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The 9-inch screen of the CT-VM monitor ($175) shown here with Southwest’s new CT-64 illustrates the terminal’s 64 -character lines, switchable control
character printing, and word highlighting. At just $500 for both, these matching units provide a complete CRT terminal with full cursor control, 110-1200 Baud
serial interface, and many other features.

Now $325 buys a 64-character terminal kit

Our new CT-64 terminal kit gives you scrolling, full
cursor control, 128-character ASCI| display (with both
upper and lower case), and two 1K memory pages. It's
usable with any 8-bit computer.

Add our optional fully assembled 12 MHz CT-VM
monitor for another $175 and you'll have the best CRT
terminal buy offered anywhere.

The CT-64 gives you full cursor control, home-up and
erase, erase to end of line or end of frame, cursor on /off,
screen reversal, scroll or page, solid or blinking cursor,
page selection, and end-of-page warning beeper.

The CT-64's features include:

+ 64 or 32 characters per line (16 lines)
- Premium display with both upper and lower case

letters, and descenders (g, |, etc.)

» Two 1K pages of 8-bit memory

- Scrolling or page mode operation

+ 32 control character decoding

+ Prints control characters (selectable)

-+ 128-character ASCII set

+ 110 /220 Volt 50-60 Hz power supply

- Highlights words with reversed background

- Optional 9-inch monitor with matching cover available
- Complete with keyboard, power supply, 110-1200

Baud serial interface, and case

Okay, Southwest, | know abargainwhenlseeit. O orBAC# _ Exp. Date |
O Enclosed is $500 for the whole works £
(CT-64 terminal plus 12 MHz CT-VM monitor). O ©f MC # xp. Date
O Here's $325 for the CT-64 Name __ ) Address L
O Send only data for now. Southwest Technical Products Corp.
O Send me your $395 MP-68 computer kit. City — State ZIP 219 W. Rhapsody, San Antonio, Texas 78216
Circle 1 on inquiry card.




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

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

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

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

® The power and convenience of the well-known Z-80
P,

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

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

tional peripherals such as floppy disk drives).

A full-length shielded motherboard with 21 card slots.

Power-on-jump circuitry to begin automatic program

execution when power is turned on.

S-100 bus.

Standard rack-mount style constructlion.

All-metal chassis and dust case.

110- or 220-volt operation.

DEDICATED APPLICATIONS

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

FASTEST, MOST
- POWERFUL xC

Z-2

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

BROAD SOFTWARE/PERIPHERALS SUPPORT

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

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

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

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

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

Your computer’s usefulness de-
pends on the capability of its CPU,
memories, and /O interfaces, right?

So here’s a broad line of truly
useful computer products that lets
you do interesting things with your
Cromemco Z-1 and Z-2 computers.
And with your $-100-compatible Al-
tairs and IMSAIs, too.

CPU

® Z7-80 MICROPROCESSOR CARD.
The most advanced uP card avail-
able. Forms the heart of our Z-1
and Z-2 systems. Also a direct re-
placement for Altair/IMSAlI CPUs.
Has 4-MHz clock rate and the power
of the Z-80 uP chip. Kit (Model ZPU-
K): $295. Assembled (Model ZPU-
W): $395.

MEMORIES
e 16K RAM. The fastest available.
Also has bank-select feature. Kit
(Model 16KZ-K): $495. Assembled
(Model 16KZ-W): $795.
® 4K RAM. Bank-select allows ex-
pansion to 8 banks of 64K bytes
each. Kit (Model 4KZ-K): $195. As-
sembled (Mode! 4KZ-W): $295.
e THE BYTESAVER — an 8K capa-
city PROM card with integral pro-

TV DAZZLER

To make

your computer
more useful-

a wide choice of
memory, 1/0, CPU

grammer. Uses high-speed 2708 eras-
able PROMs. A must for all com-
puters. Will load 8K BASIC into RAM
in less than a second. Kit (Model
BSK-0): $145. Assembled (Model
BSW-0): $245.

e 16K CAPACITY PROM CARD. Ca-
pacity for up to 16K of high-speed
2708 erasable PROM. Kit (Model
16KPR-K): $145. Assembled (Model
16KPR-W): $245.

1/0 INTERFACES

® FAST 7-CHANNEL DIGITAL-
ANALOG 1/0. Extremely useful
board with 7 A/D channels and 7
D/A channels. Also one 8-bit par-
ailel 1/O channel. Kit (Model D +
7A-K): $145. Assembled (Model D
+ 7A-W): $245.

® TV DAZZLER. Color graphics in-
terface. Lets you use color TV as full-
color graphics terminal. Kit (Model
CGI-K): $215. Assembled (Model
CGI-W): $350.

e DIGITAL INTERFACE (OUR NEW
TU-ART). Interfaces with teletype,
CRT terminals, line printers, etc. Has
not one but two serial I/O ports and
two 8-bit parallel 1/O ports as well
as 10 on-board interval timers. Kit

i n ¢ o r p o r a t e d
Specialists in computers and peripherals
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 o (415) 964-7400

Circle 2 on inquiry card.

(Model TRT-K): $195. Assembled
(Model TRT-W): $295.

® JOYSTICK. A console that lets
you input physical position data with
above Model D + 7 A/D card. For
games, process control, etc. Con-
tains speaker for sound effects. Kit
(Model )S-1-K): $65. Assembled
(Model JS-1-W): $95.

PROFESSIONAL QUALITY

You get first-class quality with
Cromemco.

Here are actual quotes from ar-
ticles by independent experts: “The
Cromemco boards are absolutely
beautiful’” . . . “The BYTESAVER is
tremendous” . . . “Construction of
Cromemco |/O and joystick are out-
standing” . . . “Cromemco periph-
erals ran with no trouble whatso-
ever.”

Everyone agrees. Cromemco is
tops.

STORES/MAIL

So count on Cromemco. Look
into these Cromemco products at
your store. Or order by mail from
the factory.

We wish you pleasure and suc-
cess with your computer.
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Model railroading can give the com-
puter hobbyist an action packed com-
puter application. Before tackling the
job, however, it is important to have a
firm understanding of what'’s involved
in the design of a model railroad. In
his article, How to Computerize Your
Model Railroad, David C Brown ex-
plains in detail the problems faced by
the model railroader and points to
ways in which they can be solved. He
then goes on to cover the requirements
for microprocessor interfaces to the
model railroad and some thoughts on
the software of an operating system to
give realism to the model.

Sometimes a small amount of hard-
ware can speed up software con-
siderably. A perfect example is pro-
vided by Tom Hall in his article which
shows how This Circuit Multiplies.
This circuit is a hardware multiplier
which takes 8 bit operands and replies
(ten clock periods later) with a 16 bit
product. Here is an example of putting
an inner loop into hardware, thereby
speeding up an operation.

The model railroad is an ideal way
for the personal computing enthusiast
to enter the fascinating world of real
time control: such a system is realistic
but manageable. Authors Jack Hart
and Ed Badger show you how they did
it in A Train Control Display Using the
LSI-11 Microcomputer.
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Sometimes a bit of serendipity falls
out of an application or project. Ken
Barbier describes one such case in the
form of his technique of using a
television display circuit's ability to
generate a raster with various syn-
chronous patterns to debug and verify
its operation. Read The TV
Oscilloscope.

There are many ways to make a
computer talk, but how do you get it
to listen? Speech Recognition for a
Personal Computer System discusses
a topic which has fascinated and
frustrated experimenters for years.
Author James Boddie of Bell Labs (the
pioneer researchers in the field) covers
the history of the subject and presents
a practical system which can be realized
by a personal computing experimenter.

Real world systems may not be
perfect, yet programming demands
perfection. (If we drop a bit in one
machine instruction, it becomes an-
other instruction altogether.) As a
background discussion of a large sub-
ject, W Douglas Maurer presents some
information on How to Pick up a
Dropped Bit using some of the tech-
niques of error detection and cor-
rection.

What's a sure cure for memory
megalomania? Why, Give Your Micro
a Megabyte as outlined in Robert
Grappel’s short tutorial on some large
memory design techniques which will
prove adaptable to microcomputer
systems. There should be virtually
no reason to complain if his ideas were
put into practice more universally.

An Introduction to Numbers, by
Webb Simmons, serves as an introduc-
tion to the concepts of fixed, scaled
and floating point numbers. Here
you'll find some basic forms for
each type, how the forms differ from
each other, and how each can be used.

If you've ever been frustrated by
the drudgery involved in relocating
machine language programs with noth-
ing but toggle switches, then Leor
Zolman's A Machine Code Relocator
for the 8080 is for you! Just enter six
key pieces of information and the
program does the rest automatically,
even fixing up all your address
references.

For beginners first learning about
computers, we often get requests for
some basic information. In BASICally
BASIC, Robert Baker gives an in-
formal introduction to the nature of
the BASIC language and its uses in
programming. Finding out what a
typical BASIC can do is a good
starting point in your personal evalua-
tion of products available in the per-
sonal computing marketplace.

Given latitude and longitude of two
points on the earth, how do you
calculate the distance and bearing? If
you use a little BASIC program by
Rene Pittet, you can answer the ques-
tion of How Far — Which Way? using a
small processor.

If you have a Southwest Technical
Products’ TVT |1, there is a simple
circuit that you can add that will give
you manual and computer control
over the cursor’s movement, erase and
bell functions. In his article, Add
Cursor Control to Your TVT II,
Brother Thomas McGahee describes
this simple circuit which can be
attached toa TVT II.

Poor KIM. If one puts KIM-1 inside
a fancy case, the built-in jewels of key-
board and displays get hidden. But
Robert Grater comes to the rescue by
Giving KIM Some Fancy )Jewels, which
consist of a remote set of displays
connected to the processor by cable.



IMSAI Introduces the Megabyte Micro.

The Megabyte Memory

Until today. the largest memory you could
fit and address in a single microcomputer
CPU was 65K.

Now, IMSALI presents an incredible
memory system for micros 16 times more
powerful than yesterday’s best.

Imagine, a full megabyte of power from
sixteen 65K RAM boards.

And, 1o control all this, the IMSAI
Intelligent Memory Manager (IMM), the
super control board.

You can write protect blocks through-
out the full megabyte. Or.map in 16K blocks.

Plus, preset 16 mapping configurations
with protect for high speed transfer or rapid
change.

All interrupts are fully vectored, and
there’s an interrupt if an attempt 1s made to
write into protected memory.

There’s even a real “time of day” clock.

65K, 32K and 16K RAM
Boards

Until today, the most memory you could
plug into a single slot was 16K.

Now. IMSALI presents memory boards
in astonishing multiples of sixteen: 65K,
32K and 16K low power, dynamic RAM
Boards. They can be used in any S-100 bus
computer individually or in combination
lo form conventional systems up to 65K
bytes.

Every board is fast. With “hidden
refresh” and no “wait state.”

The Complete Megabyte
Microcomputer System

The IMSAI Megabyte Micro™ is only part
of the story. The full system can include
dual floppy disks. terminals, plotters,
printers and tape cassettes.

IMSAI also offers the finest high level
and penipheral software available. Paper
tape and Tape Cassette I/0 and super Disk
Operating Systems. Plus, BASIC and Disk
BASIC with more high level languages
coming.

Unitil today, the microcomputer’s
potential was just something you talked
about.

Now. you can put it to work. Powerfully.
Circle 3 on inquiry card.

GENTLEMEN:

I'm power hungry!

] Send 65K RAM Board Kit $2599 [] Assembled $3899
[J Send 32K RAM Board Kit $749 [] Assembled $1099
[J Send 16K RAM Board Kit $449 [] Assembled $679
[ Send IMM ROM Control Kit 8299 [] Assembled 3399
[J Send IMM EROM Control Kit $499 ] Assembled $699
[ Send full catalog $1.00

Check/MO enclosed. Amt. $
Charge my: [JBAC[]M/C

# S
} Sig.
[J Send name of my nearest IMSAI dealer

—— Exp. Date:

‘ Name
Company — Title
Address

‘ City _—

| Saate/Zip . —

VSAI

IMSAI Manufacturing Corporation
14860 Wicks Blvd.

San Leandro, CA 94577

(415) 483-2093 TWX 910-366-7287
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This Elephant Never Forgets

By Carl Helmers

In a press release dated March 9 1977,
Texas Instruments Inc made it official:
a commercial bubble memory product is
now available for general use, initially in
sample quantities priced at $200 per chip.
The device is the TBMO103, a single chip
92,304 bit storage element composed
functionally of 144 shift registers with
641 bits per register. (Internally, according
to TI, there are 157 registers, but the large
size of the chip carries with it the attendant
probabilities of defects, so discretionary
manufacturing steps are used to connect
144 good registers per package.) The device
has a complicated mechanical structure
which includes two permanent magnet
bias field elements, two orthogonal coils
which modulate the bias field to produce
a net rotating magnetic field in the garnet
film bubble chip, and, of course, a magnetic
shield to isolate the chip from external stray
magnetic fields. The dynamic data character-
istics of the chip are a bit transfer rate of
50,000 bits per second and an access time
of 4 ms setup prior to transferring a 144 bit
word of data into or out of the device.
Conceptually, figure 1 illustrates what one
of these memories looks like to a designer or
programmer. This figure was constructed
based on the limited information about
overall characteristics in the press release.
The procedure for writing a 144 bit word

Continued on page 58

BUY YOUR
COMPUCOLOR 8001
FROM THESE
DEALERS.

ARIZONA
Phoenix: Phoenix Byte Shop West (602) 942-7300
Te Toowe By s‘sm Ea (602)894-1129
empe: empe Byte st
813 N. Scottsdale Rd.
Tucson: Byte Shop of Tucson (602) 327-4579
2612 E. Broadway
CALIFORNIA
Lawndale: Byte Shop of Lawndale (213) 371-2421
o ieped oy 714)633-1222
Orange: Computer Mart Angeles (714)633-
625 W. Katella. No. 10
San Diego: The Computer Center (714) 292-5302
8205 Ronson Rd.
San Francisco:  The Computer Store (415) 431-0640
1093 Mission St.
San Jose: Amco Electronics (408) 998-2828
414 S. Bascom Ave.
San Jose: Byte Shop (408) 226-8383
155 Blossom Ii#§ Rd.
Van Nuys: Computer Components (213) 786-7411
5848 Scpulveda Blvd.
CONNECTICUT
Windsor Locks:  The Computer Store (203) 6270188
63 S. Main St.
FLORIDA
Coral Gables:  Sunny Computer Stores (305) 661-6042
1238A S. Dixie Hwy.
“Tampa: Microcomputer Systems (813) 879-4301
144 S. Dale Mabry Hwy.
GEORGIA
Atlanta: Attanta Computer Mart (304) 455-0647
5091-B Buford Hwy.
HAWAII
Honolulu: Compaut (¢ ters (808) 373-2751
P.O.Box 11X
ILLINOIS
Champaign: “Ihe Numbers Racket (2171 352-5435
518 E.Green St.
Evanston: ity Bitty Machine (312) 328-6800
1316 Chicogo Ave.
P'ark Ridge: Chicago Computer Store (312) 823-2388
157 ‘talcout Rd., Hiwy. 62
INDIANA
indianapolis: Home Computer Shop (317) %94-3319
10447 Chris Dr.
MARYLAND
Rockville: Computer Workshop. inc. (3011 468-0455
5709 Frederick Ave.
MASSACIHUSETTS
Burlington: The Computer Store (61712728770
120 Cambridge St.
MICHIGAN
Troy: General Computer Company (313) 3620022
2017 Livernois
MINNESOTA
Mi, poli Cost Reduction Services 1612)822-2119
3142 Hennepin Ave. So.
MISSOURI
Kansas City: Computer Workshop of Kansas City  (816) 741-5055
6903 Blair Rd.
NEW JERSEY
iselin: “The Computer Mart (201) 283-0600
501 Route 27
NEW YORK
East Meadow:  The Computer Mart of Long Island (5161 794-0510
2070 Front St
New York: The Compulter Mart (212) 279-1048
314 5th Ave.
OHIO
Columbus: Computervision (614) 228-2477
894 W. Broad St.
SOUTH CAROLINA
Columbia: lziglt Shop (803)771-7824
18 Greene St.
TEXAS
Houston: Communications Center (713)774-9526
7231 Fondren
Richardson: “The Micro Store (214) 231-1096
634 S. Central Expressway
WASHINGTON
Seattle: Retail Computer Store (206) 5244101
410NE 72nd St.
WISCONSIN
Beloit: Austin Computers (608) 365-6096
1835 Northgate
Watertown: General Precision Electronics (414)261-8148
207 Rhine St.
Compucolor Corporation




NOW $2750.

AMERICA'S LOWEST-PRICED

PERSONAL COMPUTER SYST

WITH COLOR VECTOR GRAPHICS.

By taking advantage of the
new technologies available to
the industry today, we'’ve con-
sistently been able to give you
one of the best prices on the
market. Now because of great
response, we can give you the
best price. You can now buy
the Compucolor 8001 for the
recdluced price of $2750. A com-
plete stand-alone system with
expanded graphics software
for plotting points, vectors and
bargraphs on a 160 x 192
addressable grid —in color.
Eight independent background
and foreground colors.

The Compucolor 8001 has
an Intel 8080 CPU, 341/0
ports and a color display with
an effective band width of 75
MHZ compared to 5 MHZ for
standard TV sets. In fact the
Compucolor is the only totally
integrated system on the mar-
ket which includes a color
display. You can also have spe-
cial options for the Compucolor
8001 right now, including: Mini
Disk Drives for extra memory,
light pens and a variety of
special keyboard features.

BASIC 8001 Is Easy To Learn.
Compucolor’s BASIC 8001 is

SR SITEEC
"

conpuceLen

= Y an

a conversational programming
language which uses English-
type statements and familiar
mathematical notations. It’s
simple to learn and easy to use,
too. Especially when it comes
to intricate manipulations or
expressing problems more
efficiently. The BASIC 8001
Interpreter runs in ROM mem-
ory and includes 26 statement
types, 18 mathematical func-
tions, 9 string functions and 7
command types for executing,
loading, saving, erasing, con-
tinuing, clearing or listing the
program currently in core.
Expandable Memory To 64K.
The Compucolor 8001 has 11K
bytes of non-destructible read-
only memory which handles
the CPU and CRT operating
systems as well as BASIC
8001. Sockets are in place for
an additional 21K of EPROM/
MROM memory. The Random
Access Main Memory has 8K
bytes for screen refresh and
scratch pad, 8K bytes for user
workspace and room for 16K
bytes of additional user work-
space. The Compucolor also
comes complete with a conve-
nient mass storage device,

Floppy Tape Memory. It’s an
8-track continuous loop tape
system, with a Baud rate of
4800 and an extra storage
capacity of up to 1024K bytes
per tape.
Color Graphics At
Alphanumeric Black And
White Prices.
That’s what we’re becoming
famous for, and thanks to the
tremendous response to the
Compucolor 8001, we’ve been
able to reduce our price even
lower —to $2750. Look over
our dealer listing on the adja-
cent page for the dealer nearest
you. Then drop by for a dem-
onstration. And while you’re
checking out the Compucolor
8001, check out your dealer’s
financing plan. He can help you
turn a good deal into a goo
deal more.
Compucolor Corporation,

P.O. Box 569, Norcross,
Georgia 30091.

Compucolor Corporation

Circle 4 Aan inAaniryv rard



Sol Terminal Computer e

To doreal work with any computer. big or small, it takes
a complete system. That's one of the nice things about the
Sol-20. 1t was built from the ground-up as the heart of three
fixed price computer systems with all the pevipheral gear and
software included to get vou up and on the air:

Sol System 1 costs just S1649 in Kit form or S2129 fully
burned in and tested. Heres what you get: a Sol-20 with the
SOLOS personality module for stand alone computer power.
an 8192 word memory, a 127 TV video monitor a cassetie
recorder with BASIC software tape and all necessary cables.

Sol System 1 has the same equipment plus a larger



capécity 16,384 word memory. It sells for $1883 in kit form:; $2283 fully assembled.
For even more demanding tasks, Sol System III features Sol-20/SOLOS. a 32.768 word

memory, the video monitor. Helios Il Disk Memory System and DISK BASIC Diskette. Price.
$4237 in kit form, $5037 fully assembled and tested.

And remember, though we call these small or personal computer systems, they have more

The functional beauny of Sob Computer Systems s
more thanshindeep. A look inside reveals a simple elegance
of design and sturdy construction.

power per dollar than anything ever
offered. They provide performance com-
parable with mini-computer systems priced
thousands of dollars more.

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

Visit your local computer store {or
a copy of our fully illustrated 22 page cata-
log. Or vou may write or call us it more
comenient. Please address Processor
Technology. Box B. 0200 Hollis Street.
Emervville, CA Y4008, 13 03 2-808(0.

[Opti==¥



See Sol here...

ALABAMA

Birmingham:

1CP. Computerland
12051979-0707

ARIZONA
Phoenix:

Byte Shop Phoenix
1602)942-7300
Tempe:

Byte Shop Tempe
1602) 894-1129
Tucson:

Byte Shop Tucson
16021 327-4579

CALIFORNIA
Berkeley:

The Byte Shop
(-415) 845-6.366
Cirrus Heighs:
Byte Shop
Computer Store
(9161 961-2983
Costa Mesa:
Computer Center
17141 646-0221
Fresno:

Data Consultants, Inc.
(2091 431-6:461
Fullerton:

Bits "N Bytes
{714) 879-8386
Luwndale:

The Byte Shop
(213 371-2421
Mountain View:
The Byte Shop
(415) 9695464
Digital Deli
14151 961-2828
Orange:

The Computer Mart
(7141 633-1222
Palo Alto:

The Byte Shop
(4151 327-8080
Pasadena:

Byte Shop

1213) 684- 3311
San Francisco:
Byte Shop
(415)421-8686
The Computer Store
of San Francisco
(415) 431-0640
San Jose:

The Byte Shop
(4108) 377-4685

The Computer Room
(4108) 226-83K3

Circle 5 on inquiry card.

Sun Rafael:

The Byte Shop
(4151 457-9311
Sunta Clara:

The Byte Shop
(408) 249-4221
Sunnyvale:
Recreational
Computer Centers
(408) 735-7-480
Tarzana:

Byte Shop of Turzana
(213) 343-3919
Walnut Creek:
The Byte Shop
(41519336252
Wesiminster:

Byte Shop

(7841 8949131

COLORADO

Boulder:
Byte Shop
(303) 449-6233

FLORIDA

Coral Gahles:
Sunny Computer
Stores

(305) 661-6042
Leesburg:

Delta Electronics
(904) 357-4244
Miami:

Byte Shop of Miami
(303) 264-2983
Tampa:
Microcomputer

Systems, Inc.
(8131 879-4301

GEORGIA

Atlanta:

Atlanta Computer Mart
(4041 455-0647

ILLINOIS
Champaign:

The Numbers Racket
(2171 352-5435
Evanston:

itty bitty machine co.
(3§21 328-6800
Kankakee:

Reeves
Communications
(8151937-4516
Lombard:

itty bitty machine co.
(3121 620-5808

INDIANA

Bloomington:

The Data Domain
(812) 334-3607

Indianapolis:

The Byte Shop
(317) 842-2983
The Data Domain
(317) 251-3139
West Lafayette:

The Data Domain
(317) 743-3951

KENTUCKY

Louisville:

The Data Domain
(5002) 456-5242

MICHIGAN

Ann Arbar:

The Computer Store
of Ann Arbor
(313)995-7616

Royal Oak:
Computer Mart

of Royal Oak
(313)576-0900
Troy:

General Computer

Store
(313)362-0022

NEW JERSEY

Hoboken:

Hoboken Computer
Works

(2001 420- 1644
Isetin:

The Computer Mart
of New lersey
(201) 283-0600

NEW YORK

East Meadow. L.1.:
The Computer Mart
of Long Island

(5161 794-0510
Hollis:

Synchro Sound
Enterprises

(212) 359- 1489
Middle Island:

The Computer Shoppe
(516) 732-3086

New York:

Audio Design
Electronics
(212)226-2038

The Computer Mart
of New York

(212) 686-7923
White Plains:

The Computer Carner
(914)949-3282

OH!O

Columbia:

Cybershop
(614) 239-8081

OKLAHOMA

Oklahoma City:

High Technology
(4005) 842-2021

OREGON

Beaverton:

Byte Shop
Computer Store
(503) 644-2686

Eugene:

The Real Oregon
Computer Co.
(503) 484-1040
Pordand:

Byte Shop
Computer Store
(503) 223-3496

RHODE ISLAND
Warwick:

Camputer Pawer. Inc.
(401 738-4477

SOUTH CAROLINA

Cohimbia:

Byte Shop
(803) 771-7824

TENNESSEE
Kingsport:
Microproducts &

Systems
(6151 245-8081

TEXAS

Houston:

Byte Shop
(7131 977-0664

Computertex
(713) 526-3456

Interactive Computers
(713)772-5257
Richardson:

The Micro Store
(214) 231-1096

VIRGINIA
Mclean:

The Computer
Systems Stare
(3011 460-3634
Reston:

Media Reactions, Inc.
(703)471-9330

WASHINGTON

Bellevue:

Byte Shop
Computer Store
{206) 746-0651
Seattle:

The Retail
Computer Store
(2061 524-4101

WISCONSIN

Milwuukee:

The Milwaukee
Computer Store
(414) 259-9140

CANADA

Ottawa, Ontario:
Trintronics

(6131 236-7767
Toronto, Ontario:
First Canadian
Computer Store, Ltd.
(4161 482-8080

The Computer Place
(416) 598-0262

Vancouver. B.C.:

Pacific Computer Store
(604) 438-3282
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ALTAIR (S-100) BUS QUESTION

I am using an 8080 based micro-
processor system to control a video
imaging system. A number of circuit
boards are in use or being built which
plug into the Altair style $-100 bus and
work with video. Some of these boards
require video sync signals (horizontal
drive, vertical drive, composite blanking,
composite sync and subcarrier). | would
like to buffer these and put them on the
bus as TTL signals. Could you please
describe the known uses to date of the
uncommitted pins of the Altair style
S-100?7 1 am looking for suggestions of a
standardized place to put these five

signals.
& Carl Geiger

Onativia Crossing
LaFayette NY 13084

Can any readers supply an answer?
One place to ask your question would be
to call the engineering departments of
various companies which make peripher-
als for the Altair bus.

