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Introducing

push-button

microprocessor system debugging.

HP’s 1611A Logic State Analyzer ... Dedicated to all 8080 or 6800 based systems.*

View program flow in mnemonics.
With CRT data and addresses select-
able in either hexadecimal or octal
formats and external lines in 1's and 0'’s.

\

Maintain testing control. LED indicators show status
at all times. You can monitor system operation

at normal speed or stop the microprocessor and give
control to the 1611A for single or multiple keyed steps.

Enter data quickly and easily. The hexa-
decimal keyboard makes trigger and qualifier
data entry as easy as operating a calculator.
And the CRT display gives you a quick
visual check on your entries.
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Pinpoint
virtually any
specific event.
Trigger on
address, data, or
external signals. . .or
on any combination of
the three. You can also
qualify the trigger by
bracketing the address and
opting to trigger on the nth
occurrence of the trigger word.
TRIGGER ENABLE and DISABLE

keys act as arm and disarm circuits
providing unparalleled pinpointing flexibility.

Move the display
window. Delay up to
65,472 qualified clocks
or memory transactions from
the trigger word. Or, pre-trigger to
see up to 63 bytes leading up to the
trigger word (negative time).

Choose your display.
Either mnemonic or
absolute (op codes).
Roll the display to
view any 16-line slice
of the 64-byte memory.

Obtain
program and
timing data.
Qualify the display with
TRACE TRIGGER and see only
those bytes that match your trigger
inputs . . . all write instructions, for
example. Press COUNT TRIGGERS and
the 1611A displays the number of trigger
occurrences between the TRIGGER ENABLE
and TRIGGER DISABLE entries.

Push TIME INTERVAL and you get

a display of actual elapsed time

between selected points in your

program on your hardware

The 1611A should be on hand when
you start up your microprocessor-
based system. Imagine the time
you'll save with push-button opera-
tion and an unparalleled view of your
system’s operation; viewing things
dynamically that you never could
see before. And there’s more . . .
self test; trigger outputs to drive
external equipment; error messages
to warn of improper operation or
setup; and the choice of two initial
“wP personality modules” that
let you tailor the 1611A to either
8080 or 6800 based sistems.

HEWLETT Ej PACKARD

Sales and service from 172 offices in 65 countries.
1507 Page Mil Road Paio Alne, Caiforna 94304

Fros assistance call Washngton (301) 948-6370 Cmcogo (312) 6770400
Allanta (404) 434°4000 Los Angeles (213) 8771282
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Let HP’s 1611A, priced at
$5,000** help you speed development,
production-line testing or service.
Ask your local HP field engineer
for aﬁ the details. Ask him about HP’s
digital seminars too. He can tell
you when one will be held in your
area and how you can attend.

*and more modules for other microprocessors to come
**Domestic U.S.A. price only.

Managing
the data domain.
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KENNEDY

SERIES 5300 DISK DRIVES

A whole lot more for a whole lot less

Series 5300 drives are fixed media, high
performance units utilizing advanced Winchester
disk technology.

Available in one, two, or three platter versions,
the unformatted data capacity can be as high as
70M bytes—all in 7" of rack space.

Track density of 300 Tpi is made possible by
prewritten servo tracks utilizing one disk surface,
thus assuring accurate head alignment under all
circumstances. High data density results from use
of advanced media and write compensated
MFM recording.

Seek time is 80 msec, maximum rotational
speed, 3000 rpm, and data rate — 1.0 MB/sec.

The tightly sealed disk compartment allows
Series 5300 drives to be used in environments
unsuitable for conventional drives.

Other Series 5300 features include: NRZ-MFM
data encode/decode circuits; daisy chaining of
up to 4 drives; address mark detection; built-in
power supply; small, easily replaced circuit cards
and a standard interface.

Finally, Model 5300 has more of those
characteristics that have made the name Kennedy
synonymous with quality — sophistication of
concept and simplicity of design for greater
reliability, improved performance and a lower
price. We think — we know — it’'s what you've been
waiting for in low-cost, mass data storage.

KENNEDY CO.

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

SEE MODEL 5300 AT NCC—BOOTH 1785

KENNEDY  QUALITY - COUNT ON IT
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Tally’s low cost of ownership package. ..
One printer family . . .
Three speed ranges.

g

40 to 100

lines per minute

The Tally serial printer family.
Three speed ranges. And very little
price difference from model to
model. An ideal OEM package.
High parts commonality. Low
integration costs. No scheduled
maintenance. Design simplicity for
inherent reliability. A variety of
interfaces. Low prices.
From40lines per minute through
200 lines per minute. The Tally
T-1200 at 120 characters per
second. The Tally T-1202 — with

OEM Sales Offices: Boston (617) 272-8070, Chicago (312) 956-0690,

l.os Angeles (213) 378-0805, Melbourne Beach (305) 724-0480,

New York (516) 694-8444, San Antonio (512) 733-8153,

San Jose (408) 247-0897, Seattle (206) 251-6730, Business Systems (415) 254-8350.

”

55 to 150

lines per minute

optimized bi-directional printing
that includes skipping over blank
spaces at three times the print
rate — delivers twice its rated speed
by cutting throughput time two to
three fold. And the new Tally
T-1602 at 160 cps with optimized
bi-directional printing keeps pace
with line printer speeds.

There's so much more to tell so
call your nearest Tally sales office
for all the facts.

CIRCLE 3 ON INQUIRY CARD
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70 to 200

lines per minute

Tally Corporation, 8301 S.180th St.,
Kent, Washington 9803 1.
Telephone (286) 251-5524.

TALLY
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1977 NATIONAL COMPUTER CONFERENCE

This year's NCC explores the technology, applications, management, and
influence of computers on the individual through the 100-session technical
program, and places particular emphasis on the surge in personal computing

PROGRAMMABLE MULTILINE COMMUNICATIONS PROCESSOR

PROVIDES FRONT-END FLEXIBILITY

by Kenneth T. Coit

More sophisticated than a controller, this programmable communications
processor is designed to maintain flexibility and modularity at low cost by
implementing functions in the most economical manner consistent with
current technology

COMPUTER SIMULATION ON A POCKET CALCULATOR
by Ronald Zussman

An understandable analytic model for computer system simulation, based
on queuing theory, has been coded for the Texas Instruments SR-52 pocket
calculator for immediate and practical application

MIXED LOGIC LEADS TO MAXIMUM CLARITY WITH MINIMUM HARDWARE
by Franklin Prosser and David Winkel

Translating logic equations into physical devices, and vice versa, can be
dramatically implemented with mixed logic—an existing but not commonly
used circuit design style—to achieve clear, concise documentation and
efficient, well-organized hardware

SECOND PRIZE—MICROPROCESSOR/MICROCOMPUTER

APPLICATION CONTEST—A MICROPROCESSOR-CONTROLLED
THREE-PHASE POWER INVERTER

by Peter van der Gracht and Konrad Mauch

Flexible control of the drive system of an electric car is achieved using
techniques that can also be applied to variable speed industrial devices
and to transit and rail vehicles

AN ALGORITHM FOR NONRESTORING DIVISION
by S. Sanyal

Representing numbers in 2’s-complement notation, this algorithm simplifies
the division process, dividing a 2-word dividend by a 1-word divisor

COMPETENT PURCHASE SPECIFICATIONS HELP ASSURE

SUCCESSFUL PRODUCT

by David M. Hamblen

Part of the engineer’s task involves building purchase specifications which
must be complete, accurate, and clear in order to efficiently accomplish
their purpose

COMPUTER DISPLAY MONITOR COMBINES BENEFITS

OF BOTH STORAGE AND REFRESH GRAPHICS

Advantages of IC and CRT storage technologies have been merged in a
low priced refresh-storage device intended for OEM design applications
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The Harris Slash 6.
Supermini performance.
At super minicost.

If you recognize optimum price/perfor-
mance value when you see it, you should see
our new SLASH 6. It outperforms most 32-bit
minis, at a price that’s better than many 16-bit
minis.

The Harris Slash 6 costs only $17,900*.
You get 600 nanosecond cycle time; 48KB of
MOS memory with error correction; hardware
multiply, divide, and square root; 8 priority in-
terrupts; and a turnkey control panel.

You get building-block architecture that

HARRIS

*Volume discounts available.

—/1L/L/1

w INFORMATION HANDLING

lets you expand your systems as your needs
expand. And sophisticated real-time software
that no other machines offer in this price/per-
formance range.

The Harris Slash 6. The first truly low
cost/high performance computer for all of you
who were waiting for optimum price perform-
ance value. Harris Computer Systems, 1200
Gateway Dr., Ft. Lauderdale, FL. 33309.
Europe: Harris Intertype Ltd., 145 Farnham
Rd., Slough, SL1 4XD, England.

COMMUNICATIONS AND
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CONFERENCES

MAY 24-26—Sixth Annual Sym on Incre-
mental Motion Control Systems and Devices,
Urbana, Ill. INFORMATION: Dr B. C. Kuo,
U of lllinois, Dept of Electrical Engineering,
Urbang, IL 61801. Tel: (217) 333-4341

MAY 24-27—PICA-77 (Power Industry Com-
puter Application Conf), Toronto, Canada.
INFORMATION: |EEE, 345 E 47th St, New
York, NY 10017. Tel: (212) 752-6800

MAY 24-27—Seventh Internat’l Sym on Mul-
tiple-Valued Logic, Charlotte, NC. INFOR-
MATION: Dr C. M. Allen, Sym Chm, En-
gineering Analysis and Design Dept, U of
North Carolina at Charlotte, Charlotte, NC
28223. Tel: (704) 597-2302

MAY 24-26, MAY 31-JUNE 2, and JUNE
7-9—Computer Caravan, Philadelphia, Pa;
Washington, DC; and Boston, Mass. INFOR-
MATION: John C. Forbes G Associates, One
Hilltop Rd, Winchester, MA "01890. Tel:
(617) 729-9244

JUNE 2—16th Annual Technical Sym, Nat'l
Bureau of Stds, Gaithersburg, MD. INFOR-
MATION: Dr Stuart Katzke, Rm A-265,
Technology Bldg, National Bureau of Stds,
Washington, DC 20234. Tel: (301) 921-3861

JUNE 6-8—Pattern Recognition and Image
Processing, Rensselaer Polytechnic Institute,
Troy, NY. INFORMATION: Gen’l Chm, Prof
H. Freeman, Dept of Electrical and Systems
Engineering, Rensselaer Polytechnic Institute,
Troy, NY 12181. Tel: (518) 270-6311

JUNE 6-9—15th Internat’l Magnetics Conf,
Los Angeles, Calif. INFORMATION: Gen’l
Chm, Geoffrey Bate, GPD Laboratory, |BM
Corp, PO Box 1900, Boulder, CO 80302. Tel:
(303) 447-5634

JUNE 10—Computerfest ‘77 (2nd Annual
Midwest Regional Computer Conf for Hobby-
ist Computing), Cleveland, Ohio. INFORMA-
TION: Gary Coleman, President, Midwest Af-
filiation of Computer Clubs, PO Box 83,
Cleveland, OH 44141

JUNE 12-15—Internat’l Conf on Communi-
cations, Chicago, Ill. INFORMATION: Ed-
ward J. Glenner, Systems Research, GTE
Automatic Electric Labs, PO Box 2317,
Northlake, IL 60164. Tel: (312) 562-7100

JUNE 13-16—NCC (Nat‘l Computer Conf),
Dallas Convention Ctr, Dallas, Tex, INFOR-
MATION: AFIPS Headquarters, 210 Summit
Ave, Montvale, NJ 07645. Tel: (201) 391-
9810

JUNE 18-19—Personal Computing Show, Bos-
ton, Mass. INFORMATION: Personal Com-
puting, Conf and Exposition Mgmt Co, Box
844, Greenwich, CT 06830

JUNE 20-22—14th Design Automation Conf,
New Orleans, La. INFORMATION: Gen'l
Chm, Judith G. Brinsfield, Bell Laboratories,
Rm 3B-323, Whippany Rd, Whippany, NJ
07981. Tel: (201) 386-3169

JUNE 20-22—IFAC/IFIP Real-Time Pro-
gramming Workshop, Eindhoven, The Nether-
lands. INFORMATION: C. H. Smedemaq,
Philips Research Laboratories, Eindhoven, The
Netherlands

JUNE 21-23—31st Annual Convention of
Armed Forces Communications and Electron-
ics Assoc (AFCEA), Washington, DC. IN-
FORMATION: Judith H. Shreve, Editor,
AFCEA, Skyline Ctr, 5205 Leesburg Pike,
Falls Church, VA 22041. Tel: (703) 820-
5028

JUNE 22-24—Joint Automatic Control Conf,
San Francisco, Calif. INFORMATION: Prof
J. Meditch, Dept of Electrical Engineering,
U of Washington, Seattle, WA 98195. Tel:
(206) 543-2170

JUNE 28-30—Internat’l Sym on Fault-Toler-
ant Computing, Los Angeles, Calif. INFOR-
MATION: Prof A. D. Friedman, Dept of
Electrical Engineering and Computer Science,
U of Southern California, Los Angeles, CA
90007

JULY 24-29—ISA Sym for Innovation in
Measurement Science, Hobart/Smith College,
Geneva, NY. INFORMATION: Peter Vestal,
Instrument Society of America, 400 Stanwix
St, Pittsburgh, PA 15222, Tel: (412) 281-
=17

JULY 28-29—AMC-Pacific 77, San Jose,
Calif. INFORMATION: Peter Szego, Ampex
Corp, Mailstop 3-22, 401 Broadway, Redwood
City, CA 94063. Tel: (415) 367-3126

AUG 8-12—IFIP Congress 77 (Internat’l
Federation for Information Processing),
Toronto, Canada. INFORMATION: Robert C.
Speiker, U.S. Committee for IFIP Congress
77, Registration and Accommodations, West-
ern Electric Co, 222 Broadway, New York,
NY 10038

AUG 23-26—Internat’l Conf on Parallel Pro-
cessing, Bellaire, Mich. INFORMATION: Dr
Charles S. Elliot, College of Engineering,
Wayne State U, Detroit, Ml 48202. Tel:
(313) 577-3812

SEPT 6-8—7th Internat’l Congress on In-
strumentation in  Aerospace  Simulation
Facilities, Royal Military College of Science,
Shrivenham Wiltshire, England. INFORMA-
TION: Gen’l Chm, 7th ICIASF, P W W
Fuller, R31 RARDE Fort Halstead, Sevenoaks
Kent, England

SEPT 26-28—Internat’l Electrical Electronics
Conf and Exhibition, Toronto, Canada. IN-

FORMATION: Internat’l Electrical Electron-
ics Conf and Exposition, 1450 Don Mills Rd,
Don Mills, M3B 2X7, Canada

OCT 3-6—EUROMICRO Sym, Amsterdam,
The Netherlands. INFORMATION: Ted
Holtwijk, Philips Elcoma, Bldg BAE 2, NL-
Eindhoven, The Netherlands

JUNE 7-8—The Market Effect and Impact
of Digital Transmission, New York, NY. IN-
FORMATION: The Yankee Group, PO Box
43, Cambridge, MA 02138, Tel: (617) 742-
2500

JUNE 10-12—Bench Programming of Micro-
processors Workshop, Philadelphia, Pa. IN-
FORMATION: Helen B. Yonan, Philadelphia
IEEE, Moore School, University of Pa, Phil-
adelphia, PA 19174

JUNE 13-15—Minicomputers; JUNE 27-29—
Laser Beam Information Systems, Toronto,
Canada; New York, NY. INFORMATION:
Heidi Kaplan, Information Services Mgr, New
York Mgmt Ctr, 360 Lexington Ave, New
York, NY 10017. Tel: (212) 953-7262

SHORT COURSBES

MAY 23-27—Computer-Aided Process Plan-
ning, Cambridge, Mass. INFORMATION:
CAPP Course, Society of Manufacturing En-
gineers, 20501 Ford Rd, PO Box 930, Dear-
born, MI 48128. Tel: (313) 271-1500

JUNE 6-8—Computer Science and Engineer-
ing Curricula Tutorial and Workshop, Wil-
liamsburg, Va. INFORMATION: Dr David
C. Rine, Workshop Chm, Computer Science,
University of Texas, San Antonio, TX 78285

JUNE 7; JUNE 21—Microprocessor Project
Management: Design, Manufacturing, QA,
and Field Service; JUNE 8; JUNE 22—Micro-
processors/Microcomputers: A Comprehensive
Technical Introduction and Survey; and
JUNE 9-10; JUNE 23-24—Hands-On Micro-
computer Programming Workshop, Philadel-
phia, Pa; San Diego, Calif. INFORMATION:
Enrollment Secretary, Integrated Computer
Systems, Inc, 4445 Overland Ave, Culver City,
CA 90230. Tel: (213) 559-9265

JUNE 13-17—Mini/Microcomputer Systems:
A Close Look at Mini/Microcomputers and
Their Applications to Real World Problems,
MIT, Cambridge, Mass. INFORMATION:
Director of the Summer Session, Rm E19-356,
Massachusetts Institute of Technology, Cam-
bridge, MA 02139. Tel: (617) 253-2101

JUNE 13-24—Computer Techniques for Real-
Time Control and Monitoring of Power Sys-
tems, Madison, Wisc. INFORMATION: Wil-
lis F. Long, Program Director, Dept of En-
gineering, U of Wisconsin-Extension, 432 N
Lake St, Madison, WI 53706. Tel: (608)
262-2061

JUNE 15-17—Microcomputers/Microproces-
sors in Instrumentation Systems, Baton
Rouge, La. INFORMATION: Dr J.L. Hilburn,
Electrical Engineering Dept, Louisiana State
U, Baton Rouge, LA 70803. Tel: (504) 388-
5241
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There’'s now a new energy source that's a superb
alternative: Rechargeable, sealed lead-acid batteries
from Gates.

We call these batteries the future in energy cells. And
for good reason.

They have all the product advantages you need plus
economic advantages that may well give a new dimen-
sion to your product pricing.

Advantages: Gates Energy Cells are as compact as
nickel cadmium or gelled type cells. And they are com-
pletely sealed, so that no acid vapor can leak out
(they also include a self-sealing vent for extra
safety). Gates Energy Cells provide low in-
ternal impedance for high discharge rates
(more than 100 amps from the D cell and
200 amps from our X cell for short periods
of time). And can be operated or stored in
any position.

Gates Energy Cells offer great packag-

Where the

ing flexibility. In fact, our individual cell availability

allows you to choose your own slpecific voltage (in 2-volt

increments) and current, as well as configuration.

Just as important as what Gates Energy Cells have to
offer is what they don’t have to offer. Like outgassing
problems. Or cell reversal. Or “memory” problems.

Because Gates Energy Cells are made from low-cost
materials that are readily available, they're very high in
watt-hr. per dollar value. Which means that if you specify
them, you’ll probably save your company more than a
few dollars. And make yourself into something of a
. hero in the bargain.

To find out more about the future in energy
cells, circle our reader service number or
write us. We'll send you free literature con-
taining features, application information,
ratings and specifications. George Sahl,
Gates Energy Products, Inc., 1050 S.
Broadway, Denver, CO 80217.

energy future is now
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Moving into
microprocessor-
based product
development...




doesn’t have

to be a costly,
time-consuming
busmess.

Now Tektronix introduces the 8002
Microprocessor Lab, to help you
meet your project deadlines and save
on some of the spending.

Featuring an innovative multiple-
processor architecture, the 8002
software development system
supports a variety of microproces-
sors: at introduction, the 8080 and
the 6800; next the Z-80 (available
late summer 1977); then an
expanding selection. Assembler
software for two components is
provided from those available at
the time of purchase, and soft-
ware for each additional
microprocessor may be added
optionally with a minimum of added
expense.

Follow Your Own Direction

Now it is no longer necessary to

buy a new microprocessor develop-
ment aid each time you decide to use
a different microprocessor chip. You
and your team don’t need to go
through a new learning cycle with
your equipment each time, either.

The 8002 can also save you time with
several features that ease the task of
program creation: a text editor

that simplifies software entry and
revisions, an assembler with macro
capability, and dynamic trace for
software debugging.

Integrate As You Go Along

Since microprocessor-based pro-
gram creation and prototype design
typically go hand in hand, the 8002
offers three progressive option
levels for program emulation and
debugging, prototype emulation and
debugging, and real-time prototype
analysis.

The 8002 Program Emulation and
Debugging System, which adds an

Tektronix:

COMMITTED TO EXCELLENCE

For technical data, clrch

'~ a A $ian

emulator processor and software for
a selected microprocessor, enables
the developmental software to be run,
tested, changed, traced, and
debugged on the desired micro-
processor. The emulator
microprocessor is identical to the
microprocessor in the designer’s

prototype; if the software is to be
executed on an 8080 in the prototype,
for example, an 8080 micropressor
chip is used in the emulator
processor.

The 8002 Interactive Prototype
Emulation and Debugging System
adds a Prototype Control Probe for a
selected microprocessor. With the
probe inserted into the prototype,
developmental software and hard-
ware may be tested, traced, and
debugged together.

The 8002 Real-Time Prototype
Analyzer System adds real-time trace
and an 8-channel Analyzer Probe. At
this level bus transactions and events
external to the microprocessor may
both be monitored.

From the Instrument Company
One final advantage: the Tektronix
name. Tektronix has always been
responsive to the instrumentation
needs of the design engineer...

8 on Inquiry Card.
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and the 8002 Microprocessor Lab is
no exception. lts ability to deal with a
number of different microprocessors,
its many convenience features for
software development, and its
capabilities for software/hardware
debugging, make it a unique design
tool.

As a leading electronics instrument
company, Tektronix offers you a
full line of options and peripherals,
from the three 8002 option levels ..
to PROM programming facilities for
the 1702 or the 2704/2708 MOS
PROMs ... to a line printer and
choice of system terminals.

Backed by years of experience,
Tektronix also offers you a rare
commodity in the field of micro-
processor development tools: local
Field Engineers and local service. A
nation-wide network of Field Offices
and Service Centers is ready to help
you realize the full benefits of the
8002.

For more information or a demonstra-
tion of this new software development
tool, write Tektronix, Inc., P.O. Box 500,
Beaverton, Oregon 97077.

For availability outside the U.S., please contact the
nearest Tektronix Field Office, Distributor,
or Representative.

The 8002...
with multiple
microprocessor

support.
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Cable Shielding

Whatever
your
shielding
problem,

+ Metex can
S~ Stop it.

Metex has

pioneered the
broadest range
of conventional and

special-purpose shielding
materials, components and
techniques to prevent EMI/RFI
problems wherever they occur
in EDP systems.

Our shielding products in
these EDP systems apply to
mainframes, CPU’s, printers,
and other peripherals. They
exclude external interference as
well as contain interference
sources within enclosures of
systems equipment.

We've packed a wealth of
EMI/RFI shielding information
into an application brief cover-
ing practical solutions to all
electromagnetic interference
problems. For your free copy, in-
cluding a Design Kit of shielding
samples, or for practical engi-
neering help, call or write:
Metex Corporation, Electronic
Shielding Group, Edison, N.dJ.
08817, (201) R87-0800; or Cal-
Metex Corporation, Torrance,
Calif. 90501, (R13) 320-8910.

4
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COMMUNICATION CHANNEL

by John E. Buckley
Telecommunications Management Corp
Cornwells Heights, Pa.

Terminal Storage Systems

The evolution of remote data terminals has been stimu-
lated over the past decade by parallel developments in
both component technology and interactive data process-
ing applications. It is reasonable to expect that over the
next 10 years, this continued development of terminals
and associated applications will be stimulated further by
developments of remote data storage capabilities. Early
data communication terminals before the advent of the
computer were usually direct keyboard entry devices.
Early message switching teletypewriters required the ter-
minal operator to directly activate the associated com-
munications line from the keyboard of the terminal. Later,
introduction of a terminal storage medium in the form
of paper tape improved the transmission efficiency of the
associated communication line. Pre-storing data to be
transmitted and then transmitting at an automated and
consistent rate permitted more terminals to share a com-
mon communication channel.

When the first communications computer systems were
introduced, remote processing became a major terminal
application in which the RJE (remote job entry) terminals
were basically an extension of the standard computer
1/0 peripherals with communications capability. Develop-
ment and subsequent popularization of interactive infor-
mation systems caused the remote data terminal to return
to direct line entry devices, but with an increased need
to store data at the remote location.

Today’s major requirement for remote data terminals
is in this area of interactive or direct entry applications.
The need for practical local storage at the remote ter-
minal site is one of the more important impediments to
the future development of interactive data applications.

This need has been further accentuated by the introduc-
tion of microprocessor technology to the remote terminal.
A microprocessor associated with the remote data ter-
minal is essentially useless unless it is supported by a
working memory and has access to a peripheral data
storage device. While the same basic components may
be used to provide a terminal with both memory and
storage, their definitions are considerably different. Mem-
ory can be considered the medium within which instruc-
tions or computations can be executed on a dynamic
basis. A microprocessor and its associated working memory
are referred to as a microcomputer; use of that working
memory to store data is neither operationally nor eco-
nomically practical. Data storage can be considered a
medium in which bulk data or instructions can reside.

Peripheral data storage has typically been provided by
mechanical storage devices which include paper tape,
magnetic tape in the form of cassettes or reels, and fixed
or removable disc files. Extensive use of these traditional
devices creates a disproportionate terminal cost when the
cost of the required storage support mechanisms and
electronics are considered. For this reason, remote data
terminals have made limited use of these data storage

peripherals. Practical peripheral storage to a remote data
terminal is static storage rather than the conventional
movable storage device. Static storage can be either re-
movable or fixed as required by the associated terminal
and its intended application. There are basically four
major types of static data storage available: magnetic
cores, random access memories (RAMs), charged-coupled
devices (CCDs), and bubble memory.

Magnetic cores, comprising the most familiar storage
devices, have been used almost exclusively for traditional
computer memories since the early 1950’s. Today’s mag-
netic core technology provides the system designer with
reliable storage at a price of approximately %10 of a cent
per bit. Magnetic cores offer a considerable advantage in
that they can be structured on either a random-access
or direct-addressing basis. Data stored in the specific lo-
cation within a magnetic core array can be accessed by
directly addressing that portion of the array. In addition,
a storage device based on magnetic cores is non-volatile—
loss of external power does not destroy the magnetic field
in each of the individual cores which represent the stored
data bits.

A significant disadvantage is its destructive read char-
acteristic. In order to read stored information within such
a device, the magnetic cores containing the data will be
neutralized when the read function takes place. It is
therefore necessary that the peripheral electronics asso-
ciated with this memory have both read and write capa-
bility. When a particular segment of information is read
from storage, that same information must be written back
into storage in order to preserve the data. The speed of
a magnetic core storage device is typically in the magni-
tude of 100 ns per read or write function. If a nonde-
structive read is desired, the associated electronics must
perform both a read and write function resulting in an
increased overall access time.

With the evolution of metal-oxide semiconductor
(MOS) technology, the development of RAM arrays has
produced a data storage alternative. Due to the many
variations of RAMs today, the typical cost of this memory
is approximately one-half that of a corresponding magnetic
core array. RAMs also exhibit the random or direct access
capability of selecting data to be read or stored. Unfor-
tunately, a RAM is typically a volatile storage device. If
external power is interrupted or removed, the stored data
content is lost. However, peripheral power devices can
be applied to preserve the stored data in the event that
primary power is no longer available. Major advantages
of RAMs are nondestructive read characteristics and high
access speed. Data from a RAM can be read in one-third
the time required for a magnetic core array.

One of the more promising terminal storage systems
is the CCD, which assures a storage cost with at least an
order of magnitude improvement over magnetic core
arrays. CCDs could provide the same storage capacity
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as magnetic cores at a cost of about %00 of a cent per bit,
and they also can be expected to further decrease in cost
as associated manufacturing volumes increase. Magnetic
core technology on the other hand, can be viewed as
exhibiting an essentially level cost per bit. CCDs, like
RAMs, are volatile storage devices. Also, a read function
from a CCD does not destroy data. This nondestructive
read of the CCD tends to simplify its required I/O elec-
tronics as compared to control electronics necessary for
magnetic core arrays.

CCDs, however, are not random access; they are serial
storage devices similar in function to the traditional delay
line. Effectively operating as an extensive shift register,
the CCD must cycle data through a read point (or points)
in order to access the desired stored information. While
storage cost is attractively low, the associated control elec-
tronics could easily become significant if any extensive
attempt is made to compensate for the serial read char-
acteristics. Information can be read from CCDs at a
typical rate of 100 ns per bit. This particular parameter,
however, cannot be properly compared with other storage
alternatives until the maximum access or latency time of
a particular CCD array is determined. Maximum latency
time is defined as the maximum time required to reach
a particular stored bit. If a CCD storage system has a
capacity of 64k bits, the maximum latency or access time
would be 6.4 ms. The access methodology applicable to
traditional mechanical storage devices such as magnetic
discs is that actual read time is typically minor com-
pared to associated search time.

A recent potential entry into terminal storage systems is
the bubble memory. These devices are similar to CCDs

SUPER BRIGHT
TAPE AND DISC DRIVE
EXERCISERS

From the largest independent maker of Disc
and Tape Drive Exercisers, you get the most
complete, most advanced line of universal
testers. For O Incoming Inspection O Pro-
duction Test [J Field Service. Send for our
comprehensive literature and price list.

/\ WILSON
Laboratories, Inc.

| 2536 Fender, Fullerton, CA 92631 ¢ (714) 992-0410
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in that they function as shift registers, and exhibit a com-
parable per bit storage cost. They feature nondestructive
read, and if an external magnetic field is maintained, they
are also nonvolatile. One known disadvantage is that they
typically exhibit a per bit read or write time approxi-
mately four times greater than CCDs. At the present time,
bubble memory technology has had relatively low manu-
facturing experience, and to date has exhibited a low
manufacturing yield. These negative aspects, however,
should be considered as transient characteristics. Further
development and application demand for such devices
will produce greater experience; hence more reliable man-
ufacturing techniques can be expected. If market accep-
tance increases, present manufacturing yield statistics can
also reasonably be expected to increase.

These four generalized storage technologies are pres-
ently competing to become established as tomorrow’s
standard terminal storage system. The availability of such
low cost and reliable terminal storage should lead to ad-
ditional applications being implemented using remote data
terminals. The system designer must recognize that this
lower cost objective for a terminal storage system en-
compasses both the direct costs of the storage media as
well as the cost of the supporting electronics. Character-
istic of the past evolution of data terminals, as new capa-
bilities become economically practical, applications that
had previously been disregarded can now come into the
realm of viable automation.

It is also feasible that the advent of such low cost
terminal storage systems when coupled with micropro-
cessor technology will cause many application functions
to be properly relegated to the remote data terminal. As
discussed in previous columns, many tasks presently per-
formed by the central processing software systems have
been assigned to it because the remote data terminal can-
not economically perform these functions. As more intelli-
gence can be resident within the remote data terminal
associated with a large capacity/low cost remote terminal
storage capability, many of these functions can be re-
moved from the overhead of the central processor. With
such a change of functional responsibility, a corresponding
benefit is that the volume of data traditionally exchanged
between the remote terminal and central processing sys-
tem can also be significantly reduced.

The ideal objective of an information system is to per-
mit the remote data terminals to function as a demand
data entry interactive device and yet permit the associated
data communications network and centralized processing
system to operate in a scheduled batch system. It is more
accurate to refer to these systems as segment oriented.
The central processor and associated network can operate
under centralized control in a scheduled environment to
exchange and process the data segments of the application.
Remote data terminals, however, operate with the ap-
pearance of direct data entry and interaction, and yet
essentially function independent of the network and
centralized processing system. Primary interaction at the
terminal is limited to the terminals” local storage system,
which is the entity that actually interfaces to the network.
By limiting the network and processing system to data
segment processing, overall system efficiency and reliability
can be significantly improved. The remote data terminal
operator can typically perform the application tasks, re-
gardless of the condition and activity existing within the
associated network and centralized processing system at
that specific point in time. The major advancement that
is necessary in order to implement and operate these dual-
personality information systems is the availability of low
cost, reliable terminal storage systems using one of the
previously discussed technologies.
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Everyone totall hapillr‘gifl "

with their head-per-
discs may go oniothe
next page.

Aha, just as we hoped. You're
not as satisfied with your head-
per-track disc supplier as you'd
like to be. As you have a right
to be.

Who knows what isn’t
quite right. Maybe your current
supplier can’t supply on time.
Maybe what he’s supplying
doesn’t measure up to the
specs you thought you were
buying. Maybe he’s conducting
his business as if these were
the last few days he’s going to
be in the business.

But what can you do?
You're locked into existing de-
signs and production dead-
lines. And changing suppliers
in midstream could put you up
that proverbial creek without a
paddle, right?

Wrong.

Now you can make a
change for the better with very
little change to what you're
doing right now. By changing to
AMCOMP.

That’s because our 8400
and 8500 Series Disc Memory

AMCOIVIP

. Systems come complete with

the interfacing that makes

% them readily-adaptable to your

present controller.

And our systems aren’t
just readily-adaptable; they're
better systems to adapt to. Per-
formance that’s engineered in
before production, and quality
that’s maintained throughout
manufacturing. It’s a part of
what’s making AMCOMP the
new standard by which the
industry judges itself.

Judge for yourself. Just
contact your nearest AMCOMP
office, or AMCOMBP INC,,

686 West Maude Avenue,
Sunnyvale, CA 94086, phone
(408) 732-7330.

Now, aren’t you happy

you didn’t turn the page?
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Major Innovations and
Product Additions
Provide Expanded Service

Innovations involving the leasing/sell-
ing and service of ADDS CRTs, Vadic
modems, and TermiNet® printers, to-
gether with the expansion of the com-
pany’s TermiNet line to include sev-
eral other products, are designed to
provide extended service to users of
remote terminals and associated pe-
ripheral equipment. Originally servic-
ing TermiNet printers, the General
Electric service organization is part
of the company’s Apparatus Service
Div which provides complete repair
and maintenance service nationwide.

To minimize terminal downtime,
GE retains the concept of performing
onsite repairs by having the technician
bring a complete set of spare parts
for a specific type of terminal. Dis-
patch and coordination of service
people is handled locally.

The TermiNet line has been ex-
panded to include various line printers
with several interfaces, employing the
company’s rotating printbelt concept.
A lower speed matrix printer, the
TermiNet 30 has a 7 x 9 dot matrix
capability in either 80 or 132 char-
acter lines. It features impact print
with multiple carbon copies.

Enhancements include single or
dual magnetic tape accessory with full
search and edit features, dual modem
option in both originate-only and orig-
inate-answer at three lower transmis-
sion rates and 1200 baud, TWX/DDD
modem for use on dial-up lines and
the TWX network, multiple interfaces,
and a continuous Mobius loop ribbon
cartridge. An OCR-A character set
and an APL keyboard-character set
combination enhance the 300 and
1200 models.

Agreements Provide
Packet-Switched Service
Overseas and with Mexico

RCA Global Communications, Inc,
New York, NY and Telenet Communi-
cations Corp, 1050 17th St, NW,
Washington, DC 20036 have agreed
to provide service between the United
States and overseas points as an eco-
nomic means of communications be-
tween computers and various termi-
nals operating at low_ and medium
speeds. The service will be available
on a demand basis with rates based
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on the volume of data exchanged.
Multinational corporations, public
data banks, and commercial comput-
ing service bureaus are expected to be
primary users.

RCA Globcom, which already pro-
vides telecommunications service be-
tween the U.S. and more than 200
overseas points, will furnish the over-
seas data transmission facilities and
gateway switching equipment linking
the Telenet network and its users in
the U.S. with packet-switching facil-
ities abroad. Initial service is expected
to be furnished to the United King-
dom and several Western European
countries, subject to final approval of
the Federal Communications Com-
mission (FCC).

Telenet, an FCC-regulated common
carrier offering local access in 47 cities
in the U.S., Canada, and Mexico, has
also recently combined with Telein-
formatica de Mexico, S.A. (TMsA)
to inaugurate a computer communica-
tions service between the U.S. and
Mexico. The interconnection will typi-
cally lower the costs of data com-
munications between the two coun-
tries by 50%.

In a tariff filed with the FCC, rates
for the service are $5.30 per kilo-
packet, regardless of distance. Each
kilopacket contains up to 128k char-
acters of user data.

Network access in Mexico is avail-
able over leased line ports at monthly
rates established by Timsa and ap-
proved by the Ministry of Communi-
cations and Transportation (SCT) of
the Mexican Federal Government.
Telenet provides access to its net-
work from cities throughout the U.S.

Domestic Network Expansions

In additional announcements, Telenet
Communications Corp is planning still
further expansion of its packet-
switched data communications service
with the addition of 38 cities, bringing
the number of North American cities
served directly by the network to 85.
Public dial-in facilities will be added
at four new service points by June.
With the added service points, subject
to FCC approval, the network will
provide local access for approximately
80% of the U.S. population.

Also beginning in June, Telenet
will offer Hotline Data Service to
users of the public packet network. It
is designed as a functional equivalent
of a private leased line, with a flat
monthly rate for unlimited traffic, in-
dependent of distance.

When in use, the network will auto-
matically establish a connection be-
tween the terminal and a prespecified
network address (typically a remote
host computer). This connection may
be via a Telenet access controller

(TAC), synchronous multiconnection
channel, or single asynchronous ac-
cess line.

Price for the service’s 110- to 300-
bit/s ports will be $50 a month, plus
normal port and access line charges. It
will be available at all 85 Telenet
central offices, as well as on private
Telenet access controllers located on
customer premises.

Charges for Hotline ports are $125
per month in high density rate cities,
$160 in medium density cities, and
$205 in low density cities. Ports on
private TACs are $75 per month.

Conversion System
to Link Incompatible
Facsimile Machines

Facsimile communications, which un-
til now could only be accomplished
through the use of machines operating
in the same machine language and at
the same rate of speed, may soon be
possible with the ITT Domestic
Transmission Systems, Inc’s proposed
FAX/PAK service. A special conver-
sion system, FAx/PAak will enable
most incompatible data terminals and
computer-type devices, regardless of
design, manufacture, and mode of op-
eration, to communicate. The service
is the first offering of the com/pax
network being developed by 1TT-
pTs, 2 Broadway, New York, NY
10004 and is expected to be available
by mid-1978.

The nationwide packet-switched,
data communications network was ap-
proved by the FCC late last year. De-
velopment of software protocols has
been worked on to provide a common
link or handshake for varying types of
facsimile machines; the network will
establish a method of operation ac-
ceptable to all data terminals now, as
well as in the foreseeable future.

Consisting of 10 computer switch-
ing centers and 14 concentrator or
smaller switching sites located in 24
cities, the system will use packet-
switching and store-and-forward tech-
nologies, including ecommunication
processors, computer peripherals, and
rtpTs  developed interface proces-
sors linked by high speed communi-
cation channels. Multiple Modular
Computer Corp MIV/35/CP compu-
ters are to be installed at each switch-
ing site to provide fully redundant
capabilities for the system.

Operation of an initial 13-city net-
work is scheduled for June 1977, with
six cities to be added in 1979. The
full 24-city network will be opera-
tional in 1980.

The network’s variety of other
services are to include utilization of
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WHEN IT’S FINALLY ON THE SCREEN,

YOU DESERVE FAST HARD COPY.

Gould's electrostatic printer/
plotter is the fastest graphic
hard copy peripheral available
today for your Tektronix 4000
Series interactive graphic
terminal. You get permanent
graphics direct from the

For more information and a
sample graphic output, contact

Gould Inc., Instrument Systems Division,
3631 Perkins Ave., Cleveland, Ohio 44114.
Or Gould Advance Ltd., Raynham Road,

Bishop Stortford, Herts, United Kingdom.

FOR FREE BROCHURE CALL GOULD
TOLL-FREE AT (800) 325-6400 Ext. 77.

In Missouri: (800) 342-6600
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terminal in as little as 4 seconds,
regardless of image complexity.
In an on-line CPU configura-
tion, you can plot at up to 3.25
paper in./sec. and print at up
to 1600 lines per minute.

Yet Gould's hard copy still

possesses exceptional

resolution and ex-
tremely high contrast.
Only Gould offers you
both unmatched speed
and unsurpassed
image quality.

And Gould lets you
select a 0° or 90°
image orientation at
will. In 90° mode,

images are enlarged

up to 72%. You are able to select
1024 or 2048 point sampling
and high or low speed graphic
operation, letting you optimize
image size, resolution and
speed.

As with all Gould systems,
your software is all-Gould. You
never need worry about third
party variables.

Gould images don't deterior-
ate. The system requires no
warm-up. Gould paper costs a
fraction of silver paper. Up to 2
interfaces are accommodated in
the plotter, allowing you to use
it with up to 8 Tektronix ter-
minals or 4 terminals and a
minicomputer, or 2 mini-
computer CPU's.

Your CRT work deserves
the best hard copy you
can get. You get it
from Gould.

== GOULD

The product development company



Now you can
Mass erminate
WIth rionon connectors .

[

Here’s another industry

first from 3M that’s good news
for you: the Scotchflex brand
Delta Ribbon Connector
System for intra-system or
1/0 interconnections. In
computer applications, in
telecommunications, in any
place or any way you want
to use flat cable and ribbon
connectors, this versatile
system can do the job at
sharply reduced assembly
time and labor costs.

With Scotchflex Delta
Ribbon Connectors,

no stripping, soldering or
other wire preparation is
necessary. You can mass
terminate a parallel-lay
50-conductor (25-pair) .0425”
center-spaced flat cable in
less than 30 seconds with one
step. That’'s about ten times
faster than other available
methods. And thanks to 3M’s
field-proven, gold-plated
berylium copper U-contacts,

all connections are
reliably corrosion-resistant
and gas-tight.

After termination, there
are more savings. You can
buss from point to point
without disassembling or
breaking existing cables. And
there’s no need to redesign
or rework first generation
components. This Scotchflex
system mates perfectly with
all standard miniature ribbon
connectors.




N 30 seconds or less!

There’s no costly
investment to make in
equipment or training. All you
need are two locator plates
and the Scotchflex manual
or pneumatic assembly
press. You can start mass
terminating assemblies
quickly and economically.
No special operator skills
are required. Rejects and
reworking are greatly
minimized.

The Scotchflex Delta

Ribbon system includes
50-position male and female
connectors, plus appropriate
bail mount, screw mount and
jack screw Kkits, strain relief
clips and dust covers. Color-
coded flat cable is available
in parallel-lay conductors
#28 AWG stranded or

#26 AWG solid.
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Only 3M offers you so

broad a range of flat cable
and system components.

A nationwide network of
stocking distributors. Best
off-the-shelf availability.
Proven performance. And
the unmatched experience
of the people who pioneered
mass terminations. -

“‘Scotchflex’ is a registered trademark of 3M Co.

Scotchflex
systems

from 3M
The source

3 COMPANY




18

Summagraphics
Digitizer.

ltdoesmore

than caplure
Xsands.

Summagraphics has built
microprocessor controls in-
to its data tablets and digitiz- .
ers, giving them a higher &2
level of accuracy and an b
unequaled range of per- 5 %
formance. Now the Summa- &
graphics ID (Intelligent Digit-
izer) can do its own scaling,
skew correction, area calcu-
lation, distance measure-
ment and other user defined 7
functions.You don't have to program your computer to do board
level operations, or tie up system memory.

The built-in microprocessor has other advantages. It makes
relocatable origin, binary/BCD conversion, metric output and
incremental operation all standard, switch-selectable functions.
And it makes the Summagraphics ID easier to interface,
easier to operate and more efficient to use.

Any digitizer can give you the X's and the Y's. The
Summagraphics ID gives you the answers.

Application Notes: Call or write Summagraphics for
application notes describing use of digitizers in circuit design,
drafting, geophysics, land
management, even
orthodontic research.

1111

1111

n 1T @
M ® ®
corporation

T 35 Brentwood Ave., Box 781, Fairfield, CT 06430
Phone 203/384-1344. TELEX 96-4348

National Computer Conference, Booth 1170
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word processing terminals for com-
munication with other processors, as
well as for transmission to a facsimile
machine or various printer terminals.
Communication between two com-
puters or between computers and data
terminals will be provided on a
phased development basis. Not only
will the user have machine compati-
bility through code, speed, and modu-
lation conversion, but also will be
able to store and forward data for
delivery at a future time in certain ap-
plications.

The proposed network will be in-
terconnected by 56k-bit/s digital data
transmission facilities, supplemented
by analog data lines up to 48-kHz
bandwidths. Transmission facilities of
230k bits/s and 1.54M bits/s would
be used to meet further communica-
tions demands.

The network is expected to allow
systems to communicate with a variety
of terminals by offering an economical
method of storing, transmitting, and
switching data between cities. Dual
flexibility permits incompatible ter-
minals to communicate and improves
the quality of service through strin-
gent error-control techniques. Once
the Fax/pak facsimile service is in-
troduced, the company plans to intro-
duce other data communications ser-
vices which will link incompatible
terminals and computers.

Interim Rates Increase
Cost of Interstate
Digital Service

Increasing charges by an average of
20% with varying impact on individual
customers, American Telephone and
Telegraph Co, Long Lines, Bed-
minster, NJ has filed revised, interim
rates for its interstate Dataphone®
Digital Service. Rates, scheduled to
take effect on March 24, are in re-
sponse to a Jan 17, 1977 FCC order
directing the company to boost
charges for the service.

In general, interim rates will be
comparable to those for the company’s
voice grade private line services. The
company is scheduled to file proposed
permanent rates by June 8.

First offered in Dec 1974, the ser-
vice is currently available in 24 cities,
providing end-to-end digital data
transmission at speeds of 2400, 4800,
9600, 56,000, and 1.544M bits/s. The
company also has applications with
the FCC to expand the network to 42
additional cities. O
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Could you simplify system design
with 128K bytes, ECC, timing and control
all on a single memory card?

Intel has.

Introducing Intel’s versatile new MOS-RAM memory capacity and field expandability are simplified by
card, mu-3000. It gives you your choice of 16K, 32K the complete plug compatibility of Intel’s random

or 64K by 16 to 22 bits. That’s up to 128K bytes on access memory elements.
a single card. Plus the added advantages of on-board ECC provides 10 to 25 times higher data reliability
error correction coding, system interfaces, timing than typical memory systems. Six check bits are
and control. added to each word during write operations. Then,
Imagine the design economies and efficiencies during read-out, single bit errors are detected and
that makes possible. You can replace up to four con- automatically corrected. And the host processor is
ventional single board semiconductor and core notified of any multi-bit errors.
memory cards with one mu-3000. And in addition to To accomplish longer word lengths and larger
unprecedented density, Intel’s semiconductor tech- system capacity, up to four mu-3000 cards can be
nology delivers improved speed and reduced power combined in a single 5%4" high system chassis. The
and cooling requirements. chassis provides room for Intel’s microprogram-
The mu-3000 is compatibility-engineered to mable self test card and a custom interface card, too.
make it easy for you to use as the new best choice Clip the coupon to get detailed data on the
for mini and midi mainframe memory, add-on memory mu-3000. Or, if you would like an Intel system spe-
systems and specialized memory packages. Or use cialist to show you how mu-3000 can improve your
to upgrade existing single board semiconductor and package, give us a call.
core memory systems. Intel Memory Systems, 1302 N. Mathilda Avenue,
When you design with mu-3000, memory capacity Sunnyvale, California 94086. Phone (408) 734-8102.
starts where competing memory cards leave off. In Europe call Intel International in Brussels (02)

Go from 16,384 words up to 65,536 words. Variable 6603010.
intgl delivers.
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Intel Memory Systems
1302 N. Mathilda Avenue
Sunnyvale, California 94086
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Doubled data storage capacity. Doubled access speed.
Doubled floppy media selection. Get it all with the

new Shugart double-sided single/double density floppy
disk drive. All this for only 25% more than a
single-sided floppy.

Data. Data. The new SA850 double-sided floppy
packs twice as much data as a standard unit—up to 1600
K bytes (unformatted). Yet the SA850 is identical in
physical interface, mechanical outline and package size
to the industry-standard—our SA800/801. It’s
plug-compatible, cabinet-compatible.

20

Faster. Faster. Access time is more than twice as fast.
The SA850 moves from track-to-track in 3 milliseconds,
with an average access time of less than 100 milliseconds.
The secret is a proprietary Fasflex™ actuator that

delivers positive, low-friction head movement.

Media. Media. One drive reads and writes them all.
Single or double density. Single or double-sided disks.
Industry standard diskettes and IBM Diskette 2, too.
Features. Features. The head carriage assembly
allows loading of the two read/write heads simultaneously
on both sides of the disk. (No more head load pads!)
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Plus this head can be replaced without an alignment disk,
scope, or special tool—and it’s totally self-aligning.
Lower heat dissipation and better PCB packaging
promise even better reliability. A new [/O controlled
programmable door lock strengthens data security.

And there’s more, more. So before you look at another
floppy, see the SA850 twice. See it in our brochure.

Then watch it perform in a demonstration
with your own system.

The SA850. The doubled floppy from number 1.

Corporate Headquarters — 415 Oakmead Pkwy. Sunnyvale, CA 94086
Phone (408) 733-0100 O Eastern Region Sales/Service — Phone

(617) 890-0808 O Western Region Sales/Service — Phone (408)
252-6860 O Europe Sales/Service — 3, Place Gustave Eiffel, Silic 311
94588 RUngiS, France Phone (1) 686-00-85 ™Fasflex is a Shugart Trademark

Number 1 in low cost disk storage.

~—1,Shugart Associates
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DIGITAL TECHNOLOGY REVIEW

Single-Board Memory
Stores 128k-Bytes
With Error Correction

A single-board memory system with
storage capacity of 1.44M bits/board,
the in-3000 provides variable storage
capacity, built-in error correction, and
maintenance by replacement of indi-
vidual storage elements rather than
complete boards. Introduced by Intel
Memory Systems, 1302 N Mathilda
Ave, Sunnyvale, CA 94086, the sys-
tem operates as a single-board self-
contained memory with system inter-
faces, controls, and the optional ECC
subsystem on the same board.

Built using high density plug com-
patible 8k and 16k-bit RAMs, a single
board can expand from 16k to 32k or
65k words. Word lengths range from
16 bits without parity to 22 bits with
ECC. Storage capacity of a board
can be upgraded in the field by
changing the RAM type or by plug-
ging additional RAMs into unused
sockets.

Access time of the basic system is
275 ns with cycle time of 450 ns.
The ECC option adds 50 ns to access
time but provides 10 to 25 times
higher data reliability than memory
systems with conventional parity
checking.

Occupying a reserved section of
the basic board, the ECC subsystem
adds six check bits to each word dur-
ing write. During read the check bits
are processed on the board to detect
data errors. Single bit errors are cor-
rected automatically. The host is au-
tomatically notified if any multibit
errors are detected.

Each board can replace up to eight
conventional micro 3000-core memory
boards as well as auxiliary boards,
and reduce power dissipation 75% or
more per bit. Prices will range from
2 to 3¢/bit in OEM quantities.
Circle 140 on Inquiry Card

Replacement for
Rotating Disc Memories
Based on CCDs

A solid-state mass memory, the semi-
conductor disc memory (SDM) uses
charge-coupled devices (CCDs) as
the basic memory element. Organized
to emulate a block-oriented, random
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Plug-in memory board from Alpha Data’s CCD-based semiconductor
disc memory has a maximum capacity of 1M bits which can be accessed
in 1 ms. (Board shown is half full, providing 0.5M bits storage). Memory
system has mounting provisions for eight boards, which can be added
in the field, and requires only 80-W operating power

access, serial head/track rotating disc
memory, the system uses no moving
mechanical parts and provides an
average access time of 500 us, many
times faster than the industry stan-
dard 8.5 ms at 3600 r/min for discs.
Plug-in printed circuit memory boards
enable users to add memory in the
field as requirements change.

CCD storage elements are mounted
on plug-in printed circuit boards.
Each board has capacity for 1M bits.
Up to eight boards can be added in
the field to bring the system up to
its full 1M-byte capacity. Data are
stored on from 16 to 128 tracks, up
to 4096 words/track, 256 words per
sector, and can be transferred at rates
of 2 to 4MHz.

By organizing the SDM to look like
a rotating head/track disc memory,
Alpha Data Inc, 20750 Marilla St,
Chatsworth, CA 91311 has made the
system fully compatible with their
other head/track disc memory systems
and computer controllers. Basic SDM
interface is decoded TTL, including
read, write, and address control elec-
tronics. This interface is plug-com-
patible with all of the company’s
computer controllers, including those
for use with Data General and DEC
PDP-11 computers. It can also emu-
late interfaces of other manufacturers’

rotating disc memories. Illegal ad-
dress warning and write protect are
integral features.

The memory system comes com-
plete with integral power supply,
blower, and frame for rack mount.
It mounts in a standard 19” (48 cm)
rack, has front panel height of 7”
(17.8 cm), and depth of 20” (50.8
cm).

The unit requires less than 100-W
operating power for a 1M-byte sys-
tem. A standby battery supply is
optional. Prices range from approxi-
mately $6500 to $21,000 depending
on storage capacity.

See at NCC Booth 2071
Circle 141 on Inquiry Card

Double-Sided Floppy Disc
Doubles Storage,
Improves Access Times

The SA 850/851 offers twice the on-
line storage of standard floppy disc
drives with what is claimed to be a
210% improvement in access time,
yet is priced only 25% higher. A
double-sided, single/double-density
floppy disc drive, the unit uses the
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Diablo Daisy Power

Diablo Delivers More Features, Options,

And Technology!

Diablo Hylvpe daisy wheel printers give vou evervthing vou need to add
customer sales appeal to your system! We offer the largest selection of plastic
and metal-clad printwheels in a wide choice of fonts and languages. To

make our printers easy-to-use, vou can choose from a whole range of cloth
and carbon ribbon cartridges in colors or black. Add to that our split

Diablo

platen and varied paper and forms handling features and you've got operation Diablo Systems, Incorporated
easy as a, b, ¢! Then there’s our exclusive internal power supply, a front 7 eox Company
feed inserter, even proportional spacing on our word processing mechanisms. CIRCLE 18 ON INQUIRY CARD

And behind it all are the combined resources of Diablo and Xerox,

dedicated to maintaining our leadership role in daisy technology. After all, we
invented it in the first place! Diablo Systems, Inc., 24500
Industrial Blvd., Hayward, CA 94545, Diablo Systems, S.A.,
Avenue de Fre 263, 1180 Brussels, Belgium and Mitsui &
Company, Ltd,, 2-1, Otemachi, 1-Chome, Chiyoda-ku, Tokyo.

: Diablo and HyType and XEROX® are
- trademarks of XEROX CORPORATION.



NEG IS BULLISH ON

1. WE'RE THE COMPANY WITH ALL FOUR KINDS.

Now with the introduction of these four new families, we're the company with
every kind of dynamic RAM you could need:
The uPD414 Series — 4K, 16-pin, 200-350ns.
The uPD418 Series — 4K, 18-pin, 150-300ns.
The uPDA411A Series — 4K, 22-pin, 200-350ns.
The uPD416 Series — 16K, 16-pin, 150-300ns.

2. WE GIVE YOU A *10% OPERATING MARGIN.

In all four families. Compare that with other people’s margins of =5%.
Imagine the manufacturing care that takes. And the added flexibility you get.

3. WE DESIGN THEM TO USE LESS POWER.

Our uPD414’s and 416’s have as low a power dissipation as any comparable
product in the industry.

And our xPD418’s and 411A’s actually use less power than any other
standard 18- or 22-pin 4K RAMs on the market. Infact, our 18-pin
uses 60% less power.

And with this kind of power dissipation,we can offer all our RAMs
in plastic, as well as cerdip, packages.

4. WE'LL EVEN PUT THEM
0" A Bﬂlﬂﬂ. If you want any of our

products on a board, we’'ll gladly design and
build it for you. However you like. In whatever
quantity you need.

So next time you're in the market for
dynamic RAMs, why not contact one of our
reps or distributors. Theyve got everything
you need. And that’s no bull.

NEC Microcomputers, Inc., Five Militia Dr.
Lexington, MA 02173, 617-862-6410.

NEC MICrocomputers, inc.

REPS: East— C&D Sales 301-296-4306, Contact Sales 617-273-1520, Harry Nash Assoc. 215-657-2213, Tech-Mark 607-748-7473, 716-223-1252,
315-652-6229, Trionic Assoc. 516-466-2300; South— Perrott Assoc. 305-792-2211, 813-585-3327, 305-275-1132, Wolffs Sales Serv. Co.
919-781-0164; Midwest — Electronic Innovators 612-884-7471, W. Pat Fralia Co. 817-640-9101, 817-649-8981, 713-772-1572, K-MAR Eng. & Sales
816-763-5385, R.C. Nordstrom & Co. 313-559-7373, 616-429-8560, Technology Sales 312-438-3300; West—Mike Duffy Assoc. 303-934-7392,
Electronic Component Marketing 714-524-9899, 213-649-5374, Spedden Assoc. 714-295-6122, Summit Sales 602-994-4587, Trident Assoc.
408-734-5900, Tri Tronix 206-232-4993, 505-265-8409; Canada—R.F.Q. Ltd. 416-626-1445, 514-626-8324.

DISTRIBUTORS: Century Electronics (Albuquerque, Salt Lake City, Wheatridge CO), Diplomat (Chicopee Falls MA, Clearwater FL, Ek Grove Village
IL, Farmington MI, Minneapolis, Mt. Laurel NJ, Salt Lake City, St. Louis, Sunnyvale, Totowa NJ, Woodbury NY), Future Electronics (Montreal, Ottawa,
Rexdale, Canada), Harvey Electronics (Fairfield NJ, Lexington MA, Norwalk CT, Woodbury NY), Intermark Electronics (San Diego, Santa Ana, Sunnyvale),
Lionex (Burlington MA), G.S. Marshall (Sunnyvale), Mirco Electronics (Phoenix), Resco (Raleigh), R-M Electronic (Kentwood MI, Madison Hgts MI), Semicomp
(Newport Beach CA), Semiconductor Specialists (Burlington MA, Chicago, Dallas, Dayton, Farmington MI, Hazelwood MO, Indianapolis, Kansas City, Milwaukee,
Minneapolis, Pittsburgh, St. Louis; Malton Canada), Sterling Electronics (Albuquerque, Dallas, Houston, New Orleans, Phoenix, San Diego, Seattle, Sun Valley CA,
Watertown MA), Technico (Columbia MD, Roanoke VA), Zeus Components (Emsford NY).
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SPRING
ASSEMBLIES

Instrument Specialties
assumes all the headaches
and guarantees quality!

Until recently, Instrument Specialties was known only for the superb
quality and performance of our beryllium copper springs and spring con-
tacts. Customers bought the springs, and frequently assembled them
into molded blocks in their own plants—with varying degrees of
success.

Now, Instrument Specialties can eliminate this divided responsibility. We
can supply your contact springs attached to molded bases, and guaran-
tee to meet the specifications of the entire assembly! We'll take complete
responsibility for producing the plastic block, manufacturing the springs
to exact specifications, and then assembling the parts through heat stak-
ing, press fitting, or ultrasonic welding. We can also weld or solder

springs to other metal components.

Of course, this eliminates a lot of your procurement and

assembly headaches. But most important, your assem- é

blies fit and work the way you specified—Instrument f§ TR
Specialties guarantees it! - '
We'll be happy to discuss your specific needs—just g

phone. Or, for a free catalog, write today to Dept. CD-84.

INSTRUMENT SPECIALTIES CO., INC.
Little Falls, New Jersey 07424
telephone: 201-256-3500 twx: 710-988-5732

Specialists in beryllium copper since 1938
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Double-Sided
Stepping Motor

Metal Band

Base Casting Capstan

Mounting Plate

ment in access time

Head Assembly

Carriage Way

Carriage

Shugart’'s SA 850/851 double-sided, single- and double-density floppy
disc drives incorporate a band drive stepper/carriage assembly design
which eliminates friction and wear of functional
Fasflex actuator improves access, allowing a claimed 210% improve-

Magnetic Heads

Double-Sided
Diskette

parts. Proprietary

company’s proprietary Fasflex™ actu-
ator to improve access time and re-
duce necessary maintenance by elim-
inating the head load pad.
Two-headed versions of the stan-
dard drives, the units were developed
by Shugart Associates, 435 Indio
Way, Sunnyvale, CA 94086. Identical
in appearance, physical interface, and
mechanical outline to the SA 800/
801, the drives use two index de-
tectors to distinguish between 1-sided
and 2-sided diskettes and to provide
index for the SA 850, and index and
sector for the hard sectored SA 851.
Two flexure mounted, ceramic
read/write heads, each with an inte-
gral load area, are lightly loaded
toward each other with the disc
sandwiched between them. Read/
write cores are offset by 0.0833 in
(0.2116 cm); the load area is opposite
the read/write gap. This combination

<——CIRCLE 19 ON INQUIRY CARD

of light load flexure mount and cer-
amic load pad provides excellent com-
pliance and minimum wear.

Design of the unique band drive
stepper/carriage assembly eliminates
friction and wear of functional parts
and provides speed, accuracy, and re-
liability as well as enhanced service-
ability since head alignment is not
required when the assembly is re-
placed.

Available with single-density (FM
encoding) and double-density
(M2FM) capability as standard fea-
tures, the unit is the same physical
size as the standard floppy (4.62 x
9.50 x 14.25", 11.73 x 24.13 x 36.20
cm). A skinny version measuring
(4.28 x 855 x 14.25", 11.73 x 21.72
x 36.20 cm) will allow side by side
mounting in a 19” (48 cm) RETMA
rack.

Units are plug-compatible with
standard drives and are media inter-
changeable with IBM 3740, S/32
single-sided drives as well as IBM
Series/1 (model 4964) and 3600
series 2-sided drives using double-
sided IBM diskette 2 media or its
equivalent.

Capacity is 6.4M bits/disc unfor-
matted, 4.0M bits/disc IBM format.
Transfer rate is 250k bits/s and la-
tency is 83 ms average. Track-to-track
seek time is 3 ms and head load
time is 35 ms. Double-density re-
cording results in 12.8M-bit capacity
with a transfer rate of 500k bits/s.
Error rates are 1/10° bits read soft,
1/10'2 hard, and 1/10% seek. Media
will withstand 3.5 x 106 passes/track
and 30,000+ insertions.

Circle 142 on Inquiry Card

Remote Control Equipment
Provides Smart Interfaces,
Fast Processor

Two enhancements to its total dis-
tributed control (TDC) architecture
—a family of remote process interface
units for analog and digital I/O pro-
cessing, and a process computer—
have been announced by Honeywell
Inc’s Process Control Div, 1100 Vir-
ginia Dr, Fort Washington, PA 19034.
TDC 7100 process interface units
(PIUs), smart remote multiplexer
units, are interconnected by a single
coaxial cable that serves as the com-
munications link among the elements
of a distributed system. The TDC
4500 computer provides all necessary
central processing functions in a single
compact cabinet, while maintaining
compatibility with existing series 4000
computers.

