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DESIGN MOTIVATIONS FOR
MULTIPLE PROCESSOR MICROCOMPUTER SYSTEMS

ARRAY PROCESSOR PROVIDES
HIGH THROUGHPUT RATES

UNIVERSAL SWITCHING REGULATOR
DIVERSIFIES POWER SUBSYSTEM APPLICATIONS



Whether you use an MDS ora
computer for microprocessor-based
system development,

you need this Logic State Analyzer
to speed debugging.

HP'’s 1611A quickly spots those hard-to-find software problems
and hardware malfunctions in your microprocessor-based sys-
tem; whether you use time share, minicomputer or MDS for
system development. In any case, you'll want a powerful stand-
alone logic state analyzer for rapid hardware and software
debugging. HP’s 1611A can help you get your system into
production quickly and help lower your development costs.

Debug your program on operating hardware. With
real-time viewing, you analyze your system’s actual operation.
You can monitor at normal speed or stop the microprocessor
and give control to the 161 1A for single- or multiple-keyed steps.
You can choose either mnemonic or absolute (op codes) so that
you can examine the listing in the microprocessor code. And if
you're using an MDS for system development, you can operate
independently, allowing other users to work on software
development.

Pinpoint virtually any specific event. Trigger on an
address, data, external signal or any combination of the three
to pinpoint a specific location within the program. And you can
get a direct readout of the actual elapsed time or the number of
events between selected points in your program. Add to all this,
range tri , selective store, sequential trigger, min/max total-
lizing of elapsed time or events, and you have a logic state analyzer
that lets you capture those elusive events quickly.

| T —

For $5200%*, get a better understanding of your system using
HP’s 1611A. Your local HP field engineer has all the details.
Give him a call today.

NOW AVAILABLE

8080|6800 | z80 | F8 |6502 (8085|1802 | oiners:

ViVivY

These microprocessor ‘‘Personality Modules”, priced at
$1250* each, let you adapt the 1611A for today’s key micro-
processors. Watch for more to become available early in 1978.
* Domestic U.S.A. price only.

087/16

HEWLETT (hp / PACKARD

S

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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The One and Only

field-tested and proven 125 ips vacuum
column tape transport in the industry.

The Kennedy Model 9300. Two years in design, and
over two years in the field. That's one reason we don’t
ask you to evaluate a 9300 — and help us work out the
bugs. We've already done that. Just ask any of

the more than 3000 owners of Model 9300.

Model 9300 was the first tape transport with such
features as a capacitive tape-location detector; air
bearings and hard coated read-after-write heads.

It's the same story with operating features. Model 9300
offers crystal controlled timing, read threshold
scanning, read-after-write shortened skew gate,
front-accessible test panel, quick-release hubs and

simplified tape loading — to name just a few.

Data densities are 200/556 cpi or 556/800 on the
7-track unit and 800 cpi, 1600 cpi or 800/1600 cpi on
the 9-track transport. The format is NRZ1/PE.

If you're looking for a 125 ips vacuum-column tape
transport, you have two choices. You can help
someone else work out the bugs on their transport —
or go with the acknowledged leader. Kennedy.

KENNEDY CO.

540 W. WOODBURY RD., ALTADENA, CALIF. 91001
(213) 798-0953

‘v

KENNEDY- GUALITY-COUNT ON IT
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THE NEW TALLY T-2000 LINE PRINTER

Added Value
Lower Prices

Tally’'s made a good thing better. Put Tally’s 1978 Here's a sampling of what’s new: Simplified power
Model T-2000 Line Printer next to a 1976 version, supply consumes less power. The unit is structurally
and it's easy to see the improvements have been stronger, yet lighter in weight. Improved air flow lets
made under the hood. Instead of experimenting the unit run cooler. Service accessibility has been
with unproven technologies, we've concentrated improved again. In fact, the mean time to repair has
on improving the proven performance of comb been cut in half. Improved reliability and longer life.
matrix printing. Increased MTBF with no preventive maintenance; no
CIRCLE 3 ON INQUIRY CARD other line printer can match it! All these benefits have

been achieved at lower cost which means lower prices.
Call Tally today. Now you can afford Tally quality.

TALLY Lo

OEM SALES OFFICES BUSINESS SYSTEMS SALES
Boston (617) 272-8070 Orinda, CA (415) 254-8350
New York (516) 694-8444
Chicago (312) 325-9788 .
Los Angeles (213) 378-0805 e
Miami (305) 665-5751 \

San Jose (408) 247-0897
Washington, D.C. (703) 471-1145
San Antonio (512) 733-8153
Seattle (206) 251-6730
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optimum throughput, precision, and dynamic range, at a cost that
allows a wide spectrum of applications
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by Russell J. Apfel and David B. Jones

Based upon built-in independent functions that can be interrelated by
changing pin connections and external parts, an IC switching regulator
adapts to varied power system applications by offering several output
voltage ranges and modes at high efficiency

COMPUTER SIMULATION PROGRAM FOR A
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An enhanced computer simulation program has been coded for the
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HARDWARE/SOFTWARE FOR PROCESS CONTROL 1/0 122
by A. D. Marathe and A. K. Chandra
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Only one company
delivers a
matrix ermer

wit
000,000,000-character
head life
warranty

The Okidata Model 22 125-Ipm, 132-column
printer. No other printer can deliver so much
quality for so long. . .and at so competitive a
price.

Only Okidata can say that, and back it up.

With a head warranty that’s unprecedented in
the industry. 500,000,000 characters. At 100%
duty cycle. Two years of performance. Made
possible by Okidata’s proprietary printing
method.

With features like industry-compatible parallel
interface, microprocessor RS232 serial
interface (with optional current loop),
electronic 12-channel VFU, 10-million-
character life ribbon, and operator-controlled
self-test. In stand or tabletop

versions.

And it's backed by a
nationwide sales-service
network. A committed -
management team with ~~—_ —  ———
the resources to back it —
up. And a growing base of installed

printers throughout the world.

From Okidata. We build more than just
printers. We build confidence.

OKIDAITA

Okidata Corporation

111 Gaither Drive

Mt. Laurel, New Jersey 08054
Telephone: 609/235/2600
TWX: 710/897/0792

Okidata Corporation also offers a family of 110-cps, 80-column
printers; a document/passbook printer; and a series of Winchester
technology disc drives.
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INTRODUGING THE FUNNEL
A TAPE DRIVE GAPABLE OF EMPTYING
A FIXED DISK INTO ONE Y4 GARTRIDGE

The Funnel lets you pack more
data onto a standard }%4"cartridge
than ever before—more than
enough to load and unload an
entire 10 M-Byte fixed disk.

Pay Less Than 2¢ A Kilobit.

The Funnel out-transfers and
out-stores a typical cartridge
system 4 to 1. And it out-savesall
systems on a cost per kilobyte
basis. Featuring 4-track, serial
recording at 6400 BPI, The Fun-
nel boasts a transfer rate of 192
kilobits per second.

For OEM price quotations and
more details, call 213/351-8991.
Or write: The Funnel, Data Elec-
tronics, Inc., 370 N. Halstead St.,
Pasadena, Calif. 91107. Telex
67-5327.

Condensed from a recent independent, nationally published study.

Double-
Typical Density Typical 4" The
Cassette Diskette Cartridge Funnel
Data Transfer Rate 24 500 48 192
(K Bits/sec.)
Recording Density 800 6400 1600 6400
(Bits /inch)
Unformatted Capacity 0.7 08 287 11.52
(M Bytes)
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Certified Cartridge

Add It To Your Mini System.

WE STORE BYTES
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LETTERS TO THE EDITOR

To the Editor:

I have many complaints about A.
Scott McPhillips’s article “Magnetic
Tape Formatter Design Reduces Hard-
ware/Software Requirements” (Com-
puter Design, Nov 1977, pp 99-104).
McPhillips has focused entirely on
the formatter to tape drive data path;
he ignored the input data path. This
latter path sharply restricts the utility
of the formatter.

For each input byte, the 8080 mi-
croprocessor must compute the parity
of the byte and the byte’s contribu-
tion to the block’s crcc. How long
does this take? If he could do it in
20 instructions/character (I doubt
it), then every byte would need 55
us of processing before it could be
written on the tape. At best his
throughput would be 20k bytes/s; he
need only use tape drives that match
this throughput. The most common
magnetic tape is 9-track recorded at
800 bits/in—a 25-in/s drive will give
a 20k-byte/s throughput. A 45-in/s
drive will sit idle about half the

time—so why pay more for a faster
drive?

Another complaint is that the for-
matter does not overlap bus input
and tape output operations. When
the microprocessor is writing on tape
it does not look at the bus—conse-
quently some data can be lost. At
25 in/s and 800 bits/in it takes at
least 50 ms to write a lk-byte block.
(This 50-ms dead time also slows
down the throughput.)

The formatter is of questionable
utility. The 8080 is not fast enough
to play character 1/0 for high sneed
peripherals. The formatter’s architec-
ture slows throughput without adding
features like double buffering. Micro-
processors have many applications in
high speed peripherals—but be sure
they can do the whole job: there’s no
reason to make a 25-in/s controller
for a 45-in/s drive unless you like to
throw money away.

Gerald Roylance
26A Surrey St
Cambridge, Mass

To the Editor:

The article “Design Guidelines for a
Computer Voice Response System”
by Paul Thordarson (see Computer
Design, Nov 1977, pp 73-82) was
interesting and informative, but not
as complete a discussion as would be
expected from its title and introduc-
tion. Although it may have been de-
sirable to eliminate discussion of the
fundamental technique used for many
years by the earliest voice-response
manufacturers, it seems strange that
this technique was not mentioned in
passing, since many vendors still mar-
ket voice response devices based upon
it. This technique, for reference, sim-
ply involved direct recording (either
magnetic or photographic) of words
or word segments on parallel tracks

6

of a rotating drum. Access was very
simple, of course, as long as simple
messages with small vocabularies
(typically 32-64 words) were de-
sired. This technique has the great
advantage of very little interaction
with the processor, since outputs of
seconds in duration could be provided
with only one to two bytes of infor-
mation (ie, the track number) rather
than the tens of thousands required
by the digital sampling techniques de-
scribed by Thordarson.

The major disadvantage of this
direct recording technique, other than
vocabulary size, was the fact that
audio or voice output was quantized
in time segments equal to a fixed frac-
tion of the rotation time of the drum,
and was typically 0.5 or 0.6 s. A
smooth, continuous message is very

difficult to provide using this tech-
nique.

A “hybrid” system developed and
marketed by Periphonics Corp has
been very successful in incorporating
the advantages of both the direct
recording technique and sampling
techniques described by Thordarson.
In this method a patented recording
technique is employed, in which sam-
ples are directly recorded on a fixed-
head magnetic disc in an interlaced
manner, with sample size recorded
in transition-time spacings rather
than as digital data. The recording
procedure provides for about 6 s of
audio on a single track at 1800 r/
min. Since the playback technique
involves only selecting the correct
track and “start” and “stop” positions
on that track, three bytes of data
may suffice to output several seconds
of audio. The advantages of this tech-
nique include: most natural sounding
reproduction of recorded voice; vari-
able word-length (to include lengthy
phrases); multiple line outputs (up
to 93 telephone lines is typical); and
very little processor involvement (less
than 0.1% of the data throughput re-
quired by digital techniques).

This voice-response technique
(Voicepac 2000) cannot be disre-
garded in any serious discussion of
state-of-the-art voice response systems.

W. Dwain Simpson
Periphonics Corp
Bohemia, NY

Letters to the Editor should be
addressed:

Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460
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revolutionary:

a complete, high
resolution, color graphics

It's also:

® an infelligent terminal with simple 1/O.

® a display processor with Z-80
microcomputer.

® a stand-alone computer with optional

fioppy disc.

| a software development system with
assemblers, text editors, and BASIC.

® a keyboard accessible colorgraphics
design machine with vector, circle,
arc, and rectangle.

m a color display with variable size
alphanumerics.

in a single compact
package foryour:

a process control systems.
® medical instrumentation systems.

@ business graphics/alphanumerics
applications.

m data processing configurations.

u credit verifying stations.

8 computer aided design.

& fomography and themography
readout.

a utility control central stations.

8 comporate financial information
access stations.

u sofiware development.
s drafting and graphics design.
m reservations terminals.

¥Single quantity domestic USA price for
13" tube with 512 x 256 resolution.

512 x 512 resolution and 15" and
19" tubes available. lllustration
is of 19" tube model.

For more information call
your local-area Chromatics
representative listed below.
Or contact one of our factory Applications
Engineers at Chromatics, Inc.,

3923 Oakclift Industrial Court,
Atlanta, Georgia 30340
404-447-8797

SALES REPRESENTATIVES
Ala.: Huntsville Col-Ins-Co. 800/327-6600
Ariz.: Phoenix Thorson Co. 602/956-5300

Calif.:
Calif.:
Calif.:
Calif.:
Calit.:
Colo.:

Irvine Thorson Co. 714/557-4460

Los Angeles Thorson Co. 213/476-1241
Mountain View Thorson Co. 415/964-9300
San Diego Thorson Co. 714/292-8525
Santa Barbara Thorson Co. 805/964-8751
Denver Thorson Co. 303/759-0809

800/432-4480 (inside Fla.)

800/327-6600 (outside Fla.)
Ga.: Atlanta Col-Ins-Co. 800/327-6600
La.: Baten Rouge Col-Ins-Co. 800/327-6600
Mass.: Framingham Bartlett Assoc. 617/879-7530
Md.: Bethesda Bartlett Assoc. 301/656-3061
Mich.: Detroit WKM Assoc. 313/588-2300
N. Mex.: Albuquerque Thorson Co. 505/265-5655
N.Y.: White Plains Bartlett Assoc. 914/949-6476
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Chromatics

NEW DIMENSIONS IN COLOR GRAPHICS
Fla.: Orlando Col-Ins-Co. 305/423-7615 (local calls)

See you in Anaheim!
Booth 1726, NCC exhibit.

. ™

N.C.: Winston-Salem Col-Ins-Co. 800/327-6600
Ohio: Cleveland WKM Assoc. 216/267-0445
Ohio: Dayton WKM Assoc. 513/434-7500

Pa.: Pittsburgh WKM Assoc. 412/892-2953
Pa.: Wayne Bartlett Assoc. 215/688-7325

$.C.: Columbia Col-Ins-Co. 800/327-6600

Tex.: Austin Thorson Co. 512/451-7527

Tex.: Dallas Thorson Co. 214/233-5744

Tex.: Houston Thorson Co. 713/771-3504
Wash.: Seattle Thorson Co. 206/455-9180



“We can use anybody’s
050" centerline cable with
AMPLIMITE HDF connectors.

And get mass
termination efficiency.”

And there are no exceptions. AMPLIMITE e Matched application tooling assures

High Density Flexible connectors work with highest production rates and lowest
all .050 " centerline 28-30 AWG round applied cost.
conductor ribbon cable. You get an axial o Integrated cable strain relief.

f:ablte-to-flcl)nneClctor mt;rface second to none For more information on AMPLIMITE
I HDF connectors, just call Customer

AMPLIMITE HDF connectors provide Service at (717) 564-0100. Or write
complete packaging flexibility. They are AMP Incorporated, Harrisburg,
available in 15-, 25- and 37-position sizes, PA 17105.

and have through-cable capability for
“daisy chain” applications. They intermate
with other D-type connectors, including
AMPLIMITE all-plastic right-angle headers.
HDF connectors are at work in computer
peripherals, modems, instrumentation,
industrial controls, and word processing
systems. They are completely compatible
with transmission specification RS-232.

AMPLIMITE HDF connectors give you Sl
another plus. AMP technical assistance and *
support. It’s thorough, complete,
professional aid you can call on even
during project planning. It can help make
sure your design will be efficient and
effective right from the start.

There are more advantages with

AMPLIMITE HDF connectors:

¢ Probe-ability for convenient circuit
testing with connectors in place.

o Compatibility with ‘‘dead center” and
‘“‘dead edge” designs.
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AMP has a better way
... Mass Termination.

AMP pioneered the concept

and today is the acknowledged
leader with the industry’s widest
range of application experience.
We have mass termination
connectors for discrete wire and
virtually any type of cable:
ribbon coaxial, flat etched,
twisted pair, round conductor, flat
flexible. All have preassembled
contacts, eliminate costly wire
preparation and offer productivity
savings and benefits never
before possible. If you would
like details on any of our other
mass termination ideas, call
Customer Service at

(717) 564-0100.

AMP & AMPLIMITE are trademarks of
AMP Incorporated.

INCORPORATED




| cALENDAR

APR 4-6—DATA ‘78, Sheraton Ctr, Toronto,
Ontario, Canada. INFORMATION: Sheila
McLaughlin or Jean LaPrairie, Whitsed Pub-
lishing Ltd, 2 Bloor St W, Suite 2504,
Toronto, Ontario M4W 3G1, Canada

APR 4 and 6—Invitational Computer Conf,
Sheraton Heights, Hasbrouck Heights, NJ;
and Valley Forge, Pa. INFORMATION: B. J.
Johnson & Associates, 2503 Eastbluff Dr,
Suite 203, Newport Beach, CA 92660. Tel:
(714) 644-6037

APR 12-14—Pattern Recognition and Arti-
ficial Intelligence, Nassau Inn, Princeton,
NJ. INFORMATION: Prof Y. T. Chien, Dept
of Computer Science, U of Conn, Storrs, CT
06268. Tel: (203) 486-4816

APR 17-20—Design Engineering Show, Mc-
Cormick PI, Chicago, Ill. INFORMATION:
Clapp G Poliak, Inc, 245 Park Ave, New
York, NY 10017. Tel: (212) 661-8410

APR 18-20—16th Annual Internat’l Relia-
bility Physics Sym, Town and Country Hotel,
San Diego, Calif. INFORMATION: Jerome
Sohn, Publicity Committee, Charles Stark
Draper Laboratories, 555 Technology Sq, MS
55, Cambridge, MA 02139. Tel: (617) 258-
4637

APR 18:20—Mini/Micro Computer Conf and
Expo, Philadelphia, Pa. INFORMATION:
Robert D. Rankin, 5528 E LaPalma Ave,
Suite 1, Anaheim, CA 92807

APR 18-20—The Society for Information Dis-
play Internat’l Sym, Hyatt Regency Hotel,
San Francisco, Calif. INFORMATION: Lewis
Winner, 152 W 42nd St, New York, NY
10036. Tel: (212) 279-3125

APR  24-26—28th Electronic Components
Conf, Disneyland Hotel, Anaheim, Calif. IN-
FORMATION: J. A. Bruorton, Mktg Admin-
istration Dept, Union Carbide Corp, PO Box
5928, Greenville, SC 29606. Tel: (803)
963-6348

APR 25-26—26th Annual National Relay
Conf, Oklahoma State U, Stillwater, Okla.
INFORMATION: School of Electrical Engi-
neering, Engineering Ext 301 EN, Oklahoma
State U, Stillwater, OK 74074

APR 28-30—PERCOMP ‘78, Long Beach
Conv Ctr, Long Beach, Calif. INFORMA-
TION: Royal Exposition Mgmt Corp, 1833
E 17th St, Suite 108, Santa Ana, CA 92701.
Tel: (714) 973-0880

MAY 9-12—Internat’l Magnetics (INTER-
MAG) Conf, Palazzo Dei Congressi, Florence,
Italy. INFORMATION: E. Della Torre, Dept
of Electrical Engineering, McMaster U, Ham-
ilton, Ontario L8S 4L7, Canada

10

CONFERENCES

MAY 10-12—3rd Internat’| Conf on Soft-
ware Engineering, Hyatt Regency Hotel,
Atlanta, Ga. INFORMATION: Harry Hay-
man, PO Box 639, Silver Spring, MD 20901.
Tel: (301) 439-7007

MAY 15-16—2nd Internat’l Sym on Large
Engineering Systems, U of Waterloo, Water-
loo, Ontario, Canada. INFORMATION: Prof
G. J. Savage, Dept of Systems Design, U of
Waterloo, Waterloo, Ontario N2L 3Gl,
Canada

MAY 18—Trends and Applications: Distrib-
uted Processing, Gaithersburg, Md. INFOR-
MATION: Distributed Processing, PO Box
639, Silver Spring, MD 20901

MAY 22-26—7th Annual Sym on Incremental
Motion Control Systems and Devices, Hyatt
Regency O'Hare, Chicago, Ill. INFORMA-
TION: Prof B. C. Kuo, Dept of Electrical
Engineering, U of lllinois at Urbana-Cham-
pagne, Urbanag, IL 61801. Tel: (217) 333-
4341

MAY 23-25—ELECTRO ‘78, Boston-Sheraton,
Hynes Auditorium, Boston, Mass. INFORMA-
TION: W. C. Weber, Jr, IEEE ELECTRO,
31 Channing St, Newton, MA 02158, Tel:
(617) 527-5151

MAY 29-JUNE 7—INTERNEPCON MOS-
COW ‘78 (Internat’l Electronics Production
Conf), Expo-Ctr, Pavilion 1, Krasnaja Pres-
naja Pk, Moscow. INFORMATION: Harry
Lepinske, Industrial & Scientific Conf Mgmt,
Inc, 222 W Adams St, Chicago, IL 60606.
Tel: (312) 263-4866

JUNE 4-7—Internat’l Conf on Communica-
tions, Sheraton Hotel, Toronto, Ontario,
Canada. INFORMATION: F. J. Heath, Power
System Operation Dept, Ontario Hydro Elec-
tric Power System, 700 University Ave, Tor-
onto M5G 1X6, Canada

JUNE 5-8—1978 Nat'l Computer Conf
(NCC), Anaheim Conv Ctr, The Disneyland
Hotel Comp, Anaheim, Calif. INFORMA-
TION: AFIPS, 210 Summit Ave, Montvale,
NJ 07645

JUNE 12-13—Microcomputer-Based Instru-
mentation Sym, Nat’'| Bureau of Standards,
Gaithersburg, Md. INFORMATION: Dr Hel-
mut Hellwig, Nat’l Bureau of Standards, Rm
A-1002 Administration, Washington, DC
20234. Tel: (301) 921-3181

JUNE 12-15—MIMI ‘78 (4th Internat’l Sym
and Exhibition of Mini and Microcomputers
and their Applications), Zurich, Switzerland.
INFORMATION : Secretariat MIMI ‘78 Inter-
convention, c/o Swissair Postfach, 8058
Zurich, Switzerland

JUNE 12-16—T7th Triennial IFAC World
Congress, Helsinki, Finland. INFORMATION:
IFAC ‘78 Secretariat, POB 192, 00101 Hel-
sinki 10, Finland

JUNE 15—17th Annual Technical Sym of
ACM and NBS, Nat’l Bureau of Standards,
Gaithersburg, Md. INFORMATION: U.S. Dept
of Commerce, Nat’l Bureau of Standards,
Washington, DC 20234

JUNE  20-22—Internat’l  Microcomputers,
Minicomputers, Microprocessors ‘78 Conf,
Palais des Exposition, Geneva, Switzerland.
INFORMATION: Joseph C. Maurer, Indus-
trial & Scientific Conf Mgmt, Inc, 222 W
Adams St, Chicago, IL 60606. Tel: (312)
263-4866

JUNE 21-23—Internat’l Sym on Fault Toler-
ant Computing, Toulouse, France. INFORMA-
TION: IEEE Computer Society, PO Box 639,
Silver Spring, MD 20901

SEMINARS

MAY  1-3—Plastic Part Design, Royal
Inn/Airport, Atlanta, Ga. INFORMATION:
Plastic Design Form Seminars, 1701 N Damen
Ave, Chicago, IL 60647. Tel: (312) 278-
9311

MAY 15-17—Computer-Communication Net-
work Design and Analysis, Chicago, Ill. IN-
FORMATION: Heidi E. Kaplan, Dept 14NR,
New York Mgmt Ctr, 360 Lexington Ave,
New York, NY 10017. Tel: (212) 953-7262

SHORT COURSES

APR 10-14—Data Communications Systems
and Networks, George Washington U, Wash-
ington, DC. INFORMATION: Director, Con-
tinuing Engineering Education, George Wash-
ington U, Washington, DC 20052. Tel: (202)
676-6106

APR 12-14—4th Annual Asilomar Workshop
on Microprocessors, Pacific Grove, Calif. IN-
FORMATION: Ted Laliotis, ASI, Inc, 840
Del Rey Ave, Sunnyvale, CA 94086. Tel:
(408) 739-6700

JUNE 17-24—Advanced Microcomputer In-
terfacing and Programming Workshop, TSS
Carnivale, Carribean. INFORMATION: Dr
Norris Bell, Virginia Polytechnic Institute and
State U, Continuing Education Ctr, Blacks-
burg, VA 24061. Tel: (703) 951-6208
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Our floppy disk system
delivers twelve things
DEC’s can’t.

Like eggs, product benefits are better when they come in dozens T
Especially, when they're cheaper by the dozen. For $1,000 less than the RXO1 .
the DSD-210 floppy disk system brings you twelve things DEC can't deliver at any pnce

Just load/address 173000 ~ The confidence & reliability Plus

and go with your PDP-11. ' that only Shugart drives can 4. Complete modularity

An all new hardware bootstrap give. Data Systems uses only 5. Write protect switches
forthe PDP-11. No one can offer you field proven Shugart drives, the 6. Diskette formatting capability
a simpler, more reliable way to attach industry standard for reliability and 7. Up to three drives per controller
a floppy disk system to your PDP-11. performance. Your choice of one, two 8. Interchangeable 50/60 Hz

or three of these rugged drives in operation
Save $300 and a Q-bus slot your DSD-210. 9. Front panel activity LED lights
on your LSI-11. With this I ) 10. Front panel system status

indicators
11. Self-testing microcode
12. Quick delivery

new interface card with built-
in bootstrap, you can save the cost
of DEC's REV 11 card and the Q-Bus
slot it takes up. The L-11 bootstrap
includes dynamic memory refresh,
clocking circuits, and bus termination.

3130 Coronado Drive
Santa Clara, California 95051
(408) 249-9353

@registered trademark of Digital Equipment Corporation
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MICROPROGRAMMED CONTROL.

Advanced Micro Devices

continues its advanced course in At the heart of the microprogrammed
microprogrammable microprocessing. machine is a memory and a sequencer.

Step by step, function by function, month At a minimum, the sequencer will incre-
by month, we’ll show you how to build a fast, ment through addresses and branch to other
powerful microprogrammed machine. addresses in the memory.

And on December 31, 1978, you'll know But in more sophisticated architectures,

what we know. As it turns out, that’s quite alot.  system demands are much higher.

BUILDING A
MICROCOMPUTER,
CONTINUED.
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AM2910:
A ONE-PART SOLUTION TO
A FOUR-PART PROBLEM.

Now there’s the Am2910, a one-part micro-
program sequencer capable of solving a four-
part problem.

It provides the ability to step sequentially
through memory locations. It can branch on a
single cycle to any of several externally speci-
fied addresses. It allows you to jump to or
return from subroutines up to five levels deep.
And it can count iterations of a loop of instruc-
tions or a single instruction up to 4096 times.
(Just say how much and how many rounds.

It not only counts; it branches out when it’s

finished.) IT WASTES
NO TIME GETTING THERE.

In one part, the Am2910 provides a 12-bit
wide address field —enough to address 4096
words of microprogram.

Plus: by combining the Am2910 with our
new Am29775 512x8 PROM with built-in
output registers, microcycle times of 100 nano-
seconds can be achieved. 100 nanoseconds!

If you've got a microprogram control problem
in four parts, we've got a solution in one:
Am2910.

BUILD YOUR LIBRARY, TOO.

Each of these monthly messages is backed by
a ton of theory and applications information.
Send in this coupon and we'll send you Chapter
Two and tell you how to get the whole book.

| Advanced Micro Devices
| 901 Thompson Place
| Sunnyvale, California 94086

| 1 want to build a microcomputer this year. Sign me up.
I Name
| Title
| Mail Stop
: Company
| Address

Advanced
Micro Devices

'

Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone (408) 732-2400

Next, Chaptér Three: The CPU.
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COMMUNICATION CHANNEL

SYNCHRONOUS TIMING ERROR

CHARACTERISTICS

John E. Buckley

Telecommunications Management Corporation
Cornwells Heights, Pennsylvania

Data communications errors can result from incom-
patibilities between receiver and transmitter timings
when asynchronously timed transmissions are being
used, as last month’s column revealed. Asynchronous
timing generally is used for data transmissions of 1800
bits/s and less; synchronous timing is wused almost
universally over 1800 bits/s. Qualification of these tim-
ing methods and data rate ranges is necessary, how-
ever, since technically it is possible to use synchronous
timing at low data rates. Most current interactive display
terminals (crrs) use asynchronous timing and are elec-
tronically capable of exchanging data at rates up to
9600 bits/s. However, they cannot have their inherent
timing method easily modified; therefore, they simply
retain the asynchronous timing even at data rates that
are thought to be indicative of synchronous timing.

The modulator/demodulator (modem) and its associ-
ated data terminal are vital to the execution of the
synchronous method, since both are active components
that must be coordinated in order to generate and
recover the transmitted signal. Error probabilities can
therefore result from potential incompatibilities be-
tween each of these component areas, as well as be-
tween the transmitted signal and either of these com-
ponents. Even if the two modems are each compatible
with the transmitted signal, it is still possible to ex-
perience data errors because of a basic incongruity
between the modem and its data terminal. With asyn-
chronous timing, the passive modem is not involved
in signal timing considerations. It merely converts ana-
log and digital signal patterns into their counterparts
at rates up to the designed linear bandpass of the modu-
lator and demodulator sections.

This perspective of synchronous timing assigns the
occurrence of data errors exclusively to the data re-
ceiver. It is important to realize that an actual data
error does not exist in a data transmission until the
signal is recovered erroneously. Adjustments in the
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data transmitter may correct some errors. Since actual
data error occurrence, however, is a function of the
data receiver, this discussion of synchronous timing
error characteristics will focus on the data receiver
perspective.

When data are transmitted using this method, a con-
tinuous time spectrum of data signals is treated as a
unit. The timing aspects are generated and recovered
with respect to the entire time spectrum, without re-
gard to the individual segments that comprise that
spectrum. While asynchronous transmission focuses on
each data segment (ie, character) as an independent
unit, synchronous transmission deals with multiple seg-
ments as a unit, and hence refers to data blocks that
are made up of a number of characters.

To recover a synchronous data transmission, both of
the modems must first be synchronized with respect
to the occurrence and duration of each transmission
sample, as well as the digital data bits represented
by that sample. This level of signal compatibility is
typically within the jurisdiction of the modems. The
second level of timing compatibility, which is the re-
sponsibility of the digital data terminal devices, ad-
dresses the proper recovery of the individual data bytes
or characters in addition to the value of the separate
bits comprising those bytes. A compatible and syn-
chronized exchange of digital bit streams and timing
clock signals must be maintained between the modem
and data terminal. If these areas of required timing
compatibility are all achieved, data reception will be
free of timing related errors. Even with compatibility
among all these timing factors, it is still possible to
have data errors due to actual transmission signal
permutations.

Synchronized recovery of the transmitted information
sample must first be achieved and maintained. Most
data sets or modems operating over 1800 bits/s are
multilevel devices. At lower transmision rates, a unique
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Emerged as the tough competitor

for standard and custom motors

Many O.E.M.’s count on Doerr Electric for custom
designed and off-the-shelf standard motors. We
put over 35 years of manufacturing experience

into every motor we make. Doerr Electric has

the engineering strength, production facilities

(7 plants), quality control, and competitive
pricing to meet your needs.

You can count on tough-to-beat Doerr Electric
motors for demanding performance and year-
after-year reliability. For details, write or

S B call the Doerr Electric Sales Dept.

