COVIPUTER DESIGN

THE MAGAZINE OF DIGITAL ELECTRONICS

AUGUST 1979

- VISUAL SCIENCE

2

EN

o}
s 48 ]
i
[ —
18 |
Q=
Weg
ot

.
o
Nz
N
N

nA‘SILL
i INST Of

f

GUIDELINES FOR DESIGNING BATTERY BACKUP CIRCUITS FOR CMOS RAMS
ADAPTING CONTROL AND ARITHMETIC SUBROUTINES TO SINGLE-CHIP MICROCOMPUTERS




OUR PDP-TI
MAGTAPE CONTROLLER

)

4

“ every two hours of
%> everyworking day
TR somebody puts

aTC130ona
PDP-11 computer

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

B Software compatible - embedded
design

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

B Intermix 9 track and 7 track, up to
8 drives

B Fits all PDP-11 Series Computers

v l B Dual speed-switch selectable,
' 12510125 ips
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Kennedy peripheral products.

Buying is just the beginning.

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

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

KENNEDY CO.

540 W. WOODBURY RD., ALTADENA, CALIF. 91001
(213) 798-0953
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THE NEW TALLY 300
LINE PER MINUTE PRINTER.

More features. More Benefits.

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

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

TALLY
PRINTERS
WORLDWIDE

OEM SALES OFFICES
Atlanta (404) 955-1630
Boston (617) 272-8070

New York (516) 694-8444
Chicago (312) 885-3678

Los Angeles (213) 378-0805
Philadelphia (215) 628-9998
San Jose (408) 247-0897
Seattle (206) 251-6730

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

BUSINESS SYSTEMS SALES
Orinda, CA (415) 254-8350
Boston, MA (617) 272-8070
Chicago, IL (312) 885-3678
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loading and easy access control panel with push
button convenience.

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

Call your nearest Tally sales representative for
all the details.

Tally Corporation, 8301 South 180th Street, Kent,
WA 98031. Phone (206) 251-5524.
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GUIDELINES FOR DESIGNING BATTERY BACKUP CIRCUITS

FOR CMOS RAMS 117

by Dennis C. Young

Basic design guidelines cover various battery types, interfaces, and
applications, and point out methods for switching the memory arrays
from system to standby power

ADAPTING CONTROL AND ARITHMETIC SUBROUTINES

TO SINGLE-CHIP MICROCOMPUTERS 127

by Lionel Smith

Software modules, presented in machine independent program lan-
guage, suit common serial 1/0 and mathematical utility applications
with a minimum of implementation problems

EXPANDING UART WORD WIDTHS FOR

LOW SPEED DATA TRANSMISSION 134

by John D. Meng

Multiple UART chips plus decoding and multiplexing logic expand
data word lengths from 8 to 32 bits in a graphic display/computer
communications application

A SOFTWARE BASED APPROACH TO PRIORITY INTERRUPTS 142
by B. K. Gupta

Hardware and software encoding schemes for servicing multiple
peripheral interrupts in a microprocessor based control system are
examined for optimum performance and cost

WEIGHTS AND SCORES APPROACH TO

COMPUTER EVALUATION 150

by G. Gordon Schulmeyer and Beta Martinian

Evolution of an electronics industry in an underdeveloped country
provides an opportunity for organizing and executing computer tech-
nology strategy from initiation to realization

INTERFACING PERIPHERALS DIRECTLY TO

AN ARRAY PROCESSOR 158

by Paul Wiley

Two alternative methods provide direct 1/0 interfacing for high data
transfer rates or realtime applications

CONFERENCES

COMPCON 108

With emphasis on using microprocessors, this fall’s IEEE Computer
Society International Conference will present the latest in micro-
processor developments and applications in 30 program sessions
and 3 preconference tutorials

WESCON 112

Innovations influencing industry and home in the 80s are the focus
of this year’s Western Electronic ‘Show and Convention. Profiled are
sessions covering array processors, bipolar LS| for microprogrammed
machines, memories for the microprocessor age, and microcomputer
development systems



Microprocessor
Systems

With Okidata Disc Drives

The limiting factor on throughput in virtually addressed
microprocessor systems is paging memory access time.
Okidata 3300 Series disc drives have moved that limit.
Microprocessor systems can do more! The 3300 combines
large capacity moving head storage with fast 10 ms access
fixed head storage in one economical package—with hard
and soft error rates previously available only in
minicomputer and larger systems.

The 3300 is available in six models, from 13 to 80
megabytes moving head and up to 2.4 megabytes fixed
head. All six use the same set of systems programs and all
six fit in just 7" of rack space, including the power
supply—Twenty-five percent more capacity than IBM’s
Piccolo in half the space.

The 3300 makes micrcprocessor systems more reliable,
too. Winchester heads and discs and Okidata’s unique low
mass rotary positioner are protected from the environment
by the finest air filtration system in the industry.

You've probably read about Okidata “bumping out” those
big name disc suppliers. The reason is, when you compare
cost of ownership, reliability, OEM support and
performance, Okidata disc drives do more.

OKIDATA

Okidata Corporation

111 Gaither Drive

Mount Laurel, New Jersey 08054
Telephone: 609-235-2600
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SMD’S. .. DATARAM KEEPS
CONTROL FOR DEC USERS

Now you can get the industry’s widest range of peripheral
controllers for DEC LSI-11® and PDP®-11 from Dataram
Corporation — the company that’s built its reputation by
delivering performance, reliability, and savings on
ADD-ON/ADD-IN mini-micro memory and disk emulation
systems.

In its second decade of understanding and meeting the needs
of end users, OEMs and system houses throughout the
world, Dataram now offers DEC users an impressive array
of state-of-the-art controllers, based on efficient, high-speed
bipolar microprocessors. Controllers that follow in
Dataram’s proven tradition of providing LSI-11 and
PDP-11 users increased performance, improved reliability,
denser packing, and dramatic savings.

TO3 reel-to-reel/tape controller. Emulates TM11/TU10
magnetic tape system and interfaces to DEC’s LSI-11 Bus.
The TO03 is compatible with all DEC standard operating
systems and occupies two DEC dual slots. Operates NRZI,
7 track (200, 556, or 800 BPI) or 9 track (800 BPI). Tape
speeds up to 75 ips.

C03 and C33 cartridge disk controllers. The LSI-11
Bus-compatible C03 and the UNIBUS®-compatible C33
emulate DEC’s RK-11/RK-05 disk system, and support

V‘B DATARAM
\ N | corPORATION

industry-standard 2.5, 5, 10, and 20 MB drives. Both the
C03 and C33 are packaged on a single standard DEC quad
board. 1500 or 2400 rpm drives accommodated.

S33 SMD controller. The industry’s first single-board
software-compatible SMD controller, and it's available only
from Dataram. It interfaces to DEC’s PDP-11 and emulates
DEC’s RMO02. Operates with industry-standard SMDs. Up
to four SMDs per S33 controller. Internal self-test, with
LED error/status display, is standard.

They're all ready to plug into your LSI-11 or PDP-11
backplane...they’re all totally software compatible...they're
all available now...and they're offered with confidence, not
promises.

Tape, disk and SMD controllers...three more reasons —
with more to come! — why Dataram Corporation is the
recognized innovator and leader in mini-micro memory...and
its control. And the largest company in the world dedicated
exclusively to this important area.

Dataram...the company to call to get your peripheral
applications under control.

DEC. LSI-11. PDP and UNIBUS are registered trademarks of Digital Equipment Corporation

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512
TEL:609-799-0071 TWX:510-685-2542
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“THE
AmZ8000
IS BETTER”

The AmZ8000
is cheaper, easier, and a
whole lot faster to pro-
gram than the 8086.

Call Advanced Micro
Devices and get all the
facts on the AmZ8000.
It’s the best 16-bit CPU
there is.

Advanced
Micro
Devices

P

901 Thompson Place
Sunnyvale, CA 94086
Tel: (408) 732-2400
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LETTERS TO THE EDITOR

To the Editor:

Messrs Bhargava and Chandra (“Logic
Variable Format Techniques for Ef-
ficient Process Control 1/0,” Computer
Design, May 1979, pp 203-211) seem
to be trying to write around some of
the clumsier aspects of the 8085 in-
struction set. Use of the SsET, REs
(reset bit), and BIT (test bit) instruc-
tions in the Z80 instruction set would
greatly simplify and shorten all of the
algorithms in the article, eg for Lk =
LA IR ® 1O

BIT 6, (x + 0) stest LA
JRZ ZERO
BT 4, (x + 1) stest LB
JRZ ZERO
BIT 3, (1x + 2) stest LC
JRZ ZERO

ONE:

ZERO:

The bit numbers and index offsets
are arbitrary. Note that this coding
is easily read, and does not disturb
any registers, unlike the 8085 coding
which destroys the accumulator. Also,
the decision portion of the code is
only six bytes in length.

The Z80 instruction set is superior
to the 8085 for any operations involv-
ing logical constructs and /or memory
manipulation. Inasmuch as it is also
less expensive than the 8085, doesn’t
multiplex address and data, and con-
tains onchip dynamic memory refresh,
it would seem a much wiser choice
for process control applications.

Richard A. Rodman
Envo, Inc
Vienna, Va

To the Editor:

The floating point working group of
the 1EEe Computer Society’s Micro-
processor Standards Subcommittee has
been working on a proposed standard
for microprocessor floating point arith-
metic.

Several innovative and controver-
sial proposals have been discussed but
so far none has been widely circulated
outside the working group.

Persons interested in receiving the
current working documents for the
various proposals may write to me.

David Hough
PO Box 384
Wilsonville, or 97070

To the Editor:

There is an erroneous equation in
Ronald Zussman’s article “Predicting
Queue Performance On A Program-
mable Handheld Calculator” (Com-
puter Design, Aug 1978, pp 93-100).
The equation in error appears on page
94 as “Probability of response time ex-
ceeding T”:

P(TR>T) = e™*(1+(B/s))
( (l_e-u-'ru-u-u/-)) )/ ( 1 —U—( 1/s ) ) )

Notice that if T is set to zero this
equation produces the result P(TR>
T) = 0 whereas the equation should
produce P(TR>T) = 1.

I am interested in obtaining the
correct equation, preferably with a
derivation or reference.

John Pustaver
Raytheon Co
Sudbury, Mass

The Author Replies:

The equation for probability of re-
sponse time exceeding T (Computer
Design, Aug 1978, p 94) should be
corrected as follows: remove right
parenthesis in middle of equation,
and add right parenthesis at end of
equation. The corrected equation
should read:

P(TR>T) =e™®(1+(B/s)
( (l_e-“lT(l-U-(l/l)) )/ (1_U_( 1/5) ) ) )

The calculator program has been veri-
fied and is correct.

The reference requested is “Intro-
duction to Operations Research,”
Churchman, p 406, Eq 42.

Ronald Zussman
Securities Industry Automation Corp
New York, Ny

Letters to the Editor should be
addressed:

Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460
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Our raster-scan systems are fast becoming
leading contenders for top honors in the digital
computer graphics and image display field. The
clarity and conciseness afforded by monochrome
resolutions as high as 1280 X 1024 and full-color
versions to 1024 X 1024 pixels, are good reasons
why. There's many more . . . let's peruse just a few.

16-Bit High-Speed Programmable Processor.

Consisting of 16 general purpose and 9
operational registers, plus a set of 55 mnemonic
instructions, along with 16-bit writeable control
storage, the processor can manipulate data at
internal cycle rates of 150 ns.

And it provides automatic DMA access, selective
erase, user selection from a range of over 16-million
different color intensities, plus flicker-free operation.

Modular, Versatile Hardware.
Since Genisco’s systems are capable of being
expanded from a single monochrome memory plane

)
3

High-Resolution.

il

to a number of planes that support the full range of
gray scales or colors required, you can inexpensively
start-out and add-on as needed. Our monitor control
module lets you operate up to 12 monitors, mix
TV/Video and remotely monitor — as well as fill
areas outlined in the bit-map memory — and
allowing RS232 interfacing with a keyboard,
trackball, joystick or graphics tablet.

Genisco also provides a full complement of
standard minicomputer interfaces or can
economically build one to suit. Scroll/Zoom and
high-speed Character-Vector Generator hardware
are also available.

Cost-Effective Graphics for the OEM.

For applications where minimal cost without
sacrifice in performance is a major consideration,
Genisco offers the GCT-3400 OEM models.

FORTRAN Software.

In addition to the Basic Graphics instructions and
diagnostics provided with the system, Genisco offers
GRAFPAC I, the most comprehensive FORTRAN
Callable Subroutine Package available for raster
graphics.

Since space does not allow for greater
enumeration of the many ways your computerized
displays can be truly picture-perfect, contact
Genisco — a name that has stood for technological
expertise for over 30 years — 17805 Sky Park Circle

The Perfect-Picture People

GENISCO COMPUTERS| C%

A DIVISION OF GENISCO TECHNOLOGY CORP.
CIRCLE 7 ON INQUIRY CARD




HUNTER LEAVES GO

The Hunter, featuring 16 MB removable servo surface. Future availability and pricing
and up to 80 MB fixed, is about to make a clean could obviously be affected.

sweep in the cartridge disk feature race. Saves 3-8 minutes in copying.
. Itemploys a Mtemg system that g The Hunter is designed to be right on track —
particles down to .3 microns — proven in thou- time after time — in copying fixed to removable

sands of Tridents. S
d R media. Simply, the Hunter
Unlike competition, it has a tunnel cover EeRarecs the Sartndoe

;vgihal:ee:ps contaminants from reaching the advantage by using a

What's more, the Hunter reminds operators single fixed disk
not to leave the cartridge
bottom cover out to gather
contaminants during oper-
ation.

And finally, the Hunter
clean air seal isn't broken
when the drive is serviced.
(The competition’s seal must
be broken just to replace
a fuse.)

Hunter wins hands up.
At this level of perfor-
mance, you need a solid,

rigid frame to help maintain accuracy and
reliability. No tilts allowed.

And with Hunter, you get it.

Now, we wouldn't want to point the finger
at anybody in particular, but some frames
actually twist visibly when you lift one corner.

Try it.
Price fight.

We use an industry-standard 5440-type
cartridge of proven reliability. It has no
unusual features that could limit the number
of media manufacturers or drive the price up. Like
a servo surface. The competition, on the other
hand, uses a unique cartridge that requires a written




MPETITION IN DUST.

servo surface to position on the cartridge disk. For example, the power supply, power
Seeks are faster and surer than the competition amplifier and transformer can be disassembled
by a time factor of more than 13 to 1. from the unit by removing only four screws. No
Our loader is really tops. de-soldering necessary.
< CaETeHunter cartridge receiver is as simple 16 MB 5440-type cartridge

Complex mechanisms with bearings, rods,
plates and switches just aren't needed.

On the top-loading Hunter, gravity does
the loading. And gravity behaves the same way

Up to 80 MB

time after time.

Score another point —a “scoreboard’

To avoid unnecessary service calls, the
Hunter has a prominent front panel display that
@& indicates operator or program errors
% plus malfunction information.

Made for fast “pit stop”
service.
The Hunter utilizes self
diagnostics and a modular com-
ponent concept for fast, cost-
effective servicing with a
minimum of downtime.

fixed disk

Hunter “scoreboard”

ETiet ¢ oseria % GMESEe ¥ pWOSS] I8 2RGRS

/

~

b’ Call now for your evaluation unit.
Full comparison details are available from
1 ¥y your nearby Century Data sales office. Now is the
S . time to pick your evaluation unit and compare
us and them side by side.
Century Data Systems, 1270 N. Kraemer
Blvd., Anaheim, CA 92806. Phone (714) 632-7111.

WE FEEL LIKE

A Xerox Company

CIRCLE 8 ON INQUIRY CARD



| cALENDAR

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

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

SEPT 6; SEPT 26; AND OCT 10—Invita-
tional Computer Conf, Palo Alto, Calif; Min-
neapolis, Minn; and Newton, Mass. INFOR-
MATION: B. J. Johnson & Associates, 2503
Eastbluff Dr, Suite 203, Newport Beach,
CA 92660. Tel: 714/644-6037

SEPT 18-21—WESCON, Brooks Hall and St
Francis Hotel, San Francisco, Calif. INFOR-
MATION: William C. Weber, Jr, 999 N
Sepulveda Blvd, El Segundo, CA 90245, Tel:
213/772-2965

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

SEPT 25-28—Euro IFIP, The European Conf
on Applied Information Technology, Wem-
bley Conf Ctr, London, England. INFOR-
MATION: Euro IFIP 79, Box 46, Cleveland
Rd, Uxbridge, Middlesex UB8 2DD, England

SEPT 28-30—Northeast Personal and Busi-
ness Computer Show, Hynes Auditorium/
Prudential Ctr, Boston, Mass. INFORMA-
TION: Northeast Expositions, PO Box 678,
Brookline Village, MA 02147. Tel: 617/
522-4461

OCT 2-5—Internat’l Conf on Distributed
Computing Systems, Huntsville, Ala. INFOR-
MATION: B. D. Carroll, Electrical Engineer-
ing, Auburn U, 207 Dunston Hall, Auburn,
AL 36830. Tel: 205/826-4330

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

OCT 8-9—Sym on Hardware Descriptive
Languages, Palo Alto, Calif. INFORMATION:
Waldo Magnuson, Lawrence Livermore Labs,
PO Box L-156, Livermore, CA 94550. Tel:
415/422-9550

10

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

OCT 9-13—U.S. Computers and Peripheral
Equipment and Electronic Computers Cata-
log Exhibition, Ineltec Fair, Basel, Switzer-
land. INFORMATION: Caroyln Swope, Cata-
log Exhibitions Section, U.S. Dept of Com-
merce, Industry and Trade Administration,
Washington, DC 20230. Tel: 202/377-3973

OCT 14-17—Electronic and Aerospace Sys-
tems Convention (EASCON), Stouffer's Inn,
Washington, DC. INFORMATION: William
C. Weber, Jr, 999 N Sepulveda Blvd, El
Segundo, CA 90245. Tel: 213/772-2965

OCT 17-18—Connector Sym, Hyatt House,
Cherry Hill, NJ. INFORMATION: Electronic
Connector Study Group, Inc, PO Box 1428,
Camden, NJ 08101

OCT 22-24—Computers in Aerospace Conf,
Hyatt House Hotel, Los Angeles, Calif. IN-
FORMATION: Richard R. Erkeneff, Mc-
Donnell Douglas Astronautics Co, Dept 236,
Bldg 13-3, 5301 Bolsa Ave, Huntington
Beach, CA 92644. Tel: 714/896-4975

OCT 23-25—Semiconductor Test Conf, Hyatt
House, Cherry Hill, NJ. INFORMATION:
Tess Mitchell, PO Box 38, Collegeville, PA
19426. Tel: 215/489-9387

OCT 29-31—Sym on Foundations of Com-
puter Science, San Juan, Puerto Rico. IN-
FORMATION: Prof Ronald V. Book, Dept of
Math and Computer Science, U of Californiq,
Santa Barbara, CA 93106. Tel: 805/961-
2778

OCT 30-NOV 1—CAD/CAM VIl at Auto-
mated, Integrated Factory of Tomorrow Conf,
Cobo Hall, Detroit, Mich. INFORMATION:
Jeff Spire, SME Technical Div, PO Box 930,
Dearborn, MI 48128, Tel: 313/271-1500,
X405

OCT 30-NOV I1—Interface West, Anaheim
Convention Ctr, Anaheim, Calif. INFORMA-
TION: Interface Group, 160 Speen St,
Framingham, MA 01701, Tel: 617/879-4502

NOV 5-7—Asilomar Conf on Circuits, Sys-
tems and Computers, Asilomar Hotel and
Conf Grounds, Pacific Grove, Calif. INFOR-
MATION: Donald E. Kirk, Naval Postgrad-
uate School, Monterey, CA 93940. Tel: 408/
646-2081

NOV 5-8—Computer Software and Appli-
cations Conf (COMPSAC), The Palmer
House, Chicago, Ill. INFORMATION: Dr

William Smith, Bell Laboratories, Naperville,
IL 60540. Tel: 312/690-2389

NOV 6-8—COMPEC Peripherals, Systems,
and Mini and Microcomputer Specialized
Exhibition, Olympia Grand Hall, London,
England. INFORMATION: lliffe Promotions
Ltd, Dorset House, Stamford St, London SE1
9LU, England

NOV 6-8—Federal Computer Conf, Sheraton-
Park Hotel, Washington, DC. INFORMA-
TION: Federal Computer Conf, PO Box
368, Wayland, MA 01778. Tel: 617/358-
5181

NOV 6-8—MIDCON, O'Hare Convention
Ctr and Hyatt Regency O'Hare, Chicago,
IIl. INFORMATION: Dale Litherland, Elec-
tronic Conventions, Inc, 999 N Sepulveda
Blvd, El Segundo, CA 90245. Tel: 213/772-
2965

NOV 14-16—Micro and Mini Computer
Conf, Astro Village, Houston, Tex. INFOR-
MATION: Dr Sam Lee, School of Electrical
Engineering and Computer Science, U of
Oklahoma, 202 W Boyd, Norman, OK 73019.
Tel: 405/325-4721

DEC 10-15—MESUCORA  (Measurement,
Control, Regulation, Automation) Exhibition,
Physics Exhibition, and Internat’l Exhibition
of Electrical Equipment, Parc des Expositions,
Porte de Versailles, Paris, France. INFOR-
MATION: Sepic/Mesucora, 40 Rue du
Colisée, 75381 Paris Cedex 08, France

SEMINARS

SEPT 10-11; OCT 22-23; AND NOV 28-29—
Microprocessors: Hardware, Software, and
Application, Worcester Polytechnic Institute,
Worcester, Mass; Copley Plaza Hotel, Bos-
ton, Mass; and Worcester Polytechnic
Institute. INFORMATION: Continuing Pro-
fessional Education, Worcester Polytechnic
Institute Worcester, MA 01609

OCT 22-26—Pascal Programming for Mini
and Microcomputers, Ramada Inn, Woburn,
Mass. INFORMATION: Prof Donald D.
French, Institute for Advanced Professional
Studies, 1 Gateway Ctr, Newton, MA 02158.
Tel: 617/964-1412

lication in this department of
Computer Design must be re-
ceived at least three months prior
to the date of the event. To en-
sure proper timely coverage of
major events, material preferably
should be received six months in

|
Announcements intended for pub- 1
1
!
|
advance. :
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THE DSD 440.
TOTAL DEC RX02
COMPATIBILITY,

AND MORE.

