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SPEECH RECOGNITION TECHNOLOGY

MULTIPLIER/DIVIDER HARDWARE DESIGN
ACCELERATES MICROPROCESSOR THROUGHPUT

BUBBLE MEMORY RECORDERS

FOR SPACE APPLICATIONS




OUR PDP-1T
MAGTAPE CONTROLLER

- every two hours of

s> every working day
k. somebody puts

aTC-130ona

PDP-11 computer

Here are just a few of the reasons why
more people put TC-130's on their PDP-11
systems than any other magtape
controller:

B Software compatible -embedded
design

Mixed density - 1600 bpi PE and
800, 556, 200 bpi NRZ

Intermix @ track and 7 track, up to
8 drives

Fits all PDP-11 Series Computers

Dual speed -switch selectable,
12.5t0 125 ips

SEND FOR COMPLETE INFORMATION

n peripherals
Division of WESPERCORP

G0 (714) 99)-8700 « TWX 910 591-1687
& Cable/WESPER
y, YOO Claudina Place, Anaheim, CA 92805
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Kennedy peripheral products.
Buying is just the beginning.

There's a lot more to any company's success than just the
products it sells. We know that at Kennedy. That's why we help select
the Kennedy product best suited for your requirement; it's the reason
we've established training seminars for people using our equipment:

it's why we have virtually over-night service; complete
documentation; and completely stocked service centers and parts
depots in the U.S. and Europe. And always someone at the end of the
phone to answer questions about service, delivery, modifications,
interfacing — you name it. If you're a customer of Kennedy, you know
it. If you're not, give us a call.

KENNEDY CO.

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

CIRCLE 2 ON INQUIRY CARD

RS TR

MODEL 9800




THE NEW TALLY T-3000.
300 LINES PER MINUTE.

More Features. More cost effectiveness.

Mechanical simplicity merged with state of the art
electronics. A proven print mechanism that never
wears out. Unmatched reliability. Lower cost of owner-
ship. No preventive maintenance. Sterling print quality
that never wavers. Office quiet. No rising service costs
over the life of the printer.

Standard features like dual microprocessors,
diagnostic display, self test, interface PROMS. Opera-
tor convenience features like auto-load reel to reel
ribbon with pre-threaded leader, straight path paper

TALLY"
PRINTERS
WORLDWIDE

OEM SALES OFFICES
Boston (617) 272-8070

New York (516) 694-8444
Chicago (312) 885-3678
Los Angeles (213) 378-0805
Miami (305) 665-5751
Philadelphia (215) 628-9998
San Jose (408) 247-0897
Seattle (206) 251-6730

San Antonio (512) 733-8153
Washington, D.C. (703) 471-1145

BUSINESS SYSTEMS SALES
Orinda, CA (415) 254-8350

G

T

o
222

loading and easy access control panel with push
button convenience.

There's more. Designed to wage war on the lost
time of downtime, the Tally T-3000 is modularly con-
structed for quick service access. And the diagnostic
display pinpoints any fault condition. And even tells if
it's operator correctable.

Call your nearest Tally sales representative for
all the details.

Tally Corporation, 8301 South 180th Street, Kent,
WA 98031. Phone (206) 251-5500.
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DEPARTMENTS FEATURES
10 CALENDAR SPEECH RECOGNITION TECHNOLOGY 95
by E. Joseph Simmons, Jr
Limited vocabulary, speaker adaptive, isolated utterance systems are
14 COMMUNICATION CHANNEL characteristic of the current limits of speech recognition technology.

44

74

158

184

206

232

236

Capabilities of digital telecommunication
transmission will continue to increase with
implementation of integrated digital net-
works for multiple services

DIGITAL TECHNOLOGY REVIEW

Modeling a diagnostic process, relating
MTTR to characteristics of the diagnostic
program, permits the relative importance
of various design and operating factors to
be measured

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Microcomputers replace a mainframe com-
puter for realtime signal processing, serve
diverse purposes in automotive applications,
and ease vehicle congestion in a record size
traffic control system

MICRO DATA STACK/COMPUTERS,
ELEMENTS, AND SYSTEMS

Hardware encoded and software scanned
keyboards interfaced to microcomputers for
data entry produce a unique code cor-
responding to each key

AROUND THE IC LOOP

Comparison of area requirements of basic
digital elements needed to implement a
digital filter on an LS| chip reveals one
area where size reductions can be made

PRODUCT FEATURE

Desktop terminal/computers can be used as
remote stations or as controllers for 128
other units and 1.2G bytes of peripheral
memory

LITERATURE

GUIDE TO PRODUCT
INFORMATION

ADVERTISERS’ INDEX

Reader Service Cards

pages 239-242

Improvements and recombinations of building blocks are emerging
that will address broader applications

MULTIPLIER/DIVIDER HARDWARE DESIGN

ACCELERATES MICROPROCESSOR THROUGHPUT 105

by Francis G. Gerberich and Robert S. Rodgers

An add-on multiply and divide unit, used in conjunction with a
microprocessor based system, executes multiplication and division
operations at exceptionally high throughput rates

BUBBLE MEMORY RECORDERS FOR SPACE APPLICATIONS 115
by Oliver D. Bohning

Inherent storage modularity and nonmechanical nature of magnetic
bubble data recorders provide spacecraft designers with potential for
new configurations beyond capabilities of tape recorders

RAM TESTER ADAPTS TO MEMORY INTERFACE

REQUIREMENTS 124

by Alan W. Bentley

Control and timing signals required for static RAM testing are derived
from counter and multiphased clock logic circuits. Hardware design
allows selection of test parameters and provides capability for testing
other memory architectures

HIGH LEVEL DESIGN LANGUAGE DEVELOPS

LOW LEVEL MICROPROCESSOR-INDEPENDENT SOFTWARE 140
by D. B. Wecker, R. L. Krutz, and D. T. Tuma

Large software systems can be written and debugged with existing
high level tools to circumvent long training and development times
and hardware normally required for new microprocessor applications

CIRCULATION: 67,155
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Were all printed on an Okidata Slimline! Richard Ahrons
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Production Manager

and this

and this

Okidata Slimline line printers print alphanumeric text in twelve

program-selectable fonts including lower case with descenders. Judy ‘Lober
They also print anything you can display on a CRT screen Advertising Production
including areas of solid black. tEa
Art Director
g - 4 ) James Flora
In a package that is half the size of some competing units, Technical lllustrator
microprocessor-smart Slimline matrix printers produce graphs, SN Sthester
maps, bar codes, charts and labels. And, they have the SiRviation Jannge:
intelligence and storage capability to adapt to new graphics SR
applications. Geoffrey Knight, Jr.
Graphics is available in Matketing Production
the 125 and 250 Ipm Megan Kem
Th models of the Slimline Research Associate

Series with a choice of Siiany Sevis

Smart Gr a thS plug-compatible inter- Business Manager

faces. Microprocessor-
Printer smart Slimline NieRasgtio e
printers—stored pro-

gram diagnostics,

Editorial & Executive Offices

stored program machine 11 Goldsmith St
history, 500,000,000 Tel. (617 486-8944
character head warranty (617) 636:7372
a_md Okldata_re“abmty’ Editorial manuscripts should be ad-
field proven in dressed to Editor, Computer Design,
: 11 Goldsmith St., Littleton, MA 01460.
thousands Of,mSta"a' For :-t:llc on the proplmlon and
tions worldwide. submission of m a
copy of the “Computer Dnlgn Authorn
Guide.”

Computer Design is published monthly.
Copyright 1979 by Computer Design
Publishing Corporation. Controlled cir-

culation postage paid at Pontiac, Il
No material may be reprinted without
permission. Postmaster: CHANGE OF
ADDRESS—FORM 3579 to be sent to

gomputer vlalealgn, CIrcu'm{Ior&Dggt gg
i i ox A nchester, ub-
?1‘(1'dGa;?thCe?.rB?i:,aélon scrlpnon rate is $24.00 in U.S.A., Can-

ada and Mexico, and $40.00 elsewhere.
Mount Laurel, New Jersey 08054 Microfilm copies of Computer Design are

\ Telephone: 609-235-2600 ) available and may be purchased from

University Microfilms, a Xerox Company,
300 N. Zeeb Rd, Ann Arbor, MI 48106.
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Dataram Corporation, first to offer a 128K x 18 single-board
PDP®-11 ADD-IN, has done it again.

This time with an incredible 128K x 18 semiconductor
ADD-IN for DEC®’s LSI-11/23!
This industry first, the DR-1138S, is packaged on a standard DEC
84” x 10” quad board. But more than just being a “first,” the
DR-113S is also a “best,” saving you not only space and money,
but also greatly reducing overhead circuitry, optimizing MTBF,
and minimizing power consumption. And the DR-113S is also
available in 64K and 96K configurations.

From Dataram Corporation, the people who provide everything

you need to make a big thing out of the LSI-11 —

® PDP-11/03L compatible chassis ® 16K x 18 core ADD-IN

e 32K x 18 semi ADD-IN (dual-size board) ¢ BULK CORE/SEMI
Disk Emulation Systems ® BULK MINI e Tape and Disk
Controllers ® and even DEC-manufactured LSI-11 and

LSI-11/23 microcomputers and other accessories.

DEC, LSI-11. and PDP are registered trademarks ’ ‘
of Digital Equipment Corporation. DA I ARAM

N | CORPORATI

b [ Please tell me more about Dataram 128K x 18 1
§  memory for my LSI-11/23 microcomputer. [ ]
b [ Please send me information about your other I
I LSkl compatible products. ]
: [ Please have a salesman contact me. |
i
i Name [ |
i i
: Title Phone [ ]
§
: Company i
[ |
: Address ]
[ |
1 city State Zip 1
]

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512

TEL:609-799-0071 TWX:510-685-2542

Canada: Ahern & Soper Ltd., Alberta, British Columbia, Ontario, Quebec * Finland: Systek OY, 90-737-233 ¢ France: YREL, 956 81 42 e Italy: Mactronics Italia, 02/35 36 041 e
Netherlands:. Technitron b.v., 020-45 87 55 « Sweden: M. Stenhardt AB, (08) 739 00 50 » Switzerland: ADCOMP AG, 01/730 48 48 * United Kingdom/Ireland: Sintrom Elfinor Ltd , (0734) 85464 »
West Germany/Austria: O.E.M.-Elektronik GmbH, 07 11-79 80 47 e Australia/New Zealand: Anderson Digital Equipment, (03) 543 2076 e Indla: Industrial Electronic Instruments, 79281
Israel: K.D.M. Electronics, 921513 « Japan: Matsushita Electric Trading Co., Ltd., 03 (435) 4501 « Talwan/Republic of China: Syscom Computer Engineering Co., (02) 7022156
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The cocky new $599 C

TheBantam.

thatjust changed
the pecking order.

Hazel- Hazel- Adds
P-E LSI tine tine Regent
User Need Feature BANTAM | ADM-3A 1400 1500 100
7 x 10 matrix for
highly legible Yes No No Yes No
characters
Black on white or
white on black Yes No No Yes Yes
display
Easy to read display Display set deep in
hood to reduce glare Yes No No NO No
Full 24 x 80 display Yes Yes Yes Yes Yes
Full upper and lower :
S Yes Option No Yes Yes
Non-glare screen Option Yes No Yes Yes
Tab stops/tab key Yes No No Yes Yes
High operator Backspace key Yes No No Yes Yes
throughput, low Repeat key Yes Yes No No Yes
ORsRIaT g Ie Shiftlock key Yes No No No No
Separate print key Yes No No No Yes
Egg;ﬁgf_rlwitnsewnchmg Local—remote key Yes No Option Option Yes
. French/German/
I(?rt\?x:g?::gns‘gt 5 Swedish/Danish/ Option Option No Option Option
British/Spanish
High speed numeric Integrated numeric pad Yes Option No Yes Yes
Convenient system RS-232/CCITT-V24 Yes Yes Yes Yes Yes
irfeaaing Current loop Option Yes No Yes Yes
Cop Transparent mode
ggES gg?r?gprog Lk and displayable Yes No No No No
control characters
Faster maintenance Self-test Yes No Yes No Yes
15Wx 15.5Wx 15.5Wx 15.5Wx 21Wx
Minimum desk space Small size 19Dx 20.2Dx 20.5Dx 20.5Dx 23Dx
14H 13.5H 13.5H 13.5H 14.5H
Printer port Printer port Option Yes No Yes Option
Less
than
Cost effectiveness Qty. 100 OEM price $599+ $740 $550 in $860 $895
quantity
1000

“In quantities of 100.

tQty. 1, End User Price $966.

6
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Nobody ever offered you a tough,

high quality, compact CRT like the
BANTAM before. At $599 or any
price. Designed for hectic office
environments. And, human engi-
neered to make an operator’s life
easier.

You get everything you need for
cleaner input and faster through-
put. An upper and lower case char-
acter set displayed on a sharp 7 x
10 dot matrix. A full 24-line by 80-
character screen. A complete,
sure-touch keyboard with shadow
numeric pad.

You get complete tabbing. Full
cursor addressing. Repeat, back-
space and shiftlock keys. A trans-
parent mode with displayable
control characters to simplify host
program debugging. And, a self-
testr rfor easy maintainability.

A switchable white-on-black or
black-on-white display, which-
ever your operator prefers. An
easy-to-find cursor that frames
the entire character position in a
transparent, inverted video block.

Plus plenty of options you can’t
get with CRTs costing much more.
Like our low-cost Pussycat page
printer. A full range of foreign lan-
guage character sets. We even .
have a model you can switch from
ASCII to full overstrike APL.

But that’s not all. The BANTAM’s
compact good looks fit any decor.
It's handsome enough for execu-
tive row and rugged enough for the
stockroom. Silent? The BANTAM’s
fan-free design makes it quieter
than an electric typewriter. And, the
BANTAM only weighs 28 pounds.
Only an industry leader like
Perkin-Elmer could do it. We
designed a powerful, custom LSI
cmtmller chip that makes the

‘AM the one and only high
T in its class.
or yourself. Use the
.Learn why

And, remember our terminals
come equipped mth aNo Hassle,
800 toll-free service phone number.

One call does it all. We give
you service where you need it,
when you need it. We're there.
Not just “‘worldwide,”’ but wher-
ever you are.

For more information call or
write Perkin-Elmer Terminals
Division, Randolph Park West,
Route 10 & Emery Avenue,
Randolph, N.J. 07801 (201)
366-5550. Or contact any of
our sales offices. Then watch
the feathers fly.

The Bantams
available at all these places

PERKIN-ELMER SALES OFFICES

Santa Clara, CA (408) 249-5540.
Tustin, CA (714) 544-9093.
Atlanta, GA (404) 393-8440.
Arlington Heights, IL (312)
437-3547.
Waltham, MA (617) 890-1305.
Oceanport, NJ (201) 229-4471.
MclLean, VA (703) 827-5900.
Singapore, Republic of
Singapore 2200949
Sydney (North Ryde), Australia
887-1000.
ronto (Mississauga), Canada
- (416) 677-8990.
' , England 753-34511.
s, France 664-1858.
, Germany 089-753081.
I-Oost,

- Philadelphia,
gh, PA;

, DC: Atlanta,

), FL; Cleveland,

L Minneapolis,

| ity, KS; Tulsa,
as, TX; Houston TX;

ﬂeﬂ CO; Phoenix, AZ;

Seattle, WA; San Francusco

CA; LosAngeles, CA;

- Orange County, CA; San

 Diego, CA.

PERKIN-ELLMER
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INTRODUCING
"SLAVE
COMPUTING.

Finally. An innovative alternative to multi-processing.

SR 777

There is a powerful difference between slave
computing and multi-processing. A slave computer
comes with its own memory and I/O. And it operates in
parallel with the host processor. On the same bus.
And with minimal software headaches.

So we've implemented this concept with our
brand-new 4/10S (the “S” stands for slave) to work with
our NM#4 and LSI-2 as masters.

We made sure the 4/10S is well-equipped to
do just that. A private, 32K byte RAM memory. Four pri-
vate I/O ports. A real-time clock. An extended NAKED
MINI 4 instruction set. Plus, full access to its master’s
memory and peripherals.

Working in parallel with a master, up to
four 4/10S computers can process all kinds
of off-loaded tasks. Like communications
protocol jobs. Process control work. Even complex
calculations. All without slowing down the hosts’
own processing chores.

And our system'’s software makes it easy to
implement. Contact Computer Automation for the
labor-saving details. With good help getting harder to
find, you can't beat it. Not even with a whip.

Slave 1/O

ComputerAutomation
NAKED MINI.Division

WHERE OEM’'S COME FIRST.

18651 Von Karman, Irvine, California 92713 « Telephone: (714) 833-8830 TWX: 910-595-1767

Or contact any of our local offices: Santa Ana, CA » Santa Clara, CA « Denver, CO « Orlando, FL « Atlanta, GA = Bensenville, IL « Waltham, MA ¢ Livonia, Ml « Bloomington, MN
MN = Bloomfield, NJ* Greensboro, NC « Cincinnati, OH * N. Olmstead, OH » King of Prussia, PA« Pittsburgh, PA*Nashville, TN« Dallas, TX « Houston, TX » Bethesda, MD
Norfolk, VA « Bellevue, WA » Toronto, Canada
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| cALENDAR |

CONFERENCES

JULY 16-18—Summer Computer Simulation
Conf, Toronto, Canada. INFORMATION: Dr
A. J. Schiewe, Chm 79 SCSC, c/o The
Aerospace Corp, PO Box 92957, Los Angeles,
CA 90009

JULY 17-20—Joint  Intermag/Magnetism
and Magnetic Materia's Conf, Statler Hilton,
New York, NY. INFORMATION: Dr E. F.
Luborsky, Conf Chm, General Electric RGD
Ctr, PO Box 8, Schenectady, NY 12301

AUG 6-8—Pattern Recognition and Image
Processing, Hyatt Regency O'Hare, Chicago,
Ill. INFORMATION: PRIP 79, PO Box 639,
Silver Spring, MD 20901

AUG 13-15—Conf on Simulation, Measure-
ment, and Modeling of Computer Systems,
Boulder, Colo. INFORMATION: Paul F.
Roth, National Bureau of Standards, Tech-
nology Bldg, Rm B-250, Washington, DC
20234

AUG 21-24—Internat’l Conf on Parallel
Processing, Shanty Creek Lodge, Bellaire,
Mich. INFORMATION: 1979 Internat’l Conf
on Parallel Processing, Dept of Electrical and
Computer Engineering, Wayne State U,
Detroit, M| 48202

SEPT 4-7—COMPCON, Washington, DC.
INFORMATION: |EEE Computer Society,
PO Box 639, Silver Spring, MD 20901

SEPT 5-7—Internat’l Fiber Optics and Com-
munications  Exposition, Hyatt Regency
O'Hare, Chicago, Ill. INFORMATION:
Michael A. O’'Bryant, Director, Expositions
and Publications, Information Gatekeepers,
Inc, 167 Corey Rd, Suite 111, Brookline, MA
02146. Tel: 617/739-2022

SEPT 5-8—INFO/ASIA, Ryutsu Ctr, Tokyo,
Japan. INFORMATION: Clapp & Poliak, Inc,
245 Park Ave, New York, NY 10017

SEPT 7-9—Internat’l Microcomputer Expo-
sition, Dallas, Tex. INFORMATION: IME,
413 Carillon Tower, 13601 Preston Rd,
Dallas, TX 75240

SEPT 17-19—Fourth Internat’l Conf on Soft-
ware Engineering, Munich, Germany. INFOR-
MATION: Prof Fritz Bauer, Institut fur In-
formatik der Technischen Universitat, D-8,
Munchen 2 Arcisstrasse 21, Postfach 90 94
90, Germany

SEPT 17-19—Optical Communication Conf,
RAl  Conf Buildings, Amsterdam, The
Netherlands. INFORMATION: J. H. C. Van
Heuven, Philips Research Labs, Eindhoven,
The Netherlands

10

SEPT 18-20—5th European Solid State Cir-
cuits Conf, U of Southhampton, England.
INFORMATION: |EE Conf Dept, Savoy
Place, London WC2R OBL, England

SEPT 18-21—WESCON, Brooks Hall and St
Francis Hotel, San Francisco, Calif. INFOR-
MATION: William C. Weber, Jr, 999 N
Sepulveda Blvd, El Segundo, CA 90245. Tel:
213/722-2965

SEPT 19-21—Internat’l Automatic Testing
Conf, Radisson Hotel, Minneapolis, Minn.
INFORMATION: A. O. Thornsjo, Honeywell
Inc, 1625 Zarthan Ave S, St Louis Park,
MN 55416. Tel: 612/542-4811

SEPT 20-26—TELCOM ‘79, Geneva, Switzer-
land. INFORMATION: John Sodolski, 2001
Eye St NW, Washington, DC 20006. Tel:
202/457-4934

SEPT 25-27—Mini/Micro Computer Conf
and Expo, Anaheim, Calif. INFORMATION:
Robegt D. Rankin, 5528 E LaPalma Ave, Suite
1, Anaheim, CA 92807

SEPT 25-29—Relcomex ‘79—Reliability and
Exploitation of Computer Systems, Ksiaz
Castle, Wroclaw, Poland. INFORMATION: I.
Jozwiak, Institute of Engineering Cybernetics
of Wroclaw Technical U, Janiszewskiego St
11/17, 50-372 Wroclaw, Poland

SEPT 26-29—Mini and Microcomputers In-
ternat’l Sym and Exhibition, Queen Eliza-
beth Hotel, Montreal, Canada. INFORMA-
TION: The Secretary, MIMI ‘79, PO Box
2481, Anaheim, CA 92804. Tel: 714/774-
6144

SEPT 28-30—Northeast Personal and Busi-
ness Computer Show, Hynes Auditorium/
Prudential Ctr, Boston, Mass. INFORMA-
TION: Northeast Expositions, PO Box 678,
Brookline Village, MA 02147. Tel: 617/522-
44€7

OCT 2-4—Internat’l Electrical, Electronics
Conf and Exposition, Exhibition Place,
Toronto, Canada. INFORMATION: Internat’l
Electrical, Electronics Conf and Exposition,
1450 Don Mills Rd, Don Mills, Ontario M3B
2X7, Canada

OCT 3-5—Internat’| Conf on Very Large
Data Bases, National Hotel, Rio de Janeiro,
Brazil. INFORMATION: Prof Stanley Y. W.
Su, 500 A Weil Hall, U of Florida, Gaines-
ville, FL 32611. Tel: 904/392-2371

OCT 9-11—Compusign, Anaheim, Calif. IN-
FORMATION: Golden Gate Enterprises, Inc,
1307 S Mary Ave, Suite 210, Sunnyvale, CA
94087. Tel: 408/735-1122

OCT 22-24—Computers in Aerospace Conf,
Hyatt House Hotel, Los Angeles, Calif. IN-

FORMATION: Richard Erkeneff, McDonnell
Douglas Astronautics Co, Dept 236, Bldg 13-
3, 5301 Bolsa Ave, Huntington Beach, CA
92644. Tel: 714/896-4975

OCT 23-25—European Sym on Realtime
Data Handling and Process Control, West
Berlin, Germany. INFORMATION: Real-
Time Data 79, Congress Organization Co,
Kongress Zentrale, John Foster Dulles Allee
10, D-1000 Berlin 21, Germany

OCT 23-25—Test Conf on Semiconductors,
Hyatt House, Cherry Hill, NJ. INFORMA-
TION: Raymon Oberly, Program Chm, |BM
Corp, PO Box 100-53X 057, Kingston, NY
12401

OCT 29-31—Foundations of Computer Sci-
ence, San Juan, Puerto Rico. INFORMATION:
Prof Ronald V. Book, Dept of Math & Com-
puter Science, U of California, Santa Bar-
bara, CA 93106. Tel: 805/961-2778

NOV 6-8—COMPEC Peripherals, Systems,
and Mini and Microcomputer Specialized
Exhibition, Olympia Grand Hall, London,
England. INFORMATION: lliffe Promotions
Ltd, Dorset House, Stamford St, London SEI
9LU, England

SEMINARS

JULY 9-11, 18-20, and 23-25—Data Com-
munications—An Introduction to Concepts
and Systems; and JULY 9-11 and 16-18—
Distributed Systems—Are They Right for
You? San Francisco, Calif, Washington, DC,
and Detroit, Mich; and Washington, DC and
Los Angeles, Calif. INFORMATION: Data-
pro Research Corp, 1805 Underwood Blvd,
Delran, NJ 08075. Tel: 609/764-0100

JULY 23-25 and AUG 15-17—Minicom-
puters and Distributed Processing, Toronto,
Canada and Atlanta, Ga. INFORMATION:
Heidi E. Kaplan, Dept 20 NR, U of Chicago
Continuing Education Programs, 360 Lexing-
ton Ave, New York, NY 10017. Tel: 800/
223-7450

SHORT COURSES

JULY 9-13—Microprogramming Workshop,
and JULY 16-27—Designing Microprocessor
Based Systems, Massachusetts Institute of
Technology, Cambridge, Mass. INFORMA-
TION: Director of the Summer Session, Rm
E19-356, MIT, Cambridge, MA 02139. Tel:
617/253-2101

Announcements intended for pub-
lication in this department of
Computer Design must be re-
ceived at least two months prior
to the date of the event. To en-
sure proper timely coverage of
major events, material preferably
should be received six months in
advance.
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THE DSD 440.
TOTAL DEC RX02
COMPATIBILITY,

AND MORE.

The DSD 440 is the only alternative to the DEC RX02 that’s

100% software, hardware and media compatible with

LSI-11, PDP®-11 and PDP-8 computers, including those
with extended memory. It can be configured as an
RX02 for DEC double density or IBM 3740 single
density recording, or as an RX01 for backward oper-
ating system compatibility.

MORE

A 512-byte hardware bootstrap is built into all
PDP-11 and LSI-11 interfaces. It loads system software
automatically from either single or double density
diskettes. Extensive self-testing is DIP-switch select-
able with the “Hyperdiagnostics’ that run without being
connected to acomputer.The low profile 5%-inch DSD 440
features write protection and diskette formatting.

FASTER

The optimized DSD 440 microcode increases system throughput
when using the RT-11 foreground/background monitor. In partic-
ular, the DSD 440 with an LSI-11 runs fill and empty buffer opera-

tions 20% faster than an RX02.

FOR LESS

The DSD 440 is the RX02 compat-
ible flexible disk system that combines
high performance and advanced fea-

Data Systems Design, Inc.
3130 Coronado Drive,

tures with fast delivery...at a lower price.

For further information, call or write Data Sant(io(él)agjég&%som
Systems Design today. A data sheet and TWX 910-338-0249
price ||§t w'|I| be forwarded to you Eastern RegichalBaies:
immadigely. (617) 329-5730
® Trademark of Digital Equipment Corporation TWX 710-348-0563
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The intelligent memory
for PDP-11/70’s.

More than bits in
a box. The MSC 3602
PDP-11/70 add-on
memory has its own
microcomputer that keeps
it, your 11/70 and you
out of trouble.

Up to 4 megabytes
with single bit error
correction and double bit
error detection that
won't hassle your CPU.

Intelligence speaks
for itself. The self-
diagnostic microcomputer
has RS-232 1/0. No
need to interrupt your
system. Connect your
terminal and the MSC 3602
will speak for itself.

You'll know the specific
memory addresses
which have experienced
self corrected one bit
errors.

Even without a terminal
you can easily view
error indications on the
front LED display.

PDP is a registered trademark of Digital
Equipment Corp.

(© 1978 Monolithic Systems Corp.

Knowing better.

The MSC 3602 knows
better than to cause a
system crash. The
microcomputer scans
one bit errors from

its storage register and
decodes them into a
usable format. No more
need for look-up charts.
And error dumps to

the terminal can be
programmed at any timed
interval.

A double bit error
causes a parity error
message to be sent
directly to the CPU.

Turn off the ECC and you
can run full diagnostics.

Leaving interleaving.
Our intelligent add-on
performs at maximum bus
speed without using
complex interleaving
addressing techniques.
So, the MSC 3602 is
easier to maintain and
simpler to manage
for you and your 11/70.

Memorizing more?
The MSC 3602 will grow
with you. It's expandable
in 64K byte increments,
with 2 megabytes in
a single 10%2" high free-
standing or rackmount
chassis including power
supply and forced air
cooling. An additional
10%2" chassis will give you
the total 4 megabyte
PDP-11/70 maximum
memory.

And MOS memory
offers you low power
requirements.
Nonvolatility is available
with battery backup.

TLLTSRS SS9
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Intelligent design.
The MSC 3602's small
size allows close
placement to the CPU.
Shorter bus lengths allow
higher speed and
reduce noise problems.

Socketed elements
offer easy maintenance.

All cards are removable
from the front.

Taking care of you.
The MSC 3602 will help
your system and your
budget. It is competitively
priced with unintelligent
core and semiconductor
add-ons.



Send away.

¥ TTHE 8t st |

o TUTY I i

Our new brochure fully
describes the MSC
3602’s features.

Call or send for it today.

Intelligent memory...
from the first.

&

Jyrtemys coo

14 Inverness Drive East
Englewood CO 80112
303/770-7400
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CONVMMUNICATION CHANNEL

EMERGENCE OF THE

INTEGRATED SERVICES DIGITAL NETWORK

Russell G. DeWitt

Western Union Telegraph Company
Upper Saddle River, New Jersey

| n the United States, Canada, the United Kingdorn,
France, Switzerland, Italy, and elsewhere in the world,
telecommunication networks are gradually going digital,
and this trend will continue. That this should happen
should surprise no one. Digital computers replaced analog
machines many years ago because they were more cost
effective, accurate, powerful, and flexible. The slide rule
gave way to the digital calculator, and digital wrist
watches have all but replaced their analog counterparts
because of improved accuracy and the ability to provide
more information than the time of day. Clearly, solid
state technology has fueled this digital evolution for both
telecommunication networks and for the simpler examples
cited. The steady decrease in the cost of a pair of logic
gates or a memory bit over the past 15 years (Fig 1) has
also been an important factor in the trend toward the
implementation of digital techniques.

Digital vs Analog Overview

“What's past is prologue.” Digital transmission appeared
much earlier in the history of communications than did
analog methods. Smoke signals, drumbeats, signal flags,
windmill arms, and lanterns were used to send discrete
messages. A famed example is the “one if by land and
two if by sea” message to Paul Revere from lanterns in
the tower of the Old North Church. Also, at the end of
the 18th century, towers using semaphore arms, situated
at line of sight distances, relayed messages across Europe
at a speed of one signal per minute for many hundreds
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of miles.! With the invention of the electric telegraph in
1835 the Morse code, another form of digital transmission,
took over as a signaling medium.

The coming of the telephone in 1876 marked the
beginning of analog transmission, which quickly became
the dominant method because voice traffic grew more
rapidly than did telegraph.2 With the invention of pulse
code modulation (pcm) by A. H. Reeves in 1938, and
of the transistor by Shockley, Bardeen, and Brattain in
1948, there was a resurgence of the digital mode. The
first PcMm carrier system, called T1 carrier, was put into
production by Western Electric in 1962, and digital
transmission technology has been accelerating ever since.

Implementation of PCM

The fact that it took 24 years after the invention of rcm
techniques to apply them to live telecommunication
service is not surprising. Other important ideas were con-
ceived well before the practical means of implementing
them were available; many of Charles Babbage’s ideas
(1792-1871) which formed the basis of the modern com-
puter could not be put to practical use during his lifetime
due to the lack of adequate materials and components.
pcM and computers have much in common. They both
manipulate digital information. Therefore they both made
early use of discrete, high speed switching transistors as
soon as they became available. These devices were re-
placed by integrated circuits with the accompanying
savings in cost and space. Medium scale integration (Msr)
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Centronics.
TheBand
Leaderfor

You can’t beat the band for value. Centronics’
6000 Series Band Printers cost up to 40% less
than comparable line printers. That’s a sav-
ings of thousands of dollars. Plus you get per-
formance that’s hard to beat.

Centronics’ band printers offer unmatched
operational flexibility, print quality, upward
compatibility, and most importantly, low cost
of ownership.

Centronics’ 6000 Series Band Printers pro-
vide unmatched operational parts commonality
across the entire product line. And, over 90%
spare parts commonality between the 300 and

CENTRONICS’
The Band Leader
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600 line per minute models. Your spares in-
ventory is minimized. Service expense is fur-
ther reduced.

The 6000 series has a truly operator change-
able font. In less than a minute, the operator
can change the print band. No electronic modi-
fications. No alterations.

Price. Performance. Reliability. And eco-
nomical operation. That's value. From the
Band Leader. For information, write or call:
Centronics Data Computer Corporation,
Hudson, New Hampshire 03051,

(603) 883-0111. )
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Socket Connectors—)
IDS Series

For pluggable termination

of cable to header mounted
on PCB. Single piece body for
easy assembly, fewer parts to
inventory. Cover latch and
optional strain relief for
operational reliability.

=
Transition Connectors—
IDT Series .
Used to attach cable permanently to
PCB, Has rugged single piece design
for fast assembly and high reliability.
Cover latch swivels for easy cable
insertion.

Cable Plugs—IDP Series
Offer fast, easy plugging of cable
to PCB directly or into DIP
sockets. Tapered pins assure
quick, easy insertion into
DIP sockets. One unit
design speeds handling and
assembly. Cover latch swivels ™
for easy cable insertion.

IDH Series
Mounts permanently to
PCB and accepts socket
connectors. In straight or right
angle mounting— for solder or
wrap/pin termination. Handy ejector/
latch available —when closed it locks
socket into place and serves as ejector
when open. 4

Laminated Flat Cable
RN offers both cable and connectors—your
assurance of “single source” reliability.
Available in white or color coded
100 foot rolls in 10 thru 50
conductor sizes.

\/




now...a truly economical

cable system

for high speed assembly
using tooling you already have

This RN IDC System delivers what engineers want...