Each PIU functions as an intelli-
gent unit to perform scanning, limit
checking, sequence-of-events time-
keeping, and automatic reporting of
meaningful changes and alarms. Used
as a solid-state analog scanner, digi-
tal I/0O interface, and analog output
subsystem, the high level PIU reduces
routine limit and status checking, and
data conversions by computer soft-
ware when acting as a computer’s
process interface. A low level unit
handles analog inputs from sensors.
When equipped with signal condi-
tioning elements, it can accept cur-
rent and voltage input signals. The
device reduces central processor load-
ing by performing offset correction,
reference temperature value compen-
sation, and gain optimization and limit
testing. A satellite unit provides re-
mote multiplexers with moderate per-
formance over a wide temperature

27



LSI-11 Memory

16K words in a single
quad slot (2 option
slots)

Totally LSI-11
hardware and
software compatible.

Selectable,
on-board refresh
modes:

1. Distributive
refresh mode.
(Monolithic
Systems method)

2. Burst refresh
mode.

(DEC method)

One year warranty
on parts and labor.

$1,195 single
quantity. OEM
discounts available.

Delivery from stock.

-

MSC 4501
January

CIRCLE 20 ON INQUIRY CARD

Our first

DEC compatible memories

for 1977!

PDP-8 Memory

Requires 75% less
power than equivalent
core memories (8K
words requires only
0.6A at +5 volts DC).
Nonvolatile, 8K
words fits in a single
OMNIBUS® slot.
Totally PDP-8 A,
E, F or M hardware
and software
compatible.
One year warranty
on parts and labor.
$995"single
quantity. OEM
discounts available.

MSC 3201
February

CIRCLE 21 ON INQUIRY CARD

Delivery from stock.

PDP-11/04/34
Memory

Up to 64K words, with
or without parity, in a
hex wide “SPC” slot.
Totally PDP-11/04/34
hardware and software
compatible.
Expandable in
4K increments to 16K
words, and in 16K
increments to 64K
words.
One year warranty
on parts and labor.
$1495 (16K words)
single quantity. OEM
discounts available.
Delivery from stock.

MSC 3501
March

CIRCLE 22 ON INQUIRY CARD

PDP-11 Extended
Memory Unit

Up to 2.8 megabytes,
with parity, in a

10%2" high rackmount
chassis (includes
power supply and
forced air cooling).

Expandable in
512K byte increments
to 4 megabytes.

Faster than
RF-11/RS-11—4 usec.
access time,

1 usec. transfer rate,
selectable.

More reliable than
disk or comparable
core memaory.

Nonvolatile with
available battery
backup.

PDP-11/04 through
70 hardware and
software compatible.

One year warranty
on parts and labor.

Delivery 45 days
AROQO.

MSC 3601
April

CIRCLE 23 ON INQUIRY CARD




Visit us first in
Booth 1240-44 at
the NCC Show!

On being first

Monolithic Systems
is the innovator in
DEC compatible
memories. From our
first PDP-11 memory
in 1973, our line has
grown to provide
memories for PDP-8's,
11's and the LSI-11.
Add-in’s and
add-on’s.

In 1977, we will
continue to be first
with DEC compatible
memories, taking
advantage of the
latest memory
technology. And first
in reliability, value
and delivery.

The next first is
yours. When you call
us for DEC compatible
memories.

*Prices for U.S. and Canada only.
DEC compatible
memories...

from the first.

&Q
Nonaolithic
Jyrtems o

14 Inverness Drive East
Englewood, CO 80110
303/770-7400

DEC, LSI-11, PDP-8 & PDP-11
are registered trademarks of Digital
Equipment Corp.

© 1977, Monolithic Systems Corp.
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range as well as handling analog in-
puts and reducing CPU loading.
Featuring increased throughput, the
TDC 4500 process computer provides
up to 256k words of MOS memory
with 600-ns cycle time; speed and
small size are achieved by use of an
internal microprocessor and high den-
sity integrated circuits. Its 24-bit
word length permits control precision
and high speed memory I/0. A
GENIE I/O bus with a transfer rate
of IM words/s permits a common
interface path for communication be-
tween central processor arithmetic and
main storage functions and the var-
ious process I/0 and peripheral con-
troller functions.
Circle 143 on Inquiry Card

Mid-Range Computer Adds
User Microprogramming to
Augment Instruction Set

Bringing microprogramming and mul-
tiprogramming to the mid-range mar-
ket, the Eclipse® S/130 offers a user-
microprogrammable control processor
to meet high speed requirements in
dedicated applications and supports
concurrent timesharing, batch, and
real-time operations for complex mul-
tifunction applications. Introduced by
Data General Corp, Southboro, MA
01772, the processor incorporates
floating point and character handling
instruction sets to provide the versa-
tility and high throughput needed in
laboratory, scientific, and communica-
tions applications.

Packaged in a compact 12-slot
chassis with optional expansion chas-
sis, the S/130 features Eclipse archi-
tecture and has up to 256k bytes of
MOS, core, or mixed main memory.
Semiconductor memory modules are

Data General’s Eclipse S/130 offers up
to 256k bytes of core and/or RAM,

user-microprogramming, and floating-
point and character-handling instruc-
tions, as well as multiprogramming ca-
pability under AOS

30

64k bytes with a cycle time of 500
ns. Memories have error correction
(ercc) and optional battery backup.
A memory allocation and protection
unit (MAP) provides program and
data protection in multiuser environ-
ments. Peripheral support includes
315k-byte diskettes and 190M-byte
disc files as well as magnetic tape
drives and cartridge discs, sensor I/0
and communications subsystems, and
printers and video display terminals.

Standard are bit, byte, word, and
block instructions as well as hardware
interrupt vectoring and stack facility,
multiply/divide instructions, auto-
matic program load, and power fail/
auto restart features. In computa-
tional applications, users can add a
fast floating-point instruction set; a
character-handling instruction set aug-
ments the standard set for communi-
cations or business applications.

Custom instruction set capability
is provided through user-microcode
storage in RAM (writable control
store) or p/ROM (programmable-
ROM control store). Writable con-
trol store offers 1k 56-bit words for
alteration of instructions; p/ROM con-
trol store provides 2k 56-bit words
of nonvolatile microcode storage.
Technical features include 15 inde-
pendent control fields, 200-ns micro-
cycle time, high speed scratchpad
consisting of 256 16-bit registers, and
a powerful arithmetic logic unit.
Microcode facility offers reentrant in-
terruptible microsubroutining to elim-
inate the high latency in long micro-
code sequences. Multiway microcode
branching provides efficient decoding
of operation codes.

Running under AOS (advanced
operating system), the S/130 offers
multiprogramming users large com-
puter processing speed, hardware/
software system security, and efficient
resource management. In addition to
AOS, system software includes the
realtime disc operating system.

Representative system prices are
$11,000 for an S/130 with 32k-bytes
core memory, which includes auto-
program load, power-fail/auto-restart,
and hardware multiply/divide. In a
single-bay cabinet with 128k bytes
of RAM, battery backup, MAP, float-
ing-point instruction set, real-time
clock, 10M-byte disc subsystem, sen-
sor I/O subsystem, and 60-char/s
terminal subsystem, the price is
$42,150.

See at NCC Booth 1215
Circle 144 on Inquiry Card

Computer Systems Up
Performance 20% Using
Faster Disc Drive

HP 3000 series II models 6 and 8
achieve higher performance through
the use of the 50M-byte HP 7920A
disc drive. The drive, in addition to
providing improved system perfor-
mance, is easier to repair and main-
tain, and can result in a 59% reduc-
tion in maintenance costs per drive.
The General Systems Div of Hewlett-
Packard Co, 1501 Page Mill Dr, Palo
Alto, CA 94304 designed the busi-
ness computer systems for use by
small organizations seeking a general-
purpose computer and for large or-
ganizations planning to add or ex-
pand satellite processing capability.

Model 6 has 128k bytes of memory
(expandable to 256k bytes), 1600-
bit/in tape drive, 2640B CRT con-
sole, and terminal controller which
can handle up to 15 asynchronous
terminals at speeds up to 2400 baud.
Model 8 provides 320k bytes of
memory, expandable to 512k bytes.
Both support a synchronous com-
munication interface operating at
speeds to 9600 baud with software
capability to emulate an IBM 2780/
3780 remote job entry station.

Base price of the model 6 is $110,-
000; the model 8 starts at $140,000.
Additional disc memories are avail-
able at $14,000 for a single HP
7920A and $26,000 for a pair of
additional drives. Either computer
will support up to eight drives.
Circle 145 on Inquiry Card

Desktop ASR Terminal
Combines Integral Memory
and Removable Storage

Featuring both a built-in Mini-Cas-
sette magnetic tape unit with 68k

With program and data storage in
internal RAM and on removable Mini-
Cassette magnetic tape units, Computer
Devices’ Miniterm 1204 ASR terminal
also incorporates a thermal printer to
allow data preparation, editing, and
reporting in a single compact unit

COMPUTER DESIGN/MAY 1977
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Less thanabuck abit.

You can pay at least twice as much
for a 10-bit IC D/A converter and
still not get the degree of accuracy
and stability of our new AD561. Sell-
ing for less than $10, the AD561 sets
a new standard of price and per-
formance for the other guys to

shoot for.
As for accuracy, the AD561 is

uaranteed to +%LSB max of 10-bits
%or even+%LSB —and that’s 11-bits).
Monotonicity is guaranteed over

the full operating temperature range.

The excellent stability is made pos-
sible by a unique buried zener
voltage reference and Analog
Devices’ proprieta?/ thin film re-
sistor process. And for settling time,
there’s nothing faster: less than
250ns for the worse case transition;
that’s fast enough to build a 5 usec
ADC. Current-to-voltage conversion
with an op amp is direct and simple:
trimmed application resistors mean
no calibration trimmers are needed.
How did we achieve this break-
through? With the industry’s most
advanced monolithic processing and
our pioneering technique of laser
wafer trimming. The kind of ad-
vances that have quickly pushed us

to the top and made us the leading
supplier of D/A and A/D converter
components.

The AD561 joins another group
of Analog Devices’ pacesetters: a
series of monolithic CMOS con-
verters that also set new performance
standards. At the same time they
set a lot of microprocessor users free
of analog interface problems. One is
the 10-bit successive approximation
AD7570 ADC. Another is the multi-
plyin(% 10-bit DAC, AD7522, the
only device that can be loaded in
either parallel or serial modes.

And the AD561 joins the in-
dustry’s 12-bit IC DAC standard,
AD563.

Find out how you can cut in
half the cost of your 10-bit IC D/A
converters and still get true, 10-bit
performance by writing for our data
sheet. Contact Analog Devices, the
real company in Freeision measure-
ment and control.

ANALOG
DEVICES

Thereal IC convertercompany

Analog Devices, Inc., Box 280, Norwood, Massachusetts 02062 East Coast: (617) 329-4700, Midwest: (312) 894-3300, West Coast:
(213) 595-1783, Texas: (214) 231-5094, Belgium: 031 38 27 07, Denmark: 02/84 58 00, England: 01/94 10 46 6, France: 686-77 60, Germany:
089/53 03 19, Japan: 03/26 36 82 6, Netherlands: 076 14 21 50, Switzerland: 022/319704 and representatives around the world. i

CIRCLE 25 ON INQUIRY CARD 33
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char of removable storage and an
integral 8k RAM, the Miniterm 1204
automatic send/receive terminal pro-
vides complete simultaneous transmit/
receive capability; tape to memory,
memory to tape, tape to line, or mem-
ory to line transmission; and editing
capability for offline data preparation.
The completely microprocessor-con-
trolled unit from Computer Devices
Inc, 25 North Ave, PO Box 421,
Burlington, MA 01803 incorporates a
maximum of state-of-the-art electron-
ics and a minimum of moving parts
to ensure long life and reliable oper-
ation; quiet operation is assured by
a solid-state thermal printhead.

Main memory capacity ranges from
7k 8-bit words to 31k words of first-
in first-out storage. Random access
edit memory ranges in size from 7k
to 31k words depending on use of
main memory. Cassette units. have
capacity for 68k char recorded 600
bits/in (236/cm) on a 50-ft (15-m)
tape cassette. The transport provides
record and playback at 3 in/s (7.62
cm/s) with fast forward and rewind
at up to 20 in/s (50.8 cm/s). Internal
data transfers (tape to memory or
memory to tape) occur at a maximum
rate of 1800 bits/s.

The unit’s thermal data matrix
printer outputs 35 char/s, 80 char/
line on 8.75” (22.23 cm) wide paper.
Data transmission occurs asynchron-
ously serial by bit and character at
switch selectable rate of 110, 300, or
1200 baud. Hardwire compatible with
all major minicomputers and central
processors, the interface is EIA Stan-
dard RS-232; operation in local, full-
or half-duplex modes is switch-selec-
table.

Binary or ascm code use is selec-
table, and programmers are provided
with complete diagnostic capability
for printing control characters. High
speed editing capability within the
memory allows extensive search, de-
lete, change, append, and file control
functions,

Circle 146 on Inquiry Card

Cache Memory Integrated
with Microprogramming
In Mid-Range Computer

In a fully integrated configuration,
the PDP-11/60 consists of central pro-
cessing unit, two RKO06 disc storage

units with 28M-byte capacity, and an
LA36 terminal. Integral cache mem-
ory and floating point processor offer
substantially improved performance,
while its design incorporates both new
combinations of existing computer
elements and design extensions of
such elements.

The system features 532-ns effec-
tive cycle time, 256k bytes of either
MOS or core main memory, and low
profile cabinetry. Options available
from Digital Equipment Corp, May-
nard, MA 01754 make it into what is
claimed to be the most “generalized”
minicomputer in the mid-range. Ac-
cording to project manager Walt
Vignault, “the processor was designed
to take advantage of cost reductions
made possible through microprogram-
ming techniques without degrading
system performance; the balance re-
sults in a highly cost-effective de-
sign.” An example is the semicon-
ductor memory, which has an error
correction code feature that corrects
errors automatically and an MTBF
of better than 20,000 hours. This per-
mits the use of lower cost semicon-
ductor memory, rather than core,
without degradation in reliability.

Augmenting the unit’s built-in float-
ing point processor, an optional high
speed floating point processor will
perform a double precision (64-bit)
multiply between registers in 3.74 ys.

MDB SYSTEMS presents... The LSI-11 Connection

GP Logic Modules - Peripheral
Controllers - Communications
Interfaces + Special Purpose
Modules * Accessory Hardware

Plus: DEC’s own LSI-11 Micro-
processor Module.

Here are some MDB Systems
connections to LSI-11
MiCroprocessors:

O General Purpose Interfaces:
Parallel for programmed 1/0
and DMA.
Do-it-yourself dual and quad

wire wrap for any DIPdesign. 0 MDB Backplane/Card Guide

O Device Controllers for most
major manufacturer’s
Printers
Card equipment
Paper tape equipment
Plotters
O Communications/Terminal
Modules
Asynchronous Serial Line
Synchronous Serial Line

Assembly (8 Quad slots)
Rack mount chassis 5%"
front panel.

O Special Purpose Modules and

Accessories
System monitoring unit

provides front panel switch

addressing, power on/off
sequencing; line frequency
clock.

O Bus extenders/terminators.
E-PROM and PROM modules.
Bus connectors for backplane

assemblies.

MDB Systems products always
equal and usually exceed the
host manufacturer’s specifica-
tions and performance for a
similar interface. MDB interfaces
are software and diagnostic
transparent to the host computer.
MDB products are competitively
priced; delivery is usually within
14 days ARO or sooner.

MDB also supplies interface
modules for DEC PDP*11 Data
General NOVA* and Interdata
minicomputers.

VDB

MDB SYSTEMS, INC.

1995 N. Batavia St, Orange, California 92665
714/998-6900 TWX: 910-593-1339

“TMs Digital Equipment Corp. & Data General Corp.

s “See us at the National Computer Conference”
CIRCLE NO. 26 FOR LSI-11; 27 FOR PDP-11; 28 FOR NOVA; 29 FOR INTERDATA



INTRODUCING
THE ONLY BOARD TESTERS

THAT SHOW WHO’S AT FAULT.

SHORTS, BAD COMPONENTS,
EVERYTHING.

Now, thanks to our new testing costs even more. probe, an IEC buss inter-
CAPS VIII software, our This is accomplished through  face, and diagnosis logging
GRboard testers can take our new Automated Program capability.
you beyond identifying the Generation (APG) Software Of course, to get CAPS
faulty node to pinpointing ran- which includes anincremental VIII's big improvements in
dom shorted tracks, opens,  simulator, event tracking fault resolution, setup and
and faulty components. And  capability, equation genera-  troubleshooting speed, and
they get there atleasttwice  tion and test-generation cost, you first
asfast as other testersthat  language. It will give you a
only get you to the node. So  test program that detects
they save youboth trouble-  a greater percentage of faults
shooting time and repair time  inless time than any other

art Clip

and require fewer rework setup method on the market. “sg,™
support people. To make CAPS VIl even % e reduces
But that’s not all. CAPS more attractive, we're also e v Al
VIII software also gives offering anew Smart Clip, neéed a GR digital or hybrid
you faster setup, toreduce  anew pulse-catching logic circuit board tester. But
that’s no problem either.

The number to callis

617-369-8770 ext. 273.
GenRad, Inc. Test

¥ Systems Division, 300

Baker Avenue, Concord,

Massachusetts 01742.

THE DIFFERENCE IN
| SOFTWARE IS THE
DIFFERENCE IN
TESTERS.

GenRad
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And we speak it in many ways. Our entire MI Series
Connector line, for example, is designed to true metric
dimensions. And that includes everything from contact
centers to housing dimensions.

In addition, the MI Series meets the general requirements
of national and international testing and approval groups
—ranging from UL and IEC to CSA and VDE.

Even more important, wherever you may use MI
connectors, in New York or Sydney, you can depend on
first-rate AMP technical service. Because AMP has long
been a worldwide corporation with major factories and
engineering facilities in the leading countries. And that
means true in-depth support at home and abroad. Plus
practical first hand advice on international technical
requirements when you need it.

Even without international technical aid, AMP MI Series
Connectors are economical. Because they are part of
AMP’s exclusive Multimate Family. That means you can
use common contacts with a variety of connector families
and save on both tooling and inventory.

So if your product plans are international in nature,
be sure to get complete information on AMP MI Series
Connectors. Just call Customer Service (717) 564-0100.
Or write AMP Incorporated, Harrisburg, PA 17105.

AMP has a better way.

AMP

INCORPORATED

CIRCLE 31 ON INQUIRY CARD
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The option provides the means to
develop fast-response systems for a
variety of operations.

Of particular interest to OEM users
are the user control store (UCS) and
extended control store (ECS) op-
tions. The UCS, which permits ac-
cess to the inner machine for tailoring
performance at the microprogram
level, includes a hardware module
and software tools for microprogram

development; through microprogram-
ming, functions ranging from special
purpose I/O functions to emulation
of some mini and microcomputers
can be achieved. The ECS module
permits special functions developed
with the UCS to be placed into pro-
grammed read-only memories.

For testing, an optional diagnostic
control store (DCS) module can re-
duce MTTR to 2.5 h, lowering both

Pinpoint
The Problem

HP’s Current Tracer locates
low impedance logic faults.

By tracing current to sources or sinks. it can find the one bad

component on a bus, pinpoint hairline solder bridges or backplane
shorts. It quickly troubleshoots wired AND/OR and 3-state
busses in all logic Tamilies. No cutting circuit traces or removing

vood circuit clements. Sensitive only to AC currents with
last ransitions: adjustable sensitivity of T mA to I A: single lamp
readout displays relative current levels. Model S347A. S350?
Also available are HPS S46A Programmable Logic Pulser fon
single pulse or streams (S150%) and HPS Logic Probes and Clip

[or voltage based problems. <bomest

U.S. pr

Northeast, contact Schweber: Westbury, NY: Somerset. NI: Danbury, C'1.

West, contact Wyle-Flmar
Wyle-Liberty: Seattle, WA Phoenix

Denver, CO: Mt View. CA.
AZ:; San Dicgo, CA: El Seaundo, CA.

Flsewhere, contact your nearby HP sales office, or write

HEWLETT |ﬁ PACKARD

1507 Page Mill Road, Palo Alto
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field service charges and downtime.
Running under the RSX-11M oper-
ating system, the 11/60 will perform
maintenance and diagnostic tests on
itself.

System prices range from $44,700
to $70,000 in standard configurations.
Single unit prices for the central pro-
cessor alone begin at $25,700. De-
liveries are scheduled to begin in
June.

Circle 147 on Inquiry Card

Proposed ASCII Standard
Augmented to Include
CRT Device Controls

Twenty-five additional controls are
being standardized for use with the
American Standard Code for Infor-
mation Interchange (ascir) in 7- and
8-bit environments. Entitled Addi-
tional Controls for Use with asci,
the draft proposed American Na-
tional Standard is out for public com-
ment as BSR X3.64.

Primary thrust of the standard is
to encode the control functions
needed by the current technology of
2-dimensional character imaging I/0
devices. The standard uses a mul-
tiple character structure similar to
an escape sequence to obtain 78 dis-
tinct functions. A uniform method is
used to represent both numeric and
selective parameters indicating di-
mensional quantities and obtaining 88
more subfunctions. Twenty-three
modes alter the interpretations of
some functions.

Types of controls include editing
functions, formatting, and specifica-
tion and control of input areas, as
well as certain status setting and in-
terrogation functions, mode selection,
and typesetting composition. The
standard is open-ended so that more
controls can be incorporated in future
revisions.

Copies of the 100-page dpANS
BSR X3.64 are available from Mr
R. M. Brown, Director of Standards,
CBEMA, 1828 L St, NW, Washing-
ton, DC 20036 at a charge of $3/
copy. Comments should be returned
to CBEMA at the address given,
prior to May 28.

Circle 148 on Inquiry Card

Dual Diskette Unit,
Editing Station Expand
Word Processing Line

Word Processor 10A, which is a stand-
alone word processing system, and
an editing station have been added
to the line from Wang Laboratories,
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New
Super Fast/Super Quiet
COMPLOT® Dlgltal Plotter

On Display
for the First Time at NCC

Booth # 1193

® Pen races at fast 4 IPS

e Unique “Micro Drive” introduces
super quiet to digital plotting

® 4 Step sizes in English and
4 step sizes in Metric

e Bi-directional paper movement

e Z-fold chart paper for 812" x 11"’ or
11" x 17" charts

® Plots online, offline, time share or
remote batch

houston
mstrumentl R%,?ER l oo o ®

ONE HOUSTON SQUARE (at 8500 Cam ad) AUSTIN, TEXAS 78753
(512) 837-2820 TWX 910—874—2022 cable HOINCO " A registered trademark

EEEEEEEEEE :
Rochesterlaan 6 elgium of Houston Instrument
EUROPEAN OFFICE Phone 059/277“5 Telex Bausch 81399

*US Domestic Price Only
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SIEMENS

New data-hungry peripherals
from Siemens

For OEM requirements which demand
high throughput from reliable I/0O devices,
Siemens introduces the data-hungry
peripherals.



The Siemens ND 2 is the ultimate
in hard-copy peripheral systems.
It uses a laser and electrophoto-
graphy to print up to 21,000 lines
per minute on plain paper. The
ND 2 can output approximately
8,000 12-inch sheets per hour
with a forms overlay feature that
eliminates the need to preprint
computer paper. Even at top
speed the character quality is
suitable for OCR applications.
Designed for high through-put and
reliability, the life of the photo-
conductor drum is an unparalleled
three million copies — and the
drum is user changeable.

The new PT 80 terminal, with
printing speeds of 30-90 charac-
ters per second, is similar in
design to the Siemens teleprinter
1000. Based on modular building
blocks, the PT 80 offers a large
variety of different type faces
and the ability to adjust to all
common paper sizes. The range
of 72-132 characters per line
make the PT 80 an extremely
flexible terminal. Ilts compact
design and quiet operation make
the terminal highly suitable for
use in office, banks, data
processing centers, etc.

The Siemens PS 5 disk storage
drive features an average
positioning time of 23 ms. It’s
easily expandable from 72 to
144 to 300 to 500 MB without
cabinetry changes. Users can
upgrade easily, and your parts
inventory stays small. The PS 5 is
extremely rugged and reliable
with a proven MTBF of 2,500
hours, including the first hour of
operation. At 500 MB it is the
largest capacity disk unit
available - and the most
economical per MB.

To best appreciate the capabilities of these systems,

we would like to demonstrate them to you.

We will be at the NCC in Dallas, June 13-16.

You may also call R. Mizrahi directly for an appointment.

Siemens peripherals . . .

for your growing data appetite

IS I %2 Al IatAIIINRS M A BK
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Siemens Corporation
3 Computer Drive
Cherry Hill, N.J. 08034
Tel.: 609-424-2400
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Inc, One Industrial Ave, Lowell, MA
01851. Dual diskette storage meets
rising demands for increased capacity,
duplication capability, and simul-
taneous input and output; visual CRT-
based input and editing allows easy
operation.

WPI10A is comprised of three basic
units: work station (CRT/keyboard),
40-char/s bidirectional daisy printer,
and dual diskette drive with a non-
removable system diskette that may
contain up to 200k char and archive
diskettes each containing up to 300k
char. Operator prompts appear on the
screen and automatic word wrap-
around assists operators in producing
final documents efficiently.

The document-oriented system al-
lows complete documents, rather than
single pages to be created, accessed,
and played out. Among its editing
capabilities are insertion and deletion
of characters, words, lines, para-
graphs, or entire sections of text. A
glossary serves to reduce the input
of commonly used words or phrases
to two keystrokes.

Keyboard is a standard typewriter
style with additional special function,
format, and cursor control keys. The
12” (30.48 cm) diagonal display pro-
vides 24 lines of 80 characters each.
Whenever text is entered, revised, in-
serted, or deleted, it is displayed.
Continual prompts assist operators
through every system function.

Consisting of work station with
CRT video screen and a simplified
keyboard/storage station using high
capacity, rapid access dual diskettes,
the editing station is an electronically
controlled word processor for use
where a printer is not needed. Key-
board is a standard office typewriter
with additional operational and cursor
control keys.

The editing station, a visual text
originator, provides operational fea-
tures such as operator prompts on the
screen and is document-oriented to
allow complete documents to be
created, stored, retrieved, and edited.
Operational features include auto-
matic centering; indenting; decimal
alignment; automatic indexing for
sub/superscripts; global search, re-
place, and hyphenation; document
assembly; and right margin justifica-
tion. Telecommunications capability
may be added.

All units comprising both systems
are portable, allowing them to be
located on any standard desk or table.
Accessories include a table for work

42

station and dual diskette. With addi-
tional electronics both systems can
be upgraded to a WP20 eliminating
the problem of system obsolescence.
Circle 149 on Inquiry Card

Data Entry Software
Permits Independent Use
From Three Terminals

Multiform™ data entry software al-
lows up to three users to indepen-
dently enter data into pregenerated
data entry screen formats, extending
the capabilities of Diskette 1100 and
1150 dispersed processors by allowing
attachment of two additional data
entry terminals. Data entered via the
system and stored on diskette or disc
may be easily retrieved and modified
using interactive control keys on pro-
cessor or data entry terminals. A print
utility allows the operator to print
the form image, data in the files, and
form of entered data in appropriate
places.

The forms-oriented data entry sys-
tem was developed by Datapoint
Corp, 9725 Datapoint Dr, San An-
tonio, TX 78284 to allow users to
create data entry formats with a
variety of editing criteria for each
field. Criteria include six field types,
justification, and numerous entry re-
strictions. The system’s high level
English-structured language allows
additional edit checks to be program-
med on a per-field basis. These field
programs permit arithmetic opera-
tions, data manipulation, range
checking, table lookups, check digits,
comparisons, branching, and screen
output controls.

Data files created by the system
can be processed by other data pro-
cessing languages such as Rec 1,
COBOL, DATABUS, DATASHARE and
Basic. These files can also be com-
municated to other computers by use
of an emulator.

A specially coded numeric pad for
easy interactive data entry under
Multiform control is provided on the
3610 terminal. The data entry station
has an 80-character x 24-line display
screen, standard upper/lower case
typewriter keyboard, 11-key numeric
and data entry pad, and five control
keys. It can be hardwired to a pro-
cessor or connected via standard tele-
phone lines using modems and will
operate at up to 9600 baud.

Circle 150 on Inquiry Card

Call your
nearest ISC
sales ;
representative.

ALABAMA: Huntsville

W. A. Brown Inst. Inc. 205/539-4411
ARIZONA: Phoenix

Thorson Co. 602/956-5300
CALIFORNIA: Goleta

Thorson Co. 805/964-8751
CALIFORNIA: Los Angeles

Thorson Co. 213/476-1241
CALIFORNIA: Mountain View
Thorson Co. 415/964-9300
CALIFORNIA: San Diego

Thorson Co. 714/298-8385
CALIFORNIA: Tustin

Thorson Co. 714/544-5121
COLORADO: Denver

Thorson Co. 303/759-0809
FLORIDA: Ft. Lauderdale

W. A. Brown Inst. Inc. 305/776-4800
FLORIDA: Melbourne

W. A. Brown Inst. Inc. 305/723-0766
FLORIDA: Orlando

W. A. Brown Inst. Inc. 305/425-5505
FLORIDA: Valparaiso

W. A. Brown Inst. Inc. 904/678-7932
GEORGIA: Atlanta

W. A. Brown Inst. Inc. 404/939-1674
ILLINOIS: Arlington Hts.

Future Systems 312/640-6091
LOUISIANA: Gretna

W. A. Brown Inst. Inc. 504/366-5766
MARYLAND: Bethesda

Bartlett Assoc. 301/656-3061
MASSACHUSETTS: Framingham
Bartlett Assoc. 617/879-7530
MICHIGAN: Madison Hts.

WKM Associates 313/588-2300
NEW MEXICO: Albuquerque
Thorson Co. 505/265-5655

NEW YORK: White Plains

Bartlett Assoc. 914/949-6476
NORTH CAROLINA: Durham

W. A. Brown Inst. Inc. 919/682-2383
OHIO: Cleveland

WKM Associates 216/267-0445
OKLAHOMA: Norman

Data MarketinF Assoc. 405/364-8320
PENNSYLVANIA: Pittsburgh

WKM Associates 412/892-2953
PENNSYLVANIA: Wayne

Bartlett Assoc. 215/688-7325
SOUTH CAROLINA: Columbia

W. A. Brown Inst. Inc. 803/798-3297
TENNESSEE: Knoxville

McCoin Elec. Equip. 615/584-8411
TEXAS: Austin

Data Marketing Assoc. 512/451-5174
TEXAS: Dallas

Data Marketing Assoc. 214/661-0300
TEXAS: Houston

Data Marketing Assoc. 713/780-2511
TEXAS: San Antonio

Data Marketing Assoc. 512/828-0937
WASHINGTON: Bellevue

Thorson Co. 206/455-9180
AUSTRALIA: Mt. Waverly, Victoria
Anderson Digital Elec. 03-543-2077
CANADA: Montreal

Cantec Rep. 514/620-3121
CANADA: Ottawa

Cantec Rep. 613/225-0363
CANADA: Toronto

Cantec Rep. 416/624-9696
EUROPE: England

Techex, Ltd. 0202-293-115
EUROPE: France

Peritec 749-40-37

EUROPE: Switzerland

Intertest, AG 031-224481

JAPAN: Tokyo

Munzing International 586-2701

ML

Intelligent Systems Corp.,
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SCALE IS IN $1000 BY MONTH =

IN $18009 BY YEAR

GROSS PROFIT BEFORE TAK PROFIT L0SS

Unretouched photograph of screen.

The Intecolor 8001 CRT.
Buy One or Buy One Hundred.

Just $1495:

That's the price tag we'll put on the Intecolor 8001 if you place
your order right now for 100 or more units. $1495. That's
also the price we'll give you on a one-shot cash basis on an
Intecolor 8001 CRT evaluation unit. Now, we'll never get rich
with a price structure like that, but we look at it this way. That
price is an investment in your future. We know that once you
get your hands on the Intecolor 8001, once you see what it
can do, you'll be back for more.

And it's because you'll be getting an Intelligent, 8-Color
CRT that'll outperform any CRT on the market on a dollar for
dollar and character for character basis. And it's complete.
You won't have to lay out more cash for a keyboard, or 8080
CPU, or any of the standard features you'd expect to find on a
good color CRT. It'll be ready to go. You can put it to work as
a stand-alone CRT, incorporate it into your present system, or
use it to upgrade the CRT's in the systems you're currently
marketing. Whatever your application, it'll work for you.

*Quantity 100 price — $1495 each, net 20 Days

Evaluation unit price— $1495, Limit one to a customer, cash with order

Domestic U.S.A. prices

But if your needs call for a more sophisticated CRT, a CRT
that'll give you higher-level functions —no problem. We'll be
glad to work with you to help you come up with an options
package to fit your requirements. Like additional RAM to 32K,
Roll, Background Color, Light pens, Graphics, 48 Line X 80
Characters/Line and up to 64 Special Graphics Characters.
You define your needs, and we’'ll give you the capabilities to
get the job done. It's that simple.

But if you'd like to see for yourself, look over our rep list
on the adjacent page and ask the rep in your area for a demon-
stration. Whatever your application, he can show you the right
Intecolor 8001 CRT at just the right price.

Intelligent Systems Corp.’

5965 Peachtree Corners East
Norcross, Georgia 30071
(404) 449-5961
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The LSI-11 microcomputer
gives its regards to Broadway.

Meet Broadway’s newest
discovery.

Our very own LSI-11. The
most powerful, most software-
supported microcomputer you
can buy.

You'll find it running Times
Square’s latest attraction — the
new Spectacolor animated sign

on the Allied Chemical Building.

The system was developed
for Spectacolor by American
Sign and Indicator Corpora-
tion, using their new Mark 400
Message Center, powered by
the LSI-11.

For AS&lI’s Software Devel-
opment Group Leader Gary
Berg, anything less than the
LSI-11 simply wouldn’t have
been enough.

“In the Mark 400 we wanted
a new top-of-the-line controller
for our dynamic visual display
systems,” says Gary. “The
computer that runs it had to be
powerful enough to handle all
our display services — score-

boards, flip discs, LEDs, lamp
banks, multiple signs, and our
new UNEX displays. But since
the Mark 400 also had tobe a
standard off-the-shelf product,
its computer had to come in at
areasonable cost.”

For Gary Berg, the LSI-11 was
the only answer: “There is
simply no other computer that
can touch itin terms of the
amount of computing power
you get for the money.”

Another thing that attracted
Gary was the LSI-11’s ease of
programming. ““We use
assembly-level language for
its greater speed and to con-

Gary Berg, Software Development Group Leader at
AS&I, Spokane, Washington.

dlilgliltiall
COMPONENTS
GROUP
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serve core. And, for this applica-
tion, we found the LSI-11's
assembler as easy to use as
high-level languages.”

AS&l has had experience
with our large PDP-11’s for their
own data processing and in
custom scoreboard applications
at Tampa Bay, Florida, and Pon-
tiac, Michigan. And according
to Gary Berg, “Being able to use
the same software on this full
range of computers makes the
LSI-11 the clear favorite for us.”

The LSI-11.

The world'’s first microcom-
puter to become a Broadway hit.
(For 600 pages of solid tech-
nical information, plus our new

brochure of microcomputer
case histories, “Why Anything
Less than the LSI-11 Wasn't
Enough for Me,” just call toll
free 800-225-9480 [in Mass.
617-481-7400 ext. 5144], or write
Digital Equipment Corp.,

One Iron Way, Marlborough,
MA 01752.)
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MEMORYROL

PROCESSO
ELEMENT'

STATUS

DAT IN  ADDRESS oyt DATA ouT

New S481 microcomputer chip set...
from Texas Instruments

Fast. Flexible. Efficient. TI's S481
microcomputer chip set. Newest
member of TI’s innovative 9900
First Family.

A new series of high-performance
Schottky TTL microprogrammable
building blocks, the S481 chip set of-
fers a level of performance and flexi-
bility otherwise unavailable. And
allows you the greatest degree of
precision in matching system de-
signs to applications.

e Fast throughput—up to ten times
faster than conventional micropro-
cessors. Select and operate on two
operands—generate status and store
results in a single 100-ns microcycle.

46

¢ Software investment protection—
complete microprogrammability lets

TI’s 9900 First Family

With the addition of the S481 microcom-
puter chip set, TI's 9900 First Family now
offers you a total, standardized capability
all the way from components through
systems. Having common hardware.
Common software. Common support.
Allowing you to move over a wide range
of applications with greater economy.
Greater software retention. Less relearning.
Less obsolescence.

you emulate existing instructions.

¢ Improved memory efficiency —you
can write tailored instructions
suited precisely to your application
to use memory more efficiently, re-
ducing hardware costs.

¢ Greater flexibility —with the S481
chip set building blocks, you can tail-
or your hardware to minimize costs.
And permit future expansion or up-
grades as desired. For both military
and commercial applications.

The Processor Element...
extraordinary capability

A 4-bit slice processor element, the
SN54S/74S481 is both micro and

COMPUTER DESIGN/MAY 1977



macro programmable. Recognizes,
decodes, and executes 24,780 instruc-
tions. Each within a single 100-ns
clock cycle.

For example, the S481 element per-
forms compound operation—select
two operands, AND, add, sign pro-
tected shift, generate status and up-
date memory—all in a single 100-ns
clock cycle. Hardwired algorithms
are provided for automatically
sequencediterative,signed

can beretrieved in the reverse order
of occurrence. The stack can also be
updated without changing the con-
tents of the output register. Avail-
able now at $6.30 each for the com-
mercial version (100 pieces).

PROMs and RAMs...

broad choice for efficiency

For use with new microcomputer
chip set, TI offers a choice of 10

all have pnp inputs for reduced load-
ing on system buffers/drivers.

Field Programmable Logic Arrays...
fast and versatile

The S330/S331 FPLAs provide the
means for electrically programming
the customized logic patterns that
can virtually eliminate the need for
SSI/MSI random logic. These high per-
formance FPLAs are organized as
12-input x 50 product terms

or unsigned multiplies and x 6 outputs in a high-den-
divides. As well as for cycli- Tl Schottky PROM Line Summary sity 20-pin package. They
cal-redundancy character feature an automatic en-
calculations. able which decodes true
Behind this outstanding Address product terms to permit
capability: TI’s advanced Access |  Power FPLA expansion without
Schottky TTL processtech- Part Number Description Time | Dissipation external components. Re-
nology. Plu.s TI’s advanced SN545/745188 | 32W x 8B, O-C, 16 pins 25ns 400mW sult—expandable FPLAs
9900 Family memory-to- |  gNs545/745288 | 32Wx88B,3-S,16pins | 25ns | 400mw with 35-ns typical delay.
gy {e?’i};‘ziclt;‘:cet T2 | SNsas/7ase87 | 256Wx4B,3S,16pins | 42ns | 400mW g;‘é g Stgzgg'ggatez : (?Outxﬁut
thatpplaces multiple regis- BRBGRRD] | RN 42,04, 18 p?ns 42w g passi \/re -pull 32) ou t(;) un:
ter files in main memory. SN545/745470 | 256W x 88, 0-C, 20 p'lns S0ns S50mw SN54S/74S331 are both
Result—the number of SN545/745471 | 256W x 8B, 3-S, 20 pins S0ns | S50mW priced at $9.00 for commer-
available general-purpose SN545/745472 | 512Wx 8B, 3-5,20pins | 55ns | 600mW cial version (100 pieces).
registers is limited only by SN54S/745473 | 512W x 8B, 0-C, 20 pins 55ns 600mwW
the size of program mem- SN54S/74S474 | 512W x 8B, 3-S, 24 pins 55ns 600mwW Input/Output Functions...
ory. Instructions do more SN545/743475 | 512Wx 8B, 0-C, 24 pins | 55ns | 600mW simplified interfacing
work, using less memory Also offered are innovative
space. Interrupts are han- 20-pin high-density inter-
dl(é)dt}f;aster- i face functions designed
er architectural fea- & i 1 i rconnect
tures: TI Schottky RAM Line Summary zgiﬁlftiﬁz lS};g(;lslftl(iepcset. All
¢ Parallel dual input/out- functions have bus-driv-
put ports. Address ing three-state outputs
¢ Full function ALU with Access | Power and high-impedance pnp
carry look-ahead, magni- Part Number Description Time | Dissipation inputs. Alternatives are
tude, and overflow capa- available for either syn-
bilities. SN54S/745189 16W x 4B, 3-S, 16 pins 25ns 375mwW chronous or asynchro-
* Double-length accumula- SN545/745200 | 256W x 1B, 3-S, 16 pins 25ns 500mW nous, serial or parallel
tor with full shifting capa- SN54L.S/74LS200 | 256W x 1B, 3-S, 16 pins | 35ns | 275mW formats.
bility andsign-bithandling. | SN54L5/74LS202 | 256W x 1B, 3-S, 16 pins | 35ns |275/100*mW These interface funec-
* On-chip dual memory ad- | gN545/74S214 | 1024Wx 1B, 3-S, 16 pins | 30ns | 575mW tions include:
dress generators. , SN54LS/74LS214 | 1024W x 1B, 3-S, 16 pins | 65ns |  200mW SEHTATAREN -~ 100 Liab 10MHZRIFD
The SN54S/74S481 is | gngeg/7415215 | 1024Wx 18, 3-S, 16 pins | 65ns | 200/75*mw | - SN74S226N —4-Bit Bus Transceiver
available now in a high- . » SN745240N — Octal Inv. Bus Driver
density 48-pin quad-in-line | SN54S/745207 | 256Wx48, 3.5, 16pins | 40ns | 60OmW « SN745241N— Octal Bus Driver
ceramic package at $29.25 SN54LS/74L.S207 | 256W x 4B, 3-S, 16 pins 60ns 300mwW « SN745373N — Octal D-Type Lgtches
each for the commercial | SN545/745208 |256Wx4B,3-S,20pins | 40ns | 600mW * SN7ASO74N —Octal D-Type Pip-Flops
version (100 hiksen) SN54LS/74LS208 | 256W x 4B, 3-S, 20 pins | 60ns | 300mw Alllwffig"uarﬂa‘:;"; i T
The Control Element...fast *Power down condition mum flexibility. Maximum

next-address generation
The new SN54S/74S482 4-bit slice
control element integrates a full ad-
der, four-word push-pop stack,
source select multiplexer and ad-
dress register. It offers next-ad-
dress generation in 25 ns. All in a
space-saving 20-pin package.

In addition to simple loops and for-
ward sequences, the S482 can be
used to implement the powerful op-
erations needed to decrement, vec-
tor, offset or jump in a single cycle to
any address within its domain. Sub-
routines can be nested up to four
levels deep in the push-pop stack and

Schottky-clamped programmable
read-only memories. All are made
with titanium-tungsten fuse links
for fast, reliable, low voltage pro-
gramming. And 11 static, high-per-
formance Schottky random access
memories. Enough variety in organ-
izations, speed/power performance
and packages to provide efficient,
cost-effective solutions to any
micro-control or program mem-
ory application.

These PROMs and RAMs are rel-
atively insensitive to temperature
and supply-voltage variations. And

efficiency. The S481 chip
set, the logical choice for imple-
menting advanced mini and midi
computers...and super processors.

The components of the S481 chip
set are all available now. To order
call your local TI sales office or
authorized distributor. For your
personal copy of TI’s Bipolar
Microcomputer Components Data
Book (LCC-4270),

write Texas o
Instruments In-
corporated, P.O. Z]

Box 5012,M/S 308,
Dallas, TX 75222.

TEXAS INSTRUMENTS

(© 1977 Texas Instruments Incorporated

INCORPORATED
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Heat Sink Redesign
Reduces Costs, Improves
Thermal Conductivity

Contracted by Fairchild Industries
to produce four aluminum heat sink
printed circuits for use in the power
switching section of the weapons sys-
tem in the Navy/Grummon Aerospace
Corp, Air Superiority Fighter, The
Sibley Co, Bridge St, Haddam, CT
06438 found that the boards were
producible only by laboratory tech-
niques. To make production of the
boards feasible, they modified the
process and design. The resulting de-
sign not only reduces the cost by
53% but improves the boards’ thermal
conductivity.

Original design required a solid
sheet of 0.062-in (0.157-cm) alumi-
num to be drilled with oversized
holes that were then filled with an
epoxy insulating compound. The
drilled and filled aluminum plate was
laminated by adding thin copper-
clad laminate to either side. After
lamination the part was drilled again
using smaller diameter drills, and the
drilled panels were treated as con-
ventional 2-sided plated-through hole
circuit boards. Insulating material
was then removed from two edges of
the board to expose base aluminum
rails to provide thermal conductivity
for the heat generated.

Among the problems that the Sib-
ley Co encountered when attempting
to produce the boards in quantity
were the tendency of the epoxy fill
material to shrink and to create air

-

The Sibley Co’s redesign of aluminum
heat sink printed circuit boards resulted
in both a simplification of the produc-
tion procedure and improved thermal
conductivity. Heat sink, insulator, and
2-sided circuit card (bottom) which
make up the boards are assembled
using five eyelets, which hold the as-
sembly together and assure hole-to-hole
alignment of parts
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bubbles. Shrinkage caused the area
around each hole to assume a dished
appearance, making deburring and
cleaning impossible. To eliminate the
need for this filling operation, three
separate items were used: an alumi-
num anodized heat sink, a 0.010-in
(0.025-cm) thick FR-4 unclad in-
sulator, and a 2-sided plated-through
hole circuit card having an epoxy
mask on one side.

These items are assembled using
five eyelets which hold the assembly
together tightly and also provide hole
to hole alignment of the parts. After
several prototypes were constructed,
it was learned that the thermal path
was shortened because power trans-
istors were mounted directly on the
aluminum surface instead of being
mounted on etched pads having 0.015
in (0.038 cm) of insulation between
them and the aluminum core. While
the original version would have re-
quired a $69/unit price, the rede-
signed version is producible at $36.50,
a savings of almost 53%.

Circle 151 on Inquiry Card

Intelligent Video Display
Terminal Incorporates
Thermal Printer

Series 700 model 770 intelligent
terminal incorporates reliable, easy to
use hardware, including the TMS
9900 microprocessor and semicon-
ductor memory technology, and soft-
ware. Aimed at significantly reducing
mainframe computing and communi-
cations costs in distributed processing
environments, the unit increases oper-
ator productivity by allowing data
checking, validation, and data pre-
processing at the local site.
Introduced by Texas Instruments
Inc, Digital Systems Div, PO Box

1444, Houston, TX 77001, the 770
terminal incorporates 24k bytes of
ROM and from 8k to 24k bytes of
RAM, dual 3M DC 100A mini-cart-
ridge magnetic tape drives, a 1920-
char video display, and integral com-
munications. Its Asci typewriter style
keyboard has separate numeric, cursor
control, and programmable function
key clusters.

An alternate configuration provides
a built-in 30-char/s, 80-column ther-
mal printer. For applications requiring
multicopy printing, the 150-char/s
model 810, a multicopy impact printer
can be used. This microprocessor-con-
trolled bidirectional printer achieves
150-char/s speed with an effective
throughput of from 60 full 132-char
length lines/min to 440 lines/min
with 10-char average lines. The wire-
matrix printhead enables up to six
permanent copies to be produced with
high clarity and low noise.

Terminal operation is supported by
a ROM-resident real-time multitasking
executive. The unit’s business-oriented
terminal processing language TPL 700
simplifies data entry, data processing,
and software development functions.
A powerful, fill-in-the-blanks forms
package features character and field
validation using fixed or user-defined
range sets, table lookup, substitution,
cross-field validation, arithmetic oper-
ations, and conditional branching.

A 3780 emulation package provides
direct communication with an IBM
host using the EBcpic code and the
binary synchronous communications
protocol. Also available are emulators
for model 742 programmable termi-
nals and teleprinter terminals using
ascix code. Communications concur-
rent with data entry and local pre-
processing is supported on a 16k-
byte system using teleprinter or 742
emulator; with the 3780 emulator a
24k-byte system is necessary.

Standard 770/1 terminal with 8k
memory is priced at $6400; the
700/2, which includes thermal printer,
has a price of $7500. The 810 impact
printer is priced at $2250 with OEM
discounts available.

Texas Instrument’s 770 intelli-
gent data terminal incorporates
a 9900 microcomputer, RAM
and ROM, dual minicartridge
magnetic tape drives, 1920-
char video display, keyboard,
and an optional internal 30-
char/s printer. Its ROM-resi-
dent operating system opti-
mizes terminal operation and
makes efficient use of the
cartridge media while prevent-
ing loss of the operating sys-
tem during power failure [
Circle 152 on Inquiry Card
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- 132- column -
printers are rated
at 300 lpm
(monocase) that
figureissomewhat
, misleading.
- ~ Actually,
s that's quite an |
. understatement
"sincethereal ™
e printing speed
4 : p lies somewhere |
between 300 and 500 Ipm. We wish we could pin our speed down
tighter, but throughput takes into consideration a couple of variables.
Like different character type belts and an almost infinite number
of data patterns.

~ But speed isn't all we offer for less than $2000. Because for that ¢
__money you also get a printer that's completely
~operational. All you furnish is 115 VAC power and e
_the serial signal source and youre ready to
go on-line. e
e For more information about e k-
Teletypemodel 0OEM — " " 4 | e
_ printers, write: Teletype, ———— =
ept 710 - 0 T ®
| 5555 Touhy Ave., o T |
_ Skokie, IL. 60076 R e F o
| Or call: ’ L e 288
1312/982-2000. | -
iy rcinie ;% .
m'mmwpg 3 el
'MODEL 40 OEM PRINTE B
~ NOTHING EVEN COMES CLOS
Teletype is a trademark andiservice mark registered -
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Ckom'pu'l'el‘s Oversee All Activities of Tower Restaurant

Diners at the gourmet restaurant rotating 1150 feet
up in the CN Tower in Toronto, Ontario, Canada are
never aware—and have no need to be—that two com-
puter systems have controlled nearly every phase of
their seating at that restaurant from the time they
telephoned for reservations until the maitre d’ escorted
them to their tables—and will print their checks when
they are ready to leave. Even the purchase of food
and other items which assure that each diner will be
able to order his favorite dishes from the menu are
controlled by one of the minicomputers in the system.
They handle reservations, cancellations, inventory,
menu control, billing, purchasing, accounting, payroll,
and security, and even notify when tables are vacant
and set up for new diners.

Several Canadian firms were involved in the design
and installation, in addition to the CN Tower organi-
zation and the component manufacturers. HiTech
Canada Ltd of Ottawa and Montreal had responsibility
for project management and coordination; Minitech
Information Systems Ltd of Montreal and Toronto
provided computer hardware and software systems; and
Toronto-based Integrant Minicomputers Ltd coordinated
and managed site preparation and installation of
equipment. In addition, Digital Devices Ltd, a Montreal
firm, designed and produced some of the hardware
support systems.

System Description

Restaurant operations and management are imple-
mented by two computer systems, each containing a
Data General Nova 2/10 minicomputer with 64k bytes
of core main memory, a Media III 32k-byte “swapping
core” memory, and a Xerox Diablo 44 magnetic disc
unit with 10M-byte capacity. One of these systems,
designated system “A,” normally operates online and
interfaces with five Hazeltine 2000 CRT display/
keyboard terminals used by reception/reservation clerks
(three at the base of the tower and two in the base-
ment), similar CRT terminals at maitre d’ and system
monitor stations, and two more CRT terminals with
associated General Electric Terminet printers at cashier
stations. A Dataprinter 300-line/min chain printer pro-
vides hardcopy reports. !

System “B” performs accounting and other office
functions but can be switched online to assume all
duties of system A should that computer fail. Three
additional 10M-byte disc drives and four more CRT/
keyboard terminals (master and three slaves) are
attached to system B for dedicated purposes. (One
slave CRT can be switched to system A if required.)
When system B is placed online, its operations are
held in memory on the disc packs until it returns to
its accounting functions.
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The 1815-ft (553 m) high CN Tower is primarily
a TV and FM broadcasting facility and, as such, produces
intense electromagnetic radiation. Spikes introduced
by the broadcast signals into the ac input of the
computer power supplies normally would be detri-
mental to computer operation. This major problem
was overcome by a voltage regulation/filter/isolating
transformer system which smooths out potential volt-
age variations to condition the input line.

In addition, all tower-restaurant data transmission
cables from the computers and backup devices (located
in the tower basement beneath the pool) to the input/
output units in the restaurant and at the base of the
tower are fully shielded and grounded. Data links
are connected through line drivers, modems, and
concentrators to assure signal compatibility. Bell
Canada telephone lines which maintain the computer-
device interconnections run down the central core of
the tower.

The System
in Operation

Other than for summer or special weekends, reserva-
tions need not be made far ahead. However, the com-
puter structure permits reservations to be accepted up
to one year in advance.

Each of five reception/reservation clerks communi-
cates with the online computer through an interactive
CRT terminal with keyboard. When a reservation
request is received by telephone, the clerk calls up
a formatted display for the desired time period to
show which tables are already assigned. If a table
is available, the clerk reserves it by entering informa-
tion on the keyboard.

When guests arrive at the reception area at the
base of the tower on the specified date, the recep-
tionist recalls reservation details from the computer
to confirm them and assigns a table from a CRT
display of currently unoccupied tables. If no tables
are available at that time, guests are given a lantern-
like paging device and are asked to wait in one of
the pool lounge areas. As soon as the display indicates
that a table is vacant and set up, the receptionist
enters the pager number of the waiting guest into a
notification control panel. This transmits a signal along
a concealed inductive wire loop surrounding all lounge
areas and causes the corresponding lantern pagers to
begin blinking. Up to eight pagers can be controlled
by the panel at one time. Effective receiving distance
is about 20 ft (6.4 m) from wire to pager.

Waiters in the restaurant indicate table availability
via TRW keyboard pads located at 10 stations on the
rotating ring and two stations in the central bar. When
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So what?
So OEM’s are

the pros are.
And what makes it such
a big deal is the magnitude

of the cost savings— possibly to c“t the COSt

20% or more per
computer system

be shared by as many
as eight “Intelligent

- -
e i
dancing in the streets,
that’s so what. At least lgur a way Cables.’ Packaged into

every cable is an inte-
gral PicoProcessor, which
handles the functional
control for each interface.
This arrangement
llows much smaller

==, Of interface in half. .-

interfaces are gener-

ally long on duplication and short
on common sense. Most interfaces,
for example, faithfully repeat half
or more of the circuitry on all the
other interfaces. And with multiple
interfaces, that gets to be a pretty
expensive proposition.

And once you get by its
unorthodox appearance, the logic
of it becomes pretty appealing.
As do the cost savings.

All the basic circuitry is
located on a single half-card 1/0

Supplier A

Supplier B

@A

$752

$2077

$1414

1/0 System cost comparison

So we came up with the solu-
tion you see here: The Distributed
I/O System. Designed to work
specifically with our line of
NAKED MINI® computers.

The Distributed I/O System

CIRCLE 39 ON INQUIRY CARD

since only one I/O
board is housed inside the com-
puter cabinet.

And along with a smaller pack-
age, comes a smaller price.

The I/O cost comparison at left
shows the savings on a typical four-
interface system (2 CRT's, 1 line
printer and 1 card reader). And
since our System handles up to
eight interfaces, imagine your
savings using its full capability.

Consider Computer Automation’s
Distributed I/O System. It's an
uncommonly sensible solution to
a commonplace problem. From
the price/performance people who

brought you the NAKED MINI®

ComputerAutomation
NAKED MINI® Division
18651 Von Karman, Irvine,
California 92713, (714) 833-8830



Intel delivers micro

ahead of the fast

In 1971, Intel invented the microcomputer
and quickly became the world’s largest
supplier of microcomputers and micro-
computer support products. We still are.

Over the past six years we've in-
vested millions of dollars to make the
microcomputer even more useful and
more economical. Today there are over
195 Intel” microcomputer hardware
and software products available to help
people like you keep ahead of costs,
ahead of the competition and ahead of
the fast changing world.

Were now offering seven microcomputer
families. Including the newest high performance 8085 and the single chip 8748
with resident PROM. And 81 LSI peripheral, memory and I/O support circuits to
help you cut design time, do more and get to market first. To reduce design time
even further, choose one of our SBC80 Single Board Computers or System 80

7 microcomputer families 81 LSl peripheral, memory and paCkaged microcomputer
I/0 support products syst ems.
But a wide selection of
microcomputer Components

and systems is only half the
story. We also provide program-
ming support, including the
PL/M high level microcomputer
language to help you cut months
S Compe s b il off those big software develop-
ment jobs. And Intellec® micro-
computer development systems
with ICE" in-circuit emulation

33 software products, users' library Intellec Development System with
with 235 programs 42 options and accessories

LLEILEY
A0 Y

1133
113
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computers to keep you
changing world.

and symbolic debugging to help reduce
system integration and debug time.

Then there’s application assist-
ance, training classes and regularly
scheduled seminars available world-

wide. A users’ library with 235
programs and still growing.

Intel’s investment protects your
investment. Here are a few examples.
Our new 8085 microprocessor offers
greatly improved performance over
our industry standard 8080, with sub-
stantial cost savings. Yet you use the same
software, the same peripheral, memory and
[/O circuits as the 8080. You don't have to go through a new learning experience or
re-invest in software to upgrade your system to 8085 performance. And that same
kind of protection comes when you invest in an Intel development system. Last
year’s investment in an Intellec system is preserved even when we introduce a new
microcomputer. Our newest 8085 and 8748 microcomputers are now fully
supported with development software
for your present Intellec system.
And you will soon be able to add
low cost ICE-85 and ICE-48 in-
circuit emulation modules.

Let Intel help you stay ahead.
Get started now by asking for our new microcomputer product line brochure

describing the full line of Intel microcomputer products, systems and software.
Use the reader service card or write: Intel Corporation, 3065 Bowers Avenue,

Santa Clara, CA 95051.
intal delivers.

Circle 40 for technical information.
Circle 41 for technical information and a demonstration. 53




DIGITAL CONTROL AND
AUTOMATION SYSTEMS

SYSTEM A

SYSTEM 8

(1 SLAVE CRT
SWITCHABLE TO
SYSTEM A)

RECEPTION /
RESERVATION
STATION

Two complementary but non-redundant computer systems control and record aspects of res-
taurant in Toronto’s CN Tower. One computer is normally online, in contact with all oper-
ational phases of the restaurant; the second is then used only for accounting and record
keeping. However, the second computer can be switched online if the first unit malfunctions

a table is cleared and reset for new guests, a waiter
presses relevant designation keys on one of the pads
to notify the receptionists and to identify the table.

Other units located at the restaurant level include
a CRT display terminal at the maitre d’ station and
two CRT terminals with associated printers at cashier
locations. Architecture of the tower obscures most of
the restaurant area from direct view at any single
location. In addition, the restaurant is quite large and
most of it is moving relative to the central area. There-
fore, the maitre d’ station CRT station is provided to
enable access to information such as table status, patron
location, and current restaurant activity.

Food and beverage orders are recorded by waiters
on precoded requisition forms which are then given
to one of the cashiers. Order information is transcribed
into the system via special displays. The computer
opens a bill for the table, redisplays it as additional
sales are input, and—on demand—computes the sales
tax and orders the printer at the cashier’s station to
print a completely itemized customer’s check, including
menu description, amounts ordered, and prices. Pay-
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ments are entered into memory for processing by shift
end and night auditors.

Computer processing by system B continues with
both accounting of daily records and predictions for
future purchasing. Invoices are automatically generated
for credit card transactions. System B operates on a
24 hour/day, 7 day/week basis since much of the
auditing is performed at night.

Among the many other accounting and record-keeping
duties of the system, sales data are collected by menu
item for each shift and converted into units sold and
on hand for analysis of future requirements. The com-
puter performs a ‘“menu explosion” in that it deter-
mines all complementary items that are needed for
preparation of the listed menu items. For example, it
predicts the number of each item on the menu that
will be needed for a specific period and then determines
what smaller items will be required to prepare those
menu items. Thus, all necessary particulars will be
ordered by the steward, eliminating the chance of
human forgetfulness.

Circle 160 on Inquiry Card
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Fastest Biggest

Bipolar Multipliers
you can buy

MPY-8AJ

8 by 8 Bits — Ideal for on-line multiply in micro
and mini computers —operates directly on
most data bus lines-consumes only 1.8
watts (typical)

40-PIn CDIP  price $100 each in 1-9 quantities.

100 to 999 units $70

12 by 12 Bits — New size multiplier for data
communications and Signal Processing -
needs only 3-1/2 watts for room temperature
operation-single TTL Clock —fully TTL com-
patible - Price $168 each in 1-9 quantities.

MPY-12AJ

64-Pin CDIP
100 to 999 units $117

16 by 16 Bits - Smaller chip improves per-
formance-64-pin DIP easy to use —dissi-
pates 5 watts with built-in heat sink—perfect
for micro/mini applications —signal proces-
sing-price $300 each in 1-9 quantities.
64-Pin CDIP

100 to 999 units $175  FULL MIL-TEMP RANGE NOW AVAILABLE

o NaiTs For detailed data, applications informa-
tion and prices, call (213) 535-1833 or
Features order direct with coupon. TRW LSI
INPUT REGISTER « Two's Complement Products, One Space Park, E2/9085,
— Multipliers i Redondo Beach, Calif. 90278.
e £ * Double Precision
2 g Products ,
vo g MULTIPLICATION ¢ o ; v ' Order Samples or Literature Today
B & LoGIC = | °
o[ £ Bl " Slngle Chip Bipolar
= 3 DeSIQn . [J Send Data Sheets
« Asychronous Multiply [ Enclosed is check or purchase order
f + Single or Multi Bus
Yeesss Operation Name
]  TTL Compatible Title
NBiTs Input/Output+5V
Company
Div/Dept.
% Mailing Code
= » Load Input Registers
n : 4 ;
Cheraing Seauencs LW MiplyTme || s
Data Bus Operation » Load Output Registers City
* Read-Out State

Zip
More LSI Products from a Company Called R w
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Is your computer smart enough

A 3M peripheral drive which
uses 3M data cartridges is better than
any drive which uses punched
cards or paper tape.

And, if you'd take
the time to ask it, your
computer would
probably tell you so.

It's simple logic.
Cartridges are faster
than cards.

Cards and paper tape
are slow. It takes ”
hundreds of cards for a “%&==
single computer program.

56

Or hundreds of feet =
of paper tape. a

One DC-300A cartridge equals
almost 16 feet of cards.

And each program must
be punched, verified and read
one card at a time. =
With our drive system, on =
the other hand, programs are
stored on a single tape cartridge.
Cartridges offer much
faster data storage, program
loading, data transfer and 2
faster access to the computer. - %
So you save time and
money.

\ wrrmlr ‘thl‘lm .

Cartridges take less space.
It would take a stack of
cards almost sixteen feet
high to store all the in-
formation you can store /7
onasingle SM DC-300A /{
data cartridge. Y= E
With cartridges, £
you can store all of your V| °
programs in a fraction
of the space you'd
need for cards or =
paper tape. —
Your filing
system is simplified and
overhead is greatly reduced.