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

100% software, hardware and media compatible with

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

MORE

A 512-byte hardware bootstrap is built into all
PDP-11 and LSI-11 interfaces. It loads system software
automatically from either single or double density
diskettes. Extensive self-testing is DIP-switch select-
able with the “Hyperdiagnostics” that run without being
connected to acomputer. The low profile 5V4-inch DSD 440
features write protection and diskette formatting.

FASTER

The optimized DSD 440 microcode increases system throughput
when using the RT-11 foreground/background monitor. In partic-
ular, the DSD 440 with an LSI-11 runs fjll and empty buffer opera-
tions 20% faster than an RX02.

FOR LESS

The DSD 440 is the RX02 compat-
ible flexible disk system that combines ;
high performance and advanced fea- Data Systems Design, Inc.

b g : 3130 Coronado Drive,
tures with fast delivery...at alower price. Santa Clara, A 95051

For further information, call or write Data 408) 249-9353
Systems Design today. A data sheet and T\}Vx 9)10-338-0249
price list will be forwarded to you Eastern Regional Sales:
immediately. (617) 329-5730
® Trademark of Digital Equipment Corporation TWX 710-348-0563
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COMMUNICATION CHANNEL

TRENDS IN THE DIGITAL TRANSMISSION
OF VOICE AND IMAGE SIGNALS—
PART 2: IMAGE DIGITIZATION

Ira Richer

Bolt Beranek and Newman Incorporated
Cambridge, Massachusetts

B inary imaging, where only two levels (black and
white) are used to characterize each image point, is the
most widespread application of image digitization. This
category includes most textual material as well as various
forms of graphics. Facsimile is an important application.

As with digitized voice,! there is a tradeoff between
sampling resolution (and hence number of bits) used to
represent the input, and quality of the reconstructed out-
put. For business facsimile a resolution of 100 to 200
points/in (39 to 78/cm) is generally used, although
quality at the low end of this range is only marginally ac-
ceptable.? In applications where higher quality output is
required and where transmission costs can be ignored,
resolution of 300 points/in (118/cm) is becoming the
standard. Specialized applications such as newspaper page
transmission may require a resolution of 1k to 2k points/in

(394 to 787 /cm).

Scanners and Printers

Of the many types of scanners currently used to convert
the image into digital form, laser scanners and solid state
linear arrays are emerging as favorites and are likely to
remain so for a number of years. A dual 1728-element
charge coupled device (ccp) linear array scanner was used
in the Litton Datalog Washfax secure digital facsimile,
and the same company used a laser scanner in its equip-
ment for the tri-services facsimile network.

At the receiving end, most new generation facsimile
machines use multistylus (linear array) electrostatic
printers. For computer use, 18M, Xerox, and Siemens have
laser based electrostatic printers at 300 points/in (118/
cm). The inkjet plotter, whose major advantage is its
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color capability, is another category. All three types will
coexist in the near future, but laser based printers will
probably emerge as the preferred type.

Laser scanners and solid state linear
arrays are emerging as favorites

Data Compression

Reducing the quantity of digital data that must be trans-
mitted for each image requires some form of redundancy
reduction coding. One of the proposed international
standards calls for transmissions of one minute or less
over the public switched telephone network. With no
coding, about seven minutes would be required for a
resolution of 200 points/in (78/cm), a 100-in? (650-
cm?) page, and a data rate of 9.6k bits/s. To meet the
goal set by the proposed standard, a compression factor
of seven or higher is needed. Business facsimile is pro-
viding the impetus for both development and standardiza-
tion of encoding techniques, and Ref 3 shows the 8-docu-
ment CCITT test ensemble.

The high degree of correlation between neighboring
picture elements (pixels) is the basis for achieving data
compression of images. The techniques applied to business
facsimile use raster coding and can be grouped into two
categories: 1-dimensional, where each scan line is indi-
vidually encoded, and 2-dimensional, in which the encod-
ing is applied to pairs of lines.

One-dimensional schemes first take advantage of the
lengths of successive black and white samples within a
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730s ACE ALL

COMPETITION:

Centronics gives you every advantage.

Centronics’ new Model 730 miniprinters shatter the
rules of the game. On price, performance, features, and
support, Model 730 is a clear winner — no other mini-
printer can compete! Here's why it's the newest sensa-
tion of the circuit. ..

ADVANTAGE: FLEXIBILITY Model 730's exclusive
three-in-one paper handling system gives you built-in

flexibility. Payroll checks on pre-printed continuous forms.

Inventory listings on fan-fold. Direct mail on cut sheets.
General information on roll paper. The 730 does it all.
~ ADVANTAGE: QUALITY Model 730 sets new quality
standards for miniprinters. Centronics’ innovative tech-
nology fits high-end features into a compact (10 lbs.),
quiet unit. Its 7 x 7 dot matrix produces clear, clean
characters at 50 cps. Simple operational design ensures
unsurpassed reliability.
ADVANTAGE: LOW COST OF OWNERSHIP Model
730's low total cost of ownership only starts with its
attractive purchase price. It also provides more applica-

CENTRONICS PRINTERS
...the advantage

CIRCLE 10 ON INQUIRY CARD

tions opportunities with minimum investment. Our
simple design employs fewer parts for higher reliability.
That means maximum uptime, plus easier training and
service requirements.

ADVANTAGE: INTERNATIONAL CAPABILITY
International models of the 730 can print in any of six
languages, and are available in all standard interna-
tional power requirements, so it's ready for any tour.

ADVANTAGE: CENTRONICS Model 730 is leading
the way to a whole new era in miniprinters. Naturally,
it's from the leader: Centronics. We pioneered dot matrix
printing and have been ranked #1 ever since. No other
company can match our strong serve in performance,
selection, and value. And our high-volume production
capability means we won't fault on your delivery.

Get the advantage. For more information on products
or employment opportunities, write or call today:
Centronics Data Computer Corporation, Hudson, New
Hampshire 03051, (603) 883-0111.




scan line (run-length coding) and then encode these
run-lengths using a block coding technique. This scheme
is based on a Huffman code, which minimizes the average
codeword length for given relative frequencies of run-
lengths. With 1-dimensional coding, a channel error intro-
duces errors in only a single scan line.

Two-dimensional encoding techniques are of two types.
One is essentially an extension of 1-dimensional run-length
encoding to successive distinct pairs of scan lines. The
lengths of runs are encoded for the four possible combina-
tions occurring at corresponding samples in the paired
rows. The second type uses a moving window to encode
pairs of lines—lines 1 and 2, then 2 and 3, then 3 and 4,
etc. The encoding principle here is to transmit changes
in white-black transition positions, as well as information
on when new transitions appear and old ones disappear.

Business facsimile is providing the impetus
for development and standardization
of encoding techniques

With the first 2-dimensional encoding method, the effect
of a channel error is confined to a particular pair of lines,
whereas in the second, an error can propagate. To limit
error propagation, single encoded lines are periodically
transmitted. It should be noted, however, that although
the more effective compression techniques are more sensi-
tive to channel errors, they require fewer transmitted bits
per document, so that errors in the reconstructed image,
while more noticeable, are less likely to occur.

In general, the higher the input resolution and the more
sparse the information on the image, the greater will be
the compression obtained with 2-dimensional, relative to
that of 1-dimensional techniques. Some representative
compression factors at 200 points/in (78/cm) for a
businesss letter that is not dense (ccrrr facsimile test
document 1) are 17:1 for 1-dimensional coding, 20:1 for
2-dimensional coding of distinct line pairs, and 25:1 for
2-dimensional coding using a window.?

Grayscale Images

In grayscale images each pixel can take on a continuous
range of intensities as opposed to the simple black/white
of binary images. Some examples of grayscale images are
conventional photographs, x-rays, computer axial tomog-
raphy (CAT) scans, etc. Acquisition of grayscale images
involves some sort of scanning process, since the 2-di-
mensional image must be converted to a 1l-dimensional
signal or waveform for transmission. The most common
technique for scanning is with a vidicon camera tube.
In the future it is expected that ccp electronics will sup-
plant the bulkier vidicon in most systems.

The other approach to scanning uses a device similar to
that used for binary images. The principle disadvantage
of such scanners is the drift in amplitude sensitivity. How-
ever, they are capable of much higher spatial resolution,
repeatability, and freedom from geometric distortion.

The crr is and will likely continue to be the most
widely used method for grayscale image display, possibly
joined by the flat panel plasma discharge device. The
latter, due to limited response time, is particularly well
suited for static grayscale displays, although it has also
been demonstrated for color Tv. With mass production,
plasma displays could eventually be less expensive than
CRTS.

For hard copy, techniques used by ap and upr wire-
photo facsimile machines are becoming increasingly pop-
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ular. The Ap machine uses laser writing on dry silver
film. upr uses a binary electrostatic printer; grayscale is
created by electronic halftoning.

Image compression is unquestionably the major area of
technical investigation and development pertaining to
grayscale displays. Without compression, a photograph
with a dynamic resolution of 64 levels requires the trans-
mission of six times as much information as a binary
image of equal spatial resolution and size. Two broad
classes of compression techniques are spatial encoding
and transform encoding.

Spatial encoding. pcm is the simplest form of spatial en-
coding. Typically, eight bits, corresponding to 256 gray
levels, are used. A first step toward compression involves
the use of differential pcm which recognizes that inter-
pixel intensity differences rarely span the entire dynamic
range. Thus, fewer bits are needed if two to four bits
are used to represent the difference between gray levels
of successive pixels on one or more scan lines. Such a
technique may suffer inaccuracies if the assumption about
interpixel differences is violated, that is, if two successive
pixels have high contrast. Therefore, unless the image is
oversampled, differential pcm methods are bound to be
approximate, resulting in outputs that differ from the
source.

If some degradation is acceptable, even higher degrees
of compression are possible. One such technique is adap-
tive differential pcm, in which inter-pixel differences are
encoded with a single bit, but the bit represents an in-
crement which varies with the local properties of the pic-
ture. These systems tend to be somewhat more sensitive
to channel errors, and they typically require a limited
amount of buffer memory, usually one pixel or one scan
line, and a modest amount of processing power to imple-
ment the encoding/decoding algorithms.

Transform encoding. Transform, or frequency domain
methods, such as Fourier, cosine, and Hadamard-Walsh*
transforms, rely on the observation that the “transform
image” (the frequency domain representation obtained by
a discrete Fourier transform) can often be transmitted
in truncated or approximated form, yielding a degraded
version of the original image at the receiver. A major

In the future it is expected that CCD
electronics will supplant the vidicon
for grayscale imaging

area of research is the investigation of how the compres-
sion of the transformed image maps into perceptual
degradation in the receiver, such as blurring or “ringing”
of edges, ghosting, dc drift, etc. Transform techniques,
even those operating only on small sub-blocks of the
entire picture, require large amounts of image buffer
memory. More importantly, even with techniques like
the fast Fourier transform, the transformations themselves
are computationally expensive. Because of these disad-
vantages, and because differential pcm techniques general-
ly require fewer bits to achieve a given quality image,
transform methods will not find wide acceptance in the
commercial market.

Color Images

In principle, a color image requires no more than three
times the amount of data as the corresponding grayscale
image. In fact, the human visual system is remarkably
forgiving in dynamic range, intensity resolution, and spatial
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WHY CUT? WHY STRIP?WHY SLIT?
WHY NOT.. tw

D) wme
A '\ : WRAPPING
\ TOOL
W © AWG 30 Wire
%2 ¢.025” Square Posts
: @ Daisy Chain or Point To Point

. traditional Wire-V i e No Stripping or Slitting Required
S s .JUST WRAP ..
HRRRN ® Buit In Cut Of
s ® Easy Loading of Wire
e Available Wire Colors:

JUST WRAP Wire Wrapping \ Blue, White, Red & Yellow

U.S.A. FOREIGN
PATENTS PENDING

\\.
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OK MACHINE & TOOL CORPORATION 3455 CONNER ST,
BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091

* MINIMUM BILLING §$ 25.00/ADD SHIPPING CHARGE §$ 2.00/NEW YORK CITY/STATE RESIDENTS ADD APPLICABLE TAX.
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There’s alittle tiger in
every Chrry product..

KEYBOARDS & KEYBOARD SWITCHES. Should
you specify solid state or hard contact for your keyboards?
Ask Cherry. We make both: Solid state (capacitive) and hard
contact (gold crosspoint). This means we won't try to talk
you out of either one. It also means we can fill your every
keyboard application. Perfectly. Keyboard switches, too. With
a “heart of gold” that keeps your product working

FOR FREE CATALOG, CIRCLE NUMBER 12

MULTI-POSITION SWITCHES. When you want a
switch to count...count on Cherry. For thumbwheel, push
wheel and leverwheel switches in a full range of alphanumeric
readouts and output codes. For our Rotocode switch that
combines the shaft actuation of a rotary switch with the
coded electrical output of a thumbwheel. Or, for our matrix
selector switch with up to 2784 crosspoints...standard.

FOR FREE CATALOG, CIRCLE NUMBER 13




00000 DU We’re pussycats to
do business with

about your problem...to our production scheduling
that’s the beauty of dealing with Cherry. and customer service groups who follow-up and

You see, we can control the quality of our products  expedite to make sure we keep our delivery promise
because we fabricate most of our own parts (moldings,  to you.

Our products are tough, but our people aren't...and

stampings, printed circuits, ICs, etc.).
And we can keep the price down be-
cause we're loaded with automatic
equipment to handle high volume.
But the real difference is in the
people you work with at Cherry: from
your first contact with a technically
trained sales representative...through
careful analysis and recommendations
by engineers who are really concerned

Of course we're proud of our
modern facilities and equipment...but
what we're proudest of is our reputa-
tion for customer service. Try some.

For a start, get additional data and
catalogs on one or more of the tough
Cherry product lines shown below.
Free, of course, from the pussy-
B cats at Cherry.

See Us At
WESCON
Sept. 18-20, 1979

San Francisco

@HﬂEﬂY’*

CHERRY BOOTHS 1534-38

CHERRY ELECTRICAL PRODUCTS CORP.
3614 Sunset Avenue, Waukegan, |IL 60085 e 312/689-7700 ¢ TWX 910-235-1572

CHERRY SEMICONDUCTOR CORP.
99 Bald Hill Road, Cranston, Rl 02920 e 401/463-6000 ¢ TWX 710-381-1757

Cherry Electrical Products Ltd., United Kingdom ¢ Cherry Mikroschalter GmbH, Germany e Hirose Cherry Precision Co., Ltd., Japan

RN

INTEGRATED CIRCUITS. Now, from Cherry Semicon-
ductor Corp., your choice of standard digital or linear bipolar
ICs...or the most sophisticated custom design combining
both digital and linear functions (I2L) on the same chip
...or anything in between! All from a group of engineers and
other Cheny folks who are eager to work with you to help
solve your problems.

FOR FREE CATALOG, CIRCLE NUMBER 14

"
iy o

PRECISION SWITCHES. Whatever you make...you
can make it better with a Cherry switch. Cherry snap-action
switches with unique' coil spring mechanism are justifiably
renowned for quality and long life. Cherry gold crosspoint
contact switches are the most dependable for low energy
circuits. What kinds of switches? You name it, Cherry’s got it.
And all are the pick of the switching crop. Worldwide.

FOR FREE CATALOG, CIRCLE NUMBER 15
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Computer-aided design, Management information systems,
Medical/tomography, Command and control,
Earth resource/land mapping, Reconnaissance photography,
Training/simulation systems, Process control, Micrographics.

Aydin Controls, since 1967 the pioneer in com-
puter graphics and imaging, can help you more
efficiently, effectively, and creatively structure
your man/machine interfface with the 5216
Color Graphic /Image System.

Versatile, modular hardware—You can
configure the 5216 for requirements from sim-
ple alphanumeric or graphic displays to
sophisticated image-processing and analysis
applications.

We make it easy
to add Aydin IMAGE-ination

Call or write for a demonstration
or for more information.

Flexible, easy-to-use sofiware—The 5216
is available with the most comprehensive soft-
ware package in the industry, including a
highly efficient operating system, two- and
three-dimensional packages, image analysis
program, and interactive list processing software.

Extensive peripherals and accessories—
Keyboards, joysticks, track balls, graphic tab-
lets, graphic printers, cartridge and floppy disk
drives, and much more to come.

AYDIN §%
7{\ CONTROLS

414 Commerce Drive, Fi. Washington, PA 19034
(215) 542-7800 TWX: 510-661-0518
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resolution of the “chromaticity” component of the signal,
provided that the intensities are reasonably accurate. Thus,
color images can be transmitted with only a slight increase
in bit rate over that required for black and white images.

Moving Image Digitization

Most coding techniques for moving images attempt to
take advantage of the frame-to-frame correlation inherent

Color images can be transmitted with
only a slight increase in the bit rate
required for black and white

in the images: in the absence of rapid movement, suc-
cessive frames are quite similar, especially if the back-
ground is static. As a result, moving-image encoding
techniques employ differential pcM in the time dimension,
possibly also with intraframe encoding of the type dis-
cussed for static grayscale images. Interframe methods
require a memory of at least one frame. Both interframe
and intraframe compression techniques have been exten-
sively studied at Bell Telephone Laboratories and more
recently in Japan. The present emphasis is on telecon-
ferencing applications.

Bandwidth of conventional broadcast Tv in the us. is
about 6 MHz, which requires about 96M bits/s after
digitization at 8 bits/sample (the Nyquist rate). Excellent
quality color images have been demonstrated in Japan,
for u.ss. Tv format, with intraframe differential pcM but

with no interframe coding, at 32M bits/s. Below this
rate, motion degradation begins to appear. As an example
of current research in this field, computer simulations of a
picturephone format (200 lines) coder with a data rate
of 64k bits/s have been conducted.’ In this experiment,
the moving images are sampled more coarsely because
they do not require as high resolution as do static images.
While motion degradation is clearly visible, it may be
tolerable for some specialized applications.

Prediction of the motion of objects, rather than merely
of edge transitions, is an interesting area of research. The
quality of the resulting images depends on the motion,
with more degradation as motion increases. Good quality
Tv images at 10M bits/s will be possible with interframe
coders for motion compensation in the not too distant
future.

References

1. I. Richer, “Trends in the Digital Transmission of Voice
and Image Signals—Part 1: Voice Digitization,” Computer
Design, July 1979, pp 12-14

2. T. S. Huang, “Coding of Two-Tone Images,” e Trans
Comm, Nov 1977, pp 1406-1424

3. H. G. Musmann and D. Preuss, “Comparison of Redun-
dancy Reducing Codes for Facsimile Transmission of Docu-
ments,” op cit, pp 1425-1433

4. N. Ahmed and K. R. Rao, Orthogonal Transforms for Digi-
tal Signal Processing, Springer, Berlin, 1975

5. H. G. Musmann and J. Klie, “rv-Transmission Using a
64k-bits/s Transmission Rate,” Proceedings 1979 ICC,
pp 23.3.1-23.3.5

1AM GULTONS NEW
AP-2@ THERMAL

PRI L. . CAPABLE
OF PRINTING UP TO

I AM GLLTOR

S HEW

MODEL AF-28 THERMAL
PRINTER. . . . CAPAELE
OF PRIMTING UF TO
COLUMHS OF UFFER
CASE AECIT CODE
BHECOEFGHI JKLMHOPG
- y ' 1 E

I
!
:

b

See us at WESCON Booth 1355-57 N
CIRCLE 17 ON INQUIRY CARD 19



6545 GRT CGontroller.

The designer’s choice.

DESIGN FLEXIBILITY.

That's what the SY6545 CRT Controller
delivers, giving you an unlimited range

of system design configurations —all program-

mable with the SY6545. You can design

all your terminals with the same controller.
It's easy. And it's all the result of the
programmability and flexibility of the SY6545.

ROW AND COLUMN
ADDRESSING.

In addition fo the conventional binary
sequential memory addressing modes,
the SY6545 gives you the option of address-
ing the refresh memory by row and column.
There's no need to perform special algorithms
for address conversions. Because we've
made the memory location one-to-one
comespondent to the screen location.