® Advanced automated manufacturing facilities enable RN to cut costs
—pass the savings on to you

@ Fewer pieces for faster assembly, reduced inventory
® Can be assembled with IDC tooling already in place

® Each connector made more rugged, more resistant to shock,
vibration and cable strain

@ Assured reliability and compatibility of cable and connectors—
RN supplies both

Economical, easy to use—once properly adjusted,
all RN IDC connectors can be assembled with a
simple base plate change

’ P
Hand Held crimp tool Bench mounted
for assembling IDP crimp tool for
series Cable Plugs and assembly of all RN
IDT series Transition IDC connectors.
Connectors

WRITE TODAY for new Robinson-Nugent
Insulation Displacement Connector catalog with
complete specifications and dimensions on the
entire IDC product line.

FPEBEREBG B
NUGENT ING

800 East Eighth Street, New Albany, Indiana 47150 « Phone: (812) 945-0211—TWX: 810-540-4082
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Digital signal processing is here.




TRW keeps you ahead in digital signal processing

Monolithic 6 & 8-bit
video A/D converters
you can afford
todesignin

We've developed a family of
single chip, 30MHz A/D converters
with VLSI technology. They're TTL
devices that bring all the advan-
tages of digital signal processing
to high-speed, wide-bandwidth
signals like those used in radar,
broadcast video and closed-circuit
TV systems. We've designated

the 8-bit converter TDC-1007J
and the 6-bit device, TDC-1014J.

With digital proces-
sing of video
signals,
you can 4
use simple
algorithms to
control video images of
all kinds. You can freeze, store,
and replay the action; compress
and expand time; fade in, fade out,
wipe, and superimpose —all
under non-critical digital control.

Our inexpensive A/D conver-
ters make the connection to
all this flexibility.

Because we invented TTL and
refined it to the level of VLSI, our
converters enjoy the luxury of oper-
ating as flash converters, rather
than depending on tedious, suc-
cessive-approximation techniques.

Our TDC-1007J features full

eight-bit resolution. It is a single
chip with 255 comparators and a
resistive voltage divider. Activating
a single device pin strobes

the comparators, encodes all their
binary outputs into an eight-bit
word, and stores the word in an out-
put latch. All this can happen 30
million times a second—now that’s
video-speed data conversion!

The TDC-1007J provides four
output data formats and does
not require a sample-and-hold
circuit at the front end; it is unsur-
passed for both NTSC and PAL
color video systems.

Our six-bit converter chip, the
TDC-1014J, is no falloff from the
larger device—it is made with
its own 63-comparator mask set
and features all the speed, linear-
ity, and utility of its big brother.
Use it for applications that call for
reduced resolution and cost—
like ultrasound, X-ray, radar, and
CCTV.

Both the eight-bit A/D and the
six-bit A/D are packaged in
industry standard DIPs. The larger
-1007J has 64 pins; the smaller
-1014J has 24. They are both

powered by +5V and -6V supplies;

the -1007J uses 2W and the

-1014J needs only 750mW. Both
are radiation hard.

The TDC-1007J (in 100s)
is priced at $485. The TDC-1014J
(in 100s) is priced at $186. (And
these are only our introductory
prices—they will go lower like all
monolithic devices.)

These products are now in
stock at Hamilton/Avnet.

For immediate information
call 213/535-1831 or send in
coupon.

[/ .y

[ |
1 TRW LSI Products
1 An Electronic Components Division of TRW Inc.
H P.O.Box 1125
Redondo Beach, CA 90278

Please send data sheets on the new TDC-1007J,
8-bit and TDC-1014J, 6-bit A/D converters.

Name

Company

Div/Dept Mail Code

Address

o = e .
o]
o
&

TRW/ s probuCTS

...for Digital Signal Processing
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COST PER BIT OF MEMORY OR PAIR OF GATES (CENTS)

Fig 1 Cost trends per memory bit
or pair of gates

60+ % DROP
FROM 1974 TO 1976
0.4
0.3
0.2+
0.1
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64 66 68 70 72 74 78 80

and large scale integration (Ls1) have brought further re-
ductions in cost and size, and work has begun on very
large scale integration (vwsr).

A classic paper by Oliver, Pierce, and Shannon in 1948,
“The Philosophy of pcwm,” acted as a catalyst in spurring
development work on pcm.3 The authors pointed out that
in pcM the principle of regeneration, only possible with
digital transmission, is the payoff. The pulse train is re-
generated at regular intervals before noise, distortion, and
other forms of interference are sufficient to cause excessive
error rates.

Fig 2 shows regeneration distances for five different
digital transmission systems. In Fig 2(a), which is only
of historical interest, the early telegraph circuit used heavy
wire of sufficiently low resistance to maximize the repeater
distance. The limit was reached when the dc arriving at
the repeater point was just strong enough to activate a
sounder so that a man located at that point could act as
the regenerative repeater. Repeater spacing was between
250 and 300 mi (400 and 480 km), and voltages in
the order of =300 Vdc were used. The large amount of
redundancy in the English language revealed by C. E.
Shannon in his concept of information theory* allowed
human regenerators to do both forward error correction
(rFEC) and repeat request (RQ) to correct errors caused by
the sending operator, or by interference on the line. Later,
man was replaced by the telegraph relay which reacted
to the small current arriving at the end of one repeater
link and applied voltage to the next.

20

In Fig 2(b) the regenerator distance is slightly greater
than 1 mi (1.6 km) for the T1 carrier pcM system.
This carries 24 high quality voice channels or digital data
on a 1.544M-bit/s bipolar pulse train. Fig 2(c) shows the
typical present day regeneration distance of about 4 mi
(6.4 km) for an optical fiber transmission system at the
ps-3 level of the digital hierarchy, which is 44.736M
bits/s. (The North American digital hierarchy is shown
in the Table.)

As shown in Fig 2(d), regeneration distance for digital
transmission via satellite is about 45,000 mi (72,000 km.)




One way to
order everything
(all day on the phone) (10 minutes on the phone)

One customer felt more secure
with a pile of catalogs second only to
Mt. Everest.

When the time came, he’d know
just where to look for supplies.

A disk pack?
He’d go right to that 35-pound
catalog under the philodendron.

A CRT stand?
Right to the funiture catalog. (Too
bad he didn’t read the fine print that
said “2-month wait”’.)

EIA cables?
In the catalog that looked like last
year’s winning entry in the stump-
the-engineer contest.

One day he needed a disk pack.
And a CRT stand, 5 EIA cables, one
box of thermal paper, 6 print-wheels
and a harmonica ribbon.

Inmac, formerly Minicomputer Accessories Carporation
Corporate Address: 2465 Augustine Drive. Santa Clara, Calif. 95051

If he didn’t get them quick, he
couldn’t finish the Big Project. And
top management was really
breathing down his neck.

By the time he got all the catalogs
together, figured out what would
work with what, and made all the
calls . . . 9 a.m. became 9 p.m.

And part of his order got stuck
between Texas and Terre Haute.

Never again.

So he subscribed to the Inmac
catalog. After all, 70 pages wasn't
much for every supply he needed.
Plus he could store it in a drawer.

He gotrid of almost all those other
catalogs. But his office looked
empty. So he went outand boughta
poster of Nepal.

With a great view of Mt. Everest.

-

! [ g

Our way to
order everything

How to get 1,000 supplies and
accessories. No hassle, no wait.

Order from the FREE Inmac catalog for
precision performers. Magnetic media.
Printer paper. Cables compatible with
DEC, DGC, HP, TI and IBM hardware.
Ribbons. Computer-room furniture.
More. Guaranteed 45 days. Some up to
10 years.

Quality recognized by over 20,000
users in the U.S. and arounq the world.

And you won’t wait for what you
need. Inmac strives to ship all orders

within 24 hours . . . from both east &

west coasts.

For your free 1-year subscription to the
Inmac catalog, circle the number below.

frmac

International Minicomputer Accessories Corporation
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COPPER OPEN WIRE

UP TO 100 BITS/S

COPPER PAIRS IN UNDERGROUND
>~ AND AERIAL CABLES

4

(A) TELEGRAPH

250 -300 MILES (400-480 km) r\

_~“MAN AND LATER
TELEGRAPH RELAY

1+ MILES (1.6+ km)

1.544M BITS/S (DS-1)

OPTICAL FIBER CABLE

L 4

(B) T1 CARRIER

P 4 mites (6.4 km)

44.736M BITS/S (DS-3)

(C) OPTICAL FIBER

60-90M BITS/S

(D) COMMUNICATION SATELLITE

25- 30 MILES (40-48km)
90M BITS/S (TWO 05‘3)

(E) DIGITAL MICROWAVE RADIO

Fig 2 Repeater distances for various digital transmission systems

It might be possible some day to regenerate in the satellite
itself and thus cut this distance in half. Recent technical
articles have indicated that such a step would provide an
advantage of somewhere between 3 and 5 dB. Fig 2(e)
shows the regeneration distance for a typical digital micro-
wave radio, such as the 6-GHz, 90M-bit/s system recently
installed in the Washington, pc area.

All the digital systems shown in Fig 2 are fundamentally
the same. Discrete messages are transmitted as far as the
medium will permit, and regenerated before noise and
distortion produce errors at an unacceptable rate. Another
important advantage of digital transmission is that it can
be made truly secure, whether the security involved is
military or commercial. Likewise, designers of computers,
terminal equipment, and voiceband modems are familiar
with various types of degradation that occur on an analog
network, such as dropouts, phase and amplitude hits,
intermodulation, crosstalk, fading, and impulse noise. On
a digital network these are replaced by a few less trouble-

22

some degradations such as bit errors, jitter, quantization
noise, and short breaks due to temporary lack of syn-
chronization, which are very rare.

Short haul pcMm on cable is growing rapidly in North
America, Europe, and Japan. In many places, it has
captured anywhere from 30 to 80% of the market. This
has occurred because it was more cost effective than the
competing ¥FpM analog system which in North America
was N carrier. As production quantities grew and as the
cost of digital logic and memory fell, it was able to
penetrate the market more and more. To illustrate the
point, if all the T1 line currently installed in the u.s.
alone were put end to end it would reach to the moon
and back four times, ie, 2 million mi (3.2 million km).
Today a pcMm terminal vrF channel end costs about one-
half to one-third of the cost of an ¥pm vF channel end.
There will be about 300,000 pcm channel banks installed
in the vu.s. by the end of 1979.

The development of pcwm digital switching was started

COMPUTER DESIGN/JUNE 1979



So Ours Let You See Logic The Way You Think Logic

You need to be versatile
enough to tackle a variety of
digital design problems every
day. To turn from hardware to
software analysis. Or from
microprocessor to non-micro-
processor design. And so you
need a logic analyzer as ver-
satile as you are.

And that means a logic
analyzer that lets you see logic
the way you think logic; that
lets you look at logic in the most
convenient language; that
gives you a variety of logic dis-
plays...to solve a variety of
problems.

TEKTRONIX

thinks your logic analyzer
should be as versatile

Tektronix Logic Analyzers/
Display Formatters provide
this essential versatility. So you
— not the logic analyzer — de-
cide how you'll look at logic: in
mapping for an overview of
program flow; in timing to view
timing relationships between
signals; in state tables (binary,
octal, hexadecimal, GPIB
mnemonics, or ASCII) to view
system language.

Go from one logic display to
another — without going from
one logic analyzer to another.
To make your job easier, faster,
and more convenient.

as you are

Display Formatters: they
help make our Logic
Analyzers versatile. So you
can do today’s job and to-
morrow’s. So you can
change applications without
changing your logic
analyzer.

Contact Tektronix Inc., P.O.
Box 500, Beaverton, OR
97077. In Europe, Tektronix
Ltd., PO. Box 36, St. Peter Port,
Guernsey, Channel Islands.

Tektronix

COMMITTED TO EXCELLENCE

Touch a button for any of
seven display formats:
mapping,

timing,

binary,

octal,

hexadecimal,

GPIB,

ASCII

TEKTRONIX LOGIC ANALYZERS

For immediate action, dial our toll free automatic answering service: 1-800-547-1512



The HP? 2621: sim

Simple doesn’t have to mean unsophisticated.
The proof is in our new CRT terminal, the HP 2621.

Before building it, we took a long, hard look at
the way you use a simple terminal. Then we took the
knowledge gained in more than 10 years designing
computer products and applied it to engineering an inter-
active character-mode CRT terminal from the .user’s
point of view.

The outcome was actually two models. The HP
2621A, which sells for $1450. And the HP 2621P, which
has a built-in printer, costs $2550. You obviously want
the sharpest display made. So we used the 9x15
character cell you see on every HP CRT terminal,
including the top-of-the-line. And, to help you look back
at the data you've entered, we provided two full pages
of continuously scrolling memory.

We designed the keyboard like the familiar type-
writer, so you don’t have to waste time relearning it. We
built in eight function keys, too. These control the cursor,
rolling and scrolling. And, to make life easier, they're
labeled on the screen for self-test, configuration, display
and editing.

Editing? On a simple terminal? Certainly. We
included character and line insert and delete, clear line
and clear display. And, since the 2621 keeps your input
separate from your CPU’s, you can edit data before
sending it to the computer. All without writing a line of
system software.

Since flexibility is important in interfacing, we
included a user-definable return key that will send your
computer whatever code it expects. We also made our
terminals compatible with RS232C and Bell 103A, and

[0 I'd like to know more about HP’s new 2621A and 2621P with
built-in hard copy.

[ I'd like to see HP’s new 2621A and 2621P with built-in hard copy.
O I'd like to know more about HP’s complete family of terminals.

Name

Title

|
|
|
|
|
|
|
|
|
|
Company :
Address I
|

|

|

|

|

|

|

|

|

|

|

Phone

Mail to Hewlett-Packard, Attn: Ed Hayes,
Marketing Manager, Data Terminals Division, Dept. 1247,
19400 Homestead Road, Cupertino CA 95014.

able to communicate with your CPU at 110 to 9600 baud.

If you need hard copy at your fingertips, take
a look at the HP 2621P. With a keystroke, its built-in
120 cps thermal printer will deliver a printout from the
screen in seconds.

So why don’t you check out the HP 2621 by call-
ing the nearest HP sales office listed in the White Pages.
Or send us the coupon. Then see for yourself how
sophisticated a simple CRT terminal can be.

Try this on your favorite CRT! With the 2621P, you just hit a key
and in seconds you have hard copy of your CRT display. The built-in
thermal printer prints upper and lower case at up to 120 cps.

The 2621’s bright, high-resolution CRT, with enhanced 9x15
character cell, displays the full 128-character ASCII character set, =
including upper and lower case, control codes, and character-by-
character underline, in 24 80-character lines.

Eight screen-labeled preprogrammed function keys magnify
the power of the 2621’s keyboard. Preprogrammed functions include
editing, terminal configuration, printer control and self-test.

To make numeric data entry faster and easier, we put the 2621’s

numeric keypad right in the middle of the keyboard. And the 2621’s
familiar 68-key keyboard is almost as easy to use as a typewriter.

HEWLETT 'Tﬁ, PACKARD

All prices are U.S. list
Available on GSA Contract $#GS-00C-01529 from 12/8/78 through 9/30/79.
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in France in the mid-1960s. Their first installation occurred
in Lannion, Brittany in 1970, and since then the number
of switches in service in France has continued to grow.
In 1976, pcMm digital switching appeared on the scene in
the u.s. when the Bell System installed its first No. 4 Ess
machine in Chicago. By the end of 1979, Bell will have
34 such machines in service. The No 4 Ess, called a super
switcher because it is the biggest switch ever developed,
has 107,000 terminations. Key ingredient in a pcM digital
switch is the time slot interchange of 8-bit bytes which
can be pcM samples of voice or digital data or digital
facsimile, etc. Thus, bytes from incoming pcm lines are
transferred to time slots on outgoing pcM lines under con-
trol of a processor that, in the newest digital switch
designs, normally consists of one or more microprocessors.
In most digital switches, two paths through the matrix
are set up to handle both directions of a call.

No new central office (co) analog switches are being
designed at the present time, while all major manufac-
turers of co switching equipment either have digital
switches (Class 4, Class 5, and Class 4/5) in production
or in development. This is an example of a remarkably
rapid acceptance of a new concept. However, it happened
because pcMm digital transmission had become ubiquitous
and because a pcwm digital switch uses the same digital
logic and memory components as do computers.

The combination of digital transmission and digital
switching is an ideal marriage and is called an integrated
digital network (1N). Channel banks are eliminated when

two digital switches are directly connected to each other
via digital transmission with cost savings that prove-in
more digital transmission. The process feeds on itself,
producing increasing savings until the network is totally
digital. The N requires two other ingredients that are
network synchronization and common channel signaling.
Of the several approaches to achieve network synchroni-
zation master-slave is the most commonly used technique.
A very precise master clock, usually an atomic standard
located near the geographic center of the network, is
distributed to the rest of the network by an overlaid tree
network. At each node, this clock is used as a reference
for a local clock which can survive for several days with-
out drifting enough to cause a slip, if it loses the reference
due to a network outage.

With common channel signaling, the signaling informa-
tion is removed from its present association with the voice
channel to which it pertains. Instead, it is carried over a
separate signaling data link network which may or may
not be routed differently from the information channels
themselves. This leads to many additional network ad-
vantages including cost savings and additional flexibility
for providing new services. One example is the ability to
display the calling party number to the called party;
another is the ability to insure that voice or data calls

- do not traverse more than one satellite hop.

The trend to digital is impacting each type of trans-
mission medium and each type of switch in the network.
Cable pairs used for local distribution and medium

DIGITAL
DATA

INTEGRATED
SERVICES
DIGITAL
NETWORK

(ISDN)

DIGITAL
FACSIMILE

DIGITAL
PROGRAM
CHANNELS

Fig 3 Model of the integrated ser-
vices digital network
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Now...two quiet printers
- fromTELPAR

The new 80-column PPS-80E ... and the proven 48-column
Printer/Plotter PS-48E

Key Features Include: Key Features Include:

= Microprocessor controlled thermal printing = Microprocessor controlled thermal printer
= Versatile interface (no added charge) Versatile interface (no added charge)

Vector generator graphics Serial: RS-232C, 20 mil loop, or TTL
Standard 96 character ASCI| set plus Parallel: TTL interactive
external character generator Upper/lower case, 96 ASCII characters
= Throughput rate — 30 characters per Throughput rate — 24 characters per
second second
= Signalling rates Signalling rates

Serial mode: up to 9600 Baud with 300 Serial mode: 110 or 300 Baud
Baud standard Parallel mode: up to 960 cps
Parallel mode: up to 960 characters per = Automatic carriage return and line feed
second = Quiet, clean, no ribbons or ink
= Optional buffer memory to 16K bytes
i oy bk J " In quantities of 100 . . . $380.00
+ 'Forms feod Single quantities . . . $465.00
= Self test
In quantities of 100 . . . $600.00 Printing mechanism without interface available for both models
Single quantities . .. $750.00 on OEM basis.

For more information contact Telpar, (214) 233-6631
4132 Billy Mitchell Road, Box 796, Addison, Texas 75001
Telex: 73-7561 (TELSERV) DAL.

telpar, inc.
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S . S,
Low Profile...

LED lighted

keys give

visual indication

of status function.
Or choose
unlighted keyhoard.

10, 12, or 16
station. Square

or round keys.
Attractive color
selection.

Clear, sharp key

top or decal marking.

BCD and hexi-
decimal encoding
available as
optional plug-on
“Adder-Boards’.
Easy front panel
mounting.

Design your

own keyhoard.

Single station modules
mount on PC

or prepunched hoards . 0 .
with .100 center holes.™===

STACOSWITCIH

‘ a STACO, INC. company

1139 BAKER STREET, COSTA MESA, CALIF. 92626

@.D (714) 549-3041 TWX: 910/595-1507
Other STACO Company products: Custom Transformers,
STACO ENERGY PRODUCTS, Richmond, Indiana;

Variable Transformers, STACO ENERGY PRODUCTS,
Dayton, Ohio.
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distances up to 500 mi (800 km) are already heavily
digital and will be totally so in the future. Coaxial cables
are already being replaced by optical fiber cables because
they have the required bandwidth and are more cost
effective. Optical fiber cables are here now and are
getting more cost effective by the month. They are in-
herently more attractive for digital transmission because
lasers are nonlinear and analog signals can only be carried
for short distances. For long haul heavy route transmission,
all signs point to digital transmission becoming dominant
on satellites in the near future because of the higher band-
width utilization efficiency of time division multiple access
(TpMA). For all categories of switching the trend is to
digital at the present time and the future is entirely digital.

The country that appears to be leading the race to have
the first nationwide N~ for voice is Canada. It has recog-
nized the advantages and, in effect, made an DN a na-
tional goal. Business profits can result because the build-
ing blocks needed for the N can be sold all over the
world if they are already being built and tested in an
actual network. In Canada, the last remaining obstacle
to an N, which are cost effective long-haul digital fa-
cilities, has been recently surmounted. To this end they are
installing 90M-bit/s digital radio from coast to coast and
are also planning for 90M-bit/s transponders on their
new Anik C satellites.

In the future, there is one further step that can be
taken and it will probably occur first, once again, in
Canada. It is called the integrated services digital network
(1spN). It is an N which carries more than one service.
For example, an DN can be built for voice and then have
data, facsimile, program channels, etc, added later, as
shown in Fig 3. When the second service is added it
becomes an 1sDN because the same integrated switching
and transmission facilities are being used to provide both
services. The basic element of the 1spx is a time slot which
contains an 8-bit byte occurring 8000 times/s. Therefore,
a time slot has an equivalent capacity of 64k bits/s. Some
services can use a single time slot such as voice, data at
rates up to 56k bits/s, and facsimile at rates up to 56k
bits /s. Other services will require multiple time slots such
as 5-, 8-, 10-, and 15-kHz program- channels, data at
rates above 56k bits/s, and facsimile at rates above 56k
bits/s such as would be needed for the high resolution
transmission of newspaper pages.

In summary, the earliest long distance communications
used the digital mode starting with non-electrical means
followed by telegraph. Even wireless communications in
the early 1900s used the digital mode; ie, a carrier was
turned on and off to send Morse code. When the telephone
network grew, the analog mode was preferred, until re-
cently. Now the pendulum has swung back toward the
digital mode and the full cycle will soon be completed
with the appearance around the world of integrated
services digital networks in the decade of the 80s. Voice,
data, and facsimile services and features which have not
been possible heretofore will be available. Switched data
services at a variety of bit rates will be made available
with fast connect time, high performance, high availability,
and low cost. The digital world will indeed be filled with
attractive, cost effective, and innovative services and
features.
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Derore you specify your next

floppy disk drive,
BASF has a small suggestion.

. Industry-standard interface,
_power plugs and mounting
points.

!; ;!

Main capstan features a double
ball race for more accurate
and friction-free operation.

Activity light in door is
standard.

&EY m"a%; PHREE 6106

§ Larger capacity than the
DRIVES FIT IN THE SAME competition: 40 tracks vs. 35
_tracks at single or double

recording density.

VERTICAL SPACE AS TWO OF
OUR COMPETITION'S.

Track-to-track access Program-controllable door Built to tight production

time of 12 msec; more than interlock option. specs for improved reliability
three times faster than the (10,000 hours MTBF) and
competition. less sensitivity to vibration.

Introducing the New BASF 5.25" Floppy Disk Drive.

The new BASF 6106 is not only the ok et e R S G -
smallest 5.25" floppy disk drive availl)allble. e ggsMFcifputer Products |
also offers many big advantages in terms of i Crosby Drive, Bedford, MA 01730 |
capacity, reliabi ity, and accuracy. BASF is | Please send me complete information and specifications on {
America’s only pr oducer of both 525” fl oppy | the new BASF 6106 5.25" Floppy Disk Drive. |
disk drives and 5.25" floppy disk media. The | Name/Tite ,
6106 is available right now at competitive | Company |
prices. For complete information, send in P Tel |
the coupon now, or call Matt Connolly at o S i |
617-271-4035. el R e
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Intefligence and Sophistication Mark
Product Displays at Interface '79

Data communications products shown
during Interface ’79, McCormick
Place, Chicago, April 9-12, 1979,
were notable for increasingly sophis-
ticated technology, and for the ap-
plication of intelligence via the ubig-
uitous microprocessor to a growing
number of systems and equipments.
In the space available here we can
but skim the surface of the total ex-
hibition. In fact, many of the prod-
ucts shown have already been
treated in recent issues of Computer
Design, the May Ncc issue in par-
ticular. So we are presenting below
nutshell descriptions of some items
we feel might be of particular in-
terest.

Readers who wish detailed infor-
mation on any of the products de-
scribed may write to the companies
directly, or circle the associated read-
er service number(s).

The Ncs-100 network control system
by Atlantic Research Corp, 5390
Cherokee Ave, Alexandria, va 22314
(Circle No 400), is actually a fam-
ily of central site tech control facil-
ities using modules for patching,
switching, and testing. Modular de-
sign allows future expansion as well
as the ability to assemble modules to
meet the exact needs of differing ap-
plications. Designed for the computer
center environment, the system iden-
tifies and corrects data transmission
malfunctions and enables fingertip
control of virtually any size network.
Trend and alarm information is also
provided for preventive maintenance
before actual failure.

Elements of this tech control sys-
tem include: Datapatch series of
modules for facilitating access to data
lines; modules for fallback switching
ranging from manual A/B devices to
computer or touch tone controlled
Rs-232/V.24 circuit or group switch-
ing; a line of digital and analog mon-
itors and interactive testers; and as-
sociated cables and components.

A pair of fiberoptic digital trans-
mitter and receiver modules, ctM-100
and crM-100 respectively, were shown
by Canoga Data Systems, 6740 Eton
Ave, Canoga Park, ca 91303 (Circle
No 401). They feature data speeds
of 0 to 2M bits/s NRz over a single

30

fiberoptic channel, integral optical
port connectors, and external clock
input/output for synchronous trans-
mission. Both units are in low profile
pcB mountable packages to fit 0.5”
(1.27-cm) card rack spacing.
Transmitter uses an IR LED emit-
ter for typical output power to con-
nector of 70 yW (—11.5 dBm). Out-
put wavelength is 900 +25 nm, with
typical numerical aperture of 48. Sup-
ply voltage is 5 V at 170 mA max.

Receiver module uses a pin diode
detector with a min sensitivity of
—30 dBm for 10 BER. Supply re-
quirements are —6 V at 30 mA, 5 V
at 80 mA, and 12 V at 10 mA.

Integral optical port connectors on
both units alleviate problem of light
source to fiber alignment. Together
the modules offer 500-m data link
capabilities and functional link mon-
itor and test when used with appro-
priate cable/connector assemblies.

Among the products shown by Codex
Corp, 20 Cabot Blvd, Mansfield, ma
02048 (Circle No 402), was the dis-
tributed network control system
(pnes) which provides constant mon-
itoring of network performance, indi-
cation of device malfunction, and the
means to restore network operation
from a central site. The system com-
bines a multi microprocessor based
distributed network processor (pne)
that supports simultaneous and con-
tinuous network monitoring with dis-
tributed network terminal (pNT). DNT
comprises an intelligent cRT terminal,
printer, and floppy disc, and acts as
the operator interface. All executed
programs, network configuration, and
parameter data are stored on a dual
floppy disc. Network management is
done via the independent secondary
channel of master and remote mo-
dems. This channel is frequency di-

vision multiplexed with the main
channel using a standard protocol.

Terminal port cards in the net-
work controller allow for line expan-
sion. One to four port nest configu-
rations support up to 124 central site
lines and 64 drops/line. A simple
English command set eases entry of
line and device related data. Desired
threshold parameters to be monitored
can be entered and modified as net-
work conditions require. Threshold
exceed conditions are immediately re-
ported and logged by the printer. A
complete advanced repertoire of mo-
dem and line testing to isolate prob-
lems as well as to provide restoration
capability is available. Modems that
operate with pncs with optional con-
trol card include the mx 2400 series
and the vs1 “fast poll” series for mul-
tipoint and point to point operation
at 4800, 7200, and 9600 bits/s.

Distributed network control
system. DNP with four se-
ries LSI148FPX modems and
DNT operator workstation
with CRT, printer, and flop-
py disc package

Model Ei 310, called Epibert, is a
rack mountable bit error rate tester
that will exercise, test, and evaluate
modems, total data systems, digital
microwave links, and digital data net-
works. Available from Epicom, Inc,
592 N Douglas Ave, Altamonte

Springs, L. 32701 (Circle No 403),
it operates with both synchronous
and asynchronous systems in simplex,
half, or full-duplex at rates to 100k
bits/s. The unit can simultaneously
display bit and block errors, block
count, RTs/cts delay, loop delay,
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TheWHIZZARD
will amaze you.

Gaphics magic you never had before.

Fast, interactive computer graphics. Un-
equaled refresh vector quality. Astonishing per-
formance at unbelievable prices. The best in the
industry.

Buy a WHIZZARD refresh terminal. Connect
it to your computer. Buy a WHIZZARD intelligent
terminal. With built-in computing power. Or, buy
a stand-alone graphics processing system \N!’.h
the WHIZZARD's powerful FORTRAN-based
graphics software, you're up and running fast

Add an RS-232-C interface for remote or dis-
tributed processing. Up to four monitors for
shared graphics processing. Plus all the graph-
ics peripherals you may need.

Two WHIZZARD families. It's your choice.

Choose the WHIZZARD 7000 for unmatched
& graphics throughput and versatility. With fea-
- tures like hardware rotate, zoom, and multiple

/iewports. And ezasy interfacing to any 16-bit or
32-bit computer. Or, the WHIZZARD 5000 for
the lowest-cost. high-performance graphics
oo;;x.;‘a Every 5000 system includes its own
mputer
" users can get complete
ith our Emutek™

y5
NO‘-/A ECLIPSE o
RONI

Pat Burke, MEGATEK. 3931 Sorre'wto Vaiiey
Blvd., San Diego, CA 92121. (714) 455-5590.
TWX: 910-337- 12/0. (European office: 14, rue
de I'Ancien Port. 1201 Geneva, Switzerland.
Phone: (022) 32.97.20. Telex: 23343.)

The Visible Difference

MEGATEK

CORPORATION
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percent distortion, telco dB, transmit
and receive clock rate, and dc voltage.
Choice of pattern setup includes con-
tinuous mark, continuous space, mark 74
Epibert bit error rate tester. space alternating, incrementing bi-
Claimed to have largest dis- 1.y a;d pseudorandom sequences.
play capability of any cur-
rently available test set, it
can simultaneously display
ten line measurements and An attention-getting device was the
lest paramassrs sm 9600 full-duplex synchronous in-
telligent modem. Called superModem
by the manufacturer, Gandalf Data,
Inc, 1019 S. Noel, Wheeling, 1. 60090
(Circle No 404), it handles 9600-
bit/s data over 3002 unconditioned

voiceband data channels; no equaliza-

At IaSt ¥ tion is required. Performance includes

i 2 BER, 106 at s/N of 26 dB in the

a SWItCh'ng powep Supplg presence of 5 Hz frequency transla-
aS dependab'e aS a Ilnean below rms signal; and =7 Hz fre-

tion; impulse noise tolerance of 4 dB
quency translation. Performance of
the sm 9600 is achieved by the trans-

SM-9600 modem, front panel open.
From bottom to top: program ROM, 24-
bit processor, and 1/0 modules for data
and voice frequency interface

mitter simultaneously generating a
large number of discrete carriers, and
modulating each to represent only a
portion of the total data stream. The
composite signal has the desired low
baud rate for good noise immunity,
and allows time for envelope delay
effects to pass. At the receiver, each
carrier is independently demodulated
and its data are combined with data
from the others to reconstruct the
original data stream.

Heart of the unit is a proprietary
24-bit digital processor whose pipe-
line architecture enables an operat-
ing speed of 10M instructions/s. It
digitally generates the transmit sig-
nal, filters and extracts the data from
the receive signal, and controls all
the 1/0 functions. The processor is
also used to analyze circuit param-
eters while online, and perform rou-
tine diagnostics.

Operating instructions for the pro-
cessor are resident in rRom. The pro-
gram is built around algorithms
which perform realtime analysis of
the receive signal wusing discrete
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There are only two ways for an OEM to
design a mid-range computer system that
precisely fits each application.

Start from scratch, |







Or start with a PDP-11/34.
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If you don’t need all
the capability of RSX-11M,
the beauty of the 11/34 is
you don’t have to get it.
You can get RSX-11S
instead. It offers you the
same multi-task, event-
driven real-time capability
without the overhead of
interactive program
development.

And if your
application calls for
real-time, but
doesn’t call for multi-
programming, you
can call on RT-11. It's a
single user foreground-
background system that’s
designed for both program devel-
opment and dedicated, on-line
applications.

For timesharing applications, Digital
offers RSTS/E—a powerful, flexible sys-
tem that can handle up to 16 different
users on an 11/34 at one time.

Then there are all the languages.
Depending on your application and
operating system, you can choose
BASIC, Multi-User BASIC, MACRO-11,
COBOL, DIBOL-11 (Digital’s business/
commercial language), FORTRAN,

APL, RPG and FOCAL, with still more
languages in development.

And finally, you have available an

extensive library of applications software.

You can pick and choose the exact OEM
software tools that make the most of
your hardware. And your application.

Then do what you want with
your system.

With the PDP-11/34, you can vary
your system according to the require-
ments of your customers. You can offer
a wide range of terminals, peripherals
and communications packages. You can
make fine adjustments in design and
manufacture.

In short, you can turn more good
prospects into good customers simply by
adapting to their individual needs. And

you can do it without
incurring the major losses
in time and money that
are involved when you
design the complete system
yourself.
The PDP-11/34 opens
up a new world of flexibility
in manufacturing and mar-
keting your products.
It also opens
up a new world of
applications flexi-
bility. With all its
options, the 11/34 is
ideally suited for
applications involv-
ing instrument
interfacing. And
with all its program-
ming tools, it’s ideally
suited for applications involving pro-
gram development. The PDP-11/34
even gives you the flexibility to link
your system with any other Digital
system anywhere in the world through
DECnet networking software. And that
means you can offer your customers the
benefits of distributed data processing
using the broadest range of upwardly
compatible systems anywhere.

The PDP-11/34. If you designed your
computer from scratch, you wouldn't
come up with a more precise mid-range
system for your application.

Digital Equipment Corporation,
Technical OEM Group, 129 Parker Street,
PK3/M86, Maynard, MA 01754.