ON PRINTERS

On April 11977, volume 2 number 4
arrived with the fine article by
M S McNatt. | look forward to the next
issue with the interfacing information.
I truly believe that this is a most over-
looked situation: the use of Baudot
machines with the small computer. It
would appear that many, many more
people would be interested in the small
computer if there was some method of
retaining ASCI! throughout the computer
except in the use of the Baudot machine
for input and output.

I must, however, take issue with the
noise and smell of the Model 15.
A Model 15 that is properly lubricated
and adjusted, with its cover in place,
should be something other than noisy;
the cover should shield the owner from
smell, also. If smoke comes out of the
machine, something is wrong!

| note that Mr McNatt did not men-
tion the Western Union strip printers;
the model number does not come to
mind, but | believe that they were 2-B.
| saw an advertisement on this type of
machine and | have reason to believe
that the keyboard of such a machine will
mate with the typing reperforator which
usually (to my knowledge) comes with-
out a keyboard.

Also, there is the Friden Flexowriter.
My law office has a battery of those
machines. The first one was acquired in
1958 and it clatters and bangs happily
all day long. (Flexowriters are generally
noisy, particularly the FL and SDS
models.) Why is there not mention of



these machines? They are extremely
sturdy and it is my understanding that
one can still get maintenance for them.
Many have input and output jacks or
plugs.

Lucius B Dabney Jr
POB 947
Vicksburg MS 39180

A way of ducking the jssue of your
last question would be to point to the
title of the article: ''A Guide to Baudot
Teletypes.” As for oil and smoke,
Mr McNatt's caricature of the Model 15
certainly fits my remembrances of using
one on the amateur radio bands when |
was in college . . . CH

DOES ANYONE HAVE THE LATEST
ON 8080 FORTRAN?

Nine months ago, when | began to
get serious about my own microcom-
puter, everybody was promising a
FORTRAN compiler ‘“just around the
corner.” A major manufacturer promised
a FORTRAN compiler ‘“soon’ which
degrades to ‘‘early 1977.” Now they
don't mention FORTRAN in their adver-
tisements. As time goes on we hear less
and less of a FORTRAN compiler. Here
I sit with 40 K, access to timesharing and
a pile of FORTRAN programs | can’t use.
| am a user, not a hardware man or a
systems man. | would like to compile
these and other FORTRAN programs
one way or another and get on with
using my machine.

FORTRAN may be a pterodactyl
as Mr Lashley suggests, but it is a lan-
guage commonly used to solve problems
by those more interested in problem
solving than in technique. Some of the
hardware nuts would have us scrap every-
thing everytime a new chip came along.
In that event we would do nothing ex-
cept construct new hardware. Mr Lashley

would have us scrap years of training
everytime a new programming idea
appeared. That's OK for someone
whose main interest is learning new
languages. | don't feel we must scrap
FORTRAN any more than Ma Bell has
scrapped the old phone system. Sure,
there have been problems, but by insisting
the new must work compatibly with the
old, she has built a good system for the
user. The purists working for Bell who
wish to scrap everything each time a new
idea is discovered probably have ulcers.

So let us continue to build upon what
we have and not scrap everything each
time something new comes up. If this
is the way things are done, I'll be up-
dating my system far into the future.
Now, I'd like to see some way of con-
verting that pile of FORTRAN programs.

Lawson T Pierce
4891 Songbird Dr
Columbus OH 43229

LASHING LASHLEY

I nominate P M Lashley (Feburary
1977 BYTE, page 78) for the “Cybersnob
of the Year’ award for 1977. The year is
young but I think he should get the nod;
no one can possibly top his useless,
self-serving, supercilious, unnecessary
attack on another man’s worthy efforts.

Roxton Baker
56 South Rd
Ellington CT 06029

APL INTEREST, AND CHARACTER
GENERATION TUTORIAL NEEDED

| am writing in response to letters in
the February 1977 issue of BYTE to say
that | am building a microprocessor
based APL capability. | plan to build an

- APL CRT terminal and will want a

character generator chip. Since | plan

to build my own but have been unsuc-
cessful in finding a construction and
theory article, BYTE could include such
an article, or at least a bibliography, in a
future issue.

Karl Gerhard
264 Taylor Rd
Portsmouth R1 02871

APL INFORMATION WANTED

Would you please send me some
information concerning implementation
of APL on microcomputers? Thank you
for your consideration.

Gerry Wong

7950 Mercure
Brossard Quebec
CANADA J4Y 1A8

Watch future issues of BYTE.
COVER KUDOS

| had to write, though somewhat
belatedly, to comment on the January
1977 cover painting by Robert Tinney.
It was, | must admit, a rather emotional
moment when | slid the wrapper off to
reveal a painting which depicts exactly
the feelings and aspirations | have held
for some time now. The hope that the
power of the computer, in the hands of
all the right people, can somehow change
the world from the smog filled grey and
brown outside the window into the
clear and beatiful vision seen through the
terminal.

May | suggest that this cover be made
available in poster size through BITS.
While | did enjoy the Thomas Jefferson
cover, | feel that we in the world of
computing should be looking to the
future, and that this particular painting

Continued on page 146

the CI-812

PERGOM

PERCOM DATA COMPANY , INC.
4021 WINDSOR » GARLAND. TEXAS 75042

(214) 276-1968

The Only S-100 Interface
You May Ever Need

On one card, you get dependable ‘‘KC-
standard”’ /biphase encoded cassette inter-
facing at 30, 60, 120, or 240 bytes per
second, and full-duplex RS-232 data ex-
change at 300- to 9600-baud. Kit, includ-
ing instruction manual, only $89.95*,

*Assembled and tested,
$119.95. Add 5% for
shipping. Texas resi-
dents add 5% sales tax.
BAC/MC available.

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL
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PerCom ‘peripherals for personal computing’
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Figure 1: A simple train
layout for one train show-
ing the manner in which
electricity is transmitted
to the motor of the train.

INSULATED
WHEELS

INSULATED WHEELS

w o= O

POWER
PACK

How to Computerize

David C Brown
1704 Manor Rd
Havertown PA 19083

One of the many uses of computers, and
especially personal computers, is in the area
of real time process control operations. An
enjoyable way of experimenting with this
area would be to have your small computer
control a mode! train layout. Those of us
who attended the Personal Computing 76
convention held in Atlantic City NJ in
August undoubtedly saw the Digital Equip-
ment Corporation’s display of a train layout
controlled by an LSI-11 computer. There is
no reason why you could not do something
similar with your own system.

Since many of you may not be familiar
with the techniques used in model rail-
roading, let’s start with a bit of background
information. Figure 1 shows the simple oval
layout most of us probably had as children
in the US, where DC power has dominated
the scene recently. Power is applied to each
rail. One set of wheels on the engine picks
up the positive side and feeds it to the
motor; the other set of wheels picks up the
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negative. Unfortunately, this type of system
can only handle one train running at a given
time. If a second train were put on the
tracks, we would not be able to control the
two trains’ speeds independently. To solve
this problem, we go to block control, shown
in figure 2. As you can see, the negative rail
is common, as it was in figure1. The
difference lies in using insulators on the
positive rails and two power packs. Now we
can use switches so that either power pack
can control either section of track. This
allows us to have a train on the smaller loop
(block 1) and another train on the run
around track to the right (block 2), and we
can control each train’s speed independently
through the two power packs. We still have
to be a little careful when we operate this
system, because if the train on block 2 runs
onto block 1 while block 1 is occupied we
will be right back where we started, with
two trains running at the same speed and
controlled by one power pack.
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In reality, then, two blocks are insuffi-
cient. A moderate size model railroad is
likely to have from 12 to 24 blocks. Just
before a train enters a block, the operator
would flip that block’s control to his power
pack. When the train leaves a block, the
operator would turn off that block so that
the other operator could bring his or her
train into the block if he or she wanted to.

The only other really important consider-
ation in train layouts that we should discuss
is the reverse loop. Suppose we had a loop as
in figure 3, so that the train couid go around
the loop and end up on the same track but
going the opposite direction. If you follow
the polarities of the tracks around the loop,
you will see that they end up as a short
circuit, with “+"' connected to “—"' and vice
versa. This condition requires the use of a
special type of block, known as a reverse
block or reverse loop. The reverse block is
similar to the other blocks we have dis-
cussed, except that in this case, both tracks

have insulators instead of just one. This is
illustrated in figure 4. We have also added
some other switches for reversing train direc-
tions. A normal power pack has a reverse
switch that switches the polarity of its
output to make the train run in the other
direction. With reverse loops, we can no
longer use this switch. Instead, we need a

Figure 2: A basic example
of block wiring. The nega-
tive rail is common to
both blocks. The positive
rail is divided by insulators
into two sections. Each
block can run a train using
a separate power pack.

Figure 3: An illustration
of . the type of difficulty
that arises when a track is
put through a reverse loop.
Following polarities it will
be seen that the negative
side of the track will con-
nect to the positive side at
the end of the loop and
vice versa.

ov D: SHORT
AC CIRCUIT
POWER
PACK
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Figure 4: Using insulators
on both the positive and
negative tracks a block is
created that is totally iso-
lated from the main track.
Using a separate power
pack will allow the train to
run through the block,
turn around, and return to
the main track.
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direction switch for the reverse loop and
another direction switch for the rest of the
track. By playing with these switches, we
can keep the polarities correct and prevent a
short circuit. This is easier to see in an
illustration. Assume that the train is coming
down the main track from the left of
figure 4 and that the track switch is posi-
tioned to the right so that the train will end
up going around the reversc block in a
counterclockwise direction. The polarities of
the main and reverse block on each side of
the A insulators are the same, so there is
no problem crossing the insulators. If we
leave everything the way it is though, we will
have a problem when the train hits the B
insulators, since the polarities arc reverscd
on opposite sides of the insulators. In this
case, whilc the train is on the reverse block,
we flip thc main dircction switch. This
reverses the polarity of the main track so
that it is the same as the reversc block's
polarity at the B insulators. Now the train
can leave the reverse block and go back onto
the main track with no problems. Suppose
the polarity of the reverse block had been
reversed when the train was coming down
the main track. In this case, we would have
had no problem leaving the reverse block,
but would not have becn able to enter it in
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the first place. The solution would be to flip
the reverse block direction switch while the
train was on the main track. This would
match up the polarities at the A insulators.
Then, after the train got onto the reverse
block, we would reverse the main direction
as we did before so that the train could
safely leave the reverse block.

Two items were omitted from figure 4 for
the sake of simplicity in the prior discussion.
At point C we would tie in the second power
pack and the block control switches of
figure 2. At point D we would need a 2 pole
2 position switch to allow either power pack
to control the reverse loop.

So much for train layouts and block
control! The only other major piece of
equipment on a model railroad is the track
switch, called turnouts in model railroad
terminology. Turnouts allow you to vary the
route that your train takes, which is cer-
tainly more interesting than watching your
train do nothing but go around in a circle. A
turnout represents the actual track that can
be switched. It physically can sit in one of
two states which are electrically controlled.
The electrical components for moving the
turnout are called switch machines. Figure 5
shows a typical turnout and switch machine.
The turnout contains a movable scction. In



figure 5, the train will go straight. If the
movable section were pulled down, the train
would go to the left relative to its motion,
up the turnout track. The switch machine is
really just a pair of solenoid coils. A soft
metal bar with an S shaped groove slides
between the coils. The movable section of
the turnout has a lever connected to it. The
other end of this lever rides in the groove of
the sliding bar of the switch machine. In
figure 5, if the reverse switch was closed, coil
B would be energized and the soft bar would
slide to the right. The lever would ride in the
groove and be pulled down, thus pulling
down the movable section of the turnout.
Since the coils draw close to 1 A when
energized, they should only be energized
long enough to move the turnout. If left
energized for more than a few seconds, they
could overheat and burn out. For this
reason, push button switches are normally
used for controlling the switch machines.
The switch machines normally run off an
alternating current accessory power pack
and have no rclation to the block system.
They represent a separate, isolated set of
circuits on the model railroad.

All of these electrical requirements may
sound somewhat confusing. Linn Westcott
has an excellent, very inexpensive paperback
book entitled How to Wire Your Model
Ruailroad from Kalmbach Publishing Com-
pany, 1959. This book, or one like it, should
be available at any hobby shop. Another
very good set of paperbacks is published by
Atlas Tool Company, a leading manufacturcer
of model railroading equipment. Atlas has
also simplified the wiring for you. They sell
sealed switch units containing printed cir-
cuitry for all of the wiring | have discussed.
The Atlas selectors contain block control
circuitry, the Atlas controllers contain di-
rection control and reverse loop circuitry,
and the Atlas switch controllers contain the
turnout control switches. These devices are
inexpensive and have the ability to be
plugged together for handling any size train
system. All you do is connect your power
packs, block wires and switch machine wires
to the Atlas devices and your wiring is
complete. The Atlas books also diagram
track layouts, usually 6 to 8, from simple to
complex, give construction details, and show
how to wire them with the Atlas devices.
What more could you ask for?

Now that | have you hooked, or at least
interested in model railroading, let's take a
look at what we need to control this system
by computer. All of the principles discussed
so far still apply. The only additional item
that we nced on the train layout  itsclf is
some way of knowing where the trains are.

HING|
POINTS

-

TRAIN
MOTION

TURNOUT TRACK

THROUGH TRACK

\\ MOVABLE

SECTION
coiL colL
A = s
2
PLUNGER
REVERSE
>-—0—p +

NORMAL

Figure 5: The basic workings of a turnout and swilch machine. The two coils
of wire move u piece of soft metal with u groove buck and forth between
them. The switch machine rides in the groove. When coil B is uctivated, by
using the reverse mode, the metal is pulled into the B coil and the switch
machine slides down in the groove chunging the position of the switch

machine.

The simplest approach would be to use
magnetic rced switches. As shown in fig-
ure 6, these switches are nothing but two
contacts, very close together, and scaled in a
glass envelope. If we place these switches at
intervals along the tracks and glue a small
magnet to the bottom of our trains, the train
going over the glass capsule will close the
switch. These switches, by the way, arc
common in burglar alarm systems and other
proximity sensing devices. | will refer to
thesc switches along the tracks as markers in
the remainder of this article.

The train control system to be discussed
is currently under development. So far, the
development has concentrated on the soft-

GLASS ENVELOPE—‘: [SWITCH CONTACTS

(ACTIVATEOQ BY MAGNET)
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Figure 6: This is a nuy-
netic reed switch which
cun be used us o marker
along  the truck. The
switch consists of two con-
tucts  that are enclosed
within « glass envelope
The t(wo metal contuc

are uctivated magnetically
when a cuar with « mugnet
altached pusses over.
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TO 4 MORE 8214'S CASCADED TOGE THER

ware aspects, and most of the hardware
details are yel to be worked out. These |
must leave up to your ingenuity at the
moment. You will nced a way of controlling
the switch machines. The October 1975
issuc of BYTE, page 87, showed one way
this could be done with a flip flop, several
2N3766 transistors, and a oneshot multi-
vibrator. You will need a way of controiling
the block switches, allowing you to turn a
block off or to route power to it from any
of your power packs. You will need a way of
switching the direction controls, both main
and reverse loop, as discussed with figure 4.
Along with this, you will need a way of
reading the polarity between the current
block and the next block, probably using the
marker number as the address. Fortunately,
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you only need this capability at entrances
and exits from reverse blocks. You will need
a way of controlling speed. This could be
done with a digital to analog converter, or
you could adapt the speed controller shown
in the January 1975 issue of Popular
Electronics, page 58. Last, but definitely not
least, you will need the marker system.

The markers, as mentioned earlier, are the
switches located along the track for sensing
the location of the trains. When the train
passes over a marker, an interrupt could be
generated. The interrupt software must be
able to read in a binary number identifying
which marker was hit. This could be accom-
plished on an 8080 based system by cas-
cading together Intel 8214 Priority Interrupt
ICs, as shown in figure 7. Ideally, we would




like a large number of markers. Although |
haven’t the room to discuss this aspect, a
graphics display could be used so that the
track layout is displayed and each marker
would light up as the train passed it. For
this, we want many markers. The circuit of
figure 7 will allow up to 40, but needs five
8214 chips, at $15 each. Another possibility
would be to use a 256 word by 8 bit read
only memory and have the markers control
the address lines into the memory, which
would be programmed with the marker
numbers. | would be interested in hearing
from anyone who has a cheap way of
debouncing and encoding 256 switches into
a byte of data that could be read in by an
interrupt routine. For that matter, | would
be interested in hearing from people on any
of these hardware requirements, since |
haven’t worked them out myself yet.

So much for hardware. The software
should. actually be easier to explain than
model railroading theory. The entire soft-
ware package is table driven. This makes it
easier to understand and easier to adapt to a
wide variety of train layouts. The four major
tables used are the marker table, the block
table, the switch table and the train table.
The marker table really controls most of the
system. Each marker on the track has a
corresponding entry in the marker table.
When the train hits a marker, an interrupt is
generated. Interrupts are probably preferable
to a polled system, since it is crucial that
none be missed and unless the marker event
is latched, a busy processor could miss it. If
your program is processing a console com-
mand and a train passes a marker before you
get to poll it, you could have real chaos. The
marker interrupt routine, then, would read
in the marker number and look it up in the
marker table. Table 1 shows the layout of an

entry in the marker table. If a graphics -

display is used, MXY would be used to
update the display, showing the train at the
new marker location. MBLOCK would be
the pointer to the block table entry for the
block which contains this marker. MSETUP
indicates that this is the last marker in the
block. The software would go to the block
table, figure out the next block that the
train will enter, and issue a command to
apply power to that block {remember fig-
ure 27). MFREE tells the software that the
marker is the first one in the block and
power should be removed from the prior
block. This is the reverse of MSETUP.

MFA and MFD are fractional accelerators
and fractional decelerators. Fractionals
represent a small change in the speed of the
train. Any marker can be set up to add or
subtract a fractional to the train's current

Label Byte Bit Meaning

MMARKER 1to2 1to8 marker number

MBLOCK 3 1108 block table entry displacement
MSTOPNO 4 1to8 stop number

MSETUP 5 1 setup next block indicator

MSTOP 5 2 stop indicator

MFDS 5 7 apply fractional decelerator on stop only
MFREE 5 8 release prior block indicator

MFA 6 1to4 fractional accelerator value

MFD 6 5to8 fractional decelerator value

MXY 7t08 1108 XY coordinates for graphics display routine

Table 1: Marker Table Information. The purpose of the marker table is to
organize the current information associated with each marker input from the
model railroad layout. The list of information shown here is described in the
text in more detail. The use of a graphic display of the layout is assumed by
putting in display coordinate fields (MXY), which might be omitted
otherwise. The basic marker entry information is repeated in this format for
each marker.

Label Byte Bit Meaning

BBLOCK 1 1to8 block number

BTRAIN 2 1to4 which train is currently in the block
BREV 2 8 reverse block indicator

BPRIOR 3 1to8 priorblock ID

BNEXT 4 1to8 nextblock ID

Table 2: Block Table Information. The purpose of the block table is to
organize the current information about each block in the model raifroad
layout. The block is identified by its number. (Although this field might be
omitted if numbers and position in the table are made identical.) If the block
currently has a train, its number is identified. The topology of the track
network js reflected in the prior block and next block pointers.

speed. This would be used to speed up the
train as it goes up a hill, called a grade, or
slow it down on a downgrade. It could really
be used any place you wanted the train’s
speed to automatically change. Fractionals
can also be used for programmed stops. The
MSTOP indicator in the marker table entry
tells the system that the train should stop.
However, a sudden stop would be unrealis-
tic, so we can use the fractional decelerator.
If the operator requests a stop at a particular
stop number and that stop number equals
MSTOPNO, the system will look at MSTOP
and MFDS. If MFDS is on, the fractional
decelerator will be applied, slowing down
the train. MFDS also will prevent the frac-
tional decelerator from being applied if a
stop was not requested. Eventually the train
will hit a marker that has the correct
MSTOPNO and has the MSTOP indicator on,
and the train will be stopped completely.
Each block on the track layout has a
corresponding block table entry, as shown in
table 2. The block table entry contains
indicators for what train is in the block and
whether the block is a reverse block {our
figures 3 and 4 discussion). The reverse indi-
cator will be used by the marker processing.
When power is to be applied to the next
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Label Byte Bit Meaning

SSWITCH 1 1to8 switch number

SPOS 2 1 through or turnout indicator

SFROM 3 1to8 from block ID

STHRU 4 1t0 8 through block ID

STURN 5 1t08 turnout block ID

SNMKTHRU 6 1to8 setup next marker ID for through block
SNMKTURN 7 1to8 setup next marker ID for turnout block
SPMKTHRU 8 1to8 release prior marker 1D for through block
SPMKTURN 0 1to 8 release prior marker |D for turnout block

Table 3: Switch Table Information. The switch table entries describe each
switch in relation to the railroad layout by means of pointers to the “from,”
“through’ and ‘‘turnout’ blocks. This information, which is relatively fixed
for a given layout, is used to modify the prior and next block information in
the block table according to the settings of the switch. One such entry is
needed for each switch in the layout. (A roundhouse would have to be a
special case . . . )

BLOCK 2
[ 1
/
y —
MARKER 2
MARKER !
+
INSULATORS
MARKER 3
[ j | |
BLOCK | BLOCK 3

Figure 8a: An example of a marker being between two blocks. In this type of
array the computer must only determine whether the train will go into
block 2 or 3.

BLOCK | BLOCK 2
| 1 |
- —
— -
MARKER ! MARKER 2 MARKER 3

b Y
ke %

- 4\\_ : ...E . ....i 5-.4.1_“5_

L . |
BLOCK 3

BLOCK 4

Figure 8b: This figure is slightly more complex than figure 8a. In this type of
array the train may enter block 3 or block 2. The computer must determine
which block the train will enter. If it is block 3 the information for block 3
must be updated for the particular train as soon as the train has passed
marker 1. If the train will enter block 2 next, however, the information for
block 2 must not be updated until the train has passed marker 2.
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block, the software will check to see if either
the current or the next block has the reverse
block indicator on. If neither block is a
reverse block, power is applied to the next
block. However, if either block is a reverse
block, we must do additional processing.
Power is applied, but we have to worry
about the polarity. Therefore, we read in the
polarity between the two blocks, probably
using the marker number as the address for
the polarity interface. We cannot use the
block number, since the polarity will be
different at the two ends of the reverse
block. If, after reading the polarity between
the two blocks, we find that they are equal,
we are done. |f they are different and the
current block is a reverse block, then we
must reverse the polarity of the main track.
If they are different and the current block is
not a reverse block, we must reverse the
polarity of the reverse block. These are the
same operations that we discussed with
figure 4, only the computer will do them
rather than the operator. The BPRIOR and
BNEXT fields in the block table entry are
pointers to the block table entries for the
prior and next block on the track layout.
These pointers are maintained and modified
by the switch processing.

When the operator requests that a par-
ticular switch position be changed, the soft-
ware will locate the switch entry in the
switch table. Table 3 shows the layout of a
switch table entry. SPOS, the position indi-
cator, will be toggled and the graphics
display, if used, will be updated to show the
new switch position. The new value of SPOS
will be output to the switch interface,
SFROM, STHRU, and STURN are used to
update the prior and next block fields of the
block table entries so that each block
entry points to its correct successor and
predecessor. SNMKTHRU, SNMKTURN,
SPMKTHRU, and SPMKTURN are used to
turn on and off the MSETUP and MFREE
indicators in the marker table. For example,
if the switch is set for turnout, MSETUP in
the marker pointed to by SNMKTHRU will
be turned off and will be turned on in the
marker pointed to by SNMKTURN.
SPMKTHRU and SPMKTURN do the same
with the MFREE indicator in the marker
table. The reason for this may not be
apparent, so let’s look at an example. In
figure 8a, this processing would not be
needed. MSETUP in marker 1 would always
be on, and MFREE could be left on in both
marker 2 and marker 3 since there is no
other way into block 2 or 3 other than from
block 1. However, figure 8b is a different
case. Here we have the switch in the middle
of a block. If the switch were set for the



turnout, the train would leave block 1 and
enter block 3. Marker 1 would have
MSETUP on and marker 4 would have
MFREE on. Now let’s change the switch
position. The train will no longer go into
block 3. The switch processing would have
updated block 1's block table entry so that
block 2 was the next block. If we try to set
up the next block (block 2) according to
marker 1, we will be premature. Maybe there
is another train in block 2 at the moment,
since there could be quite a bit of track
between the switch and the beginning of
block 2. Likewise, if a train comes down
block 3 and tries to free the prior block
according to marker 4, we might have a
similar problem. The switch processing,
then, must turn off MSETUP in marker 1
and turn off MFREE in marker 4 if the
switch is set for through and turn them on if
the switch is set for turnout. In this par-
ticular case, markers2 and S5 could have
MSETUP on all the time, markers 3 and 6
could have MFREE on all the time,
SNMKTHRU and SPMKTHRU will be zero,
and SNMKTURN and SPMKTURN will have
a1 and a 4 respectively.

The train table of table 4 has one entry
for each train that you are running. This
table entry is used primarily for keeping
track, pardon the pun, of where each train
is. It specifies what block the train is in, the
last marker hit, the train’s direction (forward
or reverse), the train’s current speed, and the
port address for the train's power pack
interface. This interface would control the
speed, through digita! to analog convertors
or similar, and the main and reverse block
direction controls. The train table entry
would be updated by marker processing and
by speed and direction commands issued by
the operator.