\ \ ‘VOERR Do RR

P.O. Box 67, Cedarburg, WI 53012, (414) 377-0500
Telex: 026744

T
Doerr Electric standards include AC and over 200 C-face models. Special designs, shell motors. Doerr Electric also produces
DC fractionals, integrals . . . single phase, too...severe duty, reversing, synchronous, gear reducers and gearmotors. SCR speed
three phase. .. explosion proof...1/8t0o30 pancake, encapsulated, hoist duty, high controls designed for chassis, wall, or
hp . .. NEMA 48 to 286T frame including frequency, arbor, close-coupled pump,and remote mounting.
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perry Univac minis can

We use an Auto-trol Corporation system
to draw printed circuits for our new mini's.
Every one of the Denver-based firm's auto-
mated design and drafting systems contains
one of our own Sperry Univac mini’s.

The real-time capability of Sperry Univac
mini’'s allows each Auto-trol interactive, multi-
discipline system to support up to twelve
design stations. Not only can the designer
perform a variety of design/drafting functions
in 2 and 3 dimensions, but also concurrently

generate bill of material, wire lists, job
accounting, and other tasks.

The Sperry Univac mini behind this
amazing system is just part of our complete
family of mini-computers supported by
powerful software.

One of them is right for your system
application. Whether it be business data pro-
cessing, scientific, instrument control, or
data communications.

For more information, write to us at
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draw their own replacements.

Sperry Univac Mini-Computer Operations,

2722 Michelson Drive, Irvine, California 92713.

Or call (714) 833-2400.

In Europe, write Headquarters, Mini-
Computer Operations, London NW10 8LS,
England.

Sperry Univac. Mini's that think like
mainframes.

They should draw your interest. Even if
you don't draw schematics.
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analog information sample or state is generated by
the modulator for each digital state maintained on
the Send Data lead of the EIA interface to the modem.
With multilevel modems, this sample represents the
actual digital values of two or more consecutive data
bits presented in sequence to the Send Data lead of
the modem’s digital interface. With a dibit modem, one
of four different information samples may be gen-
erated by the modulator to the transmission channel;
tribit or quadrabit modems generate one of eight or
one of 16 possible information samples. This data com-
pression technique accounts for a lower baud rate
(analog) being generated by a higher bit rate (digital).

Both the generating modulator and receiving demodu-
lator must be coordinated with respect to the occurrence
of each specific information sample. This can be accom-
plished with the initial transmission of a synchronizing
pattern to the demodulator. While this pattern has no
correlation to actual data content, it does contain suffi-
cient signal transitions to permit the demodulator to
establish a framing reference of the transmission sample.
It is exchanged solely between the two modems, typical-
ly occurring between the activation of the modulator’s
Request to Send EIA lead and the Clear to Send lead
response for controlled carrier modems. With continuous
carrier modems, this procedure is performed auto-
matically on the initial power on and channel con-
nection state. Whenever there is a period of nondata
transmission, this synchronizing procedure is again per-
formed to insure that information sample synchroniza-
tion is maintained. During actual data transmission,
sufficient signal transitions occur to maintain the re-
quired synchronization.

This pattern’s actual content and recovery param-
eters are distinct for each modem manufacturer. Use
of modems of different manufacture on the same chan-
nel, a common practice with lower data rate trans-
missions, is not possible with higher data rates. While
some exceptions may exist, the user is unknowingly
risking a potential timing incompatibility. It is more
prudent to use the same modems on the same channel.

The modulator establishes the framing synchroniza-
tion of the transmission sample; the demodulator must
detect and adjust to this synchronization in order to
properly recover the information sample. If initial syn-
chronization between two modems is being experienced,
the problem usually is the demodulator. In such a case,
it is important to confirm that the modulator is not
generating an inconsistency in the timing of the syn-
chronizing pattern. This jitter occurrence can also be
introduced by the interconnection communications chan-
nel; thus the demodulator may be experiencing in-
consistent framing references from successive informa-
tion samples.

Once the synchronizing pattern is properly recovered
and the demodulator has adjusted its internal timing
to meet the timing of the remote modulator, the ac-
tual data transmission can occur. As each data informa-
tion sample is recovered by the modem, the actual dig-
ital bit value sequence represented by that information
sample can be reconstructed and sent to the associated
digital device at the EIA interface. At the same time,
a digital clocking signal that is in phase with the
generation of the digital data bits is sent to the data
device.

In more sophisticated modems, the digital clocking
signal is generated by an independent digital timing
source associated with the demodulator, Only the relative
phase of this clocking signal is adjusted with respect
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to the generation sequence of the reconstructed digital
data bits. Some less expensive synchronous modems do
not utilize an independent timing source at the demodu-
lator. In these modems, the clocking signal is derived
directly by signal changes of the received information
sample, making it possible to properly reconstruct the
digital data bit sequence with respect to bit value and
duration, and to generate a clocking signal which has
jitter or is momentarily out of phase due to a permutation
of the analog characteristics of the recovered information
sample. The result is that the data device associated with
the modem recovers an erroneous bit(s).

Beyond this point in the transmission, the responsi-
bility for synchronization becomes associated primarily
with the receiving data device rather than the modem.
The information sample timing has been synchronized,
the digital data bits have been reconstructed properly,
and a clocking signal has been generated that is in
phase with the digital data bits being sent to the
receiving data device. The data device must now deter-
mine the structure of a data byte or character.

For correct identification of the beginning and ending
bits of each data byte, a series of synchronizing char-
acters or bytes must precede each transmitted unit or
block. These patterns are distinct from those required
by the modems. A synchronizing character contains a
known bit sequence that has been prestored in the
receiving data device. It receives each bit, adds it to
the previously received data bits, and makes a com-
parison with the prestored bit sequence. If the compari-
son is valid, the following number bits that are known
to comprise a byte are accepted, and the comparison
is performed again. If a match is found, byte syn-
chronization is declared by the receiving data device.

Byte synchronization is usually dependent on two
successive valid byte comparisons. The transmitting
data device must precede each block or transmitted
unit with a minimum of three synchronizing characters.
It is recommended that more than three such characters
be transmitted in actual practice. In this manner data
bit errors or occasional recovery latency at the demodu-
lator can be overcome automatically without the actual
occurrence of a data block error.

Once the byte synchronization status is achieved, the
receiving data device merely counts the received data
bits and determines a byte each time the established
number of bits/byte has been reached. Synchronously
timed data transmission has an inherent requirement:
the data content must somehow instruct the receiving
data device that the block has ended, reverting it back
to search for byte synchronization. Terminating the
transmitted data block with an End character accom-
plishes this. The End character is similar to the pre-
ceding synchronizing characters in that it is of a fixed
and known bit pattern. The receiving data device begins
to search for the End character with each successive
character once byte synchronization has been achieved.
When the End character is detected, the receiving data
device reverts to searching for the next synchronizing
character.

Every data communications system utilizes data error
correction schemes. From the simple parity detection
method to polynominal self-correcting codes, these pro-
cedures are intended to protect against transmission-
induced data errors. Unless timing compatibility is
achieved and maintained, these traditional error pro-
tection procedures are ineffective. Timing compatibility
is realized during the initial application design and
implementation periods—not after the network has be-
gun its attempted data transmissions.
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Your minicomputer could
operate faster and more reliably
with fixed-head disc storage...

If you're presently evaluating auxiliary memory for your mini-
computer, you should know more about the price/performance of
today’s fixed-head disc storage. Thanks to recent manufacturing re-
finements and improved designs, this fast, reliable memory is afford-
able for many new applications.

Fixed-head disc storage has long been the choice for those mini-
computer systems operating in hostile environments—or for those
demanding fast access times. Today, its reliability and speed come
with a lower price tag. And you should carefully consider what this new
price/performance means before you select your next auxiliary memory.

We'd like to help you evaluate fixed-head disc storage in today’s
terms by sending you our file of application and product data. To get
your copy, use the coupon below.

Wed like to
tell you why...

Yirwer rrsihconnmater could
Areraree faster aod more reliabily
wiAtly Finencd-Frerancd Fisc storage...

Wee o like to>
tell yous stay...

DAVAFLLOC

1050 Stewart Avenue Sunnyvale, California 94086
Telephone: (408) 732-7070 TWX: 910-339-9399
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, O Please send your data file

which will help me evaluate fixed-
head disc storage in today’s terms. \
/ 0 My need is now. Have an applications
specialist phone me: ( ) \
l Ext. =
1
Name -
Position
Company

' Address
City/State/Zip
My minicomputer is =

My application is .
CD3
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Network Processing Systems Provide Support
For SNA/SDLC Users With 3790 Emulation

To meet the increasing user demand
for batch and interactive mainframe
communications on the same syn-
chronous communications line, Com-
puter Automation, Inc, 18651 Von
Karman, Irvine, CA 92713 will offer
its SyFA network processing systems
with full Systems Network Architec-
ture (sNA) compatibility, including
an IBM 3790 communications con-
troller emulation package using syn-
chronous data link control (sprc)
line protocol. Expected to be delivered
by the third quarter of this year, the
emulation package enables a SyFA
system to appear to an IBM main-
frame as a 3790 communications con-
troller, while offering additional fea-
tures of powerful local processing and
mass storage capability.

A programmable controller contain-
ing a microprocessor is used to im-
plement spLc. sna/spLc overhead
functions from the system’s cpu are
offloaded to the microprocessor, which
has its own 16k dedicated ram. The
system thus has inherent flexibility to

adapt to future changes by IBM in
network protocol details.

The 3790 communications capabil-
ity will support proper error recovery
and all sNA commands with proper
responses and handshaking. spLc pro-
tocol including bit stuffing, crc check-
ing, and message framing will be
fully supported. Transmission speeds
will be up to 9600 baud, full-duplex
operation.

These capabilities are provided by
the spLc processor operating with an
SNA-3790 software emulator execut-
ing in the system cpU’s main memory.
The facility allows SyFA systems to
communicate in a multidrop config-
uration with the mainframe system.

SNA communications are initiated or
received via any of 24 terminals run-
ning applications on the system. Ap-
plication programs, written in high
level SyFA Business-Oriented Lan-
guage (SyBoL), may be developed on
local systems, or centrally developed
and down-line loaded to all distrib-
uted systems.

UP TO 24 TERMINAL
DEVICES

SNA/SDLC COMMUNICATIONS LINK

Combined software/microprocessor approach of SNA-3790 emulation package
for SyFA network processing systems allows Computer Automation to emu-
late future IBM SNA products by writing additional software emulators to
operate in conjunction with SDLC processor

UP TO 8 DISK STORAGE UNITS
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The system currently supports IBM
2780 and 3780 rjE and interactive
3270 terminal emulation; under de-
velopment are an IBM 360/20 Hasp
workstation emulator and ICL 7020
emulator. All emulators operate under
the Sycrops operating system.

Circle 170 on Inquiry Card

Study Recommends
Optical Fibers for
Navy Communications

A recently-completed 10-month study
has recommended the use of optical
fibers as a means of upgrading U.S.
Navy Shore communications, accord-
ing to GTE Sylvania, Inc, General
Telephone and Electronics Corp, One
Stamford Forum, Stamford, CT
06904. The fibers are immune to
natural and man-made electrical inter-
ference, are highly reliable, easy to
maintain, and most secure. Other ma-
jor military considerations are large
bandwidth, small size, light weight,
and tolerance to high temperatures
and vibrations.

Undertaking the study for the Navy
Electronic Systems Command, Wash-
ington, DC 20360, the company in-
vestigated several existing radio and
cable links for replacement by optical
fibers. Among initial recommenda-
tions was a cable that carries com-
puter information between key ter-
minals in Hawaii, as well as micro-
wave links at facilities in that state.
The study also suggests ways to con-
tinue communications after partial
loss or disruption to the systems, to
increase speed in processing telephone
calls. and to make further use of
available frequencies while reducing
manpower requirements.

Unit Connects Four
Polled Terminals to
Single Synchronous Modem

Model 500 modem sharing unit
allows four terminals to be con-
nected to and share a single modem
EIA RS-232 digital input. Unit op-
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Now, Artec has

an expandable elephant

8K-32K of staticRAM memory. Fully assembled or in kit form.

No matter what your needs, Artec has a
memory board for you. You can start with 8K
of Tl 4044 memory on a 5.3" x 10" card and
work your way up to a full 32K in 8K
increments. The access time is only 250ns.
The memory is addressable in 4K blocks
and is perfect for S100 and battery aug-
mented systems. The Artec 32K Expand-
able Memory has four regulator positions,
bank select and plenty of room for all
necessary support hardware. It uses less
than 1 amp per 8K of memory (3.9 for 32K),
and only +8 volts.

For five years Artec craftsmanship and
reliability has been proven in tough industrial
use. Now, you too can enjoy breadboards
and memories that will work time after time.
Send for an Artec board, your order will be
sent the same day as received.

Kit: Board & Fully Assembled Board:
8K of memory—$285.00 8K—$310.00
8Kaddon —$250.00 16K—$545.00
Full 32K board—$935.00 24K—$790.00

32K—$985.00

GP100—$20.00
Maximum design
versatility along with
standard address
decoding and buffer-
ing for S100 sys-
tems. Room for 32
uncommitted 16 pin
IC’s, 5 bus buffer &
decoding chips, 1
DIP address select
switch, a 5 volt reg-
ulator and more. High
quality FR4 epoxy.
All holes plated
through. Reflowed
solder circuitry.

WW100—$20.00

A wire wrap bread-
board, similar to the
GP100. Allows wire
wrap of all sizes of
sockets in any sizes
of sockets in any com-
bination. An extra
regulator position for multiple voltage appli-
cations. Contact finger pads arranged
for easy pin insertion.

Buffering Kit—$12.65

All the necessary components to bootstrap
any Artec board into your system. Buffering
1/0, DIP switch heat sinks and every support
chip you need.

CIRCLE 13 ON INQUIRY CARD

TO ORDER: Use your Mastercharge or
BankAmericard. Or just send along a money
order. We can accept only U.S. currency.
Please include $3 handling on all orders.
California residents add 6.0% sales tax.

FOR MORE INFORMATION: For more in-
formation about these or any of Artec’s com-
plete line of circuit boards or for either indus-
trial or personal use, please call or write. A
catalog will gladly be sent.

1
1 Please send me: (Include Quantity)
1—— 32K ___GP100 —_WW100
: O I've enclosed a money order.

1
1 O Mastercharge No.
1

‘Exp. Date
1 O BankAmericard No. o b
E Name
: Address
: City State Zip

! Calif. Res.add 6% Sales Tax  $3.00 Handling Encl.

10% discount for students & computer club members.

ARTEC €1ECTRONICS, INC.

605 Old County Rd.,San Carlos, CA 94070
(415) 592-2740
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LOCATION A

TELEPHONE LINE

cpu || mooem

equipped with optional drivers

LOCATION B

In application of Avanti’s modem sharing unit, distance between A and
B can be coast to coast, building to building, or city to city; CPU at A
polls terminals at B. Modems are any long haul types. Model 500 is up
to 50 ft (15 m) max from terminals, or 1000 ft (305 m) max when

{ TERM‘INAL

erates as a regenerative repeater
mode for typical multidrop polled
terminal environment. All connected
terminals have continuous and simul-
taneous access to the modem being
shared, with terminals located up to
50 ft (15 m) away.

Throughput is increased since the
carrier is always established and
presented to all terminals simul-
taneously. The unit is completely

transparent to data format, and func-
tions with any synchronous modem.

Avanti Communications Corp, Box
205, Broadway Station, Newport, RI
02840 has allowed for future expan-
sion since the units can be branched
together. Model 501 (internal) and
502 (standalone) driver options al-
low terminals to be located 1000 ft
(305 m) from the unit.

Circle 171 on Inquiry Card

Tone Separation Filter
Supplies High and Low
Frequency Outputs

The model 6300-001 tone separation
filter features a low power hybrid 1c
design consisting of three independent
operational amplifier stages that sep-
arate composite low and high fre-
quencies into two independent high
and low group tone outputs. Con-

tained in a 6-pin, hermetically-sealed
package, the device has been devel-
oped by Data Signal Corp, 40-44
Hunt St, Watertown, MA 02172 for
systems requiring an interface with
communication systems using Touch-
Tone® decoders, as well as for mobile
communications, transceiver applica-
tions, and modem interfaces.

Dual or single power supply opera-
tion is possible. Input impedance is
20 kO typical, input voltage range is

1wF

1wF

o LOW TONE
OuTPUT

—eo

If single-ended power sup-
ply operation is required
with Data Signal’'s dual
tone separation filter, Vss
input should be connected
to ground; grounded input
should then be connected
to half voltage reference
point. It is recommended
that 1-uF ceramic capaci-
tor be connected in series
with each tone output

HIGH TONE
OuTPUT

+12 Vdc, and gain is +0.25 dB at
941 Hz (for low group output) and
=+0.25 dB at 2909 Hz (for high group
output). Additional specifications are
power dissipation of 60 mW at =12
Vdc, and separation between bands
of 30 dB.

Circle 172 on Inquiry Card

Portable Security
Device Permits Telephone
Conversation Privacy

The portable XL-280 TA acoustically
coupled communications security de-
vice for use with telephones provides
a high level of security with 18G
nonlinear code combinations and a

code depth of 1165 h. The unit is
completely self-contained in a carry-
ing case and has both NiCd batteries
and an ac power supply.

Technical Communications Corp,
56 Winthrop St, PO Box 1070, Con-
cord, MA 01742 has utilized a wide

deviation frequency displacement
scrambling technique that cannot be
decoded by conventional methods;
the encryption process takes place
in both time and frequency domains
and is controlled by digital codes.
Features such as antitamper lockout,
dual synchronization, and excellent
recovered voice quality are incor-
porated.

Circle 173 on Inquiry Card

Report Concludes
International Satellite
Communication Experiment

Comprehensive final and summary re-
ports on the recently-completed inter-
national experiment in high speed
computer communications via satel-
lite have been submitted by Commu-
nications Satellite Corp (COMSAT),
950 L’Enfant Plaza, SW, Washington,
DC 20024 to the Federal Communi-
cations Commission. COMSAT Lab-
oratories, IBM Corp, the French Min-
istry of Posts and Telecommunica-
tions (PTT), and Symphonie, the
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What engineering
about using micro

Microcomputers are changing the competitive picture in hundreds
of industries, in thousands of applications.

Designers are using microcomputers to create new products,
even new markets. Microcomputers are breathing new life
into existing products and providing competitive
advantages in both price and performance.

For management, there’s an added chal-
lenge. What's the most profitable way to take
advantage of the microcomputer revolu-
tion? Should you start from scratch,
dedicating time and resources
to component-level design?
Or should you take
advantage of fully
assembled and
tested “com-
puters-on-a-
board”?

You didn’t
have a choice until
just two years ago.
That’s when we intro-
duced the first single board
computer. Like “super compo-
nents,” single board computers have
made it easy to add intelligence
to any system.

Sheer economics is one reason why.
Up to 1,000 systems a year, you're money
ahead with single board computers. That’s
based on a tradeoff formula that carefully con-
siders amortized development and testing expenses,
as well as direct material and labor costs.

Then, when production volume makes it more eco-
nomical for you to switch to components, we’ll provide all
you need to do the job yourself—manufacturing drawings, pc

artwork and a volume source for
all the essential LSI components.
Time saved is another important

i reason single board computers make )
1000 sense. You're into production sooner,
Buy without time spent developing the
ng} computer sub-system. Your engineers
system | »~ can go directly to the design of

Systems per year application-dependent hardware.



managers should know
computers profitably.

RMX-80™ Real-time Multitasking Executive
gives you a head start in software development,
without the need to reinvent system software for
every application. Intellec® our microcomputer
development system, speeds application soft-
ware development. It puts PL/M and
FORTRAN-80 (ANS FORTRAN 77) high- @
level programming languages and a macro-
assembler at your command. And supports
full text editing, relocation and
linkage capability. In-Circuit
Emulation, with symbolic
debugging, provides a
diagnostic window
into your prototype to speed and simplify system development.

Our growing selection of iSBC™ products gives you the flexibility to
tailor a system to your specific application, without compromise. Choose one
of our five single board computers, starting at $99* There’s a full selection of
memory expansion boards, communication interface boards, digital and analog
[/O boards, mass storage systems and a high speed math processor. Or you can
start with one of our packaged System 80s.

You're assured of the highest reliability when you build your system around an
Intel single board computer. For example, MTBF for our iSBC 80/10 is 91,739 hours
at 25°C. Ask for your copy of our iSBC Reliability Report.

There’s also the security of Multibus™ the multi-processing bus architecture we developed
for single board computers. Multibus has become such a widely accepted industry standard that
today there are over a hundred Multibus-compatible products available from 42 independent com-
panies. And Multibus is your guarantee of compatibility with future Intel iSBC products.

Get started with our comprehensive iSBC System Configuration Kit. It’s a catalog of Intel single
board computer products, with detailed configuration instructions and worksheets to help you define the
optimum iSBC solution for your needs.

For your kit, or for on-site assistance in configuring and pricing your iSBC system, contact
your Intel representative or distributor. Or write: Intel Corporation, 3065 Bowers Avenue, Santa Clara,
California 95051. Telephone: (408) 987-8080. In Europe contact: Intel International, Rue du Moulin
a Papier, 51-Boite 1, B-1160, Brussels, Belgium. Telex 24814. In Japan contact: Intel Japan, K.K.,
Flower Hill-Shinmachi East Bldg. 1-23-9, Shinmachi, Setagaya-ku, Tokyo 154. Telex 781-28426.

intel delivers.

*iSBC 80/04, domestic U.S. price, 100 quantity.

Circle 15 for iSBC Configuration Planning Kit.
Circle 16 for pricing and configuration assistance.
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French/German communications sat-
ellite program, jointly conducted the
study.

The experimental program involved
transmission of data at 1.544M bits/s
between an IBM 370/158 computer
in LaGaude, France and a similar
computer in Gaithersburg, Md, using
15-ft (4.6-m) antennas and the Sym-
phonie satellite. Copies of the reports
may be obtained by sending a $10
check (payable to “Communications
Satellite Corporation”) to Laboratory
Records, COMSAT Laboratories, PO
Box 115, Clarksburg, MD 20734.

Expanding the usefulness of asyn-
chronous Data Tech 9600™ test units
into some applications in synchronous
networks, two plug-in modules from
Atlantic Research Corp, 5390 Chero-
kee Ave, Alexandria, VA 22314 per-

mit measuring and generating of on/
off times. Time measurement module
(ATM-1-1) allows the test unit to
measure on- or off-time to any RS-
232/V.24 control lead, while mea-
suring duration of carrier dropout on
a full-duplex circuit and providing
time delay measurements between
any two interface signals. Common
measurements are ready to send/
clear to send (mrts/cts) turnaround
time, the reverse from carrier on to
cts/RTS, or signal quality training
time on Bell 208/209 data sets.

Time generating module ATG-1-1
provides flexibility in inserting delays
where needed in various applications.

that tilts sw:vels

Data General. A laCarte.

Now, you can order our DASHER™ terminals, even if
you don’t own a Data General computer system. Both our fast
impact printer and our user-oriented video display are interface-
compatible with any standard computer system.

60 or 30 cps versions of the DASHER printer, with a stan-
dard typewniter keyboard, u/l case, 132 columns.

DASHER display features a 1920 character screen, u/l case,
detached keyboard, programmable function keys, and a monitor

_ For more details call your Data General sales office or nearest
independent supplier of Data General terminals. Or write. Even
a bit of Data General in your computer system is better than none.

¢» DataGeneral

Its smart business.
Data General, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd.,
Data General Europe, l5RueLeSu:ur Paris 75l|6 France. Data General Australia, M:I)oume(OB)EZ 1361.

DASHER is a trademark of Data General Corporation
(© Data General Corporation, 1977
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Data Tech 9600 test unit is
connected to Atlantic Re-
search’s plug-in time gener-
ator module that allows de-
lays to be inserted as nec-
essary for specific applica-
tions

It allows the test unit to perform
such tasks as full- or half-duplex
automatic polling, with return mes-
sage capability. A delay can also be
inserted to allow a printhead to re-
turn before another message is sent.
Circle 174 on Inquiry Card

Third Generation and
Mini Version of Exchange
System Are Offered

PACX III, a third generation private
automatic computer exchange system,
features two enhancements. The first
is that terminal users may use the
terminal keyboard class select system
to request a specific service class. The
unit searches for a free port of the
requested class—if it is found, the
connection is made; if no service is
available, the terminal is disconnected.

The second addition is a statistics
port which replaces the standard con-
trol/monitor facility of models I and
I1. Connected to the cpu or other data
handling device, the port accepts com-
mands and generates statistical data
at 2400 bits/s asynchronous, accom-
panied by time of day. Messages are
in ascir and use mixed radix port and
terminal numbering system.

Gandalf Data, Inc, 1019 S Noel St,
Wheeling, IL 60090 is also offering
a miniature version of the system
(MINI-PACX) for high speed asyn-
chronous and synchronous operation
up to 9600 and 19.2k bits/s, respec-
tively. Easily reconfigured, the system
handles up to 48 terminals and 32
computer ports of varying speeds and
communications codes allowing ter-
minal switching port selection and
contention. Features provide use of
dedicated lines which can be owned
or rented with no business line
charges, fast response to request for
service, and availability of statistical
data on usage of terminals and ports.
Circle 175 on Inquiry Card

COMPUTER DESIGN/MARCH 1978



Controls your
DEC LSI-11

Moving Head
Disc System

Plug-in compatibility too!

Moving Head Disc Controllers are not new. But thisoneis ... . it's the
Model DI-C03. What makes it new is its single quad size, made possible with a
bipolar microprocessor and other exclusive Dynus circuitry. The module provides
direct interface with your new or existing LSI-11. .. and it's transparent to DEC's
RT-11* & RSX-11S* operating systems.

Capabilities offered by the Dynus Controller include control of up to 20
megabytes of online storage ¢ compatibility with standard 2315 or 5540 car-
tridge drives e storage of 2.5 to 5.0 megabytes per cartridge ¢ DMA transfer rate
of 6.4 microseconds per word ¢ an eight word FIFO buffer for DMA latency e and
two additional address bits for 128K words of direct addressing for upward com-
patibility to future LSI-11s .

In addition to complete interface compatibility with the LSI-11, the DI-C03
mates with any industry standard 1500 to 2400 RPM disc drive having 100 or
200 TPI capability.

Write or call for complete details or a demonstration. Discover how
easily you can control your DEC LSI-11 Moving
Head Disc System.

3198 G Airport Loop Dr., Costa Mesa, CA 92626
Telephone: (714) 979-6811
*Trademark Digital Equipment Corp.
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Display Control. Select
5ns Glitch Capture.
Latch mode for glitch detection,
or sample mode, can be inde-
pendently selected for channels
1-8 and 9-16. Wide band-
width BNC input allows capture
of pulses as narrow as 5ns.

Mixed Logic Thresholds.
Select one threshold voltage

for channels 1-8, another for 9-16.
Dial in ECL, TTL, MST, any

of three user-preset values or
continuously variable level.

state display or map mode

dot pattern of system operation,
using the accessory 116 Display
Control. Memory feature permits
comparison of current and
stored system characteristics.
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timing diagram, data domain logic

HORIZONTAL

Precise Memory Control.
Pretrigger recording enables

you tosplit the 512-word memory
to capture data on both sides

of the trigger event. Or, with Delay
Mode, start of recording can

be delayed as long as 9999 clock
intervals after the trigger.

0O-0 DIGITAL LOGIC RECORDER

INTERNAL CLOCK

EXPAND

@ CHI3 @ CHI4
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Designing a microprocessor-based system?
There’s no better way to get a precise,
detailed look at both 8-bit and 16-bit
microprocessor system operation than
our 16-channel, 50 MHz logic analyzer.

Plug in two of our 10-TC active probe
pods and the 1650-D’s combinational
trigger capability is expanded to trigger on
words up to 36 bits long. That gives you
the power to record
and analyze up to
16 digital signals
triggering
from up
to 20
additional
locations. Now, Y
with the 1650-D, ™
you can trigger on
word lengths that you
just couldn’t detect before.

Versatility is the key to the 1650-D’s
popularity with designers working
on microprocessor system development,
instrumentation interfacing or analysis
of real-time digital
circuits. With the
116 Display Control,
the 1650-D gives
you the capability to
analyze both timing
Time Domain. Timingdingam a1y Jogic state displays.

lets you see the sequcm_inl and ;

st ey " That's the key to
hardware troubleshooting. Slmpllfled hardware/
software debugging and integration.

A Latch Mode on the input signal

enables the 1650-D to detect and record
glitches or pulses as
narrow as 5ns —

vital information
when trouble-
shooting the opera-
tion of digital circuits.
??;??‘“f;‘,:g‘:, D[i?l%‘q:'“m, Or, for data analysis,
frmaion b oublatoatng. SAmple Mode
B R £ ignores synchronous
glitches not coincident with the

data clock.
There’s not space here to give you all
the details on how our 1650-D,
with 10-TC probe pods

and 36-bit trigger, can simplify
your task. But we'll gladly
send you detailed information on
the 1650-D and our entire line of
logic analyzers, from SO
the budget-priced RN
920-D to the ultra-
fast, 200 MHz 8200.
And, at your conven-
ience, we'll SEEMIES p Modk, Hach digite oo
a demonstration Oof  can be tanslated into a singularly

. 2 5 y positioned dot in this graphic
Blomatlon S lOglC representation of recorded data.

" Especially useful for spotting
analyzers 1n your lab, illogical orillegal memory addresses.
capturing and displaying the data you
work with.

Write, call or use the reader service card.
Biomation, 4600 Old Ironsides Drive,
Santa Clara, CA 95050. (408) 988-6800.
TWX: 910-338-0226.

bi .
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Digital Multiplexing
Transmission System
Suits Military Use

Better means of scrambling calls
and other signals is available with
the Delta modulation multiplex sys-
tem DX 15-60, developed jointly by
Siemens AG, Postfach 103, D-8000
Miinchen 1, Federal Republic of
Germany and AEG Telefunken. It
complies with EUROCOM recom-
mendations and is suitable for mobile
and stationary use in military com-
munications networks.

Between 15 and 60 voice circuits
in the frequency range of 300 to
3400 Hz can be transmitted over
physical circuits or radio paths. The
continuously variable slope delta
modulation method of digitizing ana-
log speech signals is used. In spite
of the 32k-bit/s rate per voice chan-
nel, good intelligibility is guaranteed
under poor transmission conditions.

In addition to the multiplexer, the
system consists of a terminal circuit
unit for connection of 2-wire subscrib-
ers, and a line connecting unit en-
abling the multiplex signal to be
transmitted via cable links longer
than 4 km. Shorter cable paths use
a simplified line section incorporated
in the multiplexer.

Circle 176 on Inquiry Card

Communications Growth
and Achievements Are To
Continue Through 1980's

Launching of a “super satellite” in
the mid to late 1980’s, capable of
direct communications with portable
handheld telephones, and the intro-
duction of a nationwide packet switch-
ing all-Bell system network (prob-
ably by 1979) are developments
predicted by A. Terrence Easton,
president of International Communi-
cations Management, Inc, 680 Beach
St, Suite 428, San Francisco, CA
94109. This would drop the price
of 1-min nationwide calls to 0.1 to
0.15¢, billed in 6-s increments.
Addressing the Bell Systems Ser-
vices forum at the Interface West
Conference, Easton said that develop-
ment of AT&T network services—
“mini-CCSA networks,” nationwide
automatic call queuing, usage-sensi-
tive leased lines, and switched 56k-
bit digital circuits—“will be the tech-

30

nological fallout of the super-satel-
lite and computer based 4E toll
exchange ‘marriage.” ” The communi-
cations revolution will have a great
impact on business and the American
society. Moving toward the 1980,
the four competing “super carriers”
will be AT&T, ITT, IBM, and SPCC.