TRANSPARENT RAM
ADDRESSING.

Transparent RAM addressing allows the
CRTC to address the refresh memory
“fransparent” fo the MPU—the refresh mem-
ory can be configured to be a slave to
the CRTC instead of being shared with the
MPU. The SY6545 does all the work of
generating memory addresses for display
refresh and memory updates. The memory
can be updated either during horizontal and
vertical blanking periods or interleaved
with screen refresh during the display period.

HIGH
PERFORMANCE
AT LOW COST.

The SY6545 allows maximum hardware/
software design trade-offs, With its
multiple mode operation, minimum com-
ponent systems can be achieved without
sacrificing performance. With fewer com-
ponents, you get higher reliability. And lower
systems cost. Add to this the fact that a
second source is readily available for the
proprietary SY6545 CRTC and you've got
an unbeatable combination.
Our 6545 CRT Controller offers these
standard features:
= Alphanumeric and semi-graphic
capabilities

= Fully programmable display formats

= |nferlaced or non-interlaced scan

= Fully programmable cursor

= External light pen capability

= Up to 16K RAM addressability

= Binary and row/column memory
addressing

= Refresh memory can be slaved to CRTC

= Transparent RAM addressing allowing
memory updates during horizontal/
vertical blanking periods; inferleaved
during display period; and other modes

s Scrolling capability

= |nternal status register to simplify system
designs

UPWARD
COMPATIBLE
TO MC6845.

The SY6545 is plug-in replaceable with
Motorola’'s MC6845, working in all systems
designed for the MC6845 —without the
need for systern modifications of any kind.
That's compatibility. And more, foo. Because
the SY6545 does even more than the
MC6845, operating in more modes and
possessing additional features above
and beyond the MC6845. That's upward
compatibility.

ADDRESS BUS

[ oomsas )

RASTER ADDRESS
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IA and Baud Rate enerator.

WE’VE MADE
IT SIMPLE.

ON-BOARD BAUD
RATE GENERATOR.

Our 6551 Asynchronous Communica-
tions Interface Adapter is the world’s
most comprehensive ACIA. We made it that
way by designing-in simplicity. It interffaces
directly with 6500/6800 microprocessor
families. And we've kept it small by eliminat-
ing unneeded synchronous protocols
and conventions.

BENEFITS,
PLUS SOME.

It all adds up to higher reliability,
lower manufacturing cost and lower system
cost. Among the 6551's features are:
= Single +5V power supply
® Requires only a standard 1.8432 MHz
external crystal

= Non-standard user-provided baud rates
at 16X external clock frequency (up to
125 kilobaud)

= Stop bits: 1, 1.5 (5-bit word) or 2

= |Independently selectable transmit and
receive baud rates

= Parity (odd, even, none, mark parity,
space parity)

= Double-buffered transmitter and receiver

= Half or full-duplex operation

= Serial echo mode

= |nterrupt feature and status register

The 6554's on-chip programmable
baud rate generator eliminates the need
for external components and features
15 programmable rates up to 19.2 kilobaud.
For non-standard baud rates (up to 125
kilobaud) the 6551 allows the use of
an external 16X clock. This wide-ranging
programmability allows accommodation of
a variety of applications—from point-of-sale,
financial and intelligent terminals to front
end processors, remote data concentrators,
computer-to-computer links and more.
Whatever your communications application,
the 6551's built-in versatility delivers.

The 6545 CRT Controller and the 6551
ACIA can do the job for you in terminal
applications. Putthem to work with Synertek’s
high performance 6500 series microproc-
essors and memory products, and a high
performance intelligent terminal for your
needs is only a designer’s inspiration away.

Find out how we can help you meet your
needs. For information on the 6545 CRT
Controller and/or the SY6551 ACIA, fill out
the coupon or contact Clement Lee, Micro-
processor Group, Synertek, Inc., 3001 Stender
Way, Santa Clara, CA 95051, (408) 988-5614.
TWX: 910-338-0135.

We've made it in production.

We're making it in high technology.

Gentlemen:
| have immediate needs for technical information on the

following: O SY6545 (CRTC)

5 SYNERTEK, INC.

Microprocessor Group
3001 Stender Way, Santa Clara, CA 95051

O SY6551 (ACIA)

NAME

TITLE

COMPANY

DIVISION

STREET

TELEPHONE

ciy

STATE Z2IP



COMMUNICATION CHANNEL |

Some Pragmatics in Applying Fiber Optic Systems—

Case History of a Computer Communications Application*

At first the project appeared to be
ideally suited to the application of
fiber optics: a new Library of Con-
gress building, with 50 acres (20 ha)
of floor space, to be wired up to
connect a computer center to more
than 1000 computer terminals lo-
cated at widely dispersed sites
throughout the structure. A com-
munications system was needed that
would serve staff requirements for
a long time; and while the bandwidth
capabilities of fiber optics systems
were not required at the outset, it
was apparent that in a few years
the system would be handling signals
in the megahertz range. For these
reasons there was initial enthusiasm
for cabling the entire building with
a fiber optics system adequate for
both present and future traffic.
However, after a study of installa-
tion parameters, Sander says, there
was a 180° shift away from the fiber
optic approach. First came the fact
that the computer terminals would
constantly move. Staff structures

“With careful planning and
engineering I’m now merely eight

months behind”

change, floor plans are altered, and
terminal sites move around—a situa-
tion not uncommon in many computer
operations. A communication system
was needed that could easily follow
that movement.

In addition, the cable had to be
run in ceiling-mounted cable trays,
without any protective conduit, and
be installed by normal cable crews,
more or less hired “off the street.”
Furthermore, personnel would be
moving into the building at a rate
of 50 to 100/day, and the system
had to work reliably from the first
day.

“Worse than that, the schedule
was pushed up by six months, so
that from day one, I was six months
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behind. With careful planning and
engineering, I'm now merely eight
months behind.”

It is clear that fiber optics have
been used very successfully in com-
munications links. However, most
such links have been used to connect
point A to point B, where there are
fixed end points, a fixed route, and
protective conduits. The Library of
Congress case was very different.
Granted the application may have
been unique, but perhaps some bene-
fit may be derived from the follow-
ing considerations.

System Constraints

First, it was necessary to connect the
computer center to 1000 locations.
With installation costs in mind,
multiple fiber cables, with extra
fibers as spares, would be run. The
cables would rise to the various
floors of the building, and at each
floor fan out to the terminal sites.
This required cross-connection, simi-
lar to that of a telephone installation.
Here is where serious problems be-
came apparent. There were variable
end points, unprotected routes, and
the necessity to cross-connect. All
this led to a consideration of alterna-
tives, resulting in essentially three
choices for the communications me-
dium: fiber optics, coaxial cable, or
twisted pair.

Transmission Line Differences

These media types differ in several
important areas: performance, mg-
turity of the technology, risk in
availability and reliability of the
product, and the ability to react to
and accommodate change.

A summary of Sander’s conclusions
is found in “Media Characteristics.”
In this listing data rates are com-
pared to those over voice grade lines.
In product technical maturity, many
critical fiber optic components are
in the laboratory stage and not yet
into production; coaxial is still rela-
tively new, while twisted pair is a
well-proven medium. In product
availability, fiber optics rates very

low, coaxial low, and with twisted
pair, many suppliers are available
to supply the product. Where costs
are concerned, Sander says, “It
would cost me at present 40 times
as much to install a fiber optic sys-
tem compared to one of twisted pair.
I told my management that if we
could wait four or five years for
ithese products to come out of the
laboratory and be put into produc-
tion, there would be a dramatic re-
duction in cost.”

Fiber Optic Advantages

The initial interest in a fiber optic
system was due to the many bene-
fits to be derived from its inherent
qualities.

Noise immunity. In any transmission
system the effects of emi, rfi, and
perhaps even of a nuclear magnetic
pulse are serious worries.

Electrical isolation. Ground loops can
really hurt!

High data security. While the system

“Security . . . means also that the
line can’t be tapped for
diagnostics”

specifications do not include a se-
curity requirement, who knows what
may come up in the future? Security
means that no one can tap into the
data stream—but this is a 2-edged
quality. It means also that the sys-
tem can’t be tapped for diagnostics
or troubleshooting, either.

Other well known benefits of a
fiber optic system were also con-
sidered: no crosstalk; no circuit
loading by short circuits; no ringing
or echoes; high bandwidth capabil-
ity; last but not least, small size and

*This item is based on a presentation by
R. C. Sander, Sr Program 'Manager, Li-
brary of Congress, at Interface ’79, Apr 11,
1979
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Color
hard copy
isfinally
at hand!

AN

Color hard copy: the luminescent
electronic image, captured in the per-
manence of photographic prints and
transparencies. Dunn Instruments
makes it brilliant, accurate and effort-
less to obtain from an affordable
system. At last you can hold the new
computer graphics and digital images
in your hands.

The source is the 631 Color
Camera System. It packs a high resolu-
tion, high linearity CRT, sophisticated
optics and microprocessor exposure
control into acompact, fastand friendly
unit. Use it with Type 808 Polacolor® 2
film for stunning 8x10 prints, instantly.
Or load 8x10 transparency film for vivid
backlitdisplays
and overhead
projection.
Add the op-
tional motor-
driven 35mm
system to
make beautiful
color slides.

i1

‘Polacolor” is a registered trademark of the
Polaroid Corporation

LANDSAT image courtesy NASA-Ames Research
Cartographic study courtesy Harvard Laboratory
for Computer Graphics. Management information
graphics courtesy ISSCO
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Actual, unretouched images made by the 631 System

The 631 economically records the
data from any raster scan CRT, for
presentation, reproduction, access
and display. Applications range from
management information graphics to
satellite remote sensing. Call or write
to describe your hard copy needs. We'll
see that you soon have your hands on
full information and actual results from
the 631 Color Camera System.

Dunn Instruments, Inc.,

544 Second Street, PO. Box 77172,
San Francisco, CA 94107.
415/957-1600.

The 631
COLOR
CAMERA
SYSTEM

A RCARACAR—RTOCRCAEVE

DUNN

INSTRUMENTS



From the graphics leader.

grico is one of the largest
fertilizer manufacturers and
marketers in the world. Its
marketing, planning, finance,
supply and distribution systems are
now using a new decision-making

"“Almost all of our
include computer graphlc
we just couldnt

v MM
tool: Tektronix plotter graphics. py f\\\§\\\\\\\\

Carol Mersch
Information Systems
Manager

Agrico Chemical Co.

- %\

riginally acquired to simplify

monthly marketing data, the
4662 Interactive Digital Plotter from
Tektronix has been quickly adopted for
presentations and reports throughout
Agrico management.

It's not surprising. The 4662
provides a remarkably fast, easy
and economical way to obtain
precise and camera-ready
multi-colored bar charts,
pie charts, line graphs and
more, on either paper
or overhead projector
film.

Result: people can
understand more by
reading less.

“Before,” says Information
Systems Manager Carol
Mersch, “we couldn’t include
graphic summaries unless
we had five days and an
artist on hand to do them.”



operations reports now
summarles.Thats a convenience
afford before.”

Now, when Marketing requests a sales
analysis or Planning asks for an analysis
of harvest trends, they au-
tomatically receive a graphic
overview of year-to-year and
even week-to-week
comparisons.

In the future, Agrico
will be using the 4662
for three-dimensional
contour plots of
county-by-county
sales densities, and
to interactively
illustrate “what if”

Tektronix provides what

is easily the world's largest
selection of desktop graphic
computers,
graphic termi-
nals, even full-
color graphics

type situations. i :“a?!

“These days,” says Mersch, plug-to-
“if a report slips by with nothing but - plug com-
numbers, someone is sure to ask, ~ patible with our

plotter and hard

‘where are the graphs?’” If you've been ; :
copier devices.

wondering the same thing, see your local

Tektronix Sales Engineer. He'll show you A A MR Wk
the easiest, most reliable answers of Tektronix, Inc.
them all, including B and C size plotters, Information Display Division
copiers and our other computer graphics PO. Box 500
products. Or call our automatic answer- Beaverton, OR 97077
ing service now, at 1-800-547-1512. In Tektronix International, Inc.
Oregon, call 644-9051 collect. European Marketing Centre
Post Box 827

1180 AV Amstelveen
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Tektronix:

COMMITTED TO EXCELLENCE
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low weight. All these attributes are
very attractive to the system design-
er,

Cable Categories

Plastic and glass are the two prin-
cipal types of fiber optic cables.
These cable approaches differ in
cost, signal attenuation, bandwidth
capability, ease of connectorization
and splicing, and in the care re-
quired in physically handling the
cable.

Plastic is a comparatively thick
cable and therefore less difficult to
handle than glass. It is also lower
in cost, but attenuation runs typical-
ly 200 dB/km. Plastic is being used
to locally connect computers to pe-
ripherals where distances of 100 to
200 m are involved. It is not at present
practical for long distance runs. Con-
nectorization is relatively easy, and
is faster and cheaper because of the
larger size.

Glass cables come in a variety of
types, each with its own attenuation
characteristic, cost, and degree of
difficulty in handling. Typical diam-
eters of the signal-carrying cores
range from 60 to 125 um. Band-

“W hen dealing with fiber optics,
Murphy was an optimist”

widths are much greater—in the
multi-megahertz range. Attenuation
is very low. There have been reports
of fiber with a loss of 1 dB/km,
which is excellent. Glass is currently
very expensive, but costs are coming
down rapidly.

A few rules of thumb should be
considered. Maximum bandwidth in
almost any circuit right now, includ-
ing driver, cable, and receiver, is
about 400 MHz. Connector loss
seems to vary between 1 and 1.5 dB.
Up to about 200 m there are few
data rate limitations. Between 200
and 500 m, bandwidth decreases
linearly with length; above 500 m,
bandwidth seems to vary as the
square root of the length.

It has also been recommended
that every cable installation include
extra fibers, be connectorized, and
have extension cables on both ends.
People have an uncontrollable urge

26

Media Characteristics

Fiber Coaxial Twisted

m cable pair
Data rates/voice grade 101 300:1 10-50:1
Technology maturity lab new proven
Availability very low low high
Cost now 40:1 511 14
Cost 1984 4:2 4:2 2:1

to wind the fiber optic cable around
a pencil and play with it when they
are on the phone. While the fibers
are stronger than steel, they are
thinner than a human hair and are
very easy to break. Things do go
wrong. When dealing with fiber
optics, Murphy of the famous law
was an optimist.

Connecting and Splicing Problems

“One of the things that bothered me
about fiber optics,” Sander says,
“was that before I got into computer
communications I was involved in
microwave communications. Frustra-
tion drove me out of that field. There
were tiny connectors that had to be
tightened by tiny wrenches to pre-
cise torques. The connecting parts
and surfaces were so critical that
you could never get back to the same
place, and this really concerned me
about using fiber optics. I'd be work-
ing with something even more sensi-
tive.”

Connectorizing glass fibers is a
delicate operation. Fiber ends must
be polished so that they are per-
fectly parallel, placed into connec-
tor ferrules that maintain nearly
perfect axial alignment, and butted
and joined. The connectors them-
selves are precision devices, are
fragile, and are intolerant of more
than a few connects and disconnects.
They are also expensive, though
prices are falling as suppliers move
into production.

Splicing fiber cable is another
area where polished ends and axial
alignment are required. The ends
are butted, but there is always a

small gap between them. This gap
is flooded with an epoxy whose refrac-
tive index must match that of the
fibers. The process takes from 20 to
30 minutes, is not a l-man opera-
tion, and is low yield—about 70 to
80% probability that there is a good
connection.

On the other hand, says Sander,
“When connecting twisted pair, you
join the wires, make a check with
a cheap ohmmeter, and have con-
siderable assurance that the splice
will work. You can’t do that with
fiber optics. You can’t touch an in-
strument to it. You need a source
at one end, someone at the splice
«location with a microscope and ear-
phones, and someone at the receiver
end to determine how much power
is being transmitted.”

Modems

What is needed for this application
is a device with an Rrs-232 interface
that can be plugged into a conven-
tional data circuit. There are, ac-
cording to Sander, about four ven-
dors in production of fiber optic
asynchronous modems, at prices in
the area of $1800/pair. “I was con-
cerned that they have limited diag-
nostics, not the sort that we're used
to when working with conventional
modems; and these asynchronous
units have limitations imposed by the
bandwidths and the distances in-
volved.”

Two suppliers now provide syn-
chronous fiber optic modems. The
units from one vendor are specified
for synchronous operation up to 56k
bits/s at distances to 3000 ft (915
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TIME.+.T1

BATTERY SUPPOR'I'ED
CALENDAR CLOCKS

PDP-11*
TCU-100 » $495

® Provides month, day, hour, minute and second.
m Can interrupt on date/time, or periodic intervals.

TCU-150 « $430

® Provides year, month, day, hour, minute and
second.

m Automatic leap year.

m Patches for RSX-11M, RT-11 FB/SJ VO2, VO3
and UNIX.

LSI-11/2*
TCU-50D « $295
® Provides month, day, hour, minute and second.

® Dual size board.
m Patches for RT-11 SJ/FB VO2, VO3B.

Lockheed SUE
TCU-200 » $550

® Provides year, month, day, hour, minute, second
and milli-second.

® Interval interrupts between 1/1024 seconds and
64 seconds.

Computer Automation (Naked Mini)
TCU-310 « $385

® Provides year, month, day, hour, minute and
second.

*Trademark of Digital Equipment Corporation

DIGITAL PATHWAYS

Mu'ti-Bus™**
TCU-410 « $325

®m Provides year, month, day, hour, minute and
second.
® SBC/BLC compatible.

HP 2100
TCU-2100 « $395

® Correct time restored after power failure.
m Compatible with the HP TBG card.

Serial Clock (RS 232 or 20 mA)
SLC-1 » $575

m Connects between any terminal and host computer.
® Provides date, time and more!

All Digital Pathways TCUs have on board NICAD
batteries to maintain time and date during power
down. Timing is provided by a crystal controlled
oscillator. Prices are U.S. domestic single piece.
Quantity discounts available.

For more information on these products, contact:
Digital Pathways Inc.

4151 Middlefield Road

Palo Alto, CA 94306

Phone: (415) 493-5544

**Trademark of Intel Corporation
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m), and are priced in small quanti-
ties at $650 per end. The second
modem has the same speed capabil-
ity, but using a different light source
and receiver, can cover up to 16k
ft (4877 m). Because of the greater
distance capability, these units are
priced at $2000/end.

Instruments and
Troubleshooting Aids

There are relatively few instruments
available for the fiber optics field.
There are power meters. There are
reflectometers that diagnose the na-
ture and distance from the source

“I must be able to troubleshoot
problems that will inevitably
occur”

of discontinuities and imperfections
along the cable. These are a number
of companies that furnish atten-
uation and transmission measuring
sets, as well as splicing and con-
nectorization aids. ;

“As a system designer,” Sander
says, “I want a data link that is con-
nectorized so that it can be easily
relocated. I want compatible inter-
faces, like ms-232. I must be able
to diagnose my link and trouble-
shoot problems that will inevitably
occur on the link or at the termi-
nals. I need the capability to moni-
tor transmissions, instrument the
link, and patch around problems.
None of these areas is now being
economically addressed.”

What is Needed

The fiber optics community needs
development emphasis on cables with
lower attenuation and less dispersion,
that are physically stronger and
less expensive. Because of concerted
efforts by suppliers, Sander says, the
cable area is in the best shape with
respect to his application.

There is also considerable de-
velopment in light sources, aiming
at higher output power with lower
noise, greater reliability, and pack-
aging designed for user convenience.
Receiver sensitivity is being increased

28

in order to allow longer distance
transmission without the need for
repeaters. Noise and stability char-
acteristics are being improved. Trans-
mitter and receiver technologies are
coming along well because of the
efforts of manufacturers.

There is a need for more Rs-232
compatible synchronous modems, a
broader range of instrumentation,
tee couplers, and an easier way of
connectorizing cable. Standards are
needed for connectors. Splicing tech-
niques must be simplified. “Basical-
ly, lower costs are needed throughout
the component area.”

Starting Out

The system designer beginning to
look at fiber optic applications, San-
der says, should start experimenting.
It's a new technology that is coming
along rapidly and the experience
will be valuable. However, it should
be considered as an experiment un-
less there is an A to B transmission
path with fixed end points, fixed
routing, and a protected path. An
excellent way to start is with the
complete data link packages avail-
able from several manufacturers for
routes shorter than 300 m. This will
be a useful introduction to the con-
cept, without the worry about the
nitty-gritties of optical circuity and
interfaces. Certainly, fiber optics
should be considered where there are
unusual and severe environmental
factors such a lightning, rfi, emi,
and emp.

“In my Library of Congress appli-
cation,” says Sander, “I concluded
that a twisted pair system was the
most convenient and economical. I
am very much encouraged, in fact
enthusiastic, about fiber optics; but
the variable end points present a
really tough problem to tackle at this
time. Where I have fixed end points,
I will definitely install fiber optic
links.”