Or call: (617) 493-5897. In Europe: 12 av.
des Morgines, 1213 Petit-Lancy/Geneva.
Tel. 93 33 11. In Canada: Digital Equipment
of Canada, Ltd.

Circle Reader Service No. 34.



Digitals PDP-11/34 gives you more design
flexibility than any other mid-range in the world.

If that sounds like a bold claim, con-
sider this. There are more than a million
ways to configure a PDP-11/34 computer
system.

That figure is not based on frivolous
options, but on significant choices like
CPU capabilities, memory options,
peripherals, operating systems, lan-
guages, communications packages and
network systems.

All of these options are in addition
to a basic PDP-11/34 that is extremely
flexible to begin with. Here are some of
its standard features: a 16-bit micro-
programmed processor, parity memory,
direct memory access, vectored interrupts
with four priority levels, hardware stack-
ing, operator’s console, multi-function
ROM with virtual console capability,
diagnostics and bootstraps, memory
management, hardware multiply and
divide, power fail/auto restart, and pre-
wired slots for expansion options.

With the basic computer so flexible,
and the system options so numerous,
you can virtually design your own mid-
range system with the PDP-11/34. With-
out having to start from scratch.

Choose the hardware you need.

Take the PDP-11/34 CPU, for example.
You can pick and choose among 21 CPU
options for the precise combina-
tion you want. The 11/34 offers a
new superfast cache that makes
a powerful system even more
powerful. It can increase your
program execution speeds by as
much as 60%. Other options in-
clude a fast floating point proc-
essor, serial communications line

Of course, there’s more to a system
than a CPU. And the 11/34 offers more.

You can choose from 6 disks, 4 tapes,
10 terminals, 8 printers, 6 card readers,
and 9 kinds of I/0. Plus 10 different kinds
of communications options that cover the
broadest range of devices in the industry.

You can even pick your packaging,
because the PDP-11/34 comes in eight
models with two battery back-up choices
and five different backplanes.

Given all these options, you can
configure the perfect combination of
hardware for your application. Without
paying for more power than you need,
or settling for less.

Choose from four operating
systems and ten languages.

Even with the precise hardware
in place, you're still only halfway to the
precise system for your application. The
software options of the PDP-11/34 will
take you the rest of the way.

For real-time applications, there’s
RSX-1IM. It’s specifically designed for
multi-programming and concurrent pro-
gram development. And it offers you the
power of an event-driven software sys-
tem with dynamic memory management,
multiple programming languages and a
complete list of utilities.

interface, and real- time clock, to
name just a few.

You can also choose from
twelve memory options, includ-
ing MOS, core or any combina-
tion. Digital’s MOS memory
uses industry-standard 16K
RAM chips with a 500ns cycle
time. And it’s available on 128Kb
or 256Kb boards.




The PDP-11/34.

Justlook at the freedom it gives you.

Packaged systems*

11/34A CPU with 64Kb MOS memory, 1Mb disk stor-
age, video or hardcopy terminal, RT-11 operating
system.

11/34A CPU with 128Kb MOS memory, 10Mb disk
storage, video or hardcopy terminal, RSX-11M
operating system.

11/34A CPU with 128Kb MOS memory, 56Mb disk
storage, video or hardcopy terminal, RSX-11M
operating system.

11/34A CPU with 256Kb MOS memory, 67Mb disk
storage, 9 track/45ips tape, video or hardcopy
terminal, RSX-11M operating system.

*In some cases, available with other operating sys-
tems, less memory, and with core instead of MOS.

CPU configurations

MOS memory of 256Kb, 128Kb, 64Kb
and 32Kb.

Core memory of 128Kb, 64Kb and 32Kb.

Optional cache memory.

Optional programmer’s panel and serial line interface.
Optional floating point processor.

Optional MOS battery back-up.

Software

RSX-11IM multi-user, multi-tasking operating system
featuring program checkpointing, dynamic parti-
tioning, and memory management.

RSX-11S execute-only operating system for monitor-
ing and controlling multiple real-time processors.

RT-11 real-time, foreground/background operating
system.

RSTS/E timesharing operating system.

DECNET II distributed data processing networking
package.

FMS-11 forms generation software.

DATATRIEVE-11 data inquiry and report writing
system.

DBMS data base management system.

RMS-11 record management system supporting
ISAM, sequential, and random access file
structures.

SORT-11 for re-ordering data based on key fields in
the data record.

Languages

FORTRANIV ~ BASICPLUS APL

FORTRANIV+ BASIC+2 MACRO11

BASIC COBOL CORAL 66
DIBOL

Memory

MOS memory modules of 256Kb, 128Kb, 64Kb, 32Kb
and 16Kb.

Core memory modules of 64Kb, 32Kb and 16Kb.

Disks

RX02 1.0Mb, RMO02 67Mb, removable.
dual drive (diskette). RP05 88MDb, removable.

RLO1 5.2Mb, removable. RP06 176Mb, removable.
RKO07 28Mb, removable.

Special I/O

IEEE interface with software.
Industrial control remote sub-system.
Industrial control master sub-system.
D/A control.

12 bit A/D converter, 16 channels.

48 channel multiplexer.

10 bit A/D converter, 16 channels.
Parallel I/0 with direct memory access.
16-bit parallel /O, program controlled.

Communications options

Full/half duplex synchronous interface for both byte
and bit oriented protocols.

Full/half duplex synchronous interface for byte
oriented protocols.

Full/half duplex NPR synchronous interface.
Network link, local or remote, DDCMP up to 1Mb.
Asynchronous 8 and 16 line multiplexer.
Programmable 16 line asynchronous multiplexer.
Synchronous/asynchronous 16 line multiplexer.
16 line modem control multiplexer.

360/370 channel interface.

Asynchronous serial line unit, with or without
modem controls.

Tapes

TE16 800/1600bpi, 45ips, 2" magtape.

TU45 800/1600bpi, 75ips, 72" magtape.
TU77 800/1600bpi, 125ips, 72" magtape.
TU58 800bpi, Ya" cassette.

Video terminals

VT-100 video terminal, 80 or 132 columns, with exten-
sive video attributes and detachable keyboard.

VT-52 video terminal.
VT-55 graphics terminal.
VT-62 block mode terminal.
VT-61 editing terminal.

Hardcopy terminals
LA-120 “smart,” 120cps hardcopy terminal.

LA-38 hardcopy terminal, 30cps, with tractor feed,
with or without stand.

LA-34 hardcopy terminal, 30cps, with roll paper feed,
with or without stand.

LA-36 hardcopy terminal, 30cps, on stand.
LA-37 APL, hardcopy terminal, 30cps, on stand.
Optional cabinetry

10%2" expander box.

54" expander box.

Cabinet with power control.

Short cabinet with power control.

Circle Reader Service No. 34.
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Fourier transforms to accomplish fil-
tering and data demodulation.

An 1/0 control module controls the
vF and data interfaces under pro-
cessor direction. Standard data inter-
face operates at 9600 bits/s and all
signals meet Bs-232-c and ccrrT V.24
requirements. An optional 4-channel
multiplexer may be configured from
the front panel for all normal chan-
nel speed combinations.

Another intelligent unit, the 610 port
selector, was unveiled by Micom Sys-
tems, Inc, 9551 Irondale Ave, Chats-
worth, ca 91311 (Circle No 405).
Designed primarily for users with mul-
tiple minicomputers, the selector al-
lows automatic contention for the
computer port attached to it by users
connected either directly or via dial-
up or dedicated modems. Port class
may be selected: either all the ports
on a particular computer, or those
supporting a particular application or
type of terminal. If a selected port
is not available, the 610 will advise
the reason, set up a queue, advise
how many terminals are ahead, and
send a “go” message when the con-
nection is available. Any asynchro-
nous terminal may be connected. An
Autobaud feature provides automatic
terminal speed detection to 4800
bits/s. Unit is available in table top
configuration for single minicomputer
installations, and in a floor standing
model for installations supporting sev-
eral hundred port and terminal con-
nections.

Newest member of the Datascope
family of monitors and data analyzers,
the D-901 was introduced by Spec-
tron Corp, 344 New Albany Rd,
Moorestown, Nj 08057 (Circle No
406). The unit can monitor and
analyze incoming data at speeds up
to 1.6M bits/s and can store data
along with selected control signals
at speeds to 72k bits/s under manual
or program control. Data stream can
be displayed and frozen on the 9”
(22.8-cm) crT. Prompting messages
simplify program entry.

A communications oriented com-
piler-level language enables program-
ming of a wide variety of diagnostic
tests and emulation routines. All in-
structions are entered from the key-
board. Of two integral floppy drives,
the data diskette records data and
status of up to eight control signals,
and system diskette stores user pro-

D-901 Datascope. Unit combines pro-
grammable interactive data analyzer
with two large capacity data storage
and retrieval devices for handling com-
plex network problems

grams, system configuration param-
eters, and operating system. A 4k-
char log buffer and separate 4k-char
output buffer are standard. The D-
901 can be used with the company’s
remote access switching and patch-
ing (Rasp) system also introduced at
the show, for remote control of mul-
tiple sites from a central location.

First major product in a new line
of proprietary instruments to be man-
ufactured by T-Bar, Inc, 141 Dan-
bury Rd, Wilton, cr 06897 (Circle
No 407), the TD-12 microprocessor
based data link tester called the Ex-
plorer™ was introduced. The unit
enables isolation of both hardware
and software problems in front ends,
modems, and terminals, and can also
separate communication line prob-
lems from hardware problems. Data
circuits operating at any one of 16
speeds from 50 to 19,200 bits/s can
be monitored and tested. Tester con-
figurations, options, and commands
are keyboard selected; no selector
switches are used.

Prompting displays on the integral
5” (12.7-cm) diagonal crt guide the
operator through available options
and operating modes. A selective trap
and storage capability allows storage
and display of only that portion of
the data stream suspected of con-
taining a problem. 4k-byte internal
memory is standard, with an 8k-byte
memory unit available. Adaptable to
most data communications environ-
ments, the TD-12 allows monitoring,
and terminal or computer emulation
in networks using any one of a num-
ber of different protocols and also
provides for bit error rate testing,
time and clock measurement, and
network efficiency measurement.

THE
SMART”
PRINTER
BUY.

Low cost is smart. With Data-
royal’s low prices and volume dis-
counts, few printers cost less to buy.
With Dataroyal’s unique micro-
computer design and rugged mech-
anism, no other printer costs less
fo own.

It's smart to let one printer do
the job of many. A wide range of
firmware packages allows Data-
royal printers to meet almost every
requirement within the 120-200
character-per-second performance
range. Upgrade, downgrade or
add new functions — interfaces,
communications protocols, buffer-
ing, and more — all within seconds.
In the factory or in the field.

It's smart o demand reliability,
and Dataroyal has years of ex-
perience building printers that work
because they have to. Many of the
Dataroyal printers now in use
operate in hostile environments at
100% duty cycle.

It's smart to choose a vendor
who can deliver. Dataroyal can, in
45 days or less. Low purchase
prices, applications flexibility and
reliability add up to low cost of
ownership over a long product life.

IPS 7000
INTELLIGENT
PRINTING SYSTEMS

DATAROYAL
INCORPORATED
235 Main Dunstable Road, Nashua, NH. 03061
(603) 883-4157

2801 Far Hills Avenue, Dayton, Oh. 45419
(513) 294-6426

160 Centennial Way, Tustin, Calif. 92680

(714) 838-4530
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COMMUNICATION CHANNELJ

A multimedia fiberoptic link, vs-100,
that can multiplex voice, data, and
baseband video into a single optical
signal was announced by Valtec Corp,
99 Hartwell St;, W Boylston, Ma
01583 (Circle No 408). The link
can deliver better than 50 dB s/~
video over nearly 3 km of fiber cable

without repeaters, and has provisions
for adding audio and/or data chan-
nels to provide an effective band-
width up to 250k bits/s. The trans-
mitter converts the multiplexed elec-
trical input into a modulated optical
output signal by directly varying the
LED light source current. The receiver

includes a PN photodetector, ampli-
fier and demodulation circuits, as well
as AGc and dc restoration.

All video link connections are pre-
engineered and E1A rs-170 compat-
ible. Integrated power supply, test
points, and fault light indicators are
standard.

TRANSMITTER SECTION

VIDEO IN

600 N BALANCED
5000 . UNBALANCED

VIDEO CARDS

OPTICAL CABLE
(UP TO 3 km)

AUDIO CARDS

DATA CARDS

Simplified block diagram VS-100 link circuitry. Both transmitter and receiver contain power supply, as well
as individual video, voice, and data cards, which may be mixed or matched in any combination

RECEIVER SECTION

750
COAX

600 0. BALANCED
5000 N UNBALANCED

MiniMate is an ®s232 compatible
minifloppy disc storage and edit ter-
minal from Western Telematic, Inc,
2435 S Anne St, Santa Ana, ca 92704
(Circle No 409). It is designed as an
attachment to intelligent crT or print-
er terminals to replace paper tape,
cassette, or mag card units in store
and forward applications. The unit

40

includes character edit capability, and
can address up to 560 records of 128
chars each, for a working storage of
more than 71k chars. Each record is
automatically numbered.

The unit can communicate with a
host computer in either batch or in-
teractive mode at 8 switch-selectable
speeds from 110 to 9600 baud. Ac-

cess time is 1 s max. Character edit
features include backspace/erase, de-
lete, modify, link, and stop. A “go
to” command allows jumping to ran-
dom file locations for repeat and link-
ing applications. Two =s-232 ports
allow series connection between any
ascir coded asynchronous printer/
display terminal and the modem. [
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C.R CLARE'S

pP

KEYBOARD WITH
REEDS. THE

BEST OF THEM ALL.

Best .P.

Here's why. Its second-generation
microprocessor has EPROM capability
— real smarts. It gets us from your
keyboard concepttoa prototype design
in record time. It enables completely
customized software control of all key
functions. You can program in auto-
matic repeats, multiple program a
single keyboard, program changes in
the field. You can have 8-bit serial
and/or parallel I/0. Three-key rollover
is built in with N-key rollover possible.
There are no compromises and the
options are unlimited.

Best of both worlds.

Couple this P with the unique low-
profile reed switches we manufacture
and you've got the best of two tech-
nologies — an unbeatable keyboard
system. You know reed contacts are
sealed against hostile environments.
You know reeds are extremely
dependable and stable. They’'ll switch
faultlessly over 108 times. They are low
in power consumption. And zero in
power drain. Another key point: they've
got the feel operators like, so speed
and accuracy increase.

Best keytops.

C. P. Clare’s keytops are non-glare,
2-shot molded. The legends sharp and
clear for life. The colors lab-quality,
3-dimensionally controlled. Yes.
3-dimensionally controlled.

Yy all

¥

—zelllN—"""

Best advice.

C. P. Clare’s uP keyboard is the best

of them all. But is it best for you? Call the
C. P. Clare sales office nearest you and
arrange to talk to a keyboard expert.
He'll tell you honestly if itis, or if you'd be
better off with another C. P. Clare
keyboard design. Talk to him today. Or,
if you prefer, write C. P. Clare and
Company, 3101 W. Pratt Avenue,
Chicago, IL 60645. Or call 312-262-7700.

We help you compete

Vg

Height with keytop: 154"

wr TN

o 0P

C.P.CLARE & COVIPANY
GENERAL INSTRUMENT CORPORATION
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Technological leadership.

Most functions on the
in systems. The MC6801

Power, speed and the unique design flexibility of
multimode operation put Motorola’s MC6801 single-chip
microcomputer in a class by itself. It's general
purpose in application, high in performance and packs
more function on the chip. All 'round, it's unequalled.

An unprecedented combination of on-chip functions
with the CPU includes 2K bytes of ROM, 128 bytes
of RAM, 31 parallel I/O lines, a serial communications I/O
port, a clock and a 16-bit programmable timer.

User-selectable operating modes.
Each of the operating and self-test modes is built-in
and user-selectable, for either testing or shipping.

In the single-chip mode, all ports are configured
for 1/0, with a total of 29 I/0 and two control lines.

In the expanded non-multiplexed mode, no external
logic is required to directly address 256 external
locations including any and all M6800 family peripherals.
Thirteen to 20 I/0 lines are still available.

The expanded multiplexed mode enables an
impressive 64K-byte addressing capability.

Other modes facilitate testing and other special
operations. It's an unparalleled state-of-the-art
advance in design convenience. In all of these
modes, the on-chip 16-bit timer can count or time
events and generate or measure pulses.

The on-chip fully-buffered serial communications
interface offers operation at four baud rates—full
duplex asynchronous formats. The SCI operates at
over 75K baud, and other special features—such as
wake-up, NRZ and biphase—promote efficient multi-
processor system configuration.

The CPU of the MC6801 is an enhancement of the
highly-capable MC6800, which puts seven addressing
modes at the designer’s disposal. An MC6800 machine
code-compatible instruction set is expanded by new
16-bit instructions, including a 10 us hard-
ware multiply. Execution time of most instructions
has been reduced to increase throughput.

Gets you to market faster
Compare the MC6801 with any other general-
purpose single-chip microcomputer available today
for on-board hardware capability,
programming ease and system
performance. Do whatever
benchmarks are appropriate
for your application or just
take our word for it:
the MC6801 can get you
to market faster with
more aggressive designs.
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chip, most performance
one-chip microcomputer.

Watch for user-programmable version.
MC6801 Microcomputer users will soon be able to
do their prototyping with EPROM right on the chip.

mer e The world'’s first high-performance single-chipper
: 1 € -~ - with EPROM on board, the MC68701, is an MC6801

l’""x‘“" 13
HUNLE |

with 2K bytes of MCM2716-equivalent EPROM
instead of mask-programmable ROM. The MC68701
is ideal for low-volume systems, initial production
field test units of a user system, or those which may
require reprogramming in the field. It especially aids
prototyping because the control program is easily
evaluated and changed during development.

Watch for the availability announcement soon.

MC6803 for larger applications.

If your control program requires more capability
than the on-chip 2K ROM of the MC6801 can handle,
the no-ROM MC6803 is available at a reduced price.
Operating only in the expanded multiplexed mode,
the MC6803 still offers 13 programmable 1/0 lines,
the program timer, the serial communications inter-
face and 128 bytes of RAM. (At a further reduced
price, the MC6803NR has no on-chip RAM or ROM.)

Total MC6801 support.

Motorola supports the MC6801 in every way. The
entire, fully-compatible M6800 family provides a
broad range of microcomponents and memories for
system expandability. EXORciser™ development
systems and Motorola development software support
all M6800 family units, including the MC6801, with
real-time emulation capability.

For additional information, contact your Motorola
sales office or authorized distributor, write to Motorola
Semiconductor Products Inc., P.O. Box 20912, Phoenix,
AZ 850386, or circle the reader service number.

Motorola’'s MC6801 is the world's most versatile
single-chip microcomputer. It is representative of
Motorola's dedication to product excellence in all
phases of its discrete and integrated circuit operations
supporting the designers and manufacturers of

Innovative systems
through silicon.

@ MOTOROLA INC.
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DIGITAL TECHNOLOGY REVIEW

TECHNOLOGY AND ECONOMICS:
RELATIONSHIP BETWEEN DIAGNOSTIC

PROGRAMS AND MTTR

Montgomery Phister, Jr

Systems Consulting
Santa Monica, California

Diagnostic programs, in software or firmware, serve to
detect failures and to identify subassemblies likely to be
at fault. A model describes the diagnostic process, relat-
ing the customer engineer’s mean time to repair to the
important characteristics of a diagnostic program. The
model identifies design and operating factors that are
important in determining equipment mean time to repair
and measures the relative importance of each.

Mean time to repair (MTTR) is measured from the time
the customer engineer (ce) takes charge at a customer
site until the fault is resolved and the equipment is re-
turned to the customer. It includes time required to review
symptoms with the customer, run diagnostic programs, lo-
cate and repair the fault, wait (if necessary) while parts are
delivered from another location, and review the problem
solution with the customer. This article considers only
diagnostic, location, and repair aspects of this process.

Diagnostic Procedure

The diagnostic process described by Gay* is illustrated
in Fig 1. Assume that the diagnostic program has a prob-
ability D that it will not detect the fault. This case re-
quires time t, to effect a cure. If it detects a fault (prob-
ability 1 — D), the program generates a list of parts to
be replaced in most-likely-first order. When these parts

44

have been replaced and the problem remains (probability
1 — A,) a backup procedure is used to locate and repair
the fault. Given this model, MTTR can be written as

MTTR=D#t + (1 =D) Ru t: +
(1=D)(1 = An) (Mt: +t)

where R, is the average number of parts replaced when
the fault is cured in the diagnostic cycle, and other terms
are as defined in Fig 1. Alternatively

MTTR e e
& T
(1 — D) X (Equivalent Diagnostic Cycles) (1)
where

Equivalent Diagnostic Cycles = EDC
=Rn+ (1— Am)[M +%J (2)
To achieve a given MTTR, design procedures to make

t., ty, and t, as small as possible; develop a diagnostic
having characteristics D, A,, and R,; choose a

*F. A. Gay, “Evaluation of Maintenance Software in Realtime
Systems,” IEEE Transactions on Computers, June 1978, pp
576-582
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The NEC
Thumbwheel.

Its helpful features make our
printers work better for you.

Most printers have a rotary switch that's used to NEC's thumbwheels also run diagnostic print
select one of 12 fixed forms lengths. The NEC Spin-  sequences on paper of any width. Just dial the desired
writer™ and Trimliner™ printers use two « line length before pressing the test print mode
thumbwheel switches. . button and full testing is run within the line

The thumbwheels do the impor- length selected. Saves wear on platens
tant extras that make printing and print elements, and speeds up
easier, faster and more productive. your get-ready and job-changing
You can dial in 100 forms lengths — tasks.
from a fraction of an inch to upto 14 A thumbwheel may not be the
inches. Our printers adapt to your most exciting part of a printer. But
forms, rather than your forms adapt- it's important enough that NEC
ing to our printers. N gave it three capabilities no other

The wheels are interactive with the lines- K printer offers.
per-inch operator switch or under program The 55 CPS Spinwriter and 300-600 LPM Trimliner
control. You can mix six- or eight-LPl spacing with printers are loaded with features and extras not built
fine-quality plotting (in ag-inch increments) in asingle  into other printers.

P

print run, and always return automatically to the right Attention to the details. Ittells you something of NEC's
top-of-form. Neat. motivation.
Send for our new printer brochures.
NEC. Going after
the perfect printer.

CLEAR FORM LENGTH TesT NEC

NEC Information Systems, Inc.

Eastern Office: 5 Militia Drive: Lexington, MA. 02173, (617) 862-3120

Central Office: 3400 South Dixie Drive, Dayton, OH. 45439, (513) 294-6254

West Coast Office: 8939 S. Sepulveda Blvd., Los Angeles, CA. 90045, (213) 670-7346
Southern Office: 2965 Flowers Rd. South, Atlanta, GA. 30341, (404) 458-7014

CIRCLE 24 ON INQUIRY CARD 45



(PROB D)

Fig 1 Repair procedure. If di-
agnostic program detects fault,
it lists parts to be replaced in
most-likely-first sequence. Main-
- tenance strategy consists of re-

gz';‘f‘kcgaﬁ“h?'c‘“ rerunning diagnostic until fault is
'DIAGNOSTIC (TIME t,) cured or some specified number

placing parts in sequence and

YES
(PROB Ap)

of parts (M) have been replaced
without solving problem. In latter
case, fault is located and repaired
using backup procedure which re-
quires time t,, where t.>t,>t:

value of M; and then (if necessary) revise procedures
and diagnostic until the desired MTTR is attained.

For a given system and diagnostic, compute D, A, and
R, from results obtained by running experiments or,
alternatively, compute A, and R, from the following
model of the diagnostic. Assume that

T = Total number of replaceable parts in the system

n; = Fraction of the time that the diagnostic calls out the
failed part as the jth part on its ordered list of parts to
be replaced.

Then

T
= m =1
P

and, assuming that all parts in the system are equally
likely to fail,

M=

An = nj
j=1

and
M

Rn =23 jXmn
j=1

Suppose further that n; are members of a geometric series
with ratio x < 1. In other words

Njqa = XNy

For example, a system with three parts and x = 0.8 will
have n; = 0.41, n, = 0.33, and n; = 0.26. (Each of
these terms is 0.8 times the previous one, and their sum
is 1.00.) That is, when a failure occurs and the diagnostic
detects it and lists the three parts in the sequence it has
determined is appropriate to the observed symptoms, re-

EDCyyc= Ryt (1-AL) T

EQUIVALENT DIAGNOSTIC CYCLES (EDC)

Fig 2 Diagnostic cycle vs parts replaced.
Graph shows how equivalent diagnostic
cycle varies with M, number of parts re-
placed before reverting to backup pro-
cedure. If t,/t: = 3, minimum EDC occurs
with M = 0 (ie, diagnostic program should
be used only for fault detection). For
t,/t:>6, minimum value of EDC occurs
when M = T (ie, backup procedure is
never used)

MAX'MUM NUMBER OF PARTS REPLACED (M)
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The Power Paradox:

The AC power your computer needs in order to operate is also a
major cause of computer error, malfunction and damage.

The computers that control your
operations (and therefore your
profits) are designed to operate from
a clean, steady supply of ac power.

This ac power must be kept within
manufacturer-specified tolerancesin
order for the computers to operate
properly and safely.

In fact, the U.S. Department of
Commerce states that “if a
computer’s voltage exceeds 120% [of
the rated voltage] for a duration as
short as 1 to 10 milliseconds, the

computer will make errors.”!
Unfortunately, interruptions and
disturbances of this nature are
commonplace occurrences within

most computer facilities.

A comprehensive study of power
line disturbances which affect
sensitive computerized equipment
was conducted by two IBM
researchers. They concluded that
such disturbances occur on an

References

average of 128 times each month.2
For users of computer-based
equipment, power disturbances can
and do create a variety of costly
problems.

Effects upon data
processing computers.

When these power disturbances
oceur in your data processing center
they can cause entry errors, program
changes or loss, head crash, data loss,
the generation of false or garbled
data, the need to rerun programs,
and computer downtime.

Effects upon computerized
process control equipment.

Process control equipment is also
vulnerable to power disturbances.
Common problems created by these

1. U.S. Department of Commerce, “The Effects of Electrical Power Variation Upon Computers: an Overview."

2. George W. Allen and Donald Segall, IBM Systems Development Div., “Monitoring of Computer Installations for
Power Line Disturbances,” presented to the IEEE Power Engineering Society

e N

Topaz peripherals solve the power paradox by conditioning normal ac power for
your computer and computer-based equipment.
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disturbances include improper batch
termination and even program
changes. The program changes can
result in the repetition of process
errors and in downtime while
equipment is being reprogrammed.

Effects upon energy
management systems.

Most energy management systems
use small computers to make energy-
saving decisions, but their effective-
ness can be offset by these same
disturbances. Program changes and
errors may prevent useful operation
of these systems as energy savers.

Thus, the computers your company
depends on to reduce operating costs
actually may be increasing them.

Topaz power peripherals can
protect all of your computers.

Topaz can provide the power
peripherals specifically designed to
keep your company’'s data
processing, process control and
energy management computers from
making costly power-related errors.

And if you manufacture computers
or computerized equipment, Topaz
peripherals can make your product
more reliable as well as reduce the
requirements for needless service
calls.

Immediate delivery and guaran-
teed solutions tc power problems
have made Topaz the Ileading
computer power peripheral company
in the world.

For more information about Topaz
and its products:

1. Tear out this ad and mail it to us
along with your business card; or

2. Call us:

ELECTRONICS

3855 Ruffin Road, San Diego, CA 92123
(714) 279-0831 — TWX (910) 335-1526
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placement of the first part on the list cures the problem
41% of the time, the second part 33% of the time, and the
last listed part the remaining 26% of the time. With this
assumption

X211 —x)
(1=%)

(1= x%)
(1 —xT)

ni =

(3)
An =

and

(4)

Substituting Eqs (3) and (4) into Eq (2) results in EDC
expressed as a function of the “diagnostic discriminator” x.

Fig 2 shows the Epc for a system having 16 parts,
assuming a diagnostic with x = 0.84., Three points must be
made in connection with this illustration.

(1) If the backup repair time t, is too large, there may
be a value of M for which it will be better to replace all
remaining parts (going around the diagnostic cycle of
Fig 1) than to use the backup procedure. Referring to
Eq (2), the smaller of (M + t,/t.) and T should be
used. In other words, the worst case value of Epc is

EDCye =Rm + (1 — An) T

MTTR OBJECTIVE 2.0 h

1+ EXPECTED RANGE FOR:

&

Vah TO /3 h
8hTO 12h
MTTR/t, 6 TO 8
24 TO .48
D 0.05 TO 0.10

MTTR
r
s

(

t

|
5.05 16.74
1

REPLACEMENT/DIAGNOSTIC TIME

MTTR IN UNITS OF

247 :3.50

Ay
+

%

|
v
|
|
|

Fig 4 EDC required to achieve specified
MTTR. Diagonal lines are plots of Eq (1)
showing how MTTR varies with EDC for
specified values of t. and t., and with
diagnostic detection at 90 to 95% (D =
0.05 to 0.10). Horizontal dotted lines show
that, with t- = 0.25 h (MTTR/t. = 8), EDC
must lie between 3.56 and 6.74, depending
on t. and D; and with t: = 0.33 h (MTTR/
t. = 6), EDC must lie between 2.67 and
5.05. Fig 3 then determines for given T,
what value of discrimination x is required

EQUIVALENT DIAGNOSTIC CYCLES (EDC)

I 1
t +

2 4 6 8 10

to achieve these values for EDC
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SIEMENS

The Maxi-Mini.

54" double-sided, double-density industry compatible mini-disk drive.

Maximum storage capacity in mini-
mum space. Siemens offers a 500K byte
capacity in a compact drive half the size
of a standard 8-inch. And our plug-to-
plug compatible Maxi-Mini disk drives
are available for immediate delivery.

Siemens Maxi-Mini disk drives
utilize Wangco technology which has
been proven in over 20,000 installations.
Available with either single or double
head, these mini-disk drives also pro-
vide many other important features.
Such as a true anti-crunch mechanism
which prevents cover closure until the
diskette is fully in place. This helps avoid
data loss and provides a very real dollars
and cents savings on disk replacement.
There's also a wide mouth which permits
easier, more convenient insertion of
media, shortening load/unload time.

Also available from Siemens are
single- and double-sided 8" floppy disk
drives and mini-disk controllers. For
immediate delivery of the Maxi-Mini or
information about other OEM products
from Siemens, contact us at:

Siemens Corporation
OEM DIVISION

1440 Allec Street

Anaheim, CA (714) 991-9700
District Offices:

Boston, MA (617) 444-6580
Iselin, NJ (201) 494-1000
Chicago, IL (312)671-2810
Dallas, TX (817)461-1673
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New Breed of MOS.

Intel introduces HMOS II-and a new family of
static RAMs that cross the finish line in 20 ns.

Intel just set a new pace for
high performance memory with
HMOSII. It’s our patented next
generation MOS technology so
advanced it delivers speeds faster
than bipolar and even our own
first generation HMOS process.
HMOSII gives designers the
fastest, lowest power static RAMs
ever—plus traditional MOS
economy and reliability. Our new

History of MOS speed

1000
800

600
400

200

100 ¢
80
60

40

Address Access Time (ns)

Intel's continued process and scaling improve-

ments have doubled MOS speeds every two years.

The above graph demonstrates this trend with
Intel's 1K x 1 static RAMs.

1K and 4K RAMs are fully com-

patible, higher speed upgrades of
Intel’s time-tested 2115A/2125A

and 2147 devices.

1K fast statics that leave
bipolars behind

Designers building cache,
writeable control store or buffer
memories will find our 16-pin

*HMOS II is a patented process of Intel Corporation.

2115H/2125H 1K RAM s ideal.
For new designs, two versions
deliver record access speeds of 20
ns and 25 ns, with a speed/power
product twice as good as slower
bipolar RAMs.

Our 35 ns and low power
30 ns models can be used as direct
plug-in replacements for 93415A
and 93425A bipolar RAMs.
They'll cut power dissipation up
to 36%. And, best of all, they're

available now.

New, faster 4K with no
power increase

Intel’s new 2147H gives you
all the advantages of our 18-pin
4K x 1 industry standard 2147, with
twice the speed and no increase
in power. With access times as fast
as most IK RAMs, it’s important
news for anyone designing buffer,
cache, control store and main
memory systems. If you're presently
working with 1K RAMs, you can
increase density or reduce board
space by a factor of four. In a 4K
format, the 2147H makes possible
a new dimension of higher
performance systems.

The 2147H’s low active
power dissipation and automatic
power down on deselection also
mean dramatically reduced power
consumption compared to constant
current static RAMs. In fact,
because most devices are deselected
at any given time, the larger your
system, the lower your power
dissipation per bit. It all adds up
to simplified designs and major
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HMOS Il fast static RAMs
Maximum Power
Access Consumption (mA)*
Part No. Time (ns)* Active Standby
4096x1
2147H41 35 180 30
2147H-2 45 180 30
1024x1**
2125H-1 20 125
2115H-2
2125H-2 - w
2115H-3
2125H-3 0 e
2115H-4
2125H-4 a8 =5

*Over full 0°to 75°C operating temperature range.
**All 2115H versions have open-collector outputs, all

2125H versions have tri-state outputs.

savings in cooling and power
supplies.

All HMOS I components
are fully static and can be used in
clocked and unclocked system:s.
They are directly TTL compatible
in all respects: inputs, outputs
and operation from a single
+5V supply.

Order 2115H/2125H and
2147H RAM s from your Intel dis-
tributor. Or, for more information,
contact your local Intel sales
office or write: Intel Corporation,
3065 Bowers Avenue, Santa
Clara, CA 95051.

w l |® ] l ®

Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Aimac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial

Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.
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(2) For reasonably large values of t, the minimum Epc
(and thus the minimum MTTR) occurs for M = T, and
has the value

1 T x*
1=x 1 =x (5)
(3) If t,/t, < EDCpy,, the backup repair procedure is
so effective that the diagnostic should not be used except
as a fault detector.