So far, we have discussed primarily the
automatic functions of the software. Now
let's look at the functions controlled by the
operator. We already discussed switches and
stops. That leaves us with direction and
speed. Suppose we want to reverse a train.
First, this command wou!d not be allowed if
the train was moving, since we might cause a
derailment if we suddenly reversed a fast
moving train. Other than that, it's fairly
simple. We store an indicator in TDIR of the
train table entry to indicate that the train is
going in the reverse direction and then issue
the command to reverse either the main
polarity or the reverse block polarity, de-
pending on whether or not the train is
currently in a reverse block. From then on,
we reverse logically the meaning of the
MSETUP and MFREE indicators in the
marker table entries and we reverse logically

Label Byte Bit Meaning

TTRAIN 1 1tod4 train number

TDIR 1 8 direction

TBLOCK 2 1to8 currentblock ID

TMARKER 3to4 1to8 currentmarker ID

TSPEED 5 1to8 train's current speed

TPORT 6 1to8 10 port address for controller

Table 4: Train Table Information. Each train in the layout must also be
followed in the software as it runs its route. The information can be
formatted and referenced with a structure such as this. The details vary for
each train with time, as the train progresses through the layout.

the meanings of the prior and next block
pointers in the block table entries. There-
fore, we set up the next block when MFREE
is on and free the prior block when MSETUP
is on. BNEXT points to the prior block and
BPRIOR points to the next block.

Train speed control can be somewhat
more difficult. There are basically two ways
to contro! speed. The easiest would be to use
a digital to analog converter. Trains run on 0
to 16 VDC, so a converter would be needed
capable of providing this range at approxi-
mately 1 A per train to be run at a time.
Therefore, if you plan on running two trains
at the same time, you need a Oto 16 VDC
supply rated at 2 A minimum. This idea
works well with the fractional system out-
lined earlier, but is not very realistic. The
operator would have to enter on the console
the voltage to be applied and the software
would output to the converter the correct
value. To gradually speed up a train would
keep the operator busy for a while entering
speed commands.

A more realistic approach would be to
enter an accelerate command that would
gradually speed up the train at a uniform
rate. When the proper speed is reached, the
operator would enter a hold command to
maintain the current speed. To slow down, a
decelerate command would cause the train
to gradually slow down, and the hold com-
mand would again be used to stop decel-
erating. This type of control could be
accomplished by adapting the circuit on
page 58 of the January 1975 Popular Elec-
tronics to operate as an 1O device rather
than by push buttons. This complicates the
fractional system, since the fractionals were
intended to represent actual voltage quanti-
ties to be applied to the train’s speed.

A similar approach could be to still use
digital to analog converters, but to have the
software periodically increment or decre-
ment the value applied to the converter if an
accelerate or decelerate command was in
effect. This method will satisfy both realism
and the operation of the fractionals, but
depends upon the construction of the soft-
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Marker Interrupt Processing Routine

The M algorithm is used for marker interrupt
processing. It reads in the marker number, per-
forms operations on it, including block processing
(B algorithm) if necessary, determines any change
in speed and then returns from the interrupt.

M1. Read the marker number input and look it
up in Marker Table.

M2. Use MBLOCK of Marker Table entry to
point to Block Table entry.

M3. Use BTRAIN of Block Table entry to point
to Train Table entry.

M4. Store marker and Block Table pointers in
TMARKER and TBLOCK.

M5. If TDIR=0 and MSETUP is on then go to
B1.

M6. If TDIR=1 and MFREE is on then go to B1.

M7. If TDIR=0 and MFREE is on then go to
B11.

M8. If TDIR=1 and MSETUP is on then go to
B11.

M9. Send MXY to graphics display if it is used.

M10. If MFA > 0 then add MFA to TSPEED and
send TSPEED output to the speed
controller.

M11. If MFD > 0 and MFDS is off then subtract
MFD from TSPEED and send TSPEED
output to the speed controller.

M12. If MFD > 0 and MFDS is on and stop has
been requested at MSTOPNO then subtract
MFD from TSPEED and send TSPEED
output to the speed controller.

M13. If MSTOP is on and a stop has been
requested at MSTOPNO then store O in
TSPEED and send TSPEED output to the
speed controller.

M14. Return from interrupt processing routine.

Block Processing Routine

The B algorithm is used for block processing of
the power controls. The algorithm determines the
voltage and polarity changes that are to be made
for the various blocks. Lines B1 to B10 set up the
next block for the train to enter it. Lines B11 to
B15 free the prior block that the train is leaving.

B1. If TDIR=1 then use BPRIOR as the next
block pointer, else use BNEXT as the next
block pointer.

B2. If BTRAIN of the next Block Table entry =
TTRAIN then go to M7.

B3. If BTRAIN # 0O then stop system (there is a
train over run: two trains in same block!)

B4. Store TTRAIN in BTRAIN of the next
block.

B5. Send command output to the block con-
troller to power up the next block.

B6. If BREV of the current block and BREV of
the next block are both O then go to M7.

B7. Read polarity of tracks using MMARKER of
the current Marker Table entry as the
address.

B8. If polarity=0, then current and next block
polarities are the same so go to M7,

B9. If BREV of the current block = 1, then
output a command to reverse the main
polarity and go to M7.

B10. Output a command to reverse the reverse
block’s polarity and go to M7.

B11. If TDIR=1 then use BNEXT as the prior

block pointer else use BPRIOR as the prior
block pointer.

B12. |f BTRAIN of the prior block = O then go to
m9.

B13. Store 0 in BTRAIN of the prior block.

B14. Send command output to block controiler
to turn off prior block and go to M9.

o
)

Switch Command Routine

The S algorithm performs the switch command
processing by resetting all of the markers that are
being affected by a particular train. It is called by
an operator command.

S1. Look up the switch number in the Switch
Table.

S2. Reverse value of SPOS
1=turnout).

S3. If SPOS=0 then use STHRU as the pointer
o naxt block and go o 56.

sS4, Use STURM as the pointer to the next
block.

85, Stora the pointer to the next block in
BMEXT of the Block Table entry pointed to
ly SFROM.

S6. If 5FOS=1 then go to 514,

S§7. Turn off MSETUP in Marker Table entry
pointed to by SNMEKTLURMN.

S8, Turn on MSETUP in Marker Table entry
pointed w by SNMKTHRLUL

S9, Turn off MFREE in Marker Table entry
pointed to by SPMETURMN,

§$10. Turn on MFREE in Marker Table entry
pointed 1o by SPMKTHRU,

S11. Send SPOS output to the switch controller
uging SSWITCH as address.

$12. |f the graphics display is used then update it
to show new switch position.

S§13. Huturn to operator command processor.

S14. Turn off MSETUP in the Marker Table
antry pointed to by SNMKTHRU.

S15. Turn on MSETUP in the Marker Table entry
pointed 1o by SNMKTURN.

S§$16. Turn off MFHREE in the Marker Table entry
pointed o by SPMKTHRU

§17. Turn an MFREE in the Marker Table entry
pointed to by SPMKTURN.

§18. Go to S11.

R

Raversa Direction Command Routine

{O=through,

The R algorithm performs the reverse direction
command processing. IF the train i5 not moving,
the palarity of the Block will be reversed and TDIR
will be logically inverted.

R1. |1 TSPEED In the current Train Table éntry
# [0 then indicate invalid request and return
to command processor,

R2. Aeverss tha present value of TDIR in
currant Train Table antry.

R3. Use TBLOCK of the current Train Table
entry 10 point to the current Block Table
ENtry.

Rd. If BREY of the eurrent Block Table entry =
1 then go ta RY.

RG5. Send command output to reverse the
polarity of the main track.

RE. HAeturn to operstor processor.

R7. Send command output 1o reverse polarity of
reversa block,

RB. Heturn to operator processor.
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ware Lo increment or decrement at a reason-
able pace.

Table 5 shows a list of operator com-
mands that might be used on a typical
computerized model railroad. The remainder
of this article is devoted to some algorithms
for the more important processes we have
discussed. Algorithms, il the term is un-
tamiliar, are simply flowcharts expressed in
words rather than in blocks and arrows.
Since this article is not presenting actual
code and is more directed to theory than to
bit by bit details, gencralized algorithms
seem more appropriate. | hope this article
has increased your interest in the area of
model railroading and has given you some
ideas on how you can simulate, on a small
scale, the types of rcal time process control
systems that could be used on a large scale
to control an actual railroad.m

Mnemonic Command meaning

A Tx accelerate train x

D Tx decelerate train x

HTx hold train x at current speed

S Tx stop train x immediately

S Tx Sy stop train x at stop number y

FA xxx My set fractional accelerator value of xxx into marker y

FD xxx My set fractional decelerator value of xxx into marker y
FD xxx My,S same as above but also turn on MFDS

R Tx reverse train x

Sx toggle position of switch x

Ex My1,y2,--,yn establish stop x at markers y1,y2,--yn and turn on MSTOP in marker yn
Dx delete stop x

K kill system; emergency power off

(& close down system; orderly stop of trains and power off

Table 5: Definition of o Command Language. Here is mnemonic set of
commands for control of the trains on a model railroad layout from a
terminal keybourd. When a generul purpose keyboard is used, this sort of
sequence is required — although the particular commands defined here are
not necessarily the only set possible. Algorithins S and R (see separate boxes)
are commuand processing routines for switch toggling and reversal of trains,
two of the more complex commands in this list.

GLOSSARY

Algorithm: A method used to express the steps to
be taken in solving a problem. It may be expressed
in words, as a flowchart of blocks, lines and
arrows, or in other forms.

Block control: Sectioning up a railroad layout so
that multiple power packs can be used to run more
than one train on the tracks at a time.

Block table: A table used in the software for
controlling a model train layout. Each block on the
tracks has a corresponding entry in the block table.

Digital to analog converter; Commonly abbreviated
as DAC, the device takes as input a digital
value, typically an ‘‘n”’ bit binary number, and
outputs an anatog signal in the form of a variable

voltage corresponding to the digital input value.

Fractionals: As used in this article, a fractional is a
4 bit binary number representing a small change in
the speed of the train. It is used for automatic
speed changes under program control.

Graphics display: A video display device that can
display lines, curves and drawings rather than just
characters. tn a train system, a graphics display
could be used to show a real time diagram of the
train layout and where each train is located.

Insulators: In a train fayout, insulators are used to
isolate sections of track in order to use block
control. Since power is supplied to the train
through the tracks, insulators are placed between
sections of track so that each section can be
controlled independently.

Markers: Switches located on the track that are
activated by the passing of a train. These markers
are used by the software to keep track of where
the trains are.

Marker tabie: A table used in the software,
containing an entry for each marker on the train
layout.

Polarity: As used in this article, polarity refers to
which track is positive and which track is negative.
Normally, this is not really important, except in
the case of reverse loops, where the polarity
between two adjacent blocks on the layout might
be different, resulting in a short circuit when
crossed by the train.

Reverse toop: Or reverse block; this is where a
section of a track will allow a train to go around in
a loop and end up on the same track but going in
the opposite direction. Special handling of these
cases is needed.

Solenoid: A coil of wire which acts as an electro-
magnet. When current is applied to the coil, a bar
of soft metal will be attracted toward the magnet.
In model railroading, solenoids are part of a switch
machine.

Switch machine: A solenoid activated mechanism
attached to a turnout, used to move a section of
track so that the route of the train can be
modified.

Switch table: A table used in the software,
containing an entry for each switch machine and
attached turnout on the track.

Train table: A table containing an entry for each
train that is running on the train layout (also, the
physical structure on which your train layout is
built).

Turnout: A movabie section of track, used to
modify the route of the train. A turnout aliows the
train to go in one of two possible directions. A
switch machine is used to move the turnout. A
turnout has a normal position, which is the
direction most commonly taken, and a reverse
position, which is the less frequently used position.
In this article, | have also used turnout to refer to
the reverse position, and through to refer to the
normal position.
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Introducing Apple I1.



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

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

in the color TV. Plug in your new
Apple II} and connect any standard
cassette recorder/player. Now you're
ready for an evening of discovery in
the new world of personal computers.
Only Apple Il makes it that
easy. It’'sa

complete, ready to use computer, not a
kit. At $1298, it includes video gra-
phics in 15 colors. It includes 8K bytes
ROM and 4K bytes RAM —easily
expandable to 48K bytes using 16K
RAMs (see box). But you don't even
need to know a RAM from a ROM to
use and enjoy Apple II. For example,
it’s the first personal computer with
a fast version of BASIC permanently
stored in ROM. That means you can
begin writing your own programs the
first evening, even if you've had no
previous computer experience.

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

with other Apple II users.

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

built-in speaker.

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

arithmetic, or spelling

for instance. Apple Il

makes learning fun.

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

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

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

Write us today for our detailed
brochure and order form. Or call us
for the name and address of the

Apple II dealer nearest you. (408)

996-1010. Apple Computer Inc.,
20863 Stevens Creek Boulevard,

Bldg. B3-C, Cupertino,
California 95014.

AppleIl™ is a completely self-contained
computer system with BASIC in ROM,
color graphics, ASCII keyboard, light-
weight, efficient switching power supply
and molded case. It is supplied with
BASIC in ROM, up to 48K bytes of
RAM, and with cassette tape, video and
game I/0 interfaces built-in. Also in-
cluded are two game paddles and a
demonstration cassette.

SPECIFICATIONS

* Microprocessor: 6502 (1 MHz).

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

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

- Color graphics—40h x 48v, 15 colors

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

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

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

* Memory: up to 48K bytes on-board

RAM (4K supplied)

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

- Up to 12K ROM (8K supplied)

*» Software

- Fast extended BASIC in ROM with
color graphics commands

- Extensive monitor in ROM

* I/0

- 1500 bps cassette interface

- 8-slot motherboard

- Apple game I/0 connector

- ASCII keyboard port

- Speaker

- Composite
video

output

Apple Il is also
available in board-only
form for the do-it-yourself hobbyist. Has
all of the features of the Apple Il system,
but does not include case, keyboard,
power supply or game paddles. $598.

PONG is a trademark of Atari Inc.

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

. @ 9pPple computer Inc:



- Order your Applell now.

Use this order form to get your Apple II fast. As a special offer for
those who order now, we will include free a custom vinyl carrying case

(a $50 value). And we will also pay shipping charges to anywhere in the
continental United States.

Apple II Price List.

RAM Apple II Calif. Residents Apple 11 Calif. Residents
Complement ~ System ~ Add Board-only Add
K  $1,208.00 $ 84.37 §_598.00 $ 38.87
BK _ 1,398.00 90.87 £98.00 45.37
12K T 1,498.00 ' 97.37 798,00 5187
16K 1,698.00 110.37 978.00 63.57
20K 1,778.00 115.57 1,078.00 70,07
24K 1,878.00 122.07 1,178.00 75T
32K 2,158.00 140.27 1,458.00 o477
36K 2,258.00 146.77 1,558.00 101.27
48K 2,638.00 171.47 1,938, 00 125.97

Memory is offered at a 20 % savings when ordered with the system—or board-as reflected in the prices above.

Additional RAM can be easily added-in at a later date as your needs develop.
One set 4K chips (4K bytes) $125
One set 16K chips (16K bytes) $600

Prices and specifications subject to change without notice. P

wapple computer Inc:

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

Order Form

O Please send me an Apple II System O Cashier’s check or money order enclosed.
O Board Only (Please allow 2 additional weeks for personal checks.)
with ___ K bytes of RAM (4K minimum) at $ Please charge to my
California Residents add 6.5% tax O BankAmericard
Total § O VISA
Name O Master Charge
léddress Card Number
ity L
State Zip E'xpxratlon Date
Phone Signature

Shipping Address (if different)

Mail to: Apple Computer Inc., 20863 Stevens Creek
Blvd., B3-C, Cupertino, California 95014

Circle 7 on inquiry card.




Photo 1. Two different shots from the balcony of the Civic Auditorium show the extent of the crowd. At the end of the show,
chaircreature im Warren announced that 12,800 people had attended.

Random Observations and Conversations

at the First West Coast Computer Faire

Notes and Photos by Lawrence F Willard

The kids monopolized the computer
games most of the time, and were better in
their scoring than most of the adults. Said
one man to another:

“Those kids have been at the keyboard
for 15 minutes; shall we push ‘em out of the
way?”

“No,"” said the other. “They're doing a
helluva lot better than | know | could do.”

There were several variations of Star Trek
in evidence. At the Processor Technology
booth one frustrated kid kept getting this
printout whenever he entered a command:

“Captain, I'm afraid your last command
made no sense.”’

He was lucky. A kid about 12 years old
playing Star Trek at the Vector Graphic

el

For,

]’"»' Photo 2: The mild, unassuming Lt
} roll top desk at the left of this
sequence hides an intelligence.
when all the doors and
slides of this "‘desk’ by RDC En-
terprises (8352 Stanford Av,
Garden Grove CA) are opened,
they reveal an experimenter-
oriented computer with built-in
Altair bus extender card at desk
level, a keyboard at desk level
and video monitor. The actual
computer mainframe is below
desk level behind doors, and the
bottom drawer can hold the ex-
perimenter’s tools.

Inc booth apparently made a king sized error
and got this printout:

“Thanks to your bungling the galaxy has
been destroyed by the Klingon War Fleet.
You are demoted to cabin boy. Try again.”

The boy turned around and saw me
watching him.

“Don’t say anything,” he growled.

These games reveal a lot about people to
dedicated people watchers like me. At the
National Semiconductor booth a computer
was set up to plot, on a screen, a graph of
the player’s physical, emotional and intellec-
tual cycles. You were asked to key in your
birth date and to indicate over how many
days you wanted the chart plotted. | noted,
curiously, that some people used arbitrary
dates or somebody else’s birth date rather
than their own. Are some people reluctant
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Larry  Willard, who
writes regularly for
Yankee magazine (Dublin
NH), acted as BYTE's rov-
ing eye at the First West
Coast Coniputer Faire held
in San Francisco’s Civic
Auditorium on April 16
and 17 of this year. Here
are Larry’s notes on
Random Observations and
Conversations at the event.




Rich Man, Poor Man, Merchant, Physician,

Teacher, Lawyer, Stadent, Musician....

)

M Floppy Disk

System for Everyone!

More Uses

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

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

More Speed

These users have found iCOM
floppies to be much faster and more
versatile than cassette or paper tape.
With iCOM,
programs can
be loaded in
seconds; files
updatedin
minutes ;
hundreds of
programs can
be storedon ¢ - v
asingle disk. © -

—
o t DA

More Models

iCOM has Frugal Floppies™, Dual
Floppies, Microfloppies™ (using the
new 5 %" diskette), and other new
approaches to floppy disk systems.
Each is hardware and softwate
compatible with Altair™, IMSAI, Poly
88, Sol-20 and other microcomputers
using the Altair S-100 bus format.

More Software
Then there's iCOM's famous
software: Powerful field-proven
FDOS-It with macro-assembler, string-
oriented text editor, and file manager.
Plus easy-to-use compatible 8K Disk
BASIC. Each with super features such
as: named variable length files, auto-
file create, open and close, multiple
merge and delete . . . and more.

More Backup

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

More Dealers

Maybe not in quantity, but in quality
We've chosen our dealer network
carefully to assure you of assistance
every step of the way. Our prices are
right. Our delivery is
tast. Our dealers are
experienced and

knowledgeable. W\\ﬂ‘& sk
PN .

Must Reading posor

Our free booklet,
“'What a Floppy Disk
Can Do for You'' .
is must reading. e
Send for yours today I

or visit your dealer.

©1977, Pertec Computer Corporation

lca MICROPERIPHERALS

a division of Pertec Computer Corporation

6741 Variel Ave., Canoga Park, CA 91303 US.A.
Tel. (213) 348-1391

TWX 910-494-2788



There’s an iCOM
for Everyone

Computer Stores...
ARIZONA INDIANA
Byte Shop Data Group
Tempe Indianapolis
(602) 894-1129 (317) 842-2983
CALIFORNIA KENTUCKY
Orange Computer Ctr. Cybertronics
Costa Mesa Louisvilte
(714) 646-0221 (502) 499-1551
Byte Shop
Lawndale MASSACHUSETTS
(213) 371-2421 American Used
Computer
?A‘:teV'Shop Boston
. View 617) 261-1100
(415)969-5464 Sl
Computer Mart MINNESOTA
Orange Microprogramming
(714) 633-1222 Bu:nsgilke 0
Byte Shop (612) 894-35
Pasadena NEW HAMPSHIRE
(213)684-3311 Computer Mart
Byte Shop Nashua
Santa Barbara (603) 883-2386
(805) 966-2638 NEW JERSEY
Byte Shop
Santa Clara &%T?:mer Mart
(408) 249-4221 (201) 283-0600
Byte Shop
San Diego NEW YORK
(714) 565-8008 Synchro Sound
Byte Shop Hollis
San Ratael (212) 468-7067
(415) 457-9311 Computer Mart
NYC
Computer Room (212) 686-7923
San Jose
(408) 226-8384 NORTH CAROLINA
Byte Shop Digital Dynamics
Tarzana Charlotte
(213) 343-3919 (704) 374-1527
Tech-Mart
Tarzana PENNSYLVANIA
(213) 344-0153 Byte Shop
Brymar
Byte Shop (215)525-7712
Thousand Oaks
(805) 497-9595 SOUTH CAROLINA
Byte Shop Carolina Computers
Wainut Columbia
(415) 933-6252 (803) 798-6524
evylelsryop! TEXAS
estminster )
(714) 894-9131 Lplds
COLORADO (214) 231-1096
Prime Radix Microtex
Denver Houston
(303) 573-5942 (713) 780-7477
Computer Terminal
FLORIDA El Paso
Byte Shop (915)542-1638
Miami

(305) 264-2983
The Computer Store

Jacksonville Madison

(904) 725-8158 (608) 255-5552
ILLINOIS CANADA

Itty Bitty Machine Computer Mart
Evanston Toronto

(312) 328-6800 (416) 484-9708
Numbers Racket Computer Place
Champaign Toronto

(217) 352-5435 (416)598-0262
Champaign Computer

Champaign

(217) 359-5883

loa mICROPERIPHERALS®

WISCONSIN
Madison Computer

6741 Variel Ave., Canoga Park, CA 91303 U.S.A.
Tel. (213) 348-1391 2 dwision of Pertec Computer Corporation

Circle 8 on inquiry card.

Photo 3: The kid at the keyboard of this IMSAIl 8080 under the
watchful eye of Lynn Stone is Bob Bowdige, a fifth grader at
Rollingwood School in San Bruno. At this school, 200 students
éach week study BASIC programming. The school was invited to
become part of the exhibit at the Action Audio Electronics booth

at the show.

to know what their cycles are, or are they
reluctant to have other people see when
their highs and lows occur, a privacy thing,
perhaps? Anyway, | saw a pretty young lady
who couldn’t be out of her 20s key in a

Photo 4: Victoria Van
Buskirk, 10, with her
father Thomas, a pro-
grammer at lockheed in
Sunnyvale CA, in the Re-
creational Computer
Centers booth. Tom, with
h{s interests in computer
games and home account-
ing problems, plans to
acquire a computer.



Photo 5: The husband and wife team of Ellen and Allen Penn (he's president,
she’s VP and secretary of Sylvanhills Laboratory Inc, 1 Sylvanway, Box 239,
Strafford MO 65757) demonstrate computer controlled plotters to Dick
Speer of Northwest Computer Cinema. (For more details on the plotter kit,
see BYTE January 1977 page 85.) Dick has a 6502 based computer similar
to the KIM which the Penns are using in this setup, he wants to use it for
computer controlled graphics.

birth date of October 9 1912, An arbitrary
date? The birth date of a parent? Only she
knows. The computer took a fair amount of
time to figure it all out, but finally traced
the patterns on the screen for a 20 day per-
iod.

At the Advanced Technology Research
Associates booth there were flashing space
jewels and Plexiglas ray guns that lit up with
a pulsing bright colored light when the trig-
ger was pulled. These fascinated kids and
grownups alike, only at 24 bucks and on up
the kids weren't buying. The older people
were, though. | asked one guy what he
planned to use his space ray gun for.

“I'm a magician,” he said. “I'll find a use
for it on stage.”

Another guy wanted to know if the space
jewels were waterproof. He thought it might
be interesting to drop one of the littie flash-
ing pendants into his tropical fish tank, or
into a pitcher of his favorite iced beverage.
They aren’t waterproof; the battery com-
partment would be flooded.