Word Processing System
Functions Expanded by
Controller Option

Single-package  multipurpose  con-
trollers to support both asynchronous

and bisynchronous communications
as a single facility on its word pro-
cessing systems have been made
available by Wang Laboratories, Inc,
One Industrial Ave, Lowell, ma
01851. The controllers, resident in
system workstations, allow the stations
to perform as interactive or batch
terminals as well as word processing
devices, and to communicate with
comparably equipped Wang, or other
compatible word processing and com-
puting systems when equipped with
a suitable modem.

The options for standalone system
5, and for workstations of systems
20, 25, and 30, permit the systems
to operate as asynchronous interac-
tive Teletype® or 2741 timesharing
terminals, at speeds to 1200 bits/s,
for a variety of computer access
applications.

Using the same option in the bi-
synchronous mode, the systems can
be used for batch processing. The
communicating bisynchronous sys-
tems with speeds up to 2400 bits/s
are compatible with 2780/3780 pro-
tocols and are well suited to source
document capture, remote job entry,
and electronic mail applications. In
this mode the controllers also allow
alternative use of a crr in a full
line monitor mode to display in real-
time data link control characters for
increased diagnostic capability.

Circle 400 on Inquiry Card

Carrier Offers Message
Storage/Editing Unit

An offering of a diskette storage
unit for increasing transmission speed
and improving the economy of data
communications systems has been
made by At&r, 195 Broadway, New
York, Ny 10007. The Comm-Stor® II
communications storage unit is a
single (256k-char) or double (512k-
char) drive system for storing mes-
sages received online or for pre-

*Comm-Stor is a registered trademark of
Sykes Datatronics, Inc.
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Just look beneath
the surface and you'll see why
lermiNet printers like the 200 line

live such long, mctive lives.

General Electric TermiNet 200 matrix
printers will run and run and run. Because
these are the printers built for the rugged
demands of a 100% duty cycle.

Every one—Iline printer,
KSR, RO, ASR and MSR—is
engineered from top to bottom,
inside and out, with
materials and components
that will keep them on-
line longer.

Take a look for
yourself and you’ll be
just as convinced.

““Tough’’ doesn’t do
the design justice

Start with the base. It’s a heavy-duty,
thicker-gage metal base chosen for the extra
stability it gives the entire printer. So no
matter how often you move or handle our
printers, printhead alignment and print qual-
ity will not be affected.

Notice how little hardware and how
few moving parts there are. You know that
means fewer problems, less downtime and
more productive work time.

Check out the housing, too. It’s
molded from NORYL® thermoplastic resin.
A material long recognized for exceptional
impact strength, dimensional stability and
heat resistance. All of which means Termi-
Net 200 printers are exceptionally resistant
to scratches, stains, cracks and mars.

TermiNet 200 MSR (ASR also available)

A printhead that
won’t quit on you

Everything about our matrix printheads
says they won’t have the problems most
printheads do.

First of all, their head life is at least
100 million characters. Under test condi-
tions, in fact, our matrix heads have even
exceeded 300 million characters.

One reason: they’re molded from a
very tough plastic selected for its excellent
dimensional stability and impact strength.
The bottom line? Wires that won’t wear out
prematurely. And longer printhead life.

Another reason: a unique bronze-filled
plastic insert that enables the printhead to
maintain high print quality longer.

And, unlike ordinary printers, ours has
a straight-wire printhead design. There are
no curved wires or jeweled guides to create
friction, impair character resolution or wear
out quickly.

Servo motors
cause fewer problems

That’s why, instead of conventional

steppers, we opted for individual D/C servo. g

motors to drive the printhead and paper

GENERAL @D ELECTRIC |
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handling systems. As a result, operation is

much smoother and more reliable. Plus, the
motors last longer. In fact, test motors have
undergone over 20 million reversals without
a single failure.

Need further proof?

Look at the printhead carriage. To pre-
vent friction and lubrication problems, it’s
mounted on graphite bearings. Not ball
bearings. Result: the carriage moves more
smoothly and the life of the printing system
is extended.

If you’re still not convinced TermiNet
200 matrix printers are built from the inside
out to keep on running day after grueling
day, let us prove it to you. Write today to:
General Electric Company, TermiNet 794-
39A, Waynesboro, VA 22980.

TermiNet 200 KSR
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Communications storage unit.
Shown is dual-drive system
with 512k-char capacity. Sys-
tem allows conversion of
ASCII data on diskette to or
from EBCDIC in 3740 data
exchange format

paring messages offline for transmis-
sion. Both single and dual configura-
tions have three ports for interfacing
an asynchronous terminal, a printer,
and a data set via Ela Rs-232 con-
nections. lk to 4k buffering is pro-
vided for terminal and printer ports.

The unit automatically generates
and maintains a directory that lists
all messages stored on the diskette.
Capacity is 1738 fixed or variable

length messages. All messages can be
retrieved or transmitted in alpha-
betic or historic sequence by mes-
sage name, group, or range. Opera-
tion is in full or half duplex mode.
Each port operates at speeds from
50 to 9600 bits/s asynchronously,
with batch receiving speeds to 4800
bits/s. The unit will also operate up
to 4800 bits/s isochronously at the
data set port.

Tariffs governing the storage unit
are presently filed in several juris-
dictions, and tariffs covering the unit
and optional features, such as forms
prompting, editing, and file manage-
ment, are expected to be filed in all
jurisdictions by the fall of 1979.
Further information on the unit is
available from Bell System account
executives or from local Bell System
business offices.

Networking System
Operates
Independently of
Mainframe Software

Self contained PIXNET can provide
communications between I1BM main-
frames and a variety of peripherals
without using conventional telepro-
cessing (TP) access methods. Major
components include a local control
unit (Lcu) which attaches to the
mainframe, and remote control units
(rcus) to which peripherals are
attached. A network control unit
(ncu) links multiple Lcus and mcus
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in a number of intelligent network
configurations.

The system is available from Para-
dyne Corp, 8550 Ulmerton Rd, Largo,
FL 33541. It incorporates standard
features of the company’s pix II
virtual data links, such as full duplex
sDLC, elimination of communications
overhead including polling, data
compression, multiple device type
support on a single communications
line, and fast terminal response over
satellite links as well as over land
lines.

Among the benefits cited is the
ability to easily connect a single in-
teractive terminal to multiple appli-
cation programs throughout the net-

work, including different programs
stored on the same mainframe. Data
can also be transmitted via low to
medium speed lines from several sites
to a Ncu, and relayed to a mainframe
over a single high speed line, pro-
viding line concentration as well as
full duplex communication and data
compression. The system allows ad-
dress of any mainframe from any
terminal without interaction and dis-
ruption in the 1BM mainframe. Auto-
matic routing needed to balance
data flow through the network is also
provided.

PIXNET deliveries are scheduled to
begin in the fourth quarter of 1979.
Circle 401 on Inquiry Card

Continued on page 39



How can you get a bigger byte
without a ballooning budget?

Use MAXIBOX®

Simply stated, for the product OEM concerned
with simplified design and maximum return on

investment, the MAXIBOX offers the greatest
price/performance advantages available in a
32-bit minicomputer.

We urge you to find out more about it by returning
the coupon for additional literature, specifications

and pricing information. Or, call SYSTEMS
toll-free at 1-800-327-9716.

Systems Engineering Laboratories, Inc., 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 - (305) 587-2900

r-------------------------1

[ Have a representative call me.
1 [0 Send me a detailed technical summary. 1 plan to purchase in
I approximately months.

| NAME

74

- TITLE

COMPANY

§ ADDRESS

B CITY STATE

PHONE zip

L-----

Proven COMPUTER Performance
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j Microcomputer Power, Inc.

open frame d.c. power supplies . . .

... for mini, micro, and disk based systems.
Up to five regulated d.c. outputs in a single cost effective package!

Send for NEW '79-'80 catalog with detailed electrical and hanical specifi
8085 * Z80 * 6800 * 6502 Output No. 1 Ouput No. 2 Output No. 3 Model Size (inches) Price (1-9)
+5V@ 2.0A +(9-15)V @ .4A —(9-15)V @ .3A" TAA512 6.50x4.00x1.62 $ 4995
+5V @ 4.0A +(9-15)V @ 1.0A —(9-15)V @ .3A" TBB512 7.00x4.87x2.50 71.95
+5V @ 9.0A +(9-15)V @ (1.5-1.7)A —(9-15)V @ (1.5-1.7)A* TCC512 11.0x4.87x2.75 110.00
* —(9-15)V jumper selectable to -5V
SBC-80 « BLC-80 * RS232 « RAM/ROM Output No. 1 OutputNo.2 | OutputNo.3 | OutputNo.4 Model Size (inches) Price (1-9)
+5V@ 6.0A +12V@ 1.0A -12V @ .5A -5V @ .5A CP120 11.0x4.87x2.50 $ 99.95
+5V@e 6.0A +12V @ 2.0A -12V @ .5A -5V @ 5A QcBBs12 11.0x4.87x2.75 104.95
+5V@ 9.0A +12V @ 2.0A -12V @ 5A -5V @ .5A QTCCs512 11.0x4.87x2.75 119.95
+5V @ 12.0A +12V @ 2.0A -12V @ .5A -5V @ .5A QDBB512 15.0x4.87x3.75 129.95
Floppy-DISk ser"s Output No. 1 Output No.2 | OutputNo.3 Output No. 4 Model Size (inches) Price (1-9)
Shugart « Wangco  Persci +12V @ 1.2/1.7APK | +5V@ .7A None None FAA512 | 6.50x4.00x1.62 $ 39.95
+24V @ 1.5/1.7A Pk +5V@ 1.0A —5V @ 5A None FBAA524 10.2x4.00x2.50 69.95
+24V @ 1.5/1.7A Pk +5V @ 2.5A -5V @ 5A None CcP142 7.00x4.87x2.50 74.95
+24V @ 1.2/3.0A Pk +5V@ 2.5A -5V @ .25A +8V @ 2A/10A Pk CcP128 8.56x4.44x2.95 79.95
+24V @ 3.0/3.4A Pk +5V @ 2.5A -5V @ .5A None FCBB524 11.0x4.87x2.75 91.95
+24V @ 5.0/6.0A Pk +5V @ 3.0A -5V @ .6A None FTCC524 11.0x4.87x2.75 120.00
Fixed-Disk Series
IMI « BASF « Shugart
Output No. 1 Output No. 2 Output No.3 | Output No. 4 | Output No. 5 Model Size (inches) Price (1-9)
+5V@ 6A | +24V@ 25/4APKk | +12V@ 1.2A | —12V@ 5A None CP139 11.0x4.87x2.75 $114.95
+5V@ 8A | +24V @ 25/4APk | +12V@ 1.2A | —12V@ .5A | -5V @ 3.0A CP140 14.2x4.87x2.75 149.95
+5V@ 10A | +24V @ 35/6APk | +12V@ 20A | —12V@ 1A | -5V @ 3.0A | CP141 15.0x4.87x3.75 169.95
Floppy-disk based microcomputers Output No. 1 Output No. 2 Output No. 3 Output No. 4 Model Size (inches) Price (1-9)
= = ~ +5V @ 6A +24V @ 1.3/1.7A Pk +12V@ 1.0A -12V@ 5A* CP125 11.0x4.87x2.756 $104.95
+5V @ 9A +24V @ 1.3/1.7A Pk +12V @ 1.0A —12V @ .5A* CP132 11.0x4.87x2.75 124.95
+5V@ 12A +24V @ 1.3/1.7A Pk +12V @ 1.0A -12Va .5A* CP133 14.2x4.87x2.75 144.95
+5V @ 6A +12V @ 3.4/4.0A PK -12Va@ .5A* None CP134 11.0x4.87x2.75 99.95
+5V @ 9A +12V @ 3.4/4.0A Pk -12V@ 5A° None CP135 11.0x4.87x2.75 119.95
+5V@ 12A +12V @ 3.4/4.0A Pk -12V@ .5A* None CP136 14.2x4.87x2.75 139.95
* —12V jumper selectable to —5V
Dua’ ou'P"‘ se”es Output No. 1 Output No. 2 Model Size (inches) Price (1-9)
Linear & Digital systems +(12-15)V @ (1.0-0.8)A ~(12-15)V @ (1.0-0.8)A° AA15 6.50x4.00x1.62 $39.95
+(12-15)V @ (1.7-1.5)A —(12-15)V @ (1.7-1.5)A* BB15 7.00x4.87x2.50 49.95
+(12-15)V @ (3.4-3.0)A =(12-15)V @ (3.4-3.0)A* CC15 9.38x4.87x2.75 79.95
5V @ 2.0A (9-15)V @ 0.5A* AA512 6.50x4.00x1.62 44.95
5V @ 3.0A (9-15)V @ 1.25A* BB512 7.00x4.87x2.50 54.95
5V @ 6.0A (9-15)V @ 2.50A" ccs12 9.38x4.87x2.75 86.95
*—(12-15)V and (9-15)V jumper selectable to —5V
Process controllers  Instrumentation Output No. 1 Output No. 2 Output No. 3 Model Size Price (1-9)
5Va@ 38A +(9-15)V @ (1.0-0.8)A —(9-15)V @ (1.0-0.8)A* BAA512 10.2x4.00x2.50 $ 69.95
5Va@ 6A +(9-15)V @ (1.7-1.5)A ~(9-15)V @ (1.7-1.5)A* CBB512 11.0x4.87x2.75 91.95
5Va 9A +(9-15)V @ (1.7-1.5)A ~(9-15)V @ (1.7-1.5)A* DBB512 14.2x4.87x2.75 126.95
5V@ 12A +(9-15)V @ (3.4-3.0)A ~(9-15)V @ (3.4-3.0)A DCccs12 15.0x4.87x3.75 149.95

* —(9-15)V jumper selectable to -5V

Specifications

115/230 vac input » .05% line & Load regulation « Fold back current limiting * 3mv pk to pk ripple * Remote
sensing * OVP Built-in on +5V outputs » 0°C to 50°C full rated » 30 seconds transient response ¢ 2 year
warranty

Representatives

CAL: Santa Clara, Microcomputer Power, Inc., (408) 988-0265; Encino, King Engineering, (213) 981-8677/ COL:
Denver, Western Marketing Associates, (303) 841-2788/ CONN: New Haven, Forestberg Sales, (203) 239-5111/

IND: Indianapolis, Holsapple Associates, (317) 353-9441/ MD: Baltimore, Stemler Associates, (310) 944-8262/
MASS: Brocton, Forestberg Sales, (617) 522-6300/ WASH: Seattle, Underwood Associates, (206) 575-0123/
UTAH: Logan, Western Marketing Associates, (801) 735-0073/ EXPORT: Prima International, Santa Clara,
California, (408) 727-2849

" Microcomputer Power, INc. 2:7:caie ce Luna, santa Clara, CA 95050; (408) 9880265, TWX 910 3357694
CIRCLE 44 ON INQUIRY CARD

CIRCLE 24 ON INQUIRY CARD—>




If you buy
switchers

off-the-shelf

- keep this guide
on yours.




50-500 Watts, AC-DC, single output

This well established range of convection cooled units
has UL478 approval and represents the best specifi-
cations available in an industrial unit —top of the

Gould line.

INPUT

Voltage: 92-13
Frequency: 45-44
Hold up: 28 mS @ 10
from 115 or 220 —

Series

8-250 Watts, AC-DC, single output

A broad family of convection cooled, enclosed, powe
supplies at lower prices than the MG range; built to
narrower specification but the same high Gould quali

PART # VOLTS AMPS SIZE WEIGHT PART # VOLTS AMPS
MG5-20 5 20 3% x4% x67%s 4.4 SMG5-1.6 5 1.8 3.8 x 39 x 12
MG5-40 5 40 3 x6%6 x6% 7o SMG5-3.2 5 32 HOE T g 12 1
MG5-60 5 60 3% x8) x6% 9.9 SMG5-8 5] 8 3l9 x i8ix 1.7 19
MG5-100 5 100 OB e d 16 SMG5-16 5 16 SRSl T 2 3.9
MG12-10 12 10 3 x4% x6%se 4.4 SMG5-24 & 24 39 x 78 x589 7.4
MG12-43 e 43 & X8 i 16 SMG5-40 5 40 39 x 18 x B9 11.4
MG15-8 15 8 3% x4% x6%s 4.4 SMG5-50 5 50 38 x 78 x B9 Tilid
MG15-16 1% 16 3% x6%e x6% 8 SMG12-1.6 12 1.6 39 x 7.8 1.2 1.3
MG15-33 15 33 e sl 16 SMG12-3.2 12 32 Q9T a % 1.7 1.
MG24-5 24 5 3 x4%k x6%e 4.4 SMG12-8 12 8 3.8 %x 7.8 %8 3.9
MG24-10 24 10 3/ x6%s x6% 7.5 SMG24-0.8 24 0.8 34 x 78 x 1.2 1.1
MG24-15 24 15 3 x8)% x6% 9.9 SMG24-1.6 24 1.6 g8 78ix 1.0 e
MG24-21 24 21 Sxglix i 16 SMG24-4.0 24 4.0 Sdix 18 x '8 39
INCHES POUNDS INCHES POUN

Note: Order suffix "A" for 110V and "B’ for 240V except MG 5-100.
MG5-60, MG24-15. MG 12-43. MG 15-33. MG24-21. which are user
changeable.




75, 100 & 150 Watts, AC-DC;

1, 3, 4 outputs

The LMG range is specifically designed for the replace-
ment of low cost linear supplies in applications where
weight and efficiency have become more important.
Physical dimensions similar to popular linear sizes.

INPUT OUTPUT

Voltage: 75 Watt units: 92-138
100 and 150 Watt units:

Regulation: 0.6% full line & load
Ripple: 50mV pkpk 47Hz-10MHz

sz "

DC-DC Series

250 Watts, DC-DC, triple

This versatile DC/DC unit operates from both standard
and telecommunications batteries which provide excellent
specification of outputs including all facilities for usein a
fully redundant parallel mode.

OUTPUT

Regulation: TEB = +3.5%—1.5%
Ripple: 1% pkpk DC-30MHz

INPUT

Voltage: 21-56 V.D.C.
Frequency: DC

92-138 and 184-264 Temperature Coefficient: 0.02%/°C Hold up: N/A Temperature Coefficient: See reg

Frequency: 47-440 Hz Remote Sensing: 500mV Remote Sensing: 5% min.

Hold up: 20mS at 75w @ 115vline  Transient Response: 5% maximum Transient Response: 3% for 25%
for 50% load change, regulation in load change, regulation in 2mS
500 uSec - Overload: Constant current 120%
Overload: Foldback to 40% Overvoltage: All outputs
Overvoltage: Main output. (optional)

MAIN AUX AUX AUX PART # MAIN  AUX1 AUX2 SIZE WEIGHT

PART # QUTRUT " -1 2 3 SIZE  WEIGHT MGT 250 505 128 128 19"rack 20

LMG5-15 5-15 T xX489x%x2.1 1.5 3%x12

LMG15-5 15-5 7 xX4.8x21 1.5 INCHES POUNDS

LMGT75/12 &§-15 12-1  12-1 9 %x49x21 20

LMGT75/15 515 TN 5 xd0x21 20 Note: see data sheet for controls and alarms

LMGQ75/12 5-15 12-1  12-1 -6-1 10 x4.9%x2.1 2.0

LMGQ75/15 5-15 15-1 15-1 5-1 10 x4.9x2.1 20

LMG5-20 5-20 9 x49x2.1 1.8

LMGT150/12  5-20 123 12-3 120 x4.9x%x2.1 24

LMGT150/15  5-20 15-2.4 156-2.4 12 x49%2.1 24

LMGT150/12/5 5-20 12-3 5-1 12 x4.9x2.1 24

LMGT150/15/5 5-20 15-2.4 5-1 12 x49x21 24

LMGT150/24/5 5-20 24-1.5 5-1 11.5x49x21 24

LMGQ150/12 5-20 12-3 12-83 5-1 13 x4.9x2.1 286

LMGQ150/15 5-20 15-2.4 15-2.4 5-1 18, x4.9x2.1 26

INCHES POUNDS

Note: Multiple outputs require 3 amp. minimum load on main output to
ensure auxiliary regulation on 75 watts and 4 amp. minimum on 150 watts




>

Multiple
Output
Series

150-650 Watts, AC-DC, 2, 3, 4 outputs

These products have been designed to meet the needs of
major DP and telecommunications users where multiple
outputs are demanded by different system technologies.
Individual specification sheets highlight their major
features. Most types are re-packages of the MG family.

-
e
B
-
i

INPUT OUTPUT
~ Voltage: 92-132/176-264 ‘Regulation: 0.1% full line & load
Frequency: 47-63Hz Ripple: 50mV pkpk DC-30MHz

Hold up: 28mS at 100% load from
103 5 or 198 volts

‘Temperature Coefficient: 0.01%/°C
Remote Sensing: 500mV
90% load change. regulation in 2mS
Overload: Constant current 110%

~ Overvoltage: All main outputs
most auxiliaries

MAIN AUX AUX AUX

PART # OUTPUT 1 2 3 SIZE WEIGHT

*MGD500 5-80 2-50 -— ~  5x8x11 12

MGT56-20/12 5-20 12- 12- — 3%x6%ex6% 7.5
e L)

MGT5-20/15 5-20 15- 15- 3% x 6%6x 6% 7.5
1.751.25

MGT400 560 12-8 12-8 — 5&5x8x11 16

*MGQ300 5-30 66 28-2 28-2 39x75x1225 18

MGQ400 5-30 &5 12- 12- Bx8x i 16

000075
*MGQ650 5-110 5-10 12-1012-10 7 x5x 18 18

INCHES POUNDS

Note: *Fan cooled
**Requires external fan cooling

Custom Capabilities

Gould is a multi-national company with multi-national
power supply design capability. We are just as familiar
with designing power supplies to meet the RFI or safety
specsin Europe asin Japan or the U.S. In fact we have
service facilities in more than 34 countries.