Cartridges won't fold, spindle
or mutilate.

Unlike paper cards, you need

=—  never touch the media. It's well
protected inside the cartridges, so
Cards must be read one at a time. it's Virtually impossible to damage.
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You can carry a DC-100A
cartridgewithan entire pro-
gram in your shirt pocket. ,

Even if you drop it, the /s
program will survive ‘
unscathed.

Remember
that the next time
you drop a stack
of cards!

Don't take our
word for it. Ask
your computer.

If you'll
send us the
coupon, we'll send
you the specifications
for all three of our drive systems.

Askyour computer to compare them
with any other type of drive system.

We'll bet your computer will
preter ours.

Maybe it'll choose our famous
DCD-3drive. It's people-proof, jam-proof
and wear-resistant.

Or maybe your computer will
decide upon our DCS-3000 series, an
ANSI-formatted system that allows one
formatter to control up to eightdrives.

The DCS-3000 is extremely easy to
integrate into your system. Only
one cable to the user’s logic is required.

But if you require compact size,
your computer will probably choose our
unique DCD-1. It ofters many of the
features of our bigger systems, yet it
will fit inside a five-inch cube.

CIRCLE 43 ON INQUIRY CARD

One formatter can control
eight drives at once.

The cartridge
alone measures just 2.4 x
3.2 x .5 inches.

See for yourself at
the National Computer
Conference.

You can see all
three of our drive
systems at the Dallas
Convention Center,
June 13-16. You'll find
them in booths
1621-1623.

Study them caretully.
If your computer isn't
smart enough to choose our
drive systems, we'll bet you will be.
S i i RIS s e S

Send me more information.

Name Title

Firm Address

City
Zip

Phone

3 COMPANY

Mail to: 3M Company
Data Products, Dept. 125
Mincom Division, Bldg. 223-5F
3M Center

St. Paul, Minnesota 55101



DC&AS BRIEFS

Modular User-Oriented Program
Solves Repetitive Process Problems

A standardized, user software system for the automa-
tion of complex, medium speed processes—0.l-s scan
cycle time—has been developed by Siemens AG,
Federal Republic of Germany for its 320 and 330
process computers. Most such automated processes
necessitate repeated solution of identical or similar
problems in different plants. With Simat (Siemens
automation software package) the process control engi-
neer implements a system by simply combining a
number of ready-made program modules. Since pro-
gramming is not necessary, system planning time is
reduced, and the system can go online sooner.
Programming is replaced by system planning and
implementation with the aid of software modules and

components. Once the technological problem has been
solved and a function flowchart has been established,
system modules and components are selected for
measured-value and binary signal acquisition and alarm
processing. Measured-value. processing includes a range
of functions from simple limit checking to sophisti-
cated arithmetic evaluation; binary value processing
is simplified by decision table modules for complex
logical operations.

A subset of modules allow the computer to be used
for direct digital control. Individual steps of such a
controller are implemented by a sequence of module
calls within a wo-called block, whereby specific
closed-loop control modules can be mixed with other
modules, such as those for open-loop control. Algorithms
form the manipulated variables, and controller char-
acteristics can be further refined by calculating the
manipulated variable using higher order differential
equations.

One module produces an instantaneous setpoint
which is calculated by an algorithm from the input
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setpoint (follow-up controller.) The module is used,
for example, for the synchronized startup of plant
sections. Each controller is represented by a block
and can be activated or deactivated by operator com-
mands.

The system incorporates a comprehensive open-loop
control concept with logic and sequence control func-
tions in flexible combination with arbitrary arithmetic
operations, monitoring, and closed-loop control func-
tions, as well as flexible message processing and
logging. Test functions are also available. Decision
table modules and/or logical operators of the uni-
versal arithmetic module can be used for the Boolean
operations involved in simple interlock schemes.

The main sequence control module is the step con-
trol element. A single-step mode of operation is also
possible for commissioning purposes to check all the
control paths. In this case, each step must be followed
by an acknowledgement from the operator. Operator
input aids are available for general commissioning
purposes.

This display shows the Quinault Indian Reservation in
Washington state. 16 separate colors have been assigned for
such categories as Burn Areas, Forrest, Brush and Bare Land

Bendix Aerospace Systems Division uses a
Ramtek display generator to really show its colors
The Bendix Multispectral Data Analysis System
(M-DAS) provides a clear, color-coded display for
analysis of data from NASA's LANDSAT. And by using
Ramtek's moving window display—or scroll—they're
able to look at more data at one time than can be
displayed on the still screen. Images of the same areas
may also be correlated so that changes between past
and present can be referenced.

Microcomputer Automates
Petroleum Flow Measurement

A microcomputer-based system which automatically mea-
sures the flow of liquids, gases, or steam has been
developed by UGC Industries, Inc of Shreveport, La
for use by petroleum processors. The Microflo system
can calculate in units of measurement preferred by
the user: eg, volume, mass, or standard 60°F barrels.
It is presently being used by major oil and chemical
companies including Shell Oil, Phillips Petroleum, Con-
tinental Carbon, and Dow Chemical for such applications
as measuring ethane-propane mixed streams, measuring
crude oil flow through long distance pipelines, and
metering at custody transfer points along pipelines.
Factors such as temperature, pressure, compressibility,
and gravity of material being measured are melded
into a complex equation which is solved in a process
automated by a microcomputer. Built by Process Com-
puter Systems, Inc, Saline, Mich, the 1806 microcomputer
is custom programmed for each user’s specific flow

Bendix is but one of a
growing number of customers
who are finding that Ramtek's
modular graphics and imagery
systems are giving them the
expandability, flexibility and
increased productivity they
need. Besides the basic
alphanumeric and imaging
capability, Ramtek offers a wide
variety of other functions
including graphics —
vectors, conics, plots, bar charts —
pseudo color and grey scale
translation.

Because the Ramtek RM
9000 family is totally controlled
by a standard 8080 micro-
processor, it is easy to develop
and download your own control
software.

To find out more about how
Ramtek can show off for you, call

: or write: Ramtek Corporation,

585 North Mary Avenue,
Sunnyvale, California 94086;
(408) 735-8400.

ramtek

Our Experience Shows
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Stretch your mind.

Think Amphenol connector systems.

Don’t back off from your big idea. We can help you

make it work. And work right.

Dare to be different. We’ll back you up with
Amphenol connectors. We may already have the kind
that’ll make your big idea work.

But if we have to create something totally new to
match your idea, we’ll go all out—even to designing
the required termination tooling. Our connector design
specialists are known for the way they tackle the un-
known. With a spirit that yields the answers.

Think of it this way: we can help you avoid a lot of
false starts. And give you measurable quality and
economy. The people who use the Amphenol con-
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nectors shown here know that’s true. They think of us
first when they need connectors for consumer and
business products, data and word processing equip-
ment, aerospace and military applications, telephony,
and more.

Got a mind-stretching idea? Then include Amphenol
connectors in your thinking. To get started on the
right track, just call us at (312) 986-2320 or write to:
Amphenol North America Division, Bunker Ramo
Corporation, Dept. L-57 900 Commerce Drive, Oak
Brook, lllinois 60521.
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No more unsoldering for IC
replacement. Dual-inline IC’s or
planar leadless MOS/LSI’s plug
into 800 Series devices.

Medical interface cables for critical applications. Provide
reliable patient monitoring and medical electronics interface.
Custom-made for reliability, good looks.
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marine uses.

Rack-and-panel connectors that advance the
state of the art. 94 Series environmental
connectors utilize polymer-retention discs to

Connectors that go beyond waterproof. Self-sealing,
low-cost 44 Series shrugs off water. And fuel, road salt,
ozone and more. For automotive, transportation, and

All with standard SMA size mating.

retain the 20, 16 and shielded size contacts.

A way to slash telephone
key-set installation costs.
System 66 connectorized
blue-field panels are
pre-wired. No cables to
punch-down.

The right idea
atthe
right time.

right

Optimum components for emitter-to-cable,
cable-to-detector, and cable-to-cable junctions.

AMPHENOL

BUNKER
RAMO

CIRCLE 45 ON INQUIRY CARD

61



New fromTI.

Plot the performance
of the Model 810 Printer
against any other printer on the market.
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CHARACTERS/LINE

With average line lengths of more than 28 characters,
the 810 Printer can accept continuous data at 1200 bits/sec.
with no “printer busy" interruptions for carriage return.




And you'll find

our impact is exceptional.

TEXAS INSTRUMENTS.

Compare the new Model 810
Printer with any other printer
you are using or considering. We
believe you'll find that the 810’s
reliable, microprocessor-
controlled printing results in the
highest throughput per dollar
and lowest cost of ownership.
The 810 is ideal not only for
OEM'’s but as a peripheral
printer for the T1 model 770
Intelligent Terminal and the 990
Mini/Micro Computer Family.

Plot our standard features.
The 810 printer has exceptional
standard features too. Like bi-
directional printing at 150 cps.
No paper tape programming.
Adjustable tractors for a vari-
ety of form widths. A9 X 7 wire
matrix character font for high-
quality printing of an original
and 5 copies. Bottom and rear
paper loading. Speeds from 110
t0 9600 baud. And 6 or 8 vertical
lines per inch. Add to these the
810’s tested reliability and the
result is performance.

Add a full line of options.
With Vertical Forms Control,
you get non-volatile storage of

up to 8 different vertical forms.
And with Forms Length Con-
trol, you can have 11 switch-
selectable stored form lengths,
from 3 to 14 inches plus 1 pro-
grammable form. The com-
pressed printing option lets
you print 132 columns in 8%
inch width. And foreign char-
acter sets are available as

well as interfaces for most
applications.

A company you canrely on.

A valuable feature of any Texas
Instruments product is after-
sale support. When you pur-

chase your 810 Printer, you're
getting support from a world-
wide network of factory-trained
personnel. And maintenance
contracts are available.

With the Model 810, you can
be sure your total cost of owner-
ship is the lowest possible.

And printer performance the
highest. For a demonstration
of the Model 810, or more in-
formation, just mail the coupon.
Or call your nearest T1 sales
office, or (713) 494-5115,

ext. 2124. g

You'll like the 810 S_4//
impact.

Yes! I am interested in the new Model 810 Printer.

[] Please send me more information.

[J Please have your representative call me.

Name

. Title

Company

Address

City

State Zip

Phone

- Mail to:

Texas Instruments

P. O. Box 1444, M/S 784

Houston, Texas 77001 -

-----------------------------

©1977, Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED

See Texas Instruments products at Computer Caravan and NCC.
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DC&AS BRIEFS

measurement requirements. When preselected param-
eters such as pipeline diameter or orifice size are later
changed, the microcomputer can be reprogrammed on
site with the Microflo’s keyboard console. A field replace-
able p/ROM in the microcomputer eliminates the need
for the user to send hardwired memory back to the
manufacturer for reprogramming.

The basic flow calculator accepts any combination
of up to 16 analog inputs and provides two analog
outputs. Adding I/0 modules provides additional analog
inputs.

Points along a pipeline can be monitored for
variations in basic flow conditions, such as a sudden
change in pressure. The system can provide data to
downstream processing operations and control such
functions as merging the correct mix from multiple
streams of liquids or gases. In addition, it can be used
to verify costs from outside suppliers, control internal
flow operations, and determine the billing to down-
stream industrial customers.

NC Milling Machines Form
Space Shuttle Heat Shield

Five numerically-controlled milling machines will be
used by Lockheed Missiles & Space Co in manufacturing
the heat shields for NASA’s Space Shuttles. Each shield,
made up of thousands of all-silica tiles, will comprise
70% of a Shuttle’s outer skin. More than 165,000 tiles
will be provided for the five spacecraft.

To assure aerodynamic integrity, each tile is assigned
to a specific location in the shield and the bottom
of the tile is machined to precisely match the Shuttle’s
surface contour at that point. As a tile travels through
the manufacturing process it is always accompanied
by a punched paper card containing information pin-
pointing the tile’s intended location on the finished
spacecraft.

Milling instructions for all tiles are encoded on a
magnetic tape prepared by Rockwell International,
the Shuttle’s prime contractor. This tape contains a
full definition of the spacecraft’s geometry. Lockheed
has extracted data from the portion concerning differ-
ences in contour between closely spaced points on the
spacecraft’s surface and translated them into a com-
puter language that can be understood by a milling
machine’s control unit. Those data are then stored in
the memory of the minicomputer.

When tiles are to be milled, their associated punched
cards identify what portions of the computer’s memory
relate to the specific milling to be accomplished. Once
punched cards are inserted in the machine’s control
unit, the milling equipment operates in robot fashion
with information from the computer directing height,
length, and width of the cutter’s path. As many as
50 tiles are milled at one time. 1
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CAcPisales Representatives

WASH., OREGON &
ALASKA

Bellevue, Washington
(206) 454-9332

TWX 910-443-2319

NO. CALIF., NO. NEVADA
Mountain View, California
(415) 964-9300

TWX 910-379-6598

SOUTHERN CALIFORNIA
Los Angeles, California
(213) 476-1241

Tustin, California
(714) 544-5121

San Diego, California
(714) 298-8385

Goleta, California
(805) 964-8751

NO. ROCKY MT. STATES
Denver, Colorado

(303) 759-0809

TWX 910-931-0429

ARIZONA, SO. NEVADA
Phoenix, Arizona

(602) 956-5300

TWX 910-951-0653

NEW MEXICO
Albuquerque, New Mexico
(505) 268-4364

TEXAS, ARK,, LA,
OKLAHOMA
Irving, Texas

(214) 255-0537
TWX 910-860-5921

MICHIGAN
Brighton, Michigan
(313) 227-7067

IND., NO. ILL., WISC., MINN.,
NO. & SO. DAKOTA
Chicago, lllinois

(312) 693-3040

KANSAS, MISS., SO. ILL.,
NEB., IOWA »
Shawnee Mission, Kansas
(913) 362-2366

St. Louis, Missouri
(314) 821-3742

W. VA, OHIO, W. PENNA,,
KY

Pittsburgh, PA
(412) 366-5056

Cleveland, Ohio
(216) 351-3808

Cincinnati, Ohio
(513) 861-5566

E. PENNA,, DEL., SO. N.J.
Bryn Mawr, PA

(215) 527-1127

(215) 527-1128

TWX 510-662-3794

NEW ENGLAND STATES
Wellesley, Mass.
(617) 237-1509

UPSTATE NEW YORK
East Syracuse, N.Y.
(315) 437-6666

TWX 710-541-1523

Rochester, N.Y.
(716) 328-2230

Vestel, N.Y.
(607) 785-9947
TWX 510-252-1987

NYC, L.I, NO. N.J.
Ridgewood, N.J.
(201) 445-5210

New York, New York
(212) 695-4269
TWX 710-988-5609

VA., MD., WASH. D.C.
Rockville, MD.
(301) 881-8430

SOUTHEASTERN STATES
Oak Ridge, Tennessee
(615) 482-5761

Atlanta, Georgia
(404) 939-1674

Huntsville, Alabama
(205) 539-4411

Durham, N.C.
(919) 682-2383

Columbia, S.C.
(803) 798-3297

Ft. Walton Beach,, FL
(904) 243-6424

Orlando, FL
(305) 425-5505

Indialantic, FL
(305) 723-0766

Ft. Lauderdale, FL
(305) 776-4800

CANADA

Mississauga, Ontario, Canada
(416) 678-1500

TWX 610-492-2119

Lungueuil, Canada
(514) 670-1212

Ottawa, Ontario, Canada
(613) 829-9651

EUROPE
Stockport, Cheshire, England
061236 2321

Solna, Sweden
08/82 04 00

Amsterdam, Holland
(020) 802 802

Paris, France
772-15-18

Tel-Aviv, Israel
282031

JAPAN
Chiyoda-Ku, Tokyo, Japan
(03) 295-5891

ﬂ Computer Products,inc.
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Using any Mini to monitor or
Fenerate analog signals at any
evelor speed,enconomically.

RTP is a family of standard products
that allows the direct input and output of
analog signals to your digital computer,
regardless of which computer you select.
All are self-contained, plug-compatible,
designed for local or remote applications,
and delivered virtually off-the-shelf.

So, RTP is an obvious boon to the mea-
surement and control systems designer.

Need to measure a diverse combination
of low-level and high-level signals at
medium speeds? Use the RTP Wide-Range
Controller.

Having trouble with the high speed mea-
surement of low-level signals with high
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Ei ComputerProducts,inc.
1400 N.W. 70th Street, Fort Lauderdale, Florida 33309 * (305) 974-5500, TWX (510) 956-9895

common mode voltages? You need an RTP
Low-Level Controller.

Measuring a lot of high-level signals at
high speed? You’ll be interested in the RTP
High-Level Controller.

Want to generate lots of high-level sig-
nals? Try the RTP Analog Output Controller.

In any case, circle our number, on the
Reader Service card, and stand by for a

super booklet, “Using RTP,” which will
show you how RTP can be a big part of the
solution in any measurement and control
problem.

ﬂ Computer Products,inc.
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GET YOUR ACT TOGETHER:




It takes a lot of drive
to make ends meet today.

We hate to see OEM frustration—the kind caused when you can’t close the
gap between advancing computer technology, and your peripherals’ ability to
fit in with your plans. Just coming “sort of close” won’t do anymore.
Getting things together is a specialty at Pertec. We're industry-watchers,
as well as seasoned participants —trust us to pinpoint exactly what you're going
to need...often even before you do. To help you realize the full potential of
state-of-art CPUs. With much greater cost-effectiveness.
Take our tape drives. (Please.) Already available in more than 400 line-
variations—but we didn’t stop there. Not Pertec. We anticipated your need for
a super-fast, sophisticated tape transport, to handle
high volume dp throughput.
The result: our new T1000 family, a new-generation in
vacuum column drives. 75 to 125 ips; dual density for
now, but designed to handle GCR high density recording.

ible. Both fixed-and-removable. From 0.25 Mb to 50 Mb.
And we didn’t give you 50 megabytes by forcing a
switch in technology. We simply expanded our D3000 Series to include 25-50 Mb
units. As extensions to an existing line. With technology and parts commonality
you're already used to. 50 Mb, without major logistic support changes...without
special pre-recorded media.
All Pertec drives are built to stay together too. Reliability’s
a big number with us. Like testing at every manufactur-
ing stage, with 40-hour burn-ins. Like setting up the
biggest direct sales and service organization of any
independent peripherals manufacturer. Like our toll-free
800 line, for 24-hour, 7-day emergency assistance from strategically located parts-
and-repair depots around the world.

Pertec’s product families are ready when you are. With on-target solutions—
regardless of capacity, speed and performance specs...it’s a snap with Pertec.

Get together with Pertec peripherals: write Pertec, 9600 Irondale Avenue,
Chatsworth, California 91311. Or call the Pertec regional sales office nearest you:
Los Angeles (213) 996-1333. Ann Arbor (313) 668-7980. Hudson, New Hampshire
(603) 883-2100. London (Reading) 582-115.

[E=« PERTEC

adivision of Pertec Computer Corporation

See us at NCC Booth 1415.
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We're devoted to your disk demands too. Rigid or flex-
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Dr Portia Isaacson
Conference Chairman

Mark Shepherd, Jr.
Keynote Speaker

Dr Robert R. Korfhage
Program Chairman

1977 National Computer Conference

Dallas Convention Center, Dallas, Texas, June 13-16

Key elements of innovation and relevance combine to
form the basis of the 77 NCC Great Computer Roundup
intended to stimulate the imagination, interest, and
interaction of attendees. In consideration of the con-
sumer-oriented aspects and decreasing cost of computing
power and its implications, this year’s conference has
been planned to provide a vital learning experience
for users, managers, specialists, and individuals. Under
the direction of Dr Portia Isaacson, assistant professor
of mathematical sciences at the University of Texas
at Dallas, as Conference Chairman, and Dr Robert R.
Korfhage of the Dept of Computer Science at Southern
Methodist University as Program Chairman, the Tech-
mical Program contains approximately 100 sessions
featuring indepth coverage of such areas as design,
specification, evaluation, and operation of systems; net-
working; programming; microprocessors/computers;
architecture; hardware; education; management; and
health care. Special emphasis is being placed on roles,
responsibilities, and limitations of persons involved
with computers as well as the impact of computers on
the individual and society. The conference is sponsored
by the American Federation of Information Processing
Societies, Inc, the Association for Computing Machinery,
the IEEE Computer Society, the Data Processing Man-
agement Association, and the Society for Computer
Simulation.

The program is divided into four major areas of
analysis: computing technology, management issues,
data processing applications, and the individual in the
computer age. Technology of computing includes soft-
ware engineering, networks, programming, and archi-
tecture, with sessions covering design, development,
and manufacture of minicomputers, microprocessors,
and data base systems. Management and computing
discusses personnel recruitment and training, as well
as the use of computers for management techniques,
auditing, accounting, analysis, marketing, and fore-
casting. Uses of computing range from general areas
of retail, small businesses, banking, and health care
to specialized fields such as petrochemicals. The in-
dividual and computing deals with the current and
future influence of computers; sessions touch on careers,
privacy, crime, legislation, errors, and hobbies.

Of particular interest is the Personal Computing Fair
and Exposition offering an exhibit of personal computing
products, plus two days of paper, panel, and workshop
presentations. Reflecting the growth and promise of
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this field, the Fair will feature operational displays
and demonstrations of individually and group-owned
noncommercial projects, for which prizes and awards
will be presented. A commercial exhibition by equip-
ment manufacturers and suppliers will also display
personal computing products and services. The pro-
grams on Wednesday and Thursday will feature sessions
which examine in depth the personal computing field;
in addition, a National Personal Computing Club Con-
gress is planned to allow club representatives to
exchange ideas and discuss issues.

A program of eleven one-day professional seminars
under the direction of Dr Ronnie G. Ward of the
Computer Science Dept of the University of Texas at
Arlington will be held during the week. On Tuesday,
Adam Osborne of Osborne & Associates, Inc will
present Microprocessors; Peter Freeman and Anthony
Wasserman of Software Engineering Consultants will
discuss Software Design Techniques; and Ira W. Cotton
of Computer Network Associates will direct Introduction
to Computer Networks. Wednesday’s sessions include
Introduction to Software Physics lead by Kenneth W.
Kolence, Institute for Software Engineering; and
Structured Design to be presented by Edward Yourdon,
Yourdon, Inc. Completing the sessions on Thursday,
Leo J. Cohen, Performance Development Corp, will
conduct Distributed Data Base Networks. Attendance
will be limited; a separate registration fee of $30 for
each seminar includes all course materials as well
as access to all four days of the conference exhibit
program.

Special Activities

The annual keynote address will be delivered Monday
morning by Mark Shepherd, Jr, chairman and chief
executive officer of Texas Instruments, Inc. A major
theme will be the extension of distributed computing
into applications that were not predictable when the
computer revolution began some 25 years ago. Mr
Shepherd will discuss many of the impacts, implications,
and trends associated with present-day computing. On
Tuesday at a special plenary session in the Convention
Center, Dr Theodore J. Williams, professor of engineer-
ing and director of the Purdue Laboratory for Applied
Industrial Control, Purdue University, will deliver the
AFIPS Presidential Address. In his remarks, Dr Wil-
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liams will review and assess the increasingly ecritical
role of computers in industrial process monitoring and
control. At Wednesday’s plenary session, A. Douglas
Murch, senior vice president of Prudential Insurance
Co of America will speak on “Current Challenges of
Data Processing in the Insurance Field.”

Major contributions by members of the computing
group of the Los Alamos Scientific Laboratory in New
Mexico will be given special recognition during the
Pioneer Day Program on Tuesday. Attention will be
focused on three areas—computer hardware develop-
ment and usage, software development, and contributions
to pure and applied mathematics.

Other notable events will be the presentation of
the Harry F. Goode Memorial Award, the annual Con-
ference Reception to be held Monday evening, and a
national programming contest designed to provide a
test of logic and programming skills.

Exhibits

More than 1100 booths representing over 300 organiza-
tions will occupy the Dallas Convention Center to
exhibit computer hardware, software, systems, and
services—many to be shown for the first time. Attendees
will have the opportunity firsthand to compare major
offerings in all areas of the computing field, ranging
from mainframes, minis, and microprocessors through
memory systems, peripherals, and data communications
equipment. Exhibit hours will be 11 am to 7 pm on
Monday and 10 am to 6 pm on Tuesday, Wednesday, and
Thursday. A review of many of the products to be
exhibited at NCC will be given in the June issue of
Computer Design.

Registration

Conference attendees who have not preregistered may
register at the Convention Center. Fees are

Full Conference (4-day program, exhibits,

and Conference Proceedings) $75
Full Week Exhibits Only $25
1-Day Program and Exhibits $25
1-Day Exhibits Only $10
Students (Full week of exhibits

and program) $10

Additional copies of the Conference Proceedings may
be purchased at the Conference, or may be obtained
after the conference by contacting the AFIPS Press.
Price is $60 for nonmembers, $30 for members (of
AFIPS constituent societies) .

A complimentary shuttle bus service will be main-
tained between major hotels and the convention center.
Travel information is available from the NCC Travel
Service by calling (800) 556-6882; additional general
information may be obtained by contacting AFIPS, 210
Summit Ave, Montvale, NJ 07645 or by calling (201)
391-9810.

Excerpts of the Technical Program cover only those
sessions of particular interest to Computer Design readers.
Information is necessarily limited to that available at
press time.

EMG'S New
Lomputerized
|GPanel Design

S6rVIce

In a hurry? EMC can
shorten your need time
with a computer-aided
Design/Drafting Package
for your new Wire-Wrap®
IC Panel ... Often within
a week! And you’re getting
the unequalled NURL-
LOC® terminal with 5
times the gripping
surface that pre-
vents twist and
keeps your
panel from
warping. For fast
action phone ,._,.
(401) 769-3800 or write
Electronic Molding Corp.
96 Mill Street,
Woonsocket, R.l. 02895.

Wire-Wrap® Gardner-Denver Co. !

-SEmc

Interconnection Specialists

(0r nee-Il-now
requirements
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TECHNICAL PROGRAM EXCERPTS

Monday Afternoon

Session 2 2:00-3:30 pm

Computer Systems Architecture
Chairman: Yih-Wu Han, Honeywell, Inc, Minneapolis, Minn

Some interesting observations about computer architecture and
theory for computer system analysis and design, and fault tree
analysis are presented in this session which also stresses the
importance of fault tolerant capability and classification of fault
tolerant schemes for computer systems.

“Whither Computer Architecture,” John Earle, John Earle, Inc

“Using Fault Tree Analysis for Studying Computer Systems,”
C. V. Ramamoorthy, University of California at Berkeley and
Yih-Wu Han, Honeywell, Inc

“An Overview of Fault Tolerant Digital System Architecture,”
Stephen Y. H. Su and Richard J. Spillman, Utah State University

2:00-5:15 pm
Developments in Computer Output Microfilm
(COM) and Micrographic Technology—Present
and Future

Chairman: Don M. Avedon, National Micrographics Association,
Silver Spring, Md

Session 5

This session will include an up-to-date review of micrographic
technology, computer input microfilm (CIM), and computer out-
put microfilm (COM), as well as an indication of the market
size and growth rate, Other items of interest that will be covered
are indexing and retrieval of microforms; the use of COM and
how to manage information; and COM systems.

“Micrographics and COM—A State-of-the-Art and Market Report,”
Don M. Avedon, National Micrographics Association

“Micrographic Fundamentals and Recording Techniques,” George
Harmon, Micord Corp

“Indexing and Retrieval Techniques and the Systems Approach
to COM,” Franklin I. Bolnick, Microfilm Sciences Corp

“COM Applications and Management of Information,” Truett E.
Airhart, Zytron Corp

Session 8
Data Models and Their Applications

Chairman: Peter P. S. Chen, Massachusetts Institute of Tech-
nology, Cambridge, Mass

3:45.5:15 pm

Data models are the basis for designing data base systems and
for modeling the real world. Many models have been proposed.
Examples are network, relational, and entity-relationship models.
This session purposes to provide a better understanding of the-
oretical aspects artd practical applications of data models.

“Why Restrict the Modeling Capability of copasyrL Data Struc-
ture Sets,” Charles W. Bachman, Honeywell Information Systems

“The Entity-Relationship Model: A Basis for the Enterprise
View of Data,” Peter P. S. Chen, Massachusetts Institute of Tech-
nology

“Data Architecture and Data Model Considerations,” Edger Sib-
ley and Larry Kerschberg, University of Maryland

Session 9 3:45.5:15 pm

Toward the Computer of Tomorrow: A Multi-
Faceted Challenge

Chairman: Lowell Amdahl, Northridge, Calif
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Most disciplines in computer science tend to interact—technology
advances open new application areas, new languages induce
architectural changes. What significant advances can we expect
to see in computers in the next five to ten years? How can we
increase cooperation among the various disciplines in order to
develop more effective computer systems? The panel, which con-
sists of 'Charles Vick, Ballistic Missile Advanced Technology
Center; Gordon Moore, Intel Corp; Albert Hoagland, IBM Corp;
Gene Amdahl, Amdahl Corp; Herbert Grosch, Consultant; and
Harlan Mills, IBM Corp, will address these questions from view-
points of the user, hardware and software technology, and system
architecture.

Tuesday Morning

Session 15 9:00 am-12:15 pm

Selection Methods for a Family of Computer
Architectures

Chairman: Y. S. Wu, Naval Research Laboratory, Washington, DC

A joint Army/Navy committee was organized to select a proven
computer architecture as the basis for a family of software com-
patible military computers. The six papers that make up this
session provide an overview of the work of that committee and
a detailed discussion of the technical method used to quantita-
tively evaluate the alternate computer architectures considered.

“Overview of the Military Computer Family Architecture Selec-
tion,” William E. Burr and Aaron H. Coleman, US. Army Elec-
tronics Command, and William R. Smith, Naval Research Labo-
ratory

“Initial Selection and Screening of the CFA Candidate Computer
Architectures,” Samuel H. Fuller, Carnegie-Mellon University;
Harold S. ‘Stone, University of Massachusetts; and William E.
Burr, U. S. Army Electronics Command

“Evaluation of Computer Architectures via Test Programs,”
Samuel H. Fuller, Paul Shaman and David Lamb, Carnegie-
Mellon University and William E. Burr, U. S. Army Electronics
Command

“An Architectural Research Facility: ISP Descriptions, Simula-
tion, Data Collection,” Mario R. Barbacci and Daniel P. Siewiorek,
Carnegie-Mellon University; Robert Gordon and Rosemary How-
brigg, Naval Underwater Systems Center; Susan Zukerman,
Naval Research Laboratory

“Evaluation of the Software Bases of the Candidate Architectures
for the Military Computer Family,” James Wagner, Edward
Lieblein, Jorge Rodriguez, U. S. Army Electronics Command and
Harold Stone, University of Massachusetts

“Two Life Cycle Cost Models for Comparing Computer Architec-
tures,” William R. Smith, Naval Research Laboratory; William R.
Svirsky, System Development Corp; Aaron H. Coleman, U.S. Army
Electronics ‘Command; and John J. Cornyn, Naval Ocean Re-
search & Development Activity

Session 16
Microprocessor Architecture

Chairman: Charles R. Vick, Ballistic Missile Defense Advanced
Technology Center, Huntsville, Ala

9:00 am-12:15 pm

Addressing improvements in microprocessor hardware and soft-
ware, presentation topics include novel ideas for programmable
optical busing and design considerations for a series of flexible
microprocessor modules. Application of microprocessors ¥or real-
ization of digital logic functions and intelligent hybrid interfaces
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YOU’D THINK
YOU DESIGNED IT
YOURSELF.

If you had the time to design switching
power supplies, we think your design, like
ours, would reflect this basic design
precept: achieve greatest efficiency in
the least amount of space at a cost
comparable to linear supplies.

That's one important reason why over the
past four years more than 20,000 Gould
units have quietly found their way into the
designs of systems engineers all over
the world.

Of course there are other important
reasons:

e 36,000+ hours MTBF

¢ Switching at 33,000Hz

® 0.1% line/load regulation

e [ess than 50mV peak-to-peak ripple

e full output rating at 50°C ambient

e standard remote sensing and

programming
There are still more reasons, but we think
you get the idea. Show a good design to
a good design engineer and it'll speak for
itself. So let us demonstrate to you the
- smallest and most efficient OEM power

i supphes yet desugned

For more information contact Gould Inc.,
Power Supply Dept., 3631 Perkins Ave.,
Cleveland, Ohio 44114.

For brochure call toll free at
(800) 325-6400 Extension 77
In Missouri: (800) 342-6600

== GOULD

* The product development company
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Here's an idea that could change
your thinking about test equipment.

A complete test station doesn’t
have to be an assortment of spe-
cial-function instruments. A work-
ing workbench doesn’t have to
be crowded and unhandy. And a
truly portable test lab doesn’t
have to be out of reach.

TM 500 offers you an alternative:
a modular line of compact, inter-
changeable plug-ins and main-
frames. Multiconfigurable both in
packaging and in performance,
TEKTRONIX TM 500 is designed
around the idea that test equip-

ment which is compatible in
every respect can, in fact, cover
a broader range of functions and
meet a wider variety of measure-
ment situations. To say nothing
of its ability to adapt more readily
to new challenges.

JENY D ERNLRET S




Modular DMMSs, counters, gen-
erators, amplifiers, power sup-
plies, oscilloscopes, logic analyz-
ers, and word recognizers can
be interfaced electrically. Signals

can be routed from one plug-in
board to another via the main-
frame mother board, thus en-
abling you to build a test instru-
ment that's more powerful than
the sum of its parts.

The plug-ins can be configured
together in six widths of main-
frame and four types of pack-
ages, depending on where and
how you’ll use them. Select the
plug-in modules you need just as
you would monolithic instru-
ments, and then combine them in
the appropriate mainframe for a

convenient, uncluttered bench
setup; mount up to 6 functions

R

T [ ;‘\:.A\ ‘

side-by-side in a 5%-inch rack;
build a rollabout station that “fol-
lows” you around the lab. Or

TM 500...designed for configurability.

For technical data, circle 51 on Inquiry Card.
For a demonstration, circle 52 on Inquiry Card.

pack a portable test station in the
small-as-a-suitcase TM 515 Trav-
eler Mainframe, which carries up
to 5 modules and typically weighs
less than 35 pounds, including
the modules.

The result is a total test system
that looks like a unit . .. works as
a unit . . . yet is still configurable
to new or changing measurement
requirements. So the next time
you’re looking into test instru-
mentation, specify the one prod-
uct line that’'s designed for con-
figurability.

For further information or a dem-
onstration of TM 500 Instrumen-
tation, write or phone: Tektronix,
Inc., P.O. Box 500, Beaverton,
Oregon 97077, (503) 644-0161 ext.
5283. In Europe: Tektronix
Limited, P.O. Box 36, St. Peter
Port, Guernsey, Channel Islands.

Tektronix

COMMITTED TO EXCELLENCE
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are discussed. Software considerations are presented in a discus-
sion of the design of a microprocessor operating system that al-
lows applications software developed for a general-purpose sys-
tem to be utilized.

“A Microprocessor Architecture for Digital Device Implementa-
tion,” Thomas L. Boardman, Jr, University of Colorado

“A Hybrid Computer Interface for Microprocessors,” Joseph P.
Heid, General Electric, Space Division

“Multiprocessor Oriented Byte-Sliced LSI Processor Modules,”
M. Tokoro, Keio University, Yokohama, Japan

“An Organization for Optical Linkages Between Integrated Cir-
cuits,” G. Jack Lipovski, University of Texas at Austin

“UNIX on a Microprocessor,” H. Lycklama, Bell Laboratories

9:00 am-12:15 pm

Software Management: Planning for a New Soft-
ware Development Project

Chairman: Richard H. Thayer, US. Air Force, McClellan AFB,
Calif

A key element in the successful completion of any software de-
velopment project is proper planning. The advancing state-of-the-
art in software engineering has given the software development
project manager a wide variety of technologies and techniques for
managing, developing, and designing a data system. Early identi-
fication of an appropriate and complementary set of software en-
gineering and project management procedures, controls, and tech-
nologies is essential to good project planning. This session, which
is directed to the project manager, identifies and compares many
of these new procedures and technologies.

Session 17

“Organizing and Training for a New Software Development Proj-
ect—That First Big Step,” Daniel Freedman, Donald C. Gause,
and Gerald M. Weinberg, Ethnotech

“The Choice of New Software Development Methodologies for
Software Development Projects,” Edward Yourdon, Yourdon, Inc
“Software Development Tools Acquisition Considerations,” Leon
G. Stucki, Boeing Computer Services

“What Measurement Methods and Reporting Procedures Should
Management Require?” Ray Caudill, Air Force Data Automation
Agency

“Management of Large Scale Computer Program Production,”
H. S. Woodgate, International Computers Ltd, Reading, Berks,
England

“Test Planning,” R. Dean Hartwick, Logicon

Session 18 9:00-10:30 am

Systems Strategic Planning—A View From the Top

Chairman: Harvey L. Poppel, Booz, Allen & Hamilton, Inc, New
York, NY

Speaker Harvey L. Poppel, Booz, Allen & Hamilton, will intro-
duce a model for elevating information resource management
(IRM) into the “board room” and tying into the strategic
planning process of top management. As a backdrop, the prac-
tical potential of rapidly blending data, word, and communica-
tions processing technologies will be described. Then a four-
phased jethodology for planning, controlling, and organizing
these emerging opportunities will be unveiled.

Session 20 9:00-10:30 am

Computer Systems In Health Care Delivery and
Medical Laboratories

Chairman: William J. McClain, Oak Ridge National Labora-
tory, Oak Ridge, Tenn

Effective health care delivery and medical laboratory services are
requiring increased dependence upon state-of-the-art digital
computer systems. This session includes descriptions of a distrib-
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uted computing network for data acquisition in a medical multi-
laboratory environment, a knowledge base for constructing diag-
noses and treatment plans by symbolic models of patients and
situations using inference rules derived from expert physicians,
and an assessment of the impact of microprocessors on health
care delivery.

“NopAs’: The Network-Oriented Data Acquisition Systems for
the Medical Environment,” Shelly 1. Saffer, David J. Mishelevick,
Shirley J. Fox, and Victor B. Summerour, University of Texas
Health Center at Dallas

“A System for a Primary Clinical Knowledge Base,” Randal L.
Walsher and Bruce H. McCormick, University of Chicago

“The Assessment of the Impact of Microprocessors on Health
Care Delivery,” William M. Lively and William Hyman, Texas
A & M University

Tuesday Afternoon

Session 28

Computer Hardware

2:00-3:30 pm

Chairman: William P. Summers, General Dynamics Corp, Fort
Worth, Tex

Design oriented topics of general interest to be presented in-
clude a noise analysis approach for assessing the status of cross-
talk in computer backpanels, advanced semiconductor technology
in programmable calculators, and true liquid cooling of com-
puters. The contents, although design oriented, will be of in-
terest to all users as well as designers.

“NAA: An Approach to Analyzing Backpanel Crosstalk,” J. S.
Hebhardt, C. F. Groves, and R. Bardas, Sperry Rand

“Advanced Semiconductor Technology in Programmable Calcu-
lators,” Syd Poland and K. Balasubramanian, Texas Instruments

“True Liquid Cooling of Computers,” E. A. Wilson, Honeywell
Information Systems

Session 29
Output—Results and Rhetoric

Chairman: James O. Matous, General Dynamics Data Systems
Services, Fort Worth, Tex

2:00-3:30 pm

Data processing systems are no better than the means available
to effect 2-way communication between users and computers.
Independent of the way information is input or processed, the
output must be provided in a form oriented to the user. In this
session two methods of providing output from data processing
systems are presented. First, by classifying processed informa-
tion into calculated results and descriptors, a GO (Generate Out-
put) system has been developed providing output which is user-
oriented as well as easily maintained. The second method ap-
proaches output from a totally new direction, which resulted in
a host independent talking computer terminal. The issue of out-
put is addressed in a detailed look at the future of hardcopy
output in the computer technology/environment of tomorrow.

“GO System: Design and Implementation of an Output Gen-
erator,” Roland R. Bonato and Kenneth C. Yang, George Washing-
ton University

“A Talking Computer Terminal,” James A. Kutsch, Jr, West
Virginia University

“The Future of Computer Output to Hard Copy,” Irving L. Wiesel-
man, Data Products
Session 32 2:00-5:15 pm

Computing at Los Alamos in the 40's and 50's

‘Chairman: J. B. Harvill, Southern Methodist University, Dallas,
Tex

(Information not available at press time.)
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When
have a digital
communications

tape it

. l & - I"". <71
EPICOM,INC.

Now there’s an economical way to capture
and hold those expensive, annoying data
communications errors for future analysis
and remedial action. It’'s DATATAPE, a new,
precision taping system developed espe-
cially for datacomm use by EPICOM, Inc.
DATATAPE is easily portable, since it weighs
only 25 Ibs. It records data in real-time at
a switch-selectable speed from 50 to 19,200
BPS. It operates within any line discipline and

problem...

records full-duplex data, with or without
status signals. And it even has built-in self-
test capability and a position indicator
which locates specific events to within 8"
of tape.

If datacomm accuracy is important to
your prosperity, investigate DATATAPE today.
Contact EPICOM, Inc., 592 North Douglas
Ave., Altamonte Springs, Florida 32701.
Phone 305/869-5000.
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Boschert offers a breakthrough
in powering microprocessor systems:
50 waltts, 4 outputs, 14 ounces;
and price-competitive with linears.

We're the leader in low-cost OEM switchers.

Boschert, 384 Santa Trinita Avenue

Sunnyvale, CA 94086 B Phone 408-732-2440
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Session 34 2:00-5:15 pm

Unethical Conduct in Computer Science and
Technology

Chairman: Donn B. Parker, Stanford Research Institute, Menlo
Park, Calif

An arips-sponsored workshop funded by the National Science
Foundation and held at Stanford Research Institute will be de-
scribed by a panel of computer, law, and philosophy experts.
Discussed will be such questions: Were the actors unethical or
not? When does a program belong to a programmer and when to
the employer? Should unused cycles of an idling computer be
used for fun and games? How should a systems analyst feel about
developing a system that displaces people out of their jobs?
Members of the panel are: Harold Borko, University of Cali-
fornia at Los Angeles; Judith Edwards, Northwest Regional
Educational Laboratory; Albert Flores, Renssalaer Polytechnic
Institute; Bernard A. Galler, University of Michigan; Fred H.
Harris, University of Chicago; William J. Horne, Boston College;
John McLeod, Society for Computer Simulation; Roger L. Mills,
TRW Defense Systems; Susan H. Nycum, Chickering & Gregory;
and Richard Waller, Computer Analysts and Programmers,
London, England.

Session 35 3:45.5:15 pm
Data Base Design Methodology
Chairman: Philip Y. Chang, University of Texas, Austin

The data base design process is generally recognized as the most
important factor in the performance and growth of a data base
system. However, there is no widely accepted design methodology
despite the researchers’ efforts in this area. Panel members
Charles W. Bachman, Honeywell Information Systems; Barbara M.
Fossum, Sperry Univac; Vincent Y. Lum, IBM Corp; Richard
Peebles, University of Waterloo, Ontario, Canada; and Raymond
T. Yeh, University of Texas at Austin are currently involved in
data base design research and practice and will survey the field
and discuss the questions of what are the missing links and
how to develop a design methodology.

Session 36 3:45-5:15 pm

Government Panel on Research In Computer
Architecture

Chairman: Jimmie R. Suttle, US. Army Research Office, Research
Triangle Park, NC

During the past few years, rapid advances in solid state devices
have had a significant impact on computer architecture. More
attention has been devoted to design of processors and computing
systems for specific applications such as signal processing, con-
trol, and pattern recognition. There is special interest in hard-
ware-software tradeoffs where special purpose microprocessors
or other imbedded computers are used as part of a complex sys-
tem. This panel will discuss the current state of research activity
in the above and related fields and will attempt to identify
areas of research in computer architecture which are likely to
have impact in the future. Members of the panel, John Lehmann,
National Science Foundation; George W. McKemie, Air Force
Office of Scientific Research; Alan B. Salisbury, U. S. Army Elec-
tronics Command; David Carlstrom, Advanced Research Projects
Agency; and Joel Trimble, Office of Naval Research represent a
broad cross-section of government agencies which are either in-
volved in computer architecture research or sponsor research in
architecture. Research areas of interest to the respective agencies
will be described.

Session 38 3:45-5:15 pm

Mini and Micro Design Mistakes

Chairman: Helmut E. Thiess, Navy Regional Data Automation
Center, Washington, DC

It is a fair assumption that mistakes were made when first- and
second-generation microcomputers were sold and used. Hardware
architecture changed, system software was nonexistent or cum-
bersome, or an overwhelmingly predominant vendor emerged.
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Here’s how Data General’s microNOVA system

stacks up a;

microNOVA Processor:
Fully packaged 9-slot micro-
computer, 16K words MOS
memory, 2.4-microsecond arith-
metic operations, hardware stack
facility, multiply/divide, DMA
capability. Includes RTC, PF/AR
and APL. Supports up to 32K
words RAM/PROM memory.

Dual-diskette subsystem:
Integral DMA controller, compact
630KB capacity.

Cabinet:
37 inches high, holds all rack

mounted components.

The facts speak for themselves. For

$10,970, Data General’s new microN

gives you more system, software availability
and support than any other comparable

computer. And we deliver in 60 days.

Any way you look at it, it all stacks up in
your favor. For more information and our bro-

chure, call our toll free number, 800-225-9497,

or, fill out and return the coupon.

gainst the competition.

DASHER

terminal printer:

30 cps, 132-columns, typewriter
keyboard, upper/lower case.

Systems Software:
Multitasking Disc Operating
System, Real-Time Operating
System, FORTRAN IV,
Extended BASIC, Macro Assem-
bler, Utilities.

$10970

List®

Data General, Westboro, MA 01581

Ov A Sounds like smart business. Send me more information.
micro NOVA
NAME Computer Systems
TITLE ;
COMPANY
ADDRESS TEL.
CITY STATE ZIp

NOVA is a registered trademark of Data General Corporation.
DASHER is a trademark of Data General Corporation.

*Additional software fees apply to first system only.

Quantity and OEM discounts available.
Its smart business.

Data General, Westboro, MA 01581, (617) 485-9100. Data General (Canada) Ltd., Ontario. Data General
Europe, 15 Rue Le Sueur, Paris 75116 France. Data General Australia, Melbourne (03) 82-1361.
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Going

into

business
sale.

National Semiconductor is going
into the microcomputer business.
And to celebrate, were having
a “sale’
10% off the Intel 80/10.
To get 10% off Intel’s 80/10, don’t

buy Intel’s 80/10. Buy National’s 80/10.

We're able to sell the 80/10
for less because of our improved board
layout which permits automated
assembly (such as using axial leaded
components). . .the fact that we make
not only the 8080, but also—unlike
Intel —most of the rest of the ICs on the
board...and, of course, National’s

78

legendary competence in efficient
manufacturing doesn't hurt either.

The industry standard.

Our second-sourcing of the 80/10
clears the way for the 80/10 to be the
clear-cut standard of the micro-
computer industry.

You can'’t effectively have an
industry-standard without a second-
source. Having two suppliers is a
healthier competitive situation for you,
the customer, and you have the security
—and abuse-protection —of an
alternate source.
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What we make
and how we make it.

What we're making is this:

Series/80 Cards:

BLC 80/10 BLC 104*
BLC 016 BLC 508*
BLC 406 BLC 416*
BLC 905

*Available 3rd quarter '77
Series/80 Systems:
BLC 80P BLC 614 BLC 604

Series/80 Firmware:
BLC 910

(With more, much more, to come
in the future.)

And how we're making them is this:

We're putting out the finest
quality available. A cleaner board—
better layout, all axial components,
plug selectable options rather
than wire wrap.

We “burn in” every board at
elevated temperature, and run
computer diagnostics during burn-in.

Think we're kidding about quality?
We're offering a one year warranty.
Which is just about four times longer
than Intel’s warranty period.

A microcomputer company
small enough to do business with.

We're not dummies.

We know that to break into a field
that somebody else has a lock on, we've
got to offer something extra.

And extra quality for less money
ain't a bad start.

But we're offering something else
extra, too.

Desire.

As the little guy we can’t afford
a fat cat attitude.

We'll do our best to meet
impossible deadlines.

Our phone won’t be busy. Etc.

In the microcomputer arena we're
youn§, small, and hungry.

o if you'd like to see what
you've been missing in 80/10’, see your

local distributor or use this coupon to
get our literature.

Help us celebrate our going into

business sale by helping us stay in
business. -

See us at NCC Booth 1565.

National Semiconductor Corporation CD-5
2900 Semiconductor Drive, Santa Clara, CA 95051

Gentlemen: [J You've got my interest. Please send me more
information on National’'s SERIES/80.

[J I'm so turned on, I can't wait. Please have a
salesman call me immediately.

Name Title
Company.
Address
City. State Zip
Telephone
My application is

[J I'm presently using the other guy’s 80/10.

[J I'm not up to the 80/10 yet but I'm using the 8080.

[ I have an 8080 software development system.

O Your BLC 80/10 will be used in house.

0 I'm an OEM. Your BLC 80710 will be shipped out as part of
my equipment.

74 National Semiconductor
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Purpose of this panel, consisting of Helmut E. Thiess, Navy Re-
gional Data Automation Center; John H. Carson, RLG Associates;
and James A. Painter, ADP Directorate, is to provide a forum
for the discussion of mistakes in the design, software, maintenance,
and use of mini- and microcomputers—mistakes that could have
been avoided by a decent respect for history.

Wednesday Morning

Session 42 9:00 am-12:15 pm
Architecture for Pattern Recognition Applications

Chairman: Tadao Ichikawa, Kokusai Denshin Denwa Co, Ltd,
Tokyo, Japan

In most applications of pattern recognition, because of the ex-
tremely large volume of data involved, some specialized pro-
cessors, designed to speed up processing with a high degree of
sophistication are now replacing general-purpose computers. Thus,
it is important to hold discussions on the interactive problems
between computer architecture and pattern recognition. Caxton
C. Foster, University of Massachusetts; King Sun Fu, Purdue
University; Gale R. Allen, Control Data; D. Raj Reddy, Car-
negie-Mellon University; Jack Sklansky, University of California
at Irvine; and Michel J. Castelberg, Seiscom Delta, attempt
through discussions to discover what form computer architecture
should take for pattern recognition applications.

Session 43 9:00-10:30 am

Applications of Computer Networks
Chairman: Susan Poh, Mitre Corp, McLean, Va

Computer networks motivate new computer applications and
services. Presentations focus on a resource sharing service based
on time prediction to assist users in selecting the best resources
available, and on a structured data base computer conferencing
system which facilitates eommunications to groups of people.

“Response Time Prediction As A Network Resource Sharing
Service,” Sandra A. Manrak, Ohio State University and National
Bureau of Standards

“Structured Data Base Computer Conferencing System,” George
W. Arnold, Bell Labs and Stephen H. Unger, Columbia Uni-

versity

Session 44
Computer Systems: A Global View

9:00-10:30 am

Chairman: Roger M. Firestone, Sperry Univac, St Paul, Minn

This session will view computer systems as complete functioning
entities. Theoretical issues of correctness in multiprocessing sys-
tems driven by user requests; economic variables in relation to
a system model encompassing hardware architecture and software
problem structure; and social interactions in the computing sys-
tems are considered with emphasis on the significance that the
influence of the real world on the computer system has in the
model.

“Correctness in Asynchronous Operating Systems,” Abraham
Silberschatz, University of Texas

“An Analytic Model For Parallel Computation,” Roger M. Fire-
stone, Sperry Univac

“Dominance Relations in Computing Systems,” Daniel G. Hays,
University of Alabama

Session 47 9:00-10:30 am

Continuing Education for the Computer
Specialist

Chairman: Ben Knowles

(Information not available at press time.)
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text gditing word processing

intenance

T isting
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The new
Techtran 9512
micro-disc fits in
practically
anywhere...

with big system
features in a low-cost
package!

* RS232 plug-compatibility

* Fast -- up to 9600 baud data
communications

* Easy, complete editing

* High-density storage

Get all the facts.
Call or write us today!

rE[HTRA/V

INDUS TRIES, INC
Techtran Industries, Inc.

200 Commerce Drive
Rochester, New York 14623
Phone (716) 334-9640

TWX 510-253-3246
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Now Norden gives

DIGITALs PDP-11/34
all the muscle it needs
to work in any

military environment.

New PDP-11/34M uses
exactly the same software
as commercial PDP-11/34.
First in a new family of militarized com-
puters, the PDP-11/34M combines
Norden's experience in military elec-
tronics with DIGITAL architecture and
DIGITAL software.

The result is the PDP-11/34M, a fully
militarized mini-computer designed
and tested to meet all mil specs—
airborne (MIL-E-5400), shipboard
(MIL-E-16400) and land (MIL-E-4158).

This new system uses the identical
software as the commercial PDP-11/34
—same applications software, same
support software, same operational
software. You save time and money on
development, training and operations.
You start with a time-tested software
system as well as a proven hardware
system.

Familiar features plus
militarized peripherals.
Packaged in half or full ATR chassis,
the PDP-11/34M offers standard
PDP-11 features as well as modular
core memory from 16K to 128K words
in increments of 16K and 32K. Also, a
full range of militarized peripherals is
available including tape drives, disk
drives and display terminals.

First shipments go out in July 1977.

For more information, call or write
Director of Marketing, Computer
Products Center, Norden Division,
United Technologies Corporation,
Norwalk, CT 06856. Telephone
(800) 243-5840 toll-free, or call
(203) 838-4471.

PDP-11 data processing
with Norden military muscle.
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Introducing the SEL 32/75 System.

The Computer
with a Subconscious.

Your eyes blink 25 times a minute.
You don'’t realize it because this rou-
tine, like thousands of other vital
routines, is handled by your sub-
conscious.

That’s important, because this
parallel processing frees the con-
scious part of your mind for critical
decisions.

This is also a good description of
how the new SEL Regional Process-
ing Units operate within the SEL
32/75 System.Working independent-
ly, these RPU’s contain sufficient
control and buffer storage areas to
process an 1/O region and transfer
the resultant data directly to main
memory. Computer system
throughput is further enhanced by
High-Speed Floating Point Hard-
ware, Writable Control Storage, and
flexible interleaving.

The SEL Memory MAP efficiently
manages up to 16 million bytes of
main memory, with no instruction
overhead.

Sounds like a big system, doesn’t
it? SYSTEMS can link 20 CPU's,

with hundreds of Regional Processing
Units, into one multiprocessor network.

You see, the well-established SEL
32 computers fit the term “minicom-
puter” in price alone. Based on true
32-bit architecture, all are fast, pow-
erful machines using functional,
proven software. SYSTEMS compu-
ters are proving their worth in big jobs
like seismic exploration, power plant
operations, aircraft simulation, and
scientific computation.

The SEL 32/75 System fits neatly
as head of the SEL 32 family. It’s
more powerful, more flexible, more
throughput-oriented than any com-
puter we’ve ever built.

We'd like to help you explore how
the SEL. 32/75 System could simplify
your computing requirements. Just
circle our number on the Reader
Service Card, and we’ll send our
brochure in the blink of an eye.

SYSTEMS

ENGINEERING LABORATORIES

6901 West Sunrise Boulevard, Fort Lauderdale, Florida 33313 (305) 587-2900
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Session 48 9:00 am-12:15 pm

Personal Computing: History and Foreseeable
Future

Chairman: Jim C. Warren, Dr Dobb’s Journal of Calisthenics &
Orthodontia, Menlo, Calif

Session is divided into sections that will deal with hardware,
software, and applications. The first section is intended to bring
computer professionals up to date. A panel presentation of the
past, present, and future of home computing will follow formal
presentations.

“Personal Computing: An Overview for Computer Professionals,”
Jim C. Warren, Dr Dobb’s Journal of Calisthenics & Orthodontia
“Future of Hobby 'Computers,” Leslie Solomon, Popular Elec-
tronics

“Personal Computing: Who’s Doing It Now and What For?”
Carl Helmers, Byte

“The Impact of Home Computing Systems on Education and
Learning Environments,” Ludwig Braun, State University of New
York at Stoneybrook

“Text Editing and Music Applications of Home Computers,”
Hal Chamberlin, Hendrix Electronics

“The Computer as a Social Commodity: Community Memory,”
Lee Felsenstein, LGC Engineering

“Design of a Transcendental Literary Network,” Theodor H.
Nelson, Swarthmore College

Session 50 10:45 am-12:15 pm

Data Communication Policy and lts Impact on the
Consumer

Chairman: Robert R. Korfhage, Southern Methodist University,
Dallas, Tex

(Information not available at press time.)

Session 51
Software Validation
Chairman: Edward V. Resta, E-Systems, Dallas, Tex

(Information not available at press time.)

10:45 am-12:15 pm

Session 52

Why Managers Fail

10:45 am-12:15 pm

Chairman: James F. Towsen, The Statesman Group, Harrisburg,
Pa

It has been said that many managers and supervisors are not
regarded as assets to the organization by their peers and/or
subordinates. Since they are not capable of proper management,
it is important to discuss the pitfalls that need to be avoided.
Speaker James F. Towsen, The Statesman Group, examines the
topic of the managers who can’t communicate and who can’t
manage time.

Session 53 10:45 am-12:15 pm
Computer Technology Forecast Through 1985
Chairman: Robert White

(Information not available at press time.)

Wednesday Afternoon

Session 56 2:00-3:30 pm

Distributed Fault-Tolerant Microprocessor
Systems

Chairman: Stephen S. Yau, Northwestern University, Evanston, Ill

WERE
WARNING
'n“lll

... these new audio indicators are just right for letting
you know something’s wrong. Ideal for computer
terminals, remote control warning, fault detection and

alarm devices. Six models . . . featuring 35mm diameter piezo crystal . . . rated to 85 dbA
at 3.3 kHz ... 3 to 16 vdc, drawing just 10 mA maximum current. Supplied with .187
quick disconnect tabs, wires or PC mounting pins. Black . . . 40mm square x 10mm high
(X-10), or 15mm high (X-11). Life-tested for at least 1000 hours. Ask for free catalog.

Where to buy an audio indicator for every need

Actual Size
Series X-10 Continuous
Series X-11 Pulsing

projects®
unlimited

3680 Wyse Road, Dayton, Ohio 45414
Tel. (513) 890-1918, TWX 810-450-2523

Distributors throughout the world.

CALIFORNIA, COSTA MESA
MarVac Electronics

CALIFORNIA, SUNNYVALE
Pyramid Electronics
COLORADO, DENVER

Waco Electronics Inc.
MASSACHUSETTS, SHARON
Adcour

MICHIGAN, FARMINGTON
CMP Distributor Co.

MISSOURI, ST. LOUIS
Olive Industrial Elec.

NEW JERSEY, WAYNE
Gordon/Horne, Inc.

NEW YORK, ROCHESTER
Ossmann Component Sales
OHIO, CINCINNATI
Hughes Peters Inc.

OHIO, CLEVELAND
CMP Distributor Co.

OHIO, COLUMBUS
Hughes Peters Inc.

OHIO, DAYTON
NASCO
TEXAS, DALLAS

GARLAND
K. A. Electronics

WASHINGTON, SEATTLE
Frank Jackson & Associates

WISCONSIN, MILWAUKEE
Taylor Electric Co.

B.C., VANCOUVER
Deskin Sales Corp.

ONTARIO, TORONTO
Deskin Sales Corp.
ONTARIO, WILLOWDALE
Electro Sonic, Inc.

QUEBEC, MONTREAL
Deskin Sales Corp.
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THE ONLY DISK DRIVES THAT
DON'T NEED GLEAN RIR TO BREATHE.

Each Trident disk drive has its own "= s
enclosed air filtration system. No B
other removable-pack disk drives do.

This means you can use a Trident
just about anywhere. In a warehouse.
Or a factory. Even in a smoke-filled
room.

This kind of flexibility is just one
reason Trident is the choice of grow-
ing businesses everywhere.

You find Tridents on the job in de-
partment stores—taking care of inven-
tory control right at the point of sale.

Tridents are at the heart of the
reservations systems for major
hotel chains.

And Tridents are the continuing
choice of the nation’s leading OEMs.

There are five Trident models. So
you have a wide range of capacities Ll
to choose from—all the way from 27 S,

to 312 megabytes. e -- :

Each Trident model is functionally com- If your growmg systems business needs
patible with every other Trident model. Each  more flexibility, and if you want the experience
gives you track-following servo-technology. and expertise that only CalComp can give
And each gives you one of the lowest cost- you, call or write:
per-byte ratios in the industry. California Computer Products, Inc.,

#CD-M5-77 , 2411 West La Palma Avenue
T“I“E"T H"‘MA.“'EH Anaheim, California 92801. (714) 821-2011.

Our 1150A Formatter is very versatile too. ,
It offers the designer of micro/minicomputer @QG@@@Q
systems important features that up to now it
were available only in large disk controller
subsystems—such as ECC, RPS, and over-
lapped seek.

It can control and format any mix up to
eight Trident drives—for a total storage
capacity of up to 2.4 billion bytes of on-line
data. And it can be attached to virtually any
micro/minicomputer by means of a universal
CPU interface.

A SOLUTION
FOR YOUR PROBLEMS.

At CalComp we’ve been solving the data
problems of growing businesses for years.

CIRCLE 59 ON INQUIRY CARD 85



Rapid development of LSI technology and microprocessors has
great potential to make fault-tolerant computing systems using
the distributed processor systems concept economically feasible.
Emphasizing the relationship among distributed processor systems,
microprocessors, and fault-tolerant computing systems, the po-
tential advantages and capabilities as well as difficulties in both
hardware and software developments for such computing systems
using these concepts will be discussed by T. Y. Feng, Wayne
State University; William J. Dejka, Naval Electronics Center;
Jack Goldberg, Stanford Research Institute; Albert L. Hopkins,
Jr, Charles Stark Draper Laboratory; and C. V. Ramamoorthy,
University of California at Berkeley.

Session 57
Packet-Switched Networks

Chairman: Saroj Kar, TCT International, Sunnyvale, Calif

2:00-3:30 pm

(Information not available at press time.)

Session 58 2:00-3:30 pm

Programming Languages: High-Level Programming
for Low-Level Machines

Chairman: Dennis J. Frailey, Southern Methodist University,
Dallas, Tex

One of the most interesting struggles of the past few years has
been the conflict between the emergence of smaller computing
devices, with few resources and minimal software, and the in-
creased use of higher-level programming languages, which require
strong support in hardware and software. Out of this struggle
have come exciting developments in language and complier de-
sign which are discussed here.