Fig 3 illustrates how the minimum Epc varies with T
and x. This curve, along with Eq (1) for MTTR, can be
used in maintenance planning. For example, suppose that
an electronic system has 64 modules and an MTTR of 2.0 h
is desired. Assume that t, is expected to be between 15
and 20 min, and that t, is to be between 8 and 12 h.
Then, if the diagnostic programmers expect that their
detection probability will be 90 to 95% (D = 0.05 to
0.10), what value of discrimination x must be achieved?
Fig 4 shows that an Epc of 2.67 to 6.74 is required, de-
pending on the values of D, t,, and t,. Fig 3 indicates
that for T = 64, x must lie between 0.63 and 0.85 to
achieve those Epcs. If the diagnostic programmers commit
to D = 0.07 and x = 0.8, then from Eq (5) EpC = 5,
and from Eq (1)

t. =28.6 — 664 t.

EDlen =

From this it becomes obvious that maintenance pro-
cedures which result in a repair/diagnostic time t, of
15 min will permit a t, of 12 h, but that an increase in
t, to 20 min will require t, to be 6.5 h.

Conclusions

The most important characteristics of diagnostic programs
are the ability to detect failures (measured by D) and
to pinpoint faulty parts (measured by x). Most important
aspects of a maintenance procedure, once a diagnostic has
been designed, are the average time required to locate and
repair a fault which the diagnostic does not detect (mea-
sured by t,) and the average time required to replace a
part and rerun the diagnostic (measured by t.).

If the diagnostic program’s discriminatory powers can
not be approximated by a geometric series with ratio x,
its properties can still be measured in terms of the param-
eters n;, and A, and R, can be computed, and thus EpC
and MTTR as a function of M. Gay’s data for the tele-
phone company’s Ess diagnostics suggest that a diag-
nostic as originally written may have discriminatory char-
acteristics with geometric series properties, but that such
a diagnostic can be improved by focusing attention on
the items at the top of the ordered list. If diagnostic
analysis can be refined so that the probability of choosing
the proper part in, say, one of the first three tries is in-
creased (ie, ny, ny, and ny each increased at the expense
of later values of n), then R,,, Epc, and mTTR Will all de-
crease.

It has been shown that, in theory, the backup procedure
should never be used. It is always better to continue
replacing parts until the faulty part is found. In practice,
however, the backup procedure is necessary to handle
the awkward problem not covered by the “pretty” model—
the situation where no part replacement will cure the
fault, or where two or more parts must be replaced.

The Author solicits comments on the material pre-
sented here, data supporting or contradicting his ap-
proach, and suggestions for topics to be explored in
future articles.—Ed.

So Much LSI-11 & PDP-11
Analog 1/0...

You'd Think We were DEC.

Choosée from over twenty-nine analog I/0 systems. Dual
height systems for LSI-11, LSI-11/2, and LSI-11/23 designed to
save valuable backplane space and lower costs. Quad size
systems with features no one else offers. Hex height PDP-11
Unibus* systems with unmatched performance.

High-speed, high-performance 12-bit 1/0. Or 14-bit, if high
resolution and accuracy is what you need. In addition hard-
to-get-DEC equivalents. Digital I/0. Programmable real-time
clock. Interfaces with FORTRAN subroutines that reduce
your programming time. Plus, guaranteed bus and software
compatibility. More LSI-11 and PDP-11 data acquisition
system boards than you can get from DEC. At lower prices.

A/D systems include: up to 64 channel analog inputs, 125KHz
throughput, DMA interface, programmable gain amplifier,
low level inputs of 10mV FSR, 14-bit accuracy and resolution,
4-20mA current loop inputs, isolated low level inputs, and
full DEC compatibility.

D/A systems include: up to 8 analog outputs per slot, fast
settling of 3usec to 12-bit accuracy, 25mA outputs for
guaranteed cable driving, point plotting capability, DMA
interface and read/write byte addressable registers.

Digital boards include: Digital 1/0, Isolated Digital 1/0,
and programmable real-time clock.

DELIVERY? We doubt that you'll find any company faster than
DATA TRANSLATION. We assure five-day delivery. When you order on
Monday, we deliver by the next Monday. No excuses. No delays.
GSA Contract. SEND for Full Technical Data or Call us.

DATA TRANSLATION

R IR iy MR SR SRS T SN | N
4 Strathmore Rd., Natick MA 01760
(617) 655-5300 Telex 948474

*UNIBUS, LSI-11 & PDP-11 are Trademarks of Digital Equipment Corp.
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Minicomputers Reduce Form Factor and
Add Slave and Component Capabilities

A compact slave minicomputer aimed
at communications and process con-
trol applications and a series of
board level minicomputer products
directed at integrated component
and multiple computer environ-
ments, the Lst 4/10S and the Scout
Naked Mini model 4/04 extend the
existing Naked Mini 4 line from Com-
puter Automation, Inc, Naked Mini
Div, 18651 Von Karman, Irvine, ca
92713. Both units incorporate the
Lst 4/10 instruction set and use the
same processor, but reduce the form
factor through the wuse of higher
density memory and logic circuitry,
and the use of programmable logic
devices that afford space savings at
a ratio of 4:1.

Slave Computer

The 4/10S is a slave minicomputer
with 32k bytes of dynamic RAM and
four 1/0 ports, packaged onboard
with a 2-chip custom Mos processor
and associated logic. Up to four
slaves operate under control of a
single host. Attaching to the same
bus as the system processor, the
slave operates as a peripheral pma
device for offloading cpu functions
that run concurrent with and inde-
pendently of the host processor. Soft-
ware is provided for using the slave
with either the Naked Mini 4 or wLsI
2 series computers.

The company’s concept of slave
computing, as distinct from multi-
processing, is the technique for im-
proving performance by adding par-
allel, autonomous computers with
their own memory and 1/0 ports to
a host computer system. Since the
slaves operate under their own pro-
gram control software, impact on the
host system is minimal. The slave
is similar to the existing rst 4/10
in terms of physical size, bus archi-
tecture, cpu, and software compati-
bility; it differs in memory design
and interface logic.

The slave is distinguished from
multiprocessing devices by its private
memory, and distributed 1/0 morts
that accept all intelligent cables.
1/0 transfer rates can reach more
than 38k bytes/s with private mem-
ory. Major benefits are increased
overall system throughput, more ef-
ficient memory utilization, and abil-
ity to modularize applications pro-
grams. A slave computer is not

54

Processor board of Computer Automation’s Scout 4/04 (left foreground) is about

half the size of LSI 4/10's CPU board. Overall size reduction is dramatic when
power supply, chassis, and memory and logic boards are included in comparison

limited by bus speed, software over-
head, or memory contention prob-
lems when operating autonomously.

More efficient memory utilization
results from the processor’s direct
addressing of its own onboard RAM
and half of the host processor’s 64k
bytes of public memory. Instructions
execute out of either memory, and
data or instructions can be block
moved from public to private mem-
ory.

Another important aspect is the
software compatibility between mas-
ter and slave. The slave’s instruction
set is a superset of the master’s
standard set with additional instruc-
tions for addressing, communications,
and master-slave control services.
The slave may be reset, interrupted,
and have slave control service func-
tions performed from the host ma-
chine through 1/0 instructions.

Standard on the half-card pro-
cessor are realtime clock that is in-
dependent of the host’s realtime
clock. A buffered Maxi-Bus pma inter-
face provides for internal memory
operations without Maxi-Bus interfer-
ence. The slave can be used in any
chassis position that a standard pma
controller can occupy. Multiple slave
processors can operate in a single
chassis, provided power, slot, and
DMA priority chain requirements are
met. Circle 175 on Inquiry Card

Component Computer

Board level products in the Scout
Naked Mini 4/04 series extend the
line downward in size and price but

deliver approximately the same per-
formance as an wrsr 4/10. A Scout
configured with four modular circuit
boards and power supply occupies
less than one-half the space of a 4/10
package, but sells for approximate-
ly 20% less. Both size and price adapt
the unit to use as a component within
a larger system and in multicom-
puter environments where several
units perform under control of a
supervisory computer. Other criteria
influencing its development relate to
reliability, software compatibility,
modularity, and repairability.

The computer system consists of a
cpu, 10 supporting system and func-
tional boards, card cages, and a 5-V
power supply. Some circuit boards,
measuring 6.25 x 8.3” (15.8 x 21.1
cm) are priced low enough to make
the throw-away versus repair deci-
sion an issue. A minimum useful con-
figuration consists of three cards.
Either 4- or 9-card cages are pro-
vided.

Central processor board provides
architecture compatible with other
family members in terms of data
types processed, addressing modes,
1/0 modes, register file, status regis-
ter contents, interrupt and trap han-
dling, optional realtime clock, and
autoload /autostart capabilities. The
processor is word or byte address-
able, with direct addressing to 128k
bytes. Multiple pma and interrupt
devices are supported. The instruc-
tion set is common to the wvsr 4/10.

A dynamic raM board with 32k
bytes is standard with ability to ex-
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Eight Ways
toRate
a Power Supply

1. DOES THE PC BOARD
USE 2-MIL COPPER?

Many power supply com-
panies use cheap 1-mil cop-
per — even 0.5 mil copper.
Powertec uses expensive 2-
mil copper in all high-current
circuits to keep temperatures
low and the MTBF high.

6. ARE THE IC’S PRE-
TESTED?

If not, watch out!
Marginal IC’s are
a prime cause of
power supply failure.
That's why Powertec
tests all significant
semi-conductor para-
meters — before as-

2. AREHOT COMPONENTS sembly!

RAISED OFF THE PC BOARD?
Mounting heat-dissipating com-
ponents off the board is more ex-
pensive, but raises the MTBF by
keeping them in the open — and
therefore cooler. That's the way
we mount them at Powertec.

7. ARE THE POWER
TRANSISTORS HER-
METICALLY SEALED?

A non-hermetic device in a
power supply is like an auto-
mobile with an uncapped bat-

tery. It's a disaster waiting to
happen. Hermetic devices are
standard in all Powertec products.

3. DOES THE TEMPERATURE

OF THE TRANSFORMER RISE
LESS THAN 45°C?

If it doesn’t, insulation deteriorates
fast. At Powertec, we keep the insula-
tion cool by vacuum impregnation.

8. DOES THE PRODUCT HAVE

UL RECOGNITION?

UL recognition means a product is
manufactured to consistently high
standards of safety and workman-
ship. Many power supply manufac-

turers don't have it. Powertec does.

4. ARE THE CAPACITORS

COMPUTER GRADE?

Computer grade caps last four times
longer than ordinary grade caps because
they use a better seal and dissipate less
heat.That’swhythey're standard at Powertec.

If you are using a power supply that
doesn’t meet the eight criteria, you should
be talking to Powertec. We manufacture
some of the most reliable power supplies
ever made — both switchers and linears.

5.ISTHE LOAD PROTECTED AGAINST
LINE TRANSIENTS?

Many power supplies pass deadly transients to
the load. A Powertec power supply protects your
device against line transients with a solid copper
electrostatic safety shield wound on the transformer.

CALL SHERRILL MILNER at (213) 882-0004
for full details or write Powertec Inc., 20550
Nordhoff Street, Chatsworth, California 91311.
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4/10S SLAVE
COMPUTER

LSI 4/10S attaches to same bus
and operates as slave under con-
trol of host system, but uses its
own program control software to
minimize impact on host com-
puter’s throughput and prevent

memory contention problems

pand to 64k or 128k on the same
board. Cycle time is 550 ns, and
automatic address allocation is pro-
vided. A combination RAM/EPROM
board allows static RaM to be se-
lected in increments of 0, 4k, or 8k
bytes. Chip sockets permit addition
in 4k-byte increments of user pro-
grammable EproM up to 32k bytes.

Although a console is not needed
in most applications, a remote con-
sole interface board interfaces the
processor bus to an Ls1 4 remote con-
sole for system development, test,

or debug operations. Reélay cards
provide eight optically isolated solid
state relays each, with control volt-
age from 5 to 120 V at 1.5 A.

Parallel 1/0 boards contain a
microprogrammed computer that con-
trols data transfer to and from 1/0
devices. Boards for paper tape read-
er/punch control and for general
purpose 16-bit interface are avail-
able. Similar serial 1/0 boards sup-
port rs-232 compatible devices.

Other boards in the support group
consist of A-D converter with 12-bit

resolution, 16 single-ended or 8 dif-
ferential input channels, and 20-
kHz throughput rate; an extender
card that provides access to signals
on the processor board for test and
development as well as an optional
interconnection between Scout
motherboards to extend bus signals;
and a blank prototype board that
allows users to develop interfaces to
the processor bus.

A self-diagnostic capability on
each board signals go/no go vid an
LED to allow users to conduct their

TIMING

NONMASKABLE
TRAPS

MASKABLE
INTERRUPTS

VECTORED
INTERRUPTS

MICROCODE
ADDRESS

TIMING

NONMASKABLE TRAPS

INTERRUPTS

TIMING

SCOUT BUS

BUS
CONDITION
CODES

ADDRESS
DATA

Processor board in Scout Naked
Mini 4/04 packs family com-
patible architecture, interrupt and
trap handling capability, and di-
rect addressing of 128k bytes of
memory, along with diagnostic
capabilities into a 6.25 x 8.3”
(15.8 x 21.1-cm) area
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Nova, Eclipse and PDP-11 Users:

TAKE YOUR COMPUTER,
ADD ONE BALL DISK CONTROLLER,
AND MIX OR MATCH FOUR
DISK DRIVES.

The new 3211 Host-Resident
Disk Controller for PDP-11
All the same features of
the 3255, including
drive intermix
capability, are
available with the
3211 controller for
the PDP-11 series.
The 3211 emulates the DEC
RMO02 controller without soft-
ware modification.

At last. Intelligent disk controllers
for your Nova/Eclipse or PDP-11.
They plug right into the host com-
puter. They accommodate both
removable and Win-
chester fixed media
drives. And best of
all, they allow inter-
mixing of any four
SMD interface-
compatible disk
drives. That's right, four
drives in any mix of standard
capacities, transfer rates or
organizations.

Ball is more than a controller
supplier—Add our BD Series 50 or
80 megabyte drives and you have a
fully integrated, ready-to-run data
storage subsystem. You get a
smooth running package
with single source
responsibility.

The new 3255 Disk Controll
for Nova and Eclipse
Now, Nova and Eclipse users can
meet their particular mass
storage needs with a wider
choice of drives. The 3255
controller allows inter-
mixing of any four Storage
Module, Winchester or 3330-
type disk drives (including our
own Ball drives) for total on-line
storage of up to 1200 megabytes
and data transfer rates up to 1.2
megabytes/second. All this from a single
board, host-resident controller with the
latest operational features.

" Looking for more
capacity?
Ask about the BD-100.

BALL...WHERE QUALITY HAS BEEN A TRADITION FOR 99 YEARS.

Ball Computer Products
860 East Arques Avenue, Sunnyvale, California 94086 (408) 733-6700

Standard features: Automatic 11-bit ECC. Self-
diagnostics. A 2K FIFO data buffer. Support of multiple Tell me more about:

record length formats, overlapped multiple seeks, [] 3255 Disk Controller for Nova/Eclipse ] BD-50, BD-80 and BD-100 disk drives
strobe/track offset error recovery, and much more. e i LI Data storage subsystems

NAME TELEPHONE

ORGANIZATION

/4 Computer

‘ Pmuas CITY, STATE AND ZIP
Division
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Mostek

Commitit

quality.

tomemory.

(N
{*‘3}' At Mostek, we build only
the highest quality memory
systems.

We start by using our own
industry-standard dynamic
RAMs which have undergone
burn-in and stress tests at the
component level. Then, we
put each one of our memory
systems through pre-burn,
burn, and post-burn system
tests.

That's why we can put a
one-year warranty on every
memory board we sell.

Mostek
System Number Minicomputer Density Options
MK 8001 PDP-11* 16K, 32K, or

64K words X 18 bits
MK 8011 PDP-11* 16K, 32K, or

64K words X 18 bits
MK 8005 LSI-11/2* 16K, or 32K words X 18 bits
MK 8009 PDP-8* Coming Soon!
MK 8601 PDP-11/70* Up to two megabytes

in a seven inch chassis.
MK 8003 Nova 3** 16K, 32K, 64K or

128K words X 17 bits
MK 8004 Eclipse** 16K, 32K, 64K, or

128K words X 16/21 bits
MK 8000 General Purpose Up to 128K words X 24 bits
MK 8600 General Purpose Up to 5 megabytes

* A trademark of Digital Equipment Corp.
** A trademark of Data General Corp.
t Available 3rd Q.

58

Select the density
and features you need.

Our broad line of memory
systems gives you a wide
choice of density options, in-
cluding some of industry’s
largest and fastest
configurations.

Plus our long list of stan-
dard and optional system fea-
tures results in greater system
flexibility and significant
cost-savings.

And if you have the need for
a general purpose memory,
our MK 8600 provides indus-
try’s largest semiconductor
add-on capacity.

in a12 inch chassis.

CIRCLE 32 ON INQUIRY CARD

Call us for the best
newsofall...

Our competitive pricing,
OEM discounts, and fast de-
livery. Call one of our offices:
Eastern, (201) 842-5100; Cen-
tral, (214) 386-9141; Western,
(408) 287-5081; Southern
California, (714) 549-0397;
Memory Systems Marketing,
(214) 242-0444, ext. 3552. Or
write us at 1215 West Crosby
Road, Carrollton, Texas 75006.

MOSTEK &z

Special Features
Voltage options available

Optional on-board parity
generation and check.

Optional on-board parity
generation and check.

Can operate in the
interleave and serial
modes simultaneously.

Industry’s highest
density Nova 3 Add-in

Optional ERCC

Configure one megabyte
with three cards.

Industry’s largest
Add-on system.

© 1979 Mostek Corp
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~ Some of these components will probably never
The others will just come close.

The SR, XL, XK and AV are solid state position
sensors featuring almost infinite life. All offer zero
speed operation with some up to 100 Khz. ES current
sensor utilizes Hall-etfect IC and protects against
damage from short circuits or overcurrent conditions.

Snap-action V3, SM and SX switches offer
wide varnety of actuators, electrical capacity and
termination.

Mercury switches offer hermetic sealing, a
variety of electrical capacity and broad temperature
ranges at a low cost. :

: rovide small size and
wide variety of operato offers inexpensive
snap-in panel mount design.

Solid state keyboards provide high relidbﬂity no mechanical keyboard can offer. Panel sealed
versions also available. e il , 7
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wear out.

The solid state key-
board, AML lighted push-
buttons and sensors you see
here will probably never
wear out. Because they're all
solid state.

Each is based on a Hall-
effect integrated circuit. A
circuit that's been tested
through billions of opera-
tions without failing. And
proven by performance in
thousands of applications.

The precision electro-
mechanical components you
see here come close. Simply
because of the careful way
they're designed and put
together.

Like the long-life
versions of our snap-action
V3, SM and SX precision
switches. Available in a wide
variety of sizes, electrical
ratings, terminals, actuators,
contact forms and operating
characteristics —some tested
to a mechanical life of over
10,000,000 operations.

MICRO SWITCH will
provide you with field
engineers for application
assistance and a network of
authorized distributors for
local availability. Write us for
details or call 815/235-6600.

And find out how you
can get a component that
goes on forever. Or at least
comes very, very close.

MICRO SWITCH

FREEPORT,ILLINOIS 61032

A DIVISION OF HONEYWELL

MICRO SWITCH products are
available worldwide through
Honeywell International.

L DIGITAL TECHNOLOGY REVIEW

own test of board level components.
Users can allow the diagnostic rou-
tine to execute automatically at
startup or can invoke the program
via software command.

The diagnostic on each board is
implemented in a 4k-byte rom and
may include an autoload capability.
Optionally the user may program
the rom to his own specifications.
Firmware provides for chained diag-
nostics so that each board in the
configuration can be tested sequen-
tially.

Software consists of omMEGA 4, a
general purpose memory based soft-
ware development system that in-
cludes assembler, editor, object load-
er, and debug utility; realtime execu-
tive, a small fast version of Rrx4
which can be made =Rom-resident,
that includes interrupt, clock and
task control services, 1/0, file man-
agement, and communication ser-
vices; and INTERCOMM, a communi-
cations subsystem that supports asyn-
chronous devices using the ppcmp
protocol and enables downline load-
ing of application programs.

Circle 176 on Inquiry Card

Medium to Large Scale
Computer Systems Offer
Distributed Processing

Series 60 computer systems, address-
ing the distributed processing area,
bracket 1BM 4341 and 4331 systems
and are price/performance competi-
tive with them. Level 66/Distributed
Processing System models pps-440
and -520 and Level 64 models pps-
320 and -350 extend the existing 66
and 64 lines downward and upward,
respectively, and support the dis-
tributed systems environment imple-
mented by Honeywell Inc, United
States Information Systems Group,
200 Smith St, Waltham, ma 02154.

Level 66 pps-440 and -520 models
extend the large scale family down-
ward, fit within pse as hosts or co-
hosts, and offer software compati-
bility with Level 6 minicomputers.
Dps-440 offers twice the performance
of the previous entry level system,
while the -520 offers performance
about 1.5 times that of a -440. Both
use integrated system modules and
16k Mos circuitry to provide floor

space, power, and cooling savings

over previous Level 66/pps systems.
The pps-440 consists of a central
system that includes cpu, system con-

trol unit, and one 1/0 multiplexer
with 18 channel function slots. 1M-
or 2M-byte memory made from 16k
MOs RAMs is available. The prs-520
central system is configured simi-
larly but provides 1M-, 2M-, and
4M-byte memory versions.

For use on these two machines
only, the Datanet 6641 frontend net-
work processor provides network com-
munication power. Using minicom-
puter technology, the 6641 processor
operates asynchronously under firm-
ware control. A basic unit includes
64k bytes of memory, with capacity
for an additional 64k, and is com-
patible with system software and
user generated programs of the Data-
net 6600 family.

The multipurpose csu 6601 sys-
tem console combines technology
and design conveniences to improve
operator interface with the system.
The freestanding console provides
12" (30.5-cm) crr, 120-char/s print-
er, and interactive message transfer
capability.

Extending the medium scale Level
64 family, pps-320 and -350 central
processors are claimed to improve
hardware price and performance,
and software functionality. The pps-
320 is estimated to equal the 1BM
4331 in price and performance, while
the -350 increases performance sig-
nificantly at a small increase in
price.

A basic -320 has 50% greater in-
ternal performance and five times
the memory capacity of the family’s
previous basic processor, and the
-350 has 2.6 times greater perfor-
mance and five times the memory ca-
pacity. Basic memory in both units
is 512k bytes, expandable in 256k
increments to 1M bytes in the -320
and 2M in the -350.

An integrated communications con-
troller supports up to 14 communi-
cations lines. Each line handles 16
display or printer terminals. The
controller enables the units to com-
municate with other Series 60 com-
puters and to be configured as part
of the distributed systems environ-
ment. In this configuration it is sup-
ported by a network of Level 6 mini-
computers in remote batch process-
ing, remote job entry, and interactive
data entry from a single terminal
or a cluster of terminals.

Other standard features include
an integrated mass storage processor
capable of attaching eight 100M- or
200M-byte discs, an integrated unit
record processor for attaching print-
ers and card equipment, a console
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and 30-char/s console printer, and
RMs-64 to provide remote mainte-
nance capability.

Among the software packages
available for use on the systems, the
Gcos 64 operating system communi-
cates with Level 6 satellites, the

query driven system provides a com-
mand and inquiry capability for file /'— oI
inquiry and report building using
English language commands, and a
terminal oriented facility operates

in interactive mode for terminal
based file browsing and updating.
BASIC programming language offers a
complete program development sys-
tem as a tool in scientific and busi- )
ness applications. AN E - DuaAL
Purchase price for the 512k-byte 7 % i
pps-320 is $81,360; a 512k-bvte pps-
350 sells for $155,232. Deliveries
will begin in the second and third
quarter of the year, respectively.
With deliveries planned to begin
first quarter 1980, prices of 1M-byte ~—— PC BOARD
pPs-440 and -520 are $198,338 and
$371,316 respectively.
Circle 177 on Inquiry Card

<— PLUG STRIP

Breadboard System

Increases Accuracy And INSULATION
Aids Direct Conversion CONTACT

Insulation displacing contacts are
combined with a solderless connec-

tion system to provide fast reliable Breadboarding system from 3M’'s Electronic Prod-
prototyping of printed circuit boards. ucts Div uses solderless connections. “S” shaped
3M Co’s Electronics Products Div, interior connector holds dual socket and plug strip
po Box 33600, St Paul, mx 55133, together and makes firm contact with DIP lead.

Split tail maintains consistent electrical connection

lai 1 t for the
e e without soldering in plated-through hole

breadboard system over wrap post
systems. Cited are labor and time
savings, accuracy, and direct con-
version from prototype to production
boards.

The system combines the insula-
tion displacing capabilities of Scotch-
flex “U”-contacts with a connecting
system that permits solderless con-
nection to boards with plated-through
holes. Connectors include solder
strips, plug strips, and 16-position
dual sockets.

A connection is made with con-
tinuous 30 awc solid insulated wire
which is inserted into the U-contact
using an inexpensive hand tool. Labor
and time savings of more than 50%
result from the elimination of the
stripping, soldering, and crimping
operations in interconnection of con-
tacts. Time savings and accuracy are
particularly evident where multiple
busing is necessary. Each contact

Insulation displacement contact used
in breadboard system accommodates
two wires making 4-connection bus-
ing possible and eliminating four
separate stripping and wirewrapping
operations
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The only GCR
tape sub-
system for
minis that
troubleshoots
itself 3 ways.

This GCR tape transport
subsystem gives you three
self-diagnosing systems, each
in a different mode.

First, there’s the only
continuous self-circuit-
checking system on the
market. Then, in the off-line
mode, via a built-in key-
board, there’s full fault
isolation right down to the

PCC

chip level. And finally, in the
on-line mode, there’s PCC's
superior total check-out
diagnostic system which
also has fault isolation to
the chip level.

Besides this unique 3-level
diagnostic capability you get
GCR recording density of
6250 bpi and a transport
speed of 125 ips all in a
19" x24" package.

You also get the simplest
interface in the business.

By far. Direct parallel transfer
16-bit words, all in only
29 lines.

The PCC GCR-the tape
transport system with three
built-in doctors. So there’s
no waiting.

PERIPHERALS

PERTEC COMPUTER CORPORATION

For further information, call toll-free 800-331-1005,0pr. #11

(iIn Oklahoma, call collect 918-664-8300.)

CIRCLE 33 ON INQUIRY CARD
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accepts two wires, providing four
connections or the equivalent of four
separate stripping and wirewrapping
operations.

Because contacts are approximate-
ly one-third the height of wrap
posts, prototype boards can mount
in the same space as production
boards. This not only improves proto-
type packaging density, but contrib-
utes to more noise free operation,
especially in high speed circuits.
Furthermore, it enables the designer
to move directly from prototype to
production board without redesign or
fine tuning.

In addition, the system simplifies
reuse of the board and components.
Wires can be removed without un-
wrapping or cutting, and dual sockets
and plug strips can be removed us-
ing a hand tool.

Breadboard components are com-
patible with all boards with or with-
out plated-through holes. Other sys-
tem components include a G-10
quality board measuring 4.5 x 5.5”
(114 x 139 cm) and wiring tool
with self-contained wire feeder and
cutting tip. Components are avail-
able separately for those working
with their own pc boards; a kit that
includes a board and quantities of
individual components is available
for those needing a pc board.

Single kits are priced at $97.50;
discounts on quantities of 25 or more
reduce the cost to $81.25. 8-contact
solder strips and plug strips are
$0.29 each, and dual sockets are
$1.22 each in quantities of 1000 or
more.

Circle 178 on Inquiry Card

Dot Matrix Printer
Combines Speed/Quality
For Word Processing

Printer model 753 combines high
density dot matrix print quality with
130- to 150-char/s throughput, pro-
portional spacing, and right justifi-
cation to meet the need for high
print quality without sacrificing
speed. Offered by Centronics Data
Computer Corp, Hudson, na 03051,
the printer gains speed through use
of a high speed paper motion system
capable of 15-in (38-cm)/s slew.
A 9-pin free flight printhead con-
trolled by the unit's microprocessor
places dots in up to 18 horizontal
and 9 vertical positions per char-
acter, creating characters with twice
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the density of those formed using a
traditional matrix. The free flight
printhead operates by propelling
solenoid-actuated wires against the
paper in a near straight line. This
enables different forms thicknesses
to be used without adjusting the
printhead gap.

The N x 9 high density dot matrix
feature allows large letters, such as
capital M and W, to have a near
letter quality appearance since more
dots are used \in their creation and
these dots are so close that they
appear to overlap. The printer’s pro-
portional spacing feature auto-
matically compensates for character
size differences by adjusting the hori-
zontal width of letters, further im-
proving the overall appearance. The
combination of proportional spacing
and high dot density generates high
quality characters that are easy to
read.

Standard features of the unit in-
clude 132-char wide columns, bidi-
rectional logic seeking operations,
downstream loading of vertical for-
mat commands, tractor paper feed,
paper out indicator, auto motor con-
trol, tear bar, and single line feed
switch. Options include audio alarm,
2-channel electronic vFu, operator
selectable 8- or 8-line/in (2 or 3/
cm) paper spacing, interface connec-
tor, and quietized cabinet. Each of
four models has a self-contained test
print capability that permits the
printer to be operated offline for
forms setup or operation tests.

Circle 179 on Inquiry Card

Computer Series Enhances
Performance, Retains
Family Compatibility

Four Series 700 machines—models
720, 730, 750, and 760—in the cYBER
170 family improve performance as
much as 60% while reducing costs
by 3 to 15%. The series, introduced
by Control Data Corp, po Box O, Min-
neapolis, MN 55440, replaces five
existing family members and retains
compatibility with existing software
and peripheral products.

Incorporated in the machines are
improvements in design and config-
uration that enhance interactive, re-
mote batch, and transaction data
processing as well as database man-
agement for commercial and scien-
tific applications. Of primary con-
cern in the design was improvement

of operating economy in areas such
as space and power, and provision
for incremental growth.

Two central processor types are
used in the series: unified and func-
tional. These processors use emitter
coupled logic to effect high reliabil-
ity and reduce power requirements.

Model 720 and 730 feature a uni-
fied arithmetic central processor; in-
structions and operands use common
system components that permit opti-
mum use of system circuits. The
CcPU’s instruction control section di-
rects arithmetic operation, manages
character manipulative functions of
compare/move unit, and provides an
interface between the arithmetic sec-
tion and central memory control.

Central memory control provides
service to all memory access paths
on a priority basis, queues access
requests as necessary, and resolves
access conflicts. It controls read/
write operations, increments ad-
dresses, and processes parity gen-
eration and checking for addresses
and data.

Built from 4k static wos wrawms,
central memory is available with ca-
pacities from 0.98M to 2.62M char-
acters. It is organized in eight log-
ically independent phased banks of
60-bit words and permits 10 6-bit
characters to be stored in each word.
Complete cycle time is 400 ns (major
cycle) and banks are phased so that
successive addresses are in different
banks, permitting operation at high-
er than basic rates. Maximum data
transfer rate is 10 char/50 ns (minor
cycle).

Central processor for models 750
and 760 features nine phased arith-
metic units that operate independent-
ly, permitting concurrent execution
of specific functions. Phased func-
tional units perform Boolean, shift,
normalize, integer add, floating add,
multiply, divide, population count,
and increment functions. This phasing
increases data flow without compara-
tive increase in required computer
resources. Data move in and out of
functional units through internal op-
erating registers.

Central memory control circuits
direct arithmetic operation and pro-
vide interface between functional
units and central memory. These cir-
cuits also perform instruction re-
trieval, address preparation, mem-
ory protection, and data retrieval
and storage.

Access to the central processor is
provided via central memory and
optional groups of peripheral pro-
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Advanced Microcomputer Development System

uP uP and away

Futuredata introduces This newest

the development system development in relocating macro-assemblers and
that sets you free. development systems sets you free to disassembling symbolic debuggers.
cope with the expanding world of CPU, CRT and keyboard are all neatly

uP-based product design. Free to design  integrated in one compact, mobile
with the 8086, 8085, 8080, 6800, 6802  station to liberate more of your bench

or Z-80 and free to add many other space. It’s the universal, compact,
processors soon. This system puts state-of-the-art AMDS — Advanced
universal hardware and software Microcomputer Development System.
development capabilities at your Futuredata, 11205 S. La Cienega Blvd.,

fingertips: real-time in-circuit emulation  Los Angeles, CA 90045. (213) 641-7700
to 5 MHz, real-time 48-channel logic T'WX: 910-328-7202.
analyzer, up to 2 megabytes of disk

oty ek evees altwiane vid, G utu re@]@ﬁ@)

including high level language compilers,
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Want 400-1600 Kbytes? Choose our SA801/
851 series. With the SA801 8-inch floppy,
you have a choice of 400 or 800 Kbytes in
single or double density, on the same drive for
the same price. More than 400,000 of these
standard-setting drives have been specified
by OEM’s around the world. They know that
they can count on Shugart's proprietary
read/write head technology to deliver media
life of over 3.5 million passes per track, and
head life of more than 15,000 hours. That's
headstrong performance. And the double-
sided SA851 drive gives you even more capacity.
It stores 800 to 1600 Kbytes using single or double
density recording. The 851’s proprietary Fasflex"band
actuator improves track-to-track access time to a fast
3 ms. There's also a programmable door lock and
“* write protect. The headstrong SA801/851.
Solid performers from the leader in floppy technology.

The hea
Choose you

Moving up to 14.5-29 Mbytes? Check the SA4000 fixed disk drives.
They come in 14.5 and 29 Mbyte versions with the lowest
cost per Mbyte in their capacity range.
You can get an optional 144 Kbytes
of head-per-track storage, too. And
these newest members of the Shugart
family of high performance, low cost
disk drives use proven Winchester
head and media technology to en-
sure better data integrity and longer
trouble-free life. The Fasflex™ Il band
actuator reduces heat dissipation to
200 watts (typical) and requires no
field adjustments. The drives weigh
only 35 pounds, use only 5.25-inches
of panel space, and mount easily in a
RETMA rack. You can lower your
systems costs too, because SA4000
drives can share a power supply with
your floppy drives. The SA4000 fixed disk
drives. The head of the family in capacity
and cost/performance.