Like a lot of other people, | had a com-
puter portrait made—you stand in front of a
TV camera, your image is held on the TV
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OUR DEALERS

NORTHEASTERN STATES

Computer Workshop, Rockville, MD; Computer Mart,
Waltham, MA; Iselin, NJ; Hoboken Computer Works,
Hoboken, NJ; Audio Design Electronics, New York,
NY; Byte Shop East, Levittown, NY; Computer Comer,
White Plains, NY; Computer Enterprises, Dewitt, NY;
Fayetteville, NY; Computer Mart of New York, New
York, NY; Computer Shoppe, Middle Island, NY; Ithaca
Audio, Ithaca, NY; Byte Shop, Bryn Mawr, PA; Personal
Computer Corp., Frazer, PA

SOUTHEASTERN STATES
Computer Hut, Hialeah, FL; Delta Electronics, Leesburg,
FL; Douglas Computer Systems, Jacksonville, FL;
y Computing Sy Orlando, FL; Electronic
Shop Inc., Melbourne, FL; Microcomputer Systems Inc.,
Tampa, FL; Computer Systems Center, Atlanta, GA;
Computer Electronics, Baton Rouge, LA; Byte Shop,
Cotumbia, SC

MIDWESTERN STATES

American Microprocessors, Pralrie View, IL; Blts and
Bytes, Posen, IL; itty bitty machine company, Evanston,
IL; Lillipute Computer Mart, Skokie, IL; Numbers
Racket, Champaign, IL; Data Domaln, Bloomington, IN;
Home Computer Center, Indianapolis, IN; Micro Bus
Inc., Cedar Rapids, IA; Data Domain, Louisville, KY;
Computer Mart, Royal Oak, MI; Computer Systems,
St. Clair Shores, MI; Generai Computer, Troy, MI;
Computer Depot, Minneapolis, MN; Computer Room Inc.,
Eagan, MN; High Technology, Oklahoma City, OK;
Mliwaukee Computer Store, Milwaukee, W

WESTERN STATES

Bits & Bytes Computer Shop, Phoenix, AZ; Personai
Computer Place, Mesa, AZ; Atfordable Computer Store,
Santa Clara, CA; A-VIDD Eiectronics, Long Beach, CA;
Bits n Bytes, Fullerton, CA; Byte Shop, Burbank, CA;
Fresno, CA; Lawndale, CA; Long Beach, CA; Palo Alto,
CA; Pasadena, CA; Placentia, CA; San Diego, CA; San
Jose, CA; San Rafael, CA; Santa Clara, CA; Tarzana, CA;
Thousand Oaks, CA; Wainut Creek, CA; Westminster,
CA; Computer Center, Costa Mesa, CA; Computer
Center, San Diego, cA; Computer Components, Van
Nuys, CA; Computer Electronics, Santa Barbara, CA;
Computer Emporium, Newport Beach, CA; Computer-
land, San Leandro, CA; Computer Mart, Orange, CA;
Computer Playground, W inster, CA; Comp
Power and Light, Studio City, CA; Computer Store of
San Franclsco, San Francisco, CA; Dunston Enter-
prises, Redding, CA; E tive Office Equipment,
Pasadena, CA; Micro Computers, Fountain Valley, CA;
Microsystems Engineering, San Francisco, CA; Sunny
Sounds, San Gabriel, CA; Sunshine Computer, Carson,
CA; Upland Computer Labs, Upland, CA; Ximedia,
San Francisco, CA; Byte Shop, Boulder, CO; Engle-
wood, CO; Mighty Mini Company, Denver, CO; Micro-
computer Systems of Hawali, Honolulu, Hi; Smali
Computer Systems, Honolulu, Hi; Computer Mart of
West Texas, Lubbock, TX; Computer Shop, San Antonio,
TX; Computer Terminal, El Paso, TX; Electronic Speciaity,
Houston, TX; Houston Computer Mart, Houston, TX;
KA Electronic Sales, Dallas, TX; Micro Store, Richard-
son, TX; Vanguard Systems, San Antonio, TX

FOREIGN

Microtech Computers, Winnepeg, Manitoba, Canada;
Haywood Electronic Associates Ltd, Northwood,
Middiesex, England; Instrumatic, Geneva, Switzeriand.

&,

M
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\iEtLO? CAPHCINC.
790 HAMPSHIRE ROAD ® A + B
WESTLAKE VILLAGE, CA 91361

Not Atfiliated With Vector General

Circle 9 on inquiry card.



B THE PERFECT MICROCOMPUTER

VeClO 1

VECTOR 1 is based on the 8080A Microprocessor and S-100 Bus - =
| EASY TO ASSEMBLE, EASY TO ACCESSORIZE, EASY TO BUY AND VERY EASY TO OPERATE,

VECTOR GIAPHC iNC.

717 LAKEFIELD ROAD, SUITE F
WESTLAKE VILLAGE, CA 91361 ® (805) 497-0733



screen until it can be scanned for a computer
printout. In about a minute the printer rolls
it out and it is torn off and handed to you.
The guy in front of me in line made a pro-
duction out of it. He was bearded, and he
wanted a profile shot with a pipe in his
mouth and his hand up to it in a studied
pose. He explained that he wanted it for his
office door.

There were a couple of booths playing
computer music and the sound was great,
even if the repertoire was a bit limited.
About the 15th or so time you've heard a
particular tune during the day you can draw
the waveforms of each note. But the perfor-
mance was pretty good. Solid State Music's
booth was playing such tunes as “The Flight
of the Bumblebee,” Bach’s “‘Little Fugue in
G Minor,” “Blues in F,” “It's a Small
World,” and “Maple Leaf Rag.” Try those
on your computer.

Footweary after awhile, | went into the
cafeteria, got some coffee, and sat down at
a table and got into a conversation with two
men sitting there. They were Manabu
Uyehara and George M Hirota, who have the
Radio Shack franchise in Honolulu. They

Photo 6: Terry Belcher of
Advanced Technology Re-
search studies a map of
world conquest for the
color video game “‘Risk”
which was being run at the
Compucolor booth.

had flown to San Francisco especially for
the Faire. Both men have had previous com-
puter experience, and they are anxious to
carry computers in their store.

I moved to another table and met Scott
M Dickson, a computer programmer in the
dental school of the University of Michigan.
He wants a computer 10 experiment with.
He thinks dentists could use them for pa-
tients’ records and for bitling.

Coming from the cafeteria | stopped at a
booth offering a selection of fine prints and
etchings done in sort of a science fiction-fan-
tasy style. One of them, | thought, would
look especially fine in my study. Before |
could ask how much it was, somebody else
did.

“Six-fifty,” said the young artist.

Real reasonable, | thought, and moved
forward to buy one.

The man who had asked how much, then
asked:

“Six hundred and fifty dollars?”

The artist said that was correct.

| walked away.

That’s more than most of the computers
were selling for.m

Photo 7: Some floor shots.
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IS YOUR DOLLAR BUYING
AS MUCH POWER & FLEXIBILITY
AS TDL’S XITAN SYSTEMS PROVIDE?

.o the best CPU baard I've put together . excellent parts ...

OUR CUSTOMERS SAY worked right off without trouhle shooliog.” ..o oo 0 oo IRG ]
THINGS LIKE THIS Cambridge, Mass.

" GrEAN PTOGUGIE™ r e paesgie o9 weswan rodae s K5 s pEebin s s sprs 9 KMAM
ABOUT TDL PRODUCTS: Bella Vista, Ark.
.. high quality components, good engincering & complete
documentation. .. up and running without any problems.” o000 wp
Scaltle, Wash.
B0 T T T T Col. DWW

Santa Maria, Calif.

“Very impressed with supeeh quality.” ool Skl
Bustan, Mass.

- : When we combined our highly praised ZPU board and our System Manitor Board, we
i a. U Vv defined the standard for the industry; we integrated more power and ilexibility in two slots of
.1. _| 'y S 4 our motherboard than maost uther systems can muster using five or more boards. When we |
i . put this setup into our rugged aluminum case we created the first XITAN system, the alpha 1.

By adding a CRT terminal andior teleprinter you will have a complete computer system.
KIT: $769 ASSEMBLED & TESTED: $1039

By adding a 716 memory module and our PACKAGE A sofiware to the alpha 1 we created a
[ ] second XITAN system, the alpha 2. Thus, a complete and extremely powerlul micro-computer

system emerges well worthy of you whao are operating at the most sophisticated levels. The
XITAN alpha 2 provides you with 18K of RAM, 2K of ROM, 2 serial 1.0 ports, 1 parallel 11O
port, our 1200 baud audio cassette interface as well as our extraordinarily powerful software

package which includes 8K Basic, the Text Output Processor, the Zapple Text Editor and the
a,pha 2 Relocating Macro-Assembler. Add your own 1:O device and GO .. .with the most powerful
and flexible micro-computer package ever offered.

KIT: $1369 ASSEMBLED & TESTED: $1749

IF YOU ARE A BEGINNER, YOU WON'T EASILY OUTGROW THE XITAN SYSTEM.
IF YOU ARE AN ADVANCED USER, YOU WILL DISCOVER XITAN IS EXACTLY WHAT YOU NEED.
Coucle 10 o mnguny cand
“Write for descriptive brochure on the XITAN alpha series TECHNICAL
and system software. When vou ask at vour dealer, say “ZY-TAN." DESIGN
ORDERING INFORMATION: Send check, money order or BankAmericard, Master Charge LABS

current number and expiration date. Shipping is usually made via UPS or UPS Blue Label. RESEARCH PARK BLOG H 1101 STATE ROAD
Spedify other arrangements if you wish. Prepaid orders are shipped postpaid. PRINCETON. NEW JERSEY 08530 (6091 921-0321




A New 16 Bit Personal Computing
System

EBNEK Inc, 254 N Washington St,
Wichita KS 67202, has recently an-
nounced the new EBNEK 77 system.

This system, available for $2770 in
kit form or $3800 assembled and tested,
features the 16 bit TMS9900 processor
manufactured by Texas Instruments
Inc. What EBNEK has done is to design
a finished package around the TMS9900
with the following characteristics:

& TMS9900 processor board.

e 16 K bytes of programmable
memory on two 8 K byte boards.

e 8K bytes of EROM socket
capacity on one board, with 2 K
bytes of operating system soft-
ware supplied {ie: room for 6 K
bytes of wuser defined EROM
programs).

e Video display board with tele-
vision monitor.

e |0 interface board with keyboard
interface, eight bits of parallel
10, serial data port with data rate
generator, and cassette modem.

e Cabinet and power supply
motherboard.

e Phi-Deck tape transport with
firmware support.

e ASCII keyboard and case.

The design of the system is modular,
with an addressing space limitation
of 64 K bytes, and a design limit of
128 K bytes using memory bank switch-
ing. (Power adequate for a full 128 K
bytes is provided as a standard feature
according to the company.)

Cabinets
for Electronic Systems
CX-9 Series

Standard cabinets for

monitors, keyboards,

and electronic systems.

Steel and aluminum construction.
Use cabinets individually ar
interlock to form complele systems.

Call or write lor complate calalog.

BACKER-LORING CORPORATION

65 WALNUT STREET, PEABODY, MASS 01560 = HI17-5331-1600

Circle 11 on inquiry card.
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The video display provides 15 lines
of either 32 or 64 characters, generated
with a 7 by 9 dot matrix. The display
also has a point graphics mode allowing
a 256 by 240 dot display driven from an
8 K byte segment of main memory.
The display and processor are inter-
leaved so that operation of the proc-
essor does not break up the picture
with visual hash, allowing programmed
updates to occur while information is
being displayed.

This product looks like a significant
one for the personal computing user
who wants the ultimate in microproc-
essor execution speed and performance.
The TMS9900 architecture includes 16
general purpose work areas at arbitrary
memory locations which use a short
form of addressing. It has the unique
characteristic of built-in multiply and
divide operations which take {worst
case without wait states, using 3 MHz
clock) 17 and 41 us to evaluate 32 bit
results of 16 bit operands. Individuals
with real time computational applica-
tions {as in voice recognition, scene
analysis, electronic music generation)
will find the 9900 architecture quite
useful. In addition to the physical con-
figuration, EBNEK's announcement of
the EBNEK 77 describes availability
of an assembler, editor, utilities and a
user’s software library.s

Circle 631 on inquiry card.

Polyphonic Music Generator Board

A new interface board designed
for music generation called the SRS-320
has been announced by Stillman Re-
search Systems, POB 14036, Phoenix
AZ 85063, for $175. The board, which
can serve as the basis for a computerized
music synthesizing system, is Altair
bus compatible and can generate up to
four musical notes simultaneously over a
four octave range. This is sufficient to
generate most elementary chords and
inversions. The SRS-320 is priced at
$175, and a demonstration cassette of
the board is available for $3, as well as
a variety of other music generation
electronics.s

Circle 632 on inquiry card.

New Vector Catalog Available

Vector Electronic Company Inc's
1977 catalog is now available, listing
prices and descriptions of the entire
Vector product line, including printed
circuit cards, terminals and pins, bread-
boarding kits, wiring pencils and so
on. Of special interest to the computer
experimenter is the company’s new cord-
less rechargeable wire wrap tool called
Wrap and Strap. The catalog is avail-
able free from Vector Electronic Com-
pany Inc, 12460 Gladstone Av, Sylmar
CA 91342, and no serious experimenter
would want to be without it.®

Circle 633 on inquiry card.
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PolyMorphic Systems now offers the complete, assembled,
personal computer system—the POLY 88 System 16. A full
16K system with high speed video display, alphanumeric
keyboard, and cassette program storage. A BASIC soft-
ware package providing the most advanced features avail-
able inthe personal computing market. Features like PLOT
and TIME, which utilize our video graphics and real-time
clock. Others like VERIFY, so that you know your tape is
good before you load another. Or input type-ahead so you
can tell your program to run while the tape is still loading (it
stores up to 64 characters of commands or question re-
sponses 1o be executed). All these plus a complete pack-
age of scientific functions, formatting options, and string
capabilties. Withthe POLY 88 System 16 you can amaze
your timesharing friends the very first night!

Polymorphic Systems 11K BASIC —  Size: 11K bytes.

Sclentific Functions: Sine, cosine, log, exponential, square root,
random number, x to the y power.

Formatted Output e Muiti-line Function Definition ¢ String
Manipulation and String Functions ¢ Real-Time Ciock ¢ Point-
Plotting on Video Display ® Array dimenslons limited by mem-
ory e Cassette Save and Load of Named Programs ¢ Multiple
Statements per Line e Renumber ¢ Memory Load and Store ¢
8080 Input and Output ¢ If Then Else ® Input type-ahead.

PolyMorphic
Systems

POLY 88

PolyMon phic
Systems

— =",
)

[

puter System

Commands: RUN, LIST, SCR, CLEAR, REN, CONTINUE
Statements: LET, IF, THEN, ELSE, FOR, NEXT, GOTO, ON, EXIT,
STOP, END, REM, READ, DATA, RESTORE, INPUT, GOSUB, RE-
TURN, PRINT, POKE, OUT.

Built in Functlons: FREE, ABS, SGN, INT, LEN,CHR$, VAL, STRS,
ASC, SIN, COS, RND, LOG, TIME, WAIT, EXP, SQRT, CALL, PEEK,
INP, PLOT.

Systems Avallable. The POLY 88 is available in either kit or as-
sembied form. It is suggested that kits be attempted only be per-
sons familiar with digital circuitry.

System 2: is a kit consisting of the POLY 88 chassis, CPU, video
circuit card, and cassette interface. Requires keyboard, TV moni-
tor, and cassette recorder for operation. $735

System 16: consists of an assembled and tested System 2 with
16K of memory, keyboard, TV monitor, cassette recorder, 11K
BASIC and Assembler on cassette tapes. $2250.

System 0: The circuit cards an S-100 mainframe owner needs to
be compatible with the POLY 88 software library. System 0 con-
sists of the central processor card with monitor ROM, the video cir-
cuit card, and cassette interface, all in kit form. $525.

Prices and specifications are subject to change without notice.
California residents add 6% sales tax.

460 Ward Drive
Santa Barbara, Ca. 93111
(805) 967-2354




Techaicsl

Forum

Peter G Formaniak
David Leitch

Mostek

POB 169

Carrollton TX 75006

A Proposed Microprocessor

Software Standard

Many people are concermed about the
need for standardization fn the microproc-
essor fndustry, One obvious source of
standards s people who dare serfousiy de-
signing  and  supporting  microprocessars,
The following rext was provided by Mostek
fo document one interchange standard
intended for the Mostek version of the
Z:80 processor. The text was written by
Peter Formaniak and David Leftch and was
distributed withouwt copyright. The standard
i intended to be an upwards compatible
extension aof the orfgfnal Intel 8080 obfect
coge format, with provision for refocatoble
programs and linkage of separate assemblies.

$ LABBBBO3212A

Object Output Definition

Each record of an object module begins
with a delimiter (colon or dollar sign) and
ends with carriage return and line feed.
A colon (:) is used for data records and end
of file indicator for Intel compatibility. A
dollar sign ($) is used for records containing
relocation information and linking informa-
tion. An Intel loader will ignore such infor-
mation and allow loading of nonrelocatable,
nonlinkabie programs. All information is
encoded in ASCII format.

Each record is identified by a ‘“type.”
The type appears in the eighth and ninth
bytes of the record and can take five values.
In the foliowing text the record type begins
each heading.

® Type 00: Data Record

Byte
number Description
1 Colon (:) delimiter.

defines last reference to
external symbol ‘LAB’

00

00 FFFF 1.
3.

00

00 2,

00 200F

Object Data

34

2,3 Number of (binary) bytes of data
in this record. The maximum is 32
binary bytes (64 ASCIi bytes).

4,5 Most significant byte of start
address of data.

6,7 Least significant byte of start
address of data.

8,9 ASCIH zeros. This is the ‘'record
type” for data.

10
data bytes.

Last 2 Checksum of all bytes except the

bytes delimiter, carriage return, and line
feed. The checksum is the negative
of the binary sum of all bytes in
the record.

CRLF Carriage return, line feed.
® Type 01: End-of-file Record

Byte
number Description
i Colon (:) delimiter.

2,3  ASCli zero.

4,5 Most significant byte of the
transfer address of the program.
This transfer address appears as an
argument of the “END” statement
of a program. This Intel standard
may prove useful in higher level
language programs.

6,7 Least significant byte of the
transfer address.

8,9 Record type O1.
CRLF Carriage return, line feed.
® Type 02: Internal Symbol

Byte
number Description
1 Dollar sign ($) delimiter.

2,7 Up to 6 ASCII characters of the
internal symbol name. The name
is left justified, blank filled.

8,9 Record type 02.

10,13 Address of the internal symbol,
most significant byte first.

14,15 Binary checksum.
CRLF Carriage return, line feed.

Continued on page 62



Fantastic Software

This LIBRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE

Written in compatible BASIC immediately executable in ANY VOLUME |
computer with at least 4K, NO other peripherais needed Bookkeeping
Games
Pictures. $24.95
aw This Library is the most comprehensive work of its kind to date.
There are other software books on the market but they are VOLUME 11
BASIC dedicated to computer games. The intention of this work is to allow Math & Engineering
the average individual the capability to easily perform useful and {
_SOFTWARE productive tasks with a computer. All of the programs contained Plotting & Stat
LLB within this Library have been thoroughly tested and executed on Basic Statement Def $24.95
d several systems. Included with each program is a description of the
4 program, a list of potential users, instructions for execution and
vorvur, | possible limitations that may arise when running it on various VGLUME Il
systems. Listed in the limitation section is the amount of memory Advanced Business
that is required to store and execute the program. Billing
Inventory
- Payroll PR $39.95
VOLUME IV
WARE General Purpaose. $9.95
Each program’s source code is listed in full detail. These source code LIBRARY
listings are not reduced in size but are shown full size for increased e S
readability. Almost every program is self instructing and prompts VOLUME V
the user with all required running data. Immediately following the votuws 1 E
source code listing for most of the programs is a sample executed i KRERmeniED §9.95
run of the program. ,
BASIC B.W, BROWN

SOFTWARE
,LIBRARY

The entire Library is 1100 pages long, chocked full of program —

source code, instructions, conversions, memory requirements, }i -
o |
P "
;;%M‘g_ih.

examples and much more. ALL are written in compatible BASIC
executable in 4K MITS, SPHERE, IMS, SWTPC, PDP, etc. BASIC
compilers available for 8080 & 6800 under $10 elsewhere.
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This Library is destined to become one of the reference bibles for . b o 18 J
the small computer field, due to its versatility and uniqueness and %OFIWARE‘ | L1
the ease of operation of the programs it contains. These volumes are : : el

deductible as a business expense when purchased by a company. % LIBRARY
Send your remittance for prompt delivery, while supplies last. -3~ 5
Volume discounts are available to qualified dealers. 19 vepumr Hv

FUTURE ADDITION TO THE “BASIC SOFTWARE LIBRARY"

Volume VI (A Complete Business System $49.95) General Ledger System - Taxes, Pyrl,
W-2's, Inventory, Depr., Financial Statements, etc. AVAILABLE MID SUMMER

Available at most computer stores.
Add $1.50 per volume for postage and handling

SCIENTIFIC RESEARCH

1712-B FARMINGTON COURT
CROFTON MD 21114

Phone Orders call (800) 638-9194
Information and Maryland Residents Call (301) 7211148




This Circuit Multiplies

Tom Hall
8500 Cameron Rd
Austin TX 78753

Table 1: Power wiring for
figures 1 and 2.

Type +5V GND

IC1 74161 16 8
1IC2 74199 24 12
"1IC3 74199 24 12
1C4 7483 5 12
IC5 7483 5 12
1C6 7476 5 13
IC7 7400 14 7
1C8 7404 14 7

We all know that algorithms for multipli-
cation can be implemented perfectly well in
software. But such programmed approaches
to arithmetic operations can often prove
quite slow. There are a number of possible
approaches to gaining speed in operations
involving multiplication. These may vary all
the way from just tightening up the code to
putting a full hardware floating point arith-
metic unit into the processor. The latter is
often expensive and difficult to build. One
approach which is midway between these
extremes is to implement the “inner loop”
of a software algorithm as some special
purpose hardware. An example of this tech-
nique is this simple binary multiplier which
takes two bytes of information and supplies
a 2 byte product value, leaving all the other
functions of a full arithmetic package to
software. By speeding up the multiplication
operation, the entire arithmetic software will
run much faster whenever it involves multi-
plication.

How To Do Binary Multiplication

To examine the operation of a shift and
add algorithm for multiplication, let's look
at the multiplication of two 4 bit bytes:

1110 14
x1010 = x10

0000
1110
0000
1110

10001100

myltiplicand (Y)
myltiplier (X)

140

product (P)

From inspection it can be seen that the
result can be achieved in the same number of

steps as there are bits in the byte of the
multiplier, and that the answer requires as
many bits as the number bits in the two
bytes. In other words, two 4 bit bytes
generate an 8 bit product, and the multipli-
cation of two 8 bit bytes generates a 16 bit
product. Now, by further inspection, it is
possible to visualize the necessary imple-
mentation of the algorithm with hardware.
First, note that the answer requires eight
bits. Let's start off then with an 8 bit
register (P) set to all zeroes:

10,0,0,0/0,0,0,0] register P

Then we'll note that when the first bit to be
operated within the multiplier is a zero,

10158

the result is a zero; so no adding is necessary
and we merely shift one place for the next
operation. Now the bit to be operated with
is a one,

1000

and one times a number is that number; so
we just add the multiplicand into the P
register as follows:

[0,0,00{0,0 0, 0] = register P
+ 1110

=10,0,0,1]1,1,0,0} = new P value

Then we shift over one and select the next
bit to be operated on:

Since it is a zero, only a shift is necessary.
Then we operate on the last bit of the
multiplier:

Mo0o10

——

Figure 1: Arithmetic logic of multiplier. The X and Y inputs are assumed to be stable throughout the multiplication. The P
product output lines are stable after the multiplication is completed. The single bit provided by IC6b extends the product shift
register by one bit. Control signals for the operation of the multiplication are ACLK and MSTART generated by the circuit in

figure 2.
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STATUS

QUTPUTS DONE +5V +5V
I h
BUSY CIV 7 7le o o ¥— 8 count inpur,
wes—=—-I—=1——|% BINARY
READY B
P 15 ] 6 |s |4 |3
! 10 RIPPLE CLEAR D € B A
8 _ MSTART 9 CARRY
7c
LOAD 1c
2 3 ol 7400 e
PRESET ¢ ' u 4 BIT COUNTER
CONTROL DONE 4 € |15
INPUTS J AQ 18 ENABLE ENABLE
| R A P T QD CLOCK
START 16 =14 7 10 " 2
K Q o
iC6a TO FIGURE |
| 7476 i
| cLK MSTART <j
| 9
| 14 7b 6 ACLK ACLK
II s | 7400 q
: xm] cLoCK !
| 2 LFL
I ic8 TIMING OF MULTIPLICATION
| 7404 . \ . , , . .
i COUNTER ' © © ©0 ©0 & 9 110 i 112 U3 114 U5 {0 0 0 0o ©
¢> CLOCK ! cLOCK L
\ ad
! START / [N\ START MUST TURNOFFBY THISTIME—%
READY | § T
ACLK AEEERERERERERERE; T
ONONONONONONG) ®
MSTART [ | L
RIPPLE CARRY 1
TIME'S ARROW—>
STATE TABLE FOR 150 X 25 =3750
P=XxY =25 x 150 Y=10010110 X =000611001
Transition
1D Action Pis Pig P93 Pq2 Pqq Pqg Pg Pg P; Pg Pg Pg P3 Pp Pq Pg SC
1 LOAD X, CLEAR 0 0 0 0 0 0 0 0 0 1] (1] 0] 1 1 D o
2 ADDY 0 1 0 0 1 0 1 1 0 0 0 0 0 1 1 0 0
3 SHIFT P 0 0 1 0 0 1 0 1 1 0 0 a a a 1 1
4 SHIFT P 0 0 0 1 0 0 1 0 1 1 0 0 u] 0 0 1 1
5 ADDY 0 1 0 1 0 1 0 0 0 1 1 0 0 1] 0 0
6 ADDY 0 1 1 1 0 1 0 1 0 0 1 1 0 0 1] 1]
7 SHIFTP 0 0 1 1 1 0 1 0 1 0 0 1 1 0 0
8 SHIFT P 0 0 0 1 1 1 0 1 0 1 0 0 1 1 0 0
9 SHIFT P 0 0 0 0 1 1 1 0 1 0 1 0 0 1 1 0 0 P=3750

Figure 2: Control logic of multiplier. The control logic for the multiplier generates a series of nine clock pulses on ACLK. The
first pulse coincides with the high state of the MSTART signal, and is used by the arithmetic logic to load the X operand into the
low order part of the 17 bit output shift register while clearing the high order nine bits, P15 thru P7. On successive clock cycles,
the arithmetic logic of figure 1 either shifts the product right one bit, or adds the Y operand with the resulting sum being loaded
with a 1 bit right shift. The operation of a typical 8 bit multiplication is shown in the state table, with the circled numbers
referring to clock transitions on the timing diagram.
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This is & one; so we again add the multi-
plicand into the P register into the position
indicated by the shift:

[0,00,1]1,1,00] register P
£ 1110

{1.0,00[1,1,00]=final product
in P register

Thus, the product is generated.