Here are five ways we work with our customers to
meet their custom needs in the most economic manner:

1 Adjusted Catalog —

®  sometimes a slight adjustment of a standard
catalog unit is all that's needed such as changing
ab5Vtoa6V unit.

2 Assembled Catalog—
assembling a number of standard units in a
custom rack.

Modified Catalog —
®  making substantial internal changes during
manufacturing.

Re-packaging Custom—

using standard circuits in a custom design or
package.

100% Custom—

building a unit from scratch to meet the exact

customer need. This often involves technology
development.

AW




SMG
Series

(Fan cooled)
500-2250 Watts, AC-DC, single output

High power, fan cooled units designed for large com-
puter and telecommunications applications. Extensive
software controls on every model and excellent price/watt
with better than average specifications on temperature
and hold up.

INPUT

Voltage: 103-127 & 207-253
(front panel switch)
Frequency: 47-63Hz

Hold up: 22mS at 110% load
from 103V or 207V line

OUTPUT

Regulation: 1.0% full line & load
Ripple: 60mV pkpk (100mV on
5-450) DC-20 MHz

Temperature Coefficient: 0.01%/°C
Remote Sensing: 1000mV @ 5 volts
Transient Response: 50mV for 10%
load change, regulation in 2mS
Overload: Constant current @ 110%
Overvoltage: Standard

MMG
Series

25-50 Watts, AC-DC, single output

Optionally card mounted, this compact family is

especially designed for world

wide use and units meet

all major international safety specifications.

INPUT
Voltage: 99-132 & 198-264

Frequency: 48-63Hz (400 optional)

Hold up: 28mS at 50W from 115
or 220V—10%. 25W
requires external capacitors.

OUTPUT

Regulation: 0.1% full line & load
Ripple: 50mV pkpk DC-30MHz
Temperature Coefficient: 0.01%/°C
Remote Sensing: 250mV
Transient Response: 300mV for
90% load change, regulation in 2mS.
Overload: Constant current 110%
Overvoltage: Standard

PART # VOLTS AMPS SIZE WEIGHT PART # VOLTS AMPS SIZE WEIGHT
SMG5-100 5 e s 3l % 7.8 x 10 11.44 MMG 5-5 5 5 6.3 x3.46x1.3 1.15
SMG5-100L 5 180" 82 x 144 x § 14.96 MMG12-2.5 12 25 6.3 x3.46x1.3 1.15
SMG5-150 5 150 52 % 144 x 59 16.28 MMG15-2 15 20 6.3 x3.46x1.3 1.15
SMG5-150S 5 150 5 x 8 x 11 16.28 MMG24-1.4 24 1.4 6.3 x3.46x1.3 1.15
SMG5-300 5 300 52 x 144 x 10.8 2880 MMG 5-10 5 10 3.46x2.75%x6.5 23
SMG5-450 5 450 52 x 144 x 148 48.40 MMG12-4.8 12 4.8 3.46x2.75x6.5 2.3
INCHES POUNDS MMG15-4 15 4 3.46x2.75x6.5 2.3
MMG24-2.5 24 25 3.46x275x6.5 2.3

Note: SMG5-450 is 3 phase only @ 230 V. ALL UNITS have TTL signals
for overvoltage, overcurrent and undervoltage. Overtemperature
signalled by relay closure

INCHES POUNDS

Note: 25W unit available P.C. card mounted




A Gould applications engineer is ready to answer your applications/
technical questions concerning switching power supplies. Just call us

on our new toll free line (800) 423-4848. Or consult the Gould representative
below covering your state.

ALABAMA

20TH CENTURY MARKETING
Hertz Skycenter

Huntsville, AL 35806

(206) 772-9237

ALASKA
GOULDINC., Electron
4323 Arden Drive
ElMonte, CA 91731
(213)575-4777

ARIZONA

ADTEK. INC

5322 N 59th Avenue
Glendale. AZ 85311

(602) 846-4650
ARKANSAS

ALLIED COMPONENTS INC
9726 E 42nd Street South

Tulsa. OK 74145
(918)665-1494

CALIFORNIA
GOULDINC | Electror
4323 Arden Drive
ElMonte. CA91731
(213)575-4777

(San Diego)

DOTY SALES COMPANY
4710 Ruffner Street #F
San Diego. CA 92111
(714)565-9444

CANADA

R D ASSOCIATES

1262 Don Mills Road #37
Ajax, Ontario

CANADA M3B 2wW7
(416) 444-0959

COLORADO
GOULD INC. Electron

Power Supply Division
4323 Arden Drive
ElMonte. CA91731
(213)575-4777

CONNECTICUT

SELMARK ASSOCIATES
105 Towpath Lane
Cheshire CT 06410
(293) 272-8764
DELAWARE

TA| CORPORATION

12 S Black Horse Pike
Belimawr. NJ 08031
(609) 933-2600
(215)627-6615
DISTRICT OF COLUMBIA
DELTA Il ASSOCIATES
1000 Century Plaza #224
Columbia. MD 21044
(301) 730-4700
FLORIDA

YOUNG & LAWRENCE
1440 Minnesota

Winter Park. FL 32789
(305) 647-6929

GEORGIA

20TH CENTURY MARKETING
Hertz Skycenter

Huntsville. AL 35806

(205) 7729237

HAWAII
GOULD INC. Electronic

Power Supply Division
4323 Arden Drive
ElMonte. CA91731
(213) 575-4777

IDAHO

UNDERWOOD ASSOCIATES
212 North 77th Avenue
Yakima. WA 98902

(509) 965-2220

ILLINOIS

(Southern)

THOMAS DOWELL & ASSOCIATES
7810 Foster

Overland Park, KS 66204
(913)648-7373

(Northern)

RICHMAR ELECTRONICS
1501 Ogden Avenue
Downers Grove. IL 60515
(312)968-0118

INDIANA

RICHMAR ELECTRONICS
137 Red Oak Lane

Carmel. IN 46032
(317)846-6383

IOWA

THOMAS DOWELL & ASSOCIATES
524 34th Street

W Des Moines, |A 50265

(515) 225-1620

KANSAS

THOMAS DOWELL & ASSOCIATES
7810 Foster

Overland Park, KS 66204
(913)648-7373

KENTUCKY

RICHMAR ELECTRONICS
1501 Ogden Avenue
Downers Grove, IL 60515
(312)968-0118

LOUISIANA

ALLIED COMPONENTS, INC
9720 Town Park, #110
Houston, TX 77036

(713) 988-1600

MAINE

SELMARK ASSOCIATES
RFD 1, Insh Hill Road
Hopkinton, NH 03301
(603) 623-5774

MARYLAND

DELTA Il ASSOCIATES
1000 Century Plaza #224
Columbia, MD 21044
(301) 730-4700

MASSACHUSETTS

SELMARK ASSOCIATES

333 Orchard Street

Millis. MA 02054
(617)376-2914

MICHIGAN

ELECTRONIC SALESMASTERS

Livonia, MI
(800) 321-1848

ELECTRONIC SALESMASTERS
Grand Rapids, M|
(800) 321-1849

MINNESOTA

P.SUI

720 W. 94th Street
Minneapolis, MN 55420
(612)835-1777

MISSISSIPPI

20TH CENTURY MARKETING
Hertz Skycenter

Huntsville, AL 35806

(205) 772-9237

MISSOURI

THOMAS DOWELL & ASSOCIATES
8755 Bjg Bend Blvd

St Louis, MO 63119
(314)968-4234

MONTANA

UNDERWOOD ASSOCIATES

212 North 77th Avenue

Yakima, WA 98902

(509) 965-2220

NEBRASKA

THOMAS DOWELL & ASSOCIATES
7810 Foster

Overland Park. KS 66204
(913) 648-7373

NEVADA
GOULDINC . £

Power Supply Divisior
4323 Arden Drive
ElMonte. CA 91731
(213)575-4777

NEW HAMPSHIRE
SELMARK ASSOCIATES
RFD 1. Insh Hill Rd
Hopkinton. NH 03301
(603) 623-5774

NEW JERSEY
(Northern)

GORDON/HORNE ASSOCIATES
294 W. Oakland Avenue

Oakland. NJ 07436

(603) 623-5774

(Southern)

TA| CORPORATION
12 S Black Horse Pike
Bellmawr. NJ 08031
(609) 933-2600
(215)627-6615

NEW MEXICO

ADTEK, INC

5322 N. 59th Avenue
Glendale, AZ 85311
(602) 846-4650

NEW YORK

(Metro)

GORDON/HORNE ASSOCIATES
294 W Oakland Avenue

Oakland, NJ 07436
(603)623-5774

(Upstate NY)
DB ASSOCIATES
3307 Erie Bivd E
DeWitt. NY 13214
(315) 446-0220

NORTH CAROLINA

PJ. NAHSER

1349 S. Church Street
Burlington, NC 27215
(919) 226-8053

NORTH DAKOTA

PSI

720 W. 94th Street

Minneapolis, MN 55420

(612) 835-1777

OHIO

(Northern)

ELECTRONIC SALESMASTERS
24100 Chagrin Bivd

Beachwood, OH 44122

(216) 831-9555

(Southern)

ELECTRONIC SALESMASTERS

Dayton. OH

(800) 362-2616
OKLAHOMA

ALLIED COMPONENTS/INC
9726 E 42nd St South

Tulsa, OK 74145

(918) 665-1494

OREGON

UNDERWOOD ASSOCIATES
212 North 77th Avenue
Yakima. WA 98902

(509) 965-2220
UNDERWOOD ASSOCIATES
331 Andover Park East
Seattle. WA 98188

(206) 575-0123

PENNSYLVANIA

(Western)

ELECTRONIC SALESMASTERS
(800) 321-1848
(Eastern)

TA.l. CORPORATION

12 S. Black Horse Pike
Bellmawr, NJ 08031
(609) 933-2600

(215) 627-6615
RHODE ISLAND
SELMARK ASSOCIATES
70 Eagle Road

Cranston, R 02920
(401) 943-5717

SOUTH CAROLINA
P.J. NAHSER

1349 S. Church Street
Burlington. NC 27215
(919) 226-8053

SOUTH DAKOTA

PSI

720 W. 94th Street
Minneapolis, MN 55420
(612)835-1777

TENNESSEE

(Western)

20TH CENTURY MARKETING
Hertz Skycenter

Huntsville. AL 35806
(205)772-9237

(Eastern)

PJ NAHSER

1349 S Church Street
Burlington. NC 27215
(9191226-8053

TEXAS

ALLIED COMPONENTS, INC
13771 N Central Parkway
Dallas. TX 75243

(214) 238-0408

ALLIED COMPONENTS, INC
9720 Town Park, #110
Houston, TX 77036

(713) 988-1600

ALLIED COMPONENTS, INC
400 E. Anderson Lane, #220-4
Austin, TX 78752

(512) 837-0037

UTAH

GOULDINC.. Electror
4323 Ard‘éﬁ If)}lvé )
ElMonte, CA 91731
(218)575-4777
VERMONT
SELMARK ASSOCIATES
RFD 1. Irish Hill Road
Hopkinton, NH 03301
(603) 623-5774

VIRGINIA

(Northern)

DELTA Il ASSOCIATES
1000 Century Plaza #224
Columbia, MD 21044
(301) 730-4700
(Southwestern)

P.J. NAHSER

1349 S. Church Street
Burlington. NC 27215
(919) 226-8053

WASHINGTON

UNDERWOOD ASSOCIATES
212 North 77th Avenue
Yakima, WA 98902

(509) 965-2220
UNDERWOOD ASSOCIATES
331 Andover Park East
Seattle, WA 98188

(206) 575-0123

WEST VIRGINIA
ELECTRONIC SALESMASTERS
(800) 321-1848
WISCONSIN

(Northwestern)

PSI

720 W 94th Street
Minneapolis. MN 55420
(612)835-1777
(Southeastern)
RICHMAR ELECTRONICS
5022 N. 125th Street
Butler. WI 53007
(414) 781-1730
WYOMING
GOULDINC Ele
Power Supply Division
4323 Arden Drive

El Monte, CA 91731
(213)575-4777

August 1979

Gould Inc.

Electronic Power Supply Division

P.O. Box 6050

El Monte, California 91731
Telephone: (213) 575-4777
TWX:910-587-4934

Raynham Road, Bishop's Stortford,

Hertfordshire, England.
Telephone: 0279 55155
Telex: 81510

D-6453 Seligenstadt

Dieselstrasse 5, Postfach 1249

W. Germany

Tel: 3107 Telex: 4184556

== GOULD



A high capacity fiberoptic data trans-
mission system installed at Grum-
man Aerospace Corp, Bethpage, Ny,
allows 2-way transmission between
an 1BM 370 mainframe at the com-

teractive plotter terminals located
in another building more than 3 km
distant. The system employs MGo-5
cables and Trk data links by Val-
tec Corp, W Boylston, ma 01583,
using one of four available pairs of
fibers; the remaining three pairs are
for future expansion of the system.

The optical system is designed to

which allows non-specialized tech-
nical personnel to connect addition-
al data links. The main computer
and its inhouse designed data for-
matters deal only with electronic
signals; all optical signal conversions
are performed within the data links.
Link units are also used as repeat-
ers or boosters enroute.

pany’s headquarters building and in- interface with electronic systems,
VALTEC TTL LINKS
USED AS REPEATERS
18M-370 1BM VERSATEC | | GAC e L GAC VERSATEC
COMPUTER 1/0 CONTROLLER FORMATTER LINK LINK FORMATTER PLOTTER
£ /
[T£ 7/
MAIN GRUMMAN BUILDING #111 / BuDING N BUILDING # 5 // BUILDING
2km #3 1.3km Tkm *2

CABLE INCLUDES 3 SPARE
FULL DUPLEX CHANNELS
FOR EXPANSION

Fiber optic data transmission system. 3-km+ system enhances Grumman’s existing interactive
computer aided graphics operation, which uses computers to generate, maintain, and update
engineering drawings and other material

pLc data line controller provides any
computer with proper electrical in-
terface and signalization protocol for
Telex, leased lines, and others as ap-

propriate. The microprocessor driven
unit allows computer communications
software and hardware to be isolated
from external line requirements. DLC
is a per-line printed circuit board
unit that interfaces a variety of
terminals and computers with differ-
ing protocols to their switching and

Data line controller rack and card. Each rack can house up to 24 DLCs. Power
is self contained within rack, and panel containing power displays, switches, fuses,
and external connectors is mounted at rear of rack

data processing systems. It is being
offered to end users and oeEms by
Plessey Fairfield, 1275 Bloomfield
Ave, Fairfield, Ny 07006.

Heart of the pLc function is the
microprocessor module driven by a
4 MHz crystal from which is derived
a l-us cycle time. 128-word scratch-
pad RaM and internal clock driver
are added features. The module per-
forms its tasks via stored programs
that can be changed to fit specific
applications.

A 6k maximum P/RoM module
has three chip locations which accom-
modate either 1k or 2k p/Rroms for
holding the stored program. The
raM buffer storage module contains
up to two chips with a 1-chip con-
figuration capacity of 512 bytes max.

The peripheral interface adapter
module controls the output signals
to the computer and communication
circuits and receives inputs from
them. It has two 8-bit registers; reg-
ister A controls the computer inter-
face, and register B the communica-
tion line interface. O
Circle 402 on Inquiry Card
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IN MEASUREMENT
MACSYM 2 STANDS

YOU DON'T HAVE TO BE
A COMPUTER EXPERT TO
UNDERSTAND MACSYM 2.

MACSYM 2 is a basic, stand alone interactive real-
time measurement and control system. It's
human-engineered so it's easy-to-understand
and easy-to-use whether you're more comfort-
able with a calculator or a computer. MACSYM 2
stands alone among competitive measurement
and control systems. It combines integral signal
conditioning, multi-tasking, ease of program-
ming, and ease of use in a single low cost, self-
contained system.

MACSYM 2 gives you a powerful minicom-
puter with a fast 16-bit processor and up to
128 K bytes of memory specifically designed for
a variety of applications involving signal condi-
tioning, data collection and concentration,
measurement and control, storage, manipula-
tion, computation and display. It puts real-world
computer power at your fingertips without
prior computer experience or separate develop-
ment systems. For less than $10,000*, you can
get a complete MACSYM 2, ready for operation,
packaged as a single compact, desktop unit
(also rack-mountable) for all of your real-time
measurement and control applications.

MULTITASKING BASIC
MAKES IT SIMPLE.

Like the MACSYM 2 hardware, its software has
been designed specifically for measurement
and control. MACBASIC is an enhancement of
easy-to-use, problem-oriented standard
Dartmouth BASIC. It features real-world I/0
statements, real-time interactive multitasking
(you can run as many as 18 independent pro-
grams simultaneously), real-time reference,
data reduction, storage and presentation.

MACBASIC is a friendly programming lan-
guage that lets you write programs theway ~ ©
you want. And lets you communicate with your ¢
process or experiment in plain English and
simple algebraic expressions. For instance,
real-world signals can be treated like any other
variable. You can also monitor and change
* Attractive quantity discounts are also available.

variables while your programs are running.
And you can develop your programs on the
same equipment you run them on. It's easy
and hassle-free for the non-computer expert
and has all of the power and flexibility the ex-
perienced programmer has been waiting for.

This program assigns values to variables
' 0

K and L. Instructs MACSYM 2 to input
analog data from channel 0; to output
data on channel 1; to compare X to L.

If greater, to sound alarm on channel 1;
if less, to turn off alarm. Wait %z second,
read again. It's that basic.

YOU re talking
my language.”




CONTROL.

The key to configuring a low-cost, easy-to-
use, sensor-based, real-time multitasking mea-
surement and control system is Analog Devices’
unnque Sensor |/0 cards. They contain all neces-
msngnal conditioning and interface directly
with sensors. You can select and match as many
as 16 dedicated low-cost Sensor I/0 cards in a
single, stand alone MACSYM 2. They plug directly
into the MACSYM 2 chassis and allow direct
sensor hookup by simply bringing your field
wiring right into the MACSYM 2 screw terminals.
Changing needs merely means changing
Sensor |/0 cards. Total MACSYM 2 capacity can
be increased to 256 Sensor /0
cards with optional e
extension chassis.

AND CONTROL,

o iy Multi-channel
e Sensor I/0 cards are
available for Iow level and high level analog
inputs; voltage or current analog outputs;
digital I/0; direct sensor interface wit ther-
mocouples_ strain gages, RTD's, limit switches
and solenoids; pressure, frequency, temper-
ature, flow and motion measurements;
IEEE, isolation and other special functions.
The unique architecture also makes hookup
of optional peripherals such as disk drives, X-Y
plotters, line printers or terminals just as easy.
MACSYM 2, the Basic System for Measure-
ment and Control that stands alone. For all the
basics, call (617) 329-4700. Analog Devices, Inc.,
Systems Division, 385 University Avenue,
Westwood, MA 02090.

See us at WESCON Booth # 1133/1135

ANALOG
DEVICES

WAYOUT IN FRONT

Analog Devices, Inc., Box 280, Norwood, MA 02062; East Coast: (617) 329-5804; Midwest: (312) 894-3300; West Coast: (213) 595-1783; Belgium: 031/37 48 03; Denmark: (02) 845800;
England 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Switzerland: 022/319704, and representatives around the world
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| DIGITAL TECHNOLOGY REVIEW

TECHNOLOGY AND ECONOMICS:
POTENTIAL COMPUTER MARKET ELASTICITY—I

Montgomery Phister, Jr

Systems Consulting
Santa Monica, California

L imited both by the number of organizational units
that have data to be processed and by the amount of
processing that these units must do, the computer equip-
ment market retains a degree of elasticity as discussed
in last month’s column. While growth in the general
purpose segment has leveled off, the minicomputer mar-
ket remains in a near-exponential expansion phase and
the small business computer market is just gaining head-
way. This month’s discussion attempts to identify those
areas where activity may be found in a saturated market
and what type of activity to expect.

Users replace systems if they wear out, or if maintenance
costs become too high compared with equivalent costs of a
new system. While equipment “life” in this sense is not
precisely known, it probably is greater than 10 years, and
certainly greater than the actual 5- to 7-year life of systems
replaced today (see Ref 1, pp 12-13). Users will also re-
place or augment a system to implement new applications.
Thus there has continued to be a great deal of activity in
the “saturated” cp market, as users replace and add
equipment to increase capacity and implement new ap-
plications. Whether this replacement/augmentation activity
in a saturated market should be expected to die out when

42

and if new applications dry up remains a question, how-
ever. Will that occur, and if so, when?