Need 110-440 Kbytes? The famous Minifloppy ™
is the right choice. The Minifloppy stores from 110
to 440 Kbytes in a package about half the size of
a standard floppy. We invented the Minifloppy
family just two years ago and there are already
well over 150,000 installed world wide.
Compact size, reliability, and lowest cost per
function are the reasons. Minifloppy drives have
the same headstrong read/write head technology
as their big brothers. The servo-controlled DC drive
motor eliminates AC power requirements and the simplified '
actuator with direct drive spiral cam gives you track-to-track access

as fast as 25 ms. The little drives offer the lowest heat dissipation of
any floppy drive and feature positive media insertion, write protect, and

activity light. Minifloppy. The original, and still the most popular
54%-inch floppy drive in the world.

trong family.
capacity.

The Shugart Family. Headstrong and proud of it. We're headstrong about our commitment to
our customers. This means supplying you with a family of highly reliable, low cost disk drives in the
guantities you need. And it means providing you with the best technical support and documentation in
the industry. But it goes deeper. Like maintaining in-house control over the design and manufacture of
100% of our floppy read/write heads. And the continuing invest-
ment of financial and human resources in the development 29 Mbytes
of new products and the most modern high volume
manufacturing facilities in the business. This is the
commitment that keeps our family growing. 14.5 Mbytes
Headstrong? You bet. And proud of it. Shugart
Associates Headquarters: 435 Oakmead Park-
way, Sunnyvale, California 94086 (408) 733-
0100; West Coast Sales/Service: (408)
737-9241; Midwest Sales/Service:
(612) 574-9750; East Coast Sales/Service: 400/800 Kbytes
(617) 893-0560; Europe Sales/Service: Paris
(1) 686-00-85; Munich (089) 176006;
Shugart products are also available off the
shelf from local Hamilton Avnet outlets

J‘@Shugdrf e

The Headstrong Company
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Vector graphics. OEM prices.

GRINNELL °

- Now, with Grinnell’'s GMR-37 graphic display
praci (it Taeads {cads ficads aes systems, you can have the resolution and input
advantages of dot matrix television for about
the same price as more limited character-

a, — ..

operating system: display generator, MOS
- refresh memory, vector and rectilinear graph-
= ) ics, alphanumerics in 4 sizes, bi-directional
] 1 1 LY S RS-232 computer interface and RS-170 video
i i i ‘ ! interface. Systems, including power supplies,
are housed in a 7”, rack-mountable chassis
and drive standard closed circuit monitors.

Four basic GMR-37 models can be tailored
to fit into almost any computer-based system.
Here are just a few examples. (Prices are
F.O.B. San Jose, and quantity discounts are
available. TV monitors are extra.):

GMR 37-10: $3300

256 x 256 resolution, one channel RGB color
plus blink. (Two channels: $3700)

GMR 37-20: $3700

256 x 512 resolution, one channel RGB color
plus blink. (Two channels: $4500)

GMR 37-30: $4500

512 x 512 resolution, one channel RGB color
plus blink.

GMR 37-60: $4700

1024 x 1024 resolution, one channel B/W.

In addition, you can also have several
economical options: independent cursors, joy-
sticks, keyboards, special character sets and
16 bit, plug-compatible parallel minicomputer
interfaces.

Further, if you ever want to move up, Grinnell
has a complete line of larger systems—all
software compatible with the GMR-37—to do
things like animation, image processing and
real-time frame grabbing.

So, if quality graphic displays are important
to your product, look at the GMR-37 line. For a
quotation on the system that meets your
specific requirements, call or write.

GRININELL SYSTEMS

2159 Bering Drive, San Jose, California 95131 (408) 263-9920
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cessors. Isolated memory facilities in
each peripheral processor enable
programs to be executed indepen-
dently within each. Basic pps consists
of 10 peripheral processors and 12
data channels. A second optional
PpPs can be used to expand to 14,

17, or 20 peripheral processors over-
all, and includes an additional 12
data channels.

Each peripheral processor is a
functionally independent computer
comprising 8k 6-bit characters of
Mos memory and arithmetic section

that supports a full repertoire of
arithmetic and 1/0 instructions. De-
pending on options, 12 or 24 data
channels are serviced and each bi-
directional data channel' has a maxi-
mum data rate of 4M char/s.

Circle 180 on Inquiry Card

Dielectric Paper
Overcomes Environmental
Recording Restrictions

A dielectric recording paper that is
functional within a relative humid-
ity range from O to 100% enables
terminal output systems to provide
high quality graphic results under
the most extreme climatic conditions.
Introduced by Matsushita Electric
Corp of America, One Panasonic Way,
Secaucus, Ny 07094, the paper em-
ploys new materials and production
technology to overcome the limita-
tions of standard papers that perform
effectively only in the 40 to 70%
relative humidity range.

The problem of humidity extremes
is solved by incorporating electro-
conductive materials in the conduc-
tive layer. These are principally tin,
zinc, and indium oxides. Other addi-
tives adjust the conductivity of the
electroconductive materials, so that
the paper maintains a stabilized sur-
face resistivity of 107 , regardless
of humidity.

In dry or humid air, standard
papers undergo distortions in shape
and size which affect the quality of
graphic material and cause a failure
to reproduce the image. For example,
under desert conditions any part of
a standard paper that is exposed to
dry air will not reproduce the de-
sired information or pattern. Ex-

tremely humid air has the same effect.

To overcome this, the dielectric
paper uses a base paper, a conduc-
tive layer 6- to 7-um thick, and a
dielectric layer 4- to 5-um thick. The
dielectric layer is essentially a thin
film of resins that are charged when
placed in contact with electrodes
in the printing mechanism. The con-
ductive layer acts as the ooposite
electrode, depositing a pattern of
electrostatically charged areas on
the dielectric layer. ‘

To form the images deposited by
the electrodes, the sheet is passed
through an electrostatically charged
toner. Images are fixed to the paper
either by heat or pressure.

Circle 181 on Inquiry Card

(a)

Relative humidity (O RH)

(b)

80
Reative humidity (Q0RH)

Graphs illustrate how relative humid-
ity affects quality of print achieved
using standard recording paper that
incorporates ionic conductive mate-
rial in its conductive layer (dotted
lines) and Matsushita’s extreme en-
vironment paper (solid line). Vari-
ation in surface resistivity with
change in relative humidity (a) af-
fects density of print achieved (b)
and can cause failure to print in
extreme environments

Small Business Computers
Derive Power from Use of
Technology

Astra series small business comput-
ers accommodate from 1 to 32 op-
erator stations, each operating at
peak efficiency in transaction pro-
cessing mode. To provide high per-
formance cavabilities. Nec Informa-
tion Systems Inc, 5 Militia Dr, Lexing-

ton, Ma 02173, built into the systems
technical advances, and supported
the hardware with an integrated
structure of programming languages,
operating systems, and applications
packages.

Key to the power of the systems
is the extensive use of advanced semi-
conductor technology. Operator inter-
action with the processor occurs on
a microprocessor based pma bus at
data rates of 1M bits/s. This allows

a single 2000-char screen to be
transferred from main memory in
less than 0.1 s. Speed of the pma
controller is a major factor in the
concurrent multitasking capability of
the series.

cpu in the models 210, 230, and
250 is the ucom 1600 microprocessor
with a 16-bit word, 800-ns cycle
time, and 114 business oriented in-
structions. The model 270 uses a
high speed bipolar processor that is
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SINGLE AND DUAL DENSITY

FLOPPY DISK

CONTROLLER

FAMILY

Western Digital is the world’s
leading supplier of floppy disk
controller chips. Our 1700
Series controllers cover the full
range from single density mini-
floppies to double density 8-inch flop-
pies. All double density devices also handle
single drives.

- " e e .

FEATURES

bl NN

*!—-rnuﬁ--.ﬁ

llﬁll ress

* Soft sector format compatibility ® Automatic track seek with verification
Read mode, Single/Multiple Sector Read with Automatic Sector Search or
Entire Track Read, Selectable 128 Byte or Variable Length Sector ¢« Write Mode,
Single/Multiple Sector Write with Automatic Sector Search, Entire Track Write
for Diskette Formatting ® Programmable Controls, Selectable Track-to-Track
Stepping Time, Selectable Head Settling and Head Engage Times, Step and
Direction Head Positioning Motor Controls ¢ System Compatibility ® Double
Buffering of Data e 8-Bit Bi-Directional Bus for Data, Control and Status, DMA
or Programmed Data Transfers, All Inputs and Outputs are TTL Compatible.

oot | Bucy | gy | oo
ou e
FEATURES Density Only Denelly 8’.‘3,"’
FD1791 FD1792 FD1793 FD1794
IBM Compatibility System 34 3740 System 34 3740
Seek, Restore, Step ° . . .
Single and Multiple Read ° ° e .
Single and Multiple Write ° . » ©
Format Command ° . . °
Variable Sector Command ° . . °
Variable Step Rates . . B °
TTL Inputs/Outputs s . ° °
Comprehensive Status ° ° . °
AMDT, En-/Decode (FM) ° ° . .
AMDT, En-/Decode (MFM) . .
Write Precompersation . . . °
Window Extension ° ° ° °
Preamble Detect (RG) . ° ° °
Side Select Compare ° ° ° .
Inverted Data Bus ° °
True Data Bus . .
* i : ; WD9000
Available in April 1979. Pascal Microengine™ 8080/280_
Bus Compatible Bus Compatible

AVAILABLE NOW AT YOUR WESTERN DIGITAL DISTRIBUTOR

For more detailed information, please contact your local

Western Digital representative or write:

WESTERN DIGITAL

3128 REDHILL AVENUE, BOX 2180
NEWPORT BEACH, CA 92663 (714) 557-3550, TWX 910-595-1139

FLOPPY DISK PERFORMANCE.

CIRCLE 37 ON INQUIRY CARD

DIGITAL TECHNOLOGY REVIEW J

hardware and software compatible
with the ucom 1600.

A single crr station system, the
210 has main memory capacity of
128k bytes and supports from one
to four diskette storage subsystems.
The 230 supports up to four operator
stations and provides main memory
up to 256k bytes. Either diskette or
Winchester type fixed disc drives
with capacity for 20M, 40M, or 80M
bytes/drive can be used.

Up to 16 operator stations are sup-
ported on the 250, which supplies
up to 256k bytes of main memory.
Multiple disc drives on this - system
can provide up to 160M-byte capacity
for large database applications. Larg-
est of the systems, the 270 can sup-
port up to 32 operator stations work-
ing concurrently. Maximum main
memory on this system is 512k bytes
and up to four 80M-byte disc drives
may be attached.

Operator stations are intelligent
devices that perform many functions
on a self-supporting basis. Each has
its own microprocessor, 32k memory,
2000-char crt screen, and typewriter
keypad. Separate refresh memory,
attribute storage, and operator gen-
erated horizontal and vertical lines
for format definition free the station
for screen prompting and editing
functions with host cpu support.

Supporting the hardware is an in-
tegrated structure of programming
languages, operating systems, and ap-
plications packages. Basic and ANSsI
74 coBoL compilers are incorporated
in each model. Also provided are a
multiuser, multitasking executive,
and an advanced data management
system that supports formatted data
entry and update, file management,
report generation, and English lan-
guage query functions. An integrated
applications software system simpli-
fies startup operations by providing
order processing, sales analysis, in-
ventory control, accounts receivable/
payable, and general ledger and
payroll packages.

Data communications facilities al-
low the systems to fit into distributed
processing network environments. Re-
mote workstation and remote print-
ing protocols, 1BM 2780 and 3780
batch, mAsp remote job entry, and
M 3270 bisynchronous emulators
are available. Data rates up to 9600
bits/s are supported on all models.
Circle 182 on Inquiry Card
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Pack 10 to 120 megabytes
in a unit one-third the size of
conventional disk drives.

D120

For OEMs and system
builders, the D100 family of
compact disk drives offers a sur-
prising list of advantages. Two
new models, D140 and D160 add
capacity and flexibility to the
proven performance of the D120.
The D140 includes a 10MB fixed
platter in addition to the 10MB
removable cartridge as used with
the D120. The D160 uses a sealed
(non-removable) module which
includes low pressure heads and
carriage.

Small Size: Occupying
approximately one-third the
volume of conventional drives,
models D120 and D160 measure
5.6” X 12.2" x 21.8". Model
D140 is slightly taller at 6.7"".

Innovative Cartridge: Both
D120 and D140 models use a
flat, thin (11" square by .9") self-
ventilated cartridge weighing only
2.8 pounds.

72

D140

hle cartridee

Common Interface: The
same controller handles D120,
D140, D160, or any combination
of the three models. One or more
D160’s in conjunction with a
D120 provide a fixed data base
with a high-throughput-10MB
load-dump yielding twice the
operating flexibility at half the
size of conventional single-
spindle drives.

High Density/Speed: Up to
7300 BPI, 600 TPI; 920 kilobytes/
sec transfer rate.

Accuracy: Data-imbedded
servo-tracking techniques assure
accurate head positioning and full
cartridge interchangeability.

Low Power Consumption:
From 100 to 130 watts depending
on model.

Reliability: Simplified
mechanisms rule out any need
for preventive maintenance. The
spindle-mounted dc motor is

CIRCLE 39 ON INQUIRY CARD

D160

1
0!

T

brushless. There are no belts or
pulleys, no blower, no transducer,
no thermal compensation dewce
And no head alignment _gs

is required. MTBF '
is 5000 hours for
models D120

and D140, 8000
hours for the D160.

Cu Honeywell Bull

For more information, send coupon to:
Jean-Paul Garodel, Bull Corporation of
America, 200 Smith Street (MS 430),
Waltham, Massachusetts 02154. Or call,
(617) 890-8400, extension 2019.

[In Europe, write Alain Kiffer, Cii Honeywell
Bull, 6 Avenue des Usines, 90001 Belfort,
France. Or call, (84) 228200.]

Name

Company

Address

City State Zip
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Concurrency Software
Extends Distributed
Data Systems

Added capabilities of the Series 21
line of distributed data processing
systems include an increase in mem-
ory, price reductions for add-on mem-
ory, and concurrency software for
low end systems. The additions are in-
tended to make the systems cost-
effective in applications that require
more than a single terminal, but
are not large enough for a second
Pprocessor.

Included in the announcement,
made by Mohawk Data Sciences
Corp, 1599 Littleton Rd, Parsippany,
NJ 07054, are increases in basic mem-
ory sizes to 48k, expandable to 96k
on the 21/20 and 21/40, and 96k
expandable to 256k on the 21/50.
Prices of both 16k and 32k memory
modules for all systems were re-
duced 50%.

Concurrency software for 21/20
and /40 permits simultaneous execu-
tion of programs in foreground and
background modes. Single-operator
station systems will be able to exe-

cute source data entry in the fore-
ground while communications, print-
ing, or media conversion occurs in
the background. Larger configurations
can execute two different foreground
programs on two stations or execute
the same foreground program on two
stations while performing a back-
ground task.

Background programs requiring
little operator intervention will run
on a virtual operator station under
control of an actual station, while
the actual station remains free for
interactive applications. When op-
erator intervention is necessary, the
operator can swap the foreground
task with the background job, per-
form necessary functions, and return
to the foreground operations.

A single station 21/20 with ex-
tended memory, concurrency soft-
ware, two diskettes, and communica-
tions will sell for $11,499. A 2-sta-
tion 21/40 with extended memory,
concurrency, one diskette, 10M-byte
internal disc, and communications is
priced at $21,578. Initial shipments
of concurrency software are planned
for third quarter this year.

Circle 183 on Inquiry Card

Memory/Operating System
Improvements Made to
Desktop Computer System

Revisions to the System 45 desktop
computer increase main memory ca-
pacity, speed and simplify use, and
accommodate added printer and disc
options. In announcing the enhanced
System 45B, Hewlett-Packard Co,
1507 Page Mill Rd, Palo Alto, ca
94304, also revealed details of 28
additional software packs that op-
erate on the system, providing ex-
tended capabilities in structural en-
gineering, business management, and
electrical engineering,.

Expansion of memory to 449k
bytes, all user accessible and inte-
grated within the desktop unit, is
coupled with a 50% reduction in
the cost of additional memory. Op-
erating ease results from changes in
the operating system. Among these
functions are automatic transfer of
tape cartridge directories into main
memory and expansion of line num-
bers to a maximum of 32,766, which
together result in an improvement
in the speed with which the machine

responds to user demands, and re-
lieve some limitations on operating

flexibility.
Potential for expansion has been
significantly increased. Space for

adding BoMm options has increased
from 8 to 16 slots. An Advanced
Programming rRoM with BAsIiC state-
ments improves data handling capa-
bilities; also added are matrix sorT
and REORDER, and upper and lower
case character transformations that
expand programming versatility. Re-
tained from the System 45A (see
Computer Design, Oct 1977, p 30)
are graphics, mass storage, and 1/0
roms. The 1/0 ROM contains addi-
tional commands to provide asynchro-
nous data communications.
Additional options include both
character sets and keyboards for
French, German, Spanish, Katakana,
and Swedish/Finnish languages. Pe-
ripheral accommodations provide for
the mp 2631G graphics printer, a
450-char/s dot matrix impact printer
that can reproduce a full crr screen
of graphic material, and the 120M-
byte mp 7925 disc storage system.

Circle 184 on Inquiry Card

Configuration Management
System Controls Central
Switching Functions

Centralized computer control and
management for large multiple pro-
cessor IBM or I1BM compatible com-
plexes are provided by the 1100
computer configuration management
system (ccMs) by Data/Switch Corp,
Landmark Sq, Norwalk, ct 06851.
The system controls all switching
functions within the central com-
puter complex.

Up to 16 individual switch ma-
trices of different configuration sizes
and types may be controlled. All
connections are made via an inter-
face control unit. Typical systems
will incorporate the cps-1000 periph-
eral switch matrices, pcs-2000 com-
munications switches, and c1s-3000
coaxial terminal switches; pacs-4000
direct access control systems for
control of magnetic storage devices
may also be included.

The system uses an Lsi-11 micro-
processor with 64k 16-bit words of
main memory. Online storage is pro-
vided by two floppy discs with one
serving as a redundant backup for
the other. A 30-char/s printer with
keyboard and a crr display with key-
board provide redundant input and
output.

Operating system and applications
programs operate in quiescent, con-
figuration, and operating modes. Se-
curity codes are built into the system.
Operator controllable functions in-
clude make and break single cross-
points, revertive crosspoint check,
execute preprogrammed multiswitch
configuration, execute systems ex-
change switch, status retrieval, time
of day record and print, switch con-
figuration display, and system con-
figuration map.

Among the functional advantages
of the ccms are the FORTRAN pro-
gramming language, modular soft-
ware architecture, and upward growth
potential. The preprogrammed multi-
switch configuration provides 100 dif-
ferent configurations or a total of
25,600 crosspoints available to the
system. Since every element of the
system is solid state, a total recon-
figuration change has a nominal
elapsed time of 25 us. This could
mean reconfiguration of as many as
16 switch matrices. O
Circle 185 on Inquiry Card
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

4-Bit Single-Chip Microcomputers
Serve in Automotive Applications

A number of dedicated control applications for mem-
bers of a family of single-chip microcomputers were
demonstrated at the Society of Automotive Engineers
Congress and Exposition this year. Called microcon-
trollers by the manufacturer, National Semiconductor
Corp, 2900 Semiconductor Dr, Santa Clara, cA 95051,
each of the 4-bit cor400 series is said to contain all
system timing, internal logic, ROM, RAM, and 1/0 neces-
sary to implement control functions in a wide variety of
applications. Onchip RoM sizes range from 512 x 8
to 2k x 8 bits, RAM from 32 x 4 to 128 x 4 bits,
instruction sets from 43 to 57 commands, 1/0 lines from

16 to 36, and instruction cycle execution times from
4 to 16 ps.

Pushbutton Adjustable Seat

Recaro, a division of the Keiper Co Group, used a
low power cor4l0L microcontroller chip in the design
of an experimental computerized pushbutton controlled
seat adjustment system. The seat can be adapted to
the particular physique of each driver, adding or re-
ducing fractions of an inch, and adjusted up and down
as well as forward or backward. In addition, the back
can be tilted forward and backward. Each position is
programmed by four switches on a keyboard. Addi-
tional memory keys allow sets of positions to be
stored in RAM for two different drivers.

The automobile’s battery provides a minimal stand-
by current to maintain the memory. Once the set of
eight different positions is set, the memory retains the
information even when the automobile ignition switch
is turned off. When re-entering the car, the driver
pushes a memory key and the seat automatically ad-
justs to the proper position.

In this application, the controller chip contains 4k
bits of RoM for program storage, 128 bits of RAM
for user programmable data storage, and 19 1/0 lines.
Digitized information from sensors in the seat is input
directly to the chip. If the electronic system fails, the
seat can be adjusted manually.

AM/FM Radio Tuning

A copr420L microcontroller, ps8907 phase lock loop
(PLL) synthesizer, MM5450 serial data LED driver, and
LM130 3-terminal positive voltage regulator are used
in the digital tuning system for an am/fm automobile
radio. Features include precise station tuning, display
of exact receive frequency, keyboard entry of station
frequency, storage of multiple stations in memory,
pushbutton up/down scan through the band, pushbutton

search (stop on next station), power-on to last station
tuned, provision for time-of-day clock, static drive of
LED display for noise free operation, and ability to
address CB synthesizer.

The controller contains 8k bits of rRoM, 256 bits
of programmable RAM, and 23 1/0 lines. It has a single
4.5- to 9.5-V supply voltage range, a variety of output
configurations, 8-mA max current drain, and internal
time base counter for realtime processing.

Emitter coupled logic (EcL) and integrated injection
logic (L) bipolar technology are combined on the
PLL synthesizer which contains 13-bit dual modulus
1L divider, EcL phase comparator, ECL prescaler, and
high speed charge pump, plus 18-bit shift register/
latch for serial data entry. It operates from two sup-
ply voltages (10 V for the charge pump and refer-
ence divider and 5 V for the high speed programmable
divider). The nL divider is clocked by the am input
via an ECL =74 prescaler or through a %%+ prescaler
from the fm input.

The serial data LED display driver can drive up
to four digits and was designed to specifically 'over-
come the interference problems caused by previous
LED drivers that used multiplexing techniques. Serial
data entry reduces interconnections to the controller.
Once loaded, the drive to the LED is static. An onchip
36-bit shift register receives the incoming data; and
when the last data bit is received, the first bit loads
the 34 display bits into latches. On the next half
clock cycle, the shift register is cleared and ready
to receive new data. An enab'e pin prevents data from
entering the circuit from the common data bus when
the 1¢ is not selected.

Onboard Computers

Two companies have based onboard computers on
coP400 microcontrollers. Both computers are applicable
for use on automobiles, trucks, vans, and recreational
vehicles.

One, built by Prince Corp, to aid human control by
providing the driver with otherwise not readily avail-
able information, contains 36 single-function keys and
switches; there are no double-use keys to confuse the
driver. A calibrate mode allows the computer to be
adjusted to operate with most vehicles.

Data input to the microcomputer are obtained from
two transducers installed under the hood: one on the
speedometer drive cable and one on the fuel line. The
speed transducer converts cable revolutions per second
into electronic pulses, sending them to the computer



ANNOUNCING-THE POWERFUL,
NEW FPS-100 ARITHMETIC
PROCESSOR-FOR THE OEM.

EIGHT MILLION FLOATING-POINT OPERATIONS
PER SECOND... PRICE:*16,728

A NEW LEVEL OF COST PERFORMANCE FOR THE OEM 1+
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“Only one DIP socket
gives you all the best
features. And more.

New DIPLOMATE-

The new low profile Diplomate
combines the best engineering features
with AMP’s own exclusive contact
design innovations. Here are some of
its outstanding advantages:

1. Metal-to-metal-to-metal contacts
with dual side-wiping action ensure
low contact resistance and excellent
electrical reliability.

. Unique closed bottom design
prevents solder wicking and flux
contamination for complete
contact protection.

3. Exclusive tapered lead-in ramps in
large target area make IC insertion
faster and easier. Diplomate
pc board insertion is also easy
and compatible with virtually any
automatic insertion equipment.

4. Anti-overstress contact design
preserves contact spring integrity

(0]

/,

for continuous, long-term

reliability.

New Diplomate sockets help you

get the most from your designs in

many other ways:

e Higher densities. Low profile
packages are stackable end-to-end
for more circuits in less space.

e Built-in reliability. Meets Computer
Industry and EIA RS415
specifications as well as U.L. 1410
flame retardant specifications.

e Full variety of sizes. Complete
family of sizes available ranging
from 8 to 40 positions.

e Complete technical support. Solid
engineering aid is yours for the
asking from AMP. And it’s
available worldwide.

There are more reasons why new

Diplomate is the better way,

including its competitive prices.

For more information, just call

Customer Service at (717) 564-0100.

Or write AMP Incorporated,

Harrisburg, PA 17105.
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AMP has a better way...
Diplomate

Large target
area

Metal-to-metal-
to-metal contacts

Anti-overstress
contacts

Closed bottom
design

AMP is a trademark of AMP Incorporated

INCORPORATED




ROLM:s Mil-Spec ECLIPSE
Data System...for operations
onthemove

Military operations at rugged, remote sites demand
a reliable data system that provides answers to vital

- questions. .. with no waiting.

That's why ROLM developed the Mil-Spec
ECLIPSE System incorporating Data General's
ECLIPSE architecture
and powerful software.
The key feature is Data
General's ADVANCED
OPERATING SYSTEM
(AOS), a modern mul-
tiprogramming operat-
ing system that simul-
taneously controls the
three most common
computer actions—real time, timesharing and mul-
tiple batch job streams.

ROLM's Mil-Spec ECLIPSE Computer has a
state-of-the-art microprogrammed architecture, main
memory capacity to 2 megabytes and a comprehen-
sive instruction set tailored to data handling. The
software support is impressive. FORTRAN 5. PL/1.
DG/L™. COBOL. INFOS?®. It's the first on-site sys-
tem with the capability for sophisticated file manage-
ment operations.

The Mil-Spec ECLIPSE System supports a va-
riety of Mil-Spec and commercial peripheral devices
and system interfaces, allowing you to tailor a system
to match a field application...with no restriction to
future expansion.

If you're designing a military system requiring
a Rsvwerful data system with extensive operating
software that's builtto be on the move, investigate our
Mil-Spec ECLIPSE System. It won't keep you waiting.

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: Muehlistrasse 19D-6450, Hanau, Germany,
6181 15011, TWX 4-184-170.

ECLIPSE and INFOS are registered trademarks of

Data General Corporation.
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choice of English or metric units

Two onboard computers based on National Semiconductor COP400 series 4-bit microcontrollers. Each
supplies data on time (elapsed time, trip driving time, time of arrival, time to empty fuel tank); dis-
tance (on trip, to destination, to empty fuel tank); fuel (used since fillup, used on trip, to destina-
tion, to empty, current consumption, average consumption, efficiency); temperature; and speed, in

for calibration; the fuel transducer measures fuel flow
between the fuel pump and the carburetor and con-
verts it into digital information.

Two high intensity digital displays allow reading,
day or night, in selectable English or metric units.
Trip information is available (in miles or kilometers)
as distance to go, distance traveled, distance on a
tank or tanks of fuel, vehicle location, vehicle speed,
and instant update to correct for slippery roads. The
driver can preprogram trip stops and turnoffs and
have an audio visual warning on the computer 1 mi
(1.6 km) before they occur. Time is available as time
of day, elapsed time, time alarm, estimated time of
arrival constantly updated with speed, or as a stop
watch function. Fuel functions are displayed as instant
or average distance per unit of volume, instant or
average cost per unit of distance, and fuel used to
date and cost paid per unit of volume.

The other 4-bit onboard computer, Compucruise, is
manufactured by Zemco, Inc. A 20-position keyboard
enables the operator to specify any of 44 functions,

including choices of English or metric readouts and

most of those found in the Prince unit.

Among the capabilities are efficient fuel manage-
ment. The computer displays the most fuel efficient
driving speed; which brand and grade of fuel is most
economical; effects of tire brands, types, and pressures;
when tune-up and repair is needed; whether tuneups
have been properly performed; and other fuel saving
data. In addition, by entering expected trip distance,
the controller can continually display time, distance,

or fuel to arrival, all updated once a second and
based on current vehicle speed and fuel consumption.

A third onboard computer, this one made by General
Motors for the 1979 Cadillac Seville, includes National
Semiconductor’s 16-channel, 8-bit Apc0816 single-chip
data acquisition system. That chip provides analog to
digital interface for keyboard entry, fuel level moni-
tor, battery voltage, engine temperature, and other
analog signal data which are converted to 8-bit micro-
processor data bus compatible binary words.

A preprogrammed system in the computer computes
and displays operational information in three separate
instrument panel areas. A digital speedometer above
the steering wheel constantly indicates current operat-
ing speed and the fuel gauge reads the amount of
gasoline in the tank. Other driving information is
available on command to the driver or front seat
passenger by depressing one of the console buttons
on the computer. Included are actual instantaneous
fuel economy, average fuel economy for the trip, aver-
age car speed, total elapsed trip time, driving range
on remaining fuel, distance to go to a predetermined
destination, as well as estimated arrival time at that
destination based on current driving conditions, time
of day, engine r/min, engine temperature, and system
voltage.

Microcontroller Description

Various members of the cor400 family allow the user
to specify an optimum microcontroller for a particular
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application. RAM, ROM, 1/0, speed values, and electrical
characteristics can be chosen to fit specific tasks. Each
device contains a number of clock, 1/0, and other
options mask programmed into the chip at the same
time the RoM is coded with the user’s dedicated pro-
gram.

copr420/420L/420C devices are central ‘configurations
of the family. Each of the 28-pin pips has 1k x 8
ROM, 64 x 4 RAM, true vectored interrupt plus restart,
3-level subroutine stack, 23 1/0 lines, 57-command in-
struction set, internal time base counter for realtime
processing, internal binary counter register with serial
1/0 capability, general purpose and Tri-State® outputs,
LED direct drive, and software/hardware compatibility
with the rest of the family.

The Nmos 420 operates over a 4.5- to 6.3-V single
supply range and has a 4-us instruction cycle execution
time. Operating supply current is 20 mA at 5 V. 420L
uses only 40-mW max power and has a 4.5- to 9.5-V
supply range, a 16-us instruction cycle execution time,
a divide-by-32 crystal clock option, and direct LED
digit drive capability. 420C is a cMo0s version with a

2.4- to 6.3-V operating supply range and a dual-clock
mode option for operation at low speed (244 us) with
low power consumption, or high speed (16 us) when
necessary to perform internal data computations at a
faster rate.

421/421L are identical to the 420/420L versions
except that they are 24-pin devices having 19 1/0 lines
instead of 23 and no interrupt capability. 410L/411L
have the same electrical specifications as the 420L/421L
but only 512 x 8 rom, 32 x 4 RAM, and 43 instruc-
tions, plus two instead of three stack levels, no inter-
rupt capability, and 19 and 16 1/0 lines, respectively.
They are in 24- and 20-pin packages, respectively.

440/444L are expanded versions of the 420/420L de-
vices, with the same instruction set but double the
memory (2k x 8 rRoM and 128 x 4 rAM). The 28-pin
444L has 24 1/0 lines and the 40-pin 440 has 36. The
40-pin 402 and 404L are roMm-less versions of the 420
and 440L, respectively, available for prototyping a 400
system. They are also used for small volume applica-
tions requiring up to lk x 8 and 2k x 8 bits of ex-
ternal ROM.

Microcomputers Replace Mainframe
For Test System Signal Processing

Realtime processing of data from the wheels of a
high speed railway vehicle is accomplished in a system
commissioned by the British Rail Research and De-

Part of instrumentation for realtime signal processing in
railway vehicle wheel monitoring system. Similar configu-
ration, containing Miproc 16-AS microcomputer, is dedicated
to each of two wheels in test vehicle. Realtime microcom-
puter system replaces offline system that required main-
frame computer
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velopment Division at Derby, England. British Rail
retained responsibility for all basic research and
definition of signal processing algorithms; however,
system implementation and detailed software develop-
ment was accomplished by Plessey Microsystems, Water
Lane, Towcester, Northamptonshire NN12 7JN, England.

The British Rail sig al processing system provides
information used to design vehicle suspensions that opti-
mize the interaction between railway wheels and the
track but still ensure adequate stability at top speed.
In the previous system only indirect measurements of
suspension forces and vehicle ride accelerations were
available, and recorded raw data were processed
offline.

In addition, that method required signal processing
by a mainframe computer, while the realtime system
uses only two microcomputers. Data acquired from the
wheels, which serve as transducers for measurement
of wheel/rail forces, are processed by the pair of
microcomputers and then output to a chart recorder
or other analog recording device. Continuous scaling
corrections are performed to compensate for complex
calibration characteristics of the rotating transducers
(wheels) .

System hardware consists of two standard Miproc
16-As microcomputer modules, one dedicated to each
of a pair of axially opposed wheels on the test vehicle,
plus special hardware developed for this application.
Separate analog signals proportional to vertical, longi-
tudinal, and lateral wheel/rail forces, obtained from
an array of strain gauges mounted on the wheels, are

COMPUTER DESIGN/JUNE 1979



New high resolution graphics
fromthe leader in low-cost color.

With our 8001G graphics terminal, ISC pioneered low
resolution color graphics at black and white prices. Now
we're able to offer the world's most cost effective high
resolution capabilities — at prices that are true-to-I1SC
tradition

Announcing the 8001H. It's based on the 48-line
19" intelligent display terminal that has revolutionized
the process control industry. But the 8001H gives you
the added advantages of high resolution mpabﬂnms
making it more than sufficient for all work required in
process control and most other applications, including
limited imaging

The high resolution graphic hardware consists of 512
software programma
ble characters, each
comprised of a6 x 8
dot matnx with all 48

dots addressable i o ff
by software. This 0.0
translates into a
480 x 384 resolu 0.6
tion for random .
vectors and sym b
bols. resulting in a o8
6x iImprovement
from the stan 0.00
dard 8001G

Three main .20
modes of opera
tion are avail -2 40
able, including a
special character 9.6 /
mode, ISC stan
dard plot mode, b
and the high

00

resolution plot
mode for drawing
bar graphs, vec-
tors and point

Unretouched photo of screen

plots. Eight brilliant communicative colors are at your
disposal, to convey information quickly and accurately.
with critical control over detail.