How It Works

The multiplication logic described for the
4 b case is generalized to 8 bit operands
with a 16 bit product in the circuit of figures
1 and 2. The multiplier logic of this design
accepts two 8 bit bytes, X and Y, from
which it generates the 16 bit product P.
After the start signal, a mere ten clock
periods suffice (o generate the product
value. Since TTL devices are utilized, it is
possible to gencrate the result in less than
onc microsecond by using a fast cnough
clock. Practically speaking though, with the
I MHz speed of the typical microprocessor
clocks, a result in about ten microseconds
will be quite acceptable, especially when
comparison is made to the cquivalent pure
softwarc approach.

The multiplier unit provides optional
ready and busy lines as status bits for the
processor, and requires a free running clock
plus a start signal from the processor. The
ready and busy lines can be ignored entirely
in most computers, by simply making sure
that onc or two instructions are cxecuted,
taking ten clock periods total between start
of a multiply and reference to the product
value.

The Multiplication Cycle

Let us assume that the unit is idle,
waiting for an input. This idling situation is
shown in the timing diagram of figure 2 at
the left-hand side. At idle, the BUSY output
will be low and the READY output will be
high. To start the multiplication, a high level
is placed on the START input after the X
and Y bytes are sct up and presented to the
unit. At the low to high edge transition of
the next clock pulse after the START line is
raised, the READY and BUSY lines will
change state as flip flop 1C6a is clocked.
Within cight clock times of these transitions,
the START level should be brought low
again to keep the unit from restarting the
multiplication upon completion of opera-
tion. These transitions raise the MSTART
line to a high level, which causes the control
counter IC1 to be loaded with the value 8
(binary 1000 on the D,C,B,A inputs). At this

A Memory Address Space Interface

One good way to interface the multiplier is
through the wiring of two addresses with appro-
priate output latches and decoding logic. Each
address has a possible input and output signifi-
cance, corresponding to whether the processor is
reading or writing data to the “memory” location
which is the multiplier:

Address Write Action Read Action

n Load X operand latch Read P15 to P8

n+1 Load Y operand latch

Read P7 to Po
and start multiply.

This method of interfacing avoids using 1O instruc-
tions, and can take advantage of the double byte
load and store instructions of the 8080 or 6800.
{In certain cases, such as array indexed address
calculation, the 8080°s double byte addition opera-
tion can prove useful.)

time, the X input byte is loaded into shift
register 1C2, and the high order product bits
in shift register IC3 and flip flop IC6b are all
cleared. All this action happens on the
ACLK transition, labelled 1 in the timing
diagram of figure 2.

The shift and add multiplication algo-
rithm occurs during the next 8 clock transi-
tions, labelled 2 thru 9 in the timing
diagram. At the low to high transition of
these clocks the binary counter IC1 is
incremented, and a shift right occurs in the
shift register 1C2 which holds PO to P6 of
the final product and starts out with the
value of X. If the shift carry output (SC) of
IC2 is low, the transition will simply shift
the high nrder portions of the product (IC6b
and 1C3) right by one bit, since binary 0 has
no effect on the sum. But if an X bit was 1,
SC will be high, which scts up control lines
so that Y is added to the previous value of
the product P and loaded into P with a right
shift 1 bit position. (This right shift is in the
wiring of the adder as shown in figure 1,
where, for example, the old bit P15 plus the
high order bit Y7 of Y are added together to
form bit P14 of the ncw P value, and the
new P15 is taken from the carry out of the
addition process.) The operation of the
algorithm is shown in the state table of
figure 2 for the example 25 x 150 = 3750.

The multiplication operation is ter-
minated when the binary counter reaches a
count of 15, thus generating a ripple carry
output which resets the flip flop 1C6a to a
READY state at the final high to low
transition of the ACLOCK clock during a
multiplication. If the external circuitry tests
READY, this indicates end of the multiplica-
tion and a valid product on the P output
lines. Note that the binary counter performs
one more increment to a zero count, then
inhibits itself until the next START signal.m
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n BASIC

0Hio
SCIENTIFIE

v00 |

Ohio Scientific’'s new Model 500 computer has full mini-computer
BASIC in ROM and a minimum of 4K RAM for user programs.
BASIC is aIways there when the computer is turned on.

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

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

Dar al Comput .\,

The Model 500 has eliminated all of the grief of the first genera-
tion personal computers. This computer comes fully assembled,
tested, and guaranteed.

Most importantly, it is easy to use since the BASIC is always
there.

The Model 500 uses Ohio Scientific's standard 48 line bus so
that it is fully compatible with our Model 400 kits and Challengert™
product lines. Any of thirteen accessory boards including RAM,
PROM, parallel, serial, A/D, D/A, cassette, and video graphics can
be added as well as peripherals including floppy disks, line
printers, color graphics, and more.

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

)

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

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

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

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

AT
5429.00

Fully enclosed 500 board with power supply, reset switch, and
two 25 pin EIA standard terminal connectors for loop through
operation. The 5001 is12"x15" x 4",

Mo )

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

ael ouu-

ORDER FORM

Order directly from:
Ohio Scientific; Hiram, Ohio 44234

)
'
[}
1
This introductory offer expires August 31, 1977. Please allow up to 60 days |
for dellvery. :

:

)

PRINT OR TYPE CLEARLY.
Name

Shipping Address

City__ ____ State Zip.
Payment by: BAC (VISA). MC__ Money Order__
Credit Card Account # _ - Expires

Interbank # (Master Charge)
Model 500 Boards @ $298.00

Model 500-1 Computer @ $429.00
Model 500-8 Computer @ $629.00

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

4% Sates Tax (Applies to
Onhio Residents only) p—

TOTAL CHARGED OR ENCLOSED

All orders shipped.insured UPS uniess otherwise requested.

Circle 12 on inquiry card.

-Hiram, .Oh-io ;14234
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S$-100 BUS?

Would you please show the pin
description of the S-100 bus, or at least
tell me where | can find it?

David W Anderson
155008 1300 W
Bluffdale UT 84065

The S-100 bus, so called, is the nume
used by ‘“everybody else’” who munu-
fuctures « MITS Alwair compuatible
peripherdl, processor or bourd. MITS Inc
detined the bus by designing the Altuir
8800, und during 1976 various mant-
fucturers wiho make Altair computible
peripheruls und processors with Altuir-
like buckplunes begun calling it the
"“S-100"" bus in udvertisements. So for
detuiled information, purchase the docu-
mentation of an Altair 8800, or one of
the other centrul processors which copy
this arrungement. Sooner or later, we
expect to print an article detujling this
information.s

MULTIPLICATION

.. In the April 1977 BYTE you
published some information on the
8008. From looking at the instruction
set published | don't see a multiplication
instruction. Do any microprocessors have
a hardware multiply instruction, or is it
always in software?

Joseph H Stockton Jr
Rt 6, Caroline Dr
Stockbridge GA 30281

The 8008 wus the tirst microprocessor
(0 be both widely marketed and of suf-
ficient capability to muke u decent
generdl purpose computer. Since it cume
out, in the eurly yeurs of this decude,
designs huve evolved considerubly, but
few designs to dute (1977, first quarter)
include hardware multiply and divide
functions. The Digitul Equipment Cor-
poration’s L.SI-11 has ¢ PDP-T] instruc-
tion set which does not include multiply
or divide operations in its basic set, but
which hus an optional extended arith-
metic option which provides 16 bit fixed
point urithmetic operations and 32 bit
floating point arithmetic operations. The
Texas Instruments TMS-9900 processor
has multiply and divide operations for
16 bit integer arithmetic built into its
design. But the popularly used 8080,
Z-80, 6800 und 6502 processors do not
incorporate this feature and the user
must do multiplication and division in
softwure. ®

Put exceptional
versatility and control
Into your S-100 bus
systemwith the

‘biue boards'...and

Save

XB1 Extender Board
Board Only $9.00
With Connector $13.50

MB4 4K Static RAM (low power)
Kit $129,95
Assembled $179.95

v

MB6A 8K Static RAM (low power)
Kit $265.00
Assembled $325.00

MB3 2K/4K EPROM (1702A)
Kit less PROM's $65.00
2K—5105.00/4K-—$145.00

= bled board ot

r---------1
: r
: 16K -
1 [ ]
= P |

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

VBIA Video Board
Kit 5$189.95
Assembled $264.95

SB1 Synthesizer Kit
Kit 5258.00

/02 Interface Board
Kit $55.00
Assembled $79.95

MB7 16K Static RAM (low power}
Kit $525.00
Assembled $599.95

We're the blue boards!

Compare the Cybercom blue boards with any others on the market

today. You'll find exceptional

quality plus prompt delivery and

significant cost savings. All Cybercom kits are guaranteed 90 days

for parts and labor.

Contact your loca!l computer hobbyist store or write for details.

®
W4 Solid State Music

2102A Walsh Avenus, Santa Clara, CA 95050

Telephone (408) 246-2707

Circle 13 on inquiry card.



aNNb
Mne. Moa:
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OPERATION

Figure 1: This is the basic
four line format that is
used to describe each par-
ticular opcode instruction.
See text for a detailed
description of the notation
used.

Robert J Borrmann
Electrical Engineering Dept
Manhattan College
Riverdale NY 10471

Here is a quick reference chart that de-
scribes the opcodes for the Motorola 6800
microprocessor. This chart gives all of the
hexadecimal codes, including the ones that
are unimplemented. The codes are given in
a four line format as shown in figure 1.

The first line has three values: a, b and
NN. NN is the hexadecimal op code; a is the
length, one, two or three bytes, of the
instruction; b is the length of execution in
machine cycles for each instruction.

The third line contains the condition
flags that are affected by the execution of
the instruction. The notation used for the
condition flags is summarized in table 2. If a
flag is set to a specific value by the instruc-
tion, the flag and value are shown on line 4.
If the command is a branch instruction then
this line contains the conditions under which

Accumulator A,
Accumulator B,
Immediate.

Direct.

Indexed.

Extended.

Relative.

Inherent {no symbol}.

~oxoRmp

Table 1: Summary of the
addressing modes that are
used in the chart. These
modes are found in blue
on the chart.

Condensed Reference Chart

the branch will occur in parentheses. The
letter ‘‘u’’ represents an operand interpreted
as an unsigned 8 bit binary number, ‘‘s"
represents an operand interpreted as a signed
twa’s complement number. The “u” and
“s” conditions are correct only if the last
flag affecting instruction executed before
the branch is SBA, CBA, SUB or CMP.

The fourth line contains a summary of
the operations of the instruction in the
AHPL language. AHPL stands for A Hard-
ware Programming Language and is discussed
by Hill and Peterson in Digital Systems:
Hardware Organization and Design which is
published by John Wiley and Sons Inc. The
notation is taken from page 112 of that
book. The upward and downward pointing
arrows stand for various types of shifts. The
upward pointing arrow is a circular shift left
and the downward pointing arrow is a
circular shift right. An arrow with a circle at
its beginning denotes a shift with a zero
moving into the vacated end. The arrow with
the ditto mark (") is my own invention to
denote a shift with the vacated end bit
maintained. The ® symbol is used to denote
the exclusive OR function. The left pointing
arrow is the APL standard assignment
symbol. If a condition flag is set to a
particular value by the instruction, the value
is indicated. Any condition flags that do not
have a particular notation follow the ordi-
nary rules. Primes on the flag condition,
such as v in the LSR, ROR and ASR
instruction, denote a special rule for setting
or clearing that flag.

A nonstandard notation concerns the
pushing or pulling of the stack. Pulling from
the stack is accompanied by an increase in
the value of the stack pointer. The value is
increased by 1 in the PULA and PULB
instructions; by 2 in the RTS instruction;
and by 7 in the RTI instruction. Similarly,
pushing into the stack is accompanied by a
decrease in the value of the stack pointer by
the appropriate amount.m

CR = xxhinzvc.
Half carry.
Interrupt mask.
Negative.

Zero.
Overflow.
Carry.

C
h
i
n
3
v
c
x Don’t Care, atways 1

Table 2: Summary of the
condition flag codes that
are used in the chart.
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Editor’s Note . . .
The Holes in Opcode Space

Looking at this chart of
the 6800 (or a similar
chart for any processor)
one sees numerous "holes”’
in operation code space.
These holes are the yellow
boxes. An interesting chal-
lenge for the owner of a
microprocessor (or any
computer) is to try and
figure out what happens
when the forbidden op-
codes are executed. Will
these exotica turn out to
have any uses? Or will
they simply be another set
of NOPs? For example,
look at the strange group-
ing of the operation codes
4X, 5X, 6X, 7X where X is
any hexadecimal digit. 40,
50, 60, 70 are all negates,
43, 53, 63, 73 are all
complements, and various
arithmetic operations oc-
cur for other values. But
the operation codes 41,
51, 61 and 71 are nonii-
nally undefined as are 48,
5B, 6B, 7B and several
others. Could it be that
those are operation codes
that weren't documented
in the literature because
the masks of the LS! chip
had errors? Could it be
that they are supposedly
unimplemented but ure
really just not documented
so that a ‘next genera-
tion” processor can be
achieved by simply releas-
ing the paperwork und sell-
ing ‘“new’ chips? It’s an
area of personal research
which could prove quile
useful: Whenever you find
d new processor, examine
it for missing opcodes and
see what wasn't docu-
mented — then try to fig-
ure it out by writing pro-
grams which execute ‘‘un-
implemented”’ instructions
under carefully controlled
conditions.



for the 6800
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A Train Control Display

Using the LSI-11 Microcomputer

Figure 1: Model railroad
track layout used in au-
thors' system. During a
typical demonstration,
both trains leave their
sidings under control of a
Digital Equipment Corpo-
ration LSI-11 microcom-
puter and are routed along
the tracks according to a
control program in the
computer. Feedback sen-
sors are used to verify
train locations at strategic
times.

In order to demonstrate the application
of a microcomputer to real world situations,
a model train system was developed which is
controlled by a Digital Equipment Corpora-
tion LSI-1T microcomputer. Two model
trains were used for the demonstration —
one adhered to a fixed schedule while the
other was directed along a path to make it
avoid the first train.

HO model railroad components were
used. (HO is currently the most popular size
for model trains and accessories among
enthusiasts in the United States; the scale
is 1/64th of actual size, but this can vary.)
The layout includes some 75 feet of track
and 18 switches plus detectors to determine
train locations and a programmable power

Jack Hart

Digital Components Group Engineering
Ed Badger

System Diagnostic Engineering

Digital Equipment Corporation
Marlborough MA 01752

supply to control train speed and direction.
Control interfaces are used between the
computer and the track for power. In addi-
tion, switches are used to control train
position and both station indicators and
billboards check train positions and provide
atmosphere. A 60 Hz clock is used for a time
base, and peripheral devices are used for data
entry, status reporting and transferring com-
mands to the train system.

As in many other such systems, the hard-
ware and software elements of this system
can be analyzed separately, but it is impor-
tant to keep the interrelations between the
two in mind. Thus, when a detector informs
the computer that a train is in a certain loca-
tion, the control program must update the
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system'’s files so that the new location can be
related to the location of the other train.

Take the A Train

The operation of this electric train system
is straightforward (see figures 1 and 2).
Upon startup, the trains are moved forward
until they trip the location sensors in their
respective sidings. These location sensors are
actually reed switches which will close in the
presence of a magnetic field. Each train is

provided with a magnet for this purpose (the
next section describes these switches in
greater detail). After both siding sensors
have been tripped, the trains (called A and B
for convenience) are individually brought
clear of the siding area.

The lead train A is switched to a station
and train B is diverted to the outer track.
The software used to control the trains and
keep them separated is then empioyed
throughout the remainder of the LSI-11
demonstration.

MICROPROCESSOR 8 PERIPHERALS | INTERFACE | TRACK AREA
’- N Y te Y
| . TRACK 1
I = o POWER I
——
vTs2 J [
TERMINA ' > RELAY - I
o DRIVER ~ |
| —
BILLBOARDS
- #— AND STATION |
(\ I ouTPUTSS [ e
——
— |
SERIAL |
LINE PLUI —— l
UNIT ——
| — |
o —— |
2 - = SIGNAL ——<"}{REED swiTCH
= = CONDITIONERS ;
' INPUTS
SERIAL % - l
LINE - | -
UNIT —— I
( p—-— TTL I TRACK
= < ——<_ 4 FEEDBACK
| —— TRANSLATORS 1 SENSOR
——
— !
RTO2 |
TERMINAL | - '
LsI-n INPUTS
MICRO- : I
COMPUTER | —
| e FLIP FLOP '
| PLuz |} "1 recisTER _’_1_._S|NGLE SHOT
— RELAY
' L DRIVER
, FLIP FLOP TRACK
= SWITCH
I e[| recisTeER ’_I'D' SOLENOID
SINGLE SHOT
l ouTPUTS { [~ RELAY |
| —— FLIP FLOP | DRIVER
I —— REGISTER |
——

Figure 2: Block diagram of the LSI-11 control system. The data bus is connected to two terminals used to input and display
information at the operator’s control station. It is also connected to a special interface which is based on two hardware latches
called parallel line units, or PLUs. These PLUs store command bytes coming from the microcomputer which in turn drive flip
flops and relay drivers used to power the track and operate track switches. Commands from the computer are in the form of
16 bit words. Each section of the track has been assigned a specific bit, and only those bits of the word necessary to change the
track sections desired will change. Information from reed switches is also latched by the PLUs and sent back to the computer
to be used in closing the feedback control loop.
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HI!I'M AN LS!I-11 MICROCOMPUTER

I'M RUNNING THIS RAILROAD TO DEMONSTRATE MY REAL TIME
MULTITASK FOREGROUND, BACKGROUND CAPABILITY. | MONITOR 27
INPUTS AND CONTROL 32 OUTPUTS AND STILL HAVE MOST OF MY

POWER UNUSED.

STATION STOP CODE ARRIVE TIME

BOSTON 1 DEPARTED *(1.)

NEW YORK 2 +32 SECONDS * (1., 2.)
LOS ANGELES 3 SCHEDULED * (1.)
SAN FRANCISCO 4

e TIME® (2
g :
:12;38;17 ¢

-« »
seasssemeeeen

Figure 3: A typeset example of the type of display generated by the authors
terminal. Such pertinent train information as arrival times and estimated
delays is available to the operator. “‘Arrival Time’ messages vary between
“ARRIVED,” "DEPARTED,” '"+XX SECONDS,” "DELAYED,” “NEXT
STOP,”” and “SCHEDULED.”
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Operator instructions such as specifying
where the trains are to stop and requests
from the computer for instructions are
transmitted by an RTO02 remote data ter-
minal. The terminal has a 30 character key-
board input and can display as many as 32
alphanumeric characters. These character-
istics provide all the capabilities needed for
full interaction between the operator and
the system. A full video terminal, the V152,
is used to display train information as well as
advertisements and time of day. The ter-
minal is serially connected to the central
processor and operates at 9,600 bps. Multi-
ple messages can be displayed on the screen
simultaneously (sce figure 3).

Software for the train demonstration can
be called “multitask.” Tasks are assigned to
be either a foreground or a background
priority status. There are 12 possible tasks
required to run the train system, eight
of which are in background. Foreground jobs
take priority over background jobs by means
of interrupts. Since most of the jobs are
executed on an ‘‘as needed’ basis, the
primary job of the background is 1o act
as a “‘wheel spinner’’ which cycles in a wait
loop until called upon.

Photo 1: Authors Hart
(foreground) and Badger
performing a different
Rind of “‘engineering” with
their LSI-11  controlled
model  railroad. The
system was on display at
the |EEE Electro 76 con-
ference in Boston. The
display was also seen by
many of our readers at the
Personal Computing 76
conference in Atlantic City
N/ in August 1976.
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TO PLU2

REED SWITCH

Software execution in this system is con-
trolled by a real time clock program module
which creates a reference base to coordinate
all program operations. This particular clock
makes use of a standard 60 Hz power line
frequency which is passed through a low
pass noise filter and then transformed into
a train of square waves at TTL voltage level.
These square waves are next fed to the BUS
event line of the LSI-11 where they create
processor interrupts at each positive going
transition of the waveform. Every 16.7 ms,
then, control is transferred to the clock job,
which regulates the ‘“time of day” and
“train arrival” displays on the video terminal.

Keeping Track of Your Trains

Neither train can be successfully con-
trolled unless its location is known with a
great deal of certainty at any given time.
This is done by processing information from
the various reed switches and extrapolating
times of arrival at key points (eg: when
train A is scheduled to arrive at a station).

As mentioned earlier, each train has a
magnet mounted on it to activate the reed
switch sensors (see figure 4). Each sensor is
polied periodically to determine if a train is
present. From this information it is possible
to compare train position against the schedule
and the time base to quickly tell if a train is
on time or late; this information can be dis-
played on the video screen. The reed
switches are connected to the input side of
parallel line unit number one (PLU 1,
which serves as a data storage buffer to and
from the computer) via a TTL translator
which converts the switches' status to the
appropriate TTL voltage levels needed by
the PLU. PLU 1’s output is used to energize
the billboard signs and sections of track
under control of the LSI-11.

’L—D

Powering Up

When two trains are to be controlled
simultaneously, as in this case, the simplest
technique is to apply power to isolated
sections of track at the right times. The com-
puter can differentiate between trains A and
B by checking position and schedule and

Figure 4: Reed switch cir-
cuitry used to send feed-
back information to the
microcomputer. When a
train passes by, the mag-
netic  field causes the
switch to close, pulling
the signal line down to
ground potential; this sends
a signal back to the inter-
face (and finally to the
computer) that a train is
passing.

MORE POWER TO

YOUR ALTAIR*

12 AMPS @ 8v. (nominal)
2AMPS @ = 16v.

At any line voltage from:

90 to 140 volts.

Installs easily inside any Altair* 8800 or
8800a.

Over voltage and over current protected.

Conservatively designed and specified,

only $90.00

$5.40 sales tax.

postpaidin the U.S.A.
California residents add

BANKAMERICARD

PARASITIC ENGINEERING

PO BOX 6314

ALBANY CA 94706

“Altair is a trademark of MITS Inc.
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FROM PLUI 1

FROM PLUI

+5V

RELAY 2

>

Figure 5: Computer con-
trolled track power cir-
cuitry. Inverted logic levels
coming from PLU 1 drive
two types of relays. The
first type (represented by
relay 1 in this illustration)
chooses the polarity of the
voltage going to the track,
while the second type (re-
luy: 2 here) applies power
to the track. Only certain
strategic areas of the track
require polarity switching.

then creating the proper track energization
sequence 1o control the trains. There is one
problem in using PLU I's output to encrgize
the tracks: its TTL output power is too low
to drive the HO trains being used. This
problem can be solved by the use of relays
(sec figure 5).

Relaying Information

Two types of relays are employed. For
those scctions of track which are simply to
be turned on or off, a single pole relay is
sufficient. When power is required, the
appropriate output word is transferred to

>
TO RAILS

PLU 1, which causes the desired relay to be
energized. This in turn applies power to the
track. When power is no longer required,
PLU 1 is updated with a new word and the
relay is de-energized. Some tracks, however,
have reversing capabilities which require not
only power but also one of two polarities for
track voltage. Figure 5 shows how two relays
are used to do this: relay 1 chooses the
polarity of the track based on a command
from PLU 1, while relay 2 applics power to
the track, again on a command from PLU 1.

Each time a command is given, a single 16 bit
word is written into the output data buffer

LEFT
LEG

INSULATING TURNOUT
TIES SWITCH
+3V \ +3V
r Y
[ / - —
INSULATED
AREAS RIGHT
— LEG
y v f -
’J7 +5V /17
SOLENOID—
{—> T0 PLU2

Figure 6: A typical fork (or “turnout’) in the track. In this illustration, the turnout is positioned to divert the train to the left
leg. These solenoid controlled mechanisms act as their own sensors. One leg of the switch is either grounded or ungrounded
depending on its position. This is used to provide a logical 0 or 1 output to the computer for confirmation of the switch’s posi-
tion. The solenoid is illustrated in figure 7.
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PLU 1. Each section of the track has been
assigned a specific bit and only those bits of
the word necessary to alter the status of the
track section in question will change.

A Successful Turnout

Another aspect of control is the “turn-
out” switch (see figure 6). Turnout is a
railroading term for a fork in the track
which divides it into two branches. This
term is used to avoid confusion with the
electrical switches. The turnout settings
will obviously have to change as a function
of the two trains’ positions and the pro-
grammed routes. The current status of a
turnout must be determined by the com-
puter before a train can pass through. A de-
railment will occur, for example, if the train
proceeds from either leg of a turnout against
the current setting. The turnout mechanisms
in this system have been modified to act as
their own sensors. One of the two moving
legs of the turnout is electrically isolated in

! 2

SWITCH SWITCH
LEFT RIGHT
SOLENOID
)
| e— _1:, 10 SLIDE OF
| e i i - SWITCH TRACK

A

3 —COMMON

SOLENQID CONTROLLED SWITCH TRACK

one position and grounded in the other. It is
connected to a +5 VDC level (TTL) through
a pullup resistor so that its output, which
goes to parallel line unit number 2 (PLU 2),
is either high or low depending on the
switch's position.

A software routine controls the turnout
mechanisms by indexing the track table in
memory to determine which track switches
must be thrown to get both trains to their
next checkpoints, It then moves the turn-
outs to the required position, waits until the
mechanical motion of the switches is com-

+5vDC

| SECOND

DATA INPUT ] (—,

FROM PLU2 } 2 g ° @
NEW _ ‘ _
DATA } CLK Q) 75nS DELAY CLK Q
READY, RESET RESET

1 SECOND
DELAY
INITIALIZE

Figure 7: A  turnout
solenoid. This type of
solenoid can be activated
in either direction because
of its center tapped coil.
Application of voltage to
the desired side of the coil
determines the direction
of throw.