“Modular Programming Conventions in Assembly Language,”
Shy-Ming Ju, University of North Carolina at Charlotte

“A Basic Cross-Compiler for Programmable Calculators,” Deane
Blazie, Maryland Computer Services

“The Design and Implementation of a Simple Programming Lan-
guage for Microcomputers,” J. C. Cleaveland and C. D. Satten,
University of California at Los Angeles

Session 62 2:00-5:15 pm
Products of the Retail Computer Market

Chairman: Adam Osborne, Osborne & Associates, Inc, Berkeley,
Calif

Covering the computer hobby market from its inception, through
its current status, to its probable future, speakers will present an
overview of the market and its products. Particular emphasis will
be given to identifying the type of individual who is a “computer
hobbyist.” Detailed analysis of the computer hobby market will
come from manufacturing, retailing, and user viewpoints; the fu-
ture will be considered in a discussion of the entry of established
and prestigious manufacturers into home computing.

“The Computer Hobby Market—A Product Overview,” Adam
Oshorne, Osborne & Associates

“The Microcomputer Manufacturer and His Product Line,” Mike
Stone, IMS Associates

“The Impact of the Retail Outlet on Future Microcomputer
Products,” Paul Terrill, Byte Shops

“Peripherals in the Computer Hobby Market,” Eric Dunstan,
Micropolis

“The Impact of Established Companies Entering the Computer
Hobby Market,” Lou Frenzel, Heath Co

Session 64 3:45-5:15 pm
Cm*: A Multi-Microprocessor Computer System

Chairman: Samuel H. Fuller, Carnegie-Mellon University, Pitts-
burgh, Pa
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For Your D/A Converter Analysis,

11111111,
00000000,

Use this dual-trace scope to |
make easy, accurate D/A con-
verter settling time and ampli-
tude measurements...and to
analyze and verify the perfor- }
mance characteristics of other §
high-speed components.

Configured in a 7904 main-
frame*, the 7S14 Sampling
plug-in lets you examine §
settling time anomalies as
narrow as 500 ps, to vertical !
sensitivities down to 2 mV/div.
The internal delaying time base
lets you select the whole wave-
form, or any portion, for
observation.

The 7D12/M2 Strobing Volt-
meter and 7B92A Dual Time
Base plug-ins help you easily
measure the overall amplitude
of the device output, and the
P6201 Active Probe conveniently captures
the DAC's output with minimum circuit
loading.

Get Reliable, Repeatable Settling

Time Measurements

No significant distortions will be intro-
duced into your settling time measure-
ment because the 7S14 Sampler minimizes
the scope's vertical amplifier recovery
time effect. The high-impedance probe
minimizes loading the circuit under test.

With high vertical sensitivities, small per-
turbations can be measured to less than
1 least significant bit depending upon cir-
cuit loading.

The result is accurate measurements
time after time.

Put Together a Complete System
You can measure overall output ampli-
tude to within 0.25% with the strobing
voltmeter and dual time base plug-ins in-
cluded in the plug-in scope system. And
it couldn’t be easier: the intensified zone
generated by the time base points out

pick this
plug-in scope

which part of the waveform you're meas-
uring and the amplitude is read out digi-
tally on the crt.

Extend Your System’s Sampling
Performance

This sampler allows you to display time
windows as narrow as 500 ps at sweep
speeds to 100 ps/div. Choose from 4
other sampling plug-ins and 10 sampling
heads for time window measurements
ranging from 25 ps to 1 ns. All these sam-
pling plug-ins, including the 7S14, will
operate in any 7000 Series Mainframe. All
will significantly minimize the recovery
time limitations you might encounter with
amplifiers in a real-time scope. And some
sampling plug-ins include TDR capability.

For technical data, circle 61 on Inquiry Card.

B i i s oo B8 . G 8 S o aasasafes Miaaal

Expand Your System to
Include Real-Time Per-
formance

By adding a 7A24 Dual Chan-
nel Amplifier plug-in, you'll
have a real-time system with
two channels of 350-MHz per-
formance and sweep speeds
as fast as 500 ps/div. Or you
can also choose from other
amplifier plug-ins that will give
the full mainframe bandwidth
of 500 MHz.

Your oscilloscope needs may
change as the speed of system
components continues to in-
crease. So whatever your choice
may be, a Tektronix plug-in scope can
give you unmatched value now and in
the future.

To order the plug-in system described
here or to receive selection assistance,
call your local Tektronix field office.* For
a full product demonstration, clip the logo
from this ad to your letterhead and send it
to us at Tektronix, Inc., P.O. Box 500,
Beaverton, OR 97077. We'll have a Field
Engineer contact you. Or circle the bingo
number, and we’ll send you a copy of our
application note, “D/A Converter Meas-
urements: A Sampling Oscilloscope’s
Approach.”

The 7000 Series ... more
than an oscilloscope.

*Ordering information:

7904 OscilloSCOPe +:sisoveassvesnnssana $4,500.
TS Sampler i siviws ¢ svion s swnis 3 oo o sl $2,650.
7D12/M2 Strobing Voltmeter ............ $1,550.
7B92A Dual Time Base .............vuun $1,795.
PB201 Active Probe . ......seees sseaesed $ 680.

U.S. sales prices FOB Beaverton, OR.

*Storage Mainframes are often preferable when
the signal repetition rate is below 100 KHz.

Tektronix

COMMITTED TO EXCELLENCE
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Architecture of a multiprocessor computer system that supports
a large number of processors (on the order of 100) will be dis-
cussed. The system enables close cooperation between large
numbers of inexpensive processors, which share access to a single
virtual memory address space. There are no arbitrary limits on
the number of processors, memory, or communication bandwidth
in the system. Considerable support is provided for low-level
operating system primitives and inter-process communications.

“Cm*: A Modular, Multi-Microprocessor,” R. J. Swan, S. H.
Fuller, and D. P. Siewiorek, Carnegie-Mellon University

“The Implementation of the Cm* Multi-Processor,” R. J. Swan,
A. Bechtolsheim, Kwok-Woon Lai, and J. K. Ousterhout, Carnegie-
Mellon University

“Software Management of Cm*, A Distributed Multiprocessor,”
A. K. Jones, R. J. Chansler, I. Durham, P. Feiler, and K. Schwans,
Carnegie-Mellon University

9

Session 65 3:45-5:15 pm

International Data Communications—A Manage-
ment Perspective

Chairman: Noel Zakin, AT&T, Morristown, NJ

The field of data communications has grown within the past few
years, with the broadening of techniques and services. This inter-
active session will envision from a management point of view
the differences, problems, pitfalls, considerations, opportunities,
expansion, and progress of data communications both domestically
and internationally, with concern for a multinational environ-
ment. Five panelists consisting of users, consultants, and educa-
tors discuss the various directions of data communications,

Session 66 3:45-5:15 pm

Programming Language: Theory

Chairman: Nancy Betz, Oak Ridge National Laboratories, Qak
Ridge, Tenn

Three areas of research into programming languages under dis-
cussion are time and space optimization of target code, an em-
pirical approach to natural language analysis by machine analysis,
and a language for use by management, business, or accounting
specialists who do not have computer training. Progress obtained
in implementation of theories as well as views on future applica-
tions and benefits are considered.

“Using Assertion to Improve Language Translators,” Dr Arthur
Pyster, University of California at Santa Barbara

“A Parser-Analyzer of Empirical Design for Question-Answering,”
Dr Abraham Ben David, Xerox

“Automatic Generation of Computer Programs,” Noah S. Prywes,
Moore School of Engineering, University of Pennsylvania

Session 67 3:45.5:15 pm
Database Design for Decision Support Systems

Chairman: Howard L. Morgan, University of Pennsylvania, Whar-
ton School, Philadelphia, Pa

Decision support systems are increasing in popularity and so-
phistication. One big element in most of these systems is access
to larger data bases. Special features required of a DBMS by the
DSS will be discussed by the panelists, William D. Haseman,
Carnegie-Mellon University; George Dodd, GM Research Lab,
Computer Technology Dept; and Earl Sacerdoti, Stanford Re-
search Institute, who have had experience in implementing or

using DSS on DBMS.

Session 68
Computers in the Petroleum Industry

3:45.5:15 pm

Chairman: Olin G. Johnson, University of Houston, Houston, Tex

Each of the four panelists, N. S. Neidell, GeoQuest International
Ltd; Donald W. Peaceman, Exxon Production Research; Ross
Short, Bonner and Moore Associates; and Toney J. Morelock,

WIRE WRAPPING TOOL

For AWG 30, .025" (0,63mm) sq. post,
“MODIFIED” wrap, positive indexing,
anti-overwrapping device

HOBBY-WRAP
Model BW-630

Battery
wire
wrapping
tool

'3
ONLY

COMPLETE WITH BIT
AND SLEEVE

95

(batteries

not included)

OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, N.Y.10475 / (212) 994-6600 / Telex 125091
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/ability:

It Comes Naturally With
The Altair™ 8800b

The Altair 8800b from MITS: the second gen-
eration design of the microcomputer that
started it all. The mainframe that has the abil-
ities everyone is demanding from microcorn-
puters today:

Expand-ability:

The Altair 8800b power supply and one-
piece, 18-slot motherboard allow efficient
and easy expandability for memory and 1/O
options. All Altair PC boards are designed to
give you maximum capability/lowest power
usage possible per board. This means that
for each slot used you get more features and
require less power, than with any of the “off-
brand™ Altair-bus-compatible boards.

Whether you buy an entire system up front or
choose to expand gradually, it's easy to get
the configuration you need with the com-
plete family of Altair peripheral equipment,
including

floppy disk, line i -
printer, audio ; 4
cassette record

interface, A/D : Y
converter, b " YRR
PROM program- [ 3 L) 1T
mer, serial and el (Fress
parallel 1/O boords

choice of four different memory boards and

many others. : £
Reli-ability:

The unique design features of the Altair
8800b, which have set the standard for the
microcomputer industry, make it the most
reliable unit of its kind. The Altair 100-pin bus,
the now-standard design used by many imi-
tators, has been “standard” all along at MITS.
The unique Front Panel Interface Board on
the Altair 8800b isolates and filters front panel
noise before it can be fransmitted to the bus.
The all-new CPU board utilizes the 8080A
micropfooessor, Intel 8224 clock generator
and 8216 bus drivers.

Flex-ability:
Meeting the diversified demands of an ever-
increasing microprocessor market requires
flexibility: not just hardware flexibility but

software flexibility as well. MITS software,
including the innovative Altair BASIC lan-
guage, allows the full potential of the Altair
8800b computer to be realized.

8K ALTAIR BASIC has facilities for variable
length. strings with LEFTS, RIGHTS, and MID$
functions, a concatenation operator, and
VAL AND STRS functions to convert between
strings and numbers

Extended ALTAIR BASIC allows integer, single
and double precision variables, automatic
line numbering and renumbering, user-
defined string functions, PRINT USING for for-
matted output and a powerful EDIT com-
mand for editing program files during or after
entry. Extended statements and commands
include IF. . . THEN . . . ELSE, LIST and DELETE
program lines, SWAP variables and Trace On
and Off for debugging.

Disk ALTAIR BASIC has all the features of
Extended BASIC with the additional capa-
bility to maintain sequential and random
access disk files. Utilities are provided for
formatting disks and printing directories.

In all versions of ALTAIR BASIC you get the
ease and efficiency of BASIC for the solution
of real world problems.

Package I, an assembly language develop-
ment system for the Altair 8800b, includes
system monitor, text editor, assembler and
debug.

Afford-ability:
Prices for the Altair 8800b start at
$840.00 for a kit and $1100.00 for an
assembled unit (all documentation
included).

For a complete listing of prices on
! all Altair products and a free bro-
1 chure, contact:

! MITS, Inc.
2450 Alamo S.E.

: Albuquerque, N.M. 87106
; (505) 2437821
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NOTE: Altair is a trademark of MITS, Inc.
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Texas Eastern Transmission has extensive experience in the
application of computers in petroleum. Each is an expert in one

Session 70 9:00-10:30 am
Fault-Tolerant Computing—I

of the following general areas: exploration, production, refine-
® ment, and transmission. The talks will be a mixture of survey
y and technical discussions.
° Thursday Morning
Chairman: Francis P. Mathur, Wayne State University, Detroit,
Mich
( OO Fault-tolerance as a characteristic of a computing system is that
which enables the system to execute all design specified tasks
even in the presence of hardware or software failures. Fault-
tolerance as a discipline covers a wide area of specialities such
l as architecture, redundancy structures, fault-diagnosis, error-codes,
and software testing and validation. This session presents recent
research results in the areas of self-checking, fault-diagnosis, and
® modular design.
ml | O “A Fault-Tolerant Modularized Arithmetic Logic Unit,” T. R. N.
C Rao, Southern Methodist University, and H. J. Reinheimer, IBM
Corp
“The Design of Self-Checking Multi-Output Combinational Cir-
om u e I cuits,” D. C. Ko, Burroughs
C “Improved Test Generation Algorithm for Combinational Circuit
Control,” A. N. Airpetian, Polytechnic Institute of Yerevan,
Armenia, U.SSS.R. and J. F. McDonald, Rensselaer Polytechnic
® Sessi : .
ession 71 9:00-10:30 am
Remote Terminal Emulation
Chairman: Marshall D. Abrams, National Bureau of Standards,
For the same reasons as: i e
Remote terminal emulation is a computer measurement and evalu-
ation technique whereby the teleprocessing workload imposed
on a computer system is emulated by another computer. This is
Onsan O a relatively recent development applicable to benchmarking and
° tuning. Beginning with a tutorial survey, the discussion will move
to reports from user and vendor viewpoints, and conclude with
l re a panel contemplating the state-of-the-art.
“Remote Terminal Emulation in the Procurement of Telepro-
nap n OO S cessing Systems,” Shirley Ward Watkins and Marshall D. Abrams,
g National Bureau of Standards
CTS Electronlcs “Application of Remote Terminal Emulation in the Procurement
% Process,” Jerry McFaul, U.S. Geological Survey
Perkln Elmer “Remote Terminal Emulator Development and Application Cri-
Naval Weapons teria,” Couley T. Arthur, Honeywell Information Systems
Master Specialties ;
Air Products and Chemicals Session 75 9:00-10:30 am
Ontariolnstitute Optical Character Recognition—The Impact of a
y P A 9 P 4
Michigan State Transportation Maturing Technology on Future User Applications

Chairman: Herbert F. Schantz, II, Optical Character Recognition
Control module $149.00 User Association, Hackensack, NJ

RAM module $298.00 In the past 15 years, successful OCR manufacturers have devel-

ROM module $82.00 oped significant strengths in a number of key technologies rele-

EROM programmer module $195.00 vant to data. From these technologies, major product families
Data acquisition module $125.00 (data entry systems) have evolved which are addressing and
solving users’ current needs in specific markets. This presentation
will cover these applications and explain how mature technologies
will continue to respond to the important and costly user data

All Wince modules are standard 62" X 472"
with standard 44 pin connectors. processing requirement of data entry.

) : “Optical Character Recognition—The Impact of a Maturing
For more information on YVhy you should Technology on Future User Applications,” Herbert F. Schantz, 11,
choose Wintek, call or write: Optical Character Recognition User Assoc

i m g\ggtskg(?grg{)ratlon Session 76 9:00 am-12:15 pm
Lafayette, IN 47904 Personal Computing Software
317/742-6802 Chairman: William H. Gates, Microsoft, Albuquerque, NM

Advent of personal computers has created a huge demand for
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ert the Delivery
You’re Not

Getting From Our
Competition

LET’S TALK

We're offering Interdata CPUs. .. peripher-
als ...and software on 60-90 day delivery,
because fast delivery is important to you
and your own customers. It makes sense,
the more they buy from you, the more you'll
buy from us. We know who butters our
bread ... OEMs.

Check our fast delivery with the Interdata
family of low-cost production hardware
and software in configurations that exactly
suit your needs. Like the new 5/16, and
field proven 6/16 and 8/16. With plug-in
options that can be field installed, and a
raft of software to help you from develop-
ment into production.

For high powered applications, take ad-
vantage of our 32-bit 7/32 and 8/32 thor-
oughbreds, addressing 1 MB of memory
and offering performance you'll only find
on large scale, more costly computers.
Ask us about our OEM policy; with unbun-
dled hardware and software pricing, and
market protection via our comprehensive
family of upward compatible minis.

Let's talk about your 1977 specs for OEMs.

NAME ____ s

TITLE

COMPANY

ADDRESS =

Sy STATE ~ZIP

TN"T ERIDAT A’

A UNIT OF

PERKIN ELMER DATA SYSTEMS
OCEANPORT, N.J. 07757 (201) 229-4040. cD-5
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Thinking Shaft Angle
to Digital Conversion?

L
Lk

] -
lhink Magnetic.
Our magnetic encoders are the most reliable source of digital
signals to represent a shaft angle. Think of the advantages of
these magnetic encoders over all other types ® unsurpassed
reliability ® wide temperature operating range ® no DC
drift ® greatest shock and vibration resistance ® greatest
resistance to humidity, oil mist, dust, salt spray, radiation,

frost and particularly aging.

Librascope magnetic encoders offer long, maintenance-free
life in the harshest environments. Output signal levels drive
TTL intergrated circuits without amplification. Special models
operate reliably in the temperature range -65°F to +400°F.

Write or call for complete specifications. The Singer Com-
pany, Librascope Division, 833 Sonora Ave., Glendale, Cali-
fornia 91201. Telephone (213)245-8711

SINGER

LIBRASCOPE DIVISION

& T

Librascope’'s Magnetic TRACKBALL
with integral electronics provides
smooth, accurate input for digi- o T gl 2
tally driven graphic displays; to N B _
position cursors, to add new data e

or to modify existing data. Functions

are generated by positioning two magnetic encoders with
hand driven ball to generate orthogonal digital signals.

Designed for harsh environments.
A
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software. In fact, the usefulness of these systems is limited more
by the lack of software than by hardware constraints. The im-
portance of software and the demand for it will continue to
increase. The type of software needed and the difficulties of
distributing it have created many unsolved problems. Current
state-of-the-art and projections, hopes, and ideas for the future
will be discussed by panel speakers who include Dennis Allison,
Stanford University; Dick Whipple, Binary System Corp; Gary
Kildall, Digital Research; Robert Uiterwyk, Microcomputer Sys-
tems; and Neal Colvin, Technical Design Laboratories.

Session 78 10:45 am-12:15 pm

Fault-Tolerant Computing Il

Chairman: T. R. N. Rao, Southern Methodist University, Dallas,
Tex

Design considerations for fault-tolerant systems, include the
topics of design of a diagnosable fault-tolerant input/output
controller; the modular redundancy without the use of voters,
including a discussion on the complexity and effectiveness of the
restoring organ; and a study and analysis of intermittent faults
in digital systems.

“Design of a Diagnosable and Fault-Tolerant Input/Output
Controller,” A. K. Bose and S. A. Szygenga, University of Texas
“Modular Redundancy Without Voters Decreases the Complexity
of Restoring Organ,” P. T. DeSousa, Rockwell International and
F. P. Mathur, Wayne State University

“A Study of Intermittent Faults in Digital Computers,” Omur
Tasar and Vehbi Tasar, University of Detroit

Session 79 10:45 am-12:15 pm
Performance Evaluation
Chairman: Anita Cochran, Bell Laboratories, Murray Hill, NJ

Simulation study papers discuss validation techniques for pre-
diction of increases in performance that will result from modifica-
tions to the system; and possibilities of eliminating I/O bottle-
necks and associated economies to be attained through the use
of CCDs for data storage. A question and answer session will
follow formal presentations.

“A ‘Calibration-Prediction’ Technique for Estimating Computer
Performance,” C. A. Rose, Naval Electronics Laboratory Center

“CPU-Utilization and Secondary-Storage Performances—The De-
mand for a New Secondary-Storage Technology,” Peter Schneider,
Siemens AG, Munich, Germany

Session 80
Discrete Mathematical Models

10:45 am-12:15 pm

Chairman: Ranan B. Banerji, Temple University, Philadelphia, Pa

The nature of applied mathematics has changed drastically with
the advent of digital control, communication, and computation
devices. Because of this, past theoretical results are now being
widely applied. This change has affected research in the psycho-
logical and biological sciences; paradigms are changing, when-
ever appropriate, from the physical to the computational sciences.
Speakers discuss discrete mathematical models in microbiology,
artificial intelligence, and data transmission.

“Non-Linear Parameter Estimation for Probabilistic Finite State
Automata,” Fred J. Maryanski and Kuong Chan Wu, Kansas
State University

“A Comparison Between Two Paradigms of Information Systems—
An Example,” Abraham Waksman, Temple University

“Concatenated Group Theoretic Codes for Binary Asymmetric
Channels,” Serban D. Constantin and T. R. N. Rao, Southern
Methodist University

Session 82 10:45 am-12:15 pm
Industrial Applications of Computer Systems

(Information not available at press time.)
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OEMs Get Both

Interdata’'s 5/16 offers full scale mini-

With The 5/16 computer performance coupled with the

economy of a microprocessor system.

By allowing OEMs to interface with I/O de-
vices for the 8080 and 6800, the 5/16's
unique Micro Bus substantially cuts total
system cost. And, its Multi-plexor Bus
makes the 5/16 compatible with higher per-
formance Interdata processors for simple
upgrading.

Housed on a single board, the 5/16 is a full
16-bit processor with 16 general purpose
registers and 114 instructions. Up to 64KB
of 600 nanosecond NMOS memory. And
field proven software, such as batch and
multi-tasking operating systems, FOR-
TRAN and BASIC.

The 5/16 delivers top power at a bottom
price... $868 in quantity. Standard benefits
of Interdata’'s OEM minicomputer family.

CLIP AND MAIL TODAY:

Tell me more about your 5/16 mini capabilities

NAME

TITLE

COMPANY

ADDRESS
eIy STATE zIP

IN"TERIDATA"
aunitor PERKIN-ELMER DATA SYSTEMS
Oceanport. N.J. 07757 (201) 229-4040. cD-5
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Here's Preston’s answer to
“do-it-yourself” card-module ADCs :

" Preston’s new lower-cost ADCs
with high speed 15 bit accuracy
and built-in system flexibility!"

Preston’s new GMAD-4 Analog-to-Digital Converters give
you a choice of three resolutions—9, 11 or 14 bits — (plus
sign, of course)—and a ‘quick-step’ conversion time of only
25 microseconds!

These new ADCs are delivered complete with front panel
controls and back-panel system interfacing signals that make
it easy for you and your data acquisition system to control
all of the built-in operating modes.

Everything is included in this low-profile chassis—the
ADC, all the timing and address controls, a Sample-and-Hold
Amplifier (if you need it) and the central power supply —and
there’s still room for as many as 256 analog multiplexer
channels! y

And when it’s time to expand your GMAD-4 ADC system,
you can add 1000 or more multiplexer channels for less than
$20 per channel!

For complete specifications on the GMAD-4, plus detailed
timing and interconnection data, ask for your copy of Pres-
ton’s 12 page GMAD-4 brochure. And if you need information
on the other GM Series ADCs that cover the range of conver-
sion speeds from 10 microseconds to 100 nanoseconds, we'll
send it along, too.

Just write to Preston Scientific, Inc., 805 E. Cerritos Ave.,
Anaheim, California 92805 —or call us at (714) 776-6400.

We'll put all our years of experience on the line!

EE’STON
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Thursday Afternoon

Session 84
Computer Architecture Design

Chairman: James E. Brown, U.S. Army Missile Research and
Development Command, Somerville, Ala

2:00-3:30 pm

Consisting of both presentations and a panel discussion, session
will deal with external processes which drive design requirements
reinforced with historical examples of the interaction over a
range of products. The development of a microprocessor organi-
zation for continuous system simulation with one for one corre-
spondence with analog functions will be examined and quantita-
tive results revealed. Development of a general-purpose digital
emulation facility will be described. Methodology investigations
with time and instrumentation validation against a specific hard-
ware system will be presented.

“Techniques for Requirements—Oriented Design,” Kenneth J.
Thurber, Sperry Univac

“A Multi-Microprocessor Approach to a High Speed and Low-
Cost Continuous System Simulation,” Ryoicki Yoshikawa, Tatsuo
Kimura, Yashuiro Nara, and Hideo Aiso, Keio University, Yoko-
hama, Japan

“Instrumental Architectural Level Emulation Technology,” Har-
rison R. Burris, TRW

Panelists include Dr F. G. Spadaro, TRW Systems; Dr C. Perkins,
General Research; and John A. Cornell, System Development

Session 85 2:00-3:30 pm

Special Memory Architectures

Chairman: William E. Cantrell, General Dynamics Corp, Fort
Worth, Tex

Specialized memory architectures will be presented in set asso-
ciative problem solving, and in optimum local memory accessing
for multiprocessor configurations. The particular memory devices
investigated make maximum use of advanced semiconductor tech-
nology, modularity, economically structured algorithms, and opti-
mal hardware and software partitioning.

“ARES—A Memory, Capable of Associating Stored Information
Through Relevancy Estimation,” Tadao Ichikawa, Kokusai Den-
shin Denwa, Ltd, Tokyo, Japan; and Ken Sakamura and Hideo
Aiso, Keio University, Yokohama, Japan

“Cache Memory Systems for Multiprocessor Architecture,” O. P.
Agrawal, Collins Radio and A. V. Pohm, Iowa State University
“Pseudo Random Access Memory Systems with CCD-SR and
MOS RAM on a Chip,” Naoya Ohno and Katsuya Hakoyaki,
Nippon Electric Co, Kawasaki City, Japan

Session 87

Simulation Methods

(Information not available at press time.)

2:00-3:30 pm

Session 88 2:00-3:30 pm
Personal Computing Systems
Chairman: Roger L. Mills

Providing the personal computer buff with an evaluation of the
tradeoffs (cost vs speed, accuracy, time) which can be made
during design of a low cost data acquisition and control system,
the session also includes a description of a small system which
uses the uNix philosophy of command processing.

“Low Cost Data Acquisition and Control System,” Ralph Tenny,
Pavco Electronics

“DISKOMANIA: A Small System Floppy Disc Operating ‘System,”
Wayne Sewell, Dallas, Tex

Session 89

Trends in Computer Stores
Chairman: David Wilson, The Micro Store, Richardson, Tex

(Information not available at press time.) O

3:45-5:15 pm
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ONCE YOU'VE
GOT IT DESIGNED, YOU'VE
GOIT ITMADE.

It's that easy when you use CSC's QT
solderless breadboarding Sockets and

Bus Strips. Working directly from logic

or. block diagrams, you plug in IC's,
transistors, resistors, capacitors, LED's
—virtually any component—and

optimize circuits stage-by-stage,

literally as fast as you can think. (No special
jumpers required, either —just ordinary
#22-30 solid hookup wire.)

When you're done, you've got a highly-visible
working layout that someone else can reduce
to schematic, while you get other projects
underway.

Available for as little as $3.00* QT units snap
together into larger breadboards, and mount
securely wherever you need them. Sockets have
5 interconnecting tie points per terminal and Bus
Strips feature 2 separate rows of interconnecting
terminals. And all QT models are built to last:
heavy-duty prestressed nickel-silver contacts, vinyl
insulated backing and glass-filled plastic sockets
rated at better than 100°C insure optimum day-in,
day-out performance.

You'll find QT Sockets and Bus Strips useful in lots of
other ways. too. Mounted on power supplies, test
equipment. bench or plug in cards, they're equally at
home in lab, on production lines, in QC test jigs orin
the field, for on-the-spot emergencies.

Before you start your next project, start saving time and
money with QT Sockets. Pick up your phone and call
your dealer —or order direct by dialing 203-624-3103
(East Coast) or 415-421-8872 (West Coast). Major
credit cards and purchase orders accepted.

" Length 4 i Hole- | Unit *
44— Hole - to-Hole —)| eng to-Hole [ Terminals| price s

QT-59S | 65" 6.2" 118 12.50
PRy QT-59B | 6.5 6.2" 20 2.50

Y QT-47B | 5.3° 5.0" 16 2.25

QT-358 | 4.17 3.8" 70 8.50
P QT-35B | 4.1 3.8" 12 2.00

QT-185| 247 2.4 36 4.75

- QT-12S| 1.8° 158" 24 3.75
. QT-8S 1.4" 1.1 16 3.25

US Pat No D235.554
CONTINENTAL SPECIALTIES CORPORATION

AllQT units -
are .33" thick QT-78 1.3" 1.0” 14 3.0C
See your CSC dealer or call
T e 203-624-3103 (East Coast) or 415-421-8872 (West Coast)
West Coast office Box 7809. San Francisco. CA 94119 major credit cards accepted.
415-421-8872 TWX 910-372-7992 “Manufacturer's suggested list
© 1976. Continental Specialties Corporation Prices and specifications subject to change without notice

See us at NEWCOM Booth #C42 and C44.
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You shouldn’t have to huy
25 terminals just to get
a good price on one.

If you're confused about “smart” terminal prices, you're
not alone.

The way some terminal builders play with their prices
—and misquote ours —it's hard to tell exactly what youre
getting. Or when. ;

To help, we offer the adjacent 7
prices. Prices that reflect what
the Lear Siegler ADM-1A and
ADM-2 are really selling for. To end
users. In quantities of one. Cash and carry.

The point is there are no asterisks.

No fine print. No games.

And no phony quantity volume dis-
count prices that also assume a certain
number of special options were ordered.

Just prices you can compare. Apples to
apples. Oranges to oranges. Prices we've
recently been able to lower because of our
own successes.
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Hurry vp and wait?

In truth, a good terminal buy means much more than
just an attractive purchase price.

Delivery can be just as important. Because waiting
60, 90, even 180 days for someone else’s “bargain beauties”
to arrive can cost you a small fortune. Not to mention the
wasted time.

It's nice to know that ADM-1A's and ADM-2's are now
available for immediate delivery. Ready to go to work.

And it's also reassuring to know that both the ADM-1
and ADM-2 have more than 2 years of field-proven perfor-
mance behind them. In almost every conceivable application.

In place of the just-past-prototype risks you get with
recent terminal arrivals, the ADM-1A and ADM-2 deliver
field-proven quality and reliability.

Two things an attractive purchase price, alone, can never
guarantee.

The lowdown on our highbrow. Our ADM-2,

Ne .v price aside, our ADM-2 is probably all the “smarts”
you'll ever need.

Oftering full editing facilities. Sixteen function keys for
up to 32 discrete messages. Eight screen status indicators.
A special numeric keypad. Eight selectable baud rates from
110 to 9600. Protected fields. A dual intensity, 12" diagonal
screen. Even a keyboard that's detachable, as well as lockable.

All standard.

Or, have it your way. With our ADM-1A.

We call the ADM-1A our “with or without” model.

Because it lets you select the exact combination of options
that are just right for your application.

Starting with some pretty smart standard features, like
a 12" diagonal screen. New integral numeric keypad. Pro-
tected fields. Internal repeat. Block send capabilities. And
building up from there.

You add just the “bells and whistles” you need.

Instead of getting stuck with expensive engineering over-
kill you'll never use.

But then, that's always been our goal at Leear Siegler. Right
from the start. To build terminals truly dedicated to the sys-
tems they serve. In terms of intelligence, function, and price.

For more product/pricing information you
can bank on, please contact: Lear Siegler, Inc./
Electronic Instrumentation Division, Data Prod-
ucts, 714 N. Brookhurst St., Anaheim, Calif. 92803;

¥ Tel.(714) 774-1010.

See the new ADM-4 and all the other ADM-Series
terminals in Booth 1633 at the NCC.

Smarter Terminals.
Smarter Buys.

CIRCLE 71 ON INQUIRY CARD
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The new features in this
Ball high performance monitor
will save you money tomorrow.

20 MHz bandwidth . __

100% silicon
circuitry

Modular sync stripper board
converts to EIA composite input

Electronic horizontal
video centering

Electronic vertical
linearity control

Optional dynamic focus
and skip-scan

The new low price will save you money today.

Ball's 2nd generation TTL-series monitors cost less to
operate because of the way we build them — built for
reliable service with long life and low maintenance
requirements.

For example, we've added more electronic controls
for faster set-up and service. Widened the bandwidth to
20 MHz for better performance. Expanded our simple
subassembly interconnection idea for greater versatility.
We've even reduced the size of our 12" model so it fits
where no competitor can.

Ball Brothers Research Corporation Electronic Display Division
P.O. Box 3376, St. Paul, Mn. 55165 (612) 786-8900. TWX: 910-563-3552

General Sales Offices:
Addison, lllinois (312) 279-7400 Santa Clara, California (408) 244-1474
Ocean, New Jersey (201) 922-2800 Upland, California (714) 985-7110
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For video quality, our specially selected CRT gun and
deflection assembly delivers the kind of bright, well de-
tailed characters you demand in a high performance
unit.

Compare life cycle costs.

You’ll have a Ball.

If you've been waiting to upgrade to Ball quality, now’s
your chance. Not only are our new TTL-120 and 150
monitors fully interchangeable with our present TTL-12
and TTL-15 units, but drop-in models for other makes
are available as well.

Give us a call and find out how Ball can lower your
costs at a new low price.

%/ 4 Electronic
2> 2
Division
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A microprocessor-based front-end processor, whose functionality
lies between a general-purpose computer and a controller, offers
unique programmable levels to achieve adaptable user applications

Programmable Multiline Communications
Processor Provides Front-End Flexibility

Kenneth T. Coit

Honeywell Information Systems, Incorporated
Billerica, Massachusetts

Programmability means different things to different
people. In its most general sense, it refers to a com-
puter’s applicability to any of a wide variety of tasks.
At the other extreme, the word describes apparatus
that can be configured in a certain way by loading a
register under software control (the software being
in a different machine) or even by manually plugging
a jumper wire into one of several different sockets.

UPTO
65k BYTES
PER BOARD

8 LINES

DISKETTE

Fig 1 Typical communication-oriented system.
Essentials are central processor, memory, mul-
tiple device controller, and communications pro-
cessor. The latter, in the Honeywell Level 6, con-
trols transmission and reception on up to eight
lines

Neither of these extremes describes the program-
mability of the multiline communications processor
(MLCP), part of Honeywell’s Level 6 computer system
(Fig 1). Although it is programmable, in the sense
that the user writes a program that tells the processor
what to do under various conditions that arise during
operation, it cannot operate as a standalone computer.
Its instruction set, although extensive, is limited to
commands that are useful in controlling communication
lines. Nevertheless, it is more sophisticated than a
controller, which either is not programmable or is
programmable only in a limited sense—most likely
at the firmware level.

MLCP users can write channel control programs
which the unit will execute. These programs control
individual line interfaces, check for status changes,
manipulate data, and control scatter/gather activities
in main memory with the aid of multiple channel
control blocks. Software controls more than the
usual number of data communications parameters:
speeds, stop bits, mark and space hold, fill characters,
sync characters, character size, character parity, four
different cyclic redundancy check (CRC) polynomials,
loop-back, and direct connect, among others.

General Architecture
The communications processor is based on a commer-
cially available microprocessor, which performs many

functions of a modern operating system. It maintains
orderly execution of a variety of user programs;
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responds to hardware interrupts from line interfaces;
and oversees the sharing of resources such as the
Megabus* interface, CRC hardware, and the micro-
processor itself.

Intent of the architecture (Fig 2) is to maintain
modularity and flexibility with careful consideration to
cost. Those functions which can be performed most
economically during time slices are generally imple-
mented on the MLCP motherboard. Some other func-
tions, which might have been performed by time slicing
in earlier technologies, are implemented with large-
scale integrated (LSI) circuits to provide higher per-
formance at minimal cost.

For example, cyclic redundancy checking is time
sliced. Although an LSI chip could have been placed
in each synchronous line interface card, the chip would
have been underutilized and the cost of each interface
would have increased. Instead, a single implementa-
tion on the motherboard performs the CRC operation
for all channel control programs, permitting software
control of the CRC polynomial and analysis of the
residue.

By including character parity generation on the
motherboard, the unit can communicate with all types
of binary synchronous devices. For example, a bisync
terminal that is capable of Asci transparency (ie,
transmits all 7-bit combinations), when operating in a
non-transparent mode, must terminate character parity
generation before transmitting the block check char-
acters. With LSI implementations, this character parity
switching is not possible because the LSI chip is syn-
chronized, not to the communications processor, but
only to the modem data clocks.

Those functions which either require full time
attention or fast response to real-time events have
been placed in the line interfaces, called Communica-
tion-Pacs. These functions include operations which
must be performed more than once per byte, such as
detection of start bit, framing error, sync character,
and flag for various protocols. Obviously, line interface
units also contain storage, drivers, and receivers to
match the data circuit equipment. In addition, they
generally include an integrated transmitter/receiver,
which converts between parallel and serial data.

Each interface unit contains two line interfaces, one
of which is shown in Fig 3. Registers in each unit
are directly addressed by MLCP software to transfer
control and status information as well as data. To
accommodate a larger variety of applications and
speeds through modularity and programmability, most
of the functionality tradeoffs fall on the side of higher
complexity, unlike some other communication control-
lers. The MLCP can work with synchronous, asynchro.-
nous, and bit-oriented interface units at speeds from 50

bits/s to 72 kilobits/s.

Central Processor Interaction

The communications processor is, of course, only part
of the computer system. It is controlled by the central
processor unit (CPU), and for data it requires access
to main memory via the Megabus.

Data are transferred directly to and from memory
to minimize the frequency of CPU interaction. CPU
efficiency is further improved by storing up to four
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UPTO4
COMMUNICATION PACS\
LOCAL
READ/WRITE
MEMORY
COMMUNI- ’—D:
BUS MICRO- CA:‘ngu e
INTERFACE PROCESSOR
[ et INTERFACE
CONTROL -
STORE
%‘: UP TO 8 LINES

Fig 2 Communications processor. Programmable
communication front end is designed around a micro-
processor and can have interfaces with any of several
kinds of communication lines for direct transfer to and
from main memory via the bus

| COMM-PAC INTERFACE 2

e

XMIT RCV
DATA DATA

s 3 1

VAIRT
SXa— MIT rl—\mm rcy| | status
V=== 4 D=~
£ DATA SET CONNECTOR |

Fig 3 Half a Pac. Typical Communications-
Pac contains two interfaces, one of which is
diagrammed here. Each interface contains reg-
isters for data, status, and control

communications control blocks (CCBs) in the MLCP
for each line direction or channel (Fig 4). Each CCB
contains the starting memory address for a contiguous
data buffer, the buffer length (range), and control and
status information for the MLCP. The four CCBs for
a single channel form a circular queue, whose corre-
sponding data buffers may be widely separated in the
memory. As a result, incoming data can be scattered
into these widely spaced buffers, and outgoing data
can be gathered from them.

*Trademark of Honeywell Information Systems, Inc.
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MAIN MEMORY MLCP
WITH DATA BLOCKS MEMORY

Foo‘l‘ss ADDRESS

ot

sxh‘““ o 2 7 ' ccal

s CONTROL
ADDRESS

STATUS

RANGE

DATA BLOCK 1

| DATA BLOCK 2

-|CCB2

\\\\\\\'L\

CCB3

cce4
CONTROL

STATUS

COMMUNICATIONS CONTROL
BLOCKS FOR A
SINGLE CHANNEL

Fig 4 Direct access path. The MLCP uses direct
memory access for all data transfers in either
direction, monitored by communication control
blocks. Four of these blocks are available per
channel, permitting scatter/gather operations

NN -2

Fig 5 MLCP/CP interaction. Com-
munication processor obtains con-
trol information from and sends
status information to the central
processor, but transfers data di-
rectly to and from the memory

In the past, a major bottleneck in some communica-
tion systems has been the interface to memory and
control of the data transfer (Fig 5). Some systems
have required one or more memory cycles for every
bit received. However, the congestion is relieved by
the use of a microprocessor, capitalizing on the com-
munication processor’s programmability to permit mul-
tiple block transfer capability for each transmission
or reception. Thus, the CPU need only set up the
buffers, command the channel to transmit or receive
(as appropriate), and wait for an interrupt from the
MLCP, indicating that the operation has terminated.
With 64 levels of vectored interrupt and a channel

Typical Line Control Table (LCT)

LCT Byte
Address COntents

0 Firmware work area
1 Firmware work area
2 Receive configuration
3 Receive CRC residue—byte 1
4 Receive CRC residue—byte 2
3 Firmware work area
6 Receive CCP pointer—8 LSB ,
7 Receive CCP pointer—4 MSB
8  Receive channel command
9 - Firmware work area
10 Receive data—left byte
o ‘Receive data—right byte
12 Receive return channel number .
13 Receive level
14 Receive Comm-Pac status
1 Receive Comm-Pac status mask
16 Receive status—byte 1
17 Receive status—byte 2
18 Receive CCP subroutine pointer—8 LSB
19 Receive CCP subroutine pointer—4 MSB
20 ‘Receive Comm-Pac control
21 Firmware work area
22 Firmware work afea
23 CCP work area
2 CCP work area
25 CCP work area
26  CCP work area
2 ~ CCP work area
28 . QCP work ares
29 CCP work area
30 CCP work area
31 CCP work area

CCP = Channel control program
CRC = Cyclic redundancy code

identification facility, no steps are wasted in determining
the cause of the interruption, even at the end of the
message.

Line control tables in the communication processor’s
read/write memory temporarily store control, status,
and data for each line direction or channel. “Typical
Line Control Table (LCT)” shows a receive channel.

Instruction Set

Most of the tasks associated with data communication
can be performed by the communication processor. It
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controis data circuit equipment, monitors data circuit
status, controls character format, delimits the message,
performs limited editing, transliterates from one code
to another, and branches to any of as many as 128
different routines on any data or control byte. These
functions are controlled by the user through its ex-
tensive instruction set.

Other communication processors also give the user
access to processing power, but in other ways. One
manufacturer, for example, does not permit the user
any executable code, although the design is based on
a microprocessor. Another simply installs one general-
purpose central processor in front of another similar
one, giving the user more power than a small con-
figuration justifies. In the MLCP, the instruction set is
tailored to the communications task alone; it forces
the user to write a re-entrant code which every channel
can share. Thus, if only one protocol is to be supported,
only one copy of the code for it need reside in the
MLCP memory for all the channels.

Conversely, if necessary, every channel can be con-
trolled by its own program; there is enough power in
each instruction and sufficient space in the memory
to permit this individual control. Furthermore, the
central processor can load and dump the memory in
block mode for easy initialization and debugging.

Line Capacity

Two physical parameters combine to make eight full-
duplex lines very practical with current and near-
future technology. First, cost of a system is more
strongly affected by the number of circuit boards and
the number of different types of circuit boards than
by the number of components on the boards; and the
motherboard has to be the same size as the others
in the system. Therefore a single board communica-
tion processor is a must.

Second, for most applications several different types
of communication lines need to be connected to a
single processor. Since the communication line interface
units generally occupy one-fourth the space available
on a full-sized board, and since synchronous and asyn-
chronous units support two lines each, a basic capacity
of eight lines is almost an automatic specification.
However, Communication-Pacs for most bit-oriented
lines require more space than those for byte-oriented
lines, because they implement more complex func-
tions; therefore, in general, they control only one
full-duplex line each, reducing the MLCP’s total
capacity.

Throughput

Any data processing system’s throughput depends
heavily on the specific application and configuration;
communication processors are no exception. In the case
under discussion, functionality is distributed among the
Communication-Pac, the MLCP, and the central proces-
sor. Upper limit of system performance, assuming that
software controls only the movement of data between
one communication line and the system’s main memory,
with no local processing, is a continuous rate of 23k
bytes/s. Alternatively, for low speed applications, the
processor’s power can be directed to more complex
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message processing functions. For example, when con-
figured with eight half-duplex lines operating at 300
bits/s, it could execute approximately 50 times as many
instructions per byte as when pushing through 23k
bytes/s.

A more realistic configuration is a mix of high and
low speed lines. In many systems hardware resource
sharing is either adjusted to the fastest line or imple-
mented with a priority interrupt scheme. In the MLCP,
a priority scheme nonsequentially processes service
requests from the Communication-Pacs, but cannot in-
terrupt the execution of a channel control program,
once started.

Simply limiting the amount of code written for
execution during one byte interval on the fastest line
is not efficient. This either reduces all channel control
programs to the lowest common denominator—the
amount of code executable in the shortest byte period
of the fastest line which might be configured, an
amount that is much less than can be executed on
other lines—or requires different drivers and channel
control programs to be written for each configuration
of line speeds.

Neither of these alternatives is particularly attrac-
tive. A single channel control program is desirable,
that will operate in any configuration of line speeds
and that will work as well with the fastest line as
with the slowest. An antihogging feature permits the
user to write code for a given line procedure and
maximum speed without particular concern for other
lines connected then or added later. More delicately,
antihogging is called Pause, because it scans for higher
level service requests while temporarily halting a
channel control program in progress, limiting the
number of consecutive instructions at each level. The
user may write programs that exceed this maximum
length without concern; the processor saves the context
each time the Pause is imposed, transparently to the
channel control program, and restores it later when
resuming the program at that level.

Summary

The multiline communications processor provides for
modular off-loading of the Level 6 central processor,
executing user-written channel control programs for
each line. Multiple DMA block capability is provided
for each line direction, permitting scatter/gather ac-
tivities without central processor intervention. Based on
a commercially available microprocessor, the unit incor-
porates the latest in technology to enable cost-effective
systems to be configured in any size.

Kenneth T. Coit, a senior principal en-
gineer with Honeywell Information Sys-
tems, was responsible for specification
of Level 6 communications hardware,
and is currently involved with develop-
ment of several private networks. He
majored in electrical engineering at
Rensselaer Polytechnic Institute.

CIRCLE 73 ON INQUIRY CARD —>



ome of the higgest
mainframes use the
smallest tape drives.
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Over 2000 Wangco Mod 12 Tape Drives are in use today in
mainframe applications around the world. The Mod 12, a low cost,
75 ips tape transport, measures only 24” x19” x19”. T

What makes this compact tape transport the No. 1 choice foi
big computer jobs? ‘

The Wangco Mod 12 with vacuum column design provides T
the super gentle tape handling required in high duty cycle g y
operation. It has Autoload, a feature which permits control q'g & s L
of rewind/unload by software as required in large systems. '/{ Pt ~

Equally important, the Wangco Mod 12 is “ruggedized” to ! % .
operate in mainframe data processing applications, even those 4 i
requiring continuous operation up to 20 hours per day. Entirely 3 / U
enclosed in a steel chassis, the unit meets critical environmental
and RFI specifications, reduces acoustic levels to NC55 and
meets the stringent vibration and shock requirements of
mainframe applications. The Mod 12 is UL and CSA approved.

In all applications, mainframe or mini, the Wangco Mod 12
will provide 75 ips forward and 200 ips rewind speed with no
program restrictions. Data densities to 800 cpi NRZI and 1600
cpi PE are achieved individually or in switch selectable dual
density.

There are more good reasons to choose the Wangco Mod 12.
Get full information from Wangco,
Inc., 5404 Jandy Place, Los Angeles,
CA 90066. (213) 390-8081. In Europe:
P.O. Box 7754, Building 70, 1st floor,

Schiphol-OOST, Netherlands. Phone: (020) W ANGCO
ABRAYAO TWY: QAAMR227D WANCQCECND N ersivciht £=1 AAEES B AT




Theres a world of difference in Sensors.

The difference is EImwood. Sensitive
fast-response snap-acting thermostats
for a world of applications, designed to
meet the world’s needs.

Difference in design. Models that meet
U.L., C.S.A. and European require-
ments, and conform to DIN norms. Wide
or narrow differentials and -tolerances
that match your high limit or control
applications perfectly, while keeping
your costs to a minimum.

Difference in performance, with each
unit factory pre-set then 100% tested
for a lifetime of dependable operation.
Choose from ratings to 15 amps, and
exposures from -65°F to 550°F (-54°C
to 288°C).

Ask for prototypes. See the difference
in Sensors for yourself.

= ===

Elmwood Sensors, Inc. 1655 EImwood
Avenue, Cranston, R.I. 02907
Ph 401/781-6500. Twx 710-381-6413

European Div., EImwood Sensors Ltd.,
North Shields, Tyne and Wear, NE29 8SA
England Ph(089) 45-82821. Telex: 53284

Elimwood Sensors

Elmwood makes Sense
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Previously, computer system simulation was highly complex, time-
consuming, and tedious, requiring man-months of software

derivation and hours of computer run time. Now it is possible to evaluate
and optimize a large number of computer hardware design configura-
tions in minutes, using a simple program and a handheld calculator

Computer Simulation On a
Pocket Calculator

Ronald Zussman

Securities Industry Automation Corporation
New York, New York

Modeling a proposed computer system helps to specify
and document the design. Being forced to ask the right
questions is valuable, even if the modeling effort
progresses no further. After gathering preliminary
specifications, an early simulation model will give the
designer a feel for performance, so that hardware
can be chosen correctly. As software is written, pro-
grammers can use models to make intelligent gross
decisions by experimenting with various design alterna-
tives. After the computer system is built, actual
performance can be measured to refine earlier estimates
and fine-tune the model. Enhancements, modifications,
and additions then can be simulated without disturb-
ing or jeopardizing the integrity of the actual system.

Practical analytical models have not been well
publicized. Usually scholarly and abstruse, their deriva-
tions appear in highly mathematical journals, and
involve heavy probability and queuing theory. For the
past 12 years, the author has applied classical multi-
server queuing equations to computer system design
with great success. The simulation model presented is
based on this foundation.

Modeling a computer system no longer requires
man-months of programming work or hours of computer
run time. Specialized programming languages or pro-
prietary software packages are useful tools but are
not always necessary. This article describes an under-
standable analytic model, which is based on queuing
theory and is programmed for the Texas Instruments

SR-52 pocket calculator. It is ready for immediate
and practical application.

Having this computer system model preprogrammed
on a pocket calculator will expand the design engineer’s
decision-making capacity; the ability to immediately
evaluate and optimize a large number of computer
configuration problems is readily -available. Instruction
listing and simulation examples for the SR-52 are
included; with reprogramming, the simulation model
can run on a Hewlett-Packard HP-67.

Model Objectives

An entire computer system has been modeled, including
central processor unit (CPU), main memory, peripheral
auxiliary storage, and terminals or card readers. Any
level of multiprocessing and multiprogramming is
accommodated. The model is extremely powerful, and
only a few simplifications are necessary. Multipro-
gramming is taken to operate at a fixed level, M.
The model can overlap accesses to peripheral storage
devices (I/0) with CPU processing for different jobs,
but serializes them within each job. Average access
service time, i, is assumed to be independent of the
number of outstanding 1/0 requests. Although this
means that a simulation does not explicitly account for
I/0 queuing or optimization, service time i may be
judiciously adjusted so that they are taken into con-

105



sideration. Such parameter fine-tuning could be part of
a validation process.

Three measures of computer system performance are
processor utilization, throughput, and response time.
CPU utilization is of interest mainly to the designer,
while the operations manager and users are more con-
cerned with the job processing rate and in job turn-
around. As the model simulates both batch and real-
time systems, the terms job, message, and inquiry are
used synonymously. Job processing rate is throughput.
Average response and turnaround time take on the
same meaning: the total time a job spends in the
system from input to output.

The objective is to optimize performance at minimal
cost. Throughput should be maximized and response
time minimized, all within cost constraints. Very low
CPU utilizations are undesirable as they show that
the processor is not operating anywhere near its rated
capacity. On the other hand, allow for future expan-
sion and never attempt to fully utilize a CPU.

Simulation results must be interpreted correctly.
Queue sizes are not predicted by the models. How-
ever, classic probability and queuing theory indicates
that queues grow alarmingly as CPU utilizations ex-
ceed 80% (see Martin, p 384). When this occurs, there
is the danger of buffers and files overflowing. Operating
system performance is also usually severely degraded
at very high CPU utilization. In effect, the operating
system is so busy that it becomes confused and does
not know what to do next. Therefore, when the model
predicts CPU utilizations above 80%, recognize this
as a danger zone and proceed with caution.

Constant and Exponential Service Times

Derivation of analytic models is so complex that cer-
tain compromises must be made for the sake of sim-
plicity. Establishing service times as either constant
or exponential is standard procedure in deriving analytic
queuing models. These are the two distributions which
produce manageable equations.

When service times are constant, there is no varia-
tion from the mean. The standard deviation is zero.
Probability of service completing is a direct function
of what has transpired earlier in time. There is no
uncertainty to complicate calculations.

Assuming exponential service time is equivalent to
stating that there is a Poisson service pattern. This
translates to a fluctuating service rate where the
standard deviation squared equals the mean. At any
point in time, the probability of completing service
is entirely independent of what has occurred earlier.
It is this lack of memory that simplifies the derivation.

Think of constant and exponential services as in-
verses—one always fixed, the other fluctuating. For-
tunately, this works out well, because most situations
encountered in rea] systems lie somewhere between
the two. Usually, constant and exponential services
are both modeled. Then, both models are simulated
to establish boundaries. Real system performance lies
somewhere between these limits.

Service times are assumed to be either all exponen-
tial or all constant. Both models have been programmed
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for the SR-52. The consequences of an exponential
assumption are a lower limit for CPU utilization and
throughput, and an upper boundary for response time.
Postulating constant service times results in an upper
boundary on CPU utilization and throughput, and a
lower limit for response time.

Calculator Input Parameters

CPU utilization keys marked Ue and Uc apply to the
exponential and constant models, respectively. Through-
put (T) and response time (R) keys are used by both
models. Simulation requires storing input parameters
in calculator memory registers 1 through 7, and
depressing the appropriate CPU utilization key. After
utilization has been displayed, either throughput (T)
or response time (R) can be computed.

Concise user instructions for the SR-52 programmable
calculator are listed in Table 1. Inquisitive readers
may wish to consult Boyse and Warn for the equations
and derivations. However, in a practical sense, the
computer designer is given all that he needs to run
and use the model in the instructions that follow.

CPU utilization cannot really exceed 100%. How-
ever, as a mechanism to indicate the degree of a
possible overload, Uc is permitted to display higher
values. When this occurs, the model equates Uc to
100% in any following calculations; the user should
do the same.

Handheld calculator and preprogrammed card simplify com-
puter system simulation for fast, accurate, and convenient
design analysis

COMPUTER DESIGN/MAY 1977



Step

TABLE 1

SR-52 User Instructions
for Analytic Computer Model

Procedure

1.0

2.0

2.1

2.2

2.3

24

2.5

2.6

2.0

3.0

3.1
3.2

33
4.0

4.1
4.2

4.3

Load program card

(sides A and B)

Input parameters,

all with same time unit

Average CPU time

(application + OS)

per interaction or job
Total CPU active time

Number of jobs

Average CPU time period

between 1/O operations

c=C

C=

- (e}

" Number of 1/0s/job

Average service time for

an 1/0 request. You may

add in 1/0 queuing time

i=(% 1/0 drum) x
(delay + transfer) +
(% 1/0 disc) x
(delay + transfer +
seek)

Fixed level of multipro-

gramming

Number of jobs simultan-

eously in main storages

of all CPUs

Number of active termi-

nals or customers

N=M

Average user think time

HN=M,Z=0

Number of multiprocess-

ing CPUs. Jobs execute

on any CPU

=M

E‘xponential model:

Lower bound on CPU util-

ization and throughput

Upper bound on response

time

c

Interactions or jobs pro-
cessed per unit time

Turnaround time
Constant model:

Upper bound on CPU util-
ization and throughput

Lower bound on response
time

Interactions or jobs pro-
cessed per unit time

Turnaround time

Enter

Seven input parameters are required for a simula-
tion. They can be determined by reviewing documenta-

tion and/or monitoring actual system performance.

The time the processor is active for each job or
message is denoted as C, which is a summation of

Press Display

STO 0 1

ST0 0 2

STO 0 3

STO 0 4

STO 0 5

STO 0 6

STO 0 7

Ue CPU utilization

T Throughput
R Average response time

Uc CPU utilization

T Throughput
R Average response time

application plus operating system components. Within
a representative time period, dividing the total time
the CPU is active by the number of jobs processed
calculates to C. Store this quotient in calculator
memory 1.
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TABLE 2
Simulation Model Examples

Calculator Input Parameters

Bample © ¢ 1 M N Z |
1 0.10 0.006 0.035 6 248 g2
2 0.10 0.006 0.035 8 290 1102
3 010 0006 0035 14 240 10 2
4 010 0008 0035 18 240 40 2
5 0.10 0.006 0.022 6 280D 2
6 0.10 ' 00068 0.015 6 240 -0 2
T 010, 0,006 0012 6 240 10 2
8 0.10 0.006 0.005 6. 240 10 2
9 0.20 0.012 0.035 8- 1280 " i0E g

10 0.10 0.006 0.035 6 240 10 -1
1 0.05 '0.003  0.035 8 240 10 1
12 0.10 0.006 0.035 8 240 4 2
13 0.10 0.006 0.035 6 400 10 -2

Computer System Results

Exponential Model Constant Model
Ue(%) T R Usi%) - T R
4321 864 17.77 4390 878 17.33
56.55 11.31 11.22 5854 1171 10.50
8766 17.53  3.69 10000 20.00  2.00
(102.44)
9715 1943 235 100.00 2000  2.00
(131.71)
61.21 1224 961 64.29 12.86  8.67
7666 1533  5.65 85.71 1714  4.00
8444 1689 42t  1b0o00 ' 2000 | 200
98.70 1974 2.16 100.00 2000  2.00
(163.64)
7060 7.06 23.99 7660 7.66 21.33
7469 747 2213 8780 878 17.33
4545 9.09 16.40 4737 947 1533
4321 864 27.77 4390 878 27.33
4321 864 3628 4390 878 3556

Note: All input parameters are required to be expressed in the same time unit (ie, seconds)

C = (total CPU active time) = (number of jobs processed)

For the same time period, divide the number of
accesses to disc and drum by the number of jobs
processed. The result is the number of I/O accesses
per job. Divide the previously calculated C by this
new quantity. The resulting quotient, c, should be
stored in calculator memory 2.

¢ = C + (number of I/0 accesses per job)

References to disc and drum take time. Among the
factors to be considered are rotational delay, data
transfer time, and seek time. All three need to be
included for discs. Fixed head drums, by definition,
have no arm movement and therefore zero seek time.

Calculator memory 3 must contain the average
service time for a peripheral storage access. To de-
termine this quantity, designated by i, compute the
service time for each peripheral storage device in the
system. This is the sum of its rotational delay, data
transfer time, and seek time. Multiply each device’s
service time by its percentage of I/0 accesses. Finally,
add these weighted service times. Store the resulting
sum of i into memory 3.

Dx = rotational delay for device x
Tx = data transfer time for device x
Sx = seek time for device x
n = number of storage devices in the system
i = (% of accesses to device 1) x (D1 + T1 + S1) +
(% of accesses to device 2) x (D2 + T2 + S2) + ... +
(% of accesses to device n) x (Dn + Tn + Sn)
The number of jobs simultaneously active within a

system is the level of multiprogramming, M. Often
this is equivalent to the number of specified initiators.
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Once accepted into main memory, a job is considered
active, albeit in queue, in processing, or accessing
peripheral storage. Where there is multiprocessing, M
includes all jobs active within all processors. Store M
in calculator memory 4.

N, indicating the number of system users, is stored in
calculator memory 5. For a realtime system, N
represents the number of terminals.

How soon after receiving a printout does a program-
mer submit his next job? What is the time period
between a customer’s inquiry and his terminal’s pre-
ceding response? These are “user think” times. The
average contemplation time period between a system
response and a user’s succeeding reply is given notation
Z and loaded into calculator memory 6. A user
submits jobs or messages with an interarrival time
that is the summation of his think time (Z) plus system
response time (R).

Multiprocessing level, designated by j, is the num-
ber of CPUs embodied in the system. For example,
a uniprocessor equates j to 1. This is the last of the
model’s input parameters and is stored in calculator
memory 7.

Simulation Model Examples

Thirteen illustrative simulation model examples (see
Table 2) provide useful exercises. Both input parameters
and simulation results are tabulated. Actual computer
system performance is somewhere between the bound-
aries indicated by the exponential and constant models.
Examples 1 through 4 show the effect of increasing
the level of multiprogramming (M). Note that CPU
utilization and throughput both rise, but response time
falls. Once the CPU reaches saturation, throughput
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and response time level off. In examples 5 through 8,
average I/O access time (i) is successively decreased.
Again, CPU utilization and throughput both increase
while response time decreases, that is, until the CPU
becomes a bottleneck. Terms C and ¢ are increased
100% in example 9. This means that the CPU is
twice as slow as in the preceding examples. Example
10 is a uniprocessor (j = 1) with the same speed CPU
as described earlier. Apparently, it is more effective
to use one fast CPU than two slow ones. This is veri-
fied by example 11. In example 12, user think time
(Z) is reduced to zero. The number of terminals (N)
is expanded to 400 in example 13. Note the increases
in response time.

Summary

Detailed discrete models can execute for hours on full
size computers before reaching steady-state results.
What can be expected of an analytic model run on
a handheld calculator? The SR-52 program listing in
Table 3 has been optimized for speed and user con-
venience. The Uc and throughput values are computed
in 2 s, response time takes less than 3 s, and these
operating times are always constant. Only the calcula-
tion time of CPU utilization for the exponential model
is variable, depending on level of multiprogramming
(M) and multiprocessing (j). Running times for Ue
range from 8 s to several minutes. A complex system,
multiprocessing with three computers and multipro-
gramming a combined total of 21 simultaneously active
jobs, simulates in 7 min.

Whenever possible, simulations of existing systems
should be validated with empirical measurements. By
rerunning the model through many iterations and
adjusting earlier estimates to bring results closer to
observed performance, greater confidence and better
insight into the computer system’s operation will be
gained. After validation fine-tuning, examine the
effects of prospective design changes. With a handheld
programmable calculator, and this model on a program
card, complex design decisions can be based on simula-
tion results, rather than intuition.
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The concept and design of the Printronix 300
Impact Matrix Line Printer/Plotter
Q. offers you several remarkable
\ cost/performance advantages.

Like plotting capability
...at no extra cost.

It would seem enough to find a 132 column, 300 Ipm printer with print
quality others can’t match, with an elegantly simple mechanism that
assures a greater MTBF, and a modular design that dramatically
cuts MTTR. The Printronix 300 offers all of these advantages.

But it also offers plotting capability. At no extra cost.

Because of its unique mechanism, it can put a single dot anywhere
on paper. Itforms characters a dot row at a time when printing.

In the plot mode, it can form any pattern a dot at a time upon
command. Drawings. Graphs. Barcodes. Large character
labels. You name it and you can do it on a Printronix 300.

It's a handy capability to have around, and it comes to you
with our compliments . . . at no extra charge . . . along with the

A IEEEEEESSSESSmmmSSME . Otherremarkable advantages that make the Printronix 300
p \ your best buy. Send for our brochure. You'll discover why

IR A R T T the Printronix 300 prints better, will last longer, and
T S ———————— require far less maintenance. That's why it's been
AT Q sold with a one-year warranty from the beginning.
w

Printronix Inc., 17421 Derian Ave. Irvine,
California 92714. (714) 549-8272.