The 8001H has an 8080A microprocessor capable
of handlmq data on a two megahertz processing cycle. It
pmvn( es 2K of ROM, RS-¢ JZ_’ > interfacing capabilities.,
and flexible editing made still easier by a keyboard with
color and numeric key clusters.

And its cost is nothing short of phenomenal. $3650 is
all you pay for a single unit; $2500 each for 100 or more

If you'd like to upgrade your present 8001G units to
high resolution, hardware and software options are avail
able for as little as $1500 per single unit; $1000 for 100
or more. All Intecolor

terminals are cov
ered by a six month
warranty, and cash
with order guaran

tees delivery of a

single evaluation

unit at the 100-unit
price within 30
days, or yout
money back

F b If yvou need

/
e L high resolution
/L e color, but have
F i found the cost

prohibitive, here's
your opportunity
Now that Intecolor
is perfectly capa
ble of high reso
lution color, you
can be, too. Call
yourISCreptoday
Color
Communicates
Better

*U.S. domestic prices

ISC SALES REPRESENTATIVES:AL: 205‘883-8660 AK: (GA) 404/449-5961, AZ: 602 994 5400, AR: (TX) 214/840-2169, CA: Alhambra 213/281-2280, Goleta 805/964-8751, Irvine 714/557-4460, Los
759-01 ,C

N /2
OK: <TX 214/840- ”169 OR: 503 620- ‘SBOO PA 412/922- 5110 RI (GA

A) 404/449-5961, DE: (GA) 404/449-5961, DC: (VA) 703/569-1502, FL: Orlando 30
808/524-8633, ID: [UT\B\H 9/3 7969, IL: (No.) 312/564-5440, (So.) (MO) 816 7

/ i <CA]404/4 -5961,

GA) 404/449-5961

505/523-0601, Houston Only 713/780-2511, UT: 801/973-7969, VT: (GA) 404/449- 5061, VA: 703/569-1502, WA: 206/455-
EUROPEAN EXPORT SALES: EUROPE: (MA) 617/661-9424, BELGIUM: Brussels 02-242 36-04, FRANCE: Rueil Malmaison 749-40-37, GREECE: Athens 542 1368, ITALY Roma 805 647 <
THE NETHERLANDS: Poeldijk 01749-7640, SPAIN: Barcelona 204 17 43, SWEDEN: Vallingby 08-380-370. SWITZERLAND: Mutschellen 057-54655, UNITED KINGDOM: Bournemouth 0202-293- 115
WEST GERMANY: Miinchen 089-31881, AUSTRALIA & NEW ZEALAND: Melbourne 543-2077, Meadowbank 808-1444, Chermside 59-6436, Wellington 64-4585, Auckland 876-570, CANADA

Datamex, Ltd. (Distributor) Dorval 514/63
Monterrey 564-876, FAR EAST: (CA) 213

774, Ottawa 613/224-1391, Toronto 416/787-1208, Vancouver 604/684-8625, CENTRAL & SOUTH AMERICA & CARIBBEAN: (GA) 404/394-9603, MEXICO!
82-1107, HONG KONG: 5-742211, JAPAN: Tokyo 402-8596, TAIWAN: Taipei 02-7026284, MIDDLE EAST: IRAN: Tehran 891148, ISRAEL: Tel Aviv 266-291,

KUWAIT: Kuwait 438 180/1/2, LEBANON: Beirut 221731 260110, SAUDI ARABIA: Jeddah 27790, Ryadh 25083-39732, UNITED ARAB EMIRATES: Sharjah 24068
For sales and service in other countries contact ISC headquarters in Norcross, GA., U.S.A

Intelligent Systems Corp. 05965 Peachtree Comners East [ Norcross, GA 30071 [ Telephone 404-449-5961 [ TWX 810-766-1581
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Zap!
Your systems
tested.

Test in “real time” up to S megahertz and drastically
cut development time and costs.

With the force of the MicroSystem Analyzer, are using in product development or in production
developing diagnostics now can be a snap. test, the MicroSystem Analyzer is the one universal
Operating in real time at microprocessor speeds and portable instrument for you.
up to 5 MHz, the MicroSystem Ana-
lyzer speeds total development
time, performs hardware/soft-
ware integration, and gets your
prototype into production faster.

Get Your Products into Production Faster

The MicroSystem Analyzer eliminates the
need for long and expensive test fixture develop- =
ment, SO you can move onto the next pro-
ject sooner. Plus, with the diagnostics

- A WholeSNew W;y of developed you have provided total
icroprocessor System Testing production, depot repair and field test
With the MicroSystem support!

Analyzer, you now can control
your system with In-Circuit
Emulation, and find faults with
Signature Analysis, Time and Frequency
measurements.

No other system available combines the
elements to let you control and test at all levels—
system, board, and component—in real time. The
MicroSystem Analyzer lets you discover intermit-
tent problems over a wide range of temperatures,
operate without a built-in test source, and perform
fault detection in multiboard systems. Test pro-
grams are easier and faster to develop, more com-
plete and more accurate.

Complete the coupon below for details
_on the most advanced microprocessor
test instrument available today.

MILLENNIUM

MILLENNIUM SYSTEMS, INC.

19020 Pruneridge Avenue, Cupertino, CA 95014
Phone: (408) 996-9109 TWX: 910-338-0256

A subsidiary of American Microsystems, Inc

Gentlemen

OK, you got my attention. Now I'd like you to prove your Micro-
System Analyzer can shorten my development cycle, test systems
and boards faster than anybody else, and save me a ton of money
in the process

PLEASE:

[[] Callme to set up a live demo on my Z80A, 8085A, 6800, or 8080 system.
[] Send me complete information on the MicroSystem Analyzer today!

Universal—Both Today & Tomorrow

The MicroSystem Analyzer plugs directly
into the most common microprocessor sockets
—Z80, 8085A, 6800, 8080, with more to come—
and uses a series of personality cards and probes
to let you thoroughly isolate faults to the subsystem
and component level.

No matter what major microprocessor you
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Century Data Systems (formerly CalComp's
Memory Products Division)

Emerging again as a most respected name in
mass storage. Now as a subsidiary company of Xerox.

The new Century is beginning with the hottest
team in the business.

People who have made Trident theindustry’s most
reliable, maintainable storage module disk drive.

People who have brought low-cost Winchester
technology into the OEM world with the Marksman.
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And people who, with the Hunter, bring big

disk economy, performance and reliability to

cartridge users.

What a beginning! Stimulated people. A solid
base of reliable, proven products. Upcoming
introductions of new-technology products.

Clearly, this Century will bring you a lot to look
forward to.

Century Data Systems, 1270 N. Kraemer Blvd,
Anaheim, CA 92806. Telephone: 714/632-7111.
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Century Data Systems

A Xerox Company
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sampled at a 4-kHz rate and the samples are digitized
to 12-bit precision for subsequent digital processing.

The system logs, processes, and displays or records
the three forces in realtime for vehicle speeds up to
120 mi (209 km) /h. Because the transducer configura-
tion for vertical force measurement, chosen for stability
and sensitivity, generates an output signal which for
constant force input varies substantially as a function
of wheel rotation, a set of previously measured cali-
bration coefficients is applied as compensation. Inter-
polation between calibration points provides the neces-
sary degree of accuracy.

Although lateral and longitudinal force signals are
quite pure, the vertical force signal contains consid-
erable cross-modulation components of the other force
signals. These unwanted components are removed by
the signal processing algorithm to yield a true re-
constructed vertical force signal.

Circle 160 on Inquiry Card

Integrated Control System Expected to
Ease Mexico City Traffic Congestion

A record size computerized traffic control system has
been ordered for the Mexico City (Mexico) Traffic

Authority from Philips Telecommunications Industrie
BV, Hilversum, The Netherlands. Valued initially at
29 million Dutch Guilders (14 million v.s. dollars), the
contract is said to be the largest so far awarded in
the traffic control field. In its first phase the integrated
system involves 1000 intersections.

The system will be configured around the Philips
P857 computer, which will control, monitor, and super-
vise overall traffic movement at all intersections.
Dynamic operating intelligence will be decentralized
in 25 secondary processors allocated to subareas, each
of which will coordinate and supervise groups of in-
tersection controllers. Several thousand detectors will
be deployed at strategic points to collect the traffic
data necessary for efficient regulation and flow con-
tinuity.

Because of the hierarchical system configuration,
which includes local site microprocessors, the project
will benefit from computer control even in its early
stages. If a fault develops in the central computer,
continued 2-way transfer of traffic and control data will
remain assured between the lower levels of the system,
thus minimizing the risk of disruption in traffic control.

The initial phase of the traffic system project, which
will be extended in steps to include an additional 600
intersections plus the necessary cable network, is
scheduled for completion in 1980 with the first sub-
areas operational in mid-1979. This traffic control
‘project is part of an overall plan instigated by the
Mexican authorities to solve the problems of traffic
congestion, air pollution, and waste of energy.

Circle 161 on Inquiry Card

" THE PITTMAN LINE OF D-C MOTORS

LO-COG® Servo Motors
3 series: 1.2, 1.6 & 2.0” 0D

Stall torques:

about 1 to 128 oz.-in.

2 series: 1.38 & 2.00” 0D
gearboxes

Torque limits with
standard gearing:

NTMY 100 & 175 oz.-in.

((“ll .

®

© 1979

Better check it out!

PITMO® Gearmotors

') THE PITTMAN CORPORATION

A Subsidiary of Penn Engineering & Manufacturing Corp.
Harleysville, PA 19438 - 215:256-6601

i

Samarium
Cobalt Field
4-Pole Motors

PITMO® Motor-Tachs
2 series: 1.2 & 1.6” 0D
Standard tachometer gradient:
2 volts/1,000 rpm

1x1/4” cross-section
Stall torques:
12 to 24 oz.-in.

21A /

85
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DC&AS BRIEFS

Modules Increase Capabilities of
Microcomputer Family for Industrial Application

A group of memory and 1/0 expansion modules an-
nounced by Texas Instruments Inc, o Box 1443, Hous-
ton, TX 77001, for use with T™990/9900 family micro-
computers is intended for industrial applications. Includ-
ed are boards with up to 64k bytes of dynamic RAM, 1/0
boards for up to 64 channels, combination memory
and 1/0 boards, and 1/0 units that enable the micro-
computers to interface directly with ac or dc signals
or loads.

T™M990/203 is available in three models: -21 provides
16k bytes using 4k x 1 T™™s4027 dynamic RAMs; -22
provides 32k to 64k bytes with 16k x 1 T™s4116 RAMS,
and -23 provides 64k bytes with the 16k x 1 RAMs.
All models have a parity option with parity indicator
light and interrupt signal, as well as jumper select-
able access times and cycle steal or transparent re-
fresh modes.

Data and address bus interfaces are 3-state TTL
compatible; control bus interface is TTL compatible.
Memory device access time is 250 ns and cycle time
at 3 MHz is 0.667 pus. Operating temperature range
is 0 to 70 °C.

Analog 1/0 expansion modules include four input
only, two output only, and three combination 1/0.
™990/1001 provides 16 single-ended or differential
input channels expandable to 64 single-ended and 32
differential input channels. It features switch program-
mable input configuration, has an onboard dc-dc con-
verter, provides for eight 0- to 50-mA current inputs,
has 15 interrupts, and offers =25% full-scale accuracy
at full throughput rate of 30 kHz with 12-bit resolution.

The /1002 is a low level input module with 16-bit
Apc. Features include excellent accuracy, linearity, and
stability; thermocouple cold junction compensation and
linearization; and environmental immunity. One version
is offered for J type thermocouples, another for K type.
A similar module, /1240, provides 16 single-ended or
eight differential input channels, expandable to 32
and 16, respectively.

A /1243 high level analog output module provides
eight channels of analog output and eight high current
logic driver outputs, eight 12-bit pAcs with input codes
and output ranges independently selectable, and on-
board 10-V precision reference. The /2001, another
output module, has four output channels.

The /1241 combination analog 1/0 interface module
has up to 32 single-ended or 16 differential input
channels and two channels of 12-bit analog output,
and onboard 10-V precision reference. Version S has
1, 2, 4, and 8 programmable gain while the version
R has 1 to 1000. In addition, the /3001 features 32
single-ended or 16 differential input channels and two
output channels.
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Output codes for all nine 1/0 modules are binary,
offset binary, and 2’s complement. Each features 15
interrupts. Throughput rates are 30k channels/s for
the /1001 and /3001, 10 samples/s for the /1002, and
40 channels/s for the /1240, /1241S and /1241R.

A combination memory and 1/0 expansion module,
the /305 provides memory capacity up to 32k bytes.
Eight 24-pin memory sockets can accommodate TMs2516
2k x 8 EPrROMs, T™™MS2532 4k x 8 EPROMs, or 24-pin
2k x 8 static RAMs. The board has 32 optically iso-
lated 1/0 lines, 16 dedicated parallel input lines, and
16 user configurable parallel 1/0 lines. Memory map
configuration is jumper selectable. Input to output
isolation is 500 V.

Series /5MT ac and dc 1/0 modules are available
in four types: ac input, dc input, ac output, and dc
output. An ac or dc input module converts ac or dc
signals from pushbuttons, limit switches, and other pilot
devices into low logic levels that are compatible with
levels required by the microcomputer modules; an ac
or dc output module converts microcomputer logic levels
into high ac or dc output signals to drive loads such
as motor starters, contactors, positioning valves, and
pilot lights.

Circle 162 on Inquiry Card

Energy Demand Control Systems
Reduce Electrical Costs

Two electrical demand control systems have been
developed by Avco Electronics Div, 4807 Bradford Dr,
Huntsville, AL 35804. The 7700 EpAcs (energy demand
and control system) monitors and controls electrical
usage under computer control in buildings to minimize
energy costs. PEDALS (power electrical demand and
load shedding), in contrast, was developed for indus-
tries that use large amounts of electric power and
typically contract for supplemental power on a de-
mand limit pricing schedule.

Based on a system concept, EDACS includes sensors
and actuators for remote measurement and control,
distributed computer intelligence via localized field
panels, communications from each building to a cen-
tralized location, a central computer system with build-
ing management operation and control interface, and
all software necessary to optimize start/stop of equip-
ment, chiller control, electrical demand peak load
shedding, and enthalpy control for maximum energy
cost savings.

Each remote field panel and remote unit processor
has complete microprocessor intelligence and can per-
form all local control at maximum system efficiency
as well as take over in case of power failure. Each
remote processor can accept any combination of digital
or analog input for sensing applications and provide
any combination of digital and analog outputs for
system control applications. The processors also can
be software downloaded, via the communication lines
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Ramtek introduces
the most powerful raster graphics
and imaging display system

ever maae.

Here's the Ramtek 9400. Finally,

a display that combines raster color,
1000 line resolution, coordinate
transformation, high-speed graphics
and more—all in one package.

It’s colorful. More than 16 million
color possibilities thanks to raster

scan technology. Or, choose black
and white or gray scale

It’s fast. Vector writing speeds are
greaterthan 16,000 vectors a second
with 50 pixel average vector lengths.

It’s sharp. At the top of the line
you candisplay—incolor—1024 scan
lines of 1280 elements

It’s powerful. Local spatial trans-
formations include translate, rotate,
scale, pan and zoom. You can store
and deal with pictures that are much
larger or more detailed than can be
displayed at one time. De-cluttering
allows greater detail to be displayed
as the picture is enlarged or less as
it's reduced.

It’s convenient. Subpictures and
special symbols may be down loaded
and stored in user memory.

Pictures from display lists can be
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Coordinate transformation
enlarges a portion of the image
N memory without Increasing
line thickness. You can see more
selectively display more

clipped to arbitrary viewports on
the display surface.

It’s interactive. Subpictures can be
called by keyboard function keys.
The entity detection feature identi-
fies graphic procedures and instruc-
tions that draw objects pointed out
by the operator. Interactive controls
include a general purpose keyboard,
trackball, joystick, light pen and
tablet.

It’s more than one.The 9400
system is seven different models
offering resolution from 256 x 640 to
1024 x 1280. All with the same

1000 hne resolution in color
It makes greater detail clearly visible

powerful range of capabilities for
command and control, process
control, mapping, computer aided
design, remote sensing—or any
application requiring the ultimate in
graphics and imaging potential

It’s more than ever.The sophisti-
cated graphics user no longer has to
settle for monochrome or limited
color. Now, you can have high
density, flicker-free color and high
speed performance. Ramtek put it all
together in the 9400.

It’s available now. For more
information call your nearest Ramtek
office. Or, write: Ramtek, 585 N. Mary
Avenue, Sunnyvale, CA 94086.

Ramtek

Our experience shows.

REGIONAL OFFICES: Sunnyvale CA (408
735-8400; Newport Beach. CA (714) 979-5351
Dallas, TX (214) 422-2200; Maitland, FL (305
645-0780; Huntsville, AL (205) 837-7000; Chicago
IL (312) 956-8265, Cleveland, OH (216) 464-4053
Washington, D.C (301) 656-0350; Metropolitan
NY (201) 238-2090; Boston, MA (617) 862-7720
West Germany (0611) 771070
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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?




64KROMs.
The cold, hard facts.

Q) The cold, hard facts
about 64K ROMs add up
to proven performance.
A level only Mostek’s
MK36000 has achieved
with features like effi-
cient program code
turnaround, design
superiority and volume
production.

Since its introduction
in early 1978, Mostek’s
64K ROM has easily be-
come the industry
standard. And here are
the facts to prove it.

Fact1:

Mostek has processed
more than 200 codes with
an average delivery of
just seven weeks for cus-
tomer prototypes after
data verification.

Fact 2:

Its compatibility with
EPROMs and RAMs pro-
vides exceptional system
design flexibility.

©1979 Mostek Corporation
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Fact 3:

Even late-comers can't
match the 36000’s fast
access time of 250ns
(max) or low power of
220mW (max) active and
35mW (typ) standby.

Fact 4:

The MK36000 has been
in volume production for
over a year, with demon-
strated ability to meet de-
livery commitments.

Fact 5:

Mostek can accept code
input by EPROMs, ROMs,
card decks, paper tapes

CIRCLE 144 ON INQUIRY CARD

or magnetic tapes with
no delay in generating
verification data.

Fact6:

The MK36000 is available
in a full range of speeds,
operating temperatures
and processing options,
including strenuous mili-
tary specifications.

The fact is, you can get
promises from a lot of peo-
ple. But when you want
the leading 64K ROM all
the facts point to Mostek.

Write to 1215 West
Crosby Road, Carrollton,
Texas 75006. Or call
214/242-0444. In Europe,
contact Mostek Brussels;
Phone (32) 02/660.25.68.

MOSTEK.
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

from the central facility, to perform any of the host
computer application programs for the local equipment.

Communications lines connecting the remote proces-
sors in each of the local buildings to a minicomputer
in the central station operate at up to 9600 baud.
The central facility operator has instantaneous access
to any measurement and control points in the facility.

PEDALS continuously monitors and controls the amount
of power purchased based on a short demand limit
period by bringing the loads on or offline and by con-
trolling the output of any internal power generating
facility. Control is optimized to minimize total power
costs by balancing purchased power and generated
power.

Some power loads must run continuously while others
are required only intermittently to sustain plant op-
eration. Intermittent loads can be dropped or “shed”
without seriously impairing plant operation. PEDALS
controls a set of priorities to automatically shed loads
as the end of a power demand period approaches so
that the demand limit will not be exceeded.

At the beginning of each demand period and every
following 3 s the computer checks the tieline current
direction and magnitude, enabling the system to auto-
matically limit the tieline current to a value set by
the operators. If the tieline current goes above this
limit in the “in” direction, the generators are stepped
down. This controller overrides all other control of
the generators.

When there is no tieline limit, the generators are
manipulated to make the purchased power follow the
“generator line.” If purchased power is above this line,
the generators are stepped up; if purchased power is
below, the generators are stepped down.

At the beginning of each demand period, all loads
are put online. Every 6 s the computer checks the
purchased power and takes appropriate action on the
loads. Loads are manipulated to make the purchased
power follow the “load line.” If the purchased power
is above this line (positive) and headed away by more
than a threshold, loads are dropped; if the purchased
power is below (negative) and headed away from the

line, loads are added.
Circle 163 on Inquiry Card

Video PLL Module Meets

Control Environment Requirements

A phase lock loop module, claimed to be the first device
in the industry that allows a user to synchronize a
video display board to a TV camera, master sync gen-
erator, or other external sync source, has been intro-
duced by Matrox Electronic Systems Ltd, 2795 Bates Rd,
Montreal, Quebec H3S 1B5, Canada. The pPLL-01 mod-
ule is intended for use with video display and inter-
face boards in industrial control environments where
alphanumeric and/or graphic data must be overlaid
on a TV camera picture.

Only a single 5-V power supply, such as obtained
from a video RAM to which the module interfaces, is
required. The 3 x 3.5” (7.6 x 8.9-cm) unit consists
of two main parts—horizontal phase lock loop and ver-
tical reset delay—that control horizontal and vertical
timing. Onboard timing permits the user to adjust the
position of the video display output relative to the
reference sync. Either composite or separate syncs will
be accepted. The unit will lock to a single TTL level
composite sync signal.

Circle 164 on Inquiry Card

ADC Module Increases
Capabilities of Programmable Controller

An Apc module is now available for the MaxiMiser
programmable controller made by Cincinnati Mila-
cron, Mason Rd & Rte 48, Lebanon, oum 45036. The
plug-in board fits any slot in the controller’s card cage
and converts graduated analog input signals into
digital inputs that can be processed by the data arith-
metic module. Each input channel in the Apc module
has its own independent instrumentation amplifier which
can be resistor programmed for gains from 0.1 to

1000 and for either voltage or current input.
Circle 165 on Inquiry Card

Data Acquisition System
Handles Multiple Inputs

System 3500, a multiple input data acquisition and
control system from LeCroy Research Systems Corp,
700 S Main St, Spring Valley, Ny 10977, is directly
CAMAC compatible, including all necessary hardware
and software for interfacing with any cAMAc module.
An 8-slot CAMAC minicrate is integral and up to 11
external CAMAC crates can be supported by the system.

Setup parameters are graphically displayed on an
integral display, and parameter selections are imple-
mented by an interactive lightpen that prompts the
user to enter appropriate numerical entries on the
Ascir keyboard. Routine and frequently used display
operations are implemented by an understandable
direct reading 22-function keypad. Built-in processing
capabilities include add, subtract, smooth, differentiate,
and normalize, all of which are predefined and imple-
mented by a lightpen command.

Adding a model 3921 dual floppy disc provides a
fully programmable system with extensive programming
and processing capability. Either FORTRAN or BASIC
programming languages are available for writing
CAMAC control programs as well as user defined data
analysis routines. Analysis of previously acquired data
or writing new programs can be performed concur-
rently with high speed acquisition.

A standard system contains 64k of computational
memory; 8k of pMA data memory expandable to 64k;
a 9” (22.9-cm) crr for display of data, graphics, and
listings; Ascir keyboard; 22-function keypad; lightpen;
8-module cAMAC minicrate; and Rs-232 1/0 port. Ac-
cessories include dual floppy disc, the GPIB 1/0 port,
and software packages.

Circle 166 on Inquiry Card
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Machinery Function Controller
Operates Online

Simultaneous online monitoring, timing, control, and
coordination of machine systems and functions, without
the need for encoders or resolvers, are said to be
capabilities of the angle resolving controller. Intro-
duced by Kadoc Registration and Control Corp, 1350
Main St, Lynnfield, MA 01940, the microprocessor based
unit provides multichannel control of continuous or
single-cycle timing and phasing of rotary cyclical
motions in machinery. Its basic program provides ad-
vance/retard /rate change plus up to eight optional
channels with open/closed loop electronic cams or
servos. The standard 11 x 9.5 x 12" (28 x 24 x 30.5-cm)

unit can handle as many as eight sensors.
Circle 167 on Inquiry Card

Distributed Process Control Systems
Permit Expansion of Control Levels

Among the presentations at Petro Expo ’79 were two
distributed process control systems. Both are micropro-
cessor based and can handle multiple 1/0s. In addi-
tion, the users of either system can start with a basic
entry level configuration expandable later to a more
sophisticated system that can handle additional process
units.

Multivariable Format

Beckman Instruments, Inc, 2500 Harbor Blvd, Fullerton,
cA 92634, introduced the mv 8000 system featuring an
architecture that combines single-loop and shared dig-
ital processing with redundant crRT displays. Included
are multivariable control units (Mvcus), multivariable
1/0 units (MVIOs), an interactive noncomputer sup-
ported plant graphics library, an alarm priority struc-
ture, and historic trend capability.

Up to 40 algorithmic functions can be processed on
the mvcu. Internal components are redundant; if a
malfunction or failure condition occurs, duplicate
circuits assume control until the problem is corrected.
The mvcu alerts the system operator via the crr that
this condition exists, diagnoses the trouble, and speci-
fies the location. Throughout this phase the process
loops continue to operate.

For multiplexing functions, the Mvio offers the same
analog and digital 1/0 structure as the Mvcu. How-
ever, it has no algorithmic function capability. All
communications within the system between remote
controllers and the central control room take place
over 16 redundant data highways using Ascir rs-232-C
interface ports. Controllers can be located at distances
of up to 5000 ft (1500 m) from the central crT
displays.

For small, simple processes, the control system offers
single-loop hybrid analog/digital control with existing
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series 8800 controllers, and multiloop digital processing
with multivariable controllers, or a combination of
both. For more complex multiloop digital processing
needs where dedicated control is preferred, the system
can be configured with the Mvcu for continuous or
batch processes. The Mvcu offers up to 32 analog
inputs, 16 analog outputs, 32 digital inputs, and 32
digital outputs.

Up to 99 selectable 8-color representations of a
plant’s loops, viewed on 19” (48-cm) CRT screens, en-
able the operator to physically manipulate process
control loops. To review immediate or past process
performance, historic trending times of 10 min, 100
min, 8 h, and 24 h are standard. The operator can
routinely select a process loop and change specific
process rates at remote locations by using a lightpen
or keying the required command into the keyboard with-
out leaving the central station.

Circle 168 on Inquiry Card

Hierarchical Family

Fischer & Porter Co, 312 Jacksonville Rd, Warminster,
PA 18974, showed the pc1-4000, in essence a hierarchical
family of products that can be assembled to provide
the precise degree of needed control for continuous
or batch processes of any size. A functional entry into
distributed control can be made for a process unit as
small as eight loops, at less cost than for a conven-
tional panelboard of comparable capacity, and without
disrupting conventional control of other process units
in the same plant. Later, this system can be expanded
to take over control of additional process units, includ-
ing implementation of high level control strategies.

The system uses a hierarchy of microcomputers and
a central minicomputer to apportion control functions
at every level of the process. At the basic level, a
local operator’s panel (LoP) combines with one to four
distributed control umits (pcu) to form a complete
control system for 8 to 64 loops in continuous and
batch processes. In addition to performing all the
functions of a conventional panelboard, including up
to 128 analog and digital displays, this level also
provides the capability for high speed communications
with higher level devices through a data highway.

At the operations level, a central operator’s panel
(cop) displays as many as 512 variables and provides
access to as many as 256 control loops, from as many
as 16 pcus located on one or two data highways,
each of which can be 1.2 mi (2 km) long. The cop
performs all the functions of the rop and can gen-
erate special graphic displays for up to 128 process
variables.

At the supervisory level, a central computer can be
used in addition to or instead of one or more cops,
depending on the size of the distributed control system.
The computer implements high level control strategies
by passing instructions to all system Dcus and collects

information for data processing. O
Circle 169 on Inquiry Card
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Dr. Wang: “We were first with a unique,
new approach to word processing— using micro-
computers to implement distributed intelligence
in multiple station systems. That approach has
enabled us to increase our market share 50% a year
in a market that’s growing 40% a year. This year
our word processing sales will pass $100 million.

In 1974 they were just $9 million.

“We decided on Intel’s 8080
microprocessor for our distributed
logic system. Only Intel offered PL/M,
the microcomputer programming
language we needed to get our software
written quickly. So quickly that we “
introduced our system a year ahead of
any competition. And Intel’s tools for
programming have continued to help us offer our
customers the high quality software they expect
from Wang.

CIRCLE NO

| “Choosing

' Intel

gave us a
twelve month

jump on the

competition.’

Intel’s extensive microcomputer design tools
have helped hundreds of companies just like Wang
Labs capture the marketing advantage with Intel
microcomputers and semiconductor memory.

Our Intellec® Microcomputer Development
System makes it possible and profitable for companies
like yours to take full advantage of the promise and
potential of the microcomputer. For example, the
world’s most advanced microcomputer, our new 16-bit
8086, is the first and only 16-bit microcomputer
supported by a high-level programming language —
PL/M, part of the total 8086 software development

package available for the Intellec system.
S To begin writing your own
success story, contact Intel
Corporation, 3065 Bowers
Avenue, Santa Clara, CA 95051
408/987-8080.

Intel’s Intellec® Development System

intal delivers.
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Everything
you need to
know about
flat cable/
connector
systems.

To save space. To increase circuit flexibility
and reliability. To lower total installed cost.
To profit from the state-of-the-art in mass
termination.

T&B/Ansley offers you the industry’s broad-
est lin® of flat cable/connector systems. That’s
because we’ve been flat cable specialists for
decades, and we were pioneers in the develop-
ment of cost effective mass-termination tech-
niques for volume production and ease of
assembly.

Now we're also offering an engineering
specification bible that tells you everything
you need to know about mass-termination
cable/connector systems.

That includes connectors, headers, mount-
ing hardware. It includes round and flat con-
ductor flat cable, as well as jacketed and
shielded jacketed cable. It includes our
MICRO-PITCH line, which is ideal for mass
termination in high density, controlled imped-
ance applications. And our FLEXSTRIP®
Jumpers, the most flexible, reliable compo-
nents available for interconnecting one circuit
board to another.

It includes a complete line of hand and
bench tools for volume installations, small pro-
duction runs, or field service applications.

And a great deal more. And it's free. So
you'll never get a better offer. Call or write
today. .

T=EB/Ansley

The mass termination ‘company.
T&B/Ansle rporation
Subsidiary of Thomas & Betts Corporation
3208 Humboldt S

Send for your free copy today!




SPEECH RECOGNITION TECHNOLOGY

Overview of current automatic speech recognition technology
examines primary characteristics of installed systems and evaluates

benefits and short comings

E. Joseph Simmons, Jr

Threshold Technology, Incorporated, Delran, New Jersey

E ver since the computer became an integral pro-
cessing element, scientists and engineers have been
seeking a method of feeding verbal data directly into
its memory for storage, computation, and output. Auto-
matic speech recognition technology has achieved this
goal in offices, warehouses, and factories, and has
proved its merit in a variety of applications. In one
such system, microprocessor based voice terminals,
capable of replacing intelligent video display/key-
board stations, are linked with central processors to
provide complete voice data entry systems suitable for
cost-competitive source data entry applications.

Historically, operational tequirements of the ma-
chine dictated communication with computers. To con-
trol machines or computers, designers and users learned
the programming language of the machine or the
manipulation of panel switches or keys in proper
sequence and format. Any deviation from this unnatural
machine input produced errors, which were not always
easily detectable because of the complexities of the
input/output (1/0) rules for man/machine communica-
tion.

Development of voice recognition systems permits
humans to talk information directly into a computer,
with no intermediate keying or handwritten steps in-
volved, and to control mechanical systems with voice
commands. Voice input to machines is simple since the
operator provides instructions in a natural language—
the spoken word. The automatic speech recognition
(ASR) system translates these words to computer com-
patible data or machine commands.

Speech Response

A brief review of speech response technology serves as
a frame of reference for comparison with speech recog-

nition technology. Speech processing distinguishes be-
tween automatic speech recognition (ASR) or voice data
entry (VDE) systems and speech (audio or voice) re-
sponse systems. Speech response, a comparatively old
technology, is encountered in several daily activities. For
example, a recorded message results when a telephone
number is dialed incorrectly, or responds to a telephone
inquiry for a time or weather check.

Speech response can be accomplished by either of
two basic methods: speech synthesis or stored speech.
Both can be either analog or digital. Speech synthesis
typically formulates computerized speech from funda-
mental descriptive phonetic units. This technology is
normally used in large vocabulary systems that change
frequently. Stored speech uses human voice recordings,
and is usually found in small, stable, vocabulary
systems. Speech is stored using a data compression
technique; this technology is available on chip sets.

In speech response, research and development ac-
tivities comprise technological refinements directed at
low cost and application proliferation, and contextual
and situation analysis refinements of input text in terms
of syntax, semantics, and environmental situations.

Human Speech Factors

The problems and challenges encountered with ASR
differ greatly from those of speech response. Consider
normal conversation. A speaker rarely repeats words
in exactly the same manner, and words are not always
heard by the listener in the same way. Pronunciation,
pauses, background noise, speed, amplitude, and environ-
mental and personal stress levels vary considerably in
their individual contribution to both speaker and lis-
tener. To further simplify the understanding processes—
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the objective of human speech—the listener provides
subtle but definite, on-going feedback mechanisms. A
facial expression, a head tilt, eye contact, and hand
or body motions are some indications of verbal com-
prehension and acceptance. A more direct mechanism
occurs when the listener requests that the speaker
repeat or clarify. Then again, there is contextual asso-
ciation, as when a speaker mistakenly says, “I need tree
circuit boards.” Although the listener hears “tree,” the
correct word is immediately substituted. A high level
mental function enables the listener to “know” what
the speaker meant. Similarly, the listener weighs the
words, appreciates the concept, or provides understand-
ing for what the speaker is trying to convey by re-
sponding positively to the projected emotion. Empathy
aids both speaker and listener. Perception of environ-
mental, stress, emotional, and psychological pressures
clearly increases understanding.