Influential Factors

Nolan argues that the growth of the computer budget
in an organization follows an S-shaped curve, leveling
off to a fixed annual cost after some years of growth.2
However, he focuses attention on the management
activities associated with various stages of growth,
and hardly mentions the applications which are presumably
the basis for growth. Lucas and Sutton, in a study of
governmental uses of computers® find no evidence of a
leveling-off of computer budgets, and argue that a model
of applications is needed to predict how budgets will grow.
Let’s examine a possible applications model.

At any given time, any user has a specific pp workload.
One way of describing this workload is to recognize that
anything stored on media is data; that data are not stored
unless there is a nonzero probability that they will some
day be processed; that some fraction f (f can be greater
than one) of the average number of bytes on file in a
year (D bytes) will be processed in that year; and that it
takes s elementary Dp operations, carried out by machines

COMPUTER DESIGN/AUGUST 1979



The NEC Hammer.

It drives Spinwriter printers
at 55 CPS with quiet precision.

NEC Spinwriter™ character printers run at up to a full instant. An operator-controlled “impact scaling” switch
55 CPS for a number of reasons. modifies hammer energy to light, medium or heavy
One key reason is the NEC print hammer. It is unlike impact, depending on the form type and thickness.
any other print mechanism, and its differences This precision of speed, stroke and impact has

a number of other advantages, too. One
is print quality; Spinwriter printers
produce superb correspondence-
quality output. Another is quiet-
ness; at62 dbA, Spinwriter printers
are quieter than other character
printers. And a third is durability;
Spinwriter printers are rated at
over 2000 hours MTBF, the new industry

make it better.

The Spinwriter hammer is con-
trolled by a simple voice-coil rather
than by complex mechanical links
and springs. Special alloys in the
hammer provide improved reliability
and longer life. There are no moving
parts, only the hammer itself. No peri-
odic maintenance. No gap adjustments.

No lubrication. Ever. standard.

When it prints, the NEC hammer is driven automati- The NEC hammer. Its many technological innova-
cally at one of seven preset impact levels, depending tions demonstrate NEC's commitment to making the
upon the size of the character being printed at that perfect printer.

Send for our new printer brochures.
NEC. Going after
the perfect printer.

NEC Information Systems, Inc.

Eastern Office: 5 Militia Drive: Lexington, MA. 02173, (617) 862-3120
Central Office: 3400 South Dixie Drive, Dayton, OH. 45439, (513) 294-6254

West Coast Office: 8939 S. Sepulveda Blvd., Los Angeles, CA. 90045, (213) 670-7346
Southern Office: 2965 Flowers Rd. South, Atlanta, GA. 30341, (404) 458-7014
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The world’s best
floppy disk controller.

Now there are two ways to get the simplicity, power and flexibility of our
floppy disk controller: NEC’s uPD765 chip, or the BP-2190 board from
NEC Microcomputers.

The innovative uPD765, developed and introduced by NEC, has
become an industry standard and will soon be second-sourced by a
U.S. semiconductor company. It’s simple to build into your system,
because the standard 40-pin, +5V design is totally compatible
with IBM single- or double-density format floppies and 5%"
mini-floppies, as well as standard 8" drives.

It’s powerful too, executing 15 complex commands including
many subroutines usually found in a disk handler software
package. Plus it controls up to four double-sided drives.

And the 765 gives you unequalled flexibility in programming
your controller system through such commands as Multi-Sector
Reads and/or Writes, Track Formatting, and Multiple Drive Seeks.
It operates in either DMA or interrupt-driven mode, and interfaces
to all popular microprocessors, including our uPD8080AE,
uPD8085A and uPD780 (Z80™).

For board applications, you get all the capabilities above and
more. The BP-2190 board includes the 765 and 16K of dual-
ported RAM (expandable on-board to 48K), along with priority
and refresh logic. Disk-to-RAM transfers are under DMA control

Controller Chip REPS: Action Unlimited, Arlington, TX, Spring, TX; Cerco, San Diego, CA; Contact Sales, Inc., Burlington, MA; D/Z Associates, Inc., Denver, CO;
Electronic Innovators, Inc., Minneapolis, MN; Eltron, Phoenix, AZ; HLM Assoc., Torrin%on, CT, Northport, NY, Parsippany, NJ; Imtech, Inc., Cleveland, OH, Dayton,
OH; K-Mar Enginererir;g & Sales, Inc., Grandview, MO; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH COLUMBIA; L & M
Associates, Pikesville, MD, Montpelier, VA; Harry Nash Associates, Willow Grove, PA; R.C. Nordstrom & Company, Lathrup Village, MI; Perrott Associates, Inc., Fort
Lauderdale, FL, Clearwater, FL, Orlando, FL; Santana Sales, Costa Mesa, CA; Stone Component Sales, Waltham, MA; Technology Sales, Inc., Palatine, IL; Trident
Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA; 20th Century Marketing, Inc., Huntsville, AL, Knoxville, TN; Wolff's
Sales Service Company, Raleigh, NC.

DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuauerque. NM, Wheatridge, CO,
Salt Lake City, UT; Diplomat/Westland, Inc., Sunnyvale, CA; Diplomat/Southland, Inc., Clearwater, FL; Diplomat/Lakeland, Inc., Elk Grove Village, IL; Diplomat/IPC
of Mass., Chicopee Falls, MA; Diplomat, Holliston, MA; Diplomat/Northland, Inc., Farmington, MI; Diplomat/Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis,
Inc., St. Louis, MO; Diplomat/IPC Corp., Totowa, NJ, Mt. Laurel, NJ; Diplomat Electronics Corp., Woodbury, NY; Diplomat/Alta-Land, Inc., Salt Lake City, UT; Future
Electronics Corp., Montreal, QUEBEC, Downsview, ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; Intermark Elec-
tronics, Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX ; Kent Electronics, Houston, TX; G.S. Marshall, Sunnvale. CA, Canoga Park, CA,
El Monte, CA, San Diego, CA, Phoenix, AZ; Marshall Industries, Farmingdale, NY, Wallingford, CT; Milgray Electronics, Inc., Freeport, NY, Orange, CT; Quality Com-
ponents, Austin, TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, MI, Columbus, OH; Resco/Raleigh, Raleigh, NC; Semiconductor Specialists, Inc.,
Chicago, IL, Burlington, MA, Farmington, M|, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI; Sterling Electronics, Phoenix, AZ, Santa
Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX, Houston, TX, Tukwila, WA; Summit Distributors, Inc.,
Buffalo, NY; Summit Elec. of Roch., Inc., Rochester, NY; Western Microtechnology, Cupertino, CA.



Or with the works.

which keeps host processor overhead to a minimum. And mixed
densities and sizes are handled with ease. All of this on a single
ready-to-run board that plugs directly into a Multibus™ system—
and we'll supply the software drivers, too.
The wPD765 chip, or the BP-2190 board. Either way;, it’s the
e | LT . . . world’s best floppy disk controller. Backed by full documentation,
--------- . O ; testing, and engineering help for specific application problems.
8 Sy — f" For more information, attach your business card or letterhead
----------- - A to this page and send to NEC Microcomputers, Inc., 173
i S (Oneieiel— o § Worcester Street, Wellesley, MA 02181. Or contact the
A = AL 3 regional office near you. WESTERN REGION OFFICE:
- DI Orange, CA at (714) 633-2980; EASTERN REGION
) i) = ol OFFICE: Melville, NY at (516) 293-5660; MID-
WESTERN REGION OFFICE: Des Plaines, IL at
(312) 298-7081; SOUTHERN REGION OFFICE:
Dallas, TX at

B
™ Z80 is a trademark of Zilog Corporation.
™ Multibus is a trademark of Intel Corporation.

E

NEC Microcomputers, Inc.

Controller Board REPS: Action Unlimited, Arlington, TX, Spring, TX; Cerco, San Diego, CA; Contact Sales, Inc., Burlington, MA.; D/Z Associates, Inc., Denver,
CO; Electronics Innovators, Inc., Minneapolis, MN; Eltron, Phoenix, AZ; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH CO-
LUMBIA; Santana Sales, Costa Mesa, CA; Trident Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA.

DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuquerque, NM, Wheatridge, CO,
Salt Lake City, UT; Diplomat/Westland, Inc., Sunnyvale, CA; Diplomat/Southland, Inc., Clearwater, FL; Diplomat/Lakeland, Inc., Elk Grove Village, IL; Diplomat/IPC
of Mass., Chicopee Falls, MA; Diplomat, Holliston, MA; Diplomat/Northland, Inc., Farmington, MI; Diplomat/Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis,
Inc., St. Louis, MO; Diplomat/IPC Corp., Totowa, NJ, Mt. Laurel, NJ; Diplomat Electronics Corp., Woodbury, NY; Diplomat/Alta-Land, Inc., Salt Lake City, UT; Future
Electronics Corp., Montreal, QUEBEC, Downsview, ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; Intermark Elec-
tronics, Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX; Kent Electronics, Houston, TX; G.S. Marshall, Sunnyvale, CA, Canoga Park, CA,
El Monte, CA, San Diego, CA, Phoenix, AZ; Marshall Industries, Farmingdale, NY, Wallingford, CT: Milgray Electronics, Inc., Freeport, NY, Orange, CT; Quality Com-
ponents, Austin, TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, MI, Columbus, OH; Resco/Raleigh, Raleigh, NC; Semiconductor Specialists, Inc.,
Chicago, IL, Burlington, MA, Farmington, MI, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI; Sterling Electronics, Phoenix, AZ, Santa
Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX, Houston, TX; Tukwila, WA; Summit Distributors, Inc.,
Buffalo, NY; Summit Elec. of Roch., Inc., Rochester, NY; Western Microtechnology, Cupertino, CA. CD-1



BYTES STORED/$M REVENUE (D)

MACHINE
‘ READABLE

Fig 1 Stored data. At any time, organization
has great deal of stored data, some in machine
readable form (eg, punched cards or magnetic
tape), and some in human readable form (eg,
paper in file cabinets). Graph estimates growth
in total stored data per million dollars of
revenue, and shows how it is distributed be-
tween machine and human readable forms in
large organization

1950 1980
TIME

or humans, to process one byte of data. Then the organiza-
tion’s total workload in any given year is

Workload = fDs operations/yr

In a given organization, f, D, and s are all functions of
time.

Some processing is done by pP equipment, and some is
done manually. As time goes on, a higher and higher
proportion of total processing is done by computers. We
may conjecture that:

(1) D increases with time due to increases in business
complexity, government regulations, etc. It also increases

10kt

ELEMENTARY PROCESSING OPERATIONS/BYTE (s)

if the organization itself grows; this effect can be neutral-
ized by normalizing D—dividing it by annual revenue or
number of employees.

(2) f has been increasing because computers make it
cheap and easy to do calculations (once the programs are
written), because some data previously never analyzed are
now analyzed, and because new data processing applica-
tions manipulate the data in different ways.

(3) s has been increasing because computers make it
possible to carry out more complex calculations than were
possible before. It also tends to increase as the processing

Fig 2 Processing operations per byte of data.
“Processing” of data refers to retrieving data
from storage, manipulating them, and returning
results to storage. Certain elementary operations
must be carried out to effect this processing,
and this graph estimates growth in number of
operations required to process one byte of data

TIME



INTERACTIVE LABORATORY SYSTEM

s

SETTING THE STANDARD IN SOFTWARE
SYSTEMS FOR INTERACTIVE SIGNAL PROCESSING

PROGRAMMED IN HIGH LEVEL STANDARD FILE STRUCTURES

LANGUAGES o SAMPLED DATA FILES
o ANALYSIS FILES
FOR PDP™-11 COMPUTERS o RECORD FILES
e RSX-11 (in FORTRAN) e LABEL FILES
e 1AS (in FORTRAN)
R\ LR R R\ e INTERACTIVE GPERATION
® UNIX (in C) o GRAPHICS
FOR VAX®™-11/780 SYSTEMS X ,S,E}'Es,.{,:c,f,;coﬁ,‘,ﬂo"
@ VAXNMS@"(in _FORTRAN) o DATA SCANNING
@ Trade Mark of Digital Equipment Corp. . DATA MANIPU LATION
NOVA® & ECLIPSE™ SYSTEMS o SIGNAL PROCESSING
e RDOS (in FORTRAN) o SPEECH ANALYSIS

@™ Trade Mark of Data General Corp.

At a purchase price of $4,500 ILS saves time and money in program
development, and provides an organized software system with sharable pro-
grams and files. With its 85 command programs, and 250 subroutines, ILS
contains a wide variety of tools for signal processing, and lets you concentrate
on your specialized applications rather than system design and routine pro-
gram development. The software is distributed in source form, along with the
necessary command files to build the system. Documentation includes an
installation manual, 400 page users guide, training manual, and programmers
guide. Support covers consultation, updates, error corrections, and newslet-
ter.

For Further Details, Contact Dr. Larry Pfeifer

15 West De La Guerra o Santa Barbara, CA 93101 o (805) 963-1552
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ZILOG'S 28000

Zilog's powerful Z8000, the gener-
ation-ahead 16-bit microprocessor
that delivers big computer perform-
ance at microprocessor prices, is on
the shelf today at Zilog distributors
around the country. Order it as the
40-pin Z8002 with 64KB direct
addressing, $107.10* Or, choose the
48-pin Z8001 with 8 MB segmented
addressing, $139.30* Supporting

it is the versatile PDS 8000 family
of development systems.

The base package,
the Model 10.

Your most economical entry to
28000 product development. Every-
thing you need to start your Z8000

|I||.1I

software development: a 64K byte
microcomputer, CRT dual floppys,
interfaces, 9-slot card cage, power
supplies, a Z8000 software develop-
ment package, operating system,
editor, linker and utilities. $10,500%

Try it out with
the Model 15.

Everything in the PDS 8000

Model 10, plus Zilog's Z8000
Development Module, a Z8000
based computer board with 2K words

3/

Ii=s
. KHJDD

|
+ ]

of EPROM (expandable to 8K
words), 16 K words of dynamic RAM
(expandable to 32K words), dual
serial interface, 32 programmable
I/0 lines, four 8-bit programmable
counter-timers and a generous wire
wrap area. $11,995*

For more complex ideas,
Models 25 and 30.

An affiliate of
EX(ON ENTERPRISES INC.

These two PDS 8000 models parallel
the capabilities of the Model 10

and 15 but give you the added power
of 10 megabytes of rack-mounted
hard disc drive. $20,000*

and $21,500%*

For complete hardware
characterization.

Coming soon, an emulation sub-
system for your PDS 8000. It will
provide total hardware development

~i__ =

support capability for the Z8000 as
well as the Z8.

For more

information, write.

We'll send you a complete packet
of technical data on the PDS 8000
family and Z8000 Development
Module together with the name and
location of your nearest Zilog
distributor. Address: Zilog, 10460
Bubb Road, Cupertino, CA 95014.
Or call (800) 538-9367 toll free.

(In California call (408) 446-4666.)

*Suggested Domestic U.S. prices only.

Z8001 and Z8002 prices are for quantity 100
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Fig 3 Processed stored data. Not all data stored
by organization are processed in given vyear.
Graph estimates fraction of average data in
storage during year, which is processed during
that year. Author conjectures that proportion has
grown remarkably since advent of computer

TIME

overhead contributed by operating systems and other tools
grows.

(There are, of course, factors which tend to reduce f and
s—eg, government regulations or legal worries that en-
courage the formation of files which have a very low
probability of ever being processed; and very simple, low s
applications that are encouraged by low cost data process-
ing.)

Average Levels and Trends

Figs 1, 2, and 3 present a suggested set of plots for
D (normalized), s, and f as function of time. Fig 4
shows the resulting total workload and indicates how it
has been divided between computer and manual operations

100k +

10k +

100 1

7
i

/  PROCESSED
;| BY COMPUTERS

PROCESSED
BY HUMANS /

o
Ij/
ok

PROCESSING CAPACITY REQUIRED/YR (MILLIONS OF OPERATIONS)

1950 1980
TIME

in a moderately large organization. I have seen no pub-
lished data on D or f, or on the rate of change of s (Ref 1,
pp 82-92 gives some data on s), though these parameters
are surely susceptable of measurement. Thus the graphs
represent only an educated guess regarding average levels
and trends. However, the analysis generally leads to the
following conclusions, independent of the exact nature
of the curves.

(1) D, f, and s all increased at unusually high rates
(compared to the past) with the introduction of com-
puters.

(2) Electronic equipment today surely accounts for
the vast majority of data processing done in the v.s. (To
convince yourself that this is so, multiply the number of

Fig 4 Processing capacity required. Total number
of elementary operations required per year to process
organization’'s data is given by fsD, product of ele-
ments in Figs 1 to 3. Graph shows that product, and
estimates what proportion of total operations are
handled by computers. Author conjectures that this
curve is S-shaped, that its inflection point has been
passed, and that in future, users will not require
more computing capacity per million dollars of sales



board level. And finally,in the
on-line mode, there’s PCC’s
superior total check-out
diagnostic system which

also has fault isolation to

the board level.

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

You also get the simplest
interface in the business.

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

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

The only GCR
tape sub-
system for
minis that
troubleshoots
itself 3 ways.

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

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

[Es&PERIPHERALS

PERTEC COMPUTER CORPORATION

For further information, call toll-free 800-528-6050, Ext. 1323
(In Arizona, call 800-352-0458)
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TEKTRONIX?

'D|Vl44

Tektronix

COMMITTED TO EXCELLENCE

.

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




Premium high reliability
S-100 Bus RAMs for
demanding

OEM applications. . .

16 K PLUS — 16K bytes featuring all Schmitt
trigger inputs for high noise immunity. Bank Select
using port 40H. In volume production since
September, 1978. Available from stock in either 2
or 4 Mhz. versions. First year failure rate less than
2%. %250 for 4 Mhz. versions. (All prices are for
100 OEM quantity.)

16K APEX — Same board as above except
optimized for Alpha Micro style Bank Select.
Available from stock. $205 for 2 Mhz. version.

16K STANDARD — For systems not requiring
Bank Select. 243 for 4 Mhz. and $203 for 2 Mhz.
Available from stock.

NEW! 8/16 RAM — This 16K byte RAM may be
used as either 8 or 16 bits wide. Board selects bus
width automatically. Fully compatible with pro-
posed IEEE Standard and our 16-bit 8086 CPU.
Available in September. $297.50 for use with our 8
Mhz. 8086 CPU.

For more information call. . .

Seattle Computer Products, Inc.

1114 Industry Drive, Seattle, WA. 98188
(206) 575-1830

u.s. clerical personnel by your estimate of the number of
processing operations each can perform per second, and
compare the result with the u.s. computer population
multiplied by your estimate of its average processing rate.
I estimate that the computer rate became equal to the
clerical rate in about 1960.)

(3) If my conjecture about the nature of the curves
for D, s, and f is correct, then Nolan’s conjecture about
the S-shaped nature of the history of a computer budget
will not hold. For my conjecture implies that, at some
point, users will find no new applications to implement,
and the processing to be done per revenue dollar (or per
employee) will level off. However, with every passing
year, the computer power required to do that processing
becomes cheaper; and with fewer or no new applications,
the manpower required to prepare programs also becomes
cheaper. Therefore, the pp budget per employee should
level off and then decrease as time goes by. The pp in-
dustry, which has during its infancy grown much faster
than the economy, will grow more slowly than the
economy and will ultimately shrink. That is to say, there
will come a time when computers are, for the most part,
sold as replacements only. Since the replacement cost of
a system which cost $1 million 10 years ago will be $0.1
million today, annual dollar hardware sales will actually
decrease.

That potentially interesting situation remains some years
away although (as noted previously) the general purpose
market has entered the phase when mostly replacement
systems are sold. In addition some existing factors tend to
put off the day of reckoning. For example, some scientific
and engineering problems have a seemingly inexhaustable
appetite for computing power—in some design or analytic
situations there seems to be no end to the permutations
and combinations to be tried, or to the fineness of the grid
to be examined. For another example, most organizations
have a fixed annual budget for data processing, and do
not tie their budgets to the cost of computing or to the
amount of computation to be done. As long as such policies
hold, those organizations will continue to acquire both
computing power and new facilities for the collection and
distribution of data.

We in the industry must, however, be aware of the
possibility that the ultimate market is fixed and limited,
and must be interested in studies that refute or confirm
the conjectures presented here. The alternative conjecture
seems to be “we’ll always be adding new applications,”
which goes with the Parkinsonian concept that the work
will expand to fill tomorrow’s ever-growing computer
capacity.
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The Author solicits comments on the material pre-
sented here, data supporting or contradicting his ap-
proach, and suggestions for topics to be explored in
future articles.—Ed.
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THE CANNON MASS T -
MINATION CONNECTOR
STOLE KEFDPS CROWING.

Packaging success in low cost, high
performance connectors.
In the news today, the ITT Cannon Electric
store expands mass termination products.
Why? In-depth reports show big need for
low cost, high quality packaging in communi-
cations, computer, control and other electronic

industries.

Whatis ITT Cannon doing?

Expanding their product line with a com-
prehensive array of interconnects. Mas/Ter™-
D Subminiatures. Edgecard. DIP. PCB.Recep-
tacle. Header and transition connectors. And
ribbon cable in #26/28 AWG stranded and
solid wire.

What's the big story?

Mas/Ter™-IDC insulation displacement
connectors. Here are the key facts.

