Also have miscellanecus parts: bridge recti-
fiers, filter caps, 6501, 8008, Mark-8 boards, €
mod-8 boards, Monitor-8 ROM, 8008 manuals,
books, etc. Send SASE for complete list o Ron
Angstadt, RD=3, Box 281, Kutztown PA 19530.

FOR SALE: 18 digrtal cassette tapes and cases by
Wang Labs Inc. Like new $2 each, 30 Shugart full
size floppies, most barely used 34 each. Harry
Morrow, 437 Barton Run B8lvd, Marlton NJ
08053. Call daytime {215) 586-3600,

FOR SALE: Two GSI 110 fioppy disk drives,
single or dual density, soft or hard sector drives.
The electronics boards are fully optioned, including
data separator, a complete set ol documentation
and all connectors and cables. S350 each or $6S0
for the pair. Jim Baumagardt, 6343 Lincoln Av, Apt
F-2, Buena Park CA, {714) 826-7056.

FOR SALE: Setectric 10 keyboard printer ssivice
manual, clean and barely vsed, $20 or eariy 1ssues
of BYTE in trade. Michael Craig, POB 895, Wes!
Acton MA 01720.

FOR SALE: Tetetype ASR-33 tn very goad condh-
tion, with manuals, $600. MITS 88-ACR sudio
cassette interface, assembled and working, $120. (
need more memory and an |Q board [RS-232) for
$-100 bus and would consider a trade-in on the
above 1tems. Donald Bailey, 19 Shaker Rd, Con-
cord NH 03301,

CHESS: BYTE readers interested 1 exchanging
information ahout computer chess, finding postal
opponents for ther computer chaess programs or
organizing a tournament are invited to write me,
R M Hord, 3407 N Third St, Arlington VA 22201,

FOR SALE: Complete set of BYTEs, al issues
from lirst thru Apnit 1977, Best offer. Jim McCord,
330 Vereds Leyenda, Goleta CA 93017,

FOR SALE: New Unwvac 30 cps 132 column 64
character printer wsth drive eleciromics board and
motot {new), also sturdy Unwec case and siand
(used}, with documentation and mierface informa-
ton, cost $1800+ sacrifice $695. D Krwvoshuk 18
Neweomb Pl, Ehizabeth NJ 07202,



NEW COMPUTER INTERFACE BOARD KIT

Our new computer kit allows you to interface constantly connecting and disconnecting your
serial TTL to RS 232 and RS 232 to TTL. There terminals.
are four of these supplied with the kit, so you Example: Out store to printer — Voltage
can run up to four devices on one TTL or four $4900 requirement + 5V and =5V or + 12 V depend-

separate TTL to RS 232 devices. ing on your RS 232 device.

Typical use: YOu can use your computer We supply — board, connectors, documen-
ports to run an RS 232 printer, video terminal tation and components. Sorry, we do not supply
and two other RS 232 devices at once, without case or power supply

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT

This power supply kit features a high frequency torroid transformer with switching

transistors in order to save space and weight. 115V 60 cycle primary. The outputs $790 0
with local regulators are 5V to 10A, in one amp increments, — 5V at 1A, =12V at 1A

regulators supplied 6 340T-5 supplied.

F8 EVALUATION BOARD KIT

UNIVERSAL 4K
MEMORY BOARD KIT $7450 WITH EXPANSION CAPABILITIES

A fantastic bargain for onl
This memory board may be used with the with the follow?ng featureg: 00 I
F8 and with minor modifications may be used e 20 ma or RS 232 interface

with KIM-1up. . ) * 64K addressing range
32-2102-1 static RAM's, 16 address lines, * Program control timers ¢ 64 Byte register
8 data lines in, 8 data lines out, all buffered. On- * 1K of on-board static e Built-in priority interrupts
board decoding for any 4 of 64 pages, standard memory * Documentation
44 pin, .156" buss. * Builtin clock generator ¢ Uses Fairbug PSU

FOR FAIRBUG 4K F8 BASIC ON PAPER TAPE $25°°

PRINTED cmcun BOARD TANTULUM CAPACITORS Full wave Bridges
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Altair Computer Centers offer you direct access to the complete line of Altair microcomputer products.
For demonstrations, information or service, visit the experts at your local Altair Computer Center today. They're

located at these addresses:

ALTAIR COMPUTER CENTER
4941 East 29th St

TUCSON, AZ 85711
(602)-748-7363

COMPUTER KITS (S.F. area)
1044 University Ave,
BERKELEY, CA 94710
(415)-845-5300

THE COMPUTER STORE
(Arrowhead Computer Co.)
820 Broadway

SANTA MONICA CA 80401
(213).451-0713

THE COMPUTER STORE, INC.
(Hartford area)

63 South Main Street
WINDSOR LOCKS, CT 06096
(203)-627-0188

GATEWAY ELECTRONICS,
OF COLORADO

2839 W. 44th Ave.
DENVER, CO 80211
(303).458.-5444

THE COMPUTER SYSTEMCENTER
3330 Piedmont Road

ATLANTA, GA 30305
(404)-231-1691

CHICAGO COMPUTER STORE
517 Talcott Rd

PARK RIDGE, IL 60068
(312)-823-2388

INC.

THE COMPUTER STORE, INC
120 Cambridge St
BURLINGTON, MA 01803

(617)-272.-8770

HE COMPUTER STORE

F ANN ARBOR

10 East Washington Street
NN ARBOR, M| 48104
313)-995-7616

a3uwod

COMPUTER STORE OF DETROIT
505-507 West 11 Mile St
MADISON HEIGHTS, Ml 48071
(313)-545.2225

THE COMPUTER ROOM
3938 Beau D'Rue Drive
EAGAN, MN 55122
(612).452.2567

GATEWAY ELECTRONICS, INC
8123-25 Page Blvd.

ST. LOUIS, MO 63130
(314)-427-6116

ALTAIR COMPUTER CENTER
5252 North Dixie Drive
DAYTON, OH 45414
(513)-274.1149

ALTAIR COMPUTER CENTER
110 The Annex

5345 East Forty First St.
TULSA, OK 74135
(918)-664-4564

ALTAIR COMPUTER CENTER
8105 SW Nimbus Ave.
BEAVERTON, OR 97005
(503)-644-2314

ALTAIR COMPUTER CENTER
611 N, 27th St. Suite 9
LINCOLN, NB 68503
(402)-474-2800

COMPUTER STORES

OF CAROLINA, INC.

1808 E. Independence Bivd.
CHARLOTTE, N.C, 28205
(704).334.0242

COMPUTER SHACK
3120 San Mateo N.E.
ALBUQUERQUE, NM 87110
(505)-883-8282, B83-8283

THE COMPUTER STORE
269 Obsorne Rd
ALBANY, NY 12211
(518)-459-6140

THE COMPUTER STORE
OF NEW YORK

55 West 39th S

NEW YORK, NY 10018
(212)-221-1404

ALTAIR COMPUTER CENTER
3208 Beltline Road

Suite 206

DALLAS, TX 75234
(214)-241-4088 Metro-263-7638

ALTAIR COMPUTER CENTER
5750 Bintliff Drive
HOUSTON, TX 77036
(713)-780-8981

COMPUTERS-TO-GO
503 West Broad St.

RICHMOND, VA 23230
(B04)-335-5773

MICROSYSTEMS (Washington, D.C.)
6605A Backlick Rd.

SPRINGFIELD, VA 22150
(703)-569-1110

THE COMPUTER STORE
Suite 5

Municipal Parking Building
CHARLESTON, W.VA. 25301
(304)-345-1360

e
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