In examining ASR, using the human as a model, what
can be duplicated and what must be compensated?
More specifically, what physiological understandings
are required, and which can not be duplicated? In
humans, the processes of hearing are understood with
two important exceptions: the process that codifies
sound information for transmission to the brain, and
the decodification process whereby the brain correlates
transmitted information and makes a “recognition
decision.”

The high level mental processes associated with
total contextual determination, or understanding, are
beyond the ability of any machine to duplicate, artificial
intelligence notwithstanding. To what extent context
influences a given “word-recognition” decision is still
uncertain. Everyday experience demonstrates that spoken
words can be phonetically ambiguous even when
clearly separated and articulated in a low background
noise situation. In “normal” or conversational speech,
where inflections and word boundaries change, recog-
nition is even more difficult because it is unrealistic
to require that everyone pronounce words in the same
way. Individual difference will always exist; it is in-
cumbent upon technology to adjust to human differences.

Speech Recognition Technology

Approximately 90% of today’s installed ASR base com-
bines these speech technology characteristics:

Isolated word—recognizes words, letters, numbers, and
short phrases that are separated by 100-ms pauses

Speaker adaptive—recognizes any speaker using any
language, provided voice patterns for all words in the
transaction dictionary are stored for comparison

Limited vocabulary—accommodates a relatively small
set of utterances for a given transaction, the size of
which is a function of present microprocessor speeds
and memory sizes

Terminal interface—voice data entry to computers and
voice keyboard to displays or printers.

Alternatives—continuous vs isolated word, universal vs
speaker adaptive, and large unstructured vs limited
vocabulary technologies—are available, but exhibit op-
~ erational limitations,
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Universal, Isolated, Limited Vocabulary Systems

A universal type system recognizes words spoken in
a specific language by any speaker. Individual voice
patterns are not stored for comparison processing to
make a recognition decision. A speaker’s words are
compared against averaged or merged patterns, where-
as in speaker-adaptive systems a speaker’s words are
compared against his own specific reference patterns.
For this reason, universal systems presently do not
provide the same high degree of recognition accuracy
as speaker-adaptive systems. Universal systems are iso-
lated ; the speaker must pause briefly between utterances.

Another factor is that in a universal type system,
vocabularies must be predefined and stable; presently
they are limited to fewer than 100 utterances. If the
system dictionary contains English words, everyone
talking to the system must speak English, and usually
in a general dialect. By contrast, in isolated, speaker-
adaptive systems, vocabularies and pronounciation are
flexible, so that any language can be used. Multiple
languages can be used on the same terminal, and per-
sons having speech impediments can utter sounds that,
although meaningless to the human ear, carry specific
associations in a voice terminal. This is all possible
with no special modifications to the speaker-adaptive
system. ;

For most event or transaction oriented applications,
speaker-adaptive systems offer the best alternative.
They yield the highest proven accuracy, provide the
most individual flexibility, operate adequately in high
background noise and hostile environments (up to 90
dB), and cost the least.

An identified application for universal, isolated,
limited vocabulary systems is banking by telephone,
where spoken input is primarily numeric. In this case,
voice input is combined with an associated technology,
voice response. Although some systems of this type are
installed, several parameters prevent greater prolifera-
tion. These include inconsistent quality of telephone
lines, diverse regional accents that must be accommo-
dated, presently achievable recognition accuracy, and
high cost of voice entry when compared with one
existing alternative, the Touch-Tone pad.

Cost reduction, wider imp'ementation of fiber optic
technology, greater predictability of telephone line per-
formance and quality, improved techniques for tele-
phone line signal normalization, adaptations of feature
extraction, and refinements in reference sets—digital
patterns against which spoken utterances are matched
to achieve a recognition decision—all are required to
achieve sufficient performance for the systems to be
widely acceptable. All these improvements are ex-
pected within a 2-year time frame.

Connected, Speaker-Adaptive,
Limited Yocabulary Systems

Connected speech represents the transition step be-
tween isolated word technology and continuous speech
technology. In continuous speech, words are spoken
in a contiguous string, and the speaker may optionally
pause between any words in the string. Recognition
begins coincident with the speaker’s words or at any
system-perceptible break in the word stream. This
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technology is not currently available in a cost-effective
system. Cost-effectiveness is emphasized because ex-
pected future availability of low cost microprocessors
with improved speed, memory, and addressing capabili-
ties will permit the eventual introduction of a viable
price/performance continuous system. The expertise
exists to produce a continuous speech system. However,
the technology’s limited combination possibilities with
other technological building blocks, and high cost
make such a system a solution in search of a problem.

A recent interim design that permits a predefined
number of connected words to be spoken in a given
time frame—normally four or five words—has a vo-
cahulary of 120 utterances and is approximately seven
times the cost of an isolated word (utterance) terminal.
If an application involves rapid, sustained entry (with-
out pauses) of numeric digits only (ie, onetwothreefour),
connected speech is clearly faster by 2 to 1, and is
more natural than pausing approximately one-tenth of a
second between words or numbers, as is required by an
isolated (paused) word system (ie, one-two-three-four).
Applications that require input of connected digits by
voice presently cost over $65,000 for a terminal. This
high price necessarily limits cost-justifiable applications.

When phrases or word combinations are involved,
the input speed advantage of connected over isolated
speech can be questioned. Since an isolated word
(utterance) system works on the principle of sound
recognition, several words can be grouped and spoken
as a single utterance in an isolated system. In this
limited case, an isolated system performs as fast as
a connected system. If the application is event or
transaction oriented and common phrases, short sen-
tences, or other word groupings are used, the isolated
system is faster because groupings are set by dy-
namically adjustable time frames, not by number of
words spoken (as in a connected system). The “pause”
occurs at the end of the jsolated phrase, not after
each word. However, performance is clearly applica-
tion dependent.

Other advantages of available isolated (utterance)
systems over connected systems are vocabulary size—
state of the art isolated systems have a 6:1 advantage;
costs—isolated systems cost less than one-sixth as much
as connected systems; and environmental stability—

isolated systems have resolved the problems of stabil-
ity of speaker reference data and accurate operation
in high background noise sityations.

Basic System Principles

An isolated word recognition system (Fig 1) identifies
a spoken word by measuring acoustic characteristics
of the word and comparing these characteristics with
those of reference words stored in computer memory.
The reference word characteristics are input before-
hand by the same speaker who is to use the system.
Features are extracted from incoming words that are
characteristic of the basic sounds that comprise the
words. Spectrum analysis is performed and a variety of
spectral measurements are made. Combinations and se-
quences of these functions are processed to produce a set
of significant acoustic features, including end of word
indication.

The acoustic features of each word are then pro-
cessed in real time. When the end of an utterance is
detected by the feature extractor logic, the time normal-
izer processes the data so that dependence on word
duration is minimized. Pattern matching classifier logic
then compares the time-normalized feature set for the
spoken word with stored reference patterns for each
word in the vocabulary. The “best fit” is classified
as a word in the vocabulary, provided that the com-
parison process exceeds a threshold level of similarity.
If the incoming word does not match any word in the
vocabulary, a reject decision is made. All recognition
and reject decisions are displayed back to the operator
for visual verification.

An ASR system is “trained” to recognize voice char-
acteristics of any user by having the user speak each
desired word several times (5 to 10) to provide a
reference set of features for each word in the system.
During this training process, the system automatically
extracts a time-normalized feature matrix for each
repetition of a given word. Fig 2(a) illustrates the
reference matrix for the word “seven.” A total of 512
bits of information (16 time segments, each containing
32 features) are required to store a feature map or
reference matrix for each utterance or reference pat-
tern. A consistent matrix resulting from successive
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repetitions is required before features are stored in
reference pattern memory. Feature occurrence is con-
sidered valid only when it occurs a minimum number
of times relative to the number of training samples.
This relationship is influenced by the choice of the
template threshold factor, which is usually set to be
30 to 50% of a feature’s occurrences.

The matrix in Fig 2(b) is derived from the same
word as spoken during actual operation. This matrix
also results from examination of 32 speech features
normalized in 16 time segments, processed in a manner
analogous to training mode procedure; ie, features are
extracted, digitized, time normalized, and stored.

During the actual recognition process, the matrix
in Fig 2(b) is compared against the matrix of Fig 2(a),
as well as against every other matrix in the system
vocabulary. With each comparison, a correlation product
is calculated [Fig 2(c)]. The highest correlation
product results in a recognition decision, provided that
the product falls within the established recognition
threshold. If the respective correlation falls outside
the established recognition threshold, the system re-
jects the word with appropriate audio and/or visible
indication to the speaker.

To be recognized, then, a spoken word must not only
find a potential match among the matrices in the
system dictionary, but must also match closely enough
to assure the highest probability of an accurate recog-
nition. These two measures assure optimal rejection
of out-of-vocabulary words and extraneous background
noises.

System Components

An Asr system (Fig 3) combines three integrated func-
tional subsystems.

Preprocessor

Microphones of different types—and sometimes of the
same type—possess differing characteristics, causing
varying output amplitude signals vs frequency. To achieve
optimal feature extraction, the next function in the speech
recognition process, microphone output, is standardized
in the preprocessor using a spectrum shaper and a spec-
tral analyzer.

The spectrum shaper compensates output energy
from the noise canceling microphone to remove irregu-
larities (amplitude vs frequency) and to produce a
normalized speech spectrum. The spectrum analyzer
breaks down the energy (E) vs frequency (f) content
of the speech signals and normalizes this information
for the subsequent feature extraction function. Normal-
ized signals are passed through 16 contiguous bandpass
filters, ranging in frequency from 250 to 4484 Hz.
Output signals are full-wave rectified and logarith-
mically compressed to minimize amplitude dependence.

Feature Extractor

The spectral shape detector develops spectral deriva-
tive (dE/df) features and local maxima, indicating the
overall spectrum shape. Spectral shape and its changes
with time are measured continuously over the 250- to

98

4484-Hz frequency range of interest. Combinations and
sequences of these measurements are processed in hard-
ware to produce a set of 32 significant acoustic features,
one of which is the initial estimate of word boundary.

Each feature is extracted by a combination of analog
operations and binary logic. The output of the feature
extractor consists of 32 binary signals. Features fall
into two groups: 16 broad class or spectral features
and 16 phonetic event features. Broad class features
include such categories as vowel/vowel-like, formant
characteristics, short pauses (less than 100 ms), and
unvoiced noise-like consonants. Spectral features mea-
sure such regions as: energy maximums vs frequency
(maxima), energy increases vs frequency (positive
slopes), and energy decreases vs frequency (negative
slopes). The 16 phonetic event features represent
measurements corresponding to phoneme-like occur-
rences. Phonemes are the basic sounds in human speech.
For example, the English language has approximately
40 phonemes. In normal conversation, about 10
phonemes/s are uttered. Changes in both spectral and
phonetic features are also measured.
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Isolated word recognition system. Three major functions—preprocessor, feature ex-
tractor, and classification—comprise system. First two functions derive acoustic parameters
that are inherent to basic sound composition of each word. Combinations and sequences
of spectrum and spectral measurements produce individualized set of significant acoustic
features. Pattern matching logic compares time-normalized feature set with reference word
patterns. Best correlation fit yields positive recognition output decision; otherwise reject de-
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Fig 2 Reference/spoken word matrices
and resulting correlation products. Refer-
ence matrix for word “seven’” (a) requires
a consistent matrix of feature occurrences
(between repetitions in training mode)
before features are stored in reference
pattern memory. In operational mode,
spoken word matrix (b) is campared dig-
itally with each stored reference matrix.
Similarities and dissimilarities in each
compared matrix are weighted, and net
result provides weighted correlation prod-
ucts. Correlation products in 22-word vo-
cabulary (c) are compared; stored refer-
ence word producing highest overall cor-
relation product (+133) is selected as
being correct if it exceeds minimum thres-
hold correlation value

Classifier

This portion of the recognition system includes a time
normalizer, training mode, reference pattern memory,
and decision algorithm. A microprocessor accomplishes
these functions.

The 32 encoded features, resulting from feature
extraction, and their times of occurrence gre stored
in a short term memory. When the end of a word
(utterance) is detected, the length of that word is
computed and divided into 16 equal time segments,
and the features are reconstructed into a normalized
time base. An utterance—defined as a spoken sound
with minimum length of 150 ms, maximum length of
2 s, and pause of 100 ms before the subsequent sound—
is a letter, number, word, short phrase, or string of
words that can be defined, flexibly, according to the
application. Pattern matching logic next compares
these feature occurrence patterns to the stored reference
patterns for the various pre-established vocabulary
words, determines a best fit, and makes a subsequent
recognition decision,

This voice recognition system is speaker adaptive
and, therefore, requires tuning to individual voice
characteristics of any single user. This training mode
is accomplished by repeating each word in the desired
vocabulary several times to provide a reference set
of features. The system stores in memory an individual
reference set of word features for each word in the
vocabulary and for each speaker in the application.
A consistent matrix of feature occurrences (between
repetitions) is required before the features are stored
in the reference pattern memory.

In operational mode, spoken words are compared
against an individual speaker’s reference sets. The
closest fit is selected as the recognized word. A “no
decision” or a reject occurs when characteristics of the
words in reference memory (data obtained from the
training process) are not close enough to the word
or words spoken in normal transaction use.



System Applications

Automatic speech recognition terminals are installed
in numerous and diverse applications, which are char-
acterized by one or more of the following parameters:

Hands-busy task is combined with the need to enter
data at the source of a transaction or event, in contrast
to entry of information at an intermediate data prepara-
tion step, such as keypunching.

Mobility is required during the data entry step. A
VHF-FM or UHF-FM radio input link enables an operator
to move freely up to 1000 ft (305 m) from the terminal
in any direction, while talking input information.

Voice data entry is coincident with the immediacy of
the event being recorded. As such, it convincingly ad-
dresses the problem of information perishability.

Voice data entry is widely used in general factory
applications, such as quality control, incoming inspec-
tion, reviewing, traceability, warehousing, and sortation.
In computer-aided design and manufacturing (cAD/CAM)
applications, voice data entry is being used in such
processes as printed circuit board component layout
for text annotations, generation of wire lists, data re-
trieval /paging, selection of function modes, preparation
of program tapes for numerical control (NC) equip-
ment, civil engineering drawings, structural drawings,
and bill of materials generation. Selective office, com-
mand and control, and word processing applications
have also been voice adapted.

Voice data entry systems are usually implemented
on the basis of strong cost justifications with early
paybacks. Four primary reasons for these requirements
are:

Acceptance of the technology has been hampered by
the lack of announced praducts from a large corpora-
tion to sanction or precondition attitudes.

Existing off-the-shelf products and systems are not di-
rected primarily at intermediate data preparation tasks
(competing with a key entry clerk).

Voice is not selected in many source data entry appli-
cations because its economics are marginal. The tech-
nology 1is still not positioned optimally on the price/
time curve.

Improvements and recombinations of the building
blocks of Asr technology that address broader appli-
cations are just beginning to emerge.

Voice Programming

Preparation of program tapes for numerically con-
trolled (Nc) machine tools is a voice data entry
application that clearly overcomes the man-machine
obstacle of computerized parts programming. A com-
puter programmer with a working knowledge of coBoL,
FORTRAN, BASIC, or other software languages possesses
the necessary skills to program a computer for a par-
ticular data processing application. However, program-
ming an NC machine requires a separate set of skills,
including an ability to read blueprints, understanding
of specific machine tools, and knowledge of machine
shop operations and procedures (Fig 4).

An alternative to developing a hybrid computer
programmer is to train shop-experienced personnel in
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the programming and operation of digital computers.
The latter alternative presents different but equally
_formidable problems. However, voice programming re-
“solves the difficulty. Instead of writing instructions,
performing calculations, and undergoing error prone,
intermediate, data preparation steps necessary to get
information into the computer, a shop-trained operator
(not computer trained) merely talks information from
a blueprint into a data entry terminal. This operator
describes the part to be machined in everyday shop
language, using words that are easily and flexibly
established in the memory of the ferminal or host
computer. Using an interactive program, the words are
converted to a series of programmed instruction steps
that the computer understands, and from which the
computer produces a paper tape to run the machine
tool. Not only is the man-machine dilemma solved with
“voice” as part of the input equation, but fast, accurate
computerized parts programming output results.

Voice programming of paper tapes for NC machines
offers the following advantages over traditional
methods: reduced programming time and increased Nc
machine utilization, use of personnel with no computer
programming training, increased program accuracy be-
cause of instant visual verification, and elimination of
typing (input) errors.

A simplified example of how a typical nc task is
verbally programmed 1s given below. The task is
stated as: Provide a sequence of commands for pro-
ducing “h” holes, equally spaced along an arc having
a radius “r.” The first hole is #; degrees from the
X axis and the last hole is 6, degrees from the X axis.

TRADITIONAL VOICE
PROGRAMMING PROGRAMMING

LPROGRAMMER ]

PROGRAMMER
CONVERTS DRAWINGS
TO SPECS. l

MAKES CALCULATIONS

AND MEASUREMENTS SPOKEN PROGRAM

COMPUTER-ASSISTED
TAPE PREPARATION

MANUALLY WRITTEN l
PROGRAM

[ TAPE READER J
MANUAL TAPE I
PREPARATION OR R
COMPUTER ASSISTED
TAPE PREPARATION CONTROLLER

1

[ TAPE READER ]

l

TAPE VERIFICATION
(IF NECESSARY)

|

MACHINE CONTROL
UNIT ;

[ NC macHINg |

Fig 4 Traditional

|

[ NC MACHINE ]

vs voice programming.

Principal difference between methods is that
with voice, programmer speaks input data in
English language rather than writing in com-
plex computer language and then entering

data through keyboard
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Format: ARC, 6y, 62, h, and r
Data: 6, = 60°, 62 = 135°, r = 3.25”, and h = 4
Display Readout

Task Sequence Voice Commands

1 ARC ARC angle 1 =

2 Six, Zero ARC angle 1 = 60
3 0K ARC angle 2 =

4 One, Three, Five ARC angle 2 = 135
5 OK ARC radius =

6 Three, Point, Two, Five ARC radius = 3.25
T OK No. of holes =

8 Four No. of holes = 4

9 0K ARC 60 135 3.25 4*

Yoice ldentification

Voice grams or voice prints (used for speaker identifi-
cation) have achieved high accuracy in laboratories.
However, there is no consistent predictability regard-
ing the degree of accuracy that can be achieved under
nonlaboratory conditions, and the National Academy
of Sciences recently discouraged the use of voice grams
in forensic situations. Many factors about the science
of voice recognition (as it relates to speaker identifica-
tion) remain unknown, including the basic character-
istics that distinguish one voice from another, the dis-
tribution of these characteristics within large popula-
tions, and the susceptibility of voices to voluntary
control, as in mimicry.

Speaker verification (as distinct from speech recog-
nition and speaker identification) is a logical outgrowth
of speech recognition technology. Differences in the
building blocks of speaker verification systems exist,
just as in speech recognition. Current costs are pro-
hibitive for many applications, and the techniques used
are situation or application dependent.

In speech recognition, a feature extraction process
identifies speech invariants (stable, repeatable char-
acteristics) and measures them. Typically, these mea-
surements are consistent and relatively speaker-inde-
pendent over a wide speaker population. A resulting
set of essential features, and their interrelationship
over time, describe the elements needed for identifica-
tion of a word.

However, speaker verification makes use of measure-
ments which are highly speaker dependent. The speaker
is identified by comparing these measurements against a
prestored reference set of measurements for that respec-
~ tive speaker.’

Currently, speaker verification can be used, reliably,
as an integral part of a total security system. It would
work in concert with other checks and balances in
an overall security system to achieve optimal results.
Used by itself, accuracy in excess of 95% can be
achieved. Two types of possible occurring errors are
defined as Type I, false rejections, and Type II, false
acceptances; improvements can be made in either type,
but to the detriment of the other.

Moral and ethical issues, as well as potential for
abuse, are topics for serious consideration and discus-
sion. Although the optimal speech verification system
is not imminent, the potential of this technology, when
combined with advanced artificial intelligence tech-
nology, represents a definite future reality.

*Teleprinter prints out: ARC 60 135 3.25 4

Summary

Available for widespread use today in voice data
entry is a technique that is characterized as a limited
vocabulary, speaker adaptive, isolated utterance auto-
matic speech recognition system. It fits into source data
entry and selected word processing systems as a termi-
nal or as an intelligent keyboard. It is most advan-
tageous if one or more of three parameters characterize
an application: a hands/eyes busy task is combined
with a data entry function, an operator requires free-
dom to move about in the process of a data entry
transaction, and the necessity to record is coincident with
the immediacy of the event being transacted. As such,
ASR addresses the problem of information perishability
more convincingly than any other method of data
entry, and with emphasis on timeliness and accuracy.

With voice input, there are no preparatory or sub-
sidiary requirements in the traditional sense: no hand
recording, keying, dependence on media input, or in-
troduction of intermediate steps. Accuracy is assured
by recognition techniques which are integral to voice
data entry, while the more cumbersome interlocks or
comparison techniques of previous systems of entry are
eliminated. Voice data entry combines in a single step,
the basic elements of all data gathering systems: gen-
eration—it starts immediately and locally, verification—
it agrees to predetermined concepts, and correction—
accuracy is guaranteed before it proceeds to an accum-
ulator as an element of useful information.

From a human perspective, ASR places the power
of the computer at the disposal of a transaction-origina-
tor in a manner that does not require the personal re-
striction or alterations in behavioral patterns that are
characteristic of traditional source data entry devices.
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After the success we've had with the Data
General NOVA computer line (in the 10 years
since its introduction, over 60,000 have been
shipped), who could blame them? But what
really counts is your reaction to our latest
NOVA—NOVA 4.

The new NOVA 4 gives you three ways to
sell. It’s the one computer system that’s really
a family of three. It's the one computer that
will give you so wide a range of capability and
options it will meet the price and capability
needs of all your customers.

NOVA 4/C. The component OEM’s dream.

The speed and performance you get in the
NOVA 4/C, for $3500* (complete), is the
best deal ever offered a customer needing a
basic computer to integrate in his terminals,
test instruments or business applications.
And it includes a unique self-diagnostic capa-
bility that lets the computer trouble-shoot
itself to cut service time and cost.

NOVA 4/S. An important part of your process.

Whatever data your customers process
now—from blood analysis to pipeline flow—
the new NOVA 4/S can cut processing time
in half. Outstanding processing throughput
comes from its new high speed floating point
and character manipulation capabilities. Plus,
it includes NOVA 4 self-diagnostic features.

NOVA 4/X. The business end of the line.

For the business computer customer, or
the technical one, the 4/X will do the job. All
the capabilities of the 4/S with memory up to
256K bytes, with self-diagnostic capability.

OUR CUSTOMERS’ REACTION
TO THE NEW NOVA 4 DIDN'T
SURPRISE US.

NOVA 4. The multi-customer mini.

4/C, 4/S, 4/X—all three are fully compati-
ble with the NOVA 3 computers now in use.
And there’s one that’s right for your
customer’s application.

And they match the 10 year NOVA
tradition of increasingly high performance
(NOVA 4 achieves up to twice the speed of
competitive systems as well as the NOVA 3),
newsworthy price (lower than competitive
units; 43% lower than NOVA 3) and reliability
and maintainability features unheard of in
competitive systems. ‘ :

The all new NOVA 4.
It’s the brand new com-
puter with 10 years of
proven performance
that will leave your
customers smiling.
Mail the coupon for full
information.

*NOVA 4/C with 64K bytes of MOS Memory, asynchronous interface,
automatic program load, power fail/auto restart, and 5-slot chassis with
power supply. Domestic U.S. price, quantity one. OEM and quantity
discounts available.

¢vDataGeneral

We make computers that make sense.

Data General Corporation, Westboro, MA 01581, (617) 366-8911. Data Gen:

Data General Australia, (03) 89-0633. Data General Ltda., Costa Rica, Latin America, 22-79-42. Data General Middle East, Athens, Greece,
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Technological leadership

Listen, talk and save a lot
with the one and only
octal GPIB transceiver.

Up to now you had to choose either a fast, high-
power 488 bus transceiver or a slow, low-power
one. The first gave you minimum prop delay but
used 30 mils per channel. The other saved power
but was molasses in January.

Now we've combined speed, low power and octal
organization in the MC3447 GPIB transceiver and
significantly cut your parts count, board space and
cost to boot.

Just two will do

Using a maximum of just 11.5 mA per channel
(talk mode, all drivers on) the MC3447 hums along
at 50 ns max prop delay with a fast, 30 ns channel
to meet turnaround delay requirements of the
protocol ATN and EOI signals.

And that's fast enough to meet virtually all of
today's applications.

Its octal configuration means you get the job
done with only two parts instead of four so.you
can group 16 bus lines in two groups of eight. Its
internal, 4-1-1-1-1, enable and channel organiza-
tions are optimized so no added TTL is required.

104 CIRCLE 56 ON INQUIRY CARD

You use just one part to cover both 8-bit slots
in the 16-bit GPIB with no extra logic.

A new standard for 488

Low power consumption has been achieved by
trading a minimum of speed for low current drain
on non-critical channels. Of course, bus termina-
tions are provided.

Other nifty specs include three-state outputs,
high impedance inputs, 50 mV receiver hysteresis,
power up/power down protection (no invalid info
transmitted) and no bus loading when power is
removed.

Listen, we'll send you a complete data sheet.
Talk to us: Motorola Semiconductor Products Inc.,
P.O. Box 20912, Phoenix, AZ 85036. And save.

We're committed to supplying state-of-the-art
in volume. Our technology, time after time, is
your assurance of

Innovative systems
through silicon.

@ MOTOROLA INC.
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MULTIPLIER/DIVIDER HARDWARE
DESIGN ACCELERATES
MICROPROCESSOR THROUGHPUT

Multiply and divide software routines usually curtail MICroprocessor
based system throughput. For increased processing, added hard-
ware loglc performs very fast multiplication and division with

minimal time and programmlng

Francis G. Gerberich
Robert S. Rodygers

University of Georgia, Athens, Georgia
Lehigh University, Bethlehem, Pennsylvania

M icroprocessors are increasingly being designed into
data acquisition systems as controllers in process con-
trol instrumentation because they accurately govern
changing input conditions, record data, and perform
limited calculations. Large scale data acquisition ap-
plications require that microprocessors handle exten-
sive, high speed data reductions. Although some current-
ly available microprocessors perform high speed arith-
metic operations, many are limited in this capacity
because their instruction sets do not include multiply
or divide operations.* In applications where these
operations are required, multiplications and divisions
can be performed by software routines or by addi-
tional hardware. However, software routines may be
time consuming. For example, a 1-MHz Mc6800
microprocessor from Motorola requires about 200 us
to complete a multiplication and about 300 us to
complete a division. Hardware that performs the same
operations is about two orders of magnitude faster.
Although this hardware represents added cost, its speed
is essential for online applications that require re-
current multiplications or divisions.

The introduction of monolithic, parallel multipliers
has prompted recent articles showing the ease of inter-
facing them to a microprocessor bus.®* The speed of
these multipliers (about 100 ns) cannot, however, be
fully realized since the result is ready long before
the microprocessor can possibly access it. A commer-
cial divide device is not currently available.

An add-on hardware unit designed to perform 8-bit
multiplications and 16-bit divisions presumes unsigned
binary operands and returns unsigned results. This
hardware multiply and divide unit comprises three
sections—bus interface, control logic, and arithmetic.
Bus interface provides the communications link between
the system bus and the latter two sections. Control
logic in conjunction with arithmetic sections performs
multiplication and division operations by serial algo-

*Motorola has introduced the mMc6801 and has announced the
availability of the mc6809.' Instruction sets of both microproces-
sors are to include an 8-bit multiplication operation. Zilog’s
78000 is to be capable of performing 16-bit multiplication or
division operations.?
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REGISTER C

L3
REGISTER E

Fig 1 Block diagram of arithmetic

section. This section consists of ALU
and five registers that contain op-

erands. It can perform n-bit by n-bit
multiplications and 2n-bit by n-bit
divisions. For hardware multiply and
divide unit design, n is equal to
eight

rithms. Although the interface has been designed to
be compatible with a transistor-transistor logic (TTL)
buffered Mc6800 microprocessor based system, similar
interfaces can be easily designed for other microproces-
sor systems using the same principles. The interface
scheme for this multiplier/divider takes a somewhat
different approach from those referenced previously;
that is, only one microprocessor store instruction is
required to initiate a hardware multiply and divide
operation. The hardware design suggests a powerful
addressing scheme that has numerous data acquisition
system applications. Its operation is designed for sim-
plicity, consistent with instruction set capabilities.

Design Considerations

Primary factors considered were the ability to perform
an 8-bit by 8-bit multiplication to yield a 16-bit
product, and a 16-bit by 8-bit division to yield an
8-bit quotient with an 8-bit remainder. Also, the unit
had to provide an error indication whenever an invalid
division was attempted.

Since this design began as a project in electronic
instrumentation, the monolithic multipliers and the
parallel algorithm were discarded in favor of common
TTL circuitry and a serial algorithm, largely for edu-
cational reasons. The choice of a slower serial al-
gorithm does not degrade the overall performance of
the microprocessor based system because the former
methods are much faster than necessary. Most micro-
processors are unable to request a result fast enough
to exploit the speed of the parallel, monolithic multi-
pliers.

Multiplication and Division Algorithms

The arithmetic section of the hardware unit (Fig 1)
performs an 8-bit by 8-bit multiplication or a 16-bit
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by 8-bit division according to the serial algorithms.
Registers H, L, and D must each contain eight bits,
whereas registers E and C need only contain one bit
each. For a multiplication, the arithmetic logic unit
(ALU) must be able to perform an 8-bit addition; its
output must be the sum of registers H and D. Likewise,
for a division, the ALU must be able to perform an
8-bit subtraction. Its output must be the value of
register H minus register D. The serial algorithm also
requires that registers c-H-L and E-H-L be able to
perform a synchronous right shift (c-H-L) or a syn-
chronous left shift (E-H-L).

Booth’s Algorithm?® is used to perform 8-bit by 8-bit
binary multiplications. This algorithm consists of eight
sequences of add and shift cycles and is equivalent
to a longhand binary multiplication. Add and shift
cycles and longhand multiplication for the simpler case
of a 4-bit multiplication are shown in Fig 2. Initially,
registers D and L are loaded with the multiplicand
and the multiplier, respectively, and register H is
cleared. The least significant bit (1sB) of register L (L)
is tested to determine whether an addition of register
D to register H is to be performed. If the value of
Lo is 1, addition is performed by replacing the contents
of registers C and H with the cARRY ouT and FUNCTION
outputs of the ALU, respectively. This operation is
equivalent to adding the multiplicand that is stored
in register D to the accumulating product. If the value
of Ly is O, replacement is inhibited. After each add
sequence is completed, the 17-bit register c-H-L is
shifted right one position. The next LsB of the multiplier
is then in position Ly and is ready to be tested on the
next cycle. A right shift of register c-H-L is per-
formed every cycle regardless of the value of the
test bit, Ly. When eight add and shift cycles have been
executed, the multiplication is finished. The eight most
significant bits (MsBs) and eight LsBs of the 16-bit
product reside in registers H and L, respectively.

The serial algorithm for division is equivalent to
a longhand binary division—the inverse of serial multi-
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LONGHAND BINARY MULTIPLICATION

is contained in registers H and L (Fig 1)

111 = 15
0011 = 3
111
111
0000
0000
0101101 = 45
ADD AND SHIFT ALGORITHM FOR A MULTIPLICATION
REGISTER C REGISTER H REGISTER L REGISTER D
INITIAL 0 0000  MULTIPLIER—0011 = 3 111 = 15
TEST, ADD H + D - (C-H) 0 1111 0011 t
SHIFT C-H-L ONE BIT RIGHT 0 0111 1001 MULTIPLICAND
TEST, ADD H + D - (C-H) 1 0110 1001
SHIFT C-H-L ONE BIT RIGHT 0 1011 0100
TEST, SHIFT C-H-L ONE BIT RIGHT 0 0101 1010
TEST, SHIFT C-H-L ONE BIT RIGHT 0 PRODUCT- |0010 1101) = 45

Fig 2 Binary multiplication—longhand and add/shift methods. Add and shift cycles of Booth’s Algorithm
are similar to steps of longhand binary multiplication; 8-bit product from 4-bit by 4-bit multiplication

plication; the division sequence is subtract and shift
left. A longhand binary division and the serial algorithm
sequences for the simple case of an 8-bit by 4-bit
division appear in Fig 3. The divide operation is
initialized after loading the most significant byte and
the least significant byte of the 2-byte dividend into
registers H and L, respectively. The divisor is placed
into register D, and register E is cleared. The decision

of whether to subtract register D from register H is
determined by the cARRY ouT value of the ALU and
the value of register E. For the Aru (74181) used
in this design, CARRY ouUT is 1 if a borrow is neces-
sary to perform the subtraction, and CARRY ouT is 0
if a borrow is not necessary. When the value of E +
CARRY OUT is 1, the result of the subtraction of register
D from register H is loaded into register H; however,

INITIAL

TEST, SHIFT E-H-L ONE BIT LEFT
TEST, SHIFT E-H-L ONE BIT LEFT
TEST, SHIFT E-H-L ONE BIT LEFT
TEST, SUBTRACT (E-H) — D - H
SHIFT E-H-L ONE BIT LEFT

TEST, SUBTRACT (E-H) — D - H
SHIFT L ONE BIT LEFT

LONGHAND BINARY DIVISION
00011 = 3

15 = 1111 | 00101111 47
0000

0101
0000

1071

0000

10111
1111

10001
1111

0010 = 2

SUBTRACT AND SHIFT ALGORITHM FOR A DIVISION

REGISTER E REGISTER H REGISTER L
0 DIVIDEND- 0010~ 11Tl = 47
0 oto1 T 1110
0 1011 1100
1 0111 1000
1 1000 1000
1 0001 0001
1 0010 0001
0 0010 = 2 0011 = 3

1 t
REMAINDER QUOTIENT

REGISTER D

1M =18
iy
DIVISOR

Fig 3 Binary division—longhand and subtract/shift methods. Subtract and shift cycles of serial algo-
rithm are similar to steps of longhand division. Remainder and quotient of 8-bit by 4-bit division are
contained in registers H and L (Fig 1)
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ADDRESS BUS

DATA BUS

Fig 4 System address and

Vigey "MP\'D'D

L

OPERAND?2

15 11

ADDRESS OF ADDRESS OF OPERAND 2

MULTIPLIER/DIVIDER

A

0

‘ data buses. ‘‘Snapshot” of
9 ' E RA N D:J, system address and data
e - o — buses during store (write) into

D D hardware multiply/divide unit

7 0 shows that information is

transferred via both buses.
Unit is enabled by four MSBs
of address bus, which also
contains address of second
operand. One operand is
transferred via data bus

MULTIPLICAND/
DIVISOR

OPERATION
0 = MULTIPLY
1 =DIVIDE
@
3| _bmaG IN ADDEN
"DMA 2
“l_ omac our s Ciwn ,
DMAR cvcie | HDH,
™ VmMA = . LDHL
o CONTROLLER STRT
w .
wvy
5 ENDC
v
(o]
= BDSEL
LDD
AO v :
a LBUS ERT .
- INTERFACE |— ENH,
82 L ; S
| TR ERR
op—RW togic)
_|_ RESET
=

SIGNALS

ADDEN—ADDRESS ENABLE

BDSEL—BOARD SELECT ADDRESS SPECIFIED
B¢2—MC6800 PHASE 2 CLOCK SIGNAL
CLRH—CLEAR H

DMAG IN—DMA GRANT

DMAG OUT—DMA GRANT

DMAR—DMA REQUEST

ENH, ENL—ENABLE H, L
HLDH—HOLD H
LDHL—LOAD H, L
LDD—LOAD D

Fig 5 DMA schemes. Bus interface logic
enables DMA cycle controller after micro-
processor executes a store (write) into
hardware unit. One DMA cycle is required
to fetch multiplier; two DMA cycles are re-
quired to fetch dividend. Microprocessor
reads result of arithmetic operation from
two consecutive locations in multiply/
divide device
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if the value of E + CARRY oUT is 0, the load is in-
hibited. The 17-bit register E-H-L is shifted left on
each cycle with the value of E + CARRY OUT entering
at Lg. After the division is completed, the 8-bit quotient
is contained in register L, while the 8-bit remainder is
contained in register H. Division requires one cycle
more than multiplication (nine total), because the
first subtraction must lead to a negative result (E +
CARRY oUT = 0) if the quotient is to be expressed
in eight bits. If the first subtraction yields a positive
result (E + CARRY ouT = 1), either an overflow divi-
sion (quotient is larger than 28 — 1 = 255) or a
division by zero is being attempted. This error condi-
tion is indicated by filling registers H and L with 1s
(register H = register . = 255). The résult is im-
possible because a valid division may never have a
remainder with a value larger than or equal to the divisor.
This overflow condition may be used to “trap” program
execution via one of the processor interrupt lines.
During the last cycle of the division, only register L
is shifted left in order to enter the value of E +
CARRY OUT into the LSB of the quotient.