Upon re-examination, mixed logic—an established variable-polarity

format of logic truths and voltage levels on the same circuit diagram—
demonstrates maximum clarity with minimum hardware for new digital
designs, and eases interpretation and troubleshooting for existing designs

Mixed Logic Leads to Maximum Clarity
With Minimum Hardware

Franklin Prosser and David Winkel

Indiana University
Bloomington, Indiana

Digital design is a challenging task. For designers,
efficiency is greatly influenced by the techniques used
to develop and implement the designs. The time spent,
the clarity of documentation, and the correctness of
the result depend heavily on hardware design style.
A good design style should be easy to learn, force
the designer to think through the total design before
construction starts, result in clear, easy to understand
circuits, and produce clear documentation as a by-
product of the design process. The common thread
running through these criteria is clarity of thinking
and presentation.

Design Style
For several years the authors have used a collection

of design techniques that form a particular “style”
to meet the criteria given above. This style includes

Editor's Note: Many of the logic designs that the
authors discuss are no longer implemented with gates
(such as NANDs, NORs, or XORs). However, despite
the availability of functional LSI (such as PLAs,
p/ROMs, and MUXs), the ideas expressed here remain
pertinent to logic design.

a convenient way to represent a problem-solving
algorithm as a hardware flowchart, a powerful circuit
convention for developing hardware circuit diagrams
from logic equations, and a general method for im-
plementing the next state generator from the flow-
chart.

Several of these techniques are old, but their power
has not been widely appreciated. To help construct
and document the algorithms, the Algorithmic State
Machine (ASM) Chart notation of Clare! is used. To
move directly and easily between logic and its hard-
ware implementation, a circuit diagram convention
embodying “mixed logic” polarities? is used. A universal
next-state generator uses multiplexers to route the
correct signals to the state flip-flops; a description of
this technique was presented earlier,® but this document
is not generally available to the design community.

Beginning with a clear specification of what problem
is to be solved, the design process then moves to a
development of a solution to the problem in terms
of a data structure (registers, buses, etc) and a control
algorithm to perform the necessary movement of data
and signals through the structure. The designer then
implements the algorithm and data structure with
physical devices. The control algorithm results in a
set of Boolean logic equations which must be trans-
lated into a hardware circuit diagram. Mixed logic
notation provides an optimal way to move from logic
equations to a representation in terms of the available
physical devices.
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Mixed Logic

Logical operations AND, OR, and NOT are familiar tools
applied in everyday design activities. So there is strong
and justifiable motivation for the digital designer to
develop combinatorial logic in terms of these familiar
primitives. On the other hand, designers frequently
wish to use physical devices—gates—that are named
NAND, NOR, and the like. Conventional methods treat
these devices as if they were in fact performing logic
NANDs and NORs, requiring awkward intermediate
transformations of the original logic in order to achieve
a physical implementation. This is neither appropriate
nor necessary, since mixed logic, as shown in this
article, offers significant improvements over conven-
tional methods.

To achieve the stated goal of clarity of thinking
and presentation, the notation used for circuit diagrams
must have two fundamental properties:

(1) Logic equations must lead directly to physical im-
plementations, without elaborate transformations.

(2) An analysis of a physical implementation must
lead directly back to the original logic, without elabo-
rate transformations.

These strong properties, neither of which is met in
today’s typical circuit diagram, imply that both the
digital logic and the physical circuit can be clearly
displayed on the same diagram. This leads to three
specific circuit conventions: circuit symbols should
represent the combinatorial logic in AND-OR-NOT form,
since that form is most natural for developing the
logic equations; correspondence between a logic value
(TRUE or FALSE) and its physical voltage counterpart
(HI1GH or LOW) should be evident at any point in the
circuits; and notation should clearly display the type
of physical device used at any point in the diagram.

Mixed logic, an old digital design concept, has
proven to be a new, powerful, and elegant method
and a fresh, natural approach for establishing the
desired circuit conventions.

Logic Definitions

The AND and oR logic functions are represented by
the customary shapes:
AND oR

D i

Each logic AND and OR in the original equation has
such a shape associated with it on the circuit diagram.
Inputs and outputs are drawn in customary fashion,
with input lines entering from the left and outputs
exiting from the right. The maximum number of inputs
is governed by the particular device used to imple-
ment the logic. With two logic levels (TRUE — T
and FALSE — F) and two signal voltage levels (HIGH —
H and Low = L), there are two possibilities: (1) T
represented by H (with F represented by L), and (2)
T represented by L (with F represented by H). The
former, where T = H, is “positive logic,” and the
latter, where T = L, is “negative logic.” The familiar
positive logic convention or negative logic convention
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results from using one of these relationships consistent-
ly throughout a design. Only by abandoning such
fixed conventions can the designer clearly represent
his original logic on the circuit diagram. Conventional
methods emphasize a close parallel between logic and
voltage; mixed logic emphasizes the distinction between
the two, eliminating the confusion that is introduced
by forcing a fixed relationship between voltage and
logic.

To keep track of which representation is in use at
each point in the circuit diagram, a small circle is
attached to any input or output that has T — L. Absence
of this circle implies that the T — H convention is in
use at that point. Thus, the following symbols all
represent the logic AND function of two variables and
are physical realizations of the same logic truth table.

b ega Bl oy L0 e D o

Inputs Output
i o 3
T F F
F T F
F F E

Using A and B as logic input variables, and M as
the output variable, each symbol represents the logic
equation M — A AnD B.

Each symbol defines a particular type of physical
device. By recalling the meaning of the notation, one
can immediately write the logic table and the voltage
table for any symbol, if needed to identify the device.
For example:

A " e
B

What physical devices behave according to the voltage
table? One such device is the transistor-transistor logic
(TTL) 7400 integrated circuit, which is the familiar
quad 2-input NAND gate chip. Here, a logic AND is
implemented with a physical NAND gate.

To enhance clarity on the circuit diagram, the
terminal letter “L” is appended to any logic variable
name that, at a particular point on the diagram, is
represented by the T — L convention. Such augmented
names are always associated with the little circles;
thus, the previous example is drawn in its final form:

Logic Voltage

B B

nm-H—| >
nmmmH | Z
CTETET| >
IXTxIr|

Logic Voltage
B B

Note that ML is the logic variable M represented here
in the form T = L. This naming convention is valuable
for distinguishing the two possible realizations of a
given variable, especially when signals are carried
from one diagram to another.* A terminal “L” does
not mean that the voltage is low, but rather than if
the voltage is low, then the logic signal is true.
Consider another example:

*The notation L is arbitrary; use any consistent notation. When
using L, be sure not to allow a logic variable name to end in L.
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Logic Voltage
A B M AL BL| M
Al:D—M i ! L L |H
BL - T F T - L H H
F i i H L H
F F F H H L

Inspection shows that this voltage table is equivalent
to that in the preceding example. Thus, a logic OR
has been implemented with the same NAND gate as
before. Furthermore, two valid representations have
been identified for this NAND gate, one which imple-
ments a logic AND and one which implements a

logic OR:
w0 SR S

Similarly, notations may be derived for other common
devices to build up a catalog of circuit symbols. Some
illustrations from the TTL line of chips are

7402
Quad 2-input NOR

= I o o
mED R

Quad 2 |nput AND

To Invert or Not to Invert

What must be done to change the logic convention
for a variable, eg, what does a designer do if he needs
to use a physical signal A (T — H) as input to a
gate that requires AL to perform the desired logic?
This circuit must behave as follows:

Logic Voltage

A A A AL
T|T - A—?—0AL 5 H L
F F L H

Of course, this voltage table corresponds to the in-
verter, eg, a 7404 hex inverter in TTL. The circuit
symbol is

_Do_

and the particular example is rendered:

A-—Do—-ou
Analogous to the previous illustrations, the “inverter’
device has two circuit symbols:

D D

Note carefully that no logic change has occurred; the
same logic signal is present on both sides of the in-
verter. The inverter performs only the identity logic
operation, not a logic inversion. Its sole function is
to change voltage representations for logic truth. Once
again, it inverts voltage, not logic. To avoid using the
dangerous term ‘“‘inverter,” the authors call it the
“oops” function, implying that the logic signal is
satisfactory, but the voltage levels must be switched.

To illustrate this point, consider the logic equation
A = B or C, where B is available only as BL, C

9’

is available only as C, and A may be generated in
either voltage form. For this purpose, a designer would
like to use a device that corresponds to the circuit
symbol

e

If the designer does not have such a device available,
he might select a TTL 7402, containing NOR gates:

?
Since BL must be changed into B to perform or logic
with the 7402 gate, the designer inserts an “oops’:

.5
c Al

This circuit implements A — B or C, and illustrates
the thought process that led directly from the logic
equation to a physical realization. Once again, note
that the same logic variable B appears on each side
of the “oops.”

The inverter is of course not the only realization of
an “oops.” For instance, these circuit symbols are often
convenient when surplus NAND gates are available:

—A > —J >

Logic NOT

What is the physical implementation of logic NOT?
For purposes of this investigation, assume that a device
on the left is producing a value of a logic variable
X. Also, assume that a device on the right needs for its
input a logic variable Y. Logic variable X is imple-
mented either as X or XL on the circuit diagram, and
similarly Y is required as either Y or YL, depending
on the nature of the devices involved. Now, connect
the output of the left device to the input of the right
device with a piece of copper wire, and determine
what logic is performed. Since logic variables X and Y
are now being physically implemented by the same
voltage on the wire, there must be a close logic
relationship between them. There are four mixed logic
situations to consider:

Case Copper Wire
1 X Y
2 X e i YL
3 X, —— e % YL

4 X~ o-—morunuw——— Y

Mixed logic notation implies a definite relationship
between voltage level and logic truth for whatever
logic variables are utilized. Case 1 describes a situation
in which a logic variable X on the left is physically
represented by T — H, while at the other end of this
same wire a logic variable Y is represented by T — H.
Similarly, case 2 has both variables represented by
T = L. The situations are described by:

Voltage Case 1 Logic Case 2 Logic
On Wire X Y XL YL
-
H T i F F
L F F T T
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In both cases, variable Y is identical in its behavior
to variable X, and therefore the copper wires are
representations of the logic identity operation. In other
words, Y = X and no logic operation has occurred
for these two cases.

Now examine cases 3 and 4 in a similar manner.
By mixed logic notations, whatever variables are at
the left and at the right, the representation of truth
changes along the wire:

Voltage Case 3 Logic Case 4 Logic
On Wire X | NL XL ¥
-
H T E F T
L F T T F

Inspection of each of these cases shows that logic
signal Y behaves like the logical inverse of logic
signal X: Y = nNor X (or Y = X). In case 3, logic
signal Y (ie, X) is represented T L; therefore,
on the circuit diagram, XL may be substituted for YL,
if desired. Analogously, for case 4, Nor X (X) may

be substituted for Y. Therefore, the logic NOT opera-

tion occurs over a piece of wire when the designer
switches the voltage convention for the representation
of logic truth—a “circuitless” NoT. To guard against
any tendency to wonder about an error in the circuit
diagram, the authors place a slash across any line
over which the logic NOT operation is to occur. In this
manner, the logic NoT is clearly identified on the
diagram, and shows that the logic convention has been
switched. Then, the diagram for the four copper wires
may be redrawn:

Case Copper Wire
1 X - X Logic Identity
2 XL o0—— o XL Logic Identity
3 X —0—/ 5 XL Logic NOT
4 XL o " g4 WX Loglc NOT

The concept of a logic operation being performed
without a physical device is a stumbling block for
many designers, as is the collateral concept of a real
device—the inverter—performing no logic operation,

(a) LOGIC: M={A+B)-C+D-E+F-G
INPUT SIGNALS AVAILABLE: all T=L
OUTPUT SIGNAL DESIRED: M

(c) LOGIC: M=A+(B+C+B+(D+E))
INPUT SIGNALS AVAILABLE: A, AL, B, C, D, DL, E
OUTPUT SIGNAL DESIRED: M

Fig 1

(d)

Mixed logic representations of typical logic equations. Assume that 2-, 3-, and 4-input NAND gates, 2-
input NOR gates, 2-input AND gates, and inverters are available. Available input signals are given with each
example, as is the desired polarity of the output. To read the logic from a circuit diagram, ignore circles and
inverters, interpret the slash (/) as logic NOT, and read off the original logic equation

(b) LOGIC: M=A+B-C
INPUT SIGNALS AVAILABLE: AL, B, BL, C, CL
OUTPUT SIGNAL DESIRED: ML

LOGIC: M=(A-B+C)+(D+E-F)+(G-H)
INPUT SIGNALS AVAILABLE: A, BL, C, DL, E, FL, G, HL
OUTPUT SIGNAL DESIRED: M
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However, mixed logic circuit notation permits direct
implementation of logic, and thus supports an enormous
improvement in clarity and ease of design.

If the argument given previously for the logic NoOT
operations seems esoteric, perhaps a more physical
analogy will clear up the matter. Suppose a real
device—a lamp driver—lights a lamp when its input
receives a high voltage. Assume that the burning lamp
means “TRUTH.” The lamp driver may be represented
by a box with its input having no circle. Furthermore,
suppose logic signal P, generated with T = L, is
connected to the input:

PLO—————— LAMP DRIVER

When will the lamp light? When a high voltage is
presented to the lamp driver. This requires that the
logic signal NoT P be present at the input to the
lamp driver. If P is TRUE, the lamp is off and the
observer sees “FALSE”; if P is FALSE (ie, NoT P is
TRUE), the observer sees ‘“TRUE.” Thus, the change of
voltage truth convention at the ends of the wire results
in a logic NoT. For completeness, a slash is drawn
across the wire. Try a similar experiment with another
lamp driver that gives “TRUTH” (turns on) only when
presented with a low voltage level. You will reach
similar conclusions as in the previous case.

Logic Equation Examples

Four examples of logic equations represented by mixed
logic circuit diagrams shown in Fig 1 illustrate all the
essential elements of the circuit conventions. Observe
how straightforward is the analysis of a mixed logic
circuit. To read the circuit, ignore inverter gates (since
they perform no logic), ignore circles (since, if the
slash is used to mark logic NOT, the circles themselves
carry no logic), look at the logic shapes and the
slashes, and read off the original logic.

Mixed logic diagrams are a boon to the maintenance
engineer. An engineer troubleshooting a circuit, sus-
pecting an error at some point in a circuit, will apply
a logic probe and observe voltage levels. Working
from a mixed logic circuit diagram, he can quickly
understand what the designer’s logic really is, and
can easily observe any discrepancies found in the
hardware.

Synthesis of circuit diagrams in mixed logic is
straightforward, since the logic translates directly into
circuit symbols. In fact, mixed logic yields maximum
flexibility. At each point in the circuit, the designer
uses his freedom from fixed logic polarities to select
the most convenient devices and logic variable polari-
ties, without altering the logic. Of course, if the user
does not want to exercise all the available flexibility,
selection of gates or logic variable polarities may be
restricted.

Note that mixed logic does not control the form of
the logic equation that is chosen for implementation.
The designer may perform any convenient Boolean
algebraic operation, knowing that the final form, what-
ever it is, may be easily implemented. This means that
logic may be simplified, if appropriate. On the other

hand, if the designer recognizes some intermediate
logic terms that will be useful elsewhere in the design,
he may leave those parts of the logic intact, knowing
that with mixed logic, these forms will be preserved
in the implementation.

With all this flexibility, what is the best procedure?
Once the crucial distinction between logic and voltage
is fully understood, the designer quickly develops his
own techniques for transforming logic into circuits.
Some may prefer to build circuits starting from the
outputs; others may begin with the inputs.

Other Methods

Other choices for logic polarity—positive or negative
logic convention—result in serious impediments to
clear thinking. Fig 2 presents two examples taken
from current textbooks on digital design. The logic
problems ostensibly solved by these examples are the
same ones done using mixed logic in Figs 1(c) and
1(d). Try to analyze the circuit diagrams in Fig 2
to recover the designer’s original logic. You will see
that the notation has quite effectively obscured what
the designer originally set out to implement.

Synthesis of circuits from logic is frequently quite
awkward with positive or negative logic conventions.
Examination of current textbooks in digital design
shows three general approaches to logic implementa-
tion: (1) DeMorgan’s law is repeatedly invoked to
force the logic into a format where the fixed logic
forms of available gates may be identified; (2) A set
of rules for manipulating gates and signal levels is
offered to allow the logic equation to be implemented
with NAND and NoOR gates; and (3) The problem of
producing circuit diagrams from logic equations is
glossed over, and no practical methods for implement-
ing logic are given.

All these approaches are quite unsatisfactory. For
instance, a popular textbook advocates transforming
the logic in Fig 2(a) into the following format in
order to prepare the circuit diagram:

A + BeC + B + DeE

Although the expression and its derivation are bad
enough in themselves, that is not all the difficulty.
The author of the above expression has in fact done
an incorrect derivation, and has implemented an
erroneous_circuit. There are one too many bars over
the term B + De¢E. This caused Fig 2(a) to have an
extra NAND gate used as an inverter. In this figure,
this gate is shown with an “*.” This is a powerful
example of the lack of clarity inherent in many
popular techniques.

Note that the version in Fig 1 requires fewer gates
than the circuit in Fig 2(b). This is a common ex-
perience when mixed logic implementations are com-
pared with others. In many cases, mixed logic results
in fewer gates; in the remaining cases, the gate count
is the same. Also, mixed logic often produces a solution
with fewer stages of gate delay. In virtually no case
do the conventional methods produce a more efficient
implementation. During the implementation process,
when some mental (or computer) gymnastics are in-
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(a) LOGIC: M=A+(B-C+B+(D+E))

> 0

Fig 2 Conventional implementations of logic equations. These examples are taken from current textbooks
on digital design. Figs 1(c) and 2(a) are implementations of the same logic, as are Figs 1(d) and 2(b). In
the mixed logic versions, the design freedoms stipulated in the textbooks have not been exceeded. The gate
labeled ‘““*” in Fig 2(a) is erroneous, and resulted from the textbook author’s incorrect transformation of the
original logic equation using a cumbersome conventional technique

(b) LOGIC: M=(A-B+C)-(D+E+F)-(G-H)
G
fi DT
A
B
M
(o
D

D FLIP-FLOP D FLIP-FLOP
D —OipoL QL
aLpo— Ql—
JK FLIP-FLOP
—s Q

—K QLp—

Fig 3 Mixed logic symbols for two com-
mon flip-flops. Flip-flop outputs present
the same logic variable in two polar-
ities—there is no inversion of the logic.
The D flip-flop has two useful mixed logic
symbols

voked to fit logic with available physical devices,
the mixed logic designer is always working with his
original logic equation. Conventional methods involve
obscure and awkward transformations on the original
logic, to the detriment of clear thinking.
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Other Combinatorial
and Sequential Elements

Mixed logic also assists the designer when elements
other than AND, OR, and NOT are included. For instance,
occasionally, the exclusive-orR (EOR or XOR) function
enters into digital logic in a natural way. Mixed logic
symbols for the 2-input XOR gate are:

- - > -

Note that the circuit symbols all have an even number
of circles. This can be verified by inspecting the logic
truth table for Xxor and the voltage table for an Xor
gate (eg, a TTL 7486).

Logic Voltage
Inputs Output Inputs Output
i T F H H L
T F T H L H
F B | ¥ L H H
F F F E L L

Four voltage assignments for truth will bring the logic
into conformity with the voltage table. For logic inputs
A and B, and output M, physical realizations are
A xor B = M, AL xor B = ML, A xor BL = ML,
and AL xor BL = M.

Mixed logic circuit symbols for two common flip-
flops are shown in Fig 3. The crucial point is that the
outputs represent a logic signal (B in this case) that
is available in two logic polarities. The “inverting”
output of each flip-flop is not inverting the logic, but
is just providing a voltage level inversion. It is per-
forming an “oops.” The D flip-flop, performing simply
a delay or holding action on its input, profitably has
two mixed logic representations. Use the one appropri-
ate to the logic polarity for the incoming signal.
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74158 74163

quad 2-input multiplexor 4-bit binary counter

(one element shown)

7442 1-0f-10 decoder

Fig 4 Mixed logic symbols for
some TTL integrated circuits.
Low-active inputs and outputs
have circles. The multiplexer
has two useful symbols

Medium-scale integrated (MSI) building blocks have
their mixed logic circuit symbols. Fig 4 shows symbols
for several common TTL chips. With these models,
the appropriate symbols for any MSI or LSI (large-
scale integrated) circuit can be derived. Low active
inputs and outputs have a circle.

Some additional thoughts: many manufacturers and
engineers use the logic inversion notation on their
designations_for low active control inputs. For example,
designation LD might be used for the load input to the
binary counter in Fig 4. When such a chip is used, the
designer almost always desires to provide the chip with
a logic signal to load, (with T = L, and perhaps
called roapL). The LD notation encourages the thought
that the input is a not load signal. Surely it is not
often desirable to think of the load control input as
a “don’t load.”

Summary

In practice, mixed logic has proven to be a superb
aid to clarity, both in the design process and during
maintenance of existing circuits. Some engineers have
said that mixed logic is too difficult (even confusing)
for designers and maintenance personnel; the authors
have found the opposite to be true. While there is a
necessary period of familiarization and learning, as
with any new design simplification tool, mixed logic
allows the designer to concentrate on his logic, while
preserving all the necessary information about the
physical implementation. Since logic-voltage relation-
ships are incorporated rigorously into the notation, the
designer expends no wasted energy on the subject of
voltage—his notation handles it automatically. The
result is a circuit diagram that displays the original
intent clearly, and significantly eases the tasks of main-
tenance and modification of the hardware.

Gates are cheap; clear, correct designs are rare. Some
years ago, when the authors established their goal of

improving the understandability of hardware designs,
they thought that by emphasizing clarity, hardware
efficiency would be lost. The opposite has proven to
be true. In most cases, the mixed logic style led not
only to clearer designs, but also to ones requiring
less hardware. Experienced, as well as new, designers
are encouraged to investigate these elements of design
style. Most will find that an emphasis on clarity results
in superior designs.
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Second Prize

"Where Do We Go From How™

MICROPROCESSOR/MICROCOMPUTER
APPLICATIONS CONTEST WINNER

A Microprocessor-Controlled
Three-Phase Power Inverter

Peter van der Gracht and Konrad Mauch

UBC Electric Vehicle Project
University of British Columbia

Vancouver, British Columbia, Canada

With potential applications foreseen in transit and rail vehicles and var-
iable speed industrial devices, a technique of using a microprocessor fo
control the input to a three-phase induction motor provides flexible control
of the drive system of an electric car

An Intel MCS 80 board containing
an 8080 microprocessor with 256 x
8 RAM and 3k x 8 p/ROM is used
to control a three-phase induction
motor in an electric vehicle designed
and built by a group of undergrad-
uates at the University of British
Columbia, Vancouver, Canada. The
dc battery voltage is converted to
three-phase variable-frequency ac
voltage by an SCR (silicon controlled
rectifier) inverter whose firing is
controlled by the microprocessor.

Basic control scheme is the con-
stant-slip frequency-constant horse-
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Artist’'s skeletal view of electric car
containing microprocessor-controlled 3-
phase induction motor shows major
vehicle components

power mode described in “The GM
High Performance Induction Motor
Drive System,” P. D. Agarwal, IEEE
Transactions on Power Apparatus
and Systems, Feb 1969. The micro-
processor controls the input frequen-
cy to the motor (maintaining a con-
stant slip frequency), the voltage
(by pulse-width modulation), and
the harmonic content of the wave-
form (by varying the number of
pulses per cycle). The system is in
operation and the vehicle is presently
undergoing performance tests.
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Flowchart

1. Decrease in pulse number (K) reduces motor speed momentarily. Hysteresis

. is introduced to ensure that K is not increased again, while motor recovers.

4 2. N is determined by tachometer reading and K. However, in calculating N,
— 12-bit multiplications must be performed. To save time, a look-up table was

AUXILIARY TASKS CAN
BE PERFORMED HERE

(eg,TEMPERATURE CONTROL)

constructed and burned into a p/ROM.

fe

o (fm + fs1ip x K(64))

3. Existing interrupt servicing consumes about half of available CPU time.
Therefore, secondary tasks such as motor and inverter temperatures can be

monitored and controlled.

DUTY CYCLE EXTRA PROCESSING
COULD BE DONE HERE

(e, PROTECTION AGAINST
EXCESSIVE DUTY CYCLE RISE)

4. Power up and down sequencing, as well as emergency procedures under
fault conditions, will be put under computer control in near future.

The driver uses the accelerator as
in a conventional automobile. The
accelerator is linked to a 6-bit grey

code encoder that sends a signal to
the microprocessor. The micropro-
cessor determines the pulse width and

thus the output voltage from this
signal. Inverter frequency is deter-
mined automatically. A shaft encoder
on the motor output shaft acts as a
digital tachometer. The micropro-
cessor reads the tachometer period
and through a look-up table deter-
mines the inverter frequency required
(inverter frequency = shaft frequen-
cy + slip frequency). In operation,
the motor speeds up until the power
of the motor is completely used up
by drag forces. To speed up further,
the driver must depress the acceler-
ator further.

This is the set-up as it stands.
Currently under construction is a
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ACCELERATOR | _| OPTICAL GREY
PEDAL CODE ENCODER
(g s bt R e et o G |
_____ | i |
o e P s i s ol INTERRUPT !
| | SENSE i MICROCOMPUTER TIMER |
—el_ g
| :" """"" r_‘ 7% :
I [ 1 l I
| ||, ofrica CRYSTAL e DUTY CYCLE | ] 58,5\535“ SCR TRIGGER |
TA T -
| | | TACHOMETER [®T1OSCILLATOR CONTROLLER | CONTROLLER CIRCUITRY |
| : . ’ FREQUENCY lARlABL‘ e 0’”‘?‘“
| : ; gx‘fm Wi i Vi E PULSE WIDTH peiest 1
[ i : S i
| L_ ™oucrion . INUERTER BATTERY lee | CURRENT 52
I MOTOR SYSTEM ) monToR [
= = B e
ke Siolan . ot L__.______..____..__..____—J

1. Programmable +N counter generates controllable variable frequency source,
fv = = . £

2. Duty-cycle controuer outputs 64 possible pulse widths dependent on grey code encoder
position.

3. Output of +}< count ‘aiunala lnvnrter to start next nep of s-sap waveform, hence K

sup| pm | to staior is dlve'n by

s = -NiK+64

Hence, motor frequency (tm) is

Tiaea

5. SCR trigger circuitry fires SCRI on rlslno edges and initializes commutation on falling
edges.

6. Commutation capacitor charge is refreshed after each commutation, however initial charge
must be supplied by software. ;

fm =

Diagram shows control system—the constant-slip frequency-constant horse-
power mode—of a 3-phase induction motor incorporated in an electric car.
Solid lines indicate sections which have already been built; dotted lines
indicate those unda onstruction ‘

temperature sensing system that will
interrupt the microprocessor and
cause it to reduce power when the
inverter or motor temperature is too
high. Also, a crowbar protection
circuit is being built that will inter-
rupt the microprocessor and cause
it to initiate a shutdown procedure
when an inverter fault occurs. Future
possibilities under consideration in-
clude microprocessor control of trans-
mission shifting and regenerative
braking to extend vehicle range.
Three main advantages to the use
of a microprocessor in this applica-
tion are reduction in the amount of
hardwired logic required, elimina-
tion of complex mechanical slip ad-
dition systems, and easy variation
of control parameters by software
changes. Microprocessor-controlled
inverters also have potential applica-
tions in transit and rail vehicles and
variable speed industrial drives. The
software definition of drive charac-
teristics and the ease of interface
with supervisory control computers
present particular advantages in
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If the print band
doesn't get you,
the price will.

that simple.

It's

The New Centrocs 6000 Sees Line Printers.

Centronics now offers you a family of line printers so
new in design simplicity, reliability and value that nothing
else in the industry today can compare. The outstanding
features of the 6000 series only begin with the operator-
changeable print band. They also include: the widest choice
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TECH NOTE

An Algorithm for Nonrestoring Division

S. Sanyal

Tata Institute of Fundamental Research

Bombay, India

Highly theoretical accounts of division processes need not hinder
designers, who can organize hardware, firmware, or software
controls around this algorithm

Designers faced with the task of find-
ing an algorithm for division may
discover that much published materi-
al consists of lengthy theoretical dis-
cussions with little practical or easily
understandable information. Thus
system programmers writing division
routines and system designers work-
ing out firmware sequences face a
common dilemma. A possible solu-
tion is found with an algorithm for
dividing a 2-word dividend by a 1-
word divisor and producing a 1-word
quotient and a 1-word remainder with
the same sign as the dividend. It rep-
resents numbers in signed 2’s-comple-
ment notation.

Division is equivalent to repeated
subtraction of the divisor from the
dividend until the quantity left is
smaller in magnitude than the di-
visor. The number of subtractions is
the quotient, and the quantity left
is the remainder.

This process, if done straightfor-
wardly, is very time consuming. It
is substantially speeded if the most
significant digits of the divisor and
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dividend are aligned before the first
subtraction, and the divisor then
shifted to the right one position
whenever the partial remainder be-
comes smaller than the divisor before
shifting. One shift may be necessary
before any subtraction, if the initial
alignment makes the divisor larger
than the dividend. In binary, at most

one subtraction can be made be-
tween shifts except as noted below.

Two conventional techniques avoid
the need to compare the remainder
with the divisor after every subtrac-
tion. In restoring division, subtrac-
tion continues until the sign of the
partial remainder changes; the
change causes an immediate addition

Fig 1 Registers for division.
Gate Q.. generates quotient,
bit by bit, as OVF flag gets old
bits of dividend shifted out of
B. Initially dividend is in B
and Q, and divisor in A; at the
end B contains the remainder
and Q the quotient
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WO0'S COMPLEMENT OF
bmbﬁlﬁ-—* REG 8, Q
SET TCF FLAG

LEFT SHIFT REG B,Q ONE PLACE
LEFT OUT BIT > OVF
~ QIN->REG Q LSB

|

"

" OVF @ SIGN OF mwsun
~ = 1L, ADDREG B+A

[ seT swiFT C

Fig 2 Division algorithm. A 1-word divisor of n bits divides a 2-word (2n-bit) dividend, producing a

_ABORT

-

LEFT SHIFT REG Q ONE PLACE
LEFT OUT BIT IS LOST
QIN —> REG Q LSB

NOW Q REG HAS .
BNWNRiCTED QUOTIENT

OF Q>0

QUOTIENT
READY IN

1F

SIGN OF DIVISOR
= 0,ADD REG B+A
= 1,SUB REG B-A

LOAD REG BWITH ALU OUTPUT

[

DIVISION
COMPLETE

1-word quotient and a 1-word remainder. All quotient overflow cases are detected




of the divisor and a corresponding
decrement of the accumulating quo-
tient, before the right shift. In non-
restoring division, the sign change
causes a shift followed by one or
more additions until the sign changes
back.

In general, nonrestoring division
has the disadvantage that every digit
of the quotient must have its own
sign and that successive digits have
alternating signs, corresponding to
alternating series of additions and
subtractions between successive shifts.
This is equivalent to notation in a
negative radix, and would require a
conversion routine to restore the
quotient to normal form. However, in
binary, one subtraction may some-
times change the sign and two sub-
tractions always change it. Therefore
in this scheme the operation is sim-
plified, and subsequent conversion
avoided, by the rule that only one
subtraction or addition is taken at
each step, setting a 1 (0) in the
quotient if both the partial remainder
and the divisor are of the same sign
(opposite sign), regardless of which
arithmetic operation was used.*

With n-bit words, the signed 2’s-

complement notation represents num-

Example —
Dividend = +17 =000 10001
Divisor =-5 = 1011

OVF RegB RegQ Qin

0001000 !
LeftShiftBQ 00010001 O
ADD 1011
1101001 0]1 Sign of Divisor = 1
LeftShift8, 1{1 010010 | Corry =0
sus L@t Hence continue
B T O« Y9 I
LeftShiftB,Q (I 1 10101 |
sus (B ==
oo11 101 I|O
LeftShiftB,Q O|O 1 1 101 1 0O
ADD 1011
001001 I 0|0
LeftShiftQonly |00 1 O1 100
Uncorrected Quotient = 1100
Corrected Quotient = 1100 +1

=101 ==3
Correct Remainder =0010 =+2

Fig 3 Example. In a 4-bit ma-
chine, nonrestoring division under
the algorithm takes these steps

bers from —2°1 to (2*1 — 1). If
the quotient falls beyond this range,
an overflow condition is detected and
the division is aborted.

Three registers, B, Q, and A, are
used—B and Q for the dividend and

A for the divisor (Fig 1). A gate
Qin forms the exclusive-NoR of the
divisor sign and the arithmetic-logic
unit (ALU) output sign. The divi-
dend in B and Q shifts one position
to the left, which is equivalent to the
right shift of the divisor with respect
to the dividend. The most significant
bit (MSB) of the B register moves
out to the overflow flag (OVF), while
the quotient formed by Q, is pushed
into the least significant position of
the Q register.

At first the divisor is checked for
zero value, on detection of which
division is aborted (Fig 2). Next,
the sign of the dividend is checked.
If it is negative, 2’s-complement of
the dividend is formed. Nonrestoring
division with negative dividend is
feasible but quotient overflow detec-
tion becomes simpler if the dividend
is made positive. In this case, a 2’s-
complement flag (TCF) is set for
future reference.

If the dividend is still negative
after 2’s complementation, it indi-
cates that the dividend is a 2-word
maximum negative number and that
the quotient will definitely overflow,
regardless of the magnitude of the

GRANT’S 3300 SLIDE
HAS WHATIT TAKES
FORHEAVY JOBS.
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divisor. This prospective overflow
aborts the algorithm.

If these initial hurdles are cleared,
the first step of division begins. When
the dividend shifts left, its MSB goes
into the OVF flag. If OVF and the
sign of the divisor are the same, the
divisor is subtracted from the most
significant part of the dividend; if
they differ, the divisor is added. The
partial remainder replaces the minu-
end.

In this step, quotient overflow is
again anticipated by the carry out-
put of the ALU. If the carry bit is
opposite to the divisor sign, no quo-
tient overflow is anticipated and di-
vision is continued. (During subtrac-
tion, carry out of the ALU is actual-
ly a borrow, the complement of the
real carry.)

When the carry and divisor sign
are the same, there are two possibili-
ties. If the original dividend sign,
recorded in TCF, is the same as the
divisor sign, the quotient is certain
to overflow; hence division is aborted.
If the original dividend sign is oppo-
site to that of the divisor, a maximum
negative quotient is expected, and a
flag called Check for Maximum Nega-
tive Quotient, or CMNQ), is set.

Now the preparatory steps are
complete, and the division process
proper can begin. This requires a
series of steps tallied by a shift
counter (not shown in the figure).
For a word length of n bits, the
shift counter is loaded with n — 1.
Then the dividend shifts left one

place and the divisor is subtracted or-

added, according to the OVF and
divisor sign as before. These steps
are repeated, decrementing the shift
counter each time, until the latter
reaches 0. When that happens, the
Q register only is shifted to the left
once more, to bring in the uncor-
rected quotient.

The divisor, if negative, produces
a negative quotient, because the divi-
dend is known to be positive, follow-
ing the complement formation (sec-
ond step of the algorithm). A nega-
tive quotient is in 1’s-complement
form, and must be corrected by
adding 1 to transform it to 2’s-com-
plement form. After this stage, if
the CMNQ is set, the quotient is
checked to see whether it is maximum
negative. If not, division is aborted.

If the CMNQ is not set, the quo-
tient is ready. If the TCF has been
set, the correct quotient is the 2’s
complement of Q.

Now the B register has the un-
corrected remainder. Because the
dividend is positive, if the uncor-
rected remainder is negative, a cor-
rection is needed. To make the re-
mainder positive, the divisor is added
to or subtracted from it, depending
on whether the divisor is positive or
negative. If the original dividend is
negative (TCF = 1), the corrected
remainder is 2’s-complemented. This
completes the division. Fig 3 is an
example of nonrestoring division of
a 2-word dividend by a l-word di-

visor.

Conclusion

This algorithm was simulated and
thoroughly tested on a CDC 3600
computer. In a microprogrammed
minicomputer with a divide instruc-
tion, the algorithm can be stored in
the control memory, thus saving a lot
of hardware. The algorithm can also
be used for writing a division routine
in software. O

*H. W. Gschwind, Design of Digital Com-
puters, Springer-Verlag, New York, 1967,
pp 226-228
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TECH NOTE

Competent Purchase Specifications
Help Assure Successful Product

David M. Hamblen

Inforex, Incorporated
Burlington, Massachusetts

Adequate purchase specifications are a necessary part of the documentation
for engineering projects; they have appropriate goals and aims, and can
be made up in accordance with rules that enhance adequacy

Specification control drawing, or the
drawing up of a purchase specifica-
tion, is a part of most engineers’ reg-
ular tasks. It will fail its purpose
(and adversely affect the engineer’s
performance) if it is inaccurate, am-
biguous, incomplete, or unclear in
intent or meaning. Attention to de-
tails when building a purchase spec-
ification brings recognition to an
engineer as one who cares about the
quality of his work.

Completeness

A purchase specification defines the
necessary characteristics of a part or
assembly to be purchased from a
vendor. It must include enough in-
formation to define unambiguously
the necessary characteristics of the
device which will qualify it for in-
clusion in the next higher assembly.
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Small or simple parts may need
only a single A-size (8% x 11”7, 27.6
x 279 cm) sheet, with pictorial
views, dimensions, and notes con-
cerning material characteristics and
other miscellaneous data. Such speci-
fications are hard to make improperly
or inadequately. On the other hand,
larger and more complex assemblies
and equipment require multiple pages
of text and figures, and require more
care in their preparation.

The bare statement “XYZ company
model T” is not enough. All charac-
teristics that are necessary to the ap-
plication should be explicitly men-
tioned. If an industry standard
(ANsI, JEDEC, or the like) exists and
is applicable, by all means refer to
it; but it need not be reproduced in
the specification. Reference to com-
pany drawings, on the other hand,

should include a copy or reproduc-
tion if possible. If it is larger than
the sheets used for the specification,
perhaps it can be photo-reduced to
the proper size, or only the section of
interest included.

Terminology

The same term, noun and descrip-
tors, should be used in every refer-
ence to a particular object. Con-
versely, the same term should not
refer to more than one thing. This
seems elementary, but many times
suppliers, purchasing agents, and
other engineers have been puzzled
and confused when trying to inter-
pret someone else’s terminology. If
the subject is novel or if some terms
are used in a special sense, it is a
good idea to include a glossary.
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Statements that are contractual re-
quirements must be distinguished
from those that are only descriptive
or ancillary. Use of “shall” with the
third person is emphatic and has the
force of a requirement, whereas
“will,” “is,” or ‘“has” is merely
descriptive. Furthermore, an analog
numerical dimension or quantity
without a tolerance range has no
contractual force. (See panel for ex-
amples of Requisite and Descriptive
Statements.) Both requisite and de-

scriptive clauses have their place in
a specification—the requirement de-
scribes the necessary parameters,
and descriptive material broadens
and enhances understanding.

Readers of purchase specifications
can be assumed to be technically
oriented with a specialized knowledge
of the kind of equipment being speci-
fied and its applications.

Specific Content and Form

Most companies make available an
A-size sheet, printed with a format
that has been specifically designated
for use in drawing up purchase speci-
fications. Quite often, these formats
are for single-sheet drawings, or the
first sheet of multiple-sheet drawings,
of which continuation sheets are
plain.

At any rate, information on this
first sheet should include a list of
approved sources, and a listing, usu-
ally in tabular form, of the manu-
facturers’ model designations. Spec-
ifications of large or complex equip-
ment require multiple continuation
sheets of text and figures. They
should include several general cate-
gories of information, including:

Scope of purpose: brief description
of the device, and a list of the sub-

jects that the specification covers.
This list may be expanded into a
table of contents.

References: any documents that apply
to the device being specified. Ref-
erence to such other documents is not
a necessity in a specification, but it
is one way to promote better under-
standing through a more complete
explanation. Use of industry stan-
dards here is encouraged. If vendor
documentation is referred to, it
should be introduced with a state-
ment to this effect: “To the extent
mentioned herein, the following docu-
ments form a part of this specifica-
tion. If conflict is found between
this specification and the reference
documents, this specification shall
govern.”

Requirements: list of parameters nec-
essary to the performance of the de-
vice in the intended application. All
parameters, and only those param-
eters, necessary to the performance
should be included. (See Require-
ment Categories listing.)

Engineers should be especially wary
of the double specification, which
specifies “how to make it”” and “what
it must do” simultaneously. The
“how” and “what” may be self-con-
tradictory, or may be interpreted as
such by the vendor. An example is a
keyboard specification which calls for
a mechanical crossbar switch and re-
quires a maximum bounce time of
500 ps. The vendor may well honor
the one and ignore the other—and
it is his choice!

All purchase specifications are
formal drawings, to which a perma-
nent number should be assigned.
They should be released for use in
the same way as any engineering
drawing, through the company’s
standard procedure. Similarly, revi-
sions to a purchase specification,
after it has been released, should be
made only through formal channels
for engineering changes.

Summary

The purchase specification, which
tells a purchasing agent how to buy
a part, assembly, or equipment, is as
important a part of a set of engineer-
ing drawings as the assembly draw-
ings and parts lists. It deserves an
equivalent share of an engineer’s
professional attention as part of his
output, the quality of which is con-
stantly being judged by his manage-
ment. O
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TECH BRIEF

In large installations, status indica-
tion circuits may be located far from
the equipment being monitored. The
power source energizing the status
circuits, which are often comprised
of power-transistor-driven incandes-
cent indicators, is adversely affected
by initially-high surge currents when
the lamps are first triggered on. In-
terconnecting cables and their asso-
ciated connectors also impose large
momentary fault current conditions
on the power supply if the cables,
upon removal from the conn®ctor,
are accidentally short circuited while
troubleshooting.

To overcome the effects of the cur-
rent surges a 3-terminal current lim-
iter is incorporated in the power
supply to increase its overload cur-
rent protection. The IC limiter (com-
ponent 78M24 in the schematic) has
a maximum peak current passthrough
of approximately 2 A; the limiter
provides about 500 mA under steady-

Overload-Protector|Fault-Indicator Circuit

Power driver circuits are protected by a current limiter with status lights

state conditions. Since the limiter is
internally protected by built-in ther-
mal shutdown, it is not mounted with
a heat sink and is therefore self-pro-
tecting. Status indicators are sourced
from a 28.0-V supply, but the limiter
maximum voltage output is 24 V.
The reference terminal is biased
slightly above ground to permit the
limiter to operate at the output volt-
age requirement.

When the regulator is overloaded,
it reduces the output voltage to a
safe value via internal current limit-
ing. Output voltage reduction in-
creases the voltage differential across
the limiter source/output terminals.
The LEDs connected across the ter-
minals turn on, thus indicating a
fault in the circuit being powered.
After the fault is corrected the cir-
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cuit returns to normal operation, and
the LED is extinguished.

A separate current-control signal
from the monitored circuit also can
be used to turn off the power supply.
The signal is fed to a pair of opera-
tional amplifiers, which are con-
nected for complementary output cur-
rent required by the circuits being
powered. The amplifiers, type LM-
2900 or equivalent, do not have
closed-loop feedback to control gain.
This provides full open-loop gain to
drive the output transistors Q, and
Q.. The 1IN649 diodes, in series
with each of the transistor collector
terminals, are used to prevent high
transient currents (resulting from
driving inductive loads) from de-
stroying the output transistors. The
diodes also protect the circuit if it is

connected to a source which is higher
than 28 V.

Note

This work was done by John R. Pa-
luka of Caltech/JPL and Stephen F.
Moore of Resdel Engineering Corp.
For further information, write to:
John C. Drane, Technical Utilization
Officer, NASA Resident Legal Office-
JPL, 4800 Oak Grove Dr, Pasadena,
CA 91103. (NPO-13592).

This document was prepared under the
sponsorship of the National 'Aeronautics
and Space Administration. Neither the
United States Government nor any per-
son acting on behalf of the United States
Government assumes any liability resulting
from the use of the information contained
in this document, or warrants that such
use will be free from privately owned
rights.
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Svkes announces

dual-and-a-half density"

First we brought you IBM compatibility in a floppy system. Now we
offer you a dual density system with nearly 2'2 times the capacity.

Have your data storage requirements expanded beyond the capacity
of an IBM compatible floppy disk system? Does your operating
system take so much room on the diskette that you don’t have
enough user space? Would you like to have extra capacity without
resorting to very costly memory systems? Sykes has the answer.

The new Series 9000 Floppy Disk System offers a dramatic
increase in storage capacity: 77 tracks, 32 sectors/track, 256
bytes/sector for a total of 630,784 bytes/diskette. That's nearly 2%2
times the capacity of an IBM compatible (256,256 bytes) system.
And when you buy our dual density system, you still get the benefit of
an extensive list of minicomputer hardware interfaces and software
that have always been a Sykes trademark. Some of the computers
and operating systems we support are:

Data
DEC General Varian H.P. llrlitﬂialiaﬂ
RT-11° SDOS* E-BASIC DOS III 0S/32
0s/8* MOS RTE-II, II* DOS
4K Disk Monitor MTS

BCS
*Available on both series 7000 and 9000, others available on series 7000 only.

We haven't forgotten your microprocessor system either. The
internal 8-bit bi-directional bus of the 9000 is a natural for your

8080 or 6800 or 6502 or . . .

Of course, if IBM 3740 compatibility is important to your system,
we can still ship you our Series 7000. We've been doing that for
years.

In either system, our intelligent controller
performs all of these functions:

* Auto Record Blocking—blocks data strings of any length into
sectors.

* Automatic Sector and Track Sequencing.

* Automatic Generation and Check of sync and CRC characters.

* FIFO Buffer for asynchronous operation.

* Automatic Track and Sector Search—disk searches completely
performed by controller, not by software.

¢ Automatic Address Verification prior to reading or writing every
sector.

¢ Automatic Head Unload when not transferring data.

* During a WRITE operation, partial sectors are automatically filled
with zero characters.
Compatibility or Capacity? We have both in the Series

7000/9000 and can deliver either in 30 days or less!

See us at NCC Booth 1724.

SYKES DATATRONICS INC. + 375 ORCHARD ST. - ROCHESTER, N.Y. 14606 + 716 458-8000

Eu“E!O
TELEX 97-8326
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Now there's an alternative
to the high cost
of mainframe disc storage.
DIVAs Computroller V.

If you've decided to buy your minicomputer sys-
tem from DEC, DG or Interdata, you already
know the facts about their disc storage systems.
They're well designed. They're also expensive.

Now, you can get the same high perfor-
mance, reliability and software transparency of
the mainframe product at a price that makes
sense. With Diva's Computroller V line of disc
systems.

The Computroller V matches the mainframer’s
system feature-for-feature, but costs up to 50
per cent less to purchase, install and maintain.
With no shortcuts in design or service support.

The reason? Unlike the mainframer, we
specialize in the development of disc storage
systems to help you cope with the continuous
expansion in information processing. The
Computroller V has an amazing capacity range
of 25-300 megabytes per spindle. Plus compat-
ibility with the mainframe system and total soft-
ware transparency.

No other disc storage system can interface,
adapt and self-test like the Computroller V.
Make your own comparison and see how the
Computroller stacks up against other main-
frame products.

DIVA
Computroller V Mainframer
Complete Software Transparency YES YES
ECC Error Correction YES YES
Complete Customer Services YES YES
Resident Self-Checking Diagnostics YES YES
Microprocessor Technology YES YES
Dual Processor Support YES YES
Interface to Most 3330 Technology Drives YES NO

From now on, -
this may be the =
only system your
company will

need for mass

DIVA, Inc./Dept. A /607 Industrial Way West/Eatontown, New Jersey 07724

NAME

storage. For more
information, fill in

POSITION

COMPANY

the coupon or
call Toll-Free at

ADDRESS

800-631-2141.

TELEPHONE

CITY

STATE ZIP

COMPUTER DESIGN/MAY 1977



Powercube’s new off-line switcher
will hold you up for 50 milliseconds

Minicomputers, modems, microprocessor-based systems,
multiplexers — whatever your application, you want reliability in your
off-line switching power supply.

Powercube provides it.

Our new OLS Model 10 175-watt multiple-output series is
designed for nominal input voltage of 115/230 VAC, 43 to 63 Hz. But it
tolerates wide dynamic input fluctuations to assure continuous operation
during “brown-out” conditions.

What's more, typical hold-up of output voltages is 50 ms at full
load and nominal input, providing the longest possible housekeeping in
anticipation of power failure.

And, there’s more youll like.

Borrowing on years of space-age power supply technology,
Powercube has packaged this powerful unit in a compact, 5%4” x 5%4” x 11”
envelope. You can use it almost anywhere. The OLS Model 10 is also 90%
modular — a real time-saver when it comes to maintenance.

You get valuable extra features, too — features that are extra
cost options in other units. Like a “drop-out” signal that indicates input AC
power status. And an input line filter that meets VDE and other domestic
and international requirements.

Get the full story. Circle the reader response number or phone
617-891-1830.

Big power in a small
package: +5 V @ up
to24 A; 12V @ up
to4 Aeach; 15 V@
up to 4 A optional.

POWERCUBE® CORPORATION

214 CALVARY STREET, WALTHAM, MASS. 02154 (617) 891-1830

' SUBSIDIARY OF UNITRODE CORPORATION
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TECH BRIEF

RAM Digital Filter

A sophisticated means of implementing recursive and nonrecursive

digital filters

A newly proposed digital filter is
designed to store all possible combi-
nations of filter coefficients in a
RAM. The filter has a very high
speed and hence high cutoff frequen-
cies. Based on this design, low order
(seven or less) filters can be made
at reduced cost.

The filter as shown includes an
ADC, an X shift register, a memory,
an accumulator, and a DAC. In op-
eration the analog input signal is
sampled. Samples are converted to
their representation in radix (—2)
and are serially fed to the X shift
register which generates a memory
address as shown. With each new

bit a new word is selected from mem-
ory and is added to the accumu-
lator. Following the addition, the ac-
cumulator contents are shifted left
one bit and their sign is reversed.
After J such cycles [J being the
number of bits per sample in radix
(—2)1, the accumulator contents are
transferred to a standard (radix 2)
DAC which yields the sample of the
filtered function (analog output).
Next, the accumulator is zeroed, and
the construction of the next output
sample starts.

The described configuration is a
nonrecursive RAM digital filter. It
should be noted, however, that the

same basic shift register structure
can also be applied to the recursive
case. Feature of the RAM filter is
that it achieves its speed by totally
eliminating any computing to get the
accumulator inputs. Closely related
counting filters are characterized by
a longer 1/0 delay because the ac-
cumulator inputs are computed in a
pipeline structure. The RAM filter
therefore has a definite advantage in
applications requiring minimal delay.
In low order filters it also has a cost
advantage over equal speed counting
filters.

Note

This work was done by Shalhav
Zohar of Caltech/JPL. For further
information, write to John C. Drane,
Technology Utilization Officer, NASA
Resident Legal Office-JPL, 4800 Oak
Grove Dr, Pasadena, CA 91103. Re-
fer to NPO-13659.

This document was prepared under the
sponsorship of the National Aeronautics
and Space Administration. Neither the
United States Government nor any person
acting on behalf of the United States Gov-
ernment assumes any liability resulting
from the use of the information contained
in this document, or warrants that such
use will be free from privately owned
rights.

D/A CONVERTER |——@» OUTPUT
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ENABLE O—
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ADDRESS
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el 3 I 3 K I
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ANALOG
INPUT
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This nonrecursive RAM digital filter is a modification of a conventional digital
counting filter. The register holding the filter coefficient in the digital counting
filter is replaced with a much larger RAM that stores all possible combinations
of the coefficients; however, counter and gates required there are eliminated in
the RAM implementation
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Now you have achoice

of DEC-compatible

The DEC RXO01.
It costs $4,095.

You can wait months for it.

i

floppy disk systems.

The DSD 210.
It costs $3,295.
You can have it in weeks.

YES PDP®-8, PDP ®-11, LSI-11 plug compatible YES
YES Software compatible with all DEC operating systems YES
YES IBM 3740 Format YES
NO Write protect switches YES
YES Automatic head unload YES
YES Ceramic read/write head YES
YES Holds 256,256 bytes per diskette YES
NO Diskette formatting capability YES
10R2 Drives per controller 1,2,0R3
NO Interchangeable 50/60 Hz operation YES
YES Digital phase-lock-loop data separation circuit YES
NO Front panel activity LED lights YES
NO Front panel system status indicators YES
PARTIAL Modular construction COMPLETE
MINIMAL Self-testing microcode EXTENSIVE
NO Field-proven Shugart drives YES

Our DSD 210 floppy disk system is
100% hardware, instruction set, and
media compatible with all DEC PDP-
8, PDP-11 and LSI-11 systems. It
costs $800 less than DEC’s RXO01,
has a far shorter delivery time, and
has more useful features.

CIRCLE 86 ON INQUIRY CARD

For an expanded comparison and
complete technical details, phone or
write Data Systems Design, Inc.,
3130 Coronado Drive, Santa Clara,
CA 95051, 408/249-9353.

®registered trademark of
Digital Equipment Corporation
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MICRO SRt DATA STACK

Microcomputer Interfacing: The 8080 Logical Instructions

David G. Larsen

Virginia Polytechnic Institute
& State University

Last month the concept of, and one important use for,
multibit logical instructions such as AND, OR, exclusive-oR,
and complement were discussed. This month we will
summarize 28 logical instructions in the 8080A instruc-
tion set. It is very important to note that in the case of
each logical instruction, the result is stored in the accumu-
lator. The previous contents of the accumulator are one
of the logical variables in the 2-variable logical operation,
or in the case of the complement instruction, the only
logical variable.

Eight different logical axp instructions, each with the
mnemonic ANA S, have the general form of

140 R B s s s

Arithmetic and AND operation 3-bit binary
logical class code for source
of instructions register

where sss are the three bits that correspond to the reg-
ister or contents of a memory location that logically op-
erate on the accumulator contents,

3-Bit
Register Octal Code Register Code

B 0 000

C 1 001

D 2 010

E 3 011

H 4 100

L 5 101

M 6 110

A i 111

The or and exclusive-or instructions, which have the
mnemonics ORA S and XRA S, respectively, have the
same general form as the ANA S instruction byte. Thus,
for the XRA S instruction, the instruction byte is

1 0 § () e | e PSS
Arithmetic and Exclusive-or 3-bit binary
logical class operation code for source

of instructions
and for the ORA S instruction
1150 el .0 & LSl

register

Arithmetic and OR operation 3-bit binary
logical class code for source
of instructions register

Some examples of these logical instructions include:
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Jonathan A. Titus
Tychon, Inc

Peter R. Rony

Virginia Polytechnic Institute
& State University

Logical Octal
Operation Mnemonic Instruction Code
BeA-> A ANA B 240
M+*A-> A ANAM 246
A*A-> A ANA A 247
COA~> A XRA C 251
LOA->A XRA L 255
ABGA-> A XRA A 257
D+ A->A ORA D 262
E+A->A ORAE 263

M+A->A ORA M 266
A+ A- A ORA A 267

Another logical instruction is the complement accumulator
instruction, which has the mnemonic CMA A and the
octal instruction byte 057.

In preceding columns,2 we discussed the concept of
an immediate instruction, a multibyte instruction that con-
tains the desired data within the instruction. The three
immediate logical operations can be summarized as

Octal

Logical Operation Mnemonic Instruction Code
<B2>°+A-> A ANI 346
<B2> <B2>
<B2>@®A-> A XRI 356
<B2> <B2>
<B2>+ A= A ORI 366
<B2> <B2>

In the two tables, the symbol (-) signifies “is replaced
by.” Thus, the notation B* A—> A means AND variable B
with variable A, and then replace the original contents of
A with the result of the logical operation. Within the
8080A microprocessor chip, the logical operation is per-
formed in a temporary accumulator, with the logical result
in the temporary accumulator being copied into the ac-
cumulator register A.

In last month’s column one nse demonstrated for logical
instructions was the testing of flag or comparator bits as-
sociated with the on/off state of external devices. The
AND multibit operation is particularly useful to clear,
filter, or mask specific bits in an input data byte. For
example, consider the ascu code for the numeric char-
acters 0 through 9:
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Character

0
1
2
3
-+
5
6
i
8
9

Octal
ascr Code

260
261
262
263
264
265
266
267
270
271

Binary

asci Code

10 110 000
10110 001
10110010
10110011
10110 100
10110 101
10110110
10110111
10 111 000
10111 001

Once the ascir code is input into the microcomputer, the
four most significant bits (MSB) are of little use and
can be “stripped” away from the data byte. A simple
program that accomplishes such a task is contained in
the Listing. This program accomplishes the following
Boolean operation for ascit “5”

10110101 « 00001111 = 00000101
ASCIT Mask BCD data of
“5” byte interest

The logical result of the AND operation is 00000101, There
now is a single BCD digit per input data byte, with the
BCD digit being the four least significant bits (LSB) in
the byte, D3 to D0. The remaining four bits, D7 to D4,
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0S/8 Users:

Now you canget upto
16 users ona PDP-8
at the same time

If you've got a PDP-8* with an
0OS/8* operating system —or
you're considering one —then you
should talk to us.

We're Quodata. And our ETOS
package takes a single-user
0S/8 system and turns it into a
multi-user OS/8 system.

You get time sharing, real-time
and batch simultaneously. Full
32K memory for every user.
Supports all OS/8 languages.
Resource sharing. And much
more.

For much less. Far less than it
costs to add more PDP-8's.

So contact us: Educomp, sub-
sidiary of Quodata Corporation,
196 Trumbull Street, Hartford,
Conn. 06103. (203-728-6777)

Specialists in DEC software

*Registered trademarks of
Digital Equipment Corporation.

CIRCLE 84 ON INQUIRY CARD

DUAL FLOPPY ADD-ON for
PDP-11 and LSI-11 Series

If You Have a PDP-11 or LSI-11, and are
Looking for a Floppy Add-On, Why Wait? .
Better Still, Why Pay More? ?

Our FD-11 Dual Floppy Disk system offers you total software,

hardware, and media compatibility with all DEC PDP-11 and
LSI-11 systems ... and in addition:

® Over 30% price savings ® Formatter

® 8080 Processor controlled o Self test routine

® |BM 3740 Format ® Unit select switches

® Write-Protect switches o Easy installation

® Bootstrap loader e Field proven performance

e® Controller and interface on a single card

By designing our controller and interface on a single card, we
can offer you our FD-11 DUAL FLOPPY SYSTEM for only
$2,750.

WHY PAY MORE?

For more information,
write or call:

CRDS

Charles River Data Systems, Inc.
235 Bear Hill Rd., Waltham, MA 02154, Tel. (617) 890-1700
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can be used to store another BCD digit provided there is
some way to position this second digit in these open bit
positions. If these four bits of storage space are not taken
advantage of, 50% of the memory storage space would
be wasted.

To “pack” two BCD digits into a single data byte, we
must have the capability to rotate the contents of the
accumulator. The rotate left instruction is used, which
has the mnemonic RLC, the octal instruction byte 007,
and can be described as follows: “The content of the
accumulator is rotated left one position. The low order
bit and the carry flag are both set to the value shifted
out of the high order bit position.”® The four rotate in-
structions in the 8080 instruction set have been shown
previously.* The accumulator is the only register that can
be rotated in an 8080A chip. Other registers are rotated
simply by moving them to the accumulator register, per-
forming the necessary rotation operations, and returning
the rotated byte back to the original register. Besides
shifting BCD digits back and forth in data bytes, other
important uses for the rotate instructions will be dis-
covered when we discuss decision-making operations.

The Program to Pack BCD Digits is a simple demon-
stration that can be used to “pack” two BCD digits into
a single data byte. The result of this sequence of steps is
the data byte 01010111 stored in memory. Four MSBs
are BCD “5,” and four LSBs are BCD “7.” Observe the
use of the ORA B instruction, enabling two data bytes
to be combined into one without changing either. Special
8080 microcomputer programs, called simulators, are
available that permit the execution of an 8080 program
to be followed step by step by observing changes in
the contents of the internal registers.” If applied to the
above program, the following should be observed after
the execution of the indicated instruction bytes.

Executed

Instruction Bytes Accumulator Register B

IN 015 10110101 —

ANI 017 00000101 —

RLC, RLC, RLC, RLC 01010000 —
MOV B,A 01010000 01010000
IN 015 10110111 01010000
ANI 017 00000111 01010000
ORA B 01010111 01010000

This completes our discussion of the more important
logical instructions in the 8080A instruction set. Addition-
al examples will be used in following columns, where
they will be incorporated into data-manipulation and
decision-making tasks.
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Alternate Timebase Display

Gives you the whole picture for $1395.*

Continuous indication of where DELAYED T.B. measurements are taken.
¢ Eliminate BACK-AND-FORTH SWITCHING
e Forget MIXED-SWEEP limitations

The PM 3214 is the latest addition to the Philips oscilloscope family.

At 25 MHz and 2mV sensitivity, the PM 3214 incorporates all the trigger-
ing facilities found on the latest, most expensive oscilloscopes available:
AC, DC, TV and an auto position that derives its trigger from the peak to
peak signal input. Trigger selection from either channel, line and external
sources as well as composite triggering for ASYNCHRONOUS signals.

If you don’t need DELAYED TIMEBASE the economy priced PM 3212 has all the triggering and

overall performance of the PM 3214 atonly $ 1115.50 *

For immediate detailed information utilize our toll-free Hotline number: 800 631-7172. (New
Jersey residents call collect), or contact: Philips Test & Measuring Instruments, Inc.

Inthe U.S.: In Canada:
85 Mc Kee Drive 6 Leswyn Road
Mahwah, New Jersey 07430 Toronto, Ontario, Canada M6A 1K2
Tel. (201) 529-3800 Tel. (416) 789-7188

*U.S. Domestic prices only

PHILIPS

Composite triggering in A-B mode derives its source from the differen-
tial signal, allowing measurement of signals riding on high AC or DC
components.

The 18.5 Ib. portable is double insulated and even has an internal battery
option. Supplied with two probes and a protective front cover, the

PM 3214 is a money saving solution to many oscilloscope requirements.

PHILIPS

For immediate need, Circle 82 on Inquiry Card 139
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Software Brings
High Level Programming
to Microcomputers

As an aid to microprocessor software
development, PL/M6800™ is claimed
by Intermetrics, Inc, 701 Concord
Ave, Cambridge, MA 02138 to be the
first high level programming language
for the Motorola M6800 (or AMI
S$6800) microcomputer. It cuts time
to a fraction of that required for
assembly language without sacrificing
direct access to hardware features and
assembly language procedures, there-
by giving a competitive “edge” to
companies developing products for
the rapidly evolving microprocessor-
based system market.

The 1-pass compiler produces
optimized directly loadable object
code, taking advantage of almost
every instruction on the microproces-
sor. A user-controlled switch selects
whether the emitted code is in the
AMI or Motorola loader format.
Other user-controlled features include
listings of source, object, and/or as-
sembler codes, and symbol table
dumps.