Network Interface
Packages Are Offered
for Additional Systems

Software packet network interfaces
for Burroughs 6700 and 7700 sys-
tems and Univac 1100 series systems
are available from Telenet Communi-
cations Corp, 1050 17th St, NW,
Washington, DC 20036 under a licens-
ing arrangement. Many simultaneous
virtual connections can be handled
over a single full-duplex access
channel connecting the computer to
the network. Features include full
error control and statistical multi-
plexing. The Burroughs interface
supports asynchronous terminals and
uses the CCITT X.25 packet protocol;
the Univac interface operates as a
user program at the real-time level,
and uses the company’s host interface
protocol to handle asynchronous
terminals.

Circle 177 on Inquiry Card

Distributed Processing
Expansion Adds
3270 Compatibility

Providing remote job entry and
clustered 3270-type interaction with
a host data base, the 1670 distrib-
uted processing system with 3270
compatible display terminal per-
forms a mix of local functions ranging
from interactive data entry to batch
coBoL applications. Hardware in-
cludes up to 98,304 bytes of 750-ns
main memory, up to 96M bytes of
disc storage, and use of up to 28
CRT terminals in a single system.

Harris Corp’s Data Communica-
tions Div, 11262 Indian Trail, PO
Box 44076, Dallas, TX 75234 has de-
signed the system to be fully hard-
ware and software compatible with
all 1600 remote batch terminals and
distributed processing systems. Mo-
dem speeds for the switchable termi-
nals are up to 9600 bits/s; non-
switchable 1675 terminals can op-
erate up to 4800 bits/s into the
processor. =
Circle 178 on Inquiry Card

Call your nearest ISC
sales representative

Alabama (also Mississippi):

W. A. Brown Inst. Inc.

Huntsville 205/883-8660

Arizona (also Nevada):

The Thorson Co.

Phoenix 602/956-5300

California:

The Thorson Co.

Los Angeles 213/476-1241

Goleta 805/964-8751

Mountain View 415/964-9300

San Diego 714/292-8525
Irvine714/557-4460

Colorado (also Utah, Wyoming):

The Thorson Co.

Denver 303/759-0809

Florida:

W. A. Brown Inst. Inc.

Ft. Lauderdale 305/776-4800
Melbourne 305/723-0766

Orlando 305/425-5505

Valparaiso 904/678-7932

Georgia: W. A. Brown Inst. Inc.
Atlanta 404/939-1674

Illinois (N.) (also Indiana, Wisconsin):
Resource Data Sys.

Northbrook 31 2/564 5440

Kansas (also W. Missouri, Nebraska):
Inland Assoc.

Shawnee Mission 913/362-2366
Louisiana: W. A. Brown Inst. Inc.
Mandeville 504/626-9701

Maryland (also D.C., Virginia):
Bartlett Assoc.

Bethesda 301/656-3061
Massachusetts (also Maine, N. Hampshire,
Rhode Island, Vermont):

Bartlett Assoc.

Framingham 617/879-7530
Michigan: WKM Assoc.

Madison Heights 313/588-2300
Minnesota: Cost Reduction Services
Minneapolis 612/822-2119
Missouri (E.) (also S. lllinois, lowa):
Inland Assoc.

St. Louis 314/821-3742

New Mexico: The Thorson Co.
Albuquerque 505/265-5655

New York (also Connecticut, New Jersey):
Bartlett Assoc.

White Plains 914/949-6476

North Carolina: W. A. Brown Inst. Inc.
Durham 919/682-2383

Ohio (also Kentucky): WKM Assoc.
Cleveland 216/267-0445

Dayton 513/434-7500

Oklahoma: Data Marketing Assoc.
Oklahoma City 405/528-6071
Pennsylvania (E.) (also Delaware):
Bartlett Assoc.

Wayne 215/688-7325

Pennsylvania (W.) (also West Virginia):
WKM Assoc.

Pittsburgh 412/892-29563

South Carolina: W. A. Brown Inst. Inc.
Columbia 803/798-3297
Tennessee: McCoin Elec. Equip. Co
Knoxville 615/588-2417

Texas (also Arkansas):

Data Marketing Assoc.

Austin 512/451-5174

Dallas 214/661-0300

Houston 713/780-2511

San Antonio 512/828-0937
Washington (also Idaho, Montana, Oregon):
The Thorson Co.

Bellevue 206/455-9180

European Export Sales: Techexport, Inc.
Cambridge, MA 617/661-9424
England: Techex, Ltd.

Bournemouth 0202-293-115
France: Peritec

Rueil 749-40-37

Switzerland: Intertest, AG

Bern 031-224481

West Germany: COT GmbH

Altheim 6691-255

Australia: Anderson Digital Equip.
Mt. Waverly, Victoria 03-543-2077
Canada:

Cantec Rep., In

Milton, Ont. 416/624 9696

Ottawa, Ont. 613/255-0363
Pierrefonds, Que. 514/620-3121
Canada: Datamex, Ltd. (Distributor)
Dorval, Que. 514/636-9774
Toronto, Ont. 416/787-1208
Vancouver, B.C. 604/684-6750

Far East: Computers International
Los Angeles, CA 213/382-1107

ML

Intelligent Systems Corp.,
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 Intecolor 8031
Unretouched photo of

Two very
sophisticated

Intecolor 805
Unretouched photo of screen.

We're Intelligent Systems Corporation
and we've developed two brand-new
stand-alone desk top systems. Both are
capable of handling an incredibly
diverse range of business, control,
research and financial applications—in
color. Both have a better price/perfor-
mance ratio than any other compact
computer system on the market.

Take a look at the Intecolor 8031. A
compact 13-inch 8-color CRT, it comes
complete with graphics hardware and
software, a built-in mini disk drive for
extra storage, plus “File Handling
BASIC" which lets you create, delete,
and retrieve program segments from
storage, by name.

Now take a look at the Intecolor 8051.
Perfect if your needs call for a large-
screen format. It comes with the same
standard features as the 8031, but it hasa

CIRCLE 20 ON INQUIRY CARD

big 19-inch diagonal screen and exter-
nal mini disk drive.

We also have a variety of options
available for both units.including a con-
venient bi-directional desk top printer
and a new 2708/2716 PROM programmer.

Contact the ISC representative near-
est you for a working demonstration of
these two highly sophisticated, versatile
and dependable desk top systems. Prices
are based on a one unit, cash-with-order
basis. Guaranteed 30-day delivery or
your money back.

IS

Intelligent Systems Corp.,
5965 Peachtree Corners East
Norcross, Georgia 30071
Telephone 404-449-5961 TWX: 810-766-1581
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It took the LSI-1

microcom

puter to put

real processing power
a kit-burlder’s

For years now, lots of people
have wanted their own per-
sonal computers.

Well now they can have one.

The Heath Company of
Benton Harbor, Michigan has
just announced a powerful
personal computer in kit form.

It's designed around the
LSI-11— the most powerful,
most software-supported micro-
computer ever made.

For Harry Archer, Heath
Design Engineer, anything less

just wouldn’t have been enough.

““We took a long hard look
at every 16-bit computer, in-
cluding minis. Nothing com-
pared with the LSI-11. Either
the price was too high, or the
performance was too low.

“With the LSI-11 we can give
hobbyists as much performance
as they could ever use.

“And the LSI-11's low price
allows us to offer a complete
package for only $1295.”

The basic kit includes a fully-
wired and tested 16-bit LSI-11

fingertips.

CPU with 4K expandable RAM.
Flexible I/O interface accessories.
Complete system software
package and high-level BASIC
and FOCAL.

Since the instruction set
is virtually the same as the
PDP-11/34, the new Heathkit
H11 is capable of generating
highly sophisticated programs.

And because the LSI-11 is
part of the PDP-11 family, the
H11 can draw from a large array
of peripherals and a huge library
of applications software.

“The applications software
and ease of programming really
turned us on. In fact, it was the
deciding factor,” says Archer.

Harry Archer, De;ign Engineer
at Heath Company, Benton Harbor, Mich.

dlilg]iltiall
COMPONENTS
GROUP
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“There are plenty of game-
oriented programs available to
the hobbyist. Now with our
LSI-11-based kit, they’ve got
some very sophisticated scien-
tific and financial oriented
software.”

Although the new kitis aimed
at the hobbyist market, the
LSI-11's power, peripherals and
software also make it ideal for
education, small business and
industrial applications.

When the Heath Company
wanted to build the best com-
puter kit available, they knew
exactly what to do.

Build it around the LSI-11.

For 900 pages of solid techni-
cal information, plus our new
brochure of microcomputer
case histories, “Why Anything
Less than the LSI-11 Wasn't
Enough for Me,” just call toll
free 800-225-9220, (In Mass.
617-481-7400, ext. 5144), or write:
Digital Equipment Corporation,
One Iron Way, Marlborough,
MA 01752.
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DIGITAL TECHNOLOGY REVIEW

Multiuser Computer Systems Designed to Offer
Enhanced Throughput and Response Characteristics

The ECLIPSE M/600 minicomputer
is claimed to provide performance
comparable to that of mid-range
mainframes. To accomplish this,
Data General Corp, Rt 9, Westboro,
MA 01581 designed the system with
advanced architectural features. Com-
prehensive 1/0, demand paged mem-
ory management, and processing
speed enhance throughput and re-
sponse characteristics and fit the
machine to multiuser environments.

Among the system’s features are
capacity for up to 1M-bytes of semi-
conductor memory, and a demand
paging facility to optimize memory
utilization in large online applica-
tions. A 3-level 1/0 management
system (10Ms) includes an inde-
pendent 1/0 processor with 64k
bytes of local memory, a standard
data channel, and a burst multiplexer
channel (Bmc) that allows a 10M-
byte/s transfer rate. This feature
provides hierarchical control for
low, medium, and high speed periph-
erals. First level of 1oms, the B™ms is
a high speed direct communication
pathway between main memory and
high performance peripherals like
fixed-head disc subsystems and 96-
or 190M-byte disc storage subsystems.
Data transfer rates on the BmMc can
attain the full main memory system
bandwidth, resulting in a very fast
aggregate rate—10M-bytes/s. Up to
eight high speed controllers can con-
nect to the BMc, resulting in a poten-
tial system expandability of up to
6G bytes.

A standard data channel com-
prises the second level of the 1/0
control hierarchy. It handles com-
munications between the system’s job
processor and medium speed periph-
eral equipment such as magnetic
tape and cartridge disc drives. It
also acts as a high speed—up to
2.5M  bytes/s—interface  between
the job processor and the third-level
1/0 processor (1op) for low speed
peripheral devices.

The 10P is an independent proces-
sor with an Eclipse instruction set
and 64k bytes of local memory. It
processes and buffers data input from
low speed peripherals such as display
and printer terminals, card readers,
and asynchronous communications

34

devices. The 10P acts as a frontend
processor for the M/600, off-loading
the job processor by buffering all
low speed input, checking it for
errors, and sending it to the job
processor one logical record at a time.
It also receives all terminal output
from the job processor and transmits
the data back to as many as 64
terminals at the speeds they require.
By absorbing the character-handling
overhead in large multiterminal ap-
plications, the 1op frees up the job
processor for high speed processing.

System processor is a job proces-
sor having a 200-ns microcycle and
a microprogrammed architecture that
incorporates the standard Eclipse
instruction set along with extensions.
Instructions include both 16-bit single
word instructions for efficient mem-
ory utilization as well as 32-bit
double word instructions for ex-
tended addressing range. Single
word and block move instructions
transfer large amounts of data.

System instruction sets include four
source data processing instructions
for business and scientific applica-
tions.

Systems are available with Mos
memory expandable to 1M byte in
64k-byte increments and core ex-
pandable to 512k bytes in 32k-byte
increments. Mos has read and write
cycles of 500 and 700 ns, respec-
tively, while core has an 800-ns cycle
time. All semiconductor memory has
error checking and correction (Ercc)
to maintain maximum data integrity.

A demand-paged memory manage-
ment facility under control of the
advanced operating system (AOs)
executive  optimizes multiple-user
access to main memory by reducing
individual requirements at any given
time. This is done by automatically
dividing each user’s memory space
into “pages,” and keeping only ac-
tive pages in main memory, while
other pages are stored on fast access
devices. Working with an Aos page-

Main Storage
=1 3
Demand-Paged
Storage Management
_______ /_ 1|
| e SRS o Sl ki i
i i
: Burst Multiplexor Standard Data |
[} Channel (BMC) Channel 4|
I
|
: ==
I 4K -
{ 110 Management e ,:Z:f‘:,y !
| System i Job Processor (JP)
I Input/Output N
i Pr (op)| |
S S e e e e e e T O e e e e e e '}

medium-scale mainframes

I High Speed Devices | | Medium Speed uuu:osl I Low Speed Devices ]

Hardware composing Data General’'s ECLIPSE
M/600 multiuser minicomputer is divided into three
functional elements. Major sections—main storage
with demand-paged memory management facility,
3-level 1/0 management system, and main process-
ing unit—are organized to provide responsiveness
and throughput that are comparable to those of
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The price you pay for success
just went down. Way down.

You pay a price to be successful
with computers. A high price.

But you don't pay in cash. You pay
in aggravation. Lots of it. Late nights.
Plenty of them. And pains in your gut.
Sharp ones.

At Perkin-Elmer we're working to
bring down that price. Here’s how.

Tell us what you want in
computer products.

We build computers and periph-
erals for people who've been there
before. People who have had enough
aggravation. People who know what
they want. And aren't afraid to tell us.

In fact, we encourage our custom-
ers to tell us what they want. Not the
other way around. Which, if you think
for a minute, is a terrific first step on
the road to success.

But, the real secret to success is
service. The old-fashioned kind. The
kind where we go to great lengths to
make sure you succeed. The kind
that only a Fortune 500 company
can provide.

We’ll do everything we can to
make you successful.

For us, service begins with build-
ing computer products for people to
use comfortably. Invariably, that pays
big dividends in less operator fatigue
and more usable work over the life
of the product.

But, we don't stop there. We
test every product. For two
reasons: to make sure you get
exactly what you order and to prove
to ourselves that our product meets
our own exacting specifications.

We provide training, too. At your
place or ours. And if you need
customer service, one toll-free call
gets it. Days. Nights. Weekends.
We're there.

Think about that when you're buy-
ing your next computer, peripheral,
or system. Then call Perkin-Elmer.
And pay less for success.

For more information, write Perkin-
Elmer Data Systems Sales and
Service Division, 106 Apple Street,
Tinton Falls, New Jersey 07724 or
telephone toll-free (800) 631-2154.

PERKIN-ELMER

Data Systems
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Your IC lead frames look like
this al 30X enlargement (unre
louched) Baecause they are punched
oul of metal, the edges are rough
jagged and irreqgular In contrast, the
flat sides of the lead frame are
smooth, even and perfectly plated

Arrows indicate scars and abrasions made by
rough edge of lead frame

22X magnification,
unretouched

THEIRS

An ordinary edge-bearing
socket contact after 5 insertions
of DIP lead frame. Contact
has been spread apart to
show inside faces of contact.
Notice how the contact has
scars and abrasions from
rough, irregular edge of IC
lead frame. Electrical con-
tact is degraded and resist-
ance isincreased. Reliability
is obviously reduced.

Lead frame in place in an
ordinary edge-bearing
contact.
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Arrows indicate contact surface still smooth,
clean, free from abrasions

22X magnification,

unretouched
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ROBINSON-NUGENT ‘“side-
wipe” socket contact after 5 in-
sertions of DIP lead frame.
Contact has been spread

apart to show inside faces

of contact. See how the RN
contact—because it mates

o Wwith the smooth, flat side of
the IC lead frame—retains
its surface integrity. This
100% greater lead frame

contact results in continued
high reliability.

Lead frame in place in
RN “side-wipe" contact.




expose’junk’socket problems

Secret of RN high reliability
‘side-wipe’ DIP sockets
revealed by microphotos

Here’s microscopic proof that high reliability
Robinson-Nugent “side-wipe” DIP sockets
make 100% greater contact than any edge-
bearing socket on the market. This advance
design provides constant low contact resist-
ance, long term dependability— trouble-free
IC interconnects. Yet RN high reliability DIP
sockets cost no more than ordinary sockets!

WRITE TODAY

for catalog and informative
book “What to Look for in

IC Interconnects’’ Free
from Robinson-Nugent—the people who make more
kinds of high reliability IC sockets than anyone.

Get the high reliability that eliminates trouble.
RN “side-wipe” DIP sockets make contact with the
wide, flat sides of your IC leads. You get 100% greater
surface contact for positive, trouble-free electrical
connection.

They’re even packaged for high reliability.
“Protecto-pak”® packaging delivers consistently per-
fect RN sockets to your production line—for auto-
mated or manual assembly.

OLINS ON
NUGENT ING.

800 East Eighth Street, New Albany, Indiana 47150 ® Phone: (812) 945-0211
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replacement algorithm in the execu-
tive, the memory management facil-
ity is a predictive tool transparent
to system users. Software analyzes
and predicts what pages will be
needed at any given time by any
user, and system hardware moves
the pages into main memory. Hard-
ware maintains information on page
validity and page usage, as well
as the type of information on these
pages (procedures or data). The
executive uses this information, to-
gether with user priority data and
other resource requirements for each
user to determine the best overall
mix of users at any given time.
Support is provided for communi-
cation with other Data General com-
puters and with IBM-compatible
computers through RJE80 and uAsp
1 workstation emulator software
packages. In addition, up to 15
M/600s or other Nova or Eclipse
systems may be interconnected by a
multiprocessor communications adapt-
er to distribute large processing loads.
To ensure system reliability, the
design incorporates error control
techniques throughout main memory,

disc storage devices, 10P memory,
block multiplexer channel, and
main processor control store. Online
diagnostic routines run continually
under multiprogramming Aos, moni-
toring processor logic, memory, and
peripherals.

Prices will range from about
$160,000 to $395,000, with deliveries
scheduled to begin in May. Repre-
sentative configurations include a sys-
tem with 320k-byte core storage,
96M-byte disc, 1600-bit/in (630/cm)
magnetic tape, 60-char/s DASHER
terminal printer, 300-line/min print-
er, eight asynchronous ports, 1200/
2400-baud synchronous line interface,
A0S, PL/l, FORTRAN IV, FORTRAN YV,
Basic, and RJE80. A high end sys-
tem would have 512k-byte mos stor-
age, four 190M-byte discs, two 2M-
byte fixed-head discs, two 1600-bit/
in (630/cm) magnetic tapes, 600-
line/min printer, 600-char/min
reader, 60-char/s terminal printer
console, 32 asynchronous ports, and
two high speed synchronous line in-
terfaces.

Circle 140 on Inquiry Card

Computer Systems
Fill Needs of Small and
Medium Size Businesses

Two business computers, Visual 1
and Visual 11 are, respectively, an
electronic accounting system and a
minicomputer system powerful enough
to handle up to four crr terminals.
Developed by Philips Business Sys-
tems’ Data Systems Div, 175 Froeh-
lich Farm Blvd, Woodbury, NY
11797, the systems are tailored to
special requirements of small and
medium size companies through fully
integrated software and hardware.

Basic configuration of the Visual
I includes crr visual display for con-
versational interaction with the op-
erator, both alphanumeric and nu-
meric keyboards for fast input, and
matrix printer for high throughput.
Mass file storage is provided on flex-
ible discs; and users have a choice
of any two applications software
packages with their system.

The more powerful Visual 1, for
use standalone or in a distributed
processing network, consists basically
of processor with 32k bytes of semi-
conductor main memory, 10M bytes

38

of auxiliary storage on cartridge
discs, crr display, and matrix printer.
This system can easily accommodate
additional optional 1/0 devices such
as crr terminal and outboard print-
ers; memory is expandable in 16k
increments and auxiliary disc storage
is available in 10M-byte modules.
Circle 141 on Inquiry Card

Portable Terminal
Provides Voice Response
and Hardcopy Output

Micro-vip series units utilize a mod-
ular approach to provide terminal
models which feature voice response
only, voice plus a built-in 30-char/s
printer, and voice plus print plus a
plug-in keyboard. Packaged in a
briefcase for portability, the intelli-
gent terminals can output complete
formatted reports and transmit data
to a central computer.

Because they are designed for non-
technical personnel, the units are
easy to use. Input data and specific
questions for transmission to a com-
puter are set up through a series

of thumbwheel switches. Headings
appear on plastic templates which
fit over the number switches. Each
program has its own template, which
instructs the user in how to enter
information necessary to the com-
puter.

When the numbers have been set,
the user simply places the handset
of an ordinary telephone into the
terminal’s acoustic coupler, dials a
number to connect with a central
computer, and presses a button. After
a few seconds, the host computer
replies to the questions either verbal-
ly or by printing its reply.

The terminal contains a micro-
processor that is used solely to con-
trol the printing function. This leaves
approximately 3000 bytes of memory
available to add standalone capabil-
ity in the future. This could allow
preprocessing of data before going
online to the computer, which could
include editing functions, control
totals, and error correction routines.

Designed specifically for life un-
derwriters and financial planners by
Computone Systems, Inc, 1 Dun-
woody Pk, Atlanta, GA 30338, the
terminal is supplied with forms,
instruction manuals, and programs
covering estate planning, income tax
planning, retirement planning, and
30 other subjects relating to per-
sonal and business financial planning.
Circle 142 on Inquiry Card

Mass Termination System
Increases Productivity of
Discrete Wire Harnesses

A concept that permits discrete wires
to be mass terminated with auto-
matic harness-making machines, the
mass termination system (MTs) can
result in labor savings as great as
90%, while assuring a reliable sys-
tem. Introduced by AMP Inc, Harris-
burg, PA 17105, mT1s is a complete
wire-to-post  interconnection system
for 0.100 and 0.1568” (0.254 and
0.396 cm) centerlines, including pc
board headers.

Key feature of the system is the
insulation displacement technique
applied to the connector. Connectors
are preloaded with dual-beam con-
tacts, providing a simple, one-step
operation for terminating unstripped
wires into the connector. Insulated
wire is simply positioned in the con-
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All at once,it's Harris.

Harris now delivers the most cost/
performance effective multi-use computer
system in the industry.

Our new family of high performance
systems — S115, S125 and S135 — together
with our powerful VULCAN Virtual Memory
Operating System supports up to 64 termi-
nals. Simultaneously.

This is a whole new line of medium-scale,
multi-use systems with increased reliability
and new state-of-the-art technology. You
get greater I/0O throughput. MOS memory
with error correction. Powerful micro pro-
cessor based CPU. Broad selection of highly
reliable peripherals. And all operate with

ANSI 74 COBOL, FORTRAN, RPG I, FORGO,
SNOBOL, and extended BASIC.

The Harris S100 systems take on many
different jobs all at the same time. Multi-
stream batch processing. Multiple concur-
rent RJE’s, both host and remote. Multiple
interactive time sharing. Real-time process-
ing. And this new generation of high
performance computer systems from Harris
delivers these all to you, concurrently.

If your need is distributed processing, time
sharing, data base management, or any type
of concurrent multi-use application, bench-
mark our new computer system against any
other system in the industry.

CIRCLE 23 ON INQUIRY CARD

Harris Computer Systems, 1200 Gate-
way Drive, Fort Lauderdale, Florida
33309. Telephone (305) 974-1700.
Europe: Harris Intertype, Ltd., 145 Farn-
ham Road, Slough, SL14XD, England.

All at once, it’s Harris.

HARRIS

COMMUNICATIONS AND
INFORMATION HANDLING

“osiblnd



Our system
emulates the 8080 and

the 8085. The Z80.
The 6800.The TMS 9900.

‘And that’s just
for openers.



Because
who has time to learn
a new system
when a better chip
comes along?
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tact slot area where the application
tooling pushes the wire into the slot
to the proper depth. Contacts have
two wire slots for termination re-
dundancy and secure wire retention.

When terminating, the slotted
beam is deflected by the wire, and
slot contact force displaces the in-
sulation to make electrical contact
at four areas of the wire. Wire
diameter is compressed under beam
spring load until equilibrium is
reached. Residual or stored energy
normal force against the wire pro-
vides contact reliability through wire
creep conditions during heat age or
thermal cycling.

Connector housings are color coded
to a particular wire size and ap-
plicable for wire sizes 18 through
28. Housings are equipped with strain
relief wires molded into each wire
location to provide retention and pull-
out protection. Housings are end-to-
end stackable and compatible with
flat, polarizing, and polarizing with
friction lock headers in vertical and
right angle configurations. Addi-
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Components for wire-to-post
interconnection on 0.100 to
0.156” centerlines allow mass
termination of discrete, ribbon,
or jacketed cable without wire
stripping, using the slotted
beam contact principle

Among the tools that
AMP supplies for its Mass
Termination System is an
air-powered self-indexing
hand tool that snaps onto
a special comb mounted
on the harness board to
mass terminate discrete
wire cabling directly on
the harness board

tional wire support plastic retainers
are molded into the connector hous-
ing. Dual wipe contacts provide a
normal force of 200 g and are post
lubricated to prevent fretting corro-
sion.

Application tools for the system
include a simple T-handled tool for
maintenance or repair, a manually
operated self-indexing tool for low
volume work, and an airpowered
version for intermediate volumes
where portability is necessary. A
semiautomatic machine can mass
terminate both ends of up to 7000
wires/h and can produce single- or
double-ended cable assemblies. In
making cable and wire harness assem-
blies, the system can improve pro-
ductivity by up to 75%. The pneu-
matic harness board tool is especial-
ly designed to lock onto combs or
fixtures already mounted to the
harness board and preloaded with
connectors. The connector is mass
terminated by simply squeezing the
trigger.

Circle 143 on Inquiry Card

Magnetoresistive Effect
Promises Application
In Thin-Film Read Heads

Two elements of current technolog-
ical development have influenced re-
search into practical applications of
the magnetoresistance effect: increas-
ingly high information densities and
need for greater sensitivity for de-
tection of that information. Magnetic
sensors must be constructed to a
degree of compactness that may not
be attainable with conventional mag-
netic induction types despite con-
tinuous refinement and miniaturiza-
tion.

Magnetic induction heads are con-
structed of tiny coils wound around
a ferrite yoke with extremely small
gap dimensions. Philips Research Lab-
oratories in Eindhoven, The Nether-
lands believes that development in
such heads is now close to the limit
imposed by properties and workabil-
ity of the materials used. Therefore,
personnel at that establishment have
been conducting extensive investiga-
tions into the use of thin-film heads
for both writing and reading data,
particularly data recorded on mag-
netic tapes and bubble memories.

Fig 1 Photomicrograph of magnetore-
sistive head with “barber poles,” in-
vented at Philips Research Laboratories.
Three such ferromagnetic read strips,
provided with oblique gold bands, can
be seen side by side on substrate.
Fourth barber pole (somewhat higher, in
middle of photo) does not react to vari-
ations in magnetic field, but serves for
compensating interference signals de-
tected by middle read strip. Light areas
are conductors. Before use, underside
of this construction is ground away up
to just below three lead strips

(Continued on p 46)
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One company can cut keyboard costs.
Even when their keyboards cost more.

The most expensive
mistake you'll ever make
selecting a keyboard could
be spending too little. In the
long run, that adds up to
cutting comers, not costs.

So to make sure you
get the keyboard that really
meets your needs,

MICRO SWITCH uses Value
Engineering.

Through Value
Engineering, we look at your
particular product needs to
design a cost-effective
solution to your problems.
That means designing a
keyboard that interfaces with
your total system and meets
your needs. Precisely.

It also means we can
often lower your total system
cost. For example, we might
be able to incorporate into a
keyboard several levels of
codes that you had been
paying for separately. And at
a much higher cost.

Or maybe customize

MICRO SWITCH products are available worldwide through Honeywell International

integrated circuits to provide
you more logic for less
money.

Besides giving you cost-
efficiency, MICRO SWITCH
keyboards out- feature
practically every other
in the industry.

You can choose LED or
incandescent lighting.
Tactile or linear feel. Sealed
versions for military and
industrial uses. Alternate or
momentary action. Encoding
techniques that'll meet any
code requirement.

There are also wired-
only assemblies or separate
modules available. And you
can pick from the industry's
largest legend library.

Standard, solid state
Hall-etftect technology
throughout the line delivers
reliability no mechanical
keyboard can ofter. Plus, we
back up every keyboard we
make with a 1% Acceptable
Quality Level and a two-year

CIRCLE 26 FOR DATA

warranty.

It all adds up to quality
you can put your fingers
on every time.

For more information,
call 815/235-6600.

With MICRO SWITCH,
you'll be paying for
keyboards instead of
mistakes.
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MICRO SWITCH

FREEFPORT, ILLINOIB 810

A DIVISION OF HONEYWELL



MICRONOVA. ALL THE INGREL

MICRONOVA PROCESSOR

Single chip 16-bit NOVA computer,
;. Integral MUL/DIV,

HIGHER LEVEL LANGUAGES RTC, DMA, hardware stack, and

memory refresh

ggg(rfgmwle Atultbiset Available as a chip, board microcomputer
BusinessgB ASIC or packaged minicomputer

RUN TIME 1/0 SOFTWARE SUPPORT

Communications Access Manager (CAM)
Sensor Access Manager (SAM)
RJE/80 (2780,3780), HASP I
DG/L Programming Language

INTERFACING/PACKAGING

Card Cage/Power Supply
General Purpose Interface
High. Speed DMA
o, DR COMMUNICATIONS
s Synchronous with CRC
Asynchronous
4-line Asynchronous Mux SENSOR 1/0

A/D, D/A, Digital I/O
DG/DAC Sensor I/O Subsystem

Data General Corporation, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd., Ontario. Data General Europe, 61 rue de Courcelles, Paris, France, 766.51.78. Data General Australia, Melbourne, (03) 89-0633.



ENTS TO MAKE YOU A HERO.

OPERATING SYSTEMS

Diskette Operating System (DOS)

Real-Time Operating System (RTOS)

Extensive Program Development Utilities SYSTEM PERIPHERALS

Dasher Displays and Printer Terminals
Single and Dual-Diskette Subsystems
Line Printers, Paper Tape

AVAILABLE MEMORIES
Expansion to 64K bytes with:

8KB and 16KB RAM
4KB and 8KB PROM

-

Our microNOVA line is now of heroic proportions. 17 new enhance-
ments make it the broadest line of 16-bit microcomputer products
available. Here are all the basics so the design engineer can bite into
the real challenge. Without having to waste time developing the tools
he needs. Call 800-225-7282. Or write for free brochure.

¢»DataGeneral

We make computers that make sense.

Data General Ltda., Sao Paulo, Brazil, 543-0138. © Data General Corporation, 1978 microNOVA and DASHER are trademarks, and NOVA is a registered trademark of Data General Corporation.
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Fig 2 Schematic structure of
thin-film pattern for barber
pole, showing gold input leads
(1), highly conductive gold
bands deposited on NiFe strip
(2), direction of current (I)
through barber pole (3), and
cross-section of magnetic tape
(4), which is perpendicular to
the plane of the drawing. Be-
cause of application of gold

Fig 3 Sketch of combined read-
write head, comprising MRH with
barber pole and thin-film IRH

Two types of thin-film heads exist:
inductive and magnetoresistive. The
thin-film inductive recording head
(mru) is basically a miniature coil
of only a few turns. It is well suited
for writing information on magnetic
discs and tape, but it is not really
sensitive enough for readout. On the
other hand, the magnetoresistive re-
cording head (MRH) is more sensi-
tive, but cannot be used for writing.
An MrH usually consists of simply
a nickel-iron (NiFe) strip. The output
signal from this strip is a quadratic
function of the magnetic field strength
and, therefore, special measures must
be taken to linearize its input/output
characteristics. Since the working
point on this characteristic is de-
termined by the angle which the
measuring current makes with the
magnetic lines of force, it is essen-
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bands, current direction is
4= z rotated 45 deg
tial to give this angle the correct
value. A familiar method of doing
this is to incorporate a permanent
magnet in the head.
t tape However, because the magneto-

resistive effect is essentially non-
linear—an obstacle to applications
requiring nondistorted reproduction
of recorded information—a ‘“barber
pole” MRH construction has been
developed. This consists of depositing
a series of oblique bands of highly
conductive material, such as gold,
on a NiFe magnetoresistive strip
which has a much lower conductivity
(Figs 1 and 2). The input current
(I) therefore no longer flows in the
long axis of the strip but makes an
angle with it—in this case 45 deg.
Because of the preferred direction
of the premagnetization, the NiFe
strip is magnetized in the direction
of its long axis, so that the current
in the barber pole now also makes
a 45-deg angle with the magnetic
field to be read out. It has been
found that this results in good linear-
ization of the characteristic and
maximum sensitivity.