Interface Scheme

The number of bytes of information required by the
hardware unit is dependent on the operation that is
to be performed. A multiplication requires only a 1-byte
multiplicand and a 1-byte multiplier, whereas a divi-
sion requires a 2-byte dividend and a 1-byte divisor.
Two and three stores by the microprocessor would,
therefore, be required to initiate a multiplication and
a division, respectively. The suggested procedure to
transfer data to the multiplier/divider is to execute
the necessary number of store instructions under pro-
gram control.>* Although this method is satisfactory,
it does require a significant amount of microprocessor
intervention. The addressing scheme described is unique
in that only one store execution by the microprocessor
is necessary to initiate the hardware multiply/divide
operation. Also, this scheme is unhusual in that both
data and address buses are used to transfer informa-
tion to the unit. The latter technique has been used
in the design of a video display.®
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The 16-bit address that appears on the address bus
during the microprocessor store cycle initiates the
multiplier/divider and contains several action items
(Fig 4). During this cycle the data bus contains the
first operand, which is either the multiplicand or the
divisor. The four MsBs (A5 to Ajo) of the 16-bit address
are decoded to enable the hardware unit, while ad-
dress bit A;; functions as the multiply/divide operation
code. The least significant 11 address bits determine
the address of the second operand, which is a 1-byte
multiplier or a 2-byte dividend. Because only the four
MsBs of the 16-bit address are used to enable the
multiplier /divider, it appears to occupy a 4k-byte
address block. This addressing scheme does, of course,
restrict the location of the second operand to a 2k
block of memory.

At the end of the write cycle, the hardware unit
latches the first operand from the data bus. Operation
code (A;;) and address of the second operand (A;q to
A,) are also latched from the address bus. The second

operand is then fetched by the unit via direct memory
access (DMA). When a pMA cycle is granted, the multi-
plier/divider places the address of the second operand
on the address bus. The five MsBs of the 16-bit address
are set equal to 0, although they can be made de-
signer selectable by additional circuitry. Only one pMA
cycle is necessary to fetch the second operand before
a multiplication may begin. For a division, however,
two DMA cycles are required to fetch the 2-byte divi-
dend, which must be stored in two consecutive locations
in memory (high order byte, low order byte).

The microprocessor may fetch the result, which is
a 2-byte product or a 1-byte quotient with a 1-byte
remainder, by reading from two consecutive addresses
in the multiplier/divider. It returns either the high
order byte of the product (multiplication) or the re-
mainder (division), and either the low order byte of
the product (multiplication) or the quotient (division)
during a read from addresses $B000;¢ and $B001,g,
respectively.
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Fig 7 Interface section. This section determines
when hardware unit is being selected (BDSEL) ahd
latches low order 12 bits from address bus during
a store (write) into multiplier/divider. Address of
second operand, A, to A, is placed into 12-bit
counter, which is incremented before second DMA
cycle. Address bit Au indicates whether operation
is to be multiplication (Ax = 0) or division (An = 1);
H represents high voltage level

Direct Memory Access

DMA occurs when the microprocessor relinquishes sys-
tem control to another component in order for that
component to access memory (read or write) without
microprocessor intervention. On an Mc6800 microproces-
sor, two types of DMA may be implemented—either
HALT (HOLD) or “cycle-steal.” In this bus architecture
design, a component may request one or more DMA
cycles via an active low, open collector, TTL bus line—
pMAR (Fig 5). An active high, daisy chained line
(pMAG) is used to grant (acknowledge) a DMA cycle.
Of course, one or more system components may request
DMA at the same time; however, the component with
the highest priority, determined by its position in the
daisy chained grant line, will be the first to receive
a DMA cycle.

One method by which the microprocessor can be
made to relinquish control of the system bus is to
put it into a HALT condition. The microprocessor will
stop execution (enter the HALT state) after comple-
tion of an instruction following the one during which
the DMA request was made (microprocessor store into
hardware multiplier/divider). It may be held in the
HALT state for as long as necessary to service all
DMA requests.

The second DMA type, cycle-steal, is a more dynamic
method in that microprocessor execution is stopped by
freezing its master clocks. Only a limited number of
DMA cycles may be granted sequentially by this method
because the Mc6800 microprocessor is a dynamic device
and will “forget” its status if the clocks remain frozen
for too long.”

The hardware unit operates with either type of pMA;
however, in one case a slight software change must
be made. Because the microprocessor does not halt
until the completion of the instruction following the
DMA request, the read instruction to fetch the result
from the device may not immediately follow the store
instruction when HALT type DMA is being used.

Hardware

Registers H and L (Fig 6) each contain eight bits and
are formed by two 4-bit bidirectional shift registers
(74194). Register D also contains eight bits and is
made of two quadruple D type flipflops (74175). The
ALU, which is capable of adding or subtracting two
8-bit operands, is made of two 4-bit ArLus (74181).
Because register H has to be loaded from both the
system data bus and the FUNCTION outputs of the
ALU, the input to register H is controlled by a 2 to 1
multiplexer (74157). While a multiplication or a divi-
sion is being performed, the input of register H is
connected to the FUNCTION outputs of the ALU. At
all other times, the input of register H is connected
to the data bus.

The interface (Fig 7) decodes the four MsBs of the
16-bit address (A5 to Ajs) and the valid user address
(vua) control bus line to determine if the multiplier/
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Fig 8 Control logic section. This section
generates clock pulses (CLK) and mode con-
trol waveforms [SO(L), S1(L), SO(H); S1(H)]
for registers H and L, and makes decisions
whether or not to inhibit addition (multipli-
cation) or subtraction (division) during each
cycle. Division by zero or overflow division
is signaled by ERR

divider is being specified (BDSEL). VUA is an open
collector line equivalent to the Mc6800 microprocessor
valid memory address (vMA) control line.® The address
(Ajp to Ag) of the second operand and the multiply/
divide operation code (A;;) are latched into a 12-bit
counter (3 x 74193) and a D type flipflop (1% x 7474),
respectively.

The remainder of the interface is shown in Fig 5.
Bus interface logic synchronizes the multiplier/divider
to the microprocessor bus; LDD causes information to
be latched into the unit during the microprocessor store
(write) cycle. Results of arithmetic operations are
placed onto the data bus by activating ENH and ENL,
which enable bus drivers (Fig 6) attached to registers
H and L. cLrR ERR will clear an error condition caused
by a previous overflow division or a division by zero.
The pMA cycle controller directs the pMA cycles and
initiates the operation of the control logic (STRT).
Registers H and L are controlled by CLRH, HLDH, and
LDHL during DMA cycles.

Control logic (Fig 8) produces clock pulses (cLK)
and waveforms that determine the modes of operation
of registers H and L: SO(H), S1(H), SO(L), and S1(L).
The harmony of these signals generates the add/
subtract and shift sequences of the serial algorithms.

Software

The access scheme developed for the hardware mul-
tiply/divide design simplifies programming because
only one store instruction is required to initiate the
unit’s operation. A sample multiplication program for
the Mc6800 microprocessor is

Operation
Code (hex) Mnemonic Remarks
L] L]
86 08 LDAA =8 Load multiplicand
B7 BX LL STAA $BXLL Store multiplicand
(initiate multiplication)
FE B0 00 LDX $B000 Load result

A similar division program is

Operation

Code (hex) Mnemonic Remarks

86 07 LDAA =7 Load divisor

B7 BY LL STAA $BYLL Store divisor
(initiate division)

FE B0 00 LDX  $B000 Load result

The multiplier or the first byte of the 2-byte dividend
must be located in memory at an address $OXLL,
which may have any value between and including
$0000 and $07FF. The multiplicannd or the divisor is
loaded into either accumulator A or B, and that ac-
cumulator is stored into the multiplier/divider at
address $BXLL or $BYLL for multiplication or divi-
sion, respectively. The value of Y is equal to the
value of X + 8. If halt type pmMA is being used, at
least one instruction must be placed between the store
instruction (STAA or sTAB) and the fetch instruction
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because the microprocessor will not halt until comple-
tion of the instruction following the store. This pre-
caution is not necessary when cycle-steal pMA is used.

Software control of the multiplier/divider is con-
sistent with the instruction set of the Mc6800 micro-
processor. A store instruction into the device at location
$BXLL (XLL = 000 = 7FF) is equivalent to a multiply
instruction (MPYA or MPYB) that would multiply the
contents of either accumulator A (sTAA) or accumula-
tor B (staB) with the contents of memory location
$0XLL. The divide instruction is analogous to the
multiply instruction. Thus, a store instruction into the
device at location $BYLL (Y = X + 8) is equivalent
to a divide instruction (DVDA or DVDB) that would divide
the 2-byte word in memory locations XLL and XLM
(LM = 1L + 1) by either the contents of accumulator
A or B. These multiply and divide instructions re-
semble other instructions of the Mc6800 microprocessor.
An ADD instruction, for example, adds the contents of
a memory location to the contents of either accumula-
tor A or B and places the result into the same accumu-
lator. The multiply and divide instructions, therefore,
parallel the ADD instruction except that the former
instructions do not return the result of the operation
to the internal registers of the microprocessor. Instead,
the result of a multiplication or division resides in a
memory location external to the microprocessor ($B000,
$B001).

The scheme previously described to transfer necessary
information separately stores the multiplicand and the
multiplier into the hardware unit’s registers. Two STA
instructions are, of course, required to initiate operation
of the hardware multiplier. In contrast, the scheme
used to operate the hardware design is similar to the
extended arithmetic hardware option of the rLsi-11T™
microprocessor. In the latter case, a multiplication
(MUL) or a division (p1v) is performed by one soft-
ware instruction.

The time required for an Mc6800 microprocessor
and the multiplier/divider to perform an unsigned 8-bit
by 8-bit multiplication and to fetch the result is 11
ps.t This time compares favorably with that of the
LsI-11 microprocessor, which requires at least 24 ps and
up to 37 us to perform the same operation (muL),
except that it is a signed multiply.? The Mc6800 micro-
processor and multiplier/divider require only 12 pus
(two DMA cycles) to perform a 16-bit by 8-bit division;
the Ls1-11 microprocessor, on the other hand, requires
78 us to perform the same operation (DIV) except that
it is a signed division.

™ps1-11 is a registered trademark of Digital Equipment Corp,
Maynard, Mass.

tThis includes an sTaa instruction (extended, 5 us); an w1bX
instruction (extended, 5 ps); one DMA cycle via cycle-steal pma
(1 us); and a 1-MHz microprocessor clock.

ttFor information about the hardware multiply/divide unit’s
schematics and pc boards, please communicate with Dr Robert S.

Rodgers, Dept of Chemistry, Seeley G. Mudd Blde 6, Lehigh
University, Bethlehem, pa 18015.
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Summary

Maximum operating speeds of the multiplier/divider
by itself, which contains mostly 7400 series devices,
are 1.6 us and 1.8 us for a multiplication and a division,
respectively. Other series devices (74H, 74L, 74S, 74LS)
may be used to either reduce power consumption or
increase speed. :

The hardware’s multiply/divide performance had
been tested with a program that sequentially gen-
erates every possible multiplication and division op-
eration. The unit performed all operations correctly,
and returned an error condition for all invalid divi-
sions. While under continuous testing, the unit per-
formed more than 10'° operations without a mistake.
Total cost is under fifty dollars.tt In comparison, com-
mercially available multipliers are approximately 100
dollars; they do not perform the division operation,
and many of them do not include the cost of interfac-
ing hardware.
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Dumbness is the
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of 80 letters, typewriter-style keyboards with
59 entry keys, RS232C interface extension

We shipped over 50,000 units.
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dumb market fast enough. They built just-
as-dumb terminals with plenty of copy-cat
features and options. But, they still couldn't
duplicate the Dumb Terminal.

There’s simply no short cut to four years of
experience, extensive burn-in and the gruel-
ing quality control that separates every Dumb
Terminal tfrom the imitators.

In fact, our dependability is so respected
in the computer industry, it's no wonder

, direct dd | h inal ' hard
nd options galore for 6o, DUMB TERMINAL. 550,50 " ™70 ™
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6500 performance, one-chip price.
That'’s Rockwell Micropower.

The fastest selling microproces- R6500/1 PROJECTION

sor is now a one-chip microcom- | 7
puter — Rockwell R6500/1. 6k

The low-cost solution for high | 5
speed controllers, instrumentation |y h .
and much more, the R6500/1 has %3 '

6502 CPU, 2K-byte ROM, 64-byte
RAM, 16-bit programmable, 4-mode
counter/timer, and 32 bidirectional
ports. It operates on single 5V power. Sl B :
Proof is its performance. 6500 in- | 1978 1979 1980 1981 1982
struction power— 13 addressing modes. 1xs minimum instruction execution
at 2 MHz. Benchmark it against any available one-chipper at any clock rate.
R6500/1 is totally upward/downward compatible with the entire 6500 family.
It's fully supported with disk based SYSTEM 65 and high level PL/65 language.
And Rockwell provides Emulator device for PROM prototyping.
R6500 on one chip—that's Rockwell Micropower!
For more information, contact Department 727-A2, Microelectronic Devices,
Rockwell International; P.O. Box 3669; Anaheim, CA 92803, or phone (714) 632-3729.

' ’l‘ Rockwell International

.where science gets down to business
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*high volume
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BUBBLE MEMORY RECORDERS
FOR SPACE APPLICATIONS

Solid state bubble domain recorder design and development aim
toward improved reliability, chip capacity, and application versatility

Oliver D. Bohning

Rockwell International Corp, Electronic Systems Group, Anaheim, California

In current satellite and deep space systems, magnetic
tape recorders play an important role in information
collection, storage, and transmission. While they offer
a wide range of storage capacities and operating fre-
quencies for fulfilling different mission requirements,
tape recorders have the prime disadvantage of low
reliability. Because of the high percentage of failures
associated with mechanical tape handlers, in the early
1970s ~AsA decided to develop a totally solid state
bubble domain recorder that would have the desirable
attributes of magnetic tape units but without the mov-
ing parts, inherent mechanical inertia, or limited
lifetime. *

Bubble Recorder
Advantages

Bubble recorders differ from other storage media in
that they are modularized naturally in data blocks
of several kilobits to a megabit or more. Unlike
moving media recorders, the bubble devices have data
blocks that are electronically addressable without con-
sideration for interblock spaces or for block headers.
Among the many bubble organization possibilities,
three offer advantages in current bubble recorder tech-
nology (Fig1).

The serially organized design exemplifies current
recorder hardware development. In this design, data

flow serially through a serpentine path enclosed on
itself so that once written; data continue to cycle
until purposely erased. Sensing is done on an auxiliary
replicated data path, and erasing by transferring data
off the main track. Simplicity and low power dissipa-
tion are primary advantages of serial organizdtion,
especially for ihcremental power interruptible first in
first out (FiFo) stack operation such as in data logging
applications.

In conventional major/minor design, data flow from
the generator into the major loop, and when synchronized
with the minor loops, data are transferred as a block
into all active loops. One advantage of this design
is that only one transfer conductor is required, and
another feature is thdat bad loops can be excluded by
data organization. For economic reasons, this approach
is beneficial since it increases yield and decreases cost
It is a disadvantage in many recorder applications that
this design réquires more ancillary hardware and more
power than does the serial design.

In the block oriented design data blocks fill specific
minor loops. Primary advantage of this approach is its
fast data block access, but at the disadvantage of
requiring a conductor per minor loop.

Bubble photolithographic simplicity, device design

*For additional background information on bubble recorders,
refer to: “Designing a Magnetic Bubble Data Recorder; Part 1—
Component Level, and Part 2—System Level,” E. J. Hoffman,
et al, Computer Design, Mar and Apr 1976
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Fig 1 Three storage organi-
zations for bubble recorders.
Serial organizations are lower
in system power dissipation
and are easier to implement.
Major/minor designs permit
faster block access. Noncon-
ventional designs offer advan-
TRANSFER CONDUCTORS tages in special aerospace
applications

ACCESS MEMORY

innovations, and lowering costs of mask manufacture
enable development of custom bubble storage devices
for special recorders. Bubble recorder design for space-
craft applications will benefit from the growing tech-
nological base being established around garnet ma-
terials.

Nonvolatile and naturally incremental, a bubble
recorder can be turned on from a powered-off con-
dition in about 10 ps to retrieve or store a single
byte of data. This can be done because the permalloy
pattern on the garnet (Fig 2) is a discrete rather
than continuous storage medium. When the clockwise
rotating field (Hxy) is off, the bubble rests on strong
permalloy poles, such as “A”, which are enhanced
by an inplane static holding field. When Hxy is
rotated, the bubble responds by moving and undulating
around the permalloy element so that it moves a
discrete step during every field rotation. In this manner,
it is possible to always know electronically where a
data record is located in storage. Bubble storage, with
its zero standby power and fast turn on, seems a
natural choice whenever an incremental or a transient
record must be made, such as for seismic events, radia-
tion bursts, or cataclysmic occurrences.

Bubble recorders can be designed to be intolerant
to failure. Modularity of bubble storage is exploited
in highly reliable systems by providing multiple paths
from system interface to storage modules so that a
single failure slightly degrades system capacity rather
than causing failure of the whole system. An important
aspect of reliability is the error rate of bubble storage.
For hard errors, defined as a spurious or a missing
bubble, error rate depends on how close the operating
field is to bubble collapse or to bubble strip-out.
Strip-out is a condition where a bubble domain stretches
between permalloy elements. A guard band of ap-
proximately 3 oersteds (Oe) of bias margin guarantees
a hard error rate below 10—* errcors per field rotation.
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Soft error rate, the number of bits misread for every
one read, is currently better than 10—% for individual
chip operation.

Bubble Recorder Development

The first demonstrated feasibility of a bubble space-
craft recorder is a 60k-bit engineering model recorder
(Fig 3) delivered in 1975 to NasA’s Langley Research
Center. A magnetic module contains bias magnets, shield
plates, and field adjusting screws for four separate
cavities. Two chip ceramic packages are installed in
three of the cavities. With amplifiers placed in the

BUBBLE
DIRECTION

CLOCKWISE

ROTATING

FIELD

Hy 4
1

Hx AND
STATIC
HOLDING FIELD
DIRECTION 1A

Fig 2 Propagation pattern. As mag-
netic field is rotated clockwise one
full revolution, bubble at “A” will
move one discrete step to location
llBH
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Fig 3 Engineering model of bubble recorder. Developed for NASA in 1974, capacity is 60k bits on three sepa-
rate tracks. When operated at 150-kHz max data rate, power dissipation is 5 W/track. Magnetic bias assembly contains
three ceramic packages. Sequential exerciser tests read, write, erase, and synchronous operation of recorder

packages, output signals are approximately 50 mV.
A multiplexed sensing design is used where the sense
amplifiers are bus-connected to minimize the number
of components and power associated with bubble de-
tection. Power dissipation in the coils and drivers is
minimized by tuning the drive coils with capacitors
at 150 kHz. Tank circuits are driven in parallel
resonance with a periodic digital refresh switch circuit.

A prototype of a 108 solid state-data recorder (sspR)
for space applications was delivered to NAsA in 1978.
Design requirements involved space environments, in-
cluding launch vibration, near earth radiation, low
power availability, and potentially long missions. Basic
storage for this recorder is a 102.4k-bit serial register
chip with provision for bubble generation, annihilation,
and sensing. Active storage of the chip is in an epi-
taxially grown, doped garnet film on a non-magnetic
garnet substrate. Permalloy and aluminum depositions
on the surface control bubble generation, detection,
and propagation. Sixteen chips are mounted on two
substrates per cell, as shown in Fig 4, providing a

total cell capacity of 1.64M bits and a total recorder
capacity of 168M bits divided in two storage modules
of 32 cells each.

Cell design reflects several tradeoffs. Sixteen single-
chip cells are easily driven because the coil volt-
ampere (VA) product is low; therefore, components are
inexpensive and readily implemented. A single 16-chip
cell, however, has lower total power per word and
better volumetric efficiency. Any number of realistic
estimates would probably show an optimum 8- to 16-
chip cell capacity on the basis of a 150-kHz rotating
field rate, available drive transistors, and thermal con-
siderations. The cell design adopted for the sspr as
a result of tradeoffs has a volume of 2.2 in® (35.2

-cm®) and a weight of 0.25 Ib (0.11 kg), and dissipates

114 W when operated continuously at 150 kHz.
Control of all recorder functions is accomplished by
a master control unit (mcu) (Fig 5). Central to unit
operation are four 8-bit PPsS8 microprocessors. In addi-
tion, the McU contains command interface, timing, and
sequencing logic for the data storage. By changing the
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CERAMIC

Fig 4 16-chip bubble memory cell. It consists of magnetic assembly, orthogonal coil set,
and two substrates with eight bubble chips each. Beam-leaded diodes are for selection in
sensing and generation and annihilation matrices
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Fig 7 Spacecraft data recorder. 10°-bit unit weighs approximately 47 Ib (21.2 kg), oc-
cupies 860 in® (13,760 cm’), and is conduction cooled through cold plate. Structural design
is based on environmental and thermal considerations, while materials have been se-

lected to meet thermal vacuum and heat sterilization requirements

configuration control either by hardware or software,
the recorder can be changed from a single-channel
recorder of 10%-bit capacity and 1.2-MHz max data
rate, to a four 2.5 x 107 bits/channel recorder op-
erable asynchronously to 2.4 MHz. Each channel has
its own microprocessor based controller (Fig 6) for
independent control of data rate, monitoring of system
status, and bubble storage allocation. Storage modules
are accessible through either the A or B bus so that
failures occurring ih either of the bus controls, or any
of the controllers, can be bypassed.

To be reliable, small in size, and low in power,
mass storage must be carefully organized to minimize
overhead electronics. Storage module electronics (Fig
6) are divided into a sensing matrix, an operator
(generation and annihilation) matrix, and a coil drive
matrix, each of which conserves volume and power
by sharing overhead electronics between cells. Beam
leaded diodes are used for selection in the sensing
and operator matrices. The sspr design (Fig 7) is
partially populated to a capacity of 13.1M bits in
two storage modules, the top two slices, or frames.
Next lower slice with the four connectors is the Mmcu.
Two of the connectors are for command, one for status,
and one for configuration control. The bottom slice with
the small connector is the power supply, which con-

verts 28 Vdc to the secondary voltages required by
the recorder.

Critical design areas identified during the program
require further development before environmental
goals are satisfied. Extensive testing of the 100k-bit
devices in the modules shows operation of the recorder
is limited to a range of 0 to 40 °C because of chip
propagation track limitations and because of noisy sense
channels. A revised module design, currently in de-
velopment, will remove the identified deficiencies. Modi-
fied chip design incorporates high temperature material,
gap-tolerant permalloy elements, and improved de-
tectors. A hermetically sealed cell design reduces
noise coupling and coil power dissipation.

Major Design Considerations

Design of a memory using bubble storage devices
differs from that of a memory with semiconductor de-
vices, because bubble devices require magnetic fields
for operation. A static field of about 150 Qe perpen-
dicular to the chip surface is required to create stable
bubble domains. Thus, a magnetic structure is needed
that is small and lightweight; matches the chip tem-
perature coefficient; provides a stable, uniform field;
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Fig 8 Magnetic field structure. Magnets inside shield
produce vertical field normal to chips while x coil and
y coil produce rotating field vector in chip plane. Coil
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Fig 9 Three methods for driving coils.
Series tuned circuits require high cur-
rent low voltage drivers, while parallel
tuned circuits require low current high
voltage devices. Direct drive circuits
are advantageous where many cells are
matrixed, as in mass memory
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Fig 10  Matrixed circuit for sensing multi-
ple chips. Matrixing is important in mass
memory and recorder designs to reduce
overhead electronics
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and is not affected by external magnetic fields. In
the most commonly used design, a magnetic shield
surrounds the chips (Fig 8) and has a magnet attached
to its upper and lower inside surfaces. Chips are
located in the gap between the two magnets where the
field is uniform. The magnetic shield design is ade-
quate, but in space applications, shield weight is a
considerable burden. Therefore, the tendency is to en-
close as many chips in one structure as is practicable
based on a statistical selection of chips with over-
lapping field requjrements and common temperature
coefficients.

To move bubble domains around the register perm-
alloy pattern requires two inplane fields of about 50
Oe each, provided hy a pair of orthogonal coils. These
rotating field coils can contain only a limited number
of chips governed by drive voltage and drive current
capabilities of available semiconductors. Essentially,
the coil vA product, which is proportional to frequency,
volume, and magnetic field squared, expresses the
available tradeoffs. The relationship suggests that the
coil field has the most effect on the vA product, but
volume probably has the largest potential for optimi-
zation. In the sSDR coil, actual chip volume is 0.016
in® (0.26 cm®), whereas field volume is 0.22 in3 (3.52
cm®), an order of magnitude potential for improve-
ment. Of course, other factors such as mechanical
requirements, power losses, and heat removal affect
the tradeoffs.

Fig 9 shows three common methods for driving coils.
At the top is a series circuit which predominated in
the early development phase. In series circuits, all
pass elements, including leads, must be able to carry
maximum coil current. The resistor voltage drop, plus
semiconductor junction drops (0.6 V X number of junc-

tions) times the current is the power loss. Because of
semiconductor junction characteristics, power dissipa-
tion does not decrease as a function of increasing coil
Q. On the other hand, a parallel circuit of high ()
requires very low current from the driver making
possible lower dissipation in the pass elements as Q
is increased. For low power applications, where a high Q
coil is used, the parallel tank circuit appears to be
the most satisfactory.

Both methods, however, suffer from inherent timing
and amplitude instability due to component and tem-
perature variations for high Q. At the bottom of Fig
9 is a direct drive circuit, the design chosen for the
sspR. It has the advantage of being stable and, most
important to recorder design, can be easily matrixed,
but at the price of higher power dissipation.

Another major consideration is detection of the mag-
netic field from a tiny 4-um bubble in the presence
of a coil field and system noise. The bubble is first
stretched into a strip about 1 mm in length along
a permalloy magnetoresistance detector. This strip
field changes the resistance of the detector about 0.3%
compared to an adjacent identical detector without a
bubble. The difference signal is amplified and dis-
criminated to provide a TTL level signal.

Functionally, most sense channel designs contain
a current source or resistor pair ta supply bridge
current, emitter followers to lower impedance, coupling
capacitors, a clamp, and a latching sense amplifier.
In addition, mass memory or recorder designs, such
as the ssDR, are configured to share costly or bulky
components (Fig 10). An ac coupled sense channel
seems a logical choice when signal level is about the
same magnitude as amplifier offsets and much smaller
than system transients. In operation, the amplifier in-
put is clamped to ground during system transients
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Fig 11 General aspects of sensing many
bubble detectors on common differential bus.
Total systematic noise (Vi) is bipolar, while
bubble signal (Vsuseus) is unipolar. Random
noise (Vxz) is primarily detector switching noise.
Adequate control of total noise is necessary
to ensure reliable detection. System error rate
(lower curves) depends on composite signal
overlap and random noise

and released just before signal time. To minimize
detector loading, high impedance current sources are
used to provide the current for the detector and dummy,
and emitter followers are used to buffer detectors from
restore and amplifier circuits.

Two general aspects of the sense channel design
are most critical (Fig 11). First is variation in param-
eters of detector sensitivity, detector dummy balance,
and common mode conversion. Second are the various
noise sources: random detector, coil field (d¢/dt),
coupling, and system noise. Parameter variations and
systematic noise determine the total minimum com-
posite signal overlap when several chips are connected
on a common differential sense bus. Random noise
determines how closely the threshold can approach the
minimum “1” or the maximum “0” and still guarantee
the desired error rate. Magnetic domain switching
variations cause most of the random noise, with thermal
noise as a minor contributor.

Summary

Because of the high failure rate of mechanical tape
recorders in a space environment, NASA determined to
implement an investigation of the totally solid state
bubble domain data recorder. Such a recorder has
been developed which offers a flexible, low power
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alternative to conventional magnetic tape recorders.
Steps in the evolution of the bubble device design are
traced through storage configuration, magnetic circuit
design, control elements, and packaging organization.
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RAM Tester Adapts to
Memory Interface Requirements

Clock and counter hardware compose static RAM chip tester that
writes, reads, and validates test data patterns for different memory
organizations by modifying counter bit lengths and clock phases

Alan W. Bentley

Cubic Corporation, Defense Systems Division, San Diego, California

The need for a static random
access memory chip tester to sup-
port a microprocessor based system
development led to a flexible mem-
ory testing approach that can be
generalized to fulfill most memory
testing requirements. By using multi-
phase clock and counter logic, with
minimum additional hardware, con-
trol and test commands are gen-
erated to write, read, and validate
test data patterns for each memory
address location. Test parameters,
such as various data patterns or the
number of times each address loca-
tion is tested, are chosen by adjust-
ing the bit length of the counter
logic output. Memory control line
activation through the test patterns
is repetitive and is derived from
logical combinations of the counter
contents and the clock phases, while
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meeting memory timing require-

ments.

Memory Interface Requirements

Memory to be exercised is a 1024-
bit static silicon gate complemen-
tary metal oxide semiconductor ran-
dom access memory (CMOS RAM),
MM74C921, organized as 256 ad-
dress locations of 4 bits each. Access
is through a noninverting bidirec-
tional data port (D1 to D4) with
3-state output control, thereby per-
mitting bus organization (Fig 1). All
four RAM control lines—strobe (ST),
chip select stored (CEs), chip select
level (CEL), and write enable (WE),
are active low (digital 0).

The falling edge of ST stores the
eight address bits (A0 to A7) and

CES in an internal memory input

storage register. The rising edge of
sT loads the 4-bit data output into
an internal data storage register
that drives 3-state buffers. These
buffers are switched to the active
state by ANDing CEs and CEL, both
active low with WE high or inactive;
therefore, data can be read from
RAM only when both chip selects are
in the active state and a write cycle
is not in progress (Fig 2).

Control line sequencing is as fol-
lows for either a read or a write
cycle. The 8-bit RAM address (A0 to
A7) is placed on the address bus,
the CEs input line is driven to active
low, and then ST is driven to active
low, storing the address and CES
internally. For a read cycle, addressed
data are stored in the data output
register on the rising edge of ST,
and then placed on the output data
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THE MAXI VALUE FOR YOUR

MINI-COMPUTER GRAPHICS.

Gould offers the most cost
effective and reliable elec-
trostatic printer/plotters
to use with PDP-11, Nova/
Eclipse and HP 2100/21
MX mini-computers.

That's because they offer
outstanding features that
add up to value. High
speed. High resolution.
Outstanding contrast.
Patented closed loop toner
system. Timed-phase imag-
ing system. And high density
staggered imaging head,
to name a few.

All hardware interfaces
utilize direct memory
access to reduce CPU
overhead and are connected
directly to a standard I/O
bus or Unibus. A multi-
plexing capability allows
you to share one Gould
printer/plotter with two
CPU'’s, or one CPU and a
Tektronix 4010 Series
graphic terminal hardcopy
interface, supporting up to
four terminals.

Gould’s in-house soft-
ware engineering staff
developed device drivers
and plot packages which
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operate with the popular
operating systems. In
addition, Gould maintains
a full technical support
staff for assistance in the
users system integration.
Plot packages offer
plotting routines and call-
ing sequences that are
upward compatible with
the basic Calcomp Pen
plotter graphics package.
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