Compatible with Intel's PL/M™
language, the compiler is accessible
via the NCSS timesharing network,
or can be purchased directly for in-
house installation on IBM 360 or 370
computers. It is claimed to offer “true
software portability” in that it is
syntactically identical to PL/M.
Circle 170 on Inquiry Card

Expandable uComputer
Evaluation Kit Is Based
on the MC6800 MPU

Based on the MC6800 microprocess-
ing unit and its family of associated
memory and I/O devices, the M6800
microcomputer evaluation kit, when
assembled, is a fully functional micro-
computer system. The kit, MEK-
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6800D2, is made up of two basic
units—a microcomputer module (9.75
x 8.3”, 24.8 x 21.08 cm) and a key-
board/display module (10 x 6.25",
25.4 x 15.9 cm), the latter containing
audio cassette interface circuitry
(Kansas City standard).

The microcomputer modules in-
clude the MPU, a ROM with jBUG
monitor, three 128 x 8 RAMs, two
peripheral interface adapters, an
asynchronous communications adapt-
er, and a clock generator. The dis-
play consists of six 7-segment LED
readouts that display address (four
units) and data (two units) in
hexadecimal format. The keyboard is
hexadecimal with eight additional
command keys.

The Integrated Circuit Div of
Motorola Semiconductor Products,
Inc, 3501 Ed Bluestein Blvd, Austin,
TX 78721 engineered the board to
accept optional devices which include
two 128 x 8 RAMs, two EPROMs,
three buffers, and two bidirectional
buffers.

The kit may be used as is, or may
be expanded to a full 65k system.
Custom expansion on the microcom-
puter module is simplified by a wire-
wrap area that accommodates two
24-pin and 12 16-pin ICs. In addition,
the yjBuc monitor ROM can be re-
placed by a Minibug II ROM for
RS-232 interfacing to other periph-
erals,

Package includes 3-ring binder
with assembly manual, an M6800
Programming Reference Manual, and
the M6800 Microcomputer System
Design Data book. Price is $235
(power supply of 5 V at 2 A and
cassette recorder are not included).
Circle 171 on Inquiry Card

Compact Single-Board
Computer Features 5k of
Resident System Software

Super Jolt combines a development
system, prototyping system, and
dedicated applications in a compact
card measuring 4.25 x 7” (10.8 x
17.78 cm). The easy-to-use single-
board computer from Microcomputer
Associates, Inc, 2589 Scott Blvd,
Santa Clara, CA 95050 contains an
8-bit 6502 microprocessor, lk bytes
static  RAM, 32 bidirectional and
programmable I/O lines, a 1-MHz
crystal controlled clock, an interval
timer, four interrupts including a
timer and nonmaskable interrupt, and

three serial interfaces (20-mA current
loop, RS-232, and TTL).

The resident program ROM of
5120 bytes includes a complete single
pass resident assembler program
(rAP), resident TINY BASIC interpre-
tive language designed for Jolt sys-
tems, and a 1024-byte pEMON DEbug
Monitor program. The card with rap
can function as a single card develop-
ment system permitting assemblies to
be made with a single pass of a source
program from a terminal or via a
TTP paper tape reader. Following as-
sembly, programs can be debugged.

A higher level language, TINY
BASIC is a subset of Dartmouth BAsic,
and permits immediate entry and ex-
ecution of TINY Basic language pro-
gram. ROM software allows most I/0
devices to be used.

Removal of the rAP and TINY BasIiC
ROMs permits the card to become a
compact general-purpose microcom-
puter card suitable for any dedicated
application. Vacated ROM sockets
may be used for the user’s pro-
grammed ROMs or 2708 type
EPROMs.

The card is further supported by a
family of Jolt modules which includes
a 4k RAM, 2k 1702A p/ROM, 1/0,
power supply, and universal card. A
5-slot card cage and 8080 CPU card
module substitute are also available.
Buffering for all address and data
lines provides easy expansion to ad-
ditional card modules.

Circle 172 on Inquiry Card

Jumper Selections and
Software Control Allow
Custom Tailoring of ADC

An analog-to-digital converter system
for Intel's SBC 80 single-board com-
puters and Intellec MDS-800 micro-
computer development systems fea-
tures analog inputs accommodated by
32 single-ended or 16 differential
jumper-selectable channels. Channels
occupy 64 adjacent address locations
(two per channel) which may be
mapped by either memory or I/0
via jumpers. Actual address space is
also jumper selectable. System channel
addressing is program controlled
random.

Data channels of the 6.75 x 12”
(17.15 x 30.48 cm) board are multi-
plexed to a high input impedance
differential gain amplifier. Eight
possible gains are selectable under
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software control. Gains of 1, 2, 4, 8,
10, 50, and 100 are supplied, and
with the addition of two resistors, one
user-defined value may be added. Any
number of conversions may be ac-
complished at the same gain setting;
once set, the gain value does not have
to be redefined until another value
is desired. Gain may be changed any
time conversion is not taking place.
Conversion time is 65 us, derived
from an Intel bus clock (35 us is
optional).

Digital outputs on the 12-bit re-
solution system are buffered and
multiplexed onto the system data bus.
Addressing is compatible with the
8080 CPU’s convention of storing the
least significant byte first, enabling
conversions with the single LHLD
instruction.

The flexible ADC system, priced at
$350 each in quantity from Cyberne-
tic Micro Systems, 2460 Embarcadero
Way, Palo Alto, CA 94303, can op-
erate in four jumper-selectable modes
—program, status, interrupt, and ex-
ternally controlled. This enables
many system configurations with
various hardware and software re-
quirements.  Externally triggered
signals provide the ability to sample
and convert multiple signals simulta-
neously from one trigger or program
command, which requires one A-D
board per desired signal. Multiple
boards may be triggered in parallel
to take simultaneous samples of
multiple signals.

Circle 173 on Inquiry Card

Portable System
for Education/Hobbyists
Accommodates Growth

Ready to plug into a 110-Vac wall
socket to begin computing, the fully
assembled MicroCyber 1000 micro-
computer system is based on the
MOS Technology 6502 chip. MOS

Technology memory and I/0O boards
are compatible with the system bus.
Featuring 1k RAM and 2k ROM, the
system contains a monitor operating
system with cold start bootstrap and
TTY, keyboard, display, and audio
cassette handlers in the 2k ROM.
Software features include 13 address-
ing modes, bit manipulation instruc-
tions, decimal mode operation, 256-
word deep stack processing, memory
addressing techniques for I/O opera-
tions, and multiple interrupt process-
ing capability.

Suited to educators, students, ex-
perimenters, and hobbyists for system
prototyping, instrumentation, and test
systems, the computer comes with a
full hex keyboard and 7-digit LED
display for address and data. Four
external switches located on the sys-
tem function as an on/off to switch
from internal power supply to direct
wall plug-in; for user vector/KIM
vector to transfer control either to
the system monitor program or user
memory; for terminal/keyboard; and
for TTY/RS-232-C.

Single-board expansion capability is
contained within the basic chassis,
with a memory or I/O board. For
further expansion Cybersystems, Inc,
4306 Governors Dr W, Huntsville,
AL 35805 also provides a 72-pin 1/0
and memory expansion bus connector
with the system. Memory and I/O
are bused and buffered to permit easy
expansion. Memory can be expanded
up to 64k bytes, allowing addition
of system boards, resident assembler,
and interpreter boards.

Measuring 14 x 11 x 2” (35.6 x
27.9 x 5.08 cm), the computer con-
tains a system interval timer allowing
real-time clock generation at 1.0 MHz
to 4 Hz and time interval measure-
ments of 1.0 us to hours and days.
Input voltage is 120 Vac. Address
bus is 16 bits (65,536 words address-
able), buffered to drive 25 TTL loads.
The data bus has 8-bit words/data,
and a buffer with bidirectional 3-state
logic drivers/receivers.

Complete with all compo-
nents necessary to start
computing immediately, the
Cybersystems microcomput-
er contains a 6502 CPU,
2k-byte ROM operating sys-
tem, 1k-byte RAM, 6-digit
hex address and data dis-
play, and 23-key keyboard,
plus I/0 and memory ex-
pansion capability

Options for the system are a 4k or
8k static RAM; expansion chassis with
10 slots for memory and 1/0O expan-
sion; 6-ft (1.82-m) cassette cable and
connector; complete kit with con-
nectors and cable for cassette, TTY,
RS-232, and two I/0 port interfaces;
complete chassis without KIM 1 CPU
board; and custom briefcase. TTY
and RS-232 communication interfaces
adjust automatically to the terminal
baud rate (even nonstandard rates)
up to 600 baud.

Extensive hardware and software
documentation comes with a complete
program listing of the operating sys-
tem and pin assignments clearly de-
fined. A library of application and
game programs including TINY BASIC
(requiring 4k RAM) is offered by
the company as support.

Circle 174 on Inquiry Card

Speed and Power of
the Z80 Are Available In
Dedicated Microcomputer

The key features—power and speed—
of the Z-2 microcomputer are obtained
from the Z80 microprocessor which is
its integral component. Cromemco,
Inc, 2432 Charleston Rd, Mountain
View, CA 94043 has designed the
computer for dedicated applications.

Packaged in an all-metal housing
for relay-rack or bench cabinet
mounting, the unit contains the com-
pany’s CPU card (with switch select-
able 2- or 4-MHz clock rate), a
motherboard with 21 card sockets,
and a heavy power supply providing
30 A from 8 V, and 15 A from *+18
V to meet most needs including
floppy disc drives. The front panel
is free of controls and switches to
prevent accidental switch flipping.

Peripherals and circuitry can be
added to this basic arrangement to
meet particular needs. The computer
also uses the S-100 bus which is
supported with compatible periph-
erals.

The version of the Z80 used in
the computer has a speed of 4 MHz
(250-ns cycle time). This higher
speed together with the more power-
ful instruction set provides more
throughput for the microcomputer.
Dedicated uses which benefit from
this are real-time and. timesharing
operations. These uses are also facili-
tated with the company’s line of
memory boards featuring the 4-MHz
speed and bank-select which allows
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up to eight independent banks of
memory of up to 64k bytes each for
a total memory of 512k bytes.

Designed for reliability as well
as speed, the computer features “Blitz
Bus.”™ This ground-plane design on
the motherboard reduces bus cross-
coupling and ground-current noise by
several decibels.

Other features include a power-on
memory-jump which begins automatic
program execution when the power
is turned on, and a card retaining
bar to keep circuit cards firmly in
their sockets despite vibration, me-
chanical shock, etc.

The microcomputer uses 8080 soft-
ware; in addition, the company offers
software support which includes a
monitor, assembler, and control-Basic
interpreter for microprocessor control
applications.

The company’s compatible pe-
ripherals include a 7-channel A-D and
D-A converter; BYTESAVER which con-
tains a p/ROM programmer and
provides capacity for 8k bytes of
memory; color graphics interface for
using a color TV as a full-color graph-
ics terminal; and digital interface
that provides two serial I/O ports,
two 8-bit parallel 1/0 ports, and 10
independent programmable interval
times.

The microcomputer is available in
kit form or assembled. The kit, priced
at $595, comprises the Z-2 for rack-
mounting, together with the 4-MHz
microprocessor card, full-length 21-
slot motherboard, power supply, one
card socket and card-guide set, and
front panel. The assembled unit,
which also has all 21 sockets, card
guides, and a cooling fan, costs $995.
Circle 175 on Inquiry Card

Maijor Additions to Line
of Memory and 1/O Boards
Enhance SBC 80/System 80

In a major expansion of its line of
memory and I/O boards, Intel Corp,
3065 Bowers Ave, Santa Clara, CA
95051 has announced five additions
aimed at enhancing the SBC 80
single-board computer and System 80
completely packaged microcomputer
systems. Designated SBC 104, 108,
116, 517, and 519, each board inter-
faces directly with any SBC 80 or
System 80 via the system bus to ex-
pand RAM and ROM capacity, and
serial and parallel I/O capacity.
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The 104/108/116 series are com-
bination RAM and EPROM, and serial
and parallel I/O expansion boards
containing 4k, 8k, and 16k bytes of
RAM, respectively. Onboard refresh
hardware refreshes all eight RAM
elements. If a read or write cycle is
in progress when refresh is scheduled
to begin, the refresh cycle waits until
the read or write is completed. Each
refresh cycle uses memory for 590
ns. Typical RAM access time is 485
ns; read/write cycle time is 560 ns.

Sockets for up to 4k bytes of non-
volatile ROM reside on board. ROM
may be added in lk-byte increments
using Intel 8708 erasable and elec-
trically reprogrammed ROMs or Intel
3808 masked ROMs. Typical ROM/
EPROM access time is 440 ns and
cycle time is 560 ns. .

Both this series and the 517 com-
bination I/0 expansion board (with
addressing and connectors directly
compatible with the series) contain 48
programmable I/0 lines implemented
using two of the company’s 8255 pro-
grammable peripheral interfaces. Sys-
tem software configures the 1/0 lines
to meet a variety of requirements.
I/0 interface flexibility is enhanced
by the ability to select appropriate
combinations of optional line drivers
and terminators to provide necessary
sink current, polarity, and drive/
termination characteristics.

A programmable RS-232-C com-
munications interface on each board
via an Intel 8251 usarT (universal
synchronous/asynchronous receiver/
transmitter) allows almost any serial
data transmission technique for inter-
facing to CRTs, RS-232-compatible
cassettes, and modems. Onboard reg-
isters contain the status of eight in-
terrupt request lines.

Each board contains a jumper-
selectable 1-ms interval timer and

interface logic for eight interrupt re-
quest lines. Typical I/O read access
time is 280 ns and read cycle time is
600 ns. Each board measures 6.75 x
12”7 (17.15 x 30.48 cm.)

SBC 519, however, has 72 pro-
grammable I/O lines which can be
expanded via direct bus interface.
Three 8255 devices are used with
typical read access times of 350 ns
and read/write cycle times of 450 ns.
An interval timer can generate real-
time clocking in systems requiring
periodic monitoring of 1/O functions.
A programmable interrupt controller
(PIC) provides vectoring for eight
interrupt levels; it accepts interrupt
requests from programmable parallel
I/0 interfaces, the interval timer, or
directly from peripheral equipment.
The PIC interrupt request output
line may be jumper selected to drive
any of the nine interrupt lines on the
SBC 80 bus. Any of the onboard re-
quest lines may also drive any SBC
80 bus interrupt line directly via on-
board jumpers and buffers.

Circle 176 on Inquiry Card

Disassemble and Trace
Programs Operate
on 8080 Machines

Available on iCOM floppy disc or
punched paper tape in Intel hex-
ascix object format, the 8080 dis-
assembler and trace programs may
be obtained from Cybergrafix, PO
Box 430, Glendale, CA 91206. De-
signed to run on 8080-based ma-
chines, the first program disassembles
8080 object code, producing a
“source” listing in format identical
to that produced by an Intel assem-
bler. It also produces an ascm listing
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of object code and a symbol cross
reference listing. A source file also
is produced on floppy disc or punched
paper tape which may be input to
an assembler with little or no editing.
Up to 10 known data areas may be
specified which will be treated as
DB statements.

The trace program, designed as a
teaching and troubleshooting aid,
resides in memory with the subject
program, which is executed under
trace control. The machine condition
is displayed after each subject in-
struction is executed. Display includes
instruction address, instruction in
machine code (hexadecimal) and
mnemonic, contents of all registers,
and latest stack entry; it may be
reduced to only instructions causing
branch operations. Modes of operation
(single step, branch, continuous, etc)
may be changed during execution by
the operator.

Both programs are specialized to
run on user’s equipment. Updates
resulting from continuous program im-
provements are automatically supplied
to purchasers.

Circle 177 on Inquiry Card

SLAM Compiler Provides
Small Intel Systems With
High Level Capability

A true, code-emitting compiler for
small Intel microcomputer systems,
the sLam compiler is completely
source code compatible with the pre-
vious sLAM interpreter—the two com-
bining to produce powerful, versatile
software. sLam (Symbolic Language
Adapted for Microcomputers) is a
high level language which uses signed
16-bit decimal integers to program
microcomputers without the need to
learn assembly or machine languages
(see Computer Design, Dec 1976, p
126).

Programs can be created, modified,
and debugged rapidly using the inter-
active interpreter. When the program
is verified and running correctly, the
compiler can then translate it to
hexadecimal 8080 object code in Intel
standard format, ready to load in
RAM or ROM.

The compiler includes advanced
system-oriented features such as pro-
vision for parameter-linkage conform-
ing to Intel conventions, absolute
memory pointers, and machine-lan-
guage subroutine calls. Compile-time
interaction with the operator custom-

izes run-time storage configuration for
individual requirements.

Occupying less than 8k of RAM,
the compiler is available from Penn-
Micro, PO Box 5073, Lancaster, PA
17604. It requires no large memory
boards or bulk storage. Versions are
available for the Intellec 8/Mod 80,
MDS-800, or SBC 80 systems. Both
the compiler and interpreter are avail-
able on paper tape in Intel-standard
hexadecimal format, ready to load and
execute using the system monitor.
Circle 178 on Inquiry Card

Simple Language Ensures
Easy Programming of
SC/MP Microprocessors

In an effort to provide programming
tools that are easy to understand and
use, National Semiconductor Corp,
2900 Semiconductor Dr, Santa Clara,
CA 95051 has developed NIBL
(pronounced “nibble”), its National
Industrial Basic Language which is
similar to Basic. For use with the
8-bit SC/MP microprocessor system
(see Computer Design, April 1976,
pp 134-138, and Feb 1977, pp 128-
130), this microprocessor program-
ming aid is aimed at making SC/MP
as easy to use as possible for those
trained neither in electronics nor
computer programming.

In the past most microprocessors,
especially for low cost control applica-
tions, have been programmed in as-
sembly language; it produced a fast
and efficient code, but was difficult
and tedious to read, write, and learn.
NIBL requires the user to trade high
execution speed and memory efficien-
cy for advantages such as program
readability, modifiability, and rapid
program generation. Program con-
struction, debug, and documentation
are simplified since each NIBL state-
ment equals five to 20 machine
language commands. NiBL tasks also
tend to take less memory than
assembly language equivalents.

The language is an adaptation of
TINY BAsiC, which was developed
as a general-purpose game and
control language for microprocessors.
TINY BASIC was written interpretively
in a language designed for the con-
struction of translators for adaptation
to many microprocessors.

To adapt it for SC/MP, a simple
interpreter was constructed; improve-
ments in I/O and device control
have also been added. ~N1BL source

programs are interpreted by a 4k-byte
SC/MP program residing in ROM.
The interpreter is divided into two
blocks: a program written in an inter-
mediate or interpretive language
which deciphers N1BL, and a collec-
tion of SC/MP machine language
subroutines invoked by the inter-
mediate language.

Minimum hardware required for
implementing the language is the
SC/MP CPU, crystal, and support
logic; 110-baud ascu terminal inter-
face; 4k x 8 bits of ROM for NIBL;
2k x 8 bits of RAM user space (al-
lowing about 60 average NIBL state-
ments); a teletypewriter or similar
terminal; and a 5-V power supply.
As an option, the language will sup-
port an additional 26k bytes of user
memory, giving a total capacity of
nearly 1200 average lines of code in
28k x 8 bits of RAM or ROM.

Well suited to control tasks in
view of its inherent speed limitations,
the language can handle video gener-
ation, direct control of fast peripher-
als, and other uses; the algorithms
for these applications should be
proved out in N1BL and translated into
SC/MP machine code for installation
in the final system.

Two versions of NIBL are available,
one for the older p-channel MOS
SC/MP operating with a 2.0-MHz
clock cycle and one for the newer
n-MOS SC/MP II with a 4.0-MHz
microcycle. To insure its wide dis-
semination, the language has been
placed without charge in the public
domain. It is available in paper tape
form through compute, the com-
pany’s Microprocessor Users Group
newsletter. In preparation are a self-
teaching manual for ~NBL and the
SC/MP low cost development system,
and a NIBL firmware package in

ROM.

6800 Interface Permits
Use of ASCII Terminals
on Selectric Interfaces

A smart asc converter interface has
been designed to provide complete
plug compatible conversion from the
1980 Selectric™ interface to the
standard asci EIA and 20-mA loop
interface. Output from the interface
will drive most standard data printer
terminals so that a user can select the
printer suited to the application.
The unit consists of a single board
6800 microcomputer system program-
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med to do the conversion. Memspec
Computer Systems, Inc, 6549 Dawson
St, Vancouver, BC, Canada V5S
2W2 designed the device to request
data as quickly as necessary to keep
data flowing at the full output baud
rate. A 100% throughput is claimed
to be possible with the output baud
rate set for 300 baud (30 char/s).
Buffer size in the host system may
affect throughput rate.

Standard features include wupper
and lower case output capability and
jumper-selectable baud rates. Unit
can provide common rates from 67.2
to 9600 baud. A 20-mA plug and EIA
control lines provide full control of
power-on to host system. Input inter-
face has fail-safe mode to indicate
busy and power-off to host system.

Single board which is removable
with a screwdriver offers easy main-
tenance. All large ICs are socket
mounted for easy removal and re-
placement.

Full optical isolation is incorpo-
rated on all inputs and outputs for re-
liability and protection of host system.
Input is 48 Vdc with others on re-
quest. Maximum load on any input
line is 26 mA. There are no power
supplies on the input interface. )

Output is 20-mA loop current drive
up to 1000 ft (304.8 m), or EIA
output up to 25 ft (7.62 m). Stan-
dard asci output includes upper/
lower case, numbers, and most other
characters.

Power requirements of the 4 x
12.625 x 17.75" (10.16 x 32.07 x
45.09 cm) unit are 120 Vac, 60 Hz
input at 40 W. An auxiliary ac outlet
socket is available for the printer
terminal with maximum of 4 A. Cus-
tom programming and other options
can be added on request.

Circle 179 on Inquiry Card

Cross Assemblers for
mProcessors Available
in ANSI FORTRAN IV

Two assembler programs providing
microprocessor support software for
the Intel 8048 and Zilog/Mostek Z80
are written in ANs1 standard FORTRAN
1v. The cross assemblers will operate
on any computer with a word length
greater than or equal to 16 bits, in-
cluding most minicomputers.
Assemblers are designed by Micro-
tec, PO Box 60337, Sunnyvale, CA
94088 to be manufacture-compatible,
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providing standard features such as
symbolic and relative addressing, and
constant generation. Also included is
a macro facility, conditional assembly
statements, and a cross reference
table listing option.

The Z80 assembler assembles both
Z80 mnemonics as defined by Zilog/
Mostek and 8080 mnemonics as
defined by Intel. They can be deliv-
ered on several types of computer
readable media. Included with each
program is a manual, source listing,
and test program with its output
listing.

Circle 180 on Inquiry Card

Code Card Serves
as 8080 Software
Reference Aid

The 8080 octal code card is a slide-
rule-like aid for programming and de-
bugging 8080 software. Containing
all mnemonics and their correspond-
ing octal codes, the card features
color-coded instructions to indicate
which flags are affected during ex-
ecution.

The pocket-sized 6.5 x 3” (16.51 x
7.62 cm) card from Tychon, Inc, PO
Box 242, Blacksburg, VA 24060 pro-
vides the instructions in a logical
format for quick reference. An ascn
code chart for all 128 characters plus
8080 status word and register pair
codes is printed on the back side of
the card. A hexadecimal card will also
be available.

Circle 181 on Inquiry Card

Z80 uProcessor Board
and Monitor Designed
for Intel SBC 80/10

A single-board Z80 microprocessor
system and an operating monitor for
the Intel SBC 80/10 board have been
announced by Mini Micro Mart, 1618
James St, Syracuse, NY 13203. Soft-
ware compatible with the 80/10 but
using the Zilog Z80 CPU, the micro-
processor system has provision on-
board for three 2708 EPROMs, 1k
of static RAM, two 8255 parallel
interfaces (providing nine parallel
ports), and an 8251 usart for serial
interfacing. Both a 20-mA current
loop TTY and an RS-232 interface
provide for baud rates from 110 to
over 9600.

Full address decoding is available
for both the onboard memory and
I/0 devices. Altair, Imsai, and Pro-
cessor Technology software can also
be run with minor modifications. The
7 x 10.5” (17.78 x 26.67 c¢cm) board
is plated-through epoxy glass material
with gold fingers.

CPU board is available in kit form,
or assembled and tested. A complete
system in a self-contained table top
cabinet, including Teletype™ printer,
is available. As an introductory offer,
listings for the company’s 5k BAsiC
and operating monitor are included.

The Monitor 80 SBC 80/10 per-
mits the Intel 80/10 to be used as a
standalone development system. It
provides for entering and dumping in
both symbolic and octal codes. The
user can initiate program execution,
set or clear breakpoints, copy a block
of memory, or translate a program to
a new location. An edit mode is also
provided.

Occupying approximately 2.5k of
memory, the monitor starts at a “0”
address. In addition to normal moni-
tor software, there are routines for
programming p/ROMs, a checksum
routine, and software for loading and
dumping to a simple audio cassette
recorder interface. It is available with
source listings and punched tape in
Intel hex loader format, or in the
form of three programmed 2708
EPROMs, including manual.

Circle 182 on Inquiry Card

Microcalculator for
8-Bit uProcessors Offers
Scientific Capabilities

Intended for direct interface with
most 8-bit peripheral interface de-

vices such as the Motorola 6820,
Mostek 3820, MOS Technology 6530,
and Intel 8255, the model 85 micro-
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calculator requires only 5 V for oper-
ation and interfaces with the micro-
processor through an 8-bit bidirection-
al I/0O port. Each entry normally
made by a key is replaced with an
8-bit instruction from the micropro-
cessor. The number of input instruc-
tions is restricted only to the user
program or the amount of memory
in the microprocessor system.

Instruction entry to the microcal-
culator is under microprocessor soft-
ware control. It accepts instructions,
provides a means to detect busy
status, and outputs the full 14-digit
display back to the microprocessor
for storage or display. Control soft-
ware in both a read and write mode
requires less than 256 bytes of micro-
processor system memory.

Both statistical and scientific cal-
culation capabilities are provided to
calculate mean and standard devi-
ation, and to handle scientific, en-
gineering, mathematical, or statistical
problems. Developed by Artisan Elec-
tronics, 5 Eastmans Rd, Parsippany,
NJ 07054, the calculator contains
four register stacks with nine memory
registers. Problem solving capability
includes transcendental functions,
polar/rectangular coordinate conver-
sions, multiple storage registers, and
constants including four U.S./metric
conversion units. The microcalculator
together with the microprocessor can
aid in achieving an advanced pro-
grammable scientific calculator sys-
tem.

Circle 183 on Inquiry Card

Faster Microprocessor
Is Pin and Software
Compatible With Z80

Becoming the company standard mi-
croprocessor, the Z80A has been an-
nounced by Zilog, 10460 Bubb Rd,
Cupertino, CA 95014 as a faster
microprocessor that is totally pin and
software compatible with their present
Z80 (see Computer Design, Feb 1976,
p 132). This microprocessor features
a standard clock rate of 4.0 MHz as
a result of the company’s process
technology. The current Z80 will con-
tinue to be offered at a clock rate of
2.5 MHz for customers who do not
need the faster device.

Considered to be the fastest stan-
dard product microprocessor avail-
able, the Z80A has an instruction
cycle time of 1.0 us. Users will be
able to increase system throughput by
60% over Z80 systems. Pricing of the
device will be in the same range as
that of the Z80.

Circle 184 on Inquiry Card

Nonvolatile RAM for
MDS 800 and SBC 80/10
Microprocessor Systems

Designed for nonvolatile operation
with Intel’s Intellec® MDS 800 and
SBC 80/10 is the MM-8080A 8k x 8
RAM core memory system which
eliminates data loss upon power re-
moval. Compatibility with existing
processor boards is ensured through
use of memory boards that plug di-
rectly into existing Intel connectors.

With the memory system from
Micro Memory, Inc, 9438 Irondale
Ave, Chatsworth, CA 91311, the mi-

crocomputer user can fulfill the func-
tion of both RAM and p/ROM on
the same unit. Data access time is
350 ns; cycle time is 1.0 us. A power
status signal is available as a power
interrupt vector or as a power reset
signal.

Onboard module expansion is avail-
able in 4k increments up to 64k words
of memory. The 6.75 x 8.0 x 1.0”
(17.15 x 20.32 x 2.54 cm) module
contains timing, control, decode, drive
circuits, address registers, and data
registers.

Circle 185 on Inquiry Card

The
Refreshing Alternative
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MEGATEK Graphic Systems

Local Intelligence - Full Refresh - Zoom, Rotate, Translate -
Sharp, Bright Vectors - Powerful Minicomputer - FORTRAN
Software - Data Tablet or Joystick - Low Gost

Our Systems are Powerful, Intelli-
gent,and Good Looking...the fea-
tures YOU look for in a graphics
terminal, system or interface.
Coupled with MEGATEK Quality
and Value, the picture is perfectly
clear—MEGATEK is The Refresh-
ing Alternative.

MEGATEK

CORPORATION
The Refreshing Alternative

1055 Shatter Street 14, rue de I'Ancien Port
San Diego, California 92106 1201 Geneva, Switzerland
Telephone: (714) 224-2721 Telephone: (021) 32.97.20
TWX: 910-335-2056 Telex: 23343

*“TEKTRONIX" is a registered trademark of Tektronix,
Inc., use of which in no way constitutes endorsement.

See Our Display At Booth 1216 At NCC
CIRCLE 87 ON INQUIRY CARD 145
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There is a variety of tape packages from

which to choose.

There is a RAYCORDER ' for each.

You choose the media that best meets your cost/
performance requirements, and Raymond has the
Raycorder tape drive to fit. From the Mini Data Cassette
storing 1 million bits at 2400 bits per second to the V4"
Data Cartridge storing 20 million bits at 48,000 bits per
second, Raycorders will assure you of the consistent, re-
liable performance you demand.

You know that Raymond builds the world’s leading
digital cassette recorder, our Model 6406 Raycorder. By

See all the RAYCORDERS
at the National Computer Conference,
Booths 1820 & 1822

now you probably also know that our Model 6409 Mini-
Raycorder was the first to use the new Mini Data Cassette.
You probably don’t know, however, that Raymond is one
of the world’s leading manufacturers of drives for the V4
Data Cartridge. Surprised? Let us tell you about our Model
6413 Cartridge Raycorder. It’s new to you, but it has a
history thousands of units old.

Contact Raymond for all your small tape drive needs.
We're the experts!

Raycorder Products Division
Raymond Engineering Inc.
217 Smith Street

Middletown, Connecticut 06457
(203) 632-1000

a subsidiary of Raymond Precision Industries

CIRCLE 123 ON INQUIRY CARD



Our CMOS RAM has alot less going for it.

You can see that our 1K RAM
costs less. What you can't see
is that it uses less power, too.

Our S5101 takes only 10
milliamps of operating current
to give you 650 nanosecond
access time. The competition
uses almost three times as
much. Our standby power is
just 10 microamps. And our L
version retains data down
to 2.0 volts.

With our part, you also have

Prices effective 4/1/77

far less waiting around. Call

up an AMI distributor right now,
and he'll supply you right off
the shelf.

But we can't promise you less
of everything. For instance, we
have more packages to choose
from —plastic, ceramic and
cerdip.We have more RAMs,
too, with speeds ranging from
450 ns to 800 ns. They all
have the L option in case power
retention is critical to your

CIRCLE 88 ON INQUIRY CARD

product, and all of them oper-
ate over the full military
temperature range.

Want to know more? Check
with your nearest AMI dis-
tributor or sales office. Or
contact us at AMI, 3800 Home-
stead Road, Santa Clara, Cali-
fornia 95051. Phone (408)
246-0330.We'll prove that
lessis
really

more. ®
AMERICAN MICROSYSTEMS, INC.
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Emulator Board
Performs Functions
of 3870 Microcomputer

To aid in developing and field test-
ing systems which utilize the F8-
compatible MK 3870 single-chip mi-
crocomputer, Mostek Corp, 1215 W
Crosby Rd, Carrollton, TX 75006 has
announced the EMU-70 emulator
board. Electrically equivalent to the
MK 3870, but field rather than mask
programmable, the emulator enables
the user to obtain final software veri-
fication prior to ordering the MK
3870.

The board performs all functions
of the 3870 microcomputer providing
2k bytes of p/ROM, 64 bytes of
scratchpad RAM, four 8-bit TTL com-

patible latched I/O ports, software
programmable timer, and vectored
interrupts. Operation is 2 MHz from
a single 5-V power supply.

Two 1k x 8-bit 2708 UV-erasable
p/ROMs provide nonvolatile storage
of the user’s program. The p/ROMs
are programmed with a p/ROM pro-
grammer and then are installed on
the board. Prototype systems can be
converted to final production status
by unplugging the emulator and plug-
ging in the corresponding 3870. As a
cost-effective solution to low volume
logic replacement applications, the
board can be used as the final con-
figuration where code changes and
volume would not justify ordering a
masked programmed microprocessor.
Circle 186 on Inquiry Card

4- to 20-mA Process
Control Outputs On Board
Result in Compactness

An 8-channel D-A converter system
when combined with the compatible
Intel SBC 80 microcomputer series
forms a complete 8-channel analog
output system for computerized con-
trol and readout applications in in-
dustrial and laboratory processes. Two
single-board models—a 12-bit model
1842 and 8-bit 1843—are available
in the analog output series.

The analog output system has
eight independent D-A converter
channels, each fully double buffered
to avoid intermediate outputs in the
2-word microcomputer transfer. All
eight channels are powered directly
off the Intel microcomputer’s 5-V
power supply through a highly regu-
lated, low noise dec-dc converter.

Data Translation, Inc, 23 Strath-
more Rd, Natickk MA 01760 has
implemented a compact approach
with the board’s option of 4- to 20-

mA current loop outputs for all chan-
nels. By using just two cards, costs
are reduced by eliminating the need
for separate drivers.

The output system is packaged on
the same size card as the SBC 80—
6.75 x 12” (17.15 x 30.48 cm). The
0.375” (0.95 cm) high card fits in
the standard 0.5” (1.27 cm) spacing
of the Intel card cage.

Mechanically, electrically, and
software compatible with the SBC 80
series, the 1842 and 1843 have dif-
ferential linearity of =% LSB, gain
and offset adjustable to zero for each
channel, and settling time of 1 us to
0.2% and 3 ps to 0.01% FSR. In ad-
dition to 4- to 20-mA outputs, pin-
strappable analog ranges of =10 and
0 to 10 V are available with line
amplified buffered outputs for driving
long cables. Application software can
be developed in the MDS 800 sys-
tem, and subsequently run with the
SBC 80 microcomputer for OEM ap-
plications.

Circle 187 on Inquiry Card

Versatile A-D/D-A
1/0O Card Increases
Z80 System Throughput

A multiplexed A-D/D-A analog I/0
card for use exclusively with Zilog’s
Z80 microcomputer systems features
a commutating memory (patent pend-
ing) to increase system throughput
by over 25%. Other features include
12-bit A-D conversion; 20-us con-
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version speed; programmable gain
amplifier with gains of 1, 2, 4, and
8; and an onboard Zilog PIO chip.

Also available from Signal Labora-
tories, Inc, 202 N State College Blvd,
Orange, CA 92668 are options such as
a 32-channel analog input capability
(16 standard), two DAC output
capability, four discrete (1-bit) out-
puts, and a de-dec converter for 5-V
power only operation. O
Circle 188 on Inquiry Card

NOW UNDER CONSTRUCTION . .. the most
advanced fully automated CMOS production
facility in the industry. A $7.5 million commit-
ment by Harris to meeting industry demands.

HARRIS OEM SALES OFFICES:
CALIFORNIA: Long Beach
(213)426-7687; Palo Alto
(415)964-6443
FLORIDA: Fort Lauderdale
(305)971-3200; Melbourne
(305)724-7430
ILLINOIS: Hinsdale (312)325-4242
MASSACHUSETTS: Wellesley
Hills (617)237-5430
MINNESOTA: Minneapolis
(612)835-2505
NEW YORK: Endwell
(607)754-5464; Melville, L.I.
(516)249-4500
OHIO: Dayton (513)226-0636
PENNSYLVANIA: Wayne
(215)687-6680
TEXAS: Richardson (214)231-9031

HARRIS SALES REPRESENTATIVES:
ALABAMA: Huntsville
(205)533-3620
ARIZONA: Scottsdale
(602)948-5590
CALIFORNIA: Goleta
(805)964-8751; Mountain View
(415)961-8121; San Diego
(714)565-9444
COLORADO: Denver (303)759-0809
CONNECTICUT: East Norwalk
(203)838-1493
FLORIDA: Boca Raton
(305)395-6108; Oviedo (305)365-3283;
Tampa (813)933-1759
ILLINOIS: Elk Grove Village
(312)640-1850
INDIANA: Indianapolis
(317)849-6454; Fort Wayne
(219)484-1432
IOWA: Cedar Rapids (319)377-8275
MARYLAND: Lanham
(301)459-1556
MASSACHUSETTS: Burlington
(617)273-1313
MICHIGAN: Farmington
(313)476-2446
MISSOURI: Hazelwood
(314)731-5799; Independence
(816)737-1100
NEW JERSEY: Keasbey
(516)567-5900; West Caldwell
(516)567-5900
NEW MEXICO: Albuquerque
(505)265-5655
NEW YORK: Albany (518)489-7408
or 4777; Huntington Station
(516)567-5900
NORTH CAROLINA: Winston-
Salem (919)722-5151
OHIO: Cleveland (216)831-8292;
Dayton (513)890-2150; Worthington
(614)888-0483
OREGON: Beaverton (503)643-1644
PENNSYLVANIA: Allison Park
(412)487-4300; King of Prussia
(215)265-0634
SOUTH CAROLINA: Greenville
(803)268-1125
TEXAS: Dallas (214)691-4592;
Houston (713)780-9710
VIRGINIA: Charlottesville
(804)973-6672
WASHINGTON: Bellevue
(206)454-0300
CANADA: Mississauga (Toronto)
(416)676-1042; Montreal
(514)626-6723; Ottawa (613)749-0740

HARRIS NATIONAL DISTRIBUTORS:
Hamilton/Avnet; The Harvey
Group, Inc.; Schweber Electronics:
R. V. Weatherford Company
CANADA: Prelco Electronics Ltd.
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Designers arise!
HARRIS introduces the largest

family of CMOS memories

in the

industry. With the very first

device is pretested to guarantee data retention
down to 2.0 volts over rated temperature

*)
P

Harris has the answer in CMOS
RAMs, ROMs, and PROMs.
Count 'em. 10 distinctively different
2 memories, including three exclusive
new CMOS PROM:s.. first in the
industry...giving you the widest
range of design options ever avail-
able. [J Harris CMOS Memories have
the kind of high performance features
you can design around. Like extremely
low power requirements in both active
and standby conditions. Fast access
times. High noise immunity. TTL
compatibility in/out. With tempera-
ture ranges for military (-55°C to +125°C),
industrial (-40°C to +85°C) and commercial
(0°C to +70°C) usage. [] Features that can
help you simplify your
designs while improving
performance. -
Reduce part
count. Save [HNM]
money. '
And every

USE THIS CHART TO HELP YOU SELECT THE CMOS MEMORY

BEST SUITED FOR YOUR DESIGNS.

range — at no extra
cost to you. [] If you want to free yourself
from the ordinary,add a new dimension to

your designs, check the Harris CMOS Memory
family. It’s the biggest in the business. The
quality is there. And the price is right. For
complete specifications call your nearby
Harris sales location, or write

Harris Semiconductor,

P.O. Box 883, Melbourne, FL 32901

Quality comes through in everything we do.

SEMICONDUCTOR *

TYPE NO. ORGANIZATION PINS SPEED FEATURES
HM-6610 PROM 256x4 16 450ns Industry'sfirst CMOS
PROM. Combines
HM-6611 PROM 256x4 16 450ns benefits of low
active and standby
HM-6612 PROM 256x4 18 450 ns power, high noise
immunity and fast
access time
HM-6312 ROM 1024x12 18 350 ns Highest density
CMOS ROM avail-
able. Ideal for 12 bit
microprocessor
systems.
HM-6508 RAM 1024x1 16 290ns Bipolar RAM pinout
HM-6518 RAM 1024x1 18 290ns 6100 uP compatible
HM-6501 RAM 256x4 22 285ns Popular 5101 pinout
HM-6551 RAM 256x4 22 285ns Latched chip select
HM-6561 RAM 256x4 18 285ns 6100 uP compatible
HM-6562 RAM 256x4 16 285ns Smallest 256x4

RAM available.

A DIVISION OF HARRIS CORPORATION

CIRCLE 89 ON INQUIRY CARD



AROUND THE IC LOOP

Bubble, CCD, EPROM, and RAM Devices Expand Memory Market

Among the IC devices announced by
Texas Instruments Inc, PO Box 5012,
Dallas, TX 75222 were a 92k-bit
magnetic bubble memory; a 65k-bit
charge-coupled device memory; a 16k-
bit ultraviolet-light erasable, electrical-
ly-programmable read-only memory
(EPROM); a 4k-bit dynamic random-
access memory (RAM); and four 4k-
bit static RAMs. The bubble memory
is available now in sample quantities
at $200 each, while prototype quan-
tities will be available about mid-year
and production quantities will be
shipped by the fourth quarter. Proto-
types of the CCD have been supplied
and samples are expected to be avail-
able at $195 each by the time this
article is printed. Prototype or pro-
duction quantities of all the other
memories are now being shipped.

Bubble Memory

Microprocessor-compatible TBM0103
has first bit access time of 4 ms at
100-kHz operation. Cycle time is 12.8
ms for the 144-bit page and approxi-
mate power consumption is 0.5 W
for continuous operation over its 0 to
50°C range. Nonvolatile storage range
is —40 to 85°C,

Comprised of magnetic epitaxial
film grown on a gadolinium-gallium
garnet substrate, the chip contains
5-ym dia magnetic bubble domains.
Patterns of permalloy metal are de-
posited on the epitaxial film to define
the path of the bubble domains in
the presence of a rotating magnetic
field. As the field rotates, the bubble
domains move under the permalloy
pattern in shift register fashion.

Device architecture is major loop/
minor loop. Data bits are written into
and read out of the major loop; data
bits are transferred to minor loops
for storage. A total of 157 minor
loops, each consisting of 641 bubble
positions, results in a single chip
memory storage capacity of 100,637
bits. However, a maximum of any
13 of the 157 minor loops on the
chip is allowed to be defective.
Therefore, the minimum data capacity
of the remaining 144 good loops is
92,304 bits. Bubble control functions
such as generate, transfer in, transfer
out, replicate, and annihilate are

150

executed by providing current pulses
through the appropriate control ele-
ments on the chip.

The bubble memory is packaged
in a 14-pin DIL module measuring
10x 1.1 x 04” (254 x 28 x 1 cm).
The module contains a 92k-bit bub-
ble chip surrounded by two ortho-
gonal coils that provide the rotating
magnetic field, a permanent magnet
set, and a magnetic shield to protect
data from external fields.

Circle 350 on Inquiry Card

Charge-Coupled
Device Memory

TMS3064, organized externally as
65,536 1-bit words and internally as
16 addressable 4096-bit serial-parallel-
serial (SPS) loops, is fabricated by a
combination of 2-phase coplanar elec-
trode CCD structure with the stan-
dard double poly n-channel silicon-
gate MOS process. Use of ion implant
storage wells allows the simple 2-
phase non-overlapping clock. The
two clock and the chip-enable in-
puts can be driven by standard MOS-
level drivers.

All other inputs have 200 mV of
dc noise immunity when interfacing
with standard TTL. No pull-up re-
sistors are required. The 3-state out-
put will drive at least two standard
series 74, 74S, or T4LS loads without
the use of pull-up resistors.

Maximum data rate is 5M bits/s.
Maximum access time is 800 ps at
5 MHz. Typical operating power dis-
sipation is 300 mW at 5 MHz; stand-
by power dissipation is <30 mW.
Packaging is 16-pin ceramic DIL with
pin rows on 400-mil centers. Operat-
ing temperature range is 0 to 70°C.
Circle 351 on Inquiry Card

EPROM

A direct plug-in replacement that
doubles the capacity of the company’s
8k-bit TMS2708 and TMS27L08 as
well as other 2708s currently on the
market, one TMS2716 EPROM dissi-
pates less total power than most 2708s
with half the memory capacity. The
UV-light erasable device has the same
package and pin-outs, basic chip de-
sign and circuitry, and power sup-
plies and power requirements, and

fits into the same sockets as all exist-
ing 2708s.

Memory circuit organization is
2048 x 8. Maximum access and mini-
mum cycle times are 450 ns. Data
outputs are 3-state for or-tying multi-
ple devices on a common bus. Power
consumption is 375 mW typical.

Erasure results from exposing the
chip through the transparent quartz
lid to high intensity UV-light. Exist-
ing p/ROM-EPROM programmers
can be used. The DIL ceramic device
operates at from 0 to 70°C.

Circle 352 on Inquiry Card

4k RAMs

Dynamic RAM TMS4027 features
150-ns access time, 320-ns cycle time;
+10% power supply tolerance (12,
+5 V); 460-mW active, 27-mW
standby maximum power consump-
tion; common I/O capability; gated
RAS, RAS-only refresh, and page-
mode capabilities; TTL-compatible
inputs with low capacitance; input
latches for addresses, chip select, and
data in; 3-state TTL-compatible high
drive outputs; and output data latched
and valid into next cycle. Multi-
plexing/latching of address inputs
allows the n-MOS device to be pack-
aged in a 16-pin 300 mil-pin-row
DIP, reducing memory board space
requirements by 40% over 22-pin
packages.

Four full static n-MOS RAMs, desig-
nated TMS4044 and -4046 in 4096 x
1 and TMS4045 and -4047 in 1024 x
4 configurations, are available with
450-, 300-, 200-, and 150-ns maxi-
mum access times. All operate from
single 5-V supplies and are fully TTL-
compatible. A 3-state output and a
chip select permit simple memory ex-
pansion.

Typical operating power dissipa-
tion for 200-ns versions is <325 mW.
TMS4046 and -4047 series offer
power down with power consump-
tion of <10 mW. TMS4044 and -4045
are in 18-pin packages; -4046 and
-4047 are in 20-pin. All have fully
decoded direct addressing and are
available in plastic or ceramic DIPs
rated over a temperature range of
0 to 70°C.

Circle 353 on Inquiry Card
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Ask
CONTROL DATA for the new low cost,
problem-free OE}V/ companion to

Cartridge Disk Drives.

S b,

W

The CDC® Model 9414 “'Falcon"
Fixed-Media Disk Drive offers
6000- hour MTBF. And you can
pass the low-price-per-box
advantage on to your
customers! Available in
6 or 12 megabyte
capacities.

E’
Use the “Falcon” Fixed Media Disk
We o Drive in modules as your sole
=g | J ® Only four minor mechanical ad- memory source with low-cost cas-
have It. justments are possible —they sette or diskette input. Or, daisy
may never be needed. chain it into your present system
“Falcon” offers superior reliability ® No blower to make noise or use alongside more expensive remov-
(6000-hour MTBF) and maintain- energy. Instead, the oversized able-media drives.
ability. Here are just a few of the air filter and dynamic air flow But first, test evaluate it...compare
reasons why: design provide a generous air it with competitive drives. Whether
® No electrical adjustments any- supply—and greater reliability. large OEM or small, you'll discover
where in the unit! No operator @ Modular construction plus reli- you can offer incredible reliability
intervention needed; the entire able “Winchester”-type spindle at lower cost—and that's a good
unit is software activated. and carriage. offer any time!
mouss mees ey Ssieos Mo VSIS RSN RSNNGU RS SRTEST MNEM M oTuns SSSUM CSVRS WEANES WOERY PINGONS CSEKGG DMKV (SIS SN TSN NANESS SSAG DS oM AN SUOGM GRS AN GENGS] VG SONSTS HENLT GDUmcy GRS M Sy osssay
o AR Lo Siile, Maager Pradugt Saiee Ask the CDC OEM people |
l Tell me more about your OEM Falcon Fixed-Media Double-Density Disk Drive. I
o | e o 3 CONTROL DATA |
e o - e CORPORATION |
CITY e STATE__ ZIP AREA CODE ___ PHONE S I
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Interchangeable 4k/16k
RAMs Can Reduce Costs
of Systems Design

A family of interchangeable 4k- and
16k-bit dynamic random-access mem-
ory devices introduced by Intel Corp,
3065 Bowers Ave, Santa Clara, CA
95051 directly replace the industry
standard 16-pin 4k RAMs now used
in many production memory systems.
Electrical and logical compatibility
permits 4k and 16k RAMs to be
easily combined in memory systems.

Series 2104A are second-generation
versions of the company’s 2104 16-
pin, 4k dynamic MOS RAM, and can
replace the 2104 and similar RAMs
with up to a doubling of speed-power
performance and sharp reductions in
system noise problems. New 2116
types are improved versions of the
company’s 2116 16-pin, 16k devices
and older 16-pin, 4k RAMs with up
to a quadrupling of speed-power per-
formance as well as a quadrupling
of system storage density. Both use
single transistor storage cells and
unique circuit designs to improve
speed and minimize peak -current
transients which occur during each
operating cycle,

Maximum access times are down
to 150 ns for the 2104A and 200 ns
for the 2116. These operating speeds

are guaranteed over a wide power
supply tolerance of *=10% as well as
over the full temperature range of 0
to 70°C.

Power reductions allow average
power dissipations of microwatts per
bit to be achieved in memory sys-
tems. Typical power dissipations of
the 2104A are 240 mW active and
8 mW on standby.

Compatibility features include in-
dustry standard multiplexed address
inputs, 64-cycle refresh (plus an al-
ternative 128-cycle refresh for the
2116), industry standard 2-ms re-
fresh intervals, latched, 3-state data
output, page-mode as well as word-
mode access, on-chip latches for both
data and address inputs, +=10% tol-
erance on all three supplies, and
0.8-V low input maximum and 2.4-V
high input maximum to enhance
noise immunity. The devices are TTL-
compatible, including clock inputs.
Power reductions and wide supply
tolerance will generally allow older
RAMs to be replaced without chang-
ing power supplies while giving most
system producers the option of using
smaller, more economical power and
cooling subsystems. The family mem-
bers require less power than most
recently announced types and only
one-half to one-quarter as much
power per bit as earlier designs.
Circle 354 on Inquiry Card

Block Addressable CCD
Memory Aimed at
Bulk Memory Market

Samples of a 65,536-bit CCD memory
will be available during the second
quarter of this year from the MOS/
CCD Products Div of Fairchild Cam-
era and Instrument Corp, 464 Ellis
St, Mountain View, CA 94042, Pro-
duction quantities are scheduled for
later in the year.

Device CCD464m is organized
65k x 1. Its internal architecture
divides the memory into 16 blocks
of 4096 bits each.

Typical data rate is 5 MHz, with
average latency (retrieval time for an
average bit) of 400 us. Power dissi-
pation is <5 yW/bit in active mode
and <1 xW in standby. The device
is packaged in a standard 0.300”
(0.762 cm) 16-pin DIP,

Circle 355 on Inquiry Card

Quad Comparators
Meet Signal Detection/
Processing Needs

Two precision monolithic quad com-
parators, the HA-4900 and HA-4905,
introduced by Harris Semiconductor,
a division of Harris Corp, PO Box

152

883, Melbourne, FL 32901, offer 130-
ns response time with 5-mV over-
drive, 2.0-mV offset voltage, 10-nA
offset current, and no channel-to-
channel crosstalk for applications re-
quiring accurate, high speed, signal
level detection. The comparator can
sense signals at ground level while

being operated from either a single
5-V supply (digital systems) or from
dual supplies (analog networks) up
to =15 V.

Output stage logic levels are con-
trolled by two separate logic supply
pins so that the output levels can be
made compatible with any logic
family without the use of external
pull-up resistors. This effectively
separates input and output stage
ground lines and eliminates coupling
between analog and digital grounds
in combination analog and digital
systems.

HA-4900 operates from —55 to
125°C and HA-4905 operates over
a 0 to 75°C temperature range. Both
devices are available in 16-pin cer-
amic DIPs. 100-up prices are $11.25
for the HA1-4900-2 (military) and
$4.95 for HA1-4905-5 (commercial).
Circle 356 on Inquiry Card

Hermetic DIP Sample/Hold
Amplifiers Available
at Low Cost

Claimed to be the first complete 1-us
sample and hold amplifiers in DIPs,
12-bit accurate MN346 has an acqui-
sition time of 1 us for a 10-V step
and an aperture guaranteed to be
better than 60 ns. Offset voltage is
typically 3 mV including sample to
hold change without user adjustment,
and gain error is specified to be
better than #0.05% over the full oper-
ating temperature range, In addition,
power consumption is typically 640
mW from standard *+15-V supplies.

MN347 offers the same features
at lower cost for applications requiring
10-bit accuracy. Both devices are
available from Micro Networks Corp,
324 Clark St, Worcester, MA 01606
for both the 0 to 70°C commercial
and —55 to 125°C military operating
temperature ranges. MIL-STD-883,
Class B screening may be added for
high reliability applications.

Some other typical specifications
for the MN346 (MN347) are: gain
efror | at! 2252C, +0.02% max
(%£0.05%); droop rate at 25°C, 0.5
mV/us max (1.5 mV/ps); and band-
width, 1.4 MHz typ. Prices are $70
for the MN346 and $60 for the
MN347.

Circle 357 on Inquiry Card
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If you spend more than 20
minutes picking a PC. connector

It's your guide to the broadest line of Quick delivery.
printed circuit connectors made by any sin- And you can get your hands on our con-
gle manufacturer. We have just about every- nectors, too —in a hurry if need be. We keep
thing and in more combinations and more a large inventory; so do our distributors.
depth than anyone —more types of contact Our “Whatever-you-need-we've-got” department.
terminations, insulator materials, mounting As you can guess, we have a lot of tooling
styles, contact designs, types of plating. filed away. Our production engineers have
Send for our catalog. Browse through it a unique talent at taking an existing bit
and you'll discover that picking out the right of tooling, fiddling with it, and turning out a
printed circuit connector for your job is as “custom” connector that’s exactly what you
simple as it should be. need. Your extra cost is only a modest set-up

charge...along way from a full retooling cost.
Use the coupon.

..you don’t have this
catalog.

ks x ; ¢ :
I Ok Send mes: ] Your latest printed circuit connector catalog. ' I

[J...and your nearest rep. | want to talk to him about a
I partlculor problem | have.

NAME:

TITLE: TELEPHONE:

I COMPANY: B
ADDRESS:
I CITY: STATE:

- gViking

Viking Industries, Inc./21001 Nordhoff Street
I h

Chatsworth, CA 91311 US.A./(213) 341-4330/ DATACON DIVISION
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Bipolar Multipliers
Available For
Military/Commercial Uses

High speed bipolar multipliers in 8-,
12-, and 16-bit configurations for both
military and commercial temperature
range operation are now available
from TRW, 1 Space Park, Redondo
Beach, CA 90278. MPY-12 and -16
will be available in 64-pin ceramic
flat packages with built-in heat studs
as well as in standard 64-pin ceramic
DIPs with integrated heat sinks for
the military temperature range. The
130-ns MPY-8 will be supplied only
in a 40-pin ceramic DIP for both
commercial and military temperature
ranges.

In addition to the full mil-temp
range devices, the company will also
supply devices fully qualified to level
B of military specification 38510.
Prices for these fully qualified multi-
pliers will be quoted upon request.

The multipliers are bipolar, fully
TTL-compatible, LSI, 2’s complement
devices. MPY-16, a 16 x 16-bit par-
allel multiplier, operates at 160 ns
and is capable of performing over
5 million multiplications/s. The 12-
bit MPY-12 operates at 150 ns; and
the MPY-8, the 8-bit version, has a
typical multiply time of 130 ns.

Circle 358 on Inquiry Card

Extended Range ADCs
Meet Military
Performance Requirements

Series 873-15 TTL-compatible analog-
to-digital converters are designed for
military, aerospace, and other appli-
cations requiring high performance in
environmental extremes of temper-
ature, shock, vibration, and humidity.
Available off-the-shelf in a choice of
0 to 10, —10 to 10, and —5to 5 V
input voltage range from Beckman
Instruments, Helipot Div, PO Box
3100, Fullerton, CA 92634, all models
offer complementary straight binary
and complementary offset binary digi-
tal codes for both parallel and serial
data output,

They are hermetically sealed in
standard, 24-pin DIPs and offer 12-
bit resolution and =% LSB in 12
linearity over the full —55 to 125°C
temperature range. Gain drift is typi-
cally <#+10 ppm/°C, and gain drift

154

and offset error are externally ad-
justable to provide accuracy of
+0.012% full scale reference range
+% LSB quantizing error. Conver-
sion speed is 30 us. Power require-
ments are 15 and 5 Vde.

Each model in this series contains
three quad current switches, a thin-
film ladder/scaling/offset resistor net-
work, a dc reference with associated
ladder driver and reference control
amplifier, a comparator, and a succes-
sive approximation register. Price is
$185 each in 100-piece lots.

Circle 359 on Inquiry Card

Prices Reduced on
8- and 10-Bit DACs

Improved processing capabilities, in-
creased demand, and second source
availability have led to price reduc-
tions in a number of 8- and 10-bit
digital-to-analog converters produced
by Precision Monolithics Inc, 1500
Space Park Dr, Santa Clara, CA
95050. For example, 8-bit DAC-08Q,
-08EQ, and -08CQ now sell for $7.95,
$5.50, and $4.50 each, respectively,
in 100 to 999 quantities. MIL-STD-
883A, Class B device DAC08-883-Q
is now $10.50 in the same quantities.
DAC-03, a 10-bit device, sells now
for $7.95 to $18.00 depending on
capability provided.

Circle 360 on Inquiry Card

Analog I/0 Devices
Form Modular
Data Acquisition System

A modular data acquisition system
for the Micromodular family consists
of an 8-channel, differential-input
module called Micromodule 5A
(MM5A), a 16-channel, single-ended-
input module (MM5B), and a 4-
channel analog output module
(MMS5C). Analog input voltage range
of MM5A/B is =10 mV to *=10 V;
the input current range is 4 to 20 mA
or 10 to 50 mA (resistor program-
mable). Input impedance is 100 MQ;
amplifier gain range is 1 to 1000
V/V (resistor programmable). Both
contain input multiplexer, high gain
instrumentation amplifier, sample/
hold circuit, 12-bit ADC, timing/
control/address decode logic, and 5-

to =15-V dec-de converter. Through-
put accuracy is =+0.025% full scale
range (=10 V input); conversion
time is 33 ps (=10 V input). Sample/
hold aperture time is 30 ns; common
mode rejection ratio for differential
inputs is 74 dB (dc to 2 kHz).
Analog output range of the MM5C
is strap selectable for =10, 0 to 10,
+5, 0 to' 5; or £2.5 V (at 5 mA).
Impedance of the output is 1 Q;
output settling time is less than 10
us. Throughput accuracy is +0.0125%
full scale range. The device contains
four 12-bit hybrid DACs, a 12-bit
latch, address decode/write control
logic, and a 5- to *=15-V dc-dc con-
verter. Inputs of the DACs are double-
buffered to minimize output glitches.
All three are bus-compatible with
an EXORciser or Micromodule system
and operate over a temperature range
of 0 to 70°C. Unit price of each
module, from Motorola Semiconductor
Products, Inc, PO Box 20294, Phoenix,
AZ 85036, is $725.
Circle 361 on Inquiry Card

BIFET Op Amp
Prices Reduced

Substantial reductions in the prices
of its line of operational amplifiers
built using BIFET technology have
been announced by National Semi-
conductor, 2900 Semiconductor Dr,
Santa Clara, CA 95051. The 15 de-
vices in the series replace expensive
hybrid and module devices in such
applications as precision high speed
integrators, fast A-D and D-A con-
verters, high impedance buffers, log-
arithmic amplifiers, sample-and-hold
circuits, photocell amplifiers, and
amplifiers that combine wide band-
width, low noise, and low drift.

LF 156 series devices feature low
noise (12 mV/Hz), high slew rate
(12 V/us), wide bandwidth (5
MHz), and high input impedance
(102 Q). Average offset voltage is
<3 mV, and offset temperature drift
is typically 5 pV/°C. Offset adjust
does not degrade drift or common
mode rejection.

Typical new (old) prices, in 100-
piece lots, are: $3.50 ($8.50) for
—55 to 125°C temperature range
hermetic devices; $2.50 ($6.00) for
—25 to 85°C hermetic; and $0.75
($2.10) for 0 to 70°C epoxy.
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Single IC Incorporates
All Remote Control
Servo Amp Functions

Designed for remote control applica-
tions in digital proportional systems
as well as in many other closed loop
position control applications, the
NE544 linear circuit integrates all
the basic servo amplifier functions,
including the motor drive, into a
single IC. The circuit was developed
by Signetics, 811 E Arques Ave,
Sunnyvale, CA 94086 in cooperation
with several manufacturers of radio
control equipment to provide de-
signers with greater flexibility in
adapting amplifier performance to
their particular design needs while
keeping components count low.

The resulting device is a combined
servo amplifier and pulse width de-
modulator with internal motor drive
transistors. It incorporates a linear
one-shot for improved positional ac-
curacy and optional outputs for ex-
ternal motor drive transistors. Al-
though motor drive, deadband, and
minimum output pulse are integrated,
the device can be modified over a
wide range through the use of ex-
ternal transistors or padding resistors.

Design features include internal
voltage regulator for improved power
supply rejection, or highly accurate
monostable multivibrator, and adjust-
able deadband and trigger thresholds.
Operating characteristics are standby
power drain of typically <6 mA;
500-mA load current capability; maxi-
mum supply voltage of 6.0 V; and
high linearity, with 0.5% maximum
error.

Circle 362 on Inquiry Card

Second Source Available
for BIFET Op Amp

Intersil, Inc, 10900 N Tantau Ave,
Cupertino, CA 95014 has entered the
BIFET operational amplifier market
along with Texas Instruments and
Fairchild in second sourcing National
Semiconductor’s LF 155/156A/155A
and LF 355/356A/355A linear cir-
cuits. Prices for 100-999 quantities
are $2.50 for the LF 355 and 356,
$8 for the 155 and 156; $28 for the
155A and 156A; and $15 for the
355A and 356A. All devices are pack-
aged in TO-5 cans. O
Circle 363 on Inquiry Card

HOW DO YOU GET
ANALOG SIGNALS
INTO YOUR COMPUTER?

Using the new RAMP/
Scanner, you can con-
nect any combination
of thermocouples,
voltage signals or
current transmitter
signals directly to the
input panel. Use two
sets of twisted pair
wires to tie the RAMP/
Scanner into your com-
puter’s standard 20 ma current-
loop or RS232 port. You'll now
have two-way communication
between the RAMP/ Scanner
and your computer in
ASCII code. What could
be simpler?

INSTRUMENTS

The new RAMP/
Scanner features a
solid-state scanning
breakthrough, provid-
§ ing common mode
voltage capability in
excess of 250Vrms
continuous or 600V
peak - an auto-ranging
dual-slope integrating
DVM for high noise
rejection - selectable
serial transmission rates from 150
to 19,200 baud — and more!

Write or call Heinz Hoffmann
at (617) 275-0300.