Although the barber pole, as ex-
plained, can be used only as a read
head and not as a write head, struc-
turally it can readily be combined
with an inductive write head pro-
vided the latter is also produced by
the thin-film technique. A sketch il-
lustrating such integration is shown
in Fig 3, and Fig 4 shows a photo-
micrograph of a combined read-
write head with barber pole. To
realize these constructions, special
etching techniques have been de-
signed which produce thin-film pat-
terns with chamfered edges. This
facilitates the application of different
patterns one above the other by
greatly reducing the risk of inter-
ruptions in the upper layers.

Fig 4 Electron photomicrograph of
combined read-write head with barber
pole

In the combined head, the barber
pole is located in the gap of the
magnetic yoke of the inductive head.
Compared with an inductive read
and write head, this combination has
the advantage of a much greater
read-out sensitivity, even at higher
frequencies.

Results of these laboratory experi-
ments do not necessarily imply a
follow-up in production or market-
ing.

Transaction Processing
System Offers 105M-bytes
Disc Capacity

System 610, a transaction processing
system for users who require large
storage capacity, offers 35M bytes
of disc storage in a basic system and
is expandable to 105M bytes in a
3-drive system. Introduced by Basic/
Four Corp, PO Box C-11921, Santa
Ana, CA 92711, the system meets the
needs of data processing sophisticated
users who want to keep their files
online.

The microprogrammed cpu is de-
signed for execution of instructions
written in BUSINESS BASIC language.
Its speed is enhanced through use
of semiconductor memory having a
full cycle time of 600 ns. System
features include an enhanced operat-
ing system; exception analysis sys-
tem (EAsY), an inquiry/reporting
system specifically designed to pro-
duce special reports; and a Tri-State
Language Processor™ which offers the
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The HP 2649A
is what you make it.

o A microcomputer. Why not? The
microprocessor gives you a lot of power.
Then you can add ROM memory,
interface with a disc, control
peripherals, and access other
systems via a modem.
So the HP 2649A acts like
a small computer, even
if it doesn't look like one.

A controller. It's a natural. Just program the built-in
8080 microprocessor to do your thing, and get it into
your system. The HP 2649A has a variety of "
synchronous, asynchronous, serial and parallel
interfaces (including HP-IB, our IEEE .~
Interface Standard 488). This makes it "
easy to hook up with instruments "
and peripherals. In short, its a
complete controller system in a
single package.

A graphics display station. Sure.
You can put a window in your system
and see exactly what's going on. Alphanumerics,
auto-plot, and full graphics, including Area
Shading, Pattern Definition and
Rubber-band line, give you
the whole picture.

A terminal. Terrific! Great editing
ability, a choice of keyboards,
flexible data communications,

and a variety of baud rates

make it an excellent fit inan RJE
situation. Preprogrammed
firmware is available to get you §
off to a head start.

You can really make
a lot with the HP 2649A.

You start with the
basics — a CRT, power
supply, backplane, 1/0
cards, MPU, and versatile,
modular architecture.
You program s
it to do your specific job, and pick only the Y ~ memory, keyboard, 1/0, breadboard,
and other modules you need. These include RAM (up to 32K bytes on one

module), ROM, and PROM boards, which all simply slip into the chassis.
(There are slots for your own boards as well.) You can also
add 220K bytes of mass storage on dual plug-in cartridges.
To top it off, we have documentation, development
tools, and a one week training course in programming and customizing
e e e s L W A e e L - ST N
So whatever you

call it, call your nearest
: Hewlett-Packard office
listed in the White Pages and ask for complete
details. Or send us the coupon. We'll help you make
it any way you want it.

I'm interested in your microcomputer/controller/graphic display
station/terminal.

[0 Have your representative contact me.
[0 Send me technical literature.
[0 Send me OEM information.

Name Title

Address
City/State/Zip

HEWLETT ' ﬁ,‘ PACKARD

Mail to: Ed Hayes, Marketing Manager,
Hewlett-Packard Data Terminals Division,
CIRCLE 28 ON INQUIRY CARD 19400 Homestead Road, Dept. 1218, Cupertino CA 95014.
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Six important

reasons for

choosing SYSTEMS
when considering
32-bit computers.

1. Powerful Hardware

The SEL BUS transfers data at the rate of 26 mega-
bytes per second. No other computer system in this
class offers this performance—the SEL BUS is the
industry standard for speed. And only the SEL 32
employs microprogrammable, independent 1/O; 1/O
processing doesn’t steal CPU cycles.

2. A Family From Which To Choose

SEL offers a family of true 32-bit computers:

® SEL 32/35—processor with 900-nanosecond
memory and floating-point arithmetic;

® SEL 32/55—flexible single and multiple CPU
configurations with up to one million bytes of
600-nanosecond memory;

® SEL 32/75—supports up to 16 million bytes of
memory. And the only computer with independent,
intelligent I/O to process and transfer data directly to
and from memory.

3. Sharp-Pencil Pricing

Whether you buy one CPU or a hundred, we’ll give
you more computer performance for each dollar you
spend.

4. Reliability

Hundreds of SEL 32 systems are operating in critical
applications which demand availability, such as simu-
lation, power plant monitoring, and telemetry.

5.0n Time Delivery

When you schedule the delivery of an SEL 32 com-
puter, we know it’s an important date. So when we say
it will be there...it will be there.

6. Support

Our computers are in operation on land and sea in
most parts of the world. Parts depots and support ser-
vices are located worldwide at strategic locations. You
will find our offices in major cities abroad and in most
industrial centers in the United States. This is ex-
tremely important when your computers are em-
ployed in critical real-time, on-line applications.

SYSTEMS

ENGINEERING LABORATORIES
6901 West Sunrise Boulevard,
Fort Lauderdale, Florida 305/587/2900
0000000000 0000000000000OC°0OCOCOOCGROIOGPOIOIOOS

I'll consider SEL. Tell me more about the
O SEL 32/35 O SEL 32/55 O SEL 32/75 O SEL Software.

0 Send me an overview.
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Mail to: Systems Engineering Laboratories
6901 West Sunrise Boulevard. Fort Lauderdale. Florida
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online programming advantages of
an interpreter, while providing the
execution speed of a compiler.

The disc subsystem is organized
around a programmable bipolar wLs1
processor which takes care of house-
keeping chores normally performed
by the cpu. This lessens the load
on the cpu and offers greater system
throughput. The disc system proces-
sor is also capable of performing
selected error checking/correction
routines which are built into the
operating system, and can auto-
matically execute test routines dur-
ing the power-up sequence and during
system initialization.

A spooling capability that allows
the user to create print files quickly
and easily is accomplished through
use of a special serial file and associ-
ated buffer. When the buffer be-
comes full, it is automatically writ-
ten to the serial file. This results
in more efficient disc utilization, since
data for several print lines is trans-
ferred in a single disc access.

Minimum configuration is a micro-
programmed cpu with 40k semicon-
ductor memory, video display termi-
nal, 35M-byte disc drive, and 165-
char/s printer. A maximum con-
figuration has three disc drives total-
ing 105M bytes, 95k memory, eight
display terminals, and up to two
printers.

Circle 144 on Inquiry Card

Optical Video Disc
Shows Promise For
Mass Data Storage*

Because of their inherent capabilities
for storing large amounts of data,
discs have become basic media for
TV programming storage and retrieval
systems. Two different such disc
storage based systems were developed
at RCA’s Advanced Technology Lab-
oratories, Camden, NJ 08101. One,
a capacitive pickup system that uses
an electron beam for record and
playback, was developed to meet
home entertainment requirements.
However, the second, although orig-

*Information in this article is abstracted
from the paper “Optical Video Disc For
High Rate Digital Data Recording” pre-
sented at the 1977 Electro-Optics/Laser
Conference and Exposition by G. J.
Ammon, R. F. Kenville, and C. W. Reno.
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storing, and/or reading data

OPTICAL
VIDEO DISC
Epac | - DATA 5
DATA IN . |encooer| -
allodliltd RECORD
INPUT/OUTPUT
BUFFER i
AND
. ..
, R
DATA OUT
DATA OUT | 3 .
DAC U DATA .
’ . DECODER| - LAY
TIMING

Block diagram of digital signal processing for RCA’s optical video disc
system. Error detection and correction (EDAC) recovers original input data
even though various undesired changes are made in data during recording,

lTRACKING CONTROL I

inally developed for broadcast studio
use, is expected to find applications
also in mass data storage and ex-
panded memories for mini- and micro-
computers. This optical video disc
(ovp) system uses a laser for both
write and read processes. The pro-
prietary record/playback medium
can be deposited on a number of
different substrates, the one now
used is a vinyl similar to ungrooved
phonograph records.

During playback the disc rotates
at 1800 r/min and stores the equiva-
lent of 30 minutes of programming
when used as a video recorder/
reproducer. A blank disc is inserted
onto the turntable and recorded live,
using a modulated laser beam. Play-
back can be accomplished immediate-
ly or at any time thereafter by op-
erating the laser at lower power
and using a photodetector to pick
up the reflected modulation.

Use of the ovp system for record-
ing digital information requires the
optimum selection of modulation,
coding format, and error detection
and correction (EDpAC) codes. Informa-
tion is recorded on the ovp as a 2-
level signal (binary coded), due to
the fact that recording is accom-
plished by using the “write” laser
to remove material from the disc.
Recorded signals are formed in a
series of spots of varying length and
spacing. Therefore, pulse coding
must be employed to efficiently store
information on the disc, and a com-
plementary form of decoding must

be used to recover the information
during playback.

Serial input information must first
be buffered to accommodate non-
synchronous data entry and then for-
matted into appropriate data blocks.
Buffering handles both asynchronous
data and data rates lower than the
maximum rate of the ovp. Data
blocking and the addition of appro-
priate header information facilitate
organizing the data into convenient
segments for addressing and error
control.

Adding Epac information is most
important in digital recording sys-
tems where bit error rates (BER) of
10—" and lower are desired. In record
mode, check bits are added to the
data and the resulting information is
redistributed with respect to itself.
In some EDAC systems a 1000-to-1
improvement in BER can be achieved
with check bits comprising only a
10% overhead.

Several encoding formats are be-
ing examined for applicability to the
ovp system. Some formats require
addition of timing information to en-
sure proper decoding upon playback.
The encoding portion of the system
can also be set up to feed data into
the disc on parallel tracks. The num-
ber of tracks used here can be dif-
ferent than that used in demulti-
plexing and Epac.

Retrieving information recorded on
a disc involves performing the in-
verse of the processing used for re-
cording. Information read out of the
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ROLM hasitall together

r.yThis high speed, single module
ress 64K of memory and as many as

: requi

3l 5605 micropro
processor can
61 de ;

It uses our semi-conductor or core memory modules.
Like the CPU, they're Mil-Spec components ready for se-
vere environments.

Select from a full line of ROLM interfaces ranging from
standard 1/O buffers to NTDS and communications interfaces.

Tie the whole system together with a custom, or stan-
dard, motherboard ready for an enclosure of your design or
the ROLM Mil-Spec Half ATR chassis.

is in design & development, you
software can d on one of the ROLM standard
AN/UYK-19 prc ors. Since all ROLM modules are
interchangeable and compatible, processors such as ‘
the ROLM 1602A can be used for programming, test and
maintenance—without modification!

And your flexibility of selection doesn’t stop with
hardware. At no added cost you have your pick of extensive,
updated, upward compatible software with your program-
ming station.

We call this the “micro-modular” approach to de-
signing a Mil-Spec computer system. It puts it all together
in a way that makes sense; just the way you want it.

That's Why We're #1in Mil-Spec Computer Systems

MIL-SPEC
Computers

4900 Old Ironsides Drive, Santa Clara, CA 95050. (408) 988-2900. TWX 910-338-7350.
In Europe: 645 Hanau, Muehistrasse 19, Germany, 06181 15011, TWX 418-4170.

CIRCLE 30 ON INQUIRY CARD




Powerful software gives Mostek’s AID-80F ™




AlID-80F offers powerful software
and versatile hardware for
microcomputer applications or
Z80 program development. As a
complete disk-based computer it
provides all the tools required for
hardware/software development
and debug.

The efficient, straightforward
hardware organization of AID-80F
includes the powerful Z80 Software
Development Board, OEM-80; a
memory and I/0 expansion board,
RAM-80; and the floppy-disk
controller board, FLP-80. Optional
in-circuit emulation capability is
provided by Mostek's Application
Interface Module, AIM-80™.

AID-80F Software.

Mostek software is state-of-the-
art: efficient, comprehensive, and
easy-to-use. It's designed to

accelerate your own programming
rate, allowing you to concentrate on
the application problem, which
greatly reduces the overall
development cycle.

The power of Mostek software is
found in programs like Monitor, Text
Editor, Assembler, Relocating
Linking Loader, and Debugger. In
addition, the Peripheral Interchange
Program (PIP) offers the most
complete peripheral management
system in the industry.

AID-80F Hardware.
OEM-80. It's the heart of Mostek’s
new AID-80F, providing the power
of the Z80 microcomputer plus 16K
bytes of on-board RAM.  azeezz

loppy-disk system ?

RAM-80. This memory and I/0O
expansion board includes 16K bytes
of RAM (expandable to 64K bytes)
and four eight-bit I/0 ports.

FLP-80. Mostek’s flexible disk-
drive controller board interfaces
OEM-80 with up to four drives with
soft sector format.

AIM-80. This optional board allows
real-time, in-circuit emulation with
extensive debug, trace and diagnostic
capabilities.

AID-80F is priced at just $5995
and each board is also available
separately. To get a complete
descriptive package on the AID-80F
Microcomputer, contact your sales
representative or write Mostek
Corporation; 1215 W. Crosby
Road; Carrollton, Texas 75006;

(214) 242-0444. Mostek GmbH; West
Germany; Telephone: (0711) 701096

MOSTEK
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We're really proud of our add-on memory for your
PDP*-11/70. Heres why.

First, we'll ship it when you need it. No waiting.
We invented semiconductor memory, manufacture
our own components and deliver more bits of memory
every year than any other company.

No one has more experience in MOS memory
technology than our design team. They've designed
our in-1670 for PDP-11/70 to deliver optimum
reliability, with the features you need. Error
Correction Coding and Error Logging, for example,
mean that single bit errors are corrected automatically,
and logged to simplify preventive maintenance.

We designed our in-1670 for easy expansion, too.

It gives you up to two megabytes in a single frame.
As your needs grow, you can expand easily by adding
memory cards in convenient 128K byte increments.

We're proud of our worldwide service organization,
too. It's the support youd
expect from the independent

that delivers more memory systems than any other.
Finally, there are economic advantages. Choosing

Intel can give you clear-cut cost savings. And the

added peace of mind you get when you go with

a leader. Thats true of all our memory systems, for

PDP-11 and LSI-11 computers, and 370 computers, too.
Why wait? Pick up the phone and call your local

Intel sales office. Or, for more information, call us at

408/734-8102 or use the coupon below.

E\;l—Mzr:or_ygy;te_m: ______________ c ;; 7:
1302 N. Mathilda Avenue, Sunnyvale, CA 94086

—
|

|

I Send me more information on memory for my
{ PDP-11/. LSI-11 Other.
| Call Me /
|

|

|

|

|
L

Name

Company. Position
Address
City, State, Zip

* PDPis a registered trademark of Digital Equipment Corp

“Intel delivers PDP-11/70

memory with

MOS performance,

ECC-and no waiting.
We planned it

that way.”
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SALES OFFICES

ALABAMA
Pen-Tech Assoc.
Huntsville
(205) 533-0090

ARIZONA

Intel Corp.
Phoenix

(602) 242-7205
BFA Corp.
Scottsdale
(602) 994-5400

CALIFORNIA
MAC-I
Berkeley

(415) 843-7625
MAC-I
Cupertino
(408) 257-9880
MAC-I
Fountain Valley
(714) 839-3341
Earle Assoc.
San Diego
(714) 278-5441
Intel Corp.
Santa Ana
(714) 835-9642
Intel Corp.
Sherman Oaks
(213) 986-9510
Intel Corp.
Sunnyvale
(408) 738-3870
MAC-I
Woodland Hills
(213) 347-1374

COLORADO
Intel Corp.
Denver

(303) 373-4920
Mountaintek
Evergreen
(303) 674-5255

CONNECTICUT
Intel Corp.
Danbury

(203) 792-8366
CMA Corp.

Fair Haven
(203) 789-1013

FLORIDA
Pen-Tech Assoc.
Deerfield Beach
(305) 421-4989
Intel Corp.

Ft. Lauderdale
(305) 771-0600
Pen-Tech Assoc.
Maitland

(305) 645-3444
Intel Corp.
Orlando

(305) 628-2393

GEORGIA
Pen-Tech Assoc.
Atlanta

(404) 955-0293

ILLINOIS
Dytek-Central
Arlington Heights
(312) 394-3380
Intel Corp.
Oakbrook

(312) 325-9510
IOWA

Technical Reps.
Cedar Rapids
(319) 393-5510
KANSAS
Technical Reps.

Lenexa
(314) 888-0212, 3, 4

MARYLAND
Mesa, Inc.
Rockville

(301) 881-8430
Glen White Assoc.
Timonium

(301) 252-6360
Intel Corp.
Timonium

(301) 252-7742

MASSACHUSETTS

Intel Corp.
Chelmsford
(617) 256-4131
CMA Inc.
Waltham

(617) 894-7000

MICHIGAN
Lowry and Assoc.
Brighton

(313) 227-7067
Intel Corp.
Southfield

(313) 353-0920

MINNESOTA
Intel Corp.
Bloomington
(612) 835-6722
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MISSOURI
Technical Reps.
Hazelwood
(314) 731-5200

NEW JERSEY
Intel Corp.

Edison

(201) 985-9100
NEW MEXICO
BFA Corp.
Albuquergue
(505) 292-1212

BFA Corp.
Las Cruces
(505) 523-0601

NEW YORK

Measurement Tech.

Great Neck
(516) 482-3500
Intel Corp.
Hauppauge
(516) 231-3300
T-Squared
Pittsford

(716) 381-2551
Intel Corp.
Poughkeepsie
(914) 473-2303
Intel Corp.
Rochester
(716) 328-7340
T-Squared
Syracuse

(315) 463-8592

NORTH CAROLINA

Pen-Tech Assoc.
Highpoint

(919) 883-9125
OHIO

Lowry and Assoc.
Cleveland

(216) 464-8113
Intel Corp.
Dayton

(513) 890-5350
Lowry and Assoc.
Dayton

(513) 435-4795
Intel Corp.

Euclid

(216) 289-0101
OREGON
ES/Chase

Beaverton
(503) 642-2732

PENNSYLVANIA
Intel Corp.

Ft. Washington
(215) 542-9444
Q.E.D. Electronics
Hatboro

(215) 674-9600
Lowry and Assoc.
Pittsburgh

(412) 922-5110

TEXAS
Intel Corp.

Dallas
(214) 241-9521

Mycrosystems Mktg.

Dallas

(214) 238-7157
Intel Corp.
Houston

(713) 784-3400

Mycrosystems Mktg.

Houston
(713) 783-2900

UTAH
Mountaintek
Salt Lake City
(801) 266-9617

WASHINGTON
ES/Chase
Seattle

(206) 762-4824

CANADA HDQTRS.

Ottawa

(613) 232-8576
Multitek
Ottawa

(613) 226-2365

EUROPEAN HDQTRS.

BELGIUM
Brussels

Tel: (32-2) 660 30 10

Telex: 24812

ORIENT HDQTRS.
JAPAN

Tokyo
Tel: (03) 426-9261
Telex: 781-28426
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tracks is first decoded to yield the
basic input information with EDAC
bits. Timing information obtained dur-
ing playback is fed back to the disc
drive to adjust rotational speed for
optimum readout. EDAC circuitry
checks the information out of the
decoder and corrects the errors within
the capability of the Epac code.
Finally the signals out of the EDAC
circuitry are stripped of EpAc Dbits
and fed to the multiplexer for re-
combination into the original input
data format.

The system can be configured to
record analog information with a
signal bandwidth of up to 30 MHz,
or a multiple track approach can be
used to store digital information with
a data rate of up to 200M bits/s.
Storage of up to 5 x 100 bits/disc
side can be achieved with an access
time of less than 1 s. Signal to noise
ratio is 50 dB. Disc information can
be updated and the system is con-
sidered to be compatible with auto-
mation.

Circle 145 on Inquiry Card

Small Computer System
Adapts Readily to
User's Needs

The 5110, a small computer system,
exemplifies current trends in tech-
nology and cost which bring greater
amounts of processing power within
reach of virtually all businesses. An-
nounced by International Business
Machines Corp, General Systems Div,
PO Box C-1645, Atlanta, GA 30301,
the system offers a choice of four
main storage capacities, two storage
media, and two programming lan-
guages, allowing users to obtain a
system that fits specific needs.

Featuring a desktop unit which
houses cpu, typewriter-like keyboard
with 10-key calculator pad, and a
1024-char display screen, the system
offers the ease of use and compact-
ness of the IBM 5100 computer (see
Computer Design, Nov 1975, pp 130-
131). Extended hardware capabilities,
language enhancements, and im-
proved internal performance are
addjtional features.

The system provides full display
screen management. Users can posi-
tion data anywhere on the crr, and
have the option of an upper/lower
case display. Data can be black on
a white background, or the reverse.

Storage for 204k bytes of infor-
mation is provided by magnetic tape
cartridges. Two 5114 diskette units,
each housing two diskette drives, can
be attached to supply capacity for
4.8M bytes. Diskettes can be inter-
changed with other IBM systems. The
computer can access data randomly
on a diskette in approximately 200
ms, can read data at 48k bytes/s,
and can write and verify data at a
rate of 19k bytes/s. Model 1 uses
tape and/or diskette; model 2 offers
diskette only.

Data handling is facilitated by
several programming features. Op-
erators can group information on
diskettes in records and access rec-
ords directly, in sequence, or by in-
dexed files. Up to 10 multiple open
files are permitted on diskette. Users
can build procedure files so that job
streams can be executed without op-
erator intervention. An optional hard-
ware sort feature offers full record
and address out sorting and is capable
of sorting both secondary and primary
fields in ascending or descending
sequence.

Systems can communicate with
some other IBM systems and devices.
With asynchronous capability, the
5110 appears to a remote System/
370 host as a 2741 communications
terminal. With binary synchronous
capability, it appears as an 2770 or
3741 to the host; this feature can
be programmed in APL or Basic. Ap-
pearing as a 3741 allows the 5110
to interact with a remote System/3,
/32, or /34, or as another 3741 or
5110.

1/0 devices available for attach-
ment include the 5106 model =
auxiliary tape unit and 5103 models
11 and 12 printers. Providing the ad-
vantages of upper/lower case out-
put and capability to overlap print-
ing with application processing, mod-
els 11 and 12 print bidirectionally
at 80 and 120 char/s, respectively.
Use of serial or parallel interfaces
permits card and paper tape devices,
printer/plotters, terminals, and in-
strumentation to be added to the
system.

Ranging in price from $9,875 to
$32,925, systems are supported by
software which includes commercial
and problem-solving programs. An
upgrade to incorporate 5110 features
into purchased 5100s will be avail-
able in June at a price from $3800
to $5800.

Circle 146 on Inquiry Card
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Computer System Offers
Twice the Power

of Predecessor

V-8590 and V-8580 computer sys-
tems are the most powerful yet in-
troduced by NCR Corp, Dayton, OH

45479. In addition to using the in-
ternal bus architecture, ECL circuitry,

DpMA, and diagnostics of earlier 8000
series models, the systems incorporate
more efficient memory and processors
with 56-ns cycle time.

With approximately twice the
power of its predecessor, the V-8570,
the -8590 capitalizes on internal
transfer bus architecture, using two
processing elements which share all

. dling large numbers
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system resources. Memory is expand-
able from 2M to 6M bytes in 1M-
byte increments. Communications
multiplexers can provide extensive
communications capabilities for han-
of terminals.

The -8590 implements an 1/0
method which incorporates an 1/0
link protocol that permits data
transfer in a serial bit stream at
2M-bytes/s. Advantages of the
method include increased speed,
greater flexibility in configuring peri-
pheral units, reduced channel con-
tention, and lower overall cost. The
discipline is implemented using an
1/0 link controller capable of ac-
commodating four 1/0 links. Each
controller attaches directly to the
system’s internal transfer bus. Each
system can accommodate up to 24
1/0 links.

Peripherals using the 1/0 link
protocol include the 6540 data stor-
age subsystem and the 6370 group
coded recording tape unit. 658 disc
units and 647 printers also use the
protocol.

A basic -8580 processor includes
three 1/0 trunks. The system accom-
modates from 1M to 4M bytes of
memory. Communications can be
provided by both an integrated com-
munications subsystem and by a free-
standing communications multiplex-
er. Memory in both systems uses
16k-bit technology and features error
detection and correction with 4-way
interleaving, a memory design tech-
nique that allows several processing
subsystems to access memory simul-
taneously. A hardware assist unit
performs all operations necessary to
set up a command for execution
while a previous command executes.

Both systems operate under the
virtual resource executive, and can
operate in “N” (NCR Century) mode,
in which a system is conditioned
through firmware to operate as if
it were a Century system. Languages
available with the two systems in-
clude coBoL 74, NEAT Vs, FORTRAN,
and RpG. Century languages, cosoL
68, and NEAT/3 are also available.

Purchase price for a V-8580 in
minimum configuration is $517,000.
Deliveries are scheduled for third
quarter of this year. V-8590 proces-
sors with minimum of 2M-byte mem-
ory are priced at $720,000. First
units will be available in the last
half of the year.
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Our quantity-50
OEM price for the
Silent 700* Model 743
KSR Terminal is now
just $10887. In larger
quantities, the price goes
below $1000.

And it keeps on costing less
because the real payoff is in
the cost of ownership. In the
long run, it costs less than any
other printer terminal with
comparable performance.

The reason is easy. Superior
design. The 743 KSR is built
around a TI microprocessor. So,
there are fewer components and
circuit boards than in other
printer terminals. That means
less maintenance and more
uptime performance. Plus
standard EIA and current loop
interfaces in a lighter, desk-
top package.

The 743 features the speed,
reliability and quietness that
made the Silent 700 terminal
family so popular. Incoming data
is buffered, so you get true 30

characters-per-second throughput.

\ et
n b2k a2

R N NN SRS Data entry. Interactive remote

X computing. Or as a message

terminal network. And it’s
now available with APL.
The 743 is backed by T1’s

worldwide maintenance

St 8 R Vg

AR s and support services.
TIs Model 43 KSR Find out more about TI’s 743

Disturbing noises associated KSR printer terminal. Fill out
with impact printers areeliminat- and mail the coupon today. Or call
ed with the 743’s non-impact your nearest TI sales office, °
electronic printing. or Terminal Marketing, (713)

Use it as a console I/0 for soft- 491-5115, extension 2126.

ware development.Keyboard ter- Texas INSTRUMENTS
minal for inquiry/response. INCORPOGRATED

PO N0 00000000000 0000000000 as tisitosisiceesosssiosnicesosnecssesssssosnsense
.

Yes! I am interested in the 743 KSR Printer Terminal. e
[ Please have your representative call me. ﬂlENT 700
[J Please send me more information.

Name
Title
Company
Phone
Address
City State Zip
Mail to: Texas Instruments Incorporated, P.O. Box 1444, M/S 784,
Houston, Texas 77001 RE

*Trademark of Texas Instruments Copyright®1977, Texas Instruments Incorporated
1U.S. Domestic Price

electronic data terminais

0000000000000 000000EERNORCOBRORRERRIOSDL

0000000000000 NINEIRONBORRSIOIRITNTS

TEXAS INSTRUMENTS.



When you put
aname like Classic
on a new computer,
you've either got
alot of nerve.

Or alot of computer.

Introducing the
MODCOMP Classic.

Alot of computer.

Forget megabytes, bits and nano-
seconds for a i sec.

Because what you really need for a
successful computer installation is
cost/performance, ease of implemen-
tation and reliability / maintainability.

For years, MODCOMP has led the
medium class computer market in all
of these critical areas.

Now we've set a new standard for
super minis.

The MODCOMP Classic.

Classic. A lot of computer.
But not a lot of money.

The Classic costs less than any other
super mini on the market. Yet, in
benchmark tests, it's outperformed

the best of them. The reasons?

+ A new super-fast floating point pro
Cessor.

+ Lightning fast context switching pro
vided by seven MAP files and 240
general purpose registers.

» MOS or core memory with effective
cycle times as low as 150 nanoseconds.
« Up to 0.5 megabytes of memory is
directly addressable.

+ A unigue multi-word (16-80 bit)
architecture.

» An enhanced instruction set, with 55
special Fortran oriented instructions.

+ 1/0 processors that can handle up to
eight million bytes per second.

« And a CPU that can execute many
instructions in 200 nanoseconds.




Built to save you the biggest
expense of all - downtime.

Ihe Classic will give you the perfor-
mance you want. It's also designed to
give you the reliability and maintain
ability you need.

Our exclusive wire-wrapped PC
boards are more reliable and easier to

service than soldered boards. Hardware

diagnostics and convenient test con-
nectors allow you to test all system
components and locate faults quickly.
And the PC boards plug in and out for
casy, fast replacement.

When you buy a Classic, you also
aet our experience and product de
velopment tools to help you get your

systemn up and running fast. And our
service and support to keep your sys-
term running, successfully.

A complete family of computers.
Plus field-proven software.

The Classic is not just one new
computer, It's a complete family of
computers, supported by a full com-
plement of peripherals, process |/ O
interfaces and software operating
systems for process control, data
communications, terminal-based infor
mation processing, business data pro
cessing and distributed networks. And
the Classic is upward compatible with
all other MODCOMP computers

L ASSIC

' MODCOMP

Whether you're a computer user or
an OEM, if you're thinking about buy
ing or expanding a computer system,
consider cost and performance. Short
term and long term.

And consider Classic. Because when
you get to the bottom line, there's only
one choice. Classic.

For more information, send for our
brochure.

Dedicated to your success
Modular Computer Systems, Inc
1650 W. McMab Road
Ft. Lauderdale, F1. 33309
Phone (309) 974-1380
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| MS-53, 1650 W. McNab Road
Ft. Lauderdale, FL. 33309

Please send me your brochure: “MODCOMP Classic.

i The standard of computing excellence.”

| Name




DIGITAL TECHNOLOGY REVIEW

Upgraded Interactive
Application System
Supports 32 Users

IAS version 2, an enhanced inter-
active application system for large
PDP-11 systems, is designed to sup-
port up to 32 interactive users—12
more than its predecessor—as well
as additional peripheral equipment
and software options. In addition to
greater user capacity and increased
hardware options, the software ex-
tends communications flexibility and
system utilities, and is compatible
with more laboratory and industrial
real-time interfaces.