7vac —o”
TO TURNOUT
SWITCH

+5vDC

75nS DELAY

[»]}

CLK
RESET

| SECOND
DELAY

TO TURNOUT
SWITCH

Figure 8: Coil activation circuitry. The coils used to energize the track solenoids cannot be energized 100% of the time (a 100%
duty cycle) without burning up. This circuit uses flip flops and delay elements to provide a one second pulse to a relay where it
is converted to 17 VAC, sufficient to activate the solenoid. This illustration, like the rest in this article, is intended to illustrate
a concept rather than to serve as a basis for actual construction.
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pleted, and checks the new switch position.
Each track switch is moved by a solenoid as
shown in figure 7. This type of solenoid can
be activated in either direction because of its
center tapped coil: application of voltage to
the desired side of the coil determines the
direction of throw.

Mortal Coils

Activating each solenoid requires a fairly
elaborate arrangement, since PLU 2 has only
16 bits in its output word, while 32 control
signals are actually required for all left and
right solenoid positions. Further, the sole-
noids cannot merely use a level converter to
increase the output control signal of PLU 2:
such solenoids cannot be constantly ener-
gized at the required level without burning
up. Figure 8 shows a circuit which converts
the incoming signal to a level of 17 VAC
used to energize the solenoid. The initial
signal is sent to IC1, a hardware latch with
both inverting and noninveerting outputs.
This latch is used to buffer the incoming
data. A 75 ns delay is used between the
inverted output of the latch and the clock of
flip flop 1C2 to allow the data level to settle
to its correct value before being clocked in.

A logical 1 signal from PLU 2 will cause 1C2
to go high and activate the coil. Another
delay circuit from the inverted output of
IC2 feeds back to the clear line and turns the
relay coil off after one second. All of this
causes the turnout switch to move to its
right hand position. Shifting the switch to
the left involves the same type of procedure.
To insure the correct initial conditions, a
software routine in the LSI-11 places all
turnout switches in the left hand position
following startup.

Off the Beaten Track

An emergency {eg: a train derailment)
will occasionally occur which requires an
immediate halt to all operations. A provision
on the RTO02 data terminal keyboard permits
“panic stops” in such circumstances. To
bring a more normal, orderly halt to the
system, an appropriate command is entered
into the data terminal: this sends train A to
station 1 and train B to station 4. When train
A reaches its station, power is reversed on
the tracks so that it will back into siding 1.
Train B is similarly backed into siding 2,
which signals the end of a very tractable
system demonstration!m

Let’s talk about a Real Bargain

It’s the Typewriter/Terminal from AJ
We have hundreds of ready-for-lease, or
ready-for-sale terminals that have
been refurbished and repriced

to make them a truly
outstanding
bargain.
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Use it as a typewriter!

Our Al 841 features the heavy duty Selectric IBM mechanism to give
you fast, dependable operation day after day. Use it in the office. Use
it at home. At our price, it's an economical typewriter.

Use it as a terminal!
'\ The 841 incorporates our own SELECTRONIC
mechanism that turns it into one of the most useful
and reliable computer terminals on the market.

Thousands are in operation today. Your choice
of EBCD or Correspondence Codes, with APL
as an option. It will interface with almost
any IBM computer.
If you can use an efficient, low cost
computer terminal, here’s your chance
to get one for about the price of a good
typewriter alone.
If you're interested, call AJ Marketing
at 408-263-8520, Extension 280,

or write for more details.

ANDERSON
JACOBSON

521 Charcot Avenue - San Jose, CA 95131 - (408) 263-8520
EASTERN REGION/Hackensack, N.J. (201) 488-2525 . CENTRAL REGION/Northbrook (Chicago). lli. (312) 498-4220
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The TV Oscilloscope

Photo 1: A “typical” dis-
play. This shows the com-
pleted display in opera-
tion. The large block
letters are reverse video
spaces. The use of blank-
ing prevents generation of
any signals at the top or
bottom of the screen and
keeps the visible portion
of the display within the
linear region of the TV set.

Although conceived and designed in-
dependently, the display circuitry in my
CRT terminal is virtually identical to that of
CW Gantt in his article ‘“Build a Television
Display” on page 16 of June 1976 BYTE.
The major difference is that | did not use the
MM5320 sync generator, and my display is
therefore not interlaced and its horizontal
sweep is not exactly at the usual TV
horizontal rate. My display, shown in
operation in photo 1, consists of 24 lines of
64 characters, with a frame consisting of 270
raster lines repeated 60 times per second.
With this formulation | have a time
allotment for 27 character lines with ten
raster scan lines per character. The extra
three character line positions represent
overhead for vertical sync.

In a TV set the interlacing is produced
not by the hardware within the set, but by
the nature of the incoming sync signal. By

[2]s)¢
0sC ™ COUNT
+7

CHARACTER l H SYNC
COUNT COUNT

RETRACE

+64 <8 +10

DOT
DECODE

o 1111

DOT 01 2 3 4

TO CHARACTER
GENERATOR

[T '

Or, Some Notes on Building a Display

RELE REUER
LINITED GR&PHI

Kenneth Barbier
POB 1042
Socorro NM 87801

using a decode of what would have been
character line 26 (raster lines 251 thru 260)
as the vertical sync, and a decode of
character column 72 as the horizontal sync,
the generator produces a horizontal sync
frequency of 16,200 Hz. The TV set is
happy with these small deviations from its
usual sync diet, requiring no readjustment
when used for its original purpose.

Another difference between the two
approaches is in the size of the display. !
wanted no fewer than 64 characters per line
in order to be compatible with existing
software written for a Teletype terminal.
And to be consistent with more characters
per line, using more lines per frame preserves
the character’s aspect ratio: the ratio of its
height to width.

With 64 character spaces each seven dots
wide, plus sync and retrace time allowances
of about 20%, | found my dot rate would be

Figure 1: Block diagram of
a television display. This
RESET version is very similar to
the display described by
C W Gantt in June 1976
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DISPLAY RAM BYTE, page 18. The points
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SCAN O 1 2 A8 AT ABA9 AID
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AND Using It as a Synchronous Test Instrument to Debug ltself . . .

something over 9 MHz. How to push all
that through a commercial TV set front end?
No way! | never even tried. So | had to
invent my own TV set interface which was
described in my short article in July 1976
BYTE, page 38.

A simplified block diagram of the timing
portion of my terminal is shown in figure 1.
Since it varies only slightly from that of
Gantt's, | have not included a complete
detailed circuit diagram or explanation. At
the block diagram level it can be seen that an
oscillator drives a dot counter and decoder
to produce a scan of the five dots making up
each line of a character, followed by two
dots worth of spacing. The seventh dot is
used to increment the character counter,
which counts the 64 characters to be
displayed in each line. The end of the line is
a count corresponding to what would have
been character 72; this is used to increment
the scan counter. The 65th thru 72nd charac-
ter positions are timing overhead allowing
time for horizontal sync.

The scan counter counts ten scan lines:
one blank line above the characters, the
seven raster lines comprising the characters,
a blank line below the characters, and a line
on which an underline or cursor position
marker can appear. At the end of the tenth
scan line, the character line counter
advances. There are 24 displayable character
lines numbered 0 thru 23. Line number 24 is
for spacing at the bottom of the frame, line
number 27 is reserved for the vertical sync
and retrace time, and line number 26 is a
blank line at the top of the screen. (Lines are

PC EDGE
CONNECTOR
]
TPq !
1
i
)
LINE BLANK 1 I .
COMP_BLANK 2 12 R
VIDEQ i3] 7 ) »

ALLIGATOR

numbered O to 26 consistent with the 27
binary states of the line counter.)

The outputs of the character counter (0
thru 64) and the line counter (0 thru 23) are
used to address the display’s programmable
memory of 2048 bytes on two boards of
1024 bytes (1 K bytes) each. Only 1536
bytes of this memory are used in the display;
the remainder is available to the processor
for normal programming purposes. The
processor can both write into the program-
mable memory area and read data from this
memory. However, these operations should
take place during vertical retrace time to
avoid visible glitches. The processor needs to
access the display memory in order to move
the cursor around without disturbing the
stored characters, and in order to implement
scrolling when writing more than 24 lines.
Being able to read and write the display
memory makes it possible for these func-
tions to  be implemented entirely in
software.

Enabling the processor as well as the
display to read the memory also makes the
hardware more complex than Gantt’s. His
approach was to implement a display only,
mine was to build a smart video terminal.
Both are built of the same foundation
blocks: a sync generator, a memory address
counter, and a character generator.

Whatever approach you might take, once
you have built a composite sync generator
and interfaced it to a TV set you have a
powerful tool for developing the rest of the
system, the main theme of this article. By
breaking the video line shown on Gantt’s

PC EDGE

About the Author

Ken Barbier is an elec-
tronics technician em-
ployed by National Radio
Astronomy  Observatory,
Socorro NM. In support of
the construction of the
largest radio telescope in
the world, he has been
designing and  building
microcomputer controlled
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for the project’s Digital
Control System. This gives
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Figure 2: (a) A modification of the Gantt televison display circuit, of page 18, June 1976 BYTE, to use this test instrument
technique. The line from IC7 pin 12 to the video level potentiometer is broken so that input to the video mixer, and thus to the
TV, is taken from some arbitrary point under test rather than the usual source. (b) The author’s video output circuitry, with a
similar clip lead jumper normally in place for display purposes, but free to be moved around for testing purposes.
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Photo 3: Moving the alli-
gator clip probe to address
bit 7 at point 2 in figure ]
yields this display. Here
the line counts of several
lines are shown at the left
of the picture.

Photo 2: Exploring the cir-
cuit with the probing alli-
gator clip produces various
interesting signals. Here
the clip looks at address
bit 1, point 1 on figure 1.
This signal changes state
every other character posi-
tion, giving vertical bars
two character widths wide.
Note the distortion at the
top of the image, not nor-
mally seen due to blanking
of the display.

Photo 4: Looking at a
single dot position. When
the alligator clip is moved
to point 3 on figure 1, this
pattern is produced. Each
character has seven hori-
zontal dot positions, of
which two are inactive
spacing positions, and five
are used for character gen-
eration.

Photo 5: A garbage display
field, obtained by the
application of power to
the memory. Each chip
has a preferred start-up
value, so this pattern tends
to be the same whenever
one turns on the display.
In this picture, blanking
has been suppressed, so
the distortion due to non-
linearities at the top of the
screen is quite visible.
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schematic (June 1976 BYTE, page 18)
between the output of {C7 pin 12 and the
level control and bringing it off the printed
circuit board through the edge connector,
we can insert an alligator clip lead in series as
seen in figure 2a. The equivalent connection
modifying my own interface, published in
July 1976 BYTE, page 38, is shown in figure
2b. Now by using the clip lead as a test
probe, any TTL level signal within the
system can be displayed on the TV set
to facilitate system development and
debugging.

This TV oscilloscope will display signals
as intensity modulation within the display
field area, instead of as the vertical
deflection on a real oscilloscope. Since the
hardware we are building operates in
synchronism with the field produced by the
composite sync, and since our signals are all
digital with a TTL logical O showing as white
and logical 1 as black, this is not a real
disadvantage.

For example, probing around in my
system | can display the output of the next
to least significant bit of the address to the
character storage memory as seen in photo
2, test point 1 on figure 1. This output
should change state for every other character
position in the line. Counting the number of
bars in this picture, | saw that not all of the
64 characters were going to be visible, since
there are less than 32 bars showing in this
display. This told me that some adjustments
had to be made in the relationship between
the character counter, the horizontal sync,
and the time allowed for retrace. Also, as
seen at the top of the raster in photo 2, the
horizontal sync is imperfect following the
vertical retrace. This came about in my
system since the widths of the sync and
equalization pulses were not made the same
as TV standards. Since none of the 24 lines
to be displayed are affected, | concluded
that there was no need to cure this
“problem.”

Photo 3 is another of the address lines to
the memory, in this case the bit which will
change state once every other character line
(test point 2 in figure 1). The line counts for
several positions are shown on this picture.

A single dot time (one of seven per
character) as displayed on the TV oscillo-
scope is shown in photo 4 from test point 3,
figure 1. Examining this photo we might
expect some smearing of the characters to
occur when the character generator is
connected, since the ‘‘dots” are wider than
they are high. This is a result of the TV set
trying to display a 9 MHz dot rate.

Up to this point we have been able to use
the TV oscilloscope to test the portions of
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Photo 7: Physical layout
of the equipment. The
author’s display is shown
here as it was built on
prototyping cards with a
bus wired backplane be-
tween connectors. The clip
lead is shown here at-
tached to memory address
bit 7, as used to generate
photo 3. The computer
and keyboard are in the
foreground.

Photo 6: A map of the
preferred states of one
memory chip. By tapping
into just one of the
memory data lines with
the display probe, it is
possible to generate a map
of the data. This data is
identical to that of photo
5, but we are now looking
directly at one bit, instead
of generating characters
from 8 bit byte groupings
of several chips. This same
technique of looking at
one bit can be done with
normal programmed dis-
plays, too, rather than the
turn on pattern used here.

the system that scan the dots making up the
characters and the scanning of the memory
addresses. When all is well to this point, we
could connect the programmable memory
address lines to the data inputs of the
character generator and display one of each
character, as Gantt did on page 17 of June
1976 BYTE.

The next step is the connection of the
display memory to the address lines, with
the display memory data going into the
character generator. Turning on the system

with the probe on the character generator
output, we find that the memory contents
will initially be an arbitrary pattern,
producing a screen full of garbage as in
photo 5. Note how the horizontal “pulling”
at the top of the screen distorts the
characters in the top line. As this is actually
line 26, it is not used in the display, and will
disappear after the ‘“blank” signal is
connected as in figure 2b.

The arbitrary pattern is not totally so,
since a virtually identical pattern will appear
with each turn on. This is due to built-in
asymmetries in the memory chips, with each
bit having a preferred state to come up in
when power is initially applied. We can
connect our clip lead to one bit of the
memory data as in photo 6 and see that each
memory chip in the 2 K by 8 bit array has a
unique pattern visible in these preferred
states.

In photo 6, notice the obvious division in
the pattern about two thirds of the way
down the display. This corresponds to the
division between the lower 1 K (lines O thru
15) and the upper 1 K (iines 16 thru 23) of
memory, which use different chips.

After we connect the processor to the
input side of the memory, we can use this
same TV oscilloscope connection to examine
the setting and resetting of each bit at each
address under program control. Setting the
memory to all zeros, each bit we turn on will
appear as one black block in the display. The
TV oscilloscope can thus be used to insure
that the processor and display address




correspond correctly, and that data is
written correctly. (Of course, we could just
as well have put some message on the
display, too.)

Photo 7 shows the hardware in my
system. The clip lead can be seen connected
to the display memory address line out of
the timing board which was used to produce
the display in photo 3. Since all of the dot
signals, scan line signals, memory addresses,
and the memory read and write data buses
all appear on the backplane wiring of the
system, virtually everything in the system is
accessible to the TV oscilloscope test
instrument.

For even more versatility in the TV
oscilloscope, it might be useful to add an
AND gate and another clip lead, so that the
exact timing relationships between two
signals could be determined. Alternately,
one of the signals could be added into the
video at a different level to produce a gray
image so that the two signals could be
differentiated. [For looking at programmed
behavior, the same technique can still be
used if the vertical or horizontal sync signal
is used as a timing cue. Much more could
obviously be written on this subject as
readers adapt Ken’s idea to personal use. ..
CH/=

BYTE:s Bugs

A Structure Glitch

END
OF
Jos
1 | ]
RESOLVE ouMmP
FORWARD SYMBOL
REFERENCE TABLE

1 1

Jack Emmerichs called upon his
receipt of April 1977 BYTE and re-
ported a couple of errors in the execu-
tion of figure 3 on page 66. (As Murphy's
law would have it, figure 3 was moved
to the first part of the article at the last
moment at Jack’s request, and he did
not get to see author proofs for that
one figure.)

The major glitch is corrected by
noting the above segment of the dia-
gram in its proper form. Two minor
errors are an extraneous ‘level 3" at
the lower left of the diagram, and an
extraneous ‘‘Compare Strings" box in
the “General Service Routines” shown
at the lower right of the diagram.®

COMPLETE
FLOPPY DISK SYSTEM
FOR YOUR ALTAIR/IMSAI
$699

That's right, complete.

The North Star MICRO-DISK SYSTEMTM yses the Shugart
minifloppy™ disk drive. The controfler is an S-100 com-
patible PC board with on-board PROM for bootstrap load. It
can control up to three drives, either with or without
interrupts. No DMA is required.

No system is complete without software: we provide the
PROM bootstrap, a file-oriented disk operating system (2k
bytes), and our powerful extended BASIC with sequential
and random disk file accessing {10k bytes).

Each 5" diameter diskette has 90k data byte capacity.
BASIC loads in less than 2 seconds. The drive itself can be
mounted inside your computer, and use your existing power
supply (.9 amp at 5V and 1.6 amp at 12V max). Or, if you
prefer, we offer a power supply {$39) and enclosure ($39).

Sound unbelievable? See the North Star MICRO-DISK
SYSTEM at your local computer store. For a high-performance
BASIC computing system, all you need is an 8080 or Z80
computer, 16k of memory, a terminal, and the North Star
MICRO-DISK SYSTEM. For additional performance, obtain
up to a factor of ten increase in BASIC execution speed by
also ordering the North Star hardware Floating Point Board
(FPB-A). Use of the FPB-A also saves about 1k of memory by
eliminating software arithmetic routines.

Included: North Star controller kit (highest quality PC
board and components, sockets for all IC’s, and power regula-
tion for one drive), SA-400 drive (assembled and tested),
cabling and connectors, 2 diskettes (one containing file DOS
and BASIC), complete hardware and software documentation,
and U.S. shipping.

MICRO-DISK SYSTEM ... $699 To place order, send
(ASSEMBLED) .. ..... $799  check, money order or
ADDITIONAL DRIVES. . . $425 ea, BA or MC card #with exp.

date and signature. Uncer-

DISKETTES. . .......... $4.50 €a. tified checks require 6
FPB-A ................ $359 weeks processing. Calif.
(ASSEMBLED) $499 residents add sales tax.

NORTH STAR COMPUTERS, INC.

2465 Fourth Street
Berkeley, CA 94710
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Continued from page 6
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Write Operations:

1.

144 MINOR LOOP
SHIFT REGISTERS

Serially load major loop

2. Align minor loops to desired record
3. Transfer major loop to minor loops’ top bit position

Figure |: Conceptual dia-
gram of a magnetic bubble
film memory. This dia-
gram is concocted from a
general knowledge of the
way bubble memories
work, with captions based
en the figures given by
Texas [Instruments’ press
release on the TBMO0103
memory part. The mem-
ories to be used must
also have support hard-
ware (or software) to
sequence the various steps
needed to randomly or
serially access desired 144
bit blocks stored in the
chip’s minor loop shift
registers.

consists of scrially loading the 144 bits into
the major loop, then transferring ail 144 bits
into the minor loops; reading is donc in
reverse order by copying the currently posi-
tioned bits of all 144 minor loops into the
major loop then serially reading the major
loop. The result is a nonvolatilc file storage
device which has 641 blocks of 18 bytes
per block, a total of 11,538 bytes in one
14 pin dual in line package measuring 1.0
by 1.1 by 0.4 inches (2.5 by 2.8 by 1.0 cm).
Using a volume parameter for memory
density, this clephant of a memory stores
200,000 bits per cubic inch (13,000 bits per
cubic centimeter) in a nonvolatile magnctic
medium.

With this short introduction to the
existence of a new low cost, high density
memory system, what are the ramifications
of such a part for the personal computing
user? I'll confine my comments to two
major classes of application for the memory,
applications which take advantage of its
nonvolatility, low cost of 22 cents per bit in
sample quantities, and the large size of cach
part’s memory. The first class of applications
for the bubble memory is as nonvolatile
file storage in minimum size personal com-
puting systems analogous to pocket calcula-
tors; the second class of application is as
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Read Operations:

1.
2. Transfer minor loop’s top bit position to major loop
3. Serially unload major loop and use data

Align minor loops to desired record

on linc file storage for larger general purpose
desk top or console personal computers.
Superficially, the difference between the
two classes of application is in the number
of these bubble memory parts used with the
product.

What Can You Do with Just One?

Consider first the pocket programmable
calculator. At the April 6 1977 mecting of
the New England Computer Society, Bev
Pettit of the Hewlett-Packard calculator
sales office in Lexington MA gave an excel-
lent presentation of the functional capa-
bilities of the new HP-67 and HP-97 calcula-
tors, two products which represent the
ultimate in pocket calculator performance
to date. These machines can be used to
perform fairly sophisticated probiems, with
overlay structures for data and program
material swapped using the magnetic card
medium incorporated in the design. But, the
machines are limited by the fact that there
is a finite set of data registers (26, if | recall
correctly) and 224 programming steps. What
would be the impact of adding a bulk pro-
gram storage facility implemented with the
Ti bubble memories or equivalent? Viewed
only as a calculator, with 8 bit command
codes for each function, just one such bub-



ble memory chip would lead to a device
which could permanently store interpretive
calculator programs with an aggregate total
of 11,538 program steps, or an improvement
of program capacity ncarly two decimal
orders of magnitude. Or viewed as data
memory, the same single chip could ac-
comodate over 1400 floating point numbers
in an 8 byte representation. (I have no
information on the details of the HP-67's
internal  representation, but assuming
thirteen 4 bit BCD mantissa digits, two
BCD cxponent digits, and one 4 bit ficld
for signs, an 8 byte floating point representa-
tion is a fair estimate for the typical calcula-
tor’s characteristics.) But simply to generalize
the calculator’s programming techniques to
a much larger program and data storage field
is not the ideal situation. For example, the
HP-67 and HP-97 systems use an interpretive
“label” operation code to identify places
within a program. When the label is
referenced by a '‘go to” command or “‘call
subroutine” command, the internal opera-
tion is to search linearly through the pro-
gram memory field looking for a label
operation code followed by the correct
identification. This works quite acceptably
in a calculator with a 224 step capacity, but
would produce unacceptably long dclays in a
memory ficld of the size represented by just
one of these new bubble memory chips.

As the new capacity gets incorporated
into the small personal computers called
programmable calculators, we can cxpect to
see the beginnings of more sophisticated
calculator operating systems and interpreters
with features needed to take advantage of
such memory. The lowly hand held calculator
will start having the data management fea-
tures of the magnetic disk based minicom-
puter, but miniaturized to numeric symbols
and smaller total capacity. Perhaps we might
even see alimited (ie: somewhat inconvenient
for touch typists like myself) alphanumeric
data storage mode for program names and
variable symbols in the next generation of
calculators, reminiscent of the “‘Minisec”
of Arthur C Clarke’s /mperial Earth which
| summarized in my April 1977 editorial.

What Can You Do with Just “N""?

In a more expensive conscle or tabletop
personal computing system, the same charac-
teristics of nonvolatile electronically con-
trolled bulk storage which expand the cal-
culator concept can be applied to the general
purpose computer system concept. Basically,
the bubble memory makes possible a very
large totally electronic on line buffer storage
memory, at a price compatible with personal
computing economics. Since the memory is

Articles Policy

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

Articles which are accepted
are typically acknowledged
with a binder check 4 to 8
weeks after receipt. Honorar
iums for articles are based
upon the technical quality and
suitability for BYTE’s reader-
ship and are typically $25 to
$50 per typeset magazine
page. We recommend that
authors record their name and
address information redun-
dantly on materials submitted.
and that a return envelope
with postage be supplied in
the event the article is not
accepted.®
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totally electronic there is no problem with
mechanical design considerations, an advan-
tage which is offset by the constraint of not
having removable media as is the case for a
floppy disk. As the price of the parts goes
down with eventual mass production, the
cost per installed bit has the potential of
dropping well below that of the removable
media floppy disk storage devices.

The implications of this bubble memory
for the ‘‘appliance” computer are most
interesting. Let's consider what the new
“minimum’’  personal computing system
which incorporates the bubble memory
medium might look like. First, the sys-
tem includes a typical microprocessor de-
sign with eight of the contemporary 16 K
dynamic memory parts for main memory,
with perhaps 8 K to 16 K of systems soft-
ware in read only memory. Peripherals
built-in include video display (interface or
built-in monitor depending on the manu-
facturer), and alphanumeric keyboard, with
a high speed audio cassette interface for
long term program storage. For filing of
current programs and data this minimum
system incorporates eight of the TBM0103
bubble memory units, giving a capacity of
92,304 bytes of data or program file capa-
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city. With an appropriate operating system
and high level language built into the read
only memories, the symbolically named
files in this bubble memory region can be
rolled in or out of the 16 K volatile program-
mable memory region as desired. Using the
audio tape interface at the end of a program-
ming session, the file memory could be
checkpointed automatically onto tape while
the user attends to some other noncomputer
related activity like eating, sleeping, etc.
(Assuming an audio tape interface at
100 bytes per second, it would take 923
seconds or about 15 minutes to dump the
state of the file memory, plus about three
minutes to dump the programmable volatile
memory of 16 K bytes.)