..High speed mass termination of round con-
ductor flat cables.

..Up to 60 mass terminations handled in a
single, simple operation.

NUMEFR OF CONTACTS

8 9 10 14 15 16 20 24 25 26 34 37 40 50

Mas/Ter-D CQN NECTORS
- D Subminiature pin and socket connectors provide reliable, high-speed mass terminations
of flat ribbon cabte at a lower total installed cost.

Mas/Ter 90° D'P CONNECTORS
909 PCB flame-retardant connectors, fully intermateable with all D Subminiature types,
can be mounted directly over PC pattema without short circuiting.

Mas/Ter GO8 HEADERS (SHROUDED)

For 2-piece connector applications requiring fast and dependable disconnect/connect
capability, headers are permanently mounted on a PC board and mate with the ribbon-
terminated GO8 receptacle.

Mas/Ter GO8 HEADERS (UNSHROUDED)
Double readout male connectors useable with both Mas/Ter GO8 receptacles or UBC
crimp hcusmgs .

@
®

8 thru 70 (even increments)

Mas/Ter Gﬂﬂ RECEF’TACLES

Socket receptacle for termination directly to ribbon cable, mates with PC board-mounted
headers or PC boards having 025" (0.64) square pins on 100" x 100" (2.54 x 2.54) grid
pamams

Maa/Ter RTGOBA DUAL INLINE PLUG CON NECTORS
DIP connectors terminate directly to ribbon cable and can be permanently soldered to the
PCB board o used asa plug-m tolC sockets ,

TGOBB PC BOARDTR ANSITION CONNECTORS

' PCB connector provides soldering interface between ribbon cable and PC
- b‘qard When terminated, mtercunnects a!ectncauy with all 050" (1.27) centers etched

. Circuitr reuitry.

Mas/‘l’er GDG EDGECARD CONMECTORS ‘ ‘
~ Edgecard connectors are designed for 050" (1.27) center direct nbhon cable inter-
connecuons to standard .082" (1 57) thick PC boards havmg 100" (2.54) center spacing.

Mas/'rer RiEQON CABLES
Avaftable as tw»sted paus or ﬂatcable fully compatible with Mas/Ter Interconnect System.

Mas/Ter T'é'ouwa‘ :
Versatile termination hand press tools and shears to fast, reliabl




..Eliminates time-consuming wire stripping,
crimping and soldering.
..Simple hand tools do the job.

The results?

High speed mass termination and reduced
labor costs. In summary—lower total installed
costs than other types of mass termination
connectors.

Want more details? Tune into the rest of
thisreport. Beginning with a product summary.
An availability report. And a technical support
feature. Later, we'll tell you where to write for
product literature.

You'll see why when it comes to mass ter-
mination connectors...Cannon’s got it!

No shell game with ITT Cannon Electric
ITT Cannon gives you complete compo-
nent compatibility from shells to ribbon cable.
The story is availability and it all adds up to
broad product choice and single source
supply. Here are the facts.
..Junction shells for Mas/Ter-D ribbon cable
connectors are made of tough, gray thermo-
plastic and available with optional locking
mechanism.
..Mas/Ter-D ribbon cable available as twisted
or flat pairs. Light and flexible. UL recognized
conductor styles.
..Flat ribbon cable made with #28 AWG 7
strand conductors. Precisely positioned on
.050" (1.27 mm) centers. PVC laminating
material standard. Others optional. 20 to 50
conductors per cable.

Do-it-yourself tooling

A big part of the ITT Cannon growth story is
the customer tooling you get for quick, simple
terminating. The entire operation takes place
at a single work station with one stroke of the
lightweight press. No insulation stripping. No
complex tooling.

All Mas/Ter-IDC connectors can be termi-
nated with one press. A simple change of
locator block position makes this possible.




Ok PRODUCTS
FROM THE CANNON STOLE.

A ey [ & B D)
INSELTION FORCE
CONNECTORS.

A TWIST
IN THE NEWA.

The news is full of stories reporting growth
in electronic, micro-processor and peripheral
markets. That means the need is also growing
for low cost, high-performance, multiple-wire
power and signal connectors.

The Cannon® DL Series of zero insertion
force connectors fills the need. Here's the
report.

..Minimum rated life of 10,000 connection
cycles with no performance loss.

.Mating time is less than 2 seconds. Even
with as many as 2496 contacts.

..Cost less per mated line than competitive
high-density rack-and-panel connectors. Up
to 259% less in some cases.

ZIF design is the key. Contacts in plug and
receptacle don't touch while connector halves
are being engaged.

A simple quarter turn of an actuating shaft
mates all contacts

at once. d

..Engagement /

force iszero—

T
connector life / Rk AND NWA DECAD.

dramatically The growth of the ITT Cannon store is good news for you.

AAALARRRREEE ~Hiiiiililil] EHER R TR
P -

increases. Product offering is broader. Availability is increased. And
‘ our technical support gives you added service.
That's why we conclude, for mass termination con-
nectors...Cannon's got it!

CET THE FULL
CANNON STOLY,

For more information on the full range of products available
from the Cannon Mass Termination Store write to: Manager
Rectangular Division, ITT Cannon Electric, 666 East Dyer
Road, Santa Ana, California 92702. For 24-hour service,

call toll free (800) 854-3573; in California (800) 432-7063.

In Canada, contact Marketing Manager, ITT Cannon Electric,
Canada, a Division of ITT Industries of Canada Limited.

Four Cannon Court, Whitby, Ontario, LIN 5V8, (416) 668-8881.

Six decades on the |cad|ng Cdgc of interconnect technology.

cannon ITT

©1979 international Telephone and Telegraph Corporation Printed in U.S.A.
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Large Scale Computer Gains Performance
With Multimicroprocessor Architecture

CENTRAL PROCESSING COMPLEX

SYSTEM
SUPPORT

WORD CHANNELS

CONTROL

of six different configurations

Designed for efficient multiprocessor capability, Sperry-Univac’s
Series 1100/60 processor architecture permits CPUs to perform
multiple tasks simultaneously under control of single common
executive system. Central processing complex made up of single
or multiple CPU, input/output units, and main storage unit is basis

Implemented in Lst with a multiple
microprocessor based architecture,
the Series 1100/60 announced by
Sperry-Univac, po Box 500, Blue Bell,
PA 19424 uses paralleled micropro-
cessors to gain design flexibility, im-
proved performance, and increased
reliability. The design strategy al-
lows a competitive price/performance
ratio and permits reductions in size
of processor, main memory, and 1/0
hardware with consequent savings in
power and environmental require-
ments.

Units can be configured in six
different processing levels, producing
nearly a 5-fold growth in perfor-
mance. Unit processor models account
for four levels, while multiprocessor
configurations offer an additional
two. In addition main storage capaci-
ties for each processor start at 524k
36-bit words and can be expanded
in 256k-word increments to a maxi-

mum of 4M bytes for uniprocessors
(8M bytes for multiprocessor con-
figurations). Main storage is formed
from 16k Mos rRaMms that operate with
an 575-ns average access time.
System performance ranges from
about twice to almost nine times
that of a Univac 1106. In relation
to 1BM units, the performance spec-
trum ranges from below the 4341
to approximately equal to a 3032.
Unit processor complexes contain
central processor, 1/0 unit, and main
storage, and are housed in a single
cabinet to reduce costs, cabling, and
interconnection time. The cpu incor-
porates LSt microprocessor chips
(10800 4-bit slice circuits) with EcL
circuitry functioning under micro-
programmed control. The processor’s
instruction set is microprogrammed
using a separate random access con-
trol store. Reliability is enhanced
through the use of duplex checking,

instruction retry, extensive parity
generation and checking, and con-
trol store error detection and cor-
rection.

Arithmetic and logic operations are
performed in 36-bit master micro-
processors, each made up of nine
4-bit ALvU slice chips. Each of the
two master microprocessors is paired
with a second duplicate micropro-
cessor that performs the same func-
tion on the same data every micro-
cycle. At the end of a cycle, a com-
parison check is made between the
output of the main and duplicate
microprocessors to insure validity of
operation. Shitter, logic function com-
puter, and control store address gen-
erator are also duplicated. A hard-
ware instruction retry mechanism
allows the system to recover from
most transient faults, transparent to
the operating environment.

Microcontrol store is error checked
and includes an error correction
technique to assure continuous opera-
tion. All memory in the system in-
cludes parity or Ecc with parity;
buffer storage includes an override
mechanism which automatically by-
passes inoperative portions of the
buffer.

An input/output unit includes one
block multiplexer channel and four
36-bit parallel word channels. Ex-
pansion capabilities allow channels
to be added to a maximum of 3
block and 8 word channels or 2
block and 12 word channels.

Interfacing directly to the main
processing complex, the system sup-
port processor (ssp) is a separate
miniprocessor dedicated to support
functions for the central processor
complex. Its principal functions are
to handle the system console, per-
form systems management functions,
and support diagnosis and mainte-
nance of the central processing com-
plex.

Fault detection capabilities of the
system enable faults to be detected
and isolated to a small area of cir-
cuitry—usually to within one or two
printed circuit cards and frequently
to the chip level. Among the main-
tenance and diagnostic support fea-
tures incorporated in the machine
are integrated scan set circuitry, fault
isolation diagnostics, built-in logic
analyzers, fault injection, and error
logging.

Series 1100/60 central systems
range in price from $318,975 for an

61



Adac System 1000
handies a ton of /O functions.

Inits simplest form, the System 1000 functions as a low cost peripheral expander to
minicomputers. When incorporating a DEC LSI-11 microcomputer, it acts as a stand-alone
data acquisition and control system or as a remote intelligent terminal.

No other data acquisition system comes close to offering so many analog and digital input
and output modules. Functional analog cards communicate directly with thermocouples, load
cells, strain gauges, isolation amplifiers, transmitters and strip chart recorders to name a few.
Discrete cards communicate with switch contacts, relays, thumb wheel switches, pumps, motors
and many other devices.

A single System 1000 provides up to 700 high level analog input
channels, or 128 analog low level input channels, or 700 digital I/O
functions. For even greater capacity, a bus repeater card allows
additional System 1000s to accommodate as many modules as
desired.

System 1000 in the stand-alone configuration can be sup-
plied with up to 32K of memory and DEC RT-11 software.

If you are interested in an extraordinary data acquisition
system, you must check out the System 1000. Nothing compares

CORPORATION
70 Tower Office Park « Woburn, MA 01801
617-935-6668

b
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entry level model C1 with 2M-bytes
memory to $1,442,075 for a multi-
processor model H2 with 4M-bytes
main memory. C1 uses the basic 1100
instruction set; C2 has an extended
instruction set designed to increase
the efficiency of high level business
oriented languages and systems soft-
ware. H1 and H2 processors are high
performance systems featuring an
integrated high speed buffer storage
and multiprocessor capability as well
as basic or extended instruction set.
H1 and H2 models expand to multi-
processors with fully redundant
tightly coupled features, and are
designed to address situations where
high performance and maximum sys-
tem availability are needed.

Circle 175 on Inquiry Card

Cluster Controller
Eases Transition to
Distributed Processing

Aos Remote Cluster Executive 70
(rcx70) software emulation package,
designed for Eclipse computer sys-
tems running under the Advanced
Operating System (ao0s), allows easy
transition from existing BM 3270
applications into distributed data
processing. In addition to using the
standalone capabilities of an Aos sys-
tem, the software provides a dynamic
link to the remote host computer, and
allows access to all data whether
stored in the central system or at
the local site.

This software emulation package,
from Data General Corp, Rt 9, West-
boro, ma 01581, permits immediate
and transparent replacement of 3270
equipment, emulating 3271 cluster
controllers and allowing aos tasks
and terminals to appear as 3271
and 3277 terminals to the host com-
puter. It allows implementation of
distributed applications processing
and local standalone processing, and
supports concurrent communications
with the company’s other 1BM com-
patible  communications  software
packages running in the same Aos
based system.

Running as a separate process un-
der aos, the emulator concentrates
data entered on Ao0s terminals and
supervises its communication to/from
local Eclipse system terminals. Data
can be routed to the 1Bm /360, /370,
or 303X mainframe or to another
Aos program in the local Eclipse sys-
tem: This results in faster response

times and lower communications costs.

With the software, several aos
based systems can be added to a
multidrop communications line serv-
ing 3270 equipment. The Eclipse
system can share that line with 3271
controllers, or can be connected to
several communications lines, permit-
ting interactive 3270 emulation con-
current with remote job entry emu-
lation such as Hasp 1 or 2780/3780.

Up to 16 terminals connected lo-
cally or through dialup or leased

lines are supported by aos rcx70 at
each Eclipse system. Additional ter-
minals on an Ao0s system can be dy-
namically assigned to perform con-
current program development and
other activities. Aos RCx70 supports
1M BSCc protocol allowing local sys-
tem to communicate- with remote
hosts using leased or switched syn-
chronous lines at rates to 9600 bits/s;
a pcu/200 control unit adds support
for transmission rates to 56k bits/s.
Circle 176 on Inquiry Card

At last...

a switching power supply
as dependable as a linear.

CIRCLE 34 ON INQUIRY CARD 63



Mostek’s MD Series.
16 new boards.

<\\> Since its introduction, Mostek’s MD Series
of Z80-based, 4.5"x 6.5"” microcomputer
boards has received overwhelming acceptance.
Engineers have found both MDX functional
modules and MD single-board computers offer
maximum versatility at minimum cost. And
our 16 new boards will open the door to even
more microcomputer applications.

Mostek MD Series
MDX-CPU1 Z80 CPU with 2 PROM sockets and 4 timers
MDX-DRAM 8 8K Dynamic RAM
MDX-DRAM 16 16K Dynamic RAM
MDX-DRAM 32 32K Dynamic RAM
MDX-EPROM/UART  Combination EPROM/UART

MDX-DEBUG EPROM/UART with 10K ROM-based software
MDX-PIO 32 bit programmable parallel 1/0

MDX-SIO 2 channel programmable serial 1/0
MDX-SST* Hardware single step

MDX-FLP* Floppy disk controller

MDX-MATH* High speed floating point math

MDX-A/D 8* 8 Bit A/ID

MDX-D/A 8* 8 Bit D/A

MDX-A/D 10* 10 Bit A/D Converter

MDX-A/D 12* 12 Bit A/D Converter

MDX-D/A 12* 12 Bit D/A Converter

MDX-UMC* Universal Memory Card

MDX-SRAM 4* 4K Static RAM

MDX-SRAM 8* 8K Static RAM

MDX-SRAM 16* 16K Static RAM

MDX-EPROM-4* EPROM Module

MDX-CPU 2* New Z80 CPU Board

MDX-SC/D* System Controller and Diagnostic Board
MDX-INT* Interrupt Expander and Timer Board
MD-SBCH1 780, 8K PROM, 2K RAM, 40 1/0 lines

MD DOS* Dual Floppy Disk Operating System Software
MITE-80* Multiple Independent Tasking Executive Software

* New

See us at WESCON booth #1500 and #1501

STD-Z80 BUS Flexibility

All our MDX cards are STD-Z80 BUS com-
patible. Just match the proper MDX modules
to your design. Choose either 2.5MHz or
4MHz versions. Modify your system at any
time by simply adding, exchanging or delet-
ing MDX cards.

This allows you to buy only what you need,
reduce hardware development time, and
quickly respond to changing product defini-
tion and market conditions.

And with more and more manufacturers
multi-sourcing the STD-Z80 BUS, you're
assured of a long-lived industry standard.

Mostek's MD Series has the extensive
support of our powerful Matrix Development
System, plus a wide range of software and
accessories for quickly developing and proto-
typing your system.

Distributor Availability

The best way to evaluate the MD Series is
to call your local Mostek distributor and ask
about the MDX-PROTO kit. This powerful
evaluation kit is available now for only $1095.

For the complete MD Series update, see
your local Mostek distributor. Or call or write
Mostek, 1215 West Crosby Road, Carrollton,
Texas 75006; phone (214) 242-0444. In
Europe, contact Mostek Brussels, phone

660.69.24. MOS‘I'E[(@
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Virtual Storage Processor
Supports Word/Data
Functions

Virtual storage processor vs 100,
providing top end throughput in the
M 370/158 and 3032 range at an
entry level price below that of 1BM’s
4331, supports both word and data
processing functions. Introduced by
Wang Laboratories, Inc, One Indus-
trial Ave, Lowell, ma 01851, the pro-
cessor features 32-bit hardware archi-
tecture, 64-bit high speed system
bus, and 32k cache memory.

Bus adapters on the processor
facilitate additional input/output pro-
cessors by acting as a buffer be-
tween up to eight 1/0 processors
and the cpu and main memory. This
approach improves the rate of data
transfer between devices, increasing
system throughput and performance.

Expandable from 256k-bytes up
to 2M-bytes capacity, main memory
is augmented by a 32k-byte cache
that provides high speed access to
the cpu, allowing it to run at maxi-
mum speed. A cpu lookahead fea-
ture can initiate prefetching of data
from main memory before required
by the cpu.

Online storage capacity is 4.6G
bytes, double that previously avail-
able. Space compression on disc can
increase this capacity by one-third.
Up to 128 workstations plus 128
peripherals can be attached to a
processor with virtually no response
time degradation. Data communica-
tions software and protocols includ-
ing 2780, 3780, and 3270 are sup-
ported.

All virtual storage files, source
and object code, and peripherals are
compatible. The system also sup-
ports FORTRAN and PL/1 languages,
as well as an advanced data man-
agement system, an extension of the
existing pms support, that provides
logical data retrieval, error check-
ing, and backup recovery facilities.
The database management system
features a data modeling technique
that combines the performance of a
network system with the simplicity
of a relational model.

Complementing the system’s data
processing functions is complete in-
teractive functionality at remote lo-
cations. This supports both batch and

66

MAIN MEMORY

CPU
64-BIT FETCH
32-BIT WORD LENGTH

WORKSTATIONS I

I0Ps
16 INDEPENDENT
10Ps

TELECOMMUNICATIONS
278073780, 3270 AND
REMOTE WORKSTATION

DISC STORAGE

Combining virtual ‘memory
techniques, 32-bit architec-
ture, independent 1/0 pro-
cessors to offload CPU, and
cache memory for enhanced
throughput with support for
128 interactive terminals,
Wang’s VS 100 provides
throughput equal to that of
IBM’s 4331 at approximately
60% of the price

interactive telecommunications con-
nections to a mainframe as well as
providing support for standalone and
clustered remote workstations.

An integrated information termi-
nal, the 2246C supports both word
and data processing functions, en-
abling the operator to switch back

and forth between the two. This
terminal merges the functions associ-
ated with a data processing terminal
with those of a word processing termi-
nal, allowing a single system to
satisfy all of an organization’s process-
ing needs.

Circle 177 on Inquiry Card

Medium Range Systems
Offer Performance
At Moderate Cost

Filling the moderate cost/perfor-
mance slot in the crassic family of
computers from Modular Computer
Systems, Inc, 1650 W McNab Rd,
Ft Lauderdale, ¥r 33309, 7830 and
7835 models are compatible with
existing operating systems. The cpus
execute most register to register in-
structions in as little as 300 ns and
have memory management capability
that provides addressability to 512k
bytes. System architecture meets real-
time environment requirements, pro-
viding processing capacity addressed
to measurement and control, com-
munications, and scientific and in-
formation processing applications.
Architecture of the 7830 features
a context register file containing 16
banks of general purpose registers,
with each bank consisting of 15
registers. This enables context switch-
ing among several tasks without hav-
ing to save and restore register con-
tent. Four address mapping files, ex-

panded instruction set, direct mem-
ory processor 1/0 channels, and fast
interrupt response time also enable
system overhead to be kept minimal.

An 8slot card file houses the
single-board cpu/1/0 processor mod-
ule and single-board 128k-byte, 2-
way interleaved Mos memory circuit
card. An 1/0 connector panel is used
for peripheral interface, to accommo-
date remote file interface, and to
extend the local 1/0 bus.

Virtual memory addressing gives
the ability to address memory sys-
tems larger than 128k bytes, handle
multiple dynamic tasks, address frag-
mented memory contiguously, and
handle dynamic memory allocation.
The 1024 registers in the map files
enable most high priority programs
to remain concurrently mapped, and
provide these advantages: address
translation within nanoseconds, 512-
bvte page sizes, noncontiguous page
allocation, and fast task switching.

Error correcting Mos memory mod-
ule arrays consist of two 64k-byte
modules combined on a single wire-
wrapped pc board. 2-way interleav-

COMPUTER DESIGN/AUGUST 1979



16K ROMSs. 3 weelks.
ROMs. 4 weeks.

When it comes to service, product
availability and fast prototype tumaround,
we can't be beat. And that means 16K ROM
prototypes in three weeks, 32K ROM proto-
types in four weeks. Volume production in five
to six weeks. Even quicker if it's absolutely
needed.

We know there is no product area where
responsiveness to your needs is more impor-
tant than in mask programmable ROMs. So
we pioneered a unique dual capability—first
mask programming for lowest cost in high
volume production, and last mask program-
ming for fastest delivery to meet critical
production schedules in as little as two weeks.

Take a look at the ROM Flow Chart
and you'll see how we do it. With our “varied
stage inventory” we can put your ROM
codes info our production cycle at three
different stages: diffusion mask, contactmask
or metal mask. The choice is yours.