Announced by Digital Equipment
Corp, Maynard, MA 01754, the gen-
eral-purpose, multifunction operat-
ing system extends support to the
-11/60 cepu, RP05 and -06 disc stor-
age subsystems, and the RX01 floppy
disc subsystem. The multilanguage
system supports RpG-11 and corar-66
in addition to BASIC, COBOL, FORTRAN
1v, and FORTRAN 1v-Plus. Data ser-
vices include multikeyed 1sam capa-
bility of rms, pBMs, SORT, and DATA-
TRIEVE.

Circle 148 on Inquiry Card

Growth Offered for
Out-of-Production
Computers

Three families of computers—TCP-
16, -24, and -32—emulate out-of-pro-
duction computers from Lockheed,
General Electric, and Xerox, allow-
ing users of these mainframes to
expand their computing capabilities
without any change in software or
operating procedures. Introduced by
Telefile Computer Products, Inc,
17131 Daimler St, Irvine, CA 92714,
the systems also represent a step-
function improvement in performance
and a reduction in cost.

Processing programs written for
the Lockheed MAC-16 and LEC-186,
TCP-16 computers reduce context
switching from 6 to 1.6 us. Further-
more, they offer additional multi-
plex data channels, more pmA chan-
nels, and a multiport memory sys-
tem. TCP-24 computers emulate the
GE-400, and -32 mainframes start
where the Xerox Sigma 9 left off.
Both of these units will provide a
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4-to-1 improvement in performance
as well as significant decreases in
size and cost.

Circle 149 on Inquiry Card

MARK IV System Release
Improves Efficiency
and Flexibility

Major changes and improvements in
terms of efficiency and flexibility to
the MARK 1v system are contained
in Release 7.0. Highlights of the
modified system from Informatics
Inc, 21031 Ventura Blvd, Woodland
Hills, CA 91364 are enhanced ease
of use and extended capabilities for
ms and TOTAL data base manage-
ment system users.

The system will provide query
capability for cics and INTERCOMM
teleprocessing environments through
Query Language/cics and Query
Language/iNTERCOMM. These two
products feature English-like syntax,
text editor, data base support, and
sequential or random data access.

Upward compatible from Release
6.0, Release 7.0 requires no modifi-
cation to existing programs. It will
be distributed at no cost to sub-
scribers of the company’s Annual
Improvement Maintenance and Sup-
port service.

Circle 150 on Inquiry Card

Monitoring Systems
Allow Detection of
Disturbance Values

Oscillostore, Datastore, and Event-
store systems permit anomalies to
be detected and analyzed when re-
cording and monitoring chemical and
physical processes. To provide the
history of operation in an undis-
turbed state that is necessary to pro-
vide optimum disturbance sensing,
Siemens AG, Postfach 103, D-8000,
Munchen 1, Federal Republic of
Germany incorporated digital mem-
ories into the systems, which consist
of function modules that may be
combined to fit specific requirements.

The Oscillostore system consists of
a measuring device with memory
(static data carrier) and recorder

for monitoring operating conditions.
The system processes analog as well
as binary measurement signals and
can detect general disturbances as
well as critical operating conditions.
The Datastore system consists of a
measuring device with memory and
magnetic tape recorder (dynamic
data carrier). It processes analog
and binary input signals and can
be used to detect general distur-
bances or critical operating condi-
tions. Data recorded on the dynamic
data carrier can be further processed
on a computer. The Eventstore sys-
tem is a measuring device with mem-
ory and printer (static and dynamic
data carrier), with which operating
conditions can be monitored and dis-
turbances (events) logged immediate-
ly. The system has binary measure-
ment signal inputs only.

In the Oscillostore, measurements
to be checked are scanned using a
multiplexer and are fed via A-»p con-
verters into a shift register, which
allows for start-up of evaluating
units such as recorder or printer,
and thus gives a rough idea of the
source of the disturbance. Digital
values are then reconverted into
analog quantities by means of sys-
tem modules and are fed into re-
cording equipment.

Datastore is based on the same
design principles, but uses a differ-
ent data carrier. Instead of a record-
er (static data carrier), a magnetic
tape cassette (dynamic data carrier)
is employed so that recorded data
can be teletransmitted directly to
a computer.

Using modules of the Eventstore
(data logger modules), binary sig-
nals appearing in processes can be
detected. The system has an input
insulation level of 5 kV. Up to 2000
different measurement inputs can be
scanned in 1 ms. Since results can
be logged with printers, status changes
with the corresponding numerical
assignment can also be detected or
additional  alphanumeric informa-
tion printed out.

When remote transmission of in-
formation from decentralized points
is required, only mean values are
transmitted since the number of
transmission channels available is
limited. The instantaneous values
detected are, therefore, reduced to
mean values before transmission. []
Circle 151 on Inquiry Card
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New DIRECTROL Multiplexer.
Signaling new directions
for industrial control.

Cutler-Hammer’s new DIRECTROL .. . finally, here’s a multiplexer that’s
practical for industrial control application. DIRECTROL achieves startling
advantages in project simplification, system productivity and plant versatility.

il - :

DIRECTROL'’s loop configuration permits ‘“on-the-fly’’ modifications (adding
terminal station #8) without system shutdown. Accelerates minor revisions
and extensive system expansions.

=T} —l——8

Project simplification. DIRECTROL is designed and applied in a conventional
control manner. But unlike the conventional, it substantially reduces wiring
costs and project complexity—easily adapting to unanticipated requirements.
For the first time, DIRECTROL offers control multiplexing in easy-to-apply,
easy-to-order, easy-to-install modules.

System productivity. DIRECTROL’s innovative approach provides high-yield
features like monitoring of multiplexer performance on

every signal scan, high security data handling
routines, self-diagnostic/self-
correcting characteristics, integral
high noise immunity and multiple
redundancy options to name only a
few. Plus the unique ability to add
new stations “on the fly’” without
affecting system operation.

Plant versatility. DIRECTROL’s
4,096 signal capacity and 5,000 foot
distance between stations combine
with “stand-alone” independence
or computer compatibility to add
dramatic equipment selection
flexibility for future needs.

Why not set a new course for your
industrial control requirements?
Write Milwaukee, Wisconsin 53201
for descriptive brochure.

CUTLER-HAMMER

Quick-Access Protected
Insulated Wireway Field Terminals

4-MODULE
TERMINAL STATION

—
.

e

Self-Monitoring
Power Supply

AL LA

Plug-in
1/0 Modules

Bestby Design
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TERADYNE'S
MEMORY

TEST SYSTEM
GIVES YOU A
DEFINITE EDGE.

Only Teradyne’s J387 The advantages are reasons why the J387is the
Memory Test Systemgives  obvious. With16k andpage-  hands-down leader in memory
you Automatic Edge Control. = mode parts in production, testing. But it’s far from the

A vitally important feature that timing integrity is more vital  only reason. If you produce
eliminates the risk of inaccu-  than ever. Automatic Edge memories or use them in vol-
rate edges and the time and Control guarantees thisinteg- ume, send for our new booklet,
tedium of manual edge-setting. rity. And the fallout fromthat “Memory Testing With a Dif-

With Automatic Edge is strictly financial. ference.” It will tell you why
Control calibration becomes a owners of the J387 have such a
function of the system itself. LEARN MORE. definite edge. Write Teradyne,
A function it performs auto- Automatic Edge Control 183 Essex Street, Boston,
matically in a matter ofa is one of the mostimportant ~ MA 02111.
minute or two.

Now calibration can be
performed often enough to

keep edges repeatable. No
more hours of downtime every
week for recalibration. No
more risk of human error.

This circuit module has revolutionized
memory testing. With it Teradyne’s J387
calibrates its edges automatically. At a rate
of an edge per second!

f ERADYNE,
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Single-Board Microcomputers
Monitor and Control Hydroelectric Plant With Remote Supervision

Operating an entire hydroelectric plant—including
four generators—from the control room of another
plant 90 miles (145 km) away allows the Army Corps
of Engineers to save about five man-years annually.
In addition, using microcomputers instead of hardwired
logic or even minicomputers has saved thousands of
dollars in system development, hardware, and installa-
tion costs.

Believed to be the first application of microcom-
puters for direct control of both water flow and power
generation in a major hydroelectric power system, the
system uses three microcomputers—two at the hydro-
electric plant and one at the “base.” The hydroelectric
plant, known as the Jones Bluff project, is located
on the Alabama River in the state of Alabama about
35 miles (56 km) northwest of Montgomery. It pro-
duces an average of 329 million kilowatt hours annually.
The dam is 342 ft (104 m) long and 150 ft (46 m)
wide with 11 spillway gates, each 50 x 35 ft (15 x
11 m). The “base” plant is located about 90 miles
(145 km) farther southwest along the river at Millers
Ferry.

Each of the three microcomputers in the system is
an IMP-16C/200 from the Microcomputer Systems
Group of National Semiconductor Corp, 2900 Semi-
conductor Dr, Santa Clara, CA 95051. Of the two
“remote” microcomputers, one performs data acquisi-
tion and monitors meteorological conditions, while the
other handles plant control—both water flow and
power generation. The base microcomputer serves as
central supervisory unit for the two remotes. System
organization was designed by Progress Electronics of
Oregon, Portland, Ore.

System Functional Description

Essentially, the three microcomputers function as a
distributed computer network (see diagram). They
communicate in digital format over a single microwave
link which contains a repeater station to regenerate
7- to 8-GHz multiplexed signals. Signals are converted
and reconverted at each position by 300-baud modems.

Each microcomputer is a complete 16-bit system
packaged on an 8.5 x 11”7 (21.6 x 28 cm) printed
circuit board. Space is included for necessary memory,
arranged on the boards in RAM, ROM, p/ROM, and
CROM as required.

The data acquisition microcomputer at the Jones
Bluff hydroelectric plant contains 4k words of p/ROM
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and lk words of RAM. It monitors approximately 20
parameters for each of four 17-MW generators, in-
cluding output power load, voltage, reactive power, and
demand in megawatt hours. In addition, it checks
meteorological conditions such as wind characteristics,
as well as river elevations and rainfall. This informa-
tion is sent to the supervisory microcomputer at the
Millers Falls plant over the communications link. All
data readings are updated every two seconds.

Data from the data acquisition microcomputer are
processed by the supervisory microcomputer which is
interfaced directly to the control console. This super-
visory microcomputer contains 10k words of p/roM
and 1k words of RAM. It computes values and converts
raw data to engineering units. In addition, it serves
as communications processor for transfer of data in
both directions over the microwave link. Based on con-
trol steps built into firmware, this microcomputer codes
and decodes multiplexed signals sent over the link,
sets line protocol administration, assembles messages,
checks syntax, and detects errors.

Operators at the Millers Falls plant can alter gen-
erator outputs by setting a switch or dial on the control
console switchboard. This console contains a panel of
100 switches plus LEDs for alphanumeric display of
data for operator readings. Operator changes in control
parameters or setpoints are fed to the supervisory
microcomputer for processing.

An Interdata 70 minicomputer at the Millers Falls
plant interrogates the supervisory microcomputer every
six minutes for data logging and record keeping. Every
data point monitored at Jones Bluff is continuously
updated. Summary tabulations of dam operations are
based on data obtained by the minicomputer.

Control functions at the Jones Bluff plant are
carried out by the control microcomputer under direc-
tion of the supervisory microcomputer. The control
microcomputer contains 256 words of p/rom and 1k
words of RAM. It receives control signals from the
supervisory microcomputer over the communications
link, determines the necessary action to be taken, and
carries out various operator actions through an array
of relays. This includes placing all four generators
on- or offline by throwing large circuit breakers, open-
ing or closing concrete dam gates to regulate water
flow, and actuating speed-adjustment motors to load
or unload generators. A control algorithm is contained
for each function.

(Continued on p 66)



FOR RENT... NOW...

the truly universal PROM Programmers
from Data I/0 that enable you to program
any of the more than 200 PROMs now available.

A single Data I/O programmer —the
Model V or Model IX—can be used to
program every single commercially

available PROM.

Data I/O programmers are universal. You can
use them to program any PROM, and more than
200 PROMs are currently available. This means
you don't have to get a separate programmer to
accommodate different PROMs. With either the
Model V or Model IX and the appropriate per-
sonality card, you can program any PROM or
its second source equivalent. Moreover, one
personality module can be used to program all
PROMs within a generic family and keep your
yield at the maximum.

ROM emulation and editing capabilities
are built-in, making software develop-
ment a breeze and virtually eliminating
PROM waste.

All the Data I/O programmers save lab time and
slash your development expense. These are

Tell me more about the Data
I/O PROM Programmers now!

portable, rugged, human-engineered and easy to
use units. They're ideal for field service. Both the
Model V and Model IX offer a direct display
readout of PROM or RAM data at any address
and offer unlimited data editing capabilities.
Operation is totally automatic, and you can enter
data manually through the keyboard or load it
automatically from a preprogrammed master
PROM. There are built-in error checking rou-
tines to insure accurate and correct data trans-
fers, and serial or parallel I/O are standard.
These unique PROM programmers and their per-
sonality cards are available now.

Rental Electronics, Inc.

[0 Send me a copy of your free
illustrated Rental Catalog.

Call me at

Send me your Equipment Sales
Catalog —I might be interested

Name
Title

in buying some of your great

"“previously owned"” equipment

on a money-back guarantee.
I have a pressing need right

now for the following:

Please phone me immediately

at

Company
Address
City

State
Phone No.

GSA #GS-045-21963 Neg
© 1978 Rental Electronics, Inc.

Ext.

Complete this coupon and return it today to the world's
oldest and largest electronic equipment rental firm,
REI, 19347 Londelius St., Northridge, California 91324

AEN DO RRD

Zip—
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JONES BLUFF HYDROELECTRIC PLANT

MODEM ,‘— DATA ACQUISITION
IMP/16

GENERATOR OUTPUT
REACTIVE POWER
DEMAND VOLTAGE

DATAFLOW

WIND CHARACTERISTICS

y RIVER ELEVATIONS

MICROCOMPUTER

CONTROL

MODEM IMP/16
MICROCOMPUTER
CONTROL OF
DAM GATES
S /J RELAYS AND FOUR
ACQUISITION TS GENERATORS
2 GENERATORS
SYSTEM
STATUS MICROWAVE
COMMUNICATIONS 90-MILE
LINK
CONTROL
SIGNALS /\
MILLERS FERRY
SUPERVISORY OPERATION
IMP/16 —»{ SwITCHBOARD
MODEM MICROPROCESSOR & DISPLAYS
COMMUNICATIONS
INTERDATA -— e === LINK TO MOBILE
MINICOMPUTER & ATLANTA

Three-microcomputer distributed processing network for remote control of hydroelectric plant.
Data acquisition microcomputer monitors meteorological conditions and generator output at
dam; supervisory microcomputer assesses that information and determines what, if any, adjust-
ments must be made; and control microcomputer opens or closes dam gates or adjusts speeds
of four generators. All this is accomplished over a 90-mile (145-km) span via a microwave com-
munications link—which is also maintained by the supervisory microcomputer. Minicomputer in-
terrogates supervisory microcomputer to obtain data to be logged for summary tabulations of

dam operations

To assure correctness of control communications, the
control microcomputer transmits commands received
from the supervisory microcomputer back to the control
console. There, the supervisory microcomputer com-
pares the returned signal with the one originally sent
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and sends a verification signal if they match. This full
process requires one second.

The verification procedure eliminates chance of trans-
mission errors, inadvertent illegal commands, or orders
to units taken offline for servicing. An alarm bell

COMPUTER DESIGN/MARCH 1978



Announcing another new
6250 bpi tape transport...
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For minis!
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Engineering breakthroughs enable Telex to
bring big computer storage and reliability
to OEMs at a fraction of the size and cost.

The long-awaited 6250 bit-per-inch (bpi)
tape drive for minicomputers is here.

The Telex Model 6250.

It offers minicomputer users nearly four
times the tape capacity of the previous 1600
bpi drives. Yet it takes up only onefourth
the space and costs only about half as much
as the worldwide accepted, big box 6250
bpi units Telex has supplied to IBM users
for years.

The fourto-one size
reduction wasn't easy.

Not only does its
lack of weight
reduce inertia, it
lets us use a smaller
motor. Heat is
reduced. Cooling

blowers and hoses
” are eliminated.

Capstan walls are only 1/1000-inch thick,
yet its patented manufacturing process
assures strength, absolute roundness (and
users a more consistent data rate).

It took three years and a whole new
standard of design to pack all that tech-
nology in a 19inch frame. Parts innovations.
Creative placement of needed elements.
New materials. All have led to a remarkable
achievement in simplicity and reliability.

The machine meets all the stringent
requirements of true high density, 0.3-inch
inter-record gap recording in both read and
write operations.

In addition, the drive:

e Handles all three standard data formats—
NRZI, PE and the new GCR.

) 7| ® Runs reliably at speeds to
¥ 125 inches per second (models
94 are also available at 45, 75
and 100 ips).
rs data at the high

speed of 781 kB
per second (so off-
loading can be
done at nearly disk
speeds).
e Rewinds a full 2400-foot tape reel in less
than a minute. (That's 500 inches per second!)
e Reduces the complexity and cost of
field maintenance (all work is done from
the front).

Remarkable new capstan
weighs only 1.9 grams.

To feel this Supr-Lite™ capstan is to believe
its engineering achievement.

Telex tape path gets you
up to speed in a humy.

Perhaps the most dramatic example of
how Telex miniaturized the 6250 is its
patented tape path. The path is very com-
pact, yet it retains four vacuum columns
(just like big brother).

It brings new efficiencies in tape
dynamics and reduces the length of tape re-
quired between head and primary vacuum
columns.

Combined with our new capstan, friction
and mass are cut down so much that the
unit runs tape full speed forward to full speed
reverse in a mere 0.13 inches (a new record).

Special vacuum
buffers and fixed air
bearings gently
handle tape at the
high program
rates possible with
short inter-record
gap operation. They
eliminate long -
spans of unsupported tape, thus avoiding
harmful tape oscillations that can restrict
programming.

And we're so confident of tape servo relia-
bility that we covered up the tape path with
the operator's panel (further reducing space
requirements).

New controller/formatter
handles up to eight drives.

It includes the same proven logic design
as our big controller, only miniaturized to
fit a 10 Y4inch-high, rack-mounted box. And
it's flexible enough to intermix all four tape
speeds and all three densities—800, 1600
and 6250 bpi—in the same subsystem.

A built-in microprocessor handles extensive
diagnostic routines.

When maintenance is required—on either
controller or drive—the machine helps the
technician
quickly iso-
late faults
down to =
board level (i
for simple =
replacement. Given on-hand parts, a disabled
machine should take less than an hour to fix.
And all maintenance is done from the front.

Plug itin and go,
it’s that simple.

A common wall socket is all that's needed.
And no special air conditioning. You can
even operate it from a truck.

Design innovations with a goal of simplicity
have enabled Telex to bring OEMs this
remarkable new tape transport and controller.
Large minicomputer users need this 6250
bpi mass storage capacity. Both dual
density 800/1600 and 1600/6250 bpi
models are available for 90 day delivery.

Be the first to offer them.

Write or call Mr. Dan 4
O'Neill, Telex Computer =
Products, Inc., 6422
E. 41st Street, Tulsa,
Oklahoma 74315.
Telephone: (918)
627-1111.

TELEX.

Miniaturization...in a big way.

CIRCLE 38 ON INQUIRY CARD
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automatically alerts an operator if there is any break-
down in communications.

Summary

Closed-loop control routines for this overall system are
stored in p/RoM, while RAM is used for temporary
storage of data. Microprogramming is contained on one
control read-only memory (croM) with a 43-instruc-
tion set. Additional crRoMm can be added if arithmetic
or peripheral handling capabilities are expanded at
a later time.

A design approach based on microcomputers instead
of hardwired logic enabled this system to be developed
on a single set of control subroutines which can be
applied to each of the four generators. Hardwired
logic would have required the hardware to be dupli-
cated for each generator.

Programs Generate 3-D Presentations
for CAD and CAM Applications

Creation of 3-dimensional views of complex, solid
parts and systems has long been a desired capability
for computer aided design systems. However, design

engineers using Boeing Corp’s Computer Services Co
will now have access to a process—called Syntha-
Vision—with this capability. Developed by Mathematical
Applications Group, Inc, 3 Westchester Plaza, Elmsford,
NY 10523, the process consists of a set of proprietary
FORTRAN programs designed for use mainly with cAp
and CcAM systems. It typically will enable users to
generate a 3-dimensional mathematical model, slice
through it at any point from any angle, produce line
drawings of any cross section needed, and analyze the
object at any of these points.

Initial step in using this process, regardless of
application, is modeling the part to be depicted or

Three-dimensional model of
wing strut assembled by Syn-
thaVision computer-aided de-
sign process. Boeing’s Com-
puter Services Co will use
process to model and ana-
lyze complex, solid aircraft
components and systems

Three-dimensional model of
an automotive wheel spindle.
Mathematical input required
for this computer construc-
tion can be used to calculate
mass properties and perform
stress analysis at fraction of
time required by convention-
al methods




Line drawing of underground mining vehicle. U.S. Bureau
of Mines will use process to simulate mining equipment and
its lights and to verify that lighting meets required levels.
It will also simulate machinery as if actually operating in a
real mine

analyzed. The modeling technique is based on the
theory that most solid structures, no matter how com-
plex, can be broken down into simpler shapes. Using
such geometric “primitives” as spheres, cones, and
boxes, nearly any 3-dimensional object can be formed.
There are now 11 primitives used in this process, but
more are contemplated.

Boeing will use the process to model complex air-
craft parts and systems. In addition to 3-dimensional
shaded pictures, the process will produce line drawings
as well as exploded and sectional views. It will also
compute mass properties and interference calculations.

As a drafting tool it is expected to reduce the cost
of many previously time consuming operations. For
engineering analysis, the geometry of the mathematical
model created can be used to determine volume, weight,

center of gravity, and other mass properties, as well
as provide data for stress analysis codes.

Three-dimensional input for interference calcula-
tions can be provided for operation of numerically-
controlled machinery. Accuracy of a program can be
checked before actual machining begins to be certain
that parts to be machined will be handled properly.
In addition, the realistic, shaded pictures produced by
the process provide realistic views of nonexistent parts
while they are still in the concept stage.

Another application for this process will be carried
out by the U.S. Bureau of Mines in determining mine
lighting levels. The system will create a 3-dimensional
model of coal mining equipment and its lights and
calculate the illumination levels of the simulated
machinery as if it were actually operating in a real
mine. The Mine Enforcement Safety Administration
(MESA) will use the system to verify that mine lighting
meets required levels.

In the past, manual methods have been used to
creatc a life size model of the machinery, position
the lights, and manually measure the illumination level
over each point in a grid system superimposed on the
mock-up of a mine face. MESA will be able to gen-
erate models of the mining machinery and its lighting,
orient the lights on the equipment, simulate the mine
face and the vehicle’s position in the mine, and predict
the lighting level. With the modeling system, a simu-
lated machine and its lighting are expected to be
analyzed in less than an hour, including a few minutes
of computer time. Circle 160 on Inquiry Card

Assembler.

and end-user applications.

manipulating data bases.

1. The richest ,C program generation
tools: ANSI-74 COBOL, with SORT, FOR-
TRAN IV, COMFORT, BASIC, and Macro

2.The only uC with a wide choice of
operating systems: CONTROL I/II/ and
III, RTOS, RTX, DBOS, and FSOS provide
flexible and adaptable support for both OEM

3.The only uC with a full ISAM file
management system: for creating and

Count on GA to put COBOL and
FORTRAN into microcomputing.

The software used in the thousands of GA minicomputers throughout the world is
standard on the GA 220 Microcomputer. With GA you use the same software across our
family of micro, mini and multiprocessor systems.

We're counting on GA to:

O Rush full details on GA 220, the most fully
supported uC today.

O Contact us for immediate requirements.

Name

Phone Ext

Clip coupon to company letterhead and send to
General Automation, 1055 South East Street,
Anaheim, CA 92805. Or call (714) 778-4800.
General Automation Europe:

51 Aachen, Postfach 465, West Germany.

Tel: 02405-641. Telex: 841-832-9500.
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Microprocessor-Based Controllers in Alcohol
Manufacturing Plant Maintain Process Flexibility

Process engineers constantly modify control schemes or
change loop configurations to improve the control
process. One of the practical methods has been to use
direct digital control with a supervisory computer pro-
grammed to accept and carry out changes in tuning
constants, setpoints, and alarm ranges.

Now, however, engineers at the Exxon Chemical Co
U.S.A. Baton Rouge Chemical Plant can reconfigure
controllers simply by use of pushbuttons at either a
data entry panel or an operator station keyboard. Once
loop functions are configured, they are locked into a
protected core memory until the engineers want to
modify them.

This capability results from installation of a TDC
2000 control system built by the Honeywell Process
Control Div, 1100 Virginia Dr, Ft Washington, PA
19034. It is the first such equipment to go online at
this complex, one of the largest alcohol manufacturing
facilities in the U.S., and it is reported to have per-
formed satisfactorily on 24-hr/day operations since
startup. Incorporated are two operator-station CRT dis-
plays, 80 analog backup units, 39 trend recorders,
and 10 remote-mounted control files, each with an
associated data entry panel. cRT displays and associ-
ated keyboards form a single interface with the
process, providing a centralized display of all variables
in the alcohol manufacturing process.

Because microprocessor-based controllers in the
system are completely self contained and not limited
to being housed in the main control room, they are
located in a separate compartment at the Baton Rouge
facility. The system’s ‘“Data Hiway”’—actually a single-
conductor coaxial cable—links all control files to the
CRT displays.

TDC 2000 control console in Baton Rouge facility of Exxon
Chemical Co, U.S.A. Display at the left is overview showing
status of approximately 80 process variables on recently
expanded alcohol manufacturing unit. Display at right shows
detailed information on particular group of eight variables.
Operators can also call up single loops for closer monitoring
and can adjust setpoints, ranges, and valve positions from
keyboard
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Although system controllers function normally under
battery backup during a power outage, the CRTs lose
their displays. In this event, program cassettes are
reloaded and used to reprogram all displays for normal
operator communication with the process after power
is restored.

If the operator requires a view of the entire opera-
tion, he uses one of the station crTs. The status of up
to 288 process variables arranged in 36 groups of
eight can be presented. If he wants a closer look—at
a particular tower, for example—the operator can
call up either a group display of eight variables, or
look at a single loop by pushing a button on the key-
board. A display also can be called up which indi-
cates the status of each controller on the Data Hiway.

The controller’s internal self-exercising diagnostic
program is performed every 0.33 s. This diagnostic
check detects malfunctions and displays the nature

and location of the fault on the cRT.
Circle 161 on Inquiry Card

DC&AS BRIEFS

Energy Management System Meets Federal
Goal for Reducing Energy Consumption

GSA approval has been received for installation in
the John W. McCormack Post Office and Federal Build-
ing in Boston, Mass of an energy management system
that reportedly will meet President Carter’s stated goal
of reducing energy consumption in all Federal build-
ings by at least 20%. Predictions for this system—
actually a full heating, ventilating, air conditioning
(HvAC) control system—include a 20 to 30% cut in
energy costs, but with no reduction in the comfort
level. Improved air conditioning regulation during the
summer months is expected to provide the greatest
energy savings. In addition, the system will automatical-
ly shut off ventilating fans on specified floors in the
event of a fire and will prevent elevators from stopping
at “fire” floors.

This configuration, the first to be installed in a
Boston Federal building, will be made up of a master
station and 18 remote terminals located throughout the
vertically zoned, 22-story building. The master station
will consist of a 16-bit Digital Equipment Corp PDP-
11/04 microcomputer with 28k words of memory, dual
floppy disc for mass storage, CRT, and printer. Data
Signal Corp, 40-44 Hunt St, Watertown, MA 02172,
designer of the system, has already installed the system
and has scheduled startup for October of this year.

Whereas some HVAC control systems are effective
only on new buildings since they must be installed
during construction, this system was installed in Boston’s
longstanding main Post Office building. It ties together
several existing, varied systems made by different
companies and each with individual consoles. In the
event of computer failure, the old mechanical systems

can be returned to operation by throwing a switch.
Circle 162 on Inquiry Card
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Color and smarts
don’t cost a lot

anymore.

Ramtek’s new
MICROGRAPHIC™ terminal
gives you color, intelligence,
graphics, and
alphanumerics at a price

Here's great resolution and
a bright, flicker-free display on a matrix
of 512 elements by 256 lines in a termi-
nal that's easy to program to your
requirements.

No longer do you have to put
up with poor resolution in economy-
priced terminals. Ramtek gives you a
combination of true graphics —such as
vectors, conics, plots and bar charts —
and high-speed alphanumerics with a
high-resolution industrial-quality monitor.
You can choose two sets of 8 colors for
both graphics and alphanumerics. Dual
and split screen capability too, with all
the price/performance benefits of raster
scan technology. And the independent
alphanumeric refresh offers you single-
character addressability within a visible
matrix of 25 rows of 80 characters that
are bright, crisp, sharp, and well defined.
The refresh memory also allows selec-
tive erase, modification, and update.

The MICROGRAPHIC terminal
is controlled by a powerful Z-80 micro-
processor with up to 28K bytes of PROM
and 16K bytes of RAM. Ramtek's control
software gives you TTY compatibility
and high-level graphic functions com-
manded by ASCII text strings. Choose
from an extensive list of options such as
additional serial I/O ports, alphanumeric
overlays, programmable fonts, and
packaged software.

Best of all, you'll find Ramtek
gives you an affordable price, depending
upon your individual requirements. Find
out more by contacting us. Were
Ramtek, 585 N. Mary Avenue, Sunny-
vale CA 94086. In a hurry? Pick up the
phone and call us. We'll tell you why
you can afford color and smarts

framtek

Our Experience Shows

REGIONAL OFFICES Su yvale Calif 1
Dallas Tex 14, 422-2200-- Huntsville A

f pe (0611
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Buy from the first. . .

SINGLE BOARD EPROM/ROM CAPABILITY RAM CAPACITY 1-9UNIT
MICROCOMPUTER 2708/2308 2716/2316E 1K 2K 4K PRICE
SBC 80/10 X X $495
SBC 80/10A X or X X $495
SBC 80/20-4 X or X X $825
Yesterday, we said that to making and selling the BLC
break into a field somebody else ~ 80/11 and two new micro-
had alock on, we'd have to offer computers that nobody else offers:
e the BLC 80/12 and the BLC
Our BLC 80/10. 80/14. All the advantages of

Then it dawned on us that it
was a mighty big jump from our
80/10 to the other guy’s 80/20-4.
That maybe you might not need
to go that far.

So, now, in addition to our
standard-setting 80/10, were

74

which you can clearly see in the
chart above.

Still more
“oomph”
And, we're also introducing
another little item. Another
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or buy from the best.

SINGLE BOARD

EPROM/ROM CAPABILITY RAMCAPACITY 1-9UNIT

MICROCOMPUTER 2708/2308 2716/2316E 1K 2K 4K PRICE
BLC80/10 X X $445
BLC80/11 X or X X $470
BLC80/12 X or X X $495
BLC80/14 X or X X $570

exclusive: a double-capacity BLC
8432 EPROM/ROM board.
Mind you, that’s 32K, at 10% less
than the other guy’s 16K board!
Or, if that's too much K,
were now pricing our 16K ca Mpa—
city BLC 416 EPROM/RO
memory board at 10% less than
you-know-who.
More?
Just wait until tomorrow.
When youre on aroll,
why stop?