What would such a conception cost?
Perhaps $2000 to $3000, assuming produc-
tion quantities of the bubble memory cost
significantly less than $200, that the sup-
port circuitry is not excessive, and that the
rest of the system uses existing technology.
This would be the minimum configuration
of such an ‘“appliance computer circa
1977-1978." The logical next improvement
in performance would be to incorporate
one Shugart style minifloppy disk file, at
perhaps a $500 to $800 increment in price.
The bubble film memory is functionally

Flexibility




Tl happens to be the first to commercially
market the bubble memories. (AT&T has
already been using them for several months
in production phone equipment, but these
parts are not available to general commercial
users.) If we use the example of the Shugart
minifloppy disk drives as a prototype for

2.
o i
perating
_ - the delay from announcement to proven end
user product for a system of similar com-
plexity, then we can expect to see end user

deliveries of mass storage subsystems for
present day personal computer systems
sometime late this coming fall. (This editorial
was written April 8 1977.) As for complete
computer systems which make the bubble
memory an integral part, | would tend to
expect the first such systems in the first
half of 1978 or sooner depending upon the
cleverness and resources of the companies
which ultimately produce such products. In
the meantime, perhaps some technologically
enterprising reader will purchase the early
sample versions of the bubble memory chips
along with documentation, and design a
homebrew computer interface which we can
publish for the benefit of all BYTE readers.
The bubble memory, a long awaited promise,
has finally become a technological and
commercial reality available for use in
personal computing products.®

memory’s data transfer rate, at 50 kbps,
is comparable to the transfer rates of the
small floppies, and its access time to
blocks of data is approximately one to two
orders of magnitude faster (12.8 ms versus
typically 250 to 500 ms head positioning
time on a floppy disk). But the bubble
memory chip capacity of 92,000 bits is
about the same as the capacity of the
typical 5 inch floppy disk. Using one floppy
disk drive for its removable media attributes,
and the standard permanently “mounted”
simulated floppy disk of the bubble memory,
this appliance computer concept now has
the ability to “instantly” copy disk files,
sort data within the constraints of two
92,000 byte file regions, and do many
of the “memory intensive'’ tasks usually
associated with large interactive systems.

very similar to a floppy disk. The bubble
3.

Peripherals

When Will We Users See Products?

The announcement by Texas Instruments,
accompanied by extensive advertisements in
the electronics trade press for the bubble
memory, a 64 K charge coupled device,
volatile memory and large 16 K dynamic
programmable random access memories, is
aimed primarily at designers of new products.
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Continued from page 34 s
L 3

e Type 03: External Symbols

ngmer Description nowrlleﬂmtjoﬂ ufld
Service Support

1 Dollar sign ($) delimiter.

2,7 Up to 6 ASCII characters of the
external symbol name. The name
is left justified, blank filled.

8,9 Record type 03.

10, 13 Last address which uses the ex-
ternal symbol. This is the start of
a link list which is described be-
low. The most significant byte is
first.

14,15 Binary checksum.
CRLF Carriage return, line feed.

The Mostek SDB-80 assembler outputs the
external symbol name and the last address in
the program where the symbol is used. The
data records which follow contain a link list
pointing to all occurrences of that symbol.
This is illustrated in figure 1.

1. The external symbol record shows the
label ( LAB) and the last location in

the program which uses the symbol
(212AH).

2. The object code at 212A has a pointer
which shows where the previous
reference to the external symbol oc-
curred (200FH).

3. This backward reference list continues
until a terminator ends the list. This
terminator is FFFFH.

This method is easy to generate and decode.
It has the advantage of reducing the number
of bytes of object code needed to define all
external references in a program. Intel defines
each external reference explicitly.

4.

® Type 04: Relocating Record

The addresses in the program which must be
relocated are explicitly defined in these re-
cords. Up to 16 addresses (64 ASCII char-
acters) may be defined in each record.

Byte
number Description
1 Dollar sign ($) delimiter.

2,3 Number of sets of 2 ASCHI char-
acters. Where two sets define an
address.
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4.7 ASCII zeros.
89 04

10 Addresses which must be relo- ’ ‘ s
cated. !
Last 2 .
bytes Binary checksum. ‘Ih's fu".
®

CRLF  Carriage return, line feed.

* Assembler Object Output Sequence

The SDB-80 Assembler will output object
records in the following sequence:

1. Internal symbols (type 02) in alpha-
betical order.

2. External symbols (type 03) in alpha-
betical order.

3. Data records (type 00), interspersed WATCH FOR THE

with relocation records (type 04). :
4. End of file record (type 01). HEATH KlT
COMPUTER PRODUCTS!

Internal symbol records will be outputted
only if internal symbols are defined in the
source program. The same is true of external
symbol records. Relocation records always
will be outputted by the assembler.®

e GLOSSARY
° Object module The output from an assembler is
Y called the object module. One or more object
modules can be placed into memory by a loader.
ﬂ Ua'ue/ r.ce The output from the loader is called a ‘load
module.”

Relocatable program: A program which has extra
information in the object module is referred to as
' relocatable. The extra information allows the
loader to place the program anywhere in memory.
A nonrelocatable program can be loaded only in
one place in memory in order to work properly.
Position independent program: A program which
can be placed anywhere in memory is called posi-

tion independent. It does not require relocating
information in the object module.

Internal symbol: A symbol which is defined in a
program and whose location is made known to
all other programs is called an internal symbol.
It is also calted ‘‘public’” (Intel), “defined,”
““global,” or “‘common.’’

External symbol: A symbol which is used in a
program but which is not defined in the program
is called an external symbol. Such symbols must
he defined as internal symbols in other programs.

Linkable program: A program with extra informa-
tion in the object moclule which defines internal
and external symbols is called a linkable program.
The loacler uses this information to connect, or
link, external references to internal symbols.
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James R Boddie
Bell Laboratories
Murray Hill NJ 07974

The August 1976 issue of BYTE pre-
sented to the personal computer user an
introduction to half of the problem of man-
machine communication by speech: machine
generation of speech. Speech synthesis has
been investigated since at least the 1800s.
High quality speech can be produced by a
computer if it decodes utterances that have
been efficiently coded and stored in mem-
ory. Poorer quality, but sometimes accept-
able speech can be synthesized by electron-
ically simulating the human speech produc-
ing mechanism.

Speech communication in the other
direction, machine recognition of speech,
is usually considered to be a harder task. The
purpose of this article is to present some of
the problems and to introduce some solu-
tions that may be realized by the personal
computer enthusiast.

The ideal speech recognizer would be a
machine that could accept casually spoken
sentences from many speakers with different
dialects and transcribe them in real time into
written text or translate them into com-
mands for controlling some function. Un-
fortunately, there are at least five major pro-
blem areas in speech recognition that are
still incompletely solved.

® The Continuous Speech Problem. In
ordinary conversational speech our
words tend to ‘‘run together’” acous-
tically. Say “How are you" and ‘““How
(pause) are (pause) you.” The con-
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tinuous version is uttered almost as
a single word. What is the best pro-
cedure for segmenting such an utter-
ance into words?

® The Multiple Speaker Problem. People
say the same words differently. Can a
machine allow for these differences
or must it be “tuned’ to each indivi-
dual user?

® The Limited Vocabulary Problem.
Error rates, recognition rates and
memory requirements increase with
vocabulary size. How many words
can be reliably handled by a machine?

® The Vocabulary Entry Problem. The
words in the vocabulary have to be
described to the computer in some
way. What is the most efficient way?

® The Noise Problem. Speech is filtered
by some transmission process or
corrupted by noise in transmission
media such as telephone or radio.
What is the best signal processing
technique for these conditions?

These are the problems that concern
many industrial and academic research lab-
oratories using the most sophisticated tech-
niques and equipment available. However,
there are some realistic goals for a speech
recognizer in a personal computer system.
That is, it should be possible to build a sys-
tem which can accept isolated words from a
limited vocabulary of ten--to 20 words
spoken by a speaker whom the machine has
been trained to understand. These goals are
well within the capabilities of most contem-
porary microprocessors.

Several such systems have aiready been
designed using a modest amount of discrete
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Figure 1: A speech encoding model. Messages from the brain in the form of desired words are processed through a series of
transformations to produce the finished speech. These messages come in the form of ‘phonemes, " or word building blocks (see
table 1), which make up the desired word. This code is translated into appropriate neuromuscular signals which control the
speech “articulators'': the vocal cords, vocal tract, lips, tongue and teeth. The other parameters in the figure show how dialect,

emotions, context and external noises can all have an effect on the final speech.

logic. (See the first six references in the
bibliography at the end of this article.) Each
of these systems can be easily duplicated
with a small amount of hardware such as a
microphone, amplifier, filters, an analog to
digital converter and a microcomputer. This
paper will show how one of these well
known recognizers can be implemented.
But first, a few basic facts about human
speech production.

The Speech Code

In order to construct a system for de-
coding speech you should know how the
acoustic signal is encoded with the desired
message. One way of looking at the process
is shown in figure 1. The message from the
brain may be thought of as going through a
series of transformations which modify it
by many factors. The word idea or linguis-
tic information is first translated into speech
sound units called phonemes. This “code"’ is
a collection of the descriptors of the sounds
necessary to say the words. In English there
are approximately 40 basic types of sounds
which are used to construct our entire
vocabulary. The phonemic code is translated
by the central nervous system into neuro-
muscular signals for controlling the physical
speech making apparatus or articulators. The
articulators ““modulate” the sound generated
by the vocal cords and produce the radiated
acoustic signal.

This process has sources of error. The
phonemic codes for various dialects are
different from one another. A speaker may
say the same word many different ways de-
pending on context or physical and emo-
tional state. Differences in the sizes of
people’s articulators account for variations
between speakers. Day to day changes in
the articulators (due to a head cold, for ex-
ample} can cause variations in the way a
given person sounds. Finally, the acoustic
signal itself may be corrupted by noise or
filtering.

The message coding process produces a

signal which contains much information that
is not significant to the intended message
and which makes any direct comparison of
speech waveforms difficult if not impossible.
The extent of the coding inefficiency can be
seen by a simple example. The following
sentence:

“The objective of this section is to
develop these techniques.”

contains 60 characters and can be spoken in
about three seconds. Using a 5 bit code for
alphabetic characters, real time transmission
at specch rates would require only 100 bps.
If the utterance were transmitted with a
string of 42 phonemes coded with six bits
each, then 84 bps would be necessary. How-
ever, if the speech signal itself were band-
limited at 3 kHz, sampled at 6 kHz, and
quantized to 256 levels or eight bits, real
time transmissions would require a rate of
48,000 bps. if a computer could analyze this
digitized speech in real time it would have to
process one 8 bit speech sample every
160 us. A microcomputer with a cycle time
of 500 ns would have only 320 cycles be-
tween specch samples. That does not allow
time for very many instructions to analyze
and match the data with reference wave-
forms. The direct storage of the waveform
would require 6,000 bytes of memory for
every second of speech. It should be clear
that it is desirable to have a method of
rapidly extracting the useful information,
thereby reducing the amount of data storage
and computation time. A look at the speech
production mechanism provides some clues
for data analysis and reduction.

Speech Parameters

Speech sounds originate from two
sources. So-called “voiced’ sounds are made
by the vocal cords and make up vowel-like
sounds. The vocal cords produce periodic
bursts of air through the vocal tract at a
repetition rate of about 125 to 200 Hz.

“Unvoiced” sounds or ‘“‘fricatives” are
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Fricatives
FX
TH
SX
SH
CH
HX

Example
bad
father
bite
bought
bay
bet
beet
bird
fit
boast
book
but
boot
win
yes
rip

lit
man
not
ring

fan
bath
sip
ship
church
hand

Combinations of Voiced and

Fricative Sounds
VX

DH

ZX

ZH

Stops

JH

PX

TX

KX

Voiced Stops
BX

DX

GX

van
than
zip
measure

jump
pan
tan
can

ban
dan
gab

FREQUENCY OF FORMANT 2 (Hz)

3000

2500

2000

1500

1000

500

T

Table 1: Speech phonemes. [n English there
are approximately 40 basic types of sounds
which are used to construct the entire
vocabulary. These sounds are called
“phonemes.” The phonemes are not pro-
nounced literally, but rather serve as symbols
for their respective sounds. The phonemic
code s translated by the central nervous
system into neuromuscular signals for con-
trolling the physical speech making apparatus
or “articulators.” ‘‘Voiced” phonemes are
the vowel-like sounds which are produced
in the vocal cords as periodic bursts of air
from 125 to 200 times a second. “‘Un-
voiced”’ phonemes or ‘‘fricatives” are noise-
like sounds made by forcing air through
constrictions in the mouth. Some phonemes
are combinations of voiced and unvoiced
sounds. “Stops” result from momentary

blockage of air flow (and sound).

noise-like and are made by forcing air
through constructions in the mouth. If the
air flow is completely blocked for a mo-
ment, the sound is called a “stop.” Some-
times we make both voiced and fricative
sounds. Table 1 classifies various phonemes
into these source types. Phonemes have
special symbols that are often used, but this
table uses a machine readable format.

The vocal tract is like a pipe from the
vocal cords to the lips which has several
natural resonant frequencies called ‘‘for-
mants.” This pipe acts like a filter that most
readily passes sounds whose frequencies are
the same as the formants. The three most
prominent formants are centered around
500, 1500 and 2500 Hz but they vary with
changes in position of the tongue, lips and
mouth. The voiced and unvoiced sounds can
be thought of as ‘“‘carrier’ signals that are

200 400 600 800 1000 1200
FREQUENCY OF FORMANT I {Hz)
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“modulated” by the resonances in the vocal
tract.

It is well known that there is a correspon-
dence between phonemes and the formant
frequencies. In fact, it is only necessary to
know the first two formant frequencies in
order to identify many vowel sounds. Figure
2 shows a map of several vowe| sounds in a
plane formed by the first two formants. For
example, if you knew that for some interval
of a speech utterance the first formant was
at 800 Hz and the second at 2500 Hz, then
you might guess that the speech sound was
the phoneme “EH.”

A nice property of formant data is that
it changes rather slowly. It is necessary to
sample the formant frequencies only every
10 to 20 ms in order to keep up with chang-
ing phonemes. This means that the motion
of two formants could be stored in only 100
bytes per second of speech as opposed to
6000 bytes per second for the waveform
itself.

Naturally, we would like a technique for
easily measuring the "first two formant
frequencies by looking at the waveform
data. The most accurate methods require
either a lot of high speed computation or
special purpose hardware. Fortunately there
is a very simple way to get an estimate of
the formants which is most suitable for
microcomputer processing.

Zero Crossing Analysis

Since the late 1940s it has been known
that the amplitude of the speech waveform
carries little information. Most of the use-
ful information can be obtained from just
the knowledge of the number of times the
signal waveform crosses the zero axis. This
is called zero crossing analysis. [ This method
would lend itself perfectly to Walsh trans-
form analysis. . .CM] If you count the num-
ber of times the signal changes sign in a fixed
interval, say every 10 to 20 ms, you can get
numbers which closely follow the changes
in the first formant frequency. If you first
emphasize the higher frequencies by high
pass filtering, then the zero crossing rate
tracks the second formant frequency.

Figure 2: Vowel phonemes on the formant
plane. “Formants’ are the natural resonant
frequencies of the vocal tract. These reson-
ances are similar to the resonant vibrations
of organ pipes or the characteristic sound
of an empty bottle when air is blown across
it. The three most prominent formants are
centered around 500, 1500 and 2500 Hz,
but they vary with changes in position of
the tongue, lips and mouth.



Although the zero crossing rates do not
give accurate cstimates of formant fre-
quencies, they do contain enough informa-
tion to partially separate the vowels for
recognition purposes. Figure 3 shows a map
of vowels on a high pass versus low pass
zero crossing rate plane.

There are many advantages in using zero
crossing analysis techniques in digital speech
recognition. One of them is that the neces-
sary hardware is simple. Since only the sign
of the waveform is important, only one bit
per sample is needed, which eliminates a re-
quirecment for an analog to digital converter
in the system. The analysis can easily be
donc in recal time since no multiplications are
involved — only counting. The zero crossing
parameters can be measured with simple
hardware or softwarc as the signal comes in,
which eliminates the necessity of storing the
waveform. Because the amplitude informa-
tion is not used, the analysis is independent
of voice volume and inflection. This makes
zero crossing measurements somewhat less
dependent upon characteristics of individual
speakers.

Pattern Matching

After the acquisition of the zero crossing
parameters, the identification of the word
can be done using one of two simple
processes: in a one step approach, the para-
meter data is directly compared with
refcrence  patterns  (sometimes  called
templates) for cach word in the vocabulary.
The closest match is chosen as the most
probable utterance. In a two step method,
the parameter data is first converted into a
string of phonemes. Then this string is com-
parcd with a phonetic representation of the
words in the vocabulary.

Both methods have problems. The one
step comparison suffers if the word is
spoken at a different rate from the words in
the sample set unless some technique is used
to find the best time alignment. The time

———————————-
Figure 4b: A diagrammatic representation of
the word 'SIX" on the zero crossing plane
using a form of state diagram. In this graph
the high and low pass functions from figure
4a are plotted against one another in stylized
fashion to better show how the zero cross-
ing rates change as the word is pronounced.
(Note that the word begins and ends with
the same phoneme, SX.) The signal is split
into two bandpass regions because these
particular regions reveal key attributes of
English words which can act as types of
“fingerprints’’ of the words for later indenti-
fication.

A Figure 3: Vowel formants
on the zero crossing plane.
For comparison purposes

sor the formants in figure 1
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Figure 4a: A plot of the word '‘SIX” showing the zero crossing rate as a
function of time. The word is shown split into its four phonemes. In this
case, the signal is first processed through two bandpass filters. The number of
zero crossings is then determined by the computer. Results for both filters are
shown. As the graph indicates, there is a very short period of silence during
the pronunciation of the KX phoneme which can be verified by slowly
pronouncing the word ‘'six.”
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Figure 5: Speech filtering circuitry. A voice signal is picked up by the microphone and preamplified. It is then sent through a
low pass filter made up of C1 and R1 whose cutoff frequency is 3 kHz. The signal is next passed through a 1 kHz high pass filter
and a 1 kHz low pass filter as shown. The two signals then go to the microprocessor interface for further processing. IC1, which
forms the basis for this circuit, is a quad LM 3900 op amp. The diode-like symbols shown on the four amplifiers indicate the
use of ‘current mirrors’ for the noninverting inputs. For a detailed discussion see National Semiconductor’s book, Linear
Integrated Circuits, page 2-250 and following. ’

NUMBER OF ZERO dependence can be eliminated by consider-
CROSSINGS PER .

16mS ing the pattern of the data plotted on a zero
{HIGH PASS P(29) P(30)

i crgssing Qlane. Figure 4 shows how the word

“six”’ might be plotted. The one step
method has the double disadvantage that a
64 lot of memory is required for template stor-
age and that the matching may be more time

consuming. Two step systems use less

G4 memory in the template storage but depend
PiTI P8 on the performance of an imperfect phon-
= eme indentifier. The phoneme matcher must
be able to tolerate errors such as missing,
mislabeled or extraneous phonemes in the
P P2) P3) Pla) P{5) Pis) hypothesized string. For example, the out-
put from a phoneme indentifier given in the
utterance “‘six” (or “SX IX KS SX”) might

be “SXSXEE IX X EH KX SX SX.”

6 13 19 25 32
NUMBER OF ZERO CROSSINGS PER I6 mS{LOW PASS CHANNEL) A Pl Srazdh Regsiasr

Figure 6: In order to implement the speech recognition algorithm, 60 samples You have probably realized by now that
of speech over roughly 1 second’s duration are sequentially processed there are many possible approaches to the
through the circuit illustrated in figure 5. For each of the 60 intervals analysis and recognition of speech. With
the number of high and low pass zero crossings per second is counted and this in mind, we can now consider in detail
stored in a software array corresponding to the regions in this figure. (This an isolated word recognizer that can be
figure is not to scale.) After this, a straightforward statistical correlation is implemented on most microcomputer
performed on the array to compare it with a series of word models in the systems. This algorithm is based on one of
memory and to arrive at the most likely match. the earliest successful word recognition ex-
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AND SMALL COMPUTER
SYSTEMS

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

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

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

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

o |llustrates basic instructions from almost every class of
microprocessor.

e Discusses common memory addressing modes — illustrates
typical uses.

e What you must know to tell a computer what to do
when using machine language programming methods.

» Explains use of flow charts; program worksheets;
hand assembly of source codes into object codes;

memory maps; purpose of an Editor, Assembler,
Monitor.

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

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

e Practical aspects of selecting a
small computer system.

e Plus, hundreds of other practical
facts and information.

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

Vv SCELEBI C(OMPUTER
CONSULTING INC.

PO Box 133 — PP STN
Milford, CT 06460

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

Circle 19 on inquiry card.



FORJ = 1 TO 60
F1{J}
F2 (J)
FOR |

0
0
1TO 100

[De:Iay for 160 uS loop time]

INPUT X ;Input speech port

X1 = XOR (X, X0) ;Exclusive OR input with last sample
IF X1>1THENF2(J) = F2 (J) +1 ;State change or bit 1

IF {X1=1) OR{X1=3) THEN F1 (J} = F1 {J) +1 ;State change or bit 0

X0 = X

NEXT | ;Save last sample

NEXT J

Listing 1: The input algorithm. Arrays F1 and F2 store the number of zero
crossing counts in each 16 ms interval for the low pass and high pass channels
respectively. This listing, like the following listings, is written in BASIC for
illustrative purposes, but it must be translated into machine language to

achieve real time performance.

FORI = 1T0O30
P(l}) =0
NEXT |
FORJ = 1TOB0O
FORI1 = 1705
IF G1 (11) > F1 {J) THEN 100
NEXT 11
"n =6
100 FORI12 =1T04 ;
IF G2 {12) > F2 (J) THEN 200
NEXT 12
12 =5
200 | = {12-1)*6+I1
P() = P} #
NEXTJ

FORJ = 1TOL

R(J) =0

FORI| = 1TO 30

R{J) = RIN+PI*T(, N
NEXT |

NEXT J

J1 1 ;Pick best
R1 R {1)

FORJ = 2T0OL
IFR(J>R1TTHENRTI=R{J):J1=J

NEXT J

PRINT J1

;Correlate

INPUT "TEMPLATE NUMBER,” L
FOR | = 1TO 30

P1{1) =0

NEXT |

FORK = 1708

INPUT "READY?”, Q

{Cal! routine for sampling speech and computing P]

FOR !

= 1T0O30
P1 (1) = P1LI{D+P(I)
NEXT !
NEXT K

FOR! = 1TO 30
T,L) =P1 08
NEXT I

Listing 2: The classifica-
tion and accumulation rou-
tine. This routine takes the
information from arrays
F1 and F2 and stores it in
array P, which represents
the zero crossing plane.

Listing 3: The correlation
routine. This routine com-
pares the completed array
from listing 2 with various
word models in memory
and uses standard statistical
methods to find a best
match. For a ten word
vocabulary  the entire
speech recognition algo-
rithm can be run in less
than 69 ms.

Listing 4: The template
generation  routine. A
“template” is a word
model in the form of an
array. This routine, which
can be run off line (in
BASIC if desired, since
there are no time restric-
tions), is used to generate
all of the word models in
the vocabulary desired.
Eight samples of a given
word are ulttered by the
operator and averaged to-
gether to create each word
template.
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periments (see reference 1). Originally built
with mainly analog components, it could
recognize telephone quality digits from a
single speaker with an accuracy better than
97 percent in real time. A microcomputer
using a minimum amount of extra hardware
can easily duplicate this performance.

The input stage is shown in figure 5. The
speech is low pass filtered at 3 kHz and split
into a 1 kHz high pass channel and a 1 kHz
low pass channel. These filtered signals are
compared with a reference voltage level and
logic outputs indicate the result of the com-
parison. That is, a logic O results from a sig-
nal level greater than the reference and a
logic 1 results from a level less than the ref-
erence. Proper adjustment of the reference
levels will allow the measurement of the sign
of the signal. The outputs from this stage are
connected to the two least significant bits of
a parallel input port.

The microcomputer must sample the
input port every 160 us and count the num-
ber of state changes (zero crossings) over 16
us intervals. If the input is sampled for 60
intervals, then the machine will have “list-
ened”’ for 0.96 seconds, which is more than
enough time to pronounce most individual
words.

Listing 1 is the input algorithm. It is
written in BASIC for illustrative purposes,
but it must be efficiently translated into
machine language to achieve real time
performance. All variables are 1 byte
integers unless otherwise noted. The inner
loop must be executed once every 160 us.
This can be done by using software delays
or an external clock. The listing does not
show details of how this delay is accom-
plished. The F1 and F2 arrays are used to
store the zero crossing counts in each 16 ms
interval for the low pass and high pass
channels respectively. Of course, the *‘|F”
stateménts can be replaced by a simple
‘“rotate into carry, branch if carry'’ in the
machine language code.

The next step is to divide the low pass
versus high pass (F1, F2) plane into 30 re-
gions as shown in figure 6. Then for each of
the 60 intervals, the zero crossing counts in
F1 and F2 are located on this plane and
associated with one of the regions. A 30 ele-
ment array P keeps up with the number of
points in each region. This distribution of
points in the F1, F2 plane is used as the
input pattern to be compared with the refer-
ence patterns.

Listing 2 illustrates the classification and
accumulation routine. The G1 and G2 arrays
contain the information about the division
of the F1, F2 plane. They should be initial-
ized (in BASIC or equivalent machine code)
as follows:



READ G1

DATA 6,13, 19, 25, 32
READ G2

DATA 32, 48, 64, 80

The calculation of index | involves a multi-
plication by a constant 6. This can be most
quickly done by coding:

1= (12:1)%2 + (12-1)%4 + 11

This BASIC statement can easily be trans-
lated into machine language using two left
shifts and addition operations.

The pattern matching is done by correlat-
ing the P array with precomputed reference
patterns for each word in the vocabulary.
The word with the best match is picked as
the most likely utterance.

Listing 3 gives the pattern matcher
routine, expressed in BASIC. L is the num-
ber of words in the vocabulary. R is an array
that contains the calculated correlation
values for each word. T isa 30 by L array of
reference templates. The number corres-
ponding to the template which best matches
the input is printed as J 1. The calculation of
R requires 30 times L multiplications, which
can be very time consuming. For a ten word
vocabulary and an 8080 processor (one 8
by 8 bit software multiply in 230 us) the R
calculation can be done in 69 ms. Also note
that while the numbers in P are always
positive, this does not apply to the numbers
in T. R should be a double precision (2 byte)
number to avoid overflow.