Because the needs are yours.

Our SY2316B, SY2316A, SY4600, SY2332
and SY2333 ROMs come in the standard
speeds you need—300nsec and 450nsec.
And soon you can add our 64K ROM to
the list. Pin compadtibility in our 2048x8,
4096x8 and 8192x8 ROMs gives you built-in
memory expansion capability. And you can
usually do it with no hardware changes.

When you buy ROMs from Synertek, you're
buying total senvice. For samples, data
sheets and our comprehensive folder
“Synertek ROMs ASAR” contact your local
Synertek distributor, sales representative or
Memory Product Marketing, Synertek, Inc.,
3001 Stender Way, Santa Clara, Califormia
95051, (408) 988-5611. TWX: 910-338-0135.
Synertek sales offices: Eastern Region, Boston (617)
329-5522; Mid America Region, Chicago (312)
986-8989; Western and Northwest Regions,
Santa Clara (408) 255-3941; Southwest Region,
Los Angeles (714) 752-5535; Europe, London,
Direct Dial: 44-344-245565.

46K or 32K ROM

User ROM Conversion Cusom B B (¢ con viosk | i\ Assemnbly. [B
EXDom B i e | ConfactMask | Metal Mask el
Data Verification i Al Generation

;

16K ROM

Ditusion vosk | | contoctmask |
I I Metal Mask

Inventory

:' WNERTEK INc 3001 Stender Way, Santa Clara, California 95051
=1 y w (408) 988-5600. TWX: 910-338-0135.
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For the past several months, Advanced
Micro Devices has been publishing an
advanced course in microprogrammable
microprocessing. This discussion ends the
series.

Our goal was to show you how to build
a fast, niicroprogrammed machine. It had to
have the processing power of an expensive
computer without the cost. It had to have
a design you could customize to your own
needs. And it couldn’t require a room full
of parts. Here’s how it came out:

CHAPTER 8: THE BASIC 16-BIT
MICROPROGRAMMED MACHINE.

It’s your basic miracle.

This machine has a register-to-register
cycle time of 320ns. It has an absolutely
straight-forward architecture. It’s easy to
modify and easy to understand. And it
comes with the complete microcode for 90,
count 'em, 90 instructions.

Look a little closer and you'll see that
we've done 90% of the design work for you.

The HEX-29. A commercially available
computer based on the design in Chapter 8.

BUILDING A

MICROCOMPUTER,

CONCLUDED.

68
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After you figure the time and money
you'll save, you still have to get used to the
idea of skipping all that dirty work.

THE DELUXE MACHINE.

Some people can’t leave well enough
alone, and you may be one of them. For
you, Chapter 9.

It describes a 16-bit microcomputer with
unheard of power and performance. This
machine has an advanced architecture with
overlapped instruction fetch, a unique
high-speed synchronous bus, and a register-
to-register execution time of 200ns.

Basic or deluxe, send for the information.
With the running start it will give you,
you’ll be well on your way to building your
very own microprogrammed machine.

And that, after all, is what this series has
been all about.

BUILDING YOUR LIBRARY,
CONCLUDED.

With Chapters Eight and Nine on the
Basic and Deluxe microcomputers, you can
have yourself a ton of theory and applica-
tions information. If youre not already on
our mailing list, send in the coupon and
we'll send you the whole book.

Advanced Micro Devices
901 Thompson Place
Sunnyvale, California 94086

| want to build a microcomputer this year.
Sign me up.

| |
| |
| |
| |
| |
| |
I Name |
| Title |
| |
| |
| |
| |
| |
| |
| |

Mail Stop
Company
Address
City.
State Zip

Advanced Micro Devices ¢\

901 Thompson Place, Sunnyvale, CA 94086.Telephone: (408) 732-2400
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ing is standard; 4-way interleaving
may be configured with additional
memory options.

The processor uses three of the
logical memory access paths to pro-
vide concurrent cpu and 1/0 access
capability =~ with associated high
throughput 1/0 operations without
interrupting CcPU process execution.
One path is used by cpu, one for
the internal 1/0 processor, and the
third for the memory bus control
option. Each path communicates with
memory through the time multiplexed
memory access bus. Memory access
overhead is reduced by allowing the
1/0 processor to execute previously
called instructions or conduct DMI
transfers while the cpu timeshares
another memory location. In single-
word mode the resident 1/0 processor
provides throughput of 600k bytes/s
(output) or 800k bytes/s (input).
Double-word mode supports 1M
byte/s output and 1.2M byte/s input.

Extended 1/0 processing capabili-
ties are available with optional
single-bus 1/0 processor dual-bus
1/0 processor. Each is mounted on
an individual plug-in circuit board,
is functionally similar, and inter-
faces with either one or two 1/0
buses, respectively. Demands for up
to 4M-bytes/s 1/0 throughput can be
met when the dual-bus 1/0 processor
is installed.

The basic 1/0 structure consists of
party line bus capable of transferring
words or characters between any of
63 peripheral device controllers and
any of 15 general registers. The bus
is suited both for realtime applica-
tions and asynchronous and moderate
speed peripherals.

Software available for the systems
includes MaAx 1v realtime multipro-
gramming operating system, which
supports FORTRAN, COBOL, and TOTAL.
The MAXNET network operating sys-
tem is intended for distributed net-
work configurations; and MAx 1m
operating system for realtime capa-
bilities.

Circle 178 on Inquiry Card

64-Bit Array Processor
Performs lterative Math
With 16-Digit Precision
Capable of performing iterative

mathematical functions with the ac-
curacy of mainframes, when inter-
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faced to a minicomputer, the MaPp-
6400, a 64-bit array processor, brings
interactive computing within econom-
ic reach of scientific and engineering
laboratories. Among the features of
the processor, developed by csp, Inc,
209 Middlesex Tpk, Burlington, Ma
01803, are asynchronous processor
and memory architecture and an in-
ternal controller that relieves the
host of routine monitoring and con-
trol tasks during periods of heavy
array processor computation.
Interfaced to a 16- or 32-bit mini-
computer, the unit performs all hexa-
decimal arithmetic operations in full
64-bit floating point format, provid-
ing over 16 decimal digits of pre-
cision. All internal data storage and
arithmetic operations are in 1BM
64-bit format. The 56-bit mantissa
maintains 16 full decimal digits of
precision throughout a computation.
Multiple high speed arithmetic
units carry out proper unbiased
rounding after every operation with-
out sacrificing any arithmetic through-
put capacity. The 64-bit format per-
mits routines such as matrix inverse

and eigenvalue calculations, un-
stable on conventional single-pre-
cision array processors, to be accom-
plished at higher speeds than on the
host’s single-precision counterparts.

The basic unit consists of an arith-
metic unit, internal controller, mul-
tiple memory systems, and interface
boards. The array processor uses
parallel hardware to overlap the
data fetch and store operations with
instruction decoding and execution.
Parallel operation of arithmetic cir-
cuits achieves concurrent floating
point multiply and add operation.
Computational speed on arithmetic
algorithms is 1.0 s for a 100 x 100
real matrix to matrix multiply and
22 ms for a 1024-point complex FFT.
When compared with execution times
for similar 64-bit calculation on mini-
computers, these times range from 10
to 100 times faster.

Hardware features of the array
processor include standard hardware
and software interfaces to a range
of host computers, program memory
configurations expandable from 16k
words to a maximum of 56k words

HOST COMPUTER I

1/0 DEVICE
INTERFACE

DIGITAL OR ANALOG
SIGNALS

ARITHMETIC
PROCESSOR

CENTRAL SYSTEM
PROCESSING UNIT

CSP’s MAP-6400, 64-bit array processor, uses asynchro-
nous processor and memory architecture and internal con-
troller to perform 64-bit floating point operations with
accuracy of mainframe computer and at speeds 10 to
1000 times greater than those of minicomputers

e s e s et Pt ) i e e
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Talos...the best buy
in Digitizers.

Extensive
Selection.

7\

We know that digitizers are used for
many projects (from tracking icebergs
to mapping to radiology to CAD/CAM).
That'’s precisely why we've developed
the most extensive line of digitizers
available. Active surface areas range
from 11" x 11" to 44" x 60" and are
offered with capabilities for Backlight-
ing & Rear Projection in addition to our
rugged solid surface.

We've Got Smarts...

Our “SMART” option is actually a
microprocessor in a digitizer. Some of
the functions selectable from the mov-
able menu include distance, area, and
volume calculations, coordinate transla-
tion, independent X, Y, scaling, and
origin relocation as off-line functions,
saving valuable computer time.

]

\

A\

Quality

Our pens and cursors are built with
sturdy aluminum for durability. The
digitizing surface is solid and not sus-
ceptable to magnetic fields, temper-
ature, humidity, noise, or age.

For more information,
write to the
dependability people at

balos

TALOS SYSTEMS INC.
7419 East Helm Drive
Scottsdale, AZ 85260

(602) 948-6540

Dependable
Performance.

We design, build and inspect each Talos
digitizer to the highest quality stand-
ards in the industry. Before any digi-
tizer meets our approval it has been
run under operating conditions for at
least 96 hours while over 50 control
functions are tested. Our highly trained
staff checks and re-checks resolution
and accuracy. 1000 lines per inch is
standard at Talos — and remember
the higher the resolution the greater
the potential for accuracy.

TALOS SYSTEMS INC.

Progress in Technology ® Quality in Products

CIRCLE 37 ON INQUIRY CARD
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Technological leadership

The most powerful 8-bit
MC6809. It shrinks

Motorola's MC6809 drives down the high cost of
software generation and does more for future systems
than any other general-purpose 8-bit microprocessor.

While designed to handle high-level languages like
PASCAL and BASIC, the MC6809 is also superbly
efficient in assembly language applications.
Efficiency means less code, and less code means
lower costs. MC6809 speed and power are
unbeatable, too. Not only that, the MC6809 is
available right now.

Features team-up for efficiency.

More addressing modes than the other 8-bit MPUs,
an optimized consistent instruction set enhanced by
powerful 16-bit instructions, and uniquely versatile
data manipulation on stacks work synergistically for
increased software efficiency.

These features, plus 24 indexing submodes, promote
the use of modern programming techniques like
position independent code, re-entrancy and
recursion. Auto-increment and auto-decrement
indexing permit efficient block and string moves.

Stack pointer indexing accommodates structured
programming.

With these features you can develop a library of
modular routines, even in ROM, for a variety of
systems and at any convenient memory location.

Full M6800 family compatibility.

Full M6800 family compatibility is useful for the
MC6809 in a variety of ways. For example, the widely
benchmarked MC6800, recognized and respected for
its performance, efficiency and ease of use, provides
an ideal reference for comparison. Keeping its high
performance in mind, see just how sensational the
MC6809 is.

The MC6809 is significantly faster than the latest
'6800. It takes only about one-third the time to run
a comparable program with the MC6809 than it does
with the 2-MHz '6800 version,
and about one-fifth the time
of the original MC6800.

Typically, less than two-
thirds the program memory
of the MC6800 is required
with the MC6809, so byte
atacomm""""u:" LT ":' ® efficiency is superior. Equiv-
psH*Z. g alent MC6809 programs use
sk A | less than 60% of the
o,ow e | instructions needed for the
MC6800, cutting programmmg
costs nearly in half.
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general-purpose MPU.
software costs.

M6800 family compatibility also means +5 V single-
supply operation, and permits total usage of all the
family I/0, peripheral control, communications and
memory components.

Hardware designers can take advantage of the
on-chip system clock generator, fast interrupt,
interrupt acknowledge, memory ready, DMA request
and the signals for multiprocessor synchronization.
System designs generally require less external parts
with the MC6809 than with other 8-bit or 16-bit
microprocessors.

Although the memory address capability is actually
greater than needed for many applications, a
memory management unit is planned to meet the
demand of new systems and future growth.

Hardware and software support.
Family compatibility pays off again, as Motorola’s
EXORciser® and EXORterm™ development systems
support the MC6809 microprocessor. Both
development systems are now available equipped
with either the MC6809 or the MC6800 CPU module.

Support Available Now for MC6809
6809-based EXORciser and EXORterm
6809 User System Evaluation (USE)
6809 Upgrade for 6800-based EXORciser
Macro Assembler/6800 Translator/Editor
Disk Operating System (MDOS)

PASCAL Interpreter

Coming Soon
e MPL Compiler e PASCAL Compiler
e FORTRAN Compiler e BASIC Interpreter

For additional information, contact your Motorola
sales office or authorized distributor, or write to
Motorola Semiconductor Products Inc., P.O. Box
20912, Phoenix, AZ 85036.

The MC6809, good as it is, is only a part of the
story on our full line of microprocessors, single-chip
microcomputers, memories, peripherals and support
from Motorola for designers creating

Innovative systems
through silicon.

@ MOTOROLA INC.
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DIGITAL TECHNOLOGY REVIEWJ

in 8k increments, and multiported
64-bit data memory in 32k- and 64k-
word configurations expandable be-
yond 64k using standard bulk mem-
ory interfaces. ‘Direct access disc
storage peripherals, analog input
and output peripherals that allow
direct connection of analog signals,
and programmable digital 1/0 de-
vices that support custom interfaces
accommodate changing application
requirements.

By retaining compatibility with
existing software written for 32-bit
MAP-200 and -300 series processors
the processor is able to benefit from
software written in custom assembly
code and a FORTRAN subroutine li-
brary. Optimized library routines that
exploit the processor’s computational
capacity can be taken advantage of
through the library of host support
FORTRAN routines.

Within the processor all sequenc-
ing and control of tasks are carried
out by an internal monitor, the
executive. This realtime monitor op-
erates in conjunction with the host
operating system to maintain integ-
rity of data areas internal to the
MAP as well as those shared with
the host cpu in host main memory.
It is also responsible for multipro-
cessor task synchronization including
data transfer between MAP and host.

Programming, operation, and main-
tenance of the unit are simplified
by standard utilities that include
assembler, simulator, and debug
routines for program development;
loader for system bootstrap and Ex-
ecutive modifications; and host load-
able diagnostics for fault location
determination.

User communication with the ar-
ray processor occurs through the
sNap-11 host support library. This set
of disc resident FORTRAN routines is
searched by the host operating sys-
tem after compilation. Then as sub-
routine calls in the library are en-
countered in the application pro-
gram, the equivalent snap-ir host
support routines are substituted.
These routines serve simply to pass
sets of parameters to the MAP via
a host resident driver program.

The system executive can handle
more than just single calls from the
host. Totally independent parallel
processing can be achieved by defini-
tion of function lists—string of array
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function calls that are constructed
as a group in the host program.
These lists may be executed repeti-
tively. Control calls may also be
imbedded in function lists to pro-
vide nested function list capability.
Base price of the unit is $89,000
configured with 16k program mem-
ory and 32k x 64-bits data memory..
Production units will be available in
January 1980.
Circle 179 on Inquiry Card

Memory System Permits
Static and Dynamic RAMs
To Be Combined

Series 90 memory system meets users’
flexibility and expansion require-
ments by combining both static and
dynamic raM technologies in a single
system. The family of general pur-
pose memory products, from Intel
Corp, Commercial Systems Div, 3065
Bowers Ave, Santa Clara, ca 95051,
based on the BxP™ bus, consists of
control interface modules and static
and dynamic memory modules.
Designed specifically for memory
systems, the Bxp bus contains 24
address lines, 4 module address
lines, and a bus select function pro-
viding substantial expansion poten-
tial. Bus wiring, signal level, and
timing specifications provide a stan-
dard that permits interconnection of

different memory types that share a
common connection to the wuser’s
equipment. The bus accommodates
word sizes ranging from 22 to 88
bits without Ecc or from 16 to 80
bits with Ecc.

Maximum word transfer rate of
the system is 10 MHz, providing
maximum transfer rates of 80M
bytes/s with byte addressing and
EcC, or 110M bytes/s without. This
maximum transfer rate can be
achieved either with static memories
operating in random access mode or
with dynamic memories operating in
an interleaved mode. Static memory
modules (cMm-92) built from 4k rams
have cycle times as fast as 100 ns;
dynamic memories (cM-90) are built
using 16k rams and operate at cycle
times as fast as 350 ns.

Users can interface the system
directly to the BxP bus, to a custom
control interface, or to standard con-
trol interface modules. The memory
system operates in either synchron-
ous mode or in one of several asyn-
chronous protocols. Pipelining proto-
col enables memory to execute one
cycle while storing a second for sub-
sequent execution, permitting static
and dynamic operations to be mixed
over long cables without performance
degradation.

A primary function of the control
interface is to provide single-bit error
correction and double-bit error de-
tection. Single- and double-bit error
flags are transmitted in the event of

Series 90 memory system
/ from Intel operates in syn-

CONTROL
INTERFACE

< BxpT™ 10 MHz TRANSFER RATE
100-ns 350-ns 0.5M-BYTE
STATIC DYNAMIC DYNAMIC
MODULES MODULES MEMORY/CARD
64k-BYTES 256k-BYTES
CAPACITY CAPACITY

INTERFACE

| BXP COMPATIBLE I

chronous or asynchronous
mode and uses pipeline
protocol to permit static
and dynamic operations to
be mixed. Maximum trans-
fer rate of 80M bytes/s can
be attained with both static
and dynamic memory mod-
ules
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All the advantages of the proven Epson 80-
column Model 3110 Dot Matrix Printer Mech-
anism are now available in our new com-
plete, ready-to-go TX-80 Dot Matrix Printer.

The TX-80, complete with electronics and
case, features tractor feed, a 100,000,000
character dot head, and 150 characters per
second printing using 96 ASCII characters.

It comes with a connector compatible with
either a Centronics plug or an EIA standard
25-pin connector.

Sold to OEM, the TX-80 fills the needs of

BRAND NEW
AND PROVEN

]
amyy

large and small suppliers who want to avoid
the costs of custom packaging and elec-
tronics. Order now

for deliveries
starting in
September.

Write for
complete information

and OEM prices.

EPSON products are manufactured by SHINSHU SEIKI CO., LTD., Japan

EPSON AMERICA, INC.

23844 Hawthorne Blvd., Torrance, CA 90505

Telephone (213) 378-2220 - TWX 910 344-7390
New York office: 98 Cutter Mill Rd., Room 350

Great Neck, N.Y. 11021 Tel. (516) 487-0660

CIRCLE 39 ON INQUIRY CARD
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The Mini-Wini"'is
the new 8" fixed
disk that stores
20 megabytes.

That’s right, 20 (count them)
megabytes. The same 20
megabytes you'd have to string
more than 12 floppy disks
together to get. We thought it
was about time somebody
offered the reliability and
efficiency of a fixed disk in a
smaller size, at a smaller price.
So here it is. We call it the
Mini-Wini. Otherwise known as
our D8000 fixed disk.

Mini-Wini is a trademark of Pertec Computer Corporation

The Mini-Wini gits
in the same size
slot as an

8" floppy disk drive.

When we say the same size, we
mean the same size. That means
you can upgrade your storage
capacity easily. All you have to
do is buy the Mini-Wini. Of
course, some controller redesign
will be required.

The Mini-Wini
saves you money.

It’s the lowest-cost way to get 20
megabytes in an 8” floppy

slot. With it, you can expand

the on-line capacity and

value of your present desk-top
system without having to
redesign the chassis you

now have.

The point is, the Mini-Wini allows
you to put out a better product
without spending a lot of money.
It also allows your customers to
save money. Why hassle with
stacks of floppies or large old-
fashioned disk drives, when one
small fixed disk will do?
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The Mini-Wini"
offers ease of
intergace.

Small wonder. It has a micro-
processor controlled interface,
featuring a bidirectional
command/status bus and serial
data transfer. It’s easier and
simpler to design the CPU
interface.

The Mini-Wini
uses Winchester
technology.

When you've got it, you've got it.

And the Mini-Wini does. The
heads and the media are sealed
in a safe environment that
protects against contaminants.

[C=s PERIPHERALS

PERTEC COMPUTER CORPORATION

" They won't let you down.
For further information, call toll-free 800-528-6050, Ext. 1323.

(In Arizona call 800-352-0458.)

The Mini-Wini
has another big
advantage,

It's made by Pertec Computer
Corporation. Which is reassuring.
We not only have the capabilities
to produce innovative new
products, we also have the
production capacity to supply
them when we say we will. So if
you want the Mini-Wini, check
with us.
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errors to notify the user of memory
status. Ecc functions also support an
optional error logger and display
assembly. Hexadecimal display pro-
vides direct readout of physical lo-
cation of a failing memory device.

Completely integrated packaged
Series 90 memory systems are avail-
able in a 19” (48 cm), 5.25” (13.34-
cm) high unit with self-contained
power supplies and side to side air

flow, or in a vertical slot 10.5”
(26.7-cm) high unit without cooling.
Accessories include an extender card
for troubleshooting and a utility
card that enables rapid design of
BXP compatible control interfaces.
Prices range from $9900 for 128k
bytes of 100-ns static storage to
$91,000 for 4M bytes of dynamic
storage with Ecc and error logger.
Circle 180 on Inquiry Card
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Word Processing Systems
And Software Extend
Intelligent Terminal Line

Word processing systems and soft-
ware as well as expanded capability
for existin