National Semiconductor Corporation, MS/520 P
2900 Semiconductor Drive, Santa Clara, CA 95051

I I
I I
| Gentlemen: (] Don't you realize how much money this |
could save me? For heaven’s sake, rush me info.
| on the following: |
| 0 BLC80/10 |
| OBLC 80/11, 80/12, 80/14 I
| 016K BLC416,32K BLC 8432 |
| [0 Hang the return mail. Have a salesman |
| call me immediately. I
I I
I I
I I
I I

Name Title

Company

Address

City. State Zip
2 Telephone . K
Z National Semiconductor
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

DC&AS BRIEFS

Weight/Volume Batch Controller
Handles Up to 15 Ingredients

Quantobatch 4600 measures and controls flow of batch
volumes of material under microprocessor control.
Model /1 handles one to five ingredients; /2 handles
up to 15. Both repeat batching cycles automatically.
Materials such as feed, grain, and chemicals are
processed on both weight and volume requirements.

Announced by the Streeteramet Div of Mangood
Corp, 155 Wicks St, Grayslake, IL 60030, the controllers
have three standard modes of operation: auto sequence
for totally automatic formula dispensing in the order
and quantities selected; auto single cycle for similar
operation with sequence stops at the end of each
ingredient dispersal; and manual mode for all manually
controlled operations. Both full and reduced flow feed-
ing rates are available, and incremental dumping of
completed mixes for drum or bag filling or similar
applications can be included.

Builtin test functions enable plant personnel to pin-
point trouble areas and minimize maintenance. A
special alarm indicates system errors or power failures.
Battery backup protects formula data in the case of
power interruption. Printers, remote displays, and

other options are available.
Circle 163 on Inquiry Card

Microprocessor-Based Controller Readily
Programmatle for Process Industries Applications

A standalone unit that the manufacturer states “is the
industry’s first microprocessor-based, multiloop program-
mable process controller with a high level language
. . . designed specifically for the process engineer and
the process industries” has been announced by Reliance
Electric, Controls Div, 25001 Tungsten Rd, Cleveland,
OH 44117. A basic upAc (user digital analog con-
troller) can control up to 64 analog loops and as
many as 128 digital inputs and/or outputs. An ex-
panded version can handle up to 192 analog and 384
digital 1/0s.

A microprocessor card, memory card, and one to
four analog or digital 1/0 cards fit into slots on the
basic unit. Up to two additional 6-card expansion units
can be added. The microprocessor has 16-bit word
length, 2-MHz clock frequency, and 10-us ypical
instruction time; on-card memory contains 1024 words
of p/RoM and 512 words of static RAM. Communica-
tion rates to this card are 110 to 9600 baud.

SPEAK EASY, a high level English-based controller
programming language, and user application programs
are stored on 16-bit, 8k-word core or 16-bit, 8k or 16k
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Mo0s memory cards. Analog 1/0 cards handle 16 single-
ended or eight differential multiplexed inputs with
12-bit resolution and 0.025% accuracy; outputs can
be 4, 8, 12, or 16 with 8-bit resolution and 0.4%
accuracy. Digital 1/0 cards have 32 inputs and 32
outputs.

Circle 164 on Inquiry Card

Energy Management System Available for
Existing Small or Medium Sized Buildings

Sunkeeper Controller—a microprocessor-based, user-
programmable energy management system for small
to medium sized office buildings—controls central
functions such as heating, lighting, ventilating, and
air conditioning. It interfaces to existing electrical
systems and handles 64 analog and digital inputs and
32 outputs. Digital inputs and outputs are 24 V, and
analog inputs are 0 to 5 Vdc or from thermistor sensors.
Andover Control Corp, PO Box 34, Andover, MA 01810
claims 15 to 30% reductions in energy costs will result

from application of the system.
Circle 165 on Inquiry Card

Master and Satellite Microprocessors
Interface in Chromatograph System

Petroleum, chemical, and petrochemical refinery ap-
plications are targets for a microprocessor-controlled
process chromatograph system announced by Beckman
Instruments, Inc, Process Instruments Div, PO Box
3100, Fullerton, CA 92634. Each model 6750 chromato-
graph system conirols up to six chromatograph analy-
zers, each capable of independent operation with its
own microprocessor.

Field-based analyzers store complete operating
tables for each analysis. Peak values are digitized,
integrated, and scaled by analyzer microprocessors for
transmission to the system’s processor which performs
calculations, generates reports at the intervals and
in the formats specified by the user, performs alarm
analyses, and controls maintenance procedures.

An interactive data entry and display terminal allows
English language operator communication. Programmed
step-by-step instructions guide the operator through
system startup, day-to-day operations, and maintenance
procedures. A builtin digital voltmeter permits im-
portant analyzer voltages to be remotely displayed for
diagnostic purposes.

Analyzers may be remotely located up to 2000 ft
(610 m) from the programmer. Information exchange
takes place over a 5-wire data bus. Communication
on the bus and throughout the system is in Ascii. The
system provides 32 programmable analog outputs.
RS-232.C ports allow communication with host com-

puters and peripheral devices.
Circle 166 on Inquiry Card
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Get your hands on a CORTRON Solid State
Keyboard, and you’ll soon find out why you can’t
judge all keyboards on initial price alone.

It’s after installation that cost efficiency be-
comes most important. In life expectancy, abil-
ity to endure extreme environments, high speed
operation without ‘“misses,” accuracy, down-
time caused by beverage spillages, reliability,
serviceability and human engineered features.
That's where a CORTRON Solid State Key-
board really pays off.

Key
top
Switch
housing
Plunger
and
spring
Ferrite
core
module

Unique contactless key switch makes the
difference. Utilizing ferrite core switching
technology, the CORTRON Key Switch is
mechanically simple (only 4 basic parts!) and
has an ultra reliable 100 million cycle life test
rating. CORTRON Keyboard Professionals can
translate what this can mean to you in cost effi-
ciency terms of MTBF (mean time before

failure). CORTRON has actual customer ex-
perience of MTBF in excess of 40,000 hours.

They’ll also explain other advantages you'll
gain over competitive technologies such as Hall
effect, reed switch, and capacitive switching. All
in all, you’ll find the CORTRON Key Switch
offers unusual built-in protection against costly
service calls and the hardship of downtime.

‘‘Human engineered’’ keytops and key
placement options give CORTRON low profile
alpha numeric keyboards the familiar ‘‘type-
writer feel”’ that promotes operator productivity
and efficiency.

Nothing left to chance. CORTRON solid
state keyboard materials, components, subas-
semblies, and final assembly are 100% inspected
and tested to assure your specifications are met
with plenty of room to spare.

These are just a few of the cost efficiency bene-
fits CORTRON offers you and your customers.

Cost efficiency you can put your finger
on. For a greater insight into the cost efficien-
cies attainable with a CORTRON Solid State
Keyboard, write or call for details: CORTRON, A
Division of Illinois Tool Works Inc., 6601 West
Irving Park Road, Chicago, Illinois 60634.
Phone (312) 282-4040. TWX 910-221-0275. Toll
free line: 800-621-2605.

| CORTRON

A DIVISION OF ILLINOIS TOOL WORKS INC

THE KEYBOARD PROFESSIONALS

CIRCLE 41 ON INQUIRY CARD



THE WORLD'S

MOST IMITATED
OEM COMPUTER
JUST PULLED
A FAST ONE.
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RUN

DCON BATT

The new direct-map cache memory for
the PDP-11/34.
2K bytes of high speed RAM. A hit rate

! of almost 90%. It all adds up to make the fast,
. powerful PDP-11/34 up to 60% faster. Our

| new high-speed cache is available in a sys-

| tem now or as a field enhancement.

Deliveries in May.

Will the competition ever cache up?

Call or write: Digital Equipment Corpo-
ration, PK3-1/M-86, Maynard, MA 01754.
(617) 493-4237. In Europe: 12 av. des Morgines,
1213 Petit-Lancy/ Geneva. Tel. 93 33 11. In
Canada: Digital Equipment of Canada, Ltd.

dlilali{tiall

OEMPRODUCTS
GROUP
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...and CENTRALAB has them NOW

When Centralab introduces touch switches you can be sure they're “In”. Backed by
40 years of switch know-how, and after years of intensive research and testing,
Centralab is now delivering, in batch-process volume, a complete touch switch

system. We call it MONOPANEL.

MONOPANEL is a thin, light, flat, front panel subassembly containing micro-motion

touch switches already mounted and interconnected . .

. with LED’s, nomenclature,

graphics and colors to meet your functional and aesthetic requirements.

Batch-Processed For
Economy With Quality

MONOPANELS are batch-processed as
11" X 17" master panels only .075" thick,
each containing up to 700 switches.
Every Monopanel is a complete, 100%
pre-tested subassembly containing
switches, front panel and graphics.

60,000,000 Cycles
Without Failure!

The basic MONOPANEL switch has been
operated for sixty million switching cy-
cles without mechanical or electrical
failure. And MONOPANEL has been
tested and proven against 22 separate
mechanical, electrical and environmen-
tal standards.

Custom Designed
For Your Application

On each 11” X 17" panel you can
custom-design individual boards to meet
your front panel needs. The illustration

above shows just a few of the almost
endless variations possible from each
master panel.

Unlimited Graphics
Available

The flat, smooth, front panel surface
permits unlimited choice of graphics.
Functions may be grouped by color, with
480 colors available. Thirty choices of
type style and size. And whatever visual
symbols meet your specific needs.

®

\\_/ 4

CENTRALAB
Electronics Division
GLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

THIS IS
MONOPANEL:

e A complete touch switch sub-
assembly, ready to mount.

e All switches and graphics on a
.075" thin panel.

e Flat, spill-proof surface wipes
clean.

e Noiseless.

e 100% tested.

e Choice of terminations.

e Operating voltage: 50 V max.

e Operating current: 100 mA
max.

e Contact resistance: 0.2 ohms
typical.

Standard 12 and 16 position
keyboards are available
through Centralab
Industrial Distributors.
For more information
on custom

MONOPANELS,

(414) 228-2604, or
send for this
FREE brochure today.

Quality Products For Your Design: Ceramic Capacitors ¢ EMI/RFI Filters e Thick Film Circuits e Rotary, Slide and Pushbutton Switches

e Touch Switches e Potentiometers and Trimmers.
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DESIGN MOTIVATIONS
FOR MULTIPLE PROCESSOR
MICROCOMPUTER SYSTEMS

De51gn decision factors involved in developmg multlple processor

microcomputer systems include means of minimizing contention for
system bus utilization. System applications detail the appropriate
hardware and software considerations as related to single-board

computers in a multimaster bus structure

George Adams and Thomas Rolander*

Intel Corporation, Santa Clara, California

Large-scale integrated circuit technology has reduced
the cost of central processors to such a low level that
the previously avoided concept of applying multiple
processors to meet system performance requirements has
now become an attractive and viable alternative. Several
key benefits accrue from such an approach. In addition
to enhanced system performance (throughput), improved
system reliability, and improved system realtime re-
sponse, modular system expansion capabilities may be
realized. Although designing such systems “from
scratch” with microprocessor component families can
be a complex system design task with many subtle pit-
falls which can inhibit efficient system operation, the
advent of second generation single-board computers,
such as the Intel® SBC 80/05 and 80/20, has allowed
multiple processor microcomputer systems to become

off-the-shelf products.

Motivation and Design Concepts

Discussion of the benefits of multiple processor structures
in system applications will provide an understanding of
the motivation for this implementation approach in sys-
tem design. A primary objective addressed through

multiple processor approaches is enhanced system per-
formance and throughput. Enhanced performance is
achieved through partitioning of overall system functions
into tasks that each of several processors can handle
individually.

In general, as the number of individual tasks any
given processor must handle is reduced, that processor’s
response time to new requests for service will be reduced.
A well planned multiple processor bus structure will
allow new processors to be added to the system in
modular fashion. When new system functions (ie, more
peripherals) are added, more processing power can be
applied to handle them without impacting existing pro-
cessor (master) task partitioning.

As used here, a “master” is any element existing on the
system bus that may take control of the bus (ie, assert
address and control lines). Typical examples include
processors and direct memory access (DMA) controllers
that address memory and input/output (1/0) locations
resident on the bus. “Slave” elements include passive
functions on the bus, such as memory or non-bDMA 1/0
interfaces. Note that although slaves may possess intelli-

*Mr. Rolander is now with Dharma Systems, San Jose, Calif.
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Fig 1

Multiple processor bus structure. Dual onboard/offboard structure of MULTIBUS allows each master to use its
own memory and 1/0 without utilizing.common system bus (a). Only when a master requires access to common mem-
ory or I/0 does it use the bus (b). Note that other masters may continue onboard operations simultaneously

b)

EXTERNAL

INTERRUPT

22 PROGRAMMABLE REQUEST
1/0 LINES LINE

2 1/0 INTERRUPT
REQUEST LINES

TIMER INTERRUPT
REQUEST LINE

l B
i
(JUMPERS)

SERIAL 1/0
INTERFA
(TTL LEVE

SERIAL 1/0
INTERFACE

RS-232-C

DRIVERS &
RECEIVERS
(SOCKETS)

8085
CPU

4
4 INTERRUPT:

REQUEST LINES

4k x8
ROM/EPROM
(SOCKETS)

INTERNAL
| ADDRESS/DATA BUS

INTERNAL CONTROL BUS

C
LS) (RS-232-C LEVELS)

Fig 2 SBC 80/05 block didagram.
SBC 80/05 is a full microcom-
puter on a single PC board. It
provides 8085 CPU plus RAM for
program or data storage, EPROM/
ROM for program storage, inter-
val timer, programmable parallel
I/0 (22 lines), serial 1/0, and
full MULTIBUS multimaster con-
trol logic
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gence (eg, an onboard processor), they are not bus
“masters” unless they can control the system bus.

Hardware Considerations

Hardware considerations must be thoroughly evaluated
in any multiple processor bus structure. These factors
are described in detail around a specific implementation
of such a structure, the Intel®* muLTIBUS™, which sup-
ports multiple processor systems with its multi-master
bus structure.

Bus Architecture

One architectural option open to the system designer is
that of a multiple master/single bus structure. Under
this partitioning, every master utilizes the common bus
data path to fetch instructions or data from memory,
read data from input devices, or write data to output
devices or memory. Therefore, the common system bus
rapidly becomes the bottleneck for overall system
throughput, and fast bMA transfers can easily approach
the full bandwidth of the bus during block transfers so
that all other masters must idle for extended periods.

Such performance constraints can severely limit total
system performance.

System bus utilization may be minimized through
implementation of an alternate dual-bus structure as
shown in Fig 1. Each processor-based master within the
system retains its own local memory and 1/0 that it
utilizes for most operations. Such local operations occur
totally on the individual board and do not require the
system bus. This greatly reduces the service request
frequency by each master requiring use of the system bus.
Such a dual-bus structure is implemented on the SBC
80/05 and 80/20 single-board computers, as shown in
Figs 2 and 3, respectively, with the multi-master system
bus (muLTIBUS)..?

Access to the system bus is requested only when a
global (resident on the bus and accessible by multiple
masters) memory location or 1/0 device is referenced
during an instruction execution cycle. Local/global (on-
board/offboard) distinction is defined through the value
of the physical address referenced. If it lies within the
address range of onboard memory or 1/0, no bus request
is made. Only when the address references a global

Intel® and muLTIBUS™ are trademarks of Intel Corp, Santa Clara,
Calif.

RS-232-C
COMPATIBLE
DEVICE

CONTROL
INTERFACE

2
INTERRUPT
REQUEST
LINES

DATA
INTERFACE

USER DESIGNATED
PERIPHERALS

48 PROGRAMMABLE

PARALLEL 1/0 LINES

8 INTERRUPT
REQUEST
LINES

ADDRESS BUS

DATA BUS

CONTROL BUS

9 INTERRUPT
REQUEST,LINES

Fig 3 SBC 80/20-4 block diagram. SBC 80/20-4, also a full microcomputer on a single PC board, provides 8080A-2 CPU,
4k bytes of RAM, up to 8k bytes of EPROM/ROM, 48 programmable 1/0O lines, three interval timers, full RS-232-C serial
port, 8-level priority interrupt logic, and MULTIBUS multimaster control logic




memory or 1/0 location, is a system bus request initiated.
If no other master is currently utilizing the bus, this
“new” master will be granted access immediately. How-
ever, this new master must wait if another master is
currently utilizing the system bus. It continues to monitor
the status of the system bus to determine when its cur-
rent cycle may be completed. Thus, the MULTIBUS must
provide a method for masters to determine whether or
not another master is currently utilizing it.

Other masters may also simultaneously request the
system bus. Arbitration must then be performed to re-
solve this multiple contention for the system bus. The
MULTIBUS structure provides this arbitration in one of
two techniques: serial (daisy chain) or parallel (en-
coded). The structure consists of four control lines that
are synchronized by the common bus clock. These four
control lines and the bus clock are active low. This is
represented by the slash (/) character after each signal
mnemonic. Control lines are as follows:

Bus Clock (BCLK/) —The negative edge of BCLK/ is
used to synchronize bus arbitration. BCLK/ may be asyn-
chronous to all cpu clocks, and it has a 100-ns minimum
period. BCLK/ may be slowed, stopped, or single-
stepped for debugging.

Bus Priority In Signal (BPRN/)—Indicates to a par-

ticular master that no higher priority master is request-
ing use of the system bus.

Bus Priority Out Signal (BPRO/)—Used with serial bus
priority resolution scheme. BPRO/ is passed to BPRN/
input of master with next lower bus priority.

Bus Busy Signal (BUSY/)—Driven by bus master cur-
rently in control of MULTIBUS to indicate that bus is
currently in use. BUSY /prevents all other masters from
gaining control of bus.

Bus Request Signal (BREQ/)—Used with parallel bus
priority network to indicate that a particular master re-
quires use of the bus for one or more data transfers.

Serial (Daisy-Chain) Bus Arbitration

In a serially arbitrated MULTIBUS system (Fig 4) re-
quests for system bus utilization are ordered by priority
on the basis of bus location. Each master on the bus
notifies the next lower priority master when it needs to
use the bus for a data transfer, and it monitors the bus
request status of the next higher priority master. Thus
the masters pass bus requests along from one to the next
in a daisy-chain fashion.

The highest priority master (Master 1) in the system
will always receive access to the system bus when it
requires it. There is no higher priority master to inhibit
its bus requests, and its bus priority input line (BPRN/)
is thus permanently enabled.

Masters operate asynchronously on the MULTIBUS. A
master may thus be in the middle of a bus operation
when a higher priority master requests the bus. Ob-
viously, interruption of such an in-process cycle must
not be allowed. The mechanism for avoiding such
erroneous operation is the BUSY/ line. Upon being
notified that access to the bus is possible, the master
examines BUSY/. If this control line is inactive, the
master will assert it, and complete its bus operation.
If BUSY/ is already active, another master is currently
using the bus. In this case, the master will examine
BUSY/ upon every falling edge of BCLK/, typically
once every 100 ns, until it becomes inactive. When
BUSY /returns to its inactive state, the master will assert
it, then complete its operation. The BUSY /line then in-
hibits higher priority masters from destroying a bus
transfer cycle that may be already in progress.

The BUSY/ line is also controlled by a bus lock
function on the SBC 80/05 and 80/20. This function
allows a master, which currently has control of the bus,
to retain control by independently asserting the BUSY/
line until it issues an unlock command that releases
BUSY/. This permits a bus master to obtain exclusive
control of the system bus for critical system functions,

BUSY/

Fig 4 Serial bus arbitration. When any master
requires use of MULTIBUS in serial (daisy-chain)
priority mode, its BPRO/ line inhibits lower prior-
ity masters from system bus utilization. BUSY/
line is used to ensure that in-process operations
of lower priority masters are not destroyed by
asynchronous bus requests of higher priority
masters
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such as high speed memory or 1/0 data transfers and
critical read-modify-write operations. With BUSY/
asserted in this way, all other masters will find the bus
“in use” when they attempt to access it. Whereas system
bus transfers normally take place on an interleaved basis
(bus arbitration performed for each cycle), this bus
lock function permits fast multiple-word transfers, when
needed.

Two basic parameters determine the number of masters
that can coexist on the system bus in serial bus arbitra-
tion mode. These are the BCLK/ cycle time and the
BPRN/ to BPRO/ propagation delay of bus masters.
Masters may be added to a system as long as the cumula-
tive BPRN/ to BPRO/ propagation delay is such that the
lowest priority master will always have its BPRN/ line
driven inactive before the next BCLK/ falling edge after
the highest priority master requests the bus. This worst-
case timing condition is met as long as the following
relationship is satisfied.

N—1

2 (tepry-BPRO) 1 < tBCLK — tsn

i=1

where

(tspry-Bpro) 1 — Propagation delay for master i

tecx = Bus clock (BCLK) cycle time (period)
tsn = Allowance for bus setup and hold times
N = Number of bus masters

Using serial bus arbitration and SBC 80 onboard
clocks, up to three masters may coexist on the system
bus. This number can easily be extended, if desired, by
generating a BCLK with a longer cycle. The SBC 80/05
and 80/20 provide a jumper option which allows the
onboard BCLK/ to be disabled. This allows the system
designer to generate BCLK/ externally.

Parallel (Hardware-Encoded) Bus Arbitration

The parallel bus arbitration technique resolves system
bus master priorities using external hardware. The

parallel multimaster control line (BREQ/) comes into
force in this case. Each master asserts BREQ/ when it
requires access to the system bus. These lines are fed
to a 2-chip parallel priority network. As with serial
priority resolution, BPRN/ acts as the bus access enable
input to each master. As Fig 5 illustrates, up to eight
master priority levels are encoded by a 74148 priority
encoder to a 3-bit code representing the highest priority
master currently requesting the system bus. This code
drives the 8205 3-to-8 decoder which asserts the proper
BPRN/ line low to grant bus access to the highest
priority master. The 74148/8205 propagation delay is
less than 40 ns, easily fast enough to allow eight masters
to coexist in this configuration utilizing a BCLK/ with
a 100-ns period.

Systems requiring up to 16 masters may implement bus
arbitration by utilizing two 74148 priority encoders and
two 8205 decoders to provide a 16-level hardware pri-
ority network. The actual number of bus masters feasible
on the system bus will also depend on bus drive/loading
considerations. Even under this consideration, systems
containing up to 16 masters are feasible.

Thus, single-board computer masters, in conjunction
with the MULTIBUS control structure, provide off-the-shelf
hardware solutions for the development of efficient multi-
ple processor microcomputer systems. In addition to this
hardware capability, the system designer needs to con-
sider several software design issues.

Software Considerations

Several software operations, such as mutual exclusion,
communication, and synchronization, are essential to
proper multiple processor system operation. The
MULTIBUS/SBC 80 functions that enable these software
operations are examined.

Mutual Exclusion
In a multiple processor microcomputer system, there are

s MASTER 8

BPRN/  BREQ/
AR

BUSY/

1y

8205
3708
DECODER

llllll__

Fig 5 Parallel bus arbitration. Under parallel bus
arbitration structure, multiple requests for access to
the MULTIBUS are determined by 2-chip hardware
priority network. When simultaneous multiple bus re-
quests occur, only highest priority master has its bus
grant (BPRN/) line asserted. BUSY/ line inhibits other
masters from interfering with system bus cycles in
progress




usually many resources that are shared by the processors.
Such shared resources include common memory and
peripherals. A properly functioning system must provide
a mechanism to guarantee that asynchronous access to
those resources is controlled in order to protect data
from simultaneous change by two or more processors.
Thus, some form of mutual exclusion must be provided
to enable one processor to lock out access of a shared
resource by other processors when it is in a critical
section. A critical section is a code segment that once
begun must complete execution before it, or another
critical section that accesses the same shared resource,
can be executed.

A Boolean variable can be used to indicate whether
a processor is currently in a particular critical section
(true) or not (false). Testing and setting this variable
also presents a critical section. This function must be
performed as a single indivisible operation; if it is not,
two or more processors may test the variable simul-
taneously and then each set it, allowing them to enter
the critical section at the same time. Such simultaneous
entry would destroy the integrity of data and control
parameters in global memory or cause erroneous double
initialization of a global peripheral controller.

Mutual exclusion can be implemented as a software
function alone, as described by Dijkstrat, for n proces-
sors operating in parallel. The SBC 80/05 and 80/20
bus lock function mentioned earlier provides a means
for using program control to simplify mutual exclusion.
While the system bus is locked, the master can perform
the indivisible test and set operation on the Boolean

variable used to control access to a critical section with-
out intervention from other masters.

Communication

Communication is an essential function that allows a
program executing on one processor to send or receive
data from a program executing on another processor.
Typically, two processors communicate through buffer
storage in common memory. One program, called a
producer, adds data to buffer storage; another, called a
consumer, removes information from buffer storage.

In a typical application, one master may produce
buffers of data that are to be consumed by a program
executing on another master that services an output
device. Communication through buffer storage requires
the operations of adding to and taking from buffers.
These operations constitute critical sections that can be
controlled by providing mutual exclusion around the
buffer manipulation operations.

Synchronization

At times there is a need for one master to send a syn-
chronization signal to another. In a sense, synchronization
is a special case of communication during which no
data is transferred. Rather, the act of signaling is used
to “wake up” a program executing on another master.
A program may “sleep,” by waiting for a synchronizing
signal, until it receives a wake-up signal that enables
it to continue execution. Manipulation of synchronization
signals requires mutual exclusion.

SBC 534 SBC 016

SBC 80/05

PO 20 Fig 6 Multiple processor

communication application.
Multiple processors may be
utilized to increase throughput
in system requiring several
high speed serial channels.
SBC 80/05 single-board com-
puter controls four RS-232-C
or 20-mA serial channels in-
terfaced to system through
SBC 534 communication ex-
pansion board. Second single
board computer (SBC 80/20)
retrieves data records con-
structed by SBC 80/05 and
performs further processing
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System Initialization

In a microcomputer system that has multiple processors
sharing a common system bus, a system initialization
mechanism must be designed to set up the variables that
control access to the shared resources. All single-board
computers on the MULTIBUs begin execution simulta-
neously following a system reset. The bus lock function
of the computers can be used by one specifically desig-
nated master to lock the bus immediately upon system
reset and to perform system initialization for common
resources before any other master attempts to access
them. Since a locked bus has no effect on a single-board
computer that is executing out of its local memory and
using its local 1/0, normal initialization by each processor
can proceed while the shared resource initialization takes
place.

Multiprocessor
Applications

Two applications that are well suited to multiple pro-
cessor microcomputer systems are examined. The first
provides increased throughput, and the second allows
shared resources.

Increased Throughput

Consider a system that is controlling multiple high speed

serial communication channels in addition to other data
processing activities. In this case, multiple processors
may be utilized to increase system throughput. Such a
system with four full-duplex serial channels operating
at 4800 baud could produce interrupts every 250 ps.
Interrupts at that frequency in a single master system
would leave little time for other processing activities.
In a multiple processor approach, one processor can be
used to handle the interrupts from the serial channels,
accumulate data into records, and then provide those
records to another processor by placing them in com-
mon memory. The second processor is not burdened
with the overhead of handling each character on an
interrupt-driven basis, instead it is sent entire records
of data available for further processing.

As shown in Fig 6, this application can be handled
on the MULTIBUS with four boards. The SBC 80/05
single-board computer is used to service the communi-
cation board and prepare the data records. A 4-channel
serial communication board (SBC 534) is used to pro-
vide the hardware interface for four serial communica-
tion channels. The SBC 80/20 single-board computer is
used to process data records prepared by the SBC 80,/05.
Common memory is provided by the SBC 016 16k
random-access memory (RAM).

Application of multiple processors to this problem
requires communication through buffer storage. Two
primitive operations, introduced by Dijkstra*, can be
used to simplify the communication and synchronization
between the masters. These primitives, designated P and
V, operate on non-negative integer variables called

SBC 80/05

SBC 116

SBC 310

SBC 80/20

Fig 7 Multiple processor
shared-resource applica-
tion. MULTIBUS multiple
processor structure allows
two independent single-
board computers to share
common system resource,
such as an SBC 310 high
speed math board, to per-
form floating point opera-

MULTIBUS

tions

87



semaphores. The V procedure increments the sema-
phore (S) in a single indivisible operation. To make
certain that fetch, increment, and store are not inter-
rupted by another processor, the bus is locked during
the operation.

Procedures for P and V primitive operations can be
implemented in PL/M® as follows:

V:
PROCEDURE (S$ADR) ;
DECLARE S BASED S$ADR BYTE;

OUTPUT (BUS$LOCK) = LOCK; /* Lock muLTIBUS */

S =S+1; /* Increment semaphore */
OUTPUT (BUS$LOCK) = UNLOCK; /* Unlock muLTIBUS */
END V;

The P procedure loops in a busy wait until S is greater
than zero, at which time it decrements S. The act of
fetching, testing, decrementing, and storing S is also an
indivisible operation. Note that if several masters with
different speeds are in a busy wait on the same sema-
phore, the solution presented may not be “fair” to the
lower speed processor; that is, the lower speed processor
would test the semaphore less frequently, resulting in
an unfair advantage for higher speed processors.
Implementation of a procedure for the P primitive is
shown in the following PL/M code.
P

'PROCEDURE (S$ADR) ;
DECLARE S BASED S$ADR BYTE;

DO FOREVER ;
IF S > 0 THEN /* Test semaphore */
DO;
OUTPUT (BUS$LOCK) = LOCK; /* Lock muLTIBUS */
IF S > 0 THEN /* Retest semaphore */
~D0;
S=8S8-1; /* Decrement semaphore */

OUTPUT(BUS$LOCK) = UNLOCK; /* Unlock muLtiBUS */

RETURN; /* Exit from P procedure */
END;
OUTPUT(BUS$LOCK) = UNLOCK; /* Unlock muLTiBUS */
END; /* and continue testing */
END;
END P;

It is important to observe in the program listing that S
is tested prior to issuing a bus lock. This initial test
avoids continuous locking and unlocking of the system
bus while looping in a busy wait. The second test is
required because another processor could also have found
S greater than zero and tried to enter the critical section
at-the same time.

With the P and V operations, semaphores can be used
as resource counters in the buffer manipulation required
for communication between the SBC 80/05 and 80/20.
For example, a consumer program can use the P oper-
ation to decrement the number of full buffers and a V
operation to increment the number of empty buffers.
In a similar fashion, a producer program can use the
P operation to decrement the number of empty buffers
and a V operation to increment the number of full
buffers. In addition to full and empty buffer counters,
it is necessary to maintain linked lists pointing to actual
full and empty buffers. A semaphore can be used to
provide mutual exclusion around the manipulation of
the linked lists. In the example that follows, three
variables (FULL, EMPTY, and SEMA) are used to imple-
ment these functions. The two PL/M programs illustrate
consumer and producer code segments, respectively.
Note that the consumer performs initialization because
it accesses the semaphores prior to the producer.
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CONSUMER:
DECLARE EMPTY BYTE EXTERNAL;
FULL BYTE EXTERNAL;
SEMA BYTE EXTERNAL;
OUTPUT (BUSSLOCK) = LOCK;
EMPTY = NUMB$BUFFERS;

/* Number of empty buffers */
/* Number of full buffers */
/* Binary semaphore */

/* Lock muLTIBUS */

/* Initialize semaphores */

FULL = 0;
SEMA = 1;
OUTPUT(BUS$LOCK) = UNLOCK; /* Unlock MmuLTIBUS */
DO FOREVER;
CALL P(FULL) ; /* Decrement full buffer */

CALL P(SEMA) ; /* semaphore */
/* Decrement mutual exclusion */
/* semaphore */

(Take data from buffer and
place it in local memory,
move buffer from full to
empty linked list)

CALL V(SEMA) ;
CALL V(EMPTY) ;

/* Increment mutual exclusion */
/* semaphore */

/* Increment empty buffer */

/* semaphore */

(Process the data)

END;
END CONSUMER;
PRODUCER:
DECLARE (EMPTY, FULL, SEMA) BYTE EXTERNAL;
DO FOREVER;

(Prepare data in local
memory)

CALL P(EMPTY) ;
CALL P(SEMA) ;

/* Decrement empty buffer semaphore */
/* Decrement mutual exclusion */
/* semaphore */

(Place data in a buffer,
move buffer from empty
to full linked list)

CALL V(SEMA) ;

/* Increment mutual exclusion */
CALL V(FULL); /* semaphore */
/* Increment full buffer semaphore */
END;

END PRODUCER;
Shared Resources

Another typical application for a multiple processor
microcomputer system would be to allow sharing of a
resource by two processors. For example, consider two
independent processors that have a need for high speed
mathematical functions. Although it may not be possible
to justify a high speed math module for each system,
such a module might be justified if it were to be shared
by both processors. A multiple processor microcomputer
system could provide the capability to allow both pro-
cessors to share the math module and not interfere with
their otherwise unrelated functions.