The templates are generated by averaging
several sample patterns for each word. Much
of this task can be done off line rather than
in real time, so it can be coded in BASIC or
other interpretive languages. A direct
machine language coding is relatively straight-
forward, however.

Listing 4 shows how eight patterns are
averaged to form a template. The program
uses the code of listings 1 and 2 to obtain
the pattern in array P. The accumulation of
the P1 array should be done with 2 byte
arithmetic. The division by 8 is accom-
plished by a simple right shift three bit
places.

Finally, a little data massaging is neces-
sary. To make this type of correlation
pattern matching work, each template
should have the same statistical properties.
Specifically, each template should have a
mean value of zero and a normalized
standard deviation. This is easily done with
the program in listing 5. The removal of the
mean is simplificd by the fact that the mean
for each template is the same (60 intervals
divided by 30 regions gives a fixed mean
value of 2). The normalization of the stan-
dard deviation involves computing a square

FORJ = 1TOL

FOR) = 1TO30 Subtract mean
T, =T10,J)=2

NEXT |

S=0

FORI = 1 TO30
S=S+T0,N*T,J)
NEXT |

S§2 = SQRT (S)

FOR!I = 1TO30
T(,J) = 8*T(lJ)/S2
NEXT |

NEXT J

;:Normalize

root. If the square root function subroutine
is not available, then it can be computed
manually with a pocket calculator and
entered by hand (PRINT S : INPUT S2).
This is not too painful since it needs to
be done only once for each word in the
vocabulary. S should be a 2 byte integer,
and the division by S2 should be done using
double precision arithmetic.

The templates can be saved and used
indefinitely without alteration, but new
templates will be necessary for different
speakers. Composite templates can be
made by averaging the reference patterns
of several talkers, but they do not work
as well as individualized ones.

This very simple speech recognizer is only
one of many systems that can be adapted to
microcomputers. Much more information on
the digital analysis and synthesis of speech
can be found in the /EEE Transactions on
Acoustics, Speech and Signal Processing,
which is available in most engineering
libraries.m
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Listing 5: A normalizing
routine. This auxiliary rou-
tine is used to adjust the
statistical properties of
the templates. Specifically,
each template is modified
so that it has a zero mean
value and a normalized
standard deviation. This
is done to insure that all
of the word templates
have the same statisti-
cal properties prior to

correlation.

An Application for This
Speech Aecognition System

An  excellent application
Tor Dr Boddie's system: would
be to use it as a guick way (o
enter hexedecimal code with-
out togsling or typing. The
vocabulary reguired couald ba
kept too-a mimimum f the
pperator pronounces gach digit
separately (ig: "seven, seven,”
not “sewenty seven”} so that
the various compound forms
do not have to be learned. The
computer would then verify
the verbal entry by outputting
the code to & printer or dis-
play screen. Berter wyer, use
this system in conjunction with
8 computerized speech syn-
thesizer such 83 D Lloyd
Rice's Computalker [BYTE,
August 1976, pege 18] to
obtain @ werbal interaction.
A mare saphisticated system
could process verbal op code
mnamonics and essambla them
cireatly in hexadecimal code
on your display sereen for
varification,



Cassette tape and other magnetic tape recording without bit errors requires

that we get our feet wet in the murky waters of error correcting codes . . .

How to Pick up a Dropped Bit

The oxide coating of a
tape is sometimes uneven-
ly distributed, particularly
when the tape is old and

has been used many times.

The phenomenon of the dropped bit
causes difficulties in two distinct areas of
computer technology: in the recording of
data on tape (or disk, or the like), and in the
transmission of data from one place to
another. Suppose, for example, that we are
recording one hundred 32 bit words on a
tape. Out of the 3200 bits that are to be
written on the tape, there is a nonzero
chance that at least one of them will be
wrong. Either it will be recorded as a zero,
when it should have been a one (a dropped

. bit) or it will be recorded as a one, when it

should have been a zero (an added bit). Even
if all 3200 bits are recorded correctly, there
is still a nonzero chance that the next time
we read this tape, we will read at least one of
the one bits from the tape as if it were a
zero, or one of the zero bits as if it were a
one. In such a case we again speak of
dropping a bit, or adding a bit. Often both
dropped and added bits are referred to,
generically, as dropped bits, and we shall
continue to do so in this paper.

In a similar way, suppose we are trans-
mitting a message which consists of bits.
(The message does not have to involve com-
puters at all; it may, for example, simply be
a message from one Teletype to another.) In
a long message there is, again, a very good
chance that at least one bit which is trans-
mitted will be received in the wrong way. It
might be received as a zero, when it is
supposed to be a one, or vice versa. Again we
speak of bits being dropped in transmission.
(One slightly confusing piece of terminology
here is that the entire collection of bits, out
of which a very few are dropped, is very

72

W Douglas Maurer

Rm 634, University Library Bldg
George Washington Univ
Washington DC 20052

often referred to as a ““message,’’ even when
we are not transmitting it, but rather record-
ing it on tape or disk.)

There are many possible sources of
dropped bits. Tapes often have tiny dust
particles on them which interfere with the
reading and writing of data. The oxide
coating of a tape is sometimes unevenly
distributed, particularly when the tape is old
and has been used many times. The same
considerations, of course, apply to floppy
disk memory, or any other kind of memory
involving an oxide coating. In transmitting
messages from one place to another, noise in
the channel and receiver can very easily

" degrade the quality of the reception.

In order to solve the problems created by
dropped bits, we can proceed in two general
classes of ways. The first is to improve our
hardware in such a way that dropped bits do
not occur: We can clean our tapes. We can
throw away our old tapes. We can transmit
messages at a slow rate, and so on. The other
approach is what may be called “picking up”
the dropped bits. The idea is to send a
message that is longer than the original one,
and that is so designed that, even if certain
bits are dropped, the original message can be
recovered. (As we mentioned above, the
word ‘“‘message” is being used here in a
general sense; it may, in particular, be
record written on tape or disk.) :

Picking up a dropped bit is referred to,
more precisely, as “‘error correction,” a term
which must be carefully distinguished from
“error detection.” In error detection, we
simply detect the fact that some bit has been
dropped; we cannot tell which bit is the
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wrong one. If we could tell that, then we
could correct the error, because if a bit is
“one,’ and it is wrong, then it must really be
“zero,” and vice versa. Knowing which bit is
wrong is what enables us to do error
correction.

Both error detection and error correction
are affected by the question of how many
bits in a message are wrong. If we can
tell which bit is wrong, assuming that there
is only one wrong bit, then we have single
error correction — even though we might
not be able to correct more than one error
in a message (or we might correct these
errors in the wrong way). In the same way,
if we can tell, for example, that something
is wrong whenever one or two (but no more
than two) bits in a message are wrong, then
we have double error detection, even though
there might be some patterns of more than
two wrong bits which are such that we can-
not tell that anything is wrong.

A simple way to perform error detection
is by means of what is commonly called
parity checking. In large systems, 8 bit bytes
recorded on an I1BM standard tape are always
accompanied by a ninth bit, the parity bit.
This bit is so chosen that the total humber
of one bits among the nine bits (the original
cight, plus the parity bit) is an odd number
(1, 3, 5 7 or 9). (Sometimes it is done the
other way around, that is, to give even
parity instead of odd parity; but we shall
ignore this alternative for the moment.) Now
let us suppose that no more than one of
these nine bits has been dropped. When the
bits are read again, if the total number of
one bits is an even number, we know that
there has been a dropped bit. We do not
know, however, which of the eight bits was
dropped. (Actually, for all we know, it
might be the ninth bit — the parity bit itself
— that was dropped.)

Parity checking is extended, on IBM
standard tapes, to provide for the possibility
of error correction as well as error detection.
This is done by performing ‘“two-
dimensional'' parity checking, as shown in
figure 1. Each column has a parity bit, and

Parity bits (row) —4

each row also has a parity bit. Now suppose
that exactly one of the bits in the message of
figure 1 was dropped. If that bit was in (say)
the fifteenth column and the second row,
then the parity in the fifteenth column will
be wrong — there will be an even number of
one bits in it, rather than an odd number —
and the parity in the second row will also be
wrong. If these two parities are wrong, it is
then a simple matter to find the bit in the
fifteenth column and the second row and
change it (from a zero to a one or from a
one to a zero).

The assumption that is made in this
parity scheme is that dropped bits will be
infrequent enough that, in a message (or a
record on tape) of this size, only one bit, at
the most, will be dropped. For this reason
the two-dimensional parity checking scheme
of figure 1 is said to provide single error
correction, but not double error correction.
Suppose that the bit in the seventeenth
column and the first row is also dropped.
This means that the fifteenth column, the
seventeenth column, the first row and the
second row will all have wrong parity. In this
case, which two bits are wrong? Let us
denote by (x, y) the bit in column number x
and row number y. In this case, it is bits (15,
2) and (17, 1) that were dropped. But it
could just as easily have been bits (15, 1)
and (17, 2), and exactly the same erroneous
behavior would have occurred. In other
words, we can’t tell, when there is a double
error, where the double error is if this
scheme is used, and thus, we have no way of
correcting it.

The two-dimensional parity checking
scheme does, however, provide double error
detection. Whenever there is a double error,
that is, whenever exactly two bits in the
message are dropped, we can detect this fact.
This is true even when both errors are in the
same column. Of course, in that case, there
will be no way to tell what column the
errors are in. All of the column parities will
be right, because an odd number of bits with
two changes in it remains an odd number of
bits. The only way we can tell that some-

73

Figure 1: A block of data,
eight bits plus parity in
height, 32 bits plus parity
in width, used as an ex-
ample in the text. This
layout of bytes might be
thought of as a block of
data on a standard 9 track
tape drive; or it might be
an internal memory image
of data sent and received
through a serial data port,
bit by bit, as in the per-
sonal computer’s audio
tape interfaces.

Both error detection and
error correction are
affected by the question
of how many bits ina
message dre wrong.




Standard parity checking
schemes of this kind can
be improved upon in two
ways: The first is by in-
creasing their efficiency;
the second is by increas-
ing the number of errors
that can be corrected.

Suppose that there are
no errors at all in a given
256 bits.

thing is wrong, in this case, is that exactly
two of the row parities are wrong. The same
thing is true in reverse, if the two dropped
bits are in the same row, but not in the same
column.

In fact, this scheme will not only detect
all double errors, it will detect almost all
multiple bit errors. If there are more than
two dropped bits, as long as these are
randomly distributed (and not caused by a
scratch on a tape, for example), then the
probability is overwhelming that all of them,
or at least most of them, will be in different
columns, and thus there will be quite a num-
ber of column parities that will be wrong. We
cannot refer to the given scheme as a
multiple error detection scheme, in general,
because there are some cases in which errors
go completely undetected. For example,
consider the four bits we treated earlier,
namely bits (15, 2), (17, 1), (15, 1), and (17,
2). Suppose that these four bits are all
dropped, and that no other bits are dropped.
Now we have an undetectabie error: All our
parities, including those in the fifteenth and
seventeenth columns and in the first and
second rows, will be right. But this is so
infrequent an occurrence that it may, for all
practical purposes, be ignored.

Standard parity checking schemes of this
kind can be improved upon in two ways:
The first is by increasing their efficiency; the
second is by increasing the number of errors
that can be corrected. We shall treat these
points one at a time.

Suppose that the record in figure 1
contained eight rows and 32 columns, for a
total of 256 bits. |If we include the check
bits there are nine rows and 33 columns.
This .means that there are 9+33 =42 dif-
ferent check bits. (The row of check bits has
to have a check bit of its own, of course, and
so does the column of check bits. Sometimes
these are the same, but even if they are,
there are still 41 check bits.) In contrast, we
will now exhibit a clever scheme that re-
quires only eight check bits. |t performs
single error correction, just as does the
scheme of figure 1. It has, however, certain
disadvantages which we will discuss later.

The scheme is as follows. We number the
bits in our message from O to 255. The last
of the eight check bits will be a parity bit for
half of the bits in the message, namely the
bits numbered 1, 3, 5 and so on up to 255.
Note that these are the bits such that the bit
number (1, 3, 5 and. so on), when it is itself
expressed in binary, as an 8 bit quantity, has
a one bit in the last position (indicating that
it is an odd number).

The next to last of the eight check bits
will again be a parity bit for half the bits in
the message. This time, however, it will be
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for the bits numbered 2, 3, 6, 7,10, 11 and
so on, up to 254 and 255. These bit numbers
are all such that, if they are themselves
expressed in binary, as 8 bit quantities, then
the next to last bit of each of these 8 bit
quantities will be a one bit.

The general scheme should now be
apparent. Each of the eight check bits is a
parity bit for half the bits in the original
message. For 1 <k < 8, the k-th check bit is
a parity bit for all the bits that have the
following property: If the bit number is N,
and if N is expressed as an 8 bit binary
quantity, then the k-th bit of this quantity is
a one bit. In particular, the first of the eight
check bits is a parity bit for bits 128, 129,
130 and so on, up to 255, of the original
message.

Suppose now that one of our bits is
dropped. For definiteness, let us suppose
that it is the 99th bit. We express the
number 99 as an 8 bit binary quantity:
01100011. And now let us look at our eight
check bits. Which ones of them are going to
be wrong? The last one will be wrong,
because 99 is an odd number, and therefore
the 99th bit (which was dropped) is one of
the 128 bits (half of the original 256) of
which the parity was taken to form this last
check bit. The next to last check bit will also
be wrong, because 99 has the property that
the second bit from the right in its binary
representation is a one bit. The first check
bit, though, will still be right, because this
represents parity on the 128th, 129th,
130th, etc, bits, and none of these bits were
dropped. :

The general pattern should now be
apparent. |f we look at the eight check bits
from left to right, and if we write a zero for
each parity check that was right, and a one
for each parity check that was wrong, we
obtain the pattern 01100011. This is exactly
the number 99 expressed in binary. And this
means that we can tell that it was, in fact,
the 99th bit that was dropped — which, in
turn, means that we can correct the error.
Thus we have a single error correction
scheme, just as before, enabling us to pick
up one dropped bit.

There are three problems with this
scheme. The first is as follows. Suppose that
there are no errors at all in a given 256 bits.
Then, of course, all the check bits will be
right, and we will obtain the pattern
00000000. But this pattern tells us that bit
number O is wrong! In fact, none of our
check bits involve parity on bit number O at
all, and thus we have no way of telling
whether this bit was dropped or not. This
problem, however, can be solved rather
simply. We transmit only 255 bits of data,
instead of 256, and these are numbered from



] to 255. The efficiency of the scheme is not
too badly affected; we now have eight check
bits for every 255 data bits, rather than eight
for every 256.

The second problem with the scheme is
that we have not considered the possibility
that one of the check bits might be wrong.
Suppose that the last check bit is wrong, and
that all the other bits are right. Then using
the scheme above, we would obtain the 8 bit
pattern 00000001, and this would tell us
that it was bit number 1 of the original 256
that was wrong. In general, an error in any
of the bits numbered 1, 2, 4, 8, 16, 32, 64 or
128 can be confused with an error in one of
the check bits. The solution, however, is
again very simple: We just leave these bits
out. We are now transmitting only 255-8 =
247 bits of data, with eight check bits, and
again the efficiency is not too badly af-
fected. If the 8 bit pattern we obtain
contains seven O bits, and only one 1 bit,
then we know that it is a check bit that is
wrong.

The third problem, however, is more
serious. Suppose that more than one bit out
of the 256 was dropped. Note that in our
scheme, if there is an error of any kind, we
determine one particular bit position to
change. In other words, we always assume
that if there is an error, it is a single error. If
there is a multiple error we are always going
to do the wrong thing. This is in contrast
with the two-dimensional parity checking
scheme, in which we almost always know
that something is wrong, no matter how
many bits get dropped. The only solution to
this problem is a partial one: We can forget
about correcting errors and use this scheme
to detect errors only; and if we do this, all
double errors will be detected. In other
words, this scheme can be used for single
error correction or double error detection,
but not both.

A remarkable property of our scheme is
that the eight check bits can all be generated
simultaneously. We take the exclusive OR of
all the binary integers 00000001 thru
11111111 (or 1 thru 255 in decimal) —
leaving out 1, 2, 4, 8, 16, 32, 64 and 128, as
noted above — which correspond to one bits
in the message. That is, if the i-th bit in the
message is a one bit, then the integer i,
written in binary, is exclusive ORed with all
other integers i with the same property. The
resulting 8 bit guantity consists of pre-
cisely the eight check bits we need. For 1
< k < 8, the k-th bit of this quantity is the
exclusive OR of as many one bits as there
are positions i in the message, such that bit i
is a one bit and the k-th bit of the integer i is
also a one bit, together with a number of
zero bits, which do not affect the exclusive

OR. An algorithm for performing this proc-
ess is as follows:

1. Initialize so as to point to the first bit
of the message.

2. Set R1 = 3. (R1 will contain the index
i as above.)

3. Set R2 = 0. (R2 will contain the eight
check bits.)

4. Set R3 = 4. (R3 will be 4, 8, 16, 32,
etc, as above.)

5. If the current bit in the message is a
zero bit, skip the next step (that is,
go to step 7).

6. Set R2 equal to the exclusive OR of
R2 and R1.

7. Point to the next bit of the message.

8. Set R1=R1+1.

9. If R1 # R3 then go to step 5.

0. Set R3=R3 + R3.

1. If R3 3 512 then go to step 7.

At this point, if we are writing a message,
we append the eight check bits in R2 on to
the end of the message. If we are reading a
message, we. read the next eight bits and
form the exclusive OR of these bits with R2.
If the result is zero, the message is without
error. If itis 1, 2, 4, 8, 16, 32, 64 or 128,
then one of the check bits is wrong. If it is
anything else — call it i — then the i-th bit is
wrong, and must be changed (to a zero if it
is a one, or vice versa). '

It should also be clear that there is a
scheme like this for any number m of check
bits. We have here taken m =8, and the
number of data bits is 2M-m-1 = 256-8-
1 = 247; but we could have taken m = 4, for
example, obtaining four check bits for each
11 bits of data. This provides another
approach to the problem of multiple errors
in 256 bits; we can require only that there
be no multiple errors in 11 bits (say), at the
cost of a certain loss of efficiency.

Is it possible to pick up more than one
dropped bit at a time? That is, can we devise
a scheme that is capable of double error
correction? Yes, we can; we can even provide
n-tuple error correction, for any (fixed)
positive integer n. Schemes for doing this,
however, are quite complex, and their com-
plexity increases with the number of errors
to be corrected. There is a whole subfield of
electrical engineering called the theory of
error correcting codes, which concerns itself
with schemes of this kind. It is remarkable
that error correcting codes involve one of
the few known practical applications of the
theory of Galois fields. (Every mathematician
knows the tragic story of Galois, a French
math student back in the Age of Dueling
who got involved in a challenge to a duel,
and, knowing his opponent was a far better
duelist than he, spent his last night on earth

1
1
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Suppose that more than
one bit out of the 256 was
dropped.

Is it possible to pick up
more than one dropped bit
at a time?




A fundamental concept in
all error correcting code is
“Hamming distance.”

feverishly writing down all the mathematics
he could. He died at 21, a monument to the
stupidity of taking politics too seriously.)

A fundamental concept in all error cor-
recting codes is ‘“Hamming distance.”
Consider two code words Cq and Co; each
code word consists of a message (data bits)
together with the check bits for that mes-
sage. Take the exclusive OR of Cy and Cjp;
the number of one bits in the result is called
the Hamming distance between C and Cy.
If the Hamming distance is 1, this means
that Cy and C, are the same, except for one
bit position at which they are different. This
in turn means that if it was that particular
bit which was dropped, then C; will get
mistaken for Cp, or vice versa.

On the other hand, suppose that a par-
ticutar code has the property that for every
pair of code words Cy and Cp, the Hamming
distance is 3 or more. Now suppose that C
is a code word and C is not. Suppose that
when a message is transmitted, then, due to
some bit being dropped, it is Co that is
received when it should have been Cq. That
is, the distance between C; and Coy is |
(since only one bit was dropped). In this
case the error can always be corrected. That
is, of all possible code words, we can always
tell that Cy is the one we wanted. To prove

this, suppose that there were another code
word, Cgz, that is actually the one we
wanted. Then the distance between C3 and
Cy would be 1 {since we are assuming that
only one bit is dropped), and we already
know that the distance between C| and Co
is 1. But in this case the distance between
the two code words Cy and C3 cannot be
greater than 2, and this contradicts our
assumption that two code words must have a
distance between them of 3 or more.

In general, if the minimum Hamming
distance between any two code words is 3,
the code is a single error correcting code
(although the actual correcting of the errors
might, in some cases, be an elaborate and
inefficient process). We can extend this
immediately and say that, if the minimum
distance is d = 2e+1, the code is an e-tuple
error correcting code (usually referred to
as an e-error correcting code), for any
integer €. This code will not detect any more
than e errors, unless we sacrifice some error
correction capability. If x and y arc integers
with x >y and x+y+1 = d, then we can use a
code with minimum distance d, as above, to
correct any y errors and simultaneously
detect any x errors. As a special case of this,
if y = 0, we can detect any d-1 errors with-
out any error correction capability at all.m
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Figure 1: Conceptually, it’s easy to expand
the effective memory space of a processor
by adding a latched output port which pro-
vides extra high order bits of addressing. The
result is a “paged’’ memory technique which
can address a much larger memory address
space. In this example, four bits added to
16 bits yields 20 address bits, giving a micro-
processor an effective addressing range of
1048576 locations. However, there are dis-
advantages of such a technique in this simple
conception: Each 64 K region is completely
isolated from its neighbors, since the 10 port
technique requires software swiltching
between regions, which cannot in general be
accomplished within one or a small number
of instructions.

Give Your Micro a Megabyte

What is it that makes a microcomputer
“micro?” There are many factors involved,
but one of the most crucial is the small
memory available in most hobby computers.
| had scarcely gotten my Altair up and
running with 8 K of memory before | wanted
to write programs that exceeded its storage
capabilities. Paging programs in and out
from dual cassettes became a major nuisance,
so | gathered my pennies and bought an-
other 4 K memory board. In less than a
month | needed even more storage. It is a
fact of programming life that one must
trade storage space for execution speed in
programs. | tried to write a program in
BASIC to play Mastermind on my Altair.
Mastermind has 1296 possible moves, each
move composed of four numbers. Storing
this optimally would require about 5K
bytes; the BASIC code took nearly 6 K
bytes, leaving me almost no space for my
program. | tried to write the program to
regenerate the moves each turn. This saved
the space, but it took over ten minutes of
computation to respond. Few human play-
ers can put up with such a wait. Don't
think that this lack of memory afflicts
only small machines. | work on several
large computers, each of which has over
100 K bytes of storage. Programs have been
written on each system which strain the
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memory limits. The 'unwritten law has it
that “‘programs expand to fill all available
space.” We programming experimenters
don’t have much control over the structure
of our processor architectures, but we do
build up our own memory systems. In all
systems that | have worked on, the memory
was the single most expensive component.
Peripherals rank second in most systems.
This is the area in which we can upgrade
our machines most readily from the “micro”
class. This article will describe, in a general
way, two methods for expanding the storage
capability of a computer. These methods are
widely used in big machines, but are rarely
built into small machines. This need not be
the case.

Present day 8 bit microprocessors typically
have 16 bit address buses. This implies that a
maximum of 64 K bytes can be directly ad-
dressed. Many minicomputers also have
16 bit buses, but often address up to a
megabyte. How do they accomplish this
apparent bit of magic? Obviously, they must
come up with some more address bits some-
where. Minicomputers do it by using special
registers called mapping registers. These
registers contain the extra address bits. |f the
mapping register contents are fixed, then
only 64 K can be addressed. But by dynamic-
ally changing the bits of (for example) a
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4 bit mapping register, the processor can
effectively address an entire megabyte. In
minicomputers, the mapping function is
usually performed automatically, when
needed, by operating system software. Each
task loaded in the system has access to 64 K,
as determined by its mapping register.
Homebrewed microprocessors can do this,
too, as well as commercial systems with
appropriate modifications. We need to add
a register for mapping. We can’t add the
needed bits to the processor itself, but we
can use peripheral registers as we like. Just
treat the mapping register as an output
device. Figure 1 shows how an 8 bit micro-
processor with 16 address bits can generate
an effective 20 bit address space using a
4 bit output port as a mapping register. A
multitasking operating system could be
written to switch up to 16 tasks, each of
which has access to 64 K. With such systems,
64 K segments of data could be kept in
partitions (64 K space defined by the map
register), separate from the programs in
which they are used. The opportunities for
innovative system design are vast. As men-
tioned, the more memory a system has, the
more complex its programs become.

“Wait a minute!'’, you are asking. ‘“We
were talking about microcomputers with
typically 4 to 16 K. What good is extending
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the address space without the memory? Who
could afford to build a megabyte of storage?”’
Good questions. The answer is the second
trick used by big systems . . . it is called
“virtual memory.” This is quite a sleight of
hand technique. Basically, it amounts to
this: If you can’t have memory at the ad-
dress, move the address to the memory you
have. Nobody expects a system to actually
have a megabyte of on line storage. That is
too expensive for all but the biggest ma-
chines. Disk (or tape) is also a storage
medium. It is slower, but a heck of a lot
cheaper for large volumes of data. Suppose
that some external storage device holds a
lot of data blocked into 4 K chunks. When-
ever the processor asks for data, the chunk
that contains that data is read into a 4K
memory from which the processor gets it.
This is the essence of virtual memory: a
small but fast memory which is being filled
by a large but slow external store. To the
program il appears that its entire address
space is filled with active memory; it just
has to wait sometimes. Since most programs
move more or less sequentially through
memory, many memory accesses are often
made to the same chunk of memory. These
accesses are as fast as the real memory can
be. The system can have several chunks
active at the same time. This, again, is the
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