15 DeAngelo Drive, Bedford, Massachusetts 01730
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Come to Toronto August 8-12

IFIP CONGRESS 77

Share a stimulating week with the world’s best computer scientists.

N
Ll

Here is a unique chance to see and
hear what’s happening on the
leading edge of the state of the art,
and to do it in a location that
combines the excitement of a big
city with the atmosphere of a
lakeside resort.

IFIP Congress 77 marks the first
return to North America in more
than 12 years for this triennial
gathering of the foremost informa-
tion scientists from around the
world. The Congress offers a full
week of stimulating information
exchange with developers and
users of the most advanced
computer techniques from some 35
countries.

As an attendee or as an exhibitor,

156

you can see or be seen in Toronto
this summer, where you'll find
charming medieval landmarks side
by side with such avant-garde
sights as the world'’s tallest free-
standing structure and the world
famous entertainment center,
Ontario Place.

It’s an ideal setting for this triennial
meeting of information scientists,
and you should plan now to be
there.

For your pre-registration informa-
tion kit write to:

Robert Spieker

Registration Chairman

U.S. Committee for IFIP Congress 77
c/o AT&T, 444 Hoes Lane
Piscataway, NJ 08854

201-463-2200

Exhibitors write to:

Gerard F. Chiffriller

American Federation of Information
Processing Societies, Inc.

210 Summit Avenue

Montvale, New Jersey 07645
201-391-9810

s

IFIP CONGRESS 77

IFIP Congress 77
International Federation
for Information Processing
U.S. COMMITEE FOR IFIP
CONGRESS 77

c/o The Bowery Savings Bank
110 East 42nd Street
New York, NY 10017
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DEC*® RC-11 and RF-11 fixed-head disc...and

Data General Novadisc® users:

Replace Fixed-Head Disc

with Dataram

Now, all the remarkable features of Dataram’s
BULK CORE memory system are available to youin
a unique storage peripheral with complete inter-
faces to emulate DEC and Data General fixed-head
discs.

Basic building block of this dramatic, new periph-
eral is Dataram’s BULK CORE module, which
provides 256 kilobytes of storage on a single board.
Eight of these modules can be packaged in a
standard 19" chassis to provide two megabytes of
storage.

To give you more of what you can’t get from fixed-
head discs. BULK CORE gives you microsecond-
range access time, high reliability, and greatly
improved maintainability. And at a price unheard of
for core or semiconductor memory. Until now.

Until Dataram made its BULK CORE memory

system plug-compatible with PDP-11 and Nova®

minicomputers. To provide:

= Access time 1/10,000 of FHD
u High Throughput

m Zero Error Rate = Non-Mechanical

u Self-Test for Fault Isolation = High MTBF/Low MTTR
m Hardware & Software Transparent = Low Power

= LED-spotlighted Fault Isolation = Parity Check

= 256 KB Modularity
= Non-Volatile

BULK

See
BULK CORE
at the
'77 NCC
Booths
1025-1029

Reasons enough to find out more about BULK
CORE. If you use a DEC or Data General mini-
computer—or any kind—and want to move ahead in
performance, move a BULK CORE into your
system.

PRINCETON-HIGHTSTOWN ROAD
"I‘ = LTS T NN cransuRy, NEw JERSEY 08512
MY SRRl RSl T61.609-799-0071 TWX:510-685-2542

I'd like to learn more about BULK CORE for my
O PDP-11 O Nova O
O Please send information.

[ Please have a salesman contact me.

Name

Company 0000000000000

Address

City ' State Zip -

O Please send me information about Dataram’s
ADD-ON/ADD-IN memory for minicomputers.

I |
I I
I I
I I
| |
I L I
I T . Phowe . . I
I I
I I
I I
I I
I I
I I
I I

DEC and PDP are registered trademarks of Digital Equipment Corporation
Nova and Novadisc are registered trademarks of Data General
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PRODUCT
FEATURE

Computer Display Monitor Combines

Benefits

of Both Storage and Refresh Graphics

Two technologies—integrated circuit
and cathode-ray tube storage—have
now been merged by Tektronix, Inc
to provide an OEM-configured 19-in
(48-cm)  storage-refresh graphics
monitor. The first offering in an
expected series, the GMAI10lA al-
lows storage of more than 8500
alphanumeric characters in over 3200
in (8100 cm) of vector.

Capability to combine refresh and
storage techniques enables use in
applications requiring high informa-
tion density with moderate user in-
teractivity. Modular nature of the
unit and a mix of performance, pack-
aging, and support options permit
tailoring by the OEM to meet a
number of performance and packag-
ing requirements of varied systems.

Operating Description

and Features

Three display modes—store, store-
refresh, and non-store—are provided.
In store all elements of the display
are stored on the screen; store-re-
fresh is a write-through mode; and in
non-store the effect of the storage
flood guns is disabled. The user can
write on the screen but the image is
not stored, essentially providing a
pure directed beam refresh mode.

158

Inclusion of a direct view storage
tube (DVST), previously supplied
by the company only on its end-user
graphics terminals and graphics dis-
play monitors as a pure storage de-
vice, permits display of high density
graphics at relatively low computer
overhead—since the image is stored
on the phosphor of the screen in-
stead of in memory. It also incurs
fewer time constraints in the devel-
opment of graphic programs.

However, it has also previously
had the disadvantage of necessitating
erasure of an entire image and re-
writing when editing was required.
This has been remedied by the write-
through capability which enables
both stored and refreshed informa-
tion to be stored simultaneously. The
technique slightly reduces electron
beam intensity at the screen so that
the user can write on the phosphor
without causing the image to be
stored. This is similar to a random
refresh screen.

Basic unit modules consist of CRT,
low voltage power supply, and card
cage—all mounted on a wireform
chassis. The CRT module can be
oriented either level or tilted back
15 degrees. Line voltage selection
can be made in the low voltage power

supply by moving internal jumpers.
High voltage power supply, Z-axis
amplifier, storage board, X- and Y-
deflection amplifier board, and
mounting slots for three additional
option boards are contained in the
card cage. Cables can easily be
threaded throughout the unit and
card cage.

Display functions are view, erase,
copy, center, non-store, write-through,
bright, defocus, and G-busy. All are
completely programmable and TTL-
compatible. X-Y inputs are analog
and the beam rests at center screen
with 0 V applied.

After 112 s of display inactivity,
a hold mode stores data at a low
brightness to extend storage time;
however, the view function switches
the display back to a full brightness
view mode when desired. Erase
causes a full screen erase, copy initi-
ates a hard copy when attached to a
printer, and center resets the origin
shifter that protects the CRT in ap-
plications of repeated overwrite oper-
ation.

Non-store permits the unit to func-
tion as an XY-directed beam display,
while write-through displays non-
stored information on the screen con-
currently with stored data. Bright and
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16 DATA LINES

X

Y

P-BUSY

Y

BRIGHT

STROBE

CHARACTER-VECTOR

WRITE-THRU

D-BUSY

GENERATOR
OPTION

D-BUSY

"I ECE

SPARE 2 RCV/2 DRVR >

USER’'S COMPUTER
BUS INTERFACE

VIEW

|

GMA101A
COMPUTER DISPLAY
MONITOR

ERASE

CENTER

DEFOCUS

NON-STORE

COPY

HCU

K

Example of hardware interfacing simplicity for GMA101A computer display monitor. Character/vector generator—
whether supplied by Tektronix or developed by the user—necessitates design by user of a digital interface for par-
ticular computer. All normally used signals, as shown, are TTL, negative true, with 74LS241 receiver/drivers.

defocus increase spot size and bright-
ness slightly when necessary. G-busy
is a signal that can be optionally se-
lected, in place of the Z-axis line, to
prevent the display from dropping
into hold mode. In addition, SLU
and D-busy status signals inform the
system whether or not another func-
tion is taking place and, therefore,
whether or not to send additional
data to the display.

A CRT anti-burn circuit prevents
damage to the phosphor if either X-
or Y-deflection is lost, and an auto
erase cycle wipes the screen clean 30
min after the last Z-axis pulse or view
initiate. This eliminates residual im-
ages and prolongs CRT life.

Several performance, support, and
packaging options are available. One
of the support options is a display
exerciser for use in designing the unit
into a system and for meeting inter-
facing requirements.

Specifications
Display size on the 19-in (48-cm)
DVST is 10.5 x 14 in (26.7 x 35.6

cm). Resolution is 80 picture ele-
ments/in (31.5/cm), 133 char/line

with 64 char lines. Stored dot writ-
ing time is <5 pus, stored vector writ-
ing rate is 3937 in/s (10 cm/ms),
and refreshed vector writing rate
(write-through and non-store) is 19,-
685 in/s (50,000 cm/s), 650 vector
inches max (1651 cm) at 30
frames/s. Viewing time is at least
15 min at specified resolution; erase
time is 1.5 s =20%.

Origin (X =0V,Y =0YV) of
the deflection amplifiers is center
screen +2%. Sensitivity of X-Y
inputs is long axis, *=5.00 V differ-
ential, 10 V pk-pk full screen; short
axis, 3.75 V differential, 7.5 V pk-
pk full screen; both =2.5% of long
axis. Max input voltage is 18 V (dc
+ peak ac); input impedance is
10 kQ paralleled by 70 pF. Full
screen bandwidth is 5 kHz (—3 dB) ;
slew rate (non-linear) is 5 us/cm;
and settling time is 10 us to within
one spot diameter.

Z-axis amplifier specifications in-
clude 50-Q input impedance, and
50-us rise time with current limited
to a 1-MHz continuous repetition
rate. Voltage level is TTL-com-
patible; LO true (strap selectable

to HI true); <O0.08-V turn on;
at least 2.0-V turn off.

Selectable input power require-
ments are 90 to 110, 108 to 132,
198 to 242, and 216 to 264 Vac
at 48 to 66 Hz. Temperature ranges
are 0 to 50°C operating, —40 to
65°C non-operating, at 90 to 95%
relative humidity (non-condensing)
per MIL-T-28800B. Altitude ratings
are 15,000 ft (4572 m) operating,
50,000 ft (15,240 m) non-operating.

Unit dimensions are 16.75” W x
24.00” L (4254 x 60.96 cm).
Weight is approx 90 1b (40.8 kg),
130 1b (59 kg) shipping.

Price and Delivery

A completely stripped down but
functionally operational version of
the GMA101A (only display tube,
power supplies, and X- and Y-deflec-
tion amplifiers) costs $4775. Units
will be available this month. Tek-
tronix, Inc, Information Display
Group, PO Box 500, Beaverton, OR
97077. Telephone: (503)638-3411.
See at NCC Booth 1354

For additional information circle
199 on inquiry card.
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Power Distribution to Minicomputer Systems
Is Programmable and Designed for Safety

Eliminating problems associated with powering computer systems,
the PowerMite MK I isolates the system from the outside world
and provides all voltages and currents required by the systems’
components, The cost-effective computer peripheral automatically
shuts down the system in case of emergency. The 25 x 30 x 30”
(63.5 x 762 x 76.2 cm) device is reprogrammable to provide
different power requirements. Capable of being specified from
5 to 45 kVA, the peripheral is completely shielded; it can accept
input voltages of 480, 460, 440, 240, 230, 220, or 208 Vac. Power
is fed to an electrostatically-shielded, computer-grade isolation
transformer with compensating taps on its secondary to adjust
for voltage variation. Up to 30 single-phase, 10 3-phase lines, or a
combination, can be run from the device. Output voltages are
3- or 4-wire and ground. Unit weighs from 250 to 500 1b (113.4
to 226.8 keg) depending on kVA rating. Computer Power Sys-
tems Corp, 3303 Harbor Blvd, Bldg H-5, Costa Mesa, CA 92626.

Circle 200 on Inquiry Card

Powerful Computer System Offers
Large-Scale Features at Minicomputer Prices

The 32/75 system, an entry into the high performance end of the
minicomputer market, has power and architectural features asso-
ciated with large-scale computers but is priced within the mini-
computer range. It combines a 26M-byte throughput with capacity
for 16M bytes of mapped main memory. With a word size of 32
bits plus four parity bits, memory has speeds of 600 and/or
900 ns. Expansion increments are 32k bytes at 600 ns and 64k
bytes at 900 ns. The 2.4M-byte/s regional processing unit sim-
plifies interfaces to complex devices, distributing many processing
tasks to the I/0O level. RAM is 4k x 32 bits and p/ROM is
2k x 32 bits. Instruction execution time is 150 ns. In complex
processing situations, up to 20 systems can share a common
memory pool. High speed floating-point hardware and writable
control storage are available as options. Software to handle
memory management hardware and I/0 controllers will be avail-
able with first deliveries. Systems Engineering Laboratories,
6901 W Sunrise Blvd, Ft Lauderdale, FL 33313.

Circle 201 on Inquiry Card

Reliable Keyboard Printer Operates at 1200 Baud for
Communications and Interactive Console Uses

The LS120 DECwriter III is a low cost, interactive hardcopy
serial data communications terminal designed for reliable and
flexible operation at 1200 baud. Field-proven subassemblies, as
well as a microprocessor-based controller board, are incorporated
in the device. Std features include a 180-char/s print rate; 110,
300, or 1200 baud plus additional operator-selectable rates up to
9600 baud; lk-char buffer to minimize throughput; EIA interface;
automatic “paper out” switch; last-character visibility; and self-
test capability. Printing is 132-col, 10 char/in (4/cm) horizontal,
6 lines/in (2.4/cm) vertical spacing. The 128-char u/lc ascit
set is impact printed with a 7 x 7 dot matrix. Featuring an ANsI
keyboard with multikey rollover, the terminal is compatible with
full- and half-duplex protocols. Options include a forms handling
package, communications package, APL alternate character set,
compressed font, and 300-baud integral acoustic coupler. Digital
Equipment Corp, Digital Components Group, One Iron Way,
Marlborough, MA 01752.

Circle 202 on Inquiry Card
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Before You Pay More For

Plug Gompatible Memory,

Gall The Memory Man

(800) 854-3792.

In Galifornia, (800

More Capacity for your
General Automation
SPC-16

PINCOMM® A gives you the
best, low cost core memory
for all SPC-16 models, in 8K
and 16K increments. An
18-bit module is also avail-
able for the SPC 18/30.

s MNDARD MEMOHIES has grown into a new name

Lower Cost Memories for
INTERDATA Models 50, 55,
70, 74, 7/16, 7/32 & 8/32.

PINCOMM “I” System, a
high quality 3 wire-3D core
memory, is perfect as an
add-on or replacement for
the INTERDATA processors.
32-byte increments. Parity is
standard. Proven reliability.

AN APPLIED MAGNETICS COMPANY

Zaals

1Y

Upgrade the Memory of
your DEC PDP-11

BUSCOMM® H-11 provides

a maximum capacity of
124K for the PDP-11 family
in 16K word increments.
Totally compatible with DEC

Unibus Interface. Simple

field expansion with off-the-

shelf 16K modules. Parity
option is available.

4327271,

Higher Reliability for the
Data General NOVA 2
Series

PINCOMM N is an ideal
Form, Fit and Function
replacement for the NOVA 2
Series. Provides expansion
in 16K increments.

PINCOMM & BUSCOMM are registered
trade marks of Standard Memories
Interdata, General Automation, Data
General, and Digital Equipment Corp
and their various model designations
are recognized registered trade marks

Applied Magnetics
Trendata

3400 West Segerstrom Ave.,
Santa Ana, CA 92704
(714) 540-3605 * TWX 910-595-1596

CIRCLE 95 ON INQUIRY CARD
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PUNCHED TAPE
READER/SPOOLER

The 2001-4 reader/spooler for numerical
and automatic machine control reads bi-
directionally at speeds up to 200 chars/s in
step or priority interrupt mode, and
searches and rewinds at 400 chars/s. The
unit can operate in loop or spool mode,
reading 5-, 6-, 7-, and 8-level tapes, up
to 0.0045” (0.0114 cm) thick, that are at
least 40% opaque. The 5.5” (13.97-cm)
reels can hold up to 600 ft (183 m) of
2.7 mil (0.0027”) tape. EECO, 1441 E
Chestnut Ave, Santa Ana, CA 92701.
Circle 203 on Inquiry Card

LINEAR IC
AUTOMATIC TEST SYSTEM

Designated LTS/5, the high speed system
is designed to test linear ICs, as well as
diodes, ADCs, and DACs. Power sources
are full V/I programmable as constant
voltage or current with forcing accuracy
of 0.1% and 0.05% measurement accuracy.
Numerical data can be converted with
16-bit accuracy in <40 us. Software sup-
ports up to eight stations. System uses a
PDP-11 and dual floppy disc unit. Video or
hardcopy terminal provides operator inter-
face and 300-line/min printer outputs test
results. Lorlin Industries, Inc, Precision
Rd, Danbury, CT 06810.

Circle 204 on Inquiry Card

ASCIll KEYBOARD ENCODER

Available in Archer Project-Board kit
form, the 63-key keyboard encoder features
repeat key to control characters and sym-
bols, a negative- or positive-going data
valid strobe, latch outputs, shift and shift-
lock capacity, and six extra control keys.
Unit has output . capacity rate of 833
char/min and repeat key rate of 208
char/min. External power source of 5
Vdc at 500 mA is required. Radio Shack,
a Tandy Corp Co, 2617 W Seventh St,
Fort Worth, TX 76107.

Circle 205 on Inquiry Card
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CARTRIDGE TAPE DRIVE

As a 440 System option dedicated to pro-
viding low cost dump/restore medium for
fixed disc storage, the 4455 high speed
tape cartridge drive uses a 4-track, 0.25”
(0.635 cm) wide magnetic tape in 3M type
cartridge case. Drive is enclosed in a 26 x
11 x 225" (66.04 x 27.94 x 57.15 cm)
free-standing cabinet. Device can store
5.76M characters and has a R/W speed
of 60 in/s (1524 cm/s) with a 3200-
bit/in  (1260/cm) recording density,
achieved with a double-density encoding
technique and a phase lock data separator.
Sycor, Inc, 100 Phoenix Dr, Ann Arbor,
MI 48104.

Circle 206 on Inquiry Card

HIGH PERFORMANCE
DC MOTORS

Motor for aerospace military and high
performance applications is rated for 1 hp
at 10,500 r/min, continuous duty, and 2
hp for intermittent duty. Available in
series, shunt, or compound wound ver-
sions, the 4” (10.16-cm) dia unit includes
large brushes and diamond turned com-
mutators for long brush life, and dy-
namically balanced armature assemblies
for extended bearing life. Wound armature
and fields permit field control of motor
characteristics and speed-torque outputs.
IMC Magnetics Corp, Eastern Div, 570
Main St, Westbury, NY 11590.

Circle 207 on Inquiry Card

4800-BIT/S MODEM

The self-contained 48 Micro data modem
operates at 4800 bits/s for use on point-
to-point and multipoint leased lines, and
dial networks. Incorporating a 12-bit micro-
processor for adaptive equalization, the
unit provides diagnostics, meets European
CCITT requirements, and is claimed to
offer the fastest acquisition time with its
Fast Pool option, available on the multi-
point version to minimize synchronization
of the receiver. A full-duplex 110-bit/s
asynchronous secondary channel is used
for transmission of diagnostics. Penril
Corp, Data Communications Div, 5520
Randolph Rd, Rockville, MD 20852.

PENRIL CORP

Circle 208 on Inquiry Card

BADGE READER MODULE

Featuring 12-digit (decimal or hex) data
capacity, buffered TTL outputs, 300-us
clock output pulses, and only one moving
part (limit switch), the Mark I is a
handdriven dynamic card reader. The unit
can read mag-stripe ID cards coded with
six to 12 BCD or hex digits, and having
up to 5 mils of polyester over the stripe.
The self-contained module consists of a
molded high impact resistant reinforced
plastic card guide to which the read head
amplifier PC board, card limit switch, and
read head are mounted. R D Produects,
Ine, 6132 Rt 96, Victor, NY 14564.

Circle 209 on Inquiry Card

MODULAR DATA
ACQUISITION SYSTEM

Model MP6912 is offered in 75-Hz  ver-
sions, replacing 30- and 60-kHz versions;
model MP6812 (30 kHz) has been reduced
greatly in price, as has the 100-kHz
MP6912. Both are self-contained modular
data acquisition systems consisting of in-
put multiplexers, high speed sample and
hold, and 12-bit ADCs. The MP6912 has
3-state bus outputs for easy interfacing to
standard microcomputers, Both feature
0.025% accuracy with low temperature
coefficients. Analogie Corp, Audubon Rd,
Wakefield, MA 01880.

Circle 210 on Inquiry Card

21-COLUMN PRINTER

The 300 series 2l-column digital printer
is a general-purpose, benchtop printer
which includes power supplies and com-
plete control electronics. Standard model
accepts up to 14 columns of BCD data and
is DTL/TTL-compatible. Incorporating the
Hermes-Precisa printhead, the device has a
life of 5M printed lines. Two-color printing
is accomplished on standard paper rolls, at
a rate of 3 lines/s. Up to 12 characters
can be selected to print in each column;
special characters and symbols can be
incorporated for a custom printing format.
Master Digital Corp, 1308-F Logan Ave,
Costa Mesa, CA 92626.

Circle 211 on Inquiry Card
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CPU BOARD/FRONT PANEL

Fully compatible with the S-100 bus, this
single board can replace the CPU board
and front panel of existing microcomputer
systems to achieve minicomputer perfor-
mance, or form the basis of a custom sys-
tem, using S-100 bus peripherals and a
motherboard. Two operating modes are
Slow Step™ which steps through the pro-
gram at a variable rate from lk to 65k
steps/min, and Control Halt™ which pre-
vents the 8080A CPU from shutting off
after a Halt instruction. A 12-pad key-
board and ten 7-segment readouts simplify
data logging and examination. Morrow’s
Micro-Stuff, Box 6194, Albany, CA 94706.
Circle 212 on Inquiry Card

LINE PRINTERS

Models 9325 and 9326 vprinters, furnished
with a 132-col print line, are rated re-
spectively at 250 lines/min using a 64-
char Asci font, and 180 lines/min using
a 96-char ascu font. Featuring belt print
mechanisms, units are plug-compatible with
the company’s printers, and may be added
to the System 99. Adaptive control logic
constantly monitors and adjusts lines for
maximum speeds, based upon character
content. Dual paper feed tractors are ad-
justable; max paper slew rate is 30 in/s
(76.2 cm/s). GRI Computer Corp, 870
Georges Rd, North Brunswick, NJ 08902.
Circle 213 on Inquiry Card

64K RAM BOARD

A fully-tested 64k RAM board meets S-100
computer interface specifications, including
those for Altair and Imsai units, and al-
lows memory addition up to 1024k bytes.
The 5 x 10” (12.7 x 25.4 cm) PC board
contains 64k bytes and has hardware pro-
vision for bank switching to add over 1M
bytes. It allows memory address to be set
in 8k-byte increments and provides hard-
ware-write protection in 16k-byte incre-
ments. Voltages are 12 at 300 mA, 5 at
750 mA, and —5 at 1 mA. Cycle time is
500 ns, with 400-ns access time, Extensys
Corp, 592 Weddell Dr, Suite 3, Sunny-
vale, CA 94086.

Circle 214 on Inquiry Card

REGULATED POWER SUPPLY

Supplying =15 V at =50 mA the model
22-40 regulated modular power supply is
claimed to be the smallest of its type. It
offers line and load regulations of *0.1%
and noise and ripple of <1 mV in a minia-
ture 6-0z (170-g) package. The unit mea-
sures 1 x 1.75 x 2.25” (2.54 x 4.445 x
5.715 cm) and has pins for PC board
mounting. Powered by 115 Vac, it can
operate over a temperature range of —25
to 70°C. Short circuit protection by fold-
back current limiting prevents damage
from continuous shorting of the outputs to
common, Calex Mfg Co, Ine, 3305 Vin-
cent Rd, Pleasant Hill, CA 94523.
Circle 215 on Inquiry Card

SMALL SYSTEM DISC DRIVE

Proximity recording, disc coating tech-
nique, and surface shield are the key fea-
tures of the 601 OEM fixed media disc
storage device designed for small computer
systems. ‘Storage capacities are 25M, 50M,
or 75M bytes, with a data transfer rate of
885k bytes/s, and an average access time
of 32 ms. An option provides 500k to
1000k bytes of fixed head storage. With
proximity recording, low mass (0.25 g),
low load (10 g) heads operate with disc
surfaces, allowing either horizontal or
vertical configuration. Memorex Corp,
San Tomas at Central Expwy, Santa Clara,
CA 95052.

Circle 216 on Inquiry Card

Thegraf/pen
sonicdigitizer:

it costs morebut
it'sless expensive.

It’'s true! Graf/Pen sonic digi-
tizers are the most economical way
to convert digital information into
BCD or binary coded form for use
with data processing equipment.
Digitize sections of blueprints, maps,
photographs, X-rays, strip charts,
rear projections, or stable CRT dis-
plays. Sonic digitizers can even be
used with three dimensional models
to calculate areas and volumes in
applications as diverse as computer-
aided drafting, land utilization stud-
ies, newspaper page make-up, map
making, medical research, and in-
ventory control.

Now there are digitizers on the
market that cost a bit less than the
Graf/Pen, but none of them can offer
the same long-term reliability and
host of options which make the Graf/
Pen continuously useful as your
processing requirements change.
From the simplest system for OEM’s
to the state-of-the-art microproces-

sor-based programmable digitizer,
Graf/Pens may be used with a solid
data tablet, movable L-frame or sen-
sor bar, or individually mounted mi-
crophones. Several stylus (pen) and
cursor options add to the Graf/Pen’s
versatility. And behind all of this
hardware stands ten years of sonic
digitizing experience.

Sure, you'll pay a little more, but
you'll find your Graf/Pen sonic digi-
tizer to be less expensive in the long
run, providing you with years of ac-
curate, trouble-free operation. Ask
us to tell you about sonic digitizing.
We began it all and we haven’t
stopped innovating yet.

"SCIENCE
ACCESSORIES
CORPORATION

970 Kings Highway West,Southport, Connecticut 06490
(203) 255-1526 Telex 964300
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WORD GENERATOR

MN-1 and MB-1 combine to provide a
high performance BERT which operates from
1 to 75M bits/s for use in testing com-
munications channels, twisted pair wires,
coaxial cables, or optical fibers. Transmit-
ter is the MN-1 data generator, which

generates six switch-selectable pseudo-
random sequences from 63 to >1M bits
long; receiver section is the MB-1 which
will synchronize its internal code gen-
erator automatically to the received se-
quence and make bit by bit error mea-
surements. Error measurements are dis-
played on a 4-digit LED display. Tau-
Tron Ine, 11 Esquire Rd, North Billerica,
MA 01862.

Circle 218 on Inquiry Card

UNIVERSAL
COMMUNICATIONS PRINTER

A  microprocessor-based communications
controller for the company’s series 2000
line printers emulates IBM, CDC, Univac,
Honeywell, Burroughs, or any other remote
print station. The 2000 is a 200-line/min,
132-col, multicopy data processing printer.
Interface provides synchronous or asyn-
chronous data transmission, full- or half-
duplex operations, point-to-point or multi-
drop, speeds up to 9600 baud, 1000-char
single or double buffering, full error cor-
rection and Ascir or EBCDIC code transmis-
sion. Unit is designed for heavy duty
continuous runs. Tally Corp, 8301 S
180th St, Kent, WA 98031.

Circle 217 on Inquiry Card

DATA DISPLAY
LOGGING DEVICE

The ready-to-use Datalogger 1000 with 10
channels is applicable for surveillance and
alarm as well as digital data logging. In-
terchangeable parameter modules provide
a variety of measurement capabilities. The
instrument furnishes a continuous display
of time, channel number, and measured
data to 20,000 counts (full 4% digits)
for instant visual analysis. Printout is 2-
color hard copy. Selection of ranges and
functions, as well as expansion to 100 chan-
nels, is possible. United Systems Corp,
918 Woodley Rd, Dayton, OH 45403.
Circle 219 on Inquiry Card

It pays
to shop
around!

Kept at the edge of starvation by
the seeming indifference of their
single-source mainframe manu-
facturer, Romulus and Remus were
forced into the free marketplace to
save their own lives! Not only did
they satisfy their needs, they discov-
ered, much to their surprise, a
greater variety and better pricing!

Learn from their experience! When
you shop around, you wil find that
DATUM guaranteed-performance
tape and disk systems are available
off-the-shelf. They also permit a
greater choice of peripherals and
afford great doliar savings!

Only DATUM has designed, built and
installed over 7000 controllers and
systems for so many different mini-
computers to interface with such a
variety of peripheral devices.

DATUM ART VIGNETTES

et £

Check thesetape-controlier features:
Triple-density NRZI formatting. Dual-
density PE/NRZI formatting. 200 ips
for all existing interfaces. Single-
source responsibility for all major
tape-drives.

Write today for specifications and prices.
Datum also manufactures cassette and
rotating memories, data acquisition
systems and fiming instrumentation.

Peripheral Products Division

1363 S. State College Bivd, Anaheim, CA
92806 = 714/533-6333 EUROPE: Datum
House, Cranford Lane, Harlington,
Middlesex, UK e O1-897-0456

(>
patuminc
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DATA INPUT PERIPHERALS

As table-top units that do not require a
controlled environment, the card reader
and paper tape reader/punch can be con-
nected to the company’s timesharing series
4000 and other terminals. The tab card
reader reads std 80-col tab cards punched
in Hollerith code, translating it into Ascix
communication code. The paper tape
reader and punch handles 5-, 6-, 7-, or
8-channel tape, including Mylar and Mylar
laminated. Speeds are selectable between
110 and 300 baud. Unit is suited to com-
puter-generated numerical control appli-
cations. Trendata, an Applied Mag-
netics Co, 610 Palomar Ave, Sunnyvale,
CA 94086.

Circle 220 on Inquiry Card

PCB CONNECTOR FOR
2-SIDED BOARDS

The PCB5 features bifurcated, cantilever
PC contacts to provide two contact points
for each circuit. Cantilever design cushions
board-to-contact mating, and allows fre-
quent removal and insertion of PC boards
without scoring printed circuit etching.
Contacts are arranged in rows of 18 on
each side of the connection socket, pro-
viding a total of 36 independent circuits
on 2-sided boards. Optional temperature
stabilization keeps contacts on each side
of the connector at the same relative
temperature using electrically insulated
copper bars in the connector molding.
Amerace Corp, Control Products Div,
2330 Vauxhall Rd, Union, NJ 07083.
Circle 221 on Inquiry Card

POWER REGULATOR

Designed to prevent malfunction and dam-
age caused by brownouts and other line
voltage irregularities, the minicomputer
regulator is also intended for use with
microprocessors. It is built around the
company’s sinusoidal constant voltage
transformer which corrects for voltage
dips and surges. Available for 60-Hz single-
phase operation, four models have max
ratings of 500, 750, 1000, and 2000 VA,
with nominal output of 120 V; five have
ratings of 3000, 5000, and 7500 VA, with
outputs of 120/240 V. Sola Basic In-
dustries, Sola Electric, 1717 Busse Rd,
Elk Grove Village, IL 60007.

Circle 222 on Inquiry Card

COMPUTER DESIGN/MAY 1977



CASSETTE RECORDER

Capable of accepting and transmitting RS-
232-C data at up to 9600 baud, the 3783HV
read/write recorder is a complete stand-
alone system containing a patented high
speed continuous transport, control circuits,
_buffer cards, vART card, power supplies,
front panel controls, and I/O connectors.
With a storage capacity of up to 150k
characters/300-ft (91.44-m) cassette, the
unit has four baud rates, a search and re-
wind speed of 100 in/s (254 c¢m/s), and
an error rate of 1 bit in 10”. In parallel
mode the throughput rate is 1000 words/s.
Memodyne Corp, 385 Elliot St, Newton
Upper Falls, MA 02164.

Circle 223 on Inquiry Card

BAUD RATE CONVERTER

BRC 1200 allows any 10- or 30-char/s
RS-232-compatible Ascir  terminal with
magnetic paper tape, or electronic storage,
capable of 120-char/s operation to com-
municate at 1200 baud. Data may be
recorded offline at the lower rate, then
connected to the host computer via a
1200 baud full-duplex modem. A 256-
char receiving buffer permits sign-on
messages and handshaking interaction be-
tween the host computer and the terminal
keyboard/printer. High speed transmission
can then occur between the host computer
and storage device. Buffer control is also
available. Western Telematic, Ine, 3001
Red Hill Ave, Costa Mesa, CA 92626.
Circle 224 on Inquiry Card

1200-BAUD MODEM

Providing full duplex 1200-baud operation
over unconditioned lines, the 212 allows
1200-baud synchronous operation, asyn-
chronous operation at 1200 baud, or any
integral submultiple rate such as 300 or
600 baud. Full-duplex transmission is
achieved using the modulation technique
standard to the 2400-baud Bell series 201.
Both bandwidth and speed are halved to
create two 1200-baud frequency bands.
The station originating a call transmits on
one band and receives on the other while
the answering station operates in the re-
verse mode. ComData Corp, 8115 N
Monticello, Skokie, IL 60076.

Circle 225 on Inquiry Card

MULTICOLOR
GRAPHIC DISPLAY

The 2 x 2” (5.08 x 5.08 cm) LEDscreen™:
display contains 1000 LEDs/in® (155/cm?®)
to rapidly change and create any multicolor
graphic display. Less than 0.25” (0.639
cm) thick including pins, and weighing
2 oz. (56.7 g), the solid-state display has
no filament to burn out and can with-
stand military shock, vibration, and other
harsh environments. Display is limited only
by its resolution of up to 50 lines/in
(19.7/cm) ; it can show any pattern the
CRT creates, with an illusion of smooth,
continuous motion. Integrated Micro-
systems, Ime, 1215 Terra Bella Ave,
Mountain View, CA 94043.

Circle 226 on Inquiry Card

PDP-8 COMPATIBLE
ADD-IN MEMORY

The 8k-word, nonvolatile, plug-compatible
add-in memory for the PDP-8/A, /E, /F
or /M requires only 0.6 A maximum at 5
Vdc and provides the user with additional
Omnibus® slot space and power to drive
peripherals. A 4k-word configuration board
is also available. The memory achieves im-
proved reliability through extremely low
power levels and fewer components. Pre-
dicted MTBF is over 60k h or 6.5 years
of continuous operation. Monolithie Sys-
tems Corp, 14 Inverness Dr E, Englewood,
CO 80110.

Circle 227 on Inquiry Card

21MX COMPATIBLE
ADD-IN MEMORIES

Add-in double-density memory storage
cards for use with the H-P 21MX and
21IMXE family of computers have a ca-
pacity of 16k words of 17 bits each, and
are completely compatible with the H-P
systems models 2105, 2108, 2112, and 2113,
The NS-21 boards are used with a com-
pany control card or with the 21MX series
control card; one card can communicate
with up to 12 16k memory storage cards,
for a total storage capability of 192k words.
Also available is a depopulated 8k version.
National Semiconductor Corp, 2900
Semiconductor Dr, Santa Clara, CA 95051.

MICROPROCESSOR
CORE MEMORY SYSTEM

The Micro 3800, an 8k x 16 random ac-
cess core system, interfaces with National’s
Pace for applications where nonvolatile
memory is required in programmable pro-
cess controllers, Complete with timing, con-
trol, decode drive circuitry, and address/
data registers on an 8.5 x 11”7 (21.59 x
27.94 ¢cm) PC card, the memory is designed
to mount on 0.75” (1.905-cm) centers. The
system features a 400-ns access time, and
operates from unregulated voltages typical-
ly encountered in industrial environments.
It requires inputs of =15 and 5 V. Elec-
tronic Memories & Magnetics Corp,
12621 Chadron Ave, Hawthorne, CA 90250.
Circle 228 on Inquiry Card

recently completed study.

In production systems

microFORTH®
The High-Level Language For
Microprocessor Deveiopment
Systems

microFORTH will Simultaneously:
Slash Software Development Time Up to 90%

Users find that software development time is cut from three to ten times. Save
important development time and money beginning today! Write for results of a

Slash Memory Requirements Up to 90%

On development systems — microFORTH’s operating system provides powerful
interactive high-level capabilities and runs independently of any other system in less
than 8K plus diskette. Compare with Intel’s PLM, requiring 64K plus diskette!
microFORTH produces programs 50% smaller than
assembler code, 60-90% smaller than PLM or other high-level languages!

Produce Transportable Programs

High-level microFORTH is processor independent! This gives you a new flexibility in
choosing microprocessors; you can change later without extensive re-programming.

Cut Run Time By 60%

microFORTH runs several times faster than other high-level languages. This speed
difference can be critical in your present or future microcomputer applications

The microFORTH software price including Primer, Technical Manual and telephone
Hot Line consultation is $2,500.00 plus options.

For further information on microFORTH and applications, call or write:

815 Manhattan Ave., I\/I—anhattén Beach, CA 90266

2.
(213) 372-8493
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From Genisco
leaders in the
resolution
revolution...

1024 X 1024 digital
raster displays

for under $17K!

Genisco’s GCT-1024 — the first high per-
formance ultra-high resolution digital graph-
ics display system available on a production-
run basis — now takes the ‘“‘stair step”
appearance out of raster displays, to mini-
mize distortion and give much greater density
detail. What's more, it's the first system of
such magnitude priced at less than $17,000*
including a 21” monitor.

High Speed Graphics Manipulation A propri-
etary programmable microprocessor provides
51 mnemonic instructions — specifically
designed for graphics manipulation — at
150ns cycle times. MOS/RAM refresh
memories.

Field Proven Versatility Proven performance
worthiness in a number of stringent-usage
functions like: command and control process
simulation, automatic data reduction, map-
ping, war gaming, crystallography, etc. And
it is compatible with standard high-resolu-
tion monitors.

Expandable User-oriented options and ac-
cessories lets you go ‘““on-line” at minimal
cost and upgrade as needed. Included are:
grey-scale video look-up tables, graphic
tablets, keyboards, cursors and joysticks.
You can even opt for systems with up to 16
grey scales.

So, when you want high resolution graphic
displays at economically feasible costs, con-
tact Genisco Computers, 17805-D Sky Park
Circle Drive, Irvine, CA 92714, (714) 556-
4916 . . . and ask for all the particulars.

*Price in volume production quantities

GENISCO
COMPUTERS

A division of Genisco Technology Corp.
CIRCLE 99 ON INQUIRY CARD

PRODUCTS

COLOR VIDEO GENERATOR

Designed for use with DEC PDP-11 com-
puters, model 11 color graphics video gen-
erator is configured as two quad size boards
which plug directly into a DD-11 back-
plane and operate at main memory speed
for fast video update. Unit features std
Asci  alphanumerics, paint-up/down bar
graphics, reverse video, blink, and 128
microprogrammable (patent pending) sym-
bol graphics. Foreground/background se-
lection in any of eight colors may be made
on a char-by-char basis. Industrial Data
Terminals Corp, 1550 W Henderson Rd,
Suite 176E, Columbus, OH 43220.

Circle 229 on Inquiry Card

ILLUMINATED
ROCKER SWITCHES

Designed for snap-in mounting, these 3-
position switches are available in either
spdt or dpdt models with a variety of
contact configurations. Rated at 5 A with
resistive load at 120 Vac or 28 Vdc; 2 A
at 250 Vac, they accept a midget screw
base lamp bulb, size T-1% and 134. Actu-
ator lens is removable from the front for
easy bulb replacement, and a separate
lamp circuit provides added flexibility.
Lens colors are white, red, orange, yellow,
and green. Raytheon Co, Distributor
Products Operation, Fourth Ave, Bur-
lington, MA 01803.

Circle 230 on Inquiry Card

PORTABLE MODEM TESTER

The self-contained 7914B simulates data
communication control functions, evaluates
system performance, and isolates equip-
ment failures. Testing either synchronous
or asynchronous modems in simplex, half-
duplex, or full-duplex mode, the unit
determines overall condition of a data
channel consisting of a telephone line with
a modem at each end. The tester trans-
mits a 511-bit pseudo-random test pattern
and measures the bit error rate of the
received signal. A 2-digit display indicates
the bit error count up to 99 and another
shows when it exceeds 99. Tele-Dynamics
Div of Ambac Industries, Ine, Fort
Washington, PA 19034.

Circle 231 on Inquiry Card

MINIATURE
SPARK GAP SOCKET

Type 546, a 7-pin socket with a spark
discharge device, prevents damage to CRTs
from voltage surges and circuitry break-
down. The device mates with Jepec E7-91
tube base having 0.040” (0.10 cm) di-
ameter pins on a 0.375” (0.95 cm) pin
circle. If desired the socket is available
without the spark gap. Spark or arc gap
material is UL/FR approved copper clad
laminate and never needs replacing. Mold-
ed thermoplastic socket material is also
UL/FR approved. Connector Corp, 6025
N Keystone Ave, Chicago, IL 60646.
Circle 232 on Inquiry Card

DOT MATRIX PRINTER

Powered by a single 12 Vdc supply, the
DX486 produces up to 40 columns of
alphanumeric or graphic information.
Characters are 0.11” high x 0.08” wide
(0.28 x 0.20 cm) using a 7 x 5 matrix.
Printer produces 40 characters in a 4”
(10.16 cm) space on 4.5” (1143 cm)
paper, with a reversible ribbon. Two addi-
tional copies can be made using self-acting
paper or carbon. Paper advance allows con-
tinuous printing of dots, one under the
other for producing graphics. Amperex
Electronic Corp, Hicksville Div, 230
Duffy Ave, Hicksville, NY 11802.

Circle 233 on Inquiry Card

INDUSTRIAL
SHAFT-ANGLE ENCODER

The EN 100 encoder continuously measures
the angular position of machine shaft and
produces both BCD digital and analog
output representing shaft angle and ve-
locity, respectively. Device employs track-
ing converter with type II servo loop and
high level CMOS logic for absolute posi-
tion measurement for input rates to 100,000
counts/s. An 11- to 17-Vdc main supply
and a logic supply are required with total
power consumption of 33 mW typ. ILC
Data Device Corp, Airport International
Plaza, Bohemia, NY 11716.

Circle 234 on Inquiry Card



LOW PROFILE DIP SOCKETS

Containing from four to 116 pin sockets,
the 0.125” (0.318-cm) DIPs have a header
body made of FR-4 glass epoxy, offering
UL acceptance as well as withstanding
acids, fluxes, and cleaners. DIPs withstand
the same heat, moisture, electrical, tensile,
elongation, and other requirements as the
PC board. The 800 series offers precision-
machined wirewrap sockets or dummies,
solder tail posts, solder cup, feed-through
and bifurcated pins in gold plate over
nickel plate or electrolytic tin plate. Excel
Products Co, 401 Joyce Kilmer Ave, New
Brunswick, NJ 08903.

Circle 235 on Inquiry Card

DC-DC REGULATED
CONVERTERS

Series L regulated dc-dc converters are
available in single and dual outputs, 3 W
out. Power supplies come in several output
voltages (fixed =1%) and load currents.
Low weight ( <100 g) enables onboard
applications. Features include input filter-
ing and a short circuit protection. Specs
include 150-Vdc isolation (input to out-
put) ; 60% typ efficiency, low Ein; 100%
encapsulation; *0.05% line regulation;
*0.2% load regulation; and —55 to 100°C
storage temperature. Wall Industries Inc,
175 Middlesex Tpk, Bedford, MA 01730.
Circle 236 on Inquiry Card

LINEAR MOTION MOTOR

A permanent magnet synchronous or step-
per reversible motor, the model LA is
suitable for applications requiring accurate
linear motion. Specs include thrust, 10
1b; thread, 0.25” (0.635 cm) dia, 8” (20.32
cm) length, standard Acme thread, 16
threads/in (6/cm). Case length is 2.125”
(54 cm), diameter 2.375” (6.03 cm).
Synchronous operation is 0.3125 in/s (0.794
cm/s). The unit is available with bifilar
coils for stepper applications providing
768 steps/in (302/cm). Voltage is 115
Vac, 60 Hz, 7.5 W, with reversible rotation.
Hurst Mfg Corp, PO Box 326, Prince-
ton, IN 47670.

Circle 237 on Inquiry Card

PROCESS CONTROL
D-A CONVERTERS

A series of D-A signal converters can be
customized in OEM quantities for process
control applications requiring temperature
and long term stability. Providing medium-
to-high resolution, CY2547 and CY2647
offer 2- and 3-digit BCD, respectively;
CY2047, CY2147, and CY2247 offer 8-, 10-,
and 12-bit resolution, respectively. Std fea-
tures include stable thin film resistor net-
works, guaranteed monotonicity, linearity
of =1 LSB from 0 to 70°C, (¥% LSB at
25°C), low scale factor drift, low zero
offset drift, and DTL/TTL compatibility.
CPS, Ine¢, Converter Products, 722 E
Evelyn Ave, Sunnyvale, CA 94086.

Circle 238 on Inquiry Card

LINE SURGE PROTECTOR

Defense of sensitive electronic equipment
from destructive line voltage surges and
spikes is provided by the ac line surge
protector. This unit contains a surge sup-
pressor which absorbs energy from tran-
sients that exceed the protection level, and
a ferrite filter which suppresses spikes and
transients that fall below the level of the
protector. Power line hash, glitches, and
interference are reduced to a minimum.
Models are available for 20-A loads on
117-Vac branch circuits, 2- and 3-pin.
Dyma Engineering, 213 Pueblo Del Sur,
PO Box 1697, Taos, NM 87571.

Circle 239 on Inquiry Card

WAVEFORM AND
DATA ANALYSIS SYSTEM

The N12001A waveform and data analysis
system is an expanded version of the pro-
grammable, digital oscilloscope with addi-
tional capabilities of nine added frequency
domain operators, and 17 additional di-
rectly addressable, operable, and display-
able floating point registers. Five transcen-
dental operators are also available, as well
as a statistics package with linear regres-
sion, mean, and standard deviation; and
cursor search routines for searching left
and right. Norland Instruments, Norland
Dr, Fort Atkinson, WI 53538.

Circle 240 on Inquiry Card

DOT MATRIX
IMPACT TABLE PRINTER

Presenting flexible symbol-generating ca-
pabilities, design simplicity, easy inter-
facing, and low noise, model 7022T printer
features 22-col capacity at 12 char/in
(4.7/cm), 1.58 lines/s, 1.86” (4.72-cm)
print line capacity, and top of form
sensor option, and accepts multicopy forms
up to 0.015” (0.38 mm) thick. Unit uses
printing element of seven print solenoids
and wires; external electronics generate
print pulses to solenoids to form char-
acter fonts and densities, Max size is
6.4 x 6.85 x 4.62” (16.26 x 17.40 x 11.73
cm). C. Itoh Eleetronics, Ine, 280
Park Ave, New York, NY 10017.

Circle 241 on Inquiry Card

Readers, Punches and
Combination Reader/Punches
are offered in over

20 standard configurations.

Paper Tape/Edge Punch Card
Punch (50-60 cps)

Paper Tape/Edge Punch Card
Readers (50 cps)

Reader (50/150/250 cps)
Punch (60 cps)

All made in U.S.A.

Combination Paper Tape Reader/Punch

MODEL 514 >
RACK MOUNTED
12" x19” x 102"

MODEL 518
DESKTOP
14%2" x 15” x 92"

Parts Availability, Interface Documentation,
Servicing Documentation, In-Plant Service,
High Reliability and Cost/Performance assured.

NCC—BOOTHS #1000-1002

for full details, write or call

SWEDA INTERNATIONAL
Litton QEM Products

34 Maple Avenue, Pine Brook, N.J. 07058/(201) 575-8100
IN U K. — ADLER BUS. SYSTEMS/OEM PRODS, Airport House, Purley Way, Croyden, Surrey, England
IN FRANCE — SWEDA INTERNATIONAL/OEM, 103-107 Rue de Tocqueville, 75017 Paris, France

MODEL 1560
COMBINATION
READER/PUNCH
16" x 16” x 10%2"
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REAL TIME
SYSTEMS
ENGINEERS

The candidates will review, analyze
and propose requirements for com-
mon Real Time system processor
communications and peripherals for
retail products. They will interact
with other corporate and divisional
groups for corporate commonality.
They will provide consultation to the
system/product designer on indus-
try standards interpretation and ad-
herence needs. Generates guidelines
on communications and peripherals
usage in Retail Systems.

— Be the pioneer in NCR’s Elec-
tronic Funds Transfer System Ap-
plication

— Generate guidelines for NCR's
retail data communication net-
work products

From 3-10 years experience with a
BS in Electrical Engineering, Sys-
tems Engineering or Computer Sci-
ence is required; and MS is desir-
able.

Knowledge of one or more of ANSI
(ISO) standards on communications
cassette, Disk, File formats, periph-
eral interfaces, code SETS and E.F.T.
is very desirable.

We invite your consideration at your
earliest convenience.

Robert W. Donovan
Terminal Systems
Division — Cambridge
NCR Corporation
Cambridge, Ohio 43725
614/439-0291

N CR

An Equal Opportunity Employer
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SWITCHABLE INTERFACE
OPTION FOR CRT TERMINALS

Allowing external switch-selection of either
RS-232 or 20-mA current-loop interface,
option for the company’s 2480 terminals
allows only one interface to be enabled
at any time, depending on the setting of
the switch. If the RS-232 interface is
selected, input and output current loops
are maintained through the AUX1 con-
nector, but the terminal will not accept
data from or send data on the current
loops. If the 20-mA intetface is selected,
RS-232 outputs RTS and DTR remain at
space, but data output is held at mark
and data input is ignored. Ann Arbor
Terminals, Inc, 6107 Jackson Rd, Ann
Arbor, MI 48103.

Circle 242 on Inquiry Card

ASYNCHRONOUS MULTIPLEXER

Each of the 16 I/0 channels includes nine
status indicators for monitoring system
status of the PI 510 multiplexer. Functions
monitored include data in, data out, and
std control signals for 103 and 202 series
data sets. The device is functionally equiv-
alent to and software-compatible with
DEC’s DH11 with modem control. Built-
in fault indicators identify failed channel
modules. Modem interfaces are available
at mixed rates to 9600 bits/s. Infotron
Systems Corp, 7300 N Cresent Blvd,
Pennsauken, NJ 08110.

Circle 243 on Inquiry Card

HEX BREADBOARDS

A line of breadboards in the hex pattern
is designed for compatibility with DEC
PDP-11 and -8/A minicomputers, to fa-
cilitate development and expansion of
mini-based systems. The boards are all
FR-4 glass epoxy with electroplated solder
circuits and gold connector tabs. A variety
of configurations and options are available
including extender boards with sockets,
wirewrap boards, breadboards for IISI and
SSI use, and I/O transfers. Douglas
Electronics, Inec, 718 Marina Blvd, San
Leandro, CA 94577.

Circle 244 on Inquiry Card

DYNAMIC
MEMORY BURN-IN SYSTEM

Designed for high density burn-in of all
memory and microprocessor devices, dy-
namic systems and device trays can also
perform static burn-in concurrent with or
exclusive of dynamic burn-in. Each system
includes power supply and control console
with integral system fault interlocking cir-
cuits. Feedthrough backplane allows device
trays inside the oven to be interfaced
directly to exerciser cards outside the oven.
Since cards and devices are in close prox-
imity, signal paths are short and signal
integrity is maintained. Wakefield-Sys-
tems, a div of Wakefield Engineering,
Inc, Wakefield, MA 01880.

Circle 245 on Inquiry Card

MULTIPLE-p/ROM
PROGRAMMING SYSTEM

Based on the DCE-2 microprocessor, DCE-
MPRG simultaneously programs ten 2708
EPROMs in 200 s. Full paper tape
I/0 and memory commands include in-
structions for production programming and
for data manipulations. Microprogram
automatically performs compare operation
after programming and lists errors if any.
2k EPROM and 2k RAM are available
to the user for use in implementing custom
functions. N. V. Data Applications
International S. A., Dreve des Renards
6, Bte 8, 1180 Bruxelles, Belgique.

Circle 246 on Inquiry Card

LOW FREQUENCY
CRYSTAL OSCILLATORS

Low cost versions of crystal oscillators
operating at 10, 32.768, and 100 kHz are
claimed to be the only ones that can be
packaged in TO-5 cans. The oscillator
includes a company crystal, chip CMOS
amplifiers mounted on thinfilm sub-
strate, chip capacitors, and resistors., Sup-
ply and calibration voltages for the
LQXO0-3 are both 5 =0.5 Vdc. Supply cur-
rent required at 250-kHz and 5-V cali-
bration voltage is 150 wA into a 10-pF
and 10-MQ load. Shock resistance is 1000 g
for 1 ms with 0.5 sinewave shock input.
A tuning fork configuration of the crystal
provides ruggedness. Statek Corp, 512 S
Main, Orange, CA 92668.

Circle 247 on Inquiry Card
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DISC PROTECT
SYSTEM

For use on Wang and Diablo disc-based
systems, model 22 disc protect system al-
lows users to protect either fixed and/or
removable portions of the disc drive, or
through switch selection, a given data
field beginning at any user designated
address. Unit responds with an error
message when attempt is made to write in
protected field. It utilizes the disc drive
power supply, thus eliminating the need
for additional power supplies. Bytek, Ine,
PO Box 1413, Nashua, NH 03061.

Circle 248 on Inquiry Card

SINGLE MODULE
12-BIT DAC

The low cost DAC-DG 12B consists of a
digital input register, 12-bit current DAC,
stable zener reference circuit, deglitching
switch, and an output op amp in a 4 x 2
x 04” (10.16 x 5.08 x 1.016 cm) module.
Voltage output gives a 10-V change to 1
LSB within 600 ns and to 1% within
250 ns. For changes of =4 LSBs the time
is 100 ns with an update rate of up to
10 MHz. Max output glitch amplitude is
%2 LSBs and glitch voltage-time area is
250 mV/ns, Three output ranges are 0 to
=10 V, =5 V, and =10 V. Two models
accept complementary binary and offset
binary coding, or 2’s complement coding.
Datel Systems, Inc, 1020 Turnpike St,
Canton, MA 02021.

Circle 249 on Inquiry Card

ENVIRONMENT-SEALED
SWITCHES

Available in 500 std variations H11 series
switches feature a building block approach
to switch expansion, allowing custom de-
sign by choice of header type, circuit
arrangement, actuator style, termination
configuration, and wire lead length. Con-
sisting of small basic switches enclosed
in a sealed cylindrical tube with a threaded
mounting bushing at one end and wire
leads or connectors at the other end, de-
vices are rated at 28-Vdc and 24-A inrush,
4-A motor, 7-A res, and 4-A ind. Temp
range is 65 to 185°F. Control Switch, a
Cutler-Hammer Co, 1420 Delmar Dr,
Folcroft, PA 19032.

Circle 250 on Inquiry Card

SPECTRUM ANALYZER

Combining four capabilities in a single
instrument, FFT 512/S series III is a
real-time narrow-band spectrum analyzer
covering the 0- to 100-kHz range. It also
performs 14- and full-octave analysis, both
implemented by banks of precise digital
filters, and provides tunable rms voltage/
power measurements displayable as V rms
(V rms)® and db V (relative to 1 V or
to a selected reference). This combination
enables the unit to provide 27 modes of
operation. Analysis ranges are selectable
from dc-20 Hz to dc-100 kHz, and input
signal range is from 0.33 uV to 32 V rms.
Rockland Systems Corp, 230 W Nyack
Rd, West Nyack, NY 10994.

Circle 251 on Inquiry Card

BAR CODE READER

Plug-compatible with most CRTs and other
asynchronous communications terminals,
the model 9210 offers dual connectors for
ease of interface to allow tandem oper-
ation with any online RS-232-C equipped
terminal. External switches allow selection
of baud rate, parity, and half- or full-
duplex mode. The unit is compatible with
bit serial rates from 110 through 9600
baud. The Ruby Wand® lightpen reads
bar codes, bidirectionally scanning them
at 3 to 50 in/s (7.62 to 127 cm/s). Mes-
sages of 32 char (std) or 64 char (option-
al), can be read. Interface Mechanisms,
Ine, 5503 232nd St SW, Mountainlake
Terrace, WA 98043.

Circle 252 on Inquiry Card

DELTEC :
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ELIMINATE NOISE
PROBLEMS WITH DELTEC’S

COMPUTER
POWER
CONDITIONER

5 KVA FOR LESS THAN $1,500

Only One Computer Power Conditioner Eliminates All Noise Problems.

Noise on a computer power line causes data and memory loss as well as
mysterious crashes and errors. This noise can pass through voltage reg-

ulators and dedicated power lines.

Deltec DLC Series computer power conditioners eliminate noise and
regulation problems. Unique shielding provides 120 dB (1,000,000:1)
reduction for: Transients—Voltage Spikes—Ground Loops—Line Noise
caused by RF1 or EMI (radiated noise).

The DLC regulates voltage within 3% over a 30% input voltage range.

RANGES: 1200VA-30KVA 12
9KVA - 90KVA 32

DELTEC, 980 Buenos Ave., !
San Diego, CA 92110 s 4

Phone (714) 275-1331

CORPORATION
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Wescom has an extraordinary
history of growth in the design,
development, and manufacture
of electronic telecommunications
systems and lists the following
career opportunities in their
plants in West Suburban Chi-
cago:

SOFTWARE DESIGNERS

We require Design Engineers to
assist us in the design and de-
velopment of software for our
telephone switching systems.

You will design and develop the
software for a system that is op-
erated by stored program con-
trol. This includes the design
and implementation of computer
programs to operate in a real
time environment.

Requirements: B.S. or M.S. in
electrical engineering or comput-
er science coupled with a mini-
mum of one (1) year experience
with real time systems program-
ming.

HARDWARE DESIGNERS

We are seeking Hardware De-
signers to join our engineering
organization.

To qualify you must be experi-
enced in the design of micro-
processor systems, memories
and associated interfaces. We
require a BS or MS in electrical
engineering or computer science
and a minimum of 3 years related
experience.

Wescom offers a liberal starting
salary and full fringe benefit
package. If you meet or exceed
these requirements, please sub-
mit a detailed resume, including
salary history in confidence to:

Christine Rosenbach
Employment Manager

WESCOM
8245 S. Lemont Road
Downers Grove, IL. 60515

An Equal Opportunity Employer M/F
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THERMAL PRINTER

ANP-9 panel mounting thermal numeric
printer provides seven numeric columns (or
six with a plus/minus sign) and two col-
umns of engineering symbols, characters,
and letters for proper data identification.
Electronics provide interface to digital
panel meters. Print rate is 2.5 lines/s.
Features include the use of only one mov-
ing part, (the paper drive motor) and
quiet operation. Printer measures approxi-
mately 3.75 x 6 x 9” (9.525 x 1524 x
22.86 cm), and weighs 6 1b (2.72 kg).
Gulton Industries, Inc, Measurement &
Control Systems Div, East Greenwich,
RI 02818.

Circle 253 on Inquiry Card

ASCIl TEST PATTERN
GENERATOR

For modem, printer, and video terminal
testing in production and in the field, the
“Fox Box” generates the std “quick brown
fox” message in both parallel and serial
form with the parallel output consisting
of the seven lines necessary for std Ascir
chars and a data available line. All parallel
signals are TTL-compatible. Three serial
outputs are provided: RS-232-C, 20-mA
current loop, and TTL. Both parity and
number of stop bits are switch selectable.
An internal bit rate generator is also con-
trollable from the front panel. Baud rates
of 110 and 300 are std. Syntest Corp,
169 Millham St, Marlboro, MA 01752.
Circle 254 on Inquiry Card

BACK-LIGHTED DIGITIZERS

Back-lighted digitizers with 11 x 11” (27.94
x 2794 cm), 14 x 14” (35.56 x 35.56 cm),
and 22 x 22” (55.88 x 55.88 cm) active
surface areas feature 1000-line/in (394/
cm) resolution, and *0.01” (#*0.254 mm)
standard accuracy with *=0.005” (= 0.127
mm) optional. Device offers the capability
of accurately tracing x-rays and other
negatives to convert them into computer
or calculator language for processing. Digi-
tizing is achieved by tracing the desired
graphics with the pen or optional 12-button
cursor. Talos Systems, Inc, 7419 E Helm
Dr, Scottsdale, AZ 85260.

Circle 255 on Inquiry Card

VMOS PERIPHERAL DRIVERS

Containing 12 types, the S55V01/S75V01
and S55V02/S75V02 series of power pe-
ripheral drivers are fabricated with the
vertical MOS field-effect transistor tech-
nology. They provide continuous current
ratings up to 2.0 A, standoff voltages
to 90 V, and power dissipation ratings of
25 or 4 W in military and commercial
temp ranges. Key features include greater
current switching capability and higher
speed than other drivers, immunity to
current hogging and secondary breakdown
damage, and CMOS as well as TTL and
MOS compatibility. Siliconix, Ine, 2201
Laurelwood Rd, Santa Clara, CA 95054.
Circle 256 on Inquiry Card

FLEXIBLE PC JUMPER CABLES

“Sculptured™” cables are PC board inter-
connection devices with conductors and
integral terminals that appear to be carved
to the user’s specs. Unlimited choice of
terminations allows one end of the jumper
to be terminated in a series of lugs and
straight fingers, and the other in staggered
right angle fingers. Completely integral
fingers, lugs, or other termination elimin-
ates problems of possible cold solder joints
or defective connections. Terminals may be
as stiff as required. Advanced Circuit
Technology, Inc, Congress Industrial Pk,
Merrimack, NH 03054.

Circle 257 on Inquiry Card

SWITCHING POWER SUPPLY

A 20-kHz switching power supply, produc-
ing 5 V at 120 A, delivers 600 W without
paralleling power transistors. Model 712
comes in a 3.5 x 8 x 13” (8.89 x 20.32 x
3302 cm) package producing 1.6 W/in®
(0.098 W/cm®) due to its 75% efficiency.
It has 115/230-Vac input, 47-60 Hz. 208-
Vac inputs and 400-Hz operation are also
available. Brown-out protection to below
95 Vac is included. Units can be paralleled
simply by connecting outputs. All units
have short-circuit and overvoltage protec-
tion. RO Associates, Inc, 3705 Haven
Ave, Menlo Park, CA 94025.

Circle 258 on Inquiry Card
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SONIC DIGITIZER PACKAGE

GP-211 employs two sensors mounted on
a rigid aluminum L-frame up to 60"
(152 c¢m) long. Sensor assembly can be
moved without recalibration or realignment.
Outputs are in binary form and are com-
pensated to correct for differences in the
speed of sound because of air temp var-
iations. The unit generates 140 points/s
and 100 points/in (10 points/mm). Sup-
plied with the digitizer are stylus or cur-
sor; electronics package consisting of logic
board, pulse generator, and temp compen-
sation board; and two mounted sensors.
Science Accessories Corp, 970 Kings
Hwy W, Southport, CT 06490.