This application (illustrated in Fig 7) could be
handled with four boards. The SBC 80/05 single-board
computer is used to perform various data processing
functions requiring high speed floating-point arithmetic.
The SBC 80/20 single-board computer controls a process
where high speed numeric computations are required.
High speed floating-point mathematics functions for
both single-board computers are performed by an SBC
310 high speed math unit. SBC 116 combination memory
and 1/0 board provides 16k rRaM, 8k electrically pro-
grammable read-only memory (EPROM), 48 parallel
1/0 lines, and an RS-232-C serial port.
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The problem to be solved in this application is to
ensure that only one processor has access to the shared
math module resource at one time. Thus, mutual ex-
clusion must be provided to control the access to the
resource. The following PL/M function returns TRUE
if access to a critical section, used to implement the
mutual exclusion, has been granted.
ENTER$CRITICALSSECTION:

PROCEDURE (FLAGS$ADR) BYTE;

DECLARE FLAG BASED FLAG$ADR BYTE;
DECLARE ACCESS BYTE;
IF FLAG = BUSY THEN
RETURN FALSE;
ACCESS = FALSE;
OUTPUT (BUS$LOCK) = LOCK;
IF FLAG = NOT BUSY THEN

/* Test flag */
/* Return false if busy */

/* Lock muLTIBUS */
/* Retest flag */

DO;
FLAG = BUSY; /* Set flag busy */
ACCESS = TRUE; /* and access TRUE */
END;

/* Unlock murTIBUS */
/* Return either TRUE or */
/* FALSE access */

OUTPUT (BUSSLOCK) = UNLOCK;
RETURN ACCESS;

END ENTER$CRITICAL$SECTION;

This pL/M function first tests the flag for the busy
condition before issuing a busy lock. As in the P pro-
cedure described earlier, this initial test avoids con-
tinuous locking and unlocking of the MULTIBUS while a
busy wait is being executed. The following procedure
performs a busy wait operation on the flag used to
control access to a critical section.

BUSY$WAIT:
PROCEDURE (FLAG$ADR) ;

DO WHILE NOT ENTER$CRITICAL$SECTION (FLAG$ADR) ;
END;
END BUSY$WAIT;
Typical code segments illustrating the use of these pro-
cedures follow.
DECLARE MATH$BD$FLAG BOOLEAN EXTERNAL;  /* Flag must be */
/* initialized */

MATH$BD$FLAG = NOT BUSY;

/* Here we wait until */

CALL BUSY$WAIT ((MATH$BD$FLAG) ;

e e /* we have access */

(Process math functions)

MATHS$BDS$FLAG = NOT BUSY; /* Set flag not busy */

/* We could also test and then do some other */
/* processing if the math module is busy */

IF ENTER$CRITICAL$SECTION ((MATH$BD$FLAG)
THEN DO;

(Process math functions)

MATH$BD$FLAG = NOT BUSY; /* Set flag not busy */

END;
ELSE DO;

(Something else)
END;

Conclusions

The motivations for implementing multiple processor
microcomputer systems include enhanced performance

and throughput. When the appropriate hardware/soft-
ware design considerations are made, modularity is
easily achieved. Hardware solutions to many problems
are provided by means of a MULTIBUS structure and
SBC 80 single-board computers that have multimaster
capability. Through control of MuLTIBUS functions, the
software designer can perform multiple processor com-
munication, synchronization, and mutual exclusion.

Even with these significant steps toward the simplifi-
cation of multiple processor microcomputer systems, the
design of such systems remains a complex software/
hardware design task. The future trend of multiple
processor microcomputer systems will be to simplify the
software tasks of implementing communications, syn-
chronization, and mutual exclusion. These functions
could be performed in varying degrees by additional
hardware bus functions.

Potential rewards for a multiple processor architecture
include enhanced system throughput, improved real-time
response, modular system expansion, and improved sys-
tem reliability. These benefits will pressure the tech-
nology of parallel processing to include microcomputers
in an increasing number of computer applications.
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ALL THE ADVANTAGES
OF CMOS TECHNOLOGY
IN A UV ERASABLE PROM.

* 10 mW Total Operating Power at 1 MHz
« Single +5V power supply
* Supply voltages
VDD: 4 to 11V
« Operating temperature range:
—40°C to +85°C

PROTOTYPE YOUR SYSTEM
IN CMOS.

If you’re prototyping a digital system requiring
fast programming turnaround, low power and

a wide operating temperature range, the ultra low
power UV erasable IM6603/4’s are designed to
fit your application. IM6603: 1024 x 4. IM6604:
512 x 8.

CMOS MEANS LOW POWER.

Whether youre prototyping a system or building
production systems, CMOS means energy savings,
increased reliability, and lower system cost.

You not only reduce the cost of the power supply
system but the associated development costs.
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SINGLE +5V POWER SUPPLY.

In addition to low power advantages of CMOS,
Intersil’s leading technology produces the
industry’s only CMOS EPROM that can operate
from a single +5V power supply. This com-
bination of low power and a single +5V power
supply allows the design of EPROM based
systems that offer maximum flexibility in a
multitude of applications.

MULTI-PURPOSE APPLICATIONS.
The IM6603/4’s low power, low system cost,
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e 7
Mamming, and extremely fast repro-

grammability make it ideal for all kinds of
ications: portable data acquisition

other apphcatlons requiring low power
consumption, portability, and flexibility.

DELIVERY NOW.
Intersil’s UV erasable CMOS PROM?’s are
available now.

DESIGNERS, IF YOU HAVE AN
IDEA AND A BATTERY, CALL US.

Your Intersil Sales office or Stocking Intersil
Distributor is listed below. They’ll be happy to
make the IM6603/4 available in prototyping
or production run quantities. If you’d like to
receive the IM6603/4 Application Notes and
Data Sheet, fill in the coupon below.

INTERSIL FRANCHISED
DISTRIBUTORS:

Advent/Indiana * Alliance Electronics * Arrow Electronics
CESCO -+ Century Electronics * Component Specialties
Components Plus * Diplomat/IPC * Diplomat/Southland
Elmar Electronics * Harvey/Binghamton ¢ Intermark Elec-
tronics * Kierulff Electronics * LCOMP - Liberty Electronics
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R.A.E. Ind. Elect. Ltd. - RESCO -« Schweber Electronics
Sheridan « Zentronics

INTERSIL SALES OFFICES:

CALIFORNIA: Sunnyvale (408) 744-0618, Carson (213))
532-3544 «- COLORADO: Denver (303) 750-7004
FLORIDA: Fort Lauderdale (305) 772-4122 « ILLINOIS:
Hinsdale (312) 986-5303 « MASSACHUSETTS: Lexington
(617) 861-6220 + MINNESOTA: Minneapolis (612) 925-1844
NEW JERSEY: Englewood Cliffs (201) 567-5585 « OHIO:
Dayton (513) 866-7328 « TEXAS: Dallas (214) 387-0539
CANADA: Brampton, Ontario (416) 457-1014

IINMNEIRS [IL

Digital Products —Memory

10710 North Tantau Avenue
Cupertino, CA 95014

For literature:.(408) 996-5403
TWX: 910-338-0171

(800) 538-7930 (outside California)

I have an idea for the industry’s first CMOS EPROM.

[ Send me your new 20 x 24
Shakespeare poster.

[J Send me your literature on
the IM6603/4.

Name

Company

Address

City State Zip

——
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There's a simple reas ‘

we're the largest indep
supplier of disk

We make the beét disk

SR

-

-

Improving the performance of the best available
disk drives is what our business is all about. We've
been doing it since 1971. By constantly evaluating ad-
vances in drive technology, developing new disk con-
trollers, and supporting our systems with proper user-
oriented software.

Consider the more than 4000 systems we’ve deliv-
ered. They stand as hard fact why you can depend on
System Industries for a reliable disk system appropriate
to your need. Qur many years of development and
applications experience have produced hardware/
software skills and efficiencies, acknowledged tech-
nical leadership in controller design, and the industry’s
broadest range of minicomputer disk storage—from
2.5 Mbytes to a billion-plus bytes per system.

So, when you start shopping for disk storage, start
by talking with us. You may learn that we've handled
a similar application in the recent past. One thing is
certain—you won’t have to re-invent the wheel. Or
wait for the inventors to deliver.

Just think of us as the Disk Store. We have the pro-

duct breadth and years of ex-
perience to help you select
the very best price/
performance in mini-

computer storage.

What's New At The Disk Store

Check our new 10-Mbyte disk system. Whether
you're an OEM or end-user, you’ll find its low price
and reliable, standard performance features very attrac-
tive. For complete technical specifications and price/
delivery quotation, contact the System Industries
sales/service office nearest you.

System.«> Industries

an equal opportunity employer

525 Oakmead Parkway, P.O. Box 9025, Sunnyvale, CA 94086
(408) 732-1650, Telex: 346-459

Please send disk storage details for the cps3 i

j following mini(s): ;

My storage capacity need is: i

j O 10 Mbytes [ 80 Mbytes i

§ Name §

Position i

i Company )
Address

City/State/Zip :

i

b

0

O 300 Mbytes

O Please add my name to the mailing list for
your quarterly newsletter, “The Bit."”

O Please also send me a "Disk Store” lapel
button to remind me of your product breadth.

* Atlanta: (404) 491-0161. Boston: (617) 492-1791. New York: (210) 461-3242;

' (201) 694-3334; (516) 751-8686; (716) 385-3021. Washington, D.C.: (202) 337-1160.
I Cincinnatti: (513) 661-9156. Chicago: (312) 392-6126. Houston: (713) 465-2700.

' Los Angeles: (714) 754-6555. Sweden, Stockholm: 08-236-640. United Kingdom,
Woking: (4862) 70725. Germany, Dusseldorf: 0211-400606. Sunnyvale HQ: (408) 732-1650.
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ARRAY PROCESSOR PROVIDES
HIGH THROUGHPUT RATES

A low cost, high speed array processor coupled to a minicomputer
matches the processing throughput and accuracy of larger, more
expensive systems for scientific computations

Woodrow R. Wittmayer

Floating Point Systems, Incorporated, Beaverton, Oregon

s cientific computations impose special requirements
on a computer system, such as a high rate of throughput
for repetitive calculations, manipulation of large arrays
of data, precision in cascaded calculations, accommoda-
tion of numbers over a large dynamic range, and reason-
able ease of programming. To a large extent, algorithms
for scientific calculations consist of long sequences of
additions, multiplications, and multiplication-additions
involving both real and complex numbers. Unless a high
throughput rate is attained for such sequences, computa-
tion time becomes prohibitively long, especially when
realtime calculations are needed for signal processing
applications. A common measure of speed for scientific
computations is the megaflop, defined as one million
floating-point operations per second. Machines usually
designated as scientific computers meet or exceed a 1-
megaflop execution rate.

Scientific calculations on arrays of 1024 data points
are routine, and more than 16,000 data points are often
involved in fast Fourier transforms (FFTs), convolutions,
or correlations. A scientific computer must manipulate
these large data arrays quickly and accurately.

Although the accuracy of most scientific data does not
exceed 0.1%, high precision is still mandatory in a
scientific computer because various data points—or the
same data point—are manipulated many times over in
a multitude of combinations, increasing the chances for
error propagation. Without a high degree of digital
resolution, truncation errors and subtractions of similar

sized numbers would cause large errors in the final
results.

In many applications, general-purpose computers are
used for performing scientific calculations; however,
their performance is often unsatisfactory. Since they
must serve a variety of application needs, general-purpose
computers are not optimized to meet scientific computa-
tion speed requirements at an acceptable cost. General-
purpose, large mainframe computers, while satisfying
speed requirements, are too expensive ($1 million and
up) to be dedicated to most single applications. In addi-
tion, their sheer size and power requirements present
logistic support problems in mobile application environ-
ments such as shipboard or airborne installations. Less
expensive minicomputer systems ($50k to $100k) are
inherently too slow (less than 10° operations/s) for
many scientific applications.

These drawbacks of general-purpose computers led to
the design and development of high speed, hardwired
machines to perform specific scientific calculations. Such
machines offer user-acceptable cost/performance ratios.
Typically, however, they perform only a few types of
calculations and, hence, lack the flexibility to solve a
broad range of problems in scientific computation. Also,
much effort, time, and expense are expended in custom
designing a hardwired machine for a particular applica-
tion with only a limited market.

Certain machines designed for high speed scientific
computation have been available, such as the 1LLIAC IV.
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These machines offer powerful solutions (based on archi-
tectures involving many parallel processors), which over-
come the lack of flexibility inherent in hardwired ma-
chines. However, their cost is prohibitive for most scien-
tific applications, and programming is complex for the
uninitiated. On the other hand, small scale, low cost
scientific computers are typically limited to integer
arithmetic rather than floating-point for reasons of speed.
This restricted word length (often 16 bits) imposes limits
on scientific accuracy and the dynamic range of numbers
which can be handled.

The pressing requirements for solving scientific compu-
tation problems have resulted in the evolution of a pro-
grammable array processor that can be combined with
a host computer to optimize throughput, precision, and
dynamic range, at a cost which makes widespread appli-
cations feasible. These processors also offer reasonable
ease of programming for those who have no software
expertise. In practice, the processor must either be pro-
grammable in a higher level language, such as FORTRAN,
or be accessible through another computer programmed
in FORTRAN. Although detailed software considerations
are beyond the scope of this hardware-oriented article, the
array processor described (AP-120B) is easily accessible
through a host computer that controls routing of data
to and from the processor, as well as initiating computa-
tions. The simplicity of the FORTRAN instructions needed
to initiate computations is explained in an operational
example.

Because of the large data arrays involved, scientific
computing is often called vector processing or array
processing. As used here, an array processor refers to
a processor optimized for handling large arrays of data,
not to the large array of separate processors used in a
machine like the 1LLIAC 1V.

Optimum Data Format

Historically, scientific notation—or floating-point format
—has been implemented as 32 bits (two words in a 16-
bit machine). Typically, eight bits were used for the
exponent and 24 bits for the mantissa. In decimal terms,
this represents a dynamic range of about 10*2%, and a
precision of approximately six significant digits. Since
6-digit precision had definite scientific accuracy limita-
tions, development of a double-precision floating-point
representation was forced—often a 64-bit format with
the additional bits used in the mantissa.

For most scientific algorithms, a 64-bit double-preci-
sion format represents overkill. A 38-bit floating-point
format using a 28-bit mantissa (between eight and nine
significant decimal digits) and a 10-bit exponent (dy-
namic range of 10=1%3) has proven to be an improved
tradeoff in terms of precision, dynamic range, and hard-
ware expense (both logic and memory). It would be
difficult to implement such an optimum format in mini-
computers where standard word length (16- or 32-bit)
constraints exist. In a computational resource such as
an array processor, a variety of input data sources must
be accommodated, such as different host computers and
peripheral devices. Since these have differing formats
which must be converted in any case, it is just as easy
to use the optimum 38-bit format as to be constrained
to a non-optimum format.
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Architecture Overview

Combining a special-purpose array-transform processor
with a general-purpose host computer (Fig 1) allows
each to perform individually in an optimum manner for
a given application. AP-120B can be combined with a
wide range of commercially available minicomputers or
large mainframe computers ranging from the DEC
PDP-11 series to the IBM 360/370 series. More than
one array processor can be connected to the host to
achieve a further increase in scientific computing power
for applications where array processor calculation times
are long enough to allow for sufficient host input/out-
put (1/0) time.

The host computer provides overall system control; that
is, it controls the flow of data and instructions between
1/0 devices and the array processor. Processing time in-
efficiencies would result if the high speed of the array
processor were interfaced directly with peripherals, such
as line printers, not required in the immediate fast com-
putation scenario. On the other hand, today’s mini-
computers offer sophisticated operating systems capable
of handling multiple peripherals (magnetic tape, disc
file, line printer, and data communication ports) and
large working memories.

Computational capability needed for fast, complex cal-
culations involving large amounts of data (on the order
of 64k words or more) is supplied by the array pro-
cessor. It is more time efficient to leave single calcula-
tions, such as an occasional sum or product (or even
short vector operations) to the host computer. For more
involved computations, however, the array processor
may well be 100 or more times faster than the host.

Functionally, the array processor can be separated
into a floating-point adder and floating-point multiplier,
multiple independent memories, and the multiple data
paths necessary to connect various memories with the
two arithmetic processing units. The interface be-
tween host and array processor can be structured into
two sets of registers (see Fig 2). One set is devoted to
control via programmed 1/0, the other to data transfers
via direct memory access (DMA). The programmed 1/0
section of the interface can be thought of as providing
the array processor with a simulated front panel. Control
of this front panel resides with the host computer which
uses it for bootstrap operations (loading and starting pro-
grams in the array processor) and for debugging user
software (inserting hardware breakpoints and modifying
contents of array processor registers and memory). Pro-
grammed 1/0 registers include (1) a switches register
used by the host to enter control or parameter data and
addresses into the array processor; (2) a lights reg-
ister which makes available to the host the contents of
internal array processor registers; and (3) a function
register into which the host can write typical front panel
commands such as start, stop, reset, or continue.

Most minicomputer or larger hosts provide DMA
capability. To maximize the speed of 2-way data transfer
(and hence maximize throughput), the array processor
includes a set of DMA interface registers to provide 2-way
direct memory access. Stealing clock cycles for a 100-kHz
data transfer rate degrades running speed of the array
processor by only 3% or less. The pMA register set in-
cludes host memory address register, array processor
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memory address register, word count register to keep
track of the number of transferred words, and control
register to govern direction of data transfer and mode
of transfer. A fifth (format) register in the DMA set
provides conversion between the floating-point format
of the host and that of the array processor. Control of
this double-buffered, 38-bit register is exercised by four
bits in the control register. All transfers of floating-point

numbers between host and array processor are by way
of the format conversion register. This approach pro-
vides conversion ‘“on-the-fly”” between the various float-
ing-point formats in existence among hosts and the 28.
bit mantissa, 10-bit binary exponent format of the array
processor. Interface logic permits data transfer to take
place under control of either the host or the array pro-
cessor.
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Fig 3 Parallel organization. To a large extent, array processor’s high throughput stems from parallel
arithmetic units and parallel memories. Floating-point adds, floating-point multiplies, control arithme-
tic operations, memory accesses, host array processor data exchanges, and peripheral I/0 operations

Achieving High Processing Speed

To achieve processing speeds consistent with scientific
computation needs, the AP-120B array processor makes
use of two primary architectural techniques—parallel
organization and pipelining.

Parallel Organization

Parallel organization in this case refers to a parallel
organization of dissimilar functional elements as shown
in Fig 3. Separate program, data, and table memories
are provided, and can be addressed independently. This
organization speeds computation by eliminating memory
access conflicts. Random-access read-write memory (RAM)
is used for both program and data memories while read-
only memory (RoM) is frequently used for the perma-
nent constants in table memory. RAM can also be used
for large blocks of constants in table memory which may
change from time to time.

The arithmetic unit is composed of a floating-point
adder and a floating-point multiplier. These two inde-
pendent units increase throughput by allowing multi-
plication and addition portions of calculations to pro-
ceed simultaneously. The adder consists of Al and A2
input registers plus a 2-stage pipeline which first adds
the contents of the registers and then rounds the nor-
malized result. The multiplier has two input registers,
M1 and M2, plus a 3-stage pipeline for multiplying the
two inputs. The product is a normalized and rounded
38-bit number.
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There are two independent blocks of floating-point
accumulators. Each block contains 32 registers of 38
bits each. This large number of accumulator registers
provides great flexibility in storing temporary results
from sequential calculations. Experience has shown that
the majority of these accumulators are employed in many
applications. In addition, dividing the accumulators into
two blocks, or two scratchpads, adds flexibility. For
instance, both adder and multiplier can be driven with
four separate arguments on the same cycle, or two trans-
formation matrices might be stored in the two blocks.
An algorithm in the program could select which matrix
is to be applied by the multiplier to a given vector. In
another case, one block might contain a set of vectors
and the other block the transformation matrix by which
the vectors are to be multiplied.

Still another aspect of the parallelism for increasing
throughput is an independent 16-bit integer arithmetic
logic unit (ALU) for performing counting and address
indexing. By incrementing and decrementing loop counts
and generating memory addresses with this unit, the
main arithmetic units are made available full time for
the computations at hand.

Two vital elements complete the array processor’s
parallel structure. First, multiple 38-bit wide data paths
connect the interface to multiple memories, and mem-
ories to floating-point arithmetic units. These multiple
paths provide an independent connection between each
memory and each arithmetic unit (see Fig 4) via a
proprietary multiplexing scheme. Second, simultaneous
control of the various parallel elements is provided by a
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DIRECTS OPERATION CONTROLS MEMORY ADDRESSING
OF FLOATING- POINT
MULTIPLIER

64-bit wide instruction word subdivided into a number
of command fields (as shown in Fig 5). Each command
field controls a separate device. Thus, a single program
instruction controls all operations. There is no need

for separate programs for floating-point adder, floating-
point multiplier, integer ALU, and memory controller;
and no need for an elaborate master controller to syn-
chronize such separate programs. As many as 10 op-
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erations/cycle are possible with the 64-bit instruction.

The array processor’s parallel memories, parallel adder
and multiplier, and parallel data paths result in an
almost complete overlap of computation time and memory
access time, hence greater throughput. Note in Table 1
that the array processor (AP-120B) achieves a higher
ratio of actual megaflops to maximum megaflops than
several larger machines. This is largely because of the
parallel structure and the multiple command fields in
the instruction word.

Pipelining

In addition to providing parallel floating-point arith-
metic units for simultaneous addition and multiplica-
tion, the array processor enhances throughput by pipe-
lining each of these operations. A floating-point multi-
ply, for example, involves three steps: (1) beginning
product of fractions, (2) adding exponents and com-
pleting product of fractions, and (3) normalization
and rounding of result. Each step requires one machine
cycle (167 ns in the AP-120B) ; thus a complete multi-
ply requires 500 ns.

Without pipelining, hardware associated with two of
the three steps is idle while the third step is in process.
This means that a result is available every 500 ns (Fig
6). With the array processor’s pipelined design, the
hardware for all three steps is in operation all of the

time (Fig 6). When the first step of a multiplication is.

completed, that multiplication proceeds to step 2 hard-
ware. While step 2 is in process, a second multiplica-
tion is started in the step 1 hardware. The process con-
tinues until the “pipe is filled.” A long sequence of

multiplications can be made to flow smoothly through
the pipe. Results are available at 167-ns intervals once
“the pipe is filled”—after 500 ns.

Results of Paralleling and Pipelining

The clock frequency of the array processor is 6 MHz
(a 167-ns period). The floating-point adder and the
floating-point multiplier operate simultaneously with
each producing a result every 167 ns. This represents
a maximum potential computation rate of 12M floating-
point operations/s or 12 megaflops. Compare this rate
with that of a general-purpose computer such as the
PDP-11/70, which, even with floating-point hardware,
has a 0.2-megaflop potential computation rate.

Presence of multiple memories in the array processor
makes it easy to supply arguments to support the 12-
megaflop computation rate. Moreover, data transfers to
or from the host, and 1/0 communication with peripher-
als attached to the array processor can also take place
during computation time. This leaves only the overhead
(operations other than multiply-add) associated with
a given scientific computation algorithm to cause less
than maximum throughput. Actual travel time through
the floating-point arithmetic units (total time to get
from data source to data destination) and pipeline
interval between successively available resultants are
listed in Table 2 for various calculations.

Parallel structure and pipelining result in very high
floating-point throughput. This architecture reduces the
pressure to make use of the latest state-of-the-art high
speed logic circuits. Standard Schottky transistor-tran-
sistor logic (TTL) circuitry has resulted in lower hard-
ware cost and increased reliability compared with a
design stressing the ultimate in high speed circuitry.
Selection of a modest 6-MHz clock rate allows generous
timing margins for worst-case design. The 12-megaflop
array processor includes host interface and the data,
table, and program memories needed for lengthy scien-
tific computations such as FFTs involving 8k data points.
It operates with a demonstrated mean time between
failures (MTBF) of 3600 h.

The Array Processor in Operation

Proof of the array processor’s successful performance in
high speed computation res1ill,s from extensive compu-
tational tests. Brief discussion of common scientific cal-
culations serves as an lndwntlon of actual performance.

In dlgltal signal processing, convolutmn is based almost
exclusively on multiply-adds. Since results from multiply-
adds are available at 167-ns intervals in the array pro-
cessor, the maximum rate at which convolution could
proceed is 167 ns/point. In actual operation, with all
nonoverlapped memory access time and overhead oper-
ations accounted for, an average of 172 ns/point is
achieved.

The array processor performs matrix arithmetic oper-
ations such as the transpose or inverse of a matrix




with the 12 s required on a Data General Eclipse com-
puter.

Statistical analysis, as illustrated by standard deviation
calculations, proceeds at a rate approaching 167 ns/point,
which is about 100 times faster than on a PDP-11/70.
The independence of the multiplier and adder units allows
successive values to be brought in and squared and
running totals of both the values and the values squared
to be kept at the same time.

Processing speed in numerical simulation is portrayed
by considering a phase demodulation algorithm which
uses partial differential equations. Table 1 lists the results
attained when this algorithm was run on several com-
puters commonly used for scientific computation. As
can be seen, the inexpensive AP-120B array processor
compares favorably with more expensive machines in
absolute performance, and surpasses them when cost/
performance is the primary criterion.

Operational Example

To clarify the concept of how the host/array processor
system operates, consider a simple FFT processing se-
quence. As initial conditions, assume that the FFT pro-
gram is resident in the array processor’s program memory
and that the array to be transformed is resident in host
memory. The operating sequence is

(1) The host sends an 1/0 instruction to the array pro-
cessor to start operation.

(2) The array processor requests host cycles for pmA
transfer of the data array from host memory to
array processor data memory. Data pass through
the interface’s format conversion register where
they are converted from host floating-point format
to array processor floating-point format “on-the-
fly?.

(3) The FFT algorithm is run in its entirety inside the
array processor. This means that full 38-bit pre-
cision is maintained throughout critical processing
stages.

(4) The frequency domain array can then be transferred
back to the host by requesting host cycles for pmaA
transfer. Again format conversion takes place “on-
the-fly”.

(5) The array processor proceeds to another process or
stops executing instructions based on previous di-
rections from the host. In the absence of further
instructions, an interrupt command to the host can
be issued.

The entire process is accomplished from the host com-
puter with only four FORTRAN statements.

CALL APCLR (clear array processor)

CALL APPUT (ar .44 a:) (transfer data to array processor)
CATLL CFET (a1 - st deess as) (perform FFT)

CALL APGET (8i ..vsov as) (transfer results to host)
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To minimize data transfer overhead, the four statements
can be modified so that a longer unbroken sequence of
calculations takes place. For example, both a digitized
waveform and data representing an electrical network
can be transferred from host to array processor. After
FFTs have been performed on both data types, they could
be array multiplied, an inverse FFT performed on the
resultant, and the resulting time domain waveform trans-
ferred back to the host. Keeping the entire sequence in
the array processor enhances precision in addition to
reducing overhead.

Conclusions

Potential throughput of the AP-120B array processor
is 12 megaflops. Viewed another way, the processor runs
at 6M instructions/s and each 64-bit instruction word
can control up to 10 simultaneous operations. These pro-
cessing capabilities result in up to 60M operations/s in-
cluding floating-point adds, floating-point multiplies, pro-
gram memory accesses, data memory accesses, scratchpad
accesses, integer arithmetic operations for control of the
array processor, and 1/0 operations. Performing 60M
operations/s (due to parallel arithmetic units, memories,
and data paths, and to multiple command fields in the
instruction word) assures a high degree of utilization
of the unit’s 12-megaflop potential.

With a mantissa of 28 bits, the array processor ensures
the precision necessary in iterative scientific calculations.
In decimal terms, the 28 bits correspond to between eight
and nine significant digits. A 10-bit binary exponent
provides the array processor with a greater dynamic
number range than the commonly encountered 8-bit
binary or 7-bit hexadecimal exponents without the pre-
cision problems of hexadecimal normalization.

The array processor satisfies the ever increasing de-
mand for extremely high speed scientific computing at
low cost. It handles the speed, precision, and dynamic
range demands of scientific computations which pre-
viously were satisfied only by large, expensive main-
frames. Coupled with a minicomputer, the cost of an
array processor is on the order of 1% to 6% of a large
mainframe’s cost, and, in some cases, it may have greater
throughput than the larger machine.

Woodrow Wittmayer holds BS degrees
in psychology and computer science
from Portland State University. Current-
ly product manager for the AP-120B
array processor at Floating Point Sys-
tems, his experience includes applica-
tion engineering for array processors.
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It's a sample plot from one of our
three, brand-new, 1030-Family
drum plotter models.

And it's all yours to prove
a single, simple point.

CalComp makes the
best drum plotters in the
world. Period.

Case in point: When
it comes to medium-
priced drum plotters,
the new 1030’s literally
outdraw the competition.
In terms of accuracy,
line quality, speed and,
in short, good old fash-
ioned price/performance.

Better yet, all three new
plotters are perfectly suited to
a wide range of graphics applica-
tions. In fact —outputted graphically —
any data now in your computer can work even
harder for you.

For starters, we made
all three new models
completely d.c. servo-
motor driven. For
increased accuracy
in every mode —
on line, remote/
time-sharing and
off-line.

Then, we gave them a newly-
designed linear drive pen
mechanism. For the kind of
pen force control that pro-

duces consistently superior
line quality. In every
application.

Next, we greatly in-
creased overall through-
put — especially in on-line

environments — by imple-
menting “smarter,” micro-
processor-based controllers.
Finally, there's even greater
built-in versatility. Because
both the 1037 and 1038 can be
field-upgraded —all the way up to
a new 1039 —without ever leaving
your office.
The one thing we haven't changed is CalComp
service and support. It's still worldwide and
second to none. For field service personnel. For
in-place field systems analysts. For the kind of
help you expect from the world leader in com-
puter graphics. Need we say more? When it
comes to drum plotters, it pays to set your
performance sights a little higher.

&

THE NEW 1030 DRUM PLOTTER FAMILY
Plotter Model mm-per-second Pens Step size in mm
1037 50.0(x=2.0in.) 1 .05 (=.002in.)
1038 1125(x4.5in) i .05 (=.002 in.)
1039 1125 (x4.5in.) 3 .05 (=.002 in.)

It's easy with a free CalComp sample plot. For
your own evaluation copy, call: (714) 821-2011.
Or write: CalComp, 2411 W. La Palma Avenue,
Dept. MS-3, Anaheim, California 92801.