Circle 259 on Inquiry Card

INSTRUMENT/BUS
INTERFACE COUPLER

The microprocessor-based model 4880
couplers allow programmable benchtop in-
strumentation hardware built within the
last five years to be interconnected to
IEEE 488 compatible terminals or pro-

grammable calculators to form testing and
measuring systems. They contain bus
drivers, microprocessors, and memory
needed to convert Asci coded data to
BCD or straight binary formats. Three
versions of the data coupler are a talker,
listener, and talker/listener. Fairchild
Camera and Instrument Corp, In-
strumentation and Systems Group,
1725 Technology Dr, San Jose, CA 95110.
Circle 260 on Inquiry Card

ONLINE IMAGE
MEMORY/PROCESSOR

The model DS-12 digital image memory/
processor performs difficult image detec-
tion, recording, processing, and display
functions in real time. The unit combines
fast A-D conversion, RAM, and arithmetic
unit under microprocessor control. It has
input/output ports for TV-compatible ana-
log signals and random-access digital I1/0
capabilities for simultaneous use via a
memory timesharing technique. Resolution
is 256 x 256. Quantex Corp, 1011 Com-
mercial St, San Carlos, CA 94070.

Circle 261 on Inquiry Card

CHANNEL INTERFACE

Designed to handle all high speed line
sequences required when transferring data
and status between a peripheral device
controller and either the IBM 360/370
multiplexer or selector channels, the 3837
reduces IBM interface problems to a
simple request/response I/0 function
which may be controlled by hardwired
logic, microprocessor, or minicomputer.
Channel interface may be programmed to
any number of channel addresses; device
controller interface incorporates a std
TTL voltage level, a 16-bit input bus, and
a 16-bit output bus. Information Prod-
ucts Systems, Inc, 6565 Rookin, Houston,
TX 77074.

Circle 262 on Inquiry Card

p/ROM-RAM QUAD CARDS

The 20-108 series of DEC PDP-8/E com-
patible p/ROM-RAM cards provide up to
2k of reprogrammable ROM and up to 2k
of RAM on a single quad board. Card has
provision for a total of 4k 12-bit words of
memory. RAM starts at the first word in
the field and is in 256-word modules up to
2k; ROM is in lk-word increments start-
ing at the mid-point of a field. Jumpers
on the p/ROM-RAM card position the
card starting address from field 0 to field
7. Applied Data Communications, 1509
E McFadden Ave, Santa Ana, CA 92705.
Circle 263 on Inquiry Card

Smallest
industrial
direct digital
readout
Elapsed Time
Indicator?

The only big thing about it is its
easily read 4-digit hourly display

Our Series 49200 Elapsed Time Indicator is the smallest
industrial direct digital readout ETI we've ever made. It
may be the smallest anyone has ever made. It measures a
mere %' sq. x 1%4" long—a real space-saving way to monitor
operating time in business machines, computers, peripherals
and other equipment where space is limited. Despite its
small size, it’s exceptionally accurate, and the .075" high
4-digit hourly display is readily legible. An automatic tamper-
proof latching memory stores elapsed time indications that
can’t be lost in event of power failure. Where size
is important, the Series 49200 can be one of your best values
ever. It's powered by a TW synchronous motor, 115V ac,
60 Hz. Front or side readout. Surface or through-panel mount.

Send for information today!

NORTH AMERICAN PHILIPS CONTROLS CORP

for additional

Cheshire, Conn. 06410 - (203) 272-0301

For immediate need, Circle 102 on Inquiry Card.

For information only, Circle 103 on Inquiry Card.

Crg‘st’c‘:IControIléd DIP Oscillators

designed especially for digital clock applications
Low-cost Models DT1-121 & DT1-221 feature...

Frequency Range: 20KHz to 25 MHz

Overall Stability: =0.010%—Model DT1-121
+0.005%—Model DT1-221

Temperature Range: 0°C to +70°C

Output Waveform: Squarewave 50/50 +20%
todrive 10TTL loads. 0.4V max. “0”
and 2.4V min. “1" level.

Input Power: Voltage +5V+5%. Current 30 to
120MA depending on frequency.

Package: 14 pin DIP, glass-filled nylon.
Fits into standard 14 pin socket.

Size: (WLH) Approx. 0.50"%X0.80"X0.37"

information contact

Other Ovenaire

Highlights...

State of the Art High
Stability Crystal
Oscillators

Ovenized Crystal
Oscillators

TCXO ¢ VCXO

Crystal and
Component Ovens

Thick Film Hybrid
Circuit Custom
Services

Division of Walter Kidde & Company, Inc.
706 Forrest St.—P.O. Box 1528

i'e Charlottesville, Virginia 22902

804-977-8050—TWX 510-587-5461
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PRODUCTS

FLAT CABLE SYSTEM
TEST SWITCH

Intra-Switch™ comes in 20-, 26-, 34,- 40-,
or 50-contact widths. It has a female con-
nector at one end, a male at the other,
and line-by-line discrete switching in be-
tween. It can plug directly into the line
at any point where a connector is in-
corporated into the ribbon jumper system.
Then, as a probe point or pen point moves
each switch toward the molded in open
or closed label, each line is selectively
opened or closed. A P Products, In¢, Box
110, 72 Corwin Dr, Painesville, OH 44077.
Circle 264 on Inquiry Card

MINIATURE PCB CONNECTORS

The Term-Acon line of connectors includes
the series 1000 with 0.025” (0.0635-cm)
square pin headers, PC mounted connec-
tors and crimp connectors on 0.100” (0.254-
cm) centers. Series 2000 utilizes 0.045”
(0.114-cm) square pins on 0.200” (0.508-
cm) centers. Series 3000 provides a build-
ing block modular approach to intercon-
nections with either 0.045” (0.114-cm)
round or square pins on 0.156” (0.396-cm)
centers. Dielectric strength between adja-
cent terminals is 1500 V rms (60-s dura-
tion) and max rated voltage is 250 Vac.
Methode Electronics, Inc, 1700 Hicks
Rd, Rolling Meadows, IL 60008.

\‘:\v L

Circle 265 on Inquiry Card

INDUSTRIAL AND
MILITARY KEYBOARDS

MK series 5-, 8-, and 12-key Wild Rover®
keyboards are designed for industrial use
while MKM series are appropriate for
military applications. The rugged touch
switch assemblies are produced of light-
weight material. A fiberglass-reinforced
high impact housing, epoxy glass PC
board, and Lexan overlay are laminated
together to form a monolithic assembly
well protected against harsh environments.
The spst NO switches have a life ex-
pectancy of 1M operations. Switch design
requires no additional power supply. Refac
Electronies Corp, PO Box 809, Winsted,
CT 06098.

Circle 266 on Inquiry Card

NOW=-A FAIL-SAFE
SOLID-STATE RELAY

A unique combination of dv/dt snubber, fusible-
link protection in the trigger circuit, plus an
overdesigned triac—all combine to protect
against catastrophic system failure should the

triac fail to turn on.

‘“The Power That Be...”’
TRIO LABS’

MAXI-

Either zero-voltage or non-zero-voltage switch-
ing, both types rated for maximum ac load cur-
rents of 5A or 10A. Any control voltage from 3 to
32V dc; all models compatible with TTL, DTL,
CMOS logic. Solder-pin, quick-on, or screw

terminals.
ol (65309—882-4800) "Eil NEMANN

or write for further in- e keep you out of trouble.
formation. Heinemann j

Electric Company,
Brunswick Pike,
Trenton,
NJ 08602.
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A 750 watt (5VDC at 150a) Switching Power Supply
that has so many features it surpasses comparison.

® [nput 208VAC nominal
(115VAC-Model 683).

® Low Line -30% (146VAC).

® High Line +10% (229VAC).

® Ride through 35ms @

® Qvercurrent protection —
foldback (standard) or constant
current.

@ QOvervoltage protection —
crowbar SCR.

nominal. @ Self Cooling
@ Efficiency up to 85%. ® Parallelable.
® Qutput 2-48VDC standard. ® U.L. recognized (approved).
® Power Out up to 800w (750w @ 5x8x11"

® Up to 2 watts/in®.
@ (utput voltage adjust. ® As low as 63¢/watt.

mln The 80 Dupont St.

Switcher Plainview,N.Y.
Iﬂns Source® (516)681-0400

@ 5VDC out).
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MILITARIZED HIGH SPEED
LINE PRINTER

Designed to meet military requirements,
HSP3609-212A is suited for shelter and
confined space operation. Unit features
switch selectable 80- or 132-col printout,
and provides 64, 96-, or 128-char Ascm
alphanumeric subset plus graphics capabil-
ity at speeds to 400 lines/min. Incorpo-
rating 14 voice coil transducers and a ro-
tating helical scanner, unit generates 9 x 7
dot matrix pattern. Lower case characters,
foreign alphabets, and custom graphics
are provided in 9 x 9 matrix pattern via
EPROM programming. Miltope Corp, 9
Fairchild Ave, Plainview, NY 11803.

Circle 267 on Inquiry Card

UNIVERSAL EMULATING
TERMINAL SYSTEM

Containing a 15” (38-cm) diag display
screen and 126-station keyboard, the 700/
UETS terminal can communicate with most
minicomputers and emulates many ter-
minals. Via the 12-bit microprocessor, unit
has resident data line discipline and proto-
col as well as forms and data handling
software routines, making it plug-to-plug
compatible. Program storage system, com-
prised of MOS p/ROMs or RAM loaded
from diskettes, stores all operating param-
eters and telecommunications routines,
Megadata Corp, 35 Orville Dr, Bohemia,
NY 11716.

Circle 268 on Inquiry Card

PORTABLE DATA LOGGER

Lightweight, all-weather, battery-operated
systems have operating speeds of up to
32 samples/s and storage capacities that
exceed 10M bits on a std 300-ft (90 m)
Philips-type digital cassette. An 8-phase
driver for the high resolution stepping
motor in the incremental tape recorder
enables high scanning rates. The recorder
allows an 8-channel scan interval of 250
ms, and can record 536k 12-bit data words,
plus 67k 36-bit heads (including elapsed
time). Sea Data Corp, 153 California St,
Newton, MA 02158.

Sea Dats Corp-
model 1250 data togse?

e
s
Sx, WY L¥

3
S T

s ruie

| ¢gre -
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Circle 269 on Inquiry Card

&

index speeds selec-
tion of KEMET Solid
Tantalums. Highest
quality, in ratings of
0047 uF to 1000 uF, 6 to
125 VDC. Commercial,
MIL-Spec, Graded Reli-
ability types. All cases—

UNION
CARBIDE

COMPONENTS DEPARTMENT

NEW KEMET
TANTALUM
CAPACITORS
HANDBOOK!

Sy, = ‘,//" “'2%

Axial or radial leads. Polar
and non-polar. Chips, too.
Send for your free copy.
Components Depart-
ment. Union Carbide O
Corporation, Box 5928,
Greenville, SC 29606.

SN

ST
AR
eSS

et a—

distributor.

Q

SEALECTRO

KEMET is a registered trademark of Union Carbide Corporation

CIRCLE 107 ON INQUIRY CARD

THUMBWHEEL SWITCH?
DIP SWITCH?

PROM?

Our Mini-Matrix
R OIVIIVIS

*PROGRAMMABLE READ ONLY MEMORY MATRIX

tdoes a lot more!

For instance... Saves valuable PC
board real estate m Functions as a
PROM = Program always visible =
Programming errors reduced or elimi-
nated ® Provides diode; isolation =
Can be manually programmed.

Use for: 1/O assignments, diagnostics,
signal routine, logic sub routines,
connector matching, switching, se-
quencing, and test access. Write for
free literature and name of your local

% PROGRAMMING DEVICES DIVISION

SEALECTRO

CORPORATION
MAMARONECK, N.Y. 10543
PHONE: 914 698-5600 TWX: 710-566-1110
Sealectro West
14011 Ventura BIvd., Suite 215, Sherman Oaks, Ca. 91423, (213) 990-8131
1901 O1d Middlefield Way, Suite 19, Mountain View, Ca. 94043 (415) 9651212
Sealectro Ltd,, Portsmouth, Hants, England
Sealectro S.A., Zone Industrielle Toulon Est, 83087 Toulon Cedex, France

CIRCUIT COMPONENTS B R F COMPONENTS B PROGRAMMING DEVICES
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The ®
fabulous Phi-Deck family

of 5 cassette transports
Und er $100 in quantities of 10

Featuring:

« Die-cast frames

- Remote controllable

« Precise, fast head
engage/disengage

+ Quick braking

+ Search FF/rewind 120 ips

« Speed ranges from
4 to 20 ips

Electronic packages and mag heads for most applications

For application in:

1. Micro processing 7. Security/automatic warning

2. Data systems
recording/logging/storage 8. Test applications

3. Programming 9. Audio visual/education

4. Instrumentation 10. Telephone interconnect

5. Industrial Control 11. Hi-Fi

6. RS-232 Data storage 12. Point of sale

(W em ]
! 'Iiipbl Incorporated
‘ l 4605 N. Stiles P.O. Box 18209
=l Oklahoma City, Oklahoma 73118 (405) 521-9000
[ am interested in application no.
[JHave Representative call [J Send application notes

Name Title
Company Name
Address
City State Zip
Phone Number

CIRCLE 109 ON INQUIRY CARD

ARSIl

A touch of class

Rogan knobs

and custom dials.
all

CORPORATION

3455 Woodhead Drive
Northbrook, IL 60062
Phone (312) 498-2300

Our catalog and samples
of particular items will
be sent upon request.
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PRODUCTS

OCR READER

Model 501 optically reads alphanumeric printed price tags and
automatically inputs the data to electronic cash registers where
they are visible to the customer. It also logs the transaction
transmission to a computer station or network that interfaces
with inventory control. The lightweight handheld reader measures
4x35x1” (102 x 89 x
2.5 cm) and is connected
to the control unit by a
10 ft (3 m) retractile
cable. Under normal con-
ditions with std OCR-A
print specs, read rejects
will be <1% and sub-
stitutions will be <0.01%
The eye of the unit is a full 0.5” (1.3 cm) high to maximize ALT
and ICI advantages in terms of drift angle and skew. Depth of
field is 0.125” (0.318 cm) and read speed is 3 to 13 in/s
(7.6 to 33 cm/s) (30 to 130 char/s). Caere Corp, 345 E
Middlefield Rd, Mountain View, CA 94043,

Circle 270 on Inquiry Card

PORTABLE CRT DISPLAY TERMINAL

Providing mobile communications capability with virtually any
computer system for temporary local or remote data access, the
P300 portable visual display uses the same basic keyboards and
CRT displays as the company’s std line of terminals but is con-
figured for easy carrying and setup in field situations. The unit
contains a 5.5” (14 cm) CRT screen and control electronics in
its primary cabinet, with a foldout keyboard connected by flat
cabling. Keyboard may have std alphanumeric keys only, or
optional numeric pad and function keys. Control electronics
may be either in std character-interactive mode, in polled block
mode, or for use under microprocessor control. Informer, Inc,
8332 Osage Ave, Los Angeles, CA 90045.

Circle 271 on Inquiry Card

MINICASSETTE TAPE TRANSPORT

Model CM 600 Mini Dek, measuring 3.5” (8.9 cm) sg and less
than 2.5” (6.4 cm) deep, contains all motor control and read/
write electronics. The drive uses 100 ft (30 m) certified digital
mini-cassettes with a capacity of 1.6M bits, or 200k 8-bit bytes
at a density of 800 'bits/in (315 bit/cm). A 2400-baud data
rate is specified. Power supply requirement is 5 Vdc, with a
max current of 600 mA in the rewind mode. Operational modes
include read/write forward, search forward, and rewind. The
unit can handle long term, low speed data logging, and other
portable or remote applications because of low battery drain.
Power consumption is 0.85 W in read/write mode. Braemar
Computer Devices, Ine, 11950 Twelfth Ave, S, Burnsville,
MN 55337.

Circle 272 on Inquiry Card
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DATA TEST SET PRINTER

Designed to operate with the company’s 3000D high speed,
synchronous data transmission test set to provide a hardcopy
record of V.24 (RS-232), V.35, Bell 301/303, RS-422, or MIL-188
data interface test results, the 2900D records errored seconds,
total seconds, errored bits, and total bits tallied by the four
event counters in the test set. An internal presettable 24-h real-
time clock provides the time in hours and minutes for inclusion
on the printout. Printouts may be programmed to occur when-
ever the interface signals SCT, SCR, DCD, RD, CTS, DSR, SQ,
AGC, or RI exhibit transitions. Time of occurrence of sync lost
and sync recovered may also be recorded. International Data
Sciences, Ine, 100 Nashua St, Providence, RI 02904.

Circle 273 on Inquiry Card

RIBBON CONNECTOR SYSTEM

Superibbon connectors are mated by snapping the two halves
together, requiring no separate hardware to assure a vibration-
proof mating. The female connector is equipped with spring
clips at each end that engage windows in the male. When male
and female are pressed together, an audible click indicates that
the pair is fully engaged and secure. A wire restraint device
eliminates need for cable clamps for panel installations and
other special applications. When restraints are attached to the
connector, each wire is individually restrained at point of
termination to provide pull resistance. The solderless termination
system is the same as that used in the company’s solderless
ribbon connector. Connectors are available in 14, 24, 36, 50, and
64 contact sizes, each with a 90-deg hood. TRW Cinch Con-
nectors, 1501 Morse Ave, Elk Grove Village, IL 60007.

Circle 274 on Inquiry Card

REMOTE DATA COMMUNICATIONS
TEST INSTRUMENT

The microprocessor-based D-502 facilitates local and remote data
communications diagnostics with interactive capabilities. It in-
corporates an output buffer and an output instruction to permit
interactive operation and transfer of programs to and from a
T-511 high speed tape unit or another D-502 or a communication
line through any standard modem. The instrument provides a
dynamic, real-time display of all information sent or received,
vet is able to stop on a specific event or sequence, count oc-
currences, or measure time between them. A 2000-char buffer
allows data surrounding a captured event to be scrolled backward
and forward in large char on a 5” (12.7 cm) 375-char screen.
Human language and hexadecimal display are switch-selectable.
Spectron Corp, Church Rd & Roland Ave, Mt Laurel, NJ 08057.
Circle 275 on Inquiry Card

D-C GEARMOTOR RELIABILITY
e PERFORMANCE ¢ ECONOMY

Pittman miniature gearmotors are built in two series having
gearbox diameters of 138" and 2" with overall body lengths from
under 3"to 3%", depending on choice of motor section. Gears are
sintered iron to precision tolerances, providing low backlash for
computer peripheral, instrumentation, and other demanding
applications.

Many possible combinations of armature windings and gear
ratios permit tailoring of outputs to a wide range of performance
requirements.

all or write now for detailed specification sheets or a specific
recommendation for your design.

959

THE PITTMAN CORPORATION

A Subsidiary of Penn Engineering & Manufacturing Corp
HARLEYSVILLE, PENNSYLVANIA 19438
Phone: (215) 256-6601 TWX: 510-661-8696

CIRCLE 111 ON INQUIRY CARD

FOR COMPUTER-CONTROLLED 1
MACHINE TOOL SYSTEMS j

ELECTRONIC EQUIPMENT
ENCLOSURES

COMPUTERS o ELECTRONICS

6000-8000-10,000 BTU AIR

CONDITIONERS

For ‘“closed loop enclosures”., Recirculates
and cools internal air. Constant clean air in
contact with electronics. Highest quality re-
frigeration and electrical components. 20,000
hours continuous duty in ambients to 125°F.
High velocity cooling for maximum heat re-
moval. Std. cabinet mounting. Quick installa-
tion. Factory-installed gaskets seal against
induction of ambient, contaminated, or polluted
air. 115 or 230 volts.

shya ¢ ;

SEND FOR CATALOG
McLEAN NMcLEAN
ENGINEERING LABORATORIES ENGINEERING MIDWEST

Princeton Junction, NJ 08550 9560 Eighty-Fifth Ave. N.
609-799-0100 » Telex 84-3422 Maple Grove, MN 55369 « 612-425-4747
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San Francisco Peninsula

Now’s the time to join Intersil’s fast-growing Mem-
ory Systems Division. Right now, we need first-rate
engineering professionals with experience in the
following areas:

TEST EQUIPMENT ENGINEERS

These opportunities require 4 to 5 years experience
in digital logic design.

DIAGNOSTIC PROGRAMMERS

You will develop diagnostic programs to analyze
problems on memory systems. To qualify, you should
have at least 2 years experience in Assembly
language programming plus familiarity with IBM
computer system. Field engineering experience
also preferred.

SYSTEMS DESIGN ENGINEERS

You should have a BSEE plus at least 3 years
systems design experience, including logic design
with ECL/TTL logic families, MOS

Inte'SII memory and computer architec-
ture.

For immediate and confidential
‘ consideration, please send your
resume today to Intersil Employ-
ment, 10900 N. Tantau, Cuper-
tino, CA 95014, We are an equal

opportunity employer m/f.

Memory Systems

CIRCLE 902 ON INQUIRY CARD

THE ULTIMATE IN
ENCODER ACGURACY
oV680 SERIES
ABSOLUTE POSITION
ENCODER

e Resolution from 10* thru
2" in a single turn. Direct
read.

e Nonambiguous code for-
mats. Gray or cyclic BCD.

e Self-contained electronic
options offer conversion
to natural binary or 8421
BCD outputs at TTL levels.

e Field replaceable lamp assembly.

e Solid, through or 2" 1.D. hollow shaft configura-
tion. 6 inch O.D.

EXCLUSIVE MANUFACTURERS OF THE BALDWIN" ENCODER

SN

BEI Electronics, Inc.
CONTROL AND INSTRUMENTS DIVISION
1101 McAlmont Street, Little Rock, Ark. 72203
Telephone: 501-372-7351 TWX: 910-722-7384
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PRODUCTS

MULTIPURPOSE
ROM SIMULATION SYSTEM

Combining ROM simulation, p/ROM programming, and storage,

the self-contained ED6001 is designed for use with TTL-com-

patible p/ROMs and ROMS, and provides simulation for most

16- to 24-pin ROMs and p/ROMs. Data are entered by way of

any 8-bit data bus, RS-232,

or TTY system as well as

' ' from the hex keyboard. Both

data and address, also in hex

e  format, are displayed on a

~ front panel LED readout.

Options include expansion to

_ include programming of all

std fusible or ultraviolet

p/ROMs, and a read/write

cassette transport. Address incrementing can be done automatical-

ly after data entry or manually from the keyboard, with decrement

being accomplished manually from the keyboard. Both address

and data selection are displayed and randomly accessed in

15-byte increments to facilitate lookup. Electro Designs, Inc,
7364 Convoy Ct, San Diego, CA 92111.

Circle 276 on Inquiry Card

COMPACT DISC MEMORIES

A moving-head, fixed-disc unit and a multi-purpose combination
of moving head and fixed head that permits high speed access
have been added to the company’s DK-62 and MFD 90 series. DK-
10 and -20 have moving head capacity of 10.8M and 21.7M bytes,
respectively, and avg access
time of 50 ms. DK-10F and
-20F each have, in addition
to a moving head, fixed head
capacity of 0.122M bytes that
permits high speed access
time of 10 ms. MFD 90-F
and -F2 both have a moving
head capacity of 1.95M bytes
with average access time of 190 ms, as well as built-in fixed
head capacity of 0.061M and 0.143M bytes, respectively, with
average access time of 10.3 ms (50 Hz) or 8.8 ms (60 Hz). The
combination of moving head and fixed head permits use of one
disc memory for data filing and for a virtual system. Hitachi,
Ltd, ¢c/o Manning, Selvage & Lee, 666 Fifth Ave, New York,
NY 10019.

Circle 277 on Inquiry Card

FLOPPY-DISC BASED
SOFTWARE DEVELOPMENT SYSTEMS

FS990/4 and FS990/10 combine performance of the 990/4 and
/10 computers, respectively, with floppy discs to provide a soft-
ware design facility to support development, testing, and main-
tenance of applications programs. This includes capability for
software and firmware development for the TMS 9900 micro-
processor, 990/4 microcomputer, and 990/10 minicomputer. Sys-
tem software includes TX990 executive operating system and
TXDS development utilities. Packaged in a single-bay desk en-
closure, the FS 990/4 system includes 990/4 with 24k 16-bit
words of memory with parity, dual floppy discs with 484k bytes
of storage, and 913 video display terminal. Texas Instruments
Ine, Digital Systems Div, M/S 784, PO Box 1444, Houston,
TX 77001.

Circle 278 on Inquiry Card
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MATRIX PRINTER HEAD

Featuring a proprietary solenoid design that enables high available
duty cycle and operation speed, the printer head is available
in configurations for 120, 160, or 200 char/s continuous print
speeds. It can be adapted to most dot matrix data printers and is
a direct replacement for the Victor unit used by many manu-
facturers. Lightweight and compact, the units have excellent
heat dissipation characteristics. Duty cycle rating is up to 200
char/s, in a 9 x 7 dot matrix. A solenoid allows the seven
vertical matrix striker wires to be mounted close together with
only an 1l-deg bend, overcoming reliability problems associated
with flexing of the print wires in conventional units. Rated
life of the printer head is 200 x 10° char min continuous oper-
ation. Information Magnetics Corp, 5743 Thornwood Dr,
Goleta, CA 93017.

Circle 279 on Inquiry Card

LOGIC CIRCUIT TESTER

The 1795-HD incorporates large hard disc storage, and a unique
driver/sensor board design which allows it to handle boards
having up to 480 pins, providing programming flexibility, fault
simulation, and high speed automatic diagnostics. Basic system
contains 16k of core memory, single disc drive and controller,
terminal, teletypewriter, 72 driver/sensors, and other hardware.
Optional hardware includes additional driver/sensors (in groups
of 24), power supplies, a second hard disc drive, and additional
16k of memory, high speed printer, high speed reader, high
speed punch, diagnostic resolution module, and other items.
Among the software options is the cAps test system software,
with or without automated program generation. GenRad, Inc,
300 Baker Ave, Concord, MA 01742.

Circle 280 on Inquiry Card

TURNKEY DATA ACQUISITION SYSTEM

System 620S consists of the company’s 620 analog processor
interfaced to the HP 9825A desktop calculator. The processor
selects a channel for measurement, amplifies and filters the
analog signal, and provides A-D conversion. The calculator has
the computational capability
and 24k semiconductor mem-
ory to provide system con-
trol and data processing. The
amplifier-per-channel series
100 or series 400 differential
multiplexer may be used as
the processor, offering pro-
grammed input sensitivity of
5 mV to 10 V on up to 64
or 256 channels (expandable
Both systems use solid-state multiplexer

to 2048

channels).
switches and provide common mode rejection of 120 dB. Input
signals are converted to 12-, 14-, or 15-bit digital words. Channel
sequence, input sensitivity, constants, and limit values may be
entered from the keyboard. Neff Instrument Corp, 1088 E
Hamilton Rd, Duarte, CA 91010.

Circle 281 on Inquiry Card

ESE0

ROLLS &
TAPES

)T for every
% business need

. .. THE BEST FOR MODERN DATA
PROCESSING EQUIPMENT

PAPER TAPE — 7 Colors plus Black Opaque;
Printed Top/Arrow; Oiled and Unoiled Rolls: FOLD-
ED TAPES — For specialized applications.
THERMAL PAPER — Rolls and Folded. Marginally
punched and cross perforated for all types of
printers and calculators.

MYLAR TAPE — Paper/Mylar Laminations; Foil/
Mylar Laminations; Metalized Mylar.

FOLDED LISTER PAPERS — For Digital Print-out
Units.

TELETYPE ROLLS: Single copy; Multi-copy Carbon
inter-leaved and Carbonless Friction Feed Sprocket
feed.

CONTINUOUS TELETYPE FORMS: 81," x 11" Car-
bon inter-leaved 1 through 6 part; Carbonless 1
through 6 part (NCR).

< Branch Offices
_ Medford, N.J. 08055

\ i 2% Branch Office

EASTERN SPECIALTIES COMPANY, INC. and Warehouse

Holyoke, Massachusetts 01040 Northfield, lIl. 60093
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Send for Brochure

' Ridgewood, N.J. 07451

Give them the
Gift-of-Life

'ST. JUDE CHILDREN'’S
RESEARCH HOSPITAL

Danny Thomas, Founder

St. Jude Children's Research Hospital is the only
research institution dedicated solely to the conquest
of catastrophic diseases of childhood.

In less than twenty years, the knowledge and
new treatment procedures developed there have
brought hope to suffering children who once would
have been called incurable.

This knowledge is freely shared with pediatri-
cians and physicians all over the world. Children
admitted to St. Jude Children’s Research Hospital
study programs receive total medical care with-
out cost.

This unique hospital needs help to continue.
Inflation keeps eating away at the value of the dollar
and increases the cost of operation: At the same time,
the very success that allows children under its care to
live longer means that St. Jude must provide free care
to an increasing number of patients.

Please join in this effort to save children every-
where. Write: ALSAC-St. Jude Children’'s Research
Hospital, 539 Lane Ave., Memphis, TN 38105 for
further information.

Please give these children the Gift-of-Life by
sending a tax-deductable gift.
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OAK svircies

THAT NEVER QUIT WORKING!

These economically priced Series 475 switches are
rated at 20,000,000 operations minimum. You can use
them with confidence in control systems, data entry,
terminals, security systems, and other equipment where
absolute dependability is essential. Snap-in design for
fast, accurate panel assembly. Wide choice of switching
actions: SPST, DPST, N/O or N/C, SPDT non-shorting,
alternate action and SPST with dummy lug. Crossbar
wiping, self-cleaning gold alloy contacts. Sealed PC
terminations.

Stocked for immediate delivery by OAK distributors
who provide legend marking services. Contact OAK or
its distributors for additional information.

."‘I{ Industries Inc.

SWITCH DIVISION /crysTAL LAKE, ILLINOIS 60014

TELEPHONE: 8150459 » 5000 8 TWX:910+ 634 » 3353 8 TELEX: 72 e 2447

For more information, Circle 117 on Inquiry Card.
Have a salesman call. Circle 118 on Inquiry Card.

THE INDUSTRIAL
MICROCOMPUTER MARKET

Frost & Sullivan has completed a 240-page analysis
and forecast of the industrial microcomputer market
through 1985. The forecast encompasses these
equipment types: microprocessors, read-only
memories, read-write memories; and these end user
industries: process industries (3 types); manu-
facturing industries (4 types); electric and gas util-
ities; other industries and export markets. The MPU
category is analyzed in terms of both the semicon-
ductor technology employed in its manufacture (P-
Channel MOS, N-Channel MOS, Complementary
MOS, Bipolar and other) and the MPU configura-
tions (4, 8, 12, 16 or bit-slice). An assessment is
made of the relationship between the original micro-
computer components manufacturers and various
classifications of intermediate suppliers in servicing
the industrial end user market. By customer, pro-
jections are made to 1985 of the market share dis-
tribution of both the primary industrial microcom-
puter shipments to the initial (intermediate) custo-
mer and to the ultimate end user.

Price: $650. Send your check or we will bill you.
For free descriptive literature, plus a detailed Table
of Contents, contact:

Frost & Sullivan, Inc.
106 Fulton Street
New York, N.Y. 10038
(212) 233-1080
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PRODUCTS

MAGNETIC TAPE TERMINAL

Available in either single or dual
cassette configurations, the free-
standing MTT (magnetic ‘tape
terminal) is equipped with two
 §RS-232-C interfaces to accommo-
¢ date a data set and a printer, CRT,
or other auxiliary device. Comple-
{ menting TermiNet™ 300 and 1200
' printers, the unit can be used with
any device which has an RS-232-C
. interface. Features include char-
acter string search, high speed data transfer, and flexible editing.
The ANsi-compatible digital cassette has read/write rates that
are switch selectable at 10, 20, 30, 120, and 240 char/s. Trans-
parency permits recording of non-ascir 8-bit codes. Block lengths
of 88, 144, or 166 char can be selected and data storage capacity
ranges from 100k to 125k char/cassette depending on. block
length selection. General Electric Co, Data Communication
Products Dept, Waynesboro, VA 22980.

Circle 282 on Inquiry Card

BLOCK FLOATING POINT
ARRAY SIGNAL PROCESSOR

MSP-2, a single 15” (38.1 ¢m) saq plug-in board designed for
Data General’s line of Nova® and Eclipse® computers, will per-
form array calculations 10 to 50 times faster than minicomputers
used for array calculation applications. It is capable of per-
forming 1024-point real fast Fourier transforms on data resident
in Nova memory in <7 ms, including I/0. Users may increase
power by plugging in more than one board. Requiring only 5 V
at 6.5 A, the board derives its de power from the host computer.
2048 real words of memory reside on the processor board for
storage of intermediate results. The unit handles all data
internally as 24-bit words. All boards are p/ROM driven but
can be reprogrammed to change the application. Computer
Design and Applications, Inc, 375 Elliot, Newton, MA 02158,
Circle 283 on Inquiry Card

IMAGE MEMORY/SCAN CONVERTER

PEP-500 is a beam-addressed image memory designed for visual
display of electronic signals from any source. Using advanced
IC devices and the Lithocon TX-100 solid-state image memory,
the device features high image gray scale resolution coupled
with high image stability; operating specs are guaranteed re-
gardless of extremes in temp, vibration, or magnetic ambience.
The single-ended scan converter is operable in any of four modes:
read, write, selective erase, and full screen clear. Beam address
of the target can be driven either by internal raster generators
or external X, Y signals. Image writing may be accomplished
in either integration or equilibrium modes. Princeton Electronic
Products, Inc, PO Box 101, North Brunswick, NJ 08902.
Circle 284 on Inquiry Card
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Teleprocessing
Diagnostic System

Full color illustrated folder describing the
microprocessor-based  Pacer-103, which
monitors data links or simulates hardware
components, includes complete specs and
test configurations. Digitech Data In-
dustries, Inc, Ridgefield, Conn.

Circle 300 on Inquiry Card

TTL ICs

Data book contains specs and pin assign-
ment drawings of all TTL ICs, sockets, and
interconnection panels, and includes cross-
reference tables and glossary of RIA and
EIC approved terms and symbols. Price
is $4.95/copy. Texas Instruments, Inc,
Dallas, Tex.

Circle 301 on Inquiry Card

CRT Terminals

Dealing with models 3380-1102 and -1202
general-purpose  CRT  terminals, data
sheets list features, applications, specs,
and interfacing information, with illustra-
tions and diagrams. General Automation,
Ine, Anaheim, Calif.

Circle 302 on Inquiry Card

Data Communications

Basics of the line of modems, multiplexers,
line drivers, enclosures, and accessories
are featured in catalog containing specifi-
cation charts. Prentice Corp, Palo Alto,
Calif.

Circle 303 on Inquiry Card

Switching Power Supplies

Catalog details power supplies which fea-
ture 50 to 300 W of power and up to six
output voltages for computer peripheral
applications. Boschert Associates, Sun-
nyvale, Calif.

Circle 304 on Inquiry Card

Rotary Switch

Brochure illustrates the programmable
Communicator series rotary switch, includ-
ing features, specs, options, and dimension-
al drawings. Oak Industries, Inc, Switch
Div, Crystal Lake, IIL

Circle 305 on Inquiry Card

Data Converters

Consisting of photos, charts, and outline
drawings, short-form catalog lists specs,
features, and operational characteristics of
ADCs, DACs, and data acquisition systems.
Micro Networks Corp, Worcester, Mass.
Circle 306 on Inquiry Card

Precision Measurement
and Control

Short-form guide provides technical specs
and application data for such analog de-
vices as ADCs, DACs, analog interface
subsystems, thin-film networks, and power
supplies. Analog Devices, Norwood, Mass.
Circle 307 on Inquiry Card

Programmable Digital Interface
Bulletin defines IEEE 488 or GPIB std

interface system, lists parts, and explains
programming procedures, operations, and
applications. Electronic Development
Corp, Boston, Mass.

Circle 308 on Inquiry Card

Motors and Speed/Torque Controls

Complete with specs, application data, and
design summaries, reference catalog pre-
sents company’s line of fractional horse-
power motors, gearmotors, and adjustable
speed/torque controls. Bodine Electric
Co, Chicago, IlL

Circle 309 on Inquiry Card

Digital Valves

Containing physical and engineering specs,
outline drawings, and diagrams, handbook
includes data on Q-series industrial micro-
processor controller, digital control valves,
and systems. Digital Dynamics, Ine, A
Dillingham Co, Sunnyvale, Calif.

Circle 310 on Inquiry Card

Linear Motion Bearings

Color-coded catalog features installation
data, engineering specs, and applications
of company’s line of Ball Bushings,® ac-
cessories, and components for friction-free
linear motion. Thomson Industries, Inc,
Manhasset, NY.

Circle 311 on Inquiry Card

Stock Relays

Handbook complete with specs, selection
data, dimensional drawings, and wiring
diagrams covers relays for wide range of
general-purpose, industrial, and military
applications. Magnecraft Electric Co,
Chicago, Il

Circle 312 on Inquiry Card

Multiport Memory Systems

Colorful 12-page brochure with diagrams
examines the memory system which en-
ables up to 14 CPUs to share one memory
bank and increase overall system through-
put. Interdata, Ine, Oceanport, NJ.
Circle 313 on Inquiry Card

Cassette Recorders

Catalog includes descriptions, specs, and
application information on company’s line
of data loggers, incremental and continu-
ous R/W cassette systems, and readers,
together with Ascir code chart, recording
techniques, and tape formats. Memodyne
Corp, Newton Upper Falls, Mass.
Circle 314 on Inquiry Card

CRT Display Station

The 2654A station is presented in user’s
manual which discusses operations, appli-
cations, keyboard functions, terminal main-
tenance, and trouble-shooting, and offers
a programmer’s reference table. Hewlett-
Packard Co, Palo Alto, Calif.

Circle 315 on Inquiry Card

IC Packaging

Complete with photos and diagrams, cata-
log provides application information and
specs on custom and std sockets, cards,
and panels, and includes a section on
solving custom packaging problems. Scan-
be, div of Zero Mfg Co, El Monte, Calif.
Circle 316 on Inquiry Card

Miniature Switches

A variety of rocker and toggle-handled
miniature switches are described in il-
lustrated catalog which lists complete
electrical and dimensional specs of line
for industrial and commercial use. Break-
On Engineering Co, Temple City, Calif.
Circle 317 on Inquiry Card

Solid-State Relays

Theory, performance, and applications of
hybrid and all-solid-state devices are fur-
nished in handbook, illustrated with per-
formance graphs and parameter diagrams.
Write on company letterhead to: Gordos/
Grigsby-Barton, In¢, 1000 N Second St,
Rogers, AR 72756.

Microcircuit Reliability

Microcircuit Reliability Bibliography, April
1976 portrays indexed abstracts and source
information on gov’t and industry reports,
literature, and conference proceedings
dealing with research, design, and appli-
cation of microcircuit technology. Set costs
$50 ($60 non-U.S.) (or vol IB and IV
only at $40, $48 non-U.S.). Reliability
Analysis Center, RADC/RBRAC, Grif-
fiss AFB, NY 13441.

EDP Safety Standard

The third edition of the Safety Standard
for Electronic Data Processing Units and
Systems (UL 478) covers requirements
for electrically operated, separate or as-
sembled, machine units that accumulate,
process, and store data. Send $3.50, or $9
for current edition plus subscription serv-
ice to revisions, to: Underwriters Labora-
tories, Inc, Attn: Publications Stock
Dept, 333 Pfingsten Rd, Northbrook, IL
60062.
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| GUIDE TO PRODUCT INFORMATION |

HARDWARE PAGE
BREADBOARDS
Breadboarding Components
Continental Specialties 95
Hex Breadboards
Douglag Electonics. ...ummsssssimsmsiismess 168

CONNECTORS AND INTERCONNECTION
SYSTEMS
Connectors
AMP 36, 37
Amphenol North America /Bunker
Ramo
PC Connectors
Viking Industries
Amerace/Control Products .
Methode Electronics

Flat Cable/Connector System
M

Flexible PC Jumper Cables
Advanced Circuit Technology ... 170

Ribbon Connector System
TRW/Cinch Connectors
FANS AND BLOWERS
Air Conditioners
McLean Engineering Laboratories ..
KNOBS AND DIALS
Knobs and Dials
ROQEN it chlliobipassiidisesisinnpirsssionisinessss 174
PANELS AND BACKPLANES
IC Panel Design Service

Electronic Molding ... 69
PARTS
Spring Assemblies

Instrument Specialties 26

PROGRAMMING BOARDS AND MODULES
Programming Matrix Modules

Sealectro/Programming Devices ............ 173
SHIELDING
Shielding Components and Materials

Metex Electronic Shielding ............ccc.oc. 10
SLIDES
Slides

Grant Hardware 126
SOCKETS
DIP Sockets

Excel Products 167
Miniature Spark Gap Socket

Connector ....... 166

WIRE AND CABLE

Wire and Cable
Belden/Electronic

COMPONENTS AND ASSEMBLIES

CAPACITIVE COMPONENTS
Capacitors
Union Carbide/Comp t 173

MOTORS; ROTATIVE COMPONENTS

DC Motors
IMC Magnetics/Eastern .........ciiiei. 162

DC Gearmotor
Pittman 175

Linear Motion Motor
Hurst Mfg 167
PHOTODEVICES; PHOTODEVICE ASSEMBLIES

Optical Switches
Clairex Electr

/Clairex 4
POWER SOURCES, REGULATORS, AND
PROTECTORS

Power Supplies
Power-One 184

Switching Power Supplies
Boschert

76
Gould/Advance 7
POWSICUDE .ioiuiiiuisissicsssiansisonobisisses sionsrivinss 133
RO Associates 170
Trio Labs 172
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Regulated Power Supply PAGE
Calex Mfg 163

Computer System Power Supply
Computer Power Systems ...

Rechargeable Batteries

Gates Energy Products ... 7
Power Conditioner

Deltec 169
Line Surge Protector

Dyma ENgineering ..., 167
Power Regulator

Sola Basic Industries/Sola Electric ... 164
DC-DC Regulated Converters

Wall Industries 167
RELAYS
Solid-State Relays

Hei Electric 172

SENSORS; TRANSDUCERS
Audio Indicators

Projecis 'UniImMBed .....c..ommmmsonssimmsrsin 84
SWITCHES
Environment-Sealed Switches

Control Switch/Cutler-Hammer ........cceeu 169
Hluminated Rocker Switches

Raytheon/Distributor Products ................ 166
Flat Cable System Test Switch

A P Products 172
THERMAL COMPONENTS
Thermostats

El  BUNBOEE .iiiiisivnnisniinispisiassionss 104

CIRCUITS

CIRCUIT CARDS AND MODULES
Logic Modules

MDB Sy 34
Memory and |I/O Boards

Intel 142
Core Memory Modules

Dataram 157

Standard Memories ...........ccccocviiirinnniienes 161
Microprocessor Core Memory Modules

Electronic Memories & Magnetics .......... 165
Semiconductor Memory Modules

Applied Data Communications ................. 4

Monolithic Systems
National Semiconductor

RAM Modules

165
165

American Microsy 147
Extensys 163
Intel Memory Sy 19

p/ROM-RAM Quad Cards
Applied Data Communications ..

RAM Core Memory System

Micro Memory 145
Analog Output System

Datal VEANBIRTIONT . ocbariibnidivmmssnstabons 148
A-D/D-A Analog |I/0 Card

Signal Laboratories ............ccceceon. 148
ASCII Keyboard Encoder

Radio Shack/TandY ...uisesssssssiosenssonss €2
Badge Reader Module

R B Products ... 162
Microprocessor Board

MInT MICTO MR iisiisistosssminsissssssssssinsire 144

Single-Board Microcomputers
Memspec Computer Systems ..
Microcomputer Associates ......

Microcomputer Family Modules

143
140

Wintek 20
Microcomputer Emulator Board

Mostek 148
Modular Data Acquisition Systems

Analogic 162

Motorola Semiconductor Products .........134

A-D Converter System
Cybernetic Micro Systems ..

Single Module 12-Bit DAC

Datel Systems 169
Process Control D-A Converters
CPS/Converter Products ..o, 167

PA

DIGITAL AND INTERFACE INTEGRATED
CIRCUITS
Bipolar Multiplier ICs

TRW/LSI Prod
Memory ICs

Texas Instruments/Components
RAMs

NEC Micr p S 24, 25
4k and 16k RAMs

Intel 152
CMOS PROMs

Harris/Semi d 148, 149
CCD Memory

Fairchild Camera and Instruments/

MOS/CCD Prodiicls .......ceussesssersssorsonses 152

Microprocessor

Zilog 145

Microcomputer Chips
Texas Instruments/Components ...

Microcalculator
Artisan EIBOtIORICE: ...cvvinssenssroarssssniniasasion 144

D-A Converter ICs

Analog Devices 32, 33

Procision “MOROHIITE: .......ciicniennmic 154
A-D Converter ICs

Beckman Instruments/Helipot .............. 154
LINEAR INTEGRATED CIRCUITS
BIFET Op Amps

Intersil ......... 155

National Semiconductor ... 154
Sample/Hold Amplifiers

Micro Networks 152
Quad Comparators

Harris Semiconductor/Harris ......ccccennneee 152
Remote Control Servo IC

Signetics 155
VMOS Peripheral Drivers

Siliconix 170
OSCILLATORS

Crystal Oscillators
Ovenaire/Walter Kidde ................cce....
Statek

MEMORY/STORAGE EQUIPMENT
BUFFER MEMORIES
Baud Rate Converter

Westam Telematic . armmmiiiamoss 165
FLEXIBLE DISC UNITS

Flexible Disc Drive
Shugart A i
Flexible Disc Systems

Charles River Data Systems .....
Data Sy Design
Sykes/Datatronics
Techtran Industries

MAGNETIC CORE MEMORIES
Core Memory Systems

Dataram 157

Standard MOMOIBE: ...ivininuirissssincsssonass 161
Microprocessor Core Memory System

Electronic Memories & Magnetics .......... 165
RAM Core Memory System

Micro Memory 145

MAGNETIC DISC AND DRUM UNITS
(See also Flexible Disc Units)

Disc Memories

Alpha Data 184

Hitachi 176
Disc Drives

AMCOMP

California Computer Products ..

Diablo Sy

Kennedy

Memorex 163

i 122

Pertec/Pertec Ci 66, 67

Si /M Sy 40, 41
Disc System

Diva 132
Cartridge Disc Drive

Control Data 151
Disc Protect System

Bytek 169
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MAGNETIC TAPE UNITS PAGE
Tape Drive
g 103

Tape Systems

Siemens/Measure Systems .................. 40, 41
Tape Controller

Datum 164
Cartridge Tape Drive

Sycor 162
Cartridge/Cassette Tape Drives

3M/Mincom 56, 57

Cassette Tape Transports
Braemar Computer Devices ...

Triple 1
Cassette Recorder

Memodyne 165
Cartridge/Cassette Recorder

Raymond Engineering ..........ccccoieeincncnninnns 146

ROM/RAM PROGRAMMERS AND SIMULATORS
Multipurpose ROM Simulation System
Electro DesSigns ......icsisssisiesossnnsionsesivnnss 176

Multiple-p/ROM Programming System
N. V. Data Applications

International 168

SEMICONDUCTOR MEMORIES
Memory ICs

Texas Instruments/Components .............. 150
CCD Memory

Fairchild Camera and Instrument/

MOS/CCD Products .........c.cesssessessiasensasass 152

RAMs

NEC Micr p IR R 24, 25
4k and 16k RAMs

BIRBL: . 0510r inatmarasinsssisisnseatosssusimssmianinubibissevasaasnanta 152
CMOS PROMs

Harris/Semicond 148, 149
Memory and 1/0 Boards

Intel 142
64k RAM Board

Extensys 163
p/ROM-RAM Quad Cards

Applied Data Communications ... 171
RAM System

American Microsy 147

Intel Memory Sy 19
EPROM/RAM System

Applied Data C icati 4

Semiconductor Memories
Monolithic Sy
National Semiconductor ...,

INPUT/OUTPUT AND
RELATED EQUIPMENT
BADGE READERS
Badge Reader Module
R D Products 162
BAR CODE EQUIPMENT
Bar Code Reader

Interface Mechanisms ..o, 169
CHARACTER/MARK RECOGNITION EQUIPMENT
OCR Reader

Caere 174

DATA TERMINALS
(See also Graphic Equipment)
Data Terminals
Teletype 49
Texas Instr /Digital Sy ....62, 63
Keyboard Printer
Digital Equipment/Digital Components ..160
CRT Display Terminals
Informer
Lear Siegler ..
Intelligent Color CRT Display Terminal
Intelligent Sy 42, 43

Magnetic Tape Terminal
General Electric/Data Communication

Products 178
Universal Emulating Terminal System
Megadata 173

DISPLAY EQUIPMENT

(See also Data Terminals and Graphic
Equipment)

CRT Displays
Ball Brothers Research/Electronic
Display 98
Image Memory/Scan Converter
Princeton Electronic Products .......cccccceuees 178

PAGE
Switchable Interface for CRT Terminals
Ann Arbor Terminals ..iceuscsannmsime 168
GRAPHIC EQUIPMENT
Computer Display Monitor

Tektronix/ Information Display ................. 158
Multicolor Graphic Display

Integrated Microsystems .........ccccecvevunnenns 165
Graphic Display Terminals

R K 58, 59

Tektronix/Information Display ................... 31
Graphics Display System

Geni c IGeni

TOChnology .:icusssmmumssisssimaiing 166

Data Tablets and Digitizers

Summagraphics 18
Sonic Digitizer

Science Accessories ..............oeeeet 163, 171
Back-Lighted Digitizers

Talos SYSteMS .......cciccrsercrsssiennsssssisssssaesssases 170
Online Image Memory/Processor

Quantex 171
Color Video Generator

Industrial Data Terminals ... 166
INTERFACE EQUIPMENT; CONTROLLERS
Universal 1/0 Processor

Comp A i 51
Interface Boards

MDB Sy 34
Switchable Interface for CRT Terminals

Ann Arbor  TermiNAaIS:  luwuiwsuseananais 168
Instrument/Bus Interface Coupler

Fairchild Camera and Instrument/

Instrumentation and Systems ............. 171

Channel Interface

Information Products Systems ........... 171
Tape Controller

Datum .. 164
Line Printer Controller

15 e M R N Dy P e T e 164
KEYBOARD EQUIPMENT
Industrial and Military Keyboards

Refac Electronics ......cseiesomsesssosessssenssnses 172
Keyboard Switches

Oak Industries 178
ASCIl Keyboard Encoder

Radio Shack/Tandy .isccescsssesesorsisnsiss 162

OTHER INPUT/OUTPUT EQUIPMENT

Memory and 1I/0O Boards
Intel

Data Input Peripherals

Trendata/Applied Magnetics ......ccccevinene 164
PLOTTING EQUIPMENT
Digital Plotter

H Instr /B
PRINTER/PLOTTERS

Printer/Plotter
Printronix 110

Electrostatic Printer/Plotter
Gould/Instr Sy 15
PRINTING EQUIPMENT

Printers
Okid

Siemens/Measure Systems
Line Printers

h & Lomb ... 39

Centronics Data Comp 123
GRI Computer 163
H Instr t/B h & Lomb ... 127

Militarized Line Printer

Miltope ...... 173
Line Printer Controller

TAIY : scsuicsssivsisiasssinsmisissopemsssasntssonsstovsiibneszaasns 164
Serial Printer

TRIY  ctoiiciiossmsonsase ks iiias i SRR A SRS kIR 2
Impact Printer

Diablo Systems ........cccccoevivineisninrnssnnnnne 23

Digital Printers
C. Itoh Electronics
Master Digital
Thermal Printer
Gulton Industries/Measurement &
Control SYSOMS: iy 170

Dot Matrix Printer

Amperex Electronic ..166
Matrix Printer Head

Information Magnetics .......c.cienieiiceianne 177
Data Test Set Printer

International Data Sciences ............... 175

PUNCHED TAPE EQUIPMENT
Paper Tape Equipment

PAGE

Sweda International/OEM Products ........167
Punched Tape Reader/Spooler

EECO ...162

COMPUTERS AND
COMPUTER SYSTEMS

AUTOMATIC TEST SYSTEMS
Automatic Test Equipment

Teradyne Cover Il
Automatic Logic Board Tester

GenRad 35, 177
Linear IC Automatic Test System

Lorlin Industries 162

COMPUTER AUXILIARY UNITS

Floating Point Array Processor
Computer Design and Applications ........ 178

GRAPHICS PROCESSORS
Graphics Processor

Megatek 145
MICROCOMPUTERS AND MICROPROCESSORS
CPU Board/Front Panel

Morrow’s Micro-Stuff .......ccocomvniiicinciinnane 163
Microcomputers

Data General wi T

Digital Equip 44, 45

Intel 52, 53

MITS 89

National Semicond 78, 79

Dedicated Microcomputer
Cromemco L4

Single-Board Microcomputers
Memspec Computer Systems
Microcomputer Associates

Microcomputer Chips

Texas Instr /Components ........ 46, 47
Microcomputer Family

Wintek 90
Microcomputer System

Cybersystems 141
Microcomputer Emulator Board

Mostek 148

Microcomputer Evaluation Kit
Motorola Semiconductor Products/

Integrated CIrcuit .i.smasimspsmsnanse 140

Microcomputer Compiler

PennMicro 143
Microcomputer Software

Intermetrics 140
Microprocessor

Zilog 145
Microprocessor Board

Minl MICTa: MAETE: .veseesmssiossssisnssmesisioniiisin 144
Test System

Tektronix 8, 9
Microprocessor Software

Forth 165

Microprocessor Language
National Semiconductor ....

Microprocessor Cross Assemblers

Microtec 144
Software Development Systems

Texas Instruments/Digital Systems ........ 176
Disassembler/Trace Programs

Cybergrafix 142
Software Code Card

Tychon 144

MINICOMPUTERS; SMALL- AND MEDIUM-SCALE
COMPUTERS

Minicomputers

Harris/Comp Sy 5

Interdata 91, 93

Systems Engineering Laboratories .......... 160
Militarized Minicomputer

Norden/United Technologi 81

TIMESHARING COMPUTERS AND SYSTEMS

Distributed Processing System
Systems Engineering Laboratories ...82, 83

DATA COMMUNICATIONS EQUIPMENT

COMMUNICATIONS INTERFACES

Channel Interface
Information Products Systems ............... 171

COMMUNICATIONS MONITORS

Communications Monitor
Epicom - 75
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ENGINEERS

GET THE ANSWERS
TO YOUR

PRODUCT DEVELOPMENT
QUESTIONS
FAST

with a
MINI MARKET
SURVEY

from
COMPUTER DESIGN

A “Mini Market Survey” is a new service based
on a brief, incisive questionnaire developed
jointy by you and Computer Design's
specialists. It is designed to get you fast, ac-
curate answers regarding the industry interface
of your product or service.

LOW COST

The survey questionnaire is sent only to the
precise group of digital design engineers who
are qualified to answer your questions. That
means no waste and therefore minimum ex-
pense.

The whole procedure — from order to complete
report — may take less than a month.

We call these Surveys “Mini” because they take
little time to prepare . . . little time for results . . .
little investment in comparison to alternatives.

HIGH SELECTIVITY

Our contact list of 60,000 Digital Engineers
enables you to select designers of any one (or
more) of 146 types of equipment and systems.

For instance

S
COMPUTER-BASED SYSTEMS

DESIGNERS 41,075
Business Systems Designers 3,183
Process Monitor/Control Systems
Designers 6,002

Medical/Hospital/Health Systems
T

Designers _—* »\7\3/,39

o T
You can contact ALL or A SAMPLE PORTION
of a particular subcategory.

If you wish more elaborate selections, they are
available. Suppose you wish to survey
engineering managers responsible for the
design of disc drives who influence the
purchase of motors. We can put you in touch
with 152 individuals who meet these very
special criteria.

Instead of relying on the advice of a limited
number of individuals in making design deci-
sions that will impact the market, you can now
consult with the entire universe of your prospec-

fveclens!  \WHAT A WAY TO GO!
CIRCLE 120 ON INQUIRY CARD
[ ———— Write or call today = — = — —

: Dr. Geoffrey Knight, Director

| Market Research Group

| Computer Design Publishing Corp.
I 200 Swanton St., Suite T-37

| Winchester, MA 01890

1 (617) 729-6651

e o o e o —— — —— — — —

L
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rGLIIDE TO PRODUCT INFORMATION

PAGE

COMMUNICATIONS MULTIPLEXERS
Asynchronous Multiplexer

Infotron Systems 168
COMMUNICATIONS TERMINALS
Magnetic Tape Terminal

General Electric/Data Communication

Products 178

DATA COMMUNICATIONS TEST EQUIPMENT
Remote Data Communications Test Instrument

Spectron 175
Portable Modem Tester

Tele-Dynamics/Ambac Industries ............ 166
ASCII Test Pattern Generator

Syntest 170
Data Test Set Printer

International Data Sciences ..........c...... 175

MODEMS; DATA SETS
4800-Bit/s Modem

Penril/Data Communications ............... 162
1200-Baud Modem
COMBIBER | L iriniiaisusmsensnsssonmnetsoisrssivissessonsis 165

OTHER DATA COMMUNICATIONS EQUIPMENT
Baud Rate Converter
Western Telomatic ..icsimasisssissssssissasises 165

DATA ACQUISITION AND
CONTROL EQUIPMENT

A-D and D-A CONVERTERS
A-D Converter
Beckman Instruments/Helipot .................. 154
A-D Converter System
Cybernetic Micro Systems .
Preston Scientific .................
A-D/D-A Analog 1/0 Card
Slgnal  LabOrROrIBs . «...icuuiisisissiseressorsseonss 148
D-A Converter ICs
Analog Devices
Precision Monolithics ....

Single Module 12-Bit DAC

Datel Systems 169
Process Control D-A Converters
CPS/Converter Products ... 167

ANGLE AND POSITION ENCODERS

Magnetic Encoders
Singer/Librascope

Position Encoder

BEI Electronics 176
Industrial Shaft-Angle Encoder
ILC Data Device 166

DATA ACQUISITION SYSTEMS
Turnkey Data Acquisition System

Neff INBUMBNL ... icinnmansnimsieississ 177
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incorporated

MASS MEMORY TECHNOLOGISTS
()

HEAD-PER-TRACk DISC MEMORIES

CAPACITIES UPTO
64 MILLION BITS/SPINDLE

AVERAGE ACCESS TIMES AS FASTAS
500 MICROSECONDS

CONTROLLERS for Most MINICOMPUTERS

‘DISC INTERFACE EASILY MATCHED
TO YOUR CONTROLLER

%
VISIT OUR NCC Booth 2071

or contact

TED LINCOLN

at
Tel: (213) 882-6500 6 TWX(010)494-4914
20750 Marilla Street.Chatsworth, CA 91311

CIRCLE 119 ON INQUIRY CARD

STILL ONLY $2495!
5V at 3A, with OVP...

| it oAl 5ry  MODEL HB5-3/0VP
SHDR2 A=  $24.95, SINGLE
; ‘ QUANTITY

115/230 VAC INPUT
OVP BUILT-IN

.05% REGULATION
2 YR. WARRANTY
2 HOUR BURN-IN
UL RECOGNIZED

L)
It's a Fact!
531 Dawson Dr.  Camarilio, CA 93010
Phone 805/484-2806 TWX 910-336-1297
POVER-ONE, INC
4 -

IN-STOCK FOR IMMEDIATE DELIVERY . .. NATIONWIDE

SALES OFFICES: ARIZ. Scottsdale (602) 957-9110. CAL. Pasadena (213) 681-5631, San Diego (714) 565-6814, San Jose

(408) 246-5860. CANADA Ontario (416) 742-4448. COL. Denver (303) 773-1218. CONN. Hamden (203) 281-6539

FLA. Orlando (305) 894-3351. ILL. Chicago (312) 858-8355. IND. Indianapolis (317) 353-9441. MD. Lanham (301) 552-2200
MASS. Waltham (617) 899-4300. MINN. Minneapolis (612) 925-1883. N.J. E. Hanover (201) 377-3220. N.M. Albuquerque

(505) 255-2330. N.Y. Roslyn Hits. (516) 484-1276, Burnt Hills (518) 399-9200. ORE. Portland (503) 238-0001. TEX. Houston
(713) 442-2944 Dallas (214) 361-8584. WASH. Seattle (206) 763-2210

SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK
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SALES OFFICES

NEW ENGLAND,
NEW YORK STATE

Lindsay H. Caldwell
129 Cedar Hill Road
East Dennis, MA 02641
phone: (617) 385-2533

MIDDLE AND SOUTH
ATLANTIC STATES

Hajar Assoc., Inc.
Emile H. Hajar

Paul Hajar

Silvio Mandino

521 5th Avenue

New York, NY 10017
phone: (212) 682-5844

MIDWESTERN
STATES

Hajar Assoc., Inc.

Emile H. Hajar

Paul Hajar

664 North Michigan Avenue
Suite 1010

Chicago, IL 60611

phone: (312) 337-8008

SOUTHWESTERN
STATES

Lindsay H. Caldwell
129 Cedar Hill Road
East Dennis, MA 02641
phone: (617) 385-2533

WEST COAST
STATES

Buckley Boris Assoc.

Terry Buckley—Tom Boris
912 South Barrington Avenue
Suite 202

Los Angeles, CA 90049
phone: (213) 826-4621
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j EBADYNES

Semiconductor Test Division

Boston, Mass. — Chatsworth, Calif.

Is;l;m the end of the line?

Wherever semiconductors are tested in high volume, one name
says it all-Teradyne. Some of our systems have made history in their
own right: the J259, which was industry’s first computer-operated IC
test system, the J283, the J273, the J325, the T317, the J387, to name a
few. It all adds up to an installed base of almost a quarter of a billion
dollars and a record of on-line experience no one else even
approaches.

Today's Teradyne systems are capable of testing over 80% of all
semiconductors being produced, including RAMs and ROMs to 65k,
op amps, voltage regulators, chroma and stereo demodulators, TTL,
CMOS, ECL, transistors, diodes, and just about every other semicon-
ductor device produced in high volume.

We've won our dominant position at the end of the semiconduc-
tor production line and at the beginning of the electronics assembly
line through hard work and understanding. What we start, we
stay with, but you can see that every time you walk through your
production-test or incoming-inspection area.

We've come to think of those places as our turf, and we intend to
keep it that way.




Try our slim line.

Buy Our Leaner, Lighter,
Easier-To-Service 5/10 Megabyte Drive

We're in volume production of our new Model 44B 5 and 10 megabyte
drives, offering all these features:

= internal power supply

= fewer parts for maximum simplicity

= very high reliability

= interface, cartridge, dimensionally compatible with
our Model 43 and 44 drives

= ready for worldwide plug-in to 100/120/220/240 volts

= easy to service—only 5 pcb’s

product of the experience of over 75,000 Series 30

and Series 40 drives in service worldwide.

See how all this adds up to low ownership cost! Write Diablo Systems,
Inc., 24500 Industrial Blvd., Hayward, Ca. 94545; Diablo Systems, S.A.,
Avenue de Fre, 263, 1180 Brussels, Belgium

Diablo

Diablo Systems, Incorporated
A Xerox Company )

CIRCLE 122 ON INQUIRY CARD

Diablo and XEROX®
are trademarks of XEROX CORPORATION