CIALLICIOIMIP

WEST: Anaheim, CA (714) 821-2683 / Santa Clara, CA
(408) 249-0936 / Houston, TX (713) 776-3276 / Dallas, TX
(214) 661-2326 / Englewood, CO (303) 770-1950
Beaverton, OR (503) 646-1186. SOUTH Norcross
GA (404) 449-4610 / Huntsville, AL (205) 533-6260
MIDWEST: Southfield, MI (313) 569-3123
Rolling Meadows, IL (312) 392-1310 / Dayton
OH (513) 276-3915 / Cleveland, OH (216)
362-7280 / Shawnee Mission, KS (913) 362-0707 /
Bloomington, MN (612) 854-3448. EAST:Wal-
tham, MA (617) 890-4850 / Union, NJ (201) 686-
7100 / Bala Cynwyd, PA (215) 667-1740 / Rockville
MD (301) 770-5274 / Pittsburgh, PA (412) 922-3430
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UNIVERSAL SWITCHING REGULATOR
DIVERSIFIES POWER SUBSYSTEM

APPLICATIONS

Standard and advanced power control subsystems are based upon a
single, universal IC chip, whose internal functional building blocks
can be configured for differing voltage step-up, step-down, and
inverter modes simply by connecting external components

Russell J. Apfel* and David B. Jones

Fairchild Camera and Instrument Corporation, Mountain View, California

Unlike series-pass regulators, switching regulators are
complex devices requiring external parts and demanding
care in system application. In addition, switching regu-
lators add noise, contribute output ripple, and respond
slower to transients. However, these disadvantages are
outweighed by two key advantages: switching regulators
are very efficient, and they can produce output voltages
that are greater than (step-up mode), less than (step-
down mode), or of an opposite polarity to (inverter
mode) the input voltage.

Efficiency is the outstanding feature. Switching regu-
lator subsystems can achieve up to 90% efficiency; in
high power systems this means small transformers, mini-
mum cooling, low power consumption, and low operating
cost. Series-pass regulator efficiency depends upon
Vour/Vin, and decreases as the input voltage increases
for a fixed output voltage. Switching regulator efficiency
is constant for variations in input voltage and is limited
only by switching device losses due to small dc voltage
drops and switching transients. This single integrated
circuit (1c), made up of functional building blocks_and
operating over a wide spectrum of application conditions,
enables a variety of complete switching and/or series-
pass regulator systems to be developed by the system
designer utilizing a minimum number of external
components.

Switching Regulator Concepts

Switching regulators use output transistors (or switches)
in a nonlinear mode and store energy in inductors and
capacitors until needed by the load. The input/output
differential voltage is applied across an inductor rather
than across a pass transistor. [An inductor does not
dissipate power while a pass transistor (in a series-pass
regulator) does.] The switching device is turned on and
off at a rate determined by the input and output voltages
and load current to provide enough power from the
input as demanded by the load. The output voltage is
sensed by the control circuitry, which modifies the
timing to keep the output voltage constant. An output
capacitor is used to store energy during the off periods
and to average the flow of current to the load.

Step-Down Voltage Regqulator

A simple step-down voltage regulator is shown in Fig
1(a). When switch S1 closes, voltage V, rises toward
Vin (Vix — Vg), and voltage Vo — Vour is applied
across inductor L, causing current to increase from zero

*Mr Apfel is now with Advanced Micro Devices, Inc, Sunnyvale,
Calif.
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Fig 1 Basic operating modes. Simplified diagrams show essential components of flyback switching regulators,
and their interconnection. Step-down (a), step-up (b), and voltage inverter (c) circuits use same four basic
components: switch and diode to direct current flow, along with inductor and capacitor for .energy storage

at a rate of (Vo — Vopr) /L. This current flows from
the switch, through the inductor, and into load and output
capacitor Co. If the instantaneous inductor current (ir)
is less than the load current (Iopr), the output capacitor
provides additional current and Voyr decreases slightly.
When i;, exceeds the output current, the remaining
current flows into the capacitor, increasing Vour; i
will increase until switch S1 turns off (opens). At
this time, since the inductor current cannot change
instantly, V, falls to —Vp; diode D1 provides and
conducts the inductor current. The voltage across the
inductor is now — (Voyr + Vp) ; thus, the inductor cur-
rent will change at a rate of —(Voyr + Vp)/L. In-
ductor current continues to fall toward zero until S1
turns on again, and the cycle is repeated.

On- and off-times of S1 are controlled so that the
average inductor current equals the output current; thus,
the average capacitor current will be zero and Vour
will remain constant. The control circuit generally con-
sists of an oscillator and a subcircuit. On- and off-times
of the oscillator are set so that iy, will increase to a
maximum current of Ip and then decrease to zero. The
subcircuit senses the output voltage and increases the
off-time (by adjusting the oscillator) if Voyr increases
too high. In this type of system, a maximum Ioyr of
Ip/2 is possible, and for Iopr less then Ip/2, the con-
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trol circuit increases the off-time by an amount such that
the average ir, equals Ioyr.

For a step-down regulator, peak current is determined
by the input, output, and switch voltages, inductor size,
and switch on-time; or conversely, the on-time (t,,)
is set to give the desired peak current. In a similar
manner, the off-time (t,¢;) required for iy, to drop to zero
is related to Ip, Vour, Vp, and L. The ideal ratio of t,,
to tore is a function Of VIN, VOUT, VD, and VS. The
maximum output current for this timing is Ip/2, and the
average 'input current is ‘Ip/2 times the percentage of
time the switch is on.

Efficiency of this regulator (excluding current for the
control circuitry and switching losses) is (Vopr x
Ip/2) /Vix x Iixn aveg, which is shown to be a function
of Vin, Vour, Vs, and Vp. If Vg and Vp go to zero,
efficiency goes to 100%; therefore, if Vg and Vp are
small compared to Viy and Vour, very high efficiencies
can be achieved. Output ripple is a function of Ip, top,
tors, and C,, and can always be reduced by increasing
Co without affecting other portions of the circuit.

Timing control is very important in maximizing the
efficiency of a switching regulator. Optimum on- and
off-times are a function of circuit variables (eg, L,
Vs, and Vp) and system variables (eg, Vixy and Vour),
and must be able to respond to changes (eg, Vin).
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Consider the following cases of nonoptimum timing.

(1) If t,n is too short, the inductor reaches a peak
current less then Ip. Therefore, Ioyr max is less than
Ip/2, but no efficiency is lost.

(2) If toy is too long or toe too short, after several con-
tinuous cycles, i, will exceed Ip and will continue to in-
crease. This situation can lead to excessive current flow
and device destruction, and must be avoided.

(3) If tore is too long, iy, falls to zero and stays at zero
for some time before S1 turns on again. In this case, the
average inductor current is less then Ip/2, and the avail-
able output current is less then Ip/2. No loss in efficiency
occurs.

(4) For the t,, too-long case, the type of current limit-
ing in S1 is unacceptable because when I, is constant at
Ip, the inductor voltage drops to zero, and the switch
voltage increases to Viy — Vour. This creates a large loss
in efficiency and can even be destructive to the switch.
(5) For the t,, too-long case, another type of current
limiting shortens t,, when Ip is sensed, without loss in
either efficiency or peak output current.

(6) Current limiting adjusts to,, but toe is too short. In
this case, there is no efficiency loss. However, since iy,
does not fall to zero, the average inductor current ex-
ceeds Ip/2 and the maximum output current, therefore,
is greater than Ip/2.

Step-Up Voltage Regulator
With the step-up voltage regulator shown in Fig 1(b),
the output voltage is greater than the input voltage.

When S1 closes, V, falls to near zero (V, = Vg), and
voltage Viy — Vjg is applied across the inductor, causing

COMPARATOR COMPARATOR
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ir, to increase at a linear rate. Since V is less than Vg,
the diode is reverse-biased and no current flows to the
output. When S1 opens, i, cannot change instantaneously
and V, goes to Voyr + Vp. Now ip, can flow through
D1 to the output load and capacitor, and will decrease
at a linear rate determined by Voyr + Vp — Viy. As in
the step-down regulator, timing is adjusted so that the
average current to the output (ip;) is equal to the load
current. Since ip; flows during the off-time, maximum
output current is (Ip/2) x (tott/ton + torr). When load
current less than Ioyr yax is flowing, off-time is increased
by a dead time during which ip; is equal to zero. Input
current flows during t,;, and t.¢; thus, the average input
current is always greater than the maximum output
current.

For a step-up regulator, the on-time is a function of
Vin, Vs, and L, while to is a function of Vin, Voum
Vb, and L. The t,,-to-tyse ratio is a function of circuit
voltages, as is the maximum output current. Efficiency is
also a function of Vix, Vour, Vs, and Vp, and approaches
100% as Vg and Vp become small compared with Vix
and Vopr. Output ripple is a function of Ip, Iour, tors,
and Co, and can again be reduced by increasing Co
without affecting circuit performance.

Voltage Inverter

The basic voltage inverter [Fig 1(c)] generates a nega-
tive output for a positive input. When S1 closes, Vo
rises to Viy — Vg, and this voltage is impressed on the
inductor, causing current to increase at a linear rate.
When S1 opens, the inductor current cannot change in-
stantaneously, so V, drops to (—Voyr — Vp), forward
biasing D1. Current iy, now decays at a linear rate. Cur-

DRIVER SWITCH

GROUND COLLECTOR COLLECTOR

Fig 2 Universal regula-
tor. Partitioning of circuit
functions in xA78S40 al-
lows maximum flexibility
for interconnecting blocks
while using minimum
number of external parts.
IC is available in 16-pin
= ceramic or 16-pin plastic
with copper lead frame

DIODE DIODE
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rent ip; flows to the output capacitor and load, and its
average value must be equal to the load current. Input
current flows only when Sl is closed and is therefore
equal to Ip/2 x ton/(ton + torr).

For the voltage inverter mode, optimum to, and tos
values are functions of Viy, Vour, Vs, and L, while the
ratio of to/torr is dependent only on the voltages.
Tour max is always less than Ip/2, as is the average input
current. Efficiency depends on input and output
voltages and is basically independent of current level.
Ripple can be minimized as usual by increasing the
value of Co.

IC Switching Regulator

A general-purpose IC switching regulator must in-
clude functional building blocks and versatile operation
under as wide a range of operating conditions as pos-
sible. The pA78540 universal regulator (Fig 2) ac-
complishes these goals while providing a wide input
supply voltage range (2.5 to 40 V) and low quiescent
current drain (2 mA), presently unmatched. Partitioning
of the subsystem allows different types of regulators to
be constructed using a minimum number of external
components. These functional blocks are essentially in-
dependent. A current-controlled oscillator has drive cir-
cuitry for the transistorized power switch. Oscillator
frequency (100 Hz to 100 kHz) is set by an external
capacitor, and the duty cycle is internally fixed at 8:1.

The current-limiting circuit modifies the oscillator on-
time to adjust the duty cycle to an optimum timing
condition. This temperature-compensated circuit senses
the switching transistor current across an external resistor
and modifies the oscillator on-time to limit the peak
current and protect the switching transistors. In addition,
an independent, 1.3-V, temperature-compensated refer-
ence (0.1 mV/°C) is capable of providing up to 10 mA
without external pass transistors. A high-gain differential
error amplifier disables the power switch when the out-
put voltage is too high.

The power-switching Darlington-transistor configura-
tion can handle 1.5 A and withstand up to 40 V. Collec-
tors of the switch and emitter driver are both externally
available so that the output can be connected in an
optimum manner. The power-switching diode is capable
of handling 1.5-A forward current and 40-V reverse
voltage.

A short-circuit protected, independent, operational
amplifier (op amp) with an uncommitted output is
capable of sourcing 150 mA or sinking 35 mA. This
amplifier has a separate positive supply terminal. Its
input common mode range includes ground, and can be
connected in a variety of ways to produce series-pass
regulation and feedback control for switching regulators.

This 1c switching regulator operates under a wide
range of power conditions from battery operation to
high voltage, high current operation. Each functional
block operates from low supply voltages and draws
minimum current. The entire regulator functions from
voltages of 2.5 to 40 Vdc, usually continues to operate
down to 2.2 V, and draws only 2.0 mA at 5 V. This low
voltage operation makes the nA78S40 useful in battery-
operated or 5-V logic-operated systems. The low standby
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current drain greatly increases battery lifetime and
significantly improves efficiency in low power applica-
tions. Most switching systems have a significant falloff
in efficiency at low level operation. This regulator works
with inputs up to 40 V and can provide up to 1.5-A
switching current.

Using The Building Blocks

The universal regulator offers the designer maximum
flexibility in deciding how to optimize power system
performance. Oscillator timing is a ecritical operating
parameter; the on/off-time ratio is internally set at 8:1.
The designer must choose a peak current, oscillator
capacitor, and inductor, along with input and output
voltages to determine timing. On- and off-times determine
the timing capacitor value. The designer should set the
off-time and allow the current-limiting circuit to modify
the on-time. The on/off ratio can therefore be adjusted
from 8:1 to any lower number. Peak current is deter-
mined solely by the current-limiting circuit and is not
dependent upon component variables. Off-time can be
set to achieve either (1) discontinuous operation by
setting t,¢r to be equal to the time it takes the inductor
current to drop to zero, or (2) continuous operation by
setting t,;¢ to be less then the required time for the
inductor current to drop to zero.

In the continuous mode, the average inductor current
can exceed Ip/2, and more power is therefore available
to the output; however, care must be taken with timing
because if the on- and off-times are too short, switching
transient losses may reduce efficiency significantly. With
this regulator switching times should be greater than
10 ps for both t,, and tos.

Line regulation of the switching regulator is a func-
tion of the power supply rejection of the 1.3-V reference
and the error amplifier. Since they each have excellent
supply rejection, line regulation of 80 dB or greater is
possible. Timing is adjusted to account for variations in
input voltage so that the regulator performs over a wide
input voltage range.

The output switching Darlington configuration has the
two transistor collectors and switch emitter available for
external connections. When the collector output is used
(emitter grounded), the designer has the choice of
shorting both collectors (Vg is typically 1.1 V), and
having no loss due to base current for the switch, or
just using the switch output (Vg is typically 0.5 V) and
providing base drive through the driver by connecting an
external resistor to Vin. Performance tradeoffs between
the two approaches are determined by Vix, Vour, lour,
and the expected variation of Viy. When the emitter out-
put is used, the two collector outputs can be shorted,
and Vyg is typically 1.6 V. ;

Capable of handling 40 V and 1.5 A, the switching
diode can be used in step-up and step-down applications.
In inverting applications, an external diode is needed
since the diode voltage goes below the circuit common.

Standard Applications

Implementation of the universal regulator can be ac-
complished in a variety of standard applications; typical
straightforward examples follow.
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Fig 3 Step-down voltage regulator. In t);plcal application, 24 V has been stepped-down to 5 V at effi-
ciency of 83% for loads of 500 mA. Output voltage ripple of 25 mV and average input current of only
125 mA make this circuit useful for applications such as running TTL from 24-V battery

(1) Fig 3 shows the regulator connected as a series
step-down voltage regulator. Regulator requirements are
5-V output at 500 mA from a 24-V input, and an output
ripple of less than 25 mV. For this application, the
regulator is connected with the power switch (Q1l and
Q2) placed between the positive supply (24 V) and
inductor (L); its voltage is determined by the emitter
output limit of 1.6 V. For these values, the off-time will
be approximately three times the on-time value

_ Vix — Vs — Vour 24— 16=50 -
bttt = e T e AR

In order to keep the on-time greater than 10 us, the off-
time is made equal to 60 us (with C; = 0.02 pF), and
the inductor is selected to be 330 pH. Feedback resistors
R1 and R2 set the output voltage. The required output
capacitance is calculated to be

20 x 10° + 60 x 10° __

tou. + forz
TR T il

A gy Vpeak ripple £

Co =1

X

Efficiency of this circuit may be calculated from

1
Efficiency = [‘{?“T] x Vour + Vp Iq
= Vin — Vs + Vo % Full Load

where I is the device quiescent current.
For full load, efficiency is
1

[%J x[ 5+ 1 +2x10" = 83%
24—1+1 1

For 10% of full load, efficiency becomes

1
24 —1+1 0.1

Notice that low standby power helps to maintain high

efficiency even under light load conditions.

(2) The regulator is connected as a step-up voltage
regulator in Fig 4. Design goals are Viy = 5 V,
Vour = 15 V, Ioyr max = 150 mA, and output ripple
less than 25 mV. Using Vg = 0.5 V and Vp, = 1V, the
on-to-off-time ratio is calculated as

15+ =5 11

ton/tore = ryey 7 rlkealiyy 2.44

Cr is chosen to be 0.01 uF, setting the off-time to 30 us;
thus, on-time is approximately 73 us. An 80-Q resistor is
used in the driver collector to provide 50-mA base drive
to the switch. Peak input current is 1.1 A, so Rgg is
set to 0.33 Q. Average input current is 555 mA at full
load for an efficiency of 80%. At 10% of full load, effi-
ciency becomes 78%. The required output capacitor is
calculated as

Co = (Ip — Tour)? % tore
g 2Ip Vpeak ripple
— (1 =016)" . 80x10r¢ -
&= an B x10e  924F

(3) With the voltage inverter in Fig 5, an external
pnp transistor (Q3) and catch diode (D2) are required
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Fig 4 Step-up voltage regulator. Common configuration using only seven external parts transforms 5 V
to 15 V at efficiency of 80% under full load (150 mA). Average input current is only 560 mA. Output
voltage ripple of 25 mA could be reduced even more by increasing Co

Q3
450 uH
ViN - > 4 ‘?‘igv Y
12V 680 o 1000 600
0.01 “FI l I
Vcc 3 =
BT g e e e PR R e e e il GE e Tl
|
Cr Ip
: OSCILLATOR 1 ) na
‘ —olR N D2
| > LN g N
I ¢C°'““’ | uA78S40
|
|
I 1.3V OP AMP
' REFERENCE %
£ <
22 M o i o et LTI Y S S Nl i Sl (Ve
>
1
2k Vour
-5V
& MW 5 >
150 k 0 l tout
i’ﬂ; k Co 25] uF 200 mA
= I

Fig 5 Inverting voltage regulator. Application requires additional pnp transistor and diode so that IC subsystem never
sees voltage that is negative with respect to ground. Circuit provides output voltage of —15 V for input voltage of 12 V.
Efficiency of power conversion is 84% with 200-mA load. Output voltage ripple of 50 mV can be reduced by increasing
value of Co
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so that no pin of the 1C sees a voltage more negative
than the substrate (common). Input is 12 V, output
is —15 V at 200 mA, and ripple must be less than
50 mV. The timing ratio is

ton

tors

Again, if using Cr = 0.01 uF, then tosy = 30 us and
ton = 41.7 ps. The required peak current is

= Tour max (Vin + IVom'l + Vp — Vs) 2

(Vin — Vs)
Ip = 02(12+15+1—05) 2
12 — 0.5
Thus, Rsc = 0.33 @
Vin — Vs
Ip
Average input current is 275 mA; efficiency is 84% at
100% load and 77% at 10% load. Output ripple is
held to 50 mV by

Ip

=0.96 A

and L = X ton = 450 uH.

L (Ip — Tovr)* % tore
9 2Ip Vpeak ripple
41.7 x 10~
1.92 50 x 10°®

C

_ 096 —02)*

Co = = 251 uF

Note that the uncommitted op amp is used in the latter
application to invert the output voltage in order to
compare it with the 1.3-V reference. This can be
accomplished only because the common mode range of
the op amp includes ground. No portion of the control
circuit sees negative voltage; therefore, 1¢ breakdown
does not limit the output voltage.

Advanced Applications

Connection of the uA78540 to additional external com-
ponents can obtain output power up to 100 W and output
voltages in excess of 100 V. Two regulated outputs are
available when using a switching and a series-pass out-
put. Some advanced application examples are included.

(1) A universal regulator, whose output voltage is
constant for inputs both less than and greater than the
output, is shown in Fig 6. The output voltage desired is
12 V at 100 mA for Viy from 4 to 24 V. This is accom-
plished by generating a stepped-up output voltage of
15 V using a step-up regulator similar to that in Fig 4,
and then reducing the 15 V using the uncommitted op
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amp as a series-pass, 12-V regulator. When Viy exceeds
16 V, the step-up regulator follows the input and is
approximately Viy — 1 V, but the series-pass output
remains a constant 12 V. Additionally, the op amp has
excellent noise rejection so that the output ripple is es-
sentially eliminated at the 12-V output. Efficiency is
about 50% for Viy =4 V or Viy = 24V, and increases
for other voltages to a maximum of about 75%.

(2) A dual-tracking regulator can be built to give
*+15 V out from a single 20-V input (Fig 7). The
negative supply is generated using a voltage inverter
circuit similar to that in Fig 5. However, in this circuit,
the uncommitted op amp is connected in a gain of
—1 configuration, and its output is divided down to be

compared with the 1.3-V reference. The circuit can pro-
vide =15 V at 100 mA, at 80% efficiency (75% posi-
tive, 85% negative). Output ripple is 30 mV.

(3) Fig 8 indicates a dual, high output regulator
featuring a single 5-V input that gives 12- and 15-V
outputs. In this circuit, an external npn transistor (Q3)
is used to boost the step-up regulator, while another npn
transistor (Q4) increases the series-pass regulator output
in excess of 1 A. A total of 1.5 A is available from the
two outputs. The 15-V output has 80% efficiency, and
the 12-V output has 64% efficiency.

(4) A negative-switching regulator is more difficult to
build because the reference voltage is referred to —Viy,
which is the negative input rather than ground. To obtain
a ground reference, the uncommitted op amp shown in

I
1.3 mH I
ViN 20V e
e D2

oK 1
| |
l |
l |
! |
| |
I [
I 1
| 1.3V | |
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j B DS [P e, WIS S 2]
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lout = 100 mA

L \- Vourt = -E v

137 k .IOUT = 103 mA

| {:
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Fig 7 Dual-tracking supph}. Device may be produced from single positive supply using voltage inverter mode and
operating available op amp with gain of —1. For circuit shown, =15 V is derived from single 20-V supply and can

provide 100 mA at each of its outputs
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Fig 9 is used to invert the reference with a differential
amplifier configuration in order to generate a —2.6-V
ground reference. A standard step-down regulator is
then constructed. For —48 V in, —12 V out, and 300
mA load current, an efficiency of 86% can be achieved.

Summary

This 1¢ subsystem is intended to be used as the control
circuit for switching regulators in the low to medium
power range. Its flexibility is shown by the wide variety
of applications ranging from standard low power, mini-
mume-parts-count type of operation for step-up (output
greater than input), step-down (output less than input),

and inversion (output of opposite polarity to input), to
the more complex, high power applications for the
same operating modes. These high power applications
require more care in their design because of the large
peak switching currents that are involved. Similarly,
more careful selection of external components to be used
in these applications is required. A circuit described
has an input voltage range that includes values both
greater than and less than the output voltage range,
and requires the addition of only three external com-
ponents (two resistors and a capacitor) to the minimum-
part step-up application.

Versatility of this part is making switching regulator
power supply subsystems easier and less expensive to
design. Advantages are lower costs and less heat dissipa-
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Fig 8 Step-up and series-pass regulator. Two positive output voltages of different magnitude, both of which are
greater than input voltage, are accomplished because of available op amp. 5-V supply is first stepped-up to 15 V in
usual manner, and op amp then is used to drive external series-pass device to produce 12-V output. Both outputs are
capable of 1.45-A load current. Efficiency of transformation to 15 V is 80% while that to 12 V is 64%. Output voltage

ripple on 15-V output is 300 mV
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Fig 9 Negative 1/0 regulator. Negative output voltage may be produced from negative supply. For this cir-
cuit, —48 V is transformed to —12 V at efficiency of 86% and is capable of providing 300-mA load current. Out-
put voltage ripple is 300 mV. In this configuration, available op amp is used to derive —2.6-V reference volt-

age from internal 1.3-V reference

tion resulting from high efficiency operation, and longer
operating times for battery-operated equipment. However,
the designer must contend with the disadvantages of
slow transit response to load changes, output ripple, and
increased noise over series-pass type regulators.
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June 17 through 24, 1978

Advanced Microcomputer Interfacing
and Programming Workshop

on the TSS Carnivale 7-day Cruise in the Caribbean

Presented by:
The Depariments of Chemical Engineering and Chemistry
and the Extension Division of
Virginia Polytechnic Institute and State University

ABOUT THE SEMINAR. This is a lecture/laboratory
course that treats more advanced topics of microcomputer inter-
facing and programming, and features a complete 8080A micro-
computer breadboarding station for each pair of participants.
The stations will be assigned for use during the entire week, both
during formal class as well as in the participant’s stateroom
when class is not in session. Upon successful completion of this
official Virginia Polytechnic Institute and State University
program, a certificate of completion and 3 continuing education
units will be awarded. One CEU represents 10 contact hours of
participation in an organized educational experience under re-
sponsible sponsorship, capable direction, and qualified instruction.
VPI & SU has no affiliation with the cruise line or travel agent;
the cruise line has no specific involvement with the seminar
program.

COURSE OUTLINE. First Session (Sunday). Introduction
to and history of microcomputers. Assignment of laboratory
breadboarding station and microcomputer. Distribution of course
literature.

Second Sessiom. Review of basic digital electronic and micro-
computer interfacing/programming concepts. Experiments in-
volving the breadboarding of interface circuits to the laboratory
8080A microcomputer.

Third Session. Experiments and lectures on interrupt servicing
and programmable interface chips, including the 8255 program-
mable peripheral interface, the 8253 interval timer, and the
8251 USART.

Fourth Session. Assembly language subroutines for the 8080A/
8085. Multi-precision arithmetic routines, I/O routines for
teletypes and CRTs, sorting, list searches, hashing, tables, etc.
Resident interpretive debuggers and editor/assemblers.

Fifth Session. Experiments and lectures on interfacing analog-to-
digital converters, digital-to-analog converters, sample-and-hold
devices, analog multiplexers, and digital panel meters.

Sixth Session. 8080A vs 8085 Z-80 microprocessor chips. Recent
8080-system chips. Example of a PID control algorithm. Future
trends in the microcomputer area. Other topics.

WHO SHOULD ATTEND? This course will be of benefit
to scientists and engineers who are or will be users of micro-
computers and who wish to learn more advanced hardware
skills, e.g., interfacing of ADCs, DACs, and programmable inter-
face chips, as well as assembly language software techniques,
e.g., multi-precision mathematical routines, hashing, sorting, list
searches, I/O to teletypes and CRTs, and data structures.
Presidents, managers, group leaders, and others who are in
decis‘on-making roles concerning products that involve the use
of microcomputers would benefit not only from the hardware
and software skills taught, but also from the discussions of
future directions in the microcomputer area and trade-offs in
the application of microcomputers in products.

EDUCATIONAL MATERIAL. Six (6) texts and/or lab-
oratory workbooks in the popular Bugbook series written by
the course instructors and their colleagues, as well as some
hand-out material, will be used during the course and retained
by the participants. Approximately 1850 pages of text material
on 8080A/8085 based systems will be provided.
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LOCATION OF THE COURSE. This cruise ship course
is the result of a search for new and interesting short course
sites that would permit participants to combine business with
pleasure. It gives each participant an opportunity to bring
along his or her spouse or the entire family (special cruise rates
are available for children) to participate in an interesting and
enjoyable experience. The cruise ship cost covers virtually all
normal expenses for the week as well as special air fare to
Miami. There will be at least 30 hours of formal class work,
or six hours per day, which permits the cost of the course to
be tax deductible as an educational business expense according
to U. S. Treasury regulation 1.162-5. Arrangements for work-
shop registration and cruise accommodations must be made
separately.

WORKSHOP COST. The workshop cost is $395, which in-
cludes registration, instructional leadership, textbooks and
handout materials, certificate, and administrative costs. To
register, complete the registration form and return it with your
check to the Donaldson Brown Center at the address indicated
on the form.

CRUISE COST. The minimum cost is $575, with other rates
available depending upon the accommodations required. Each
participant is responsible for individual cruise accommoda-
tions and payment for these. Cruise accommodations are ar-
ranged through Travel Masters, 220 N. Main Street, Blacksburg,
Virginia 24060. Telephone, (703) 951-8000.

DEADLINE FOR CRUISE RESERVATIONS. All
cruise payments must be made by April 15, 1978, This is a
requirement specified by the TSS Carnival cruise ship. En-
rollment after this date will be dependent on available space
on the cruise ship. Workshop registrations should be received

by the University by the same date.

Questions should be addressed directly to the course in-
structors, David G. Larsen (703) 951-6478, Dr. Peter R. Rony
(703) 951-6370 or Dr. Paul E. Field, (703) 951-5376.

CONFERENCE REGISTRATION
Mail To: Adult Registrar
Donaldson Brown Center for Continuing Education
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061 Phone: (703) 951-5182

PLEASE PRINT OR TYPE

*Name: /Phone

Social Security No:

Firm:

Address:

City:

State: Zip
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"After a head-to-head MTBF comparison,
Digi-Data was Unitote-Regitel's choice"

George Groth — Unitote-Regitel V.P., Engineering

66 when you make point-of-sales
systems for retail stores, your
customers won't tolerate exces-
sive downtime. And, since our
reputation as a P.O.S. system
pioneeris in the balance, we
make doubly sure our System
430 has a synchronous tape drive
that will last.

Unitote, a Digi-Data user since
1963, faced a decision to con-
sider switching to another tape
drive used by Regitel, acompany

acquiredin 1972. However, when
actual field service records for
both tape drives were compared
head-to-head, Digi-Data was se-
lected. Continuing field records
now show that the actual 41-
month MTBF of the Digi-Data
drive achieves a 33% edge, while
the Formatter’'s 60-month MTBF
was 22 times better than the
other tape drive.

This MTBF advantage, plus
prices under competitive drives
made Digi-Data the clear-cut
choice for all three Unitote-

DIGI-DATA
CORPORATION

(301) 498-0200

L

NN - ... First in Value!

CIRCLE 51 ON INQUIRY CARD

Regitel systems. Five different
Digi-Data drives are used . . .
each at a remote (in-store) or
main (multi-store) central pro-
cessor where reliability is
paramount. 99

Through enhanced tape-handl-
ing features and ultimate design
simplicity, Digi-Data drives are
daily insurance against down-
time for Unitote-Regitel P.O.S.
systems customers. And that's
what our business is all about.

8580 Dorsey Run Road, Jessup, MD 20794
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Computer Simulation Program for a
Second Generation Handheld Calculator

Running iterative computer simulations on a programmable handheld
calculator is economical and convenient. Interactive capabilities of the
computer model, with its prompting messages and labeled results,

further simplify simulation and comparison of alternative computer designs

Ronald Zussman

Securities Industry Automation Corporation, New York, New York

A complete computer simulation
package, presented for the handheld
calculator user, evaluates alternative
computer system designs by com-
paring the quantitative performance
measures of utilization, throughput,
and response time. This generalized,
fast, and interactive program can
be applied to sizing new applications,
projecting performance over a sys-
tem’s life cycle, and arriving at an
optimum balance of system resources.
Thus, simulations can be iterated to
discover the degree to which system
design parameters should be changed.

A program and background ma-
terial for simulating a large class of
computer systems on Texas Instru-
ments’ SR-52 pocket calculator were
presented in a previous issue of Com-
puter Design.! Since then, a second
generation TI-59 calculator and com-
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panion PC-100A printer have been
produced. This note, therefore, lists
the code for running an enhanced
computer simulation program on the
T1-59, and at the same time demon-
strates the current state-of-the-art in
calculator capability via a real ap-
plication. The convenience and por-
tability afforded by the calculator,
coupled with the printer’s alpha-
numeric prompting and labeled re-
sults, make calculator simulations
easier to run than a FORTRAN imple-
mentation written for a large time-
sharing computer. Since calculator
processing and connect times are
essentially free, operating costs are
also minimal.

Programming the Calculator
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